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OZET

Bugday, arpa, misir gibi tahillar iilkemiz ve diinya popiilasyonu agisindan
bakildiginda 6nemli gida maddeleridir. Bu tahillarin yillik iiretimini ¢esitli biyotik ve
abiyotik stres kosullari, tarim arazilerinin amacina uygun kullanilmamasi gibi
nedenler etkilemektedir. Verimi etkileyen biyotik faktorler viral, bakteriyal veya
fungal patojenlerdir. Hem diinyada hem de iilkemizde tahillarda etkin olan fungal

hastaliklar pas, basak yaniklig1 ve kiilleme gibi hastaliklardir.

Bitki hastaliklar1 ve bu hastaliklara karsi olusturulan immiin cevaplarin ve
mekanizmalarinin aydinlatilmasinda cesitli omiks teknolojileri arasinda proteomiks
son yillarda yararlanilan yaklasimdir. Proteomiks yaklasimla arpa, bugday gibi
tahillar ve bunlarin patojenle etkilesimlerini inceleyen calismalar literatiirde yerini

almastir.

Bugiine kadar yapilan bitki proteomiks c¢alismalarinda agirlikli olarak model
bitkiler olan arabidopsis, ¢eltik ve bu bitkilerin patojenlerle olan iligkisi literatiirde
yer almistir. Ancak model bitki olan arabidopsisin en 6nemli patojeni bakterilerdir.
Bu bitkiye ait pas hastaliklar1 bilinmediginden pas hastaliklarinin bitkiyi tehdit

etmesi durumunda bitkinin immiin sistemi hakkinda detayl bir bilgi heniiz yoktur.



Bu caligmada bugdayda goriilen kahverengi pas (Puccinia triticina)
hastaliginda patojenden salgilanan ve bitki bazal savunmasini uyaran protein yapili

aday PAMP molekiillerinin tanimlanmasi hedeflenmektedir.

2D-PAGE’de ayristirllan yiiksek bolluktaki 201 protein spotu tripsin ile
muamele edilerek LC-MS/MS analizi ile tanimlandi. Analiz sonucunda bitki mantar
hastaliklarinda PAMP’lar arasinda yer alan ‘‘elongation factor’” proteini
tanimlanmistir. PTTG_06852 ve PTTG_06073 proteinleri sirast ile mitokondri ve
kloroplast1 hedefleyen ve transit peptid iceren efektor adaylart olarak tanimlanan 8
efektordendir. Tanimlanan proteinlerin % 35’1 sitozol, % 29’u ise mitokondride

bulunmaktadirlar.

Anahtar Kelimeler: Bugday, kahverengi pas (Pucciniatriticina), PAMPs
(patojen assosiye molekiiler yapilar), 2D-PAGE, patojen tetiklenmis immiinite, PTL

Sayfa Adedi: 170

Tezin Yéneticisi: Dog. Dr. Aslihan GUNEL
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EXAMINATION OF CANDIDATE PAMP’S ROLE PLAYING IN BASAL
DEFENSE IN WHEAT BROWN RUST DISEASE WITH PROTEOMIC
APPROACH

(Master of Science Thesis)
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ABSTRACT

Wheat, barley and corn are crucial food for both Turkey and world
population. The production of these cereal is affected by various biotic and abiotic
stress conditions and miss-use of fields. Biotic factors affected the yield viral,
bacterial or fungal pathogens. Vital fungal diseases for cereals are rust, headblight

and mildew both in Turkey and in the world.

Proteomics among several “omics” technologies has been used recently to
unveil mechanisms of plant diseases and immune responses against to these diseases.
So far a number of proteomics studies are placed in literature on cereals like barley,

wheat and their interaction with pathogens.

In plant proteomics researchs up to date, rice and arabidopsis are used as
model plant and their response to their biotic enemies mostly Arabidopsis as a model
is threatened by bacteria mainly. Since rust diseases threated Arabidopsis have not
been known yet immune system behaviors against to these pathogens have not been

known.

In this study, it is aimed to identify candidate molecular patterns that play role
in pathogen triggered immunity by pathogen or elicitors released by pathogen in

brown rust disease in wheat.

Surface proteins were resolved in 2D-PAGE and 194 high abundant protein
spots were digested with tyripsin, tyriptic peptides of each spot were analysed and
identified by LC-MS/MS. Totally 8 proteins were predicted as effector candidates.
PTTG_06852 and PTTG_06073 proteins targeted to mitocondria and chloroplasts
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respectively and having transit peptide effector candidates. 35% of identified proteins

were localised in cytosol and 29% of them were locolasied in mitochondria.

Keywords: Barley, leafrust (Puccinia triticina)) PAMPs (pathogene
associated molecular patterns), 2D-PAGE, pathogene triggered immunity, PTI

Number of Pages: 170
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1. GIRIS

Tiirkiye, bugday iiretiminde diinyada énemli bir yere sahip olup FAOSTAT

2012 verilerine gore 9. sirada yer almaktadir (www.faostat.fao.org). Ancak zaman
zaman lretim miktar1 yanlis tarim politikalari, erozyon ve cesitli hastaliklar nedeni
ile azalmaktadir. Bugday bitkisi bakteri, viriis veya fungal patojenler ile enfekte
olmaktadir. Tahillarda goriilen ©nemli hastaliklar fungal hastaliklardir ve en

onemlileri arasinda bas yaniklig hastaligi, pas hastaliklart ve kiilleme siralanabilir.

Pas hastaliklar1 kara pas (Puccinia graminis tiritici), kahverengi pas
(Puccinia triticina) ve sar1 pas (Puccinia striiformis) olmak iizere 3 sinifa
ayrilmaktadir. Kahverengi pas hastaligl, cimlenmek icin en iliman kosullar
gerektirdiginden iilkemizde ve bugday yetistiricisi lilkelerde en yaygin goriilen pas

hastaligidir.

Simdiye kadar bu hastalikla miicadelede fungusit uygulamalari, kimyasal
yollarla miicadele edilmekle birlikte bu yollar bir taraftan patojenin bu kimyasallara
direng gelistirmesi bir taraftan da toprak verimini 6nemli Ol¢iide diisiirmek gibi

zararlara neden olmaktadir.

Bu calismanin amaci diinyanin her yerinde kolayca yayilabilen bir mantar
hastalig1 olan bugday kahverengi pas hastaliginda bitkinin olusturdugu protein yapili
‘Pathogen associated molecular patterns (PAMP)’ adaylarin1 belirlemektir. Bu
bilginin 1slahcilar tarafindan kullanilabilmesi durumunda ise hastaliga dayanikli
bugday hatlar1 gelistirilebilecektir. Bu durum halihazirda kimyasal miicadelenin
yapilmasi nedeni ile doga ve insan sagligina kimyasallarin olumsuz etkilerini biiyiik
Olciide azaltacag gibi {iriin kayiplarimin diger ©6nemli nedenlerinden olan

kimyasallarin topraga verdigi zararin da 6nlenmesine olanak saglayacaktir.

Bunlara ek olarak tiim diinyada kabul edilen en etkin ve ekonomik miicadele
yontemi, patojene dayanikli yeni cesitlerin gelistirilmesidir. Bu nedenle istenilen
verim Ozelliklerine sahip dayanikli cesitlerin gelistirilmesi amaciyla yapilan 1slah

calismalar1 yillardan beri siirdiiriilmektedir. Ancak bugday gibi poliploidi gosteren,



biiylik ve karmasik yapili genoma sahip bitkilerde klasik 1slah caligsmalar ile yeni
cesit gelistirmek, uzun yillar alan, pahali ve yogun emek gerektiren bir siirectir. Bu
siirecte genellikle dayanikli genotipler, istenilen oOzellikleri tasiyan verimli/kaliteli
ancak hassas genotiplerle melezlenmekte, F1 neslinden itibaren her yil elde edilen
yeni nesle ait ylizlerce birey verim oOzellikleri ve dayamklihik Olgiitlerine gore
degerlendirilip secilerek bir sonraki nesli olusturmak iizere yetistirilmektedir. Bu
nedenle 1slah ¢alismalart ile yeni bir dayanikli ¢esidin gelistirilmesi yaklasik 13-14
y1l gibi uzun bir siireci kapsamaktadir. Oysa pas etmeni mantarlar, farkli nedenlerle
ve degisik mutajenlerin etkisiyle siklikla mutasyona ugrayarak birkag yil gibi kisa bir
siirede farkli viriilens Ozellige sahip yeni irklar olusturabilmektedirler. Meydana
gelen bu yeni irklar, pas hastaligina dayanikli olarak bilinen ya da uzun 1slah
calismalar1 sonucunda gelistirilen yeni bugday genotiplerini hastalandirabilmekte

hatta yeni pas epidemileri olusturabilmektedirler.

Son yillarda onemli gelismeler gosteren biyoteknolojik yontemler 6zellikle de
molekiiler teknikler, iiretimi artirmak {izere tarimsal alanda yaygin bicimde
kullanilmaktadir. Zirai alanda gergeklestirilen molekiiler calismalarin 6nemli bir
kismi, cesitli biyotik ve abiyotik stres etmenlerine karst bitkinin sahip oldugu dogal
dayaniklihk  mekanizmalarinin  molekiiler diizeyde aydinlatilmast ve bu
mekanizmalarda rol alan gen ve gen iiriinlerinin belirlenmesi yoniindedir. Bu
caligmalarin ileriye doniik ortak hedefi; mekanizmalarin aydinlatilmasi ile kisa
siirede dayanikli cesitlerin gelistirilmesi ve son derece verimli olan hassas
genotiplerin dayanikli hale getirilmesine olanak saglayacak molekiiler verilerin

ortaya konmasidir.



2.KAYNAK ARASTIRMASI

2.1. NEKROTROFIK, BIYOTROFIK VE HEMIBIYOTROFIK
PATOJENLER

Nekrotrofik patojenler, obligat olmayan parazitler olarak adlandirilir. Bir¢ok
bitki patojeni mantar nekrotrofik olarak siniflandirilir. Bunlar konukgusunun
hiicrelerini oldiiriir ve onlarla beslenir. Nekrotrofik mantarlar, hiicredeki enzimleri
hedef alan toksik maddeleri sentezleyerek hiicrenin 6liimiine yol acar ve 6lii hiicrenin
icerigini metabolize ederler. Bu mantarlar genellikle saprofittirler ve yasayan bir
konuk¢u bulunmamasi durumunda, sclerotia, spor ya da miseller olarak olii bitki
dokusu igerisinde yasarlar. Firsat bulduklarinda ise, bu mantarlar parazite doniisiir ve
bitkiyi Oldiiriir ve ardindan bu 6lii bitki dokular1 ile beslenirler. Nekrotrofiklerin
tirettigi ikincil metabolitler, duyarli konukcu hiicreler icin zehirlidir. Patojenlere ait
toksik enzimler bitki dokularini indirgeyerek, oldiiriir ve bu 6li hiicre bilesenleri

onlar tarafindan besin olarak kullanilir (Stone 2001).

Biyotrofik patojenler, bazen obligat parazitler olarak da adlandirilirlar.
Bunlar ancak hassas konukc¢u {iizerinde veya iginde yasar ve iirerler. Biyotrofik
patojenlerin ¢ogunlugu oldukca yiiksek oranda 6zgiin konuk¢uya gereksinim duyar.
(Yani belirli bitki tiirlerinde etkindirler.) Bir biyotrof patojen ve konak arasindaki
iliski biyokimyasal ve yapisal olarak yiiksek derecede ozellesmis ve kompleks bir
iliskidir. Obligatlar konak hiicre duvarina niifuz ederek hiicreler arasi boslukta
kolonize olur ve konaktan besin teminini saglamak ve konagmn immiin sistemini
baskilamak {izere Ozellesmis olan hostorya (haustoria) olarak isimlendirilen
membranli yap1 olustururlar (Schulze-Lefert ve Panstruga 2003; Mendgen ve Hahn
2004). Bitki dokularim istila ederler, ancak onlar1 6ldiirmezler veya asamali olarak
yavas yavas Oldiiriirler. Bu patojenler, konukcu hiicrelerine gelisme donemlerinin
sonunda zarar verirler; pas ve kiilleme gibi hastalik patojenleri bu smiftandir.
Nekrotrofiklerden farkli olarak, biyotrofik mantarlar enfekte ettikleri hiicrenin

metabolizmasini, kendi gelisme ve liremelerini kolaylagtiracak sekilde degistirirler.

Hemibiyotrofik patojenler, mikoparazitizmin erken doneminde konukc¢uya

fazla zarar vermemektedirler. Ancak paratizizmin ileri asamalarinda bitkiyi



oldiiriirler. Hemibiyotroflar besin temini konusunda hem biyotrof hem de nekrotrof
yasam stratejilerini sergilerler. Patojenin biyotrof ya da nekrotrof olarak gecirdigi
siire patojene gore degisiklik sergilemektedir (Horbach vd. 2011). Patateste geg
yaniklik hastaligina neden olan Phytophthora infestans gibi hemibiyotrofik
mantarlar, bir siire biyotrofik olarak yasamini siirdiirdiikten sonra aniden nekrotrofik
roliine gecer ve bitkinin Sliimiine neden olurlar. Yine soya fasulyesinde antraknoz
hastaligina neden olan Colletotrichum lindemuthianum hemibiyotrifik bir patojendir.
Bu mantar, soya fasulyesinin hiicre duvari plazma sivist arasindaki bir bolgede yasar
ve belirli bir asamada aniden nekrotrofik agamaya gecer ve kolonize oldugu biitiin

hiicreleri oldiiriir (http://www.sessizbahce.org/toprakkokenlimantarhastaliklari/3/ ).

2.2. BUGDAYDA PAS HASTALIKLARI

Bugday iilkemizde ve Diinya’da en onemli besin kaynaklarindandir ve FAO
verilerine gore ililkemiz diinya bugday iireticisi iilkeler arasinda 9. sirada yer
almaktadir (FAOSTAT 2012). Uretim miktar; iiretim yapilan topraklarin erozyon,
yanlis tarim politikalar1 ve cesitli zararlilarin neden oldugu hastaliklar dolayis1 ile
azalmaktadir. Ulkemizin iklim kosullarindan dolay1 pek ¢ok tahil hastalig1 cesitli
siddetlerde goriilmektedir. Bu hastaliklar arasinda en sik karsilasilan ve onemli iiriin
kayiplarina neden olanlar kiillleme ve bugday basak yanikligi hastaliklaridir.
Bugdayda yasam kosullarinin ve bitki tizerindeki semptomlarinin farklilig1 agisindan

lic cesit pas hastalig1 goriilmektedir. Bunlar;
1) Sar1 pas
2) Kahverengi pas

3) Kara pas



2.2.1. Sar1 pas (Puccinia striiformis)

Hastalik, bugday tarlalarinda ilkbaharda hava sicakliginin 10-15 °C oldugu
zaman goriilmeye baslar. Yapraklarin {ist yiizeyinde makine dikisine benzer sekilde
limon veya portakal renginde piistiiller olusur (Sekil 2.1). Bu piistiillerden olusan

milyonlarca yazlik spor riizgarla cevreye dagilir.

Sekil 2.1. Bugdayda sar1 pas hastalig1 (https://www.haberler.com/bugdayda-
sari-pas-hastaligi-uyarisi-5978466-haberi/)

2.2.2. Kara Pas (Puccina graminis tritici)

Kara pas etmeni kis1 hastalikli bitki parcaciklar tizerinde teliospor formunda
gecirir. Ilkbaharda uygun kosullarda cimlenerek olusturdugu sporlar ara konukgu
olan berberis veya mahonia bitkilerinin yapraklarina ulastiginda ¢imlenerek enfekte
eder. Yapragin alt ylizeyinde meydana gelen esiosporlar riizgarla tahil, yaprak ve
saplarin lizerine taginarak uygun kosullarda (5-18 °C sicaklik , %100 civarinda nem)

cimlenerek yazlik sporlar meydana gelir (Sekil 2.2).



Sekil 2.2 Bugdayda kara pas hastaligi

2.2.3. Kahverengi Pas (Puccinia reconditatritici)

Yaprak ayas1 ve kininin iist yiizeyinde iist bogum arast ve kil¢iklarda
yuvarlaga yakin sekilde, kahverengi iirediospor (yazlik spor) kiimelerinden olusan
piistiiller halindedir. Bazen bu pasta bir esas piistiil etrafinda cepecevre bir veya iki
daire halinde daha kiiciik piistiiller olusur. Bu belirti 6zellikle kahverengi pasin
tamminda onemlidir. ilk enfeksiyonlar riizgar yardimiyla uzaklardan da gelebilen

tirediosporlarca meydana getirilir.

Yiiksek nem ve 10-18 °C arasi sicaklikta hastalik hizla gelisir ve her 10-14
giinde yeni bir yazlik spor nesli olusur. Bitkiler olgunlastiginda siyah renkli teliospor
(kishik spor) kiimeleri olusur. Kahverengi pas da digerleri gibi verim ve kalite

kayiplarina neden olur.

Kahverengi pasin biitiin yasam dongiisii boyunca 5 tip spor olusmaktadir,
bunlar; bugday bitkisi iizerinde gelisen iiredosporlar, teldtosporlar (Sekil 2.3) ve
basidiyosporlar ve alternatif konak iizerinde olusan pycnidiosporlar ve

aeciosporlardir.



Sekil 2.3 Urediosporlar (a) ve teliosporlar (b) ( Mert, 2010)

Yasam dongiisii incelendiginde ilk olarak spor yaprak iizerinde

cimlenmelidir ve bunun i¢in %100 neme ve 12-20 °C sicakliga ihtiyag vardir.

1) Kislayan telotosporlar, ilkbaharda ¢imlenerek basidiosporlari olustururlar.

Bunlar riizgarla konukculara ulasarak onlar1 enfekte ederler.

2) Yapraklarda pycnia ve aecia evreleri olusur. Esidilerde (aecia) olusan
esiosporlar riizgarla dagilarak bugdaylar1 enfekte ederler ve sonra olusan

iiredosporlarla yeni enfeksiyonlara neden olurlar.

3) Spor ¢imlendikten sonra yaprak stomalarindan girer ve enfeksiyon biitiin

yaprak yiizeyini kaplar (Sekil 2.4).
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Sekil 2.4. Puccinia triticina yasam dongiisii (Vickie Brewster, Singh R.P. vd. 2002)

Enfeksiyonun ciddiyeti patojenin yayildigi yaprak yiizeyinin genisligi ile
oOlciiliir. Enfeksiyon siddeti bugday cesidi, patojenin patojenisitesine ve nem, sicaklik

gibi meteorolojik faktorlere baglidir ve yiizde kayip orani olarak hesaplanmaktadir.

Kahverengi pas hassas bitki hatlarin1 etkilemekte ve patojen viriilensligine
bagl olarak biitiin yaprak yiizeyine yayilmaktadir, direngli bitki de patojenle enfekte
olabilir fakat direncli organizmada patojen, hastalik gelisimini saglayacak diizeyde

ilerleyemez.



Sekil 2.5. Bugdayda kahverengi pas hastalig1 (Ahi Evran Universitesi Biyokimya
Labrotuvari, 2014)

2.3. KONUKCU-PATOIJEN ILiSKISI

2.3.1. Konukcu-Patojen iliskisinde Gen I¢cin Gen Etkilesimi

Bir patojen, potansiyel bir konukcgu ile karsi karsiya geldiginde, konuk¢uyu
basarili bir sekilde kolonize eder ve hastalik olusturabilirse, patojen virulent olarak

ve konukc¢u da duyarl olarak tanimlanir ve bu iliskiye ‘uyumlu’ iliski denir.

Eger bir patojen potansiyel bir konukcuyla karsi karsiya geldiginde,
konuk¢unun savunma mekanizmasini hizli bir sekilde uyarip, gelismesi
engelleniyorsa ve hastalik gelisimi gozlenmiyorsa, patojene avirulent, konukguya
dayanikli ve bu iliskiye de ‘uyumsuz’ iligki denir. Bir bagka deyisle; bitki patojeninin
sahip oldugu avirulent genleri elisitor proteinleri kodlar, bu elisitor proteinlere karsi
bitkinin dayaniklilik genleri tarafindan kodlanan reseptor proteinler varsa bitki
patojenin varligin1 anlayarak savunma mekanizmasini aktive eder. Bu bitkideki
dayaniklilik geni ve patojenin avirulent geni arasindaki iliskiye ‘gen icin gen teorisi’

denir (Floor 1955).



10

L ,:E ’ ’

29

. ;’;

R-geni

R-proteinleri p ‘_J\_.'
S—
Bitki Sistemi

/ -~ \ ~ "‘! e~
2 N0 v . R-Awvr
— [—Y —
. AL g L/\ proteinlerinin
\ Y Y B interaksiyonu
N Avr-geni ptt ~

Avr-proteinleri

Patojenler

Sekil 2.6. Konukgu-patojen iligkisi (Gururani vd. 2012 )

2.3.2. Spesifik Dayaniklilik

Daha aktif ve daha etkili bir savunma sistemi ise, asir1 duyarliliktir
(hipersensitif reaksiyon, HR). Boyle bir dayaniklilik sekli belirli bir patojenin bazi
irklarina kars1 ortaya cikabilirken (irka 6zgii dayamiklilik, dikey dayaniklilik, race-
spesific-resistance) patojenin tiim irklarina karsi, (irka 6zgii olmayan dayaniklilik,
yatay dayaniklihlk veya genel dayaniklilik, race-nonspesific-resistance) da

olabilmektedir.

Genel dayaniklilik ile 1irka 6zgii dayaniklilik arasindaki en 6nemli fark, genel

dayanikliligin irka 6zgii dayanikliliga oranla cok daha uzun 6miirlii olmasidir.

Bitki kendisini patojen saldirisindan koruyabilmek i¢in su ozelliklere sahip

olmalidir;

1) Bitki patojenin kendisini konuk¢u olarak tanimasina firsat vermemelidir.

2) Bitki patojenin igeri sizmasini Onleyici silahlara sahip olmalidir.

3) Bitki iceriye girmis patojenlerin gelismesini Onleyebilecek donanima sahip

olmalidir.
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Bitki dayamiklilik (R) proteinlerinin = olusturduklar1 protein yapilari
arastirildiginda dayaniklilik proteinlerinin domain adi verilen 6zel alanlardan
olustugu ve bu 0zel alanlarin biyokimyasal fonksiyonlarina bakilarak dayaniklilik

genlerinin 3 sinifta toplandigi goriilmektedir.

2.3.3. Dayaniklilik Genleri
2.3.3.1. 1.Simf dayaniklilik genleri

Niikleotidlerin baglandig1 yer (nucleotidebinding site: NBS) ve I6sin
aminoasidince zengin tekrarlarin bulundugu (leucine rich repeats: LRR) protein
motifleri icermektedir (Dangl vd. 2001). Bu NBS-LRR grubundaki dayaniklilik
proteinleri farkli patojenlere karsi dayanikliligi saglar. Proteinlerin amino ucundaki
(N-ucu) protein motifine bakilarak NBS-LRR grubu 2 alt gruba ayrilmaktadir.
Birinci alt grupta N-ucunda stoplazmik sinyal domain olarak bilinen drosophila
sineklerinin ve insan interleukin-1 reseptor proteinlerine (TIR) benzetilen bir protein
yeri bulunmaktadir ve bu yapiya da TIR-NBS-LRR tip dayaniklilik proteinleri
denilmektedir (Lawrence vd. 1995). 2.alt grupta ise; NBS-LRR proteinlerinin N-
ucuna sarmal seklinde bir protein domain olarak (coiled coil: CC) yer almistir ve bu

yaptya da CC-NBS-LRR tip proteinler denir (Bent vd. 1994).
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Sekil 2.7. Konukg¢u-patojenin birbirini tanimasi (Caplan Jeffrey vd. 2008) (A)
patojen efektor direkt olarak NB-LRR immiin reseptoriine baglandiginda direkt
tanima gercgeklesir. (B) Altenatif olarak konukc¢udaki NB-LRR lar N-terminalindeki
CC’ya da TIR domain faktorii tarafindan indirekt olarak taninir. (C) ya da patojen
efektorii ilk konukgu faktoriindeki N-terminaline baglanir. (D) patojen efektor
transkripsiyon faktoriinii taklit ederek non NB-LRR diren¢ proteinini indiikleyerek

ticlincii tip tanima vuku bulur.
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Sekil 2.8. Bitki dayaniklilik (Resistance: R) proteinlerinde goriilen yaygin protein
motif (domain) yapilari. (Ozer CALIS) TIR: Tolland interleukin-1 reseptor,NBS:
Niikleotidlerin baglandigi domain (nucleotide binding site), eLRR: Hiicre disina
uzanan leucine zengin tekrarlar (extracellular leucine rich repeats), CC: sarmal
protein (coiledcoil) domain, W: WRKY domain, Kin: Serine-thyronine iceren kinase,

TM: membran gecisini saglayan heliks (transmembrane helix) domain.
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Sekil 2.9. Konukc¢unun patojeni tanimasi (Caplan vd. 2008 )

2.3.3.2. 2. Siuf dayaniklilik genleri

Hiicre yiizeyinde reseptor benzeri membran gecisini saglayan heliks (receptor
like transmembran) proteinleri ve reseptor benzeri kinaz (receptor like kinases)
proteinleri icermektedir. Bu proteinlerin genel 6zelligi hiicre disina uzanan 16sin
zengin tekrarlardan (extra cellular-LRR: eLLRR) olusan protein domainlerinin

bulunmasidir (Tor vd. 2004).
2.3.3.3. 3. Sinif dayaniklilik genleri

Son sinif dayaniklilik proteinleri ise 1.ve 2. sinif protein motiflerini ya da bir
protein domaini icererek yapisal olarak ilk 2 smifa benzemektedir. Ancak
proteinlerin yapisal bazi farkliliklart bu dayaniklilik proteinlerinin yeni protein yapisi

kazanmasini saglamaktadir. Yapisal olarak bagka tipi olmayan birer Ornekle
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tanimlanan bu dayaniklilik proteinleri ilk 2 protein sinift ile kolayca mukayese

edilebilir (Xiao vd. 2001).

Kinaz yapisindaki dayaniklilik genlerini saymazsak son sinif icerisindeki
farkli yapida bulunan dayaniklilik proteinlerinin ve onlar1 kodlayan dayaniklilik
genlerinin farkli mekanizmalara sahip oldugu soylenebilir. Ciinkii son smif
icerisindeki RPW8 ve MLO genleri konukcuda irklara spesifik olmayan genis
spektrumlu dayaniklilik olusturmaktadir (Xiao vd. 2001).

2.4. BITKI IMMUN SISTEMI

Bitkiler de tipki hayvanlar gibi potansiyel olarak kendinden olmayan bocek,
mikrop vb.leri tepsit ederek onleyen dogustan gelen bagisiklik sistemine sahipken
hayvanlar kalitsal bagisikliga ek olarak edinilmis immiiniteye de sahiptirler (Silipo
vd. 2010; Zamioudis ve Peterse 2012). Bitkilerdeki bagisiklik sisteminin devreye
girmesine neden olan patojenler tarafindan salgilanan ve bitkide bulunmayan yapilar
‘patojen ile iliskili molekiiler yapilar (Pathogene associated molecular patterns-
PAMPs)’ olarak adlandirilmaktadir (Aksoy vd. 2012). Patojenik bakterilerin sahip
oldugu flagellin (flg22) ve lipopolisakkaritler (LPS), fungal patojenlerde Kkitin;
bitkilerde bagisiklik sisteminin ortaya ¢ikmasina neden olan yapilara yani PAMPlara
ornek olarak verilebilir. Patojen olmayan bakteri ve mantarlarda ise konakta
bagisiklik sistemini harekete geciren yapilara ‘mikropla iligkili molekiiler yapilar
(Microbe Associated Molecular Patterns—MAMPs)’ denir (Aksoy vd. 2012; Newman
vd. 2013). Bitkiler, hiicre yiizeylerindeki reseptorler yardimiyla PAMPlar1 veya
MAMPIlarn taniyarak, patojene karsi sahip olduklari savunma sinyallerini harekete
gecirirler (He vd. 2006; Zipfel 2008). PAMPIlar1 taniyarak bitki savunma sistemini
harekete geciren bu reseptorlere, ‘PAMPlar1 taniyan reseptor’ yapilar (Pattern
recoginition receptor - PRR) denilmektedir. PAMPlarin eksik algilanmasi veya hig
algilanmamas1 durumunda bitkilerde hastaliga kars1 hassasiyetin arttig bildirilmigtir

(Newman vd. 2013; Bent vd. 2007).

Bitkilerde bagisiklik sisteminin ilk evresi; PTT (PAMP-Triggered Immunity-
PAMP-Tetiklenmis Immiinite) tarafindan PAMPlarin veya MAMPlarin hassas

algilanmasidir (Abramovitch vd. 2006; Jones vd. 2006). Mesela, plazma membranina
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yerlesmis LRRIar (leucine rich repeat- 16since zengin tekrarlar), FLS-2 olarak bilinen
PRR ile bakteriyel flagellinleri algilarlar (Zipfel 2004). Flagellin ve diger MAMP

savunucular1 PTI olarak adlandirilirlar.

Basarili patojenler, PTI y1 engelleyici efektorler iiretirler. Ancak bitkiler
aksine; (efector triggered immunity-efektor tetiklenmis immiinite) ETI denilen ikinci
evre miidafaayr diizenlemek amaciyla genellikle NBS-LRR (nucleotid binding site-
niikleotidlerin baglanma bolgesi/leucine rich repeat-lésince zengin tekrarlar) gibi

reseptorler ile bazi efektorleri algilarlar.

High PTI ETS ETI ETS ETI
A A A
Threshold for HR
:.1_.: [ 4] © 00‘
c Pathogen ° e o
':— effectors ©
: Pathogen
i effectors | Avr-R
= ©
= w00
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Sekil 2.11. Bitki ve patojen arasindaki etkilesimi gosteren zigzag modeli (Jones ve

Dangl, 2006)

Jones ve Dangl (2006) tarafindan ileri siiriilmiis olan ve Sekil 2.6.”da gosterildigi

gibi bitki bagisiklik sistemi 4 fazda incelenmektedir.

Birinci fazda patojen tarafindan salgilanan ve MAMP veya PAMP olarak
adlandirilan oldukg¢a iyi korunmus yapilar bitki tarafindan tanindigi zaman bitkiler

bazal savunmalarimi harekete gecirirler. Bu sekilde olusan immiiniteye PTI da
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denmektedir. Bakteriyel flagellinler, fungal kitin, Pep-13 ler bitki tarafindan taninan
ornek MAMP molekiilleridir. Bu molekiiller bitkinin bunlar1 tanimasim1 saglayan
PRR olarak isimlendirilen reseptorleri tarafindan algilanirlar, 6rnegin flg22 flagellin
molekiili membranda bulunan FLS2 olarak bilinen PRR tarafindan taninir.
MAMP’larin PRR lar tarafindan algilanmasi zayif bir immiinite saglamakla beraber

bu patojenin konakta ilerlemesini bloklar ( Jones vd. 2006; Bent vd. 2007).

Ikinci fazda patojen bitkinin bazal savunmasini kirmak icin bazi adaptasyonlar
gecirdiginden bazal savunma sistemi patojen ataklarina karst cok etkin degildir.
Patojen modifikasyonlar1 ¢ogunlukla bitkiye spesifiktir. Ikinci fazda patojenler
tirettigi efektor proteinler ile MAMP-PRR etkilesimlerini inhibe ederek bitki

savunma sistemini zayiflatirlar.

Uciincii fazda ise bitkiye ait R (direng) proteini patojene ait bir efektor proteini -
ki bu aviriilen (avr) proteini olarak da bilinir- tanir ve bununla etkilesime girer bu R-
avr etkilesimi ilk olarak Flor vd. (1955) tarafindan tanimlanmistir. Bu etkilesim ile
yiiksek hassasiyet cevabi (hypersensitive response-HR) olusabilir HR’da patojenin
temas ettigi hiicrelerin yani sira etrafin1 saran alanlarda da programlanmis hiicre

Oliimleri meydana getirilerek patojenin ilerlemesi durdurulur.

Dordiincii fazda; patojenler efektor tetiklenmis hassasiyet (effector triggered
susceptibility-ETS) olusumu ile PTI'yi yenebilirler. Bu olay patojenin bazi
fonksiyonlar1 kazanmasi, bitki hormonlarin1 veya hiicre fonksiyonlarini taklit etmesi
ya da bu fonksiyonlar1 inhibe eden kiiciik molekiiller iireterek bitki hiicresini isgal
etmesi ile gerceklesir. Patojenin bitki hiicresini taklit eden veya inhibe eden
molekiilleri salgilamasi tip 3 salgilama sistemi (TTSS) denilen sistem ile
gerceklesmektedir ( Jones vd. 2006; Bent vd. 2007). Bu sistem bakteriyel patojenler
tarafindan ¢ogunlukla kullanilmaktadir, fungal patojenler icin bilinen bir TTSS

sistemi yoktur.
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2.5. PATOJENLE ILISKILI MOLEKULER YAPILAR (PAMPs)

Bitkilerde hastalik etmenlerine karst savunma sisteminin devreye girmesine

neden olan patojenle ilgili yapilara PAMP denir. PAMPIar 2 ¢esittir;
2.5.1. Bakteriyel PAMPlar

Giintimiize kadar bitki-bakteriyel patojen iliskisi ile alakali pek c¢ok
arastirmalar yapilmistir. Bu arastirmalarla bitki-patojen iliskilerinde bitki avr
genlerinin {iiriinlerinin molekiiler aktivitesi tam olarak aciga kavusturulamamistir
ancak bazi avr genlerinin bitkiye aktarilarak {iirlin miktarimin artirilmasinda ve
dayaniklilik saglanmasinda etkili olmustur (Leach ve White 1996; Ritter ve Dangl
1995).

2.5.1.1. Flagella kaynakli PAMPlar

Bakterilerdeki flagella yapilar1 bakterilerin hareketini saglayan yapilardir ve
hem hayvansal organizmalarda hem de bitkilerde bagisiklig: tetiklerler (Schuster ve
Khan 1994). Bakteriyel flagellin yapisinda 22 amino asitlik bir kissm PAMP olarak
bilinmektedir ve flg22 olarak adlandirilan PAMP molekiiliidiir (Naito vd. 2007;
Boller ve Felix 2009 ). flg22 Peptidi bir ¢ok bitki tiiriinde cevap olusturur. Ornegin
bu peptidin celtikteki PAMP aktivitesi vardir ama zayiftir (Takai vd. 2008). Yine
bakteri flagellasinda bulunan flg 15 epitopu domateste kalitsal immuniteyi tetiklerken

arabidopsis bitkisinde herhangi bir cevap olusturmaz (Robatzek vd. 2007).
2.5.1.2. Lipopolisakkarit yapilt PAMPlar

Gram negatif bakterilerin hiicre duvarlarinda bulunan Lipopolisakkaritler
(LPS) bakteriyel biiyiimede yasamsal etkili ve bakterilerin hiicre zarmin yapisal
ozellikleri i¢in Onemli olan molekiillerdir (Silipo vd. 2010). Bitki yapilarinda
bulunmayan ve oldukca farkli kimyasal yapilar1 olan molekiiller olarak bitkiler
tarafindan PAMP olarak algilanirlar (Molinaro vd. 2009 ). LPS amfifilik
makromolekiillerdir ve bu molekiiller bir lipid kismu ki burada Lipid A denen bir
kistm ve hidrofilik kistm olan heteropolisakkarit icerirler. Yapida Lipid A kismi

PAMP olarak davranmaktadir, arabidopsis bitkisinde ise biitiin LPS olarak PAMP
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aktivitesi sergilerler (Zeidler vd. 2004), burada LPS NO sentazi aktive ederek

bitkideki savunma sistemi genlerinin indiiklenmesine neden olur.
2.5.1.3. Elongasyon faktér TU PAMP’1

Elongasyon faktor Thermo unstable (EF-Tu) bakterilerde en bol bulunan
proteinlerdendir (Zipfel 2008). EF-Tu yapisinda bulunan 18 amino asitlik elfi8
olarak isimlendirilen peptid PAMP olarak gorev yapar. Arabidopsis ve hardalgiller
ailesinden olan bitkiler bakteriyal EF-TU’yu PAMP olarak algilarlar (Kunze vd.
2004). Tipik bir PAMP olarak bakteriyel EF-Tu bakterinin yasamini idame

ettirebilmesini saglayan yagamsal molekiillerdendir.

Flagella kaynakli, LPS yapili ve EF-TU PAMPIlara ek olarak bakterilerde
bulunan diger PAMP yapilart Pseudomonas aeruginosa bakterisinde bulunan
Ramnolipidler, (Varnier vd. 2009) ki bu yapilar asma bitkisinin yan1 sira bugday,
tiitin ve arabidopsiste de PAMP olarak aktiftir (Vatsa vd. 2010). Diger taraftan
Asma icin bakteriyel PAMP olan ramnolipidler asmay1 nekrotrofik mantarlardan
olan Botrytis cinerea enfeksiyonundan korur (Varnier vd. 2009). Gram pozitif ve
gram negatif bakterilerde peptidoglikan yapt komponentlerinden olan
Muropeptidler (Gust vd. 2007), EF-Tu’nun tersine 1siya karsi kararli ve glisin
amino asidi acgisindan zengin olan bir protein olan Harpin proteini gibi proteinler

de bakterilerde bugiine kadar tanimlanmis PAMP molekiilleridir.
2.5.2. Fungal PAMPlar

Ozellikle tahillarda enfeksiyona ve en biiyiik verim kayiplarina neden olan
patojenler fungal patojenlerdir. Funguslarda da diger canlilar gibi konagin kendilerini
tanimalarin1 saglayan spesifiklesmis pek c¢ok yapr ve molekiill bulunmaktadir.
Giiniimiize kadar tamimlanmis olan fungal PAMP yapilan incelendiginde hiicre
duvarindan kaynaklanan seker ve kolesterol yapili PAMPlar, protein yapili
PAMP’lar, ve son yillarda PAMP etkisi anlasilan yapisinda seker artiklari ve
sfingozin iskeletine sahip ya§ yapilarinin bulundugu serebrozidler olarak
isimlendirilen sfingolipidler PAMP molekiilleri olarak cesitli bitki funguslarinda

bulunmaktadir. Bu molekiiller 2004 yilinda bitkide savunma sistemini uyaran ve
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patojen icin yasamsal olan “elisitdr”’ler olarak cesitli Fusarium oxyporium tiirlerinde
Fusarium f. sp. lycopersici, Fusarium f. sp. melonis, Fusarium f. sp. cucumerinum,
Fusarium f. sp. Lactucae, ve Sclerotinia cepivorum patojeninde serebrozid sinifi

elisitorlerin oldugu 2004 yilinda Umemura ve ¢alisma grubu tarafindan bildirilmistir.

2.5.2.1. Hiicre Duvar1 Kaynakli PAMPlar

Bitkiler hayvansal organizmadan farkli olarak ana malzemesini seliillozun
olusturdugu cesitli kistmlardan olusmus ve farkli fonksiyonlar1 gerceklestirmek iizere
ozellesmis farkli 6zelliklerdeki oligo ve polisakkaritlerden ibaret hiicre duvarlarina
sahiptirler. Seliiloz polisakkariti f1-4 glikosidik bagi ile bagl glukoz birimlerinden
olusmus polimerlerdir (Somerville 2006). Seliilloz birimlerinden baska pektik
polisakkaridler ve hemiseliilozik polisakkaritler olmak {iizere iki cesit polisakkarit
gubu da bitki hiicre duvarlarinda yer almaktadir bu polisakkaritlerden birinci gruba
homogalakturonan ve ramnogalakturonanlar (Harholt vd. 2010), ikinci gruba ise
ksiloglukanlar, glukomannanlar gibi polisakkaritler ©6rnek olarak verilebilirler
(Scheller ve Ulvskov 2010). Ayrica bu yapilarin bulundugu konjuge proteinler hiicre
duvarlarinin temel bilesenidirler. Bu hiicre duvarinin  bitkiyi cesitli bocek ve
patojenlerden korur, su homeostazini saglar, biiylimesini saglamak gibi islevleri
vardir. Hiicre duvarlarinin sayilan komponentlerini par¢alayan mikro organizmalar

bunu biinyelerinde salgiladiklar1 ¢esitli enzimler ile gerceklestirirler.

Aym sekilde bitkilere spesifik fungal patojenler de tipki bitkiler gibi kati
hiicre duvarlarina sahiptirler ve funguslarin hiicre duvarlar1 da bitki tarafinan diigman
olarak algilanirlar. Fungus hiicre duvarlarinda ise bulunan temel polisakkarit sinifi
ise N-asetil glukozamin birimlerinin B1-4 glikosidik bagi ile baglanmasi ile olusan ve
kitin dedigimiz birimlerden ibaret kitooligosakkarit birimleridir ve bu birimler
bitkilerde yoktur fakat bitkiler bu yapilar1 pargalayan kitinaz adi verilen enzimleri
salgilarlar (Eckardt 2008). Boylece olusan kitin birimleri bitki immiin sistemini
uyaran PAMP olarak davranmaktadir. Celtikte yaniklik hastaligina neden olan
Magnaporthe oryzae fungusunda bulunan N-asetilkitoheptaozkitooligosakkaritine
kars1 celtik savunma sistemini uyarmaktadir (Yamaguchi vd. 2002). Sekiz kitin

biriminden olusan kitooktaoz cesitli bitkilerde en cok savunma cevabinin olusmasina
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neden olan kitin oligomeridir (Wan vd. 2008a, b). Karbohidrat yapili PAMPlar
sinifindan kitin ve kitin oligosakkaritlerinden baska yine fungus hiicre duvarlarinin
komponeti olan ve bitkilerde bulunan beta glukanaz enzimlerince olusturulan beta
glukan birimleri de hiicre duvar1 kaynakli fungal PAMPlar simifindandirlar. Her bir
beta glukan yapili oligo ya da polisakkarit farkl bitkilerde farkli cevaplar olusmasina
neden olmaktadirlar, Ornegin; Magnaporthe oryzae patojeninden kaynakh
tetraglukozil glusitol celtik bitkisi tarafindan PAMP olarak algilanirken soya
fasulyesinde aktif degildir (Yamaguchi vd. 2000a, b).

Fungus hiicre duvarlar1 polisakkaritler, gluko proteinler gibi yapilara ek
olarak kolesterol yapilarin1 da icermektedir ve sadece funguslara 6zgii olan kolesterol
grubu ergosterollerdir. Bitkiler bu ergosterol yapilarim algilayarak (Kasparovsky vd.
2003, 2004; Laquitaine vd. 2006; Lochman ve Mikes 2006), ROS olusumu,
MAPkinazlarin aktive edilmesi (Lochman ve Mikes 2006), cesitli oksidaz ve siiper
oksidazlarin aktivasyonu (Rossard vd. 2010) gibi PAMPlarin algilanmasi sonucu
olusan bir dizi olayin bitki hiicresinde olugsmasina neden olduklarindan PAMP olarak

siniflandirilmaktadirlar.

2.5.2.2. Protein Yapili PAMPIlar

Bitkileri enfekte eden funguslar tarafindan iiretilen ve bitki de immiin
sistemin uyarilmasina neden olan protein yapili PAMP’lar sinirl sayidadir. Bunlar
arasinda en ¢ok calisilan ve bilinenleri tiitiin ve domateste PAMP larin indiikledigi
savunma mekanizmalrin1 harekete geciren etilen tarafindan indiiklenmis ksilenaz
(EIX) proteini (Bailey vd.1990; Avni vd. 1994) proteini ve 24 kDa luk nekroziz ve
etilen indiiklenmis protein (Nep 1) den bahsedilebilir. Bu protein ise Fusarium
oxysporum f. sp. Erythroxyli nekrotrofik fungusunun Kkiiltiir filtratlarinda
bulunmustur. EIX tiitiin ve domateste LRR-RLP reseptorleri tarafindan taninarak
cevap olusmasina neden olurken (Ron ve Avni 2004), Nep 1genel elisitor olarak
davranir ve Ca2+ sinyal sistemi, potasyum ve proton kanallarinda degisiklik, etilen
tiretimi gibi (Jennings vd. 2001; Fellbrich vd. 2002; Keates vd. 2003; Bae
vd. 2006) cevaplarin olusmasina neden olur. Fusarium oxysporum f. sp.

Erythroxyli’den baska funguslarda da Nep 1 benzeri (NLP) proteinler bulunmustur;
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Botrytis cinerea (Schouten vd. 2008; Arenas vd. 2010), Magnaporthe grisea,

Fusarium graminearum ve Mycosphaerella graminicola (Motteram vd. 2009).

Protein yapili PAMP’lar sinifina LysM domaini igeren protein grubu da girmektedir
Cesitli insan ve bitkileri enfekte eden patojenler tarafindan salgilanan efektor yapili
PAMP lardir. Fakat bugiine kadar yapilan ¢alismalarda puccinia grubu patojenlerde

bulunmamiglardir (Jonge veThomma 2009).

2.5.2.3. Sfingolipidler

Sfingolipidler sfingozin yapisint temel alan serebrozid simift lipid
molekiilleridir ve bir ¢ok canli sinifi icin yasamsaldirlar, funguslarin normal gelisimi
icinde ©Onemli molekiillerdir (Levery vd.2002). Sfingolipidler hiicre membran
yapilarinin biitiinliigiiniin korunmasi icin 6nemli molekiillerdir ve A, B, C olmak
tizere smiflandirilirlar bu siiflandirmada temel olan yapilarinda bulunan seker
artiklarinin farklilagmasidir. Oldukca genis bir patojen sinifinda PAMP olarak
davranirlar 6rnegin Fusarium oxyporium tiirleri; f. sp. lycopersici, f. sp. melonis, f.
sp. cucumerinum, ve f. sp. lactucae, Pythium graminicola, Glomerella cingulata, ve

Sclerotinia cepivorum sfingolipid elisitorlere sahiptirler (Umemura vd. 2004).
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3. MATERYAL VE METOD

Calismada kullanilan bugday tohumlari Gida, Tarim ve Hayvancilik
Bakanligi Tarimsal Arastirmalar Genel Miidiirliigti (TAGEM)’den temin edilmis

olan Morocco yazlik varyetesidir.

Kahverengi pas etmeni olan Puccinia tiriticina race 1 susu ise Gida, Tarim ve
Hayvancilik Bakanligi Gida ve Kontrol Genel Miidiirliigii'niin 423 say1 ve Subat
2013 tarihli izni ile Agriculture and Agrifood Canada (AAFC), Cereal Research
Centre’dan Dr. Christof RAMPITSCH den temin edilmistir.

Sekil 3.1 Bitkiden toplanan pas iiredio sporlari (toz hali).

3.1. BITKI MATERYALI VE ENFEKSIYON

AAFC’den temin edilmis olan Puccinia triticina (P. triticina ) race 1
patojeninin devamliligini saglamak amaciyla uygun kosullar saglanarak SHELLAB
Diurnal marka iklimlendirme dolabinda Morocco yazlik varyete bugday bitkisi

yetistirildi. Bu amagla icerisinde torf toprak bulunan her bir saksiya 16 saat 20°C
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giindiiz, 8 saat 15°C gece kosullar1 ve 1s1k siddetinin 30000 Lux olmas1 saglanarak
bugday tohumlar ekildi, ekimi takiben ve bu bugdaylar ¢cimlenip boylar yaklasik 1-
2 cm olduklarinda boylarinin ¢ok fazla uzamalar1 engellenerek enfeksiyon verimini
arttirmak amaci ile her bir koke 2 mL olacak sekilde maleikhidrazid (Sigma) (0,25
g/L) verildi. Bitki boylar1 yaklasik 6-7 cm iken yani ekildikten takriben 10-12 giin
sonra uygun miktarda P. triticina sporlar1 40°C’ye ayarlanmis su banyosunda aktive
edildikten sonra enfeksiyon i¢in kullanilan kapsiillere aktarilarak mineral yag ile
siispanse edildi ve bu spor siispansiyonu bitki yapraklarinin i¢ kismina piiskiirtiildii.
Enfeksiyon i¢in uygun kosullar; gece-giindiiz sicakliklart 20 °C ye ayarlanarak 24
saat boyunca belirli araliklarla nem verilmesi saglandi. Enfeksiyondan yaklasik 10
giin sonra yapraklar iizerinde olusan paslar pas toplama aparat1 yardimi ile toplanarak
tiiplere aktarildi ve neminin gitmesi icin tiipiin agz1 parafilm ile sarilarak silika jel

bulunan kaplarda +4°C’de muhafaza edildi.

{

Sekil 3.2. Bitkiye hastaligin enfekte edilmesi. Kuru hava yardimi ile mineral yag- pas

slispansiyonu piiskiirtiilerek enfekte edilmektedir.
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3.2. UREDIOSPORLARIN CIMLENDIRILMESI

Yaklasik olarak 80-90 cam petriye (R= 5 cm) %0,5 (W/V) agaroz
hazirlanarak petri basina 2 ml olacak sekilde dokiildii ve soguduktan sonra her bir
petriye yaklasik 2-2,5 mg pas olacak sekilde ekilip 24 saat karanlikta ve 20 °C
sicaklikta ¢imlenmeye birakildi. Ertesi giin LEICA V500 marka mikroskop altinda
(40x) tiibiil olusumu izlendi. Petrinin iist yiizeyinden bakildiginda az gibi goriinen
tiibiiller, petrinin alt yiizeyinden bakildiginda daha fazla oldigu goriildii. Buda,
tiibiillerin ortamda dikey olarak gelistigini gostermektedir (James W. B. vd. 2010).
Tiibiil olusumu gbzlenen petriler yiizey proteinlerin  ekstraksiyonunun

gerceklestirilmesi amaci ile secildi.

3.3. YUZEY PROTEIN EKSTRAKSIYONU

Germ tiipleri gozlemlenen petri icerikleri agaroz ile beraber total protein
ekstraksiyonu i¢in sivi azot ile sogutulmus havanlara alinip izolasyon islemi
basatildi. Total protein ekstraksiyonu icin TCA/Aseton-Fenol/Metanol (Gonzalez-
Fernandez vd. 2010) yontemi kullanilarak gerceklestirildi. Yontem asagidaki gibidir.
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Sekil 3.3. Agaroz jele ekilen paslarin 24 saat sonunda tiibiil olusumu 1) % 0,51ik
agaroz ortaminda mikroskopla petrinin iist yiizeyinden goriintii 2) % 0,51ik agaroz
ortaminda mikroskopla petrinin alt yiizeyinden goriintii a) % 0,5lik agaroz ortaminda

p- Triticiniaiiredo sporlar1 b) % 0,51ik agaroz ortaminda germ tiipleri
3.3.1. TCA/Aseton-Fenol/Metanol Yontemi

Yukarida belirtildigi sekilde toplanan germ tiipleri tartilarak sivi azot yardimi
ile havanda yaklasik 1 saat ¢ok ince toz haline getirildi. Ezme esnasinda havan
icerisine 0.1g PVPP (Polivinil Polipirolidon) (SIGMA) ve 0.1g Quartz kumu
(MERCK) katildi. Ezme islemini takiben toplam agirliginin 4 kati kadar (W/V)
TCA/Aseton (% 10 TCA (Trikloro asetik asit) % 0,07 DTT (ditiyotreyitol) aseton)
iceren tiip igerisine alindi. Daha sonra bu karisim vortekslenerek 15 dakika buz
icerisinde sonikasyon islemine tabi tutuldu. Sonikasyon sonrasinda elde edilen 6rnek
siispansiyonu -20 °C de 16-18 saat siireyle ¢okmeye birakildi. Ertesi giin Ornek
siispansiyonu  santrifiij tiiplerine alinarak 16000 xg’de 3 dakika +4°C’de
santrifiijlendi (Thermo Fisher Scientific MR 23I). Siipernatant atildi ve proteini
iceren pellet soguk 0,1M amonyum asetat/metanol ¢ozeltisi ile yikanarak tekrar aym
kosullarda santrifiij islemi gerceklestirildi. Santrifiij isleminden sonra pellet % 0,07
(w/v) DTT igeren soguk aseton ile yikanarak aymi kosullarda bir kez daha

santrifiijlendi. Islem sonunda pellet kurumaya birakildi. Kuruyan pellet tartilarak sivi
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azot ile sogutulmus steril havanda 0.1 g PVPP (Polivinil Polipirolidon) ve 0.1g
Quartz kumu varliginda ince toz haline getirildi. Islem sonunda protein ihtiva eden
toz toplanarak iizerine 0,1gr/0,4-0,8mL olacak sekilde 1:1 SDS/Fenol (SDS
tamponu; % 30 siikroz (w/v), % 2 SDS (w/v), 0.IM Tris-Cl pH 8.0 ve 1 mM
fenilmetilsiilfonilflorir (PMSF), pH 8.0; /fenol) konularak sogukta 5 dakika
vortekslendi. Elde edilen siispansiyon santrifiij tiiplerine aktarilarak 16000 xg’de 3
dakika +4°C’de santrifiijlendi. Siipernatantin iist kisminda olusan fenolik faz temiz
bir steril tiipte toplandi. Fenol ile yapilan ekstraksiyon islemi tekrarlandi ve santrifiij
islemini miiteakip elde edilen 2. fenol fazi ilki ile birlestirildi. Toplanan fenol
fazlarinin hacimce 3 kati kadar soguk 0,1M amonyum asetat/metanol ¢ozeltisi ilave
edilip bir gece -20°C’de ¢okmeye birakildi. Ertesi giin -20°C’den ¢ikartilan 6rnekler
16000 xg’de 5 dakika +4°C’de santrifiijlendi. Siipernatant atildi, pellet soguk mutlak
metanol ile yikanip tekrar ayni1 kosullarda santrifiijlendi. Santrifiij sonrasinda % 0,07
(w/v) DTT iceren soguk aseton ile yikanarak aymi kosullarda bir kez daha
santrifiijlendi. Santrifiij sonrasinda pellet kurumaya birakildi. Kurutulan pellet
cOziiniirlestirme tamponu (7 M iire, 2 M tiyoiire, % 4 (w/v) CHAPS, 12 uL/ mL
destreak reaktifi ) ile ¢oziiniir hale getirildi. Coziiniir hale gelen 6rnek yine 6 defa her
seferinde 15 saniye olmak kosulu ile sonike edildi ve 30,000 xg’de 30 dakika
+4°C’de santrifiijlendi. Protein igeren siipernatant temiz bir mikrotiipe alinirak
hacminin 4 kati1 kadar soguk % 100 aseton ile muamele edilirek -20°C’de bir gece
¢cokmeye birakildi. Cokmeye birakilan 6rnekler takip eden giin 30,000 xg’de +4°C’de
30 dakika santrifiijlendi. Santrifiij sonrasinda siipernatant atildi ve pellet temiz bir
tiipe alinarak kurutuldu. Kuruduktan sonra destreak iceren c¢oziiniirlestirme tamponu
(7 M iire, 2 M tiyoiire, % 4 (w/v) CHAPS, 12 uL destreak/ImLtampon) ile ¢oziiniir
hale getirildi.

3.3.2. Bradford Protein Tayin Yontemi

Coziiniir hale gelen protein Orneklerinin protein icerigi Bradford protein
tayin metodu ile 0,1 mg/mL BSA (sigir serum albumin) stok standart olarak
kullanilarak konsantrasyonlar1 belirlenen protein 6rnekleri iki boyutlu poliakrilamid

jel elektroforezinde (2D-PAGE) kullanilmak iizere alikotlanarak -20°C de saklandi.
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3.4. 2D-PAGE

Iki boyutlu jel elektroforezinde P. triticina race-1 uredosporlarina ait yiizey
proteinleri birinci boyutta izoelektrik noktalarina gore ayrildiktan sonra bu proteinler
2. boyutta SDS-PAGE sistemi kullanilarak molekiiler agirliklarina  gore
ayrilmiglardir. Yonteme ait detayl bilgi asagidaki gibidir.

3.4.1. Izoelektrik Odaklama (IEF)

-20 °C’de depolanan protein ornekleri 505 pg /450 pL olacak sekilde % 1
(V/V) amfolit pH 3-10 icerecek sekilde hazirlandi. Ornek varhginda 24 cm pH 4-7
IPG stripler 12 saat oda sicakliginda (20-23°C) rehidrasyona tabii tutuldu.
Rehidrasyon islemini miiteakip IPGphor3GE Healthcare izoelektrik odaklama (IEF)
sisteminde stripler IEF {nitesinde Tablo 1. de verilen kosullarda izoelektrik
odaklamaya tabii tutuldu ve burada proteinlerin yiiklerine gore ayrilmasi

gerceklestirildi.

Tablo 3.1. IEF kosullari

Step U [V] Siire Vh
1 Step 100 00:30 HH:mm
2 Step 250 250 Vh
3 Grad 500 500 Vh
4 Grad 1000 1500 Vh

5 Grad 10000 22000 Vh
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6 Step 10000 50000 Vh

7 Step 100 10:00 HH:mm

IEF sonunda cihazdan ¢ikartilan strip veya stripler 2 asamada dengeleme
cozeltisi (6 M iire, % 30 gliserin (w/v), % 2 Sodyum Dodesil Siilfat (w/v), 50 mM
Tris-Cl pH 8.8) icerisine alinarak 2. boyuta hazir hale getirildi.

1. asamada dengeleme ¢ozeltisine % 1 (w/V) olacak sekilde DTT eklendi ve
stripler bu c¢ozelti i¢cinde 200 rpm de 20 dakika Niive ST 402 c¢alkalayicili
inkiibatorde inkiibe edildi.

1. asama gerceklestirilirken dengeleme c¢ozeltisine % 2,5 (w/v) iyodo
asetamid (IAA) (Sigma) icerecek sekilde hazirlandi. 1. dengeleme c¢ozeltisinden
cikarilan stripler 2. dengeleme c¢ozeltisine alinarak karanlikta yukarida anlatildig

gibi ¢alkalayicili inkiibatorde inkiibe edildi.

Bu dengeleme islemlerinin tamamlanmasi sonucunda strip veya stripler
Sodyum Dodesil Siilfat PoliAkrilamit Jel Elektroforezi (SDS-PAGE) islemi

uygulamasina hazir hale getirildi.
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Sekil 3.4. Proteinlerin rehidrate edilmesi (Ornekli rehidrasyon) protein tayini
yapildiktan sonra strip basina 505ug/450uL olacak sekilde hesaplanarak protein
orneginden alimiyor ve iizerine 4,5uL pH 3-10 amfolit konularak 450uL ye destreak
ile tamamlanarak kuyucuklara konularak iizerlerine IPG stripler yerlestirilerek 12

saat rehidrasyon yapilir.
3.4.2. SDS-PAGE

SDS-PAGE isleminde Gradient (%10-20) jeller kullanilarak en iyi sonug
alinmistir Gradient jel kompozisyonu Tablo 3.2’deki gibidir.
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Tablo3.2. Gradient jel kompozisyonu

Hafif Cozelti 275 mL) Agir Cozeli (275

mL)
Akrilamit-Bisakrilamit 92 mL 183 mL
1,5 mM Tris-Cl pH 8,8 69 mL 69 mL
Distile su 110 mL 1,2 mL
% 20 Sodyum Dodesil Siilfat 1,38 mL 1,38 mL
(SDS)
Gliserol YOK 19 mL
% 10 Amonyum Persiilfat 2,75 mL 1,4 mL
(APS)
TEMED 47 uL 8 uL

Jel kasetleri hazirlama aparati icerisine 25x20x0,15cm ebatlarindaki jel
kasetleri yerlestirilerek sizintiy1 onleyecek sekilde hazirlandi. Tablo 3.2.°deki gibi
hazirlanan hafif ve agir jel cozeltileri gradient olusturucunun ilgili silindirlerine
yerlestirildi. Hafif ¢ozeltinin bulundugu silindire bir magnet konarak manyetik
karistiric1 iizerine yerlestirildi bir peristaltik pompa yardimi ile gradyent jel sekil
3.5.°deki gibi dokiildii, jel ylizeyleri % 0,1 SDS ile sprey edildi. Polimerlesmenin
tamamlanmasi i¢in 3 saaat oda sicakliginda tutuldu. Polimerlesme tamamlandiktan

sonra aparattan ¢ikartilan 6 adet distile su ile yikandi jel yiizeyi kurulandiktan sonra



32

kullanima hazir hale getirildi. Dengeleme ¢ozeltisinde dengelenen stripler alinarak
her bir kasete 1 strip olacak sekilde dikkatlice jel yiizeylerinin herhangi bir yer ile
temas etmemesine dikkat edilerek kasetlere yerlestirildi. Stripler yerlestirildikten
sonra siringa yardimi ile Agaroz jeli % 1 (w/v) agaroz SDS-PAGE yiiriitme
tamponunda (250 mM Tris, 1,94 M glisin, % 1 SDS) c¢oziilerek hazirlandi.
Elektroforez islemi icin EttanDALTsix marka elektroforez tinitesi 1X Tris-Glisin-
SDS (TGS) (4L) ile dolduruldu ve kasetler elektroforez {iinitesine dikkatlice
yerlestirildi. Elektroforez {initesine yerlestirilen jel kasetleri lizerine 1 L 1X TGS
konuldu. Elektroforez {iinitesinin kapag kapatildi. Elektrophoresis marka giic
kaynag1t ve MultiTemp marka thermo circulator calistirildi. MultiTemp standart
olarak 10°C’ de calistirildi. Elektroforez isleminde ilk 1 saat 1,5 W/jel, sonraki
asama da ise yaklasik 5 saat 20 W/jel olacak sekilde gerceklestirildi.

Sekil 3.5 Gradyent jelin dokiilmesi. Tablo 3.2. de verilen konsantrasyonda hazirlanan

gradyent jelin dokiilmesi
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3.5. JEL GORUNTULEME
3.5.1. Kollaidal Coomassie Brilliant Blue ile Boyama

Elektroforez islemi 6 saat sonra tamamlandiginda kasetler elektroforez
tinitesinden ¢ikartildi ve jeller dikkatlice kasetlerden ¢ikartildiktan sonra her bir jel
tizerine 400 mL % 12,5 (w/v) Trikloro asetik asit (TCA) bosaltilarak jellerin 45
dakika NUVE ST 402 marka kanistiricida karismasi saglandi. Karisan her bir jel icin
27 mL Comassie Brilliant Blue R250 (CBB) boyama cozeltisi % 1 (w/v) (mutlak

etanol icerisinde) eklenerek boyama islemi gerceklestirildi.

Boyama islemi sonrasinda jeller 16 saat calkalamaya birakildi. 16 saat
sonunda jellerin boyali suyu boya c¢ikarma ¢ozeltisi (400 mL distile su + 50 mL etil
alkol) ile degistirildi. Giin icerisinde birka¢ defa tekrarlanan boya ¢ikarma cozeltisi
ile jeli yilkama sonrasinda protein spotlari goriiniir hale getirildi. Jeldeki boyanin
tamamindan kurtulmak icin 2 veya 3 giin calkalanarak boya c¢ikarma cozeltisi
degisimi gerceklestirildi. Fazla boyadan arindirilan jeller EPSON PERFECTION

V750 PRO marka tarama cihazi ile taranarak dijital ortama aktarildi.
3.5.2. Imaj Analizi

Biitiin biyolojik tekrarlar ve her bir biyolojik tekrara ait analitik tekrar jel
goriintiileri dijital ortama aktarildiktan sonra her biyolojik tekerriir jellerindeki spot
sayilar1 ve 3 biyolojik tekrarin karsilastirilmasi ile ortak spot sayilar1 ve ortak spotlar
DYMENTION 2 imaj analizi programi ile belirlendi. Daha sonra bu spotlar tripsin

enzimi ile kesilmek iizere jel saklama posetine konulup +4°C’ye kaldirildi.

3.6. TRIPSIN ENZIMI iLE HIDROLIZ

1) Her bir spot konuldugu 1,5mL’lik ependorf tiiplerinde 11 mm boyutlarinda kiigiik

parcalara ayrildi.

2) Tiiplere 1:1 oraninda 100 uL. Amonyum bikarbonat ve Asetonitril konularak

yarim saat vortekslenerek inkiibe edildi.
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3) Inkiibasyon sonunda siipernatant atildi.

4) Tiipe 500 uL % 100 Asetonitril eklenerek jel parcaciklari kiigiiliip beyazlasana
dek vortekslendi.

5) Siipernatant atildi.
6) Jel parcalar1 kurutuldu.

7) 100 mM amonyum bikarbonat icine 25 mM 50 uLL DTT eklenerek 30 dakika
56°C’de inkiibe edilerek rediiksiyon gerceklestirildi.

8) Oda sicakliginda sogutulan tiiplere 500 uL Asetonitril ilave edilerek 10 dakika

inkiibe edildi ve sonunda s1v1 atildi.

9) 55 mMiyodoasetamitten 50 uL eklenerek 20 dakika oda sicakliginda karanlikta
inkiibe edilerek alkilasyon gerceklestirildi.

10) Siipernatant atild1 ve jel parcaciklar distile su ile yikanarak fazla iyodoasetamid

uzaklastirildi.

11) 50 pL tripsin (100 mM Amonyum bikarbonat igerisinde) eklenerek 24 saat 37
°C’de inkiibe edildi.

12) Santrifiijlenerek elde edilen triptik peptidleri iceren sivi temiz bir mikro tiipe

aktarildi.

13) Jel parcaciklarinin bulundugu tiiplere 100 uL 1:1 oraninda % 5 formik asit ve
asetonitril iceren ekstraksiyon tamponu eklenerek 15 dakika 37°C’de calkalayicili

inkiibatorede inkiibe edildi.

14) Inkiibasyon sonrasi santrifiij yapildi elde edilen siipernatant triptik peptid

karigimu ile birlestirildi.
15) Vakum santrifiijle triptik peptidin sahip oldugu solvent uguruldu.

16) 25 uLL % 0,1 TFA eklenerek 5 dakika vortekslendikten sonra sonike edildi ve 15
dakika santrifiijlendi.
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17) LC-MS/MS analizleri icin yurtdisina gonderildi.

3.7. PROTEIN Mw DEGERLERININ HESAPLANMASI

3.7.1. 1zo Elektrik Nokta (pI) Degerlerinin Hesaplanmasi

Amersham 2D protokol (Abramovitch vd. 2006) internetten bulunarak grafigi

cikarildi ve denklemi bulundu. Sekil 3.6. da grafik verilmistir.

7,00 +

6,50 -

6,00 -

5,50 -

5,00 -

4,50 -

4,00 T T T T T T T

10 20 30 40 50 60 70

% strip uzunlugu

80 90 100

Sekil 3.6. Amersham 2D protocol pl standart egri grafigi

Bu garfige gore; pl degerleri bulunarak ekler 6.2.1. de verildi.
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3.7.2. Mw Standart Egrisi ve Mw Degerleri

MW degerlerini hesaplamak amaciyla dokiilen jelde FERMENTAS marka
prestained protein ladder (6-200 kDa) kullanilarak bu standarttaki her bir proteinin
sahip oldugu Rf degerine karsilik log Mw grafigi cizilerek Mw standart egri
denklemi bulundu. Bu denkleme gore her bir proteinin MW degerleri hesaplanarak

Ekler 6.2.2. de verildi.

MW STANDART EGRISi
2,5 y=-1,3261x + 2,2669
o R?=0,9884
Q..
2 I
@ ...
O
1,5 LAISE o...
= 0.
= T ..
> o
°
0,5
0
0 0,2 0,4 0,6 0,8 1 1,2
Rf

Sekil 3.7. Mw standart egri grafigi

3.8. BIYOINFORMATIK ANALIZLER

Tanimlanan proteinlerin hiicre alt1 lokalizasyon tahmini, sinyal peptidi icerip
icermedikleri, domain analizleri ve transmembran domainleri icerip igermedikleri

sirasi ile;

a. WoLF PSORT (http://www.genscript.com/wolf-psort.html)(Horton vd.

2007) programini kullanarak ve organizma tiirii olarak fungi secilerek FASTA

formatinda protein dizisi kullanilarak gerceklestirildi.
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b. Sinyal peptid icerikleri SignalP 4.1 programi
(http://www.cbs.dtu.dk/services/SignalP /) (Peterson vd. 2011) kullanilarak, ve N

terminalde sinyal peptid bolgesi olup olmadigt ise Target P 1.1
(http://www.cbs.dtu.dk/services/TargetP /) (Emanuelsson vd. 2000) ile tahmin edildi.

Bu programlarin her ikisi de Hidden Markownikow temelli programlardir. Signal P
de “Okaryot” secenegi sec¢ildi. Target P de ise “nonplant” canli secenegi secilerek

protein dizileri FASTA formatinda programa aktarilarak tahminler geceklestirildi.

c. Domain Analizleri; hipotetik olarak tanimlanan proteinler icin SMART

(http://smart.embl-heidelberg.de /) (Letunic vd 2014) ve PFAM

(http://pfam.xfam.org /) (Finn vd. 2016) analizleri ile gerceklestirildi. PFAM

programinin ana sayfasinda “sequence search” opsiyonunda FASTA formatinda

protein dizisi girildi.

d. Transmembran domain varligi; Sinyal peptid iceren proteinler icgin
gerceklestirildi ve proteinin sinyal peptid dizisi ¢ikarilarak protein dizisi TMHMM
2.0  (http://www.cbs.dtu.dk/servicess TMHMM /)  programina  aktarilarak

gerceklestirildi.
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4. BULGULAR VE TARTISMA

Kahverengi pas hastaligi etmeni Kanada irki P.triticina race 1 bitkiye
enfekte edildikten sonra 8-10 giin icerisinde olusmakta ve takriben pas piistiilleri
bitkide olustuktan 8-10 giin sonrada bitki 6lmektedir. Bu siire zarfinda toplanan
pas sporlar steril cam tiiplerde agzi1 kapatilarak +4°C’de nemini uzaklastirmak
amaciyla silika jel icerisinde muhafaza edildi. Laboratuarimizda gerceklestirilmis
olan kahverengi pas enfeksiyonu sonucu Morocco bugday cesidinin goriintiisii

Sekil 4.1.”de verilmistir.

Sekil 4.1. Ahi Evran Universitesi Fen-Edebiyat Fak. Kimya B6l. Biyokimya ABD de

P. triticina race 1 ile enfekte Morocco yazlik varyetesi

Yaklasik 2 hafta silika jel icerisinde ve +4 °C’de nemi uzaklastirilan pas
sporlar1 agaroz ortamina ekildi. Aksi takdirde nemli olan ortamda sporlarin germ

tiipleri sayisinda azalma goriildii. Mikroskop altinda incelendiginde germ
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tiiplerinin agaroz ortaminda dikey olarak yerleserek biiylidiigii gozlendi (James

W. B. ve ark. 2010) , sonug Sekil 3.3.”de sunulmustur

Cimlenmis kahverengi pas iiredosporlarindan ekstrakte edilen ylizey proteinleri i¢in

gerceklestirilen 2D-PAGE goriintiisii Sekil 4.2.”de sunulmaktadir.

Sekil 4.2. Kahverengi pas tiredo sporlarinin in vitro ¢cimlendirilmesi sonras1 ekstrakte

edilen yiizey proteinlerinin 2D-PAGE profili



Sekil 4.3. 3 biyolojik replikadaki toplam 9 jelde ortak bulunan spotlarin jel

tizerindeki lokasyonlar1 ve numaralandirilmasi
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Toplamda 3 biyolojik tekrara ait olan 9 jel goriintiisii icin gerceklestirilmis

imaj analiz islemi sonucu Sekil 4.3.’de verilmektedir.

¥l
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fFile Edit View Aligning SpotDetection Normalization Spot Edit Tools Window Help
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Spot Detection  Spat Datection  Spat Detection

Compl sample 2

Match ol. | SpotNo. | Horm. Vol.
Spot Matching

213 matches 1 1 1 1 1,103

| sauoen

b [T o oo o ]¥s

For Help, press F1

¥ ool 1 |[§] caoe2 |[¥ sampled i Metchng T. [

e OB > g o

Sekil 4.4. Uc Biyolojik Tekrar ve her bir tekrara ait teknik tekrarlarla birlikte jel

imaj analizi

Dijjitalizasyonu takiben 3 biyolojik tekrarin 2 tanesinde ortak olan spotlar

icerisinde yiiksek bollukta olanlar PAMP aday1 olarak belirlendi.

Belirlenen 201 spotun nano- LC-MS/MS analizi ile protein tanimlanmasi

Broad Institute trafindan yayinlanan Puccinia genom veri tabami kullanilarak

gerceklestirildi. Yapilan analiz sonucunda tamimlanan 201 spota karsilik 168 adet

protein tanimlandi. Spot 65 kontaminant olarak goziikmektedir. Tanimlanan 168

proteinden 117 tanesi tek proteindir Tamimlanan proteinler Tablo 4.1.

sunulmaktadir. 8 tanesinin efektor protein oldugu diisiiniilmektedir.

de
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Tablo 4.1. Puccinia triticina Aday PAMP Proteinleri

Spot Aksesyon Adi Teorik pI/MW
No
3 PTTG_03499 | Hypothetical protein 4.45/24.82
PTTG_01669 | Hypothetical protein 4.71/26.90
7
PSTG_17414 | Hypothetical protein 6.33/47.27
. PTTG_09356 | Translationally-controlled  tumor | 4.71/18.50
protein
14 | PTTG_06852 | Hypothetical protein 4.90/46.71
PTTG_02090 | Hypothetical protein 4.61/34.02
15
PSTG_17414 | Hypothetical protein 6.33/47.27
12 PTTG_01840 | ATP  synthase subunit beta, | 5.63/58.44
TO mitochondrial
19 | PTTG_05456 | Hypothetical protein 5.17/13.16
20 | PTTG_01827 | Hypothetical protein 4.86/58.40
o1 PTTG_01840 | ATP  synthase subunit beta, | 5.63/58.44
mitochondrial
22 | PTTG_07476 | Pyruvate dh el component 5.55/43.09
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PTTG_02217 | Hypothetical protein 4.97/35.48
23 | PTTG_06867 | Heat shock 90-1 4.89/80.59
24 | PTTG_01827 | Hypothetical protein 4.86/58.40
27 | PTTG_27503 | Hypothetical protein 4.99/18.87
30 | PTTG_06867 | HSP 90-1 4.89/80.59

PTTG_02217 | Hypothetical protein 4.97/35.48
31

PTTG_07476 | Pyruvate dh el component 5.55/43.09
3 PGTG_1220 | Tubilin beta chain 4.82/50.15

4

PTTG_04893 | Eukaryotic translation initiation | 5.14/17.31
38 factor 5a(elongation factor p)
39 | PTTG_09144 | Hypothetical protein) 5.41/57.84
" PGTG_1220 | Tubilin P chain 4.82/50.15

4
42 | PTTG_03478 | HSP-70 5.09/70.90
46 PGTG_1220 | Tubilin B chain 4.82/50.15

4
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PTTG_05513 | 26S protease regulatory subunit 6a | 5.09/51.99
48 | PTTG_07281 | Glucose regulated protein 5.16/72.28
50 | PTTG_07437 | Hypothetical Protein 5.55/78.72

PTTG_01758 | Hypothetical Protein 5.06/31.69
51

PTTG_03478 | HSP-70 5.09/70.90

PTTG_07281 | Glucose regulated protein 5.16/72.28
53

PTTG_06867 | HSP 90-1 4.89/80.59
55 | PTTG_07281 | Glucose regulated protein 5.16/72.28

PTTG_07281 | Glucose regulated protein 5.16/72.28
58

PTTG_26408 | V-type ATPase, a subunit 5.91/76.81
63 | PTTG_03478 | HSP70 5.09/70.90

PTTG_03718 | Hypothetical Protein 5.10/28.50
64

PTTG_01641 | Hypothetical prot. 5.14/31.97
05 | contaminant
66 | PSTG_03501 | Hypothetical Protein 5.31/41.78
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67 | PSTG_03501 | Hypothetical Protein 5.31/41.78
70 | PTTG_26408 | V-type ATPase, a subunit 5.91/76.81
73 | PTTG_05827 | HSP60 5.64/61.84
73A | PTTG_01106 | Tubiline o<1 chain 5.09/49.06
74 | PTTG_03524 | Hypothetical Protein 6.10/28.28
75 | PTTG_06777 | Thioredoxin reductase (nadph) 5.58/41.87
76 | PTTG_09204 | Hypothetical Protein 5.06/48.96
78 | PTTG_09204 | Hypothetical protein 5.06/48.96
PTTG_01106 | Tubiline o<1 chain 5.09/49.06

79
PTTG_03808 | Protein phosphatase 2c 5.17/54.31
80 | PTTG_01696 | HSP SSB 5.34/68.34
PSTG_03501 | Actin 5.31/41.78

82
PTTG_01696 | HSP SSB 5.34/68.34
84 | PSTG_03501 | Actin 5.31/41.78
87 | PSTG_03501 | Actin 5.31/41.79
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88 | PTTG_12630 | Arginase 5.25/34.78
90 | PSTG_12276 | Hypothetical protein 5.17/54.31
91 | PTTG_00226 | 26S protease regulatory subunit 6b | 5.33/46.73
92 | PTTG_09144 | Hypothetical protein 5.41/57.84
93 | PTTG_06345 | Hypothetical protein 5.29/43.80
95 | PTTG_09276 | Hypothetical protein 5.77/80.76
96 | PTTG_09144 | Hypothetical protein 5.41/57.84

PTTG_08592 | 3-isopropyl malate dehydrogenase | 5.39/39.88
97

PGTG_1396 | Hypothetical protein 6.97/48.13

6
98 | PTTG_26408 | V-type ATPase, a subunit 5.91/76.81
9 PSTG_14021 | V-type proton ATPase -catalytic | 5.44/68.91

subunit a isoform 2

PGTG_0593 | HSP-SSB 5.34/68.95
100 |5 (104 ILE

AYNI)

PTTG_02219
101 Phosphomannose 5.44/48.00
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104 | PTTG_01076 | Hsp-70 like protein 5.88/73.63
PSTG_04289 | Hypothetical protein 6.62/49.00
105
PTTG_09276 | Hypothetical protein 5.77/80.76
108 | PTTG_03022 | Hypothetical protein 5.00/29.33
PTTG_09887 | Hypothetical protein 5.64/29.99
111 | PSTG_02641 | CMGC/CDK/CDC?2 protein kinase | 6.26/33.15
PTTG_01991 | Hypothetical protein 5.40/32.48
112 | PTTG_01076 | HSP-70 5.88/73.63
114 | PTTG_09971 | Hypothetical protein 5.86/14.07
15 PGTG_0025 | Hypothetical protein 5.49/12.32
2
PTTG_03284 | LSU ribosomal prot 5.25/33.28
116
PSTG_01609 | serine/threonine-protein 5.43/34.92
phosphatase ppel
119 | PTTG_09796 | Hypothetical protein 5.47/65.89
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PTTG_04091 | secretory pathway GDP | 5.64/49.56
2! dissociation inhibitorl

PTTG_09784 | Hypothetical protein 5.95/69.87

PTTG_03046 | PEP carboxy kinase 6.34/64.32
122

PTTG_06246 | Hypothetical protein 5.87/30.68
126 | PTTG_01458 | PEP carboxy kinase 6.23/64.25

PTTG_01076 | HSP-70 like prot 5.88/73.63
127 1 PTTG_09276 | Hypothetical protein 5.77/80.76
128 | PTTG_09870 | Hypothetical protein 5.72/41.37
130 | PTTG_01076 | HSP-70 like prot 5.88/73.63
131

PTTG_02001 | Hypothetical protein 8.30/59.21
133 Hypothetical protein 8.30/20.75

PTTG_07863
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136 | PTTG_07672 | Proteasome subunit alpha type-2 5.71/26.89
137 | PTTG_07672 | proteasome subunit alpha type-2 5.71/26.89
PTTG_08656 | Hypothetical protein 5.63/41.41
139
PTTG_08249 | Hypothetical protein 5.62/56.64
140 | PTTG_08249 | Hypothetical protein 5.62/56.64
PTTG_07672 | proteasome subunit alpha type-2 5.71/26.89
141 1 PTTG_08249 | Hypothetical protein 5.62/56.64
142 | PTTG_07672 | Proteasome subunit alpha type-2 5.71/26.89
144 | PTTG_07672 | Proteasome subunit alpha type-2 5.71/26.89
146 | PTTG_00430 | ENOLASE 5.97/47.38
147 PTTG_07672 | PROTEASOME SUBUNIT | 5.71/26.89
ALPHA TYPE-2
PTTG_06888 | (Haloacid dehalogenase-like | 5.58/38.67
hydrolase DOM.)
149
PTTG_02620 | Mitochondrial-processing 6.03/52.87

peptidase subunit beta
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150 | PTTG_01903 | Hypothetical protein 6.17/46.40
154 | PTTG_01903 | Hypothetical protein 6.17/46.40
158 | PTTG_07672 | Proteasome subunit alpha type-2 26.89/5.71
160 | PTTG_09276 | Hypothetical protein 5.77/80.76
161 | PTTG_06273 | Hypothetical protein 5.82/49.91
163 | PTTG_07362 | V-type proton ATPase subunit b 5.66/57.11
165 | PTTG_01903 | Hypothetical protein 6.17/46.40

PTTG_09553 | Hypothetical protein 5.67/5137
167 | PTTG_28577 | Hypothetical protein 6.34/56.48

PTTG_09276 | Hypothetical protein 5.77/80.76
169 | PTTG_03429 | Hypothetical protein 6.39/37.37
170 | PTTG_00372 | Glutathione synthetase 5.77/58.90
171 | PTTG_09731 | Hypothetical protein 8.79/57.52
17 PTTG_05189 | Fructose biphosphate aldolase class | 6.83/46.24

il

174 | PTTG_09731 | Hypothetical protein 8.79/57.52
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175 | PTTG_09276 | Hypothetical protein 5.77/80.76
176 | PTTG_07572 | Phospho mannomutase 5.84/29.12
178 | PTTG_01458 | PEP carboxy kinase 6.23/64.25
181 PTTG_03422 | 6-PHospho gluconate | 6.77/68.75
dehydrogenase
182 | PTTG_04265 | Hypothetical protein 7.78/36.47
>, PTTG_03422 | 6-phospho gluconate | 6.77/68.75
dehydrogenase
185 | PTTG_09276 | Hypothetical protein 5.77/80.76
186 | PTTG_04566 | Hypothetical protein 5.71/56.71
187 | PTTG_08360 | Pyruvate kinase 6.43/57.63
188 | PTTG_01714 | Fk506 binding prot 6.57/12.88
PTTG_09784 | Hypothetical protein) 5.95/69.87
190
191 | PTTG_00430 | Enolase 5.98/47.25
192 | PTTG_09276 | Hypothetical protein 5.77/80.76
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PSTG_11939 | Hypothetical protein 6.77/267.70
193

PGTG_2156 | Hypothetical protein 8.69/78.72

0

PTTG_03025 | Hypothetical protein 5.86/21.37
194

PTTG_07306 | 2,3-bisphosphoglycerate-dependent | 5.88/23.82

phosphoglycerate mutase

195 | PTTG_08248 | Hypothetical protein 7.5945.24
197 | PTTG_09038 | Hypothetical protein 6.00/28.96
198 | PTTG_09038 | Hypothetical protein 6.00/28.96
199 | PTTG_09038 | Hypothetical protein 6.00/28.96
200 | PTTG_03445 | Hypothetical protein 6.20/22.59

PTTG_01903 | Hypothetical protein 6.17/46.40
201

PSTG_11939 | Hypothetical protein 6.77/267.79
202 | PTTG_09276 | Hypothetical protein 5.77/80.76
o4 PTTG_07306 | 2,3-bisphosphoglycerate-dependent | 5.88/23.82

phosphoglycerate mutase
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209 | PTTG_27324 | Hypothetical protein 5.90/29.41
210 | PTTG_01903 | Hypothetical protein 6.17/46.40

PTTG_09276 | Hypothetical protein 5.77/80.76
212

PTTG_09784 | Hypothetical protein 5.95/69.87
216 | PTTG_29605 | Hypothetical protein 7.23/58.85
218 | PTTG_08360 | Pyruvate kinase 6.43/57.63

PTTG_03445 | Hypothetical protein 6.20/22.59
220

PSTG_01145 5.70/37.88

PTTF_09276 | Hypothetical protein 5.77/80.76
221

PSTG_08642 6.10/125.69
222 | PTTG_08360 | Pyruvate kinase 6.43/57.63
223 | PTTG_08360 | Pyruvate kinase 6.43/57.63

PTTG_05785 | Succinate dehydrogenase | 6.67/70.79
225 [ubiquinone] flavoprotein subunit,

mitochondrial
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227 | PTTG_01458 | PEP carboxykinase 6.23/64.25

PTTG_05785 | Succinate dehydrogenase | 6.67/70.79
231 [ubiquinone] flavoprotein subunit,

mitochondrial

234 | PTTG_01458 | PEP carboxykinase 6.23/64.25
257 | PTTG_09784 | Hypothetical protein 5.95/69.87

PTTG_00016 | Hypothetical protein 6.25/58.93
261

PTTG_12239 | Hypothetical protein 7.10/97.98
263 | PTTG_12239 | Hypothetical protein 7.10/97.98

PTTG_05453 | Glutamine synthetase 6.15/39. 60
267

PTTG_08909 | CaMK protein kinase 6.03/40.32
269 | PTTG_00430 | Enolase 5.97/47.38
272 | PTTG_09784 | Hypothetical protein 5.95/69.87
274 | PTTG_01684 | Hypothetical protein 8.53/50.22
281 | PTTG_03798 | NADH dehydrogenase g-subunit 6.62/81.62
285 | PTTG_06073 | Hypothetical protein 8.05/47.74
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PTTG_03821 | Adenosyl homocystainase 5.97/47.06
286

PTTG_04794

Elongation factor EF-Tu 8.53/52.40

PTTG_06073 | Hypothetical protein 8.05/47.74
287

PTTG_06742 | Hypothetical protein 5.83/102.56
290 | PTTG_05785 | Succinate dehydrogenase 6.67/70.79

290A

294 | PTTG_01458 | PEP carboxy kinase 6.23/64.25
296 | PTTG_01458 | PEP carboxy kinase 6.23/64.25
299 | PTTG_04303 | Peptidyl-prolyl cis-trans isomerase | 6.54/26.53
305 | PTTG_09276 | Hypothetical protein) 5.77/80.76
306 | PTTG_02168 | Phosphogluco mutase 6.25/60.70
307 | PTTG_02168 | Phosphogluco mutase 6.25/60.70
309 | PTTG_01152 | Hypothetical protein 6.44/57.04
310 | PTTG_29181 | Hypothetical protein 6.23/83.85
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315 | PTTG_02169 | Hypothetical pgrotein 6.30/32.84
318 | PTTG_09428 | Hypothetical pgrotein 6.21/38.48
120 PTTG_00389 | Guanine nucleotide-binding protein | 6.31/34.73
subunit beta-like protein
321 | PTTG_05810 | 20S proteasome subunit beta 5.94/23.71
322 | PTTG_01421 | Hypothetical protein 6.39/44.49
332 | PTTG_29878 | Transaldolase 6.30/38.78
337 | PTTG_01152 | Hypothetical protein 6.44/57.04
338 | PTTG_06268 | Hypothetical protein 6.22/23.14
340 | PTTG_06466 | Isocitrate lyase 6.94/63.84
341 | PTTG_06754 | Catalase 6.26/59.54
347 | PTTG_06754 | Catalase 6.26/59.54
PGTG_1220 | Tubilin B chain 4.83/50.14
348 A
351 PTTG_17649 | UTP-glucose-1-phosphate uridylyl | 6.37/53.87
transferase
356 | PGTG_1764 | UTP-glucose-1-phosphate uridylyl | 6.25/53.87
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9 transferase

Puccinia triticina race 1’in in vitro germinasyonu sonucu germ tiiplerinden
elde edilen ylizey proeinlerinin Sinyal peptid igerip icermedikleri, sinyal peptid
icerenlerin hedef organellerinin neresi oldugu yani N- terminal sinyal peptid icerip
icermedikleri, transmembran domain igerikleri, gorev aldiklari biyolojik prosesleri ve
hiicre alt1 lokalizasyonlar1 Boliim 3.8 de verilen biyoinformatik analizler ile
gerceklestirildi. Yapilan analizler sonucunda tanimlanan proteinlerin hiicre alti

lokalizasyonu Sekil 4.4 te verildigi sekilde dagilim gostermektedir.

117 proteinin BlastKOALA analizi ile gerceklestirilen analiz sonucunda 94
protein ic¢in sonu¢ alinabilmistir ve proteinlerin yer aldiklar1 biyolojik prosesleri

gosterir pasta grafigi Sekil 4.5 de verilmektedir.

94 girdiler (80.3%) Acgiklamali

i Genetik Bilgi isleme
Hiicresel isleme
insan Hastaliklari
B Karbonhidrat Metabolizmalar
Organizma Sistemleri
Cevresel Bilgi isleme
B Enerji Metabolizmalari
Enzim Familyasi
Amino Asit Metabolizmalari
I Diger Amino Asit Metabolizmalari
B Nikleotit Metabolizmalari

Sekil 4.5. In vitro ¢cimlendirilmis Kahverengi pas iiredo spor yiizey proteinlerinin yer
aldig1 biyolojik prosesler (KEGG Fungal Database, BlastKoala option, Kanahisa vd.
2016)



58

117 proteinden WoLF PSORT analizi ile 108 tanesinin hiicre i¢i lokalizasyonu
tahmin edildi ¢iinkii bu program protein dizisinin M (metiyonin) amino asidi ile
baslamasi temel almaktadir ve proteinlerin lokalizasyon pasta grafigi sekil 4.5

da verilmistir.

M cysk
H cyto
H nucl
M cyto-nucl
H mito

W extr

Sekil 4.6. Aday PAMP proteinlerinin hiicre alt1 lokalisazyon pasta grafigi

Ayrica tanimlanan proteinlerin ¢ok biiylik bir kismu (yaklasik %60)
hipotetik protein olarak tanimlanmistir. Bu proteinlerin fonksiyonlarmin tahmin
edilebilmesi icin sahip olduklar1 domain analizleri SMART ve PFAM WEB
tabanl1 biyoinformatik analizleri ile gerceklestirildi. Analiz sonuglar1 Tablo 4.2 de

sunulmaktadir.



Tablo 4.2 Puccinia triticina germ tiipleri yiizey proteinleri i¢in Domain analiz
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sonuglari
Spot Aksesyon No Domain
No
3 PTTG_03499 EF1-BETA
PTTG_01669 RAN-BPI
7
PSTG_17414 AMINOTRANSFERASE 1 AND 2
PTTG_06852 EUKARYOTIC ASPARTYL
4 PROTEASE
PTTG_02090 NUCLEOSOME ASSEMBLY
L5 PROTEIN
PSTG_17414 AMINOTRANSFERASE 1 &2
19 PTTG_05456 PROFILIN
20 PTTG_01827 THIOREDOXIN
PTTG_02217 SGTA DIMER DOM AND
. TETRATRICOPEPTIDE DOM
24 PTTG_01827 THIOREDOXIN
27 PTTG_27503 TROPOMYOSIN LIKE
. PTTG_02217 SGTA DIMER DOM AND

TETRATRICOPEPTIDE DOM
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39 PTTG_09144 PGM-PMM DOM
46 PTTG_05513 ATPase family associated with various
cellular ACTIVITY
50 PTTG_07437 PEPTIDASE S9
51 PTTG_01758 RIBOSOMAL PROTEIN S2
PTTG_03718 CALPONIN HOMOLOGY DOM
64
PTTG_01641 RNASE_PH
03 contaminant
66 PSTG_03501 ACTIN
67 PSTG_03501 ACTIN
PTTG_03524 RHO protein GDP dissociation inhibitor
74
PTTG_09204 Inositol monophosphatase family
76
78 PTTG_09204 Inositol monophosphatase family
%0 PSTG_12276 BILINEN BiR MOTIF VEYA DOMAIN
BULUNMAMAKTA
92 PTTG_09144 PGM-PMM
93 PTTG_06345 RADS1
o5 PTTG_09276 Putative stress-responsive nuclear

envelope protein
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96 PTTG_09144 PGM-PMM
97 PGTG_13966 ACYL CoA DH
PSTG_04289 ACYL COA DH
105
PTTG_09276 Putative stress-responsive nuclear
envelope protein
108 PTTG_03022 tRNA ANTICODON AND RPA-C
PTTG_09887 KR DOM
- ALKOL DEHIDROGENAZ KISA
ZINCIR DOM
PTTG_01991 ENOYL REDUCTASE
114 PTTG_09971 DUF3759
115 PGTG_00252 DUF 3759
119 PTTG_09796 DAK 1 AND 2 DOM
PTTG_09784 transketolase
122
PTTG_06246 Adh short
PTTG_09276 Putative stress-responsive nuclear
127 envelope protein
18 PTTG_09870 NAD BINDING 3 AND HOMOSERINE

DH
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PTTG_02001 DHH AND DHHA?2
133
PUTATIVE PHOSPHATASE
PTTG_07863
PTTG_08656 ELF 2B-5/IF2B-IF5
139 PTTG_08249 ALDEHYDE DH FAMILY
140 PTTG_08249 ALDEHYDE DH FAMILY
141 PTTG_08249 ALDEHYDE DH FAMILY
PTTG_06888
149 haloacid dehalogenase-like hydrolase
150 PTTG_01903 PEPTIDASE M16
154 PTTG_01903 PEPTIDASE M16
160 PTTG_09276 Putative stress-responsive nuclear
envelope protein
PTTG_06273 RNA RECOGNITION MOTIFS
ol REPEATS
165 PTTG_01903 PEPTIDASE M16
PTTG_09553 TIP49 C TERMINUS
167

PTTG_28577

AMINO TRANSFERASE 1 VE 2
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PTTG_09276 Putative stress-responsive nuclear
envelope protein
169 PTTG_03429 INORGANIC PYROPHOSPHATASE
171 PTTG_09731 BIOTIN REQUIRING ENZYME AND
2-0XO ACID DH
174 PTTG_09731 BIOTIN REQUIRING ENZYME AND
2-0X0O ACID DH
175 PTTG_09276 Putative stress-responsive nuclear
envelope protein
18 PTTG_04265 ELECTRON TRANSFER
FLAVOPROTEIN
185 PTTG_09276 Putative stress-responsive nuclear
envelope protein
186 PTTG_04566 UDPGP
190 PTTG_09784 Transketolase
192 PTTG_09276 Putative stress-responsive nuclear
envelope protein
PSTG_11939 RAS-GEF DOM.
193
PGTG_21560 DUF
104 PTTG_03025 PRIDOXAMINE 5° PHOSPHATE
OXIDASE LIKE
195 PTTG_08248 ATP-GRASP AND COA LIGASE DOM
197 PTTG_09038 SHORT CHAIN DH
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198 PTTG_09038 SHORT CHAIN DH
199 PTTG_09038 SHORT CHAIN DH
200 PTTG_03445 GLYCOLIPID TRANSFER PROTEIN
PTTG_01903 PEPTIDASE M16
201
PSTG_11939 RAS-GEF DOM
PTTG_09276 Putative stress-responsive nuclear
202 envelope protein
209 PTTG_27324 DUF4336
210 PTTG_01903 PEPTIDASE M16
PTTG_09276 Putative stress-responsive nuclear
envelope protein
212
PTTG_09784 TRANSKETOLASE
216 PTTG_29605 ENOYL COA
HYDRATASE,ISOMERASE
PTTG_03445 GLYCOLIPID TRANSFER OROT
220
PSTG_1145
PTTF_09276 Putative stress-responsive nuclear
envelope protein
221

PSTG_08642

MULE TRANSPOSASAS
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PTTG_05785

FAD BINDING 2 AND FUMARATE

231
REDUCTASE FLAVO PROTEIN
257 PTTG 09784 Transketolase
PTTG_00016 PEPTIDASE INHIBITOR 19 AND
PEPTIDASE S8 (SUBTILASE
261 FAMILY)
PTTG 12239 Proteasome, COP9, Initiation factor 3
263 PTTG_12239 Proteasome, COP9, Initiation factor 3
272 PTTG 09784 Transketolase
274 PTTG_01684 E1 DEHYDROGENASE
PTTG_06073 NUCLEOTIDYL TRANSFERASE,
285 BACTERIAL TRANSFERASE
HEXAPEPTIDE
PTTG_06073 NUCLEOTIDYL TRANSFERASE,
BACTERIAL TRANSFERASE
287 HEXAPEPTIDE
PTTG_06742 DPPIV (DIPEPTIDYL PEPTIDASE IV)
205 PTTG_09276 Putative stress-responsive nuclear
envelope protein
309 PTTG_01152 AMINO OXIDASE/NAD BINDING 8
PTTG_29181 SPERMINE SPERMIDINE
310

SYNTHASE, SACCHAROPINE DH
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PTTG_02169 SERINE AMINO PEPTIDASE S33
315
PTTG_09428 ALCOHOL DEHYDROGENASE
318 GROES LIKE DOM, ZINC BINDING
DEHYDROGENASE

337 PTTG_01152 AMINO OXIDASE/NAD BINDING 8

338 PTTG_06268 GLUTATHIONE S-TRANSFERASE

Ayrica tanimlanan proteinler 1s181inda P. triticina race-1 in aktif olan temel

metabolik yollar1 Sekil 4.7 da verilmektedir.
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Sekil 4.7. P. triticina race-1’in germ tiipleri yiizey proteinlerinde aktif olan

temel metabolik yollar
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EKLER

Her bir biyolojik tekrardan elde edilen protein ve her biyolojik tekrarra ait teknik
tekrarlarin 2D-PAGE profilleri

Ek 6.1.1.1. Biyolojik Replika 1. Jel goriintiisi ( pH 4-7 araligi, %10-20

konsantrasyonlu gradyent jelde spotlarin goriintiisii)

Ek 6.1.2 1. Biyolojik Replika 2. Jel goriintiisii



Ek 6.1.3 1. Biyolojik Replika 3. Jel goriintiisii
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Ek 6.1.4 1. Biyolojik Replika 1. ve 2. Jellerinin ortak spotlarinin karsilastirilmasi
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Ek 6.1.7 1. Biyolojik Replika 3 jelin ortak spotlarinin karsilagtirilmasi

Ek 6.1.8 2. Biyolojik Replika 1. Jel goriintiisii
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Ek 6.1.9 2. Biyolojik Replika 2. Jel goriintiisii

Ek 6.1.10 2. Biyolojik Replika 3. Jel goriintiisti
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Ek 6.1.12 2. Biyolojik Replika 1. Ve 3. Jellerinin ortak spotlarinin karsilastirilmasi
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Ek 6.1.14 2. Biyolojik Replika 3 Jelin ortak spotlarinin karsilastirilmasi

Ek 6.1.14 3. Biyolojik Replika 1. Jel goriintiisii
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Ek 6.1.15 3. Biyolojik Replika 2. Jel goriintiisii

Ek 6.1.16 3. Biyolojik Replika 3. Jel goriintiisii
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Ek Tablo 6.2.1 Her bir spota ait pI degerleri

SPOT NO %STRIP UZUNLUGU |pI DEGERI (teorik)
3 10,47 4,326709302
4 12,40 4,373414729
5 13,57 4,401437984
7 14,34 4,420120155
8 16,28 4,466825581
9 17,83 4,504189922
12 20,93 4,578918605
13 21,32 4,58825969
9A 19,38 4,541554264
14 22,48 4,616282946
15 22,87 4,625624031
18 26,74 4,719034884
19 25,19 4,681670543
20 23,26 4,634965116
21 26,36 4,709693798
21 26,74 4,719034884
22 26,74 4,719034884
23 29,84 4,793763566
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24 26,74 4,719034884
27 2791 4,74705814

28 2791 4,74705814

29 28,29 4,756399225
30 28,29 4,756399225
31 29,07 4,775081395
35 30,04 4,798434109
36 30,62 4,812445736
38 31,01 4,821786822
39 31,40 4,831127907
41 31,78 4,840468992
42 32,17 4,849810078
46 32,95 4,868492248
48 33,33 4,877833333
50 34,11 4,896515504
51 34,11 4,896515504
53 34,88 4,915197674
55 36,43 4,952562016
58 37,98 4,989926357
60 39,15 5,017949612
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64 39,73 5,03196124

65 40,70 5,055313953
66 40,70 5,055313953
67 40,89 5,059984496
70 41,47 5,073996124
73 41,86 5,083337209
T3A 41,28 5,069325581
74 42,25 5,092678295
75 42,25 5,092678295
76 42,64 5,10201938

77 41,86 5,083337209
78 43,41 5,12070155

79 44,19 5,139383721
80 44,19 5,139383721
82 44,96 5,158065891
84 46,12 5,186089147
87 45,54 5,172077519
88 46,12 5,186089147
90 46,51 5,195430233
91 46,51 5,195430233
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92 47,29 5,214112403
93 47,29 5,214112403
95 48,45 5,242135659
96 48,45 5,242135659
97 48,45 5,242135659
98 48,45 5,242135659
99 49,22 5,260817829
100 49,61 5,270158915
101 50,00 5,2795

104 51,94 5,326205426
105 52,13 5,330875969
107 53,10 5,354228682
108 53,49 5,363569767
111 54,26 5,382251938
112 55,23 5,405604651
114 55,43 5,410275194
115 54,26 5,382251938
116 55,62 5,414945736
119 56,78 5,442968992
121 57,17 5,452310078
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122 57,36 5,45698062

126 58,14 5,475662791
127 58,53 5,485003876
128 59,11 5,499015504
130 59,30 5,503686047
131 59,69 5,513027132
133 60,08 5,522368217
136 60,85 5,541050388
137 61,24 5,550391473
139 61,24 5,550391473
140 61,63 5,559732558
141 61,82 5,564403101
142 61,63 5,559732558
143 63,18 5,597096899
144 62,79 5,587755814
145 62,79 5,587755814
146 67,44 5,699848837
147 63,18 5,597096899
149 64,15 5,620449612
150 63,95 5,61577907
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152 64,73 5,63446124

154 64,92 5,639131783
155 64,73 5,63446124

156 65,12 5,643802326
157 65,50 5,653143411
158 65,89 5,662484496
159 66,28 5,671825581
160 66,47 5,676496124
161 66,67 5,681166667
162 67,05 5,690507752
163 67,05 5,690507752
165 67,44 5,699848837
167 67,64 5,70451938

168 67,83 5,709189922
169 68,22 5,718531008
170 68,22 5,718531008
171 68,41 5,72320155

172 68,60 5,727872093
174 68,99 5,737213178
175 68,22 5,718531008
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176 68,99 5,737213178
178 69,38 5,746554264
181 69,77 5,755895349
182 69,77 5,755895349
184 70,35 5,769906977
185 70,54 5,774577519
186 71,32 5,79325969

187 71,32 5,79325969

188 72,29 5,816612403
190 71,71 5,802600775
191 72,29 5,816612403
192 72,48 5,821282946
193 72,48 5,821282946
194 73,06 5,835294574
195 73,64 5,849306202
197 73,64 5,849306202
198 73,84 5,853976744
199 74,03 5,858647287
200 74,03 5,858647287
201 74,42 5,867988372
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202 74,61 5,872658915
204 74,42 5,867988372
209 75,19 5,886670543
210 75,58 5,896011628
212 75,97 5,905352713
216 76,36 5,914693798
218 76,74 5,924034884
220 77,52 5,942717054
221 77,13 5,933375969
222 77,52 5,942717054
223 77,13 5,933375969
225 78,29 5,961399225
227 77,91 5,95205814

231 78,68 5,97074031

234 78,68 5,97074031

239 79,46 5,989422481
247 80,43 6,012775194
248 81,01 6,026786822
249 80,23 6,008104651
250 80,43 6,012775194
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256 81,78 6,045468992
257 81,40 6,036127907
261 81,78 6,045468992
263 82,36 6,05948062
266 82,95 6,073492248
267 83,33 6,082833333
269 83,33 6,082833333
272 84,11 6,101515504
274 84,11 6,101515504
281 85,27 6,12953876
283 85,27 6,12953876
285 85,27 6,12953876
286 85,27 6,12953876
287 85,27 6,12953876
290 85,27 6,12953876
290A 85,47 6,134209302
294 86,43 6,157562016
296 86,82 6,166903101
299 87,60 6,185585271
302 88,37 6,204267442
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305 88,37 6,204267442
306 88,76 6,213608527
307 88,76 6,213608527
309 89,15 6,222949612
310 89,15 6,222949612
315 90,31 6,250972868
318 91,09 6,269655039
320 91,67 6,283666667
321 91,86 6,288337209
322 92,25 6,297678295
324 92,25 6,297678295
332 93,41 6,32570155

337 94,57 6,353724806
338 94,717 6,358395349
340 94,96 6,363065891
341 93,80 6,335042636
341A 93,80 6,335042636
343 95,93 6,386418605
347 96,90 6,409771318
348 98,06 6,437794574
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351 96,90 6,409771318

356 98,64 6,451806202

362 99,22 6,465817829
6.2.2 Her bir spota ait mW degerleri

SPOT NO Rf log mw Mw (teorik)
g 0,543081094 1,546720161 35,21438933
4 0,391914191 1,747182591 55,87050422
5 0,358321546 1,791729797 61,90558005
7 0,391914191 1,747182591 55,87050422
8 0,484293965 1,624677773 42,13837395
9 0,484293965 1,624677773 42,13837395
12 0,638260255 1,420503076 26,33316597
13 0,464698256 1,650663643 44,7366689
9A 0,428306223 1,698923117 49,99460219
14 0,218352192 1,977343158 94,91681521
15 0,464698256 1,650663643 44,7366689
18 0,279938708 1,895673279 78,64539157
19 0,90140264 1,071549959 11,79098152
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20 0,218352192 1,977343158 94,91681521
21 0,279938708 1,895673279 78,64539157
21 0,279938708 1,895673279 78,64539157
22 0,397512966 1,739758056 54,92348122
23 0,128771806 2,096135708 124,7773358
24 0,218352192 1,977343158 94,91681521
27 0,646658416 1,409366275 25,6664778

28 0,708244932 1,327696396 21,2665184

29 0,386315417 1,754607125 56,83385634
30 0,128771806 2,096135708 124,7773358
31 0,397512966 1,739758056 54,92348122
35 0,246346063 1,940220486 87,1405879

36 0,324728901 1,836277004 68,59255873
38 0,708244932 1,327696396 21,2665184

39 0,408710514 1,724908988 53,07732016
41 0,246346063 1,940220486 87,1405879

42 0,162364451 2,051588502 112,6129932
46 0,246346063 1,940220486 87,1405879

48 0,167963225 2,044163967 110,7041668
50 0,397512966 1,739758056 54,92348122
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51 0,296735031 1,873399676 74,71360222
53 0,167963225 2,044163967 110,7041668
55 0,167963225 2,044163967 110,7041668
58 0,167963225 2,044163967 110,7041668
60 0,212753418 1,984767692 96,55342682
64 0,447901933 1,672937247 47,09092774
65 0,593470061 1,479899352 30,19251924
66 0,324728901 1,836277004 68,59255873
67 0,380716643 1,76203166 57,81381915
70 0,173561999 2,036739433 108,8276956
73 0,212753418 1,984767692 96,55342682
T3A 0,235148515 1,955069554 90,17155403
74 0,559877416 1,524446558 33,45388489
75 0,352722772 1,799154332 62,97299251
76 0,386315417 1,754607125 56,83385634
7 0,33592645 1,821427935 66,28693447
78 0,218352192 1,977343158 94,91681521
79 0,235148515 1,955069554 90,17155403
80 0,173561999 2,036739433 108,8276956
82 0,324728901 1,836277004 68,59255873
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84 0,291136256 1,88082421 76,00185813
87 0,235148515 1,955069554 90,17155403
88 0,386315417 1,754607125 56,83385634
90 0,33592645 1,821427935 66,28693447
91 0,279938708 1,895673279 78,64539157
92 0,229549741 1,962494089 91,72634505
93 0,408710514 1,724908988 53,07732016
95 0,319130127 1,843701538 69,77527201
96 0,223950967 1,969918623 93,3079447

97 0,341525224 1,814003401 65,16334963
98 0,167963225 2,044163967 110,7041668
99 0,358321546 1,791729797 61,90558005
100 0,167963225 2,044163967 110,7041668
101 0,285537482 1,888248745 77,31232692
104 0,156765677 2,059013036 114,5547327
105 0,341525224 1,814003401 65,16334963
107 0,509488449 1,591267368 39,01821235
108 0,375117869 1,769456194 58,81067906
111 0,481494578 1,62839004 42,50010863
112 0,156765677 2,059013036 114,5547327
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114 0,890205092 1,086399028 12,20110115
115 0,503889675 1,598691902 39,69098734
116 0,414309288 1,717484453 52,17764253
119 0,179160773 2,029314899 106,9830312
121 0,285537482 1,888248745 77,31232692
122 0,447901933 1,672937247 47,09092774
126 0,380716643 1,76203166 57,81381915
127 0,151166902 2,066437571 116,5299528
128 0,347123998 1,806578866 64,05880992
130 0,26874116 1,910522348 81,38087367
131 0,207154644 1,992192227 98,21825785
133 0,503889675 1,598691902 39,69098734
136 0,548679868 1,539295627 34,61749412
137 0,363920321 1,784305263 60,85626058
139 0,229549741 1,962494089 91,72634505
140 0,279938708 1,895673279 78,64539157
141 0,414309288 1,717484453 52,17764253
142 0,240747289 1,94764502 88,64311722
143 0,408710514 1,724908988 53,07732016
144 0,33592645 1,821427935 66,28693447
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145 0,307932579 1,858550607 72,20222931
146 0,33592645 1,821427935 66,28693447
147 0,375117869 1,769456194 58,81067906
149 0,26874116 1,910522348 81,38087367
150 0,296735031 1,873399676 74,71360222
152 0,475895804 1,635814574 43,23292052
154 0,414309288 1,717484453 52,17764253
155 0,341525224 1,814003401 65,16334963
156 0,56547619 1,517022024 32,88683079
157 0,229549741 1,962494089 91,72634505
158 0,436704385 1,687786315 48,7288672

159 0,26874116 1,910522348 81,38087367
160 0,156765677 2,059013036 114,5547327
161 0,235148515 1,955069554 90,17155403
162 0,498290901 1,606116437 40,37536271
163 0,369519095 1,776880728 59,82472741
165 0,543081094 1,546720161 35,21438933
167 0,240747289 1,94764502 88,64311722
168 0,291136256 1,88082421 76,00185813
169 0,419908062 1,710059919 51,29321472
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170 0,229549741 1,962494089 91,72634505
171 0,358321546 1,791729797 61,90558005
172 0,369519095 1,776880728 59,82472741
174 0,531883545 1,56156923 36,43923327
175 0,162364451 2,051588502 112,6129932
176 0,498290901 1,606116437 40,37536271
178 0,447901933 1,672937247 47,09092774
181 0,291136256 1,88082421 76,00185813
182 0,397512966 1,739758056 54,92348122
184 0,26874116 1,910522348 81,38087367
185 0,156765677 2,059013036 114,5547327
186 0,212753418 1,984767692 96,55342682
187 0,375117869 1,769456194 58,81067906
188 0,811822254 1,190342509 15,50038586
190 0,285537482 1,888248745 77,31232692
191 0,235148515 1,955069554 90,17155403
192 0,162364451 2,051588502 112,6129932
193 0,347123998 1,806578866 64,05880992
194 0,531883545 1,56156923 36,43923327
195 0,319130127 1,843701538 69,77527201




105

197 0,481494578 1,62839004 42,50010863
198 0,162364451 2,051588502 112,6129932
199 0,26874116 1,910522348 81,38087367
200 0,302333805 1,865975141 73,44718266
201 0,195957096 2,007041295 101,6345329
202 0,145568128 2,073862105 118,5392309
204 0,53748232 1,554144696 35,82157656
209 0,481494578 1,62839004 42,50010863
210 0,263142386 1,917946882 82,78409061
212 0,162364451 2,051588502 112,6129932
216 0,235148515 1,955069554 90,17155403
218 0,20155587 1,999616761 99,91179487
220 0,559877416 1,524446558 33,45388489
221 0,156765677 2,059013036 114,5547327
222 0,498290901 1,606116437 40,37536271
223 0,285537482 1,888248745 77,31232692
225 0,167963225 2,044163967 110,7041668
227 0,531883545 1,56156923 36,43923327
231 0,156765677 2,059013036 114,5547327
234 0,229549741 1,962494089 91,72634505
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239 0,475895804 1,635814574 43,23292052
247 0,167963225 2,044163967 110,7041668
248 0,503889675 1,598691902 39,69098734
249 0,151166902 2,066437571 116,5299528
250 0,531883545 1,56156923 36,43923327
256 0,520685997 1,576418299 37,70668033
257 0,151166902 2,066437571 116,5299528
261 0,223950967 1,969918623 93,3079447

263 0,240747289 1,94764502 88,64311722
266 0,559877416 1,524446558 33,45388489
267 0,307932579 1,858550607 72,20222931
269 0,274339934 1,903097814 80,00144171
272 0,145568128 2,073862105 118,5392309
274 0,257543612 1,925371417 84,21150263
281 0,100777935 2,13325838 135,9121806
283 0,56547619 1,517022024 32,88683079
285 0,319130127 1,843701538 69,77527201
286 0,291136256 1,88082421 76,00185813
287 0,313531353 1,851126073 70,97837833
290 0,145568128 2,073862105 118,5392309
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290A 0,156765677 2,059013036 114,5547327
294 0,487093352 1,620965506 41,77971813
296 0,302333805 1,865975141 73,44718266
299 0,408710514 1,724908988 53,07732016
302 0,156765677 2,059013036 114,5547327
305 0,184759547 2,021890364 105,1696344
306 0,436704385 1,687786315 48,7288672

307 0,397512966 1,739758056 54,92348122
309 0,459099481 1,658088178 45,50804488
310 0,089580387 2,148107449 140,6395439
315 0,40311174 1,732333522 53,99251056
318 0,307932579 1,858550607 72,20222931
320 0,397512966 1,739758056 54,92348122
321 0,587871287 1,487323886 30,71311643
322 0,291136256 1,88082421 76,00185813
324 0,498290901 1,606116437 40,37536271
332 0,352722772 1,799154332 62,97299251
337 0,190358322 2,01446583 103,3869753
338 0,554278642 1,531871093 34,03071647
340 0,173561999 2,036739433 108,8276956
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341 0,397512966 1,739758056 54,92348122
341A 0,414309288 1,717484453 52,17764253
343 0,26874116 1,910522348 81,38087367
347 0,683050448 1,361106801 22,96713383
348 0,352722772 1,799154332 62,97299251
351 0,195957096 2,007041295 101,6345329
356 0,095179161 2,140682915 138,2556584
362 0,184759547 2,021890364 105,1696344

Ek 6.2.3 Tanimlanan proteinlerin dizi bilgisi

Spot 3

>PTTG_03499

MGFDFTGNDYSQLEQHVYDKSYIEGYAPSQADVVIFLAIASCPDVKKYPQSA
RWWAHIKSWESEHASLPGEKKELSSYGPAKGSTSAPAAAADGDDDDDIDLF
GSDDEEVDEAAEKLKATRLAEYAAKKANKPKTIAKSLVTLDVKPWDDETD
MAELEKCVRSVEMDGLVWGLSKLVPVGYGVRKMQISLVVEDEKVSLDDLQ
DKISEFEDYIQSSDIQAMQKL
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Spot 7-1

>PTTG_01669

MSQQDEQPVTSDVAPDHDPDYQPLVQLTAVETKTHEENED VFFKLRAKLFR
FDKTASEWKERGTGELKLLQDNTSNKIRLVMRRDKTLKVCANHFIAPDMVL
APNVGSDRSWVYNTTADMSDEGVSAETLAIRFGNSENANAFKAKFEEAQKI
NAGLTKESSATTSTDPVGDESTSTKKEESGAGQTEAAKKDEDKKSEATESKP
EPAVVQSDATADAVADTTATETKKTEETDKAESKDDAQKE

Spot 7-2, 15-2

>PSTG_04309

MVNKNGGQPEHFRLDKVIRPNILSLKPYRCARDDYDHGILLDANENSLGSAL
SPTGKVDQQAIPSQQLSLEHGGLNIHSLSLHRYPSPSQIPIKQNLCDYRNSIQS
NLPPLDPSNVFLGVGSDEILDLLFRIACKPGDSDGVGDQVVVTPPTYGMYSV
CAKVNDVGIVNVPLNVENGVFTVDLESLDRQLSQQSSTRPIKLIILCSPGNPT
GTTIPLSMIEEILSNTKFKGILIVDEAYIDFAGNEKSAIKFVRQGWKNLIVTHTL
SKGFGLAGIRLGIAYGSADLIQVLNNTKAPYTISSPTSSLGYEATKPDQLKQT
EAHIQEINTTREWLQKELTKIPGMGKILGQTEANFILIQVMNFEKPTQVDSHR
AKSVYKYMAEDSQNGASPIVVRYRGDELGCQGCLRITVGSQIESQELLNKLA
KTLHLIC

Spot 12

>PTTG_09356

MIIFTDAITGDELCSDAFKMLPVGALVEVNCENVTIKEGEVDIGANASAEEQT
EALEDGAKTVNNLVHTFRLQATSFDKKSYMTYLKGYMKAVKTHLAATNPE
RVEAFEKEAQEAAKKIIGNFKDYEFYVGESMNPEGMVALLNYREDGIQAYF
SFWNDGLKSMKYV
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Spot 14
>PTTG_06852

MKTTSAVVAITALAAVASIPSATAGKHRMKLHKMPATSSASSQTILNNLQSQ
TAWVSQKYFGAEDAAGGQKFRYGHAFKAPKEGEDVSIQMIEEADLASAGH
EVPLSNYLNAQYFSEISLGTPPQSFKVVLDTGSSNLWVPSTRCSSIACFLHSKY
DCEASETYQANGTEFKIRYGSGSLEGVISNDVLTIGDLTVPDVDFAESTKEPG
LAFAFGKFDGIFGLGYDTISVLHTTPPFYKMMEKNMLDEPVFAFYLGSAEGN
KADPNGGEVVFGGVDEAHYEGEIFYAPVRRRGYWEVELKSVKFGKEEMKL
HNVGAAIDTGTSLIALPTDTAEIINAEIGATKSWSGQYTVDCSRIPDLPDLTFN
FGGKEFTITGEDYILQVQGTCISAFTGLDMPPNIGELWIVGDVFLRKWYTVY
DWGRDAVGFAKAR

Spot 15-1
>PTTG_02090

MSATDASAAAAEQFELVTFDSNLERESQLKEAYGEGQFDQVLKFDEELLKA
EWEAYNHKVKLLDPIYKRRSEFVKKIPGFWLQVLTNDPACHHHVDAIDRDA
LSHLEDLTIDHDPNDARSVTFHFHFAKGNPYFSDRILTKKFVVDLEDEPVAV
NGSGEKPNPLLAEMNKKYDLDRQVKSTPVPIQWASDEHNLVAKKPCMTLEE
LENQQGEIEIEEASGSFFNFFSYEEDRYQLHTHLLELHSKALDLYAGVVEAAN
ETFGFSDEDSDEEDGDPNQVVDLESESNDEPKKKKAKVSSA

Spot 18,21
>PTTG_01840

MHRGTGLMRAIPRSATKARRANSALLNATRTLVSAAKPAVPAVAAKSSLPR
FTKNQVDQPRSYATEAKAQIGQIKTVIGAVVDVQFDGDNLPPILNALEVQDF
GQRLVLEVAQHLGENTVRTIAMDGTEGLVRGQKVIDTGAPIQIPVGPECLGR
IMNVIGEPIDERGPIKTKTMMPIHAEPPEFIDQSTIPEVLVTGIKVVDLLAPYAR
GGKIGLLGGAGVGKTVFIQELINNVAKAHGGYSVFCGVGERTREGNDLYHE



111

MIETGVIQLNNDKSKAALVFGQMNEPPGARARVALTGLTLAEYFRDEEGQD
VLLFIDNIFRFTQAGSEVSALLGRIPSAVGYQPTLSTDMGGMQERITTTRKGSI
TSVQAVYVPADDLTDPAPATTFAHLDATTVLSRGISELGIYPAVDPLDSKSRL
LDPRIVGPEHYNLATAVQKLLQDYKGLQDIIAILGMDELSEDDKLTVERARK
VQRFMSQPFAVAEVFTGLEGRLVPLKDTIESFKGILAGQHDHLPESAFYMVG
AIDDVKAKADKLAAEMKDN

Spot 19

>PTTG_05456

MSWQTYVDTNLLGTGLFDNAAILGQAGGVWATSANFNVAPDEQSKLVNGF
EDNPTIQASGIILAGTKYLTIHADDRSIYGKKGGAGCVCVKTKQAVIVALYK
AGVQPGEATKCTESLADYLIASGF

Spot 20, 24

>PTTG_01827

MRSFRILSTLLALASSIHADAGVSPGDAPDDVIELTSENFATVVTPAPLILVEF
MAPWCGHCKALMPEYKRAATLLKKEGIPVAKADCTEQSELCAQHEIQGYPT
LKIFTNGVASEYKGPRKADGIVSYMEKRAQPVVTVVTSANHTEFTKSGNVV
VIAYLDHSDKDSMDVENRFAESKRDDY VFGVCYDPSSISEVSSLSKGSLVLW
KKFDEGRNDFHGEKLTEENITKFVNTNSVPLFDELTPSNFALYSEIGLPLAYT
FIEANNPKRESLIKSLEPVAKDNKGHLNFVWIDATKFGDYAKSLNLPGSDWP
EFVIQDLSNQDKYPFEAKKEVNHDHIAEFVKSYRSGKLEKSVKSQPIPTQKG
DGTYVLVAKAFEEVVYGNNNQKDVFLEFYAPWCGHCKRLKPIWDNLARSF
SGSSDKVLIANFDATENDIPSTTGFTVQGYPTLKFKPAGSREFIDYDDERELD
AMIAFIEKNSVNKVKAVKVDLPEPVEGGEGGDQVVFDSEESDPVPEDEDKD
AEHDEL
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Spot 22-1, 31-2

>PTTG_07476

MVSPSVLRPVSKTLTTARALKTVNAVRSSQPRPITNSLAQLSQVAINSTPQAR
VMRSVSQLRSASSAGGEIQMTVRDALNTAMEEEMNLDEKVFIMGEEVAQY

NGAYKITKGLLDKFGEKRVIDTPITEAGFAGIAVGAALAGLRPICEFMTENFA
MQAIDQIVNSGGKTFYMSGGSTPCPVVFRGPNGAAAGVAAQHSQDYCSWY
GQVPGLKVVSPWSSEDCKGLLKAAVRDPNPVIVLENEIMYGQAFPMSVEAQ
SKDFLLPIGKAKVERVGKDVTVVAHSRMVGLSIEAAEALEKAEGVSVEVVN
LRSIRPLDIETHESIKKTGRLVVVEGGFPMFGVGSEVVAQICESEAFDYLDAA
PERVTGADIPTPYALNLENLAFPDVPVIEKVIRRSLYKF

Spot 22-2, 31-1

>PTTG_02217

MSAIDPKKKLVYAILEFLNDSIKDGTVRSDDQESMEVAMQCISESFSVEWSA
DSPNSALSVKPSSLLSIFEVFLKTQKKIASTSTDSSSQPTQSTSATNKSQEAELL
KAAGNQLVSQRDFSAAIAKYTEAIQLDPTNPVYYSNRAAAQSQLGAHDEAIE
DALKALEVDPTFAKAYSRLGHGYFSSCQYDKAVEAYEKGLELEPDNTTIRNS
LATAKSKAKSSSSLNTTGNPPGSSSSARGAMPGAGGPGGMPDLASLMNNPM
MAQMAQSLMANGGMERMMQNPMVQQMMNSLGGAGGGGMPDLSQLMN
DPAARELASSLMGGLGGGAPGAGPNNDKAKP

Spot 23, 30, 53-2

>PTTG_06867

MSGQTETFGFQAEITQLLDLIINTFYSNKEIFLRELISNSSDALDKIRYASLTDP

SQLDSEKEFFVRITPDKENKTLTIQDSGIGMTKADLVNNLGTIAKSGTKAFME
ALSSGADISMIGQFGVGFYSAYLVADRVTVITKHNDDEQYIWESAAGGTFTI

TPDPDGATLGRGTRMILHLKEDQLEYLEEKRIKDIVKKHSEFISYPIQLVVTTE
EEKEVDDDEEEIKLEDDENKEAKIEELDEDSDKKKKTKKVTEKSTKQEELNK
TKPIWTRNVQDITQDEYASFYKSLTNDWEDHLAVKHFSVEGQLEFKAILFVP
KRAPFDLFESKKKRNNIKLYVRRVFIMDDCEDLIPEYLNFVKGIVDSEDLPLN
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ISRETLQQNKILKVIRKNLVKKVMDMFSEIAEDKDNFNKFYEAFGKNLKLGI
HEDQQNRSKLAEFLRFNSTKSTDELTSFKDYITRMPEVQKNIYYLTGESLSAV
RDSPFLEVFKKKSFEVLLMVDPIDEYAVTQLKEFEGKKLVCVSKEGLELEES
DEEKKAHEEESKAYENLCKVMKENLGDKVEKVQVSNRINQSPCVLVTGQF
GWSSNMERIMKAQALRDSGMSSYMMSKKTLEINPQNPIIRELKNKVQEDSS
DKTVRDLSVLLFETALLTSGFTLDAPQHFAERIHRMVSLGLSIDVQEEAEAST
SGTTADAEVPPLEPTAASAMEEVD

Spot 27

>PTTG_27503

MDKIKEKLATLRAEADAAMERAETAEAKFKKLELESTMKDQELVSLQHKV
STLETELEAAEKKISDAKVHKEEEESNKSTNENLNRKIALLESELDNAEKNLR
ETTDKLRQVDVKAEHFERQVQRIESERDSWEKKWEETQEKYIASKRELEEV
VQQMESL

Spot 35, 41, 46-1, 348

>PGTG_12204

MREIVHLQTGQCGNQIGAKFWEVVSDEHGIATDGQYKGTTDLQLERISVYY
NEVATNKYVPRAVLIDLEPGTMDSVRSGAFGSLFRPDNFVFGQSGAGNNWA
KGHYTEGAELVDSVLDVVRKEAEGCDCLQGFQITHSLGGGTGAGMGTLLIS
KIREEFPDRMMATFSVVPSPKVSDTVVEPYNATLSVHQLVENSDETFCIDNE
ALYDICFRTLKLATPTYGDLNHLVSIVMSGITTCLRFPGQLNSDLRKLAVNM
VPFPRLHFFMVGFAPLTARGSQQYRAITVPELTSQMFDAKNMMAASDPRHG
RYLTVAAYFRGKVSMKEVEENMLSVQSKNSNYFVEWIPNNVQTAHCDIAPR
AHKMSVTFIGNSTAIQDLFKRVADQFTAMFRRKAFLHWYTGEGMDEMEFTE
AESNMQDLVAEYQQYQEAHLDDDEEVEEAYEDEAPPEE
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Spot 38

>PTTG_04893

MSDDEQHNQTFEAAGAGASLTYPMQCSALRKNGHVVIKGRPCKIVDMSTSK
TGKHGHAKVHLVGIDIFTSKKYEDISPSTHNMDVPNVSRTEYQLVNIEDGFL
NLITTDGVSKDDVKVPEGEIGDDIQAQFDAGKDLYCTITASMGEEMCLAFKE
APKS

Spot 39, 92, 96

>PTTG_09144

MDCKRIETAAARYPSPPGLKHTFGTAGFRANADTLDRVFFTVGLLAVLRSKT
LAGQTIGVMVTASHNPVQDNGIKLVDPQGEMLVSSWETHATTLANSSDLAS
SVEEIVSSESIDFKQPAKLIFGHDTRPSCARLITAFKDGVAALDPSAQIIDSGLK
TTPQLHYLVKCINDGGLYGTPTEEGY YKKLSDAFIALNAQTTTPYTLMVDCA
NGVGAPKLELMAPYLEGSALRLKLFSTDVDSSGKLNKDCGADYVKTTQSAP
GGVTLEPLARACSFDGDADRIVYYYYTESKTFRLMDGDKIATLVASYIKELV
ELESPDLKEHLRIGVVQTAYANGNSTRYIKDQLGLAVTCTPTGVKHLHHAA
QTFDIGTYFEANGHGTVVFSEDILKRLPGSSKLLSLAGLINQTVGDSMSDMLL
VETILNARGWGMAEWDGKYEELPNRLVKVLVSDRHAFVTEDAERVLVRPD
GMQRQIDQIVAGYPAGRSFVRPSGTEDCVRVYAEAASRQATDELAFQVAGM
VFEFCGKGDKPKFI

Spot 42, 51-2, 63

>PTTG_03478

MSNNNNSNGKAVGIDLGTTYSCVGVWQNDRVEIANDQGNRTTPSYVAFTD
SERLIGDAAKNQVAMNPHHTVFDAKRLIGRKFEDAEVQSDMEHWPFKYV VP

KGGKPVITVEYRGEQKEFTPEEISSMVLLKMKETAEAYLGTTVINAVVTVPA
YFENDSQRQATKDAGLIAGLNVLRIINEPTAAAIAYGLDKKTTGERNVLIFDLG
GGTFDVSLLTIEEGIFEVKATAGDTHLGGEDFDNRLVNHFVSEFKRKNKKDL
SGNARAVRRLRTACERAKRTLSSAAQTSIEIDSLFEGIDFYTSLTRARFEELCQ
DLFRKTMEPVEKVLRDSKIDKANVHEIVLVGGSTRIPRVIKLVSDFFNGKEPN
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KSINPDEAVAYGAAVQAAILSGDTSEKTQDLLLLDVAPLSMGIETAGGVFTP
LIKRNTTVPTKKGEIFSTYADNQPGVLIQVYEGERARTKDNNLLGKFELSGIP
PAPRGVPQIEVTFDVDANGILNVSAADKTTGKSNKITITNDKGRLSKEDIDRM
VNDAEKYKAEDEAVAARITSKNGLESYSYNLRNSIEGDLKDKLDADDKAKL
EKEINETISWLDASQEASKEEYDERQKALEAVANPIMMKVYGAAGGGMPG
GGMPGGPGGFPGAGAPGPGADEPSVEEVD

Spot 46-2

>PTTG_05513

MSDQPPPENQPSSSKPASDSNNPQPSSSTAKESTSEDVKMDAEPELDPEILKA
SPEEIMTRTRLLENEIKIMRSENLTLSHEATMMLDKIKDNTDKIKNNKQLPFL
VANV VEILDIDPDVHESEEGAQVDLDSVRKGKCAVIKTSTRQTIFLPLIGLVD
ADKLKPGDLIGVNKDSYLVLDTLPAEYDSRVKAMEVDERPTETYTDIGGLD
KQIEELVEAVVLPMQQADKFKTLGIKPPKGVLMYGPPGTGKTLLARACAAQ
TKACYMKLAGPSLVQMFIGDGAKLVRDAFELAKEKAPAIIFIDELDAIGTKRF
DSEKSGDREVQRTMLELLNQLDGFGSDDRIKVIAATNRIDILDPALLRSGRLD
RKIEFPLPTEDARARIIEIHSRKMNVGKGVNFEELARSTDEFNAAQLRAVAVE
AGMIALREGANEIHHEHFLSGILEVQSKKKNDQFYFA

Spot 48, 53-1, 55, 58-1

PTTG_07281

MSPKSWAKPKWASLVMVGIALAMGVSADSNQADQNLGSVIGIDLGTTYSC
VGVQERGRVEILTNDQGNRITPSYVAFNSEGERLIGDAAKNQAASNPTNTIY
DAKRLIGRKFNDADVQRDMKLYPFKVVKKGDKPVLQVEFKGEKRTFTPEEI
SAMVLGKMKETAEAYLGKKVTHAVVTVPAYFNDAQRQATKDAGTIAGLN
VLRIVNEPTAAAIAYGLDRTKGEHQIIVYDLGGGTFDVSLLSIDEGVFEVLAT
AGDTHLGGEDFDNRVIDYFIQLWKRKHNGEDITTNLRTMGKLKRDVEKLKR
TLSSQQSARIEIDSFFENGKDLSETLTRAKFEELNIDLFRKTMKPVEQVLKDAN
VKKDAIHDVVLVGGSTRIPKVQELLKDYFDGKEPSKGINPDEAVAFGAAVQ
GGILSGEEGNEDLVLIDVCPLTLGIETTGGVMTKLIDRNTVVPTKKSQIFSTAS
DNQPTVLIQVYEGERTMTKDNHQLGKFELSGIPPAPKGVPQVEVTFEVDANG
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IMKVSAADKGSGRVESITITNDKGRLSQDDIDRMVKEAAEFADQDEALKKKI
ESRNAFENFIYTIKNQLADKDGMGGKLEADDKKTIQDEIKKAQEWMDINTT
TASAEEFDEQREALQAVISPITSKLYASGGGEEPLGPRDEL

Spot 50

>PTTG_07437

MVNSHSTQALEPVSLVELPRPGPYIPNPSGQSAFSIIKTYNHARQCTVTSLATI
DLTHQDHSELVPHTTVLTDLAYAEAVWLDSSSILYLRPPGAEQAAPDLDPLV
STKLARKQLEKRLVELPDHTGKGIELWAIRIVGSDDKKSYRIGALPVPIGDLK
FQHLSSTAGVLGFSASVYPPYDTEAFNNLHKLERSFEEAADGSTGQTYDSLY
VRHWDEWIDQHGKEKRLFVIDLEQTEDHLWSIPDSQQPRSLFPTLSVPVGPF
GSNSDFDLSSSSVVVTAKDPHVNPAWHTRQNIYIMPLYPRSKILPQPLQLTTG
DQGATSNPVFSPSAKEANGSDKGKVAWLEMHCDGYESDQNQVVVYDLESR
TRSYFAEGWDRSPSKIVWGKDDHELYLLAEEHGRVKVFYLSLKSSKDPASL
TGEDSVSHAAYLGKASMGPEADQPTARLLLTMSSLAYGPTPHILTHHLPDHS
ATSTKIASAHNLGPMKLDEGEDFWFKGAEDRPVHGILIRPPGFVADQGQKW
PMMFLIHGGPQGAWDKAWSLRWNPNCFAAAGYITAMINPTGSTGYGQKFT
DSIKQDWGGKPYKDLVAGYEYLLKTYPEIDGSRTAALGASYGGYMVNWLM
GHNEAPLGFKAFVSHDGIFNTVQTAYSTDELYFPEHDQGGTPVQAREHYEA
CNPMNHVSQWQSPCLVIHSRKDYRLCESEGLSVFNALQRRGIPSRFLYFPDE
NHWVTSPPNSVRW YHEIFRFLGKWCPPGNVNT

Spot 51-1

>PTTG_01758

MASARLPPALTPTEEDISLLLAAQCHIGSKNCTKGMERY VYKRRPDGVNVIN
IGQTWEKLIMAARIITAIENPNDVCVISARPYGHRAVLKFAANTGAQAIAGRF
TPGNFTNYITRSFKEPRLIVVTDPRLDAQAIREASYVNIPVIALCDTDASLNFV
DVAIPTNNKGKHSVGLIWWLLCREVLRLRGTVARSGDGAWGVMPDMFFFR
DAEEIEAEAADKAAKLLEEQGGAALGEARAVDWEVAGAGAGIAAAAATMP
SVEVDWTAPEATTDWAAADTGDAQWSAPAPAAEASGW
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Spot 58-2, 70, 98

>PTTG_26408

MVSEWLAAHQEWSVHTALAPGQFEFNRHHRPSQTTTSILLLHRPRSTPQDKP
KTTTSSTLLVASVRY YKMAGGMERAKKETIKIEAEERESKFGSVFSVSGPVV
VAERMAGAAMYELVRVGHDELIGEIIRIDGDRATIQVYEETSGMTIGDPVLR
TGKPLSVELGPGLMSNIYDGIQRPLKSISELSNSIYIPRGINTQALDRSRQWEFT
PTNYQVGDHLSGGDIYGTVYENSLVSAHKIMLPPRAMGTITHIAEKGTYSVD
DVILETEFEGKKTTHTMCQLWPVRAPRPVAEKLTADYPLLTGQRVLDSLFPC
VQGGTTAIPGAFGCGKTVISQAVSKFSNSDIITY VGCGERGNEMAEVLMEFPE
LTMDEFNGVEEPIMKRTTLVANTSNMPVAAREASIYTGITLSEY YRDMGMNIA
MMADSTSRWAEALREISGRLAEMPADSGYPAYLGTKLASFYERAGKTKCLG
NPERFGTVSIIGAVSPPGGDFSDPVTFQTLNIVQVFWGLDKKLAQRKHFPSVN
WNVSYSKYVSVLQPWYAKTEPEFVNFRSKAKDVLQKEDELAEIVQLVGKSA
LGEGDKVTLDVARLIKDDYLQQNGMSSYDRYCPFYKTNAMLKNLMTYYTC
AQKAVESNVGGKNLTWAKVRDATSEEWYRLSQMKFEDPKDGQEALLQRF
NQLCDDIVKKFESLAD

Spot 64-1

>PTTG_03718

MTSRAELLAWVNDLLQFSYTKIEQCGSGAAYAQIIDSIYQDVPLTRVKMNA
NQEYEYLNNFKVIQAAFKKHQIDKPVPVTALIKCKMQDNLEFLQWLKKYW
DMHYPGGNYDAVARRKGAPADPNPLIAAGAPPKTASNGAGRTGKALGMST
GMGARATSRTGTTLGTQKEIENLTTQLEEFKLSMEGLEKERDFYFNKLRDIEI
LIGARVDSKDAKVSDTELENLKQMQAILYSTEEGFEVPEVDAGLVDEEETF
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Spot 64-2

>PTTG_01641

MVREAQPSILEREFLIQALKEGTRLDQRTLFEQRPLSLSFAENGDSVDCSLGN
TRVIAHVSASVTKPWSDRPFEGLFQVSSEINPIANFIYDTGRSSENEIQITRML
DKSLSRSGVIDKEALCILAGQTVWSIRLDLHFLNDEGNLLDCASIAAIAALQT
FQRPDVTLVGEEITIHSLQERVPVPLTLHHTPICLTFGFFDLNGSSSKPSVVLDP
SYLEEQLSTGTITLALNPQKEICVANKSGGVPLSIDEIMNVVKVGSQKVKEVD
QLIKQLITKRKAAVDLTAVQDR

Spot 66, 67, 82-1, 84, 87

>PSTG_03501

MEEEVAALVLDNGSGMCKAGFAGDDAPRAVFPSICGRPRHQGVMVGMGQ
KDSYVGDEAQSKRGILTLKYPIEHGIVINWDDMEKIWHHTFYNELRVAPEE
HPVLLTEAPLNPKVNREKMTQIMFETFNAPAFYVAIQAVLSLYASGRTTGIV
LDSGDGVTHTVPIYEGYALPHAILRLDLAGRDLTDYLIKILMERGYSFTTTAE
REIVRDIKEKLCYVGLDFEQEMQTASQSSALEKSYELPDGQVITIGNERFRCP
EALFQPSLLGLEASGIHETTYNSIMKCDLDIRKDLYGNVVMSGGTTMYSGIS
DRMQKEITALAPSSMKVKIVAPPERKYSVWIGGSILASLSTFQOMWISKQEY
DESGPSIVHRKCF

Spot 73

>PTTG_05827

MLRSRLASSSGLPSLRNQSQRTSLVAGQKRYASYKEIKFSNDGRAAMLAGV
DILAKAVSVTLGPKGRNVIIEQSFGGPKITKDGVTVAKSITLKDKFENLGARL
VQDVANKTNEIAGDGTTTATVLARAIYSEGVKNVAAGCNPMDLRRGSQAA
VDEVIKFLDQNKREITTSKEIAQVATISANGDAHIGQLISTAMEKVGKEGVIT
VKEGKTIEDEIEVTEGMRFDRGYISPYFITDIKTQKAELEKPLILLSEKKISALQ
DILPSLEAAATQRRPLLIIAEDLDGEALAACILNKLRGQLQVAAVKAPGFGDN
RKSILGDLAILTGGTCFENDELDIKLEKATPDLLGSTGSVSITKDDTILLNGEGQ
KDMISNRCEQIRAAITDPSTSDYDKTKLQERLAKLSGGVAVIKVGGHSEVEV
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GEKKDRFDDALNATRAAVEEGIVPGGGTALLKASKALDGLKLANFDQQLG
VSIIKSAIQKPTRTIVENAGEESSLVVGKVLEHYSGDGQFHWGYDAAMSEYK
DLVASGIIDPLKVVKTALNDAAGVASLLTTSEACVVDAPEEKAASPMGGMG
GGMGGMGGGMGF

Spot 73A, 79-1

>PTTG_01106

MREVISLHVGQAGCQLGNACWELYTIEHGLSPDGKITSPTARGDDGFEFSTFFS
ETGAGKY VPRSIYIDLEPNVVDEVRTGTYRSLFHPETLVTGKEDAANNYARG
HYTVGKELIDISMDRIRKLADNCTGLQGFFVFHSFGGGTGSGFGALLLERLSA
DYGKKSKLEFAVYPAPKMSSSVVEPYNSVLTTHTTLEHVDCSFMVDNEAILY
DICRKNLGVQSPGFTNLNRLIAQVVSSVTASLRFDGSLNVDLNEFQTNLVPFP
RIHFPLATYAPIISAEKAFHESNSVAEMTMSCFEPNNQMVKCDPRQGKYMSC
ALLYRGDVVPRDANAAVATIKTKRTIQFVDWCPTGFKLGICNEAPACVPGSD
TAKVSRSLCMLSNTTAIAAAWSRLDHKFDLLYSKRAFVHWY VGEGMEEGE
FSEAREDLAALEKDYEEVGLDGGDEEDVGEY

Spot 74

>PTTG_03524

MRWLSQTLKFPRPPTRVPADPLLTIQLPTNQTPQASSPPPHPQHPPAATLPPSP
EKMASSTQHSVQPSVDDDDLKPSQTAGYNPGVAKTLEEYANLDAQDESLRK
WKESLGIVPGGATGKPTLSICSLSLHSPELTKPIVMDLTDPELLQKYKKEPLTI
KEGAEYSVEIAFKVEGGVISGVKYLQIVKRAGVKLDKLESMIGSYGPSTDLH
VKRFVSEEAPSGMLARSGSYTARSRVIDDDGHVWADFEWSFKIGKEW

Spot 75

>PTTG_06777

MSGFAGRSRWRPKRAGEAWIAWLEPVKLPSTTIMAPTSTAEGSTNPNGKSH
NKVVIIGSGPAGHTAAIYLARANLEPLMFEGMLANGFAPGGQLTTTTDVENF
PGFPEGIRGPEMMDLFRAQSIRFGTKILTETVSKIDLSNRPFKYWREGHESDEP
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DTADSINATGASARRLNLPGEDTYWQSGISACAVCDGAVPIFRDKPLAVIGG
GDSACEEATYLTKYASQVFVLVRRDQLRASKVMAKRLMNHPKVTILWNTV
PVEAKGDGNLLNSLLVKDTKTGEERTIDINGLFYAIGHEPATALVRGQLKTD
EDGYICTKPGTSETSIPGVFAAGDVQDKKYRQAITSAGTGCIAALECERFLAE
EEAMDRDGEPVVPQPGYLGTDKP

Spot 76, 78

>PTTG_09204

MPVKALGEPRYPDDGFGRSSAQRQFFCQVDFDVLETPHNATIGVDKDRLPG
RVIPAAVLATSRDLLIAPVWYVSGWCPRACGPDRHCPKVAADPPARTRPKAI
ELMSIDPGPDADDQSDPPATDFFQQFDLATLEMTSIPSYKVELDFAVELAHK
AGEIMLRASKDRAGGRGGTVNDKKNRIDLVTETDQMVEKMVSELLREKFP
DHKFIGEETFAADAKAELTNAPTWICDPVDGTTNFVHGFPSVCISIGW YV VNKI
PTLGVIYNPFLSQLYTAVRGHGAFFNQETRLPLSYPDYLPLAKLSDALVGVE
WGSDRSKSTLEKKTNTFVKLAGDPKDVPGGVMCHSLRSMGSAALNYASVA
SGSLDLYWEIGCWAWDVCAGTVIAREAGCKCYGKGGKPFDADGSGQDLM
GHHFFVIRGIADHDGVPGSEIQDRLAKQFFDDIAEEWEA

Spot 79-2

>PTTG_03808

MSQFSWTSAMQAISPSLKLKLQLRSTAVSGDEGGEAEGVSSSFLLSLDHLTS
AVDSDNSDKLNIQLFAPHFPTEIEMTSSSQNDSQRVQDSNDPADNQEHHGQP
EREGTPPPVQSPVATTHSTKDETTAATSRRQPTSPDAKSAQVTQLRAGEKFV
PGTTNQHPPVGSSAGQSFKVGVSEDRNRKCRRTMEDSHSFLYSYGGVDGQG
YFAVFDGHAGKHAAEWCGQWFHEYLLHELINTPRTTPVPDLLNSTFHIVDT
KLSQVAAEVGTHSGCTAVTAFLRLEYQNGEPVGPVGAGISEKAVSHVDPHDI
VDQPWKHEAIALSEARDSTQKAAEQRKSTLEESQQSKGAIKRTLYTANVGD
ARAVLCRGTKAVRLTYDHKGSDQQEAQRITDAGGY VMNNRVNGVLAVTR
SLGDSSMKEFVVGSPYTTETTLTAEDQFLIIACDGLWDVCEDQDAVNLILDV
KDPQEASRALLDHALSQFSTDNLSVMVVSLRPVSFFDV
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Spot 80

>PTTG_01696

METRSAEQTPTVDGNVPGAEAESTEFNGAIGIDLGTTYSCVGVWQNDRVEIL
ANDQGNRTTPSYVAFTPEERLIGDAAKNQAAMNPRMTVEFDAKRLIGRRFDD
SDVKKDMVHWPFTVIEKDGNPFIQVDYLGETKTFSPQEISAMVLAKLKETAE
TKLGKEVKKAVITVPAYFNDSQRLSTKDAGAIAGLDVLRIINEPTAAAIAYGL
GEASDKKEKKERTVLIFDLGGGTFDVSLLSIAGGVFTVKATAGDTHLGGEDF
DNALLEHFKNEFKRKTKLDIDGDARALRRLRSACERAKRTLSSVTQTTVEVD
SLFQARFEEINATTFRSTLDPVDKVLKDAKIDKSKVEDIVLVGGSTRIPKIQSL
VSDFFGGRQLNKSINPDEAVAYGAAVQAAVLTGQTSEKTADLLLLDVAPLS
LGVAMQGDVFGVVVPRNTPIPTNKSRTFTTVEDNQSTVTFPVYEGERVTCKE
NRLLGEFELSGITPQPRGQAELVCTFEVDANGLLKVSALDRTSGRRANITITN
SVGRLSSAEIDQMIKDAESFKQADKEFSAKHEAKQELESYISQVEATITSPEV
GMKIKRNNKAAVEAELAKALEKLEIEDSSADELKKCQLGLKRAMQKAMAG
TAR

Spot 88

>PTTG_12630

MVSIQSEHPHKFLKKPRVAAVIPCPFSGGQPRAGVDHGPSHLIQDGLIKSIESV
GYSTVLDELNLSTILKEDDLDIGILKNPRLVSETNKTLMKIIDSHTANGEFVVT
IGGDHSLAIGTLSGTLNAFPEACVIWVDAHADINTPETTESGNMHGCPVSFLL
STLKAGTDLEPFQWIKPCLQPDRLVYIGLRDIDMGERKILKDNNIRCFTMHDI

DRHGIGKVVEMALESVNKDLKRPIHLSFDVDALDPSVAPSTGTPVRGGLTFR
EGHYICEAIYETGCLVALDLMEVNPTLMSTQADVIQTLSVGQSLIRSAMGEA

LI

Spot 90

>PSTG_12276

MNHHDLNLQPIHQRTNQSATTRMIQLPPIATFINSNNINTPIDESDHQLYAAQA
IQGLRRLRDEMDLISTNLLSNNTRSPPPRHQQDLTSLIPQPDPPIEFREHAQRR
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RSNQRPLTSQADNNTTIEASGRLDSRKRKYDSSKGLSDSFGKQSQARDINEPT
TAELAEAAARESNVHNSLPAFYSPDNEESLKVETIIPVDTNPMERRKIIIDSSK
DGSIRWKDNQQKTIYDRSKDGLVGEEIGEISFDYLILPKKPLPKPATNPQQQS
CPRHSNHNNNLRDSSTQHTGAASQETDRSRTMREALESFHDSRQHDPY SRPF
DLSSPLHRMNDRYGVRLFLGRTNRHSTIRGDSPYNETNTPAPTLPTENNRQPS
TTTTTTNNATTTTTSTTTTAVGATRAPRLSRSTSTSTGAGTTTGSGVGRLTRR
PIRWFERPSARDLSGPSSRISSFLSNHPDASLLDHHHHHPHIYSSSYHQYRNHL
HDLNSHPSIPRAERIALDVESLYNDLDYNRSLHHPLDQFLFSSSSDSPDSSDTT
TSASASATTHPSVHRSGL

Spot 91

>PTTG_00226

MEEIGIQIDKEATADPTLPSVLDEKAVLAAQLHSEDDVYMKFKKLQKHLEFL
ELQEEYIKDEQKNLKRELLRAQEEVKRIQS VPLVIGQFLEPIDQFTGIVGSTTG
SNYVVRILSTIDRELLKPSSSVALHRHSNSLVDVLPPEADSSISMLGADEKPD
VTYNDIGGMDIQKQEIREAIELPLTHFDLYTQIGIDPPRGVLLYGPPGTGKTM
LVKAVANHTTASFIRVVGSEFVQKYLGEGPRMVRDVFRLARENAPAIIFIDE
VDAIATKRFDAQTGADREVQRILLELLNQMDGFDQGSNVKVIMATNRADTL
DPALLRPGRLDRKIEFPLPSRREKRLIFQALASKMSLGNDVDLEDY VQRPDK
LSSAQISQVCQGAGLQAVRKNRY VILPVDFEESWKSVVKKGEDTHAFYR

Spot 93

>PTTG_06345

MPSCITLLPLSTGLTNRSWLGVASKVVLSASEVLKTLSCGNKTVEYPCEVRE
NENILKEVIVGEMAEENSGTQDQQVEDEEEDSVALGPTPISALSEHGISASDIK
KLTEAGNDTIEAIAYQPRKALLSIKGISEAKADKLLSICHQLVPLGFTTAAEIH
NRRSVMIHITTGSKNLDTMLGGGIDTQSITEFYGEFRTGKSQLCHHLAVSCQL
PANMGGGEGKCMFIDTEGTFRPERILAIAERYGMDGEEVLNNIAVARAYNS
DHQSQLLREASRLMTLSRFAILIVDSATALYRTDYSGRGELADRQAHLAKFL
RGCLGLAEQFGVAVVVTNQVMSSPDSGPGGGGLGKAPIGGNIMAHSSTTRL
QFRKGRETTRIVKLIDSPCLPEGETKMAIYQNGIGDPEEE
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Spot 95, 105-2, 127-2, 160, 167-3, 175, 185, 192, 202, 212-1, 221-1, 305
>PTTG_09276

MSPCFGALVLMLLLAPRPAVALFDKKPSYNDWSDSKVEKWLTDHHIPNPGN
LDSHALRELIQENYDSAYDHWSDADLQEYANKYSLPLQADKPREGIIDTIRR
SYHGAVDAWSDSDLKAWMDEHGFPSPPGSTREQLVDIVKENYQDSTQYLS
DSASSAQQVLQDKTNSIFSLWTDSQLRDFLLEHGVVSPNSKREELVRAAKKY
LNAGTQSARNLASSATGAAADAGSAAKKAAADASSATYEKVSKASHATGS
KVYDAGASVGEAASDTGNAAYNRVTQAGKAAGSAAYRKGASAADAAYD
KVSQASSTAGSAAYNAGSAATEAVKDAPGVAYDYLSDKYDDAKDYVYSS
WSDNQLRDYLIAKGAIKSSTRFSRDDLLRAIKDTYNDAAQNAYETWSDTRIR
KWLADHGVVSSNASTREQLVNLISQYYYGAKDTTYETWNSNELRSWLERK
GIIKPGTQKKKDDYLSLVADNYYSARDKAYSSWNESALRSWLESHGIARPPG
QARDDLLKAVQENFYGDTDKIWDAWSNAEIKAYLLKNKLAEKSHIQNMRR
DGLEKILNEKY YSIKENIIDGWSESQMRQWLIDNGFLKSDYQAKKEEIFDLFS
KKYSDFASKSSEYVSWSDNRVRGWLRMHGVEVPMSTNREELLQLMHENYV
ESKGKMRNILSSVTNAFSSSEQALEDTIKRLKEAVGAGGIKQDAAGYKDAILY
DNTAQAADRAKREL

Spot 97-1
>PTTG_08592

MASTYKIVTLPGDGIGPEVIEQATRVLDVISESGKVKFEVEACDFGGIAIDNH
GNPLPPSTLQACQAADAILLGSVGGPKWGVGKVRPEQGLLELRKTLGLYANI
RPALFPSESLVQLSPLKDSIASGTEIIVVRELIGGIYFGQRTEATSFEADGGEAS
VAKDECSYSVAEIQRIARVAAFLAMTTSPPMAVHSVDKANVLATSRLWRKV
VTDLFAKEFPQLALDHHLVDSAAMLICSNPKKLNGIVLTENLFGDVLSDETS
VIPGSLGLLPSASLAGIPDRKSKCLGVYEPIHGSAPDIAGRGVANPVGTILSVA
LMLRYSLGLDREAEQIELAVRRVLDSPEAGGHGLRTADLKGQASTKQLGDA
VVSALKNILSP
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Spot 97-2

>PGTG_13966

MLTNPSRQVLLRTQQLLRSSKPTPRLLSSRHPTSALQRAFSSHPIARSQDGEP
QPTSLYTFTEDESMLKDLAQRFAEEVVAPKVREMDEKETMDPEIIKGLFDNG
FMGIETSQEHGGSGASFTSAILVIEELAKVDPSVSLICDVHNTIANTTIRNYAS
KALLDKYMPDLSTSKVACFCLSEPASGSDAFALATRATKDSNGDYIINGSKM
WITNSKEAEIFVVFANLDPSKGYKGISCFLLEKSMGVEIAKKEEKLGIKASST
CTLNFDNVKVPKENLIGQEGLGYKYAIEILNEGRIGIAAQMVGLAQGAFDKA
VKYTYQRKQFGKPVGEFQGMQFQFADVHTEIEAARMLTYNAARLKEEGKP
FTEMAAMAKLFSSQVAQNASGSAIEWCGGVGFTRETGIEKYWRDSKIGATLY
EGSSNIQRQTLAKFIQKRLS

Spot 99

>PSTG_14021

MAGGMERAKKETIKIESEERESKFGSVFSVSGPVVVAERMAGAAMYELVRV
GHEELIGEIIRIDADRATIQVYEETSGMTIGDPVLRTGKPLSVELGPGLMSNIY
DGIQRPLKSISELSNSIYIPRGINTQALDRTRQWEFTPTNYQVGDHVSGGDIYG
HVYENSLVSAHKIMLPPRAMGTITHIAEKGTYSVDDVILETEFEGKKTTHTM
CQLWPVRAPRPVAEKLTADFPLLTGQRVLDSLFPCVQGGTTAIPGAFGCGKT
VISQAVSKFSNSDITY VGCGERGNEMAEVLMEFPELTMDFNGVEEPIMKRTT
LVANTSNMPVAAREASIYTGITLSEY YRDMGMNIAMMADSTSRWAEALREI
SGRLAEMPADSGYPAYLGTKLASFYERAGKTKCLGNPERFGTVSIIGAVSPP
GGDFSDPVTFQTLGIVQVFWGLDKKLAQRKHFPSVNWNLSYSKYMSVLQP
WYAKTEPEFVNFRSKAKDVLQKEDELAEIVQLVGKSALGEGDKVTLDVARL
IKDDYLQOQNGMSSYDRYCPFYKTNAMLKNLMTYYTCAQKAVESNVGGKN
LTWAKVREATSDEW YRLSQMKFEDPKDGEQALLKTFHQLCDDIVKKFESLA
D
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Spot 82-2, 100
>PGTG_05935

MSAEQTPTVDGNVPGAEAESTEFNGAIGIDLGTTYSCVGVWQNDRVEIIAND
QGNRTTPSYVAFTAEERLIGDAAKNQAAMNPRMTVFDAKRLIGRRFDDSDV
KKDMVHWPFAVIEKDGNPFIQVDYLGETKTFSPQEISAMVLAKLKETAETKL
GKEVKKAVITVPAYFNDSQRLSTKDAGAIAGLDVLRIINEPTAAAIAYGLGE
ASDKKEKKERTVLIFDLGGGTFDVSLLSIAGGVFTVKATAGDTHLGGEDFDN
ALLEHFKNEFKRKTKLDIDGDARALRRLRSACERAKRTLSSVTQTTVEVDSL
FQGTDFSSAISRARFEEINAQTFRSTLDPVDKVLKDAKIDKSKVEDIVLVGGS
TRIPKIQSLVSDFFGGRQLNKSINPDEAVAYGAAVQAAVLTGQTSEKTADLL
LLDVAPLSLGVAMQGDVFGVVVPRNTPIPTNKSRTFTTVEDNQSTVTFPVYE
GERVTCKENRLLGEFELSGITPQPRGQAELVCTFEVDANGLLKVSALDRTSG
RRANITITNSVGRLSSAEIDQMIKDAESFKQADKEFSAKHEAKQELESYISQV
EATITSPEVGMKIKRNNKAAVEAELAKALEKLEIEDSSADELKKCQLGLKRA
MQKAMAGTAR

Spot 101
>PTTG_02219

MAGPAPIVELIPQVQSYDWGKLGKDGSKVAEYSKHLPNFCYDQDKPYAEL
WMGTHSSLPSKLIDGKLLSDHLSSDPVQLLGKEISNQYGSRLPFLFKVLAIGK
ALSIQAHPDRQLAIKLHKERPDVYKDDNHKPEMAIAITSFSGFCGFRPLNQIS
QYLEKVPEFAAVIGQETSSRFLETIPSDASQPSITSSTSSDQASVKKHQIVLKEL
FGKLMNASTELVADQVRKLVKRLEGEGGRDKPFGTDEELILRLNDQFPDDV
GIFCTFVLNVVRLEPGQAAFLQADEPHAYLTGDIVECMASSDNVVRAGLTPK
LRDVPTLTDMLTYSYGPSASQLMKPDLFKSCKHTTLYDPPIEEFSVLLTKLSS
GEQDQHPPINGPSILIVTQGSGTISVEGQEVTSKHEGQVYFIAAGMPVQISATQ
SSFVSYRAFVEVTSQA
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Spot 104, 112, 127-1, 130
>PTTG_01076

MNSAARLSRAVQPLSFQSRTLSRTIPLASNCHFQQRWSSNGKVSGPVIGIDLG
TTNSCVSIMEGKSPRVIENTEGGRTTPSVVAFTKDGEKLVGIPAKRQALVNY
ENTFFATKRLLGRKFSDSEVQKDINQVPYKIVKHTNGDAWLEARGQKYSPS
QIGGYVVQKMKETAEGYLTKEVKHAVITVPAYFNDAQRQATKDAGAIAKL
DVLRVINEPTAAALAYGLDREESRLIAVYDLGGGTFDVSILEMQKGVFEVKS
TNGDTHLGGEDFDIVLVDHIISEFKKDTGIDLSKDRMAIQRIREAAEKAKIELS
STSQTDINLPFITADATGPKHIDIKLGRAKFESLVSKLVTRTVEPCKKAIADAG
VKKDEINDVLLVGGMTRMPRVIETVKSLFGREPSKGVNPDEAVAVGASIQA
GVLSGSVTDVLLLDVTPLSLGIETLGGVFTRLINRNTTIPTKKSSVFSTAADGQ
TAVDIKVFQGERELVRDNKLLGNFQLVGIPPAPKGIPQIEVTFDINADGIVDVS
AKDKATNKEQSIVIAASSGLSDKEIERMMHEAEQHAETDKERRGVIEAANQ
ADSVCADTEKAIKEFGDKVPVEEKEEVMKLVAELRELAVKSQSGDESIKAE
DIKEAVSKTQNKSLNLFAKVYESRNKDEQAKNDSDSTPPPPESDEQKKKD

Spot 105
>PSTG_04289

MTHQILLRTQHLLRSTSQSHPKNAAHRLLSSSHPTTTAILHQPYRAFSSHPIAH
SQDGADIRPTSLYTFTEDESMLRDLAQRFAEEVVAPKVREMDEKETMDPEII
KGLFDNGFMGIETSQEHGGSGASFTSAILVIEELAKVDPSVSLICDVHNTIANT
TIRNYGSKALLDKYMPDLSTSKVACFCLSEPGSGSDAFALATKATKDSNGDY
IINGSKMWITNSKEAEIFVVFANLDPSKGYKGISCFLLEKSMGIEIAKKEEKLG
IKASSTCTLNFDNIKVPKENLIGQEGLGYKYAIEILNEGRIGIAAQMVGLAQG
AFDKAVKYTYQRKQFGKPVGEFQGMQFQFADVHTEIEAARMLTYNAARLK
EEGKPFTEMAAMAKLFSSQVAQNAAGNAIEWCGGVGFTRETGIEKYWRDS
KIGAIYEGSSNIQRQTLAKFIQKRLG
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Spot 108

>PTTG_03022

MTSYASRFADGEEY GGGGGFMQGSQNNNNTPGGTRRVEQALRPVTIKQVL
DAEASNTDSSISIQDIDVTNVSFCGVVRDIVRHATNVVLQVEDGTGGIEVRK
WIDSSDGESEGFEAETGIQIRDW VRVIGSAKLFNNKKSIAGLRLEKITDFNEIN
YRLLDAVRVTLAYERGSTGAGDKMNIDQSTNHVSHGKIVQPKNPNRTAKQ
NKIMEFFARTQPPDEGINIHEIARECHLDVKDVIDETAQLIHEGELFTTVDDEH
LMTTTS

Spot 111-1

>PTTG_09887

MNSSAEELQSGRLFDVRDLVVVVTGGGTGIGQMMVRALVANGARKVYIVA
RRLDVLETTAKEAAAEPGQIVPVQADLSNKAGVEGLRKKLEADEPYIDILIN
NSAIGGPEFDGAVKTVAEIAASMWAAPEPEARTLLETNILGYFYVSAALLPL
LGKSPGHPQIINISSNASFGRQAMVGILYSCSKAAITHLTKILATHLASTNVRV
NAIAPGLFPSELTAGSSDVHNKSVLKDTMGLDIPEGRAGIDKEIAAAVLYLAS
KNQQYTSGSVILADGGVLNLMPSSY

Spot 111-2

>PSTG_02641

MENYNRLEKVGEGTYGVVYKAKDLRTGEIVALKKIRLEAEDEGVPSTAIREI
SLLKEMNDENIVRLLDICHAEAKLFLVFEFLDLDLKRYMDKVGDGDGMGPA
IVKKFSYQLCRGVCYCHGHRILHRDLKPQNLLIDKDGNLKLADFGLARAFGI
PLRSYTHEIVTLWYRAPEVLLGSRHYSTGVDMWSVGCIHAEMISRQPLFPGDS
EIDEIFRIFRLLGTPNETIWPGVQTLPDY KPGFPQWSAKDIGAHVQNSTSVSV
DLIAKMLVYDPAKRASAKSSLKHSYFEGTETSS
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Spot 111-3

>PTTG_01991

MTPTAASKLTRNAGVAAALAHACGNQDLSDFRTVFDEFRLDGRVGLVTGA
NGGLGLESALALAELGAKIWALDIVDSPSIEFEACAVYAKALYQETASKAGE
DPGKERLVYRRVDVTDETALEKVCQEIVAIDGRLDICIAAAGILHAEKSCIDIT
SEEFQKVMAVNSTGVFENTATKAAAEMTALGTPGSVILIASMSGSITNRDHA
WIAYNASKSAVLQIGRSMACELGSHGIRVNTLSPGHIRTAMTAEYLDRNPEL
EKKWSSMNPLGRIGSPHELRGVISWLASDASTFCTGSDIIVSGGHHAW

Spot 114

>PTTG_09971

MGFFHHESEEAKQYTDFNDFAPIREHKSKISHELISGAAAFEAAKAWEDHKK
ANGEPENHAKTAWLKLTAWTTSTEKERSEKPERELSLFQWPIVDSIDNILAFR
ALSTTTATEARTGGIQVTR

Spot 115

>PGTG_00252

MGFFNHESEEAKQYSDFNDFAPIREHKSKISHELISGAAAFEAAKSWEDHKK
RNGEPEDHAKAKEIAAGLAGAFVDRMVETHGLDYIDRERAKRDARERLEG
AIDSNGY

Spot 116-1

>PTTG_03284

MGKTREFKEAYFNKLKDLMAEFPSAFIVNVDNVGSNQMHQIRQALRGKGT
VLMGKNTMVRRAIRNILADNPQYERILPLVRGNIGFVFTSGDLKDVRNIITAN
KVAAPAKAGAFAPLDVYIPAGNTGMEPGKTSFFQALGIPTKIARGTIEIVSDM
KIVTAGSRVGASEATLLNLLKISPFTYGMTVVSIYDNGNVFSPSVLDIDEQTLI
DQFLSGIKTIAAISLAINYPTVASIPHSLVNSYKNLIAIALTTDYMFEGAQKAK
DYLENPDAFAAAAAPAAAAAAAPAAAAAKEPEPEEEEDEDMGLDLFG
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Spot 116-2

>PSTG_01609

MLNLDHAIDKLRSCEHLPEADLKHLCEIVRSILVEEPNIQPVRSPVTVCGDIH
GQLWDMIEMFRVGGQPGLTNYILMGDFVDRGHFSLETFSLLLAYKARYPDR
VTLLRGNHESRSITQVYGFYDECQRKYGNANVWKACCGVFDCLNLAAIIDS
TILCVHGGLSPEIRTLDQIRVLSRAQEIPHSGAFCDLMWSDPDDVEGGSWSVS
PRGAGWLFGSAVASEFNHINSLSLIARAHQLVQEGYKYMFPPENNLVTVWS
APNYCYRCGNVASVMCVGEHTLVDPEESFKIFSAVPNQSRIPPDKSGTSQYF
L

Spot 119

>PTTG_09796

MPGGKQFDCDPKKLVIDSLEGLTYLNPQIEYDPTYQISLKDLSKDRCHLICG
GGSGHEPSHAGFVGSGMLSAAVCGNIFASPNSQQVTNCLEKLQNSKGVLIVV
KNYTGDVLNFGIAKERWIARRNTEGIKMVIVGDDVSVGKEQGKLAGRRGLA
GTVLVYKIAGALAAQGSSLSHVHAVAQFVADHSATIGVGFDHCQIPGTQISK
EHDTIGSDEIEIGMGIHNEPGYKRQKITNLNQLISNLMPVLTSTTDKDRSFLPF
RTQGSSSKDNDVILLINNLGSISELEMGAIVKSTGTWLLEKSFQVKRVISGTF
MTSLDMSGFSISLVLLPPINEDVMIDIAGEPTLAISANMLLDLFDAPADCPGW
KSGYAGQPSFSKGEKTDTKAQVHETSGSEKKSTGETLTASDPELFIKAVQSA
CKALIAAEPEITKYDTIAGDGDCGQTLKNGAEGILEAISQEKIKGSNLVSDLL
QISEVVNRDMGGTSGGLYSIYFNALAVGIGKSKNTKKIDSQAWAEASDYAL
NTLYKYTRARSPSRTLIDPLSAFVLTFTLTPTEFDKAIEAAKESAENTIYLDAK
AGRASYVDRQKLQESQVPDAGAWGVWKLLEAIGQVIN

Spot 121

>PTTG_04091

MDEEYDYVVLGTGLTECILSGLLSVDGKKVLHMDRNDYYGAESASLNLTQL
YRKFRPGQEPPAALGRDRDWAIDLIPKFMMINGELTNILVHTDVTRYLEFKQ
VAGSYVLAAGKVAKVPASEVEAVTSPLMGIFEKRRAKKFMEWVANYNVSD
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PSTHQGISLETTTMQDVYAKFSLEAATQDFIGHALALHSDESYKTRPAKETH
ERIMLYTKSLARYGKSPYIYPLYGLGELPQGFARLSAIYGGTYMLDKPIDEIY
DSEGKVSGVRSGTETVKAKKVIGDPSYFSSGNGEKVVEQGKYV VRSICLLKHP
VPNTDDSDSFQLVIPQAQVGRKHDIYIAAISSTHNVCAKDYYVAIVSTIVETS
TPELELDAAYKLIGPIHDKFVTVSPIYAPAASGQQDNVFITRSYDATSHFETVT
DDVKDVWRRAVGGEIALKKREAGDGGLEAQA

Spot 122-1, 190, 212-2, 257, 272
>PTTG_09784

MSADKFPIPFVEKFHKVALDPSQPQLSADQKSKLLENISILRDAIVFFTATGAA
RGVSGHTGGPFDTVPEVCLLLALFASDPDGKKFDHTFWDEAGHRVATQYLV
AALEGHLPAEQLMMYREADSKLPGHPELGLTPGVKFSSGRLGHMWPLVNG
VAMANREKTIFCLGSDGSQQEGNDAEAARLAVAQNLNVKLLIDDNDVTIAG
HPSVYMKGYEVSKTLEGHGLKVFHAEGENIDSLWAGLCSVIQCQGPAALIA
KRVMCPGIQGLEGSNHGHDVIPVPKAISYLKDRPYGEAAAKILNSLTPSASPY
LYIGSTKEKDACRVQFGKAVNMVLDKLSKEEAKEKVMVIDSDLEGSTGLKA
IRESHPEVFVPSGIMERGNFSAAAGFGFEKGKVGIFSTFSAFLEMCCSEITMAR
LNRCNVLCHFSHSGVDEMCDNTCHFGLNTFFADNGLEDGYPTRLYFPADVH
QMTAIVNKVFWDMGLRFVFSTRSKVPNILKEGSQEHYFGGDYEFMPGKDEF
IRRGKLGTVICFGEIVHRALDAVDRLREEGFDVGLVNKSTLNVIDEEAMAEY
GRQKFVLVVESLNQKTGLGSKMGTWLLERGLTPRYGYLGTNKEGCGGLSA
QIFHQGLDPASIIRKVKVLAA

Spot122-2
>PTTG_03046

MAHLLHGHAGSPLARTGSPLTRTGTPMAVYEESSSHVSSGMPHYHLVGKDL
KMFSEAGFDMDKIHIKRNAPVAQLYEDAIRNEGAIISASGALINFSGKKTGRS
PKDKRIVYEETSKDHVWWGSVNIKMDEHTFEINRERAIDYLNTRENVYVFD
GFAGWDPKYRIKVRVICARAYHALFMTNMLIRPTEADLEDFGEPDFTTYNAG
QFPANRFTSGMTSATSVEINFKRREMVILGTEYAGEMKKGIFSVMHYLQPVK
FGQLSLHSSANEGPNGDVSLFFGLSGTGKTTLSADPARMLIGDDEHVWSDN
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GVENIEGGCYAKCIGLSAEKEPDIYRAIRFGAILENVVYDGDSRQPCYDDASI
TENTRCAYPIEFIPNAKIPCLSTAQPSNVVYLTCDAYGILPPVSLLTRAQAQY
WEFLMGYTSKTPGTEDGVTEPTPTFSTCFGQPFIVLHPSKYATMLAERMDKVQ
AKCWLINTGWVGGKFGVGSRCSLKYTRKLIDAIHDGSLAKAEFENFDVEFNL
SIPKTLPEVPDTVLNPAKAWKNTSTFETDRKKLATMFKDAFKKYEKEVSQD
VKDAGPQV

Spot122-3

>PTTG_06246

MNAMSTLTAALPADGGAAPTPAAQQPRHRPGGVFSRFELTGKVAVISGGAR
GLGYEMARALCEAGLAGIAILDILQEFAESAIKELHADFGITASFYRVDVRDS
DAVEEVINGVVRDFGSVDILLCSAGVSDNIAAEDYPADRFKRVVDINLNGTF
FCAQSCAKHMISSGRGGSMIFIGSMSGRIVNYPQPQSAYNASKAGVIHLMKS
LAAEWAPHKIRCNSISPGYMNTLLIEKFDPLLKKVWFERTPVGRMGHVSDLN
GAALYLASDASSFTTGTDLLIDGGYCTW

Spot 126, 178, 227, 234, 294, 296

>PTTG_01458

MAHLLHAHAGSPLARTGSPLTRTGTPMAVYEESSSHVSGGMPHYHLVGKD
MKMFSEAGFDMDKIHIKRNAPVAQLYEDAIRNEGAIISASGALINFSGKKTG
RSPKDKRIVYEETSKDHVWWGSVNIKMDEHTFEINRERAIDYLNTRENVY VF
DGFAGWDPKYRIKVRVICARAYHALFMTNMLIRPTEADLEDFGEPDFTIYNA
GQFPANRFTSGMTSATSVEINFKRREMVILGTEYAGEMKKGIFSVMHYLQPV
KFGQLSLHSSANEGPNGDVSLFFGLSGTGKTTLSADPARMLIGDDEHVWSD
NGVFNIEGGCYAKCIGLSAEKEPDIYRAIRFGAILENVVYDGDSREPCYDDAS
ITENTRCAYPIEFIPNAKIPCLSTAQPSNVVYLTCDAYGILPPVSLLTRAQAQY
WFLMGYTSKTPGTEDGVTEPTPTFSTCFGQPFIVLHPSKYATMLAERMDKVQ
AKCWLINTGWVGGKFGVGSRCSLKYTRKLIDAIHDGSLAKAEFENFDVEFNL
SIPKSLPEVPDTVLNPAKAWKNTASFEADRKKLATMFKDAFKKYEKEVSQD
VKDAGPQV
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Spot 128

>PTTG_09870

MAAKLPIHVAIVGVGLVGEQVVHQLMSARLRSCFRLCSLHTSRRHLQITDGL
ADKTASELIEQLKNDQSASQAYSGGVEEVVSYLTEPSTLPRPLLVVDCTSSQP
FADAYPRILASDRTHLVTPNKKAFSGYEQLYSEIEKTVQGNGNLVFKEATVG
AGLPVISTLRELVVTGDQLTKVEGIFSGTMSYIFNQFSQTTQTSTSFSEVVAV
AKQLGYTEPNPADDLNGSDVARKLAILARNLSAPLSLPLGFESVPTRTLIPEP
LVDVTDPAEFMATLPQFDAQYGKFRDEAFEKGEVMRY VGIIDLTDPSKPLV
KAGLERYPFSHPFATMKGSDNIISFHSKRYANSPLIVQGSGAGAEVTAMGVV
GDMIKVAERLSGRNIN

Spot 133-1

>PTTG_02001

MMLLQPFSAFLFIYSSTTLLLATNRDQQIIFKHQDHSNSRDHSLSIAQEGTGVL
SKWARESRSQFFSDITQNKANEW VIVMGNEAGDTDSMAAAIAWAYHLSHL
KHNPQKAIALLQTVEDALDLRPENQLALEKSQMSSRHRDLLTIDELPIKPFEL
SHRLAGIVLVDHNVPAPGWRRASLLSIIDHHVDQKLNLSADPRILEEAASCSS
LVADLLLQSEARGEHQVVSGEKYGIPTDLVDLILRAIFLDSDALSSNKHYNV
DKRASYGLFRLSQWYAPPEGYNKHAWEKTNKQNMRLNFQGASGRDTSLEE
NQRHKWEKRELRKLATNFWAEMSEARGQLQRLDVRDLLRRDWKANAVRT
ATIKYPYLTLGFASIPFNIEQQVQRTPEQTVPEWFAIERAFTSEIGADVSVVLT
KFKSEITGKAEREIMLVVAHGWGKRLTTEAATDLFLTLCKNIEEKFDGLQEW
TRPDHKPLLPRRKAWRMTVKGRPVGRKVLMPLVLKAASEWNWNSTAVAILY
GE

Spot 133-2

>PTTG_07863

MKRAIKALSRTLEEGEESGAAETASELLILSNSNTMFIELVLRHHGLWARFD
GAVITNPARWDPENADRLLLRRRVDAQESQHGCTLGCSANMCKAAKLIAYL
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ERRGPSKLFDRIAYVGDGDNDYCPISRVLKFGDVALVRSRRELARQIEAKTA
KGNALSCWVMLWEGAWEVEQIFLNTLLKAP

Spot 136, 137, 141-1, 142, 144, 147, 158

>PTTG_07672

MATGGGSYSFSLTTFSPSGKLVQIEHALAAVGQGTSSLGIKASNGVVIATEKK
TASILVDDSIIEKVAMICPNIGMVYSGMGPDYRVLVTRARKIAQAYWKIYGE
YPPTRLLTQEIATVMQEATQSGGVRPFGVSLLIAGWDEHRGSTLYQVDPSGS
FWPWKASAIGKNMVNAKAFLEKRYNDELSLEDAIHTAILTLKEGFEGQMTE
KTIEIGVIGSVGVGADTIQPGDRAEPVFRKLTEAEVKDFLAL

Spot 139-1

>PTTG_08656

MAEELKNPPVEQAEEPLFDATLKKKKKKKAVAFDELDSQLESTAEQPASIAT
SKTEEPVSILKTTETEPSSKAPEPASTGDLEFSDLKRKKKKKTVNLDLDEDEL
NAIDEKDKPAGTTTAAEDAAAAEEFADLKKKKKTQKKAFDLEAFERELAEV
EGGINKSEAKDGDPSGAEGDEPPEDGLFGQADDEAIGESEKSKAQAAAEKK
AWLKEPDRDYTYDELLGRFYQALYLSHPSLSGGGAKKRYTLAPPSVHREGN
KRSIWANVAEICKKMHRQPEHVIQFLFAELGTSGSVDGNGNLVIKGRFQQKQ
IENVLRRYIVEYVTCKTCKSPDTLLEKDNRLYFVTCESCGSKRSVSAIKTGFS
AQIGKRKAQRTN

Spot 139-2, 140, 141-2

>PTTG_08249

MASQKAAGNAKVAITSRDRSVQLCTGLFINNEFVEGHGETIVSINPADQSTL

AVVHSASVEDIDQAVKAARHAANTTWGTNTPAPERAALMNKLADIMEARL
EDLAVLETLDSGKGITWARGDITESISAFRY YAGLAFSGTDGQVLEGCDATGI
AFTRQEPLGVVAQIVPWNYPIMMMAWKVAPALAAGCAIVFKPAELTPLATL
LFCEMVRDAGYPAGAFNCVNSYGPVGGHALACHMDIDKIAFTGSTNVGKQI
AVQAASSNLKKVGLELGGKSPNIVLPSANIEQTAAWCCLGIFENMGQSCTAA
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SRILVHSSIYDQFLSSFVKKASSHKVGDPFDPETYSGPQISKAHLERIDGYVKS
GVSEGAKIVLGGNKVEKVKMFNAEGQWLEGGNFFEPTIFVDAKPWMKIVK
EEIFGPVAIVMKFETVEEAINMANDTEYGLAAGVHTEKQDEVVRVGAKLKA
GTVWINSYAFCPVNVPFGGYKSSGWGRELGKKGLEEYTITKSYQWNYAQK
LSWPEDLDGISKL

Spot 146, 191, 269
>PTTG_00430

MAIKSIFARQIFDSRGNPTVEVDLTTEKGVFRAGVPSGASTGVHEAVELRDG
DKSQYLGKGVSKAVDHVNNVIAPKLISSGLAVTDQKAVDDFLIKLDGTANK
GKLGANAILGVSMAIAKAGAAEKGVPLYAHIAQLAGTKTPYVLPLPCMNVI
NGGSHAGNALAFQEFMILPTGATSFQHAMKIGTETYHALKSVIKTKYGIDAT
NVGDEGGFAPNVQGAEESLEILTEAIKKAGYEGQVKIALDVASSEFYKDGKY
DLDFKNPKSDPSKWLTGVELSELYIKMIKKYGIISIEDPFDQDDWEAWQHFT
KNAGIQIVGDDLTVTNPLRIKTAIDKKACNGLLLKVNQIGTITESIEAARLAQS
DGWGVMVSHRSGETEDTTIADITVGLGVGQIKTGAPARSERVAKYNALLRIS
DEITQAGQSVVYAADKGLSVGTTAPALLKQ

Spot 149-1
>PTTG_06888

MTTFNLCASYSAVNKAEFIVDAVLFDMDGTLVDSIPAIESAWAAVAKKINKP
AAEVIEATHGRRVMDNLKDLYPNLRRMSDAEMAPHCGFQQTSQQNSFFAG
TPDEKPRRKSNLSQTVTPDNVSARMAAMGIAPLSSNNSSSSIPQVEKRANTPA
EMLAKKKLAVLQSSVNQDVFEDGDDSDDDIQIDVSDLVDRSVRILPGVRKM
TDSLPADRFAIATSAAVTHCHGALQRVGISLPKITVTADDPRLERGKPFPDPFI
LAAKSLGFEPENCVVVEDSPFGIQAGVAAGGKTIAVSTSHSHDKISHCGATW
LIPTLELVQVEVLPDGKLRIFIDATDKDIEQALSKCVRSKIEAKRV



135

Spot 149-2

>PTTG_02620

MSASRFLLSKPSQALRTQATRRIAVPSTSVRSLATIAPSSTFPQTRISTLPNGLT
VATEPHPHSQTATVGIWIDSGSRADKHGGTAHFLEHLAFKGTQKRTQHSLEL
EIENLGAHLNAYTSREQTCYFARSFSHDVPKVVEIISDILQNSKLDEGAIERER
SVILREQEEVDKAHEEVVFDHLHAVAFQGEDLGKTILGPKQAIMSIQRPDLV
EYIKSNYTADRMVLVGAGGLEHEALVELASKNLGSLPTSSSPIPLGGRGQIKP
TGFTGSEVRIRDDTMDTINLAIAVEGVGWNSPDLFPMLVMQSIFGNWDRSLG
SSPLMSSRLSHALSSNNLVNSFLSFSTSYSDTGLWGIYMVSENLTNIDDLVYIT
LREWQRMSTAPTEIEVARAKSQLKASMLFSLDSSNNIADDIGRQLVTSGKRM
TPQEIQIAVEAVTPDTIRRVAQKYLWDKDIAVAALGRVEGLLEYNRIRANMS
SLTW

Spot 150,154, 165, 201-1, 210

>PTTG_01903

MMLSLPSRSIARSARSYANQAAPSIIATTQASTAQKVLSTPEDNKLTGSISVFI
KAGSRYQPTHGLAHLLKNSVFKSTQKRSALSLVRETELLGGVLTSSLSREHLI
LSAEFLKGNEGYFAEVLGDVLTSSKFTRHEFNEEALPGAEAEYKQAQEDPTV
VAIEQAHSLAFRGGLGNSLYANPELMGTQDSMIEY ARTKFGCAEEQAIVGTG
IEAERLGELVSQFFGVSSTATSSSGVSAGQKSSYHGGEARIARRAGPEDTLLV
AFKGAEASSSPAHTVLQHLLGSDPASVKWSAGSSPLSSLPVKAFHLAYSDIG
LFGLLVKAPANETQAIATQALGQLKQIANGNLVDAQSVARAANKAQFLVAS
NLENNLTRTELLGTQSLISPKSAPNQLADLYSSYSQVTPDQVIQAAKAVISSPP
TTVAVGNIDQLPYCDQLGL

Spot 161

>PTTG_06273

MSADHPQPPSGSAANPASGYGPQGGAQGYEAYAQQYAAYAQQQQQQAQA
QQQAQNQPSAFPVGTATTASTTQSAYGNNNAAVPAVAGSGAPAAQPPNPYT
GNPEGKRAHLYVGNLSPRVTEYMLQEIFSVAGPVQGVKIIPDRNFQHGGLNY
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GFVEYYEMRSAETALQTLGGRKIFDTEIRVNWAYQNSQSNVKEDLSTHYHV
FVGDLSPEVNDDVLAKAFAAFGSLSDARVMWDMNSGKSRGYGFLAFRDKT
DAEQAIATMNGEWLGSRAIRVNWANQKNQGMAATTGAVIAPGMGGGGGM
NRGGFGGATNYEAVVQQAPAYNTTVYTGNLVPYCTQADLIPLYQGFGYIVE
IRMQADRGFAFVKMDTHENAAMAIVNLTGTPVHGRPLKCSWGKDRASADP

NSAPASGMPMAPVAGMYGMPQMYGMPQAGYPQYSGYPQYAAGPQGYGQ

PGYVVPQQAAATAESTPAQP

Spot 163

>PTTG_07362

MANDPRISQTEAFKINQAAVTRNFKPRIDYRTVSAVNGPLVVLDNVHFPSYN
EIVNLTLPDGTQRGGQVLEVSGKKAIVQVFEGTSGIDVRATHVEFSGSSMKL
PVSEDMLGRIFNGSGQPIDKGPKVFAEDYLDINGSPINPYSRIYPEEMIQTGIST
IDAMNSIARGQKIPIFSAAGLPHNEIAAQICRQAGLVKKGGVSPGQGKPTKSV
HDDHEDNFSIVFAAMGVNMETARFFRQDFEENGSLDRVTLFLNLANDPTIER
IITPRLALTTAEYFAYQVEKHVLVILTDMSSYADALREVSAAREEVPGRRGY
PGYMYTDLSTIYERAGRVEGRNGSITQIPILTMPNDDITHPIPDLTGYITEGQIF
VDRLLYNKQIYPPINVLPSLSRLMKSAVGEGLTRKDHSDVSNQLYAKYAIGK
DAAAMKAVVGEEALSSEEKLALEFLDKFESTFVTQGNNENRTIFDSLDLAWS
LLRIFPREQLNRIPKKILDEWYSRRPANNTNQKNNDPKP

Spot 164

>PGTG_01136

MGGLLELVPAGVVTGKNLVKVLEYAKAHGFAIPAFNCTSSSTVIAALEGAR
DSKAPVMIQVSQGGAAFFAGKGVKNGNQEASIAGAVAAAMFEFVRSIAPTYGI
PVIMHSDHCAKKLLPWFDGMLAANEEYYKTHKEPLFSSHMLDLSEESKEENI
EICCKYFERMAKIDLWLEMEIGITGGEEDGVNNENVDNAALYTQPEDIWDV
YSAFSKISPMFSIAAAFGNVHGVYKPGNVSLQPELLGKHQAYCKEKLKTDDP
RPLYLVFHGGSGSTKKEIATALENGVVKMNVDTDTQWAYMEGFRNYFDSK
KDYLKTQVGNPEGADLPNKKCYDPRVWVREGEKTMVKRVMEACQDLKNV
NVL
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Spot 167-1

>PTTG_09553

MRSNALKATSTGSRAARIAVHSHIHGLGLDEDGLGKEDGQGFIGQRGAREA
CGLVLDLIRTRRFSGRALLLAGGPGSGKTALALAMAQELGPKVPFCPMVGSE
VYSNEVKKTEVLMENFRRAIGLRVKETKEVYEGEVTELTPAETENPLSAYGK
TISHVVVSLKTAKGTKQLRLDPSIFDSIQQERVTVGDVIYIEANTGAVKRVGR
SDVFATEFDLEAEEY VPLPKGEVHKKKEIVQDVTLHDLDMANARPQGGQDI
MSVMGQIVKGRRTEVTDKLREEINKVVDRYIAQGIAELVPGVLFIDEVHMLD
IESFTYLNRALESAISPHVILATNRGMCTIRGTENELGSGSASSEGIIAPHGIPV
DLLDRCMIVRTVPYNREERKTILSLRAKVEDLKVDEAALEKLADRAMETSL
RYALQLLTPSAILSTVSGQEGINLQDVGETDNLFMDAKSSARMLANYEGQYI
R

Spot 167-2

>PTTG_28577

MVNWRQLLSTTRRISTITPAAAPSYSASQKTSDRMISIKDLNPAIITAQYAVR
GRIPIKAEQLRATLQSNPNAKNELGFDSIINCNIGNPQQLGQKPITFYRQVACL
TEYPELIDKPEAQSLFPKDVIERARTLLDSIGSVGAYSHSMGVPVIRQHIAEFIE
KRDGVAADPETIFMTAGASAGVSNIMQLLLSAPTDGVMIPIPQYPLYTAALA
LNEARAVEYYLSEADDWAPNLEGLEDVLSKAQSEGTRVRAMVVISPGNPVG
NCLSRQNMEAIVRFCYKHKILLLADEVYQTNIFEPDTRPFISFKAVVRSMERH
IAAGQALVSFHSISKGQTGECGRRGGYFELVNIPKDVQEQVYKLASIQLCPPL
AGQIGVDLQVKPPQPGDESYELYKSEVDAITQSLAARSATLANSFNQLDGLS
CRKAQGAMYLFPKLDLPPKAHQAAEKAGLPVDEFYCMELLNKTGICIVPGS
GFGQEPGTFHFRTTFLAPQVDHYVARFKEFHTSFLQTYS

Spot 169

>PTTG_03429

MSRPAGLENRLPMSQTQALRRLAQHAQFLAPATRTLRVSSHSANTMSSQNN
TTTRLIGAPNTLEHRVYLENNGAVISAFHDLPLFANEQRNVFNMIVEVPRWT
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NAKMEISKSEPFENPILQDVKKNKLRFVRNCFPHHGYIWNYGAFPQTWEDPA
HTHPETKAKGDNDPLDVCEIGEAVGYVGQVKQVKVLGVMALLDEGETDW
KIIVVDVNDPLAPKLNDIEDVERHLPGLIRATNEWFRIYKIPDGKPENQFAFSG
EAKHKNFATDVILECHEAWKRLMKDGYSGISLANTTVEGSQHRVGHADVPS
DSRQDPAPIDPSISKWFFISGHSV

Spot 170

>PTTG_00372

MFVPRSPHINTFEKQTETMSTSQHLPAAWPPALSASTLADLQQAGAVYALA
NSLVFRLPSPAGVHAFHVPFTLLPSPFPRDQFEKAKRVQTAYNQLYLNIATSP
ALIREVLGTSIAKVDGFVGRLYELWEAAEKEAGEAGETQVGLGIFRNDFLLH
QAGQEPSQPLVIKQVEFNTVSVSFGSLASKVSGLHRYIMGRLEGSPATMSGA
RQQLPASPNPALQAISKALAMAHQHYVAVECPAAVPVILMVVKPNDNNIFD
QSLIEFELDAGAESVRMVRLSCHSVLEKTRVDGASKKLFLDAGGADGPTWV
EVSVVYYRSMYGPEDFVGEAEWRGRYELERSRAINCPSLAIQLAGCKKFQQ
VLTEPGFIERHSGILLADMTAAMWAEIGETWTEIYALESAEGMRIAREEPAGF
VLKPQREGGGNNIYGRDIPGFVAGLAASERESYILMRLIEPPRKVENYLLRSG
PPPTSTTPAAQLERTEVVSELGIYGCCLVAATRGSARQVLWNSQEGHVLRTK
DSFSGEGGVAIGISCLDSPLLF

Spot 171, 174

>PTTG_09731

MSPRCSPIELLQISLSRSAATHHHHTTTTTTTMIRARPSQYQLRTLLRAHSPAA
YARSPALIAPPAAARPLSTRPAIHFHADLKSDCRLAHSIRSFHSTGCNPVETVK
VPQMAESISEGTLKQWLKKTGDY VKVDEEVATIETDKIDVSVNAPKAGKIVE
TMASEEDTVTVGQDLFKLEPGEGPSGEQEAPKASSTAPPDSELPAGAKDEKH
AKEAAQAAPDRTPTPAKSDDAAQKSSHDRKRWSDVEVENKERTPRRAEPQ
VTESKLPQGRTDFDGKAVGETQASRPALFDRTERRVKMSRMRSRISERLKQS
QNTAASLTTFENEIDMTSLMEMRKLYKDGVLKERGVKLGFMSAFARAACLA
LKEIPGANASIEGPGPGDQIVYRDYVDLSVAVATPKGLVTPVVRNAESLGFV
DIELEIARLGAKAKDNKLSLEDMAGGTFTISNGGVFGSLYGTPIINLPQSAVL
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GMHAIKDTPVVRNGQIVIRPIMIVALTYDHRILDGREAVTFLVRIKEYIEDPRK
MLLS

Spot 172
>PTTG_05189

MYASSSWLSSISTAAAAAASLPATHQAAVNRKPPPLPIHPTSPPPIHQPLKSTK
KIPITFNRQQWVVCSNSCLGVVTGKNLVKVLEYAKAHGFAIPAFNCTSSSTVI
AALEGARESKAPVMIQVSQGGAAFFAGKGVKNGNQEASIAGAVAAAMFVR

SIAPTYGIPVIMHSDHCAKKLLPWFDGMLKANEEY YKAHGEPLFSSHMLDLS
EESKEENIEICCKYFERMAKIDLWLEMEIGITGGEEDGVNNENVDNAALYTQ

PEDIWDVYSAFSKISPMFSIAAAFGNVHGVYKPGNVSLQPELLGKHQAYCKE
KLKTDDPRPLYLVFHGGSGSTKKEIATALENGVVKMNVDTDTQWAYMEGF

RNYFEAKKDYLKTQVGNPEGADLPNKKCYDPRVWVREGEKTMVKRVMEA
CQDLKNVNVL

Spot 176
>PTTG_07572

MATEFSSRPLATTLVLFDVDGTLTPARRSASPEILKTLEDLRKKAVIGFVGGS
DLVKIREQLEVTPNANALENFDYCFAENGLTAYQSGKVLESQSFIKHLGEDK
YKKLVNFCLREISELDIPIKRGTFIEFRNGMINVSPIGRNASVSERDEFEKYDK
QTQVRAKLVEKLKKEFADYGLTFSIGGQISFDVFPTGWDKTYALRHVEKAG
FKEIHFFGDKTYKGGNDHEIYEDPRTIGHPVTCPEDTIKLLKELFDI

Spot 181, 184
>PTTG_03422

MDLQSNVISFRIPLTFKANSLNQLWSFLLKNLGEVILGLNILPFPARLQTLGFI

QSTFKQPLEFCVRGVNRTFRKGPREGHVSSSGEPQVNLGCHSFLPRDENFSAP
GGANVMNRIGQLNHHLDHSSNPSNHNKKMSSPKGDIGLIGLAVMGCNLIMN
MNDKGFTVVAYNRTVSKVDEFLENQAKGSNVIGAHSVAELCENLKTPRRIIL
LVKAGDAVDAFIQQLEPHLEKGDIIDGGNSHFPDTNRRCKELEAKGLLFVGS
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GVSGGEEGARYGPSLMPGGSDAAWPHIKEIFQKTAAQSEGEPCCDWVGQGG
SGHY VKMVHNGIEY GDMQLICEAYDILKRGLGLSEGEIGDIFATWNKGVLD
SFLMEITRDILKFNDTDGTPLVTKILDKAGQKGTGKWTAINALDLGMPVTLI
GEAVFARCLSGIKEERVKASKLLGGPQIEAFKGDKKQFIDDLEQAMY ASKLI
SYAQGFMLMREAAKEYGWTLNYPSIALMWRGGCIIRS VFLGEITKAFRAEPD
LQONLLFNDFFNQAIHKSQPGWRRIAQTSLWGIPTPAFSTALAFFDGYRTANL
PASLLQAQRDYFGAHTFRILPEHASETYPEGQDVHVNWTGRGGTIASTTYAA

Spot 182

>PTTG_04265

MLSSRLLGASLFRAAAAPRKPILRSLSTLLFIEHRQGKINPATLSALHAAQQL
DKSQITGLITGSSKAPGFDQAVELSKKLPIKKLLVKDDESLTRY VAEPLAPLIA
SVVREKGMSHLVGGSSSVTKSVFPRVAGQLDVAQVSEVMKVVDERTFVRPI
YAGNAMVTVCSEAPVQVLTIRTASFEALKLDEESASVEVEMLEGPIETTTTT
QWEGEVLAKSARPELGSAKRIVSGGRGVKNKENFEQVLTPLADKLGSAIGA
SRAAVDSGFADNSLQVGQTGKVVSPELYIAVGISGAIQHLAGMKDSKTIVAI
NKDPEAPIFQVADVGLVADLFEAVPELTKKI

Spot 186

>PTTG_04566

MPEPGEQLQPNTQAIAEKPSTADMEGSAKTQQEYEEAGQGHVFAFFDQLQT
EEKEELVNQLKSIDPQRVNQIFKQSTSKSGSGAEPIDKTDLEPPPKDSLESIIDL
SKPEIKRNVSEWESLGFKSMKEQKVGILLLAGGQGTRLGSNDPKGCYNIGLP
SQKSLFQIQAEKIRLQDLVGGSSIIPWYIMTSGPTRKPTEDYFSKMNYFGLKK
ENVMFFEQGVLPALTPEGKMFLETPSKVCVAPDGNGGLYAALRSSSSCSAG
RSVLHDLKHRGIEYIHAYCVDNCLVKVADPIFLGYCISKKTTCGVKVVLKSQ
PNESVGVLALKNKLWSVVEYSEMPESVASSRAENGELKFKSANIANHFYSL
KFLESIESFESKLAYHVAHKKIPHIDLKSKQLIKPSQPNGIKLELFIFDVFPFVD
SLSLLEVDRSEEFSPLKNAPNTGTDDPQTSRRDLLAQQKRWLEAAGCQFSAP
DLEVELSALVTYAGEGLESVKGKTISQSVYIKSKDDLEKL
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Spot 187, 218, 222, 223

>PTTG_08360

MSLLEASNKSQLEWLAGLQIPPRAPHQLNASNLRKTAIIGTIGPKTNSPEMIN
KLRAQGLNIVRMNFSHGSYEYHQSVIDNARAAEAAEPGRPLAIALDTKGPEI
RTGLMADGLDIKIKAGHRMRMSVDPAYAEKCDDKVMYVDYTNLPKIISTD
KPIYVDDGILSFKVLEKDPNGSFIEVEAVNDGVLSSKKGVNLPGTDVDLPALS
QKDKDDLRFGVKNGVDMIFASFIRRAQDVRDIRETLGPDGQSIKIIVKIENLQ
GCANFDEILAETDGVMVARGDLGIEIPASQVFMAQKMMIAKCNLAGKPCIC
ATQMLESMTYNPRPTRAEVSDVANAVLDGADCVMLSGETAKGSYPELAVA
MMAETCFLAESSICYPPLENELRMLQPKPTSTTETVAMAAVAAALEQNAGAI
IVMSTSGSTARLVSKYRPACPILTLTRNAQTARQIHLHRGCYPFYFASPRPTN
AAGWQADVDNRIKFGLSRALELGIVKQGDTVVAVQGWRSGSTHTNTMRVV
TVPLNPADLVLSPVL

Spot 188

>PTTG_01714

MSSTQVQVETIKSGDGKNFPTKGDKVKIHY VGTLESKDGKKFDSSRDRGRPF
ECKIGVGQVIKAWDQGVVQLSIGQEAYFKCPPEIAYGDEGCQDVIPPNSTLY
FKVELLEINGKSS

Spot 193-1, 201-2

>PSTG 11939

MEPSKAGLVPSGTSSPAKSPGSKRSPTPRISSQLPGGGALLYIPGGPMCNSSLD
YQLAQESPSALDPSSPSNLLRPPDYTQSISSLSPASSPSKKHPSPSSTRNNVNSP
RNQPHQFSSPK

SRPGSSSSRFSRQNAREADVLGKILGWRQSRTLRTTNSFKLSPNHPKQPYLRP
DHRHQQKHSPSEHRIKPTSPQELPEIFRPSIKHSSATPLNTLPSGKLLFGDHLHP
NDFQTGDHKSPNPSRPYYAQQSSSDLTSSTHTSSNFLSSVTQANSSQTSVNQL
HPSSPHPSSPKASQLASCSDGVPSHPHNQSHPGIKLPVLRRPLLKKSFSSGQLN
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QHYNLSHPSRDPPKPNSQPESYSRLPQLPEPSTPLASPALLPEIFNKQPVALDR
PISLATPDDTELMSPAVEFSQHPKPSHSLQHHQRFSLPAMHAILDANSSLSQMI
HLDHAYSDDSDHSVQPNGGLTKHPPMHGVASNESIRTAKPNTEFDSSKPLPR
FLPLTAHQSLPEGDHPTSSPDHNNSAASGRPLRFQNPRVFDLFVHNHRRDPT
DLLRRLLSPELPGSSTPSETSSTQSHFQSLGASVNPSLNSSNFFGSIANVNSPLN
KDPRFVIWAESPSSAPRQQPLVNAYPASRKRSSATVETRHYSHHPASASTSHL
GIDHSTGRLTHAPSTSFGLSSPSGSNNPKRWSRSSRTPTSHHSHVETTSNPSPH
QSTDAHHLRDDNAHGRSREELPHTQPKVSPGIEHTPKLATDRILMAATIERW
VAELTTHIDSLGLVEFFFTYRAIMKPTQLAQLLASRFEWSIMFRSTSYAQHLL
DSNQESFVVDSSSEKGILGLDGRLILIDHNGETLRRVAKVRTFVMIRHWLLH
HFEDDFLADLSLQTELHNWLENTIEKIKRVQRIITRLDEPAPPETDKSKYHAA
GTSTSFDGGDDLRILKNLRKVFKELQSNYHQSFDVDVRDQQPASIREIDPSED
DDQKRSSLNRKLHKVDVRELFKESDGRDQQTSARRNRRSHTADLIDVPKSL
LKKNLGHGRAHSVNTLAQVSAANFGRSDLRLCELDQDLTNAPGVLHEEENS
PNPTPEVDPSKAEEKLILKLKQVFESDTRRHRADLYHKFIQKEADLDPSREFSV
NRTSHSLPMQQQRQLMISRMRTSDGAADMPKSHMATQARMSHSNHPSAPF
NQGGSTFLQHHSPFHRYFTSTMGTIGRFKRMINNRSGPHTVSGPGILSHHLIG
GNASGLDFSSPSLSRETGSHQDQQPDTSEIGDLLCAKGGLERYLSFFEIEKDN
AMASYDEQHVKDSIQVQRNSLSTAVAPLETNSAFESLGAADQTVRSPVQYD
DCSESQLSLSSSLSNTTCTTQSMPSETEGDMNSEAPGGLDPVVVSVDVSGEQ
QLISKSTPDHDGHLLHGSMSSETIKSEAHHLALAEGEMDILKKQLRQKFSHK
DMCPVLMRASLDGSFSGTVPEHSTSLMRHSEDSPRFENTFSISVSSPNGEKDLA
GRPTSVQLDDLDLFDSDEDSPVGVQKLRRLPGAVDLKQAIAFGRKSLFNLKG
GLLRSKNEERSKRFSTETSSSIGTRRVPSIAGSMFRRSKLSHKPSIANSTTSSIA
PSTQESSLTEQNEPDNGTPGVVANFVADGLESDDDEPGDVEAALRRLEGVID
ADREKEKAKKVELQMIKSMEASRRTRTFSHTTSDSRDSYSSQTDDIDELETC
SESADGDDVSEESDEDGSEANNHDEDEESEDGQEEEDGKQEEDEDDGNNEE
KTVEYGEVTISEHNRRSKSILLDRSTLDSPIAEGDEDDDTKFATTPNLSPNMR
GKTEHSKGGTPDFSGTSSVSPKPPILSPSNHTPSSKPGIRFFTAHSKGLSLDDL
GITNDHSEDHNKTLRGNRKRLATRSQQVMTRKGSLHKLFSATNNNPPKSKG
STLTSPPLLAAPSSPYNNSVAGKPSIMHSLPLPPLHRSFLLDCRTEILAQQFCLI
ERDLLRNITWQELLLSKWQDDRSNTHHHGNTGNNGTIGHNGRASSRRKKG
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GIGSTSVEDAVTCWETFMKQRAKEKMRMKGRIQSHQNLTAADNPSPSSPPT
TKKLDGTEINALIMRENLTCNWVASELVLTINLDERVALLGKFIRLAFKCYR
QNNFQTLTQIIHGLQTPY VERLKKTWSKLGIWESRMFRDLKEFTSHLSNFKSL
RNVQDSLINESSSNLSSSSNNNQSSSTSTENNSTSSSNANHPNTVGNATGVNG
SNVGTSSSASHFLHNNPDNLAGGGGSNSRTSHTYARASNSNNACIPFLGLYL
RDLTVNDELPTYLDPTDPSIPVEIDYDTGKLTRLSNPKVFDHLPSLPPVFGPSSI
KKHQKEDNDHKKEEEGLEEQENSENDYGY YPLININKLRTYAKIILKIIEFQN
RSIKNYTFETDSKWFLTCLKIKCLSSEQLKLLSRTCEP

Spot 193-2

>PGTG_21560

MGCMGCIELSGDTAPGKGFGPFLCRTDTASNCLHDCSTHDTVVMNQGYPPD
NPPPGQGSQHPQPHHDPDSFRPLYNRVIGPHPSLAADWSQSTGIHPSEQPAAR
TIQVANSLTYGQTVRIHPAGAPAVVNHPNYPQADHYTNHNPVHPAPGTVGS
VQVVLLSDAYKGRPSLAHHTTTTQDYPAGSVTRLVSLGPALQGQPVIHPPAT
QLPPAVIPTPTPTGSSVVTTPVVNGGIRTCKPKRTAEEMRLADLVAAEKRAR
RFQNQADKAAEARQKQATNAANRMLKAQKAASATPRATWSEEQTIELLNY
VRMVKDDHSQVTGGFIPFGKYFVAYTGHEEAFPLLDSVLPATRLAKYRAVM
DKWKSKMSSTGVDKRTPTPMVHANLHARRRLACRPTRQRSLATHAWVLW
DGGTPKRICLWRAGLHTGLHSVDWRASPHANLLWRAGAHANPHLACGLAC
AMGAGVCLSMPVVDRSGAGGLSSALDAGNLSQEIWDLILDMHGDNPAATA
EGLTGSSADYETLLQEEVNSGASSGPGSSDIEAPDSLPATPATRNKRQTKYQR
LCAGLTPAELALDPDSSSDCDLPDELPLGAPGTTRTGVNVTPIPGVPPLTPVL
GTPASIPTGPPMGSKRKARALSSKQPVSRPPAEVPTIPRRRGRTEEKTKEGDT
TGTGMLVMMHKAQESSASWAAEERRDAQVERARQDVIRAEERADRQRIED
RQAAERAAEIKRQDDI

Spot 194-1

>PTTG_03025

MEADPYVQKASQDAPTQQKAEEVGNIVEHVKTAMLTTRHNGGALNSRAM
APASKKGLVFEFVANNHSEKFEDLQNDPSCNVSFYDPSSTDWVSVSGQAKII
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EDHEEIKKIWNSSLSAWFGNLGDGKHTGDYDDPRVAAIQVKPTEIRYWSAK
SKMSQTMDIAKAKITGNAAAPGVLRVINNNELCQLADINGKHV

Spot 194-2, 204

>PTTG_07306

MSSSNNVLVLIRHGQSEWNKQNLFTGFKNPPLTPDGEDEAKRAAMKLKELG
FVFDCAYTSALQRAQATLDLILGVVDQKSIPIEKDMALNERDYGDLSGLNKD
DARAKWGGDQVHIWRRSYDVPPPNGESLEMTAKRTLPYYNAHIKPKVLEG
KTVLVAAHGNSLRSIIMQLEGLTGDEIVKKELDTAVPIIYELDSEGKVLKCTV
VKVPKKED

Spot 195

>PTTG_08248

MYRFPARPALAKSLNRAILGSKIQTRQLSIHEYMSMGLLNEY GIPTPISKAAK
TPQEAHKIAESFGKPMVIKAQVLAGGRGKGHFEGKDGLKGGVQMVDTPEQ
ALQYAKQMIGHKLITKQTGAAGRICNAVMLAEKREPSHEYY VAILNDRSLN
GPALVASAQGGMNIEEVAAKDPAAIHTFPIDFQKGLSKQQGVEIATKLGIKD
REAAADIFINLYRLFKDKDATQIEINPLAETKDGAILCMDAKLGFDENAEFRQ
EKVFQLRDRSQEDPTEVEAAEYGLNLIKLDGNIGCLVNGAGLAMATMDVLK
LNGGNPANFLDVGGGATAEAVKKAFELITSDKGVKSIFVNIFGGIMRCDVIA
EGIIKATNELSLDIPLIVRLQGTKEKEAKKLIKESKMKIFAFDGLDEAACKAVE
AAA

Spot 197, 198, 199

>PTTG_09038

MSIFRTESLKDATVLITGASGGIGAATAILFARAGANLIITARREAVLEEVKLA
CEKANKESGVGHGGRVSALVLDMQEPQAIDSFLDRVPPELKKIDVLVNNAG
LVYGRDQVGDLNFEEVQVMINTNVLGLIRMTNVVVKGMKERAKGHIINIGSI
AGREPYAGGSIYCATKHAVNAFSGALLRELVSTPLRVSEIQPGMVETEFSVT
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RFRGDRKLADAVYDGLQPLTAEDIAEEIVWCAARPPHVNVAELYVLPTAQA
SATISHRQNS

Spot 200, 220-1

>PTTG_03445

MSDSNTCYFDQIKRSFADVPVTDEGVDTLAFLEACEDLVKLFDLFESKAFAV
VQNDLTGNIAKIRKRYDACPEKSKTLESLVENEKAEKKKDATQGLLWLTRG
LHFTCEGLQLTQKNPGEELSVSFTTAYQGTLKDYHSFVVKPIFGLAMKACPY
RADLFKKLGAKEKVDVELEKWLSALEKIVVRIQSFYEKGNYGKGL

Spot 209

>PTTG_27324

MSDVVIREIVKGTILTFSKPFKRLGITPIGGRSTAIKLSDSSVWLLASTPLTDET
REKIDQLGQVKYIAVADMEHTGFTTQYTDAYPDAKVYGPEGAAKKLGINV
HEWTADKDHNPMEYDSQVLKDEIKAEYFDGFINKDIAFLHVPSKTLIEADLL
FNLPATEQYSKSKESATNFTNWFATLKPDSTLHQRFVYNLAAVNKKSMAQS
AYKVDQWDFDRIIPCHGDVIETGGKAAWRAAYSLYFDDIKNGKFPGLGGST
SKEQ

Spot 214

>PTTG_03594

MDRNFRVGPDYSIIDVVGEGAYGVVCSAVHEPSKQKVAIKKITPFDHSMFCL
RTLREIKLIRWFSHENIISILDIVKPPSLDEFTEVYLIQELMETDMHRVIRTQDL
SDDHCQYFIYQTLRGLKALHSAAVLHRDLKPSNLLLNSNCDLKICDFGLARS
AFMGEQEATGFMTEYVATRWYRAPEIMLTFKEYTKAIDVWSVGCILAEMLN
GKPLFPGRDYHHQLTLILDILGTPSLDDFYAISSHRSRDYIRALPFKKKKPFAQ
LYPNASALAIDLLEKCLTFNPKKRITCEEALRHPYLASYHDPDDEPDSPPLDP
SFFHFDNGKEQLSREQLKELIFNEIM
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Spot 216

>PTTG_29605

MSSRLTAPALARRQLRLITANPAWTPARRAPPPAAAAASMSRRLAILSHHLA
PPPSSSRPAYSSRPSPPTPQQPSVLTKTDGNLRSLTLNRPEALNALNMEMIQAI
AAELTKWENSEPAKMVILKGVGRAFCAGGDVVSLIKSVASEDSAQRKTPVD
FFRAEYTLDSFIAKMSTPVVCFLDGITMGGGMGLSMHTPFRIATEKTRVAMP
ETAIGLFPDVGASFFLPRLDGELGTYLGLTGTSLYGWGAFQAGIASHY VPSSS
LAALEDRLSALSADATHDRINDAINEFAADPEESSSSSPAFDLQGTKRQAIDH
CFGQNTVEKIVEQLEAVRDGHLFSEDPALKSWAEQTIDLILIRSPSSCKITLMA
LREGKKMSIDECFAMEMRMAATCCDVQTHPDFVTGVTHLLVNKQKSRPAW
SPSELSEVKLPEITAQYFSSQPASSTHVVRLDSLSPTRIQSYHDYPYANYGLPS

EETIKNLVIGNVKGTSGHLAITAPELHEMVSQKWNHKVGVAQKLDDILARR

TTRKGQNEGFVLKWQY

Spot 220-2

>PSTG_11145

MGNESDSSDDGRTSKSQITKLHCHNWSDWRDQFEDV VIAKGFANLFNKEW
LKTNKKSEDLKQMTSWAMVKLRATVKRELHPVILNHPKDLFAAVDALATA
CGEKLVIRLCDKLFALTSNVYTPGSSLAEHANQFMKKYTSLKMSVKAIPHFM
YVSTGMAGALLLRSLNQDESLTPLVQSLFDLNPLTFEKVYDRLLIEESRKDSA
TAESAYFSNQAKKLGKAPVNRSTFGSSNRGSSSSRGSHRGGNNSRGNFRGLT
PTRPNPNNSDNRSDAMSKQFSQLFRREMKNFIESGQADMMEENDDEDYEEE
DDHDEDNYVDNPDDVLLGLSLVPIAPSEI

Spot 221-2

>PSTG_08642

MASTPPNPPQAGIIVPQEVWAQMQQFMAAFGLPGPIVIPPAPAPIVTPLAQSS
VIGIGEGSLIMDIDDEEDLSDPPPQDTHVDQLPEENDRQEKEDSLEDDLSVKS
PGDLVVRPALRPGVITNLCEYDYNTGEPLDPPPVGQFLSMADVVAFCQEWA
KHHGYTVSTGRSNANKNVYIRCGRSGDFRGQQLNPAGRQTATKKICCPFEV
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KGSIPTSRKIMNKVWTLEIREPEHNHEPSYSPLAHAAHKRVTLEQVIAIQKLS
QSKIKPTQILIQLRTSNNETYATNKTISNVLQKQRLKDLDGRTPIQALLDILKE
SNWTYNVKVNSSGNILNLFFAHPGSIHLARIHHHVALLDSISTAFTPPFEDQD
SYEWAVNNLKKFIWRPQRIPPVFVTNRDSALRNALAEVFPDSQRNLCTWHL
TQNIVINCKKYFGTDKNDADDDTDGRNDKKKHKKKQQKKATDKEEDEST
NPWKAFLRVWGKVTNSKTPELYVTHLDELKAHLATRPAVLEYIETPMVPVK
ELFVVAWACQYPHLCNLNTSRVESGHAYLKRFIVNSTGDLLSVFKSLGLAV
DNQINHVHESICRDTVKTLVNVPKSFVPLLGKISTFVIKECLQQFERLVNLDP
TEPCSHTVTIGLGIPCAHRIRELMEDDKFVAPKDFHLQWHLRYNPEFTRTEEE
EIDLDKELRIITMSLTHERPTTADDLLAQMKGIAARTHKAVTIQVPEVKKNTK
GRPSTKAERLTSTKRQPSAFEIVEAKLKKEQLARKQALKAQKRNKSKRIKKN
EPTEPPKIYSEDEYSPGSDLDDFDFSLLDAGGAEELLSEASDEEAEEAEIQEEK
EESKKENKEESEQDNKENNHSEEENEQSGEEDDKKHEKKIEIDSQTNDKKHE
KKIETDSQTNDTAANNNEHEETIVQGGGVTLLTKGRYALQIPPNLQPYITQVF
DPTADGNCGFCCIARALGYKEDGWFQVRQELLKEATDHQAAYSKLQGGEE
TMESIIKNLEVKSKKTRISGDKWLDKMAHGQMLANAYKRPVIFLLISDCNTF
LPLRAGPSEQCEPIYLLHVNGNHWILALVQGKDGVKPVPPPVLATRMTTKIA
KSWLSHIQKGIHLYAKATRF

Spot 224

>PTTG_08772

MVLTASLCQPLVRSGFHCLDNNHLPLPNAKHSISVQSNMSDKALISLSNGVK
MPQIGLGTWLSKPNEVKNAVTHALKSGYRHIDCAKVYGNQGEVADGIEASG
VNREEIFITSKLWNTWHHPSKVAEGLEDTLKELKTDYLDLYLIHFPVSFAWP
ESAKAADSELLFPLAEDGVHVKLDLQTSIVDTWKEMIKLLDTGKVKAIGVSN
FEIEHLEALNKATGVAPTVNQIERHPLCIQADLVKYCNSKNIHVTAYSPLGNN
LVGETKIVDYPEVKEVAAKLSKLSGETVDPAQVLIAWGAVGGISVIPKSVTP
TRIDSNFKQVKLSDEDFNKITELGKNKTVRYNVPVTYEPKWNVNVENTEAE
KSCAHGIVLGV
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Spot 225, 231, 290

>PTTG_05785

MLRSTASSVLARVKPSPRLASRTFASSSSRARIISTQPVKASETSSKFANGKYP
VIDHEYDAIVIGAGGAGLRAAFGLAEAGLNTACITKLFPTRSHTVAAQGGVN
AALGNMTEDDWRWHMYDTVKGSDWLGDQDAIHYMCKEAPQAVIELEHFG
VPFSRTKEGKIYQRAFGGQSLKYGKGGQAYRCAAAADRTGHAILHTLYGQS
LRHNTNFFVEFFALDLIMDDAGNCVGVTAYNQEDGTLHRFRAHQTVLATGG
YGRAYFSCTSAHTCSGDGNAMVTRAGLPLQDLEFVQFHPTGIYGAGCLITEG
SRGEGGYLLNSQGERFMERYAPTAKDLASRDVVSRSMTIEIREGRGVGPDK
DHCYLQLSHLPPEVLHERLPGISETAAIFAGVDVTKEPIPVLPTVHYNMGGIP
TNYHGQVLTQDPKTGADKIVPGLYAAGEAACVSVHGANRLGANSLLDIVVF
GRACAKHISANMEPGKPHKTMPEDAGMKSIEDLDKLRNASGPKPTAQIRNE
MQRVMQNDAAVFRTQSSLEEGVKKIHKVVDSFKDVGVTDRSMIWNTDLVE
TLELRNLLTCAAQTMSSAEARKESRGAHAREDFPEREDDSWMKHTLSWHN
PESGEPVKLTYRDVISTTLDENECKSVPPFKRTY

Spot 261-1

>PTTG_00016

MHRPSMLGFIASALAGSALAVPENDDPDSHLAPLITPTAPPVGGPLSHLSIQG
GRSPSDYLIKDSYVVVFKKGTHDDRSLQHKSKVHQLWKQDQQQRLQSESY
GPADLFSGIKHHYDGMTSFKGYSIHVPEALISIIRSFPEVDYIERDSRVWINDQ
YENPSTIPVAEKPSHPTSEPIDVEY GAPWGLARISHRHKLKFSTFENVYPFEDPA
GLGVDAYVIDTGVNIEHEELEGRAKWGKTIPDDPDKDLNGHGSHVAGTIAS
RTYGVAKNATIIAVKVLGAGGSGTMSDVVAGVVWAAEAAATKARDEAAK
KDSKHKGSVANMSLGGGNSPSLDQAVNAAVDTGLHFAVAAGNDNRDACT
FSPAAAKKPITVGASTIQDERAYFSNHGKCVDIFAPGLNIKSIWNTGSKSVNTI
SGTSMASPHIAGLAAYFLSIYPEKLDLASLGVYEDEQDEFVASNGEAYDLGQ
YFSWNSVSSQGQLAFGKFKEAVGYSGSTQPKDAPQALSTRMLKKAMIKMST
SGVLSKLPGQTCNYLAYNNATVPRALTAADFRI
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Spot 261-2, 263
>PTTG_12239

MAEPTARKQEKDFTKEVDELVADVGQLVKNGGLQQGLEKLLGLEKQTRNA
SDLSSTSRLLLEVVQIVFESKDIDGLCLHVHQLARKHGQLRQATTTMVDRV
MSFLGELDQANKIKLIDSLREVTEGKIYLEVQRARLTKQLAQIREAEGAPGTA
NELMQELQVETFGSMERREKMDFILEQMRLLRTQEDWEKLAIVSKKINSKW
LGEAENEDLKLRFYGLMISYGSKMSRHLDLCKY YRSIHECKSVEAEPAQALA
ALRNAVYFVILAPYDHEQSDLLHRLAQEEEELKKIEAVYDLVKCFTTPELMR
WPGIQELYGPVLRKSRVFGPAGTSGLVGDIAEDDPLAGDRRWEELHKRVVE
HNIRAVSRYYSRLTLERLSELLDLSPGGSERRLAQLVSSGTVCANVVPHPQPP
SHPRMLDPSAKLIFQGALATLPSPADPASPARRKAQPPAPLAAYAVLFLDGR
LECYPGDPFSVGSAHEAAKPTHILQLNPHHRWVLQATQNSPASFPFTIARQPL
TLLGLDVEAMGTTNRTSLTNNTPSDSLKALKDRKHTPTLIDLQDPCPDLPPL
HDHPHHAPGSARSSQLNSPASSSTSPHPTTIHPAQNTLTFAASSESARKQWIT
AFLSVFRLTSDLEASTSNPSLHVSPDRASAYQQHQQTPIRSTLSNSSFPNSNSN
AHHTSRIPLAPIQQPRSSSSASIATSHNFSADLLSPTHSPHAGLLSHKPSSPSPPS
PHSHPLSVSASSHTEMAVAVPAWIKAVRNADERKPGPDPDLLSEKAGCYAS
REGSLDQQPGSARMAHSFSAPAPLAGPDRPAAAAAKPAPAPSIKSFGSAVVQ
NLKRAGSLSEWPDYASPAHSILQRMREPDPLSDSPRPASPDPSDGAAPHQKR
LWLLSA

Spot 267-1
>PTTG_05453

MSVCPTTSAPGHLAKYMDLPQPENLIQAEY VWIDGTGGLRCKTTTMDLPKS
GQVTVADCKEWNFDGSSTAQASGTDSDVFLRPAAVFKDPFRRGKNVLVLA
ECYNSDGTPNKTNFRYSCKKSMDAAAQHKPWFGIEQEYTLFDADGVHPYG
WPVGGFPGPQGPYYCGVGTGKVFARDIVEAHYKCCLYAGVTISGVNAEVM
PSQWEFQVGPCEGIDMGDHLTMARFLLYRVTEDWGIKVSFHPKPLAGDWN
GAGAHTNYSTVATRQPGGIKAIHEYIEKLGKRHNEHIAVYGADNDQRLTGR
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HETGHIGNFSSGVAHRGASIRIPRHVEATGEGYLEDRRPASNIDPYQVTGIIVE
TTLLQ

Spot 267-2

>PTTG_08909

MPAPQTVPCQYKTGRTLGQGTYAVVKEAVHISTGKYYACKVINKRLMEGR
EHMVRNEINVLKKISAGHPNIVTLHDYFETLNNLYLVTDLCQGGELFDRICA
KGQYYERDARHLVQVVLNAVEYLHSHGIVHRDLKPENLLFRGPEDDSDLLI
ADFGLSRVIDDSKFNALTTTCGTPGYMAPEIFKKSGHGKPVDIWAIGVITYFL
LCGYTPFDKDDSIAEIRAICDAAYKFEPAEYWKNVSNIARDFISKCLTVSPEE
RLTSRTALEHPWFASEVEPGVIDPSSDKGETQNLLPHLKRQFDAKKTFRKAIA
TVRASNRFRQSTGIPGSTNPEVDELMKV VEAGQADAAAESETVNEVLAT

Spot 274

>PTTG_01684

MAHLTTNAFTRRFLTATTRPTVNKLNTSSTRALSSLAAQHPQPRSLKAHSSG
SPLSTENSRLIQTAADSSAVNPDKIPSNDGDKENITLDADYYQTYKCDAPSLE
LEMTKAELVOQMYRWMVTMRRMEMAADALYKQKMIRGFCHLAIGQEAVS
VGMESAIQPDDKVITAYRCHPFAVLRGGTIKGVIAELLGRKDGMSSGKGGS
MHIFTPTFFGGNGIVGAQVPVGAGIALAQKYLNQDDKHATFIMYGDGASNQ
GQVFEAFNMAKLWNLPAVFVCENNLYGMGTSAERSSSNTKYFTRGDQIPGL
QANGMDVLSVHNACKYAKEWTTSGKGPLLLEFITYRYGGHSMSDPGTTYR
SREEIQHMRSTNDPITGLRNRLLEWNVIKEADLKAIDKQAKAEVDVAVEEAK
KSPEPDPATDMWTDIYYKGTAPKWMRGREKEEVHRYKPEECKDLI

Spot 281

>PTTG_03798

MIRASSKPISILNRQPIARPSAILHPNHFSSTARQQAEIELEIDGKKVTVEQGSA
LIQACEKAGATIPRFCYHDRLAIAGNCRMCLVEVEKSPKPVASCAMPAMPGS
KVFTNTPLVHKAREGVMEFLLANHPLDCPICDQGGECDLQDQSMRYGSDRS
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RFKEYTGKRAVENKNLGPIVKTVMTRCIQCTRCVRFANEVAGVDEFGTTGR
GNDMQIGTYIEKTLNSELSGNIIDLCPVGALTSKPYAFTARPWELKLTESIDV
MDGLGSNIRIDSRGLQVMRIQPRINEDVNEEWIHDKTRYAYDGLKTQRLTVP
LIKTDGKFQPATWAEALTAVAEGFKESGAKNNEIKAIAGALADTESLVALKD
LLNKLGSDNTALENPSGDTSPAHGVDFRQNYAFNSTIVGADEADFVLLVGT
NPRHEAAVLNSRFRRSWLNKGLRVGLIGQKFDSVFEFDHLGADLRAVKEFV
SGNGKFAQSFKNAKKPMIIVGSAVNDHADGHEIFRSLAGFVEAHQAQFLTPE
WNGFNVLQRTASSTAAYDVGFVPTNSASQAQAKFIYLLNADDFDPSRIPKDA
FVVYQGHHGDLGASYADVCLPGTAYTEKSATWVNTEGRSQLGRTAVSSPG
SSREDWKIVRAVSEVLNVALPYEDPIQLKNRMWEVCPSLIRYDELVPSSTAL
EAVQSIASTQAPSHRSKASLKTGALGLPIKDFYFTDPISRNSITMAQCSKAFSN
PDPNVSHSDKSGQPMAAFG

Spot 285, 287-1
>PTTG_06073

MPPPHNPMLGCTYGFWVSLLLLKRTLHPHPARPPPPAPALPAHNITPFPPTHN
KKKSLTGLALVSSPLYALPPLTMKAIILVGGFGTRLRPLTLTLPKPLIEFCNKP
MIVHQIEALVAAGVDEIVLAVNYRPEVMVSVLKDTEEKYGIRITFSVETEPLD
TAGPLALAKDILGKDDSPFFVLNSDVTCTYPLKQLAAFHQAHGKEGTIMVTK
VDEPSKYGVVVQLPNSSAIDRFVEKPVEFVGNRINAGIYIFSPKVLERIEVKPT
SIEKETFPAMVRDGQLHCMDLEGFWMDIGQPKDFISGTCLYLSHLSALGDPN
VKDQAAHKWVVGGNVLVDPSAVIDPSAMVGPNVVIGPRCVIGKGVRLQRC
VVMAGARVKDHSWVKSSIIGWNSTVGRWVRCDNTTVLGDDVNIKDELLVN
GAAVLPHKSISASITEPAIVM

Spot 286-1
>PTTG_03821

MVYKVADVSLAAWGRKEIELAENEMPGLMYLRKKYGKSQPLKGARIAGCL
HMTIQTAVLIETLTALGAQVTWSSCNIFSTQDHAAAAIAATGVPVFAWKGET
EEEYLWCIEQTLAAFPDGKPLNMILDDGGDLTSLVHDKFPQYLDGIGGVSEE
TTTGVHHLYKLHKQGKLKVPAINVNDSVTKSKFDNYYGCRESLVDGIKRAT
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DVMLAGKVAVVAGFGDVGKGCAQSLASYGARVVVTEIDPINALQAAMAG
YEVTTMEDVAHRANIFVTTTGCRDIIVGKHFEAMPEDAIVCNIGHFDIEVDV
AWLKKTATSVSNIKPQVDRYTMPSGRHIILLAEGRLVNLGCAHGHPSFVMSC
SFANQTLAQIALWEDKNNTTYPLGVHMLPKALDEEVARAHLHALNVKLTN
MSEAQAEYLGINPAGPYKVDHYRY

Spot 286-2

>PTTG_04794

MSSICRNTILKGIANKAVLPGSRTSSVLSSSRLGVQCRNISSTSSGLSCVQSRC
RSPRNPRSIIPIHSVAIRSYAAEASKKFTRNKPHMNIGTIGHVDHGKTTLTAAI
TKSLAALNSNNKFLDYSQIDKAPEEKARGITISTAHVEYETENRHYAHVDCP
GHADYIKNMITGAAQMDGAILLVSATDGOQMPQTREHLLLARQVGIQKLVVY
VNKVDQIDDPEMLELVEMEMRDLLTSYGFDGEQTPIIKGSALCALEGKNPEI
GVESIKQLMKATDEWLDQPVRDLDKPFLMPVEDVFESIPGRGTVVTGRVERG
TVTKGTELELIGLGMNQKVALTGIEMFKKELERGEAGDNMGALLRGLKREQ
IKRGMVLAAPGSIKAVTKFLASIY VLTKDEGGRYTPFMNNYRPQLFLRTSDV
TVSLTFPEEVKDRHEKQVFPGDNVEMVCELVHEVAIEPGSRFTIREGGKTVG
TGLVSRLF

Spot 287-2

>PTTG_06742

MASSSYDSLQPGRDSLDDSELEAGEDDEDFIINQTLLFSNKPSPLLPSPASHPL
QRNQOQNSTIHARLSKILGKRNPSTRSIASICTLAGLAIGLLLWFSHPPSSNSNL
QTTSKPENPKLFNQSPDGRSRISLNDALSGSFHVNRHAISWLDEAGDGVYSEI
TPAGIILKDLKNNSSKPLIRASELVDPQGRPIYPEAFTVSSDLRYILVSTNSQQQ
WRHSKLRHYWIYDTLHRTVTSLRPDIPPHQPRISIALWSPTGHSIAY VLDNDI
YLLTSPDHVHSPLRITITGTPTIFNGICDWVYEEEVFEASEALWWSPDSNKLV
WLSLDESDVPIYELRTYNPTEQVGQTMPYPDKTKMKYPKPGFSNPIVSVHLF
DIEAHQRADGNNPVKDAVSQLKLDSEFEDADRIVGELAWVSAHELIIRQTNR
IATREKTGYFDLSQLAASRAVSPSTYGKVVMDIDFVKFDGGWAEPGQFIKPII
TGKDFAPGYLDIRINHAGYRHIAYFSPPDSRSPIFLSDGNWEVDGKISAVDFE
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KNLVYFVAANPSMERHLYSVKLPTKAELKKLESQSNIDLQGVTPVTPITTGV
GYYDVSFSOQMGGFYLLSYNGPSTPWQKLVKVADPSFETLIEDNSALNKTLSK
YALPTVHFTSIKNSIQQDMNIQEIRPY QMDLSGKTKYPVLFKVYGGPNSQTA
SKRFAIDWSHFLASSMEYLVVYVDGRGTGLKGREFRVGVRNQLGKIEALDV
STAAQYYAGLEYVDPERIGIWGWSFGGYLTCKTVESHSKDFSMALAVAPVT
DWRFYDSIYTERYMSTPALNPLGYQNSAVSRMEGFGNLSFSLAHGSADDNV
HFLNSASLLDRLTGAHIHGFQFRMFTDSDHSISTRDAYKELFGWMTDFLLRQ
WGHGLVSSLHLNQTINIDALLD

Spot 299

>PTTG_04303

MKGKGKRNYFIIQARFMSQTRCTTNFHSTLTLSYNSHILLPEETEKEADSLVA
TSRVYLDITRGGKPLGRVVIALFKRTPKTSENFRVLAIGNTKSASGTPLAYKG
SSFHRIIKNFMIQGGDFTKGDGTGGESIY GNKFPDENFLYKHEGPGTLSMAN
AGPDTNGSQFFLCTVTTSWLDGKHVVFGKVVEGMDVVYDIESSKTDSRDRP
LEKVVIADSGELEIEEQVDEEGNKVPLRVEL

Spot 306, 307

>PTTG_02168

MSVQEVTTTAFNDQKPGTSGLRKRVKVFEQANYTENFIQAILDGMPAPGVK
DSTLVVGGDGRY YSPECIQKIIKLAAGNQVKHLIIGHKGILSTPAVSNLIRKRK
ADGGILLTASHNPGGPNADFGIKYNVSNGGPAPEGVTDKIYEITKTLKSYKMI
ELPEVDLSKLGPQNLGPISIEIVDSVADYLVLLKSIFDFDSIKAYLHGNPPPLK
VLFDGMHGVTGPYGQAIFVETLGLSAESIQNCVSSPDFGGGHPDPNLTYAHE
LVARVDKENIGFGAASDGDGDRNMIYGKDAFVTPSDSVAIIADWAQEAIPYF
KSGIKGLARSMPTSGAIDLVAKAKKLEVFEVPTGWKFFGNLMDAGRLSICGE
ESFGTGSDHIREKDGLWAVVAWLSILAAAEKRGIKNGIKGVLQDHYKKYGR
SFFSRYDYEEVDSVGASKMMSHIESAFGKDDFIGSSLSSETSSTSFKVKEAGN
FSYTDPIDKSVSKGQGLY VKFADGSRIVYRLSGTGSAGATIRIYVEKYSQNEQ
EYDQDTQVGLKPLIEVALKLSKLQQFTSREKPTVIT
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Spot 309, 337
>PTTG_01152

MASNPAMPSQVDVLIIGAGPTGLGAARRLHQLKNESYLVVDEQSQAGGLAS
TDVTDEGFLFDVGGHVIFSHYQYFDDMIHEALPQDSDWLTHQRISYVRSKNS
WVAYPYQNNISQLPIEYQVSCIDGLIDAAEERTRAVGKPKNFDEWIVRMMG
VGLADLFMRPYNFKVWGVPTTMMQCEWLGERVAAPSLKLVVKNTLYKKE
AGNWGPNATFKFPAHGGTGAIWKAVSRCIPQDRFRFGRRLVSVDGQKRVAS
FDDGSQVSYKNMISSVPLDLFCGLIDQEKQAPAPSLKTVADGLVESTTHVVG
FGIRGLPTGAMKGSCWLYFPEDDCPFYRVTVFSNYSPNNCPQKDAKLKTIQT
ADPSMGGQADLQTAKEGPYWSLMLEICQSKMRPVDEPNIIKDSLKGLINTQ
MIEPNAEIVSIYHRKFHHGYPTPSLERESQLKTVLPALKEKYSIWSRGRFGSY
RYEVANQDHSCMIGVEAVDNILFGAPEMTLNEPDWVNGRKNTERRLD

Spot 310
>PTTG_29181

MATTLTHPAIKDGWFREESALWPGQAMSLQVKKVLHVEKSKFQDVLVFEST
SHGNVLVLDGAIQCVENDEFSYQEMIAHLPLNSHPNPEHVLVIGGGDGGVLR
EVLKHPSVKTATLVDIDEAVPRVSKTFLPHMAAGFNDPRVTVHIGDGFQYLR
DQVGKFDVIITDSSDPNEGPAQTLFGMPYFELLKNALKPNGSIATQGECIWLH
LPLIHSLIKGAKDLFPQVEYAYTSIPTYPSGTIGFVVCSLDKDRNLKQPLRQVR
NTKYYNKSVHAAAFVLPEFARQAIEAAKANLDMPDKSASAQSSAPGKKILL
LGSGFVAQPAADYLLRRPENQVTVASFNLWKAERFATELAREVKCISLDINN
AEALDKAVSEHDLVISLVPYTHHASVIKSAIKFKKNVVTTSYVSPAMRALDD
DAKKAGITVLNEIGLDPGIDHLYAVKMIDTVHRAGGKIIEFISYCCGLPAPECS
NNPLGYKFSWSSRGVLLALLNSAKLYSKGKLIEVEGQELMNHAQPYSISPAF
AFVAYPNRDSTPFREFYEIPEAQTVVRGTIRYQGFPAFIKTLVDIGFLSETPQA
YLKPESTLPWKEVTTRVLGADNSTEQCLITEIKRRTTFPSADDEVRILAGLKW
IGIFSDDHAVPRGNILDTLCARLETMMQYEKGERDMVVLQHKFGIQWKDGK
TETRTSTLIEY GAPFQTGTGPSAMARLVGVPCGIAVQLILDGKITKKGVLAPY
SLDIVEPLLVEVEKEGVTMVDRIVS
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Spot 315

>PTTG_02169

MSSFTAQTGWEDGPGRCSFFTKRWTPSGKEPIAKLIFFHGFMEHISRYDHVES
RYAEAGIEVFAFDQRGFGETAARTKTQGQTSWAAGLKDADFFVAQEAAPER
CHGRKVFLMGHSMGGGIAFAYTTRSPPLEGLSLITGGLVLSSPLIAQTPGVAT
AGALIRLGSFVGAILPKLSLNVGVSAKDICRDPVIQEQYSHDPLCAPIGTYKG
VGDMLLGGQQLLSHDYKQYPSKLPLLAVHGTADNVTWHDATQQLVEKTM
AEDKKFKDFEGYYHEMHNEPGDDKFKQMDYIIQWITSHV

Spot 318

>PTTG_09428

MAAAVAMPSKMTALYYEKARHFSVIQADLPSIDEHEVLLKVSMCGVCGTD
QHIHEGEFISKFPLIPGHEVIGTIVQAGSKVHSVKIGDRVVCDVGETCGKCFY
CQRGTTLFCESFEAHGVTLNGGFAEYAKFHAAKVFPIKNLTDEQATLVEPAS
CAVHGLDKIRPKPGSECLLIGAGPTGLILAQLLKLNGAQRVVLAANKGMKM
DIARKIQAADEYIDLDRNDAVSQWAQLKKDNPHGFDVVVEATGVESIVDDSI
NYVRRGGTLLVYGVYDNAARVNWSPTKIFSDEINIIGSFSQTNCFPRAVAYL
DSGKIRTEGMVTDIFKIEEYQQALDKMASRQCLKIAVRPNQQ

Spot 320

>PTTG_00389

MSESLLFKGTLAGHTGWVTAIATSAENPDMILTASRDKTIIVWQLSREDGAY
GFPKRILRGHNHFVSDIVTSSDGQFALSSSWDKTLRLWDLNTGLTTRLFVGH

TKDVLSVSFSADNRQIVSGSRDRTIKLWNTLGECKFEIKDEGHTGW VSCVRF
SPNPMNPVIVSAGWDKVVKVWELSKCKLRTNHHGHTGYLNTVTVSPDGSL

CGSGGKDGITMLWDLNEGKHLYSLEAGDIINALVFSPNRYWLCAATASCIKI
FDLESKSIVDEIKPDFTDIEGRNTKVPECTSLAWSPDGGTLFAGYTDNLVRVY
AVMG
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Spot 321

>PTTG_05810

MEHDLDINRLKSGELNLGTSIMAVAFEGGV VIGADSRTTSGSYIANRVTDKL
THIHDRVYCCRSGSAADTQAVADYVHLYCQMYTAQHGHAPSVHTVGTIFE
QICYSNKDNLSAGIIVAGWDAQTKKGSVYNIPLGGGLFQQPWAIGGSGSTYI
YGYCDSNYRAGWTKEETIAFVKNALALAMSRDGSSGGTIRMAIITEDKVER
VFIPGNQLPVFWEA

Spot 322

>PTTG_01421

MGPIEVLSQPIQFKGGLNALNRTLKSAMTERLCTYDDVDLDARGKPTPEYEE
LYRVWSEGKIGTIILGNIPVHREYLEAKGNAIIDKDSPWDPVEAFKPVISAAK
AHGSLVIGQLTHAGRQTPFQVNPNPVSASETQSPPSFGMNFGKARALSVDEI
QDVVDRFAYGAEVLYKAGADGAQLHGAHGYLLSQFLSPRVNKRTDQYGGS
FENRSRIVFEIIDAVKKRVPDPKFILSIKYNSHDFIEGGFTKEDSQVMAKKLEA
AGVELIELSGGTYELLPFEEKKESTLKREGFFLEFADRIRPHLSGASVLAVTG
GFRTLDGMASAVSSKDRTCDVIGLARPLVFEPHFVADLLAGKTKKAKVLAF
DSMLLPVAYHVLQLIGHKQPIPNLQDEKSAKEVIELVTAK

Spot 332

>PTTG_29878

QVLLYNCSPSSHTSLEIAESITIPAKMTTSLDHLKQHTTVVCDTGDFESIAQYKP
QDATTNPSLILAAVKKPAYAKLVDVAVQYGKAQGGSLDNQVDATVDRLLV
EFGKEILALIPGRVSTEVDARFSFDKEATKRKALHLIELYKTVGIDKDRVLIKI
ASSWEGIQAARELEKDHNIHCNLTLLFGFGQAVACAEAGVTLISPFVGRILD
WYKAKKPDASYDGAADPGVQSVQKIYRYYKQEGYKTIVMGASFRNIGEIEQ
LVGCDFLTISPALLDQLHKSDKKIEQKLSAAQATTGEKLPKVSYVNDEAAFR
WALFSEEMAWDKLHEGIRKFAEDAETLKAMLKEKLQK
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Spot 338

>PTTG_06268

MPSYKLTYFDVKASRGESIRLAFHSGGIPFTDERLTMEQFGERKESCPFGQVP
ILTVDDKTVIPQEGAILRYIGRMTGAYSDDKEKALKQDVMIEFGDDLYSAAS

VFFAMDHAGKEMLKKNSIDERIPKMFGYLDKHLSNQGTTYSAGNDLSVADF
KLYAALTLFKSGMLQGLSTDIVDNYTHVAKLYQAIEKHEKIASWKKSQAN

Spot 340

>PTTG_06466

MIESTRRLAMPLHRLSRSASKPQTIRPIMTGAHADSLAQLTRSIQEWFDSPRF
ANTQRSYSAELIATKRGSLPVHQDSYANLQARKLRKLLAEAQQTHQPVLTM
GALDPVQQSQMAHHLPIVYVSGWAASSTFVPGTHEVGPDLADYPYHTVPTA
VQRLVKAQQLHERKEWDAHASEPDMGRPSVEYLKPIVADGDNGHGGLSTV
MKLAKAFGEAGVAGVHFEDQLVGGKKCGHQAGKVLVPTCEHLSRLRAAR
MQWDIMSLETLLIGRTDAESAKLISSDHDPRDHRFILGIQTGPPHHQKIALAE
EIIRAEERGASGDEINEIEKRWTESVELITFDQAVERAFEQYNIPSSKYSEYLK
EVEAQELSHRESSILARKMIADGTNGKETLEQIGWNAQLARTREGY YRFKGC
LQAAINRALKFCPVSDLVWIETKEPNLLKAQSIATQIRRHFPSQSLVYNLSPSF
NWSHHGFSPEDLKAFVWELSRFGFNLQLISLAGLHSTATMTAQLAKRFKED
GMLGY VESIQAVEKEIGCDVLKHQKWSGSEYIDRILSAVSAGSSATAATGAD
STEKTF

Spot 341, 347

>PTTG_06754

MPSKVDESSDDAVYTTSGGNPYPEPYEAQRLGANGPLLLQDYHHIDLLQHF
HRERIPERVVHAKGSGALGYLEVTHDISDICCAKLFNKVGNKAPVVARFSTV
GGERGSPDTARDPRGFSVKIKTEEGIWDW VENNTPVFFLRDPVKFPHFIHTQ
KRYPQSNLSHGDDADMFWDYLSQNPESIHQVMILFGDRGVPDGYRGMNGY
SGHTFKFVNASGSFKY VQIHCLADQKRGDFLTQEESVKMAGESPDHSTKDLF
NAIERKEFPSWTCYVQEMSAEQAENFRYNILDLTKVWPHKEFPLRPFAKFVL
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NENAINYHAQIEQVAFSPSHLPPGVEPSADPVLQSRLFSYNDAHIYRLGINYT
QLPVNQSISPVANFQRDGPMALGDNQGSRPNYKSTIRPMKYPQRPYQFPGDH
EVFIGQAVADLSTVTELDFEPARALWSKVFDDGAKERFVKNVSGHLGNVSL
DRIKKDQVAIFLAVDKDLGTRVAKAIGLKDIPEPYKPEPAAQATKFTPNLKSS
GQMIFGNTVPV

Spot 351-1

>PTTG_03356

MAGKLSTDYPAWKELQALHDQKASAELVLSKLFASDPDRFKKFSTRFESPN
TETSIFLDYSKNLIDQQVWDKLLELAHQAGVSKARDDMFAGQHINTSEERA
VLHVALRDTSNQGYGANEEGVGEVRSVLDHVRAFSEAVRSGSHKGYTNKPI
DTLVNIGIGGSDLGPVMVTEALSFYARTGPTITPYFCSNIDGSHLAEILRKCDP
ETTLFIVASKTFTTQETLTNANSAKEWFLSFAKDKAHVAKHFVALSTNTDAV
TAFGIDKANMFKFWDWVGGRYSLWSAIGLSIALYIGYENFEKMLQGAHAM
DRHFKAAPLKENLPVILALLGIWYNNFYGAQTHALLPYDQYLHKFADYFQQ
GDMESNGKYITKDGRRVTYQTGPIIWGQAGTNGQHAFY QLIHQGTKLIPCDF
LAPVETLNPIGGGRHHEILLSNFFAQPEALAFGKDEAAVKQELGPAASNESLA
KSKVFEGNKPTNSIMFQKLTPGTLGGLLALYEHKIFVQGAIWGINSFDQMGV
ELGKVLAKNILAQLGSPADVKGHDSSTEGLIKFFQSHRK

Spot 351-2

>PTTG_04108

MTSLPESKPDDPPLLSVWADMIIIGLVVLFWGSSRFRASSEGARGGTRVKFAS
AGVVDCRVFALFQSLQLGGHSICSDPRRAMSNFIRFNSIFFRSRLIPVPLRSRR
TLASSFPPPYPMSTSSSKQPPTKINASSISPKITNQQPQPSVDSSGHDPDQHSRA
ATQHSPLSRLPSPSRDGVHARFMSSTSIQQA YRSEFDTFGELKVPADKYYGA
QTQRSLQNFDIGGEQERMPPALIEAFAYVKKSAAIVNMTYGLDPKIGQAICQ
AADEVISGKLSDHFPLVVFQTGSGTQTNMNVNEVISNRAIEILGGEKGSKKPV
HPNDHVNMSQSSNDTFPTAMHVAAVFQITRNLIPALESLIRAIGAKRVEFDSII
KIGRTHLQDATPLTLGQEFSGYEQQLINGLARVKASLPRLSMLAQGGTAVGT
GLNTKSGFAEAIAKEITQQTGIPFETAPNKFEALASHDAIVETSGALNVLAVS
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AMKIANDIRFLGSGPRCGLGELSLPENEPGSSIMPGKVNPTQCEALTMVAAQ
VMGNHTTISIAGSNGHFELNVFKPVLIKNLLQSIRLLGDGFRSFETNCVVGIEA
NKARIEQLLNESLMLATILNSRLGYDNVAKCAKKAHKEGTTLKEATLSLGLL
DGAEFDKIVRPELMLGPDHKPKSG

Spot 356

>PGTG_17649

MPDFKSATTGVAAKAMRNELSRLAEEVSDANYRKAFEAEMQGFFLLFSRYL
QEKARNTPLQWDRIAPPAADQVVSYSTLPETSDHSILDKLAVLKLNGGLGTT
MGCVGPKSAIEVRDGMTFLDLSVRQIEHLNSAHKVNVPFILMNSFNTDDDTA
RIIQKYANHNIEIMTFNQSRYPRVNRESLLPAPRTATGDKSAWYPPGHGDLY
DAITNSGLLDKLLAAGKEYIFVSNSDNLGAVLDTKIMQHMIDSQAEFIMEVT
DKTKADVKGGTLINYDGNIRLLEIAQVPNDHVEDFKSVRKFKIFNTNNLWV
NLRALKRVMESDGMELDIIVNNKVAENGEAVIQLETAAGAAIQHFRNAHG

VNVPRSRFLPVKSCSDLLLVTSDLYQLEHGRLVMNEARMFQSTPVVKLGDH
FKKVAAYQSRFKNIPSMLELDHLTVSGDVKFGRKVTLRGTVIIVANEGSKIEI
PDGTILDNKLLTGNLSIIDH
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6.3. puccinia triticina aday PAMP proteinlerinin sinyal peptidleri

Sinyal
Peptidi

Aksesyon No Domain

PTTG_09356 Translationally-controlled tumor protein _

18,21 PTTG_01840 ATP synthase subunit beta, mitochondrial _

22,31

23,30,53 | PTTG_06867 Heat shock 90-1
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35’§ié46’ PGTG_12204 Tubilin beta chain

33 PTTG._04893 Eukaryotic translapon initiation factor

Sa(elongation factor p)
42,51,63 | PTTG_03478 HSP-70
. ATPase family associated with various cellular

46 PTTG_05513 26S protease regulatory subunit 6a ACTIVITY
28,48,53,
55,58,70, | PTTG_07281 Glucose regulated protein v

98

65 kontaminant
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73 PTTG_05827 HSP60
73A,79 PTTG_01106 Tubilinu 1 Zinciri .
75 PTTG_06777 Tiyoredoksin Rediiktaz (NADPH) .
80,82 PTTG_01696 HSP SSB
PTTG_12630 Arginase
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PTTG_08592 3-isopropyl malate dehydrogenase .
7 oo | mposscapoen | acncaon |
99 PSTG._ 14021 V-type proton ATPase catalytic subunit a
isoform 2
PGTG_05935
1001 (104 iLE AYND) HSP 5B
101 PTTG_02219 Phosphomannose
104,112,1 . .
27.130 PTTG_01076 Hsp-70 like protein

PSTG 0641 | CMGCICDRICDC proteinkinase | |
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PTTG_03284 LSU ribosomal prot

116
PSTG_01609 | Serine/threonine-protein phosphatase ppel

Secretory pathway GDP dissociation
inhibitor]

121 PTTG_04091

126,178,2
27,234,29 | PTTG_01458 PEP carboxy kinase
4,296

133
PTTG_07863 PUTATIVE PHOSPHATASE v
136,137,1
41,142,14 | PTTG_07672 proteasome subunit alpha type-2
4,147,158
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146’61991’2 PTTG_00430 ENOLASE
149 Mitochondrial-processing peptidase subunit
PTTG_02620 p o & pep
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172 PTTG_05189 Fructose biphosphate aldolase class ii

176 PTTG_07572 Phospho mannomutase

181,184 PTTG_03422 6-PHospho gluconate dehydrogenase

187,218,2
22,223

PTTG_08360 Pyruvate kinase

188

PTTG_01714 Fk506 binding prot

194,204

phosphoglycerate mutase
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225,231,2 Succinate dehydrogenase [ubiquinone]
PTTG_05785 flavoprotein subunit, mitochondrial

PTTG_05453 Glutamine synthetase

267
PTTG_08909 CaMK protein kinase

281 PTTG_03798

NADH dehydrogenase g-subunit

286 PTTG_03821 Adenosyl homocystainase
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PTTG_04794 Elongation factor EF-Tu .
299 PTTG_04303 Peptidyl-prolyl cis-trans isomerase

Phosphogluco mutase

306,307 PTTG_02168

Mutase

Guanine nucleotide-binding protein subunit

320 PTTG_00389 beta-like protein

321 PTTG_05810 20S proteasome subunit beta .
332 PTTG_29878 Transaldolase
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340 PTTG_06466 Isocitrate lyase
341,347 PTTG_06754 Catalase

351 PTTG. 17649 UTP-glucose-1-phosphate uridylyl
transferase

356 PGTG. 17649 UTP-glucose-1-phosphate uridylyl
transferase

Hipotetik Protein
Efektor Protein

Hem Hipotetik Hem Efektor Protein
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