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Annotatsiya

Crsimiikiamming o'sish va rivailanishi undagl maviid geniaming murakkab tarmogining shakllanishi natijasida
amalaga oshadi Bunday murakkab bogianish o'simiikiarming marmologix fthatdan lakomiiashuviga olib keladi Genlaming
oZaro bogianishining bir gancha yollari bo'lib, shu kabi mexanizmiardan bir bu Cis-Acting Elements (CAE) yoki cis-
regulyatsiva modullarini (CRM) hisoblanadi. CRM lar funksiyasini o'rganilishi genlar ekspressiyasini o'rganish uchun
yana bir muhim vosits hisoblanadl. O'simiikiar genomini zamonaviy fexnologivalar yordamida yugon sifafli o'giishi va
genomnl anofaisiyalash yutuglanga garamay, CRM fami identifikatsivalash, warning funksiyalarini fushunish va gen ek-
spressiyasini boshgariishdagi ol juda kam o'rganilgan. Ushby magolada g'oza (G hirsutum L) tun GhFHY3/FART gen-
lar oifasi vakillariga tegishil fraskripfiarda CRM larni aniglash bo'yicha in-silico bicinformatic tadgigotiar otkazildi. By ofla
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vakillan transknptiann in-siico bicinformatix tahiil gifish nafiasida yorugiikni va gibrellin, auksin, sitokinin kabl gormoniar
sistemasini boshgaruvchi geniar ekspressiaysini boshgarishda ishtirok etishini ko'rsafdi  Ushbu gommoniar fizimi
o'simiikiarni o'sishi va rivojlanishini boshgarish bifan bir gaforda ularda abiotik va biotik omillarga garshi tLrish mexaniz-
mifarini ham lartibga soiadi. Mazkur tadgigot natijalan g'oza (G Aisutum L) fun GRFHY3/FAR T geniar oilas! vakifllanga
tegishli trasknptiarda ushbu CRM farni ahiglanishi oifa vakiifanning abiotik va biotik omillarga garshi funsh mexamizmarnn
boshganiishida ishiirok efishini ochib berd:.
AHHOMAaYUR

Pocm U pazsumiue pacmerul NpoUcxedAm & pesynemame (opMUDOEaHUR CAOWHOD CEMU 28H0E, RPUCYI-
CIMEYIOLLY § UX 26HOME. Tarue CRowHLE e3auModelomeun NousodRm ¥ MophONOSUYECKOMY COSEDIWERTISOEaHUIND
pacmerud. Cylecmeyem HeckomeRD Cocobos e3guModelomenn SeHoe, U DOKUM 13 MaKUX MEXsHUIMOE RefAmmcR
Cis-Acling Elements (CAE) unu yuc-pesynAmopHLie Modvnu (CRM). Mayuerie ghysriuld CRM AeRRemcs Ba¥HbIM UH-
CMoYMeHmoM 4nA uccRedosaHuA AKCMPECcUl SeH0S. HecMomoR Ha docmuweruR & odTacmy eniCoXONayeCIMEcHHo20
CEXEERUDOSEHUR U GHHOMAaULY DACMUMENEHLIY 2EHOMOS © UCTOMEI0SaHUEM COSDEMENHALIX MeXHanoaul, uiesmudiu-
kauuR CRM noHuMasUe Ux yRrLUd U pony 8 peayNALLY SeHHOT SNCNpECCUY DCMEKIMEA HeA0CMEamoYHD UayYeH b
Mi. 8 darkol cmames Oeiny npossdedsr in silico BuouHopMBULUOHELIE UCcnedoearur no exireneru CRMW & mpax-
CEpuUnmay npedcmasumened cemelomea eshos GhHFHYIFARY ¥ xnondamsuka (Gossypium hirsutum L) Pesynema-
Mkl 0 Silico aHanU3s MPaHCKDUNMoE NOKS38NY, Yma npefcmasument amoao ceMelicmea YYacmeyom & pesynaluy
IKCMOSCCUL 28HOS, KOHMDOMUDWOWLY CE8MOoeyH CUEHaNUsaUUrD U 200MOHaNEHEE CUCMeMsl, BXTOYaR sudbepennu-
Hil, BYKCUHE! U LUMOKURUHEL 3MU 200MOHENERLIE CUCMEME! DESVITLDYIIM He MOTsyo pOCM U DASSUMUE DECITIEHLU,
HO U MEXaHUSME! YCoOYUencmy ¥ abuomuysckus U GuomuyeckuM chakmopam. (TonyyeHHLE Peayemant! YRaikisa-
oM, ymo ekiFenenHne CRM & mpasckpunmax npedcmasumened cemedcmes GhFHYFARY xnmonuamnura (5.
hirsutum L) U2paiom pone 8 peaynayuy MexaqaaMos yemolyueocmy pacmesud k #efinasonpuRmELIM YENOsUam.

Abstract

The growth and development of piants occur as a resull of the formation of @ compiex nefwork of genes present
i thelr genome. Such infricate inferactions contribute to the morphological advancement of plants. There are several
pathways for gene interaction, and one of these mechanisms 15 represenied by Cis-Acting Elements (CAE) or cis-
regilatary modules (CRM). Studying CRM functions & an important foal for investigating gene expression. Despite the
achievements in igh-quality genome segquencing and annofafion of plant genomes using modern lechnofogres, the iden-
tification of CRM, the understanding of their functions, and their rofe in gene expression regulation remain insufffciently
exprored. In this study, in ailico bicinfarmatic analyses were conducted fo identify CRM in transcripls of members of the
GhFHY3/FART gene family in ugiand coften (Gossypium Rirsutum L), The in silice analysis of the transcrpls revealed
that members of this family are invofved in the regulation of gene expression controiling light sighaling and hormonal
systems, including gibberellins, auxins, and cytokinins. These hormonal sysiems requifate not only plant growth and oe-
velopment but also mechanisms of resisiance fo abiotic and biolic faclors The resuits of this research indicate that the
identified CRM in transcripts of GhFHY3FART gene family members of cotfon (G. hirsutum L.) play a roie in reguiating
plant resistance mechanizms against adverse envirohmental condifions.

Kafit so‘zfar; G hirsitum L, CRM FHY3/FART, ogsil.
Kmodeesie cioea: Gossypium hirsufum L., CRM FHY3/FAR1, Genox.
Key words: Gossypium hirsutum L., CRM. FHY3/FAR1, profein.

KIRISH
1960-yillarda bakteriyalarda birinchi cis-regulyatsiya modullan (CRM) aniglangandan beri
o'simliklarda ko'plab CRM lar aniglandi va ularming o'simlik genetikasidagi ahamiyati keng
o'rgamildi. Cis-ta'sir qiluvchi elementlar o'simlik rivojlanishi, stressga javob berish va atrof-muhit
o zgarnshlariga moslashish jaraycnida gen ekspressiyasini tartibga solishda hal giluvchi rol o'ynaydi

[1].

CRM gen ekspressiyasini boshgarishda transkripsiya omillan (transcription factors (TFs))
bilan boglana oladigan gisga, kodlanmagan DNK ketma-ketliklaridan iborat [2]. Ushbu ketma-
ketliklar TF-bog'lash joylan (TFBS) yoki motiviar deb ham ataladi. CEM larmi keng qamrovli identif-
ikatsiyalash magsadli genlar eksspressyasini o'rganish hamda TF lar va ularning magsadl genlan
ekspressiyasiga o'zarc ta'sir ko'rsatadigan genlarni tartibga soluvchi tarmoglami (TST) identif-
ikatsiyalash uchun juda muhimdir. TST lar o'simliklarning o'sishi va stress reaksiyalarini boshgara-
digan signalizatsiva yo'llarining molekulyar regulyatorlarini aniglash uchun keng go’llaniladi
[3,4,5 6] Ularming identifikatsiyasi o simliklarming o'sishi va rivojlanishida hamda tashgi muhit sha-
roitiga moslashishda ishtirok etadigan genlaming transknpsiyaviy boshgaruvini organish uchun
muhim vositalardan bin hisoblanadi. Shundan kelib chigib ulaming uch toifaga bo'lib o'rganiladi,
ya'ni promoterlar, enhanserlar va saylenserlar. Har bir turdagi CMR alohida tuzilish va funksiyaga
ega ekanligi bilan bir-biridan farg gilishi adabiyotlarda o'rganiigan [7].

O'simliklar genomini tadqiq giish mobaynida bir necha CEM lar aniglangan bo'lib, ular
o'simliklarning biotik va abiotik omillarga javeb reaksiyalarida, to'qmalarga xos genlarning espres-
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siyasida va morfologik xususiyatiarni rivojlantirishi kabi jarayonlarni amalga oshishida asosiy roli
ega ekanhgl ko'rsatilgan [8,9,10]. Masalan, kartoshka (Sofanum tuberosum) SIFAR3 va StPOD7T
genlaming ekspressiyasi L1-Box elementi tomonidan boshgariladi, bu uzun zanjirli yog' kislotalari
biosintezi orgall kutin va suberin rivojlanishini va StHAP3 va StCASP1 genlarda mavjud bo'lgan
MBSl elementi esa hujayra differensatsiyasini boshgarilishida ishtrok etadi [11]. CEM lar- ning
funksiyasini organish o'simliklarda mavjud morfolegik rivojlanish, stress omillariga javob reksiyalan
hamda hujayra differensatsiyasi va to'gimlarga xos genlar ekspressyasini boshgarnlishini o'rganish
imkonini beradi.

FHY3FAR1 genlar cilasi ham katta genlar cilasi sirasiga kirib, o'simlikning rivojlanishining
har bir bosqichida ishtirok etadi. C'rganilgan adabiyotlardan bizga ma'lumki, FHY3/FAR1 genlar
oilasi tuzilishiga ko'ra transpozazalardan kelib chiggan trankripsiya omillari xususiyatiga ega genlar
gilasi hisoblanadi. Ushbu oila vakillar ko'p domenga ega bao'lib, bunga sabab ularming kelib chigishi
deb taxmin gilinadi [12] Oxirgi yillarda ushbu genlar ocilasi vakillarini o'simlikdagl funksiyasini
o'rganishga bag’ishlangan molekulyar  tadqigotlar ko'plab amalga  oshinimogda
[13,1415,16,17, 18 19,20, 21, 22 23 24 25]. Bu gen oilasi ustida olib borilayotgan biocinformatik
tadgigotlarda ulardagt mavjud CRM  laming  bajaradigan  funksiyalan  keltinlgan
[13,14,15,16,17,18,19,20,21 22 23 24 25]. Ammo, go'za (G hirsutum L) turi FHY3/FAR1 genlar
oilasi ushbu o'simlik turida o'rganilganligiga gqaramay, ushbu gen promoter gismiarida mavjud CRM
hagida ma'lumotlar keltinlmagan. Shundan kelib chigib, biz tadgigotimizda g'o'za (G hirsutum L)
turida mavjud FHY3/FAR1 genlar oilasi vakillariga tegishli transkriptlanida CRM larni aniglashga
garor qgildik.

MATERIAL VA METODLAR
Go'za (G.hirsutum L) GhFHY3/FAR1 genlar oilasi vakillarim ogsil kodlovehi nukleotidiar
ketma-ketligining (CDS) yugon gismidan 2000 bp (2kb) nukleotidlar ketma-ketligi TBiool dastun
yordamida gjratib olindi. So'ngra gratib olingan nukleotidlar ketma-ketligi cis-elementlami tek-
shirish uchun on-line Plant CARE veb-saytida
(http://bicinformatics. psb.ugent be/webtools/plantcare/ntml/) tekshiruvdan o'tkazildi [26]. Cis-
elementlasri xantasini tuzish TBiools dasturi yordamida amalga oshinldi [27].
NATIJA VA MUHOKAMA
G'o'za (G hirsutum L) turi genomida 149 ta FHY3/FAR1 gen oilasiga tegishii transkniptlar
aniglangan bo’lib, 149 ta FHY3/FAR1 genining ogsil kodiovchi nukleotidlar ketma-ketligining
(CDS) yuqori gismidan 2000 bp (2kb) nukleotidlar ketma-ketligi ajratib olindi. So'ngra ajratib olin-
gan nuklectidlar ketma-ketligi cis-elementlarm tekshirish uchun on-ine PlantCARE tekshiruvidan
o'tkazildi [26]. Natjada FHY3/FAR1 genlar ocilasiga tegishh transkriptlarda jami 117 ta cis-
elementlar aniglandi. Ushbu 117 ta cis-elementlar 5 turdagi, ya'ni yoruglikka, stress omillarga,
o'sish va rivojlanishga, gormonlar sinteziga javob beruvchi genlaming ekspressiyalanishida muhim
rol o'ynashini ko'rsatdi (1-diagramma).
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Diagramma-1
GhFHY3/FAR1 genlar oilasi transkriptlarida mavjud cis-elementlar.
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O'simiklaming yoruglikka javob reaksiyalanm borishida fotoretseptor genlarming faoliyati
muhim hisoblanadi. FHY3/FAR1 genlar ailasi vakillani ham o'simliklarda yorugiika javob beruvchi
genlar bilan kuchli alogasi adabiyotlardan ma'lum [12]. Ushbu ocila vakillarinig promoter gismian
tahlil gilinishi natijasida yorug'likka javob beruvchi 30 ta cis-elementlar aniglandi (1-diagramma).
Mazkur cila vakillan nafagat yorug'likka, balki o'simliklarning o'sish va rivojlanishida ham muhim rol
o'ynashi tahlillar natijasida ma'lum bo'ldi. O'sish va nivojlanishda, hujayra bo'linishini tartibga
solish, sirkadiyal soat nazorat, hujayralar differentsiatsiyasi, urug va endospermning shaklianishi,
flavonoidlar biosintezi, meristemaning rivojlanishi va zein metabolizmini tartibga solish kabi biclogik
jarayonlarni o'z ichiga oldi (2-diagramma). Ushbu oilaning vakillarida aniglangan cis-elementiarning
23 tun gormonlaming sintezlanishida ishtrok etib absisik kislota, auksin, gibberellin, metil jasmonat,
salitsil kislotasi va etilenni sizntezlanishini boshganshda ishtrok etishi ma'lum bo'ladi. Stress omil-
larga javob reaksiyasida 21 ta cis-elementlar aniglanib, ular anaerob induksiya, qurgogchilik, past
harorat, suvsizlanish, yugor tuz va past harorat kabi stress omillarga javob berishida ishtirok etish

ma'lum bo’ldi {1-diagramma).
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Diagramma-2
GhFHY3/FAR1 genlar oilasi transkriptlarining cis-elementlarining statistikasi va tas-
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Aniglangan 117 turdagi cis-elementlar 47 ta turdagi bilegik jarayonlar ishtirok etish ushbu
gila vakillarining o’simlikalar o'sish va nvojlanishida katta ahamiyat kasb etishini ko'rsatadi. Mazkur
aniglangan cis-elementlarning katta gismi stress omillarda hamda o'sish va rivojlanishda katta
ahamiyatga ega ekanligini ko'rsatdi (diagramma-2).

XULOSA

Goza (G hirsutum L) genomida aniglangan FHY3/FAR1 genlar oilasiga tegishli 149 ta ta-
ransknpt promouter gismiarini in-sifico tahlil gilish natijasida ularda mavjud 117 turdagi CEMiar
aniglandi. Bundan tashqgan ushbu CRM lar 5 turdagi ya'ni yoruglikka, stress omillarga, o'sish va
nvojlanishga, garmonlar sinteziga javob beruvchi genlarning ekspressiyalanishida muhim ro'l
o'ynashini ko'rsatdi. FHY3/FAR1 genlar cilasi vakillan ustida olib bonlgan chugur molekulyar
tadqgigotlar natijasida ushbu oila vakillari o’simiklarming nivojlanishida kechadigan ko'plab bilogik
jarayonlarda ishiroki borigi aniglangan [13,14,15,16,17,18,19 20, 21,2223 24 25] FHY3/FAR1
gen oilasi ustida olib borilayotgan amaliy tadgigotlar natijasida ushbu oila vakillari asosan sress va
yorug'lik reaksiyalanda faol ekanlial keltriigan [13,14,15,16,17 18 19,2021 22 23 24 25]. Shundan
kelib chugib ushbu tadgigotda g'o'za (G firsutum L) tunida mavjud FHY3/FAR1 genlar oilasi vakil-
lariga tegishli transkriptianda CRM hududiarini aniglanishi ushbu oila vakillanining gay darajada hu-
jayrada kechadigan biofizikaviy jarayonlarda ishtirok etishini ko'rsatadi. Bu esa amaliy jihatdan
ushbu CRMiarni chugurrog bioinformatik tahlil gilish biotexnclogiyaning yangi yo'nalishlariga asos
soladi.
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