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OZET

CiNKO EKSiKLiGi DURUMUNDA FARKLI ANLATIM YAPAN ARPA
GENLERININ iZOLASYONU iCiN BASKILAYICI CIKARIM HiBRiDiZASYON
KUTUPHANELERININ KURULMASI VE BiYOINFORMATIK ANALIZLERI

Basak CELIK ALTINISIK

Biyoloji Anabilim Dali

Ylksek Lisans Tezi
Tez Danigsmani: Yrd. Dog. Dr. Senay VURAL KORKUT

Cinko elementi, tim canhlar igin temel bir mikrobesindir. Bu element 400’ den fazla
enzimin yapisinda kofaktor olarak bulunur ve birgok protein igin kritik yapisal role
sahiptir. Cinko cesitli transkripsiyon faktorleri icin yapisal bilesen oldugundan gen
anlatiminda da onemlidir. Cinko eksikligi tim Dilinya’da yaygin bir saglik problemidir.
Bu sorunun giderilmesi icin, Cinko eksikligi oldugu bilinen bdlgelerde bulunan tarim
alanlarinda, bu eksiklige dayanikli bitkiler yetistirilmelidir. Tahillarda ve diger bitki
turlerinde ¢inkonun alimindan, tasinimindan ve depolanmasindan sorumlu proteinleri
kodlayan genlerin farkh anlatimindan kaynaklanan genotipik varyasyonlar vardir. Bu
nedenle bitkilerde cinko etkinliginin belirleyicisi olan genler izole ve karakterize
edilmelidir. Ayrica bu genlerin hiicre icindeki fonksiyonlari ve anlatimlarinin kontrol
mekanizmalari belirlenmelidir. Bu sekilde tarimsal bitkilerde biyoteknolojik
yontemlerle cinko etkinligi 6zelligi gelistirilebilecektir.

Bu calismada yabani arpa ( Hordeum spontaneum) bitkisinin ginko eksikligi durumunda
farkli anlatim yapan genlerinin izolasyonu yapilmistir. Baskilayici ¢ikarim hibridizasyon
yontemi kullanilarak, Hordeum spontaneum yaprak, kék ve gévdesinden (g ayri cDNA
cikarimli ¢cDNA kitliphanesi kurulmustur. Yaprak kitliphanesinden 960 klon, kdk
kiitiphanesinden 384 klon icin dizin analizi yaptiriimistir. cDNA dizinlerinin EST dizinleri
olarak degerlendirilmesi icin biyoinformatik analizler yapilmistir. Dizinler NCBI’ a (
National Center for Biotechnology Information) ait GenBank veritabaniyla BlastN ve
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BlastP uygulamasi kullanilarak karsilastirilmistir.

Blast sonuclari incelendiginde elde edilen cDNA dizinlerinin Rubisco, Ferredoxin- NADP
reduktaz, Lipid Transfer Protenleri, Karbonik  Anhidraz, Klorofil A- B binding,
Translasyon Uzatici Faktor, Glutatyon- S- transferaz, Katalaz ve ZIP protein kodlayici
genlere 6nemli derecede benzerlik gdsterdigi bulunmustur.

Anahtar Kelimeler: Cinko, Hordeum spontaneum, Baskilayici Cikarim Hibridizasyon
Yéntemi, Cinko eksikligi, EST, Biyoinformatik, Phred/ Phrap, CAP3
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ABSTRACT

CONSTRUCTION OF SUPPRESSION SUBSTRACTION LIBRARIES FOR
CLONING OF BARLEY GENES DIFFERENTIALLY EXPPRESSED UNDER ZINC-
DEFICIENT CONDITIONS AND THEIR BIOINFORMATIC ANALYSIS

Basak CELIK ALTINISIK

Department of Biology
MSc. Thesis

Advisor: Assist. Prof. Dr. Senay VURAL KORKUT

Zinc (Zn) is essential for all organisms as a micronutrient. Zinc is required as a cofactor
for more than 400 enzymes and plays critical structural roles for many proteins. It also
plays a significant role in gene expression as a structural component in a large number
of Zn- dependent transcription factors. Zinc deficiency is considered as a widespread
health problem throughout the world. Therefore there is a need for growing more zinc
efficient plants in regions where zinc deficiency is common. Genotypic variations for
zinc uptake efficiency have been found for crops and other plant species. These
variations are due to the differential expression of many genes encoding proteins that
functions in absorption, translocation and storage of zinc. The genes which determine
zinc efficiency must be isolated and characterized. In addition their in vivo functions
and control of expressions must be analyzed. This can lead to improvement of zinc
efficiency treat using biotechnological methods.

In this study wild barley ( Hordeum spontaneum) genes which are expressed
differentially in response to zinc deficiency were isolated . Three separate substracted
cDNA libraries were constructed from leaves, roots and stems of Hordeum
spontaneum using Suppressive Substracted Hybridization ( SSH) method. 960 clones
from leaf library and 384 clones from root library were sequenced. Bioinformatic
Analysis were performed to convert raw sequence data to EST data . The sequences
were compared to the GenBank database of NCBI using BlastN and BlastP tool.
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Blast results indicated that cDNA sequeces showed significant similarity to Rubisco,
Ferredoxin- NADP reductase, Lipid Transfer Protein, Carbonik anhidrase, Chlorophyll
A- B binding proteins, Translation Elongation Factor, Glutatyon- S- transferase,
Catalase ve ZIP protein encoding coding genes.

Key words: Zinc, Hordeum spontaneum, Suppressive Substractive Hybridization, Zinc
deficiency, EST, Biyoinformatic, Phred/ Phrap, CAP3

YILDIZ TECHNICAL UNIVERSITY
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BOLUM 1

GIRIS

1.1 Literatiir Ozeti

insan viicudundaki metabolik reaksiyonlarin diizgiin bir sekilde isleyisi icin viicuda
alinmasi gerekli olan su, karbonhidrat, 10 ¢esit temel aminoasit, linoleik asit, linolenik
asit, yedi cesit makro element ve 17 ¢esit mikro element ( Fe, Zn, Cu, Mn, |, Fl, B, Se,
Mo, Ni, Cr, V, Si, As, Li, Sn, Co) olmak lizere toplam 49 ¢esit besin belirlenmistir [1], [2].
Bitkiler icin sadece yedi cesit mikro element ( Fe, Mn, Zn, Cu, B, Mo, Cl) belirlenmistir
[3]. Bu besin gesitlerinden ¢inko, demirden sonra canlilar igin hayati 6Gnemi olan ikinci
mikroelementtir [4]. Cinko; mikroorganizmalarda, bitkilerde ve hayvanlarda 400’ den
fazla metal bagh enzim ve proteinin yapisinda bulunur [5]. Cinko, biyolojik sistemlerde
gorevli olan transkripsiyon faktorlerinin ¢alismasi ve ¢ok sayida proteinin yapisal
kararlihgini korumak igin gerekli bir eser element oldugundan gen regllasyonu igin
onemlidir. Hicrede genlerin farkli anlatiminin gerceklestigi strese bagh durumlarda
organizmalarin stresin zararli etkilerinden korunmasini saglar [3]. Ayrica DNA’ nin
onariminda ve programli hicre oliminde gorev alir [6]. Cinkonun enzimlerin
calismasinda katalitik rolii bulunur [7]. Bunlara bagl olarakta cinko eksikligi hiicrenin
yasamini ve hicredeki tim metabolik aktiviteleri etkiler. Ayrica hiicrede cinkonun
miktarinin eksikligi kadar fazlahgi da hiicrenin metabolik fonksiyonlari icin zararli
sonuclar ortaya ¢ikarmaktadir hatta toksik etkiler olusturabilmektedir. Bu nedenle tim
canlilarda c¢inkonun aliminin, tasinmasinin ve depolanmasinin kontrolli bir sekilde

diizenlenmesi gereklidir.

Gelismis ve gelismekte olan Ulkelerde cinko eksikligi 6nemli bir beslenme ve saglik

sorunudur. Kopenhang Konsensus’ una gore ( 2008) kiiresel degisimde cinko ve A



vitamini yetersizligi en 6nemli sorunlardan ikisidir [8]. WHO’ nun 2002 yilinda
yayinlanan raporunda ise gelismekte olan (lkelerde, ¢inko eksikliginden kaynaklanan
saglik sorunlari besinci sirada yer almaktadir. Tim Ulkeler incelendiginde de demir ve A
vitamini yetersizligi kadar onemli kabul edilip, 11. siraya konmustur [9]. Diinya
ndfusunu olusturan 6 milyar insanin yaklasik % 60’ inda demir eksikligi, % 30’ unda
cinko eksikligi, % 30’ unda iyot eksikligi ve % 15’ inde selenyum eksikligi oldugu tahmin
edilmektedir [2].

GCinko eksikliginin insanda blylimenin gerilemesi, anemi, infeksiyonlara duyarlilik,
algilama eksikligi, mental olarak gerileme, yaralanan dokularin geg iyilesmesi ve lireme
bozukluklarini da kapsayan pek cok problemin ortaya cikmasina neden oldugu
gozlenmistir [4], [8], [10], [11], [12], [14], [15]. Cesitli arastirmalarla ¢inkonun canlilarin
metabolik fizyolojik olaylarinda, biylime ve gelismelerinde goérev aldigi belirlenmistir
[13], [16], [17]. Cinkonun bitki gelisimindeki énemi, ilk defa misir bitkisinde Maze
(1915) tarafindan daha sonra da Sommer ve Lipman (1926) tarafindan Arpa ve aygicegi
bitkilerinde yapilan arastirmalarla gosterilmistir. 1934 yilinda fare ve siganlarda, 1969
yilinda da Aspergillus niger’ de biyime ve gelismede dnemi oldugu belirlenmistir [14],
[18]. Bitkilerin saglikh beslenebilmeleri i¢in ihtiya¢ duyduklari Cinko miktari oldukca
azdir. Bir kg kuru maddesinde 20 mg Cinko olan bitkilerin verimlerinde herhangi bir
azalma olmadigl halde bu oranin 10 mg’ in altina dismesi halinde verimde anormal

azalmalarin oldugu tespit edilmistir [19].

Farkh bitki tdrlerine bakildiginda tahillar arasinda g¢inko eksikligine duyarlilik ve
dayaniklilk bakimindan cesitlilik gbzlenmistir. En duyarli olan bitki tirleri piring, misir
ve dari; daha az duyarli olan bitki turleri ise bugday, arpa, yulaf, cavdardir. Hatta ayni

bitkinin farkli genotipleri arasinda da farkliliklar vardir [11], [20].

Cinko eksikligi bitkilerde gelisimsel bozukluklar, yapraklarda rengin acilmasi ve lekeler,
yaprak boyutunda kigllme, bitki govdesinde incelme ve kisalma gibi fizyolojik
belirtilerle ve kokte mantar enfeksiyonlarina duyarlilik olarak kendini gosterir [12],

[21].

25 Ulkeden alinan toprak érneklerinin incelenmesi sonucu bunlarin yaklasik olarak %
50’ sinde minerale bagh abiyotik stres tiirii olan ¢inko yetersizligi gérilmustir. Ozellikle

kirecli, kurak, yari- kurak, pH degeri, kum orani ve fosfat orani ylksek olan topraklarda
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onemli bir stres faktortdir [11], [12], [21], [22], [23]. Pek ¢ok arastirmaci tarafindan
Hindistan, Avustralya, Pakistan, Cin, iran ve Tiirkiye gibi llkelerde cinko yetersizliginin
bugday bitkisinde olusturdugu olumsuz fizyolojik degisimler deneysel olarak tespit
edilmistir [11], [21], [22], [24], [25]. Cinkolu glbrenin bugday bitkisindeki verim
artisina iliskin ¢alisma Cakmak ve arkadaslari [12] tarafindan yapilmistir. Cinko
bakimindan zengin bugdayin tiketimi de ¢inko vyetersizligi goriilen bolgelerdeki

insanlarin saghgi igin olumlu bir gelisme olmaktadir [11], [20].

Cinko yetersizligi; gelismekte olan ulkelerdeki tarimsal, ekonomik ve saglik bakimindan
onemli sorunlardan biridir [22]. Cinko yetersizligi Turkiye’ de beslenme bicimine bagh
olarak kadin ve ¢cocuklarda daha yaygindir [11]. Cakmak ve arkadaslari tarafindan NATO
projesi olarak Sanliurfa’ da 2000 6grenci incelenmis ve ailelerin sosyo- ekonomik
kosullari ile viicutlarinda bulunan ginko oranlari arasinda iliski oldugu belirlenmistir

[12].

Cinko eksikliginin oldugu bdlgelerde bu stres faktortinin oncelikle insan saglig
bakimindan etkilerini azaltmak icin daha dayanikli bitkiler yetistirilmesi gerekmektedir.
Bitkilerde ginko etkinligini belirleyen genler izole ve karakterize edilmeli, bunlarin hiicre
icindeki fonksiyonlari ve anlatimlarinin kontrol mekanizmalari belirlenmelidir. Bu
genlerin biyoteknolojik yoéntemlerle dayanikli bitki genotipleri olusturulmasinda

kullanimi ancak bu sekilde miimkiin olacaktir.

1.2 Tezin Amaci

Bu arastirmada yabani arpa ( Hordeum spontaneum ) bitkisinin yaprak, govde ve kok,
dokularinda cinko eksikligi durumunda anlatimi artan genlerin baskilayici ¢ikarim
hibridizasyon yontemiyle klonlanmasi hedeflenmistir. Baskilayici ¢cikarim hibridizasyonu
yonteminin kullanilmasinin nedeni, arpada cinko eksik kosullarda anlatimi artan genler
bakimindan zenginlestirilmis cDNA kitliphaneleri kurulmasidir. Katliphanelerde
bulunan klonlarin dizin analizi yaptirilacak ve bunlarin EST dizinleri olarak

degerlendirilebilmesi icin biyoinformatik analizler gerceklestirilecektir.

1.3 Hipotez

GUnumuzde bir ¢ok organizma igin tim genlerinin dizin analizinin yapildigi genom



projeleri tamamlanmistir. Bu asamada genlerin islevlerinin bulunabilmesi, biyolojik ve
biyokimyasal mekanizmalarinin agiga kavusmasi igin islevsel genom projeleri
baslatilmistir. Bunlarin kapsaminda bir organizmada belirli bir kosulda anlatimi artan

tim genlerin analizini transkriptom ve proteom diizeyinde analizleri yapilmaktadir.

Cinko, biyolojik sistemlerde yapiya katilma, transkripsiyon faktoriniin calismasinda
gorev alma, enzimin ¢alismasinda katalitik gérev alma gibi olduk¢a 6nemli gérevlere
sahip eser elementlerden biridir. Buna bagli olarak ta cinko eksikligi biyolojik

sistemlerin calismasini dnemli derecede etkiler.

Tahillarda ve diger bitki tirlerinde c¢inko alim etkinligi bakimindan genotipik
varyasyonlar bulunmustur. Bu varyasyonlar cinkonun alimindan, tasinimindan ve
depolanmasindan sorumlu proteinleri kodlayan genlerin farkh anlatimindan
kaynaklanir. Bunun igin bitkilerde ¢inko etkinliginin belirleyicisi olan genler izole ve
karakterize edilmelidir. Ayrica bu genlerin hiicre icindeki fonksiyonlari ve anlatimlarinin
kontrol mekanizmalari belirlenmelidir. Bu sekilde tarimsal bitkilerde biyoteknolojik

yontemlerle ¢inko etkinligi 6zelligi gelistirilebilecektir.

Turkiye’ nin cinko eksik topraklarina iyi uyum saglamis arpanin kok, gévde ve yaprak
dokularindan ¢inko eksikligi stresi ile ayni anda anlatimi artan tim genler
klonlanacaktir. Bunun icin islevsel genomik yontemlerden biri olan Baskilayici Cikarim

Hibridizasyonu kullanilacaktir.



BOLUM 2

ARPA VE CiNKO

2.1 Arpa

2.1.1 Taksonomisi, Yagsam Kosullari ve Tarihi

Arkeolojik c¢alismalarda tohumlari bulunan arpa, bugdayla birlikte Dinyanin en eski
kiltdr bitkileri arasinda yer almaktadir. Bitkiler alemine ait Poaceae (bugdaygiller)
familyasina dahil olan Hordeum L. cinsinde yaklagik 115 tird bulunan bir bitkidir. Arpa

bitkisine ait siniflandirma Cizelge 2.1’ de verilmistir.

Cizelge 2. 1 Arpa bitkisine ait siniflandirma

Alem Plantae (Bitkiler)

Bolim Magnoliophyta (Kapali tohumlular)
Sinif Liliopsida (Tek ¢enekliler)

Takim Graminales

Familya Poaceae

Cins Hordeum L.

Bitkiler aleminde yer alan ¢imenler, yaklasik 60 milyon yil 6nce ortaya c¢cikmis olup,
Poaceae familyasi da yaklasik 12 milyon yil 6nce bu koldan ayrilmistir. Hordeum
spontaneum, yaklasik 10.000 yil 6nce Orta Asyada glnlimiuzde kullanillan Hordeum
vulgare tiruniin evcillestirilmesinde kullanilan bitki tiridir [26]. Her iki tirde de o
zamandan bu yana cok fazla degisim saptanmamistir. 317 yabani ve 57 kiltivar bitkisi
izerine yapilan calismalarda israil ve Urdiin populasyonlarinin digerlerine oranla

evrimsel olarak daha yakin olduklari gézlenmistir [27]. Tek gen calismalari da bunu
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destekler niteliktedir. Siniflandirma yapildiginda her iki tiirde de morfolojik olarak
benzerlikler oldugu bilinmektedir. Ancak cografik degisimlerin sonucundaki dogal
seleksiyon ve tarimsal uygulamalarla gerceklesen yapay seleksiyon ile farkl bolgelerde

yetisen arpa turlerinde farkl 6zellikler gorilmektedir [27], [28].

Hordeum, Triticum, Secale cinslerinin hepsi ortak atadan gelir, bundan dolayi genetik
olarak ortak yapilari vardir. Hordeum cinsi 32 tir ve 45 taxa icermektedir. Tek biyolojik
tire ait oldugu icin bu bitkinin alt tlrleri icin bariyer yoktur. Yabani tipinden kiltir

yapilabilir.

Arpa bitkisinin yasam dongisinin kisa olmasi, genomunun kii¢lik ve diploit olmasi (
2n= 14), genetik haritasinin biliniyor olmasi, fizyolojik, morfolojik ve genetik olarak
genis cesitlilik icermesi bilimsel calismalarda kullanilmasini kolaylastiran faktorlerdir

[28].

Arpa (Hordeum vulgare L.) bitkisi piring, bugday, celtik ve misirdan sonra gelen énemli
tahil bitkisidir [28], [29]. Ulkemiz de dahil tiim diinya tariminda énemli bir yere sahip
olan arpa, basta hayvan beslenmesi olmak Uzere, endistride bira ve malt, tatlandirici
ve viski yapiminda ve tipta ilag Gretiminde kullanilmaktadir [28]. Ayrica besin olarak

kullanildigi durumlar da vardir [29].

Diinya’ da arpa ekim alani 55,3 milyon hektar, lretimi 139,4 milyon ton ve dekara
verimi 251,9 kg’ dir. Turkiye’ de, arpa ekim alani ise 3,4 milyon hektar, Gretimi 8 milyon
ton ve dekara verimi 232,0 kg ile tahillar icerisinde bugdaydan sonra 2. sirada yer

almaktadir [29].

2.2 Cinko

2.2.1 Bir Mikrobesin Olarak Cinko

Tim canlilar icin temel bir mikrobesin olan ¢inko, periyodik cetvelde ikinci grup bir
element olup, agir metaller arasinda yer alir [16]. Diinyada bulunma sirasi bakimindan
23. sirada olan gecis metalidir. ¢, Zn ( 48.63%), «Zn ( 27.90%), ¢Zn ( 4.90%), ¢Zn (
18.75%) ve 5, Zn ( 0.62%) olmak lizere 5 tane izotopu bulunmaktadir. Bitki kok ve
govdesinde agir ve hafif izotoplar yonliyle zengin oldugu rapor edilmistir [18]. Formlari

cogunlukla cozlinebilir tuz ve c¢ozlinebilir- ¢ozlinemez organik kompleks molekiller
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seklindedir. Katyon halinde olup, S, N ve O atomlari ile gliclii kovalent baglar yapar

[11], [18].

Temel mikrobesin tiri olarak belirlenmesinden bu zamana kadar yapilan ¢alismalarla
cinkonun oldukga fazla sayida ve gesitte biyokimyasal olayda gorev aldigi belirlenmistir
[14]. Anhidraz, transferaz, hidrolaz, izomeraz, ligaz, RNA polimeraz , dehidrogenaz,
oksidorediiktaz ve peroksidaz gibi enzim gruplarina dahil enzimler igin yapisal ve
islevsel 6Gnemi vardir [1], [30], [31]. Bunlara baglh olarak ta niikleik asit, protein ve yag
metabolizmasinda, apoptosiste, biyomembran butinliglinde ve gecirgenliginde,
fotosentetik Karbon metabolizmasinda ve klorofil biyosentezinde, Indol Asetik Asit (
IAA, oksin) metabolizmasinda kritik rolleri vardir [21], [32]. Ayrica 1000’ den fazla
transkripsiyon faktoriinde diizenleyici kofaktor veya yapisal bilesen olarak bulunur. Bu
sekilde gen anlatiminin kontroliinde ve kromatin vyapisinin stabilitesinin
surdiridlmesinde islevi vardir [1], [9], [16], [21], [23], [30], [32], [33], [34], [35], [36],
[37].

Cu/ Zn siuperoksit Dismltaz ( SOD) enziminin yapisina katilir ve reaktif oksijen
molekdillerinin bitkideki oksidatif zararlarini engeller. Karbonik anhidraz enziminin
calismasi ile bitkide bulunan ginkonun miktari arasinda baglanti bulunmaktadir [35].

2.2.2 Topraktaki Cinko

Toprakta bulunan ¢inko mineralinin miktarini belirleyen en temel faktor, topragin
yapisidir. Cinko, farkli toprak tiplerinde farkli formlarda bulunur [38]. Atmosferden,

evsel atiklardan ve endustriyel atiklardan da topraga cinko karismaktadir.
Alloway [38]’ a gore, toprakta bulunan cinko, 5 farkli bicimde bulunur.
Bunlar:

1. Toprak ¢6zeltisinde ve suda ¢dziinir, serbest (ZN*?, ZnOH"),

2. Toprak ¢ozeltisine elektriksel yiklerle baglanmis,

3. Topraktaki organik bilesiklere, selatlara adsorbe olmus,

4. Birincil minerallerin ayrismasi ve parcalanmasiyla olusmus,

5. Cozliinmez metaloksit mineralleri tizerinde degismez bicimlerdedir.



FAO tarafindan yapilan galismada Dinya’ da tarim yapilan topraklarin yaklasik % 30’
unda ¢inko noksanliginin oldugu belirlenmistir. Alloway [39] tarafindan Cinko eksik

topraklar Sekil 2.1’ de gosterilmistir.

Sekil 2. 1 Dunyadaki Cinko eksik topraklar, kirmizi bolgeler eksik, yesil bolgeler orta
derecede eksik olarak tespit edilmistir ( Alloway [38] )

EyUboglu tarafindan ( 1996) Turkiye’ de 14 milyon hektarlik alandan alinan toplam
1511 toprak orneginde yapilmis olan calismalarda cinko eksikligi ( < 0.5 ppm) tespit
edilmistir [11], [38], [40]. Bu calismalarda cinko eksikligi ile yliksek pH, kire¢ ve metal
oksitlerle disiik organik madde iceren topraklar arasinda baglanti bulundugu
belirlenmistir [11], [12], [35], [38], [40]. Cinko eksikliginin Tiirkiye’ de 6zellikle Anadolu’
da yaygin oldugu 1993 yilinda NATO — bilim stabilite programi tarafindan yapiimis olan
arastirmalarla da ortaya konmustur. Orta Anadolu’da yapilan galismada kullanilan
toprak o6rneklerinin % 92’ sinde kullanilabilir cinko miktari kritik seviye olarak kabul
edilen 0,5 mg kg'1 KM’ in altinda bulunmustur. Ayni ¢alismada bdlgeden toplanan
bugday bitkisinin yaprak érneklerinin % 80’ inin saglikh bir bitkide olmasi gereken 15-20
mg kg'1 KM altinda ( 10 mg dolayinda) ginko igerigine sahip olduklari belirlenmistir [11],
[12]. Bugdayda Cinko yetersizliginden dolayi bir takim degisimlerin oldugu Hindistan,

Avusturalya ve Tlrkiye’ de yapilan calismalarla rapor edilmistir [22].

1994 yilindan sonra ginko eksik topraklarin bulundugu bolgeler igin ¢inko iceren glibre
Uretimi baslamistir. 1995’ te 2000 ton uretilirken bu rakam 2000" de 189 000 tonluk bir

Uretim miktarina ulagmistir [41].



2.2.3 Topraktaki Cinkonun Bitkilerce Alinmasi

Cinkonun formu ve miktari bitkinin yetistigi topragin yapisina gore degismektedir [38].
Bitki koklerinden ginkonun alinimi; topragin kireg igerigine, pH degerine, kil mineraline,
organik madde miktarina, topragin fosfor igerigine, toprakta kullanilan azotlu giibre

oranina ve topragin sicakhgina bagli olarak degisir [11], [12], [24], [35], [40].

Turkiye topraklarinin % 81,2"' sinde pH' nin 7,0' nin lizerinde oldugu bildirilmektedir
[11], [42]. Toprak pH’ si artarken ¢ozlnUrlikleri ok az olan Zn(OH)2 ve ZnCO3 bilesikleri
olusur ve bu ginkonun bitkiler tarafindan alinmasini zorlastirir. Giibre kullanimiyla
organik madde orani arttirilmis topraklarda ise bu ¢inkonun bitkiler tarafindan alinmasi

kolaylasir [40].
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Sekil 2. 2 Fe, Zn ve Cu elementlerinin bugday bitkisinin tohumuna kadar tasinmasinda
gorev alan tastyicilar, A; translokasyon basamaklari, 1. Rizosferden alinma, 2. ksilemde
tasinma, 3. kok ve gévde arasinda tasinma, 4. yapraklara ve tohuma ait dokulara
tasinma, 5. floemle tohuma génderilme, 6. tohumda depolanma, B; Tohumdaki
depolanmanin detaylari, ana bitkiye ait kisim yesil renkte gosterilmistir. Tohum sari
renkte gosterilmistir. Acik mavi renkte gosterilen tasiyicilar tohuma akisi saglayan
tasiyicilardir. Koyu mavi renkte olan tasiyicilar plazma zarinda bulunan tasiyicilardir. Gri
renkte olan tastyicilar koful icine tasiyan proteinlerdir. Kirmizi renkte olan tasiyicilar
kofuldan sitoplazmaya tasiyan proteinlerdir. Pd: Hiicrelerarasi mineral tasiyicisi (
Waters ve Sankaran [52] )



Cinkonun bitkilerdeki taginimi topraktan ginkonun alinmasi ile baslar. Ksilem ve floem
ile bitkinin hiicrelerine tasinmasina kadar devam eder. Kokten alinmasinda epidermis
membraninda bulunan H+ ATPaz ile Metal pompalayici ATPaz gérev alir. H' iyonu
kokten disari atilirken metaller epidermisten igeri alinir. Kok hticrelerinden hiicre
zarindan alinmasinda Zn *? veya Zn bagli fitosideroforlar araciligi ile gergeklesir [2]. Bazi
Ca™ kanallari da ¢inkoya gecirgenlik gosterir. Cinko metalinin kdkten dokulara ve
hicrelere tasinmasinda tasiyici proteinler ( ZIP), sitosolik selatorler ve kanal proteinleri

gorev alir.

Ksilem icinde bulunan ¢inko; katyon seklinde, organik aside, histidin aminoasitine veya
nikotinamide bagli olarak tasinir [2]. Alinan cinko, yaprakta mezofil hiicrelerinde ve
tanede endodermis hiicrelerinde kullanilir. Hicrenin c¢ekirdegine ve organellerine
zarlarinda bulunan taslyici proteinlerle tasinir. Cinko hiicrelerde sitosolde metal bagh
proteinlerle, metal selatorlerle, hiicrelerarasi metal tampon olarak veya serbest metal
konsantrasyonunda bulunabilir. Metal selatorleri olarak bitkide g tip molekadil
bulunur. Bunlar; fitoselathinler ( PC), Nikotinaminler ( NA), Metallotiyoneinler ( MT) dir
(9], [43].

Cinko ve demir minerali eksik toprakta yetistirilen bugday tirleri ile kokte bulunan
fitosiderefor molekilleri arasindaki iliski Tolay ve arkadaslari tarafindan [9]' da
arastirilmistir.  Cinko ve demir eksikliginde, proteinlerin yapisinda bulunmayan
aminoasit olarak adlandirilan fitosidereforlarin koklerden salgilanmasinda artis
gozlenmistir. Fitosidereforlar, kirecli topraklarda c¢inkonun ¢ozUnGrliGgini ve

hareketliligini arttirir.

2.2.4 Cinkonun Bitkilerdeki Etkisi

Agir metaller arasinda yer alan ¢inko, bitki blinyesinde olusan metabolik aktiviteyi
diizenleyen enzim sistemlerinin gerekli bilesenlerinden biridir. Normal konsantrasyonu

bitki biylime ve gelismesinde 6nemli rol oynar.

Dokuda fazla biriktigi zaman canhlikla ilgili mineral beslenme, transpirasyon,
fotosentez, enzim aktivitesi, ntikleik asit yapisi, klorofil biyosentezi ve ¢cimlenme gibi
blayime ile ilgili gesitli olaylarin aksamasina neden olur, ayrica membranlarda hasar,

hormon dengesinde bozukluk gibi fizyolojik bozukluklara neden oldugu arastirmalarla
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belirlenmistir [16], [32], [43], [44].

Elma ile ilgili bir ¢calismada ( Malus sylvestris Miller cv. Golden) fazla miktarda ¢inko
alinmasi polen g¢imlenmesini ve polen tlpl gelisimini olumsuz etkilemistir. Bu
calismaya gore c¢inko fazlaligi enzim aktivitesini duslirmekte ve solunumu
yavaslatmaktadir [45]. Fasulye, domates, pamuk, piring ve Arabidopsis gibi pek cok
bitki tiriinde vyapilan ¢alismalarda ginko eksikliginin karakteristik semptomlari geng
yapraklarda klorozis, yaprak kitlesinde azalma, zayif ve dik olmayan goévde yapisi,
yaprakta egilme seklinde oldugu bulunmustur [35], [42]. Domates bitkisiyle yapilan bir
¢calismada ise ginko eksikliginin protein ve seker metabolizma hizinin azalmasina neden

oldugu bulunmustur [18].

Cinko eksikligi bulunan toprakta yetisen bitkilerin tlrliine gore degisimleri de farkh
olmaktadir [35]. Cakmak ve arkadaslarinin yaptigi arastirmalarda ginko eksikliginin
hububatlardaki morfolojik ve fizyolojik etkileri gdzlenmis ve arpaya ait Yesevi, Tokak ve
Hamidiye irklarinin Cinko eksikligine diger hububatlara goére daha az degisimi
gerceklestirdigi tespit edilmistir. Triticale familyasindaki hububat gelisimi ile ¢inko
eksikligine duyarlilik bakimindan en duyarli olandan az duyarli olana dogru sirasi ile
makarnalik bugday, yulaf, ekmeklik bugday, arpa, tritikale ve ¢avdar seklindedir. Cinko
eksikligine iliskin semptomlar, yulaf ve makarnalik bugdayda hizli ve ciddi hasarl
gerceklesir. Cinko eksikligine duyarliik ekmeklik bugday tirlerinde blyik genotipik
farkliliklar gosterir. Tiritikale ve ¢avdarda gozle gorilebilir sesmptomlara ¢ok az rastlanir

[11].

Cinko eksikliginde Sekil 2.3’ te verildigi gibi hicrelerde reaktif oksijen tirlerinin ( ROS)
artisi , kokte demir mineralinin birikimi, cinkonun baglandigi zardaki proteinlerin yerini
demir aldigi icin yapisal ve fonksiyonel biyomembran bitinligiinde ve gecirgenliginde
hasarlar, fotosentezde azalma, yaprakta klorozis ve nekrozis, biyliime hormonu olan
indol asetik asitte artis, DNA’ da hasar ve gen ekspresyonunda degisim gozlenmistir

[18], [21].
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Sekil 2. 3 Bitkide Cinko eksikliginde meydana gelen fizyolojik degisimler (Cakmak [18] )

2.2.5 Cinko Alimi, Tasinmasi ve Depolanmasinin Molekiiler Biyolojisi

Son vyillarda yapilan calismalarda da cinkonun depolanabilir oldugu ve hiicre ici
vesikller kisimlardan yayilabildigi gosterilmistir. Canlilarda ¢inkonun homeostazisinde
gorev alan c¢ok fazla sayida gen belirlenmistir. Bu genlerin kodladigi proteinler,
¢inkonun alinmasinda, tasinmasinda ve depolanmasinda gorev alir. Cinko taslyicilarinin
¢cogunlukla dokuya 6zglin bir sekilde anlatiminin yapildigi ve hiicrede belirli bolgelerde
lokalize oldugu bulunmustur. Cinko tasiyicilarini kodlayan genlerin ¢inko eksikliginde
veya fazlaliginda hiicre icindeki vyerlesimlerinde ve kararhliklarinda degisimler
gozlemlenmistir [46]. Son yapilan calismalarda cinko ve diger metaller icin kofullarda

onemli ve gliclii detoksifikasyon mekanizmasinin oldugu gosterilmistir [7].

Memelilerde ¢inkonun homeostazisini saglayan cinko transporter genleri, ZnTs ve ZIPs
olmak Uzere iki stiperfamilyada toplanmaktadir. ZnTs tasiyicilari cinkonun yayllmasinda
gorevli katyon diflizyon proteinleridir. ZIP tasiyicilari da ¢inko ve diger metallerin
alinmasinda gorev alirlar [47], [48]. Cinko parmak proteinleri de diger transkripsiyon

faktorleri kadar onemli olup, hicre uzamasinin kontroll, hiicre farklilasmasi,

12



apoptosisle ilgili genlerin anlatimi ve DNA’ nin onarim mekanizmalarinda gorev alir [6].

Cinkonun bitkilerde alinmasinda gorevli olan metal tastyicilar ZIP ( ZRT, IRT bagimli
protein) ailesine dahildirler [9]. ZIP kelimesi, ZRT, IRT-like Protein kelimelerinden
Uretilmistir. Pedas vd.,” ye gore [8]’ de 100 gesit ZIP proteini tanimlanmis ve ZIP ailesine
katilmistir. ZIP taswyicilari Zn*? disinda Cd*?, Fe*®/ Fe™, Mn*?, Ni*%, Co™ ve Cu*
metallerinin tasinmasinda da gorevlidir. ZIP proteinlerinin aminoasit dizilimi maya, bitki
ve memelilerle homologtur. Arpa ( Hordeum vulgare) bitkisinin koklerinde g¢inko

homeostazisinde gorevli HvZIP3, HvZIP5 ve HVZIP8 tasiyicilari belirlenmistir [8].

ZIP proteinlerinin topolojisi benzer ozellik gosterir [49]. Degisken bdlge histidin
aminoasiti bakimindan zengindir. Cinkonun baglandigi bolge olan bu kisim, sitoplazma

bolgesine bakan kisimda bulunur ( Sekil 2.4), [7], [49], [50].

Hiicre dis1

N C ]
! Hiicre i¢i

/v\J

Degisken bolge
Sekil 2. 4 ZIP Uyelerinin topolojisi ( Guerinot [50] )

Zn, Mn, Fe, Ni, Cd ve Co metallerinin hiicre disina veya koful icinde alinmasinda
gorevli taslyici protein gesitleri belirlenmistir. Bunlar; ZIP ( ZRT, IRT-like protein), MTP (
metal tolerans protein), HMA ( agir metal ATPaz) ve ZIF ( zinc induced facilitator) ailesi
olarak belirli baslklar altinda toplanmistir [51]. MTP taslyici proteini CDF ailesine ait

olup bakteri, mantar, bitki ve hayvanlarda yaygin olarak bulunmaktadir.

Katyon tasiyicilari P1B-tip ATPaz ( HMA), ZIP, CDF, NRAMP ve YSL olmak Gzere pek ¢cok
tasiyicl ailesi bulunmaktadir. Bunlardan ZIP ve CDF ailesi ¢inkonun alimi, tasinimi ve
depolanmasinda onemli goérevleri vardir [1]. YSL ( yellow stripe like) proteinleri
oligopeptit tasiyicilara ( OPT) dahildir [52]. NRAMPs tasiyicilari ¢inkonun kofulda
akisinda etkiler [2].

A.thaliana ve diger bitkilerde, cinkonun hiicre icine alinmasinda ZIP tasiyici ailesi gorev
alir. Cinkonun koful icinde tasinmasinda CDF ( katyon diflizyon ailesi) taslyicilardan
AtMTP1 ( kok ve govdede) ve AtMTP3 ( kokte) gorev alir. AtZIF1, tonoplastta bulunan

ve cinkonun organik maddeye baglanip kofullarin icine tasinmasini kolaylastiran
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protein molekulidir. AtMTP3, AtMTP1 ve AtZIF1 tasityicillari ginkonun hiicredeki
miktarlarina iliskin tampon goérev alir. AtHMA2 ve AtHMAA4 tasiyicilar ginkonun
hicreden hiicreye tasinmasinda gorev alir. Ayrica ¢inko minerali nikotinamide bagli
olabilir ve YSL tasiyici ailesi ile demir, bakir ve ginkonun bitkisel dokularda yeniden
tasinmasinda gorev alabilir [46]. ZIP, MTP, NRAMP, HMA, FRD3 ve YSL proteinleri ve

NAS molekillerinin miktari yiksek toplayicilarda normal bitkilere gore daha fazladir [2].

2.3 Baskilayici Cikarim Hibridizasyonu ( SSH)

Baskilayici ¢cikarim hibridizasyonu ( SSH) Diatchenko vd., tarafindan gelistirilmis olup, iki
ornek arasinda farkli anlatim yapan genlerin belirlenmesi icin kullanilan PCR’ a dayal
bir yontemdir [53]. SSH, gelistiriimesinden bu yana Molekiler Biyoloji’ nin cesitli
alanlarindaki bir cok arastirma grubu tarafindan farkli anlatim yapan genler bakimindan
zenginlestirilmis cDNA kutuphaneleri kurularak, bu genlerin izolasyonlari igin
kullanilmistir. Ornegin, MCF7 meme kanser doku hiicrelerinde BRC1 geni tarafindan
indiklenen tim genlerin klonlamasi amaciyla kullanilmigtir [54]. Yine kanserle ilgili
baska bir arastirmada SSH yontemiyle, kolon adenomalarinda normal kolon
hicrelerine gore farkl anlatim yapan genler izole edilmistir [55]. Bitkilerde ise 6zellikle
farkl gelisim safhalarinda ve c¢esitli biyotik ve abiyotik streslerle anlatimi uyarilan

genlerin belirlenmesinde SSH yonteminin uygulandigi ¢calismalar vardir [56], [57], [58].

SSH isleminde iki hilicre populasyonunda nadir ve yaygin olarak anlatimi yapilan
genlerin dizeyi normalize edilmektedir. Belirli bir kosulda tester olarak adlandirilan
ornekte driver olarak adlandirilan 6rnege gore fazla anlatim yapan genler, birbirini
takip eden iki hibridizasyon ve iki PCR yoluyla belirlenir. Bu yéntemde karsilastiriimasi
istenen iki hiicre populasyonundan cikarilan mRNA’ lar ayri ayri cDNA’ ya dénistaralir.
cDNA’ lar dar bir boyut araligi olusturmak icin seyrek kesen Rsal enzimi ile kesilir.
Tester olarak adlandirilan 6rnek iki gruba ayrilir ve her grubun 5’ ucuna adaptorl ve

adaptor 2R olmak tzere iki ayri adaptor takilir.

ilk hibridizasyonda driver érneginin asiri bir miktari ayri ayri iki tester grubuna da
katilmasiyla ayni kosullarda hibridizasyon saglanir. Testerde ayni konsantrasyonda
bulunan cDNA’ larla driverde esit miktarda veya daha fazla bulunan cDNA’ larla

driverda daha az bulunan cDNA’ lara gore hizli bir bicimde hibridizasyon gerceklesir. Bu
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da testerda daha yiksek oranda bulunan tek zincirli tiirlerin zenginlesmesine yol agar.
Tek zincirli tlrlerin konsantrasyonunun normalizasyonu ayrica yaygin olarak bulunan

cDNA'’ larin nadir bulunanlara gére daha hizli dubleks olusturmasi ile de saglanir.

ikinci hibridizasyonda ise ilk hibridizasyonun driinleri karistirilarak yeni bir ¢cikarim igin
yine asiri miktarda driver DNA katilir. iki hibridizasyonda da ¢ikarima ugramamis biri
adaptorl digeri adaptor 2R iceren cDNAlar ¢ogaltilabilir dubleksler olusturur ( Sekil 2.
5’ te bunlar e hibritleri olarak gosterilmistir). Hibridizasyon reaksiyonlarindan sonra kit
uclu cDNA’ lar olusturmak igin adaptor cikintilari DNA polimeraz enziminin uglari
doldurma aktivitesinden faydalanilarak tamamlanir. e hibridleri farkli olarak ekspres
edilen cDNA’ lardir ve ug¢ doldurma isleminden sonra yalniz bunlar nested primerler igin

baglanma bdlgeleri igerir.

Hibridizasyondan sonra dubleksler adaptorlerin icerisinde dizini bulunan primerl
kullanilarak PCR’ la ¢ogaltilir. Bu, dubleksin yapisina bagh olarak farkli amplifikasyona
neden olur. Sekilde a ve b olarak gosterilen molekiller primer dizinini
tasimadiklarindan c¢ogaltilamazlar. iki zincirinde de ayni adaptériin tasindigi b
molekilleri  adaptorlerin  kendi arasinda komplementer olmasi nedeniyle
cogaltilamazlar. ¢ molekilleri yalniz bir adaptor tasidigindan bir primer icin baglanma
bolgesi vardir ve linear olarak ¢ogaltilabilir. Bu durumda yalniz ucunda iki farkli adaptor
olan e molekilleri eksponansiyel olarak cogaltilabilir. Sekonder PCR ise farkl ekspres
anlatim yapan genleri daha da zenginlestirmek amaciyla iki adaptérde de dizinleri

bulunan nested primerler kullanilarak gerceklestirilir.
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Sekil 2. 5 Baskilayici ¢cikarim hibridizasyonu ( Diatchenko vd., [53] )



Reaksiyon sonunda PCR drinleri T/ A vektorlerine ya da adaptorlerde bulunan kesim
bolgelerinin yardimiyla uygun vektorlere konularak E. coli’ ye aktarilir ve bir ¢ikarimli
cDNA kitiphanesi olusturulur. Bu safhadan sonra iki farkh strateji izlenebilir. Birinci
yaklasimda kitlphanenin ¢ikarim yapilmamis tester ve driver ¢ikarim yapilmis tester
ve driver olmak Uzere dort ayri cDNA grubundan hazirlanan problarla taranmasi ile
pozitif klonlar segilir. ikincisi kiitiiphanedeki tiim cDNA’ larin dizin analizi yaptinlarak
EST dizinleri olusturulmak icin biyoinformatik analizlerin yapilmasidir. Bu ¢alismada

ikinci strateji izlenmistir.

2.4 cDNA Kiitiiphaneleri

Karsilagtirmali genom ¢alismalarinda gen dizilerini ¢ozmek, genlerin fonksiyonlarini
bulmak igin 6nemli bir adimdir. Blyuk bir genomda sadece genlerin kodlandig
bolgelere ulagsmak igin cDNA sentezinin yapilmasi arastiricilarin hedefe ulagmasini

kolaylastirici bir yontemdir.

Farkli yontemlerle olusturulan bu cDNA’ lardan kitiphaneler kurulur ve buradaki
cDNA larin nikleotit dizi bilgisinin ¢ozlilmesi ile EST ler olusturulur. EST
olusturulmasinin amaci tim bir organizma ya da organizmalarin istenilen hiicre, doku

veya organlari igin 6zglin olarak anlatimi yapilan genlerin belirlenmesidir [59].

2.5 Biyoinformatik Analizlerle EST ( Expressed Sequences Tags) Olusturulmasi

EST (ekspres olmus dizi isaretleri) dizin analizi sonucu elde edilen genom parcalaridir
[60]. EST’ ler bilinmeyen genlerin tanimlanmasi ve yerlerinin tespit edilmesinde, gen
ekspresyonu ve regilasyonu hakkinda veri toplanmasi ve genom haritalarinin

olusturulmasi konusunda kisa sireli ve ekonomik bir yol saglar.

Gen tespit edilmesi isleminde, EST koleksiyonlari icin baslangic materyalinin cDNA
olmasi, genomik dizilere Ustlinlik saglar. Genomun buylik bir kismi gen kodlamayan
bélgelerden olustugu icin genomik dizilerden genlerin tespit edilmesi zordur. islevsel
genomik calismalarda elde edilen cDNA dizinlerinin EST olarak degerlendirilebilmesi
icin ham dizinlerin islenmesi ve birlestirilmesi gereklidir. islenme, ham EST dizilerinin
icerdigi vektor, adaptor ve disik degerli dizilerin uzaklastirilmasi ve verilerin daha iyi

incelenmesi igin temizlenmesidir. Temizlenme igin internetten ulasilan PHRED, Phill

17



Green’ in CROSS- MATCH, TIGR’ den Lucy ve SeqClean, NCBI tarafindan saglanan
VecScreen gibi cevirim i¢i olmayan programlar bulunmaktadir [51]. Bu programin
disinda CHROMAS programi da dizilerden vektor dizilerinin temizlenmesi icin kullanilir.
Birlestirmede oOnemli sorun kontik olarak bilinen dizilerin kalitesinin yuksekligidir.
Fragment birlestirmede PHRAP ve CAP3 programlari kullanilir. CAP3 programi ile elde

edilen sonuglarin GenBank veritabaninda BLASTN ve BLASTP analizleri yapilir.

2.6 GenBank

GenBank, Amerikan Ulusal Saghk Enstitlileri (NIH National Institutes of Health)
kampisinde bulunan, Ulusal Tip Kitlphanesi ( NLM National Library of Medicine)
blinyesinde calisan, Ulusal Biyoteknoloji Merkezi ( NCBI National Center for
Biotechnology Information) tarafindan olusturulup dagitimi yapilan, biyolojik ve
bibliyografik veri destegi saglayan, niikleotit ve protein dizilerinin toplandigi kamuya

acik bir veri tabanidir.

NCBI; GenBank arastiricilarinin - dogrudan gonderdikleri  dizi bilgileri ile
olusturulmaktadir. Diger veri kaynaklari ise, EST dizilerinin ve diger dizileme

merkezlerinin gonderdigi dizilerle olusturulmaktadir.

NCBI, Ensembl ( Europan Molecular Biology Laboratory), UCSC ( University of California
Santa Cruz), GO ( Gen Ontology), KEGG ( Kyoto Encyclopedia of Genes and Genomes)

veritabanlari yaygin olarak kullaniimaktadir.
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BOLUM 3

3.1 Bitki Materyali

MATERYAL VE METOD

Hordeum spontaneum (TR 62199) tohumlari Ege Tarimsal Arastirma Enstitlisi’ nden

temin edildi.

3.2 Besiyerler

3.2.1 Bitki Bliyitme Besiyeri

Hoagland Besiyeri

Makro Besin Cozeltisi

Besin gesidi Miktar Stok (M) Element kaynagi
KNO3 10,1g 1.00 N/ K
Ca(NOs),.4H,0 23,615¢g 1.00 Ca
KH,PO, 13,61¢g 1.00 P
MgS0,4.7H,0 24,65¢g 1.00 Mg/S

Cizelgedeki miktarlarin Gzerine saf su ilave edilerek, 100’ er ml ye tamamlandi.

Cozeltiler oda sicakhginda bekletildi.
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Mikro Besin Cozeltisi |

Besin gesidi Miktari Stok (M) Element kaynagi
KCl 0,075 g 1.00 Cl

H3BO3 1,546 ¢ 25.00 B

MnSO,4. H,0 0,338¢g 2.00 Mn

CuSO, 0,016 g 0.10 Cu

(NH4)s M0O,4 4H,0  |0.018 g 0.10 Mo

Cizelgedeki miktarlarin izerine saf su ilave edilerek 1It" ye tamamlandi. Cozeltiler oda

sicakliginda bekletildi.

Mikro Besin Cozeltisi Il

Besin cesidi Miktari Stok Element
Fe(Na)EDTA 7.342¢g 20.00 M Fe/Na
Fe ve Na kaynagi olarak 200mL Fe(Na)EDTA karisimi hazirlandi.

Hoagland Besin Cozeltisi

0.10X 0.25X | 0.50X |1.00X

Cozelti

KNO; 0.6 1.5 3.0 6.0
Ca(NOs),.4H,0 0.4 1.0 2.0 4.0
NHeH,POs 0.2 0.5 1.0 2.0
Mg504.7H,0 0.1 0.25 0.5 1.0
Fe(Na)EDTA 0.2 0.5 1.0 2.0
1 X mikro besin ¢ozeltisi 0.2 0.5 1.0 2.0

Cinko Kaynagi
10 UM Zn,SO4 kullanild.

Hazirlanan ¢ozeltilerden Huang vd. makalesi [61] referans alinarak 0.25 X oraninda 1L

karisim hazirlandi.

20




3.2.2 E.coli Biiyiitme Besiyeri

Luria Broth (LB)

Besin gesidi Miktari
Tripton 10g
Yeast extract 5g
NaCl 10g

Cizelgedeki miktarlarin Uzerine saf su ilave edilerek 1It’ ye tamamlandi. pH 7’ ye

ayarlandiktan sonra 121 °C’ de 30 dakika otoklavlandi.

Kati LB icin sivi 1l LB ye 15 g Agar ilave edildikten sonra 121 °C’ de 30 dakika

otoklavlandi.

SOB (500 ml)
Besin gesidi Miktari
Tripton 10g
Yeast extract 25g
NacCl 0,292 ¢
MgCl2 1,015¢g
KCl 0,093 g

Hazirlanan SOB, 121 °C’ de 30 dakika otoklavlandi.

SOC i¢in 98 g SOB’ ye 2 ml glikoz ilave edildi.

3.3 Tamponlar ve Soliisyonlar

Tampon veya ¢ozelti | Yapisi veya hazirlanma sekli

Ampisillin stok 100 mg/ ml ddSu ilave edildi. Filtreden gecirildi. — 20 °C’ de
sollsyonu bekletildi.

DEPC (Di Etil Piro % 0,1’ lik solusyonlari hazirlandi. Oda sicakliginda bir gece
Karbonat)'li su bekletildikten sonra otoklavlandi.

Etanol % 75- 80 stok sollisyonu hazirlandi.
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dNTP karisimi

20 mM dATP, dTTP, dGTP ve dCTP karisimi hazirlandi.

Etidyum bromid stok
sollisyonu ( EtBr)

5 mg/ ml EtBr’ e steril deiyonize su ilave edildi.

Fenol/ Kloroform/
Izoamil alkol ( 25: 24:
1)

25 ml Fenol, 24 ml Kloroform ve 1 ml Izoamil alkol
karistirildu.

IPTG stok sollisyonu

1 M ( 240 mg/ml) izopropanol B-D- tiogalaktopiranosit (
IPTG) steril deiyonize suda ¢ozildi. Filtreden gecirildi. -20
°C’ de saklandi.

Kloroform/ Izoamil
alkol (24:1)

24 ml Kloroform ve 1 ml Izoamil alkol karistirildi.

MOPS (5 X)

0.2 MOPS pH 7, 50 mM NaOAc, 50 mM EDTA ve DEPC’ li su
bir gece inkibe edildikten sonra otoklavlandi.

TBE ¢ozeltisi (5 X)

54 g Tris, 27,5 g Borik Asit, 20 m| 0,5 M EDTA, 1 L saf suya
tamamlandi.

X- Gal stok sollisyonu

50 mg 5-bromo-4- kloro-3-indol - D- galaktozidaz 1ml
DMF( di metil formamid) de ¢6zuldi. Alimiyum folyo ile
sarilarak -20 °C’ ye kaldirldi.

TE ¢ozeltisi (1 X), pH
8.0

10 mM Tris- HCl pH 8.0, 1 mM EDTA

EDTA soliisyonu

250 mM EDTA, 250 mM Tris-HCI karisimi hazirlandi. pH 8.0’
e ayarlandi.

DNA loading ¢ozeltisi

250 mM Tris-HCl pH 7.5, % 0.2 bromfenol mavisi, % 0.2
ksilen siyanol ve % 40 gliserol karisimi

RNA loading ¢ozeltisi

1mM EDTA, pH 8.0, % 0.4 bromfenol mavisi ve % 50 gliserol
karisimi, DEPC’ li su ilave edildi.

3.4 Molekiiler Markirlar

RiboRuler high range RNA|6000 bp, 4000 bp, 3000 bp, 2000 bp, 1500 bp, 1000 bp,

Ladder ( n/ 2ul)

500 bp ve 200 bp bantlari gozlenir.

GeneRuler

DNA ladder

100 bD plus|1 X’ lik TBE’ de 3000 bp ile 100 bp arasinda toplam 14

bant gozlenir.

Pstl’ le kesilmis Lambda | %1’ lik agarozda 21226 bp ile 564 bp arasinda toplam 11

DNA/ EcoRI + Hindlll

bant gozlenir.
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3.5 Enzimler ve Kimyasallar

3.5.1 Enzimler

Taq polimeraz Promega Corporation

50 X adv. cDNA polimeraz Clontech

3.5.2 Kimyasallar

Fe( Na)EDTA, KNO,, Ca( NO,) ,.4H,0, KH,PO,, NH,H,P0O,;, KCl, MgS04.7H,0, H,BO;,
MnSO,H,0, CuSO,, ( NH,)sMo00,,4H,0, Zn,SO, kimyasallari Merck ve Sigma

firmalarindan temin edilmistir.

Trizol Reagent (Invitrogen) den alindi.

3.6 Kitler
mMRNA izolasyon kiti Oligotex mRNA Spin- Column

Clontech PCR-Select cDNA Subtraction Kiti (Clontech,
SSH kiti 2002)

PCR purifikasyon,

(saflastirma) kiti invitrogen

3.7 Vektor ve Bakteri Suslari

pPGEMZ®-T Easy, JM 109 Ampisillinde mavi- beyaz secilim gozlenir ( Promega).

3.8 Oligoniikleotitler

Larsson ve ark. [62]" deki makalesinden GADPH F1 ve GADPH R1 primerleri Alfa DNA

firmasina sentezlettirildi. Adaptér 1 ve adaptdér 2R primerleri SSH kitinde
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bulunmaktadir.

Primer adi Primer dizini

GADPHF1 5" —TTC ACT GAC AAG GAC AAG GC -3’

GADPH R1 5-CCACCTCTCCAGTCCTTGCT -3

cDNA sentez | 5-TTTT GTACAAGCTT - 3’

primeri, prl6

Adaptor 1 5" GTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGG

CAGGT -3’ , 3’-CCCGTCCA-5’

Adaptor 2R 5 TGTAGCGTGAAGACGACAGAAAGGGCGTGGTGCGGAGG
GCGGT -3’ , 3’-GCCTCCCGCCA-5’

PCR P1 5’-GTAATACGACTCACTATAGGGC - 3’
primerleri P2 5’-TGTAGCGTGAAGACGACAGAA - 3’
PN1 5-TCGAGCGGCCGCCCGGGCAGGT - 3’
PN2 5'-AGGGCGTGGTGCGGAGGGCGGT - 3’

3.9 Programlar

3.9.1 Phred ve Phrap

Analizden sonucu elde edilen dizilerden vektor dizilerinin uzaklastirilmasi icin PHRED ve
ortlsen dizilerin birlestirilmesi islemleri icin PHRAP unix paket programlari
kullanilmistir. Washington Universite’sinden Phil Green ve grubunun olusturdugu bu
programlar bu gruptan akademik kullanici olarak istenmistir [63]. Programlar CYGWIN

programi kullanilarak calistirilmistir.

Bu calismada PHRAP programi yerine CAP3 programi kullaniimistir.

3.9.2 Chromas

Vektor dizilerinin ¢ikartilmasi icin kullanilan ve internetten indirilebilen bir programdir.
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Dizinlerin kromatogram dosyalarini agar ve programa girilmis olan vektor dizinlerini

uzaklastirir.

3.9.3 CAP3

Ortiisen dizilerin birlestirilmesi icin kullanilan PHRAP programina alternatif bir

programdir.

PHRED programinin olusturdugu baz quality degerlerini kullanir. Dizinlerdeki kalitesiz
bolgeleri keser, 6rtlisen dizileri degerlendirir, hesaplar ve consensus dizileri olusturur.
PHRAP programina gore daha glivenilir olmasi sebebiyle calismada bu program tercih

edilmistir.

3.9.4 Beap

Koltes ve arkadaslari ( 2009) tarafindan gelistirilen bu program phrap ve CAP3
programlari ile olusturulan consensus (kontik) dizilerinin kontroliinde kullanilir. CAP3

“"

programi ile olusturulan “ .ace” uzantih dosyay! input olarak kullanir. Kontiklerdeki

ortlsen dizileri ortlstikleri yerleri ile birlikte gosterir.

3.9.5 VecScreen

EST dizisinde bulunmasi istenmeyen vektér ve adaptor dizinlerinin uzaklastirilip
uzaklagtirimadigini kontrol etmek igin kullanilan ve internet Uzerinden g¢alisilan

programdir. [64]" teki internet adresinden yararlaniimistir.

3.10 Bitki Buyutme Kosullari

Cimlendirilmis olan arpa tohumlarinin gelisimi icin makro besin, mikro besin, ZnS04 ve

Fe-EDTA cozeltileri hazirlandi [13], [61].

3.10.1 Tohumlarin Cimlendirilmesi

Hordeum spontaneum tohumlari alkollii su ile yikandiktan sonra saf suda, arada
karistirilarak 1 saat bekletildi. Alkollii sudan cikartildiktan sonra ¢cimlenmenin daha

kolay gerceklesmesi igin tohumlarin kabuklari soyuldu. Tohumlar, nemli hale getirilmis

25



perlitte kabin 2 cm altinda olacak sekilde esit araliklarla yerlestirildi. Uzeri aliiminyum

folyo ile kapatilarak karanlik ortamda ve oda sicakliginda 5 glin cimlenmeye birakildi.

3.10.2 Cimlenen Tohumlarin Cozeltiye Aktarilmasi ve Bitkilerin Biiyiitiilmesi

Cimlenen tohumlar saf su ile perlitlerinden temizlendikten sonra Hoagland Besin
Cozeltisine ekildi. Hoagland besin ¢ozeltisinden iki grup hazirlandi. Birinci gruba ¢inko
kaynag ilave edilmedi. ikinci gruba bitkilerin gelismesi icin yeterli olan 10 pM ¢inko

kaynagi ilave edildi [65].. Besiyerleri hazirlanirken igin ¢ift distile su kullanildi.

Yetistirilen arpa fideleri stinger kapaklar yardimiyla ¢ozeltilere yerlestirildi. Ekim, her bir
kaba 13 adet ¢cimlenmis tohum gelecek sekilde planlandi. Kaplar 42 giin boyunca sera
kosullarina alinarak fideler biytimeye birakildi. Cozeltiler, ortalama 15 glinde bir olmak
tzere iki defa yenilendi. Sera kosullari, sicaklk; giindiiz 21 °C, gece 16 °C, fotoperiyot;

14 saat 151k, 10 saat karanlik ve nem % 65 olacak bicimde hazirlandi.

3.11 Bitki Orneklerinin Toplanmasi

42 glin boyunca biyutilen bitkiler, bliyime ortamindan bitkiye zarar verilmeden besi
yerinden cikartildi. Arpa bitkileri c¢ift distile su ile yikandi ve kagit havlu lzerinde
kurutuldu. Temiz bir pensle kok, govde ve yapraklar birbirinden ayrildi. Her bir
dokunun yas kitleleri 6lctldi. Atomik Absorbsiyon Spektrofotometre’ de o6l¢imi
yaptirilacak érnekler ayri olarak saklandi. Olgiimden sonra, hazirlanmis eksplantlar RNA

analizi yapilana kadar sivi azot icerisinde dondurularak, -80 °C’ de saklandi.

3.12 Bitkilerin Agir Metal Analizi

Cinko verilmeyen ve 10 uM konsantrasyonunda cinko verilen 42 giinlik arpa
bitkilerinin cinko miktarlarinin tespiti icin Atomik Absorbsiyon Spektrofotometre (AAS)
yontemi kullanildi.  AAS 6lcimii, TUBITAK Marmara Arastirma Merkezi’ nde

yaptirildi.

AAS icin ayrilmis olan arpa bitkileri, koklerine bulasan c¢ozeltilerden arindiriimak icin
distile su ile yikandi. Kagit havlu lGzerinde kurutuldu. Temiz bir pensle bitkilerin kok,

govde ve yaprak dokular birbirlerinden ayrildi. Her bir kismin yas kutleleri 6lgtildiikten
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sonra kagit zarflar igine yerlestirildi ve etiketlendi. Hasat isleminden sonra eksplantlar,
60 °C’ de 3 giin boyunca kurutuldu. Kurutulmus bitki parcalarinin kuru kitleleri 6l¢ildi.

Elde edilen kuru bitkiler AAS 6lglimiine hazirlandi.

3.13 RNA izolasyonu

RNA molekilleri nikleotitlerindeki riboz molekiliiniin OH grubu nedeniyle biyolojik
ortamlarda fazlaca bulunan ribonikleaz enzimleri tarafindan parcalanmaktadir. Bu
nedenle RNA izolasyonundan 6nce ortamdaki RNAz kontaminasyonunun olusmamasi

icin Applichem DEPC sollsyonu kullanildi.

RNA izolasyonundan once kullanilacak havan ve havanelleri, tim cam ve plastik
malzemeler % 0,1’ lik DEPC’ li su icerisinde bir gece bekletildi, daha sonra 121 °C’ de 20
dakika otoklavlandi. Yine benzer sekilde, izolasyonda kullanilacak Tris disindaki tim
sollisyonlara ve saf suya % 0,1 oraninda DEPC ilave edildi. Bir gece boyunca bekletilip
121 °C’ de 20 dakika otoklavlandi. Tris, dnceden DEPC ile muamele edilip otoklavlanmis

cift distile suda hazirlandi.

3.13.1 Bitkilerden Total RNA izolasyonu

Kontrol grubu olan kok, gévde ve yaprak kisimlari ile Cinko icermeyen kok, govde ve
yaprak kisimlarindan total RNA izolasyonu Trizol Reagent (Invitrogen) kullanilarak

yapildi.

Yaklasik 100 mg dondurulmus bitki 6rnekleri, sivi azot yardimi ile daha 6nceden
sogutulmus havan igerisinde toz haline getirilerek, 2 ml’ lik mikro merkezkag tipilne
alindi. Her 100 mg o6rnek icin 1 ml Trizol Reagent (bitki agirhginin % 10’ u olacak
sekilde) ilave edildi. Nikleoprotein komplekslerinin ayrismasi icin 5 dakika oda
sicakliginda inkiibe edildi. Tipler kabaca vortekslendi. 1 ml Trizol Reagent icin 0,2 ml
olacak sekilde kloroform eklendi. 15 saniye kuvvetlice calkalandiktan sonra oda
sicakliginda 2- 3 dakika inkiibe edildi. Daha sonra 12000 xg hizda 4 °C’ de 15 dakika
santrifijlendi. Santriflj sonunda tlpin icindeki karisim, alt kirmizi faz, interfaz ve
renksiz ist faz olmak lizere Uige ayrildi. RNA st fazdaydi. Ustteki faz ayri bir tipe
alinarak 1 ml Trizol Reagent icin 0,5 ml olacak sekilde izopropanol eklendi. 10 dakika

oda sicakliginda inkiibe edildikten sonra (st faz alinarak, 12000 xg hizda 4 °C’ de 20
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dakika santrifijlendi.

RNA, tipun dibine ¢oktl, sipernatant atildi. RNA pelletinin tGzerine 1 ml Trizol Reagent
icin 1 ml %75’ lik etanol eklenip, 7500 xg hizda 4 °C’ de 15 dakika santrifiijlendi.
Supernatant dokuliup pellet seffaf gortinlinceye kadar kurutuldu. Kuruyan pellet 100 ul
DEPC’ li su icerisinde ¢oziilerek, 65 °C’ de 10 dakika inkiibe edildi. inkiibe edilen

ornekler -80 °C’ de sakland.

3.13.2 Total RNA Miktarinin Belirlenmesi

Trizolle gikartilmis RNA’ larin konsantrasyonlari UV spektrofotometresinde 260 nm
dalga boyunda absorbansi 6lglldi. RNA’ larin konsantrasyonlari ODygo X 40 ug/ml x

sulandirma faktori formuliyle hesaplandi.

3.13.3 RNA’ nin Formaldehit Jel Uzerinde Analizi

3.13.3.1 Jelin Hazirlanmasi

Tim elektroforez aparatlari DEPC’ li su ile yikanarak temizlendi. % 1’ lik jel hazirlamak
icin, 1 g Agaroz ( Applichem), 20 ml 5 X MOPS ¢ozeltisi, 62,5 ml DEPC’ li su ile
¢6zildii, 60 °C’' ye sogutuldu. icerisine 60 °C’ ye isitilmis 17,5 ml formaldehit ilave

edilip, jel tepsisine dokild.

3.13.3.2 RNA Orneklerinin Hazirlanmasi

Her bir RNA 6rneginden Ek A’ da verilen miktarlarda, 2 ul 5 X MOPS, 3,5 ul formaldehit,
10 pl formamid ve 0,5 pl Etidyum Bromid ilave edilerek, 55 °C’ de 15 dakika inkiibe
edildi. Daha sonra bu karisima 4 ul yikleme tamponu ilave edildi ve ornekler jele

yuklendi.

Total RNA’ lar MOPS tamponuyla hazirlanmis % 1’ lik Agaroz jel Gizerinde 75 V' ta 20
dakika ve 60 V' da 1 saat 15 dakika yuratalda.

3.14 Total RNA’ dan mRNA izolasyonu

MRNA izolasyonu Oligotex mRNA Spin- Column Protokolu kullanilarak yapildi. Bitki

orneklerinden ¢ikarilan total RNAlar, toplam miktar 0,25- 0,50 mg ve son hacim 500 pl
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olacak sekilde 500 ul RNaz free water, 30 pl Oligotex slispansiyonu ve 500 ul OBB

tamponu ile karistirilarak mRNA izolasyonunda kullanildi.

Sekonder yapilarin yok edilmesi icin RNA ¢ézeltisi, 70 °C’ de 5 dakika ve 25 °C’ de 10
dakika inkiibe edildikten sonra 18000 xg hizda 20 °C’ de 2 dakika santrifiijlendi. Ust sivi
dokuldikten sonra pellet 2 defa 500 pul OW 2 tamponu ile yikandi ve 18000 xg hizda 20
°C’ de 2 dakika Small spin columnda santrifiijlendi. Ust sivi dékiildiikten sonra kolonda
kalan mRNA’ lar, 70 °C’ de bekletilen 10 ul OEB tamponu ile 2 defa yikandi ve 18000 xg
hizda 20 °C’ de 1 dakika santrifiijlenerek 1. ve 2. eliisyonlar olusturuldu. Olusturulan

mRNA eliisyonlari -80 °C’ de saklandi.

3.14.1 mRNA Spot Testi

mRNA miktarini belirlemek amaciyla, 0.25 g Agaroz, 20 ml DEPCli su ile ¢6ziildi, 60 °C’

ye sogutuldu. icerisine 3 pl Etidyum Bromid eklenerek jel tepsisine dokildi.

Kontrol RNA’ si ( 1ug/ 1ul) 2,5, 5, 25 ve 50 kez sulandirilarak, sirasi ile 100 ng, 50 ng, 25
ng ve 12,5 ng’ lik sulandirma serileri olusturuldu. Jele 1 pl spotlandi. izole edilen 1. ve
2. eliisyon mRNA’larda jele 1ul spotlandi. Ornekler jel (izerine damlatildi ve 15 dakika
bekletildi. Elde edilen fotograf lzerinde kontrol RNA’ si gbz 6niline alinarak miktar

hesabi yapildi.

3.15 cDNA Sentezi

Normal ve Cinko eksik kosullarda yetistirilen Hordeum spontaneum kok, gbévde ve
yapraklarindan cDNA sentezi Clontech PCR-select cDNA Substraction Kiti kullanma
kilavuzunda belirtildigi sekilde 2 pg mRNA kullanilarak yapildi. Cinko eksik ortamda
yetistirilmis yabani arpadan hazirlanan mRNAlardan ( polyA"RNA ) tester cDNA ve yine
Cinko normal ortamda yetistirilmis yabani arpadan hazirlanan mRNA’ lardan da driver

cDNA hazirlandi.

3.15.1 cDNA Sentez Primerinin Baglanmasi

cDNA sentezi i¢in bitkinin yaprak, govde ve kok mRNA’ larina sentez primeri baglandi.
Cizelgede verilen miktarlar dogrultusunda érnekler tiiplere ilave edildi. 70 °C’ de 5- 8

dakika thermal cyclerda ( Ependorf) ve buz lzerinde 5 dakika inkiibe edildi.
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Cizelge 3.1 Yaprak, govde ve kok mRNA 6rneklerine cDNA

sentez primerinin baglanmasi

Yaprak | Yaprak Govde Govde Kok Kok
kontrol | ¢inkosuz kontrol ¢inkosuz kontrol ¢inkosuz
driver tester driver tester driver tester
polyA* RNA | 20 pl 20 ul 16 pl 20 pl 20 ul 20 ul
cDNA 1l 1l 1l 1l 1l 1l
sentez
primeri (10
HM)
diH0 (pl) | - - 4l - - -
Toplam 21 pl 21 pl 17 pl 21 pl 21 pl 21 pl
3.15.2 Birinci Zincir cDNA Sentezi
Primer baglanmis reaksiyonlarin {izerine, tampon c¢ozeltiler kitteki miktarlar

dogrultusunda cizelgedeki gibi ilave edildi. Tiipler 42 °C’ de thermal cycler’ da 2 saat

inktibe edildi.

Cizelge 3.2 Yaprak, govde ve kok mRNA 6rneklerinin birinci zincir cDNA sentezi

Yaprak Yaprak | Govde Govde Kok Kok
kontrol | ginkosuz | kontrol | ¢inkosuz | kontrol | ginkosuz
driver tester driver tester driver tester
Primer baglanmig | 21 pl 21 ul 17 pl 21 ul 21 ul
rxn
5 X birinci zincir 6 ul 6 ul 6 ul 6 ul 6 ul 6 ul
tamponu
dNTP karisimi ( 2 ul 2 ul 2 ul 2 ul 2 ul 2 ul
10mM)
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Steril H,0 - - 4 pl - - -

RT enzim( AMV 20 | 1 ul 1ul 1l 1l 1l 1l
u/ul)
Toplam 30l 30 30l 30l 30 30

3.15.3 ikinci Zincir cDNA Sentezi

Birinci zincir reaksiyonunun Uzerine tampon ¢ozeltiler kitteki miktarlar dogrultusunda

cizelgedeki gibi ilave edildi. Tipler 16 °C’ de thermal cycler’ da 2.5 saat inkiibe edildi.

Cizelge 3. 3 Yaprak, govde ve kok mRNA 6rneklerinin ikinci zincir cDNA sentezi

Yaprak |Yaprak Govde |Govde Kok Kok
kontrol |¢ginkosuz |kontrol |ginkosuz |kontrol | ¢inkosuz
driver |tester driver |tester driver tester
Birinci zincir 30 ul 30 ul 30 ul 30 ul 30 ul 30 ul
cDNA
5X ikinci zincir |20 ul 20 ul 20 ul 20 ul 20 ul 20 ul
tamponu
dNTP karisimi |2 ul 2 ul 2 ul 2 ul 2 ul 2 ul
(10mmMm)
20X ikinci zincir (4 pl 4 pul 4 ul 4 ul 4 ul 4 ul
enzim kokteyli
Steril H,0 44 pl 44 pl 44 pl 44 pl 44 yl 44 yl
Toplam 100 pul (2100 i 100 pl (100 pi 100 | 100 pl

3.15.4 cDNA Uglarinin Kiitlestirilmesi

inkiibe edilen cDNA molekiillerinin uglarinin kitlestirilmesi icin tiiplere asagidaki

islemler uygulandi.

Cizelge 3. 4 Yaprak, govde ve kok cDNA orneklerinin uglarinin kiitlestirilmesi

ds cDNA 100 pl inkiibasyon
T4 DNA polimeraz (3 u/ pl) 2 ul 16 °C
30 dakika

cDNA ucglarinin kitlestirilmesinden sonra tliplere 4 pl EDTA/ Glikojen katilarak
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reaksiyonlar durduruldu.

Tlplere 100 pl Fenol/ Kloroform/ 1zoamil alkol ( 25: 24: 1) ilave edilerek, tiipler 14000
rpm hizda 10 dakika 23 °C’ de santrifiijlendi. Ust fazlar ayri tiiplerde toplanarak ayni
santrifij kosullarinda 100 pl Kloroform/ Izoamil alkol ( 24: 1) ekstraksiyonu
gerceklestirildi. Ust fazlar toplandi ve tiiplere 40 pl 4M NH,OAc ve 300 ul % 100 etanol
katilarak 1 gece bekletildi.

Bir gece bekletilen tiipler, 14000 rpm’ de 40 dakika 4 °C’ de santrifijlendi. Ust faz ayri
bir tlipte toplanarak saklandi. Cokelti Gizerine 500 pl % 80 Etanol katilarak, 14000 rpm
hizda 10 dakika 4 °C’ de santrifiijlendi. Ust faz ayri bir tiipte toplanarak saklandi. Cokelti
tizerine 500 pl % 80 Etanol katilarak, 14000 rpm hizda 15 dakika 4 °C’ de santrifijlendi.
Pellet, Etanoliin ugmasi icin 20 dakika bekletildi. Tlplerin Gzerine 50 ul dl H,0 ilave
edilerek DNA’ larin ¢oziinmeleri saglandi. 50 pl cDNA’ dan 6.5 pl agaroz jelde kesim

reaksiyonunun kontroli i¢in ayrildi ve kalan 43.5 ul kesim igin kullanildi.

3.15.5 Rsal Kesimi

Belirli bir uzunluk araliginda kit uclu cDNA’ lar olusturmak icin dort bazda kesim yapan
Rsal enzimiyle kitteki miktarlar dogrultusunda ve gizelgede verilen kosullarda reaksiyon

gerceklestirildi. Tipler 37 °C’ de thermal cycler’ da 1.5 saat inkiibe edildi.

Cizelge 3. 5 Yaprak, gévde ve kdk cDNA orneklerinin Rsal enzimi ile kesimi

Yaprak |Yaprak Govde |Govde Kok Kok
kontrol |¢inkosuz |kontrol |¢ginkosuz |kontrol |¢inkosuz
driver |tester driver |tester driver |tester
ds cDNA 44 pl 44 pl 43.5pul (43.5ul 44 ul 44 ul
10 X Rsal 7.5 ul 7.5 ul 5ul 5ul 7.5 ul 7.5 ul
kesim
tamponu
Rsal enzimi | 1.5 pl 1.5l 1.5 ul 1.5l 1.5 ul 1.5 ul
Su 47 pl 47 pl 50 ul 50 ul 47 ul 47 ul

Kesim reaksiyonundan sonra tiplerden jel yapimi igin 5’ er ul alindi ve 3,5 ul 20 X

EDTA/ Glikojen katilarak reaksiyon durduruldu.
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50 ul Fenol/ Kloroform/ 1zoamil alkol ( 25: 24: 1) katilarak, 14000 rpm hizda 10 dakika
23 °C’ de santrifiij yapildi. Ust faz ayri bir tiipte toplanarak ayni santrifiij kosullarinda
100 pl Kloroform/ Izoamil alkol ( 24: 1) ekstraksiyonu gergeklestirildi. Ust faz toplandi.
Bu faza toplanan 6rnegin yarisi miktarinda 4 M NH4OAc ve toplanan 6érnegin iki buguk
kati kadar % 100 etanol katildi. Ornekler 4 °C’ de 1 gece inkiibe edildi. Bir gece
bekletilen tiipler, 14000 rpmde 40 dakika 4 °C’ de santrifiijlendi.

Ust faz ayri bir tiipte toplanarak saklandi. Cokelti Gizerine 200 pl % 80 Etanol katilarak,
14000 rpm hizda 5 dakika 4 °C’ de santrifiij yapildi. Ust faz ayri bir tiipte toplanarak
saklandi. Cokelti tizerine 200 pul % 80 Etanol katilarak, 14000 rpm hizda 5 dakika 4 °C’

de santrifiij yapildi. Pelletler, Etanollin ugmasi icin 20 dakika bekletildi.

Tuplerin Gzerine kontrol gruplarina 5,5 ul dl H,0, ginkosuz gruplara 2,5 pl dl H,0 ilave

edilerek DNA’ larin ¢oziilmeleri saglandi.

3.15.6 Rsal Kesim Uriinlerini Jel Uzerinde Analiz

Rsal enzimi ile kesilmis driver ve tester cDNA’ lar jel lizerinde analiz edildi. % 1’ lik jel
hazirlamak icin 0,5 g Agaroz, 50 ml 1X TBE eklenip isitilarak ¢ézildi. 60 °C’ ye
sogutulup icerisine 2 pl ( mg/ ml) Etidyum Bromid eklenerek jel tepsisine dokildi. 70

V'’ ta 5 dakika ve 60 V’ ta 45 dakika yuritaldi.

3.16 Adaptor Ligasyonu

Rsal enzimi ile kesilmis cDNA’ lardan 1 pl alinarak 5 ul dl H,O seyreltildi. Geriye kalan
cDNA’ lardan 3 ul’ si birinci hibridizasyon icin, 1 ul’ si ikinci hibridizasyon igin kullanildi.
Yaprak, govde ve kok drnekleri icin ayri ayri adaptor ligasyonlari kuruldu.

Rsal’ le kesilmis olan cDNA 6rneklerine adaptérler ( Adaptor 1 ve Adaptor 2) eklendi.
Reaksiyonlarin Uzerine, kitte bulunan 5 X ligasyon tamponu ( 250 mM tris-HCI- pH 7.8,

50 mM MgCl,, 10 mM DTT, 0.25 mg/ ml BSA), 4 ul T4 DNA ligaz enzimi (400 unit/ pl, 3
mM ATP) ilave edildi.

Master karisimi igin 12 ul steril su, 8 pl 5 X ligasyon tamponu ve 4 pl T4 DNA ligazdan

olusan bir reaksiyon karisimi yapildi.

Cizelge 3. 6 Yaprak, govde ve kdk orneklerinin adaptor ligasyonu
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Cinkosuz | Cinkosuz | Kontrol | Kontrol

1 2R 1 2R
Seyreltilmis tester cDNA |2 pl 2 ul - -
Seyreltilmis driver cDNA |- - 2 ul 2 ul
Adaptor 1 ( 10 pM) 2 ul - 2 ul -
Adaptor 2 ( 10 M) - 2 ul - 2 ul
Master karisimi 6 ul 6 ul 6 ul 6 ul
Toplam 10 pl 10 pl 10 pl 10 pl

Hazirlanmis 10 pl’ lik 6rneklerden; Cikarilmamis tester ginkosuz cDNA’ si igin yeni bir
tlp icerisine 1 ul Cinkosuz- 1 ve 1 pl Cinkosuz- 2R reaksiyonlarindan birlestirildi.
Gikarilmamis driver kontrol cDNA si igin ise baska bir tlp igerisine 1 pl kontrol- 1 ve 1 ul

kontrol- 2R reaksiyonlarindan alindi.

Ornekler karistirildiktan sonra 16 °C’ de bir gece inkiibe edildi. inkiibasyon sonrasi 1 pl
EDTA/ Glikojenle reaksiyon durduruldu. Ligaz enziminin inaktivasyonu icin 72 °C’ de 5

dakika inkUibe edildi.

3.16.1 Adaptor Ligasyonunun PCR’ da Kontrolii

Tim ligasyon reaksiyonlarinin PCR’ la kontroli igin, adaptor iginde dizini bulunan ve
Hordeum vulgare bitkisinin hiicrelerinde sabit olarak anlatim yaptigi kabul edilen
Gliseraldehid Fosfat Dehidrogenaz ( GAPDH) enziminin gen primerleri kullanildi.
Onceden tasarlanmis olan GADPH primerleri ( GADPHF1 ve GADPH R1 primeri igin)
Larsson ve ark.” in [62] deki makalesinden alindi ve blast analizinde primerlerin yerleri
ve Rsal kesim bolgeleri belirlendi. GADPH’ nin Rsal kesim bolgeleri internette bulunan
program [66] Ulzerinden belirlendi. Rsal kesim bolgelerinin primerlerin arasinda
olmadigi goriildii. GAPDH geni, primer bolgeleri ve enzim kesim bolgeleri Ek B’ de

verilmistir.

Primerlerin ¢oziinmesi icin gerekli olan TE hazirlandi. Suyun pH degerinden DNA’ nin

depirinasyona ( A- G arasinda) ugramamasi icin su kullanilmadi.

Cinkosuz ve kontrol grubunun cDNA’ Ilarinin PCR reaksiyonu vyapildi. Ligasyon
reaksiyonlarindan 1 ul ( 0.5 ul) alinip 200 ( 99.5 ul) kez seyreltilerek PCR reaksiyonunda

2 pl kullanildi.
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500 ul’ lik PCR tiipu icerisine, 2 ul kalip cDNA, 18.6 ul dIH,0, 2.5 ul 10 X PCR tamponu,
0.5 ul 10 pM lik ANTP ve 0.4 pl 50 X Advantage cDNA polimeraz enzimi, 1 ul PCR
primer, 1 ul GADPH forward primer ( 20 mM) ve 1 ul GADPH reverse primer ( 20 mM),

25 ul” ye tamamlandi. Karisim kok, gévde ve yaprak icin ayri olarak hazirlandi.

PCR dongiisi séyledir ; 75 °C’ de 5 dakika primer uzamasi, 94 °C’ de 4 dakika denatiire
edildikten sonra, 94 °C 30 saniye denatiirasyon, 56 °C 30 saniye primer baglanmasi ve
72 °C 60 saniye uzatma asamalar 30 kez tekrarlandi. 72 °C’ de 10 dakika son uzatma
yapilarak, érnekler 4 °C’ de 5 dakika bekletildi. Reaksiyonun calisip calismadigi jel

Uzerinde kontrol edildi.

Cizelge 3.7 Ligasyon orneklerinden PCR yapimi

1 2 |3 (4 (5|6 |7 |8
Cinkosuz 1- 1 2 2 SR T N R R
Cinkosuz 1- 2 - - 2 12 |- |- |- |-
Kontrol 1- 1 - - - - 1212 |- |-
Kontrol 1- 2 - - - - - - 12 |2
PCR Primer 1 1 - 1 |- 1 |- 1 |-
GAPDH F 1 primer (
10 uMm) 1 1 1 /1 |1 1 |1 |1
GAPDH R 1 primer (
10 uMm) - 1 - |1 |- (1 |- |1
Master karisimi 21 |21 |21 |21 |21|21 |21|21
Toplam 25 |25 |25 |25 |25|25 (25|25

3.16.2 Ligasyon PCR’ larindan Agaroz Jel Uzerinde Analiz

PCR’la cogaltilan yaprak, gévde ve koke ait cDNA’ lardan 10 ul kullanilarak karigim
hazirlandi. % 1’ lik Agaroz jelinin hazirlanmasi ve orneklerin yiratilmesi 3.15.6' da

anlatilan sekilde yapildi.

3.17 Birinci Hibridizasyon

Kok, gbvde ve yaprak kisimlarinin birinci hibridizasyon ornekleri kuruldu. Kok icin 2 pl
kullanildi. 4 X Hibridizasyon Tamponu hibridizasyon 6ncesi oda sicakliginda 20 dakika
bekletildi. Mineral yag, érnek hacminin iki kati kadar ilave edildi. Ornekler 98 °C’ de 1,5
dakika, 68 °C’ de 8 saat, 68 °C’ de bekletme olarak inkiibe edildi.
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Cizelge 3. 8 Yaprak, gdvde ve kdk érneklerinden birinci hibridizasyon yapimi

1 2 3 4
Forward | Forward Revers | Revers
subs. subs. subs. subs.
¢inkosuz | ¢inkosuz | kontrol | kontrol
1-1 1-2R 2-1 2-2R
Rsal kesimli driver ( kontrol) cDNA 1,5 ul 1,5 ul - -
Rsal kesimli tester ( cinkosuz) cDNA - - 1,5 pl 1,5 ul
Adaptor 1 bagh tester 1-1 ( ginkosuz 1- | 1,5 pl - - -
1 adaptorii takilmis)
Adaptor 2R bagh tester 1-2 ( ¢inkosuz 1- | - 1,5 ul - -
2R adaptorii takilmis)
Adaptor 1 bagh driver 2-1 ( kontrol 2-1 | - - 1,5 ul -
adaptori takilmig)
Adaptor 2R bagh driver 2-2 ( kontrol 2- | - - - 1,5 ul
2 adaptori takilmis)
4 X hibridizasyon tamponu 1l 1l 1l 1l
Mineral yag 12 ul 12 ul 12 ul 12 ul
Toplam 16 pl 16 pl 16 pl 16 pl

3.18 ikinci Hibridizasyon

Kok, govde ve yaprak orneklerinin ikinci hibridizasyonlari icin deney dizenekleri

kuruldu. 4 X Hibridizasyon tamponu, hibridizasyon oncesi oda sicakhginda 20 dakika

bekletildi. Forward icin kontrol cDNA, Reverse icin ¢inkosuz cDNA kullanildi. Ornekler

cizelgedeki gibi ilave edildi.
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Gizelge 3.9 Yaprak, govde ve kok orneklerinden ikinci hibridizasyon yapimi

Ornekler/ Forward Miktar Ornekler/ Reverse Miktar
Driver, kontrol cDNA 1l Tester, ¢cinkosuz cDNA 1l
4 X hibridizasyon tamponu | 1 pl 4 X hibridizasyon tamponu | 1 pl
Steril H20 2 ul Steril H20 2 ul
Toplam 4 pul Toplam 4 pul

Hazirlanan 6rneklerin her birinin 2 ul’ si ayn tiplere alindi. Tuplerin Gzerlerine 8 pl
mineral yag ilave edildi. Ornekler 98 °C’ de 1.5 dakika inkiibe edildi. Geriye kalan 2 pl’
lik drnekler -20 °C’ ye kaldirildi.

Forward tlpl thermal cyclerda bulunan birinci hibridizasyon forward tlpleri ile ayni
anda karistirildi. Reverse tupil thermal cyclerda bulunan birinci hibridizasyon reverse
tipleri ile ayni anda karistirildi. Tim tiipler 1 gece 68 °C’ de inkiibe edildikten sonra
200 pl dilisyon tamponu ( 20 mM HEPES, pH 8.3, 20 mM NacCl, pH 6.6, 0.2 mM EDTA,
pH 8.0) ilave edildi. Ornekler 68 °C’ de 7 dakika inkiibe edildikten sonra — 20 °C’ ye
kaldirild.

3.19 1. PCR Amplifikasyonu

Yaprak, govde ve koke ait ikinci hibridizasyon oOrnekleri ile bunlarin 100 defa
sulandirma yapilmis olan gikarilmamis érneklerinden 1 ul kullanilarak PCR kuruldu. PCR
tlpdl icerisine; 19.5 pl PCR su, 2.5 pl 10 X PCR rxn Tamponu, 0.5 pl dNTP karisimi ( 10
mM), 1 ul PCR primer 1( 10 uM), 0.5 ul 50 X adv. cDNA polimeraz enzimi ilave edilerek

toplam 24 pl’ ye tamamlandi. Tuplerin Gzerine 50 pl mineral yag ilave edildi.
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Cizelge 3. 10 Yaprak, govde ve kok orneklerinden 1. PCR amplifikasyon yapimi

Karisim Rxn basina
PCR su 19.5 ul

10 X PCR rxn tamponu 2.5 ul
dNTP karigimi ( 10 mM) 0.5 pl

PCR primer 1 (10 uM) 1l

50 X adv. cDNA pol. 0.5 pl
Toplam 24 pl

PCR déngiisii ise sdyledir; 75 °C’ de 5 dakika, 94 °C’ de 25 saniye denatiire edildikten
sonra,94 °C 10 saniye denatiirasyon, 66 °C 30 saniye primer baglanmasi ve 72 °C 90

saniye uzatma asamalari 30 kez tekrarlandi. Ornekler 4 °C’ de bekletildi.

Hibridizasyon sonuglari  ve c¢ikarilmamis oOrneklerine ait PCR sonuglarinin

karsilastirilmasi jel tGzerinde kontrol edildi.

3.19.1 1. PCR Amplifikasyonu PCR’ larindan Agaroz Jel Uzerinde Analiz

PCR’ la ¢ogaltilan yaprak, govde ve koke ait saflastiriimis 1. PCR Urinleri ve ¢ikarimi
yapiimamis drneklerden 2’ ser pl kullanilarak final hacim 10 pl olacak ve 1 X ylikleme
tamponu igerecek sekilde karisim hazirlandi ve kuyucuklara yiklendi. % 1’ lik Agaroz

jelinin hazirlanmasi ve 6rneklerin yiratilmesi 3.15.6” da anlatilan sekilde yapildi.

3.20 2. PCR Amplifikasyonu

Yaprak, govde ve koke ait 1. PCR orneklerinden 1’ er ul kullanilarak nested PCR
kuruldu. Nested PCR ile iki primer cifti kullanildi ve tek bir hedef dizi cogaltildi. ilk
primer cifti klasik PCR’da oldugu gibi bir hedef diziyi cogaltir. ikinci primer cifti ( nested
primerler) ise ilk PCR Uriini DNA pargasina baglanarak daha kisa boydaki ikinci bir DNA

pargasinin ¢ogaltilmasini saglar.

Yanlis bir DNA parcasinin ¢ogaltilmasi durumunda, nested primerler tarafindan o
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parcanin ikinci kez cogaltilma olasiligi cok distktir. Bu nedenle, Nested PCR ile oldukca

spesifik cogaltim saglanmaktadir.

PCR tlpd icerisine; 18.5 pl PCR su, 2.5 pl 10 X PCR tamponu, 0.5 pl dNTP mix ( 10 mM),
1 pl Nested primer 1( 10 uM), 1 ul Nested primer 2R ( 10 uM), 0.5 pul 50 X adv. cDNA
polimeraz enzimi ilave edilerek toplam 24 pl’ ye tamamlandi. Tiplerin Gzerine 50 pl

mineral yag ilave edildi.

Cizelge 3. 11 Yaprak, gbvde ve kok orneklerinden 2. PCR amplifikasyon yapimi

Karigim Rxn basina
PCR su 18.5 pl
10 X PCR rxn tamponu 2.5 ul
Nested primer 1( 10 uM) 1ul
Nested primer 2R ( 10 uM) 1ul
dNTP karisimi ( 10 mM) 0.5 ul
50 X adv. cDNA pol. 0.5 ul
Toplam 24 pl

PCR donglisii séyledir; 94 °C’ de 30 saniye denatiirasyon, 68 °C’ de 30 saniye primer
baglanmasi ve 72 °C’ de 90 saniye uzatma asamalari 12 kez tekrarlandi. Ornekler 4 °C’

de bekletildi. 2. PCR sonuglarinin karsilastirilmasi jel (izerinde kontrol edildi.

3.20.1 2. PCR Amplifikasyonu PCR’ larindan Agaroz Jel Uzerinde Analiz

% 1’ lik Agaroz jelinin hazirlanmasi ve 6rneklerin yilratilmesi 3.15.6° de anlatilan
sekilde yapildi. PCR’ la ¢ogaltilan yaprak, gévde ve koke ait 2. PCR uriinlerinden 8’ er pl
kullanilarak karisim hazirlandi ve jele yiklendi. Final hacim 10 ul olacak ve 1 X yikleme

tamponu icerecek sekilde karisim hazirlandi ve kuyucuklara ylklendi.
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3.21 PCR Uriinlerinin Saflastinimasi

Yaprak, govde ve koke ait yapilmis olan tim PCR 2 ornekleri 38 ul idi. 5 pl’ si jel igin
ayrildi. PCR saflastirma invitrogen kiti ile yapild.

Tuplere 6rneklerin miktarinin dort kati kadar Binding Tamponu ilave edildi ve sivilar
kolon tiplerine alindi. 1dk, 10.000 RCF ve oda sicakliginda santriflj edildi. Dipteki sivi
dokalda.

Kolon igine 650 pl Wash Tamponu ilave edildi. 1dk, 10.000 RCF ve oda sicakliginda
santriflj edildi. Dipteki sivi dokildi. Kolonda sivi kalmasin diye 2 dakika, 10.000 RCF ve
oda sicakhginda tekrar santriflj edildi. Kolonun alt tlpleri yenilendi. 25 ul PCR su ilave
edildi. 60 °C sicaklikta 2 dakika bekletildi. 3 dakika, 10.000 RCF ve oda sicakliginda
santriflj edildi ve 1. eliisyon hazirlandi. 25 pl PCR su ilave edilerek 3 dakika, 10.000 RCF
ve oda sicakliginda santrifiij edildi ve 2. eliisyon hazirlandi. Ornekler - 20 °C’ ye

kaldirildi. Orneklerden 1 pl alinarak jel yapildi.

3.21.1 Saflastinlmis PCR Uriinlerinden Agaroz Jel Uzerinde Analiz

% 1’ lik Agaroz jelin hazirlanmasi ve drneklerin yuratilmesi 3.15.6" da anlatilan sekilde
yapildi. PCR’ la cogaltilan yaprak, govde ve kdke ait saflastirilmis 2. PCR 6rneklerinden
1’ er pl kullanilarak karisim hazirlandi. Final hacim 10 ul olacak ve 1 X yikleme

tamponu icerecek sekilde karisim hazirlandi ve kuyucuklara ylklendi.

3.22 cDNA'’ larin pGEM®-T Easy Vektoriine Ligasyonu

PCR drilnlerinin ligasyonu i¢cin Promega pGEM®-T Easy vektort kullanildi. pGEM®-T
Easy vektoriinin sematik gosterimi Sekil 3.1’ de verilmistir ( Promega Vektor Kullanim

Kilavuzu ).

Yaprak, govde ve koke ait ¢inko icermeyen orneklerin 1. elisyonlarindan 3 ul alindi.

Vektor takildi.
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Xmn | 2009

174 :
Scal 1890 Apai | 14
Aat | 20
Sph 26
BstZ 31
Nco 37
BstZ 43
| 4 r . ad | r'_a
[ PGEM -T Easy lacz Not |
| et ac Sacll | 49
i Vekta EcoR 1| 52
(3015bp)
Spe | 6
EcoR | 70
Not | 77
BstZ | 77
Pst | 88
Sall a0
Nde | a7
Sac | 109
BstX 1 [ 118
MNsi 127
141
T SP6

Sekil 3. 1 pGEM®-T Easy vektorinln sematik gosterimi

Ligasyon reaksiyonu Promega Vektor Kullanim Kilavuzunda 6nerildigi sekilde hazirlandi.

Yaprak, gévde ve kok icin lic reaksiyon hazirlanarak 4 °C’ de 48 saat inkiibe edildi.

Cizelge 3. 12 Yaprak, govde ve kok 6rneklerine ligasyon reaksiyonu

kurulmasinda kullanilanlar ve miktarlari

Ornekler Miktar Miktar | Miktar
2 X Rapid ligasyon tamponu 0020 5ul 5ul 5ul
pPGEME®-T Easy vektor ( 50 ng/ pl) 1ul 1ul 1l
Yaprak g¢inkosuz 1. eliisyon 3ul - -
Govde ¢ginkosuz 1. eliisyon - 3ul -

Kok ginkosuz 1. eliisyon - - 3ul

T4 DNA ligaz ( 3 u/ ul) 1l 1l 1l
Toplam 10 pl 10 pl 10 pl
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3.23 E.coli’ ye Transformasyon

Transformasyon icin pGEM®-T Easy Vector System kitinde bulunan hazir kompetan
JM109 hicreleri kullanildi. Eppendorf igine alinan 100 pl kompetan hiicre tGzerine 5-10
ul ligasyon reaksiyon karisimi eklendi. 30 dakika buz tizerinde bekletildi. 42 °C’ de 1
dakika 1s1 soku verildi. Buz Uzerinde 2 dakika sogutulduktan sonra total hacim 1000 pl
olacak sekilde SOC eklendi. 37 °C’ de bir saat inkiibe edildi. ilk transformasyonda,
transformasyon etkinligini gérmek icin 50 pl alinarak 200 pl’ lik SOC besiyerlerinde
orneklerin 100 X, 20 X ve 4 X dilisyonlari hazirlandi ve Ampisillin iceren kati besi yeri
Uzerine vyayildi. 37 °C’ de bir gece inkiibe edildi. Kolonilerin ¢ok sikisik biyiimedigi
gorildigiinden sonraki transformasyonlarda kati besiyeri tzerine her petri kabina
100 ml transformasyon karisimi olacak sekilde sulandiriimadan yayildi. 37 °C’ de bir
gece inkibasyon yapildi. Kati besi yerleri icine plazmid almis kolonilerin se¢imi icin 100
ug / ul Ampisillinle ve rekombinant plazmidlerin secimi i¢in 30 ug / ml IPTG ve 0.5 mM
X- GAL icermekteydi.

Mavi renkte gozlemlenen koloniler iclerine ¢cDNA almadan kapanmis plazmidleri
bulunan hiicrelerden, beyaz renkte gozlemlenen koloniler ise arpa cDNA’ lari alarak

kapanmis plazmidleri bulunan hiicrelerden olusmaktaydi.

3.24 Rekombinant Kolonilerin 96’ lik Kiiltiir Kaplarina Aktarimi ve Gliserol

Stoklarinin Hazirlanmasi

Kati LB petrilerinde bliyimis olan beyaz koloniler steril kiirdanlar ile 96’ lik Greiner
kaplarina ekildi ve 37 °C’ de bir gece biyitildi. inkiibasyon sonrasinda her bir
kuyucugun replikasi yapildi ve 75 ul % 60’ lik gliserol ilave edilerek =80 °C’ de saklandi.
Replikalarda; dérneklerden 50 pl, 150 pl LB ve 75 ul % 60’ lik gliserol kullanildi. Ornekler
-80 °C’ de saklandi. 29 Gévdeden, 27 Yapraktan ve 5 Kdkten olmak {izere toplam 5734

koloni ekildi.

3.25 Kolonilerin Dizin Analizine Gonderilmesi

Stok kdltilrlerinden yapraga ait 960 koloni iceren 10 kap ve koke ait 384 koloni iceren

4 kap dizin analizi icin Arizona State Universitesi Biodesign Enstitiisii’ ne gdnderildi.
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3.26 Biyoinformatik Analizler

Yaprak ¢inkosuza ait 960 klon ve kok ¢inkosuza ait 384 dizinin analiz sonuglarinda

n u

fasta”, “. phd”, “. qual”, “. pscf”, “. seq” ve “. trace” uzantili sonuglar bulunmaktaydi.

Yaprak ornekleri igin trace uzantih ( ABI) olan dosyalarin vektér dizinleri CHROMAS
programi ile uzaklastirildi. Programda olusan diziler text dosyasi biciminde idi, bu
diziler fasta formatina gevrildi. Kok 6rnekleri icin fasta uzantili olan dosyalarin vektor ve
adaptor dizinleri phrap programi icindeki “ CROSS- MATCH” ile uzaklastirildi. Her iki
bitki kismi icinde olusturulan fasta dosyalari CYGWIN programinda tek bir fasta dosyasi
bicimine donusturildad. Olusturulan EST dizilerinden CAP3 programi ile ortlisen diziler
belirlendi ve disik kaliteli diziler kirpildi. CAP3 ile elde edilen consensus ( kontik)
dizileri BEAP programi ile kontrol edildi. CAP3’ te olusturulan consensus olan ve
consensus olmayan (singlet) diziler, [67]" deki web sitesinden BLASTN ve BLASTP
programlari kullanilarak GenBank veritabaniyla karsilastirildi.  BLASTP analizi igin
kontik ve singletlerin [68] deki web sitesinden frame 1, 2 ve 3 protein bilgileri
olusturuldu. Bu bilgiler BLASTP analizlerinde kullanildi. Kayith dizilerle karsilastirmalari

yapilarak fonksiyonlari tahmin edildi.
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BOLUM 4

SONUC VE ONERILER

4.1 Bitki Tohumlarinin Cimlendirilmesi ve Cézeltilere Aktariimasi

Arpa tohumlari, bélim 3.10.1" de belirtilen kosullar altinda cimlendirildi ve Hoagland

¢Ozeltilerine aktarildu.

Sekil 4. 1 Bitki bliyitme kabininde yetistirilen bitkiler

4.2 Bitkilerin Biyitiilmesi

Bitkiler 42 giin buydltlldi. Cinko icermeyen c¢oOzeltide gelisen bitkilerde; gencg
yapraklarda kivrilma, sararma ve koklerde uzama ve govde- sap bolgesinde
kahverengilesme ve blylme- gelismede gerileme biciminde fizyolojik degisimler

gozlendi.
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Sekil 4. 2 Gelisen bitkilerin gévde kisimlarinda kahverengilesme, yapraklarinda sararma
ve kivrilma 1. fotograf: 40 glinlik arpa bitkinin govde kismi, 2. fotograf: 12 giinlik arpa
bitkisi

Sekil 4. 3 Kontrol grubu ve deney grubunda gozlemlenen farkliliklar , kontrol grubu 10
MM cinko iceren Hoagland besiyerinde bliyitildl, deney grubu ¢inko icermeyen
Hoagland besiyerinde blytilda
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4.3 Cinko Miktar Analizi

Tlbitak Marmara Arastirma Merkezi tarafindan 6l¢limler sonucunda deney grubunun
cinko orani ile kontrol grubunun cinko oranlari arasinda farkliliklar goézlendi ( Cizelge
4.1). Sonuglar deney grubundaki bitki kisimlarinin ¢inko metali bakimindan daha eksik

oldugunu gostermekte idi. Ayrica ginkonun en fazla miktarda yapraklarda toplandigi

goruldu.
Cizelge 4. 1 Bitki kisimlarinin yas agirliklari ve ginko igerikleri

Yas Cinko
Ornek tipi agirhk | igerigi

(mg) (mg)
Yaprak ¢inkosuz 250 1,04
Govde ¢ginkosuz 250 0,42
Kok ¢inkosuz 250 0,13
Yaprak kontrol 250 41,4
Govde kontrol 250 17,05 ® Ginko ic.mg)
Kok kontrol 250 14,07 ® Yas Ag.(mg)

4.4 Total RNA’ larin Spektrofotometrede Olgiimii

RNA’ larin konsantrasyonlari ODysp x 40 pg/ ml x sulandirma faktori formdaliyle
hesaplandi. Kontrollerde elde edilen RNA miktarlarinin fazlaligi ¢inko stresinin

ekspresyonu etkiledigini de gostermekte idi.

Cizelge 4. 2 Bitki kisimlarinin DEPC’ li sudaki RNA miktarlari

RNA miktarlarn (

Ornekler ug/ i)
Yaprak kontrol 6,452
Yaprak ¢inkosuz 4,838
Govde kontrol 7,550
Govde ginkosuz 2,197
Kok kontrol 2,882
Kok cinkosuz 2,250
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4.5 Total RNA Analizi

Yaprak, govde ve kdklerden RNA izolasyonu 3.13’ de anlatildigi bicimde yapildi. % 1’ lik
MOPS jeline yiklenerek analiz edilen RNA’larda ribozomal RNA bandlarina bakilarak

herhangi bir pargcalanma olmadigi tespit edildi.

— 6009

— 4000
— 3000

— 2000
— 1500
— 1000

— 500

— 200

Sekil 4. 4 Arpa bitkisinin yaprak, gévde ve kék kisimlarindan izole edilen total RNA
ornekleri M: high range RNA ladder, 1. yaprak kontrole ait RNA 6rnegi, 2. yaprak
¢inkosuza ait RNA 6rnegi, 3. govde kontrole ait RNA 6rnegi, 4. govde ¢inkosuza ait RNA
ornegi, 5. kok kontrole ait RNA 6rnegi, 6. kok cinkosuza ait RNA 6rnegi

47



4.6 mRNA Analizi

Yaprak, govde ve koklerden mRNA izolasyonu 3.14° te anlatildigi bicimde yapildi.
mRNA’ lardan 1 pl EtBrigeren %1’ lik Agaroz jeline ylklendi. mRNA spotlarinin UV 15181
altinda goriintliisi konsantrasyonu bilinen bir mRNA’ nin goriintlsu ile karsilastirilarak

mMRNA miktarlari belirlendi.

100ng
1. eliisyon

50ng 2. eliisyon

25ng

12,5ng

Sekil 4. 5 Arpa bitkisinin yaprak, gévde ve kdk kisimlarindan izole edilen mRNA
ornekleri M. standart RNAlar, 1.yaprak kontrole ait mRNA 1. eliisyon ve 2. eliisyon
ornekleri, 2. yaprak ¢inkosuza ait mRNA 1. eliisyon ve 2. ellisyon 6rnekleri, 3. gbvde
kontrole ait mRNA 1. ellisyon ve 2. ellisyon 6rnekleri, 4. govde ¢inkosuza ait mRNA 1.
elisyon ve 2. elisyon ornekleri, 5. kdk kontrole ait mRNA 1. ellisyon ve 2. ellisyon
ornekleri, 6. kok ¢inkosuza ait mRNA 1. ellisyon ve 2. ellisyon 6rnekleri
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4.7 Ligasyon PCR’ larindan Agaroz Jel Uzerinde Analiz

3.16, 3.16.1 ve 3.16.2’ de anlatildigi bicimde yapilan adaptér ligasyonunun PCR’ la
kontrol Uriinleri % 1’ lik Agaroz jele yuklenerek kontrol edildi. Jel gorintileri yaprak

ve govde gorintilerine gore daha netti ve kesimin gerceklestigini gostermekteydi.

Sekil 4. 6 Arpa bitkisinin yaprak érneklerinin adaptor ligasyonunun kontrolti, M. marker
Lambda, 1. gcinkosuz 1-1 PCR primer, 2. ¢inkosuz 1-1 GADPH R primer, 3. ¢inkosuz 1-2
PCR primer, 4. ginkosuz 1-2 GADPH R primer, 5. kontrol 1-1 PCR primer, 6. kontrol 1-1
GADPH R primer, 7. kontrol 1-2 PCR primer, 8. kontrol 1-2 GADPH R primer, M.
marker 100bD
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Sekil 4. 7 Arpa bitkisinin govde 6rneklerinin adaptoér ligasyonunun kontrolti, M. marker
Lambda, 1. gcinkosuz 1-1 PCR primer, 2. ¢inkosuz 1-1 GADPH R primer, 3. ¢inkosuz 1-2
PCR primer, 4. ginkosuz 1-2 GADPH R primer, 5. kontrol 1-1 PCR primer, 6. kontrol 1-1
GADPH R primer, 7. kontrol 1-2 PCR primer, 8. kontrol 1-2 GADPH R primer, M.
marker 100bD
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Sekil 4. 8 Arpa bitkisinin kdk érneklerinin adaptor ligasyonunun kontroll, M. marker
100bD, 1. ginkosuz 1-1 PCR primer, 2. ginkosuz 1-1 GADPH R primer, 3. ginkosuz 1-2
PCR primer, 4. ginkosuz 1-2 GADPH R primer, 5. kontrol 1-1 PCR primer, 6. kontrol 1-1
GADPH R primer, 7. kontrol 1-2 PCR primer, 8. kontrol 1-2 GADPH R primer
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4.8 1.PCR Amplifikasyonu PCR’ larindan Agaroz Jel Uzerinde Analiz

3.19 ve 3.19.1' de anlatildigl bicimde yapilan 1. PCR amplifikasyonu ve gikarimi
yapilmamis érneklerden hazirlanan PCR’ larin Urinleri % 1’ lik Agaroz jele ylklenerek

kontrol edildi.

bp

21226

5148
4973
4266

3530°

Sekil 4. 9 Arpa bitkisinin yaprak, gévde 6rneklerinden 1. PCR amplifikasyonun jel
gorliinimi, 1. yaprak ¢inkosuz ¢ikarim yapilmis, 2. yaprak ¢inkosuz ¢ikarim yapilmamus,
3. yaprak kontrol ¢ikarim yapilmis,4. yaprak kontrol ¢ikarim yapilmamis , 5. gévde
¢inkosuz cikarim yapilmis ,6. gévde ¢inkosuz ¢ikarim yapilmamis , 7. gévde kontrol
¢ikarim yapilmis ,8. gévde kontrol gikarim yapilmamis, M. marker Lambda
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5148
4973
4268

3630

Sekil 4. 10 Arpa bitkisinin kok 6rneklerinden 1. PCR amplifikasyonun jel gériinimu, 1.
kdk kontrol gikarim yapilmig 10 X, 2. kék kontrol ¢ikarim yapilmis 1 X, 3. kék kontrol
citkarim yapilmamis 100 X, 4.kok kontrol ¢ikarim yapilmamis 1000 X, 5. kok ¢cinkosuz

citkarim yapilmis 10 X, 6. kdk ¢inkosuz ¢ikarim yapilmis 1 X, 7. kok ¢cinkosuz ¢ikarim
yapitimamis 100 X, 8. kdk cinkosuz ¢cikarim yapilmamis 1000 X, M. marker lambda
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4.9 2.PCR Amplifikasyonu PCR’ larindan Agaroz Jel Uzerinde Analiz

3.20 ve 3.20.1" de anlatildig bicimde yapilan 2. PCR urinleri % 1’ lik Agaroz jele

ylklenerek kontrol edildi.

M1 2 3 45 6 7 8 9 10 11 12 13 14 1516 M

[ 4
s

s

.
.
L »
+e
L
.
.

Sekil 4. 11 Arpa bitkisinin yaprak ve govde orneklerinden 2. PCR amplifikasyonun jel
goriinimi, M marker Lambda, 1. yaprak ginkosuz ¢ikarim yapilmis seyreltilmis, 2.
yaprak cinkosuz ¢ikarim yapilmamis seyreltilmis, 3. yaprak kontrol ¢ikarim yapilmis
seyreltilmis, 4. yaprak kontrol ¢ikarim yapilmamis seyreltilmis, 5. govde ¢inkosuz
¢ikarim yapilmis seyreltilmis, 6. govde g¢inkosuz ¢ikarim yapilmamis seyreltilmis, 7.
govde kontrol ¢ikarim yapilmis seyreltilmis, 8. govde kontrol ¢ikarim yapilmamis
seyreltilmis, 9. yaprak cinkosuz ¢ikarim yapilmis, 10. yaprak ¢cinkosuz ¢ikarim
yapilmamis, 11. yaprak kontrol ¢ikarim yapilmis, 12. yaprak kontrol ¢ikarim yapilmamis,
13. gévde cinkosuz ¢cikarim yapilmis, 14. govde ¢inkosuz ¢ikarim yapiimamis, 15. gévde
kontrol ¢cikarim yapilmis, 16. gbvde kontrol ¢cikarim yapilmamis, Marker

54



Sekil 4. 12 Arpa bitkisinin kok érneklerinden 2. PCR amplifikasyonun jel gorinimui, M
marker Lambda, 1. kdk kontrol gikarim yapilmis, 2. kok kontrol gikarim yapiimamis, 3.
kok ginkosuz gikarim yapilmamis, 4. kdk ginkosuz gikarim yapilmamig
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4.10 Saflastirilmis PCR Uriinlerinden Agaroz Jel Uzerinde Analiz

3.21 ve 3.21.1" de anlatildigI bicimde yapilan saflastirilmis PCR Grilnleri, % 1’ lik Agaroz

jele yuklenerek kontrol edildi.

Sekil 4. 13 Arpa bitkisinin saflastirilmis yaprak ve govde PCR urilnlerinin jel gérinimii,

Marker 100bd, 1. yaprak cinkosuz 1. eliisyon, 2. yaprak cinkosuz 2. eliisyon, 3. yaprak

kontrol 1. ellisyon, 4. yaprak kontrol 2. ellisyon, 5. gévde cinkosuz 1. ellisyon, 6. gbvde
ginkosuz 2. eliisyon, 7. gévde kontrol 1. ellisyon, 8. gévde kontrol 2. ellisyon

56



Sekil 4. 14 Arpa bitkisinin saflastirilmis kok PCR Grlnlerinin jel gérinim, marker
lambda, 1. kok kontrol 1. ellisyon, 2. kok kontrol 2. ellisyon, 3. kok cinkosuz 1. ellisyon,
4. kok cinkosuz 2. ellisyon

4.11 Rekombinant Hiicrelerin Belirlenmesi

3.23’ de anlatildigi bicimde hazirlanan kati LB petrilerinde mavi- beyaz segilimi yapildi.
Rekombinant kolonilerin belirlenmesi igin B- galaktosidaz testi kullanildigindan mavi ve
beyaz olmak Uzere iki cesit koloni gozlemlendi. Beyaz koloniler transformasyona
ugramis ve cDNA’ yi1 almis olanlardi. Kok kiitiiphanesinde, diger deneylerde oldugu gibi

koloni sayisi yaprak ve govdeden daha azdi.

Sekil 4. 15 Yaprak, govde ve kdke ait koloniler, 1: yaprak, 2: gévde ve 3: kdk
kolonilerini gbostermektedir

57



4.12 Beyaz Kolonilerin Segilmesi ve Kolonilerin Analize Génderilmesi

29 Govdeden, 27 Yapraktan ve 5 kékten olmak lzere 61 kiltir kabi Gzerinde toplam
5734 rekombinant koloninin stok kiltirleri hazirlandi. Bunlardan yapraga ait 960
koloni ve kéke ait 384 koloni dizin analizi i¢in Arizona State Universitesi’ ne gdnderildi.

Analiz sonuglarinin biyoinformatik analizleri yapildi.

4.13 Yaprak Kitiiphanesinin Biyoinformatik Analizleri

4.13.1 EST’ lerin Hazirlanmasi ve Kontik- Singlet Olusturulmasi

Arizona State Universitesi’ nden génderilen dosyalardaki dizin analizi sonuglarindan
fasta formath olanlarin TRIM degerleri incelendi. Bu degerler sifirdan biyilk oldugu icin
disuk kaliteli EST dizilerine rastlanmadi. Arpanin yaprak kismina ait fasta formatindaki
960 EST dizisinden oOncelikle vektér ve adaptor dizileri CHROMAS programi ile
uzaklagtirildi. Ardindan VECSCREEN programi ile vektor ve adaptor dizilerinin kalintisi

kontrol edildi ve herhangi bir vektor ve adaptér dizisine rastlanmadi.

Vektor ve adaptor uzaklastirma isleminden sonra EST fragmentlerinin eslestirme islemi
CAP3 programi ile yapildi. CAP3 programi birbirleriyle ortisen dizileri belirleyip
birlestirerek kontik ( birlesmis diziler) olusturdu. Bu programla kontik olusturmayan ve

tek kalan diziler de ( singleton, singlet) belirlendi ( Cizelge 4.3).

Cizelge 4. 3 CAP3 programi ile elde edilen degerler

Yaprak EST dizinleri
EST sayisi 960
Kontik sayisi 29
Singlet sayisi 126
En uzun kontik 2043
En kisa kontik 87
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CAP3 programi ile olusturulan kontiklerde hangi EST dizilerinin bulundugunu ortaya
¢itkarmak icin BEAP programi kullanildi. BEAP programi ile EST dizilerinin drtiisme bigimi
de tespit edildi ( Sekil 4. 16).
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Sekil 4. 16 BEAP programinda 17. kontik’ i meydana getiren EST dizileri ve
bu dizilerin ortlisme bigimi
Kontik olusturma islemi CAP3 programi disinda bu programa alternatif olan PHRAP
programi ile de yapildi. PHRAP programinda 25 kontik olusturuldu. CAP3 programinin
PHRAP programina goére daha glvenilir olmasi sebebiyle ( Huang vd., 1999)

¢alismalarimizda CAP3 programina ait kontik dizileri kullanildi.

4.13.2 Blast Analizleri

EST ve kontik dizilerinin GenBank veritabaninda kaydedilmis dizilere benzerliklerinin ve
olasi fonksiyonlarinin belirlenmesinde BLAST programi [67] deki web sitesinden
kullanildi. BLAST programi vyaygin olarak kullanilan dizi benzerlik sorgulamasi

programidir.

CAP3 programi ile elde edilen kontikler ve singletler BLASTN ( nukleotit veritabanh
benzerlik arastirmasi) ve BLASTP analizi ile tek tek yapildi. Ayrica CHROMAS programi

ile vektor ve adaptor dizileri cikarilan EST’ lerin analizleri de tek tek yapildi.
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BLASTN analizlerinin sonuglari g bolim halindedir. Birinci bélim, EST dizisinin 6zelligi
hakkinda bilgi verir. ikinci béliim, incelenen dizi ile benzerlik gésteren sekanslari ve bu

sekanslarin analiz sonuglarini verir.

Analiz sonuglarinda; veritabanindaki dizilerin taninmasini saglayan numaralar (
Accession number), benzerlik gosteren dizinin fonksiyonuna ve ait oldugu organizmaya
ait bilgi ( Description), karsilastirilan dizilerin uzunluk anlaminda ne derece birbirlerini
kapsadiklari ( Ouery Coverage), karsilastirilan dizilerin bir pozisyonda ayni niikleotide
sahip olmasinin rastlantisal olabilme durumu ( E- value terimi), birbirleri arasinda
benzerlik tespit edilen diziler arasindaki homolojinin derecesi ( Maximum Identy)

belirtilir.

Uglincli bolim ise benzerlikleri verilen dizilerin karsilastirmali olarak niikleotit

diizeyinde benzerliklerini verir ( Sekil 4. 17).
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C

¥ Descriptions
Legend for links to other resources: [ unicene I3 60 [ Gene B structure [ Map Viewer Bl pubchem BioAssay
Sequences producing significant
Description Maxscore  Totalscore  Query coverage _. Evalue Maxident Links |

Hordeum vulgare subsp. vulgare mRNA for predicted protein, complet 183 193 57% de-46 95%
Hordeum vulgare subsp. vulgare mRNA for predicted protein, complet 193 193 57% de-46 95%
Hordeum vulgare subsp. vulgare mRNA for predicted protein, complet 193 193 57% 4e-46 95%
Hordeum vulgare subsp. vulgare mRNA for predicted protein, complet 193 57% 4e-46 95%
Hordeum vulgare subsp. vulgare cDNA clone: FLbaf26j06, mRNA sequ 193 57% 4e-46 95% m
Hordeum vulgare subsp. vulgare cDNA clone: FLbaf164a01, mRNA se 193 7% 4e-46 5% m
Hordeum vulgare subsp. vulgare cDNA clone: FLbaf100b05, mRNA ser 193 57% de-46 95% m
Hordeum vulgare subsp. vulgare cDNA clone: FLbaf55b12, mRNA seq 193 57% de-46 95% m
Hordeum vulgare rbcS gene for ribulose-1,5-bisphosphate carboxylas 193 193 57% de-46 95%
Hordeum vulgare subsp. vulgare mRNA for predicted protein, complet 187 187 57% 2e-44 95%
Hordeum vulgare subsp. vulgare mRNA for predicted protein, complet 187 187 57% 2e-44 95%
Hordeum vulgare subsp. vulgare cDNA clone: FLbaf170014, mRNA se: 187 57% 2e-44 95%
Hordeum vulgare subsp. vulgare cDNA clone: FLbaf144p08, mRNA se 187 7% 2e-44 5%
Zea mays clone 12935 mRNA sequence 187 57% 2e-44 95%
Triticum timopheevii subsp. armeniacum rbcS gene for ribulose-1,5-b 187 57% 2e-44 5%
Aegilops searsii rbcS gene for ribulose-1,5-bisphosphate carboxylase 187 57% 2e-44 95%
Aegilops sharonensis rbcS gene for ribulose-1,5-bisphosphate carbox 187 57% 2e-44 95%
Aegilops longissima rbcS gene for ribulose-1,5-bisphosphate carboxy 187 57% 2e-44 95%
Aegilops speltoides rbcS gene for ribulose-1,5-bisphosphate carboxy 187 57% 2e-44 95%
Thinopyrum intermedium rbcS gene for ribulose-1,5-bisphosphate cal 187 7% 2e-44 5%
Aegilops tauschii rbcS gene for ribulose-1,5-bisphosphate carboxylas 187 187 57% 2e-44 95%
Aegilops sharonensis rbcS gene for ribulose-1,5-bisphosphate carbox 187 187 7% 2e-44 5%
Aegilops speltoides rbcS gene for ribulose-1,5-bisphosphate carboxy 187 187 57% 2e-44 95%
Triticum urartu rbcS gene for ribulose-1,5-bisphosphate carboxylase, 183 183 7% 3e-43 94%
Triticum aestivum cDNA, clone: WT012_C16, cultivar: Chinese Sprinc 182 182 57% 1le-42 94% m
Triticum durum ssp. durum partial mRNA for putative rubisco small su 182 182 57% le-42 94%
Triticum aestivum rbcS gene for ribulose-1,5-bisphosphate carboxylz 182 182 57% le-42 94%
Triticum turgidum subsp. dicoccoides rbcS gene for ribulose-1,5-bisp 182 57% le-42 94%
Aegilops tauschii rbcS gene for ribulose-1,5-bisphosphate carboxylas 182 57% 1e-42 4%
Aegilops speltoides rbcS gene for ribulose-1,5-bisphosphate carboxy 182 57% 1e-42 94%

AB020933.1 Triticum timopheevii subsp. armeniacum rbcS gene for ribulose-1,5-b 182 182 7% le-42 4%

AB020937.1 _ Aenilane sparsii rheS nana for rihnings-1 S-hisnhnanhate rarhnyviace 182 182 57% 1e-42 94%

il

Sekil 4. 17 Arpa bitkisinin yaprak bolgesine ait kontik 1’in BLASTN analiz sonucunun
NCBI veritabani web sitesi goriintlsi; A: birinci bélim, B: ikinci bélim, C: Gglnci
bolim
BLASTP analizleri i¢in dizinlerin protein bilgisi kullanildi. Klonlama yonli olmadigindan
dogru protein kodlayan dizinin vektore yerlesme sansi 1 /6’ dir. Ayrica dizin
okumalarindaki olasi yanlisliklar frame kaymalarina neden olabilir. Bu nedenlerle [68]’

deki internet programinda kontik ve singletlere ait proteinlerin 1., 2. ve 3. framelerde

aminoasit dizin bilgisi olusturuldu. Her (i¢ frame icin BLASTP analizleri yapildi.

Benzerlikleri bulunan 29 kontik’ in blast analizi sonuglari Ek C' de verilmistir. 126

singletin blast analizi sonuglari Ek D’ de verilmistir.
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4.13.2.1 Yaprak Kontik Blast Analizleri

Yaprak dokusuna ait EST’ lerin CAP3 programi ile olusturulan 29 kontik’ in 27 tanesi igin
DNA ve protein diizeyinde anlamli blast sonuglari elde edildi. Kontiklerden iki tanesinin
GenBank veritabaninda benzestigi herhangi bir nikleotit ve protein dizisi olmadi (

Cizelge 4.4).

Cizelge 4. 4 Yaprak dokusuna ait kontik’ lerin BlastN ve BlastP analizi sonuglarina gére
benzerlikleri bulunan DNA ve protein ¢esitleri

Kontik no | DNA ¢esidi Protein c¢esidi

Kontik 1 | RuBisCo_small RuBisCO_small

Kontik 2 Ferredoxin- NADP(+) reductase -

Kontik 3 - -

Kontik 4 | TRX_family, thioredoxin reductase | TRX_ family
(TR)

Kontik 5 | Photosystem Il subunit S (PsbS) LIM-kinasel, isoform( Drosophila

melanogaster)

Kontik 6 LHC Il type | protein, Chlorophyll Large polymerase protein
A- B binding protein

Kontik 7 | Ribulose-bisphosphate carboxylase | Ribulose-bisphosphate carboxylase

small chain small subunit
Kontik 8 | Translation elongation factor G Translation elongation factor G
Kontik 9 | Cultivar Morex chloroplast, Ribulose-1,5-bisphosphate

complete Genome carboxylase/oxygenase large subunit

Angora ribulose-1,5-bisphosphate
carboxylase/ oxygenase large
subunit (rbcl) gene, complete cds;
chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate carboxylase/
oxygenase large subunit (rbcL)
gene,

complete cds; chloroplast
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Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene, complete cds;
rbcL-psal intergenic spacer,
complete sequence; and
photosystem

| subunit VIII (psal) gene, partial
cds; chloroplast

Kontik10

Helix-loop-helix domain, found in
specific DNA- binding proteins that
act as transcription factors

Kontik11

Non-specific lipid-transfer protein
type 1 (nsLTP1) subfamily

Conserved hypothetical protein
Atypical protein kinase C lambda

Cw-21 mRNA

Ltp4.2 gene

Lipid transfer protein (blt4.9) gene

Ltp4.3 gene

Kontik12

Kontik13

Translation elongation factor

Translation elongation factor EF-G

Azumamugi translation elongation
factor EF-G gene

Kontik14

Plant protein of unknown function
(DUF827)

Rubredoxin_like, a small electron
transfer protein iron binding site

Hypothetical protein Bxe_B1626
( Burkholderia xenovorans)

Kontik15

F-box domain

Carbonic anhydrase mRNA

Kontik16

Thiamine pyrophosphate (TPP)
family, Transketolase (TK)
subfamily, TPP- binding module

Transketolase

Kontik17

cDNA clone

Putative senescence-associated

protein ( Pisum sativum)
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Kontik18

GDP-L-galactose-hexose-1-
phosphate guanyltransferase

0s12g0190000GDP-L-galactose
Hexose-1-phosphate

guanyltransferase

Kontik19 | Protein of unknown function | -
(DUF1230

Kontik20 | Heme-dependent peroxidases | Heme dependent peroxidases similar
similar to plant peroxidases to plant peroxidases

Kontik21 | CP29 precursor for Precursor of CP29, core chlorophyll
corechlorophyll a/b binding (CAB) | 5/b binding (CAB) protein of
protein of photosystem I (PSII) photosystem Il (PSII)
Chlorophyll A-B binding protein

Kontik22 | Predicted protein -

Kontik23 | Predicted protein -

Kontik24 | Lhcbl gene for light harvesting Hypothetical protein ( Vitis vinifera)
chlorophyll a/b-binding protein
Lhcbl

Kontik24 | Chlorophyll A-B binding protein

Kontik25 | Manganese-stabilising protein /| -
photosystem Il polypeptide

Kontik26 | Predicted protein -

Kontik27 | Carbonic anhydrase mRNA -

Kontik28 | Translation elongation factor Translation elongation factor EF-G
Azumamugi translation elongation
factor EF-G gene

Kontik29 | PAP_fibrillin PAP_fibrillin
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4.13.2.2 Yaprak Singlet Blast Analizleri

Kontiklere uygulanan tim analizler singletlere de uygulandi. 126 singletten 76 tanesi

icin DNA ve protein diizeyinde anlamli blast sonuglari elde edildi. Singletlerden 50

tanesinin GenkBank veritabaninda benzestigi herhangi bir nikleotit ve protein dizisi

olmadi ( Cizelge 4.5).

Cizelge 4. 5 Yaprak dokusuna ait singletlerin BlastN ve BlastP analizi sonuglarina gére
benzerlikleri bulunan DNA ve protein gesitleri

bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene, complete cds;
chloroplast

Singlet no DNA cesidi Protein ¢esidi

Singlet 1 - -

Singlet 2 Ribulose 1,5-bisphosphate Ribulose-1,5-bisphosphate
carboxylase large subunit (Rauhia carboxylase/oxygenase large
decora) subunit

Singlet 3 - -

Singlet 4 PAP_fibrillin PAP_fibrillin
(plastid lipid-associated proteins)

Singlet 5 Helix-loop-helix domain, found in
specific DNA- binding proteins that
act as transcription factors

Singlet 6 - -

Singlet 7 Cultivar Morex chloroplast, Ribulose-1,5-bisphosphate
complete genome carboxylase/oxygenase large

subunit
Unnamed protein product
Singlet 7 Cultivar Angora ribulose-1,5-

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase
large subunit (rbcl) gene
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Singlet 8

Singlet 9

Singlet 10

Glutathione S-transferase

Glutathione S-transferase

Singlet 11

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene, complete cds;
chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene, complete cds;
chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 12

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbclL) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 13

Singlet 14

Cultivar Morex chloroplast,

Ribulose-1,5-bisphosphate
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complete genome

carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase
large subunit (rbcL) gene

Singlet 15

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 16

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
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Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 17

Singlet 18

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 19

Singlet 20

GDP-L-galactose-hexose-
1phosphate

GDP-L-galactose-hexose-1-
phosphate guanyltransferase

Singlet 21

GDP-L-galactose-hexose-
1phosphate

guanyltransferase;

Singlet 22

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product
0s12g0207600 [Oryza sativa
Japonica Group]

RuBisCO_large
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Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 23

Singlet 24

Singlet 25

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product
0s12g0207600 [Oryza sativa
Japonica Group]

RuBisCO_large

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 26

Singlet 27

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product
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0s12g0207600 [Oryza sativa
Japonica Group]

RuBisCO_large

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 28

Singlet 29

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 30

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
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complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 31

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Unnamed protein product

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 32

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

0s12g0207600 [Oryza sativa
Japonica Group]

RuBisCO_large

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
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Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 33 ICMT"Isoprenylcysteine  carboxyl | Lysine 2,3-aminomutase
methyltransferase (ICMT) YodO family protein
[Hordeum vulgare subsp.
vulgare]
Isoprenylcysteine  carboxyl
methyltransferase (ICMT)
Singlet 34 - :
Singlet 35 - :
Singlet 36 - }
Singlet 37 Triticum aestivum clone
wlsu2.pk0001.h3:fis, full insert
MRNA sequence
Singlet 38 - }
Singlet 39 - -
Singlet 40 Cultivar Morex chloroplast, ORF101 [Pinus koraiensis]
complete genome Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit
Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
Barley chloroplast genes rbcl and
atpB
Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcL) gene
Singlet 41 - -
Singlet 42 F —Box gb|EEA93694.1| peptidase

M23B  [Pseudovibrio  sp.
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JE062]

EMB1441 [Arabidopsis lyrata
subsp. lyrata]

Carbonic anhydrase Mrna

Singlet 43

Cultivar Morex chloroplast,
complete genome

ORF101 [Pinus koraiensis]
Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 44

Hydroxypyruvate reductase
Rossmann-fold NAD(P)(+)-binding
proteins

Hydroxypyruvate reductase

Carbonic anhydrase mRNA

Singlet 45

Singlet 46

Singlet 47

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
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Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 48

Non-specific lipidtransfer
type 1 (nsLTP1) subfamily

protein

Cw-21 mRNA

Ltp4.2 gene

Lipid transfer protein (blt4.9) gene

Singlet 49

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 50

Cherax  quadricarinatus  clone

cherax_216 mRNA sequence

Maylandia emmiltos isolate
Psemmill_28 3 MHC class Il beta
chain

Singlet 51

Singlet 52

Singlet 53

ProteinThiamine pyrophosphate
(TPP)  family, Transketolase(TK)
subfamily, TPP-binding module

Transketolase

Singlet 54

Cherax  quadricarinatus  clone

cherax_216 mRNA sequence

Singlet 55
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Singlet 56

Cloning vector pGBT-R16, complete
sequence

Conserved hypothetical
protein [Streptomyces
ghanaensis ATCC 14672]

Putative reverse
transcriptase [Zingiber
officinale]

Conserved hypothetical
protein [Streptomyces

ghanaensis ATCC 14672]

Singlet 57 Lithognathus  mormyrus  clone
Imos9p10d12 mRNA sequence
Singlet 58 - -
Singlet 59 pWE15A cosmid vector DNA Translation elongation factor
G
Singlet 60 Thiamine pyrophosphate (TPP) Transketolase
family, Transketolase (TK)
subfamily, TPP-binding module
Singlet 61 Thiamine pyrophosphate (TPP) Transketolase
family, Transketolase (TK)
subfamily, TPP-binding module
Singlet 62 - -
Singlet 63 Ribulose-bisphosphate carboxylase | -
small chain
Singlet 64 Cultivar Morex chloroplast, Ribulose-1,5-bisphosphate

complete genome

carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcL) gene
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Singlet 65

Singlet 66 Cw-21 mRNA -
Ltp4.2 gene -
Lipid transfer protein (blt4.9) gene | -
Singlet 67 Cw-21 mRNA -
Ltp4.2 gene -
Lipid transfer protein (blt4.9) gene | -

Singlet 68 - -

Singlet 69 Transketolase

Singlet 70 - -

Singlet 71 Cw-21 mRNA Hypothetical protein
MCP_0783  [Methanocella
paludicola SANAE]

Ltp4.2 gene
mRNA for lipid transfer protein
precursor

Singlet 72 GDP-L-galactose-hexose-1- GDP-L-galactose-hexose-1-

phosphate guanyltransferase phosphate
Guanyltransferase

Singlet 73 - -

Singlet 74 - -

Singlet 75 Predicted protein GDP-L-galactose-

hexosel-phosphate
guanyltransferase

Singlet 76 Lhcb1 gene for light harvesting Hypothetical protein [Vitis

chlorophyll a/b-binding protein vinifera]
Lhcbl 0s04g0457100 [Oryza sativa
Japonica Group

Singlet 77 - -

Singlet 78 - -

Singlet 79 - -

Singlet 80 - -

Singlet 81 - -
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Singlet 82

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 83

Pennisetum glaucum AFLP fragment
RQVTLCD2-3

Singlet 84

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbclL) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 85

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
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Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 86

Singlet 87

Singlet 88

Singlet 89

Singlet 90

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Cultivar Morex chloroplast,
complete genome

Singlet 91

ATP synthase B/B' CF(0)

Singlet 92

Singlet 93

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
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subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet 94

SNARE associated Golgi protein

SNARE associated Golgi
protein; cl00429

Singlet 95

Singlet 96

LHC Il type | protein

Unknown [Zea mays]

Singlet 97

Pennisetum glaucum AFLP fragment
RQVTLCD2-3

Singlet 98

Singlet 99

Singlet100

Cultivar Morex chloroplast,
complete genome

0s12g0207600 [Oryza sativa
Japonica Group]
Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene, complete cds;
chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene, complete cds;
chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet101

Cherax  quadricarinatus  clone
cherax_216 mRNA
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Singlet102

Singlet103

Singlet104

Singlet105

Singlet106

Thiamine pyrophosphate (TPP)

family, Transketolase (TK)

Transketolase

Singlet107

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene, complete cds;
chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet108

Thiamine pyrophosphate (TPP)
family, Transketolase (TK)
subfamily

Transketolase

Singlet109

GDP-L-galactose-hexose-1-
phosphate guanyltransferase;

Singlet110

Thiamine
family,
subfamily

(TPP)
(TK)

pyrophosphate
Transketolase

Transketolase

Singlet111

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
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subunit (rbcl) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet112

Cloning vector psiLentGene Basic,
complete sequence

Conserved
protein
H591]

hypothetical
[Escherichia  coli

Singlet113

Papain-like
(pap-16 gene)

cysteine  proteinase

Singlet114

Singlet115

Expression  vector
complete sequence

pLoxGentrc,

Conserved
protein
H591]

hypothetical
[Escherichia  coli

Singlet116

Singlet117

Singlet118

Cultivar Morex chloroplast,
complete genome

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit

Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast

Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbclL) gene,
complete cds; chloroplast

Barley chloroplast genes rbcl and
atpB

Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene

Singlet119

Singlet120

Thiamine pyrophosphate (TPP)
family, Transketolase (TK)

Transketolase
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Singlet121 | Cultivar Morex chloroplast, Ribulose-1,5-bisphosphate
complete genome carboxylase/oxygenase large
subunit
Cultivar Angora ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
Voucher H3139 ribulose-1,5-
bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene,
complete cds; chloroplast
Barley chloroplast genes rbcl and
atpB
Ribulose-1,5-bisphosphate
carboxylase/oxygenase large
subunit (rbcl) gene
Singlet122 Thiamine pyrophosphate (TPP) Transketolase
family, Transketolase (TK)
subfamily
Singlet123 Elongation factor G (EF-G) 0s04g0538100 [Oryza sativa
Japonica Group]
Translation elongation factor
EF-G
Singlet124 - -
Singlet125 - -
Singlet126 Cloning vector psiLentGene Basic, | Conserved hypothetical
complete sequence protein  [Escherichia  coli
H591]

4.13.3 Yaprak Kontik ve Singlet Blast Sonuglarinin Degerlendirilmesi

Ozellikle yaprak kitiiphanesinde énemli 3 kontik ve 29 singlet RubisCo ( Ribulose-1,5-
bisphosphate carboxylase/ oxygenase) enziminin kiicik ve buyuk alt Unitelerine
benzerlik gostermistir. Yaprakta gerceklesen fotosentez tepkimelerinde katalitik gorevi
olan RubisCo mRNA’ sinin bitki hiicrelerinde yaygin olarak ekspresyonu gorildiginden
uygulanan islevsel genomik yontemden 6zgilin sonuclar elde edilmesini engelleyebilir.

Ayni durum fotosentezde Calvin doénglisiinde gorev alan Transketolaz enzimi i¢in de
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gecerli olabilir.

Analizlerde gorilen genlerden bir tanesi de Ferredoksin- NADP( +) rediiktaz enzimini
kodlayan gendir. Ferredoksin- NADP( +) rediktaz enzimi fotosentez tepkimelerinde
gorev alir ve ferredoksin ve flavodoksin gibi elektron tasiyici proteinler arasinda tersinir

elektron transferini katalize eder.

Yaygin olarak gorilen diger bir gen de klorofil A- B binding genidir. Her ne kadar
bunlarin az gorildigu ya da hig goriilmedigi ¢ikarim ¢alismalari etkin ¢alismis denilse
de bu calismada elde edilen bazi klonlar disik ¢inko konsantrasyonu ile basa ¢ikmak
icin metabolik aktivitelerini arttirmalari sonucu olabilir. Bu nedenle klonlarin énemli

kismi igin ginko eksiklik stresiyle bir baglanti kurulabilir.

Diger bir gen de S12 ailesine ait kloroplast ve mitokondride bulunan ribosomal protein
S12 geninin Urini olan ribosomal protein, protein sentezi sirasinda tRNA ve ribozom

alt Gniteleri arasindaki etkilesimde rol oynar.

Yaprakta meydana gelen protein sentezinde gorev alan Translasyon uzatici faktér G
analizler de benzerlik gosterir. Bu genin {rlinl, protein sentezi sirasinda ribozomda

meydana gelen kayma hareketinde gorevlidir.

Enerji metabolizmasi, fotosentez ve protein sentezi ile ilgili proteinleri kodlayan
genlerin anlatiminin artmasi bitkinin stress durumunda hayatta kalma miicadelesi

sonucu olabilir.

Biyotik ve abiyotik streslerde DNA ve protein dizeyinde anlatimi artan genlere
benzerlik géstermistir. Ornegin, lipit transfer protein genlerinden ( Lpt 4.2, Lpt 4.3 ) le
benzerlik gosteren 1 kontik ve 4 singlet olmak Ulzere ¢ok sayida klon vardir. Lipit
transfer proteinlerinin gercekten de cinko eksikliginde ekspresyonu artmasi beklenir.
Cinko eksikliginden hilicre membranlarinin yapisal ve fonksiyonel bitinliGglnin
etkilendigi bilinmektedir [69]. Cinko hiicre membranlarindaki fosfolipit gruplarina ve
stlfhidril molekiliine baglanir ve hilicre zarinin bitlnlGglnG saglar. Membranlari
oksidatif zararlardan korur. Cinko eksiklig§inde membranlarda bulunan bu molekiillerde
oksidatif zararlar olusacagindan membran batinlGglt de bozulur [33], [70], [71].
BUtUnlUgl bozulan zarlar, membranlara lipit tasiyici proteinler yardimiyla onarilir.

Ozellikle nsLTP1 geninin bulunmasi da membranda meydana gelen hasarlara karsi
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hiicreye girebilecek patojenlere karsi hiicrenin kendini savunma mekanizmalarinin
calistiginin bir gostergesi olarak degerlendirilebilir. Analizde bulunan Thioredoxin
rediiktaz enzimi de hiicrede meydana gelecek oksidatif hasarlara karsi korumada

gorevlidir.

Bolim 2.1’ de anlatildigi gibi bitki, ¢inko eksikliginde fizyolojik ve morfolojik olarak
strese girmekte ve hicrelerinde stresle basa c¢ikmak igin kullanacagl genlerin
aktiflesmesini ve streste gorevli enzimlerin {iretimini saglamaktadir. Bu enzimlerden
biri olan Karbonik Anhidraz enzimi aktif boélgesinde ginko metali iceren yedi farkl
formu olan bir enzimdir. Cinko araciligi ile karboksilasyon ve dekarboksilasyon
reaksiyonlarinda, fotosentezde, solunumda proton transfer mekanizmasinda, pH
dengesinde- hiicre ici asit baz dengesinde ve iyon tasinmasinda gorev alir [72]. DNA ve
protein benzerliklerinde bu gene rastlanmasi yapragin ¢inko stresinden etkilendigini
gostermektedir. Ayni zamanda bu enzimin yapisinda ¢inkonun olmasi tohumda
endospermde depo edilmis olan ginkonun bitkide tekrar tekrar kullanildigina isaret

eder [24].

Demir bagh peroksidaz benzeri bitki peroksidaz enzimleri de bu analizde bulunmustur.
Bu enzim, elektron alicisi olarak hidrojen peroksit iceren ¢ok adimh oksidatif
reaksiyonlari katalize eder. Bu durum stres kosullarinda olusan oksidantlarin ve

peroksitlerin canlida olusturacagi olumsuz hasarlari 6nlemek icindir [21].

4.14 Kok Kutiiphanesinin Biyoinformatik Analizleri

4.14.1 EST’ lerin Hazirlanmasi ve Kontik- Singlet Olusturulmasi

Arpanin kok kismina ait fasta formatindaki 384 EST dizisinden oOncelikle vektor ve
adaptor dizileri CYGWIN- CROSS- MATCH  programi ile uzaklastirildi. Ardindan
VECSCREEN programi ile vektér ve adaptor dizilerinin kalintisi kontrol edildi. EST
fragmentlerinin eslestirme islemi CAP3 programi ile yapildi. Bu programla kontikler ve

singletler belirlendi ( Cizelge 4.6).
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Cizelge 4. 6 CAP3 programi ile elde edilen degerler

K6k EST dizinleri
EST sayisi 384
Kontik sayisi 26
Singlet sayisi 37
En uzun kontik 503
En kisa kontik 137

BEAP programi ile EST dizilerinin 6rtisme bicimi de tespit edildi .

4.14.2 Blast Analizleri
BLASTN ve BLAST P analizleri b6lim 4.13.2" de anlatilan sekilde yapildi.

Arpa bitkisinin kok bélimiine ait EST’ lerin BLASTN sonuclarina gore 384 dizinin tanesi
% 80 ve Uzerinde GenBank’ ta bilinen organizmalarin sekanslariyla homoloji gosterdi.

10 tanesinin ise veritabaninda benzestigi herhangi bir niikleotit dizisi bulunamadi.

Benzerlikleri bulunan 26 kontik’ in blast analiz sonuglari Ek E’ de, 37 singletin blast

analiz sonuglari Ek F’ de verilmistir.

4.14.2.1 Kok Kontik Blast Analizleri

K6k dokusuna ait EST’ lerin CAP3 programi ile olusturulan 26 kontik’ in 25 tanesi icin
DNA ve protein diizeyinde anlamli blast sonuclari elde edildi. Kontiklerden bir tanesinin
GenBank veritabaninda benzestigi herhangi bir nikleotit ve protein dizisi olmadi (

Cizelge 4.7).
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Cizelge 4. 7 Kok dokusuna ait kontik’ lerin BlastN ve BlastP analizi sonuglarina gore
benzerlikleri bulunan DNA ve protein gesitleri

Kontik no DNA cesidi Protein ¢esidi
Kontik 1 Double-stranded RNA  binding | Acetyl-CoA acetyltransferase
motif [Plesiocystis pacifica SIR-1]
Kontik 2 RNA-binding protein RNA-binding protein
Kontik 3 HvPIP1;3 mRNA, complete cds -
Kontik 4 Aspartate aminotransferase | Type Il restriction enzyme
family [Bacteroides sp. 4_1_36]
Polyadenylate-binding protein 2-
A [ Xenopus laevis]
Kontik 5 P-loop  containing  Nucleoside | -
Triphosphate Hydrolases
Ribulose-1,5-bisphosphate
carboxylase/oxygenase activase
small isoform, complete cds
Ribulose-1,5-bisphosphate
carboxylase Small subunit
Rubisco activase
Kontik 6 - -
Kontik 7 Oxygen evolving enhancer protein | CIP111 [Arabidopsis lyrata subsp.
3 lyrata]The AAA+ (ATPases
Associated with a wide variety
ofcellular Activities) superfamily
represents an ancientgroup of
ATPases belonging to the ASCE
(for additional strand, catalytic E)
division of the P-loop NTPase
fold.
Kontik 8 Elongation factor G (EF-G) Hypothetical protein
subfamily LOC100384846 [Zea mays]
Azumamugi translation elongation
factor EF-G gene
Partial mMRNA
Kontik 9 Glutathione S-transferase Glutathione S-transferase [Zea
mays]
Glutathione S-transferase H. Vul.
Kontik 10 Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate
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carboxylase small subunit carboxylase/oxygenase small
subunit

Kontik 11 Photosystem | reaction center | -
subunit N (PsaN)

Kontik 12 2Fe-2S iron-sulfur cluster binding | Chloroplast ferredoxin 1
domain precursor

[Zea mays]
2Fe-2S iron-sulfur cluster binding
domain

Kontik 13 Tyrosine kinase Receptor kinase LRK9 [Avena

sativa]
Tyrosine kinase, catalytic domain
TyrKc

Kontik 14 Lhcbl gene for light harvesting | -
chlorophyll a/b-binding protein
Lhcb1, complete cds
Chlorophyll A-B binding protein;
cl02879"

Kontik 15 Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate
carboxylase/oxygenase activase carboxylase/oxygenase small
small isoform, complete cds subunit
ribulose-
1,5bisphosphatecarboxylase Small
subunit

Kontik 16 P-loop NTPase
Ribulose-1,5-bisphosphate Hypothetical protein ( Secale
carboxylase cereale)

P-loop containing Nucleoside

Triphosphate Hydrolases;, P-loop
NTPase

RT_like: Reverse transcriptase

P-loop NTPase ( H. Vulg)

P-loop NTPase

Rubisco activase (RcaA2) mRNA

Rubisco activase (RcaAl) mRNA

RuBisCO activase, partial cds
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Kontik 17 FBP_aldolase_|_a Ribulose bisphosphate
carboxylase activase ( Linum
usitatissimum)

Kontik 18 Ribulose-1,5-bisphosphate Peptide methionine sulfoxide

carboxylase reductase; cl00366
P-loop NTPase
Rubisco activase (RcaA2) mRNA
Rubisco activase (RcaAl) mRNA
Kontik 19 Peptide methionine sulfoxide | Multidrug resistance-associated
reductase; cl00366 protein 4 ( Canis lupus)
Hypothetical protein (
Plasmodium vivax)
Kontik 20 - -
Kontik 21 Lipid transfer protein -
Cw- 18 mRNA
Non-specific lipid-transfer protein
type 1(nsLTP1) subfamily

Kontik 22 Glutamine synthetase, beta-Grasp | Glutamine synthetase( Oryza

domain sativa)

Kontik 23 Chlorophyll A- B binding protein -

Kontik 24 Hypothetical protein -

Gene encoding jasmonate-
induced protein

Kontik 25 Putative cysteine proteinase -

precursor (sf42 gene)

Partial mRNA for putative cysteine
proteinase
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Peptidase C1A subfamily

Kontik 26 Hypothetical protein -

4.14.2.2 Kok Singlet Blast Analizleri

Kontiklere uygulanan analizler singletlere de uygulandi. 37 singletten 35 tanesi igin
DNA ve protein diizeyinde anlamli blast sonuclari elde edildi. Singletlerden 2 tanesinin
Genbank veritabaninda benzestigi herhangi bir nikleotit ve protein dizisi olmadi (

Gizelge 4.8).

Cizelge 4. 8 Kbk dokusuna ait singletlerin BlastN ve BlastP analizi sonuglarina gére
benzerlikleri bulunan DNA ve protein gesitleri

Singlet no | DNA cesidi Protein ¢esidi

Singlet 1 Ribosomal protein S6 -

Singlet 2 Chaperone protein Dnal | -

Singlet 3 P-loop NTPase Endonuclease/exonuclease/phosphatase

family ( Methylophaga thiooxidans)

Ribulose-1,5- P-loop NTPase
bisphosphate
carboxylase

Ribulose-1,5-bisphosphate

carboxylase/oxygenase activase small

isoform
Singlet 4 Glutathione S- | Glutathione S-transferase
transferase
Singlet 5 - Adenosylmethionine decarboxylase
precursor [Triticum aestivum]
Singlet 6 Cloning vector | Conserved hypothetical protein
psiLentGene Basic, | (Escherichia coli)
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complete sequence

Singlet 7 Ribulose-1,5- -
bisphosphate
carboxylase
Rubisco activase
Singlet 8 Ribulose-bisphosphate
carboxylase small chain
Singlet 9 Triticum aestivum cDNA, | Glycine decarboxylase P subunit [x
clone: WT013_EQ2, | Tritordeum sp.]
cultivar
Singlet 10 Glycine rich protein -
Singlet 11 Methyltransf_2 Flavonoid 7-0-
methyltransferaseMethyltransf_2
Singlet 12 Ribulose-bisphosphate -
carboxylase small chain
Singlet 13 Glutathione S- | Maturase K [Lanaria lanata]
transferase
Singlet 14 Chromosome -
segregation protein SMC,
primarily
archaeal type;
Singlet 15 | Cytochrome C oxidase -
subunit Il, periplasmic
domain; cl11412
Singlet 16 - 0s04g0490800 [Oryza sativa Japonica
Group]
hypothetical protein
Singlet 17 - 0s07g0141400 [Oryza sativa Japonica
Group]
hypothetical protein
Singlet 18 E1-E2 ATPase; | -
pfam00122
Singlet 19 Glutamine Amidotransferases/  Unknown [Zea
amidotransferases class- | mays]
Il (GATase) Hypothetical protein [Zea mays]
Singlet 20 Tryptophan synthase | O-acetylserine sulfhydrylase
beta Il
Singlet 21 OTU-like cysteine | GG12409

protease; cl14910

Drosophila erecta
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Singlet 22 HvPIP1;3 MRNA, | Protein kinase, putative (Aspergillus
complete cds clavatus)
Singlet 23 Ferredoxin--NADP(+) NADP(H) oxidoreductase
reductase
Singlet24 | ZIP  Zinc transporter; | Predicted divalent heavy-metal cations
pfam02535 transporter
Triticum aestivum
putative zinc transporter
(ZIP5) mRNA
Singlet 25 - -
Singlet 26 - S,Adenosylmethionine decarboxylase
precursor [Triticum aestivum]
Singlet 27 Ribulose-bisphosphate Ribulose-bisphosphate carboxylase small
carboxylase small chain chain
Unknown ( Zea mays)
Singlet 28 - Putative calcineurin B subunit [Oryza
sativa Japonica Group)
Ca2+-binding protein
Singlet 29 - Putative calcineurin B subunit (Oryza
sativa Japonica Group)
Singlet 30 Plant Basic Secretory | Plant Basic Secretory Protein;
Protein; pfam04450 pfam04450
Singlet 31 Aspartate Alanine transaminase (Oryza sativa
aminotransferase family | Japonica Group)
Singlet 32 ZnF_GATA Binding-protein-dependent transporter
inner membrane component
family protein 62 [Achromobacter
xylosoxidans A8]
EmrB/QacA family albicidin efflux pump
[Rothia dentocariosa ATCC 17931]
Drug transporter [Rothia dentocariosa
M567]
Singlet 33 Catalase_clade_1 Hypothetical protein Cphamnl_2156
Clade 1 of the heme- | [Chlorobium phaeobacteroides
binding enzyme catalase | BS1
Singlet 34 - -
Singlet 35 Partial mRNA GG15605 [Drosophila erecta]

Phosphoethanolamine
methyltransferase [Triticum aestivum]
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[Hordeum vulgare subsp. vulgare]

Predicted protein S-
adenosylmethionine-dependent
methyltransferases

(SAM or AdoMet-MTase)

Singlet 36 - i,
Singlet 37 Cultivar Morex Photosystem Il protein D1
chloroplast, complete
Genome

Cultivar Angora ribulose-
1,5-bisphosphate
carboxylase/oxygenase
large subunit (rbcl) gene,
complete cds;
chloroplast

Voucher H3139 ribulose-
1,5-bisphosphate
carboxylase/oxygenase
large subunit (rbcL) gene,
complete cds;
chloroplast

Barley chloroplast genes
rbcL and atpB
Ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit (rbcl) gene,
complete cds;

rbcL-psal intergenic
spacer, complete
sequence; and
photosystem | subunit
VIl (psal) gene, partial
cds; chloroplast

4.14.3 Kok Kontik ve Singlet Blast Sonuglarinin Degerlendirilmesi

Bolim 2.2.3’ te anlatildigi gibi topraktaki c¢inkonun alinmasinda, tasinmasinda ve
depolanmasinda oldukga fazla sayida ve cgesitte enzim gorev alir. Bu ¢alismada ¢inko
eksik kosullar olusturuldugundan bitki koklerinden alinan minerallerin icinde ¢inko

elementi bulunmamaktaydi. Bu durum, kékte mineral aliminda goérev alan tasiyici
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proteinlerin ve enzimlerin ¢alisma bigimini ve miktarini etkiler. Cakmak [24]" teki
makalesine gore kokten emilimde azalis gerceklesmektedir. Cakmak [24] ve Broadley
vd. [18] e gore cinko eksikliginde DNA’ da hasar ve gen ekspresyonunda degisim
gozlenir. Bitkide stres kosullarinda solum ve mineral tasinmasi etkilenir. Singlet 24 ‘te
bulunan ZIP ( zinc transporter) ve bu benzerlikte referans olarak gosterilen Grotz vd.’
nin [73] deki makalesi, ¢inko eksik kosullarda koklerden ZIP familyasina ait genlerin
tasindigini belirtmektedir. Grotz ve arkadaslarinin yaptigi calismada, zinc transporter
genleri ( ZIP1 ve ZIP3) 10 giin boyunca ¢inko eksik kosullarda gelistirilmis Arabidopsis
thaliana bitkilerinin kok ve govde dokularinda saptanmistir. Cinko transporter
genlerinin karakterizasyon ve izolasyon c¢alismalari yapilmistir. Analizlerde bu genin
bulunmasi ¢inko eksik kosullarda kok dokusu etkilenmekte ve ZIP3 genlerinin

homologunun anlatiminda artis olmaktadir.

Kontik 3’ te DNA benzerliginde bulunan HvPIP dizisi, Major intrinsic protein( MIP)
ailesine aittir. Bu familyaya ait gen Urlnleri, hiicreler arasi membran kanallari boyunca
suyun, kiglk nétral molekillerin ve iyonlarin gecisinde gorev alir. Kontik 9, singlet 4,
13’ te DNA ve protein benzerligi bulunan Glutatyon-S-transferaz enzimi oksidatif stres,
cevresel toksinlerin ve ilaglarin glutatyona baglanmasini saglar ve detoksifikasyona
yardimci olur. Kontik 19° da DNA benzerligi gbsteren Peptit methionin stlfoksit
rediiktaz enzimi, zarar gormis proteinleri tamir eder. Singlet 30’ da DNA ve protein
benzerligi bulunan Plant basic secretory proteininin bitkiyi patojenlere karsi korudugu
duslinilmektedir. Singlet 33’ te ise demir bagli katalaz enzimi bulunmus olup, bu enzim
de peroksitin toksik etkilerinden hiicreyi korur. Hidrojen peroksiti, su ve oksijene
parcalar. Tim bu bulunan enzimler yaprakta oldugu gibi kdkte de hicrelerin ¢inko
stresi sonucu meydana gelen membran hasarlarina karsi korumada gorevlidirler. Ve bu
hasarlardan dolayi hiicrelerin cevresel patojenlere, hiicresel oksidan ajanlara karsi
hassasiyeti artar, kendini bu zararlardan korumak icin bazi genlerin Griinlerini ( katalaz,

peroksidaz, Glutatyon-S-transferaz) olusturur [11], [18], [21].
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4.15 Oneriler

Bu ¢alismada Hordeum vulgare’ nin yabani akrabasi olan ve Tirkiye’ nin ¢inko eksik
topraklarina iyi uyum saglamis Hordeum spontaneum’ un kok, govde ve yaprak
dokularindan ginko eksikligi stresi ile anlatimi artan genler bakimindan zenginlestirilmis

SSH katUphaneleri kurulmusgtur.

Yaprak dokularindan kurulan katlphanelerin temsili  bir kisminin ve kok
kitliphanesinin tim klonlarinin  dizin analizi yaptirilmistir. Ham DNA dizinlerinin
sistematik bir bicimde degerlendirilerek EST klonlari olugsturulabilmesi igin
biyoinformatik analizler yapilmistir. SSH, PCR’ a dayali bir yontem oldugu icin ayni
kaliptan cogaltilarak klonlamis cDNA’ larin bulunmasi beklenmekteydi. Kontiklerin ve
singletlerin belirlenerek blast analizi yapilmasi ¢alismanin sistematik bir bicimde
degerlendirilmesini saglamistir. Ayrica vyapilan bu calisma ile c¢inko stresine
dayaniklilikla ilgili gelecek arastirmalarimiz icin hedef genlerin belirlenmesi mimkin
olmustur. Daha sonraki calismalarda belirlenen genlerin tam uzunluktaki cDNA’ lari
elde edilecek ve c¢inko eksikligi durumunda anlatimlarinin arttigi Northern blot ya da

Real Time PCR gibi yontemlerle belirlenecektir.

Bitkinin morfolojik yapisi incelendiginde ¢inko eksikligi ile gesitli abiyotik ve biyotik
streslerde goriilen etkiler ortaya cikmaktadir ( Sekil 4.3). Cinko eksik kosullarda
yetistirilen bitkide fizyolojik degisimler olarak, yaprakta kivrilma, klorozis, bitki

bliylimesinde gerileme goralar [12], [21].

Elde edilen sonuglar incelendiginde de ginko eksikliginin bitki hiicresinde diger abiyotik
streslerde ve biyotik streslerde anlatimda artis oldugu belirlenen genleri indikledigi
gorilmustir. Hem yaprakta hem de kdkte yapilan analizler sonucunda bu genlerden
ornegin lipid transfer, karbonik anhidraz ve ZIP genlerinin transkriptlerinin oldukca
fazla bulunmasi bitkinin ¢inko stresi ile diger abiyotik ve biyotik streslerle bas etme

mekanizmalarini harekete gecirerek basa ¢cikmaya calistiginin gostergesi olabilir.

Calismalarda bulunan genler ¢inko eksik kosullarda ekspres oldugu icin bu bitki gen

kaynagi olarak kullanilabilir.

Dinya nifusunun 2050 yilinda 10 milyar olacagl distnilmektedir [41]. Bu artigin

Ozellikle Afrika, Latin Amerika ve Asya’ da gerceklesecegi duslinilirse gelecekteki
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problemlerin besin kaynaginin yetersizligi, su kaynaginin yetersizligi ve dlzensiz

beslenme olacagi 6ngoriilebilir.

Bitkiler protein ve mineraller bakimindan énemli besin kaynagidir. Ozellikle gelisen
tilkelerde bitkisel besinler, diyetin biiyiik oranini icermektedir. Ozellikle demir, cinko,
iyot ve selenyum minerallerinin miktari bitkisel besinlerde hayvansal besinlerden daha
azdir. Sonug¢ olarak, Diinya c¢apinda 3 milyardan fazla insan mineral beslenme
bakimindan sorun yasamaktadir. Bu nedenle piring, bugday tirleri, arpa, baklagiller ve
misir gibi tarim Grinlerinin mineral bakimindan zenginlestirilmesi gerekmektedir.
Bunun iginde metallerin tasinmasinda, depolanmasinda ve iletilmesinde goérevli olan
genler analiz edilerek, bunlarin kullanimiyla 6zellikle demir ve ginko yoniinden zengin
bitkiler yetistirilebilir. Bu ¢alismada klonlanan genlerin ileri molekiler analizleri

tamamlandiktan sonra biyoteknolojik anlamda kullanimlari arastirilacaktir.
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EK A

RNA ORNEKLERI iCIN HAZIRLANAN MOPS JELINDEKi KARISIMLARIN

MIKTARLARI
DEPC’ li

Ornekler su MOPS |Formaldehid |Formamid EtBr

Marker 1,5 pl 1,5 ul 2 ul 3.5ul 10 ul 0.5 ul
Yaprak kontrol 3 pl 1,5 ul 2 ul 3.5ul 10 ul 0.5 ul
Yaprak Cinkosuz 2 pl 2,5 ul 2 ul 3.5ul 10 ul 0.5 ul
Govde kontrol 1,3 pl 2,7 ul 2 ul 3.5ul 10 ul 0.5 ul
Govde Cinkosuz 5 pl - 2 ul 3.5ul 10 ul 0.5 ul
Kok kontrol 3,3 pl 1,3 ul 2 ul 3.5ul 10 ul 0.5 ul
Kok Cinkosuz 3 pl 1,2 ul 2 ul 3.5ul 10 0.5 ul
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EK B

ARPA BiTKiSINDE BULUNAN GLISERALDEHIT DEHIDROGENAZ ENZiMINE
AIT mRNA DiziNi

GenBank: M36650.1

Barley glyceraldehyde-3-phosphate dehydrogenase mRNA
M36650.1| BLYGAPDH Barley glyceraldehyde-3-phosphate dehydrogenase mRNA, 3'
end

GTCAACGACCCGTTCATCACCACCGACTACATGACCTACATGTTCAAGTATGACACTGTCCACG
GACAGTGGAAGCACCATGAAGTTAAGGTGAAGGACTCCAAGACCCTTCTCTTCGGTGAGAAG
GAGGTTGCTGTGTTTGGTTGCAGAAACCCCGAGGAGATTCCATGGGCCGCTGCTGGTGCTGA
GTACGTTGTGGAGTCCACCGGTGTTTTCACTGACAAGGACAAGGCTGCAGCTCACATTAAGG
GTGGTGCCAAGAAGGTCATCATTTCTGCTCCCAGCAAGGACGCTCCCATGTTTGTCTGTGGTG
TCAACGAGAAGGAATACAAGTCAGACATCGACATTGTCTCCAATGCTAGCTGCACCACCAACT
GTCCTGCTCCTCTTGCTAAGGTTATCAATGACAGGTTTGGCATTGTTGAGGGTTTGATGACCAC
TGTCCATGCCATGACTGCTACCCAGAAGACTGTTGATGGTCCTTCAAGCAAGGACTGGAGAG
GTGGAAGGGCTGCTAGCTTCAACATCATTCCAAGCAGCACTGGTGCTGCAAAGGCCGTTGGC
AAGGTGCTCCCAGAACTTAACGGAAAGTTGACTGGAATGGCCTTCCGTGTTCCCACTGTTGAT
GTTTCTGTTGTTGATCTGACTGTTAGACTTGCCAAGCCAGCCACCTATGAGCAGATTAAGGCTG
CTATCAAGGAGGAGTCTGAGGGAAACCTCAAGGGCATTTTGGGTTATGTCGATGAGGACCTT
GTTTCCACTGACTTCCA
GGGTGACAGCAGGTCCAGCATCTTTGATGCCAAGGCCGGGATTGCTCTGAACGACAACTTTGT
CAAGCTTGTCTCATGGTACGACAACGAGTGGGGATACAGCACCCGTGTGGTCGACCTCATCCG
CCACATGCACAGCACCAAGTAAATGAGCCAAAGCATGAAGATACAGGGAGTGTGGTTTGCCC
CAGAGAAGAGAAGAGTGTACAACCTCTTCCGAGAATAAATTTTTGTATGGAATTATGGCAACT
AAAAAAAACCTTTTATTGGATGATCCTGATGGTTGGTTGAGCTTAGCGGCTCACATTTTGGTG
GTATTATGTACTTGCTTGAACTAAATCATGAGTTATTTTCACTCATCGTCATGGGTT
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EK C

ARPA BIiTKiSINiN YAPRAK DOKUSUNA AIT 29 KONTIK’ iN BLASTN VE
BLASTP ANALIZLERININ SONUC CiZELGESI

KLON cDNA DNA BENZERLIGi (blastN) PROTEIN BENZERLIGi (blastP)
ADI BOYUT!
(:)U v Benzerlik sonucu | Skor E degeri Benzerlik Benzerlik Skor E degeri
P orani (%) sonucu
Kontik 1 207 H.vulgare subsp. 193 4e-46 95 Frame 2
Vulgare  mRNA Predicted 69 5e-05
for predicted protein
protein
(RuBisCO_small
RuBisCO_small )
AK372280.1 XP_001785309.
1
Hordeum 193 4e-46 95
vulgare  subsp. Predicted 50.1 le-04
vulgare cDNA protein
clone
(RuBisCO_small
AK249454.1 )
[Hordeum
Hordeum vulgare subsp.
vulgare rbcS vulgare]
gene for | 193 4e-46 95 BAJ90440.1
ribulose-1,5-
bisphosphate
AB020943.1 Ribulose 01 1e-04
bisphosphate
carboxylase
small chain
PWS9,
chloroplastic;
Short=RuBisCO
small  subunit
PW9
P26667.1
Frame 3
Predicted 47 0,001
protein
(RuBisC )
[Hordeum
vulgare subsp.
vulgare]
BAJ90550.1
Ribulose
bisphosphate 46.6 0,001
carboxylase
small chain
PW9,
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http://www.ncbi.nlm.nih.gov/nucleotide/326515129?report=genbank&log$=nucltop&blast_rank=1&RID=YW9HXB6J01S
http://www.ncbi.nlm.nih.gov/nucleotide/151427405?report=genbank&log$=nucltop&blast_rank=5&RID=YW9HXB6J01S
http://www.ncbi.nlm.nih.gov/nucleotide/4038690?report=genbank&log$=nucltop&blast_rank=9&RID=YW9HXB6J01S
http://www.ncbi.nlm.nih.gov/protein/168066778?report=genbank&log$=prottop&blast_rank=1&RID=X25V4AG6016
http://www.ncbi.nlm.nih.gov/protein/168066778?report=genbank&log$=prottop&blast_rank=1&RID=X25V4AG6016
http://www.ncbi.nlm.nih.gov/protein/326494270?report=genbank&log$=prottop&blast_rank=17&RID=X25V4AG6016
http://www.ncbi.nlm.nih.gov/protein/132099?report=genbank&log$=prottop&blast_rank=20&RID=X25V4AG6016
http://www.ncbi.nlm.nih.gov/protein/326494270?report=genbank&log$=prottop&blast_rank=17&RID=X25V4AG6016

chloroplastic;
Short=RuBisCO
small  subunit
PW9

Q40004.1
Kontik 2 230 H.vulgare subsp. | 396 4e-107 98 - - -
Vulgare  mRNA
for predicted
protein
ferredoxin--
NADP(+)
reductase
AK368450.1
Kontik 3 87 - - - - - - -
Kontik 4 386 H.vulgare subsp. | 671 0 98 Predicted 73,6 9e-12
Vulgare  mRNA protein
for A predicted (TRX_family)
protein [Hordeum
TRX_family vulgare subsp.
AK361821.1 vulgare]
BAJ94307.1
Predicted 73,6 9e-12
protein
(TRX_family)
[Hordeum
vulgare subsp.
vulgare]
BAJ93025.1
Kontik 5 909 H.vulgare subsp. 1576 0 98 LIM-kinasel, 35.8 9.1
Vulgare  mRNA isoform F
for predicted [Drosophila
protein melanogaster]
Photosystem I NP 001162734.
subunit S (PsbS); 1
AK365791.1
SID1
Hordeum t'ansmemfb'af‘l 377 2.0
vulgare  subsp. e amily
1576 0 98
vulgare cDNA member 2
clone [Rattus
norvegicus]
AK248693.1
NP_001101612.
1
Kontiké 197 H.vulgare mRNA | 327 1le-86 96 Frame 2
for LHC Il type | Large 339 8.7
protein polymerase
X89023.1 protein
[Avian
Hordeum paramyxovirus
vulgare  subsp. | 320 2e-84 96 2]
Vulgare  mRNA ADK25236.1
for predicted
protein
Chlorophyll  A-B
binding protein
AK370975.1
Hordeum
vulgare  subsp. | 309 4e-81 95
vulgare cDNA
clone
AK253131.1
Kontik 7 248 Hordeum 420 2e-114 98 Frame 2 48.1 4e-04
vulgare  subsp. ribulose-1,5-
Vulgare  mRNA bisphosphate

for predicted
protein

ribulose-

carboxylase/ox
ygenase small
subunit
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http://www.ncbi.nlm.nih.gov/protein/3914588?report=genbank&log$=prottop&blast_rank=3&RID=X26C8PH3014
http://www.ncbi.nlm.nih.gov/nucleotide/326512595?report=genbank&log$=nucltop&blast_rank=1&RID=YW9WSGP401S
http://www.ncbi.nlm.nih.gov/nucleotide/326523708?report=genbank&log$=nucltop&blast_rank=1&RID=WV26J60101N
http://www.ncbi.nlm.nih.gov/protein/326494270?report=genbank&log$=prottop&blast_rank=17&RID=X25V4AG6016
http://www.ncbi.nlm.nih.gov/protein/326494270?report=genbank&log$=prottop&blast_rank=17&RID=X25V4AG6016
http://www.ncbi.nlm.nih.gov/nucleotide/326523708?report=genbank&log$=nucltop&blast_rank=1&RID=WV26J60101N
http://www.ncbi.nlm.nih.gov/nucleotide/151426469?report=genbank&log$=nucltop&blast_rank=2&RID=WV2CNB41014
http://www.ncbi.nlm.nih.gov/protein/281360762?report=genbank&log$=prottop&blast_rank=1&RID=X27EPVAU016
http://www.ncbi.nlm.nih.gov/protein/281360762?report=genbank&log$=prottop&blast_rank=1&RID=X27EPVAU016
http://www.ncbi.nlm.nih.gov/protein/157822573?report=genbank&log$=prottop&blast_rank=1&RID=X27P3XJ3011
http://www.ncbi.nlm.nih.gov/protein/157822573?report=genbank&log$=prottop&blast_rank=1&RID=X27P3XJ3011
http://www.ncbi.nlm.nih.gov/nucleotide/974849?report=genbank&log$=nucltop&blast_rank=1&RID=WV2KBYVK01N
http://www.ncbi.nlm.nih.gov/nucleotide/326497176?report=genbank&log$=nucltop&blast_rank=2&RID=YWA52KGE01S
http://www.ncbi.nlm.nih.gov/nucleotide/151426738?report=genbank&log$=nucltop&blast_rank=3&RID=WV2KBYVK01N
http://www.ncbi.nlm.nih.gov/protein/300517189?report=genbank&log$=prottop&blast_rank=1&RID=X2839JYS014

bisphosphate

BAB19810.1
carboxylase
small chain
AK358835.1
Hordeum 420 2e-114 98 Predicted 48.1 4e-04
vulgare  subsp. protein
vulgare cDNA (RuBisCO_small
clone ) [Hordeum
vulgare subsp.
AK248995.1 340 26-90 92 vulgare] >dbj
BAJ89884.1
Hordeum -
vulgare ribulose-
1,5-bisphosphate Predicted 48.1 4e-04
carboxylase protein
small subunit (RuBisCO_small
mRNA, complete )N [Hordeum
cds vulgare subsp.
U43493.1 vulgare]
BAJ90550.1
Frame 3
Predicted 38.9 0.27
protein
(RuBisCO_small
)[Hordeum
vulgare subsp.
vulgare]
BAJ89663.1
Kontik 8 492 Hordeum 422 le-114 83 Frame 2 41.6 0.037
vulgare  subsp. Predicted
Vulgare  mRNA protein
for predicted
protein (Translation
elongation
Translation factor G)
elongation factor [Hordeum
G vulgare subsp.
AK353897.1 vulgare]
BAJ85116.1
333 7e-88 84
Hordeum
vulgare  partial Hypothetical 41.6 0.037
mRNA protein
AJ234426.1 Osl_16800
[Oryza  sativa
Indica Group]
Hordeum 522 5e-98 100
vulgare  subsp. EAY94993.1
vulgare
Azumamugi Frame 3 39,7 0,15
translation
elongation Translation
elongation
factor EF-G gene factor G
AY028801.1 [Hordeum
vulgare subsp.
spontaneum]
Kontik 9 1925 Hordeum 1849 0,0 98 Frame 1 169 2e-39
vulgare subsp.
vulgare cultivar Ribulose-1,5-
Morex bisphosphate
chloroplast, carboxylase/ox
complete ygenase large
Genome subunit
EF115541.1 ABN59201.1
1849 0,0 98
Hordeum Frame 2 274 3e-71
vulgare subsp.
vulgare cultivar Ribulose-1,5-
bisphosphate

Angora ribulose-
1,5-bisphosphate
carboxylase/oxyg
enase large
subunit (rbcL)
gene,

complete cds;
chloroplast
EF115541.1

carboxylase/ox
ygenase large
subunit

YP_002364509.
1

Unnamed
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http://www.ncbi.nlm.nih.gov/nucleotide/151426738?report=genbank&log$=nucltop&blast_rank=3&RID=WV2KBYVK01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426738?report=genbank&log$=nucltop&blast_rank=3&RID=WV2KBYVK01N
http://www.ncbi.nlm.nih.gov/nucleotide/1167947?report=genbank&log$=nucltop&blast_rank=18&RID=WV2ZN4EH01N
http://www.ncbi.nlm.nih.gov/protein/11990893?report=genbank&log$=prottop&blast_rank=1&RID=X28A5NJ2011
http://www.ncbi.nlm.nih.gov/protein/326488091?report=genbank&log$=prottop&blast_rank=2&RID=X28A5NJ2011
http://www.ncbi.nlm.nih.gov/protein/326495856?report=genbank&log$=prottop&blast_rank=3&RID=X28A5NJ2011
http://www.ncbi.nlm.nih.gov/protein/326495856?report=genbank&log$=prottop&blast_rank=3&RID=X28A5NJ2011
http://www.ncbi.nlm.nih.gov/nucleotide/326493309?report=genbank&log$=nucltop&blast_rank=1&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/3819209?report=genbank&log$=nucltop&blast_rank=2&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/13936362?report=genbank&log$=nucltop&blast_rank=3&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/protein/326495856?report=genbank&log$=prottop&blast_rank=3&RID=X28A5NJ2011
http://www.ncbi.nlm.nih.gov/protein/125549171?report=genbank&log$=prottop&blast_rank=2&RID=X28SA5UD016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=WV3N0TGN016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=WV3N0TGN016
http://www.ncbi.nlm.nih.gov/protein/11990893?report=genbank&log$=prottop&blast_rank=1&RID=X28A5NJ2011
http://www.ncbi.nlm.nih.gov/protein/218176252?report=genbank&log$=prottop&blast_rank=1&RID=X297EM5V01N
http://www.ncbi.nlm.nih.gov/protein/218176252?report=genbank&log$=prottop&blast_rank=1&RID=X297EM5V01N

Hordeum
vulgare subsp.
spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyg
enase large
subunit (rbcL)
gene,
complete cds;
chloroplast
AY137453.1

Barley
chloroplast
genes rbclL and
atpB

X00630.1

Hordeum
vulgare subsp.
spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyg
enase

large subunit
(rbcL) gene,
complete cds;
rbcL-psal
intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII
(psal) gene,
partial cds;
chloroplast
AY836173.1

1849

1849

1849

0,0

0,0

0,0

98

98

98

Protein product
(Ribulose  1,5-
bisphosphate
carboxylase,
large  subunit
[Carbohydrate
transport and
metabolism)
[Hordeum
vulgare]

CAA25265.1

251

de-64

Kontik 10

1510

Hordeum
vulgare  subsp.
Vulgare  mRNA
for predicted
protein
Helix-loop-helix
domain, found in
specific DNA-
binding proteins
that act as
transcription
factors

AK354634.1

617

5e-173

98

Kontik 11

515

Hordeum
vulgare  subsp.
Vulgare  mRNA
for predicted
protein
Non-specific
lipid-transfer
protein type 1
(nsLTP1)
subfamily

AK361740.1

H.vulgare Cw-21
mRNA

X68654.1

Hordeum

vulgare  subsp.
vulgare cDNA
clone

AK250295.1

737

737

726

404

2e-98

2e-98

9e-97

2e-49

98

98

98

85

Frame 1

Conserved
hypothetical
protein
[Verticillium
albo-atrum
VaMs.102]

XP_003008793.
1

Frame 3
Atypical protein
kinase C
lambda [Danio
rerio]

AAK91291.1

36.2

5,6

1.7
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http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=WV3N0TGN016
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=WV3N0TGN016
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=WV3N0TGN016
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=7&RID=X297EM5V01N
http://www.ncbi.nlm.nih.gov/nucleotide/326495513?report=genbank&log$=nucltop&blast_rank=1&RID=WV4009K801N
http://www.ncbi.nlm.nih.gov/nucleotide/326523546?report=genbank&log$=nucltop&blast_rank=1&RID=WV45H1R5014
http://www.ncbi.nlm.nih.gov/nucleotide/443798?report=genbank&log$=nucltop&blast_rank=2&RID=WV45H1R5014
http://www.ncbi.nlm.nih.gov/nucleotide/151418944?report=genbank&log$=nucltop&blast_rank=3&RID=WV45H1R5014
http://www.ncbi.nlm.nih.gov/protein/302421926?report=genbank&log$=prottop&blast_rank=1&RID=X29R0NJ4014
http://www.ncbi.nlm.nih.gov/protein/302421926?report=genbank&log$=prottop&blast_rank=1&RID=X29R0NJ4014
http://www.ncbi.nlm.nih.gov/protein/15187099?report=genbank&log$=prottop&blast_rank=1&RID=X29W4U8T016

H.vulgare

Ltp4.2 gene 404 2e-49 85
Hordeum
vulgare lipid
transfer protein
(blt4.9) gene
82.4 3e-12 76
H.vulgare
Ltp4.3 gene
Kontik12 - - - - - - - -
Kontik13 1475 Hordeum 715 0 99 Frame 1 46.6 0,009
vulgare  subsp. Translation
Vulgare m-RNA elongation
for A predicted factorEF- G
protein [Hordeum
Translation vulgare subsp.
elongation factor spontaneum]
AK353897.1 AAK40279.1
521 4e-144 98 AAK40271.1
Hordeum
vulgare  partial Frame 2-3
mRNA J J
Predicte
176 le-41
AJ234426.1 protein
517 le-94 100 .
(Elongation
Hordeum factor G (EF-G)
vulgare  subsp. subfamily
vulgare )[Hordeum
Azumamugi vulgare subsp.
translation vulgare]
elongation BAJ85116.1
factor EF-G gene
AY028801.1
Kontik14 321 H.vulgare subsp. | 544 2e-151 97 Frame 2 33,9 8,4
Vulgare mRNA Hypothetical
for . predicted protein
protein Bxe_B1626
rubredoxin_like, [Burkholderia
a small electron xenovorans
transfer protein LB400]
iron binding site YP_553689.1
AK367764.1
AK376171.1
AK360444.1
AK364672.1
AK360082.1
AK362913.1
Kontik15 160 Hordeum 115 7e-23 93 - - -
vulgare  subsp.
Vulgare  mRNA
for predicted
protein
F-box domain
AK364013.1
Hordeum 115 7e-23 93
vulgare  subsp.
vulgare cDNA
clone
AK248545.1
AK248519.1
AK249500.1
Hordeum 115 7e-23 93
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http://www.ncbi.nlm.nih.gov/nucleotide/326493309?report=genbank&log$=nucltop&blast_rank=1&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/3819209?report=genbank&log$=nucltop&blast_rank=2&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/13936362?report=genbank&log$=nucltop&blast_rank=3&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/protein/13936363?report=genbank&log$=prottop&blast_rank=1&RID=X2A36EEX011
http://www.ncbi.nlm.nih.gov/protein/13936347?report=genbank&log$=prottop&blast_rank=2&RID=X2A36EEX011
http://www.ncbi.nlm.nih.gov/protein/326493310?report=genbank&log$=prottop&blast_rank=1&RID=X2B0GY9601N
http://www.ncbi.nlm.nih.gov/nucleotide/326523708?report=genbank&log$=nucltop&blast_rank=1&RID=WV26J60101N
http://www.ncbi.nlm.nih.gov/nucleotide/326518227?report=genbank&log$=nucltop&blast_rank=2&RID=WV4U2ZDU016
http://www.ncbi.nlm.nih.gov/nucleotide/326509472?report=genbank&log$=nucltop&blast_rank=3&RID=WV4U2ZDU016
http://www.ncbi.nlm.nih.gov/nucleotide/326508705?report=genbank&log$=nucltop&blast_rank=4&RID=WV4U2ZDU016
http://www.ncbi.nlm.nih.gov/nucleotide/326506103?report=genbank&log$=nucltop&blast_rank=5&RID=WV4U2ZDU016
http://www.ncbi.nlm.nih.gov/nucleotide/326490086?report=genbank&log$=nucltop&blast_rank=6&RID=WV4U2ZDU016
http://www.ncbi.nlm.nih.gov/protein/91778481?report=genbank&log$=prottop&blast_rank=1&RID=X2BAZYJ001S
http://www.ncbi.nlm.nih.gov/nucleotide/326502305?report=genbank&log$=nucltop&blast_rank=1&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151426122?report=genbank&log$=nucltop&blast_rank=2&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151426096?report=genbank&log$=nucltop&blast_rank=3&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151427451?report=genbank&log$=nucltop&blast_rank=5&RID=WV515UP0016

vulgare carbonic
anhydrase mRNA

L36959.1
Kontik16 1298 Hordeum 1476 0 97 Frame 1-2-3 71,6 2e-10
vu:gare SUS'S\E\' Predicted 73,9 Se-11
vulgare c rotein
clone P 78,2 2e-12
(transketolase
AK251463.1 )[Hordeum
vulgare subsp.
Hordeum 1459 0 98 vulgare]
vulgare  subsp. BAJ93658.1
Vulgare  mRNA
for predicted
protein Thiamine
pyrophosphate
(TPP) family,
Transketolase
(TK)  subfamily,
TPP-binding
module
AK362454.1
Kontik17 259 Hordeum 449 3e-123 98 Frame 1-3 67.0 8e-10
vulgare  subsp. putative
vulgare cDNA senescence-
clone associated
AK248318.1 protein [Pisum
sativum]
BAB33421.1
Frame 2 59.7 le-07
putative
senescence-
associated
protein
[Cupressus
sempervirens]
ACA30301.1
Kontik18 2043 Hordeum 896 0 98 Frame 1 44,7 0,058
vulgare  subsp. 05120190000
Vulgare n'TRNA GDP-L-
for A predicted galactose-
proteinGDP-L- hexose-1-
galactose- phosphate
hexose-1-
phosphate guanyltransfera
guanyltransferas se [Or'yza sativa
e; Provisional Japonica
Group]
AK360727.1
- NP_001066338.
AK358028.1 1
Frame 2 38.1 4.7
hypothetical
protein
Fluta_3656
[Fluviicola
taffensis DSM
16823
YP_004346463.
1
Kontik19 200 Hordeum 248 9e-63 93 - - -
vulgare  subsp.
Vulgare  mRNA
for predicted
protein
Protein of
unknown
function
(DUF1230
AK365128.1
Hordeum 202 7e-49 93

vulgare  subsp.
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http://www.ncbi.nlm.nih.gov/nucleotide/558498?report=genbank&log$=nucltop&blast_rank=4&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=1&RID=WV5ASTFP014
http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=2&RID=WV5ASTFP014
http://www.ncbi.nlm.nih.gov/protein/326533372?report=genbank&log$=prottop&blast_rank=1&RID=X2BTDSFX01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=1&RID=WV5ASTFP014
http://www.ncbi.nlm.nih.gov/protein/13359451?report=genbank&log$=prottop&blast_rank=1&RID=X2C2T0PW01S
http://www.ncbi.nlm.nih.gov/protein/168812252?report=genbank&log$=prottop&blast_rank=1&RID=X2C36EP901N
http://www.ncbi.nlm.nih.gov/nucleotide/326511580?report=genbank&log$=nucltop&blast_rank=1&RID=WV5M637X016
http://www.ncbi.nlm.nih.gov/nucleotide/326532793?report=genbank&log$=nucltop&blast_rank=2&RID=WV5M637X016
http://www.ncbi.nlm.nih.gov/protein/115487702?report=genbank&log$=prottop&blast_rank=1&RID=X2CCJ7CK01N
http://www.ncbi.nlm.nih.gov/protein/115487702?report=genbank&log$=prottop&blast_rank=1&RID=X2CCJ7CK01N
http://www.ncbi.nlm.nih.gov/protein/327405625?report=genbank&log$=prottop&blast_rank=1&RID=X2CD469N01S
http://www.ncbi.nlm.nih.gov/protein/327405625?report=genbank&log$=prottop&blast_rank=1&RID=X2CD469N01S
http://www.ncbi.nlm.nih.gov/nucleotide/326516677?report=genbank&log$=nucltop&blast_rank=1&RID=WV5T4BYN01S

vulgare cDNA
clone

AK250696.1
Kontik20 234 Hordeum 348 le-92 94 Frame 2 47.0 0.001
vulgare  subsp. Predicted

Vulgare  mRNA protein (

for predicted

protein  Heme- Heme

dependent dependent

peroxidases p'erc')mdases

similar to plant similar to plant
peroxidases

peroxidases [Hordeum
vulgare subsp.

AK356559.1 vulgare]

348 1le-92 94 BAJ87776.1

Hordeum

vulgare  subsp.

vulgare cDNA

clone

AK248560.1

Kontik21 405 Hordeum 706 0 98 Frame 1 73,9 2e-13
vulgare  subsp. Precursor of

Vulgare mRNA CP29, core

for . predicted chlorophyll a/b

protein binding  (CAB)

Chlorophyll A-B protein

binding protein of photosystem

AK356474.1 l (PSIN)
[Hordeum

701 0 98 vulgare subsp.

Hordeum vulgare]

vulgare  subsp.

vulgare cDNA CAA44777.1

clone

AK251962.1 Frame 2 67,0 8e-11

665 0 98 Unknown [Zea

Hordeum mays]

vulgare gene for Chlorophyll A-B

CP29 precursor binding protein

for core

chlorophyll ACN28940.1

a/b binding

(CAB) protein of Frame 3

photosystem Il
Unnamed

(PSI)

X63052.1 protein product 54,3 6e-06
Chlorophyll A-B
binding protein
[Oryza  sativa
Japonica
Group]
BAG96979.1

Kontik22 376 Hordeum 257 3e-65 94 - - -
vulgare  subsp.

Vulgare  mRNA

for predicted

protein

AK353743.1

Kontik23 234 Hordeum 492 3e-135 98 - - -
vulgare  subsp.

vulgare cDNA

clone

AK252828.1

Hordeum 396 2e-106 98

vulgare  subsp.

Vulgare  mRNA

for predicted

protein

AK370758.1

Kontik24 1449 Hordeum 686 0,0 99 Frame3 75.9 le-11
vulgare  subsp. PREDICTED:

vulgare cDNA
clone

hypothetical
protein  [Vitis
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http://www.ncbi.nlm.nih.gov/nucleotide/151419345?report=genbank&log$=nucltop&blast_rank=2&RID=WV5T4BYN01S
http://www.ncbi.nlm.nih.gov/nucleotide/326513513?report=genbank&log$=nucltop&blast_rank=1&RID=WV5Z5UY301N
http://www.ncbi.nlm.nih.gov/nucleotide/151426137?report=genbank&log$=nucltop&blast_rank=2&RID=WV5Z5UY301N
http://www.ncbi.nlm.nih.gov/protein/326513514?report=genbank&log$=prottop&blast_rank=1&RID=X2CRAU4801S
http://www.ncbi.nlm.nih.gov/nucleotide/326511354?report=genbank&log$=nucltop&blast_rank=1&RID=WV638Y16016
http://www.ncbi.nlm.nih.gov/nucleotide/151420610?report=genbank&log$=nucltop&blast_rank=2&RID=WV638Y16016
http://www.ncbi.nlm.nih.gov/nucleotide/18957?report=genbank&log$=nucltop&blast_rank=3&RID=WV638Y16016
http://www.ncbi.nlm.nih.gov/protein/18958?report=genbank&log$=prottop&blast_rank=1&RID=X2CUU3EG01S
http://www.ncbi.nlm.nih.gov/protein/223949713?report=genbank&log$=prottop&blast_rank=1&RID=X2CVMYFR01S
http://www.ncbi.nlm.nih.gov/protein/215740823?report=genbank&log$=prottop&blast_rank=1&RID=X2CW7UPB01N
http://www.ncbi.nlm.nih.gov/nucleotide/326532793?report=genbank&log$=nucltop&blast_rank=2&RID=WV5M637X016
http://www.ncbi.nlm.nih.gov/nucleotide/151426137?report=genbank&log$=nucltop&blast_rank=2&RID=WV5Z5UY301N
http://www.ncbi.nlm.nih.gov/nucleotide/326513513?report=genbank&log$=nucltop&blast_rank=1&RID=WV5Z5UY301N

AK248909.1
AK249435.1
AK248556.1

Hordeum

vulgare  subsp.
Vulgare  mRNA
for predicted
protein

Chlorophyll A-B
binding protein

AK353906.1
AK355827.1
AK356022.1

Hordeum
vulgare Lhcbl
gene for light
harvesting
chlorophyll a/b-
binding

protein Lhcb1
AB500090.1

525

403

3e-145

2e-108

91

86

vinifera]

XP_002274741.
1

Unknown [Zea
mays]
ZM_BFc0159N1
5

ACR36733.1

Hypothetical
protein
LOC100382418
[Zea mays]

NP 001168632.

1

71,6

41,2

3e-10

0,42

Kontik25

288

Hordeum
vulgare  subsp.
Vulgare  mRNA
for predicted
protein
Manganese-
stabilising
protein /
photosystem |l
polypeptide
AK358425.1

AK354253.1

Hordeum

vulgare  subsp.
vulgare cDNA
clone

AK253085.1
AK253044.1
AK251452.1
AK251958.1

309

309

6e-81

6e-81

95

95

Kontik26

188

Hordeum

vulgare  subsp.
vulgare cDNA
clone

AK248545.1
AK248519.1

Hordeum

vulgare  subsp.
Vulgare  mRNA
for predicted
protein

AK364013.1

Hordeum
vulgare carbonic
anhydrase mRNA

L36959.1

154

137

3e-37

2e-34

2e-29

95

94

96

Kontik27

238

Hordeum

vulgare  subsp.
Vulgare  mRNA
for predicted
protein

3e-63

89
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http://www.ncbi.nlm.nih.gov/nucleotide/151426860?report=genbank&log$=nucltop&blast_rank=1&RID=WV6KK5FE01S
http://www.ncbi.nlm.nih.gov/nucleotide/151427386?report=genbank&log$=nucltop&blast_rank=2&RID=WV6KK5FE01S
http://www.ncbi.nlm.nih.gov/nucleotide/151426133?report=genbank&log$=nucltop&blast_rank=3&RID=WV6KK5FE01S
http://www.ncbi.nlm.nih.gov/nucleotide/326493327?report=genbank&log$=nucltop&blast_rank=5&RID=WV6KK5FE01S
http://www.ncbi.nlm.nih.gov/nucleotide/326509658?report=genbank&log$=nucltop&blast_rank=8&RID=WV6KK5FE01S
http://www.ncbi.nlm.nih.gov/nucleotide/326510046?report=genbank&log$=nucltop&blast_rank=9&RID=WV6KK5FE01S
http://www.ncbi.nlm.nih.gov/nucleotide/297306779?report=genbank&log$=nucltop&blast_rank=22&RID=WV6KK5FE01S
http://www.ncbi.nlm.nih.gov/protein/225463430?report=genbank&log$=prottop&blast_rank=1&RID=X2JT2GAJ01N
http://www.ncbi.nlm.nih.gov/protein/225463430?report=genbank&log$=prottop&blast_rank=1&RID=X2JT2GAJ01N
http://www.ncbi.nlm.nih.gov/protein/238011396?report=genbank&log$=prottop&blast_rank=2&RID=YW8TE5J501S
http://www.ncbi.nlm.nih.gov/protein/293334019?report=genbank&log$=prottop&blast_rank=3&RID=YW8TE5J501S
http://www.ncbi.nlm.nih.gov/protein/293334019?report=genbank&log$=prottop&blast_rank=3&RID=YW8TE5J501S
http://www.ncbi.nlm.nih.gov/nucleotide/326513513?report=genbank&log$=nucltop&blast_rank=1&RID=WV5Z5UY301N
http://www.ncbi.nlm.nih.gov/nucleotide/326513513?report=genbank&log$=nucltop&blast_rank=1&RID=WV5Z5UY301N
http://www.ncbi.nlm.nih.gov/nucleotide/151426692?report=genbank&log$=nucltop&blast_rank=2&RID=WV6YW4MV01S
http://www.ncbi.nlm.nih.gov/nucleotide/151426651?report=genbank&log$=nucltop&blast_rank=3&RID=WV6YW4MV01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420100?report=genbank&log$=nucltop&blast_rank=4&RID=WV6YW4MV01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420606?report=genbank&log$=nucltop&blast_rank=5&RID=WV6YW4MV01S
http://www.ncbi.nlm.nih.gov/nucleotide/151426122?report=genbank&log$=nucltop&blast_rank=2&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151426096?report=genbank&log$=nucltop&blast_rank=3&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/326502305?report=genbank&log$=nucltop&blast_rank=1&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/558498?report=genbank&log$=nucltop&blast_rank=4&RID=WV515UP0016

AK358425.1

AK354253.1
Hordeum 250 3e-63 89
vulgare  subsp.
vulgare cDNA
clone
AK253085.1
AK253044.1
AK251452.1
AK251958.1
Kontik 28 539 Hordeum 534 2e-148 91 Frame 1 774 8e-13
vulgare  subsp. Predicted
Vulgare  mRNA protein
for predicted .
protein (Elongation
factor G (EF-G)
AK353897.1 subfamily)
[Hordeum
Hordeum 459 le-125 94 vulgare subsp.
vulgare  partial vulgare]
MRNA BAJ85116.1
AJ234426.1
Translation
Hordeum elongation
vulgare  subsp. factor EF-G | 755 3e-12
vulgare 467 6e-84 97 [Hordeum
Azumamugi vulgare subsp.
translation vulgare]
elongation AAK40279.1
factor EF-G gene
. .22
AY028801.1 Frame 2 39.3 0
Translation
elongation
factor G
[Hordeum
vulgare subsp.
spontaneum]
AAX45013.1
Kontik29 423 Hordeum 599 5e-168 98 Frame 1/3 77 8e-13
vulgare  subsp. Predicted
Vulgare  mRNA protein
for predicted -
protein PAP_fibrillin
PAP_fibrillin [Hordeum
vulgare subsp.
AK357118.1 vulgare]
BAJ88333.1
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http://www.ncbi.nlm.nih.gov/nucleotide/326502305?report=genbank&log$=nucltop&blast_rank=1&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/326502305?report=genbank&log$=nucltop&blast_rank=1&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151426122?report=genbank&log$=nucltop&blast_rank=2&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151426096?report=genbank&log$=nucltop&blast_rank=3&RID=WV515UP0016
http://www.ncbi.nlm.nih.gov/nucleotide/151420100?report=genbank&log$=nucltop&blast_rank=4&RID=WV7BSJFD014
http://www.ncbi.nlm.nih.gov/nucleotide/151420606?report=genbank&log$=nucltop&blast_rank=5&RID=WV7BSJFD014
http://www.ncbi.nlm.nih.gov/nucleotide/326493309?report=genbank&log$=nucltop&blast_rank=1&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/3819209?report=genbank&log$=nucltop&blast_rank=2&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/13936362?report=genbank&log$=nucltop&blast_rank=3&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/protein/326493310?report=genbank&log$=prottop&blast_rank=1&RID=X2K95BX9016
http://www.ncbi.nlm.nih.gov/protein/13936363?report=genbank&log$=prottop&blast_rank=4&RID=X2K95BX9016
http://www.ncbi.nlm.nih.gov/protein/61378730?report=genbank&log$=prottop&blast_rank=8&RID=X2K9G5RJ014
http://www.ncbi.nlm.nih.gov/nucleotide/326513513?report=genbank&log$=nucltop&blast_rank=1&RID=WV5Z5UY301N
http://www.ncbi.nlm.nih.gov/protein/326518608?report=genbank&log$=prottop&blast_rank=1&RID=X2KKUB0W014

EK D

ARPA BIiTKiSINiN YAPRAK DOKUSUNA AIT 126 SINGLETIN BLASTN VE

BLASTP ANALIZLERININ SONUC CiZELGESI

KLON cDNA DNA BENZERLIGi (blastN) PROTEIN BENZERLIGI (blastX- tblastX)
ADI BOYUT!
(:)U v Benzerlik sonucu Skor E degeri Benzerlik Benzerlik sonucu Skor E
P orani (%) degeri
Singlet 1 1476 - - - - - - -
1y1014
Singlet 2 1510 Rauhia decora 398 3e-107 77 Frame 1/3 116 Te-24
1y1015 ribulose L5- ribulose-1,5-
bisphosphate bisphosphate
carbo%ylase large carboxylase/oxygenase
subunit large subunit
AF116979.1 AAF97678.1
AAN27973.1
Singlet 3 1304 - - - - - - -
1y101
Singlet 4 349 Hordeum vulgare | 294 2e-76 80 Predicted protein | 99,5 2e-18
1y 1020 subsp. vulgare [Hordeum vulgare
mRNA for subsp. vulgare]
predicted protein PAP fibrillin
PAP_fibrillin BAJ88333.1
(plastid lipid-
associated
proteins)
AK357118.1
Singlet 5 407 Hordeum vulgare | 375 9e-101 82 - - -
1y1027 subsp. vulgare
mRNA for
predicted protein
Helix-loop-helix
domain, found in
specific DNA-
binding proteins
that act as
transcription
factors
AK354634.1
Singlet 6 1412 - - - - - - -
1y 1036
Singlet7 | 1358 Hordeum vulgare | 1519 0 98 Frame 1/2/3 608 | 4e-07
subsp. vulgare .
1Y 1039 cultivar Morex r|_bu|ose—1,5—
chloroplast, bisphosphate
complete carboxylase/oxygenase
Genome large subunit
EF115541.1 AAF97660.1
1810 0 98
Hordeum vulgare
subsp. vulgare [Hordeum vulgare
594 le-167
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http://www.ncbi.nlm.nih.gov/nucleotide/9719180?report=genbank&log$=nucltop&blast_rank=1&RID=YDBXFTD7016
http://www.ncbi.nlm.nih.gov/protein/9719199?report=genbank&log$=prottop&blast_rank=1&RID=YUET5RR4014
http://www.ncbi.nlm.nih.gov/protein/31087877?report=genbank&log$=prottop&blast_rank=4&RID=YUEUDZ7B011
http://www.ncbi.nlm.nih.gov/nucleotide/326518607?report=genbank&log$=nucltop&blast_rank=1&RID=YDC97F0R01S
http://www.ncbi.nlm.nih.gov/protein/326518608?report=genbank&log$=prottop&blast_rank=1&RID=YDCJGFMF014
http://www.ncbi.nlm.nih.gov/nucleotide/326495513?report=genbank&log$=nucltop&blast_rank=1&RID=YDCRVE3X014
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YUF3B51M016

cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1810

1810

1810

98

98

98

subsp. spontaneum].
AY137453.1

Unnamed protein
product [Hordeum
vulgare]

CAA25265.1

Singlet 8
1y 1040

1542

Singlet 9
1y 1054

318

Singlet
10

1y 105

161

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
glutathione S-
transferase"

AK359004.1

Hordeum  vulgare
subsp. vulgare
cDNA clone

AK252331.1

Hordeum  vulgare
partial mRNA for
putative
glutathione-S-
transferase

AJ419771.1

235

235

176

5e-59

5e-59

7e-38

93

93

85

Frame 1

Conserved
hypothetical  protein
[Penicillium marneffei
ATCC 18224]

XP_002146232.1

Frame 2/3
Predicted protein

glutathione S-
transferase [Hordeum
vulgare subsp. vulgare]

BAJ90215.1

34,3

50,1

6,5

le-04

Singlet
11

1Y 1039

1473

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete

1816

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase

5e-07

114



http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nuccore/31087902
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YUF92EFP016
http://www.ncbi.nlm.nih.gov/nucleotide/326492717?report=genbank&log$=nucltop&blast_rank=1&RID=YG0G9T4D01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420979?report=genbank&log$=nucltop&blast_rank=2&RID=YG0G9T4D01S
http://www.ncbi.nlm.nih.gov/nucleotide/21068491?report=genbank&log$=nucltop&blast_rank=6&RID=YG0G9T4D01S
http://www.ncbi.nlm.nih.gov/protein/212532151?report=genbank&log$=prottop&blast_rank=1&RID=YVJXJ9RE01S
http://www.ncbi.nlm.nih.gov/protein/326492718?report=genbank&log$=prottop&blast_rank=1&RID=YVJY4JST01S

Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbcl-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1816

1816

1816

1816

98

98

98

98

large subunit
[Ismene vargasii]
AAF97660.1
AAF97678.1

Frame 3

unnamed protein
product [Hordeum
vulgare]

Ribulose 1,5-
bisphosphate
carboxylase, large

subunit

CAA25265.1

595

7e-168

Singlet
12

1Y 1068

1474

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

1799

1799

1799

1799

98

98

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97660.1
AAF97675.1

Frame 3

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large
[Hordeum vulgare]

CAA25265.1

61,2

4e-07

115



http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YVK5N2X501S
http://www.ncbi.nlm.nih.gov/protein/9719199?report=genbank&log$=prottop&blast_rank=1&RID=YVK67PWF01S
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVK6VBD901S
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YVKGPU3A01S
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YVKHGF3301N
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVKJ6STF01S

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1799

98

Singlet
13

1y 1073

1343

Singlet
14

1Y 1080

1363

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;

1801

1801

1801

1801

1801

98

98

98

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97660.1
AAF97675.1

Frame 3

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large
[Hordeum vulgare]

CAA25265.1

60,8

598

5e-07

8e-169

116



http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YVKU1G7P01S
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YVKUNJV001S
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=5&RID=YVKVATA601N

chloroplast
AY836173.1

Singlet
15

1Y 1085

1380

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1775

1775

1775

1775

1775

98

98

98

98

98

Frame 1/3
ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97675.1

Unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large
[Hordeum vulgare]

CAA25265.1

53,9

619

6e-05

5e-175

Singlet
16

1Y 1086

1336

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast

1799

1799

98

98

Frame 1/3
ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97660.1

Frame 3

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large

[Hordeum vulgare]

636

4e-07

2e-180

117



http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YVM53F7701S
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVM6GZPK01S
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YVMC660Y01S

AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbcL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1799

1799

1799

98

98

98

Singlet
17

1y 1092

1355

Singlet
18

1y 1111

1507

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

1251

1251

1251

1251

88

88

88

88

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

Frame 3

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large

[Hordeum vulgare]

148

214

2e-33

3e-37

118



http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1251

88

Singlet
19

1y 1112

558

Singlet
20

1y 1113

1260

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted
proteinGDP-L-
galactose-hexose-
1-phosphate

guanyltransferase;
Provisional

AK360727.1
AK358028.1

911
719

99
99

Frame 1

predicted protein
[Hordeum vulgare
subsp. vulgare]

GDP-L-galactose-
hexose-1-phosphate
guanyltransferase

BAJ91935.1
BAJ89242.1
BAJ86561.1

7e-19

Singlet
21

1y 1115

1633

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
GDP-L-galactose-
hexose-1-
phosphate

guanyltransferase;
Provisional

AK360727.1
AK358028.1

481
355

8e-132
5e-94

86
86

Singlet
22

1y 1117

1553

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137453.1

1797

1797

1797

1797

88

88

88

88

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97675.1

Frame 2

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large

[Hordeum vulgare]
CAA25265.1

Frame 3

0s12g0207600 [Oryza
sativa Japonica Group]

RuBisCO_large
NP_001066389.1

53,9

619

70,1

6e-05

3e-175

9e-10

119



http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/326511580?report=genbank&log$=nucltop&blast_rank=1&RID=YG1UCDC4011
http://www.ncbi.nlm.nih.gov/nucleotide/326532793?report=genbank&log$=nucltop&blast_rank=2&RID=YG1UCDC4011
http://www.ncbi.nlm.nih.gov/protein/326511581?report=genbank&log$=prottop&blast_rank=1&RID=YVMYYNS901S
http://www.ncbi.nlm.nih.gov/protein/326532794?report=genbank&log$=prottop&blast_rank=2&RID=YVMYYNS901S
http://www.ncbi.nlm.nih.gov/protein/326506486?report=genbank&log$=prottop&blast_rank=3&RID=YVMYYNS901S
http://www.ncbi.nlm.nih.gov/nucleotide/326511580?report=genbank&log$=nucltop&blast_rank=1&RID=YG21H0EC011
http://www.ncbi.nlm.nih.gov/nucleotide/326532793?report=genbank&log$=nucltop&blast_rank=2&RID=YG1UCDC4011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YVN6N4UX01N
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=3&RID=YVN7E30M01N
http://www.ncbi.nlm.nih.gov/protein/115487804?report=genbank&log$=prottop&blast_rank=1&RID=YVN7ZAZ601S

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1797

88

Singlet
23

1y 112

1546

Singlet
24

1y 1124

1825

Singlet
25

1Y 1128

1565

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbcl and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic

1812

1812

1812

1812

1812

98

98

98

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97675.1

Frame 2

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large

[Hordeum vulgare]
CAA25265.1

Frame 3

0s12g0207600 [Oryza
sativa

RuBisCO_large
Japonica Group]
NP_001066389.1

609

67,0

6e-05

4e-172

7e-09

120



http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YVNSSRH401S
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=3&RID=YVN7E30M01N
http://www.ncbi.nlm.nih.gov/protein/115487804?report=genbank&log$=prottop&blast_rank=1&RID=YVNZET7901N

spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

Singlet
26

1y 1133

1548

Singlet
27

1Y 1168

1559

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1831

1831

1831

1831

1831

98

98

98

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97675.1

Frame 2

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large

[Hordeum vulgare]
CAA25265.1

Frame 3

05120207600 [Oryza
sativa

RuBisCO_large
Japonica Group]

NP_001066389.1

53,5

650

8e-05

0,0

1le-09

Singlet
28

1y 1170

1594

Singlet
29

1Y 1179

1470

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome

1792

97

Frame 1/2/3

Ribulose 1,5-
bisphosphate
carboxylase/oxygenase
large subunit

573

2e-161

121



http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YVP5RVAE01N
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=3&RID=YVN7E30M01N
http://www.ncbi.nlm.nih.gov/protein/115487804?report=genbank&log$=prottop&blast_rank=1&RID=YVNZET7901N

EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbcl-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1792

1792

1792

1792

97

97

97

97

YP_874661.1

Singlet
30

1y 118

1441

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast

1557

1557

1557

93

93

93

Frame 1

ribulose-1,5-
bisphosphate

carboxylase/oxygenase

large subunit
AAN27982.1

Frame 2

unnamed protein
product Ribulose 1,5-

bisphosphate
carboxylase, large

[Hordeum vulgare]
CAA25265.1

451

451

9e-125

le-124

122



http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/118430396?report=genbank&log$=prottop&blast_rank=1&RID=YVPEJF9G01S
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/31087895?report=genbank&log$=prottop&blast_rank=3&RID=YVPM11CG01N
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=3&RID=YVN7E30M01N

AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1557

1557

93

93

Singlet
31

1Y 1183

1456

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbcl and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1844

1844

1844

1844

1844

98

98

98

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97678.1

Frame 2

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit
[Hordeum vulgare
subsp. spontaneum]

YP 874661.1

71,6

589

3e-10

3e-166

123



http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719199?report=genbank&log$=prottop&blast_rank=1&RID=YVR66H3Z01S
http://www.ncbi.nlm.nih.gov/protein/118430396?report=genbank&log$=prottop&blast_rank=1&RID=YVR6YCP801N

Singlet
32

1Y 1194

1497

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1803

1803

1803

1803

1803

98

98

98

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAN27982.1

Frame 2

0s12g0207600 [Oryza
sativa Japonica Group]

NP_001066389.1

601

66,9

le-169

1e-08

Singlet
33

1y 120

248

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted
protein"ICMT"Isopr
enylcysteine
carboxyl
methyltransferase
(ICMT)

AK361630.1

Hordeum  vulgare
subsp. vulgare
cDNA clone

AK250709.1

453

453

2e-124

2e-124

99

99

Frame 1

lysine 2,3-
aminomutase YodO
family protein

YP _001112104.1

Frame 2

predicted protein
[Hordeum vulgare
subsp. vulgare]

Isoprenylcysteine
carboxyl
methyltransferase
(ICMT)

BAJ92834.1

34,7

169

4,4

le-40

124



http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/31087895?report=genbank&log$=prottop&blast_rank=4&RID=YVRCUX2Z01N
http://www.ncbi.nlm.nih.gov/protein/115487804?report=genbank&log$=prottop&blast_rank=1&RID=YVRDCGU301S
http://www.ncbi.nlm.nih.gov/nucleotide/326520941?report=genbank&log$=nucltop&blast_rank=1&RID=YG42RATB016
http://www.ncbi.nlm.nih.gov/nucleotide/151419358?report=genbank&log$=nucltop&blast_rank=2&RID=YG42RATB016
http://www.ncbi.nlm.nih.gov/protein/134298608?report=genbank&log$=prottop&blast_rank=1&RID=YVRN1CPN01S
http://www.ncbi.nlm.nih.gov/protein/326520942?report=genbank&log$=prottop&blast_rank=1&RID=YVRNFMYY01S

Singlet 404 - - - - - - -
34
1y 128
Singlet 385 : - - - - - -
35
1Y 129
Singlet 1325 : - - - - - -
36
1Y 136
Singlet 294 Triticum aestivum 75 3e-10 89 - - -
37

clone
1Y 139

wlsu2.pk0001.h3:fi

s, full insert mRNA

sequence

BT009458.1
Singlet 1510 - - - - - - -
38
1Y 140
Singlet 1448 - - - - - - -
39
1Y 158
Singlet 1219 Hordeum vulgare 1775 0 99 Frame 1 118 2e-24
40 subsp. vulgare )

cultivar Morex ORF101 [Pinus
1y 161 chloroplast, koraiensis]

complete ABP35370.1

Genome 1775 0 99

EF115541.1 ) 86,3 7e-15

Hordeum vulgare R!bulose—l,S—

subsp. vulgare bisphosphate

cultivar Angora carboxylase/oxygenase

ribulose-1,5- large subunit

bisphosphate AAS01160.1

carboxylase/oxyge

nase large subunit

(rbcL) gene,

complete cds;

chloroplast 1775 0 99

AY137456.1

Hordeum vulgare

subsp. spontaneum

voucher H3139

ribulose-1,5-

bisphosphate

carboxylase/oxyge

viase/oxvee |, 0 99

nase large subunit

(rbcL) gene,

complete cds;

chloroplast

AY137453.1 1775 0 99

Barley chloroplast
genes rbcl and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast

125



http://www.ncbi.nlm.nih.gov/nucleotide/32129009?report=genbank&log$=nucltop&blast_rank=1&RID=YG4F8JAE016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/145048751?report=genbank&log$=prottop&blast_rank=1&RID=YVT5T1BW016
http://www.ncbi.nlm.nih.gov/protein/41353077?report=genbank&log$=prottop&blast_rank=2&RID=YVT5T1BW016

AY836173.1

Singlet
41

Y177

1285

Singlet
42

Y 188

81

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein F
—Box

AK364013.1

Hordeum  vulgare
subsp. vulgare
cDNA clone

AK248545.1

AK248519.1

Hordeum  vulgare
carbonic anhydrase
mRNA

L36959.1

150

150

150

8e-34

8e-34

8e-34

100

100

100

Frame2

>gb|EEA93694.1|
peptidase M23B
[Pseudovibrio sp.
JE062]

ZP _05085611.1

Frame 3

EMB1441 [Arabidopsis
lyrata subsp. lyrata]

32,5

46

7,9

Singlet
43

Y233

1440

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)

1827

1827

1827

1827

1827

99

99

99

99

99

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97660.1

Frame 2

unnamed protein
product Ribulose 1,5-
bisphosphate
carboxylase, large
[Hordeum vulgare]

CAA25265.1

60,1

598

7e-07

8e-169

126



http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/326502305?report=genbank&log$=nucltop&blast_rank=1&RID=YG50573U01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426122?report=genbank&log$=nucltop&blast_rank=2&RID=YG50573U01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426096?report=genbank&log$=nucltop&blast_rank=3&RID=YG50573U01N
http://www.ncbi.nlm.nih.gov/nucleotide/558498?report=genbank&log$=nucltop&blast_rank=4&RID=YG50573U01N
http://www.ncbi.nlm.nih.gov/protein/254472211?report=genbank&log$=prottop&blast_rank=1&RID=YVTBMYUS016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YVTJ02T4014
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=3&RID=YVN7E30M01N

gene, partial cds;
chloroplast
AY836173.1

Singlet 81 Hordeum vulgare | 377 S5e-100 100 Frame 1 83,2 le-14
44 subsp. vulgare predicted protein
Y234 mRNA for
predicted protein hydroxypyruvate
hydroxypyruvate reductase
reductase [Hordeum vulgare
Rossmann-fold subsp. vulgare]
NAD(I")(+)—b|nd|ng BAJ99064.1
proteins
AK360227.1
AK375499.1
AK367861.1
Hordeum  vulgare 377 56100 100
subsp. vulgare e
cDNA clone
AK251361.1
AK250908.1
AK251486.1
Hordeum  vulgare
carbonic anhydrase
mRNA
377 5e-100 100
136959.1
Singlet 1613 B - - - - - -
45
Y 236
Singlet 1326 ° - - - - - -
46
Y 240
Singlet 1385 Hordeum vulgare 1801 0 98 Frame 1 612 | 3e07
47 subsp. vulgare .
cultivar Morex ribulose-1,5-
Y25 chloroplast, bisphosphate 53,9 5e-05
complete carboxylase/oxygenase
Genome large subunit
EF115541.1 [Ismene vargasii] 603 1e-170
AAF97660.1
Hordeum vulgare
subsp. vulgare 1801 0 98
cultivar Angora Frame 2
”PUIOSQ_LS_ ribulose-1,5-
bisphosphate .
bisphosphate
carboxylase/oxyge
> carboxylase/oxygenase
nase large subunit .
large subunit
(rbcL) gene,
complete cds; [Strumaria truncata]
chloroplast AAF97675.1
AY137456.1
Hordeum vulgare 1801 0 98 Frame 3
subsp. spontaneum ribulose-1,5-
v_oucher H3139 bisphosphate
ribulose-1,5- carboxylase/oxygenase
bisphosphate large subunit
carboxylase/oxyge .
" [Festuca arundinacea)
nase large subunit
(rbcl) gene, YP_002364509.1
complete cds;
chloroplast 1801 0 98
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

127



http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/326506789?report=genbank&log$=nucltop&blast_rank=1&RID=YG5CTPS101N
http://www.ncbi.nlm.nih.gov/nucleotide/326504805?report=genbank&log$=nucltop&blast_rank=2&RID=YG5CTPS101N
http://www.ncbi.nlm.nih.gov/nucleotide/326502871?report=genbank&log$=nucltop&blast_rank=3&RID=YG5CTPS101N
http://www.ncbi.nlm.nih.gov/nucleotide/151420009?report=genbank&log$=nucltop&blast_rank=4&RID=YG5CTPS101N
http://www.ncbi.nlm.nih.gov/nucleotide/151419556?report=genbank&log$=nucltop&blast_rank=5&RID=YG5CTPS101N
http://www.ncbi.nlm.nih.gov/nucleotide/151420134?report=genbank&log$=nucltop&blast_rank=6&RID=YG5CTPS101N
http://www.ncbi.nlm.nih.gov/nucleotide/558498?report=genbank&log$=nucltop&blast_rank=4&RID=YG50573U01N
http://www.ncbi.nlm.nih.gov/protein/326502872?report=genbank&log$=prottop&blast_rank=1&RID=YVTS0KC8014
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YVU0W0YC01S
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YVU1N3KE016
http://www.ncbi.nlm.nih.gov/protein/218176252?report=genbank&log$=prottop&blast_rank=1&RID=YVU2D2G2011

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1801

98

Singlet
48

Y278

1454

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
Non-specific
lipidtransfer
protein type 1

(nsLTP1) subfamily
AK361740.1

Hordeum  vulgare
subsp. vulgare
cDNA clone

AK250295.1
AK248902.1

H.vulgare  Cw-21
mRNA

X68654.1

H.vulgare Ltp4.2
gene

266529.1

Hordeum  vulgare
lipid transfer
protein (blt4.9)
gene

U63993.1

281

281

281

167

167

7e-72

7e-72

7e-72

2e-37

2e-37

90

90

90

91

91

Singlet
49

Y27

1306

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum

1327

1327

1327

87

87

87

Frame 1/2/3
ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

[Psathyrostachys
caduca]

AAU11116.1

Unnamed protein
product

Ribulose 1,5-
bisphosphate
carboxylase, large
[Hordeum vulgare]

CAA25265.1

383

382

3e-104

7e-104
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http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/326523546?report=genbank&log$=nucltop&blast_rank=1&RID=YH989PZV01N
http://www.ncbi.nlm.nih.gov/nucleotide/151418944?report=genbank&log$=nucltop&blast_rank=2&RID=YH989PZV01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426853?report=genbank&log$=nucltop&blast_rank=4&RID=YH989PZV01N
http://www.ncbi.nlm.nih.gov/nucleotide/443798?report=genbank&log$=nucltop&blast_rank=3&RID=YH989PZV01N
http://www.ncbi.nlm.nih.gov/nucleotide/1045200?report=genbank&log$=nucltop&blast_rank=5&RID=YH989PZV01N
http://www.ncbi.nlm.nih.gov/nucleotide/1480925?report=genbank&log$=nucltop&blast_rank=6&RID=YH989PZV01N
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/51859673?report=genbank&log$=prottop&blast_rank=1&RID=YVUDKR8R01S
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVUDKR8R01S

voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AV137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1327

1327

87

87

Singlet
50

Y 296

1298

Cherax
quadricarinatus
clone cherax_216
mRNA sequence

DQ847737.1

Maylandia
emmiltos  isolate
Psemmill_28_3
MHC class Il beta
chain

EF540314.1

69,4

54,7

6e-08

0,002

97

94

Singlet
51

Y324

155

Singlet
52

Y336

1224

Singlet
53

Y 338

1380

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted
proteinThiamine
pyrophosphate
(TPP) family,

Transketolase

(TK) subfamily,
TPP-binding

module

AK362454.1

Hordeum  vulgare

subsp. vulgare

1280

1275

99

99

Frame 1
predicted protein

transketolase
[Hordeum vulgare
subsp. vulgare]

BAJ93658.1

255

le-65
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http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/112431116?report=genbank&log$=nucltop&blast_rank=1&RID=YHA0FWJ6011
http://www.ncbi.nlm.nih.gov/nucleotide/147882972?report=genbank&log$=nucltop&blast_rank=2&RID=YHA0FWJ6011
http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHRTSHH701N
http://www.ncbi.nlm.nih.gov/protein/326533372?report=genbank&log$=prottop&blast_rank=1&RID=YVUUJFKU01S

cDNA clone

AK251463.1
Singlet 1446 Cherax 62,1 le-05 97 - - -
54 quadricarinatus
Y339 clone h14_A6
mRNA sequence
Singlet 1492 : - - - - - -
54
Y 340
Singlet 1444 ° - - - - - -
55
Y 350
Singlet 11284 Cloning vector | 394 8e-106 79 Frame 1 69,3 1le-09
56 PGBT-R16, conserved hypothetical
Y351 complete sequence protein [Streptomyces
HQ335169.1 ghanaensis ATCC
14672)
>gb|ABK60177.1|
putative reverse
transcriptase [Zingiber
officinale]
>gb|EFE70172.1|
conserved hypothetical
protein [Streptomyces
ghanaensis ATCC
14672]
ZP 06579711.1
Singlet 484 Lithognathus 78,7 3e-11 94 - - -
57
mormyrus clone
Imos9p10d12
Y 355 mRNA sequence
DQ851057.1
Singlet 397 - - - - - - -
58
Y 369
Singlet 1369 PWE15A cosmid 141 le-29 86 Frame 3 60,8 4e-07
59 vector DNA translation elongation
factor G [Hordeum
712112.1 vulgare subsp.
Y372 Spontaneum
AAX45013.1
Singlet 1353 Hordeum vulgare | 1166 0 98 Frame 1 255 8e-66
60 subsp. vulgare predicted protein
mRNA for
predicted transketolase
proteinThiamine [Hordeum vulgare
Y375 pyrophosphate subsp. vulgare]
(TPP) family, BAJ93658.1
Transketolase (TK)
subfamily, TPP-
indi Frame 3
binding module 36,6 9,8
AK362454.1 DNA-dependent
AK362454.1 helicase Il [Vibrio
Hordeum vulgare caribbenthicus ~ ATCC
subsp. vulgare 1160 0 98 BAA-2122]
cDNA clone ZP 07741222.1
AK251463.1
Singlet 1360 Hordeum vulgare | 1393 0 99 Frame 1 253 3e-65
61

subsp. vulgare

predicted protein

transketolase
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http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHRTSHH701N
http://www.ncbi.nlm.nih.gov/nucleotide/327176842?report=genbank&log$=nucltop&blast_rank=1&RID=YHS5WTFU016
http://www.ncbi.nlm.nih.gov/protein/291440321?report=genbank&log$=prottop&blast_rank=1&RID=YVV21TAB014
http://www.ncbi.nlm.nih.gov/nucleotide/116745314?report=genbank&log$=nucltop&blast_rank=1&RID=X4CCUV32014
http://www.ncbi.nlm.nih.gov/nucleotide/58281?report=genbank&log$=nucltop&blast_rank=1&RID=XAYH3DEX011
http://www.ncbi.nlm.nih.gov/protein/61378730?report=genbank&log$=prottop&blast_rank=6&RID=YVVESNSK01S
http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHSNG4DK016
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHSNG4DK016
http://www.ncbi.nlm.nih.gov/protein/326533372?report=genbank&log$=prottop&blast_rank=1&RID=YVVK1T6U014
http://www.ncbi.nlm.nih.gov/protein/312881427?report=genbank&log$=prottop&blast_rank=1&RID=YVVM4FDV011

mRNA for [Hordeum vulgare

predicted subsp. vulgare]

Y37 proteinThiamine BA3628.1
pyrophosphate
(TPP) family,
Transketolase
(TK)subfamily, TPP-

binding module

AK362454.1 1387 0 o8

Hordeum  vulgare
subsp. vulgare

cDNA clone

AK251463.1

Singlet 1352 - - - - - - -
62
Y 385

Singlet 114 Hordeum vulgare | 187 le-44 96 - - -
63

Y 394

subsp. vulgare
mRNA for
predicted protein
ribulose-
bisphosphate
carboxylase small | 187 le-44 96

chain
AK358991.1
AK355220.1

Hordeum  vulgare
subsp. vulgare

cDNA clone

AK250863.1

Singlet 1407 Hordeum vulgare 1820 0 99 Frame 1/2/3 610 1e-172
64 subsp. vulgare

cultivar Morex
chloroplast,
complete
Genome
EF115541.1 YP_002364509.1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit [Festuca

Y417

1820 0 99 Unnamed protein

Hordeum vulgare product 607 2e-171
subsp. vulgare

cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge CAA25265.1
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

1820 0 99
Hordeum vulgare

subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
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http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHSNG4DK016
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHSNG4DK016
http://www.ncbi.nlm.nih.gov/protein/326533372?report=genbank&log$=prottop&blast_rank=1&RID=YVZ4UC64016
http://www.ncbi.nlm.nih.gov/nucleotide/326492691?report=genbank&log$=nucltop&blast_rank=1&RID=YHT21XG901S
http://www.ncbi.nlm.nih.gov/nucleotide/326506241?report=genbank&log$=nucltop&blast_rank=3&RID=YHT21XG901S
http://www.ncbi.nlm.nih.gov/nucleotide/151419511?report=genbank&log$=nucltop&blast_rank=2&RID=YHT21XG901S
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/218176252?report=genbank&log$=prottop&blast_rank=1&RID=YVZBFZRZ014
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014

nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1820

1820

99

99

Singlet
65
Y 420

460

Singlet
66
Y427

204

Hordeum  vulgare
subsp. Vulgare
mRNA for
predicted protein

nsLTP1 AK361740.1

H.vulgare  Cw-21
mRNA

X68654.1

Hordeum  vulgare
subsp. vulgare

cDNA clone

AK250295.1

H.vulgare
Ltp4.2 gene
266529.1

H.vulgare Ltp4.3
gene

266528.1

Hordeum  vulgare
lipid transfer
protein (bIt4.9)

gene

377

377

372

209

93,5

209

le-101

le-101

5e-100

4e-51

S5e-16

4e-51

100

100

99

86

77

86
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http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/326523546?report=genbank&log$=nucltop&blast_rank=1&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/443798?report=genbank&log$=nucltop&blast_rank=2&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/151418944?report=genbank&log$=nucltop&blast_rank=3&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/1045200?report=genbank&log$=nucltop&blast_rank=5&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/1045198?report=genbank&log$=nucltop&blast_rank=8&RID=X32KPWJH01N

U63993.1

Singlet 520 Hordeum vulgare | 302 2e-78 92 - - -
67 subsp. Vulgare

mRNA for

predicted protein
Y428

AK361740.1

H.vulgare  Cw-21

MRNA 302 2e-78 92

X68654.1

Hordeum  vulgare

subsp. vulgare | 296 9e-77 92

cDNA clone

AK250295.1

H.vulgare Ltp4.2

gene

766529.1 143 le-30 80

H.vulgare Ltp4.3

gene

266528.1 75 5e-10 86

Hordeum  vulgare

lipid transfer

protein (blt4.9)

gene 143 1e-30 80

U63993.1
Singlet 1482 - - - - - - -
68
Y433
Singlet 942 Hordeum  vulgare 1319 0 94 Frame 1/3 51,2 2e-04
69 subsp. vulgare predicted protein

cDNA clone transketolase

[Hordeum vulgare

AK251463.1 subsp. vulgare]

Y439 BAJ93658.1
1303 0 94

Hordeum  vulgare

subsp. Vulgare

mRNA for

predicted protein

transketolase

AK362454.1
Singlet 1429 - - - - - - -
70
Y445
Singlet 400 Hordeum vulgare | 289 le-74 91 Frame 1 34,3 5,8
71 5“:;‘; Vulgz;re hypothetical  protein

m or

MCP_0783

vas predicted protein [Methanocella

paludicola SANAE]
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http://www.ncbi.nlm.nih.gov/nucleotide/1480925?report=genbank&log$=nucltop&blast_rank=6&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/326523546?report=genbank&log$=nucltop&blast_rank=1&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/443798?report=genbank&log$=nucltop&blast_rank=2&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/151418944?report=genbank&log$=nucltop&blast_rank=3&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/1045200?report=genbank&log$=nucltop&blast_rank=5&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/1045198?report=genbank&log$=nucltop&blast_rank=8&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/1480925?report=genbank&log$=nucltop&blast_rank=6&RID=X32KPWJH01N
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=1&RID=XZJZBBEE011
http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=2&RID=XZJZBBEE011
http://www.ncbi.nlm.nih.gov/protein/326533372?report=genbank&log$=prottop&blast_rank=1&RID=YVZRKEXF014

AK361740.1

H.vulgare  Cw-21

YP_003355838.1

mMRNA 289 le-74 91
X68654.1
Hordeum  vulgare 283 76-73 01
subsp. vulgare
cDNA clone
AK250295.1
H.vulgare Ltp4.2
gene
766529.1 147 9e-32 83
H.vulgare Ltp4.3
gene
266528.1 80.5 le-11 87
H.vulgare (clone
pKG285) mRNA for
lipid transfer
protein precursor
2371151 80.5 le-11 87
Singlet 1282 Hordeum vulgare | 765 0,0 94 Frame 1 115 le-23
72 subsp. Vulgare predicted protein
GDP-L-galactose-
Y452 mRNA for hexose-1-phosphate
predicted protein guanyltransferase
GDP-L-galactose- [Hordeum vulgare
subsp. vulgare]
hexose-1-
BAJ91935.1
phosphate
guanyltransferase;
Provisional
AK360727.1
AK358028.1
Singlet 1429 - - - - - R R
73
Y459
Singlet 519 - - - - - - -
74
Y478
Singlet 872 Hordeum vulgare | 793 0 93 - - -
75 subsp. vulgare
mRNA for
Y484 predicted protein
GDP-L-galactose-
hexose-1-
phosphate
guanyltransferase
AK360727.1
AK358028.1
Hordeum  vulgare
subsp. vulgare | 468 3e-128 95
cDNA clone
AK251463.1
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http://www.ncbi.nlm.nih.gov/nucleotide/326523546?report=genbank&log$=nucltop&blast_rank=1&RID=XYRJA2PX01S
http://www.ncbi.nlm.nih.gov/nucleotide/443798?report=genbank&log$=nucltop&blast_rank=2&RID=XYRJA2PX01S
http://www.ncbi.nlm.nih.gov/nucleotide/151418944?report=genbank&log$=nucltop&blast_rank=3&RID=XYRJA2PX01S
http://www.ncbi.nlm.nih.gov/nucleotide/1045200?report=genbank&log$=nucltop&blast_rank=5&RID=XYRJA2PX01S
http://www.ncbi.nlm.nih.gov/nucleotide/1045198?report=genbank&log$=nucltop&blast_rank=9&RID=XYRJA2PX01S
http://www.ncbi.nlm.nih.gov/nucleotide/587445?report=genbank&log$=nucltop&blast_rank=10&RID=XYRJA2PX01S
http://www.ncbi.nlm.nih.gov/protein/282163453?report=genbank&log$=prottop&blast_rank=1&RID=YVZX0ZSU01N
http://www.ncbi.nlm.nih.gov/nucleotide/326511580?report=genbank&log$=nucltop&blast_rank=1&RID=XZMZWU81014
http://www.ncbi.nlm.nih.gov/nucleotide/326532793?report=genbank&log$=nucltop&blast_rank=2&RID=XZMZWU81014
http://www.ncbi.nlm.nih.gov/protein/326511581?report=genbank&log$=prottop&blast_rank=1&RID=YW00VCW5016
http://www.ncbi.nlm.nih.gov/nucleotide/326511580?report=genbank&log$=nucltop&blast_rank=1&RID=YHVWS26G014
http://www.ncbi.nlm.nih.gov/nucleotide/326532793?report=genbank&log$=nucltop&blast_rank=2&RID=YHVWS26G014
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=3&RID=YHVWS26G014

AK362454.1

Singlet 464 Hordeum vulgare | 603 4e-169 95 Frame 1 64,3 5e-09
76 subsp. vulgare PREDICTED:
CDNA clone hypothetical  protein 358 22
Y489 AK248909.1 [Vitis vinifera]
XP_002274741.1
AK249435.1
AK248556.1 Frame 2
0s04g0457100 [Oryza
sativa Japonica Group]
Hordeum  vulgare
subsp.  Vulgare NP_001052970.1
mRNA for
predicted protein | 368 2e-98 85
from seedling
shoot at low
temperature
AK353906.1
Hordeum vulgare
Lhcb1 gene for light
harvesting 333 6e-88 84
chlorophyll a/b-
binding
protein Lhcb1
AB500090.1
Singlet 480 - - - - - - -
77
Y490
Singlet 259 - - - - - - -
78
Y491
Singlet 555 - - - - - - -
79
Y492
Singlet 159 - - - - - - -
80
Y494
Singlet 1542 - - - - - - -
81
Y633
Singlet 1198 Hordeum vulgare 1303 0 92 Frame 1 63,5 | 5e-08
82 subsp. vulgare )
cultivar Morex ribulose-1,5-
chloroplast, bisphosphate
complete carboxylase/oxygenase
Y672 Genome large subunit
EF115541.1 AAF97660.1
1303 0 92

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137456.1
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http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=4&RID=YHVWS26G014
http://www.ncbi.nlm.nih.gov/nucleotide/151426860?report=genbank&log$=nucltop&blast_rank=1&RID=X2PJ4JC8016
http://www.ncbi.nlm.nih.gov/nucleotide/151427386?report=genbank&log$=nucltop&blast_rank=2&RID=X2PJ4JC8016
http://www.ncbi.nlm.nih.gov/nucleotide/151426133?report=genbank&log$=nucltop&blast_rank=3&RID=X2PJ4JC8016
http://www.ncbi.nlm.nih.gov/nucleotide/326493327?report=genbank&log$=nucltop&blast_rank=5&RID=X2PJ4JC8016
http://www.ncbi.nlm.nih.gov/nucleotide/297306779?report=genbank&log$=nucltop&blast_rank=22&RID=X2PJ4JC8016
http://www.ncbi.nlm.nih.gov/protein/225463430?report=genbank&log$=prottop&blast_rank=1&RID=YW0E2NC001S
http://www.ncbi.nlm.nih.gov/protein/115458740?report=genbank&log$=prottop&blast_rank=1&RID=YW0ENP31016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YW0P5BMX01S

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1303

1303

1303

92

92

92

Singlet
83

Y686

1245

Pennisetum
glaucum AFLP
fragment

RQVTLCD2-3

FN552497.1

73,1

4e-09

100

Singlet
84

Y724

1405

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast

1489

1489

1489

1489

91

91

91

91

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit
[Hordeum vulgare
subsp. vulgare]

YP_874661.1

Frame 2

unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

267

3e-69

2e-59
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http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/259048786?report=genbank&log$=nucltop&blast_rank=1&RID=YHWWV10Y016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/118430396?report=genbank&log$=prottop&blast_rank=3&RID=YW11287P011
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014

genes rbclL and
atpB
X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1489

91

Singlet
85

Y72

1387

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1810

1810

1810

1810

1810

99

99

99

99

99

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

[Ismene vargasii]
AAF97660.1

Frame 2

unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

60,8

600

5e-07

2e-169

Singlet
86

1749

137



http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YW1912YC01S
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014

Y736

Singlet
87

Y740

1518

Singlet
88

Y742

248

Singlet
89

Y745

1476

Singlet
90

Y748

1435

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbcl and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1825

1825

1825

1825

1825

98

98

98

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97660.1

Frame 2

unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

61,2

600

4e-07

2e-169

Singlet
91

Y749

193

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
ATP synthase B/B'
CF(0)

le-95

100

138



http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YW1SAKM6014
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014

AK362301.1

AK366289.1

AK368757.1

Singlet
92

Y769

1469

Singlet
93

Y788

1319

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbcl and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1825

1825

1825

1825

1825

99

99

99

99

99

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97660.1

Frame 3

unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

59,7

594

le-06

le-167

Singlet
94

Y791

514

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
SNARE associated

Golgi protein

AK369228.1

AK366298.1

100

Frame 1
predicted protein

SNARE associated
Golgi protein; cl00429
[Hordeum vulgare
subsp. vulgare]

BAK00430.1

301

3e-80

139



http://www.ncbi.nlm.nih.gov/nucleotide/326533065?report=genbank&log$=nucltop&blast_rank=1&RID=YHXYZJMK016
http://www.ncbi.nlm.nih.gov/nucleotide/326528940?report=genbank&log$=nucltop&blast_rank=2&RID=YHXYZJMK016
http://www.ncbi.nlm.nih.gov/nucleotide/326517187?report=genbank&log$=nucltop&blast_rank=3&RID=YHXYZJMK016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=1&RID=YW2412D2011
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014
http://www.ncbi.nlm.nih.gov/nucleotide/326521707?report=genbank&log$=nucltop&blast_rank=1&RID=YHYKE4NY014
http://www.ncbi.nlm.nih.gov/nucleotide/326528958?report=genbank&log$=nucltop&blast_rank=7&RID=YHYKE4NY014
http://www.ncbi.nlm.nih.gov/protein/326521708?report=genbank&log$=prottop&blast_rank=1&RID=YW2B0NN6014

Singlet 1037 - - - - - -
95
Y810
Singlet 198 H.vulgare mRNA | 220 2e-54 87 Frame 3 38,1 0,38
% for LHC Il type | unknown [Zea mays]
ve12 protein ACN31750.1

X89023.1

215 9e-53 86

Hordeum  vulgare

subsp. vulgare

mRNA for

predicted protein

AK370975.1
Singlet 300 Pennisetum 69,4 le-08 100
7 glaucum AFLP
Y818 fragment

RQVTLCD2-3

EN552497.1
Singlet 1532 - - - - - - -
98
Y823
Singlet 1946 - - - - - - -
99
Y833

140



http://www.ncbi.nlm.nih.gov/nucleotide/974849?report=genbank&log$=nucltop&blast_rank=1&RID=YHYMN9W0016
http://www.ncbi.nlm.nih.gov/nucleotide/326497176?report=genbank&log$=nucltop&blast_rank=2&RID=YHYMN9W0016
http://www.ncbi.nlm.nih.gov/protein/223975125?report=genbank&log$=prottop&blast_rank=1&RID=YW2G7W9B011
http://www.ncbi.nlm.nih.gov/nucleotide/259048786?report=genbank&log$=nucltop&blast_rank=1&RID=YHYYKKYW016

Singlet
100

Y873

1338

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbcl-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1873

1873

1873

1873

1873

99

99

99

99

99

Frame 1

0s12g0207600 [Oryza
sativa Japonica Group]

NP _001066389.1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

AAF97660.1

Frame 3

ribulosebiphosphate
carboxylase
[Peridictyon sanctum]

CAA90006.1

unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

72,4

72,0

670

le-10

2e-10

0,0

Singlet
101

Y788

466

Cherax
quadricarinatus
clone cherax_216
mRNA DQ847737.1

DQ847737.1

sequence

le-09

100

Singlet
102

Y885

1332

Singlet
103

Y890

1449

Singlet
104

Y917

1793

Singlet
105

Y933

1990

Singlet
106

Y938

1330

Hordeum  vulgare

subsp. vulgare

1437

98

Frame 3
predicted protein

transketolase

253

4e-65

141



http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/115487804?report=genbank&log$=prottop&blast_rank=1&RID=YW2P9D4P014
http://www.ncbi.nlm.nih.gov/protein/9719160?report=genbank&log$=prottop&blast_rank=3&RID=YW2P9D4P014
http://www.ncbi.nlm.nih.gov/protein/1488637?report=genbank&log$=prottop&blast_rank=1&RID=YW2RADCA01N
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014
http://www.ncbi.nlm.nih.gov/nucleotide/112431116?report=genbank&log$=nucltop&blast_rank=1&RID=YHZ741KJ011
http://www.ncbi.nlm.nih.gov/nucleotide/112431116?report=genbank&log$=nucltop&blast_rank=1&RID=YHZ741KJ011

mRNA for
predicted protein
Thiamine
pyrophosphate
(TPP) family,

Transketolase (TK)
AK362454.1

Hordeum  vulgare
subsp. vulgare

cDNA clone

AK251463.1

1432

98

[Hordeum vulgare
subsp. vulgare]

BAJ93658.1

Singlet
107

Y939

1500

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

| subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1716

1716

1716

1716

1716

97

97

97

97

97

Frame 1/2/3

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

[Festuca arundinacea]

YP_002364509.1

unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

556

551

4e-156

8e-155

Singlet
108

Y948

1325

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein

1386

99

Frame 3
predicted protein

transketolase

253

4e-65

142



http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHZWMPJH011
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHZWMPJH011
http://www.ncbi.nlm.nih.gov/protein/326533372?report=genbank&log$=prottop&blast_rank=1&RID=YW34Z57F01N
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/218176252?report=genbank&log$=prottop&blast_rank=1&RID=YW3A3BYZ014
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014

Thiamine
pyrophosphate
(TPP) family,
Transketolase (TK)
subfamily

AK362454.1

Hordeum  vulgare
subsp. vulgare

cDNA clone

AK251463.1

1380

98

[Hordeum vulgare
subsp. vulgare]

193658.1

Singlet
109

Y950

628

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
GDP-L-galactose-
hexose-1-
phosphate
guanyltransferase;
Provisional

AK360727.1

AK358028.1

540

5e-150

98

Singlet
110

Y951

1383

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
Thiamine
pyrophosphate
(TPP) family,
Transketolase (TK)

subfamily

AK362454.1

Hordeum  vulgare
subsp. vulgare

cDNA clone

AK251463.1

1229

1223

97

97

Frame 3
Predicted protein
transketolase

[Hordeum vulgare
subsp. vulgare]

J93658.1

254

3e-65

Singlet
111

Y954

1848

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,

1716

1716

1716

97

97

97

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit
[Strumaria truncata]

AAF97675.1

Unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

465

7e-05

7e-129

143



http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/326511580?report=genbank&log$=nucltop&blast_rank=1&RID=YJ0HV99W01N
http://www.ncbi.nlm.nih.gov/nucleotide/326532793?report=genbank&log$=nucltop&blast_rank=3&RID=YJ0HV99W01N
http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YW3VBAMU014
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014

complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1716

1716

97

97

Singlet
112

Y956

1408

Cloning vector
psiLentGene Basic,

complete sequence

AY508731.1

710

86

Frame 1

conserved hypothetical
protein [Escherichia
coli H591]

ZP_08378005.1

1le-09

Singlet
113

Y957

157

Hordeum  vulgare
subsp. vulgare
mRNA for

papain-like cysteine

proteinase (pap-16
gene)

AM941126.1

Hordeum  vulgare
subsp. vulgare
cDNA clone

AK252337.1

219

5e-54

7e-38

96

96

Singlet
114

Y961

Singlet
115

Y962

1305

Expression  vector
pLoxGentrc,
complete sequence

JF934954.1

406

2e-62

87

Frame 1

conserved hypothetical
protein [Escherichia
coli H591]

ZP_08378005.1

66,2

1e-08

Singlet
116

Y964

1338

Singlet
117

Y966

1720

Singlet
118

Y967

1466

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,

1410

1410

98

98

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit
[Strumaria truncata]

AAF97675.1

Unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

54,7

458

4e-05

le-126

144



http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/45655410?report=genbank&log$=nucltop&blast_rank=1&RID=YJ0VW8S2014
http://www.ncbi.nlm.nih.gov/protein/331677326?report=genbank&log$=prottop&blast_rank=1&RID=YW41MYG4011
http://www.ncbi.nlm.nih.gov/nucleotide/194352765?report=genbank&log$=nucltop&blast_rank=1&RID=YJ0WSDJ001N
http://www.ncbi.nlm.nih.gov/nucleotide/151420985?report=genbank&log$=nucltop&blast_rank=2&RID=YJ0WSDJ001N
http://www.ncbi.nlm.nih.gov/nucleotide/334265229?report=genbank&log$=nucltop&blast_rank=1&RID=YJ1952XW011
http://www.ncbi.nlm.nih.gov/protein/331677326?report=genbank&log$=prottop&blast_rank=1&RID=YW41MYG4011
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/9719192?report=genbank&log$=prottop&blast_rank=1&RID=YW4EJB3C011

complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbcl and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbcL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1410

1410

1410

98

98

98

CAA25265.1

Singlet
119

Y973

1331

Singlet
120

Y978

1358

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
Thiamine
pyrophosphate
(TPP) family,
Transketolase (TK)
subfamily

AK362454.1

Hordeum  vulgare
subsp. vulgare
cDNA clone

AK251463.1

1299

1293

99

98

Frame 3
predicted protein
transketolase

[Hordeum vulgare
subsp. vulgare]

193658.1

253

5e-65

Singlet
121

Y980

1496

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;

1367

1367

96

96

Frame 1

ribulose-1,5-
bisphosphate
carboxylase/oxygenase
large subunit

[Ismene vargasii]

Frame 3

unnamed protein
product

Ribulose bisphosphate
carboxylase large chain
[Hordeum vulgare]

CAA25265.1

61,2

430

4e-07

3e-118
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http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014
http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/11587?report=genbank&log$=prottop&blast_rank=2&RID=YVZBFZRZ014

chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcl) gene,
complete cds;
chloroplast
AY137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcL)
gene, complete
cds;

rbcL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

1367

1367

1367

96

96

96

Singlet
122

Y982

1280

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
Thiamine
pyrophosphate
(TPP) family,
Transketolase (TK)
subfamily

AK362454.1

Hordeum  vulgare
subsp. vulgare

cDNA clone

AK251463.1

1500

1495

99

99

Frame 2
Predicted protein
transketolase

[Hordeum vulgare
subsp. vulgare]

193658.1

255

le-65

Singlet
123

Y984

419

Hordeum  vulgare
subsp. vulgare
mRNA for
predicted protein
Elongation factor G

(EF-G)

AK353897.1

Hordeum  vulgare
partial mMRNA;
clone cMWG0699

AJ234426.1

Hordeum  vulgare

364

302

2e-97

2e-78

le-40

84

87

86

Frame 1
0s04g0538100 [Oryza
sativa Japonica Group]
NP_001053430.1

Translation elongation
factor EF-G [Hordeum
marinum subsp.
Gussoneanum

AAK40271.1

Predicted protein
[Hordeum vulgare
subsp. vulgare]

BAJ85116.1

60,8

56,2

55,1

7e-08

2e-06

3e-06
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http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/326533371?report=genbank&log$=nucltop&blast_rank=1&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420111?report=genbank&log$=nucltop&blast_rank=2&RID=YHZYCMMY01S
http://www.ncbi.nlm.nih.gov/nucleotide/326493309?report=genbank&log$=nucltop&blast_rank=1&RID=YJ1S46US011
http://www.ncbi.nlm.nih.gov/nucleotide/3819209?report=genbank&log$=nucltop&blast_rank=2&RID=YJ1S46US011
http://www.ncbi.nlm.nih.gov/protein/115459660?report=genbank&log$=prottop&blast_rank=1&RID=YW592UJZ014
http://www.ncbi.nlm.nih.gov/protein/13936347?report=genbank&log$=prottop&blast_rank=2&RID=YW592UJZ014
http://www.ncbi.nlm.nih.gov/protein/326493310?report=genbank&log$=prottop&blast_rank=4&RID=YW592UJZ014

subsp. spontaneum
translation

elongation factor G
(EF-G) gene, partial

cds

AY836205.1

Singlet
124

Y988

1425

Singlet
125

Y989

1409

Singlet
126

Y98

1334

Cloning vector
psiLentGene Basic,

complete sequence

AY508731.1

3r-160

84

Frame 1

Conserved
hypothetical  protein
[Escherichia coli H591]

ZP_08377996.1

42,7

0,13
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http://www.ncbi.nlm.nih.gov/nucleotide/61378729?report=genbank&log$=nucltop&blast_rank=3&RID=YJ1S46US011
http://www.ncbi.nlm.nih.gov/nucleotide/45655410?report=genbank&log$=nucltop&blast_rank=1&RID=YJ2NTEAV01S
http://www.ncbi.nlm.nih.gov/protein/331677317?report=genbank&log$=prottop&blast_rank=1&RID=YW6SGCHN01S

EK E

ARPA BiTKiSINiN KOK DOKUSUNA AiT 26 KONTiK’ IN BLASTN VE BLASTP
ANALIZLERININ SONUC CiZELGESI

KLON cDNA DNA BENZERLIGi (blastN) PROTEIN BENZERLIGI (blastX- tblastX)
ADI BOYUT!
(:)U u Benzerlik Skor E degeri Benzerlik Benzerlik Skor E degeri
P sonucu orani (%) sonucu
Kontik 1 193 H.vulgare 329 3e-87 98 Frame 2 33.9 8.4
subsp. Vulgare Acetyl-CoA
mRNA for acetyltransfera
predicted se
protein
[Plesiocystis
Double- pacifica SIR-1]
stranded RNA
binding motif ZP 01912478.1
AK356049.1
Hordeum
vulgare subsp.
vulgare c¢DNA | 329 3e-87 98
clone
AK249305.1
Kontik 2 289 H.vulgare 502 2e-115 99 Frame 2 33.9 7.7
subsp. Vulgare DNA Processing
mRN.A for protein
pred@ted [Lactobacillus
protein crispatus ST1
RNA-binding YP_003601526.
proteinAK373 1
820.1 -
Frame 3
Hordeum
vulgare subsp. H.vulgare
vulgare cDNA | 502 2e-115 99 subsp. Vulgare | g, 4 208
clone mRNA for
predicted
AK252361.1 protein
RNA-binding
protein;
Provisional
BAKO05017.1
Kontik 3 207 Hordeum 344 le-91 97
vulgare subsp.
vulgare cDNA
clone
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http://www.ncbi.nlm.nih.gov/nucleotide/326510100?report=genbank&log$=nucltop&blast_rank=1&RID=Y7MY3H1P014
http://www.ncbi.nlm.nih.gov/nucleotide/151427256?report=genbank&log$=nucltop&blast_rank=2&RID=Y7MY3H1P014
http://www.ncbi.nlm.nih.gov/protein/149924098?report=genbank&log$=prottop&blast_rank=1&RID=Y7ZX26FB011
http://www.ncbi.nlm.nih.gov/nucleotide/326531331?report=genbank&log$=nucltop&blast_rank=1&RID=Y7NZAMHH011
http://www.ncbi.nlm.nih.gov/nucleotide/326531331?report=genbank&log$=nucltop&blast_rank=1&RID=Y7NZAMHH011
http://www.ncbi.nlm.nih.gov/nucleotide/151421009?report=genbank&log$=nucltop&blast_rank=2&RID=Y7NZAMHH011
http://www.ncbi.nlm.nih.gov/protein/295692916?report=genbank&log$=prottop&blast_rank=1&RID=YAF2H88A016
http://www.ncbi.nlm.nih.gov/protein/295692916?report=genbank&log$=prottop&blast_rank=1&RID=YAF2H88A016
http://www.ncbi.nlm.nih.gov/protein/326531332?report=genbank&log$=prottop&blast_rank=1&RID=YAF2GF6R011

AK251251.1

Hordeum
vulgare
HvPIP1;3
mMRNA,
complete cds

AB009308.2

344

le-91

97

Kontik 4

384

H.vulgare
subsp. Vulgare
mRNA for
predicted
protein

Aspartate

aminotransfer
ase family

AK359363.1

Hordeum
vulgare subsp.
vulgare cDNA
clone

AK250046.1

647

647

97

97

Frame 2

type 1l
restriction
enzyme
[Bacteroides
sp.4_1_36]

ZP_07938610.1

Frame 3

polyadenylate-
binding protein
2-A  [Xenopus
laevis]

NP _001082057.

1

36.6

11

1.2

Kontik 5

137

H.vulgare
subsp. Vulgare
mRNA for
predicted
protein

P-loop
containing
Nucleoside
Triphosphate

AK359208.1

Hordeum
vulgare  Rca
mRNA for
ribulose-1,5-
bisphosphate
carboxylase/o
xygenase

activase small
isoform,
complete cds

Hordeum
vulgare subsp.
vulgare cDNA
clone

AK249203.1
AK248820.1
AK252550.1

Hordeum
vulgare subsp.
vulgare
ribulose 1,5-
bisphosphate
carboxylase

M55449.1

Hordeum
vulgare
rubisco
activase

209

209

3e-51

3e-51

95

95
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http://www.ncbi.nlm.nih.gov/nucleotide/151419899?report=genbank&log$=nucltop&blast_rank=1&RID=Y7P67B8P014
http://www.ncbi.nlm.nih.gov/nucleotide/6691628?report=genbank&log$=nucltop&blast_rank=2&RID=Y7P67B8P014
http://www.ncbi.nlm.nih.gov/nucleotide/326495903?report=genbank&log$=nucltop&blast_rank=1&RID=Y7PFKR3A014
http://www.ncbi.nlm.nih.gov/nucleotide/151418695?report=genbank&log$=nucltop&blast_rank=2&RID=Y7PFKR3A014
http://www.ncbi.nlm.nih.gov/protein/317479478?report=genbank&log$=prottop&blast_rank=1&RID=YAFUKFEH011
http://www.ncbi.nlm.nih.gov/protein/148232022?report=genbank&log$=prottop&blast_rank=1&RID=YAFV89BT016
http://www.ncbi.nlm.nih.gov/protein/148232022?report=genbank&log$=prottop&blast_rank=1&RID=YAFV89BT016
http://www.ncbi.nlm.nih.gov/nucleotide/326494299?report=genbank&log$=nucltop&blast_rank=1&RID=Y7PN9EZN01N
http://www.ncbi.nlm.nih.gov/nucleotide/151427154?report=genbank&log$=nucltop&blast_rank=3&RID=Y7PN9EZN01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426771?report=genbank&log$=nucltop&blast_rank=4&RID=Y7PN9EZN01N
http://www.ncbi.nlm.nih.gov/nucleotide/151421198?report=genbank&log$=nucltop&blast_rank=5&RID=Y7PN9EZN01N
http://www.ncbi.nlm.nih.gov/nucleotide/167094?report=genbank&log$=nucltop&blast_rank=8&RID=Y7PN9EZN01N

(RcaA2) mRNA

M55447.1
Hordeum
vulgare
rubisco
activase
(RcaAl) mRNA
M55446.1
Kontik6 353 - - - - N i B
Kontik 7 191 Hordeum 339 5e-90 100 Frame 1 335 9.4
vulgare subsp. CIP111
Vulgare WRNA [Arabidopsis
for predicted lyrata subsp.
protein lyrata]The
Oxygen AAA+ (ATPases
evolving Associated with
enhancer a wide variety
protein 3 ofcellular
(PsbQ); Activities)
AK357796.1 superfamily
AK356829.1 represents an
e ancientgroup of
AK356794.1 ATPases
AK359673.1 belonging to
the ASCE (for
additional
strand, catalytic
E) division of
the P-loop
NTPase fold.
The ASCE
division also
includes...;
¢d00009"
XP_002878101.
1
Kontik 8 402 Hordeum 697 0 98 Frame 2 50.4 7e-05
vulgare subsp. hypothetical
Vulgare mRNA protein
for predicted LOC100384846
protein [Zea mays]
Elongation NP_001170753.
factor G (EF-G) 1
subfamily B
AK353897.1
Hordeum
vulgare partial
mRNA
AJ234426.1 508 8e-141 98
Hordeum
vulgare subsp.
vulgare
Azumamugi
translation 502 1le-93 98
elongation
factor EF-G
gene
AY028801.1
Kontik 9 340 Hordeum 604 8e-170 99 Frame 1 36.2 1.6
vulgare subsp. glutathione
vulgare cDNA transferase10
clone [Zea mays]
AK249528.1 NP _001104979.
1
Hordeum
vulgare subsp. 580 1e-162 99

Frame 2
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http://www.ncbi.nlm.nih.gov/nucleotide/167090?report=genbank&log$=nucltop&blast_rank=9&RID=Y7PN9EZN01N
http://www.ncbi.nlm.nih.gov/nucleotide/167088?report=genbank&log$=nucltop&blast_rank=10&RID=Y7PN9EZN01N
http://www.ncbi.nlm.nih.gov/nucleotide/326527916?report=genbank&log$=nucltop&blast_rank=1&RID=Y7R12K6X01N
http://www.ncbi.nlm.nih.gov/nucleotide/326516041?report=genbank&log$=nucltop&blast_rank=2&RID=Y7R12K6X01N
http://www.ncbi.nlm.nih.gov/nucleotide/326515971?report=genbank&log$=nucltop&blast_rank=3&RID=Y7R12K6X01N
http://www.ncbi.nlm.nih.gov/nucleotide/326500093?report=genbank&log$=nucltop&blast_rank=4&RID=Y7R12K6X01N
http://www.ncbi.nlm.nih.gov/protein/297820436?report=genbank&log$=prottop&blast_rank=1&RID=YAGAWUHT011
http://www.ncbi.nlm.nih.gov/protein/297820436?report=genbank&log$=prottop&blast_rank=1&RID=YAGAWUHT011
http://www.ncbi.nlm.nih.gov/nucleotide/326493309?report=genbank&log$=nucltop&blast_rank=1&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/3819209?report=genbank&log$=nucltop&blast_rank=2&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/nucleotide/13936362?report=genbank&log$=nucltop&blast_rank=3&RID=WV3B7UCN016
http://www.ncbi.nlm.nih.gov/protein/293331657?report=genbank&log$=prottop&blast_rank=1&RID=YAGKDRV3014
http://www.ncbi.nlm.nih.gov/protein/293331657?report=genbank&log$=prottop&blast_rank=1&RID=YAGKDRV3014
http://www.ncbi.nlm.nih.gov/nucleotide/151427479?report=genbank&log$=nucltop&blast_rank=1&RID=Y7RGNVWU01S
http://www.ncbi.nlm.nih.gov/protein/162463945?report=genbank&log$=prottop&blast_rank=1&RID=YAGPAKV9016
http://www.ncbi.nlm.nih.gov/protein/162463945?report=genbank&log$=prottop&blast_rank=1&RID=YAGPAKV9016

vulgare mRNA

predicted 155 2e-36
for predicted protein
proteln‘ [Hordeum
glutathione S- vulgare subsp.
transferase vulgare]
AK354013.1
glutathione S-
transferase
BAJ85232.1
Kontik 10 503 Hordeum 881 4e-125 100 Frame 1 81.6 3e-14
vulgare subsp. ribulose-1,5-
Vulgare "TRNA bisphosphate
for PrEd'Cted carboxylase/ox
protein ygenase small
. subunit
Ribulose-
BAB19810.1
1,5-
biSphOSph Predir;ted
protein
ate .
Ribulose-
carboxyla
1,5-
se small .
bisphosph
ate
ni
subunit carboxylas
AK369652.1 I
AK360618.1 €sma 816 3e-14
AK354843.1
AK358450.1 su bunit
[Hordeum
Hordeum vulgare subsp.
vulgare subsp. vulgare]
vulgare cDNA BAJ90550.1
clone
AK249588.1 . )
rame
AK249082.1 335 o8
Pseudouridylat
2697 e synthase,
Hordeum 698 &9 93 related
vulgare [Neospora
ribulose-1,5- caninum
bisphosphate Liverpool]
carboxylase CBZ54407.1
small subunit
uU43493.1
Frame 3
RuBisCO_small
Hordeum
vulgare  rbcS BAJB9663.1
gene for
ribulose-1,5-
bisphosphate
carboxylase
AB020943.1
Kontik 11 355 Hordeum 593 2e-166 97 - - -

vulgare subsp.
Vulgare mRNA
for predicted
protein

photosystem |
reaction
center subunit
N (PsaN);

AK366882.1
AK359301.1
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http://www.ncbi.nlm.nih.gov/nucleotide/326493541?report=genbank&log$=nucltop&blast_rank=2&RID=Y7RGNVWU01S
http://www.ncbi.nlm.nih.gov/protein/326493542?report=genbank&log$=prottop&blast_rank=1&RID=YAGPW4R301N
http://www.ncbi.nlm.nih.gov/nucleotide/326526928?report=genbank&log$=nucltop&blast_rank=1&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/nucleotide/326510958?report=genbank&log$=nucltop&blast_rank=2&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/nucleotide/326499501?report=genbank&log$=nucltop&blast_rank=3&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/nucleotide/326487357?report=genbank&log$=nucltop&blast_rank=4&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/nucleotide/151427539?report=genbank&log$=nucltop&blast_rank=5&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/nucleotide/151427033?report=genbank&log$=nucltop&blast_rank=6&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/nucleotide/1167947?report=genbank&log$=nucltop&blast_rank=19&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/nucleotide/4038690?report=genbank&log$=nucltop&blast_rank=84&RID=Y7RR3XSS014
http://www.ncbi.nlm.nih.gov/protein/11990893?report=genbank&log$=prottop&blast_rank=1&RID=YAH3841A016
http://www.ncbi.nlm.nih.gov/protein/326495856?report=genbank&log$=prottop&blast_rank=2&RID=YAH3841A016
http://www.ncbi.nlm.nih.gov/protein/325118855?report=genbank&log$=prottop&blast_rank=1&RID=YAH3VCJF016
http://www.ncbi.nlm.nih.gov/protein/326487358?report=genbank&log$=prottop&blast_rank=1&RID=YAH49MB5014
http://www.ncbi.nlm.nih.gov/nucleotide/326488946?report=genbank&log$=nucltop&blast_rank=1&RID=Y7S4AKP4014
http://www.ncbi.nlm.nih.gov/nucleotide/326494485?report=genbank&log$=nucltop&blast_rank=2&RID=Y7S4AKP4014

Kontik 12 266 Hordeum 451 9e-124 98 Frame 3 35.8 1.8
vulgare subsp. chloroplast
Vulgare mRNA ferredoxin 1
for PrEd'Cted precursor [Zea
protein mays]
2Fe-2S  iron- 2Fe-25 iron-
sulfur - cluster sulfur  cluster
binding binding domain
domainAK360
438.1 ACA34367.1
Kontik 13 317 Hordeum 355 9e-95 94 Frame 1 70.1 le-10
;ullgare su:’s\&. receptor kinase | 59.7 le-07
ulgare m LRK9  [Avena
for predicted satival 57.8 5e-07
protein 57 8e-07
. AAM09946.1
Tyrosine
kinaseAK3680 Frame 1-2-3
40.1 predicted
protein
[Hordeum
vulgare subsp.
vulgare]
Tyrosine
kinase, catalytic
domain
TyrKc
BAJ99243.1
BAJ87570.1
BAJ87718.1
BAJ95981.1
Kontik 14 242 Hordeum 392 S5e-106 96 - - -
vulgare Lhcb1
gene for light
harvesting
chlorophyll
a/b-binding
protein Lhcb1,
complete cds
AB500090.1
Hordeum
vulgare subsp.
vulgare cDNA | 377 le-101 95
clone
AK250765.1
Hordeum
vulgare subsp.
vulgare mRNA
for predicted | 233 3e-58 89
protein
Chlorophyll A-
B binding
protein;
cl02879"
AK372776.1
Kontik15 245 Hordeum 398 le-107 97 Frame 1 40.0 0,095
://ullgare SU:SN’: RecName: 38.9 0,24
ulgare m Full=Ribulose
for predicted bisphosphate 38.9 0,25
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http://www.ncbi.nlm.nih.gov/nucleotide/326509460?report=genbank&log$=nucltop&blast_rank=1&RID=Y7SCNNXE014
http://www.ncbi.nlm.nih.gov/nucleotide/326509460?report=genbank&log$=nucltop&blast_rank=1&RID=Y7SCNNXE014
http://www.ncbi.nlm.nih.gov/protein/168830246?report=genbank&log$=prottop&blast_rank=1&RID=YAHPRVU501S
http://www.ncbi.nlm.nih.gov/nucleotide/326503235?report=genbank&log$=nucltop&blast_rank=1&RID=Y7SGZUH8014
http://www.ncbi.nlm.nih.gov/nucleotide/326503235?report=genbank&log$=nucltop&blast_rank=1&RID=Y7SGZUH8014
http://www.ncbi.nlm.nih.gov/protein/29465714?report=genbank&log$=prottop&blast_rank=1&RID=YAJE1HA401S
http://www.ncbi.nlm.nih.gov/protein/326503236?report=genbank&log$=prottop&blast_rank=2&RID=YAJE1HA401S
http://www.ncbi.nlm.nih.gov/protein/326511112?report=genbank&log$=prottop&blast_rank=3&RID=YAJE1HA401S
http://www.ncbi.nlm.nih.gov/protein/326511409?report=genbank&log$=prottop&blast_rank=4&RID=YAJE1HA401S
http://www.ncbi.nlm.nih.gov/protein/326512000?report=genbank&log$=prottop&blast_rank=6&RID=YAJE1HA401S
http://www.ncbi.nlm.nih.gov/nucleotide/297306779?report=genbank&log$=nucltop&blast_rank=1&RID=Y7SPMGWK01N
http://www.ncbi.nlm.nih.gov/nucleotide/151419414?report=genbank&log$=nucltop&blast_rank=2&RID=Y7SPMGWK01N
http://www.ncbi.nlm.nih.gov/nucleotide/326520096?report=genbank&log$=nucltop&blast_rank=6&RID=Y7SPMGWK01N

protein
AK358672.1

ARI20b /2.4,

AK358835.1

Hordeum

carboxylase
small chain

Q38793.1

Ribulosebispho

vulgare subsp. sphate
vulgare cDNA carboxylase
clone 398 1e-107 97 [Triticum
aestivum]
AK250140.1
CAA25058.1
Hordeum
vulgare Predicted
ribulose-1,5- protein
bisphosphate ribulose-
carboxylase 220 2e-54 90 bisphosphate
small subunit carboxylase
U43493.1 small chain
[Hordeum
vulgare subsp.
Hordeum vulgare]
vulgare  rbcS BAJ89884.1
gene for
ribulose-1,5-
bisphosphate Frame 3
carboxylase Hypothetical
AB020943.1 protein [Secale
cereale]
CAA10497.1
Kontik16 265 Hordeum 464 le-127 100 Frame 1 34.7 5.0
vulgare subsp. hypothetical
Vulgare mBNA protein
for Pred|cted PPL_04220
protein [Polysphondyliu
P-loop NTPase m pallidum
AK359208.1 PN500]
RT_like:
Reverse
Hordeum transcriptase
vulgare  Rca
MRNA for EFA82532.1
ribulose-1,5-
bisphosphate 464 Se-121 98 05110707100
carboxylase [Oryza  sativa
AB564719.1 Japonica
Group]
Hordeum P—Ioo;? .
vulgare subsp. contalnlhg
vulgare cDNA Nt_JcIe05|de
clone Triphosphate
249203.1 Hydrolases;
Hordeum 164 56-121 o8 lilP 001068556.
vulgare =
rubisco
activase Frame 3
(RcaA2) mRNA
Unknown
M55447.1 (protein for
MGC:35458)
Hordeum [Homo sapiens] 35 83
vulgare P-loop
rubisco containing
activase Nucleoside
(RcaAl) Triphosphate
mRNA, 3'end Hydrolases;
M55446.1 AAH29790.1
Hordeum N
456 1e-107 100 Predicted

vulgare mRNA
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http://www.ncbi.nlm.nih.gov/nucleotide/326488090?report=genbank&log$=nucltop&blast_rank=1&RID=Y7SZAGZ5016
http://www.ncbi.nlm.nih.gov/nucleotide/326490757?report=genbank&log$=nucltop&blast_rank=3&RID=Y7SZAGZ5016
http://www.ncbi.nlm.nih.gov/nucleotide/151418789?report=genbank&log$=nucltop&blast_rank=2&RID=Y7SZAGZ5016
http://www.ncbi.nlm.nih.gov/nucleotide/1167947?report=genbank&log$=nucltop&blast_rank=12&RID=Y7SZAGZ5016
http://www.ncbi.nlm.nih.gov/nucleotide/4038690?report=genbank&log$=nucltop&blast_rank=67&RID=Y7SZAGZ5016
http://www.ncbi.nlm.nih.gov/protein/3914587?report=genbank&log$=prottop&blast_rank=1&RID=YAMRDFT7014
http://www.ncbi.nlm.nih.gov/protein/755804?report=genbank&log$=prottop&blast_rank=2&RID=YAMRDFT7014
http://www.ncbi.nlm.nih.gov/protein/326488091?report=genbank&log$=prottop&blast_rank=3&RID=YAMRDFT7014
http://www.ncbi.nlm.nih.gov/protein/4090293?report=genbank&log$=prottop&blast_rank=1&RID=YAMSED2T011
http://www.ncbi.nlm.nih.gov/nucleotide/326494299?report=genbank&log$=nucltop&blast_rank=1&RID=Y7T9W77R016
http://www.ncbi.nlm.nih.gov/nucleotide/313574195?report=genbank&log$=nucltop&blast_rank=2&RID=Y7T9W77R016
http://www.ncbi.nlm.nih.gov/nucleotide/167090?report=genbank&log$=nucltop&blast_rank=8&RID=Y7T9W77R016
http://www.ncbi.nlm.nih.gov/nucleotide/167088?report=genbank&log$=nucltop&blast_rank=9&RID=Y7T9W77R016
http://www.ncbi.nlm.nih.gov/protein/281208356?report=genbank&log$=prottop&blast_rank=1&RID=YAN0S1HF01N
http://www.ncbi.nlm.nih.gov/protein/115486825?report=genbank&log$=prottop&blast_rank=1&RID=YAN1ASSM014
http://www.ncbi.nlm.nih.gov/protein/115486825?report=genbank&log$=prottop&blast_rank=1&RID=YAN1ASSM014
http://www.ncbi.nlm.nih.gov/protein/116283512?report=genbank&log$=prottop&blast_rank=1&RID=YAN1KESS016

for  RuBisCO protein
activase, [Hordeum
partial cds vulgare subsp.
AB367449.1 vulgare]
P-loop NTPase
BAJ90419.1
355 7e-95 100
Kontik17 259 Hordeum 671 0 96 Frame 3
vulgare subsp. Ribulose
vulgare cDNA bisphosphate
clone carboxylase
AK253052.1 activase [Linum
usitatissimum]
Hordeum ADD54616.1
vulgare subsp. | 610 2e-171 97
vulgare mRNA
for predicted
protein
FBP_aldolase_
I_a
AK376959.1
Kontik18 198 Hordeum 351 7e-94 99 Frame 2 40.8 0,066
vulgare subsp. Peptide
Vulgare mBNA methionine
for Pred|cted sulfoxide
protein reductase Al
P-loop [Arabidopsis
NTPaseAK359 thaliana]
2081 NP_568937.1
Hordeum Predicted
vulgare subsp. protein
vlulgare cDNA [Hordeum 40,0 0,096
clone 351 7e-94 99 vulgare subsp.
AK248820.1 vulgare]
Peptide
Hordeum methionine
vulgare sulfoxide
rubisco reductase;
activase cl00366
(RcaA2) mRNA 348 96-93 o8 BAK01533.1
M55447.1
Hordeum
vulgare subsp.
vulgare
ribulose  1,5-
bisphosphate
carboxylase
M55449.1
318 7e-84 99
Hordeum
vulgare
rubisco
activase
(RcaAl)
mRNA, 3' end
M55446.1
226 4e-56 99
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http://www.ncbi.nlm.nih.gov/nucleotide/159885645?report=genbank&log$=nucltop&blast_rank=16&RID=Y7T9W77R016
http://www.ncbi.nlm.nih.gov/protein/326494300?report=genbank&log$=prottop&blast_rank=2&RID=YAN1KESS016
http://www.ncbi.nlm.nih.gov/nucleotide/151426659?report=genbank&log$=nucltop&blast_rank=1&RID=Y7TTNFXX014
http://www.ncbi.nlm.nih.gov/nucleotide/326527756?report=genbank&log$=nucltop&blast_rank=2&RID=Y7TTNFXX014
http://www.ncbi.nlm.nih.gov/protein/290760357?report=genbank&log$=prottop&blast_rank=1&RID=YANGBYCH01N
http://www.ncbi.nlm.nih.gov/nucleotide/326494299?report=genbank&log$=nucltop&blast_rank=1&RID=Y7U9DMDC014
http://www.ncbi.nlm.nih.gov/nucleotide/326494299?report=genbank&log$=nucltop&blast_rank=1&RID=Y7U9DMDC014
http://www.ncbi.nlm.nih.gov/nucleotide/151426771?report=genbank&log$=nucltop&blast_rank=2&RID=Y7U9DMDC014
http://www.ncbi.nlm.nih.gov/nucleotide/167090?report=genbank&log$=nucltop&blast_rank=4&RID=Y7U9DMDC014
http://www.ncbi.nlm.nih.gov/nucleotide/167094?report=genbank&log$=nucltop&blast_rank=10&RID=Y7U9DMDC014
http://www.ncbi.nlm.nih.gov/nucleotide/167088?report=genbank&log$=nucltop&blast_rank=15&RID=Y7U9DMDC014
http://www.ncbi.nlm.nih.gov/protein/18424492?report=genbank&log$=prottop&blast_rank=1&RID=YANJX5AV011
http://www.ncbi.nlm.nih.gov/protein/326489099?report=genbank&log$=prottop&blast_rank=2&RID=YANJX5AV011

Kontik19 210 Hordeum 344 le-91 97 Frame 1 33,5 9,3
vulgare subsp. multidrug
Vulgare mRNA resistance-
for ;')redlcted associated
protein protein 4 [Canis
Peptide lupus familiaris]
methionine NP 001184103
sulfoxide 1
reductase; -
cl00366
AK370332.1 Frame 2

hypothetical
protein
[Plasmodium 34.7 4.5
vivax Sal-1]
>gb|EDL44113.
1| hypothetical
protein,
conserved
[Plasmodium
vivax]
XP_001613840.
1

Kontik20 235 Hordeum 388 6e-105 97 - - -
vulgare subsp.
vulgare cDNA
clone
AK253057.1
AK252048.1

Kontik21 240 H.vulgare 405 6e-110 97 - - -
(clone
pKG2316)
mRNA for lipid
transfer
protein
precursor
Z37114.1
H.vulgare Cw-

18 mRNA
X68655.1 388 6e-105 9%
Hordeum
vulgare subsp.
Vulgare mRNA | 3q¢ 6e-95 94
for predicted
protein
Non-specific
lipid-transfer
protein type 1
(nsLTP1)
subfamily
AK360670.1
AK370109.1
287 2e-74 89
H. vulgare
BLT4 mRNA
Non-specific

lipid-transfer
protein  type
1(nsLTP1)
subfamily;
Plant  nsLTPs
are small,
soluble

proteins that
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http://www.ncbi.nlm.nih.gov/nucleotide/326489098?report=genbank&log$=nucltop&blast_rank=1&RID=Y7UMTRMK011
http://www.ncbi.nlm.nih.gov/protein/308210834?report=genbank&log$=prottop&blast_rank=1&RID=YANT3UR5014
http://www.ncbi.nlm.nih.gov/protein/308210834?report=genbank&log$=prottop&blast_rank=1&RID=YANT3UR5014
http://www.ncbi.nlm.nih.gov/protein/156095610?report=genbank&log$=prottop&blast_rank=1&RID=YANTH2G301N
http://www.ncbi.nlm.nih.gov/protein/156095610?report=genbank&log$=prottop&blast_rank=1&RID=YANTH2G301N
http://www.ncbi.nlm.nih.gov/nucleotide/151426664?report=genbank&log$=nucltop&blast_rank=1&RID=Y7US5CGP01S
http://www.ncbi.nlm.nih.gov/nucleotide/151420696?report=genbank&log$=nucltop&blast_rank=2&RID=Y7US5CGP01S
http://www.ncbi.nlm.nih.gov/nucleotide/587443?report=genbank&log$=nucltop&blast_rank=1&RID=Y7UUDAV6014
http://www.ncbi.nlm.nih.gov/nucleotide/443796?report=genbank&log$=nucltop&blast_rank=2&RID=Y7UUDAV6014
http://www.ncbi.nlm.nih.gov/nucleotide/326511061?report=genbank&log$=nucltop&blast_rank=3&RID=Y7UUDAV6014
http://www.ncbi.nlm.nih.gov/nucleotide/326531867?report=genbank&log$=nucltop&blast_rank=4&RID=Y7UUDAV6014

facilitate  the
transfer of
fatty acids,

phospholipids,
glycolipids,
and  steroids
between

membranes.
In addition to
lipid transport
and...;
cd01960

X56547.1

Kontik22

224

Hordeum
vulgare subsp.
Vulgare mRNA
for predicted
protein

Glutamine
synthetase,
beta-Grasp
domain

AK360336.1
AK364289.1

Hordeum
vulgare mRNA
for glutamine
synthetase
precursor

X16000.1

Barley gln
mRNA for
glutamine
synthetase 2
(EC6.3.1.2)

X53580.1

379

200

3e-102

3e-48

98

98

Frame 3

Glutamate-
ammonia ligase
(EC 6.3.1.2) —
tobacco

Glutamine
synthetase

$22527

Putative
precursor
chloroplastic
glutamine
synthetase
[Oryza sativa

AAL87183.1

36,6

36,2

11

1,7

Kontik23

234

Hordeum
vulgare subsp.
Vulgare mRNA
for predicted
protein
Chlorophyll A-
B binding
protein
AK372776.1

Hordeum
vulgare subsp.
vulgare cDNA
clone

AK252089.1

422

283

9e-115

4e-73

90

95

Kontik24

218

Hordeum
vulgare p23k-3
mRNA for
hypothetical
protein

AB251340.1

Hordeum
vulgare p23k-4
mRNA for
hypothetical
protein

AB251341.1

348

342

le-92

4e-91

96

96
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http://www.ncbi.nlm.nih.gov/nucleotide/18856?report=genbank&log$=nucltop&blast_rank=5&RID=Y7UUDAV6014
http://www.ncbi.nlm.nih.gov/nucleotide/326509256?report=genbank&log$=nucltop&blast_rank=1&RID=Y7UV0KPG01N
http://www.ncbi.nlm.nih.gov/nucleotide/326505641?report=genbank&log$=nucltop&blast_rank=2&RID=Y7UV0KPG01N
http://www.ncbi.nlm.nih.gov/nucleotide/18985?report=genbank&log$=nucltop&blast_rank=3&RID=Y7UV0KPG01N
http://www.ncbi.nlm.nih.gov/nucleotide/18987?report=genbank&log$=nucltop&blast_rank=14&RID=Y7UV0KPG01N
http://www.ncbi.nlm.nih.gov/protein/1084412?report=genbank&log$=prottop&blast_rank=1&RID=YAP1NZTC01N
http://www.ncbi.nlm.nih.gov/protein/19387272?report=genbank&log$=prottop&blast_rank=2&RID=YAP1NZTC01N
http://www.ncbi.nlm.nih.gov/nucleotide/326520096?report=genbank&log$=nucltop&blast_rank=1&RID=Y7UVJVAD014
http://www.ncbi.nlm.nih.gov/nucleotide/151420737?report=genbank&log$=nucltop&blast_rank=2&RID=Y7UVJVAD014
http://www.ncbi.nlm.nih.gov/nucleotide/112821177?report=genbank&log$=nucltop&blast_rank=1&RID=Y7UW58YY014
http://www.ncbi.nlm.nih.gov/nucleotide/112821179?report=genbank&log$=nucltop&blast_rank=2&RID=Y7UW58YY014

Hordeum
vulgare subsp.
Vulgare mRNA
for predicted
protein

AK353563.1

Hordeum
vulgare subsp.
vulgare cDNA
clone

AK250417.1

Hordeum
vulgare p23k-2
mRNA for
hypothetical
protein

AB251339.1

Hordeum
vulgare p23k-1
mRNA for
hypothetical
protein

AB251338.1

H.vulgare

gene encoding
jasmonate-
induced
protein

X98124.1

337

337

337

337

331

2e-89

2e-89

2e-89

2e-89

le-87

95

95

95

95

95

Kontik25

324

TPA_exp:
Hordeum
vulgare mRNA
for  putative
cysteine
proteinase

precursor
(sf42 gene)

BN000093.1

Hordeum
vulgare partial
mRNA for
putative
cysteine
proteinase

AJ496571.2

Hordeum
vulgare subsp.
vulgare mRNA
for predicted
protein

Peptidase C1A
subfamily

AK361896.1
AK362853.1

529

529

523

Se-147

5e-147

2e-145

96

96

96
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http://www.ncbi.nlm.nih.gov/nucleotide/326490236?report=genbank&log$=nucltop&blast_rank=3&RID=Y7UW58YY014
http://www.ncbi.nlm.nih.gov/nucleotide/151419066?report=genbank&log$=nucltop&blast_rank=4&RID=Y7UW58YY014
http://www.ncbi.nlm.nih.gov/nucleotide/112821175?report=genbank&log$=nucltop&blast_rank=5&RID=Y7UW58YY014
http://www.ncbi.nlm.nih.gov/nucleotide/112821173?report=genbank&log$=nucltop&blast_rank=6&RID=Y7UW58YY014
http://www.ncbi.nlm.nih.gov/nucleotide/1561617?report=genbank&log$=nucltop&blast_rank=7&RID=Y7UW58YY014
http://www.ncbi.nlm.nih.gov/nucleotide/41019550?report=genbank&log$=nucltop&blast_rank=1&RID=Y7W46H0J011
http://www.ncbi.nlm.nih.gov/nucleotide/22138768?report=genbank&log$=nucltop&blast_rank=2&RID=Y7W46H0J011
http://www.ncbi.nlm.nih.gov/nucleotide/326525846?report=genbank&log$=nucltop&blast_rank=3&RID=Y7W46H0J011
http://www.ncbi.nlm.nih.gov/nucleotide/326489966?report=genbank&log$=nucltop&blast_rank=4&RID=Y7W46H0J011

Kontik26

414

Hordeum
vulgare p23k-1
mRNA for
hypothetical
protein

AB251338.1

Hordeum
vulgare subsp.
vulgare mRNA
for predicted
protein

AK353563.1

Hordeum
vulgare subsp.
vulgare cDNA
clone

AK250417.1

Hordeum
vulgare p23k-3
mRNA for
hypothetical
protein

AB251340.1

Hordeum
vulgare p23k-2
mRNA for
hypothetical
protein

AB251340.1

Hordeum
vulgare p23k-4
mRNA for
hypothetical
protein

AB251341.1

673

667

667

667

652

604

le-169

96

96

96

96

95

96
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http://www.ncbi.nlm.nih.gov/nucleotide/112821173?report=genbank&log$=nucltop&blast_rank=1&RID=Y7W4VTHE011
http://www.ncbi.nlm.nih.gov/nucleotide/326490236?report=genbank&log$=nucltop&blast_rank=2&RID=Y7W4VTHE011
http://www.ncbi.nlm.nih.gov/nucleotide/151419066?report=genbank&log$=nucltop&blast_rank=3&RID=Y7W4VTHE011
http://www.ncbi.nlm.nih.gov/nucleotide/112821177?report=genbank&log$=nucltop&blast_rank=4&RID=Y7W4VTHE011
http://www.ncbi.nlm.nih.gov/nucleotide/112821177?report=genbank&log$=nucltop&blast_rank=4&RID=Y7W4VTHE011
http://www.ncbi.nlm.nih.gov/nucleotide/112821179?report=genbank&log$=nucltop&blast_rank=6&RID=Y7W4VTHE011

EK F

ARPA BIiTKiSININ KOK DOKUSUNA AIT 37 SINGLETIN BLASTN VE BLASTP
ANALIZLERININ SONUC CiZELGESI

KLON cDNA DNA BENZERLIGi (blastN) PROTEIN BENZERLiGi (blastX- tblastX)
Al (B::UTU Benzerlik sonucu Skor E degeri Benzerlik Benzerlik sonucu Skor E degeri
P orani (%)
Singlet 1 578 Hordeum vulgare | 1050 0 99 - - -
K1-1-23 subsp. vulgare
mRNA for
predicted protein
Ribosomal protein
S6
AK358993.1
Singlet 2 216 Hordeum vulgare | 346 3e-92 97 - - -
K1-1-51 subsp. vulgare
mRNA for
predicted protein
chaperone protein
Dnal
AK364796.1
346 3e-92 97
Hordeum  vulgare
subsp. vulgare
cDNA clone
AK248874.1
Singlet 3 267 Hordeum vulgare | 494 le-136 100 Frame 2 33,9 7,7
K1-1-54 subsp. vulgare Endonuclease/exon
mRNA . for uclease/phosphatas
predicted protein e family
P-loop NTPase [Methylophaga
AK359208.1 thiooxidans
Hordeum  vulgare Frame 3
Rca mRNA  for | 494 le-136 100 Predicted protein | 186 7e-46
ribulose-1,5- [Hordeum  vulgare
bisphosphate subsp. vulgare]
carboxylase P-loop NTPase
AB564719.1 BAJ90419.1
Ribulose-1,5-
bisphosphate
carboxylase/oxygen 186 7e-46
ase activase small
isoform  [Hordeum
vulgare subsp.
vulgare]
Singlet 4 340 Hordeum vulgare | 372 9e-100 87 Frame 1 89,7 le-16
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http://www.ncbi.nlm.nih.gov/nucleotide/326492695?report=genbank&log$=nucltop&blast_rank=1&RID=YJ31AFE1014
http://www.ncbi.nlm.nih.gov/nucleotide/326512035?report=genbank&log$=nucltop&blast_rank=1&RID=YJ35RGWF01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426825?report=genbank&log$=nucltop&blast_rank=3&RID=YJ35RGWF01N
http://www.ncbi.nlm.nih.gov/nucleotide/326494299?report=genbank&log$=nucltop&blast_rank=1&RID=YJ3APG12014
http://www.ncbi.nlm.nih.gov/nucleotide/313574195?report=genbank&log$=nucltop&blast_rank=2&RID=YJ3APG12014
http://www.ncbi.nlm.nih.gov/protein/326494300?report=genbank&log$=prottop&blast_rank=2&RID=YT6RW2GV016

subsp. vulgare

K2-1-15 Predicted protein
CDNA clone [Hordeum  vulgare
AK249528.1 subsp. vulgare]
glutathione S-
Hordeum  vulgare transferase
subsp. vulgare | 348 2e-92 87 BAJ85232.1
mRNA for
predicted protein
glutathione S-
transferase
AK354013.1
Singlet 5 250 Hordeum vulgare | 451 8e-124 99 Frame 3 62,4 2e-08
K2-1-18 subsp. vulgare S,adenosylmethioni
CDNA clone ne decarboxylase
AK252992.1 precursor [Triticum
aestivum]
AAD17232.1
Singlet 6 1095 Cloning vector | 867 0 90 Frame 1 89,7 7e-16
K2-1-22 psiLentGene Basic, SocE [Bacillus cereus
complete sequence W]
AY508731.1 >ref|ZP_03104355.1
|.1]
ZP 03104354.1
Frame 2
Conserved 102 6e-20
hypothetical protein
[Streptomyces
ghanaensis ATCC
14672)
>gb|ABK60177.1|
ZP 06579711.1
Frame 3
Conserved
hypothgt|§al protelnA 69,3 16-09
[Escherichia coli
H591]
ZP_08378005.1
Singlet 7 236 Hordeum vulgare | 370 2e-99 97 - - -
K2-1-25 subsp. vulgare
cDNA clone
AK249593.1
Hordeum  vulgare
subsp. vulgare | 351 8e-94 98
ribulose 1,5-
bisphosphate
carboxylase
M55449.1
Hordeum  vulgare
rubisco activase
(RcaAl) mRNA 351 8e-94 98
M55446.1
Singlet 8 226 Hordeum vulgare | 418 7e-114 100 - - -
K2-1-38 subsp. vulgare
cDNA clone
AK252708.1
AK252627.1
AK249868.1
Hordeum  vulgare
subsp. vulgare | 390 2e-105 97
mRNA for
predicted protein
ribulose-
bisphosphate
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http://www.ncbi.nlm.nih.gov/nucleotide/151427479?report=genbank&log$=nucltop&blast_rank=1&RID=YJ3C1GMM01S
http://www.ncbi.nlm.nih.gov/nucleotide/326493541?report=genbank&log$=nucltop&blast_rank=2&RID=YJ3C1GMM01S
http://www.ncbi.nlm.nih.gov/protein/326493542?report=genbank&log$=prottop&blast_rank=1&RID=YT7053YM01S
http://www.ncbi.nlm.nih.gov/nucleotide/151426599?report=genbank&log$=nucltop&blast_rank=1&RID=YJ3PNHDM016
http://www.ncbi.nlm.nih.gov/protein/4325045?report=genbank&log$=prottop&blast_rank=1&RID=YT75KRFZ014
http://www.ncbi.nlm.nih.gov/nucleotide/45655410?report=genbank&log$=nucltop&blast_rank=1&RID=YJ3SHBAX014
http://www.ncbi.nlm.nih.gov/protein/196036995?report=genbank&log$=prottop&blast_rank=1&RID=YT7USG0P01N
http://www.ncbi.nlm.nih.gov/protein/291440321?report=genbank&log$=prottop&blast_rank=1&RID=YT7V7PPY016
http://www.ncbi.nlm.nih.gov/protein/331677326?report=genbank&log$=prottop&blast_rank=1&RID=YT7VS5RN011
http://www.ncbi.nlm.nih.gov/nucleotide/151418241?report=genbank&log$=nucltop&blast_rank=1&RID=YJ45NBVW01N
http://www.ncbi.nlm.nih.gov/nucleotide/167094?report=genbank&log$=nucltop&blast_rank=6&RID=YJ45NBVW01N
http://www.ncbi.nlm.nih.gov/nucleotide/167088?report=genbank&log$=nucltop&blast_rank=7&RID=YJ45NBVW01N
http://www.ncbi.nlm.nih.gov/nucleotide/151421555?report=genbank&log$=nucltop&blast_rank=1&RID=YJ46AYZ1016
http://www.ncbi.nlm.nih.gov/nucleotide/151421474?report=genbank&log$=nucltop&blast_rank=2&RID=YJ46AYZ1016
http://www.ncbi.nlm.nih.gov/nucleotide/151418517?report=genbank&log$=nucltop&blast_rank=3&RID=YJ46AYZ1016

carboxylase  small
chain

AK355220.1
Singlet 9 502 Triticum  aestivum 876 0 98 Frame 1 307 2e-82
K2-1-3 CDNA, clone: Glycine
WT913—E02' decarboxylase P
cultivar subunit [x
AK335574.1 Tritordeum sp.]
AAB82711.1
Singlet 171 H.vulgare mRNA | 193 4e-46 99 - - -
10 for glycine rich
K2-1-42 protein
748625.1
Singlet 363 Hordeum vulgare | 480 3e-95 100 Frame 1 52 2e-05
11 subsp. vulgare Flavonoid 7.0-
K2-1-44 mRNA . for methyltransferase
predicted protein [Hordeum  vulgare
Methyltransf_2 subsp. vulgare]
AK365008.1 CAA54616.1
H.vulgare L. mRNA Frame 2
for flavonoid 7-O- | 480 3e-95 100 Predicted protein 140 4e-32
methyltransferase [Hordeum  vulgare
X77467.1 subsp. vulgare]
Methyltransf_2
BAJ96211.1
Singlet 215 Hordeum vulgare | 259 Se-66 87 - - -
12 subsp. vulgare
K2-1-45 mRNA for
predicted protein
ribulose-
bisphosphate
carboxylase small
chain
AK355220.1
AK367476.1
AK358991.1
Hordeum  vulgare
subsp. vulgare
cDNA clone 259 S5e-66 87
AK252711.1
AK252627.1
AK250863.1
Singlet 332 Hordeum vulgare | 224 3e-55 80 Frame 2 34,7 4,2
13 subsp. vulgare Maturase K [Lanaria
K2-1-64 mRNA for lanatal]
predicted protein
CAE46257.1
glutathione S-
transferase
AK354013.1
224 3e-55 80
Hordeum  vulgare
subsp. vulgare
cDNA clone
AK249528.1
Singlet 372 Hordeum vulgare | 675 0 99 - - -
14 subsp. vulgare
K2-1-69 mRNA for
predicted protein
Chromosome
segregation protein
SMC, primarily
archaeal type;
TIGR02169
AK372960.1
AK365515.1
Singlet 191 Hordeum vulgare | 246 3e-62 89 - - -
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http://www.ncbi.nlm.nih.gov/nucleotide/326506241?report=genbank&log$=nucltop&blast_rank=4&RID=YJ46AYZ1016
http://www.ncbi.nlm.nih.gov/nucleotide/241988316?report=genbank&log$=nucltop&blast_rank=1&RID=YJC1W0YT011
http://www.ncbi.nlm.nih.gov/protein/2565305?report=genbank&log$=prottop&blast_rank=1&RID=YT8FV3TE016
http://www.ncbi.nlm.nih.gov/nucleotide/728595?report=genbank&log$=nucltop&blast_rank=1&RID=ZKY9F5AR01N
http://www.ncbi.nlm.nih.gov/nucleotide/326514447?report=genbank&log$=nucltop&blast_rank=1&RID=YJC2U4G1011
http://www.ncbi.nlm.nih.gov/nucleotide/453243?report=genbank&log$=nucltop&blast_rank=2&RID=YJC2U4G1011
http://www.ncbi.nlm.nih.gov/protein/453244?report=genbank&log$=prottop&blast_rank=1&RID=YT8R3HEX011
http://www.ncbi.nlm.nih.gov/protein/326514448?report=genbank&log$=prottop&blast_rank=1&RID=YT8RKAN8011
http://www.ncbi.nlm.nih.gov/nucleotide/326506241?report=genbank&log$=nucltop&blast_rank=1&RID=YJC3BUSW01N
http://www.ncbi.nlm.nih.gov/nucleotide/326498502?report=genbank&log$=nucltop&blast_rank=2&RID=YJC3BUSW01N
http://www.ncbi.nlm.nih.gov/nucleotide/326492691?report=genbank&log$=nucltop&blast_rank=3&RID=YJC3BUSW01N
http://www.ncbi.nlm.nih.gov/nucleotide/151421558?report=genbank&log$=nucltop&blast_rank=4&RID=YJC3BUSW01N
http://www.ncbi.nlm.nih.gov/nucleotide/151421474?report=genbank&log$=nucltop&blast_rank=5&RID=YJC3BUSW01N
http://www.ncbi.nlm.nih.gov/nucleotide/151419511?report=genbank&log$=nucltop&blast_rank=6&RID=YJC3BUSW01N
http://www.ncbi.nlm.nih.gov/nucleotide/326493541?report=genbank&log$=nucltop&blast_rank=1&RID=YJCM797E016
http://www.ncbi.nlm.nih.gov/nucleotide/151427479?report=genbank&log$=nucltop&blast_rank=2&RID=YJCM797E016
http://www.ncbi.nlm.nih.gov/protein/71891401?report=genbank&log$=prottop&blast_rank=1&RID=YT902D1Y01S
http://www.ncbi.nlm.nih.gov/nucleotide/326522057?report=genbank&log$=nucltop&blast_rank=1&RID=YJCMZNRE01S
http://www.ncbi.nlm.nih.gov/nucleotide/326519437?report=genbank&log$=nucltop&blast_rank=2&RID=YJCMZNRE01S

15 subsp. vulgare 246 3e-62 89
K2-1-72 mRNA for
predicted
proteinCytochrome
C oxidase subunit
I, periplasmic
domain; cl11412
AK361139.1
AK359907.1 246 3e-62 89
Hordeum  vulgare
subsp. vulgare
cDNA clone
AK253109.1
AK248464.1
AK248462.1
Singlet 129 Hordeum vulgare | 239 3e-60 100 Frame 3 89,7 le-16
16 subsp. vulgare 05040490800
K2-1-86 CDNA clone [Oryza sativa
AK251270.1 Japonica Group]
hypothetical protein
NP 001053167.1
Singlet 281 Hordeum vulgare | 518 9e-144 100 Frame 1 37 1,0
1y subsp. vulgare hypothetical protein
K2-1-94 CDNA clone CHLNCDRAFT_13554
AK253077.1 2 [Chlorella
AK250645.1 variabilis]
EFN54146.1
Frame 2
LipG 347 | 40
[Mycobacterium
avium subsp.
paratuberculosis K-
10]>gb | AAS06668.1
LipG[Mycobacteriu
m avium  subsp.
paratuberculosis K-
10]
NP 963052.1
Frame 3
0s07g0141400
[Oryza sativa
Japonica Group] 117 7a-25
hypothetical protein
PsbP
NP 001058863.1
Singlet 256 Hordeum vulgare | 207 2e-50 82 - - -
18 subsp. vulgare
K3-1-30 mRNA for
predicted protein
E1-E2 ATPase;
pfam00122
AK374455.1
AK358556.1
Singlet 275 Hordeum vulgare | 508 Se-141 100 Frame 1 52,8 2e-05
19 su:;r; vulge;re amidotransferases
K3-1-49 m or
predicted protein Unknown [zea
mays]
Glutamine
amidotransferases ACN33465.1
class-Il (GATase) 424 0,021
AK369319.1 Frame 3
AK357281.1 Hypothetical protein
AK370748.1 [Zea mays]
AK362862.1 ADT92200.1
Singlet 272 Hordeum vulgare | 484 9e-134 98 Frame 1 339 7,4
20 subsp. vulgare
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http://www.ncbi.nlm.nih.gov/nucleotide/326516381?report=genbank&log$=nucltop&blast_rank=1&RID=YJCNU0US01N
http://www.ncbi.nlm.nih.gov/nucleotide/326504567?report=genbank&log$=nucltop&blast_rank=2&RID=YJCNU0US01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426716?report=genbank&log$=nucltop&blast_rank=3&RID=YJCNU0US01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426041?report=genbank&log$=nucltop&blast_rank=4&RID=YJCNU0US01N
http://www.ncbi.nlm.nih.gov/nucleotide/151426039?report=genbank&log$=nucltop&blast_rank=5&RID=YJCNU0US01N
http://www.ncbi.nlm.nih.gov/nucleotide/151419918?report=genbank&log$=nucltop&blast_rank=1&RID=YJCPSA0G011
http://www.ncbi.nlm.nih.gov/protein/115459134?report=genbank&log$=prottop&blast_rank=1&RID=YT9BWUH5016
http://www.ncbi.nlm.nih.gov/nucleotide/151426684?report=genbank&log$=nucltop&blast_rank=1&RID=YJDPBG77011
http://www.ncbi.nlm.nih.gov/nucleotide/151419294?report=genbank&log$=nucltop&blast_rank=2&RID=YJDPBG77011
http://www.ncbi.nlm.nih.gov/protein/307105899?report=genbank&log$=prottop&blast_rank=1&RID=YT9H5T4K014
http://www.ncbi.nlm.nih.gov/protein/41410216?report=genbank&log$=prottop&blast_rank=1&RID=YT9HSEFX01N
http://www.ncbi.nlm.nih.gov/protein/115470529?report=genbank&log$=prottop&blast_rank=1&RID=YT9NTSH301S
http://www.ncbi.nlm.nih.gov/nucleotide/326491102?report=genbank&log$=nucltop&blast_rank=1&RID=YJDRB0M6011
http://www.ncbi.nlm.nih.gov/nucleotide/326487859?report=genbank&log$=nucltop&blast_rank=2&RID=YJDRB0M6011
http://www.ncbi.nlm.nih.gov/nucleotide/326524274?report=genbank&log$=nucltop&blast_rank=1&RID=YJDRZ7AP01S
http://www.ncbi.nlm.nih.gov/nucleotide/326522898?report=genbank&log$=nucltop&blast_rank=2&RID=YJDRZ7AP01S
http://www.ncbi.nlm.nih.gov/nucleotide/326492326?report=genbank&log$=nucltop&blast_rank=3&RID=YJDRZ7AP01S
http://www.ncbi.nlm.nih.gov/nucleotide/326489984?report=genbank&log$=nucltop&blast_rank=4&RID=YJDRZ7AP01S
http://www.ncbi.nlm.nih.gov/protein/224028779?report=genbank&log$=prottop&blast_rank=1&RID=YT9XP2Z3014
http://www.ncbi.nlm.nih.gov/protein/315259994?report=genbank&log$=prottop&blast_rank=1&RID=YT9YRZ1A01S

cDNA clone

K3-1-53 predicted protein
Trp-synth-beta_lI [Populus
AK248898.1 trichocarpa]
= >gb| EEF05012.1
XP_002323251.1
Hordeum  vulgare
subsp. vulgare
mRNA for | 174 2e-40 97 Frame 2
predicted protein O-acetylserine 162 le-38
Tryptophan sulfhydrylase
synthase beta Il P38076.1
AK354728.1
Singlet 237 Hordeum vulgare | 438 6e-120 100 Frame 1 34,7 49
21 subsp. vulgare GG12409
K3-1-58 mMRNA for [Drosophila erecta]
predicted protein
XP_001982100.1
OTU-like  cysteine
protease; cl14910
AK366619.1
AK360546.1
AK364485.1
Singlet 199 Hordeum vulgare | 363 3e-97 99 Frame 2 35,4 2,8
22 subsp. vulgare Protein kinase,
K3-1-65 CDNA clone putative [Aspergillus
AK251251.1 clavatus NRRL 1]
XP_001276214.1
Hordeum  vulgare
HVPIPL;3  mRNA, | 357 le-95 99
complete cds
Major intrinsic
protein (MIP)
superfamily
AB009308.2
Singlet 225 Hordeum vulgare | 405 6e-110 99 Frame 3 99,0 2e-19
23 subsp. vulgare Ferredoxin-NADP(H)
K3-1-70 mRNA . for oxidoreductase
predicted protein [Triticum aestivum]
ferredoxin-- CAD30024.2
NADP(+) reductase
AK368450.1
Predicted protein
AK367092.1 [Hordeum  vulgare
subsp. vulgare] 97,1 7e-19
ferredoxin--NADP(+)
reductase
BAJ98295.1
Singlet 427 Hordeum  vulgare 773 0,0 99 Frame 2 35,4 2,5
24 subsp. vulgare hypothetical protein
K3-1-90 mMRNA for SELMODRAFT_4489
predicted protein 20 [Selaginella
ZIP Zinc moellendorffii]
transporter; XP_002992839.1
pfam02535
AK376120.1
AK360012.1 Frame 3
: Predicted  protein | 137 4e-31
AK359262.1 [Hordeum  vulgare
subsp. vulgare]
Triticum  aestivum Predicted divalent
cDNA, clone heavy-metal cations
AK331366.1 350 6e-93 92 transporter
[Inorganic ion
transport and
Triticum  aestivum metabolism
putative zinc
transporter  (ZIP5) | 298 2e-77 93 BAK07315.1
mRNA BAJ91221.1
DQ490132.1
Putative zinc
transporter
[Triticum aestivum]
ABF55690.1 126 9e-28
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http://www.ncbi.nlm.nih.gov/nucleotide/151426849?report=genbank&log$=nucltop&blast_rank=1&RID=YJDSNCAR014
http://www.ncbi.nlm.nih.gov/nucleotide/326495701?report=genbank&log$=nucltop&blast_rank=7&RID=YJDSNCAR014
http://www.ncbi.nlm.nih.gov/protein/224139734?report=genbank&log$=prottop&blast_rank=1&RID=YTA4C0YF016
http://www.ncbi.nlm.nih.gov/protein/585032?report=genbank&log$=prottop&blast_rank=1&RID=YTA4SYP7014
http://www.ncbi.nlm.nih.gov/nucleotide/326531635?report=genbank&log$=nucltop&blast_rank=1&RID=YJE9TDH3016
http://www.ncbi.nlm.nih.gov/nucleotide/326510814?report=genbank&log$=nucltop&blast_rank=2&RID=YJE9TDH3016
http://www.ncbi.nlm.nih.gov/nucleotide/326507221?report=genbank&log$=nucltop&blast_rank=3&RID=YJE9TDH3016
http://www.ncbi.nlm.nih.gov/protein/194910259?report=genbank&log$=prottop&blast_rank=1&RID=YTA9FCXM016
http://www.ncbi.nlm.nih.gov/nucleotide/151419899?report=genbank&log$=nucltop&blast_rank=1&RID=YJEAFZFS014
http://www.ncbi.nlm.nih.gov/nucleotide/6691628?report=genbank&log$=nucltop&blast_rank=2&RID=YJEAFZFS014
http://www.ncbi.nlm.nih.gov/protein/121718847?report=genbank&log$=prottop&blast_rank=1&RID=YTAPUR2501S
http://www.ncbi.nlm.nih.gov/nucleotide/326512595?report=genbank&log$=nucltop&blast_rank=1&RID=YJEB63NA014
http://www.ncbi.nlm.nih.gov/nucleotide/326492140?report=genbank&log$=nucltop&blast_rank=2&RID=YJEB63NA014
http://www.ncbi.nlm.nih.gov/protein/20302471?report=genbank&log$=prottop&blast_rank=1&RID=YTAUEGM3011
http://www.ncbi.nlm.nih.gov/protein/326492141?report=genbank&log$=prottop&blast_rank=2&RID=YTAUEGM3011
http://www.ncbi.nlm.nih.gov/nucleotide/326518125?report=genbank&log$=nucltop&blast_rank=1&RID=YTBHV95T016
http://www.ncbi.nlm.nih.gov/nucleotide/326505963?report=genbank&log$=nucltop&blast_rank=3&RID=YTBHV95T016
http://www.ncbi.nlm.nih.gov/nucleotide/326494407?report=genbank&log$=nucltop&blast_rank=4&RID=YTBHV95T016
http://www.ncbi.nlm.nih.gov/nucleotide/241983426?report=genbank&log$=nucltop&blast_rank=2&RID=YTBHV95T016
http://www.ncbi.nlm.nih.gov/nucleotide/95114383?report=genbank&log$=nucltop&blast_rank=5&RID=YTBHV95T016
http://www.ncbi.nlm.nih.gov/protein/302822361?report=genbank&log$=prottop&blast_rank=1&RID=YTAZ83RN01N
http://www.ncbi.nlm.nih.gov/protein/326518126?report=genbank&log$=prottop&blast_rank=1&RID=YTAZUK8H011
http://www.ncbi.nlm.nih.gov/protein/326505964?report=genbank&log$=prottop&blast_rank=2&RID=YTAZUK8H011
http://www.ncbi.nlm.nih.gov/protein/95114384?report=genbank&log$=prottop&blast_rank=4&RID=YTAZUK8H011

Singlet 256 Hordeum vulgare | 438 7e-120 99 - - -
25 subsp. vulgare
K3-1-95 cDNA clone
AK251927.1
AK250369.1
Singlet 216 Hordeum vulgare | 394 le-106 99 Frame 2 42,7 0,014
26 subsp. vulgare S,Adenosylmethioni
K4-1-24 CDNA clone ne decarboxylase
AK252992.1 precursor [Triticum
aestivum]
AAD17232.1
Singlet 330 Hordeum vulgare | 604 8e-170 99 Frame 2 56,2 2e-06
27 subsp. vulgare unknown [Zea mays]
K4-1-31 mRNA for
predicted protein ACR35606.1
ribulose-
bisphosphate Frame 3 230 5e-59
carboxylase small predicted protein
chain [Hordeum  vulgare
AK364796.1 subsp. vulgare]
604 8e-170 99
AK359339.1 ribulose-
bisphosphate
carboxylase  small
Hordeum  vulgare chain
subsp. vulgare
cDNA clone BAJ90550.1
AK248874.1 BAJ89884.1
Singlet 225 Hordeum vulgare | 342 5e-91 94 Frame 3 48.5 3e-04
28 subsp. vulgare putative calcineurin
Ka-1-42 CDNA clone B subunit [Oryza
sativa Japonica
Group]
Ca2+-binding
protein
BAD36027.1
Singlet 226 Hordeum vulgare | 411 le-111 99 Frame 1 52.4 2e-05
29 subsp. vulgare putative calcineurin
K4-1-47 CDNA clone B subunit [Oryza
AK249781.1 sativa Japonica
Group]
BAD36027.1
Calcineurin  subunit
B [Zea mays] 51,2 5e-05
NP _001151790.1
Singlet 203 Hordeum vulgare | 370 2e-99 99 Frame 2 33,9 6,7
30 subsp.  vulgare | 379 2e-99 99 25" RNA ligase
K4-1-62 mRNA . for [Thermotogales
predicted protein bacterium
Plant Basic mesG1.Ag.4.2]
Secretory Protein; 7P 07577498.1
pfam04450
AK361046.1
AK354328.1 Frame 3
) Hypothetical protein | 66:1 4e-08
Plant Basic Secretory
Hoergzum vulge;re Protein; pfam04450
m or
[Hordeum vulgare]
hypothetical 370 2e-99 99 €
protein, clone CAA74594.1
pBH6-17
Y14202.1
Singlet 281 Hordeum vulgare | 520 3e-144 100 Frame 3 185 2e-45
31 subsp. vulgare 050720108300
K4-1-66 CDNA clone [Oryza sativa
AK250046.1 Japonica Group]
alanine
Hordeum  vulgare transaminase
subsp. vulgare | 73 2e-10 100 NP_001058716.1
mRNA for
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http://www.ncbi.nlm.nih.gov/nucleotide/151420575?report=genbank&log$=nucltop&blast_rank=1&RID=YJETRGAK016
http://www.ncbi.nlm.nih.gov/nucleotide/151419018?report=genbank&log$=nucltop&blast_rank=2&RID=YJETRGAK016
http://www.ncbi.nlm.nih.gov/nucleotide/151426599?report=genbank&log$=nucltop&blast_rank=1&RID=YJEUD8TC016
http://www.ncbi.nlm.nih.gov/protein/4325045?report=genbank&log$=prottop&blast_rank=1&RID=YTBU2KD2014
http://www.ncbi.nlm.nih.gov/nucleotide/326512035?report=genbank&log$=nucltop&blast_rank=1&RID=YJEV23U701S
http://www.ncbi.nlm.nih.gov/nucleotide/326495855?report=genbank&log$=nucltop&blast_rank=2&RID=YJEV23U701S
http://www.ncbi.nlm.nih.gov/nucleotide/151426825?report=genbank&log$=nucltop&blast_rank=3&RID=YJEV23U701S
http://www.ncbi.nlm.nih.gov/protein/238009142?report=genbank&log$=prottop&blast_rank=1&RID=YTBY4ZJC016
http://www.ncbi.nlm.nih.gov/protein/326495856?report=genbank&log$=prottop&blast_rank=1&RID=YTBYVR3R014
http://www.ncbi.nlm.nih.gov/protein/326488091?report=genbank&log$=prottop&blast_rank=2&RID=YTBYVR3R014
http://www.ncbi.nlm.nih.gov/protein/51090575?report=genbank&log$=prottop&blast_rank=1&RID=YTC4NZ6N016
http://www.ncbi.nlm.nih.gov/nucleotide/151418429?report=genbank&log$=nucltop&blast_rank=1&RID=YJF8YHT0011
http://www.ncbi.nlm.nih.gov/protein/51090575?report=genbank&log$=prottop&blast_rank=1&RID=YTC8TVMM011
http://www.ncbi.nlm.nih.gov/protein/226495433?report=genbank&log$=prottop&blast_rank=2&RID=YTC8TVMM011
http://www.ncbi.nlm.nih.gov/nucleotide/326514205?report=genbank&log$=nucltop&blast_rank=1&RID=YJF9N32B016
http://www.ncbi.nlm.nih.gov/nucleotide/326494903?report=genbank&log$=nucltop&blast_rank=2&RID=YJF9N32B016
http://www.ncbi.nlm.nih.gov/nucleotide/2266665?report=genbank&log$=nucltop&blast_rank=3&RID=YJF9N32B016
http://www.ncbi.nlm.nih.gov/protein/307297692?report=genbank&log$=prottop&blast_rank=1&RID=YTCG8V67011
http://www.ncbi.nlm.nih.gov/protein/2266666?report=genbank&log$=prottop&blast_rank=1&RID=YTCGSC35016
http://www.ncbi.nlm.nih.gov/nucleotide/151418695?report=genbank&log$=nucltop&blast_rank=1&RID=YJFACVX8016
http://www.ncbi.nlm.nih.gov/protein/115470235?report=genbank&log$=prottop&blast_rank=1&RID=YTCUSA89016

predicted protein

182 le-44
Aspartate Alanine
aminotransferase aminotransferase
family [Oryza sativa Indica
AK359363.1 Group]
AA084040.1
Singlet 458 Hordeum vulgare | 841 0 99 Frame 1 34,7 4,2
32 subsp. vulgare binding-protein-
K4-1-67 mRNA . for dependent
predicted protein transporter  inner
ZnF_GATA membrane
AK360901.1 component
family protein 62
[Achromobacter
xylosoxidans A8]
YP 003981534.1
Frame 3
EmrB/QacA  family
albicidin efflux | 347 4,8
pump [Rothia
dentocariosa ATCC
17931]
YP_003984039.1
Drug transporter
[Rothia dentocariosa
M567]
ZP_07073242.1 34,3 5,3
Singlet 200 Hordeum vulgare | 364 9e-98 99 Frame 1 33,9 7,2
33 subsp. vulgare Hypothetical protein
K4-1-70 mRNA for Cphamn1_2156
predicted protein [Chlorobium
catalase_clade_1 phaeobacteroides
Clade 1 of the BS1
heme-binding YP_001960542.1
enzyme catalase
AK357533.1
AK355674.1
AK359652.1
Hordeum  vulgare
subsp. vulgare
cDNA clone 364 9e-98 99
AK248618.1
Singlet 274 Hordeum vulgare | 507 2e-140 100
34 subsp. vulgare
K4-1-77 cDNA clone
AK248826.1
AK249662.1
Singlet 467 Hordeum vulgare | 846 0 99 Frame 1 33,5 9,4
35 subsp. vulgare GG15605
K4-1-86 CDNA clone [Drosophila erecta]
AK251927.1 XP_001972591.1
AK250369.1
pord | Frame 3 364 | 6e-85
ordeum  vulgare ;
_ phosphoethanolami
partial mRNA 78,7 3e-11 97 ne
AJ234432.1 methyltransferase
[Triticum aestivum]
AAL40895.1
[Hordeum  vulgare | 335 8e-77

subsp. vulgare]

predicted protein S-
adenosylmethionine
-dependent
methyltransferases
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http://www.ncbi.nlm.nih.gov/nucleotide/326495903?report=genbank&log$=nucltop&blast_rank=13&RID=YJFACVX8016
http://www.ncbi.nlm.nih.gov/protein/29569153?report=genbank&log$=prottop&blast_rank=2&RID=YTCUSA89016
http://www.ncbi.nlm.nih.gov/nucleotide/326513915?report=genbank&log$=nucltop&blast_rank=1&RID=YJFB7XSN011
http://www.ncbi.nlm.nih.gov/protein/311108681?report=genbank&log$=prottop&blast_rank=1&RID=YTED2DSV014
http://www.ncbi.nlm.nih.gov/protein/311112817?report=genbank&log$=prottop&blast_rank=1&RID=YTEE50ZW016
http://www.ncbi.nlm.nih.gov/protein/300744223?report=genbank&log$=prottop&blast_rank=2&RID=YTEE50ZW016
http://www.ncbi.nlm.nih.gov/nucleotide/326523412?report=genbank&log$=nucltop&blast_rank=1&RID=YJFW50U0016
http://www.ncbi.nlm.nih.gov/nucleotide/326508998?report=genbank&log$=nucltop&blast_rank=2&RID=YJFW50U0016
http://www.ncbi.nlm.nih.gov/nucleotide/326500051?report=genbank&log$=nucltop&blast_rank=3&RID=YJFW50U0016
http://www.ncbi.nlm.nih.gov/nucleotide/151426394?report=genbank&log$=nucltop&blast_rank=4&RID=YJFW50U0016
http://www.ncbi.nlm.nih.gov/protein/189501072?report=genbank&log$=prottop&blast_rank=1&RID=YTEP3DX6014
http://www.ncbi.nlm.nih.gov/nucleotide/151426777?report=genbank&log$=nucltop&blast_rank=1&RID=YJFWR85G01N
http://www.ncbi.nlm.nih.gov/nucleotide/151418310?report=genbank&log$=nucltop&blast_rank=2&RID=YJFWR85G01N
http://www.ncbi.nlm.nih.gov/nucleotide/151420575?report=genbank&log$=nucltop&blast_rank=1&RID=YJFXEJUD014
http://www.ncbi.nlm.nih.gov/nucleotide/151419018?report=genbank&log$=nucltop&blast_rank=2&RID=YJFXEJUD014
http://www.ncbi.nlm.nih.gov/nucleotide/3819215?report=genbank&log$=nucltop&blast_rank=9&RID=YJFXEJUD014
http://www.ncbi.nlm.nih.gov/protein/194870120?report=genbank&log$=prottop&blast_rank=1&RID=YTEWGPEW011
http://www.ncbi.nlm.nih.gov/protein/17887465?report=genbank&log$=prottop&blast_rank=1&RID=YTEZG9ZD016

(SAM or AdoMet-
MTase),

BAJ97525.1

Singlet
36

K4-1-88

245

Singlet
37

K4-1-8

339

Hordeum vulgare
subsp. vulgare
cultivar Morex
chloroplast,
complete
Genome
EF115541.1

Hordeum vulgare
subsp. vulgare
cultivar Angora
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AY137456.1

Hordeum vulgare
subsp. spontaneum
voucher H3139
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase large subunit
(rbcL) gene,
complete cds;
chloroplast
AV137453.1

Barley chloroplast
genes rbclL and
atpB

X00630.1

Hordeum vulgare
subsp. spontaneum
ribulose-1,5-
bisphosphate
carboxylase/oxyge
nase

large subunit (rbcl)
gene, complete
cds;

rbclL-psal intergenic
spacer, complete
sequence; and
photosystem

I subunit VIII (psal)
gene, partial cds;
chloroplast
AY836173.1

627

627

627

627

2e-176

2e-176

2e-176

2e-176

2e-176

100

100

100

100

100

Frame 1
photosystem Il
protein D1
[Hordeum vulgare
subsp. vulgare]

YP 874633.1

230

5e-59
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http://www.ncbi.nlm.nih.gov/protein/326530198?report=genbank&log$=prottop&blast_rank=9&RID=YTEZG9ZD016
http://www.ncbi.nlm.nih.gov/nucleotide/118201020?report=genbank&log$=nucltop&blast_rank=1&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087908?report=genbank&log$=nucltop&blast_rank=2&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/31087902?report=genbank&log$=nucltop&blast_rank=3&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/11585?report=genbank&log$=nucltop&blast_rank=4&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/nucleotide/61378650?report=genbank&log$=nucltop&blast_rank=5&RID=X2NRERKE011
http://www.ncbi.nlm.nih.gov/protein/118430368?report=genbank&log$=prottop&blast_rank=8&RID=YTFA90TH014
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