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Annotaisiya

Transposazalardan kelib chiggan FAR{T-RELATED SEQUENCEY (FAR{Y) va FAR-RED ELONGATED
HYPOCOTYL3 (FHY3) (FHY3/FARY) transkripsiya faktoriarn oifasi yorug Tk signallarini uzatishda, furl xil fiziologik va
mvafianish jaravonianda, jumiadan, wrug  Jaming unib chigishi folomorfogenez, guilash va siress reaxsiyalarda hal
gilftvchi ol oynaydi. Hozirmgl kunds wshby gen oifas vakilfan bir gancha sabzavol, fexnik va manzarall ekilar turlarida
biginformatik va funksional favsifangan. Ushbu magolada biz FHY2FART genfar cilasi gomologfarn! g'o'za G hirsuium
turiga tegishii Texas Marker? (TM1) model tizmasi genomigs A thaiiana, karfoshka {(Safanum fuberosum), terak (Fopuius
Irichocarpa Torm & Grayl, choy (Camellia sinensis) ekinfanning FHY3FART genlar olfas! vakillarioa sofishirib o'rgandik
Solishinirma bioinformatik tahiilar asosida g'o'za FHY3IFART genlari jami 149 ta aniglandl. Anigiangan genlar o'rfasida
o'thazilgan salishtinrma tahlilar natijasi 89 fani tashkil efdl. Ushbu anigiangan gomolog genlarning aminokisiolalar ketma-
ketlitdari va ogsil Rodfovehi nukieotid ketma-wetiikian (COS) fahiilan naliiasida barcha aniglangan franskripliarda
FHY3/FARY genlar ollasining vakillariga xos bo lgan MULE, SWIF, FAR1/FHYS DNA binding domeniariga ega ekanligi
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aniglandi. Ushbu fadgigot nalijalar g'ozaning FHY3FARY gen oiflasining evolyutsivasi va funksivasini o'rganishga
hamda bu geniar oilagining g'o'za oishi va myailanishidagl malektiyar mexanizmi boshgarishni tushunish uchun keyingi
ladgigoliargs as0s bo’adl

Arnromauyus

ToaHoKkpUmLUoHHEE akmopsl ceMelicmea FARY-RELATED SEQUENCE! (FARY) v FAR-RED ELONGATED
HYPOCOTYL? (FHY3), npoucxodaiuyie om Mparciiosas, Uapanm KTHyeey pofs g Nepedaye ceemoskalx CUgHamne, 8
MaKKE 8 DAINUYHLIK QUILORCEUYECKUX U MODONOSUNECKUX MPCUECCAY, BKMIOYER NPOPACMEHUE CEMAH, homoMoD-
fioeeres, UeemeHue U PESKLUL HE cmpece B HECMORLEE speMs Npedcmsasumeny 3moso cemelemes seros Bainu
OfUCaHel © UCnoms3neaHuen GuoURODMEMUYECKLN U MYHKLLOHEMLERIX Memodos ¥ oR0E OSOWHLN, MeXHUYeCKLX U
JeropamusHaX KyIemyD. B faxHol Cmamee Mbi Sccmedosany soMomosy seHos cemedomes FHYIFARYT y xnomyam-
HUKg Gossypium Rirsutum Ha ocHose ModeneHo20 2eHOMa Copma Texas Marker-1 (TM1) e cpasresuy © npedcmasu-
menrAML ceMelcmea serog FHYSFARY vy makix Kyaemyp, kak Arabidopsis thaliana, sapmoghens (Sclanum
tuberosum), monons (Populus trichocarps Torr. & Gray) u wad (Cameliia sinensis).

B pesynemames cogehumentyoso OuotHopMamuyeckosn aRanuysa ¥ XnonyamHyurs Oelino exiFaneso 149 so-
HOE ceMelcmes FHY3FARY. Mocne yenyBnensoso cpaeresur Oainu nodmeepwiedsl 89 soMoosuysElY seHoe. AHa-
AUE SMUHOKUICAoMALE. TocredoeamensHoced U kodupyotyuy (CDS) syrmeomudusix nocnedosamensyocmeld noka-
380, 9mo ece uleRmudhulupoSaHELS MpaHCKpUMMEl codepwam JoMeHs. XapakmepHete 4nR seHos cemedomes
FHY3FART — MULE, SWIF u FARY/FHY3 DNA-binding.

Pesynemans! darHceo vccnedosasus omywam ocHoend AnR daneHeliuesn UIYWeRUR Se0MOuUL U hyHRULD-
HanMLHOEC 3HAYEHUR 2eH0e ceMelcmes FHYMFARYT y xnonyamuLKa, 8 makwe AnF NOHUMSHUR MOMeKYIRpHLL Mexa-
HUIMOE, pESYNIUDYVIOLULX DOCT U paseumue GaHH020 DECMEHUS.

Abstract

The FAR{-RELATED SEQUENCET (FAR1) and FAR-RED EL ONGATED HYPOCOTYL3 (FHY3) transchplion
factor family, which arginated from transposases, plays 8 crucial rofe in light signal transduction and vanows physiologi-
cal and developmental processes, including seed germination, pholomorphogensesis, fowering, and &lress responses. To
date, members of this gene family have been bioinformatically and functionally characierized in several vegetablie, indus-
Irial, and ormamental crops.

In this study, we identified homologs of the FEY3/FARY gene family in Gossypium hirsutum wsing the genome
of the Texas Marwer1 (TM1) mode! variely and compared them with representalives of the FHY3/FAR1 gene family from
Arabidopsis thaliana, pofato (Sofanum uberosum), popiar (Fopulus trichocarpa Torr. & Gray), and fea (Cameliia sinen-
§is).

Through comparative bioinformatic analyses. a fofal of 149 FHY3/FART genes were idenlified in cofton. Among
them, 69 homologous gemes were confirmed through sequence comparison. Amino acid and coding DNA sequence
{COS) anaiyses revealed that all identified transcripls possess chargctensiic domains of the FHYIFARY gene family,
inciuding MULE, SWIF, and FAR1/FHY3 DNA-binding domains.

These findings provide g foundation for futher studies on the evalution and functional rofes. of the FHY3/FARY
gene family in coffon, and coniribute o understanding the molecular mechanisms governing colfon growth and develop-
ment.

Kalit so‘zlar: G hirsuium, MULE, SWIF, FAR, domen, ogsl, FHY3/FART, Phyd, gen, genom.
Knwoyeekie cnoea: G hirsutum, MULE, SWIF, FAR. domer, Benor, FHYFARY, Phyd, 28H, sekom.
Key words: G. hirsutom, MULE, SWIF, FAR domain, profein. FHY3/FAR 1, PhyA, gene, genome.

KIRISH

Yorug'lk o'simliklaming o'sishi va rivojlanishida eng muhim omillardan biri hiscblanadi.
O'simliklar unib chigishdan boshlab vegetatsiya davrini tugatguncha o'tadigan barcha biomorfolo-
gik o'zgarishlar yorug'lik ta’siri ostida bo'ladi [1,2]. O'simliklar genomida uchta asosiy fotorepseptor
genlar mavjud. Bular yorug'likning UV-A/ kok nur spektrini sezuvchi knptoxrom va fototropiniar
hamda gizil va uzog gzl nurni sezuvchi fitoxrom genlardir. Bu fotorepseptorlar xususan, fitoxromiar
yaxshi o'rganilgan. Fitoxrom fotorepseptorian kichik genlar oilasini tashkil gilib, A. thalina genomida
bir-biridan fargli 5 ta (PHYA-PHYE) genini kodlaydi. Fitoxrom A, B, C, D, E genlan vazifasi jihati-
dan bir-biriga yagin hisoblanib, yoruglikning qgizil va uzoq qizil nuriga javob beradi. Bulardan farqgli
ravishda uzog qizil nurning juda past va juda yugon kuchlanishlari ta'sin ostida fitoxrom A (PhyA)
geni o'simliklarda bir gancha biclogik jarayonlarni ya'ni gipokotel uzayishi, urug ‘palla bargalaming
ochilishi va kengayishi, o'simliklarda gullash, xoziini eria etilishi, anatatsidin eg’ilishini hamda bar-
galarming yashil tusga kirishini boshgarilishida ishtrok etadi. [3,4,5,6]. Shu bilan bir gatorda
Fitoxrom A gem g'o'za a'simligining tola sifat va migdorining o'zgarishida juda muhim rol o'ynashi
aniglangan [7].

So'ngl yigirma yil ichida PhyA geni faoliyatini o'rganish natijasida uning facllashuvida FAR-
RED ELONGETED 1 (FHY1) va uning gomologik FHY 1-LIKE (FHL) va FAR-RED ELONGETED 3
(FHY3) va uning gomolog FAR-RED IMPAIRED RESPONSE 1 (FAR1) muhim komponentiar
ishtroki aniglandi [8,9].
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Bu genlar FHY3/FAR1 genlar oilasini tashkil etadi. Ushbu genlar strukturaviy va funksional
Jixaidan model osimlik A thalinada yaxshi organilgan bo'lib, FAR1 /FHY3 geniarning oilasining 14
ta FAR1/FHY 3 cila a'zolari aniglangan [10].

FAR1/FHY3 genlar ocilasining vakillarini oqgsil tuzilishi uchta funkisional domenlaridan
jumladan, DNK bilan beg'lanish faolligi bo’lgan (C2HZ2 zinc finger domain) domeni, yadro
transpozaza domeni (MLUE domain) domeni va transkripsiya faollashuv fadlligi (SWIM zinc finger
domain) domenlaridan iborat ekanligi aniglangan [11].

Ushbu aniglangan domenlar FHY3/FAR1 genlar ocilasining asosini tashkil etadi. Hozirgi
kunda o'simlik turlarida FHY3/FAR1 genlar oilasi vakillan ushbu domenlar asosida aniglanmogda.
FHY3/FAR1 genlar oilasi vakillari bir gancha ekin turlanda sabzovot (kartoshka (Solanum fu-
berosum) [12], pormidor (Sofanum lycopersicum) [13,14], bodinng (Cucumis sativus L.) [15]), donli
(sholi (Oryza sativa) [16], bug'doy (Triticum aestivum) [17]) texnik (choy (Camellia sinensis) [18],
evkalipt (Eucalyptus grandis)[19], kumush gayin (Betula pendula) [20], Tibet Prunus [21] terak
(Populus trichocarpa Torr. & Gray) [22], g'o'za (G hirsutum)[23]) ekinlarda aniglangan.

Ushbu genlar ocilasi g'o'za ekinida aniglanishiga garamay, biz ushbu genni g'o'za ge-
nomidan gayta tahlil gilishga qaror qildik. Ushbu genlar oilasini gayta tahlil gilishimizga sababi ush-
bu genlar tahlil gilganda g'o’'za genomini hozirgi darajada sifatli emasligi va solishtrilishda fagat
MULE, SWIF, FAR domenlariga tagqoslab o'rganilganiigini asos qilib keltiish mumkin. Ushbu
ishda biz nafagat MULE, SWIF, FAR domenlanga balkl kartoshka, terak, choy ekinlanning
FHY3/FAR1 geniar oilasi vakillanga ham solishirib o'rgandik.

MATERIAL VA TADQIQOT USLUBLARI

Goza (Ghirsutum L) Gh FHY3/FAR1 genlar ocilasi vakillarini aniglash uchun Pfam
ma'lumotlar bazasidan FAR1/FHY3 DNA binding (PFO3101), SWIM (PF04434) va MULE trans-
posaza (PF10551) domenlarni (hitp.//pfam xfam. org) [24], kartoshka, chay, terak kabi o'simliklaming
o'rganilgan FHY3/FAR1 genlar oilasi vakillari aminckislotalar ketma-ketligi (https.//planttfdb gao-
lab.org/) va Athaliana AtFHY3/FAR1 genlarining aminokislotalar ketmak-ketliklari Arabidopsis In-
formation Resource (TAIR) (hitps:/iwww arabidopsis orgl) yukiab clindi. Yukiab olingan domenlar
va ekin turlanming FHY3/FAR1 aminokislotalar ketma-ketliklarini solishtrish magsadida Oxford Na-
nopore PromethlON: PacBio Sequel (HiFiasm v. 0.7) usuli yordamida sekvenslangan Gossypium
hirsutum (AD1) TM-1T2T genome JZU v1.0 tizmasining aminokislotalar ketma-ketliklandan foy-
dalanildi (https://www. cottongen.org/node/13354882/).

G'o'za genomidan FHY3/FAR1 genlarini solishtiish va ajratishda HMMER 3.0 dastun
(http://www.ebi.ac. uk/Tools/hmmer/search/hmmscan/) foydalanidi. HMMER 3.0 ning E giymati
0.01 ga to'girlandi. Solishtirish natijasida olingan GhFHY3/FAR1 aminokislota ketma-ketliklari
NCBlI CDD (Conserved Domains) ma'lumotlar bazasi (hitps://www. ncbinim.nih.govicdd) va In-
terpro (hitps://www ebi ac ukiinterpro/) on-ine bazalan yordamida qayta tekshiruvdan o'tkazildi va
FHY3FAR1 genlar oilasiga tegishli bolmagan hamda o'zida konservativ domenlarga ega
bo'imagan aminockislotalar ketma-ketliklan olib tashlandi.

NATIJALAR VA MUHOKAMA

G'oza (G hirsutum) o'simligi genomini choy, kartoshka, arabidosis, terak va FAR1T/FHY3
DNA binding (PF03101), SWIM (PF04434) va MULE transposaza (PF10551) domenlari solishtirma
bicinformatik tahlil gilish natijasida GhFHY3/FAR1 genlar oilasiga tegishli 149 ta genlar mavjudlig
ma’lum boldi. Ushbu solishtrish G hirsutum turiga massub TM1 genomi ya'ni (AD1) ustida
o'tkazilganligi bois aniglangan 149 ta genning 77 tasi At genomdan, 72 tasi esa Dt genomdan kel-
ganligi aniglandi. Aniglangan genlarmi aminokislotlar va ogsil kodlovchi nukleotidlar ketma-
ketliklarim  (CDS) bir-binga o'zaro solishtinish  natijasida bir-birga  o'xshash  ketma-ketliklar
birlashtinida. Natijada g'o'za genomida ushbu oila vakillan 89 tani tashkil etdi.

O'simlik turlanda aniglangan FHY3/FAR1 oilasi vakillarining g'oza genomi bilan bioin-
farmatik solishtirish natijalariga kora choy CsFHY3/FAR1 geni cilasi vakillariga solishtriimasi eng
yugor natija berdi. Choy o'simligida jami 25 ta CsFHY3/FAR1 gen cilasi vakillari aniglangan bo'lib,
ushbu genlami g'o'za genomiga solishtiishda 25 ta yangi g'o’za FHY3/FAR1 genlan aniglandi.
Boshga ekin turlan (A.thaliana, terak, kartoshka) FHY3/FAR1 genlar oilasi vakillarini solishtirish
natijalan bir-biriga tagqoslaganda olingan solishirish natjalar bir-biriga o'xshash ekanligini
ko'rsatdi.
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Qizil va uzoq qizil yorugiik o'simliklarning o'sishi va rivojlanishini, aynigsa fotomorfogenezni
boshgarilishiga ta'sir etuvchi muhim omil hisoblanadi. PhyA qizil va uzoq gizil nurni gabul giluvchi
va ularga javob beradigan asosiy fotoretseptor gen hisoblanadi. Transposazadan kelib chiggan
FHY3/FAR1 ogsillan FHY1 va FHL hujayradagi ekspressiyasini bevosita faollashtirib, PhyA genini
yadroga kirshini modulyatsiya qiladi. Oldingi tadgigot shuni ko'rsatdiki. FAR1/FHY3 asosan
maqgsadli genlarming yoruglik tasinda induksiyalangan ftranskripsiyasimi  faollashtiradi  [25].
FHY3/FAR1 geniar oilasi A thalainada yaxshi o'rganilgan bo'lib, uning genomida ushbu ocilaning 14
vakili ya'ni AtFHY3, AtFAR1 va 12 i3 AtFRS aniglangan va ular tuzilishi, morfologivasi va funksiya-
lari jihatidan yugori gomologiyaga ega [26]. A.thaliana AtFHY3/FAR1 genlar oilasi vakillan ustida
olib borilgan tadgiqotlarda FRS genlarning o'simliklarning o'sishi va nvojlanishidagi muhim rolini
ochib benld [25] Shundan so'ng sabzavot (kartoshka [12], pomidor [13,14], bodiring [15]), donli
(sholi [16], bug'doy [17]) texnik (choy [18], evkalipt [19], kumush gayin (Befula pendula) [20], Tibet
Prunus [21] terak [22], g ‘o “za[23]) kabi bir nechta ekin turlarda FRS bo'yicha tadqigotiar bosh-
langan.

FHY3/FAR1 genlar cilasi vakillarini g'o'za genomidan aniglash bo'yicha 2018 yilda tadqigot-
lar o'tkazilgan bo'lib [23], solishtirma tahlilar FAR1/FHY3 DNA binding (PF03101), SWIM
(PF04434) va MULE transposaza (PF10551) domenlan asosida amalga oshinlgan. Biz ushbu
tadgigotda solishtinshda ushbu domenlar bilan birgalikda Athaliana, terak, kartoshka, choy
o'simliklarda aniglangan FHY 3/FAR1 genlar oilasim vakillaridan ham foydalandik. Bundan tashgani
biz solishinshda yuqgori texnologiya asosida nukleofidiar ketma-ketligi aniglangan g'o'za genomidan
foydalandik. Bu esa FHY3/FAR1 genlar ocilasini yangi vakillarini aniglashda katta ahamiyatga ega.
G'o'za genomini choy o'simlik turida aniglangan CsFHY3/FAR 1 genlar cilasi vakillari bilan solishiini-
lishi natijasida 25 ta yangi FHY3/FAR1 oilasi vakillarn aniglandi.

G'o'za genomida aniglangan FHY3/FAR1 genlar oilasining vakillarini strukturaviy va
funksional jihatdan o'rgamilish, ushbu genlar ishirokida g o'zaning bictik va abiotik omiliarga chid-
amli, serhosil va tola sifat yaxshilangan navalanni olishga muhim manba bo'lib xazmat giladi.

XULOSA

Ushbu tadqgigotda g'o'za (G hirsutum) genomida mavjud 89 ta FAR1/FHY2 gen oilasi vakil-
larini FAR1/FHY3 DNA binding (PF03101), SWIM (PF04434) va MULE transposaza (PF10551)
domenlari, Athaliana, kartoshka, choy, terak kabi o'simliklarda o'rganilgan FHY3/FAR1 genlari
oilasi vakillarining aminokislotalan ketma-ketligiga solishtrib anigladik hamda har tomenlama va
tizimli tahlil gilindi. Bundan tashgar, g'o'za ekinini ota murakkab tetraploid genomini dekodlash
orgali go'zaning o'sishi, rivojlanishi va stressga chidamliligidagt Gh FHY3/FAR1 mexanizmiar
hagida chuqurrog tushunchaga ega bo'lamiz, bu esa kelgusida iglim o'zgarishiga chidamli va
yugor hosildoriikka ega yangi g'o za navlanni nvojlantirish uchun nazany asos bo'ladi.
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