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7 Ali Bitkinin Ziilal Kodlasdiran Niivao Genlorinin Potensial
Transkripsiya Start Saytlarinin Miisyyonlasdirilmasi

H.F. Quliyeva*, 9.U. Abdulazimova, N.S. Mustafayev, I.0. Sahmuradov

AMEA Molekulyar Biologiya va Biotexnologiya Institutu, Matbuat prospekti, 24, Baki AZ1073, Azorbaycan;
*E-mail: aliveva-hokume@mail.ru

Birlopali Oryza sativa vo Zea mays, ikilopali Arabidopsis thaliana, Glycine max, Medicago truncatula,
Populus trichocarpa v Vitis vinifera bitkilorinin miivafiq suratdo 22258, 23330, 17896, 18226, 17645,
38702 va 11035 ziilal kodlasdiran niivo genlorinin [1000:+101] 5'-nahiyyslorinds (+1: genlarin annota-
siya olunmus start noqtasi) TSSPlant kompiiter programinin komayi ils potensial transkripsiya start
saytlarinin (TSS) - promotorlarin axtaris1 hoyata Kecirilmisdir. Noticods 7 bitki néviindon 149092 ge-
nin har biri iiciin an az1 bir potensial TSS miioyyonlosdirilmisdir. Askar olunmus promotorlarin ham
biitiin genlar iizra, ham da ayrica olaraq plastid vo mitoxondri tayinath genlar iizro miiqayisali tohlili
agkar etmisdir ki, bu orqanizmlorin hamisinda biitiin hallarda qeyri-TATA promotorlar agkar iistiin-
liik taskil edirlor (~30% TATA/70% qeyri-TATA). Har bir gen iiciin annotasiya olunmus gen baslan-
gicina an yaxin TSS gotiiriilmokla, potensial TSS (TSSp) vo gen baslangici arasindaki masafalarin
tohlili gostormisdir ki, biitiin orqanizmlar iizrs genlorin toxminan 70%-i iiciin bu masafs 100 nc-don
cox deyildir. Bu miisahids TSSPlant proqramimin kifayat qadar yiiksok axtaris daqiqliyina dalalat edir.

Acar sozlar: Ali bitki, genom, gen, TATA-boks, promotor, TSS, kompiiter analizi

GIRiS

Hazirda, insan, gomiricilor vo meymunlar da
daxil olmaqla, genomlarin oxunmasi lizra doqquz
yiizo yaxin layihe vardir (http://www.ncbi.nlm.
nih.gov/genomes/leuks.cgi) vo hazirda nukleotid
ardicillig1 malum olan genomlarin qurulug va funk-
siya baximindan annotasiyast nozeri ve praktiki
baximdan on aktual mosalolorden biridir.

Genom annotasiyasinin miihiim problemlarin-
don biri promotorlarin miieyyanlagdirilmesidir. La-
kin bu giin genom ardicilliglarinda promotorlarin
tapilmasi sado mosolo deyildir. Promotor ardicil-
liglarinin gen-saciyyavi arxitekturast vo bu sahodo
moveud biliklorin mohdud olmasi onlarin axtarisi
liclin imumi strategiyanin yaradilmasini migkiil
problem edir. Genom nahiyyalarinin transkripsiya-
sin1 tonzimloyon transkripsiya faktorlarinin (TF) q1-
sa (5-15 nukleotid ciitii, nc) nukleotid ardicilligla-
rindan ibarat birlosme saytlar1 (TFBS) asasen pro-
motorlarda yerlosir. Hor bir promotor bels tonzim-
layici elementlorin unikal torkibi ilo saciyyslonir ki,
bu da O6ziinomoxsus gen ekpressiyasini miloyyon
edir. Eukariotlarda ziilal kodlagdiran genlorin vo
hamg¢inin bazi kigik RNT genlorinin transkripsiyasi
RNT II polimeraza (Pol II) vasitssilo hoyata kegir-
ilir. Transkripsiyanin start saytimn (TSS) daxil ol-
dugu Pol II promotor niivasi (“core promoter) TSS-
na (+1) nozeron -60:+40 rayonunu shats edir. Ho-
min niivadan avval yerlason 200-300 nc uzunlugun-
daki nahiyyo iso proksimal promotordur. Proksimal
promotorda transkripsiyanin dzlinomoxsus qaydada
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tonzimlonmosi {iglin talob olunan ¢oxsayli TFBS-
lar1 yerlogir. Bundan basqa, promotorun proksimal
promotordan avvealds yerloson distal hissasindo do
TFBS-lar1 (enhanserlar, saylenserlor, insuleytorlar)
vardir (Hebing et al., 2015; Geetu et al., 2014; Tak-
Ming et al., 2012; Fred et al., 2016.).

Heyvan vo bitki orqanizmlarinin promotor-
larinin toxminan 30-50%-indo TSS-dan 25-45 nc
mosafosindo yerloson vo TATA-boks adlanan ele-
ment vardir - bu promotorlar TATA-promotor adla-
nir. Eukariot promotorlarinda indiyedok askar edil-
mis an konservativ element TATA-boks yiiksok do-
rocado ekspressiya olunan genlorin ¢oxunun pro-
motorunda vardir (Smale et al., 2003; Butler et al.,
2002; Lemon et al., 2001; Sandelin et al., 2007,
Zuo et al., 2011).

Lakin bir ¢ox gen qruplarinda (masalon, “ev to-
sorriifati genlori; housekeeping genes) TATA-boks
yoxdur - belo promotorlar qeyri-TATA (TATA-less)
promotorlar adlanir. Bu tip promotorlarda TSS-nin
movgeyi CpG adalari vo/ya “inisiasiya elementi”
(initiator element), Inr, vo/ya DPE (downstream
promoter element) vasitosilo tonzimlonir (Suzuki et
al., 2001; Cooper et al., 2006; Xu et al., 2016).

Indiyadok tadqiq olunmus promotorlarin okso-
riyyotindo ¢oxsayli, alternativ TSS-lor agkar olun-
musgdur (Suzuki et al, 2001; Carninci et al., 2006;
Taylor et al. 2006; Davuluri et al., 2008). TSS-lar1
oksar hallarda gen baslangicindan avvalds yerlogso
ds, onlara genlerin “daxilinds™ - transkripsiya olu-
nan hissolordo olmasi da nadir hadiso deyildir
(Koch et al, 2008; Shahmuradov et al., 2016).



Hazirda bitkilarin tacriibi yolla miiayyanlog-
dirilmis 2 tip promotor (TSS) kolleksiyalart mov-
cuddur.

1) Tam uzunluglu komplementar DNT ( TU-
kDNT; full-length ¢cDNA, FL-cDNA) ardi-
cilliglarinin genom ardicilliglari ilo miiqa-
yisasi asasinda miioyyanlosdirilon kolleksi-
yalar; masalon, RARGE DB (Sakurai et al.,
2005; Akiyama et al., 2014) vo ppdb (Ya-
mamoto et al., 2008; Hieno et al., 2014).

2) TSS da daxil olmaqla, promotor dastlori
birbasa tocriibi yollarla miioyyanlosdirilmis
kolleksiyalar; masalon, EPD (Dreos et al.,
2013, 2015), PlantProm DB (Shahmuradov
et al., 2003).

Birinci tip bazalar igorisinds ppdb on bdyiik
molumat resursudur. Bu bazanin son buraxiliginda
(versiya 3.0; Hieno et al., 2014; http://ppdb.agr.
gifu-u.ac.jp/ppdb/cgi-bin/index.cgi) kesakotu (Ara-
bidopsis thaliana), diyl (Oryza sativa), qovaq
(Populus trichocarpa) vo mamir (Physcomitrella
patens) bitkilorindon on minlarlo Pol II promotor-
lar1 {izro molumat toplanmigdir. O ctimladen, bu
bazada kesakotunun ziilal kodlagdiran genlorinin
hamist (27206) vo diiyiiniin annotasiya olunmusg
32325 ziilal kodlagdiran genindon 12535 gen iigiin
TSS molumati vardir. Digar torafdon, bizim analiz
agkar etmisdir ki, kasakotunun v diiylinun miivafiq
surotdo 7878 (~29%) vo 1554 (~13%) geni ligiin
xaritolosdirilmis TSS ilo miivafiq genin kodlagdiran
DNT ardicilliginin (KDA; coding DNA sequences
CDS) annotasiya olunmug baglangic noqtasi arasin-
daki mosafa, d(TSS,KDA), 10 nc-don azdir. Mo-
lumdur ki, TSS vo KDA baslangici arasindak: na-
hiyya - 5’-translyasiya olunmayan rayon (TOR;
untranslated region, UTR) ribosomlarin mRNT ils
birlogmasi translyasiyani hayat kegirmasi iigiin talob
olunur. Indiyadek 5’-TOR-un minimum uzunlugu
malum olmasa da, bels hesab olunur ki, translyasi-
yanin diizgiin vo tolob olunan saviyyedo getmosi
ticiin homin rayonun uzunlugu, on azi, 20 nukleotid
olmalidir (Chen et al., 2011; Kim et al., 2014;
Hinnebusch et al., 2016). Bu halda bels natics hasil
olur ki, ppdb bazasinda minlarls gen ii¢iin TSS mo-
lumatlar1 yeni tacriibslarlo dagiqlosdirilmalidir.

Ikinci tip bazalar igorisindo ilk buraxiligt 2003-
cii ildo toqdim olunmus PlantProm DB ham torki-
bindoki TSS-larnin timumi sayimna, ham dos toplan-
mig molumatlarin tohlilolunma aspektlorine goro on
boyiik resursdur. Bu bazanin hazirki buraxilist 86
bitki néviinden har bir TSS {i¢iin ayriliqda birbasa
tocriilba vasitosi ilo miioyyanlas-dirilmis vo ¢ap
olunmus moqals ilo tosbit olunmug 576 TSS iizro
molumatlar toplanmigdir (Shahmuradov et al.,
2012; http://www.softberry. com/plantprom2016/).

Bu ugurlara baxmayaraq, bitkiloerin tocriibi
yolla miioyyanlogdirilmis promotor kolleksiyalar
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bitki promotorlarinin ¢ox kicik bir hissasini toskil
edir. Umumiyyatls, TSS-larmin tocriibi yolla miiay-
yanlosdirilmasi halo do bahali vo ¢atin prosesdir.
Bu sobobdon kompiiter analizi vasitesi ilo TSS-
larinin agkar edilmosi somorali yanagma olaraq qalir
(Mundade et al., 2014; Suryamohan et al., 2015;
Levati et al., 2016).

Son 20 ilde promotorlarin (TSS-larinin) axta-
ris1 lizra bir sira kompiiter proqramlar1 yaradilmig-
dir, o ciimlodon: EP3 (Abeel et al., 2008), TSSP-
TCM (Shahmuradov et al., 2005), TSSP (http://
www.softberry.com/berry.phtml?topic=tssp&group
=programs&subgroup=promoter), PromPredict
(Rangannan et al., 2009; Morey et al., 2011). Bu
yaxinlarda bitkilarin Pol II promo-torlarinin axtaris
izra yeni bir proqram, TSSPlant, yaradilmigdir
(Shahmuradov et al., 2017). Homin proqram bu
sahodo indiyadok yaradilmis digor proqramlarla
miiqayisedo on yiiksok axtaris doqiqliyi ile saciy-
yalonir.

Toqdim olunan igin asas moqsadi birlopali vo
ikilopali bitkilorin bazi niimayondslarinin (comi 7
ndviin) plastid ve mitoxondri tayinath ziilal kodlas-
diran niive genlarinin va onlarin potensial TSS xo-
ritolorinin kompiiter vasitesi ilo miloyyonlosdiril-
masi olmugdur. Asagida homin aragdirmalarin nati-
colari verilir vo miizakirs olunur.

MATERIAL VO METODLAR

Ali bitki genomunda giiman edilon promo-
torlarin (TSS-larinin) axtarigi ti¢iin 7 bitki ndviiniin
nliva genomunun annotasiyasindan istifado edil-
misdir  (http://plants.ensembl.org/info/website/ftp/
index.html): birlopali diiyli (Oryza sativa, 35655
gen; genom assembleyasi IRGSP-1.0) vo qargidali
(Zea mays; 36988 gen, genom assembleyasi
AGPv3), ikilopali kasokotu (Arabidopsis thaliana;
27201 gen; genom assembleyasi TAIR10), qara
yonca (Medicago truncatula; 47202 gen; genom
assembleyast MedtrA17 4.0), qovaq agaci (Popu-
lus trichocarpa; 38449 gen; genom assembleyasi
JGI2.0), sorab iiziimii (Vitis vinifera; 26118 gen;
genom assembleyas1 IGGP_12x) va soya (Glycine
max; 53151 gen genom assembleyasi; v1.0). Analiz
ticiin, getseqPP kompiiter proqramimdan (Shahmu-
radov, c¢ap olunmamisdir) istifade etmokls, anno-
tasiya olunmusg ziilal ardicilliqlart ve miivafiq gen-
lorin [-1000: +101] rayonlart (+1: genin start ndq-
tosi) gotiiriilmiigdiir. Promotor axtarigi {igiin yalniz
uzunlugu 20 nc va daha ¢ox olan 5’-TOR ils anno-
tasiya olunmus ziilal kodlagdiran genlor se¢ilmisdir;
bir nego baslangic ndqtesi annotasiya olunmus gen-
lor {i¢lin on uzun 5’-TOR-a uygun baslangic ndqtosi
gotiiriilmiisdiir.
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Genomda gen duplikasiyalar1 naticasinda bir
neg¢a niisxo ilo tomsil olunan genlorden vo miivafiq
ziilallardan yalniz biri se¢ilmigdir. Bu maqsadlo
ovvalco ziilallarin vo miivafiq genlorin promotor
nahiyyolorinin BLAST proqram paketi (Altschul et
al., 2004) vasitasi ilo novdaxili ciit-ciit miiqayisasi
apartlmis vo daha sonra BLAST naticolori BLAN
vo getseqPP (Sahmuradov, cap olunmamigdir)
kompiiter programlarinin kdmayi ila tohlil edilmis,
tam uzunluqglu va oxsarliq deracasi 90%-don asag1
olmayan ardicilliqlardan yalniz biri gotiiriilmiisdiir.
Noticado, O. sativa, Z. mays, A. thaliana, M.
truncatula, P. trichocarpa, V. vinifera vo G. max
bitkilorinden miivafiq suratds 22258, 23330, 17896,
18226, 17645, 11035 va 38702 ziilal vo promotor
ardicilliglart secilmisdir.

TSS-larinin axtarist Sahmuradov, Umarov vo
Solovyov torafindon bu yaxinlarda yaradilmg
TSSPlant kompiiter programi (www.cbrc.kaust.
edu.sa/download/files/TSSPlant_linux.tar.gz) vasi-
tosi ilo apartlmigdir.

Ziilallarin miimkiin toyinat yerlori ProtComp
programinin  vasitesi ilo miiayyanlasdirilmisdir
(http://www.softberry.com/berry.phtml?topic=protc
omppl&group=programs&subgroup=proloc).

NOTiICOLOR VO ONLARIN MUZAKIROSI

Plastid va mitoxondri tayinath genlarin proq-
nozlasdirilmasi. O. sativa, Z. mays, A. thaliana, M.

truncatula, P. trichocarpa, V. vinifera vo G. max
bitkilorinden 149092 ziilal ardicilligt ProtComp
kompiiter proqrami vasitasi ilo analiz edilmisdir vo
har ndv liciin potensial plastid vo mitoxondri toyi-
natli ziilal ardicilliglar1 doastlori miloyyanlogdirilmis-
dir. Kasokotunda 3997 plastid vo 1533 mitoxondri;
soyada 5256 plastid vo 2339 mitoxondri; qara
yoncada 3759 plastid vo 1569 mitoxondri, qovaq
agacinda 3215 plastid vo 1307 mitoxondri, sorab
tizimiinds 2093 platid vo 832 mitoxondri, ditylide
4525 plastid vo 1761 mitoxondri, qargidalida 5159
plastid vo 1933 mitoxondri toyinatli niive genlori
agkar edilmisdir (Cadval 1). Bu analizin maraqli no-
ticalorindan biri tranzit peptidlarine gors plastidlors
yaxud mitoxondrilors invanlanmasi giiman edilon
ziilallarin imumi say1 iizro ndvlerarasi boyiik forq
migahido olunur. Cox giiman ki, miigahido olunan
forq miixtalif ndvlerds annotasiya olunmus genlorin
(ziilallari) sayinda olan farqle baglidir. Lakin he-
min farq har bir néviin 6ziinomexsus xiisusiyyatlori
ilo do bagl ola bilor. Hazirda bu istiqamatds aras-
dirmalarimiz davam edir.

Potensial transkripsiya start saytlarinin miiay-
yanlasdirilmasi. TSSPlant proqraminin komayi ilo 7
bitki néviinden 149092 genin her birinin 5’-nahiy-
yasinds on azi bir potensial promotor (TSS) askar
edilmigdir. Agkar olunmus promotorlar ham biitiin
genlor {izra, ham ds ayrica olaraq plastid vo mitoxon-
dri toyinath genlor lizro miiqayisali tohlil olunmus-
dur. Alinmis naticolorin osas inteqral moqgamlari
Cadvel 1-ds verilmisdir. Bu analizin maqamlar:

Cadval 1. 7 ali bitkinin ziilal kodlagdiran niive genlarinin potensial transkripsiya start saytlari {izrs imumi statistik

gostaricilor
Orqanizm Ziilal genlori dosti Dastdaki TATA promotorlar Qeyri-TATA TATA/qeyri-TATA, %
genlarin say1 promotorlar

At Biitiin genlor 17896 5534 12362 30.9/69.1
Plastid toyinath 3994 1266 2728 31.7/68.3
Mitoxondri tayinatl 1532 469 1063 30.6/69.4

G.m. Biitiin genlor 38702 5833 32896 15.1/84.9
Plastid toyinath 5252 669 4583 12.7/87.3
Mitoxondri tayinatl 2339 332 2007 14.2/85.8

M. Biitiin genlor 18226 3600 14626 19.8/80.2
Plastid toyinatl 3759 657 3102 17.5/82.5
Mitoxondri toyinatli 1569 268 1301 17.1/82.9

Pt Biitiin genlor 17645 4016 13629 22.8/77.2
Plastid toyinath 3215 623 2592 19.4/80.6
Mitoxondri tayinatl 1307 264 1043 20.2/79.8

Vov. Biitiin genlor 11035 2999 8036 27.2/72.8
Plastid toyinath 2083 467 1616 22.4/77.6
Mitoxondri tayinatl 829 201 628 24.2/75.8

O.s. Biitiin genlor 22258 7457 14801 33.5/66.5
Plastid toyinath 4508 1310 3198 29.1/70.9
Mitoxondri toyinatl 1756 519 1237 29.6/70.4

Z.m. Biitiin genlor 23330 8949 14381 38.4/61.6
Plastid toyinath 5137 1825 3312 35.5/64.5
Mitoxondri tayinatl 1921 681 1240 35.5/64.5

A.t. — Arabidopsis thaliana; M.t. — Medicago truncatula; P.t. — Populus trichocarpa; G.m. — Glycine max; V.v. — Vitis vinifera;

O.s. — Oryza sativa; Z.m. — Zea mays.
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Cadval 1-do verilmigdir. Bu analizin agkar etdiyi
imumi vo maraqh fakt odur ki, tedqiq olunmus
organizmlarin hamisinda ham biitiin genlar, ham da
yalmiz plastid yaxud mitoxondri toyinath genlorde
geyri-TATA tipli promotorlar agkar {istiinliik togkil
edirlar.

Daha sonra, har bir orqanizm {igiin ayriliqda
hom biitiin genlor, ham ds yalniz plastid ve mito-
xondri toyinatli genlor iizro agkar edilmis potensial
TSS-lan ilo miivafiq genlorin annotasiya olunmus
gen baslangici arasindaki masafalor har iki promo-
tor sinfi (TATA vo qeyri-TATA) iizro birlikdo vo
ayri-ayriliqda tohlil olunmugdur (Cadval 2, 3, 4).
Olava olaraq, niimuns kimi, sakil 1-dos biitiin genlor
iizra gqeyd olunan masafalarin paylanma histoqrami
da verilir.

Hor bir gen {iglin annotasiya olunmus gen
baslangicina on yaxin TSS gotiiriilmaklo, TSSPlant
vasitesi ila tapilmis potensial TSS (TSSp) ve gen
baslangici arasindaki mosafs hesablanmigdir: analiz
olunmug genlorin ~51,2%-indo potensial TSS an-
notasiya olunmus gen baslangicinin yaximliginda
(<50 nc mosafado) yerlosir; TSSp vo gen baslangici
arasinda mosfafo 100 nc-den ¢ox olmayan genler
iso biitlin genlorin ~70%-ini toskil edir. O ciimls-
don, genlorin annotasiya olunmus baslangici otra-
finda (<50 nc mosafads):

7 Ali Bitkinin Ziilal Kodlasdiran Niiva Genlorinin

e biitiin genlar {izro, kasokotunda 10355, soya-
da 20202, gara yoncada 10477, qovaq aga-
cinda 8222, sorab liziimiindo 4970, diiyiido
11827 va qargidalida 11993 TSS agkar olun-
musdur;

eplastid toyinath genlor iizra, kosokotunda
2268, soyada 2701, qara yoncada 2197, qovaq
agacinda 1444, sorab iizimundo 928, diiyilido
2411 vo gargidahida 2658 TSS agkar olun-
musdur;

e mitoxondri toyinatli genlorde kesokotunda
871, soyada 1183, qara yoncada 898, qovaq
agacinda 586, sorab iiziimiinds 376, diiyiids
936 vo qargidalida 986 TSS askar edil-
misdir.

Bu naticalar gostarir ki, TSSPlant proqrami va-
sitasi ilo miloyyonlagdirilmis potensial TSS-lar1 ok-
sor hallarda annotasiya olunmus gen baslangici ot-
rafinda yerlogir. Potensial TSS-larimin annotasiya
baglangicindan nisbaton uzaqda yerlogdiyi hallar ilo
bagl qeyd etmok lazimdir ki, istifade olunmug ge-
nom annotasiyalarinda genlori baslangict mRNT
(transkriptom) molumatlarinin mohdudlugu iiziin-
dan bir ¢ox hallarda daqiq deyildir.

Cadval 2. 7 ali bitkinin ziilal kodlagdiran niive genlorinin annotasiya olunmus baslangic ndqtosi ilo homin baslangica
on yaxin potensial TSS arasindaki masafs iizra imumi statistik gdstaricilar (biitiin genlar {igiin)

Potensial TSS v annotasiya olunmus genin baslangici arasindaki masafs, nc

.§ —J [— [—
g g & g 2 =
s 3 - 3 I x g
o Promotor sinfi < i = S F A
A.t. comi 10355 2447 3474 1583 28 9
TATA 3489 688 907 421 22 7
geyri-TATA 6866 1759 2567 1162 6 2
G.m comi 20202 5470 8902 4075 40 13
TATA 4084 596 787 347 18 1
qeyri-TATA 16118 4874 8115 3728 22 12
Mt comi 10477 2361 3610 1760 15 3
TATA 2578 377 461 175 8 1
geyri-TATA 7899 1984 3149 1585 7 2
O.s. comi 11827 2745 4351 2853 309 173
TATA 3986 759 1436 1070 139 67
qeyri-TATA 7841 1986 2915 1783 170 106
Pt comi 8222 2447 4526 2392 50 8
TATA 2632 433 609 321 17 4
qeyri-TATA 5590 2014 3917 2071 32 4
V.. comi 4970 1497 2654 1688 148 78
TATA 1724 359 487 316 76 37
qeyri-TATA 3246 1138 2167 1372 72 41
Z.m comi 11993 2713 4751 3169 483 221
TATA 4428 937 1894 1357 229 104
qeyri-TATA 18995 1776 2857 1812 254 117

A.t. — Arabidopsis thaliana; M.t. — Medicago truncatula; P.t. — Populus trichocarpa; G.m. — Glycine max; V.v. — Vitis vinifera,
O.s. — Oryza sativa; Z.m. — Zea mays.
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Cadval 3. 7 ali bitkinin ziilal kodlagdiran niiva genlarinin annotasiya olunmus baglangic ndqtasi ilo hamin baslangica an
yaxin potensial TSS arasindaki mosafs lizro timumi statistik gostoricilor (yalmz plastid toyinatli genlor iigiin)

Potensial TSS vo annotasiya olunmus genin baslangici arasindaki masafd, nc

E o o o
g S S g g o
g Promotor %. 0 ;' g' g' g
=) sinfi ) n — Q - A
At comi 2268 592 765 360 5 4
TATA 755 187 219 98 3 4
qeyri-TATA 1513 405 546 262 2 0
G.m cami 2701 734 1267 546 3 1
TATA 431 79 110 46 3 0
qeyri-TATA 2270 655 1157 500 0 1
M.t comi 2197 486 727 343 6 0
TATA 442 85 84 43 3 0
qeyri-TATA 1755 401 643 300 3 0
O.s. comi 2411 536 899 584 54 24
TATA 660 123 283 209 27 8
qeyri-TATA 1751 413 616 375 27 16
Pt comi 1444 483 856 417 12 3
TATA 401 80 101 36 3 2
qeyri-TATA 1043 403 755 381 9 1
Vov. comi 928 290 503 325 13 14
TATA 261 58 74 57 8 9
qeyri-TATA 667 232 429 268 15 5
Zm cami 2658 596 1067 701 72 43
TATA 844 221 415 296 68 19
qeyri-TATA 1814 375 652 405 42 24

A.t. — Arabidopsis thaliana; M.t. — Medicago truncatula; P.t. — Populus trichocarpa; G.m. — Glycine max; V.v. — Vitis vinifera;
O.s. — Oryza sativa; Z.m. — Zea mays.

Cadval 4. 7 ali bitkinin ziilal kodlagdiran niivo genlorinin annotasiya olunmug baglangic ndqtosi ilo homin baglangica
on yaxin potensial TSS arasindaki masafs iizra iimumi statistik gdstoricilor (yalniz mitoxondri toyinatli genlar ti¢iin)

Potensial TSS va annotasiya olunmus genin baslangici arasindaki masafa, nc

E o = o

= o S = S
: . 2 3 3 : 5
5 Promotor sinfi 2 T S 2 2 ‘/‘f
A.t. comi 871 215 296 146 4 0
TATA 277 64 84 40 4 0
qeyri-TATA 594 151 212 106 0 0
G.m comi 1183 361 529 262 3 1
TATA 219 33 53 25 2 0
qeyri-TATA 964 328 476 237 1 1
Mt comi 898 208 305 157 1 0
TATA 184 25 38 21 0 0
qeyri-TATA 714 183 267 136 2 0
O.s. comi 936 196 346 236 33 9
TATA 247 50 109 92 17 4
qeyri-TATA 689 146 237 144 16 5
P.t comi 586 212 344 163 2 0
TATA 174 32 42 16 0 0
qeyri-TATA 412 80 302 147 2 0
4% comi 376 116 179 139 15 4
TATA 115 19 32 26 8 1
qeyri-TATA 261 97 147 113 7 3
Z.m comi 986 251 385 251 30 18
TATA 309 87 160 105 12 8
qeyri-TATA 677 164 225 146 18 10

A.t. — Arabidopsis thaliana; M.t. — Medicago truncatula; P.t. — Populus trichocarpa; G.m. — Glycine max; V.v. — Vitis vinifera;
O.s. — Oryza sativa; Z.m. — Zea mays.
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Sakil 1. Soya bitkisinin annotasiya olunmus biitiin niive genlerinin baslangic1 ile ona en yaxin giiman olunan TSS
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Sakil 2. Kasakotu bitkisinin torkibinds pentatrikopeptid tokrarlari olan ziilali kodlasdiran AT4G21705
geninin molum vo giiman olunam TSS-larinin annotasiya olunmus gen baslangicina va bir-birina nazoron
yerlogsmosinin sxemi. TSS-larinin xromosom koordinatlarit TAIR A.thaliana ver6.0 genom
annotasiyasina uygundur. “Namalum”: promotor sinfi malum deyildir.

Oksar genlor ii¢lin birdon ¢ox potensial TSS-
nin tapilmasi fakti oksor genlorin transkripsiyasinin
coxsayl alternativ promotorlardan (TSS-larindan)
hoyata kegirilmasi ilo bagh tacriibi faktlarla uzlagir
(Davuluri et al., 2008). Masalon, kasokotu bitkisi-
nin tarkibinds pentatrikopeptid tokrarlari olan ziilali
kodlagdiran AT4G21705 geninds tocriibi yolla 4
TSS miioyyonlogdirilmisdir (Lurin et al., 2004). Bi-
zim TSSPlant analizimiz iss homin genin promotor
nahiyyessinds 3 potensial TSS askar etmisdir. Ho-
min tacriibi vo potensial TSS-larinin bir-birina na-

zoran yerlogmasinin miiqayisasi (sokil 2) TSSPlant
programinin axtaris daqiqiliyi yliksokdir.
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Onpegenenne Iorenuuanbubix CaiitoB Crapra Tpanckpunuun benok-koaupyommx
SAnepHbix I'enoB B 7-u Beiciiux Pactenusx

X.®. KyaueBa, A.Y. Adayaasumona, H.III. Mycradaes, U.A. llaxmypanos
Hnucmumym monexynapnou buonozuu u buomexnonozuti HAH Asepbaiioscana

C momomipio KOoMIbIOTEpHOH mporpammbl TSSPlant mpoBeneH MoMCK BO3MOXHBIX CaHTOB cTapTa TpaH-
ckpunuuu (CCT) — mpomotopoB B [-1000:+101] paifonax (+1: aHHOTHMpoBaHHOe Hauano rena) 22,258,
23,330, 17,896, 18,226, 17,645, 38,702 u 11,035 (Bcero 149,092) 6enoK-KOIUPYIOINX T'€HOB, COOTBET-
cTtBeHHO y Oryza sativa m Zea mays (omHomonbHble), Arabidopsis thaliana, Glycine max, Medicago
truncatula, Populus trichocarpa (nBynonbHbIe) U Vitis vinifera. JIas KaxIoro reHa HalJieH, KaK MUHUMYM,
onun CC. CpaBuutenbhblii aHanu3 3Tux CCT mo kiiaccy mpoMOTOPOB IJisl BCEX T'€HOB, B TOM UHUCIIE, JUIS
IUIACTUHBIX ¥ MUTOXOHJPUAJIBHBIX T'€HOB B OT/AEIbHOCTH, BBISBHI, YTO y BCEX PACTEHHH IOAABIIAIOLICE
O0NMBIIMHCTBO MPOMOTOpoB oTHocuTcs k He-TATA mpomoropam (~70% ue-TATA mpoMoTopsl IMpOTUB
~30% TATA npomMoTopsl). AHaJIU3 PacCTOSHUM MEXIy NOoTeHIManbHbIM TSSp u HauamoM reHa A Bcex
U3YYCHHBIX BHJIOB, TOKA3AJI, YTO IPH YCIOBUH HCIIOIB30BAHUS CAMOT0 OJIM3KOrO K aHHOTHPOBAHHOMY Hada-
ny rera CCT, mnst 70% u Gosplie reHOB 3TO paccTosiHue coctapisier Menee 100 Hykieoruaos. [locnennee
HaOTI0IeHNe YKa3bIBaeT Ha JIOCTATOYHO BEICOKYIO MPEICKa3aTeNIbHyI0 TOYHOCTE nporpaMMel TSSPlant.

Kntoueesvie cnosa: Bvicuiee pacmenue, 2cenom, eet, TATA-60kc, npomomop, CCT, komnviomepHbvlil anaius
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Identification Potential Transcription Start Sites of Protein Encoded
Nuclear Genes in 7 Higher Plants

H.F. Guliyeva, A.U. Abdulazimova, N.Sh. Mustafayev, I.A. Shahmuradov
Institute of Molecular Biology and Biotechnologies, Azerbaijan National Academy of Sciences

Using the computer program TSSPlant, search for putative transcription start sites (TSS) — promoters in [-
1000:+101] regions (+1 is the annotated gene start) of 22,258, 23,330, 17,896, 18,226, 17,645, 38,702 and
11,035 (totally, 149,092) protein-coding genes from monocot Oryza sativa and Zea mays, dicot Arabidopsis
thaliana, Glycine max, Medicago truncatula, Populus trichocarpa and Vitis vinifera, respectively, was per-
formed. At least, one potential TSS for every gene was predicted. The comparative analysis of these TSSs by
the promoter class for all genes, as well as for only plastid or mitochondrial genes revealed that in all plants
TATA-less promoters prevail over the TATA-promoters (~70% TATA-less promoters vs ~30% TATA-
promoters). Taking, for every gene, only the predicted TSS (TSSp) which is located closest to the annotated
gene start, an analysis of distances between TSSp and gene starts showed that for 70% and more genes this
distance is less than 100 bp. These findings indicate that the prediction accuracy of TSSPlant program is
quite high.

Keywords: Higher plant, genome, gene, TATA-box, promoter, TSS, computational analysis
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