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Abstract

Brassinosteroids (BRs) are the plant-specific steroidal
hormones that regulate a broad spectrum of plant growth
and developmental processes under normal conditions and
various biotic, and abiotic stresses. BES1 transcription
factors regulate the expression of brassinosteroid-
responsive genes. Completion of the grape genome
sequencing enabled us to undertake a genome-wide
identification of the gene families in this plant. Therefore,
we performed a genome-wide investigation of BES genes
in grape. The physicochemical properties, phylogeny tree,
gene structure, conserved motifs, cis-acting elements,
miRNA, and gene chip expression of the grape BES1
transcription  factors were analyzed using the
bioinformatics tools. The results showed that the grape
BES1 transcription factors had seven members, which
clustered into three subgroups according to the
phylogenetic analysis. Each subgroup was well defined by
the conserved motifs, implying that close genetic
relationships could be identified among the members of
each subgroup. According to the chromosomal locations,
1,1,2,1,1, and 1 genes were located on chromosomes 2,
4, 10, 15, 18, and 19, respectively. The analysis of cis-
acting elements indicated that BES1 genes contained
response elements of hormones and abiotic stresses, as
well as organ-specific elements. The miRNA target
analysis indicated that VVBES1-1, VWBES1-3, and
WBES1-5 contained miRNA target position in grape.
Gene chip expression profile analysis revealed that the
expression patterns of the grape BES1 genes were different
in different organs and developmental stages. The analysis
of this gene family would provide some theoretical basis
for understanding the evolution and function of the BES1
genes in the grape.

Keywords: Brassinosteroid, Bioinformatics, Expression
Profile, Transcription Factor.

E-mail: Imar13201396@yahoo.com

RS
A s il o se 5o (Brassinosteroids) s s szl sl »
5 ady gyl 5l ey Cib el 5 esme 2S5 &S dns
S o Wl e s ) SO & mel imes 5 s
o SRSl ol Ol ks s BESL s s
L Oliis 5l 0535 b J5 JeaSS il Sl (28 Ayl 551
3 bobs 2SS 6)55 oS 53 55 gleesl gl & ol sl 56
adllas 5 Loz BEST aslils glagss Guoss opl L3 10 .S anlllas
Sl g o 95 oktle ( S5sks S olend S Gl S s
Sl Jibon 5 s S o Ol B (e ole s bl
05 cda gl K0 &S sl ol A plnil 0l lalid gladj
S5 s S 3 Y s (SSie ST el «S asl . BESI
ediasOlil oS andly ol Cbli= laciigs 05,8 55 o LLS s
Mol bl il 058 5 o sl o 53 S (S5 bl
X Glaesiss S G 2SS 03 ) AT NN i S
sls oLz BEST (sladss » i 4-b 50T .0 51304 504 00 e
ol 5o s LA dadse e 4 C-»L' Fobe hls o) ) &S
5 WBES1-3 WVBESL-1 (sladi cwaes il il
dzes MIRNA (S5 Jlasl oKl glls VWBESL-5
Sl Sl Sl T, sleesls alad s baod ool Sl Ly
- il (g0 Jole s acdl g S BEST glacy sl
3 S Sos gl Y IS bl el gl pl adlee L

S o Lo 1y 5550 s BESL 55 ool 5 508

oSt Gl bl (Saloy il g s il 531 (SIS (SO 319

u;"-lf})

plde u.)\/ LD).J& J}f‘wo aAuwy*



(VA=AZ) AR lasl ool w (ol oo )lea 0)losd et Jlo < ly; LS (6)gldcunsj ale alxo vy

B e SiE 4 Jed g o (25
.(Feng et al., 2015; Clouse 2011)

P Oy ool &5 Cuwl ond jasuie ojg el
oM Jisk oy gei S (gge Sl p il
5 sz Syl ool 35 035 g 15, bl
2 Opred Mg plot il (geyen )1 LI 6w
(pd Wlo e o el 4 Gl
Ml 2,558 Gl 3k 5 03 doju (Sis
.(Song et al., 2018)

4 & dud ooSen (g sla)ySE
05 robs OB el easilSes Jly S
b 05 258 el )3 (oae B 5 005 Juale
) Ban slay gl Jee b S Jlb
Sy med  (omgiy) slyySlh S
oblS 1) (28 GlapusilSe I (glos S il
28 Jlb () g ) OIS plp
slysss ales I (Century et al., 2008)
i BR Slojply jue )3 S5 sy,
2 ot G 05 9 ol s BESIBZRI
h BR Gl ol jlg andh o bawe plo 8
olS o8> g (51 (slodelyy 59y p b 4 B
Nolan et al., 2017) .5 .

4 bgye sloply jsin > BESUBZRL 5
Jlb g dl yaudd by PP2A 451 L5k cov BR
oss Jld Joloe -yl (Tang et al., 2011) wgus 0
E-box slacasse & 4 adl Janl awa 4
&5 (CGTGT/CG) BRRE 4 (CANNTC-)
oy bl e s ead Juate BR & 5 iy
I Slopm gopd cage 5 dgihy &S LS
Yinetal., 2005; ) 555 0 BR & atusly (slagesly
o9se ole > (Manoli et al, 2018

1. Brassinazole-Resistant
2. Brassinosteroid Insensitive 1-Ems-Suppressor 1
3. Protein Phosphatase 2a

o

400
s ] gai g 0y o stn g2 lalS
Liet) sl 1,3 e S e il cov ol
9 & i .(al., 1996; Yang et al., 2011
bulyd gyl Jold wajpe Glapiss ame
SS9l 658 (i (Ki8) sl Jamo
5 65 Sl 4> csiia dgn 9208 S
Chgge dlos 5l (8L ) lagii 9 (L]
(OllS plo 5 Slos @8 cugpy «s7SL) o]
o5 ly (Liu et al,, 2014) Sod o umdss
» Sl sbpusle (i lld il
e oS e b wlasl, LolS5 s
JWSw JUEI glajone Bjbo g 0357 Sy
3n sl 05555 slagtis & 5 Jlol |, oply
g5 o Joli ool San o] 31 Ky 5o oS
Sharma et al, 2013; Sami & ) b
$5o 9 pio LSy dles I (Alemzadeh 2016
et Byge)9n IS 4 olS Ful g A5
bS5 Sygonr lges (LS bpgessm
(Peres et al., 2019) szwa Jkd lo,pls
olS (slaciond plad )3 03515 jobas a(yge )90
Wle oleplul o e LS 45 g 0l mje8
Jiang ) Bgdce g5 J5 9 Sy LS Ay,
o Jw 40 590 > (and Asami 2018
olps cos bggeye Gl e S
Syt ol 3558 5 olulid basgplsy
25 e baygergn plo bS5 o b Jite
w3 cla (y9l 48 axwes L (Peres et al., 2019)
Joslital by (JoSdge (ol Cumj g (cordon
Jsl asddllas > (o0bj cé iy adly yigs glol
(Luo et al., 2010) cul ous plosl BR ply
clasl,  igs &8 e s Oldles
JUB pe )3 b BR gy )3 baidg slsivul
Gy S dop 4 e g auih el ol ply
20 caiis (FsS b ) o6 slacigd



vy Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥

Of ol €dse lulyd a8 ol slas (platyphylla
Gk 3l 6r9d G5 & oy Cangliie Lol Cage
oS ibls 55 g MDA g H202 pess ials
g ISly slampl cdld Gl g Lol
(Lvetal., 2020) 35 o j5gomd douS Ty gm0

» BESL gy sloyyst (55 odlgls
g Cuwl o plwld alS 4o dluia 4 Sidj
j BESL lagys oliw oyles avg b S
(Jiang et al., 2015) cwl > 455 4 (glaseS
Beta ) a3 juie > of s Jie lgisa
11 (Glycine max) Lsw ,» 5 V& (vulgaris
S o5 28 4 (Zea mays) o o
Wang ) cul oas olulis (Brassica napus)
et al., 2019; Li et al., 2019; Yu et al.,
2018; Manoli et al., 2018; Song et al.,
& cuwl Sls 5l (Vitis vinifera) ,,1.(2018
ol o ol o Jlw 8000 b 5000 sgus )
oS oyl pos by (Haider et al., 2019)
03,5 bl ol (gl 1y el ol 5 0 plo]
wilgy kS ol il o gy 2 Bl
) o 4 bgrye diedgu SleMbl g 03,8 anlllas
Joos il Bum b oSSl sMol sla )5 3 )
Jyame CuaS g CudS Gl L is 4
2 395 BESL (sla 5 alllas ol ) aiiS eoliul
295 ps 03l ol 3 (Giglger (sermiae lul
S 5 5L ( Seisks Lals) 5 Lol
wolie g0 MIRNA el JoSge o cllis
905 Jolye 32 gl oo g 55909 4ol
A addlas (oSSl Calise

B 35 9 g0
39551 BEST sl y5 (o2 lwlus
0553l > BESL 5 edlgils slas] slulis ol
Arabidopsis ) juwssiul] BESL 559y Jgs
Sy olesas (Oryza sativa) g, 4 (thaliana

wil cus L BESUBZRL  adgsilsujy
Li et al, ) b Juipé o abyins BIN2
(2001

L calid 5 o5 BESL Sysen BZR1
sl ragd 9 (ML) aisel dl s > 229
5 BEST giesl (slel cymod )1 1 L (V) gl
& o¥iss e HLH yes Sy ol BZR1
BZR1 .(Saha et al., 2015) .iL . DNA
Friwgst! Saad oS oo 9 BR ags Sl dausly
(Wang et al., 2002) cul |

e 2 kS & BESL (awgy) laygst
4 bogpe sl youe ply Jl ) aslk BR gl
S8t 55 G5 g )5 ol el Sl
oS sl 005 Lasuie (YU et al., 2019) )
» STABI3 13 by 5l BESL gy, 5558

ABIS® (1 cllsd (59) p 395wy plo pie
Spdige gt wmalS gai g awslls b
UV-B ,s .(Lopez-Molina et al., 2002)
9> 29 ox BESL o plo (el cege
Liang et al, ) 538 o b 75508000753
sl 4 ZMBESL 5 Jlasl (2018
crl dgdie phy ol g 8l (ud b g
sl Seegn 4 Jlal b gy 98
55 90 o) ol Lemmasinl] KRP6 3 GEACE
Zhang ) S o JyuS 1) el ojlil 5 o |
1> BEST _usig, cloyssh (et al., 2020
plnl adllas itan f3e 55 A5 4 olS Gl
Betula ) wg oS BESL 5 (g9 » o

1. Brassinosteroid-Insensitive 2
2. Basic Helix-Loop-Helix
3Feedback

4. Abscisic Acid Insensitive 3

SAbscisic Acid Insensitive 5
6. Photomorphogenesis



(VA=AZ) AR lasl ool w (ol oo )lea 0)losd et Jlo < ly; LS (6)gldcunsj ale alxo v¥

Sy; s cBlis s ¢ Jj WL
L5551 BES1

38 g (0ol el Jobo g o) (55 sl
3l oslizsl b oS3l BEST 53 03yl (St Mo
(Huetal., 2015) 15 s, GSDS2.0 cyle
5 o955 DNA g awolie b 5 5JUT ol
ol ey i sl 13 0" (CDS) easss
5 BESL (aigy JIg eascblis lacidss
Jols o zolly o 5 &S 45 o3lizel MEME 5,0
4@1 KVORI A R ra O oMb ol clacadge
.(Bailey et al., 2009) .ib .

L 5,5 GBMIRNA Lol 5 5gagp U]

29551 BEST sy
S ) E9 b (195 CawdVL 3l e 1500 el
Saa b sygegn 4l lypsa o5l BESL
5,30 PlantCare ,> <WCis element ol
o -(Lescot et al., 2002) 8,5 1,5 b;)l

3N olol y oad plolid  Ledat yols
Dled (oS paie ya Jlglyd g ordgaieg)S
dy90 Lol g PSRNATarget jq,w i .o &l o
Swoe slp ¥ oYL (Expectation) sl
59 3 o Ole a3 &5 (LMIRNA
Dai et al., ) a5 odlazwl )65l BESL (la s
Jols  psRNATarget ooy oL (2018
Ll e cilises LS sl ailis cMIRNA
dys0 soyi Jgp 1)L g Bua oS Gl L oS
o a3ls MIRNA e JsShee  canlllao
o3 ol & Jlail g o dbgiyo oS colazsl

AS o ollis |y s )

3. Coding Sequence

E. Value <60 ¢l zol,l L blastP cuqs 4y
e Job 5 BLUSUMB2 auslio uSsle
PoSon ks 2 poiguls oy oL > 4w (W)
o (Goodstein et al., 2012) 1 solazwl (s
g Sl S b ly da iy ples by
sape0 ) o3l b BESI-N (63,55 ym00 353
il @SS GSen sl ly > Plam
©ob> sl Jlg (El-Gebali et al., 2019) .
Gl o3l BEST sy glysar oped
#95929)5 ol bl p by (IRl s
A5 el sl pigesS VA sy p byl
09 wsle BESL (slaguig (oges sl Sho
b oowSon Jsb 9 Spsllgnl abais ¢ JySlge
<l > EXpasy s . ProtParam 5l 5l eslacs!
o 3l cdld oSl ¢ (Artimo et al., 2012)
5 ascie CELLO gy 5l ool b Joko 5o
o Subcblis w,y (YU et al., 2006)
S5 ek Gk ) BESLN
ClustalX 3l sslizl L 4555 BESL (cla yu55s

(Larkin et al., 2007) . plbx]

29591 BEST (glagyj (Sitijokd o 3
BESL sy Js JoS Jobo (sloniss o
L @n g pemagiah] o8 eadplolis gl
Larkin et al., ) . plal ClustalX' ;I salaz!

Caoyd D ChaiVl doni dm dlsye jo (2007
MR ey (Safeld ey puy sl fasta
L .(Kumar et al., 2016) s «l,) MEGA7
(NJ)  ladslued (5S35 oS 51 eolal
o) G330 Couo D )y SSiskd Cé
Vooo LSS L Opleng ogesl 5l onliul b o

A5 b))

1Neighbor Joining
2Bootstrap



Yo Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥

V$ > BESllayy; (o9 dmolie LT o
P ey cpl ol &8 WS asuie it digS
sl sl GolS 3l ity e Jio olalS
BESL clayy; inlidl & da o lis oy oy
)5 Syge adgl 5 Jle als glasl
uesie (pl g 0gMe (Cao et al., 2020) cul
odlgld lacl sl Ll pulSe Cunl oud
lagj s g 039 otie LS > BESL
Gielias 35 g wos5 ojul L olS ,» BESI
Li et al., ) 5)l 2455 daly Jinl sla Suis
i Jhe lgieas .(2018; Wu et al., 2016
¥YY/A g ol b ysio > BESL (clagy
Caw &S Jbp bl o dae VW jbedsKe
ouds olwlis BEST 5 ¥Y (Malus domestica)
Lo JhcdnlRe 881 s oy ol 1 ol
o5 L ys551 S35 (gew jl (Ca0 et al., 2020)
Coms 35 BEST 5 V jbcanlSe YAV Logis
ly g +1OF )oKl > pgs 4 BESL clag
psio 3 il 1 aile /oYY sio
BESL (sl sl ol b ) Sdcislas
Sledls solzel 1y
988 slagnlgn  Jg o aba sl
San L ClustalX jl sslazw! b BES1 g5,
o A plosl oad cbilis anel (claduwl )y
S opmed &S 0b lis wlBas gLl o)
bl ol plo giel slol > o BESI_N
B VA o g 009 ol clblos jluws alily joas
» BESL N ped )b Job aneliuwl V-
(El-Gebali et al., 2019) Pfam osb o5L
gy SlygSl eadcblis e (lsicd
e PFOSB87 wyiwd ojles b BESLN
il BHLH 5 (03,5, 5§l g cal 0
5 E-DOX _porlsis yolic & sl oblss oysed (0
3 ke slags pgegn 5 Mg silsisily 4 gusly
() Js) (Sun et al., 2010) s)ls 1y 5ygeyem o]

551 BESL slagyj Sl ity

5 oslimal b 563l BESL sbayi by ilbgn
b)) efpBrowser osls oL a5, (slaosls
osl> oyl (Waese & Provart 2016) .
Gl (5305 e 5 )55 2l OF & by
IS 4w > o NimbleGen pyady (5 a5 sitwn
SeMbl olwl y ol oais @)l ools oL ol o
oywd ojlad boodls (g cpl 4 by
oy ol GEO <ol > GSE36128
Dby 1y Sl lans Lo AY ple 4l
)l i oy (Barrett et al., 2012) a»
Metsalu ) 1 pls! CIUStVIS gy jl ealawl L
.(and Vilo 2015

o g @b

49551 BEST 55 03lgils Olasuin
» BESL slay; olwlis ly blastP 4,65l
i () wn 05 il 5K pgif 0y2uS
bl 5y & w3l e BESL o can olols
b WWBESL-1 j| 355 _esjsesS oSl
Loye VW 5] ) a5 3505 (¢)i&els VWBES1-7
Joia) ail e Vitis vinifera oSl ole gul &
059) aelipl VEY b L WBESL-1 55 ()
Jsb L VWBESL-5 § (,sdlssks VO/Y JsSUse
2 (ogosks 7878 JoSlge (yj5) sinelael 699
sy SlygS nyaly g cp el cuy
ol lay; Pl asels sizus 553 BEST olgils
i @i bl e VY B A/OA 51 edlgls
CSl5Sy 155 SlopsisessS sy » VWBESL
s VA 5 WA A0 Y lapgjses,S 5 039
Mbee 0F 93 bl Ve pgisensS 5 0F K

(V Jg=)

1Heatmap



(VA=

M) WA il ol o olo pyle o)louds qord Jw o 2lyj LS (6)sldcun; ole doro

)9§i| peiy oS > ol glwlidh BES1 sl soges Clasuin ) J9A;-

\d

s . or dd W o TN
) D) £35995 o <

(5 pud o3 OF  Ofen I Syl gk
VIT 0250087900430 VWBESLL 2 17760206 17760854 141 1512 1044 Nuclear
VIT 0450023g01250 VWBESL2 4 17661920 17664267 316 3393  9.04 Nuclear
VIT 10s0003g01790 VVBESL-3 10 3247881 3251700 341 3629 853 Nuclear
VIT 100003004710 VWVBESI-4 10 8385360 8386167 215 224 944 Nuclear
VIT 1550046002640 VWBESL5 15 19380350 19399836 699 78.78 558 Cytoplasmic/ Nuclear
VIT 1850001912020 VWBES1-6 18 10237475 10230038 307 3365  9.13 Nuclear
VIT 1950014000880 VVBESL-7 19 918102 921897 171 1983 957  Cxracellyariiitochondria

Basic Helix Loop Helix

VVBES2
VVBES1
VVBES7
VVBES4
VVBES3
VVBES5
VVBES6

VVBES2
VVBES1
VVBES7
VVBES4
VVBES3
VVBES5
VVBES6

skkKk K Kkkkg

AGA.ANIlAC.dQPIPQ_FP.PVP.HAIPSS.SFP.PT—-RF'?NP.SYLLPF’L““ LA 139
78

85

ASCPVCGAGK PRRFQVG--————-— s PYLAGC 132
p PC mp| P pca.mv.n.srps S ANASADANALIPWLKNLS----— 155

|s'm ss HLVQOQTP! LR YRSSVEYNASRMKGVFVPASSPYDVSPSSRSHSAVVMGDRGGQAENHPLIG 160
KPSPP; OPSPSSENLS--——- FMDANASLNLLPFLYKSIPSSLPPLRISHSA----- 150

il Sascblis (e Cosl s0d Gaseie JS5 53 BHLH (el yed 1555 BEST o3 (gjluociydpon ) S

Oglite  JolSS e odimd L )5 glate dlas b
Seiiskd cap pelal 503 g Mble
Of 9 b S b eI BESL (dlayj (B
2 el Mtes gt 3 Sdsyl
29590 lagsj cnl 2558 e slualie 1S
» gl Sggen o 25580 Luld )
(Wu et al., 2016) 55  w iw gl
» Wauj ) ALLGT5080 55 Jte e
ol s 058y 5 s tlgnily | gl L)
Wang ) o) i Sedd i (oll 32 (190)92
5> ALGL9350 5 oyl » ogdle (et al., 2002
10 (Li, 2010) 5l cSylie &V¥g05656l5 simgn
sl g o VWBESL-6 5 55 (8,8 ol e
Db 65l o o)Ll (glad S

1Glucosinolate

3951 BEST (sl oSS alaly
BESL  lapy;  (Susjokd ool
B Cilises 09)5 15 A 53 5950l 5 25 mmmmgaly]
gl 03 ¥ Jolds G 098 (Y JSU3) i85
daw jl 93 09,5 Ml )60 1] 99 9 B 0F S
JeSt5 5959 05 Sa 5 sl 03 90 @ 0
05 9 oot 4 4ol (7 Jlaa O 095 ) sl 0nd
¥ JS3) 25515 )13 gyl 5 92 9 25

2 ol gty JLelSS By yp
Solanum ) 5,845 4 (Brassica rapa)

S

05,5 4w & BES1 wdlgls 35 (lycopersicum
e cgles (Jiang et al., 2015) wloads pumis
sl Cogliio oS dw cpl sl 09)5 pj p» i)
slapyy bas oS o)l ol cpl <Y ol oyl
ol 4 boiye 09)5 05 2 3 (Saddslas | Lol
09,5 yj » BESL la ;I ccunl coglite ol



Yy Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥

a0

100 $ ATIG19350
98 & AT1GT5080

49

VvBES1-6
LOC Os07g39220

29

VvBES1-1

938

& AT3GS0750
& AT4G3I6T80

100—— LOC Os02g13200

100

L 4 LOC 0sd6g35000

LOC Os01gl0610

4 AT4G13890

& AT1GT8700
VvBES1-3
LOC Os01g03180

90
66

VvBES1-T

83

VvBES1-4

20

84

VvBESI-1

87

VvBES1-5

4 AT2G45830

100 LOC Os02g03590

4 ATSG45300

100

2 s MEGAT J3il 5 jl oslitial b €85 oy - gyl § 28 5531 3 BEST (g I (Sesjold w0 ¥ IS
lord asedio jus g (g 55 Sy b i 4 @y g sl 055 (la3 b plsl N o268l ol

MVBES1-1 WVBESL7 (glayj dbe ¥
S, Cise sl s VWBESL-4 4 WBESL-5
5 Ko glacisse gls WBESL-3 55 s
S US) 23l e Sl ige 8 g 039 iy g A
MVBESL-1 MBESL7 oy oS5 i
05Sp; o » WBESL-4 , VWBESLS
1> VWBES1-6 4 VWBESL-2 (glay o Sl
)8 liome 09)5 25 » WBESL-3 ()] 9 09,5 2j o
4>l hb BESL (lagyyn 5l (Sr SpS e
BIN2 ,5b cou o8 st oy diolbuusl o8
(Yu et al., 2018) 54i5 0 Jdps g dbjansd
MVBES1-2 (cloiySion » 4 8 ojlads cissge
Cuol ol glwlis VWBES1-6 4 VWBES1-3

ablo oy Jl (5 4nl 4 by

95l 09351 sl g oad cBlis slcidge
49551 BEST sl yj
o] 2 dge SIS 538 () Hslated
b yigy sniebilis glacasge cuS 5 WBESL
sope 1ol b 5 edlgls pl lawes sadbaS
I 55 Cisige B wlol oyl A wsyy MEME
P S ige b 2lulid BEST (dlagj (suTgn
adllae )b 3939 ;oI BESL (sla y&gp olod
Oed 4 bgye o8 b ol Gdge il 2508
(¥ Jois) 1L BES1-N

2 oddolld (dlaciise mig 5 oSy
i ol (Sasfold (sug)S ol p gy
WWBESL- § WBESL-2 (glayj (¥ JS.) Al e
Y&DN mig o bord aige gy o b 6



(VI=AZ) WA bl epl o (oo plea 0ylend copd Jlo 25 lS (gy0lbcum ) (ol dlxs YA

1553 BEST argel syl g3 > 00 slolis (lacigipe ¥ Jgoo

Adge E-value  Jlgl» Jsb Sy 358
RLPTWKERENNKRRERRRRAIAAKIYAGLRAYGN
MEMEL  2.20E-205 ! & YKLPKHCDNNEVLKALCSEAGWTVEEDGTTYRKGCKP BESLN
MEME2  1.30E-08 3 35  IPSSLPPLRISNSAPVTPPLSSPTSRVPKPKPDWE
MEME3  3.40E-08 3 11  VKPWEGERIHE
FRHPJFAVSAPASPSRCNHIAPATIPECEESDAS
MEME4  1.50E-07 2 68 TVESGRWVSFQTFARQAAPLPPTFNLMKPVAQEC
MEME5  1.60E-06 3 37  TEIAGASANASPCSSQQPSPPSSSFPSPFASYHPSPS
I RLPTWKERENNKRRERRRRAIAAKIYAGLRAYGNYKLPKHCDNNEVLKALCSEAGWTVEEDGTTYRKGCKP [] IPSSLPPLRISNSAPVTPPLSSPTSRVPKPKPOWE [[l] VKPWEGERIHE
. y = IRHDlFA\'%ADASIKR(V‘NJADAHW(‘FHD.‘-%T’.F%R\'/\SFQY'.FARQA.:NDDTFM MmiPvaQec [ TEIAGASANASPCSSQQPSPPSSSFPSPFASYHPSPS
ﬁ:r!:;T;‘l,---E::] T ——— = e
VWEESLS  6.5e-220 1 — MENEEENNNNNNTTTTT [TUTET W T
VVBESL3 19e-150 1 - [N = =
v 1zees 1 =
VVBESI-1 9.6e-53 1 —
VvBESI-S 3.0e-48 1 E—
VVBESI4 1247 1 L. |
Mo‘ir 1 0 100 00 00 20 500 00

524
,:F

e o

Motif 5

8 IQL.R 8588388

e

oo b o ololid clacion i w3 bl olSols o 165 BEST L ¢laryiSans 15 oabebili  claciiae Y (S
o b ol o slcagge o5 o gl eliols 5 )65 Sl ) slecagge

Llodd yasuiie ALY



va Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥

ooyl WAL gla i g el a8l BESL
550 5 .(Cao et al., 2020) cowl oiis  slolis
84.4 &5 cul ond LiyliS 5 Sl 10
L;\)lb Q)S BES1 ) ob|951:'> L;LQO”J;;.J Lo yd

9591 BEST (sl 5909 501
Fyean OIS (ool polie @jgi 9 gl > g9t
Ygegn 1 (Koul et al., 2019) asb lagj o
ObiS @l c8)5 )8 2bj)l 3)90 VBESL (s
2 TATA-DOX sile oges  osdais yolic &S ol
2 ogdle )l dg2g odlgle cpl (slagy] den yigegn
WBESL (slass ssopss > csodith yais g5 1)
k;<>...E.J).~4>L.<:C|S 05)§<\.w<\g Joyy:\fmdhuh.w
Jole 9 b polaidl olal jais £y F ol
Gl (ool pais g4 W e W (Jlol 8 b (5900
oa paie £ VY g 20 AV el L i oy
Foeon e VY Jold b bogeyon 4 Fuly
Fooan AV Jpo) 28 ololis WBESL (dlag
yolic oy it WBESL-6 o WBESLS (gla;
VWMYC 4 bgije i ar gouals polis Slgl 9
ARE (s V%) STRE {>:c V) ABRE (>u
Py a5 Al e (das YY) BS-1 g (sae VF)
O e silem o bl o i ABA ( Sid 4 gl
0 Joio) 355 i el Sl 5 glnas]
QLS Pgegn o (oddall yolie ol 8 4 (IS
3L oedais polie gl lagj (oo & a0
CS Glyoe W iz by geyon g il 4 gl
9 il i S g Sloj jai jl agf ol ol
Gl g polic cpl @iy o Al bagygersn
g Olite sxmd i o5 e gl gl
5 olgls dlasl plo 4 cand of ol 2558
(Zhao et al., 2018) 1l .

P g goi & Cuol 0 ol cldlas
P ok O (55 0l S slasl gl g55]
(Roy & Penny 2007) s)ls olgls ] oSS
Mgl b lagee 35 Jlslo Slss
5 Sblen ogmlloss]
dqu 0 Soul EXONisation/ pseudoexonisation
Sl B o5 sle 1V (Xu et al., 2012)
oS oy ol gebs b adlas 4655l BESL (el
b5yl Camsl yg 0] 4816 &S VWBEST-1 5 jo0
9yl VWBESL-5 9 5 .55yl eyl S Jolus
(¥ U)ol
» g Sascblis e b gl e
Soosyl Sl b Siedl oS

b

i oYL jao Bl basje (a9l
Srscblis S b eyl o) |, Sisclblis
4 bgype (Suicblis mpes 5 3 YL
Long and Deutsch ) sl o 1 (sl g ]
oS WBESL-5 )3 51 eyl (slitzolds (1999
ol sbggrl ple B wwl S 5Bl
Ly gyl Aoy AY &S Wil o a0 J5 0dlgls
3 s o Sl ) A ) 200 Jold
Loy OV 5 ¥0 oS cunl laegy )8 55 o 6Sike
(Long & Deutsch 1999) cuul sais i)l
alts of Sl gub gel oamdplis el ol
GV (Sascblis 355 Simdul 550
Ruvinsky et ) aisb o 00538 sla uSg 0 5,5,
il dy50 5 eusplsl wlllae (al., 2005
oS sl o3l Lt BEST (elayy Sasiisll s S
YL ol gy b)) b gl 86 o
sl Jie plgiear ) agg bl 53 5]
3505 5l Vo BV 51 Gusmgted | 5 Lgus BEST
b caw ) ecxes (LI et al, 2019)

1Exon/intron gain/loss
2Insertion/deletion



Crop Biotech.
Summer (2020) 9(4): 71-86. DOI: 10.30473/CB.2020.54046.1813

vwBEsls @~
| E VBES12 B —— <D -
WBESLS ——————— -

=135 OB (6 yglidcum j (gl — (ols dloo
(V\—A;') yyraa ul.:udb ‘Pl‘_;u: ‘_?7[..‘:‘ c‘p)l{% D)Lo.a:) w0 JL»

_: WEESLS pl— @l gl ol —pl o oke! -
WEESIL @A
WwEESL? M@l —| .
jI I 1 1 L 1 1 L L 1 3
kb kb b kb 4kb Skb 2] Tk Bkb kb 10Kk
Legend

@ CDS M upsteaw/ downstremn </ Inton 012 infron phase

G 5 e 308 53 b s UTR 5 ) 9381 VWWBESL (sla (g ib(ip3 sl ¥ U
..\.a.wbtgo giu.a...o)'twul )L% oJ.l.tb.)OL.ﬁJ Y PRRT Slue] s RS

29I BESL (sl 5gegy )3 oad plulidd (s soulalS polic 3519 Slgly3 T Jguo

1-6 1-7 ol yaie 0S8

e e BES BES BES BES BES BES BES

b i 11 12 13 14 15
TGA-element 2 1
TCA-element 1
ABRE 1 5 7
AuxRR-core 1
CGTCA-motif 1 1 2 3
TGACG-motif 1 1 2 3
GARE-motif 1
P-box 1 1
TGA-box
as-1 1 1 4 3
CARE 1 1
ERE 2 1 2

NFPRFRPEFEPNDN N -

2 | auxin-responsive element
salicylic acid responsiveness
2 | abscisic acid responsiveness

auxin responsiveness
1 | MeJA-responsiveness
1 | MeJA-responsiveness
1 | gibberellin-responsive element
gibberellin-responsive element
auxin-responsive element
1 | oxidative stress salicylic acid activate
ABA response, GA response
ethylene-responsive element

Sl (Bl g 50 e 5 T daigergn s sl (el polis 0aIS (astie (i & e 5 (ol )] S #

30 905 il id g 903 9 AD) mlal > SogS
) pE g ) S e 4 olS 4wl
ol olles (Wani et al., 2020) )b s

MIRNA 153 0 1 i Baa a5 cul o3l

E-mail: Imar13201396@yahoo.com

29591 BESL (glayj (cumgig) 51 omy maliid
G Job b ola s MIRNA (sl JsSg0
ool LS ol > & st 1S5 VE
o JsSge cpl 45 whools Lo ldlas o

f..\.a.a ub\/ Lo)».l.c J,iuw LRV *



A Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥

BESL (sl (mwsis) 5l e olo pelaS (g5 p
(¥ o) 45 plosil )5l

S5 cMIRNA Lol )0l 5l (al., 2019

9959 BESL (b5 (sgis) 3l o Ol w50 GLMIRNA can) ¥ o>

MIRNA (o 53 o o G o g5 oSel> okl oS Sk g9
vvi-miR403a VWBES1-5 978 998 Cleavage
wvi-miR403b VWBES1-5 978 998 Cleavage
wvi-miR403c VWBES1-5 978 998 Cleavage
vvi-miR403d VWBES1-5 978 998 Cleavage
wi-miR403e VWBES1-5 978 998 Cleavage
wi-miR403f VWBES1-5 978 998 Cleavage
wi-miR159¢ VVBES1-3 294 314 Translation
wi-miR159c VVBES1-3 342 362 Translation
wi-miR159c VVBES1-3 318 338 Translation
vVvi-miR482 VVBES1-1 175 196 Cleavage

39 ob|9jl'> C)il Lgh‘aoj uL; Lgiﬂ 95 o.\;mdhts
ol &S IS b 3 b ol b sl e 55
5 WBESL-4 MBESL-1 (i Jobi
MBES1-6  la; sk VVBESIL-7
l) 93 09,5 VWBES1-3 4 VWBES1-2 VVBES1-5
G5 (0 JS3) Wb JSas gy oo ol 5
o cuwl I BESL (slagj glo 2)90 3 295
Wb 0 o Pl gge alsjo 2 3 9 2Bl p
)5 3929 (sl o b g Adb o Yo U bawgite ol
> s ials o )3 BESL (elayj plos by o
(0 JS)
» o ole  (Glbgen o2y (picen
6)Sen onad il Wlgi o (s905 alisre oo
Gl slagy Gl Sl 3 mgigy Jelse ol
ol Jle plgieds Ll adgmlsiily (seysn 4
> WBES1-7 4 WBES1-4 (¢l i sle oS!
Pericarp- o'Pericarp-PHWII a0 )15,

IS s oo ol > ggw I slaily

1. Pericarp post-harvest withering 11 (2rd month)
2. Pericarp post-harvest withering 111 (3rd month)

il gke VWBESL-5 5 &5 s ol adllas
MIRNA  JoJse (! el MIR403 oolgls
WSS LS g g Ay (bl polan
Sunkar & Jagadeeswaran, ) cul sais olwolis
e > MIRNA403  LJ,s (2008
i oS 505 0 o0yl &S Cunl 0387 ot
2B MIR159 e (Zhang et al., 2015) 5 )
0 MRNA JIg5 (59) 52 Cusbgo 53 L (b &
i sk > MIRNALSY il . VWBES1-3
Er 2 0F o el oad Lol plals
4 oumdzsly Syl Sl Ole (BB cage
Cusl 0dd )y ojlal 5 (59 BN g g pllsiajly
5l 5o 35 VBESI-L 5 .(Zhao et al., 2017)
ow ol et eesle sl o MIR482
iy 4 MiR482 s MiR159 MIR403 g,
Josdge adbe o g 2yl Canlos (b
5 WBESL-2 (b » % MIRNA
Al olelus VVBES1-4

29NIBEST slays (Sl Jilig
sl S g Gl Sl wyp jelaied
2 plul g cdl OF 4 by slaosls VWBES]

wor o @l s bl dilise gses oy



(N=A2) AR Gl el (ol opylea 05led ot Jlo (o) (kS ()glidcumnj (cole dlne

Cuol a8 il VVBESI-1

/]

_Wﬁ_-

___
—= =

<z
<
[oe)
m
»
L
L

1—1S38M
P—1S3EAA
9-1S39AA
S—1S38AA

il oo alizee (g50d Jolye 53 50Xl clacdl 4 bgyye ol

w3 (egie 1o S5 adllas 590 (glay &S
adlas > Jio lgicdr A8 o W] 5655l ges g L)

AY

P Shebolen O by opl oladl id
2 0a5)S> s e 93 40 dad 0 odaline O S
VVBES1-7 4 WBES1-4 sl ol 5 YU
s VWBESL-6 5 ol o5 conl adl il

Tendril — Young

Tendril — Well Developed
[ Tendril - Fruit Set

Leaf - Young

Leaf - Fruit Set

Leaf - Senescent 0
Seedling

Stem - Young

Stem — Mature (Woody)

Bud - Bud Swelling Stage
Bud - Bud Burst Initial Stage
_ Bud - Bud Burst Later Stage
Bud - Latent Bud

Bud - Winter Dormant

Bud - Winter Dormant.1
Flower - Young

Flower — Well Developed
Flower — Start of Flowering
Flower - Flowering

Root

Carpel

[ Stamen

Petals

———-

Pollen
Rachis — Fruit Set
Seed - Fruit Set
Pericarp — Fruit Set
Rachis — Post Fruit Set
Pericarp — Post Fruit Set
Seed - Post Fruit Set
Flesh - Post Fruit Set
Skin — Post Fruit Set
Seed - Veraison
Pericarp — Veraison
Flesh — Veraison
Skin — Veraison
Rachis — Veraison
Rachis - Mid Ripening
Seed - Mid Ripening
Pericarp — Mid Ripening
Flesh — Mid Ripening
Skin — Mid Ripening
~ Rachis - Ripening

Pericarp — Ripening

Flesh - Ripening

Skin - Ripening

Flesh — PHWI

Flesh — PHWII

Flesh - PHWIII

Pericarp — PHWI

Pericarp — PHWII

Pericarp — PHWIII

Skin — PHWI

Skin — PHWII

Skin — PHWIII

2-1S3aMA
€-1S39M

35S BESL 5 odlgils cslasl by Lylbg 0 JS5

clainly WBESL (ela s} ol 565 5 coglis

a3 e Ui g 039 a3 ol 5,555 3590 > coge



AY Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥

lapyi &S ob i gl Wb awyp 5ol Calise
9 48,5 )8 liome (Siiifslid 09,5 4w ;> VWBESL
cblis 0g)5 15 o (sly odd olulid slappe
sl Sl B pimen sl o o

JS5 o 2 5 0351 o 6 £ J Loges VWBES]
# 9 BP9 4l L pale Wbid s
s BESL clags » j3e smIRNA

2 bgs ool ole eaaS (Saomn g g9 ol

oy b e gy Sl w9 iy aw
)" u_fl> WBES1 ,_g[mdj uL.» ‘\il)T}i) odly

9 055 5> e 5 Sloj 5 3] ass esite 3,58
Ol 905 9 8y ) (smig) oy ol oy LB
ab SleMbl Wy o adlas cpl gubs il e ol

w2l 1) 950l ged g Ady )3 oy cpl 88 3590 4
silo Gilio Glanl b oMol sladebys 13 5 03,5

lo i 4 gl g Jgpaome CusS g CodS 13
D55 148 oolail 590

REFERENCES

Artimo P, Jonnalagedda M, Arnold K,
Baratin D, Csardi G, De Castro E,
Duvaud S, Flegel V, Fortier A,
Gasteiger E (2012) ExPASy: SIB
bioinformatics resource portal. Nucleic
acids research. 40 (W1): W597-W603.

Bailey TL, Boden M, Buske FA, Frith M,
Grant CE, Clementi L, Ren J, Li WW,
Noble WS (2009) MEME SUITE:
tools for motif discovery and
searching. Nucleic acids research. 37
(suppl_2): W202-W208.

Barrett T, Wilhite SE, Ledoux P,
Evangelista C, Kim IF, Tomashevsky
M, Marshall KA, Phillippy KH,
Sherman PM, Holko M (2012) NCBI
GEO: archive for functional genomics
data sets-update. Nucleic acids
research. 41 (D1): D991-D995.

Cao X, Khalig A, Lu S, Xie M, Ma Z,
Mao J, Chen B (2020) Genome-wide
identification and characterization of
the BES1 gene family in apple (Malus

Jiwes » 9 9 24-Epibrassinolide-vy sl

oS ab aseie joS0  slwsilen o osluwssl
Agpulynily o s b cow VBESL-4

s il 38l oo g o sl I xe &ygody
O o &S b ol el ol e eyl

Sl sl g 459 2l5 i Sajply s
E5ie 25,8 (Zhou et al., 2018) >)b 345

(e oSl JlS 5k BESL
Wu et al., 2016; ) cuwl sy Sl3l & bgu 5 4
(Liuetal., 2018; Lietal., 2019

R (5 Aol
P BESL 5 eolgls clas! lolid adllae oyl 5

Lly) (soges Slasuitio g ploxil )5l poif 0 s
wld cblis glacaise ) Jdle (Sisk
S By 5 ey I om m2S gegn
S9o Py g cdl p» ord olubs oy

domestica). Plant Biology.

Century K, Reuber TL, Ratcliffe O (2008)
Regulating the regulators: the future
prospects for transcription-factor-based
agricultural  biotechnology products.
Plant physiology. 147 (1): 20-29.

Clouse SD (2011) Brassinosteroid signal
transduction: from receptor Kkinase
activation to transcriptional networks
regulating plant development. The
Plant Cell. 23 (4): 1219-1230.

Dai X, Zhuang Z, Zhao PX (2018)
psRNATarget: a plant small RNA target
analysis server (2017 release). Nucleic
acids research. 46 (W1): W49-W54.

El-Gebali S, Mistry J, Bateman A, Eddy
SR, Luciani A, Potter SC, Qureshi M,
Richardson LJ, Salazar GA, Smart A
(2019) The Pfam protein families
database in 2019. Nucleic acids
research. 47 (D1): D427-D432.

Feng Y, Yin Y, Fei S (2015) Down-
regulation of BdBRI1, a putative



(VV=A) WAL kel ool ol epola o)l otd Sl essly; BLS (6 pplbcun) ol alono A¥

brassinosteroid receptor gene produces a
dwarf phenotype with enhanced drought
tolerance in Brachypodium distachyon.
Plant Science .234: 163-173.

Goodstein DM, Shu S, Howson R,
Neupane R, Hayes RD, Fazo J, Mitros
T, Dirks W, Hellsten U, Putnam N
(2012) Phytozome: a comparative
platform for green plant genomics.
Nucleic acids research. 40 (D1):
D1178-D1186.

Haider MS, Jogaiah S, Pervaiz T, Yanxue
Z, Khan N, Fang J (2019)
Physiological and transcriptional
variations inducing complex adaptive
mechanisms in grapevine by salt
stress. Environmental Experimental
Botany. 162: 455-467.

Hu B, Jin J, Guo A-Y, Zhang H, Luo J,
Gao G (2015) GSDS 2.0: an upgraded
gene feature visualization server.
Bioinformatics. 31 (8): 1296-1297.

Jiang J, Zhang C, Wang X (2015) A
recently evolved isoform of the
transcription factor BES1 promotes
brassinosteroid signaling and
development in Arabidopsis thaliana.
The Plant Cell. 27 (2): 361-374.

Jiang K, Asami T (2018) Chemical
regulators of plant hormones and their
applications in basic research and
agriculture. Bioscience, biotechnology,
biochemistry. 82 (8): 1265-1300.

Jiu S, Xu Y, Wang J, Wang L, Wang S,
Ma C, Guan L, Abdullah M, Zhao M,
Xu W (2019) Genome-wide
Identification, Characterization and
Transcript  Analysis of the TCP
Transcription Factors in Vitis vinifera.
Frontiers in genetics. 10: 1276.

Koul A, Sharma D, Kaul S, Dhar MK
(2019) Identification and in silico
characterization of cis-acting elements
of genes involved in carotenoid
biosynthesis in tomato. 3 Biotech. 9
(7): 287.

Kumar S, Stecher G, Tamura K (2016)
MEGA7: molecular  evolutionary
genetics analysis version 7.0 for bigger
datasets. Molecular biology evolution.
33 (7): 1870-1874.

Larkin MA, Blackshields G, Brown NP,
Chenna R, McGettigan PA,
McWilliam H, Valentin F, Wallace
IM, Wilm A, Lopez R (2007) Clustal
W and Clustal X version 2.0.
Bioinformatics. 23 (21): 2947-2948.

Lescot M, Déhais P, Thijs G, Marchal K,

Moreau Y, Van de Peer Y, Rouzé P,

Rombauts S (2002) PlantCARE, a

database of plant cis-acting regulatory

elements and a portal to tools for in
silico analysis of promoter sequences.

Nucleic acids research. 30 (1): 325-

327.

J, Nagpal P, Vitart V, McMorris TC,

Chory J (1996) A role for

brassinosteroids in light-dependent

development of Arabidopsis. Science

272 (5260):398-401

J, Nam KH, Vafeados D, Chory J

(2001) BIN2, a new brassinosteroid-

insensitive locus in Arabidopsis. Plant

physiology. 127 (1): 14-22.

L (2010) The mechanism and network

of BES1 mediated transcriptional

regulation in Brassinosteroids (BR)
pathway in Arabidopsis. Graduate

Theses and Dissertations, pp. 11326.

Q, Guo L, Wang H, Zhang Y, Fan C,

Shen Y (2019) In silico genome-wide

identification and  comprehensive

characterization of the BES1 gene

family in soybean. Heliyon. 5 (6):

e01868.

Y, He L, Li J, Chen J, Liu C (2018)

Genome-wide identification,

characterization, and  expression

profiling of the Ilegume BZR
transcription  factor gene family.

Frontiers in plant science. 9: 1332.

Liang T, Mei S, Shi C, Yang Y, Peng Y,
Ma L, Wang F, Li X, Huang X, Yin'Y
(2018) UVRS interacts with BES1 and
BIM1 to regulate transcription and
photomorphogenesis in Arabidopsis.
Developmental cell. 44 (4): 512-523.

Liu B, Ouyang Z, Zhang Y, Li X, Hong
Y, Huang L, Liu S, Zhang H, Li D,
Song F (2014) Tomato NAC
transcription factor SISRN1 positively
regulates defense response against

Li

Li

Li

Li

Li



Ad Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥

biotic stress but negatively regulates
abiotic stress response. PLoS One. 9
(7): €102067.

Liu Z, Qanmber G, Lu L, Qin W, Liu J, Li
J, Ma S, Yang Z, Yang Z (2018)
Genome-wide analysis of BES1 genes
in Gossypium revealed their
evolutionary  conserved  roles in
brassinosteroid signaling. Science China
Life Sciences. 61 (12): 1566-1582.

Long M, Deutsch M (1999) Association
of intron phases with conservation at
splice site sequences and evolution of
spliceosomal  introns.  Molecular
biology evolution. 16 (11): 1528-1534.

Lopez-Molina L, Mongrand S,
McLachlin DT, Chait BT, Chua NH
(2002) ABI5 acts downstream of ABI3
to execute an ABA-dependent growth
arrest during germination. The Plant
Journal. 32 (3): 317-328.

Luo X-M, Lin W-H, Zhu S, Zhu J-Y, Sun
Y, Fan X-Y, Cheng M, Hao Y, Oh E,
Tian M (2010) Integration of light-and
brassinosteroid-signaling pathways by
a GATA transcription factor in
Arabidopsis. Developmental cell. 19
(6): 872-883.

Lv J, Li Y, Liu Z, Li X, Lei X, Gao C
(2020) Response of BpBZR genes to
abiotic stress and hormone treatment
in Betula platyphylla. Plant Physiology
Biochemistry. 151: 157-165.

Manoli A, Trevisan S, Quaggiotti S,
Varotto S (2018) Identification and
characterization of  the BZR
transcription factor family and its
expression in response to abiotic
stresses in Zea mays L. Plant growth
regulation. 84 (3): 423-436.

Metsalu T, Vilo J (2015) ClustVis: a web
tool for visualizing clustering of
multivariate data using Principal
Component Analysis and heatmap.
Nucleic acids research. 43 (W1):
W566-W570.

Nolan T, Chen J, Yin Y (2017) Cross-talk
of  Brassinosteroid  signaling in
controlling growth  and  stress
responses. Biochemical Journal. 474
(16): 2641-2661.

Peres ALG, Soares JS, Tavares RG,
Righetto G, Zullo MA, Mandava NB,
Menossi M (2019) Brassinosteroids,
the sixth class of phytohormones: a
molecular view from the discovery to
hormonal interactions in  plant
development and stress adaptation.
International Journal of Molecular
Sciences. 20 (2): 331.

Roy SW, Penny D (2007) A very high
fraction of unique intron positions in
the intron-rich diatom Thalassiosira
pseudonana indicates  widespread
intron gain.  Molecular  biology
evolution. 24 (7): 1447-1457.

Ruvinsky A, Eskesen S, Eskesen F, Hurst
L (2005) Can codon usage bias explain
intron phase distributions and exon
symmetry? Journal of molecular
evolution. 60 (1): 99-104.

Saha G, Park JI, Jung HJ, Ahmed NU,
Kayum MA, Kang JG, Nou (2015)
Molecular characterization of BZR
transcription factor family and abiotic
stress induced expression profiling in
Brassica rapa. Plant Physiology
Biochemistry. 92: 92-104.

Sami Z, Alemzadeh A (2016) Isolation
and molecular characterization of a
novel Nat/H+ antiporter gene,
AINHX2, from'Aeluropus littoralis'
and comparison of AINHX1 and
AINHX2. Plant Omics. 9 (3): 205.

Sharma R, De Vleesschauwer D, Sharma
MK, Ronald PC (2013) Recent
advances in  dissecting  stress-
regulatory crosstalk in rice. Molecular
Plant. 6 (2): 250-260.

Song X, Ma X, Li C, Hu J, Yang Q,
Wang T, Wang L, Wang J, Guo D, Ge
W (2018) Comprehensive analyses of
the BES1 gene family in Brassica
napus and examination of their
evolutionary pattern in representative
species. BMC genomics. 19 (1): 346.

Sun Y, Fan X-Y, Cao D-M, Tang W, He
K, Zhu J-Y, He J-X, Bai M-Y, Zhu S,
Oh E (2010) Integration of
brassinosteroid  signal transduction
with the transcription network for
plant growth regulation in



(VA=AZ) AR lasl ool w (ol oo )lea 0)losd et Jlo < ly; LS (6)gldcunsj ale alxo A

Arabidopsis. Developmental cell. 19
(5): 765-777.

Sunkar R, Jagadeeswaran G (2008) In
silicoidentification ~ of  conserved
microRNAs in large number of diverse
plant species. BMC plant biology. 37
(2): 8.

Tang W, Yuan M, Wang R, Yang Y,
Wang C, Oses-Prieto JA, Kim T-W,
Zhou H-W, Deng Z, Gampala SS
(2011) PP2A activates brassinosteroid-
responsive gene expression and plant
growth by dephosphorylating BZR1.
Nature cell biology. 13 (2): 124-131.

Waese J, Provart NJ (2016) The Bio-
Analytic Resource: Data visualization
and analytic tools for multiple levels
of plant biology. Current Plant
Biology. 7: 2-5.

Wang W, Sun Y-Q, Li G-L, Zhang S-Y
(2019) Genome-wide identification,
characterization, and expression patterns
of the BZR transcription factor family in
sugar beet (Beta wvulgaris L.). BMC
plant biology. 19 (1): 191.

Wang Z-Y, Nakano T, Gendron J, He J,
Chen M, Vafeados D, Yang Y, Fujioka
S, Yoshida S, Asami T (2002)
Nuclear-localized BZR1 mediates
brassinosteroid-induced growth and
feedback suppression of
brassinosteroid biosynthesis.
Developmental cell. 2 (4): 505-513.

Wani SH, Kumar V, Khare T, Tripathi P,
Shah T, Ramakrishna C, Aglawe S,
Mangrauthia SK  (2020) miRNA
applications for engineering abiotic
stress tolerance in plants. Biologia. 1-19.

Wu P, Song X, Wang Z, Duan W, Hu R,
Wang W, Li Y, Hou X (2016)
Genome-wide analysis of the BES1
transcription factor family in Chinese
cabbage  (Brassica  rapa  ssp.
pekinensis). Plant Growth Regulation.
80 (3): 291-301.

Xu G, Guo C, Shan H, Kong H (2012)
Divergence of duplicate genes in
exon—intron structure. Proceedings of
the National Academy of Sciences.
109 (4): 1187-1192.

Yang C-J, Zhang C, Lu Y-N, Jin J-Q,

Wang X-L (2011) The mechanisms of
brassinosteroids' action: from signal
transduction to plant development.
Molecular plant. 4 (4): 588-600.

Yin Y, Vafeados D, Tao Y, Yoshida S,
Asami T, Chory J (2005) A new class
of transcription factors mediates
brassinosteroid-regulated gene
expression in Arabidopsis. Cell. 120
(2): 249-259.

Yu CS, Chen YC, Lu CH, Hwang JK
(2006)  Prediction  of  protein
subcellular  localization.  Proteins:
Structure, Function, Bioinformatic. 64
(3): 643-651.

Yu H, Feng W, Sun F, Zhang Y, Qu J,
LiuB, Lu F, Yang L, Fu F, Li W
(2018) Cloning and characterization of
BES1/BZR1 transcription factor genes
in maize. Plant growth regulation. 86
(2): 235-249.

Yu H, Sun F, Feng W, Lu F, Li W, Fu
FYc (2019) The BES1/BZR1
transcription factors regulate growth,
development and stress resistance in
plants. Hereditas. 41 (3): 206-214.

Zhang C, Xian Z, Huang W, Li Z (2015)
Evidence for the biological function of
miR403 in tomato development.
Scientia Horticulturae. 197: 619-626.

Zhang X, Guo W, Du D, Pu L, Zhang C
(2020) Overexpression of a maize BR
transcription factor ZmBZR1 in
Arabidopsis enlarges organ and seed
size of the transgenic plants. Plant
Science. 292: 110378.

Zhao J, Zhai Z, Li Y, Geng S, Song G,
Guan J, Jia M, Wang F, Sun G, Feng
N (2018) Genome-wide identification
and expression profiling of the TCP
family genes in spike and grain
development of wheat (Triticum
aestivum L.). Frontiers in Plant
Science. 9: 1282.

Zhao Y, Wen H, Teotia S, Du Y, Zhang
J, Li J, Sun H, Tang G, Peng T, Zhao
Q (2017) Suppression of
microRNA159  impacts  multiple
agronomic traits in rice (Oryza sativa
L.). BMC plant biology. 17 (1): 215.

Zhou Y, Yuan C, Ruan S, Zhang Z, Meng



AY

Vitis vinifera L. pgi} 05w )3 BESL (55 odlgils Sl jsailan addllas 1pide 0¥
J, Xi Z (2018) Exogenous 24- proanthocyanidin  biosynthesis  in
epibrassinolide interacts with light to cabernet sauvignon (Vitis vinifera L.).

regulate anthocyanin and Molecules. 23 (1): 93.



