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OZET

SERT CEKIRDEKLI MEYVE AGACLARINDA ENFEKSiYQN YAPAN
‘Candidatus Phytoplasma prunorum’UN GENETIK CESITLILIGININ
BiYOLOJIK VE MOLEKULER TEKNIKLERLE ARASTIRILMASI

Ulkemizden temin edilen Candidatus Phytoplasma prunorum (Avrupa sert
¢ekirdekli meyve sarihigi, ESFY) izolatlarinin viriilensligi ve bunlarin evriminden
sorumlu mekanizmalar hakkinda yeni bilgiler kazanmak amaciyla, bu izolatlarin belirli
gen bolgelerinin karsilastirilmasi yapilmistir. Bu amagla, Isparta, Hatay, Yalova,
Mersin, Nigde, Mugla, Burdur ve Malatya illerinden toplanan kayisi, erik ve seftali
ornekleri PCR-RFLP analizleri ile Ca. P. prunorum agisindan test edilmistir. Etmenin
kiiskiit ile enfekteli bitkilerden GF-305 bitkilerine ve fitoplazma ile enfekteli Cezayir
meneksesinden Cezayir meneksesine tasima calismalarinda pozitif sonug alinamamustir.
Ancak etmen arazideki enfekteli bitkiden GF-305 bitkilerine as1 ile tasinabilmistir. PCR
ve RFLP andizleri sonucunda tespit edilen fitoplazma izolatlar1 genetik ¢esitlilik
calismasinda kullanilmigtir. Genetik ¢esitliligi belirlemek i¢in imp, aceF, pnp, secY ve
tuf genleri hedef alinmistir. Ca. P. prunorum izolatlarindan imp geni 12 adet, aceF geni
10 adet, Pnp geni 9 adet, SecY geni 7 izolatta cogaltilabilmistir. Arastirilan izolatlar, imp
genine gore I3 ve 126 genotiplerine dahil olmustur. Bu genotiplerden 126 grubu izolatlar
sadece Tiurkiye’de bulunmakta olup Avrupa’da tespit edilememistir ve ¢alisilan
izolatlarin 7/9’u bu gruba girmektedir. I3 genotipi ise daha 6nceki ¢alismalarda sadece
bir Almanya izolatinda belirlenmis olup ¢alisilan izolatlardan 2/9°u bu gruba girmistir.
AceF genine gore yapilan analizlerde 3 izolat A5, 2 izolat A6 ve | izolat A17 genotipine
dahil olmus, bir izolatta ise Ca. P. prunorum ve Ca. P. mali tiirleri arasinda
rekombinasyon tespit edilmistir. Calisilan izolatlar P1 ve P2 pnp genotiplerine ve S1, S2
ve S3 genotiplerine dahil olmuslardir. Sonug olarak, analiz edilen izolatlardan bazilari
Avrupa izolatlarindan farkhilik  gostermektedir. Bu durum, fitoplazmalarin
epidemiyolojilerinin agiklanmasinda 6nemli rol oynamaktadir.

2011, 87 sayfa

Anahtar Kelimeler : Sert gekirdekli meyve agaglari, ¢ok gen lokuslu DNA dizi
tiplemes, fitoplazma, PCR-RFLP



ABSTRACT

INVESTIGATION ON GENETIC VARIABILITY OF ‘Candidatus Phytoplasma
prunorum’ INFECTED STONE FRUIT TREESBY BIOLOGICAL AND
MOLECULAR TECHNIQUES

Particular gene regions of Candidatus Phytoplasma prunorum (European stone
fruit yellows, ESFY) isolates obtained from Turkey were examined to have new
information on virulence and mechanisms resposible for their evaluation. For this
purpose, apricot, plum and peach samples collected from Isparta, Hatay, Yaova,
Mersin, Nigde, Mugla, Burdur and Malatya provinces were analysed for Ca. P.
prunorum using PCR-RFLP. Although the pathogen could be transmitted from the
infected trees in the field to GF-305 by grafting, there have been no positive results
detected from research on transmission of patogen from GF305 and vincato vinca. The
phytoplasma isolates detected by PCR and RFLP analysis were used in genetic
variability studies. Imp, aceF, pnp, secY and tuf genes were targetted for genetic
variability studies. DNA amplifications from Ca. P. prunorum isolates provided in 12
isolates with imp, 10 with aceF, 9 with pnp, 7 with secY genes. Investigated isolates
included in I3 genotype and 126 genotype, according to imp gene. 126 genotype has
been found only in Turkey and not identified in Europe yet, and 7/9 of isolates was
included in this group. 13 genotype has been identified only in one isolate from
Germany, 2/9 of investigated isolates was included in this group. Among the
investigated isolates, 3 of them were included in A5 genotype, 2 of themin A6and 1in
A17 genotype, according to aceF genes. Beside this, recombination between species of
Ca. P. prunorum and Ca. P. mali were detected in one isolate. Investigated isolates were
included in P1 and P2 pnp genotypes and S1, S2 and S3 genotypes. As a result,
analysed severd isolates were different from isolates of Europe and this situation has an
important role on phytopl asma epidemiol ogy

2011, 87 sayfa

Key words : Stone fruit trees, multi gene lokus sequence typing, phytoplasma , PCR-
RFLP
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1. GIRIS

Sert ¢ekirdekli meyve tiirleri Tiirkiye'nin yas meyve sebze iiretiminin onemli bir
kismint  olusturmaktadir. Sert c¢ekirdekli meyve tiirlerinin diinya iiretimleri
incelendiginde Tiirkiye 390 bin ton kiraz, 530 bin ton kayisi iiretimiyle 2007 yilinda ilk
siradadir. Erik (225 bin ton) ve seftali (560 bin ton) iiretiminde ise diinya {ilkeleri
arasinda 6. sirada yer almistir (FAO, 2008).

Ulkemizdeki toplam meyve iiretiminin % 25 gibi 6nemli bir paymi sert
cekirdekli meyveler olusturmaktadir (Anonim, 2004). Iliman iklime sahip yerlerde sert
cekirdekli meyve yetistiriciligi, erkencilik, tirtin verimliligi ve/veya yeni c¢esitlerin
potansiyel iiretici bolgelere adaptasyonu calismalart uzun yillar yapilan g¢alismalari
olusturmaktadir. Ancak bu meyve tiirlerinin tiretimini abiyotik faktorlerin yanisira
biyotik faktorler (fungus, bakteri, fitoplazma ve viriis enfeksiyonlar1 ) de 6nemli 6lgtide
sinirlamaktadir. Meyve agaglarinda asiyla tasinabilen 150 kadar viriis ve viriis benzeri
hastalik etmeni oldugu bilinmektedir. Virlisten ari bitkilerin kltiirli, tretim veya
sanitasyonunu basarisi eldeki mevcut virlis kaynaklarmin varligia, vektorlerin
bulunusuna ve etkisine, bélgede veya iilke genelinde enfeksiyonun durumuna ve gevre
sartlarina baghdir (Dunez, 1988). Meyve agag¢larinda hastalik yapan en énemli patojen
gruplarindan birisi de fitoplazmalardir.

Sert ¢ekirdekli meyve agaglarindaki hastalik ve zararhilar ekonomik olarak
onemli kalite ve verim kayiplarina neden olmaktadir. Zararli bocekler, fungal ve
bakteriyel hastaliklar degisik kimyasallar kullanilarak basarili  bir sekilde
Onlenebilmektedir. Ancak, viriis, viroid ve fitoplazma gibi hastaliklar kimyasallarla
kontrol edilememektedirler.

Viriisler tarafindan neden olundugu diistiniilen bazi bitki hastaliklarinin
morfolojik olarak mikoplazmalara benzeyen prokaryotlarin floem dokularini
kolonizasyonu ile olduguna dair ilk kanitlar 1967 yilinda ortaya konmustur (Doi ve ark,
1967). Japon arastiricilar, elektron mikroskobu kullanilarak sarilik hastaligi goriilen
bitkilerde hiicre duvari olmayan mikroorganizmalar1 goriintiilemislerdir. O zamandan
bu yana, sarilik hastaliklari olarak adlandirilan pek ¢ok hastalik sendromunun daha

sonra saprofitik yasayan veya insan ve hayvanlarda hastalik yapan mikoplazmalara



benzedigi icin mikoplazma-benzeri organizmalar olarak adlandirilan etmenler
tarafindan neden olundugu bildirilmistir. In vitro 'da gelisememesi nedeniyle son 15 yil
Oncesine kadar ¢ok az ozelligi bilinen bu organizmalar, ribozomal DNA dizileme
sayesinde bitki floemi ve bocekleri kolonize edebilen ve hiicre duvart olmayan bu
prokayotlarin Mollicutes smifi igerisinde biiyiikk bir monofiletik grup oldugu
anlasilmistir.  Uludararast  Karsilastirmali  Mikoplazmoloji ~ Arastirma  Projesi
(International Research Project for Comparative Mycoplasmology)’nin Fitoplazma
Calisma Grubu, 1990’1 yillarda, prokaryotlarin bu grubunu tanimlayabilmek igin
‘Fitoplazma’ ismini vermis ve 2004 yilinda, bu prokaryotlarin resmi siniflandiriimasi
“Candidatus Phytoplasma” cinsi olarak yapilmaya baslanmistir (Anonim, 2004).
Fitoplazma hastaliklari, her ne kadar bazilar1 konukg¢u dizisi ve yayilimi
bakimindan smirli kalmigsa da, tiim diinyada pek ¢ok bitki grubunda hastalia neden
olmaktadir. Fitoplazmalarla iliskili oldugu uzun zamandir bilinen en yaygin hastaliklar,
tropik alanlarda hindistancevizi gizli sarilik (coconut lethal yellowing), sandal agaci
sivrilme hastalig1 (sandal spike disease), paulownia cadi siipiirgesi (paulownia witches’
broom), misir bodurlagsma (corn stunt), ¢eltik sar1 ciicelik hastaligi (rice yellow dwarf
diseases) ekonomik olarak en Onemlileridir. Orman agaglar1 Hindistan, Orta Afrika,
ABD ve Avrupa gibi tilke ve bolgelerde fitoplazma epidemilerinden ciddi sekilde zarar
gormektedir. Karaagag sarilik veya cadi siipiirgesi (Elm yellows veya witches’ broom)
Avrupa ve Kuzey Amerika’da tarihi plantasyonlar1 oldugu gibi yeni dikilmis agaclar1 da
yok etmektedir. Meyve agaglar1 icerisinde asma, elma, armut, erik, kayisi, kiraz,
turunggil ve liziimsii meyvelerin ¢ogunlugu sarilik, yikim, asir1 siirgiin olusumu ve cadi
siipiirgesi olarak adlandirilan fitoplazma hastaliklari ile az ya da ¢ok hastalanmaktadir.
Bati ABD veya Kuzey Italya gibi bolgelerde ellili yillardan bu yana armut yetistiriciligi
armut agaclarini ¢ok hizli veya yavasca dldiiren armut yikim (pear decline) fitoplazmasi
nedeniyle yok olmustur. Benzer durum, Avrupa’da pek ¢ok asma yetistirilen bolgede
fitoplazma ile iliskili sarilik hastaligi: Flavescence doreé icin de soz konusudur. Kalite
ve verimi azaltan bu etmen Fransa, Ispanya, Kuzey Italya, ve Dogu Avrupa’da karantina
patojenidir. Orta Dogu’da bazi bolgelerde 6zellikle Umman’da geleneksel lime {iremini
elemine eden lime cadi siipiirgesi (lime witches’ broom) hastaligi fitoplazma tarafindan
neden olunmaktadir. Diinya ¢apinda kiiltiire alinan otsu bitkiler veya yabanci otlarda

ciddi epidemi yapan fitoplazmalar da mevcuttur (Bertaccini, 2007).



Fitoplazmalar bakterilere benzeyen tek hiicreli, hiicre duvari olmayan, obligat
parazitlerdir. Bocek vektorler ve bitkilerdeki konukgu hiicrenin sitoplazmasinda biiyiir
ve ¢ogalirlar. Tomurcuklanma vasitasiyla aseksiiel olarak iirerler. Fitoplazmalar enfekte
ettikleri bitkilerin oncelikle floem iletim demetlerine saldirirlar ve floem dokusunda
kalirlar. Bu patojenler bitkilerin floeminde beslenen yaprakpireleri, Cixidiae ve
Psillidae familyasina bagli bocek vektorlerle tasinirlar. Bocek bitkide beslenirken
yaptig1 emgi ile patojeni biinyesine alip ve daha sonra beslenme kanali, tiikiiriik bezleri
ile bocek patojeni saglikli bitkilere iletme Ozelligine sahiptir. Genellikle bdcegin
infekteli oldugu bir latent donem vardir, ancak bu dénem birkag¢ saat veya birka¢ hafta
stirebilir. Bocek vektorler biinyelerinde fitoplazma bulunmasindan dolayr etki
gormezler, ancak bazi durumlarda yumurta ile tasinma da goriilmiistiir. Fitoplazmalar
ayrica kuskiit ile de tasimmmaktadir, bu yolla taginma genellikle arastirmalar igin
fitoplazmalarin Cezayir meneksesi (Vinca rosea) gibi deneysel konukgu bitkilere
aktarilmasi agisindan Onemlidir. Bu sekilde pek ¢ok fitoplazma straini cezayir
meneksesinde muhafaza edilmektedir. Diger taraftan, asilama, ¢elikle iiretim, mikro
cogaltim gibi seksiiel ¢cogaltmadan farkli yontemlerle yapilan ¢ogaltma islemlerinin
fitoplazmanin tasinmasinda rol oynadigi uzun yillardir bilinmektedir. Tohumla tasinma
ise hala arastirilan bir konu olmakla birlikte, yonca bitkilerinde Hindistan cevizi gizli
sartlik  fitoplazmasmin ¢ok az sayida bitkide tohumla tasindigi belirlenmistir
(Bertaccini, 2007).

Fitoplazmalarin ayrimi ve saptanmasi, hastaligin teshisi icin gereklidir. Bu
prokaryotlar in vitro olarak kiiltiire alinamadigindan alternatif metodlar kullanilmak
zorundadir. Gegmiste bu amag¢ icin hem DNA hibridizasyonu hem de serolojik
yontemler kullanilmigtir. Polimeraz zincir reaksiyonu (Polymerase chain reaction,
PCR), bitki ve bocek konukgularindaki fitoplazmay1 belirlemek i¢in elverisli bir yontem
oldugundan giiniimiizde tercih edilmektedir. Fitoplazma genomunun, fitoplazmaya 6zgii
16S rRNA bdolgesinin gogaltilmasiyla elde edilen DNA pargalarindan PCR primerleri
gelistirilmistir. Ancak, 16S rRNA genomuyla iliskili olan fitoplazmalarin birbirine
benzer olmasi bu fitoplazmalarin ayirt edilmesini zorlastirmistir. Son yillarda,
fitoplazmalarin ayrimini saglayan bolgenin 16S ve 23S rRNA genom bdlgesi oldugunu
saptanmis ve ana fitoplazma gruplarini ayirt etmeyi saglayacak spesifik genom

bolgelerine 6zgii PCR primerleri gelistirilmistir. Bu teknik epidemiyolojik calismalar,



vektor iligkilerinin analizi ve hastaligin kontroliine yonelik strateji gelistirilmesi
acisindan 6nemlidir (Smart ve ark., 1996). Giiniimiizde halen fitoplazmalarin tespitinde
evrensel ve spesifik primerler kullanilarak yapilan PCR yontemi yaygin olarak
kullanilmaktadir.

Candidatus Phytoplasma prunorum (Kison & Seemiiller, 2001) ve Ca.
Phytoplasma mali (Seemiiller & Schneider, 2007) izolatlarinin hastalik yapma siddetleri
(viriilensligi) arasindaki fark fitoplazmalarda biyolojik c¢esitliliginin bir kanitidir. Bu
durumda Ca. Phytoplasma prunorum hipo-viriilent izolatlarin Fransa’da olan izolatlarla
ayni tiirde oldugu rapor edilmistir ve bunlarin ¢apraz korumalarda kullanimlart igin
girisimlerde bulunulmustur (Cornaggia ve ark., 1995; Morvan ve ark., 1991). Ca.
Phytoplasma mali’ nin biyolojik ¢esitliligi son yillarda Ca. Phytoplasma mali’ nin
genom sekansmin tamamlanmasiyla (Kube ve ark., 2008) elde edilen hflB geninin
(Schneider & Seemiiller , 2009) sekans analizleri ile arastirilmaktadir. Buna karsin Ca.
Phytoplasma prunorum ve Ca. Phytoplasma pyri’ nin genetik ¢esitliligi hakkinda az sey
bilinmektedir.

Oldukg¢a korunmus 16S rRNA gen dizileri fitoplazmalarin smiflandirilmasinda
birinci molekiiler arag olmustur. PCR ile ¢ogaltilmis 16S rRNA dizilerinin RFLP andizi
ile 19 farkli grup, 16S rRNA grubu olarak tanimlanmistir veya in silico RFLP andizine
gore ise 29 grup tanimlanmistir. Her bir grubun en az bir fitoplazma tiirii ile temsil
edilmesi onerilmistir (Gundersen ve ark. 1994). Giiniimiizde tiir belirlemesi
fitoplazmalar arasinda 16S rRNA dizilerinin temel olarak farklilik oranina gore
yapilmaktadir. Ortalama %2,5 farklilik (dissimilarity) esigi yeni bir tiir se¢ciminde bir
kural olarak uygulanmaktadir (Anonim, 2004). 16S rRNA geninin yiiksek Olgiide
korunmus olmasi nedeniyle, bu kural pek ¢ok ekolojik ve biyolojik olarak farkl
fitoplazma irkinin disarida kalmasina neden olabilir. Bocek vektorler, konukgu vektorler
gibi belli basli biyolojik o6zellikler molekiiler &zelliklerle birlikte tiir tanimlamada
kullanilmalidir. Son 10 yildaki epidemiyolojik ¢alismalar, 16S rRNA gen dizisine gore
cok yakin akraba farkl fitoplazma irklari farkli cografik bolgelerde yetistirilen iiriinlere
verildiginde farkli cesitlerde benzer hastaliklart olusturdugunu gostermistir. Hastalik
kontrol yontemlerinin gelistirilmesini kolaylastirmak icin farkli fitoplazma irklart ve
bunlarin tipik ekolojik nisleri arasindaki iligskinin bilinmesi 6nemlidir. Genellikle bu

irklar 16S rRNA gen dizilerinin analizi ile kolayca ayirt edilemezler. Bu durum, yakin



akraba fitoplazma irklarinin ayiriminda daha iyi ek markorlerin  arastirilmasini
gerektirmektedir. Son 10 yilda diger bazi1 korunmus genler veya spesifik genomik DNA
pargaciklart yakin akraba irklarinin ayiriminda ek molekiiler markorler olarak
kullanilmaktadir.

Prokaryotlarin genotiplenmesinde en uygun metod bakteriyal epidemiyolojide ve
populasyon genetiginde yaygin olarak kullanilan ¢ok lokuslu dizi tiplemesidir
(multilocus sequence typing; MLST) (Maiden ve ark., 1998 ; Urwin ve Maiden , 2003 ).
Fakat bu yontem gen dizilerinin tanisin1 gerektirir. Bu amagla, apple proliferation grubu
icin daha Once uygulanmis olan bes gen sistemi bu arastirma kullanilmistir. Bu
arastirmada tilkemizden toplanan farkli Ca. Phytoplasma prunorum izolatlarinin beg
gen; imp, aceF, pnp, secY ve tuf genleri; bolgesinden DNA dizilerini elde edilerek bu
irklarin tanis1 ve simiflandirilmasinin yapilmasi amaglanmistir. Bu arastirmalar sonucu
tilkemizdeki Ca. Phytoplasma prunorum’un genetik g¢esitliligine dair bilgiler elde

edilmistir.



2. ONCEKI CALISMALAR

Fitoplazmalar, Mollicute sinifina dahil olan bitki patojeni bakterilerdir. Filogenetik
olarak diisik G+C miktarli, gram +, hiicre duvart olmayan bir grup mikro
organizmalardir (Weisburg ve ark., 1989). Fitoplazmalar diinya iizerinde yiizlerce
tiriinde hastalik yapan (Lee ve ark., 2000) ve bir bitkiden digerine hemipter boceklerin
ozsu emmesi ile tasinan mikroorganizmalardir (Weintraub & Beanland, 2006). Avrupa
iklimindeki meyve agac¢larinin fitoplazmalarla baglantili hastaliklardan etkilenmesi
Avrupa meyve {lretiminde ¢ok Onemli ekonomik kayiplara neden olmaktadir.
Candidatus Phytoplasma prunorum Prunus cinsi aga¢ ve calilarda Avrupa sert
cekirdekli meyve sarihigi (ESFY), Ca. Phytoplasma mali birgok Malus cinsinde ¢oklu
stirgiin olusumu (Apple proliferation; AP), Ca. Phytoplasma pyri Pyrus cinserinde
armit yikim hastaligi (Pear decling; PD)’ndan sorumludur (Seemiiller ve Schneider,
2004). AP Avrupa ve Tirkiye elma bahgelerini etkilemektedir (Seemiiller, 1990;
Sertkaya ve ark., 2008) ve en yiiksek ekonomik zarar Almanya ve Kuzey italya da
meydana gelmektedir. PD Avrupa, Kuzey Amerika, Orta Dogu (Battle ve ark., 1999;
Blomquist ve Kirkpatrick, 2002b; Choueiri ve ark, 2007; Davies ve ark., 1992; Lorenz
ve ark., 1995; Malinowski ve ark., 1996; Sharbatkhari ve ark., 2008) ve ayni zamanda
Tayvan’da (Liu ve ark., 2001) rapor edilmistir. ESFY Orta Avrupa dolaylarinda
mevcuttur (Marcone ve ark., 2010) ve kayisi klorotik yaprak kivircikhiginin siddetli
formlar yiiziinden giiney Fransa’da (Jarausch ve ark., 2001) her yil kayisi agaglarinin %
5°i olmektedir. Ayni zamanda Japon Kkayisilarindan Prunus salicina’da kayisi
leptonekrozlarini meydana getirmektedir ve Giiney Avrupa seftalilerinin ¢ogunda
sarilagsmay1 on plana ¢ikarmaktadir. Bu 3 fitoplazma 16SrX olarak adlandirilan ayni
filogenetik gruba dahildir (Lee ve ark., 2000) ve birbiriyle yakin akraba ii¢ altgrubu
olustururlar (Jarausch ve ark., 1994 ; Lorenz ve ark., 1994 ).

Ca . Phytoplasma mali , Ca . Phytoplasma pyri ve Ca. Phytoplasma prumorum bir
agactan digerine Cacopsylla cinsi pisillidlerle (Carraro ve ark., 1998; Frisinghelli ve
ark., 2000; Jarausch & Jarausch, 2009; Jensen ve ark., 1964), asilamalarla ve
fidanliklardaki enfekteli materyallerin etkilesimi ile tasmabilirler. Ek olarak Ca .

Phytoplasma mali ayni zamanda bahge igerisindeki agaclarin birbirlerine yakin



alanlarindan kok kaynasmasi ile de tasinabilmektedir (Ciccotti ve ark., 2007 ). Bu
fitoplazmalar Cuscuta spp. kullanilarak enfekteli elma agaglarindan Catharantus roseus
test bitkisine tasinabilmistir. Hastalik as1 gozii disinda tohumla ya da polenle
tasinmamaktadir. (Marwitz ve ark., 1974; Heintz, 1986). Liibnan’da domates ve biber
tarlalarinda yapilan fitoplazma surveyi sonucunda, fitoplazmanin kiiskiit tarafindan
domateslere tasindig1 saptanmistir (Choueiri et al., 2007). PD, ESFY, Rubus stunt,
Picris echioides (bristly oxtangue) yellows ve pamuk (Gossypium hirsutum) phyllody
hastaliklarina sebep olan fitoplazmalar sirasiyla dogal enfekteli bitkilerden deneysel
konukgulara Cantharanthus roseus ve Cuscuta ssp (kiiskiit)’e aktarilmislardir (Marcone
ve ak. 1999). Yapilan ¢alismalar sonucunda, Cuscuta campestris (Kiiskiit,
Cuscutaceae familyasi) alternatif konuk¢u olarak saptanmistir. Onsekiz Mart
Universitesi’nde yapilan bir ¢alismada, stolbur hastaliginin kiiskiit ile % 85,7 oraninda
tasindig1 sonucuna varilmaistir.

Ca . Phytoplasma prunorum (Kison & Seemiiller , 2001) ve Ca . Phytoplasma
mali (Seemiiller & Schneider, 2007) izolatlarinin hastalik yapma siddetleri (viriilensligi)
arasindaki fark fitoplazmalarin biyolojik cesitliliginin bir kanitidir. Bu durumda Ca .
Phytoplasma prunorum hipo-viriilent izolatlarin Fransada olan izolatlarla ayni tiirde
oldugu rapor edilmistir ve bunlarin capraz korumalarda kullanimlar1 ig¢in girisimlerde
bulunulmustur (Cornaggia ve ark., 1995; Morvan ve ark., 1991). Ca . Phytoplasma
mali’ nin biyolojik cesitliligi son yillarda tek kol konfromasyon polimorfizmi ve (SSCP)
ve Ca . Phytoplasma mali’ nin genom sekansi (Kube ve ark., 2008) ile sonuglanan hflB
geni dizilerinin (Schneider & Seemiiller , 2009) analizleri ile arastiriimistir. Buna karsin
Ca . Phytoplasma prunorum ve Ca . Phytoplasma pyri’ nin genetik gesitliligi hakkinda

az sey bilinmektedir.

2.1. Fitoplazmalarin ayirim ve simiflandirilmasinda ¢ok gen temelli sistemler

Fitoplazmalarin 40 yildan fazla zaman 6ncesinden kesfinden beri hiicre disinda
bir ortamda Kkiiltiire alinma cabalar1 basarisiz olmustur, bu durum Kkiiltiire alinan

prokaryotlarda uygulanan geleneksel metotlar ile fitoplazmalarin  taksonomik



durumlarint belirlemeyi zorlastirmistir. Gegtigimiz son 25 yila kadar fitoplazmalarin
siniflandirilmasi ve birbirinden ayirt edilmesi, enfekteli bitkilerde olusturduklar
simptomlara, bitki ve bdcek konukgularmin spesifikligi gibi biyolojik ozelliklerine
dayanilarak yapiliyordu. Biyolojik 6zelliklerinin belirlenmesi uzun zaman almakta ve is
giicii gerektirmekte bazen de giivenilir olmamaktaydi (Lee ve ark., 1998). Molekiiler
yontemlere dayali analizler son yillarda giderek artarak fitoplazmalarin teshisinde ve
siiflandirilmasinda daha dogru ve giivenilir sonuglara ulasilmasini saglamistir. Modern
Mollicute sistematiginde polifazik taksonomi sistemi uyarlanmistir, bu sistem son yirmi
yilda fenotipik, genotipik ve filogenetik kriterlere gére uyarlanmistir. 16S rRNA’y1 ve
diger genleri temel alan kapsamli filogenetik ¢alismalar Mollicute sinifi fitoplazmalara
kolayca uygulanmistir. Son yirmi yilda uygulanan molekiiler temelli analizlerin
fitoplazma tanisinda biyolojik ¢alismalardan daha dogru ve kullanigh oldugu ortaya

konulmustur.

2.1.1. Fitoplazmalarin membran proteinleri

Yapilan c¢alismalar, immunodominant membran proteinleri (IDP) olarak
adlandirilan bir grup membran proteinlerinin fitoplazmalarin toplam hiicresel membran
proteinlerinin biiytik kismini olusturdugunu ortaya koymustur (Shen ve Lin, 1993).
Bunlar hiicrenin dis yiizeyinde yer almakta ve bu proteinler bakterilerin konukgu hiicre
yiizeyine tutunmalarinda rol oynamaktadir. Bu nedenle, konukgu-fitoplazma
iliskilerinde ©6nemli rol oynamaktadir. Bu proteinler 6nemli &lgiide aminoasit ve
antigenik farklilik gosterirler.

IDP’ler ti¢ farkli gruba ayrilir: 1. Immunodominant membran proteinleri (imp), 2.
Immunodominant membran protein A (IdpA), 3. Antigenik membran proteini (Amp). Bu
IDP’ler birbirleri ile aminoasit benzerligi gostermezler ve genomun farkli bolgelerinde

lokalize olmustur.



2.1.2. Fitoplazma simiflandirmasinda 16SrRNA geni temelli sistem

Fitoplazmalarin ayiriminda ve smiflandirmasinda bazi molekiiler markorlar
uygulanmistir. 16S rRNA geni fitoplazma arastiricilar1 arasinda en ¢ok kullanilanidir ve
fitoplazmalarin ilk siniflandirmalarinda ¢ok kullanigli olmustur. 16S rRNA geni
tizerindeki bazi universal veya generik oligoniikleotid primer ¢iftleri, 16S-23S i¢sel ara
bolge (intergenic space region) ve kismi 23S rRNA geni dizisini kapsayan primerler
diizenlenmistir ve bunlar bitki ve bocek vektorlerle iliskili ¢esitli tiirde fitoplazmalarin
DNA ¢ogalmasini saglamaktadir. 16S rRNA gen dizilisinin, secilen enzimlerle RFLP
andizi Schneidder ve ark (1993) ve Lee ve ark. (1993) tarafindan fitoplazmalarin
smiflandirilmasinda uygulanmistir. 17 restiksiyon enzimi ile RFLP analizi esas alinarak
fitoplazmalarin kapsamli siiflansirma semasi insa edilmistir. Bilyiik gruplarin ayirimi,
1-2 kb PCR amplikonunun RFLP goriintiilerinin benzerlik (similarity coefficients)
oranina gore hazirlanmistir (Lee et al 1998). iki farkli grup arasindaki RFLP
goriintiilerinin benzerlik orant %90 veya daha azdir. Bir grup igerisinde alt grup
olusumlar1 bu amplikon igerisindeki yan restriksiyon analizi ile belirlenmigtir. Bir
bilinmeyen fitoplazma 1rk1 0 grubun mevcut iiyelerininkinden bir veya daha fazla kesm
bolgesine sahipse yeni bir alt grup olarak atanmistir. Bu tablo periyodik olarak
giincellenmektedir (Lee et al. 1998). Bu giine kadar, 19 biiyiik fitoplazma grubu ve
yaklasik 50 alt grup icermektedir (Tablo 2.1).

RFLP ile olusturululan gruplama 16S rRNA dizilerinin anaizi ile olusturulan
filogenetik agac ile oldukca benzerdir. Her bir grubun en az bir fitoplazma tiirii ile
temsil edilmesi onerilmistir (Gundersen ve ark, 1994). Son yillarda, tablo daha gorsel
RFLP goriintiileri kullanilarak daha ileriye giincellenmistir (Wel ve ark., 2007, 2008;
Zhao ve ark., 2009b). Giiniimiizde, tablo 29 grup ve 89 alt grubu igermektedir. Her alt
grup tek bir RFLP goriintiisiinden olusmaktadir. Tablo, referans fitoplazma strainlerinin
RFLP patternlerinin gosterildigi bir sekil ile birlikte verilmek zorundadir. Bu
goriintiilerin karsilastirilmasi ile bir kisi bilinmeyen bir fitoplazma irkinin 16S rRNA
gen dizisinin ya gergek yada bilgisayar araciligi ile olusturulan gorsel RFLP andizi
araciligr ile tanimlayabilir. 16S rRNA geninin dizilemesi gérsel RFLP anaizinin

olusturulmast i¢in gereklidir. Pratikte, gercek RFLP analizi, bilinmeyen bir fitoplazma
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hastaliginin 6n karakterizasyonunda ya c¢ok sayida Ornek analiz edilecekse veya
dizileme imkani yoksa tercih edilebilir. Bu giincellenmis tablo fitoplazmalarin en
kapsamli siniflandirmasini temsil eder ve fitoplazma irklarinin hizli tanisi amaciyla

kullanigli molekiiler markorlar saglamaktadir.

Cizelge 2.1. Phytoplasmalarin 16S ribosomal RNA RFLP yontemiyle siniflandiriimasi

Grup Alt 'Ca. Phytoplasma tiirlerinin sayisi
grup

sayi1st

165r1: Aster yellows grup 11 1 (‘CaPhytoplasma asteris)

16Srl1: Peanut witches-broom grup 12 2 (‘CaPhytoplasma aurantifolia ve
'Ca Phytoplasma australasiae’)

1 -t
165r!11: X -disease grup 19 1 (‘CaPhytoplasma pruni®)

16Sr1V: Coconut lethal yellows grup 6  1(CaPhytoplasmapamae’)

16SrV: Elm yellows grup 6 3 (‘CaPhytoplasma ulmi’,
‘Ca Phytoplasma ziziphi' ve
'Ca Phytoplasma vitis")

16SrV1: Clover proliferation grup 8  1('CaPhytoplasmatrifalii’)
16SrVII: Ash yellows grup 3 1 (‘Ca Phytoplasma fraxini')
16SrV111: Loofah witches-broom grup 13 (‘CaPhytoplasma luffag”)
4 1 (‘Ca Phytoplasma phoenicium’)
16Sr1X: Pigeon pea witches-broom grup
16SrX: Apple poliferation grup 5 4 (‘CaPhytoplasmamai',
'Ca Phytoplasmapyri',
'Ca Phytoplasma prunorum' ve
'Ca Phytoplasma spartii')
16SrX|: Rice yellow dwarf grup 3 1('CaPhytoplasmaoryzae)
16SrXII: Stolbur grup 7 4 ('Ca Phytoplasma australiense',
'Ca Phytoplasma japonicum’ ,
'Ca Phytoplasma fragariae' ve
'Ca Phytoplasma solani*)
16SrXI11: Mexican periwinkle virescence grup 2 1

1 1 (‘Ca Phytoplasma cynodontis)
16SrX1V: Bermudagrass white leaf grup

16SrXV: Hibiscus witches-broom grup 1 2 (‘Ca Phytoplasma brasiliense!)

16SrXV|1: Sugarcane yellow leaf syndrome grup 1 (‘CaPhytoplasmagraminis)

1 (‘Ca Phytoplasma caricae)
16SrXVII: Papaya bunchy top grup
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16SrXVI11: American potato purpletop wilt grup L+ 1 (CaPhytoplasma americanum)

1 1 (‘Ca Phytoplasma castaneag’)
1 1 (‘Ca Phytoplasma rhamni')

16SrXIX: Japanese chestnut witches-"broom grup
16SrX X: Buckthorn witches-broom grup

16SrX X1: Pine shoot poliferation grup 1 1 (*CaPhytoplasma pini*)
16SrXXII: Nigerian coconut lethal decline CaPhvtonl oy
(LDN) group 1 1 (‘Ca Phytoplasma cocosnigeriae’)
16SrXXIl1: Buckland Valley grapevine yellows
group 11
16SrX X1V Sorghum bunchy shoot group 1 1
16SrXXV: Weeping teatree witches-broom
group 11
16SrXXVI: Mauritius sugarcane yellows D3T1
group 11
16SrXXVII: Mauritius sugarcane yellows D3T2
group 11
1

16SrXXVII1: Havana derbid phytoplasma group

o § 1 (‘Ca Phytoplasma omanense’)
16SrXXI1X: Cassiawitches-broom group

16SrXXX: Salt cedar witches-broom group 1 1 (CaPnytoplasmatamaricis)

16S rRNA geni temelli sistemin fitoplazma siniflandirmasindaki faydasi bu genin
olduk¢a korunmus olmasindandir, bdylece universal oligoniikleotid primerler olduk¢a
kolay diizenlenebilmekte ve gen bankasindan temin edilebilen dizilerle kapsamli
filogenetik agaclar ¢izilebilmektedir. Ancak, ¢ok korunmus dogasi nedeniyle, 16S
rRNA geni yakin akraba ama farkli olan fitoplazma strainlerinin daha iyi ayiriminda
yetersiz kalmaktadir. Bazi alt gruplarin birden fazla biyolojik olarak farkli irklar

icerdigi bilinmektedir.

2.1.3. 165-23SrRNA genler arasi bolge (I SR)

Fitoplazma 16S-23S rRNA genleri arasi bolge (yaklasik 232 bp) oldukga
korunmus tRNA"® kodlayan bir parcay icerir. Fakat , tDNA"® 16S rDNA ve 23S rDNA
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aralarindaki diziler ¢esitli fitoplazmalar arasinda degiskendir. ISR fitoplazma grup ve alt
gruplarinin ayiriminda kullanish bir arag saglar. Oldukga kisa dizileri oldugundan sinirl
bilgi verici Ozellikleri oldugunda ISR tiim 16Sr alt gruplarinin ayird edilmesinde
kullanilamamaktadir. Diger taraftan, 16S rRNA ve ISR dizilerinin birlestirilerek analiz
edilmesi ayn1 16Sr alt grubundaki farkli strain tiplerini ayirt etmekte pek ¢ok kez
kullanighi olmustur (Griffitths ve ark., 1999; Marcane ve ark., 2000, Padovan ve ark.,
2000; Anderson ve ark., 2006).

2.1.4. Tuf geni temelli sistem

EF-Tu faktoriiniin elongation faktoriinii kodlayan Tuf geni, fitoplazmalarin
siniflandirilmasinda ve ayiriminda sik¢a kullanilan oldukc¢a korunmus diger bir gendir.
1997°de Schneider ve ark. diizenledigi primer dizileri ile pek ¢ok fitoplazma grubundan
Tuf geni dizilerini ¢ogaltmada kullanmistir. Tuf geninin, 16S rRNA geni gibi,
fitoplazma gruplarinin siniflandirilmasinda potansiyel bir markor oldugu bulunmustur.
Aster yellows (AY), peach X-disease ve stolbur (STOLL) fitoplazma gruplari arasinda
niikleotid dizi benzerligi %88,8-97,0 arasinda degismektedir. Fitoplazma grup ve alt
gruplart birkag restriksiyon endoniikleaz kullanilarak RFLP analizi yardimi ile ayirt
edilebilmektedir. Fitoplazmalar arasinda farkli soylar1 ayirma etkinligi 16S rRNA
geninden ¢ok az daha disiiktiir (Schneider ve ark., 1997; Marcone ve ark., 2000). Ancak
bazi durumlarda tuf geni 16S rRNA alt gruplari igindeki gesitli ekolojik irklarin veya irk
varyantlarm ayiriminda kullamisli bulunmustur (Langer and Maixner, 2004). Ornegin,
birkag irk varyanti 16XII-A ve 16XI1-B igerisinde tuf geni dizilerinin andizi ile fark
edilmistir (Langer ve Maixner, 2004; Streten ve Gibb, 2005; Andersen ve ark., 2006).
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2.1.5. Ribozomal protein geni temelli sistem

Ribozomal protein (rp) genleri 16S rRNA genininden daha degiskendir ve farkli
fitoplazma irklarint ortaya g¢ikaran yiiksek ¢oziilme giicii sonuglayan fitogenetik olarak
bilgi verici 6zelliklere sahiptir. 16S rRNA ve 16SrV grubu fitoplazma irklari ile yapilan
ilk ¢aligmalar gostermistir ki, rp gen dizilerinin analizi 16Sr alt gruplar1 ile uyumlu alt
gruplarin kolayca ayirt edilmesini sonuglamakla kalmamistir, aynt zamanda 16S rRNA
geni dizilerinin analizi ile ayrilmayan ek olarak farkli irklarin ayni alt grupta
tanimlanmasi saglanmistir (Martini ve ark., 2002; Lee ve ark., 2004a). Tanimlanan ek
soylarin ¢ogu, farkli biyolojik 6zelliklere sahiptir. Ornegin, Maize bushy stunt (MBS)
fitoplazmasi, 16Srl-B’in bir alt grubunun bir iiyesi olarak smiflandirilir, bu alt grubun
dar bir konukcu bitki ve spesifik vektorleri olup bu bakimdan 16Sr grubunun diger
tiyelerinden farklidir, bu 6zelligi ile farkli rp alt grubunu temsil ederler. Benzer sekilde,
at grup 16SrV-C alt grubu bazi kilit restriksiyon enzimleriyle yapilan RFLP analizleri
esas alinarak birkag rp alt grubuna ayrilabilmektedir (Martini ve ark., 2002; Lee ve ark.,
20043a).

Son zamanlarda, Martini ve ark., (2007) 12 16Sr grubunu temsil eden 46
fitoplazma irkinda rplV ( rpl22) ve rpsC ( rps 3) adli iki ribozomal protein genlerinin
analizini temel alarak kapsamli bir filogenetik aga¢ olusturmuslardir. Bu rp geni temelli
filogenetik iliskileri ortaya koymus ve 16STRNA temelli agag ile elde edilenden daha
ayristiricl farkli soylarm ve farkl fitoplazma alt siniflariin elde edilmesini saglamistir.
Ornegin, ii¢c Ca. Phytoplasma tiirii ( Ca. Phytoplasmamali, Ca. Phytoplasma pyri ve Ca.
Phytoplasma prunorum) 16SrDNA’ya gére %98,9-%99,1 benzerlik paylasmaktadir, rp
genlerine gore ise %94,3-%94,6 dizi benzerligi gostermektedir. iki 16S fitoplazma
gruplari arasinda ortalama dizi benzerligi 16S rRNA geni ile rp genleri kiyaslandiginda
rp genlerinde %50,4-83,5, 16S rRNA genlerinde ise %85,0-96,9’dur. Daha yiiksek dizi
degiskenligi farkli fitoplazma irklarinin siniflandirmasinda rp genlerini daha iyi

molekiiler araglar olarak ortaya koymaktadir.
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2.1.6. SecY geni temelli sistem

SeCY geni bir protein translocase alt tnitesini kodlanmaktadir ve fitoplazma
irklarinin daha iyi ayiriminda kullanilan bir diger markordiir. secY geni dizi degiskenligi
rp genlerinine benzerdir. 16Sr fitoplazma gruplari iginde ikisi arasindaki secY geni dizi
benzerlikleri %57,4-76,0 arasinda degismektedir (Lee ve ark, yayimlanmamis). 16Srl ve
16SrV grubundan fitoplazmalarin secY geni dizilerinde RFLP andizleriyle elde edilen
SecY alt gruplart genellikle rp geni dizileri ile elde edilenlerle ayn1 olmustur (Lee ve
ark., 2004ab, 2006b; Martini ve ark., 2007). Bununla birlikte, daha ¢ok bilgi verici
Ozelliklerden dolayi, secY’nin ayristirict giicii rp geni dizilerinden biraz daha iyidir.
Fitoplazma gruplarinin  ¢ogunlugunun ve bunlarin  temsilci rklarmm tam
karakterizasyonu calismalari devam etmektedir (Lee et al., yayimlanmamis). SecY geni,

rp geni gibi, fitoplazma irklarinin siniflandirmasinda iyi bir markor adayidir.

2.1.7. SecA geni ve diger genleri

Protein translocase alt tinitesi kodlayan diger bir gen olan SecA fitoplazmalarin
siniflandirilmasinda son zamanlarda kullanilmaya baslamistir. Yaklasik 480 bp
uzunlugundaki gen dizisi pargasi 12 16Sr grubunu temsil eden cesitli fitoplazma
irklarinda PCR ile ¢ogaltilmustir. iki fitoplazma 16Sr grubu arasindaki dizi benzerlik
orani %69,7-84,4 arasinda degismistir. Fitoplazma ayiriminda bir filogenetik markor
olan secA geninin ayistirici giici rp ve SecY genlerine benzer olusmustur.

Diger genler nusA (ShaO ve ark., 2006) folate genleri (folP ve folk) (Davis ve
ark.,2003) ve dnaB 16Srl ve 16SrXIl gruplarindaki irklar arasinda ayirim giicii yiiksek
bulunmustur. dnaA (kromozomal replikasyon baslatict protein kodlar), polC (DNA
polymerase III alpha alt {nitesini kodlar) gibi birkag housekeeping genler
fitoplazmalarin siniflandirilmasinda kullanilabilecek diger aday genlerdir. Bu genlerin

dizi degiskenlik oranlari secY ve rp genlerine benzer veya biraz daha fazladir.
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2.1.8. Coklu gen temelli sistemlere bakis

Fitoplazmalar bocekle tasman bitki patojenleridir ve konukgu bitki ve vektoriin
her ikisinde de g¢ogalabilirler (Lee ve ark., 2000). Farkli bocek ve bitki tiirlerinin
fitoplazmalara olan hassasiyeti ilgili fitoplazma irklarina gére degistigi icin, bocek
ve/veya konukgu bitki tarafindan ilgili fitoplazma iizerine kurulan seleksiyon baskisi tek
fitoplazma popiilasyonlarinin veya farkl irklarin zamanla evrimi ve/veya izolasyonunu
kolaylastirmaktadir. Bunun &tesinde, bitki vektor tiirlerinin cografik dagilimindaki
degiskenlik nedeniyle, cografik izolasyon bu olay1 sonuglayabilir. Fitoplazma, vektor ve
konukgu bitki arasindaki ti¢ yonlii iliski fitoplazma ekolojinin karmasikligina neden
olmaktadir. Bu ekolojik olarak izole olan fitoplazma irklart genellikle bitki ve vektor
tiirlere spesifik olma ve etkiledigi bitkide neden oldugu simptomlar gibi belli biyolojik
ozelliklere sahiptir.

Italya’da ESFY izolatlariin molekiiler karakterizasyonu ribozomal genlerden
daha az korunmus non-ribozomal DNA bolgesindeki tuf geni kullanilarak
gergeklestirilmistir. Sonugta bir erik 6rneginde yeni bir molekiiler varyant tespit
edilmistir (Ferreti ve ark., 2007).

Fransa’da 16SrX grubuna giren fitoplazmalar1 tiplemek i¢in non-ribozomal
genetik lokuslarda aceF ve pnp genleri secilmis, aceF baz dizilerine gore Fransa’da
Prunus, Malus ve Pyrus tiirlerinde ve Cacopsylla pruni’de tespit edilen ESFY
izolatlarinin dort farkli grup olusturdugu belirlenmistir.

Fransa’da yapilan bir calismada Azerbaycan’dan temin edilen bir izolatin
Fransa’da tespit edilen izolatlardan ¢ok daha farkli oldugu belirlenmistir. Diger taraftan
aceF geni pnp genine kiyasla daha fazla varyasyon tespit etmesi nedeniyle, Avrupa’daki
izolatlarin varyasyonunu tespit etmede daha iyi bir markir gen olarak Onerilmistir
(Danet ve ark., 2008).

Liibnan’da PD izolatlarinin aceF markir geni ile karakterizasyonu sonucu bu
tilkede tespit edilen izolatlarin Avrupa izolatlarindan farkli oldugu tespit edilmistir
(Sdlar ve ark., 2007).

Fransa’da bazi Avrupa ilkeleri ve Azerbeycan’dan temin edilen ESFY

isolatlarinin imp, aceF, pnp ve SecY genleri ile tiplemeleri sonucu 30 at grup
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tanimlanmig, imp geninin genetik ¢esitliligi en iyi belirleyebilen markor oldugu
belirtilmistir. Azerbaycan’dan temin edilen bir 6rnekle elde edilen sonuglar, Dogu
tilkeleri ile Avrupa’nin batisi arasinda yiiksek bir genetik farkliligin olabilecegini

gostermistir (Danet ve ark., 2011).

2.2. Tiirkiye’de Apple proliferation grubu fitoplazmalarin durumu

Gunuimiize kadar tilkemizde sert ¢ekirdekli meyve agaglarindaki fitoplazmalarin
saptanmasi konusundaki calismalar son yillarda yogunlasmis ve ilk simptomolojik
bulgular 1999 yilinda Caglayan ve Gazel tarafindan bildirilmistir. Daha sonra,
[zmir’den temin edilen bir adet Japon erigi (Prunus salicina)’de ESFY fitoplazmasi
PCR-RFLP ile tespit edilmis ve bu tespitin tilkemizde ilk kayit oldugunu bildirilmistir
(Jarausch ve ark., 2000).

Caglayan ve ark. (2004) Dogu Akdeniz Bolgesi’nde 2003-2004 yillarinda
yaptiklar1 sorvey g¢alismalar1 sonucunda toplam 174 sert ¢ekirdekli meyve agacindan
dort kayisinin ESFY fitoplazmasi ile enfekteli oldugunu PCR-RFLP ile saptamiglardir.
Bu calismada enfekteli bitkilerin ii¢ adedi Dogu Akdeniz bdolgesinde son yillarda
turfanda gesit olarak yogun olarak yetistirilen Precco de Thyrinte ¢esidinde, bir adedi
ise iilkemizin en 6nemli sofralik ¢esidi olan Sakit ¢cesidinde saptanmistir.

Adana, Hatay ve igel illerinden toplanan toplam 21 kayisi, badem, seftali ve erik
agacindan 4 tanesinin ESFY fitoplazmasi ile enfekteli oldugu bildirilmistir (Sertkaya ve
ark., 2005). Bu c¢alismalarla ESFY fitoplazmasinin tilkemizdeki bolgesel olarak varligi
ortaya konulmustur. Sert ¢ekirdekli meyve agaclarinda tiim Avrupa’da 6nemli bir sorun
olan Ca Phytoplasma prunorum iilkemizin bir ¢ok bolgesindeki gen kaynaklarinda
%54,8 ticari bahgelerde ise %3,2 oraninda saptanmistir (Ulubas ve ark., 2006).

Mersin’de 2007-2009 yillar1 arasinda yiiriitiillen bir calismada Alata Bahge
Kiilturleri Arastirma Enstitiisi (ABKAE) Miidiirliigii’ niin damizlik kayisi parselinde
bulunan cesitler ile Mut yoresinde yetistirilen bazi kayisi gesitlerinin Ca. Phytoplasma
prunorum ile bulagsma oranlarinin molekiiler yontemlerle belirlenmesi amaglanmistir.

PCR-RFLP yontemi ile 112 o©rnekte yapilan testlerde gerek simptomlu gerekse
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simptomsuz bitkilerde fitoplazma ile enfeksiyon orami % 8.035 olarak belirlenmistir
(Altan, 2009).

Ulkemizde tiim bu tespit calismalarinin disinda yapilan g¢alismalar Dogu
Akdeniz Bolgesinde yogunlagmistir. Survey yapilan bolgelerde ESFY hastaliginin
vektorleri ve etmeni yayma potansiyelleri/donemleri konusunda bir TUBITAK projesi
yiiriitiilmiis ve Circulifer haematoceps, Empoasca spp., Exitianus capicola, Macrosteles
guadripunctulatus, Phlepsius sp, Psammotettix procincialis, P. striatus, Orosius
orientalis ve Zyginidia pullula (Cicadellidae: Homoptera) tiirleri ile yapilan tasima
denemelerinde sadece Empoasca spp. (1/6), Macrosteles quadripunctulatus (1/8) ve
Psammotettix procincialis (1/12) kullanilmis, PCR ve RFLP testlerinde bu 6rneklerde
ESFY tespit edilmistir (Sertkaya, 2005). Ancak, diinyada bu hastaligin en etkili vektorii
olarak bildirilen Cacopsylla pruni nin tilkemizde varligi ve hastalig1 tasidigina dair ilk
bulgular 2010-2011 yillarinda yapilan g¢alismalar ile elde edilmistir. Alt1 farkli sert
cekirdekli meyve yetistiriciligi yapilan ilde yapilan sorvey ¢alismalarinda Cacopsylla
pruni Adana, Mersin, Bursa ve Yaova illerinde Prunus spinosa veya yabani Prunus
tirlerinde bulunurken, Hatay ve Malatya illerinde bulunamamistir; Mersin ilinden
toplanan C. pruni’lerin bireysel testleri sonucunda Ca. Phytoplasma prunorum igerme
oranlarinin %23 oldugu tespit edilmistir (Ulubas Serge ve ark., 2011).

Turkiye’de kayisilardan elde edilen ti¢ Ca. Phytoplasma prunorum, iki adet
armut ve bir C. pyri’den elde edilen Ca. Phytoplasma pyri izolatlarinin imp, aceF, pnp
ve SecY genleri ile karakterizasyonu calismalart sonucu ESFY izolat1 126 adi ile anilan
ve diger Avrupa izolatlarindan farkli olan bir grupta yer almistir (Danet ve ark., 2011).

Tiirkiye’deki sert ¢ekirdekli meyve agaclarinin en 6nemli fitoplazma hastalig
Ca. Phytoplasma prunorum’un molekiiler teshisi konusunda bazi ¢aligmalar
bulunmasma ragmen, molekiiler karakterizasyon ve epidemiyolojik calismalar hala
eksiktir. Bu hastaliklarin yayilmasi1 ve vektorleri arasindaki iliskiler ile Tiirk
izolatlarinin tanilanmasi igin daha fazla veriye ihtiya¢ duyulmaktadir. ESFY strainleri
arasinda viriilenslik agisindan biiyiik farklar tespit edildigi gibi (Kison ve Seemiiller,
2001) genetik varyasyonlar da bildirilmistir.

Turkiye Prunus‘larin orijini ve dogu ile bati iilkeleri arasinda bir koprii oldugu
icin, ESFY izolatlarinin degiskenliginin analiz edilmesi, fitoplazmalarin gesitliligini

gormek acisindan onemli olacaktir. Ulkemizde farkli bolgelerden elde edilen ESFY
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izolatlarinin genetik gesitliliginin imp, aceF, pnp, secY ve tuf genleri kullanilarak analiz

edilmesi ve diger iilkelerin bilinen izolatlariyla kiyaslanmasi1 amaglanmuistir.
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3. MATERYAL VE YONTEM

3.1. Bitki materyallerinin toplanmasi

Ca. Phytoplasma prunorum fitoplazmasinin genetik ¢esitliliginin molekiiler
yontemlerle arastirilmasi icin, kayisi, seftali ve erik bitki ornekleri Isparta, Hatay,
Yaova, Mersin, Nigde, Mugla, Burdur ve Malatya illerinden toplanmistir. Toplanan bu
orneklerden Ca. Phytoplasma prunorum teshisi amaciyla molekiiler testler

gerceklestirilmistir.

3.2. Candidatus Phytoplasma prunorum teshisi

3.2.1. DNA Ekstraksiyonu

DNA ekstraksiyonu Doyle ve Doyle, (1990)’a gore yapilmistir. Bu yonteme gore:

- DNA izalasyonu i¢in yapragin orta damari veya siirgiinden floem dokusunun
kazinmasi ile elde edilen 0,1 g doku alinarak ve sivi azotla ezilmistir. Uzerine 1 ml
ezme tampou eklenmis ve 2 ml’lik eppendorf tiiplere konulmustur.

- Ependorf tiiplerdeki rnekler 60°C’de 30 dakika inkiibe edilmistir.

- Karisim 15000 rpm’de 10 dakika oda sicakliginda santrifiij edilmistir.

- Daha sonra iist fazdan 750 pl alinmisg ve iizerine 750 pl fenol : chloroform:
isoamilalkol (25:24:1) eklenerek karistirilmig, 6000 rpm’de 5 dakika santrifiij
edilmistir.

- Bu islem bir kez tekrar edilmistir.

- Ust fazdan 700 pl alinmis ve iizerine 700 pl chloroform: isoamlyalkol (24:1) eklenmis,
karistirildiktan sonra 6000 rpm’de 5 dakika santriftij edilmistir.
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- 500 pl iist fazdan alinmis ve iizerine 800 pl izopropanol eklenerek -20 °C de 2 saat
bekletilmistir. Bu sekilde DNA ¢okeltilmisdir.

- —20°C’den cikarilan tiipler 15000 rpm’de 10 dakika +4 °C’de santrifiij edilmistir.

- Santrifiijden ¢ikan tiiplerdeki iist sivi faz uzaklastirilmistir.

- Cokelti iizerine 1 ml %70’lik soguk alkol eklenmis ve c¢okeltinin yerinden
oynamamasina dikkat edilerek tiipler yavasga alt {ist edilip alkol dokiilmiistiir. Kisa
bir santrifiij den sonra kalan sivi pipetle alinmistir.

- 37 °C de ¢okelti 20-30 dakika kurutulmustur.

- Tiiplere 80-100 ul TE tamponu eklenerek DNA ¢oziilmiis ve soliisyon haline
getirilmistir.

- DNA soliisyonu PCR ¢alismalar1 yapilincaya kadar —20°C’de muhafaza edilmistir.

(Niikleik asit ekstraksiyonunda kullanilan tampon ¢ozeltiler EK.1° de verilmistir.)

3.2.2. Polimeraz zincir reaksiyonu ¢alismalari

Polimeraz zincir reaksiyonu (Polymerase chain reaction; PCR) islemi iki asamada
yapilmistir. Bunlar direk-PCR ve nested-PCR’dir (Lee ve ark., 1992). Direkt-PCR’ da
1800 bp iiriin veren P1 ve P7 primerleri, nested-PCR’ da ise 1050 bp iiriin veren apple
proliferation grubuna 6zgii FO1 ve RO1 primer ¢iftleri kullanilmistir (Cizelge 3.1).

Direkt-PCR asamasinda niikleik asitler 1/50 oraninda sulandirilarak 1 pl DNA 25
ul reaksiyon karisimina eklenmistir. Reaksiyon karisimi 1XPCR tamponu (100mM Tris-
HCI pH 8.3, 500 mM KCl, % 0.01 gelatin), 1.5 mM MgCl,, 250 uM dNTP’ler, 20 pmol
primerler, 2 tinite Taq DNA polimeraz’dan olusmustur. Direkt-PCR dongiisii; 94°C’de
2 dakika denaturasyondan sonra, 94°C’de 1 dakika, 57°C’de 2 dakika ve 72 °C’de 3
dakikadan olusan 35 dongiiyli takiben 72°C’de 10 dakikadan olusmustur. Direkt-
PCR’dan sonra uygulanan nested-PCR’da yukarida agiklanan reaksiyon karigimina 1/50
oraninda sulandirilmis direkt-PCR iriinlerinden 1 pl eklenmistir. Nested-PCR
programinda 35 dongiiliik kisimda denatiirasyon 94°C’de 30 saniye ve primerlerin

baglanma sicakligi 55°C’de 30 saniye uygulanmistir.
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Cizelge 3.1. Candidatus Phytoplasma prunorum teshisinde direk- ve nested-PCR

analizlerinde kullanilan primerler

Cogalan DNA | Primer

uzunlugu (bp) |Adi
P1 5’-AGA GTT TGA TCC TGG CTCAGG A-3’

Direkt- 1800 (Deng ve Hiruki, 1991)
PCR b7 5°- CGT CCT TCA TCG GCT CTT-

(Smart ve ark., 1996)
FOL 5> CGG AAACTTTTA GTT TCA GT 3°
Nested- 1050 (Leeve ark., 1995)
PCR ROL 5 AAGTGC CCAACT AAATGAT?3
(Leeveark., 1995)

Primer baz dizisi

PCR {iriinlerinin gorsel hale getirilmesi amaciyla reaksiyondan sonra driinler %
1.2 agaroz jel elektroforez islemine tabi tutulmustur. Elektroforez IXTAE ortaminda
gerceklestirilmis ve ayni ortam jelin hazirlanmamasinda da kullanilmistir. Jele 2 pl
yiikleme tamponu (6X; 15ml i¢in 150 mg bromophenol blue, 18 g gliserol, 6 ml
50XTAE) ile birlikte 12 pl yiiklenen PCR firiinleri, 120 V’da 40 dakika siireyle
elektroforeze tabi tutulmustur. islem bittikten sonra jel 1 mg/ul EtBr igeren 0.5XTAE
ortaminda 3-5 dakika boyanmistir (Ek.2). Daha sonra UV altinda sonuglar gozlenerek

fotograflar1 ¢ekilmistir.

3.2.3. Kesilmis fragmentlerin uzunlugundaki polimorfizm ¢alismalari

Kesilen fragmentlerin uzunluk polimorfizmi  (restriction fragment length
polymophism; RFLP) calismalar1 ile FO1/RO1 primerleriyle elde edilen nested-PCR
tirtinlerinin RFLP analizi Rsal ve Sspl restriksiyon endoniikleaz enzimleri kullanilarak
yapilmistir. Bu amagla reaksiyon karisimi; 10 pl nested-PCR {iriinii, 0.5 pl enzim, 1.5 pl
enzim tamponu, 3 pl d2H2O’ dan olusmustur. Rsal ve Sspl enzimleri icin ise 37°C’de 2-
3 saat bekletildikten sonra elde edilen iiriinler % 2’lik agaroz jelde elektroforeze tabi
tutulmustur. Enzim kesimi sonucu pozitif kontrollerden ESFY ile ayn1 band profili

olusturan ornekler ESFY ile enfekteli kabul edilmistir (Lee ve ark, 1999).
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3.3. Genetik Cesitliligin Belirlenmesi

Genetik cesitliligi belirlemek amaciyla PCR islemi, tuf geni i¢in tek asamada,
imp, aceF, pnp ve secY genleri igin iki asamada (Direk-PCR ve Nested-PCR)
yapilmistir. Bu genlerin fitoplazmadan c¢ogaltilmasinda kullanilan primerler ve baz
dizileri ve iiriin boylar1 Cizelge 3.2°de verilmistir.

Imp, aceF, pnp ve secY genleri icin direkt-PCR asamasinda niikleik asitler
sulandirilmadan 1 pl DNA 20 pl reaksiyon karisimina eklenmistir. Reaksiyon karisimi
1xPCR tamponu (100 mM Tris-HCI pH 8.3, 500 mM KCI, % 0.01 gelatin), 1.5 mM
MgCl,, 250 uM dNTP’ler, 3.5 pmol primerler, 2 tinite Tag DNA polimeraz’dan
olugmustur. Direkt-PCR dongiisii; 95°C°de 3 dakika denatiirasyondan sonra, 94°C’de
30 saniye , 50°C’de 30 saniye ve 66 °C’de 45 saniyeden olusan 20 dongiiyii takiben
66°C’de 7 dakikadan olusmustur. Nested-PCR da, ilk PCR tirtiniinden 1 pl kullanilarak
95°C’de 3 dakika baslangi¢c denatiirasyonundan sonra 94°C’de 30 saniye, 50°C’de 30
saniye ve 66 °C’de 45 saniyeden olusan 35 dongiiyii takiben 66°C’de 7 dakikadan
olusmustur. PCR iiriinlerinin %1.2 agaroz jelde elektroforezi yapildiktan sonra ethidium
bromide ile boyanmis ve sonuglar UV transilluminatdrde gozlenerek fotograflanmistir.

Tuf geni icin, PCR tek asamada gergeklestirilmistir. Niikleik asitler
sulandirilmadan 1 pl DNA 20 pl reaksiyon karigimina eklenmistir. Reaksiyon karigimi
IXPCR tamponu, 1.5 mM MgCl,, 250 uM dNTP’ler, 3.5 pmol primerler, 2 tinite Tag
DNA polimeraz’dan olusmustur. PCR dongiileri , 95°C°de 3 dakika denatiirasyondan
sonra, 95°C’de 1 dakika , 50°C’de 1 dakika ve72 °C’de 1 dakikadan olusan 35 dongiiyii
takiben 72°C’de 10 dakikadan olusmustur. PCR iiriinlerinin %1.2 agaroz jelde
elektroforezi yapildiktan sonra ethidium bromide ile boyanmis ve sonuglar UV

transilluminatorde gozlenerek fotograflanmistir.
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Cizelge 3.2. Candidatus Phytoplasma prunorum fitoplazma izolatlarinin genetik ¢esitliliginin arastirilmasinda kullanilan primerler.

Genin ad1 Cogalan DNA | PCR tipi Primer ad1 | Primer baz dizilimi Literatiir
uzunlugu (bp)
Direct PCR | AceFfl 5’-TAAAATTCGCTGATGTTGGCG-3’ Danet ve ark., 2011
aceF AceFrl 5-CATCTTTCAATTCATTAAAACTAG-3’
797 Nested PCR | AceFf2 5’-AGGTATTGAAGAAGGAACTG-3’
AceFr2 5’-CAACCGCTTTCATAATAAAAG-3’
Pnp Direct PCR | Pnpfl 5’-GAAGTTGGTATTACTGCTTTAC-3’ Danet ve ark., 2011
Pnprl 5’-GATAAATCTATTTGACCGCG-3°
549 Nested PCR | Pnpf2 5’-TACAATTAGATATTAAAGTTAAAGG-3’
Pnpr2 5-ATTAATTTTAATACATTTCGC-3’
secY Direct PCR | SecYMalfl | 5-TTAGGACGTAGTATACAAATCCCNTT-3" | Danet ve ark., 2011
SecYMarl | 5>-ACAATAATTAAAAATCCTGTNCC-3’
664 Nested PCR | SecYMaf2 | 5>-AAGAATGGCGTGAACARGGNGA-3’
SecYMar2 | 5°- GCATCTTGTTTAGATAAATGTTC-3’
imp (ESFY) Direct PCR | IMPF1 5’-CAAATGATAAAGCTGATCAA-3’ Danet ve ark., 2011
IMPR1 5’-CCTTTAAGACCACATCCTTTG-3°
673 Nested PCR | IMPF2 5’-CAGTGTATTAAATTAACAATG-3’
IMPR2 5’-CCATCATTACAACTAAAACAT-3’
imp (AP) Direct PCR | IMPF1 5’-CAAATGATAAAGCTGATCAA-3’ Danet ve ark., 2011
IMPR1bis 5’-CAAGACCTTTAAGGCCACATC-3’
670 Nested PCR | IMPF3 5’-GTTTTATGTTATAATAAACAGTG-3’
IMPR3mal | 5>-CAAACTATAGTTAAAATTAAAGC-3’
imp (PD) Direct PCR | IMPF2bis | 5’-GTATTTAGTTACAATTATTTACTAG-3’ Danet ve ark., 2011
IMPR1bis 5’- CAAGACCTTTAAGGCCACATC-3
452 Nested PCR | IMPF3pyr | 5’-AGGAGAAAAAATAATGGAAGC-3’
IMPRA4pyrA | 5-TTGTGTTCTAAAAGTATCAC-3’
Tuf 896 PCR fTuf 5’- GCAAATGGACGCTGGTATTT-3’ Marcone ve ark., 2010

rTuf

5’- ACATTATAGAATGGTTAAATAAGC-3’
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3.3.1. Sonuclarin Analizi

Nested PCR ile ¢ogaltilan her bir izolata ait DNA fragmentlerinin baz
dizileri tayin edilmek tuizere tirlinler baz dizisi tayin eden firmalara génderilmis ve
sonuclar elektronik posta ile alinmistir. Coklu baz dizisi karsilastirmalar1 ClustalW
2.0.11 (Larkin ve ark., 2007) ve filogenetik analizler maximum parsimony metodu
ile MEGA 5.1 (Kumar ve ark., 2001) kullanilarak ger¢eklestirilmistir.

3.4. Biyologjik indeksleme ve patojenin kiiskiit ile tasinmasi

Ca. Phytoplasma prunorum’un biyolojik indekslenmesi i¢in Yalova’dan
temin edieln 3 adet fitoplazma izolati, enfekteli tespit edilen 6rneklerden yama asi
yolu ile GF-305 bitkilerine asilanmistir. Asilamay1 takip eden 4. ayda ve her 2 ayda
bir PCR ile test edilmistir. ilerleyen dénemlerde simptomolojik olarak takip
edilmistir.

Ca. Phytoplasma prunorum’un kiiskiitle taginmasi ic¢in ilk asama olarak
kiiskiit yetistirilmistir. Patojeni kiiskiit ile tasimak i¢in Oncelikle kiiskiit elde
edilmesi i¢in farkli uygulamalar yapilmistir.

1. uygulama: Ocak ayinda kiiskiit bitkisinin tohumlar1 petri igindeki filtre
kagitlarinin tizerine serpilip tizerine steril saf su eklenmis ve bu petrilerden 3
tanesi 20 °C’deki, 2 tanesi 15 °C’deki, 2 tanesi de 26.5 °C’deki inkiibatére
konulup inkiibasyona maruz birakilmistir. Ara ara petrilerdeki nem orani
kontrol edilip gerektiginde steril saf su ilavesi yapilmistir. Inkiibasyon
sonucu Subat ayinda petrilerde kiiskiit gelisimi goézlenmis ve ticari olarak
aliman 6 domates fidesinin yapraklar {izerine petrilerde gelisen kiiskiitler
aktarilip kiiskiitlerin dogal ortamlarda gelismesi amaglanmustir.

2. uygulama Subat ayinda 5 domates fidesi alinip fidelerin diplerine kiiskiit
tohumlar1 atilmis ve domates fidelerinin diplerine atilan kiiskiit tohumlarimin
gelisip domates fidesine sarilmalari amaglanmistir. Goézlemler sonucu
gelisen kiiskiit tohumlarinin domates fidelerinin govdesine sarilip daha sonra

oldugidiir. Nedeni, kiiskiitlerde goriilen mevsimsel dormansidir.
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3. uygulama: 2. Uygulama Temmuz ayinda tekrar edilmistir. Ancak bu kez 15
It’lik saksilara kum-pellet+torf karisimi konulmus ve saksilara kiiskiitiin
konuk¢ularindan olan biber, domates, patlican fideleri ekilmistir. Bu

fidelerin diplerine de kiiskiit tohumlar1 serpilmistir.

Kiiskiit bitkileri gelistirildikten sonra ayni saksi igerisine enfekteli ve saglikli
cezayir meneksesi bitkileri dikilerek kiiskiitiin bu bitkilere sarilmasi saglanmistir.
Diger taraftan asilama ile inokule edilen GF-305 bitkileriyle ayni saksiya saglikli
cezayir menekseleri dikilmis ve kiiskiitlerin bu bitkilere sarilmalar1 saglanmistir. Bu
bitkiler iklim odalarinda 25+£2 °C’de tutulmustur. Saglikli ve enfekteli bitkilere
temast saglanan kiiskiit bitkilerinin etmeni saglikli bitkilere aktarmalari izlenmistir
(Sekil 3.1). Uygulamadan 3 ay sonra ve bunu izleyen her 2 ayda bir saglikli ve
enfekteli bitkilere fitoplazma aktarimini kontrol etmek amaciyla PCR testleri

uygulanmistir. Bitkiler simptomolojik olarak takip edilmistir.

Sekil 3.1. Yonca bitkilerine sarilmis kuiskiit bitkileri
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4. ARASTIRMA BULGULARI ve TARTISMA

4.1. Ca. Phytoplasma prunorum teshisi calismalar:

Ca. Phytoplasma prunorum (European stone fruit yellows, ESFY = Avrupa sert
cekirdekli meyve sariligl) fitoplazmasinin genetik ¢esitliliginin  belirlenmesi
amaciyla projenin toplam 27 kayisi, 52 seftali 22 erik ve 6 adet yabani erik olmak
tizere Isparta, Hatay, Yaova, Mersin, Nigde, Mugla, Burdur ve Malatya illerinden
bitki 6rnekleri temin edilmistir (Cizelge 4.1). Temin edilen toplam 107 adet bitki
orneginden DNA ekstraksiyonlar1 yapilarak fitoplazma enfeksiyonlar1 agisindan
PCR islemine tabi tutulmustur. Bu testler sonucu 8 kayisi, 10 seftali, 7 erikte
fitoplazma infeksiyonu belirlenirken yabani eriklerde tespit edilmemistir (Sekil 4.1).
Tespit edilen bu fitoplazmalardan elde edilen PCR {iriinlerinin restriksiyon
endoniikleazlarla kesilmesi ile Ca. Phytoplasma prunorum infeksiyonlar: teyid
edilmistir. Bu islemlerde kontrol amaciyla AP ve PD pozitif ornekleri de
kullanilmistir. FO1/R01 PCR fiiriinlerinin Rsal ve Sspl restriksiyon enzim ile
kesilmesi sonucu 10 fitoplazmaizolati ESFY, 5 fitoplazma izolati ise AP’ye benzer
band profili vermistir. Hi¢bir izolat PD profilleri ile ayn1 sonucu vermemistir (Sekil
4.2). Arastirilan izolatlar arasinda AP benzeri band profillerinin tespit edilmesi bu
agaclarda Ca. Phytoplasma mali enfeksiyonunu gostermektedir. Sert g¢ekirdekli
meyve agacglarinda Ca. Phytoplasma mali infeksiyonlar1 daha once de rapor

edilmistir (Mehle ve ark., 2007).

M 81 B2 #H3 B4 BE BE @7 HE # 930 M 'BZE-'&B-‘E&EE::FPD-K

'

Sekil 4.1. Mersin ilinden toplanan 6rneklerin PCR ile fitoplazma testi sonuglarindan
bir jel goriintiisii. M 100 bp DNA ladder, ES (ESFY), PD ve AP pozitif
kontrol, -K negatif kontrol.
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Cizelge 4.1. Farkli illerden temin edilen bitki drnekleri ve fitoplazma ile enfeksiyon

durumlari.
Bitki ¢esidi Toplam
il iige, koy | Kayist Seftali Erik Yabani erik
topla Topla
m | ESFY [toplam| ESFY |toplam| ESFY | toplam | ESFY m Fitoplazm
Poziti
ornek | pozitif | 6rnek | pozitif | ornek f ornek | pozitif | Ornek Pozitif
Nigde | Camardi 2 0 2 0 0 0 3 0 7 0
Ulukisla 5 0 6 0 3 1 0 0 14 1
Konya | Karaman 4 0 2 0 0 0 0 0 6 0
Bozkir 2 0 4 0 3 0 0 0 9 0
Burdur | Sogiit 0 0 3 3 5 1 0 0 8 4
Mut,
Mersin | Kirovasi 3 30 7 11 5 3 0 53 15
Isparta | Egirdir 5 5 0 0 0 0 0 0 5 5
Ydova | Merkez 0 0 5 0 0 0 0 0 5 0
Topla
m 27 8 52 10 22 7 6 0 107 25

C 0 RDRDR T

Sekil 4.2. Sert ¢ekirdekli meyve agaclarindan elde edilen fitoplazma izolatlarinin
PCR iiriinlerinin Rsal ve Sspl restiriksiyon endoniikleaz enzimleri ile kesimi
sonucu olusan band profilleri. M 100 bp DNA ladder mix, ES ESFY, PD ve
AP pozitif kontrol, -E enzim igermeyen negatif kontrol.
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4.2. Kiiskiit ile tasima calismalar:

Kiiskiit gelistirmek amaciyla uygulanan 1. ve 2. uygulamalar sonucu kiiskiit
gelistirilememistir. Bunun nedeni, kiiskitlerin canli bir konuk¢u olmadan
gelisimlerini siirdiirememeleri veya kiiskiitlerde goriilen mevsimsel dormansidir.
Uyulanan 3. yontemde saksilardaki kiiskiitlerin gelistigi ve biber, domates, patlican
fidelerine sarilip biiyiidiigii gozlenmistir (Sekil 4.3).

Saglikli

Sekil 4.3. a) Enfekteli ve saglikli bitki arasinda képrii olusturan kiiskiit, b) Cezayir
meneksesi ve GF-305 bitkilerine sarilan kiiskiitler, c¢) Kiiskiit ile tasima
calismasindan genel bir gériinim
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Kiiskiitlerin koprii olusturmasindan 3 ay sonra yapilan PCR testlerinde saglikli

cezayir meneksesinde enfeksiyon tespit edilememistir. Bu testler besinci ve yedinci
aylarda da tekrar edilmis ancak gerek enfekteli bitkide gerekse saglikli bitkide Ca.
Phytoplasma prunorum tespit edilmemistir. Bu stirecte bitkilerde de herhangi bir
simptom gozlenmemistir. Bu durum, fitoplazma konsantrasyonunun gerek sert
¢ekirdekli meyve agaglar1 olan konukgularinda gerekse Cezayir meneksesinde her
donemde bitkide yiiksek oranda olmamasindan kaynaklanabilir. Iklim odasinda
kontrollii kosullarda tutulan bitkilerin dogal kosullara alindig: taktirde sicak yaz
aylarinda fitoplazma konsantrasyonlarinin artmasi beklenebilir.

GF-305 bitkilerine asilama ile inokule edilen 3 adet Ca. Phytoplasma
prunorum izolatinin, inokulasyondan 6 ay sonra yapilan PCR testlerinde pozitif
sonuclar alinmistir (Sekil 4.4). Bu bitkilerin inokulasyondan 6 ay sonra verdigi
simptomlar, bodurlagsma, yaprak ayalarinin kiiciilmesi, yapraklarin seyreklesmesi,
yapraklarda sarilik ve kirmizi lekeler seklinde kaydedilmistir (Sekil 4.5). Bu
enfekteli bitkiler daha sonra kiiskiit ile fitoplazmanin GF-305 bitkilerinden saglikli
cezayir menekselerine tasinmasinda da kullanilmistir. Ancak cezayir meneksesinden
cezayir meneksesine tasima calismasinda oldugu gibi bu uygulamada da saglikli

menekselerde enfeksiyon tespit edilememistir.

M1 2 3456 7 8 91011 12 13 14 15 16 17 1819 PD APES W

Sekil 4.4. Arazide Ca. Phytoplasma prunorum ile enfekteli oldugu tespit edilen
bitkilerin GF-305 bitkilerine as1 ile inokulasyonu sonucu elde edilen pozitif
sonuglar, 10 ve 11 nolu 6rnekler, M 100 bp DNA ladder, PD armut yikim
pozitif kontrol, AP elma ¢oklu siirgiin, ES Avrupa sert ¢ekirdekli meyve

sar1lig1 pozitif kontrol.



Sashkl

Sekil 4.5. Ca. Phytoplasma prunorum inokule edilen GF-305 bitkilerinde goriilen

bodurlagma ve yaprak ayalarinin kiigiilmesi simptomlari

4.3. Genetik cesitlilik calismalar:

Ca. Phytoplasma prunorum fitoplazmasimnin imp geni markérlart ile PCR
islemleri sonucu 12 adet ESFY izolatinin niikleik asit dizisi ¢ogaltilabilmistir. ESFY
fitoplazmasinin izolatlar1 ayn1 zamanda imp geninin AP ve PD spesifik primerleri ile
de PCR islemine tabi tutulmus ve bu islemlerde PD spesifik primerlerle hic DNA
cogalmast olmazken, 4 adet ESFY izolatinda AP spesifik primerlerle de DNA
cogalmasi saglanmistir.

ESFY izolatlarinin diger markir genlerle yapilan PCR islemlerinde aceF ile 10
adet, Pnp ile 9 adet, SecY ile 7 izolatta DNA ¢ogalmalar1 ger¢eklesmistir (Cizelge
4.2). Tuf geni spesifik primerlerle ESFY izolatlarinin tamaminda herhangi bir DNA
cogalmasi olmamistir. Bu nedenle, filogenetik analizlerde bu gen kullanilamamistir.

Imp, aAceF, pnp ve secY genlerine spesifik primerlerle ESFY izolatlarindan elde
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edilen toplam 38 DNA fragmenti DNA dizilimi yapilmak tizere DNA dizileme

hizmeti veren firmalara gonderilerek c¢ift yonlii olarak DNA dizileri okutulmustur.

Yalova’dan 3, Mersin’den 5, Isparta’dan 1 oOrnekte c¢ogalan ESFY
fitoplazmasimnin imp geni bdolgesi, gen bankasina kayith diger fitoplazma
izolatlarinin imp geni bolgesiyle filogenetik analize tabi tutulmustur (Sekil 4.6).
Analiz sonucunda iilkemizden elde edilen izolatlarin diger Ca. P. prunorum
izolatlar1 ile birlikte bir grup olusturdogu Ca. P. pyri ve Ca. P. mali izolatlarindan
yiiksek bootstrap degerleriyle ayrildig1 belirlenmistir.

Ca. P. mali izolatlarina 6zgii imp geni primerleri ile elde edilen DNA
fragmentlerinin (Fito3 ve Fitod) filogenetik analizinde bu izolatlarin da Ca. P.
prunorum oldugu belirlenmistir. Elde edilen DNA dizilerinin ¢oklu karsilastirmalari
incelendiginde Fito3 ve Fito4 izolatlarmin DNA dizilerinin Ca. P. prunorum
izolatlar ile ayn1 oldugu goriilmektedir (EK 1). Ca. P. prunorum Avrupa, Tiirkiye
ve Azerbaycan’dan temin edilen {i¢ fitoplazmaya ait izolatlariyla daha 6nce yapilan
bir ¢alismada bu fitoplazmalar arasinda 30 farkli genotip (I1-130) tespit edilmistir
(Danet ve ark., 2011). Ulkemiz izolatlariyla yapilan analizlerde ise arastirilan
izolatlar, imp genlerine gore belirlenen toplam 30 genotipten (I11-130) 13 genotipine
(2 adet Mersin izolat1), ve 126 genotipine (3 Yalova, 3 Mersin, 1 Isparta) dahil
olmustur. Bu genotiplerden 126 grubu izolatlar sadece Tiirkiye’de bulunmakta olup
Avrupa’da tespit edilememistir ve ¢alisilan izolatlarin 7/9’u bu gruba girmektedir. 13
genotipi ise sadece bir Almanya izolatinda belirlenmis olup ¢alisilan izolatlardan
2/9’u bu gruba girmistir. Analiz edilen Tiirkiye ESFY izolatlarinin imp genine gore

Avrupa izolatlarindan farklilik gosterdigi goriilmektedir (Sekil 4.7).
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Cizelge 4.2. Kayis, erik ve seftali agaglarindan elde edilen ESFY fitoplazmasi izolatlarinin genetik ¢esitlilik ¢alismasinda markir genlere

Ozgii primerlerin PCR ile ¢ogaltma yaptigi Ca. Phytoplasma prunorum izolatlar ve izolatlarin adlandirilmalari

izolatk Imp |izolat| Imp |izolat Imp AceF | izolat | Pnp | izolat SecY izolat
no |Bitki ¢esidi| il f2/r2| adr | F3/mal | adi |F3pyr/pyrA|f2/r2| adi |f2/r2| adi |[MalF2/R2| adi
E Kayis1 |Yaova| + E - - - + |Fito26| + |Fito62 - -
ES5 Kayisi |Yaova| + ESS5 + Fitol - + |Fito27| + |Fito63 + Fito90
ES6 Erik Yaova| + ES6 + Fito2 - + |Fito28| + |Fito64 + Fito91
ES10 Kayisi |Mersin| + | ESI10 -- - - + |Fito29| + |Fito65 + Fito92
ES11 Kayisi |Mersin| + | ESI11 - - - + |Fito30| + |Fito66 + Fito93
ES12 Kayisi |Mersin| + | ES12 - - - + |Fito35| + |Fito70 - -
ES13 Kayisi |Mersin| + | ES13 - - - - - - - - -
ES37 Seftai  |Mersin| + | ES37 - - - - - - - - -
ES38 Seftali |Mersin| + | ES38 - - - + |Fito3l]| - - - -
ES39 Erik Mersin| + | ES39 - - - + |Fito32| + |Fito67 + Fito94
EA3 Kayis1 |lsparta| + | ESA3 + Fito3 - + |Fito33| + |Fito68 + Fito95
E45 Erik [Haay | - - + | Fito4 - - - - - - -
ESFY | cezayir |ltalya + |ESFY - - - + |Fito34| + |Fito69 + Fito96
kontrol | meneksesi
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ES43
FHED0T20 ETKYA1S
ES38
ES12
b2 | ES6
ESD
it
Fita3
ES4
|—E5| 1
EEFY
FHE00TOT ESFY
FHEOOTOS PRUAS
AF 400587
FHBO0T15
FHE00T 14
FNBOOT13 SMY
FHNB00T12
FHB007T11
ad ES10
ESaa
FNGOOT10
FNBDOTOD W.BEAD

Candidats B as | FHGODOT10
FHGOOTF18
FHGTI1T
FHGOO719
FHSUOT2T POSPAZ
FMEOD T2 PO
FMEBO0T25 P D33k
FHNGD0F29 P IHRLAG
FREOOTFZE  PIHRKTY
FHGIOTF24 121018
FHME0OT22 PD20
36 | FNE0OOT21 PO2B0-4
gu | FNESBS01 10/93-2 9
FHE58491 17/93-3.9
FHE584095 1493-1.4
FHAS849T 149315
FHG58488 14/93-1.3
FHESE500 14/953-1_1
FHESS49D 14/93-1.2
FHESSR0Z2 10/03-2 3
FHE58503 10003-2 18
FRO3E504 10/803-2 15
rr FHOSE494 179311
FHESR496 14/03-1 6
FHE58493 17/M93-3.5
FHNESBADZ 17/93-3.7
FHES8490 1793-P4 1
FHESE487 1/03-2 14b
FHES8486 1/00-2 18
FMNESBABS 1/93-P4.2

Candidatus P, pyri 30

Candiiates P mall

Sekil 4.6. Ca. Phytoplasma prunorum fitoplazmasinin imp geni bolgesinden elde edilen
DNA dizilerinin baz1 Avrupa lilkeleri ve Azerbeycan izolatlar1 ile filogenetik analizi.

Genbankas: dizileri kayit numaralari ve izolat adlart ile birlikte verilmistir.
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izolat  Kaynag Imp
Ad1 (Ulke) genotipi | ES4 IMP
ETKYAISTR 126 ES11 BP
AF400587 UK 12 R
PRU33 FR 12
400cr  FR,CRO,IT,HU 14 i | ETKYATS
WJ3889 DE 13 ES43 IMP
ESFY014 FR 16 ESS IMP
Azerl0  AZE 15 i
MY FR 112
ESFY SpalFR, ESP 111 ES33 MP
T13 FR, CRO, DE,ESP 113 AF400587
13MY  FR, CRO, IT 110 ESFY MP
B7 FR, DE, ESP 19
G2 R I8 RIS
5MY FR 17 T ESFY
ES4 TR (Yalova) 126 - A004cr
ES6 TR (Yalova) 126 | | —
ESI0 TR (Mersin) 13 Frr
ES11 TR (Mersin) 126 'ES30 IMP
ES12 TR (Mersin) 126 ESFY014
ES38 TR (Mersin) 126 _|_ AzeriD
ES39 TR (Mersin) 13 i
E43 TR (Isparta) 126 ___1 MY
ESFY IT (vinkakontrol) 12 ESFYSpal
T3
13MY
B7
G3z2
5MY
—
2001

Sekil 4.7. Ca. Phytoplasma prunorum fitoplazmasinin ilmp geni bolgesinden elde edilen
DNA dizilerinin bazi Avrupa iilkeleri ve Azerbeycan izolatlar1 ile filogenetik
analizi. Tablo kullanilan izolatlarin kaynagi ve genotip sinifin1 gostermektedir. TR
Tiirkiye, FR Fransa, DE Almanya, HU Macaristan, ESP Ispanya, IT Italya, AZE
Azerbeycan, CRO Hirvatistan

Danet ve ark. (2001) yaptiklar1 ¢calismada en yaygin genotipin 11 oldugunu ve bu
genotipin alt1 tilkeden gelen 56 bitki ve bocek orneginde tespit edildigini, 15 ve 16
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genotiplerinin sirasiyla Azerbaycan ve Tiirkiye’den temin edilen izolatlarda
belirlemisler ve bu genotiplerin Avrupa’da tespit edilmedigini bildirmislerdir.

Yalova’dan 3, Mersin’den 5, Isparta’dan 1 6rnekte ¢ogalan Ca. P. prunorum
fitoplazmasinin aceF geni bolgesi, gen bankasina kayith diger fitoplazma izolatlarinin
aceF geni bolgesiyle filogenetik analize tabi tutulmustur (Sekil 4.8). Bu analizlerde 8
izolat Ca. P. prunorum igerisinde toplanirken bir izolat Fito31 Ca. P. mali grubu i¢inde
yer almistir. Bu izolatin ¢oklu dizi karsilastirmalarina bakildiginda (EK 2) elde edilen
bu izolata ait DNA dizilerinin Ca. P. mali izolatlar1 ile ayn1 oldugu goriilmektedir.
Danet ve ark. (2011) yaptiklar1 ¢alismada aceF genine gore {i¢ fitoplazmay1 24 genotipe
ayirmislardir. Ulkemiz izolatlariyla yapilan filogenetik analizde Fito27, Fito28 ve
Fito30 izolatlar1 A5 genotipi, Fito29 ve Fito32 izolatlar1 A6 genotipi, Fito 26 izolat1 ise
A17 genotipi ile aymi grupta yer almistir. Bunlardan A17 izolati Danet ve ark.
(2011)’nin Tirkiye’den temin ettikleri YA15 adl izolatta belirledikleri genotiptir ve
sadece bu izolatta tespit edilen bir genotipdir. Benzer sekilde A6 genotipi igerisinde de
bir Tiirk izolat1 yer almaktadir, bununla birlikte Fransa, Almanya, Hirvatistan ve
Italya’dan da izolatlar bulunmaktadir.

Danet ve ark. (2011) Ca. P. pyri ve Ca. P. prunorum arasinda tiirler arasi
rekombinasyon bildirmistir. Arastiricilar imp, aceF, pnp ve secY genleri ile yaptiklari
cok lokuslu dizi analizlerinde Ispanya ve Azerbaycan’dan temin edilen Ca. P. pyri
izolatlarin hem Ca. P. prunorum hem de Ca. P. pyri genetik markirlarina sahip
olduklarini belirtmislerdir. Ulkemizden Mersin ilinden temin edilen Fito31 izolat: Ca.
P. prunorum imp genlerine sahipken aceF (Sekil 4.8) geni Ca. P. mali genotipi i¢inde
yer almistir. Bu durum Ca. P. prunorum ve Ca. P. mali arasinda tiirler arasi
rekombinasyondan kaynaklanabilir. Sert ¢ekirdekli meyvelerde bu iki fitoplazmanin
karisik infeksiyonlar1 daha 6nceki ¢alismalarda bildirilmistir (Mehle ve ark., 2007). Bu
tip karisik infeksiyonlar tiirler arasi rekOmbinasyonlarin olusmasina sebep
ol abilmektedir.

Ca. P. prunorum izolatlarindan pnp ve secY genlerinden elde edilen DNA
dizilerinin filogenetik analizleri, Ca. P. prunorum, Ca. P. mali ve Ca. P. pyri gruplarinin
olusumunu onaylamistir (Sekil 4.9, 4.10). Her bir tiiriin izolatlar1 bir arada gruplar

olusturmus ve gruplar birbirlerinde yiiksek bootstrap degerleriyle ayrilmstir.
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70 (FM598175 YA15

Fito2g
Fito30
Fito28
Fito27
FN598171 BY
FN598170 40-04Cr
~{Fllr329
64
Fito32
FN598168 GSFY2
FN598167 Psalor
— FN598169 ESFYSpal1
L FN598166 WJ3703-30
FN593173 ESFY
Candidatus P. prunorum LT - FN598172 61-04Cr
— FN598176 EB0-11B
— FMN598174 Azeri
g2 FN598187 AP1LUCA
FMN508185 AP13
FN598184 AT

FN598186 AP032-10
Candidatus P. mali 99 | L FN598188 TN1

98

Fito31
FM598189 NW2

FNS98179 PDZLUCA
FN598181 PHRZG1

FN598182 PTKY

- FN598183 TR1

FMN598180 PHRZIG1

7
?5“7 FN598178 PD121Lib
FN528177 PD

Sekil 4.8. Ca. Phytoplasma prunorum fitoplazmasinin aceF geni bélgesinden elde

Candidatus P. pyri

49

.o

edilen DNA dizilerinin bazi Avrupa iilkeleri ve Azerbeycan izolatlari ile filogenetik

analizi. Genbankasi dizileri kayit numaralar1 ve izolat adlar ile birlikte verilmistir.
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Danet ve ark. (2011) yaptiklar1 ¢alismada bu {i¢ fitoplazma tiiriiniin pnp ve secY
analizlerinde genetik farkliligin imp ve aceF genlerine gore daha az oldugunu
bildirmisler, pnp geni ile 15 secY geni ile 12 genotip belirlemislerdir. Buna gore
tilkemiz izolatlar1 yapilan filogenetik analizlerde P1 ve P2 pnp genotiplerine ve S1, S2
ve S3 secY genotiplerine dahil olmuslardir (Sekil 4.9, 4.10).

FN598198 PHRZG1
L FN598106 PD36AZ

| FNS98199 PIHRZGH

95 FN598195 PD356-1

FN598192 PD
Candidatus P. pyri g9 FN598194 PD84

FN598193 PD121Lib
FN598197 PD2LUCA
— FN598204 AP1LUCA
Candidatus P. mali FN598203 A32-10
100 |} ens98202 AP28
68  FN598201 AP15
65 L— FN598200 AT
FN598190 W.JB703-30
|- Fito69

Candidatus P. prunorum

100 Fito70

[— FN598191 ESFY

1]
L Fitog8

g5 | Fito&7
FitoB6
FitoB4
Fito62
Fito63

Fito&5

0.005
Sekil 4.9. Ca. Phytoplasma prunorum fitoplazmasinin pnp geni bolgesinden elde edilen
DNA dizilerinin baz1 Avrupa iilkeleri ve Azerbeycan izolatlar1 ile filogenetik

analizi. Genbankasi dizileri kayit numaralar1 ve izolat adlari ile birlikte verilmistir.
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Fito93
Fito94
Fito92
FN508206 ESFY
HM237205 LP
Fito95
L FNse8207 14My
Candidatus P. prunorum 100 IR GRF e
'Fito96
Fito90
nﬂ_| Fito91
100 | FN598212 PD2LUCA
Candidstus P. pyr | FN598208 PDSpa2
FN598209 PD36AZ
P —{FNEBBEH PD
98 'FN598210 PD356-1
HM237296 PD
HM237280 AT
— FN598214 AP4LUCA
FN508215 AP032-10
e 4' HM237294 AP15
90| |HM237292 T3
HM237291 P255
* |Hm23729¢ V147
HM237293 T10

97

Candidatus P. mali

99

Sekil 4.10. Ca. Phytoplasma prunorum fitoplazmasinin secY geni bolgesinden elde
edilen DNA dizilerinin baz1 Avrupa tilkeleri ve Azerbeycan izolatlari ile filogenetik

analizi. Genbankasi dizileri kayit numaralar1 ve izolat adlari ile birlikte verilmistir.
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5. SONUCLAR ve ONERILER

Tirkiye’deki sert cekirdekli meyve agaglarinin en onemli fitoplazma hastaligi
Candidatus Phytoplasma prunorum (European stone fruit yellows, Avrupa sert
cekirdekli meyve sariligi; ESFY)’dur. Ulkemizde bu hastaligin molekiiler teshisi
konusunda bazi ¢alismalar bulunmasina ragmen, molekiiler karakterizasyon ve
epidemiyolojik ¢alismalar hala eksiktir. Bu hastaliklarin yayilmasi ve vektorleri
arasindaki iliskiler ile Tiirk izolatlarinin tanilanmasi i¢in daha fazla veriye ihtiyag
duyulmaktadir.

Ca. P. prunorum irklar1 arasinda virtilenslik agisindan biiyiik farklar tespit edildigi
gibi (Kison ve Seemiiller, 2001) genetik varyasyonlar da bildirilmistir. Bcek vektorler,
konukeu vektorler gibi belli bagh biyolojik 6zellikler molekiiler 6zelliklerle birlikte tiir
tanimlamada kullanilmalidir. Son 10 yildaki epidemiyolojik ¢aligsmalar, 16S rRNA gen
dizisine gore ¢ok yakin akraba farkli fitoplazma irklarimi farkli cografik boélgelerde
yetistirilen tritinlere verildiginde farkli ¢esitlerde benzer hastaliklar1 olusturdugunu
gostermistir. Hastalik kontrol yontemlerinin gelistirilmesini kolaylastirmak i¢in farkli
fitoplazma 1rklar1 ve bunlarin tipik ekolojik nisleri arasindaki iligkinin bilinmesi
onemlidir.

Daha 6nce Danet ve ark (2011) tarafindan gelistirilen ¢ok gen lokuslu DNA dizi
analizi ile tipleme yontemi ilkemiz Ca. Phytoplasma prunorum izolatlarina
uygulanmistir. Elde edilen sonuglar daha 6nce yapilan calismalarla uyumlu olmustur.
Ancak Danet ve ark., yaptig1 ¢alismalarda Ca. P. prunorum ile Ca. P. pyri arasindaki
rekombinasyondan farkli olarak iilkemizde Ca. P. prunorum ve Ca. P. mali arasinda
rekombinasyon olabilecegi tespit edilmistir. Calisilan izolatlar arasinda bagka
rekombinasyon belirlenememistir. Daha 6nce Danet ve ark. (2011)‘nin tespit ettigi gibi
imp ve aceF genleri yapilan bu ¢alismada en degisken markor genler olmustur, ancak bu
iki gen tek bagsina kullanilmamalidir. secY ve pnp genlerinde de farkli gruplanmalar
olabilecegi i¢in bu 4 genin bir arada kullanilmasi gereklidir. Tuf geni ise yapilan
calismada tiplemede uygun bulunmamuistir.

Cok gen lokuslu DNA dizi analizi ile tipleme yontemi 6zellikle yabani ve Kkiiltiire

alinan bitkilerin bir arada oldugu bolgelerde epidemiyolojik arastirmalar yapilmasinda
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oldukea elverisli bir yontemdir. Ulkemizde Ca. Phytoplasma prunorum sert cekirdekli
meyve agaglari disinda yabani bitkilerden Prunus spinosa ve yabani Prunus bitkilerinde
de bulunabilmektedir. Ciinkii vektorii olan Cacopsylla pruni bu bitkileri ziyaret ederek
beslenmektedir. Bu beslenmeleri sirasinda patojeni de bu bitkilere aktarabilmektedir.
Cok gen lokuslu DNA dizi analizi ile tipleme yoOnteminin psyllid vektorlere de
uygulanmasi ile Ca. P. prunorum’un yabani bitkilerden mi bahgeye yayildigini tespit
etmek miimkiin olabilmektedir. Bu nedenle, yapilan ¢alismanin devami olarak vektor
psillidlerde de yapilmasi gerekmektedir.

Daha 6nce yapilan ¢alismalarda Tiirkiye’den temin edilen ve kaynagi Cacopsylla
pyri olan Ca. P. pyri izolatinin spesifik bir izolat oldugu, diger Avrupa izolatlarinda
farklilik gosterdigi belirtilmistir (Danet ve ark., 2011). Bunlar dikkate alindiginda
yapilan bu ¢alismanm Ca. P. mali ve Ca. P. pyri’nin gerek bitkilerden ve gerekse vektor
psillidlerden elde edilen izolatlar: ile devam ettirilmesi gerekmektedir. Elde edilecek
veriler, tilkemizde bu etmenlerin epidemiyolojisi hakkinda bilgiler saglayacaktir.

Sonug olarak, analiz edilen Ca. P. prunorum izolatlar1 Avrupa izolatlarindan
farklilk  gostermektedir. Bu  durum, fitoplazmalarin  epidemiyolojilerinin
aciklanmasinda 6nemli rol oynamaktadir. Bu arastirma ile Ca. Phytoplasma
prunorum’un diger iilke izolatlariyla iligkisi arastirilmig olup, benzer ¢alismalarin diger
fitoplazma etmenleri ile de elde edilmes bu etmenlerin epidemiyolgjilerinin

aciklanmasi agisindan faydali olacaktir.
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EKLER

EK 1. Candidatus Phytoplasma prunorum’un imp geninin gen bankasindan saglanan
diger izolat ve Ca. P. pyri ve Ca. P. mali izolatlarinin genleri ile c¢oklu dizi
karsilastirmalari

Fitod IMP T
Fito3 IMP AT
ES4_IMP TAGAATATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
ES5 IMP TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAAAAAAT
ES6 IMP TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGARAAAAAAT
ES10_IMP TAGATTATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
ES11_IMP TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGARAAAAAAT
ES12 IMP TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGARAAAAAAT
ES38 IMP TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGARAAAAAAT
ES39 IMP TAGATTATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
ES43 IMP TAGATTATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
ESFY IMP TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGARAAAAAAT
FN600720 ETKYA15 ———mmmmmmmmmmmmo o TAAAAAATATTCAAAGAGGAGAAAAAAAAT
FN600719 TAGATTATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
FN600718 e TTTAATATAAAAAATATTCAAAGAGGAGAAARAAAAAT
FN600717 TAGATTATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
FN600716 e CAAAGAGGAGAAAAAAAAT
FN600715 --GATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAAAAAAT
FN600714 - TATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAAARAAT
FN600712 e TAATATAAAAAATATTCAAAGAGGAGAAAAAAAAT
FN600711 TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAGAAA-T
FN600710 TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAAAAAAT
FN600708 PRU33 TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAAAAAAT
FN600709 WJ3889 TAGATTATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
FN600707 ESFY ————- TATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAAAAAAT
AF400587 TAGATTATTATAATTTAATATAAAAAATATTCAAAGAGGAGAAAAAAAAT
FN600713 5MY TAGATTATTATAATTTAATATAARAAATATTCAAAGAGGAGARAAAAAAT
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Fitod4 IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
Fito3 IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
ES4 IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
ESS5_IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
ES6_IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
ES10 IMP AATGGAAACAAACCAACAAAAAATGCTTACAGCAGTTGGGTCAATTTTTG
ES11 IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
ES12 IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
ES38 IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
ES39 IMP AATGGAAACAAACCAACAAAAAATGCTTACAGCAGTTGGGTCAATTTTTG
ES43 IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG

ESFY IMP AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
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AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGCAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTACAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTACAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
AATGGAAACAAACCAACAAAAAATGCTTATAGTAGTTGGGTCAATTTTTG
—--TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTGTAC
——TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTGTAC
—-—-TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTGTAC
—--TTATTGCAAATTTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—-—-TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTGTAC
—-—-TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTGTAC
—-—TTATTGCAAATTTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—--TTATTGCAAATTTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
--TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
——-TTATTGCAAATTTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—-—TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—--TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—--TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—-—TTATTGCAAATTTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—-—TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
—--TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
--TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
——TTATTTCAAATCTA-AAGCAGTTTTTATTTGTGTT--TTAAATTTTGG
————————— AAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG
————————— AAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG
————————— AAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG
AATGGAAGCAAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG
————————— AAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG
————————— AAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG
————————— AAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG
————————— AAATCAACAAAAAATACTTATAGGTGTTGGTTCAGTTGTTG

GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTTTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTATCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTGTTTTAGCTTGGTCTATGAGTTTTTGGC
GTATGCGTCAATGATTTTTTTTATTTCACCTTGAACTGTGGTTTTATTAG
GTATGCGTCAATGATTTTTTTTATTTCACCTTGAACTGTGGTTTTATTAG
GTATGCGTCAATGATTTTTTTTATTTCACCTTGAACTGTGGTTTTATTAG
GTATTCGTCAATGATAATTTTTATTTCACCTTGAACTGTGGCTTTATTAG
GTATGCGTCAATGATTTTTTTTATTTCACCTTGAACTGTGGTTTTATTAG
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GTATGCGTCAATGATTTTTTTTATTTCACCTTGAACTGTGGTTTTATTAG
GTATTCGTCAATGATAATTTTTATTTCACCTTGAACTGTGGCTTTATTAG
GTATTCGTCAATGATAATTTTTATTTCACCTTGAACTGTGGCTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTATTCGTCAATGATAATTTTTATTTCACCTTGAACTGTGGCTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTATTCGTCAATGATAATTTTTATTTCACCTTGAACTGTGGCTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTATTCTTCAATGATAATTTTTATTTCATTTTGAACTGCGGTTTTATTAG
GTGTT--TTAGTTTTATATTTTATTTTGGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTATTTTGGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTATTTTAGCTTGGTCTATGAGTTTTTGGC
GTGTC--TTAATTTTAATTATAGTTTAGGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTATTTTGGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTATTTTGGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTATTTTGGCTTGGTCTATGAGTTTTTGGC
GTGTT--TTAGTTTTATATTTTATTTTGGCTTGGTCTATGAGTTTTTGGC

CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAATGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTTTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
CTTTTTCTGTAGAATTAAATAAACAAGAAATTTTTTCAAGTGAGTTGAAT
TGTCTGCTTTCCAA--AAATCGTCATTATGGTT-TACTAATAATGTTTGG
TGTCTGCTTTCCAA--AAATCGTCATTATGGTT-TACTAATAATGTTTGG
TGTCTGCTTTCCAA--AAATCGTCATTATGGTT-TACTAATAATGTTTGG
TGTCTGCTTTCAAA--AAAGATTCGTCATGTTT-TGCTAATAATTCTTGG
TGTCTGCTTTCCAA--AAATCGTCATTATGGTT-TACTAATAATGTTTGG
TGTCTGCTTTCCAA--AAATCGTCATTATGGTT-TACTAATAATGTTTGG
TGTCTGCTTTCAAA--AAAGATTCGTCATGTTT-TGCTAATAATTCTTGG
TGTCTGCTTTCAAA--AAAGATTCGTCATGTTT-TGCTAATAATTCTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG
TGTCTGCTTTCAAA--AAAGATTCGTCATGTTT-TGCTAATAATTCTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG
TGTCTGCTTTCAAA--AAAGATTCGTCATGTTT-TGCTAATAATTCTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG
TGTCTGCTTTCCAA--AAATCGTCGTTATGTTC-TACTAATAATTTTTGG

CTTTC----—-- GGAATAGACGAACAAAAAGTTTATAACGATGACCTTAAA
CTTTC—-————-— GGAATAGACGAACAAAAAGTTTATAACGAAGACCTTAAA
CTTTTAAT---GGAATAGATGAACAAAAAGTTTATAACGAAGAGCTTAAA
CTTTC----—-- GGAATAGACGAACAAAAAGTTTATGACAATGACCTTAAA
CTTTC----—-- GGAATAGACGAACAAAAAGTTTATGACAATGACCTTAAA
CTTTC—-————-— GGAATAGACGAACAAAAAGTTTATAACGACGACCTTAAA
CTTTC—-————-— GGAATAGACGAACAAAAAGTTTATAACGAAGACCTTAAA
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CTTTC—-————-— GGAATAGACGAACAAAAAGTTTATAACGAAGACCTTAAA

TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGACTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGACAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGACAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGACAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGACAATGTTTTTGCAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGACAATGTTTTTGCAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTGCAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAGTATTTTTTCAAAAGC
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGAAAATGTTTTTACAAAAGT
TTAACATT---AGATTCAAATTCATTAGGAGACAATGTTTTTGCAAAAGT

TTGTCTGT----AATTTCTTTCAATGATGCAGAGGCTGAATCAAAAGATG
TTGTCTGT----AATTTCTTTCAATGATGCAGAGGCTGAATCAAAAGATG
TTGTCTGT----AATTTCTTTCAATGATGCAGAGGCTGAATCAAAAGATG
TTGACTTT----AATTTTTCCCAATGATTCAAAGGCTAAATCAAAAGATG
TTGTCTGT----AATTTCTTTCAATGATGCAGAGGCTGAATCAAAAGATG
TTGTCTGT----AATTTCTTTCAATGATGCAGAGGCTGAATCAAAAGATG
TTGACTTT----AATTTTTCCCAATGATTCAAAGGCTAAATCAAAAGATG
TTGACTTT----AATTTTTCCCAATGATTCAAAGGCTAAATCAAAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG
TTGACTTT----AATTTTTCCCAATGATTCAAAGGCTAAATCAAAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG
TTGACTTT----AATTTTTCCCAATGATTCAAAGGCTAAATCAAAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG
TTGTCTGT----AATTTTTTTCAATGATTCAACGGCTGAATTATAAGATG

ATATCATTTACAGATGAAAATTCAGAAGTAACTAGCATTTATGCAAAAAC
ATATCATTTACAGATGAAAATTCAGAAGTAACTGGCATTTATGCAAAAAC
ATATCATTTACAGACAAAGATGCAGAAGTAAATAGCATTTATGAAAAATC
ATAACATTTACAGATAAAGATGCAGAAGTAAATAGCATTTATGAAAAAAC
ATAACATTTACAGATCAAGATGCAGAAGTAAATAGCATTTATGAAAAAAC
ATATCATTTACAGATGAAAATTCAGAAGTAACTGGCATTTATGCAAAAAC
ATATCATTTACAGATGATAATTCAGAAGTAACTAGCATTTATGCAAAAAC
ATATCATTTACAGATGATAATTCAGAAGTAACTAGCATTTATGCAAAAAC

TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG



FN600714
FN600712
FN600711
FN600710
FN600708 PRU33
FN600709 WJ3889
FN600707 ESFY
AF400587
FN600713_5MY

FN658504maliimpl0/93-2.
FN658503maliimpl0/93-2.
FN658502maliimpl0/93-2.
FN658501maliimpl0/93-2.
FN658500maliimpl4/93-1.
FN658499maliimpl4/93-1.
FN658498maliimpl4/93-1.
FN658497maliimpl4/93-1.
FN658496maliimpl4/93-1.
FN658495maliimpl4/93-1.
FN658494maliimpl7/93-1.
FN658493maliimpl7/93-3.
FN658492maliimpl7/93-3.
FN658491maliimpl7/93-3.
FN658490maliimpl/93-P4.

w =
o o

O J U >OYU WN WO

1

FN658487maliimpl/93-2.14b
FN658486maliimpl/93-2.18

FN658485maliimpl/93-P4.

FN600729pyriimpPIHRZG1
FN600728pyriimpPIHRKT1

2

FN600727pyriimpgenePDSPA2

FN600726pyriimpPD
FN600725pyriimpPD331ib
FN600724pyriimpl21LIB
FN600722pyriimpPD20
FN600721pyriimpPD280-4

Fito4 IMP
Fito3 IMP

ES4 IMP

ES5 IMP

ES6 IMP

ES10 IMP

ES11 IMP

ES12 IMP

ES38 IMP

ES39 IMP

ES43 IMP

ESFY IMP
FN600720 ETKYA15
FN600719
FN600718
FN600717
FN600716
FN600715
FN600714
FN600712
FN600711
FN600710
FN600708 PRU33
FN600709 WJ3889
FN600707 ESFY
AF400587
FN600713 5MY

FN658504maliimpl0/93-2.
FN658503maliimpl0/93-2.
FN658502maliimpl0/93-2.
FN658501maliimpl0/93-2.
FN658500maliimpl4/93-1.
FN658499maliimpl4/93-1.
FN658498maliimpl4/93-1.
FN658497maliimpl4/93-1.
FN658496maliimpl4/93-1.
FN658495maliimpl4/93-1.
FN658494maliimpl7/93-1.

w e
o o

s oy wN e o

53

TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TGTTG---CAGAAAGAAAAAAAAATTTACAAGAACAAGTAACTAAAAAAG
TTTTTTTATCGCCGTCAGTAATTTTTGGTGTCGTTAATTTATTAGCCAAT
TTTTTTTATCGCCGTCAGTAATTTTTGGTGTCGTTAATTTATTAGCCAAT
TTTTTTTATCGCCGTCAGTAATTTTTGGTGTCGTTAATTTATTAGCCAAT
CTTTTTTATCGCCTTCAGTAATTTTTGGTTCAATTAATTGATCAGCCCAT
TTTTTTTATCGCCGTCAGTAATTTTTGGTGTCGTTAATTTATTAGCCAAT
TTTTTTTATCGCCGTCAGTAATTTTTGGTGTCGTTAATTTATTAGCCAAT
CTTTTTTATCGCCTTCAGTAATTTTTGGTTCAATTAATTGATCAGCCCAT
CTTTTTTATCGCCTTCAGTAATTTTTGGTTCAATTAATTGATCAGCCCAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
CTTTTTTATCGCCTTCAGTAATTTTTGGTTCAATTAATTGATCAGCCCAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
CTTTTTTATCGCCTTCAGTAATTTTTGGTTCAATTAATTGATCAGCCCAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
TTGTTTTATCGCCTTCAGTAATTTTTGGTGTTATTAATTTATTAGCCAAT
AAAAGAAGTAGACAGAAAACAAGAATTAAAAGATAAAATAACTAGCAAAG
AACTGAAGAAGACAGAAAAAAAGAATTACAAGATAGAGTAATTAACAAAG
AACAGAATCAGAGAGAAAACAAGTATTAACAAGTAGAGTAATTGAAAAAG
AAAAGAATCAGAAAGAAAACAAGTATTAAAAGATAGAGTAACTAGCAAAG
AAAAGAATCAGAAAGAAAACAAGTATTAAAAGATAGAGTAACTAGCAAAG
AACTGAAGCAGAGAGAAAAAAAGAATTACAAGATAGAGTAACTAACAAAG
AACTGAAGCAGAGAGAAAAAAAGAATTACAAGATAGAGTAACTAACAAAG
AACTGAAGCAGAGAGAAAAAAAGAATTACAAGATAGAGTAACTAACAAAG

TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATTTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATTTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TTGAATCATTTATAACATCTGCTAACAAATTATTAACAA---CAGAAC--
TCAACCAATTTATTAACTTTGTTATCTA--TAAATCCTTCTTTAAATTGT
TCAACCAATTTATTAACTTTGTTATCTA--TAAATCCTTCTTTAAATTGT
TCAACCAATTTATTAACTTTGTTATCTA--TAAATCCTTCTTTAAATT--
TCGACCAATTTATTAACTTTTTTAGCCA--TAAAATCTTCTTTAAAATAT
TCAACCAATTTATTAACTTTGTTATCTA--TAAATCCTTCTTTAAATTGT
TCAACCAATTTATTAACTTTGTTATCTA--TAAATCCTTCTTTAAATTGT
TCGACCAATTTATTAACTTTTTTAGCCA--TAAAATCTTCTTTAAAATAT
TCGACCAATTTATTAACTTTTTTAGCCA--TAAAATCTTCTTTAAAATAT
TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
TCGACCAATTTATTAACTTTTTTAGCCA--TAAAATCTTCTTTAAAATAT
TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
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TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
TCGACCAATTTATTAACTTTTTTAGCCA--TAAAATCTTCTTTAAAATAT
TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
TCGACCAATTTATTAACTTTTTTATCTA--TAAATTCTTCTTTAAATT--
TTGAAGATTTTTTAAAAGCTGCAAATAAATTACAACCAAAAACAGAAC--
TTGAAGATTTTGTAAAAGCTGCAAAAAAATTAAAACCAAACACAGAAC--
TTGATAATTTTATAACAGCTGCAAAAAAATTAAAACCAAACACAGAAC--
TTGAAGATTTTGTAAAAGCTGCAAAAAAATTAAAACCAAACACAGAAC--
TTGAAGATTTTGTAAAAGCTGCAAAAAAATTAAAACCAAACACAGAAC--
TTGACGATTTTGTAAAAGCTGCAAAAAAATTAAAACCAAACACAGAAC--
TTGACGATTTTGTAAAAGCTGCAAAAAAATTACAACCAAACACAGAAC--
TTGACGATTTTTTAAAAGCTGCAAAAAAATTACAACCAAACACAGAAC--

—-CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAAACCTGTTTAACCTAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACGAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—-CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
—CTGATGCACAAGATAAAAAAACCCTGTTTAACCAAGCAAAAGAATCATT
TTTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTTC
TTTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTTC
-TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTTC
TTGATTCTATCAGCTGGTAGTGTTTTATTAAAAATGGCATTTGTTTCTGC
TTTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTTC
TTTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTTC
TTGATTCTATCAGATGGTAGTGTTTTATTAAAAATGGCATTTGTTTCTGC
TTGATTCTATCAGATGGTAGTGTTTTATTAAAAATGGCATTTGTTTCTGC
—TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
TTGATTCTATCAGATGGTAGTGTTTTATTAAAAATGGCATTTGTTTCTGC
-TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
-TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
—TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
TTGATTCTATCAGCTGGTAGTGTTTTATTAAAAATGGCATTTGTTTCTGC
-TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
-TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
—TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
—TTTTTCTCTCAGTTGCT---GTTTTACTAAAAATGGTATTTGTTTCTGC
—-CTAAAGAAGAAAATAAAAAAATATCTTTTAATGCAGCCAAAACAGCACT
—-CTAAAGAAGAAGATAAAAAAACATCTTTTAATGCAGCCAAAACAGCACT
—-CTAAAGAAGAAGATAAAAAACAATCTTTTAATTCAGCCAAAAAAGCACT
—-CTAAAGAAGAAGATAAAAAAACATCTTTTAATGCAGCTAAAACAGCACT
—-CTAAAGAAGAAGATAAAAAAAAATCTTTTAATGCAGCTAAAACAGCACT
—-CTAAAGAAGAAGATAAAAAAACATCTTTTAAAGCAGCCGAAACAGCACT
—CTAAAGAAGAAGATAAAAAAACATCTTTTAATACAGCCAAAACAGCACT
—-CTAAAGAAGAAGATAAAAAAACATCTTTTAATACAGCCAAAACAGCACT

AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
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AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAAAATTAACAGATTATAC---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAATAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGCAAATAAAACATTAACAGATTATAA---TGAAG
AGGGAAAATTAAAACAGAAAATAAAACATTAACAGATTATAA---TGAAG

TGCGTCAGTTCCAAATGTTATTTTGTTGCTA--AGATCATC----AAAAA
TGCGTCAGTTCCAAATGTTATTTTGTTGCTA--AGATCATC----AAAAA
TGCGTCAGTTCCAAATGTTATTTTGTTGCTA--AGATCATC--—--AAAAA
TACTTCAGTGTCAAATGTTATTTTG---CTA--AATTCATCGGT-AAAAA
TGCGTCAGTTCCAAATGTTATTTTGTTGCTA--AGATCATC----AAAAA
TGCGTCAGTTCCAAATGTTATTTTGTTGCTA--AGATCATC----AAAAA

TACTTCAGTGTCAAATGTTATTTTG---CTA--AATTCATCAGT-AAAAA
TACTTCAGTGTCAAATGTTATTTTG---CTA--AATTCATCAGT-AAAAA

TACTTCATTTTCAAATGTTATTTTG---CTA--AGATCATC----AAAAA
TACTTCAGTGTCAAATGTTATTTTG---CTA--AATTCATCAGT-AAAAA
TACTTCATTTCCAAATGTTATTTTG---CTA--AGATCATC----AAAAA
TACTTCATTTTCAAATGTTATTTTG---CTA--AGATCATC----AAAAA
TACTTCATTTTCAAATGTTATTTTG---CTA--AGATCATC----AAAAA
TACTTCAGTGTCAAATGTTATTTTG---CTA--AATTCATCGGT-AAAAA
TACTTCATTTTCAAATGTTATTTTG---CTA--AGATCATC----AAAAA
TACTTCATTTTCAAATGTTATTTTG---CTA--AGATCATC----AAAAA
TACTTCATTTTCAAATGTTATTTTG---CTA--AGATCATC----AAAAA
TACTTCATTTTCAAATGTTATTTTG---CTA--AGATCATC----AAAAA

TGAAGAAATTGAAAAAAATCAAAAATTATTAAAAGAACATGC---AGATG
TGAAAACATTGAAGAAAATCAAAAATTATTAAAAAAACATACTACAGATG
TGATGAAATTGAAAAAAATCAAAAATTATTAAAAGAACATGC---AGATG
TGAAGAAATTGAAAAAAATCAAAAATTATTACAAGAACATCC---AGATG
TGAAGAAATTGAAAAAAATCAAAAATTATTACAAGAACATCC---AGATG
TAAAGAAATTGAAAAAAATCAAAAATTATTACAAGAACATCC---AAATG
TGCAGAAATTGACAAAAATCAAAAATCATTAAAAGAACATGC---AGATG
TGCAGAAATTGACAAAAATCAAAAATCATTAAAAGAACATGC---AGATG

AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAAAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
ATTTTTTTTCAGAAAGTTCAAAACAAGCATCAACAGCAACCTTAAAAACA
AATTTTTTTCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTTCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTTAAGAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
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AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
AATTTTTTGCAGAAAGTTCAAAAACAGCATCAACAGCAACCTTAAAAACA
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTGTTGTTTACTTTTTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTGTTGTTTACTTTTTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTGTTGTTTACTTTTTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTGTTGTTTACTTTTTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTGTTGTTTACTTTTTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
TTTCTTGTTTACTTTGTGATGAAAAAGGCCAGAAACTAATAGACCAAGCT
ATTTTTTTTCAGTTGCTAAGGAAACACCATCAAAAACAACATTGAAAACT
ATTTTTTTTCAGTTCCTAAGGAAACAACATCAAAAGCAACATTGAAAACT
ATTTTTTTTCAACTACTAATAAAACAACATCAGAACCAAAATTGAAAAAT
AATTTTTTTCAGCTGCTAATGCAACAACATCAAAAGAAAAATTGAAAACT
AATTTTTTTCAGCTGCTAATGCAACAACATCAAAAGAAAAATTGAAAACT
AATTTTTTTCAGCTGCTAATGAAACAACATCAAAAGCAACATTGAAAACT
ATTTTTTTGCACCTACTAAGGAAACAGCATCAAAAGCAACATTGAAAGCT
ATTTTTTTGCACCTACTAAGGAAACAGCATCAAAAGCAACATTGAAAGCT

GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAAACCAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAACATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAACATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGATGAAATTGTAACATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
GATATTAAAAAAGTTGCAGACGAAATTGTAATATTTAAAGAAAATATAAA
AAAATTAAATATAAAACTAAAGCGCCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCGCCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCGCCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCGCCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCGCCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
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AAAATTAAATATAAAACTAAAGCACCAACAAC--TGAACCAACACCTATA
GAAATAAAAGCTATTATTG-——————————————————————————————
GAAATAAAAGCTATTGTTGATAATT-————————————————————————
GAAATAAAAGCTATTATTGATAATT—————————————————————————
GAAATAAAAGCTATTATTGATAATTGTGATACTTTTAGAACACAAATAAA
GAAATAAAAGCTATTATTGATAATT-————————————————————————
GAAATAAAAGCTATTATTGATAATT-——-——————————————————————
GAAATAAAAGCTATTATTGATAATT—————————————————————————
GAAATAAAAGCTATTATTGATAATT—————————————————————————

AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AAATGCTTTTAATTTAAATTAATTTCAATTTTAATATTAAATAAAAAAAT
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-——-——————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-—=-———————=——————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-——=—————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-——=———=—————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-————————————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-——=———=—————————————
AGTATTTTTTTTTGTTGATTTGCTTCCAT-———-———=—————————————

ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTAA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
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ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA
ACTAATCTAATTATCATATATTTATTAAAAAATAAATATATATTTTTTTA

GTTAGTATTTTTTTATTTAATATTAAAATGTTTTAGTTGTAATGATGGTT
GTTAGTATTTTTTTATTTAATATAAAAATGTTTTATTTGTAATGGGGTTT
GTTAGTATTTTTTTATTTAATATTARAA———————————m—m e — —
GTTAGTATTTTTTTATTTAATATTAAA———————————————————————
GTTAGTATTTTTTTATTTAATATTAAA———————————————————————
GTTAGTATTTTTTTATTTAATATTARAA———————————m—mm o — —
GTTAGTATTTTTTTATTTAATATAARAA———————————m—m e — —
GTTAGTATTTTTTTATTTAATATTAAA———————————————————————
GTTAGTATTTTTTTATTTAATATTAAA———————————————————————
GTTAGTATTTTTTTATTTAATATTARAA——————————mm—m e e — —
GTTAGTATTTTTTTATTTAATATTARAA————————————m—m e — —
GTTAGTATTTTTTTATTTAATATAAAA————————————m e —————
GTTAGTATTTTTTTATTTAATATTAAAA——————————————————————
GTTAGTATTTTTATGATTAATATTAAAA——————————————————————
GTTAGAATTTTTTTATTTA-————————————mm e e
GTTAGTATTTTTTTATTTAATATTAAAA——————————————————————
GTTAGTATTTTTTTATTTAATATTAAAA——————————————————————
GTTAGTATTTTTTTATT—————————— e
GTTAGTATTTTTTTATAAT ———————— e
GTTAGTATTTTTTTATTTAATATTAAAATGTTTTAGTTGTA--———————
GTTAGTATTTTTTTATTTAATATTAAAAG-—————————————————————
GTTAGTATTTTTTTATTTAATATTAAAA——————————————————————
GTTAGTATTTTTTTATTTAATATTARAA————————————m—mm e — —

GTTAGTATTTTTTTATTTAATATTAAAATGTTTTAGTTGTAATGATGGTT
GTTAGTATTTTTTTATTTAATATTAAAA-—————————————————————
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EK 2. Candidatus Phytoplasma prunorum’un aceF geninin gen bankasindan saglanan
diger izolat ve Ca. P. pyri ve Ca. P. mali izolatlarinin genleri ile ¢oklu dizi

karsilastirmalari
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FN598175prunorumYAlS
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NNNNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
—NNNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
—————————————— NTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
——NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
——NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
——-NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
—————————————— NTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
NNNNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
—NNNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
—————————————— NTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
NNNNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
——NNNNNNNNNNNNNTTAAAATTGGTGTTAAAGTTAAAGAAGGTGATATT
——NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
——-NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
——-NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
——-NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
—NNNNNNNNNNNNNNTTCAAATCGGTGATAAAGTTAAAGAAGGCGATATT
——NNNNNNNNNNNNNTTAAAATTGGTGATAAAGTTAAAGAAGGTGATATT
—NNNNNNNNNNNNNNTTAAAGTTGGTGATAAAGTTAAAGAAGGTGATATT
—~NNNNNNNNNNNNNNTTAAAGTTGGTGATAAAGTTAAAGAAGGTAATATT
—NNNNNNNNNNNNNNTTAAAGTTGGTGATAAAGTTAAAGAAGGTAATATT
NNNNNNNNNNNNNNNTTAAAGTTGGTGATAAAGTTAAAGAAGGTGATATT
—~NNNNNNNNNNNNNNTTAAAGTTGGTGATAAAGTTAAAGAAGGTAATATT
——-NNNNNNNNNNNNNTTAAAGTTGGTGATAAAGTTAAAGAAGGTGATATT
—NNNNNNNNNNNNNNTTAAAGTTGGTGATAAAGTTAAAGAAGGTGATATT
—NNNNNNNNNNNNNNTTCAAATCGGTGATAAAGTTAAAGAAGGCGATATT
—NNNNNNNNNNNNNNTTCAAATCGGTGATAAAGTTAAAGAAGGCGATATT
—~NNNNNNNNNNNNNNTTCAAATCGGTGATAAAGTTAAAGAAGGCGATATT
—NNNNNNNNNNNNNNTTCAAATCGGTGATAAAGTTAAAGAAGGCGATATT
—NNNNNNNNNNNNNNTTCAAATCGGTGATAAAGTTAAAGAAGGCGATATT
—NNNNNNNNNNNNNNTTCAAATCGGTGATAAAGTTAAAGAAGGCGATATT

TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAAATCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGTTACAGTAGAAACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGTTACTGTAGAAACAGATAAAGTGAATTCAGACGTATCAGCTCCAAT
TTAGCTACTGTTGAGACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGCTACTGTTGAGACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGCTACTGTTGAGACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGCTACTGTTGAGACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGCTACTGTTGAGACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGCTACTGTTGAGACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGCTACTGTTGAGACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGTTACAGTAGAAACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGTTACAGTAGAAACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGTTACAGTAGAAACAGATAAAGTAAATGCAGATTTACCGGCTCCAAT
TTAGTTACAGTAGAAACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGTTACAGTAGAAACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT
TTAGTTACAGTAGAAACAGATAAAGTAAATGCAGATTTACCAGCTCCAAT

AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTAGAAGTTAAAGAAGGCCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
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AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGCCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCCGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGCCAGATGATTTATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGTCAGATGATTTATG
AAATGGTGTTATTACTAAATTAGGAGTTAAAGAAGGTGAAATGATCCATG
AAACGGTTTTATTACTAAATTACAAGTTAAAGAAGGCCAGATGATTTATG
TAACGGTTTTATTACTAAATTAGGTGTTAAAGAAGGCGAAACAATTCATG
TAACGGTTTTATTACTAAATTAGGCGTTAAAGAAGGCGAAACAATTCATG
TAACGGTTTTATTACTAAATTAGGTGTTAAAGAAGGCGAAACAATTCATG
TAACGGTTTTATTACTAAATTAGGTGTTAAAGAAGGCGAAACAATTCATG
TGATGGTTTTATTACTAAATTAGGTGTTAAAGAAGGCGAAACGATTCATG
TAACGGTTTTATTACTAAATTAGGTGTTAAAGAAGGCGAAACAATTCATG
TAACGGTTTTATTACTAAATTAGGTGTTAAAGAAGGCGAAACAATTCATG
AAATGGTGTTATTACTAAATTAGGAGTTAAAGAAGGTGAAATGATCCATG
AAATGGTGTTATTACTAAATTAGGAGTTAAAGAAGGTGAAATGATCCATG
AAATGGTGTTATTACTAAATTAGGAGTTAAAGAAGGTGAAATGATCCATG
AAATGGTGTTATTACTAAATTAGGAGTTAAAGAAGGTGAAATGATCCATG
AAATGGTGTTATTACTAAATTAGGAGTTAAAGAAGGTGAAATGATCCATG
AAATGGTGTTATTACTAAATTAGGAGTTAAAGAAGGTGAAATGATCCATG

TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGCGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGTGATATGGTAGCTATAATAGGTGATGAAATTCATGAAAC———————
TTGGGGATACTATAGCTGTAATAAGTGATAAAATTAATGAAAAAACTAAT
TTGGTGATATGGTAGCTGTAATAAGTGATGAAATTAATGAAAAAACTAAT
TTGGTGATATGGTAGCTGTAATAAGTGATGAAATTAATAAAAAAACTAAT
TTGGTGATATGGTAGCTGTAATAAGTGATGGAATTAATGAAAAAACTAAT
TTGGTGATATGGTAGCTGTAATAAGTGATGAAATTAATGAAAAAACTAAT
TTGGTGATATGGTAGCTGTAATAAGTGATGAAATTAATGAAACAAATAAT
TTGGTGATATGGTAGCTGTAATAAGTGATGAAATTAATGAAAAAACTAAT
TTGGTGATATGGTAGCTGTAATAAGTGATGAAATTAATGAAAAAACTAAT
TTGGTGATATGGTAGCTATAATAGGTGATGAAATTCATGAAAC————-—-——
TTGGTGATATGGTAGCTATAATAGGTGATGAAATTCATGAAAC————-—-——
TTGGTGATATGGTAGCTATAATAGGTGATGAAATTCATGAAAC-———————
TTGGTGATATGGTAGCTATAATAGGTGATGAAATTCATGAAAC———————
TTGGTGACATGGTAGCTATAATAGGTGATGAAATTCATGAAAC————-—-——
TTGGTGATATGGTAGCTATAATAGGTGATGAAATTCATGAAAC————-—-——

TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGATAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGATAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGATAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATCAAGATAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AATTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATAAGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
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TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
——————————— T------——-----—-—---GAATTAAAAAAAGCAGATAA
TTGAATATGA---AAGTATCTAATGAAAATGAATCGCAATATGAAGACAA
TTAAATAATAATAAATTATCTGATGAAAATGAATTAAAACACAAAGATAA
TTAAATACTA---AATTATCTGATGAAAATGAATTAAAACACAAAGATAA
TTAAATACTA---AATTATCTGATGAAAATGAATTAAAACACAAAGATAA
TTAAATAATAATAAATTATCTGATGAAGATGAATTAAAACACAAAGATAA
TTAAATACGA---AATTATCTAATGAAAATGAATTAAAACATAAAGATAA
TTAAATAATAATAAATTATCTGATGAAAATGAATTAAAACACAAAGATAA
TTAAATAATAATAAATTATCTGATGAAAATGAATTAAAACACAAAGATAA

——————————— T-——---——=-———————--GAATTAAAAAAAGCAGATAA
——————————— T-——---——=-———————--GAATTAAAAAAAGCAGATAA
——————————— T-——---——--———————--GAATTAAAAAAAGCAGATAA
——————————— T-—---——--————-——--GAATTAAAAAAAGCAGATAA
——————————— T-—---——--————-——--GAATTAAAAAAAGCAGATAA
——————————— T-——---——--———————--GAATTAAAAAAAGCAGATAA

AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTTGGTGATTTAGAAAATTCTTCTCAAATCA
AGAAGATAATGCAGGAGTAGTAGGTGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTGGGTGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTGGGTGATTTAGAAAATTCTTCTCAAATCA
AGAAGATGATGCGGGAGTAGTGGGTGATTTAGAAAATTCCTCTCAAATTA
AGAAGATGATGCAGGAGTAGTGGGTGATTTAGAAAATTCTTCTCAAATCA
AGAAGATGATGCAGGAGTAGTGGGTGATTTAGAAAATTCTTCTCAAATCA
AGAAGATGATGCAGGAGTAGTTGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTCGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTCGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTCGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTCGGAGATTTAGAAAATTCTTCTCAAATTA
AGAAGATGATGCAGGAGTAGTCGGAGATTTAGAAAATTCTTCTCAAATTA

TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACCTTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTAATGATAATCATGTTTTAAATGAAATTA---ATTTAAGT
TAGAAACATTTGATGATAATCATATTTCAAACGAAATTAATAATTTAAGT
TAGAAACATTTAGTGATAATCATGATTTAAACAAAATTA---ATTCAAAT
TAGAAACATTTAGTGATAATTATGATTTAAAAGAAATTA---ATTCAAAT
TAGAAACATTTAGTGATAATCATGATTTAAACGAAATTA---ATTCAAAT
TAGAAACATTTAGTGATAATCATGATTTAAACAAAATTA---ATTCAAAT
TAGAAACATTTAATAATGATCATGATTTAAAAAAAATTA---ATTCAAAT
TAGAAACATTTAGTGATAATCATGATTTAAACAAAATTA---ATTCAAAT
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TAGAAACATTTAGTGATAATCATGATTTAAACAAAATTA---ATTCAAAT
TAGAAACATTTAATGATAATCATGTTTTAAATGAAATTA---ATTTAAGT
TAGAAACATTTAATGATAATCATGTTTTAAATGAAATTA---ATTTAAGT
TAGAAACATTTAATGATAACCATGTTTTAAATGAAATTA---ATTTAAGT
TAGAAACATTTAATGATAACCATGTTTTAAATGAAATTA---ATTTAAGT
TAGAAACATTTAATGATAACCATGTTTTAAATGAAATTA---ATTTAAGT
TAGAAACATTTAATGATAACCATGTTTTAAATGAAATTA---ATTTAAGT

GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATTGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTCCGCCCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
GAAAAAAAAATTCTAACCACTCCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTTTAACTACTCCTTTAGTACGCTCTATGGCTAAGAAGTT
AAAGAAAAAATTTTAACAACACCTTTAGTACGTTCTATGGCTAAGAAGTT
AAAGAAAAAATTTTAACCACGCCTTTAGTACGTTCTATGGCTAAGAAGTT
AAAGAAAAAATTTTAACTACACCTTTAGTACGCTCTATGGCTAAGAAGTT
AAAGAAAAAATTTTAACAACACCTTTAGTACGTTCTATGGCTAAGAAGTT
GAGAAAAAAATTTTAACCACGCCTTTAGTACGTTCTATGGCTAAGAAGTT
AAAGAAAAAATTTTAACAACACCTTTAGTACGTTCTATGGCTAAGAAGTT
AAAGAAAAAATTTTAACAACACCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTCTAACCACTCCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTCTAACCACTCCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTCTAACCACTCCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTCTAACCACTCCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTCTAACCACTCCTTTAGTACGTTCTATGGCTAAGAAGTT
GAAAAAAAAATTCTAACCACTCCTTTAGTACGTTCTATGGCTAAGAAGTT

AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGGATTAATGGCAAAATCT
AGGGATAGATTTAAATAATGTTAATGGTAGTGGAATTAATGGTAAAATTT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGAATAAATGGTAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGAATAAATGGTAAAATTT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGAATAAATGGTAAAATAT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGAATAAATGGTAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGAATAAATGGTAAAATTT
AGGAATAGATTTAAATAGTGTTAATGGTAGTGGAATAAATGGTAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGAATAAATGGTAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGGATTAATGGCAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGGATTAATGGCAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGGATTAATGGCAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGGATTAATGGTAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGGATTAATGGCAAAATCT
AGGAATAGATTTAAATAATGTTAATGGTAGTGGGATTAATGGCAAAATCT

TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCACT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
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TAAAAGAAGATGTCGAAAAATATCAAAATGAAAATTTAAAACATTCTACT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCACT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCACT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCGCT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCACT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCACT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCACT
TAAACGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TGAAAGAAGATGTCGAAAGATATCAAAATGAAAATTTAAAAAATTCAACT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAACATTCCAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAATTTTCAAAT
TAAAAGAAGATGTTGAAAGATATCAAAATGAAAAATTAAAAAATTCAAAT
TAAAAGAAGATGTTGAAAAATATAAAAATGAAAATTTAAAATATTCAAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAATTTTCAAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAATATTCAAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAATTTTCAAAT
TAAAAGAAGATGTTGAAAAATATCAAAATGAAAATTTAAAATTTTCAAAT
TGAAAGAAGATGTCGAAAGATATCAAAATGAAAATTTAAAAAATTCAACT
TGAAAGAAGATGTCGAAAGATATCAAAATGAAAATTTAAAAAATTCAACT
TGAAAGAAGATGTCGAAAGATATCAAAATGAAAATTTAAAAAATTCAACT
TGAAAGAAGATGTCGAAAGATATCAAAATGAAAATTTAAAAAATTCAACT
TGAAAGAAGATGTCGAAAGATATCAAAATGAAAATTTAAAAAATTCAACT
TGAAAGAAGATGTCGAAAGATATCAAAATGAAAATTTAAAAAATTCAACT

TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAAAACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCATCAAAAACACCAAATCTAAAAGAAAAAGAAGAACAACCACTATC
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT

TCAACAATACAAAAACAAAATATAAAAGAACAA-————— CAATCATTA--
TTATCAACAAAAACACAAAATATAAAAGAAAAAGAAGAACAAACATTATT
TTATCAACACAAAAACAAAATATAGAAGAATCA-———--- CATTCATTA--
TTATCAACACAAAAACAAAACATAGAAGAATCA-—-———-— CAGTCGCTA--
TTATCAACACAAAAACAAAATATAGAAGAATCG-—-——-- CAGTCATTA--
TTATCAACACAAAAACAAAATATAGAAGAATCA-———--= CATTCATTA--
TTATCAACACAAAAACAAAATATAGAAGAATCAA---AACAGTCATTA--
TTATCAACACAAAAACAAAATATAGAAGAATCA-—-———-— CATTCATTA--
TTATCAACACAAAAACAAAATATAGAAGAATCA-—-———-— CATTCATTA--
TCAACAATACAAAAACAAAATATAAAAGAACAA-————=— CAATCATTA--
TCAACAATACAAAAACAAAATATAAAAGAACAA-———-= CAATCATTA--
TCAACAATACAAAAACAAAATATAAAAGAACAA-————— CAATCATTA--
TCAACAATACAAAAACAAAATATAAAAGAACAA-—-———— CAATCATTA--
TCAACAATACAAAAACAAAATATAAAAGAACAA-———-= CAATCATTA--
TCAACAATACAAAAACAAAATATAAAAGAACAA-———-= CAATCATTA--

TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGAAACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTAATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGAAACTGAATTTATTAAAATTA
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TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
—AATAATCTTGATTTTAGTAGTTTT---GATAGTGAAGTTATTAAAATTT
TAAAAACTTTGATTTTAATAGTTCTTCTGATACTGAATTTATTAAAATTA
—AATAATTTTGATTTTAGTAGTTCT---GATGTTGAAGTTATTAAAATTT
—AATAATTTTGATTTTAGTGGTTCT---GATGTTGAAGTTATTAAAATTT
—AATAATTTTGATTTTAGTAGTTCT---GACGTTGAAGTTATTAAAATTT
—AATAATTTTGATTTTAGTAGTTCT---GATGTTGAAGTTATTAAAATTT
—AATAATTTTGATTTTAGTAATTCT---GATGTTGAAGTTATTAAAATTT
—AATAATTTTAATTTTAGTAGTTCT---GATGTTGAAGTTATTAAAATTT
—AATAATTTTGATTTTAGTAGTTCT---GATGTTGAAGTTATTAAAATTT
—AATAATCTTGATTTTAGTAGTTTT---GATAGTGAAGTTATTAAAATTT
—AATAATCTTGATTTTAGTAGTTTT---GATAGTGAAGTTATTAAAATTT
—AATAATCTTGATTTTAGTAGTTTT---GATAGTGAAGTTATTAAAATTT
—AATAATCTTGATTTTAGTAGTTTT---GATAGTGAAGTTATTAAAATTT
—AATAATCTTGATTTTAGTAGTTTT---GATAGTGAAGTTATTAAAATTT
—AATAATCTTGATTTTAGTAGTTTT---GATAGTGAAGTTATTAAAATTT

CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAGCTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAACTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAATCTATTTCAGAACAAATGAAAATTTCAAAAAATTTT
CTCGTTTAAGAAAATCTATTTCAGAACAAATGAAAATTTCAAAAAATTTT
CTCGTTTAAGAAAATCTATTTCAGAACAAATGAAAATTTCAAAAAATGTT
CTCGTTTAAGAAAATCTATTTCAGAACAAATGAAAATTTCAAAAAATTTT
CTCGTTTGAGAAAATCTATTTCAGAACAAATGAAAATTTCAAAAGATGTT
CTCGTTTAAGAAAATCTATTTCAGAACAAATGAAAATTTCAAAAAATTTT
CTCGTTTAAGAAAATCTATTTCAGAACAAATGAAAATTTCAAAAAATTTT
CTCGTTTAAGAAAAGCTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAGCTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAGCTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAGCTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAGCTATTTCAGAACAAATGAAAATTTCAAAAAATGCT
CTCGTTTAAGAAAAGCTATTTCAGAACAAATGAAAATTTCAAAAAATGCT

ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATATT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ATTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTGATAGC
ACTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTAATAGT
ATTGTTCCTACTACTTTATTAAATGAAATAAATATTGATAATTTAGTATC
ATTGTTCCTACTACTTTATTAAATGAAATAAATATTGATAATTTAGTATC
ATTGTTCCTACTACTTTATTAAATGAAATAAATATTGATAATTTAGTATC
ATTGTTCCTACTACTTTATTAAATGAAATAAATATTGATAATTTAGTATC
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EK 3. Candidatus Phytoplasma prunorum’un pnp geninin gen bankasindan saglanan
diger izolat ve Ca. P. pyri ve Ca P. mali izolatlarinin genleri ile ¢oklu dizi

karsilastirmalari
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ATTGTTCCTACTACTCTATTAAATGAAATAAATATCGATGATTTAGTATT
ATTGTTCCTACTACTTTATTAAATGAAATAAATATTGATAATTTAGTATC
ATTGTTCCTACTACTTTATTAAATGAAATAAATATTGATAATTTAGTATC
ATTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTGATAGC
ATTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTGATAGC
ATTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTGATAGC
ATTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTGATAGC
ATTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTGATAGC
ATTGTTCCTACTACTTTATTAAATGAAATTAATATTGATAATTTGATAGC

ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCAGATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCAAAAAATATTAAATTAA
ATTTAGGAAAAAATTAAAATTTGAAGCAGATTCTAAAAATATTAAATTAA
ATTTAGAGAAAAATTAAAAATTGAAGCATATTCTAAAAATATTAAATTAA
ATTTAGAAAAAAATTAAAATCTGAAGCAGATTATAAAAATATTAAATTAA
ATTTAGAAAAAAATTAAAATCTGAAGCAGATTATAAAAATATTAAATTAA
ATTTAGAAAAAAATTAAAATTTGAAGCAGATTATAAAAATATTAAATTAA
ATTTAGAAAAAAATTAAAATCTGAAGC-——-—=———————————————————
GTTTAGAAAAAAATTAAAATCTGAAGCAGATTATAAAAATATTAAATTAA
ATTTAGAAAAAAATTAAAATCTGAAGTAGATTATAAAAATATTAAATTAA
ATTTAGAAAAAAATTAAAATCTGAAGCAGATTATAAAAATATTAAATTAA
ATTTAGGAAAAAATTAAAATTTGAAGCAGATTCTAAAAATATTAAATTAA
ATTTAGGAAAAAATTAAAATTTGAAGCAGATTCTAAAAATATTAAATTAA
ATTTAGGAAAAAATTAAAATTTGAAGCAGATTCTAAAAATATTAAATTAA
ATTTAGGAAAAAATTAAAATTTGAAGCAGATTCTAAAAATATTAAATTAA
ATTTAGGAAAAAATTAAAATTTGAAGCAGATTCTAAAAATATTAAATTAA
ATTTAGGAAAAAATTAAAATTTGAAGCAGATTCTAAAAATATTAAATTAA

—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACCTTTGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAATTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGAATTACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
—AAGTTAAAGGCATTACATTAGAAATTTTTGAAAAAGTTTTAGAACAAGC
—AAGTTAAAGGCATTACATTAGAAATTTTTGAAAAAGTTTTAGAACAAGC
—AAGTTAAAGGCATTACATTAGAAATTTTTGAAAAAGTTTTAGAACAAGC
—AAATTAAAGGCATTACATTAGAAATTTTTGAAAAAGTTTTAGAACAAGC
—AAATTAAAGGCATTACATTAGAAATTTTTGAAAAAGTTTTAGAACAAGC
AAAGTTAAAGGAATAACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
AAAGTTAAAGGAATAACCTTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
AAAGTTAAAGGAATAACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
AAAGTTAAAGGAATAACGTTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
AAAGTTAAAGGAATAACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
AAAGTTAAAGGAATAACGTTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
AAAGTTAAAGGAATAACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
AAAATTAAAGGAATAACATTAGAAATTTTTGAAAAAGTTTTAAAACAAGC
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AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAAATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAATATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATCAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA
AAAAAAAGATAGAATAAAGATTTTAAATGAAATGGAAAAAGTAATTAATA

AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AATCTAGAAATAAAGTTTCTAAATATGCACCTAAAGTTAAAATGATTTCA
AGTCTCGCAATGAAGTTTCCAAATATGCTCCTAAAGTAAAGATGATTTTA
AGTCTCGCAATGAAGTTTCCAAATATGCTCCTAAAGTAAAGATGATTTTA
AGTCTCGCAATGAAGTTTCCAAATATGCTCCTAAAGTAAAGATGATTTTA
AGTCTCGCAATGAAGTTTCCAAATATGCTCCTAAAGTAAAGATGATTTTA
AGTCTCGCAATGAAGTTTCCAAATATGCTCCTAAAGTAAAGATGATTTTA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTAAAAATGATTTCA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTAAAAATGATTTCA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTTAAAATGATTTCA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTAAAAATGATTTCA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTAAAAATGATTTTA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTTAAAATGATTTTA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTTAAAATGATTTTA
AGTCTCGAAATGAAGTTTCTAAATATGCTCCTAAAGTTAAAATGATTTTA

ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAAACCAGAAAAAATACGCGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAAACCAGAAAAAATACGCGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAAACCAGAAAAAATACGCGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAAACCAGAAAAAATACGCGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAAACCAGAAAAAATACGCGATATTATTGGTAGTGGTGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
ATTAATCCAGAAAAAATACGTGATATTATTGGTAGCGGCGGTAAAATAAT
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TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAGATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAAATTATTGAAAAACACGATAATGTTAAAATTGACATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGACATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGACATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGACATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGACATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAA
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG
TAATCAAATTATTGAAAAACATGATAATGTTAAAATTGATATTATGCAAG

ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGAAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGGAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA
ATGGAAAAATTTATATTATGCATCAAAATATGGAAATTGTTGATTTAACA

ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
ATTATTTATATTCGAAATTTTTTAAAAAAAATTAAAGTAGAAACCGTATA
GTTACTTACATTCAAAATTTTTTAAAAAAAATTAAAGTAGAAAATGTATA
GTTGCTTACATTCAAAATTTTTTAAAAAAAATTAAAGTAGAAAATGTATA
GTTACTTACATTCAAAATTTTTTAAAAAAAATTAAAGTAGAAAATGTATA
GTTACTTACATTCAAAATTTTTTAAAAAAAATTAAAGTAGAAAATGTATA
GTTACTTACATTCAAAATTTTTTAAAAAAAATTAAAGTAGAAAATGTATA
ATTACTTATATAAAAAATTTTTTAAAAAAAATTAAAGTAGAAACTGTATA
ATTACTTATATAAAAAATTTTTTAAAAAAAATTAAAGTAGAAACTGTATA
ATTGCTTATATTAAAAATTTTTTAAAAAAAATTAAATTAGAAACTGTTTA
ATTACTTATATAAAAAATTTTTTAAAAAAAATTAAAGTAGAAACTGTATA
ATTACTTATATAAAAAATTTTTTAAAAAAAATTAAAGTAGAAACTGTATA
ATTACTTATATAAAAAATTTTTTAAAAAAAATTAAAGTAGAAACTGTATA
ATTACTTATATAAAAAATTTTTTAAAAAAAATTAAAGTAGAAACTGTATA
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ATTACTTATATAAAAAATTTTTTAAAAAAAATTAAAGTAGAAACTGTATA

TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTTAAAATTATACGTTTTGTTAAAGATAAAATCGGTAAAACATTCG
TGAAGTAAAAATTTTACGTTTTGTTAAAGATAAAATGGATAAAACATTTG
TGAAGTAAAAATTTTACGTTTTGTTAAAGATAAAATGGATAAAACATTTG
TGAAGTAAAAATTTTACGTTTTGTTAAAGATAAAATGGATAAAACATTTG
TGAAGTAAAAATTTTACGTTTTGTTAAAGATAAAATGGATAAAACATTTG
TGAAGTAAAAATTTTGCGTTTTGTTAAAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG
TGAAGTTAAAATTTTACGTTTTGTTAGAGATAAAATGGATAAAACATTTG

GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCTTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGTTATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCTATAGCAGAAATTTTTCCAGGTATTGAAGGTTTTATTCATATTAGT
GAGCTATAGCAGAAATTTTTCCAGGTATTGAAGGTTTTATTCATATTAGT
GAGCTATAGCAGAAATTTTTCCAGGTATTGAAGGTTTTATTCATATTAGT
GAGCTATAGCAGAAATTTTTCCAGGTATTGAAGGTTTTATTCATATTAGT
GAGCTATAGCAGAAATTTTTCCAGGTATTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT
GAGCAATAGCAGAAATTTTTCCTGGTGTTGAAGGTTTTATTCATATTAGT

AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTTGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTGGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTCGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAGAGTTGATAAAGTTGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTAAAAATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAGATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAGATAGG
AAATTAGCAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAAATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAGATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAGATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAGATAGG



70

FN598193pyripnpPD121Lib
FN598192pyripnpPD

AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAGATAGG
AAATTAGAAAATTATAAAGTTGATAAAGTTGAAGATGTTTTGAAGATAGG

EK 4. Candidatus Phytoplasma prunorum’un SecY geninin gen bankasindan saglanan
diger izolat ve Ca. P. pyri ve Ca P. mali izolatlarimin genleri ile ¢oklu dizi

karsilastirmalari

HM237295strain NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA--—-—-———— A
FN598207isolatel4MY NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATA-—--—-—-——~— A
FN598206isolateESFY NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA---—-—-——~— A
FN598205isolateGSFY2 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA---—-———— A
Fito90_ —ATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA-——————— A
Fito91 -ATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA-———-—-—— A
Fito92 -ATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA-———-—-—— A
Fito93 —ATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA-——————— A
Fito94 —ATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA-——————— A
Fito95 -ATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA-—————-—— A
Fito96 -ATTTTATTAGCTATGTTTCAAAGTTATTTAATGATGAATA-———-—-—— A
HM237294maliAP15 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTA
HM237292maliT3 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTA
HM237291maliP255 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTA
HM237290maliv147 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTA
HM237289maliAT NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTG
HM237293maliT10 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTA
FN598215maliAP032-10 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTA
FN598214maliAP4LUCA NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAAATATAGTA
HM237296pyriPD NATTTTATTAGCTTTTTTTCAAAGTTATTTAATGATTAATAAATATAATA
FN598212pyriPD2LUCA NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAGTAAATTTA
FN598211pyriPD NATTTTATTAGCTTTGTTTCAAAGTTATTTAATGATTAATA----———— A
FN598210pyriPD356-1 NATTTTATTAGCTTTGTTTCAAAGTTATTTAATGATTAATA-—--—-—-——— A
FN598209pyriPD36AZ NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATA-—-—-—-——— A
FN598208pyriPDSpa2 NATTTTATTAGCTATGTTTCAAAGTTATTTAATGATTAATAGTAAATTTA
HM237295strain ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
FN598207isolatel4MY ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
FN598206isolateESFY ATAT--——————————— AATATTGAATTATTTAAAGATAAGATATATATA
FN598205isolateGSFY2 ATAT--——————————— AATATTGAATTATTTAAAGATAAGATATATATA
Fito90 ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
Fito91 ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
Fito92 ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
Fito93 ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
Fito94 ATAT--——————————- AATATTGAATTATTTAAAGATAAGATATATATA
Fito95 ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
Fito96 ATAT--—-—————————— AATATTGAATTATTTAAAGATAAGATATATATA
HM237294maliAP15 GTAA-—-—————————————— GATAGATTA--TCCAGACAAGTTATATATA
HM237292maliT3 GTAA-—-—————————————— GATAGATTA--TCCAGACAAGTTATATATA
HM237291maliP255 GTAA--—————————————— GATAGATTA--TCCAGACAAGTTATATATA
HM237290maliv147 GTAA--—-————————————— GATAGATTA--TCCAGACAAGTTATATATA
HM237289maliAT GTAATAAAGAAAGTGGTGGTGAGATATTTATTGGAGAAAAGTTATATATA
HM237293maliT10 GTAA--—————————————— GATAGATTA--TCCAGACAAGTTATATATA
FN598215maliAP032-10 GTAA--—-————————————— GATAGATTA--TCCAGACAAGTTATATATA
FN598214maliAP4LUCA GTAGT---=-==————————— GAGATATTGATTCCAGAAAAGTTATATATA
HM237296pyriPD TTGA-———————————————————— ATT---TAAAGACCAGATATATATA
FN598212pyriPD2LUCA ACATTTTTAACATT---AATATTGAT---ATTAAAGATAAGATATACATA
FN598211pyriPD ATAT--—-—————————— AATATTGAA---TTTAAAGACAAGATATATATA
FN598210pyriPD356-1 ATAT--—-—————————— AATATTGAA---TTTAAAGACAAGATATATATA
FN598209pyriPD36AZ ATAT--—-—————————— AATATTGAA---TTTAAAGACAAGATATATATA
FN598208pyriPDSpaz ACATTTTTAACATT---AATATTGAT---ATTAAAGATAAGATATACATA
HM237295strain TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
FN598207isolatel4MY TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
FN598206isolateESFY TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
FN598205isolateGSFY2 TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
Fito90_ TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
Fito91 TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
Fito92 TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
Fito93 TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
Fito94 TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
Fito95 TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
Fito96 TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT

HM237294maliAP15

TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
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TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACCGGAACAGCTATTGCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACCGGAACAGCTATTTCTATTTGGTTATTTGATTT
TCATTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT
TCGTTTTTTTTAGCCACCGGAACAGCTATTTCTATTTGGTTATCTGATTT
TCATTTTTTTTAGCTACTGGAACAGCTATTTCTATTTGGTTATCTGATTT

AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGGTTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCCAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGCAATGGAACTTCAATTTTAATTATGGTCG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG
AATTACAGCTAAAGGGATTGGCAATGGAACTTCAATTTTAATTATGGTCG
AATTACAGCTAAAGGGATTGGCAATGGAACTTCAATTTTAATTATGGTCG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTCG
AATTACAGCTAAAGGGATTGGTAATGGAACTTCAATTTTAATTATGGTTG

GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTAATACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAGTGGAGTAATTACTACTTTTCAAAAAATATTTGCATTTTGG
GAATGAGTAATGCAGTATTTACTACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAGCGGAGTATTTACTACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAATGCAGTATTTACTACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAATGCAGTATTTACTACTTTTCAAAAAATATTTGAATTTTGG
GAATGAGTAATGCAGTATTTACTACTTTTAAAAAAATATTTGAATTTTGG
GAATGAGTAGCGGAGTATTTACTACTTTTCAAAAAATATTTGAATTTTGG

CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
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CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
CATACTGATAAAATTAAATTTTTTTCTTTATTTTTATTATTATTATTTAT
AATACAGACAGAATTAAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
AATACAGACAGAATTAAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
AATACAGACAGAATTAAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
AATACAGACAGAATTAAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
AATACAGACAAAATTAAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
AATACAGACAGAATTAAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
AATACAGACAGAATTAAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
AATACAGACAAAATTAAATTTTTTGCTTTATTGTTTCTTTTATTATTTAT
CCTATAAAAAAAATTCAATTTTTTGCTTTATTGTTTTTTTTATTATTTAT
CCTATAGAAAAAATTAAATTTTTTTCTTTGTTATTTTTATTATTATTTAT
CCTATAAAAAAAATTCAATTTTTTTCTTTGTTTTTTTTATTATTATTTAT
CCTATAAAAAAAATTCAATTTTTTTCTTTGTTTTTTTTATTATTATTTAT
CCTATAAAAAAAATTGAATTTTTTTCTTTGTTTTTTTTATTATTATTTAT
CCTATAGAAAAAATTAAATTTTTTTCTTTGTTATTTTTATTATTATTTAT

TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTGTTATAATTTATTTAGCTACTTTTAAAATTCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATCCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATCCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATCCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATCCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATTCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATCCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATCCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATCCCTATTA
TTTAATATCTACTATTATAGTTTATTTAGCTACTTTAAAAATTCCTATTA
TTTAATATCTACCATTATAATTTATTTAGCTGTTTTAAAAATTCCTATTA
TTTAATATCTACCATTATAATTTATTTAGCTGTTTTAAAAATTCCTATTA
TTTAATATCTACCATTATAATTTATTTAGCTGTTTTAAAAATTCCTATTA
TTTAATATCTACCATTATAATTTATTTAGCTGTTTTAAAAATTCCTATTA
TTTAATATCTACCATTATAATTTATTTAGCTGTTTTAAAAATTCCTATTA

TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAGGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTATATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAAGTAGAAAATTACATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTACATTCCTTTAAAAATT
TTTATCCTAATAAAAAAAGTCAAGTAGAAAATTACATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAAGTAGAAAATTACATTCCTTTAAAAATT
TTTATCCTAATAAACAAAGTCAAGTAGAAAATTACATTCCTTTAAAAATT

AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
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AATGTTTCCGGGGTATTACCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTACCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTTCCGGGGTATTGCCTATTATTTTAACGTCTACTTTACAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGTGTATTGCCAATTATTTTAACATCCACAATGCAAGCATT
AATGTTCCTGGAGTATTACCAATTATTTTAACTTCTACATTGCAAGCATT
AATGTTCCCGGAGTATTACCGATTATTTTAACTTCTACGTTACAAGCATT
AATGTTCCCGGAGTATTACCGATTATTTTAACTTCTACGTTACAAGCATT
AATGTTCCCGGAGTATTACCGATTATTTTAACTTCTACGTTACAAGCATT
AATGTTCCTGGAGTATTACCAATTATTTTAACTTCTACATTGCAAGCATT

TTTTATGTTTTTTATTAACAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAACAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAACAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAATAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAATAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAATAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAACAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAACAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAACAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAACAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTTTATTAATAATATACCATTTTTTAACAAATTAAGTTATA
TTTTATGTTTTGTATTAATAATATACCATTTTTTTATAAATTAGAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTTATAAATTAGAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTTATAAATTAGAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTTATAAATTAGAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTAATCAATTAAAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTTATAAATTAGAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTTATAAATTAGAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTGATAAATTAAAATGTA
TTTTATGTTTTGTATTAATAATATACCATTTTTTTATAAATTAAAATGTA
TTTTATGTTTTTTATCAATAATATATCATTTTTTAACCAATTAAGTTATA
TTTTATGTTTTTTATTAATAATATATCATTTTTTAATAAATTAAGTTATA
TTTTATGTTTTTTATTAATAATATATCATTTTTTAATAAATTAAGTTATA
TTTTATGTTTTTTATTAATAATATATCATTTTTTAATAAATTAAGTTATA
TTTTATGTTTTTTATCAATAATATATCATTTTTTAACCAATTAAGTTATA

AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGATTTTATTAGTATATCTACTAGTTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAGATAAAATTATAGAGTTTATTAGTATATCTACTAATTTAGGAATTATT
AAAATAAAATTATAGAATTTATTAGTATGTCTAATAGTTTAGGAATTATT
AAGATAAAATTATAGAATTTATTAGTATGTCTAATAGTTTAGGAATTATT
AAGATAAAATTATAGAATTTATTAGTATGTCTAATAGTTTAGGAATTATT
AAGATAAAATTATAGAATTTATTAGTATGTCTAATAGTTTAGGAATTATT
AAAATAAAATTATAGAATTTATTAGTATGTCTAATAGTTTAGGAATTATT
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EK 5. Fitoplazma DNA Izolasyonunda Kullanilan Tampon Céozeltiler

%2’lik CTAB Soliisyonu pH 8.0 (100 ml) :

Kimyasal Miktar
CTAB (%2) 29
NaCl (1.4M) 8.29
EDTA (0.5M) (ph 8.0) 0.79
Tris-HCI (1M) (ph 7.4) 69
* B-mercaptoethanol % 2

*B-mercaptoethanol, bitki 6rnekleri ezilmeden hemen once karigima taze olarak eklenir.

TE Tampon Cozeltisi :

Kimyasal

Tris 10mM
EDTA 1mM

1.4M NaCl (100ml ) :

Kimyasal Miktar

NaCl 569
e 5.6 gNaCl 80 ml H,O’ da ¢éziindiiriiliir.
e H,0 eklenerek son hacim 100 ml’ ye tamamlanir.

e Otoklav edilir, oda sicakliginda saklanir.
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IM TrissHCI (100 ml ) (ph 7.4):

Kimyasal Miktar

Trisbase 121¢g
e 12.1gTrisbase80 ml H,O’ da ¢oziindiiriiliir.
e pH’ s1 konsantre HCI eklenerek ayarlanir. ( pH 7.4 i¢in 7 ml HCI )
e H0 eklenerek son hacim 100 ml’ ye tamamlanur.

e Otoklav edilir, oda sicakliginda saklanr.

0.5EDTA (100ml ) (ph 8.0):

Kimyasal Miktar

EDTA 18649
e 186 gEDTA 80 ml H,O’ da ¢oziindiiriilir.
e Magnetik karistirici ile kuvvetli bir sekilde karistirilir.
e pH’ s1 NaOH pelletleri ile 8.0’ e ayarlanir.

e Otoklav edilir, oda sicakliginda saklanir.
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EK 6. Agarose jel elektroforez ¢ozeltileri ve hazirlanmasi (Maniatis ve ark., 1982)

TAEX50 (100ml ) :

Kimyasal Miktar
Trizmabase 2429
EDTA(0.5M ) ( ph8.0) 10 mi

Glacia Acetic Acide 571 ml

e Otoklav edilir, oda sicakliginda saklanir.

Yiikleme buffer ( 6 X Stok i¢in ) (15 ml) :

Kimyasal Miktar
Bromophenol blue 150mg
Glyceral 189
TAEX50 6ml

e -20°C’ de saklanir.

Ethidium Bromide Soliisyonu (1 mg/ml) (200 ml ) :

Kimyasal Miktar

0.5XTAE 200ml
Ethidium Bromide (Sigma E-50) (Son konsantrasyon 1mg/ml) 200 pl
e Koyu renkli bir kap i¢inde karanlik ortamda oda sicakliginda saklanir. 5-10
defaya kadar ayni soliisyon kullanilabilir. Daha sonraki kullanimlar i¢in

tazelenmelidir.
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% 1.2’ lik Agorose Jelin Hazirlanmasi :

1.2 g agaroz, 100ml 1XTAE i¢inde mikrodalga firinda eritilir. Yaklasik 40 °C
sicakliga geldikten sonra, elektroforez {iinitesinin jel tepsisine dokiilerek agarozun
donmasi beklenir (15-20 dakika). 1XTAE ortami igeren elektroforez tankina
yerlestirilen agaroz jelin cukurlarina PZR fiiriinleri yiiklenir. Ornek yiiklemesi, 12 pl
PZR irtini 2 pl yikleme buffer1 ayri bir yerde karistirilarak yapilir. PZRiirtinlerinin
120V’da 35 dakika elektroforezinden sonra ethidium bromide soliisyonu ile 3-5 dakika
boyanir ve UV transilluminatérde sonuclar gozlenir. Istenildigi takdirde kamera ile

paloroid fotograf ¢ekilir.



