T.C.
NECMETTIN ERBAKAN
UNIVERSITESI
FEN BILIMLERI ENSTITUSU

ADACAYI (Salvia officinalis L.)
GENOMUNUN DE NOVO SEKANSLANMASI
VE FONKSiYONEL ANOTASYONU
Fattima CEYLAN
DOKTORA TEZI

Biyoteknoloji Anabilim Dal

Kasim-2023
KONYA
Her Hakki Sakhdir




TEZ BiLDIiRIiMi

Bu tezdeki biitiin bilgilerin etik davranis ve akademik kurallar ¢ergevesinde elde
edildigini ve tez yazim kurallarina uygun olarak hazirlanan bu calismada bana ait

olmayan her turlu ifade ve bilginin kaynagina eksiksiz atif yapildigini bildiririm.

DECLARATION PAGE

| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. I also declare that, as
required by these rules and conduct, I have fully cited and referenced all material and

results that are not original to this work.

Fatima CEYLAN

Tarih:



OZET

DOKTORA TEZi

ADACAY!| (Salvia officinalis L.) GENOMUNUN DE NOVO SEKANSLANMASI
VE FONKSIiYONEL ANOTASYONU

Fatima CEYLAN

Necmettin Erbakan Universitesi Fen Bilimleri Enstitisi
Biyoteknoloji Anabilim Dah

Danisman: Doc¢. Dr. Ali Tevfik UNCU
2023, 134 Sayfa

Jari
Dog. Dr. Ali Tevfik UNCU
Prof. Dr. Onder TURKMEN
Prof. Dr. Kubilay Kurtulus BASTAS
Prof. Dr. Erdal KOCABAS
Dog. Dr. Fatih ERCI

Salvia cinsine ait bir tiir olan adagay1 (Salvia officinalis L.), tarih boyunca ve
giiniimiizde t1ibbi aromatik bir bitki olarak gida, alternatif tip, kozmetik ve hijyen gibi
alanlarda pek cok amag igin kullamlmistir. Adagayr yag terpenoidlerinin tibbi
kullanimi, bu sekonder metabolitleri dnemli bir arastirma konusu haline getirmektedir.
Tez kapsaminda yiiriitilen ¢alismada, adacay1 genomu de novo sekanslanmis, assembly
edilmis, protein kodlayan gen icerigi anotasyon edilmis ve mevcut referans genom
kullanmlarak varyasyon tespiti analizi gergeklestirilmistir. 75 terpen sentaz ve 67
terpenoid biyosentez yolak geni tahmin edilmis ve assembly scaffoldlarina
konumlandirilmistir. Varyant analizi sonucu adacaymin kodlayan sekans bolgelerinde
tahmin edilen terpenoid biyosentezi genlerine ait 188 degisken tek niikleotid lokusu
tespit edilmistir. Toplamda ise adagaymmin tum exomunda 24,570 tek nikleotid
polimorfizmi tespit edilmistir.

Anahtar Kelimeler: Adagay1 genomu, de novo sekanslama, genom sekanslama,
genomiks, varyasyon analizi
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Common sage (Salvia officinalis L.), a species within the Salvia genus, has been
used throughout history and in modern times for various purposes, such as food,
alternative medicine, cosmetics and hygiene, as a medicinal and aromatic plant. The
medical use of the terpenoids in common sage essential oil has made these secondary
metabolites a significant research subject. This thesis-based research, the common sage
genome was de novo sequenced, assembled, its protein-coding gene content was
annotated, and a variation detection analysis was performed using the existing reference
genome. 75 terpene synthase genes and 67 terpenoid backbone biosynthesis pathway
genes were predicted and mapped to assembly scaffolds. As a result of the variant
analysis, 188 variable single nucleotide loci related to the predicted terpenoid
biosynthesis genes were identified in the coding sequence regions of sage. In total,
24,570 single nucleotide polymorphisms were detected in the entire exome of common
sage.

Keywords: Common sage genome, de novo sequencing, genome sequencing,
genomics, variation analysis
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SIMGELER VE KISALTMALAR

Kisaltmalar

SBS sentezleme ile sekanslama

PCR polimeraz zincir reaksiyon

CRT cyclic reversible termination

WGS whole genome sequencing

HMM Hidden Markov Model

EST Expressed Sequence Taq

GMOD Genel model organizme veri tabani
CNVs copy number variations

GO gene ontology

KEGG Kyoto encylopedia of gene and genomes



1. GIRIS

Adagay1 (Salvia officinalis L.) bitkisi Lamiaceae ailesine, Salvia cinsine ait ¢ok
yillik yuvarlak bir calidir. Tarih boyunca halk tarafindan nobet, Ulser, gut gibi
hastaliklarin tedavisinde kullanilmistir. Son yillarda yapilan galigmalar adagayinin
antitimor, antibakteriyel, antidemans gibi farmakolojik aktivitelerini ortaya ¢ikarmistir.

Sekanslama teknolojilerinin gelismesi ile birlikte pek ¢ok bitki tiirliniin genom
sekans verisi elde edilebilmektedir. Illumina gibi yeni nesil sekanslama teknolojileri ile
dogruluk orani ylksek ve yiiksek verimli sekanslama sonuglari elde edilmektedir.

Yapilan tez calismasi kapsaminda adacayir genomu Illumina NovaSeq 6000
platformu kullanilarak sekanslanmistir. De novo sekanslama sonucu adagayr genomu
contigler halinde assembly edilmistir. Adagay1r kromozomlarinin referans sekanslari
kullanilarak contiglerden scaffold elde edilmistir. Yapilan anotasyon analizi sonucunda
adacayinda 21,443 protein kodladig1 vasrsayilan gen bolgesi tahmin edilmistir.

Protein kodlayan gen bdélgelerinden terpenoid biyosentezinde gorev aldigi
varsayilan genler tespit edilmistir. Sonu¢ olarak 142 terpenoid biyosentezinde gorev
aldig1 varsayilan gen tespit edilmistir.

Tez c¢alismasi kapsaminda adagayr genomunun sckanslanmasi, genomik
niikleotid varyasyonlarin tanimlanmasinda karsilagtirmali sekans analiz uygulamasina
olanak saglamistir. Sonug olarak referans sekansa ait, terpenoid biyosentezinde gorev
aldigi varsayilan genlerin exon bolgesinde 447 yer degisikligi, 82 tanesi benzersiz
terpenoid biyosentez genlerinde olmak zere toplamda 188 tek niikleotid polimorfizmi
tespit edilmistir. S. officinalis exomunda 24,570 tek nukleotid polimorfizmi
belirlenmistir.

Salvia officinalis genomunun protein kodlayan gen bolgelerinde ve terpenoid
biyosentezinde rol aldigr tespit edilen genlerde GMATA programi kullanilarak SSR
analizi gerceklestirilmistir. Sonug olarak S. officinalis exomunda 2452 SSR lokusu,
2125 benzersiz markor tespit edilmistir. Terpenoid biyosentezinde rol aldigi tespit

edilen gen bolgelerinde ise 93 SSR lokusu ve 85 benzersiz markdor tespit edilmistir.



2. KAYNAK ARASTIRMASI

2.1. Salvia officinalis L. (Adacayi)

Salvia officinalis L. (Adacay1) bitkisi Labiatae/Lamiaceae ailesine ait ¢ok yillik

yuvarlak bir ¢alidir.

Sekil 1. Salvia officinalis L (Ghorbani ve Esmaeilizadeh, 2017).

Salvia cinsi 900’e yakin tiir igerir ve ailenin en biiyiik cinsidir. S. officinalis
tirtiniin anavatan1 Orta Dogu ve Akdeniz bélgeleri iken bu cinsin bitkileri tim diinyada
yetisir. S. officinalis tiirliniin toprak stii kisimlari, ascilik ve geleneksel tipta uzun bir
kullanim ge¢misine sahiptir. Ayni zamanda tatlandirict ve ¢esni verici 6zelliklerinden
dolay bircok gidanin hazirlanmasinda da yaygin olarak kullanilmaktadir.

Nobet, iilser, gut, romatizma, iltihaplanma, bas donmesi, titreme, felg, ishal ve
hiperglisemi gibi farkli tiirdeki rahatsizliklarin tedavisinde alternatif tip tedavisi olarak
kullamlmistir (Garcia vd., 2016). Ayrica bazi bolgelerde hafif hazimsizlik (mide
eksimesi ve siskinlik gibi), asir1 terleme, yasa bagl biligssel bozukluklar ve bogaz ve
derideki iltihaplar1 tedavi etmek icin de kullanilmistir (Perry vd., 2010).

Son yillarda, S. officinalis'in geleneksel kullanimlarin1 belgelemek ve bu bitki
icin yeni biyolojik etkiler bulmak igin birgok arastirma yapilmistir. Bu ¢aligmalar,
antikanser, antienflamatuar, antioksidan, antimikrobiyal, antimutajenik, antidemans,
hipoglisemik ve hipolipidemik etkiler dahil olmak uUzere cok c¢esitli farmakolojik

aktiviteleri ortaya ¢ikarmustir.



2.1.1. Biyoaktif bilesenler

S. officinalis'in ¢igeklerindeki, yapraklarindaki ve govdesindeki baslica
fitokimyasallar iyi bir sekilde karakterize edilmistir. Cok ¢esitli bilesenleri arasinda
alkaloidler, karbonhidrat, yag asitleri, glikozidik tirevler (6rn. kardiyak glikozitler,
flavonoid glikozitler, saponinler), fenolik bilesikler (6rn. monoterpenoidler,
diterpenoidler, triterpenoidler) bulunur (Badiee vd., 2012; M. Wang vd., 1999). S.
officinalis'ten izole edilen ana flavonoidlerin ve terpenlerin/terpenoidlerin yapist Sekil 2

ve 3’te gOsterilmektedir.
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Sekil 2. Salvia officinalis'ten izole edilen ana flavonoidlerin yapis1 (Ghorbani ve Esmaeilizadeh, 2017).
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Sekil 3. Salvia officinalis'ten izole edilen ana terpenlerin ve terpenoidlerin yapisi (Ghorbani ve
Esmaeilizadeh, 2017).

S. officinalis'ten bildirilen fitokimyasallarin ¢ogu, ugucu yagindan, alkolll
ekstraktindan,  sulu  ekstraktindan,  bitanol  fraksiyonundan ve inflizyon
preparasyonundan izole edilmistir. S. officinalis'in toprak tistii kisimlarindan hazirlanan
ucucu yagda 120'den fazla bilesen karakterize edilmistir. Alkollii ve sulu ekstraktlari,
flavonoidler ve ozellikle rosmarinik asit ve luteolin-7-glukozit agisindan zengindir.
Ayrica, metanolik ekstraktinda kafeik asit ve 3-Kafeoilkinik asit gibi fenolik asitler
bulunmustur (Lima vd., 2007). Rosmarinik asit ve ellagik asit, fiizyon ekstraktinda en
bol bulunan flavonoidlerdir, bunu klorojenik asit ve kuersetin takip eder (Hernandez-
Saavedra vd., 2016). Bu bitkide en ¢ok bulunan karbonhidratlar arabinoz, galaktoz,
glikoz, mannoz, ksiloz, Gronik asitler ve rhamnozdur (Capek ve Hriibalova, 2004).

S. officinalis'in cicek, yaprak ve gévdesindeki fitokimyasallar karsilastirilacak
olursa; linalool govdede en ¢ok bulunan fitokimyasaldir; ¢igekler en yiiksek diizeyde a-
pinene ve cineole sahiptir; ve bornil asetat, kamfen, kafur, humulen, limonen ve tujon
yapraklarda en ¢ok bulunan fitokimyasallardir (Veli¢kovi¢ vd., 2003). Bununla birlikte,

diger bitkiler gibi S. officinalis'in de kimyasal bilesiminin iklim, su mevcudiyeti ve



rakim gibi ¢evresel kosullara bagli olarak degisebilecegi g6z 6niunde bulundurulmalidir
(A. Russo vd., 2013).

2.1.2. Farmakolojik aktiviteler

2.1.2.1. Antikanser ve antimutajenik etkileri

S. officinalis'in potansiyel antitimor aktivitesi, ¢esitli kanser hiicre hatlari ve
hayvan kanser modellerinde incelenmistir. Ada ¢ay1 igmenin kolon karsinogenezisinin
baslangic evrelerini engelledigi bildirilmistir (Pedro vd., 2016). S. officinalis'in
mutajenez inhibitorii olarak davrandigina dair artan kanitlar bulunmaktadir. Ugucu
yaginin, Escherichia coli ve Saccharomyces cerevisiae'de UV kaynakli mutasyonlari
azalttig1 gosterilmistir. Antimutajenik etkisi esas olarak tujone, kafur, limonen ve 1,8-
sineol gibi monoterpen bilesiklerine atfedilir (Simi¢ vd., 1998; Vujosevi¢ ve Blagojevic,

2004; Vukovi¢-Gaci¢ vd., 2006).

2.1.2.2. Antioksidan etkisi

Oksidatif stres, kanser, kardiyovaskiler bozukluklar, diyabet ve norolojik
hastaliklar gibi bircok hastaligin baslamasinda ve ilerlemesinde 6nemli bir rol oynar
(Neves Carvalho vd., 2017; Toyokuni, 2016). I¢gme sular1 S. officinalis ekstrakt: ile
zenginlestirilen farelerde, hepatositlerinin oksidatif strese karsi direnclerinin arttig
gosterilmistir (Horvathova vd., 2016). S. officinalis'in en etkili antioksidan bilesenleri
karnosol, rosmarinik asit ve karnosik asittir, bunu kafeik asit, rosmanol, rosmadial,
genkwanin ve cirsimaritin takip eder (Cuvelier vd., 1996). Bunlara ek olarak, S.
officinalis'in diger flavonoidleri, 0zellikle quercetin ve rutin, gucli antioksidan
aktivitelere sahiptir (Azevedo vd., 2013).



2.1.2.3. Antiseptik etkisi

S. officinalis'in ugucu yagi ve etanolik ekstrakti, hem Gram-pozitif hem de
Gram-negatif bakterilere karsi giiglii bakterisidal ve bakteriyostatik etkiler gosterir.
Gram-pozitif patojenlerden Bacillus cereus, Bacillus megaterium, Bacillus subtilis,
Enterococcus faecalis, Listeria monocytogenes ve Staphylococcus epidermidis; S.
officinalis'e kars1 yiiksek hassasiyet gostermektedir (Bozin vd., 2007; Hayouni vd.,
2008; Longaray Delamare vd., 2007; Mitic-Culafic vd., 2005; Velickovi¢ vd., 2003).

S. officinalis'in Gram-negatif bakteriler (zerindeki etkileri ise kullanilan
ekstraktin tlrine baghdir. S. officinalis'in esansiyel yagi Aeromonashydroophila,
Aeromonassobria, E. coli, Klebsiella oxytoca, Klebsiella pneumonia, Pseudomonas
morgani, Salmonella anatum, Salmonella enteritidis, Salmonella typhi ve
Shigellasonei'nin buyiimesi Uzerinde ©6nemli inhibitér etkiye sahipken, etanolik
ekstraktinin E. coli, Pseudomonas aeruginosa ve S. enteritidis lizerindeki etkisi zayiftir
(Bozin vd., 2007; Hayouni vd., 2008; Longaray Delamare vd., 2007; Mitic-Culafic vd.,
2005; Velickovi¢ vd., 2003).

Antibakteriyel etkisine ilave olarak, S. officinalis'in antifungal, antiviral ve
sitmaya kars1 etkileri de bildirilmistir (Akkawi vd., 2012; Badiee vd., 2012; Carta vd.,
2011). Botrytis cinerea, Candida glabrata, Candida albicans, Candida krusei ve
Candida parapsilosis'e kars1 antifungal aktivite bildirilmistir (Badiee vd., 2012; Carta
vd., 2011). S. officinalis'in antimikrobiyal etkileri, bu bitkide bulunan terpen ve
terpenoid bilesiklere atfedilir. Kafur, tujon ve 1,8-sineolin Aeromonas hydrophila,
Aeromonas sobria, B. mega-therium, B. subtilis, B. cereus ve Klebsiella oxytoca'ya
kars1 antibakteriyel etkileri oldugu gosterilmistir (Longaray Delamare vd., 2007).
Ayrica, S. officinalis'e ait iki triterpenoid olan oleanolik asit ve ursolik asit, vankomisine
direncli enterokoklar, penisiline direncli Streptococcus pneumonia ve metisiline direncli
Staphylococcus aureus gibi ¢oklu ilaca direngli bakterilerin buytmesi tizerinde inhibitor
etkiye sahiptir. Ursolik asidin Enterococcus faecium ve ¢oklu ilaca direncli bakteriler
Uzerindeki etkisi, ampisilinin etkisinden daha gucluddr (Horiuchi, vd., 2007). Bir
diterpenoid olan karnosol ve bununla ilgili bir bilesen olan karnosik asit, S.
officinalis'ten elde edilen diger iki antibakteriyel bilesiktir. Bu bilesenler
aminoglikozitlerin, metisiline direncli olan S. aureus Uzerindeki etkilerini gugclendirir
(Horiuchi, vd., 2007).



2.1.2.4. Hafiza gelistirici etkileri

Hayvan calismalarinda, S. officinalis'in etanolik ekstraktinin farelerde pasif
kaginma 6greniminin hafizada tutulmasini arttirdigr gosterilmistir (M. Eidi vd., 2006).
Ayrica, S. officinalis hidroalkolik ekstraktinin, morfinin neden oldugu hafiza
bozuklugunu hafiflettigi belirtilmistir (Gomar vd., 2014). Klinik aragtirmalar sonucu S.
officinalis'in hem saglikli bireylerde hem de biligsel bozuklugu veya demansi olan
hastalarda biligsel performansi artirdigi gosterilmistir (Miroddi vd., 2014). Aym
zamanda bazi bilim insanlari, S. officinalis esansiyel yaginin aromasinin saglikli
yetigkinlerde gelecege yonelik hafiza performansini artirabilecegini bildirmektedir (L.
Moss vd., 2010; M. Moss vd., 2014). Ayrica, bu bitkinin etanolik ekstraktinin saglikl
yash deneklerde hafizayr ve dikkati gelistirdigi bildirilmektedir (Scholey vd., 2008).
Yapilan bir baska calismada ise S. officinalis'in hidroalkolik ekstrakti ile 4 aylik bir
tedavinin, hafif ve orta siddette Alzheimer hastaligi olan hastalarda bilissel islevleri
iyilestirdigini gosterilmistir (Akhondzadeh vd., 2003).

S. officinalis'in asetilkolinesteraz aktivitesini inhibe ettigi bildirilmistir.
Asetilkolinesteraz inhibitorleri, Alzheimer hastalifinin 6nde gelen terapétikleridir ve S.
officinalis, bu hastalik i¢in terapotik ajanlar gelistirmek i¢in umut verici bir kaynak
olabilir (Kennedy vd., 2005; P. Russo vd., 2013).

2.1.2.5. Metabolik etkisi

Farmakolojik arastirmalar, S. officinalis'in toprak Ustl kisimlarinin farkli
ekstraktlarinin normal ve diyabetik kosullarda kan sekerini azaltabildigini gdstermistir
(Behradmanesh vd., 2013). Yapilan g¢alismalar ayrica S. officinalis'in farkli
ekstraktlarinin serum lipitlerini azalttigini ortaya ¢ikarmustir. S. officinalis'in lipid profili
tizerindeki yararli etkileri diyabetik hayvanlarda da gosterilmistir. Streptozotosin ile
indiiklenen diyabetik farelerde trigliserit, kolesterol, Ure, Urik asit, kreatinin, aspartat
aminotransferaz (AST) ve alanin aminotransferaz (ALT) duzeylerini distirebildigi
gortilmiistiir (A. Eidi ve Eidi, 2009; Khattab ve Mohamed, 2012).



2.1.2.6. Yan etkileri

Bir dizi klinik calisma, S. officinalis tiketiminin ciddi yan etkilere neden
olmadigini bildirmektedir (Akhondzadeh vd., 2003; Kianbakht vd., 2011; S4 vd., 2009).
Ancak S. officinalis'in (yapraklarinin 15 g'dan fazlasina tekabiil eden) etanolik ekstrakt
ve ucucu yaginin asirt dozda veya uzun siireli kullanimi durumunda kusma, tasikardi,
bas donmesi, sicak basmasi, alerjik reaksiyonlar gibi bazi istenmeyen etkiler, dilde
yutkunma, morarma ve hatta kasilma meydana gelebilir (Mills ve Bone, 2005). Kafur,
tujon ve terpen ketonlari, S. officinalis'teki en toksik bilesikler olarak kabul edilir. Bu
bilesikler fetis ve yenidogan Uzerinde toksik etkilere neden olabilir. Bu nedenle
hamilelik ve emzirme doneminde S. officinalis tlketimi dnerilmemektedir (Halicioglu
vd., 2011; Mills ve Bone, 2005).

2.1.3. Bitkilerde terpenoid biyosentezi

Terpenoidler pek c¢ok 6nemli biyolojik ve fizyolojik fonksiyonlara sahiptir.
Bazilar1 farmasotik onemleri ile bilinmektedir (Dubey vd., 2003). Terpenoidler
33,000°den fazla iiye ile en genis dogal bitki iirlinii ailesidir (Sacchettini ve Poulter,
1997). Terpenoidler yapilarinda bulunan izopren birimleindeki homolog karbon
sayilarina gore gruplandirilmaktadir: hemiterpenler Cs (1 izopren birimi), monoterpenler
Cio (2 izopren birimi), sesquiterpenler Cis (3 izopren birimi), diterpenler Czo (4 izopren
birimi), triterpenler Cso (6 izopren birimi), tetraterpenler Cix (8 izopren birimi),
politerpenler (Cs), (Mcgarvey ve Croteau’, 1995).

2.2. Sekanslama Platformlari

DNA’y1 sekanslamak igin gelistirilen ilk yOntemler Sanger dideoksi sentez
yontemi (Sanger vd., 1977; Sanger ve Coulson, 1975) ve Maxam-Gilbert kimyasal
bélinme (Maxam ve Gilbert, 1980) yontemleridir. Maxam-Gilbert yonteminin kimyasi,
toksik reaktiflerin ortadan kaldirilmasi i¢in degistirilmis olsa da Sanger sekanslama

(SBS) yontemi yaygin olarak kullamilmaktadir. Kapiller elektroforez yonteminin



kullanmlmasiyla gelismeye devam eden yontem halen yiksek verim gerektirmeyen,
plazmid yapilarinin ve PCR iiriinlerinin tespiti gibi, uygulamalarda kullanilmaktadir.
Kiiciik ve kompleks olmayan genomlarda kullanimi daha yaygindir (Slatko vd., 2018).
Zaman ve maliyet bakimindan biiyiik ve kompleks genomlarda yaygin olarak tercih
edilmemektedir. 11k insan genom projesinde Sanger sekanslama yontemi kullanilmis ve
projenin tamamlanmasi 10 yildan fazla zaman alarak 2,7 milyar dolara mal olmustur.

Bu maliyeti 10 milyon dolara indiren gelismeler olmasina ragmen biiyiik ve
kompleks genomlarda bu yontemin kullanilmasi kisitlidir (Levy vd., 2007). Sekanslama

verilerinin ¢ogalmast ic¢in yeni teknolojilerin gelismesi gerektigi agiktir (Hu vd., 2021).

2.2.1. kinci Nesil (Yeni Nesil) Sekanslama yontemleri

Biiylik genomlarin daha diisilk maliyetle daha yiiksek verimli sekanslanmasina
duyulan ihtiya¢ Yeni Nesil veya ikinci Nesil sekanslama teknolojilerinin gelisimini
tetikledi. Bu yeni teknolojiler kalip (template) hazirlama, sekanslama, goriintiilleme,
genom birlestirme ve genom assembly asamalarindan olusmaktadir. Yeni nesil
teknolojilerin sundugu en biiyiik ilerleme biiyiik miktarda veriyi ucuz ve kisa zamanda
tiretebiliyor olmaktir. Bu gelisme sayesinde pek ¢ok organizmanin tim genomunun
sekanslanabilir olmasi, karsilastirmali ve evrimsel biyoloji c¢alismalarina olanak
saglamistir (Metzker, 2009).

Ikinci nesil sekanslama devrimi, 454 pyro-sequencing platformunun (Margulies
vd., 2005) piyasaya suriilmesi ile bagladi. Daha sonra ise okuma basina 600 Gb’ye
kadar sekans verisi saglayan HiSeq2500 ile Illumina tarafindan yonetildi (Ferrarini vd.,
2013).

2005'te Roche/454 pyro-sequencing'in, 2007'de Illumina/Solexa sekanslamanin
ve diger yuksek verimli teknolojilerin ticarilestirilmesiyle genom sekanslamanin
maliyeti hizla distii (Mardis, 2008b). Bu durum, genomik cesitliligi analiz etmek igin
genis capli yeniden sekanslama c¢alismalarinin (Altshuler vd., 2010) yam sira birgok

yeni genomun da sekanslanmasini (Schatz vd., 2010)saglamistir.
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2.2.1.1. Hlumina teknoloji (Dongusel Tersinir Sonlandirma (CRT))

[llumina teknolojisi sentezleme ile sekanslama (SBS) yontemine dayanmaktadir
ve floresan isaretli reversibl (tersinir) bir reaksiyon ger¢eklesmektedir (Goodwin vd.,
2016; Mardis, 2013). Sanger sekanslama metodunda oldugu gibi reaksiyon sonlandirici
bir molekdl ile riboz 3’-OH grubu bloke edilir. Boylece DNA’nin uzamasi
sonlandirilmis olur (Guo vd., 2008; Ju vd., 2006).

[lk adimda, DNA polimeraz enzimi DNA kalibina baglanir ve floresanla
modifiye edilmis nikleotidi ekler. Floresanla modifiye edilmis olan bu nikleotid,
reaksiyonu sonlandirarak uzamay1 durdurur. Tek bir niikleotidin eklenmesinden sonra
DNA sentezinin sonlanmasi, CRT'nin 6nemli bir o6zelligidir. Bu adimdan sonra
baglanmayan niikleotidler yikanarak ortamdan uzaklastirilir. Ve ortama dahil edilen
nikleotidin kimligini belirlemek igin goriintiileme islemi gerceklestirilir. Bu islemi,
floresan boyanin ve sonlandirict grubun ortamdan uzaklastirildigi, ayirma asamasi takip
eder. Sonraki birlestirme adimina baslamadan 6nce tekrar yikama islemi gergeklestirilir
(Metzker, 2009) (Sekil 4).

[llumina CRT sistemi (Sekil 6), diger ikinci nesil platformlara kiyasla
sekanslama araglar1 i¢inde en biiyiik pazar payima sahiptir (Metzker, 2009). Illumina'nin
kisa okumali sekanslama cihazlari, diisiik verimli tezgah iistii tinitelerden, populasyon
diizeyinde tim genom sekanslamaya (WGS) uygun ultra yiiksek verimli araclara kadar
uzanir. Dort renkli CRT yontemi Sekil 4 ile Sekil 5’te gosterilen klonal ¢ogaltilan kalip
yontemlerinin birlikte kullamildigi prensiple ¢alisir. Dort renk, iki lazer kullanilarak

toplam i¢ yansima floresan (TIRF) goriintuleme ile algilanir (Sekil 7).



Illumina/Solexa-Tersinir sonlandiricilar
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Sekil 4. Dongusel Tersinir Sonlandirma teknolojisinin gdsterimi (Metzker, 2009)
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Illumina/Solexa Kati-faz
amplifikasyonu
Her bir kiime i¢in bir DNA molekiila

Kime
gelismesi

Ornek hazirlama

DNA (5ug)

Kalip
dNTP’ler
ve
polimeraz

Koprii amplifikasyonu

Sekil 5. Dongusel Tersinir Sonlandirma teknolojisinin gdsterimi (Metzker, 2009)

Niikleotid Eklenmesi

e, 3 Goriintiileme Uzaklastirma
Florofor 'etﬂ;ethi terminal olarak Slaytlar iki veya dort lazer kanali Floroforlar uzaklastirilir ve akig
bloke edilmis niikleotidler ile goriintiilenir. Her kiime, dongii hiicrelerinden yikanir. Yeni
taman}laylvm bazla h;bnihze olur. esnasinda dahil edilen baza niikleotidlerin eklenmesi ile yeni
Slayt izerinde her bir kime farkl karsilik gelen bir renk yayar. dongi baslar
bir bazla eslesebilir.

Sekil 6. lllumina CRT sistemi (Goodwin vd., 2016)



C O A O Ust: CATCGT
TQ cO Alt: CCCCCC

Sekil 7. I¢ yansima floresan goriintiileme(Metzker, 2009)

Dort renkli dongiisel tersinir sonlandirma (CRT) yontemi, Illumina/Solexa'nin kati fazla giiglendirilmis
kalip kiimeleri kullanan 3'-O-azidometil tersinir sonlandirict kimyasini kullanir. Goriintiilemenin
ardindan, bir ayirma adinu floresan boyalari uzaklagtirir ve indirgeyici ajan tris(2-karboksietil) fosfin
(TCEP) kullanarak 3'-OH grubunu yeniden olusturur.

2.2.2. Ugiincii Nesil (Buyiik Kistm Tek Molekiil (LFSM)) Sekanslama yontemleri

fkinci nesil sekanslama yontemlerinin aksine dgclincii nesil sekanslama
yontemleri uzun DNA ve RNA molekiillerini sekanslamay1 amaglar (Slatko vd., 2018).
Ikinci nesil sekanslama yontemleri birkac yiiz baz ¢ifti uzunlugunda kisa okumalar
uretirken, tGglncl nesil tek molekil teknolojileri 10.000 baz cifti Gizerinde okuma Uretir
veya 100.000 baz cifti Gzerinde molekdll haritalar (Lee vd., 2016).

Ikinci nesil sekanslama yontemleri ile, tek niikleotit varyasyonlarm ve diger
kiglik varyantlarin popilasyon olgeginde analizleri mumkin kilinmus olsa da daha
biiyiik yapisal varyasyonlarin analizinde teknolojinin veriminin diistiigii kanitlanmustir.
Ayrica, ikinci nesil teknolojiler kullanilarak yeniden bir araya getirilen yeni genomlar,
daha eski, daha pahal1 yontemler kullanilarak sekanslanan genomlara kiyasla genellikle
daha diisiik kalitededir (Huang vd., 2010; Lander vd., 2001). Yalnizca kisa okumalar ile
olusturulmus de novo genom analizlerinde genomun 6nemli miktarda boélumiinden veri
gelmeyebilir, 6nemli gen bolgeleri parcalanmis veya eksik olabilir ve genel kromozom
yapisini incelemek icin gereken yeterlilik olmayabilir (Li vd., 2009; Schatz vd., 2010).
Bazi durumlarda, assembl edilmis sekanslar, ortalama gen boyutundan 6nemli olglide
daha kiiciik olabilmektedir ve bu da sekansi dnceki referans genomlarindan daha az
kullanigh hale getirmektedir (Jia vd., 2013).

10.000 baz ciftinden fazla ortalama okuma uzunluklar1 ve 100.000 baz ¢ifti veya
daha fazla okuma uzunluklar iiretebilen yeni tek molekiil sekanslama teknolojilerinin

mevcudiyeti, genom yapisimin biytk 6lgiide gelistirilmis analizini saglamistir. Daha da
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onemlisi, daha uzun okuma uzunluklar1 daha fazla tekrar eden bolge kapsar ve boylece
daha biiylik genom biitiinliigii tiretir (Roberts vd., 2013). Yapisal varyasyon analizi ile
ilgili olarak ise uzun okumalar, eklemeler (insertions), silmeler (deletions), yer
degistirmeler (translocations) ve diger yapisal degisikliklerin daha kolay tespit
edilebilmesi i¢in gelistirilmis "bolinmiis okuma" analizlerine olanak tanir (Chaisson
vd., 2014). Uglincti nesil sekanslama ve haritalama teknolojilerini birlikte kullanarak,
neredeyse tiim kromozom kollarin1 kaplayabilen ve biiyiik dl¢lide gelistirilmis yapisal
analize olanak saglayabilen siiper-bitisikler/contigler (“iskeletler/scaffolds”) olusturmak
mumkundur (Cao vd., 2014; Pendleton vd., 2015).

Ugiincii nesil teknolojiler, yiizlerce mikrobiyal genomun dogruluk oram yiiksek
de novo assembl analizlerini ve bir¢ok bitki ve hayvan genomunun contig (bitisiklik)
orani yliksek yapilarini olusturmak i¢in kullanilmis olup evrim ve ¢esitlilik analizlerine
yeni bir bakis agis1 saglamistir (Berlin vd., 2015; Gordon vd., 2016).

Piyasada bulunan (glinci nesil DNA sekanslama teknolojileri, Pacific
Biosciences (PacBio) Tek Molekiil Ger¢ek Zamanli (SMRT) sekanslama, [llumina Tru-
seq Sentetik Uzun Okuma teknolojisi ve Oxford Nanopore Technologies sekanslama
platformlaridir. Bu teknolojiler ortalama 5.000 baz ¢ifti ile 15.000 baz ¢ifti arasinda
uzun okumalar {iretebilir ve baz1 okumalar 100.000 baz ciftinin iizerindedir. ikinci nesil
yontemlerin aksine, bu yontemler sekanslama i¢in kiitiiphane olusturma asamasinda bir
amplifikasyon adimi icermez, bu sayede tek molekiil sekanslamay1 miimkiin kilar (Lee

vd., 2016).

2.2.2.1. Pacific Biosciences (PacBio) Tek Molekiil Gercek Zamanh (SMRT)

sekanslama

Pacific Biosciences (PacBio) veya SMRT (Tek Molekil Gergcek Zamanli)
sekanslama, wglincu nesil bir sekanslama yontemidir. Bu sekanslama isleminde,
sekanslanacak DNA, SMRTbell kiitiiphanesi olarak adlandirilan tek sarmalli dairesel bir
DNA olarak bulunur. SMRTbell kutuphanesi, sa¢ tokasi (hairpin) adaptorlerinin
(SMRTbell adaptorleri) ¢ift sarmallt DNA (dsDNA) kalip molekiiliiniin her iki ucuna
baglanmasiyla olusturulur (Sekil 8).
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Sekil 8. SMRThbell kitiiphanesi (Travers vd., 2010)
Sac tokas1 adaptdrleri (yesil), ¢ift sarmalli bir DNA molekiiliiniin (sar1 ve mor) ucuna baglanarak kapali
bir daire olusturur. Polimeraz (gri), bir ZMW'nin tabanina sabitlenmistir ve bazlar1 okunan zincire
(turuncu) dahil eder.

Sekanslama reaksiyonu, ¢ok gozenekli bir yapiya sahip olan ve her bir gézenegi
sifir modlu dalga kilavuzlari (ZMW — zero mode waveguides) olarak adlandirilan
"SMRT Hicresi (SMRT Cell)" ¢ipinde (Sekil 9) ger¢eklesir ve bu gdzeneklerin her biri
yaklasik 70 nm ¢apinda ve 100 nm derinligindedir. PacBio sekanslama platformlarindan
daha eski olan PacBio RS II sistemi her bir SMRT Hiicresi basina 150.000 ZMW’ye
sahip iken, daha yeni olan Sequel sistemi her bir SMRT Hiicresi basina bir milyon
ZMW’ye sahiptir. Her bir ZMW'de immobilize edilmis ayri bir DNA polimeraz
molekdld, tek bir SMRTbell kalibinin sekanslanmasini saglar (Rhoads ve Au, 2015).

Sekil 9. SMRT hcresi (Media resource center — PacBio)
Her SMRT hiicresi 150.000 ZMW igerir. Bu kuyucuklarin yaklagik 35.000—75.000', 0,54 saat siiren bir
calismada okuma Ureterek 0,5-1 Gb sekansla sonuglanir.

Her ZMW'de, SMRThbell'in sa¢ tokas: adaptorlerinden herhangi birine
baglanabilen ve replikasyonu baslatabilen tek bir polimeraz tabanda sabitlenmis
haldedir (Sekil 10A). SMRTbell kituphanesi SMRT Hicresine yuklenir, polimeraz
SMRTbell adaptoriine baglanir ve replikasyon baglar. Farkli emisyon spektrumlari

olusturan dort floresan etiketli nikleotit, SMRT Hiuicresine eklenir. Bir baz, polimeraz
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tarafindan tutuldugunda, bazi tanimlayan bir 1s1k darbesi Uretilir (Sekil 10B) (Rhoads ve
Au, 2015).

“C" pulse

Intensity s

Emission

Excitation

Sekil 10 A/B. Isik darbeleri ile sekanslama (Korlach vd., 2010)
Bir SMRTbell (gri) bir ZMW'ye yayilir ve adaptor tabanda sabitlenmis bir polimeraza baglanir.
Dort niikkleotidin her biri farkli bir floresan boyayla (G, C, T ve A igin sirasiyla kirmizi, sari,
yesil ve mavi olarak gosterilir) etiketlenir, boylece farkli emisyon spektrumlarina sahip olurlar.
Bir niikleotit, polimeraz tarafindan tespit hacminde tutuldugu i¢in, bazi tanimlayan bir 151k
darbesi Uretilir.

W >

SMRT Hucrsindeki tim ZMW’lerde aciga c¢ikan 1sik darbeleri bir ‘film’e
kaydedilir. PacBio RS I1I, genel olarak 0,5-4 saat uzunlugunda sekans filmleri iretir
(Rhoads ve Au, 2015. Her bir 151k darbesi bir niikleotit sekansi olarak yorumlanir ve her
bir ZMW'den elde edilen sekans bilgisine "Sirekli Uzun Okuma" (Continuous Long
Read (CLR)) adi verilir (Hu vd., 2021).

SMRTbell kapali bir daire olusturdugu i¢in, polimeraz hedef dsDNA'min bir
sarmalin1  kopyaladiktan sonra adaptOriin bazlarim ve ardindan diger sarmali
birlestirmeye devam edebilir. Polimerazin 6mrii yeterince uzunsa, her iki sarmal da tek
bir CLR'de birden ¢ok kez sekanslanabilir. Bir DNA sarmalinin bir kez sekanslanmasi
"gegis (pass)” olarak adlandirilir ve bir DNA birden ¢ok kez sekanslanirsa buna
"gecisler (passes)" denir. Boyle bir senaryoda CLR, adaptor sekanslarini taniyarak ve
keserek c¢oklu okumalara (subreads) bolunebilir. Tek bir ZMW'deki coklu alt
okumalarin olusturdugu sekans birligi, daha yuksek dogrulukla okunan bir dairesel
sekans (Circular Consensus Sequence (CCS)) bilgisi verir. Boylece her bir alt
okumadaki hatalar diger alt okumalar tarafindan duzeltilecektir.

Her bir polimeraz enziminin SMRTbell kultuphanesini etkili bir sekilde

sekanslayabilecegi sinirl bir dmri vardir. Bu nedenle daha uzun DNA kaliplarina
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kiyasla daha kisa DNA kaliplarinda, daha fazla gegis Uretilebilecektir (Hu vd., 2021;
Rhoads ve Au, 2015).

PacBio sekanslamanin 6nemli bir zayifligi, bir CLR'nin hata oraninin, nispeten
yiksek (11-15% civarinda) olmasidir (Korlach). Hatalar CLR'lerde rastgele dagitildigi
icin, yeterli sekans gegisleriyle CCS okumalar1 Uretilerek hata orani azaltilabilir.
Ortalama 15 gegislik bir sonu¢ >99% dogruluk saglar (Eid vd., 2009). Bununla birlikte,
bir CLR'nin toplam uzunlugunun polimerazin 6mri ile sinirli oldugu goz Onine
alindiginda, sekanslama gegislerinin sayis1 ve CCS okuma uzunlugu bir 6ngoriilemezdir
(Detter vd., 2014).

Yeni nesil sekanslama ve PacBio sekanslamanin gii¢lii ve zayif yonleri birbirini
tamamlar, bu da her iki yontemi birlikte kullanan ve yenilik¢i bir strateji olan hibrit
sekanslamayi tesvik eder. Bu yaklasimlar genellikle uzun okumadaki hatalari diizeltmek
icin yiiksek verimli ve yliksek dogruluklu kisa okuma verilerinin kullanilmasin1 igerir.
Kisa okumalar, alignment/assembly/tespitleri tek nikleotit c¢ozinirlige kadar
hassaslastirabilirken; PacBio uzun okumalar1 alignment ve scaffoldlar1 giivenli diizeyde
olusturabilir ve genomik varyantlarin kaba tespitlerini saglayabilir.

Uzun okuma teknolojisi olarak PacBio teknolojisinin ¢esitli avantajlar1 vardir.
Olusturulan okumalar ¢ok uzun olabilir. Okumalarin ilk 5%'inin 135 kb'den uzun
olabilecegi bildirilmistir. Bu yontemle veriler ger¢ek zamanli olarak toplanir, bu sayede
ikinci nesil yontemlere gore daha hizli geri doniis siiresi sunar. Kisa okuma yontemleri
siklikla PCR ile amplifikasyon islemi gerektirse de PacBio DNA amplifikasyonu
gerektirmez ve bu nedenle PCR ile iliskili sorunlari (AT ve GC agisindan zengin
bolgelerde amplifikasyon zorlugu) barindirmaz.

PacBio yonteminin 6nemli bir dezavantaj1 yliksek diizeyde hata orani (~14%).
Yiiksek hata oraninin azaltmak igin, kisa okuma ve PacBio yontemlerini birlestiren
hibrit sekanslama yaklagimlar1 kullanilmistir (Berbers vd., 2020. HiFi sekanslamanin
yiiksek dogrulugu, PacBio sekanslamada goriilen hata oranlarinin azalmasina yardimci
olmustur. Bir bagska dezavantaj ise, Oxford Nanopore sekanslama ile
karsilastirildiginda, baslangig igin gereken o6nemli finansal yatirim ve cihazlarin
nispeten blyuk boyutudur (Hu vd., 2021).

Genel olarak, PacBio sekanslama, yiiksek hata orani ve diisikk verim ile gok
uzun okumalar saglar. Altinci nesil polimerazi ve doérdunci nesil kimyayr (P6-C4
kimyas1) kullanan PacBio RS II, ikinci nesil sekanslama platformlarindan daha uzun

ortalama okuma uzunlugu saglar, ancak daha yiiksek hata oranina ve daha diisiik verime
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sahiptir. Ayrica PacBio sekanslama, diger bircok yontemden daha hizli ancak daha
maliyetlidir (Rhoads ve Au, 2015).

2.2.2.2. Oxford Nanopore Teknoloji (ONT) sekanslama

Oxford Nanopore Teknolojisi (ONT) sekanslama, 1 Mb'den daha blylk
okumalar Uretebilir (Miga vd., 2020). ONT sekanslama, tek sarmalli niikleik asidin
(DNA veya RNA) bir stafilokokal a-hemolizin (aHL) protein porundan gegisine dayanir
(Clarke vd., 2009. Cift sarmalli DNA’ya baglanan adaptdrler, DNA’nin protein porlari
tarafindan yakalanmasini kolaylastirir. Adaptoriin 5° ucuna 6nceden baglanmis olan bir
motor enzimi kanal boyunca bir iyon akimi uygulayarak tek sarmal halindeki ipligi por
boyunca hareket ettirir. Her bir niikleotidin pordan gegisi ile iyon akiminda karakteristik
bir degisim meydana gelir ve bu degisim sensorler tarafindan algilanir. Kiitiiphaneler,
nanoporlarm gomulu oldugu bir zar iceren bir akis hiicresine yuklenir (Hu vd., 2021).

MinlON (Sekil 11) ile ONT, nanopor sekanslama icin mevcut ilk cihazi
gelistirdi. Bu sekanslama cihazlar kiiciik bir cep telefonu boyutundadir ve bir diziistii

bilgisayarin USB'sine takilabilir, bu da onlar1 "sekanslama islemi" igin ideal hale getirir.

Sekil 11. Bir dizUsti bilgisayara bagli ONT MinlON sekanslama cihazi (Bleidorn, 2015).

MinlON sekanslama cihazi, her biri saniyede yaklasik 10 baz cifti tespit eden
nanoporlar iceren 512 kanala sahiptir. Sekanslama kiitiiphanesi olusturmak icin her bir
DNA molekiiliiniin bir ucuna bir sa¢ tokasi adaptorii baglanirken diger uca bir motor
proteini baglanir. Motor proteini, DNA molekiiliinii tek sarmalli hale geldigi nanopor

boyunca hareket ettirir (Sekil 12).
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Sekil 12. Bir DNA polimeraz (kahverengi) tarafindan saglanan hiz kontroli ile bir nanopora
yerlestirilmis DNA. Bir a-hemolizin nanoporu (gri), tamponlannus potasyum Klorir ¢ozeltisi iceren ve iki
bolmeyi ayiran bir lipid ¢ift tabakasina gdmuludir (Schneider ve Dekker, 2012).

DNA’nin ikili sarmali, bir sa¢ tokasi adaptorii ile baglandiklart i¢in birbirinden
ayrilmaz. Ideal durumda, bir sarmal nanopor i¢inden geger, ardindan sag tokas1 adaptérii
ve molekiiliin ikinci sarmali gelir. Bu sayede sekanslanmis DNA ¢ift ipligi icin bir
konsensus sekansi olusturmak mimkdin olur.

Standart uzun okumalar, ONT sekanslamanin akis hucresi kapasitelerinde
farklilik gdsteren ii¢ platformunda iiretilebilir. Tasmabilir cep boyutunda bir cihaz olan
MinlON her bir kanalda doért nanopora sahip 512 kanalli bir adet akis hiicresi
bulundururken, GridION bes akis hiicresine kadar bulundurabilir. Belirli bir zamanda,
sekans olusturan kanal bagina yalnizca bir aktif por oldugu ve diger {igliniin devre dist
oldugu g6z o©nune alindiginda, kanallarin sayisi aymi anda sekanslanabilen DNA
molekdllerinin sayisia karsilik gelir (Ip vd., 2015).
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Sekil 13. Bir akis hiicresi, her biri 4 kuyudan (beyaz) olusan 512 kanal (gri) icerir. Her kuyu bir por
(mavi) ve bir sensor icerir. Cihaz, aktif kuyu gruplarindan gelen veri akisini kaydediyor (Ip vd., 2015).

PromethlON, 12.000 nanopora sahip 3000 kanal igeren 48 adede kadar akis
hlcresini barindirabilir. Sonug olarak, yaklasik alti kat daha fazla kanala sahip olan
PromethION, akis hiicresi basina alt1 kat daha fazla verim saglayabilir ve akis hiicresi
basma 50-100 Gb uzun okuma verisi Uretebilir (Logsdon vd., 2020).

Uzun okuma teknolojisi olarak ONT'nin genel avantajlar1 PacBio'nunkilere
benzer. Polimorfik genlerin daha iyi analiz edilmesi, gercek zamanli veri elde edebilme,
DNA amplifikasyon islemi sirasinda ortaya ¢ikan hatalarin olusmamasi gibi. PacBio
veya ikinci nesil sekanslama platformlariyla karsilastirildiginda, ONT cihazlar diisiik
maliyetli, taginabilir ve ©6nemli Olclide daha kiglik boyutlu olma gibi avantajlara
sahiptir; bu sayede, diisiik gelirli ayarlar veya saha uygulamalari i¢in ¢ok yararl olabilir
(Quick vd., 2016).

Uzun okuma teknolojisi olarak ONT'nin genel dezavantajlari, verilerin, kisa
okuma teknolojilerinde goriilene goére daha ylksek dizeyde hata (2-15%) ile
sonu¢lanmasidir. Daha yavas niikleotit isleme hiz1 saglamak i¢in nanopor proteininde
yapilan degisiklikler, daha iyi veri toplamaya ve hata oranlarinda gelisime olanak
saglamaktadir (Hu vd., 2021).

2.3. Genom Assembly (Hizalama)

Bir genoma ait DNA’nin sekanslanmasi islemi, farkli baz ¢ifti uzunluklarinda,
genomik DNA’nin daha kisa pargalara boliinmesi halinde gergeklestirilir. Sekanslanan
DNA parcalarinin uzunlugu, kullanilan teknolojiye gore degisiklik gosterir. Ikinci nesil
sekanslama teknolojileri kisa okumalar iiretirken, {iciincii nesil sekanslama teknolojileri

uzun okumalar Uretmektedir. Ancak her iki okuma teknolojisi neticesinde de,
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sekanslanirken parcalara ayrilmis olan DNA parcalarinin bir araya getirilmesi ve
anlamlandirilmas: gerekmektedir. Sekanslanan DNA parcalarinin bir araya getirilip
anlamli bir sekilde birlestirilmesi islemine “assembly” denilmektedir.

[lk olarak sekanslanan DNA pargalar1 bir araya getirilerek bitisik diziler (contig)
olusturulur. Contiglerin bir araya gelmesi ile iskele (scaffold) meydana gelir.
Scaffoldlarin bir araya gelmesi ile birlikte genom anlamli bir sekilde birlestirilmis olur.

DNA sekanslamanin temel amaci, DNA sekans verisinin biiyiik ve siirekli halini
olusturmak olmustur. Sekanslanmak istenen DNA’nin biiyikligii genellikle okuma
sonucu elde edilen sekanslama uzunluklarindan ¢ok daha biiyiiktiir. Bu nedenle bir tur
ornekleme yaklagimi gerekir. Baskin yaklagim, bir DNA sekansini rasgele parcalara
ayirmak, "shotgun sequencing" olarak tanimlanan bu pargalar1 sekanslamak ve ardindan
"assembly" olarak tanimlanan orijinal DNA sekansimi hesaplamali olarak yeniden bir
araya getirmek olmustur. Bu, baslangicta kozmid veya diger klon kaynaklari igin
tasarlanmisti, fakat daha sonra, 6nce bakterilerin ve sonra biiylik karmagik 6karyotlarin
genomlari i¢in de uygulanabilir hale gelmistir (Staden, 1979).

Eski teknoloji okuma uzunluklariyla (yaklasik 800 bp), tim assembly
algoritmalari, okumalar arasindaki oOrtiismeleri kullanmanm bir varyasyonu olarak
calist1 ve ardindan bu ortiismeleri dogrusal bir hale getirerek biitiine ulasti. Ikinci nesil
teknolojilerin irettigi ¢ok daha kisa okumalar ve ¢ok daha yiiksek derinliklerle, bu
"okuma merkezli" yontem hem hesaplama bakimindan olanaksiz hale geldi, hem de ¢ok
sayida oOrtlismeyi ¢6zmek i¢in bulussal yontemler bulmak da zorlandi. Bununla birlikte,
1980'lerin sonlarinda Pevzner ve meslektaslarinin (Pevzner vd., 2012) ve 19901arin
ortalarinda Idury ve Waterman'in (Idury ve Waterman, 2009) oncii ¢calismasi, daha eski
uzun okuma teknolojileriyle bile assembly islemi igin farkli bir yaklagim sunmustu.
Yeni yaklagim, sabit uzunlukta alt kiimelerden olusan (bu alt kiimeler k-mers olarak
adlandirilir) bir grafik veri yapist olan de Bruijn grafik veri yapisina dayanmaktadir. De
Bruijn grafik yontemi orijinal olarak kombinatoryal matematik icin gelistirilmistir.
DNA assembly uygulamasinda de Bruijn grafigi, sekans setinde gozlenen her k-mer igin
bir diigiime (node) ve iki k-mer bir okumada bir arada gozlenirse diigiimler arasinda bir

kenara (edge) sahiptir.
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2.3.1. Genom hizalama isleminde de Bruijn grafik yonteminin kullanilmasi

Sanger sekanslamadan bu yana gelisen sckanslama teknolojileri, sekanslama
islemi sonucunda milyonlarca okuma Uretebilmektedir. Eger sekanslanan veriye ait
referans sekans bulunursa bu sayede veri haritalanabilir. Ancak referans genom
bulunmadig durumlarda, parcalara ayrilmis veriyi tekrar birlestirerek uzun contigler
olusturmak gerekir. Buna parca hizalama (fragment assembly) denir ve biyoinformatik
alaninin zorlu konularindan biridir. Parcalar1 birlestirip uzun contigler elde ederek nihai
olarak tiim genomu hizalamak hedeflenir.

Sekanslama teknolojilerindeki gelismeler ve Uretilen verilerin miktarca cok
biiylik olmasi, parc¢a hizalama algoritmalar1 i¢in bazi zorluklar meydana getirmektedir.
Ornegin, bakteri genomu biiyiikliigiindeki bir veriyi birlestirecek pek ¢ok algoritma
bulunurken, memeli genomu biiyiikliiglindeki veriyi analiz edecek aracglar kisitlidir. Bu
araglar da 6nemli miktarda kaynak kapasitesine ihtiyag duymaktadir (depolama Vs.)
(Luo vd., 2012; Simpson vd., 2009). Oregin, 20 Gb biiyiikliigiinde Picea glauca
genomunun grafigini olusturmak ve sikistirmak 38 saat siirmiis ve 4.3 TB hafizaya,
1380 CPU ¢ekirdege ihtiya¢ duymustur (Birol vd., 2013). Yapilan farkli bir ¢calismada
22 Gb biiyiikliigiinde Pinus taeda genomunu hizalamak i¢in 3 ay ve 800 GB hafiza
gerekmistir (Zimin vd., 2014).

Kisa okuma par¢a hizalama algoritmalarinin ¢ogu, okumalardaki bilgiye
ulagabilmek i¢in de Bruijn grafigini kullanir. Bir okuma setinde her bir k-mer, garfigin
bir kdsesini olusturur. Eger bu k-merlerden iki tanesinin k — 1 sayida karakteri ortiisiirse,
bu iki k-mer arasinda bir ¢izgi ¢izilir. Bir pozisyon kaydirarak ardigik kenarlardan
olusan ardigik k-merler ile bir assembly olusturmak genomu yeniden bir araya
getirmeye olanak saglar (Chikhi vd., 2016).

Diigiimleri ve kenarlar1 ifade etme bakimindan de Bruijn grafigi iki c¢esittir:
Hamilton ve Euler de Bruijn grafikleri (Compeau vd., 2011; EI-Metwally vd., 2013).

Hamilton grafiginde her bir k-mer bir diigiimdiir (node). Ardisik k-merler birbiri
ile ortiistiigiinde, oOrtiisen kisim grafige kenar (edge) olarak eklenir. Bir dnceki k-merin
k-1 tane karakteri ile bir sonrakinin k-1 tane karakteri ortiisiiyorsa, bu iki k-mer birbirine
kenar ile baglamir. Bu sekilde grafik olusur. Hamilton grafik yontemi genellikle
SOAPdenovo gibi assembler programlarinda yaygin olarak kullanilmaktadir (Luo vd.,
2012). Hamilton grafiginde sekanslart hizalamak icin izlenen yolda tim diigimler

yalnizca bir kez ziyaret edilir. Fakat digiim sayis1 ya da genom karmasikligi arttikca
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grafigi ¢ozmek igin gereken hesaplama zaman siiresiz olarak farklilagir. Cilinkii genom
biiytidiikce ve karmasiklastik¢a scaffold veya tekrar tespit asamalar1 ¢ok komplike hale
gelecektir. SOAPdenovo gibi bazi assembler programlar1 bu karmasikligi
basitlestirebilmislerdir (Held ve Karp, 1962; Li vd., 2010; Thomason, 1989).

Euler grafik yonteminde ise digimler ve kenarlar farkli sekilde temsil
edilmektedir. Grafikte k-mer sekanslar1 kenarlari, ortiisen ardisitk k-1 merler ise
diigtimleri temsil etmektedir. Euler grafik yonteminde tim kenarlar sadece bir kez
ziyaret edilerek assembly islemi tamamlanmig olur. Bu durum zaman bakimindan daha
verimli  bir ¢6zimdir. Genom assembly isleminde Euler grafiginin Hamilton
grafiginden daha avantajli oldugu soylenebilir (Cole vd., 2001; Compeau vd., 2011,
Pevzner vd., 2001).

A Kisa okuma icin k-merler (k=4) B Euler de Bruijn grafigi

AAAGGCGTTGAGGTT ¥,
AAAG AAGG 5? AGGT GGTT ?' GTTT
AAAG % IS
AAGG = g
AGGC Goce™ () 5"
GGCG v
GCGT c Hamilton de Bruijn grafigi
CGTT
GTTG TGAG TTGA
TTGA
TGAG faco Grre
GAGG AAAG AANGG AGGT) GGTT GTTY
AGGT ‘
GGTT - <

Sekil 14. De Bruijn grafik yonteminde okumalarin kisa k-merlere boliinmesi. Hamilton yaklasiminda k-
merler diigiimleri temsil ederken, Euler yaklaginuinda kenarlardir (Sohn ve Nam, 2018).

2.3.2. SOAPdenovo assembler

Yeni nesil sekanslama platformlarmin kullaniminin artmasiyla birlikte de novo
genom hizalama caligmalarimin da sayist artmaktadir. SOAPdenovo; okuma hatasi
diizeltme, de Bruijn grafik yapisi olusturma, contig hizalama, paired-end okumalarmin
haritalanmasi, scaffold olusturma ve bosluklarin doldurulmasi modiillerinden olusan bir

assembly programudir.
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Yeni nesil sekanslama verilerinde assembly isleminden Once okumalardaki
hatalar1 tespit etme ve yeniden diizenleme 6nemli bir basamaktir (Salzberg vd., 2012;
Zerbino ve Birney, 2008). SOAPdenovo programinda hata dizeltme modull kisa
[llumina okumalar1 (35-50 bp) icin tasarlanmistir.

De Bruijn grafigi olusturulurken ¢ok sayida benzersiz lineer K-mer, bagimsiz
olarak saklanmak yerine bir grup olarak birlestirilir. Bu sayede dnemli miktarda bellek
kullanim1 gerektiren de Bruijn grafigi olusturma basamaginda 6nemli miktarda bellek
tasarrufu saglanmis olur (Ye vd., 2012).

De Bruijn grafigi yontemine dayanan assembly analizlerinde énemli bir diger
etken de k-mer biiytlikligi se¢imidir. k-mer uzunlugunun biiyiik oldugu durumlarda
tekrar bolgelerinin  ¢oziintirliigti artar fakat k-mer uzunlugunun Kkiguk oldugu
durumlarda ise diisiik derinlige sahip okumalar assembly edilir ve sekanslama hatalari
ortadan kaldirilir. Her iki durumdaki avantajlardan da faydalanabilmek igin ¢oklu k-mer
stratejisi benimsenmistir (Peng vd., 2012). Once Kkiigik k-merler kullanilarak
sekanslama hatalarini ortadan kaldirmak igin bir grafik olusturulur. Daha sonra daha
buyik k-merler ile okumalari1 6nceki grafige haritalayarak yeniden bir de Bruijn grafigi
olusturulur. BOylece buyuk tekrar bolgeleri tespit edilir (Luo vd., 2012).

Scaffold olusturma isleminde heterozigot contig ¢iftleri, contig derinligi ve local
contig iliskileri kullanilarak tespit edilir. Bu sartlar altinda scaffold igin daha yiiksek
derinlige sahip heterozigot ciftler tutulur. Bdylece heterozigotlugun scaffold uzunluguna
olan etkisi azaltimis olunur. Kimerik scaffoldlar ise daha biiyiik ekleme boyutu olan
kiitiiphanelerdeki bilgi kullanilarak diizeltilmis olan daha kiiciik ekleme boyutuna sahip
kituphanler kullanilarak olusturulur (Luo vd., 2012).

2.3.3. Minia assembler

Minia ultra diisiik hafiza gerektiren bir DNA sekans assembly programidir. Girdi
olarak genellikle Illumina ile olusturulan kisa genomik sekans setini alir ve ¢ikt1 olarak
birlestirilmis sekanslarin bir contig setini verir. de Bruijn grafiginin kisa ve 6z bir
temsiline dayanmaktadir. Hesaplama igin diger assembly programlarindan 6nemli
miktarda daha az kaynaga ihtiya¢ duymaktadir. Hafiza kullanimini gelistirmek amaciyla
basamakli Bloom filtresi metodunu kullanmaktadir (Chikhi ve Rizk, 2013).
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Hedef genomu assembly ederken her bir gigabaz basina ortalama 2 GB RAM
kullanmaktadir. Ornegin bir insan genomunu hizalamak icin 57 GB RAM
kullanilmistir (Chikhi ve Rizk, 2013).

Minia, masaiistii bir bilgisayarda tam bir insan genomu i¢in contig olusturabilen

ilk yontemdir (Chikhi ve Rizk, 2013b).

2.3.4. Kisa okuma de novo assembly analizlerinde karsilasilan zorluklar

2.34.1. Hesaplama zorluklar

Ilk olarak assembly islemi sirasinda veya oncesinde sekanslama hatalarinin
dizeltilmesi gerekir. Bu hatalar dizeltilmezse bu durum contig ve scaffold
olusumlarmin da hatali olmasina sebep olacaktir. Sekanslamada meydana gelen hatalar
kullanilan platforma ve kiitiiphane hazirlama metoduna gore gesitlilik gostermektedir.
Ornegin, Illumina platformlar1 genellikle <1% rastgele okuma hatalar iiretir ve hatalar
genellikle okumalarin 3° kisimlarinda meydana gelir (Alic vd., 2016; Liu vd., 2012;
Mardis, 2008a).

Ikinci olarak PCR, klonlama, GC egilimi, sekanslama hatalar1 ve kopya
sayilarindaki gesitlilikten kaynaklanan, esit olmayan okuma derinligi sorununun
cozulmesi gerekir (Sims vd., 2014; Xie ve Tammi, 2009). Esit olmayan okuma derinligi
genellikle assemblyde kirilmalara sebep olan bosluklarm olusmasina sebep olur. ideal
bir k uzunlugu segmek bu sorunu ¢ézmeye yardimei olabilir (Sohn ve Nam, 2018).

Genomlarda tekrarlayan bdolgelerin  topolojik  karmasikligi  karsilasilan
zorluklardan bir digeridir. Eger okumalar tekrar bolgelerini kapsayacak kadar uzunsa bu
sorun ¢oziiliir. Fakat Illumina platformlar1 genellikle kisa okumalar tretir ve okumalar
tekrar bolgesini kapsayacak uzunlukta degildir (Sohn ve Nam, 2018).

Dérdiincii olarak yiiksek hesaplama maliyeti gerektiren algoritmik karmasiklik
bulunmaktadir. Tiim genom de novo assembly calismalari, de Bruijn grafigine bagh
olarak RAM, depolama ve hesaplama igin gereken uzun zamana ihitya¢ duymaktadir.
Bakteri genomu gibi kiglk genomlarin de novo assembly islemleri birka¢ dakika
stirerken memeli genomu gibi biiylik genomlar i¢in bu islem birkag giin veya hafta siirer

ve onlarca veya yuzlerce GB RAM hafizasina ihityag duyar (Sohn ve Nam, 2018).
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2.34.2. Sekanslama hatalarmin dizeltilmesi

[lumina platformu yiiksek dogrulukta okumalar {iretmesine ragmen meydana
gelmis olan hatali okumalar ayn1 zamanda yanlis assembly sonucuna sebep olabilir.
Sekanslama hatalar1 daha siklikla sentromerler ve telomerlerin de dahil oldugu
heterokromatin bolgelerde ya da yuksek tekrara sahip, GC-AT bakimindan yogun
bolgelerde meydana gelmektedir. Bu yiizden assembly esnasinda ya da daha dncesinde
bu hatalar diizeltilmelidir.

Sekanslama hatalar1 dlzeltilirken ©6nemli olan, hatalar1 tanimlamak ve bu
hatalar1 heterozigot alellerden ayirt edebilmektir. Hata dizeltme yontemleri (¢
kategoride incelenebilir: k-mer hesaplama, sonek agaci veya sekans tabanli yontemler,
coklu sekans hizalama tabanli yontemler ve hibrit hata diizeltme yontemleri dahil diger
yontemler (Alic vd., 2016; Allam vd., 2015; Laehnemann vd., 2016).

Cogu hata diizeltme aract k-mer hesaplama yontemini kullanir. Bu yontemde
diisik derinlige sahip k-merler hatali olarak kabul edilir. Sonek agaci tabanl
yontemlerde, k-mer sonek agacinda diisiik frekansli dallar hatali k-merler olarak tespit
edilir (Alic vd., 2016; Allam vd., 2015). Bu iki yontemin tersine daha hassas olan ¢oklu
sekans hizalama yonteminde, sekanslama hatalar1 okumalarin birbiriyle dogrudan
hizalanmasi ile tespit edilir ve dogrudan dizeltilir.

Eger bir genom, cogaltma islemi esnasinda ideal bir sekilde ¢ogaltilirsa okuma
parcalar1 biitiin bolgelerde esit bir dagilim gosterir ve k-mer derinlik histogrami normal
bir dagilim olusturur (Kelley vd., 2010; X. Li ve Waterman, 2003). Fakat sekanslama
hatalart meydana gelirse karsilik gelen k-mer derinligi Ussel olarak azalan bir egri

olusturur.

2.3.4.3. Tekrar bolgeleri

Karmagik bir k-mer grafiginde tiim diigiimlerden gegen en kisa yolu tespit etmek
genom assembly problemini ¢6zmek igin yeterli degildir. Bu sorun genomun
sentromerlere, telomerlere ya da satelit bolgelerine yakin yerlerde pek ¢ok tekrar eden
bolgeye sahip olmasindan kaynaklanmaktadir. Yogun tekrar yapilari, olusturulan

assemblyde genellikle ¢ok sayida belirsiz yol ve bosluk olugsmasina sebep olur
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(Chaisson vd., 2015; Cordaux ve Batzer, 2009; Koito ve lkeda, 2013; Peng vd., 2012;
Treangen ve Salzberg, 2011). Baz1 tekrar problemleri okuma derinligi ile veya uzun
okumalar ile ¢ozllebilir (Treangen ve Salzberg, 2011).

Okuma derinligi istatistikleri siklikla tekrar eden yapilar1 ¢6zmek icin kullanilir.
Okuma derinligi, tekrar bolgelerinde diger bdlgelerden daha yiksek oldugu igin
bdlgenin kopya sayis1 tahmin edilebilir (Sekil 15A). Ancak bu yontem tekrar yapilarim
cozmek i¢in yeterli degildir ¢linkii okuma derinligini etkileyen pek cok diger etken,
kopya sayisimin yanlig tahmin edilmesine neden olabilir.

Tekrar eden yapilar1 ¢6zmek i¢in tamamlayici bir yontem, her bir par¢anin tekrar
bolgesinin disindan itibaren eslestigi okuma biiylikligidiir (Sekil 15B). Eger grafikte
tekrar bolgelerinden dolay1 birden fazla yol meydana gelirse bu durum okuma boyutu
ile ¢oziilebilir (Sekil 15C). Fakat genis okuma uzunluklart dikkatli kullanilmadir ¢linkii
genis okuma bdlgesi igeren bir assembly grafigi olusturmak karmasik bir islemdir. Eger
grafikte uzun okuma ilk olarak uygulanirsa uzun araliktaki tekrarlar ¢ozliiliir ancak
ekleme boyutundan daha kisa araliktaki tekrar yapilar1 kalir. Bu gibi durumlarda
grafigin karmagiklig1 azalmak yerine duruma goére daha karmasik bir hale gelebilir.
Sonug olarak oncelikle daha kisa okumalar uygulanmali ardindan tekrar eden yapilari
uygun bir sekilde ¢6zmek i¢in daha uzun okumalar kullanilmalidir. Bu sirayla ilerlemek
tekrarlanan yapilarin daha az karmasik bir grafik olusturmasini saglar (Sekil 15D) (Sohn
ve Nam, 2018).
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A Tekrarlarda okuma derinligi B Tekrarlarn goziilmesi
‘§\\\\ /,w e wws  Uzun insert okumalar
e == 7 T T
- -
P R P SRS T -
b e g x dista
X == R \\\ nner distance
o~
\\\‘,_ ,/ -
C Ideal yolun buluamas a

* Olasi Euler yollar

AAAGGTTGAGGCGTTT D Tekrarlann ¢5ziilme dizeni
AAAGGCGTTGAGGTTT
Uzum insert okumalann haritalanmas i
WA - - - - 0402050 40%0%0%0
!.2;; ;-2? Itk kisa yaklagim

_TTGAGGC-} Uyuinks insest boyut 7
............... fakat gdzmesi pukansiz !
a b c d ©
ABRBECGTTGAGEIIN BN
""""""""" 11k uzun yaklagim
ABAGETTGAGGCGTTT  Uremsus insertboyuta ) LI ?
. '
ABRGECGTTGABBTT  tdeat yol 0*0205%0% W00 %0

-------------

Sekil 15. Tekrar bolgelerinin tespiti (Sohn ve Nam, 2018)

2.3.4.4. Esit olmayan okuma derinligi

Yeni nesil sekanslama teknolojilerindeki GC egilimi, PCR sapmalar1 gibi bazi
kisitlamalar esit olmayan okuma derinligine sebep olur. Bu durum da taslak genomda

bosluklarin olugsmasina sebep olur. Veri eksikliginden dolay:r bu problem yeterince



29

¢ozlilememistir. Daha derin okumalar olusturmak bu sorunu ¢o6zebilir fakat bunu
yapmak hesaplama stresini ve maliyetini 6nemli Olclide arttiracaktir. Coklu k-mer
yaklagimi ile bu sorun kismen de olsa ¢ézlilmiistiir (Gnerre vd., 2011; Luo vd., 2012).
Kisa k-merler okuma derinligi az olan yerlerde okumalar1 birbirine baglamak icin
kullanilirken, uzun K-merler diger bolgelerde okumalar i¢in kullanilir. Coklu k-mer
yaklasimi, SOAPdenovo2 gibi baz1 kisa okuma assembly programlarinda
uygulanmaktadir. Esit olmayan okuma derinligi sorunu ile ilgili coklu k-mer
yaklasiminin disinda uygulanmakta olan bir strateji bulunmamaktadir. Diisiikk okuma

derinligi sorunu kismen de olsa bosluk doldurma asamasinda ele alinabilir.

2.3.4.5.Hesaplama maliyeti

RAM bellegi

k-mer yaklasimu | uzunluktaki bir okumadan (I — k + 1) tane k-mer olusturdugu
icin biiyiik genomlar1 assembly ederken biiyilk RAM bellegine ihtiya¢ duyulmaktadir.
Ornegin, 3 Gb biiyiikliigiinde insan genomunda 75-merlik tablo olusturmak igin
yaklagik 0.5 terabayt bellege ihtiya¢ duyulmaktadir (Sohn ve Nam, 2018). Veri yapisini
optimum hale getirmek veya algoritmalardaki karmagikligi azaltmak igin k-mer
yogunlugunu diistirmek (Luo vd., 2012; Ye vd., 2012), FM-index (Ferragina ve
Manzini, 2000; Simpson ve Durbin, 2012), Bloom filtrelemesi (Chikhi ve Rizk, 2013b;
X. Li ve Waterman, 2003; Melsted ve Pritchard, 2011; Pell vd., 2012; Simpson, 2014)
veya siiper okuma (Zimin vd., 2013) yaklagimlar1 gibi yaklasimlar biiylik genomlarin

assembly islemi igin RAM belleginden tasarruf etmeye olanak saglayabilir.

Hesaplama suresi

Pek ¢ok diigiimiin ve kenarin bulundugu yiiksek karmasik yapiya sahip k-mer
grafiginde, Hamilton yaklagiminin Euler yaklasimindan 6zellikle biiyiik genomlar icin
daha yavas oldugu bilinmektedir. Buna ragmen SOAPdenovo da dahil cogu assembler
programi Hamilton de Bruijn grafigi yontemini kullanmaktadir.

k-mer grafiginin karmasikligi, assembler programlarimin hizin1 anlamak igin

onemli bir faktordlr. Teorik olarak, diisiik karmasik yapisina sahip bir grafik soz
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konusu oldugunda Hamilton de Bruijn grafik yontemi, Euler de Bruijn grafik
yonteminden daha hizli olabilir. Grafikteki dallanmalar1 temizlemek hesaplama
karmasikligini, Hamilton yodnteminde ussel olarak azaltirken, Euler ydnteminde
dogrusal bir sekilde azaltmaktadir (Sekil 16).

Hesaplama Karmasikhigimin Karsilastirllmasi
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Sekil 16. Hamilton-Euler grafiklerinde hesaplama karmasikliginin karsilastirilmasi (Sohn ve Nam, 2018)

Ancak grafikten bazi yollarin temizlenmesi, N50 istatistikleri ile temsil edilen
dogruluk ya devamlilik degerinin kaginilmaz olarak azaldigini gostermistir. Bu
durumda hesaplama stresi ile dogruluk arasinda bir ters oranti oldugu sOylenebilir
(Sohn ve Nam, 2018).

2.4. Genom Maskeleme

Cogu bitki genomu gen aileleri, satelit tekrarlari, sentromerik tekrarlar ve
transpozonlar gibi tekrar bolgelerinden olugsmaktadir. Genomik tekrarlar iki ana sinifa
ayrilmaktadir; ardigik tekrarlar ve transpozonlar. Ardisik tekrarlar mikrosatelit,
minisatelit, satelit gibi art arda tekrar eden ve diisiik karmasikliga sahip kisa motiflerdir.
Transpozonlar ise ilk olarak McClintock tarafindan kesfedilmistir ve bunlar1 “degisken

genler” ya da “stabil olmayan genler” olarak tanimlamistir (MCCLINTOCK, 1950).
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Transpozonlar yer degistirmeleri ic¢in ihtiya¢c duyduklar1 gen bolgelerine sahiptirler ve
genom boyunca dagilmis ¢ok sayida kopyalar1 bulunmaktadir (Girgis, 2015).

Transpozonlar genom boyunca “kes-yapistir (DNA transpozonlar1)” veya
“kopyala-yapistir (RNA transpozonlar1)” mekanizmalar: ile hareket ederler ve siklikla
genomu bilyiiklik ve etkilesim bakimindan etkilerler. Ornegin, musir ve arpa
genomunun 85%’ini transpozonlar olusturmaktadir (Bourgeois ve Boissinot, 2019;
Petersen vd., 2019; Ramakrishnan vd., 2022; Wicker vd., 2005).

Assembly islemi tamamlandiktan sonra genomdaki tekrar bolgeleri tespit edilir
ve maskelenir. Tekrar bolgeleri, anotasyon esnasinda gen tahmini islemini karmasik
hale getirecegi ve hatalara sebep olacagi igin, anotasyondan 6nce tanimlanmali ve
maskelenmelidir. A¢ik okuma cerceve (ORF) bolgeleri gen tahmin programlarinda
transpozon veya normal gen bolgelerini ayirt edemedigi igin yanlis exon birlesimlerine
sebep olur ve bu durum da hatali bir gen anotasyonu olusturur. Sonu¢ olarak bazi
transpozonlar gen bolgeleri igeriyor olsalar dahi gen anotasyonu islemine dahil
edilmezler (Hanada vd., 2009; Jiang, 2013).

Maskeleme terimi basitce, tekrar olarak tanimlanan her bir nikleotidin ‘N’
olarak atanmasidir. Soft masking yapan bazi araglarda ise niikleotidler kiigiik “a,t,g ve
¢” olarak atanir. Bu sayede sekans hizalama ve gen tahmin analizlerinde bu niikleotidler
tekrar Dbolgesi olarak taninir. Tekrar bolgelerinin - maskelenmedigi durumlarda,
transpozonlardaki ORF bdlgeleri buralarin gen bolgeleri olarak tanimlanmasina sebep
olur ve exon bdlgelerine eklemeler gergeklesir. Bu da nihai gen anotasyon isleminin
hatali olmasina sebep olur. Iyi bir maskeleme islemi protein kodlayan genlerin dogru
tahmin edilebilmesi i¢cin 6nem tasimaktadir (Yandell ve Ence, 2012).

Transpozonlar genoma 6zgudurler ve evrimsel olarak genomik sekanstan daha
hizli evrimlestikleri igin tiir spesifiktirler. Ornegin, piring i¢in hazirlanmis bir tekrar
kituphanesi misir genomunu 25% maskeleyebilmektedir. Tulr spesifik kitiphane
olusturmak bu orani artirmaktadir (Jiang, 2013).

24.1. RepeatMasker

RepeatMasker programu tekrar bolgelerini tespit etmek ve anotasyon etmek ve

bu niikleotid sekanslar1 maskelemek igin tasarlanmistir. Tekrar bolgeleri anotate edilir

ve “Ns, Xs veya kucuk harfler (a.t.g.c)” ile degistirilir. Ayrica RepeatMasker
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programinin yeni versiyonlari, tekrar bolgelerinde protein sekanslarmi tespit
edebilmektedir. Programi yiiriitebilmek i¢in bir tekrar kiitiiphanesi dosyasi secilmelidir.
Repbase (Jurka, 2000; Jurka vd., 2005) kutuphanesi, olusturulmus en genis tekrar
kituphanelerinden biridir ve insan, kemirgen, zebra baligi, Drosophila ve Arabidopsis
thaliana gibi canlilara ait tekrar kuttphanelerini icermektedir. Kutliphane dosyasi
bulunmayan organizmalar icin, RECON (Bao ve Eddy, 2002) veya RepeatScout (Price
vd., 2005) programlart kullanilarak ab initio temelli kiitiiphane olusturulabilir (Tarailo-
Graovac ve Chen, 2009).

24.2. Red

Red (REpeat Detector) programi, genomda DNA sckansindaki tekrar
elementlerini tespit edebilmek icin gelistirilmis bir programdir. Red, tamimlanmis
ogrenme Verilerine bagh olarak Hidden Markov Model (HMM) uygulamaktadir ve
denetimli 6grenme modeline bir 6rnektir. Diger programlarda yaygin olarak kullanilan
yontem, verilerin manuel olarak anotasyon edilmis sekanslar ile egitilmesine
dayanmaktadir. Fakat Red aday tekrar bdlgelerini; k-mer’leri sayarak, bir sinyal
tanimlama teknigi kullanarak ve ikincil tiirev testi ile tanimlamaktadir. Ve bu aday
bélgeler HMM yoéntemi ile egitilmektedir.

Sisteme sekanslar FASTA formati ile ylklenmektedir ve genomu assembl
edilmis ya da edilmemis sekanslar yiiklenebilmektedir. Analiz sonucu ¢ikt1 olarak aday
bolgelerin genomik lokasyonlari ve genomda tespit edilmis olan maskelenmis tekrarlar
verilmektedir. Analiz yapabilmek igin dort modul icermektedir; skorlama moduld,

etiketleme moduld, egitme modill ve tarama modili (Girgis, 2015).

2.5. Anotasyon

Sekanslama teknolojilerindeki gelisme ile birlikte DNA sekans verileri 6nemli
Olciide artt1 (Mardis, 2008b). Zamanla, artan bu verilerin anlamlandirilmasi ve analiz
edilmesi ihtiyaci olustu. Anotasyon, temel olarak A, T, C ve G nikleotidlerinin sahip
oldugu genetik bilgiyi anlamlandirmaya calisma islemidir. Iyi bir anotasyon igin

assembly edilmis genomun kalitesi oldukga énemlidir. Assembly analizini tamamlamak
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ve assembly biitiinliigiinii olusturmak igin pek c¢ok istatistiksel metod gelistirilmistir
(Yandell ve Ence, 2012). Sekanslama teknolojilerinin gelismesiyle birlikte diisiik
maliyetli ve yiiksek kaliteli assembly olusturmak giiniimiizde kolay ve ulasilir hale
gelmistir.

Gen bolgelerini bulmak ve tanimlamak anotasyon isleminin 6énemli kismidir. Bu
yiizden gen bulma islemini basarili ve dogru bir sekilde tamamlayacak yaklasimlar
gerekmektedir. Ve bu yaklagimlar birbirinden bagimsiz fakat birbirini tamamlayici

coklu analiz araglar1 ve yontemlerinden olusmaktadir (Brent, 2005; Mishra vd., 2020).

Genom
Sekansi
Akis Semasi \
Homoloji Ab initio
Tabanh Gen Gen
Tahmini Tahmini
/ Anotasyon \

Gérsellestirme

Yapisal Fonksiyonel
N ‘
[] Birlik ]
Ham sekans
Yeniden
Anotazyon Edilmiz Anotasyon
Sekanz

Veri
Tabam

Sekil 17. Anotasyon akig semasi (Ejigu ve Jung, 2020)

2.5.1. Yapisal anotasyon

DNA’nin exon, intron, pomotor, transpozon bdlgeleri seklinde karakterize
edilmesine yapisal anotasyon adi verilmektedir ve nihai amag¢ gen bolgelerinin tespit

edilmesidir. “Gen” teriminin tanimu1 yapilacak olursa, fonksiyonel triinler Gretebilmek
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icin gerekli olan sekans bolgesi denilebilir (Spieth ve Lawson, 2006). Bir genin
fonksiyonel Urinu protein veya RNA’dir. Protein Ureten genlere protein kodlayan
genler, protein kodlamayan diger genlere ise kodlamayan genler denilmektedir.
Kodlamayan genler ribozomal RNA (rRNA), transfer RNA (tRNA), microRNA
(miRNA), small nuclear RNA (snRNA ve snoRNA) ve long noncoding RNA (IncRNA)
gibi RNA molekilleri retmektedir (Ejigu ve Jung, 2020).

Yapisal anotasyon ayn1 zamanda pseudogenleri de tanimlamaktadir. Bu genler
onceleri islevsiz ve ¢ikmaz sokak olarak kabul goérmiis olsa da gunimizde gen

regiilasyonunda gorev aldiklari bilinmektedir (Xiao vd., 2016).

2.5.1.1. Tekrar bolgeleri

Yapisal anotasyonun ilk adimi tekrarlarin maskelenmesidir. Okaryotik genomlar
milyonlarca tekrara sahiptir. Ornegin, insan genomunun yaklasik 2\3’si tekrarlardan
olusmaktadir (de Koning vd., 2011). Tekrar sekanslar1 rastgele veya bitisik sekilde
konumlanmis olabilir ve genellikle sentromerlerde bulunmaktadir (Barra ve Fachinetti,
2018). Alternatif olarak transpozonlarin farkli formlarinda, kisa ve uzun elementler
(SINEs ve LINEs) ve DNA transpozonlart gibi, genoma dagilmis olabilirler (Bourque
vd., 2018). Tekrar tespitindeki gelismelere ragmen tekrar elementlerinin temel
Ozelliklerini tanimlamak hala zor bir durum.

Tekrar maskeleme araglari daha ©nceden tanimlanmis tekrarlarin listesine
dayanan bir veri tabani ile calismaktadir ve RepeatMasker buna guizel bir 6rnektir.

Yapisal anotasyonda maskelemenin ardindan, gen tanmimlamadan Once gelen
ikinci adim transkript ve protein temelli hizalamadir. Bu hizalama islemi i¢in BLAST
(Altschul vd., 1990) veya BLAT (Kent, 2002) araglar1 kullanilabilir. RN A-seq temelli
hizalama islemi i¢in ise TopHat (Kim vd., 2013) veya HISAT (Kim vd., 2015) gibi

programlar kullanilabilir. Fakat bu islemler zorunlu degildir.

25.1.2. Genlerin tahmin edilmesi

Protein kodlayan genlerin ve diger regilatér elementlerin tanimlanmasi gen

anotasyon isleminin merkezinde yer alan bir asamadir. Gen tahmini karmasik bir
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strectir Ozellikle de oOkaryotik DNA icin (Yandell ve Ence, 2012). Kodlanmayan
bolgeler olan ve exonlarin arasinda bulunan intronlarin degisen boyutlar1 ve alternatif
splaysing mekanizmasinin ¢esitliligi gen yapilarinin tahmin edilmesini zor bir hale
getirmektedir. Gen tahmini i¢in pek ¢ok program mevcuttur ve bunlar ii¢ kategoriye
ayirmak muimkinddr; ab initio yontemler, homoloji tabanli yontemler ve kombine
yontemler.

Ab initio yontemler istatistiksel yontemlere dayanir ve Hidden Markov Model
(HMM) gibi yontemlerle promotor bolgeleri, kodlayan veya kodlanmayan gen bolgeleri
ve intron-exon bolgeleri gibi bolgeleri tespit etmeye calisir.

Ikinci bir yontem olan homoloji tabanli yéntemlerde genom sekansi, expressed
sequence tags (EST), complementary DNA (cDNA) veya protein sekanslar1 ile
hizalanarak bunlar Gizerindeki benzerlikler ile genler tahmin edilmeye calisilir.

Uciincli yontemde ise ab initio ve homoloji tabanli yéntemler kombine edilerek
birlikte kullanilir.

Ayrica gen tahmin programlart alternatif splaysing bdlgelerini  tahmin
edebilmelidir c¢tnkd alternatif splaysing gen ekspresyonunun dizenlenmesinde,
transkriptom ve proteom gesitliliginde basrole sahiptir (Modrek ve Lee, 2002). Bu
bolgeleri tespit etmek i¢in programlar gesitli yontemler kullanmaktadir. Sekanslanan
genomlarda intronlarin yaklasik 99%’u GT niikleotidleri ile baslayip AG niikleotidleri
ile bitmektedir. Bu durum ¢ogu gen tahmin sisteminde splays bolgesini tespit etmek i¢in

zorunlu olarak kullanilmaktadir (Brent ve Guigo, 2004).

25.1.2.1. AUGUSTUS

Bir gen tahmin programi olan AUGUSTUS, hizalama tabanli yontemlerden
gelen bilgileri, ab initio gen tahmini ile birlestirebilmektedir (Stanke vd., 2006, 2008;
Stanke ve Waack, 2003).

Genom anotasyon isleminin ilerleyen asamalarinda proteinlerin ailelere ve alt
ailelere siniflandirilmasi 6nemli bir gorevdir. Bir protein ailesi tiyeligi, gen tahmini igin
onemli bir asamadir. Bu bilgiye protein aile veri tabanlarindan, InterPro (Hunter vd.,
2009) gibi, kolaylikla ulasilabilir.

Protein ailesi tespiti i¢in kullanilan kaynaklar protein sorgu (query) sekanslarini

siniflandirmak igin kendi yontemlerini sunarlar, fakat bu yontemler 6karyotik genomik
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sekanslara dogrudan uygulanamazlar. Okaryotik sekanslarda oncelikli olarak gen yapist
belirlenmeli ve protein kodlayan genler tespit edilmelidir. AUGUSTUS, mevcut ab
initio modelini homoloji tabanli protein sorgulama yontemi ile birlestiren ve “hibrit”
olarak adlandirilan yontemi kullanmaktadir.

Bir protein modelinin gen tahmini ile birlestirilmesi sayesinde belirli bir protein
ailesinin iiyelerinin tanimlanmasi ve gen tahmininin dogrulugunun artmasi saglanmistir

(Keller vd., 2011).

2.5.1.3. Yapisal anotasyon icin kullamilan veri tabanlari

Anotasyon islemlerinde kanita dayali tahminlerde kullanilmasi i¢in destekleyici
veriye ihtiya¢ duyulur. Giiniimiizde, yiiksek miktarda EST ve cDNA sekansi ulasilabilir
oldugu icin homoloji tabanli yoOntemler genom anotasyonunda merkezi bir rol
oynamaktadir (Mathé vd., 2002). Homoloji tabanli yontemler DNA, RNA veya protein
sekans verilerinin hizalanmasina dayanmaktadir. Bu veriler biyolojik veri tabanlarindan
kolayca elde edilebilmektedir. Diger bir yontem olan ab initio yontemde ise genler ve
gen yapilari matematiksel modellemeler kullanilarak tanimlanmaktadir. Bunun igin ab
initio gen tahmin eden programlar yiiksek kalitede gen modelleriyle veya kodon sikligt,
intron-exon uzunluk dagilimi gibi organizmaya 6zgii genomik 6zelliklerle egitilmelidir
(Y. Wang vd., 2015). Dahasi ab initio yontemler tahmin dogrulugunu arttirmak igin
EST, RNA seq ve protein verilerine ihtiya¢ duymaktadir. Veri tabanlar1 bu tiir verileri
kolayca saglayabilmektedir.

Niikleotid ve proteinlerin sekanslar1 ve yapilarina GenBank (Sayers vd., 2019),
European Nucleotide Archive (ENA) (Brooksbank vd., 2014), National Center for
Biotechnology Information (NCBI) (Geer vd., 2010) gibi kamuya a¢ik veri
tabanlarindan kolayca ulasilabilmektedir. UniProt (Bateman, 2019) ise bilimsel topluma
yiiksek kalitede ve iicretsiz erisim imkani sunan, fonksiyonel olarak iligskilendirilmis
protein sekanslarini saglayan bir veri tabanidir. Protein anotasyou igin diger 6nemli bir
veri tabani olan InterPro (Mitchell vd., 2019) ise protein aileleri, domainleri ve
baglanma bolgeleri, aktif bdlgeleri, korunmus bdlgeler ve tekrarlar gibi 6nemli

bolgelerin bilgisini saglamaktadir.
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Ayrica NONCODE (Fang vd., 2018), Pseudogene.org (Karro vd., 2007), Dfam
(Hubley vd., 2016) ve miRbase (Kozomara vd., 2019) gibi kaynaklardan kodlanmayan

RNA, pseudogenler, transpozonlar ve micraRNA verilerine ulasilabilir.

2.5.2. Fonksiyonel anotasyon

Biyolojik bilgi ile yapisal anotasyon sonucu tanimlanmis gen ve proteinlerin
iliskilendirilmesi, fonksiyonel anotasyon olarak adlandirilmaktadir. Protein kodlayan
genler, fonksiyonel anotasyonun en 6nemli odak noktasiyken kodlanmayan genlerin ve
translate edilmeyen transkriptlerin  0neminin kesfedilmesi ile birlikte bu odak
degismistir (Mudge ve Harrow, 2016).

Fonksiyonel anotasyon, temel olarak bir sekansin benzerini tamimladiktan sonra
bir genle iliskilendirilen fonksiyonel Ozelliklerin belirlenmesi slrecini igerir, bu da
BLAST gibi araclarla gergeklestirilebilir.

Fonksiyonel anotasyon ayni zamanda genlerdeki varyasyon bilgisine erismek
icin de kullanilir. Genomik varyantlarin anotasyonu, sekansa dayali genomik analizlerin
cok Onemli ve karmasik bir pargasidir. Varyant anotasyonunun amaci, varyantlarin
fonksiyonel etkilerinin tammlanmas: ve oOncelikli hale gelmesidir (Cutting, 2014).
Genetik varyasyonlarmn fenotip Uzerindeki molekiler etkisi, genomik sekanslarin
yapisal ve fonksiyonel bilgisinin varyantlarla iliskilendirilmesi ile anlasilabilir
(Butkiewicz ve Bush, 2016). Gen varyasyonu, aym biyolojik tirlere ait bireylerin
genomik DNA’larinda meydana gelen ve tek nikleotid polimorfizmi (SNP) olarak
adlandirilan tek niikleotidlik degisimler veya insersiyon, delesyon, translokasyon ve
inversiyon gibi yapisal yeniden diizenlemeler sonucu meydana gelmektedir. Insersiyon
ve delesyon, kopya sayisit varyasyonlart (CNVs) olarak bilinen varyasyonlara sebep

olurlar (Pavlopoulos vd., 2013).

2.5.2.1. Otomatik fonksiyonel anotasyon

Manuel anotasyon halen altin standart olarak kabul gorse de bu yaklasimi

uygulamak zordur. Yeni nesil sekanslama teknolojilerinin gelismesi ile birlikte artan

genomik verilerle basa ¢gikabilmek icin otomatik anotaston yontemlerinin kullanilmasi
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gerekmektedir. Otomatik fonksiyon tahmini igin protein veri tabaninin yiiksek skorlu
hizalamalar i¢in arandigit BLAST gibi lokal hizalama araclar1 kullanilabilir. Burada,
bilinen sonu¢ sekansina bagli olarak bilinmeyen sorgu sekansina fonksiyon atanir.
BLAST benzeri araglar iizerinden fonksiyon transferi, tek bir atadan evrimlesen ve
benzer sekanslara sahip proteinlerin fonksiyonlarini koruduklart varsayimina
dayanmaktadir. Yani kullanilan araclar, sekanslar arasindaki ortolog ve paralog iliskileri
tanimlayarak evrimsel iliskileri tespit ederler.

Ortologlar, karsilastirilan genomlarin son ortak atasinda bulunan tek bir atasal
genden koken alan genlerken; paraloglar, ayn1 genomda kopyalarin ¢ogalmasi ile olusan
genlerdir (Koonin, 2005).

2.5.2.2. Fonksiyonel anotasyon i¢in kullanilan veri tabanlari

Gen Ontolojisi (GO) kaynagi, genlerin fonksiyonu i¢in en kapsayici ve genis
kullanimli bilgi tabanidir. GO gen fonksiyonu i¢in ii¢ bakis acisin1 kapsamaktadir: bir
gen Urdntnun molekiiler seviyede aktivitesini belirten molekiiler fonksiyon, gen
urtinunun  lokasyonunu bildiren hicresel bilesen ve genin kullanim fonksiyonunu
belirten biyolojik proses. Protein ve RNA gibi gen Urunleri, biyolojik kavramlarin
kapsamli olarak anlasilabilmesi igin tutarli bir sekilde tamimlanmalidir. GO
konsorsiyumu bu ihtiyact karsilamak igin ontoloji standartlarin1 gelistirmekte ve
siirdiirmekte, gen irlinlerini anotasyon etmekte ve bunun icin araglar gelistirmektedir
(Blake vd., 2015).

KEGG (Kyoto Encyclopedia of Gene and Genomes) (Kanehisa ve Goto, 2000),
GENES ve PATHWAY veri tabanlarinda saklanan (st duzey fonksiyonel bilgi ile
genomik veri arasinda baglanti kurma gorevi goriir. Yiiksek seviyede fonksiyonlari
anlama ve genomik seviyede bilgiden faydalanarak biyolojik sistemin faydalarim
anlamay1 saglar (Kanehisa vd., 2016).
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2.5.3. Anotasyon yontemleri

2.5.3.1. Ab initio anotasyon

Ab initio anotasyon yontemi, verinin bir algoritma veya model olusturmak igin
egitilmesine dayanan ab initio gen tahminine dayanmaktadir. Yontemde, sorgulanan
genomik sekansin istatistiksel analizler ve diger gen sinyalleri ile tahmini
gerceklestirilir.

Ab initio anotasyon yontemlerini RNA-seq verisinden elde edilen transkriptom
verileriyle birlestirmek de 6zellikle gelismis Okaryotik canlilar i¢in yaygin bir kullanim

haline gelmistir (Ejigu ve Jung, 2020).

2.5.3.2. Homoloji tabanh anotasyon

Molekdler evrim prensibine gore, genomda fonksiyonel olarak 6nemli olan
bolgelerin  evrimi  diger hucresel molekiler bélgelere gbére daha yavas
gerceklesmektedir. Boylece ozellikle yakin akrabalik iliskisi bulunan tiirlerde, hayatta
kalmak ve hayati fonksiyonlar1 yerine getirebilmek icin gereken gen sekanslar
korunmus durumdadir (Clark vd., 2019). Bu durum homoloji tabanli anotasyonlarda
anlamli eslesmeler tanimlayarak genlerin tahmin ve anotasyon edilmesi igin
kullanilmaktadir. Homoloji tabanli anotasyonda genleri tahmin etmek igin kodlayan
sekanslar kullanilmaktadir. Benzer sekans bolgelerinin homolog proteinler kodladig:
varsayilarak genellikle protein sekanslari bazen de mRNA, cDNA, EST gibi

transkriptler kullanilmaktadir.

25.3.3. MAKER

Kullanim1 kolay bir anotasyon araci ilk olarak kullanmasi ve yiiklemesi kolay
olmali ve minimum kaynaga ihtiya¢ duymalidir. Ikinci olarak hesaplama ve anotasyon
motorunu saglayabilmeli; tekrar bolgelerini tespit edebilmeli, EST ve proteinleri
genoma hizalayabilmeli ve alternatif splaysing, UTR bolgeleri 0zellik bakimindan

zengin verileri anotasyona dahil edebilmelidir. Uglinct olarak her bir genom farklidir bu
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yuzden anotasyon araci kolay yapilandirilabilir ve egitilebilir olmalidir. Eger bunu
saglayamazsa anotasyon sireci sinirli olarak gerceklestirilir.

Diger 6nemli bir 6zellik ise ¢ikt1 formatinin hem kapsayict hem de veri tabam
icin hazir olmasidir. Bu goérev, Genel Model Organizma Veri taban1 (GMOD) projesi
tarafindan kolaylastirilmistir; bu proje genel bir genom veri taban1 semasi ve genom
gorsellestirme araglar1 sunmaktadir. Ancak GMOD, veri tabani igerigi iiretmez, bir
anotasyon araci tarafindan Uretilen verileri uygun hale getirir. Bu yizden GMOD
tarafindan saglanan Ozelliklerden faydalanabilmek igin, anotasyon araglar1 veri
¢iktilarint GMOD uyumlu Generi Feature Format (GFF3) formatinda yazmalidir. GFF3
formatinda dosya yazmak karmasik bir islemdir. Bu dosyalar EST ve protein
hizalanmalarim, tekrarlar1 ve gen tahmin bilgilerini igermelidir. Ayrica anotasyon
olmayan EST ve protein hizalanmalarin1 gostermelidir boylece yanlis negatifler tespit
edilebilir.

Kullanimi kolay anotasyon aract olarak tasarlanan MAKER, yukarida belirtilmis
olan kriterlerin tiimii gz 6niinde bulundurularak tasarlanmistir. Gelismekte olan genom
projelerine, bagimsiz olarak protein kodlayan genlerin anotasyonunu yapma ve bir
GMOD veri tabani olusturma olanagi saglamak amaglanmistir. MAKER tekrarlari tespit
eder, EST ve proteinleri genoma hizalar, gen boélgelerini tahmin eder ve bu verileri
protein kodlayan gen anotasyonuna entegre eder. Dahasi, ¢iktilart herhangi bir ek isleme
gerek duymadan dogrudan GMOD tarayicilarina ve veri tabanlarina yuklenebilir
(Cantarel vd., 2008).
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3. MATERYAL VE YONTEM

3.1. Salvia officinalis Bitkisinin Genomik DNA izolasyonu

Genomu sekanslanmak (izere adacayr bitkisi Selcuk Universitesi, Ziraat
Fakultesi, Bahge Bitkileri Boliimii’'nden temin edilmistir. Adagay1 genotiplerine ait
yaprak doku ornekleri, sivi azot ile toz haline gelene kadar ezilerek ve 200 mg doku
ornegine 800 pL. CTAB ekstraksiyon ¢ozeltisi 2% CTAB, 100mM Tris-HCI (pH8.0),
20mM EDTA (pH8.0), 1.4 M NaCl, 1% PVP-40) ecklenmistir. Karistma 100 pL
merkapto etanol eklenerek, homojenize edilmistir. Ornek, hiicre duvarlarinin
yikimlanmast amaci ile 65 °C’de 1 saat sureyle inkiibe edilerek, ardindan hacimce
(25:24:1) oraninda fenol:kloroform:izoamil alkol 6rnege eklenerek, oda sicakliginda 10
dakika santrifujlenmistir. Ust faz, temiz bir 2 ml’lik deney tiipiine aktarilarak, 600 pL,
hacimce 24:1 oraninda hazirlanmis kloroform:izoamil alkol 6rnege eklenmistir. Oda
sicakliginda 10 dakika siireyle gergeklestirilen santriflij isleminin ardindan, st faz 1.5
ml’lik temiz bir tupe aktarilarak, kendi hacminin altida biri oraninda 100%’likk
izopropanol ile karigtirilmistir. DNA peletinin elde edilmesi icin deney tlpl oda
sicakliginda 30 dakika inkiibe edilmistir. Pelletin (DNA c¢okeltisi) izopropanolden
temizlenmesi amaci ile inkibasyonun ardindan 6rnek 10 dakika oda sicakliginda
santrifiijlenerek, list faz atilmistir. Deney tiipiiniin ¢eperinde elde edilmis olan DNA
peletinin tlizerine 70%’lik etanol eklenerek yikama yapilarak, yilkamanin ardindan oda
sicakliginda 5 dakika stireyle santrifiij islemi gerceklestirilmistir. Etanol faz1 santrifiijiin
ardindan atilarak, 100 pL, sterilize distile su, DNA’nin siispanse edilmesi amaci ile
eklenmistir. DNA ekstraksiyonu sirasinda, DNA ile birlikte izole edilmis olmasi
muhtemel olan RNA’nin degradasyonu, ekstrakte edilmis olan DNA o6rneklerine 1 pL
RNAse enzimi katilip, tiiplerin 37°C’de 30 dakika inkiibe edilmesi ile saglanmistir.
Ekstrakte edilmis olan DNA o6rneklerinin konsantrasyonu ve safligi, Qubit cihazi ile
Olciilmiistiir. Elde edilen DNA o6rnekleri, ileriki analizlerde kullanilmak iizere -20°C’de

muhafaza edilmistir.
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3.2. Salvia officinalis Genomunun Sekanslanmasi ve Scaffold Olusumu

Salvia officinalis’in izole edilmis olan DNA’s1 [llumina Novaseq 6000 pair-end
sistemi ile sekanslanmistir. Yaklasik 450 bp parcalardan olusan bir sekanslama
kiitiiphanesi olusturmak i¢in TruSeq DNA PCR-Free kit kullanilmistir. Kit kullanilirken
TruSeq DNA PCR-Free Sample Preparation kilavuzu takip edilmistir. Sekanslama
sonucunda 151 bp biiyiikliigiinde okumalar elde edilmistir. Novaseq 6000 adaptorleri
Trimmomatic (Bolger vd., 2014) v0.38 kullanilarak trim edilmistir. Trim edilen
sekanslarin  KmerGenie (Chikhi ve Medvedev, 2014) programi ile assembly
uygulamalarinda yapilmasi gereken oncul bir analiz olan k-mer analizi
gerceklestirilmistir. k-mer analizi gergeklestirilen okumalar, Minia assembly algorithm
v3 (Chikhi ve Rizk, 2013b) programi ile contigler olarak assembly edilmistir.
Sonrasinda bu contig assembly, biyoinformatik araclarla ilerleyen analizlerin
gerceklestirilebilmesi i¢cin Galaxy (https://usegalaxy.eu/) platformuna yiiklenmistir.
RagTag software toolset v2.1.0 (Alonge vd., 2022) ile contiglerden scaffold elde
edilmistir. Scaffold olusumunda, contiglerin yerlesimi ve dizeni igin adagayi
kromozomlarinin sekanslar1 referans olarak kullamlmistir. Adagayr kromozom
sekanslarina https://ngdc.cncb.ac.cn/gwh adresinden GWHBJVP00000000 ID numarasi
ile ulasilmistir. Scaffold haline gelmis olan assembly icin RepeatMasker v4.1.2 (Smit
vd., 2015) ile yumusak maskeleme islemi gerceklestirilmistir.

3.3. Gen i¢eriginin Degerlendirilmesi

Elde edilen assembly gen igerigi biitiinliigi BUSCO (Benchmarking Universal
Single-Copy Orthologs) v5.3.2 (Simao vd., 2015) ile analiz edilmistir. BUSCO yazilimi
bu analiz icin embryophyta_odb10 (Creation date: 2020-09-10, number of genomes: 50,
number of BUSCOs: 1614) veri seti kullanilarak yiirtitilmiistiir.


https://ngdc.cncb.ac.cn/gwh%20adresinden%20GWHBJVP00000000
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3.4. Yapisal ve Fonksiyonel Gen Anotasyonu

Scaffoldda protein kodladig varsayilan gen yapilart AUGUSTUS v3.4.0 (Stanke
vd., 2008) ile tespit edilmistir. Karsit zincirlerde bulunan gen yapilari, genlerin overlap
olmasini Onlemek amaciyla bagimsiz olarak tahmin edilmistir. Varsayilan gen
yapilarinda tahmin edilen gen modellerinin ve atanan fonksiyonlarin dogrulanmasi igin
taxonomic scope 71274 (asterids) uygulanarak eggNOG (evolutionary genealogy of
genes: Nonsupervised Orthologous Groups) Mapper v5.0.2 (Huerta-Cepas vd., 2017)
aract kullanilmistir. Gen yapilarinin  ¢iktist ilerleyen analizlerde  terpenoid
biyosentezinde gorev alan genlerin tespit edilmesi i¢in kullanilmistir. Homoloji analizi,
Salvia tiirinde terpenoid metabolizmasinda kodlayan sekanslara (GeneBank Accession
869088 — 894017) erisilerek gerceklestirilmistir. Analiz i¢in E-value esik degeri 1E-10
belirlenerek blastx algoritmasi uygulanmustir. InterProScan v95.0 (Paysan-Lafosse vd.,
2023) aract varsayilan homologlarin fonksiyonel siniflandirmasi ve dogrulamasi igin
kullanilmistir. Tanimlanan gen setinin  fiziksel lokasyonlarinin gorsel grafikleri
MapChart v2.32 (Voorrips, 2002) kullanilarak olusturulmustur. Adacayina ait RNA-Seq
verileri kanit temmeli anotasyona da kullanilmustir.

Adacayina ait protein kodladigi varsayilan gen yapilar1 ayrica fonksiyonel
anotasyon ve genomiks aract olan OmicsBox (Blast2GO) (https://www.blast2go.com/)
yazilimi ile homolojiye dayali olarak analiz edilmistir. Salvia hispanica protein
sekanslar1 UniProt (https://www.uniprot.org/) veri tabanindan indirilerek, S. hispanica
local veri tabani olusturulmustur. Illumina NovaSeq 6000 ile sekanslanmis olan Salvia
officinalis’in varsayulan gen yapilart AUGUSTUS programu ile ¢ikti olarak alinmustir.
Blastp algoritmasi kullanilarak peptit hizalamasi gergeklestirilmistir. OmicsBox 3.0.29
aract ile GO mapping ve fonksiyonel anotasyon analizleri gerceklestirilmistir.
OmicsBox tarafindan saglanan parametreler kullanilarak sorgulanan adagay1 sekanslari

ile olusturulan yerel veri tabani arasinda 6nemli eslesmeler tespit edilmistir.

3.5. Protein Kodlayan Genlerden SSR Markér Gelistirme

Protein kodladig1 varsayilan gen yapilart GMATA (Genome-wide Microsatellite

Analyzing Tool Package) (X. Wang ve Wang, 2016) programina Yyiklenerek basit

sekans tekrarlarinin (SSR) tespiti, primer tasarimu ve markor haritalama analizleri


https://www.blast2go.com/
http://www.uniprot.org/)
http://www.uniprot.org/)
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gergeklestirilmistir. GMATA programinin ¢alismasi i¢in gerekli olan Perl, R ve Java
programlart yliklenerek gereken calisma ortami saglanmistir. Basit sekans tekrarlarinin
tespiti icin AUGUSTUS programindan ¢ikt1 olarak alinan protein kodladig1 varsayilan
gen yapilari, yazilimim ‘SSR identification’ modiiliine FASTA formatinda yiiklenmistir.
SSR tespiti igin; Min-length (nt): 2, Max-length (nt): 6, Min. repeat times: 5
parametreleri kullanilmistir. Uygulanan parametreler sonucu ¢ikti olarak alinan (.ssr)
dosyasi tekrar birimlerinin sayisini, motifini ve tespit edilen SSR lokuslarinin mutlak

pozisyonlarini belirtmektedir.

3.5. S. officinalis Exomunda Exonic Tek Nukleotid Polimorfizmlerinin (SNPs) ve

Terpenoid Biyosentezinde Gorev Alan Genlerin Tespiti

Varyant tespiti i¢in nucmer align (Marcais vd., 2018) metodunu iceren DNAdiff
wrapper kullanilmigtir. S. officinalis’in tiim exomu ve terpenoid biyosentezinde gorev
aldig1 varsayilan genlerin kodlayan sekanslari, yapisal ve fonksiyonel anotasyon siireci
boyunca adacaymmin var olan genom sekanslari ile kiyaslanarak tanimlanmustir.
Adagayinin genom sekanslarina https://ngdc.cncb.ac.cn/gwh adresinden,
GWHBJVP00000000 ID numarasi ile erisilmistir. Tanimlanan tek niikleotid varyantlar
lokus igin en az 20 bp yakininda ve non-variable, degisken nlkleotidin her iki
tarafindan kusursuz sekilde hizalanmus olacak sekilde filtrelenmistir. Tek nikleotid
varyasyonlarinin lokasyonlariin gorsellestirilmesi i¢in peptit domainleri ve potansiyel
amino asit cesitleri degerlendirilmistir. Domain arastirmasi, peptit sekanslarindaki
kodlanan ORFs (open reading frames) bolgelerinde bulunan, terpenoid biyosentezinde
gorev aldig1 varsayilan gen bolgelerinde InterProScan (Paysan-Lafosse vd., 2023) araci

kullanilarak yapilmistir.


https://ngdc.cncb.ac.cn/gwh
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4. ARASTIRMA SONUCLARI VE TARTISMA

Bir genomun de novo sekanslanmasi bitki 1slah ve fonksiyonel genomiks
caligmalarinda verilerin gelistirilmesi ve analiz edilmesi i¢in dnemli bir gelismedir. Bu
tez kapsaminda adacayr genomunun de novo sekanslanmasi ve varyant analizi icgin
referans genom verisi kullanilmasi, adagayr genomunda bulunan terpenoid
biyosentezinde gorev alan kodlanan sekanslardaki tek ntkleotid polimorfizmlerini tespit
etmek ve lokasyonlarini belirlemek icin gergeklestirilmistir. Bu sayede gelistirilen
markorlerin terpenoid biyosentezinde genotipe bagli olarak meydana gelen ve fenotipe
etkisi olan farkliliklarin anlasilmasi icin ydratilecek olan ilerleyen calismalarda

potansiyel fonksiyonel markor olarak kullanilmasi amaglanmaisgtir.

4.1. Sekanslama Sonucu ve Assembly

Paired-end sekanslama sonucu olarak 118.8 Gb ham data iiretilmistir. Okumalar
GenBank veri tabaninda BioProject PRINA995944 ID numarasi ile SRA (sequence
read archive) dosyasi olarak saklanmaktadir. Ham veriden adaptor sekanslar trim
edilmis ve okumalar phred kalite skoru 30 (Q30) olmak {izere filtrelenmistir. Trim
edilme ve filtreleme islemlerinin ardindan ham verinin 89.2%'si olan 106 Gb
biiytikligiinde veri elde edilmistir. kK-mer analizi sonucu en uygun k-mer degeri k = 117

olarak belirlenmistir (sekil 18).
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Sekil 18. K-mer analizi sonucu k-mer’lerin sayist ve boyutu
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Adaptor sekanslar1 trim edilen ve Q30 filtrelemesinden gecen okumalar ilk

olarak contigler olarak assembly edilmistir. Sonrasinda elde edilen contigler referans

genom kullanilarak yedi scaffold haline gelmistir (Cizelge 1).

Cizelge 1. Assembly istatistikleri

Assembly istatistikleri

Scaffold sayist

Pseudo molekil 1 (bp)

Pseudo molekil 2 (bp)

Pseudo molekiil 3 (bp)

Pseudo molekiil 4 (bp)

Pseudo molekil 5 (bp)

Pseudo molekiil 6 (bp)

Pseudo molekil 7 (bp)

Toplam assembly boyutu (bp)
GC (%)

AT (%)

N50 degeri (bp)

NG50 degeri (bp)

Tamamlanan BUSCO
Tamamlanan ve tek kopya BUSCO
Tamamlanan ve duplike BUSCO
Pargalanmug BUSCO

7
88,498,997
77,009,490
60,691,335
53,566,787
52,731,730
54,576,965
44,470,283
431,545,587
35.36

64.6
60,691,335
54,576,965
1413

1386

27

82

Sonug¢ olarak tahmin edilen genom biiyiikliginiin (475.3 Mb) 90.8%’ 11

olusturan, yedi pseudo molekili de kapsayan 431.5 Mb biyiikliigiinde scaffold

assembly tretilmistir (Maksimovi¢ vd., 2007). Temel assembly istatistikleri Cizelge

1’de gosterilmistir. Scaffoldlara
https://doi.org/10.6084/m9.figshare.24099927

erisilebilir.

FASTA formatinda

(Scaffolds_1-7.fasta) linkinden


https://doi.org/10.6084/m9.figshare.24099927
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4.2. Protein Kodlayan Genlerin Tespit Edilmesi ve Gen Iceriginin

Degerlendirilmesi

HMM (hidden Markov model) baz alinarak protein kodlayan gen igeriginin
tespit edilmesi icin AUGUSTUS (Stanke vd., 2008) programi kullanilmistir. Varsayilan
gen yapilari ve Ozellikleri gff dosya formatinda
https://doi.org/10.6084/m9.figshare.24100032 linkine CodingGeneStructures.gff3 dosya
ismi ile eklenmistir.

Protein kodlayan gen lokuslarinin anotasyonundan 6nce gen igeriginin biitiinliik
kalitesi degerlendirilmistir. Tez kapsaminda adagayi genomunun sekanslanmasinin
amac1 terpenoid biyosentezinde gorev alan sekanslarin potansiyel degisken lokuslarini
tespit edebilmek oldugu icin yiksek derecede bir gen biitiinliigiine ulasabilmek
onemlidir. Bu yiizden gen iceriginin biitiinliigli degerlendirilirken kalite degerlendirmesi
evrimsel olarak tek kopya ortologlart olmast beklenen genler baz alinarak
gerceklestirilmis ve hatali duplikasyonlar minimum dizeyde tutulmaya galisiimistir
(Kelley ve Salzberg, 2010). BUSCO analizi sonucuna gore, embryophyta veri
tabanindan bulunan 1614 BUSCO grubundan 92.7%’si assembly scaffoldlarinda 1413
tamamlanmis (87.6%) ve 82 parcalanmis (5.1%) BUSCO olarak temsil edilmektedir.
Tamamlanmig BUSCOlarin 98.1%’i tek kopya olarak tanimlanmistir (Cizelge 1).
Duplike BUSCO oranmin ylksek olmasi hatali assembly sonucu ile
iligkilendirilmektedir. Ancak calismamizda BUSCO analiz sonuglari1 duplike BUSCO
oraninin minimal dlzeyde oldugunu ve ylksek gen bitiinligini gostermektedir
(Cizelge 1). Assembly scaffoldlarinda tanimlanan BUSCQO’larin ID’leri, agiklamalar1 ve
lokasyonlarina (https://doi.org/10.6084/m9.figshare.24103341) linkinden
ulasilabilmektedir. Ayrica BUSCO analiz sonuglarini temsil etmesi amaciyla elde edilen

sonuglarin bir kismi Cizelge 2,3,4,5,6,7 ve 8’de verilmistir.

Cizelge 2. Scaffold 1 BUSCO analiz sonuglari

Gen Gen
Scaffold Baslama Bitis
BUSCOID Durum Numarast  Noktasi Noktasi iplik Uzunluk
5at3193 Tam 01 RagTag 44721998 44747763  + 3876
438at3193 Tam 01_RagTag 69915044 69933035 + 2089

469at3193 Tam 01_RagTag 27166480 27201884 - 1896



https://doi.org/10.6084/m9.figshare.24100032%20linkine%20CodingGeneStructures.gff3
https://doi.org/10.6084/m9.figshare.24103341
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840at3193 Tam 01 RagTag 27582008 27593567 1683
938at3193 Tam 01 RagTag 25577822 25589320 + 1311
2325at3193  Duplike 01 _RagTag 70545583 70562076 + 1142
2329at3193  Tam 01 RagTag 74588687 74593507 + 1195
3052at3193  Duplike 01 _RagTag 714314 720953 852
3493at3193  Tam 01 RagTag 88221010 88237568 + 1412
3942at3193  Tam 01 RagTag 75694888 75701142 1095
13044at3193 Parca 01 RagTag 1931418 1936659 513
Cizelge 3. Scaffold 2 BUSCO analiz sonuglari
Gen Gen

Scaffold Baslama Bitis
BUSCO ID Durum Numarast  Noktasi Noktasi iplik Uzunluk
1521at3193  Tam 02_RagTag 27572784 27582785 - 842
1914at3193  Tam 02_RagTag 15152746 15163117 - 894
1998at3193  Tam 02_RagTag 10467044 10479901 + 1023
2050at3193  Tam 02_RagTag 39485252 39495906 - 1253
2325at3193  Duplike 02_RagTag 9449391 9466474 - 1216
2661at3193  Duplike 02_RagTag 27086059 27093926 - 1055
2926at3193  Tam 02_RagTag 16014408 16025569 + 1009
45095at3193 Parca 02_RagTag 8717577 8722735 + 345
47174at3193 Parca 02_RagTag 76596245 76597708 + 351

Cizelge 4. Scaffold 3 BUSCO analiz sonuglari
Gen Gen

Scaffold Baslama Bitis
BUSCO ID Durum Numarast  Noktasi Noktasi Iplik Uzunluk
23at3193 Tam 03_RagTag 24231070 24256754 + 3895
364at3193  Tam 03_RagTag 42573563 42585883 - 1433
453at3193 Tam 03 _RagTag 31949927 31981321 + 1597
727at3193  Tam 03_RagTag 46322681 46334282 - 1424
1259at3193 Tam 03 _RagTag 19577680 19584824 - 1479
1578at3193 Tam 03 RagTag 35617410 35644267 + 1339
1589at3193  Parca 03 RagTag 57311993 57328929 + 899
1816at3193 Tam 03_RagTag 22570470 22580316 + 1575
1822at3193 Tam 03_RagTag 24925453 24936708 - 915
1916at3193 Tam 03_RagTag 26803468 26811779 + 948
2694at3193 Tam 03_RagTag 45030723 45041770 - 866




Cizelge 5. Scaffold 4 BUSCO analiz sonuglari
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Gen Gen

Scaffold Baslama Bitis
BUSCO ID Durum Numarast  Noktasi Noktasi iplik Uzunluk
1388at3193 Tam 04_RagTag 6783537 6795658 - 1462
1440at3193 Tam 04_RagTag 4295362 4309877 - 1338
2203at3193 Tam 04_RagTag 14526607 14535660 - 1159
2653at3193 Tam 04_RagTag 49047718 49057419 - 1228
4483at3193 Tam 04_RagTag 27316389 27321335 + 950
6095at3193 Tam 04_RagTag 5689076 5699277 + 645
6412at3193 Tam 04 RagTag 12013678 12022376 + 1047
7277at3193 Parca 04_RagTag 14564357 14572516 - 602
7511at3193  Parca 04_RagTag 23814672 23816992 - 218
7542at3193 Tam 04_RagTag 15455389 15463721 - 894

Cizelge 6. Scaffold 5 BUSCO analiz sonuglari
Gen Gen

Scaffold Baslama Bitis
BUSCO ID Durum Numarasi Noktasi Noktasi iplik Uzunluk
2at3193 Tam 05_RagTag 10749625 10786390 - 3763
1332at3193 Tam 05_RagTag 39073832 39086400 + 914
1664at3193 Tam 05_RagTag 45811272 45831875 + 1591
2661at3193 Duplike 05_RagTag 45222250 45231504 + 1047
2834at3193 Tam 05_RagTag 8067554 8082541 - 1516
2921at3193 Tam 05_RagTag 50283879 50289239 - 1194
3441at3193 Tam 05 RagTag 6272578 6276590 - 1112
3704at3193  Parca 05 RagTag 25254099 25267323 - 743
3935at3193  Parca 05 RagTag 39348623 39359190 + 625
4251at3193 Tam 05 RagTag 20307358 20311671 + 1072

Cizelge 7. Scaffold 6 BUSCO analiz sonuglari
Gen Gen
Scaffold Baslama Bitis

BUSCO ID Durum Numarast  Noktasi Noktasi iplik Uzunluk
2028at3193 Tam 06_RagTag 43157230 43167439 - 1076
2661at3193 Duplike 06_RagTag 54037378 54043182 + 1054
2661at3193 Duplike 54013958 54022874 + 1058

06_RagTag
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2770at3193 Tam 06_RagTag 14310702 14318660 - 1014
3595at3193 Tam 06_RagTag 54169187 54173972  + 1073
5306at3193 Tam 06_RagTag 25873944 25882445 - 900
5921at3193 Tam 06_RagTag 30076333 30084280 + 957
9385at3193 Tam 06_RagTag 32255252 32278858 + 1175
10307at3193  Tam 06_RagTag 50194288 50200926 - 720
10341at3193  Tam 06_RagTag 50063295 50072233 + 1248
Cizelge 8. Scaffold 7 BUSCO analiz sonuglart
Gen Gen
Scaffold Baslama Bitis
BUSCO ID Durum Numarasi Noktasi Noktasi iplik Uzunluk
5135at3193  Tam 07_RagTag 28380281 28405940  + 1188
5793at3193  Tam 07_RagTag 19318268 19350562 - 1388
6430at3193  Tam 07_RagTag 13078082 13089766 - 780
6707at3193 Tam 07_RagTag 35982248 35988699 + 772
6756at3193  Tam 07_RagTag 35579786 35595301 - 813
8339at3193  Tam 07_RagTag 32815303 32831630 - 675
8731at3193  Tam 07_RagTag 23263026 23275500 + 890
10289at3193 Tam 07_RagTag 11235270 11249009 - 809
12643at3193 Tam 07_RagTag 43799926 43805481 - 733
13359at3193 Tam 07 RagTag 31513270 31519634  + 661
4.3. Fonksiyonel Anotasyon
Fonksiyonel anotasyon sireci eggNOG (Huerta-Cepas vd., 2017) ile

gergeklestirilmistir. Hem tahmin edilen gen yapilar1 dogrulanmistir hem de ortolog
gruplariyla eslesen fonksiyonlar aktarilmistir. Yapilan fonksiyonel anotasyon analizi
sonucunda adagay1 assembly scaffoldlarinda 21,443 protein kodladig1 varsayilan gen
bolgesi tahmin edilmistir. 21,443 ortolog gen disinda, 20,191°1 124 COG (Clusters of
Orthologs) kategorisine atanmistir ve 948 gen coklu kategoriye atanmistir. 9421 gen
COG kategorisine atanmis olup ‘S’ olarak fonksiyonu bilinmeyen bir ortolog gen iiyesi
olarak tamimlanmustir (https://doi.org/10.6084/m9.figshare.24103341). eggNOG ile
fonksiyonel anotasyonu gerceklestirilmis olan adacayr scaffoldlari, yiksek E-value

degerlerine gore segilerek sorgulanan bazi genlerdeki tanimlanan fonksiyonlar Cizelge


https://doi.org/10.6084/m9.figshare.24103341
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9’da temsilen gosterilmistir.  En yaygmn COG atamalarinin dagilimi Sekil 19°da

gosterilmistir.

Cizelge 9. eggNOG ile gergeklestirilen ab initio gen yapis1 anotasyonu sonucu adagayr genomunda tespit
edilen genlerin analiz sonuglarindan bir kism

Sorgulanan Gen ID E-Value COG_fonksiyonel kategorisi
03_RagTag.g34031 9.94e-316 U
02_RagTag.g22948 9.85e-313 E
06_RagTag.g67620 9.5e-316 S
01_RagTag.g11640 9.49e-315 J
06_RagTag.g69109 9.49e-315 Q
02_RagTag.g23903 8e-314 D
05_RagTag.g52097 8.97e-313 -
04_RagTag.g45324 8.95e-313 S
01 RagTag.g2524 8.64e-315 C
06_RagTag.g61854 8.62e-312 T

COG categories

2600 17

2000 +°

1500 +

1000

500 7

0 4 - . - A 4 4 .
A 0 QO & G N Y v N 2 & G o 3 P v 9 ¢ @ @&
d“&

Sekil 19. Fonksiyonel anotasyonu yapilmis gen yapilarinin COG kategori dagilinu gosterimi
T: Sinyal transdiiksiyon mekanizmasi, K: Transkripsiyon, O: Posttranslasyonel modifikasyon, protein
degisimi, saperonlar, G: Karbonhidrat transport ve metabolizmasi, Q: Sekonder metabolitlerin
biyosentezi, transport ve katabolizmasi, U: Intraseliiler tasima, salg1 ve kesecikli tasima, J: Translasyon,
ribozomal yap1 ve biyojenez, A: RNA isleme ve modifikasyonu, I: Yag tasima ve metabolizmasi, P:
Inorganik demir tasima ve metabolizmasi, E: Amino asit tasima ve metabolizmasi, C: Enerji tretimi ve
doniisimii, L: Replikasyon, rekombinasyon ve tamir, H: Koenzim tasima ve metabolizmasi, V: Savunma
mekanizmasi, M: Hiicre duvari/zari/zarfi biyojenezi, Z: Sitoskeleton, D: Hiicre donglisu kontrold, hiicre
bélinmesi, kromozom bélinmesi, F: Niikleotid tasima ve metabolizmasi, B: Kromatin yapisi ve
dinamigi. En az 100 genin degerlendirildigi COG degerlendirmeleri grafikte barlarla gosterilmistir. 100
genin altinda olan degerlendirilmeler ‘Others’ bari altinda gosterilmistir.
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Kodlanan genler ve peptitler https://doi.org/10.6084/m9.figshare.24100083
linkinde Gene_Structures_Nucleotide.fasta ve Gene_Structures_Peptide.fasta dosya
isimleriyle bulunmaktadir.

OmicsBox ile gergeklestirilen fonksiyonel anotasyon slrecinde Salvia
officinalis’e ait protein kodlayan genler ile Salvia hispanica protein peptit sekanslari
hizalanmistir. Yapilan hizalama sonucunda 33,000 hit ile 41% oraninda sekanslar
benzerlik gostermistir (Sekil 19-20). Analiz sonucunda blast edilen sckanslarin
uzunlugu, benzerlik orani, hizalanan sekanslarin uzunlugu, hizalanan sekanslarin
baslangi¢ ve bitis niikleotid konumlar1 elde edilmistir. Sonuglardan bir kismi, yiiksek E-

value degerine gore segilerek temsilen Cizelge 10°da verilmistir.

Cizelge 10. Adagay1 ve chia tohumunun protein kodlayan genleri arasindaki blast analiz sonuglarinin
kismi gosterimi

Sekans ismi Sekans Blast Hit Blast Min Blast
Uzunlugu Sayisi E-Value Benzerlik
Oram
GWHBJVP00000001 RagTag.g11983 162 10 9.9E-96 90.92%
GWHBJVP00000004 RagTag.g45697 257 10 9.9E-95 61.70%
GWHBJVP00000003 RagTag.g37805 934 10 9.9E-94 57.09%
GWHBJVP00000004 RagTag.g44844 140 10 9.9E-94 90.70%
GWHBJVP00000005_RagTag.g58352 229 2 9.9E-91 84.05%
GWHBJVP00000006 RagTag.g64423 254 10 9.9E-91 70.26%
GWHBJVP00000007_RagTag.g72918 207 10 9.9E-90 56.14%
GWHBJVP00000003_RagTag.g34769 230 6 9.9E-9 45.61%
GWHBJVP00000006_RagTag.g67897 527 1 9.9E-9 43.61%
GWHBJVP00000007_RagTag.g70654 240 10 9.9E-83 72.73%
Veri Dagilim Grafigi

GO Slim: 102 (0.13%)
GO anotasyon: 20 (0.03%)
GO Haritalama: 66 (0.08%)

Blast edilen:
33,000 (41%)

—— Blast edilmeyen:
45,847 (57%)

Sekil 19. Hizalama sonucu veri dagilim grafigi 1


https://doi.org/10.6084/m9.figshare.24100083%20linkinde%20Gene_Structures_Nucleotide.fasta
https://doi.org/10.6084/m9.figshare.24100083%20linkinde%20Gene_Structures_Nucleotide.fasta
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Veri Dagilim Grafigi
Sekanslar
0 20,000 40,000 60,000 80,000
o _
m e _
GO
Haritalama
GO
Anotasyon

Sekil 20. Hizalama sonucu veri dagilim grafigi 2

OmicsBox ile yapilan Gen Ontolojisi analizi sonuglarina gore biyolojik siireg,
molekiiler fonksiyon ve hiicresel bilesenler gorevlerinde rol alan sekanslarin dagilimi
sekil 21’de gosterilmistir. Gen Ontolojisi dagilimina gore sekanslarin gogunlukla;
metabolik slrec, biyolojik regiilasyon, katalitik aktivite, translasyon diizenleyici aktivite

ve hiicresel anatomik bilesen gibi gorevlerde bulundugu soylenebilmektedir.

GO Dagihm Grafigi
Sekanslar
0 20 40 60 8
Metabolik siire¢ ]
Biyolojik regiilasyon |

3 Uyarandan sorumlu |

Gelisimsel siire¢

Katalitik aktivite

-
aktivite ﬂ

Trans. diizenl.
S
Hiicresel an.
2 bilesen ]

Sekil 21. Gen Ontolojisi dagilim grafigi

Gen Ontolojisi analizi sonuglarina gére biyolojik siire¢, molekiiler fonksiyon ve
hiicresel bilesen siireclerinde rol alan sekanslarin fonksiyon grafikleri Sekil 22-23-24’te

gosterilmistir.
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GO Biyolojik Siire¢ Grafigi

Sekanslar
4 6 8

o
[}

uzama
Translasyon

Tasima
Stresten sorumlu

Sekil 22.

e ) ) e sy ) g g

Gen Ontolojisi biyolojik sureg grafigi

GO Molekiiler Fonksiyon Grafigi

GTPaz aktivite
ATP baglanma

NAD baglanma

Riboniikleozid
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Sekanslar
15 20 25 3

o
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=)

Sekil 23. Gen Ontolojisi molekiler fonksiyon grafigi

GO Hiicresel Bilesen Grafigi

zar

cekirdek

Kloroplast stroma

Fotosistem IT

Sekanslar
9 12 15 18

o
w
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Sekil 24. Gen Ontolojisi bilesen grafigi
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4.4. Terpenoid Biyosentezinde Rol Alan Genlerin Tespit Edilmesi

Terpenoid biyosentezinde gorev aldigi varsayilan genlerin tespiti protein
kodlayan gen bolgelerinden gergeklestirilmistir. Ortolog genler ile homoloji analizi
erigilebilir Salvia terpenoid biyosentez genleri (terpenoid biyosentez yolak genleri ve
terpen sentaz genleri) ile gerceklestirilmistir ve homolog peptitlerin fonksiyonel analizi
InterProScan kullanilarak peptit domain isaretlerine gore gerceklestirilmistir (Paysan-
Lafosse vd., 2023). Sonug olarak, 75 terpen sentaz ve 67 terpenoid biyosentez yolak
genleri (MVA ve MEP yolaklar1 ve diger terpenoid biyosentez genleri) olmak iizere 142
terpenoid biyosentezinde gorev aldigi varsayilan gen tespit edilmistir. Fonksiyonel
tanim, Yyolak ve ID bilgisi ve 142 genin assembly scaffoldlarindaki lokasyonuna
https://doi.org/10.6084/m9.figshare.24103341 linkinden erisilebilmektedir (Cizelge
11,12,13,14,15,16,17). Kodlanmig peptit sekanslarina
https://doi.org/10.6084/m9.figshare.24100134 linkinden
TerpenoidBiosynthesis_Coding.fasta and TerpenoidBiosynthesis_Peptide.fasta dosya
ismi ile ulagilabilmektedir. Tamimlanmig terpenoid biyosentez genlerinin assembly
scaffoldlarindaki, splays koordinat bolgelerini de igeren, detayli koordinatlari ve
kodlayan iplik (+/-) bilgisi https://doi.org/10.6084/m9.figshare.24100032 linkinde
bulunmaktadir ve CodingGeneStructures.gff3 dosya ismi ile erisilebilmektedir.

Terpenoid biyosentez gen tanimlama calismalarinda ¢ogunlukla Salvia cinsine
ait transkriptom verisi kullanilmistir. Bu yiizden bu cins i¢in erisilebilir en basarili ve
dizenli veri, splays bilgilerini iceren kodlanan sekans verileridir. Tez ¢alismasi
kapsaminda terpenoid biyosentez genlerinin tim genomda tespit edilmesi, genomik
scaffoldlardaki ve acgik okuma cercevesi bdlglerindeki, exon-intron bdlgeleri dabhil
olmak iizere, genlerin yapisal gen modelleri kullanilarak gerceklestirilmistir. Bu sayede
terpenoid sentezinde goérev aldigi varsayilan genlerin kromozomlar arasi dagilimini
belirlemek mimkun olmaktadir.

Embryophyta evrimsel siirecinde terpen sentaz en 6nemli genisletilmis sekonder
metabolit gen ailelerindendir. Hem ardisik duplikasyonlar hem de tim genom
duplikasyonlar1 bitkilerde terpen sentaz gen ailesinin genislemesinde rol almaktadir (J.
Li vd.,, 2021). Bitki genomunda yaklasik 30-100 terpen sentaz kodlayan gen
bulunmaktadir (Pichersky ve Raguso, 2018). Terpenoid biyosentezi ile iliskisi olan
genler yedi kromozoma dagilmis durumdadir ve hem terpen sentaz hem de terpenoid

biyosentez yolak bilesenlerini kodlayan genler ardisik bloklarda bulunmaktadir (Sekil


https://doi.org/10.6084/m9.figshare.24103341
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25, Cizelge 11,12,13,14,15,16,17). Genlerin kromozomlar arasit dagilimi, Sekil 25°te
goriildiigii gibi, gen topluluklarinin ¢ogunlugu kromozom 1,2,3 ve 6’da olmak Uzere
dort kromozoma diizensiz olarak dagilmis durumdadir. Son zamanlarda yapilan bir
calismada 342 terpenoid biyosentezi ile iliskili gen lavanta (Lavandula angustifolia)
genomunda 126 ardisik blok olarak tanimlanmistir. Lavanta, Nepetoideae alt sinifinada
Salvia cinsleri ile birlikte bulunan bir Lamiaceae tiiriidiir. Calismanin sonucu olarak, tez
kapsaminda bulunan sonuglara benzer olarak, terpenoid biyosentezinde goérev alan
genlerin kromozomlar arasinda diizensiz olarak dagildigi rapor edilmistir (J. Li vd.,
2021). Calisma sonuglarma gore adagayinda terpenoid biyosentezi ile iliskili genler
transkriptom analizine gore tanimlanmistir ve 20 benzersiz monoterpen sentaz geni, 29
benzersiz diterpen sentaz geni, 12 benzersiz triterpen sentaz geni ve 3 benzersiz
sesquiterpen sentaz geni tanmimlanmstir (Ali vd., 2017). Tez kapsaminda yapilan
calismada ise adagayinda mono-, di- ve triterpen sentaz kodlayan genlerde benzer

sayilar (23, 30 ve 10 gen) belirtilmistir.

Cizelge 11. Scaffold 1°de Terpenoid biyosentezinde gdrev alan genler

Scaffold Gen ID

Yolak/TPS

Gen Ismi/Fonksiyon

01_RagTag.g36
01 RagTag.g15795

01 _RagTag.g15686

01_RagTag.g15596
01_RagTag.g15408
01 RagTag.g15392
01 RagTag.g15326
01_RagTag.g15324
01 RagTag.g933

01_RagTag.g14634

01_RagTag.g13102

01_RagTag.g11868

01 RagTag.g11284

MEP

Triterpene_synthase
MVA

Triterpene_synthase
Terpenoid_backbone_synthesis
Diterpene_synthase
Monoterpene_synthase
Monoterpene_synthase
Diterpene_synthase

Terpenoid_backbone_synthesis

Diterpene_synthase

MEP

Triterpene_synthase

IDI1 isopentenyl diphosphate
isomerase-like

Squalene monooxygenase
HMGR1 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

Beta-amyrin synthase

STE24 endopeptidases-like
Gibberellin 20-oxidase-5
Myrcene/ocimene synthase
Myrcene/ocimene synthase
Ent-copalyl diphosphate
synthase
protein-S-isoprenylcysteine O-
methyltransferase-like
Ent-copalyl diphosphate
synthase

DXS 1-deoxy-D-xylulose 5-
phosphate synthase-like

Beta-amyrin synthase
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01_RagTag.g11278
01 RagTag.g10549

01 RagTag.g5643
01 RagTag.g5645

01 RagTag.g5651
01 RagTag.g9259

01_RagTag.g7182

01 RagTag.g5878

01 _RagTag.g5807

01 _RagTag.g5657
01 RagTag.g5649

01_RagTag.g11271
01_RagTag.g11273
01_RagTag.g3246

01_RagTag.g14447

01 RagTag.g15681

01 RagTag.g15682

01_RagTag.g15684

01_RagTag.g15690

01 RagTag.g15744

Triterpene_synthase
MVA

Diterpene_synthase
Diterpene_synthase

Monoterpene_synthase

Sesquiterpene synthase

MEP

Diterpene_synthase

Diterpene_synthase

Diterpene_synthase
Diterpene_synthase

Triterpene_synthase
Triterpene_synthase
MEP

Diterpene_synthase

MVA

MVA

MVA

MVA

Diterpene_backbone_synthesis

Beta-amyrin synthase

HMGS hydroxylmethylglutaryl-
CoA synthase-like
Ent-isokaurene C2-hydroxylase
9beta-pimara-7, 15-diene
oxidase

Geraniol isomerase synthase
a-humulene/B-caryophyllene
synthase

DXS3 1-deoxy-D-xylulose 5-
phosphate synthase-like

Ent-copalyl diphosphate
synthase
Ent-copalyl diphosphate
synthase

Ent-isokaurene C2-hydroxylase
9beta-pimara-7, 15-diene
oxidase

Beta-amyrin synthase
Beta-amyrin synthase

DXS 1-deoxy-D-xylulose 5-
phosphate synthase-like
Gibberellin 20-oxidase-5
HMGR1 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

HMGR2 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

HMGR6 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

HMGR1 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like
geranylgeranyl diphosphate

synthase-like
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Cizelge 12. Scaffold 2’de Terpenoid biyosentezinde gdrev alan genler

Scaffold Gen ID Yolak/TPS Gen Ismi/Fonksiyon

02_RagTag.g29554 MEP DXR1 1-deoxy-D-xylulose-5-
phosphate  reductoisomerase-
like

02_RagTag.g17608 Monoterpene synthase Myrcene/ocimene synthase

02_RagTag.g28577 Monoterpene synthase Myrcene/ocimene synthase

02_RagTag.g28559 Monoterpene synthase Myrcene/ocimene synthase

02_RagTag.g27870 Monoterpene synthase Myrcene/ocimene synthase

02_RagTag.g21282
02_RagTag.g26340
02_RagTag.g25700
02_RagTag.g25575
02_RagTag.g23678

02_RagTag.g24172
02_RagTag.g24847

02_RagTag.g24845
02_RagTag.g24179
02_RagTag.g25097
02_RagTag.g25701
02_RagTag.g25732
02_RagTag.g23173
02_RagTag.g22340
02_RagTag.g26555

02_RagTag.g22182
02_RagTag.g21164

02_RagTag.g20273

02_RagTag.g20170
02_RagTag.g19453

02_RagTag.g28180
02_RagTag.g28451
02_RagTag.g28455
02_RagTag.g28464
02_RagTag.g17234

Diterpene synthase
Diterpene synthase
MVA

Diterpene backbone synthesis

MVA

Monoterpene synthase
MEP

MEP

Monoterpene synthase
Triterpene synthase

MVA

Triterpene synthase
Terpenoid backbone synthesis
Terpenoid backbone synthesis

Diterpene synthase

Diterpene synthase
Monoterpene synthase

Sesqui and triterpene backbone
synthesis

Terpenoid backbone synthesis
Terpenoid backbone synthesis

Monoterpene synthase
Monoterpene synthase
Monoterpene synthase
Monoterpene synthase
MVA

Gibberellin 2-oxidase
Ent-kaurene synthase-6

HMGR1 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like
geranylgeranyl
synthase-like
HMGR1 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

Myrcene/ocimene synthase
HDR1 4-hydroxy-3-methylbut-
2-enyl diphosphate reductase-
like

HDR2 4-hydroxy-3-methylbut-
2-enyl diphosphate reductase-
like

Myrcene/ocimene synthase
Farnesyl-diphosphate
farnesyltransferase

HMGR1 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

Squalene monooxygenase
farnesol dehydrogenase-like
prenylcysteine  alpha-carboxyl
methylesterase-like
Ent-copalyl
synthase
Ent-kaurenoic acid hydroxylase
(+)-neomenthol
dehydrogenasel

farnesyl diphosphate synthase-
like

STE24 endopeptidases-like
all-trans-nonaprenyl-
diphosphate synthase-like
Myrcene/ocimene synthase
Myrcene/ocimene synthase
Myrcene/ocimene synthase
Myrcene/ocimene synthase
mevalonate kinase-like

diphosphate

diphosphate
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Cizelge 13. Scaffold 3’te Terpenoid biyosentezinde gorev alan genler

Scaffold Gen ID

Yolak/TPS

Gen Ismi/Fonksiyon

03_RagTag.g41023

03_RagTag.g40438

03_RagTag.g40077

03_RagTag.g40075
03_RagTag.g39219
03_RagTag.g32354
03_RagTag.g32695
03_RagTag.g37112
03 _RagTag.g36723
03 _RagTag.g36721

03_RagTag.g33922

03_RagTag.g36076
03_RagTag.g35187

03_RagTag.g34098

03_RagTag.g33982

03_RagTag.g33112
03_RagTag.g37730
03_RagTag.g37734
03_RagTag.g38302
03_RagTag.g31940

03_RagTag.g31111
03 _RagTag.g30773

Diterpene synthase

Diterpene backbone synthesis

Terpenoid backbone synthesis

Terpenoid backbone synthesis
Terpenoid backbone synthesis
Terpenoid backbone synthesis
MEP

Diterpene synthase

Terpenoid backbone synthesis
Terpenoid backbone synthesis

Terpenoid backbone synthesis

MEP
MEP

Diterpene backbone synthesis

Terpenoid backbone synthesis

Terpenoid backbone synthesis
Monoterpene synthase
Monoterpene synthase
Triterpene synthase
Terpenoid backbone synthesis

Sesquiterpene synthase
Monoterpene synthase

Momilactone-A synthase
GGPSIII geranylgeranyl
diphosphate synthase-like
DHDDS4 ditrans,polycis-
polyprenyl diphosphate
synthase 4-like

DHDDS4 ditrans,polycis-
polyprenyl diphosphate
synthase 4-like

CHLP1 geranylgeranyl
diphosphate reductase-like
CHLP1 geranylgeranyl
diphosphate reductase-like
HDR1 4-hydroxy-3-methylbut-
2-enyl diphosphate reductase-
like

Ent-kaurenoic acid hydroxylase
CHLP3 geranylgeranyl
diphosphate reductase-like
CHLP1 geranylgeranyl
diphosphate reductase-like
PCMEL1 prenylcysteine  alpha-
carboxyl methylesterase-like
MCT 2-C-methyl-D-erythritol
4-phosphate
cytidylyltransferase-like

DXS 1 1-deoxy-D-xylulose 5-
phosphate synthase-like
GGPSII2 geranylgeranyl
diphosphate synthase-like
DHDDS4 ditrans,polycis-
polyprenyl diphosphate
synthase 4-like

FNTB protein
farnesyltransferase subunit beta-
like

(+)-neomenthol

dehydrogenasel

(+)-neomenthol

dehydrogenasel

Squalene monooxygenase
PCYOX1 prenylcysteine
oxidase/farnesylcysteine lyase-
like
a-humulene/B-caryophyllene
synthase

1, 8-cineole synthase
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Cizelge 14. Scaffold 4’de Terpenoid biyosentezinde gérev alan genler

Scaffold Gen ID

Yolak/TPS

Gen Ismi/Fonksiyon

04_RagTag.g42863

04_RagTag.g43791

04 _RagTag.g44623

04_RagTag.g46769

04_RagTag.g47147
04_RagTag.g48003
04_RagTag.g48686
04_RagTag.g44109

04_RagTag.g43830

MEP

MEP

MEP

Terpenoid backbone synthesis

MVA

Diterpene backbone synthesis
Monoterpene synthase
Monoterpene synthase

Monoterpene synthase

HDS 1 4-hydroxy-3-methylbut-
2-enyl diphosphate synthase-
like

CMK 4-diphosphocytidyl-2-C-
methyl-D-erythritol kinase-like
HDS 1 4-hydroxy-3-methylbut-
2-enyl diphosphate synthase-
like

DHDDS4 ditrans,polycis-
polyprenyl diphosphate
synthase 4-like

HMGR1 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

GGPSIII geranylgeranyl
diphosphate synthase-like
(3S)-linalool synthase2

Geraniol isomerase synthase
(+)-neomenthol

dehydrogenasel

Cizelge 15. Scaffold 5’te Terpenoid biyosentezinde gdrev alan genler

Scaffold Gen ID

Yolak/TPS

Gen Ismi/Fonksiyon

05_RagTag.g60376

05_RagTag.g60307
05_RagTag.g52984

05_RagTag.g60027

05_RagTag.g54335
05_RagTag.g57537
05_RagTag.g57309
05_RagTag.g60889
05_RagTag.g60891

Monoterpene synthase

Diterpene synthase
Diterpene synthase

MVA

MVA

Diterpene synthase

Diterpene synthase

Terpenoid backbone synthesis
Terpenoid backbone synthesis

Myrcene/ocimene synthase
Ent-copalyl diphosphate
synthase

Gibberellin 2-oxidase

HMGR2 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

HMGR2 3-hydroxy-3-
methylglutaryl-coenzyme A
reductase-like

Ent-kaurene synthase-6
Ent-kaurene synthase-4

FOLK1 farnesol kinase-like
FOLK1 farnesol kinase-like

Cizelge 16. Scaffold 6’da Terpenoid biyosentezinde gérev alan genler

Scaffold Gen ID
06_RagTag.g70358

06_RagTag.g61395
06_RagTag.g69096
06_RagTag.g68535
06_RagTag.g68508
06_RagTag.g68445

06_RagTag.g67452

06_RagTag.g65652

Yolak/TPS
Diterpene backbone synthesis

Diterpene backbone synthesis

Monoterpene synthase
Diterpene synthase
Triterpene synthase
Monoterpene
synthesis

Terpenoid backbone synthesis

backbone

Sesquiterpene synthase

Gen Ismi/Fonksiyon

GGPSII2 geranylgeranyl
diphosphate synthase-like
GGPSII6 geranylgeranyl
diphosphate synthase-like

(E, E)-geranyl linalool synthase
Gibberellin 2-oxidase
Beta-amyrin synthase

GPPS geranyl diphosphate
synthase-like

CMT?2 protein-S-
isoprenylcysteine O-
methyltransferase-like

~ a-humulene/B-caryophyllene
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06_RagTag.g64527
06_RagTag.g65488
06_RagTag.g65489
06_RagTag.g65788
06_RagTag.g65789
06_RagTag.g65792
06_RagTag.g65857
06_RagTag.g66875
06_RagTag.g63175
06_RagTag.g62153
06_RagTag.g69329
06_RagTag.g69770
06_RagTag.g69798
06_RagTag.g69901
06_RagTag.g69904
06_RagTag.g61566

06_RagTag.g61564

Sesquiterpene synthase
Sesquiterpene synthase
Sesquiterpene synthase

Sesquiterpene synthase
Sesquiterpene synthase
Sesquiterpene synthase
Sesquiterpene synthase
Terpenoid backbone synthesis

MVA

Diterpene synthase
Monoterpene synthase
MVA

Sesqui and triterpene backbone
synthesis

Diterpene synthase

Diterpene synthase
Sesquiterpene synthase

Sesquiterpene synthase

synthase

Germacrene-D synthase (TPS-
6)

a-humulene/B-caryophyllene
synthase
a-humulene/B-caryophyllene
synthase

Cis-muuroladiene synthase
Cis-muuroladiene synthase
Cis-muuroladiene synthase
Cis-muuroladiene synthase
PCMEL1 prenylcysteine  alpha-
carboxyl methylesterase-like
AACT1 Acetyl-CoA C-
acetyltransferase-like
Gibberellin 2-oxidase
Myrcene/ocimene synthase

AACT1 Acetyl-CoA C-
acetyltransferase-like
FPPS farnesyl diphosphate

synthase-like

Ent-kaurene synthase-5
Ent-kaurene synthase-1
Germacrene-D synthase (TPS-
6)

a-humulene/B-caryophyllene

~ synthase

Cizelge 17. Scaffold 7°de Terpenoid biyosentezinde gdrev alan genler

Scaffold Gen ID

07_RagTag.g78564
07_RagTag.g77798
07_RagTag.g77077
07_RagTag.g73074
07_RagTag.g75112
07_RagTag.g73697
07_RagTag.g74643
07_RagTag.g76370
07_RagTag.g71932
07_RagTag.g76727
07_RagTag.g71454
07_RagTag.g71452

07_RagTag.g77945

Yolak/TPS

Terpenoid backbone synthesis
Terpenoid backbone synthesis
Diterpene synthase

Diterpene synthase

MEP

MEP

MVA

Terpenoid backbone synthesis
Diterpene synthase

MVA

Diterpene synthase

Diterpene synthase

Diterpene synthase

Gen Ismi/Fonksiyon

DHDDS3 ditrans,polycis-
polyprenyl diphosphate
synthase 3

FACE2 farnesylated protein-
converting enzyme 2
Ent-kaurene synthase-1
Gibberellin 20-oxidase-3

DXS1 1-deoxy-D-xylulose  5-
phosphate synthase-like

IDI1 isopentenyl  diphosphate
isomerase-like

PMK 5-phosphomevalonate
kinase-like

CMT1 protein-S-
isoprenylcysteine O-
methyltransferase-like
Gibberellin 20-oxidase-1

MVK1 mevalonate kinase-like

Ent-copalyl diphosphate
synthase
Ent-copalyl diphosphate
synthase

Momilactone-A synthase
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Sekil 25. Adacayinda terpenoid biyosentezinde gorev aldigi varsayilan genlerin genomik dagilim
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Toplamda 12 sesquiterpen sentaz geni tanimlanmistir, bunlardan 8 sesquiterpen geni
kromozom 6’da ardisik kiimeler halinde bulunmaktadir (Sekil 25). Iki calisma arasinda
tanimlanan gen sayilarinda gozlemlenen farkliliklar, tez kapsaminda yapilan ¢alismada
genomik kodlayan sekanslar icin, gen tanimlamasi uygulamasinda transkriptler yerine
genomik yaklagimin uygulanmasindan kaynaklanmaktadir. Boylelikle ardisik gen
kiimelerinin tanimlanmasi ve lokasyonlarinin belirlenmesi miimkiin olmaktadir. Ardisik
monoterpen sentaz ve diterpen sentaz bloklari i¢in en iliskili kromozomlar, kromozom 2
ve kromozom 1-7 olarak goriilmektedir. MVA ve MEP yolaklarinin da dahil oldugu
terpenoid biyosentez gen yolaklari i¢in en iliskili kromozomlar ise kromozom 1 ve 4
olarak gortlmektedir (Sekil 25).

4.5. S. officinalis Exomunda SNP Varyantlar: ve Terpenoid Biyosentez Genleri

Ardisik gen bloklarindaki mutasyon ve dogal secilim sonucu kopyalarn
duplikasyonundaki fonksiyonel cesitlilik, bitki sekonder metabolitlerinde en genis sinif
olan terpenoidlerdeki muazzam ol¢iideki ¢esitlilige katki saglamaktadir (J. Li vd., 2021;
Trindade vd., 2018). Terpen sentaz genlerinin belirgin 6zellikleri bitki terpen
cesitliligindeki mutasyonlarin etkilerini 6lgeklendirmenin belirlenmesinde etkilidir.
Terpen sentazlar genellikle ayni substrattan coklu Grinler Uretmektedir ve terpen
sentazdaki tek bir amino asit degisikligi genellikle ¢coklu yeni terpen ve iiriinleri olarak
yansimaktadir. Sonu¢ olarak, terpen sentazdaki tek bir amino asitteki mutasyon
degisikligi bile siklikla 6nemli sonuglar olusturmaktadir (Pichersky ve Raguso, 2018).
Reaksiyonlardaki ¢esitlilikten kaynaklanan terpen iskeletlerindeki modifikasyonlar,
terpen sentaz cesitliligi neticesinde nihai riin genislemesine sebep olmaktadir. Bu
nedenle terpen sentaz kodlayan genlerde sekans ¢esitliligini tanimlamak, belirli bir
metabolik fenotipi ya da arzulanan terpen son iirliniiniin iiretiminin arttirilmasini belirli
bir alelle iliskilendirmek i¢in olduk¢a degerlidir. Salvia cinsinde terpenoid biyosentez
geninde potansiyel ¢esitliliklerin tanimlanmasi daha onceki ¢alismada, S. officinalis’in
erigsilebilen genom sekans calismasinda (C. Y. Li vd., 2022),belirtilmemistir. Tez
calismast kapsaminda adagayr genomunun sekanslanmasi, genomik nikleotid
varyasyonlarin tanimlanmasinda karsilastirmali sekans analiz uygulamasina olanak

saglamistir.
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Calismamizda sonug olarak referans sekansa ait, terpenoid biyosentezinde gorev
aldig1 varsayilan genlerin exon bolgesinde 447 yer degisikligi tespit edilmistir. Lokus
icin, her bir taraftan, en az 20 bp sekans uyusmazligr olmadan miikemmel eslesme
filtrelemesi sonucu olarak 82 tanesi benzersiz terpenoid biyosentez genlerinde olmak
Uzere toplamda 188 tek nikleotid polimorfizmi belirlenmistir. Detayli sonuclar
(https://doi.org/10.6084/m9.figshare.24103341) linkinde bulunmaktadir. Predominant
olan transisyon mutasyonlart toplam SNP sayisinin 64.9%’unu temsil etmektedir.
Transversiyonlar SNP’lerin 35.1%’ini olusturmaktadir. Piirin/piirin (A/G, G/A) en fazla
bulunan yer degisikligi tipi olarak, 188 SNP lokusunun 35.1%’ini temsil etmektedir
(Cizelge 18).

Cizelge 18. S. officinalis genomunda tahmin edilen terpenoid biyosentez genlerinin varyant istatistikleri

Toplam Terpenoid

exom biyosentez

varyant1? Sorgulanan ¢ Referans ¢ varyanti P Sorgulanan ¢  Referans ¢
GA 3969 (16.15%) 3985 (16.22%) AC 12 (6.03%) 8 (4.02%)
GT 1193 (4.86%) 1129 (4.59%) AT 8 (4.02%) 7 (3.52%)
GC 997 (4.06%) 1024 (4.17%) AG 36 (19.12%) 30 (15.96%)
AC 1155 (4.70%) 1223 (4.98%) GA 30 (15.96%) 36 (19.12%)
AG 3985 (16.22%) 3969 (16.15%) GT 9 (4.79%) 4 (2.13%)
AT 952 (3.87%) 993 (4.04%) GC 13 (6.91%) 5 (2.66%)
TA 993 (4.04%) 952 (3.87%) TG 4 (2.13%) 9 (4.79%)
TG 1129 (4.59%) 1193 (4.86%) TA 7 (3.52%) 8 (4.02%)
TC 3982 (16.00%) 4018 (16.35%) TC 24 (12.77%) 32 (17.02%)
CG 1024 (4.17%) 997 (4.06%) CT 32 (17.02%) 24 (12.77%)
CA 1223 (4.98%)  1155(4.70%) CG 5(2.66%) 13 (6.91%)
CT 4018 (16.35%) 3932 (16.00%) CA 8 (4.02%) 12 (6.03%)
Toplam 24,570 24,570 Toplam 188 188

S. officinalis genom assembly scaffoldlarinda exonik sekanslarin tamamindaki yer degisiklikleri
tanimlannustir.
®Tahmin edilen terpenoid biyosentez genlerinin exonik sekanslarindaki yer degisiklikleri tanimlanmustir.
°Sorgulanan sltunu tez kapsaminda ¢aligilan ve Uretilen sekans verisini temsil etmektedir.
dReferans situnu https://ngdc.cncb.ac.cn/gwh linkinden GWHBJVP00000000 ID numarast ile ulasilabilen
S. officinalis genom assembly sekansini temsil etmektedir.

S. officinalis exomunda tespit edilen tek nukleotid polimorfizmleri aym zamanda
varyantlar olarak adlandirilmaktadir. lokusu

(https://doi.org/10.6084/m9.figshare.24100155, TotalExome_substitutions.tabular) ve 20

Sonug¢ olarak degisken nukleotid

baz yakininda mukemmel eslesme gOsteren 24,570 tek nukleotid polimorfizmi
(https://doi.org/10.6084/m9.figshare.24100155, TotalExome_gSNPs) tespit edilmistir.
Terpenoid biyosentez genlerinin exonlarindaki yer degisikliklerine benzer olarak,
transisyon mutasyonlar1 S. officinalis exomunda toplam niikleotid yer degisikliklerinin
65%’ini olusturmaktadir (Cizelge 18).


https://doi.org/10.6084/m9.figshare.24103341
https://ngdc.cncb.ac.cn/gwh
https://doi.org/10.6084/m9.figshare.24100155%2CTotalExome_substitutions.tabular
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Bu c¢alisma kapsaminda enzim kodlama aktivitesine etki edecek yuksek
potansiyele sahip SNP’lerin tamimlanmas1 i¢in 6zellikle varyant olarak adlandirilan
exonlar hedef alinmistir. Bu prensibin kanit1 olarak, rastgele segilen ve tek niikleotid
polimorfizmine sahip terpenoid biyosentez genleri icin InterProScan (Paysan-Lafosse
vd., 2023) analizi gerceklestirilmistir. Dort gende gerceklestirilen peptit domain analiz
sonuglart  sekil 26’da  gosterilmistir.  Mevalonat yolak geninin  N-terminal
hydroxymethylglutaryl-CoA sentaz domaini kromozom 1 (izerinde 13. ve 16. amino
asitleri kodlayan peptitlerin arasinda konumlanmistir. Gen exonunda bulunan iki tek

niikleotid polimorfizmi tanimlanmistir ve kodlayan sekansin 91. pozisyonunda peptitin
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(c)
(d)

(a)
(b)

Rdtase_fam

Geranylgeranyl

Terpene_synth_N

Terpene mmth

184: C;Serine/T,Phenylalanine & 276: T,Phenylalanine/A;Tyrosine & 301: G;Glutamic acid/T,Aspartic acid

507: G;Tryptophan/C;Serine & 525: A;Glutamine/G;Arginine

geranylgeranyl diphosphate reductase domain 45-436aa
219: G;Arginine/A;Lysine & 283: Ajlsoleucine/C;Leucine

31: G:Asparagine/A;Aspartate
455: C;Threonine/G;Arginine

Sekil 26. Degisken terpenoid biyosentez genlerinin bir setinde domain analizi. Peptitlerin domain
tanimlar1 ve konumlari her bir grafigin sol iist kisminda belirtilmistir. Degiskenlik bolgeleri ve nikleotid
yer degisiklikleri de ayrica belirtilmistir.
(8) Kromozom 1’de tanimlanan MV A yolak geni. Belirlenen genin ID’si 01 RagTag.g10549 olup,
tezde ek dosyalarin saglandig linklerden gene ulasilabilir. Hydroxymethylglutaryl-CoA domaini
13-163 bolgeleri arasinda tanimlanmaktadir. Degiskenlik bolgesi konumu 31.
(b) Kromozom 2 iizerinde tanimlanan terpen sentaz geni. Belirlenen gen ID’si 02_RagTag.g24179
ve tezde ek dosyalarin saglandig: linkten ulasilabilir. Terpen siklaz benzeri 1 domaini 177-503
bélgeleri arasinda tanmmlanmistir. Degiskenlik b6lgesi konumu 455.
(c) Kromozom 3 iizerinde tanimlanan terpenoid biyosentez geni. Belirlenen gen ID’si
03_RagTag.g36721 ve tezde ek dosyalarin saglandig: linkten ulasilabilir. Geranylgeranyl
diphosphate reductase-benzeri domaini 45-436 bolgeleri arasinda tanimlannustir. Degiskenlik
bélgesi konumu 219 & 283.
(d) Kromozom 4 iizerinde tanimlanan MEP yolak geni. Belirlenen gen ID’si 04 RagTag.g42863 ve
tezde ek dosyalarin saglandig: linkten ulasilabilir. 4-hydroxy-3-methylbut-2-enyl diphosphate
synthase-benzeri domaini 77-740 bolgeleri arasinda tanimlanmugtir. Degiskenlik bolgesi konumu
184, 276, 301, 507 & 525.
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Asparajin amino asidi ile eslesen 31. bolgesinin Aspartat bolgesi ile degistigi SNP
tamimlanmistir (Sekil 26a). Benzer sekilde kromozom 2 (zerinde bulunan terpen
sentazin ¢ C-terminal 340 terpene cyclase like 1 domainini kodlayan sekansta bulunan
dort SNP’in her biri bolge 455°te Treonin/Arjinin degisimine sebep olmaktadir (Sekil
26Db). Terpenoid biyosentez geni oldugu varsayilan gende geranyl difosfat rediiktaz
kodlayan sekansta konumlanmis dort SNP tespit edilmistir. Dort SNP haricinde benzer
olmayan iki tanesi, bolge 219 ve 283’de bulunan rediiktaz domainini degistirmektedir
(Sekil 26¢). MEP yolak geni HADS1’de, 4-hydroxy-3-methylbut-2-en-1-yl diphosphate
synthase domaininde ve 184, 276, 301, 507 ve 525 pozisyonlarinda bdlgeleri degistiren,
bes amino asit degisikligine sebep olan SNP ve alti degisken lokus tespit edilmistir
(Sekil 26d).

4.6. S. officinalis’in Protein Kodlayan Gen Boélgelerinde SSR Tespiti

Sekanslanmis olan Salvia officinalis genomunun protein kodlayan gen
bolgelerinde SSR tespiti icin GMATA programi kullamilmistir. Girdi olarak 20689
protein kodlayan sekans programa verilmistir. Sonu¢ olarak adagayimmin protein
kodlayan sekanslarinda 2452 SSR lokusu tespit edilmistir. Bu SSR lokuslarindan 2195
tanesine primer tasarlanirken, 257 tanesine primer tasarlanamamistir. Benzersiz markor

say1s1 2125 olarak tespit edilmistir (Cizelge 19).

Cizelge 19. Tespit edilen SSR’larn istatistikleri

Tespit edilen SSR’larn istatistikleri

Veri olarak girilen toplam sekans sayisi 20689
Tespit edilen toplam SSR lokusu 2452
Primer tasarlanan toplam SSR lokusu 2195
Primer tasarlanmayan toplam SSR lokusu 257
Benzersiz markdr sayisi 2125

En az 2 en fazla 6 tekrar olmak {izere analiz edilen SSR lokuslarinda, toplam
1500 SSR lokusu ile en fazla tekrar eden motif 3mer olarak tespit edilmistir. En az

tekrar eden motif ise toplam 2 SSR lokusu ile 4mer olarak tespit edilmistir (Cizelge 20).
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Cizelge 20. Tekrar motiflerinin SSR lokus sayilari

Motif (-mer) Toplam
866
1500

2

5

79

OOk, WN

Elde edilen analiz sonuglarma gore 24 SSR ile en fazla bulunan SSR motifi
‘TCC’ ve ‘GT’ olarak bulunmustur. En ¢ok tekrar eden motif gruplar ise ‘CAA/TTG,
CGA/TCG, TA/TA ve GTC/GAC’ olarak siralanmistir. Sonuglarin bir kismi Cizelge
21’de ve Sekil 27°de gosterilmistir. Cizelge ve sekilde gostermek amaciyla, 0.5’ten
yuksek frekansa sahip motifler secilmistir.

Cizelge 21. En ¢ok tekrar eden SSR motifleri

SSR motifi SSR’larm sayisi

TCC 24

GT 24
CCT 21
GGT 20

CA 20
TGG 19
GCT 18
TGC 18
CAA 18
AGG 18

m CAA/TTG mwCGA/TCG mTA/TA @ GTC/GAC

Sekil 27. Adacay1 exomunda >0.5 frekansa sahip, en ¢ok tekrar eden motif gruplari ve yiizdeleri
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4.7. S. officinalis Exomunda Terpenoid Biyosentezinde Rol Aldigi Tespit Edilen
Genlerde SSR Tespiti

S. officinalis exomunda terpenoid biyosentezinde rol aldigi tespit edilen genlerde
SSR tespit etmek amaciyla toplam 178 sekans GMATA programina girdi olarak
verilmistir. Bu sekanslarin diizenlendikten sonraki uzunlugu 221352 baz c¢ifti olarak
belirlenmistir. Yapilan analiz sonucunda toplam 93 SSR lokusu tespit edilmistir. Bu
SSR lokuslarindan 85 tanesine primer tasarlanmis, 8 tanesine tasarlanmamustir. Tespit
edilen toplam benzersiz markor sayist 85°tir (Cizelge 22). Terpenoid yolaaginda tespit

edilen SSR markarlerine ait veriler (Cizelge 23) gorilmektedir.

Cizelge 22. Terpenoid biyosentezinde rol aldig tespit edilen genlerde tespit edilen SSR’larin istatistikleri

Tespit edilen SSR’larm istatistikleri

Veri olarak girilen toplam sekans sayisi 178
Tespit edilen toplam SSR lokusu 93
Primer tasarlanan toplam SSR lokusu 85
Primer tasarlanmayan toplam SSR lokusu 8
Benzersiz markor sayisi 85

Tekrar eden motifler arasinda toplam 61 SSR lokusu ile en fazla tekrar eden
motif 2mer olarak tespit edilirken, en az tekrar eden motif ise toplam 1 SSR lokusu ile

6mer olarak tespit edilmistir (Cizelge 23).

Cizelge 23. Tekrar motiflerinin SSR sayilari

Motif (-mer) Toplam
2 61
3 31
6 1

Elde edilen analiz sonuglarina gore, adacayinda protein kodlayan gen
bolgelerinde terpenoid biyosentezinde rol aldigi tespit edilen gen bolgelerinde, en gok
tekrar eden motif gruplart ‘TC/GA, CT/AG, GCG/CGC, TG/CA ve GT/AC’ olarak

tespit edilmistir. Sonuglarin bir kismu1 Sekil 28°de gosterilmistir.



ETC/GA ECT/AG mGCG/CGC

TG/CA ™ GT/AC
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Sekil 28. Terpenoid biyosentezinde rol aldigr tespit edilen genlerde en ¢ok tekrar eden motif gruplart ve

ylizdeleri

Cizelge 23. Adagayinda terpenoid biyosentezinde gorev aldigi tahmin edilen genlerde analiz sonucu

tespit edilen SSR markdrlerin primerleri ve triin boyutu

Marker Primer Forward Primer Reverse gg;atu
>S0TSSR1 GTTCGAGCCAGAGAAATCGT TATTGATGCTGCTCCTGCTG 143
>S0TSSR2 GCATGGATGAGCAGCAGTAA TCGTCTTGATCATGCACCTG 116
>S0TSSR3  TTGTTTTCCTACGGGAGTGG CAACTCATGCCTCGACTTCA 135
>S0TSSR4  TGGAGGTTGAAGATTGCAGA TTCGACTTGAGCTCGTTCCT 135
>S0TSSR5 ATTTCGGTGAGCCATTTCTG CTGCTGCTGTTGTCCTCGTA 103
>S0TSSR6 TGAGTAGATGGCCGTTTTGC CATCCAATGCCGAGGTAGTT 103
>S0TSSR7 GCATAAGTTGGGCGTGGTAG GCTTCTCTCCCGTGAAACTG 128
>S0TSSR8 GCGCTGGTGGAAGATATCAG ATGACCCATCCGCCAACT 91
>S0TSSR9  GCTTGGGCTACAACAGCAAT CCCTCCATTTTGATTCTTGA 123
>S0TSSR10 CGGAGAAAGCTTCGTCTCAC CCCCAAAAGCTCCATGATT 140
>S0TSSR11 ATTTGCCACCAAATTTCTGC TGAATTGGGAGATCCAAAGC 102
>S0TSSR12 AACATTGGCGACACCTTCAT AGTGCTTCTGCGTGAACTCC 124
>S0TSSR13 CTTTGGTGTATTGCCCTGGT CCAAAACATAACGCCAGCTAA 118
>S0TSSR14 GGTGAAGGAGGATTCACCAA CTCATCCTGCTCATCGACAA 124
>S0TSSR15 CCAATGCCGTCTTCTTCACT GATGAATGAGGCGACGAAAG 146
>S0TSSR16 ACCAACAGAGGATGCAAAGC TTCGAGGAACATCTTCAGCTC 135
>S0TSSR17 TTCACCAACGCCTTCTTCTT TGGAGTTGCGGATCTTCTCT 85
>S0TSSR18 TCAAGGAGGATTCACCGAAA AGGGCATACGAAGGGATCTT 142
>S0TSSR19 CCTCTCTCACAGTCGGGAAC CGCCGATATGGATTTGGAG 144
>S0TSSR20 GTTAAGGCATTTGCCCCTCT TTCAACACCATACCGACGAA 116
>S0TSSR21 CAAGACCAAGAAAGGCGAAG TGCTGTCATCATATTCACCTCA 118
>S0TSSR22 AAGCCAAATTCCTGCATGTC CTCGATTCAGCTTTCCTCCA 138
>S0TSSR23 TGGAGGAGACGAAATCTAGC CGGCAATCGTAAAACTCGAA 88
>S0TSSR24 GGAGACGACTCGACAGGTTC ATCCTCCAATCCCTTCTCGT 120
>S0TSSR25 GGGATTGTTGTGGTCAGCTT ATCAATACTCCGCCCATCAC 81



>S0TSSR26
>S0TSSR27
>S0TSSR28
>S0TSSR29
>S0TSSR30
>S0TSSR31
>S0TSSR32
>S0TSSR33
>S0TSSR34
>S0TSSR35
>S0TSSR36
>S0TSSR37
>S0TSSR38
>S0TSSR39
>S0TSSR40
>S0TSSR41
>S0TSSR42
>S0TSSR43
>S0TSSR44
>S0TSSR45
>S0TSSR46
>S0TSSR47
>S0TSSR48
>S0TSSR49
>S0TSSR50
>S0TSSR51
>S0TSSR52
>S0TSSR53
>S0TSSR54
>S0TSSR55
>S0TSSR56
>S0TSSR57
>S0TSSR58
>S0TSSRS59
>S0TSSR60
>S0TSSR61
>S0TSSR62
>S0TSSR63
>S0TSSR64
>S0TSSR65
>S0TSSR66
>S0TSSR67
>S0TSSR68
>S0TSSR69
>S0TSSR70
>S0TSSR71
>S0TSSR72
>S0TSSR73

GGCCTCCGATCAGAAGAGA
CTCAATCGGAGGCAATTCTC
TGCGTTCTCCTCTCCAGAAT
AGGCGAAGAGAGAGCTGGAT
TCCGAAGCGAACAAACTACC
ATGAAGGAGGCCAGGAAGAC
ACCCTCTTCTTCTCGGTGGT
CACTCTCGGAAAGGATGGAC
AGGAGACGTACCGAAAGCAA
TGGAGCTGATTGATGACTTGA
TTGCTGATGATCTTGGGACA
CCGTTTGAGCTGAAGAGAGG

CTGGGACTAACTTATTTCTTTCAGG

CCAAAAGCAATCCAGTGCTAC
AAGAACTACCACGCCTCGAA
GCTGAACTCCACAAAAGGAAA
GCGAGGATACGAGAGGAATG
CATCTTGCTCGCATACCTGA
GGAGTACATCCACTTGCACA
AAACTCAATCATGCCGGAAC
ATCTCCCACCCTCTTCAACG
GCCACAATCAAGAAGGGAAA
AGCCAAAAGAGGTGGGATG
GCGGGGATGTACAAGGTTTA
TCAAGAACTTTGCTCCGACT
CGGACCAGATGCAGATCCT
GATGCTTTCCGAGCTTCATC
TGCAAATGCAGAGGCTAAGA
TAGCAGCAAAGAAAGCCACA
TCATGATGGGCGATGTGTAT
AAAGCTCGTCCCTCACAAGA
AGTTGCTGGGTCAGTCTTGG
CAGCTGCTTTTATTGCCTCA
CCTCAATGACATCCGTTCTG
TCCTCGCTTAGCTCATCCTG
TTGTCGATGGAATGCTGAAA
TGGATTTCAACCTTTTGCAG
CATGGGGAGGAAATTCTTGA
TGGATTTCAACCTTGTGCAG
AGAGTCGAAGCGCACAGTTT
GGATTGGCCTACCATTTTGA
TAAAGGAAACGGTGCAACAA
GCACAACATGACCACGACTT
GTTTGCAGAAAGGGTTGAGG
TCGACCTCACCACTCTCTCA
CCTGCCCAAGCATGAAATAC
GGGCACATAAAGACATGCAA
GCTCCACTCGAATCAAAACC

CGGGTGATGAGGAAGGTTT
GGTCGCTACCGTGAATCAGT
TCTTTCAAACTTCTCGGGTTG
GTAATCCTCCAACCCAATCG
CCGTTTGGATGTGACCATTA
ACCCTCTTCTTCTCGGTGGT
ATGAAGGAGGCCAGGAAGAC
CCACCTGGTTGCAAGAGTTC
GCTGTTGTGACCGTGTTCAT

TCTGAATCCAAGAGCTGTGAAA

CGCCTCCCTTATCAGAAACC
CAGAAACCTCACGTGTTCCA
CTTGGGAAGCATTAAAACCA
CCGTGTTCATCTCCTTCCAC
GCTTGGAGTTGGAATTGAGC
AAGAGGCCCCTAACGAAAGT
ATCCAAAGCATGACACACCA
AACCTGCGAAGCTTTGAGAA
TCCACCACCTGAAACATCAA
TCTCGCCGGAGAAATCTACT
AATGAGGGGCGGAATTTAGT
CAGGAGTGTCTGTTGCAAGG
TGATCTCCGGTGGTTCAAGT
ATGACTTCCTTCCCATGAGC
CCCTTATCTTTGGCACTGAAG
CCGAAGTCCAAGTTTTCCAG
GCGCCGTAGTAGTTTGTTTG
GAGATGGAGTACGGGAAGCA
GTGAGGAGGCCACTCATTCT
CACAATCTTCAAGCCCCAAT
GGGGAGACTAGGGTTTCTGC
AGTTTCGTGATGTCCCTGCT
ATATCGACTGATGCCCAACC
TTTGTGCGTCGACCATACTT
TGAGGAAAGAGGCAAGGAAC
GCAATTCCACGCTCAAAACT
CACCACCTCCAATTTCTTCC
GTGAGGCTCTTTCGATTTGG
GATGTATGGTGGCGAATCCT
CCTCTTTGTGCATCATTTGC
GTGGCGGTGTTGTCTGAGTA
TGCTCGTTATCTCCGAGTTTT
GGGGTACTCTGAGCAAACGA
ATAGGACGGCGGTTTCTTTT
TCCTCCTCTTCCACGAGCTA
GCTTCGCTGCTTTGTGTAAA
TGAAGAACCCCAGCTCTCTG
TGCACGATTGACTCATTTCC

138
123
137
148
134
128
128
93

126
140
137
102
148
106
139
150
149
147
144
130
100
140
126
145
112
133
131
133
106
122
124
114
149
140
148
148
80

137
98

127
135
114
137
95

132
135
127
143
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>S0TSSR74
>S0TSSR75
>S0TSSR76
>S0TSSR77
>S0TSSR78
>S0TSSR79
>S0TSSR80
>S0TSSR81
>S0TSSR82
>S0TSSR83
>S0TSSR84
>S0TSSR85

TGAACCATCCCGAGTACCAT
TCGACTTCAAGGGTTACATGG
ATTCAGGCTTCTGAGGTTGC
GAGGATGCTAAACCCGACAG
GGTTTCTGGGGTTCCATTTG
AGCCGTTTCTCTGTCCTCTG
AGGCACGGCTACAGAAGAAA
GTGGACAGACCAATGGGAAT
CTTTTGGGGCAAGAGATGAA
TCAATGATATCCGTGGTGATG
CACTCGACCTCAAGATGCTG
CGAGTTCGACCACGTCAT

TGCGTTGAGTTTACCATCTTTG
CGACTCGTGGATGAGAAGC
AAGATCGGCGAGACTGAAGA
AAACGGGTTCCTGCTATCAC
TTCTGCCACTGTTTTGTGGA
AACAATTGGGTGGTTTGGAG
GTGCTTTGCTCGCAACTCTT
GCCCCAAAAGTATCCTCTCC
TAACTCGGCTTCGTCTGGAT
CGAAACGGCAGCTTCTTTAC
AACTGGATCTTCACCGGAAA
CGCTCGCCATGCAAATTA

110
98

81

147
90

115
128
139
101
110
116
131
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5. SONUCLAR VE ONERILER

SNP  markoérleri  yiksek genom kapsami, kodlayan sekanslarda siklik,
genotiplemede iistiin dogruluk ve yeniden iiretilebilirlik gibi avantajlarindan dolay1 bitki
islah ve fonksiyonel genomiks calismalarinda diger markdr sistemlerinin yerine
geciyormus gibi gorinmektedir. SNP’lerin bir diger ¢ok faydali &zelligi ise bitki
genomigi ve molekiiler 1slah icin, sekanslama teknolojilerinin gelismesi ile birlikte,
genis popiilasyonlarda kisa amplikon sekanslama ile alel tespitine olanak saglamasidir
(Eriksson vd., 2020). Tez kapsaminda yiiriitiilen ¢alismada genomun sekanslanmasi ile
adagay1 terpenoid biyosentez genlerinin kodlayan sekanslarinda tek nukleotid
varyantlarini tespit etmek miimkiin hale gelmistir. S. officinalis’in baslica esansiyel yag
bilesenlerinin genotip alel iliskisi daha 0Once arastirilmis ve gdsterilmistir (Jug-
Dujakovi¢ vd., 2012). Bu calisma, terpenoid tiretiminin karmasik dogasinin aksine, arzu
edilen bir 6zellik icin ¢esit gelistirmek yerine genomik secilim yaklagiminin miimkiin
oldugunu go6stermektedir. Bu sayede vyeni c¢esitler endustrinin ihtiyac duydugu
ozelliklere gore, adacay1 terpenoidleri ham materyal olarak kullanilarak olusturulabilir.
Bu gercek g6z oniline alindiginda yiiksek oranda cesitlilik gosteren terpenoid bilesenleri,
antikanser ilaglardan biyoyakitlara, farkli endustrilerde ham materyal olarak genis
kullanim araligina sahip olmaktadir. Biyosentez genlerindeki alellik varyasyonlar,
degerli potansiyel molekiiler arag haline gelmektedir. Tez kapsaminda gergeklestirlen
de novo genom birlestirme sonuglart ve tiim genom anotasyon verileri ayni zamanda
farkli tdrlerde ki bitki genomlarimin tim genom sekans verilerinin anotasyonu ve
anlamlandirlmasi  ¢alismalarinda kullamilabilecek yeni biyolojik bulylik veriler
tretilmistir. Bu veri setleri karsilagtirmali genomik, filogenomiks ve fonksiyonel

genomik ¢alismalarinda arastirmacilara 6nemi bir kaynak olacaktir.



EKLER

EK-1 Adagay1 exomunda analiz sonucu tespit edilen SSR markorlerin primerleri ve

urdin boyutu
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Marker Primer Forward Primer Reverse Eg;ﬂtu
>S0SSR1 AGAAGCTGAACGAAAAGCAA GATCTCCCCAGGATCTCTTC 111
>S0SSR2 ATGGGTGTCGAAGATCACAT ATCGGATGAATTGCTGAAGA 174
>S0SSR3 AAACCTGTGGTTCGTGCTAA TCATCATCACCGTCATCTTCT 191
>S0SSR4 ATGCTGCGGAACTACTGCT ACCCGGATTTCTTCTTCTTG 142
>S0SSR5 CGAGCTCTCCAAATACCAGA GACATATTCATGGCGAGGAG 216
>S0SSR6 CGATTCTTCCTCGGATAGTG CGGTGCTCTCGTCATACTCT 128
>S0SSR7 CCTCCTCCACAGCAAGTAGA TGTGAATGAAGGAAGCAACA 115
>S0SSR8 GCAGGAAGAAGGTGAATGAA GGAATCGCCAAACTGTAGTC 192
>S0SSR9 CTTTTGAGCAGAAACCGATG ACGAGCTCACACTCTTCGAC 238
>S0SSR10 GGCATTTCCCCAAATATCAC CGTGGCTTCAATTGGTTCTA 232
>S0SSR11  GCAAGATGTTTTGAGGGCTA GTTTGTTTGGACGAATCCTG 250
>S0SSR12  AATGCCTCATTGTGTTGGAT CTGGTGCTGTCCAATCTTTC 155
>S0SSR13  TGGTGATAGGGTACGTGGAC GACCCGCATTTCTTATACCC 246
>S0SSR14  CCTCCTGCAGAGCAACTAGA AGGGCTCTTGAGGCATATTT 169
>S0SSR15  GAAGATTTTGCCGAATTGGT ATCATCCTCTCTGCAGTTGG 132
>S0SSR16  TTTTGCCGAATTGGTAGATG ATCATCCTCTCTGCAGTTGG 127
>S0SSR17  CTTAATAGGGTTGGGGTTGG TGCGTAGACCATCAAGCATA 157
>S0SSR18  GGTAACAAATGCCTCGTTGT TTCATTCATAAACCGCACCT 192
>S0SSR19  TATCACCGGATAGACCTTGG GCTCCTGCTTATTCTGCTTG 167
>S0SSR20 GATGGGTTGAACAAGAATCG CATTTTCACACTCAGCAGCA 246
>S0SSR21  CTGTTTTCCCAAGCAGAGAG CACATCAAACCCGTTTCTTC 161
>S0SSR22 AAATGGGCGTCAGTTACAAA TCCCAATCCCACAACATATC 208
>S0SSR23  GCAGACGGTTCCATCAATTA GTCCTCTATCCTGGCCTCTC 241
>S0SSR24  ACAGCCAATTCCAAACGTC GAAAATCCGGAAGGGACTAA 232
>S0SSR25  TCATTCTCACTGACGGGATT TAAACTGGAGGCGTTTCTTG 196
>S0SSR26 ACGGATTGTGTTGTCGAGTT CCTCTCCTCACCCTTCTCTC 207
>S0SSR27  TGGCAGTTTCTTCTTTGCTT TATGAGCTCGCTCTTGAGGT 134
>S0SSR28  ATGTGGCTTCCCACTTAACA TCCTGCATGGCTCATAGAAT 233
>S0SSR29  TGCACCTTCTTCTTTGCTTC AGAGCCTCAAACGGATAACA 236
>S0SSR30  GCTGCAGTTTCTTCTTTGCT GCTCCTGAGGTCGAGTAACA 111
>S0SSR31  TAGCTGACATCGCCTCTTCT ATCATCGGCTTTGACACACT 250
>S0SSR32  AGAGCCATCGCAAATGAA TCTCCTAGATGCCACTCCTG 198
>S50SSR33  CCACCGACTTCAACATCAA GGCTTGGCTTTACCAACAC 226
>S0SSR34  TTCTGCATTCCCTTICTTTTG AACAACAGCTTCAGGGTCAG 105
>S0SSR35  GACGAGTCAGGATCCCTCTT CGAATTCTTCGAGCCTACAG 100
>S0SSR36 CGGACTGGATTGGTGAACTA TCTCAGCAGGCAACTCTACC 141
>S0SSR37  TGGCAGTCTCTTTGCTTCTC TGATTCCACTTCCCCAAATA 157
>S0SSR38  TTCTCATCAAAGGGCTGTTC TTTGGCTTTGTCCATCTCTC 194
>S0SSR39  TGGGGAGATAGAGTGGGAAT TTCTTCTCCTTGCTCTTTGG 164
>S0SSR40  CGCTCCAAATCGTTTCCT GCATAAGCCTCGCATAGAGA 180
>S0SSR41  GAAGTGTGGATAAGGGAGCA GGAAGTTGGTTGCACGATAG 162



>S0SSR42
>S0SSR43
>S0SSR44
>S0SSR45
>S0SSR46
>S0SSR47
>S0SSR48
>S0SSR49
>S0SSR50
>S0SSR51
>S0SSR52
>S0SSR53
>S0SSR54
>S0SSR55
>S0SSR56
>S0SSR57
>S0SSR58
>S0SSR59
>S0SSR60
>S0SSR61
>S0SSR62
>S0SSR63
>S0SSR64
>S0SSR65
>S0SSR66
>S0SSR67
>S0SSR68
>S0SSR69
>S0SSR70
>S0SSR71
>S0SSR72
>S0SSR73
>S0SSR74
>S0SSR75
>S0SSR76
>S0SSR77
>S0SSR78
>S0SSR79
>S0SSR80
>S0SSR81
>S0SSR82
>S0SSR83
>S0SSR84
>S0SSR85
>S0SSR86
>S0SSR87
>S0SSR88
>S0SSR89

CCGGATCAGTCAGATACCAC
CGGAGAAGGAGATGATGAAA
GGAGGTCAAATGAGAGACGA
CAATTGGAGAGCCCTATTCC
AACGCTACTGCTTCTTACGG
TCTCTCTTCTCTCCCGGAAT
CAAACCAAAACGATCCAAAG
AGCAAAGCCAATCATTTCTG
CAGGAACCGGACTTCTGTAA
ATGACTCCAGTGTTGGGAGA
GCTATTTTGGTGAAGCCTGA
ATAGCCAGATTGAGCCACAG
AAACCTCCCACCATGAAACT
AGTGGAGAGAGGAGCAATGA
GCAGATCAGTGGAGAGAGGA
TCTCTTGAACGGAAGTTTGC
CAACCACCAGAAAAGGAAAC
TCAACCAAGCCACCTAAAGA
GTACCCACAAACCCACGAC
TTCACTAAACGGAGCCAGAG
GTGAACACGCTGGTGAAAG
GAATTGGGCTTTGAGAGTGA
GTCGGATTTGAGGAAAGACC
GTCGGATTTGAGGAAAGACC
GGAGGAGTACGAGGTTGGTC
CCTCTCCGTCAATCTATCCA
CACCACCACTATTTCCATCC
ATCGAAGAGCTGCAAGAAAA
CACCATCTCCACAAAACACA
ATTCATCTTCGAGCTTCGTG
GAGGAGGAAGAGGAACAGGA
AGAGAGAAAGCAGCAGTGGA
CACCAGCACCGTTCTTCTAC
TGAAGGGCTAAGATTTGTGG
CGTCTCAAAATGAGGGAGAA
GTTTGATTGCATCTCCATCC
GCCCTTTAGCAATGAAATGA
ATTCAGCAAATTGGAACACC
AGCAAGCAATTCAAGGACAC
CAGAAGAAACGCCTTGTGAT
TTTCGCCATGTCTCAATTTC
GAGACGTGAGGGTGCTATTG
TCCAAAATCCTCCTCCTCTC
AGCAATCGGAGCTGAAGTC
CTCCCTCATTTCCCTCATCT
GTCAAGATTGCCGTTTGTGT
CCGTCATCTCAAATCTCCAC
TGGTGAAGGCAATCAAGAAT

TTTGCTTCTCCTTGGTTGTC
TAGCAATAATTTCGGGTTCG
GTACCAGCAAATCCCCTTITT
CTTCCCCTGCAATCTTGTTA
GCGGAAAACAGATTCAAAGA
CTTTCCTCCGGATACGAAAT
CTGTGTTTGGTGGTGGAGAT
AACCAAGTGTAGGGTGGTGA
CAACGATGTGGTAGGAAACC
GAAGCAGAGAAGCCCACATA
GGTGGAGGAGGTAGTCCATT
CAATTCTCCACCAATTCAGG
CCCTAGTTTCCGATCCTGTT
TTACCGTTAGGACCCCATTC
TACTGTCAGCACCCCATTCT
CCATCTCGTGGTCCAATTAC
GCTGGGGACACTTAGGGTAG
TCAGGTGCCTCGTATCTCTC
TTCTCCATCACATCCTCCAT
TCCTCAGCTTGTTCACTTCC
TCAAGCCACTATCTGCTCCT
TGGCAGCCCTTATATCAGAC
AGCAAGCCTTCCATCTCTCT
CAAATGCCCTCTTCTCTCTG
GCAATAATGGCTTTTCCTGA
GCAATCTATCGCGACTCTTC
TCGTCGTCATCATTGTCATC
TTCCAGTTGAGTCCAAAACC
AGTCTTCCTGCGTCACAATC
TTCCTGTTCCTCTTCCTCCT
GCACCCTTTGTTTTCATCAC
TTGTTGTTGACCATGTTTGG
GGGCAGCACTCATAATCATC
ATCGTCAGTTTGCATGAGGT
TCCTAACGAACGAAGTGGAG
CAAGGAGAGCTTGTTTCTGG
CTTCCCTTCCAACTCATCCT
TGCATCGTACCTGAGCCTAT
CGGTGGGGTAATTGTTGTAG
TGACATTCTTCACCCGAGTT
ACCACGATCTCTCAATCCAA
ATCATCCCTCTTCACATCCA
CTCTTGCAAAGTGAGCCTTC
ACACACTCCACTCCCTGAAA
GTCGTGTGGGATTTTGTGAG
GGGCTGTAATCGTCAGAGAA
GGCAGAGGTAAGCTGAACAA
ATCCATGTTCGAGATGCAGT
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179
234
197
244
207
245
164
212
213
133
164
172
213
172
160
151
212
218
228
178
198
140
127
236
169
243
146
217
156
149
167
185
164
223
219
145
157
194
214
241
190
110
180
225
112
180
189
227



>S0SSR90

>S0SSR91

>S0SSR92

>S0SSR93

>S0SSR94

>S0SSR95

>S0SSR96

>S0SSR97

>S0SSR98

>S0SSR99

>S0SSR100
>S0SSR101
>S0SSR102
>S0SSR103
>S0SSR104
>S0SSR105
>S0SSR106
>S0SSR107
>S0SSR108
>S0SSR109
>S0SSR110
>S0SSR111
>S0SSR112
>S0SSR113
>S0SSR114
>S0SSR115
>S0SSR116
>S0SSR117
>S0SSR118
>S0SSR119
>S0SSR120
>S0SSR121
>S0SSR122
>S0SSR123
>S0SSR124
>S0SSR125
>S0SSR126
>S0SSR127
>S0SSR128
>S0SSR129
>S0SSR130
>S0SSR131
>S0SSR132
>S0SSR133
>S0SSR134
>S0SSR135
>S0SSR136
>S0SSR137

TCAAATGGGAAGGTAGTGGA
GCAAGGAGATGCGATACACT
CGAATTGGACAAGAAATTGG
CTGTCTTGCGCACTCTGATA
GAGGTTTTGTACTCGCAGGA
ATTGAGTTGGGATGTCGATG
GTGCCGTAGAAATCATCACC
AACTCGCGTATCAGCACATT
GCTCTTGAGTTGGAGGATGA
GATGAGTCGCCGATAAACC
CAGAGTGTGACCGTGTGTGT
AATGGAGCTAGTGGTGGTCA
AACAGCAACAACAGCAACAA
GGACTCTGGTTTTCAAGCAC
ATGTGCAAAGGGAGAGAGG
CAAATCCCGATGGGAGAA
GTCAAGCCTCATGTGGAAGA
GGCTGAAGATGTGATCGAGT
AGAGTGGTGAGGATGGTGAA
ATGTGTGTCAACCCCAAACT
TACAACTCCAGTCGCCTCTC
ATTCGAACTACTCGGCCTTT
GGTATGAGATTGCCAGCCTA
AATAGAGGGGAGGCAGTGAT
CGAGATGGAAGAAGTGTTGC
AACAACCCGGTAGCTCTCTT
AGTGAGATCGGTGATGAGGA
CTGCTGCTCCTTCAACTCAT
GGATTCAGGCAGTAGGAAATC
AAGCTTCCTGTTCCTGTTCC
AGGACGTTGCTTTCCCTAGT
TAAGGAGCTCGTGGAGAAGA
ATCGTCAAAGCTCGTGAAAG
GGAAGCCCTTTCTTCAAGTG
CTTCCGCTTCTGCTCTCTC
TGAACCAGTGGGGAGCTA
ATGAACCAGTGGGGAGCTA
GCTACTACAAGGGCGAGGA
CTCTTACCTACTGCCCACCA
TGGCAACATTGAGTACATGC
AAAGAGGAAAGGTTGCGAAG
TCCAATCCGAGGTTTTATCA
ATTAGGCACCACCACGAGTA
GCGCGAAGGAAATTAGGTTA
AAGCAGATGGACTGGCATAC
CTTGAGGATGACGTGGTTTC
AGTTGAGACAGGTCCAATGC
ACAAGCCCTTATTTCCGTTC

GTTGAGGTCGATCAGCAACT
TCTTTACCGAGCCCACATAG
AATGCATAAGCCTTTCCACA
GCTCACCAGCATAGGGTAGA
TTGGTGTCGTTGGATTTTCT
GCCTCCTTCTCATTGCTTTC
CTTCCTCTTCCACGACAAGA
CCTGACATCTTCGTCTGCTT
CTTGAGTGGAAGCCTGAAGA
TCTTGCGTTTTCTTTGAAGC
CATGAACCTCTTCCACAACC
CGGAAGTTCTTCTTCTGTGC
TACTCGCAGCCACCTTACTC
TTTTGGTTGTTTTCCACCTC
TGATTTCCCAATCCATTCC
GGATCGTTGAAAGGGAAGAT
GTGGAGGAGGAGAGGAAGTC
CTGCTGAGCTTCCATCATTT
ATCCTCCAGTGAGCCTATCC
CATCGTACTGACGCTGACAA
GAGCCCGAGAACTCCTAGAC
TTCACTGTCACCAACGACAC
AGAGCTTCCTTTGGACCATC
CTAGCGCAGCAACCTGTAGT
CTGAGCCACTGCATTCTTTT
TGATCCCCAAAATGATCCTA
GAAGGCTATTATTGGCAGCA
CATCATTCCAAACGAAAAGC
GCTGCCACTTCTTCATAACC
CACATTGTATCGAGCGAACTC
ATAACGCCCCTCGAGTAAAC
CGTCCAAACTCACCTTCATT
TGAGGAAGCAGAGGAGAGTG
TTTGTTCTTGCAAACCTTGG
TATACCCTTTCTCCGCTTTG
GCGATTGGCTATTCTTCCAT
GAGGGTTTCCTGGTTGAAAA
TTGACGAAATTCTGGGTCAT
AACTGGTGGTTGTGATCCAG
GCTCTTTCCACCCTCTTCTT
CTATCCCGGGTAATCTTGCT
TGCGGAGATGAGGAATTTTA
CGGTTGAAATTATTGGTTGC
TGTGAGGAGCGTCTTTCTCT
ACATGAAGCTTGCAATAGGC
CCTCCAGATTTTGTTGCAGT
GTATGGGCTGCATTTTGTTC
GAACAGCTCTCTTTGCTTGC

76

243
214
249
197
194
231
219
170
142
239
225
152
189
129
110
216
237
226
180
196
155
248
230
214
240
243
193
224
245
250
196
117
206
211
245
213
165
208
165
175
122
177
189
162
188
203
189
248



>S0SSR138
>S0SSR139
>S0SSR140
>S0SSR141
>S0SSR142
>S0SSR143
>S0SSR144
>S0SSR145
>S0SSR146
>S0SSR147
>S0SSR148
>S0SSR149
>S0SSR150
>S0SSR151
>S0SSR152
>S0SSR153
>S0SSR154
>S0SSR155
>S0SSR156
>S0SSR157
>S0SSR158
>S0SSR159
>S0SSR160
>S0SSR161
>S0SSR162
>S0SSR163
>S0SSR164
>S0SSR165
>S0SSR166
>S0SSR167
>S0SSR168
>S0SSR169
>S0SSR170
>S0SSR171
>S0SSR172
>S0SSR173
>S0SSR174
>S0SSR175
>S0SSR176
>S0SSR177
>S0SSR178
>S0SSR179
>S0SSR180
>S0SSR181
>S0SSR182
>S0SSR183
>S0SSR184
>S0SSR185

ATATCAGGGAAGCATGTGGA
TTTACGGTGGAGATCAGAGG
TGTCAACCACCAGTCTCCTC
ATGCAAGATTTGGACATGGT
GTTAGCGACAACGGGAACTA
CTAGGGGAGCGGTGTAGAGT
GATTCAAATGAGGCAAGAGG
TCATCGAGCAGGAAGTAAGG
GAAGAAGCGGTTTTGAGACA
GGCACCCAATAGAGACACAT
GGGAAGATTCCAGATTCCAT
CGGCCACTCCAAGAGAGA
AGAACTTGCAGCCAAATCAG
TGTGCTTTGTTGTTGGTGTC
GCCCCAACTCCAACTCATA
CGTCATGAAGAGAAGGCAAG
TTGTGAATCTGCATCTGTGG
GAAAGAGGAGAGGCGGTTT
CTGCCCTCTTATCCAATTCA
AGCACTACGGCAACACCTAC
CCAGCAGACCTTACCAAGAA
AAAGGGTTCAAGAGGCCTAA
CTCTATCCGGAGGGAAATGT
AATATGGCTCCACAGTCCAA
CGGCCTCATCGTCTACTCTA
GAAAGAGGAAAAGCCAAAGG
CGACCGATACTTCCAATCTG
TTACGAGCTGATACCCTTCG
GAAGATAGGCAGCGTAATGG
ATAACGCATGTTGGTGGTG
AGCCAGAGTGATGGAAGTTG
GTTGCTCTAGGCATTGGAGA
TCGTTTGTGTATGCGTATGG
TCACCAACAACAACAACAGC
AAAAGCAATCAAGGTGCTGA
ATCCTCAAGTTCTGCATTCG
GAAAAGCGAATCAGAACTGG
ACAGACGAGACAGCTCCAAC
ATCTCGTCAACGTGAAGCTC
ATGGGATTGAGCAGTAGCAA
GATCTCGATCCCCAACACTC
CCTCTTCCTAATGCCCTCTC
TCCGAGATATGCAGAGGATG
CAGACGCCGGAGATAAAAC
ATCGACGAGGAAATCATCAG
TCTGGCTTTTCATCCTCAAG
CATGTACGGACTCTGCTCCT
GTGGGGTCGGAACAGTTGA

TGGAGAACTTAGGCCTTTGA
CACCATCACCAGATTTCTCC
GAAATTCGGGGAAATGCTT
CCCACAAACACAATTCCTTC
TTCTTCGTCTTCACCGTCAT
TATTCATCGTCGGGGTCTAA
CTGTGCTCGATTTCTCCATT
TTCGACTGGGGACTACTCTG
TGCACGTTATGGTGTTTGAC
TTAGGGTTTCCTGGCTTAGG
GTTGCTGCTGAGGTTGAGAT
TAGGTGAGTGGTTTGGAGGA
CAAGAGGGCAAGAGCAGTTA
GATCCGACAAGTCGTCTACC
AGAAATCGTTGCCGTAACAC
CTATGACGCCGTAGATGAGC
CTCCTTCAGTAGGTCGCAAG
GTTAAATCCCACCACAGCAG
TTGGATCCCTTCAATATCCTC
AAATGCGGCGACATATACA
GAATCGAGGAATTCAAAGCA
GACACCGACGAGATGAACTG
CTGCGTCTCTCCACAACAA
GTAGACGATGAGGCCGTAGA
GTACCACCTCCACCAGATTG
GATTCCTTCTCTCCCTCAGC
GCTGCTCTGTAAAGCTCGAT
TTCTCCTTTGTGGTCTGCAT
GATGAGAGCCATGAGCAACT
TTTTGAATCCCTGAAGCAAC
CTTCCTGAAGGTCAAGCAAA
TTGATGTGGTCAGCGACTTA
TTGATGATGTGTGTGTGTGTG
GAAGGCTGAGGCTGAATAGG
CTTTATCTTCCCCGGTGTTT
TGAAGAGATTGCTCGTCTCC
CGGTACAAAGCTTAGGTGGA
CTTTTGAAACCGAGACCAAA
GGAATCAGGGAGGTGAAACT
GACAAGAGGCAGTCTTTCCA
GCGCTCCTTCTCCTTATCTC
GGATAGTCACGTACCCGATG
CCGAAGTCGAGATTCCTTCT
AGTAGGATTTGGCCTGCTCT
GCGATGGAGAGAATCCAGTA
AGGCCGTGATTTCTTCTTCT
GCTCTCCTTGCACTTGACAT
CTTGATAAATCCGTGGTTGG
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154
204
148
205
179
158
212
229
219
164
135
240
222
231
134
233
236
103
226
208
231
134
244
164
238
104
234
151
241
230
170
238
158
180
175
178
221
247
245
208
180
133
249
185
239
208
145
171



>S0SSR186
>S0SSR187
>S0SSR188
>S0SSR189
>S0SSR190
>S0SSR191
>S0SSR192
>S0SSR193
>S0SSR194
>S0SSR195
>S0SSR196
>S0SSR197
>S0SSR198
>S0SSR199
>S0SSR200
>S0SSR201
>S0SSR202
>S0SSR203
>S0SSR204
>S0SSR205
>S0SSR206
>S0SSR207
>S0SSR208
>S0SSR209
>S0SSR210
>S0SSR211
>S0SSR212
>S0SSR213
>S0SSR214
>S0SSR215
>S0SSR216
>S0SSR217
>S0SSR218
>S0SSR219
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GAGCAACAAAGAAAGCAGGA
AGCGATCAATTCTGGTGATG

CCAAGCAACAAAAGAAGAAGG

GCAAGGCATCAAAGGATATG
GCTCTGCCTCGACTCTACAT
ATCTTCCAAGAATCCGAAGG
ACGAGATTGGTGTCCAAATG
CCAAGCTGAATCTCCTCAAA
GCACAAGCTGAATCTCCTCA
GGAGGATGGTCGATTGTATG
CAACACCCAAGACGAAGAAT
GCTCGACCAGATTCGTACAG
GTACGGTCAAATGGAGCATC
ATCTTGCAAACACCAGCATT
TCTCTCCCATTCAAATTCCA
CAGCTGAAGAGGTTGTGGAT
TGGCTCGTCATCAATATTCTC
GACGAAGACGATGAGGAAGA
TATTCGCACCATGCAAACAT
GTCGATCCAAGCAGGAGTAA
GGTGGCTACAAGATGAGTGG
AACTAAACGAGATGCCGATG
GGCGCTGAAATCCTTCTTAT
TATCGATCCCAATGCATCTT
AGCAGAAGCAGAAGCAGAAG
TGAAAATGAAGGGTTTGGAG
GGAGATGGAGAAGATGCTGA
ACGTTGATTGAGGATTGGAA
TCCTCTTTCCCTCCAATTTC
ATGACACACCGAAAGAAAGC
AGATGTTCCGGTGGTTCTTC
CTGCCTTGTCCTTAGCAAGA
CTATTCACGCCTCCAAAATG
CTCTCCTCTTCCTCCTCCTG
GTCCGATTGACTGATGGTTC
AGATTTCGACAACTGCTTGC
CAAATCCTTCACCGCATAAC
AGGTGTCGAAAGAAATGACG
ATTCCAATGCAAGTCAAAGG
AAGAACCACATGCTCAGCTC
ACCATCTTCGTTCTCCATCA
TTGTCAATCACCTTCCTCGT
ATGCCGCTGAATATGTGATT
CCGCTGATGAAGATGAAGAT
TAATTATTGTGGCGGAGAGG
TGGAAAAGAGAGTGCCAAAG
GAGCGCCAAAAGCATAGTAG
TGGAAAAGAGAGTGCCAAAG

CCTTCTTCCCAGGATTTCAT
GCGTAGCATTCTTCTGTGGT
GTTGAGGGAGGAGGAGTTGT
GGTTGTTCAGCAGCTTCATT
GGTGATCTGGTAATGCAAGC
GCATTAGCTTCAATGCGTTT
ATTGCTCAGTGATGGATGGT
TCGTTGTAGGGAGTGACGAT
GTTGTAGGGAGTGACGATGG
ACATCCTTGGACTCGTTCAG
GTTCAAGAGTGGCTTCTCCA
TCCGACTTTTGCTTGTAACC
CCATCAACCTCTTCTGCAAC
CTAAGCCCATGTTAGCTCCA
AGAGCCCACCACTCTCTTCT
GGATCAGTTTGCTGAAGTGG
CTTCTCAGATTTGCCGCTAT
TGGTACGTGACTTCTGATGC
CGTTGTAACGAGCACTGTTG
CAGCGATGGTGATAATGTGA
GAGACGGCTTTGAGAGAGTG
CATTGGGAAGCTCATAGTGG
GTTTACCAGCTTGGGGTTTT
GCACTGTAGCCGAGAGAAAC
CGGTGAAGAGAGAGATGAGG
CATTTTATCGCCCAATTCAG
GGCTCAAATCGATCAGAAAA
GAAGGGGTAGCAAAGAAAGC
TTCTGCTGTTGTGATTTCCA
GTGGTTCTTCAGGCTTTTGA
GCCAACCTCTAGCTTTGGAT
CTTCCAAGTAGCCCTCCACT
CCTCCCACGATCACTATGTC
TCATCATAGCAGCTTCGACA
GCACTCCTTTCTTCCTCTCC
CGCTGACCGCATCTTATACT
CGAGGGTCCAGTCGTAGTAA
GAGGAACTTGAGCTCCAACA
TTGGGATTCTTGTTGGTTTC
CTCGTACAGAGCCTCCAGTC
GCGAGAGCCACAAGTTTAGA
GCTTGTTCCTTTTGCTTCTG
TGAGCTGAGCCTATGGTTCT
ACAGCATGGGTGGTACTGAT
GAGCTGAGCCTGTGGTTCT
CGACCAAATTGTCATCCTTC
ATGTCAGCCTCAGCAACTTC
GACCCGACAAAACTGTCATC
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GGCGGGGATACTTCAATAGT
CAATAAACCCGACCTCAGC
ATAAAGGCGGCAAAATTAGG
ATCAACGGCTGAGAGACAAC
CTACAAGTCGGAGCCATTTC
GAGCAAACATCCCCACAAC
CACCAATTCCACCAGAAATC
CGATGAGGAGGATCTTAGGC
CAAATGCTACACCTGACGAA
TTGAAATCCTCCATCCGTTA
GCCTCAGAGTCAATTCAAGG
GATATGGCTCGGGAGTTACC
ATATGGCTCGGGACCTACC
GATGGCATAGGAACATCAGC
GCCTAACTGGCCTAGGTTTC
ATTGGACGAGAGCAGAACAG
TATGCCAATGTTGTGGTGAG
CATCCATTCATCATCCATCA
GGGCTACCGTATCTCAACAA
CCAGTCTCAGATTCCTGTGG
GCCCCAAAAGAGAAGAGAAG
AGAATCGTCCATCAAAGCTG
CTGTCAACCTCATCGGATTT
AGAGACGCACAGCTGATTTC
CCAGAATTCGTAATGCCTTG
TCTTCTTCAATCCCCATCAA
CCCGAGAGAAAGAAAGGAAG
GAAGGAGAAGATGGGGAAAC
AATGAGCCCTTTTCAGCTTT
AATGAGCCCTTTTCAGCTTT
CCCTAATCAATTGCAACCAC
CTCCGTAGCCGTACCTATGA
GTTAGGCTCTCTCCGACCTC
CGCTGAGAATTCCTCTCCTC
GTTCAAGAAAGCCTGTGGAA
CCCAATCCACAATCAAAATC
GCTCCCTAAACCTCCACACT
GCTCCCAACTTCGTTGTTT
GGAGAAGCATGGGAAAGAGT
AACTCCACGGCAAAGACATA
AATCACCTGAGAAGCAGCAC
AGACACAGCAGCAGCAGTTA
GACAGCGGCATACTCTCAAC
CCTGAAGATGAAGAGGACGA
AAATTTCACCACCGTGTCC
CGCCACCGGTTTATTACTC
CACCACCACCTTCACCTTC
ACCTCCACCTTCACCATCTC

CAATCAGCATCCCTATCTGC
AGACTTTCCCGGTGAAGAAG
ACCGCCTATCAATGTGCTTA
TGCAGATCTCCTCTTTCCAC
CTCCACTGTCACATTCACCA
CCGTTGAGGAGGGAGAAG
GCGGCTTTGACTTGTTCTT
CACCACAGAGACCACAAACA
CGTCTCCATTGCTTTCACTT
ATCGGAGAATCCAACCATCT
ATGAGCAGATGAGGAAGTCG
ATCCACGCTCATCACCTCT
TCGTACATCCCAGGAAACAC
ATAACTGTCGGAGCACTTGG
CCTCCTGCGACATATCAATC
AGAAAACCAACCAAGGAACC
CAAAGCAAACTCGCCTTAGA
TGTGCAAGAATTCCATTGTC
AAGCTTGGACACTCCATATGTC
GGTACTTGAGCATCCCCTCT
ATATCTCCGGGAAGTTGAGG
TTACCGGTGCTGATTTCTTC
CTCTCTTCCCCAGATCTTCC
CGATTGGAGAACCAAAGATG
GAGGGCTCACCTTAAGATCC
CTTTCTTTCTCTCGGGAGGT
GTTTCCTCAAAAGGCCAGAC
TGAACCAGCCCTGAAGATAG
CCTGTCCCTCCCTCTATCTC
GTCTAAACCCTTCCCTGTCC
AGCATTTGTATGGCTTGCTC
CTGGAACCACCCTATCCTCT
GTGTGTGCGAGTCACAAGAA
CTTTTGCTGCCTGTTTTGA
AAGAAATTGGTGCTCTCGTG
GCAGGCAGTCTAACAAGTGC
GTGGAGAAGGGATCTGGATT
CTGAGGTGCCAATCCAAG
AACATGGAAATCGTTCTGGA
ACATCTGGCCGTTAGCGTA
GATCCTCTCCCTGCAGTTG
GTCAGAGACGTCATGGGAAA
TGAAATTGCATCTGTTGCTG
ATCTGAAGCGGGAAAGTTCT
ATCGACAAAGCTGCGATTAC
ATATGGTGGAGGTGGGGAAG
CGGTGGAGATGAGTAGACGTA
GCGGCGATGAGTATTTGTAT
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GGGGTTCAATTGTTGAGTTG
TTCGACGACAAGAAGAGGAG
ATCAGCAGCCAAGTTCAGTC
CGAGGAATAATAGCCAAGCA
CCGAACATCCAGTAGGGATA
GGATAAGGAGCGAGAAAAGC
GGCTTTGATGTCTCCAACA
GTCGTGGATGAAGAAGATGG
CAAATGGTCGAGGAAGAAAA
TGGCCATCTCACGCTTTC
AGGCTCTTCTCTGACGTCCT
AGACATCCCCTTCTTCAACC
TGTAGAAGCCCGAATTTGTC
TTCATTCCGATGCAGCTTAC
CATACGACCGCTTTATCCAC
CCTCCTCATCTTCTCCTTCC
TGTTCAAGATGCAGAGCAAG
TCAGGTGTTTGATGGACTGA
CGAGGTTGTTGAGCATCTTT
CGGCCTTAGCCTTACCTTTA
TTCGGATTTTGAGGAGAGTG

GTCAACATCATCATCTTCTTCTTCC

TTTTACTGGCCAAACCAATC
GCTACTTACCTCCGCTTCG
GTGCTTCACGGAAAGAGAGA
GACGGCCCAGAACATAGAC
AAGCAGCAGCCTCACTTTTA
ATGCTCACAAACTGGAGAGG
TCCCCACAAACTCAAAATGT
AGCCAAGAATCCACAACAAG
CCCATCAAGCAAGATCACTC
CCTCAAATTCAACACCTCCA
ATTTCAGAACAATCGGACCA
CCTTCTCTTTCATCCTCACCT
CCTCTAGCGAGGAAGAATCC
GAAGAACCCCTGCTTAGCTC
TAGTGGAATTGGTGGATTGG
TGGATTGGGATGAGAAAGAG
AGTCGGAGAGAGGAAACACC
GGGAGAGGATCGCCTATATT
TGCAGAAATACCGCCTCTAC
CTGCAGAAACTGATCGTCCT
AGGGAAATTGCAGGGTTTAC
AACAGGAAGATCCCAACTCC
TGGACAACAGCATATGGAAA
AAGACGCCAACATCTTCATC
AATATGGTGGTGGAAGCTGA
CCTCTTAGCTCCCACTCTCC

CATGCCTCGAACTTCTCATT
TTTGAGAGTGAGACGGGAAG
CTGCATCGGAATTTGGTTAT
TGTGTCCCGGTAACTCTGAT
CCTCTGTCAGCATCCTTCTC
CTTGCCCGTGTCATAACTCT
GATTGAAATTCCGACAATGG
GCTGTGAGGGCTTGATAAGA
ATCTCCCCTTTCCAAATCAG
CACTTGCTCACTGCTTCTCA
GGACTTCAACCAACTGAGCA
CGAAGAGCTTTCTGGTCTTG
ATAGACCAGAGCGACTGAGC
GTGCTCTCATCACCAAATCC
TCTGGGAGAGAAAATGGTGA
GATAAATCGAGGCGGCTAAT
AAGGCTGCATAGACTTGACG
ATCACCATCGCTCTCAACAT
ATTCTCCTCCAACGCTTTCT
CCTCCGATAGCGAGATTATG
TTATCATGGCGAGGAGAAAC
GAAGAGAGCTTGAGCAGCAG
AGCCTCCTTCTTCTTGTGCT
GGCAGAGAGTGAGAAAATCG
GACCGATAAATTCCACACCA
TGCTCCAGCTCTACCTTGAC
TCCTTCTCCTGCATCTTGAG
AAGGTGTCCGAGCTCTTCTT
AACACGAATTTCACGTCGAT
CATTTCTCTCAGCCTCCAAA
GCTTTGCTGCTGGTATTTGT
GACTTAACGGGGTGGGATAC
GCATTATCCTCGGAGTCCTT
GTTGTAGGGGTTGCTCTCTG
CGCCTCTTTGAGAAGGTCTA
CTCACCCTTGAAATCACACC
TAGGGAGATGAATGGGGAAT
ACTCGAACTCGAACACGAAC
TGCTGGCTATGTTCATGGTA
TATGTGTCGGTTGTGATGGA
GCTCCCAAAATGCCTAAACT
CGAAGAGGAAGAGCATGAGA
TCAATTTTCTTGGCTTGCTC
GTGGAGGTGAGAGAGACGAA
AAATCCCAACAGGTACAGCA
TTGGACTTCCCCTTCTTCTT
TCCGATTTCTCTTCCTTTGC
CGGATTTCAGGTACAACGTC
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CGCAAGGATGTTATGATGGA
ATGACTGCTTATGGCGTTTC
CCAATCGTGAAAAGATGACC
ATGGAGAAGATTTGGCATCA
GGGATCACTACTCGTTTTGG
AACAGACCACCTGCTTCATC
CCCTTCTTCTTCCTCACACA
CACGCAAGTCTCCTCAAACT
AAGCTCCTCCCTCTCCTCTA
TTGAGGAGGAATACGACGAG
GCTCGCCGACACTAAGATT
CAAATCTAAGCGAGGGTTGA
GGGATGATAGTGACCGTTGA
AACAATCAGCGTGAAGAAGG
AGCCCTTCTTTGGAATTGAG
TTCCTCGAGCAGATTTTAGG
GGCTTCCAACAACAACAATC
GGCGTAGTGTTGCAGAGC
GGAGGTGGTTATACGTCAGC
GTGGCAAAAGAGCCAGTAAA
CCTCACCTCTCTCCAACTGA
CCTCTTCCAGGTCAAATGAA
GCGGAAGGAGCTCAAAAT
TGGGGAGTAGATCAAGCCTA
TCCCCAACACTTTCTACGAG
GAACCTCACCATTTTCTCCA
CATGCATTAAACCCCAAGTC
TTGGAAGCTTGAAGAGATGG
CAACCTCCAAGAAATGATGG
CTCCACCACTCAGAAAGCAC
CTTCCAGACGTCGCTATCTC
GAGGTCGATGGTGTACGAAG
GGATATTCTGTTGGGTGACG
CCTCCTCCCCACCATAGTAA
AAACCAGACCCCATTCTGAT
GCGTTGATAACGAACTTGCT
GCAGTACGTGAGCAATGTGA
ACAACCCACTTGGATCTTCA
CAGAGCCAAGGACAAGAAAA
AGCAGCAGCAGCAAACTC
GTTCTACTATGCCCCGTTGA
GTGGCTGATGTTTCAAATCC
CAGCTACATGGACACAGCAG
AGCTCATCAATCAAGCCATC
GGGAAGCTAATCTGCGACT
TCTTCATCCTCGTTGGAGAG
GAGCAGAGGCAGAGAACATC
CGATGATTTATTCCGATTGC

GGTTGTACGCAAACGAAGAC
CGCGGTTCTTCATCATCTAT
GTCGAGAACAATACCCGTTG
GCTGACACCATCTCCAGAGT
ATGGATGAATCCGAGAGATG
TTTTCCTGCTCGTTAAATGC
TATTCAGCGGTGGATCACTT
ACTACTCGACGACGAAGACG
GTGAAGGCTTGATCTTCTGC
CTCAACAGCCTCAAAGCAAT
CCAAATTATTCTGCCACACC
TTCTTGAATCCGACGTTCAT
CGCCATTATTGCATTCTGAT
ATTTCGTAATCGCGTACTGG
GCTAATGCCGCTATTGCTAC
CATCGTTGTACCCTCCCTTC
GAAGACCTCCTCCACCTCTC
GCATCGATAATGGCGTTC
TCACACTCGTCGTGGTTAGA
GATCAGAAGATGCTCGCTGT
CAAGAATTGAGAGGCCGTAA
TGTTACCTTGGTAGGGTGGA
GGGGTCTTCTTCATCTTGGT
AGATTGCTAGCTCCAGTTGC
GAGGTGTGGACGATTTTGAC
CAAACTTTTGCATTGTGCTG
CTATGAATTCCTCCGCCTTC
TAGGTGGTGCTGCTTGTGTA
TGTTGATTGTGGTGAACCTG
ATCAAGTTTTCGCAGCTCAC
TTGCTGATCTTCATCCGACT
TTGTGGTGATTCTCAACGTG
ATCGAGAAGGAGGAGAGCAT
CCCTCAAGGAGGATTTGATT
TCCCACAATCACCAGTATCC
GCTAATAATGTGCCGAGTGG
AGATGGTAATCGCAGTGGAG
ACGAATCATCACGGTACCAC
ATGGATGGGTGATGAAAAGA
AGTATTAAACGGCGTCGTGA
TCCTTGTCCGATTCACTCTC
GCCCACGAATTACTTGACAG
TGGGAGAAGTGGTTTGAAGA
GGACCCATCTCATGAACCTC
GTCAGGTGCCTCTTCTGCT
ATTTGAGCATCCCACTTTCA
GCAACTCCTGCACCATAATC
CTACATCCTCCCCATCTCCT
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AGGAGATGGGGAGGATGTAG
GGAGAGATCCCTGCAGAACT
AGGAGTGGGAGACGAAGATT
CAGTATGCCGGGTTTCAG
ATCGTCCTCTACAGCAGCAA
AATACGCCTTCTCCTCGTCT
TATGCTGTGCAGAGAAGTGG
TCTTCACGCTCTCAATCCTC
CATCTACTTGCAGCGAACCT
GGCGAGTAGTGGTAAAAGCA
CGTCTTTGGACTTTCCTTCA
TCCTCCAAATATGGGACAGA
GAGAGCTTGTCGAGGTGGT
CTTGCTCATGGTGGTAGAGG
ATCTTCGCAACCTTCACAAA
AAAAGTGGGGAAGCGTATCT
TTATCGGCCAGTCAGAGAAC
GTTGGGACAAGAGATCATGC
ATTGCCGCGCTTAGCTTAC
CATCTCTCTCACGCTCATCC
CACCACCATACCCTGTTTGT
CTCAGAGAGCCCAACAAGAA
GAGGATTCGCTCTTTGGAAT
TCTTTGGTGGCATCTCTCTC
TTTTCAGCTCTTCGATTTGC
GAGGAGGAGAGGAGCGATAC
TGGCTTCCTCCTACTGTCTG
GGCTCAGACACGGAGATTTA
AGTGCGAAGGGAGGAAGTAA
CATCCATCACCCATTTTCTC
GGATCAGTGAAATTGGATGG
CTTTGCATCCATTTTCCATC
GCTCAAAGCCCATAAACTCC
TCCCTCCCACTAATCTACCC
ATGTCGCCATCATCATCC
CTCCGATGGAAAGACAACAC
AGCTGGAGATGAGAGTGGTG
GAATCCGTTCCAATTGTTTG
CGATGGATAAACGAAGGATG
GGTAGACGATGTTGGGAATG
TTCATTTCAGGGGAATCTCA
GAGGTGTTCGTTTGAGTGCT
ATCATGGCGAATTTTCTCAC
ACGAAACAAGCAAAGGACTG
CCCCATCTTCCACTTTCTTT
TTTCTCATCCTCCTCCTCCT
GAAAGGGAGGTTGTGTGATG
AGCTGGATCCGAGGATAAAC

CACATGCACTTGTTTTCCAC
TCACCGGTCTTTAAATCGAG
TGCGCCCACTATCAAATAAC
GCTCCAGATACCTCATGTCG
CTCCTTGGAATTCTTCACCA
CCATTCCATGGTGAGTGATT
TGCTCAACCAGAGGAAGAAC
AGATGTTGCGGAACCAAAC
CCTTTTACTGCCGCTCTTCT
ACAGAGCCAGTGAACTCGAC
GGGTAGCAGTAGCCTCTTCC
TTGTTCCACAGAAGAGCACA
CCCTATGCTGAACTCGAAGA
ACAGACATCACCAGCTTTCC
CAAGATTAAAGTGGCCTTGC
CACCAATCGGCTATAAAAGG
TCGTTCCATTGCTTTAGCTC
GGATGGAACCACCAGATACA
CCAAATCCTCTGTCCAAATG
TGAGCTTTGTTCTCATCGAA
CAGGGATCTTTTCTGGTCCT
TCATCCACAAACTCCTCCTC
GCTTCCATTTCCACGTCATA
AGGCATCAATGAAGAGACCA
GAATCCATGCTCCATTCATC
GAAATTGGAGACAGCATTGG
GAGGATAGAGCGGCTAAAGG
TACCCATTAACGGAAGCTGA
CTCTTGCTATTCGGCACATT
GAACCCATTTCTCAAGCTCA
TTTTGAAGGTCCTGTTTTGG
TAGCTGTGAGTCCTGCTCCT
CAAGAGAAGTCCAGGAAACG
AGCAGCTCGAATCTAGACGA
GCTGCTTGTCCGTGATTACT
TGCTTTCTTCACGTTTGAGA
CGATTTCCTCTTCTGCACAT
AAGTTTGGGGAATCTGAACA
GTGTTCCTAGGTGCAAATGG
TCCACACAAAATCCCTCTGT
GGTTTCCTACCCAGACGAGT
GCTTTCCTTCGATCTCTTCC
AGCTGCAGATCTTGTGCTCT
GCCCATCTCAACAATTTAGG
CTACGGAGTGGTGGAGGAG
GTGCGGTCGAAGATCATTAC
CACTGATCGCTCTTCGAAAT
CACTGGATTGCTCCCTGTAT
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AGTTGGGGTACGAAGAGGAG
CGACTACAGCAAGCTCGAC
CGATTGATAACTGGGAGGTG
GAGGAGGAAGAAGCCTCAAG
ATTCCAATGAGATGCCTGAA
GAGTGGAGGAAGAGGAAGGA
GGAAACTCTCTTGCATGCTT
CCTCCCAACAATGCAGATTT
ACCATGTTCCAAGCTGTGTT
CGAATTCTCGAAGAGCAGAG
GAATGTCTCCGAACAAATGG
AATGAGAAGAGGCAGCTCAA
CTAACACAAGGGGAAGAAAGC
AGGGGCATCTACAGAACAGA
TCCAACGTTTCAACCTTCAT
AAATATGGTGGCTCGAAGTG
CGCAATCTTCTGTCGATTTT
TTGCCTTACACCAACAACAA
GTTGTCTCAATTTCGGTGCT
CCAAGGAGCAAGAGAAACAA
GGCTTCCTCGTCTTCTTCTC
TCCCAAATCACAAACCCTAA
GGTTTGGTTGCTGGAGGT
GGGAAAAGCCAAGAGAAGAC
CAAAGCCACAGAAACGAACT
CACGATTCGAGAGAGGTGAG
GCCAGTGGAAGGTGACACTA
TGGCAGAGGATTGGATAAAG
GCATGATCTGTTGAGGGATCT
GCAGAGAAAGAACTCCCACA
GCCGGAGCTACAATACTCAC
AAGAGGGAATCTCCATCACG
CTACCCTTCATCCGGTCTG
TAACGATAGGCCTGGTTCTG
GAGGCTTGCCTGTCAAATTA
TTACCTGAGGCGTAAAATGC
GTGGCTTTCGAGGAGGTG
AGATTTCTTCCCCAGCCTAA
AGGCCCAGAGTCAGAAAGAG
AGGAAGTGGCAGAGGATTG
AGCAGGCTAATGGTCAGTCA
GAATAACCGCTCCGATCTC
CCAAAACTCACAAACCCTTG
CCAAAACTCACAAACCCTTG
TTCCACCGATGAAGAAGAAG
CCAAGGAATGATCGTAATGG
TGTGCAAATATGTTGGATGC
CTCAACACCAGGCTAGGAAA

CCTTGCTCACCAACTAGACC
TCCTCCGTCTCCTTCACAT
CAAACAAGTTGCTGGGATTT
TCACCTCCATTCTTCACCAT
TCAACGAAACCTGGAACATT
TCCACACTCAAGCTCAAATTC
ATCTGAGCTTGCTGCTTGAT
ACGTAGAGCAGAACCACCAA
CTGTTGGATTGGATCAAAGG
GTTGTTGTCAGCGTTGGAAT
ATTGGAGCATGGTTCCACTA
ATCATTCTGAGGCACATCCT
TTTGACCTTTGAATCCTCCA
AATCCCACCTCAGACTCTCC
GGCAAACCCGAATCTTTATT
GTAGTGCACCCAGCTTCCTA
GGCATCCACTTTCACATCTC
TTGCTCGATTCGTACCTCTC
AGAAATAACCGCCAGAATCC
AGCAACTACTGCCTCCCTTT
TCGGATAGGAATTGATCACC
CCTATACTCGCAGAGGCAGA
GCCGGTATCTAACCACACAC
CTTCCCGTAGATGCTTGAAA
GCGAATGTGGAGAGAAGAAA
TTCTTCCGCTATCAACAAGC
GTTGTTCTGCCCATCACTTG
GAGAGCTAAGAAGCGTAGGTTG
ATGGCACCAAATAGAAGCTG
CAGTGTTGTGAGACGACTGC
CTCGCCGAACTTGTATTTGT
GATCTCCCATTCCGAGTTTT
GGGCTTGAGAAGTAGGGAAG
AGCAAAGGGATTGACCTCTC
ATCAACAATTAGGCCCTTCC
GGGCCATAAGGCTACTGAAT
TTCTCGTGAGAGAGCTTCGT
TTGATAAGGAGACATTCGATCC
GTGACCCCAAATAGCCTTCT
CCGAGGCATTATCAACTTTC
TCGCTCCCTTCTTCTTCAAT
AAAAGTTCGCGATTGAGTTG
AATCACCATCTCCATCTCCA
GTGTTGGCTGCTGAACATCT
TGCATGGTATCTCAAGAGCA
TCTCAACCGGAATATCCTCA
ATGTTTCCAAACTGGCAGAA
GCCCGATTTTGCATACATAC
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>S0SSR474
>S0SSR475
>S0SSR476
>S0SSR477
>S0SSR478
>S0SSR479
>S0SSR480
>S0SSR481
>S0SSR482
>S0SSR483
>S0SSR484
>S0SSR485
>S0SSR486
>S0SSR487
>S0SSR488
>S0SSR489
>S0SSR490
>S0SSR491
>S0SSR492
>S0SSR493
>S0SSR494
>S0SSR495
>S0SSR496
>S0SSR497
>S0SSR498
>S0SSR499
>S0SSR500
>S0SSR501
>S0SSR502
>S0SSR503
>S0SSR504
>S0SSR505
>S0SSR506
>S0SSR507
>S0SSR508
>S0SSR509
>S0SSR510
>S0SSR511
>S0SSR512
>S0SSR513
>S0SSR514
>S0SSR515
>S0SSR516
>S0SSR517
>S0SSR518
>S0SSR519
>S0SSR520
>S0SSR521

AAGGCACTGCAGGCTATCTA
AAGGGGAGACCAATGGAGTA
AGATTTGGGTTTGGCGATG
GCGTAGAAATGGATGAGCTG
ATCAAGTTCATGTCGGTCGT
GCCAATGGAAGTCGTCGT
AACCGAAGATGATGGAAACA
TCGGAAAGGGAGTTTAGTGA
CCGTCAACCTACAGCAAAAC
TGACGAGGAAGGTAGTGAGG
GTGGTGTATGGCGATGAGTT
GGACTGTTGCCTCTCCTACA
GTCTCGTCCACCAAACTACG
CCACTTTGAAACCTCAATGC
CGAAATTCTCCTGCTTCG
GTGGTGTTCCTCGTTCAGAC
CCATACGTACCCCTTCCTCT
AGTGTGGTGGCGCAGAGA
GCTCAATCGCATCAGAACA
CTCCAAGGAGATGGATCAAG
GAGTGGAACGTCGTCGTATT
AAGCAAGACGCTCGAGTAAA
AATCCCAGTTGAGGGATTTC
ATCCTAACTTGGGCCTTGAT
CGGTGGCTGGTTAACAAATA
AAAACCACAGCAGAAACAGC
ATAGACAAGGCAAAGCAACG
CCCGTTCGAGTACCAAGATA
AGAGCCTGAGGGTTTTGG
TCCTCACCCACCTCAATATC
TCAGACTAACTGCCGGAAAC
ACAGAGTGAGTGAGCCAGCA
TACAAGAAGGGCAGCATAGG
GAAGGTGAAGCGGTTACTGA
GAGTTGAAAGAAGCGATGGA
TCATGCTGAAGATGTGATCG
CGTCTCCGACCTCAATTTC
CGTCACAACTCTCGGAATCT
AGGAGGTGGTGAGGAGTAGG
TGGCGCTTACTTACCTCAAC
TGCAAAGACCATCTCTCTCC
CGTCTAGTAAGAGGCGTTCG
ACTCTCTCCCCACCTCTCAC
AGAACTCCACAAATGCAAGC
GGTACCCTAATGGGAATTGG
GGGCTATGGGAATTGTAAGG
TGAAGGTATCAGCCAAGAGG
ACAGCCACAAGAAATTCCAC

CCTCTAGGCTCTCATCCACA
TTCCTCTCCATCTCCATCCT
GCCTCAAGCTCAAGGATGTA
TGATTACCACTGGAGGAGGA
CGTCGTTCTTCTTCTTCGTC
GAGGTGCTGTGGTTGAGATT
TATGTCTCACCATGCAAACG
CAAAGCCATCAACATTAGCC
TCGAACACAACCCTCTTCTC
TAAATTAGGCCACCTGATCG
TCCTTTCCCTTCGCATAAAT
ACAGAACCCCTCCCAAAAG
GTGCAGCTTGAGGAGGTAAA
GAGGTCCAAGATGAGTCGAA
GATTCCTCGTTGGAATTGG
TAACCAAAACTCCGTGAAGC
ATACCGACCGATCAAAACG
TGTAAAGGGGATTTGGGAAT
TTATGCTGAGCTCCATCCTT
CGTTCAGCTCGTTTTCGTAT
ACGACAGAGCAGAAACAACC
CTTGCTCTCCGACCTCCA
ATCAAGGCCCAAGTTAGGAT
CAATTCCCATTCTCATCCAC
ATAATTTGCGAGGTTTCACG
AAACGCCATAGGGTCTTCTT
GCCTTCGTGGTAACATCATC
TCCTCTTCGATTCACCTTTG
TCCCTCCTCATCTTCCTCTC
GCAAGCCATCCTAAACCTCT
ACTGGCATTGCATCACTTG
GATGAAGCATGTGTGGGATT
TCGACTCCATCGTCCATATC
GGAGGAAGCTGATCACGATA
CTTGGACTGATCCGAAGCTA
ACCATCTCATTGGAAGTGGA
GTCAGCTCCAGATTCCTCGT
CTCTGAGGCTGTCCAGAACT
CCATGACGTTCAAAATCTCC
CTAGTGACAACGGGGTGAAC
GGGAGCTGGAAAAGTGAAGT
TCTGTCGCCTTCTCAAGTTC
TCGAGAAGCTCTTGCTTGAT
TGTGCTAGAAACCTTAGCCTCT
ATGCTGTATGGGCAAGGATA
TGGAAAGCTCTAGACGATGG
GGACTTTCCCGTATCCGTAA
CTTGCTGAGGTAGAGGCAGT
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>S0SSR527
>S0SSR528
>S0SSR529
>S0SSR530
>S0SSR531
>S0SSR532
>S0SSR533
>S0SSR534
>S0SSR535
>S0SSR536
>S0SSR537
>S0SSR538
>S0SSR539
>S0SSR540
>S0SSR541
>S0SSR542
>S0SSR543
>S0SSR544
>S0SSR545
>S0SSR546
>S0SSR547
>S0SSR548
>S0SSR549
>S0SSR550
>S0SSR551
>S0SSR552
>S0SSR553
>S0SSR554
>S0SSR555
>S0SSR556
>S0SSR557
>S0SSR558
>S0SSR559
>S0SSR560
>S0SSR561
>S0SSR562
>S0SSR563
>S0SSR564
>S0SSR565
>S0SSR566
>S0SSR567
>S0SSR568
>S0SSR569

CTCCAACCCTACCAGGAAAT
GGAGGAAGAGGAAGATGAGG
GAAGTCATCAAAACCGCATT
CAAAGGCTGCAGATGAAAAT
TCAGGATCGCCGACTATTTA
GAGGTTCCTCTCCCTCTCC
ACTCAGTTGCCAATCCAAAG
ACCATCGAAATGACGGACTA
GGATTTCTACGCGAAACTGA
CATGGCAGATGAGTTCACAA
TGGGACAAGAGCAAAGAAAG
TAAGAGGAAGGCTGATGCTG
GGAACCCTATTCGGAAACC
CTGATAGAGGCGACGTGTTT
CAGGGGAGATGTGTTTGAAG
GAGCCCTGACGACTCCTT
AGCCACCAAATCCTTTCATA
CGGGAAAGCTCTTCAAAAC
GCGACTAGTTGAGGACTGGA
GGAGGATCTGATGCCCTTAT
AGGTGAAGATGATGCATTCG
CTTGCACCTCCAGGTAACTC
ATGGAGAAGTCCTGTGGTGA
TGGAGAAGGAATTGGAATCA
CATCTCCAACGCGCTGAT
CCTTCGTTATGGCTTACACC
TCCTCAACAGCAGCAAGAAT
CCCGTTGAAGATGAAGAAGA
GCACTCTCAAGGGATCACAC
GTGCACAAAGCAGTTACGAA
CCGTACGTCCATCCTACTCC
CATCTTGCTTTGAGGAATGG
GCTCTCAAACGCAAAAGTGT
TTCAACGCTATGGGATCAAT
TCTACCTCAAATCCGTCGTC
TAGGGAGAGACGTGCTTGAC
CTGTGCAGGACAAGGAAACT
TCCAAGCACTCAAACCCTAA
AGAAACCCCGAATTCATCTC
TCGATCTCCACTCAAACCAT
CTCGGAAAAGGCAAAACATA
AGCCCTTGCTTCAAACTCTT
ATTTGTCGAGTCCTTTGCTG
GTGCAGATGCAGTTCTGTTG
CGAATCATCCTAACCACGAG
CAGCGTTGCTAAAACTGTGA
CCACCTGTCTCTTCTGCATC
CGTTGTCATCAAACCAGACA

TCCCGAAGAAGATGAAGTTG
GCAGTGTGCAATCAGCATAG
ATTCCGAGCTACGGTCTTCT
TTTGCTCAGCTCCACTTCTC
GTCCTTCTCTCGGGCTTTAC
TTATGCCTTCGGTGAATTTG
AGTGAGGGGTGGTGGTATTT
GCAGAAGATAGATGGGCAGA
CAATTCTGCATCACACAAGC
AAAGCTGTTGACCCCAAGAT
TGATCACTTGGAACATGTCG
CTTTCTTCTCCACCTCCACA
TTGCAGTACATCCTCCACAC
AATGCTCTCGATGCAAGAAT
GCACTCCCATTGATATGCTC
CCACAGAATTCACGGGTATC
GAGCGTTTGTTTGGTTGATT
GTTTCAGCTCCAGGTAGACG
GATGTAGGAGTCGCGAAGAA
ACTCACCGGAGGAGTTGC
GGTTTCAACCTAGGGATTGG
CCTGTAGTATCCGCCACTTG
TGGAAAACGACCTACCTCTTC
CATCTCCATCTTTCCCCTTT
GAGGTACTCAACGATTGCTCA
TACACGTGCCTGCAAAATTA
TCTGCTCGATAAATGGGTTC
ATGGGCTATTTCGAGAGCTT
GCAGCAGATCTCCACTTGAT
AAACATTCTTGGCCTCTCCT
ATTTTGAGCTTGCTCGACTG
CCCTCTGAAGAGTCCAACAA
CTCCATCAGCTCATCGTCTT
CAGTGCCTGACACAACACAT
CCTTGAGCATTTGGATGAAC
GGCAATTCGTGACTGCTACT
TGCATGGTATAAGGGCAAAT
CACCTTGAAAGGGAACTGTG
TAGTTAGGGCTGTCCACCAG
GCCACATCAAATTCTCCAAC
CAGCATGTGAACCATTTTGA
CAGCAAAGGACTCGACAAAT
TCACAAATAATGGCCAAGGT
CGATTGCTAAAACACGATCC
ATTCTTCCGTCTGGCTTTCT
TATCTTCCTCGATCGTCTGC
AAAGATCATCCACTGCTTGC
TAACACTTGAACCCCATGCT
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>S0SSR570
>S0SSR571
>S0SSR572
>S0SSR573
>S0SSR574
>S0SSR575
>S0SSR576
>S0SSR577
>S0SSR578
>S0SSR579
>S0SSR580
>S0SSR581
>S0SSR582
>S0SSR583
>S0SSR584
>S0SSR585
>S0SSR586
>S0SSR587
>S0SSR588
>S0SSR589
>S0SSR590
>S0SSR591
>S0SSR592
>S0SSR593
>S0SSR594
>S0SSR595
>S0SSR596
>S0SSR597
>S0SSR598
>S0SSR599
>S0SSR600
>S0SSR601
>S0SSR602
>S0SSR603
>S0SSR604
>S0SSR605
>S0SSR606
>S0SSR607
>S0SSR608
>S0SSR609
>S0SSR610
>S0SSR611
>S0SSR612
>S0SSR613
>S0SSR614
>S0SSR615
>S0SSR616
>S0SSR617

CAGTGTAGGGAGAAGCCTGA
AAACGATGGCGTAGAAAGTG
GAGCACGGCCATTACAATC
CCGAATCACATTTCTTCCAC
TGGCGAAGAAGTTATGGAAG
GTGGGTGACAGTAGGCAGAG
CGTCTCAATAGCCAAACACC
TTCCAATCTTCCAGGGATAA
AGCAGCTCAAACTGCATAGG
TCAATCAAGGGATTGGGTTA
CCTCACTCTTCCAACACCAT
CCAAATCCAACAAGCCATAC
TGGAGAGAGCTTCTAAGCAAA
AGTGTAACGGCAATTCACAAG
TCTTGTGGCTCTCTCCCTAA
CGAGGTGAAGAAGAGCAAAA
GGTGTTGGAGCAGTTCATTC
CACGTTTAAGCACATTGACG
GAAGCTGAATCCGATGGTC
CTATGATATCGCCGGAACAC
CACCAGAAAAGGCTGTACAAA
ACCAAAACCAGCTCTGCTAC
TCGGATTAGCTCCGATACAG
CGAGGTTGTGGTGGAATTAG
TCATCAACACACCCATTTCA
AATCACTGGTCACACGTCCT
GATCACGCAGAGAGATGGAC
ATAAGATCAGGACGCAGACG
ATTTCCAAAGGCGGTTATTC
CTACTTCGACGTGGTGGTGT
CTCGGGGATCTTGTTGATAC

TGAGTGTGATATGCAGCAGTAGA

ATATGGGCTGCTCTTGGTCT
GGGAAACCGATTATGAGAGC
GAACAACCAGGTATCGCATC
CAGAGCTTTCTGCTTTGAGG
CGGACTGGTGGTTCTACATC
CATCGGATTTGCTATGCTCT
GGATGAACAAGCTGGTGAAG
TCCCCTCTCTCGATCTCTCT
CGCCATCATCTTCTCTCTTC
GGAGAGAAACTCCGTGAACA
GAATTCATCTGGCCGTACAC
ACAGCTGATGCTTTGGTAGC
AACCCTAATCAACCGCGTAT
GATTTCTCGAAAGGGTGTGA
AATGGAGTAAGGGGAATTGG
GCGGCTTTTGATAAAACTCA

CTCATCGAAGTCACCATCCT
CTTTTCCTCTTCGTCCTCCT
AGCTAATCGGGGTCAATCTT
TACTGCGAGGGAGATTGAGT
GGCATTGACTTTGCAATTCT
CAACTTGTGAATCCCACACA
ATCGACACCTTCCATCTCAA
TGGTAACGGAAGGGATCATA
CCTGCAAACTTCTGTTAGGC
CGACTACACATTCACCAGCA
CCATGTCTTGAAGGGCTCTA
GAGCTTGTATTCCACGTGCT
ATCACGAGCACGAAGAAATC
GCAACCACTAGCAACCTCTG
CAAACCTCGGAAGATCACAC
CGCTCAATTCCACTCTCTGT
ATCCAAATTCCGACTTCTCC
TACGGCACATTGGACACATA
TCCGGCGATATCATAGAGAG
CTGCATACCCTTTCACCTCA
GGATTGCTCCGCTATGTTTA
CATCTTCTCCCGCAATCTC
CTGCTCGATTTCATCAACCT
TCAGCTTCTTCCCGAGAGTA
TGGAAGATGGAGAAGCTTTG
GGGTGAGAGAGGATGAGGTT
GTAGAAGATCGCCGGAAAAT
ATCGATTCCAGTCCTCCTTC
CCTTGTGCTCCGTTTACTTG
GTGAAGCCTCTGCACGTACT
TTCCCTTTTACTCGCCTCTT
GTACCATATGCCGACGTACC
TGCTTGGAGGCTGAGATAAC
ACATTCGATGCTACCACCAC
TTTGGCTTCCATCTCAACAT
TCACCTTCTCCATCTGCTTC
ATTATGCCGACGGGTAGAGT
ATGGAAGCTGAAGCTGTTTG
GGTTTTCGTCTCATCCTCCT
TAACCGCTGTCATTCTAGGC
GCTTTCTGGGTAGGGATTTC
ATTTCCTGGTCTTCGTCCTC
CCACGTCGATGCTTACTCTT
CCCAAGCCTTCAAGAAAAGT
TCACAATCGCTGTGACAATC
AATCAGCCAAGCACAAAGAC
CGTGAATCCGTCAACTCTCT
CCCAAAGACGTAAGCGTAGA
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>S0SSR619
>S0SSR620
>S0SSR621
>S0SSR622
>S0SSR623
>S0SSR624
>S0SSR625
>S0SSR626
>S0SSR627
>S0SSR628
>S0SSR629
>S0SSR630
>S0SSR631
>S0SSR632
>S0SSR633
>S0SSR634
>S0SSR635
>S0SSR636
>S0SSR637
>S0SSR638
>S0SSR639
>S0SSR640
>S0SSR641
>S0SSR642
>S0SSR643
>S0SSR644
>S0SSR645
>S0SSR646
>S0SSR647
>S0SSR648
>S0SSR649
>S0SSR650
>S0SSR651
>S0SSR652
>S0SSR653
>S0SSR654
>S0SSR655
>S0SSR656
>S0SSR657
>S0SSR658
>S0SSR659
>S0SSR660
>S0SSR661
>S0SSR662
>S0SSR663
>S0SSR664
>S0SSR665

GAGTGAGCTGAGCAAGGAGT
GAAAACGAGGTGGTGAAAGA
TGAGCTTCTTTGCCATTTTC
CAGCTCGGTCTCAAAATCC
ACTCCACCTCCTCCTCCTC
GAATGAAGCCGAGATGAAGA
CAGGTCTCGGTCGAGTAGAA
TGCTTCCAATCTTCCTCAAG
TGACGTTTTGGCTCAGTACA
GCTCACCAATACGCTCAAGT
CTAGTCTGCAGGGAAATCCA
CTCACCTGGAGCTCGATAAG
GCCTACAACTTCCCTCCAAT
CTCCTCATCCTCCCCTCAT
AAGCCACACAGAGAAAATGG
CCGAACGACTACGAGGAGTA
TGAGTTAAGGCTGGAGGTTG
AGAAAGGAGCAATGATGAGC
GCAGCAGTTTCAAAACCCTA
CGGGTCGATGATCAAGATAC
AGCGGTATCATGTCAGCAAT
CAGTCAGAGATCGACCGAGT
ATCGTGGCTTCAATCTTGTC
AACCTCCCGGCTATACACTC
AAGCAAAAGAGGGTTCACCT
CTCAGCAGCAGTCCAGAAAT
TCCATCCTCACCATGTCTCT
CTGCCTCCACCTCTATTTCA
AAAACAATGGAGTGCTCTGG
TGTGCGGAGGAGCTATAATC
GAGAGTCCAGCGTCGAGAG
GAGCTCACTGCACTCAATCC
ATCGTGGCAAGCAAAGTAAG
CATTTTCAGACAGCCCTTGT
ACCAGAAAAGACAGCGACAC
CCTCCCCAAATTGAAAGAGT
TGATGAGCTGGAGGAGAGTT
CGGACACACTTATGAGACGA
TCCACCTATTCGAAGGATGA
CGGGGTTGAAGTAGCTAACA
AGAAGCCGAATTGGATGAG
TCCAATCAATACCCCAACTG
CACGAAATCCCTCTCTCTCA
CCAAGGAAAGCCATCCTATT
TGAAGCAAAAGAGGAGGAAA
CCGTTTCCAAGAGTTTGATG
CAGTGGAGAATGAGGCAGAC
CCAGTGCCTAAACTTCTTGC

CGTCTTCCACCATGAATCTC
CGAACACCCTTTTCTTCAAA
AGGGGAGGGAGAAGAACTTT
GACTGAAAGCTCATCCCTTG
GAAGTTGAGCTTGGCCTTTT
CGCTGAATCGAATAGAGAGC
CCTCCAATCCCTTCTCGTAT
ATGGCAGGCACAGTATCAAT
ATAATTCTGCGACTGCTGCT
AATCTGAACCAGGATGAACG
TGCTTTCGAATCTTTTCAGG
TGATGTAGTTGCCGGAGATT
CTCCGAATTTCCTTCCATTT
AGTATTGTGCTGCGACTGC
GGTGTTAACCGACAACCTGA
TTAATTCCTTCTCCCGATCC
GTTGCCGACTAGCATGTTCT
GTTTCATGGCGTCTGAGTTC
CCTCAACCGATTCTGATGTT
TTCCCCAACCTCACTCCTAT
CGTCAATTTTCTTGGACGTT
TAGCTTGGACATCCTCTTCG
GATCATGCTCGTCGCTAGAA
CCGGACAAACATGAACAGAT

GGATGATCTGATATTGTCCCTTC

CAGGCTCCTCCTCTTTCTTC
GATTCGCTGAATTCGTCTGT
CTCGCAAACATCACACAGAC
GTTTCTGTCCTCCCCACTTT
GAAAATCGGCTTCAAAGTCA
CCGGAATTCTCTTTCTGCTT
TGCTGCTGGTAAAGAGCATA
TCATTCATCTTCGTCTTCGTC
ATCTGGTGCTGCTCTATTGC
ACGATCACCTGAGACAGAGC
AAAGGGTTGGAGGAGATGAG
CCAAAGAGGAGAAAACACCA
TCCTTCGCCACTACAACTTC
AGCAACTGCTGTCTCTCCAG
GCAATCCCACATCAAAGAAA
CCACACGTCCTTGTTCTTCT
GGAGGGTTGTTGTGTGTCAT
TTCCTCCTCTTGTTGCTGTC
ACTGTTTCCTGGAGCAAATG
TGAGGGAACTTCTTCTCGTG
CTCATGCCTTGTCATCCAGT
TGGAATGATGATTGTGCAAG
GAAGCCAAATCCAAGAATCA
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>S0SSR667
>S0SSR668
>S0SSR669
>S0SSR670
>S0SSR671
>S0SSR672
>S0SSR673
>S0SSR674
>S0SSR675
>S0SSR676
>S0SSR677
>S0SSR678
>S0SSR679
>S0SSR680
>S0SSR681
>S0SSR682
>S0SSR683
>S0SSR684
>S0SSR685
>S0SSR686
>S0SSR687
>S0SSR688
>S0SSR689
>S0SSR690
>S0SSR691
>S0SSR692
>S0SSR693
>S0SSR694
>S0SSR695
>S0SSR696
>S0SSR697
>S0SSR698
>S0SSR699
>S0SSR700
>S0SSR701
>S0SSR702
>S0SSR703
>S0SSR704
>S0SSR705
>S0SSR706
>S0SSR707
>S0SSR708
>S0SSR709
>S0SSR710
>S0SSR711
>S0SSR712
>S0SSR713

AGAGGGTCTTGGCTTGTTTT
CAGGATCCATGTTTCTGGTC
GCCTCCGATCAGAAGAGAA
CCCTACTACAGGCAAGGACA
GAGGCAGAAATGCGAGATAA
CGTCTTTCCATTTGATGTCC
TGCACTCTCTGGAGGTGTTC
GTTGCATTTGCTGAAGAGGT
TGATCCAGACAGATGGGAAT
AGGAGAGCAGCAAGAGGAAT
TTTCATTTCCAACCTTCTGG
TACGCATCCGAAGAGAAATC
AGAATTTGGTAGCGCACAAG
TGGAACAACTCAACAACACG
ACAATGAGGGATGGTTGTTG
ACCCACTACTGCTCATCACC
CAGGATAAGAACACCGAGGA
ACGAGCTCAAGAGGACTGTG
CGTGGGGTAAAAGAGGATTT
CTCTACTCGAGCCACCTCTG
GGTAGATCCGCTTTGGAAAT
CCTCCTTCCCCAACTAAAGA
TGAAGGTGTTTTGGTGTGTG
TGGGGAGATTCAAGAGAGTG
TAATGGTGTGAGGGTTTCGT
TGCTTATGCAGATGGACAAA
AGCGACAACAACAACAACAA
TGAACATGGATGAGCTTTTG
TGTGAATGGTGTGAGGTCTG
AGACTGGGGATTCCGTACTT
AAACCCCACGACATCCTC
GATCTGAGCAGGTGGAAAAG
AAGTACGCGTTGAGGATGAG
AAATTCTCGACCCCTCTCC
CACAACTTCTTCCCAACCAA
AAGGACCCATGAAGTCATCC
CAAGTTCGGCTCTAAGGTCA
AAAGAGGAAAAGCCAAAGGA
AGCTGTACACGAAAGCATCC
GAGCAGAAAGGAGAGCTTCA
ATGTAGAGCAGGCTGTGAGG
ATGAACCTTCCATTGGGTTC
ATGGCGGAGAAAGATAGGAG
ATCGAGTTTGTGTGGGGTAA
CAGCAATGTTGAAAGAGCAA
GACAACATCCTCTCCACCAC
GCCAAAGAAGGATCATCAAA
TGCTCCTGTAAGCATCAACA

CGGAGATCCACAGGATACAG
GGTCGAAAAGTTCTCCCAAT
ATAAAACCAGGCATGAGCAG
GTCTCGGCTATATCCCCATT
CTTCCAGCTGCTTCTTGTTC
CGCTTGCAGAAATGATAGGT
ACCTCTTCAGCAAATGCAAC
AAGCCTCAAATACCCAATCC
ACTCTCTTGCTCGTGCCTTA
CTGCCCCATCAAAGACATAC
CCCTTCTCCTTCCTGTTCAT
GCATTGTGGAGATGGAAGAG
CGGCATTACATATCGATGTTC
TCCTGCCCAAGTAGAGATTG
TCCAAGAATAAGAGGGACGA
AGAGAAGTGTCTCCGCTTGA
TCGGTTAGAGTCCACAGCTC
ACAGCAAGCAGTTGATCCTC
GGCCAGACTCTCTCTCATCA
CAAGGAAAGCGAGAGATTCA
GCACCTCTTTCCTCACCATA
GAGCTGTCTGCTTCTGCTTC
GAGTCGACCGTGAAGAAAAC
AAGCTAAATCCCCACCAAAC
ACCCTTTTCTCTGGTTTTGC
CCGCTATCCGGAATATCATC
GATATCCGCACGTTCTTCC
ACCTCATCAACCGTCTTCTG
GGTCTGTTTGGGAAGGATCT
TATTTGCAGCTTCCACATGA
TTGGTTCTAGGGCTTTCCTT
GACAAATCCATGAAGCAACC
AGTAATGCTTGGCTCCCTCT
GACCAGACAAACGGACAATC
GGTTGTTAGGGTTGATCACG
CTAGATCCGGGCTTTCTTTC
TCTACTCGAAAACGCCTCAC
ACGTGTATCACGCCCATACT
ACACGAACTGGAAGACAAGC
GTAGCGATATGCCAGAGGAG
GAGGTAGCGCTTGTAGATCG
CGTAGATAGAGGAGCCACCA
CCTCAGATGAGCGTGTTTCT
CGTTCCAGATTCGTAGCATT
CAGCCTTCTTCCTTTCCTTC
AACACGTGGATTGGCTTG
AGCGGAGCCTTTTAGTTCTC
TTTTGGGATCTCCCTTCTTC
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>S0SSR714
>S0SSR715
>S0SSR716
>S0SSR717
>S0SSR718
>S0SSR719
>S0SSR720
>S0SSR721
>S0SSR722
>S0SSR723
>S0SSR724
>S0SSR725
>S0SSR726
>S0SSR727
>S0SSR728
>S0SSR729
>S0SSR730
>S0SSR731
>S0SSR732
>S0SSR733
>S0SSR734
>S0SSR735
>S0SSR736
>S0SSR737
>S0SSR738
>S0SSR739
>S0SSR740
>S0SSR741
>S0SSR742
>S0SSR743
>S0SSR744
>S0SSR745
>S0SSR746
>S0SSR747
>S0SSR748
>S0SSR749
>S0SSR750
>S0SSR751
>S0SSR752
>S0SSR753
>S0SSR754
>S0SSR755
>S0SSR756
>S0SSR757
>S0SSR758
>S0SSR759
>S0SSR760
>S0SSR761

TGATTCCCAATCTCCACACT
ATTTCTCGGATCGGGATTAC
CTGGAAACCATTGAAGCAAC
TAAATCCGCTGTCTTTCAGG
CCTATTCACCCAACAGCAGA
CCTGTCTGTAGGCATGAGGT
GTTATGGAGCCTTCCTTGGT
ATCTTTACGCGAGTGGATTG
GTTTACTCGCAGCTCGACAT
GCGAGTTTGTGTCGGTGTAT
CGGCAACAGAAGAGATCCTA
GATAGTTCAGGCGCCATTAG
CTTGTTGCAGAGGCCACTAT
AATGGCACCTGTCCATCTTA
TCTCTCGCCAAAATAGCATC
GTCTACGCACGACCCCAAT
GCAGAGTGAGAAAAGCTTGC
CAGCTTCTAATCCTCCTCCA
GAGAAAGATGAAGGGGTCGT
AACAGCAACAGATGCAACAA
TGGGATACTGAAGAGGCTGA
AACAAGCCCCACTCCTTC
CCAAGATGAGGTGAATGAGG
GCGTCAAGCTTATCAACCAT
TAATTGATGAAGGGGTGTGG
CCGACGTCAAAAGAGACCTA
CAGTTTCTGGTTAAACGCTTG
ACACTGGAAGTGGAAGTGGA
CATTGGAGCAGGATTTGTTC
ACGTATGGAGAGGTGGTGAA
GGTTCACGAATCTCCACAAC
GCCTCCGCTTCTTCTCTCT
CTTGACGAAGTGGGATTGAC
GAGCCACAGAGGAGAACAAA
AGGGGTTATCCTCAACAAGG
CATTACGTGCCGTACTACCA
ATGCCAAATACAGAGCAACC
TAACCCTTCGTCGGAGTACA
TGCCCAGATGAACTTAGGAA
CAAGTGATGCAGCTTTGCTA
GAATTGAATCTGCTCCTCCA
GTCCTTGGAACAGGCAATC
GCTTGTAGGTCTTGGGTTGA
GCGATTCTAAACAGGATGGA
TTGCCAAGGAGATCTTCAAC
CCAGCAACAGAAGGAGGATA
CTTGATAATTTCCTGCCTCTTC
ATTTCCTGCCTCTTCACCAC

GTAATCCCGATCCGAGAAAT
GCCACCACTGCTCAAACTAT
TCTTCACCAGCCTTTTCTTG
TCCTTCTCTTCCTCCTTTGC
TACGGCTCAACAGCAATGTA
TCAAGGAAATCAAGGCAGAG
TCAGGACCCAAACCTCAATA
GCTGCCACAACTACAACAGA
GCGGTAGTCCCTCACAAAC
CGTCTCCTTCTCCACCTTCT
CCTCTCGCTTTCTCTCTCCT
TCCCATACTCAAGTCCCAGT
CTTGGAGTCAGGGCATAAAA
GGGTTTGACTAGATCGGTGA
AAACCTCATCATCACGGCTA
GTGCTGGAGTTGCTTGATG
CAATCCTCCTCCTTCACCTT
TTCCAAGCTTCTGTTTCTCG
CCGACTCACTACCAGAGGAA
CTTCTGTCACCATTCCCATC
TTCAACAGCCTTTGTTCCTC
ATCCATCCAGCTCCCTCTT
CATCGACTTTCCAGTCCAAC
TGTTGCATCTCTTCCAATCA
TAGGGTTAGGCTCCCAGAAT
CTAGGGTTTAGGGCGGAGAC
ATTCGTCCTCCTTGCTTCTT
TATGAGGGTGCGTTTCTCTC
ATCATCCACGGCTTCTCTCT
AGACGTAGACCACGGAGTTG
GAATAACACGCCCATGTCTC
TGAAATTAGACCGGCTCAAG
ATCATTTATGTGCGGATGCT
CCAAAGCCAAGCTCTGAAT
CCACTGATTCTGGATTTGCT
GCGAATTATCTTGGCTGAAA
CACCACCACTTTAGCACCTT
CTCATCTCGCTGCTCGTC
TAAATCAGCTTGGGATCCAG
CCTGCTGTGACTTGAGCTTT
GGGTACATAACCTCCCCAAG
ATCACAACGTGCCCCTTTAC
AATAGCGTTGAGTTCGCATC
TCCTAGCAAGAATCCCTTCA
GCTTATCCCACACATCATCC
TGAATTCCTGGAGAGACAGG
CGTCGATGACGTGGATCT
CGTCGATGACGTGGATCT

89

172
173
163
144
226
245
192
214
177
104
228
218
191
141
234
178
216
222
220
186
193
223
125
246
153
232
234
129
250
220
111
128
243
219
153
213
213
231
172
219
163
155
148
247
213
137
227
220



>S0SSR762
>S0SSR763
>S0SSR764
>S0SSR765
>S0SSR766
>S0SSR767
>S0SSR768
>S0SSR769
>S0SSR770
>S0SSR771
>S0SSR772
>S0SSR773
>S0SSR774
>S0SSR775
>S0SSR776
>S0SSR777
>S0SSR778
>S0SSR779
>S0SSR780
>S0SSR781
>S0SSR782
>S0SSR783
>S0SSR784
>S0SSR785
>S0SSR786
>S0SSR787
>S0SSR788
>S0SSR789
>S0SSR790
>S0SSR791
>S0SSR792
>S0SSR793
>S0SSR794
>S0SSR795
>S0SSR796
>S0SSR797
>S0SSR798
>S0SSR799
>S0SSR800
>S0SSR801
>S0SSR802
>S0SSR803
>S0SSR804
>S0SSR805
>S0SSR806
>S0SSR807
>S0SSR808
>S0SSR809

GGAGGTGGAGGTAGCTATGG
GCTCTTCTATGGCTTGCTTG
AAGACCCTTCCTCCACCAC
GTTTTCGAACTGGAATGGTG
TCAGCTCAATTCGACAATCA
GATTGCCTTCTGCCTGAATA
CTACGTGGACTTGCCTCACT
GTGAGGTGGAGAGAGAAGCA
AACCTGTTGCGAGCAGTATC
TCACCATCAACGAGTACCAG
TCCCTTTGGTGCTTTCTATG
GATGATGATGACGATGACGA
AGGCATCGTTTAAGGCTTTT
AAATTTCCACCAACCGAGAC
CCAGACCTCGTCAATCAATC
GTCTGCCAGGAACCTGTTTA
AGATAATGCAGCAGGAGCAG
GTGGGAAACACAGGGTTATG
CTTCATTGGTGTCGTTGGTT
CGAATTTGAATCCGAAACC
TCTGGCGTTTTCTTTTGAAC
GACGAAGAGGAATAGCCACA
CCGGTGAAAATGGCCTTC
AAGAAGGGCAAACGGTTACT
TCGCATTTGGGTTAACATCT
TGCTTGGTAGCTCAATATCCA
CAAAGACTCCTCCGATTTCC
TTTCAAGAGACTGGGAGCAC
GAAGAGGAGGAGGAGGAAGA
ATTTCAAACGAGACCTGCAA
AATTGCTCAACACGATGGAT
CAAGATTTTGTTAGCCCTCCT
ATGCAGGAAATCCAGAGACA
CCACAAGGCCAATGAAATAC
CATCCCAAAAGAGATTGGTG
TCTCCTTTGTTTGGTTCTCG
CATGTCAAGAATGGCTTTGA
GCTGATGATCTTGGGACAAC
GTGGGGAGATTTCTTCCTGT
AATGATCTTGGGACAACACG
ATGTTGTGTGCGAACAAGTG
TGGTGGAGACAAAGAGAGGA
CCGTTGATGAAGCAGTATCC
CAGAGACCTTCTTCCGCTTC
CTAGCAGGCGAGAATGAAAG
GCTAAGGCGTATCGCTTCTT
CTCCAGATCCCAATCACAAC
GTGCACTAGATTGGGGAGTG

GTTCTCACCGCACTTGTAGC
AGTTGAATGACGGATCCAAA
GGGCCGTAATTGTAGGAGAT
ATGGCCAACGTGTAGTAAGC
CTCCATCTCCATCTTCCTCA
TCATCATCATCCTCCTCAGC
TGCTTCTCTCTCCACCTCAC
TCCTTCAAAGCTTCCAACAG
CTTCACCACGATCTTCATCC
GGGCTTGAGAACCCTGTAGA
AATGTTACCACCACCACCAC
CAACCGCTCATTCAAAATCT
ACACGCAGAGAAATTTGCAT
CCGCCTTCTGAGACAATAAA
CTCATGTCGCCGAGTAGAGT
ATCTCCACCACCAAAGACAA
GCCTACGAGCAAGAACGATA
ACTAACCATCTTGGCCTTCC
ACGTTGTCTGCGTTGTATCA
CTGTTCAGCCTCTCGATCTC
ATCTCGCAGACTCACTCCAC
AACCACTGCAACATCCATCT
TCCAGCATCTTCTCCTTCTG
CAAAGCCCACAGCTTGTATT
TAATAGGCAGCACCTCCTTG
GTGGCAAGAGCTCAAGGTAA
AATGGATGGTGGTTGATGTG
GTTTCTGCCTAAGCGTGTGT
CCAACGATCTTTTGGATCTC
CCTCAGCAGTGCACACTTTA
GTAGCCTTCAAACTCCAGCA
AGTAGGTGGAGAGGGTTTGG
TGATGTCGACGTATGGTTTG
GGAGTCCAATTGTTGTCTGG
CAAAGTAAACGGCCCCTAGT
TCCGATTCTTCTTCATCAGC
ACGCGTACGACCGATAAGTA
ACCCATCTCCCTCGAGATAC
ATTCTCCATTCCCAAACTCC
ACGCCTCCCTTATCAGAAAC
AGCCAAGAATTGATCCCTCT
TCTCCAGAAGCCACAAAGAT
ATTGCAAGAGGATTTGGTGA
CAGCCCCTCGAAGAAATC
ATTTCTTAGCGCTCCTTTGG
ATGGGGAGGAATTTATTGGA
GTTATTTCCAACGCTTTTGC
GTTGGTCGATCTCGGTAGTG
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>S0SSR815
>S0SSR816
>S0SSR817
>S0SSR818
>S0SSR819
>S0SSR820
>S0SSR821
>S0SSR822
>S0SSR823
>S0SSR824
>S0SSR825
>S0SSR826
>S0SSR827
>S0SSR828
>S0SSR829
>S0SSR830
>S0SSR831
>S0SSR832
>S0SSR833
>S0SSR834
>S0SSR835
>S0SSR836
>S0SSR837
>S0SSR838
>S0SSR839
>S0SSR840
>S0SSR841
>S0SSR842
>S0SSR843
>S0SSR844
>S0SSR845
>S0SSR846
>S0SSR847
>S0SSR848
>S0SSR849
>S0SSR850
>S0SSR851
>S0SSR852
>S0SSR853
>S0SSR854
>S0SSR855
>S0SSR856
>S0SSR857

CATCAGCCACCGTCTGTC
CTTCAAGGTTTGCGTCATCT
TGGAACAGGTCCTATGGAGA
GCTGTTGCTGAGGATTTTGT
TATTCCTCCTTGGATTGCAG
GGAGGCGTTACAGTACCAGA
ATGCTCAGACCTGCAAACTC
TCCTCACCACCACCTTGTAT
TAGGACGTTCTCCATTCGTC
GACCAAAGGCATCATCAAAC
GTCGAGAGGGAGGAAAACTC
AAATCAAGAGTTGCGTCTGG
GAGCTGCGGTAAACCTCATA
GGCAGAATACCAACTCGAAA
CAGCTCGAAACCCTTGTCTA
CGCCTTATCATGCTGAGTTT
AGAACATCAAGATCGCCAAG
TCCTGATTGTAACCGTCGTC
CCATGGGCTTATTCATTTTG
TCAAGTCTCAGCCTCTCTCC
CTCCACCGCCCTAATCTC
AGAGCCTTGGTAAGGGAGAA
GCAGCTCTCCTCCTCTTCTT
AAGACACCATCGACTCTTGC
TAAAGGCCCTCATTGACAGA
CCGGAAACCTAAAATTCCTC
AAGAAGGCTCCCTATTGGTG
TCTAATTGCCGCTATCTTGC
GGGTTCCCTTTCATCTTCAT
TCATCACAAAATGGCTCTCA
GCTCATGCTCCTCCACTTC
AGATTATGTGCCTTGGTTGG
TGGAGATTATGTGCCTTGGT
TCCTCTTCATCCTCCTCTCC
TGTGGAGAAACACTCCTTCC
CGCGATAAAGCCATAGACAA
GAGCATCATCATCACCATCA
CGCTCTCCCAACTTCAAATA
TCCGTCCTCGCTCTAAATAA
GGTTCAGGAAGCGTTCTACA
AGACCTACATCGCAGTCCAG
AATTTGAAGTGGAGGAGATGG
CACCCAAGAATTGGTCAGAG
GGAAAACAGAATCCCACAGA
CGGACTTGGTATTCCCTCTT
GCAAAGAATTTGGTGAGGAA
GTGCTGTCATCTTGGGATCT
CATACCTAGCGACTCCGATG

GGTGCTCTGAAACCAAGAGA
GCCTGAGAGGACTGTCTTGA
TTGATGAAGTTGTCGGGTTT
ATGAAACGTCTGCGATAAGG
GGAGTCTCTTGGTGGTGATG
CTTGGAAATCCTCGTTGAGA
GAACAAAGTGGGACTCGATG
CTTCTTTGGATGCGACAAGT
ATCTTCCCATCTCCTTCCAC
CTAAGGTTTTGGGGAAATGC
GAAATCGGAGAAGGAAGCTC
CGAGCTCACGTTTAGAGGAA
CAGTGCTTCTCGAATCCTGT
GGATCATCAGAAGTGGTTGG
TCTCCCATGGAAACCTACAA
CCTTCTCCTCTCATCGATCC
ATCGCGAGAGAGACGAGAGT
AGGCATTTCTTCGTTGTGAG
AGTTCATCATGGCGTAGAGG
TCTTCTTCGAAAATCCCTGA
CTAGGGTTTTGACGTGTTCG
AATTTGCCTGAAAAGCACAC
GGGATTTTGAAAGGGAGAAA
TGGAGCTTTAAGGGTTTGTG
ATCGAGCAAGTGACATGGAT
GAGTAGCGTTTTGGGATGGT
GACCTCCCAAATCGAGGTAT
TTTCTCGCGTATCCTTTGTC
GGAAGTACGGGGAGAGTGAT
ATCGTGCGTTTTCATGATCT
CACGTCCTTGTTGTCGTAGA
CCATCGTCACCAACTCTCTC
CAAGGATTAGGGCTTTGATG
AGCTTGGGGTTGAGAGTTTT
TTCTGCGTCTCCATGAAAGT
TTTAGGCATTCCTTTGGTGA
TGATCAACATCAAGGAGGGTA
AGGAGGTGTTGCTTCTTGTG
GGCGACCCAGTAGAAGATG
TTTAGCATGGACCTGTTCGT
CCTACAAACATGGCAAGTCC
ATTGGAGCCACGTTAGATCA
ATACGCCAATGATGATGAGG
GTTTCTCAGGCCCCTCTATC
CCTTCGGCCCTTAGATTTAG
GTCGCACTGGATGTAGCTG
GCCTCTGGTGTGGTTTAATG
GAAAAGACGCCGTATCTCAA
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>S0SSR858
>S0SSR859
>S0SSR860
>S0SSR861
>S0SSR862
>S0SSR863
>S0SSR864
>S0SSR865
>S0SSR866
>S0SSR867
>S0SSR868
>S0SSR869
>S0SSR870
>S0SSR871
>S0SSR872
>S0SSR873
>S0SSR874
>S0SSR875
>S0SSR876
>S0SSR877
>S0SSR878
>S0SSR879
>S0SSR880
>S0SSR881
>S0SSR882
>S0SSR883
>S0SSR884
>S0SSR885
>S0SSR886
>S0SSR887
>S0SSR888
>S0SSR889
>S0SSR890
>S0SSR891
>S0SSR892
>S0SSR893
>S0SSR894
>S0SSR895
>S0SSR896
>S0SSR897
>S0SSR898
>S0SSR899
>S0SSR900
>S0SSR901
>S0SSR902
>S0SSR903
>S0SSR904
>S0SSR905

TCACCTTGGGACTTTTCTTG
CGCATTTCCACTAAATCCAC
CCCTTTCCAGAACAACTTCC
GAATCCGAGAACAAGAAGCA
GCTGCTCAAAACCCTATCAA
TTTCAGCTCAGGACTTTTGG
GAGTTGATGAGGGGAAGGAT
GCAATCTTCAATGACTCCTCA
CAAGTGAGGTGGATGGAAAG
TGTGGGGATATAGGCAGTGT
CACTTTTCTGCGATGAGCTT
TTGGGGATGGAACAGTAGAG
TACGACAGCTACGCCTTCTT
TCTCCAGTTTCGGACAAGAG
TCGTCGAGTACCTCCAAGAC
GGGATTGTGAGGCAGGAG
CGTCGGTTACTGGAAGAAAG
CGTCGGTTACTGGAAGAAAG
TGTCCTGGGTTGAAACAGTC
CCGCTATCGCTTCTGATGA
CTATGCGGAGGAGTGCTG
GCCGCTATCGCTTCTGAT
GATCTGTGGCTGCTTAGGG
CTTGTACTGGACGCTCGACT
ACTACCCGAGATGCATGGTA
ATGGCTTCCATCTCCACAT
CCACTCCCCTCGATTTCTAC
AATCGCCATTTCTCCTTTCT
AGGTTTCATGAGCTGAGACG
GATCACCACCACCACCAC
GGCGATTCTCACACTAGGAA
GATGTGGAAGGTCACACACA
CCATAACCATAGCCATTCCA
CACCTCATGCTTCTTTTGGT
CGAGTCAAGTTGGAGAGGAA
TGAACCCTTCGTCTATGAGC
CTCTCTCTCGTCTCGCTCTC
GCGTCGCAGAGGATAATAAG
AGATTAATGGCGATGAGTGC
GACGGGCCTGATACTGAAC
GCCACATGAGGGTTCATTTA
GGAAGAGGTCGAGGATTAGG
TGATGATGGTGGGAAGAAGT
TCCTCCTCACCATTGTGCT
CGGCAACATTGATCAGTACA
CCAAATGGATTCATCACCAT
GCGTGGAGAGAAAGAAACTG
AACGAATGCTTGAGCGAAT

TATTGCGCATACGAGTCAAA
ACCAACCTCCTGTTTGTCAG
GGGTTTTGTGGAGTATGGTG
TCCGTTCCGTTGTCATTACT
GCCAGAGAGGAGAATTGCTT
GAGAATGGGATTTTCGCTATC
CTAGCCGAGCTCAATCTACG
CCTCCTATCGAGCCTCTTCT
CGGAGGAGGTATCCAAAACT
CCATCACCAGGAATGAGAAC
GAAGGCATGAGCTTGAGAGA
AAGCCTCGGTACCAGTCAAT
CAACGGTATTCCAACACTCC
TCCCTTCATCATCATCATCC
GTCAAAGCCCTAACCACCTT
GACTAGGAGCTGGTTCACGA
GCCAATAATCATAGCCCGTA
CGCCAATAATCATAGCCCTTA
TGTAGGACGACTCCAGCATT
TGGTGTTAATGTGGCTAACG
ATAGCGGCTGTCCAATCC
TTCTCCAGCATATCCCTTCA
TTCCTCCCTCTCTCTCACCT
TTGGGGTTTATGAAAACAGG
GGAAGGCAACTGTTTTGAGA
TTTTAAGGCTGGTGAATTGC
AGGAAGACGAGTAGCACGAA
GCATCGCTGCTAGTTTCTTC
CATTCACAATCCCTTCCGTA
AGGAAGAGGAACGAGAAGGA
TAGCGTAATGCCTGAAATCG
TGGAATGGCTATGGTTATGG
GTCGAGATGACCACTCCAAC
GTTTCTGGACGCTCAACACT
TCTAATATCCCCTCGCCTTT
GCATTTGGAATGAGCTTTGA
CAGGCAGCTCCAAATTTATC
GATCATGTGGGACCATGTTT
TGGGACCACCTCAGAATTTA
CCTCCATCACCTTCTCCAC
TTCCTCACTGTTGGATTGGT
TCTCATCATCAGCAGCAAAA
TCAGGATCAGCTCCATTTTC
ATTGAGCCAAACAACGAGAG
TAGCAAAACCGAGTGAGGTC
TTGAACAGCATCATCAATCG
GGTGATCAACGTCAAACGA
CACACTGCAGGTTACAATGG
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>S0SSR906
>S0SSR907
>S0SSR908
>S0SSR909
>S0SSR910
>S0SSR911
>S0SSR912
>S0SSR913
>S0SSR914
>S0SSR915
>S0SSR916
>S0SSR917
>S0SSR918
>S0SSR919
>S0SSR920
>S0SSR921
>S0SSR922
>S0SSR923
>S0SSR924
>S0SSR925
>S0SSR926
>S0SSR927
>S0SSR928
>S0SSR929
>S0SSR930
>S0SSR931
>S0SSR932
>S0SSR933
>S0SSR934
>S0SSR935
>S0SSR936
>S0SSR937
>S0SSR938
>S0SSR939
>S0SSR940
>S0SSR941
>S0SSR942
>S0SSR943
>S0SSR944
>S0SSR945
>S0SSR946
>S0SSR947
>S0SSR948
>S0SSR949
>S0SSR950
>S0SSR951
>S0SSR952
>S0SSR953

GGCCATTCACAATCAAGCTA
CAGATGGACAATGCACAAAA
AGCAGTAGGCATTCTTGTGG
GCTGGCAGAGCACATACTTT
CTCGACTTTCTGCAGCTCTC
CTTTTCCTCATGAACCCTCA
GAGTCGTGGTTGGATGAGTT
TCTTCTTCGAGCAGCTTCAG
AAGCCGAGCAAGACGAGTA
ATCTTCACTCCACCCTCCTC
TTCTCATTCTCCCCTCAACA
CGTTCCCCAACAACATACTC
TGAATGGCCTCCTTTGATTA
AAGGAGAAAGAACCGACTGG
GTACGGACAGCGGAAATCTA
TGGGGTGTATTTCTTGTGCT
AGGGCAGAAGAAGAAAGGAA
CCGTGTTCATCCTTCTCAGT
GCCAGCCTGTCATCATCTAC
ACACCACCGTCAACGACTAC
GATGCTCTCGTCATCGACTT
ACTGGGCGTTCTTCCATATT
CCCCAAGAGAAGTGGTCATA
AGTCTCAGCCTCTCCCTACC
GTTACATGGCTGGAATGGAG
TATTCATCTTTCACGCCACA
CGATAGGAGTAGCACGAGGA
CGCCATTAAAAGCTCGATTA
CTGGTAGCGGCAAGAAATTA
AGAAGGCGAACAAGGAAGAT
ATGGAGTGCTGGTTGAGTTG
GGTGCAGTGCTATTTTCTCG
GAATCATCCAACCAAACACC
TGTATTCTGGGAATTGAGTGC
ATGGCTGCTTCATCTCTCAT
TCTCTCTGACTTCCGTCCTC
GAGAGGAAGACCCCAACAAT
CCCTTAGGAGATTCGCAGA
GCTGCTGCTTCTCCAGATAC
GGGATCAACGCAGACTTGT
CGGAAGAGCTGAAGATGCT
CATCGGCCCTATCAGCTC
AGCACAGAAAACAGGCAATC
GCATTCTCTCCACTGCCTTA
ACAACGCCTTTGACTCTGAC
CAGAGGCATTGGTTCATCTC
CGACAACAACTGGCTCTCC
CCACTGAGTTGGTCGCATAC

TATATCCTCCACCACCTCCA
CAACCGATCTATGCTGTTCC
CACTTCCAGCCAGTTGAGAT
CCGTCATTATCATCCACCTC
TCCTCAATCAGGTCTTGCTC
ATTTCGCTAGGGTTGCTCTC
GTCTCCAGCAGCTCTCTCTG
CACCACCCTATCGTTTTCAT
GGTGTAGGAGTAGGGGTGGT
GTCGGGATTTTGAGGTTCTT
CGGGAACTTTATCATTCGTG
AGCCGCAGTTGATGAAGTAG
TGTACTACTCGGAGGCGAAG
GACCTTCAGCTTCCAAGGAT
GTGAGGCAGAAGGGGTTAAT
TTCCTTCCTCCGTCTCTCTT
AATCTTTTCCGCAGCCTCT
CCCACTCCAATATTCCATGA
GCTGGTCTTCTCCATCGAC
GAACTCCACGTTCGTGTCC
CACCTGTACGAGGAGGACTG
TCATCTCTGTGGACGATCAA
AGGGTTATTCATCGGGAAAG
CAACGGCATAAACACCTTCT
GATACTGCTGCTGTTGCTGA
TTTGAGGGAGCTCTTTAGGG
GACGACGATGACGAGAAGC
GTGTTGCCGTCTTTCTTGTT
GAGTGGAGTCGAGAAGCAAA
GTTGGTGGTGAACACAATGA
GTGGAGGTGTAACCAGATGC
CTACGGATGCTTGCAGATTT
AGGATCCGAGCTGATTCTTC
AATCTCTTGGCAGTGTGGAG
GAGAATGAGGGGTTTTGAGG
TTGATGCCCTTTCTGAACTC
TTCCTCCTCGTTATCCTCCT
GTTCCTCAACAAACGCATTC
AGGATTTGGGAGAGGAATTG
AACACATCCAGTGCAGAAGG
GTGAGCTCGTTGGTAGAAGG
TATTCGTGATCGACGTCTCC
AAGGGCTCCCAGTGTAATTC
GCCTTTGAGTTGGCAGATAC
GGAGATGCTCCCTCTCTCTC
CTCAATCCGACATCCAAATC
CCACCCAGTGGTGTAGAAGT
ATGCGCTTCATATCTTCCTG
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>S0SSR954
>S0SSR955
>S0SSR956
>S0SSR957
>S0SSR958
>S0SSR959
>S0SSR960
>S0SSR961
>S0SSR962
>S0SSR963
>S0SSR964
>S0SSR965
>S0SSR966
>S0SSR967
>S0SSR968
>S0SSR969
>S0SSR970
>S0SSR971
>S0SSR972
>S0SSR973
>S0SSR974
>S0SSR975
>S0SSR976
>S0SSR977
>S0SSR978
>S0SSR979
>S0SSR980
>S0SSR981
>S0SSR982
>S0SSR983
>S0SSR984
>S0SSR985
>S0SSR986
>S0SSR987
>S0SSR988
>S0SSR989
>S0SSR990
>S0SSR991
>S0SSR992
>S0SSR993
>S0SSR994
>S0SSR995
>S0SSR996
>S0SSR997
>S0SSR998
>S0SSR999

CATTTCAGCAACAACAGCAG
TCAAGATAAGGCAGGCATTC
GTCGGAGATGATGACGAAAG
CATTAGGTCTCTCCGCAACA
TGATGGATCAGTCCACCTCT
AGGCTACCATTGCTGTGTTC
TTGGAGCACAGCAGTATGAA
GCAGATTTCCTCCTCGATCT
AATAACTCCACCCACGAACC
TCCATCTCCATCCAACAATC
AAACGCGAATGCTAGGAATA
ATCAGCTCGAATTTGGTGAG
CGCTTCAGAATGATCGTCTT
ACTCGTCTCACTGCAAAAGC
GCCTCTTTCATGATTGGTGT
GTCTTGGGTCTTGGGTTCTT
AGAGGAAAGCAACCGAATCT
AGAGATTGATTCCGATGGTG
GCATGCTAACCTCATGGAAA
CGCAGAAAGAAGCAGATAGC
TGCTGTCAATCAGCAAGAAA
CGTGATTTCACCTCCAATTC
AGACACCAGCACAAAAGAGG
CGCTATTGCTTCTTCCTCTG
ATTATGTCGATGGGTTCAGG
CCATTTGCACAACCACATAA
GACGAAGATGATTCGGAAGA
TCGACTCTGAGGATTCTTGG
GAAGATCGCTGATCGCAAC
CCGCTACTACTCCCACCAGT
GGTGTGAGGCAACAAAAGAT
GTTCTGATGGGGTTGACTTG
ATCGTAGCTCCCGACTTCTT
CTATGCAACTGGCAACACAC
TGGGGAGTATCTGAGCAAAA
GTCGGAGAACAAGGAGACAG
TTTGGAGGAGATCTTCAACCT
TGGCTTCTGCTACATTCTCA
AAGTCAGTTGAATCCGTCCA
TCAGCTTCCGATGAAGAAAG
AGTAAGAAAGCAGGGGAGGA
CCTCCTCCTCCAATCCCTAC
GAGAGGGTTGTCGATGAGG
AGGGTGTGCCTGCTAATATG
TCAGCTTCGTCAACACTTCA
CCCAGCAACTAAAGCAGTTC

>S0SSR1000 CACTGCGCGGACTAATAAAT
>S0SSR1001 AGATGATCGAGGAGGAGGAG

TCATTGCCGTGAAGGTATTT
CCTTGAGCTATTTGCTTTCG
ATGTTCAGATTCACCGCACT
GACATTGGGCTGAATGGAG
GATACAGTGGCGCTATCGTT
AAGAGCACGAATTGCTTCAC
GCGATTGGAGAATAGCGTAA
CTCTTTGAGGTTCCTCGTCA
TGGTGTTGTCGTCTTTGTTG
GGTTTCTTGGCGACCTTATT
TCAGAACCTCTCCATCTTCG
CCAAGTCCCAATGCATAAAG
ATCTGCCACATCAAACTGGT
GGAGTTCGTCTTCGTTCTCA
AAGAACCCAAGACCCAAGAC
TCTTTCTTGTCGTCCTCGTC
CTCCATTTCAGCGTGTTCTT
GGCAGGGAGTCCAGTAATCT
CTGGGAGGCTGAATATGAGA
ATGTTTGTGGTTGAGCCAGT
GGGCAGGTAGTTGGAAGAGT
CCAACACCAACACATCTTGA
TAGCTTGGGATTCATCTTCG
CAACCTGCCTACTCCTCTCA
ATAGGACAGCCAGATGATGC
TCGAAGGACTTGAATTGAGC
TAAACCTGGCCTTCTTAGGG
TCCCTCCCATTGACTGATAA
CGCTCCATTTTCCAGAAGT
TTAGCCAAGAGAGCAGCAGT

CTCATCAACAAAGTCATCCTCA

CCTTTCTGCAGTGAATGCTT
TGTTCGTCCACCTCCATATC
CGCTGAAGCTCCACATCTAT
GCTCACTTCTTTCCCAACCT
TGGAAACTGATGATGACGTG
CACAAAATCCGTTCAGTTCC
AGTTCAAATTGCGGTTGCT
ATCCAGCTTCAGCTTTGATG
GTTTCCCCAAAATCATCCTC
CCATGTACTGTTGCTGGTTG
CGAGAAGAATCCCATGAAGA
GGCTCCAAACACTTGAAAGA
GGCTGCAATAGGTTTTGTTG
GTTTGCAGTACTTGGCTGCT
TTGGCCAGAAGAGTTATGCT
ATGCTCTTCCTCAGCTCCTT
CGACTCGTTATTTGCCAGTT

94

222
140
243
162
195
101
210
168
247
131
140
191
240
174
248
218
231
247
237
161
149
235
149
200
200
237
217
175
189
222
126
140
241
146
244
220
242
250
199
183
226
166
141
232
222
230
198
101



>S0SSR1002
>S0SSR1003
>S0SSR1004
>S0SSR1005
>S0SSR1006
>S0SSR1007
>S0SSR1008
>S0SSR1009
>S0SSR1010
>S0SSR1011
>S0SSR1012
>S0SSR1013
>S0SSR1014
>S0SSR1015
>S0SSR1016
>S0SSR1017
>S0SSR1018
>S0SSR1019
>S0SSR1020
>S0SSR1021
>S0SSR1022
>S0SSR1023
>S0SSR1024
>S0SSR1025
>S0SSR1026
>S0SSR1027
>S0SSR1028
>S0SSR1029
>S0SSR1030
>S0SSR1031
>S0SSR1032
>S0SSR1033
>S0SSR1034
>S0SSR1035
>S0SSR1036
>S0SSR1037
>S0SSR1038
>S0SSR1039
>S0SSR1040
>S0SSR1041
>S0SSR1042
>S0SSR1043
>S0SSR1044
>S0SSR1045
>S0SSR1046
>S0SSR1047
>S0SSR1048
>S0SSR1049

TTTGATCTGAACGCTGGAGT
GCATCGACTGAGAAGCAGAT
AGTCATTTGAAGGTGGGTGA
GAAATGAATATGGCCAGCAG
GTTTTGTGCGTGTGTGTGAT
AGCAACCACCCTCCTCCT
CAAAAGAGGTGGGATGACAG
TGAATCTTTTGGGGACTGAA
CACATGTCGAGAATGCAGAG
CGACAAATCGTATCCACTCC
CCTTTGAAGCACTCCACATT
GACTCGATGCTCCGTTATCA
GTCGTTCCTTTCGATTGCTA
TCCACTTGCATTCCATTCTT
CTCTCCTAATTTCTTGGAGCTG
AATCGGAGAAGGAGGATCTG
GGAGAGAGAGTGCTTGGTGA
ATGGCTCTGGAGGAAGAGTT
AGGAGTGCAGACAGGAACAG
ACACCACAAAAGCTTGCATC
CAGAAATTGGAGAAGGCTGA
GCTCAAAGCAACCAAACACT
GGAATTTGAAAGGGGAGAAA
AGAAACACACCCATCTCTCG
ATCCAGTGCTCAGCTTTCTG
CGATCTCATCACCAAAGTCC
AGCCGAGAATCGACCATC
CACATCGATTCCGGTAAAAC
AAACCCATGCTAGAACACCA
TCTCTCCTCCTCATCCTCCT
GATGCTTGAGGAGTTGCATT
TCCTGTTCCTGCTCAACTTC
AGAAGCACAGATGCAAGCTC
GCACTGCCTCATAATGCTCT
ATCTGATCTCGAAGCTGGTG
ATCCTCCTCAACCCTGTCTT
CAAGGTCAAGGAGCTGTGTG
ATATCGGCCGGCTATACTTC
TCTTCCTGGAGCCTCTATCC
CTTGGATGAGTTCCTGATGG
AGGGATTTTCTGTGTGGTGA
CGAAACTGATTGGGGTACAG
CGATTATCTGCATTGCTCCT
CCAATCTCGGTCCTCCTATT
CTTGAATCCGAAGTCGAAGA
GGATTCCTCTGCAAATGCT
CAACTCCTCCGAATCCAGT
TAGGTCTGCTGGAGGATTTG

GGTAGGTCCTGTTGATGTCG
TCACCCACCTTCAAATGACT
ACTGCACCGTCTCTCTTCTG
CCAAGTCCACAAGGATCAAC
ACCACATGCTTAACCAATCC
CCGGGAAACTTGTGAGATT
ATCTCCGTCTCCCATAAACC
ATATGTGATGCTCCCGTGTC
ATTCAATGTCACCACCGATT
TTTCCGAATGCACTGAAACT
TCTCTCCCTGTAGCATTCCA
CCGAACTCCTCCTTCCTAAT
ACGAAGGTGCTCAGAACAAG
CCCACCTCATACTCTTGCAT
CGAAGATGGAGTAGCCTCTG
TCGACACTTTACTCCCCATC
CCCGAACTTCCTCTTCATCT
TCTCCCTCATGGACATCATT
GATGCAAGCTTTTGTGGTGT
AACGCATAGGAGGAGGAGAC
ATCATTGTCGGATTCTGTGC
TATTCCAGTAGGCACCTTCG
TCGATATTCTCCTCGTCTGG
GGGGTAAAAGGGTCATTCTG
CTGGTCGTTATTCCATGAGG
GTACACCCACTGCATGTCCT
ATGAGGTGCGGAAAATTGA
AGCGGCGGATTGTATAGTAA
TTCGGAATTTCTTGAACTCG
ATGTCGGTGAAATCGGTAGA
GCCTATCGATTTCTGTCCAA
ACTTGATCTGAACCGCACAT
CTCAACACGTAGCTCGACAG
GGCACTGGTGTGTCTTCTTC
GAGCTCCCTCTCCTCATCTC
GTCCTCCATCGCAAATTTCT
CGTCATCTCCGTTAGAGGAA
CGCTCTCAATTTTGTCCAGT
ACCTAGAGTTGGGAGGCAAA
CACTCCTTCTCACTGCACCT
ACCACATTCACGTTTCCTGT
CATGAGCTAAGGCCCATAAA
AGCTCTCGTTTTCCTCGATT
GCGAGGAGAAATTAGGGTTT
AAACCAAGGGTCTCTTTTCC
CATCTCCACCTTGCTCAAAA
CTTGGGCCTCTTGTTCTGTA
AGTCAACAAGATCGCCATTC
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>S0SSR1050
>S0SSR1051
>S0SSR1052
>S0SSR1053
>S0SSR1054
>S0SSR1055
>S0SSR1056
>S0SSR1057
>S0SSR1058
>S0SSR1059
>S0SSR1060
>S0SSR1061
>S0SSR1062
>S0SSR1063
>S0SSR1064
>S0SSR1065
>S0SSR1066
>S0SSR1067
>S0SSR1068
>S0SSR1069
>S0SSR1070
>S0SSR1071
>S0SSR1072
>S0SSR1073
>S0SSR1074
>S0SSR1075
>S0SSR1076
>S0SSR1077
>S0SSR1078
>S0SSR1079
>S0SSR1080
>S0SSR1081
>S0SSR1082
>S0SSR1083
>S0SSR1084
>S0SSR1085
>S0SSR1086
>S0SSR1087
>S0SSR1088
>S0SSR1089
>S0SSR1090
>S0SSR1091
>S0SSR1092
>S0SSR1093
>S0SSR1094
>S0SSR1095
>S0SSR1096
>S0SSR1097

CACTTCCAGCAGCTTTTCAT
AGTCTGAATTCCACCAATGC
TGATGAGGCTTTCCCTAAAA
GTCCTCTTCTCCACCATCCT
CGAGCACTTCCACATTCTTT
CGATCACTGTGCCTGAAATA
GAAAATCGTCACCACAAAGC
CGTCTTCCAAATCCTCTCAA
GATGGTGCAGAAGGATCAAG
GGATGTGGATGATGAGGAAG
CTGCGGTTGATAGAGAAGGA
AGCCATAAACTGCCCAAGAT
AACCATTTAAGGCATGGTCA
ACCCTCTCAACCTCCATCTC
GGAACAGCGTTAGCATTAGC
GCCGATCTCGACTTACAAAA
GTTGGGCCACAAGAAGAAGT
GTAGCAGCGCATCAACATC
AGATGGTGCCAATGGTTTTA
GCCGTTATTTGGTAATGGTG
ACTTCGCCATGAGATTGAAG
GAGAAGACAAGGGACGTGAA
CGACAACAAGGATCGTCACT
CCTGTCGATCCTAGGGTTCT
TTCCTCGAGCAGATTTTAGG
TCTTCTCCTGCTGCTACCAC
GCTCTCTCTCTTCAGCTCCA
TCTTCAGCAAGTTCGACACC
AACGGCATTGCACATCTC
TCCTCTTCATCTTCGTCAGG
TTCGGTAAAGCAACGGATAG
TCTTGCCTTGATCTCGAAAC
TGATGGAGAAAATGGTGGTT
AAATGTTCGAGGTGGTGAAA
TGAGGCTTCCACCTCCAC
ACCCCTCTTCCTCACACTCT
TACGATTACTCGCCGTCTTC
GAAGAAGCTCGAGAACGAGA
TCCCTGCAAATAGAAACAGG
TGAAGTCATGGATGTTGTGC
CTACTTCCGCTCGCTCAA
TCACCATCACCATCATCATC
AACTGAAGAAACTGGCGATG
CGAAAAGAGGTTCTGATGGA
AGCAACTGGAGTGTGTCCTC
AAAGGCAAGTGCACAACAAG
CAGTGGGAGGAATCGAAAG
CTAGCGCCCAGACGTAAAT

CTTGCGCCTTTTCATCAC
CCGACCTCGTCTTGATACAC
AGGTTTGGAGGAGGGAGAG
GTGAAGACGAATTTGGGGTA
ATGGCTTCCTTGTCCTATCC
TCTCAGCCATTCTCTCCATC
TTCTTCGCCTTCTGTTGTTT
AAGGTGTTGTCGGAGTGAAA
TCTGCAAAAGCCAATAATCC
TCTCAAGTTTGGCTCTCACC
ACCAGAAACTCCATCAGTGC
CTTGGAGTGTGGTGTGATGA
TTGCTCCAAAACAAGTCTCC
GCTCAAAGTGGTGCTTTTGT
TGATGATATGGGGTTGTGTG
TAGCTCGTTATGGACCTTCG
GTCCTTGAGGTCACCCTTTC
TTGGGTGTTAGTGGCAAACT
GGCCTGTACCGTCTATTACG
TGGTGACGAATCGGAACTAT
GCTCATAGCTGATGGTTGCT
GGAGTTTGCTTTCCACACAT
TCCTCGAGAAGAGCAGATTG
CCTTCACCGAGATGTTGTTC
ATGATTGAACCCTCCTTTCC
CACAGGCAAGCTCTGATTCT
TCAGCTCCAACTTCAACCTC
TACAGATCAAACGCCTCCTT
TGAAGCTGAGGAGCTTGATT
CCTCGCTTTCATAACCAGAA
GGAGAGGAAGGAGAGATTGG
CCTCTTCATCAGACGTGAGC
GAGCACCAAGAAGATGCAGT
TGTGTGCCTCCCTCTTTTAG
GGAGAGGGAGAAGGTGTTGT
GAGGTTAGGGCCCAGTATTT
TTTCATCACCGCATACTCCT
ACCGAACATAAAATCGTCCA
GTTGGAATGGCATCAATAGC
AATGGCTTGAATTGAGCTTG
GAGATGCAAATGCGATTCA
TGTTGGAATTTGGGAGGTAG
CCACCTCATCATCTTGGAAC
ATTAGGGTGAGTTGGCTGGA
TTTTGAGGCGAGCTTCTCTA
ATGTTTGTGTGGGTGGAGTT
ATCCGCATAGTGACGAGCTA
GCAGTGGTGAATTTGTGTGA
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>S0SSR1098
>S0SSR1099
>S0SSR1100
>S0SSR1101
>S0SSR1102
>S0SSR1103
>S0SSR1104
>S0SSR1105
>S0SSR1106
>S0SSR1107
>S0SSR1108
>S0SSR1109
>S0SSR1110
>S0SSR1111
>S0SSR1112
>S0SSR1113
>S0SSR1114
>S0SSR1115
>S0SSR1116
>S0SSR1117
>S0SSR1118
>S0SSR1119
>S0SSR1120
>S0SSR1121
>S0SSR1122
>S0SSR1123
>S0SSR1124
>S0SSR1125
>S0SSR1126
>S0SSR1127
>S0SSR1128
>S0SSR1129
>S0SSR1130
>S0SSR1131
>S0SSR1132
>S0SSR1133
>S0SSR1134
>S0SSR1135
>S0SSR1136
>S0SSR1137
>S0SSR1138
>S0SSR1139
>S0SSR1140
>S0SSR1141
>S0SSR1142
>S0SSR1143
>S0SSR1144
>S0SSR1145

GATAGCTCTGCAATCCCTCA
CTCAAAGCCGGAAACAGAT
TGTTGCTGGTGGTGTAGTTG
TAGGCTTTTGAGGGAGGATT
GCTGTCCTGCAACAGCTACT
TCAGATCACGCAGAAGATTG
CCCTTACAACAACGGTATGC
CCCATGAAAAGGAGAAGCTA
GGATCGGGAAGATACTCACA
CCACCAGAAATTACGCTGAT
AGTCTCTCAACATGGGATGG
GATTCTGCGAGTGTGGTTTT
CAGGAGCAGAGAGATGAGGA
CTAGCTTATGGTCGGCTTTG
CTAGCTTATGGTCGGCTTTG
AGAGCAATGAGCAGAGGAGA
ACCAATCGGAAGAAGAGGAA
GCAACAGCAGCAACATCTAA
ATATTCAGGTTGGGCAGGAT
TTCCTGGGCCATTAAAATCT
TCACCTCCTGCATTCTCTTC
TCATCATCTTTGCACTTCCA
AGGCAGCAGGCTACATACAT
CACTTTACACAACCGCCTCT
GCTCCATTCTCTTCACTCTCC
TGTGTCGATGAATGTTCCAG
CCTGAGAGAGATGCTGATGG
CGACTCTAGGTCTCCGATCA
CATTCCTCAGCCTCAACAAA
AGAAAGATGGTGATGGCAAG
TATGAAGATGACGACGGTGA
CCTTCTCACACCTCTCCAAA

GAGGAAACGGAAACCCTAGTT

TCCATCGATTTCGACTTCTG
TGGAGATTGTGGAGGTTGTT

GCAAAACCAAGGAATCTTGTGA

ACCTCTCCTGCGTTTCCTT

GAAAAGAGGCTCAACTTCATCA

TGACCCATAACTGTTTCTCCA
TGATAATGTCTTCCTCCACCA
AGAGCAGATGATTCGAGACG
CGCACAAGATGATCAGACAG
CCTCTTGGCGCTAATACTGA
CCCACCACATCGTAAATCTC
ATGTGGGCTTGAATCATTGT
CTATGAAAGCTCGTCCCTCA
CAGCGAGTTGGTGGTTTATT
CCGATGACACCGTTTTCTAC

CAGAACACTCAGCAGTCACG
CTCCGTTTTCAGAGACTCCA
AATCCTCCCTCAAAAGCCTA
TCCCACATGGACCGTATATT
GTGATGATCCCCATTGACAT
CTAGTGTCCCTAACGCTCCA
TCCGATGTAATTGCTTTCGT
TAGCCCGAGTTGGATATCAG
GCCTGTTTTGCGATATTCAG
TCCGGGATGAAGGAGTTT
CGAGGTTAAATTTGGAAGCA
TCACCCCTTTCTTCTCCTCT
TCCGGCTTCTTTAGACCTTT
TGGTGGTGGAGGAGAACTTA
AAGTATGGAATGGAGGTGGAG
CCGTTTTCTGGTAGTGATCG
CACCCTCACTCTCACCTTGT
AAATCCTCGGAAAGCAGAAG
CTGATATGCAACAGCACCAG
CGTAGCATTGGATCAGGTTC
AGGGTCAGGGCAGTGTAGTT
AGGGAGGAGTAGTTGGTGCT
TTTGGAGGGACTGGACATAA
GATGACTTCGAGATCGTTGG
TTAGTGTCGGTGGAATTGGT
CTTGGTGAAGCCAGAACCTA
CCTGCAGTTTCTTGAGCTGT
CTTTGACTTTACCGGTGGTG
CATGCAGTCCGTACAGCTC
TCCAGTAGTTCCCCTTTTCC
CGATGATCCTCCCAGTACAC
CTGGGGATGTTCCTTTTCTT
TGCACGGTATCAGCTTCTTA
CTTCTGCTTCTCCTCCGATT
ACCCTTCACTCTCACACTGC
GGCTAAGGTGTTGAGGGATT
GTCGCAGCTCAGGACTAAAC
GACTTGCTCTGCAACATCCT
GGTTTTGAGGGTCTGAAGGT
TGCTCCTGCTTGTCTTCTTT
TTTCACTGGGCCTTCTATCA
CTCATCTAACAAATCAGATCCCAGA
GTGTCCACCACCATCTTCTG
AAACATTTGATGGGAGCAGA
CCATCCTCTTGAACACAACC
CTTCTTTGCCTTTGTTTCCA
TCCATCTATGCCTGGTGACT
AGGATGTAAACGACGAACCA
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>S0SSR1146
>S0SSR1147
>S0SSR1148
>S0SSR1149
>S0SSR1150
>S0SSR1151
>S0SSR1152
>S0SSR1153
>S0SSR1154
>S0SSR1155
>S0SSR1156
>S0SSR1157
>S0SSR1158
>S0SSR1159
>S0SSR1160
>S0SSR1161
>S0SSR1162
>S0SSR1163
>S0SSR1164
>S0SSR1165
>S0SSR1166
>S0SSR1167
>S0SSR1168
>S0SSR1169
>S0SSR1170
>S0SSR1171
>S0SSR1172
>S0SSR1173
>S0SSR1174
>S0SSR1175
>S0SSR1176
>S0SSR1177
>S0SSR1178
>S0SSR1179
>S0SSR1180
>S0SSR1181
>S0SSR1182
>S0SSR1183
>S0SSR1184
>S0SSR1185
>S0SSR1186
>S0SSR1187
>S0SSR1188
>S0SSR1189
>S0SSR1190
>S0SSR1191
>S0SSR1192
>S0SSR1193

GCTCAATTGGGAGATGAGG
GGGCTTCTTCATCTCCATCT
AGTCAGGAGCAACAAATGGA
GCAAGCACTTCAGCCTTTTA
CCCTATTTCACCTGGGTTCT
GTTAAGCGTCTGGATGAAGC
CAATGTGAGCAACAAAACCA
AATTTTCAGCATCACCTCCA
GAAGCGCGATGAGATGTCTA
GCGACGAGATGTCTAATCAAG
GAGCGCGAGCTAAACAGAT
AGCGTCGACTCCATTTTCTT
TGGAACTGCATTATCTGCTG
ATAACCAGAATCCCCAAACC
CCTGGGTTTAGGATTTGGAT
TCTCACTCTGACCCTCTTCG
GTTTCGGTTGCAGAAGAAGA
CTGCGGATTGATAAGGAGAA
CGGAGTTCGACAACGTCAT
ATCATTGTGAGTTCGCCATT
CCAGCAGTGTCCTACCCTAA
GGTTAGGGTTGATGATCTCG
GTGGATGGAGTATGGAATGC
GTGCCATCAATGCCTAAAAG
TGAAATCTAGGCCGTCAAAG
CTTGTCTTCTTCAGGCCAAA
CTCTCTCCTCATTCCCATCC
TCTTCAACAGACCCAACAGC
AATAACGCCGAAATAGTGGA
CACCCCAATTACAGCTCAA
AGATGGTTGTTTGTCCTCCA
TAACTTCGGAATCGGACTTG
TAAAAGGAATGGCGATCAAC
GCATCAAGAACTCGAACTGG
CACGCCCTCTCATTTGTC
CTGTGGAAGGTTGGAAAATG
GGATCCCATCTCATAGCAAA
TTTCTACCACGACCACGAAT
ACGAATCGGAGACCACAATA
GTTACAGGGAATCGGGAAGT
TCATTCATCCTCACGTCTCC
CCAATCGCTACGTCTTCG
CGCCGTATTACCAGTACCC
CGCGATGATGATGAGTATGA
CAGAGCGCCTCCTATTACCT
GCTCAGTTAGCCATTTGGAA
GATCACAGCCATAGCCATTT
ATTGGAATCGAGCTTTTGTG

CAATACCATCGCCATTCTTC
ATCTTGCCTTTCAGGCCTAT
CAAGCTCAATCCCCAAGTTA
AGAACCCAGGTGAAATAGGG
GAAAGCTCGAGTAGGGGTTC
ACCCAATGACCCTCTGAAGT
GGTCCTGCTAGGAGAAAAGG
GCTCTTGGGCTAGGACTTTT
CCCTCAGGAACCTGTCGT
CCTCCCTGATCTTCTTCTCC
TCACGAGAGAAGAAAATGGAG
TCGCGTCACTTATGTTGCTA
TGGCTTTTCTGGCTTACATC
TCTTTCCGTGAAAATGGAGA
TGGAGCAAACATCAACCTTT
CTACCCCTCCACGAAACTCT
AGAGCGACTGCGCTTATG
GGAGACTTGCCTTGAGTTGA
GAGATGCAATTCACCCTGAT
CTGATTGAAGGATGGATTCG
CCCACGTTTGCTATGAAGTC
CGCTTTACAGTATCCCTCCA
CTAACCTCATCCTCCCCAAT
CTTCTTGACACCACCTTGCT
CTTCTTGACACCACCTTGCT
ATCCCCGACTACGAGAAACT
GTCAAGTCGCAGATGAACCT
GGAGAAGAGGGATTTGATGG
GTGGCATTGTTTTGCTTCTT
CTCTTCCTCCCATTTTCTCC
AACTGCCGCATCACTACTTC
CAATCTTTTCCTCCAAAGCA
CAGCACAACTTTGACAGCAC
GTAGTAGTTGTCGCCGTCGT
GGTAGTGGTTGAACGTCGAG
CAATCGACGCAGATCTTGTT
CTTGCCCTTGAAGAAGAGGT
AACGATTTCTTGCAATGAGC
ACATTCTGAGACGTGCTTCC
TTTAGGGTTTCGCTTGTTTG
CAGGTTGTTGTGCCTGAAG
TAGCCGGGGTACTGGTAAT
ATCCTGAGCGTCTCCTTCTT
CAAAGCCTATTTGCTTCCAA
TTCTTGAGGAAGGGTGGAAT
TCCTCAGCCTTCTTGTCATC
GCCTATGAGGATGATGATGG
GCCTATGAGGATGATGATGG
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>S0SSR1194
>S0SSR1195
>S0SSR1196
>S0SSR1197
>S0SSR1198
>S0SSR1199
>S0SSR1200
>S0SSR1201
>S0SSR1202
>S0SSR1203
>S0SSR1204
>S0SSR1205
>S0SSR1206
>S0SSR1207
>S0SSR1208
>S0SSR1209
>S0SSR1210
>S0SSR1211
>S0SSR1212
>S0SSR1213
>S0SSR1214
>S0SSR1215
>S0SSR1216
>S0SSR1217
>S0SSR1218
>S0SSR1219
>S0SSR1220
>S0SSR1221
>S0SSR1222
>S0SSR1223
>S0SSR1224
>S0SSR1225
>S0SSR1226
>S0SSR1227
>S0SSR1228
>S0SSR1229
>S0SSR1230
>S0SSR1231
>S0SSR1232
>S0SSR1233
>S0SSR1234
>S0SSR1235
>S0SSR1236
>S0SSR1237
>S0SSR1238
>S0SSR1239
>S0SSR1240
>S0SSR1241

AGAGGGGCGAAGTTCTTCTA
ATCCACCGCCACATTCTC
CGGAGCTTTAAGAAGGTGTG
TCCTGCATCCCTATACGAAG
AGCTGTTTCCATTTCCCTTC
GCTTTTGTGGACTTGCTCAT
AGATTCCGTCGTCTTCTCG
GAGAATCGATGCAGAAAACC
TTTCCAGACGAGTTGAGAGG
CGATACGCCTCCTTCTCTCT
GCCTCTCGATGAAGAAAACA
TTGAATTCCTTGGAGAGTCG
CTTGTCTTCCCTCACTGCAT
TCCCGTGAGAATAACAATGAG
CAAGTTTTGAGAGGGTGTGG
ATGGGGAGAATGAAGGTGAT
GAAGTTCGTCAAGGAGTGGA
TTTACCAACAAGCCAAGTCC
GATCGAAGTTCTGCAAATCC
ACCCTGCTGGATCAGTAACA
CTTAACTTCCCCGACCAAAT
CAGCAAGATATTCGGCTTCT
AAGACGACAAATTCGTTCCA
GCCTCACTTACGTTTCGAGT
TTTGGAGAGGGTGAAGAGTG
GCCCGAAGAACTGAGTGTAA
TTCTGACGAGGAGGACTCTG
AATGAAACACCTCGCCTATG
GTGGTTGAAACTGGAAATGC
CCGCTTCTCTAACCCTCAGT
GTGGAGGAGCACAACAAGAA
TGTTTGCGGTGTACCAGAAT
GTGGCGATTTGTTCAACTTC
CTTTACTGCGACGGAAATGT
CCACACCTCAATCCTCGTC
AAACGACGACGTACAAGGAG
CGTCGATCACTGGTACAACA
GAAGAAGCGGAGGAAGAGAG
TCTCTGAAAACGCTCCTCAC
GTCTCCGACTTCCCTCTCTT
GAACAAGAAGGGGAGGTTGT
TATGTAAATTCGCGCTGGTT
GAATGGGAAGAGAGTGACGA
GATGATGATCCCGAGGAAG
CTAGGGATTTGGAGGAGGTG
ACCCGATTCTTACACAGCAG
CATCGACAGTGGAGAAAACC
GATTCTTCGTCGCCTCATC

TCACCTTCACCTTCACCTTC
GTCGGAGGCGTCTAAGTAGG
CTTCTTCACGTCGATTTCGT
ACCCTCATCTCCTTGAATCC
GTGGGGAGAGAGTGATTGTG
GAATCTGCTCCTGAGTGGAA
GAGAAATCCGACTCATCCAA
GTCTTGAGCGTCTTGTCGAT
GCACAACACTTTGAGGGATT
GAGTCTGAAGCTGGAGTGGA
CAATCGTCTGCCAGTACTCC
GCAAGTGGTTTGCCAGTATT
TGGAATAGCCTTTGTTTTGG
TCATCAATCCCATCTTCAGC
CATGTCCCTTTGAATCCATC
TTCTTCTTTGCCTTCTCCAG
TCATACGGGGCTGAGGAG
GTTGCTGATGGAGCTTCTGT
TTCGTCGTCGATTAGGGTTA
CCACTTCTGCACTCTCCACT
ATAGTCAAGGCCCGATTCTT
CACTCCTCGGAATTTAATGG
TCCTTCCACTGCTTCTCTTC
CTCCCCAAGGCTCTTTCTAC
CCAACAATTGGAGAAACGTC
ACCACCATCATAACCATTGC
ATGTGGAGGATTGTTGGAAA
CTTCAAATGGGGAAACTCCT
GTACTCGGTCGAACCAGATG
ACGGTCGAGATCATTCTTCA
TTTTAGCCAGTACGGAGCAG
ATCCAAGTCCAAAATCAGCA
TGTCACGCTTCTTGTGTTTC
CCAGACGTAGTCGAAAGACG
GATCCTTTTGTCTTCGCTGA
TTAGCCTGCTTTTGCAATTC
GCAGTAGTGCGTGTACTTCG
CTCTCGAACATGTCCACCAT
GCTTGAGCCGAGTTGAAATA
AAAACTTCCTTCGCTCCAAT
TGTATCGTCACGTTCACCAG
AAATCGGATATTCCCTCACC
ATCAAGCCGTGGTAGAGGAT
GCATCACTCCATTGCTCCTA
CCTGAGATCCCTGCCTTTA
CGAATAAAGGCAGACTCCAA
CCTAACCCAATTTCATCAGC
CCAGGACCATCCTCTTTCTT
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>S0SSR1242
>S0SSR1243
>S0SSR1244
>S0SSR1245
>S0SSR1246
>S0SSR1247
>S0SSR1248
>S0SSR1249
>S0SSR1250
>S0SSR1251
>S0SSR1252
>S0SSR1253
>S0SSR1254
>S0SSR1255
>S0SSR1256
>S0SSR1257
>S0SSR1258
>S0SSR1259
>S0SSR1260
>S0SSR1261
>S0SSR1262
>S0SSR1263
>S0SSR1264
>S0SSR1265
>S0SSR1266
>S0SSR1267
>S0SSR1268
>S0SSR1269
>S0SSR1270
>S0SSR1271
>S0SSR1272
>S0SSR1273
>S0SSR1274
>S0SSR1275
>S0SSR1276
>S0SSR1277
>S0SSR1278
>S0SSR1279
>S0SSR1280
>S0SSR1281
>S0SSR1282
>S0SSR1283
>S0SSR1284
>S0SSR1285
>S0SSR1286
>S0SSR1287
>S0SSR1288
>S0SSR1289

GTCGCGGAAATAGTTGAGAA
TCAATCTCTTCCTGCAAAGG
AAACGCCGACCAGAATAAG
CCGATGTTTGATTCTTTTGG
CCGAGATTCAGACGATGAAG
AGAGGCCAAGGGATAGAGAG
GATAGAAGGGATCGGGAGAG
CAAGATCAAAATCCCGAAGA
AAGCCACAACAAGTTCAAGC
AGAGAGCATTGCATCGTTTC
AGGCTGACAAACAACAGGAG
TTCTTCATTCGCAATTCCTC
TTCTACTGCTCCCTTGTTCG
GTGGAGAAGTGAGCTTGAGG
GGCCTCTCGCAATATCTCTC
CCTTTCCTTGCCATATGTTG
ATGAACATTTGGCCGTTCT
AGCAGAGGAGCAACCCTAAT
TTCCGAGGAGACTGAGAAGA
CTGCCTCCAAATGAGAGAAA
CCAAAGTTTCTCTGCCTTTG
CAAAATGAAGGAGAGGCTGA
CGTCACCACCATCACATCTA
CATCTTCTCCGACTCTCCAA
GAAGCCTTGCTTGTTCTACG
CTGCCAGCTAACAAATGCTT
CCTTCTCTCCCACCTTCTTC
GAGCAATCGTCTTTCAGCAT
AAGTGCGGACAAGAAACAAG
TATCCCAAGCGAACATTCTG
CAGTCACATTCCCTCCAAAA
CGAAGAAATCGAACAAGCTG
GGCGAAATTAACGAGGAAAT
ATGTATTCCACCACCAGCAT
GTCTCCTCCGCTACAGCTACT
TGTTGGATTGCATCACTTGT
GTCTCCATCACCAGGGAGTA
CCCTGTTCCTGTTCAGAATG
GGAGTCACACTCACCACCTC
ACCACGCTCTCCTCCCTAC
CCTCTTCAGAACCTCATTCG
TCATTCGTCTCAATGAAGCA
AACCAGTTCATCTCCCAACA
AGCCTCTCTCACTTCCCATT
GGAAAAGAAAGGGTCGAAAA
CCAGTCCCAACTGAACAAAG
TGTGAAAGAGGAGGTCAAGG
GAGCGTGAAAGGAAACAAAA

GCACTTCAACAGGATTGGTT
CATCTTGTCCCTCCACATTC
GATCAGGAGGAAGAGGAAGC
GGAAGGTCCACCTAACTGGT
TCCCTCTCTCTATCCCTTGG
TTGCCTATCACCATTCTCGT
TCGACAGCAACATTCACATT
TGAAGCTCCTATTGCATTCC
TCTTCTTCCTCCTCCACCTC
CGGAGAGCTGAGACCTTCTT
CAATGCAACAAATTGAGACG
TCCTCCTCAGATGACGTTTC
TGAGCATCGAAATTCTCCTC
TCCTGTCCTTTGGAGATTCA
GGCTGTTTACGTGGATCAGT
CCATTCACTGGGAACAACTC
TCTGCAGGGAGGAATAGTTG
TCTTCCTCACTTTCCCCTTC
TCCGCTAAGTCAAGCAACTC
TCATGTCCAAACACATGAGC
ATTCTCCTCCTCCTCCTCCT
TACGGCTAATCACATCACGA
CGAGGGCTCTACCTCTACCT
GGCACTAATTTCCTCTGCAA
GTTAGCTGGCAGTGGAGAGA
GTGCTATCAGCAGGGAATGT
GCTGTATGAGCCTCGTGATT
CCGACAGACCAATCAACTTT
CTGTCTCTAGCAACGGCTTC
TGATCGGTCAAACTCACCTT
CTGCCACTGCTCCTTGTACT
TTCCTCTCCGGAATATCCTC
TAGATCTGGGTGCTTTCCAA
GCAATCCGATAGGTTTAGCA
AGATCGCAGTCACAATCACA
TGTGATATCGCGAACTTTCC
CATGAGGTGTTTGAGGGACT
TTTAAATCCTCCCCTTGACC
GGTAGAAGCAGACGGAGACA
GTCGTCAGCGCAGTTATCC
CATGCCTTCCGTCTCTGTAG
CCAAGTTGAGAAATGGATCG
TGAGACGTCATCCTCCAAGT
GGGAATACGGATTTCTGGAC
TGTAGGTGTGGCCTTTGAAT
CTCTCCCCAAGAAAACCATT
AGGCCATCAGAAACAGTCAG
TCGAGCTTCAGCACTTACCT
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TCTCCAAGCTTTCAAAAGGA
GAAGCAAACCCAGTTGAGAA
ACCACACTCACGAATCCAGT
AGAATCCGAGATCCCTCAAC
GAAGCAACCTGATCTTTGGA
CTACTGGAGGACCCACATGA
GACCAGATCGTGAGGTTCC
TACGGCAACTACGACAACAA
ACCCACCAGAAATCCATGT
GAGAACATTGAGGCGAAGAA
ACTCAAAACACACACGCAAA
CGCTCATGCTGTAACTCCTT
CCTAGATTCCGTGAACGATG
AATGGCGATAAGTGCTTCAG
GACTGGGATGGTTATGGTGA
AGGGCTAGGATGGAGAGAGA
CAGCAGCAGCAACTCTGATA
GAAGGTGCCAATAGCAAAGA
GCGAGGAGAAGAAAATGGAT
ATTGGTCGTCTGATGTGAGC
TTCAAGAGTCATCAGCGACA
ATCGCCAAGCTACGTACAAC
GAAAATTCGGATGGGAAAGT
CACACCAACATTAGGCATCA
AAACTGAGGAGGAGGAGGAA
GAGAAGCGGAAGAAGAACAA
CGCTCTCTCTCTCCTCATCTT
CCTCCCTCTGTGCTCTCTCT
AGGAGCCGTATAAGGACGAC
GCCGAGTAAAGGAGGGTATG
AAAATGTGGAAGCCTTTGG
TGAATGAGAGAGGGTGGATG
TGGGTTATCTCTGGTGGCTA
AACAGCGACAGCGAAGATAC
GGCTCCATTTACTTCCTGGT
GGCTCCATTTACTTCCTGGT
TGAAAACAATCCCCTGAATG
AAGAAGCGAAAGACGGTGTA
AATTTCCGCTCCAGTCTTTT
CTTGGCGACTTTGATGAACT
CGTCTGGAAGAACAAAGTCG
GTCTTCCTCCCAACTCCAAC
GGGTGTTGGGGTTCTTGTA
TCGACTCCCAAGACCTTCTA
TCTCTTCCTTGGGTTTGTGA
TGAAGATGTCGCTAATGTCG
GCGCCACAATCATAAGAGAT
TCTGATCTTCCTCTGTTCAGC

TTCTAAAAGGATGGGCCTCT
CACCTCTTGCTCTCGCTTTA
TTTACCGGAGAGCAGTCGTA
ACGATCTCTCCCTCTCGTCT
CACAGCAGAAGCATCATCAG
GGAGATGTGAGATTGCTGCT
CTCACCGTCTTCTTCAGCTC
TTTCGAGAGCCGATATGAAC
GAGACCCTTTCTTGGAGCTT
GAAAAGCTCCAAACAAACCA
AGTTGACGGACAGTGAGAGG
GTCGAGTCTGTGCTTCACCT
TTTTCTAGGATGGCAACAGC
GAGGTAGGAGGAGGATGAGC
TTATGTGCTGAACGTTGGTG
TTCATGACAGGTTGACCAGA
CCAAAATTCCCCTTCATCTT
ATGACGTTGGAGCAACATTT
AACACTTGCTGACGTGGAG
TCTCACCTCCAAATTCATCG
AAGAGGGTGGAGAGAGAGGA
GGATCAACTTCGTCATCAGC
GGCAACACTACTTCGGATTG
GCTGCTGCTCTTCATCTTCT
CAGCAATTTGGAGAACGATT
GCATCGACTCCACGATCT
ACATTGTGCAGGCAATCTG
GGAGGTGGCGAGAAGTAGTAG
ATAGCCATAAATCCCCTTGG
TGTTGTTCTTGGTGTTGGTG
CCATGTACAGATCCCCGTAG
CGAGGAATTGAAGAGGGTTT
TCGGCATCGTCATCATTATT
GTAGGATGGGGAATCGAGAG
TGCTGCTGCTTCTTCTICTT
AAAATCCTCGGAAATGCTGT
GAACCCATGTGAGACAGACC
CGTCTTCTTCTCCTCGTCGT
CTGCAAATCCTCGTCACTCT
CACGCCTCTTCACGATCC
CATTTCTGCTTGAAGGTGCT
GGGGAGATCGATACAGAAGG
AGGTCACTAGGGTGATGTGC
CCTCTTCCTCTCCCCTTICTT
TCGAGTTGCTCATCCTTTTC
CCTTATGCCTAACCATGCAA
CTGCTCGAGTCTTCTCCTCA
TTCGATGGTGAAGGAATTGT
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TTTACCGAACCATTCTCCAA
GTGGGTGTTGCAGATTTCTC
TTGAGAGGAATTCTGGTGTTG
TACTGGGTATGATGGGCAAC
GTTGGAGGATCAGGATCAAG
TGGAGGATCAGGATCAAGAG
GTCGAGCAACTGGAAGGAT
CCGACTTGCTCATCTACGAC
CGAGTGGCGATCTTGTAGTT
AGGGTGTCCAGAAGCTGAAT
ATCAGAGTCGCACCGAATAG
AGCTCCCACAGATGATGAAG
GCCATCATTTCATGCCTAAT
ATGAAGCTCTCCCTCCTCAC
AATTCGGACCTTCCGTTATC
TCTCTTGAAATGTGGGGTTC
TTATGCCCATGTTGGAAACT
GTATCTATTGTGGGCCGTTG
CTCAAGCCAAACAGCTTCAT
GCAGCTGGTATGGTTTCATC
GCGAGATGAACGAGGTAATG
AACCCTTGAGAAATGGAAGC
GAGGAGGAGGAGGATGTGAT

ATGAATAGTAGCCCCTCAAATG

GGAATGGTTATCGAACAAGG
CAGGTTGAAGGTGCTGAGAT
CACAAATCACCCACCTTCTC
GGGGTTTCTTTTCAACCAGT
TGGTGAACACATTCGACAAG
CTTTGTCGGTTGAGAAGCAC
GGGTGATGAGGAAGTACAGC
ATCTGGAAGGGCCTAAAGAA
GTTATTCCGGACGAGAAGGT
CGGCCTCTCGATATTCCT
AATGGTGGTGTTGAGCAGAT
ATCATGGAAGATGGACCTCA
GTCCGTGGACAGGATCATAG
AGAATCTGACGAGGATGCTG
TGGATACCTTTTGGAGGACA
TTCAGGTTCGCCTTGTGTAT
CACATCATCGATTCCCTCTC
TGGGTCATGAGTTCCTGAAT
GCCTACAAAGTCTCTGCTCCT
GAAGAGAGTGCAGGAGGTGA
GGCGTGCTTAAAGATGACAC
AGTTGAACCAGTTGGCTACG
TTCAAGAAAGCCTGTGGAAG
ACCTCCGACTTCATGTCCTC

CCAAATCTTTCGCTTCTTCA
GAGATGGAACTGCAGGAAGA
CTCATTGGGATCAGGTTTTG
AGTCCCTTGGTCTTGGACTT
TTTGACTTTTCCGAAGTTGC
TTTGACTTTTCCGAAGTTGC
TCGATCCTCAAGGACATTTT
TCTTCTCATGCTCCTCCAAC
GTCGTGCATTCTCATCCTTC
GTGGAACTGGAGCTGAGAGA
GTTTGCCCGAATATGTCAAC
TTGATTTTGATTCCCACCAC
CCCATTGGTGGTAGATTTCC
GTGGTAGGCATTGTTGAAGG
CTGTGACCTCCCCTGTTATG
ACTTCGTCATCGCCAAGAT
TTTCACGGTCCTAACCAAAA
GCACGCCAACATCTGAAT
TGAAGAAAGCTACGGAATCG
CACTTGCGATTGGCTTATTT
CGGAAATGGTGAATTCGTAG
CCTCAAACTCTGCCTCAAAA
CCTCAAACTCTGCCTCAAAA
AGTAAGGGAGCTGGCAGAAT
GCCTCGTCTTCTTCTCCTCT
GCTTCTTCAGGTTTCCCTTC
CAAGCAGTAGCGTTTCGATT
TCTTCCCACTTTCTCTCACG
CAACCTTGGCAGATCAGAAT
TCTTCATTTGCATCCCTTTC
ACCGTCAAATCACACTCCAT
ACAGCCATTTCAGCAAACTC
CTAGCAACCCAAAAGCTGAA
CAGTGACGCCAGAAGACTG
CAATGGGAATTTGATCTTGG
CGTTCCACCAACAGAGTAGC
TTCCTCCTGACAAATTCTGC
TTTACCCCAAAAGTCCCTTC
ATGGAGACATAACGCCTGAA
CCGCTTCCTGAATCTTCTTT
AGCATTCTTGGAATTTGCTG
CATCATCAACACTGCCAGAA
GATCCAGGACTCGTACATCG
TCTTGACGGTGACGATGAG
GCATCCTATGAGCTCCTTCA
TTGGAATCAACCAAATCTCG
TGGGTTTGATTTTGGAGAGA
GAGGTTGAGCTGTTTGGTGT
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CAGTATCCCTCCATGGTCAG
CATCTCTGCAAGCCTCTGAT
GCAGCAGCTAGTCATGGAAT
CCAAACCCATCTCCCTCTAT
TCCGGAACCACAACTACTTC
TTCAACAGCAGAATCATCCA
CAGGAGAAGGAAAAGGAGGA
GTTGAGCCCATAAACACAGG
AGAACCACGAGCAAAGACAG
CAGCATTTACTGGGCAGTTT
CATGCTCAACATCCTCGTC
ACGAGCAACCGTAATCGTAG
TAGCGTGTCAACGATGAAGA
AGAAGAAGACCCGAAAGGAA
ATGATGTGGGAAGCTGGAG
CTGTCTCCGGTGCTGTCTAT
GTCGTCCAAATCGTCCTTC
TGGCTCCTTTGACTTTCTCTC
CTATGTTGGGGTTTCCACAC
GACGAAGACGAGGAGGAGAT
GCTCAAATCATCCCTCGTC
CCTCTCCCTTCCATCTTCTT
CGCAAGAATCACCTCAAAAT
GGAGGTTGGAGGATGAGATT
AAGGTTCCGGAGAAGAAGAA
CTCCGTAGCCGTACCTATGA
CGAGTTCGTCTCCGTCTACT
CTGAACAGCAACAAGCTCAA
AACAGCAGCAACAACAACAG
TGTTTTCGCTCTCCTCTTTG
TGGAGCTGTTGATGAGGATT
ATGAAGATTGAGGCAGGTGA
TGAAGATGGTGTTTCCGTTT
CCAATCTACCACCACTACCG
AGCTGATCCTCACAGCAAAG
AGAGTGATTGCCCAGAAAGA
GCATGATCTGTTGAGGGATT
AACGCTAGAACAATGCAAGG
CCTTCCACCTCCTCTACTCC
CCACACAACCAAGAATCTCC
GTCGGTGTCCAAGAAGAGAA
GTCGCCTAAGTCAATCCAGA
AGAGGTGGATGAAAGACACG
GAAAGAGCGGATGTGGTAGA
GACGAGAAATCGCTGGATAA
GTTAAAGCGCGTTGTGAAAT
TGAAGTTGATCCCTTGGAGA
ATTATCGGTTTACCCGGAAC

AGCTTCCAAAAGGTTGGAGT
AGAGGAACAACCCACCAAAT
GGTGGGAGAAAGAGAGAGAGA
CGCAAAGGAGTAGTCAACG
GCAAAGAGAAAGGCGAAAA
CTGCTACCAATCCCATTGTC
CAGCTTCGATCTCTTTCTGG
CCAAGGAACATGAAGATTCG
ATCTTGGAGCGGTAGCTCTT
TTCCTTCAAACTCGAGCATC
GCCAAGAAAACCCTATCGAA
CTGCCATCACCCAATATTTC
CTGCCATCACCCAATATTTC
AGGGGAACGTTATAGGTTGG
CAGTGCTTTGGCAGATTGTA
GAGGCCTACTTTCAGTCACG
TCCGAGTCCAAGAAAATCAA
TGTACTTGGCCTTGAAGAGG
TTCCACTGTGAAGGCTAGGA
CACTCTCGGCTAAGTTCTGC
GCGGAGTATTTGTGATTTCG
GAGAATGTTGGCTAGCAGGA
TTGTTCGCCTCTTCATCTTC
ACTGCTCCACAAAGCAAGAC
AACCTCCTCATATGGCACAG
GCGGAACCAATATGTCAGTC
CCACCCTCACCCTATACTCC
GTCCCACACCTCCTAAACCT
GGGTTTTACAGGGGACCTAA
CATCTCTGTCACCACCAACA
TTTGGGAACCAGTGATAGGA
CTCATCAGCACCATTGGAA
AAGCTTCTTCCTCCACCAAT
CTTATGGTCCCATCATCAGC
GCTCCTTCTGCCTCTTCTTC
CACAAATCCCCAAACAGAAG
CACAGAAAGGGCACCTGATA
ACGCTAGGATCTTCATGTCG
TCTTCCTCTTCCTCCTCTCC
TGAGAATAGGCAGTGGAAGC
GCTCCCAAACGAGATGTAAA
TCGAAGACGAAGAAATCGAC
AACAACTTGAATGCCTCTCG
GCAATTTCTTCCGACGTTTA
ATGTACAGATCGCCGTTAGG
CCGTAGTTCTTGATGGTTGC
ATAGAAGTGGACGCAACTGG
GCCGCATGATTTACACTTG
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CACCATTCAAGACCCTTTCA
GAGGGCAAGAACGTCTTTTA
GCCTCAAGATCTCCTCAACA
CAGCCAGCTACGTCGATATT
AAGTATTCCGGACACATGGA
TCTTGCAGGGATTTCTTGAG
GGCTGAAGATGTGATCGAGT
AGGCTGAAGATGTGATCGAG
AAATGAAATCCGCCTTCTTC
CATCTCTTTGATCGCCTTGT
CCGTGAGCAACATAAGAACC
AGGAGAACACTGCACAAAGG
CAAAATGGCAAAGAGAATGG
TCTCGAGGAGAATCGTATGG
GGGATCTTGCGTTTTCTTCT
GATTCCTTGGACAGCCTCTT
CAAAATGGCAAAGAGAATGG
GACGTTGGGTCTATCATTGC
TGGAGAAATTGTCACCCAAC
CTACCAAATCCAAGCAGTGG
TGGCTTATGCTGCACTGATA
TTACGCTGCACTGATGTCTC
TTACGCAGCATTGATGTCTC
GGAGGAGTTCAAGGTGGAAT
CCTCCTCCTCTCTCTCTCCA
GGACCATATCGGGGTTGTAT
TCTGAATACGAATCCGGTGA
CATGCTGAGGGAGGAAGTTA
CAATGGATTCTGCAATAGGG
AACTTTGGCACAGAGGATTG
CTCTCAAATCAGGAGCCCTA
TGGATCGGTTTTGTACGTTT
TTCACCAAGAGCAACAACAA
CTCCTCACCAATTCCAAAAC
TATGCATTTCTTGCGAGTCA
ATGCATTGGTGGCAGTTG
CAGTTGCCTTTCTCCTCCTC
AGGGAGCTCATGAAAGTTGA
CGACAGACGCAAGAGAAAAG
CAGCAACACCAAATTCTGC
AGGAGCTCGCTCTTTTAACC
ATGGGATCGATGTCTACCG
AATACCGACGTTTGGTTTCA
AATGTGGGTGTTGAGACCTG
ATGGCAAACTCTCCCAAAA
AAGAAAACGAGGATGGCTCT
TACGCTGCACTGATCACTCT
ATTGGGTTGCTTGTGTGATT

GTTGCCGAGATGGTGATTTA
TACCCATCCATCATCTGCTT
AGAAACACCCGATTCCTCAT
GAGCCGTCTCTCTCCTTCA
TTGTGCAATTGTAGCATCGT
TGAGACTTGTCCGTTCATCA
TCACTGCAATCCTCCCTCTA
AGAAGTGGATGCAACTGGTC
CCTCTTGAGCTTGTTTTCCA
ATGTACTCCGCGACTTGTTC
TCAGGACTTTGGAGAAGGTG
TGTACCAGCACGAGAACTGA
TCCCGTCTTTGATTAGGTCA
CAATACCACTGCCGCTAACT
GCTGTAGCTCTTGCTGCTCT
GCGACGATCTTAGACCTCAA
TGATCCCGTCTTTGATTAGG
ATCACAAGGTTGGGTGACAA
ATAGCCAGTGTGCATCCATC
GGCGCATTTAAGTGAGGTTA
CCTCTTGCTGCTCCAATCTA
CGAATGCGAGTTTCAAGATT
GCATTCACACTCTTCCTGCT
TCCTGGCAAGAGTTGTCTTC
CTAGATTCTTGAGGCGTGGT
GAGAGGGGAGGATGAGACTG
GTCTGCGTCTGTGTCTTTTG
ACCTGTAGGACCCATGAACA
CTGATCCGGTTCTTGCTTTA
CTAGCAACGGATACGCAGAT
GAGAGATAGCGGTGAGACGA
CAGCACCTCATTCTGGTTG
CGGAGAGGTCGTGATTGG
TCCTCGTCTCATTCAGCTTC
AGTAGATTTGGCCGAGCTG
GTCGAATCCGGTCCTCTC
GTCGAATCCGGTCCTCTC
TTGATGAAGCTTGGTCTTCC
AGAATTTGGTGTTGCTGGAG
GTGGTAGGCGGATGAGAAA
TGAGGTCTAATTCGGTGAGG
GGCACGTCTTCGAGAGTGTA
TTTGTCCTGGTCCAACAACT
TTGGTAGAGGTGCAGGTAGG
CTTTGTTGCTTCACGAGGTT
CTCTTCCATTGGCTTGGAC
TTCCTGCTGTAGCTCTTGCT
ATGCGAGTTTCAAGATGGAC
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AGCAATCACTGGAACAAAGC
GCCGCATTGATCTCTCTACA
AGTCATTGCTGGTCGCTATC
ATGGATAGTCCCAGCGTACA
CCAAGAGAGCTGTGTGGACT
TGGAAGGTCTGCAAGGTG
AATCCGATCCCTTCTTCAAC
CATGGCCTTCATCTTCGTC
CAGATTTATGGGCTGGAGAA
TCCCTGACTACATCGACACC
CCATGACCTACTCCATGGTC
TTCCACGTGTTTGTTTTGTG
TCCAACTCACCTTCTTCGAC
CCTCCAAAGACGAAGATGAG
ACGGACTAAAGCGTCTCAGC
CCCAACCAGAGCTTGAGTAA
GCGAGAGGAATGTACGAGAA

TGAAGCCTCTCAAATTAGGAAC

CTCAATTCCGCCACTCTCT
CTCACCGGAACTCTTGATGT
GGCCTCTCAAATCAGGAAAC
GTCTCAATTCCGCCACTCT
CATCTGGATTCGCTATGAGG
CGCTTCTGAGGCTTCTATCA
TGTGCTATTTCCTCGCTTTC
TCTTCAACACCGAACACTCA
TCTTTGTTGAGATCGAACACC
GAGGCGTCTCAATCTACGC
GTTGGTGGGGATATGTTTGA
TCCCCATCACCAATATGTTC
CAAGGCCAAGACCAATTTT
GCGAGTTCATGATGGATAGG
GGCAGTTTCTTGGCATCTC
TCCCTAAGTGGTGCTATTCG
TAAAGCCTCGTCCACAAAAG
AGAAAACCTCTCCCACACCT
GAATTCTTCGGTGTCGTTTG
TGGGTGCCTCATTTGTATGT
CGTATCGAGCTCCAGTGAGT
GTTGTGGATGGGCAAATAAG
TTCAGAGACTCACGGGAAAG
TGAGGAAGGAATGACTTTGG
TCCTCTCCTCCTCTCTCACC
GTAAACTCGCCTCCTTCCAT
ACGGCTAGTGCTGATAGTGC
ATCATTTCCTTCCAGCACAA
AGGAGCTGAATCAAGGGTTT
GGACACAGAGACCTTCAGGA

ACCTCTTGCTTCTCCCATCT
TTCCTGCTGTAGCTCTTGCT
TTATCGCCAGGATCATGTTT
CGTGGTCGGCTACATCTTTA
GCACTACCCTGATCACCATC
TTGAACAACCCCAACTTCTC
CAAAGAGCGAGGAGAGATCA
CGACGATTCTCTGAAACAGC
CTGCATTCTGATCTCCGTTT
GAGGTGGTGGAAGTTGAGG
GGACGAGTGTGTTAGGCTGT
CATGGACATCATGCTGAGAG
GTCGCTCTCGGTAAACTCAA
GGAATTGGGGATTTGAGATT
ATGAGCCTTGCGACTCATAC
CGCAATAGGAATCGAGAATG
AACCTGACTGCTTCATCTGC
CTTCCGCTGAGAGATAGCAG
CAGCCTTTTCCTCTGGTAGG
TGAAAAGCAGGATTGCTACC
ATCGGAACAGATCTCAGCAA
CGGTGAGAGGAGTCACAGAT
AGGAGTCACAGATCGGAACA
GGGTCACTTGGAATGATTTG
CACCGCACCTTGTAGCAC
CGGAAACTTCTCCACCACTT
AAAATCCGATCCATCTCCAT
GCATGGTTCCGATCAAATAG
ACCTCAGCCATCATGAGAAG
CGGCATCTATGCTCTCTTTC
GCACGTAGGGGTCGATATAA
CCTCGCTCTCGTTGTAATGT
GTGATTCCACCTCACCAAAC
AATACCCCAGCATCTTTTCC
AAAATCGGAACATCTGTGCT
GTCTTGCTCGGATTCATTTG
TTTCGCCATCTATAGCCATC
TTATAAAGCGCCATCTCCAC
GGATCATCTTGGTCTGCAAT
ATGTCCAACCATCTCCACAC
CACGATAAATGCGGCTTAGT
AGAATGAAAACAGCGACAGG
TGCTCTTCTTTCCATTCTCG
GAGAGGGAGGTGTTCCAGA
ATGCTTCCTCTCCACCTTCT
CCCGACATACGTGAAGAAAC
GTACAGCCAACCATCTCCAC
CTCAGTAGAAAGCCCAACCA
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>S0SSR1575
>S0SSR1576
>S0SSR1577

TGCTCAGAGTTGCACAGAAG
CTTCGCCATCACTTCCTCTA
AGCCATGGAGAAGAAGAGGT
CGACGAAGATGGAGAAACAC
AGCAGGGGATTACATCCTTC
AACTATCCCGTCCACTCACA
AATCTGGGAGGAAGTCGAAG
AAACAACCCGCAGCAGAG
TTCATCATCCAAAAGGTCGT
TGCAAATTGAGAGACGACAA
TTCTCACTCCAATCACTGCTC
TCTTCTGGATTGGTGTTGGT
GCCAATTTCTCCACTCTCAA
CAGAATTGATTTGGGGATGA
GGCGTTCTCATCATCTTCAC
AGAAGGCAAAGATGCTGATG
CTGCCTCTAACACGGTTGAT
ATGGACCCTCTCCGTTTTAC
ACCTCGACCTCTCCAACAAC
TCCTTCCTCATCCAGATCAA
TGGAAAACGATTCGAAGAAG
ACAATCGCAACTTCTTCAGC
AGCAACAACAACAACAGCAA
TAGCTTCTTCGCAGTTGCAT
TATGATCCCCAAATGGCTTA
TGAGTCGTCATTGGTACACG
GACGGCGAATTCAACTAAAG
TTCTCTTCTCCACGAAGCTC
AAAGACAGCTTCGACTTGGA
TCTGGTCGACTCTGACGATT
GAGCAGTTCTGCAAGGACAC
GGAGGTTTTGTTGATTTTGG
AATTTCCTTGACGGGTTAGG
GTATGGAGCATCGGGAAAG
CACCGAGAAGGAGCAGAATA
AGCCGTTGATGCTGTTTTAG
GTGCATCAAGGGCAACTC
AAACATCGGTTGATTGTGGT
GGAAAGCGGAGGAACAAG
AGGCATCGTCATCACTGTTT
ATAAACTCGAACAGGGTGGA

TGATGAGGATGATAACATGTGC

GGAGGAAGAAAACGAAGAGG
CTTCACCAACCAATCCAGAG
CTCGACGGTGGGCTATTT
GGGGCAGAAATTGTCCATA
TCCAAGTTGAGGAAATGAGG
GAGGATTAGGCAAGCTGAGA

GTTTGATGGGAACATTGAGG
ACACCTCCACCATCATCATC
GCCATAATCAATCGTGAAGG
GCTCCGAAGAAGGAGAAAAC
TCATCATCATCATCGTCGTC
ATACGAATCAATTGGCCTCA
TGCTTTTCCTGTTCAGGTTC
GTCCGCCTTCATGATCTTC
TCAGCTGTCATTTCCTTTCC
TATGATCCGCTTCTCCACAT
TGCCTCAATCCAGCTAGAAC
TCCACTGTTGAAGGAAGGAG
CTCGGAAGCGTTTCTTCAT
TTTCATCGCTGCTATTGCTA
CTTGGAACTTGGAAGCACAG
CCCGTTTGAGTTTGAGTTTG
CTGCTTCCTAGGCAACTCTG
CTTCTCATCGAGCTCTTCCA
CATCTGGCGAAGAAGAAGAG
ACCCCAACTCCTCCTCAAT
AACGGAACAGCAATCAAGAG
GTCAGATTCATGGGGTTCTG
TTGAAGGTGATCCCACTTGT
GATTCTTGGTGACTGCTGCT
AATGGGAGACATGAAGTTGG
TAGGATCAGCCCAACCATAA
TCGTGGAGAAGAGAATCCAC
GTTCATTTTCACGGGTTTTG
ACTTCGCCTCTAGCTCATCA
AAGTTGAACGACGAGGTGAG
CACTCTAGCTGCTTCCCCTA
TTTGGTGGTGGTTTTGAAGT
GTGTAAATGGCGAGATCAGG
GCCATCCCAAAATTTAAAGG
AATCTTGACAGCAGCCAATC
GTGAGATGCAAGCCGAAC
CTCGGCAACTCAATGATCTC
GGCAATGTCACAAAGAGTCC
GAGATACCTCATGCGTCCAG
ATTGTCGTTGTCGTTTTGGT
GATCGTCGGGGAAGAATATC
CCTATCCTCTGCACACCATC
CCGAAGAAATAATCCCAAGAC
CCTGACCTCGACTCGTACAT
GCATAATTGGCAAGCAGAAG
AGTGAAACAGAGGCAGAATCA
GACATCAATACCGCTCCATC
GTCTCCTCCTCGGAATCAGT
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>S0SSR1621
>S0SSR1622
>S0SSR1623
>S0SSR1624
>S0SSR1625

TGAAGAAGCTTTTGGCAGTT
TTTCGGGGAATTACGATATG
GTAAAGCGGACAAAGACGAA
TCACGATGTTGTGAATCTGG
GCAAACTCCCACATTTGTTC
CAAAGAATGCCTACGAAACC
CATCCATAACGGAAACCCTA
CTTCTGCTTCTCAGCCTCCT
CATTTTCTGGTGGATCAAGG
GGACTCTAAGGCTGCTACCC
GAGAATCAGCGGAAATCAAA
TCTCTCACCGTATTCATCGTC
GACACCTCGAAGCTCTGC
TGGAAGACAAAGAGCACCAT
AGCTAGTTTTGGTGCTGGTG
CGGTAGTGGTGGTAGATTGG
GATGCTTCAAATTCCTGGTG
CCTCGGATGTCGTGTCTAAT
ACTAAATTGGAGCCACACGA
GATTGCCAGATAGGTGTTGC
GGATTGCCAGATAGGTGTTG
TATGCCCTAGCTTCAACAGC
CAACCGCGATTTGATAGAAA
AGGTCCTTGATGTGTGGAGA
TGGTTCTGTTCCTTTTGAGC
GTTAGGGGATTGGCTGAGTT
TGAAGATCCGAAAGAATCCA
TCCACCAAGCTACAACCAAT
CTCAATCCACAGGCACTCTC
CTCCTGCTGCAAAGAGTGAT
ATCTCACCACCACCACCAC
TTTGTCCATCGCAGTTATGA
TTTCTATGGTTCGCAATGGT
GGTTGAGTTTCTGGTTGCTG
AAGGTCGGAAGAGAAAAGGA
TAACAGCGTTGATTGCGTTC
GGGAGACGAATGATGGTGT
GAGACGGATGATGGTGTGAT
GTGTCGTTGTCTTTCCCATC
TGCGAGGGATTGATCTAAAG
CATGTCTGTCGAGCTGAGG
GCTGAAGATGCAATCGAAGT
CACTGCTAAGGTGTGGGATT
TCGGAAAGAGGAGGAACAA
CAGGAAGAGGTGAAGATGGA
GATCTTCTTCGAGTGGCTGA
AGTCGCCCTTCTCTTTTCAT
AAGCTGAGGATGATGATGGA

CGTAGTCCTCTGCAATCACA
CCTCGTTTCTCCGTCTTTACT
CAGTTCTCACTGCCTCCATC
TTTTCTTGCGGATACTGAGG
TTCCCTGGCTTGAGATGTAG
CGCCGTATTCTATCATCTCC
GAGATCCAATCAATCCGAAA
GATTTTGGAGTTGGGATCG
TGCTTGAACATGCCAACTAA
ACGGATTCAACATCAGCATT
AGGGGCGGTAGACTTTGTAG
GAGGCAGAGCTTCGAGGT
ACATGCACCCGTAGTGGTAG
CTGACTTCCCATGCTTCAGT
TTGGGAAGCATCATAAGGTC
GTGGTTGAGAAACGGAGATG
GCCCAATTTTCTGGTTTCTT
ACAAATCCCACCTCACAGAA
GCCGGATCTTCTAACATGAG
GCATCATCAGGAATCCAAAA
GACTTGGCATCATCAGGAAT
GCGGAAACCTCCTTATCTTC
CGGCGTCAGAAATACAAAAC
GGGATGGGCTAAAGAGAGAG
GCAACGGGATTTATCATTTG
ACCTTAGCCCACTCAGGTTC
CTACTCCTACGCCCTGACAA
AACCCCATCATCGAGTCAG
AGATGGTGGAGATGGAGACA
AGGTGCACTAGCACAAGGAG
GGAGTAGGGAGGAAATGGAG
AGATGTGATCTCACGCCATT
AAAGCAAGAATTCCCCACAC
GCCAAGGATGCTCATGTATT
GCCAAGTGCTCTAGGTTTTG
ACGTGGCAAATATCAACACC
CTGTAAAGGTTCCTGGCTCA
TAAAGGTTCTGCATGCTGCT
CGTGCTCCTTAATTCTCCAA
CAGAGCTTCCTCAACGACAT
GATTCACCCACGTTTTCAAG
ATAGCTGTCAAATCCCACCA
ACGACCCTTCTCGAACTTTT
ATGGCTTTCACACTCCAGTT
TGAGATCCATGTACCCGAAA
GTTTCTTCGAAAGGGAAAGG
GCGGAGAGACTGGATATTGA
ATTGCTCAATGGAACACGAT
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>S0SSR1643
>S0SSR1644
>S0SSR1645
>S0SSR1646
>S0SSR1647
>S0SSR1648
>S0SSR1649
>S0SSR1650
>S0SSR1651
>S0SSR1652
>S0SSR1653
>S0SSR1654
>S0SSR1655
>S0SSR1656
>S0SSR1657
>S0SSR1658
>S0SSR1659
>S0SSR1660
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>S0SSR1662
>S0SSR1663
>S0SSR1664
>S0SSR1665
>S0SSR1666
>S0SSR1667
>S0SSR1668
>S0SSR1669
>S0SSR1670
>S0SSR1671
>S0SSR1672
>S0SSR1673

GAGTGTCCGGTGTTGATTTC
CCTCAGGCATCAGTTTCAGT
CATGAGAAGGGTGATCCAAG
TTCTCAAAGAAATGGCATGG
CTGAGAGAATCGCTGGAGAA
GGCGTCCAAGTTTCTCCT
ACCTCAATTTACGCAGCAAG
GCGGAGGAGAAAGATGAGGT
AAGATGAGGTAGCAGCAGCA
CTCTCTAAGGCCCTCACTCC
GGGTTCCCTTTCATCTTCAT
ACCTCAACTCTCGACTCCAA
GCTTCCCCTTCTCGTTTACT
TATGGGAAATTGGAATGTGG
TTCCCCTTCTCGTTTACTCA
TCAACTCCTCACAGCATTCA
GCAACTTCAACCTCTTCCTCT
GTCACAGGCTTGGAACAACT
AAATGCAGCTCAATCGGTAA
GCAACCTACCTGAAAACTCG
CGGAGGAGGAGAAGAAAGAC
TAACCTTATTCCGGCAGTCA
GCACGCTTTCTACTTCTCCA
CCAGCTCCAAGCTTAAACAG
TGGCTGAAACTCATCTCCTC
AATCTACTGGCCGATCCTTC
CACGAAAGTTATGGGGCTAA
GTGCATTCAAGGGTCTGAAG
CCAGAAAAGTGGTGTTTGCT
GAACGGGAATATCGTGATTG
GACAGATCTACGGCATCGTC
GGTAATCGGATGATGAGCAC
CATTATGAATCAGCCGGAAG
GATCTCCGTTCCTCCTCTTC
GCACGATGCGGTTAATATCT
GCTCTTCTCGGAAGGCTCT
TTGGGATCAATCGGTAAAGA
TCCCACTCACAGACAGAACA
CTACTGCAACCGCAAGTTCT
CTGATGCCACCATTTCTCTT
AACCTCCTCCTCCTGCTTTA
TCAACTTGCCATAACCGAAT
ATTAGGTGCATGACCACCAC
CAAACTCCACGTCACTACCC
CCGATTAATTTCAAGCACCA
CGGCGATATGCTCTACAAAT
TGCTGCCACATCTGACTTTA
GAGCTACCACGAGCCAGTTA

CGCTTCCAACATTCTCTTGT

CCGGTGTAATATGTAGCAGACG

TGGTCCAACATTATGCTCCT
TTCGTTGAAGACGAAAGAGC
TCCAATTCCTCCTCTCCTCT
CCTCCATCTCATCCCACAG
TGCAACACTAGCATCTACGC
GAATACCATGTGGCGAGAGT
CCATCTCCAAAGAGAAGCAA
ATTCAAAGGCCCGCTACTAT
AAAGCTGCCATAGATTGTCG
GGAATTTGGACCTTCAGCTT
CCAGCTACCTCTGTTGGAGA
TGTGATGAGAGACCTGCTGA
GGAGAGCAAGTGATCGAGTG
TGGGCCATTACCAAAACTTA
TGTTGGTGTTGACAATGAGC
AACGTCTAACCGCCTCTTCT
AATCCACGTGTCGAGTTTTC
AGAACGATTTCGGCTCTACC
AACACGCATTAGGATTCTCG
TGTGGCTTGAACTGATGCTA
ATTCCCCTCCACCACCAC
GTCGAGAGTCTGAGGCACAT
CCATTGCAACCTTCCACTAT
TCCAATTCAAACACCTCGAT
AAACACAGCCTCCAAGTGAG
CAGAGATGGAGAGCGAGAGA
TGCACGATTAAACCCTTTGT
CTTAAGGTAGCCCATCCACA
AGCCTGTGTCCACTGAGTTC
TGGGGTTTGAGAGAAACAGA
TCGACGGAAGGTTTATCTTG
TAGTCGACGTTAGGGTTTGG
CGAGACAACTCTCTCCCTCA
TTCAGCTGGTCCATTGATTT

TTAGATCGGAGAACTTACTACTGGA

AGGATTACGAGCAGCAACAG
TGCCGAAAACAGCCAGAG
GAACCTCCATGCACATATCC
GCACTCTTCTTCAGCTCTGG
TCAGCTTGCTCAAACTCAAA
TGGGATCTCATCGGAATCTA
GCGACAGGAGTAGTCGTTCT
GGGATGATTTGATCTTTTGC
GATGACCCCACCAATTTAGC
ACTATCGTCGGGGCTAAAAC
TAATACCACCAGACCCCTCA
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>S0SSR1693
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>S0SSR1695
>S0SSR1696
>S0SSR1697
>S0SSR1698
>S0SSR1699
>S0SSR1700
>S0SSR1701
>S0SSR1702
>S0SSR1703
>S0SSR1704
>S0SSR1705
>S0SSR1706
>S0SSR1707
>S0SSR1708
>S0SSR1709
>S0SSR1710
>S0SSR1711
>S0SSR1712
>S0SSR1713
>S0SSR1714
>S0SSR1715
>S0SSR1716
>S0SSR1717
>S0SSR1718
>S0SSR1719
>S0SSR1720
>S0SSR1721

CAGCTGAAGAGGTTGTGGAT
TCCAAGACAGAATCAGCACA
GGGGAAGTTTCGTTAGAGGA
TGAAGAAACCGAAGATCACG
ACAGCATCGAACTCCAGAAC
AGGAAGATCACATCCATCCA
CATGTTTCAAGCGATCAACA
CATCAACCTCGTCATCTTCC
TGTGAATGTGGGCAACTATG
GCCAGTCGCTAAACAGTGAG
CGGAAATTGAGCCCTACAT
ATAACCATCAACCCCTCCAC
GACTTATCCCGCTGCTACCT
TCAACTGCATCATCATCACC
TTCAGAAACGGCTTTAATGG
AGATGCGAGCTCAAAATCAC
TGCAGCTTCCTAATCACCTC
GTGGAGATGGATGTGGAGAG
TCAGCAGTGATGGATCAAGA
CCTTCCTACTGGTGATGCTG
GCTACAACCACAACCCTCTC
AGTTTGCCAGCTCTCTCCTT
GGTGGTCCTATTCCTGATCC
AACCGGAATTAGGGCTAGAA
TTGTTTTCCTTCACTCCCTCT
CATCGGTTCTCCATCATTTC
TGGCAACTTCTCTCTCAACTTC
GAGACTGTTGCTGCTGTTGA
AGTCCTGCATGAGCTTTGAC
TAGGGATCTTGCTGAAGTCG
GTTTGCGAACGAGGAGTTTA
CGGTGAAGCAGCAGTTTTAG
AGAGCTCCCAAAGAATTGGT
GGAAAAGGGTAGTCGAGCTG
GAGAAGGATCAGGTGGTGGT
CGGTGGTATTGGCTTAAATG
ATCAAAAGGTGACTCCCACA
TGCAGAAGAGGGAGCTAGAG
ATGAGACGAGCATGGTTGAT
CACTGGCCCTACATCAGAAC
TAACAACGCGAAAGTGGTG
TAGGGTTAGGGTCCAAGGTC
CACTGTTTGTTTTGGGGAAG
AGGACTCACGGGAGAGAGAC
GGTTCCCTGTGTCCCTATCT
AGAGCAAGGAAAAGGGTGTT
TCCTTCAAAGAGCAGCATAGA
TGTTCCAGACTGTGCGACTA

CAGTTTGCTGAGGTGGTTCT
TGCAATGCTTTCAGAGACAA
TAAATGCGCACGAGAATACA
AATGCTAACAATGCCCTGTC
GCTCCGTTACATCATCCTTG
ATCTCTTCCCGAAAGCAACT
AGCCTTTCATGACGGTTTCT
ATCTGAGCTCTGCGACTGAC
AAGCCCATCTGTTCTTCTCC
CATCCACATCCTCATCTTCC
ACCAGTTGCCTTCCAGAGTT
GATTATGAGTGGCAGCTTGG
AAGTATGGCTGGTGGAGGAT
CAGACTCCGATCCTTTCTCC
GAAAAGCTCCAATACCCACA
GCGGAGCTCTTAAACGAAG
GGAGGAGTTGGCGTAGTAGA
TGGGAGGGTCAATCAGTAAA
TTGATCACCAACAGGAAGGT
TCTTCATCTCCAAACGCTTC
CTCGGAAAGTAAGCACCGTA
CAGCATCGGCTTCTCTTTT
TACGTCTCCTCGCATCTCTC
GATGAACTGGAACTGCTGCT
ATTGAAATGGGTTGCTTCTG
TAACTGGCCCAATACACGTT
TGAAGGAGACCTGGATCAAA
AGCCGGTCTACATTCTTGTG
AAGTGGAACGGCACCAAC
CCTGCCCAGACAAGTAGAAA
ATTCTCCTGCCCATACCTCT
GGAAGGAAAGAACTCCTTGG
ATGTCTCCCTCTTCCACGAT
CTTCACGTTCCTCTTCCTGA
TCGATTCGTAGATCGGGTAG
ATCCTTGGACTGAGATGCTG
TGGATGGAGGGAGTATGAAA
GAGCAAGTGTAGGCGTCATT
GATCAAAGCTCGAACTCCAA
GCTGCAATGTCAAAATCCTT
CTTGGATGGGAACCAGTATTT
CAAGCTTCCAAGTAGCCTCA
GTTGATTTGGCTGCAAGAGT
TTCCCGAATTCCCGTCAT
AGTTGAGCGTCCTGTTTCTG
CAATCCCTCCATCTTCATCA
CCACACCCTAATAGCTCGTC
TTTCGGGAACGACATAAGAC
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>S0SSR1746
>S0SSR1747
>S0SSR1748
>S0SSR1749
>S0SSR1750
>S0SSR1751
>S0SSR1752
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>S0SSR1757
>S0SSR1758
>S0SSR1759
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>S0SSR1765
>S0SSR1766
>S0SSR1767
>S0SSR1768
>S0SSR1769

TCTGCATGCCTTTCTTICTC
ATTCTTGCAGAAGACGTTGG
GCCACATGGATCGCTATTAC
GACGGCATCTTGGTCAATAC
TGTTGATGCACGGTAAAGAA
GAGATTGACGGAGGTGAAAG
CCACCTCGTCATGCTTAAAT
TCCGTCTACGAGAAGAGCAT
TTGGATGATGGTTTCCTTGT
CTTCTTCGCCTTTGTCATGT
AGAAGGAGGCAGAGAAGGAG
TTCGGGCATAATAGATTTCG
CTGACAATAGCCACGCAGTA
TCCGCCTGCTGAATATTTTA
GAACCAATGGATGTTGAAGG
GGGCTGTTGGAGGATTTATT
ATGCTCAACGAGAAGCAATC
CAAGAAGATGAAGCCGAAAA
CCGGTAGCAGGTACTTCATC
CAACAAGACGGCGTACATTC
CCTTCTTCGACATCAAATGG
CATCGTTCCAAACCTCAAAC
TGAATTACTTCGGGAACTGC
GAGGAGGTTGGAGGTTTTGT
ACCATTGTTCCAAACCTCAA
ACCATCGTTCCAAATCTCAA
CCCAATTCCTCAACACAATC
GCCTCACTTCACTCAACCAC
CAAGGCCAAGACCAATTTC
AAAGCGAAGGAAGTGGAAAT
GCGATTCCTTCTCCAAGAC
AAACAAACGTCAAGCCACAT
ACCCCACCACTCTCCTTATC
GAGGGAAGAAGAAAGGAGGA
GTGCCAGCCTTCTACTTGAG
TCGGTTGGTAAAGTGAGGAG
TGAAATACCTAGCGGAATCG
CCCAGTCTACCTCACCAGAA
CATGGAAGAAGCAGATCCAG
GCGCTTGCTTTTACTACTGC
GTCTGCCGAAAGGAAGAAA
TCAGCTATGGCTTCTGGAAT
CGGTGATGATGAGAGGAAAG
CTGGCTGAGTAGGGCTACAA
GAAGTTCTCTCGGGGAGTGT
GAAACACCCCTCTCCATCTT
GAGACACCCCTCTCCATCTT
CCGCCTTTATTATGGTTTCC

ACTTGCTCACTCCCTTCACA
GGGTCGAGACAATTCATCAG
CAGCGAGTCAGCCTTGTC
ATCATCCAGCCATTTCTTCA
AACTCCCCATAGTCCCAAAG
AGGAAAACCACCGAATTCTC
AGGAAAACCACCGAATTCTC
CTCAGCTTCCGAATGGATAA
CACGATACCCAACAAACTCC
CGTGGTCTTCTTCACGAGTT
TCAACAAAGCGTCTGTGAAA
GGTGAAAACTCCATCTCCAG
TCATCCAGCACGATCATGTA
CCGTGGGACTATGTGAAGAT
ACTGCATCGTTTCCAGTAGC
TTCCATCTTCTCCATTCCAA
TGCCACATAACCTCTTCTCC
AGGAACAAACTCCCCATTCT
CGAGGGAGCCGTAGTTTT
AGGATTATGAGGGGCAGAAG
GGTATCGGAAGGGTAGAGGA
GGCAGGAAATCGTAGAACTG
TCAGCAAATCGAATTTAGGC
CAATTTAAGGCCATCTGCAA
GTAACGGAAAAGGGGCATAG
GCAGGAGGTCGTAGAACTGA
ATCGACGGCATAAAATCGTA
AGTACATGACTTGCCGGAGA
CCGGAAGAACTGGTAGCC
CTATCCTCAAAGCTGCCAAA
ACGGGAGCCTCAGCAGTT
ACGATGCAGATTCCTGAGAG
ACTGGCTGTGTCGGAAGAC
ATAGGCTTGGAGTTGGCTTC
TGGACATCATTGCTTTGAGA
CACAACACACACCGACAAAT
GTGGTTATGAGCCACAGTCC
AGCTTCTCCTTGGTGGTCAT
TGTAGACTCTTCGCCACCTC
GCTCCTCTTTGTGCATCATT
AAACCCTCCTTCAAGTTCGT
TTTGCCTCCAGTCATCTCTC
CGCCTCGATCATTAAAGAAG
CATACAATGCTCCACCTTCC
CGGACTCTGCTGTCACGTAT
TTATCCCTGCCCTTGTTGTA
TCAGGCTTATCAGTCCCATC
GTAAAACGACTCAGGCGAGA
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>S0SSR1806
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>S0SSR1808
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>S0SSR1814
>S0SSR1815
>S0SSR1816
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GTTCCCAATAGTGGATGCTG
GTTCCCAATAGTGGATGCTG
ATCAAATCCGCCATCACTAA
GGTGGTGATGAACAAAGAGC
ATGGCCAACAAATCTTTTCC
CGGCAGTACAACCTCAATCT
GACCGAGAAGCAGAAGAAGA
TATCTTCCACCACCACCAAC
TTAGCCGACCTAGGCTCTTT
TACACCGGAAAATTTGGAGA
ATGTGTCGCGGATTTGTAGA
CCAAACTGCTCACCAGAAAT
TCCTTCGTTTCTGTCTTTGC
TGCTGTTTCCTCTGAGCTTT
GAGTATGGGAGCAACACCAC
GAGAATGGAATCGCAACAAG
TGGGTAGGAATTCATCAAGC
ACGGCGGATTGTTCACAC
GAGCAATCAGCAGAGTGGAT
GGAGTTTTCAACGCAGACAT
CCATCCTCTGGTCCCTCT
GTGGATTTCAGCTCCAACAG
CGACAGAGGAGAAGAAGTCG
AGGCCATTTCTTCATCTTCC
AGGAGAGAGAGGCATTGGTT
TTTGGCTGATTTTGAAGAGG
ACTTTGGTTGCAAGGATGAA
GAGAACGACGAAGGATTCAG
CCGGAGGGTTTACTTTCAAT
GTGGAAGAGGAGCTGAGACA
TTCTGGCGAAGAAGAAAATG
ATCGCCACTCACCAATAAAA
GTTAGTTCGAGGAAGGCTGA
ATCCTCAACCTCCACTCCTC
GCTTTCATTTCATCCCCTTT
TAACAATGTCAGCCCTCCAT
CCCCATCTCAGACACTCAAG
TGGTGTTGGTGTTGGTGTT
GTGTTGGTGTTGGTGTTGGT
TCAAGTCGTACCAGGCTCTT
TCAGTTGGATTTGCTCTCAAG
CAAAATGCACTCCCAAAACT
ATCCACCGAAACCAGAGAAT
CCAAAGCCTGAGGTAGTTGA
GAGTGCTCAAGGTTTGGATG
CAGAAGGGGAGGAGGATAAA
GGCATATACGCATTTTCTGG
TCGTCTTTCTCGGATTCTTG

CGTAATCTGGCAATCCATTC
AATTGGCACCATAAATCACG
ATGGAAGGTGTTGTTTTGGA
AGAGTCGAATTCCATCCACA
GCTCCTGCACTTCCTTGTTA
GCCAAACAGCAGCATTATTT
GATCGCTCATCCGCTAAGTA
TGTTCTTCGGAAAAGAGCTG
AACCCACGTCTGAGCTAGTG
ACTTCCAAGATCAGCACGAG
GCTCCCGTACTTGAACTCCT
CTCGTCCAAGTAGCTTTCCA
CTTGTACTCGGTGGTGGTGT
TCACCGAAGAATGGGATTTA
TGTCCAGAAACGTCTTCCAT
CCCGATATTGGACTGAACAT
CACTCTCCTGCTTCCATTGT
ATTCTACCGCTAGGGCATTC
AAAAGGTTGGCTATGTGACG
CGACGTCCAGCAGTTATCTT
GGTCGAGGAAGGCGTAGTAG
GGAATCGATCCGTTGATGTA
GCTCTGTATCTTCCGTGGTG
ATCCTCGCCCTCTTCTCTTA
GCGTGAAACACGAGAGAGTT
TTCTGTGTTGGTGATGATGC
ACCTCTTTCCCTAGCAGCAT
GAGGAGGGCATTTGGTATTC
TCAGTCACACCGTAGGGAAC
GAGTTCTGAGCCATCGACAT
CATCACTCTGTTCCCAGTCC
GGTTGGTCTTTGATCACCAC
GATCTTTGGCTGGCTTTTCT
CCATGACCGACAGTTTCTTC
GGAGGGAGACCAGGTACTGA
AAGTAGCGGAGCGTCTTCTC
TCTCATCCTCATTTGGCTTC
CTTGAATCGGTCATTGTGCT
CTTGAATCGGTCATTGTGCT
CATGGCCTTTGCTCTTCTTA
GCACGCACAAGATTAGGTTT
TGATTTTGAGGGAAAGGTGA
TTCTTCTCCCCTTCTTCCAC
AGAACAAGGGCTCTCCAAAT
ACTCCATTTCCATTCCCATT
ACCAAACCAACTGATCTCCA
TAGCCAAGGCAAAGACAACT
GAAACAGAACCCTGCTCTCA
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GTTGTGGTGCAAGAAAATCC
GTATCCATCGTGGCTTGTGT
GATTCCCTCCCGCTAGAGT
GGCCTCTTGTCTCATTGCTA
GTGGAAACCAATGAAAGTCG
GCACCAACTTCGTCTACCC
CCACCAACTCCTCATTCACT
ATGATAACGCCCTCAACAAG
AGCTCAACGACCAGAAGAAA
CTGTCTCTGCTCTCCCTGAA
GCAATTGAGAGTCCGAAGAA
CCTAGATGCAGCACCAGAAT
TGAATTAGGAGGAGGAGGAAC
TCACCATCAGCATCACAACT
TCACCATCAGCATCACAACT
CAGGATACGCAAAAGCAAAT
GCTGACACTGGACCAACAAT
ACTCGTGTGCCTACAAGGTC
CACCTCAACCGCTCTCTG
GAGACGCCTTCAATCACTTC
TCTAACCAAAGGAGCGTCTG
GAGCCAGAGGAAAGACAACA
GAGAAGAAGGCATTGAACGA
TCGGACAAGAATCCAACAAT
CCTCCTCTTCCACGAGCTAC
GAGACACGGACAAGCAAGAT
CTTCCACGTCATCAAAATCC
ATCTGGGGCACATAAAGACA
TTCAAAACGTCCGTCTCTTC
AAAACCAGCCTCTCTCCCTA
ATATCGTGGCCCTCTTCTTC
ATTTTCAGCGCACACTCAAT
CGATGATGCCTTGAGAGAAC
TAAGAATCACCACGGAGAGG
GAGCCACAAGTTCCATGTCT
TCACGAACGATAACAGCTCA
CAGATATCAAATGGCAACCAC
AGACACATGCAGGCTGAGTT
GGAATCTGATATGGGGAAGG
TGCCATGAAAATCTCCTTGT
GACTCCACCGTCACACAATC
AGTTGGGAGACATGGTGGTA
TACCAAGGGAAACACAATGG
AGCAGGACTTCTTGGGACTT
GATGCTGGAACAAGGATTTG
CAAGTGCTGTTGGGCATAG
CGACGCCAAATACCATAAAC
AAGTGCAAGGGATGTGATGT

ACATCACCAACATTCCCATC
CTCTAGCGGGAGGGAATCT
GAATCTCTTGTCAAAGCCGAAT
GTTTCAGCTCTGCCTTCTCA
AAAACCGGGGTATCTAAAGC
AAAGGGGAGGAAGAGAGAAA
TTCAGTTGGGAAGAAATCCA
AAGGCTTCTCCTCGTGGTAT
GCTTCTGTCCCATGAAATTG
AGCCGGAAATGTTCATACAC
TATCCTTGCAGGAAGAGTCG
CCACAGGTCTGAGGAAGAGA
AGTTGTGATGCTGATGGTGA
CTGGTTAGGAGGAGGAGGAG
AGTGATCCCAGGTGAAAGTG
AAACAACTAGGGGCAGAGGT
ACAATATCCCAAGCAAGTGG
ACAATATCCCAAGCAAGTGG
CACAATTCCGTCTGGTGACT
CAATCTCGCTTGCTGTTTCT
CAAGGGACAAGAAAGACACG
AGGTAATGGGTGAGCAGATG
ATTTCAAGAGCACCACGTTT
AGTTCAGCAGCCATGATCTC
CTTGATCTCGACCTCACCAC
ATTCAGCACCCCTTTTCTCT
CAAATGCTCCAAAGAGGAGA
GATTCGGTGGTTCATCACTT
TGATCCTGTCCGTTGATTTT
GCTTGGCAATATCCATCATC
GCTGTTAGCAGTTGCGTTTC
AAATTCTTGTGGGGCTTCTC
CTGCCAAATCTGAGACTGCT
TTCGACAGTGGAGAAGGTGT
ACCCTAGGTTTTGGCTGATT
AATCCGCGTAGTCCCTTTAC
ACAGTGAGAGAGCAGCATCC
GCGCATTTTCTCAAACACTT
CACGTTCAGGAAGTACCACA
GAAGTTTGGCTCTTGATTGG
GGTGGTGAGGAAGAAAAGAAG
GCTCCGTTGCAGCATATTTA
AGGGTATTTGGAGAGGATGG
CCCAGTCCTACCTCCTCAGT
TACTGTTTGCCAGCCTCTTT
GCGTCTCCTTTTCGTAATCA
TCAAGACAATGGAAAGCACA
CCCAAGATTCCCAACAAGTA

112

191
229
221
162
152
124
194
237
200
124
199
181
149
142
188
205
240
190
170
182
206
241
226
240
193
196
190
152
184
176
239
241
235
214
184
206
119
161
218
154
136
247
135
140
243
160
222
105



>S0SSR1866
>S0SSR1867
>S0SSR1868
>S0SSR1869
>S0SSR1870
>S0SSR1871
>S0SSR1872
>S0SSR1873
>S0SSR1874
>S0SSR1875
>S0SSR1876
>S0SSR1877
>S0SSR1878
>S0SSR1879
>S0SSR1880
>S0SSR1881
>S0SSR1882
>S0SSR1883
>S0SSR1884
>S0SSR1885
>S0SSR1886
>S0SSR1887
>S0SSR1888
>S0SSR1889
>S0SSR1890
>S0SSR1891
>S0SSR1892
>S0SSR1893
>S0SSR1894
>S0SSR1895
>S0SSR1896
>S0SSR1897
>S0SSR1898
>S0SSR1899
>S0SSR1900
>S0SSR1901
>S0SSR1902
>S0SSR1903
>S0SSR1904
>S0SSR1905
>S0SSR1906
>S0SSR1907
>S0SSR1908
>S0SSR1909
>S0SSR1910
>S0SSR1911
>S0SSR1912
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GTTGATCCAAACCAGTGGAG
CATGGAGGTTCAATCCAGAC
CGGGATGAGGAATTTTAGGT
CGCACAGCTCAATTACTCCT
CCACTTCGTATTTGCTTGCT
CAGCCATAGAGCACCAGAGT
GTAGAATGTACGGCGTCGAG
CCCAATCAGCAAGAAGTCC
TTTTGAATGAGCCGAAGAAG
GAAGGAGAACAGCTGATGGA
TCCATGTGTACCTGTGCTTG
GCTCCGATACAGTGGAGAAA
CAAGCCAGAAGAAGAGACCA
CACAGGAAAAGCCCAAATC
GGAGGAGGAGAAGAAGGATG
CGAATAAGGCCGACATAGAA
CTCTTCCTCCATCTGCAAAA
TGAAGCTCCAAGTTCACGAC
GAAAGAGTGGGGAAGAGGAG
CAAAGAAAGAGGCATTCAGC
GGTTGTAGTTTGGCAGCAGT
GTACCAGAGTTCGCGTGTTT
TTGGGAGCTGAAATCTTTTG
ATCCACTGAAAACCCTCCTC
AAATATGGGCCTTCATCCTC
CAGTTGATACGTCCGGTCTC
TGTTGGGTTCATTTGGATCA
CATCTCCATTCTCCTCTCCA
TCCTCCTCGAATAACCACAA
TGCGAACAATCTGCTTATGA
TGGATTCTCCTTCAACATCC
TGAAGCAATTCGCAGATACA
GCCACATTCGGCTAGAAATA
AGATGCTGCAACCAGTAGGA
CTTCAACTCCATCCGTGACT
ATGGCTTCCTCTGCTTTGA
TAGGGTTCGAGGACTACGTG
GAGGGGATGTACGGTATGAA
AAGAGCGCCAAAGAAGTCTC
GAGAGGTTGGCTGTTGCTTA
GGTGGAACCTCACTGTCAAC
CAGCGATTGTGATTCTTCCT
TGAGCAGACCTACACGTTCA
CTTGAATGCGAGGTTGAGTT
TTTGAACGTACACCGAGTTG
AAGATCCTGCCTGGGCTA
GACGTTGAAATTGGAAATGC
ATGAAGAAGCGAAGAAAGCA

TCACTGCTGCTACATCCAGA
AGCTATCCTCGTGTTCATCG
CTTCTCCCGTCTCTTICTTCC
ACCTCTGTTCTGCATCTTGG
TGCTGAGAAAGGAGATGGTC
AAACCACAACCTCCTTCTCC
GAGGACTTCTTGCTGATTGG
CCTCGAAACCCTAAACCCTA
AAACGCTCCATATCCTTTCC
TCCCCTATCTGAAACATTGC
TACGCGTTACCATGAGGTTC
ATTGGTGGGTGACAGAGAGA
GTTTTGGTGGGTCCGATT
CCCATAGTAACCGTCGTAGC
CTGAACAATTGAGGGGCATA
CCTTTGCAGCTTCACTTTGT
AGCCATCCGAGTACCTGTAA
TCGACGCTTTTATCTCATCC
GATATCTTCCTTGCCGGTTT
AGACAAGCAGGGTGAACAAG
CCTAGTCCTCACCACCAGAA
TAAATCCCTGACCACAGCTC
TGGTGATGCTGCTAAAACTG
AAACGGCCAGTTATTCTTGA
ATGCTCCGGAATCATTAACA
ATCTCTTGGTCAGCATGGAA
TGGAGAGGAGAATGGAGATG
ATGAAAGGGGTGATCTGGTT
GTGGCCAGAAGAAGACGAT
ATGTCTCCAAACGTCTGCTC
GCAGCAAACCATACCATAGG
GAGACGGCACTAAGACAGGA
CCGATCAGGATAGTCACTGC
AGTCACGGATGGAGTTGAAG
CTGAAGGTTGATGAGGGAAC
GTTGTAGGTCTGGGGTTCCT
CATACCGTACATCCCCTCAT
GACCCGGATCCTATATGGTAA
TGTTCAGCTCCTCCGTACTC
TCACCAATAGTCCCCACAA
CCGGAGAAACATACCAAAAC
GCTAGCTCGTCCAAATCG
CTTCCCCTTCTCCTTCACAT
GCCAAGGATGCTCATGTATT
TTCCTCCCCAAAATTTCTTC
GGAGGATTTGGAGCTTCTTC
GGACGATCATCTGGATTCAT
CTTCAGGTTTGCATGAGGTT
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CGTCTCTCTCCAGCTCATTC
GTTTCCTCCGTTTCTGCTTC
CGAGTTTGAGGAAGACGAAA
AGAACCAAACCCTTCCAAGA
GACTACGCCAAGTTCGTGAT
CAAGAAAGAGAGCAGGCAAG
CAAGAAAGAGAGCAGGCAAG
AATTTCGAGTGCTGGTGTGT
GAGTGGCTCTCTTGGCTCA
GCAGCTTTCAAACTCGTAGC
GTTCTCCGACGACGACATAA
GCAGGATGTCGAGAGCAG
GATGCTAGTCGAGCTCTTGC
GGCAACAAATAGCGAGAAAA
ACATGACAGAGAGCCCATGT
TCCAATTTCGTAGCACAACA
GTGGTGGTGAGGATTTTGAG
CAACGCCACAACCACTACT
ACGAGCAACAATCACCAGAT
AGCAATCATTAGGCGTTTTG
TGGACTCTGACCCTGAAAAC
ATGAGCAAAGTGTTGGCAGT
TTCGGGGATAATGAAGTCTG
TGACTAATGGTTCCCTCGAA
CCCCTTCTGGTCATCTCTCT
CACTGCAATCATCCAGTACG
GCAATTCTTCCCTCTTCACA
CTTTCTTGAAGGGACTGAAGG
GAATGAAGGCTTGCGAAATA
CCTACAAAATCCAGGCTCAA
CCGAGATCAGCAATCTCAAC
CACCAAACTACCCGATTCC
CTCATCAGAGCTCGCTTCC
CAGCAGTTGGGTATTGCTCT
ATGGTTTCTTCCTCCCAAAG
CCCTCTCCCTGAAAGAACTC
CCATTTGTTGGACGTAAAGG
CTGACAGTCGGGAAAGAGAA
GGTGACAGGGCTTACAGAGA

CAAAGAAGAAAACCTCTCTCTCC

TACCCCTCTGCATTTAGCAA
TCTCTCGCTCATCTCCATTC
GGATTCCCCACAATTCTCTT
TCTACCAGACCTTGCAGACC
GATGTTGGGAGAAACATTGC
ATCGTCGAAAGGGAAGAAAT
TCGAATGAACATCGAAAAGC
TTAAGCTATCAAGCGCCAAT

TCCAATTCATCTTCCTCAGC
ACCTGCTTCCTCTCATTGC
TTCAGCCACAACAGTGAAAG
CCTGTGAAGCTGCCACTATT
AACTGGGAGTGCCTTAGCTT
CACCAGACAACCTACCGTCT
ACCATCTGCGGTTGTTATTC
TGCCTTCTCTGCTTCTCAAC
TGGTGGTGCACATGAAATAG
GAAACACAAACAGCCCTCTG
CTCCTCGTCCACAAACTCAT
GAACATGACGACGACAAACA
CTTCTGCCATCTTTGCAACT
CTTCATACCGGCGACTCTAA
CGTCTTCGCGATTATCTCTC
CATGCTGCAGGTAATTAGGG
CCATCAACCTCAAGAGGAAA
ATCGCTAATCGTGCAGTCTT
TAAAGACTGCGGTTTGGAAG
TCTGTTTCTTCGCCATATCC
AAGTTCCCAAGTCCCCATAG
GCGAGGAGCATTAGAACGTA
GATTTGCAGTTCTCGTGCTT
CTCGATGCAAATACCCAATC
GTGAACACCTTCACCGTAGC
AGCTTCTTCGTGACATCCAG
ATGAGATCAAGACCGCACAT
GAATCGCGAAAACAATCATC
TCGCCCACACTATATCACCT
GAACGAGTTGACGCAGAGAG
CGATCCGTCATTTGATTCTT
CGTGGTTGATGGTGGATTT
CAGATGAAAAGGAGCGGATA
CATTGCAACGGGAAGTTAGT
GGAAACCTAAATCGCCTCTC
TGCAAGTCCAACTCCAATCT
AGGTTCTTGTTTTGCTGCTG
GCTAATAGGCACCGTCTTCC
TCATAGGCAGCTCTGGTTTC
GGTGACTGGGAATTGATTTG
GGATCCGAAAGGCTAGGATA
TGTTGTTCGGAATCTCGACT
CACAGCTCATCCTTCACGTC
GATGACTCGGAGATTGGATG
AACACGGCCTTAAATGATGA
GAATCATCTGCACCACCTTC
GCTTACCTCCACAGCAGAAA
ATCGTCGTCTAATCCAACCA
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GCGACCTGCTTACTCACCTA
CATCGAATTCCCGAAGAAAT
AGCCGAATTCCTTTTCAGAG
TCTGAAGCAAGAGGATAGGG
CGTTGTGCTCAAGAACTGTG
AGAGGCCGACTTCACTTTCT
CTAACGCAGACGCCTTTC
GAGGTGGATGAAGAGTTGGA
TCGCGAATTAGGTTTGTTTC
ACTACCTCAATTGCCCTTCC
TCACATCAAAGACGGAGTGA
GACTATTGGGAGCATGAGGA
GAGGAGGATGAAGAGGAAGC
TGGAGAGCATGTCACAGAAA
GCCAGCTGAAGAGCTATCTG
CAAGAAACGTAAAGCCTTGG
TGTCACAACCTTCCCTCCTA
TCTTCACCTTCCACTTCACC
CCTCGCTTCTCTACAACGTC
TTCTGCCTCTTCTCTTGTCC
TGCTGAAATGGACTGTTGTG
AAACGGAGAGCCTTCCAC
CTGAGAAAGCCGTCCATTAG
CCCCAAGAAGATCTCCAAAT
TAGACTGGTTTCCGATCAGC
GACACAACCGATTTCACCTC
AGAGGTGGATCTTTCCCAAG
ATATCGTCGGCAATCAAGAG
GAGGTGGCTCTCGTTTGTAA
CAGCAGATATCGCCTAGCAT
CGAACCTCTGAGCACATCTT
TCCCAATTTCTTAGGCACAA
ATCACCACCTCCCTAGATCC
ATAGCCCACCATTACCATGA
AATGTCACGTCACCGAAATC
AGGAAGGGGAGATATTGGTG
CAGAAGAAATCCGAAGATGG
CCCTGTCACTGCATATTTCC
CACGACACTTTCTCCATTCC
ACATTGTCCCAAATGCAGAT
GAAGGTGGTGAGTTTGATGG
AAACCAAGCTGCACAAGAAG
CTTCTGATCTCCACCACCAC
AGCACCTAAGCCTGGAAACT
CGGTTCTTCTGCTCAACAAT
TCAGGCAACTACCGTGCTAT
ACCACCTTCCAACAAATGAA
AGAAGATCCGCGGTCCAG

TTTTACCGATTCCACCCATA
TTGGAAACACACCTGAACCT
ATGCTTCCTCATAACCCACA
TGCTGATTGTATTGCACAGG
CAGAGCCTTCAGCCTGTGT
ACTTGAATACAGAGCCTTCAGC
CTCCATCAACTCCTCCATGA
CACCAACATCAGAATCAGCA
AGACGGGCTAGATGAGGAAT
TTTCGAGAGAGACGATGAGC
AAGCCCTGTCTCTTTTGCTT
CTACTCCGGTGTGTTTTGCT
ATCGACACCTCCAGCGACT
TTCCTCCTTCTCTGCCTCTT
GGAAATAATCCGAGGCAAGT
GATCTTCGGTGACTCCTTGA
TGTCAGCCTCTGATCTCTCA
GAGGACTGGATGACGAGTTG
TCTTCCACGTCGGTTAATGT
GGGAGAGGTGTTGGGATG
CATCCCTGAACCCAATTACA
ACATGTCCTTGGCCTGTAAA
ACCTGAGCAGTGAGTCCAAG
CCCTCCATTTAGCACAGAGA
CCTTGCCATTCTTGAATTTG
ACCTCGTCGTCTTCCTCTCT
GCTGGTGAGATGGGCAAC
TCCCAACTCCTGTGGACTAA
ATCTGCATCTCCAGCTCATC
CTCGATTTCCTGTCTTTCCA
CCTGAGGGAAAATGCAACTA
GGATCTAGGGAGGTGGTGAT
CTCGAGCGAGTTTTGTCC
CATCCATGAGCATGATTTGA
CCAAATCGCTCCAGAAACTA
AGCTGCCTTATTGCCTCTCT
AGCAGTTTTGCCCGATAGTT
GAAAGATGGGACCGCTTTAT
TCTTCCACAAGCCTTACACC
ACTCCCTCTCCACATCCTTC
CCTTCCTTTCTTCTCCCTTG
GACGCCGCTACTTTCTATCA
CGAACATTCTCGAACCTTGT
CATTTTGGCACTGAAGAAGG
AGGATGCCCTAGGAATTGAC
GACTAGGAGGTGGTGGAGGT
GGTCGGTCTTGGTCTCTCTT
TCGGTGCCGATAGAATAGAG
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GCAGCTTTCAGTTTCCTCTG
CACAACTCTCGACCACCAA
GAGAAGTGGGACGTGGAAT
GAAAGAGAAAGAGGGGATGC
GATCAAGGCCGATGAAATAC
CTGCAAGAGGAGAATGATGG
ACATGATGGCGAAGAAGAAG
GTAAGAGAAAGCGCGACAAG
CATCGAGCGAACTGTCTTTT
TTCGCCAAGAGCAATATAGG
TTGGAGTGAACCCAAAAGAG
TGGTGTTTAAAGCCAGCAAC
GCTAACAGCCACCACCATAA
AATTGGAGATGAACGAGCAG
AGTTGAAGTCCCATCCATCA
CTCTCCATGCACATCATTCA
TTGATCTTCGTGGAGGAGTT
GATCACTTCCCTTGTGCAAC
ATCCGAGAAGCCGTCAGT
ACCTCCTCCTCCTCCTCAT
ATATGCGCCAAGAAACAGAG
AAACCATCCTCGGATTTCTC
TCTCCTACTTTCGCGTCAAC
AAGCCCGACTACGAAGAAAT
AAGGCTCCCCAAATTTACAC
TGCAATTCAAAGCCCTAGAC
CGTTTATGGGTTGTTTCTCG
GATGCGGATAGTGGTGAGAT
AACCCCTCAAAGCTCAGAAT
GAGGAAAGGGCTAGAGATGG
TCCATCCATTTCGCTTTCTA
TTGGTCAATAGTGGGTCCAG
AGTGATGACTCGGTGAGTGG
AATCTCTCCCCTCTTCCAAA
GACAGACCAATGGGAATCAG
CAATCTCAACAAATCGCACA
TCTCCACTGACGAGCACTCT
AGAAATTGGTCAACCCTTCC
ATCTACATCCGCCACTGCTA
CAATCACGTCAAGATCCACA
CCATGCACCTCTTCTTTGTC
GGCGAATAGATCTTCCTCCT
CGGGAAGGAGTATACGTTCA
CGCAATCCTAGCAAGAAATC
GCTTGATGACCCAGAGGATA
TGAGATTTCGGAGTGTGTGA
CTCCTGGGCAACATCTACAG
GGGTCATAGCCTTTCTCTGG

ATTACCCGCATCGAGAGTTT
AATTGGAGGGGATTCGATAG
GAATCCTCCTCGATGTCGTA
CTCCCTATCTCCATGCCTTT
GCACTGCTTTGTAGGACGAT
CAGTATGGTAACGCCAAGGT
GCAAATCTCGATGCCAGTAT
AGCTCTGCATCTCATCTTCG
CGAATTTCTCGACACTCCAT
ATATGAGCATGCCAAAGAGC
TCCTCTGTTCCAGCAGTTTC
CCGATAAATCCAAGTCAAGG
CTCCTTCTCCTTGTTCGTCA
CGAGATCATCCTTTTCCTGA
TTTTATCATGGCGAGAGAGG
GCATCCCACTTATCATCCAT
CCTTCATCAAGCAGAAGTGC
CAACCCAGGAAATCTCACAC
TTGGGGTAAATTAGCAAACG
TTGGGGTAAATTAGCAAACG
AACCTGCGAGAAATCTAGGG
TCAGAACATCCCCATTCCTA
ACGAGAATCCCCAAAATCTC
TCGTCTTCTTGTTCCCCTTA
TGGAGGGGTTAATGAGACAA
CACCGACGAGAAAGAGGAA
CTCAAAACCTCATGCCTCAC
TCGGACTCCACATAGATCGT
TGGCTGCCCTAATATCAGAC
CTATCCCGGGTAATCTTGCT
CGGAGCTGTTGTGAGTGAG
CTCTCCAGAGTCGAGTTCCA
TTGAACCCTGCTTCTTCAAC
TTGTTCCGATTTTGAGTTCC
TGTACAGCTGCCAATCTTCA
TAAACCTCAACCGTTTTCCA
CAAGTAAGGGTCGTCGGATT
CCATTGTCGACTTGGTTCTC
GTCTCGTCGTCCTCGAACT
ATTAGGGCCGTACATCAACA
CTTTTGTGGGTTTGTGATCG
ATGAAGTCGTCGGATTTGG
GGGGTTTTGGCGTTTATATC
CGAGCACGTTCTTCTTCATC
AGCACGAATTTCCATCACAT
GCTTCCGTTACTTCTTCGTG
CCGTTATCGTCCCGAACC
GGGGAAGGATCAGATTCAGT
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AGGATTATTAGGGGCTGGTG
AGACCACTTCCGGTTGAGAT
GCATAAGCTTGGATGACGAT
AGTGCTCAAGATTCGACGTT
GGTGAGGGTAACGAGAAGGT
GGATGTGTCGTCGTATGTGA
ATGGCGATACACGAAAAGAG
CCAGAGACGTGGTTCAATTIC
CACCAACACGTTGCAGAATA
ACCTACCCTCCATCAACACA
CACAATCACCTTCGTCAACA
CGCTTCTTGTTTCCCCTTAC
CACGTAATTGAACGGCCTAC
ATCAGATCGCAACGAAGAAG
CATTTCGTGCTAGTCCCATT
GTTCTCTCCTGCTCCTACCC
TGCTATGTCTGGTGGGATTT
GCTCATCATGGTGGTCTTCT
GACCAAGCTCGAGAATGAGA
GAAGGCGAGGTTAAGGAGTT
AAGGAATACGCGATGAATGA
CCCTCTCCTTCTTCTTTTGC
AGGAGAATGAGAGGCTGAGG
AAAACTACCTTTCCTGCTGCT
TGGTGTCCCAAGTTTCTGAT
GTGAGAACGACCACCATCTC
CTTGAATCCGAGAAGCTGAA
AGCTCCCTCTGATCTCCAAT
CATTTGAATGGGAAGGACAG
AGCTGCTCACGTGTTACCTC
CAACAGGAGACTGCATCACA
TGTTATTGCATCGATCCTCA
GATTAAGAACGCGATTGTGG
ATGCCAACCAACAATTCTCT
CCCTAAACATTCCCCATTTC
CTCAATCCACCTCAGCTTTG
GCAGACCTTCTCCTTCATCA
CCTTCAGGTCCTCGTGGT
CCTCGTTGATTTCTCGATTG
GTCTCTGGTTTCTCCCGTTT
GCCTCAAAGCTATCAGTCCA
GAGGGAGTGGAGGATCAGAG
GACGAAGAGGCAATGTTCAC
CTGCATTCCAAGAACGAACT
CCTCCTACTACCCCAACCAC
GTCTATCAATGGCGTCTTGG
AGGTTGTACCTCACGCTTTG
CGCCAAAACTCTCTCAAAAC

TGGCAACAATCAGTAATAGCAG

GAATTTGGCTTGTCCATCAG
AGATGGAGTAGATGCGCTTG
TTCTTGGACGGAGATTGAAA
GAGCTCAAATTTTCCAAGCA
TCCAACTACTCCCAGCAATC
TTCTAGGGCGATTGTTGAAG
ATCATTCTCCACCAGCAAGA
ATGCCGAGAAAATCCCTAGT
GCGATCCTTACTGGAGGACT
GGAGAAGACGTGGATGAGC
CTAATGCTCCCATCTCTCCTC
GGCGTATCGTCAATAACCAC
GGCGTATCGTCAATAACCAC
GGATCTCGATGAGGTTGATG
GAAAACTGCGTGCTTCACTT
CAGTGTGAGGCTCTGGTTCT
TTTCCACTTCCCCTTCTTCT
TTATTCGATGAGTGCTGCTG
TCTAGACGAGGAAGCAATGG
AACCCCATAGGATTCGAAAG
ATCGGAAATCTCCTGCTTCT
TGGATTTCTTGGTAGCCTTG
GATCTTTGCAGGTGCTGTTT
TCCTCGATTTTCCATTCTTG
ACTGGAACCTGTCCAGCTC
AAATGCGTGTTGCATCTCTT
AAGTTTCGCCATCTCCTTCT
AAAATGGATACCCCAAAAGC
GGCGATGTGAAGGAGTAATG
ATGCTGCTCCAGAACTTGAC
AATATTAGACGGCGGTGGA
TCACTGGAGCTTTTCTGCTC
GGGCTCTGCTCTCTCTCTTT
CCTTCTTCGGATCTTTTGGT
GGGATACCCATTTGCATCTA
GTCGAATTATTGTCGCATCC
CACAAACACTCTCCCGAAAT
GGAAGCAAAGAGCTGTACCA
GAGCCTCACCATGCTCTTTA
CTCTGCGTTTGGCATAAACT
AGATGAAGGGCTGGAAAATC
ACACGCACTCAACACACATT
CATTGAGACGAAAGAGATGGA
CAAGACGCCATTGATAGACC
CGAATCTTCTCGGAAGGAAC
GATTGTCGATGTTGGGAGAG
ACGAGCTCAAGAATGTCGTC

117

213
228
156
101
240
125
234
208
192
133
205
246
248
228
184
102
211
133
102
210
177
110
165
116
109
214
212
208
197
175
195
211
183
164
134
218
201
181
172
113
152
214
168
207
235
180
243
249



>S0SSR2106
>S0SSR2107
>S0SSR2108
>S0SSR2109
>S0SSR2110
>S0SSR2111
>S0SSR2112
>S0SSR2113
>S0SSR2114
>S0SSR2115
>S0SSR2116
>S0SSR2117
>S0SSR2118
>S0SSR2119
>S0SSR2120
>S0SSR2121
>S0SSR2122
>S0SSR2123
>S0SSR2124
>S0SSR2125

GGTCTTCCTCCTCCACCTC
CTCTCTCCTCCACCCTTCTC
ATGACGATGACGATGACGAT
TGCTGTTGATAGCTGTTGGA
TTATAAATGCAACCGGAAGG
CTGGTTCCAGTTCGACCTAA
GCAAATTCCTCTTCCTCACC
GAGTTTGGTTGGGTTTTGTG
GCAGAGTCAAGCAGAGGAAG
TACAAGCTACGAACCCGAAT
GCCCTTATTCCTCTTTTGCT
AACATGCTTCCACTCCTCCT
ACCAGGTGAATGGCAGAATA
CCTACGTCTACCACGCTCTC
TGGCCACTGCTCTTCTCTAT
TATGGGCCTCTTTGACTCTG
AATCTTCGGAGACGACGAG
AATGAAGACTGCGCGTGTAT
GCGAACTCCATAACACGTCTA
CAGAGGCTAGTTTTGGGACA

CCGTTTAGGGTTAGGTTTGG
AAACCTTCTTCGAGTGCAAA
TCCAGTAGAACCACCTGCAT
CAAGCACTCTGAACACGTTG
TCCCGCACTATCAGTTATCC
TCAACGCCTCCCACACAT
AAGCAGTTGGCGTAGGAGTT
CAGAAGCAGCAAGAAGATCG
AACGAGTATGGAAGCGTGAG
AAGTACACCTCCAACGACGA
TTGCCATAACCAATTCCACT
GGCGGGTTTTAAGATGTTGT
GAAACCACCAAAATGACTGC
CCCTTCTCAACGTGATCAAA
TGTACAACGGTCTTGAAACG
GAGACGGTTTCTCGTGCTAA
AGTACCACGGCACGTTTATG
TTCACCCCTCTCCTAACCTT
CCTTGTACAGCGACTTCACC
CAGTAGTCAAGCTGGCAACA
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241
142
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232
176
117
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