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G‘O‘ZA (G.HIRSUTUM L.) TURI GHFHY3/FAR1 GENLAR OILASI
VAKILLARI COILED-COLI DOMENINI IN-SILICO TAHILLAR
YORDAMIDA ANIQLASH

Annotatsiya. Yorug‘lik o°‘simliklarni o‘sishi va rivojlanishida muhim
ahamiyat kasb etuvchi omillardan biri hisoblanadi. O ‘simliklarda kechadigan
morfobiologik jarayonlarning barchasi yorug‘likning turli spektr uzunligidagi
nurlar tasiri ostida yuz beradi. O‘simliklarni yorug ‘lik nuriga javob reaksiyasiga
ko‘ra asosan uch turdagi fitoxrom (PhyA-D), kriptoxrom (Cryl, Cry2, CryDash),
fototropin (Phol, Pho2) genlar oilasi tasniflanadi. Bu genlardan tashqari ushbu
genlar ta’siri ostida ekspressiyalanuvchi FHY3/FAR1 genlar oilasi ham mavjud.
Ushbu genlar oilasi asosan fitoxrom genlar oilasi bilan bog‘lanib uning

ekspressiyasini boshqarilishida markaziy rol o‘ynaydi. FHY3/FAR1 genlar oilasi
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tuzilishiga ko‘ra tranpazazalardan kelib chiqqan traskriptom faktor genlari deb
qaraladi. Ushbu genlar oilasi tuzilishiga ko‘ra juda ko‘plab genlarning
ekspressiyasini boshqarilishida ishtrok etadi. FHY3/FAR1 genlar oilasi vakillarida
genlarni promotor qismiga bog‘lovchi coiled-coil domenlari bo‘lib, shu domen
yordamida genlarga bog‘lanib ularni ekspressiyasini boshqarishda ishtirok etadi.
Ushbu tadqiqot ishida g‘o‘za (G.hirsutum L.) turi genomida mavjud FHY3/FARI1
genlar oilasi vakillariga tegishli traskriptlarida mavjud coiled-coil domenlarini
tahlil qildik.
Kalit so‘zlar: G.hirsutum, coiled-coil, NLS, domen, ogsil, FHY3/FARI1

YcmanoB Juibitiof, DpKkuHOaeBUY

Crapiiiii HayuHbll COTPYJHUK, LleHTp reHoMUKY U 6ronHpopmaTiku AH PY3
A6pnykapumos lllapoduaauu CalibuganHoBruY

Miazimii HayuHbId COTPYAHUK, LleHTp reHoMuKY u buonHpopmatiku AH PY3
Cob6upoB borup>xon Martiapud yriam

Muiaaimmii HayuHbIi COTPYAHUK, LleHTp reHoMuku 1 6uonHbopmatriku AH PY3
A3uMoB ABa3xoH A6b6acoBuu

Mnaaimii HayuHbIN COTPYAHUK, LleHTp reHoMHKY 1 OronH(popmatiku AH PY3
Abpyraddopor AzamaT ToxxuboM yriu

Mutagmmii HayuHbIM COTPYAHUK, LleHTp reHoMuku 1 bronHbopMatiku AH PY3
JKypakynoB [1ypbekykon Caujysina yriau

Craxkép-ucciiefioBaresib, LleHTp reHoMuku u bronHpopmatrku AH PY3
[ITapudrkoHoB Abpopbek Abay>kab60p yriu

Muiagimmii HayuHbI COTPYAHUK, LleHTp reHoMuku 1 6uonHbopmatiku AH PY3
Bypues 3abapaact ToxuboeBuu

[.6.1., ipodeccop, LlenTp reHomuku 1 6uonHbopmatiku AH PY3
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BBIAB/IEHUE JJOMEHA COILED-COIL Y ITPEJJCTABUTEJIEN
CEMEHNCTBA I'EHOB GHFHY3/FAR1 Y XJIOITYATHHKA (GOSSYPIUM
HIRSUTUM L.) C UCITIOJIb3O0BAHUMEM IN SILICO AHAJIN3A
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AHHomayus. Ceem signsiemcsi 0OHUM U3 8adicHeliuux ¢pakmopos pocma u
paszeumusi pacmeHutl. Bce mopgo 6uonozuueckue npouyeccbl 8 pacmeHUsiX
npoucxodsim nod go30elicmeueM c8ema pasAu4Holl OAuUHbl 80/HbL. PacmeHus
Kjaaccuguyupyromcs 8 coomgemcmauu ¢ Ux peakyueli Ha céem HA Mpu cemeticmea
2eHog: ¢pumoxpom (PhyA-D), «kpunmoxpom (Cryl, Cry2, CryDash) u
¢omomponuH (Phol, Pho2). Ilomumo 5mux 2eHO8, cyuwecmayem makice
cemeticmgo 2eHog8 FHY3/FARI1, komopoe 3Kkcnpeccupyemcsi noo eAusiHueM 3mux
2eHO8. DMO cemelicmeo 2eHO8 8 OCHOBHOM 83aumoolelicmgyem C cemelicmeom
2eHO8 (pumoxpoma u uzpaem YeHMpAa/abHYl0 pO/b 8 pe2yAsiyuu e20 3KCnpeccuu.
CoenacHo cmpykmype cemelicmea 2eHog FHY3/FARI, oH cuumaemcs 2eHOM
MpPAHCKpUNmMomMHo20 ¢akmopa, npou3gooHbiM om mpaHcgpepas. CoanacHo
CmpyKmype 3mo20 cemelicmea 2eH08, OH yudcmeyem 8 pe2yasyuu 3Kcnpeccuu
boabwo2o Konuvecmea 2eHos. I'enbl cemeticmea FHY3/FAR1 codepacam OOMeHbl
¢ coiled-coil komopble ces3bl6alOM 2eHbl C NPOMOMOPHOU obaacmbio U
yuacmeyom 8 pe2yasyuu 3KCnpeccuu 2eHO8 N0CPeOCmMB8OM CBS3bl8AHUS C 2eHAMU.
B OaHHOM uccnedo8aHuu Mbl NPOAHAAUIUPOBA/IU OOMEHbl C Cynepcnupablo,
npucymcmeyrowjue 8 mpaHckpunmax 2eHos cemeticmea FHY3/FAR1 & 2eHome
xnonuamuuka (G. hirsutum L.).

Kniouesbte cnoea: G. hirsutum, cynepcnupanb, NLS, OomeH, 6enokK,
FHY3/FARI1
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IDENTIFICATION OF THE COILED-COIL DOMAIN IN
GHFHY3/FAR1 GENE FAMILY MEMBERS OF COTTON (GOSSYPIUM

HIRSUTUM L.) USING IN SILICO ANALYSIS

Annotation. Light is one of the most important factors in the growth and
development of plants. All morpho biological processes in plants occur under the
influence of light of different wavelengths. Plants are classified according to their
response to light into three gene families: phytochrome (PhyA-D), cryptochrome
(Cryl, Cry2, CryDash), and phototropin (Phol, Pho2). In addition to these genes,
there is also the FHY3/FARI gene family, which is expressed under the influence
of these genes. This gene family mainly interacts with the phytochrome gene family
and plays a central role in controlling its expression. According to the structure of
the FHY3/FARI1 gene family, it is considered to be a transcriptome factor gene
derived from transferases. According to the structure of this gene family, it
participates in controlling the expression of a large number of genes. Members of
the FHY3/FAR1 gene family contain coiled-coil domains that bind genes to the
promoter region and are involved in regulating gene expression by binding to
genes. In this study, we analyzed the coiled-coil domains present in the transcripts
of members of the FHY3/FARI gene family in the genome of cotton (G. hirsutum
L.).

Keywords: G. hirsutum, coiled-coil, NLS, domain, protein, FHY3/FARI1

Kirish
Coiled-coil domen eukariot va prokariot organimzimlar genomida uchrab,

umumiy ravishda genomning 3% tashkil etadi. Ushbu domen a-spiral shaklda
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tuzilgan bo‘lib, spirallar soni 2 ta dan 7 tagacha bo‘lishi mumkin [1]. Coled-coil
domenlar turli xil funksiyalarga bog‘liq bo‘lgan ogsillardagi oligomerik spiral
strukturaviy birliklardir.

Ushbu domenlar katalitik faollikka ega ekanligi bilan boshqa domenlardan
farglanadi. Ularning bajaradigan vazifalari ularning tuzilishidan kelib chiqgadi.
Coiled-coil domenlar genda mavjud domenlarni ajratib turadigan yoki
bog‘laydigan molekulyar bo‘shliglar hisoblanadi [2,3].

Coiled-coil domenlar bir-biridan uzoq masofada yotgan Kkatta
supermolekulyar tuzilmalari ogsillarining turli tomonlaridan bog‘lanishni
ta’minlaydi [4]. Coiled-coil domenlar parallel yoki antiparallel joylashuvga ega
bo‘lib, ular bir xil bo‘linmaning zanjir ichidagi o‘zaro ta’siri yoki alohida
polipeptid zanjirlari orasidagi zanjirlararo alogalar orqgali hosil bo‘lishi mumkin
[5]. Bu domenlar organizmlarda mavjud ogsillarining 5-10% da mavjud ekanligi
aniglangan [6]. Coiled-coil domenlarni funksiyasini o‘rganish natijasida ushbu
domenga ega ogsillar talaygina biologik funksiyalarda genlar ekspressiyani
boshqgarishda, o‘simliklarda biotik va abiotik omillarga javob reaksiyasini
shakllanishida, o‘sish va rivojlanishni boshqarilishida ishtirok etishi aniglangan.
Ularning asosiy xususiyati ogsillarning biri biriga o‘zaro ta’sirini ta’minlaydi va
ogsillar yoki domenlarni bir-biriga bog‘laydi [7].

Coiled-coil domeni tuzilishi jihatidan ikki sinfga bo‘lish mumkin: Olti yoki
yettita heptaddan iborat qisqa takroriy o‘ralishidan hosil bo‘lgan domenlar,
Leucine zippers deb ham ataladi. Qisqa takroriy domenlar ko‘p hollarda
transkripsiya omillarida gomo va geterodimer motivlari sifatida aniqlangan [8,9].
Birinchi sinf domenlaridan fargli o‘laroq, bir necha yuzlab aminokislotalarning
spiral hosil gilishidan hosil bo‘ladigan uzun o‘ralgan domenlardir. Ikkinchi sinf
domenlari funksional ogsil komplekslarini Golji, sentrosomalar, sentromerlar yoki
yadro qobig‘i kabi yirik hujayrali tuzilmalarga biriktirishda ishtirok etadi [10].

Ushbu tadgiqot ishida biz g‘o‘za (G.hirsutum) turi genomida mavjud
FHY3/FAR1 genlar oilasi vakillariga tegishli traskriptlarida mavjud coiled-coil
domenlarini tahlil qildik. Coiled-coil domeni A.thaliana AtFHY3/FAR1 genlar



oilasi vakillarida o‘rganilgan bo‘lib, fagatgina FRS3 va FRS8 genlarida ushbu
domen yo‘qligi aniglangan [11]. FHY3/FARI1 genlar oilasi vakillari boshga ekin
turlarida ham aniqlanganligiga garamasdan ularda ham ushbu domenlar qay
darajada ekanligi tahlil gilinmagan [12,13,14,15,16,17,18,19,20,21,22].
Material va metodlar

G‘o‘za (G.hirsutum L.) GhFHY3/FAR1 genlar oilasi vakillarini
aminokislotalar ketma-ketliklarida mavjud coiled-coil domeni COILED-COILS
PREDICTION- NPS — IBCP (https://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?

page=/NPSA/npsa_lupas.html) va Waggawagga Coiled-coil and single alpha-helix

prediction (https://waggawagga.motorprotein.de/) online dasturi yordamida in-
silico tahlili amalga oshirildi.
Natija va muhokama

G‘o‘za (G.hirsutum L.) turi genomida 149 ta FHY3/FAR1 genlar oila
a’zolariga tegishli traskriptlar aniglangan bo‘lib, ushbu 149 ta FHY3/FAR1 gen
tomonidan kodlangan oqgsillarning aminokislotlar ketma-ketliklari COILED-
COILS PREDICTION - NPS — IBCP va Waggawagga Coiled-coil and single
alpha-helix prediction online dasturi yordamida in-silico tahlili amalga oshirildi.
Ushbu tahlilar natijasiga ko‘ra g‘o‘za (G.hirsutum L.) turi genomida mavjud
FHY3/FAR1 genlar oilasiga tegishli 149 ta traskriptlarning 30,2% da bitta, 18,2%
da ikkita, 1.3% da uchta coiled-coil domeniga ega ekanligini ko‘rsatdi. Qolgan
50,3% da esa ushbu domenga ega emasligi tasdiglandi.

Ushbu domen eukariot va prokariot organizmlar genomining umumiy holda
3% tashkil etsada organizmdagi ogsillarning 5-10% da mavjud [1,6]. Ushbu domen
ogsillar o‘rtasida o‘zaro bog‘lanishni ta’minlash bilan bir qatorda ularning
boshgqarilishida ishtrok etadi. Shu sababli ushbu domenga ega gen yoki genlar
oilasi organizmda kechadigan gator marfobiologik jarayonlarning boshqarilishida
ishtrok etadi. Shu kabi genlar oilasidan biri bu FHY3/FAR1 genlar oilasidir
FHY3/FAR1 genlar oilasi vakillari bir gancha ekin turlarida o‘rganilganligiga
garamay ularda mavjud coiled-coil domeni haqida ma’lumotlar keltirilmagan

[12,13,14,15,16,17,18, 19,20,21,22]. Ushbu domen A.thaliana AtFHY3/FAR1
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genlar oilasi vakillarida o‘rganilgan bo‘lib, oilaning 14 vakilidan ikkitasida ya’ni
FRS3 va FRS8 larda coiled-coil domeni yo‘qligi keltirilgan [11]. Biz o‘rgangan
FHY3/FARI oilasiga tegishli transkriptlarda ham 1, 2 va 3 ta coiled-coil domenlar
aniglandi. Lekin ushbu domenga ega bo‘lmagan transkriptlar katta miqgdorni
tashkil

etdi. Colied-coil domenlarga ega ogsillar o‘simliklarda abiotik va biotik
stress omillarda javob reksiyasi sifatida ishlashi adabiyotlarda keltirilgan. Demalk,
biz olib borgan tadqiqot natijasida aniglangan coiled-coil domeniga ega
tranrskriptlarni amaliy jihatdan chuquroq o‘ragnishni talab etadi.

Xulosa

G‘o‘za (G.hirsutum L.) genomida aniglangan FHY3/FAR1 genlar oilasiga
tegishli 149 ta taranskript ogsillarini in-silico tahlil gilish natijasida ularda mavjud
coiled-coil domenlari aniglandi. FHY3/FAR1 genlar oilasi tarnskriptlarida ushbu
domenlar 1 tadan 3 tagacha ekanligi ma’lum bo‘ldi. Coiled-coil domenlarini
aniglasnishi ushbu domen ega ogsillarning o‘simlik rivojlanishining qaysi
jarayonlarida faol ishtrok etishi yoki qaysi ogsillarni ekspressiyalanishini
boshqarishini ko‘rsatadi. Ushbu domenlarni o‘rganilishi u ta’sir etadigan
ogsillarning negativ yoki pozitiv boshqarilishi hagidagi ma’lumotlarni beradi. Bu
esa amaliy jihatdan ushbu domenga ega genlarni biotexnologik usullar yordamida
ekspressiyasini kuchaytirish yoki susaytirishga olib keladi.

Jadval-1
G‘o‘za (G.hirsutum L.) Gh FHY3/FAR1 genlar oilasi vakillari



Coiled- | COlled- Coiled- | Colled-
Ne Traskript ID Coil le_ Ne Traskript ID Coil le,
Domain Dor.nf”un Domain Dm_nflm
pOSltlon pUSltlUn
1 | GhChrA10G0742.1 1 453-487 | 75 | GhChrA08G1173.1 - -
2 | GhChrD10G0830.1 1 446-480 | 76 | GhChrD08G1130.1 - -
3 | GhChrD02G1404.1 1 191-240 | 77 | GhChrD02G1666.1 - -
4 | GhChrA05G1169.1 1 160-203 | 78 | GhChrD05G1161.1 _ ;
5 | GhChrD05G1160.1 1 4179 | 79 | GhChrD13G1566.1 _ ;
6 | GhChrD07G1931.1 1 175220 | 80 | GhChrA10G0952.1 ; }
7 | GhChrA09G1160.1 1 252293 | 81 | GhChrD10G1089.1 - -
8 | GhChrD09G1069.1 1 252293 | 82 | GhChrA02G0602.1 _ ;
9 | GhChrA11G0812.1 1 347-388 | 83 | GhChrA02G0603.1 - -
10 | GhChrD11G0814.1 1 506-547 | 84 | GhChrD02G0621.1 - -
11 | GhChrA05G2646.1 1 129-149 | 85 | GhChrA09G2866.1 : }
12 | GhChrD05G2597.1 1 129-149 | 86 | GhChrD09G2678.1 - -
13 | GhChrD09G0509.1 1 507-548 | 87 | GhChrA09G1360.1 - -
14 | GhChrD04G1966.1 1 403-441 | 88 | GhChrD09G1249.1 - -
15 | GhChrD01G2274.1 1 7595 | 89 | GhChrA11G0813.1 ; -
16 | GhChrD10G1394.1 1 108-151 | 90 | GhChrA09G2749.1 ; -
17 | GhChrA02G0115.1 1 187-232 | 91 | GhChrD09G2571.1 - -
18 | GhChrA03G1680.1 1 2577 | 92 | GhChrA06G1499.1 _ ;
19 | GhChrA05G4627.1 1 214263 | 93 | GhChrD06G1411.1 _ ;
20 | GhChrA10G2453.1 1 214263 | 94 | GhChrA09G0411.1 _ ;
21 | GhChrD01G1715.1 1 171-220 | 95 | GhChrD09G0385.1 - ;
22 | GhChrA10G2155.1 1 467-503 | 96 | GhChrA05G2881.1 - -
23 | GhChrA01G1653.1 1 326-360 | 97 | GhChrA10G2249.1 - -
24 | GhChrD01G1635.1 1 428-465 | 98 | GhChrA01G2174.1 - -
25 | GhChrA03G1247.1 1 261-308; | g9 | GhChrA06G0967.1 ; -
680-720
26 | GhChrD02G1297.1 1 233277 | 100 | GhChrA10G1746.1 : ;
27 | GhChrD06G1208.1 1 616-639 | 101 | GhChrD01G2104.1 - -
28 | GhChrD07G2281.1 1 352-400 | 102 | GhChrA11G3724.1 - -
29 | GhChrA05G4637.1 1 140-160 | 103 | GhChrD01G2273.1 - -
30 | GhChrA08G3083.1 1 483519 | 104 | GhChrD04G1174.1 _ ;
31 | GhChrA09G1359.1 1 351-396 | 105 | GhChrA11G1671.1 - -
32 | GhChrA10G2154.1 1 186-223 | 106 | GhChrD05G3176.1 - -
33 | GhChrA11G1770.1 1 675-715 | 107 | GhChrD07G2331.1 _ ;
34 | GhChrA12G1454.1 1 57-106 | 108 | GhChrA08G2390.1 - ;
35 | GhChrD05G3261.1 1 134-168 | 109 | GhChrA09G0337.1 ; -
36 | GhChrD07G2588.1 1 64-113 | 110 | GhChrD11G0875.1 - -
37 | GhChrD08G1075.1 1 555-603 | 111 | GhChrA03G0863.1 - ;
38 | GhChrD11G2816.1 1 121-157 | 112 | GhChrD03G1167.1 - -
39 | GhChrD12G0852.1 1 1852 | 113 | GhChrA07G2371.1 _ ;
40 | GhChrD09G1114.1 1 380-424 | 114 | GhChrA11G3512.1 - -
41 | GhChrA05G3603.1 1 283318 | 115 | GhChrD11G3399.1 ; -
42 | GhChrA05G3605.1 1 201-340 | 116 | GhChrA01G1459.1 _ ;
43 | GhChrA05G3606.1 1 316-365 | 117 | GhChrA01G2175.1 - -




Foydalanilgan adabiyotlar:

1. Crick, F. H. C. The packing of a-helices: Simple coiled-coils. Acta
Crystallogr. A 6, 689-697 (1953).

2. Dong, G., Medkova, M., Novick, P. & Reinisch, K. M. A catalytic
coiled coil: Structural insights into the activation of the Rab GTPase Sec4p by
Sec2p. Mol. Cell 25, 455-462 (2007).

3. Truebestein, L. & Leonard, T. A. Coiled-coils: The long and short of it.
BioEssays 38, 903-916 (2016).

4. Hayashi, M. et al. The postsynaptic density proteins homer and shank
form a polymeric network structure. Neurosci. Res. 68, e339 (2010).

5. Moutevelis, E. & Woolfson, D. N. A periodic table of coiled-coil
protein structures. J. Mol. Biol. 385, 726-732 (2009).

6. Szczepaniak, Krzysztof; Bukala, Adriana; da Silva Neto, Antonio
Marinho; Ludwiczak, Jan; Dunin-Horkawicz, Stanislaw. Elofsson, Arne (ed.). "A
library of coiled-coil domains: from regular bundles to peculiar twists".
Bioinformatics. 36 (22-23): 5368-5376. (2021).

7. Rose, Annkatrin; Schraegle, Shannon J.; Stahlberg, Eric A.; Meier, Iris.
"Coiled-coil protein composition of 22 proteomes — differences and common
themes in subcellular infrastructure and traffic control". BMC Evolutionary
Biology. 5 (1): 66. (2005).

8. Jakoby M, Weisshaar B, Droge-Laser W, Vincente-Carbajosa J,
Tiedemann J, Kroj T, Parcy F. bZIP transcription factors in Arabidopsis. Trends
Plant Sci 7: 106-111. (2002).

9. Vinson C, Myakishev M, Acharya A, Mir AA, Moll JR, Bonovich M.
Classification of human B-ZIP proteins based on dimerization properties. Mol Cell

Biol 22: 6321-6335. (2002).



10. Strelkov SV, Herrmann H, Aebi U. Molecular architecture of
intermediate filaments. Bioessays 25: 243-251. (2003).

11. Lin, R., and Wang, H. Arabidopsis FHY3/FAR1 gene family and
distinct roles of its members in light control of Arabidopsis development. Plant
Physiol. 136, (2004). 4010—4022. doi: 10.1104/pp.104.052191

12. Wang, F.; Wang, X.; Zhang, Y.; Yan, J.; Ahammed, G.J.; Bu, X.; Sun,
X.; Liu, Y.; Xu, T.; Qi, H.; et al. SIFHY3 and SIHY5 act compliantly to enhance
cold tolerance through the integration of myo-inositol and light signaling in
tomato. New Phytol. 2022, 233, 2127-2143.

13. Chen, Y.; Deng, J.; Chen, J.; Zeng, T.; Yu, T.; Huang, Q.; Chen, P.;
Liu, Q.; Jian, W.; Yang, X. Genome-wide identification and expression analysis of
FAR1/FHY3 transcription factor family in tomato. Plant Physiol. J. 2021, 57,
1983-1995.

14. Li, X.; Li, Y.; Qiao, Y.; Ly, S.; Yao, K.; Wang, C.; Liao, W. Genome-
Wide Identification and Expression Analysis of FAR1/FHY3 Gene Family in
Cucumber  (Cucumis  sativus  L.).  Agronomy 2024, 14, 50.
https://doi.org/10.3390/agronomy 14010050

15. Zhang, S.; Xu, F.; Zhang, Y.; Lin, J.; Song, C.; Fang, X. Fine mapping
and candidate gene analysis of a novel PANICLE AND SPIKELET
DEGENERATION gene in rice. Euphytica 2015, 206, 793—-803.

16. Kiseleva, A.A.; Potokina, E.K.; Salina, E.A. Features of Ppd-B1
expression regulation and their impact on the flowering time of wheat near-
isogenic lines. BMC Plant Biol. 2017, 17, 172.

17. Liu, Z.; An, C.; Zhao, Y.; Xiao, Y.; Bao, L.; Gong, C.; Gao, Y.
Genome-Wide Identification and Characterization of the CsFHY3/FAR1 Gene
Family and Expression Analysis under Biotic and Abiotic Stresses in Tea Plants
(Camellia sinensis). Plants 2021, 10, 570.

18. Dai, J.; Sun, J.; Peng, W.; Liao, W.; Zhou, Y.; Zhou, X.R.; Qin, Y.;
Cheng, Y.; Cao, S. FAR1/FHY 3 Transcription Factors Positively Regulate the Salt



and Temperature Stress Responses in Eucalyptus grandis. Front. Plant Sci. 2022,
13, 883654.

19. Zeps, M.; KondratoviCs, T.; Grigzde, E.; Jansons, A.; Zeltins, P.;
Samsone, I.; Matisons, R. Plantlet Anatomy of Silver Birch (Betula pendula Roth.)
and Hybrid Aspen (Populus tremuloides Michx. x Populus tremula L.) Shows
Intraspecific Reactions to Illumination In Vitro. Plants 2022, 11, 1097.
https://doi.org/10.3390/plants11081097.

20. Wang, X.; Liu, S.; Zuo, H.; Zheng, W.; Zhang, S.; Huang, Y.;
Pingcuo, G.; Ying, H.; Zhao, F.; Li, Y.; et al. Genomic basis of high-altitude
adaptation in Tibetan Prunus fruit trees. Curr. Biol. 2021, 31, 3848—3860.e8.

21. Du, J.; Zhang, L.; Ge, X.; Xiang, X.; Cao, D.; Yang, H.; Hu, J.
Genome-Wide Identification and Characterization of the FAR1/FHY3 Family in
Populus trichocarpa Torr. & Gray and Expression Analysis in Light Response.
Forests 2021, 12, 1385. https://doi.org/10.3390/f12101385

22. Yuan, N.; Wang, T.; Liu, T.; Yang, Y.; Du, J. Genome-wide analysis
of the FAR1/FHY 3 gene family in Cotton. Cott. Sci. 2018, 14, 1-11.



