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OZET

Yiiksek Lisans Tezi

FASULYE BITKiSINDE KURAKLIGA DUYARLI HSP70 GENLERININ TUM
GENOMDA TANIMLANMASI

Mehmet TANRISEVEN

Ankara Universitesi
Fen Bilimleri Enstittisi
Biyoloji Anabilim Dali

Danigman: Prof. Dr. E. Stimer ARAS

Es Danisman: Dog. Dr. ilker BUYUK

Fasulye Diinya’da ve Tiirkiye’de en fazla yetistirilen baklagil tiirlerinden bir tanesidir. Abiyotik stresler
birgok bitkide oldugu gibi fasulyede de iiretimi etkilemektedir. Bitkiler abiyotik streslere karsi cesitli
savunma mekanizmalar1 gelistirmistir. Bu baglamda son yillarda in-siliko araglar kullanilarak bitkilerin
cevresel faktorlere karst olusturdugu savunma mekanizmalarin aydinlatilmasi oldukca Onem
kazanmaktadir.

Bu kapsamda gerceklestirilmis olan tez c¢alismasinda ¢esitli in-siliko metodlar kullanilarak fasulye
bitkisine ait kuraklik stresine duyarli HSP70 genlerinin tanimlanmasi amaglanmstir. 24 adet PvHSP70
geni in-siliko araglar ile tanimlanip, genom tiizerindeki lokalizasyonlari, ekzon-intron bolgeleri {i¢ boyutlu
protein yapilart belirlenmistir. Kuraklik stresinde rol oynayabilecegi belirlenen PvHSP70 genlerinden 9
tanesi RNA-Seq analizi verilerine gore segilmistir. Kuraklik stresine karsi direngli (Yakutiye) ve hassas
(Zilbiye) oldugu bilinen iki farkli fasulye gesidi 24 saat siiresince 100 mM kuraklik stresine (PEG) maruz
birakilmigtir. Her iki ¢esidin kok ve yaprak dokusundan ornekler alinarak, RNA izolasyonu, cDNA
sentezi ve Light Cycler Nano araciligiyla Real-Time PCR analizi gerceklestirilmistir. PvHSP70-1, -20 ve
-24 genlerinin Ziilbiye ¢esidinin yaprak dokularindaki azalisinin Yakutiye g¢esidine gére daha fazla
oldugu belirlenmistir. Yakutiye ¢esidinde PvHSP70-12 genin mRNA seviyesindeki diisiisiin Zulbiye
cesidine gore daha fazla oldugu belirlenmistir. Ziilbiye ¢esidinin kok dokularinda PvHSP70-20 geni
disinda secilen tim genlerin mRNA seviyelerinde anlamli bir diigiis oldugu gorilmistir. Yakutiye
¢esidinin ise PvHSP70-1, -4, -6 ve -20 genlerindeki azaliglar anlamli bulunmustur. HSP70 genlerinin
kuraklik stresi altindaki mMRNA kat degisimlerinin, biyoteknoloji alaninda yapilacak olan c¢esitli 1slah
caligmalarinda kullanilmas1 ve molekiiler marker ¢aligmalarina 1s1k tutmasi diigiiniilmektedir.

Subat 2020, 95 sayfa

Anahtar Kelimeler: Tim genom analizi, fasulye (Phaseolus vulgaris L), (HSP70) 1s1 sok proteinleri,
kuraklik stresi, gRT-PCR



ABSTRACT

Master Thesis

GENOME-WIDE IDENTIFICATION OF DROUGHT RESPONSIVE HSP70 IN
COMMON BEAN

Mehmet TANRISEVEN
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Supervisor: Prof. Dr. E. Siimer ARAS

Supervisor: Dog. Dr. Ilker BUYUK

Beans are one of the most cultivated legume species in the world and Turkey. Abiotic stresses, affect
production in beans like many plants. Plants have developed various defense mechanisms against abiotic
stresses. In recent years, the use of in-silico tools to clarify the defense mechanisms of plants against
environmental factors has gained importance.

In this thesis, it was aimed to identify HSP70 genes susceptible to drought stress in common bean by
using various in-silico methods. 24 PvHSP70 genes were identified and their localization on the genome,
three-dimensional protein structures of exon-intron regions were also determined. Nine of the PvHSP70
genes which play roles in drought stress were selected based on RNA-Seq data. Two different common
bean varieties known to be drought stress resistant (Yakutiye) and susceptible (Ziilbiye) were exposed to
100 mM drought stress (PEG) for 24 hours. Samples were taken from the root and leaf tissues of both
varieties and RNA isolation, cDNA synthesis and Real-Time PCR analysis via Light Cycler Nano
instrument were performed. PvHSP70-1, -20 and -24 genes were found to be higher in the leaf tissues of
Ziilbiye than Yakutiye. The decrease in the mMRNA level of PvHSP70-12 gene in Yakutiye variety was
found to be higher than Zulbiye. There was a significant decrease in the mRNA level of the selected
genes except for PvHSP70-20 gene in the root tissues of the Ziilbiye. Additionaly, the decreases in
PVHSP70-1, -4, -6 and -20 genes of Yakutiye were found to be statistically significant. It is thought that
mRNA fold changes of HSP70 genes under drought stress may be used in various breeding studies in
biotechnology field and will shed light on molecular marker studies.

February 2020, 95 pages

Key Words: Genome-wide analysis, (HSP70) heat shock protein, common bean (Phaseolus vulgaris L.)
drought stres, qRT-PCR
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1. GIRIS

Bitkiler alemindeki en genis tiglincii aile olan baklagiller (Fabaceae), 40 takim ve 640
cins bitki bulundurmaktadir ve tahildan sonra en fazla iiretimi yapilan iirtin grubudur
(Gepts vd. 2005). Baklagiller hem ekonomik hem de tarimsal agidan ¢ok degerlidir.
Gida amagli kullanilmasinin yani sira topraktaki serbest azotu 6ziimsemesi baklagillerin

degerini bir kat daha arttirmaktadir (Pandey vd. 2008).

Tez kapsaminda kullanilan fasulye bitkisi ilk olarak Orta Amerika’da ekildigi tahmin
edilen bir baklagil tiiri olup Diinya’da en ¢ok yetistirilen baklagil tiirleri arasinda yer
almaktadir (Anonymous 2016). Fasulye gelismemis iilkeler igin protein kaynagi
olmasinin yani sira gelismis iilkeler i¢in de beslenmede 6nemli yer tutmaktadir. Ayrica
yapilan c¢aligmalar fasulyenin kalp hastaliklari, diyabet ve kolon kanseri gibi
hastaliklarin - 6nlenmesinde de faydali bir besin oldugunu ortaya koymaktadir
(Thompson vd. 2009).

Diinyanin birgok yerinde tarim ve tarim alanlar yiiksek sicaklik, kuraklik, tuzluluk veya
kimyasal zehirler gibi abiyotik stres faktorleri tarafindan tehdit altindadir (Wang vd.
2003). Abiyotik stres bitkilerin veriminin %50’den fazla azalmasina neden olmasiyla
birlikte diinyadaki tarimsal iriin kaybinin da baslica nedenidir (Bray vd. 2000).
Abiyotik stres bitkilerde morfolojik, fizyolojik, biyokimyasal ve molekiiler degisimlere
neden olur ve bitkilerin biiyiimesini engelleyerek verimliligin diismesini saglar (Wang
vd. 2001).

Abiyotik stres faktorlerinden biri olan kuraklik bitkide biiyiime, gelisme ve verimi
etkileyen 6nemli bir etmendir. Bitkilerin kuraklik stresine olan tepkileri bitkinin tiird,
yasi, bliyime ve gelisme donemi, kurakligin seviyesi veya siirekliligi gibi fiziksel
faktorlere baglidir (Marcinska vd. 2013). Genotipe bagl olarak farkli siddetlerde ortaya
¢ikan kurakliktan etkilenme derecesi o genotipin stres aninda gelistirdigi fizyolojik ve
biyokimyasal cevaplara baghdir (Kayabasi 2011). Kuraklik stresi, su noksanligi ve
kuruma seklinde iki tipe ayrilabilir (Smirnoff 1993). Su noksanligi stomalarda

kapanmaya ve gaz degisiminde kisitlamaya sebep olan orta seviye su kaybidir. Oransal



su kapsamimin takribi %70’de olmasi hafif su eksikligine maruz kalan bitkilerde
stomalarin kapanmasina bagli olarak karbondioksit alimini sinirlandirmaktadir. Kuruma
ise, metabolizmanin ve hiicre yapisinin tamamen bozulmasina ve bununla birlikte
enzimle katalizlenen reaksiyonlarin durmasina neden olabilecek seviyedeki su kaybi

olarak tanimlanmaktadir (Smirnoff 1993, Kalefetoglu ve Ekmekgi 2005).

Is1 sok proteinleri (Heat shock proteins: HSP), bir¢ok canlida hiicre biiylimesinin yani
sira canliligin devami igin de biiyilkk 6neme sahip protein ailelerinden birisidir. Bu
protein ailesi bitkilerde, normal gelisiminin yani sira kuraklik, tuzluluk, yiiksek veya
diisiik sicaklik gibi stres kosullarinda da gorev almaktadir (Krishna vd. 1995, Sabehat
vd. 19998, Lopez-Matas vd. 2004, Swindell vd 2007, Cao ve Choi 2009, Zou vd. 2012).
Is1 sok proteinleri molekiiler agirliklarina gore; kiigiik HSP proteinleri, HSP60, HSP70,
HSP90 ve HSP100 olmak iizere bes farkli grupta toplanabilir (Wang vd. 2004). Pek ¢cok
bitkide HSP70 proteinlerinin biyolojik rollerini belirlemek amaciyla c¢alismalar
yapilmistir. Gergeklestirilen bu tez galismasinda da fasulye bitkisinde Hsp ailesinin
iyeleri arasinda biiyiik bir grubu olusturan HSP70 genlerinin tanimlanmasi, kromozom
tizerindeki yerlesimleri, molekiiler fonksiyonlar1 ve kuraklik stresine karst

olusturduklar1 cevaplarin belirlenmesi amaglanmaistir.

1.1 Fasulye (Phaseolus vulgaris L.)

Fasulye (Phaseolus vulgaris L.) Fabacea familyasina ait 1liman ve tropikal iklimlerde
yetistirilen, tek yillik baklagil tiirtidiir. Fasulye biinyesinde A, B1, B2 ve C vitaminlerini
bulundurmasmin yani sira zengin bir protein, kKarbonhidrat, antioksidan ve mineral

kaynagidir (Anonim 2008, Campos-Veja vd. 2010, Luthria ve Pastor-Corrales 2006).



Sekil 1.1 Fasulye bitkisi ( https://antropocene.it/en/2018/10/03/phaseolus-vulgaris/ )

Onemli bir protein kaynag olan hayvansal gidalarm barindirdigi doymus yaglar ve
kolestrolden dolay1 kuru baklagillerin degeri bir kat daha artmaktadir. Konu ile ilgili
olarak yapilan c¢alismalar fasulyedeki gibi bitkisel proteinlerin kandaki kolestroliin

seviyesini diistiriicti etkisi oldugunu gostermistir (Anderson vd. 1999).

Fasulye koklerinde bulunan nodozite bakterileri araciligi ile havada bulunan serbest
azottan yararlanip, topragin azot bakimindan zenginlesmesini saglamakta ve daha sonra
ekilecek iiriinlere azot bakimindan zengin bir toprak birakmaktadir (Sprent 2001).
Ayrica kazik kokleri sayesinde topragin derinlerine niifuz etmekte ve alt tabakada
biriken besin maddelerinin toprak iistiine taginmasina yardimci olarak topragin besin

yoniinden zenginlesmesini saglamaktadir (Akg¢in 1974).

Fasulye bitkisinin ¢igekleri, ¢eside gore morumsu, beyaz, sar1 ve kirmizi gibi farkl
renklerde olabilir. Cigeklerde disi organ helozoni olarak kivrilmis bir sekilde
konumlanmistir. Polen tozlarini tagiyan erkek organlar ise adeta disi organ iizerine
sartlmig boru seklindedir. Bu o6zellik ise baklagiller familyasi sebzelerinin mutlak
kendine dollendigini gostermektedir. Asir1 sicakliklar ve bazi bocekler araciligiyla olan
dollenme haricinde baklagiller familyasinda yabanci dollenme neredeyse hig
goriilmemektedir. Ciceklerin alttan itibaren agmaya basladigi fasulye bitkisinde ¢igekler

normal sartlarda 20 giin kadar durmaktadir (Anonim 2008).



1.2 Toprak ve Iklim

Genel olarak fasulye sicak iklim bitkisidir ve Tiirkiye’de hemen hemen biitiin
bolgelerde yetistirilebilir. Fasulye tohumlarinin ¢imlenmesi i¢in gerekli iklim kosullari
15-20 °C iken 15 °C derecenin altinda ¢imlenme yavaslamakta ve 10 °C altinda veya 35
°C derecenin iistiinde ¢imlenme gerceklesmemektedir. Uygun kosullar saglandig
taktirde 7-10 giin araliginda tohumlarda ¢imlenme saglanir. Cigeklenme igin uygun
sicaklik 20-25 °C’dir (Kiitevin ve Tiirkes 1987, Freytag ve Debouck 2002, Ozdem
2012). Ancak 30 °C den fazla olan sicakliklar fasulye bitkisinin ¢igeklerinin patlamasina
neden olabilmektedir (Fageria vd. 1997). Fasulye bitkisinin mevsimlik su ihtiyact 300-
600 mm dir (Free, 1993).

1.3 Tarihge

Insan oglunun avci-toplayici yasamdan tarima gegmesi insanlik tarihi icin bilyiik bir
mihenk tasidir. Bununla birlikte bitkiler ve hayvanlar evcillestirilmistir (Larson vd.
2014). Yabani fasulye ilk olarak Arjantin (Burkart 1941, Burkart ve Briicher 1953) ve
Guatemala’da tanimlanmistir (McBryde 1947).

Fasulyenin 1506 yilinda Portekizliler ve Ispanyollar vasitasiyla Avrupa’ya tasindig
bilinmektedir (Ortwin-Sauer 1966). Amerika’dan getirilen fasulyenin Orta Avrupa ve
Akdeniz iilkerine takas yoluyla veya dogrudan aligveris ile yayiliminin gergeklestigi
diisiiniilmektedir (Papa vd. 2005). Ulkemizde fasulye en fazla iiretimi yapilan baklagil
tiirlerinden bir tanesi olmakla birlikte 250 yili agkin siiredir tiiketildigi bilinmektedir
(Kiitevin ve Tiirkes 1987, Ozdem 2012).

1.4 Simiflandirilmasi

Fasulye Fabaceae (Baklagiller) familyasinin Phaseolus cinsine bagli olup baslica tiirleri

Phaseolus acitufolius, A. gray, P.coccineus L., P. lunatus L. ve P. vulgaris L.



seklindedir. Sistematik smiflandirmasi ise Cizelge 1.4 gosterilmistir (Freytag ve
Debouck 2002).

Cizelge 1.1 Fasulyenin siniflandirilmasi

Domain: Eukarya

Alem: Plantae

Bolim: Magnoliophyta

Sinif: Magnoliopsida
Takim: Fabales

Aile: Fabaceae

Cins: Phaseolus L.

Tiir: Phaseolus vulgaris L.

1.5 Tiirkiye ve Diinyada Fasulye Uretimi

Diinyanin birgok iilkesinde yetistirilen fasulye, Latin Amerika iilkelerinin geleneksel
mutfak kiiltiirlinde yer almakta, Afrika iilkelerinde ise temel yasam gidasi olarak
tilketilmektedir. FAO’nun 2000 yili istatistiklerine gore Diinya’da kuru fasulye tiretimi
yaklagik 17,8 bin ton iken bu rakam 2016 yilinda artarak 26,8 bin tona ulagmistir.
[statistikler fasulye {iretiminde 16 yilda %50,5 civarinda bir artis oldugunu

gostermektedir.

Cizelge 1.2 Diinya tilkelerine gore kuru fasulye tiretimi (Bin ton)

Ulke Ad1

Myanmar 1.285 2.175 3.530 4.404 4.652 4,921 5.190
Hindistan 2.847 2.630 4.890 3.630 4.230 4.260 3.898
Brezilya 3.056 3.021 3.159 2.893 3.295 3.090 2.616
ABD 1.204 1.205 1.442 1.115 1.311 1.366 1.270
Tanzaya 540 626 867 1.113 1.114 1.202 1.158
Cin 1.650 1.800 1.330 1.002 1.050 1.050 1.100
Meksika 887 826 1.156 1.295 1.274 969 1.089
Uganda 420 478 949 941 1.011 1.012 1.008
Kenya 331 382 390 714 616 765 728
Etiyopya 147 211 340 457 514 595 484
Diger 5.483 5.935 6.610 7.053 7.787 8.364 8.265
Ulkeler

Diinya 17.850 19.289 24.663 24.617 26.854 27.644 26.833

(FAO 2019, http://www.fao.org/faostat/en/#data/QV )



FAO verilerine gore Myanmar kuru fasulye iiretiminde diinyada ilk siradadir ve onu
ekim alanlarinin fazla olmasina ragmen tiiretimde yeterli verimi alamayan Hindistan
takip etmektedir. Ulkemizdeki fasulye iiretimine iliskin durum ise TUIK raporlar ile

ortaya konmustur.

Tiirkiye’de baklagillerin liretiminde nohut basi ¢ekerken onu mercimek ve kuru fasulye
takip etmektedir. 2018 yilindaki Tiirkiye’deki baklagil ekim alanlarinin %10’luk bir
kismini fasulye ekiminin olusturdugu goriilmektedir. 2010 yilinda ekilen alan 1 milyon
ha’iken 2018 yili itibariyle 848 bin ha’a gerilemistir. Ekim alanlarindaki bu 6nemli
diistisiin sebepleri arasinda fasulye iiretim maliyetlerinin fazla olmasi, pazarlamada
olusan problemler, sulama problemleri, kirsal kesimden sehire gogiin sonucu olusan is

glicii kaybi, hastalik ve zararli organizmalar ile miicadele gosterilebilir (Bolat 2018).

Cizelge 1.3 Kuru baklagil tiretimi 2010-2018

Mercimek
Yillar Toplam Bakla Bezelye Nohut Fasulye Kirmizi
2010 8 221 554 82 970 11 815 4556900 | 1033811 | 2116000
2011 7780 223 74 417 13048 4464 129 946 254 1923 225
2012 7723 446 85 334 12 193 4162 416 931 740 2 147 875
2013 8 066 462 70 751 12 618 4 235570 847 630 2 605 000
2014 7 438 228 59 114 11 490 3885175 911 103 2 324 461
2015 6 902 896 54 140 11118 3593 042 935 840 2074690
2016 7152 419 52 922 10 882 3595 289 898 197 2354 743
2017 7904 833 53123 9415 3953 099 897 221 2693181
2018 8 879 229 47722 9 065 5144 159 848 045 2 430 652

Kaynak TUIK 2019, http://tuik.gov.tr/UstMenu.do?metod=temelist )

2010 yilinda 212 bin ton fasulye iiretimi yapilirken 2018 yilinda tiretim miktart 220 bin
ton olarak gerceklesmistir. Kuru fasulye iiretim miktarlarindaki artisin nedeni olarak

tretim tekniklerindeki gelismeler ve verimdeki artis gibi sebepler gosterilmektedir

(Bolat 2016).



Cizelge 1.4 Ulkemizde kuru baklagil iiretim (bin ton)

Mercimek
Yillar Toplam Bakla Bezelye Nohut Fasulye Kirmizi
2010 1235 306 19 898 3200 530 634 212 758 422 000
2011 1131986 19 678 3628 487 AT7 200 673 380 000
2012 1190 706 18 406 2 686 518 000 200 000 410 000
2013 1147735 17 826 3235 506 000 195 000 395 000
2014 1035 832 14 927 2987 450 000 215 000 325 000
2015 1079 048 13 856 3125 460 000 235 000 340 000
Cizelge 1.4 Ulkemizde kuru baklagil iiretim (bin ton) (devami)
2016 1080 253 14 489 2919 455 000 235 000 345 000
2017 1163 805 14 746 2673 470 000 239 000 400 000
2018 1225220 13198 2 603 630 000 220 000 310 000

Kaynak: (TUIK 2019, http://tuik.gov.tr/UstMenu.do?metod=temelist)

2017 yilinda 239 bin ton fasulye iiretiminin %65,2’si I¢ Anadolu Bolgesinden
saglanirken 70 bin ton iiretim ile Konya ilk sirada yer almaktadir. Konya bu tiretim ile
tilke tiretiminin %30’unu saglamistir. Konya sehrini ise 31 bin ton ile Karaman takip

ederken 28 bin ton ile Nigde tliretimde ti¢lincii sirada yer almaktadir (Anonim 2018).

1.6 Bitkilerde Stres

Biyolojik anlamda stresi Levit (1980) “canli organizmalar i¢in uygun olmayan ¢evresel
sartlar” olarak belirtmistir (Gaspar vd. 2002). Stresi bagka bir sekilde tanimlayan ise
Cassels ve Curry (2001) olmustur. Cassels ve Curry’e gore stres, “fizyolojik
degisimlere, bedensel hasara ve hastaliklara sebep olan biyotik ve abiyotik faktorler”

olarak tanimlanmistir (Hale ve Orcutt 1987).

Bitkiler yasadiklar1 ortamlardaki olumsuz g¢evresel faktorlere karst maksimum seviyede
tepki verebiliyorlarsa cevresel faktorler tarafindan olumsuz sekilde etkilenmeye

baslamislar demektir (Salisbury ve Ross 1992).



Stres bitkilerde fizyolojik ve metabolik farkli degisimlere yol agarak bitki {izerinde
biiyiime ve gelismeyi etkileyerek iiriin kaybina neden olmaktadir. Dogalar1 geregi
bitkiler strese neden olan etmenlerden uzaklasarak kagimmamayacagi icin strese direk
maruz kalmaktadirlar. Stres bitkilerde {iriin kaybinin yani sira bitki organlarinin veya
bitkinin 6liimiine de sebep olabilmektedir (Anonim 2017). Birlesmis Milletler Gida ve
Tarim Orgiitiiniin (FAQO) 2007 yilinda yaymladig: rapora gére diinyada bulunan karasal
alanlarin yalnmizca %3,5’i g¢evresel etmenlerden etkilenmemektedir (Veldhuizen vd.
2007). Stres faktorleri gesitli arastiricilara gore farkl sekillerde simiflandirilmistir. Fakat
yaygin sekilde kabul goren siniflandirma Cizelge 1.6 1°de verilmistir.

Cizelge 1.5 Stres faktorlerinin siniflandirmasi (Levit 1980)

Biyolojik Stres Faktorleri Abiyolojik Stres Faktorleri
Patojenler Su
Yiiksek-Diisiik
Zararlilar Radyasyon
Sicaklik
Diger Organizmalarla Yaris Kimyasallar

Stresi siniflandiran bir bagka aragtirmaci ise 1996 yilinda Lichtenthaller olmustur.

Cizelge 1.6 Stres faktorlerinin Siniflandirmasi (Lichtenthaller 1996)

Dogal Stres Faktorleri Antropojenik Stres Faktorleri
*Su *Herbisitler
*S1caklik *Funguslar
*Besin eksikligi *Hava kirleticiler
*Uzun Yagishh Donemler *Ozon
*Virtsler *Asit Yagmurlar
*Funguslar *Agir Metaller
*Bakteriler *UV artisi
*CO3




1.7 Kurakhk Stresi (Su Stresi)

Kuraklik, yagislar da beklenen seviyelerin 6nemli 6l¢iiniin altina diismesiyle birlikte su
ve toprak kaynaklarinin negatif etkilenmesi olarak tanimlanmaktadir. Herhangi bir
bolgede olusan kuraklik; frekans, siddet, etki alan1 ve siire gibi faktorlerle degisiklik
gostermektedir (Kémiiscii vd. 2002). Diinya Meteoroloji Orgiitii (WMO) ne gére ise

kuraklik, araliksiz devam eden yagisin azalmasi veya uzamasi olarak belirtilmektedir.

Kuraklik, kiiresel 1sinmanin sonucu olarak bitkilerin gelisimlerini ve bitkisel tiretimi en
fazla etkileyen sorunlarin basinda gelmektedir. Hiikiimetler Arasi Iklim Panelin’de
(IPCC) yaymnlanan degerlendirme raporuna gore bu yiizyillin sonunda ortalama
sicakligin 1.1-6.4 °C artacag bildirilmistir. 3 °C derecenin iizerindeki bir 1sitnmanin ise
karasal bolgelerdeki bitki vejetasyonunun karbon miktarin1 ve karbon kaynaklarini

degistirecegi diisiiniilmektedir (Zhenzhu Xu 2010).

Bitkilerde kuraklik stresinin ortaya ¢ikmasi ise su eksikligi veya suyun fazlaligindan
kaynaklanmaktadir (Mahajan ve Tuteja 2005). En 6nemli abiyotik streslerden bir tanesi
olan kuraklik stresi bitkisel tiretimleri sinirlandirmanin yani sira tarimsal iiretkenlik ve

ekolojik denge iizerinde de biiyiik bir etkiye sahiptir (Reddy vd. 2004, Jaleel vd. 2007).

Bitkiler de kurakliga karsi verilen erken donem tepkileri stomalarin kapanmasi ve
transpirasyon yoluyla su kaybmin azaltilmasi seklindedir. Stomalarin kapatilmasi
isleminde ABA (absisik asit) miktarindaki degisiklikler 6nemli rol oynamaktadir
(Mahajan ve Tuteja 2005).

1.8 Kuraklik Stresinin Zararlari

Kuraklik stresinin bitkide meydana getirdigi su kayb1 ile birlikte bitkide turgor kaybi
olusur (Levit 1980). Olusan bu su kaybina bagh hiicre 6z suyu miktarinin artmasiyla
protoplazmada artan bir dehidrasyon meydana gelir; hiicrede olusan ozmotik su

kaybiyla protoplast hiicre ¢eperinden ayrilir. Stres altinda bulunan plazma memraninda



olusan ¢okme, yirtilmalara neden olarak zarlar {izerinde bulunan hidrolitik enzimlerin
serbest kalmasina ve sitoplazmanin otolizine neden olur. Meydana gelen bu zarar bitki
metabolizmasinin tamir edilemez sekilde bozulmasina ve biiyiimenin yavaslamasina yol

acar (Ozcan vd. 2004, Kalefetoglu ve Ekmekgi 2005).

Olusan asir1 su kaybi sonucu hiicresel metabolizmanin zarar gérmesiyle gerceklesen
iyon birikimi, protein yapilarinin bozulmalarina neden olarak hiicreye zarar
verebilmektedir (Bray 1993, Ozcan vd. 2004, Kalefetoglu ve Ekmekci 2005).
Biiyiimedeki yavaslama bitki yapraklarinin kiigiilmesine neden olmakta ve yapraklarda
meydana gelen bu bozunma da fotosentez iiriinlerinin azalmasina sebep olmaktadir
(Kalefetoglu vd. 2005). Kuraklik stresi tim bu zararlarin yani sira enzim aktivitesi ve
enzim miktarma da etki eder. Bitki hiicrelerinde Reaktif Oksijen tiirlerinin (ROS)
birikmesine ve oksidatif strese neden olur (Walton 1980, Salisbury ve Marinos 1985,
Plaut 1995).

1.9 Bitkilerin Strese Karsi Gelistirdigi Molekiiler Cevap Mekanizmalari

Kurakeil, tuzcul ve jipsli topraklarda yetisen bitkilerden bazilart bulunduklar:
ortamlardaki stres kosullarima adapte olmay1 basarabilmislerdir. Bu bitkiler cesitli
streslere maruz kalmalarina ragmen 6zellesmis yapilar1 sayesinde hayatta kalabilmekte
ve yasam dongiilerini tamamlayabilmektedirler. Strese dayanikli olduklar1 i¢in bu
bitkilerde gerceklestirilen ¢alismalar 1s18inda  bitkilerin  strese  karst  verdigi
biyokimyasal, molekiiller ve fizyolojik tepkiler incelenerek mekanizmalar
aydinlatilmaya calisilmistir. Bu tepkileri 3 farkli baslikta toplamak miimkiindiir
(Boscaiu vd. 2008).

1.9.1 Makromolekiillerin ve iyonlarin homeostazisi

Tuzluluk, kuraklik ve yiiksek-diisiik sicaklik gibi abiyotik stresler ozmotik bilesenler

barindirmakta bu bilesenlerde hiicresel bozulmanin yani sira i¢ dengeyi bozmaktadir.
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Tuz stresine maruz kalan bitkilerde Potasyum (K*) ve Sodyum (Na®) dengesinin
saglanmasi hayati deger tasimaktadir. Bu nedenden dolay iyon dengesinin ayarlanmasi
gerekmektedir. Tuzluluk stresinin neden oldugu Na" stresi de bitkinin kokiinde bulunan
hiicreler tarafindan K* emilimini engeller. Stresle birlikte Na"’nin hiicrede asir1 sekilde
birikerek hiicre i¢inde toksik etkiye neden oldugu bilinmektedir (Hasegawa vd. 2000,
Wang vd. 2003). Hiicre 6liimiinii engellemek igin hiicreler, biriken asir1 Na* iyonunu
uzaklastirmali veya vakollere ayirmalidir. Bitki hiicrelerinde metabolit ve iyon
tasimimlart H-ATPazlar ve H- pyrofosfatazlar ile saglanmaktadir ve stres aninda da

bunlar araciligi ile hemostazda gorev alirlar (Hasegawa vd. 2000).

1.9.2 Koruyucu molekiillerin sentezi

Stres aninda bitkilerin olusturdugu cevaplardan bir digeri ise diisiik molekiiler agirlikli
¢ozlinen maddeler, sekerler, amino asitler ve 1s1 sok proteinleri gibi farkli 6zel

proteinlerdir.

Ozmolitler stres aninda bitki tarafindan olusturulan ROS’un temizlenmesinde biiytik rol
oynayan proteinlerdendir. Ozmotik ayarlayici ve ozmoprotektan olarak gorev yaparlar.
Sitoplazmada suyun alikonmasini saglarlar. Sodyumun apoplast ve vakuollerde

tutulmasini kolaylastirarak hiicresel yapilar1 korumaktadirlar (Smirnoff vd. 1989).

Is1 sok proteinlerinin daha 6nce yapilan arastirmalarda protein katlanmasi, hiicresel
diizenlenme gibi konularda gorev aldig1 bildirilmistir. Ayrica gesitli stres durumlarinda
da sentezlenerek molekiiler saperonlara benzer sekilde proteinlerin li¢ boyutlu hale
gelmesine yardimci olan proteinlerdir (Henle vd. 1999). Is1 sok proteinleri yanlis
katlanmis polipetitleri veya hasar almis proteinleri baglayarak stres aninda

polipeptitlerin yikimini 6nler ve bitkiyi stres durumunda korur (Chiba vd. 2006).

Literatiirde yapilan caligmalara bakildiginda tuzluluk stresine maruz kalan bitkilerde
toksik etkisi olmayan ve koruyucu ozellige sahip katyonin proteinlerinin biriktigi

belirlenmistir. Bu proteinler toplam hiicresel proteinin %12’sini olusturmaktadir.
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Ozmotin sentezinin absisik asit tarafindan yapildigi ve osmotolerans1 sagladigi
belirlenmistir (Singh vd. 1985, Husaini ve Abdin 2008).

LEA proteinleri ilk olarak tohum embriyolarinda tanimlanmistir. Bu proteinlerin
bitkilerin stres savunma mekanizmalarinda Onemli bir role sahip olduklar
disiiniilmektedir (Holmberg ve Biillow 1998). Bitkilerde stres altinda LEA genleri
tarafindan sentezlenen LEA proteinleri su eksikliginin azaltilmasinda ve hiicresel

biitiinliigiin korunmasinda etkin rol oynamaktadir (Sairam ve Tyagi 2004).

1.9.3 Reaktif oksijen tiirleri

Reaktif oksijen tiirleri bitkilerde endojen olarak plastit ve peroksizomlarda,
mitokondrilerdeki sitrik asit dongiistinde NADPH oksidaz, hiicre duvari peroksidaz ve
amino oksidaz enzimlerin etkisiyle olusan serbest radikal tiirleridir (VVan Breusegem ve
Dat 2006, Van Camp vd. 1998). Bitkinin normal gelisim evresinde sentezlenirler fakat
detoksifikasyon mekanizmasi ile aralarindaki denge sayesinde zararli etki gostermezler
(Levitt 1972). Hiicrelerde bilinen ROS’lar1 singlet oksijen, siiperoksit anyonu, hidrojen
peroksit ve hidroksil radikalleri olarak tanimlamak miimkiindiir (Halliwell ve

Gutteridge 1998).

1.10 Heat Shock Protein (Is1 Sok Proteinleri)

1962’de yapilan arastirmada Drosophila melanogaster’in tiikiiriik salgisindan yiiksek
1stya bagli bir protein sentezlendigi fark edilmis ve yapilan deneylerin sonucunda bunun
tekrarlandig1 anlasilmistir. Normal sartlarda hiicrede bulunan transkriptlerin stres altinda
kayboldugu pasif halde bulunan bazi transkriplerin ise stres ile birlikte artisa gectigi
saptanmistir (Ritossa 1996). Is1 sok proteinlerinin molekiiler agirliklar1 genel olarak 7-
110 kDa arasinda olmakla birlikte plazma membrani, ekstraseliiler ve intraseliiler
bolgelerde konumlanabilmektedirler (Derek 2007). Intraseliiler bélgelerde bulunan 1s1
sok proteinleri neredeyse her hiicrenin mitokondri, c¢ekirdek ve sitoplazmalarinda

bulunmaktadir (Kiang 1998, Calderwood vd. 2006). Is1 sok proteinleri hiicrede meydana

12



gelen protein katlanmalari, hiicre dongiisiiniin kontrolii ve sinyalleri gibi birgok yerde
gorev almalarinin yani sira strese karst da cevap olusturmaktadirlar (Li ve Srivastava

2004).

Is1 sok proteinleri agirliklarina goére; HSP100, HSP90, HSP70, HSP60 ve Kiigiik HSP
olarak 5 gruba ayrilmaktadir (Wang vd. 2004, Sarkar vd. 2009).

Molekiiler agirligi 100-110 kDa arasinda degisen HSP100 proteinleri, stres altinda
bulunmasa bile hiicrelerde daima sentezlenen proteinler olarak bilinirler (Gupta vd.
2010, Kim vd. 2007). HSP100 proteinlerinin bitkilerde sicaklik toleransinda Ki rolleri,
birgok arastirmanin konusu olmustur (Hong ve Vierling 2001, Lin vd. 2014, Queitsch
vd. 2000). HSP100 proteinleri molekiiler saperonlar gibi davranarak proteinlerin
diizenlenmesinde rol oynarlar (Feder ve Hofmann 1999, Askar vd. 2007). Dahasi
HSP100, HSP saperon sistemi aracilig ile protein agregatlarinin yeniden ¢dziinmesinde

gorev almaktadir (Bosl vd. 2006).

HSP90 proteinleri hem okaryotik hem de prokaryotik hiicrelerde sentezlenip, stres
sartlarinda aniden tetiklenmektedir. HSP90 proteinleri calmodulin actin tubulin kinases
ve reseptor proteinler gibi hiicre i¢i proteinler ile baglantilidir (Gupta vd. 2010,
Matsumiya vd. 2009, Nguyen vd. 2009, Te vd. 2007). Nicotiana benthamiana ve
Arabidopsis bitkilerinde yapilan ¢alismalarda HSP90 proteinlerinin biiylime ve
gelismede rol oynadigi anlasilmistir (Liu vd. 2004, Queitsch vd. 2002, Sangster vd.
2007). N. benthamiana bitkisinde HSP90 genlerinin susturulmasi sonucunda bitkide
klorik yapraklar ile bodur biiyiime gozlemlenmistir (Liu vd. 2004). Ayrica HSP90
proteinleri bitki bagisikliginda temel rol oynamaktadir (Kadota ve Shiras1 2012).

HSP70 tizerinde ¢ok ¢alisilan ve evrimsel siirecte en fazla korunan stres uyarimli
proteindir. Korunmus iki biiyiikk ana domainden (45-kDa N- terminal ATPase ve 25-
kDA peptit bagi) ve iki alt domainden (15 kDa B-sandevi¢ ve C-terminal helikas)
olugmaktadir (Zhu vd. 1996, Masand ve Yadav, 2016). Bitki hiicresinin sitoplazmasinda
yer alan HSP70 proteinlerinin C-terminal bdlgelerinde sitozole 6zgii (EEVD) motifler
yer almaktadir (Sung vd.2001).
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Gectigimiz yillarda yapilan arastirmalarda HSP70 genleri ¢esitli bitkilerde tanimlanmig
ve hiicre alt1 lokasyonlarina ve sekans homolojilerine gore siniflandirilmistir. Buna gore
HSP70 ailesi; sitozolik HSP70’ler, plastid HSP70’ler, mitokondriyal HSP70’ler,
endoplazmik retikulum HSP70’ler ve HSP91 alt1 aileler olmak {izere 5 farkli grupta
toplanabilmektedir (Li ve Srivastava 2004, Zhou vd 2013, Daugaard vd. 2007).

HSP60 proteinleri okaryot hiicrelerin mitokondri ve kloraplastlarinda yer alirken,
proteinlerin sitoplazmadan mitokondrial matrikse tasinmasinda ve programli hiicre
oliimiinii 6nlemede gorevlidir (Gonzalez-Riopedre 2007, Matz vd. 2007 Ellis, 1997).
Mitokondrinin strese karsi tolerans olusturmasinda gorev alir (Zhao vd. 2002). HSP60
proteinleri HSP70 proteinleri gibi intraseliiler bolgelerde proteinlerin toplanmasina, yer

degistirmesine ve katlanmasina yardime1 olurlar (Chio vd. 2008).

Kiigiik HSPlerin molekiiler saperon olarak istenmeyen protein-protein etkilesimlerinin
onlenmesi ve denatiire proteinlerin yeniden katlanmasina yardimci olmasi gibi iglevsel
ozellikleri vardir (Gupta vd. 2010). Kiiciik HSPler dogal olmayan formlara baglanma
yoluyla proteinlerin termal agregasyonunu onleyerek koruyucu bir islev kazandirir (van
Montfort vd. 2001). Kiigiik HSP’ler denatiire proteinleri korur ve HSP70/90’dan sonra
ATP’ye baglh ayrigmay1r HSP-saperon sistemi ile saglar (Kotak vd. 2007, Liberek vd.
2008). Tiitiin bitkisinde yapilan arastirmaya goére HSP20’nin bitkide hastaliga karsi
direngte rol aldig1 belirlenmistir (Maimbo vd. 2007).
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2. KAYNAK OZETLERI

Yapilan caligmalar gostermistir ki 1s1 sok proteinleri bitkilerde, bitki hiicresini koruma
ve abiyotik stres durumunda protein katlanmasi ve toplanmasi, stabilizasyonu,

aktivitasyonu ve degredasyon siireglerinde kritik roller oynamaktadir.

Cho ve Hong 2006 yilinda gergeklestikleri galismada NtHsp70-1 geninin kuraklik
esnasinda bitkilerde anlamli derecede ifade oldugunu gostermistir. Nicotiana tabacum
bitkisinde kurakligin etkisiyle NtHSP70-1 geninin normalden daha fazla ifade oldugu
belirlenmistir (Cho ve Hong 2006).

Su ve Li’nin yaptig1 arastirmada ise gelisim ve sicaklik toleransina kargi Arabidopsis
thaliana bitkisinin mutant hatlarinda cpHSC70, cpHSC70-1 ve cpHSC70-2 genlerinin
etkin rol oynadig1 anlasilmistir (Su ve Li 2008).

Son yillarda biyoinformatik c¢aligmalari biyoteknoloji alanindaki birgok ham veriyi
degerlendirmemizi ve anlamlandirmamizi saglamaktadir. In-siliko metodlar yakin
gecmisimizde bir¢cok calismanin temelini olusturmakta ve canli bilimine 6nemli katki

saglamaktadir.

Yer ve arkadaglarinin 2015 yilinda in-siliko yontemler ile kavak bitkisinde yaptigi
caligmada 34 adet HSP70 geni tanimlanip gruplandirilmis ve ilgili genler ile iliskili
miRNA’lar belirlenmistir. Belirlenen 19 adet PtHSP70 genine yonelik 27 adet miRNA
oldugu saptanmistir. Calismanin devaminda ise tanimlanan HSP70 genlerinin kavak
bitkisinde kuraklik stresine karsi adaptasyonunu belirlemek i¢in Real-time PCR (qRT-
PCR) analizleri yapilmistir (Yer vd. 2015).

2016 yilinda Altunoglu yaptig1 biyoinformatik ¢alismada ise 21 adet EQHSP70 geni
tespit edilmistir. En fazla HSP70 genin 10. okaliptiis kromozomda bulunmasina karsin
1, 2, 4 ve 11’inci kromozomlar da HSP70 proteinlerinin bulunmadigi bildirilmistir
(Altunoglu 2016).

15



Tang ve arkadaslarinin Physcomitrella patens bitkisinde HSP70 gen ailesinin
tanimlanmasina yonelik olarak gerceklestirdikleri ¢alismada 21 adet HSP70 geni
tanimlanmis ve bu genlerin ABA, tuzluluk ve kuraklik stresi ile iligkili olabilecegine

dair bulgular elde edilmistir (Tang vd. 2016).

Zhang ve arkadaslarinin soya fasulyesinde yaptiklar1 ¢alismada 61 adet yeni HSP70
geni tanimlanmis olup bu genler 8 kategoride siniflandirilmistir. qRT-PCR sonuglarina
ve detayli biyoinformatik analizlere gore tamimlanan GmHSP70 genlerinin soya
fasulyesinde biiyiime ve gelisme gibi hiicresel fonksiyonlarda gorev aldigi tahmin
edilmektedir (Zhang vd. 2015).

Guo vd. (2016) tiim genom arastirmasinda biberde 21 adet CaHSP70 geni
tanimlanmistir ve tanimlanan bu genlerin sicaklik stresine karsi olan cevapta 6nemli

rolii oldugu kanisina varilmistir (Guo vd. 2016).

2017 yilinda iilkemizde yapilan bir diger arastirmada ise Baloglu ve arkadagslari kuzey
yarim kiirede genis bir yayilim gosteren disbudak agacinda in-siliko ¢alismada 43 adet
FexHSP70 geni tanimlamislardir. Tanimlanan FexHSP70 genlerinden 13 farkh
FexHSP70 genini hedefleyen 11 adet farkli miRNA belirleyen arastirmacilar bu 11
miRNA igerisinde en fazla gézlenenin ise miR414 oldugunu bildirmislerdir (Baloglu
vd. 2017).

Diinya ¢apinda en fazla yetistirildigi ve tiiketildigi diisiiniilen ¢in lahanasi tizerinde 2015
yilinda Huang ve arkadaglarinin gergeklestirdikleri ¢alismada 30 adet BrHSP70 geni
tanimlanmustir. Karakteristik yapilarinin incelenmesi ve filogenetik analizler neticesinde

bu genler 3 ana sinif ve 8 alt sinifa ayrilmistir (Huang vd. 2015).

Chenopodium quinoa bitkisinde yapilan ¢alismada 60 tane CqHSP70 geni tanimlanip
karakterize edilmistir. qRT-PCR analizleri sonucunda CqHSP70 genlerinin kuraklik
stresine onemli derecede cevap olusturdugu ve kuraklik stresine karsi rol oynayabilecegi

bildirilmistir (Liu vd. 2018).
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Wen ve arkadaglart 2017 yilinda ise 1s1 sok proteinleri ve 1s1 sok faktorlerinin
Brachypodium distachyon de oynadigi roller iizerine yaptig1 arastirmada 24 adet yeni
BdHsfs ve 29 adet BAHSP70 geni tanimlanmistir. Bu genlerin kuraklik stresi ile iliskisi
ortaya konmustur (Wen vd. 2017).

Bilgimiz dahilinde fasulye bitkisinde HSP70 gen ailesi iiyelerinin kuraklik stresi
altindaki davranislarinin ele alindigi bir ¢alisma bulunmamaktadir. Literatiirdeki bu
eksiklikten yola ¢ikilarak planlanan bu tez ¢alismasi kapsaminda fasulye bitkisinde ileri
biyoinformatik yontemler kullanilarak tanimlanan HSP70 gen ailesi tiyelerinin kuraklik

stresi altinda iki farkli fasulye bitkisindeki davranislar incelenmistir.
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3. MATERYAL VE YONTEM
3.1 Phaseolus vulgaris L. Hsp70 Genlerinin Tanimlanmasi

HSP70 ailesine ait 15 bitkide (N. tabacum, A. thaliana, Vigna radiate, Cucumis sativus,
Sorghum bicolor, Glycine max, Hordeum vulgare, Medicago truncatula, Oryza sativa,
Triticum aestivum, Physcomitrella patens, Ricinus cummunis, Solanum lycopersicum,
Vitis vinifera ve Zea mays) http://pdslab.biochem.iisc.ernet.in/hspir/index.php ‘inden
indirildi.
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Sekil 3.1 Bitki tiirlerinde tanimlanmis HSP70 proteinlerinin bulundugu veri taban
(http://pdslab.biochem.iisc.ernet.in/hspir/index.php)
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Fasulye (Phaseolus wvulgaris L.) bitkisinin genomuna ait HSP70 proteinleri

tanimlayabilmek i¢in hem Phytozome database v11 (http://www.phytozome.net ) blastp
ve hidden Markov Model (HMM, http://www.ebi.ac.uk ) veritabanlar1 ile birlikte

fasulye genomuna ait karsilagtirmalar yapildi.
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Sekil 3.1 Fasulye bitkisine ait HSP70 proteinleri tanimlamak igin kullanilan Phytozome

19

database v11 (http://www.phytozome.net)



#EMBLEBl 4 Sevices R Reseath A Trminng @ Aboutus EMBL-EBI

EBL-ER B 25 Years of EMBL-EBI

The home forbig daainfs N In Focus: Exploring innovetion in the life sciences

- akﬁlfamdata Share your scieniific data

Our unique Search service helps you explore dozens of biological data TSOUTCES. Ty
g nalss” with te vord

”~
-
e

& Findatool § £ Depositdata )

We are EMBL-EBI Y, Data resources %% Research
The European Bioinformatics Institute (EMBL-EBI) is
part of EMBL, Europe's flagship laboratory for the life
sciences. More about EMBL-EBI and our impact. ¥

Explore our open data resources to enrich your Find out about our research groups, postdoctoral
research. Browse data, perform analyses or share your  schemes and PhD Programme )
owin results.

+ Industry ¢ ELIXIR
Access awealth of world-leading training in Explore our knowledge-exchange Industry Programme  We support, as an ELIXIR node, the coordination of
bioinformatics and scientific service provision and take part in translational partnerships and biological data provision throughout Europe ¥
regardless of your career stage or sector ¥ projects ¥
Latest news Our events

Sekil 3.3 Fasulye bitkisine ait HSP70 proteinleri tanimlamak Hidden Markov Model ve
Domain saptamak i¢in kullanilan (http://www.ebi.ac.uk)

Fasulye bitkisi genomuna ait HSP70 proteinleri (NCBI) blastp ile proteinlerin
karakterizasyon sorgulamasi yapild. HMMER (http://www.ebi.ac.uk) ve pfam

veritabanlar1 kullanilarak gerekli olan HSP70 domainleri saptandi.
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Sekil 3.2 HSP70 Domainlerinin saptandigi Pfam veri tabani

Molekiiler agirlik, kararsizlik indexi, teorik izoelektirik noktasi (pI) gibi protein
Ozelliklerini tanimlamak amaciyla ProtParam (http://web.expasy.org/protparam)

kullanildi.
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Sekil 3.3 Protparam veri tabani (http://web.expasy.org/protparam )

3.2 PvHSP70 Genlerinin Fiziksel Lokasyonlar1 ve Yapisi, Duplikasyon Genlerinin
Saptanmasi, Kromozom Yapilar:

PvVHSP70 proteinlerinin ekzon-intron yapilarinin anlasilmasi igin Gene Structure

Display server v2.0 ( http://gsds.cbi.pku.edu.cn/ ) kullanildi.
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Sekil 3.6 Gene Structure Display Server (GSDS, http://gsds.cbi.pku.edu.cn/)

PVHSP70 genlerine ait pozisyon bilgilerinin, kromozomal lokasyonlarinin, intron
numaralarinin ve biiyiikliiklerinin belirlenmesi i¢in Phytozome database v11 kullanildi.
PVHSP70 genlerinin kromozomlari yapilart Map Chart ile ¢izildi. Kodlanan niikleotid
sekansinin %80 oraninda gen uzunluguna ve >80% amino asitten olusmasi gibi
parametreler dikkate alinarak PvHSP70 genlerindeki gen duplikasyonlar1 belirlendi.
PvHSP70 proteinlerindeki korunmus motifleri tanimlamak ig¢in, ¢oklu EM Motif
Elicition araci kullanildi (MEME 5.1.0; http://meme-suite.org/).
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Sekil 3.7 MEME yazilimi ile korunmus motifler belirlenmesi (http://meme-suite.org/)
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3.3 Filogenetik Analiz ve Sekans Hizalama

Filogenetik analiz i¢in Neighborjoining (NM) Metod ile birlikte 1000 kopyanin ¢izim
degerleri gerceklestirildi. PvHSP70 protein sekanst Clustal W kullanilarak, sirasiyla
bosluk agz1 10 ve bosluk uzunluklar1 0,1 olarak hizalandi. Filogenetik aga¢ Interactive

tree of life kullanilarak ¢izildi (iTOL; http://itol.embl.de/index.shtml ).
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Sekil 3.8 Interactive Tree OF Life yazilimi (iTOL; http://itol.embl.de/index.shtml )

3.4 PvHSP70 Ailesinin Hiicre ici lokalizasyon ve Promoter Analizi

5’ upstream bolgesi, PVHSP70 ailesinin genlerini iceren bolgeler dahil 2 kb’lik DNA
sekansi Phytozome database v11 den elde edildi. plantCARE database kullanarak cis
elementlerinin  analizi  yapildi  (http://bioinformatics.psb.ugent.be/  webtools/
plantcare/html ). PvHSP70 ailesinin hiicre i¢i lokalizasyonu i¢in WoLFPSORT
(http://www.genscript.com/psort/wolf_psort.ntml) ve TargetP 1.1 (http://www. cbs. dtu.

dk /services/TargetP/ ) araglari kullanilarak tahminleri yapildi.
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Sekil 3.9 Hiicre i¢i lokalizasyonu i¢in kullanilan WoLF PSORT
(http://www.genscript.com/psort/wolf_psort.html )

3.5 PvHSP70 Genlerinin miRNA Hedeflerinin Karsilastirilmah Tahmini

Daha once bilinen bitki miRNA sekanslart miRBase v21.0 (http://www.mirbase.org )
indirildi. Bitki miRNA’lar1 ve PvHSP70 gen hedefleri online psRNA Target Server
(http://plantgrn.noble.org/psRNATarget) kullanilarak varsayilan parametreler ile
hizalama yapildi. Tahmin edilen miRNA hedeflert BLASTX ile < le-10 olacak sekilde
aragtirildi ve daha sonra NCBI veritabanindan fasulye EST sekans dizilerinin varsayilan

gen homologu belirlenip validasyonu yapildi.

3.6 HSP70 Proteinlerinin Homoloji Modellemesi

PvHSP70 protein sekanslart Protein Data Bank’tan (PDB) indirildikten sonra benzer
dizileri ve 1yi bilinen {i¢ boyutlu protein yapisini tanimlayabilmek i¢in blastp kullanildi.
Tahmin edilen ii¢c boyutlu HSP70 protein yapisinin modellemesi i¢in (3D) Pyre 2

database (Protein Homology Analogy Recognition Engine
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(http://www.sbg.bio.ic.ac.uk/phyre2 ) kullanildi. Fasulyede bulunan PVHSP70’lerin
tahmini protein yapilar1 hesaplanirken giiven seviyesi (<90 %) ve kalint1 seviyeleri (80-

100) olacak belirlendi.
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\0/%

Phyre Funding
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Phyre in conjunction with cryoEM data, please would you let us know and if possible provide a letter of support on your institution's
headed paper.

Many thanks! Contact: Lawrence Kelley
Cambridge 2019 Workshop | Clder Workshops | Phyre2 paper

E-mail Address
Optional Job description
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Sekil 3.10 Protein Homology Analogy Recognition Engine
(http://www.sbg.bio.ic.ac.uk/phyre2)

3.7 Fasulye ve Diger Bitkilerde HSP70 Proteinlerinin Karsilastirlmal Fiziksel
Haritalamasi

Fasulye, soya fasulyesi, Arabidopsis thaliana, Gosssypium raimondii tiirleri amino asit
dizileri PVHSP70 amino asitleri ile karsilastirildi ve karsilik gelen A.thaliana, soya
fasulyesi ve G.raimondii dizileri NCBI-Blastp kullanilarak belirlendi. Karsilagtirmali
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ortolog HSP70 genlerinin fasulye ile soya fasulyesi, A.thaliana ve G.raimondii

kromozlar arasindaki iligskileri MapChart kullanilarak ¢izildi.

3.8 Bitkilerin Cimlendirilmesi ve PEG Uygulanmasi

3.8.1 Tohumlarin temini

Kurakliga direngli Yakutiye ve kurakliga karsi hassas olan Zulbiye fasulye gesitleri
Eskisehir Gegit Kusagi Tarimsal Arastirma Enstitiisiinden temin edildi.

3.8.2 Tohumlarin ekimi ve kuraklik stresinin uygulanmasi

Her iki geside ait tohumlarin sterilizasyonu yapildiktan sonra, Ankara Universitesi Fen
Fakiiltesi Biyoloji Bolimii Bitki Molekiiler Biyoloji Laboratuvarinda hidroponik
saksilarda ekimi yapildi ve iklimlendirme kabininde 25 °C giin/20 °C gece, 16-saat giin
15181/8-saat gece ile foto perdiyodu 300 umol m s stk yogunlugu ve %55-%70 bagil
nem ortaminda 20 giin siire ile asagida igerigi bulunan 1/10’luk modifiye Hoagland besi

ortami igerisinde gelistirildi.

Cizelge 3.1 Hoagland besi ortam1 makro besin ¢ozelti kimyasallari

Makro Besin Cozeltisi
K2SO, 157 g
KH,PO, 279
MgSO,
7H20 24 g
Ca (NO3),
4H,0 47.23¢g
KCI 0.0746 g
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Cizelge 3.2 Hoagland besi ortam1 mikro besin ¢ozeltisi kimyasallari

Mikro Besin Cozeltisi
HsBO3 0.124 ¢
MnSQO, 0.066 g
CuS04.5H,0 0.100 g
NH;Mo 0.048 ¢
ZnS0,4.7H,01 0.1553 ¢

Cizelge 3.3 Son iyon konsantrasyonlari

Son Iyon Konsantrasyonlar
ca” 2mM Mn®* 1 Mm
NO* 4mM cu® 0.2 uM
Mg~ 1 Mm NH* 0,01 uM
K* 2mM Zn** 1 uM
P 0.2 mM Fe 100 pM
PO~ 0.2mM B> 1 Mm

Hoagland ortamini hazirlamak i¢in, 10 L 10X makro besin ¢dzeltisinin igerisine 50 ml
mikro besin ¢ozeltisi eklendi. 1000X Fe-EDTA hazirlamak i¢in 365 g Fe-EDTA 1 L
dH20 i¢inde c¢ozdiirilerek hazirlandi. Daha sonra hazirlanan makro-mikro besin
cozeltisi 1/10 seyreltilip elde edilen 1L 1X konsantrasyonundaki ¢ozeltiye 1 ml 1000 X
Fe-EDTA eklenerek kullanildi. Bu ekleme islemi sirasinda Fe-EDTA ¢ozeltisinin pH
degeri 5,5 olmas1 gerekmektedir. Clinkii bitki gelisimi iizerinde pH miktarinin fazla ve
az olmasinin negatif sonuglar dogurdugu bilinmektedir. Fe-EDTA sicakliga karsi
duyarli bir yapiya sahip oldugu igin asir1 sicaklikta calismamaktadir (Hoagland ve
Arnon 1950).
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Fideler biiyiime kabininde ti¢ yaprakli hale ulastiktan sonra ayr1 kaplara alinarak
Hoagland soliisyonu igerisine, orta derece PEG-kuraklik stresi uygulayabilmek
amaciyla 100 mM PEG 6000 (polietilen glikol) orantisal olarak eklendi ve 24 saat siire
ile bitkiler strese maruz birakildi. Stres uygulamasi bittikten sonra iki farkli ¢esitten
gRT-PCR analizi i¢in, kok ve yaprak Ornekleri toplandi ve bekletilmeden sivi azot
muamelesi yapildi. Ardindan 6rnekler etiketlenerek -80 dereceye kaldirildi. qRT-PCR

reaksiyonu i¢in drnekler ti¢ biyolojik tekrar olarak toplandi.

3.9 Total RNA izolasyonu ve cDNA Sentezi

3.9.1 Total RNA izolasyonu

RNA izolasyonu NucleoSpin RNA kitinin (Macherey-Nagel, Germany) kit protokoliine

gore gerceklestirildi. RNA izolasyonu asamalari sirasiyla su sekildedir.

e 400 pL Buffer RAl’dan biitiin orneklerin {izerine eklendikten sonra
homojenizasyon yapildi

e 14,000 x g’de 5 dakika santrifiij yapildi.

e Olusan siipernatant 1.5 mL’lik yeni tiipe alindu.

e 300 uL (%96-100) ethanolden orneklerin iizerine eklendi ve vortex yapilarak
karigmasi saglandi.

e 14,000 x g’de 10 dakika santrifiij yapildi. Olusan siipernatant atildi.

e 5 dakika kurutmaya birakildi.

e 25 uL Rnase-free su olusan pelletin iizerine birakildi ve tamamen ¢oziinmesi

saglandi.

RNA miktar/kalite tayini Nanodrop ND-Spectrophotometer Lite (Thermo Scientific,
USA) ile kullanilarak gerceklestirildi.
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3.9.2 Agaroz jel elektroforezi

Miktar/kalite 6l¢imii yapilan RNA’lar %]1‘lik agaroz jelde yiiriitiildii. 1 gr agaroz 100
ml 1X TBE igerisinde manyetik balik yardimi ile karistirilarak ¢6ziildii ve yaklasik 3-4
dakika kaynatildi. Mikro dalgadan ¢ikarilan ¢ozelti yaklasik olarak 65 °C’ye geldikten
sonra 5 pl Etidyum Bromid eklendi ve hafif karigtirtlip homojenizasyonu saglandiktan
sonra agaroz jel tankina dokiildii. Ekleme yaptigimiz Etidyum Bromidin RNA’nin
bosluklarina girerek UV 15181 altinda RNA’nin parlamasini saglamaktadir. 6X loading
dye yiikleme boyasindan 1 pl ve 3 ul RNA 6rneklerinin her birinden alinarak karistirilip
agaroz jele yiiklemesi yapildi. 60-80 voltta 45-50 dakika boyunca kosturulduktan sonra

Jel Uv-Translimiinator’de goriintiilemesi yapildi.

3.9.3 cDNA sentezi

RNA oOrneklerinden cDNA sentezi yapabilmek i¢in Roche High Fidelity cDNA

Synthesis Kit’i kullanildi. Kit protokoliine gore sentez 2 basamaktan olugmaktadir.

Cizelge 3.4 cDNA sentezinde kullanilan bilesenler

1. Adim Bilesenler Konsantrasyon
Total RNA 1000 ng
Anchored-oligo(dT)18 Primer, 50 2,5 uM
pmol/ml
Su
2. Adim Bilesenler Konsantrasyon
Transcriptor High Fidelity Reverse 1x 8 mM MgCl,
Transcriptase Reaction
Buffer, 5x
Protector RNase Inhibitor 20U
Deoxynucleotide Mix 1 mM
DTT 5mM
Transcriptor High Fidelity Reverse 22U
Transcriptase

31



1. adim reaksiyon kurulduktan sonra Thermo Termalcycler PCR’da 10 dakika 65°C
derecede inkiibe edildi. 2. adim igin gerekli bilesenler eklendikten sonra inkiibasyon
kosullar1 30 dakika 55°C ve 5 dakika 85°C derece olacak Thermo Termalcycler PCR
cihazina yerlestirilip cDNA sentezi gerceklestirildi.

3.10 Real-Time PCR Reaksiyonu

Real-time PCR (QRT-PCR) reaksiyonlar1 Light Cycler® Nano System (Roche) Thermo
Termalcycler (Sekil 3.10) ile gergeklestirildi.

Sekil 3.11 Light Cycler® Nano System (Roche) Cihazi
(https://www.roche.com/de/media/releases/med-cor-2011-05-27t.htm)

PvHSP70’nin tahmin edilen hedef genlerinin primer sekanslari ve housekeeping gen
primeri Primer3 programinda dizayn edildi. RNA-Seq verilerinden elde edilen
PVHSP70 genlerine ait ekspresyon RPKM degerlerine bakilarak 9 adet PvHSP70 geni
secildi.
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Cizelge 3.5 PVHSP70 genlerinin primer dizileri

Gen Ad1 ileri Primer (5°—3’) Geri Primer (5°—3°) Blé;t?u

(be)
PVHSP70-1 TGGTCCTGCTGATAAGCCAA CCTCAGCAATCTCACGCATC 113
PVHSP70-4 GGAAAGGAGCCAAACAAGGG TCAATTCCAAGGGTGAGGGG 146
PVHSP70-6 ATACTGCCACACCTCCTAGC CCATTTTCAGCCCCAGTGAC 100
PvHSP70-11 | CCAGTGAAACGGCCAAAGAA TACAGCTTTGTTTGCAGCGT 113
PvVHSP70-12 | AACGTCAAACTCGATTGCCC ACCAGCAATCCTACCAGCAT 195
PVvHSP70-13 | TCTCGGTCGCTGCTATTGAT CGCTTGGTTCTTCGTGTCAA 167
PVHSP70-14 | ATGGTTCAAGAGGCCGAGAA CTCGACAGCATCCTCGATCT 174
PvHSP70-20 | AACAGGACGACGCCTTCTTA ACATCACTCTGGACGGTTGT 158
PVHSP70-24 | GGTCACTGTCCCTGCTTACT CACATCGAAAGTCCCACCAC 199
ACT TGAGCAAGGAGATTACAGCATTGG | CATACTCTGCCTTCGCAATCCAC 150

gRT-PCR reaksiyonlar1 birbirinden bagimsiz 3 biyolojik tekrar ve teknik tekrar olacak
sekilde gergeklestirildi. PCR f{iriinlerinin ¢ogaltilmasi SYBR Green [ boyasinin
kullanimi ile gozlemlendi. Yapilan PCR programi asagidaki Cizelge 3.10.2

gosterilmistir.

Cizelge 3.6 Real Time PCR reaksiyon kosullari

Program Sicakhik Siire Dongii Sayisi
On 95°C 10 dakika 1 dongii
Denatiirasyon
Denatiirasyon 95°C 15 saniye
Baglama 60°C 20 saniye 40 dongii
Uzama 72°C 20 saniye

Dimer olusup olusmadigini anlamak i¢in melting egrisi analizi yapildi. Ortaya ¢ikan
transkript verilerinin anlamlandirilabilmesi i¢in 2*CT metodu ile normalizasyonlari

gerceklestirildi. Genlerdeki karsilastirmali ifade seviyelerindeki istatistiksel onemleri

ONE WAY ANOVA yo6ntemine gore kontrol edildi.
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4. ARASTIRMA BULGULARI

4.1 HSP70 Gen Ailesinin Fasulyede Tanimlanmasi

Bu tez calismasi kapsaminda 15 farkli bitki genomunda HSP70 proteinlerinin query
sekanslarindan yararlanilarak Phaseolus vulgaris L. genomuna ait HSP70 genleri
tanimlanmistir. HSP  domainleri HMMER ve Pfam veri bankasindan alinip
degerlendrilmesinin ardindan gereksiz sekanslarin elenmesiyle birlikte fasulye
genomuna ait 24 adet PvHSP70 geni tanimlanmistir. Tanimlanan 24 adet gen listesi
isimlerinin yan1 sira, kromozom lokasyonlari, molekiiler agirliklari, izoelektrik puanlari
(PI), amino asit uzunluklar1 ve NCBI kayit numaralart ile birlikte Cizelge 4.1’de

gosterilmistir.

Cizelge 4.1 Tanimlanan PvHSP70 genlerinin 6zellikleri

Gen Phytozome Kromozom Molekiil | izoelektr | Kararl | Kararsiz NCBI
Adi Adi Lokasyonu er ik 1 hk Erisim
Agirhgr | Noktasi ve ya indeksi numarasi
(Kd) (p Karars
1Z
PVHSP7 Phvul.001G16 Chr001:
0-1 9000.1 43167313.4317 | 713488 51 Kararly 35,16 | XP_00716265
0199 4.1
PvHSP7 | Phvul.002G0466 Chr002:
0-2 00.1 4303859..43089 47892.7 5.83 Kararl 38,41 XP_00715714
35 5.1
PVHSP7 Phvul.002G21 Chr002:
0-3 5800.1 37816115..3781 | 729195 574 | Kararsiz | 4041 | XP_00715918
9661 0.1
PVHSP7 | Phvul.002G3014 Chr002:
0-4 00.1 46357082..4636 | 73421.1 5.08 Kararlt 31,37 | XP_00716020
0857 0.1
PVHSP7 | Phvul.003G1548 Chr003:
0-5 00.1 35968689..3597 71140.7 5.26 Kararl 33,64 XP_00715487
0638 0.1
PVHSP70- | Phvul.005G17140 Chr005:
6 0.1 39489977..39495 95630.2 5.09 Kararsiz 43,84 XP_00715066
214 5.1
PVHSP70-
7 Phvul.006G00 Chr006: 99232.2 5.41 Kararsiz 41,37 XP_00714596
1600.1 297142..308898 3.1
PVHSP70-
8 Phvul.006G04240 Chr006: 86366.4 5.37 Kararsiz 48,9 XP_00714646
0.1 15533547..15539 1.1
250
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Cizelge 4.1 Tanimlanan PvHSP70 genlerinin 6zellikleri (devami)

Gen Phytozome Kromozom Molekiil | izoelektri | Kararh | Kararsizh NCBI
Adi Adi Lokasyonu er k Noktasi ve ya k indeksi Erisim
Agirhg (pD) Kararsiz numarasi
(Kd)
PVHSP
70-9 Phvul.006G170 Chr006: 67091.9 5.96 Kararl 31,43 XP_0071479
200.1 28132067..28134 76.1
238
PVHSP
70-10 Phvul.006G17 Chr006:28136806 88067.8 8.19 Kararl 34,79 XP_0071479
0300.1 ..28139621 77.1
PVHSP
70-11 Phvul.006G19 Chr006:30451542 72525.1 5.95 Kararsiz 41,74 XP_007148
9800.1 ..30455196 331.1
PVHSP
70-12 Phvul.006G219 | Chr006:31824394 73722.4 5.2 Kararh 27,63 XP_0071485
500.1 ..31827536 68.1
PVHSP
70-13 Phvul.006G219 | Chr006:31833892 73660.3 5.24 Kararl 28,16 XP_0071485
600.1 ..31837177 69.1
PVHSP
70-14 Phvul.007G157 | Chr007:38234986 71185.6 5.13 Kararl 32,7 XP_0071444
200.1 ..38238072 51.1
PVvHSP | Phvul.008G011 | Chr008:1050999.. 66051.3 6.66
70-15 300.1 1052908 Kararsiz 40,02 XP_0071392
18.1
PVHSP
70-16 Phvul.008G011 | Chr008:1054575.. 69261.2 7.05 Kararl 36,07 XP_0071392
400.1 1057293 19.1
PVHSP 5.86
70-17 Phvul.008G011 | Chr008:1061203.. 67735.4 Kararl 36,07 XP_0071392
600.1 1063908 21.1
PVHSP
70-18 Phvul.008G011 | Chr008:1075817.. 68993.8 6.28 Kararh 32,14 XP_0071392
900.1 1078521 24.1
PVHSP
70-19 Phvul.008G012 | Chr008:1122247.. 5.09 Kararl 33,98 XP_0071392
600.1 1125176 70817.1 36.1
PVHSP
70-20 Phvul.008G013 | Chr008:1145634.. 71143.6 5.12 Kararl 33,66 XP_0071392
000.1 1148629 40.1
PVHSP
70-21 Phvul.008G267 | Chr008:57824689 84931.3 5.36 Kararsiz 48,14 XP_0071422
400.1 ..57828919 82.1
PVvHSP | Phvul.009G076 | Chr009:12576042 61358.6 7.49 Kararl 35,1 XP_007136
70-22 700.1 ..12579699 815.1
PVHSP X
70-23 Phvul.010G15 Chr010:42049560 93633.1 5.46 Kararl 39,37 P_00713569
0800.1 ..42054779 8.1
PVvHSP | Phvul.011G065 | Chr011:5660904.. 71115.5 5.11 Kararh 35 XP_0071320
70-24 000.1 5663992 76.1
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PVHSP70 proteinlerinin amino asit uzunluk araligiin 435’den (PvHSP70-2) 895°¢
(PvHSP70-7) kadar oldugu goriilmektedir. PvHSP70 proteinlerinin izoelektrik noktalari
ise asitten baza dogru 5.08 (PvHSP70-4) ve 8.19 (PvHSP70-10) olarak bulunmustur.
PvHSP70’lerin molekiiler agirliklarinin 47892.2 kd (PvHSP70-2) ve 99232.2 kd
(PvHSP70-7) arasinda degisiklik gosterdigi goriilmektedir.

PvVHSP70 genlerinin fasulye bitkisi kromozomlar: tizerindeki dagilimi Sekil 4.1°de

verilmistir.
PvChri PvChr2 PvChr3 PvChr5 PvChrbé
.. 1 —— —\ N 0.0 _~ Start
0.0 Start 0.0 Start 0.0 Start 0.0 Start 03 >= PvHSP70-07
4.3 — PvHSP70-02
15.56 —1— PvHSP70-08
28,1~J_|APVHSP70-09 PvHSP70-10
30,5+ L PvHSP70-11
31,8 ~IJAPVHSP70-12 PYHSP70-13
32,0 End
—— PVHSP70-05
37.8 —— PvHSP70-03 39 5~J-L- PVHSPT0-06
40.8 —~ End
43.2 — PvHSP70-01
46.4 —1— PYHSP70-04
49.0 ——End
52,2 —=— End 52,3 ——— End
PvChr7 PvChr8 PvChro PvChr10 PvChri1
N 0.0 Start N - oo
LS B PvHsPr0-15 PvHspro-1 0.0 —f Stan 0L~ St L
1.1 PVHSP70-17 PYHSP70-18
PVHSP70-19 PYHSP70-20
5.7 —— PvHSP70-24
12.6 ——— PVHSP70-22
38.2 ——— PYHSP70-14 37,7 —o—End
42,1 ~-- PvHSP70-23
433 —<~End
51,8 ——— End 50.4 —>— End
57,8 ~— PVHSP70-21
59,7 ———End

Sekil 4.1 PvHSP70’lerin kromozom yapilari
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Bu tez ¢alismasi kapsaminda fasulye bitkisinde tanimlanan 24 adet HSP70 (PvHSP70)
geninin 4. kromozom hari¢ diger tim kromozomlar iizerinde dagilim gosterdigi

belirlenmistir.

PVHSP70 proteinlerinin hem kendi igerisindeki hemde A. thaliana’da tanimlanan
HSP70 proteinleri ile arasindaki filogenetik iligkiyi arastirmak igin, amino asit
sekanslar1 kullanilarak Sekil 4.2°de gosterildigi gibi filogenetik agac olusturulmustur.

Sonug olarak PYHSP70 proteinlerinin 3 ana sinifta toplandigi1 gézlenmektedir.

Colored ranges
R

| B

O mra

(] um

Py, =23
HSP70, 14 A PV'H5P70 2
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20
pu-HSP702 T1G0gqg
‘),5% Pl«H
P:\GGX SP;O
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«° > i, %o
00"’ S % 63)0
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% L8 O3 s
N $ ¥ a
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S 0 g = =} v
& A 7oL
& ~

Sekil 4.2 Protein domain filogenetik agag
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PvHSP70 ailesinin upstream promotor bdlgeleri toplam 94 farkli cis-acting element
icermektedir. Bunlar 33 tanesi 1518a duyarli elementler, 5’1 promoter element, 11’1
hormon duyarli elementler, 8 tanesi ¢evresel strese karsi duyarli elementler, 16 tanesi
gelisimle ilgili, 4 tanesi site-binding elementler ve 14 tanesi de diger elementler olarak

gruplandirilmistir.

PvHSP70-1
PvHSP70-24
PvHSP70-14
PvHSP70-19
PyHSP70-20
PvHSP70-5
PvHSP70-15
I“b PvHSP70-16  m— — .
PvHSP70-18  — — .
PyHSP70-17 = f——

PHSPT02?  e——

PHSP709 & -

PHSPT0-10 -

L T

M PHSPT03 &

1 i i —i—

PYHSPI0-12 M cmimim i

l T L% LR ——
PVHSP70-2
PHSPI0.7 vyt = : —
PYHSP70.6 s i i il

llla PYHSP70-23 e N —

PHSPT0S s — S S—p—

POHSPT0-21 —— G-

Okb 1kb 2kb 3kb 4kb 5kb 6kb 7kb 8kb 9kb 10kb  11kb
Legand:

CDS s upstream/downstream —— Intron

Sekil 4.3 PvHSP70 genlerinin ekzon-intron bolgeleri

Blast2GO gen ontology package kullanilarak 24 PvHSP70 geni fonksiyonlari
bakimindan katogorize edilmistir. Bu kapsamda soz konusu genlerin fonksiyonlari
biyolojik siireg, molekiiler islev ve hiicresel bilesikler olmak tiizere 3 kategoride

siniflandirilmastir.

38



Biyolojik Sureg
Hucresel Sarecg (9)

Tekli Organizma Bagisiklik Sistemi Sureci (1)
=lrect {17} / Lokalizasyon (1)
Uyarana tepki (4) ( :
Coklu Organizma sireci (1) Metabolik Stre¢ (17)

Hucresel Bilesikler

Molekiler islev

5 Hucresel Bilesikler 2.82
Organel Baglantih
Hicre ici Mebran

e NADP ativitesi (16) 272
binding

24 Kloroplast 5.72

Sitoplazmik
Parcalar5.582

Sekil 4.4 PvHSP70 genlerinin hiicresel karakterizasyonu

psRNATarget sonuglarina gére 13 adet PvHSP70 geninin (PvHSP70-2, -3, -5, -8, -9, -
11, -13, -14, -15, -19, -21, -22 ve -23) 44 adet miRNA tarafindan hedeflendigi
belirlenmistir. Hedeflenen miRNA’lar Ek A’da verilmistir. PvHSP70 genleri ile iliskili
oldugu belirlenenen miRNA’larin 24 adet miRNA ailesine (miR156, miR160, miR173,
MiR396, mMiR397, miR414, miR475, miR865, miR1030, miR2108, miR2632, miR4376,
miR5056, miR5298, miR5632, miR5805, miR6156, miR6232, miR6281, miR7494,
miR7760, miR8030, miR8041, miR8748) ait iiyeler oldugu saptanmigtir. PvHSP70-5 ve
PvHSP70-23 genlerinin en fazla sayida miRNA tarafindan hedeflendigi bulunmustur.

Hidden Markov Model araciligiyla fasulyede tanimlanan PvHSP70 proteinlerinin 3D
yapilar tespit edilmistir (Sekil 4.5).
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Sekil 4.5 Proteinlerin 3D yapilarinin gésterimi

4.2 Normalizasyon ve Istatistiksel Analiz

Kuraklik stresi uygulanmis bitkilerde PvHSP70-1, PvHSP70-4, PvHSP70-6, PvHSP70-
11, PvHSP70-12, PvHSP70-13, PvHSP70-14 PvHSP70-20 ve PvHSP70-24 genlerine
ait ifade profilleri ACT geni ile karsilastirildi. Normalizasyon islemleri CT degerleri ve
housekeeping olarak kullanilan ACT (aktin) gen ifadeleri ile gergeklestirildi.
Normalizasyon sonrasi elde edilen gen ifade degerlerinin standart hata, standart sapma
ve ortalamalari, 6rneklerin kontrollerine gore farklilasan gen ifade seviyeleri istatistiksel
olarak ONE WAY ANOVA testi ile gerceklestirildi. Orneklerin ACT genine gore

normalizasyonu yapildiktan sonra ifade degisimlerine ait grafikler Graphpad Prism 8

programi ile ¢izildi.
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Sekil 4.6 Ziilbiye ve Yakutiye cesitlerine yaprak dokularinin mRNA kat degisimlerinin
karsilastirilmasi

Ziilbiye ¢esidi yapraklarinda yapilan analizler sonucunda PvHSP70-11 ve PvHSP70-14
genleri haricinde diger tiim genlerde kuraklik stresi altinda kontrole gore gen ifadesinde
diisiisler gozlenmistir. Bu diisiisler arasinda PvHSP70-1, PvHSP70-12, PvHSP70-20
ve PVHSP70-24 teki diistisler istatistiki olarak anlamli bulunmustur.

HSP70-1 geni incelendiginde, Ziilbiye ¢esidinde kuraklik stresi altinda kontrole oranla
gen ifadesi seviyesinde 6.29 katlik bir diisiis oldugu gozlenmektedir. PvHSP70-1

geninin Yakutiye ¢esidinde gozlemlenen degisimi istatistiki olarak anlamli degildir.

PvHSP70-4 ve PvHSP70-6 genlerinin Ziilbiye ve Yakutiye cesitlerinin kuraklik stresi
altindaki yaprak dokularinda kat degisimleri arasinda yaklasik 0,03°likk bir farklilik

bulundu ve istatiksel olarak bir anlam ifade etmemektedir.
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PvHSP70-11 genin Ziilbiye ¢esidine ait drnegin kontroliine gore 2 kat arttig1 ve anlaml
oldugu anlasildi. Yakutiye ¢esidinde ise 0,44’liikk bir artigin istatistiki olarak bir anlam

ifade etmedigi saptandi.

PVHSP70-12 genine ait mRNA kat degisimlerinde kontrole gore kuraklik stresi
altindaki Ziilbiye ¢esidinde 3,48 kat azalis meydana gelirken, kuraklik stresi altindaki
Yakutiye ¢esidinde ise bu diisiis 4,08 kat olarak gergeklesti. Bu degisimler istatistiki

olarak anlamli bulundu.

PvHSP70-13 geninde yaprak dokularinda elde edilen mRNA kat degisimleri
istatistiksel olarak anlaml degildir.

Strese maruz birakilan Ziilbiye ve Yakutiye cesitlerinin yaprak dokularinda PvHSP70-
14 genine ait mRNA kat degisimleri kontrole gore 2,5 kat artmis ve istatistiksel olarak

anlaml1 bulundu.

Stres altindaki Ziilbiye ¢esidinin PvHSP70-20 ve PvHSP70-24 genlerinin mRNA kat
degisimlerinin kontrole goére sirasiyla 1,99 ve 2,02 kat azaldigi goriildii ve istatiksel
olarak anlamli bir fark oldugu saptandi. Stres altindaki Yakutiye ¢esidinde meydana
gelen mRNA kat degisimlerinin kontrole gore istatistiksel herhangi bir anlam ifade

etmedigi belirlendi.
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Sekil 4.7 Ziilbiye ve Yakutiye ¢esitlerine ait kok dokularinin mRNA kat degisimlerinin

karsilastirilmasi

PVHSP70-1 geninin her iki fasulye c¢esidine ait kok dokusu orneklerinin mRNA kat

sayilarinda kontrole gore istatistiksel olarak anlamli bir diisis gerceklesmistir.

Ziilbiyeye ait Ornekte 3,23 kat diisiis gerceklesirken Yakutiyeye ait 6rnekte bu diisiis

3,42 kat olarak gerceklesmistir.

PVHSP70-4 geninin Ziilbiye ¢esidine ait kok 6rneginde mRNA kat degisimi Yakutiye

cesidine ait Ornekte meydana gelen diisiisten yaklasik olarak 1 kat daha fazla oldugu

gorildii. Kontrole gore Ziilbiye c¢esidinin kok dokusundaki mRNA kat degisimi 4,32

azalis gosteritken Yakutiye c¢esidinde bu disiis 3,34 olarak gergeklesmistir ve

istatistiksel olarak anlamlidir.
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PVHSP70-6 geninin her iki ¢eside ait 6rneklerde kontrole géore mMRNA Kkat degisimleri
sadece 0,08 farklilik gosterdi.  Ziilbiye c¢esidinde 3,17 kat azalis goriilir iken
Yakutiye’de 3,09 kat azalis olarak gergeklesti. Bu azaliglar istatistiksel olarak

anlamlidir.

PVHSP70-11 geninin Ziilbiye ¢esidine ait 6rnekte 3,78 kat diisiis gézlenirken, Yakutiye

¢esidine ait sonuglarda bu oran 2,36 kat olarak gergeklesmistir.

PvHSP70-12, PvHSP70-13 ve PvHSP70-24 genlerinin mRNA kat degisimleri Ziilbiye
cesidinde istatistiksel olarak anlamli bulunurken Yakutiye c¢esidinde anlamli degildir.
[statistiksel olarak anlamli bulunan MRNA kat degisimleri sirastyla 2,49, 2,09 ve 5,04

olarak bulunmustur.

PVHSP70-14 geninin Ziilbiye ¢esidinde mRNA kat say1 degisimlerinde kontrole gore
5,98’lik bir distis gergeklesmistir. Yakutiye ¢esidinde ise kontrole gore 1,60’lik bir

diisiis gorilmiistir.

PvHSP70-20 genine ait mRNA kat degisimleri stres altindaki her iki cesitte de diisiis
goriilmiistiir. Ziilbiye ¢esidine ait kok orneklerindeki mMRNA kat degisiminin 1,59 Kat,
Yakutiye’de ise mRNA kat degisiminin 3,32 kat azaldig1 ve bu diisiislerin istatistiksel

olarak anlamli oldugu bulunmustur.

Yakutiye ve Ziilbiye gesitlerinde PvHSP70-12 genine ait hem yaprak hem de kok doku
analizlerindeki mRNA ifadelerinde meydana gelen azalislarin istatistiksel olarak

anlamli oldugu anlagilmstir.

44



5. TARTISMA VE SONUC

Son yillarda genom diizeyinde yapilan g¢alismalar, biyoinformatik veritabanlar1 ve
araglarinda gozlenen ciddi artis bitkilerde farkli stres kosullarina karsi etkin rol oynayan

genlerin daha iyi anlasilmasini saglamstir.

Gergeklestirilen bu ¢alismada fasulye (Phaseolus vulgaris L.) genomuna ait HSP70
proteinlerini tanimlamak i¢in 15 farkli bitkiye ait HSP70 gen sekanslart kullanilmistir.
Fasulye genomuna ait 24 adet PvHSP70 geni tanimlanmis ve bu genler PvHSP70-1’den
PVHSP70-24’¢e kadar isimlendirilmistir. Simdiye kadar yapilan ¢aligmalar arasinda en
fazla HSP70 tiyesinin tespit edildigi bitki 61 Hsp70 geni ile soya fasulyesi olmustur. Bu
say1 insanda bile 14-16 gen civarindadir (Yer vd. 2015). Bitkiler HSP70 genlerini, insan
veya maya gibi fazla organeli olan 6karyotik canlilara gére daha fazla barindirmaktadir
(Lin vd. 2001). Yapilan diger caligmalarda Arabidopsis’te 18, pamukta 30, piringte 32
ve kavak agacinda 34 adet HSP70 geninin tanimlandig1 goriilmektedir (Lin vd 2001,
Zhang vd. 2014, Sarkar vd. 2013, Zhang vd. 2013).

Bitkilerin genom yapisinin  en Onemli Ozelliklerinden bir tanesi de gen
duplikasyonlaridir. Gen duplikasyonlari segmental ve tandem olarak meydana gelir
(Flagel ve Wendel 2009). Bitki gen ailelerinin evrimi i¢in gen duplikasyonlart ¢ok
onemlidir ve bu sebeple gergeklestirilen tez ¢alismasinda fasulye genomunda yer alan
PvVHSP70 genlerinin duplikasyon analizi de hedeflenmistir. Duplikasyon analizleri
neticesinde tanimlanan PVHSP70 genleri arasinda 4 adet tandem ve 6 adet segmental
duplikasyon ¢ifti belirlenmistir. Tandem duplikasyonlarinin gerceklestigi gen giftleri
PvHSP70-9/PvHSP10, = PvHSP70-12/PvHSP13,  PVHSP70-16/PvHSP70-17  ve
PVHSP70-16/PVvHSP18 olup bu gen giftlerinin gen boyutu, yapisi, protein uzunlugu,
molekiiler agirlik (Da) fizikokimyasal 6zelliklerinin benzerlik gosterdigi saptanmustir.
Segmental duplikasyon c¢iftleri ise PvHSP70-1/PvHSP70-5, PvHSP70-1/PvHSP70-14,
PVHSP70-1/PvHSP70-19, PVHSP70-1/PvHSP70-20, PVHSP70-1/PvHSP70-24,
PVHSP70-3/PvHSP70-11 olarak belirlenmistir. Segmental duplikasyon olarak ise
PVHSP70-1/PvHSP70-5 ¢iftlerinin birbirine benzedigi tespit edilmistir.
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PVHSP70-7 geni 12 intron igerirken PvHSP70-6, -8, -21 ve -23 genlerinin ise 7 intron
icerdigi tespit edilmistir. Bununla birlikte PvHSP70-1, -14, -16, -18, -19, -20 ve -24
genlerinin tek intron oldugu saptanmistir. Gen yapi analizine baktigimiz zaman ayni
smifta yer alan genlerin benzer ekzon-intron yapilarina sahip oldugu goriilmistiir. Daha
once Nurten-Yer ve ark. (2015) ile Sung ve ark. (2001) tarafindan gergeklestirilen
calismalardan elde edilen sonuglar ile bu tez ¢aligmasinin sonuglar1 paralellik

gostermektedir (Sung vd. 2001, Yer vd. 2015)

Sarkar ve arkadaglar1 (2013) piringte 2 adet segmental duplikasyon tanimlarken Yer ve
arkadaslar1 (2015) kavak agacinda 20 segmental duplikasyon tespit etmislerdir (Yer vd.
Sarkar vd. 2013). Fasulyede belirlenen segmental ve tandem duplikasyonlarinin
PvHsp70 genlerinde fonksiyonel yeniliklere sebep vermis olabilecegi ve kuraklik
stresine  kars1t  tolerans  kapasitesinin  arttirllmasinda  yardimec1  olabilecegi

diistiniilmektedir (Magadum vd. 2013, Wang vd. 2011).

PvHSP70 gen basina ortalama cis-acting element sayis1 29,17 olarak bulunmustur. En
fazla cis-acting element (36 adet) PvHSP70-14 geninde en az (16 adet) ise PvHSP70-16
geninde tespit edilmistir. Bulunan bu cis-acting elementleri arasinda GT-1 ve TGACG
motiflerinin daha oOnce gergeklestirilen bir ¢alismada misirda stresle ilgili genlerin
promotor bolgesinde ve tuz stres toleransiyla alakali oldugu bulunmustur (Hou vd.
2016). Bu tez calismasinda ise GT-1 ve TGACG motiflerinin PvHSP70-13 ve
PVHSP70-1 genlerinde yer aldigi belirlenmistir. Ayrica gilinlimiize dek yapilan
caligmalarda pek c¢ok 1s1 sok proteininde sicaklik stresi ile iligkili oldugu diisiiniilen HSE
motifi saptanmistir (Czarnecka vd. 1989). Bu tez ¢aligmasinda ise PvHSP70 genlerinin
17 tanesinin HSE motifi icerdigi goriilmistiir. HSP70 ailesi farkli hiicresel boliimlerin
oldugu genis ailelerden bir tanesidir (Cho ve Choi 2009, Kose vd. 2012). Bu ¢alismada
tanimlanan HSP70 genlerinin 15 tanesinin sitozolde, 3 tanesinin ¢ekirdekte, 2 tanesinin
mitokondride, 2 tanesinin kloroplast, 1’er tanesinin endoplazmik retikulum ve plazma
membraninda lokalize oldugu belirlenmistir. Benzer bir sekilde, daha once soya
fasulyesinde HSP70 genlerinin tanimlandigi bir arastirma da HSP70 genlerinin

yarisindan fazlasinin sitozol de lokalize oldugu belirlemistir.
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Gergeklestirilen bu tez ¢alismasinda; kuraklik (PEG) stresine maruz birakilan iki farkli
fasulye ¢esidinde (Phaseolus vulgaris L.) strese cevap ve tolerans mekanizmasinda
iligkili oldugu diistinilen PvHSP70-1, PvHSP70-4, PvHSP70-6, PvHSP70-12,
PVHSP70-13, PvHSP70-14, PvHSP70-20 ve PvHSP70-24 genlerinin yaprak ve
koklerindeki mRNA kat degisimleri incelenmis ve strese karsi gelistirilen cevap

mekanizmasinda oynadiklari roller arastirilmistir.

Kuraklik stresine karsi hasssas oldugu diistliniilen Ziilbiye ¢esidinin yaprak dokusuna ait
mRNA kat degisim sonucglarinda PvHSP70-11 ve PvHSP70-14 genleri disinda diisiis
oldugu goriilmiistiir. En fazla mRNA kat degisimi 6,29 kat diisiis gdsteren PvHSP70-1
geninde gozlenmistir. Yakutiye ¢esidi yaprak dokularinda ise PvHSP70-12 geninin

ifade seviyesinde diislis saptanmaistir.

Kuraklik stresine maruz birakilan Yakutiye ve Ziilbiye cesitlerinin koklerine ait
orneklerin mRNA kat degisimlerinde kontrole gore diisiis gozlenirken, Ziilbiye gesidi
koklerinde 5.98’lik diisiis ile en fazla PvHSP70-14 geninde gerc¢eklesmistir.

Fasulye bitkisinde PvHSP70 gen ailesinin tanimlanmasi, karakterizasyonu ve kuraklik
stresi altindaki rollerinin belirlenmesini konu alan bu tez calismasindan elde edilen
bulgularin bitki biyoteknolojisi alaninda gergeklestirilecek sonraki arastirmacilara

faydali olabilecegi kanaatindeyiz.
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EK 1 Tanimlanan PvHSP70 genlerine ait sekans dizileri

>PvHSP70-1
cacagtaaaaatcatcaaaaaaatataatatcaaaaaaataattttaattccaatattcatctcaaatatatatgttcaata
aaaaaaatattataaaaaataaaatataaattctctcaatctaaactttcgaaatatctaatatatttatcttaatctaaataatatttata
aatttgaaacataacaaaaaataatcttaaaaactaacatatttaaaattaaattacaaatatttagacatatagattatcatcaacaa
tattagctattaatataacaaataataaaagtaaaaaaatgtaaaacacttatccgaaattgaagcaacccaaatgcatatcagtg
gagacaacaaaaaaggaatcaacccaactcgttgtagataccaaagtacctctacaagcggcggtggaacaaaactcaacac
aatccaacactaaagatctttgtgatcctaaaaggcaaacacacaacttgaaaaatgagataaagaagagagtaactagcagc
gacaaaataaaaaatgcaaactccccttcaatctaaaaagccaaacccaataaacgaaaaaatacaatgcaacaatatagact
atagcgcgacaaaacacaaaaagaataagactaaaccccaaccaacaatgacaaattcttcttaggtttggaatttgcacatgce
aaccaaatgaatacatctttgtcaatgaaaatacaccgttgatatccttgcttattctgggatgcttgtcgtcttgcaatactttcataa
cacaagatacaaacatatgtacgagcataacaattgcatctacgaaacgagttcatatcgaagactccttaaacacttgttttattt
gacaaaccccatgttggatacaacctattgttcaattcttgagccaatttatgcagtcaacaacaattgtttatgatcattgtgcaact
cattatggtttaagatatatcaaggtccctcatttgctagacattttctttccctctagttataccactaaattaaagacctttagtgattt
tgatttcgagcataaggtgtttaatcacccgataatgcatctatttgggatcacccttaatttcatggaaattcaagaaacataatatt
gttttccatccatcttcttaagtaaaatacaaaacttttgcctactatgacaaccaagttgctagacatattgtttcgaatcccatctaa
tatgctttaggttataatatacaatataattggatagatttttttgccttttatccaaatccaaatcctttttttttatagatttgtacatgga
aaaaattatagtatgttatctttttctattcacaatcttgtttttctccecttectcttcttecttttgctattcacatatagcttgcatattaca
attttctagccacgctttaaaataggtgtttatagatctcatatcgtgtgtttttcatactaccgaattataggtataatgtttgcacatg
gttattttatcatacattttttaatcaaacatttaaatttgcatatattttatagaatttattgtacctgatagatagtgaccaagttactgta
aaagtatttatattaatgattgattgaataatttaagtggggaaatgtggtggagggtattgtattacattactaatcacattttggtatt
atgacaggaaattgatcagtgatgtaaacaacaaaagttgttactgacttattgggtcggctcaaaaaagtcgggeccgcetaag
ggcccacgatttggaaaaaatcagatcttgaaacgtgaaaattatgtgtagccaactggcaacgacttctcggactaaaagaag
attctggaaggacttcaaaccctaattatataagctatcatattctccataggtctctattgaatcacagtggtgtctcgetgtggttt
atcatcttcttccttcctctgagatctatcgttttttcttcgacacacgctgaaaaaca

>PVHSP70-2
ttgcaaacatctgaatttaatgaaaaaaaatatagattaatggatttaattgatattgcctaattttgactaaaagaatact
atttttaaaaaaaattgtgcatttggccatttatgtaatactcaaattgaagtacagcattttgataaatttttctttaaactatcttcttca
cattttgagtgaagaaaaataaaaagtaaatcaaattagctttttaaacattaaaactagtttatgttaatttgtaaaataattttgtata
gtttttaattcattaaattatttattttctaaaactgtttaaagatttttatcttaatttatctcgcaaaaaacttacttcaatatttcacctatt
gttaccttgtcctgtaacaaaatttctacatataactggtcttaaataaaatattatattataataaaataataaattatttaagtgtaaa
gtaaatatagaataatgttattggtgttgaataagaaagatctagaagagtccttggtaatatttatagttttaaagtacctctggtga
gataatatgttagaattattagatattatttagttttattatgattttgttattaaaagtctcttaaagaattaaggagggaaatgtaagtg
aatttaaattattttttattttaacttttaaaatatgtagaaacaaactctcaaatgaaatgaagagctaaattaggatgagtatttaaaa
actacttttcattttaaccgactacgttaatcttcttaattgaaaccgttaagataaattattaaaatcaaccattattttccattataatttt
attattaagagattaaaaaaatatttaaattatttaagactaatcacaattagaaataaatggtatgttataagtggaataagaattaa
aaatgaatgtgatgtgatagattaaggagtgtctagaacttcagcacctttggtcattttttttatatgaacggttcagtttttgcatctt
attcgtttagttgttcagtctcagtgaaatcaaccgttcatcacattttattaaggaaataataattatcaaattatatgcaattattgtat
acaatattgtactcaattatatgcaacaattaatttaataatgatagaatctcatgattagtatcctacctaattagattgtaatttgggg
agagaaactcctatggggagagaaactccctatatatttcctatagatgaagtgatgtaatacacacataagagaataagaaac
atctcttcttcttaccattttttttatcattttcttatacattttgttgttttgttgcgttgctcagttttcacctcttcccaatcatcaataacttc
atttttcttatgatatctcgttctattttaattgttaatggaacaatgtaatcattatcttcattctcacaatcacactaccaactcagttta
cttgtttaggctttgaaattggaaaaaatgtaaataaagaaaatagttatttgaattttatctttgcctcttttaacgttattcttgatgat
gatcatgctacttaactacattagagaaagagattggttgttaggtttcatagtttaactaaactcgtctgtgacattgaaatagatg
agactaagttgacggtttattacgtatttttaggaaggataatgcatgatagatgcaagattttgttgtggattgttttagttacatattc
tagttattcgcttgaagtgtacatcctgcgaggaatgtatttcgtgtcttttcaccctggaatttgggtttataattgttcttgttcctgg
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atacttttaacccttttttttgaattgtggtgtgatacttatgattatatgaatatatgtgatgctaatttacttctagaagcgttattttcag
atatatcaaggaaagtgtagtttaaaaaatgtaaaaatgtagaatgtatggataaacctctattttctcttatcgttcaaacacaag

>PvHSP70-3

tttaggagtgtttatcttgttggtgctccaaagtgtcgatttcttcaacctttgactgataaaatcaaattgaagctagceat
cttggaaaggtaaatctcttagcataatgagtcaaatttagttggtcaatacgatgattactagatttctagcttatagctttaatatgt
ataaatggcctatcacttcttaaccaagttgagcaatggtgtcaaaattttatttggactggtgatattctgaaaaaagacatagtca
ctgtgaattgggatacaatttgttctcctcttgagaatggaggtttgaagattattaatcttcgtcatgaaaataatgtatatcttcttaa
gcttgcttgaaattttggttatagcaacatgecttggtctttgttcttgaaagtcatggtttttaaatcaaaatacgagtttagaatggtt
tatagatcctcttctctttggcctaaaattaagcagttttattttaatatacttgattatacttcttggacgattggtacaagttcttctatta
atttatggaatgataaatgatgttctactacttctttagcaaatattgtagagttatctgctggtgctagcatttcggattcagtctctca
gttttggacaggttgtgattgaaatattctcttatctttacagcagatgcctcacttttttaatcatatcatggttagggaggaataaga
tattcctaattggattctagatgagtatggttatttctcttttaaatcggctaggacttttttcttggaaccaggagttcectgtgattgg
ggtaaattcatttggtcttcatctattttgtcttccaaaactctagtactctgaaaagtttttcattggtgacttcctacaaatcaacatat
tcataataaaggtttgcatatatggtctatgtgtatgctttgtgaaaaacatgaggagcctattcaacatttatttttttaatgttctaatg
cttttcatatttggagttgggttcgactgatctttcttacttctcattttttgtagaacacgtatcggtgaaatgtctcattcaaaaaatat
ttgttggatttctgacaattctaacacgattctaatacaattttaaaaaaatattaattttctaaaaactcaaatttattgtataaaattttat
tatgattatagaaataattgagaaacatctttttctttcaaaaaaaacctaaacatgcttatgtacataaatatttattatcaataattcat
aattatataatatatagatttgtgttctcgttcctacattttagagattatacatatcttcgtgtctatgtggtatcagggtttatactacat
aaaataaaaattaatatttaaaaatatatcaataaaaaaataataaaaatatatttctacatacaatttcttggaaacatttcggacaa
atttgtgaacatacataacataaaaataaattacagtattttttatgaaatattgtttaaaattaataaacaagggtataccgtgatgaa
actttttaaaatttaacaaatacaagcgagcaacatattttttagttgtatttgaaatttaaattaagaaatgaacttactcctaattttat
aaatattaagtaatagactttaattaataattaaaaattgagaaaataaattacgaatatgtgttgggttagttgcctaaatttatattca
catgcatagtttttgttttggttttgggtcgttgtctaaaaattacttttgtatatatataaaaaataaaaaataaaaaaatttcacttttgt
gtatcttgaagtacacgaaatgtatacgtatacgctcatttcaacctgtattcatgaccactactttcgtcagcacaaaaccctaaa
ccctaatttaaagccaaaccaaaccaaagcaacccaaacccteccctcetctatcgeccaattccacaccctttgtttcactatttee
aatttgcc

>PVvHSP70-4
atacaattttatataatttcctatattttatttaatttcttatttttaaagcaataagaataaaagagaaatcataatcttacaca
tttttacactaaattttatatataaaataaaataattttaattttcgatcactacattttatttttttattttttaattttaacttctttaaaatgattt
ttatatatgttacaattctatcatataaaaattaataaaaaaaacatccatacagcgcaacgaccgtgectgtatttttaccagtaaa
cataaaggaaaaggtaaacaacttctctatctacagtaatatttttactagtgatatttttattagtatataagttatcactatttagatta
aacatatccttaatcattaacataatttatattgtttttagttgatactaaaaatttaatttatgtttactgtgtgcgtttgtgtttttgaatatt
tgatatctaataattattttttaagattataaactacaagaacactttagaattatatcaaaataatatatattaaaagatacactaaacc
tgtgtataattaagatttagttatttttaatcctttatttctaagatatttagtiggatatagatacaatatttttttacttacctttaaaaattta
caatgaaaccttaatatacttttgaaataaaaaaaattatatcaaaattccactaacatgtgaatttgaaattcatataaaaaaatattt
caattatctttgttagccatccaattgaaaaaaatgatacatataaaaataactaataaaaatttagaacaaataaattaaaattaca
atattattggtataattagaaaaataaatataatcgaatcatatgttatttacatatgcggtatcacataacctttaataaaaaaaaaaa
atccatatttataaaaatcttgattaaattgataagtgggtttggttgaaataggaaccaattcattctaatgtttttaattagatttcaat
taaactgtcaaatcgattatgaccaaaaaatgaatggattaaagggtccaatccattgaccaaaaaaataagttttttttgttataga
tttctttaagatatttgtaattactaatatatattttatitgttattgttgaacttaattcatatgtattaaatttgttggttttatgtatggcatg
attttgttgtatgatattacttatgagatttaaattttataaatttatttatattattttttatcaattttctttcgtgtcttatatttttatgtaaaaa
actaaaataatattattttatttaatcaattcagatgagcattaaaactaaatattttagcgtctgttccagtcctgataactaaaaaaa
atcacatactaatgccttaacactaatttgaaattagtataaaaaatcaaatttcattttaattttaaaaaagattattacagctatacta
ttttaaaattaaatttaactaaatactattttatactatttaaacttcacaaaataagcagatgaattaaatagtaaataaatacacaaa
atatgtttagcactaacaacaacaacaacttaatgtaatatgagtaataagacaataattaacagcgatagtagatggaagaatat
actagaggttaacgaggtcatcaagatggacggcggagatattcccaacacaagaacgaatgctattggctggagcaagcaa
ttcccgaatcctgattggtccacgtcatcatctatgacatgttttagegtcaagcttagttaggttcaggaaaagaccaggcttcge
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tagagtcaccattcatcacacactacataaaaggctcgtcgecctegtgecatttccaaacaccaaaaccatttaaacgctctttc
accttcaatttcgactcgaacattccaactgaaatcgttatttttcttcagaggaagagaaagagagaggaagagtgagtgtgag
agacagca

>PvHSP70-5

agggtgatgattagacagaggtggaggtggaagaggatcatcaacaatatgtccgtcatcgtegttattgecttcatt
atgagattttggtgagggcattgtgggtcgatagtgcatgaattatgttgggttatatgcaagaggaggggtgaatgctgaagtt
ccaaaaatatttgacgaagtggaaaaagtacccgaatgagaaggtaaaaaattatacgtgtaagaaatctgatggtgtggatga
tgaagtgaaaggtggcgaagatgatccatgtgtgtggatgtggatggtgtggaagaccegaatgaatggattgatcaacatca
aaaccatgaccataagaaggaaaccctaaaggcggttgtggttgtggttccatgagcettctatatatttatgtcttaatttattttattc
aactaacaacctaaattaaccaacaacaaatattcctccttaaaaatttatttaattaatttaaagtattacctaacttactattcaatttt
aattataattaaacaattaatagtatatatatatatatatatatatattgaaaaacaataatttcttttaaaaaataaaaaataaataaatt
ataacattgacaaaattgtgccaacttgacacgactttagattaatgtggcaaaaatcatgtcaacttcacacgacttaaggttga
gatgacaaagttgagccaaagtcgtgttaaattgatacgacttctacatatgaagtcgtgtcaaattgatacgacttatcaaaatttt
gtatttttttaaaagaagttccattttagtaaaaagaaaaagaaccataatagtaaaaaaacattatatttaagatattatctactttag
aactcaaaactctctcataattttattattaaaaaatatcaattttattcttaaaatgtttttatagattaaaataatataaattaattttattct
taaaagatgtttttatacttagtgataagaaaaagaaaaataaaaagaaagtggaaatggatattgcggatgaatattaaatgetg
agtgatttcatataagtttgcagctttggatattagttaaaaatattacgtatatgtttaatagttttaaaattatgagttatttaaagcatt
agaatatttgaaggtctgagcacatgagcttatggaagaggaaaatccaaaacttgaagatgatgttattgagatgagacgatg
aatagttgtccttcttctgcattctagtcattgcttttcattttacaatcetcctectttcaacacctgttttaccaaccaccgecccteca
actctttaattccaaggatttttttatactctcttctaataattcaaatattttttttttttctgtatatttaaacatcaaattaattaaagttgtg
tcttcttgattaataatataacttatttattttgttacttttttgaaattttatctatttgaaataattaaaagataatattgcattaaattaataa
aatttattcaattctcccctcctaactagactaaataataaaattaaaatgtactttcagagtaattaacgcagttacataaacttacat
ttggataaaaaatcttctattttaaataattataacattaagtacttcattattggaatgtgaacatatatatattttttaattattataaaaa
ttaattgtaaaagaatatgaattaagtggctaaagaaaataataattttggattcatcattcttttcccttctggaatgttaacgaaaga
atccagaagagtctaccacgctctcaaacattctccctccaaattaaccagtaaattctggaactcactctetgcetttgtaactget
actatataaaccgctgtggctactctctctectcactcataatttgtgcacaatacaaactgctctacacacaacaaatatctccaa
ctttcagagttttcatttctgttagaaatcctgtcatca

>PvHSP70-6
ctttgtttggtataacttattttactatttaagtatattgatttcatgaagattatttgagataatttaaagaaaaaaagaagtc
atgttaaaaatgaaaaggaactgagagttttgaaaatattattttttgaatgaccagtttaccctatgtaaattctctatttaaatttttttt
ataataattatatttattaagtttctttttataacatcactttaatcacaagtttagagtaagtttaagacttaaaaaagtcaaaactcatc
atatattactaaatgttttattaagtttttcacaatataaagcattaatttacgtgattgaaatcattagtgaagttaatgatatattgtac
gtatttttatatcaagatcacttatcatctaaaatcttcaatttcacacgaacatcgttcacattccttctgttgttcaaaataatgataca
attatagataattgaataatgttataaataattaaaaattacctaatagatattataagatttaaaaaaaagttaaaactataattttttta
aaaagatatttatcaaaattatattatattaaaattttcataatttaaaaattgactacacaaagttcccaaatgagcacttataaatcta
tatcgacaaactgagaattgatagaaaatttattcatctatatatgtcatttctatttaaacattaatttctattaaaaaaaatatatttaa
acattaatttattcatttatgtacattatttttatttaaataataattaaactgtactataaagacgaacctgcacgctcacgtacactata
ttgcttaattatttaatttttttatgagagaaaaacaatggataacatttatagattaataaattttaactgaaattaatttatataaaaaaa
atcactgcatactttttaatcacaataaaatttatttcttgaatcttattttttttgttttcaccctgactttgtggaagatttaaaccaataa
ttttataacaagaatatatatagttttgatttccttaatttaaatttaaccatttagttattttgtttigtgagattttttttgatggaattggaa
ctccaaaccgagtgtagtaattgtgaggagttattaagtaaaaaggccgaaccgaaagccgaaagaggeccagttggagggt
tcaaaaagcaaaaagaaggaggaagagatccgagtaatggatgtttctagaaggttagaggattctccagacatctctgggac
caattgagtggagcacgtcttttgtttcgttaaaaactgggaatttaagaagtgcaaaggtcacaaacacaaatattaaacacaaa
cccaaaataccacaccggccccagaccaaactaactcaagagtcactccctctactctctctagecccctttattaggattgttce
agaacctctcaaaaccctttttctcattctttctctctgtttttcgatcgecttccactggtaaaccctatttectctttecttagatttetct
tccttttgectctttttctcatagatctgtgtetectecttaatatatccatgeattttctetgcaattaaggtttatgttaccgectcttgaa
ttaagaggaggtttttttgttgtgttcagtcttttgcttgttgectgaatttatgaatgttaaactgcagttttgttgggaagtgtggaat
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gatttgatctccgaagcttggtttatcatgcaagatgttgttttgtttctttttcaagatgatattttttttaaatggaatttgtagtgctga

atgttgtgctatcgacgttagaatgtatttgaataactgttgtatttgattgttgctgctgtgacagtgcatgagttggtattctaggea
tttttattttaagggcaagaaattgtgttgatgtgacacgggacttgttttgttttcctccatcaggtatttttttggacttagagatcaa

gcaaaa

>PvHSP70-7
ggatgggagttggatttgctgttggcettatggggagtgtgggcttctttgttcctcaacacagcatggagacacaaat
atgttctgctcttggatcatgttgcagattggctttacgtgtttatagttctcaagatcaataaatttgttagatgaaataaaacagaaa
tatttccttcaacattttttgtcattatgttggaattatattactttcttcacatacctagagatggtataatatcataatttaatttgtagtat
gtattcaaaatttacgttttattcagtatttttttttcttcaattgattctctactgtatgatgttgccatcatttggatgtgacatgactctta
tttcccattgtaattgcttacatgtttgtacatgaaaaaatagaaaatgacttaattaaaattttaagttcatcgtaaatttaagtatttct
aattaaatttccaccaaaatttccactctattaaatatttaatatatttatattttaattaaattattgctttcaattgggttatcatttaatttc
atagtctccaaatgaacttgaacaataagtagaataccatcaattttgtaaattattttttattttccaaaaattcttaaacaatgataatt
aaaagtaagaacatgttatctcattgtaaaattaaataataatagcttaattgaaaaaatgtaaaattttattatgttattaaaaaaagtt
tttaataaaaatttaattaaaaatatctaaatttataataaacttaacattaattaaacttcttttatatacacatatattattttggttaattta
cctttttgtgttatttatatctaccaccatagacactaaaatttctgcttaagatgttttacatttttccatatttaagtacatgtaatacata
tatatatatatatattttaaattttctttatttttaaatcatcttttgatatttgaaaattaaattttataaatattataaaatattttttatatattgt
aatttggttctttgaaatgttacaacaaaaacttttaaaattagaaaatttcttaaaattgtttatagtttttaaaataatataaaataaaa
caatatatactttttgtgcatgtatacctatatataaaactatatataaagagaattttttactataatgttttttttatataaattttttttcga
ttccacccttatttaatatatttcattttattaatacaataattattttttaattttttaaattaatattaatataaaattagataataaaaaaca
tattctcatttatttctatactaaatttcactttatatagcataacctttatttttaatcactttttacaatttttttttatttttcattcaaaaatta
atctatatgtatgttacattcttattatcatcgtgaaaattaaaaaaataaaataaaataaaatgtagatacacagaacaaaatcgttt
gagtttctgtatttaataaatggaaaagtgcgcagaaaaatatcacccttaaaaacatttcaaacgtgttaaaatgtgaatttttaag
atcagtttgtgattttcaagttacatattaactacagaatacaaggttagaagcgtcatttcttacactcttgactcagcgagaacctt
cagcacgcaggagtcaataacaacaccacacaccatctcaatttccgccacgtgtacatttcgccacgtgttttgttttcagtggt
taaacacccttcactccgtcacactttgtcccgtacaataaatctgctagcagagcaaagcactggcetcaccactaccgttacttc
caattttattattattattattagtattactattattattattaattattaaactcacttcactgccaccaccaagatctcgcttccgttttcc
ccaaaacatattcacataatattccctcgctttctcggeggtcaaacgecgcattccgtcggaaaa

>PvHSP70-8
tataaaattttatgtgtgttgagtgtccaatgattatatatgaacagaggtacaatatcaatatgatttgtatacttctgaag
gatttgaaggttatcttgagaattgattgattatttattaattatatccttatagactatggccagaagaaattgatttcccctaaattag
aaagaaagcaagtcatttcagctcaacaatttgaaagggaagtacaagtaggtgcaaaatgttttatgttttttgcttatgatataga
tgctgataactcacaaaaagatatgtttgtagttcaggagtttatgaaggtatttcctgatgagacttccacctaaaggagaggta
gagtttgcaatagatctaattctcgaaggaagtcttgtgtctgttgcttcatacaaaatgacattaattagctaagttgaagaagtag
ttagaaaatttattggagaaataatttatttgatctagcgtttctctaatggaaactctagtgttattagtgaagaagaatgataattca
tcttgtagatgcgtagattacgcatatagatatggtcaatattagattaaatcaatattagatcgtatgaatgtaagtttcaaatgata
ctattgagttaaatatttttgagttaaatatttttggaattaatgtttgatgattcataaaatttatgttttcttttagataaaagtaagttag
aaatgagagtaaacaattcttcaagcatttaaacctaataaagaattaaattttagtatttattttgtaaagaaactattttttagttttga
atgtaatatagtttagatttaagtaaatatttgaagaatatatattagaacctctttattcttgcaggatataaattatattcatacatgta
aagcatataacagatcataatagtatagttttacaattttgattcgtttcggatataccaacatcaaattaaattgagctacacaattta
acaaaagaaaatgagtccaattattgtatttttttaaaaaaagtttgtttttggattttaattatttttggaccagtttgaatttaaacactc
ctattagaataaattaaagtaataaaaaatattttataaatattaaaatcacttcaagttagagatataagattagaagttaacaaatta
atatattatatattgaatattaatactttcattaaaataatactgtttattattcctgtattaactatttccatcccaccctttcatcttctttctt
gaatgatagggtataaatgcaaaaccctcttttacaaatatgaccccaaataaactcattattctcatatttggegtcgttgetgceatt
ctgtaaaaaaccctgcttcgtgccattgaaataaagtgaagatttctctctctetctctettegtattccatcttcgtcaccactcgea
ctatgcaatcccaaattcttcttgattctacaacccgtaaggtatattcctttcttegtttctetttaattcagattgectcaatccactttt
tgttagcttatgttgcttcttgttacattcatagcattgccctctttcaccecctcaattttttcttgaagcggaggaaaattcagctgaa
aaatagcatttttactaatggggttggcacaaattgttggtgccccttccccgcettcatcattttccttcccggegecccececteccttt
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acttttgttcctgcttgttggacctgatggaaaatctaaggaattattaagaatagagggtgtttagtttgttagtgttttcattttttttttt
cattttgatgataaaaatttatgatttttctataccttgtgttttcttttgcagtgatttgtggtggagectaggtttctgggcttgtttttcg

gaatcttgtgaagttttggatttgggggggtgttggttgagtagagtgggtgaattggattggactaattggttgaagtttggtgea
agtgagttgag

>PvHSP70-9
acgaagtcatgcttttatgtcacaactttttaacaaagaaaaattaaaagaatttttttctgataattgttgttattattttaca
aaagtatatctatgtttccatcaataaataaaatatatgtatatatttatatatgtcaaaccatgtaatgtagttttaagttggcttatata
gcttgaacattttgttcaacgttgaaaattgtgaggaaaaaatatggataaaatttaatattictttaatatctttgaaaagataattttct
tggtctaagtatttatatgaatacctaattttgtgtatacgagaacattacctaaaattcagagtaataacacaagtttattaaatatctt
gttaacactttttatttttattttcatcttatagcatctatcacattttcattttttttttaatttagaattaagagttagatattgatgagtgagt
ttttgttgtttaattaaatagccaatgaaatgaatcccttggaggagaaggagtcagatggggtccatcctaatgactttagggtat
cagggaatcttagttcccctttccaagaccctaacctatctataactttttttttttcaatattttttatcctttccatgcgtaatacattaa
catctttaaatttatttaattacttttacctgcaacacatatccaatattatgtcctttcaacagatttactgaagttaactgaaagcgaa
aataaattatctttaaatctattaatttgatgagaaatgtgtataaattagtattattcagatctttgatgatatatattaacaaaatataat
tatgtctttttatttttgaaaagttattaaattacaatctaaatatgaaaaatattaatattaatatttatatatatatatatatatatatattta
atataataacaaattgaataatcacatataatattaaaattatctaaatatataatttaactataaaaaatatttaattatattattaataaa
attaaataataggaactaataaaataaataataaaataaaaaattaattttaattttaattttaaattcttttaattaactaaattttacata
aaaattactcatatttaatttttttatacacaataatattttacactaataaaaaaaaattaaaatattttcttaaccatcacataacttacg
tactttaataatttttttctcacgtattcataataatatactcaaattcaaattgactcaactttcttcttaaatcctcacgttttcacgttttc
actttcttacgatctcaatttttcacttttcaatttaaacaaaacattaattcattattatggatttatgtgaattgaaagaataaaaaatta
attaattcatctaatttctattatcaaaattgaaatcacctgcactatatttaattaatttgatcgaataaattttattttattttaaaaaataa
cttgtaaaatatatttaaaaatattaaatgtaaggaataagtttatgaaaatgtatttaaaataaaagtattataaaaactttaataaaa
aaaagttatacttcaggataaaaatatattaaaactaatactgaaatttaacttcatcagtttcataatgttttaaaattgaaaaatatat
attcacaacatgttcttatatataatcatgtttctttttctaaaatttcgatttttttattataataaaaatatcatttttttacatcttcaattag
agattctataatatagcagattttcaatatatcattgatatttaaaatttagcctacaaatttaatcgtaccttcctagaaaaaacctcta
agaccataactttctttttggtgtctttaaatacagagacgtttcacttctcattcatcaaccacaattttacactttagtacccattttcc
tctgttctettccattceectgtttgtcactcagaaagtgaaactaagctcttctcatct

>PvHSP70-10
ggaaaataaccagaacccacacgaccaaaagggcagggggaaaaaacaaaggtgaattcaatgaatggatttgt
gtggttgtatatccaatcaatgaaatattgactccttagctaagaagtagacaaagtcgaaaaaggaacctaacttgctaacctct
cttctgtattttagcgaggactttgacgatggaaaatgttttaatttggaaaagagagttgtttggatgatggtgtgagtgaaaaaa
aaaggagatcagttttcttgatcatctattaagttgatgagttatttttcttaaacatctgaatttcacagattataatactggacataac
acataatttttgttatttttttaataaggttatgatatcttaatagtattgatgtcaacatgcgctattcaacaaatcaagaatttgaaatc
aataacaaaaattagtaacaattgtgtttcctitaaaacaaaaaataacgtatttaactaaattagttgtatgtgtcaatatctcttctct
ccatcaaattgctcaaatagaaaataataaatattttctttatatatatatatatatatatttatttttattttccttttattttaattaatcttattt
caattataacatataatctagtggcaataaatcaaataattttttaagactaaaaactatttttttaattgctgaaattacaaaataacac
aataaccagaataaattaataaaataaaatattaataaaaataaattaggaaattcataataacaattaaaaaaaaattatgttataat
tgaaataagattatataaacggaaatatattatttttaaaactattgttctaacttttccttttttaaattttatctattataatactattacag
agaaattacacttcatggtaaattttatatatatatatatataaaatataacggcatctattatattgtttctattaatacttctatatttttat
tataatattatcagtacttaatatattatataaaataaaaaatattaagaatgaataaatatatttaaatttctttatcatttttaattttttaa
atttaaacaatcttatcttttagtatttttttacccgagtccaaacaaaaggagggaaagcaaattcaaagaaacatgaataatacg
aaagaaggaattacaaaactttacaagattaatctctacatatcaacaagtaggaattatttttgttagaggtttaattatttttttcattt
ttaaagttacaaatttattttcactaaattgtatactaacttttttctttgtatattatattattgtattttagttcatatcattgtaatatattttc
aattcctacaataaagattaaaaagtgataaaaaaatatgtgaattttttttaattaaatctttcatagataagccgttactttatagtgtt
agttcctatgaagcttagacacttcttttaaatgacgtgtcgaatactcatatcgctgacactcgtattatacttataggacacgcat
ccgtgaagtgtcaaattcaaaaagtatttattgaatttctaacaattataatacagttttaacacaatttaaaaaaaatacactaatatt
ctaaaaactcatacttacgacatatatttttattatgattataaaaataaaaaacaaatccatatccatcaataaaaacatttttctgcta
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aaaaataatttaaaaaatacttatacacatataatatattagctatgattgtgaaagggccttgtgaaagggcctttttaccaatcca
atccatcattgcctttgcctttgccacaattttcttgacgttgcttaacaagcaggttcccaaactctgaaatcaagggtttctgaaat
tcatctattacattcttatatctatagatatatacttacggttcaagtcatctcttttctgtgtttacctactctcttctctcaattgctaage
tttgce

>PvHSP70-11

cgggggtgtgacatcactaatttttacttgtttatagaagtacacaatcatgatccacaacaaattgcatgtttggattca
tcttagtcttaataaaaacccgcttccattttgectttgacttaaaagctaatttattagtttggatgtgaatttgttttgcctgtaaacat
gaaaccttttgcaccgatatttacctggtgtcactgaaacttcacaagcactccctccaacggtcaactcttattaaccaccgatg
cttaatcagtttatatttgttatgaactttttgttatcaatatctactggctattcatactggtttgattttttcttatttttgaactcttattgca
gtctttggcatgaatgttggaggagttccatggacaggtcaaaatgccccagatctaaaagatggtttccgcaatgtcatcttact
ctgcgttgcaatgttatttcttgtactactctgcttcattttcccggcecatttataccegtgtagetgctgcatggcgaaataagagag
ctctgagcagaacctggtcactgaacaggaagtcattgctgaggagatcacttagaatgggagatcaggacagagggggcta
tcttcggatttaatggttcatgtcatcattgcctattccatcttcgaatgaacaacattaaactcgcettgaaagcaattttatcagcetge
ttttcaaggacacatacataacaaacttaataaactgacaattgttgtcagcaaaacaatcatctgaaatctaaatgaaattctcatg
aagcacccttctcagatagagttagatggagattgtgataaagctaagctatgttgcttattctttcattgtccccctcccccacgttt
agaagaggagacgtggatctattactttctgttatgcctcatttcaaacttgtacagtgtaattttcttttttggttttagtttctaatattg
tcaatagatcatggataaccatgccaagttgcttccctgggattgtaattactattcttctgcacaataaatttctatttttctcacgag
aaacagtcaaacaattggtatcgattttctttaatcaatgggaaattttaattccccttttcttgttttgtctgtagaatttagctgataaa
tacttgatgtttcttgaagtgaaaaatacaataactcgaacttcaagaaaaaagattaattgtttaatttgtcttgtgacctatgaggt
cggacacgtcatttaagatgttttcgtgtcggatatacgtatcggatgttgacctgacatacatgtctaattcaaaaaatatttattac
gtataaatatctttttttacaaaactgaaacataattatgtatacaaatctatacaaatctttactatcagtttatataattcataactatat
aatatataaatttgtgtatatgtatcttacattttaaaaaaattttaaattatatttattttggatttctcaaaacttggatggtaatttttctttt
acttcttcagtaagttcacttttactcctaaatatgaaaatggaaagaaaaaaaaaattctctacttaaaattggcaacatataatttct
tgaaatatagtattcagtagtatttagtgtgtcataaacatgtactccatcacattttgcctaattatagaattatgacaatgtcaaaac
aaccaatgaaggagttgtgtgggtagttctacgtgtcacataacccaaccaaacaccctgacacgacaccgtttgggggagat
catctagaaccttcgttctctgagtttctctctcattcaaagtagaagaactagaataatctgccaccttcctctagaaccgacatcg
ttttctttttcttttgccattacaaggaccaaaaccctaaacccttctcttctcagagatataaaaacccatctcaccaccttctcgtct
cttcatttcccttctgatcaatcttcectceegget

>PvHSP70-12
gaagggccgatttctaaaaggcttaggectacaacggtgacggtctctcatteetetactgtcggtegectgacattg
ttccgaggccagacaccaagegcetcecctcatectetgatctettcgcacttgcggacggtgggataagegttectgtaactecat
ctactcctgaacttcctgatgtcctacaacatgecctcaaaggcttctatctagagatgatagtggactcaggtgagagactgcetg
cgagggaaatgttgggcctcaactttggggctcttcttgcccaatccaacgecctcataactaagectgaggegagggtggeg
ctggtagaggccaaagctaaagaagaaacggecctgctggetegtttgtttgctacctgcgaggecgeactgaaacaggagtt
gaatagcctctgccaatctgaaaaggacctcttaaaacgacttcatgacaagtgccaagaggctatcgagetggaggcaaaaa
tcttgctectgegaatccaggteatcgagttggaagaggeggctaaggectccaaggcecaagatgcacgactaaaagaaagg
tccatcaatcgagaagtgcacatgggtaatgttgaggccgagctecttcaacaagccaagagatttgaagaaaccgaggttga
aatgactgggatgttgttgatgcttacgacgcggggttcgaggacacgtggggteccctaactagagtgeatectetgtcggg
gtgccacctggatgectecteatgeacttgatctetggtgtcaccegecttgagagegecctatttgtecacgtgteatgtatgea
gctcgegecectggaacacgacccttataggtcatatttttctagtgactctatacttgtgttacgcttaaatgtgtcatccactccac
acgcatggactctcgtgacctaggtttctcecttactgataattggtgegtggtetgggatccacctetcatggeccagetetget
atttgtaaactgctacttaatgaagtaatgaacaaatgaacaaataatttttctttttttcagattcaacaacgctcegcatttggtaac
cacgctactcatttattaacgctcaataaagtaaaatgactaataacaattgaaaaaaataatctaaataataaattttacaaatttct
ccactttttaaataacataacatggtatactaaacaataataaataaaataaatttttaaaattaaaaacgacttatttttaacttttaaa
attataaaaaaacaaaataattaaaaaaataaaatattaataagaataaaataaaaatcattttgtaaaatatctcaccatgtttcaat
taagagaaaaaaaagatgaaatccagaaaaagcaaatttagaagtaaccgcattttaaaaatttgttaaaaataaaatattaataa
taataaaaaaatttataaaatatcccactgttttaattaagagaaaaaaaaagaaacacgaaaccaaaaaatcaattttgcaagat
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gatcaccttttaaaaatttgctaaattttaaaaacttctgaacctgtttgtgatcaataaaaaagacagaatatactaatatataaaga
faaaatgagaaaaacatatatataccaaaaacagttaaaaataaattccctticataaatgtagatataaattaactaaaatacgctt
taaattaattaaaatttaatttttatatatataataataaatttgtaatcttataatttaaataattaaaaataattaaaaatatctttaaaact
aaaagcatgtaacataacgaagcacctgctgatcctctcccaaaaccctccttcttattcttettcatcccttctictctgagcttcca
accacgctcttagcctctcaccttctctctctctttctctctctcttttictctctctatctctcaattaccataattagggttccgecegtac
taattaaac

>PvHSP70-13

cctgatttttttttcctttttggaatttattgtcaagaggagttgtttictgticttgttgaggagacgttttcatgtatattaatg
tcatacatgtgcccctgcttattctaggcecctctcttcagcttattctaggccctctcttcaaacttattacaggttagattgattaataa
gataggataaaacagttccacaagtagtggaagatgatgaatccctcatctgtttcaagaggaattcacaaatctaatgcagagt
atacaaaagaaaatgagagcagagaatgcctagaaatgcttgttacagaagagataatgagaacaaagtttaaccaacatcaa
acttgaatacataacatattctgtaacaagaataggtttgtaaacatattgacaaacttgaatgttgttgatcaaaggaaaacttgaa
gttgtgcaggaattttagattccaaattcacattcagaaacatgtgttggttaataccatataggattaaaaatgtttttcattatttttgt
ttttggtttaaatttaaatattagatgttattattgtggattattgaaatgaaacttgataaaaacgttaatttttatttttgtcgtgataata
atatttaacataaaaatatttacaatatatattaaaattaataataaagcacttacaccttgagaaagaaggagtaggttacattgtaa
taaacatgtataccaatttattccttaaaattgataatgttggtattattcttgttccttcagttaataaaatgacaatactaaaatttataa
gttagcggtgggtataacgagatatcaatttaatgaattattattaagataaatttatatatatttattataattactagcgaaaatgtag
acgtcattcgtatttttatttttataattattatatatatatatatatttgtatttattaaaattaactttaaatttataataataatttaataaatt
aaatgttgattgaagatttaacttgagaataaaaagttcaaagaaaagcattcctccttgaggaaatggatatgaaaattagattta
aaactgttttacgttaaaaacataaatgttttaatataaagttaaaattaaaacaaattatatatataaaaacagttctttagggaatct
ctttatactctttattatatatatatatatatatatatatataaatataggtaagattatattttaatatcatcaaaattaattgtaatatattttt
taaagaatttaaacttttttttatataaaataattaaaaatgattttatttcttgaactttcatacttacaagttacatatgcataataattat
aactgatatcaattttttaatattataatatagttgattctagaagtatgcttgacatcttagaaaaaaaggaaaaaaagttaccatttc
atttccaccacaaataactccatagaatccatttcaactataaataacttcataattgaagtttagattaagaataaaaataaatttta
gattatactctgataatctaaagtttagattaaaaataaaataaatttcaaaattatattataagaaaaaaacatttaaccctacaattt
atttaatacatttggaaactataagctataagttagtggttcccatatttaaagtatttttgatttgtattaattagtgtttagataaaaaat
aaaattgaaactgaaaattatgttagaaaaaaatatagcagtggagtgtagtattagggtgtagggtaacgaaatggggcgaga
atgatgaagatggttctagaataaatacacgtggcagcacagagaacgtaacataaccctcatcctcttccaaaacccttettett
attctctccgtcatctcttcttctctgagtctgcaacaactctcttaccctttctcactctctctatctctcaatttccagaattagggtte
cgccatactaattaaac

>PvHSP70-14
gtcaggtaatgctttatctctcaggtcttcatcacatgtgetcectagaaaggtgtcccacaagatggatcaattgteee
ttgtctacttatgctttacacatttaaatatgtgcctaatgtaaaagatgaaccctggtttttctccatgactcgtctatcgtttctattgg
gcttggatgaactcegtttaagecctagtaagaccectttaactatttacaaccctacactaccatcctagactacaaggeccaaa
tgacagagtgatacatttattaacaggtagactccacgcgtaatataagtcaaatttgaagtcatattttttttccaaagecttcaaat
tggaatctttacacaaacgtaaccttaaactaacattcgcatcgcaaccaacttcgaaatccaaagtcagageagttcggtegtct
aaccaacatgctccagtgcaattgggtgactgacgacaaaggtgaggaggatctcgatgacgatgacttggtggtggagattg
tgaaaaattcgagagaagtgttgctattggtgcaggtttaccgtgttctataatacccaaaatcaaaatctcaatgttttacaatacc
cttaaaatcaaatttccaatgttttacaatacccccaaatcaaatgtccaatattacacaatactcgaaatcaaattctcaaagttctg
caagatcctaaaaatcaaattctaaatgttctacaatgccctcagaaatcaaaggeccgatgttttacaatacacaaaatcaaattc
tcaatgttctacaatatcccaaaatcatatttctaatgttttgcaatacccgtaatgttcaataatacccaaaatgaaattccaattttgt
tgtgctttgcaagagaggtcattgtatcttaagatgcaactagggagagggggagacacatgaaggaaaatgtggtgatggec
atggcaattatgtgagtttgacgagaggagagataatatgatttaggttttgtaaaatgtgttttatttgaatgaggctaaagatgta
actttgatgagaaacaatagatggaggaaaaataatagtgttgaaatacaatcttgattacacgtgaagtctatgtgtgtgcataa
gagtgtgtaccacatcatcaccaattaacaacgtttatgctaatttaacatgatgaaattatatacattttaacaaaacatagaatatt
tttttttaaatcactaaccaaattcactactgaccactatttaccacgatgtagagaaaaaaaaaatacaattaagccttataggaat
atatcatctatgtgaacttatgtaacatctataaaataatacatattttatgattttatcttttaatatgatcatccatatcattaataaagta
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gatgttttaattataattttttataaaaattatttactatttcatcttttatattttataactttttagttatacttttttatatatttttctttttaaaatt
taattaactttattttgttaattttactatctctaataataaatactatccagaataaaattataacaaatataaatgeggtttatttttgtta

cggtttttatcaacacaatttttacaactataatatattttaacaatatttttaattacaattgtttticttaaattgtattaactatttctttatc

attcaacaaatgttcatacacacaagactacacctttaattccactgctctacgtgtaagagtccagcccgcecaggaaaactttaa
atctgcaaccgtccaaacacgattagccacatccaacggttcctgagaggtcttggaacattctggaaaagactcgcaaaccct
aacaaaggggaaacggttcctatataaaccccactcttattcttggttcttectcttcgtactcaacctctaacceccageegeggtt

ctatacctctcagatctctcttcattcgccgacgcaatatcaaactcacce

>PvHSP70-15
ccataatttctttacacatacttgacgaacttaaaacattacttgatagtacatattgaatgtttggagttagggttaggac
tgctgaaagtttttttcaaatgaaattggatctctgaattcaataatttcgttcaaataataacctttatcatttttttctatgattttgaatct
acatgtaaaattacgaaagggaacttttaaatagaacaaagatacaagataaaatatattttaatttgaattttcataacacttttttga
attttctaaattttgatttatgaatacatttttaaatttaaattttcaaaacacttttctgaatttttgtcaagatttattttctaaaatatatttct
aaatttggtttttggagtagaacacaaaaatctattatagagttcattttacaaaatatattttttaattccataattctaatttcataatga
atgaaaattttaatatttccaaattgaattagtgcatgttcaaaatcacttggggtgcaccaaaatgcaaataaagctaaattattatt
aacattcttactttcctttaagagacatttgtaaatacttattgttttcttttaagtattggacaacttttcttgttcacacgtaataaaaca
cacgctttataactttttatagtaatataataatattttaaattaaaaataattaatatattatttaggatgaatatatttactatttagggge
aatatatcatctcccttaaataaataaaaaaacccagtttaatacaactcaattaaaaaaaaacgacctaatccctacctacattttt
atttaatgtaatttaatgttattttcttatttaatgtcattgtcttctctcaagttcaataagaaaaacaatttgaaaaatataacggagaa
aaatggtataaaaattgagaaaaaaaactcaataaacaataattattagagtaaaaatgagaattttcaaagagatatgtatatact
cataaatattttttttatttttaaaaaaagttaatttgtaataaaaacaaaaagaattaaatctatgtggtttagaaaatattttatttggca
ttgtttctgtttatcatttaaatccattttttttaaaaaaaaatcttcaaataaatattgcaaatattttttctatctattgcaaatatttatcaa
aggtacttatttttagtatcttacattattaaaatgattttgtcattatcttttttatctatttccataatcaaactcacattttaatacaaaac
attattatacacaacaataactttcttataatttttcaaaaatcttttttaaacatatcaaaacacaataagaaaatgataattaactgtat
taatgatacttcaaaattactaataataccttctaaataatattattgaaaacaaaaaaaacaaagatgtaatttaaaatttatctctct
ctcactatatatatttttagttatatttattttattatatacgtagtttaaatattttatatctattgtttttttttaaaattctgtattgttataaaa
gatagaaagttattgatgaatttgttacctttattaattttatatatcttatttagaaagaagcgaaaagagagagaaaaatatatatttt
attaagaattgttgctcagtttacactctattaagtattatatttatataacatgaaaatataacattgaatattatatttatataacaaac
ataaaagataaatcttaaaagtaacgattacagaaaattataactgataaacaattgacaatttaaaatattatatcatttatatctatt
aaccttctcaaataacaacctaaacctacattcttttagttttccaagacactctgttgatagtgtaacttctctttatgtaagtataaaa
atcaaccctttcatcttaatccatattctcatattcttctagatctcagttttcattcacataaagaaaa

>PvHSP70-16
tttgacaaatcttcatttatatatatgcgaattatttaatgctaatgaatcatcatttattgaaaggtcttttaaaacatgtata
taaaaattatgttaattgttattatacttaaaaaaaatatactatttagtagttccatattgataagtccttttagcattttattattgattga
daattattaaaaaacataactttttagtgaattttactttaatttaattacttgtgtctttattgatatttattattttttacttatattgtattattt
acctttattaaaataaagtttcatttaactaactattataattgtattatagttaattaaaattcataaaagtaaatatttcctaaaataaaa
attatattttaaatcaatgatatataatttatattataatacaaattaatttaagttaatggatatttttttaaaatattaaaatttaattaaaa
aaataaaggtagaaataattaattaaaaggaataaaatcttaaaatagtacatttagtcttccgtagtttaattttactttacagtcttc
cgtagtttaaatccaatatgactaaaaaaatagtaaaaataaacaattactttacagtcttctgcagtttaattcattgtcactaagga
atttgaaaacataaagtttaaataaattaaaagtataatttttctatatttaaaaaatctctacatcacaatttactgtcatttttgtttagta
tgtgaatttactgtagttaagctttticactttccattatcagttttttcacacatctttcttccaagtattgctaccattatgatttttcagg
acaagaattaaattgactgatctacaactaaaatatttgtcatttttttaatatcaagaattcaaatcacattttataatttaaaaataaa
ccatttgtatgaatgatttaatttaacaagagaataattaataatatattctttgttcacctctggactatgtcactgtgtgcataccca
gtcaattttaaattttaattttctaatctaccttctggtgtacacaaactcaacttacctctcaatcttaaataattatgatttgcettttctatt
tcaagaaaaaaatcagttaatttctaaaaaaaaataaaattatttttttaaaaaaatttagataattaaaccaaattttctttaattgttta
atttttttttcagcttttgtcctcaactttaatactaaaataaaactaaactttaaaaggagaaccttattaaaaagaaaaaagactttc
aaaaatattggtagcttgttcgtgaagtatgagggtttaaacaaagttatattactatattttccattatgaatctttcaaagttcttctat
atattttccattatgaatctttcaaagttcttctatatattttccattatgaatcttttaaagttctictatatattttccattatgaatctttcaa
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aattcttctatactcgttgataagttgtgaaggaaaggccccaaacacacattcagagctttatgcaccatttcttcaaggtaaaag
tcctgaatcaacaccctcatatatctttcttctgtattaagtgcatgttctgatacacatgtacatgtatgtctaaatcattcaatattga
gaaaactataaacaagaacagttttcacttcaaaatactgatttaatgagattgaggtacctcagacccaaagtcataagattcta
gaccaagtaagtatatctttttatgttgaaaaatacaaaaactgatttttctcttcacaagtttaagagtttcattttcttcttagtttcatt
aaatacttgtgacaggatacttggtcatttattgtgtcaattattatgtttaatgtttgatttatgaaagtcaaagtgggttcttccattat
ccegcegttactttctatggcetgacttcacttgttttgaatttgaacacattttagaatcacttgagagaaa

>PvHSP70-17

tcacaatacagatttaaaaaaaaatagatataaaatatttaaactgtgtatataataagacaaatataatttatatatatata
tatatatatataaagtgagagggagagaaattttaaattacatctatgtttttttttcaataatattattttaaaggtgttattagtaattttc
aagtatcactaatacgttaattatgccttagtgaagtgaaggttaaggataatttaaacttttgaaagagttgaataaaatattttaac
taaggggaaatataaagaaaaatattttttaactaagaggaaatataaagaaaaatatattttaactaagaggaaatataaagaag
ttacatgaggaggaggtctataaattagtttttagttataataataagaatgattaataagtgaaaatttgcgaataaccttaggaaa
atttgcgaataaacttaggaaaatttgtgaataactttagggattaggagatttattttttatcaataatgtgcattaattactaaaatga
gaaaatttttaaaaattactgaaatgtgtaaattattataccttaattattaaaataataaattttttaaaaattactgaaatatgtaaatta
ttatacctcaattattaaaatgaataaaatttttaaaaattactgaaatatataaattgtgttagtgtaaataaagttgataatttaattga
agccacacaacttatccatttaaataattttttaaaatttatttataaaattttaaaattacaccatattaatatctttcaaaccctaaaag
caaatgaagaaaaacattattaaaccccaaatgcttcacaagaaaatgtactcaagtgtgtacaccacataataatagacatatat
atataatagtccatttctttctagtgattgcagaatgtgttatgattcagaagaatcgaagtcagccatggaaagttaactacttatca
ttaatgaataaatctctcttgttttgacaaagcaaacattaaacacaacaaatgaagaaactaaatatcatgacattgataacaaat
gacattgatgaaaatgaaaattttgaccattttgaactgagatgccaccatgaaagactaataatataactgttcagacccagatg
catgacatgacaatcaagatacagagaatggatattgttttgttaaccatactttttgtttcccattccaacaaacaattttgcttcaaa
cactgtgctatactaactctgctaaactctcccaataggtattccaacagttttacgetgectgcatgttggattgtcacttcaaaaa
attcaaatttcaataaaccattcatacaaattcactctatcattcttcaattcaaataatctcacatattcttacaaattcattttatctcct
cttcacaaatctctttctcaatccaaacacattatgtagaatacacatagaatacacacttagtacatttctggtgaaatttatccatct
aaattttaataaaacactatattaacaaattagtttccacaattatggattttagttaatttagtgtatgaaatgaaattataaaaatata
attttagtctttaaagttggagtcattttaatctttcattgtaggaattaaaacggctgatctagaagtaaaacatccactacacaaaa
attattaaataaaatttaattataaagatataaactatttaatttaaatctccattctaattcttcgcacgtcttttcgttttccacagaatat
catcataaccataaagaagcaaaatcaatgagtgatatgaatgggcgtgcgagtctttccgtttccaatttccttgcacatgcacc
aagacaacctcttcgtgtatagtgccatttctctttatgtaagtataaaaatcaaccctttcatcttcattcatacttctcatgttcttcct
catctcacagtcttcatccacataaagaaca

>PvHSP70-18
tctgcaatttagttctgaaaatgtactaaaatgaaactcccaaatccttgaactaaatttctgaataagacgtgaatagtt
tctaatgtttttatgcagtctcacactcttatctattagtgaaaccctaatttgtttcaatgaaaacaatattatatatatatatatatatat
atatatatatattgtaatagagtttgtatcttgaggattaaaaacatcctttaacatagtacatatagtattgatactctacatcaccaat
acgactaaaaaataataaaattaatatttgtttcaatattaagtttcgattaattgattaagaaaagaagggtcgtttaattcattgtca
ctaaggaatttgaaaagataaagtttctgtgctcttatactgttaatctttcatggtcgcatcttagttcaaaatggtcaaatttttcattt
ttaaatgtcatttgttatcaatgtcatgatatttagtttctecatttttgttgtgtttaatgtttgctitatgtaaacagagagatttattcatta
atgctaagtagttaactttctatgaatgaattgtagtaatctaaatttatctttttcactttccataatcagtccttcctcacatctttcttce
aagttttgctaccatgaaaagtagacatgtctataattatgtggttctgcatctaaattacaatataacactatattaataaattagtttc
cataattatggattttagttaatttagaaaattaaaccaaattttctttaattgtttaattttaatttttccagttttgtcctcaactttaactat
aataggagaatgtcctaaaaaaacaaaactttaaaattaaaaagaataaatggaaagactttagagttgttgtacccaactttaac
tttaataggagaatgtcctaaaaaaaaacaaaactttaaaattaaaaagaataaatggaaagactttagagtcaattcagtggea
gcttgctcgegaagtaggttgagggtctaaacaaagttatcttactatatttcecattatgaatctttcaaagaagcatctagttttce
cattatgattttaaatttattactttttatttttattttataaaaaatcattictttattcattaattatatttctaactattttaaacattaaaaata
tttattttttaatgtatttaaaaattaaaatgatcactttttttttaaatttattatttatttattttttaaattgtgttagatagaaaaataaaaaa
taaaatgatgttagataagaaaataaaaataaaagaatactagatagaaaaataattaaaaaaaagtgttagatagagaaataaa
aatataaatggtgttacatagagaatttaagtcaataattgctgtttgctggtgaaacaaagttatataactatattaccegttatgaa
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tgtttgaaagaaacatcttgttttagtttatcatatactcttggttgacaagtttgtgaaggaaaggcecccgaactcacattcagage
tttattcatcattacttgaaggtaaaagttctgaatcaacaccctcatatatctttcttctctatcaagtacatgttctctatattgttttcta
tggatcatttaatatcgagaaaaagataaacaagaacagttttcacttcaaaatactgatttaatgagattgaggactcaaaccca

aagtcataagattctggaccaaagtaagtatctctttgtacgttgaaaaatacaaaaaaaaactgattttttctcttcacaaggttcg

agtttccttttcttcttagtttcattaattacttgtgagagaatacttggtcatttattgtaccgattattatgtttaatgtttgatttatgaaa

gccaaagtgggttcttccattatccegegttgetttctatggetgacttcacttgttttgagtttgaacacattttagaatcagttgaaa
gaaa

>PvHSP70-19

gtaatcagaggtaatactattaacatatatttttctaactgtagtatatgagtttttaaattttcttttgtactacactggttttc
atgtagataaaattttaaatatattaagaagaatatttaaaattataagagaaacccaccttattaatttatatacatgactacggatc
aaactaataacccaatgagtccgaagtaatccaaataaaataatagattaattcagattattgactcgatttggattaaaaaaatgt
aaatactatttgtacaatttatatataaaattttgattttaaaaacccaaactactcgattaaatattttgtctaatattttcattaatccttat
gttgtatattaagaaataattatgtctttgcaaatttagttctattttgaacttttttccattcatgaatcatggcaaatttgataattatga
gtaatttaacattaatttccattttttaaatttaaatttttttagtaataattttcatggctcaatccgaaccaacctaaacatggttggatt
agttcagtttaaattaaaaaccctaaaaacgaaataatctaattgatcaattcatataaacttacctcgttaatattttttttggctcteg
ttttgtatcctatcatataattattaattaatcatatacataacttatctttcatatcttttcgtctatgtgaaaaggtgttcaatgatatttttc
aataacaaatatttttactgattttgactcaattaattagatcagcagattaagaaaattaattaaattagtttatagcattaaatgtgtct
catatacacataatttaaattaaaagcaatatattccaaaagaaaaattaattaaatgtatttttagtaaagaaatacttaatgtaagg
aacatttaatttatttttataaaaaggactaaaaagtttaaagtataaactatacataaaaaaacctgaaaggtgttttacttctataag
aggtgcaaactccataggtaactacaaagagaaaatgggcttgattagagaaaggccttgcctettggcagaaaggecttcgg
ctcacaaaaggtactaaatgtgggctttttctttctgcaccctaacaaatgttttcctgcacccattattttttaagaaaactgttttact
ccttttagaaatgatttttgaattgttctttccaaaatatttctgaaacatattttccagaatacattttattaattttggattggtaaatcca
taaatcaggtaaatgtgttttggaaatgatattctgaaatgattttttttctttcagattttttattctggaaatactatttgcttacggaatc
tttattttaaaaataccttttttcttacggaatttttattctagaattaccaaaaactgtaaaaagataattttgatattttaaagaatgtac
ggtgcaggaaaaaaattgtaagggtgcatgaagaaactctcctaaatgtgatttctggattaatttttatgaaatttttttggaacat
gatttctataacaagatttttagaactggattttctaaaaaaaaaaaaaaactttcttgaatgtataaaatgctctctagaatatatgaa
atacattttaaaataacaaaacttttggaatatgaaatgttttaagaaggaaatttctcaaaaagtacttctaaaacaaatgaaatgc
attccataataaactttcttaaacatgaaatccattccataacaattttttcataataaacttatatattattattattattattattattattat
ttaaagtgagtgattaagtggaaggaatgaagcattcaaaggaatagtccaaaaaagcggctgaagttaaggcgagggtecce
acgtaacgatggaagattctaaacacactctctcaaacctataaatacctcacttcccacaaccatcttctctcaattcatcttcaat
tcgcattcaaca

>PvHSP70-20
agtgtttatgtaagagaaatataataattatgacttttcctgatataatatggggttcaatcaggataaacattgtaatttg
ctatatattttttattctttaatttatggaaaataacaataataataataatagtttattattattttatattcaatcatgaaaacaatttaaac
tattgttattttatttaattttcttctaatagaagaaatatatttagagttataataaaaaagcccaaaaaaaggttgttgaattttagttat
tttgattaattatgttgactattattattattcttattatttacagaatatttttataatgataaaaaaatgtattctctttatataaccttatcg
gaaacacgtatcaatgagtatttacatttttgtaaaaatatttttaatataatattactatactataaaattataataaatttagaaatttaa
tacaaattataatttttttatatatattgttatagaaatttgatattatgtttttttgtgtttttaaaaaactttttttaatctgaaaataatatatt
aatcggtttatcttataagcaagtgtgttgttaattaatccttaatatgttgttataaaatatgttatttgagtaataacaaaagaataatt
ctcttactagtaagtatagatataaaagatagctgtgcttttattctcctctttcttccttcatacataaagaaaatatgctttttaatttttt
atttctaatttaaataatcatcatatttgtcgtattttaatattataaataatatttttatatattgttataggtatataagaataaaaaattat
atacataaaatatcttatatattatagattatatacaatataaataattttttattttctatgttaaagagaacaggctaaccaaaatttgtt
tcttaaatttaatgattaaaagaaatatggttcagaataaaacctaattggatttgaaaaaaagacataaatatattaaaacaaaggt
gtatgtatgtagcagacttataaattccatttacactatcaaaatcattacattattttattagactaatcaattaatcaataattaaagat
aatatatttttagtcatgataaaaaattattttaatccggtaaataataaagtatgaataataattatataaatatgaacaaattcaaaa
attttaacggtaccaagtgctgaacaccgaagtcttactttagtgttgaaatgtttttttcaagtatcatctaagttcgaaattttcgatt
ttgaggagatcataggacgaaaaagtaagcagagataaggtaattgttctcttagtttcaatcccatttaaaaataaaaggtaaaa
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aatactttgtaaatatatttttttaattttagacgttgaaattaaaataacaaatgatccataataatcatataaatatgcacaaatttaaa
aaattcagcatagcacaagtaccaagcatcaaagtcttatttaagtgttggaaggtcttttgtaagtacgatttaagtctagaattat
cgagtttgagaacataacacgggatagattgagagaaaaaatataatcattctcttaattttaatcccattaaaaataaaggtattttt
ttaaaaaaatacttttgtaaattttttttttttaaatttcaggccgttgaaagagttgttgggtatccaagttggcagatacaaagaagg
ctctagaaccaaccagaagcagagagagacgctcaccatatgatcgtgttcccatgtaagcaaaagaagattctagaattttaa
attttaataaatcccacacttatataaaccccttttctctcttaacctaacaaactgtaagaattgttgagagtcttttcttttcttctctttt
tctttctcagtttcggegcetttactacctaaaatcatcttcatcttctctatattttctgtaacttgttcttcgeggatctaaca

>PvVHSP70-21

tctctctatcttttctctttgtatcceattagataaaaaaattcattcttcgagataagagtaggaagaagagcacacatc
ccacgttagtctcegtaggtgagttttattttctitcttgtttaattgttaatgttactcatttttatcatttttattttttctaccctgttttttica
ttttcgtacagagttatcttaacaccattgttgatctttttctttttcttticattattatatttatttttttagttttatgttagtgatttataagaa
tgatgacgtaatttatttgacatcattgctaatgtgggcatgtggagagtgaatgcegttatgaacatttgcggtaagagaggaaag
agattagaaaataaatattagtaacaacaaatcaaaattggttaggtttattgtgttataaatttaaatttgtttaatatatttttttctgta
acttaatacagtaggttgaaactcataaataatgagataaaatgtttgtatcttatttttacttattgatatttaacatttaaaaaatatga
atacacataataatatacaatataataataaaaaaatgtggatgcatcgctaaaacacatgtattttcggctagttattataaaactat
tatacgcgctcaatatatatagaaatttatgttaaaataaaattgattttagtaaaaatagtttatatacttcatttcttttcatgtgtttcgt
tcaataatgaaattaaaatatatatttcttttagattcttcatactttttgaattttattattaaataaaagaatagaaagaaataaaagat
acaaatcttatcagaagatgaatgatacactcgtcatcgcattgattgattaattttttgtttattttaaataaaataattttaaaatatac
atatcattttactaacggacttaggcacttgcgaaaaaaaataatcactgaaatatgtgaatgacagaatttttttttattgaaaatga
aaaattggaaaacattagtaagaaagaaaaaaaaaataatacggacaaaaaaagaaaaaaaaagagacgcatttcaatctattt
gottattgaagtgcgtcttaatgcatataagaaaatgggagacccaaaacaaaaatactttttatcaagaacaaaaatataatatta
tttattaaggatattgaaaaaactatagataaacaaagttatttaagcacctatgttatttacaaattttacctgctggagagtttttaat
ttttatcttattttttcttaaaaaccagatataacctgacacatttcacagtgttcacttttttctttatcgcgaagttatacattaaaaaca
tgacaaaaattagtaaaaaattaagttaattttgaccatttaaagaaactaaaatggttcatatatgtcattattcataataaacttaca
tatttgtccagaataaattgattattgtgaaatttgtttatttgatgataaattgataagtattatggcttgagcgaatgaagcggagat
tttctctctgctatcacaaactagttatgcactccctaactgcttetgeattceaccattcatctctctccaaaccctcttcacaaaaca
gottcttctacattttctctcattattcatattggagtatctcagatttttgttctttctcggacttecttgttacattcaaagcattttttggg
tttaattattttttgtittattaaaagcatttttttcttacactatgtaattgggtttgatgcttttccatggtatgcaaagaaagtttcaatttt
gatgagtgtgtttccaacccttttgtttgtagtaatagcectgtgtgaaatgtgaagcettgtatttgtgggecagecttgtgtgaagtt
tttggcatttgggttgtttgtgaagtagaaagggtgaattgggtggaattagttgtttgtagtitgggacaaggacacagtgaattg
ag

>PvHSP70-22
atcatttaaaattctctacatcacaatttactgtcttttttgtttagtatgtgaatttatcagcttattgtgattttagtttctcaat
ttacccacatcccaggttaatatctttttaattcctaaaattagttacacaatgtcaattaagagattaaagtagaaataaaatgctaa
attcagaaactaaaatactcataaataattaaattcggagctaaaacgataaaatacagtaaagtctgggataaaaaattaataaa
taaataatgataaagttatagttttaccttaatttttgaattttagtactttcaaaaactgttctttacctgttttgtgcgaccaacttagca
cactgttgtgtttcgcggctgggctgcttcatttctctaccaccaccaacaaccatcgtcttgtcacctcagagtcatctacagttgt
tcttgggoattttgtgttttcattcacatttcacacttacattaaaggtaaaaacgattttgaatatatagattttgtttgcatattgcacc
cattttctttgtattcttggcactggcttttactttttggaaaaagggtttgtctctaacaacgtgagaaactgttggaatacctgttgg
gagagattaagcatagtgtttgaagcaaaattgtatcttggaatgggaaacaaaaagtttagacaacagggttaacaaaacaat
actcatatccattctctctatattggttgtcatgtacctgggtctgaacagttatactatgttgcatctcagttcaaaatggtcaaatttt
tcattttcatcaatgtcatttgttatcaatgtcatgatatttagtttctccatttgttgtgtttaatgtttgctttatgaaaacaagagagatt
tattcattaatgctaagtagttaactctctatggactgtagtaatctaaacagtttagctttttcactttccattatcagtccttctacacc
tctttcttccaagtettgctaccatgaaaagtagacatgtctataattatgtggttctgcatctaaattataatataacactatattaata
aattagtttccaaaattatggattctagttaattagtatatgaaattgtaaaagtataattggagtcatcaaagttggaggagtcattat
aatatttcagtacaagaattaaattggctaatgatctagaactaaattatttgtcatttttttaatatctagaattcatataacattttataa
attaaaaaaaaaccatatgtataaatgattttattcaacaagagaatcattaataatgtattctttgttcacctctggactctgtcactct
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atgtgtgtatgtgtgtatacacagtcaattttaaattttaaatatggttttaattcttgtaatctactttctgatatgtttctggtcactctac

acaaactcagcttatctctcaatcttaaataattatgatttaatttactgtttaaagaaaaaaatcagttaagttgtaaaaaaaaattgt

attgtttttttcattttttttttaaatttttagaaaattaaaccaaattttctttaattatttacttttattttttcatcttttgtcctgaactttaattgt
agaatgtcctaaaaaaactaaactctggagagcattattaaaaagaaaaaagggagagaattggttgcttgctcgcgaagtatg

agggtctaaacaaagttataatactatatttcccattatgaatcttttaaagaagcattttgtttcagtttatcgtatactcttggttgaca
agtttgtgaaggaaaggccccgaacacacattcagagctttattcaccattacttcaaggtaaaagttctgaatcaaaacctcata
tatctttcttctgtatcaagtacatgttctgtaaattgttttctatgactgacttcacttgttttgaatttgaacacattttagaatcacttga
aagaaa

>PvHSP70-23

aacacgacttttacaccataaacgtattatattaatatttaatttttactatatacttaaataatttacggtacattctaatttta
ttgaaattattcatatttcttcatactagaataaattattgaaggagaataagaaaatctttacaaaatatgtttattatattaatattattt
aattctcagggtattataatgatggttcaaaattaagttttaaagatttaatgattttttatagttttttactattttgaaagttccaaagta
aaatcaagaaaaattcattgcagactttctaggtttcttcctctttttcttctttatatttataagaataagtattttttttatattgacatgaa
acttaaaaaaatttgaaaataagttttgtctaatgtttttataccgtattaggcaatattaataattttatacttctattatattgaaagaag
gattagtttagccataaatttaaaatatactaaaatatttgttaacttttttatcttttatattaattttcgtttcaaattggtctttacattatta
ttaaaatataatgtaatttatatatataagaactaaattttatttttattgtaatatttaagttgaaaaagaatattttaaattttatttattaac
aataaattactacgttaaaaaatatattccttttcaagggccgaaaagatatatacgagatctctgataatgttcgttcgattaatcct
tcagataatttatatttaacatgtaaacaattttaaatatgtagatattattgctaatttaacctttcattattttttaaaatatttttttattata
tattatcattacaaaactaattttagtaactaaaataaattagttattatattaattatattaaaatttaatcaatatagtaattaatttatttt
aaaaaataaatactatttaatatagtagaattgaattatcataaatttaatgtatctgcaaatatggataaaattttattttgacaattca
aaatatttcttgtaatatttaatatgctctttcaaaaatattagaaaatcgtattataagtccttaaaatatttgatatcctttatttgacac
gtgggagaaacatttaatatggtaaattatattaaatatatatatactatttggtatcttattttagtatattttttaattgaaaaataatact
ttttaataaataaaaaacatttatttatttaataaaataaatacttaaatatttgtttattttaaaataattaaataatctctgtttttgtttaaat
accagttacataactttttaatattatttttacaaaataaattatattttttatttatttttaattaattattcataaaaataataaagtaatatat
ttgttaatataaaaaaatgtgaatacacattaattctataaaagaaactagtactttaaaaactaattgagtttatttacagtaaatatgt
ttatataactatattatccaactattttgttataatattatctagtttaagtttaattaattttaataaaaacgtgtatatataacatatattaat
taattaaaatgttctcgtgcgttgagcgggtaaaaagctagttttaggagtttaacaacaattggaaaaggtccactgaaatttaaa
atcagaacaccaaaattccacaaaatctcatattttttccccttttttttttgttttgggtaaaactacaaactctacgatttctacgttttc
attcatattccatcgttcaattttcactgcttatgttcatgcatgatggaacgttgccacgttttttgaatgttgatttttcttcaagttatc
gttagtgcaagttgatttagtttgttattgttatgtttaatgtgtagatgaatggtgtaatgacgagagatttttgatttttttttticagattt
gattttgttctgttttgggcggaattttgattgaggaag

>PvHSP70-24
ttgaattataaaaatatgaaatttcaaaaaatataaaataaaataagaatgaaagcaaaaggtttaaataattaggtatg
gattaacatattataaaaaaataaaataacaaaatacaaactaataaataagaccaatacataactagataactaaagataaatta
atcaacataaccataaattgaaaaagaggactagtaccgaagataatttcaatttcctatagtagttttaaaaaaaaatcaatctgg
tcccaagtttttttaaaaaatatgcaatttgattccttttgttagattgacattaattacattaagtggtgatgagttgacaaacaatgtg
acacatttatgcatagatcgagtccacatattatgccatgtttataattaattatatttatttttaacttttaaatattatctctccatatgca
taaaccataatcccaacctcattagcaaatattacttatttatctatacaaactctaatccaaactcataaatgaaatcacaactctta
caagtttaatttcttgtgatttccgtcttttggtttatcaagcaatatgatgtgatgttcaatacccatttattgttgtcgttttggacattg
gcgactagaagggaccaaattgtattttttttttaaatttgggaccaaattgatttttttcaaaaatcagtgtagtaaattgaatattaac
cctaaatgtagagaaaaataataattaaatataaattaaactacataaatatcaataagtaaataaacaactggagataattaaatt
acataaatataaataaataaacaaaccagtaactgaaaataaattattttacacaaatataaataaataatgattagtacataattaa
atattaaattaaatatatataaaaaaaccaaaatatttataatttaaaataaataaaagttaataaaacacacataaattcattaaaatt
aatatataaagagtttaacatcaattccatacatttgattggagtgcacactaaaattgttttttttaaagtcatgattacatttatcactt
tttatctttttttttcttatctattagaaggttatcttaaataattttttttaataattaattaaatttattatatttaattattattactatttttatttt
gtttagtcacaattttttaaaaaaaatatatgtaatttattttctaatattcaaactttatttagataaaatatgatatatatatatattaatttt
ttttaattttcagaaataatatttcaaaataacatgttttaacattcttgttactatcaatccattttacttacacaaatctttcgcttaatcc
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aagtttcttaaaattattgagatattatctaacatattaatttattatatttgaaaggattaaattaagaattatcttaatatacttttaaagg
aaaaaacatagtagagaaggaggattgaaaaaaatggaaaaatttaacgttgagtaatgagtggatttagtgcaatccaattggt
ctgttatctaaaaggcacagaagacgttattgtctcggccaatagcgcgggagaatgacaaatacaatctatccaataagtaag

aaaaggcgacggctccttgtcaacggttaagaatcttagtttaagcgegtgggatagaacgegtgecacgecaccgeggatte
gaaatcggaaaattctggaaccacctagaggatgtaggagataccccacacaccccacgcaatacttcgetttttcccaactee
aattccattaagaaacctaatatccaaccgtccaaaattcctgatccaacggttcacacctcacagaaccttccagaattcgaact
ggttctttaaaacacaccccttccctecttectectcaatteatttcaaattgeegtaagtttttgattccttaccctagagttcgagtte
agattccgttaggaaaacagttgtgagaagaat
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EK 2 Tanimlanan miRNA’larin gosterilmesi

Bitki Hedef | miRNA fragmentleri Hedef fragmentler
mRNA | Gen
Acacia auriculiformis
aau- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396 HSP70-
5
Arabidopsis lyrata
aly- Pv- GCUCACUCUCUUUCUGUCAU AGGAUGGAGAGAGGGUGAGC
miR156d- HSP70-
3p 9
aly- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a- HSP70-
5p, 5
aly-
miR396b-
5p
aly- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a- HSP70-
5p, 23
aly-
miR397b-
5p
Avicennia marina
ama- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396-5p | HSP70-
5
Acacia mangium
amg- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396 HSP70-
5
Aquilegia caerulea
aqgc- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
aqc- 5
miR396b
Aegilops tauschii
ata- Pv- GCUCACCCUCUCUCUGUCAG AGGAUGGAGAGAGGGUGAGC
miR156a- HSP70-
3p, 9

ata-
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miR156e-
3p

ata- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396¢c- HSP70-
5p, 5
ata-
miR396e-
op
Arabidopsis thaliana
ath- Pv- UGAUUCUCUGUGUAAGCGAAA UGUGGCUUUCACAGAGAAUCA
miR173-3p | HSP70-
22
ath- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a- HSP70-
5p, 5
ath-
miR396b-
5p
ath- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a, HSP70-
ath- 23
miR397b
ath-miR414 | Pv- UCAUCUUCAUCAUCAUCGUCA UUAUGAUGAGGGUGAAGAUGA
HSP70-
23
ath-miR414 | Pv- UCAUCUUCAUCAUCAUCGUC UAUGAAGAUGGUGAAGAUGA
HSP70-
6
ath- Pv- UUGGAUUUAUAGUUGGAUAAG UUUGUUGAAUUAUGAAUCCAA
miR5632- HSP70-
3p 8
ath- Pv- UUUUUCCUCAAAUUUAUCCA UGGAUGAAUUUGAGGACAAG
miR865-3p | HSP70-
5
Amborella trichopoda
atr- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396b, HSP70-
atr- 5
miR396¢,
atr-
miR396d,
atr-
miR396e
atr- Pv- UCAUUGAGUGCAGCGUUGGU AUUGACGUUGUGCUCAAUGA
miR397b HSP70-
23
Bruguiera cylindrica
bcy- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
bey- 5
miR396b

Brachypodium distachyon
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bdi- Pv- GCUCACCCUCUCUCUGUCAG AGGAUGGAGAGAGGGUGAGC
miR156g- HSP70-
3p, 9
bdi-
miR156i-
3p
bdi- Pv- GCAUUGAGGGAGUCAUGCAGG UCUGCAGGACUUCUUCAAUGG
miR160e- HSP70-
3p 19
bdi- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396¢c- HSP70-
5p, 5
bdi-
miR396d-
ap,
bdi-
miR396e-
5p
bdi- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a HSP70-

23
bdi- Pv- AGGAAGAACCGGUAAUAAGC UCUUAUUCUUGGUUCUUCCU
miR5056 HSP
bdi- Pv- CAGCGGACAGAAUGGAGCAAG CUUGCUCCGUUCUCUCCGCCG
miR7760- HSP70-
5p 3

Bruguiera gymnorhiza
bgy- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
bgy- 5
miR396b
Brassica napus

bna- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396a HSP70-

5
bna- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a, HSP70-
bna- 23
miR397b

Brassica rapa

bra- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396-5p | HSP70-

5

Cynara cardunculus

cca- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396a- HSP70-
5p 5

Citrus clementina
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ccl-miR396 | Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
HSP70-
5
Cucumis melo
cme- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
cme- 5
miR396b,
cme-
miR396¢,
cme-
miR396d
cme- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397 HSP70-
23
Carica papaya
cpa- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396 HSP70-
5
Citrus sinensis
csi- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR39643, HSP70-
csi- 5
miR396b
csi-miR397 | Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
HSP70-
23
Digitalis purpurea
dpr- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396 HSP70-
5
Gossypium hirsutum
ghr- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
ghr- 5
miR396b
Glycine max
gma- Pv- UUAAUGUGUUGUGUUUGUGA UCACAAACACAA-AUAUUAA
miR2108b | HSP70-
6
gma-
miR396a-
5p, gma-
miR396b-
5p, gma-
miR396c, Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
gma- HSP70-
miR396e, 5
gma-
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miR396i-

5p, gma-
miR396k-
5p
gma- Pv- AGCUUUCUUGAACUUCUUAUG UGUGAGAAGUUGAAGAAGGUU
miR396f HSP70-

21
gma- Pv- AUUCAAGAUAGCUGUGGAAA UUUUCAUUGCUGUUUUGAAU
miR396j HSP70-

19
gma- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a, HSP70-
gma- 23
miR397b-
Sp

Gossypium raimondii

gra- Pv- AUGGAGGAAAACAGAGGGAGAAG CAUUUUCCUCUGUUCUCUUCCAU
miR7494c HSP70-

9
gra- Pv- UCGGUGGAGAUGGAUAAAAUG CAUUCUAUCCAUUUCUGCUGA
miR8748 HSP70-

15

Hevea brasiliensis

hbr- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396b HSP70-

5

Lotus japonicus

lja-miR396 | Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG

HSP70-

5

Linum Usitatissimum

lus- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
lus- 5
miR396b,
lus-
miR396c,
lus-
miR396e
lus- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397b HSP70-

23

Malus domestica

mdm- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396b, HSP70-
mdm- 5
miR396c,
mdm-
miR396d,
mdm-
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miR396e

Manihot esculenta

mes- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
mes- 5
miR396b,
mes-
miR396¢,
mes-
miR396d,
mes-
miR396e
mes- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396f HSP70-

5

Medicago truncatula

mtr- Pv- CCUGAAGUUACUAAUCCUUCCA UGGAAGGAGCAGUGGCUUCAGG
miR2632a, | HSP70-
mtr- 2
miR2632b,
mtr-
miR2632¢c
mtr- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396a- HSP70-
5p, mtr- | 5
miR396b-
5p
mtr- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397-5p | HSP70-

23
mtr- Pv- UGAUGGAGAUGAUAUGAAGAUG CUUCUUCUUAUUCUCUCCGUCA
miR5298b, | HSP70-
mtr- 13
miR5298¢c

Nicotiana tabacum

nta- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
nta- 5
miR396b,
nta-
miR396¢
nta- Pv- UUGAAGAU-GUUCUAUUUCUGU GCAAAAAUAGAACUAUCUUCAA
miR6156 HSP70-

3

Oryza sativa

osa- Pv- GCAUUGAGGGAGUCAUGCAGG UCUGCAGGACUUCUUCAAUGG
miR160f- HSP70-
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3p 19
osa- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a- HSP70-
5p, osa- | 5
miR396b-
5p, osa-
miR396¢-
5p
osa- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a, HSP70-
osa- 23
miR397b
osa- Pv- ACGAGUGAUGGCGGCGUAUA UCUACUCCACCAUCACUCGU
miR5805 HSP70-
19
Picea abies
pab- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a HSP70-
5
Prunus persica
ppe- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396b HSP70-
5
ppe- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397 HSP70-
23
ppe- Pv- GUUAGAGAUAGAGAGAGUGAG CUCACUCUCUCUAUCUCUCAA
miR6281 HSP70-
13
Physcomitrella patens
ppt- Pv- UCUGCAUCUGCACCUGCACCA UGGUGCAGGUGGUGAUGUGGA
miR1030a, | HSP70-
ppt- 19
miR1030b
ppt-
miR1030c,
ppt-
miR1030d,
ppt-
miR1030e,
ppt-
miR1030f,
ppt-
miR1030g,
ppt-
miR1030h
Pinus taeda
pta-miR396 | Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
HSP70-

Populus trichocarpa
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ptc- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
ptc- 5
miR396b,
ptc-
miR396¢,
ptc-
miR396d,
ptc-
miR396e-
Sp
ptc- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a HSP70-

23
ptc- Pv- UUACAGAGUCCAUUGAUUAA CUAAUCAGGGGACUUUGUAA
miR475d- HSP70-
3p 13

Ricinus communis

rco- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396 HSP70-

5
rco- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397 HSP70-

23

Sorghum bicolor

shi- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
shi- 5
miR396b,
shi-
miR396¢
shi- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397-5p | HSP70-

23
shi- Pv- GUCGCUUUGACUUUUUUGGU ACCAGAAAAGUCAAAGCCAU
miR6232a- | HSP70-
5p 9

Solanum lycopersicum
sly- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a- HSP70-
5p, sly- | 5
miR396b
Saccharum officinarum

sof-miR396 | Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG

HSP70-

Salvia sclarea
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ssl-miR396 | Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG

HSP70-

5
ssl-miR397 | Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA

HSP70-

23

Saccharum sp.

ssp- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396 HSP70-

5

Solanum tuberosum

stu- Pv- UUCCACAGCUUUCUUGAACUU AAGAUUGAGAAGGCUGUGGAG
miR396-5p | HSP70-

5
stu- Pv- GCAUCAUACUCCUGCAUAUU AAUAUGUAGUAGUAUUAUGC
miR4376- HSP70-
3p 11
stu- Pv- UUGGGUUGGUUUGGUCUCGGGUU GGCCCCAGACCAAACUAACUCAA
miR8030- HSP70-
5p 6
stu- Pv- GUGCUUUGCUAUUUUCAUUG CAGUGCAAAUAGUGAGGCAC
miR8041a- | HSP70-
5p, stu- | 23
miR8041b-
5p

Theobroma cacao

tce- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
tce- 5
miR396b,
tce-
miR396c,
tce-
miR396e
tcc-miR397 | Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA

HSP70-

23

Vitis vinifera

WVi- Pv- UUCCACAGCUUUCUUGAACU AGAUUGAGAAGGCUGUGGAG
miR396a, HSP70-
Wi- 5
miR396b,
Wi-
miR396c,
Wi-
miR396d
WVi- Pv- UCAUUGAGUGCAGCGUUGAU AUUGACGUUGUGCUCAAUGA
miR397a HSP70-

23
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Zea mays

Zma-

miR396a-
5p, zma-
miR396b-
5p, zma-
miR396e-
5p, Zma-
miR396f-
5p

Pv-
HSP70-

UUCCACAGCUUUCUUGAACU

AGAUUGAGAAGGCUGUGGAG

zZma-
miR397a-
5p, Zma-
miR397b-
5p

Pv-
HSP70-
23

UCAUUGAGCGCAGCGUUGAU

AUUGACGUUGUGCUCAAUGA
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EK 3 Tanimlanan motifler

Mo | Bdl | E- Motif Composition Bo | Do

tif gel | de yu | ma

N er ge tu in

ma ri (a

ras a)

1

1 23 | 2. | VKINDKJAV[VIITVPAYFND[SA]QRQAT[KL]DA[GA]I[TV]IAGLNV[LM]R[IL]INEPTAAA[ | 50 | Hs
2e | LIJAYGLDK[KR] P7
- 0
71
5

2 22 | 2. |FDLGGGTFDVSILIILTI[EK][EG][GD][VIJF[EK]V[KL]JATAGDTHLGGEDFDNR[ML]VN[HY | 50 | Hs
9e | J[FLIIVAIQI[EK]FKR P7
- 0
61
2

3 24 | 1. | RA[RKE]FEELNMDLI[FL][ER][RK]ICME[PT]V[ED]K[CA]L[RV]D[ASIK[ML][DSIK[SKID[V | 50 | Hs
7e | 1[DH][DE]VIVE]LVGGS[TSIR[IV]P[KAIVQQ p7
- 0
57
1

4 22 | 2. | AAKNQ[AV]AMNP[TEIINT[VI]FD[AV]KRLIGR[RK][FY]SDPI 29 | Hs
2e P7
- 0
31
4

5 18 | 2. | PLSLG[IL][ES]TIALIG[GD][VLIM[TSIV[LV]IPRNTTIP[TV]KK[ES][QEIV[FY]STLYAI[SA] | 42 | Hs
Oe | DINFJQ[PTS][GS]VILS] P7
- 0
37
8

6 21 | 2. | [EQI[HQIDRVE[IV]IAND[QE]GNRTTPS[YV]VAFT[DE][KNT][QE]RL 29 | Hs
4e P7
- 0
28
7

7 22 | 2. | INYIK[KIV]DIS[GK][ND]P[RK]ALRRLRTA[CA]E[KR]AKRTLSS[TN] 29 | Hs
7e P7
- 0
28
2

8 24 | 2. | GK[ED][LP]C[KR]S[IVIN[PA]DEAVAYGAA[VIL]Q 21 | Hs
8e P7
- 0
24
8

9 24 | 2. | [KG][RQI[LFIS[APIE[EQ]IS[SAIM[VI][LQIT[KA][ME][KR][EY][KI]AE 21 | NA
le
2
3

10 | 18 | 6. | I[QKIV[YFL][EQ]GER[TAE]R[AT][RS]DN[NK]LLG[KS]FEL[SY]GIPPAPRGVP 33 | HS
9e P7
- 0
29
3

11 | 15 | 2. | QISD]ID[LM]KLWPFKV[IV][AP][GD][PSI[DG]DKPMI[AV]V[SN]YKG[EQ]E 29 | Hs
5e P7
- 0
21
1

12 | 16 | 7. | V[CT]FDIDA[ND]GI[LV][NT]VSAEDK[ST]TG[KQ]K[NQIKITIT 29 | Hs
Se P7
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13 19 1. [KT][GK][KE][GE][KPI[AV][IV]GIDLGTT[YN]SCV[AG]V[WM] 21 HS
7e P7
- 0
20
5

14 12 3. K[KT]KI[EN][DM]A[IV][EA][EQ][AT]I[QEK][WL]LD[ASINQ[LQ][AGT]E[AT][DE][EV]FIE | 41 HP
6e | VID[KH][ML]KE[LV][EK]S[LI[CIINPI[IM] S7
- 0
15
9

15 17 9. H[KE]K[KT][VK][EDJAKN[AS]LENY[AV]YNMRNI[TK] 21 HS
7e P7
- 0
10
8

16 14 1. [AVIQTTIE[ILV]D[SA]L[YFS][EG][GS][IVID[FL]Y[SA][TS][IL][TS] 21 NA
Oe
09
5

17 9 6. AAILSGEG[ND][EK]KV[QE]DLLLLDV[TM] 21 NA
Oe
06
5

18 5 1. G[EGV]D[EAV][TN][AKE][GDNT][AVE][YF][ISQ][AES][KR]L[EAD][DEQ]LK[KAQ][LQV] | 44 HS
4e | [GV]DP[IV][EF][EGLNY]R[YFL][KN][ED][EFLRY][TEKM][EA]R[GPQVI[QSA]J[AI[IKTV][ P7
- EDR][QD][LFG][ILRSV][KYS][CY]I 0
02
5

19 4 1. [QNS][DE]K[EQ][KL][VII[ILIN[EA]CINLV][EK]AE[KQ]WI[LF][RKT]E[KM][IKQR][QL]QQ[ | 45 NA
5e | DEN][LPST][LFY]PK[NY][AITV][DNS]P[VIIL[LIW]S[ASV][DEJI[REK][KS]K[AT]E
02
9

20 4 1. [LPI[GQIT[PS][APIKI[SC][CT]I[YFV]TIGPF[HQ][GST][SAT][HKN][GAS][ES][KR][AST][KR | 41 HS
1e | JIIVI[KE]V[RKQ]V[RQS]L[ND][LFIJHGI[VIL][SGN][IL]ES P7
- 0
02
8
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EK 4 PvHSP70 genlerinin cis-acting elementleri

Cis Kategori PvHSP70- | PvHSP70-2 | PvHSP70-3 PvHSP70-4 | PvHSP70- | PVHSP70-
Elementler 1 5 6
AAGAA-motif | Gelisim 1 1 1 1 1 1
AC-1I Gelisim 0 0 0 0 1 0
CAT-box Gelisim 0 0 0 0 1 0
CCAAT-box Gelisim 1 0 0 0 0 0
circadian Gelisim 1 1 0 1 1 1
GCN4_motif Geligim 0 0 0 0 0 0
HD-Zip 1 Gelisim 0 1 0 0 0 0
HD-Zip 2 Gelisim 0 1 0 0 0 0
HD-Zip 3 Gelisim 0 1 0 0 0 0
MBSI Gelisim 0 1 0 0 0 0
MSA-like Gelisim 0 0 0 0 0 0
02-site Gelisim 0 1 0 1 1 1
OCT Gelisim 0 0 0 0 0 0
RY-element Gelisim 0 0 0 0 0 0
Skn-1_motif Gelisim 1 1 1 1 1 1
TA-rich region | Gelisim 0 0 0 0 1 0
ARE Cevresel Stres | 1 0 1 1 0 1
Box-W1 Cevresel Stres | 0 0 0 1 0 0
HSE Cevresel Stres | 0 0 1 1 1 1
LTR Cevresel Stres | 0 0 1 0 0 1
MBS Cevresel Stres | 1 0 0 1 1 1
TC-rich repeats | Cevresel Stres | 1 1 1 1 1 1
W box Cevresel Stres | 0 0 0 1 0 0
WUN-motif Cevresel Stres | 0 0 0 0 0 0
ABRE Hormon 0 0 1 0 0 1
AuxRR-core Hormon 0 0 0 0 0 0
CE3 Hormon 0 0 0 0 0 0
CGTCA-motif | Hormon 0 1 1 1 0 0
ERE Hormon 0 1 1 1 1 0
GARE-motif Hormon 0 0 0 0 0 1
P-box Hormon 1 0 0 0 0 1
TATC-box Hormon 0 0 0 0 0 0
TCA-element Hormon 1 1 1 0 0 1
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TGACG-motif

Hormon

TGA-element

Hormon

3-AF1 binding
site

Isik

3-AF3 binding
site

Isik

AAAC-motif

Isik

ACE

Isik

AE-box

Isik

as-2-hox

Isik

AT1-motif

Isik

ATCC-motif

Isik

ATC-motif

Isik

ATCT-motif

Isik

Box 4

Isik

Box |

Isik

Box Il

Isik

Box Il

Isik

CATT-motif

Isik

chs-CMAla

Isik

chs-CMA2a

Isik

GAG-motif

Isik

GA-motif

Isik

Gap-box

Isik

GATA-motif

Isik

G-box

Isik

GT1-motif

Isik

GTGGC-motif

Isik

1-box

Isik

LAMP-element

Isik

L-box

Isik

MNF1

Isik

MRE

Isik

Spl

Isik

TCCC-motif

Isik

TCT-motif

Isik

TGGCA-motif

Isik

ATGCAAAT
motif

Diger
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CTAG-motif Diger 0 0 0 0 0 0
F-box Diger 0 0 0 0 0 0
GCC box Diger 0 0 0 0 0 0
TATCCAT/C- | Diger 0 1 0 0 1 1
motif
TCCACCT- Diger 0 0 0 0 0 0
motif
Unnamed__10 | Diger 0 0 0 0 0 0
Unnamed__11 | Diger 0 0 1 0 0 0
Unnamed__12 | Diger 0 0 0 0 0 0
Unnamed__13 | Diger 1 0 0 0 0 0
Unnamed__14 | Diger 0 0 0 0 0 0
Unnamed__2 Diger 0 0 0 0 0 0
Unnamed__3 Diger 1 0 0 1 1 0
Unnamed__4 Diger 1 1 1 1 1 1
Unnamed__5 Diger 1 0 0 0 0 0
Unnamed__8 Diger 0 0 0 0 0 0
Unnamed__ 9 Diger 0 0 0 0 0 0
5UTR Py-rich Promoter 0 0 0 0 0 0
stretch Iliskili
A-box Promoter 0 0 0 1 0 0
fliskili
CAAT-box Promoter 1 1 1 1 1 1
flikili
CCGTCC-hox | Promoter 0 0 0 1 0 0
flikili
TATA-box Promoter 1 1 1 1 1 1
fliskili
AT-rich Site binding 0 0 0 0 0 1
element
MBSII Site binding 0 0 0 0 0 0
Unnamed__1 Site binding 1 0 1 1 1 0
Unnamed__6 Site binding 0 0 1 1 0 1
Cis Kategori PVHSP70- PvHSP70-8 | PVHSP70-9 PVHSP70- PVHSP70- | PvHSP70-
Elementler 7 10 11 12
AAGAA-motif | Gelisim 0 1 1 1 1 0
AC-II Gelisim 0 1 0 0 0 0
CAT-box Gelisim 0 0 0 1 0 0
CCAAT-box Gelisim 0 0 0 0 0 0
circadian Geligim 1 1 0 1 1 1
GCN4_motif Gelisim 1 0 1 1 1 1
HD-Zip 1 Gelisim 0 1 0 0 0 0
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HD-Zip 2

Gelisim

HD-Zip 3

Gelisim

MBSI

Gelisim

MSA-like

Gelisim

02-site

Gelisim

OoCT

Gelisim

RY-element

Gelisim

Skn-1_motif

Gelisim

TA-rich region

Gelisim

ARE

Cevresel Stres

Box-W1

Cevresel Stres

HSE

Cevresel Stres

LTR

Cevresel Stres

MBS

Cevresel Stres

TC-rich repeats

Cevresel Stres

W box

Cevresel Stres

WUN-motif

Cevresel Stres

ABRE

Hormon

AuxXRR-core

Hormon

CE3

Hormon

CGTCA-motif

Hormon

ERE

Hormon

GARE-motif

Hormon

P-box

Hormon

TATC-box

Hormon

TCA-element

Hormon

TGACG-motif

Hormon

TGA-element

Hormon

3-AF1 binding
site

Isik

3-AF3 binding
site

Isik

AAAC-motif

Isik

ACE

Isik

AE-box

Isik

as-2-hox

Isik

AT1-motif

Isik

ATCC-motif

Isik
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ATC-motif

Isik

ATCT-motif

Isik

Box 4

Isik

Box |

Isik

Box Il

Isik

Box Il

Isik

CATT-motif

Isik

chs-CMAla

Isik

chs-CMA2a

Isik

GAG-motif

Isik

GA-motif

Isik

Gap-box

Isik

GATA-motif

Isik

G-box

Isik

GT1-motif

Isik

GTGGC-motif

Isik

1-box

Isik

LAMP-element

Isik

L-box

Isik

MNF1

Isik

MRE

Isik

Spl

Isik

TCCC-motif

Isik

TCT-motif

Isik

TGGCA-motif

Isik

ATGCAAAT
motif

Diger

CTAG-motif

Diger

F-box

Diger

GCC box

Diger

TATCCAT/C-
motif

Diger

TCCACCT-
motif

Diger

Unnamed__10

Diger

Unnamed__11

Diger

Unnamed__12

Diger

Unnamed__13

Diger

Unnamed__14

Diger
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Unnamed__2 Diger 0 0 1 0 0 0
Unnamed__3 Diger 1 0 0 0 1 1
Unnamed__4 Diger 1 1 1 1 1 1
Unnamed__ 5 Diger 0 0 0 0 0 0
Unnamed__8 Diger 0 0 0 0 0 0
Unnamed__9 Diger 0 0 0 0 0 0
5UTR Py-rich Promoter 0 1 0 1 0 1
stretch Mliskili
A-box Promoter 0 0 0 0 0 0
MNiskili
CAAT-box Promoter 1 1 1 1 1 1
MNiskili
CCGTCC-box Promoter 0 0 0 0 0 0
MNiskili
TATA-box Promoter 1 1 1 1 1 1
MNiskili
AT-rich Site binding 1 0 0 0 0 0
element
MBSII Site binding 0 1 1 0 0 0
Unnamed__1 Site binding 1 0 0 0 1 1
Unnamed__6 Site binding 1 0 0 0 1 1
Cis Elementler Kategori PVHSP70-13 PVHSP70-14 PVHSP70-15 PVHSP70-16 i’;/HSWO— PVHSP70- 18
AAGAA-motif | Gelisim 1 1 1 0 1 1
AC-II Gelisim 0 0 0 0 0 0
CAT-box Gelisim 0 0 0 0 0 1
CCAAT-box Gelisim 0 1 0 0 0 0
circadian Geligim 1 0 1 0 0 1
GCN4_motif Gelisim 0 0 0 1 0 0
HD-Zip 1 Gelisim 0 0 0 0 0 1
HD-Zip 2 Gelisim 0 0 0 0 0 1
HD-Zip 3 Gelisim 0 0 1 0 0 0
MBSI Gelisim 0 0 0 0 0 0
MSA-like Gelisim 0 1 0 0 0 0
02-site Gelisim 0 1 0 0 1 0
OCT Gelisim 0 0 0 0 0 0
RY-element Gelisim 0 0 0 0 0 0
Skn-1_motif Gelisim 1 1 1 1 1 1
TA-rich region | Gelisim 1 0 0 0 0 0
ARE Cevresel Stres | 1 0 1 1 1 1
Box-W1 Cevresel Stres | 0 0 0 0 1 0
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HSE

Cevresel Stres

LTR

Cevresel Stres

MBS

Cevresel Stres

TC-rich repeats

Cevresel Stres

W box

Cevresel Stres

WUN-motif

Cevresel Stres

ABRE

Hormon

AuxRR-core

Hormon

CE3

Hormon

CGTCA-motif

Hormon

ERE

Hormon

GARE-motif

Hormon

P-box

Hormon

TATC-box

Hormon

TCA-element

Hormon

TGACG-motif

Hormon

TGA-element

Hormon

3-AF1 binding
site

Isik

3-AF3 binding
site

Isik

AAAC-motif

Isik

ACE

Isik

AE-box

Isik

as-2-box

Isik

AT1-motif

Isik

ATCC-motif

Isik

ATC-motif

Isik

ATCT-motif

Isik

Box 4

Isik

Box |

Isik

Box Il

Isik

Box Il

Isik

CATT-motif

Isik

chs-CMAla

Isik

chs-CMA2a

Isik

GAG-motif

Isik

GA-motif

Isik
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Gap-box

Isik

GATA-motif

Isik

G-box

Isik

GT1-motif

Isik

GTGGC-motif

Isik

1-box

Isik

LAMP-element

Isik

L-box

Isik

MNF1

Isik

MRE

Isik

Spl

Isik

TCCC-motif

Isik

TCT-motif

Isik

TGGCA-motif

Isik

ATGCAAAT
motif

Diger

CTAG-motif

Diger

F-box

Diger

GCC box

Diger

TATCCATI/C-
motif

Diger

TCCACCT-
motif

Diger

Unnamed__10

Diger

Unnamed__11

Diger

Unnamed__12

Diger

Unnamed__13

Diger

Unnamed__14

Diger

Unnamed__2

Diger

Unnamed__3

Diger

Unnamed__4

Diger

Unnamed__5

Diger

Unnamed__8

Diger

Unnamed__9

Diger

5UTR Py-rich
stretch

Promoter
Mliskili

A-box

Promoter
Mliskili

CAAT-box

Promoter
Mliskili
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CCGTCC-box Promoter 0 1 0 0 0 0
liskili
TATA-box Promoter 1 1 1 1 1 1
liskili
AT-rich Site binding 1 0 1 0 1 1
element
MBSII Site binding 0 0 0 0 0 0
Unnamed__1 Site binding 1 1 0 0 0 0
Unnamed__6 Site binding 1 0 1 0 1 0
Cis Kategori PVHSP70- | PvHSP70- PvHSP70-21 | PvHSP70- PVHSP70- | PVHSP70-
Elementler 19 20 22 23 24
AAGAA-motif | Gelisim 1 1 1 1 0 0
AC-1I Gelisim 1 0 0 0 0 0
CAT-box Gelisim 0 0 0 0 0 0
CCAAT-box Gelisim 0 1 0 0 0 1
circadian Geligim 1 0 0 1 1 0
GCN4_motif Gelisim 1 0 1 0 0 0
HD-Zip 1 Gelisim 0 0 0 0 0 0
HD-Zip 2 Gelisim 0 0 0 0 0 0
HD-Zip 3 Gelisim 0 0 0 0 0 1
MBSI Gelisim 0 0 0 0 0 0
MSA-like Gelisim 0 0 0 0 0 1
O2-site Gelisim 0 1 0 0 0 0
OCT Gelisim 0 1 0 0 0 0
RY-element Gelisim 0 0 0 0 1 0
Skn-1_motif Gelisim 0 1 1 1 1 1
TA-rich region | Gelisim 0 0 0 0 0 1
ARE Cevresel Stres | 0 0 1 1 0 1
Box-W1 Cevresel Stres | 0 0 1 1 0 0
HSE Cevresel Stres | 1 1 1 1 1 0
LTR Cevresel Stres | 0 1 1 0 1 0
MBS Cevresel Stres | 0 0 1 1 1 1
TC-rich repeats | Cevresel Stres | 1 1 1 1 1 1
W box Cevresel Stres | 0 0 1 1 0 0
WUN-motif Cevresel Stres | 1 0 0 0 1 0
ABRE Hormon 1 0 0 0 1 0
AuxRR-core Hormon 0 0 0 0 0 0
CE3 Hormon 0 0 0 0 0 0
CGTCA-motif | Hormon 0 0 1 0 1 0
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ERE

Hormon

GARE-motif

Hormon

P-box

Hormon

TATC-box

Hormon

TCA-element

Hormon

TGACG-motif

Hormon

TGA-element

Hormon

3-AF1 binding
site

Isik

3-AF3 binding
site

Isik

AAAC-motif

Isik

ACE

Isik

AE-box

Isik

as-2-box

Isik

AT1-motif

Isik

ATCC-motif

Isik

ATC-motif

Isik

ATCT-motif

Isik

Box 4

Isik

Box |

Isik

Box Il

Isik

Box 111

Isik

CATT-motif

Isik

chs-CMAla

Isik

chs-CMA2a

Isik

GAG-motif

Isik

GA-motif

Isik

Gap-box

Isik

GATA-motif

Isik

G-box

Isik

GT1-motif

Isik

GTGGC-motif

Isik

1-box

Isik

LAMP-element

Isik

L-box

Isik

MNF1

Isik

MRE

Isik
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Spl

Isik

TCCC-motif

Isik

TCT-motif

Isik

TGGCA-motif

Isik

ATGCAAAT
motif

Diger

CTAG-motif

Diger

F-box

Diger

GCC box

Diger

TATCCAT/C-
motif

Diger

TCCACCT-
motif

Diger

Unnamed__10

Diger

Unnamed__11

Diger

Unnamed__12

Diger

Unnamed__13

Diger

Unnamed__14

Diger

Unnamed__2

Diger

Unnamed__3

Diger

Unnamed__4

Diger

Unnamed__5

Diger

Unnamed__8

Diger

Unnamed__ 9

Diger

S5UTR Py-rich
stretch

Promoter
Mliskili

A-box

Promoter
Mliskili

CAAT-box

I?romoter
Migkili

CCGTCC-box

Promoter
Mliskili

TATA-box

Promoter
Mliskili

AT-rich
element

Site binding

MBSII

Site binding

Unnamed__1

Site binding

Unnamed__6

Site binding
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