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OZET
Doktora Tezi

Yabani Pancar Turlerinde Kuraklik ve BNYVV (Beet Necrotic Yellow Vein Virus = Pancar

Nekrotik Sar1 Damar Viriisii) Stresi ile Iliskili Mikro RNA'larin Tanimlanmasi
Umut KIBAR
Ankara Universitesi Biyoteknoloji Enstitiisii
Danisman: Prof. Dr. Ali ERGUL

Seker Pancari (Beta vulgaris) ekonomik agidan degerli, endiistriyel bir kiltir bitkisidir. Bununla
birlikte kuraklik ve BNYVV (Beet Necrotic Yellow Vein Virus = Pancar Nekrotik Sar1 Damar
Virlist) stresi seker kalitesini ve seker verimini olumsuz yonde etkileyerek seker pancari
yetistiriciligini kisitlamaktadir. Bu stres faktorlerine karsi dayanikli seker pancari cesitleri
gelistirmek igin, klasik 1slah metodlar ile Beta vulgaris ve Beta maritima turleri melezlenerek

hibrit tohumlar retilmektedir ancak elde edilen gesitler yeterli dayanikliligi gosterememektedir.

GuUnlmizde, strese Kkarsi dayanikli bitkiler gelistirmek amaciyla, klasik 1slah c¢alismalarina
alternatif olarak, dayanikli tirlerin sahip oldugu stres tolerans mekanizmalarimin belirlenmesi igin
kullanilan biyoteknolojik yontemler 6n plana ¢ikmaktadir. Stres kosullarina karsi bitki tarafindan
gelistirilen stres yamitinda rol alan mikro RNA'larin (miRNA) tespit edilmesi bu tolerans

mekanizmalarinin anlagilmasini saglayan énemli yontemler arasindadir.

Bu tez ¢alismasinda, kuraklik ve viriis stresine karsi toleransa sahip olan yabani pancar tlr(i Beta
corolliflora'nin, bu stres kosullar1 altinda gelistirdigi miRNA profilinin belirlenmesi amaciyla
kicuk RNA dizilemesi ve biyoinformatik analizler gergeklestirilmistir. Arastirma sonucunda Beta
corolliflora érneklerinde, bilinen 211 miRNA ile bugine kadar bilinmeyen potansiyel 6 miRNA
aday1 tespit edilerek bu miRNA'larin muhtemel hedef genleri ve iligkili olabilecekleri yolaklar

belirlenmistir.
2020, 320 sayfa

Anahtar kelimeler: miRNA, BNYVV, kuraklik stresi, virls stresi, Beta corolliflora, Beta

vulgaris, seker pancart.



ABSTRACT
Ph. D. Thesis

Identification of Micro RNAs Related to Drought and BNYVV (Beet Necrotic Yellow Vein
Virus) Stress in Wild Beet Species

Umut KIBAR
Ankara University Biotechnology Institute
Supervisor: Prof. Dr. Ali ERGUL

Sugar Beet (Beta vulgaris) is an economically valuable industrial culture plant. However, stress of
drought and BNYVV (Beet Necrotic Yellow Vein Virus) adversely affects sugar quality and sugar
yield, limiting sugar beet growing. In order to develop sugar beet varieties resistant to these stress
factors, hybrid seeds are produced by hybridizing Beta vulgaris and Beta maritima species with

classical breeding methods, but the obtained varieties do not show sufficient resistance.

Today, as an alternative to classical breeding studies, biotechnological methods used to determine
the stress tolerance mechanisms of resistant species come to the fore in order to develop stress
resistant plants. The detection of micro RNA (miRNA) that plays a role in the stress response
developed by the plant against stress conditions is one of the important methods to understand

these tolerance mechanisms.

In this thesis study, small RNA sequencing and bioinformatical analyzes were carried out in order
to determine the miRNA profile developed by the wild beet species Beta corolliflora, which has
tolerance for drought and virus stress, under these stress conditions. As a result of the research, in
the Beta corolliflora samples, 211 known miRNAs and 6 potential unknown miRNA candidates
have been identified and possible target genes and related pathways of these miRNAs have been
identified.

2020, 320 pages

Keywords:: miRNA, BNYVV, drought stress, virus stress, Beta corolliflora, Beta vulgaris, sugar
beet.
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1. GIRIS

Bitkilerin gelisimini ve biiylimesini sinirlayan en onemli etkenler arasinda abiyotik ve
biyotik stres faktorleri yer almaktadir. Olumsuz ekolojik kosullardan kaynaklanan
kuraklik, tuz ve soguk gibi abiyotik stres faktorleri ile viriis, nematod ve mantar gibi

biyotik stres faktorleri bitkilerde verimi ve Uriin kalitesini olumsuz yonde etkilemektedir.

Diinyada ve Tirkiye'de tarim sektoriintin 6nemli endiistri bitkileri arasinda yer alan seker
pancar1 (Beta vulgaris L.), kuraklik ve Pancar Nekrotik Sari Damar Viriisii (BNYVV=
Beet Necrotic Yellow Vein Virus ) stresinden dogrudan etkilenmekte ve bu stres faktorleri
pancar verimini, seker oranini ve seker kalitesini ciddi oranda azaltmaktadir (1-4). Bu

sebeple seker pancari yetistiriciligi kisitlanmaktadir.

Kuraklik stresine tolerant ve viriis stresine dayanikli seker pancari ¢esitlerinin gelistirilmesi
amactyla yapilan melezleme 1slahi calismalar1 daha cok BNYVV stresine kars1 direngli

(dayanikli) hatlar1 ve bunlardan hibrit ¢esitleri elde etmeye odaklanmis durumdadir (1,5,6).

Gilinlimiizde BNYVV viriisiine dayaniklilik kaynagi olarak yabani pancarlar kullanilmakta
ve hibrit tohumlarin retimi, kiiltiir pancar1 ile ayni1 seksiyonda (Beta seksiyonu) yer alan
Beta maritima tlrinun Beta vulgaris L. ile melezlenmesiyle saglanmaktadir (7,8). Bu
melezleme sonucu elde edilen hatlar veya ticari gesitler ise melezlemede kullanilan
genotiplerin dayanikliligina ve hibrit genomdaki genlerin kantitatif kalittimina bagl olarak
cogunlukla kismi dayaniklilik géstermektedir (9—12). Corollinae yabani pancar seksiyonu
tirlerinden Beta corolliflora ise viriis ve abiyotik streslere 6nemli oranda dayaniklilik
g6steren bir turdur (13-19). Ancak Beta corolliflora’dan kiiltiir pancarina dayanikliligin
aktarilmas1 icin 1slah ile yapilacak genetik rekombinasyonlar farkli seksiyonlar arasi
melezleme bariyerlerinden dolay1 (kromozomlar arasi homolojilerdeki noksanliklar gibi)
uzun suren galismalar1 gerektirmekte ve bitki eldesinde sorunlarla (hibrit tohumlarin zor
cimlenmesi, bitkilerin jeneratif asamaya gegmeden 6lmesi vb.) karsilasilmaktadir (13,20—
22).

Biyoteknoloji alaninda saglanan gelismelerle birlikte stres kosullarina daha dayanikli
bitkileri gelistirmek amaciyla uygulanmakta olan klasik 1slah ydntemlerinin yerini,

molekdler diizeyde yiiriitiilen fonksiyonel genom arastirmalarinin aldigi gériilmektedir. Bu



sayede tiirler arasi1 melezleme bariyerlerinin asilabilmesi ve 1slah siirelerinin kisaltilmasi
miimkiin olmaktadir. Bu gelismelere paralel olarak DNA ve RNA dizileme platformlar1 da
hizla gelismekte ve strese kars1 daha dayanikli bitkiler elde etmek amaciyla aday genlerin

belirlenmesi ve bu genlerin fonksiyonlarinin arastirilmasi kolaylasmaktadir.

Bitkiler tarafindan biyotik ve abiyotik stres kosullarina karsi gen ifade seviyesinin
dizenlenmesinde RNA susturma mekanizmasi énemli rol oynamaktadir. RNA susturma
mekanizmasinin - énemli  bir bileseni olan mikro RNA'lar (miRNA), bir genin
transkripsiyonu sonrasinda, hedef mRNA'y1 parcalayarak ya da hedef mRNA'nin
translasyonunu baskilayarak gen ifade seviyesini duzenler (Bolim 2.4.).

Bu c¢alismada, seker pancari 1slahi ¢aligmalarinda pratik olarak kullanilmayan, Beta
corolliflora yabani pancar turtiniin koklerinde stres kosullar1 altinda kurakliga tolerant ve
Pancar Nekrotik Sari Damar Viriisi’'ne dayaniklilikla iligkili genom boyutlu miRNA

profilinin ortaya ¢ikarilmasi amaglanmastir.

Bu kapsamda ) Beta corolliflora 127 numarali genotipine ait tohumlarin ¢imlendirilmesi
ve bitkiye donistiiriilmesi, II) kuraklik ve BNYVV stresi uygulanmasi, 6rneklerin kdk
dokularindan RNA izolasyonu, III) her iki stres kosulu igin mMiRNA dizilemesi ve

biyoinformatik analizler gergeklestirilmistir.

Kuraklik ve BNYVV stresi uygulanmig Beta corolliflora orneklerinde, bilinen ve
bilinmeyen miRNA'lar tespit edilerek, strese yanit veren miRNA'lar ve bu miRNA'larin
muhtemel hedef genleri ile ilgili yolaklar belirlenmistir. Tez bulgular1 ile Beta vulgaris-
yabani tiirler arasinda iki strese karsi gelistirilen toleransin miRNA seviyesinde daha 1yi

anlasilmas1 hedeflenmistir.



2. KURAMSAL TEMELLER
2.1. SEKER PANCARI (Beta vulgaris L.)

Kiltir pancar1 Beta vulgaris L. tirii botanik siniflandirmada Amaranthaceae/
Chenopodiaceae familyasi, Betoideae alt familyasi, Beta cinsinde yer almaktadir. Beta
cinsi; Beta, Corollinae, Nana ve Procumbentes olmak (zere dort seksiyondan olusmaktadir
(23). Beta vulgaris, 2n=18 kromozoma sahip ¢ift ¢enekli iki yillik bitkidir. Turtn referans
genomu Dohm ve arkadaslar1 (2014) tarafindan dizilenmistir. Dizileme verilerine gore
seker pancar1 567 Mb (megabaz) boyutunda genom biiyiikligiine sahiptir ve diger bitki

tirleri ile dizi homolojisi gosteren 27.421 adet protein kodlayan gen belirlenmistir (24).

Endiistriyel bir bitki olan seker pancari tarim sektoriiniin ekonomik degeri yiiksek olan en
onemli tirleri arasinda yer almaktadir. Onceleri 6zellikle hayvan yemi olarak kullanilan
seker pancarmni, seker kaynag: olarak degerlendirilebilecegi 18. yiizyilda kesfedilmistir*
(25). Onemli seker kaynagi seklinde degerlendirilmeye baslanmasi ise 19. yiizyilin
baslarinda miimkiin olmustur (26). Pancardan seker tireten ilk fabrika 1802 yilinda Achard
tarafindan kurulmustur. Ulkemizde ise ekonomik boyutlarda tiretime 1926 yilinda Usak'ta

isletmeye agilan ilk seker fabrikasi ile baglanmistir (27).

Dinyada iiretilen sekerin esas kaynagini olusturan seker pancari ve seker kamigi iiretimi
1960 yilindan giiniimiize 3,5 kat artis gostermistir (28). Ayn1 déonemde diinya niifus artist

ise 2,5 kattir (29). Bu durum seker tiiketiminin hizla arttigin1 gostermektedir.

FAO (Food and Agriculture Organization of the United Nations) tarafindan yayinlanan
2017 yil1 verilerine gore diinya seker kamis1 ve seker pancari {iretimi yaklasik 2 milyar 140
bin ton olarak gerceklesmistir. Bu iiretimin 1 milyar 840 bin tonu (%86's1) seker kamisi,
300 bin tonu (%14'0) ise seker pancaridir. Verilere gore Tiirkiye'nin 2017 yili seker pancari

tretimi 21 milyon ton olup, bu miktar diinya seker pancari iiretiminin %7'sidir. Ulkemiz

1 1799 yilinda Dr. Scherer tarafindan Van Mons'a gonderilen mektupta Berlin Royal Akademisinde yonetici
olan Franz Karl Achard tarafindan pancar kokiinden seker ekstraktinin nasil yapildigi anlatilmakta ve bu

metin ilgili yayinda yer almaktadir.



seker pancari iiretim miktar1 bakimindan Rusya, Fransa, Almanya ve Amerika Birlesik

Devletlerinin ardindan diinyanin en biiyiik 5. {ireticisi konumundadir (28).

TUIK (Tiirkiye Istatistik Kurumu) tarafindan yaymlanan 2018 yili verilerine gére
Turkiye'de yaklasik seker pancari tiretimi 19 milyon tondur. En ¢ok seker pancari {iretilen
[ller arasinda Konya (%29,3), Yozgat (%9,3), Aksaray (%5,7), Kayseri (%5,4) Eskisehir
(%5,1) ve Afyonkarahisar (%4,5) yer almaktadir (30).

Seker pancan yetistiriciliginde kuraklik énemli bir sorundur. Kuraklik sebebiyle seker
veriminde %50'ye ulasan kayiplar olabilmektedir (2,4). Ulkemizde seker pancarmin yogun
olarak yetistirildigi yerlerde yillik ortalama yagis miktart 400-600 mm arasindadir (31)
(Sekil 2.1.).
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Sekil 2.1. Yillik toplam alansal yagis normalleri (1981-2010) ve en ¢ok seker pancari
yetistirilen iller ve tiretimdeki yiizde oranlari.

Yetistirme alanlarina diisen yagis oranlar dikkate alindiginda, yetistiricilik igin deniz
ikliminin hakim oldugu alanlarin yaklasik ticte ikilik boliimiinde 2-4 defa sulama yapilmasi
gerekirken diger iklim alanlarinin tamamina yakininda 3-6 defa sulama yapilmasi
gerekmektedir (32). Su noksanlig1 yetistiriciligi kisitlarken, sulama ihtiyact da iiretim

maliyetlerini artirmaktadir.



Seker pancari su noksanligi stresine yanit olarak iirettigi osmoprotektanlar ile kuraklik
kosullarina adaptasyon saglarken, olusan bilesikler nedeniyle koklerde biriken seker
kalitesi olumsuz etkilenmektedir (33,34). Pancar yetistiriciliginde sulama ihtiyacinin
dolayisiyla sulama giderlerinin azaltilmasi ve kuraklik stresinden kaynaklanacak iiriin
kalite kayiplarinin azaltilmasi igin farkli stratejilerle (biyoteknoloji, 1slah vb) kuraga

dayanikli gesitlerin gelistirilmesi biiylik 6nem tagimaktadir (35,36).

Pancar yetistiriciliginde diger onemli bir sorun ise kok sakallanmasi olarak bilinen
rizomanya (rhizomania) hastaligidir. Ulkemizde ve diinyada seker pancari yetistirilen
alanlarin 6nemli bir b6lumu rizomanya hastaligi ile bulasiktir (37-41). BNYVV'nin sebep
oldugu rizomanya hastalig1 seker pancarina ekonomik olarak zarar veren en 6nemli viriis
kaynakli hastaliktir. Hastalik bitkilerin seker igeriginde, kok ve seker veriminde gok ciddi
kayiplara neden olmaktadir (1,3,42).

Kaya (2009), rizomanya hastaligina karsi yapilan kultlrel micadeleyi "virls bulasik
alanlarda virlis miktarinin azaltilmas1 amaciyla soguk topraklara erken ekim yapilarak,
sulama miktar1 azaltilarak ve miinavebe uygulamasi gibi kiiltiirel tedbirler alinarak
hastalikla miicadele edilmeye c¢alisilmaktadir" seklinde ifade etmistir (38,43). Ancak
rizomanya hastalig1 ile miicadele edebilmek icin yeni ve daha etkili genetik kaynaklarin

arastirilmasi gerekmektedir (44).

2.2. BITKILERDE STRESE YANIT MEKANIiZMALARI

Bitki stres faktorleri, temel olarak abiyotik ve biyotik stres olmak Uzere iki grupta
smiflandirilabilir. Bitkiler yasamlari boyunca g¢evresel stres kosullarina (abiyotik) ve
patojen enfeksiyonu gibi diger canlilarin (biyotik) etkisine maruz kalmaktadir (45).
Bitkiler, bu stres faktorlerine yanit verecek lokal ve sistemik adaptasyon mekanizmalarina
sahiptir (46).

Bitkiler, stres faktorlerinin sebep oldugu hasarlar1 azaltmak ve biiyime ve gelismelerine
devam etmek amaciyla, stresin reseptorler ile algilanmasindan baslayarak sinyal iletim
adimlariyla, fizyolojik, molekiiler ve hiicresel adaptasyon saglayan genlerin ifadesini;
transkripsiyonel, post-transkripsiyonel ve post-translasyonel seviyede diizenleyerek uyum

saglayici (adaptif) yanitlar gelistirirler (47-50).



Disiik stres dlzeyleri dahi bircok genin ifade seviyesini etkilemektedir (51). Bitkinin
bulundugu farkli stres kosullarinda, bitki hormon sinyal yolagi genlerinin, tasiyici
proteinlerin, énemli metabolik yolak genlerinin ve transkripsiyon faktorlerinin ifade
seviyeleri ¢evresel etkilere yanit olarak diizenlenmektedir (52,53). Ozmotik dizenleme
mekanizmasi, antioksidan savunma mekanizmasi, stresle iliskili genler ve RNA susturma
mekanizmas1 strese yanitta anahtar rol oynamaktadir. Bitkilerde 6nemli strese yanit

mekanizmalar1 asagidaki basliklar altinda toplanabilir.
2.2.1. BITKI HORMONLARI

Bitki buyime ve gelismesini duzenleyen dogal (endojen) bitki hormonlar1 (bitki blyime
dizenleyicileri: fitohormonlar) absisik asit (ABA), giberillik asit (GA), oksin (IAA),
sitokinin (CK) ve etilendir (ET). Diger bitki hormonlar1 brassinosteroid (BR), jasmonik
asit (JA) ve metabolit olarak salisilik asit (SA)'dir (46). Bitki hormon sinyal yolaklarinda
yer alan genlerin ifade seviyeleri stres kosullarina adaptasyon saglamak iizere bitki

tarafindan tekrar dizenlenir (54-57).

Absisik asit (ABA), kuraklik dahil gesitli stres kosullarina adaptasyon saglanmasinda
onemli rol oynamaktadir. Bu streslere karsi gelistirilen yanitin diizenlenmesinde sinyal
aracisi olarak hareket eden endojen bir habercidir (58). Viriis enfeksiyonu ABA tarafindan

ifadesi uyarilan genleri etkilemektedir (59).

Transpirasyonun dizenlenmesi icin gereken stomal kapanma ve yan (lateral) kok
gelisiminin baskilanmasi temel olarak ABA tarafindan kontrol edilmektedir (60-62). ABA,
tohum olgunlagsmasinda, tohum dinlenmesi (dormansi) ve c¢imlenmesinde rol oynar
(63,64). ABA diger fitohormonlarla birlikte hiicre fizyolojik streglerinin diizenlenmesinde
O6nemli gorevlere sahiptir (65). Bitkilerin kuraklik kosullarina adaptasyon saglamasinda
merkezi bir diizenleyici olarak gorev yapar. Strese tepki olarak ABA tarafindan diizenlenen

reaksiyonlar molekiiler diizeyde karakterize edilmistir (66,67).

ABA yolaginda (Sekil 2.2.) gorevli PP2C (protein fosfotaz 2C) geni, etkilesimde oldugu
proteinden fosfat grubunu ayirmakta, ABA sinyalini ve bitkinin strese adaptasyonunu
olumsuz yonde etkilemektedir. SnRK2 (sucrose non-fermenting 1-related protein kinase 2)

geni ise etkilesimde oldugu proteine fosfat transfer ederek proteinin konformasyonunu ve



fonksiyonunu etkilemektedir. PP2C, SnRK2 geninin aktivitesini baskilayarak ABA sinyal
yolagini engellemis olur. ABA reseptorleri PYR/PYL (pyrabactin resistance 1/like),
PP2C'nin inhibisyonunu saglayarak SNRK2'nin baskilanmasina engel olur ve ABA sinyal
yolagini harekete gegirir. SNRK2, ABA sinyalinin diizenlemesinde ve stomal kapanmanin
saglanmasinda rol alan ABF (ABRE binding factors) transkripsiyon faktorlerini aktive
eder. ABF, strese yanit veren genlerin promotor bolgesinde bulunan ABRE (ABA response
element, ACGTG) dizisine baglanarak bu genlerin ifadesini diizenler. Bu diizenleme ile

transpirasyon seviyesi azaltilarak adaptasyon gelistirilir (68—72).

Absisik
asit

Stomal

PYR/PYL PP2C SnRK2 ABF kapanma

Sekil 2.2. ABA sinyal yolagi (73).

Giberillik Asit (GA), bitki gelisiminin farkli asamalarinda gorev alan ve bitkinin yasam
dongiisii  boyunca hiicre boliinmesini  saglayarak biiylimeyi destekleyen Onemli
fitohormonlardan biridir (74). Kuraklik stresine karsi tolerans gelistirilmesinde ve

fizyolojik adaptasyonda rol oynar (75,76).

GA yolaginda (Sekil 2.3.), GA reseptorii GID1 (GA insensitive dwarf 1), DELLA
proteinine baglanarak ubikitin-proteazom yolagi araciligiyla DELLA’nin pargalanmasina
(degrade olmasma) sebep olur (77,78). GA yolagindaki DELLA proteinleri, hiicre
¢ekirdeginde yer alan ve biiylime ile iliskili proteinlerin ifade seviyesini azaltan
transkripsiyonel diizenleyicelerdir ve GA'nin negatif diizenleyicileri olarak GA'ya yanit
veren genlerin ifadelerini baskilar. DELLA, hiicre blyimesinden sorumlu genleri uyaran
transkripsiyon faktorii PIF4 (phytochrome interacting factor 4) genini baskilayarak GA

sinyalinin fonksiyonunu azaltmada anahtar rol oynamaktadir (79-81).

Kok gelisimi
Giberillin GID1 DELLA PIF4 Cimlenmenin
uyarilmasi

Sekil 2.3. GA sinyal yolagi (73).



Oksin (AUX/IAA; Auxin/Indole-3-asetik asit, oksinin ana formu), bitki gelisim siireglerini
diizenlemenin yaninda biyotik ve abiyotik strese yanitta da gorev alan bir fitohormondur
(82). Hiicre bolinmesini ve farklilasmasini, kok ve siirgiiniin bigimlendirilmesini
etkilemektedir (83-85). Viriis stresi oksine yanit veren genlerin ifadesini degistirmektedir
(59). ABA tarafindan baskilanan lateral koklenme oksin tarafindan artiritlmaktadir (62,86).

Sitokinin ile etkilesim halinde kok meristem doku aktivitesinin diizenlenmesini saglar (87).

Oksin yolaginda (Sekil 2.4.), oksinin hiicreler arasi hareketi oksin tasiyicilar1 (AUX1/LAX,
auxin resistant 1/like) ile gergeklesir (88). TIR1 (transport inhibitor response 1, F-box
protein) oksin reseptorii olarak gorev yapar. Oksin seviyesine bagli olarak, negatif
dizenleyici olan AUX/IAA'nin ubikitin-proteazom yolagi araciligiyla degrade olmasina
sebep olur (89,90). ARF (auxin response factor) oksine yanit veren genlerin
promotorlarinda yer alan "oksin yanit element dizisi'ne (AuxRE dizisi, TGTCTC)
baglanarak bu genlerin ifadelerini diizenler. AUX/IAA proteinleri ise ARF genlerini baskilar
(91-93).

Oksin tarafindan ifadeleri diizenlenen 6nemli iki gen grubu GH3 (gretchen hagen 3) (94)
ve SAUR (small auxin up rna) genleridir. GH3, oksine yanit olarak abiyotik stres
toleransinin diizenlenmesinde rol oynar (95,96). SAUR genleri ise oksine yanit veren

genlerin en genis grubu olarak bitki biiytime ve gelismesini destekler (84,85,97).

TIRY AUXIIAA Hi]lcre i
Oksin AUX1/LAX AUX/IAA ARF GH3 genisiemest
AFB Bitki
SAUR Bitki
biyimesi

Sekil 2.4. Oksin sinyal yolagi (73).

Sitokinin (CK), bitki biiyiimesini ve gelismesini dizenleyen bir fitohormondur. Blyume
bolgesi olan sirgiin ucundaki meristem doku gelisimini, hiicre g¢ogalmasini, ¢igek
biiyiikliigiinii ve yaprak Omrunu dizenler (55,98). Kok meristem doku aktivitesinin

duizenlenmesinde oksin ile etkilesim halindedir (87). Kuraklik stresine yanitta rol alir (99).

CK yolaginda (Sekil 2.5.), CRE1/AHK (cytokinin response 1/histidin kinase)

transmembran sitokinin reseptoriidiir. Cevresel kosullar1 algilayarak hedef gen ifadesinin
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diizenlenmesinde rol alir. AHP (histidine containing phosphotransfer peotein)'ye fosfat
grubu transfer ederek etkilesime gecer (100,101). AHP, sitokinin reseptorii ile DNA'da 6zel
bir diziye (JAG]GATT) baglanan ARR (two-component response regulator) gibi yanit
diizenleyicilere aracilik eder. Tip-B ARR'ler sitokinin yanit1 i¢in gerekli transkripsiyonel
aktivatorlerdir. Tip-A ARR'ler ise negatif geri besleme ile sitokinin tarafindan aktif edilen
transkripsiyonunun baskilayicilart olarak gorev yapar (99,102,103).

Huicre

. CRE1/ bolinmesi
Sitokinin AHP B-ARR A-ARR L
AHK Surgun

uzamasi

A\ J

Sekil 2.5. Sitokinin sinyal yolagi (73).

Etilen, patojen yaniti, tohum c¢imlenmesi, meyve olgunlasmasi, organ yaslanmasini

diizenleyen gaz halindeki bitki hormonudur (104).

Etilen yolagi (Sekil 2.6.), etilenin negatif diizenleyicisi ETR1 (ethylene response 1)
reseptOriine baglanmasi ile baslar ve ETRI1, etilen sinyal iletiminin diger negatif
duzenleyicisi CTR1 (constitutive triple response 1)'in inaktivasyonuna sebep olarak
yolaktaki gen ifade seviyelerinin duzenlenmesini saglar (105,106). EIN2 (ethylene
insensitive 2) ve EIN3 (ethylene insensitive 3) etilen sinyal yolaginin devaminda pozitif
diizenleyiciler olarak gorev yapar. Etilen reseptorii, etilen sinyaline yanitta gorev alan
EIN2 ile etkilesimdedir (107). EIN3 ise ERF1 (ethylene response factor 1)'in promotorunda
yer alan PERE (primary ethylene response element) dizisine baglanarak ifade edilmesini

ve etilene yanitin aktivasyonunu saglar (108).

Meyve
olgunl
Etilen ETR CTR1 SIMKK MPK6 EIN2 EIN3 ERF1 asmasl
Yaslan
ma

Sekil 2.6. Etilen sinyal yolag1 (73).



Diger bitki hormonlarindan; brassinosteroid (BR) ¢imlenme ve kok blytmesi dahil bitki
gelisiminde gorev alir (109-111). Hicre membran reseptori BRI1 (BR insensitive 1)
tarafindan algilanir, aktive olan sinyal iletim yolag1 bitki gelisimi i¢in gerekli genlerin

diizenlenmesini saglar. Sinyal iletimine BSK (BR signaling kinases) aracilik eder (112).

Jasmonik asit (JA) ve salisilik asit (SA) patojenlere karsi savunmada One ¢ikan bitki
hormanlaridir (113,114). Salisilik asit sistemik kazanilmig direncin (SAR) gelismesi igin
gereklidir ve SAR ile iliskili PR (pathogen related) genlerinin ifadelerinin
duzenlenmesinde NPR1 (regulatory protein 1) ile birlikte gorev yapar (115,116).

2.2.2. OZMOTIK DUZENLEME

Ozmotik diizenleme, suyun emilimini ve hiicresel turgorun diizenlemesini saglayarak bitki
bayumesini olumlu yonde etkiler (117,118). Su noksanligindan kaynaklanan turgor
kaybmin artmasi biiyiimenin baskilanmasina neden olabilir (48). Stres kosullarinda
blyume durdurularak bitkinin metabolik aktiviteleri azalir, stresten kaynaklanan hasarin

azaltilmas i¢in hiicrede ozmoprotektan bilesiklerin oranlari artar (48,119).

Gregor ve arkadaslar1 (2012) ozmotik duzenlemenin "hiicresel zarlari, proteinleri ve
enzimleri dehidrasyona (su kaybi) karsi koruyucu isleve sahip osmoprotektanlar ile
saglandigint" ifade etmistir (117). Glisin betain (GlyBet, glycine betaine), prolin (Pro),
ektoin, polyol ve trehaloz (trehalose) gibi etkili osmoprotektanlar ile hiicre su kaybina karsi

korunarak stres toleransi gelistirilir (119-121).

Ozmotik stres ile 6nemli osmoprotektanlarin biyosentizinde yer alan genlerin ifade
seviyeleri degisir (122). Hucre icinde glisin betain birikmesi ve prolin tretimi osmotik
stres toleransini artirmaktadir (123,124). Benzer sekilde poliamin (polyamin) ve trehaloz

seviyelerindeki artista kuraklik toleransini gelistirir (125,126).
2.2.3. ANTIOKSIDAN SAVUNMA

Bitkilerdeki birgok abiyotik ve biyotik stres, hiicrede reaktif oksijen tlrlerinin (ROS,
reactive oxygen species) birikmesine sebep olur. Onemli reaktif oksijen turleri; stiperoksit
(02), hidrojen peroksit (H,0,) ve hidroksil radikalleri (OH")'dir (127). Bitkiler ROS’un
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olusturdugu stresin 6nlenmesi amactyla antioksidan sistemlerin diizenlenmesini saglayan

enzimatik ve enzimatik olmayan mekanizmalar gelistirmistir (118,128).

Enzimatik olmayan antioksidanlar; askorbik asit (ascorbate), tokoferol (tocopherol),
karotenoid (carotenoid), glutatyon (glutathione), fenolik bilesikler vd. olarak, enzimatik
antioksidanlar ise; stiperoksit dismutaz (SOD, superoxide dismutases), askorbat peroksidaz
(APX, ascorbate peroxidase), katalaz (CAT, catalase), glutatyon peroksidaz (GPX,
glutathione peroxidase) vd. olarak siniflandirilabilir (129-131).

Hiicre hasarina sebep olan ROS seviyelerinin diizenlenmesinde bircok gen gorev alir (130).
Stresle birlikte antioksidan enzimlerin aktiviteleri artmaktadir (132). Antioksidanlar,
oksidatif strese toleransta toksik radikalleri parcalar. Stiperoksit radikalleri SOD tarafindan
hidrojen peroksite donistiiriilirken hidrojen peroksit, APX, GPX ve CAT tarafindan
parcalanir® (Cizelge 2.1.).

SOD ve CAT ifadesindeki artigin strese karsi toleransin gelismesinde etkili oldugu (133—
135) ve kuraklik stresinin APX seviyelerinde oOnemli degisiklige sebep oldugu
gosterilmistir (136). GPX, stomal kapanma, ¢imlenme ve biiylimenin baskilanmasi gibi
ABA yanitin1 diizenleyen genler ile strese yanitta gorev alan genlerin ifadesini ve kalsiyum

kanallarinin aktivasyonunu diizenler (137).

ROS iiretiminin olumsuz etkilerinin yaninda olumlu etkileri de s6z konusudur. Apel ve
Hint (2004), "stres kosullarinda artan ROS seviyesinin toksik etkisini dnlemek amaciyla
antioksidanlarin devreye girmesinin yaninda, patojenlere karsi savunma veya programli

hlcre 6lima gibi streclerde sinyal molekili olarakta ROS iiretildigini" belirtmistir (138).

Cizelge 2.1. Enzimatik antioksidanlar ve reaksiyon drnekleri.

Enzimatik Antioksidan |ROS  |Reaksiyon?

SOD 0, 2 H" + 2 superoxide = H,0, + O,

APX H,0, H,O, + L-ascorbate = 2 H,0 + L-dehydroascorbate
GPX H,0, 2 glutathione + H,0, = glutathionedisulfide + 2 H,O
CAT H,0, 2H,0,=2H,0+0,

? https://www.rhea-db.org
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2.3. KURAKLIK VE ViRUS STRESI
2.3.1. KURAKLIK STRESI

Kuraklik diinya ¢apinda tarimsal liretimi sinirlayan 6nemli ¢evresel stres faktorleri arasinda
yer almakta olup, kiresel arazi alanlarmin %6414 kuraklik veya su eksikliginden
etkilenmektedir (139,140). Eldem ve arkadaslar1 (2012) kurakligi, "bitkinin normal
gelisimi i¢in gerek duydugu su miktarina kismen erisebilmesi ya da tamamen erisememesi
olarak™ tanimlamaktadir (141). Kuraklik stresi bitkinin besin ve su ile iliskisini etkileyerek
dokularda su igeriginin azalmasi ile turgor kaybina, yaprak alaninda kiigiilmeye,
fotosentezin baskilanmasina, membran stabilitesinde azalmaya, kok gelisiminde
gerilemeye, oksidatif hasara, biiyiimenin baskilanmasina ve sonucunda iiriin miktarinin ve
kalitesinin azalmasia sebep olur (4,135,142,143). Kuraklik stresine maruz kalan bitkiler
hayatta kalabilmek amaciyla, suyun etkin kullanimi ve kurakliga tolerans gelistirilmesi ile
ilgili olarak; hiicresel ve organizma seviyesinde fizyolojik, morfolojik ve molekiler
diizeyde adaptasyonlar gelistirmek zorundadir (49,141,144,145). Onemli adaptasyonlar
arasinda; stomalarin kapanmasiyla karbondioksit (COy asimilasyonunun azaltilmasi ve
fotosentezin gerekli seviyede sirdirtilmesi, iyon dengesinin dizenlenmesi, oksidatif
hasarin engellenmesi i¢in antioksidan ve osmolit sentezinde yer alan koruyucu genlerin
ifadelerinin duzenlenmesi, suyun aquaporinler ile dokulara dagiliminin saglanmasi ve
hormonal diizenlemeler sayilabilir (48,128,146).

Bitkilerde kuraklik toleransini, Wydra ve arkadaslar1 (2017) "su noksanligi durumunda
bitki biiylimesinin ¢esitli asamalarinda kararli verim elde etme ve liretme yetenegine"
baglarken (147), Fang ve Xiong (2015) ise "dokularin diisiik su potansiyeline karsi
direnme giicii ile iligkili olarak, bitkinin kdk ve yaprak 6zelliklerine, osmotik diizenleme

yetenegine, hormon seviyelerine ve hiicre membran dayanikliligina" baglamaktadir (148).

Kurakliga maruz kalan bitki tarafindan su kaybinin 6nlenmesi amaciyla verilen ilk tepki
stomal kapanmadir. Bu sayede yapraklardan su kaybi azaltilarak, suyun etkin kullanim1 ve
transpirasyon verimliligi saglanir (117,118). Stomalarin kapatilmasi su kaybinin
azaltilmasin1 saglarken ayni zamanda CO; emilimini de kisitladigr i¢in fotosentez
baskilanir (60). Fotosentezin baskilanmasi ise bitki buylimesini olumsuz yonde
etkilemektedir (149).
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Yapraklardan su kaybinin azaltilmasi ile kurakliga kars1 adaptasyon saglanirken topraktan
suyun alinmasini saglayan bitki kok sistemi de bu adaptasyonda 6nemli rol oynar (150).
Stres kosullarinda kokiin canli kiitlesi azalir ve kdkler uzayarak koklenme derinligini artirir
(151). Normal kosullarda lateral dallanmalar gosteren kok biiylimesi, kuraklik durumunda
lateral dallanma yerine topragin daha alt katmanlarindan su almak icin birincil kok

uzamasina yonelir (152).

2.3.1.1. Kuraklik Stresi ve Transkripsiyon Faktorleri

Bitki tarafindan stresin algilanmasiyla birlikte adaptif yanitta goérev alan transkripsiyon
faktorlerinin ve strese yanmit veren genlerin ifadeleri diizenlenir (153). Transkripsiyon
faktorleri, biyotik ve abiyotik stres kosullarinda bitki biiyiime ve gelismesinde rol alan
bitki hormon yolaklarindaki genlerin, osmotik strese yanit veren genlerin ve antioksidan
savunmada yer alan genlerin ifade seviyelerini diizenler (54,154-157). Stres kosullarinda
transkripsiyon faktorleri, genellikle genlerin promotor bélgelerinde bulunan dizenleyici
element (CRE, cis-acting regulatory element) dizilerine baglanarak hedef genin ifadesinin

diizenlenmesini saglar (158).

Yapilan transkriptom ¢alismalari strese yanitta gérev alan genlerin promotor bélgelerinde
yer alan CRE dizilerinin ve iliskili transkripsiyon faktorlerinin tanimlanmasini
saglamaktadir (159) Onemli transkripsiyon faktorleri ve baglandiklar diizenleyici element

diziler Cizelge 2.2.'de verilmistir.
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Cizelge 2.2. Onemli transkripsiyon faktorii aileleri ve promotor bolgede pozisyon siklik
matriksine (PFM) dayal1 olarak baglandiklar diizenleyici element diziler®.

DREB/CBF cACCC ..

AP2-ERF domain “Cc :
ARF (B3 domain) ; . T;Tg .CJ

MYC (bHLH) . MCACIC ggggggg
MYB (bHLH) AAA Ais..
AR I P

MYB (HTH) S TAAC Frrartns

NAC (NAC-NAM) oehClzth.

WRKY TTAC; gggggg
bzIP ACTCA

3

JASPAR: A¢ik kaynakli, pozisyon siklik matriksine (PFM, position frequency matrice) dayali
transkripsiyon faktor (TF) baglanma profili veritabani, http://jaspar.genereg.net/matrix-clusters/plants.
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Ozellikle osmotik strese yanit veren genlerin promotor bélgesinde ABRE (ABA response
element, ACGTG) ve DRE (dehydration responsive element, A/GCCGAC) gibi CRE
dizileri bulunur (160).

ABA sinyal yolaginda stres yanitinda gorev alan bZIP (basic leucine zipper) protein
ailesinin tyesi olan ABF (ABRE binding factors), ABRE dizisine baglanarak, strese yanit
veren genlerin ifadesini dizenler (72). Stres uygulanmis kanola bitkisinde yapilan bir
calismada, ABF2 transkripsiyon faktorinun uyarildigi ve strese yanit veren genlerin
(RD29B, RAB18 ve KIN2) ifadesini diizenledigi gosterilmistir (161).

AP2/ERF (apetala 2/ethylene response factor) transkripsiyon faktor ailesinin tyesi olan
DREB/CBF (dehydration responsive element binding/CRT binding factors), DRE dizisine
baglanarak, strese yanit veren genlerin ifadesini dizenlemektedir (162). DREB2
transkripsiyon faktoriniin kuraklik stresi uygulanmig transgenik pamukta antioksidan
genlerin (SOD, CAT, POD, GST) ve strese yanit veren genlerin (GhERF2, GhNACS3,
GhRD22, GhDREB1A, GhDREB1B, GhDREB1C) ifade seviyelerini arttirdigi gosterilmistir
(156).

Transkripsiyon faktorleri strese yanit veren genin ifade seviyesini etkilerken, diger
transkripsiyon faktorlerinin ifade seviyelerini de etkileyebilmektedir. Transgenik celtikte,
EREBP1 (ethylene responsive element binding protein 1) transkripsiyon faktorinin asirt
ifade edilmesinin, 6nemli transkripsiyon faktorlerinin (WRKY, NAC), strese yanitta rol alan
ABA vyolagi ile iligkili LEA5 (late embryogenesis abundant 5) ve jasmonat biyosentezi ile
iligkili RERJ1 genlerinin ifade seviyelerini artirarak kuraklik toleransini gelistirdigi
belirtilmistir (163).

MYB, biyotik ve abiyotik strese yanitta onemli rol oynayan transkripsiyon faktorlerinden
bir digeridir (164). Kuraklik stresinde asir1 ifadesi bitki stres toleransini artirir (165,166).
Transgenik  geltikte MYB6'min, oksidatif strese tolerans saglayan enzimatik
antioksidanlardan SOD ve CAT'in aktiviteleri ile osmotik streste gorev alan prolin
miktarint 6nemli oranda artirarak bitkinin canli kalma oranini yiikselttigi gozlenmistir.
Ayrica stres toleransinda gorev alan dnemli genlerin (OsLEA3, OsDREB2A, OsDREB1A,
OsP5CS, SNAC1 ve OsCATA) ifadeleri artmigtir (165). Dayanikli misir ile hassas misir
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cesitlerine uygulanan kuraklik stresi sonucu, dayanikli ¢esitte, MYB24 ve MYB35
transkripsiyon faktorlerinin ifadesinin arttigi gosterilmistir (167).

Transkripsiyon faktorii MYC, kuraklik stresinde, ABA ve JA sinyal yolag:i tarafindan
uyarilan genlerin promotorunda yer alan dizenleyici element (G-box, CACNTG) dizisine
baglanarak bu genlerin ifade seviyelerini etkiler (168-170). MYC, DELLA proteinleri ile
etkilesime gecerek GA yolaginin diizenlenmesinde gorev alir (171). MYB ile birlikte
kuraklik stresine karsi yanmitta gorev alan onemli genlerden RD22'nin ifadesinin

duzenlenmesinde transkripsiyonel aktivitor olarak fonksiyon gosterir (172).

Transkripsiyon faktorl ailelerinin bazi iyelerinin strese yanitta farkli ifade seviyelerine
sahip oldugu goriilmektedir. NAC transkripsiyon faktori ailesinin tyelerinden NAC6
transkripsiyon faktoriinin asirt ifadesinin, transgenik geltikte, kuraklik stresine yanit veren
genlerin ifadelerini artirarak toleransi gelistirdigi g6zlenirken (173), NAC2 transkripsiyon
faktorunin asiri ifadesinin, ABA yanitinda ve abiyotik streste gorev alan 6nemli genlerden
LEA3, SAPK1 (stress activated protein kinase 1), SAPK10, bazi GTPazlar (RAB21,
RAB16C, RAB16D) ve SnRK2'nin ifade seviyelerini diisiirerek kuraklik stres toleransini
azalttig1 gosterilmistir (174). Aymi tiire ait kurakliga dayanikli ve kurakliga hassas bitki
cesitleri, kuraklik stresine tolerans bakimindan karsilastirildiginda NAC transkripsiyon
faktoru ailesinin Uyesi olan NAC110'un ifadesinin arttig1 gosterilmistir (167).

WRKY, bitki hormon yolaklarinda ve patojen savunmasinda gorev alan, farkli stres
kosullarinda 6nemli fonksiyonlara sahip ¢ok genis etkili bir transkripsiyon faktori ailesidir
(175-178). Hedef gende W-box (TTGACC) dizisine baglanmaktadir. WRKY
transkripsiyon faktori ailesinin bazi iiyeleri strese yanitta rol alan genlerin ifade

seviyelerini azaltirken bazilar1 artirmaktadir.

Transgenik bugdayda WRKY30'un asir1 ifadesi strese yanit genlerinin (ERF5a, DREB1,
DREB3, WRKY19, TIP2 ve AQP7) ifadelerini artirmistir (157). Ancak pamukta yapilan
calismada kuraklik stresine karsi toleransta Onemli rol aldigi belirlenen GhWRKY33
geninin Arabidopsis thaliana'ya aktarilmasi ile elde edilen transgenik bitkide kuraklikla
iligkili genlerin (RD29A, DREB2A, ERD15 ve SOS2) ifade seviyelerini azalttig

gosterilmistir (179). Kurakliga dayanikli ve kurakliga hassas musir gesitleri ile yapilan
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calismada ise, dayanikli ¢esitte WRKY20 ve WRKY64 transkripsiyon faktorlerinin
ifadesinin arttig1 gosterilmistir (167).

Osmotik strese tolerans ve antioksidan savunma mekanizmasiin gelismesi bakimindan
WRKY transkripsiyon faktorleri onemli rol oynamaktadir. Transgenik bugdayda
WRKY30'un asir1 ifadesi, CAT, SOD ve APX gibi enzimlerin seviyelerini artirarak
antioksidan kapasiteyi gelistirmis ve oksidatif stresin azalmasini saglamigtir (157).
WRKY70 ve WRKY54 transkripsiyon faktorleri ile yapilan ¢alismada ¢ifte mutant (iki bolge
mutasyonu iceren) Arabidopsis thaliana'da osmotik strese toleransin arttigi, normal
Ornekte ise stomal kapanmayr olumsuz etkileyerek osmotik strese yanitin azaldigi

gosterilmistir (155).

Bitki hormon yolag ile iliskili olarak, Arabidopsis thaliana'da WRKY46, WRKY54 ve
WRKY70 transkripsiyon faktorlerinin brassinosteroid (BR) tarafindan diizenlenen bitki
biiyiimesini destekledigi ve kuraklikla iligkili genleri baskilayarak kuraklik toleransini
azalttig1 belirtilmistir (180).

2.3.1.2. Kuraklik Stresi ile Iliskilendirilmis Genler

Kuraklik ile iliskilendirilmis en genis protein ailelerinden biri olan LEA (late
embryogenesis abundant) protein ailesinin, bir ¢ok bitki tiirtinde farkli stres kosullarina
tolerans saglanmasinda rol aldigi gosterilmistir (181-183). Vitis vinifera, Gossypium
hirsutum, Gossypium arboreum ve Gossypium raimondii tiirlerinde yapilan domain
taramasina gore LEA proteinlerinin 8-9 gruba ayrildig1 ve en genis grubun LEAZ2 oldugu
belirlenmistir (184,185). LEA genleri, kuraklikla iligkili olarak NAC, WRKY, AuxRE,
MYB, DRE ve ABRE gibi énemli CRE dizileri icerir (185).

Transgenik celtikte yapilan ¢alismalarda, LEA1 geninin ABA duyarliligini artirdigi ve stres
toleransini gelistirdigi (186), LEA3 geninin strese karsi toleransta rol aldigi gézlenmistir
(187). Kanoladan izole edilerek Arabidopsis thaliana'ya aktarilan LEA4 geninin kuraklik
stresi kosullarinda bitki gelisiminde dnemli rol oynadigi tespit edilmistir (188). Misirda
yapilan diger bir ¢alismada ise LEA4 geninin eksojen ABA tarafindan uyarildigi ve

osmotik strese yanitta rol aldig1 gosterilmistir (189).
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LEA2 grubunun o6nemli bir Gyesi olan dehidrin (DHN; dehydrin) genleri oldukca
hidrofilik yapidadir (190). Arabidopsis thaliana, arpa ve zimde yapilan ¢aligmalarda
dehidrin genlerinin ifadesi ile stres toleransi arasinda pozitif iliski oldugu ve stres

kosullarina kars1 tolerans gelistirilmesinde rol aldiklar1 gosterilmistir (185,190-192).

Dehidrin geninin ifadesi kuraklik seviyesine gore veya dokudan dokuya degisiklik
gosterebilmektedir. Zeytinden izole edilerek Arabidopsis thaliana'ya aktarilan dehidrin
geninin, hafif kuraklik kosullarinda, hem yaprakta hem de kokte ifadesinin arttigi ancak
daha yiiksek kuraklik kosullarinda ifadesinin azaldigi gozlenmistir (193). Cynodon
dactylon'nin kurakliga dayanikli ve kurakliga hassas g¢esitlerinin kurakliga maruz
birakilmasiyla, her iki ¢esidin yapraginda ve kokunde dehidrin geninin ifadesi artarken

dayanikli ¢esidin yapraklarinda artigin daha fazla oldugu tespit edilmistir (194).

Kurakliga dayanikli ve kurakliga hassas aycicegi cesitlerine dozu artirilarak kuraklik stresi
uygulandiginda, dehidrin genlerinin dayanikli aygicegi ¢esidinde daha yiiksek oranda ifade
oldugu gozlenmistir (195).

2.3.2. VIRUS STRESI

Bitki virusleri diinya ¢apinda iirlin kalite ve miktarin azaltarak ciddi ekonomik kayiplara
neden olan en Onemli patojenler arasindadir (196,197). Csorba ve arkadaslar1 (2015)
virtslerin "sahip olduklar1 genetik materyalin (RNA veya DNA) kodladig1 az sayida viral
protein ile enfeksiyon siirecini yonettiklerini" ve viriislerin "hiicreden hiicreye yayilimmin
plasmodesma ile sistemik yayilimlarinin ise floem araciligiyla gergeklestigini" ifade
etmektedir (197). Virisler, ¢ogalmalar1 ve hareket etmeleri ig¢in gerekli viral proteinlerin
konakgt ile etkilesime gegirirler ve sistemik yayilimlarini gergeklestirerek, bitkide; yaprak
polaritesinin kaybina, kloroza, nekroza, morfolojinin degismesine, hlicre bolinmesinin
kontroliiniin ve iireme fonksiyonlarinin bozulmasina ve bdylece hastaliga sebep olmaktadir
(198-201).

Viriislerin transmisyonu hayatta kalmalari igin gerekli olan biyolojik dongulerinde énemli
bir adimdir (202). Viriislerin ¢ogu bitki ile iliskili bir vektoér organizma tarafindan taginir.
Onemli bitki virusti vektorleri; Bocekler, nematodlar, parazitler ve akarlar’dir (203). Bazi

6nemli bitki virus cins, tur ve vektorleri Cizelge 2.3."te verilmistir.
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Cizelge 2.3. Onemli bitki virus cins, tir ve vektorleri (202,204).

Cins TUr Vektor

Tobamovirus TMV (Tobacco mosaic virus, Tutlin mozaik virusi) Mekanik

TSWYV (Tomato spotted wilt virus, Domates lekeli solgunluk

Tospovirus S Bocek
P virlsi)

TYLCV (Tomato yellow leaf curl virus, Domates sart yaprak

Begomovirus kvireiklik virQisi)

Bdcek (beyaz sinek)

Cucumovirus CMV (Cucumber mosaic virus, Salatalik mozaik viriisii) Bocek
Potyvirus PVY (Potato virus Y, Patates Y viriisi) Bocek
Caulimovirus CaMV (Cauliflower mosaic virus, Karnabahar mozaik virust) Bocek

ACMYV (African cassava mosaic virus, Afrika manyok mozaik

Begomovirus Bocek (beyaz sinek)

virusi)
Potyvirus PPV (Plum pox virus, Sarka viriisii) Bdcek
Bromovirus BMV (Brome mosaic virus, Brome mozaik virisu) Bocek
Potexvirus PV X (Potato virus X, Patates X viriisi) Mekanik

2.3.2.1. Viriis Stresi ve Bitki Yaniti

Viriis enfeksiyonu ile karsilasan bitkinin strese yanitta gelistirdigi mekanizmalara; dogal
bagisiklik sistemi (HR; hypersensitive reaction, asir1 duyarli reaksiyon), sistemik
kazanilmis direng (SAR; systemic acquired resistance), ROS aktivitesinin ve stres
hormonlarinin diizenlenmesi ile antiviral RNA susturma mekanizmas: Ornek olarak
verilebilir. Viriisler konak¢inin savunma mekanizmasini harekete gecirmesine karsin sahip

olduklari mekanizmalarla bu savunmaya kars1 atak ile cevap verir (205-207).

Viriis stresine karst gelistirilen HR yaniti, bitkilerde yaygin olan dogal bagisiklik
sisteminin bir pargasidir ve virls enfeksiyonunun yayilmasini dnlemek i¢in bu bdélgedeki
hiicrelerin 6liimii ile enfeksiyon bolgesinin sinirlandirilmasi olarak tanimlanabilir. Bitkiler
hicre yiizeyinde transmembran domain ile LRR (leucine-rich repeat) domain iceren ve
hiicre iginde niikleotid baglanma (NB) domaini ile LRR domaini igeren (NB-LRR) ¢ok
sayida immiin reseptore sahiptir. Bu reseptorler patojen efektorlerini taniyan direng (R,
resistance) genleri tarafindan kodlanir (208,209). NB-LRR virlslerin ribozomla
birlesmesini ve genetik materyallerini transle etmelerini engeller. NB-LLR yanit1 ile viral
translasyonun baskilanmast RNA-P-cisimcikleri (RNA processing bodies) biyogenez
mekanizmasinin asir1 sekilde uyarilmasia sebep olur (210). R genleri tarafindan patojen

tespit edildiginde plasma membranindan iyon akisi diizenlenir. Hidroksit ve potasyum
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hiicre disina ¢ikartilirken kalsiyum ve hidrojen iyonlar1 hiicre i¢ine alinir. R genleri ile
saglanan dirence HR eslik eder (211). HR super oksit, hidrojen peroksit ve hidroksil
radikalleri gibi ROS dretirken (212,213), patojenin bulastigi bolgedeki lokal nekroz SA
iretimini tetikler. Bu sinyal invazyon olmayan bdlgelerde patojen iliskili (PR, patogen
related) genlerin sentezini indlkler. Boylece sistemik kazanilmis diren¢ (SAR) saglanmaya
calisilir (214).

Virlis enfeksiyonunun bitkide ayni anda birgok mekanizmay1 etkiledigi goériilmektedir.
Viriis enfeksiyonu sonrasi, transkripsiyon faktorlerinin (WRKY, NAC, MYB, ZF, AP2/ERF-
AP2 vb.), bitki hormon yolaklarinda yer alan genlerin (etilen biyosentezi, sitokinin yolagi,
oksin yolagi) protein kinaz genlerinin, mMiRNA biyogenezinde yer alan genlerin (AGO;
Argonat, DCL; dicer like vb), savunma mekanizmasinda gorevli genlerin (heat shock
protein, calmodulin, NBS-LRR vb) ve patojen ile iligkili genlerin (proteaz inhibitorler,

peroksidaz, kitinaz vb) ifadelerinde 6nemli degisiklikler gozlenmektedir (215).

Viral stres ile birlikte oksidatif fosforilasyon (glukoz-6-fosfat 1-dehidrogenaz), protein
degredasyonu, katlanmasi ve modifikasyonu (ubikitin, poliubikitin protein, heat shock
cognate 70, PP2C), biyotik ve abiyotik stresle iliskili genler; (Kitinaz, patogen related PR1
like protein, heat shock protein 83, heat shock protein 70), sinyal fonksiyonu olan genler
(calreticulin, calmodulin) ile transkripsiyon faktorlerinin  (WRKY6) indiiklendigi

raporlanmustir (216).

Farkl bitki tiirlerinde farkli biyotik stres faktorleri fotosentez ve karbon dongiisiinde yer

alan genlerin ifadelerini etkilemektedir (217).

Virts enfeksiyonu bitki transkripsiyon faktorlerinin ifadelerini etkiler (218). Domateste
yapilan c¢alismada, TYLCV (Tomato yellow leaf curl virus) enfeksiyonunun WRKY
transkripsiyon faktorinin tizerine etkisi arastirilmig ve altt WRKY Uyesinin (WRKY41,
WRKY42, WRKY53, WRKY54, WRKY80 ve WRKY81) virlis enfeksiyonuna yanitta gorev
aldig1 tespit edilmistir. Ayrica bu transkripsiyon faktorlerinin biyotik stres yanitinda gérev
alan MAPK5 (mitogen activated protein kinase 5) ve ICS (isochorismate synthase) gibi

genler ile etkilesim halinde oldugu gosterilmistir (219).
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Diger bir transkripsiyon faktoru ailesi olan NAC genlerinin virlis enfeksiyonuna tepkisinin
arastirtlmasi igin bes farkli virlis ile enfekte edilmis celtik tohumlart kullanilmistir.
Mikroarray analizlerine gore enfekteli 6rneklerin ¢ogunda OSNAC ailesinden 75 gen farkli
sekilde ifade olmustur. NAC alt gruplarindan NAC22, SND, ONAC2, ANAC34 ve
ONAC3'n ifadeleri ise tlm virls enfeksiyonlarinda azalmistir. Viriis semptomlarinin

siddeti ile ifadesi artan NAC'larin sayisinin orantili oldugu tespit edilmistir (220).

Saperonlarin 6nemli bileseni olan HSP70 (heat shock protein 70), yeni sentezlenen
polipeptitlerin katlanmasi, hatali katlanan proteinlerin tekrar diizgiin bir sekilde katlanmasi
ve proteinlerin yer degistirmesi gibi fonksiyonlara sahip korunmus genis bir gen ailesidir.
Viriisler ¢ogalabilmek i¢in hiicresel saperonlara ihtiya¢ duyarlar ve HSP70 virlis kapsul
proteini (CP, coat protein) ile etkilesim halindedir (221,222). Bitkilerde viral enfekesiyonla
birlikte HSP70 miktarinin azaldigi gorilmistiir. Domateste yapilan baska bir ¢alismada
TYLCV (Tomato yellow leaf curl virus) enfeksiyonundan sonra yaprak ve kokte zamanla
virise ait kapsiil proteininin miktarinin arttigi buna karsin konak¢t HSP70 protein
miktarinin azaldigi, enfekte olmayan bitkide HSP70'in ¢0ziiniir halde olmasina karsin viriis

enfeksiyonu ile birlikte ¢ozlinmez kiitle halinde bulundugu tespit edilmistir (221).

Virus enfeksiyonu antioksidan savunma sisteminin harekete gegirilmesini saglarken, ayni
bitkiye ait hassas ve dayanikli gesitler bakimindan fakli sonuglar dogurabilir. Strese
dayanikli ve strese hassas domates hatlarina uygulanan TYLCV (Tomato yellow leaf curl
virus)'nin; hassas cesitte ROS icerigini ve antioksidatif yanit seviyelerini artirdigi ancak
dayanikli cesitte savunma mekanizmasinin daha az harekete gectigi ve homeostasisini
devam ettirdigi gozlenmistir. Ayrica dayanikli g¢esitte nitrojen ve karbon kaynaklari da
hassas ¢eside gore daha az etkilenmistir. Hassas g¢esitte SOD, APX, thioredoxin
peroxidase, ferredoxin-nitrite reductase gibi detoksifikasyonda gorev alan antioksidanlarin
miktar1 artmistir. Bu sonug¢ hassas c¢eside gore dayanikli ¢esidin viriis stresine karsi daha

dengeli davrandigini géstermektedir (223).

Viriis enfeksiyonu ile birlikte bitki stres genlerinin ifadelerinde degisiklik meydana gelir.
Arabidopsis thaliana'da TuMV (Turnip mosaic viriis, Salgam mozaik viriisii) enfeksiyonu,
strese yanit veren genlerden GBF3 (G-box binding factor 3) ve XTR3 (xyloglucan

endotransglucosylase/hydrolase 3) genlerinin ifadesini artirirken, oksin yanitinda gorev
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alan SAUR ve etilene yanitta gorev alan transkripsiyon faktori RAP2.9 (ethylene

responsive transcription factor) genlerinin ifadelerini azalttigi goriilmiistiir (59).

Bitkiler virlis enfeksiyonuna karsi direnglerini diger organizmalar ile destekleyebilirler.
Rizobakteriler bitki biytmesini destekleyen bakteri (PGPR) grubudur. Bitkiler simbiyotik
iliskide olduklar1 rizobakteriler sayesinde viriise karsi daha direncli olabilmektedir. Tiitiin
bitkisinde PGPR (Paenibacillus lentimorbus) ve CMV (Cucumber mosaic virus) ile
yapilan ¢alismada PGPR inokiilasyonunun bitkiyi daha saglikli duruma getirdigi ve bitkiye
virs yiuklenmesini azalttig1 tespit edilmistir. Sadece CMV enfeksiyonlu bitkilerin
fotosentetik aktivitesi gerilerken PGPR ve CMV'nin birlikte uygulanmasi ile fotosentetik
aktivitenin arttig1 gozlenmistir. PGPR inokiilasyonu énemli antioksidanlardan CAT, SOD
ve GPX aktivitesini azaltirken, CMV enfeksiyonlu bitkilerde bu antioksidanlarin aktivitesi
artmakta, PGPR ve CMV'nin birlikte uygulanmas: ile aktiviteleri tekrar azalmaktadir. Ayni
sekilde PR1 geninin ifadesinin CMV enfeksiyonu ile artmasina karsin, PGPR ve CMV'nin
birlikte uygulanmasi ile ifadesinin azaldigi gosterilmistir (224).

Capraz korunma mekanizmasi da viriis stresine karsi toleransta rol oynar. Capraz korunma,
bir viriis tarafindan diger virlisiin enfeksiyonunun engellenmesi veya baskilanmasi olarak
tanimlanabilir (225). Transgenik bitkide TMV (Tobacco mosaic virus)'nin kapsul
proteininin (CP, coat protein) ifade edilmesinin TMV'ye kars1 direng sagladigi
gosterilmistir. CP geninin ifade edildigi fidelerde semptom gelisiminin geciktigi ve
transgenik Dbitkilerin %10 ila %60'min deneyler siiresince semptom gelistirmedigi
gozlenmistir (226). Baska bir ¢alismada ise tutlinde TMV'lin replikazdan sorumlu dizisine
ait segmentler PV X (potato virus X) vektoriine aktarilarak ifade edilecek sekilde modifiye
edilmistir. Modifiye edilmeyen PVX ile modifiye PVX enfekte edilen tiitiin yapraklarina
TMV asilanmig ve TMV birikimi ile hasar lgiimleri yapilmistir. Modifiye PVX enfekte
edilen yapraklarin hastaliktan yiiksek oranda korundugu gozlenmistir (227).

2.3.2.2. Pancar Nekrotik Sar1 Damar Viriisii (BNYVV: Beet Nectoric Yellow Vein
Virus)

Pancar Nekrotik Sart Damar Viriisii (BNYVV: Beet Necrotic Yellow Vein Virus), ¢cubuk
seklinde, zarfsiz ve tek (+) zincir RNA viriis olarak Grup 4 viriis kategorisinde yer alan

benivirus cinsi Gyesidir (228). 85 ile 390 nm arasinda ve 20 nm ¢apinda boyutlarda (229);
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1.3 ila 6.7 kb buyiklikte 4 veya 5 segmentli genoma sahiptir (228). Genomik RNA 5'
ucunda sapka (cap) ve 3' ucunda poliadenil tasir (230) (Sekil 2.7.).

BNYVV, seker pancari koklerine toprak kaynakli bir fungus olan Polymyxa betae (Keskin)
(231) araciligiyla bulasarak "rizomanya™ (rhizomania, kok sakallanmasi) hastaligina sebep
olur (232,233). ik olarak Canova tarafindan 1959 yilinda belirlenen (234) rizomanya
hastaligi, yapraklarda solma, sararma, kloroz, nekrotik sekilde sar1 damarlanma ve dikine

biylme, kdklerde sagaklanma semptomlari ile tanimlanir (40,235,236).

RMNAL1
:ap:- HEL PRO POL (A}n

RT75k

25k 4,6k 31k 26k

cap IA{ni :ap- Aln} cap Aln)

Sekil 2.7. BNYVV genom yapist (BNYVV virlsune ait her bir RNA, 5' cap ve 3' polyA
kuyrugu tasimaktadir. MTR: metiltransferaz, HEL: helikaz, PRO: proteinaz, POL:
polimeraz (RNA-bagimli RNA polimeraz), CP: kapsul proteini, ASS: montaj bolgesi,
TRA: transmisyon, RT: readthrough protein, TGB: ti¢lii gen blogu, CYS: sistein zengin
protein, SYM: semptom ifadesi, N:nekroz (237,238)).

BNYVV ilk kez Tamada ve Baba tarafindan seker pancarindan izole edilerek
tanmimlanmistir (232). BNYVV genomu, RNAL, RNA2, RNA3, RNA4 ve RNAS5 olarak 4
veya 5 segmentten olusur. Ilk dért segment farkli izolatlarda yaygm olarak bulunurken,
RNAS5'In  bazi izolatlarda bulundugu gosterilmistir (239-242). RNA-1 ve RNA-2,
BNYVV'nin replikasyonu, tasinmasi ve hareketi igin gereklidir. RNA1 replikasyondan

sorumlu proteinleri igeren biiyiik bir ORF (open read frame, agik okuma gergevesi)'ye
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sahiptir (243,244). RNA2, kapsul proteini (CP), readthrough proteini (RT), TGB1, TGB2,
TGB3 genleri ile P14 proteini kodlayan alt1 adet ORF'ye sahiptir (245,246). RT domaini
virtsin biraraya gelmesinde ve transmisyonda gorev alir (247,248). Transmisyonda, RT
domaininin C-terminalinde bulunan KTER motifi 6nemli rol oynar (246). TGB proteinleri
virtsiin hicreden hiicreye hareket etmesini ve enfeksiyonun yayilmasini saglar (245,249).
RNA2 tarafindan kodlanan P14 viral RNA susturma mekanizmasini baskilayict olarak
gorev yapar ve uzak mesafelere harekette rol oynar (250-252). Rizomanya semptomlarinin
gelismesi ve virlisiin yayillmasinda RNA-3 ve RNA-4 gorev alir. RNA3 tarafindan
kodlanan P25 rizomanya semptomlar i¢in gereklidir (253,254). RNA4 virusin koklere
girisinde anahtar rol oynamakla birlikte semptomlarin ilerlemesinde ve koklerde RNA
susturma mekanizmasini baskilayict olarak etkilidir (255,256). RNAS'in kodladigi P26
proteini patojeniteyi artirir  (257). RNA3, RNA4 ve RNAS5 dizilerinin farkl

kombinasyonlarini tagiyan izolatlarda semptomlarin daha ciddi oldugu gozlenmistir (239).

BNYVV virtsti igerdigi RNA kompozisyonuna gore A, B, P ve J tipi olarak
smiflandirilmaktadir (37,39,258).

2.4.  MIKRO RNA (miRNA)

miRNA'lar, transkripsiyon sonrasi gen ifadesini diizenleyen, kodlanmayan RNA sinifinda
yer alan kicik RNA'lardir. miRNA'larin %95'i 18-24 niikleotid (nt) uzunlugundadir ve
ortalama uzunluklari 22 niikleotidtir (259). Komplementerlik esasina gore hedef mRNA'ya
baglanip, mRNA'y1 pargalayarak veya mRNA'nin translasyonunu baskilayarak gen

ifadesinin diizenlenmesinde rol alir (260).

Bircogu bitki tiirleri arasinda korunmus olan miRNA'lar (261) bitki gelisimindeki énemli
gorevleri ile birlikte, viriis ve kuraklik stresine kars1 bitki tarafindan gelistirilen Savunmada
da rol oynayan RNA susturma mekanizmasiin 6nemli bir {iyesidir (262—268). miRNA'lar
stresle iligkili genleri, bu genleri etkileyen transkripsiyon faktorlerini ve bitki hormon
yolaklarinda yer alan genleri hedef alarak s6z konusu genlerin ifadelerini dizenler
(266,269,270).
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2.4.1. miRNA BiYOGENEZI

mIRNA, RNA polimeraz Il tarafindan 5' sapka (cap) ve 3' poliadenilli sekilde tek zincir
birincil transkript (pri-miRNA, primary miRNA) olarak sentezlenir. pri-miRNA
komplementerlik esasina gore kendi tizerinde katlanarak sa¢ tokasi seklini olusturacak
yapidadir. pri-miRNA o6nce S'cap ve 3'polyA uglari islenerek 6ncii RNA (pre-miRNA,
precursor RNA) seklini alir. pre-miRNA halen sa¢ tokasi yapisindadir. pre-miRNA tekrar
islenerek sag tokasi yapisi ¢ikartilir ve miRNA-miRNA** dubleksi olusturulur. pri-miRNA
dan pre-miRNA'ya ge¢iste hem 3' ve 5' uglarin hem de sa¢ tokasi yapinin ¢ikartilmasi bu
bolgelerin kesilmesinde gorev alan cift zincir RNA-baglanma domaini igeren DCL1
(Dicer-like 1) tarafindan katalizlenir (271,272). DCL1 bu islemi gerceklestirirken HYL1
(Hyponastic Leavesl) ve SE (Serrate, C,H, Zn-finger protein) proteinleri ona eslik eder
(273,274). HEN1 (Hua Enhancer) 21-24 nt uzunlugundaki kigik RNA dubleksini tanir ve
MIRNA-miRNA* dubleksinin 3' uglarina metil grubu ekler (275). miRNA-miRNA*
dubleksinin sitoplazmaya nasil tagindigi net olmamakla birlikte exportin-5 proteinin
bitkilerdeki ortologu HST (HASTY) tarafindan tasinmasi muhtemeldir (276,277). miRNA
dubleksinden yolcu (passenger, miRNA¥*) dizi ayrilirarak rehber (guide) miRNA AGO
(argonate) proteinine yuklenir ve RISC kompleksi (RNA-induced silencing complexes)
olusur (Sekil 2.8.). AGO1 miRNA dizisini rehber olarak kullanarak hedef mRNA'y1 dizi

spesifik anlamda susturur veya translasyonunu baskilar (278-280).

* miRNA dubleksi aktif bir zincir (rehber, guide miRNA) ile komplementeri olan diger zinciri (yolcu,
passenger miRNA¥*) icerir.
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Sekil 2.8. Bitki miRNA biyogenezi® (276).

> Uyarlama (276).
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2.4.2. miRNA VE STRES ILiSKiSi

miRNA'lar, fonksiyonel ve diizenleyici proteinleri kodlayan hedef genlerini baskilayarak,
abiyotik ve biyotik strese yanitta rol alan bitki hormon sinyal yolaklarini, transkripsiyon

faktorlerini ve oksidatif strese yanit gibi savunma mekanizmalarin etkiler (Cizelge 2.4.).

Mevcut miRNA veritabanlarinda seker pancari kokenli bir kag miRNA bulunmaktadir
(281). Beta vulgaris'te in silico olarak yapilan miRNA tanimlama ¢alismasinda 13 olgun
miRNA ve bu miRNA'larin hedefledigi biiyiime, gelisme, transkripsiyon faktorleri ve
stresle iligkili 25 gen belirlenmistir (282). Diger bir ¢alismada, Beta seksiyonunun diger
Uyesi Beta macrocarpa yapraklarina BNYVV stresi uygulanmasi sonucunda, bitki hormon
yolaginda yer alan genleri de hedefleyen, bilinen 547 miRNA ailesine ait 129 miRNA ve
282 potansiyel yeni miRNA belirlenmistir (283).
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Cizelge 2.4. Bazi miRNA!'lar ve hedef genleri®.
MIiRNA  |Hedef gen Bitki Turd Kaynak
MiR156 Arabidopsis thaliana ve Celtik, Pamuk,
SBP/SPL (squamosa-  |Yonca, Balsam kavagi, Yabani pancar, [(284), (285), (286), (287),
miR157 promoter binding Celtik, Ammopiptanthus mongolicus, (283), (288), (289), (290),
MiR535* protein/like) Panicum virgatum, Yer fistigi, (291), (292), (293), (294)*
Arabidopsis thaliana, Arpa, Uziim*
Arabidopsis thaliana ve Celtik, Balsam
.. kavagi, Yabani pancar, Celtik,
. MYB transkripsiyon . . 284), (287), (283), (288),
miR159 faktorii pSty Ammopiptanthus mongolicus, 52893 §292; §295; E293g
Arabidopsis thaliana, Arabidopsis ' ’ '
thaliana, Arpa
MY B transkripsiyon
miR319 faktord, Balsam kavag, Uziim, Ammopiptanthus |(287), (294), (289), (296)*
TCP transkripsiyon mongolicus, Arabidopsis thaliana *
faktori*
Arabidopsis thaliana ve Celtik, Pamuk,
MiR160 AREF (auxin response  |Celtik, Balsam kavag, Seker kamis, Egggg’ gggg’ ggg’ ggz;’
factor) Yabani pancar, Celtik, Uziim, (292)’ ’ ' '
Arabidopsis thaliana
' Arabidopsis thaliana ve Celtik, Celtik,
miR167 gl;l;r()auxm Y Uziim, Ammopiptanthus mongolicus, ggg ((228983?)’ (294), (289),
Arabidopsis thaliana, Arpa '
Arabidopsis thaliana ve Celtik, Yabani
miR162 DCL1 (dicer like 1) pancar, Uziim, Ammopiptanthus gggg (283), (294), (289),
mongolicus, Panicum virgatum
L Arabidopsis thaliana ve Celtik, Pamuk,
miR164 fl\;ﬁ\tgrgamk“pswon Balsam kavagi, Celtik, Yer fistig, ggg’ ((228952))' ((22897g5 (2(232’)
Arabidopsis thaliana, Seker kamisi, Arpa ' ' '
miR165 HD-ZIP (homeobox-  |Arabidopsis thaliana, Arabidopsis (209), (300)
miR166 leucine zipper) thaliana '
miR168 Arabidopsis thaliana ve Celtik, Pamuk,
) AGO (argonat) Yonca, Balsam kavagi, Arabidopsis gggg gg%;(z%)’ (287),
miR403* thaliana, Domates* :
. Arabidopsis thaliana, Arabidopsis
miR169 NF-YA thaliana, Mistr, Arpa (302), (303), (304) , (293)
. . Arabidopsis thaliana ve Celtik, Pamuk,
miR398 S.OD (stiperoksit Celtik, Arabidopsis thaliana, Arabidopsis (284), (285), (305), (306),
dismutaz) . (133)
thaliana
miR393 TIR1 (transport inhibitor |Pamuk, Seker kamusi, Yabani pancar,  |(285), (298), (283), (293),
miR1532*  |response 1) Arpa, Fasulye* (307)*
miR171 GRAS transkripsiyon vonca (286)

faktoru

® Literatiirler “bitki tiirii” siitunundaki soldan saga siralamasi ile verilmistir.
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Cizelge 2.4. (devami)

MiRNA | Hedef gen Bitki Tara Kaynak
. Yonca, Balsam kavagi, Celtik, Uziim, (286), (287), (288), (294),
MiR172 AP2 (apetala 2) Yer fist1gi, Arpa (291), (293)
. GRF (growth regulating |Arabidopsis thaliana, Ttin, Arabidopsis (308), (309), (310), (291)
miR396 : g
factor) thaliana, Yer fistig1
miR1448
_ NBS-LRR Balsam kavagi, Fasulye* (287), (307)*
miR1510*
miR528 APX (askorbat oksidaz) |Celtik (305)
miR395 Siilfat tasiyici Celtik (288)
miR158 Trehaloz sentaz Patates (311)
miR4398 }NR.KY transkripsiyon o1 tes (311)
aktorl

* Tablo satirlarinda yer alan miRNA, hedef gen, bitki tiiri ve kaynak bilgilerinin iliskisini gdstermektedir.

Kuraklik stresi ile iligkilendirilen korunmus ve yeni miRNA'lar; seftali (141), yabani geltik
(264), geven otu (265), arpa (312), celtik (313), sorgum (314), misir (315) ve lzim (316)
gibi gesitli bitkilerde tanimlanmustir.

ABA sinyal yolaginda rol alan MYB transkripsiyon faktorlerini (317) hedefleyen miR159
ve MiR319'un kuraklik stresinde farkli ifade edildigi (141,318) ve MYB transkripsiyon
faktorlerinin baskilanmasinin Arabidopsis thaliana'da kok buyumesini olumsuz yonde
etkiledigi gosterilmistir (295). miR319'un TCP gen ailesini hedefledigi ve ifade
seviyelerini etkileyerek yaprak gelisiminin kontroliinde rol aldig1 tespit edilmistir (296).
Ayrica miR159 ve miR319'un nematoda karsi bitki tarafindan gelistirilen sistemik

savunma yanitina aracilik ettigi gosterilmistir (319,320).

Oksin sinyal yolaginin diizenlenmesinde rol alan NAC transkripsiyon faktorlerinin (270)
ifade seviyeleri miR164 tarafindan diizenlenmektedir. Yer fistiginda yapilan ¢alismada

miR164'in tohum gelisiminin diizenlenmesinde gorev aldig tespit edilmistir (291).

mMiR393 ve MmiR1532 oksin sinyal yolagindaki oksin reseptorii TIR1 genini, miR160 ve
MiR167 ise oksin yolaginda strese yanit veren genlerin ifadelerini diizenleyen ARF
transkripsiyon faktoriini baskilayarak bitki gelisiminin diizenlenmesinde rol oynar

(Cizelge 2.4.). Cassava'da oksine yanit veren genleri hedefleyen miRNA'larin oksin

29




sinyalini baskiladig1, patojen enfeksiyonuna yanitta ifadelerinin arttig1 ve patojenlere karsi

direnci arttirdig1 belirtilmistir (321,322).

MiR165 ve miR166'min kuraklik stresine yanitta gorev aldigir (141,312) ve Arabidopsis
thaliana'da farkli fitohormonlarin uygulanmasi sonucunda hem bu miRNA'larin hem de
kok gelisiminde gorevli hedef genleri olan HD-ZIP transkripsiyon faktorlerinin ifade

PN

seviyelerinin ciddi oranda degistigi gosterilmistir (299).

mMiR169'un NF-YA transkripsiyon faktorlerini baskilayarak ¢igeklenmeyi ve kok
biiylimesini destekledigi, kuraklik stresine direng¢ gelistirdigi gosterilmistir (302—-304).

GRAS, strese yanitta onemli bir fitohormon olan giberillik asit sinyal yolaginin
baskilanmasini  saglayan transkripsiyonel dizenleyicidir ve miR171 tarafindan
hedeflenmektedir. miR172 ise etilen sinyal yolaginda rol alan AP2/EREBP transkripsiyon
faktorl ailesinin Gyesi AP2 genini baskilar (323) (Cizelge 2.4.).

Yapilan ¢aligmalarda antioksidan savunma mekanizmasinin 6nemli enzimleri SOD ve
APX'in, miR398 ve miR528 tarafindan hedeflenerek oksidatif stres toleransinin
gelismesine katki sagladiklar1 belirtilmistir (305,306). Osmotik dlzenlemede rol alan
trehaloz sentaz ise miR158 tarafindan hedeflenir (Cizelge 2.4.).

miRNA'lar hedef genlerini baskilarken aym1 zamanda miRNA biyogenezinde pre-
miRNA'dan olgun miRNA olusmasina kadar gelisen sirecte anahtar role sahip DCL1
enziminin ifadesini  (miR162) duzenler. Post-transkripsiyonel gen  susturma
mekanizmasinin en O6nemli bileseni AGO ise mMIiR168 ve mir403 tarafindan
hedeflemektedir (Cizelge 2.4.). miR162'nin kuraklik kosullarinda ifadesinin ciddi sekilde
degistigi ve kuraklik stresine tolerans saglanmasinda gérev alabilecegi (290), miR168'in
patojenlere karsi direncin gelistirilmesinde rol aldigi (324), miR403'Un ise AGO'nun

ifadesini etkileyerek bitki gelisimini etkiledigi gosterilmistir (301).

Bitki vejetatif faz degisimini ve ¢iceklenmeyi diizenleyen SBP'yi hedefleyen mirl56'nin,
erken ciceklenmeyi engelledigi (325) tohum gelisim asamalarini etkiledigi, kuraklik
stresine yanitta fonksiyon gosterdigi ve kurakliga toleransta rol oynayabilecegi

belirtilmistir (290,291,312). Seftalide yapilan ¢alismada kuraklik stresinde miR156'nin
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ifadesinin kok ve yaprak dokusunda arttigi (141), Thellungiella halophila'ya uygulanan

kuraklik stresinde ise ifadesinin azaldig1 gosterilmistir (318).

mMiR395'in siilfat tasiyic1 proteinlerin ifadesini diizenledigi (288), bakir, siilfat, ve fosfat
gibi besinlerin noksanliginda ve aliminyum oksit gibi nanopartikillere maruz kalan
bitkilerde miR398, miR395 ve miR399'un ifade seviyelerinin arttig1 ve strese yanitta rol
alabilecekleri belirtilmistir (326,327).

MiR396'min ifade artis1 transkripsiyon aktivator GRF'nin ifadesini baskilayarak hiicre
uzamasini, kok biiylimesini ve hiicre dongii hizini etkilerken (308), Arabidopsis thaliana
yapraklarinda stres kosullarinda hiicre boliinmesini baskiladigr (328), baska bir ¢calismada
ise yaprak gelismesini etkiledigi gosterilmistir (310).

Patojenlerin gelismesini engelleyen, HR yanit1 dahil olmak iizere bitki savunma sisteminde
yer alan NBS-LRR hastalik diren¢ proteinleri, miR1448 ve miR1510 tarafindan
hedeflenmektedir (Cizelge 2.4.).

miRNA'lar, viriis enfeksiyonlarna karsi bitki tarafindan gelistirilen antiviral direngte rol

alir (329,330) (Cizelge 2.5.).
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Cizelge 2.5. Bitki virtsleri ve etkilenen miRNA'lar’.

Bitki Tara Virds Turu Etkilenen miRNA |Kaynak
CPsV (Citrus psorosis virus, miR156, miR167,
Portakal Turuncgil kavlama virisi) miR171 (331)
. . . CMV (Cucumber mosaic virus, .
Arabidopsis thaliana Salatalik mozaik virisii) miR159 (332)
miR398, miR172,
miR408, miR156,
PMeV (Papaya meleira virus, miR164, miR390,
Papaya Papaya melerya virus() miR396, miR397, (333)
miR399, miR166,
miR162
RBSDV (Rice black streaked
Celtik dwarf virus, Celtik siyah ¢izgili miR164, miR396 (334)
bodurluk virlsi)
ToLCV (Tomato leaf curl virus, .
Donage Domates yaprak kivirciklik viriisii) JpR1885 (335)
Celtik RSV "(Rlce stripe virus, Celtik serit MiR528 (336)
virust)
- WSMYV (Wheat streak mosaic .
Bugday virus, Bugday ¢izgi mozaik viriisii) JPIR395 (337)
miR168a, miR403a,
Sova SMV (Soybean mosaic virus, Soya |miR162b, miR1515a, (338)
Y fasulyesi mozaik virusu) miR1507a, miR1507c,
miR482a
TYLCCNV (Tomato yellow leaf
. . . curl china virus, Domates sart . .
Arabidopsis thaliana vaprak kavirciklsk cin viriisii) BC1 miR165, miR166 (339)
proteini
CymRSV (Cymbidum ringspot
Pamuk virus, Cymbidum halkali leke miR398, miR2950 (340)
virusi) BC1 proteini
MCMYV (Maize chlorotic mottle
Misir virus, Miswr klorotik benek viriisii), |[miR159, miR393, (341)
SCMV (Sugarcane mosaic virus, |miR394
Seker kamig1 mozaik viriisii)
. L miR171, miR156,
Arabidopsis thaliana ;“l'\"v (T“”"i m.o‘?a'..‘; U or |MIRLE0, MiR164,  |(342)
airgant mozaik virusu m|R167, m|R172
miR159, miR160,
miR162, miR166a,
Domates ToLCV (Tomato leaf curl virus, miR166b, miR167, (343)

Domates yaprak kivirciklik viriisii)

miR171, miR172,
miR319, miR395,
miR397, miR398

7 Calismalarda ilgilenilen miRNA'lar se¢ilmistir.
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Cizelge 2.5. (devami)

Bitki Tara Virds Taru Etkilenen miRNA |Kaynak
CymRSV (Cymbidum ringspot
Titun virus, Cymbidum halkali leke miR168 (344)
virlsi)
L miR159, miR160,
Domates mgg (n:g?;ic\?u mgz‘;"c vITus, miR164a, miR166¢,  |(345)
miR319c
miR164, miR167,
PVY (Potato Viriis Y, PatatesY  |miR169, miR171,
Patates viriisii) miR319, mir3go,  |(340)
miR393, miR482e
SMV (Soybean mosaic virus, Soya |miR160, miR393,
Soya fasulyesi mozaik viriisi) miR1510 (347)
TMV (Tobacco mosaic virus,
Titin mozaik \_/|rusu), Tol_\/IV miR156, MiR159,
(Tomato mosaic tobamovirus, . :
i miR160, miR164,
- Domates mosaik virst), PVY . .
Tatdn - .. .. MiR165, miR166, (348)
(Potato Virlis Y, Patates Y virlsu), | . .
i miR167, miR169,
TEV (Tobacco etch virus, Titin MiR171
etch virusu), PVX (Potato virls X,
Patates X virusi)
PPV (Plum pox virus, Sarka
Tiitin virst), PVX (Potato viris X, miR156, miR171, (349)
Patates X virusi), PVY (Potato miR398, miR168
virus Y, Patates Y virusi)

mMIRNA aracili gen susturma mekanizmasi bitkilerde viriislere kars1 direng gelistirilmesini
saglarken, virislerde miRNA biyogenez yolagin1 baskilayaci proteinler ireterek
kendilerini savunur. Viriisler tarafindan iiretilen baskilayicit proteinlerden, BYV (Beet
yellows virts, Pancar sarilik virdisii)'nin kodladigi 21 kDa proteini (p21) ve TBSV
(Tomato bushy stunt viriis, Domates ciice ¢alilik viriisii)'nin kodladigi 19 kDa proteininin
(p19) MIRNA-miRNA* dubleksi ile etkilesime gecerek miRNA'nin foknsiyonunu bozdugu
(350), p21, p1l9 ve TuMV (Turnip mosaic virus)'nin kodladigi P1/HC-Pro tarafindan
miRNA metilasyonunu saglayan HEN1'in islevinin bozuldugu (351), CMV (Cucumber
mosaic virus) tarafindan kodlanan 2b proteinin ise RISC kompleksinin ana bileseni
AGO'mun aktivitesini bozdugu (352) gosterilmistir. TRV (Tobacco rattle viris, Tutln
cingwrak virtisii) RNA1 tarafindan kodlanan ve virlisiin gogalmasi igin gerekli olan 16k
proteinindeki mutasyonun bitkilerdeki viral RNA seviyesini diisiirdiigli, bunun sebebinin
ise 16k proteininin post-transkripsiyonel gen susturma mekanizmasini baskilama

fonksiyondan kaynaklanabilecegi gosterilmistir (353).

33




Viral enfeksiyonlar miRNA'larin ve hedef genlerinin ifade seviyelerini etkiler (131). Bitki
gelisim sUreclerinde yer alan NAC, SBP, AP2, SCL ve ARF gibi genlerin anormal sekilde
ifade edilmesini saglayarak bitki gelisiminde kusurlara sebep olmaktadir (342). Portakalin
CPsV (Citrus psorosis virus, Turuncgil kavlama virisl) ile enfeksiyonu sonucunda
miR156, miR167 ve miR171'in ifade seviyeleri azalirken miR156'nin hedef geni SPL ve
miR171'in hedef geni SCL (Scarecrow-like, GRAS domain)'nin ifade seviyeleri artmistir
(331). Domateste yapilan ¢alismada ToLCV (Tomato leaf curl virus) enfeksiyonu ile
miR159nin ifadesi artarken miR164 ve miR171'in ifadeleri azalmistir (354). Yine
domateste, TMV (Tobacco mosaic virus) enfeksiyonunda, miR159, miR164a, miR166¢ ve
miR319c-5p'nin ifade seviyeleri artarken, miR160, miR319a, miR319b ve miR319¢c-3p'nin
ifade seviyelerinin azaldigi gosterilmistir (345). Yapilan bagka bir ¢alismada ise patatesin
PVY (Potato virus Y) ile enfekte edilmesi sonucunda miR164, miR167, miR169, miR171,
miR319, miR390, miR393 ve NBS-LRR'yi hedefleyen miR482e'nin ifadelerinin arttigi
gozlenmistir (346).

Viriise duyarli soya fasulyesi ¢esidinde, SMV (Soybean mosaic virus) enfeksiyonuna yanit
veren miRNA profilinin belirlenmesi i¢in yapilan mMiRNA-mikroarray ¢alismasinda,
miRNA biyogenezinde rol alan AGO1, AGO2, DCL1 ve DCL2 genlerini hedefleyen
miRNA'larin (miR168a, miR403a, miR162b ve miR1515a) ve NBS-LRR hastalik direng
genlerini hedefleyen miRNA'larin (miR1507a, miR1507¢ ve miR482a) ifadelerinin arttigi,

bu genlerin ifadelerinin ise azaldig1 gosterilmistir (338).

Farkl1 viriis suslar1 farklit miRNA profili gelismesine sebep olur. Arabidopsis thaliana'da
siddetli semptomlara sebep olan CMV (Cucumber mosaic virus) suslar tarafindan {iretilen
2b proteinin MYB transkripsiyon faktorlerini hedefleyen miR159 islevini bozarak
patojeniteyi artirdig1 ve miRNA ifade profilini degistirdigi, ancak hafif semptomlara neden
olan susun miRNA ifade profileine etkisi olmadigi, dolayisiyla miRNA-aracili gen

susturmanin susglara spesifik olarak farklilik gosterdigi gozlenmistir (332).

Viris enfeksiyonunun siddeti miRNA profilini farkli sekillerde etkiler. Papaya bitkisine
farkli dozlarda PMeV (Papaya meleira virus) enfekte edilmesi sonucunda, diisikk dozda
miR162'nin ifade seviyesinde onemli bir degisiklik olmamis, miR398, miR172 ve
miR408'in ifade seviyesi artmig, miR156, miR164, miR390, miR396, miR397 ve
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miR399'un ifade seviyesi azalmis, miR166'nin ifade seviyesi degisimemistir. Ancak
yuksek doz enfeksiyonlarda miR162, miR408, miR166, miR396'nin ifade seviyesi
degismez iken miR398, miR164 ve miR172'nin ifade seviyeleri artmis, miR156, miR390,
miR397 ve miR399'un ifade seviyeleri ise azalmistir. (333).

Virilis enfeksiyonlarinin sebep oldugu semptomlar ile miRNA ifadeleri arasinda iliski
bulunur. Celtikte yapilan caligmada RBSDV (Rice black streaked dwarf virus)
enfeksiyonunun miR164 ve miR396'nin ve hedef genlerinin ifadesini etkilemesi semptom
gelisimi ile iliskilendirilmistir (334). Domateste yapilan diger bir ¢alismada ToLCV
(Tomato leaf curl virus) enfeksiyonu sonucunda, miR159, miR319 ve miR172'un
semptomlarla iligkili olabilecegi ve miR159, miR160, miR162, miR166a, miR166b,
miR167, miR171, miR172, miR319, miR395, miR397 ve miR398'un ifade seviyelerinin
virlis stresinden etkilendigi belirtilmistir (343).

TYLCCNV (Tomato yellow leaf curl china virus)'nin patojeniteden sorumlu ve yaprak
polaritesinin bozulmasina sebep olan BC1 proteinin aktarilmasi ile elde edilen transgenik
Arabidopsis thaliana'da miRNA165 ve miR166'nin ifade seviyelerinin azaldigi, yaprak
polaritesinden sorumlu hedef genleri PHB (phabulosa) ve PHV (phavoluta)'nin ifade
seviyelerinin arttigr gosterilmistir (339). Pamukta yapilan galismada ise CymRSV
(Cymbidum ringspot virus) tarafindan kodlanan BC1 proteinini miR398 ve miR2950'nin
hedefledigi gosterilmistir (340).

Virilis patojenitesi ile ortaya ¢ikan semptom siddeti ile miRNA seviyeleri arasinda
korelasyon bulunur. Tutln bitkisine bulastirllan TMV (Tobacco mosaic virus), ToMV
(Tomato mosaic tobamovirus), PVY (Potato Virus Y), TEV (Tobacco etch virus) ve PVX
(Potato virus X) farkli semptomlara ve farkli miRNA yanitina sebep olmustur. TMV ve
ToMYV ile bulastirilan bitkilerde hastalik semptomlart daha erken ortaya ¢ikmistir. TMV ve
ToMV daha siddetli semptomlara neden olurken, PVX ve TEV daha az, PVY ise en az
semptom olusturmustur. TEV yapraklarda kloroza, PVY ise yapraklarda hafif lekelenmeye
sebep olmustur. Virlis enfeksiyonlarimin miRNA'lar iizerine etkisini aragtirmak i¢in secilen
miRNA'larin (MiR156, miR159, miR160, miR164, miR165, miR166, miR167, miR169 ve
miR171) seviyeleri Ol¢iilmistiir. TMV ve ToMV enfekteli bitkilerde test edilen miRNA
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seviyeleri 6nemli derecede artarken, TEV ve PVX orta derecede, PVY ise ¢cok az

degisiklige sebep olmustur (348).

Farkl1 viriislerin es zamanli enfeksiyonu miRNA ifade seviyesini degistirebilir. Iki farkli
bitki virtsunun birlikte enfeksiyonu, bir viriis tarafindan enfeksiyona ugrayan bitkiye gore
daha siddetli semptomlar gosterirken miRNA ve miRNA tarafindan hedeflenen genlerin
ifadeleri de degisebilir. TUtlin bitkisinde yapilan ¢alismada PPV (Plum pox vir(s) virisu
tek basina uygulanirken PVX (Potato virus X) ve PVY (Potato virus Y) viriisleri ayn1 anda
uygulanmis ve sistemik semptomlar1 karsilastirilmistir. Cift viriis enfeksiyonuna maruz
kalan tatun bitkisinde semptomlar daha siddetli boyuta ulasirken bazi miRNA'larin
(miR156, miR171, miR398 ve miR168) ve hedef genlerinin ifadelerinin degistigi
gozlenmistir. Bu sonu¢ semptomlarin artmasi ile miRNA ifadelerindeki degisimin iliskili

oldugunu gosterir (349).

Virus enfeksiyonu antiviral savunmada rol alan miRNA profilini etkiler. Brassica rapa ile
yapilan bir ¢alismada, TUMV (Turnip mosaic virus) enfeksiyonunda, miR1885'in TIR—
NBS-LRR hastalik diren¢ genlerini hedefleyerek antiviral savunma mekanizmasinda rol
aldig1 belirlenmistir (335). RSV (Rice stripe virus) ile enfekte edilen celtikte, miR528'in
ifadesinin azalmasi sonucunda hedef geni olan APX'in antiviral aktivitesinin arttigi
gosterilmistir (336). Misirn MCMV (Maize chlorotic mottle virus) ve SCMV (Sugarcane
mosaic virus) ile enfekte edilerek miRNA profili {izerine sinerjik etkisinin arastirildigi
bagska bir calismada ise miR159, miR393 ve miR394'un antiviral savunmada rol
alabilecekleri tespit edilmistir (341). CymRSV (Cymbidum ringspot virus) ile enfekteli
thtlin bitkisi yapraklarinda agrobacterium infiltrasyonuyla miR168'in gecici olarak ifade
edilmesi sonucunda hedefi olan AGO geninin translasyonunun baskilanmasi ile antiviral
fonksiyonunun azaldigi goriilmektedir (344). Soyada, SMV (Soybean mosaic virus)
enfeksiyonunda, bitki antiviral direncinde miR160, miR393 ve miR1510mun rol aldig:
belirlenmistir (347).

miRNA'larin viriis direncine etkisinin arastirilmasi i¢in tiitiin bitkisinde yapilan ¢alismada,
bitki dogal bagisiklik sisteminde patojenlere diren¢ saglayan R genleri igin gerekli olan

SGT1 genini hedefleyen miRNA igeren vektor tasarlanarak bitkiye aktarilmis ve bu
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miRNA'nin ifade edilmesi ile bitkinin TMV (Tobacco mosaic virus) enfeksiyonuna karsi

direncinin azaldigi gosterilmistir (355).

Ektopik miRNA uygulamalarmin da viriis direncinin gelistirilmesinde rol alabilecegi
goriilmektedir. Fahim ve arkadaslar1 (2012) "yapay olarak olusturulan miRNA'larin ticari
olarak degerli bitki tiirlerinde virlis direncinin gelistirilmesi i¢in kullanilabilecegini"

bildirmistir (337).

RNA-susturma-aracili antiviral savunma mekanizmalarindan digeri siRNA (short-
interfering RNA) mekanizmasidir (356). DCL2 ve DCL4 tarafindan viriis kaynakli ¢ift
zincir RNA'lar, 21-22 niikleotid uzunlugunda kiglik RNA'lara pargalanir (357). Bu
RNA'lar RISC kompleksine tasmarak AGO ile birlikte viral RNA'yr komplementerlik

esasina gore parcalar (211).

2.5. Beta corolliflora ve STRES TOLERANSI

Beta corolliflora; autotetraploid genoma sahip (2n=4x=36) (358), Corollinae seksiyonunda
yer alan, Tirkiye ve komsu tlkelerinin yiiksek rakimli bolgelerinde yetisen yabani bir
pancar tlradar. Beta corolliflora’nin virlis ve abiyotik streslere 6nemli oranda dayanikli
olmast (13-19) bu stres faktorlerine karsi genetik kaynak olarak kullanilabilecegini

gOstermektedir.

Guo ve arkadaglar1 (1994) tarafindan Beta corolliflora ve Beta vulgaris tirlerinin
melezlenmesi ile elde edilen, tiirler arasi hibrit M14 monosomik (Beta corolliflora’nin
dayanikli bir kromozomunu tasiyan) hattinin kuraklik, soguk ve tuz stresine karsi toleransa
sahip oldugu belirtilmistir (359). Yapilan diger bir caligmada ise bu M14 monosomik
hattindan, M14 glyoxalase | geni klonlanarak tutline aktarilmis ve bu genin hicresel
detoksifikasyon ile abiyotik stres kosullarina tolerans sagladigi belirtilmistir (19). Bu
arastirma sonuglar1 da Beta corolliflora'nin abiyotik strese karsi dayaniklilik i¢in genetik

kaynak olabilecegini destekler niteliktedir.

Gelistirilen seker pancart hatlarinin/gesitlerinin biyotik stres faktorleri arasinda 0zellikle
BNYVYV stresine karsi toleransi islahta ana hedefi olusturmaktadir (1,5,6). Bu amagla
BNYVV'nin sebep oldugu rizomanya hastaligi ile miicadele, rizomanyaya direngli seker

pancart gesitlerinin 1slah1 ile gergeklestirilmektedir (7,8). Ancak Beta vulgaris ve Beta
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maritima'da BNYVV vektori olan Polymyxa betae fungusuna karsi 6nemli bir direng
bulunamamistir  (11,14). Corollinae seksiyonunun ise BNYVV ve vektori olan

Polymyxa betae'ye kars1 yliksek diizeyde direng sagladigi gosterilmistir (14-16)

Kismen direngli seker pancari gesitlerinin yetistirilmesinde yaygin olarak kullanilan 6nemli
rizomanya direng geni, Beta vulgaris subsp. vulgaris (Holly) kaynakli Rz1 genidir (5).
Lewellen ve arkadaslari tarafindan (1987) yapilan calismada Holly ve hassas ¢esidin
caprazlanmasi ile rizomanya'ya karsi direng gelistigi ve Holly'deki direncin kismen

dominant bir gen (Rz1) ile saglandig tespit edilmistir (9).

Rizomanya'ya direng gelistirilmesi i¢in Beta vulgaris subsp. maritima kullanilarak farkli
direng genlerinin tespit edilmesi amaciyla g¢alismalar yapilmistir. Beta maritima'da
rizomanyaya kars1 direncin test edildigi bir ¢alismada, Beta vulgaris ile Beta maritima
basarili sekilde caprazlanmistir. F1 bitkilerinin (direngli X hassas) hepsinin direng
gostermesinin dominant dirence bagh olabilecegi, Beta maritima'nin rizomanyaya karsi
direngli oldugu ve bu direncin seker pancarina aktarilabilecegi gosterilmistir (7). Beta
maritima (WB42) ile yapilan baska bir ¢alismada ise yeni bir diren¢ geni (Rz2) tespit
edilmis ve bu genin Holly'de bulunan Rz1 direng geni ile yakin iliskili oldugu gosterilmistir
(5). BNYVV direncine kars1 Rz2 geninin Rz1 geninden daha etkili oldugu belirtilmistir (8).

Beta vulgaris ve Beta maritima kokenli Rz1 ve Rz2 gen bolgesini tasiyan Alba, Rizor,

Holly ve WB42 gibi hatlar/gesitler ticari olarak mevcut seker pancari gesitlerinin 1slahinda
kullanilmaktadir (360—362).

Beta maritima'da yapilan diger ¢alismalarda (WB41) Rz3, (R36) Rz4 ve (WB258) Rz5
direng genleri belirlenmis ancak bu genlerin Rz1 ve Rz2 genleri ile aym1 bolgede
(Kromozom 3) olduklar1 belirlenmistir (363—365). McGrann ve arkadaslar1 (2009), "Rz3,
Rz4 ve Rz5 genlerinin, ayr birer direng geni mi yoksa ayni lokustaki aller mi oldugu
tartigmali olsada, rizomanya'ya kars1 direncin strdurulmesi icin gerekli olabilecegini" ifade

etmiglerdir (42).

Viriise dayaniklilik temel olarak Rz1/Rz2 genlerine bagl olarak siirdiiriilmekte, bu genleri

tastyan hatlarin/gesitlerin dayanikliliginin %80°nin {izerinde olmadig belirtilmistir (366).
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Rz1 ve Rz2'nin sagladig: direngle ilgili olarak; Rz1, Rz2 veya Rz1+Rz2 diren¢ genleri igeren
cesitlerle yapilan calismada, BNYVV tespiti igin toprak orneklerinde gerceklestirilen
ELISA testinde, Rz1 (Rzlrz1) geninin Rz2 (Rz2rz2)'ye gore ¢ok daha fazla oranda pozitif
oldugu, tek direng genine sahip ¢esitlerle her iki direng genine sahip ¢esit (Rz1Rz2)
karsilastirildiginda ise iki diren¢ genine sahip ¢esidin ¢ok daha az oranda pozitif oldugu

goriilmiistiir (12)

Ancak, Galein ve arkadaslar1 (2018) "yogun olarak seker pancari yetistirilen alanlarda,
virlislin evrim ge¢irmesine bagli olarak Rzl veya Rz1+Rz2 geni igeren c¢esitlerin

rizomanyaya kars1 gelistirdikleri direncin kirildigini" ifade etmislerdir (362).

Rz geni disinda gelistirilebilecek direncle ilgili olarak, geleneksel hibridizasyon yontemi
ile, Beta maritima’da BNYVV vektori Polymyxa betae'ye direng saglayan genler
(Pb1/Pb2) ile seker pancart Rz1 geninin kombinasyonu ile yapilan g¢alismada, vektor
kaynakli direng ile Rz1 direncinin hastaligin kontroliinde etkili olabilecegi gosterilmistir
(21).

Rizomanya hastaligina kars1 dayanikli seker pancari tiirlerinin 1slah1 yerine, antiviral direng
gelistirmek amaciyla gercgeklestirilen transgenik ¢alismalar 6nem kazanmaktadir. BNYVV
viriisiine direng gelistirmek amaciyla, bitkilerde HR yanitin1 giliglendirme yetenegine sahip
HrpZ (harpin) proteininin tiitiin bitkisine ve seker pancarina aktarilmasi ile elde edilen
transgenik bitkilerde hastalik semptomlarinin azaldigt ve BNYVV'ye kars1 direng
gelistirildigi (367), BNYVV replikaz geninden elde edilen 400 nt'lik fragment kullanilarak
olusturulan vektoriin transgenik seker pancarinda ifade edilmesinin BNYVV'ye karsi
direng gelistirdigi tespit edilmistir (368). Baska bir ¢alismada ise HrpZ proteini ve
BNYVV replikaz enzimininin ifade edildigi vektorlerle olusturulan transgenik tutlinde,
antiviral direnci oldukga arttig1 ve bagigiklik saglandigy, iki transgeni tastyan bitkilerin tek

transgeni tastyan bitkilere gore daha fazla antiviral direng gelistirildigi gosterilmistir (369).

BNYVV enfeksiyonu ile seker pancarmin antiviral diren¢ mekanizmalar1 arasindaki

etkilesimin anlagilmasi amaciyla proteomik ¢alismalarda yapilmaktadir (370).

Corollinae seksiyonunda ise BNYVV enfeksiyonu ve tasiyicist fungus toleransina yonelik

caligmalar son derece kisithidir. Ancak sunulan literatlr bilgilerinde Corollinae seksiyonu
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tirlerinde Polymyxa betae ve BNYVV'ye karsi yiiksek oranda direng bulundugu
belirtilmektedir. (16,371).
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3. GEREKCE VE AMAC

Seker pancar1 (Beta vulgaris L.) diinya seker {iretiminin yaklasik %23’{inii karsilamaktadir
(372). Katma degerli bir iiriin olarak seker pancari kirsal kalkinmay: destekleyen, gogii
Onleyen, istihdam saglayan ve planli tretimin 6ncist olan bir bitkidir. Dolayisiyla
sirdiiriilebilir seker pancar1 tarimi ve seker endiistrisinin gelistirilmesi i¢in Uretim
maliyetlerinin diisliriilmesi, yiikksek verim ve olumsuz kosullara yonelik adaptasyon
potansiyeline sahip ¢esitlerin kullanilmast ve Ar-Ge ¢aligmalarinin arttirilmast

gerekmektedir (26).

Seker pancari, kuraklik stresi ve BNYVV zararindan dogrudan etkilenmekte ve bu stres

faktorleri kok verimini, seker oranini ve Kalitesini 6nemli oranda azaltmaktadir.

Kuraklik, seker pancari tariminda sulama yapilmadan yetistiricilik yapilan Ulkelerde
vejetasyon donemindeki yagis oranina bagl olarak %40'lara ulagan verim kaybina neden
olmaktadir (2,373-375). Tirkiye dahil sulu pancar tariminin yapildig: iilkelerde ise sulama
suyunun pahali veya yetersizliginden kaynaklanan sulama noksanligina bagli olarak
gelisen kuraklik sartlar1 {irtin k6k verimini diisirmektedir. Diger taraftan, dinyada ve
Turkiye'de seker pancari tariminin yapildigr alanlarin 6nemli bir kismi “rizomanya”
hastaligina neden olan BNYVV virisi ile bulagik olup, hastalik bitkilerin seker igeriginde

ve seker veriminde %80’lere kadar azalmaya neden olmaktadir (42).

Suya ulagilabilirligin ve su kalitesinin azalmas1 ve seker pancari yetistiriciliginin suya
dayali olmas1 nedeniyle ¢evresel ve ekonomik ¢6ziim olarak kuraklifa dayanikli seker

pancari gesitlerinin gelistirilmesi gerekmektedir (36,376).

Kiiltiir tiirleri ile yakin akraba yabani tiirlerin sahip olduklari stres tolerans 0zellikleri strese
dayanikli gesitlerin gelistirilmesinde 6nemli bir kaynak olusturmaktadir (377). Ozellikle
biyotik strese dayaniklilig1 artirmak i¢in yabani gen kaynaklarindaki bu 6zelliklerin kiiltiir

cesitlerine aktarilmasi zorunlu goriinmektedir (378,379).

Beta cinsi, 4 farkli seksiyonda (Beta, Corollinae, Nanae, Procumbentes) bir¢ok yabani
pancar turt icermekle birlikte (23) mevcut dayanikli seker pancari gesitleri kiiltiir pancari

ile ayni seksiyonda yer alan ve kolay melezlenebilen, Beta maritima ile Beta vulgaris
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tdrlerinin hibritlerinden elde edilmektedir. Ancak Beta maritima’nin gerek kurakliga
gerekse biyotik streslere dayaniklilik 6zelliginin islahta kullanilmasi, gen kaynaklarinin
igerisinden uzun siiren ¢alismalarla dogru Beta maritama genotiplerin se¢imine baglilik
gostermektedir. Bu turin biyotik ve abiyotik stres faktorlerine dayanikliligi genotiplere
gore degismekte, poligenik 6zellikte olan toleransi 1slah jenarasyonlari boyunca kontrol
etmek kantitatif kalitmdan dolay1 giiglesmektedir. Bunun sonucu olarak ise iki turin
melezlenmelerinden yar1 tolerant hatlarin iiretildigi, hatlardan aktarilan bu tolerantligin ise

zamanla gesitlerde kirilabildigi gériilmektedir (11).

Son yillarda rizomanya'ya karsi kismi direngli gesitlerle gelistirilen direncin kirildig: (12),
bu c¢esitlerde direng geni bulunmasma ragmen siddetli semptomlar goriildigi
bildirilmektedir (380,381). Direng kirici Virls suslarmin artmasi nedeniyle hastalikla
miicadelede yeni yontemlerin uygulanmasini (370), yeni diren¢ kaynaklarinin arastirilmasi
ve rizomanya hastaligina dayanikli yeni ¢esitlerin gelistirilmesi gerekmektedir (12,42).
Viris ve vektor direncinin birlikte degerlendirilecegi konvansiyonel veya transgenik
yaklagimlara ihtiya¢ duyulmaktadir (42). Farkli seksiyonlardaki direncin kombinasyonu ile
yiiksek seviyede direng saglanmasi Onerilmektedir (10). Ticari cesitlerde genelde Beta
vulgaris kokenli Rzl ve Beta maritima kokenli Rz2 gibi genlerle saglanan hastalik
direncinin viriis suslari tarafindan kirilmasi, gelecekte daha patojen izolatlarin yayilmasina
sebep olabilecektir. Bu nedenlerle yeni ve daha etkili yontemler ile rizomanya direng

kaynaklarinin arastirilmasi gerekmektedir (44).

Diger taraftan Anadolu'nun da gen merkezi oldugu Corollinae seksiyonunda yer alan Beta
corolliflora, viris ve kuraklik stresine karsi dayanikliliga sahip 6nemli bir tiir olmasina
ragmen kiiltlir pancarina 1slah ile yapilacak genetik rekombinasyonlar uzun siiren
caligmalar gerektirmekte ve hibrit bitkinin gelisme siirecinde vejetatif asamadan jeneratif
asamaya gec¢ilememektedir (20). Islah stirecinde; Corollinae seksiyonunda yer alan tirlerin
tohumlarmin ¢ok sert olmasi ve zor ¢imlenmesi, seker pancar1 kromozomlari ile aralarinda
yeterli homoloji olmamasi (13), dayanikliligin tam olarak aktarilamamas: (382), geriye
melezlemenin gerekmesi (378) gibi nedenlere Corollinae tirleri ve Beta vulgaris'in
hibridizasyonunda zorluklar yasanmaktadir (21). Dolayisiyla Beta corolliflora ile
melezlemelerin 1slahta virlis ve kurakliga karsi seker pancari hibrit cesitleri gelistirmek

amaci ile kullanilmasi pratik bir ¢6ziim olarak gérilmemektedir.
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Ayrica glinimizde strese dayanikli ¢esitlerin gelistirilmesi amaciyla tiirler arasi melezleme
bariyerlerinin asilabilmesi ve 1slah siirelerinin kisaltilmasi i¢in biyoteknolojik yontemlerin
kullanilmas: tim diinyada kabul gérmektedir. Bu yontemlerden birisi de stres kosularina
dayanikli bitki tiirlerinin tolerans mekanizmalarinin agiklanmasi amaciyla stres faktorleri
ile iligkili miIRNA’larin tespit edilmesidir. Ancak seker pancarmda miRNA tespitine ve
fonksiyonuna yonelik arastirmalar yok denecek kadar az olup pancar genom projesi
dahilinde Beta maritima ve Beta vulgaris’ten kuraklik ve viriis stresine spesifik olmayan
genel miRNA’lar tespit edilmistir. Beta corolliflora tlriinde de kuraklik ve viriis stresine

yonelik miRNA ¢aligmasi bulunmamaktadir.

Bitki genomunda tolerans-dayanikliligin kontrol mekanizmalarindan birisi olan miRNA
profillemesi ile yabani pancarlardan elde edilecek bulgularin, 1slahta kullanilmayan yabani
pancarlara yonelik biyoteknolojik uygulamalarda kullanilmas: ile birlikte bu tiirlerin daha

faydali gen kaynagi haline getirilmesi biiylik 6nem tagimaktadir. Sunulan bilgiler 15181nda;

e Beta maritama’nin melezlenme avantajlarina karsi, virls ve kuraklik 1slahinda
kullanilan dayanikli Beta maritima genotiplerinin se¢iminindeki zorluklar, yine bu
genotiplerin 1slah siirecindeki dayaniklilik kirilmalart gibi dezavantajlarinin ortadan

kaldirilmas: i¢in alternatif yabani tiirlerde biyoteknolojik ¢aligmalarin baglatilmas,

e Kiiltiir pancari ile melezleme bariyerleri bulunmasi nedeni hat-gesit 1slahinda
kullanilamayan dayanikli Corollinae seksiyonunun iki strese yonelik pancar

dayaniklilik ¢caligmalarinda kullanilmast,

tezin gerekgesini olusturmaktadir. Bilgimiz dahilinde dlnya literatlriinde ilk g¢alisma
Ozelliginde olan bu arastirma sonuglariyla, kiiltiir tiirleri ile yabani tiirler arasinda strese

kars1 gelistirilen toleransin miRNA seviyesinde daha iyi anlasilmas1 hedeflenmistir.
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4, MATERYAL VE YONTEM
41. MATERYAL

Beta corolliflora tiiriine ait genotipler arasindan BNYVV'ye dayaniklilig: tespit edilen® ve
bu genotiplere uygulanan kuraklik stresinde kurakliga karsi en dayanikli genotip olarak
belirlenmis olan® Beta corolliflora 127 numarali genotipi (Gen bankasi bilgisi: Bilecik, TR
51285) bitkisel materyal olarak se¢ilmistir. Tohumlar T.C. Tarim ve Orman Bakanligi Ege

Tarimsal Arastirma Enstitiisti Midiirligii gen bankasindan saglanmistir.

4.2. YONTEM

4.2.1. Beta corolliflora TOHUMLARININ CIMLENDIRILMESI VE BITKILERIN
ELDE EDILMESI

Beta corolliflora tohumlarinin ¢imlendirilmesi ve bitkiye dondstiriilmesi Ergll ve
arkadaslar1 (2018) tarafindan uygulanan yonteme gore gergeklestirilmistir (383). YOntem

asamalar1 agagida verilmistir.

Beta corolliflora 127 numarali genotipine ait tohumlar, sert kabuklarinin yumusayip
acilabilmesi i¢in siilfiirik asit (H,SO,) ile 3 saat boyunca muamele edilmistir. Asitle
muamele edilen tohumlar musluk suyu altinda yikanarak asitten arindirilmistir. Asitten
arindirilan tohumlar gece boyu 1lik suda bekletilmistir. Sonrasinda sert tohum kabuklari
binokuler altinda bisturi yardimiyla kaldirilarak embriyo zedelenmeden ortaya
cikartilmistir (Sekil 4.1.). Embriyolar sirasiyla tohum ¢imlendirme ortami ve koklendirme

ortamina ekilmistir.

® "Seker Pancarinda Rhizomania’ya Dayanikli Ebeveyn Hatlarm Gelistirilmesi ve Yabani Pancar
Populasyonlarinda Dayanikli Genotiplerin Belirlenmesi" konulu 1003 TUBITAK projesi, alt proje
yirituctsi: Prof. Dr. Ali ERGUL.

° “Beta corolliflora ve Beta procumbens Yabani Pancar Tirlerinde De Novo Genom Dizileme, Biotik-
Abiotik Stres Gen Adaylarinin Belirlenmesi ve Bazi Kuraklik Genlerinin Klonlanmasi” konulu 1001-

TUBITAK projesi, yiiriitiicii: Prof. Dr. Ali ERGUL.
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Sekil 4.1. Beta corolliflora 127 numarali genotipine ait tohumlarin asitle muamelesi ve
binokiiler altinda embriyolarin ¢ikartilmasina ait genel gorinum.

Tohum ¢imlendirme ortami: MS (Murashige ve Skog) medium (4.4 g/L), sakkaroz (%3),
BAP (6-benzyl amino purine, 1 mg/L), agar (8g/L), pH: 5.8’e ayarlanmis ve ortam 121
°C’de 15 dakika sireyle otoklavda sterilizasyona tabi tutulmustur. Sterilizasyon sonrasi
ortam, ceker ocak altinda sogutularak steril magentalara disposable pipet ve pipet tabancasi
yardimi ile 50 ml hacimde olacak sekilde dagitilmistir. Ceker ocak igerisinde katilasan
ortamlar1 iceren magentalarin kapaklar: kapatilarak parafilm ile sarilmis ve doku kiiltiirii
odasinda muhafaza edilmistir. Agilan embriyolar ilk olarak bu tohum c¢imlendirme
ortamina alinmistir (Sekil 4.2.). 30-45 giin siire ile doku kiiltiirii odasinda 16 saat karanlik,
8 saat aydinlik kosullar altinda ve 24 °C’ de siirgiin olusturan yabani tohumlar koklendirme

ortamina alinmistir.

Sekil 4.2. Cimlendirme ortamindaki Beta corolliflora 127 numarali genotipine ait genel
gorindm.

Koklendirme ortami: MS medium (2.2 g/L), sakkaroz (%3), IAA (indole-3-acetic acid, 1
mg/L), agar (8 g/L), pH: 5.8 e ayarlanmis ve ortam 121 °C’de 15 dakika otoklavda sterilize

edilmistir. Bu ortam ile kdklendirme saglanmistir (Sekil 4.3.).
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Sekil 4.3. Koklendirme ortamindaki Beta corolliflora 127 numarali genotipine ait genel
goranum.

Koklendirme ortaminda 30 giin bekleyen bitkilerin topraga alistirma siirecine gecilmistir.

Topraga sasirtma: Topraga sasirtma oncesinde koklendirme ortaminda bulunan bitkilerin
dis kosullara alistirilmasi igin magenta kapaklar1 ¢geker ocak altinda agilarak kapak yerine
parafilm ¢ekilmis ve parafilmin Ustiinde igne yardimi ile kiigiik havalandirma delikleri
acilmistir. Ik bes giin sonunda delik sayis1 arttirilmistir. Bu sayede bitkilerin dis kosullara
aligsmasi kolaylastirilmistir (Sekil 4.4.).

Bu asamadan sonra bitkiler 121 °C'de 15 dakika otoklavlanmis (steril) topraga
sasirtilmigtir.  Alistrma  donemi  boyunca Dbitkiler nemlendirilmis plastik ortt ile
kapatilmistir. Diizenli araliklarla plastik ortii kaldirilarak bitkilerin iklim odasinda dis

ortama alismalar1 saglanmistir.

Sekil 4.4 Topraga sasirtilmig Beta corolliflora 127 numarali genotipine ait genel gértnam.

Bitkilerin dis ortama alistirma ¢alismalar1 3 hafta boyunca devam ettirilmis, bitkiler 3 hafta

sonunda denemeye alinmistir.

Denemeye alinan bitkiler igin stres uygulama asamasina gecilmeden 6nce (0. giinde)
kontrol 6rnegi olarak kullanilmak tizere her hangi bir stres uygulanmamis olan Beta
corolliflora 127 numarali genotipine ait bir érnekten yeterli miktarda kok dokusu alinarak,

ceker ocak altinda oncelikle %10’luk ¢amasir suyunda 15 dakika bekletilmis, ardindan
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otoklavli ddH,O (cift distile su) ile 3-4 kez dikkatlice yikanmigtir. Yikama sonrast dokular
yine ceker ocak altinda yaklasik 10 dakika kurumaya birakilmistir. Sterilizasyondan sonra
"kontrol (0. giin) kok oOrnegi"ne ait kokler sonraki asamalarda kontrol 6rnegi olarak
kullanilmak iizere sivi azotla ezilerek homojen hale getirilmis ve -80 °C'de tiplerde

muhafaza altina alinmistir.
4.2.2. KURAKLIK STRESIi UYGULANMASI

Dis ortama alistirma siiresi tamamlanan (3 hafta) Beta corolliflora 127 numarali genotipine
ait bir bitkiye iklim odasinda 11 giin siire ile su noksanligi seklinde kuraklik stresi
uygulamasi yapilmistir (Sekil 4.5.). Bu sirenin sonunda kuraklik stresi uygulanmis bir
ornekten yeterli miktarda kok dokusu alinarak, ceker ocak altinda oncelikle %10’ luk
camasir suyunda 15 dakika bekletilmis, ardindan otoklavli ddH,O ile 3-4 kez dikkatlice
yikanmistir. Yikama sonrast dokular yine ¢eker ocak altinda yaklagik 10 dakika kurumaya
birakilmistir. Sterilizasyondan sonra "kuraklik stresi uygulanmig kok o6rnegi" sonraki
asamalarda kuraklik stresi Ornegi olarak kullanilmak iizere sivi azotla ezilerek homojen

hale getirilmis ve -80 °C'de tlipte muhafaza altia almmistir.

Sekil 4.5. Kuraklik stresi uygulanmig Beta corolliflora 127 numarali genotipine ait genel
gorunam.

4.2.3. VIRUS BULASTIRMA ISLEMI

Dis ortama alistirma siiresi tamamlanan (3 hafta) Beta corolliflora 127 numarali genotipine
ait bir 6rnek, BNYVV bulastirmak amaciyla, BNYVV’nin bes adet RNA (RNAL, RNA2,
RNA3, RNA4, RNADS5) bolgesini igeren viriis ile bulasik oldugu bilinen Kayseri/Mahzemin
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bolgesinden alinan referans toprak ornegine sasirtilmistir. 9 hafta siire ile iklim odasinda

16 saat karanliK, 8 saat aydinlik kosullar ve 25 °C’de viriis bulastirilmustir (Sekil 4.6.).

Sekil 4.6. Beta corolliflora 127 numarali genotipinin viriis bulasik toprakta genel
gorunumul.

Viriis bulastirma isleminden 9 hafta sonra virilis bulasik 6rnekten gerekli miktarlarda kok
dokusu alinarak (Sekil 4.7.) ceker ocak altinda oncelikle %10’luk ¢amasir suyunda 15
dakika bekletilmis, ardindan otoklavli ddH,O ile 3-4 kez dikkatlice yikanmistir. Yikama
sonrasi dokular yine ¢eker ocak altinda yaklasik 10 dakika kurumaya birakilmustir.

Sterilizasyondan sonra "virls stresi uygulanmis kok 6rnegi" sonraki asamalarda virus stresi
ornegi olarak kullanmlmak {izere sivi azotla ezilerek homojen hale getirilmis ve -80 °C'de

tiiplerde muhafaza altina alinmustir.

-

Sekil 4.7. Beta corolliflora 127 numarali genotipinin viriis bulastirilmis koklerinin
goranumd.

4.2.4. RNA iZOLASYONU

Beta corolliflora 127 numarali genotipine ait "kontrol kok 6rnegi (KN)", "virlis stresi
uygulanmis kok ornegi (VR)" ve "kuraklik stresi uygulanmis kok ornegi (KR)"nden
toplam (total) RNA izolasyonu yapilmistir.
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RNA izolasyonu Wizard Promega Total RNA izolasyon kiti (Katalog no: Z3100)

kullanilarak gercgeklestirilmistir. Protokole ait asamalar asagida verilmistir.

S1ivi azot ile ezilen kdk dokusundan 30-40 mg 6rnek doku 2 ml’lik tiipe alinir.

Uzerine 175 ul RNA Lysis Buffer eklenir, karistirlir.

350 ul RNA Dilution Buffer eklenir, karistirilir.

10 dakika 17.000 rpm’de santrifiij yapilir.

Ust faz yeni 2 ml’lik tiipe aktarilir ve iizerine 200 ul %95°lik etil alkol eklenir, pipetaj
ile 3-5 kez kanistirilir. Kite ait kolon 2 ml’lik tiipe yerlestirilir ve karisim kolona
aktarilir.

14.000 rpm’de 1 dakika santrifiij yapilir.

Tiipiin altinda toplanan sivi (supernatant) atilir, kolona 600 ul SV RNA Wash solisyonu
eklenir.

14.000 rpm’de 1 dakika santrifiij yapilir.

Her bir izolasyon tlpa icin, 40 pl Yellow Core Buffer, 5ul 0,09M MnCl, ve 5ul DNAse
I enzimi olmak Uzere toplam 50 ul’lik karigim baska bir tiipte karigtirilarak, kolon
filtresine degmeden kolona uygulanir ve 20-25 °C’de 15 dakika beklenerek, DNAse
uygulamasi gerceklesir.

Siire sonunda 200 pl DNAse Stop solisyonu (SV) kolon filtresine degmeden kolona
uygulanir.

14.000 rpm’ de 1 dakika santrifiij yapilir.

Kolona 600 ul SV RNA Wash sollisyonu eklenir.

14.000 rpm’ de 1 dakika santrifiij yapilir.

Alt stvi atilir, tekrar kolona 250 pl SV RNA Wash soliisyonu eklenir, 14.000 rpm'de 2
dakika santrifiij yapilir.

Son olarak kolon filtresine degmeden 100 ul Nuclease Free su kolona eklenir ve altina
yeni 2 mI’lik tiip konulur.

14.000 rpm’ de 1 dakika santrifiij yapilir. RNA iceren alta siiziilen sivi porsiyonlanarak
-80 °C’de saklanur.

Kontrol kok 6rneginden izole edilen toplam RNA (KN-RNA), virls stresi uygulanmis kok

orneginden izole edilen toplam RNA (VR-RNA) ve kuraklik stresi uygulanmig kok

orneginden izole edilen toplam RNA (KR-RNA) i¢in kalite ve miktar 6lgiimleri amaci ile
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%1°lik agaroz jel ve Nanodrop (ND—1000) spektrofotometre kullanilmistir. KN-RNA, VR-
RNA ve KR-RNA miktar ve kalite 6l¢iimleri bakimindan yeterli bulunmustur (Bolim 5.1).
Izole edilen toplan RNA'lar viriis bulasikhiginin tespit edilmesi, kiiciik RNA dizilemesi,
miRNA validasyonu ve hedef gen validasyonlarinda kullanilmak {izere porsiyonlanarak -
80 °C’de saklanmustur.

4.2.5. VIRUS BULASIKLIGININ TESPiT EDILMESI

Virlis bulastirilan Beta corolliflora 127 numarali genotipinde, BNYVV genomunu
olusturan RNA1, RNA2, RNA3, RNA4 ve RNA5 bdlgelerinin varligin1 tespit etmek
amaciyla Es Zamanli PZR (Polimeraz Zincir Reaksiyonu) (Roche Light Cycler LC 480,
Sekil 4.8.) yontemi ile Tagman Es Zamanli PZR reaksiyonlar1 gergeklestirilmistir.

Sekil 4.8. Roche Light Cycler LC 480 Es Zamanli PZR aleti (Ankara Universitesi
Biyoteknoloji Enstitiisii SISBIYOTEK Laboratuvari).

4.25.1. Es Zamanh PZR

Es Zamanli PZR reaksiyonlari VR-RNA Orneginden viriis bulagiklifinin tespitinde

kullanilmak tizere sentezlenen CDNA ile gergeklestirilmistir.
4.2.5.1.1. cDNA Sentezi

Es Zamanli PZR’ nin ilk asamas1 olarak VR-RNA o6rneginden cDNA sentezi yapilmigtir.
cDNA sentezi icin First Strand cDNA Sentez kiti (Roche, Katalog No: 04896866001)

kullanilmistir.
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Cizelge 4.1.'de sunulan RNA-primer karisimi PZR aletinde 65 °C’de 10 dakika bekletilip
arkasindan buza alinmis, Cizelge 4.2.'de verildigi sekilde hazirlanan ters transkripsiyon (rt,
revers transcription) karisimi eklenerek, toplam 10 pl hacimde belirtilen reaksiyon
kosullarinda revers transkripsiyon islemi gerceklestirilmistir. Sentezlenen cDNA Tagman

Es Zamanh PZR reaksiyonuna kadar -20 °C” de saklanmuistir.

Cizelge 4.1. RNA-Primer karisiminin hazirlanmasi.

Icerik Hacim
RNA (200 ng) Degisken
Oligo (dt) Primer (50 pmol/ul) 0,5ul

Su (PZR grade) Degisken
Toplam 6,5ul

Cizelge 4.2. Ters transkripsiyon (rt, revers transcription) karisima.

Icerik Hacim Ei?ﬁgﬁn
Transcriptor Reverse Transcriptase Reaction Buffer (5X) | 2ul

RNase Inhibitor (40 tnite/ul) 0,25pl 55 °C 30 dakika
dNTP mix (10 mM) 1pl 85 °C 5 dakika
Transcriptor ReverseTranscriptase Enzimi (20 unite/pl) 0,25pl 10 °C forever
Toplam 3,5ul

CDNA sentez sonrasi %l1’lik agaroz jel elektroforezinde kontrol edilmis ve
spektrofotometrik 6lguimleri (ND-1000) yapilmistir (Bolum 5.2.).

4.25.1.2. Es Zamanh PZR Reaksiyonlari

VR-RNA'dan sentezlenen cDNA kullanlarak 1130096 numarali 1003-TUBITAK
projesinde™® belirlenen optimizasyon kosullar1 (Cizelge 4.4.) uUzerinden Light Cycler 480
Probes Master Mix kullanilarak Tagman Es Zamanli PZR gergeklestirilmistir. Tagman Es

Zamanli PZR reaksiyonlarinda kullanilan primer/prob dizileri Cizelge 4.3.'te verilmistir.

10 »Seker Pancarinda Rhizomania’ya Dayamkli Ebeveyn Hatlarin Gelistirilmesi ve Yabani Pancar
Populasyonlarinda Dayamkli Genotiplerin Belirlenmesi" konulu 1003 TUBITAK projesi, alt proje
yuraticuasi: Prof. Dr. Ali ERGUL.
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Cizelge 4.3. Es Zamanli PZR analizlerinde kullanilan Tagman primer/prob cifti dizileri (I:
lleri primer, G: Geri primer).

Bolge _ o Tagman prob dizisi

adi Primer dizisi 5'-3" . . Kaynak

BYVY) 5-FAM/TAMRA-3

ANAL I: GAATAAAGGCCATGCCACAG CCTATCTTGATGAAGGTTGTTGTGG E‘;’g‘z‘)‘;g gf\a’\';r:oje
G: CAAGAACCGACATAAGCAACTC TTTTCTCA n0:1130095)

[:CATGGAAGGATATGTCTCATAATAGGTT
RNA2 TGACCGATCGATGGGCCCG (384)
G:AACACTCACGACGTCCGAAAC

I: CCTAATGCAACAAATTTCCCTC CAGGTTTACATGGTGTGTTTGGTAA Tubitak Proje No: )
RNA3 ACACGGTTGA 1130096 (Ana proje

G: TACAAACCAGAGTGAACCCA n0:1130095)

I: GTCGTTGGATGTTCCTGTGTC Tubitak Proje No:
RNA4 AAACACGTACACGTCCAACGCCAAC |1130096 (Ana proje

G: GGCATTAAGAAAGCACCCAG n0:1130095)

I: GTGGTTCGGGATGTTGATTA
RNAS AGGTTACTAAACAAAATAGCCCT (384)
G: GTCAATATACTG ACAAAGAA

Tagman primer/prob optimizasyon kosullar1 Cizelge 4.4.”te verilmistir.

Cizelge 4.4. Tagman primer/prob optimizasyon kosullari.

Optimizasyon Kosullari BNYVV
Kaynak
RNA1 |RNA2 |RNA3 |RNA4 |RNAS5
™ 52°c |57°C  |52°C  [52°C  |50°C o
cDNA 2l 2l 2ul 2 ul 2 ul g’
D~
fleri primer (10 pmol) 1l 1l 1ul 1ul 1.5ul 3 §
[s2]
Geri primer (10 pmol) 1pl 1pl 1l 1l 1.5 ul b 8
Light Cycler 480 Probes 5ul 5ul 5ul 5ul 5ul 2 TC;'
Master Mix S0
= O
Tagman prob 02ul  |o2u  |o2p  jo2u  [02pl ;‘; =1
Su (PZR grade) 0,8 ul 0,8 ul 0,8 ul 0,8 ul 0,8 ul §
|_
Toplam hacim 10 pl 10 pl 10 pl 10 pl 10 pl

Optimizasyon kosullarina gore 5 gen bolgesine yonelik reaksiyonlar, her bir primerin
belirlenen baglanma sicaklig: dikkate alinarak ilgili Tagman Es Zamanli PZR programina
gore uc¢ teknik tekrarli olacak sekilde gergeklestirilmistir. Tagman Es Zamanli PZR
reaksiyonlarinda; her bir primer/proba ait 6rnekleri iceren cDNA ile optimize kosullar
iceren oranlarda Tagman Prob Master Kit igerikleri karisimi (Tagman prob mix, Tagman
gen spesifik prob, ileri ve geri primerler, su) alete ait 384°liikk pleytlere yerlestirilmistir.
Pleyt Roche Light Cycler Sealing Foil ile plate kaplanarak 15.000 rpm’de 2 dk. santrifij
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edilmistir. Santrifiij sonrasinda, Roche Light Cycler LC 480 aletinde her gen bolgesi icin
optimize edilen programlar segilerek kosturulmus ve 6rneklere ait Ct (cycle threshold, esik
dongti degeri) degerleri elde edilmistir (B6lUm 5.2.).

4.2.5.1.3. Es Zamanh PZR Verilerinin Degerlendirilmesi

Es Zamanli PZR reaksiyonlarinin analizinde kullanilan Ct degeri, gen ifadesindeki ilk
anlamli artisin  gerceklestigi noktayr belirtmektedir. Veriler, virlis bolgesi miktar
(BNYVV; RNA1, RNA2, RNA3, RNA4, RNADS) ne kadar fazla ise ilk anlaml1 artisin da o

kadar erken olacag: seklinde yorumlanmustir.
4.2.6. KUCUK RNA DiZILEME

Her iki stres kosulu i¢in ortak olan kontrol kok 6rneginden izole edilen toplam RNA (KN-
RNA), virus stresi uygulanmis kok orneginden izole edilen toplam RNA (VR-RNA) ve
kuraklik stresi uygulanmig kok Orneginden izole edilen toplam RNA (KR-RNA)'lar igin
kalite olglimleri yapildiktan sonra birer 6rnek (tiip) kiigiik RNA dizileme islemleri i¢in
kullanilmustir (Cizelge 4.5.).

Cizelge 4.5. Kicuk RNA dizilemede kullanilan stres-kontrol materyalleri ve RNA
ornekleme kodlar.

Materyal RNA
No Materyal Kodu y
1 Kontrol kék 6rnegi (ortak) KN-RNA
2 Virls stresi uygulanmig kok ornegi VR-RNA
3 Kuraklik stresi uygulanmis kok ornegi KR-RNA

4.2.6.1. Dizileme Oncesi Kalite Olguimleri

Kiigik RNA dizileme ¢alismalari Genewiz Inc. (ABD) laboratuvarlarinda
gerceklestirilmistir.  RNA  Orneklerinde dizileme oOncesi tekrar kalite olglmleri
gerceklestirilmistir. RNA kalite dlgiimleri icin Nanodrop 2000 kullanilmistir. Orneklerin
safligini kontrol etmek amaciyla kullanilan Nanodrop ile 6lciilen A260/A280 oraninin 2'ye
yakin olmasi beklenmektedir (385). RNA kalite analizleri icin Nanodrop 6lglimlerine ek
olarak orneklerin RIN (RNA integrity number) degerleri de Ol¢iilmiistiir. Toplam RNA
kalite Ol¢limil i¢in yaygin olarak kabul géren RIN degeri RNA degradasyonunu nicel
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olarak hesaplayan matematiksel modele dayali bir algoritmadir (386). RIN degerinin 7'den
biiyiikk olmasi birgok RNA dizileme protokoli icin uygun kabul edilmektedir (387,388).
RIN degerleri TapeStation (Agilent Technologies) ile 6l¢lilmistiir (B6lim 5.3.1).

4.2.6.2. Kucguk RNA Kiitiiphanesinin Hazirlanmasi

RNA olcumleri sonucu yeterli kalitede bulunan KN-RNA, VR-RNA ve KR-RNA &rnekleri
kiicik RNA dizilemesinde kullanilmigtir. Kiglk RNA-dizileme kitlphanesi Illumina
HiSeq teknolojisi ile “TruSeq small RNA library preparation kit” kullanilarak

hazirlanmstir.

TruSeq small RNA library preparation Kit: kiitiiphane hazirlamak i¢in adaptor ligasyonu,
ters transkripsiyon (rt, revers transcription), PZR amplifikasyonu ve jel purifikasyonu
basamaklarini igerir. Kitte 6zellikle mikroRNA'lar1 ve 3' hidroksil grubuna sahip diger
kiclk RNA'lar1 hedefleyecek sekilde modifiye edilmis 3' adaptor kullanilmaktadir. Bu
adaptorler her bir RNA molekiiliiniin sonuna baglanir ve cDNA elde etmek icin reverse
transkripsiyon reaksiyonunda kullanilir. Daha sonra ¢cDNA ortak bir primer kullanilarak

PZR ile ¢ogaltilir (389) (Sekil 4.9.).

Total RNA

RZ

Adaptdr baglanmast

L 92

RT-PCR Amplifikasyonu
RZ
Jel purifikasyonu

7z

Kiitiiphanenin onaylanmasi

Sekil 4.9. Kiiglik RNA-dizileme 6rnek hazirlama basamaklari.

Ornekler, Illumina HiSeq (1x50 SR) platformunda dizilenerek (390) ham okuma verileri
elde edilmistir (BOlim 5.3.2.).

4.2.6.3. Dizileme Sonrasi Kalite Olciimleri

Okuma kalitesinin 6l¢lmesi igin Phred kalite skoru (Q skor) kullanilmistir. Q skorlamada
dizilemedeki hatali okuma olasilig1 belirlenmekte ve Q10, Q20, Q30 (Q10; 10 niikleotitte 1
hatali okuma olasilig, Q20; 100 niikleotitte 1 hatali okuma olasiligi, Q30; 1000
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niikleotitte 1 hatali okuma olasilig1) seklinde ifade edilmektedir (391). KN-RNA 6rnegine
ait okumalar/kiicik RNA dizileri (KN-SRNA), VR-RNA o6rnegine ait okumalar/Kiguk
RNA dizileri (VR-sSRNA) ve KR-RNA 6rnegine ait okumalarin/kiiciik RNA dizilerinin
(KR-sRNA) Kkaliteleri Q skor verilerine gore degerlendirilmistir (Bolim 5.3.3.).

4.2.7. BiYOINFORMATIK ANALIZLER

Analizler, CLC Genomic Workbench (CLC-GW) (392), SQL Server, MS Excel, SPSS
(393) ve miRCat (394) programlar1 ile biyoinformatik web sunuculari/veritabanlari

kullanilarak gergeklestirilmistir (B6lim 5.4.).

CLC Genomic Workbench (V.11, V.12), Qiagen firmasi tarafindan gelistirilen yeni nesil
sekanslama (NGS, next generation sequencing) teknolojileri ile Gretilen dizi verilerinin
analiz edilmesini saglayan kapsamli bir programdir. CLC-GW, dizi kalite analizleri,
dizilerin okunmasi, trim ve filtreleme islemleri, kiicik RNA tespiti, miRBase anotasyonu,

kodlanmayan RNA'larin siniflandirilmasi ve haritalama islemlerinde kullanilmustir.

MS Excel (2007), Microsoft tarafindan gelistirilmis, verilerin tablolar ya da listeler halinde
diizenlenmesini ve bu verilerle belirli hesaplamarin/analizlerin yapilabildigi programdir.
SQL Server (2014) ise yine Microsoft tarafindan gelistirilmis iliskisel veri taban1 yonetim
sistemidir. Elde edilen dizi verileri bu programlara aktarilarak veri duzenleme,

simiflandirma, ifade analizleri vb. islemler gergeklestirilmistir.

miRCat programi, kiiciik RNA dizilerinden muhtemel sa¢ tokasi (hairpin) yapisina sahip
olabilecek miRNA adaylarin1 belirlemektedir. miRCat, anote edilemeyen kiiciik RNA

dizilerinin sag tokas1 yapilariin analizi i¢in kullanilmistir.

SPSS (V.13) (Statistical Package for the Social Sciences) gelismis bir istatik analiz

programidir. Korelasyon analizleri i¢in SPSS programi kullanilmaistir.

psRNATarget (Plant Small RNA Target Analysis) Server 2017 (395), miRNA'lar ile
hedef genleri arasindaki eslesmeyi belirli skor tanimlarina gore analiz ederek miRNA'larin
muhtemel hedef genlerini belirlemektedir. Bilinen miRNA'lar ile eslesen kiicik RNA
dizileri ve yeni miRNA adaylarmin hedef gen analizleri i¢cin psRNATarget web sunucusu

kullanilmastir.
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KEGG (Kyoto Encyclopedia of Genes and Genomes) web sunucusu (396,397), genom
dizileme ve yuksek hacimli deneysel teknolojilerden elde edilen molekuler seviyedeki
bilgiler ile biyolojik sistemlerin fonksiyonlarinin arastiritlmasini saglayan bir veritabanidir.
Genlerin birbirleri ile olan iliskileri dikkate alinarak molekiiler yolaklar belirlenmektedir.
Belirlenen hedef genlerin hangi yolaklarda yer aldigini belirlemek amaciyla KEGG web

sunucusu kullanilmastir.

Panther (Protein Analysis Through Evolutionary Relationships) web sunucusu (398),
genlerin ve genlerle iligkili proteinlerin molekiiler, hiicresel ve biyolojik fonksiyonlari
bakimindan simiflandirilmasini saglamaktadir. Ontoloji analizleri Panther web sunucusu ile

gerceklestirilmistir.

NCBI (National Center for Biotechnology Information) (399), 6zellikle DNA ve RNA dizi
analizleri bakimindan en kapsamli veritabanlarindan biridir. Dizi homolojilerinin
belirlenmesi ve belirlenen genlere ait bilgilerin elde edilmesi i¢gin NCBI veritabani, hedef
genlere ait dizilerin elde edilmesi igin Ensembl Plant (400), gen isimleri ve gen
aciklamalar1 i¢in Uniport (401) ve TAIR (The Arabidopsis Information Resource) (402)
web sunuculari kullanilmistir. Analiz basamaklarina ait genel akis semasi Sekil 4.10.'da

belirtilmistir.

56



Ham veri (diziler)

Adaptor trimleme + uzunluk trimleme oéﬁﬂff’eri

—
Poly ATGC trim

—

Kiigtlik (small) RNA saydirma (count)

Beta
Vulgaris
Genomuna
Haritalama

RNA-Seq
Contiglerine

: mirBase Anotasyon
Haritalama

Anote Olmayan
kiglik RNA'lar

Bilinen miRNA'larin belirlenmesi

Gen 1.Blast (rRNA,

ifade Hedef Yolak

. o .. Ontoloji tRNA, snRNA,
Analizi Analizi Analizi Analizi sNORNA)
BNYVV genomuna
Haritalama

2.Blast (MiRNA,
precRNA, diger RNA,
Beta Vulgaris CDS)

S ——

Hairpin (sa¢ tokasi)
yapist analizi

Yolak Hedef
Analizi Analizi

Sekil 4.10. Analiz basamaklar1 semasi.

4.2.7.1. Adaptor Cikartma ve Filtreleme

KN-RNA 6rnegine ait okumalar/kiicik RNA dizileri (KN-sSRNA), VR-RNA Grnegine ait
okumalar/kuciik RNA dizileri (VR-SRNA) ve KR-RNA 6rnegine ait okumalar/kiiglik RNA
dizileri (KR-sRNA) dizileme platformlar tarafindan yaygin olarak kullanilan ve dizinin
kalitesi hakkinda bilgi igeren dosya bicimi (.fastq) formatinda elde edilmistir. Fastq
formatindaki diziler CLC-GW programinda agilarak, niikleotid veya protein dizisi igin ">"
isareti ile karakterize edilmis text-tabanli dosya formatina (.fasta) ¢evrilmistir (Sekil 4.11.).

Kiglk RNA'larin belirlenmesi amaciyla, dizileme sonrasi ham verilerin kalite analizleri
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(QC, Bolim 5.3.3.) tamamlandiktan sonra dizileme sirasinda kullanilan adaptor diziler
(TGGAATTCTCGGGTGCCAAGG) varsayillan parametreler kullanilarak (Ek 1)
¢ikartilmis ve dizi uzunluklar1 16-24 niikleotid arasinda olacak sekilde filtrelenmistir (Sekil
4.11., parametreler: Ek 2,). Kalan okumalardan tekrarli niikleotidler ¢ikartilarak (Coklu-
tekrarli-A/T/C/G dizileri, ardigik olarak 7 den fazla tekrar eden ayni niikleotidler, 6rnegin
AAAAAAAA, parametreler: Ek 3) en az 5 okumaya sahip dizilerin filtrelenmesi
(parametreler: Ek 4) sonucunda kalan diziler ile analizlere devam edilmistir (Bolim
54.1)).
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Sekil 4.11. CLC-GW programinda agilan ve filtrelenen dizilere ait 6rnek ekran gorintusu.
4.2.7.2. Kicuk RNA'larin Belirlenmesi

Okumalarda ayn1 olan dizilerin tespit edilmesi amaciyla CLC-GW programi kullanilarak
adaptor dizileri ¢ikartilmig ve filtrelenmis temiz okumalar saydirilarak (count) kiigik RNA

dizileri belirlenmistir. Her bir kiigik RNA'nin ifadesi sayisal olarak tespit edilmistir (Sekil
4.12.,Bolim 5.4.1.).
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Sekil 4.12. Adaptor cikartma, uzunluk filtreleme ve en az 5 okumaya sahip dizilerin
filtrelenmesi sonucunda analizlere devam edilen dizilerde ayni olan dizilerin ifade
sayilarina (count) ait 6rnek ekran goriintiisii.

4.2.7.3. Kiguk RNA'larin Haritalanmasi

Her bir 6rnege ait belirlenen kigiik RNA dizileri, CLC-GW programi kullanilarak Beta
vulgaris genomu ve Beta corolliflora RNA-dizileme kontiglerine haritalanmistir (Sekil
4.13., parametreler: Ek 5-6). Beta vulgaris genomuna haritalama "The Beta vulgaris
Resource" web kaynagindan elde edilen referans genom verisi kullanilarak
gerceklestirilmistir (403). Beta corolliflora'ya ait referans genom ise bulunmamaktadir. Bu
nedenle haritalama TUBITAK 1150391 no'lu 1001-TUBITAK projesenin Beta
corolliflora'ya ait yayinlanmamis RNA-dizileme verileri (kisisel goriisme ile elde
edilmistir) kullanilarak gergeklestirilmistir (Bolum 5.4.2.1.-5.4.2.2.). BNYVV genomuna
haritalama ise kodlanmayan RNA siniflandirmasi asamasinda gergeklestirilmistir (Boliim
4.2.7.6.).

! «Beta corolliflora ve Beta procumbens Yabani Pancar Tirlerinde De Novo Genom Dizileme, Biotik-
Abiotik Stres Gen Adaylarinin Belirlenmesi ve Bazi Kuraklik Genlerinin Klonlanmasi” konulu 1001-
TUBITAK projesi, yiiriitiicii: Prof. Dr. Ali ERGUL.
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Sekil 4.13. KN-sRNA'min Beta vulgaris'in kromozom1l-scaffold (iskele)-1 dizisine
haritalanmasina ait 6rnek ekran gorintusu.

4.2.7.4. Bilinen miRNA'larin Belirlenmesi

miRBase, bilinen miRNA'larin detayli bilgilerinin yer aldigi en genis veritabanlarindan
biridir (404-407). Her bir 6rnekteki bilinen miRNA'lar ile eslesen kiiclik RNA dizilerini
belirlemek amaciyla, CLC-GW programi ile miRBase V.22 veritabani indirilmis ve tiim
bitki turlerine (viridiplantae) ait (Ek 7) bilinen miRNA dizileri kullanilarak kiigik RNA
dizilerinin anotasyonu yapilmistir. miRBase anotasyonu programin varsayilan
parametlerine gore gergeklestirilmistir (Ek 8). Anotasyon sonucunda kigiik RNA dizileri
ile eslesen bilinen miRNA'lar olgun (mature), 6nci (precursor) ve varyant olarak

gruplandirilmistir (Sekil 4.14., B6lum 5.4.3.).
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Sekil 4.14. miRBase anotasyonu sonucunda kiiciik RNA dizileri ile eslesen bilinen
miRNA'larin olgun (mature), 6ncii (precursor) ve varyant olarak gruplandirilmasina ait
ornek ekran goruntus.

4.2.7.5. Bilinen miRNA'larn ifade Analizleri

Kontrol ve stres 6rnekleri arasinda miRNA ifade seviyelerinin karsilastirilmasi amaciyla
ifade farklilig: analizi gergeklestirilmistir. ifade farkliligr analizleri kiigik RNA dizileri ile
eslesen ve gruplandirilmis olgun miRNA verileri kullamlarak yapilmustir. Ifade kat
degisimleri her bir 6rnegin orjinal ifade degerleri dikkate alinarak normalize edilen
degerlere gore belirlenmistir. TPM (transcripts per million) normalizasyon metodu
kullanilarak her bir 6rnekteki her bir miRNA icin normalize ifade degerleri asagidaki
formiile gore hesaplanmistir (141,408,409):

(ilgili miRNA'nin ifade sayis1 / Temiz okumalarin toplam sayisi) X 10°

Her bir miRNA normalize edilmis ifade degerlerine gore karsilagtirilarak (VR-sSRNA/KN-
SRNA, KR-sSRNA/KN-sRNA) ifade artis veya azalislari belirlenmistir (Bolim 5.4.3.2.).
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4.2.7.6. Kodlanmayan RNA'larin Simiflandirilmasi

miRBase anotasyonu ile bilinen miRNA'lar ile eslesen kicik RNA dizileri belirlendikten
sonra kalan kicik RNA'larin hangi RNA smifinda yer aldigm tespit etmek igin
kodlanmayan RNA'lar (non-coding RNA) ile BLAST (Basic Local Aligment Search Tool)
yapilmistir (BolUm 5.4.4). Buradaki amag¢ BLAST islemi ile yapilan siniflandirma sonucu
kalan kucuk RNA'lar ilerleyen analiz asamalarinda potansiyel miRNA adayr bakimimdan

degerlendirmektir.

Kodlanmayan RNA dizileri tim bitki tdrleri (viridiplantae) icin rnacentral.org web
sunucusundan elde edilmistir'?, CLC-GW programu kullamilarak sirasiyla; 1) Kodlanmayan
en genis RNA grubunun tespit edilmesi i¢in, ribosomal RNA (rRNA), transfer RNA
(tRNA), kicuk niklear RNA (snRNA) ve kiclik nikleolar RNA (snoRNA)'lar ile ilk
BLAST yapilmistir (parametreler: Ek 9), 11) Kalan diziler, 6rneklerde yer alan kiicuk RNA
dizilerinde virlis genomuna ait dizilerin tespit edilmesi amaciyla, NCBI veritabanindan
indirilen BNYVV genomuna®® haritalanmstir (B6liim 5.4.2.3., parametreler: Ek 10), I11)
mMIRNA, 6ncli RNA ve diger RNA'larin tespiti icin haritalanmayan dizilere ikinci BLAST
uygulanmistir (parametreler: Ek 11), 1V) ikinci BLAST sonucu anote olmayan dizilerin
kodlanan boélgelerde olup olmadigmin tespit edilmesi amaciyla Beta vulgaris’e ait CDS
(coding sequences, kodlanan diziler) dizileri ile BLAST yapilmistir (Sekil 4.15.,
parametreler: Ek 11). CDS dizileri "The Beta vulgaris Resource" web kaynagindan elde
edilmistir (403).

' https://rnacentral.org/search?q=tax_string:%22viridiplantae%22%20AND%20expert_db:%22ENA%22

® https://www.ncbi.nlm.nih.gov/genome/?term=txid31721
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Sekil 4.15. BLAST islemine ait 6rnek ekran goriintiisii.

4.2.7.7. Bilinmeyen Kig¢ik RNA'larin Belirlenmesi

miRBase anotasyonu, kodlanmayan RNA simiflandirilmasi, BNYVV genomuna haritalama

ve Beta vulgaris CDS dizileri ile yapilan BLAST sonucunda kalan (eslesmeyen) Kiglk

RNA dizilerinin muhtemel "sa¢ tokasi" (hairpin) yapilari belirlenerek potansiyel miRNA

adaylar tespit edilmistir. K¢k RNA dizilerinin olas1 sa¢ tokasi yapilari, Beta vulgaris
genomu (40.508 dizi) ve TUBITAK 1150391 no'lu 1001-TUBITAK projesenin Beta
Corolliflora'ya ait yaymlanmamis RNA-dizileme verileri (500.058 dizi) ve DNA kontigleri
(2.395.410 dizi, kisisel goriisme ile elde edilmistir) kullanilarak MiRCat programi (394) ile
belirlenmistir (Sekil 4.16., parametreler: Ek 12).

* «Beta corolliflora ve Beta procumbens Yabani Pancar Tirlerinde De Novo Genom Dizileme, Biotik-
Abiotik Stres Gen Adaylarinin Belirlenmesi ve Bazi Kuraklik Genlerinin Klonlanmasi” konulu 1001-
TUBITAK projesi, yiiriitiicii: Prof. Dr. Ali ERGUL.
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Sekil 4.16. miRCat programinin 6rnek ekran goriintiisii.

Belirlenen sag tokasi yapilarina ait dizilerin kodlanmayan RNA olup olmadiklarint analiz
etmek amaciyla NCBI-BLAST veritabaninda®®, bitkiler icin kodlanmayan tiim RNA'lar
secilerek™® BLASTn (word size:11, E-value:5) ve bir proteini kodlayip kodlamadigimni
belirlemek icin BLASTx (word size:11, E-value:10) gergeklestirilmistir (BOltim 5.4.5.).

4.2.7.8. Hedef Analizleri

Bilinen miRNA'lar ile eslesen kiclik RNA dizilerinin tiimd, sa¢ tokasi yapisi belirlenen
potansiyel miRNA adaylarina ait kiigik RNA dizileri ve olgun miRNA dizileri i¢in hedef
analizleri; psRNATarget web sunucusu (410) araciligiyla gergeklestirilmistir (Sekil 4.17.,
Bolum 5.4.6.). Hedef analizlerinde bitkiler i¢in model organizma olan Arabidopsis
thaliana'ya ait cDNA dizileri referans olarak kullanilmistir. En iyi eslesme gosteren hedef
genin secilmesi i¢in hedef analiz parametrelerinde hedeflenen gen sayist "1" olarak
belirlenmistir (parametreler: Ek 13). Bu paramatreler ile olgun miRNA'lar igin
gerceklestirilen hedef analizinde hedef geni bulunmayanlar i¢in hedeflenen gen sayis1 "5"

olarak revize edilerek hedef analizi tekrarlanmastir.

'S https://blast.ncbi.nlm.nih.gov/Blast.cgi

' NCBI sorgu parametresi, Entrez Query: (XR_000000001:XR_999999999[pacc]) OR (NR_000000001:
NR_999999999[pacc]) AND txid33090 [ORGN]
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Sekil 4.17. psRNATarget web sunucusuna ait 6rnek ekran gorintisu.

4.2.7.9. Yolak Analizleri

Hedef analizleri sonucunda, bilinen miRNA'lar ile eslesen kiicik RNA dizilerinin timu ve
sa¢ tokasi yapisi belirlenen kiicik RNA dizileri icin Arabidopsis thaliana'da hedef olarak
belirlenen genlerin ID'leri kullanilarak ilgili genlerin cDNA dizileri "Ensembl plant™ web
sunucusundan  indirilmistir'”  (400) (Ek 14). Bu diziler kullanilarak KEGG web
sunucusunun KAAS (KEGG Automatic Annotation Server) modilunde (411) ortolojiye
dayali olarak yolak analizleri gerceklestirilmistir (Sekil 4.18., Bolum 5.4.7.). Ortoloji

analizi icin referans tir olarak Arabidopsis thaliana segilmistir (parametreler: Ek 15).

' Ensembl plants, biomart modiilii parametreleri: Dataset; Arabidopsis thaliana genleri, Filtre; Transcript
stable ID, Ozellik; cDNA dizisi
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Sekil 4.18. KEGG-KAAS web sunucusuna ait érnek ekran goruntisd.

4.2.7.10.0ntoloji Analizleri

Bilinen miRNA'lar ile eslesen kigik RNA dizileri icin Arabidopsis thaliana'da hedef
olarak belirlenen genlerin ID'leri ile Panther web sunucusu (412) kullanilarak ontoloji

siiflandirmasi gerceklestirilmistir (Sekil 4.19., BOlim 5.4.8.).
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Sekil 4.19. Panther web sunucusuna ait 6rnek ekran gorintusa.

4.2.8. miRNA VE HEDEF GEN VALIDASYONU

miRBase anotasyonu sonucu eslesen kiigiik RNA'lardan rastgele secilen dort dizi ile
potansiyel miRNA adaylarindan ifadesi yuksek olan bir dizinin (Cizelge 4.8.) validasyon
islemi ve hedef analizleri sonucu belirlenmis iki hedef genin (AGO1 ve HOT5) (Cizelge
4.9.) ifade seviyelerinin belirlenmesi amaciyla Es Zamanli PZR reaksiyonlar1 (Roche Light
Cycler LC 480) gergeklestirilmistir (Bolim 5.5.).

4.2.8.1. miRNA Validasyonu

Validasyon icin rastgele secilen dort dizi ve potansiyel miRNA aday1 1'in ifade analizleri

Es Zamanl PZR ile gerceklestirilmistir.
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4.2.8.1.1. Es Zamanh PZR

Es Zamanli PZR reaksiyonlari KN-RNA, VR-RNA ve KR-RNA o6rneklerinden miRNA

validasyonunda kullanilmak tizere sentezlenen cDNA'lar ile gergeklestirilmistir.

cDNA Sentezi

Es Zamanli PZR 'nin ilk asamasi olarak toplam RNA icerisindeki miRNA’larin cDNA’lara
doniistiiriilmesi amaciyla miScript Il Reverse Transcription Kit (Qiagen, Germany)
kullanilmistir (413-415). Yontemin temelini miRNA dizisine poly(A) kuyrugu ekleyerek
c¢DNA sentezinin saglanmasi olusturmaktadir (Sekil 4.20.).

5 — 3" miRMA fother ncRMNA

'

5 ————————— AAAA[A| 3" Polyadenylation

5 TG AAA AL 3 .
...N'lI'ITTTTT_ 5

Oliga-dT primer

with universal tag
$ CCILIIIIIIIIITT], AAAAIAL 3
3" NJll-llr_.S';_-DNA
3 MVTTTT T c— 5
B AN T

miseriph Primer Assay

miScript Frimer Assay
{forward primer)
—.- T P-
3 5
5 3
.‘ s .‘—
miScript Univarsal Primer
[reverse primes]

Sekil 4.20. miRNA'larin cDNA'ya ¢evrilmesi.

Kit, revers transkripsiyon reaksiyonu ile olgun miRNA, snoRNA ve snRNA'lar segici
olarak cDNA'ya doniistiirmektedir. miRNA'lar poly(A) polimeraz ile poliadenillenmekte
ve oligo-dT primerleri ile cDNA'ya ¢evrilmektedir. Reaksiyon ayni tiipte paralel olarak
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gerceklesmektedir. Kit protokoll ve kite ait komponentler kullanilarak tek basamakta
cDNA sentezi gergeklestirilmistir. Uygulanan cDNA sentez protokoli Cizelge 4.6.'da
verilmistir. Sentezlenen ¢cDNA’lar Es Zamanli PZR reaksiyonuna kadar -20 °C’ de

saklanmustir.

Cizelge 4.6. cDNA Sentezi i¢in kullanilan komponentler.

Komponent Hacim PZR Program
RNA (500 ng) Degisken

5x miScriptHiFlex Buffer 4 ul

10x miScriptNucleics Mix 2l 37 °C 60 dakika
miScript Reverse Transcriptase Mix 2l 95 °C 5 dakika
RNase-free water Degisken 10°C forever
Toplam 20 pl

Es Zamanh PZR Reaksiyonlari

KN-RNA, VR-RNA ve KR-RNA orneklerinden miScript 1l RT Kit ile elde edilen
cDNA'lar kullanilarak 0¢lu teknik tekrar seklinde uygulanmistir. miScript SYBR Green
PCR Kit (Qaigen)'e ait protokol ve Es Zamanli PZR programi kullanilarak reaksiyonlar

gerceklestirilmistir. Kullanilan komponentler Cizelge 4.7.'de verilmistir.

Cizelge 4.7. Es Zamanli PZR i¢in kullanilan komponentler.

Komponent Miktar
2x QuantiTect SYBR Green PCR Master Mix Sul

10x miScript Universal Primer (Reverse) 1ul

10x Forward Primer Tul
RNase-free water 2 ul
cDNA 1l
Toplam 10 pl

Es Zamanli PZR asamasinda ileri primer dizayni Timotijevic ve arkadaslar1 (2015)
tarafindan belirtilen sekilde gergeklestirilmistir (415). Yonteme gore; tespit edilmesi
istenen miRNA dizisinin 3' ucundan 6 niikleotid ¢ikartilmakta, primer uzunlugu ve erime
sicakligin1 diizenlemek igin 5' uca rastgele niikleotid dizisi eklenmektedir. Ydnteme uygun
sekilde elde edilen diziler ileri primer olarak kullanilmistir. Geri primer olarak kite spesifik

"universal reverse primer” kullanilmistir. Es Zamanli PZR reaksiyonlarinda miRNA
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verilerinin normalize edilmesi icin U6 (small nuclear RNA) geni se¢ilmistir (414-417).
Secilen miRNA'lar ve Es Zamanli PZR reaksiyonlarinda kullanilan primerler Cizelge

4.8.'de verilmistir.

Cizelge 4.8. Tasarlanan Es Zamanli PZR primerleri.

Tleri primer bilgileri |Primer dizileri (5 - 3")
U6 Ileri primer| GTGCAGGGTCCGAGG
Potansiyel miRNA 1/ AAACAGAAUACACGUCGCGACCCG
Ileri primer| GTTTAAACAGAATACACGTCGC
miR5161|AUAUACUUCCUCCGUUCCAAAAUA
Ileri primer| GTTTATATACTTCCTCCGTTCC
miR168{UCGCUUGGUGCAGGUCGGGAA
Ileri primer| GTTTTCGCTTGGTGCAGGT
miR159{UUUGGAUUGAAGGGAGCUCUA
Ileri primer| GGGGTTTGGATTGAAGGGA
miR894|UUCACGUCGGGUUCACCA
Ileri primer TTGGGGTTCACGTCGGGT

Es Zamanh PZR Verilerinin Degerlendirilmesi

Es Zamanli PZR reaksiyonlari sonrasinda Ui¢ 6rnegin (KN-RNA, VR-RNA ve KR-RNA)
cDNA’larinda 5 miRNA'ya ve endojen referans RNA (U6)'ya ait Ct degerleri kullanilarak
ifade analizleri gerceklestirilmistir. Relatif ifade analizi érneklere ait Ct degerleri dikkate
alinarak 2T metoduna gore yapilmistir (418). Ifade seviyeleri hesaplanirken endojen
referans RNA olarak U6 kullanilmistir.

4.2.8.2. Hedef Genlerin Validasyonu

miR168'in hedef geni olarak belirlenen AGO1 geni ve potansiyel miRNA adayi 2'nin hedef
geni olarak belirlenen HOT5 geninin ifade analizleri Es Zamanli PZR ile

gerceklestirilmistir.
4.2.8.2.1. Es Zamanh PZR

Es Zamanli PZR reaksiyonlar1 KN-RNA, VR-RNA ve KR-RNA o6rneklerinden hedef gen

validasyonunda kullanilmak iizere sentezlenen cDNA'lar ile gergeklestirilmistir.
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cDNA Sentezi

Es Zamanli PZR’1n ilk agamas1 olarak CDNA sentezi yapilmistir. Sentez agamalart Bolim
4.2.5.1.1.'de belirtilen sekilde gergeklestirilmistir. Sentezlenen cDNA'lar Es Zamanli PZR

reaksiyonuna kadar -20 °C’ de saklanmistir.

Primer Tasarim

Biyoenformatik veritabanlarinda Beta corolliflora'ya ait ¢ok az dizi bilgisi bulunmasindan
dolay1 uygun primer tasarlamak miimkiin olmamaktadir. Bu nedenle, Es Zamanli PZR
reaksiyonlarinda kullanilmak iizere, sec¢ilen miRNA'larin Arabidopsis thaliana'daki hedef
genlerinin NCBI'da yapilan BLAST sonucu belirlenen referans dizileri icin "NCBI primer

designing tool"*®

web uygulamasinda PZR iiriin uzunlugu 150-300 nt arasinda ve
organizma "Beta" segilerek primer tasarimi yapilmistir (Sekil 4.21.). Tasarlanan primer

dizileri Cizelge 4.9.'da verilmistir.

[  Us. National Library of Medicine > NCBI National Genter for Biotechnology Information SignintoNCBI
Primer-BLAST Atool for finding specific primers

Finding primers specific to your PCR template (using Primer3 and BLAST).

Reselpage Save search paramefers Refrieve recent resulls Publication Tips for finding specific primers

PCR Template
Enter accession, gi, or FASTA Sequence (A refseq record is prefered) & Clear Range

1792533

From T
Forward primer @ Clex
4 Reverse primer|

Or, upload FASTA file | Dosya Sec | Dosya segilmedi

Primer Parameters

Use my own forward primer o —
(5'>3"on plus strand) )
Use my own reverse primer 9 Clear
(5>3" on minus strand) :

Min Max
PCR product size 150 300
# of primers to retun 0

min opt Max Max Tm difference
Primer melting temperatures (579 500 530 3
(Tm)

Exon/intron selection A refseq mRNA sequence 2 PCR template input is required for options in the section &

Exon junction span No preference V@
Exon junction match Exonats'side  Exonat3 side

7 4

Winimal number of bases that must anneal fo exans at the 5'or 3'side of the junction &
Intron inclusion Primer pair must be separated by at least one intron on the comespanding genomic DNA &)
Intron length range Min Max

1000 1000000 | &

Note: Parameter values that differ from the default are highlighted in yellow
Primer Pair Specificity Checking Parameters

Specificity check @ Enable search for primer pairs specifc 1o the intended PCR template &
Search mode Automatic v|e
Database Refseq mRNA v|@
Exclusion Exclude predicted Refseq transcripts (sccession with XM, XR prefix) | Exclude unculturedienvironmental sample sequences
Organism Beta (taxid 3554)
Enter an organism name (or organism group name such as enterobacteriaceae, rodents), taxonomy id or select from the: suggestion list as you type. (&)

‘Add more organisms

Entrez query (optionsi)

Primer specificify stringency  primer must have at least |2 v | total mismatches to unintended targets, incluging
atleast 2 v | mismatches within the Iast[5_v | bps at the 3" end. &

Ignore targets that have (6 ¥ | or more mismatches to the primer. &

WMax target size 2000
Allow splice variants ‘Allow primer to amplfy mRNA spiice variants (requires refseq mRNA sequence as PCR template input) &
Get Primers Show resultsin a new window 2 Use new graphic view &
P Advanced parameters Note: Parameter values that differ from the default are highlighted in yellow

Sekil 4.21. Primer dizaynina ait 6rnek ekran goriintiisii.

*® https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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Cizelge 4.9. ifade analizleri igin belitrlenen hedef gen ID'leri, housekeeping gen olarak
secilen Histon H3.3 ve hedef genlerin ifade analizleri igin Es Zamanli PZR
reaksiyonlarinda kullanilan primer dizileri (I: Ileri primer, G: Geri primer).

. Hedef gen . L
Gen/ miRNA 98N | Referans Primer dizileri (Referans
iRNA | dizileri (Arabidopdis | ;i NcBI) | dizi)
mi thaliana)
i: GTCCAGATGGCCCGTACC
Histon H3.3* |- - XM_010682705.1
G. CTTCTTCACTCCTCCAGTAGTTG
HiR168 TCGCTTGGTGCAG | AGO1 NM_179453 I GGATATGGGCAACCACCACA
GTCGGGAA (AT1G48410.3) (AGO1) G: ACCTGGGTAGGACTCACCTC
Potansiyel AAGGAGATGAGA | HOT5 NM_001203539 | 1: TGAGAAGAAAAAGAAGACCACACT

* Housekeeping gen olarak secilen Histon H3.3 genine ait referans dizi ve primer dizileri (TUBITAK alt
proje no: 1130096, ana proje no:1130095)

Es Zamanh PZR Reaksiyonlari

KN-RNA, VR-RNA ve KR-RNA orneklerinden elde edilen cDNA'lar kullanilarak ticlii
teknik tekrar seklinde uygulanmistir. Es Zamanli PZR reaksiyonlarinda ilgili standartlar 6n
optimizasyon calismalari ve uygun dillisyon oranlarinin belirlenmesi amaciyla SYBR
Green | (Roche) Master Kit ile kite ait ilgili protokoller kullanilarak yapilmistir. Cizelge
4.10.'da sunulan optimizasyon kosullar1 tizerinden SYBR Green | (Roche) Master Kit
kullanilarak Es Zamanli PZR ger¢eklestirilmistir. Verilerinin normalize edilmesi igin

housekeeping gen olarak Histon H3.3 se¢ilmistir.

Standart Egrilerin Cizilmesi ve Primer Optimizasyonlari

Standart egriler KN-RNA 6rneginden elde edilen cDNA kullanilarak hedef gen olarak
belirlenen 2 gen ve housekeeping gen (Histone H3.3) bolgelerine ait primerler icin ayri
ayr1 Roche Light Cycler LC 480 cihazinda ¢izilmistir. SYBR Green temelli Es Zamanh
PZR optimizasyon kosullar1 Cizelge 4.10.'da verilmistir.
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Cizelge 4.10. SYBR Green primer optimizasyon kosullar1 (Tm: optimize edilen primer
baglanma sicakligi).

Optimizasyon Kosullar: Potansiyel miRNA 2| miR168 | Histone H3.3
Tm 55°C 53°C 56 °C

cDNA 1,5 pl 1,25 pl 2l

fleri primer (10 pmol) 1ul 1,25 ul 1ul

Geri primer (10 pmol) 1l 1,25 pl 1l

SYBR Green 5 ul 5 ul 5 ul

Distile Su 1,5 ul 1,25 pl 1l

Toplam hacim 10 ul 10 ul 10 ul

Optimizasyonu yapilan 2 gen bolgesi ve houskeeping gene (Histon H3.3) yonelik
reaksiyonlar, her bir primerin belirlenen baglanma sicakligi dikkate alinarak ilgili Es
Zamanli PZR programina gore her bir ornekten U¢ teknik tekrarli olacak sekilde
gerceklestirilmistir. Es Zamanli PZR reaksiyonlarinda kullanilan primerlerde dimer
varhigiin kontrolii ve 6zgilin olmayan amplifikasyon triinlerinin tespiti i¢in PZR programi

sonrasinda erime egrisi (melting curve) analizleri gergeklestirilmistir.
Es Zamanh PZR Verilerinin Degerlendirilmesi

Es Zamanli PZR reaksiyonlari sonrasinda U¢ drnegin (KN-RNA, VR-RNA ve KR-RNA)
cDNA’larinda 3 gen bolgesine ait Ct degerleri kullanilarak gen ifade analizleri
tamamlanmistir. Relatif ifade analizi rneklere ait Ct degerleri dikkate alinarak 29T
metoduna gére gerceklestirilmistir (418). Ifade seviyeleri hesaplanirken houskeeping gen

olarak Histon H3.3 geni kullanilmistir.
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5. ARASTIRMA BULGULARI
51. RNA IiZOLASYONU

Kontrol kok 6rneginden izole edilen toplam RNA (KN-RNA), viriis stresi uygulanmis kok
orneginden izole edilen toplam RNA (VR-RNA) ve kuraklik stresi uygulanmis kok
orneginden izole edilen toplam RNA (KR-RNA) icin kalite ve miktar tayini amaci ile
yapilan spektrofotometrik 6lgiim degerleri Cizelge 5.1.'de verilmistir. RNA'lar miktar ve

kalite 6l¢limleri bakimindan yeterli bulunmustur.

Cizelge 5.1. KN-RNA, VR-RNA ve KR-RNA orneklerine ait ait nanodrop (ND-1000)
olcumleri.

Ornek ng/ pl 260/280 260/230
KN-RNA (ortak) 92 2,08 1,92
VR-RNA 121 2,04 2,06
KR-RNA 82 2,01 1,53

izole edilen RNA’larin agaroz jel elektroforez goriintiileri izolasyonlarin basarili bir

sekilde gergeklestirildigini gostermektedir (Sekil 5.1.).

Sekil 5.1. KN-RNA, VR-RNA, KR-RNA drneklerine ait gorintii (%1°lik agaroz jel).

5.2.  VIRUS BULASIKLIGININ OLCUMU

Viriis bulagikliginin tespit edilmesi amaciyla sentezlenen cDNA'ya ait spektrofotometrik
6lglimlerde cDNA’nin safligi ve miktar1 (ng/pl) istenilen seviyede elde edilmistir (Cizelge
5.2).
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Cizelge 5.2. VR-RNA 6rneginden sentezlenen cDNA'ya ait nanodrop (ND-1000) 6lgtim.

Ornek ng/ul

260/280

260/230

VR-RNA (cDNA) 1890

1,81

1,95

Sentezlenen ¢cDNA’nin agaroz jel elektroforez goruntileri sentezin basarili bir sekilde

gerceklestirildigini gostermektedir (Sekil 5.2.).

Sekil 5.2. VR-RNA o6rneginden sentezlenen CDNA'ya ait 6rnek goriintii (%1’ lik agaroz
jel).

Es Zamanli PZR reaksiyonlart sonrasinda VR-RNA orneginden sentezlenen cDNA'da
belirlenen BNYVV: RNA1, RNA2, RNA3, RNA4, RNA5 bolgelerine ait Ct degerleri

Cizelge 5.3.’te verilmistir.

Cizelge 5.3. BNYVV-RNAL, 2, 3, 4, 5 bolgelerine ait Ct (cycle threshold) degerleri.

. BNYVV

Ornek
RNA1 RNA2 RNA3 RNA4 RNAS5
27,43 30,15 25,31 23,03 36,44

VR-RNA

(cDNA) 28,12 29,93 25,68 22,37 35,68
27,52 30,29 26,26 22,19 36,08

Es Zamanli PZR analizleri sonucunda elde edilen Ct degerlerine gore viriis bulasikligi
tespit edilmis olup, RNA5 gen bélgesinin diger RNA bolgelerine gore daha az ifade oldugu
(daha yiiksek Ct degerine sahip olmasi) belirlenmistir.
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5.3.  KUCUK RNA DiZILEME
5.3.1. DIZILEME ONCESi KALITE OLCUMU

KN-RNA, VR-RNA ve KR-RNA ornekleri ic¢in dizileme Oncesinde firma tarafindan
tekrarlanan kalite Ol¢iimleri sonuglarma gére RNA drneklerinin dizileme icin uygun
oldugu degerlendirilmistir (Cizelge 5.4.). Yapilan 6l¢iimlerde her ii¢ 6rnege ait A260/A230
degerlerinin beklenen degere yakin (~ 2) oldugu tespit edilmistir.

Cizelge 5.4. RNA 0rneklerine ait nanodrop ol¢timleri.

Ornek RNA

Adi KN-RNA VR-RNA KR-RNA
Tipi Toplam RNA | Toplam RNA Toplam RNA
Hacim (ul) 44 47 47
Nanodrop | A260/A280 | 2,17 2,09 1,79
degerleri A260/A230 | 1,69 2,11 0,95

Nanodrop olglimlerine ek olarak TapeStation (Agilent Technologies) ile yapilan
Olciimlerde de RNA Kkaliteleri yeterli olarak degerlendirilmistir. KN-RNA 6rneginin RIN
degeri 8.4, VR-RNA o6rneginin 7.1 ve KR-RNA 6rneginin 7.5 olarak olgiilmiistiir (Sekil

5.3., Ek 16).
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Sekil 5.3. RNA orneklerine ait TapeStation 6lcimlerinin jel goruntusi Al: ladder, B1:
KN-RNA, C1: VR-RNA, D1: KR-RNA.

5.3.2. KUCUK RNA DIiZILEMESINDEN ELDE EDILEN HAM VERILER

KN-RNA o6rneginden 146.182.479, VR-RNA oOrneginden 142.439.177 ve KR-RNA
orneginden 143.441.673 adet ham dizi (okuma) elde edilmistir (Cizelge 5.5.)

Cizelge 5.5. Kiiclik RNA dizileme veri 0zeti.

_— rtalam

) . Barkod | Okuma Uriin % >= Q30 O t.a ama
Proje Ornek dizi sayisi (Mb) degeri kalite
y 8 skoru
DJ1705103-R1 | KN-RNA | GACGAC | 146.182.479 | 7.455 95,39 37,97
DJ1705103-R1 | VR-RNA | TAATCG | 142.439.177 | 7.264 95,28 37,90
DJ1705103-R1 | KR-RNA | TACAGC | 143.441.673 | 7.315 95,13 37,86

5.3.3. DIZILEME SONRASI KALITE OLCUMU

Q skoruna gore tiim okumalarin %95'inden fazlasinda her 1000 baz okumada en fazla 1
hatali okuma olasilig1 gézlenmistir (Sekil 5.4.). Bu skor tim o6rnekler igin dizileme

kalitesinin yeterli oldugunu gostermektedir (Ek 17).
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Sekil 5.4. Tiim 6rneklere ait Q skor dagilimi.

Her bir 6rnege ait ham veri kalite dagilim ve GC igerik grafikleri Sekil 5.5.-5.7.'de
verilmistir. Her bir 6rnek igin Q30 (hatali okuma olasiligi 1/1000) degeri %95 ten daha
biiyiik olarak gozlenmistir. Bu skor her bir drnek icin dizileme kalitesinin yeterli oldugunu
gostermektedir. Orneklerin GC icerikleri bakimindan benzer oranlara sahip olduklart

gorulmektedir.

Quality distribution GC-content
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Sekil 5.5. KN-RNA o&rnegine ait okumalarin/kiigik RNA dizilerinin (KN-sRNA) Q skoru
ve GC igerigi.
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Sekil 5.6. VR-RNA o6rnegine ait okumalarin/kiicik RNA dizilerinin (VR-sRNA) Q skoru
ve GC igerigi.
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Sekil 5.7. KR-RNA 6rnegine ait okumalarin/kiiciik RNA dizilerinin (KR-sRNA) Q skoru
ve GC igerigi.

5.4. BiYOINFORMATIK ANALIZLER

5.4.1. KUCUK RNA'LARIN BELIRLENMESI

Adaptor dizilerin ¢ikartilmasi ve dizi uzunluklarinin filtrelenmesi, tekrarli niikleotidlerin
cikartilmasi, en az 5 okumaya sahip dizilerin filtrelenmesi sonucunda kalan; KN-SRNA
icin 12.536.752 dizi, VR-sRNA ic¢in 66.597.354 dizi, KR-SRNA i¢in 20.410.254 dizi ile
analizlere devam edilmistir. En az 5 okumaya sahip dizilerin saydirilmasi ile ayn1 diziye
sahip olan; KN-sRNA igin 128.334, VR-sRNA i¢in 1.418.450 ve KR-sRNA igin 135.841
kiclk RNA tespit edilmistir (Cizelge 5.6., Ek 18).
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Cizelge 5.6. Trim ve filtreleme sonuglari.

A or Lo
. Okuma (_:iapto PolyATCG Kuguk
Ornek savilart trimleme trimleme Count>4 RNA
y (16-24 nt)
KN-sRNA 146.182.479 | 14.593.481 14.581.127 12.536.752 | 128.334
VR-sRNA 142.439.177 | 79.603.776 79.506.791 66.597.354 | 1.418.450
KR-sRNA 143.441.673 | 22.246.607 22.238.852 20.410.254 | 135.841
Filtreleme sonucu analize devam edilen Kkiglik RNA'lar uzunluklari bakimindan

incelendiginde; KN-sRNA'nin %82'si, VR-SRNAnin %81'i ve KR-sRNA'nin %69'u 21-24
nikleotid (nt) uzunluktadir (Sekil 5.8.). VR-sRNA'daki 21 nt uzunlugundaki kiigiik
RNA'lar, KN-sRNA ve KR-sRNA'dakilere gore cok fazla miktarda iken, 23 nt
uzunlugundaki kiigiik RNA'lar ¢ok az miktarda tespit edilmistir.

H KN-sRNA
HVR-sRNA
M KR-sRNA

Sekil 5.8. Kuigik RNA uzunluk dagilimlari.

5.4.2. KUCUK RNA'LARIN HARITALANMASI

5.4.2.1. Kultur pancan (Beta vulgaris L.) Genomuna Haritalama

Kicuk RNA dizileri Beta vulgaris genomuna yiiksek oranda haritalanmistir (EK 19). VR-
SRNA Beta vulgaris genomuna en ¢ok haritalanan 6rnek olurken (~%96) bunu sirasiyla
KN-sRNA (~%92) ve KR-SRNA (~%89) takip etmistir (Cizelge 5.7.-5.9.).
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Cizelge 5.7. KN-sRNA'nin Beta vulgaris genomuna haritalama verileri.

KN-sRNA Count | Okumalarin | Ortalama | Baz sayis1 | Bazlarin
ylzdesi (%) | uzunluk ylzdesi (%)

Referanslar 40.508 - 13.986,65 566.571.340 | -
Eslesen okuma 117.697 | 91,71 22,31 2.626.027 92,14
Eslesmeyen Okuma 10.637 8,29 21,07 224.099 7,86
Toplam Okuma 128.334 | 100 22,21 2.850.126 100

Cizelge 5.8. VR-sRNA'nin Beta vulgaris genomuna haritalama verileri.
VRSRNA | counc | Okt | OMSane |,y | Bt
Referanslar 40.508 - 13.986,65 566.571.340 | -
Eslesen okuma 1.361.189 | 95,96 23,19 31.572.456 96,10
Eslesmeyen Okuma 57.261 4,04 22,4 1.282.554 3,90
Toplam Okuma 1.418.450 | 100 23,16 32.855.010 100

Cizelge 5.9. KR-sRNA'nin Beta vulgaris genomuna haritalama verileri.
CRSRNA | coun | O | Ortlana | | Bear
Referanslar 40.508 - 13.986,65 566.571.340 | -
Eslesen okuma 120.779 88,91 21,62 2611782 89,63
Eslesmeyen Okuma 15.062 11,09 20,07 302.286 10,37
Toplam Okuma 135.841 | 100 21,45 2.914.068 100
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Sekil 5.9. Beta vulgaris genomuna haritalamaya ait érnek gorintd.

5.4.2.2. Beta corolliflora RNA dizileme (RNA-seq) Kontiglerine Haritalama
Kiglik RNA dizileri Beta corolliflora RNA-dizileme verilerine yuksek oranda
haritalanmistir (Ek 20). VR-SRNA Beta corolliflora RNA-dizileme verilerine en ¢ok

haritalanan 6rnek olurken (~%96) bunu sirasiyla KN-sSRNA (~%95) ve KR-sRNA (~%93)
takip etmistir (Cizelge 5.10.-5.12.).
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Cizelge 5.10. KN-sRNA'nin Beta corolliflora RNA-dizileme kontiglerine haritalama
verileri.
Okumalarim | Ortalama Bazlarin
KN-sRNA Count . -0 Baz sayis1 | .. .
ylzdesi (%) | uzunluk ylzdesi (%)
Referanslar 500.058 | - 640,13 3,2E+08 -
Eslesen okuma 121.517 | 94,69 22,26 2.705.191 94,91
Eslesmeyen Okuma 6.817 5,31 21,26 144.935 5,09
Toplam Okuma 128.334 | 100 22,21 2.850.126 100

Cizelge 5.11. VR-sRNA'nin Beta corolliflora

RNA-dizileme kontiglerine haritalama

verileri.

k 1 rtalam Bazl

VR-SRNA Count |Okumalarn jOrtalama | g, .., | Bazlarm
ylzdesi (%) | uzunluk ylzdesi (%0)

Referanslar 500.058 - 640,13 3,2E+08 -
Eslesen okuma 1.358.169 | 95,75 23,18 31.480.951 95,82
Eslesmeyen Okuma 60.281 4,25 22,79 1.374.059 4,18
Toplam Okuma 1.418.450 | 100 23,16 32.855.010 100

Cizelge 5.12. KR-sRNA'min Beta corolliflora

RNA-dizileme kontiglerine haritalama

verileri.
kumalarin | Ortalama Bazlarin
KR-sRNA Count | Okumalan Baz sayisi | DoAann
yuzdesi (%) | uzunluk yuzdesi (%)
Referanslar 500.058 - 640,13 3,2E+08 -
Eslesen okuma 126.174 92,88 21,55 2.718.948 93,30
Eslesmeyen Okuma 9.667 7,12 20,18 195.120 6,70
Toplam Okuma 135.841 | 100 21,45 2.914.068 100

5.4.2.3. Pancar Nekrotik Sar1 Damar Virisu (BNYVV) Genomuna Haritalama

Haritalama sonucunda VR-sSRNA BNYVV genomuna ait 5 RNA dizisinin tamamina belirli

oranlarda (80 farkli kiicliik RNA'ya ait 942 dizi) haritalanirken (Sekil 5.10.), KN-SRNA ve

KR-sRNA'nin hig¢ biri haritalanamamistir (Cizelge 5.13.-5.15., Ek 21).
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Cizelge 5.13. KN-sRNA'nin BNYVV genomuna haritalanma verileri.

Okumalarin | Ortalama Bazlarin
KN-sRNA Count yiizdesi (%) | uzunluk Baz sayist yiizdesi (%)
Referanslar 5 - 3.182,8 15.914 -
Eslesen okuma 0 - - 0 -
Eslesmeyen Okuma 6.062 100 22,14 134.196 100
Toplam Okuma 6.062 100 22,14 134.196 100
Cizelge 5.14. VR-sRNA'nin BNYVV genomuna haritalanma verileri.
VR-SRNA Count Okumalarin | Ortalama Baz savisi Bazlarin
ylzdesi (%) | uzunluk y ylzdesi (%0)
Referanslar 5 - 3.182,8 15.914 -
Eslesen okuma 80 0,07 21,65 1.732 0,07
Eslesmeyen Okuma 109.900 | 99,93 22,96 2.523.525 99,93
Toplam Okuma 109.980 | 100 22,96 2.525.257 100
Cizelge 5.15. KR-sRNA'nin BNYVV genomuna haritalanma verileri.
Okumalarin | Ortalama Bazlarin
KR-sRNA n .. . B . .
S Zg¥int ylzdesi (%) | uzunluk az sayist ylzdesi (%)
Referanslar 5 - 3.182,8 15.914 -
Eslesen okuma 0 - - 0 -
Eslesmeyen Okuma 6.374 100 21,07 134.313 100
Toplam Okuma 6.374 100 21,07 134.313 100

VR-sRNA 0zellikle BNYVV genomunun RNA-2 dizisine daha yuksek oranda

haritalanmistir (691 dizi).
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Sekil 5.10. VR-sRNA'nin BNYVV genomundaki 5 RNA dizisine haritalanma goruntiisu.

5.4.3. BILINEN miRNA ANALIiZLERI

KN-sRNA'da 66.961, VR-sRNA'da 1.407.420 KR-sRNA'da 178.866 dizi bilinen miRNA
dizileri ile eslesmistir. Farkli okuma sayilarina sahip bu diziler sirasiyla 798, 5348 ve 1272
kicik RNA dizisini (ortak olanlar dikkate alindiginda 5628 farkli miRNA) temsil
etmektedir (Ek 22). Anote olan diziler bakimindan VR-sRNA'da bilinen miRNA ile
eslesen kiclik RNA dizilerinin, KN-sSRNA ve KR-sRNA'ya gore oldukg¢a fazla oldugu

gortlmektedir. miRBase anotasyon sonuglar1 Cizelge 5.16.'da verilmistir.
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Cizelge 5.16. miRBase anotasyon sonuglari.

Ornek Kugik RNA Anote olan|Yiizde (%0) Okuma Anote olan |Yuzde (%)
sayisi sayisi

KN-sRNA [128.334 798 0,60 12.536.752  |66.961 0,50

VR-sRNA |1.418.450 5.348 0,40 66.597.354  |1.407.420  [2,10

KR-sRNA [135.841 1.272 0,90 20.410.254  (178.866 0,90

Anote olan diziler olgun, 6ncl ve varyantlarina gore gruplandirildiginda (grup 1), KN-
sRNA'da 186, VR-sRNA'da 784, KR-sRNA'da 201 dizinin bilinen miRNA'lar ile eslestigi
tespit edilirken (Ek 22), olgun miRNA olarak gruplandirildiginda (grup 2) sirasiyla 83, 209
ve 83 adet dizinin (ortak olanlar dikkate alindiginda 211 farkli olgun miRNA) bilinen

miRNA'lar ile eslestigi tespit edilmistir (Cizelge 5.17., Ek 22).

Cizelge 5.17. miRBase anotasyon detaylar1 (olgun, ncdi, varyant).

Olgun, 6nci ve Olgun miRNA
, miBase anotasyon varyant miRNA gruplandirilmis-
Ornek .
(gruplandirilmamis) | gruplandirilms varyantlar dahil
(grup 1) (grup 2)
KN-sRNA | 798 186 83
VR-sSRNA | 5.348 784 209
KR-sSRNA | 1.272 201 83

Gruplandiriimamig miRNA'lar dikkate alindiginda tiim 6rneklere ait en ¢ok counta sahip
olanlar Cizelge 5.18.'de belirtilmistir. Buna gére KN-sRNA'da miR2916, miR166c,
miR159, VR-sRNA'da miR159, miR166c¢c, miR396, KR-sSRNA'da ise miR2916, miR894 ve

mMiR159 en ¢ok counta sahip miRNA'lar olarak tespit edilmistir.

86



Cizelge 5.18. Bilinen miRNA'lar ile eslesen en fazla ifade degerine sahip kiiglik RNA

dizileri (gruplandirilmamis olgun, 6nci ve varyantlar dahil, viriis stresine gore sirali).

Eslesen Orjinal (ham) ifade degeri
Kicuk RNA dizisi miRNA

(miRBase) | KN-SRNA | VR-sRNA KR-sRNA
TTTGGATTGAAGGGAGCTCTA mMiR159 3.174 251289 6.256
TTCGGACCAGGCTTCATTCCC miR166c | 5.406 243.183 3.141
CAGCTTTCTTGAACTG mMiR396 207 141.985 224
TTGGACTGAAGGGAGCTCCC miRa9a/m | 154 61.744 115
TTCCACAGCTTTCTTGAACTG mMiR396 636 60.374 192
ACAGCTTTCTTGAACTG mMiR396 68 44.980 74
TTCCACAGCTTTCTTGAACTT miR396c | 341 38.603 95
TTTGGATTGAAGGGAGCTCT miR159 | 544 37.000 2.990
TGACGATGAGAGAGAGCACGC miR535d | 378 26.349 190
TTGTCAGGGTTGTGATTCTCC miR7972 | 354 23.021 44
TCACGTCGGGTTCACCA miR894 488 15,001 6.931
TTCACGTCGGGTTCACCA miR894 1.164 14.864 7.630
CACGTCGGGTTCACCA miR894 399 13.730 6.199
GGGGCTCGAAGACGATC miR2016 | 564 6.054 4.126
TACCGTCCTAGTCTCAACCATA miR2916 | 1.751 3.991 791
GGGGGCTCGAAGACGATC miR2916 | 593 3,512 15,533
TTGGGGGCTCGAAGACGATCA miR2916 | 1.213 3,147 2,953
ATACCGTCCTAGTCTCAACCATA | miR2916 | 4.261 2,038 1522
ACCAGGGATCGGCGGATGTTAC | miR2916 | 1.531 1.743 6.357
TGGGGGCTCGAAGACGATC miR2916 | 861 1.704 10.307
GATACCGTCCTAGTCTCAACCATA | miR2916 | 1536 1.499 341
GACCAGGGATCGGCGGATGTTAC | miR2916 | 410 1175 3,539
ACCAGGGATCGGCGGATGTTACT | miR2916 | 1.352 902 3.725
TCAGATACCGTCCTAGTCTCAACC | miR2916 | 3.558 304 233

5.4.3.1. Olgun miRNA Analizleri

Kigik RNA dizilerinin miRBase anotasyonu sonucunda eslestigi olgun miRNA'lar
varyantlar dahil gruplandirildiginda (grup 2) KN-sRNA'da 83, VR-sRNA'da 209 ve KR-
sRNA'da 83 adet dizi belirlenmis (Ek 23) ve ifade analizleri bu miRNA verilerine gore
gerceklestirilmistir. 1 miIRNA sadece KN-sRNA'da, 113 miRNA sadece VR-sRNA'da, 1
MIiRNA sadece KR-sRNA'da tespit edilirken, 14 miRNA KN-sRNA ve VR-sRNA'da, 14
miRNA sadece VR-sRNA ve KR-sRNA'da ortak olarak tespit edilmistir. Sadece KN-
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SRNA ve KR-sRNA'da ortak miRNA tespit edilemez iken, her 3 drnekte de ortak olan 68
MiRNA tespit edilmistir. (Sekil 5.11.). Orneklerde bilinen olgun miRNA'lar ile eslesen

kiiciik RNA'lar gruplandirildiklarinda en fazla ifadeye sahip kiiciik RNA'larin eslestigi

olgun miRNA'lar Cizelge 5.19.-5.21.'de verilmistir.

KN-sRNA

VA

KR-sRNA

VR-sRNA

Sekil 5.11. Olgun miRNA'lara ait venn diyagrami.

Cizelge 5.19. KN-sRNA'da en fazla ifade degerine sahip kiigiik RNA'larin eslestigi olgun

miRNA'lar (grup 2).

mIRNA dizisi (miRBase) ifade degeri miRNA adi ﬁ;‘iesme

TCGGACCAGGCTTCATTCCC 5.424 miR166b/miR166¢ Olgun 3' ucu
TTTGGATTGAAGGGAGCTCTA 3.433 miR159a//miR159 Olgun 3' ucu
TGGGGACTCGAAGACGATCATAT 1.577 miR2916 Olgun 5' ucu
TTTGGATTGAAGGGAGCTCTG 640 miR159b Olgun 5' ucu
TTCCACAGCTTTCTTGAACTG 636 miR396 Olgun 5' ucu
GATCCCCGGCAACGGCGCCA 465 miR8175 Olgun 3' ucu
TTGTCAGGCTTGTTATTCTCC 423 miR7972 Olgun 3' ucu
ATTTCGGACCAGGCTTCATTCCCC 410 miR166 Olgun 3' ucu
TCGGACCAGGCTTCATTCCTC 404 miR166a//miR166d Olgun 3' ucu
TCGGACCAGGCTTCATTCCCC 401 miR166a//miR166e//miR166b//miR166d |Olgun 3' ucu
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Cizelge 5.20. VR-sRNA'da en fazla ifade degerine sahip kii¢ciik RNA'larin eslestigi olgun
miRNA'lar (grup 2).

. N . . . ] Eslesme
MiRNA dizisi (miRBase) Ifade degeri | miRNA adi ti;i g
TTTGGATTGAAGGGAGCTCTA 263.770 miR159a//miR159b//miR159 Olgun 3' ucu
TCGGACCAGGCTTCATTCCC 245.683 miR166b//miR166¢ Olgun 3' ucu
miR319a//miR319¢c//miR319b//

TTGGACTGAAGGGAGCTCCC 62.585 Olgun 3'ucu
miR319g//miR319k

TTCCACAGCTTTCTTGAACTG 61.225 miR396 Olgun 5' ucu
miR396b//miR396a//miR396//

TTCCACAGCTTTCTTGAACTT 40.652 Olgun 5' ucu
miR396¢//miR396e

TTTGGATTGAAGGGAGCTCTG 40.175 miR159b Olgun 5' ucu

TTGTCAGGCTTGTTATTCTCC 27.699 miR7972 Olgun 3' ucu

TGACGACGAGAGAGAGCACGC 26.804 miR535d Olgun 5' ucu
miR166¢//miR166a//miR166d//

TCGGACCAGGCTTCATTCCTC 21.256 Olgun 3'ucu
miR166e//miR166b

TTAGATTCACGCACAAACTCG 13.764 miR403a//miR403b Olgun 3' ucu

Cizelge 5.21. KR-sSRNA'da en fazla ifade degerine sahip kiiciik RNA'larin eslestigi olgun
miRNA'lar (grup 2).

MiRNA dizisi (miRBase) ifade degeri |miRNA ad ﬁ;liesme

TGGGGACTCGAAGACGATCATAT 11.871 miR2916 Olgun 5' ucu
TTTGGATTGAAGGGAGCTCTA 6.462 miR159a//miR159b//miR159 Olgun 3' ucu
CGTTTCACGTCGGGTTCACC 6.256 miR894 Olgun 5' ucu
TGGCGCTAGAAGGAGGGCCT 3.238 miR3711 Olgun 5' ucu
TCGGACCAGGCTTCATTCCC 3.146 miR166¢ Olgun 3' ucu
TTTGGATTGAAGGGAGCTCTG 3.143 miR159b Olgun 5' ucu
GATCCCCGGCAACGGCGCCA 1.862 miR8175 Olgun 3' ucu
TCGCTTGGTGCAGGTCGGGAA 432 miR168b//miR168 Olgun 5' ucu
AAACCTGGCTCTGATACCA 354 miR5139 Olgun 5' ucu
TGTGTTCTCAGGTCGCCCCTG 352 miR398b Olgun 3' ucu

5.4.3.2. Olgun miRNA ifade Analizi

KN-sRNA ile VR-sRNA normalize edilmis ifade degerleri (Ek 24) bakimindan
karsilagtirildiginda; her iki ornekte de ifadesi olanlar arasinda en fazla kat artisi olan
miRNA'lar; miR319a/b/c/g/k, miR167a, miR6300, miR159c ve miR394,a,b, en az kat
artis1 olan miRNA, miR156f olarak belirlenmistir (Cizelge 5.22).
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Cizelge 5.22. KN-sRNA ve VR-sRNA'ya ait her iki drnekte de ifadesi olan miRNA'larin
orjinal ifade degerleri ve normalize edilmis ifade degerlerine gore kat degisimleri.

Orjinal (ham)

Normalize
edilmis ifade

ifade degeri . .
_ & degeri
[72) o
N E
< zZ =z =z Z ) <
m x X x x o
Z o [7) 7} 7] 7] = =z
X = p o Z x = e
='E =1 —
E = 4 > A4 > N e
miR319a//miR319¢//miR319b//
TTGGACTGAAGGGAGCTCCC 154 62.585 12,28 939,75 76,50 miR319g//miR319k
TGAAGCTGCCAGCATGATCTC 19 3.252 1,52 48,83 32,22 miR167a
GTCGTTGTAGTATAGTGG 9 1.512 0,72 22,70 31,63 miR6300
CTTGGACTGAAGGGAGCTCCC a7 7.524 3,75 112,98 30,14 miR159¢
TTGGCATTCTGTCCACCTCC 10 1.584 0,80 23,78 29,82 miR394a//miR394b//miR394
TTTGGATTGAAGGGAGCTCTT 106 13.612 8,46 204,39 24,17 miR159b
TCGAACCAGGCTTCATTCCCC 17 2.115 1,36 31,76 23,42 miR166e
TGGAGAAGCAGGGCACGTGCA 32 3.866 2,55 58,05 22,74 miR164b//miR164c
TTGGACCAGGCTTCATTCCCC 12 1.385 0,96 20,80 21,73 miR166i
miR319¢//miR319f//miR319a//
TTGGACTGAAGGGAGCTCCCT 34 3.747 2,71 56,26 20,75 miR319//miR319b
miR396b//miR396a//miR396//m
TTCCACAGCTTTCTTGAACTT 372 40.652 29,67 610,41 20,57 iR396¢//miR396e
TGTGTTCTCAGGTCGCCCCTG 91 9.444 7,26 141,81 19,54 miR398b
TCGGACCAGGCTTCATTCCCG 17 1.740 1,36 26,13 19,27 miR166d
TTCCACAGCTTTCTTGAACTG 636 61.225 50,73 919,33 18,12 miR396
TCGGACCAGGCTTCATCCCCC 20 1.803 1,60 27,07 16,97 miR165a//miR165b
TTTGGATTGAAGGGAGCTCTA 3.433 263.770 (273,83 3960,67 14,46 miR159a//miR159b//miR159
TCCAAAGGGATCGCATTGATC 12 841 0,96 12,63 13,19 miR393a//miR393b
TGACGACGAGAGAGAGCACGC 385 26.804 30,71 402,48 13,11 miR535d
TCGGACCAGGCTTCATTCTC 30 2.083 2,39 31,28 13,07 miR166i
TTGTCAGGCTTGTTATTCTCC 423 27.699 33,74 415,92 12,33 miR7972
TCGGACCAGGCTTCATTCCCCC 31 1.990 2,47 29,88 12,08 miR166
TTTGGATTGAAGGGAGCTCTG 640 40.175 51,05 603,25 11,82 miR159b
TCGGACCAGGCTTCATTCCCT 35 2.163 2,79 32,48 11,63 miR166f
CGGACCAGGCTTCATTCCCC 26 1.448 2,07 21,74 10,48 miR166m
TCTCGGACCAGGCTTCATTCC 5 278 0,40 417 10,47 miR166b
miR166¢c//miR166a//miR166d//
TCGGACCAGGCTTCATTCCTC 404 21.256 32,23 319,17 9,90 miR166e//miR166b
CCGGACCAGGCTTCATTCCCC 32 1.618 2,55 24,30 9,52 miR166j
TGAAGCTGCCAGCATGATCTG 204 10.037 16,27 150,71 9,26 miR167

90




Cizelge 5.22. (devami)

Orjinal (ham)
ifade degeri

Normalize
edilmis ifade

— degeri

5 E

T 'Y < < < < z

<3 s 2| 8| 2| % s

Z o s | 3| 2 A - g

EE < S ¢ & & E

E
AAGCTCAGGAGGGATAGCGCC 24 1.103 191 16,56 8,65 miR390a//miR390b//miR390
TCGGACCAGGCTTCATTCCC 5.424 245.683 432,65 3689,08 8,53 miR166b//miR166¢c
CACTTATTTTGGACCGGAGGG 9 395 0,72 5,93 8,26 miR5181
TTTGGACTGAAGGGAGCTCCT 8 346 0,64 5,20 8,14 miR319b//miR319d//miR319e
TTAGATTCACGCACAAACTCG 323 13.764 25,76 206,67 8,02 miR403a//miR403b
TTTGGATTGAAGGGAGCTCTC 49 1.993 3,91 29,93 7,66 miR159b
TCGCTTGGTGCAGGTCGGGAA 130 5.249 10,37 78,82 7,60 miR168b//miR168
ATGCACTGCCTCTTCCCTGGC 25 966 1,99 14,51 7,27 miR408
GAGCTCCTTGAAGTCCAAAAG 100 3.509 7,98 52,69 6,61 miR159a
TGGCGCTAGAAGGAGGGCCT 86 2.793 6,86 41,94 6,11 miR3711
TTGACAGAAGAGAGTGAGCAC 29 863 2,31 12,96 5,60 miR156k//miR156n//miR1560
miR393b//miR393a//miR393//m
TCCAAAGGGATCGCATTGATCT 79 2.249 6,30 33,77 5,36 iR393c//miR393d
miR166a//miR166h//miR166i//

TCGGACCAGGCTTCATTCCCC 401 11.340 |31,99 170,28 5,32 miR166d//miR166e//miR166b
CTCGGACCAGGCTTCATTCCC 26 716 2,07 10,75 5,18 miR166e
GTTCAATAAAGCTGTGGGAAG 12 317 0,96 4,76 4,97 miR396a
TCCCACAGCTTTATTGAACTG 8 199 0,64 2,99 4,68 miR396h
TGCACTGCCTCTTCCCTGGCT 62 1.475 4,95 22,15 4,48 miR408b//miR408
TTGAGCCGTGCCAATATCACG 26 614 2,07 9,22 4,45 miR171c
ACATTATGGGACGGAGGGAGT 16 365 1,28 5,48 4,29 miR1436
CGTTTCACGTCGGGTTCACC 198 4.259 15,79 63,95 4,05 miR894
CCCGCCTTGCATCAACTGAAT 6 127 0,48 191 3,98 miR168a
TTTGGGAATCTCTCTGATGCAC 5 100 0,40 1,50 3,76 miR3630
TCCCCACGGTCGGCGCCA 14 269 1,12 4,04 3,62 miR5054
TTGGACTGAAGGGAGCTCCTT 6 105 0,48 1,58 3,29 miR319¢//miR319d
TTAGATGACCATCAACAAACT 5 85 0,40 1,28 3,20 miR827
TCCAAAGGGATCGCATTGATCC 77 1.200 6,14 18,02 2,93 miR393a//miR393h//miR393
TCGATAAACCTCTGCATCCAG 358 5.521 28,56 82,90 2,90 miR162a//miR162
TTTGGATTGAAGGGAGCTCCT 119 1.817 9,49 27,28 2,87 miR159¢c
AAACCTGGCTCTGATACCA 93 1.320 7,42 19,82 2,67 miR5139
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Cizelge 5.22. (devami)

. Normalize
Orjinal (ham) | ... ..
. . . |edilmis ifade
ifade degeri <.
— degeri
(%2) o
N E
< o o 4 v o 3 <
e X ' - ' ! = e
= Z x Z o < —
ES ¥ > Y > N S
TCGCTTGGTGCAGGTCGGGAAC |10 138 0,80 2,07 260  |miR168
ATTTCGGACCAGGCTTCATTCCCC 410 5552 [32,70 83,37 2,55 miR166
TCGGACCAGGCTTCATTCCTA 37 493 2,95 7,40 251 |miR166b
TTAGATGACCATCAACAAACA |40 529 3,19 7,94 249 |miRg27
miR166q/miR166f/miR166j//
TCGGACCAGGCTTCATTCCTT 233 3.065  |18,59 46,02 248 |miR166c
CCGACCTTAGCTCAGTTGGTG 210 2757 |16,75 41,40 247 |miR6478
TCGATAAACCTCTGCATCCA 33 399 2,63 5,99 228  |miR162a
GATCCCCGGCAACGGCGCCA 465 5595  [37,09 84,01 227 |miR8175
CACTACATTATGGAATGGAGGGA |25 297 1,99 4,46 2,24 miR1118
GGAGGCAGCGGTTCATCGATC 5 58 0,40 0,87 218  |miR162a/miR162b
TCGCAGGAGAGATGGCACTGTC |63 632 5,03 9,49 189 |miR3627
TCGGACCAGGCTTCATTCCT 79 729 6,30 10,95 1,74 miR166¢
CTGACAGAAGATAGAGAGCAC |29 265 231 3,98 1,72 |miR156e
GGGTCGACATGAGAACACATG |6 49 048 0,74 1,54 |miR398
GGAATGTTGTCTGGCTCGAGG 25 197 1,99 2,96 1,48 miR166a//miR166¢//miR166d
GCTCACTGCTCTTTCTGTCAGCT |18 129 144 1,94 135 |miR156b
TCGCTTGGTGCAGGTCGGG 12 79 0,96 1,19 1,24 miR168b
GGAATGTTGGCTGGCTCGAGG 130 846 10,37 12,70 1,23 |miR166e
TCGCTTGGTGCAGGTCGGGA 82 517 6,54 7,76 1,19 miR168
TCATTTTTGCGTGCAATGATCC 126 788 10,05 11,83 1,18 miR1515a//miR1515h
TTTTCCCAAGACCTCCCATACC 33 200 2,63 3,00 1,14 |miR482c
TGCCTGGCTCCCTGTATGCTT 5 26 0,40 0,39 -1,02  [miR160c
TGGGGACTCGAAGACGATCATAT |1.577 6528 |12579  |98,02 -1,28  |miR2916
GGACAGTCTCAGGTAGACA 6 18 048 0,27 -1,77  |miR5368
GCTCACTCTCTATCTGTCACC 6 5 048 0,08 -6,37  |miR156f

KN-sRNA ile KR-sRNA normalize edilmis ifade degerleri (Ek 25) bakimindan
karsilagtirildiginda; her iki ornekte de ifadesi olanlar arasinda en fazla kat artisi olan
miRNA'lar; miR3711, miR894, miR398, miR5054 ve miR2916, en az kat artis1 olan
miRNA'lar; miR166j, miR1515a/b, miR7972, miR403a/b, miR162a, miR159c, miR166a/d
ve miR393 olarak belirlenmistir (Cizelge 5.23.).
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Cizelge 5.23. KN-sRNA ve KR-sRNA'ya ait her iki drnekte de ifadesi olan miRNA'larin
orjinal ifade degerleri ve normalize edilmis ifade degerlerine gore kat degisimleri.

Orjinal (ham) |Normalize
ifade degeri edlvlm¥§ ifade
degeri

) o

27 s 5|35 s &

S x| g T 2 =

x = pa o pa o & x

£ E ¥ Y ¥ Y Y =
TGGCGCTAGAAGGAGGGCCT 86 3.238 6,86 158,65 23,13 miR3711
CGTTTCACGTCGGGTTCACC 198 6.256 15,79 306,51 19,41 miR894
GGGTCGACATGAGAACACATG 6 84 0,48 4,12 8,60 miR398
TCCCCACGGTCGGCGCCA 14 134 1,12 6,57 5,88 miR5054
TGGGGACTCGAAGACGATCATAT |1.577 11.871 125,79 581,62 4,62 miR2916
TTTGGATTGAAGGGAGCTCTG 640 3.143 51,05 153,99 3,02 miR159b
TCTCGGACCAGGCTTCATTCC 5 24 0,40 1,18 2,95 miR166b
ATGCACTGCCTCTTCCCTGGC 25 106 1,99 5,19 2,60 miR408
GATCCCCGGCAACGGCGCCA 465 1.862 37,09 91,23 2,46 miR8175
TGTGTTCTCAGGTCGCCCCTG 91 352 7,26 17,25 2,38 miR398b
AAACCTGGCTCTGATACCA 93 354 7,42 17,34 2,34 miR5139
GGAGGCAGCGGTTCATCGATC 5 19 0,40 0,93 2,33 miR162a//miR162b
TGCACTGCCTCTTCCCTGGCT 62 230 4,95 11,27 2,28 miR408
TCGCTTGGTGCAGGTCGGGAA 130 432 10,37 21,17 2,04 miR168b//miR168
ACATTATGGGACGGAGGGAGT 16 45 1,28 2,20 1,73 miR1436
TCGCTTGGTGCAGGTCGGGA 82 230 6,54 11,27 1,72 miR168
GGAATGTTGGCTGGCTCGAGG 130 351 10,37 17,20 1,66 miR166e
TTTGGACTGAAGGGAGCTCCT 8 17 0,64 0,83 1,31 miR319b//miR319d//miR319e
TTTGGATTGAAGGGAGCTCTT 106 201 8,46 9,85 1,16 miR159b
TTTGGATTGAAGGGAGCTCTA 3.433 6.462 273,83 316,61 1,16 miR159a//miR159b//miR159
TCCCACAGCTTTATTGAACTG 8 15 0,64 0,73 1,15 miR396b
CCCGCCTTGCATCAACTGAAT 6 10 0,48 0,49 1,02 miR168a
TCGCTTGGTGCAGGTCGGG 12 20 0,96 0,98 1,02 miR168b
GGACAGTCTCAGGTAGACA 6 10 0,48 0,49 1,02 miR5368
CCGACCTTAGCTCAGTTGGTG 210 342 16,75 16,76 1,00 miR6478
TTTTCCCAAGACCTCCCATACC 33 51 2,63 2,50 -1,05 miR482c
TCGAACCAGGCTTCATTCCCC 17 23 1,36 1,13 -1,20 miR166e
TTGACAGAAGAGAGTGAGCAC 29 36 2,31 1,76 -1,31 miR156k//miR156n//miR1560
TGAAGCTGCCAGCATGATCTG 204 233 16,27 11,42 -1,43 miR167
TGGAGAAGCAGGGCACGTGCA 32 36 2,55 1,76 -1,45 miR164b//miR164c
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Cizelge 5.23. (devami)

Orjinal (ham) No-rm-a I[ze
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TCGGACCAGGCTTCATCCCCC 20 21 1,60 1,03 -1,55 miR165a//miR165b
CTTGGACTGAAGGGAGCTCCC a7 49 3,75 2,40 -1,56 miR159¢
TTGAGCCGTGCCAATATCACG 26 24 2,07 1,18 -1,76 miR171c
GTCGTTGTAGTATAGTGG 9 8 0,72 0,39 -1,83 miR6300
CGGACCAGGCTTCATTCCCC 26 23 2,07 1,13 -1,84 miR166m
CTGACAGAAGATAGAGAGCAC 29 25 2,31 1,22 -1,89 miR156e
TCGCAGGAGAGATGGCACTGTC 63 52 5,03 2,55 -1,97 miR3627
TCGCTTGGTGCAGGTCGGGAAC 10 8 0,80 0,39 -2,04 miR168
CCGGACCAGGCTTCATTCCCC 32 25 2,55 1,22 -2,08 miR166j
TCGGACCAGGCTTCATTCCCG 17 13 1,36 0,64 -2,13 miR166d
TTGGACCAGGCTTCATTCCCC 12 9 0,96 0,44 -2,17 miR166i
TTGGACTGAAGGGAGCTCCC 154 115 12,28 5,63 -2,18 miR319a//miR319¢c
AAGCTCAGGAGGGATAGCGCC 24 14 1,91 0,69 -2,79 miR390
TCGGACCAGGCTTCATTCCC 5.424 3.146 432,65 154,14 -2,81 miR166¢
TGACGACGAGAGAGAGCACGC 385 190 30,71 9,31 -3,30 miR535d
GAGCTCCTTGAAGTCCAAAAG 100 48 7,98 2,35 -3,39 miR159a
ATTTCGGACCAGGCTTCATTCCCC (410 194 32,70 9,51 -3,44 miR166
TCGGACCAGGCTTCATTCCCCC 31 14 2,47 0,69 -3,60 miR166

miR166a//miR166e//miR166b//

TCGGACCAGGCTTCATTCCCC 401 176 31,99 8,62 -3,71 miR166d
GTTCAATAAAGCTGTGGGAAG 12 5 0,96 0,24 -3,91 miR396a
TCGGACCAGGCTTCATTCTC 30 12 2,39 0,59 -4,07 miR166i
CTCGGACCAGGCTTCATTCCC 26 10 2,07 0,49 -4,23 miR166e
TCGGACCAGGCTTCATTCCCT 35 13 2,79 0,64 -4,38 miR166f
TTTGGATTGAAGGGAGCTCTC 49 17 3,91 0,83 -4,69 miR159b
CACTACATTATGGAATGGAGGGA |25 8 1,99 0,39 -5,09 miR1118
TTCCACAGCTTTCTTGAACTG 636 192 50,73 9,41 -5,39 miR396
TTCCACAGCTTTCTTGAACTT 372 95 29,67 4,65 -6,38 miR396¢
TCGATAAACCTCTGCATCCAG 358 75 28,56 3,67 -1,77 miR162
TCCAAAGGGATCGCATTGATCT 79 16 6,30 0,78 -8,04 miR393
GGAATGTTGTCTGGCTCGAGG 25 5 1,99 0,24 -8,14 miR166a//miR166¢//miR166d
TCCAAAGGGATCGCATTGATCC 77 15 6,14 0,73 -8,36 miR393
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Cizelge 5.23. (devami)
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TCGGACCAGGCTTCATTCCTC 404 71 3223|348 -9,26  |miR166a/miR166d
TTTGGATTGAAGGGAGCTCCT 119 19 9,49 093 -10,20  |miR159c
TCGATAAACCTCTGCATCCA 33 5 2,63 024 -10,75  |miR162a
TTAGATTCACGCACAAACTCG 323 47 2576|230 -11,19  |miR403a//miR403b
TTGTCAGGCTTGTTATTCTCC 423 49 33,74 [2.40 -14,05  |miR7972
TCATTTTTGCGTGCAATGATCC  |126 13 1005 0,64 -15,78  |miR1515a//miR1515b
TCGGACCAGGCTTCATTCCTT 233 23 1859  [1,13 -1649  |miR166j

5.44. KODLANMAYAN RNA SINIFLANDIRMASI

Tum bitki tarleri (viridiplantae) igin rnacentral.org web sunucusundan elde edilen
kodlanmayan RNA dizileri ile gergeklestirilen BLAST sonuglar1 (Ek 26) Cizelge 5.24.'te
verilmistir. Buna gére VR-sRNA'da rRNA oran1 KN-SRNA ve KR-RNA'ya gore dikkate
deger oranda diislik iken, tRNA 4,6 kat, splayz isleminde gorev alan snRNA 6,7 kat ve
RNA biyogenezi ve modifikasyonunda yer alan snoRNA 4,6 kata kadar ylksek oranda

bulunmustur.
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Cizelge 5.24. BLAST sonuglari (okumalar).

KN-sRNA VR-sRNA KR-sRNA
BLAST Eslesen okuma |YUzde |Eslesen okuma |YUzde |Eslesen okuma [YUzde

sayis1 (%) sayisi (%) sayis1 (%)
@'sziase 66.961 0,53 1.407.420 211 [178.866 0,88
rRNA 11.724.126 93,52 47.820.011 71,80 18.733.729 91,78
tRNA 283.111 2,26 7.055.230 10,59 669.858 3,28
SNRNA 154.149 1,23 5.296.058 7,95 240.378 1,18
SnoRNA  |79.991 0,64 1.957.326 2,94 263.054 1,29
BNYVV** |- 0 942 0 0
mMiRNA 175 0 5.072 0,01 277 0
Oncl RNA (7.623 0,06 17.611 0,03 528 0
Diger RNA |198.925 1,59 3.018.265 4,53 238.236 1,17
CDS 16.008 0,13 1.962 0 66.185 0,32
BLAST 5.683 0,05 17.457 0,03 19.143 0,09
olmayan
TOPLAM [12.536.752 100 66.597.354 100 20.410.524 100

* BLAST oncesinde yapilan miRBase anotasyonu verileri, ** 1. BLAST isleminden sonra
BNYVV genomuna haritalama verileri

5.4.5. BILINMEYEN KUCUK RNA ANALIZLERI

BLAST sonucu eslesme gostermeyen KN-sSRNA'da 5.683 okumada 262 dizi, VR-sSRNA'da
17.457 okumada 1.287 dizi ve KR-sRNA'da 19.143 okumada 491 dizi (Ek 27) ile
gerceklestirilen sa¢ tokasi yapisi analizi sonucunda toplam 74 farkli kiigik RNA dizisi igin
186 dizide 173 farkli sa¢ tokasi dizisi (Ek 28-29) belirlenmistir. Her l¢ Ornekte de
birbirinin varyant1 oldugu diisiiniilen benzer diziler bulunmasina karsin, bu dizilerden KN-
SRNA ve KR-sRNA'da ortak olan 3 dizi belirlenirken, VR-sRNA'da tespit edilen diziler
diger orneklerle ortak sag¢ tokasi yapisina sahip dizi igermemektedir. Buna goére KN-
sRNA'da 6, VR-sSRNA'da 62 ve KR-sRNA'da 9 kigik RNA'nin sag¢ tokasi yapiya sahip
olabilecegi tespit edilmistir (Ek 29).

Belirlenen sa¢ tokasi yapisina ait dizilerin kodlanmayan RNA olup olmadiklarini analiz

etmek amaciyla gerceklestirilen BLAST sonuglarina gore;
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I) 74 kicuk RNA dizisi ile gergeklestirilen BLASTN sonuglarina gore bu dizilerin 71
tanesinin kodlanmayan RNA dizileri ile 3 tanesinin ise misc RNA dizileri ile yiksek

oranda benzer oldugu bulunmustur (Ek 29-30).

I1) 173 (186 farkli dizide) sag tokasi dizisi ile ger¢eklestirilen BLASTn sonuglarina gore bu
dizilerin 13 tanesinin mRNA, CDS veya rRNA dizileri ile ile yuksek oranda benzer
oldugu, BLASTx sonuglarina gore ise 34 tanesinin protein dizileri ile ylksek oranda
benzer oldugu bulunmus ve analizlerden ¢ikartilmistir (Ek 29, Ek 31).

Analizlere devam edilen dizilerde ayn1 niikleotidlerin fazla sayida tekrar etmesi (PolyN)
dikkat cekmektedir. Bu nedenle bilinen miRNA'larda mevcut durumun arastiriimasi
gerekmistir. miRBase veritabaninda kayitli tim miRNA dizileri (V.22, 48885 adet miRNA
dizisi, Ek 32) Poly A, T, C, G bakimindan incelendiginde bir dizi i¢inde 7 ve iizeri tekrar
bulunma olasilig yaklasik %0,3 olarak belirlendiginden kiigiik RNA dizilerinde 7 ve Uzeri
tekrarli 103 sag¢ tokasi dizisi analizlerden cikartilmistir (EK 29). Kalan 23 sag tokasi
dizisinden 5 tanesi tekrarlh baz igerigi nedeniyle elenmis, 9 tanesi icin (5 kiigiik RNA'y1
temsil eden) ise karar verilememistir (Ek 29, Ek 33-34). 9 sa¢ tokasi dizisinin farkli 6
kiglk RNA dizisini temsil ettigi ve potansiyel miRNA adayi olabilecegi sonucuna
ulagilmistir (Sekil 5.12., Ek 29).

i : ;"
; 5 o g L 4
& % o A #
o© L LS & % f2 5
o 7 T T A A
& 4 S 5 6 3
S ¢ ¢ ¢
S . y
¢ ¢ - - &
¢ Y t “ % ¥
&5 - 3 £
¢ i H 3
i i & ¢ £
54 7 34 % Ao 5
£ [ -} o
ﬁ(c‘} baf T"‘—v # '{_TE '{_TE ot
64 nt 92 nt 91 nt 80 nt 75 nt 75 nt 64 nt 66 nt 105 nt
1 2 3 4 5 6

Sekil 5.12. Potansiyel miRNA adaylarinin sa¢ tokasi yapilari.

Potansiyel miRNA adaylarina ait diziler, ifade degerleri ve sa¢ tokasi dizileri Cizelge

5.25."te verilmistir.
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Cizelge 5.25. Potansiyel miRNA adaylari, ifade degerleri ve sag tokasi dizileri.

Orjinal (ham) ifade

degeri
Potansiyel miRNA e
No dizisi y Sac tokasi dizisi
< < <
zZ prd Z
x x x
P 0 9
=z nd x
XY > 4
1 AAACAGAATACACGTCGCGA | ¢ 63 |CAAAACAGAATACACGTCGCGACCCGCGATACAG
CCCG ATCGCGAGTCGCGAAAGTGCACTGGTCTTG
TATTACTTTATGTTCCTTCCACCATTCTTAAATAAT
TGCAACATGTGGGGGTTGCACATTTTTTAAGGAG
ATGAGAGAGATAGAGAGAGATG
AAGGAGATGAGAGAGATAGA CATCCTAGTTTGTACTTCCTCCGTTCTTTAATAATT
2 GAGA 43 GCAACATGTAGGGGTTGCACATTTTTTAAGGAGA
TGAGAGAGATAGAGAGAGATG
CTATTTTACTTCCTCCGTTCTTTAATTATTGCAACA
TGTAGGGGTTGCAAATTTTTTAAGGAGATGAGAG
AGATAGAGAG
CGTCCATAAAAGTTTCCCCTTTTCTGTCATTGCAG
AATTCTCCATGATGACGAGAGAGAGAGAGAGTGT
3 |ATGATGACGAGAGAGAGAGA 4 IECAIIE
GAGT CGTCCATAAAAGTTTCCCCTTTTCTGTCATTGCAG
AATTCTCCATGATGACGAGAGAGAGAGAGAGTGC
TGGATG
4 ATTCTCATTAGGGGGGTTGGG ; CGATTCTCATTAGGGGGGTTGGGGGCATTGGGGT
GGC AGGTTGTATTAGGTGCCATGTGAGAGTGCG
GGCGGCCTACGTTGGGCTGTGTTTGGACCTTTCGG
5  |GACCGAGCGCGGACTAG 6 |GGACCGAGCGCGGACTAGCGGTCGGGCTGCT
GTTCATTTCTGCACCATTTCATTAATTTGGGCTGC
5 GTAGGTGCACACGTTCGTATG 5 |GOTTGCTGTTTTAAAGTGCAAATTAGTAGGTGCAC

GTG

ACGTTCGTATGGTGAGGAAGGTGCGCATGATGAA
C

5.4.6. HEDEF ANALIiZLERIi

5.4.6.1. Bilinen MiRNA'larin Hedef Analizi

miRBase anotasyonu sonucunda bilinen 5628 miRNA (tim varyantlar dahil) dizisi ile

eslesen kiguk RNA dizisinden 5261 tanesinin (%93,5) Arabidopsis thaliana gen ID'leri

dikkate alindiginda en az bir geni hedefledigi, toplamda 1560 farkli ID'ye sahip genin

hedeflendigi belirlenmistir (EK 35-36). Hedef analizi sonuglarina ait 6rnekler Cizelge

5.26.'da verilmistir.
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Cizelge 5.26. Bilinen miRNA ile eslesen kiicik RNA dizileri ve hedef analizi 6rnekleri.

)
< N
p—
N ©
= = «
‘D = &0
2 = @ = =
S 2 2|z ks =
© o) = 2 & = N =
< p <l < =2 -: i & -
§ é é S| o ) S =
O o | @ o > =
%)
= Y— x| X Y Y Y — ]
3 2 133 |8 3 2 =
S D S| S o D D = o
Y I Y| ¥ I I I =i &
TTTGGATTGAAG UUUGGAUUGAA . . .
GGAGCTCTA AT2G32460.2 21 |972 992 GGGAGCUCUA Kesim  |myb domain protein 101
CAGCTTTCTTGA CAGCUUUCUUG . Neutral/alkaline non-lysosomal
ACTG AT5G58980.1 16 [1.271 1.286 AACUG Kesim ceramidase
TTGGACTGAAG UUGGACUGAAG . . .
GGAGCTCCC AT2G26950.1 20 (827 846 GGAGCUCCC Kesim  |myb domain protein 104
TTCCACAGCTTT UUCCACAGCUU . .
CTTGAACTG AT2G34530.2 21 |773 793 UCUUGAACUG Kesim  |transmembrane protein
ACAGCTTTCTTG ACAGCUUUCUU " Neutral/alkaline non-lysosomal
AACTG AT5G58980.1 17 |1.271 1.287 GAACUG Kesim ceramidase
TTCCACAGCTTT UUCCACAGCUU . . . .
CTTGAACTT AT5G01370.1 21 709 729 UCUUGAACUU Kesim  |ALC-interacting protein 1
TTTGGATTGAAG UUUGGAUUGAA . . .
GGAGCTCT AT2G32460.2 20 |973 992 GGGAGCUCU Kesim  |myb domain protein 101
TGACGATGAGA UGACGAUGAGA . . L
GAGAGCACGC AT1G69270.1 21 |1.304 1.324 GAGAGCACGC Kesim  [receptor-like protein kinase 1
TTGTCAGGGTTG UUGUCAGGGUU . ]
TGATTCTCC AT2G20010.1 21 |2.883 2.903 GUGAUUCUCC Kesim  |Gls protein (DUF810)
TCACGTCGGGTT UCACGUCGGGU - . o .
CACCA AT3G14850.1 17 |404 420 UCACCA Kesim  |Trichome birefringence-like 41
TTCACGTCGGGT UUCACGUCGGG . . Lo .
TCACCA AT3G14850.1 18 |404 421 UUGAGCA Kesim  |Trichome birefringence-like 41
CACGTCGGGTTC CACGUCGGGUU . . o .
ACCA AT3G14850.1 16 |404 419 CAGCA Kesim  |Trichome birefringence-like 41
TTAGATTCACGC UUAGAUUCACG . . .
ACAAACTCG AT1G31280.1 21 |3.429 3.449 CACAAACUCG Kesim  |Argonaute family protein
TTTGGATTGAAG UUUGGAUUGAA . . .
GGAGCTCTT AT2G32460.2 21 |972 992 GGGAGCUCUU Kesim myb domain protein 101
TGAAGCTGCCA UGAAGCUGCCA . AT hook motif DNA-binding
GCATGATCTG _|AT3C61310.1 211522 L5360 aucaucuc KM lgamily protein
TGAAGCTGCCA UGAAGCUGCCA . AT hook motif DNA-binding
GCATGATCTG  |AT3C61310.1 2L 14660 14680/ ccaucaucUG  [KSIM  Ifamily protein
ATTGGACTGAA AUUGGACUGAA . . .
GGGAGCTCC AT5G06100.1 20 |l.162 1.181 GGGAGCUCE Kesim  |myb domain protein 33
CTTGGACTGAA CUUGGACUGAA . . .
GGGAGCTCCC AT2G26950.1 21 |827 847 GGGAGCUCCC Kesim  |myb domain protein 104
GGGGCTCGAAG GGGGCUCGAAG . aluminum activated malate
ACGATC AT4G00910.1 171469 485 ACGAUC Kesim transporter family protein
UCGAUAA-
TCGATAAACCTC | AT1G01040.1 21 [3447  |3.468|ACCUCUGCAUCC|Kesim |dicer-like 1
TGCATCCAG AG
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Tum ornekler icin kiigiik RNA dizileri ile eslesen bilinen 211 olgun miRNA (tiim
varyantlar dahil) dizisinden 196 tanesinin (%93) Arabidopsis thaliana gen ID leri dikkate
alindiginda en az bir geni hedefledigi, toplamda 122 farkli ID'ye sahip genin hedeflendigi
belirlenmistir (Ek 37).

5.4.6.2. Potansiyel miRNA Adaylarinin Hedef Analizi

Analizler sonucunda sag¢ tokasi yapisina sahip potansiyel miRNA aday: alt1 diziden bes
tanesinin hedef geni belirlenmistir (Sekil 5.13., Cizelge 5.27.).

Analysis result

Scoring Schema: User-customized Schema (o]
Download: & Filtering by keywords: expect: UPE: Sortingby:| Expectafion(E) v | mRNAAce ¥ m
M« 5Rows Page 11 » W
miRNA Acc. Target Acc. Expect UPE Alignment Target Description Inhibition  Multiplicity
ATTCTCATTAGGGGGGTTGGGGEC  AT4G24690.1 15 11697 e ubiquitin-assoeiated (UBAJTS-N domain-containing protein / Cleavage 1
- - p1 (PE1) domain-cont; protein |
3 sma Chrd:12741032-12744670 FORWARD LENGTH=2742 | 201606
AAGGAGATGAGAGAGATAGAGAGA  AT5G43940.2 20 8431 o GroES-ike zinc-binding dehydrogenase family profein | Chrs:17634156- Cleavage 1
o 17686534 FORWARD LENGTH=1440 | 201506
rget 101
AT1G801603 25 11579 L 2 eAOAGA A A 1 Lactoyiglutathione fyase / giyexalase | family protein | Chri:30150897- Cleavage 1
s - 30152588 FORWARD LENGTH=1368 | 201608
arget 899 ACUCUCUCUCUCLUUUGUUGIUAY 922
GACCGAGCGCGEACTAG AT5G05540.1 25 13612 1 sttt 1 small RNA degrading nuclease 2 | Chr5-1636282-1638939 FORWARD Cleavage 1
B LENGTH=1718 | 201806
21 CUAGUUAIGLGLULGGLE 1837
GTAGGTGGACACGTTCGTATGGTG  AT3G56290.1 45 2144 potassium transporter | Chi3:20678446-20679783 REVERSE. Gieavage 1

LENGTH=1061| 201806

Sekil 5.13. Potansiyel miRNA adaylarinin hedef gen analizine ait ektan goriintiisti.

Potansiyel miRNA adaylarinin dizileri ve hedef genlerine ait bilgiler Cizelge 5.27.'de

verilmistir.
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Cizelge 5.27. Potansiyel miRNA adaylarinin hedef analizi sonuglari.

O
= ©
E &1 S| = < =
- p—( —
& a) 5 gl | =2 S
E — '_m', é)- °o = = O _
—_— C I C c
[ o 2 8 S| @ @ s §
%* O < « o @ S 2 =
c .- ) S| 5| Bx | B =
8.2 S S| © - .2 = =
@) 5 N D = 2 o o O N -g o
prd Ao I g E IT| T IS — Qo
1 AAACAGAATACACGTC | ) ) ) ) ) )
GCGACCCG

2 UCUCUCUAU GroES-like zinc-binding

'TAQSEQSQZGAGAGAGA AT5G43940.2 |1 |24 |78 101 |CUCUCUCAU [Kesim |dehydrogenase family protein
UuUCcuuC (HOTS)

3 ACUCUCUCU .
ATGATGACGAGAGAGA AT1G801603 |1 |24 lsag l922 |cucUUUUGU |Kesim Lactoylglutathlorje Iyase_/
GAGAGAGT glyoxalase | family protein

UGUUAU
4 ubiquitin-associated
UBA)/TS-N domain-
GCcucceee (UBAY _
ATTCTCATTAGGGGGGT . containing protein /
TGGGGGC ATAG24690.1 |1 24 [1.672 (1.695 |UCCCUUGAU |Kesim octicosapeptide/Phox/Bempl
GAGAAU - o
(PB1) domain-containing
protein

5 CUAGUUUG .

GACCCAGCECGOACTA |ATsG0s540.1 |1 |17 |1621 (1637 [UGUUUGGU |Kesim |l RNVA degrading
c nuclease 2

6 AAUCAUAU

giﬁ?gg?gACACGTTC AT3G56290.1 (1 |24 (782 |805 |GAAUGUGU |Kesim |potassium transporter
UUGCUUGU

5.4.7. YOLAK ANALIZLERI

Bilinen miRNA'lar ile eslesen kiiciik RNA dizilerinin hedef genlerinin ortoloji analizlerine
gore etkilenen yolaklara bakildiginda KN-sRNA ve KR-sRNA'da yolaklar bakimindan
ciddi bir faklilik gortlmemistir (EK 38). KR-sRNA'da en ¢ok etkilenen yolaklar arasinda
"amino seker ve niikleotid seker metabolizmasi" ve "glisin, serin ve threonin
metabolizmasi" dikkat ¢ekerken (Ek 39-40), VR-sRNA'da bilinen miRNA'lar ile eslesen
kiiglik RNA'larin bazi varyantlarinin 6nemli yolaklarda yer alan genleri hedefledigi tespit
edilmistir (Ek 41-53).

Virilis stresi tarafindan etkilenen ©Onemli yolaklar arasinda “endositoz", "ribozom",
"splayzozom™, "viral karsinogenesis”, "RNA tasima" ve "bitki hormon sinyal" yolaklar1 yer
almaktadir (Cizelge 5.28.).
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Cizelge 5.28. KEGG ortoloji analizinde one ¢ikan yolaklar.

Bilinen miRNA'lar ile eslesen kiicik RNA
dizileri tarafindan yolaklara gére
Yolaklar hedeflenen gen sayis1*
KN-sRNA VR-sRNA KR-sRNA
04144 Endositoz (Ek 42) 2 14 3
03010 Ribozom (Ek 43) 1 12 3
03040 Splayzozom (Ek 44) 0 12 3
05203 Viral karsinogenez (Ek 45) 3 11 4
03013 RNA tagima (Ek 46) 2 11 2
04075 Bitki hormon sinyal iletimi (Ek 47) 2 11 2
04714 Termojenesis (Ek 48) 2 10 1
00190 Oksidatif fosforiilasyon (Ek 49) 3 9 3
05165 Insan papillomaviriis enfeksiyonu 1 9 2
04110 Hiicre dénguisii (EK 50) 3 8 3

* Tlgili yolakta bir gen birden fazla yerde bulunabilir, her biri sayilmistir.

Sag¢ tokasi yapisina sahip potansiyel miRNA'larin hedef genleri bakimindan etkilenen

onemli sayilabilecek bir yolak tespit edilememistir (Cizelge 5.29.).

Cizelge 5.29. miRNA adaylarinin etkiledigi hedef genlerin yer aldig1 yolaklar.

Potansiyel miRNA dizisi KEGG KEGG yolak
ortoloji ID
AAGGAGATGAGAGAGATAGAGAGA |K00121 Glikolizis/Glukanogenesis, Yag asidi

degredasyonu, Tirozin metabolizmasi,
metabolik yolak, Ikincil metabolit
biyosentezi, Karbon metabolizmasi

ATTCTCATTAGGGGGGTTGGGGGC K17987 Mitofaji - animal

GACCGAGCGCGGACTAG K14570 Ribosom biyogenezi - 6karyot

5.4.8. ONTOLOJi ANALIZLERI

Ontoloji analizleri sonucuna gore Ornekler arasinda molekiiler fonksiyon ve biyolojik
proses siniflandirmasi bakimindan 6nemli fark olmadigi gézlenmistir. Her (i¢ 6rnek (KN-
SRNA, VR-sRNA ve KR-sRNA) i¢in de bilinen miRNA'lar ile eslesen dizilerin hedef

genlerinin biiyiik c¢ogunlugu molekiiler fonksiyon bakimindan katalitik aktivite ve
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baglanmada rol oynamakta iken biyolojik proses bakimidan metabolik proses ve biyolojik
diizenlemede gorev almaktadir (Sekil 5.14., Ek 54).

Hedef gen ontolojisi

% 50,0
% 45,0

% 40,0

% 35,0

% 30,0

% 25,0
% 20,0

% 15,0

% 10,0
% 5,0
% 0,0

Katalitik aktivite

Translasyon regiilator
Molekiiler dontistiiriici. .
Yapisal molekiiler aktivite

Molekuler Fonksiyon

Ureme

Geligsimsel proses
Metabolik proses
Hiicresel igerik. !

Coklu organizma prosesi

Biyolojik Proses

Coklu hiicresel proses

Hiicre birlesme
Ekstraseluler bélge

protein-containing complex

Hiicresel
Kompanent

= KN-sRNA
HVR-sRNA
KR-sRNA

Sekil 5.14. Ontoloji analizi grafigi.

5.5. miRNA VE HEDEF GEN VALIDASYONU

5.5.1. miRNA VALIDASYONU

Hem kuraklik hem de virlis stresi uygulanmis 6rnek icin validasyon amaciyla secilen

miRNA'larin dizileme sonucu elde edilen ifade seviyeleri ile bu miRNA'larin Es Zamanl

PZR sonucu elde edilen ifade seviyelerinin beklendigi sekilde dogru orantili oldugu
sonucuna ulasilmistir (Cizelge 5.30.-5.31., Sekil 5.16.-5.19.).

Amplification Curves

Amplification Curves

13501
& 11501]
2

2 as01]
§ e
g 5501
3501
& 1501

-0.493|

5

10

15

E3
Cycles

Sekil 5.15. U6 ve Potansiyel miRNA primerlerinin tim orneklerde amplifikasyon egrisi

grafigi.

103



Viriis stresi uygulanmis 6rnek igin segilen miRNA'lar ve ifade degerleri Cizelge 5.30.'da

verilmisgtir.

Cizelge 5.30. Viriis stresi uygulanmis 6rnek igin validasyonu gergeklestirilen miRNA'lara
ait ham veri, normalize edilmis veri ve relatif ifade farkliliklar1 (Ek 55-56).

VR-sRNA/KN- VR-SRNA/KN-sRNA | VR-RNA/KN-
SRNA kat degisimi kat degisimi RNA Es Zamanh
MiRNA (ham veri) (normalize veri) PZR kat degisimi
Potansiyel miRNA 1 -68,00* -361,23 -13,93
miR5161 20,58 3,87 5,23
miR168 41,60 7,83 6,42
miR159 79,17 14,90 65,04
miR894 12,77 2,40 5,60

* lgili dizi VR-sRNA'da bulunmadi@1 igin ifade analizinde 1 adet dizi var olarak hesaplanmustir.

Viriis stresi uygulanmis drnek icin secilen miRNA'lar ve ifade degerlerine ait grafik Sekil

5.16.'da gosterilmektedir.

150,00
100,00
50,00 = =
0,00 A el —o—VR-sRNA kat degisimi
E -50,00 MW@M (ham veri)
% -100,00 {MIRNAL 7 —8— VR-sRNA kat degisimi
© -150,00 / (normalize veri)
2 -200,00 7 VR-RNA RT-PCR kat
-250,00 / degisimi
-300,00
-350,00 J
-400,00

Sekil 5.16. Viriis stresi uygulanmis 6rnege ait validasyon grafigi.

Viriis stresi uygulanmis kok 6rneginde potansiyel miRNA 1 dizisi bulunmadig icin ifade
seviyesinin Olgiilebilmesi amaciyla ifade degeri "1" olarak kabul edilmis ve korelasyon
grafiginde dikkate alinmamustir. Viriis stresi uygulanmis kok Orneginde validasyon
sonucunda elde edilen ifade degerleri karsilastirildiginda potansiyel miRNA 1 disinda
diger miRNA'lar i¢in yiiksek derecede korelasyon (r=0,842) tespit edilmistir (Sekil 5.17.,
Ek 57).
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Sekil 5.17. Viriis stresi uygulanmis kok 6rneginde validasyon sonucunda miRNA'lardan
elde edilen ifade degerleri korelasyon grafigi.

Kuraklik stresi uygulanmis 6rnek icin secilen miRNA'lar ve ifade degerleri Cizelge

5.31.'de verilmistir.

Cizelge 5.31. Kuraklik stresi uygulanmis ornek icin validasyonu gergeklestirilen
miRNA'lara ait ham veri, normalize edilmis veri ve relatif ifade farkliliklar1 (Ek 55-56).

KR-RNA/KN-
KR-sRNA/KN- KR-sRNA/KN-sRNA RNA Es
SRNA kat degisimi kat degisimi Zamanh PZR
miRNA (ham veri) (normalize veri) kat degisimi

Potansiyel miRNA 1 -1,08 -1,76 1,84
miR5161 1,84 1,13 2,10
miR168 2,94 1,81 3,02
miR159 1,97 1,21 5,91
miR894 6,55 4,03 3,45

Kuraklik stresi uygulanmis 6rnek i¢in se¢ilen miRNA'lar ve ifade degerlerine ait grafik

Sekil 5.18.'de gosterilmektedir.
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Sekil 5.18. Kurak stresi uygulanmis 6rnege ait validasyon grafigi.

Kuraklik stresi uygulanmis kok 6rneginde validasyon sonucunda elde edilen ifade degerleri
karsilastirildiginda miR159 disinda diger miRNA'lar icin yliksek derecede korelasyon
(r=0,866-0,828) tespit edilmistir (Sekil 5.19., Ek 57).
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Sekil 5.19. Kuraklik stresi uygulanmis kok 6rneginde validasyon sonucunda miRNA'lardan
elde edilen ifade degerleri korelasyon grafigi.

5.5.2. HEDEF GENLERIN VALIDASYONU

Hedef gen validasyonu amaciyla sentezlenen cDNA'lara ait spektrofotometrik dlgimlerde
c¢DNA’larin safliklar1 ve miktarlar1 (ng/ul) istenilen seviyede elde edilmistir (Cizelge 5.32.,
Sekil 5.20.)
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Cizelge 5.32. Orneklere ait cDNA nanodrop &lgiim degerleri.

No ,'il"(f‘terya' Ornek ng/ ul 260/280 260/230
1 127 KN-RNA (cDNA) 2100 1,83 1,75
2 127 VR-RNA (cDNA) 2018 1,86 1,67
3 127 KR-RNA (cDNA) 2058 1,85 1,78

Sekil 5.20. Hedef gen analizleri igin sentezlenen cDNA'lara ait jel goruntist (%1’ lik
agaroz jel).

Standart egrilerin etkinlik (efficiency) degeri 2’ye ve slope degeri ise -3.3’e yakin olacak
sekilde belirlenmistir. Histon H3.3 genine ait ornek standart egri, amplifikasyon egrisi ve

erime egrisi grafikleri Sekil 5.21.'de verilmistir.

Amplification Curves

5 10 1 3 El % 0

]
Cycles

Sekil 5.21. Histon H3.3 genine ait standart egri, erime egrisi (melting curve) ve
amplifikasyon egrisi grafigi.
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Hem kuraklik hem de viriis stresi uygulanmis 6rnek i¢in hedef gen validasyonu amaciyla
secilen miRNA'larin dizileme sonucu elde edilen ifade seviyeleri ile bu miRNA'larin hedef
genlerinin Es Zamanli PZR sonucu elde edilen ifade seviyelerinin beklendigi sekilde ters
orantili oldugu sonucuna ulasilmistir (Cizelge 5.33.-5.34., Sekil 5.22.-5.25.).

Viriis stresi uygulanmis 6rnek i¢in secilen miRNA'lar ve hedef genlerinin ifade degerleri

Cizelge 5.33.'de verilmistir.

Cizelge 5.33. Viriis stresi uygulanmig 6rnek i¢in hedef gen bakimindan validasyonu
gerceklestirilen miRNA'lara ait ham veri, normalize edilmis veri ve hedef genlerin relatif
ifade farkliliklar: (Ek 58-59).

VR-RNA/KN-
RNA Es
VR-sRNA/KN- VR-sSRNA/KN- | Zamanh PZR
SRNA kat degisimi | SRNA Kkat degisimi | kat degisimi
MiRNA (ham veri) (normalize veri) (hedef gen)
Potansiyel miRNA 2 43,00* 8,09 -3,76 (HOT5)
miR168 41,60 7,83 -2,80 (AGO1)

* [1gili dizi KN-sRNA bulunmadig1 i¢in ifade analizinde 1 adet dizi var olarak hesaplanmustir.

Virtiis stresi uygulanmis o6rnek i¢in se¢ilen miRNA'lar ve hedef genlerinin ifade degerlerine

ait grafik Sekil 5.22.'de gosterilmektedir.

50,00
43,00‘
40,00
T ¢ Potansiyel miRNA 2
30,00
E E miR168
Z 20,00 \\
")
T 10,00 R,nqi\ —— Dogrusal (Potansiyel
2 7 83\\ -2.80 MiRNA 2)
] (AGO1)
0,00 0 — Dogrusal (miR168)
-10,00 =376
(HOTS)
-20,00

Sekil 5.22. Viriis stresi uygulanmis 6rnege ait miRNA ve hedef geninin validasyon grafigi.

Virilis stresi uygulanmis ornekte miRNA ifade seviyesi ile hedef gen ifade seviyeleri

arasinda negatif korelasyon tespit edilmistir (Sekil 5.23., EK 57).
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43.00— Potansiyel .10~ Potansivel
miRNA 2 - HOTS miRNA 2 - HOTS

i_HamVeri
5
2
I

. gisimi
gisimi_NormalizeVeri

VR_sRNA_KatDet

VR_sRNA_KatDe:

near=1 miR168 - AGO] SR SaLinear=1

4160 miR168 - AGO1 780

T T T T T T T T T T T T
-3.80 360 -340 -320 -3.00 -280 260 -3.80 360 340 320 -300 280 280

VR_RNA_KatDegisimi_HedefGen VR_RNA_KatDegisimi_HedefGen

Sekil 5.23. Viriis stresi uygulanmis 6rnekte miRNA ifade seviyesi ile hedef gen ifade
seviyeleri korelasyon grafigi.

Kuraklik stresi uygulanmis Ornek i¢in secilen miRNA'lar ve hedef genlerinin ifade
degerleri Cizelge 5.34.'te verilmistir.
Cizelge 5.34. Kuraklik stresi uygulanmig 6rnek i¢in hedef gen bakimindan validasyonu

gerceklestirilen miRNA'lara ait ham veri, normalize edilmis veri ve hedef genlerin relatif
ifade farkliliklar1 (Ek 58-59).

KR-RNA/KN-
KR-sRNA/KN- |RNA Es Zamanh
KR-sRNA/KN- SRNA kat PZR kat
SRNA kat degisimi degisimi degisimi (hedef
miRNA (ham veri) (normalize veri) gen)
Potansiyel miRNA 2 -1,00* (0) -1,63 (0) -1,03 (HOT5)
miR168 2,94 1,81 -3,82 (AGO1)

* Tlgili dizi KN-SRNA ve KR-sRNA'da bulunmadigi i¢in ifade analizinde 1'er dizi var olarak hesaplanmustir.

Kuraklik stresi uygulanmis ornek icin secilen miRNA'lar ve hedef genlerinin ifade

degerlerine ait grafik Sekil 5.24.'te gosterilmektedir.
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-2,00 \ ——Dogrusal (miR168)
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Sekil 5.24. Kurak stresi uygulanmis O6rnege ait miRNA ve hedef geninin validasyon
grafigi.

Kuraklik stresi uygulanmis ornekte miRNA ifade seviyesi ile hedef gen ifade seviyeleri

arasinda negatif korelasyon tespit edilmistir (Sekil 5.25., Ek 57).

300 . 200
BIRIGEECOT miR168 - AGO1

200 100

i_NormalizeVeri

i_HamVeri

gisimi
gisimi
1

100

0.00—

KR_sRNA_KatDe
KR_sRNA_KatDe:

R Sq Linear
Potansiyel

Potansivel o
100 RO 200-| miRNA 2 - HOTS

R Sqlinear = 1

T T T T T T T T T T T T T T
400 350 300 250 200 150 -1.00

-400 =350 -3.00 -2.50 -2.00 -150 -100
KR_RNA_KatDegisimi_HedefGen KR_RNA_KatDegisimi_HedefGen

Sekil 5.25. Kuraklik stresi uygulanmig 6rnekte miRNA ifade seviyesi ile hedef gen ifade
seviyeleri korelasyon grafigi.
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6. TARTISMA VE SONUC
6.1. TARTISMA

Biyotik ve abiyotik stres diinya ¢apinda tarimsal verimi ve Uriin kalitesini ciddi sekilde
azaltmaktadir (197,419). Bu nedenle bitkilerin biyotik ve abiyotik streslere karsi
gelistirdikleri yanit mekanizmalarin1 ve bu stres faktorlerinin nasil tolere edildigini
anlamak, elverissiz kosullar altinda bitkinin verimliliginin artirilmasi i¢in biiylik 6nem
tasimaktadir. Bu kapsamda kiiltiir tiirleri ile yakin akraba yabani tiirlerin sahip olduklar
stres tolerans Ozellikleri, strese dayanikli gesitlerin gelistirilmesinde 6nemli bir kaynak
olusturmakta ve strese dayanikliligi artirmak icin yabani gen kaynaklarindaki bu

ozelliklerin kiiltiir ¢esitlerine aktarilmasi zorunlu gortilmektedir (377-379).

Yeni Nesil Dizileme (NGS) platformlar: bitkilerde strese dayali olarak gelisen gen ifade
seviyelerindeki degisikliklerin ve mekanizmalarin belirlenmesine yardimci olabilecek
detayli veriler saglamaktadir (420,421). Bu sayede farkli stres kosullarinda gesitli bitki
tirlerinde biyotik ve abiyotik strese yanitta rol alan genlerin transkriptom diizeyinde
aragtirtlmasi kolaylagsmaktadir. Bu amagla mikrodizin ve RNA dizileme teknikleri yaygin
olarak kullanilmaktadir (170,422-424).

Guniimiizde farkl tiirlere ait birgok bitkide miRNA tanimlanmasi ve karakterizasyonuna
yonelik ¢alismalar yapilmakta olup, Ozellikle pamuk (285), yonca (286), misir (425) ve
celtik (426) gibi bitkilerde miRNA dizileme temelli arastirmalarin daha yogun oldugu
gorilmektedir. Seker endiistirisinde yaygin olarak kullanilan seker pancari ise, stres
dayanikliligi ile iliskili genlerin tanimlanmasinda iyi bir bitki-gen kaynagidir (427). Ancak
yabani pancarlarda 6zellikle biotik ve abiotik stres yanitinda rol alan miRNA'larin ve bu
miRNA'larin hedef genlerinin veya fonksiyonlarinin belirlenmesine yonelik ¢aligmalar

oldukga sinirhdir.

Bu tez calismasinda yabani pancarda stres kosullarinda gelisen miRNA profili ortaya
cikartilarak; miRNA ifade seviyelerinin ve bu miRNA’lar tarafindan hedeflenen genler ile
iliskili yolaklarin tespiti ile stres kosullarina karsi yabani pancar tarafindan gelistirilen

kompleks yanit mekanizmasinin daha iyi anlasilmasini saglayacak bulgular elde edilmis ve
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stres faktorlerinin olumsuz etkilerini en aza indirmek ve strese dayanikli seker pancari

tiretimini gelistirilmek i¢in yeni stratejilere temel olusturacak veriler saglanmigtir.
6.1.1. STRES FAKTORLERINE YONELIK ONE CIKAN miRNA’LAR

Tez kapsaminda bilinen miRNA'lar ile eslesen kiicik RNA dizileri olgun miRNA olarak
gruplandirildiginda; virlis stresi uygulanmis Ornekte 209, kuraklik stresi uygulanmis
ornekte ise 83 miRNA belirlenmistir. Belirlenen miRNA’larin ortalama 21 niikleotit

uzunlugunda oldugu gézlemlenmistir.

Viriis stresi uygulanmig kOk orneginde orjinal ifade degerleri bakimindan en ¢ok ifadeye
sahip miRNA'lar sirasiyla (varyantlar dahil); miR159, miR166, miR396, miR319,
miR7972, miR535, miR403, miR167, miR398, miR2916, miR168, miR162, miR8175,
miR393, miR894, miR164, miR3711, miR6478, miR408, miR165, miR394, miR6300,
mMiR156, miR5139, miR390 olarak belirlenirken kuraklik stresi uygulanmis kok 6rneginde
orjinal ifade degerleri bakimindan en ¢ok ifadeye sahip miRNA'lar sirasiyla (varyantlar
dahil); miR2916, miR159, miR894, miR166, miR3711, miR8175, miR168, miR398,
miR5139, miR6478, miR408, miR396, miR167, miR535, miR319, miR5054, miR162
olarak belirlenmistir. Ozellikle kuraklik stresi uygulanmis kok érneginde ok fazla ifade
olan miR2916, varyantlarinin ve hedef genlerinin sayis1 bakimindan degerlendirildiginde
tartismada dikkate alinmamistir. Tartisilan hedef genlerin isimleri ve kisa tanimlarinda

Uniprot (401), TAIR (402) ve Araport (428) internet sitelerinden yararlanilmistir.

Viriis stresi uygulanmig kok orneginde bulunan miRNA sayisi, kontrol kok ornegi ile
olgun miRNA ifade farkliligi analizinde, "orjinal (ham) ifade degerleri” kullanilarak
yapilan karsilastirma ile "normalize edilmis ifade degerleri” kullanilarak yapilan
karsilastirma arasinda bazi farkliliklara neden olmustur. Bu farklilik kuraklik stresi
uygulanmis kok ornegi ile kontrol kok orneginin ifade farkliligi analizinde ise nispeten

daha az bulunmustur. Bu kapsamda;

a) Viris stresi uygulanmis kok 6rneginde bir miRNA'nin orjinal ifade degeri kontrol kok
ornegine gore olduk¢a yiikksek olmasina karsin normalizasyon sonucunda ifade

artist/azalig1 goreceli olarak degismektedir,
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b) Ayn1 geni hedefleyen bir miRNA'nin varyantlart farkli ifade seviyelerine sahip

olabilmektedir,

¢) Onemli olan kontrol ve stres uygulanmis ornekler karsilastirildiginda ayni genin ifade

seviyesinin azalmasinin veya artmasinin élgtilmesidir.

Bu nedenle tartismada, normalizasyon sonrasi ayni geni hedefleyen aynt miRNA'larin
varyantlarinin ifade artis veya azalislar1 birlikte degerlendirilmistir (Ek 60-61).
Degerlendirme sonucunda en az (+/-) 1,5 kat ifade degisimi olan miRNA'lar tartismaya
dahil edilmistir. Varyantlari ile birlikte degerlendirildiginde normalizasyon oncesi ifade
degerleri diisiik olan (virls stresi uygulanmis 6rnek ic¢in yaklasik 100 okuma, kuraklik

stresi uygulanmis 6rnek igin yaklagik 50 okuma) miRNA'lar dikkate alinmamustir.

6.1.1.1. Virls Stresine Yonelik Olarak One Cikan miRNA 'lar

Olgun miRNA'larin normalize edilmis ifade seviyeleri ve hedef genleri dikkate alindiginda
virlis stresi uygulanmis kok orneginde kontrol kok ornegine gére en cok ifadesi artan
miRNA'lar (varyantlar dahil); miR319 (kat degisimi: 72,2), miR6300 (31,63), miR394
(29,8), mMiR164 (22,74), miR398 (18,54), miR396 (19,13), MiR159 (14,12), miR535
(13,12), miR7972 (12,33), miR167 (11,6), miR390 (8,65), miR5181 (8,26), miR403
(8,02), miR165/166 (7,97), miR171 (6,62), miR160 (6,35), miR3711 (6,11), miR408
(5,42), miR168 (5,04), miR393 (4,9), miR156/157 (4,54), miR1436 (4,29), miR89%4
(4,05), miR5054 (3,62), miR162 (2,85), miR5139 (2,67), miR827 (2,64), miR6478
(2,47), MiR8175 (2,27), miR1118 (2,24) ve miR3627 (1,89) olarak belirlenmistir (Sekil

6.1.). ifadesi azalan MiRNA belirlenememistir. miR398'in hedef geni belirlenememistir.

Viriis stresi uygulanmis kOk oOrneginde, onemli sayilabilecek ifade seviyesine sahip
olmasina karsin kontrol kok 6rneginde ifadesi olmayan farkli dizilere sahip miRNA'lardan;

MiR397, miR399, miR1128, miR5049 ve miR5083'lin ifade farkliliklar1 6l¢iilememistir.
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miR156/157 | 4,54 | —— SPL miR408 | 5,42 | —— ARPN
miR150 [1412| —— | MyB101 miRS35 (1312 | = |yusimmme proteii
miR160 | 635 | —— | ARF17 miR827 | 2,64 | —— BAHI
miR162 | 2,85 | —— DCL1 miR894 | 4,05 | —— PUX9
miR164 |22,74| —— cucz miRI118 | 2,24 | —— PER33
miR165/166 | 7,07 | —— PHV miR1128 — 1| ExeBs
miR167 |11,60| —— | ARFS/6 miR1436 | 420 | —— | cIPK17
miR168 | 5,04 | — AGO1 miR3627 | 1,89 | —— t:k'r’:f;lr‘il:m
miR171 | 6,62 | —— SCL6 miR3711 | 611 | —— SBT5.4
miR319 |72,20| — | MYB104 miR5049 —— | vcTIsE4
miR300 | 8,65 | — ERL2 miR5054 | 3,62 | = |Amin oksidaz2
miR303 | 4,00 | — AFB3 miR5083 — h;ﬁ;ﬂm
miR304 |29.80| —| LCR miR5130 | 2,67 | = BBX23
miR306 1913 — AcCTL miR5181 | 8,26 | = BAK1
miR397  — LAC2 miR6300  |31,63| —— ::;:’;:flm
miR398b | 19,54| — miR6478 | 2,47 | = UEDI
miR399 —_— UBC24 miR7972 1233 ——] [Ouier 2 dmein
miR403 | 8,02 | —— AGO2 miR8175 | 2,27 | — dl:;’:f;"':jm

Sekil 6.1. Viriis stresi uygulanmis kok 6rneginde tespit edilen miRNA'lar, miRNA-ifade
kat degisimleri ve hedef genleri.
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Kuraklik ve virls stresi ile iligkili miRNA profilinin degerlendirilmesinde; Beta
corolliflora'nin her bir genotipindeki yiiksek heterozigotluga sahip genom yapisindan
dolay1r ortaya ¢ikacak varyasyonlarin azaltilmasi amaciyla ortak kontrol bitkisinin
kullanimina gidilmistir. Kontrol 6rnegi ve viriis stresi uygulanan 6rnekte belirlenen tiim
miRNA'lar (6ncii, varyant, olgun) dikkate alindiginda ifade degeri bakimindan kontrol
orneginde daha yiiksek degere sahip az sayida miRNA varyanti olmasina ragmen, ifade
farklilik analizleri gerceklestirilen olgun miRNA'lar dikkate alindiginda viriis stresi
uygulanan ornekte bu miRNA'larin tamaminin ifade seviyesinde artig goriilmektedir. Yine
bu miRNA'larin bazilarinda yiiksek derecede ifade artisina (miR319, +72,2 Kkat)
rastlanmaktadir. Bu durumun degerlendirilmesi amaciyla benzer ¢aligmalar taranmistir.
Beta corolliflora ile ilgili olarak genom ve miRNA diizeyinde bir ¢alismaya
rastlanilmamistir. Diger yabani pancar tiirleri icin gerceklestirilen literatiir taramasi
sonucunda ise Liu ve arkadaglar1 (2017) tarafindan Beta vulgaris ile ayn1 seksiyonda yer
alan Beta macrocarpa tiriinde BNYVV stresi ile iliskili miRNA'larin belirlenmesine
yonelik yapilan (283) sadece bir ¢alisma belirlenebilmis ve bu ¢aligsma ile tezde viriis stresi

ile iligkili olarak belirlenen bilinen olgun miRNA'lar karsilastirilmistir.

Bu kapsamda karsilagtirilan ¢alisma ile tezde belirlenen bilinen olgun miRNA'lar
(varyantlar1 dahil) i¢in ifade farkliklar1 bakimindan yapilan degerlendirme Sekil 6.2.'de

Ozetlenmistir.

Beta corolliflora Beta macrocarpa
(ffadesi artan miRINA lar) (ifadesi artan miRINA'lar)

(NN

Beta macrocarpa
(ffadesi azalan miRINA'lar)

Sekil 6.2. Virls stresi sonucu Beta corolliflora kok dokusunda belirlenen bilinen olgun
miRNA (varyantlar1 dahil) ifade profilleri ile Beta macrocarpa yaprak dokusunda
belirlenen bilinen olgun miRNA (varyantlar1 dahil) ifade profillerine ait ven diyagrami (+5,
kontrol 6rneginde ifadesi hi¢ bulunmayan miRNA'lar).
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Karsilastirilan ¢aligmada en az 2 kat ifade degisikligi gosteren bilinen olgun 38 miRNA
ailesi belirlenmistir. Bu miRNA'larin (varyantlari dahil) 32 tanesinin ifadesinin arttig1
gosterilmektedir. ifade artis1 gdsteren bazt miRNA varyantlarmin ise ¢ok yiiksek ifade artis
degerlerine (miR162a: +161,65 kat; miR168a: +130,31 kat; miR160a: +103,41 Kat;
miR396b: +69,92 kat) sahip oldugu goriilmektedir. Tezde belirlenen ifade artigina sahip
bilinen olgun miRNA'lardan, karsilastirilan ¢alisma ile ortak olanlarin tamaminda ifade

artis1 tespit edilmistir.

Karsilastirilan ¢alismada hem kontrol hem de viriis stresi uygulanan érnekte ham okuma
degerleri bakimindan en ¢ok degere sahip bilinen olgun miRNA ve/veya varyantlarinin
siralamasi birbirine benzer durumdadir. Karsilastirilan ¢alismada kontrol 6rneginde en ¢ok
ham okuma degerine sahip miRNA ve/veya varyantlar1 miR159, miR393, miR396,
MiR166 olurken tezde kontrol 6rneginde benzer sekilde miR166 ve miR159 en ¢ok ham
okuma degerine sahip miRNA ve/veya varyantlari olarak belirlenmistir. Yine
karsilastirilan ¢caligmada viriis stresi bulastirilan 6rnekte en ¢cok ham okuma degerine sahip
miRNA ve/veya varyantlar1 miR159, miR396, miR166 olurken tezde virls stresi
uygulanan ornekte benzer sekilde miR159, miR166, miR319 ve miR396 en ¢ok ham

okuma degerine sahip miRNA ve/veya varyantlari olarak belirlenmistir.

Tezde viriis stresi uygulanan ornekte en ¢ok ham ifade degerine sahip olan miR159'un
(varyantlar1 dahil) ifade artis1 (+14,2 kat) ile, karsilastirilan ¢aligmadaki miR159'un bir
varyantinin ifade artisi (miR159a: +19,28) birbirine yakin olarak bulunmustur. Tezde virls
stresi uygulanan 6rnekte en ¢ok ifade artigina sahip miRNA olan miR319'un (varyantlar
dahil) karsilastirilan ¢aligmada bulunan iki varyant:1 ise farkl ifade degisikligi (miR319:
+2,04 / miR319b: -2,25) gostermektedir.

Hem Beta corolliflora'da hem de Beta macrocarpa'da en ¢ok ifade artisina sahip olan
bilinen olgun miRNA'lar (varyantlar1 dahil) degerlendirildiginde (Beta macrocarpa; B.m:
varyantlarina gore en az kat artis1 - en fazla kat artig1 / Beta corolliflora; B.c: varyantlari
dahil kat artis1);

Beta corolliflora‘'da ifadesi en ¢cok artan miRNA'lar karsilastirildiginda; miR319 (B.m:2,04
/ B.c: 72,2), miR394 (B.m: 3,23 / B.c: 29,8), miR164 (B.m: 9,30 / B.c: 22,74), miR396
(B.m: 2,03-69,92 / B.c: 19,13), miR398 (B.m: 2,03-2,93 / B.c: 18,54) ve miR159 (B.m:
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2,02-19,28 / B.c: 14,2) olarak belirlenirken, Beta macrocarpa'da ifadesi en ¢ok artan
miRNA'lar karsilastirildiginda; miR162 (B.m: 2,68-161,65 / B.c: 2,85), miR168 (B.m:
4,86-130,31 / B.c: 5,04), miR160 (B.m: 2,26-103,41 / B.c: 6,65), miR396 (B.m: 2,03-69,92
/ B.c: 19,13), miR535 (B.m: 3,41-56,08 / B.c: 13,12) ve miR403 (B.m: 41,48 / B.c: 8,02)

olarak belirlenmistir.

Karsilastirilan ¢alismada ifadesi azalan bilinen olgun miRNA'lar incelendiginde ifade
azaliglarinin siirh oldugu, okuma sayilar1 ve ifade farkliliklar1 bakimindan ise onemli
sayilabilecek dort miRNA'nin éne ¢iktign goriilmektedir. miR169 (B.m: -2,34- (-27,28'°%) /
B.c:-), miR2916 (B.m: -2,36) / B.c:-), miR2938 (B.m: -3,06 / B.c:-), miR319 (B.m: -2,25 /
B.c:72,2). Ayrica aynt miRNA'nin bazi varyantlarinda ifade artis1 gézlenirken bazilarinda
ifade azalis1 gézlenmistir (6rnek: miR319: +2,04 / miR319b: -2,25).

Karsilastirilan ¢alismada kullanilan Beta macrocarpa tlrinun Beta vulgaris ile ayni
seksiyonda yer almasi, BNYVV stresinin Beta macrocarpa tiiriiniin yapraklarina
uygulanmis olmasi, Beta macrocarpa tiirlinlin viriis stresi toleransi bakimindan Beta
corolliflora'dan farkli olabileceginin g0z Oniinde bulundurulmasi, Kkarsilastirilan
caligmadaki ifade profili ve farkli bitki tiirlerine uygulanan farkli viriis stresi kosullarinda
belirlenen miRNA'larin ¢ogunlukla ifade artisina (Cizelge 2.5.) sahip olmast birlikte
dikkate alindiginda; tezde viriis stresi uygulanmis ornekte belirlenen tiim bilinen olgun
miRNA'larin ifadelerinin artmis olmasinin ve bazt miRNA'larin yiiksek ifade degerine
sahip olmasimmin normal kabul edilebilecegi diisiiniilmektedir. Bununla birlikte tez
calismasinda oOncelikli olarak kuraklik ve viriis stresi ile iliskili miRNA profillerinin
tanimlanmast amacglanmig  olup bu miRNA'larin  gerek ifade degisimlerinin
degerlendirilmesi (tezde, potansiyel miRNA 1, miR5161, miR168, miR159 ve miR894 icin
yapilan RT-PZR c¢aligmasi gibi) gerekse fonksiyonlarinin daha iyi aydinlatilmasi i¢in
ileriye yonelik olarak yapilacak g¢alismalarda (miRNA dizilemesi dahil olmak (izere)

biyolojik tekrarli arastirmalar Onerilmektedir.

9 Karsilastirilan ¢alismada ilgili miRNA varyantiin dizisi kontrol Srneginde 35, viriis stresi drneginde

sadece 1 kez okunmustur. Normalizasyon sonrasi ifade kat degisimi -27,28 olarak belirlenmistir.
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6.1.1.2. Kuraklk Stresine Yonelik Olarak One Cikan miRNA'lar

Olgun miRNA'larin normalize edilmis ifade seviyeleri ve hedef genleri dikkate alindiginda
kuraklik stresi uygulanmis kdk orneginde kontrol kok ornegine gére en ¢ok ifadesi artan
miRNA'lar (varyantlar dahil); miR3711 (kat degisimi: 23,13), miR894 (19,41), miR398
(8,6), miR5054 (5,88), miR8175 (2,46), miR398 (2,38), miR408 (2,37), miR5139 (2,67)
ve miR168 (1,94), en cok ifadesi azalan miRNA'lar (varyantlar dahil) ise; miR319 (-1,88),
miR3627 (-1,97), miR165/166 (-3,07), miR535 (-3,3), miR396 (-5,72), miR162 (-7,96),
miR393 (-8,18), miR403 (-11,19), miR7972 (-14,05) ve miR1515 (-15,78) olarak
belirlenmistir (Sekil 6.3.).

miR162 | -7,96| —— DCL1 miR168 | 1,94 | —— AGO01
miR165/166 | 3,07 | —— PHV miR398 | 8,60 | ——

miR319 |-1,88| —— | MYB104 miR398b | 2,38 | ——i

miR303 | -818| — AFB3 miR408 | 2,37 | —— ARPN
miR396 | -5,72| —— Acn miR894  |19.41 | —— PUX9
miR403  |-11,19| — AGO2 miR3711 [23,13 | —— SBT5.4
miR535 | 330 | —— hgme:?:eini miR5054 | 588 | ——| |Amin oksidaz2
miR1515 |-15,78) —— | Remorin miR5139 | 2,34 | —— BBX23
miR3627 | -1,97 | —— tfk'::f‘:fzm miR8175 | 2,46 | — em':::f;’:;fm
miR7972 |-14,05| —] |03t arm dmein

Sekil 6.3. Kuraklik stresi uygulanmis K6k orneginde tespit edilen miRNA'lar, miRNA-
ifade kat degisimleri ve hedef genleri.
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6.1.1.3. Viriis ve Kuraklik Stresine Yonelik Olarak One Cikan miRNA'larin ve

Hedef Genlerinin Degerlendirilmesi

Farkli bitki tiirleri ile yapilan ¢alismalarda kurakliga tolerans saglanmasinda rol alabilecegi
ve virlis stresinde ifadesinin degistigi belirtilen mMiR156/157'nin, SBP/SPL genini
hedefledigi belirtilmektedir (Cizelge 2.4.-2.5.). Kuraklik stresi kosullarinda miR156in
farkli sekilde ifade edildigi gosterilmistir (141,318). Analiz bulgularina gore
miR156/157'nin o6zellikle SPL10 genini hedefledigi belirlenmistir. Kuraklik —stresi
uygulanmis  Ornekte miR156/157'nin ifade seviyesinde anlamli bir degisiklik
g6zlenmezken, viriis stresi uygulanmig 6rnekte ifadesi artmistir. Vejetatif gelisim sirasinda

yaprak lamina seklinin kontroliinde rol alan SPL10'un baskilanmasi, stres kosullarinda

yaprak morfolojisindeki degisimleri destekler niteliktedir.

mirl59 ve miR319, MYB transkripsiyon faktorlerinin ifadesini diizenlerken, mir319'un
TCP transkripsiyon faktorlerini de hedefledigi belirtilmektedir (Cizelge 2.4.). Yapilan
aragtirmalarda miR159 ve miR319 gen ailelerinin yakindan iligkili oldugu ve 21
nikleotitlerinin  ortak oldugu agiklanmistir (429). miR159 tarafindan MYB65'in
baskilanmasiin hiicre dongiisiinii bloke ederek primer kdk biiylimesini olumsuz yonde
etkiledigi (295) ve miR319'un yaprak gelisiminin kontroliinde rol aldigi tespit edilmistir
(296). Analiz bulgularmma gore kuraklik stresi uygulanmis 6rnekte miR159'un ifade
seviyesinde anlamli bir degisiklik tespit edilemezken miR319'un ifade seviyesi diisiik
oranda azalmistir. Buna gdre bu miRNA'larin kuraklik toleransinda oénemli bir etkisinin
olmadig1 goriilmektedir. Biyotik strese yonelik olarak yapilan miRNA ¢alismalarinda ise,
miR159 ve miR319’un RKN (root knot nematod; kdk ur nematodu)'ye karst savunmada rol
aldiklar belirtilmistir (319,320). Bircok bitki tiiriinde farkli viriis stresi uygulamalarinda
ifadesi artan, semptomlarla iligkili bulunan ve antiviral savunmada rol aldig1 belirtilen
miR159 ve miR319 (Cizelge 2.5.), viriis stresi uygulanmis 6rnekte en ¢ok ifade seviyesine
sahip miRNA'lar arasinda yer almaktadir ve her iki miRNA'nin ifade seviyesi de kontrole
gore artis gdstermistir. Oyle Ki, miRNA anotasyonuna gore viriis stresi uygulanmis drnekte
eslesme gosteren KigUk RNA dizilerinin 1/3'inii miR159 ve miR319 olusturmaktadir.
miR319 ifade seviyesi en cok artan (70 kattan fazla) miRNA olarak tespit edilirken,
miR159'un MYB101 transkripsiyon faktorini, miR319'un ise MYB104 transkripsiyon
faktorund baskiladigi belirlenmistir. MYB101, ABA ve GA gibi hormon sinyal
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yolaklarinda rol alan, hiicre farklilasmasi ve yaprak morfolojisinin diizenlenmesinde de
gorevli 6nemli bir transkripsiyon faktorldiir. ABA tarafindan aktive edilen sinyal
yolaginin ve programli hiicre 6liimiiniin pozitif diizenleyicisi olarak hareket etmektedir.
Ifade seviyeleri dikkate alindiginda viriis stresine kars1 Beta corolliflora tarafindan verilen

yanitta en dnemli miRNA'lar olarak miR159 ve miR319 6ne ¢ikmaktadirlar.

MIiR160 oksin yolaginda strese yanit veren genlerin ifadesini diizenleyen ARF
transkripsiyon faktorlerini hedeflemektedir (Cizelge 2.4.). Analiz bulgularina gore
miR160min ARF17 transkripsiyon faktoriinii hedefledigi belirlenmistir. Kok gelisiminden
sorumlu ARF17'nin kuraklik stresine tolerans ile iligskilendirilmesine (Cizelge 2.4.) karsin
kuraklik stresi uygulanmis 6rnekte anlamli ifade degisikligi gézlenmemistir. Farkli viriis
streslerine karsi antiviral savunmada rol alan ve semptom gelisimi ile iligskilendirilen
miR160"n (Cizelge 2.5.) ifade seviyesi viriis stresi uygulanmis ornekte artis gostermistir.
Ifade artiss miR160'n oksin sinyal yolagmin ve kék gelisiminin diizenlenmesinde rol

alabilecegini gostermektedir.

MIRNA biyojenezinin ana bileseni DCL1 geni, kuraklik ve viriis stresine yanitta rol
almakta (Cizelge 2.4.-2.5.) ve mirl62 tarafindan diizenlenmektedir. DCL1 geninin ifade
seviyesi olgun miRNA'nin meydana gelmesindeki rolii nedeniyle kritik 6nem tasimaktadir.
Yiiksek kuraklik stresine karst miR162'nin ifade seviyesinin azaldigi belirtilmektedir (290).
Analiz bulgularina goére kuraklik stresi uygulanmig 6rnekte miR162'nin ifade seviyesi
benzer sekilde azalmistir. Cesitli virlis streslerine karsi farkli ifade seviyeleri gosteren
miR162'nin ifade seviyesi (Cizelge 2.5.), viriis stresi uygulanmis 6rnekte artis gostermistir.
DCL1 geninin baskilanmasi, Beta corollifloranin miRNA biyogenez mekanizmasinin
virts stresi tarafindan olumsuz yonde etkilendigini gostermektedir. VirGslerin Urettikleri
proteinler ile miRNA biyogenez yolagmi etkiledikleri géz Oniinde bulunduruldugunda,
DCL1 geninin baskilanmasini dolayli olarak virlisun kendi savunma mekanizmasinin

sagladig diistiniilmektedir.

miR164'ln hedef geni NAC transkripsiyon faktorleri olarak belirtilmektedir (Cizelge 2.4.).
Analiz bulgularina gére miR164'in hedef geni NAC transkripsiyon faktoru ailesinin Gyesi
CUC2 olarak tespit edilmistir. CUC2 geni yaprak morfolojisinden (yaprak tirtigi)

sorumludur. Kuraklik stresi uygulanmis Ornekte miR164'in ifadesinde anlamli bir
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degisiklik olmamistir. Semptomlarla iligkili oldugu belirlenen ve viriis siddeti arttikca
ifadesinde de artis gozlenen miR164 (Cizelge 2.5.), viriis stresi uygulanmig 6rnekte benzer
sekilde ifade olmustur. ifade artis1 viriis stresinin yaprak morfolojisini etkiledigini

gostermektedir.

HD-ZIP ailesi genleri, miR165 ve miR166 tarafindan hedeflenmektedir (Cizelge 2.4.).
miR166, bitkilerde ¢ok c¢esitli hiicresel ve fizyolojik reaksiyonlarda gérev alan ve yiiksek
oranda korunmus bir miRNA ailesidir. Farkli bitki tiirlerinde, miR166'nin tohum, kok
gelisimi ve iyon alimi dahil olmak tizere farkli hedeflere negatif yonde aracilik ettigi ve
aynt zamanda c¢esitli gelisimsel siireglerin modiilasyonunda yer aldigi acgiklanmistir
(299,430,431). Yapilan galismalarda bu iki miRNA'nin kuraklik stresine yanitta gorev
aldigr (141,312) ve miR166'nin viriis enfeksiyonuna karsi ifade seviyelerinin farklilik
gosterdigini (daha ¢ok artis yonunde) belirtmektedir (Cizelge 2.5.). Analiz bulgularina gore
miR165/166'nin yaprak morfolojisinin diizenlenmesinde rol alan PHV genini (HD-ZIP
ailesi Uyesi) (402) baskiladigi belirlenmistir. miR165/166'in kuraklik stresi uygulanmis
ornekte ifade seviyesi azalirken, viriis stresi uygulanmig 6rnekte ifadesi artmistir. Buna
gore Beta corolliflora'da yaprak morfolojisi kuraklik ve viriis stresinden farkli sekilde

etkilenmektedir.

MIiR167'nin kuraklik stresine yanitta gorev aldigi, oksin yolaginda yer alan IAR3 genini
hedefledigi ve 1AR3'iin kok gelisimde rol aldigi gosterilmistir (432). Ayrica miR167 nin
patojen savunmasina yanitta rol aldigi ve Dogal Makrofaj Protein (NRAMP) genlerini
hedefledigi agiklanmistir (433). Yapilan ¢alismalar miR167'min viriis enfeksiyonuna kars1
ifade seviyelerinin farklilik gosterdigini (daha ¢ok artig yontnde) belirtmektedir (Cizelge
2.5.). Analiz bulgularma gére miR167, kuraklik stresi uygulanmis ornekte anlamli ifade
degisikligi gostermezken, virlis stresi uygulanmis Ornekte ifadesi artmistir. Hedef geni
oksin yolaginda ¢igek gelisiminde rol alan transkripsiyon faktorlerinden ARF8 olarak
belirlenmistir. Virls stresinde miR160 tarafindan ARF17'nin hedeflenmesi ve miR167
tarafindan ARF8'in hedeflenmesi, strese yanit veren genlerin ifadelerini goreceli azaltmasi

nedeniyle viriis stresinin oksin yolagini ciddi sekilde etkiledigini gostermektedir.

mMiR168 ve miR403, RNA susturma mekanizmasinda gorev alan AGO genini hedef

almaktadir (Cizelge 2.4.). miRNA'lar tarafindan hedef mRNA'nin susturulmasinda birlikte
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gorev aldiklart AGO geninin miR168 ve miR403 tarafindan hedeflenmesi post
transkripsiyonel gen diizenlenmesini dogrudan etkilemektedir. miR403 viral siRNA'y1
hedefleyerek antiviral savunmada rol almakta ve bagisiklik sistemini diizenlemektedir
(434) miR168 ve miR403'ln hedef analizlerinde miR168'in AGO1 genini, miR403'ln ise
AGO2 genini baskiladig: tespit edilmistir. Kuraklik stresi uygulanmis 6rnekte miR168'in
ifadesi seviyesi diislk derecede artarken, miR403'Un ifade seviyesi 6nemli derecede
azalmistir. Virlis stresi uygulanmis ornekte ise her ikisinin ifade seviyeleri de artmistir.
Kuraklik stresinde miR162 tarafindan hedeflenen DCL1 geninin ve miR403 tarafindan
hedeflenen AGO2 geninin ifadelerinin goreceli artmasi, kuraklik stresine toleransta
miRNA biyogenez mekanizmasinin rol aldigin1 gostermektedir. Viriis stresinde DCL1
geninin baskilanmasi gibi AGO1 ve AGO2 genlerinin ifadesinin de goreceli azalmasi,
virtisler tarafindan kodlanan RNA susturma mekanizmasini baskilayici proteinlerin AGO

aktivitesini bozdugunu (352) gosterir niteliktedir.

GCUCAAACACGCACUUAGAUU
srrrrizrrrinizaaie: IMIR403a/miR403b

GGAGUUUGUGCGUGAAUCUAA

AGO2
5 3

GACCUACGUCUCCA- AAUAGCU
Diiiiiiiiiiies iiieas miR162/miR162a

CUGGAUGCAGAGGUAUUAUCGA

DCL1
5 3

AAGGGCUGGACGUBGUUCECU
Ciiriirosrrrririies miR168/miR168b

UUCCCGAGCUGCAUCAAGCUA

AGO1
5 3

Sekil 6.4. miR162, miR168 ve miR403'lin hedef genleri ve hedef bolgeleri.

miR171'in SCL (Scarecrow-like) genini hedefledigi ve SCL geninin kloroplast gelisimini
baskiladigr gosterilmistir (435). Analiz bulgularina gére miR171 SCL6 genini hedef
almaktadir. Kuraklik stresi uygulanmis ornekte miR171'in ifade seviyesinde anlamli
degisiklik gézlenmemistir. Viriis stresine kars1 farkli ifade seviyelerine sahip olan (Cizelge

2.5.) miR171'in ifadesi viriis stresi uygulanmis 6rnekte artis gostermistir.

Oksin yolaginda yer alan ARF genleri, kodlanmayan RNA sinifinda yer alan TAS3 (trans-
acting siRNA3) tarafindan baskilanmaktadir. Ancak TAS3 geninin ARF genlerini
baskilayabilmesi i¢in siRNA'lar seklinde pargalanmasi gerekmektedir. miR390 ise TAS3
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genini hedefleyerek bu genin siRNA'lara parcalanmasina oOnciiliik eder (436). Hedef
analizlerinde Arabidopsis thaliana ¢cDNA dizileri kullanildigi i¢in kodlanmayan RNA
hedefleri arastirlmamistir. Bu nedenle sadece miR390 i¢in TAS3 genini (AT3G17185)
hedefleyip hedeflemedigi ayrica arastirilmis ve miR390'min TAS3 genini hedefledigi
belirlenmistir (Ek 62). miR390'nin ifade seviyesinde kuraklik stresi uygulanmis ornekte
anlamli degisim gozlenmezken viriis stresi uygulanmis Ornekte artis gozlenmesi Virus

stresinin oksin yolagina etkisini gostermektedir.

Oksin sinyal yolaginda oksin resptorii olarak gorev alan TIR1 geni, miR393 tarafindan
hedeflenmektedir (Cizelge 2.4.). mir393'Un abiotik strese kars1 yanitta, TIR1, AFB1, AFB2
ve AFB3 genlerinin ifade seviyelerini etkiledigi gosterilmistir (437). Analiz bulgularina
gbre oksin reseptori AFB3, miR393 tarafindan hedeflenmektedir. Kuraklik stresi
uygulanmig Ornekte miR393'Un ifade seviyesi azalmistir. Kuraklik stresinde lateral
dallanmanin baskilanmasi stres toleranst saglanmasinda 6nemlidir ancak analiz bulgularina
gbre AFB3'Un ifadesinin goreceli olarak artmasi bu durumu desteklememektedir. Viris
stresine karsi antiviral savunmada rol aldigi ve ifadesinin arttigi gosterilen miR393

(Cizelge 2.5.), viriis stresi uygulanmis 6rnekte benzer sekilde ifade olmustur.

MiR394 viriis stresi uygulanmig 6rnekte ifade seviyesi en ¢ok artan miRNA'lar arasinda
yer almaktadir ve antiviral savunmada rol alabilecegi dnceki ¢alismalarda gosterilmistir
(Cizelge 2.5.). Kuraklik stresi uygulanmig Ornekte ise anlamli ifade degisimi tespit
edilememistir. Analize bulgularina gore hedef gen olarak yaprak damar dokusunun
sekillenmesinde ve oksin yolaginda rol alan LCR (leaf curling responsiveness) geni
belirlenmistir. miR394'tin, BNYVV viriisiiniin nekrotik sar1 damar semptomlar: ile
iligkilendirildiginde, viriis stresinde en ¢ok ifade artisina sahip miRNA'lar arasinda yer
almas1 ve yaprak damar dokusunun sekillenmesinde gorev alan geni hedeflemesi

bakimindan antiviral savunmada rol alabilecegi gdzlenmistir.

miR396'min GRF genlerini hedef alarak, abiyotik stres ve patojen enfeksiyonuna yanitta rol
oynadig1 gosterilmistir (328,438). Kuraklik stresinde miR396 aracili GRF diizenlemesinin,
bitkilerin diisiik su kullanilabilirligini etkiledigi (309,310) ve ifade seviyesinin diisiik su
potansiyeline kars1 artis gosterdigi agiklanmistir (439). Ayrica miR396'nin ifade artisinin
reaktif oksijen tdrlerinin (ROS) Uretimini azalttigi belirtilmektedir (440). Analiz
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bulgularina gére miR396'nin ozellikle bitki damar sisteminde ifade edilen ACI1 genini
hedefledigi tespit edilmistir. Kuraklik stresi uygulanmis 6rnekte miR396'nin ifade seviyesi
azalmustir. Viris stresine karsi semptom gelisimi ile iliskilendirilen miR396 (Cizelge 2.5.),

viriis stresi uygulanmis 6rnekte ifade artig1 gostermistir.

Viriis stresi ile ifadesi farklilik gosteren miR397 ve miR399'un (Cizelge 2.5.) hedef genleri
LAC2 ve UBC24 olarak belirlenmis ancak kontrol 6érneginde ifade gostermedikleri igin

ifade farklilig 6l¢lilememistir.

Bitkide strese yanitta, CSD (Cu/Zn siiperoksit dismutaz) genleri, stiperoksit anyonunu az
toksik olan hidrojen peroksite doniistiirmekte ve boylece bitkiyi siiperoksit serbest
radikallerden korumaktadir. Bu reaksiyon ROS detoksifikasyonu mekanizmasinin temel
basamagini olusturmaktadir (130). miR398 ise bu genleri hedef almaktadir (Cizelge 2.4.).
Biyotik strese karst miR398’in CSD1 genini hedefleyerek patojen direncini gelistirdigi
(131) ve kuraklik stresinde COX5b genini baskilayarak strese yanitinda etkin rol aldigi
aciklanmistir  (441). Hedef analizlerinde miR398'in  anlamli  bir hedef geni
belirlenememesine ragmen hem kuraklik hemde viriis stresi uygulanmis 6rneklerde ifade

seviyesi artmistir.

mMiR535'in dizisi ile miR156'"min dizisinin olduk¢a benzer oldugu (442) ve SPL genini
hedefledigi belirtilmesine (Cizelge 2.4.) karsin analiz bulgularina gore miR535'in
muhtemelen alternatif splayzdan sorumlu niikleotit baglanma proteinini hedefledigi
belirlenmistir. Kuraklik stresi uygulanmig 6rnekte miR535'in ifade seviyesi azalirken viriis
stresi uygulanmig Ornekte ifadesinin arttigi gorulmektedir. Virls enfeksiyonunun
bagisiklikla ilgili genleri alternatif splayza yonelttigi belirtilmektedir (443). Kodlanmayan
RNA analizinde viriis stresi uygulanmis ornekte alternatif splayzdan sorumlu snRNA
oraninin kontrol ve kuraklik stresi uygulanmis Orneklere gore cok yliksek olmasi ve
miR535'in ifadesinin virls stresinde artmis olmasi aralarinda bir iligki olabilecegini

goOstermektedir.

Hedef analizlerinde miR5181'in BR sinyal yolaginda transmembran reseptor BRI1 ile
etkilesim halinde olan BAK1 genini (112) baskiladigi belirlenmistir. BAK1 bitki

gelisiminde pozitif diizenleyici olarak rol almaktadir (444). Viriis stresi uygulanmisg
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ornekte miR5181'in ifadesinin artmasi bitki gelisiminin olumsuz yonde etkilenebilecegini

goOstermektedir.

Daha az bilinen miRNA'larin hedef analizlerinde; miR408, miR5054, miR5083 ve
mMiR5139'un iyon baglanma proteinlerini (ARPN, amin oksidaz 2, metal iyon baglanma
proteini, BBX23), miR6478, miR827 ve miR894'iin ubikitin yolag: ile iligkili genleri
(UFD1, BAH1, PUX9), miR7972'nin protein kinaz baglanma proteinini (Outer arm dynein
hafif zincir 1), miR6300 ve miR1436'nin sinyal iletimi ile iliskili genleri (Sistein-Histidin
zengin C1 domain, CIPK17), miR1118'in antioksidan savunmada rol alan genleri
(PER33), miR1128'"in hiicre duvari yapis1 ve sinsitum seklinden sorumlu genleri (EXPB3),
mMiR3711'in serin proteaz (SBT5.4) genini hedefledikleri belirlenmistir. Bu miRNA'lardan
virlis stresi uygulanmig Ornekte ifade edilenlerin tamaminin ifade seviyeleri artis
gosterirken, kuraklik stresi uygulanmis 6rnekte ifade edilenlerin farkli ifade seviyelerine
sahip oldugu tespit edilmistir (Sekil 6.1., Sekil 6.3.).

6.1.2. YOLAKLARLA ILISKILI TESPIiT EDILEN miRNA'LAR

Yolak analizlerinin gergeklestirildigi KEGG veritabani, yapilan molekiiler ¢aligmalarda
birbirleriyle iliskileri gdsterilmis genlere dayanarak olusturulan yolaklar1 i¢ermektedir.
KEGG-KAAS moduliinde ortolojiye dayali olarak yapilan yolak analizi; sorgulanan gen ile
veritabaninda belirlenmis yolaklarda yer alan genleri fonksiyonel olarak karsilastirarak
ilgili yolaklarin tespit edilmesini saglamaktadir (411). Bu yolaklarda yer alan genler ile
bilinen miRNA'lar ile eslesen kiiciik RNA dizilerinin hedef geni olarak belirlenen
Arabidopsis thaliana cDNA dizileri ortolojik olarak karsilastirilmistir. Karsilagtirma
sonucunda bitkiler icin 6nemli yolaklardan bitki hormon sinyal yolagi ve nisasta siikroz
yolaginin virlis stresi uygulanmis Ornekte tespit edilen miRNA'larin bazi varyantlari
tarafindan hedeflendigi belirlenmistir. Ancak bu varyantlarin ifade degerleri dusiiktiir. Bu
durum hedef analizlerinde en uygun bir hedef genin se¢ilmesinden kaynaklanmaktadir.
Yolaklarda ortolojik olarak hedef genlere sahip miRNA'larin diger varyantlarinin daha
uygun hedef genleri bu yolaklarda yer alan genler ile ortolojik benzerlik tasimiyor olabilir.
Bu nedenle tartigmada bu miRNA'larin ifade degerlerinin 6nemi azalmaktadir. Etkilenen
onemli yolaklar arasinda; endositoz, ribozom, splayzozom, viral karsiyogenez, RNA

tasima, bitki hormon sinyal iletimi, termogenesis, hiicre dongiisii, MRNA izleme, protein
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islenmesi, transkripsiyon faktorleri (Ek 41-53) ve nisasta siikroz metabolizma yolag: (Sekil

6.9.) yer almaktadir.

Ozellikle bitki biiyiime ve gelismesi ile ilgili bitki hormon sinyal yolaklarina bakildiginda
ABA, oksin, giberillin, sitokinin, etilen ve brassinosteroid hormon yolaklarinda yer alan

genlerin (Cizelge 6.1., Sekil 6.5.- 6.8.) hedeflendigi goriilmektedir.

6.1.2.1. Bitki Hormon Yolaklar1

Bitki hormon sinyal yolaginda belirlenen hedeflenen genler ve hedefleyen miRNA'lar

Cizelge 6.1.'de verilmistir.
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Cizelge 6.1. Bitki hormon sinyal yolaginda hedeflenen genler ve hedefleyen miRNA'lar.
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TTGACGGAATTGAATTGGATC miR11097g |10 AT2G26040.1 ko:K14496 PYL; abscisic acid receptor
PYR/PYL family
ATACTCCCTTCGTCCCTTATTAGA  |miR1120 13 AT4G03400.2 ko:K14487 GH3; auxin responsive
GH3 gene family
. ko:K14487 GHS3; auxin responsive
ATACTCCCTCCGTCCCTTAT miR1120 8 AT4G03400.2 G113 gens family
. ko:K14487 GHS3; auxin responsive
ATATACTCCCTCCGTCCCTTATT miR1120 5 AT4G03400.2 o il
AAAAAATACTCCCTCCGTCCCTA | miR1120 5 ATAG03400.2 ey 4487  GH; auxin responsive
GH3 gene family
AATACTCCCTCCGTCCTTTATTAG  |miR1120 5 AT4G03400.2 koK14487 GH3; auxin responsive
GH3 gene family
GAACGGAGGAAGTAGTAGTCATA  |miR1137a |5 AT1G49720.1 Ko o2 ABF: ABA responsive
element binding factor
ATGAGTTACTCCCTCCGTCCCATA  |miR1436 6 AT2G25180.1 ko:K1445TggR-B; two-component
response regulator ARR-B family
AATACTACCTCCGTCCCAAAATAT  |miR1439 5 AT3G11410.1 ko:K14497 PP2C; protein phosphatase
2C [EC:3.1.3.16]
ATGGGACGGAGGGAGTAGTACACT  |miR1442 5 AT1G01740.3 '[‘é’cKzl‘fff l]BSK? BR-signaling kinase
TCTGGATTGAAGGGAGCTCTA miR159 42 AT1G04240.1 ko:K14484 ~ 1AA; auxin-responsive
protein IAA
TTTGAATTGAAGGGAGCTCTA mMiR159 12 AT1G04240.1 ko:K14484 ~IAA; auxin-responsive
protein IAA
TCGGACCAGGCTTCATTTTTCT miR166a//miR1 76 AT3G15540 1 ko:K_14484 IAA,; auxin-responsive
66d protein IAA
miR2602b//miR ko:K14488 SAUR; SAUR family
TCATCTAATTAGTGACG A 12 AT4G38825.1 ot
ATTCAAGCGAAAAAGGGAGCT miR319b 5 AT5G46570.1 ko:K14500 BSK; BR-signaling kinase
[EC:2.7.11.1]
TCCAAAGGGATCGCATTGATTTTA miR393a//miR3 21 AT3G62980.1 ko:K14485 TIR1,; transport inhibitor
93b response 1
TCCAAAGGGATCGCATTGACT miR393a//miR3 10 AT3G62980.1 ko:K14485 TIR1,; transport inhibitor
93b response 1
ATAATACTCCCTTCGTCCCAAAAT  |miR5049c |8 AT1G727703 ko:K14497 PP2C; protein phosphatase
2C [EC:3.1.3.16]
. ko:K14491 ARR-B; two-component
ACTTATTTTGGAACGGAGGAAGT  |miR518L 8 AT1G67710.2 Foxbones requlator ARR.B family
CTTATTTTGGAACGGAGGAAGT miR5181 7 AT1G67710.2 ko:K14491 ARR-B, two-component

response regulator ARR-B family
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Cizelge 6.1. (devami)
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AGAGCCTTGGTGAAGATGTCGGCC  |miR6233 26 AT5G50760.1 'S‘:;Eil:"'% SAUR; SAUR family
GAAGAAGAAGGAGCATG gzgeesglzsa//mm 5 AT2G01570.1 ko:K14494 DELLA; DELLA protein
CTTCCATTTGTACTGTT miR7502d 5 AT5G07210.2 ko:K14491 ~ARR-B; two-component
response regulator ARR-B family
CGAACCCTAAACCCTAAACCC miRg00sc |7 AT1G63500.1 ko:K14500° " BSK; BR-signaling kinase
[EC:2.7.11.1]
TAAGTATTCCCGCCTGTCACGC miR8175 22 AT3G04580.2 ko:K14509 ETR, ERS; ethylene
receptor [EC:2.7.13.-]
. ko:K14509 ETR, ERS; ethylene
GTAAGTATTCCCGCCTGTCACGC  |miR8175 16 AT3G04580.2 feveptor [EC27.13.]
GGTAAGTATTCCCGCCTGTCACGC | miR8175 9 AT3G04580.2 K ETR, ERS; ethylene
receptor [EC:2.7.13.-]
ATGGGACGGAGGGAGTAGTAGATT |miR818d 8 AT1G01740.3 '[‘é’CKzl‘fff ﬂBSK; BR-signaling kinase
AAACCATAAACCCTAAACCCT miRg674b |7 AT1G63500.1 rngs00 BSRylEResignaling kinase
[EC:2.7.11.1]
AAACCGTAAACCCTAAACCCT miR8674b |6 AT1G63500.1 '[‘I‘E’CKzl‘;Sff l]BSK; BR-signaling kinase

ABA yolagi; ABA yanitinda rol alan ABF transkripsiyon faktorlerinin, 0zellikle geng
yapraklarin trikomlarinda, kotiledonlarda, koklerde, yash yapraklarda ve ciceklerde ifade
oldugu ve ifade seviyesinin ABA, soguk ve sicak stresi ile uyarildigi belirtilmektedir (56).
Analiz bulgularina gére miR1137a, ABF transkripsiyon faktorlerini hedeflemektedir.
ABF'yi fosforile eden SnRK2 geninin aktivitesini baskilayarak ABA sinyal yolagini
engelleyen PP2C, miR5049c ve miR1439 tarafindan hedeflenmekte iken PP2C'nin
inhibisyonunu saglayarak SnRK2'nin baskilanmasina engel olan ve ABA sinyal yolagini
harekete geciren ABA reseptorleri PYR/PYL, miR11097g tarafindan hedeflenmektedir
(68-72) (Sekil 6.5.).
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miR5049c

[miR11097¢| miR1439 miR1137a
Absisilz asit |p¥mm|—|| PP2C |—|| SnRK?2 |—-| ABF |—- DNA

Sekil 6.5. ABA sinyal yolaginda (73) hedef genler ve hedefleyen miRNA'lar.

Oksin yolagy; yapilan ¢alismalarda oksin yolaginda yer alan oksin reseptéri TIR1 geninin
miR393 tarafindan hedeflendigi gosterilmistir (437). Hedef analizlerinde benzer sekilde
mMiR393a ve miR393b'nin TIR1 genini hedefledigi tespit edilmistir. Cesitli bitki tiirlerinde
erken oksin yanitinda rol alan ii¢ temel gen simifi Aux/IAA, SAUR ve GH3 genleri olarak
tanimlanmustir (445). Analiz bulgularina gére miR166a/d ve miR159 Aux/AAA genlerini
hedeflerken, miR1120 GH3 genlerini, miR2602b, miR6233 ve miR2585c ise SAUR
genlerini hedeflemektedir (Sekil 6.6.).

miR166a/d
miR393a miR166a/d miR150
miR393b miR150 L

1 1 AUXTAA

—r
Oksin | AUX1 |—-| TIR1 |—||AIDUIAA|—| ARF | — DNA — GH3 |—‘ miRllZl]‘

T

SAUR

T

miR2602b

miR2585c
miR6233

Sekil 6.6. Oksin sinyal yolaginda (73) hedef genler ve hedefleyen miRNA'lar.

GA yolagi; GA, reseptori GID1 tarafindan taninmakta (446), GA ile GID1'in baglanmasi
ile GA-GID1-DELLA kompleksinin olusmasi saglanmakta ve sonunda DELLA proteinleri
26S proteazomlar tarafindan degredasyona ugramaktadir (447,448). Analiz bulgularina
gOre DELLA genini baskilayan tek bir miRNA (miR6426a/b) tespit edilmistir (Sekil 6.7.).

1

Giberillin | GID1 |—b| DELLA |_| TF | — DNA

Sekil 6.7. Giberillin sinyal yolaginda (73) hedef genler ve hedefleyen miRNA'lar

Sitokinin yolagy; analiz bulgularina goére sitokinin yolaginda transkripsiyonel
duzenleyiciler olarak gorev yapan B-ARR genleri (449) miR5181, miR1436 ve miR7502d
tarafindan hedeflenmektedir (Sekil 6.8.).
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miR5181
miR1436
miR7502d

1
Sitokinin | CRE1 |—“ | AHP |—“| B-ARR | — DNA —»
L _

Sekil 6.8. Sitokinin sinyal yolaginda (73) hedef genler ve hedefleyen miRNA'lar.

Etilen yolagi; Arabidopsis thaliana'da etilen, ETR1, ERS1, ETR2, ERS2 ve EIN4'ten
olusan bes iiyeli bir reseptor ailesi tarafindan algilanmaktadir (450,451). Filogenetik
analizlere ve bazi ortak yapisal 6zelliklere gore bu etilen reseptorleri, iki alt aileye sahiptir.
1. alt ailede ETR1 ve ERSL, 2. alt ailede ise ETR2, ERS2 ve EIN4 yer almaktadir. Yapilan
analizler, bu reseptorler arasinda fonksiyonel benzerlikler oldugunu gostermekle birlikte 1.
alt aile reseptorlerinin genellikle etilen sinyal yolaginda baskin bir rol oynadigini
gostermektedir (452). Analiz bulgularina gore etilen sinyali reseptorleri ile iligkili olarak
sadece tek bir miRNA (miR8175) ETR genini hedeflemektedir.

Brassinosteroid yolagi; brassinosteroidin algilanmasinda gorev alarak sinyal iletim
yolaginin aktivasyonunu saglayan hiicre membran reseptorii BRI1 (BR insensitive 1)'e
sinyal iletiminde aracilik eden BSK (BR signaling kinases) geni (112) analiz bulgularina
gore bes farkli miRNA tarafindan hedeflenmektedir. Bu miRNA'lar miR818d, miR8005c,
mMiR8674b, miR319b, miR1442 olarak belirlenmistir.

Larson ve arkadaslar1 (2008) tarafindan yapilan proteomik ¢alismada BNYVV virilisunin
ABA ve oksin yolagimi uyardigi gosterilmistir (453). ABA ve oksin sinyal yolaklari gibi
kok gelisimi ile ilgili yolaklarin BNYVV tarafindan uyarilmasi, bunun hastalik
semptomlari (sagakli kok) ile iliskili olabilecegini gostermektedir. Analiz bulgularina gore
bu yolaklarda yer alan genlerin baskilanmasi ise semptom gelisiminin engellendigini

diistindiirmektedir.

Tez sonuglarma gore bitki hormon yolaklarininda belirlenen miRNA'lar bu yolaklarin stres

yanit mekanizmasinda oynadiklari roliin anlagilmasina katki saglayacaktir.

6.1.2.2. Nisasta ve Siikroz Metabolizma Yolag:

Diger onemli yolaklardan nisasta ve siikroz metabolizma yolaginda yer alan bazi genlerin

hedeflendigi goriilmektedir (Cizelge 6.2.).
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Cizelge 6.2. Virlis stresi uygulanmis ornekte nisasta ve siikroz metabolizma yolaginda
hedeflenen genler ve hedefleyen miRNA'lar.
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TAAAAAGAAAAGGAGGGAGT miR10405a 5 AT3G60140.2 '[‘E:C’fglzlfgf]&z'lﬂ; beta-glucosidase
AACATACTCCCTCTGTCCCAAAAT | miR1120b 6 AT2G44490.1 |[<§:C|§g121538215]3.2.1.21; beta-glucosidase
TTGGGACGGAGGGAGTATAAATC |miR1122a 6 AT4G18240.1 '[‘E’ZCKnggfl'gA; starch synthase
TTTCTTTTCTATTCTTGGACT miR159b 7 AT5G49190.3 |KOKO0695 E2.4.1.13; sucrose synthase
[EC:2.4.1.13]
ko:K16055 TPS; trehalose 6-phosphate
CTCGGACCAGGCTTAATTCCCC  |miR166a/miR166d |5 AT1G68020.1 |synthase/phosphatase [EC:2.4.1.15
3.1.3.12]
TTGTGATGATTCTGATGATGA miR166b 15 AT2G444g03 |KO-KO1188 E3.2.1.21; beta-glucosidase
[EC:3.2.1.21]
GGAATGTTGTTTGGCTCG miR166d 14 |AT1G26560.1 [KO:KO1188 E3.2.1.21; beta-glucosidase
[EC:3.2.1.21]
. ko:K00705 malQ; 4-alpha-
CGGCAAGTTGTCCTTGGCTAC miR169a 100 (AT2GA0BA0.L |t orase [EC.2.4.1.25]
ko:K16055 TPS; trehalose 6-phosphate
TTCCACAGCTTTCTTGCACTG miR396 7 AT1G60140.6 |synthase/phosphatase [EC:2.4.1.15
3.1.3.12]
GGCTCTAATACCATGTCAAAGGAT |miR48Ld 5 AT3G20440.3 |<0:K00700 GBEL; 1,4-alpha-glucan
branching enzyme [EC:2.4.1.18]
AACATACTCCCTCTGTCCCTAAAT  [miR5049e 6 AT2G44490.1 '[‘é’zc'fglzlfgffz'lﬂ; beta-glucosidase
ATATACTCCCTCCGGTCTTTATT  |miR5287a 57 AT1G70710.1 I[(chglzlz 3]'53'2'1'4; endoglucanase
ATACTCCCTCCGGTCTTTATT miR5287a 30 |AT1G707101 I[(chglzlz 3]E3'2'1'4; endoglucanase
ATATACTCCCTCCGGTCTTTAT | miR5287a 10 |AT1G707101 Féchlzlz Z]E3'2'1'4‘ endoglucanase
ATATACTCCCTCCGGTCTTTA miR5287a 9 AT1G70710.1 '[‘chglzlz 3]'53'2'1'4; endoglucanase
ATATACTCCCTCCGGTCTTTATTA  |miR5287a 8 AT1G70710.1 I[(chglzlz 3]E3'2'1'4; endoglucanase
ko:K16055 TPS; trehalose 6-phosphate
CAAAACCCTGAACCCTAAACC miR8674b 5 AT1G70290.2 |synthase/phosphatase [EC:2.4.1.15
31.3.12]
TAGTGGAAAGCTGATGTGGCAC  |miR8723b 51 AT2G44460,1 |KOKO1188 E3.2.1.21; beta-glucosidase

[EC:3.2.1.21]
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Bitkilerde fotosentez reaksiyonunun temel iirlinii olan nisasta ve sikroz farkli dokularda
yuksek miktarlarda depo edilmektedir (454). Kuraklik (455), tuz (456) ve diisiik sicaklik
(457) gibi abiyotik strese kars1 yanitta, bir¢ok farkli bitki dokusunda siikroz birikmekte ve

osmotik diizenlemede gorev almaktadir (458).

Nisasta biyosentezinde, dort temel enzim rol almaktadir. Bu enzimler; ADP-glikoz
pirofosforilazlar, nisasta sentazlar, nisasta dallanma enzimleri ve nisasta dallarin1 kiran
enzimlerdir. Analiz bulgularima gére miR8723b, mMiR5049¢, miR166d, mMiR166b,
miR1120b ve miR10405a beta-glukozidaz, miR1122a nisasta sentaz, MiR166a/d,
mMiR396 ve miR8674b trehaloz 6-fostat sentaz, miR159b sikroz sentaz, miR169a 4-alfa
glukanotransferaz, miR5287a endoglukanaz ve miR481d 1-4-alfa glukan dallanma
enzimini hedeflemektedir (Sekil 6.9.).

Nisasta ve siikroz metabolizma yolag:
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Sekil 6.9. Nisasta ve siikroz metabolizma yolaginda (73) hedef genler ve hedefleyen
miRNA'lar.

Ancak bu yolakla ilgili miRNA’larin belirlenmesine yonelik g¢alismalar sayica azdir.
Celtikte yapilan caligmada miR45-5p'nin  sukroz-fosfat sentaz genini, miR1436 ve
miR1862'nin ise nisasta sentaz genini hedefledigi gosterilmistir (459). Celtikte yapilan

baska bir ¢alismada ise miR159'un nisasta akiimiilasyonu ile iliskili oldugu belirtilmistir
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(460). Tez sonuglarina gore belirlenen miRNA’larin nisasta-slikroz yolag: ile iliskili

caligmalara katki saglayacagi ongoriilmektedir.

6.1.3. POTANSIYEL miRNA ADAYLARI

Son zamanlarda miRNA konusunda yapilan ¢alismalarin artmasi yeni miRNA belirleme

olasiligin1 azaltmaktadir. Beta corolliflora'ya ait genom bilgisi bulunmamasi da yeni

miRNA belirlenmesinde dezavantajli bir durum yaratmaktadir. Cok sayida belirlenen

bilinen miRNA disinda 6 potansiyel miRNA adayi belirlenmis ancak bu adaylarin ifade

seviyelerinin olduk¢a diisiik oldugu tespit edilmistir. Potansiyel 6 miRNA adayindan 5

tanesinin hedef geni NBR1, HOT5, GLYI17, SDN2 ve potasyum tasiyici olarak belirlenmistir

(Cizelge 6.3.)

Cizelge 6.3. Potansiyel miRNA adaylari, hedef genleri ve ifade degerleri.

Orjinal S
- S
<Z‘: (ham) ifade " Z
o A degeri % -
= - s L
T S < < <] g ~ )
= O Zl Z| Z2| & = S
8 Y— x e x Y— o 4
— [«B) w wn (7] [«B] E— (5]
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AAACAGAATACACGTCGCGACCCG 68 63
AAGGAGATGAGAGAGATAGAGAGA AT5GA3940.2 43 HOTS Zﬂiﬁ‘;t’lg“ml Dehidrogenaz
ATGATGACGAGAGAGAGAGAGAGT AT1G80160.3 6 GLYI7 Liyaz
NBR1 Otofaji Ubikitin
ATTCTCATTAGGGGGGTTGGGGGC AT4G24690.1 7 'p’?gtl;l;ma’
baglanma
SDN2 Ekzoniikleaz,
GACCGAGCGCGGACTAG AT5G05540.1 6 niikleik asit
baglanma
GTAGGTGCACACGTTCGTATGGTG AT3G56290.1 5 ?2;?:’;’“ g&i’;‘l‘;ﬁz:yon

Beta corolliflora’da belirlenen potansiyel miRNA adaylar1 fonksiyonel calismalar igin

dayanak olusturacaktir.
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6.2. SONUC

Yabani pancar Beta corolliflora'ya uygulanan kuraklik ve viriis stresi sonucunda miRNA
profilinin degistigi, miRNA ifade seviyelerinin, kuraklik stresinden kismen etkilenmesine
karsin viriis stresinden ciddi sekilde etkilendigi tespit edilmistir. Kiiltiir pancarina gore
kurakligi daha dayanikli olan Beta corolliflora'nin, kuraklik stresinde miRNA profilinin
kismen etkilenmesi, kuraklik stresine karsi toleransin RNA susturma mekanizmasindan
daha cok farkli mekanizmalar ile saglandigimi diisiindiirmektedir. Ancak viris stresine
karsi, belirlenen miRNA'larin sayis1 ve hedef genleri dikkate alindiginda, antiviral direngte
RNA susturma mekanizmasinin 6nemli rol aldigir gorilmektedir. Ayrica virlis stresi
uygulanmis 6rnekte BNYVV virlisene ait RNA dizilerinin elde edilen kiigik RNA ve

miRNA dizilerine oranla nispeten az sayida bulunmasi, Beta corolliflora'nin giiglii antiviral

diren¢ mekanizmasina sahip oldugunun bir gostergesi olarak kabul edilebilir.

Analiz bulgularma gore viriis stresi uygulanmig Beta corolliflora 6rneginde gelisen
miRNA profili hedef gen iligkileri bakimindan; I) bitki hormon yolaklarinda yer alan
genlerin (MYB101; ABA sinyal yolagi, ABF3-ARF8-ARF17-TAS3; oksin sinyal yolagi,
BAK1,; brassinosteroid sinyal yolagi) hedeflenmesi, II) miRNA biyogenezinden sorumlu
genlerin (DCL1; pri-pre miRNA islenmesi, AGO1-AGO2; RISC kompleksi ile hedef
mRNA'nin baskilanmasi) hedeflenmesi, III) yaprak morfolojisinin gelismesinde/
degismesinde rol alan genlerin (SPL10; yaprak lamina sekli, CUC2; yaprak tirtigi, PHV;
yaprak morfolojisi, LCR; yaprak damar dokusu ve ACI1; damar sistemi) hedeflenmesi ve
IV) bir cogu korunmamis miRNA sinifinda yer alan ve farkli fonksiyonlara sahip genlerin

hedeflenmesi olarak siniflandirilabilir.

Ozellikle miR159 ve miR359'un orjinal (ham) ifade degerleri ve kontrol 6rnegine gore
ifade kat degisimleri dikkate alindiginda, bu miRNA'lar tarafindan transkripsiyon faktorleri
MYB101 ve MYB104'Un baskilanmasinin antiviral savunmada Onemli rol aldig
sOylenebilir. Kok gelisimi ile ilgili hormon yolaklarindaki genlerin miRNA'lar tarafindan
hedeflenmesi, rizomanyanin sebep oldugu kok sagaklanmasina karsi gelistirilen antiviral
savunmanin bir pargasi olabilir. Yaprak morfolojisi ile ilgili dnemli genlerin hedefleniyor
olmas1 ise bu miRNA'larin rizomanyanin sebep oldugu sar1 damar semptomlar ile iligkili

oldugunu diisiindiirmektedir. Bunun yaninda viriis stresinin miRNA biyogenez yolagina
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Oonemli etkisi oldugu goriilmektedir. Bu etki antiviral savunmada bitki tarafindan
gelistirilen yanitla ilgili olabilecegi gibi, bu antiviral savunmaya kars1 viriis tarafindan

gelistirilen savunma ile de baglantili olabilir.

Kuraklik stresi uygulanmis 6rnekte, korunmus miRNA'larin ¢ogunun ifadesi kontrol
ornegine gore azalmustir. ifade farkliligi gosteren 6nemli miRNA'larin hedef genleri
dikkate alindiginda miRNA biyogenezinde rol alan DCL1 ve AGO2, oksin yolag1 reseptorii
AFB3 ve yaprak morfolojisinden sorumlu PHV ve ACI1 genleri 6n plana ¢ikmaktadir.
Buna gore Beta corolliflora’da kuraklik stresine karsi gelistirilen miRNA profilinde sinirh

degisiklik oldugu goriilmektedir.

Kuraklik stresine karsi yanitta rol alan bitki hormon yolaklarinda, oksidatif stres ve
antioksidan savunma mekanizmalarinda gorev alan genlerin ifadelerinde 6nemli
sayilabilecek bir degisiklik tespit edilememistir. Ayrica kuraklik stresi ile iliskilendirilmis
LEA ve DHN gibi 6nemli gen ailelerini hedefleyen miRNA tespit edilememistir. Bu
genlerin miRNA'lar tarafindan baskilanmiyor olmasinin da stres toleransina katki sagladigi

varsayilabilir.

Bitki miRNA veritabanlarinda yer alan Onemli ve korunmus miRNA'lar, Beta
corolliflora’da da yogun olarak tespit edilmistir. Bu durum, miRNA ile ilgili yapilan
calismalarin gogunlugunun kiiltiir tiirlerini kapsadig1 diisiintildiigiinde, yabani tirlerde de
bu korunmuslugun gosterilmesi agisindan 6nemli bir sonugtur. Beta corolliflora'da tespit
edilen bilinen miRNA'lardan bir kismmin hedef genleri olmasina ragmen Beta vulgaris

genomuna haritalanamamis olmasinin ayrica degerlendirilmesi gerekmektedir.

Virts enfeksiyonu, R proteinleri, protein kinazlar, transkrispsiyon faktorler ve splayz
faktorler gibi bagisiklikla ilgili genlerin alternatif splayza ugradiklarini gostermektedir
(443). Virus stresi uygulanmis ornekte, kodlanmayan RNA'lar iginde snRNA oraninin
yiiksekligi ve hedef analizinde belirlenen splayz ile iliskili genin ifadesinin goreceli
bastirilmast, virlis stresi ile alternatif splayz mekanizmasi arasindaki iligkinin arastirilmasi

gerektigini ortaya ¢ikarmaktadir.

135



Tez sonuglarina gore, kiiltiir tiirleri ile yakin akraba olan yabani tiirlerin sahip olduklar
dayanikliligin  kiiltiir tiirlerine aktarilmasi durumunda stres toleransinin artacagi

ongorulmektedir.
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EKLER

Ek 1: Ham okuma verilerinden adaptor ¢ikartma isleminde kullanilan parametrelere

ait ekran gorantusi

~Trim adapter
Mame |3

Sequence TGGAATTCTCGGGETGCCAAGG Reverse Complement
Reads |al W

~When an adapter is found

() Remove the adapter and preceding sequence (5 trim)

() Discard the read (matching the 5' end of the read for end matches)

(@) Remove the adapter and following sequence (3 trim)
() Discard the read {matching the 3' end of the read for end matches)

~For reads without adapters

(®) Keep the read

() Discard the read

- Alignment scores costs
Mismatch cost| 2 -5

Gap cost| 3 5

:I'-'Inatd'nl:l‘rresl'plds
() Abow internal matches
() Aow end matches
(®) Abow both internal and end matches
Minimum internal score| 10 -5
Minimum end score. 4 -5
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Ek 2: Ham okuma verilerinden adaptor ¢ikartma ve uzunluk isleminde kullanilan

parametrelere ait ekran gorintusi

Parameters:
Quality trim = Yes
Quality limit = 0,05
Ambiguous trim = Yes
Ambiguous limit = 2
Trim adapter list = 3'adaptor
Automatic read-through adapter trimming = Yes
Use colorspace = No
Remove 5' terminal nucleotides
Remove 3' terminal nucleotides
Discard short reads = Yes

No
No

Minimum number of nucleotides in reads = 16
Discard long reads = Yes
Maximum number of nucleotides in reads = 24
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Ek 3: Adaptor cikarma ve uzunluk filtreleme isleminden sonra coklu niikleotid

tekrarlar1 iceren dizilerin c¢ikartilmasi icin kullanilan parametrelere ait ekran

goruntusu
Reads Vehen an adapter is found For reads without adapters
Al Discard the read (end matches at ¥) Keep the read
Al Discard the read (end matches at 5) Keep the read
Al Discand the read (end matches at 3) Keep the read
Al Drscard the read (end matches at 5 Keep the read
Al Discard the read (end matches at 3) Keep e read
Al Discard the read (end matches at 5) Keep e read
Al Discard the read (end matches at 3) Keap e read
Al Discard the read (end matches at 5 Keep e read

() Alow end matches
@ Allow both internal and end matches
Minimum internal score | 7 -5
Minimum end score | 7 -+
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Ek 4: Adaptor dizileri ¢cikartilmis ve uzunluk filtrelemesi yapilmis dizilerden en az 5

okumaya sahip dizilerin filtrelenmesine ait ekran gorintisu

Parameters:

Custom trim = No

Minimum sampling count = 5

Minimum tag count to report = 5

Reverse tags identical to forward tags = No
Quality trim = No

Quality limit = 0,05

Ambiguous trim = Yes

Ambiguous limit = 0

Trim adapter list = Not set

Automatic read-through adapter trimming = Yes
Use colorspace = No

Remove 5' terminal nuclectides = No

Number of S' terminal nucleotides = 1
Remove 3' terminal nucleotides = No

Number of 3' terminal nucleotides = 1
Discard short reads = Yes
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Ek 5: Analizlere devam edilen dizilerin Beta Vulgaris genomuna haritlanmasi i¢in

kullanilan parametrelere ait ekran goriintiisii

Parameters:

References = RefBeet-1.2

Masking mode = No masking

Match score = 1

Mismatch cost = 2

Cost of insertions and deletions = Linear gap cost
Insertion cost = 3

Deletion cost = 3

Length fraction = 0,5

Similarity fraction = 0,8

Glcbal alignment = No

Non-specific match handling = Map randomly
Output mode = Create reads track

Create report = Yes

Cecllect un-mapped reads = Yes
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Ek 6: Analizlere devam edilen dizilerin Beta Corolliflora RNA-dizileme kontiglerine

haritalanmasi i¢in kullanilan parametrelere ait ekran goriintiisii

Parameters:

Contigs = BetaCorocllifloraBHAseq

Masking mode = Ho masking

Update contigs = Ho

Match score = 1

Mismatch cost = 2

Cost of insertions and deletions = Linear gap cosat
Insertion cost = 3

Deletion cost = 3

Length fraction = 0,5

Similarity fraction = 0,8

Global alignment = Ho

Hon-specific match handling = Map randomly
Cutput mode = Create reads track

Create report = Yes

Collect un-mapped reads = Yes
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Ek 7: Bilinen miRNA'larin belirlenmesi amaciyla miRBase anotasyonu sirasinda

Kkullanilan tiirlerin listesi

miRBase anotasyonunda kullanilan tiirler

Acacia auriculiformis

Digitalis purpurea

Panax ginseng

Acacia mangium

Elaeis guineensis

Phaseolus vulgaris

Aegilops tauschii

Festuca arundinacea

Physcomitrella patens

Amborella trichopoda

Glycine max

Picea abies

Aquilegia caerulea

Glycine soja

Pinus densata

Arabidopsis lyrata

Gossypium arboreum

Pinus taeda

Arabidopsis thaliana

Gossypium herbaceum

Populus euphratica

Arachis hypogaea

Gossypium hirsutum

Populus trichocarpa

Avicennia marina

Gossypium raimondii

Prunus persica

Brachypodium distachyon

Helianthus annuus

Rehmannia glutinosa

Brassica napus

Helianthus argophyllus

Ricinus communis

Brassica oleracea

Helianthus ciliaris

Saccharum officinarum

Brassica rapa

Helianthus exilis

Saccharum sp

Bruguiera cylindrica

Helianthus paradoxus

Salvia sclarea

Bruguiera gymnorhiza

Helianthus petiolaris

Selaginella moellendorffii

Carica papaya

Helianthus tuberosus

Solanum lycopersicum

Chlamydomonas reinhardtii

Hevea brasiliensis

Solanum tuberosum

Citrus clementina

Hordeum vulgare

Sorghum bicolor

Citrus reticulata

Linum usitatissimum

Theobroma cacao

Citrus sinensis

Lotus japonicus

Triticum aestivum

Citrus trifoliata

Malus domestica

Triticum turgidum

Cucumis melo

Manihot esculenta

Vigna unguiculata

Cucumis sativus

Medicago truncatula

Vitis vinifera

Cunninghamia lanceolata

Nicotiana tabacum

Zea mays

Cynara cardunculus

Oryza sativa
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Ek 8: Bilinen miRNA'larin belirlenmesi amaciyla miRBase anotasyonu sirasinda

kullanilan parametrelere ait ekran goriintiis

Parameters:
Rdditional downstream bases = 2
Bdditional upstream bases = 2
Create annotated sample = Yes
Create Mature-grouped sample = Yes
Create Precursor/Reference-grouped sample = Yes
Create report = Yes
Create unannotated sample = No
Maximum mismatches = 2
Missing downstream bases =
Missing upstream bases = 2
Selected species = Acacia auriculiformis, Acacia mangium, Zegilops tauschii, Amborella trichopoda, Aquilegia caerulea,

(5]

Arabidopsis lyrata, Arabidopsis thaliana, Arachis hypogaea, Avicennia marina, Brachypodium distachyon, Brassica napus, Brassica oleracea,
Brassica rapa, Bruguiera cylindrica, Bruguiera gymnorhiza, Carica papaya, Chlamydomonas reinhardtii, Citrus clementina, Citrus
reticulata, Citrus sinensis, Citrus trifeoliata, Cucumis melo, Cucumis sativus, Cunninghamia lanceclata, Cynara cardunculus, Digitalis
purpurea, Elaeis guineensis, Festuca arundinacea, Glycine max, Glycine soja, Gossypium arboreum, Gossypium herbaceum, Gossypium hirsutum,
Gossypium raimondii, Helianthus annuus, Helianthus argophyllus, Helianthus ciliaris, Helianthus exilis, Helianthus paradoxus, Helianthus
petiolaris, Helianthus tuberosus, Hevea brasiliensis, Hordeum wulgare, Linum usitatissimum, Lotus japonicus, Malus domestica, Manihot

esculenta, Medicago truncatula, Nicotiana tabacum, Oryza sativa, Panax ginseng, Phaseolus wvulgaris, Physcomitrella patens, Picea abies,
Pinus densata, Pinus taeda, Populus euphratica, Populus trichocarpa, Prunus persica, Rehmannia glutinosa, Ricinus communis, Saccharum
officinarum, Saccharum sp, Salvia sclarea, Selaginella moellendorffii, Solanum lycopersicum, Solanum tubercsum, Sorghum bkicolor,
Thecbroma cacao, Triticum aestivum, Triticum turgidum, Vigna unguiculata, Vitis vinifera, Zea mays

Strand specific = No

Use miRBase = Yes

Use other socurces = No
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Ek 9: Ribosomal RNA (rRNA), transfer RNA (tRNA), kictk niklear RNA (SnRNA)
ve kicuk nukleolar RNA (snoRNA)'larin belirlenmesi icin yapilan BLAST'a ait

parametrelerin ekran géruntisu

Parameters:

Program blastn
Blast datesbase path
Name of database

Match/Mismatch and Gap Costs

C:\Users\ukiba\clcdatabases

Match 2 Mismatch 3 Existence 5 Extension 2

A Expectation value = 10.0
Word size = 11
Mask lower case = No
Filter low complexity = Yes
Maximum number of hits = 1
Number of threads = 4
Parameters:
Program = blastn
Blast database path = C:\Users\ukiba\clcdatabases
Name of database |ENAsnRNA|
Match/Mismatch and Gap Costs = Match 2 Mismatch 3 Existence 5 Extension 2
C Expectation value = 10.0
Word size = 11
Mask lower case = No
Filter low complexity = Yes
Maximum number of hits = 1

Number of threads = 4

Parameters:

B

Parameters:

D

Program = blastn
Blast database patl

Name of database

Match/Mismatch and Gap Costs
Expectation value = 10.0
Word size = 11

Mask lower case = No

Filter low complexity = Yes
Maximum number of hits = 1
Number of threads = ¢

Program = blastn

Users\ukiba\clcdatabases

= Match 2 Mismatch 3 Existence 5 Extension 2

Blast database path = C:\Users\ukiba\clcdatabases

Name of database

= |ENAsnoRNA

Match/Mismatch and Gap Costs
Expectation wvalue = 10.0

Word size = 11

Mask lower case = No
Filter low complexity = Yes
Maximum number of hits = 1

Number of threads = 4

Match 2 Mismatch 3 Existence 5 Extension 2
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Ek 10: BNYVV genomuna haritalanma icin kullanilan parametrelerin ekran

goruntusu

Parameters:
References = BNYVV-ENA1l, BNYVV-BNAZ, BNYVV-ENA3, BHYVV-ENA4, BNYVV-RHNAS
Mesking mode = No masking
Match score = 1
Mismatch cost = 2
Cost of insertions and deletions = Linear gap co3t
Insertion cost = 3
Deletion cost = 3
Length fraction = 0,5
Similarity fraction = 0,8
Global alignment = No
Hon-specific match handling = Map randomly
Output mode = Create reads track
Create report = Yes
Collect un-mapped reads = Yes
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Ek 11: miRNA, oncii RNA, diger RNA'lar ve Beta vulgaris’e ait CDS (coding

sequences, kodlanan diziler) dizileri ile yapilan BLAST'a ait parametrelerin ekran

goruntasu

Parameters:
Program = blastn
Blast database path
Name of database =|
Match/Mismatch and Gap Costs
A Expectation value = 10.0
Word size = 15
Mask lower case = No
Filter low complexity = Yes
Maximum number of hits =1
Number of threads = 4

Parameters:
Program = blastn

Name of database =|other0

C Expectation value = 10.0
Word size = 11
Mask lower case = No
Filter low complexity — Yes
Maximum number of hits =1
Number of threads = 4

\Users\ukiba\clcdatabases

Match 2 Mismatch 3 Existence 5 Extension

Blast database path = C:\Users\ukiba\clcdatabases
herrna
Match/Mismatch and Gap Costs = Match 2 Mismatch 3 Existence 5 Extension 2

2

Parameters:

Program = blastn
Blast database path = C:\Users\ukiba\clcdatabases

Hame of database =|precursorrna

Match/Mismatch and Gap Costs = Match 2 Mismatch 3 Existence 5 Extension

B Expectation value = 10.0

Word size = 15
Mask lower case = No
Filter low complexity = Yes
Maximum number of hits =1
Number of threads = 4

Parameters:
Program = blastn
Blast database path = C:\Users\ukiba\clcdatabases
Name of databasze

D Expectation value = 10.0
Word size = 11
Mask lower case = No
Filter low complexity — Yes
Maximum number of hits = 1
Nurber of threads = 4

Match/Mismatch and Gap Costs = Match 2 Mismatch 3 Existence 5 Extension 2

2

181



Ek 12: Potansiyel miRNA adaylarinin muhtemel sa¢ tokasi yapilarinin belirlenmesi

icin kullanilan miRCat programina ait parametrelerin ekran goriintiisii

MiRCat Information

Minirmum Free Energy Threshold:

-25.0

Sequence Length:
Min: 16 Max:

enome Hits:

M Allow Complex Loops

Max Unpaired B

Ma

Mi

Min sEMA Loc

Min sRMNA Orientatio

Min Hairpin Length:

Min Paired Bases:
Maximun

P_Val:

Thread unt:

(=]

(=]

[=]

I

|

so |
20 |
B0 |
v

(=]

E
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Ek 13: Hedef analizlerinde kullamlan psRNATarget web sunucusuna ait

parametlerin ekran goruntisu

psRNATarget: A Plant Small RNA Target Analysis Server (2017 Update)  [Visit The Previous Version, 2011 Release]

Choose cDNA library: Arabidopsis thaliana, cDMA, Araport is a one-stop-shop for Arabidopsis thaliana genomics. Araport offers gene and protein reports

- Contact us to add more libraries

Selected Target Transcript Library

Species: Arabidopsis thaliana
Description: Araport is a one-stop-shop for Arabidopsis thaliana genomics e and protein reports
with orth xpression, interactions and the |atest annotation, plus analysis tools, community apps,
and web services.
Project: Araport
Version: vl
Link: Original Link  Download whole file from psRNATarget
Scoring Schema Schema V1 (2011 release) Schema V2 (2017 release) User-customized Schema
# of top targets: 1 Expectation: 5
Penalty for G:U pair: 05 Penalty for other mismatches: 1
Extra weight in seed region: 15 Seed region: 2 - 13 NT
# of mismatches allowed in seed region: 2 HSP size: 16
7 Allow bulge(gap)
Penalty for opening gap: 2 Penalty for extending gap: 05
# Calculate target accessibility
Max UPE: 25 Flank length: 17 113 NT in up/downstream

Translation inhibition range: 10 NT -1 NT

183



Ek 14: Hedef olarak belirlenen genlerin ID’leri ile Ensembl plant veritabanindan elde
edilen cDNA dizilerine ait 6rnek gorintli (cDNA dizilerinin tamam CD'de Ek 14

olarak verilmistir)

EnsemblPlants A

BLAST | BioMart | FTP | Docs & FAGs

B e L T X B

Export all results to

o wiFasTav ¢ Univeresuisonyy [CXSY
Email notification to

. View Unique results only
Transcript stable ID(s) [e.g.

AT1G01010.1]: [ID-list

ARACTCGAA ACARGACCAGTCTTGCGATTCGTCCGAGGAGTCAAAACT =
specified] CTTGCGATTCGT

TATCTCTCTTTTGACTTGICATT TATTCTTGEGCTTGATGGECCCAGTTTTT

GTAGTGATTGTCATGTTATCCACARARAGTARTGACTAGTGGTTCTTTTTARGTAGTGAT
Gene stable ID TCCTARTTCCC TGTTGACCGCTT AAGCTTARRTC

Transcript stable ID 13860 |AT1G13860.2| Probable methyltransferase P

1 ProtKB/ Swiss-Prot;Acc: QEGYWS] |QULL

CcDNA sequences CAGARRARGCTTACACTCATATCACTGAGCTGCTTTGGCTTCG!
Gene description TGTTGTTTCGARATATAATTACTGCTTCTCARRACCCTTTTGTTGETTTTTGTTTICGTT
Gene name GICGATCATIGCTTCARTCTICTTICCTTTICGATCTGRATCATCTGATCICTGRICTICIT

GAGATCTCACTAATAGGATTTTGAGATTGAGTTTTGTCCACAGAATCACGAGGTTTTGT
TGATTIGGTGTACCGTART TGGCAATTACGAGTTAGTTATGGATTTGECGTICAGTGACT
2 GAAR

ARTGGTCTITCCTGATTTGGAATATTCTTGAAGTTTTGGGTAATGATTCAR:
[None Selected] AATGTTGCCTATACATGAGARTAAATGGCTTG ATAIITETTLE

ACE

‘GGAGTTTTAG
GTAAATGAGAAGCCTTTTAGGGACAGRRAGAGGAGTTGGTTGTTGTATAGTGTAGAGATT
TGCTTACRATARARGCTCTTGTTTTGRACCTGGGACCATGARGGTTGCCTCAGTTATIGE
TCTTAGACCAAGGATCAGTGGTTTA TTAACCCTCGGTGTTATTGCTCTCATTAC
ATTTTAGTACCARATTCAGATTCTTCTICTACAACTICAACTACGCGAGTACCGCCRAG

CARCATTTATAGTAACTATGGGAGGGTTAAGGAACAAGCAGCT ATCT:

ARGGTTTTICTCCTTAGGGGT TAATCGETTAARAGAGTTICCTITATGTGOTAR

AGACARTTATGTTCCTTGT TATAACGTAACAGAGAGTGATCGGARTTGTGAGTTTGCAAG

& AAGATGTCTAGTTCOTCCTCCAAGGGATTATAAGATACCACTTAGATGGCC

TGCTAATGTTGCTTH TCAAATTACGTTICACTCGGATGATGGCTTGATCITIG

ATGGGGTTAARGATTACGCTTTICAARTTGCTGAGATGATTGGATTAGGARGCGATAC

AGTITCCTCARGCTGETATACGEACTGTGTTGEACATCGETTGCGGATTTGETAGCTTIG o

fnsembl Genomes release 42 - January 2013 () EBI
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Ek 15: Yolak analizlerinde kullanilan KEGG-KAAS modilline ait parametrelerin

ekran gorantisu

Search program

® BLAST
GHOSTX (amino acd query only)

GHOSTZ (amino acd query only)
Query sequences (in mulki-FasTa)

Text data { L Nucleotide]

* File upload { # Nucleoctide)

GENES data set [jawascript butten or text box]

Representative set

far GEMES I for Eukaryotes I for Prokaryotes I

Manual selection

Organism list I (popup windows)
Selected organisms (up to 40 organisms)

ath

{Example) eco, bsw, syn Clear I

Show the number of Sequences in selected organisms. I

Assignment method

# BEH [bi-directional best hit)

SBH (single-directicnal best hit)

Automatic Annotation Server Ver 2.1

185



Ek 16: Dizilemede kullanilan RNA orneklerine ait Tape Station dl¢iim degerlerine ait

grafikler

Al: Electronic Ladder

& & & & & &

o
| | g 4 -
Bl: KN-RNA
o & #
800D Il
I
o

JRRVARS
T . S\
j N ’P\___/__//_" ] .
. -
| d 4 0 d 93 E
Cl: VR-RNA
000
7000 |
|

DI1: KR-RNA

eaop
7000

6000

s [FU]

000

3000 H
2000 k
1000 . . -

Sampk
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Ek 17: Dizileme sonrasi kalite ol¢iimlerine ait veriler CD'de EK 17 olarak verilmistir
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Ek 18: Adaptor dizilerin ¢ikartilmasi ve dizi uzunluklarimn filtrelenmesi, tekrarh
niikleotidlerin ¢ikartilmasi, en az S okumaya sahip dizilerin saydirilmasi sonucunda

elde edilen verilere ait ekran goruntist (Tum veriler CD'de Ek 18 olarak verilmistir)

File Edit View Download Toolbox Workspace Help

BRSNS e

New

e Import Export Graphics Print  Launch

IV = kontrolsmalRNasample 3

Rows: 128,334 Filter to Selection Filter | =
Small RMA Expression values Length Count —
CEEECTTGECAGAATCAGCGEGEA 113.663,00 24 113663
[ TGAGCATACCTGTCGGGACCC 111.306,00 21 111306
I TACCGTGCGCTGGATTATGACTG 103.631,00 23 103531
[TCGGACCAGGCTTCATTCCCC 89.255,00 21 89255
CTACCGTGCECTGGATTATGACTG 81.075,00 24 81075
I TACGCTGTCTGAGGTAGGAAACCT 66.024,00 24 66024
AGACCCTGTTGAGCTTGACTCTA 52.374,00 23 62374
AGCATACCTGTCGGGACCC 58.462,00 19 58462
ATTGGGACCGETGAACTTGTTTGCT 55.555,00 24 55555
GTGTGAGCATACCTGTCGGGACCC 54.826,00 24 54826
GTGAGCATACCTGTCGGEACCC 53.116,00 22 53116
AATGTAGGCAAGGGAAGTCGGCA 49.431,00 23 49431
ACCCTGTTGAGCTTGACTCTA 47.728,00 21 47728
GAGCATACCTGTCGGGACCC 46.434,00 20 46434
AACTGGTACGGACAAGGGGAATCC 46.282,00 24 46282
TTTTGACTCGTTCGGCACCTTACG 46.159,00 24 46159
AGAGTGCTTGAAATTGTCGGGAGG 45.812,00 24 45812
(TTGGGACCGTGAACTTGTTTGCT 44.751,00 23 44751
[ TTTGACTCGTTCGGCACCTTACG 44.418,00 23 44418
TTTCCCTCTGTGGAACCCCATGCC 44.012,00 24 44012
I TTGAAAATCCGGAGGACCGA 43.818,00 20 435818
CEEGECTTEECAGAATCAGCGEEE 40.281,00 23 40281
AGCTTCTTAGAGGGACTATGGCCT 38.016,00 24 33016
ACCGTGCGCTGGATTATGACTG 34.951,00 22 34951
ATGTAGGCAAGGGAAGTCGGCA 34.805,00 22 34805
AGTCAGAATCCGEGCCAGAAGCGA 33.962,00 24 33962
AAGACCCTGTTGAGCTTGACTCTA 33.716,00 24 33716
AAAAAGCTCGTAGTTGGACCT 31.425,00 21 31425 o,
a Extract Trimmed Reads a Extract Small RMNAs B create Sample from Selection

BEEE M
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Ek 19: Kiclik RNA dizilerinin Beta vulgaris genomuna haritalama verileri CD'de Ek

19 olarak verilmistir
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Ek 20: Kicik RNA dizilerinin Beta corolliflora RNA-dizileme (RNA-Seq)
kontiglerine haritalama verileri CD'de Ek 20 olarak verilmistir
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Ek 21: BNYVV genomuna haritalama verileri CD'de Ek 21 olarak verilmistir
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Ek 22: miRBase anotasyon sonucunda Kkiicilk RNA dizileri ile eslesen bilinen
miRNA'larin olgun (mature), 6ncii (precursor) ve varyant olarak gruplandirilmasina

ait ekran goranttsi (Anotasyona ait tim veriler CD'de Ek 22 olarak verilmistir)

File Edit View Download Toolbox Workspace Help
 BE 88 d
New mport Export Graphics Print  launch Undo Cut
12 =5 KontrolsmallRMNAsample annotated
Rows: 798 Filter to Selection.. Filter
Small RMA Expression val... Length Count = Mame Resource Match type Mismatches
TTCGGACCAGGCTTCATTCCC 5.406,00 21 5406 MIR.166C Citrus sinensis Mature 3 super ]
ATACCGTCCTAGTCTCAACCATA 4.261,00 23 4261 MIR2916 Populus euphratica Precursor variant 1
TCAGATACCGTCCTAGTCTCAACC 3.553,00 24 3558 MIR2916 Populus euphratica Precursor variant 2
TTTGGATTGAAGGGAGCTCTA 3.174,00 21 3174 MIR159 Amborella trichopoda Mature 3 0
TACCGTCCTAGTCTCAACCATA 1.751,00 22 1751 MIR2915 Fopulus euphratica Precursor variant 1
GATACCGTCCTAGTCTCAACCATA 1.536,00 24 1536 MIR2916 Populus euphratica Precursor variant 2
ACCAGGGATCGGCGGATGTTAC 1,531,00 22 1531 MIR2916 Populus euphratica Precursor variant 2
ACCAGGGATCGGCGGATGTTACT 1.352,00 23 1352 MIR2916 Populus euphratica Precursor variant 2
TTGGGGGCTCGAAGACGATCA 1.213,00 21 1213 MIR2916 Populus euphratica Precursor variant 2
TTCACGTCGGGTTCACCA 1.164,00 18 1164 MIR894 Physcomitrella patens Precursor 0
ATACCGTCCTAGTCTCAACCATAA 1.046,00 24 1046 MIR2916 Populus euphratica Precursor variant 1
TATAGTGGTAAGTATTCCCGCCTG 1.003,00 24 1003 MIR8175 Arabidopsis thaliana Precursor variant 2
TGEGGEECTCGAAGACGATC 861,00 19 861 MIR2915 Populus euphratica Precursor variant 1
GGGGCTCGAAGACGATCAGATACC 850,00 24 850 MIR2916 Populus euphratica Precursor variant 2
ACCAGGGATCGGCGGATGTTACTT 797,00 24 797 MIR2915 Populus euphratica Precursor variant 2
ATACCGTCCTAGTCTCAACC 696,00 20 696 MIR2916 Populus euphratica Precursor variant 1
TTCCACAGCTTTCTTGAACTG 636,00 21 636 MIR359G Acadia auriculiformis Mature 5' 0
GGGGGCTCGAAGACGATC 593,00 18 593 MIR2916 Populus euphratica Precursor variant 1
CCAGGGATCGGLGGATGTTACT 567,00 22 567 MIR2916 Populus euphratica Precursor variant 2
GGGGCTCGAAGACGATC 564,00 17 564 MIR2916 Populus euphratica Precursor variant 1
TTTGGATTGAAGGGAGCTCT 544,00 20 544 MIR159b Hordeum vulgare Mature 5 sub 0
TCACGTCGGGTTCACCA 488,00 17 458 MIR894 Physcomitrella patens Precursor 0
TCTCAACCATAAACGATGCCGACC 476,00 24 476 MIR2915 Populus euphratica Precursar 0
TACCGTCCTAGTCTCAACC 453,00 19 4563 MIR2915 Populus euphratica Precursor variant 1
CTCAACCATAAACGATGCCGACT 420,00 23 420 MIR2915 Fopulus euphratica Precursar 0
CCAGGGATCGGCGGATGTTAC 418,00 21 418 MIR2916 Populus euphratica Precursor variant 2
GACCAGGGATCGGCGGATGTTACT 414,00 24 414 MIR2916 Populus euphratica Precursor variant 2
GACCAGGGATCGGCGGATGTTAC 410,00 23 410 MIR2916 Populus euphratica Precursor variant 2
; Extract Reads ; Extract Trimmed Reads ; Extract Small RMAS B Create Sample from Selection
B
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Ek 23: Kiiciik RNA dizilerinin miRBase anotasyonu sonucunda eslestigi olgun

MiRNA'lar, varyantlar dahil gruplandirilmis ifade degerleri (VR-sSRNA gore siral)

KN- |VR- |KR-
MiRNA dizisi (miRBase) MiRNA SRNA |sRNA |sRNA
TTTGGATTGAAGGGAGCTCTA MIR159a/MIR159b/MIR159 3433  [263770 |6462
TCGGACCAGGCTTCATTCCC MIR166b//MIR166¢ 5424 | 245683 |3146
MIR319a//MIR319¢//MIR319b//
TTGGACTGAAGGGAGCTCCC MIR319g//MIR319k 154 62585 | 115
TTCCACAGCTTTCTTGAACTG MIR396 636 61225 |192
MIR396b//MIR396a//MIR396//
TTCCACAGCTTTCTTGAACTT MIR396¢//MIR396e 372 40652 |95
TTTGGATTGAAGGGAGCTCTG MIR159b 640 40175 |3143
TTGTCAGGCTTGTTATTCTCC MIR7972 423 27699 |49
TGACGACGAGAGAGAGCACGC MIR535d 385 26804 | 190
MIR166¢//MIR166a//MIR166d//
TCGGACCAGGCTTCATTCCTC MIR166e//MIR166b 404 21256 |71
TTAGATTCACGCACAAACTCG MIR403a//MIR403b 323 13764 | 47
TTTGGATTGAAGGGAGCTCTT MIR159b 106 13612 | 201
MIR166a//MIR166h//MIR166i/
TCGGACCAGGCTTCATTCCCC MIR166d/MIR166e//MIR166b | 401 11340 |176
TGAAGCTGCCAGCATGATCTG MIR167 204 10037 |233
TGTGTTCTCAGGTCGCCCCTG MIR398b 91 9444  |352
ATTGGACTGAAGGGAGCTCC MIR319 8151 |8
CTTGGACTGAAGGGAGCTCCC MIR159¢ 47 7524 |49
TGGGGACTCGAAGACGATCATAT MIR2916 1577 6528  |11871
GATCCCCGGCAACGGCGCCA MIR8175 465 5595 | 1862
ATTTCGGACCAGGCTTCATTCCCC | MIR166 410 5552 194
TCGATAAACCTCTGCATCCAG MIR162a//MIR162 358 5521 |75
TCGCTTGGTGCAGGTCGGGAA MIR168b//MIR168 130 5249  |432
CGTTTCACGTCGGGTTCACC MIR894 198 4259 | 6256
TGGAGAAGCAGGGCACGTGCA MIR164b//MIR164c 32 3866 |36
MIR319¢//MIR319f//MIR319a//
TTGGACTGAAGGGAGCTCCCT MIR319//MIR319b 34 3747
GAGCTCCTTGAAGTCCAAAAG MIR159a 100 3509 |48
TGAAGCTGCCAGCATGATCTC MIR167a 19 3252
TCCACAGCTTTCTTGAACTG MIR396h 3098
MIR166q//MIR166f//MIR166j//
TCGGACCAGGCTTCATTCCTT MIR166¢ 233 3065 |23
TGGCGCTAGAAGGAGGGCCT MIR3711 86 2793|3238
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Ek 23 (devamm)

KN- |VR- |KR-

MiRNA dizisi (miRBase) MiRNA SRNA [sRNA |sRNA
CCGACCTTAGCTCAGTTGGTG MIR6478 210 2757 342

MIR393b//MIR393a//MIR393//
TCCAAAGGGATCGCATTGATCT MIR393c//MIR393d 79 2249 16
TCGGACCAGGCTTCATTCCCT MIR166f 35 2163 13
TCGAACCAGGCTTCATTCCCC MIR166e 17 2115 23
TCGGACCAGGCTTCATTCTC MIR166i 30 2083 12
TTTGGATTGAAGGGAGCTCTC MIR159b 49 1993 17
TCGGACCAGGCTTCATTCCCCC MIR166 31 1990 14
TTTGGATTGAAGGGAGCTCCT MIR159c 119 1817 19
TCGGACCAGGCTTCATCCCCC MIR165a//MIR165b 20 1803 21
TCGGACCAGGCTTCATTCCCG MIR166d 17 1740 13
CCGGACCAGGCTTCATTCCCC MIR166j 32 1618 25
TTGGCATTCTGTCCACCTCC MIR394a//MIR394b//MIR394 |10 1584
GTCGTTGTAGTATAGTGG MIR6300 9 1512 8
TGCACTGCCTCTTCCCTGGCT MIR408b//MIR408 62 1475 230
CGGACCAGGCTTCATTCCCC MIR166m 26 1448 23
TTGGACCAGGCTTCATTCCCC MIR166i 12 1385 9
AAACCTGGCTCTGATACCA MIR5139 93 1320 354
TCCAAAGGGATCGCATTGATCC MIR393a//MIR393b//MIR393 |77 1200 15
AAGCTCAGGAGGGATAGCGCC MIR390a//MIR390b//MIR390 |24 1103 14
ATGCACTGCCTCTTCCCTGGC MIR408 25 966 106
TTGACAGAAGAGAGTGAGCAC MIR156k//MIR156n//MIR1560 | 29 863 36
GGAATGTTGGCTGGCTCGAGG MIR166e 130 846 351
TCCAAAGGGATCGCATTGATC MIR393a//MIR393b 12 841
TCATTTTTGCGTGCAATGATCC MIR1515a//MIR1515b 126 788 13
TCGGACCAGGCTTCATTCCT MIR166¢ 79 729
CTCGGACCAGGCTTCATTCCC MIR166e 26 716 10
TCGCAGGAGAGATGGCACTGTC MIR3627 63 632 52
TTGAGCCGTGCCAATATCACG MIR171c 26 614 24
TTAGATGACCATCAACAAACA MIR827 40 529
TCGCTTGGTGCAGGTCGGGA MIR168 82 517 230
TCGGACCAGGCTTCATTCCTA MIR166b 37 493
CGCCAAAGGAGAGTTGCCCTC MIR399e 466
TCGATAAACCTCTGCATCCA MIR162a 33 399 5
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Ek 23 (devamm)

KN- |VR- |KR-

MiRNA dizisi (miRBase) MiRNA SRNA [sRNA |sRNA
CACTTATTTTGGACCGGAGGG MIR5181 9 395
ACATTATGGGACGGAGGGAGT MIR1436 16 365 45
TTTGGACTGAAGGGAGCTCCT MIR319b//MIR319d//MIR31% |8 346 17
TTCCACAGCTTTCTTGAACTGT MIR396e 318
GTTCAATAAAGCTGTGGGAAG MIR396a 12 317 5
CACTACATTATGGAATGGAGGGA | MIR1118 25 297 8
TTGAGCCGCGCCAATATCACT MIR171k//MIR171j 291 11
TCTCGGACCAGGCTTCATTCC MIR166b 5 278 24
TCCCCACGGTCGGCGCCA MIR5054 14 269 134
CTGACAGAAGATAGAGAGCAC MIR156e 29 265 25
AGACTACAATTATCTGATCA MIR5083 238

MIR167a//MIR167b//MIR167c//
TGAAGCTGCCAGCATGATCTA MIR167e 226
GGCAGTCTCCTTGGCTATC MIR169j//MIR169k//MIR169I 224
TTCCACAGCTTTCTTGAACTA MIR396a 218
TTTTCCCAAGACCTCCCATACC MIR482¢c 33 200 51
TCCCACAGCTTTATTGAACTG MIR396b 8 199 15
GGAATGTTGTCTGGCTCGAGG MIR166a//MIR166¢//MIR166d | 25 197 5
TCGGACCAGGCTTCATCCCC MIR165a//MIR165b 186
TCCGGACCAGGCTTCATTCCC MIR166j//MIR166k//MIR166] 171
CTTGGATTGAAGGGAGCTCTA MIR159f 143
TGCCTGGCTCCCTGTATGCC MIR160a 143
TCGCTTGGTGCAGGTCGGGAAC MIR168 10 138 8
TCATTGAGTGCAGCGTTGATG MIR397a//MIR397b 137
GCTCACTGCTCTTTCTGTCAGCT MIR156b 18 129
CCCGCCTTGCATCAACTGAAT MIR168a 6 127 10
TGAAGCTGCCAGCATGATCT MIR167d 124
ATTCAAGAAAGCTGTGGAAAA MIR396a 119
CAAGTAATATGGATCGGAGGAAGT | MIR5049 115
GTTCAAGAAAGCTGTGGGAAA MIR396a 111 6
GGCAAGTTGTCCTTGGCTAC MIR169a 105
TTGGACTGAAGGGAGCTCCTT MIR319¢//MIR319d 6 105
TACTACTCCCTCCGTCCCAAA MIR1128 102 15
TTTGGGAATCTCTCTGATGCAC MIR3630 5 100

195




Ek 23 (devamm)

KN- |VR- |KR-

MiRNA dizisi (miRBase) MiRNA SRNA [sRNA |sRNA
TCAATCAGAACATGACACGTGACA | MIR1520n 98 7
TGTGTTCTCAGGTCGCCCCCG MIR398f//MIR398g 97 8
TTCAATAAAGCTGTGGGAAG MIR396a 97
AACTACTCCCTCCGTCCGATA MIR1127 96 7
GGGAATGACGCCGGGTCCGAAA MIR166b 94
TTGGACTGAAGGGAGCTCCT MIR319¢//MIR319d 92
TTAGATGACCATCAACAAACT MIR827 5 85
TGACAGAAGAGAGTGAGCAC MIR156d 83 7
AGAATCTTGATGATGCTGCAT MIR172a//MIR172f 82
TCGCTTGGTGCAGGTCGGG MIR168b 12 79 20
TTTGGACTGAAGGGAGCTCTA MIR159 77
TGAAGCTGCCAGCATGATCTGA MIR167b/MIR167d 74
TTCAAGAAAGCTGTGGGAAAA MIR396¢ 71
CTTATAATTAGGGACGGAGGGAGT | MIR5205b 63
TTGAGTGCAGCGTTGATGAAA MIR397a//MIR397b 63
TGCACTGCCTCTTCCCTGGC MIR408d 62
TTCCAAAGGGATCGCATTGAT MIR393 59

GGAGGCAGCGGTTCATCGATC

MIR162a//MIR162b

58

19

TGACAGAAGAGAGTGAGCACT

MIR156q/MIR156s

58

TTTGGTTTGAAGGGAGCTCTA

MIR159

57

TGACAATGAGAGAGAGCACAC

MIR535b//MIR535¢//MIR535d//
MIR535e//MIR535f

50

TTGACAGAAGATAGAGAGCAC

MIR157c//MIR156a//MIR156¢

50

GGGTCGACATGAGAACACATG MIR398 6 49 84
TGCCAAAGGAGAGTTGCCCTG MIR399a 49
TTGACAGAAGAGAGAGAGCAC MIR156¢ 48
CTTGGACTGAAGGGAGCTCCT MIR319h 45
GGAATGTTGTTTGGCTCGAGG MIR166g 41
TTCCACAGGCTTTCTTGAACTG MIR396e 38
CTTGGATTGAAGGGAGCTCT MIR159a 36
TCGCTTGGTGCAGGTCGGGAC MIR168b 36 33
CATATACTCCCTCCGTCCGAAA MIR1133 35 5
TACTACTCCCTCCGTCCGAAA MIR1128 33
TGGAACGGAGGAATTTTATAG MIR1320 32
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Ek 23 (devamm)

KN- |VR- |KR-
MiRNA dizisi (miRBase) MiRNA SRNA [sRNA |sRNA
GTTCAAGAAAGCTGTGGAAGA MIR396g 31
TGACAGAAGATAGAGAGCAC MIR157d 31
TGAAGCTGCCAGCATGATCTT MIR167 29
ACTTATTATGGACCGGAGGGA MIR5181d 28
TAGCCAAGGATGACTTGCCTG MIR169i 28
TGCCTGGCTCCCTGTATGCTT MIR160c 5 26
GGGCAATTCTCCTTTGGCAGA MIR399f 25
TCTGGATCAGAGGGAGTATA MIR5161 22
TGAAGCTGCCAGCATGATCTGC MIR167f 22
TTGGACTGAAGGGAGCTCCCA MIR319¢c 22
ATTCAGTTGATGCAAGGCGGGATC | MIR168 20

CTTATAATTAGGGACGGAGGTAGT

MIR5205¢//MIR5205d

20

CTTGGACTGAAGGGAGCTCC MIR319a//MIR319b 20
TCGGACCAGGCTTCATTCCCTT MIR166b 20
TTGACGACGAGAGAGAGCACG MIR535d 20
TTCCGAGGCCACCCATTCCAAC MIR6118 19
TTGGACTGAAGGGTGCTCCC MIR319b 19
AGCCGTAAACGATGGATACT MIR6173 18 12
GGACAGTCTCAGGTAGACA MIR5368 6 18 10
AGAATCTTGATGATGCTGCAG MIR172c//MIR172d//MIR172f 17
AGGCAGTGGCTTGGTTAAGGG MIR4995 17 47
TAACCTGGCTCTGATACCA MIR8155 17
TTAGATGACCATCAACAAACG MIR827 17
AGTTTGTGCGTGAATCTAACC MIR403b 16
TTTTGGAACGGAGTGAGTATT MIR1439 16
AGAGCTTCCTTCAGCCCACTC MIR319c 14
CATCCAAAGGGATCGCATTGA MIR393a 14

TGAAGTGTTTGGGGGAACTTT

MIR395d//MIR395e//MIR395f//
MIR395g

14

CCCCAAGCTGAGAGCTCTCCC MIR7767 13
TTGGACAGAGAAATCACGGTCA MIR3954b 13
CGGCTCTGATACCAGTTGATG MIR845a 12
TAAAGCTGCCAGCATGATCTGG MIR167b 12
TACTCCCTCTGTTCCATAAAG MIR5174e 12
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Ek 23 (devamm)

KN- |VR- |KR-
MiRNA dizisi (miRBase) MiRNA SRNA [sRNA |sRNA
TCAACATGGTATCAGAGCTGGAAG | MIR1873 12
TTCCACGGCTTTCTTGAACTG MIR396e 12
TTGAACTGAAGGGAGCTCCC MIR319e 12
ATCATGCTATCCCTTTGGATT MIR393c 11
CAGCCAAGGATGACTTGCCTA MIR169 11
CTGAAGTGTTTGGGGGAACTC MIR395d 11
GGAGCGACCTGAGATCACATG MIR398 11
TCTTATATTATGGGACGGAGG MIR1130b 11
TGCACTGCCTCTTCCCTGCC MIR408 11
TCTTTCCTACTCCTCCCATACC MIR482e 10
TGTGTTCTCAGGTCACCCCTT MIR398a 10
TTGGTTTGAAGGGAGCTCTAC MIR159a 10
TCGGACCAGGCTTCAATCCCT MIR166g 9
TGGAGAAGGGGAGCACGTGCA MIR164 9
AGCTCAGGAGGGATAGCGCC MIR390b 8
ATTGTCACGTGTCATGTTCTGATT MIR1520f 8
CAATCTTTATGGAACGGAGAGAGT | MIR5174d 8
TGGAGGCAGCGGTTCATCGATC MIR162a//MIR162b 8
AGAGCTTTCTTCGGTCCACTC MIR319b 7
AGATATTGGTACGGTTCAATC MIR1710 7
AGGGCTTCTCTCCTTTGGCAG MIR399b 7
CCGTGTTTCCTTGTATAAAG MIR7122b 7
TCGATAAACCTCTGCATCCGG MIR162 7
TCGGATCAGGCTTCATTCCTC MIR166i 7
TGATTGAGCCGTGCCAATATC MIR171g//IMIR171K 7
TTCCAAAGGGATCGCATTGATC MIR393b 7
MIR396b//MIR396¢//MIR396i//
MIR396j//MIR396k//MIR3961//
MIR396m//MIR396n//MIR3960/
IMIR396p//MIR396q//MIR396r//
TTCCACGGCTTTCTTGAACTT MIR396s//MIR396t 7
TTGGACTGAAGGGAGCTCC MIR319 7
TTGGACTGAAGGGAGCTCCTTC MIR319g//MIR319I 7
ACCTAGCTCTGATACCATGAA MIR1511 6
ACTTAATATGGGACGGAAGAA MIR5171a 6
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Ek 23 (devamm)

KN- |VR- |KR-

MiRNA dizisi (miRBase) MiRNA SRNA [sRNA |sRNA
ATTGAGTGCAGCGTTGATGAA MIR397b 6
GAGCTCCCTTCGATCCAATCC MIR159¢//MIR159d 6
TTCCCAAGCCCGCCCATTCCAA MIR482¢c 6
AGAGGTGCTCATGGGCTGGGTCGG | MIR8689 5
AGCTCTGGTACCATGTTAGATT MIR1863 5
CTGAAGTGTTTGGGGGAACTCC MIR395a 5
CTTGGATTGAAGGGAGCTCCC MIR159¢ 5
GCGTATGAGGAGCCAAGCATA MIR160a 5
GCTCACTCTCTATCTGTCACC MIR156f 6 5
GGCAGTCTCCTTGGCTATT MIR169h 5
GTGGCATCATCAAGATTCACACA MIR172¢ 5
GTTCGCGTCGGGTTCACCA MIR5077 5 16
TAAAGCTCAGGAGGGATAGCG MIR390 5

MIR3627a//MIR3627b//MIR362
TCGCAGGAGAGATGGCACTA 7c 5
TGAAGTGTTTGGGGGAACTC MIR395b 5
TTGACGACGAGAGAGAGCACA MIR535¢ 5
TTGGGCTGAAGGGAGCTCCC MIR319i 5
ATGATGATGATGATGATGAAA MIR5658 5
GGCAGGTTGTCCTTGGCTAC MIR169c 10
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Ek 24: Kiiciik RNA dizileri ile eslesen olgun miRNA'larin TPM (transcripts per

million) normalizasyon sunucuna goére kontrol ve viris stresi uygulanms 6rneklerde

ifade kat degisimleri
EGER(G(x)>
. . * *
TPM normalizasyon formul: géggOD (%)*10 OCO(E)%/O%(X) 1 F(x);G(X)/F(x
)i-F(X)/G(X))
Orjinal (ham) Filtrelenmis temiz Normalize edilmis
ifade degeri okulamarin sayisi ifade degeri
< < < < < < 2
(22
zZ b pd pd zZ pd i)
< x 74 o x o4 o k>
Z ¢ Mt ¢ P ¢ P -
x Z x Z o Z o 5]
g ¥ > X > ¥ > X
< m O a) L) . o T
miR1118 25 297 12.536.752 |66.597.354 |1,99 4,46 2,24
miR1127 96 12.536.752  |66.597.354 |0 1,44 -
miR1128 33 12.536.752 [66.597.354 |0 0,50 -
miR1128 102 12.536.752 [66.597.354 |0 1,53 -
miR1130b 11 12.536.752 |66.597.354 |0 0,17 -
miR1133 35 12.536.752 [66.597.354 |0 0,53 -
miR1320 32 12.536.752 [66.597.354 |0 0,48 -
miR1436 16 365 12.536.752 [66.597.354 (1,28 5,48 4,29
miR1439 16 12.536.752 [66.597.354 |0 0,24 -
miR1511 6 12.536.752 [66.597.354 |0 0,09 -
miR1515a//miR1515b 126 788 12.536.752 [66.597.354 (10,05 11,83 1,18
miR1520f 8 12.536.752 [66.597.354 |0 0,12 -
miR1520n 98 12.536.752  |66.597.354 |0 1,47 -
miR156b 18 129 12.536.752 |66.597.354 |1,44 1,94 1,35
miR156¢ 48 12.536.752 [66.597.354 |0 0,72 -
miR156d 83 12.536.752 [66.597.354 |0 1,25 -
miR156e 29 265 12.536.752 [66.597.354 (2,31 3,98 1,72
miR156f 6 5 12.536.752 [66.597.354 [0,48 0,08 -6,37
miR156k//miR156n//miR1560 29 863 12.536.752 [66.597.354 (2,31 12,96 5,60
miR156q//miR156s 58 12.536.752 [66.597.354 |0 0,87 -
miR157c//miR156a//miR156¢ 50 12.536.752  |66.597.354 |0 0,75 -
miR157d 31 12.536.752  |66.597.354 |0 0,47 -
miR159 57 12.536.752 [66.597.354 |0 0,86 -
miR159 77 12.536.752  |66.597.354 |0 1,16 -
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Ek 24 (devamm)

TPM normalizasyon formdil:

B(x)/D(x)*10

00000

C(X)/E(x)*1
000000

EGER(G(x)>
F(X); G(X)/F(x
)i-F(X)/G(X))

Orjinal (ham)

Filtrelenmis temiz

Normalize edilmis

ifade degeri okulamarin sayisi ifade degeri
< < o < < < E
P
Z Z Z zZ Z Z B0
< o o o o o i =
Z P P ¢ P ¢ P
4 pd o z o pa x =
= X > X > N4 > e
< ot 8} a) L) L U] T
miR159% 10 12.536.752  [66.597.354 |0 0,15 -
miR159% 36 12.536.752  [66.597.354 |0 0,54 -
miR159 100 3.509 12.536.752  [66.597.354  |7,98 52,69 6,61
miR159a//miR159b//miR159 3.433 263.770 12.536.752  [66.597.354  |273,83 3960,67 14,46
miR159b 49 1.993 12.536.752  [66.597.354  |3,91 29,93 7,66
miR159b 106 13.612 12.536.752  166.597.354 8,46 204,39 24,17
miR159b 640 40.175 12.536.752  [66.597.354  |51,05 603,25 11,82
miR159¢c 5 12.536.752  [66.597.354 |0 0,08 -
miR159¢c 119 1.817 12.536.752  [66.597.354  |9,49 27,28 2,87
miR159¢c 47 7.524 12.536.752  [66.597.354  |3,75 112,98 30,14
miR159¢//miR159d 6 12.536.752  [66.597.354 |0 0,09 -
miR159f 143 12.536.752  166.597.354 |0 2,15 -
miR160a 5 12.536.752  [66.597.354 |0 0,08 -
miR160a 143 12.536.752  [66.597.354 |0 2,15 -
miR160c 5 26 12.536.752  |66.597.354  |0,40 0,39 -1,02
miR162 7 12.536.752  [66.597.354 |0 0,11 -
miR162a 33 399 12.536.752  [66.597.354  |2,63 5,99 2,28
miR162a//miR162 358 5.521 12.536.752  [66.597.354  |28,56 82,90 2,90
miR162a//miR162b 8 12.536.752  [66.597.354 |0 0,12 -
miR162a//miR162b 5 58 12.536.752  [66.597.354 (0,40 0,87 2,18
miR164 9 12.536.752  166.597.354 |0 0,14 -
miR164b//miR164c 32 3.866 12.536.752  [66.597.354 (2,55 58,05 22,74
miR165a//miR165b 186 12.536.752  [66.597.354 |0 2,79 -
miR165a//miR165b 20 1.803 12.536.752 |66.597.354 (1,60 27,07 16,97
miR166 31 1.990 12.536.752  |66.597.354 (2,47 29,88 12,08
miR166 410 5.552 12.536.752  [66.597.354 132,70 83,37 2,55
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Ek 24 (devamm)

" +1 |[EGER(G(x)>
TPM normalizasyon formdil: BOJ/DE)™10 | COOME()™1 F(x);G(X)/F(x
00000 000000 .
)i-F()IG(X)
Orjinal (ham) Filtrelenmis temiz Normalize edilmis
ifade degeri okulamarin sayisi ifade degeri
< < < < < < 2
(22
Z zZ Z pzd Z Z B0
< o o o o o i =
Z P P it { P P
x P o p a2 z x G|
£ N4 > N4 > ¥ > ~
< @ O a) Ly L 0 T
miR166a//miR166¢//miR166d 25 197 12.536.752  [66.597.354  |1,99 2,96 1,48
miR166a//miR166h//miR166i//mi
R166d//miR166e/miR166b 401 11.340 12.536.752 |66.597.354  |31,99 170,28 5,32
miR166b 20 12.536.752  166.597.354 |0 0,30 -
miR166b 94 12.536.752 166.597.354 |0 1,41 -
miR166b 5 278 12.536.752 166.597.354  |0,40 4,17 10,47
miR166b 37 493 12.536.752  166.597.354  |2,95 7,40 2,51
miR166b//miR166c 5.424 245.683 12.536.752  |66.597.354  |432,65 3689,08 8,53
miR166¢ 79 729 12.536.752  [66.597.354 16,30 10,95 1,74
miR166¢//miR166a//miR166d//mi
R166e//miR166b 404 21.256 12.536.752 |66.597.354  |32,23 319,17 9,90
miR166d 17 1.740 12.536.752 166.597.354 |1,36 26,13 19,27
miR166e 26 716 12.536.752 166.597.354 (2,07 10,75 5,18
miR166e 130 846 12.536.752  166.597.354  |10,37 12,70 1,23
miR166e 17 2.115 12.536.752 166.597.354  |1,36 31,76 23,42
miR166f 35 2.163 12.536.752 166.597.354 |2,79 32,48 11,63
miR1669 9 12.536.752  [66.597.354 |0 0,14 -
miR166g 41 12.536.752  166.597.354 |0 0,62 -
miR166i 7 12.536.752 166.597.354 |0 0,11 -
miR166i 12 1.385 12.536.752  |66.597.354  |0,96 20,80 21,73
miR166i 30 2.083 12.536.752 166.597.354  |2,39 31,28 13,07
miR166j 32 1.618 12.536.752  |66.597.354  |2,55 24,30 9,52
miR166j/miR166k//miR166l 171 12.536.752  [66.597.354 |0 2,57 -
miR166m 26 1.448 12.536.752  |66.597.354  |2,07 21,74 10,48
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Ek 24 (devanmm)

TPM normalizasyon formdil:

B(x)/D(x)*10
00000

C(X)/E(x)*1
000000

EGER(G(x)>
F(X); G(X)/F(x
)i-F(X)/G(X))

Orjinal (ham)

Filtrelenmis temiz

Normalize edilmis

ifade degeri okulamarin sayisi ifade degeri
< < < < < < E
1724
2 2 Z prd zZ Z &0
< o o o o o i =
Z P P ¢ P P P
o pd o pd 4 = 24 ]
= 4 > X > X > e
< @ O A L] n [0} T
g‘iﬁéfm” MIR166/mIR16E}//mi |, 3.065 12.536.752  |66.597.354 |1859 46,02 2,48
miR167 29 12.536.752 66.597.354 0 0,44 -
miR167 204 10.037 12.536.752 66.597.354 16,27 150,71 9,26
miR167a 19 3.252 12.536.752 66.597.354 1,52 48,83 32,22
miR167a//miR167b//miR167c//mi 296 12536752  |66.597.354 |0 3,39 )
R167e
miR167b 12 12.536.752 66.597.354 |0 0,18 -
miR167b//miR167d 74 12.536.752 66.597.354 0 111 -
miR167d 124 12.536.752 66.597.354 0 1,86 -
miR167f 22 12.536.752 66.597.354 |0 0,33 -
miR168 20 12.536.752 66.597.354 |0 0,30 -
miR168 10 138 12.536.752 66.597.354 |0,80 2,07 2,60
miR168 82 517 12.536.752 66.597.354 6,54 7,76 1,19
miR168a 6 127 12.536.752 66.597.354 |0,48 1,91 3,98
miR168b 36 12.536.752 66.597.354 |0 0,54 -
miR168b 12 79 12.536.752 66.597.354 0,96 1,19 1,24
miR168b//miR168 130 5.249 12.536.752 66.597.354 10,37 78,82 7,60
miR169 11 12.536.752 66.597.354 0 0,17 -
miR169a 105 12.536.752 66.597.354 |0 1,58 -
miR169h 5 12.536.752 66.597.354 |0 0,08 -
miR169i 28 12.536.752 66.597.354 |0 0,42 -
miR169j//miR169k//miR169I 224 12.536.752 66.597.354 |0 3,36 -
miR171c 26 614 12.536.752 66.597.354 2,07 9,22 4,45
miR171g//miR171k 7 12.536.752 66.597.354 0 0,11 -
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Ek 24 (devanmm)

TPM normalizasyon formdil:

B(x)/D(x)*10
00000

C(X)/E(x)*1
000000

EGER(G(x)>
F(X); G(X)/F(x
)i-F(X)/G(X))

Orjinal (ham)

Filtrelenmis temiz

Normalize edilmis

ifade degeri okulamarin sayisi ifade degeri
< < < < < < E
P
Z Z Z zZ Z Z B0
< o o o o o i =
Z P P ¢ P P ¢ -
x z 14 p o z x ]
= X > X > N4 > e
< ot 8} a) L) L U] T
miR171k//miR171j 291 12.536.752 |66.597.354 |0 4,37 -
miR1710 7 12.536.752  [66.597.354 |0 0,11 -
miR172a//miR172f 82 12.536.752 |66.597.354 |0 1,23 -
miR172c 5 12.536.752  [66.597.354 |0 0,08 -
miR172c//miR172d//miR172f 17 12.536.752 |66.597.354 |0 0,26 -
miR1863 5 12.536.752  [66.597.354 |0 0,08 -
miR1873 12 12.536.752  [66.597.354 |0 0,18 -
miR2916 1.577 6.528 12.536.752  [66.597.354  |125,79 98,02 -1,28
miR319 7 12.536.752 166.597.354 |0 0,11 -
miR319 8.151 12.536.752  [66.597.354 |0 122,39 -
miR319a//miR319b 20 12.536.752  [66.597.354 |0 0,30 -
miR319a//miR319c¢//miR319b//mi
R319g/mMiR319k 154 62.585 12.536.752  [66.597.354  |12,28 939,75 76,50
miR319b 7 12.536.752  [66.597.354 |0 0,11 -
miR319b 19 12.536.752  [66.597.354 |0 0,29 -
miR319b//miR319d//miR319e 8 346 12.536.752  [66.597.354 (0,64 5,20 8,14
miR319c 14 12.536.752  166.597.354 |0 0,21 -
miR319c 22 12.536.752  [66.597.354 |0 0,33 -
miR319¢//miR319d 92 12.536.752  [66.597.354 |0 1,38 -
miR319c//miR319d 6 105 12.536.752  [66.597.354 (0,48 1,58 3,29
miR319¢//miR319f//miR319a//mi
R319//miR319b 34 3.747 12.536.752  [66.597.354 (2,71 56,26 20,75
miR319e 12 12.536.752  [66.597.354 |0 0,18 -
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Ek 24 (devamm)

TPM normalizasyon formdil:

B(x)/D(x)*10 |C(x)/E(x)*1
00000 000000

EGER(G(x)>
F(X); G(X)/F(x
)i-F(X)/G(X))

Orjinal (ham)

Filtrelenmis temiz

Normalize edilmis

ifade degeri okulamarin sayisi ifade degeri
< < o < < < E
P
Z Z Z zZ Z Z B0
< o o o o o i =
Z P P ¢ P ¢ P
x z 14 z o z x =
= X > X > N4 > e
< ot 8} a) L) L U] T
miR319g//miR319I 7 12.536.752  |66.597.354 |0 0,11 -
miR319h 45 12.536.752  [66.597.354 |0 0,68 -
miR319i 5 12.536.752  [66.597.354 |0 0,08 -
miR3627 63 632 12.536.752  |66.597.354  |5,03 9,49 1,89
miR3627a//miR3627b//miR3627c 5 12.536.752  [66.597.354 |0 0,08 -
miR3630 5 100 12.536.752  [66.597.354  |0,40 1,50 3,76
miR3711 86 2.793 12.536.752  |66.597.354 6,86 41,94 6,11
miR390 5 12.536.752  [66.597.354 |0 0,08 -
miR390a//miR390b//miR390 24 1.103 12.536.752  [66.597.354  |191 16,56 8,65
miR390b 8 12.536.752  [66.597.354 |0 0,12 -
miR393 59 12.536.752  [66.597.354 |0 0,89 -
miR393a 14 12.536.752 166.597.354 |0 0,21 -
miR393a//miR393b 12 841 12.536.752  [66.597.354 (0,96 12,63 13,19
miR393a//miR393b//miR393 77 1.200 12.536.752  [66.597.354 (6,14 18,02 2,93
miR393b 7 12.536.752 166.597.354 |0 0,11 -
miR393b//miR393a//miR393//miR
393¢//miR393d 79 2.249 12.536.752  [66.597.354 (6,30 33,77 5,36
miR393c 11 12.536.752 166.597.354 |0 0,17 -
miR394a//miR394b//miR394 10 1.584 12.536.752  [66.597.354 (0,80 23,78 29,82
miR3954b 13 12.536.752  [66.597.354 |0 0,20 -
miR395a 5 12.536.752  [66.597.354 |0 0,08 -
miR395b 5 12.536.752  [66.597.354 |0 0,08 -
miR395d 11 12.536.752  [66.597.354 |0 0,17 -

205




Ek 24 (devamm)

TPM normalizasyon formdil:

B(x)/D(x)*10
00000

C(X)/E(x)*1
000000

EGER(G(x)>
F(X); G(X)/F(x
)i-F(X)/G(X))

Orjinal (ham) Filtrelenmis temiz Normalize edilmis
ifade degeri okulamarin sayisi ifade degeri
< < < < < < E
1724
2 2 Z prd zZ Z &0
< o o o o o i =
Z P P ¢ P P P
o pd o pd 4 = 24 ]
= 4 > X > X > e
< @ O a) L] n [0} T
miR395d//miR395e//miR395f//mi 14 12536752  166.597.354 |0 0.21 )
R395g
miR396 636 61.225 12.536.752 66.597.354 (50,73 919,33 18,12
miR396a 97 12.536.752 66.597.354 |0 1,46 -
miR396a 111 12.536.752 66.597.354 0 1,67 -
miR396a 119 12.536.752 66.597.354 |0 1,79 -
miR396a 218 12.536.752 66.597.354 0 3,27 -
miR396a 12 317 12.536.752 66.597.354 |0,96 4,76 4,97
miR396b 8 199 12.536.752 66.597.354 |0,64 2,99 4,68
mMiR3960//miR306alimMIR396//miR |57, 40652  |12536.752 |66.597.354 |29,67 61041  |2057
396¢//miR396e
miR396b//miR396¢//miR396i//mi
R396j//miR396k//miR3961//miR39
6m//miR396n//miR3960//miR396p 7 12.536.752 66.597.354 |0 0,11 -
//miR396q//miR396r//miR3965s//m
iR396t
miR396¢ 71 12.536.752 66.597.354 |0 1,07 -
miR396e 12 12.536.752 66.597.354 |0 0,18 -
miR396e 38 12.536.752 66.597.354 |0 0,57 -
miR396e 318 12.536.752 66.597.354 |0 477 -
miR396g 31 12.536.752 66.597.354 |0 0,47 -
miR396h 3.098 12.536.752 66.597.354 |0 46,52 -
miR397a//miR397b 63 12.536.752 66.597.354 |0 0,95 -
miR397a//miR397b 137 12.536.752 66.597.354 |0 2,06 -
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Ek 24 (devamm)

TPM normalizasyon formul:

B(x)/D(x)*10 |C(x)/E(x)*1

00000 000000

EGER(G(x)>
F(X); G(X)/F(x
)i-F(X)/G(X))

Orjinal (ham)

Filtrelenmis temiz

Normalize edilmis

ifade degeri okulamarin sayisi ifade degeri
< < < < < < E«
Z Z Z zZ Z Z B0

2 T | g z x % z 3

x z x Z x Z x 5

E | >z 5 g >

< us] (@) a L LL O] T
miR397b 6 12.536.752  [66.597.354 |0 0,09 -
miR398 11 12.536.752 166.597.354 |0 0,17 -
miR398 6 49 12.536.752  [66.597.354  |0,48 0,74 1,54
miR398a 10 12.536.752  [66.597.354 |0 0,15 -
miR398b 91 9.444 12.536.752  |66.597.354  |7,26 141,81 19,54
miR398f//miR398g 97 12.536.752  [66.597.354 |0 1,46 -
miR399%a 49 12.536.752  [66.597.354 |0 0,74 -
miR399b 7 12.536.752 166.597.354 |0 0,11 -
miR399 466 12.536.752  [66.597.354 |0 7,00 -
miR399f 25 12.536.752  [66.597.354 |0 0,38 -
miR403a//miR403b 323 13.764 12.536.752  [66.597.354  |25,76 206,67 8,02
miR403b 16 12.536.752  [66.597.354 |0 0,24 -
miR408 11 12.536.752  [66.597.354 |0 0,17 -
miR408 25 966 12.536.752  166.597.354 (1,99 14,51 7,27
miR408b//miR408 62 1.475 12.536.752  [66.597.354 (4,95 22,15 4,48
miR408d 62 12.536.752  [66.597.354 |0 0,93 -
miR482c 6 12.536.752  [66.597.354 |0 0,09 -
miR482c 33 200 12.536.752  [66.597.354  |2,63 3,00 1,14
miR482e 10 12.536.752  [66.597.354 |0 0,15 -
miR4995 17 12.536.752  |66.597.354 0,26 -
miR5049 115 12.536.752 166.597.354 |0 1,73 -
miR5054 14 269 12.536.752  |66.597.354  |1,12 4,04 3,62
miR5077 5 12.536.752  [66.597.354 |0 0,08 -
miR5083 238 12.536.752  [66.597.354 |0 3,57 -
miR5139 93 1.320 12.536.752  166.597.354  |7,42 19,82 2,67
miR5161 22 12.536.752  [66.597.354 |0 0,33 -
miR5171a 6 12.536.752  [66.597.354 |0 0,09 -
miR5174d 8 12.536.752  [66.597.354 |0 0,12 -
miR5174e 12 12.536.752  [66.597.354 |0 0,18 -
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Ek 24 (devamm)

TPM normalizasyon formdil:

B(x)/D(x)*10
00000

C(X)/E(x)*1
000000

EGER(G(x)>
F(X); G(X)/F(x
)i-F(X)/G(X))

Orjinal (ham)

Filtrelenmis temiz

Normalize edilmis

ifade degeri okulamarin sayisi ifade degeri
< < < < < < g»
pd pd z b P P oY)

S T |z i % x x K

x z @ pa x Z x 3

£ 2 T - R R

< m ©)] ) L LL O I
miR5181 9 395 12.536.752  |66.597.354 |0,72 5,93 8,26
miR5181d 28 12.536.752  |66.597.354 |0 0,42 -
miR5205b 63 12.536.752  [66.597.354 |0 0,95 -
miR5205¢//miR5205d 20 12.536.752  [66.597.354 |0 0,30 -
o ™ 50 12536752 [66.597.354 |0 075 :
miR535¢ 5 12.536.752  |66.597.354 |0 0,08 -
miR535d 20 12.536.752  [66.597.354 |0 0,30 -
miR535d 385 26.804  [12.536.752  |66.597.354 |30,71 402,48 13,11
miR5368 6 18 12.536.752  |66.597.354 0,48 0,27 -1,77
miR6118 19 12.536.752  |66.597.354 |0 0,29 -
miR6173 18 12.536.752  |66.597.354 |0 0,27 -
miR6300 9 1512 12.536.752  |66.597.354 |0,72 22,70 31,63
miR6478 210 2.757 12.536.752  |66.597.354  |16,75 41,40 2,47
miR7122b 7 12.536.752  |66.597.354 |0 0,11 .
miR7767 13 12.536.752  |66.597.354 |0 0,20 -
miR7972 423 27.699  [12.536.752  |66.597.354 |33,74 415,92 12,33
miR8155 17 12.536.752  |66.597.354 |0 0,26 -
miR8175 465 5.595 12.536.752  |66.597.354  |37,09 84,01 2,27
miR827 17 12.536.752  |66.597.354 |0 0,26 -
miR827 5 85 12.536.752  |66.597.354 0,40 1,28 3,20
miR827 40 529 12.536.752  |66.597.354  |3,19 7,94 2,49
miR845a 12 12.536.752  |66.597.354 |0 0,18 -
miR8689 5 12.536.752  |66.597.354 |0 0,08 -
miR894 198 4.259 12.536.752  |66.597.354  |15,79 63,95 4,05
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Ek 25: Kiiciik RNA dizileri ile eslesen olgun miRNA'larin TPM (transcripts per

million) normalizasyon sunucuna gore kontrol ve kurakhk stresi uygulanmis

orneklerde ifade kat degisimleri

EGER(G(x)>
- an * *
TPM normalizasyon formul: gégg)/(? (*10 %é%/()%(g) F(x);G(X)/F(x)
-FX)IG(X)
Orjinal (ham) Filtrelenmis temiz Normalize edilmis
ifade degeri okulamarin sayisi ifade degeri
g
< < < < < < z
< g | =z & g 5 z g
g s @ <¢ % % 5 s
x z o prd hd b o =
S X v ¥ 4 % X -
< T | © g ) m o T
miR1118 25 8 12.536.752 |20.410.254 1,99 0,39 -5,09
miR1127 7 12.536.752  [20.410.254 |0 0,34 -
miR1128 15 12.536.752  |20.410.254 |0 0,73 -
miR1133 5 12.536.752 [20.410.254 |0 0,24 -
miR1436 16 45 12.536.752 |20.410.254 |1,28 2,20 1,73
miR1515a//miR1515b 126 13 12.536.752  |20.410.254  |10,05 0,64 -15,78
miR1520n 7 12.536.752 [20.410.254 |0 0,34 -
miR156d 7 12.536.752  [20.410.254 |0 0,34 -
miR156e 29 25 12.536.752 |20.410.254 |2,31 1,22 -1,89
miR156k/miR156n//miR1560 29 36 12.536.752 [20.410.254 |2,31 1,76 -1,31
miR156q//miR156s 6 12.536.752 |20.410.254 |0 0,29 -
miR159a 100 48 12.536.752 |20.410.254 7,98 2,35 -3,39
miR159a//miR159b//miR159 3.433 6.462 12.536.752  [20.410.254 |273,83 316,61 1,16
miR159b 49 17 12.536.752 |20.410.254 |3,91 0,83 -4,69
miR159b 106 201 12.536.752 |20.410.254 |8,46 9,85 1,16
miR159b 640 3.143 12.536.752 |20.410.254 51,05 153,99 3,02
miR159¢ 119 19 12.536.752 |20.410.254 9,49 0,93 -10,20
miR159¢c 47 49 12.536.752  [20.410.254  [3,75 2,40 -1,56
miR162 358 75 12.536.752  |20.410.254  |28,56 3,67 1,77
miR162a 33 5 12.536.752  [20.410.254  [2,63 0,24 -10,75
miR162a//miR162b 5 19 12.536.752 |20.410.254 0,40 0,93 2,33
miR164b//miR164c 32 36 12.536.752  [20.410.254  |2,55 1,76 -1,45
miR165a//miR165b 20 21 12.536.752  [20.410.254  [1,60 1,03 -1,55
miR166 31 14 12.536.752 |20.410.254 2,47 0,69 -3,60
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Ek 25 (devamm)

TPM normalizasyon formul: géggg ()*10 %32)/0%%0* Eg)lag&})%)&)
FOQIG(X)
Orjinal (ham) Filtrelenmis temiz Normalize edilmis
ifade degeri okulamarin sayisi ifade degeri
< < < < < < :%

< 2| &z | & 8| 7| %

E X X ¥ X X X M

< g | C ) M c ) z
miR166 410 194 12.536.752  |20.410.254  |32,70 9,51 -3,44
miR166a//miR166¢//miR166d 25 5 12.536.752 |20.410.254  [1,99 0,24 -8,14
miR166a/miR166d 404 71 12.536.752 [20.410.254 (32,23 348 -9,26
ng{dlsea” miRToRglRI R 1660 TR lg 176 12.536.752 |20.410.254 (31,99 8,62 3,71
miR166b 5 24 12536.752  |20.410.254  [0,40 1,18 2,95
miR166¢ 5.424 3.146 12.536.752  |20.410.254  |432,65 154,14 2,81
miR166d 17 13 12.536.752  [20.410.254  [1,36 0,64 2,13
miR166e 26 10 12.536.752  |20.410.254 (2,07 0,49 -4,23
miR166e 130 351 12.536.752  |20.410.254  |10,37 17,20 1,66
miR166¢ 17 23 12.536.752  |20.410.254  [1,36 1,13 -1,20
miR166f 35 13 12.536.752  |20.410.254  [2,79 0,64 -4,38
miR166i 12 9 12.536.752  |20.410.254  [0,96 0,44 217
miR166i 30 12 12.536.752  |20.410.254  [2,39 0,59 -4,07
miR166j 32 25 12.536.752  |20.410.254  |2,55 1,22 2,08
miR166j 233 23 12536.752  |20.410.254  [18,59 1,13 -16,49
miR166m 26 23 12.536.752  |20.410.254  [2,07 1,13 -1,84
miR167 204 233 12536.752  |20.410.254  [16,27 11,42 -1,43
miR168 10 8 12.536.752  |20.410.254  |0,80 0,39 -2,04
miR168 82 230 12.536.752  |20.410.254  |6,54 11,27 172
miR168a 6 10 12536.752  |20.410.254  [0,48 0,49 1,02
miR168b 33 12.536.752  |20.410.254 |0 1,62 -
miR168b 12 20 12.536.752  |20.410.254  [0,96 0,98 1,02
miR168b//miR168 130 432 12.536.752 |20.410.254 (10,37 21,17 2,04
miR171c 26 24 12.536.752  |20.410.254  [2,07 1,18 -1,76
miR171k 11 12.536.752  |20.410.254 |0 0,54 -
miR2916 1577 11.871 12536.752  |20.410.254  |125,79 581,62 4,62
miR319 8 12.536.752  |20.410.254 |0 0,39 -
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Ek 25 (devamm)

TPM normalizasyon formul: géggg ()*10 %32)/0%%0* Eg)lag&})%)&)
-F(X)/G())
Orjinal (ham) Filtrelenmis temiz Normalize edilmis
ifade degeri okulamarin sayisi ifade degeri
< < < < < < :%

< | 2| 2| 2| 2| &g| %

S X X X X X X s

< T | © S W < g z
miR319a//miR319c 154 115 12.536.752  |20.410.254  |12,28 5,63 -2,18
miR319b//miR319d//miR319e 8 17 12.536.752  |20.410.254 |0,64 0,83 1,31
miR3627 63 52 12.536.752  |20.410.254  |5,03 2,55 -1,97
miR3711 86 3.238 12.536.752  |20.410.254  |6,86 158,65 23,13
miR390 24 14 12.536.752  [20.410.254 |1,91 0,69 -2,79
miR393 77 15 12.536.752  |20.410.254  |6,14 0,73 -8,36
miR393 79 16 12.536.752  |20.410.254 16,30 0,78 -8,04
miR396 636 192 12.536.752  [20.410.254 50,73 9,41 -5,39
miR396a 6 12.536.752 120.410.254 |0 0,29 -
miR396a 12 5 12.536.752  |20.410.254 0,96 0,24 -3,91
miR396b 8 15 12.536.752  |20.410.254  |0,64 0,73 1,15
miR396¢ 372 95 12.536.752  |20.410.254  |29,67 4,65 -6,38
miR398 6 84 12.536.752  |20.410.254 0,48 4,12 8,60
miR398b 91 352 12.536.752  |20.410.254  |7,26 17,25 2,38
miR398f//miR398g 8 12.536.752  |20.410.254 |0 0,39 -
miR403a//miR403b 323 47 12.536.752 |20.410.254 |25,76 2,30 -11,19
miR408 25 106 12.536.752  |20.410.254  |1,99 5,19 2,60
miR408 62 230 12.536.752  |20.410.254 4,95 11,27 2,28
miR482c 33 51 12.536.752  |20.410.254  |2,63 2,50 -1,05
miR4995 47 12.536.752  |20.410.254 |0 2,30 -
miR5054 14 134 12.536.752  |20.410.254 1,12 6,57 5,88
miR5077 16 12.536.752 |20.410.254 |0 0,78 -
miR5139 93 354 12.536.752 |20.410.254 |7,42 17,34 2,34
miR535d 385 190 12.536.752  |20.410.254  [30,71 9,31 -3,30
miR5368 6 10 12.536.752 |20.410.254 0,48 0,49 1,02
miR5658 5 12.536.752  |20.410.254 |0 0,24 -
miR6173 12 12.536.752  |20.410.254 |0 0,59 -
miR6300 9 8 12.536.752  |20.410.254 |0,72 0,39 -1,83
miR6478 210 342 12.536.752  |20.410.254  |16,75 16,76 1,00
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Ek 25 (devamm)

EGER(G(x)>
. 1. [B(X)/D(X)*10 [C(X)/E(x)* .
TPM normalizasyon formal:|;q550 1000000 | ®:CIF()
-F(X)/G())
Orjinal (ham) Filtrelenmis temiz Normalize edilmis
ifade degeri okulamarin sayisi ifade degeri
E
< < < < < < Z
< =z 2 2 zZ zZ 5 )qb)j)
£ s % % s % 5 =
x z x pa 14 pa o T
S ¥ ¥ ¥ ¥ ¥ Y ¥
< z | © S m C o 3
miR7972 423 49 12.536.752  |20.410.254  [33,74 2,40 -14,05
miR8175 465 1.862 12.536.752  |20.410.254  |37,09 91,23 2,46
miR894 198 6.256 12.536.752  |20.410.254  |15,79 306,51 19,41
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Ek 26: Kiiciik RNA dizileri ve gerceklestirilen BLAST islemi sonucu elde edilen

siniflandirma CD'de Ek 26 olarak verilmistir
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Ek 27: BLAST sonucu eslesme gostermeyen ve sa¢ tokasi yapisi analizinde kullanilan

diziler CD'de Ek 27 olarak verilmistir
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Ek 28: miRCat program ile sa¢ tokasi yapisi belirlenen kiicik RNA'lar, sa¢ tokasi
dizileri ve kaynaklari
Sac
Kicuk RNA dizisi Sag¢ tokasi dizisi tokasi
kaynagi

AATGAGCAAAAAAATAGCCTTGGG

ATTCAAGTCTAATTTTTGCTCATTTGGAACCTCTATATGAGTATAGTGAGAG
CTCCAATGAGCAAAAAAATAGCCTTGGGT

Beta vulgaris

CGGTAGTACGCGACTTGGCATG

CCCGGTAGTACGCGACTTGGCATGAAGTCTTTCCAAACCATAGGTTGGATA
GCCAATGAGCGTACTCGAGGTGGG

Beta corolliflora
DNA contig

AAACAGAATACACGTCGCGACCCG

CAAAACAGAATACACGTCGCGACCCGCGATACAGATCGCGAGTCGCGAAA
GTGCACTGGTCTTG

Beta corolliflora
DNA contig

ACCCTGGGGGGGACTGAGGTTC

CAGTCCAGGCCAGCATCAGTTTTCCCCGGGGGATAAAGGCTTCGGGAATGT
GGCTCTCTTCGGGGAGTGTTATAGCCCGTTGCGTAATACCCTGGGGGGGACT
GAGGTTCGCGCTTCTG

Beta corolliflora
RNA-dizileme

AGCGACGATAGGCCCCCCCCT

CTCCCGGCGTCCGTGCCGAGCGACGATAGGCCCCCCCCTTCCCGGGGGGGG
CCCCGCGCCGTAAGACTCGCCCCGGAG

Beta corolliflora
RNA-dizileme

AAAAAATAAAAAATGGGC

TAGTATGGGTAAAAAAAAATAAAAAATGGGCTATGAAATAAAGCTCGTTTT
TTATTTTTTATTTTTTTTTTAAAGTGCTA

Beta corolliflora
RNA-dizileme

GTAAGGAGAGAGAGAGAACAGAGA

GCAGTTGAGTGTGATTTCTTTTTTTTTAAGGAGTTGAGCGTGATTCAGTAAG
GAGAGAGAGAGAACAGAGAAGTGC

Beta corolliflora
DNA contig

GATAGCTGGGTCGGGTC

CAAGGTGTGTGGAACACGGATCCAGATAGCTGGGTCGGGTCTTGGGCTGGC
TTTATGCTGGCCTGCCCTGTCCAAGTTGGGAGTTGATCCATGGGCCTTG

Beta corolliflora
DNA contig

GTAGGTGCACACGTTCGTATGGTG

GTTCATTTCTGCACCATTTCATTAATTTGGGCTGCGGTTGCTGTTTTAAAGTG
CAAATTAGTAGGTGCACACGTTCGTATGGTGAGGAAGGTGCGCATGATGAA
C

Beta corolliflora
DNA contig

GACCGAGCGCGGACTAG

GGCGGCCTACGTTGGGCTGTGTTTGGACCTTTCGGGGACCGAGCGCGGACT

Beta corolliflora

AGCGGTCGGGCTGCT RNA-dizileme

GGCGCCGGGTTTCCGTGETGGGGACGCTGGGCACCCTGTGCTCAGCTACTC |Beta corollifiora
TGGGGACGCTGGGCAC GCCTCGGGGGCCTACACGACGCT RNA-dizileme
COTAGTCEGCGEEEGE GAGCCCCTGGGTACGAGCTGCAGCGGCATTTGGTGGAAGACAAGGCCTTGC |Beta corollifiora

CTAGGATGCATCGGCGTCGCTCAGCACGTAGTCCGCGCGGGCTC

RNA-dizileme

TCTGATGCGGTTTTTTTAGGAC

GATGCGGTTTTTTTAGGACCGCATCCGTTTTTTTTGGCCAAATTTCCCTATAT
TTTGGTTGATTTTCGGATGCGGTTTTACAAAAACCGCATC

Beta vulgaris

AGGGCTGCGTTTTTTTAAAAACCG

AAAGGGCTGCGTTTTTTTAAAAACCGCGGCCCTTTATTACTTAAAGAGCCGC
GTTTTTAAAAAACCGCAACCCTTT

Beta vulgaris

AATGAGCAAAAAAAATAGCCTTGG

GTACACCTAAGATTAATGTTTGCTCATTTGAGACCCTCCTTTTTTTTTTAAGC
ACATTATTTGCTTATATGGATGTGGACTATTTCAAATGAGCAAAAAAAATAG
CCTTGGGTATGC

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

GTAAACGAAGGGCTGCGGTTTTTTTAAAAACGCAGCCCTTAGAGTGAAGGG
CTGCGGTTAGCCCAAAAACCGCAGCAGTTTAC

Beta vulgaris

TCTGATGCGGTTTTTTTAGGAC

ATCTGATGCGGTTTTTTTAGGACCGCCTCAGATTTTTTTGGCCAAATTTCCCT
CCCATATTTTGGTTGATTTTCGGATGCAGTTTTACAAAAACCGCATATGAT

Beta vulgaris
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Ek 28 (devamm)

Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

ACATAGATATGAGAGAGAGAGAGA

CTACCTTACTTTACAATTTTGTTGTTGACAGCTACCTTATGCCGGTTTCCGGC
GTTGATTCTTGTTTTTTCAGTTCAAAATTGTGGGAAAAACAAAATTACCCTT
GTGAGGGTGATTGTTTCAATTTTAGTTTAAGTAGAAGAGGAATTTAATGGTG
GACTGGTATTACAAAGTGTCACATAGATATGAGAGAGAGAGAG

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

CCATAAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTATAAGCCATAAAGG
GCTGTGTTTTTTTTTAAATTGCAGCCCTTTATGGCTAATAGGGCTGCGTTTTC
AAAAAACGCAGCCCTTTATGG

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

AGGGCTGCGTTTTTAAAGAAAACCGCAGCCCTTTTAGTGAAGGGCTGCGTTT
TTTTAAAAACCGCAGCCCT

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

AGGGTTGCATTTTTCAAGAAAATCGCAGCCCTTTTAATGAAGGGCTGCGTTT
TTTTAAAAACCGCAACCCT

Beta vulgaris

AAGGAGATGAGAGAGATAGAGAGA

TATTACTTTATGTTCCTTCCACCATTCTTAAATAATTGCAACATGTGGGGGTT
GCACATTTTTTAAGGAGATGAGAGAGATAGAGAGAGATG

Beta vulgaris

AGCGAACGTCTGGCCTGG

TCCTATGGGGCGAACGTCTGGCTGGACGTTCGCCCTATGGAGCGAACGTCT
GGCCTGGACGTTCGCTCCATAGGG

Beta vulgaris

TCTGATGCGGTTTTTTTAGGAC

TCTGATGTGGTCCAAAAACCGCATCAGATTAATAAAAAAACGGCAGCGGTT
TATTAATCTGATGCGGTTTTTTTAGGACCGCATCAGA

Beta vulgaris

AGCGAACGTCTGGCCTGG

CGGACGTCTGCCTTGGAAGTTCGTCCCATGGAGCGAACGTCTGGCCTGGAC
GTTCGGGGCCAGAGGTTCGCTCCGTGGGCCGAACGTCCAGGGCAGACGTTC
G

Beta vulgaris

AAGGATAAAAAAAACAGAGGGAGT

GAGACGTGCATAGAAAAGTGAGAAGGATAAAAAAAACAGAGGGAGTATTA
TACTCCCTCCGTTGCCTTTTGTTCTTGTTTTATTTTTTAGGCCGTTTC

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

TGCAGTTTTTAAAAAACCGCAGCCCTTTATTACTTAAAGGGCTGCGGTTTTT
TTAAAAACGCA

Beta vulgaris

AGCGAACGTCTGGCCTGG

GCGAACGTCTGGCCTGGACGTTCGCCCCGTGGCTTGAACGGCTAGACGTTC
GAGCCATGGAGCGAACGTCCTAGCCAAACGTTCGC

Beta vulgaris

AATGAGCAAAAAAAATAGCCTTGG

GTGTATCATGTACATGGTACACAAAAGCTATTATTTTCTCGTTTGCTCATTTG
GAGCTAACCATTTTGTCATTATGCTCATTTGGAGGTTTCAAATAAGCAATGA
GCAAAAAAAATAGCCTTGGGTATACCACGAGCATGGTACAC

Beta vulgaris

AGGGCTGCGTTTTTTTAAAAACCG

AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTTCGTTTATGAAGGGCT
GCGGTTTTTGGGCTAATCGCAGCCCTTCACTTATAGGGCTGCGGTTAGCCTA
AAAATCGCAGCCCTTCATACAGTACGAAGGGCTGCGATTTCTTGTTAACCGT
AGCCCTTCACT

Beta vulgaris

AATGAGCAAAAAAAATAGCCTTGG

CCATGCATATTTTTTACTCATTTACTCATTTGGAGCTGCACCTATTATGTGAT
TATGCTCATTTGGAGTTTCAAATGAGCAATGAGCAAAAAAAATAGCCTTGG

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

GAAGGGCTGCGTTTTTTTAAAAACCGCAACCCTTCGTTTATGAAGGGCTGCG
GTTTTTGGGCTAATCGCAGCCCTTC

Beta vulgaris
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Ek 28 (devamm)

Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

TCTGATGCGGTTTTTTTAGGAC

GTTTTTTAATCTGATGCGGTTTTTTTAGGACCGCATCAGATTTTTTTGGCCAA
ATTTCCCTCCCATTTTTTGGTTGATTTTCGGATGCGGTTTTACAAAAACCGCA
TCTAATACTAAGTGAC

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

CGCTGGAAGGGCTGCGTTTTTTGGAAAACGCAACCCTTCGTGTATGAAGGG
CTGCGGTTAGCCCAAAAACCGCAGCCCTTCGTATATGAAGGGCTGCGGTTTT
TTTAAAAACGCAGCCCTTTTAGTG

Beta vulgaris

AATTATTGGGTTTTTTTGTTGGCC

TCAAAATTATTGGGTTTTTTTGTTGGCCCTATAATGCCCTGTTCAATAAAAG
CCCTGTAAATTTGA

Beta corolliflora
DNA contig

AAGGGCTGCGTTTTTTTAAAAACC

TGAAGGGCTGCGTTTTTTTAAAAACCGCATCCCTTCGTTTTTGAAGGGTTGC
GGTTTTTGGGATGATCGCAGCCCTTCA

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

GTGAAGGACTACGGTTAACCCAAAAACCGCAGCCCTTCGTAAATGAAGGGC
TGCGGTTTTTTTAAAAACGCAGCCCTTAAC

Beta vulgaris

GAGAGAGAATAGATGAGAGAGAGT

GAAGAGAGAGAATAGATGAGAGAGAGTGGAGAGCTAGTTGGAGAGCCATG
TACCATTGTACATGCTCTAAAACTACTACATTTACTTTCTACTCTTTCCTTTT
TTTTTACTTC

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

TGTACCATGTATATGGTACATCCAAGGCTATTTTTTGCCCATTTGCTCATTTG
GAGCTTATCTAGTATGTGATTATGCTCATTTGGAAGTTCAAATGAGTAATGA
GCAAAAAAAATAGCCTTGGGTGTACCATGAGCATGGTACA

Beta vulgaris

AATGAGTAAAAAAATAGCCTTGGG

TGTACTATGTGCATGGTATAGAACCGAAGACTAATTTTTGCTTATTTAGAAC
TCTTCTTTTTTGCGCATTTCAATGAGTAAAAAAATAGCCTTGGGTGTACCAT
ACCCATGGTATA

Beta corolliflora
DNA contig

AATGAGTAAAAAAATAGCCTTGGG

GTACACCCAAGACTATTTTTTGCTCATTTGCTCATTTAGAACTCTATCTATTA
TGTGATTATGCTCATTTGGAGGTTTCAAATGAGTAATGAGTAAAAAAATAG
CCTTGGGTGTAT

Beta corolliflora
DNA contig

AAGGGCTGCGTTTTTTTTAAAACG

AAAGGGCTGCGTTTTTTTTAAAACGCAGCCCTTTATTACTTAAAGGGCTGCG
TTTTTAAAAAACCGCAGCCCTTT

Beta corolliflora
DNA contig

AATGAGTAAAAAAATAGCCTTGGG

CATGTGCATGGTACACCCAAAGGCTATTTATTGCTCATTTGCTCATTTGAAG
CTCTACTTATTATGTGATTATGCTCATTTGGAGGTTTCAAATGAGCAATGAG
TAAAAAAATAGCCTTGGGTGTAGCATGAACATG

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

TTTATCATACACTCGAGTGTACCATGTGCATGGTACATCCAAGACTATTTTT
TGCTCATTTGGGACCTCTAAATAAATGAGATAATGAGAGCTCTAAATGAGC
AAAAAAAATAGCCTTGGGTGTACCATAAACATAGTACACCTGAGTGTATGA
TAAA

Beta vulgaris

CGGAATCTGGAAAAAAATTGGACC

GGTCCAGGACCGGACCGGAACCGGCTGGACCGGTGGACCGGAATCTGGAA
AAAAATTGGACCTGGACCAGACCGAAATTTTTCCGGTCCGGTCCCGTCTGG
ACCTGAATTTTTCCGGTCCGGTCCGGTTTTAGACC

Beta corolliflora
DNA contig

CCACGGGCCAAAAAAACTGCC

GGGCCGGGCCAAAAATTAGGCTAAAAAGTGTTTTTTGGCTTGTCCAAAGCC
CGCCCAAAAAAAAAATCCGGGTTGGGCCCACGGGCCAAAAAAACTGCCCA
AAGCCGCCCAAAAACCGGGCCGAGCCC

Beta corolliflora
DNA contig
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Ek 28 (devamm)

Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

AGGGCTGCGGTTTTTTTAAAAACG

GAAGGGCTGCGGTTAGCCCAAAAACCGCAGCCCTTCGTCTACGAAGGGCTG
CGGTTTTTTTAAAAACGCAGCCCTTT

Beta vulgaris

AATTATTGGGTTTTTTTGTTGGCC

TCAAAATTATTGGGTTTTTTTGTTGGCCCTATTCAATAACGACCTTGTCCAAT
AAAAGCCCTATAAATTTGA

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAAAACG

GGCTGCGTTTTTTGGAAAACGCAGCCCTTCGTGTATGAAGGGCTGCGGTTAG
CCCAAAAATCGCGGCCCTTCGTATACGAAGGGCTGCGGTTTTTTTAAAAACG
CAGCC

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

CGCTGGAAGGGCTGCGTTTTTTGGAAAACGCAGCCCTTCGTGTATGAAGGG
CTGCGGTTTTTTTAAAAACGCAGCCCTTTTAGTG

Beta vulgaris

AATGAGTAAAAAAATAGCCTTGGG

TGTGCCATGTGCATGGTACATTTTAGGCTATTTTTTGCTCATTTACTCATTTG
GAGCTCTACCTTTTATGTGATTATGCTCATTTGGAGTTTCAAATGAGCAATG
AGTAAAAAAATAGCCTTGGGTGTATCATGCTCATGGTGCA

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAATACG

TAAGGGCTGCGGTTAGCCCAAACACCGCAGCCCTTCGTAAACGAAGGGCTG
CGGTTTTTTTAAATACGCAGCCCTTA

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

GTATCATGTGCATGGTACACTCAAAACTATTTTTTGCTCATTTGATCATTTGG
AGCTCTACCTATTAATTGATTATGCTCATTTGGAGGTTTCAATGAGTAATGA
GCAAAAAAAATAGCCTTGGGTGTACCATGAGCATGGTAC

Beta vulgaris

CGGAATCTGGAAAAAAATTGGACC

AAAAATTCCGATCCGGACCGGTGGACCGGAATCTGGAAAAAAATTGGACCT
GGACCAGAATTTTTCCCGATTCCGGGTTTTGGACCTGTTAGACCGGAATTTT
T

Beta corolliflora
DNA contig

AAGAAGAGAGAGAAGAGA

TTCATCTTTCTCTCTCTTATCTTTGAGTTATGGTGAGCTTCGAACAGCTGCAA
AAATGGCGAAACAAGAAGAGAGAGAAGAGAAGAA

Beta corolliflora
DNA contig

TCTGATGCGGTTTTTTTAGGAC

ATCTGATGCGGTTTTTTTAGGACCGCATCAGATTTTTTTGGCCAAATTTCCCT
CCCATTTTTTGGTTGATTTTCGGATGCGGTTTTACAAAAACCGCGTTTGGT

Beta vulgaris

AAGAAGAGAGAGAAGAGA

GAAAGAAGAGAGAGAAGAGAAAGGAGAGAGAAAATAATTAGGTACATTTC
TTTTTTGTTGTTTTTATCTTTTTTTTTTT

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

ATGGTACACCCAAGGCTGATTTTTGCTCATTTACTCATTTGAAGCTCCACCT
ATTATGTGATTATGCTCATTTGGAGTTTCAAATGAGTAATGAGCAAAAAAA
ATAGCCTTGGGTGTATGAT

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTTCGTTTATGAAGGGCT
GCGGTTTTTGGGCTAATCGCGGCCCTTCACT

Beta vulgaris

ATATATATATATAGAGTCGGGATC

ATTCTTTTTTTGGCTTTTATATATATATATATATATATATATATAGAGTCGGG
ATCATGTGAGAAT

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

TACCATGTGTATGGTATACCCAAGGCTATTTTTTGCTTATTTGCTCATTTGGA
GCTCCACCTATTATGTGATTATGCTTATTTGAAGTTTTAAATGAGCAATGAG
CAAAAAAAATAGCCTTGGATGTACCATGCTCATGGTA

Beta vulgaris

AAGGGCTGCGTTTTTTTTAAAACG

GCTGGAAGGGCTGCGTTTTTTTTAAAACGCAGCCCTTCTTGTATGAAGGGTT
GCGGTTTTAAAGGAAACTGCAGCCCTTTTAGT

Beta corolliflora
DNA contig
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Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

AGCAACTAAAAAAACGGATGAAGT

GTAGCAACTAAAAAAACGGATGAAGTAGTATGTACTTCCTCCGTTCTTTTTC
TATTGCAAC

Beta corolliflora
DNA contig

CGAGTAAAAAAAACGGAGGAAGT

AGTGTTGCGAGTAAAAAAAACGGAGGAAGTATTAGTTTTCCTCTGTTTAGTT
TGATGGAAAACT

Beta corolliflora
DNA contig

AATGAACAAAAAAATAGCCTTGG

GTACCATGTGCATGGTACACCCAATGCTATTTTTTACTCATTTACTCATTTAG
AGCTCCACCTATTATATGATTATGCTCATTTGGAGTTTCAAATGAGCAATGA
ACAAAAAAATAGCCTTGGGTGTACCATGCTCATGGTAC

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAAAACG

GGGCTGCGTTTTTTGGAAACGCAGCCCTTCGTGTATGAAGGGCTGCGGTTAG
CCCAAAAATCGCAGCCCTTCGTATACGAAGGGCTGCGGTTTTTTTAAAAACG
CAACCC

Beta vulgaris

AAGGTTTTTTTCGACGGCGCT

AGCGTTGATGATAGAATTTTGTTGGCTTAACTTCACGGTTGAAGTGCGTCCA
AAAAGGTTTTTTTCGACGGCGCT

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

ACTGTACATGGTACACCCAAGACTAATTTTTGTTCATTTGCTCATTCGAAAC
TCTCTTTTTAGTACATTTACGTCATTTGGATGATTTCAAATGAGCAATGAGC
AAAAAAAATAGCCTTGGATGTACCATGTTCACGT

Beta vulgaris

AAGGCCCTGTTTTTTTGGACT

ACTGAACTGAACTGAAAATAAGTTGGGGAGAACAGGCCCTAAGGCCCTGTT
TTTTTGGACTTATTTTCAGTTCAGTTCAGT

Beta corolliflora
DNA contig

AAATGAGCAAAAAAATAGCCTTGG

ATACACCCGGGTGTATCATGAGCATGGTACACCCAAGACTGTTTTTTCTCAT
TTGCTCATTTGGAGCTCTTACTATCTCATTTGGAAGTTTCAAATGATCAAAT
GAGCAAAAAAATAGCCTTGGGTGTACCATGAACATGGTACATCCGGGTGTA
T

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

TATATTATACACTTGGGTGTACCATATACAAGGGCATTTATTTGCTTATATC
GCATTTGTAGAGTTCTAAATGAGCAAAAAAAATAGCCTTGGGGGTTTATTAT
ATACTCGAGTGTACGGTGTA

Beta vulgaris

AATGAGCAAAAAAAATAGCCTTGG

GGTAGATTTCAAATGAGTAATGAGCAAAAAAAATAGCCTTGGGTGTACCAT
TCTCGGGGTACACTCGAGTGTATGATTGAATTTGTAGTATTAGAAAAAAAGT
TGTTTACC

Beta vulgaris

GGTGGCTCATTCCCCTTCTTTTTGCGACATTACTTGGGGGAAGGGGCTGCGG

Beta corolliflora

TGGGGGAGGGGGECTGC GGGGTGGGGGAGGGGGGCTGCT DNA contig
CCTCTTTCTCGCCCAGATTCGAACTCTCTCTAGCCCAGAGCCTTTITCGCGGA o -
CGGGGGTGGGGGAGGGGG ATTCGACGGGGGTGGGGGAGGGTGGGGAATTCGACGGGGGTGGGGGAGGG

G

DNA contig

AATTATTGGGTTTTTTTGTTGGCC

TCAAAATTATTGGGTTTTTTTGTTGGCCCAATAACGACCCTGTCAAATAAAA
GCCCTATAAATTTGA

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAAAACG

CGCTGGAAGGGCTGCGTTTTTTGGAAAACGCAGCCCTTCGTGTATGAAGGG
CTGTGGTTAGCCCAAAAATCGCAGCCCTTCGTATACGAAGGGCTGCGGTTTT
TTTAAAAACGCAGCCCTTTTAGTG

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

GTAGCCCTTCGTTACGAAGGGCTGCGGTTTTTTTAAAAACGCAGCCCATTTA
GTGAAGGGCTGCGGTTAGCCCAAAAACCGCAGCCCTTCATTTACGAAGGGC
TGC

Beta vulgaris
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Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

AAGGGCTGCGTTTTTTTTAAAACG

AGGGCTGCGTTTTTTGAAAAACGCAGCCCTTAATAGTGAAGGACTGCGGTT
AGCCCAAAAACCGCAGCCCTTCGTTTACGAAGGGCTGCGGTCAATGCAAAA
ACCGCAGCCCTATAAGTAATAAAGGGCTGCGTTTTTTTTAAAACGCAACCCT

Beta corolliflora
DNA contig

AATGAGTAAAAAAATAGCCTTGGG

TACCATGTCTATGCATTGTAGACTCAAGACTAATTTTTGCTCATATGAAACT
CTCCTTTTGAGTATATATTTTGCTCATTTTTGGATTGTTTCAAATGCAATGAG
TAAAAAAATAGCCTTGGGTATAACATGCTCATGGTA

Beta corolliflora
DNA contig

AATGAACAAAAAAATAGCCTTGG

GGTTTTTATATACTAATTTTTTGTTAATTTGCTCATTTGGAACTCTTCTTTTTA
GTACATTTTGCTTATTTTGATGATTTCAAATGAGCAATGAACAAAAAAATAG
CCTTGGGTGTACC

Beta corolliflora
DNA contig

CTAGGGGGTTATTTTTTTGTAATT

TAGGGGGTTATTTTTTTGTAATTGTAAGGGGTTACTTTTGTAATTATAAGGG
GATATATTTACTA

Beta corolliflora
DNA contig

AATGAGCAAAAAAATAGCCTTGGA

CCAAGGCTTTTTTTTCCATTTGAAACTCTCTATATTGGGCGAATTTTGCACAT
TTTGAGGTTTAATGAGCAAAAAAATAGCCTTGG

Beta corolliflora
DNA contig

AATGAATAAAAAAATAGCCTTGGG

GTACCATGTGCATGGTACACCCAAGATTAATTTTTGCTCATTGCTTATTTATA
ACTCTTGCTTTTTAGTACATATTGCTCATTTGGATGATTGCAAATGAGCAAT
GAATAAAAAAATAGCCTTGGGTGTACTATGCTCACGGTAC

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAAAACG

GTGAAGGGCTGCGGTTAGCCCAAAAATCGCAGCCCTTCGTTTACGAAGGGC
TGCGGTTTTTTTAAAAACGCAGCCCTTCAC

Beta vulgaris

AATGAGCAAAAAAAATAGCCTTGG

GTACACCCAATGCTATTTTTTGTTCATTTGCTCATTTAGAGTTCTACCTATTA
TGTGATTATGCTCATTTGAAGGATTAAAATGAGCAATGAGCAAAAAAAATA
GCCTTGGGTGTAT

Beta vulgaris

AATGAATAAAAAAATAGCCTTGGG

GTACCATGCACATGGTACATCTAAGGCTATTTTTTGTTCATTTACTCATTTGG
AGCTCTACCTATTATGTGATTATGCTTATTTGGAGTTTCAAATGAGCAATGA
ATAAAAAAATAGCCTTGGGTGTACCATGCTCATGGTAC

Beta corolliflora
DNA contig

AAATGAGCAAAAAAATAGCCTTGG

TACACCCAAGGCTATGTTTTTTCTCATTGCTAATTTGAAACCTCCAAATGAT
CATAATCACATAATAGGTAGAACTCCAAATGAGCAAATGAGCAAAAAAATA
GCCTTGGGTGTG

Beta corolliflora
DNA contig

CTTGGGCAGTTTTTTTTGGGC

TTGGGCGGGCTTGGGCAGTTTTTTTTGGGCGGGCTTTGGACAAGCCAAAAA
AGACGTTTTAGTCTTTTTTTTTTGTCCCGGCCCGTTTTAGCCCGAAAAAGTCC
GCTCGGCCCGGCCCGA

Beta corolliflora
DNA contig

AATGAGTAAAAAAATAGCCTTGGG

GGGTGTATCATGTGCATGGTACACCCAATGTTATTTTTTGCTCATTTGCTCAT
TTGAGACCTCCAAATGAGCAAATGAGTAAAAAAATAGCCTTGGGTGTACCA
TGCTCATGGTACACCC

Beta corolliflora
DNA contig

ACACACGCGCGCGCGCGCCGGCCG

ATGGCAAGCCACACACGCGCGCGCGCGCCGGCCGGGCTGGGCTCGTGGLCGL
GCGCGGGTTGTGGGCCTGCGGT

Beta corolliflora
DNA contig

AATGAGCAAAAAAATAGCCTTGGA

CCATGACTTATTTGTGCTTATTTGCTCATTTGAAACTCTCATTTTTAGTACAT
TTTGTTCATTTAGATGATTTCAAATGATCAATGAGCAAAAAAATAGCCTTGG

Beta corolliflora
DNA contig
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Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

AGGGCTGCGGTTTTTTTAAAAACG

AGGGCTGCGTTTTTAAAAAACGTAGCCCTTAATAGTGAAGGGTTGCGGTTA
GCCCAAAATCCGCAGCCCTTCGTTAACGAAGGGCTGCGGTTTTTTTAAAAAC
GCAGCCCT

Beta vulgaris

AGGGCTGCGGTTTTTTTAAATACG

CGCAGCCCTTCGTAAACGAAGGGCTGCGGTTTTTTTAAATACGCAGCCCTTT
TAGTGAAGGGTTGTGGTTAGCCCAAAAACGCAGCCCTTCGTTTTACGAAGG
GCTGTG

Beta corolliflora
DNA contig

CTTGGGCAGTTTTTTTTGGGC

GGCCCGGTTTTTGGGCGGCTTGGGCAGTTTTTTTTGGGCGGGCTTTGGACAA
GCCAAAAAAGAGGTTTTAGTCTAATTTTTTGGCCCGGCCCGATTGGCCTGAA
AAATCTCGCTCGGCCTGGCCCGAAATAACGGGCT

Beta corolliflora
DNA contig

AGCAGCCCCCCCTCCCACCACC

CCCTTCCCCCCACCCTCCCAGCAGCCCCCCCTCCCACCACCCCTTCCCCCAC
CCTTCCAACCAGGTCTGGGGAGAGGGGTTGCTGGGAGGGTGGGGGAAGGG
GTGGTGGGAGGGAGGGCTGCTGGGAGGGTGGGGGAAGGG

Beta corolliflora
DNA contig

AAGGTTTTTTTCGACGGCGCT

GCATGAGCGTTGATGATAGAATTTTGTTGGTTTAACTTCACGTTTGAAGTGC
GTCCGAAAAAGGTTTTTTTCGACGGCGCTTGTTAATGT

Beta corolliflora
DNA contig

ACATAGATATGAGAGAGAGAGAGA

CTTACTTTACCATTTTGTTGTTGACAACTACCTTATGCCGGTTTCCGGCGTTG

ACTTTTTTTTCAGTTTAAAATTGTGGGAAAAACAAAATTACCCTTGTGGAAA

TTGAGGAGGGTGATTGTTTCAATTTTAGTTGAAGTAGAAGAAGAATTTAATG
GTGGATTGGTGGTACAAAGTGTCACATAGATATGAGAGAGAGAG

Beta vulgaris

AAGGCCCTGTTTTTTTGGACT

AACTAAACTGAACTAACTGATTGGAACTGAACTGAACTGCACTGATTGCAA

CTGAACTGAACTCAATTGAATTGAAAATAAGCTGGGGAGAACAGGCCCTAA
GGCCCTGTTTTTTTGGACTTATTTTCAGTTCAGTTCAGTTCAATTCAGTTCAG

TTCAGTTCAGCTCACTTCAGTTCAGTTTAGTTCAGTT

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAAAACG

GGGCTGTGTTTTTTGGAAAACGCAGCCCTTCGTGTATGAAGGGCTGCGGTTA
GCCCAAAAATCGCAGCCCTTCGTATACGAAGGGCTGCGGTTTTTTTAAAAAC
GTAGCCC

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

AACCGCAGCCCTTCACTAAAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTT
CACTAAAAGGGCTGCGGTTTTTGCATTGACCGCAACCCTTCGTAAGTAAAG
GGCTGCGGTT

Beta vulgaris

AAGGGCTGCGTTTTTTTTAAAACG

CGCTGAAAGGGCTGCGTTTTTTTTAAAACGCAGCACTTCGTGTATATGAAAG
GCTGCGGTTTTCAAGGAAACCGCAGCCCTTTTAGTG

Beta corolliflora
DNA contig

TTTTAAGTAAAAAAATTAGGGTGT

ACCCTAATTTTTTTACTTAAACAAAAAAAAGTCATGTGCCTTCATTTTCTCCT
TTCCCCTCTTTATCCTCATCCTTCCCCAACTGAAGAAACCCACCCATTCTTGA
GCAAGAAAACCCACCAACTATTGAGCAAGGATGAGTAAAGGGGGGAAAGG
AGAAAATGAAGGCACGTGTCTTTTTTTTAAGTAAAAAAATTAGGGT

Beta corolliflora
DNA contig

AAGAAGAGAGAGAAGAGA

TTCATCTTTCTCTCTCTTATCTTTGAGTTATGGTGAGCTTCGAAAAGCTGCAA
AAATGGCGAAACAAGAAGAGAGAGAAGAGAAGAA

Beta corolliflora
DNA contig
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Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

AAGGGCTGCGTTTTTTTAAAAACC

AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTTCGTTTATGAAGGGCT
GCGGTTTTTGGGCTAATCGCAGCCCTTCACT

Beta vulgaris

CGGGGGTGGGGGAGGGGG

CACCCCAGCAGCCCCCCACCCCCACCCTAGCACCCCCACCCTAGCACCCCCA
TCCCAGCTGCGGAGTTCATCGATGAGAATGGGTTGTGGTGGGGAGCTGCGG
GGGTGGGGGAGGGGGATGCTGGGGGTGAGGGAGGGGGCCTGCAGGGGTG

Beta corolliflora
DNA contig

AATGGGAAGAAAAAAAGTTGAATC

GGTCTACCAATGGGAAGAAAAAAAGTTGAATCTACCATTGGGAATTCTCAA
TAATAGGAGCCTACCTGTGGGAATTTCCCTTTCGGTTTTCTTTTTTTTTATTT
GGTACC

Beta corolliflora
DNA contig

ACACACGCGCGCGCGCGCCGGCCG

CCACACACGCGCGCGCGCGCCGGCCGGGCCGGGCTCGGCCTCGTGGCGAGC
GCGGTGTGG

Beta corolliflora
DNA contig

AACAATGAGCAAAAAAAATAGCCT

GATACATTCAAGACTAATTTTTGCTCATTTGATCATTTGAAACTCTCCTTTTA
AGTACATTTTGTTCATTTGGATGATTTCAAATGAACAATGAGCAAAAAAAAT
AGCCTTGAGTGTGTC

Beta corolliflora
DNA contig

ACTTCCTCCGTTTTTTTATAGATG

TCTATCTTAACACTTCCTCCGTTTTTTTATAGATGCTACATAGAGAAAGTGG
GGAGTTTTTAAGAAAGG

Beta corolliflora
DNA contig

AATGAACAAAAAAATAGCCTTGGG

TACACCCGGGTGTATCATGAGCATGGTACACCCAAGACTATTTTTTCTCATT
TGCTCATTTGGAGCTCTTACTATCTCATTTGGAAGTCTCAAATGATCAAATG
AACAAAAAAATAGCCTTGGGTGTACCATGAACATGGTACATCTGGGTGTA

Beta corolliflora
DNA contig

AAGGCCCTGTTTTTTTGGACT

AGTAAGGCCCTGTTTTTTTGGACTGAACTGAACTAAAACTGTGCCCAAAAA
AATAGGGCTAACT

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAAAACG

GGCTGCGTTTTTTGAAAAACGCAGCCCTTCGTGTATGAAGGGTTGCGGTTAG
CCCAAAAATCGCAGTCCTTCGTATACGAAGGGCTGCGGTTTTTTTAAAAACG
CAGCC

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

CCCAAAAATCGCAGCCCTTCGTATACGAAGGGCTGCGGTTTTTTTAAAAACG
CAGCCCTTTTAGTGAAGGGCTGCGGTTAGTCGAAAACCGCAGCCCTATAAG
TAATAAAAGGCTGCGGTTTTTGGG

Beta vulgaris

AATGAGTAAAAAAATAGCCTTGGG

GTATGGTACACCCAAGACTAATTTTTGCTCATTTAATTTGCTCATTTGGAAG
TCTCCTTTTTTAGTATATTTTGCTCATTTGGATAATTTCAAATGAGTAATGAG
TAAAAAAATAGCCTTGGGTGTACCATGC

Beta corolliflora
DNA contig

AAGGGCTGCGTTTTTTTTAAAACG

GCTGGAAGGGCTGCGTTTTTTTTAAAACGCAGCCTTCTTATATGAAGGGCTG
CGGTTTTAAAGAAACCGCAGCCCTTTTAGT

Beta corolliflora
DNA contig

TCTGATGCGGTTTTTTTAGGAC

ATCTGATGCGGTTTTTTTAGGACCGCATCATATTTTTTTGGCCAAATTTCCCT
CCCATTTTTTGGTTGATTTTCGGATGCGGTCTTACAAAAACCGCATCTGAT

Beta vulgaris

ACACTAAGGGGGGGTTTGGTTTG

TCCAATTGAAACAAACTCATAGCGTGTAGCAGGTGCTAAACACTAAGGGGG
GGTTTGGTTTGGG

Beta corolliflora
DNA contig

AGTTCAGTCCAAAAAAATAGAGCC

TTAAGTTCAGTTCAGTTCAGACAAATTCAATTCAGTTCAGTCCAAAAAAATA
GAGCCTTATTTTTGCTAAAAGTGAGGTAGGCCTTATTTTTTTGAACTGAGAA
AAACTGAATTACAGAGAGTAACTGAACTGAACTGAAAATAA

Beta corolliflora
DNA contig
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Sac
tokasi
kaynagi

ATTGAGTAAAAAAATAGCCTTGGA

GTACTATGTACTTGGTACACCTAAGGCTATTTTTTGTTCATTTACTCATTTGG
AGCTCTACCTATTATGTGATTATGCTCATTTCGAGTTTCAAACGAGCATTGA
GTAAAAAAATAGCCTTGGATGTACTATACTCATGGTAC

Beta corolliflora
DNA contig

ATTGAGTAAAAAAATAGCCTTGGA

TACTATGTACTTGGTACACCTAAGGCTATTTTTTGTTCATTTACTCATTTGGA
GCTCTACCTATTATGTGATTATGCTCATTTCGAGTTTCAAATAAGCATTGAG
TAAAAAAATAGCCTTGGATGTACTATACTCATGGTA

Beta corolliflora
DNA contig

TTGCGCGGCCTGACCC

GCGAGTTGCGCGGCCTGACCCTTTCTCTTCCGGCCTTTACTCAGATACATTA
TGTATCTAAGGTTTCGAGGACGGTGGACGGAGCTTGGTTCAGCGTCTGTAAC
CGC

Beta corolliflora
DNA contig

ACACGCGCGCGCGCGCCGGGCTCG

GGGCTAAAAGGATTGGTAACCACACACGCGCGCGCGCGCCGGGCTCGTGGG
GAGCGCGGCGCGGGCGGGGTCTGTGGGTCTGTGGGTCTGTGGTCC

Beta corolliflora
DNA contig

ATCGGCCTAAAAAAATTTCGC

CCACCACCCACCTGGAAGCAGACGAAATTTTTTTAGGCCGATGGCAGGCCA
GACGTTCGCCCATCGGCCTAAAAAAATTTCGCCTGCTTCTAGGTGGGTGGTG
G

Beta corolliflora
DNA contig

AATGAACAAAAAAAATAGCCTTGG

GTACCATTTGCACTGTACATCTAAGACTATTATTTGCTCATCTGCTCATTTGG
AGCTCTACCTATTATGTGATTATGTTTATTTGGAGGTTTCAAATGAGCAATG
AACAAAAAAAATAGCCTTGGGTGTATCATGTTCATGGTAT

Beta corolliflora
DNA contig

CCGCGGGCCAAAAAAACTGCC

GGCTGAAAAGTCTTTTTTGGCTTGCCCAAAGCTCACCCAAAAAAAAAACGG
GCCGCCCCGCGGGCCAAAAAAACTGCCCAAGCC

Beta corolliflora
DNA contig

AATGAACAAAAAAATAGCCTTGG

GTTCATTCATCATACACCCGGGTGTACCATGTGCATGGTACGCCCAAGACTA
ACTTTTGCTCATTTGCTCATTTAGAACTCTGTATGATTTCAACTGAACAATGA
ACAAAAAAATAGCCTTGGGTGTACCATGCTCAAGGTACACCCGGGTGTATC
ATAAATTGTTTGC

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

GTACCATGCGCATGGTACACCCAAGACTAATTTTTGCTCATTTGCTCATTTG
AAACTCTCCTTTTTAGTATATCTTGCCCATTTAGATGATTTCAAATTAGCAAT
GAGCAAAAAAAATAGCCTTGGGTGTACCATGCTCATGGTAC

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

AAGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTTCGTTTATGAAGGGT
TGCGGTTTTTGGGCTAATCGCAGCCCTTCACTT

Beta vulgaris

TTAGTAAGAAAAAAAATGGCGGC

ATGGCGTTAGTAAGAAAAAAAATGGCGGCATTTAGCAAATGAGTTCTTTAA
TCAATAAAAAAAATACTTTTAATTTACTCATTTGCTAAATGCCGCCATTTTTT
TTCCTAAATTCTGT

Beta corolliflora
DNA contig

TCTGATGCGGTTTTTTTAGGAC

ATCTGATGCGGTTTTTTTAGGACCGCATCAGATTTTTTTGGCCAAATTTCCCT
CCCATTTTTTGGTTGATTTTTGGATGCGGTTTTACAAAAACCGCATCTGAT

Beta vulgaris

TCTGATGCGGTTTTTTTAGGAC

ATCTGATGCGGTTTTTTTAGGACCGCATCAGATTTTTTTGGCCAAATATCCCT
CTCATTTTTTGGTTGATTTTCGGATGCGGTTTTATAAAAACCGCATCTGAT

Beta vulgaris

AATTATTGGGTTTTTTTGTTGGCC

TCAAAATTATTGGGTTTTTTTGTTGGCCCAGTAACGGCCATGTCCAATAAAA
GCCTTATAAATTTGA

Beta corolliflora
DNA contig
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Sac
tokasi
kaynagi

AATGAGTAAAAAAATAGCCTTGGG

TGTACCATGTGCATGGTACACCCAATGCTATTTTTTTTCTCATTTACTCATTT
GTAGCTCCACCTATTATGTGATTATGCTCATTTGGAGTTTTAAATGAGCAAT
GAGTAAAAAAATAGCCTTGGGTGTACCATGCTCATGGTACA

Beta corolliflora
DNA contig

CGGAATCTGGAAAAAAATTGGACC

CCGGAATCTGGAAAAAAATTGGACCAGGACCGGACCGTCCGGTTCGGTCCG
GTTTTGTGCCGGTTAGACCGG

Beta corolliflora
DNA contig

AGCGGTTAACCTTTTTTTCGGTAC

GAACCGTAACCGTTTAGACTGGTTACCGTCTAAGCGGTTAACCTTTTTTTCG
GTACGGTTT

Beta corolliflora
DNA contig

AATGAGCAAAAAAAATAGCCTTGG

GTACATCTAAAACTAATTTTTGCTTATTTGCTCATTTGGACTCACTTTTTCAA
TACATTTTGCTCATTTAGATGATTTCAAATGAACAATGAGCAAAAAAAATA
GCCTTGGGTGTAC

Beta vulgaris

AAGGGCTGCGTTTTTTTAAAAACC

AGGGCTGCGGTTTTCGATTAACCGCAGCCCTTCACTAAAAGGGCTGCGTTTT
TTTAAAAACCGCAGCCCT

Beta vulgaris

AATTCACCCCCCCTCTTGTACGTG

CTTTGCCAAAAGTTCCAAAGTACAATTCACCCCCCCTCTTGTACGTGTTCCA
TTAAAGTATCAGTGGGCGTGGTTGTGATGGTTGTGCGTGAACCACGGCGAG
G

Beta corolliflora
DNA contig

ATAATTCACCCCCCCTCTTGTAGT

TTGTTAACTTGGAAGGAACTACAAGAGGGGGGTGAATTGTTGTGTGGAACT
TATTGCCAAATAATGCGGAATTTAAAACATAAGTAATAAGTTCCACACTAT
AATTCACCCCCCCTCTTGTAGTTCCTTCCAAGTTAACAA

Beta corolliflora
DNA contig

AGCGAACGTCTGGCCTGG

GAGCGAACGTCTGGCCTGGACGTTCGCTCCATGGGGCAAACGTCTGGCCTG
GACGTTCGCTC

Beta vulgaris

AGGGCTGCGGTTTTTTTAAAAACG

AAGGGCTGCGGTTAGCCCAAAATCCGCAGCCCTTCGTAAACGAAGGGCTGC
GGTTTTTTTAAAAACGCAGCCCTT

Beta vulgaris

CGAACGTCTGGCCTGGA

ATGGGCGAACGTCTGGCCTGGACGTTCGCTCCATGGGGCGAACGGCTGGCC
TGGACGTTCGCTCCAT

Beta corolliflora
DNA contig

AATGAGTAAAAAAATAGCCTTGGG

GTACACCCAAGACTATTTTTTGCTCATTTGCTCATTTGGAACTCTATCTATTA
TGTGATTATGCTCATTTGGAGGTTTCAAATGAGTAATGAGTAAAAAAATAG
CCTTGGGTGTAT

Beta corolliflora
DNA contig

CGAACGTCTGGCCTGGA

TCGACCCATGGCCCGAACGTCTGGCCTGGACGTTCGGGCCATGGGTCGAAC
TTCCTGGCCAAACGTTCGCCCCATGGCCTGAACGTCCAGACCAGATGTTCGG
GCCATGGGTCGA

Beta corolliflora
DNA contig

ATTCTCATTAGGGGGGTTGGGGGC

CGATTCTCATTAGGGGGGTTGGGGGCATTGGGGTAGGTTGTATTAGGTGCC
ATGTGAGAGTGCG

Beta corolliflora
DNA contig

ATTGAGTAAAAAAATAGCCTTGGA

GTACTATGTACTTGGTACACCTAAGGCTATTTTTTGTTCATTTACTCATTTGG
AGCTCTACCTATTATGTGATTATGCTCATTTCGAGTTTCAAATGAGCATTGA
GTAAAAAAATAGCCTTGGATGTACTATACTCATGGTAC

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAAAACG

AGGGCTGCGGTTTTTTTAAAAACGCAGCCCTTCGTGTAAGAAGGGCTCCGTT
TTCAGGGAACGGGCAGCCCT

Beta vulgaris

CGAACGTCTGGCCTGGA

GGCGAACGTCTGGCCTGGACGTTCTCTCCATGGGGCCAACGTCCAGGCCAG
ACGTTTGCC

Beta corolliflora
DNA contig
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Sac
tokasi
kaynagi

AAGGGCTGCGTTTTTTTTAAAACG

GGGCTGCGTTTTTTTTAAAACGCAACCCTTTAAGTAATAAAAGGGCTGCGTT
TTTTAAAAAAAACGCAGCCC

Beta corolliflora
DNA contig

TCTGATGCGGTTTTTTTAGGAC

TCTGATGCGGTCAAAAAACCGCATCAGATTTTTAAAAAATCGCAACAGTTTT
TTAATCTGATGCGGTTTTTTTAGGACCGCATCAGA

Beta vulgaris

AAGGGCTGCGTTTTTTTTAAAACG

CGCTGGAAGGGCTGCGTTTTTTTTAAAACGCAGCCCTTCTTGTATGGAGGGT
TGCGGCTTTAAAGGAAACCGCAGCCCTTTTAGTG

Beta corolliflora
DNA contig

AACAATGAGCAAAAAAAATAGCCT

GTACACCCAAGACTAATTTTTGCTCATTTACTTATTTGAAACTCTCCTTTTTA
ATATATTTTACTCATTTGGATGATATCAAATGAACAATGAGCAAAAAAAAT
AGCCTTGGGTGTAC

Beta corolliflora
DNA contig

CGAACGTCTGGCCTGGA

TTGGGACCATGGGGGCGAACATCCCGCCTGGACGTTCCACCCATGGCCCGA
ACGTCTGGCCTGGATGTTCCACCCATGGCCCGA

Beta corolliflora
DNA contig

AGGGCTGCGTTTTTTTAAAAACCG

AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTTCATACTGTATGAAGG
GCTGCGATTTCTTGTTAACCGCATCCCTTCACT

Beta vulgaris

CATCGGCCTAAAAAAATTTCGC

GGGCGAAATTTTTTAGGCCGATGGGCGAACGTCTGACCTGGACGTTCGCTCC
ATGGGGCAAACGTCCAGACCAGACGTTCGCCCATCGGCCTAAAAAAATTTC
GCCT

Beta corolliflora
DNA contig

AAGGCCCTGTTTTTTTGGACT

AGGCCCTGTTTTTTTGGACTTATTTTTTGTTAAGTTTATATTCTCTCAGTGAC
TCAGTCCAAAAGAACGGTGCCT

Beta corolliflora
DNA contig

AATGAGCAAAAAAAGTCTTGGGTG

TACATCCAAGGCTTTTTTTTTTGCTCATTTACTCTTTTAAAGATCTTTTCGTTG
TGCGAATTTTGCTAATTTGGAGGTTTTAAATAAGTAATGAGCAAAAAAAGT
CTTGGGTGTA

Beta corolliflora
DNA contig

AAGGAGATGAGAGAGATAGAGAGA

CATCCTAGTTTGTACTTCCTCCGTTCTTTAATAATTGCAACATGTAGGGGTTG
CACATTTTTTAAGGAGATGAGAGAGATAGAGAGAGATG

Beta vulgaris

AGCGGTTAACCTTTTTTTCGGTAC

GAACCGTAACCGTTTAGACCGGTTACCGCCTAAGCGGTTAACCTTTTTTTCG
GTACGATTC

Beta corolliflora
DNA contig

AAGGAGATGAGAGAGATAGAGAGA

CTATTTTACTTCCTCCGTTCTTTAATTATTGCAACATGTAGGGGTTGCAAATT
TTTTAAGGAGATGAGAGAGATAGAGAG

Beta vulgaris

ATGATGACGAGAGAGAGAGAGAGT

CGTCCATAAAAGTTTCCCCTTTTCTGTCATTGCAGAATTCTCCATGATGACG
AGAGAGAGAGAGAGTGTTGGATG

Beta corolliflora
DNA contig

ATGGACCGGGAAAAAAAGTGAAAA

TACTCCTTTAGTCTTTTTTTTAATTGGGATATTTGTGTTTACACATGGACCGG
GAAAAAAAGTGAAAAGGTGGAGTA

Beta corolliflora
DNA contig

AGGGCTGCGGTTTTTTTAAATACG

CGCAGCCCTTAATAGTGAAGGGCTGCGGTTAGCCCAAACACCGCAGCCCTT
CGTAAACGAAGGGCTGCGGTTTTTTTAAATACGCAGCCCTTTAAGTGAAGG
GCTGCG

Beta corolliflora
DNA contig

CGGAATCTGGAAAAAAATTGGACC

GGTCCAGGACCGGACCGGAACCGGTTGGACCGGTGGACCGGAATCTGGAA
AAAAATTGGACCTGGAAAGGACCGGAATTTTTCCGGTCCGGTCCGGTCTGG
ACCTGAATTTTTCCGGTCCGGTCCGGTCTTGGACC

Beta corolliflora
DNA contig

TCTGATGCGGTTTTTTTAGGAC

GATGCGGTTTTTTTAGGACCGCATCAGATTTTTTTTGGCCAAATTTCCCTCCC
ATTTTTTGGTTGAATTTCGAATGCGGTTTTACAAAAACCGCATC

Beta vulgaris
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Ek 28 (devamm)

Kiictik RNA dizisi

Sac tokasi dizisi

Sac
tokasi
kaynagi

AATACCCTGGGGGGGACT

GAATGTGGCTCTCTTCGGGGAGTGTTATAGCCCGTTGCGTAATACCCTGGGG
GGGACTGAGGTTC

Beta corolliflora
RNA-dizileme

TGAGCAAAAAAATAGCCTTGG

CTAGGGCTATTTTTTTGCTCATCTGGAGCTCTCACTCTAATGAGCAAAAAAA
TAGCCTTGG

Beta corolliflora
RNA-dizileme

AATGAGCAAAAAAAATAGCCTTGG

TATATTATACACTTGGGTGTACCATATACAAGGGCATTTATTTGCTTATATC
GCATTTGTAGAGTTCTAAATGAGCAAAAAAAATAGCCTTGGGTGTTTATTAT
ATACTCGAGTGTACGGTGTA

Beta vulgaris

TCCGATTTTTTTGCCTAACCG

AACTGATCCGGTTGGGCAAGAAAACCGAACCAGTTAATCAACTTAAGTGGT
CCGATTTTTTTGCCTAACCGGATTAGTT

Beta corolliflora
RNA-dizileme

CGAACGTCTGGCCTGGA

TTTTAATTGGGGCTAAGGGTCGAACGTCTGGCCTGGACGTTCGACCCATGGC
CCGAACGTTTGGCCTGGACGTTTGGGCCATGGGGCGAAAGTCTGGACGTTC
GGGCCCGCCAGATGTTCGGGCCATGCGTCAAACTTCCTGGCCAGAAGTTCG
ACCTTTAGCCCCAATTAAAA

Beta corolliflora
DNA contig

AGGAGAGAGAGAGAATTCAGAA

GAAGAAAGAATTTAAGGAGAGAGAGAGAATTCAGAATACAACAACTGGGC
TCTTCTTCTTCTTGTTCACTTGTTCTTC

Beta corolliflora
RNA-dizileme

ATGATGACGAGAGAGAGAGAGAGT

CGTCCATAAAAGTTTCCCCTTTTCTGTCATTGCAGAATTCTCCATGATGACG
AGAGAGAGAGAGAGTGCTGGATG

Beta corolliflora
DNA contig

AAGGTTTTTTTCGACGGCGCT

CATGAGCGTTGATGATAGAATTTTGTTGGCTTAACTTCACGGTTGAAGTGCG
TCCAAAAAGGTTTTTTTCGACGGCGCTTGTG

Beta corolliflora
DNA contig
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Ek 29: Bilinmeyen kiiciik RNA'larin ve sa¢ tokasi yapilarinin degerlendirilmesi

CD'de Ek 29 olarak verilmistir
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Ek 30: Sac¢ tokasi yapis1 belirlenen kiclik RNA dizilerinin kodlanmayan RNA'lar ile

gerceklestirilen BLAST sonucu
- Ortiisme|Benzerlik
Kigiik RNA BLAST e s NCBI ID
(%) (%)

PREDICTED: Medicago truncatula uncharacterized

AATGAGCAAAAAAATAGCCTTGGG LOC112421192 (LOC112421192), ncRNA 70 100 XR_003011342.1
PREDICTED: Glycine soja uncharacterized

CGGTAGTACGCGACTTGGCATG LOC114425671 (LOC114425671), ncRNA 59 100 XR_003669264.1
PREDICTED: Sesamum indicum uncharacterized

AAACAGAATACACGTCGCGACCCG LOC105180026 (LOC105180026), ncRNA 66 100 XR_002286462.1
PREDICTED: Eucalyptus grandis uncharacterized

ACCCTGGGGGGGACTGAGGTTC LOC104425329 (LOC104425329), ncRNA 68 100 XR_721630.1
PREDICTED: Rosa chinensis uncharacterized

AGCGACGATAGGCCCCCCCCT LOC112194943 (LOC112194943), transcript variant 66 100 XR_002934212.1
X11, ncRNA
PREDICTED: Helianthus annuus uncharacterized

AAAAAATAAAAAATGGGC LOC110922924 (LOC110922924), transcript variant X2, |94 100 XR_002583573.1
NcRNA
PREDICTED: Chenopodium quinoa uncharacterized

GTAAGGAGAGAGAGAGAACAGAGA LOC110707056 (LOC110707056), ncRNA 95 100 XR_002508423.1
PREDICTED: Nicotiana tomentosiformis zinc finger

GATAGCTGGGTCGGGTC BED domain-containing protein RICESLEEPER 3-like (88 100 XR_001968588.1
(LOC104092790), transcript variant X17, misc_RNA
PREDICTED: Raphanus sativus uncharacterized

GTAGGTGCACACGTTCGTATGGTG LOC108847432 (LOC108847432), ncRNA 62 100 XR_001948958.1
PREDICTED: Physcomitrella patens uncharacterized

GACCGAGCGCGGACTAG LOC112293229 (LOC112293229), ncRNA 82 100 XR_002972928.1
PREDICTED: Malus domestica uncharacterized

TGGGGACGCTGGGCAC LOC114824017 (LOC114824017), ncRNA 81 100 XR_003772248.1
PREDICTED: Zea mays uncharacterized LOC103638280

CGTAGTCCGCGLGGGC (LOC103638280), transcript variant X2, ncRNA » 100 XR_002265067.1
PREDICTED: Arachis hypogaea uncharacterized

TCTGATGCGGTTTTTTTAGGAC LOC112758012 (LOC112758012), transcript variant X2, |68 100 XR_003179472.1
ncRNA
PREDICTED: Papaver somniferum uncharacterized

AGGGCTGCGTTTTTTTAAAAACCG LOC113309378 (LOC113309378), ncRNA 66 100 XR_003340553.1
PREDICTED: Oryza sativa Japonica Group

AATGAGCAAAAAAAATAGCCTTGG |uncharacterized LOC9270173 (LOC9270173), transcript |70 100 XR_001548467.2
variant X8, ncRNA
PREDICTED: Medicago truncatula uncharacterized

AATGAGCAAAAAAATAGCCTTGG LOC112421192 (LOC112421192), ncRNA 73 100 XR_003011342.1
PREDICTED: Papaver somniferum uncharacterized

AGGGCTGCGGTTTTTTTAAAAACG |LOC113286995 (LOC113286995), transcript variant X2, |66 100 XR_003329634.1
ncRNA
PREDICTED: Brachypodium distachyon uncharacterized

ACATAGATATGAGAGAGAGAGAGA LOC106865790 (LOC106865790), ncRNA 83 100 XR_001405121.2
PREDICTED: Beta vulgaris subsp. vulgaris

AAGGGCTGCGTTTTTTTAAAAACC |uncharacterized LOC109135611 (LOC109135611), 66 100 XR_002040492.1
ncRNA

AAGGAGATGAGAGAGATAGAGAGA | REDICTED: Helianthus annuus uncharacterized 87 100 XR_002577012.1

LOC110911544 (LOC110911544), ncRNA
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003011342.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1590557889
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1590557889
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003669264.1?report=genbank&log$=nucltop&blast_rank=6&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173754416
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173754416
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002286462.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702492716
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_702492716
https://www.ncbi.nlm.nih.gov/nucleotide/XR_721630.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1365984204
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1365984204
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1365984204
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002934212.1?report=genbank&log$=nucltop&blast_rank=5&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228947998
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228947998
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228947998
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002583573.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219154555
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219154555
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002508423.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1083856536
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1083856536
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1083856536
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001968588.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZX6Z9DW014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1072931031
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1072931031
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001948958.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1373946105
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1373946105
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002972928.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1632181636
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1632181636
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003772248.1?report=genbank&log$=nucltop&blast_rank=4&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1162500461
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1162500461
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002265067.1?report=genbank&log$=nucltop&blast_rank=9&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1431748960
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1431748960
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1431748960
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003179472.1?report=genbank&log$=nucltop&blast_rank=5&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1484848872
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1484848872
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003340553.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443094444
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443094444
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443094444
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001548467.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003011342.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1484800098
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1484800098
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1484800098
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003329634.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1371048720
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1371048720
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001405121.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108955223
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108955223
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108955223
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228922778
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228922778
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002577012.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014

Ek 30 (devamm)

Kiiglik RNA

BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

AGCGAACGTCTGGCCTGG

PREDICTED: Selaginella moellendorffii uncharacterized
LOC112346521 (LOC112346521), transcript variant X1,
ncRNA

7

100

XR_002992458.1

AAGGATAAAAAAAACAGAGGGAGT

PREDICTED: Daucus carota subsp. sativus
uncharacterized LOC108218345 (LOC108218345),
ncRNA

100

XR_001806367.1

AATTATTGGGTTTTTTTGTTGGCC

PREDICTED: Cucumis melo uncharacterized
LOC103493065 (LOC103493065), ncRNA

70

100

XR_538382.2

GAGAGAGAATAGATGAGAGAGAGT

PREDICTED: Amborella trichopoda uncharacterized
LOC110006993 (LOC110006993), transcript variant X2,
ncRNA

95,65

XR_002280423.1

AATGAGTAAAAAAATAGCCTTGGG

PREDICTED: Solanum lycopersicum uncharacterized
LOC104645721 (LOC104645721), transcript variant
X13, ncRNA

100

XR_003245578.1

AAGGGCTGCGTTTTTTTTAAAACG

PREDICTED: Helianthus annuus uncharacterized
LOC110899304 (LOC110899304), transcript variant
X26, ncRNA

100

XR_002570121.1

CGGAATCTGGAAAAAAATTGGACC

PREDICTED: Brassica napus uncharacterized
LOC111216029 (LOC111216029), ncRNA

70

100

XR_002664750.1

CCACGGGCCAAAAAAACTGCC

REDICTED: Gossypium hirsutum uncharacterized
LOC107941378 (LOC107941378), transcript variant X5,
misc_RNA

100

XR_001695604.1

AGGGCTGCGGTTTTTTTAAATACG

PREDICTED: Camelina sativa uncharacterized
LOC104724135 (LOC104724135), ncRNA

66

100

XR_757528.1

AAGAAGAGAGAGAAGAGA

PREDICTED: Camellia sinensis uncharacterized
LOC114321277 (LOC114321277), ncRNA

100

100

XR_003650218.1

ATATATATATATAGAGTCGGGATC

PREDICTED: Beta vulgaris subsp. vulgaris
uncharacterized LOC109134382 (LOC109134382),
ncRNA

100

XR_002039341.1

AGCAACTAAAAAAACGGATGAAGT

PREDICTED: Camellia sinensis uncharacterized
LOC114300625 (LOC114300625), nNcRNA

66

100

XR_003642734.1

CGAGTAAAAAAAACGGAGGAAGT

REDICTED: Chenopodium quinoa uncharacterized
LOC110720426 (LOC110720426), ncRNA

100

XR_002511327.1

AATGAACAAAAAAATAGCCTTGG

PREDICTED: Coffea eugenioides uncharacterized
LOC113779887 (LOC113779887), transcript variant
X15, ncRNA

100

XR_003469510.1

AAGGTTTTTTTCGACGGCGCT

PREDICTED: Nelumbo nucifera uncharacterized
LOC109115328 (LOC109115328), ncRNA

85

100

XR_002023160.1

AGGAGAGAGAGAGAACAGAGAAGT

PREDICTED: Brassica rapa uncharacterized
LOC108871390 (LOC108871390), ncRNA

87

100

XR_001958134.1

AAGGCCCTGTTTTTTTGGACT

PREDICTED: Brachypodium distachyon uncharacterized
LOC112271138 (LOC112271138), ncRNA

100

95,24

XR_002964058.1

AAATGAGCAAAAAAATAGCCTTGG

PREDICTED: Medicago truncatula uncharacterized
LOC112421192 (LOC112421192), ncRNA

100

XR_003011342.1

TGGGGGAGGGGGGCTGC

PREDICTED: Helianthus annuus uncharacterized
LOC110873076 (LOC110873076), transcript variant X1,
ncRNA

100

XR_002554928.1

CGGGGGTGGGGGAGGGGG

PREDICTED: Physcomitrella patens uncharacterized
LOC112293959 (LOC112293959), transcript variant X7,
ncRNA

100

XR_002973181.1
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1376924458
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1376924458
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1376924458
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002992458.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1040872498
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1040872498
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1040872498
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001806367.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1035408747
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1035408747
https://www.ncbi.nlm.nih.gov/nucleotide/XR_538382.2?report=genbank&log$=nucltop&blast_rank=5&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173137863
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173137863
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173137863
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002280423.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003245578.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228898456
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228898456
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228898456
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002570121.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1249679496
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1249679496
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002664750.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1028973948
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1028973948
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1028973948
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001695604.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_727532379
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_727532379
https://www.ncbi.nlm.nih.gov/nucleotide/XR_757528.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1585701388
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1585701388
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003650218.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108887310
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108887310
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108887310
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039341.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1585814717
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1585814717
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003642734.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219058796
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219058796
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002511327.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1531803736
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1531803736
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1531803736
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003469510.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1102776497
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1102776497
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002023160.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1079399132
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1079399132
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001958134.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1371070118
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1371070118
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002964058.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003011342.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228840356
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228840356
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1228840356
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002554928.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1373949144
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1373949144
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1373949144
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002973181.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZXN936H014

Ek 30 (devanm)

Kiiglik RNA

BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

CTAGGGGGTTATTTTTTTGTAATT

PREDICTED: Nicotiana tabacum uncharacterized
LOC107818119 (LOC107818119), ncRNA

70

100

XR_001655344.1

AATGAGCAAAAAAATAGCCTTGGA

PREDICTED: Medicago truncatula uncharacterized
LOC112421192 (LOC112421192), ncRNA

70

100

XR_003011342.1

AATGAATAAAAAAATAGCCTTGGG

PREDICTED: Solanum lycopersicum uncharacterized
LOC104645721 (LOC104645721), transcript variant X13,
ncRNA

70

100

XR_003245578.1

CTTGGGCAGTTTTTTTTGGGC

PREDICTED: Camellia sinensis uncharacterized
LOC114258385 (LOC114258385), transcript variant X2,
ncRNA

100

XR_003627960.1

ACACACGCGCGCGCGCGCCGGCCG

PREDICTED: Oryza sativa Japonica Group
uncharacterized LOC112939306 (LOC112939306),
ncRNA

95,65

XR_003242909.1

AGCAGCCCCCCCTCCCACCACC

PREDICTED: Brachypodium distachyon uncharacterized
LOC112271814 (LOC112271814), ncRNA

95

XR_002965272.1

TTTTAAGTAAAAAAATTAGGGTGT

PREDICTED: Arachis duranensis uncharacterized
LOC107469615 (LOC107469615), ncRNA

75

100

XR_001588208.2

AATGGGAAGAAAAAAAGTTGAATC

PREDICTED: Oryza brachyantha uncharacterized
LOC107303487 (LOC107303487), transcript variant X2,
ncRNA

100

XR_001549493.1

AACAATGAGCAAAAAAAATAGCCT

PREDICTED: Oryza sativa Japonica Group
uncharacterized LOC9270173 (LOC9270173), transcript
variant X8, ncRNA

100

XR_001548467.2

ACTTCCTCCGTTTTTTTATAGATG

PREDICTED: Chenopodium quinoa uncharacterized
LOC110722075 (LOC110722075), transcript variant X4,
ncRNA

100

XR_002511519.1

AATGAACAAAAAAATAGCCTTGGG

PREDICTED: Coffea eugenioides uncharacterized
LOC113779887 (LOC113779887), transcript variant X15,
ncRNA

100

XR_003469510.1

ACACTAAGGGGGGGTTTGGTTTG

PREDICTED: Nicotiana tabacum uncharacterized
LOC107766534 (LOC107766534), NcRNA

73

100

XR_001643734.1

AGTTCAGTCCAAAAAAATAGAGCC

PREDICTED: Brassica napus uncharacterized
LOC106449609 (LOC106449609), ncRNA

70

100

XR_001289206.2

ATTGAGTAAAAAAATAGCCTTGGA

PREDICTED: Solanum lycopersicum uncharacterized
LOC104645721 (LOC104645721), transcript variant X13,
ncRNA

100

XR_003245578.1

TTGCGCGGCCTGACCC

PREDICTED: Setaria italica uncharacterized
LOC111255899 (LOC111255899), ncRNA

87

100

XR_002676044.1

ACACGCGCGCGCGCGCCGGGCTCG

PREDICTED: Asparagus officinalis uncharacterized
LOC109836609 (LOC109836609), transcript variant X3,
ncRNA

100

XR_002246022.1

ATCGGCCTAAAAAAATTTCGC

PREDICTED: Beta vulgaris subsp. vulgaris
uncharacterized LOC109134730 (LOC109134730),
ncRNA

95

95

XR_002039571.1

AATGAACAAAAAAAATAGCCTTGG

PREDICTED: Coffea arabica uncharacterized
LOC113693706 (LOC113693706), transcript variant X2,
ncRNA

100

XR_003449133.1

CCGCGGGCCAAAAAAACTGCC

PREDICTED: Tarenaya hassleriana uncharacterized
LOC104826423 (LOC104826423), ncRNA

76

100

XR_773771.1

TTAGTAAGAAAAAAAATGGCGGC

PREDICTED: Oryza sativa Japonica Group
uncharacterized LOC112936383 (LOC112936383),
ncRNA

100

XR_003238484.1
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1025301564
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1025301564
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001655344.1?report=genbank&log$=nucltop&blast_rank=10&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1379630378
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003011342.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003245578.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1585715184
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1585715184
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1585715184
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003627960.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443039157
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443039157
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443039157
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003242909.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1371079864
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1371079864
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002965272.1?report=genbank&log$=nucltop&blast_rank=4&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1193810706
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1193810706
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001588208.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1002840864
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1002840864
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1002840864
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001549493.1?report=genbank&log$=nucltop&blast_rank=10&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443094444
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443094444
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443094444
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001548467.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219062262
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219062262
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219062262
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002511519.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1531803736
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1531803736
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1531803736
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003469510.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1025415684
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1025415684
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001643734.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1249669797
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1249669797
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001289206.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1444408279
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003245578.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1256759443
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1256759443
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002676044.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1150698582
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1150698582
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1150698582
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002246022.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108903919
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108903919
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108903919
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039571.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1527492058
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1527492058
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1527492058
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003449133.1?report=genbank&log$=nucltop&blast_rank=4&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_729416644
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_729416644
https://www.ncbi.nlm.nih.gov/nucleotide/XR_773771.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443097983
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443097983
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443097983
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003238484.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014

Ek 30 (devamm)

. Ortiisme|Benzerlik
Kigiik RNA BLAST Jrousme s NCBI ID
(%) (%)

PREDICTED: Glycine soja uncharacterized

AGCGGTTAACCTTTTTTTCGGTAC LOC114369725 (LOC114369725), ncRNA 66 100 XR_003657688.1
PREDICTED: Chenopodium quinoa uncharacterized

AATTCACCCCCCCTCTTGTACGTG LOC110713239 (LOC110713239), ncRNA 83 100 XR_002509828.1
PREDICTED: Chenopodium quinoa uncharacterized

ATAATTCACCCCCCCTCTTGTAGT LOC110713239 (LOC110713239), ncRNA 91 100 XR_002509828.1
PREDICTED: Selaginella moellendorffii uncharacterized

CGAACGTCTGGCCTGGA LOC112346521 (LOC112346521), transcript variant X1, |82 100 XR_002992458.1
ncRNA
PREDICTED: Phoenix dactylifera uncharacterized

ATTCTCATTAGGGGGGTTGGGGGC LOC103713730 (LOC103713730), ncRNA 62 100 XR_605092.3
PREDICTED: Beta vulgaris subsp. vulgaris

CATCGGCCTAAAAAAATTTCGC uncharacterized LOC109134730 (LOC109134730), 95 95,24 XR_002039571.1
ncRNA
PREDICTED: Quercus suber uncharacterized

AATGAGCAAAAAAAGTCTTGGGTG LOC112036507 (LOC112036507), ncRNA 66 100 XR_002885676.1
PREDICTED: Oryza sativa Japonica Group

ATGATGACGAGAGAGAGAGAGAGT [uncharacterized LOC112939386 (LOC112939386), 87 100 XR_003243064.1
ncRNA
PREDICTED: Nicotiana tabacum uncharacterized

ATGGACCGGGAAAAAAAGTGAAAA LOC107823492 (LOC107823492), ncRNA 70 100 XR_001656644.1
PREDICTED: Chenopodium quinoa uncharacterized

AATACCCTGGGGGGGACT LOC110689008 (LOC110689008), ncRNA 77 100 XR_002504767.1
PREDICTED: Eucalyptus grandis uncharacterized

TGAGCAAAAAAZIIZEECTTGG LOC104430231 (LOC104430231), ncRNA 9% 9% XR_722571.2
PREDICTED: Gossypium arboreum uncharacterized

TCCGATTTTTTTGCCTAACCG LOC108489669 (LOC108489669), transcript variant X8, |80 100 XR_001872049.1
misc_RNA
PREDICTED: Glycine max uncharacterized

TCAGCACGTAGTCCGC LOC106799774 (LOC106799774), ncRNA 87 100 XR_001389550.2
PREDICTED: Amborella trichopoda uncharacterized

AGGAGAGAGAGAGAATTCAGAA  [LOC105421053 (LOC105421053), transcript variant X10, |86 100 XR_002281848.1

NncRNA
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https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1590564762
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1590564762
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003657688.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219167531
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219167531
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002509828.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219167531
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219167531
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002509828.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1376924458
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1376924458
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1376924458
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002992458.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1492090466
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1492090466
https://www.ncbi.nlm.nih.gov/nucleotide/XR_605092.3?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108903919
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108903919
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1108903919
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039571.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1344082224
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1344082224
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002885676.1?report=genbank&log$=nucltop&blast_rank=5&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443087487
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443087487
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1443087487
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003243064.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1025328357
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1025328357
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001656644.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219116349
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1219116349
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002504767.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1091522665
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1091522665
https://www.ncbi.nlm.nih.gov/nucleotide/XR_722571.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1050652882
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1050652882
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1050652882
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001872049.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1448272969
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1448272969
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001389550.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZXN936H014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173122957
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173122957
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1173122957
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002281848.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZXN936H014

Ek 31: Sa¢ tokasi dizilerin kodlanmayan RNA'lar ve protein dizileri ile BLAST

sonucu

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile

BLAST

Ortiisme
(%0)

Benzerlik
(%)

NCBI ID

Ortiisme

(%) (%)

Benzerlik

NCBI ID

ATTCAAGTCTAATTTTTGCTCATTTGGAACCTCTATAT
GAGTATAGTGAGAGCTCCAATGAGCAAAAAAATAGC
CTTGGGT

86

78,38

XR_002040462.1

CCCGGTAGTACGCGACTTGGCATGAAGTCTTTCCAAA
CCATAGGTTGGATAGCCAATGAGCGTACTCGAGGTG
GG

91,30

XR_002281634.1

100 68

KMS94829.1

CAAAACAGAATACACGTCGCGACCCGCGATACAGAT
CGCGAGTCGCGAAAGTGCACTGGTCTTG

53

82,35

XR_002038811.1

CAGTCCAGGCCAGCATCAGTTTTCCCCGGGGGATAA
AGGCTTCGGGAATGTGGCTCTCTTCGGGGAGTGTTAT
AGCCCGTTGCGTAATACCCTGGGGGGGACTGAGGTT
CGCGCTTCTG

78,76

XR_002883377.1

98 94,87

XP_023427131.
1

CTCCCGGCGTCCGTGCCGAGCGACGATAGGCCCCCC
CCTTCCCGGGGGGGGCCCCGCGCCGTAAGACTCGCC
CCGGAG

34

96,30

XM_025145805.1

TAGTATGGGTAAAAAAAAATAAAAAATGGGCTATGA
AATAAAGCTCGTTTTTTATTTTTTATTTTTTTTTTAAA
GTGCTA

45

86,11

XR_003056057.1

GCAGTTGAGTGTGATTTCTTTTTTTTTAAGGAGTTGA
GCGTGATTCAGTAAGGAGAGAGAGAGAACAGAGAA
GTGC

34

88,46

XR_002451474.1

CAAGGTGTGTGGAACACGGATCCAGATAGCTGGGTC
GGGTCTTGGGCTGGCTTTATGCTGGCCTGCCCTGTCC
AAGTTGGGAGTTGATCCATGGGCCTTG

66

82,09

NR_140498.1

69 91,30

KMT07476.1

GTTCATTTCTGCACCATTTCATTAATTTGGGCTGCGGT
TGCTGTTTTAAAGTGCAAATTAGTAGGTGCACACGTT
CGTATGGTGAGGAAGGTGCGCATGATGAAC

52

74,60

XR_002040730.1

GGCGGCCTACGTTGGGCTGTGTTTGGACCTTTCGGGG
ACCGAGCGCGGACTAGCGGTCGGGCTGCT

34

91,30

XR_003638788.1

GGCGCCGGGTTTCCGTGGTGGGGACGCTGGGCACCC
TGTGCTCAGCTACTCGCCTCGGGGGCCTACACGACGC
T

54

85

XM_023541523.1

GAGCCCCTGGGTACGAGCTGCAGCGGCATTTGGTGG
AAGACAAGGCCTTGCCTAGGATGCATCGGCGTCGCT
CAGCACGTAGTCCGCGCGGGCTC

100

98,95

AY858595.1

50 93,75

KMS64667.1

GATGCGGTTTTTTTAGGACCGCATCCGTTTTTTTTGGC
CAAATTTCCCTATATTTTGGTTGATTTTCGGATGCGGT
TTTACAAAAACCGCATC

30

92,86

XR_003649707.1

96 86,67

KMT04062.1

AAAGGGCTGCGTTTTTTTAAAAACCGCGGCCCTTTAT
TACTTAAAGAGCCGCGTTTTTAAAAAACCGCAACCCT
1T

91,30

XR_003449621.1

GTACACCTAAGATTAATGTTTGCTCATTTGAGACCCT
CCTTTTTTTTTTAAGCACATTATTTGCTTATATGGATG
TGGACTATTTCAAATGAGCAAAAAAAATAGCCTTGG

GTATGC

N

1

92

XR_002881315.1

GTAAACGAAGGGCTGCGGTTTTTTTAAAAACGCAGC
CCTTAGAGTGAAGGGCTGCGGTTAGCCCAAAAACCG
CAGCAGTTTAC

44

83,33

XR_002040492.1
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https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040462.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002281634.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMS94829.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002038811.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002883377.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/XP_023427131.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/XP_023427131.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XM_025145805.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZWMFCWF014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003056057.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002451474.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_140498.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT07476.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040730.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003638788.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XM_023541523.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZWMFCWF014
https://www.ncbi.nlm.nih.gov/nucleotide/AY858595.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/protein/KMS64667.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003649707.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT04062.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003449621.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002881315.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile
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Ortiisme
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NCBI ID
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(%)

Ortiisme
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NCBI ID

ATCTGATGCGGTTTTTTTAGGACCGCCTCAGATTTTTT
TGGCCAAATTTCCCTCCCATATTTTGGTTGATTTTCGG
ATGCAGTTTTACAAAAACCGCATATGAT

92,59

XR_001173555.1

81,82

KMT04062.1

CTACCTTACTTTACAATTTTGTTGTTGACAGCTACCTT
ATGCCGGTTTCCGGCGTTGATTCTTGTTTTTTCAGTTC
AAAATTGTGGGAAAAACAAAATTACCCTTGTGAGGG
TGATTGTTTCAATTTTAGTTTAAGTAGAAGAGGAATT
TAATGGTGGACTGGTATTACAAAGTGTCACATAGAT
ATGAGAGAGAGAGAG

=

8

84,21

XR_002571525.1

CCATAAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCT
ATAAGCCATAAAGGGCTGTGTTTTTTTTTAAATTGCA
GCCCTTTATGGCTAATAGGGCTGCGTTTTCAAAAAAC
GCAGCCCTTTATGG

96,15

XR_002883686.1

AGGGCTGCGTTTTTAAAGAAAACCGCAGCCCTTTTAG
TGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCT

84,85

XR_002040492.1

AGGGTTGCATTTTTCAAGAAAATCGCAGCCCTTTTAA
TGAAGGGCTGCGTTTTTTTAAAAACCGCAACCCT

87,88

XR_002040492.1

TATTACTTTATGTTCCTTCCACCATTCTTAAATAATTG
CAACATGTGGGGGTTGCACATTTTTTAAGGAGATGA
GAGAGATAGAGAGAGATG

83

84,42

XR_002039339.1

TCCTATGGGGCGAACGTCTGGCTGGACGTTCGCCCTA
TGGAGCGAACGTCTGGCCTGGACGTTCGCTCCATAG
GG

92

78,79

EF036526.1

TCTGATGTGGTCCAAAAACCGCATCAGATTAATAAA
AAAACGGCAGCGGTTTATTAATCTGATGCGGTTTTTT
TAGGACCGCATCAGA

60

89,29

XR_002512606.1

50

0SC98858.1

CGGACGTCTGCCTTGGAAGTTCGTCCCATGGAGCGA
ACGTCTGGCCTGGACGTTCGGGGCCAGAGGTTCGCTC
CGTGGGCCGAACGTCCAGGGCAGACGTTCG

88,89

XR_002363994.1

43,48

EKD42531.1

GAGACGTGCATAGAAAAGTGAGAAGGATAAAAAAA
ACAGAGGGAGTATTATACTCCCTCCGTTGCCTTTTGT
TCTTGTTTTATTTTTTAGGCCGTTTC

100

XR_001806367.1

TGCAGTTTTTAAAAAACCGCAGCCCTTTATTACTTAA
AGGGCTGCGGTTTTTTTAAAAACGCA

85

75,44

XR_002506946.1

GCGAACGTCTGGCCTGGACGTTCGCCCCGTGGCTTGA
ACGGCTAGACGTTCGAGCCATGGAGCGAACGTCCTA
GCCAAACGTTCGC

97

76,40

EF036526.1

GTGTATCATGTACATGGTACACAAAAGCTATTATTTT
CTCGTTTGCTCATTTGGAGCTAACCATTTTGTCATTAT
GCTCATTTGGAGGTTTCAAATAAGCAATGAGCAAAA
AAAATAGCCTTGGGTATACCACGAGCATGGTACAC

79,17

XR_002039326.1

AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTT
CGTTTATGAAGGGCTGCGGTTTTTGGGCTAATCGCAG
CCCTTCACTTATAGGGCTGCGGTTAGCCTAAAAATCG
CAGCCCTTCATACAGTACGAAGGGCTGCGATTTCTTG
TTAACCGTAGCCCTTCACT

84,78

XR_002040492.1

233



https://www.ncbi.nlm.nih.gov/nucleotide/XR_001173555.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT04062.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002571525.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002883686.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039339.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/EF036526.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002512606.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/OSC98858.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002363994.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/EKD42531.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001806367.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002506946.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/EF036526.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039326.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
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Kodlanmayan RNA'lar ile

BLAST
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(%)

Benzerlik
(%)

NCBI ID
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Ortiisme
(%)

NCBI ID

CCATGCATATTTTTTACTCATTTACTCATTTGGAGCTG
CACCTATTATGTGATTATGCTCATTTGGAGTTTCAAA
TGAGCAATGAGCAAAAAAAATAGCCTTGG

48

84,62

XR_791372.2

GAAGGGCTGCGTTTTTTTAAAAACCGCAACCCTTCGT
TTATGAAGGGCTGCGGTTTTTGGGCTAATCGCAGCCC
TTC

100

86,84

XR_002040492.1

GTTTTTTAATCTGATGCGGTTTTTTTAGGACCGCATCA
GATTTTTTTGGCCAAATTTCCCTCCCATTTTTTGGTTG
ATTTTCGGATGCGGTTTTACAAAAACCGCATCTAATA
CTAAGTGAC

N

1

92,31

XR_002935038.1

85,71

KMT04062.1

CGCTGGAAGGGCTGCGTTTTTTGGAAAACGCAACCCT
TCGTGTATGAAGGGCTGCGGTTAGCCCAAAAACCGC
AGCCCTTCGTATATGAAGGGCTGCGGTTTTTTTAAAA
ACGCAGCCCTTTTAGTG

feel

6

94,29

XR_002040492.1

TCAAAATTATTGGGTTTTTTTGTTGGCCCTATAATGCC
CTGTTCAATAAAAGCCCTGTAAATTTGA

91,67

XR_002855338.1

TGAAGGGCTGCGTTTTTTTAAAAACCGCATCCCTTCG
TTTTTGAAGGGTTGCGGTTTTTGGGATGATCGCAGCC
CTTCA

84,21

XR_002040492.1

GTGAAGGACTACGGTTAACCCAAAAACCGCAGCCCT
TCGTAAATGAAGGGCTGCGGTTTTTTTAAAAACGCAG
CCCTTAAC

95,65

XR_002040492.1

GAAGAGAGAGAATAGATGAGAGAGAGTGGAGAGCT
AGTTGGAGAGCCATGTACCATTGTACATGCTCTAAAA
CTACTACATTTACTTTCTACTCTTTCCTTTTTTTTTACT
TC

N

4

92,86

XR_002041203.1

TGTACCATGTATATGGTACATCCAAGGCTATTTTTTG
CCCATTTGCTCATTTGGAGCTTATCTAGTATGTGATT
ATGCTCATTTGGAAGTTCAAATGAGTAATGAGCAAA
AAAAATAGCCTTGGGTGTACCATGAGCATGGTACA

1

3

78,57

XR_791372.2

32,56

WP_107834202.
1

TGTACTATGTGCATGGTATAGAACCGAAGACTAATTT
TTGCTTATTTAGAACTCTTCTTTTTTGCGCATTTCAAT
GAGTAAAAAAATAGCCTTGGGTGTACCATACCCATG
GTATA

N

5

89,66

XR_001458363.2

GTACACCCAAGACTATTTTTTGCTCATTTGCTCATTTA
GAACTCTATCTATTATGTGATTATGCTCATTTGGAGG
TTTCAAATGAGTAATGAGTAAAAAAATAGCCTTGGG
TGTAT

w

1

88,89

XR_791537.2

AAAGGGCTGCGTTTTTTTTAAAACGCAGCCCTTTATT
ACTTAAAGGGCTGCGTTTTTAAAAAACCGCAGCCCTT
T

100

XR_002067529.1

CATGTGCATGGTACACCCAAAGGCTATTTATTGCTCA
TTTGCTCATTTGAAGCTCTACTTATTATGTGATTATGC
TCATTTGGAGGTTTCAAATGAGCAATGAGTAAAAAA
ATAGCCTTGGGTGTAGCATGAACATG

82,54

XR_791372.2

TTTATCATACACTCGAGTGTACCATGTGCATGGTACA
TCCAAGACTATTTTTTGCTCATTTGGGACCTCTAAAT
AAATGAGATAATGAGAGCTCTAAATGAGCAAAAAAA
ATAGCCTTGGGTGTACCATAAACATAGTACACCTGA
GTGTATGATAAA

81,67

XR_791372.2

234



https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002935038.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT04062.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002855338.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002041203.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/WP_107834202.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/WP_107834202.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001458363.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791537.2?report=genbank&log$=nucltop&blast_rank=5&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002067529.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile

BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Benzerlik
(%)

Ortiisme
(%)

NCBI ID

GGTCCAGGACCGGACCGGAACCGGCTGGACCGGTGG
ACCGGAATCTGGAAAAAAATTGGACCTGGACCAGAC
CGAAATTTTTCCGGTCCGGTCCCGTCTGGACCTGAAT
TTTTCCGGTCCGGTCCGGTTTTAGACC

N

9

75

XR_002038837.1

43,75

CCl42088.1

GGGCCGGGCCAAAAATTAGGCTAAAAAGTGTTTTTT
GGCTTGTCCAAAGCCCGCCCAAAAAAAAAATCCGGG
TTGGGCCCACGGGCCAAAAAAACTGCCCAAAGCCGC
CCAAAAACCGGGCCGAGCCC

78,72

XR_002039588.1

34,29

Pz035754.1

GAAGGGCTGCGGTTAGCCCAAAAACCGCAGCCCTTC
GTCTACGAAGGGCTGCGGTTTTTTTAAAAACGCAGCC
CTTT

97

86,84

XR_002040492.1

TCAAAATTATTGGGTTTTTTTGTTGGCCCTATTCAATA
ACGACCTTGTCCAATAAAAGCCCTATAAATTTGA

95,45

XR_788729.2

GGCTGCGTTTTTTGGAAAACGCAGCCCTTCGTGTATG
AAGGGCTGCGGTTAGCCCAAAAATCGCGGCCCTTCG
TATACGAAGGGCTGCGGTTTTTTTAAAAACGCAGCC

58

90,32

XR_002040492.1

CGCTGGAAGGGCTGCGTTTTTTGGAAAACGCAGCCCT
TCGTGTATGAAGGGCTGCGGTTTTTTTAAAAACGCAG
CCCTTTTAGTG

83

91,43

XR_002040492.1

TGTGCCATGTGCATGGTACATTTTAGGCTATTTTTTGC
TCATTTACTCATTTGGAGCTCTACCTTTTATGTGATTA
TGCTCATTTGGAGTTTCAAATGAGCAATGAGTAAAA
AAATAGCCTTGGGTGTATCATGCTCATGGTGCA

82,43

XR_791372.2

46,43

0JY54751.1

TAAGGGCTGCGGTTAGCCCAAACACCGCAGCCCTTC
GTAAACGAAGGGCTGCGGTTTTTTTAAATACGCAGCC
CTTA

97

84,62

XR_002040492.1

GTATCATGTGCATGGTACACTCAAAACTATTTTTTGC
TCATTTGATCATTTGGAGCTCTACCTATTAATTGATTA
TGCTCATTTGGAGGTTTCAATGAGTAATGAGCAAAA
AAAATAGCCTTGGGTGTACCATGAGCATGGTAC

N

9

85,71

XR_791537.2

AAAAATTCCGATCCGGACCGGTGGACCGGAATCTGG
AAAAAAATTGGACCTGGACCAGAATTTTTCCCGATTC
CGGGTTTTGGACCTGTTAGACCGGAATTTTT

30

87,50

XR_665472.2

60 57,14

ELU12189.1

TTCATCTTTCTCTCTCTTATCTTTGAGTTATGGTGAGC
TTCGAACAGCTGCAAAAATGGCGAAACAAGAAGAGA
GAGAAGAGAAGAA

86

86,08

XR_788574.2

ATCTGATGCGGTTTTTTTAGGACCGCATCAGATTTTTT
TGGCCAAATTTCCCTCCCATTTTTTGGTTGATTTTCGG
ATGCGGTTTTACAAAAACCGCGTTTGGT

93

83,67

DQ374019.1

89 87,10

KMT04062.1

GAAAGAAGAGAGAGAAGAGAAAGGAGAGAGAAAAT
AATTAGGTACATTTCTTTTTTGTTGTTTTTATCTTTTTT
TTTTT

41

81,82

XR_968945.1

ATGGTACACCCAAGGCTGATTTTTGCTCATTTACTCA
TTTGAAGCTCCACCTATTATGTGATTATGCTCATTTG
GAGTTTCAAATGAGTAATGAGCAAAAAAAATAGCCT
TGGGTGTATGAT

N

7

88,57

XR_003263824.1

235



https://www.ncbi.nlm.nih.gov/nucleotide/XR_002038837.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/CCI42088.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039588.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/PZO35754.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_788729.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/OJY54751.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791537.2?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_665472.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/ELU12189.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_788574.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/DQ374019.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/protein/KMT04062.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_968945.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003263824.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
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Ortiisme
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AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTT
CGTTTATGAAGGGCTGCGGTTTTTGGGCTAATCGCGG
CCCTTCACT

92

84,21

XR_002040492.1

ATTCTTTTTTTGGCTTTTATATATATATATATATATAT
ATATATAGAGTCGGGATCATGTGAGAAT

87,50

XR_003070099.1

TACCATGTGTATGGTATACCCAAGGCTATTTTTTGCT
TATTTGCTCATTTGGAGCTCCACCTATTATGTGATTAT
GCTTATTTGAAGTTTTAAATGAGCAATGAGCAAAAA
AAATAGCCTTGGATGTACCATGCTCATGGTA

82,19

XR_791372.2

GCTGGAAGGGCTGCGTTTTTTTTAAAACGCAGCCCTT
CTTGTATGAAGGGTTGCGGTTTTAAAGGAAACTGCA
GCCCTTTTAGT

40

85,71

XR_002040492.1

GTAGCAACTAAAAAAACGGATGAAGTAGTATGTACT
TCCTCCGTTCTTTTTCTATTGCAAC

96,30

XR_002506536.1

AGTGTTGCGAGTAAAAAAAACGGAGGAAGTATTAGT
TTTCCTCTGTTTAGTTTGATGGAAAACT

93,75

XR_002040756.1

GTACCATGTGCATGGTACACCCAATGCTATTTTTTAC
TCATTTACTCATTTAGAGCTCCACCTATTATATGATTA
TGCTCATTTGGAGTTTCAAATGAGCAATGAACAAAA
AAATAGCCTTGGGTGTACCATGCTCATGGTAC

=

6

84,93

XR_791372.2

GGGCTGCGTTTTTTGGAAACGCAGCCCTTCGTGTATG
AAGGGCTGCGGTTAGCCCAAAAATCGCAGCCCTTCG
TATACGAAGGGCTGCGGTTTTTTTAAAAACGCAACCC

87,18

XR_002040492.1

73,33

QAAT76122.1

AGCGTTGATGATAGAATTTTGTTGGCTTAACTTCACG
GTTGAAGTGCGTCCAAAAAGGTTTTTTTCGACGGCGC
T

36

88,89

NR_159510.1

ACTGTACATGGTACACCCAAGACTAATTTTTGTTCAT
TTGCTCATTCGAAACTCTCTTTTTAGTACATTTACGTC
ATTTGGATGATTTCAAATGAGCAATGAGCAAAAAAA
ATAGCCTTGGATGTACCATGTTCACGT

82,81

XR_791372.2

50

XP_018491080.
1

ACTGAACTGAACTGAAAATAAGTTGGGGAGAACAGG
CCCTAAGGCCCTGTTTTTTTGGACTTATTTTCAGTTCA
GTTCAGT

97

88,10

XR_002503760.1

ATACACCCGGGTGTATCATGAGCATGGTACACCCAA
GACTGTTTTTTCTCATTTGCTCATTTGGAGCTCTTACT
ATCTCATTTGGAAGTTTCAAATGATCAAATGAGCAAA
AAAATAGCCTTGGGTGTACCATGAACATGGTACATC
CGGGTGTAT

a

0

88,64

XR_002039326.1

TATATTATACACTTGGGTGTACCATATACAAGGGCAT
TTATTTGCTTATATCGCATTTGTAGAGTTCTAAATGA
GCAAAAAAAATAGCCTTGGGGGTTTATTATATACTCG
AGTGTACGGTGTA

78,31

XR_790694.2

GGTAGATTTCAAATGAGTAATGAGCAAAAAAAATAG
CCTTGGGTGTACCATTCTCGGGGTACACTCGAGTGTA
TGATTGAATTTGTAGTATTAGAAAAAAAGTTGTTTAC
C

w

6

82,50

XR_002039383.1

GGTGGCTCATTCCCCTTCTTTTTGCGACATTACTTGGG
GGAAGGGGCTGCGGGGGGTGGGGGAGGGGGGCTGC
T

91,30

XR_001124936.1

93,33

XP_006353237.
1

236



https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003070099.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002506536.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040756.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/QAA76122.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_159510.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/XP_018491080.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/XP_018491080.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002503760.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039326.1?report=genbank&log$=nucltop&blast_rank=4&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_790694.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039383.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001124936.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/XP_006353237.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/XP_006353237.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile

BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Benzerlik
(%)

Ortiisme
(%)

NCBI ID

CCTCTTTCTCGCCCAGATTCGAACTCTCTCTAGCCCA
GAGCCTTTTTCGCGGAATTCGACGGGGGTGGGGGAG
GGTGGGGAATTCGACGGGGGTGGGGGAGGGG

85,71

XR_003010541.1

TCAAAATTATTGGGTTTTTTTGTTGGCCCAATAACGA
CCCTGTCAAATAAAAGCCCTATAAATTTGA

91,67

XR_002855338.1

CGCTGGAAGGGCTGCGTTTTTTGGAAAACGCAGCCCT
TCGTGTATGAAGGGCTGTGGTTAGCCCAAAAATCGC
AGCCCTTCGTATACGAAGGGCTGCGGTTTTTTTAAAA
ACGCAGCCCTTTTAGTG

91,43

XR_002040492.1

GTAGCCCTTCGTTACGAAGGGCTGCGGTTTTTTTAAA
AACGCAGCCCATTTAGTGAAGGGCTGCGGTTAGCCC
AAAAACCGCAGCCCTTCATTTACGAAGGGCTGC

86,11

XR_002040492.1

54,17

RAP75036.1

AGGGCTGCGTTTTTTGAAAAACGCAGCCCTTAATAGT
GAAGGACTGCGGTTAGCCCAAAAACCGCAGCCCTTC
GTTTACGAAGGGCTGCGGTCAATGCAAAAACCGCAG
CCCTATAAGTAATAAAGGGCTGCGTTTTTTTTAAAAC
GCAACCCT

84,21

XR_002040492.1

TACCATGTCTATGCATTGTAGACTCAAGACTAATTTT
TGCTCATATGAAACTCTCCTTTTGAGTATATATTTTGC
TCATTTTTGGATTGTTTCAAATGCAATGAGTAAAAAA
ATAGCCTTGGGTATAACATGCTCATGGTA

N

1

90

XR_002446034.1

GGTTTTTATATACTAATTTTTTGTTAATTTGCTCATTT
GGAACTCTTCTTTTTAGTACATTTTGCTTATTTTGATG
ATTTCAAATGAGCAATGAACAAAAAAATAGCCTTGG
GTGTACC

84

XR_791537.2

TAGGGGGTTATTTTTTTGTAATTGTAAGGGGTTACTT
TTGTAATTATAAGGGGATATATTTACTA

92,59

XR_003668199.1

CCAAGGCTTTTTTTTCCATTTGAAACTCTCTATATTGG
GCGAATTTTGCACATTTTGAGGTTTAATGAGCAAAAA
AATAGCCTTGG

92

XR_001701406.1

GTACCATGTGCATGGTACACCCAAGATTAATTTTTGC
TCATTGCTTATTTATAACTCTTGCTTTTTAGTACATAT
TGCTCATTTGGATGATTGCAAATGAGCAATGAATAA
AAAAATAGCCTTGGGTGTACTATGCTCACGGTAC

80,28

XR_791372.2

GTGAAGGGCTGCGGTTAGCCCAAAAATCGCAGCCCT
TCGTTTACGAAGGGCTGCGGTTTTTTTAAAAACGCAG
CCCTTCAC

84,62

XR_002040492.1

GTACACCCAATGCTATTTTTTGTTCATTTGCTCATTTA
GAGTTCTACCTATTATGTGATTATGCTCATTTGAAGG
ATTAAAATGAGCAATGAGCAAAAAAAATAGCCTTGG
GTGTAT

79,25

XR_002215760.1

GTACCATGCACATGGTACATCTAAGGCTATTTTTTGT
TCATTTACTCATTTGGAGCTCTACCTATTATGTGATTA
TGCTTATTTGGAGTTTCAAATGAGCAATGAATAAAAA
AATAGCCTTGGGTGTACCATGCTCATGGTAC

82,19

XR_791372.2

TACACCCAAGGCTATGTTTTTTCTCATTGCTAATTTGA
AACCTCCAAATGATCATAATCACATAATAGGTAGAA
CTCCAAATGAGCAAATGAGCAAAAAAATAGCCTTGG
GTGTG

N

7

87,50

XR_003454670.1

237



https://www.ncbi.nlm.nih.gov/nucleotide/XR_003010541.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002855338.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/RAP75036.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002446034.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791537.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003668199.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001701406.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002215760.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003454670.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile
BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

TTGGGCGGGCTTGGGCAGTTTTTTTTGGGCGGGCTTT
GGACAAGCCAAAAAAGACGTTTTAGTCTTTTTTTTTT
GTCCCGGCCCGTTTTAGCCCGAAAAAGTCCGCTCGGC
CCGGCCCGA

N

4

86,21

XR_001763919.1

34,29

XP_003713326.
1

GGGTGTATCATGTGCATGGTACACCCAATGTTATTTT
TTGCTCATTTGCTCATTTGAGACCTCCAAATGAGCAA
ATGAGTAAAAAAATAGCCTTGGGTGTACCATGCTCA
TGGTACACCC

©

8

77,48

XR_791372.2

36,11

KZV67468.1

ATGGCAAGCCACACACGCGCGCGCGCGCCGGLCGGG
CTGGGCTCGTGGCGCGCGCGGGTTGTGGGCCTGCGG
T

85,37

XR_001134633.1

CCATGACTTATTTGTGCTTATTTGCTCATTTGAAACTC
TCATTTTTAGTACATTTTGTTCATTTAGATGATTTCAA
ATGATCAATGAGCAAAAAAATAGCCTTGG

92,31

XR_001455112.2

AGGGCTGCGTTTTTAAAAAACGTAGCCCTTAATAGTG
AAGGGTTGCGGTTAGCCCAAAATCCGCAGCCCTTCGT
TAACGAAGGGCTGCGGTTTTTTTAAAAACGCAGCCCT

86,84

XR_002040492.1

CGCAGCCCTTCGTAAACGAAGGGCTGCGGTTTTTTTA
AATACGCAGCCCTTTTAGTGAAGGGTTGTGGTTAGCC
CAAAAACGCAGCCCTTCGTTTTACGAAGGGCTGTG

86,49

XR_002040492.1

GGCCCGGTTTTTGGGCGGCTTGGGCAGTTTTTTTTGG
GCGGGCTTTGGACAAGCCAAAAAAGAGGTTTTAGTC
TAATTTTTTGGCCCGGCCCGATTGGCCTGAAAAATCT
CGCTCGGCCTGGCCCGAAATAACGGGCT

=

9

88,89

XR_002513846.1

CCCTTCCCCCCACCCTCCCAGCAGCCCCCCCTCCCAC
CACCCCTTCCCCCACCCTTCCAACCAGGTCTGGGGAG
AGGGGTTGCTGGGAGGGTGGGGGAAGGGGTGGTGG
GAGGGAGGGCTGCTGGGAGGGTGGGGGAAGGG

=

4

100

FQ014231.1

GCATGAGCGTTGATGATAGAATTTTGTTGGTTTAACT
TCACGTTTGAAGTGCGTCCGAAAAAGGTTTTTTTCGA
CGGCGCTTGTTAATGT

38

85,71

XR_003577171.1

CTTACTTTACCATTTTGTTGTTGACAACTACCTTATGC
CGGTTTCCGGCGTTGACTTTTTTTTCAGTTTAAAATTG
TGGGAAAAACAAAATTACCCTTGTGGAAATTGAGGA
GGGTGATTGTTTCAATTTTAGTTGAAGTAGAAGAAGA
ATTTAATGGTGGATTGGTGGTACAAAGTGTCACATAG
ATATGAGAGAGAGAG

=

2

96,15

XR_002704433.1

AACTAAACTGAACTAACTGATTGGAACTGAACTGAA
CTGCACTGATTGCAACTGAACTGAACTCAATTGAATT
GAAAATAAGCTGGGGAGAACAGGCCCTAAGGCCCTG
TTTTTTTGGACTTATTTTCAGTTCAGTTCAGTTCAATT
CAGTTCAGTTCAGTTCAGCTCACTTCAGTTCAGTTTA
GTTCAGTT

N

0

76,92

XR_002512806.1

GGGCTGTGTTTTTTGGAAAACGCAGCCCTTCGTGTAT
GAAGGGCTGCGGTTAGCCCAAAAATCGCAGCCCTTC
GTATACGAAGGGCTGCGGTTTTTTTAAAAACGTAGCC
C

w

5

87,18

XR_002040492.1

238



https://www.ncbi.nlm.nih.gov/nucleotide/XR_001763919.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/XP_003713326.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/XP_003713326.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KZV67468.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001134633.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001455112.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002513846.1?report=genbank&log$=nucltop&blast_rank=4&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/FQ014231.1?report=genbank&log$=nucltop&blast_rank=4&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003577171.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002704433.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002512806.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile

BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Benzerlik
(%)

Ortiisme
(%)

NCBI ID

AACCGCAGCCCTTCACTAAAAGGGCTGCGTTTTTTTA
AAAACCGCAGCCCTTCACTAAAAGGGCTGCGGTTTTT
GCATTGACCGCAACCCTTCGTAAGTAAAGGGCTGCG
GTT

w

0

82,35

XR_002040492.1

57,14

ROT81558.1

CGCTGAAAGGGCTGCGTTTTTTTTAAAACGCAGCACT
TCGTGTATATGAAAGGCTGCGGTTTTCAAGGAAACC
GCAGCCCTTTTAGTG

92,31

AC182682.2

ACCCTAATTTTTTTACTTAAACAAAAAAAAGTCATGT
GCCTTCATTTTCTCCTTTCCCCTCTTTATCCTCATCCTT
CCCCAACTGAAGAAACCCACCCATTCTTGAGCAAGA
AAACCCACCAACTATTGAGCAAGGATGAGTAAAGGG
GGGAAAGGAGAAAATGAAGGCACGTGTCTTTTTTTT
AAGTAAAAAAATTAGGGT

93,33

XR_002965494.1

TTCATCTTTCTCTCTCTTATCTTTGAGTTATGGTGAGC
TTCGAAAAGCTGCAAAAATGGCGAAACAAGAAGAG
AGAGAAGAGAAGAA

86

86,08

XR_788574.2

AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTT
CGTTTATGAAGGGCTGCGGTTTTTGGGCTAATCGCAG
CCCTTCACT

92

85

XR_002040492.1

CACCCCAGCAGCCCCCCACCCCCACCCTAGCACCcCC
ACCCTAGCACCCCCATCCCAGCTGCGGAGTTCATCGA
TGAGAATGGGTTGTGGTGGGGAGCTGCGGGGGTGGG
GGAGGGGGATGCTGGGGGTGAGGGAGGGGGCCTGC
AGGGGTG

100

XM_005652125.1

GGTCTACCAATGGGAAGAAAAAAAGTTGAATCTACC
ATTGGGAATTCTCAATAATAGGAGCCTACCTGTGGG
AATTTCCCTTTCGGTTTTCTTTTTTTTTATTTGGTACC

86,49

XR_003057892.1

53,57

KZT58124.1

CCACACACGCGCGCGCGCGCCGGCCGGGCCGGGLTC
GGCCTCGTGGCGAGCGCGGTGTGG

41

92,31

XR_603775.2

GATACATTCAAGACTAATTTTTGCTCATTTGATCATTT
GAAACTCTCCTTTTAAGTACATTTTGTTCATTTGGATG
ATTTCAAATGAACAATGAGCAAAAAAAATAGCCTTG
AGTGTGTC

88,57

XR_791537.2

TCTATCTTAACACTTCCTCCGTTTTTTTATAGATGCTA
CATAGAGAAAGTGGGGAGTTTTTAAGAAAGG

87,93

XR_002039600.1

TACACCCGGGTGTATCATGAGCATGGTACACCCAAG
ACTATTTTTTCTCATTTGCTCATTTGGAGCTCTTACTA
TCTCATTTGGAAGTCTCAAATGATCAAATGAACAAA
AAAATAGCCTTGGGTGTACCATGAACATGGTACATCT
GGGTGTA

81,03

XR_791372.2

AGTAAGGCCCTGTTTTTTTGGACTGAACTGAACTAAA
ACTGTGCCCAAAAAAATAGGGCTAACT

39

92

XR_002219613.1

GGCTGCGTTTTTTGAAAAACGCAGCCCTTCGTGTATG
AAGGGTTGCGGTTAGCCCAAAAATCGCAGTCCTTCGT
ATACGAAGGGCTGCGGTTTTTTTAAAAACGCAGCC

94

87,18

XR_002040492.1

CCCAAAAATCGCAGCCCTTCGTATACGAAGGGCTGC
GGTTTTTTTAAAAACGCAGCCCTTTTAGTGAAGGGCT
GCGGTTAGTCGAAAACCGCAGCCCTATAAGTAATAA
AAGGCTGCGGTTTTTGGG

83,78

XR_002040492.1

239



https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/ROT81558.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/AC182682.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002965494.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_788574.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XM_005652125.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003057892.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KZT58124.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_603775.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791537.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039600.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002219613.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile

BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Benzerlik
(%)

Ortiisme
(%)

NCBI ID

GTATGGTACACCCAAGACTAATTTTTGCTCATTTAAT
TTGCTCATTTGGAAGTCTCCTTTTTTAGTATATTTTGC
TCATTTGGATAATTTCAAATGAGTAATGAGTAAAAA
AATAGCCTTGGGTGTACCATGC

89,29

XR_003263824.1

GCTGGAAGGGCTGCGTTTTTTTTAAAACGCAGCCTTC
TTATATGAAGGGCTGCGGTTTTAAAGAAACCGCAGC
CCTTTTAGT

91,67

XR_002369840.1

ATCTGATGCGGTTTTTTTAGGACCGCATCATATTTTTT
TGGCCAAATTTCCCTCCCATTTTTTGGTTGATTTTCGG
ATGCGGTCTTACAAAAACCGCATCTGAT

33

88,57

CP017818.1

48

WP_056757719.
1

TCCAATTGAAACAAACTCATAGCGTGTAGCAGGTGC
TAAACACTAAGGGGGGGTTTGGTTTGGG

39

92

XR_001265907.1

TTAAGTTCAGTTCAGTTCAGACAAATTCAATTCAGTT
CAGTCCAAAAAAATAGAGCCTTATTTTTGCTAAAAGT
GAGGTAGGCCTTATTTTTTTGAACTGAGAAAAACTGA
ATTACAGAGAGTAACTGAACTGAACTGAAAATAA

92,68

XR_002040137.1

GTACTATGTACTTGGTACACCTAAGGCTATTTTTTGTT
CATTTACTCATTTGGAGCTCTACCTATTATGTGATTAT
GCTCATTTCGAGTTTCAAACGAGCATTGAGTAAAAA
AATAGCCTTGGATGTACTATACTCATGGTAC

90,62

XR_003454670.1

TACTATGTACTTGGTACACCTAAGGCTATTTTTTGTTC
ATTTACTCATTTGGAGCTCTACCTATTATGTGATTATG
CTCATTTCGAGTTTCAAATAAGCATTGAGTAAAAAAA
TAGCCTTGGATGTACTATACTCATGGTA

90,62

XR_003454670.1

48,15

EPY42220.1

GCGAGTTGCGCGGCCTGACCCTTTCTCTTCCGGCCTT
TACTCAGATACATTATGTATCTAAGGTTTCGAGGACG
GTGGACGGAGCTTGGTTCAGCGTCTGTAACCGC

96

XR_002580971.1

67,65

XP_010696286.
1

GGGCTAAAAGGATTGGTAACCACACACGCGCGCGCG
CGCCGGGCTCGTGGGGAGCGCGGCGCGGGCGGGGTC
TGTGGGTCTGTGGGTCTGTGGTCC

100

CP025644.1

CCACCACCCACCTGGAAGCAGACGAAATTTTTTTAGG
CCGATGGCAGGCCAGACGTTCGCCCATCGGCCTAAA
AAAATTTCGCCTGCTTCTAGGTGGGTGGTGG

100

XR_001957104.1

GTACCATTTGCACTGTACATCTAAGACTATTATTTGC
TCATCTGCTCATTTGGAGCTCTACCTATTATGTGATTA
TGTTTATTTGGAGGTTTCAAATGAGCAATGAACAAAA
AAAATAGCCTTGGGTGTATCATGTTCATGGTAT

78,08

XR_791372.2

GGCTGAAAAGTCTTTTTTGGCTTGCCCAAAGCTCACC
CAAAAAAAAAACGGGCCGCCCCGCGGGCCAAAAAA
ACTGCCCAAGCC

94

76,47

FJ752586.1

GTTCATTCATCATACACCCGGGTGTACCATGTGCATG
GTACGCCCAAGACTAACTTTTGCTCATTTGCTCATTT

AGAACTCTGTATGATTTCAACTGAACAATGAACAAA

AAAATAGCCTTGGGTGTACCATGCTCAAGGTACACC

CGGGTGTATCATAAATTGTTTGC

79,75

XR_791372.2

240



https://www.ncbi.nlm.nih.gov/nucleotide/XR_003263824.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002369840.1?report=genbank&log$=nucltop&blast_rank=10&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/CP017818.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZWMFCWF014
https://www.ncbi.nlm.nih.gov/protein/WP_056757719.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/WP_056757719.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001265907.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040137.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003454670.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003454670.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/EPY42220.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002580971.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/XP_010696286.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/XP_010696286.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/CP025644.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001957104.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/FJ752586.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile
BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

GTACCATGCGCATGGTACACCCAAGACTAATTTTTGC
TCATTTGCTCATTTGAAACTCTCCTTTTTAGTATATCT
TGCCCATTTAGATGATTTCAAATTAGCAATGAGCAAA
AAAAATAGCCTTGGGTGTACCATGCTCATGGTAC

©

0

78,21

XR_791372.2

44,44

SEN33705.1

AAGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCT
TCGTTTATGAAGGGTTGCGGTTTTTGGGCTAATCGCA
GCCCTTCACTT

84,21

XR_002040492.1

ATGGCGTTAGTAAGAAAAAAAATGGCGGCATTTAGC

AAATGAGTTCTTTAATCAATAAAAAAAATACTTTTAA
TTTACTCATTTGCTAAATGCCGCCATTTTTTTTCCTAA
ATTCTGT

84,21

XR_002286558.1

ATCTGATGCGGTTTTTTTAGGACCGCATCAGATTTTTT
TGGCCAAATTTCCCTCCCATTTTTTGGTTGATTTTTGG
ATGCGGTTTTACAAAAACCGCATCTGAT

35

84,21

DQ374020.1

87,88

KMT04062.1

ATCTGATGCGGTTTTTTTAGGACCGCATCAGATTTTTT
TGGCCAAATATCCCTCTCATTTTTTGGTTGATTTTCGG
ATGCGGTTTTATAAAAACCGCATCTGAT

30

90,62

XR_001173555.1

81,82

KMT04062.1

TCAAAATTATTGGGTTTTTTTGTTGGCCCAGTAACGG
CCATGTCCAATAAAAGCCTTATAAATTTGA

91,67

XR_002855338.1

TGTACCATGTGCATGGTACACCCAATGCTATTTTTTTT
CTCATTTACTCATTTGTAGCTCCACCTATTATGTGATT
ATGCTCATTTGGAGTTTTAAATGAGCAATGAGTAAAA
AAATAGCCTTGGGTGTACCATGCTCATGGTACA

83,78

XR_791372.2

CCGGAATCTGGAAAAAAATTGGACCAGGACCGGACC
GTCCGGTTCGGTCCGGTTTTGTGCCGGTTAGACCGG

96,15

XR_002884356.1

GAACCGTAACCGTTTAGACTGGTTACCGTCTAAGCGG
TTAACCTTTTTTTCGGTACGGTTT

37

100

LR131990.1

GTACATCTAAAACTAATTTTTGCTTATTTGCTCATTTG
GACTCACTTTTTCAATACATTTTGCTCATTTAGATGAT
TTCAAATGAACAATGAGCAAAAAAAATAGCCTTGGG
TGTAC

80,95

XR_002967932.1

AGGGCTGCGGTTTTCGATTAACCGCAGCCCTTCACTA
AAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCT

95,24

XR_002833749.1

61,90

XP_009306596.
1

CTTTGCCAAAAGTTCCAAAGTACAATTCACCCCCCCT
CTTGTACGTGTTCCATTAAAGTATCAGTGGGCGTGGT
TGTGATGGTTGTGCGTGAACCACGGCGAGG

95,45

XR_003353999.1

TTGTTAACTTGGAAGGAACTACAAGAGGGGGGTGAA
TTGTTGTGTGGAACTTATTGCCAAATAATGCGGAATT
TAAAACATAAGTAATAAGTTCCACACTATAATTCACC
CCCCCTCTTGTAGTTCCTTCCAAGTTAACAA

90,62

XR_002040228.1

GAGCGAACGTCTGGCCTGGACGTTCGCTCCATGGGG
CAAACGTCTGGCCTGGACGTTCGCTC

83,33

EF036526.1

AAGGGCTGCGGTTAGCCCAAAATCCGCAGCCCTTCG
TAAACGAAGGGCTGCGGTTTTTTTAAAAACGCAGCC
CTT

100

84,62

XR_002040492.1
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https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/SEN33705.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002286558.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/DQ374020.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/protein/KMT04062.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001173555.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT04062.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002855338.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002884356.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/LR131990.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZWMFCWF014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002967932.1?report=genbank&log$=nucltop&blast_rank=4&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002833749.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/XP_009306596.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/XP_009306596.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003353999.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040228.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/EF036526.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile
BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

ATGGGCGAACGTCTGGCCTGGACGTTCGCTCCATGG
GGCGAACGGCTGGCCTGGACGTTCGCTCCAT

100

78,46

EF036526.1

94

68

KMT06962.1

GTACACCCAAGACTATTTTTTGCTCATTTGCTCATTTG
GAACTCTATCTATTATGTGATTATGCTCATTTGGAGG
TTTCAAATGAGTAATGAGTAAAAAAATAGCCTTGGG
TGTAT

w

1

88,89

XR_791537.2

41,18

SOV73826.1

TCGACCCATGGCCCGAACGTCTGGCCTGGACGTTCGG
GCCATGGGTCGAACTTCCTGGCCAAACGTTCGCCCCA
TGGCCTGAACGTCCAGACCAGATGTTCGGGCCATGG
GTCGA

100

XR_001978074.1

48,72

KMT06962.1

CGATTCTCATTAGGGGGGTTGGGGGCATTGGGGTAG
GTTGTATTAGGTGCCATGTGAGAGTGCG

GTACTATGTACTTGGTACACCTAAGGCTATTTTTTGTT
CATTTACTCATTTGGAGCTCTACCTATTATGTGATTAT
GCTCATTTCGAGTTTCAAATGAGCATTGAGTAAAAAA
ATAGCCTTGGATGTACTATACTCATGGTAC

80,82

XR_791372.2

AGGGCTGCGGTTTTTTTAAAAACGCAGCCCTTCGTGT
AAGAAGGGCTCCGTTTTCAGGGAACGGGCAGCCCT

82,86

XR_002040492.1

GGCGAACGTCTGGCCTGGACGTTCTCTCCATGGGGCC
AACGTCCAGGCCAGACGTTTGCC

85,71

NR_156696.1

100

66,67

KMT06962.1

GGGCTGCGTTTTTTTTAAAACGCAACCCTTTAAGTAA
TAAAAGGGCTGCGTTTTTTAAAAAAAACGCAGCCC

95,24

XR_002572294.1

TCTGATGCGGTCAAAAAACCGCATCAGATTTTTAAAA
AATCGCAACAGTTTTTTAATCTGATGCGGTTTTTTTA
GGACCGCATCAGA

33

86,21

XR_003771136.1

46,15

0ZG55444.1

CGCTGGAAGGGCTGCGTTTTTTTTAAAACGCAGCCCT
TCTTGTATGGAGGGTTGCGGCTTTAAAGGAAACCGC
AGCCCTTTTAGTG

39

85,71

XR_002040492.1

GTACACCCAAGACTAATTTTTGCTCATTTACTTATTTG
AAACTCTCCTTTTTAATATATTTTACTCATTTGGATGA
TATCAAATGAACAATGAGCAAAAAAAATAGCCTTGG
GTGTAC

76

XR_791537.2

TTGGGACCATGGGGGCGAACATCCCGCCTGGACGTT
CCACCCATGGCCCGAACGTCTGGCCTGGATGTTCCAC
CCATGGCCCGA

63

86,79

FJ752587.1

67

57,89

OTA76415.1

AGTGAAGGGCTGCGTTTTTTTAAAAACCGCAGCCCTT
CATACTGTATGAAGGGCTGCGATTTCTTGTTAACCGC
ATCCCTTCACT

44

85,71

XR_002040492.1

GGGCGAAATTTTTTAGGCCGATGGGCGAACGTCTGA
CCTGGACGTTCGCTCCATGGGGCAAACGTCCAGACC
AGACGTTCGCCCATCGGCCTAAAAAAATTTCGCCT

61

80,65

EF036526.1

55,88

KMT06962.1

AGGCCCTGTTTTTTTGGACTTATTTTTTGTTAAGTTTA
TATTCTCTCAGTGACTCAGTCCAAAAGAACGGTGCCT

87,88

XR_003474140.1

TACATCCAAGGCTTTTTTTTTTGCTCATTTACTCTTTT
AAAGATCTTTTCGTTGTGCGAATTTTGCTAATTTGGA
GGTTTTAAATAAGTAATGAGCAAAAAAAGTCTTGGG
TGTA

N

5

86,21

XR_002268953.1

242



https://www.ncbi.nlm.nih.gov/nucleotide/EF036526.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/protein/KMT06962.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791537.2?report=genbank&log$=nucltop&blast_rank=5&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/SOV73826.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001978074.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT06962.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791372.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_156696.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT06962.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002572294.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003771136.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/OZG55444.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_791537.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/FJ752587.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/protein/OTA76415.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/EF036526.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/protein/KMT06962.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003474140.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002268953.1?report=genbank&log$=nucltop&blast_rank=2&RID=FZRGADAH014

Ek 31 (devamm)

Sac tokasi dizi

Kodlanmayan RNA'lar ile

BLAST

Protein dizileri ile

BLAST

Ortiisme
(%)

Benzerlik
(%)

NCBI ID

Benzerlik
(%)

Ortiisme
(%)

NCBI ID

CATCCTAGTTTGTACTTCCTCCGTTCTTTAATAATTGC
AACATGTAGGGGTTGCACATTTTTTAAGGAGATGAG
AGAGATAGAGAGAGATG

87

90

XR_002039339.1

GAACCGTAACCGTTTAGACCGGTTACCGCCTAAGCG
GTTAACCTTTTTTTCGGTACGATTC

CTATTTTACTTCCTCCGTTCTTTAATTATTGCAACATG
TAGGGGTTGCAAATTTTTTAAGGAGATGAGAGAGAT
AGAGAG

86,49

XR_002039339.1

CGTCCATAAAAGTTTCCCCTTTTCTGTCATTGCAGAA
TTCTCCATGATGACGAGAGAGAGAGAGAGTGTTGGA
TG

32

91,67

XR_001691551.1

TACTCCTTTAGTCTTTTTTTTAATTGGGATATTTGTGT
TTACACATGGACCGGGAAAAAAAGTGAAAAGGTGGA
GTA

100

XR_001808190.1

CGCAGCCCTTAATAGTGAAGGGCTGCGGTTAGCCCA
AACACCGCAGCCCTTCGTAAACGAAGGGCTGCGGTT
TTTTTAAATACGCAGCCCTTTAAGTGAAGGGCTGCG

85

XR_002040492.1

GGTCCAGGACCGGACCGGAACCGGTTGGACCGGTGG
ACCGGAATCTGGAAAAAAATTGGACCTGGAAAGGAC
CGGAATTTTTCCGGTCCGGTCCGGTCTGGACCTGAAT
TTTTCCGGTCCGGTCCGGTCTTGGACC

81,48

XR_002511430.1

56,67

GBB92689.1

GATGCGGTTTTTTTAGGACCGCATCAGATTTTTTTTG
GCCAAATTTCCCTCCCATTTTTTGGTTGAATTTCGAAT
GCGGTTTTACAAAAACCGCATC

39

84,21

XR_003702231.1

72,41

KMT04062.1

GAATGTGGCTCTCTTCGGGGAGTGTTATAGCCCGTTG
CGTAATACCCTGGGGGGGACTGAGGTTC

86,05

XR_002883377.1

90,48

OMP13564.1

CTAGGGCTATTTTTTTGCTCATCTGGAGCTCTCACTCT
AATGAGCAAAAAAATAGCCTTGG

100

XR_003579967.1

TATATTATACACTTGGGTGTACCATATACAAGGGCAT
TTATTTGCTTATATCGCATTTGTAGAGTTCTAAATGA
GCAAAAAAAATAGCCTTGGGTGTTTATTATATACTCG
AGTGTACGGTGTA

78,31

XR_790694.2

AACTGATCCGGTTGGGCAAGAAAACCGAACCAGTTA
ATCAACTTAAGTGGTCCGATTTTTTTGCCTAACCGGA
TTAGTT

91,30

XR_002453747.1

TTTTAATTGGGGCTAAGGGTCGAACGTCTGGCCTGGA
CGTTCGACCCATGGCCCGAACGTTTGGCCTGGACGTT
TGGGCCATGGGGCGAAAGTCTGGACGTTCGGGCCCG
CCAGATGTTCGGGCCATGCGTCAAACTTCCTGGCCAG
AAGTTCGACCTTTAGCCCCAATTAAAA

=

00

79,38

EF036526.1

43,18

XP_002599078.
1

GAAGAAAGAATTTAAGGAGAGAGAGAGAATTCAGA
ATACAACAACTGGGCTCTTCTTCTTCTTGTTCACTTGT
TCTTC

35

92,86

XR_002214258.1

CGTCCATAAAAGTTTCCCCTTTTCTGTCATTGCAGAA
TTCTCCATGATGACGAGAGAGAGAGAGAGTGCTGGA
TG

91,67

XR_001691551.1

CATGAGCGTTGATGATAGAATTTTGTTGGCTTAACTT
CACGGTTGAAGTGCGTCCAAAAAGGTTTTTTTCGACG
GCGCTTGTG

88,89

NR_159510.1
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https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039339.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002039339.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001691551.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001808190.1?report=genbank&log$=nucltop&blast_rank=8&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002040492.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002511430.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/GBB92689.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003702231.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/KMT04062.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002883377.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/protein/OMP13564.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_003579967.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_790694.2?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002453747.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/EF036526.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZW0RUGJ014
https://www.ncbi.nlm.nih.gov/protein/XP_002599078.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/protein/XP_002599078.1?report=genbank&log$=prottop&blast_rank=1&RID=G4TFVMWB014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_002214258.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/XR_001691551.1?report=genbank&log$=nucltop&blast_rank=3&RID=FZRGADAH014
https://www.ncbi.nlm.nih.gov/nucleotide/NR_159510.1?report=genbank&log$=nucltop&blast_rank=1&RID=FZRGADAH014

Ek 32: miRBase veritabaninda kayith miRNA dizileri (V.22) CD'de Ek 32 olarak

verilmistir
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Ek 33: Sag¢ tokas1 yapilan

bakimindan potansiyel miRNA adayr olarak

degerlendirilmesine karar verilemeyen kiicik RNA ve sa¢ tokasi dizileri

No

Kiiciik RNA dizisi

Sac tokasi dizisi

AAGAAGAGAGAGAAGAGA

TTCATCTTTCTCTCTCTTATCTTTGAGTTATGGTGAGCTTCGAACAGCTGCAAAAATGGC
GAAACAAGAAGAGAGAGAAGAGAAGAA

AAGAAGAGAGAGAAGAGA

TTCATCTTTCTCTCTCTTATCTTTGAGTTATGGTGAGCTTCGAAAAGCTGCAAAAATGGC
GAAACAAGAAGAGAGAGAAGAGAAGAA

ACACACGCGCGCGCGCGCCGGCCG

ATGGCAAGCCACACACGCGCGCGCGCGCCGGCCGGGCTGGGCTCGTGGCGCGCGCGGG
TTGTGGGCCTGCGGT

ACACACGCGCGCGCGCGCCGGCCG

CCACACACGCGCGCGCGCGCCGGCCGGGCCGGGCTCGGCCTCGTGGCGAGCGCGGTGT
GG

ACACGCGCGCGCGCGCCGGGCTCG

GGGCTAAAAGGATTGGTAACCACACACGCGCGCGCGCGCCGGGCTCGTGGGGAGCGLCG
GCGCGGGCGGGGTCTGTGGGTCTGTGGGTCTGTGGTCC

ACATAGATATGAGAGAGAGAGAGA

CTACCTTACTTTACAATTTTGTTGTTGACAGCTACCTTATGCCGGTTTCCGGCGTTGATTC
TTGTTTTTTCAGTTCAAAATTGTGGGAAAAACAAAATTACCCTTGTGAGGGTGATTGTTT
CAATTTTAGTTTAAGTAGAAGAGGAATTTAATGGTGGACTGGTATTACAAAGTGTCACA
TAGATATGAGAGAGAGAGAG

ACATAGATATGAGAGAGAGAGAGA

CTTACTTTACCATTTTGTTGTTGACAACTACCTTATGCCGGTTTCCGGCGTTGACTTTTTT
TTCAGTTTAAAATTGTGGGAAAAACAAAATTACCCTTGTGGAAATTGAGGAGGGTGATT
GTTTCAATTTTAGTTGAAGTAGAAGAAGAATTTAATGGTGGATTGGTGGTACAAAGTGT
CACATAGATATGAGAGAGAGAG

AGGAGAGAGAGAGAATTCAGAA

GAAGAAAGAATTTAAGGAGAGAGAGAGAATTCAGAATACAACAACTGGGCTCTTCTTC
TTCTTGTTCACTTGTTCTTC
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Ek 34: Sac¢ tokasi

yapilar

bakimindan potansiyel

miRNA aday1

degerlendirilmesine karar verilemeyen kiiciik RNA'lar ve sa¢ tokasi yapilar

no| #u|® %
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1 2 3 4 5 6 7 8
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Ek 35: Bilinen miRNA'lar ile eslesen dizilerin hedef gen analiz sonuclarina ait 6rnek

ekran gorantisu

Analysis result

Download: &,

L
MIRNA Acc. Target Acc.
TTAGATTCACGCACAAACTCE AT1G31280.1

CAGCTTTGTTG,

ACAGCTTTCTTG

CTGAAGGGAGCTCOC

AT3G14850.1

PSRNATarget: A Plant Small RNA Target Analysis Serve

Expect

0.0

22315

21393

21632

23.925

Scoring Schema: Usar-customized Schema

expect:

Alignment

127

1271

UPE:

GCUCAAACACGEACIUAGALL 1

GEABLLUGUGE GUGARUCUAR

GUCARGULICUILAICGAC 1

CAGULCAAGANGGCUG 1286

GUCAAGUUCULUCGACA 1

CAGUUCANGAAGGCUGE 1267

ICGAGGBAAGUCAGBLUA 1

ACCACLUIGEGEUIGEAT 1

UGGUGGALICCOREGUG 419

22Rows Page 112

49

Sorting by:  Expectation(E) v | miRNA Acc vm

Target Description

Arganaute family protein | Chri:11181504-11185396 FORWARD
LENGTH=3602 | 201506

Heutral/alkalin non.
REVERSE LENGTE

sosomal ceramidase | Chr5:23311449-23514683
404 | 201806

Heutral/alkaline non.
REVERSE LENGT!

osomal ceramidase | Chr5:23311449-23514683
404 | 201606

Inhibition

Cleavage

Cleavage

Cleavage

myb domain protein 33 | Chr5:1837914-1340159 FORWARD LENGTH=1741  Cleavage

201606

TRICHOME BIREFRINGENCE-LIKE 41 | Chr3-4895941-4997693 FCI
LENGTH=1495 | 201606

RD Cleavage

L]
Multiplicity

1
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Ek 36: miRBase anotasyonu sonucunda bilinen miRNA (tim varyantlar dahil)
dizileri ile eslesen klUcik RNA dizilerinin hedef genleri CD'de Ek 36 olarak

verilmistir
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| B-box zinc finger family protein |
AAACCTGGCTCTGATA Chr4:6368829-6369950 REVERSE
CCA AT4G10240.1 |0 19 (240 258 Kesim |LENGTH=1051 | 201606
| Concanavalin A-like lectin protein kinase
AACTACTCCCTCCGTCC family protein | Chr2:18115064-18118878
GATA AT2G43700.3 |5 21  |120 140 Kesim |[FORWARD LENGTH=2592 | 201606
AAGCTCAGGAGGGATA | ERECTA-like 2 | Chr5:2227524-2232527
GCGCC AT5G07180.2 |15 21 2315 |2.335 |Kesim |REVERSE LENGTH=2967 | 201606
| CBL-interacting protein kinase 17 |
ACATTATGGGACGGAG Chr1:17813886-17817406 REVERSE
GGAGT AT1G48260.2 2,5 21 |2.621 |2.641 |Kesim [LENGTH=2705|201606
| B-box zinc finger family protein |
ACCTAGCTCTGATACC Chr4:6368829-6369950 REVERSE
ATGAA AT4G10240.1 |1,5 21  |236 256 Kesim |LENGTH=1051 | 201606
| Lung seven transmembrane receptor
ACTTAATATGGGACGG family protein | Chr1:3667224-3669935
AAGAA AT1G10980.1 |1,5 21 ]1.891 |1911 |Kesim |REVERSE LENGTH=1972 201606
| stress-induced protein | Chr2:6947096-
ACTTATTATGGACCGG 6947866 FORWARD LENGTH=771 |
AGGGA AT2G15960.1 3,5 21 |213 233 Kesim [201606
| Integrase-type DNA-binding superfamily
AGAATCTTGATGATGC protein | Chr4:17400610-17403469
TGCAG AT4G36920.2 |05 21 [1.293 [1.313 |Kesim |FORWARD LENGTH=1743| 201606
| Integrase-type DNA-binding superfamily
AGAATCTTGATGATGC Transla |protein | Chr4:17400610-17403469
TGCAG AT4G36920.2 |4 21 [1.091 |1.111 |syon |FORWARD LENGTH=1743]|201606
| target of early activation tagged (EAT) 2 |
AGAATCTTGATGATGC Chr5:24207689-24211743 FORWARD
TGCAT AT5G60120.6 |0,5 21 |1.723 |1.743 |Kesim |LENGTH=2210 | 201606
| oxidoreductase/transition metal ion-
AGACTACAATTATCTG binding protein | Chr5:21275948-21279444
ATCA AT5G52410.1 |25 20 2413 |2.432 |Kesim |[FORWARD LENGTH=2448 | 201606
| RNA helicase family protein |
AGAGCTTCCTTCAGCCC Chr4:10196954-10201787 FORWARD
ACTC AT4G18465.1 |45 21 |367 387 Kesim [LENGTH=2366 | 201606
| Leucine-rich repeat (LRR) family protein |
AGAGCTTTCTTCGGTCC Chr5:18449509-18453137 REVERSE
ACTC AT5G45520.2 [2,5 21 888 908 Kesim [LENGTH=3629 | 201606
| Ankyrin repeat family protein |
AGAGGTGCTCATGGGC Chr3:270229-272976 FORWARD
TGGGTCGG AT3G01750.2 |4 24 |355 378 Kesim |LENGTH=2540 | 201606
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| APS reductase 3 | Chr4:11657008-
AGATATTGGTACGGTT 11659105 REVERSE LENGTH=1785 |
CAATC AT4G21990.1 |1 21 1236 256 Kesim |201606
| acyl activating enzyme 1 | Chr1:7119671-
AGCCGTAAACGATGGA 7121871 REVERSE LENGTH=2068 |
TACT AT1G20560.1 |0,5 20 237 256 Kesim 201606
| acyl-CoA binding protein 1 |
AGCTCAGGAGGGATAG Chr5:21710170-21712614 FORWARD
CGCC AT5G53470.1 |4 20 |805 824 Kesim |LENGTH=1567 | 201606
| cysteine/histidine-rich C1 domain protein |
AGCTCTGGTACCATGTT Chr4:6994045-6995237 REVERSE
AGATT AT4G11547.1 |15 22 1650 671 Kesim |LENGTH=720 | 201606
| Leucine-rich repeat protein kinase family
AGGGCTTCTCTCCTTTG protein | Chr2:15335284-15337995
GCAG AT2G36570.1 |2 21 [1.564 [1.584 |Kesim |FORWARD LENGTH=2588 | 201606
| ureide permease 5 | Chr1:9143937-
AGTTTGTGCGTGAATCT 9146083 REVERSE LENGTH=1536 |
AACC AT1G26440.3 |15 21 |24 44 Kesim 201606
| ureide permease 5 | Chr1:9143937-
AGTTTGTGCGTGAATCT Transla [9146083 REVERSE LENGTH=1536 |
AACC AT1G26440.3 |4,5 21 |1.022 |1.042 |[syon |201606
| ovate family protein 2 | Chr2:12956445-
ATCATGCTATCCCTTTG Transla [12957807 FORWARD LENGTH=1363 |
GATT AT2G30400.1 |35 21 |1.036 |1.056 [syon |201606
| ARM repeat superfamily protein |
ATGATGATGATGATGA Chr3:21810238-21817699 REVERSE
TGAAA AT3G59020.2 |0 21 |3.555 |[3.575 |Kesim |LENGTH=4109 | 201606
ATGCACTGCCTCTTCCC | plantacyanin | Chr2:826299-827994
TGGC AT2G02850.1 |0 21 |279 299 Kesim |REVERSE LENGTH=995 | 201606
| EXS (ERD1/XPR1/SYGL1) family protein
ATTCAAGAAAGCTGTG Transla || Chr2:981934-986756 REVERSE
GAAAA AT2G03250.2 |2,5 21 |1.160 |1.180 [syon |LENGTH=2687 |201606
| Subtilisin-like serine endopeptidase family
ATTCAGTTGATGCAAG protein | Chr5:23858873-23862129
GCGGGATC AT5G59100.1 1,5 24 11745 |1.768 |Kesim |REVERSE LENGTH=2346 | 201606
ATTGAGTGCAGCGTTG | laccase 2 | Chr2:12524827-12527803
ATGAA AT2G29130.1 |05 21 783 803 Kesim |REVERSE LENGTH=2188 | 201606
| myb domain protein 33 | Chr5:1837914-
ATTGGACTGAAGGGAG 1840159 FORWARD LENGTH=1741 |
CTCC AT5G06100.1 |15 20 |1.162 |1.181 |[Kesim |201606
| chloroplastic acetylcoenzyme A
ATTGTCACGTGTCATGT carboxylase 1 | Chr5:5360789-5363297
TCTGATT AT5G16390.1 |25 24 104 127 Kesim |REVERSE LENGTH=1429 | 201606
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| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
ATTTCGGACCAGGCTTC protein | Chr1:10796124-10801093
ATTCCCC AT1G30490.1 |2 24 927 950 Kesim |REVERSE LENGTH=3079 | 201606
| UDP-Glycosyltransferase superfamily
CAAGTAATATGGATCG protein | Chr3:17197443-17199363
GAGGAAGT AT3G46690.1 3,5 24 |1.804 |1.827 |Kesim |REVERSE LENGTH=1842 | 201606
| DAl-related protein 7 | Chr5:26584780-
CAATCTTTATGGAACG 26587917 FORWARD LENGTH=2019 |
GAGAGAGT AT5G66610.3 |2,5 24 |174 197 Kesim 201606
| peroxidase CA | Chr3:18200587-
CACTACATTATGGAAT 18203265 FORWARD LENGTH=1565 |
GGAGGGA AT3G49110.1 |2 23 1139 |1.161 |[Kesim |201606
| BRI1-associated receptor kinase |
CACTTATTTTGGACCGG Chr4:16086350-16090832 REVERSE
AGGG AT4G33430.1 |4 21 [2.375 [2.395 |Kesim |LENGTH=2696 | 201606
| nuclear factor Y%2C subunit A8 |
CAGCCAAGGATGACTT Chr1:6050222-6052619 REVERSE
GCCTA AT1G17590.2 |0 21 [1.305 [1.325 |Kesim |LENGTH=1525 | 201606
| ZIP metal ion transporter family |
CATATACTCCCTCCGTC Transla |Chr2:12838620-12840252 REVERSE
CGAAA AT2G30080.1 |25 22 1548 569 syon |[LENGTH=1276 | 201606
| auxin signaling F-box 3 | Chr1:4368760-
CATCCAAAGGGATCGC 4371298 REVERSE LENGTH=2234 |
ATTGA AT1G12820.1 |0 21 [1.891 |1.911 |Kesim |201606
| Chitinase family protein | Chr1:1766503-
CCCCAAGCTGAGAGCT 1768837 REVERSE LENGTH=1620 |
CTCCC AT1G05850.1 |3 21 |732 752 Kesim 201606
| alpha/beta-Hydrolases superfamily protein
CCCGCCTTGCATCAACT | Chr5:5867283-5869050 REVERSE
GAAT AT5G17780.1 (3,5 21 |1.149 |1.169 |Kesim [LENGTH=1474]201606
| Ubiquitin fusion degradation UFD1
CCGACCTTAGCTCAGTT family protein | Chr4:8823725-8826131
GGTG AT4G15420.1 |2 21 |1.240 [1.260 |Kesim |[FORWARD LENGTH=1965 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
CCGGACCAGGCTTCAT protein | Chr1:10796124-10801093
TCCCC AT1G30490.1 |0 21 1927 947 Kesim |REVERSE LENGTH=3079 | 201606
CCGTGTTTCCTTGTATA | EF-TU receptor | Chr5:6921509-6925901
AAG AT5G20480.1 |3 20 13528 |3.547 |Kesim |[FORWARD LENGTH=4122 | 201606
CCGTGTTTCCTTGTATA | EF-TU receptor | Chr5:6921509-6925901
AAG AT5G20480.1 |35 20 [2.430 |2.449 |Kesim |[FORWARD LENGTH=4122 | 201606
CGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTC AT2G33770.1 |25 21 1902 922 Kesim |REVERSE LENGTH=4176 | 201606
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CGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTC AT2G33770.1 |25 21 |1.016 |1.036 |Kesim |REVERSE LENGTH=4176 | 201606
CGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTC AT2G33770.1 [2,5 21 [959 979 Kesim |REVERSE LENGTH=4176 | 201606
CGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTC AT2G33770.1 |3 21 |680 700 Kesim |REVERSE LENGTH=4176 | 201606
CGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTC AT2G33770.1 |35 21 [813 833 Kesim |REVERSE LENGTH=4176 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
CGGACCAGGCTTCATT protein | Chr1:10796124-10801093
CCCC AT1G30490.1 |05 20 (927 946 Kesim |REVERSE LENGTH=3079 | 201606
| ATP-dependent Clp protease |
CGGCTCTGATACCAGTT Transla |Chr1:12091780-12096486 FORWARD
GATG AT1G33360.1 [4,5 21 [1.713 [1.733 |syon |LENGTH=2999 | 201606
| UBX domain-containing protein |
CGTTTCACGTCGGGTTC Chr4:317564-320935 REVERSE
ACC AT4G00752.1 |3 20 [145 164 Kesim |LENGTH=1759 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
CTCGGACCAGGCTTCA protein | Chr1:10796124-10801093
TTCCC AT1G30490.1 |15 21 |928 948 Kesim |REVERSE LENGTH=3079 | 201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
CTGAAGTGTTTGGGGG Chr5:17589394-17591737 REVERSE
AACTC AT5G43780.1 |15 21 |597 617 Kesim |LENGTH=1904 | 201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
CTGAAGTGTTTGGGGG Chrb:17589394-17591737 REVERSE
AACTC AT5G43780.1 |4,5 21 |566 586 Kesim |LENGTH=1904 | 201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
CTGAAGTGTTTGGGGG Chr5:17589394-17591737 REVERSE
AACTCC AT5G43780.1 |15 22 |596 617 Kesim |LENGTH=1904 | 201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
CTGAAGTGTTTGGGGG Chrb:17589394-17591737 REVERSE
AACTCC AT5G43780.1 |4,5 22 |565 586 Kesim |LENGTH=1904 | 201606
| Squamosa promoter-binding protein-like
(SBP domain) transcription factor family
CTGACAGAAGATAGAG protein | Chr1:26005068-26007368
AGCAC AT1G69170.1 |15 21 |1.297 |1.317 |Kesim |FORWARD LENGTH=1934 | 201606
| phosphatidyl inositol monophosphate 5
CTTATAATTAGGGACG kinase 4 | Chr3:21080028-21084420
GAGGTAGT AT3G56960.2 |4 24 258 281 Kesim |FORWARD LENGTH=3804 | 201606
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| myb domain protein 104 |
CTTGGACTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCC AT2G26950.1 |1,5 20 [828 847 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
CTTGGACTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCCC AT2G26950.1 |1,5 21 |827 847 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
CTTGGACTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCCT AT2G26950.1 |15 21 |827 847 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
CTTGGATTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCCC AT2G26950.1 |15 21 |827 847 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
CTTGGATTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCT AT2G26950.1 |15 20 |828 847 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
CTTGGATTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCTA AT2G26950.1 |15 21 827 847 Kesim |LENGTH=1212 | 201606
| Disease resistance protein (TIR-NBS-LRR
GAGCTCCTTGAAGTCC class) | Chr5:18176914-18181252
AAAAG AT5G45050.4 |2 21 [2.119 |2.139 |Kesim |REVERSE LENGTH=3927 | 201606
| hypothetical protein | Chr3:16160338-
GATCCCCGGCAACGGC 16161837 REVERSE LENGTH=1148 |
GCCA AT3G44580.1 |0 20 |70 89 Kesim 201606
GCGTATGAGGAGCCAA | ADR1-like 1 | Chr4:16050456-16056526
GCATA AT4G33300.2 |15 21  |1.797 |1.817 |Kesim |REVERSE LENGTH=3143 | 201606
| hydroxyproline-rich glycoprotein family
GCTCACTCTCTATCTGT protein | Chr4:13067186-13069762
CACC AT4G25620.1 |4 21 221 241 Kesim |REVERSE LENGTH=2077 | 201606
| 60S acidic ribosomal protein family |
GCTCACTGCTCTTTCTG Chr3:16163850-16164931 FORWARD
TCAGCT AT3G44590.2 |2,5 23 |141 163 Kesim |LENGTH=651 | 201606
| myosin heavy chain-like protein |
GGAATGTTGGCTGGCT Chr4:3920693-3924437 FORWARD
CGAGG ATAG06688.1 |2 21 |1514 |1534 |Kesim [LENGTH=1833]|201606
| U-box domain-containing protein kinase
GGAATGTTGTCTGGCTC family protein | Chr5:23080647-23083988
GAGG AT5G57035.1 |2 21 |1.737 |1.757 |Kesim |[FORWARD LENGTH=2635 | 201606
| Leucine-rich repeat protein kinase family
GGAATGTTGTTTGGCTC protein | Chr2:119270-121980 REVERSE
GAGG AT2G01210.1 |1 21 |1.842 [1.862 |Kesim |LENGTH=2636 | 201606
| UDP-glcnac-adolichol phosphate glcnac-
GGACAGTCTCAGGTAG 1-p-transferase | Chr2:17301572-17304211
ACA AT2G41490.1 |3 19 1360 |[1.378 |Kesim |[FORWARD LENGTH=1667 | 201606
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| Cysteine/Histidine-rich C1 domain family
GGAGCGACCTGAGATC protein | Chr3:10169242-10172060
ACATG AT3G27473.3 |3 21 |89 915 Kesim |REVERSE LENGTH=2078 | 201606
GGAGGCAGCGGTTCAT | LSD1-like 3 | Chr4:9217997-9225404
CGATC AT4G16310.1 |2 21 |103 123 Kesim |FORWARD LENGTH=5931 | 201606
| disproportionating enzyme 2 |
GGCAAGTTGTCCTTGG Chr2:17044932-17051062 FORWARD
CTAC AT2G40840.1 |1 20 |1.600 |1.619 |Kesim |LENGTH=3409 | 201606
| Galactose oxidase/kelch repeat
superfamily protein | Chr5:16288754-
GGCAGGTTGTCCTTGG 16290001 FORWARD LENGTH=1248 |
CTAC AT5G40680.1 |4,5 20 [928 947 Kesim 201606
| hypothetical protein | Chr3:6592316-
GGCAGTCTCCTTGGCTA 6592942 FORWARD LENGTH=342 |
TC AT3G19055.1 |2,5 19 [213 231 Kesim 201606
| Disease resistance protein (TIR-NBS-LRR
GGCAGTCTCCTTGGCTA class) family | Chr5:18302147-18308303
TT AT5G45230.1 |2 19 [1551 [1.569 |Kesim |REVERSE LENGTH=3696 | 201606
| phosphatidyl inositol monophosphate 5
GGGAATGACGCCGGGT kinase | Chr3:3040303-3044989 REVERSE
CCGAAA AT3G09920.1 |3 22 |381 402 Kesim |LENGTH=3884 | 201606
| K+ efflux antiporter 1 | Chr1:284460-
GGGCAATTCTCCTTTGG 291203 FORWARD LENGTH=4237 |
CAGA AT1G01790.2 |3 21 |1.707 |1.727 |Kesim |201606
| Cysteine/Histidine-rich C1 domain family
GTCGTTGTAGTATAGTG protein | Chr4:6990861-6992555
G AT4G11540.1 |2,5 18  [1.372 [1.389 |Kesim |REVERSE LENGTH=1695 | 201606
| DTW domain-containing protein |
GTGGCATCATCAAGAT Chr5:22291860-22293300 FORWARD
TCACACA AT5G54880.1 |4 23 |48 70 Kesim |LENGTH=1441 | 201606
| wound-responsive protein-like protein |
GTTCAAGAAAGCTGTG Chr2:5921881-5923151 FORWARD
GAAGA AT2G14070.1 |3 21 |619 639 Kesim |LENGTH=752 | 201606
| SECY homolog 1 | Chr2:8112084-
GTTCAAGAAAGCTGTG 8114485 REVERSE LENGTH=1836 |
GGAAA AT2G18710.1 |2 21 1321 |1.341 |[Kesim |201606
| ROOT GROWTH DEFECTIVE 3 |
GTTCAATAAAGCTGTG Chr3:20091976-20104257 FORWARD
GGAAG AT3G54280.2 |2 21 1124 |1.144 |Kesim |LENGTH=6632|201606
| transmembrane protein%2C putative
GTTCGCGTCGGGTTCAC (DUF761) | Chr1:3763268-3764483
CA AT1G11230.1 |3 19  [609 627 Kesim |REVERSE LENGTH=1096 | 201606
| transmembrane protein%2C putative
GTTCGCGTCGGGTTCAC (DUF761) | Chr1:3763268-3764483
CA AT1G11230.1 |45 19 |[355 373 Kesim |REVERSE LENGTH=1096 | 201606
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| HSP20-like chaperones superfamily
TAAAGCTCAGGAGGGA protein | Chr3:3337689-3339345
TAGCG AT3G10680.1 |3 21 210 230 Kesim |[FORWARD LENGTH=1557 | 201606
| auxin response factor 8 | Chr5:14630028-
TAAAGCTGCCAGCATG 14634387 FORWARD LENGTH=2844 |
ATCTGG AT5G37020.2 |35 22 [2.369 |2.390 |Kesim |201606
| B-box zinc finger family protein |
TAACCTGGCTCTGATAC Chr4:6368829-6369950 REVERSE
CA AT4G10240.1 |1 19 240 258 Kesim |LENGTH=1051 | 201606
TACTACTCCCTCCGTCC | expansin B3 | Chr4:13999625-14002124
CAAA ATAG28250.1 |2,5 21 1.643 |1.663 |Kesim |REVERSE LENGTH=1795 | 201606
TACTACTCCCTCCGTCC | expansin B3 | Chr4:13999625-14002124
GAAA ATAG28250.1 |2,5 21 1.643 |1.663 |Kesim |REVERSE LENGTH=1795 | 201606
| receptor like protein 19 | Chr2:6533261-
TACTCCCTCTGTTCCAT 6537002 FORWARD LENGTH=3639 |
AAAG AT2G15080.1 |15 21 21 41 Kesim |201606
| nuclear factor Y%2C subunit A6 |
TAGCCAAGGATGACTT Chr3:4642657-4644534 FORWARD
GCCTG AT3G14020.2 |0 21 1.271 |1.291 |Kesim |LENGTH=1471 201606
| Mannose-binding lectin superfamily
TCAACATGGTATCAGA protein | Chr5:15426556-15430559
GCTGGAAG AT5G38540.1 |35 24 11 34 Kesim |REVERSE LENGTH=2173 | 201606
| Chaperone DnaJ-domain superfamily
TCAATCAGAACATGAC protein | Chr5:2962057-2963441
ACGTGACA AT5G09540.1 |3 24 1.298 |1.321 |Kesim |REVERSE LENGTH=1385 | 201606
TCATTGAGTGCAGCGTT | laccase 2 | Chr2:12524827-12527803
GATG AT2G29130.1 |05 21 785 805 Kesim |REVERSE LENGTH=2188 | 201606
| Remorin family protein | Chr2:18862953-
TCATTTTTGCGTGCAAT 18864741 REVERSE LENGTH=932 |
GATCC AT2G45820.1 [2,5 22 |869 890 Kesim [201606
| auxin signaling F-box 3 | Chr1:4368760-
TCCAAAGGGATCGCAT 4371298 REVERSE LENGTH=2234 |
TGATC AT1G12820.1 |0 21 1.889 |1.909 |Kesim [201606
| auxin signaling F-box 3 | Chr1:4368760-
TCCAAAGGGATCGCAT 4371298 REVERSE LENGTH=2234 |
TGATCC AT1G12820.1 |0 22 1.888 |1.909 |Kesim [201606
| auxin signaling F-box 3 | Chr1:4368760-
TCCAAAGGGATCGCAT 4371298 REVERSE LENGTH=2234 |
TGATCT AT1G12820.1 |0 22 1.888 |1.909 |Kesim [201606
| Neutral/alkaline non-lysosomal
TCCACAGCTTTCTTGAA ceramidase | Chr5:23811449-23814683
CTG AT5G58980.1 |2 20 1.271 ]1.290 |Kesim |REVERSE LENGTH=2404 201606
| calcium-dependent protein kinase 24 |
TCCCACAGCTTTATTGA Chr2:13413738-13416602 FORWARD
ACTG AT2G31500.1 |3 21 1945 965 Kesim |LENGTH=2305 | 201606
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| Copper amine oxidase family protein |
TCCCCACGGTCGGCGC Chr1:11337536-11341889 FORWARD
CA AT1G31670.1 |2 18  [1.461 [1.478 |Kesim [LENGTH=2248|201606
| LMBR1-like membrane protein |
TCGAACCAGGCTTCATT Chr5:186654-190661 FORWARD
CCCC AT5G01460.1 [2,5 21 |1.356 |1.376 |Kesim |LENGTH=2352 201606
TCGATAAACCTCTGCAT | dicer-like 1| Chr1:23121-31227
CCA AT1G01040.1 |3 20 |3.448 |3.468 |Kesim |FORWARD LENGTH=6276 | 201606
TCGATAAACCTCTGCAT | dicer-like 1| Chr1:23121-31227
CCAG AT1G01040.1 |3 21 |3.447 |3.468 |Kesim |FORWARD LENGTH=6276 | 201606
TCGATAAACCTCTGCAT | dicer-like 1| Chr1:23121-31227
CCGG AT1G01040.1 |3 21 |3.447 |3.468 |Kesim |FORWARD LENGTH=6276 | 201606
| autoinhibited Ca(2+)-ATPase 10 |
TCGCAGGAGAGATGGC Chr4:14610883-14619685 REVERSE
ACTA AT4G29900.1 |0,5 20 |298 317 Kesim |LENGTH=3874 | 201606
| F-box/RNI-like superfamily protein |
TCGCAGGAGAGATGGC Chr3:21780785-21783663 REVERSE
ACTGTC AT3G58940.2 |35 22 1211 |1.232 |Kesim |LENGTH=2325 |201606
| P-loop containing nucleoside triphosphate
hydrolases superfamily protein |
TCGCTTGGTGCAGGTC Chr3:6855688-6863547 REVERSE
GGG AT3G19740.1 |15 19  [2.073 [2.091 |Kesim [LENGTH=3492 201606
| Stabilizer of iron transporter SufD /
Polynucleotidyl transferase |
TCGCTTGGTGCAGGTC Chr1:17885633-17892596 REVERSE
GGGA AT1G48410.3 |3 20 |522 541 Kesim |LENGTH=3407 | 201606
| Stabilizer of iron transporter SufD /
Polynucleotidyl transferase |
TCGCTTGGTGCAGGTC Chr1:17885633-17892596 REVERSE
GGGAA AT1G48410.3 |3 21 |521 541 Kesim |LENGTH=3407 | 201606
| Stabilizer of iron transporter SufD /
Polynucleotidyl transferase |
TCGCTTGGTGCAGGTC Chr1:17885633-17892596 REVERSE
GGGAAC AT1G48410.3 |3 22 |520 541 Kesim |LENGTH=3407 | 201606
| Stabilizer of iron transporter SufD /
Polynucleotidyl transferase |
TCGCTTGGTGCAGGTC Chr1:17885633-17892596 REVERSE
GGGAC AT1G48410.3 |3 21 |521 541 Kesim |LENGTH=3407 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCAT protein | Chr1:10796124-10801093
CCCC AT1G30490.1 |05 20 [928 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCAT protein | Chr1:10796124-10801093
CCcccc AT1G30490.1 |0,5 21 |927 947 Kesim |REVERSE LENGTH=3079 | 201606
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| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCATT protein | Chr1:10796124-10801093
CCC AT1G30490.1 |05 20 [928 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCATT protein | Chr1:10796124-10801093
CCCC AT1G30490.1 |05 21 1927 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCATT protein | Chr1:10796124-10801093
Cccce AT1G30490.1 |05 22 926 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCATT protein | Chr1:10796124-10801093
CCCT AT1G30490.1 |05 21 1927 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCATT protein | Chr1:10796124-10801093
CCTC AT1G30490.1 |05 21 1927 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCATT protein | Chr1:10796124-10801093
CCTT AT1G30490.1 |05 21 1927 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCGGACCAGGCTTCATT protein | Chr1:10796124-10801093
CTC AT1G30490.1 |05 20 1928 947 Kesim |REVERSE LENGTH=3079 | 201606
| Homeobox-leucine zipper family protein /
lipid-binding START domain-containing
TCTCGGACCAGGCTTC protein | Chr1:10796124-10801093
ATTCC AT1G30490.1 |3 21 929 949 Kesim |REVERSE LENGTH=3079 | 201606
| TRICHOME BIREFRINGENCE-LIKE 4
TCTGGATCAGAGGGAG | Chr5:20007313-20009038 REVERSE
TATA AT5G49340.1 |25 20 196 215 Kesim |LENGTH=1409 | 201606
| CBL-interacting protein kinase 17 |
TCTTATATTATGGGACG Chr1:17813886-17817406 REVERSE
GAGG AT1G48260.2 |2 21 |2.625 |2.645 |Kesim |LENGTH=2705 | 201606
| disease resistance protein (CC-NBS-LRR
class) family protein | Chr1:19090716-
TCTTTCCTACTCCTCCC 19093478 REVERSE LENGTH=2763 |
ATACC AT1G51480.1 |2 22 1605 626 Kesim 201606
| auxin response factor 8 | Chr5:14630028-
TGAAGCTGCCAGCATG 14634387 FORWARD LENGTH=2844 |
ATCT AT5G37020.2 |35 20 [2.371 |2.390 |Kesim |201606
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| auxin response factor 8 | Chr5:14630028-
TGAAGCTGCCAGCATG 14634387 FORWARD LENGTH=2844 |
ATCTA AT5G37020.2 |3,5 21 12370 |2.390 |Kesim |201606
| auxin response factor 6 | Chr1:10685822-
TGAAGCTGCCAGCATG 10690838 REVERSE LENGTH=3827 |
ATCTC AT1G30330.2 |35 21 |3.236 |3.256 |Kesim |201606
| auxin response factor 8 | Chr5:14630028-
TGAAGCTGCCAGCATG 14634387 FORWARD LENGTH=2844 |
ATCTG AT5G37020.2 |35 21 |2.370 |2.390 |[Kesim |201606
| auxin response factor 8 | Chr5:14630028-
TGAAGCTGCCAGCATG 14634387 FORWARD LENGTH=2844 |
ATCTGA AT5G37020.2 |35 22 |2.369 |2.390 |[Kesim |201606
| AT hook motif DNA-binding family
TGAAGCTGCCAGCATG protein | Chr3:22687610-22693150
ATCTGC AT3G61310.1 |35 22 [1.521 |1.543 |Kesim |REVERSE LENGTH=4959 | 201606
| auxin response factor 6 | Chr1:10685822-
TGAAGCTGCCAGCATG 10690838 REVERSE LENGTH=3827 |
ATCTT AT1G30330.2 |35 21 |3.236 |3.256 |Kesim |201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
TGAAGTGTTTGGGGGA Chrb:17589394-17591737 REVERSE
ACTC AT5G43780.1 |0,5 20 |597 616 Kesim |LENGTH=1904 | 201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
TGAAGTGTTTGGGGGA Chr5:17589394-17591737 REVERSE
ACTC AT5G43780.1 |45 20 |566 585 Kesim |LENGTH=1904 | 201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
TGAAGTGTTTGGGGGA Chrb:17589394-17591737 REVERSE
ACTTT AT5G43780.1 |05 21 |596 616 Kesim |LENGTH=1904 | 201606
| Pseudouridine synthase/archaeosine
transglycosylase-like family protein |
TGAAGTGTTTGGGGGA Chr5:17589394-17591737 REVERSE
ACTTT AT5G43780.1 |4,5 21  |565 585 Kesim |LENGTH=1904 | 201606
| trafficking protein particle complex
subunit-like protein | Chr5:26380123-
TGACAATGAGAGAGAG 26385335 FORWARD LENGTH=4115 |
CACAC AT5G65950.1 |3 21 |2.058 |2.078 |Kesim |201606
| squamosa promoter binding protein-like 3
TGACAGAAGAGAGTGA | Chr2:14305001-14306072 FORWARD
GCAC AT2G33810.1 |0,5 20 |787 806 Kesim |LENGTH=981 | 201606
| squamosa promoter binding protein-like
TGACAGAAGAGAGTGA 10 | Chr1:9505115-9508542 REVERSE
GCACT AT1G27370.6 |1 21 |2.738 |2.758 |Kesim |LENGTH=3184|201606
| squamosa promoter binding protein-like
TGACAGAAGATAGAGA Transla {10 | Chr1:9505115-9508542 REVERSE
GCAC AT1G27370.6 |15 20 |2.739 |2.758 |syon |LENGTH=3184 201606

258




Ek 37 (devamm)

<
=}
g | 2 - :
5| g % £ % z
‘D ® B 5
N = 2 7 & 2 = & &
Sy s | 2= 28 &§| 5| ¢ g
< © > 2l «| «| ©| o 2 &0
Z & T |2 5| B| = o
xx = e X e e E =
— E (<5} [<5) o o D (3} = S
| nucleotide/nucleic acid binding protein |
TGACGACGAGAGAGAG Chr4:10677202-10681773 FORWARD
CACGC AT4G19610.1 |1 21 |95 115 Kesim |LENGTH=2881 | 201606
| GRAS family transcription factor |
TGATTGAGCCGTGCCA Chr4:57140-59495 REVERSE
ATATC AT4G00150.1 |0,5 21 |1.065 |1.085 |Kesim [LENGTH=2356 |201606
TGCACTGCCTCTTCCCT | plantacyanin | Chr2:826299-827994
GGC AT2G02850.1 |0 20 [279 298 Kesim |REVERSE LENGTH=995 | 201606
TGCACTGCCTCTTCCCT | plantacyanin | Chr2:826299-827994
GGCT AT2G02850.1 |2 21 [277 298 Kesim |REVERSE LENGTH=995 | 201606
TGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTG AT2G33770.1 |15 21 1902 922 Kesim |REVERSE LENGTH=4176 | 201606
TGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTG AT2G33770.1 |1,5 21 |1.016 |1.036 |Kesim |REVERSE LENGTH=4176 | 201606
TGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTG AT2G33770.1 |1,5 21 959 979 Kesim |REVERSE LENGTH=4176 | 201606
TGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTG AT2G33770.1 |2 21  [680 700 Kesim |REVERSE LENGTH=4176 | 201606
TGCCAAAGGAGAGTTG | phosphate 2 | Chr2:14277558-14283113
CCCTG AT2G33770.1 |25 21 813 833 Kesim |REVERSE LENGTH=4176 | 201606
| auxin response factor 17 | Chr1:29272074-
TGCCTGGCTCCCTGTAT 29275419 FORWARD LENGTH=2315 |
GCC AT1G77850.1 |05 20 [1.649 |1.668 |Kesim |201606
| auxin response factor 17 | Chr1:29272074-
TGCCTGGCTCCCTGTAT 29275419 FORWARD LENGTH=2315 |
GCTT AT1G77850.1 |0,5 21 [1.648 |1.668 |Kesim |201606
| GDSL-like Lipase/Acylhydrolase
superfamily protein | Chr1:10053443-
TGGAACGGAGGAATTT 10055881 REVERSE LENGTH=1906 |
TATAG AT1G28610.1 |2 21 |1.400 |1.420 |Kesim |201606
| NAC (No Apical Meristem) domain
transcriptional regulator superfamily
TGGAGAAGCAGGGCAC protein | Chr5:21901704-21903854
GTGCA AT5G53950.1 |1 21 1832 852 Kesim |REVERSE LENGTH=1449 | 201606
| Mannose-binding lectin superfamily
TGGAGAAGGGGAGCAC protein | Chr5:20270101-20272895
GTGCA AT5G49870.1 |15 21 ]1.839 |1.859 |Kesim |REVERSE LENGTH=2113]|201606
| P-loop containing nucleoside triphosphate
hydrolases superfamily protein |
TGGAGGCAGCGGTTCA Chr2:12251784-12254872 FORWARD
TCGATC AT2G28600.1 |3 22 |1.565 [1.586 |Kesim |LENGTH=1770 | 201606
| Subtilase family protein | Chr5:24096807-
TGGCGCTAGAAGGAGG 24100593 REVERSE LENGTH=2631 |
GCCT AT5G59810.1 |3 20 |845 864 Kesim 201606
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| aluminum activated malate transporter
TGGGGACTCGAAGACG family protein | Chr4:387388-391441
ATCATAT AT4G00910.1 |4 23 |465 487 Kesim |REVERSE LENGTH=3594 | 201606
| SPX (SYG1/Pho81/XPR1) domain-
TTAGATGACCATCAAC containing protein | Chr1:635144-637262
AAACA AT1G02860.1 |0 21 |258 278 Kesim |FORWARD LENGTH=1517 | 201606
| SPX (SYG1/Pho81/XPR1) domain-
TTAGATGACCATCAAC containing protein | Chr1:635144-637262
AAACG AT1G02860.1 |0 21  |258 278 Kesim |FORWARD LENGTH=1517 | 201606
| SPX (SYG1/Pho81/XPR1) domain-
TTAGATGACCATCAAC containing protein | Chr1:635144-636389
AAACT AT1G02860.3 |0 21  |258 278 Kesim |FORWARD LENGTH=1065 | 201606
| Argonaute family protein |
TTAGATTCACGCACAA Chr1:11181504-11185396 FORWARD
ACTCG AT1G31280.1 |0 21 |3.429 |3.449 |Kesim |LENGTH=3602 | 201606
| ferric reduction oxidase 8 |
TTCAAGAAAGCTGTGG Chr5:20415764-20418847 FORWARD
GAAAA AT5G50160.2 |4,5 21  |978 998 Kesim |LENGTH=2605 | 201606
| ROOT GROWTH DEFECTIVE 3|
TTCAATAAAGCTGTGG Chr3:20091976-20104257 FORWARD
GAAG AT3G54280.2 |2 20 1124 |1.143 |Kesim |LENGTH=6632|201606
| auxin signaling F-box 3 | Chr1:4368760-
TTCCAAAGGGATCGCA 4371298 REVERSE LENGTH=2234 |
TTGAT AT1G12820.1 |1 21 |1.890 |1.910 |[Kesim |201606
| auxin signaling F-box 3 | Chr1:4368760-
TTCCAAAGGGATCGCA 4371298 REVERSE LENGTH=2234 |
TTGATC AT1G12820.1 |1 22 |1.889 |1.910 |[Kesim |201606
| ALC-interacting protein 1 | Chr5:152446-
TTCCACAGCTTTCTTGA 154467 FORWARD LENGTH=1585 |
ACTA AT5G01370.1 |15 21 [709 729 Kesim 201606
| ALC-interacting protein 1 | Chr5:152446-
TTCCACAGCTTTCTTGA 154467 FORWARD LENGTH=1585 |
ACTG AT5G01370.1 |15 21 [709 729 Kesim 201606
| ALC-interacting protein 1 | Chr5:152446-
TTCCACAGCTTTCTTGA 154467 FORWARD LENGTH=1585 |
ACTGT AT5G01370.1 |15 22 |708 729 Kesim 201606
| ALC-interacting protein 1 | Chr5:152446-
TTCCACAGCTTTCTTGA 154467 FORWARD LENGTH=1585 |
ACTT AT5G01370.1 |15 21 [709 729 Kesim 201606
| growth-regulating factor 4 |
TTCCACAGGCTTTCTTG Chr3:19615977-19618507 REVERSE
AACTG AT3G52910.1 |0 22 [800 821 Kesim |LENGTH=1582 | 201606
| stress-inducible protein | Chr1:23230922-
TTCCACGGCTTTCTTGA 23233543 FORWARD LENGTH=1983 |
ACTG AT1G62740.1 |3 21 |357 377 Kesim 201606
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| ALC-interacting protein 1 | Chr5:152446-
TTCCACGGCTTTCTTGA 154467 FORWARD LENGTH=1585 |
ACTT AT5G01370.1 |2 21 [709 729 Kesim |201606
| Aldolase superfamily protein |
TTCCCAAGCCCGCCCAT Chr4:13388348-13390862 FORWARD
TCCAA AT4G26520.3 |1 22 |1574 |1595 |Kesim [LENGTH=1639 |201606
| LRR and NB-ARC domains-containing
disease resistance protein | Chr1:21746373-
TTCCGAGGCCACCCATT 21765074 FORWARD LENGTH=4404 |
CCAAC AT1G58602.1 |2 22 |1.052 |1.073 |Kesim [201606
| DZC (Disease resistance/zinc
finger/chromosome condensation-like
region) domain containing protein |
TTGAACTGAAGGGAGC Chr1:11445490-11450232 FORWARD
TCCC AT1G31880.1 |3 20 |17 36 Kesim [LENGTH=1617 | 201606
| squamosa promoter binding protein-like
TTGACAGAAGAGAGAG 10 | Chr1:9505115-9508542 REVERSE
AGCAC AT1G27370.6 |0 21 |2.739 |2.759 |Kesim |LENGTH=3184 | 201606
| squamosa promoter binding protein-like
TTGACAGAAGAGAGTG 10 | Chr1:9505115-9508542 REVERSE
AGCAC AT1G27370.6 |1 21 |2.739 |2.759 |Kesim |LENGTH=3184 | 201606
| squamosa promoter binding protein-like
TTGACAGAAGATAGAG 10| Chr1:9505115-9508542 REVERSE
AGCAC AT1G27370.6 |15 21 |2.739 |2.759 |Kesim |LENGTH=3184 | 201606
| nucleotide/nucleic acid binding protein |
TTGACGACGAGAGAGA Chr4:10677202-10681773 FORWARD
GCACA AT4G19610.1 |15 21 |96 116 Kesim |LENGTH=2881 | 201606
| nucleotide/nucleic acid binding protein |
TTGACGACGAGAGAGA Chr4:10677202-10681773 FORWARD
GCACG AT4G19610.1 |15 21 |96 116 Kesim [LENGTH=2881 | 201606
| GRAS family transcription factor |
TTGAGCCGCGCCAATA Chr3:22410240-22412663 REVERSE
TCACT AT3G60630.1 |0 21 |1.097 [1.117 |Kesim |LENGTH=2424|201606
| GRAS family transcription factor |
TTGAGCCGTGCCAATA Chr4:57140-59495 REVERSE
TCACG AT4G00150.1 |05 21 |1.062 [1.082 |Kesim |LENGTH=2356 | 201606
TTGAGTGCAGCGTTGA | laccase 2 | Chr2:12524827-12527803
TGAAA AT2G29130.1 |05 21  |782 802 Kesim |REVERSE LENGTH=2188 | 201606
| Sec23/Sec24 protein transport family
TTGGACAGAGAAATCA protein | Chr4:776460-780201 REVERSE
CGGTCA AT4G01810.2 |4 22 |3.213 |3.234 |Kesim |LENGTH=3316 | 201606
| Homeodomain-like superfamily protein |
TTGGACCAGGCTTCATT Chr4:1424902-1428062 FORWARD
CCCC AT4G03250.1 |1 21 |1.041 [1.061 |Kesim |LENGTH=1990 | 201606
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| myb domain protein 104 |
TTGGACTGAAGGGAGC Chr2:11500721-11502136 REVERSE
TCC AT2G26950.1 |1,5 19 |828 846 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
TTGGACTGAAGGGAGC Chr2:11500721-11502136 REVERSE
TCCC AT2G26950.1 |1,5 20 (827 846 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
TTGGACTGAAGGGAGC Chr2:11500721-11502136 REVERSE
TCCCA AT2G26950.1 |15 21  |826 846 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
TTGGACTGAAGGGAGC Chr2:11500721-11502136 REVERSE
TCCCT AT2G26950.1 [1,5 21  [826 846 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
TTGGACTGAAGGGAGC Chr2:11500721-11502136 REVERSE
TCCT AT2G26950.1 |[1,5 20 (827 846 Kesim |LENGTH=1212 | 201606
| TCP domain protein 10 | Chr2:13220478-
TTGGACTGAAGGGAGC 13222642 REVERSE LENGTH=2017 |
TCCTT AT2G31070.1 |2 21 [1.380 |1.400 |Kesim |201606
| TCP domain protein 10 | Chr2:13220478-
TTGGACTGAAGGGAGC 13222642 REVERSE LENGTH=2017 |
TCCTTC AT2G31070.1 |2 22 [1.379 |1.400 |Kesim |201606
| TCP domain protein 10 | Chr2:13220478-
TTGGACTGAAGGGTGC 13222642 REVERSE LENGTH=2017 |
TCCC AT2G31070.1 |1 20 [1.381 |1.400 |Kesim |201606
| Galactose oxidase/kelch repeat
superfamily protein | Chr1:9495344-
TTGGCATTCTGTCCACC 9498085 FORWARD LENGTH=2029 |
TCC AT1G27340.1 |1 20 [1.549 |1.568 |Kesim |201606
| myb domain protein 104 |
TTGGGCTGAAGGGAGC Chr2:11500721-11502136 REVERSE
TCCC AT2G26950.1 |2 20 (827 846 Kesim |LENGTH=1212 | 201606
| myb domain protein 101 |
TTGGTTTGAAGGGAGC Chr2:13782208-13784471 REVERSE
TCTAC AT2G32460.2 |05 21 |971 991 Kesim |LENGTH=1760 | 201606
| Outer arm dynein light chain 1 protein |
TTGTCAGGCTTGTTATT Chr1:29430052-29432764 FORWARD
CTCC AT1G78230.1 |3 21 |591 611 Kesim |LENGTH=2468 | 201606
| myb domain protein 104 |
TTTGGACTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCCT AT2G26950.1 |2 21 |827 847 Kesim |LENGTH=1212 | 201606
| myb domain protein 104 |
TTTGGACTGAAGGGAG Chr2:11500721-11502136 REVERSE
CTCTA AT2G26950.1 |2 21 (827 847 Kesim |LENGTH=1212 | 201606
| myb-like HTH transcriptional regulator
TTTGGATTGAAGGGAG family protein | Chr3:22342321-22343576
CTCCT AT3G60460.1 |2 21 [182 202 Kesim |REVERSE LENGTH=1087 | 201606
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| myb domain protein 101 |
TTTGGATTGAAGGGAG Chr2:13782208-13784471 REVERSE
CTCTA AT2G32460.2 |2 21 |972 992 Kesim |LENGTH=1760 | 201606
| myb domain protein 101 |
TTTGGATTGAAGGGAG Chr2:13782208-13784471 REVERSE
CTCTC AT2G32460.2 |2 21 |972 992 Kesim |LENGTH=1760 | 201606
| myb domain protein 101 |
TTTGGATTGAAGGGAG Chr2:13782208-13784471 REVERSE
CTCTG AT2G32460.2 |2 21 |972 992 Kesim [LENGTH=1760 | 201606
| myb domain protein 101 |
TTTGGATTGAAGGGAG Chr2:13782208-13784471 REVERSE
CTCTT AT2G32460.2 |2 21 |972 992 Kesim [LENGTH=1760 | 201606
| cysteine-rich repeat secretory protein%2C
TTTGGGAATCTCTCTGA putative (DUF26) | Chr3:7763968-7765326
TGCAC AT3G22050.1 |2 22 |835 856 Kesim |[FORWARD LENGTH=1123 | 201606
| myb domain protein 101 |
TTTGGTTTGAAGGGAG Chr2:13782208-13784471 REVERSE
CTCTA AT2G32460.2 |0,5 21 |972 992 Kesim [LENGTH=1760 | 201606
| Disease resistance protein (CC-NBS-LRR
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Ek 38: Bilinen miRNA'lar ile eslesen dizilerin Arabidopsis thaliana'da hedefledikleri
genlerin KEGG ortoloji analizi sonucunda etkilendigi belirlenen yolaklar ve gen

sayilar1 CD'de Ek 38 olarak verilmistir
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Ek 39: Kuraklik stresi uygulanmis érnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin

" bakimindan ortoloji analizi

"amino seker ve niikleotid seker metabolizmas

(KEGG), (yesil isaretliler hedeflenen genleri ifade etmektedir)
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Ek 40: Kuraklik stresi uygulanmis érnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"glisin, serin ve threonin metabolizmas1" bakimindan ortoloji analizi (KEGG), (yesil

isaretliler hedeflenen genleri ifade etmektedir)
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Ek 41: Viriis stresi uygulanmis ornekte bilinen miRNA'lar ile eslesen kiclik RNA
dizilerinin bazi varyantlar1 tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"tiim metabolik yolaklar'" bakimindan ortoloji analizi (KEGG), (kirmz1 cizgiler

etkilenen yolaklari ifade etmektedir)
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Ek 42: Viriis stresi uygulanms o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"endositoz yolag1" bakimindan ortoloji analizi (KEGG), (yesil isaretliler hedeflenen

genleri ifade etmektedir)
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Ek 43: Viriis stresi uygulanms o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"ribozom yolag1" bakimindan ortoloji analizi (KEGG), (yesil isaretliler hedeflenen

genleri ifade etmektedir)
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Ek 44: Viriis stresi uygulanms o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA

dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin

”" ~ 1" o o e . . .
splayzozom yolag1" bakimindan ortoloji analizi (KEGG), (yesil isaretliler
hedeflenen genleri ifade etmektedir)
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Ek 45: Viriis stresi uygulanmis 6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin bazi varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
bakimindan ortoloji analizi (KEGG),

hedeflenen genleri ifade etmektedir)

"viral Kkarsinogenesis" (yesil isaretliler
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Ek 46: Viriis stresi uygulanms 6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA

dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin

bakimindan ortoloji analizi (KEGG), (yesil isaretliler

"RNA tasima yolag1"
hedeflenen genleri ifade etmektedir)
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Ek 47: Viriis stresi uygulanms o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"bitki hormon sinyal yolag1" bakimindan ortoloji analizi (KEGG), (yesil isaretliler

hedeflenen genleri ifade etmektedir)
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Ek 48: Viriis stresi uygulanms o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA

dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin

""termogenesis yolag1"

bakimindan ortoloji analizi (KEGG), (yesil isaretliler

hedeflenen genleri ifade etmektedir)
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Ek 49: Viriis stresi uygulanms 6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin bazi varyantlar1 tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"oksidatif fosforilasyon' bakimindan ortoloji analizi (KEGG), (yesil isaretliler

hedeflenen genleri ifade etmektedir)
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Ek 50: Viriis stresi uygulanmis 6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"hiicre dongiisii" bakimindan ortoloji analizi (KEGG), (yesil isaretliler hedeflenen

genleri ifade etmektedir)
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Ek 51: Viriis stresi uygulanms o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"MRNA izleme yolag1" bakimindan ortoloji analizi (KEGG), (yesil isaretliler

hedeflenen genleri ifade etmektedir)
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Ek 52: Viriis stresi uygulanms o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin

"protein islenmesi'" bakimindan ortoloji analizi (KEGG), (yesil isaretliler hedeflenen

genleri ifade etmektedir)
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Ek 53: Virus stresi uygulanmis o6rnekte bilinen miRNA'lar ile eslesen kiiciik RNA
dizilerinin baz1 varyantlan tarafindan Arabidopsis thaliana'da hedeflenen genlerin
"transkripsiyon faktorleri'" bakimindan ortoloji analizi (KEGG), (yesil isaretliler

hedeflenen genleri ifade etmektedir)
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Ek 54: Gen ontoloji analizi sonuclar1 (Analizler CD'de Ek 54 olarak verilmistir)

Ontoloji KN-sRNA (%0)|VR-sRNA (%) KR-sRNA (%0)
Translasyon regulator aktivitesi 0 0,70 0,60
S |Translasyon regulator aktivitesi 7,60 5,20 4,70
§ Molekiiler doniistiiriicii aktivite 0,80 2,10 1,20
L% Baglama 30,30 29,70 30,20
% Yapisal molekiiler aktivite 3,40 3,90 4,10
% Molekiiler fonksiyon dizenliyici 4,20 3,50 2,90
= Katalitik aktivite 46,20 44,90 47,10
Tagtyici aktivite 7,60 10 9,30
Ureme 1,50 0,50 1,20
Uyaranlara yanit 8,50 6,90 6,40
Gelisimsel proses 4,60 3,40 5,30
¢ |Hucresel proses 11,50 8,40 7,60
§ Metabolik proses 40 39,40 43,30
%, Biyolojik duzenleme 16,20 16,30 15,80
S\|Hiicresel igerik organizasyonu ve biogenesis |9,20 12,70 10,50
® Lokalizasyon 8,50 11,90 8,20
Coklu organizma prosesi 0 0,30 0,60
Ritmik proses 0 0,10 0,60
Coklu hiicresel proses 0 0,10 0,60
- Supramolekuler kompleks 0,90 1,40 0,70
S |Hiicre birlesme 1,80 1,90 3,30
é Membran 5,30 6,80 5,30
g Protein iceren kompleks 11,40 13,30 13,20
% Organel 40,40 30 33,60
%) Ekstraseluler bolge 0 0,60 0,70
Hicre 40,40 45,90 43,40
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Ek 55: miRNA validasyonunda RT-PCR sonucunda elde edilen ifade seviyelerinin

karsilagtirilmasinda kullanilan kiigik RNA dizilerinin ham ifade degerleri

KN- VR- KR-
Kuicuk RNA dizisi MiRNA SRNA SRNA [|sRNA

(count) |(count) [(count)

Potansiyel miRNA

AAACAGAATACACGTCGCGACCCG | adayi 1 68 1* 63
ATATACTTCCTCCGTTCCAAAATA | miR5161 19 391 35
TCGCTTGGTGCAGGTCGGGAA miR168 121 5034 356
TTTGGATTGAAGGGAGCTCTA miR159 3174 251289 | 6256
TTCACGTCGGGTTCACCA miR894 1164 14864 7630

* VR-sRNA da ifadesi "0" oldugundan hesaplama yapilabilmesi ig¢in "1" olarak

degerlendirilmistir.
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Ek 56: miRNA validasyonu icin gerceklestirilen RT-PCR verileri (Orneklere ait Ct

degerleri ortalamalar)

Ct degerleri ortalamalari 27-ddCT
MIRNA %\Em)A \ﬁ;ﬁ;‘f *?CRD'm)A VR-RNA/KN-RNA | KR-RNA/KN-RNA

U6 (housekeeping) | 25,86 25,13 25,32 1 1

Potansiyel miRNA | 31,33 34,40 29,91 -13,93 1,84
miR5161 29,72 26,61 28,11 5,23 2,10
miR168 28,83 25,42 26,69 6,42 3,02
miR159 28,96 22,21 25,85 65,04 5,91
miR894 22,18 18,96 19,85 5,60 3,45
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Ek 57: miRNA ve hedef gen validasyonu i¢in gerceklestirilen korelasyon analizleri
CD'de Ek 57 olarak verilmistir
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Ek 58: Hedef gen validasyonunda RT-PCR sonucunda elde edilen ifade seviyelerinin

karsilagtirilmasinda kullanilan kii¢ciik RNA dizilerinin ham ifade degerleri

KN- VR- KR-
Kicuk RNA dizisi mMiRNA SRNA [sRNA [sRNA
(count) | (count) | (count)

Potansiyel miRNA aday1
AAGGAGATGAGAGAGATAGAGAGA | 2 1 43 1

TCGCTTGGTGCAGGTCGGGAA MIR168 121 5034 356

* KN-sRNA ve KR-sRNA'da ifadesi "0" oldugundan hesaplama yapilabilmesi i¢in "1"
olarak degerlendirilmistir.
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Ek 59: Hedef gen validasyonu icin gerceklestirilen RT-PCR verileri (Orneklere ait Ct

degerleri ortalamalar)

Ct degerleri ortalamalari 27-ddCT
MiRNA KN-RNA | VR-RNA | KR-RNA | VR-RNA/ KR-RNA/
(cDNA) | (cDNA) | (cDNA) KN-RNA KN-RNA
Histon H3.3
(housekeeping) 30,98 31,65 32,57 1 1
Potansiyel miRNA 29,24 31,81 30,86 -3,76 -1,03
miR168 26,53 28,68 30,05 -2,80 -3,82
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Ek 60: Kontrol 6rnegi ile viriis stresi uygulanmis 6rnekte olgun miRNA ifade farkhihk

degerlerinin miRNA varyantlar1 ve hedef genlerine gore degerlendirilmesi

Orjinal (ham)
ifade degeri

Normalize
edilmis ifade

=
=
degeri ™ = o = g
< T T £ @
S S 7 E3 75
- = o @ = O 8=
= == L5 E £ >S5 EE
g cES s E-SEZ
< < < < Z S807T S 30 Tsm
P pd z z oY) =< £ =L %
< g o o I D SEo2 EEo <
£ P P P P T s2% 5 2% 5w
x z o z o 3 s PR SPYORF
S ¥ > ¥ > o > c T > cocoE
miR1118 |25 207 199  |446  [224 Varyant: yoktur, dogrudan MIR1118 (2,24)
degerlendirilmistir
miR1127 9% 0 1,44 |Ronrolmeginde \py oo dirme dugt (ifade dilsiik)
' ifadesi yoktur cgerie © dist (Hade dusut
. Kontrol 6rneginde |, . i
miR1128 33 0 0,50 . - Ifade farki 6lglilememistir
ifadesi yoktur
ar miR1128
miR1128 102 0 1,53 Kontrgl@cginde ifade farki Slgiilememistir
ifadesi yoktur
miR1130b 11 0 047  |Kontrol Smeginde \ny e dirme dist (Ifade diisiik)
' ifadesi yoktur
miR1133 35 0 g |KonugBmicsinde JEREE  dirme dRde disik)
' ifadesi yoktur cgerie © dist (Hlade dustt
miR1320 32 0 0,48 !(ontrc_)l SmegREs Degerlendirme dig1 (ifade diisiik)
' ifadesi yoktur
miR1436 |16 365 128 548  [429 Varyant1 yoktur, dogrudan miR1436 (4,29)
degerlendirilmigtir
miR1439 16 0 024  |RontrolSrmeginde \py oo dirme dugt (ifade dilsiik)
' ifadesi yoktur
miR1511 6 0 009  |KontrolSreginde \py o 1o dirme dugt (ifade dilsiik)
' ifadesi yoktur
miR1515a// o . .
MIR1515b 126 788 10,05 11,83 1,18 Degerlendirme dis1 (ifade farki yok)
miR1520f 8 0 0,12 Kontr(_)l Greginde Degerlendirme dig1 (ifade diisiik)
' ifadesi yoktur
. Kontrol 6rneginde < . ; -
miR1520n 98 0 1,47 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
miR156b 18 129 144 1,94 135 Degerlendirme dis1 (ifade farki yok,
hedef gen farklr)
. Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlari ile
miR156¢ 48 0 0.72 ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlari ile
miR156d 83 0 1,25 ifadesi yoktur birlikte degerlendirilmistir
: : miR156/157 (4,54)
miR156e |29 265 231 3,98 1,72 Ayni hedefe sahip varyantlar ile
birlikte degerlendirilmistir
miR156f 6 5 048 0,08 -6.37 Degerlendirme dis1 (Ifade diisiik,
hedef gen farklr)
miR156k//mi . .
R156n/miR |29 863  [231 1296 |560 4yt hedlte sahip varyetlan ile
1560 irlikte degerlendirilmistir
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Ek 60 (devam)

. Normalize
Orjinal (ham) .. 1
. M edilmis ifade =
ifade degeri dederi v v B
y 3 £ 3T
ES 7 E5 7%
2 o0 3 - o o @2
= E=s E E>5EE
< E 2 o= ERr=l= i
< < < iz —-_ o o2 - 9 o © 55
> o o o o < S Es T SsSEsT ™
¢ P ? P L0 o »2 0 o @
x pr o e o = R R PR Rl
L D D QO LS
IS ¥ > ¥ > N > T c T > ceE
miR156q//mi 58 0 087 Kontrol drneginde  |Ayni1 hedefe sahip varyantlar ile
R156s ' ifadesi yoktur birlikte degerlendirilmigtir
miR157c//mi . . . .
- Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlari ile .
?gg’fa” miR 50 0 0.75 ifadesi yoktur birlikte degerlendirilmistir MIR156/157 (4,54)
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
miRl5gd & 0 0.47 ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
MiR159 57 0 0.86 ifadesi yoktur birlikte degerlendirilmistir
- Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlar ile
mMiR159 i 0 .6 ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlar ile
MiR15% 10 v 0.8 ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
MiR15% 28 0 0,54 ifadesi yoktur birlikte degerlendirilmistir
miR15%a  |100 3509 |7.98  |5269  |6,61 Degerlendirme dis1 (hedef gen
) ' " ' farkli)
miR159a//mi . .
RISOb/MIR (3433  [263.770 |27383 [3960,67 (1446 aym hedefe sahip varyantian ile
159 irlikte degerlendirilmistir
miR159b 49 1.993 391 29.93 766 Ayn1 hedefe sahip varyantlar ile
) ' ' ' birlikte degerlendirilmistir miR159 (14,12)
miR159b  |106 13612 (846 20439 [24,17 Aynt hedefe sahip varyantlan ile
birlikte degerlendirilmistir
miR150b  [640  |40.175 (51,05  [60325 |1182 Ayni hedefe sahip varyantlar ile
birlikte degerlendirilmistir
- Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlari ile
miR159¢ 5 0 0,08 ifadesi yoktur birlikte degerlendirilmistir
miR159¢ 119 1817 949 2728 287 Ayni hedefe sahip varyantlar ile
) ' ' ' birlikte degerlendirilmistir
miR159c |47 7524 (375 112,98 [30,14 Aynt hedefe sahip varyantlan ile
) ' ' ' birlikte degerlendirilmistir
miR159c¢//mi 6 0 009 Kontrol éreginde  |Degerlendirme dis1 (ifade diisiik,
R159d ' ifadesi yoktur hedef gen yok)
. Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlar ile
MiR159f 143 0 2,15 ifadesi yoktur birlikte degerlendirilmistir

287




Ek 60 (devam)

. Normalize
Orjinal (ham) .. 1
. M edilmis ifade =
ifade degeri - e v B
degeri o & ws B
= = =1 ] —
&% 7 £5 BF
2 o0 3 - o o @2
= E=s E E>5EE
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: Kontrol 6rneginde  |Degerlendirme dist (ffade diisiik,
MiR160a 5 0 0,08 ifadesi yoktur hedef gen farkl)
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile .
MiR160a 143 0 215 ifadesi yoktur birlikte degerlendirilmistir mIR160 (6,35)
. ) Aynt hedefe sahip varyantlari ile
miR160c 5 26 0,40 0.39 1.02 birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
MiR162 ! 0 011 ifadesi yoktur birlikte degerlendirilmistir
miR162a 33 399 263 599 298 Ayni hedefe sahip varyantlar ile
' ' ¥ birlikte degerlendirilmigtir
miR162a//mi Ayni hedefe sahip varyantlari ile .
R162 358 5821 12836 18290 12,90 birlikte degerlendirilmistir miR162 (2,85)
miR162a//mi 8 0 012 Kontrol émeginde  |Degerlendirme dis1 (ifade diisiik,
R162b ' ifadesi yoktur hedef gen farkl)
miR162a//mi Degerlendirme dis1 (fade diisiik,
R162b 5 v o 0.87 pi8 hedef gen farkl)
. Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
miR164 9 0 0,14 ifadesi yoktur hedef gen farkl)
) _ | miR164 (22,74)
miR164b//mi 32 3.866 255 58.05 2974 Varyanti/varyantlar1 degerlendirme
R164c ) ' ' ' digindadir
miR165a//mi 186 0 279 Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
R165b ' ifadesi yoktur birlikte degerlendirilmistir
miR165a//mi Ayni hedefe sahip varyantlar ile
R165b 20 1.803 1,60 27,07 16,97 birlikte degerlendirilmistir
miR166 |31 1990 247  |2088  |12,08 Aymi hedefe sahip varyantlar ile
) ' ' ' birlikte degerlendirilmistir
miR166  |410 5552 |3270  |8337  |2.55 Ayni hedefe sahip varyantlart ile
) ' ' ' birlikte degerlendirilmistir
miR166a//mi - . .
R166c/miR |25 197 199 296 1.48 Degerlendirme dis1 (ifade farki yok
166d ! ' ' hedef gen farkli)
miR165/166 (7,97)
miR166a//mi
R166h//miR . .
166i/miR16 [401  |11.340 (3199  [17028 |5,32 Ayni hedefe sahip varyantlan ile
6d//miR166e birlikte degerlendirilmistir
//miR166b
miR166b 20 0 030 Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
' ifadesi yoktur hedef gen yok)
- Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
MiR166b 94 0 141 ifadesi yoktur hedef gen farkl)
miR166b 5 278 040 417 10.47 Ayni hedefe sahip varyantlar ile
' ' ' birlikte degerlendirilmistir
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Ek 60 (devam)

Orjinal (ham)
ifade degeri

Normalize
edilmis ifade
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miR166b 37 493 2,95 7,40 2,51 Degerlendirme dis1 (hedef gen yok)
miR166b//mi Ayni hedefe sahip varyantlari ile
R166¢ 5424 245683 1432,65  13689,08 18,53 birlikte degerlendirilmigtir
miR166¢ 79 729 6,30 10,95 1,74 Degerlendirme dis1 (hedef gen yok)
miR166¢//mi
R166a//miR Ayni hedefe sahip varyantlari ile
166d//miR16 i 2 2% 319,17 19,90 birlikte degerlendirilmistir
6e//miR166b
miR166d 17 1740 1,36 26,13 19,27 Degerlendirme dis1 (hedef gen yok)
miR166e |26 716|207 |1075  [518 Ayni hedefe sahip varyantlar ile
birlikte degerlendirilmistir
miR166e 130 846 10,37 12,70 123 Degerlendirme dis1 (ifade farki yok,
hedef gen farkli)
miR166e |17 2115|136 3176|2342 Degerlendirme dist (hedef gen
farkli)
miR166f |35 2163 [279 3248  [1163 Aymi hedefe sahip varyantlar ile
birlikte degerlendirilmistir
. Kontrol émeginde  |Degerlendirme dis1 (ifade diisiik, |miR165/166 (7,97)
MIR166g 9 0 0,14 ifadesi yoktur hedef gen farkl)
- Kontrol 6rneginde  |Degerlendirme dis1 (ifade disiik,
miR1669 4l 0 0.62 ifadesi yoktur hedef yok)
- - Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
MIR166i ! 0 0.11 ifadesi yoktur hedef gen farkl)
miR166i |12 1385 [096  |2080 [2173 Aymi hedefe sahip varyantlar ile
birlikte degerlendirilmistir
miR166i |30 2083 [239 (3128 13,07 Aynt hedefe sahip varyantlart ile
birlikte degerlendirilmistir
. . Ayni1 hedefe sahip varyantlar ile
miR166) |32 1618 1255 24,30 1952 birlikte degerlendirilmistir
Q:ILE:GLESJ#R;I 171 0 257 Kontr9l orneginde  |Degerlendirme dis1 (hedef gen
ifadesi yoktur farkli)
1661
miR166m (26 1448|207 21,74 |1048 Ayni hedefe sahip varyantlan ile
birlikte degerlendirilmistir
miR166q//mi
R166f//miR1 Ayn1 hedefe sahip varyantlar ile
66j//miR166 233 3.065 18,59 46,02 2,48 birlikte degerlendirilmistir
c
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. Kontrol drneginde  |Ayni1 hedefe sahip varyantlar ile
miR167 29 0 0,44 ifadesi yoktur birlikte degerlendirilmistir
miR167  [204  |10087 [1627 [150,71 [9.26 Ayni hedefe sahip varyantlart ile
birlikte degerlendirilmistir
miR167a |19 3252|152 |4883  [3222 Aynt hedefe sahip varyantlart ile
birlikte degerlendirilmistir
miR167a//mi
R167b//miR 296 0 339 Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
167c//miR16 ' ifadesi yoktur birlikte degerlendirilmistir
Te miR167 (11,6)
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
MiR167b % 0 0.18 ifadesi yoktur birlikte degerlendirilmistir
miR167b//mi 74 0 111 Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlar ile
R167d ' ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlar ile
miR167d L 0 1,86 ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6meginde  |Degerlendirme dis1 (ifade diisiik,
mIR167f 22 P 0182 ifadesi yoktur hedef gen farkl)
. Kontrol émeginde  |Degerlendirme dis1 (ifade diisiik,
MiR168 20 0 0,30 ifadesi yoktur hedef gen farkl)
. Ayni hedefe sahip varyantlar ile
miR168 10 138 0.80 2,07 2,60 birlikte degerlendirilmistir
. Ayni hedefe sahip varyantlar ile
miR168 82 517 6,54 1,76 1,19 birlikte degerlendirilmistir
miR168a |6 127 |o4s |91 [398 fDa‘:l"fﬁr)lendme dist (hedefgen iy 68 (5,04)
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
miR168b 36 0 0,54 ifadesi yoktur birlikte degerlendirilmistir
. Degerlendirme dis1 (ifade diisiik,
MiR168b 12 o 096 |19 124 ifade farki yok, hedef gen farkl)
miR168b//mi Ayni hedefe sahip varyantlar ile
R168 130 5.249 10.37 78,82 7,60 birlikte degerlendirilmistir
. Kontrol 6reginde  |Degerlendirme digi (ifade diisiik,
MiR169 11 0 0.17 ifadesi yoktur hedef gen farkl)
miR169a 105 0 158 Kontrgl oreginde |Degerlendirme dis1 (hedef gen
ifadesi yoktur farkli)
. Kontrol 6rneginde  |Degerlendirme dist (ifade diisiik,
MiR169h 5 0 0,08 ifadesi yoktur hedef gen farkli)
- - Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
MIR169i 28 0 0,42 ifadesi yoktur hedef gen farkl)
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Qigés% iTQI 224 0 336 Kontr(_)l orneginde |Degerlendirme dis1 (hedef gen
' ifadesi yoktur farklr)
1691
miR171c 26 614 207 9.92 445 Aynt hedefe sahip varyantlari ile
' ' ' birlikte degerlendirilmigtir
miR171g//mi 7 0 011 Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
R171k ' ifadesi yoktur birlikte degerlendirilmigtir
miR171 (6,62)
miR171k//mi 291 0 437 Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
R171j ' ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6rneginde  |Degerlendirme dist (ffade diisiik,
miR171o U 0 0.11 ifadesi yoktur hedef gen farkl)
gil%fna//ml 82 0 1,23 ﬁ;)g;?;zﬁzgmde Degerlendirme dist (fade diisiik)
. Kontrol 6rneginde . . ; -
miR172c 5 0 0,08 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
MiR172c//mi Kontrol 6rneginde
R172d//miR 17 0 0,26 ifadesi vokt % Degerlendirme dis1 (ifade diisiik)
172f il
: Kontrol drneginde - . ; -
miR1863 5 0 0,08 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
. Kontrol drneginde - . ; -
miR1873 12 0 0,18 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
miR2916 1.577 6.528 125,79 98,02 -1,28 Degerlendirme dis1 (ifade fark1 yok)
: Kontrol drneginde  |Ayn1 hedefe sahip varyantlari ile
MiR319 ! 0 0.11 ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
MiR319 8151 0 12239 litadesi yoktur birlikte degerlendirilmistir
miR319a//mi 20 0 030 Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
R319b ' ifadesi yoktur birlikte degerlendirilmistir
miR319a//mi
R319c//miR Ayni1 hedefe sahip varyantlari ile
310p/mir31|124 (62585 (1228 1939,75 176,50 birlikte degerlendirilmistir miR319 (72,2)
9g//miR319k
. Kontrol 6reginde  |Degerlendirme dis1 (ifade diisiik,
MiR319b ! 0 0.11 ifadesi yoktur hedef gen farkli)
. Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
MiR319b 19 0 0.29 ifadesi yoktur hedef gen farkli)
miR319b//mi . .
R319d/miR |8 346 064 520 814 Ayni hedefe sahip varyantlar ile
319 ' ' ' birlikte degerlendirilmistir
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: Kontrol 6rneginde  |Degerlendirme dist (ffade diisiik,
miR319¢ 14 0 0.21 ifadesi yoktur hedef gen farkl)
. Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
miR319c 22 0 0,33 ifadesi yoktur birlikte degerlendirilmistir
miR319c//mi 9 0 138 Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
R319d ' ifadesi yoktur birlikte degerlendirilmistir
miR319c¢//mi Degerlendirme dis1 (hedef gen
R319d 6 105 0,48 1,58 3,29 farkl)
miR319c//mi
R319f//miR3 Aynt hedefe sahip varyantlari ile .
19a//mir319 |34 47 (SiCF©. 26 birlikte degerlendirilmistir miR319 (72.2)
//ImiR319b
. Kontrol 6rneginde  |Degerlendirme dis1 (ifade disiik,
miR319e 12 p e ifadesi yoktur hedef gen farkl)
miR319g//mi 7 0 011 Kontrol 6rneginde  |Degerlendirme dist1 (ffade diisiik,
R319I ' ifadesi yoktur hedef gen farkl)
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
MiR319h 45 P 0f58 ifadesi yoktur birlikte degerlendirilmistir
. . Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
miR319i ° 0 0.08 " lifadesi yoktur birlikte degerlendirilmistir
MiR3627 63 632 5,03 9,49 1,89 Varyanti/varyantlar1 degerlendirme
digindadir
miR3627al/ Kontrol Smegind. miR3627 (1.89)
miR3627b// 5 0 0,08 Sontrot orneginde Degerlendirme dig1 (ifade diisiik)
. ifadesi yoktur
miR3627c
miR3630 5 100 0,40 1,50 3,76 Degerlendirme dist (ifade diisiik)
miR3711 |86 2793|686  |41,94 [611 Varyanti yoktur, dogrudan miR3711 (6,11)
degerlendirilmigtir
. Kontrol 6rneginde  |Degerlendirme dis1 (Ifade diisiik,
mMiR390 5 0 0,08 ifadesi yoktur hedef gen farkli)
MiR390a//mi Varyant1/ ntlar1 degerlendirm
R390b/miR |24 1.103  |1,01 16,56  |8,65 dlzzga dlrva‘ya art degeriendirme | ,i2390 (8,65)
390
- Kontrol érneginde  |Degerlendirme digi (ifade diisiik,
miR390b 8 0 0.12 ifadesi yoktur hedef gen farkli)
. Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlari ile
MiR393 59 0 0.89 ifadesi yoktur birlikte degerlendirilmistir
miR393 (4,9)
. Kontrol drneginde  |Ayni1 hedefe sahip varyantlar ile
miR393a 14 0 0,21 ifadesi yoktur birlikte degerlendirilmistir
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miR393a//mi Ayni hedefe sahip varyantlari ile
R393b 12 841 0,96 12,63 13,19 birlikte degerlendirilmigtir
miR393a//mi . .
R393b//mIR |77 1200 [614  [1802  [293 Ayni hedefe sahip varyantlar ile
393 birlikte degerlendirilmistir
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
miR3%gA G 0 011 litadesi yoktur birlikte deFeflendirilmigtic miR393 (4,9)
miR393b//mi
R393a//miR Ayni hedefe sahip varyantlari ile
393//miR393 & 2.249 g0 2 5,36 birlikte degerlendirilmistir
c//miR393d
- Kontrol 6rneginde  |Degerlendirme dis1 (ffade diisiik,
MiR393c 12 L 0.17 ifadesi yoktur hedef gen farkl)
MiR394a//mi Varyant1 yoktur, dogrudan
R394b//miR |10 1584 (0,80 2378  |29,82 d y ] y"1 T, CO8 miR 394 (29,8)
394 egerlendirilmistir
miR3954b 13 0 020  [|Kontroldmeginde p o o dirme digt (ifade diisiik)
i ifadesi yoktur cgerie © dist (Tlade dustt
miR395a 5 0 0,08 Kontrol Smeginde \ny s o0 dirme digt (ifade diisiik)
' ifadesi yoktur s $ st
miR395b 5 0 0,08 Kontrol éreginde Degerlendirme dig1 (ifade diisiik)
' ifadesi yoktur
miR395d 11 0 017  |Kontrol Sreginde \py o 1o dirme dugt (ifade dilsiik)
' ifadesi yoktur
miR395d//mi
R395e//miR Kontrol 6rneginde . . : -
395f//miR39 14 0 0,21 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
59
miR39%6 (636 (61225 |5073 (91933 [18.12 Aymi hedefe sahip varyantlar ile
birlikte degerlendirilmistir
. Kontrol éreginde  |Degerlendirme dis1 (ifade diisiik,
miR396a 97 0 1,46 ifadesi yoktur hedef gen farkl)
miR396a 111 0 167 Kontrc_)l oreginde |Degerlendirme dis1 (hedef gen
ifadesi yoktur farklr)
. ] miR396 (19,13)
miR396a 119 0 1,79 Kontr9l orneginde  |Degerlendirme dis1 (hedef gen
ifadesi yoktur farkli)
: Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlari ile
miR396a 28 0 327 ifadesi yoktur birlikte degerlendirilmistir
miR3%6a |12 317 096  |476  |4,97 gfl%ﬁglendme dist (hedef gen
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miR396b 8 199 0,64 2.99 4,68 Degerlendirme dis1 (hedef gen
farkl)
miR396b//mi
R396a//miR Ayni hedefe sahip varyantlari ile
396//miR396 372 40652 129,67 61041 120,57 birlikte degerlendirilmistir
c//miR396e
miR396b//mi
R396¢//miR
396i//miR39
6j//miR396k/
/miR396l//m
iR396m//mi 7 0 011 Kontrol 6rneginde  |Ayni hedefe sahip varyantlari ile
R396n//miR ' ifadesi yoktur birlikte degerlendirilmistir
3960//miR39
6p//miR396q
/ImiR396r//
miR396s//mi miR396 (19,13)
R396t
- Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
MiR396c n v 107 ifadesi yoktur hedef gen farkli)
- Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
miR396e 12 0 018 ifadesi yoktur hedef gen farkl)
. Kontrol émeginde  |Degerlendirme dis1 (ifade diisiik,
MiR396e 38 0 0,57 ifadesi yoktur hedef gen farkl)
- Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlar ile
miR39%6e 318 o ATT ifadesi yoktur birlikte degerlendirilmistir
- Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
MiR396g 31 0 0.47 ifadesi yoktur hedef gen farkli)
. Kontrol 6rneginde  |Degerlendirme dis1 (hedef gen
MIR396h 3.098 0 46,52 ifadesi yoktur farkli)
miR397a//mi Kontrol 6rneginde  |; - .
R397b 63 0 0,95 ifadesi yoktur Ifade farki olgiilememistir
miR397a//mi Kontrol 6rneginde  |; - . .
R397b 137 0 2,06 ifadesi yoktur Ifade farki olgiilememistir miR397
- Kontrol 6rneginde | - .
miR397b 6 0 0,09 . - Ifade farki olgiilememistir
ifadesi yoktur
. Kontrol 6reginde  |Degerlendirme dis1 (ifade diisiik,
MiR398 11 0 0.17 ifadesi yoktur hedef gen farkl)
miR398 |6 49 048 074 |15 Degerlendirme dust (Ifade disik, | ipagg (19 54)
hedef gen yok)
. Kontrol érneginde  |Degerlendirme disi (ifade diisiik,
miR398a 10 0 0.15 ifadesi yoktur hedef gen yok)
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miR398b 91 9444 7.26 14181 |1954 Varyanti/varyantlar1 degerlendirme
digindadir
] miR398 (19,54)
miR398f//mi 97 0 146 Kontrol 6rneginde  |Degerlendirme dist (Ifade diisiik,
R398g ' ifadesi yoktur hedef gen yok)
. Kontrol 6rneginde |, - .
miR399a 49 0 0,74 . - Ifade farki 6lglilememistir
ifadesi yoktur
- Kontrol 6rneginde  |Degerlendirme dist (ffade diisiik,
MiR399% ! 0 011 ifadesi yoktur hedef gen farkl)
miR399
. Kontrol 6rneginde | - .
miR399e 466 0 7,00 ifadesi yoktur Ifade farki dlgiilememistir
. Kontrol 6meginde  |Degerlendirme dis1 (ifade diisiik,
MIR399f 9 : 0,38 ifadesi yoktur hedef gen farkli)
miR403a//mi Varyanti/varyantlar1 degerlendirme
R403b 323 13.764 [25,76 206,67 (8,02 i Misdoviic
] miR403 (8,02)
- Kontrol 6rneginde  |Degerlendirme dis1 (Ifade disiik,
MiR403b Lo d 0,24 ifadesi yoktur hedef gen farkl)
- Kontrol 6rneginde  |Degerlendirme dis1 (ifade diisiik,
miR408 11 0 0.17 ifadesi yoktur hedef gen yok)
miR408 |25 96 |19 1451 |7.27 Ayni hedefe sahip varyantlar ile
birlikte degerlendirilmistir
miR408 (5,42)
miR408b//mi Ayni hedefe sahip varyantlari ile
R408 62 1475 4,95 22,15 4,48 birlikte degerlendirilmistir
. Kontrol drneginde  |Ayn1 hedefe sahip varyantlar ile
MiR408d 62 0 0,93 ifadesi yoktur birlikte degerlendirilmistir
. Kontrol 6meginde  |Degerlendirme dis1 (ifade diisiik,
miR482c 6 0 0,09 ifadesi yoktur hedef gen farkl)
miR482c 33 200 2,63 3,00 1,14 Degerlendirme dig1 (ifade farki yok)
. Kontrol 6rneginde  |Degerlendirme digt (ifade diisiik,
miR482e 10 0 0.15 ifadesi yoktur hedef gen farkli)
miR4995 17 0 0,26 ﬁ;&‘;gﬁ’;‘;ﬁﬁ%‘“de Degerlendirme dist (ifade diisiik)
miR5049 115 0 1,73 ﬁ;&‘;g‘;;ﬁﬁﬁ%mde Ifade fark: dlciilememistir mMiR5049
miR5054 |14 269 112 (404 [362 Varyanti yoktur, dogrudan MiR5054 (3,62)
degerlendirilmistir
. Kontrol drneginde - . ; -
miR5077 5 0 0,08 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
miR5083 238 0 3,57 ﬁ;g;;?;gﬁﬁ%mde ifade farki Slgiilememistir miR5083
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miR5139 |93 1320 742 1982 |2,67 Varyant: yoktur, dogrudan miR5139 (2,67)
degerlendirilmistir
miR5161 22 0 0,33 Kontrc_)l dmeginde Degerlendirme dig1 (ifade diisiik)
! ifadesi yoktur
miR5171a 6 0 0,09 Kontrc_)l dmeginde Degerlendirme dig1 (ifade diisiik)
' ifadesi yoktur
miR5174d 8 0 012 gllontrol SmeBds” |, . @ dior dEusk)
' ifadesi yoktur ceere © dis (Hade dusu
miR5174e 12 0 diger |Konomeginde AT dirod@QT (ifade diisik)
' ifadesi yoktur cgerie © dist (Tade dus
miR5181 |9 35 (072|593 [826 Varyanti yoktur, dogrudan
degerlendirilmistir
] miR5181 (8,26)
. Kontrol 6rneginde  [Degerlendirme dis1 (Ifade disiik,
miR5181d 28 0 o ifadesi yoktur hedef gen farkl)
. Kontrol 6rneginde < . ; .
miR5205b 63 0 0,95 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
miR5205¢// Kontrol 6rneginde . . : -
MiR5205d 20 0 0,30 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
miR535b//mi
R535¢//miR 50 0 075 Kontrol 6rneginde  |Degerlendirme dist1 (ifade diisiik,
535d//miR53 ' ifadesi yoktur hedef gen farkli)
5e//miR535f
: Kontrol drneginde  |Ayn1 hedefe sahip varyantlari ile )
MiR535¢ 5 0 0,08 ifadesi yoktur birlikte degerlendirilmistir miR535 (13,12)
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar ile
MiR535d 20 0 0,30 ifadesi yoktur birlikte degerlendirilmistir
miR535d (385 [26.804 |30.71 (40248 (1311 Ayni hedefe sahip varyantlar ile
birlikte degerlendirilmistir
miR5368 6 18 0,48 0,27 -1,77 Degerlendirme dig1 (ifade diisiik)
. Kontrol 6rneginde - . ; -
miR6118 19 0 0,29 ifadesi yoktur Degerlendirme dis1 (Ifade diisiik)
miR6173 18 0 027  |Kontroldreginde \py o 1o dirme digt (ifade dilsiik)
' ifadesi yoktur cgerie © dist (Hade dusu
miR6300 |9 1512 072 [2270  |3163 Varyanti yoktur, dogrudan mir6300 (31,63)
degerlendirilmistir
miR6478 (210 2757|1675 (4140  |247 Varyanti yoktur, dogrudan MiR6478 (2,47)
degerlendirilmistir
. Kontrol 6rneginde - . ; -
miR7122b 7 0 0,11 ifadesi yoktur Degerlendirme disi (Ifade diisiik)
miR7767 13 0 020  [|Rontroldmeginde |5 oo dirme digt (ifade diisiik)
' ifadesi yoktur g $ $
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miR7972  |423 27699 (33,74  |41592 [12,33 Varyant: yoktur, dogrudan miR7972 (12,33)
degerlendirilmistir
miR8155 17 0 0,26 Kontrc_)l dmeginde Degerlendirme dig1 (ifade diisiik)
! ifadesi yoktur
miR8175  |465 5505  [37.00 (8401  |2.27 Varyant yoktur, dogrudan mMiR8175 (2,27)
degerlendirilmistir
. Kontrol 6rneginde  |Ayni1 hedefe sahip varyantlar ile
miR827 N 0 0,26 ifadesi yoktur birlikte degerlendirilmistir
miRg27 |5 85 040  |128  [320 Ayni hedefe sahip varyantlantile | ipas7 (o 64)
birlikte degerlendirilmigtir
miR827 |40 520 (319 794|249 Aynt hedefe sahip varyantlari ile
birlikte degerlendirilmistir
miR845a 12 0 0,18 Kontrc_)l omeginde Degerlendirme dig1 (ifade diisiik)
' ifadesi yoktur
miR8689 5 0 008  |Kontrol Srmeginde \py oo dirme dugt (Ifade dilsiik)
' ifadesi yoktur
miRgo4  |198 4250 [1579  [6395  |4,05 Xafy ant1 yoktur, dogrudan miR894 (4,05)
egerlendirilmistir
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Ek 61: Kontrol 6rnegi ile viriis stresi uygulanmis 6rnekte olgun miRNA ifade farklihk

degerlerinin miRNA varyantlar1 ve hedef genlerine gore degerlendirilmesi

Orjinal (ham)

Normalize
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miR1118 |25 8 199 [039 5,09 Degerlendirme digt (lfade
diisiik)
miR1127 7 0 0,34 Kontrc_)l orneginde Dfeg..erlendlrme dis1 (Ifade
ifadesi yoktur diisiik)
. Kontrol 6rneginde  |Degerlendirme dist (ifade
mIR11 5 0 073 ifadesi yoktur diisiik)
. Kontrol 6rneginde  |Degerlendirme dist (ifade
MiR1133 5 0 §F ifadesi yoktur dusiik)
miR1436 |16 45 128 220 173 Degerlendirme digt (lfade
diisiik)
miR1515a// ) Varyanti yoktur, dogrudan . :
MIR1515b 126 13 10,05 0,64 15,78 degerlendirilmistir miR1515 (-15,78)
. Kontrol 6rneginde  |Degerlendirme dist (ifade
miR1520n v d 034 ifadesi yoktur diisiik)
. Kontrol drneginde  [Degerlendirme dis1 (Ifade
miR156d ! 0 e ifadesi yoktur dusiik)
miR156e |29 25 231|122 1,89 Degerlendirme digt (lfade
diisiik)
miR156k//mi
R156n//miR |29 36 2,31 1,76 -1,31 Degerlendirme dist (ifade
1560 diisiik, ifade farki yok)
miR156q//mi 6 0 029 Kontrol 6rneginde  |Degerlendirme dist (ifade
R156s ' ifadesi yoktur diisiik)
. i Degerlendirme dig1 (ifade
miR159a 100 48 7,98 2,35 3,39 diisiik, hedef gen farklr)
Duteenims 0 o,
R159b//miR (3433  |6.462 273,83 |316,61 1,16 A
159 irlikte degerlendirildiginde
ifade farki yok)
Degerlendirme dist (ifade
diisiik, ayn1 hedefe sahip
miR159b 49 17 3,91 0,83 -4,69 varyantlar ile birlikte
degerlendirildiginde ifade farki
yok)
Degerlendirme dis1 (ayn1
. hedefe sahip varyantlar ile
miR159 106 201 8.46 9.85 1,16 birlikte degerlendirildiginde
ifade farki yok)
Degerlendirme dis1 (ayn1
. hedefe sahip varyantlar ile
MiR13% 1640 3.143 5105 115399 13,02 birlikte degerlendirildiginde
ifade farki yok)
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Ek 61 (devamm)

Orjinal (ham)

Normalize
edilmis ifade
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Degerlendirme dig1 (ifade
diisiik, ayn1 hedefe sahip
miR159¢ 119 19 9,49 0,93 -10,20 varyantlari ile birlikte
degerlendirildiginde ifade farki
yok)
Degerlendirme dis1 (ifade
diisiik, ayn1 hedefe sahip
miR159¢ 47 49 3,75 2,40 -1,56 varyantlari ile birlikte
degerlendirildiginde ifade farki
yok)
. i Ayni hedefe sahip varyantlar
miR162 358 "G oy 7 ile birlikte degerlendirilmistir
. ) Ayni1 hedefe sahip varyantlar . .
miR162a 33 5 2,63 0,24 10,75 ile birlikte degerlendirilmistir miR162 (-7,96)
miR162a//mi Degerlendirme dis1 (ifade
R162b 5 19 0,40 0,93 e’ diisiik, hedef gen farkl)
miR164b//mi 32 36 255 1,76 1,45 Degerlendirme dis1 (ifade farki
R164c yok)
miR165a//mi Ayni hedefe sahip varyantlar
R165b 20 21 160 ]108 1,55 ile birlikte degerlendirilmistir
. ) Aynt1 hedefe sahip varyantlar
miR16e 3l 14 247|069 3,60 ile birlikte degerlendirilmistir
. ) Aynt1 hedefe sahip varyantlar
miR166 1410 194 8270 19,51 3,44 ile birlikte degerlendirilmistir
miR166a//mi
R166¢//miR |25 5 1,99 0,24 -8,14 Degerlendirme dist (ifade
166d diisiik, hedef gen farkl)
miR166a//mi Ayni hedefe sahip varyantlari
R166d 404 n 32,23 348 9,26 ile birlikte degerlendirilmistir
miR166a//mi miR165/166
R166e//miR } Ayni1 hedefe sahip varyantlari
166b/mir16 |01 176 31,99 8,62 3,71 ile birlikte degerlendirilmistir  |(-3,07)
6d
. Ayni hedefe sahip varyantlar
MiR166b 5 24 0,40 118 2,95 ile birlikte degerlendirilmistir
miR166c  [5424  |3.146 43265 (15414  |-2.81 Ayni hedefe sahip varyantlar
ile birlikte degerlendirilmigtir
. i Degerlendirme dis1 (ifade
miR166d 17 13 1,36 0,64 2,13 diisiik, hedef gen yok)
. ) Ayni hedefe sahip varyantlart
miR166e |26 10 2,07 0,49 4,23 ile birlikte degerlendirilmistir
miR166e  |130  [351 1037 1720|166 Degerlendirme dist (hedef gen

farklr)
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Ek 61 (devam)

. Normalize
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Degerlendirme dig1 (ifade
miR166e 17 23 1,36 1,13 -1,20 diisiik, ifade farki yok, hedef
gen farklr)
. ) Aynt hedefe sahip varyantlar
MIR166f 35 13 2,79 0,64 4,38 ile birlikte degerlendirilmigtir
. . ) Ayni hedefe sahip varyantlar
miR15El 12 2 0,96 0,44 2,17 ile birlikte degerlendirilmistir
miR165/166
. . ) Ayni hedefe sahip varyantlar
mIR1661 "NE8 12 2,39 O 4,07 ile birlikte degerlendirilmistir |(-3.07)
. . Aynt hedefe sahip varyantlar
miR166) |32 R e 1,22 e ile birlikte degerlendirilmistir
. . ) Ayni1 hedefe sahip varyantlar
MIR166] 233 23 18,59 113 1648 ile birlikte degerlendirilmistir
. ) Ayni hedefe sahip varyantlar
miR166m |26 23 2,07 113 prod ile birlikte degerlendirilmistir
miR167  |204 233 1627 |11,42 1,43 ?gf)e“e“di““e disn (IE5CGRga
. Aynt1 hedefe sahip varyantlar
miR168 10 8 0.80 0,39 2,04 ile birlikte degerlendirilmisgtir
. Aynt1 hedefe sahip varyantlar
miR168 182 230 654 L7 172 ile birlikte degerlendirilmistir
Degerlendirme dist (ifade
miR168a 6 10 0,48 0,49 1,02 diisiik, ifade farki yok, hedef
gen farklr)
miR168 (1,94)
. Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlar
miR168b 33 0 1,62 ifadesi yoktur ile birlikte deferlendirilmistir
Degerlendirme dist (ifade
miR168b 12 20 0,96 0,98 1,02 diisiik, ifade farki yok, hedef
gen farklr)
miR168b//mi Ayni hedefe sahip varyantlar
R168 130 432 10,37 21,17 2,04 ile birlikte degerlendirilmistir
miR17lc |26 24 207|118 -1,76 Degerlendirme dis (Ifade
diistik)
miR171k 11 0 0,54 !(Omr(_)l orneginde Df:g"erlendlrme dis1 (Ifade
ifadesi yoktur diisiik)
. Degerlendirme dis1
miR2916 1.577 11.871 125,79  |581,62 4,62 Degerlendirme dist (*) *

300



,Ek 61 (devam)

Orjinal (ham)

Normalize
edilmis ifade

=
Q
ifade degeri <. =
& degeri ) = © S g
T T = -
g e 7 S3 7 &
= oo 9 =g o o 2
g EE5 E E>5 EE
= == 5B == D .E e
< < < < Z S5 9% E50%:8
z z z z HY) =< £ =L 2%
< x @ @ 4 2 SES 2 SES 23
£ P 5 P o © 2% 3 rZ% 5
x z @ Z x 5 50978 SPRPE
S ¥ ¥ ¥ ¥ ~ > T cT >TcT X
- Kontrol 6rneginde  |Ayn1 hedefe sahip varyantlari
MiR319 8 0 0.39 ifadesi yoktur ile birlikte degerlendirilmigtir
miR319a//mi B Ayni hedefe sahip varyantlar
R319¢ 154 115 12,28 1563 2,18 ile birlikte degerlendirilmistir | miR319 (-1,88)
miR319b//mi .
R319d/miR |8 17 064  [083 131 Aym hedefe sahip varyantlan
ile birlikte degerlendirilmistir
319
miR3627 |63 52 503|255 1,97 Varyanti yoktur, dogrudan | ipag57 (1 g7)
degerlendirilmistir
miR3711 |86 3.238 686  |15865 2313 Varyanti yoktur, dogrudan | ina711 (93 13)
degerlendirilmistir
miR3%0 |24 14 191 069 2,79 Degerlendirme digt (fade
diistik)
. ) Ayni hedefe sahip varyantlar
miR393 |77 3 614|073 8,36 ile birlikte degerlendirilmistir
miR393 (-8,18)
. ) Aynt1 hedefe sahip varyantlar
miR393 |79 i 630 |78 8,04 ile birlikte degerlendirilmistir
. ) Ayn1 hedefe sahip varyantlar
miR3% 1636 192 5073 |94t 539 ile birlikte degerlendirilmistir
. Kontrol drneginde  [Degerlendirme disi (Ifade
miR396a 6 0 0.29 ifadesi yoktur diisiik, hedef gen farkl)
. i Degerlendirme dig1 (ifade
miR3%a |12 5 09 024 3,91 diisiik, hedef gen farklr) mMiR396 (-5,72)
Degerlendirme dig1 (ifade
miR396b 8 15 0,64 0,73 1,15 diisiik, ifade farki yok, hedef
gen farklr)
. ) Aynt1 hedefe sahip varyantlar
miR3%6c 372 % 2967 1465 638 ile birlikte degerlendirilmistir
Hedef genleri belirlenemedigi
miR398 6 84 0,48 412 8,60 icin varyantlari ayri miR398 (8,6)
degerlendirilmistir
Hedef genleri belirlenemedigi
miR398b 91 352 7,26 17,25 2,38 icin varyantlari ayri miR398b (2,38)
degerlendirilmistir
miR398f//mi 8 0 039 Kontrol éreginde  |Degerlendirme dis1 (ifade
R398g ' ifadesi yoktur diisiik, hedef gen yok)
miR403a//mi Varyant1 yoktur, dogrudan . .
R403b 323 47 25,76 2,30 -11,19 degerlendirilmistir miR403 (-11,19)
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- Aynt hedefe sahip varyantlari
miR408 25 106 1,99 519 2,60 ile birlikte degerlendirilmistir
miR408 (2,37)
. Aynt hedefe sahip varyantlar
miR408 62 230 495 11,27 2,28 ile birlikte degerlendirilmistir
miR482¢ 33 51 2,63 2,50 1,05 >]/)oekg)erlendlrme dis1 (ifade farki
MiR4995 47 0 2.30 !(ontr(_)l Orneginde Dfegfarlendirme dig1 (Ifade
ifadesi yoktur diisiik)
miR5054 |14 134 112|657 5,88 Varyanti yoktur, dogrudan | ineo5s (5 gg)
degerlendirilmistir
. Kontrol 6rneginde  |Degerlendirme dist (ifade
MiR5077 % ; 0.78 ifadesi yoktur diisiik)
miR5139 |93 354 742|174 2,34 Varyanti yoktur, dogrudan | ipe139 (5 34y
degerlendirilmistir
miRs35d 385|190 3071 |9,31 3,30 Varyanti yoktur, dogrudan | ipgag (3 5)
degerlendirilmistir
. Degerlendirme dis1 (ifade
miR5368 6 10 0,48 0,49 1,02 diisiik, ifade farki yok)
. Kontrol drneginde  [Degerlendirme disi (Ifade
MIR5658 5 0 0,24 ifadesi yoktur diigiik)
. Kontrol drneginde  [Degerlendirme disi (Ifade
MiR6173 2 0 0,59 ifadesi yoktur dusiik)
miR6300 |9 8 072|039 1,83 Degerlendirme dist (Ifade
diisiik)
miR6478  [210  |342 16,75  |16,76 1,00 ?gkg)eﬂe“d‘”“e dis (ifade farki
miR7972 423 49 3374 [2,40 14,05 Varyanti yoktur, dogrudan | 09575 (14 05)
degerlendirilmigtir
miR8175  |465 1.862 37,00 [91,23 2,46 Varyanti yoktur, dogrudan | ipaq75 (9 46)
degerlendirilmistir
miRgo4 198 6.256 1579 |30651  |19,41 Varyanti yoktur, dogrudan |1 ipags (19 41)
degerlendirilmistir
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Ek 62: miR390 ve hedef geni TAS3'e ait hedef analizi

MiRNA dizisi

Hedef gen ID

Beklenti degeri

miRNA baslangic

miRNA bitis

Hedef gen baslangic

Hedef gen bitis

inhibisyon sekli

Hedef gen tanimi

AAGCTCAGGAGGGATAGCGCC

NR_143941.1

21

853

873

Kesim

Arabidopsis thaliana
TAS3/TASIR-ARF
(TRANS-ACTING
SIRNAZ3); other RNA
(TAS3), ncRNA

AAGCTCAGGAGGGATAGCGCC

NR_143941.1

21

609

629

Translasyon

Arabidopsis thaliana
TAS3/TASIR-ARF
(TRANS-ACTING
SIRNAZ3); other RNA
(TAS3), ncRNA

AAGCTCAGGAGGGATAGCGCC

NR_143941.1

21

685

705

Kesin

Arabidopsis thaliana
TAS3/TASIR-ARF
(TRANS-ACTING
SIRNAZ3); other RNA

(TAS3), ncRNA
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Abstract

The Late Embryogenesis Abundant (LEA) protein gene family is associated with salt and drought stress tolerance in many plant
species. However, the number of LEA-encoding genes in the grape (Vitis vinifera) genome has not been previously determined.
Here, we conducted a phylogenetic analysis to identify individual members of the LEA gene family in V. vinifera. This analysis
identified 60 members of this gene family classified into nine subfamilies (DHN, LEA1. LEA2, LEA3, LEA4, LEAS, LEAG,
WHY and SMP) in the grape genome. With 35 members, the LEA2 subfamily constituted the largest subgroup. LEA-encoding
genes are non-randomly distributed across most grape chromosomes. suggesting that, similarly to other species. a significant
portion of VvLEAs was originated by segmental or tandem duplications. Bioinformatic analyses suggested that the majonity of the
grape LEA2 proteins is associated with plasma membrane whilst many members of other families are likely to be found in
different subcellular locations such as cytoplasm, nucleus and mitochondria. The promoters of these genes contain cis-acting
sequence elements associated with stress responses. Expression profiles of a subset of LEA-encoding genes from publically
available Affimetrix Vitis vinifera (grape) Genome Array expression data showed that these genes are responsive to salt and
dehydration. We also experimentally studied stress-responsive expression patterns of VwDHN! encoding a dehydrin (DHN) and
VVLEA D29L (WLEA D29Like) encoding a LEA4 protein in the grape cultivar V. vinifera L. cvs. Cabernet Sauvignon (CS) and
the rootstock Solonis X riparia 1616 C (1616 C) under salt- and PEG-induced drought stress by gRT-PCR. Both VwDHN 1
and WLEA D29L responded very strongly to these stresses in 1616 C whilst WLEA D291 was induced only in CS. In
response to PEG, VWLEA D291 was induced in both genotypes whilst ViDHN/ showed induction only in CS. Overall, our
results suggest the LEA gene family is associated with stress tolerance and manipulation of these genes might provide
increased stress tolerance in grapes.

Keywords Vitis vinifera - 1616 C - Cabernet Sauvignon - Late Embryogenesis Abundant protein (WLEA D29L) - Dehydrin
(VWwDHN1) - Gene expression
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Introduction

Abiotic stress factors affect many arable lands worldwide and
cause significant crop losses (Wang et al. 2003). Drought and
salinity are among the pimary abiotic stress factors, and avail -
able evidence indicates that early plant responses to these two
stresses show many similarities (Bartels and Sunkar 2005).
For instance, both stress factors reduce plant growth by
interrupting essential plant processes. During stress adapta-
tion, the stomata is closed and photosynthesis inhibited. In
addition, genes encoding protective proteins involved in
osmolyte synthesis. ion balance and antioxidant defences are
activated during stress adaptation (Bartels and Sunkar 2005).
The Late Embryogenesis Abundant (LEA) protein family is
implicated in tolerance to abiotic stress such as salinity. dehy-
dration and low temperature in many plant (Ingram and
Bartels 1996: Wang et al. 2003; Gao et al. 2014) and animal
species (Hand et al. 2011). The LEA gene family is represent-
ed by many members grouped in different subfamilies in
plants (Battaglia and Covarrubias 2013; Magwanga et al.
2018a. 2018b; Nagaraju et al. 2019; Celik Altunoglu et al.
2017). LEA proteins expressed during embryo development
(Close 1996: Zhu et al. 1997) are thought to maintain cellular
homoeostasis in response to temperature changes (Zhu et al.
1997). Similarly. dehydrins (DHNs), a subgroup of LEAs. act
as osmotic regulators during stress and a number of stud-
ies have demonstrated a positive correlation between plant
stress tolerance and DHN gene expression (Godoy et al.
1994: Pelah et al. 1997: Suprunova et al. 2004; Hanin
etal. 2011; Yang et al. 2012). A dehydrin from wild pea-
nut (Arachis duranensis) confers increased drought toler-
ance when transgenically expressed in Arabidopsis (Mota
etal. 2019). Similarly. transgenic expression of the Hevea
brasiliensis dehydrin genes HbDHN! and HbDHN2 im-
proves stress tolerance in Arabidopsis through scavenging
of ROS (Cao et al. 2017).

Although LEA proteins are widespread in plants and accu-
mulate highly during response to abiotic stress. the exact func-
tions of many members of this gene family have yet to be
elucidated. More recently. ectopic expression of a LEAS fam-
ily gene of Arachis diogoi (wild peanut) in tobacco resulted in
enhanced tolerance to dehydration and salinity, suggesting
that the members of this gene family contribute to stress tol-
erance in plants (Sharma et al. 2016). Another recent study
showed that overexpression of a wheat LEA3 gene in Amur
cork tree (Phellodendron amurense) leads to increased
drought tolerance accompanied with rapid stomatal closure
under drought stress (Yang et al. 2018). Similarly, a LEA2
gene from cotton confers drought tolerance by promoting root
growth (Magwanga et al. 2018b) and the CaDHNS dehydrin
gene from pepper confers increased tolerance to salt and os-
motic stresses (Luo et al. 2019) when these genes are
transgenically expressed in Arabidopsis.

4 Springer

The grape (Vitis vinifera L.) is an important fruit species
grown throughout the world. Abiotic stresses such as drought
and salinity as well as extreme temperatures have the potential
to negatively affect both yield and berry quality in grapes
(Parra etal. 2010; Mirds-Avalos and Intrigliolo 2017). Grape
cultivars often exhibit high tolerance to drought and reason-
able tolerance to salinity (Prior et al. 1992; Mullins et al.
1992). However, stress tolerance of genotypes used as root-
stocks vary considerably (Serra et al. 2014). Although expres-
sion patterns of a few members of the DHN gene family in
response to abiotic stress have been studied (Daldoul et al
2010; Yang etal. 2012; Pauland Kumar 201 3), most members
of the LEA gene family have not been studied in grapes. In
addition. to the bestofour knowledge. the number of different
LEA genes found in the grape genome is currently unknown.

In this study. we first conducted a phylogenetic analysis
to identify individual members of the LEA gene family in
V. vinifera. This analysis identified 60 LEA genes in
grapes. Additional analyses showed chromosomal loca-
tions of LEA-encoding genes which contained various
abiotic stress-related cis-acting sequences in their pro-
moters. We also comparatively examined the expression
profiles of two (VvDHN/ and WLEA D29L) members of
the LEA gene family in V. vinifera cv. CS and the root-
stock 1616 C under salt- and PEG-induced stress condi-
tions. The results show that both genes responded very
strongly to salt stress in 1616 C but VvLEA D29L was
induced only in CS. Under PEG-induced stress. VvLEA
D291 was induced in both genotypes., whilst VWDHNI
was induced only in CS. Overall, our results suggest that,
similarly to other plants, different members of LEA gene
family show distinct stress-responsive expression patterns
and potentially perform overlapping roles in mediating
stress tolerance in grapes.

Materials and methods
Plant material

The shoots of CS and 1616 C were shortened to 2-4 cm to
promote the growth of axillary buds. The shoots were then
stenlized by treating them with EtOH (70%) for 1 min and
then with 10% sodium hypochlorite for 18 min. Shoots con-
taining an active bud and intenodes were propagated in the
Roubelakis rooting media culture (Roubelakis-Angelakis and
Zivanovitc 1991). The culture media were then sterilized inan
autoclave (at 120 °C for 20 min) and the explants were sown
into Magenta boxes contaiing 100 mi of medium. Magentas
werethen incubated in a tissue culture room for approximately
3-4weeks (at 24 °C for 16 h light-8 h dark) until they produce
roots and shoots.
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Stress applications and experimental design

The experimental design was set up as randomized block de-
sign. Three biological replications and at least three technical
replications for each stress were performed. Each biological
replication contained six plants. For salt stress application.
tissue culture grown plants of CS and 1616 C weretransferred
into liquid MS media (4.4 g/l MS salts and 20 g/l sucrose, pH
6.4) and treated with 120 mM NaCl (containing 1:10 ratio of
CaCly). For PEG treatment, PEG was added to the nutrient
solution until the osmolality of the solution, as measured using
a vapour pressure osmometer, becomes identical to that of the
salt solution. PEG treatment was conducted at approximately
235 mmols kg ' (20% PEG) osmolality and six plants were
collected for each genotype at 2, 6. 12 and 24 h after stress
wreatment. Control plants grown in the same liquid media
without PEG and salt were harvested at 2, 6, 12 and 24 h.

Physiological measurements

Leaf water potentials (MPa) were measured using a pressure
chamber according to the manufacturer’s instructions (Model
600. PMS Instrument Company. Albany, USA)at 2, 6. 12 and
24 time-points of salt and PEG treatments. All measurements
were replicated three times, and the results were analysed
statistically by 7 test. Following measurements, the leaves
were frozen in liquid nitrogen and then stored —80 °C for
RNA isolations.

RNA isolations and cDNA synthesis

RNA isolations from plant tissues were carried out according
to Gambino et al. (2008). Briefly, tissue samples ground in
liquid nitrogen were added to 900 ul of warm extraction buff-
er (65 °C) containing 2% CTAB, 2.5% PVP-40, 2 M NaCl.
100 mM Tris-HCI pH 8.0,25 mM EDTA pH 8.0 and 2% of f-
mercaptoethanol added prior to use in a microcentn fuge tube
and incubated at 65 °C for 10 min. Then, the content was
extracted with an equal volume of chloroform: isoamyl alco-
hol (24:1 v/v) by shaking vigorously. The tube was then cen-
wifuged at 11.000g for 10 min at 4 °C. the supernatant was
removed and subjected to another chloroform to isoamyl al-
cohol treatment. The supernatant taken to a new centrifuge
tube was treated with LiCl (3 M final concentration) by incu-
bating in ice for 30 min and then centrifuged at 21.000g for
20 min at4 °C to pellet RNA. Following this, the supematant
was discarded. and 500 ul of pre-heated SSTE buffer at 65 °C
(10 mM Tris-HCI pH 8.0, 1 mM EDTA pH8.0.1% SDS. I M
NaCl) was added to resuspend the pellet and the RNA was
extracted with an equal volume of chloroform to isoamyl al-
cohol and centrifuged at 11,000g for 10 min at 4 °C. Finally.
the supernatant was transferred to a clean tube and precipitated
by adding 0.7 vols of cold isopropanol and centrifuged at

21.000g for 15 min at 4 °C. The supernatant was transferred
to a new microcentrifuge tbe, and the RNA was precipitated
with 0.7 vols of cold isopropanol and immed iately centrifuged
at 21,000g for 15 min at4 °C. The supematant was discarded,
and the RNA pellet was washed once with 70% ethanol, dried
and resuspended in DEPC-H20. RNA quality was tested with
an agarose gel electrophoresis using standard protocols. Two
micrograms of total RNA was used to synthesize cDNA using
a First Strand ¢cDNA Synthesis kit (Roche, Cat No.
04897030001) following the manufacturer’s protocol. After
cDNA synthesis, DNA concentrations were quantified by a
Nanodrop ND-1000 spectrophotometer. cDNA samples were
then used as templates to quantify target gene expression
levels.

Primer design and real-time quantitative PCR
amplifications

The *Vitis vinifera Abundant Late Embryogenesis D-29-like
protein (VvLEA D29L)" (GenBank accession number:
XM_002268661) and the “Vitis vinifera dehydrin
mRNA-(VyDHNI1)" (GenBank accession number:
NM_001281292.1) as well as the Vitis vinifera actin-1-like
gene VvVACT! (GenBank accession number
XM_002283554.2) ((forward) 5'-ggaatggtiaaggctggatttg-3'
and (reverse) 5'-ctgctcatagtcaagggcaata-3') were used for
real-time quantitative PCR (qQRT-PCR) analysis. Primer pairs
for VeDHN1 and WLEA D29L were designed using the
Primer3 software (http:/bioinfo.ut.ee/primer3-0.4.0/). Gene-
specific primers were chosen to produce a PCR product of
approximately 200-300 bp. The following primer sequences
were used for these analyses. For WDHNI: (forward) 5'-
tctagttgecgetitcatacte-3%/(reverse) 5'-ggcagettctecttgatett-3°
and for VvLEA D29L: (forward)5-tictg gtg gtgatggttgtag -3/
(reverse) 5'-ggtcteticggtettctettte-3. Real-time quantitative
PCR amplifications were performed using a LightCycler
480, Roche. The gqRT-PCR was performed in a 10 ul of reac-
tion mix that contained 2 pl of cDNA (500 ng/ul). 0.4-0.8 ul
of forward and reverse primers (10 pmol). 5 ul of
LightCycler® 480 SYBR Green | Master (Roche) and
ddH,0. The standard curve was prepared from serial dilutions
(re. 1/10. 17100, 1/1000. 1/10000 and 1/100000) of control
c¢DNAs. The following program was used in amplifications:
initial polymerase activation: 95 °C for 10 min, then 45 cycles
at95 °C for 10 s: Tm for 10's; 72 °C for 5 s. The specificity of
the gRT-PCR amplification was checked with a melt curve
analysis (from 95 °C to Tm) following the final cycle. The
qRT-PCR conditions were optimized for high amplification
efficiency > 95% for all primer pairs used. The Cr1 (cycle
threshold) values on the amplification curves were obtained
between the 20th and 35th cycles. In melting curve analyses.
overlapping single peak images were obtained and the pres-
ence of dimers was checked. Cr values were established by
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using ofthe peak profiles. The relative expression levels were
calculated by using the REST 2009 software according (httpz//
www. gene-quanti fication.de/rest-2009.htmi) to the Z'A‘“y
(the delta-delta-Ct or ddCt) algorithm. The reaction
efficiency (RE) value has been considered as 1 (one). The
confidence interval (C.1.) value is considered 95%. Gene ex-
pression levels with the 2°22C method (Livak and
Schmittgen 200 1) were normalized using the expression value
of the VvACT! house-keeping gene. The MPa values were
compared with the control values using the 7 test atthe p < 0.
05 significance level.

Sequence alignments and phylogenetic analysis

Vitis vinifera LEA protein sequences were obtained from the
NCBI Refseq Protein database and searched for the presence
of conserved LEA domains using NCBI Conserved Domains
Search Service (https://swww.ncbi.nim.nih.gov/Structure/cdd/
wrpsb.cgi). The distribution of reference sequences in the V.
vinifera genome was analysed using Genome Data Viewer
(https://www.ncbi.nlm.nih.gov/genome/gdv/?org=vitis-
vinifera) and phylogenetic analyses were conducted using
MEGA X (staustical method: maximum likelihood, test of
phylogeny: bootstrap method. number of bootstrap
replication: 50, https://www.megasoftware.net/) (Kumar
et al. 2018). The sequences identified, and their chromosomal
locations and protein IDs, are given in Supplementary Table 1.

Promoter and subcellular location analyses

Publicly available genome-wide Affvmerrix Vitis vinifera
(grape) Genome Array expression data from grapes
(Tattersall et al. 2007) were used to determine expression pro-
files of 29 LEA genes under salt and PEG time-course analy-
ses. Promoter analyses were conducted by scanning 1 kb 5
upstream regions from the translation start site of these genes
using the PlantPAN 3.0 web server (http:/plantpan.itps.ncku.
edu.tw/promoter_multiple.php). The presence of the
following cis-acting sequence elements was checked in each
promoter following the nomenclature given by Wong et al.
(2017): ABRE (ACGTG). G-box (CACGTG). GCC-box

Fig. 1 Phylogenctic analysis of
grape (Vitis vinifera) LEA
protins

&) Springer

(GCCGCC). AuxRE (TGTCTC and TGTCGG). DRE
(RCCGAC and GCCGAC), C-BOX (GACGTC). CAMTA
(VCGCGB), MYB (CCWACC), CBF (RYCGAC). NAC
(TTGCGT) and WRKY (TTTGACY).

Subcellular localizations of the LEA protein genes were
predicted using the CELLO v.2.5 subCELlar LO program
available at http://cello. life.nctiedu.tw (Yu et al. 2006).

Prediction of miRNA-targeted LEA genes

LEA genes targeted by miRNAs were predicted by searching
Vitis vinifera miRNAs using the psRNATarget server (htp://
plantgm.noble.org/psRN ATarget function=3) (Dai et al. 2018).

Results
Phylogenetic analysis of the grape LEA gene family

The LEA gene family has been identified in different plant spe-
cies for which a genome sequence is available (Bies-Ethéve et al.
2008; Du et al. 2013; Lan et al. 2013; Charfeddine et al. 2015;
Gao and Lan 2016; Li and Cao 2016; Wu etal. 2018). However.
to the best of our knowledge. so far, the number of different
LEA-encoding geres in Vifis is unknown. Therefore, we have
conducted a phylogenetic analysis to identify the LEA protein
family in Viis. As shown in Fig. 1. our analyses identified 60
distinct LEA proteins belonging to the following subfamilies:
DHN (4 members), LEAT (5 members), LEA2 (35 members).
WHY (Water Stress and Hypersensitive Response) (2 members),
LEA3 (4 members). LEA4 (1 member), LEAS (3 members).
LEA6 (2 members). SMP (Seed Manuation Proteins) (3 mem-
bers) and LEAD29 (1 member). These analyses also showed that
one of the LEA2 proteins contains an additional LEA2 domain
(Fig. 1. Supplementary Table 1). Similarly. each of the three
SMP proteins identified contains three distinct SMP domains
(Fig 1. Supplementary Table 1). Interestingly. of these 60 LEA
proteins identified. three proteins (e.g. XP_002282590.1.
XP_010651983.1 and XP_003633664.1) contained three SMP
domains whilst one protein (XP_019081529.1) contained two
LEA2 domains.
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Genomic distribution of LEA genes in the grape
genome

Our analyses showed that LEA-encoding reference genes can
be found on almost every grape chromosome (except chromo-
somes 1. 17 and 19). However. the number of LEA-encoding
loci was different across the chromosomes. The highest number
of LEA genes was found on followed by chromosome 8 (9
genes). and chromosome 16 (9 genes each) followed by chro-
mosomes 2 and 15 (6 genes each) (Fig. 2). In addition, as
shown in Fig. 2, a number of segmental and regional duplica-
tions are identified. suggesting that duplications are one of the
processes affecting the expansion of this family in Vizis vinifera.

Analysis of LEA promoters

To determine if LEA family genes in grapes contain known
stress-responsive cis-acting regulatory elements, such as
G-box. GCC-box. CAMTA. NAC. WRKY AuxRE, CBF,
C-Box, MYB, DRE AC, ABRE and MYB (Wong et al.
2017). we searched 1-kb upstream regions from the trans-
lation start site of these genes using the PlantPAN 3.0 web
server. As expected, these analyses identified a number of
stress-associated cis-acting elements in these promoters

Fig. 2 Chromosomal distribution
of sixty LFEA genes in Vifis

(Fig. 3. Supplementary Table 3), further suggesting that
the LEA gene family might be largely associated with
stress responses in grapes. Interestingly. however. out of
35 LEA2-encoding genes, only 22 contained the ABRE/
DRE cis-acting element in their promoters (Fig. 3.
Supplementary Table 3). suggesting that not all 35 genes
might be responsive to abiotic stress. Interestingly. it can
be deduced from the data presented in Fig. 3 that the pres-
ence of the ABRE/DRE cis-acting element is more fre-
quent in the promoters of small subfamilies of WHY (15
per promoter). DHN (7.5 per promoter) and LEA4 (10 per
promoter) than those containing relatively large number of
members such as the LEA2 subfamily (0.8 per promoter).

Grape LEA proteins are assodated with different
subcellular locations

Our subcellular prediction analyses indicated that grape LEA
proteins could be associated with most subcellular compart-
ments such as nucleus, mitochondria, cell wall and cytoplasm
(Fig. 4 and Table 3). as also reported for LEA proteins from
other species (Hundertmark and Hincha 2008; Cao and Li
2015; Ling et al. 2016). Some LEA proteins from grapes were
also predicted to be extracellular. Interestingly. DHN, LEAS,

vinifera: chromosome 2 (6 1l 17 eotiamn 1w
genes), chromosome 3 (5 genes),
chromosome 4 (3 genes), 5 (3 Lo P ] e
genes). 6 (4 genes), 7 (3 genes), 8 e e [epe——— ——————"
(9 genes), 9 (3 genes), 10 (1 it R— ]
gene), 11 (1 gene), 12(1 gene), 13 e
{2 genes), 14 (1 gene), 15(6
genes). 16(9 genss), 18(3 genes). o BRI IAZ
Segmental duplications are g e s
shown with the same colours L g P — S
whilst regional duplications are o gunnn e D " Z o
shown with a highlighted “XP™ | [Jromensy — rm— s
inital w e S
R
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s =
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epe——
E P A AL i,
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different subgroups of LEA protein gene family in grapes: ABRE
(ACGTG). G-box (CACGTG). GCC-box (GCCGCC). AuxRE

LEA6 and all SMP proteins were predicted to locate only to
the nucleus. In contrast. LEA2 proteins were predicted to lo-
cate to plasma membrane. mitochondria and the nucleus. In
addition, halfof all LEA2 proteins (18 proteins) were predict-
ed to be associated with plasma membrane Table 3. suggesting
that these proteins may have roles in protecting cellular mem-
branes form stress. Interestingly. none of the LEA proteins in
V. vinifera were associated with chloroplasts. This in contrast
to other studies which identified LEA proteins associated with
chloroplasts (Ling etal. 2016). Based on findings from mul-
tiple studies showing the diversity in subcellular localization
of LEA proteins, it was also suggested that LEA proteins
might specifically associate with subcellular (mitochondrial
and nuclear membranes) that may need to be protected during
stress adaptation (Hand et al. 2011).

Prediction of LEA genes targeted by miRNAs in grapes
Large groups of small RNAs, known as microRNAs

(miRNAs), are known to be the regulators in plant abiotic
stress-induced gene expression in plants. To determine

Fig. 4 Prodicied subcellular

Il ||I|||.||||l.IlIlll...llIll...
HHREH L S U R

(TGTCTC and TGTCGG): DRE (RCCGAC and GCCGAC): C-BOX
(GACGTC), CAMTA (VCGCGB): ABRE (ACGTG): MYB
(COWACC), BRRYCGAC), NAC(TTGCGT), WRKY (TTTGACY)

possible miRNAs that may be targeting grape LEA genes.
we predicted miRNA targets on LEA transcripts using
psRN ATarget analysis (Dai et al. 2018). These analyses
showed that of 60 grape genes. 13 LEA genes (19.4% of all
grape genes) could be potential targets of 46 grape miRNAs.
representing 37% of all the LEA genes (Supplementary
Table 4. Table 1). Of 13 LEA miRNA target genes. 10
belonged to the LEA2 subfamily. The remaining three genes
were from LEA I, LEA3 and dehydrin subfamilies. One of the
LEA2 subfamily (XP_002263732.2)-encoding genes was po-
tentially targeted by as many as 18 miRNAs (Table 1).

LEA genes responsive to stress

To be able to determine LEA gene expression pattems under
abiotic stress conditions (salt and drought). we haveused pub-
lically available expression data from a previously published
Affvmerrix Vitis vinifera (grape) Genome Amay time-course
study (Tattersall et al. 2007). As shown in Table 2, the
Affymetrix amay used in this study contained specific probes
that were complementary to approximately 50% (29 genes) of

Predicted subcefiular locations of diferent LEA proteins

locations of Vitis vinifera LEA :
protins ®
“
2
S ©
L]
°
.
2
o
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Table1 A summary of Visis vinfera LEA genes targeted by miRNAS — ynder salt and PEG stress were —0.8 and — 0.7, respectively.
Protein ID The mumber of LEA gencs Disiasi In general, these values are consistent with the leaf water
targeted by miRNAs potential values (— 0.7 MPa and lower) previously reported
for stress-exposed grapes (Cramer et al. 2007).
XF_002263581.1 2 LEA 2 Having established that our stress treatments were effective
XP_002263732.2 18 LEA 2 in inducing physiological changes in our experimental plants.
XP_002268138.1 ! LEA2 we then analysed the expression of VWDHN/! and WLEA
XP_002270639.1 2 LEA 3 D29Lby gRT-PCR in stress-exposed and corresponding con-
XP_002270691.1 1 LEA 2 trol CS and 1616 C sampled at various time-points.
XP_002279306.1 4 LEA 2
XP_002280591.1 6 LEA 2 VVDHN1 VwDHNI is known to produce two alternatively
XP_002285919.1 I Dehydrin spliced isoforms, VwDHNla and VvDHNIb (Xiao and
XP_010653892.1 1 LEA 1 Nassuth 2006). Our gRT-PCR primers were designed to detect
XP_010658486.1 4 LEA 2 both transcripts. In these experiments, no apparent change was
XP_010661876.1 2 LEA 2 observed in response to salt stress at any time-points in the
XP_010662657.1 1 LEA 2 expression of VvDHN! in CS. In contrast, in response to salt
XP_010664315.1 3 LEA 2 stress, a strong induction of VeDHN ! was observed in 1616 C

the LEA genes identified in this study. The results from these
analyses showed stress-responsive expression patterns of
LEA-encoding genes. The majority of the grape LEA genes
were induced by stress. However, at least two LEA 2-encoding
genes were strongly suppressed at all ime-points by both salt
and drought (PEG) stress (Table 2).

Salt- and drought-responsive expression pattems
of two LEA-encoding genes in a grape cultivar
and a rootstock

Optimization of stress treatments We next examined stress
(salt and drought)-responsive expression patterns of two
LEA-encoding genes in two different grape genotypes in a
time-course study. One of these genes (VvDHNI) has previ-
ously shown to be induced by abiotic stress in grapes (Daldoul
etal. 2010) and included here as a positive control. The abiotic
stress-responsive expression of the second gene (VWLEA
D29L) has not been analysed in detail previously (Table 3).
Prior to expression analyses, we wanted to establish that
stress applications (dose and timing in particular) used were
indeed effective in generating physiological changes in our
experimental plants. We, therefore. measured leaf water po-
tentials (MPas) of stress-exposed plants. As expected. the leaf
water potential of plants exposed to salinity and PEG stress
showed significant differences relative to unexposed control
plants, in particular at 6. 12 and 24 h after stress application.
For instance, the leaf water potential of CS and 1616 C ex-
posed to PEG stress varied from — 0.3 to — 0.8 MPa and from
—025t0~ 0.95MPa, respectively (Fig. 5). As expected, MPA
values in control plants not exposed to stress were low and
varied between — 0.2 and — 0.35 MPa, and between — 0.2 and
—0.3 MPa, for CS and 1616 C. respectively. The highest av-
erage leaf water potential values measured for 1616 C and CS

at 6-h (22-fold). 12-h (143-fold) and 24-h (90-fold) time-
points (Fig. 6).

Similarly, in response to PEG application. a relatively
strong induction of VvDHNI was observed at 6-h (76-fold)
and 24-h (78-fold) time-points in CS. In contrast, VwDHN/
showed relatively low induction values in 1616 C at most
time-points examined (Fig. 6).

VVLEA D29L Our expression analyses showed that VWLEA
D291 is induced in response to salt stress in 1616 C and CS at
both 12 and 24-h time-points with a major difference observed at
24-h time-point between 1616 C (13-fold) and CS (97-fold).
Similarty, WLEA D29L is induced in both CS and 1616 C in
response to PEG treatment. The highest fold induction vale was
observed at 12- and 6-h time-points for 1616 C (approximately
249-fold) and CS (approximately 90-fold) (Fig. 6).

Discussion

The grape is an important fruit species widely cultivated
throughout the world. Increased biotic and abiotic stress tol-
erances are an important breeding objective in this plant spe-
cies as these stresses can potentially significantly affect the
yield and the quality of grapes. Itis well established that plants
can protect themselves from the damaging effects of abiotic
stress by inducing the expression of genes encoding protective
proteins, The LEA protein gene family is one of such proteins
and has previously been associated with abiotic stress toler-
ance in many plant species (Pedrosa et al. 2015; Huang etal.
2016; Muvunyi et al. 2018). However, to the best of our
knowledge, the number of LEA genes encoded by the grape
genome has not been determined before. Here, we identified
60 LEA-encoding genes in grapes. The number of LEA se-
quences we identified in V. vinifera was more than those iden-
tified in Arabidopsis and tomato but less than those found in
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Table3 Predicted subcellular localization of grape LEA proteins

Protein 1D Location LEA domain Protein 1D Location LEA domain
XP 0106584711 Mitochondrial LEA 2 XP_002279196.1 Nuclear LEA 1
XP_010658475.1 Mitochondrial LEA 2 XP_002279220.1 Cytoplasmic LEA 1
XP_002272642.1 Nuclear LEA 2 XP_010653892.1 Nuclear LEA 1
XP_010658486.1 Plasma membrne LEA 2 XP_010654375.1 Plasma membranc LEA 2
XP_002268138.1 Plasma membrane LEA 2 XP_010654527.1 Nuclear LEA 2
XP_002281237.1 Nuclear LEA 1 XP_002279706.1 Extracellular LEA 2
XP_010646029.1 Nuclear Dechydrin XP_002265341.1 Plasma membrane LEA 2
XP_002283605.1 Nuclear Dchydrin XP_002284574.1 Plasma membrane LEA 2
XP_010647939.1 Mitochondrial LEA 3 XP_002265790.1 Plasma membrane LEA 2
XP_010647936.1 Mitochondrial LEA 3 XP_002273618.1 Nuclear LEA S
XP_010647937.1 Mitochondrial LEA 3 XP_002274326.1 Nuclear LEA S
XP_002279306.1 Plasma membrane LEA 2 XP_003633664.1 Nuclear SMP
XP_002263161.1 Extracellular LEA 2 XP_002264509.1 Nuclear LEA 1
NP_001268221.1 Nuclear Dechydrin XP_002266229.1 Plasma membrane LEA 2
XP_002268697.1 Nuclear LEA 4 XP_002263581.1 Plasma membrane LEA 2
XP_002282590.1 Nuclear SMP XP_010661876.1 Plasma membrane LEA 2
XP_002280489.1 Cytoplasmic WHY XP_002277286.1 Mitochondrial LEA 2
XP_002273485.1 Plasma membranc LEA 2 XP_002277223.1 Cytoplasmic WHY
XP_002273852.1 Plasma membrane LEA 2 XP_002263732.2 Extracellular LEA 2
XP_002270691.1 Plasma membrane LEA 2 XP_010662664.1 Mitochondrial LEA 2
XP 0106518461 Plasma membranc LEA 2 XP_010662785.1 Nuclear LEA 2
XP_010651983.1 Nuclear SMP XP_019081529.1 Mitochondrial LEA 2
XP_002270639.1 Mitochondrial LEA 3 XP_010662660.2 Nuclear LEA 2
XP 0022840841 Nuclear LEA 6 XP_010662783.1 Nuclear LEA 2
XP_002264899.3 Plasma membrane LEA 2 XP_010662658.1 Mitochondrial LEA 2
XP_010653100.1 Plasma membrane LEA 2 XP_010662657.1 Nuclear LEA 2
XP_002263214.1 Nuclear LEA S NP_0D1267966.1 Extracellular LEA 2
XP_002280566.1 Plasma membrane LEA 2 XP_010663997.1 Nuclear LEA 6
XP_002280591.1 Plasma membrne LEA 2 XP_002285919.1 Nuclear Dehydnn
XP_002284002.1 Cytoplasmic LEA 4 XP_010664315.1 Nuclear LEA 2

cotton, a polyploid plant species (Supplementary Table 2) as
Hundertmark and Hincha (2008) and Cao and Li (2015) iden-
tified 51 and 27 LEA-encoding genes in Ambidopsts and to-
mato (Solanum Iycopersicum) whilst Magwanga et al. (2018a)
identified a total of 242, 136 and 142 LEA genes in
G. hirsutum, G. arboreum and G. raimondii, respectively. In
fact, the number of LEA-encoding genes seems to be well
correlated with polyploidy as high number of LEA-encoding
genes have been identified in other polyploid plants such as
Brassica napus (Liang et al. 2016, Supplementary Table 2).
Interestingly. the genomes of diploid legume species such as
bean (Phaseolus vulgaris). pigeon pea (Cajanus cajan) and
chickpea (Cicer arietinum) and even polyploid soybean
(Glycine max) seem to contain relatively low numbers of
LEA-encoding genes (Battaglia and Covarrubias 2013,
Supplementary Table 2). Another interesting observation is
that the LEA2 subfamily has more members than the

remaining subfamilies in the majority of species so far sudied
(Supplementary Table 2). Although the possible reasons for
this are unknown, recent evidence based on the analysis of 60
completed plant genomes suggest that tandem duplications
significantly contributed to the expansion of the LEA2 sub-
family in most plant species (Artur et al. 2018). Also, relative-
ly large number of LEA2-encoding genes resulted from gene
duplications raises the question of whether all these LEA2
subfamily genes are associated with abiotic stress tolerance.
Our finding that only 63% of the 35 LEA2 genes contain the
ABRE/DRE cis-acting element in their promoters (Fig. 3)
suggests that a subset of these genes might not be associated
with abiotic stress tolerance. Indeed, our analyses of the pre-
viously published Affymetrix expression array (Tattersall
et al. 2007) showed that a subset of LEA genes for which
probes were present on the amay were responsive to salt and
drought (PEG) stress. We also experimentally determined the
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expression of two selected genes by gRT-PCR (see below). In
addition, the presence of cis-acting elements associated with
biotic stress responses in LEA gene promoters suggests that
the role of the LEA gene family is not restricted to abiotic
stresses alone. Indeed. a recent study identified a DHN-
encoding gene (AdDHNI) from wild peanut (Arachis
duranensis) showed opposite expression patterns under biotic
and abiotic stresses. AdDHN1 is positively and negatively
regulated by water deficit and root-knot nematode (RKN)
Meloidogyne incognita infection, respectively. Furthermore,
transgenic expression of AdDHN! in Ambidopsis improved
tolerance to drought but increased susceptibility to nematode
infection (Mota et al. 2019). These findings provide further
evidence that specific members ofthe LEA gene family might
perform specific functions during biotic and abiotic stress ad-
aptations in plants.

It is expected that genes resulted from duplications, as
shown here for most LEA2 genes, may be redundant and thus
gradually acquire new functions. The lowest number of genes
was identified for the LEA6 subfamily in our study (Fig. 1).

Fig. 6 Time-course expression
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This is consistent with other reports that LEA6 family repre-
sents the smallest subfamily in most other plant species (Artur
etal. 2018). No genes belonging to LEA7, LEAS, LEA9Y and
LEA18 subfamilies were identifiable in grapes in this study.
The genes belonging to these families have only been identi-
fied in few plant species (see Supplementary Table 2) such as
insoybean, Arabidopsis. Populus, cassava and Chinese plaum).
One possibility is that the genes belonging to these families
may have been lost during evolution due to genetic
redundancy.

In cotton and other plant species such as tomato. cotton,
sorghum, oilseed rape and Arabidopsis, LEA-encoding genes
are thought to have expanded through segmental or tandem
duplications (Hundertmark and Hincha 2008; Cao and Li
2015; Magwanga et al. 2018a; Liang et al. 2016; Nagaraju
etal. 2019). For instance, in Arabidopsis. 17 of the 51 LEA
genes were found in tandem repeats in one of the chromo-
somes, suggesting that they resulted from local duplications
(Hundertmark and Hincha 2008). Similarly. as shown here,
LEA-encoding genes in V. vinifera were often Iinked on
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various grape chromosomes, suggesting that tandem and seg-
mental duplications might have also played a role in the evo-
Iution of this gene family in grapes.

In previous studies (Pagliarani et al. 2017; Pantaleo et al.
2016).a number of miRNAs were found to be induced during
water stress in grapevine but none of these miRNAs were
found to be targeting LEA members. In this study. we identi-
fied 46 grape miRNAs potentially targeting 13 LEA genes.
Similarly. a number of LEA genes have been predicted to be
targeted by miRNAs (Magwanga et al. 2018a). Further anal-
yses are required to determine the function of these miRNAs
in grapes.

In this study. we also experimentally studied salt and
drought stress-responsive expression pattemns of two LEA-
encoding genes, VWDHNI and WLEA D29L. in two different
grape genotypes. In these analyses, we used a well-known
grape cultivar (CS) and a rootstock (1616 C) to determine if
different genotypes respond to stress differently. It should be
noted that grape cultivars often exhibit high tolerance to
drought and reasonable tolerance to salinity (Prior et al.
1992; Mullins et al. 1992). However. stress tolerance of geno-
types used as rootstocks seems to show a wide variation. CS is
drought-tolerant (Hopper et al. 2014) whilst 1616 C. as a
hybnd of American rootstocks (Vitis riparia X Vitis solonis).
is most likely drought-susceptible (Padgett-Johnson et al.
2003). The use oftwo contrasting genoty pes would be a good
test to determine whether LEA gene expression correlates with
their stress phenotypes: 1616 C used in this study is known to
be tolerant to salinity (Howell 1987).

Of the two LEA genes selected for expression analyses.
the expression of VwDHN/ has also previously been stud-
ied by various workers (Hanana et al. 2008; Daldoul et al.
2010) whilst to the best of our knowledge, stress-
responsive expression pattemns of VvLEA D29L has not
been studied before. In addition, this gene was selected
because, as it is shown in Fig. 1, it was somew hat different
from the rest of the LEA proteins identified. We included
VvDHNI into this study to be able confirm that our stress
treatments were indeed effective in inducing VvDHNI ex-
pression because VwDHN! is considered a marker in the
analysis of abiotic stress in grapes. The effectiveness of
our stress treaiments was further confirmed by leaf water
pressure measurements which have also been used by oth-
er workers in grapes (e.g. Cramer et al. 2007; Vincent
et al. 2007). Indeed. a previous study by Yang et al.
(2012) has examined VvDHNI expression in a single-
grape genotype. Similarly. Daldoul et al. (2010) studied
the salt-induced expression of VvDHNI genes under
100 mM NaCl stress conditions using gel blot analysis
i the Vitis vinifera L. cultivars Razegui and Syrah, differ-
ing in their stress tolerance. Similarly. to our findings, a
significant induction of this gene was observed at 6 and
24 h of salt treatment. In addition, the expression of

VvDHNI was found to be high at the stress-tolerant grape
cultivar Razegui whereas there was no detectable
VvDHNI expression in the sensitive cultivar Syrah.
Similarly, Xiao and Nassuth (2006) examined the stress-
responsive expression pattems of two alternatively spliced
transcripts, VvDHNla and VvDHNIb, generated from
VvDHNI i Vitis riparia and V. vinifera cv. Chardonnay
and found differential expression of these genes. In
addition, Yang et al. (2012) examined the expression of
VvDHNI in V. vinifera cv. Pinot noir and V. yeshanensis. a
wild grape species. In this study, WDHN/I was strongly
responsive to stress treatment in both genotypes whilst a
related gene VwDHN2 was not induced under stress. These
findings might suggest that different members of this gene
family may be responsive to different stresses possibly
with different induction kinetics.

Interestingly. however, our results showed that the expres-
sion of VeDHN 1 is nduced by salt stress in 1616 C but not in
CS, suggesting that the expression of this gene might be ge-
notype-dependent. Our results also showed that the induction
profile of WwLEA D29L by salt stress was somewhat different
between CS and 1616 C. In CS, the induction ofthis gene was
initially delayed but eventually reached to levels higher than
those observed in 1616 C. In response to salt stress, VvLEA
D291 was induced in both CS and 1616 C at 12-h and 24-h
time-points (Fig. 6) and such induction profile is consistent
with the results reported in other plants. For instance, the
strongest induction ofthe ZmLEA 3 gene in maize in response
to 150 mM NaCl was reported to occur within the first 24 h of
stress application (Liu et al. 2013).

In response to PEG weatment. VLEA D29L expression
increased in both 1616 C and CS although the induction
started earlier in 1616 C than in CS at the 6-h time-points
whilst much higher VvLEA D291 expression was found at
the 12-h time-point in 1616 C (Fig. 6). The LEA D29L expres-
sion profiles reported in the microarray study conducted by
Wang et al. (2007) in rice under salinity, drought and osmotic
stress conditions support the stress-responsive expressions of
VvLEA D29L found in the present study in both 1616 C and
CS under salinity and PEG-mediated stress conditions.

Conclusions

We have, for the first ime, identified mdividual members of
the LEA gene family in grapes. The large number of LEA-
encoding genes present in plant genomes is somewhat intrigu-
ing and deserves the question whether these genes would have
similar functions in abiotic stress tolerance. Our gene expres-
sion results presented in this paper showed different but some-
what overlapping expression profiles of two LEA genes in
different grape genotypes under different stress conditions.
In addition, different LEA proteins were predicted to act in
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different subcellular comparments and a number of them are
potentially targeted by grape miRNAs. Together. these find-
ings might suggest that different members of this gene family
might have somewhat different stress-related functions al-
though further studies are required to test this possibility. In
future studies. it would be usefiil to examine stress-responsive
expression patterns of these genes in a larger set of grape
genotypes that differ by tolerance to different stresses to be
able to draw stronger inferences between gene expression/
induction and stress tolerance. Manipulating the expression
of these genes in grapes might also lead to increased stress
tolerance.
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