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Transcription Factors Family in Wheat
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Abstract: The type-B authentic response regulator (B-ARR) family members are positive regulators in
cytokinin signal transduction, and play important roles in plant growth and development and resistance to abiotic
stresses. However, there are few studies on the B-ARR gene family in wheat. In this study, 25 B-ARR gene
family members were identified from wheat genome, and their physicochemical properties, gene structure,
cis-acting elements and abiotic stress-induced expression patterns were analyzed by bioinformatics methods. The
results showed that all B-ARR proteins were localized in the nucleus based on bioinformatics prediction, and their
secondary structure was mainly consisting of a-helix and random crimp. B-ARR genes were not evenly distributed
on wheat chromosomes, and the number of B-ARR genes was the highest on chromosome 7. In addition, multiple
cis-acting regulatory elements related to growth and development, hormone response, and biological and abiotic
stress have been identified in the promoter regions. RT-qPCR analysis showed that the relative expression of
TaARRM-like9, TaARRM-likel0, TaARRM-likel? and TaARRM-likel3 were significantly up-regulated under
abiotic stresses treatments, including drought, salt and low temperature. This study laid a foundation for further
research on the role of B-ARR transcription factor in wheat development and abiotic stress response.
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INFZ (Triticum aestivum L.) BT T 12
FIVEDD , I JLAF FL AR A 1 FURS E 7F 200~300
T A (FEBRARALHEZ  https://www.fao.org/faostat/zh)
EREKRTAZ - EAARMER, 202348, K[EH
INZE IR TET AR 23.63 T T A8 HIL, H 2015 4Lk,
AR 1.3 420 (E R G211 R, hitps ://data. stats.
gov.cn/index.htm) , & HE A & K /N E B H
SR, I AR SR 2 BRSARAB A2 ) T /INEE I = i,
SERZ I NI IS SRV = LT (Y 19 A
AN S AT VEN R T IR D DA S B VBR AR
LR7/) ST AN e R R SN i LI REES 2 TN
VLR E . N F AN 20 22 WI 4, 280 JLAR
BENES ), BN TR C 24 R,
INFZ SRR R O i AR G LA U3 LS R
Se, L B CEE T A o BT IEE A A A 1 1
TR B A8, ANREE AT R SRR, I, X
TN By HE A o AR 2, U HO R B B Y
240

e S RE ) B s DR B AUF 9 A ) i 5 DR 4
S HAA B, — S S - ) S S B
TP B E DNA J7 41 2545 Sfe 1 HE AT 5 DR 7 7 3
TR SRR BEAN, s T AR S AR
FBTY 13%, 5. T H DNA 25 51 AL, 4 s R+
EH RN — RINFWE, HIATMYB | AP2/EREBP,
ARR .GRAS .MADS .WRKY .SBP %%/ Hi Bl
S i 1855 A F (B-ARR, type-B authentic response
regulator) | {ZAEAE TAEDI T, FEN S A M R R

G SRR EEMERT . EREITT,
B-ARR A AR R AR A A4 2L TE A
AR B8 RV T I A2 A

YA MR R —FEY R e T
AU R A R IR E AR 0 ) R A PR R 1)
WMoy 24 AR AL Al R B
TEARE B AEY) - Rl 2OCEEMER, #&5
XTAVE ) 240 JE 7 24 2R i B A X6 T AR kAl A e 22 ¢
FE, AR, IR RNR LD 2 LR
LB FHAT 5 A2 A AL 3 3 A A% | e 290005 B B J
iR T - (B-ARR) ™, AT BEE 5 B-ARR ZE7% 4
B EEAIETE, HAMEM IR MR G g, B
B ARR St IR R st R T 8T 12
BS54 28 RO AR DR e R T AT 11
A~ B B ARR B 53 R G LL , FEAE 32 IR TN S
T 25 Rl LA R B R SRR LS . A 1R SR
K F-H, ARR1,ARR10 Fll ARR12 BN AR OATE 1,
9B ARR1,ARR10,ARR12 /) = H R A ALER
RARJE FIHBR T 403 53 24 3 AR M 2 R Rk A A

PRGN A, ARRTO F ARR12 iR 2 5 40 i 43
RN FIBARG IR R A AT

16 HETHIRFFE R, /N4 B-ARR #5 5 [K 13 K 5
WRBIF ST 4 A TEANRIE , HA )~ D REE A 15 1
B, NILAM R R AR R Fa i TERERS
HHOKE Y B-ARR 3[R 7E /N2 2 B D 21 v i B0, 91 HL
X FLREALE SR L N S5 R AR F oo AR AR
JHlr31 75 S 0 kB A T T IR AT, /N2 i
R A R ALK

1 #R5E7TE

1.1 /INEB-ARREFERER RNEE

M PIR E4Ji )% (https://proteininformation resource.
org/cgi-bin/ipcSF? id=PIRSF036392) 1 '~ #k #1l B5 It
(Arabidopsis thaliana (L.) Heynh.) | /K 5 (Oryza
sativa L.) . T K (Zea mays L.) 1) 14 1~ B-ARR &
K5 8 17 SUAE b A 7 41272 . A Ensembl
Plants 4 J% (https : //plants.ensembl.org/index.html)
W BN A B R A B T SR CDS R4
(RefSeq v2.0) . DA B-ARR fYFFF 751 A if) ¥4,
F) F§ BLASTp (https : //www.ncbi.nlm.nih. gov/) #2 ¥
o Xf /INAE 4 L PRV e 51 4R 45 [6] 5 51, B-value<
le®, fifi Ffl InterPro (https: //www.ebi.ac.uk/interpro)
NCBI CDD (https : //www.ncbi.nlm.nih. gov/Structure/
cdd/cdd.shtml) #1 HMM Scan (https: //www.ebi.ac.uk/
Tools/hmmer/search/hmmscan ) X} 3 75 [ B-ARR %
5 e 8] I Py 51 Bk A7 45 4 304 € (PFO0072 Al
PF00249) . | F ProtParam tool (https://web. expasy.
org/protparam/) i 144./NAZ B-ARR [ K 4012
SEHL ANERE R B RIS BRI KR 5. A A
SOPMA (https: //npsa-prabi. ibcp. fr/NPSA/npsa
sopma. html) 1 BUSCA (http://busca. biocomp. unibo.
it/) T B-ARR 1 — £ 45 F4) FIIV. 44 a5 437,
SWISS-MODEL (https : //swissmodel. expasy. org/
interactive#sequence) fl] # B-ARR [ = 2% & 1 Ji
451 .
1.2 NEB-ARRERRGFLXEST . EREHM

EFoHh

f F MEGA X H1 1 ClustalW'™" F X ok F LA
b i 4 3 1 Y A1 4 48453 (NT, neighbor
joining) ) R 4t & T (bootstrap {E 4 1000) 2,
fi Fil GSDS 7 £k W 3% (http : //gsds. gao-lab. org/) £ 1l
B-ARR JE R 4544 18] . Oy T Flil B-ARR B 57 ik
J¥, f S 35 % 19 )5 51 43 A7 I 2 MEME (https: /
meme-suite. org/meme/) 43 #T B-ARR %5 [1 7 51| 1 1)
TRAPEEFY R R FF HIOR E 10.
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1.3 /IMEB-ARRERFEHLEFEM. EREEM
HE M
I ) /N2 4 S R 4] H 3R B B-ARR (1) 3 [A]
2B, ) F Mapchart 25 {422 il I PR A e e fA T
)43 o MescanX B2 FFAF5E B-ARR JE R K%
N RN i B e A2 DL S S A A N e AR e B iR
K /INZZ (Triticum urartu Thum.ex Gandil., AA) . #I3r
BURMILISEEL (Aegilops speltoides Tausch., BB) A1l
“F ¥ (Aegilops tauschii Coss., DD) FINURFAR B 4E/ N
(Triticum turgidum L., AABB)ZE[RZH B-ARR Z [i] ']
2. i TBtools™ 1454k [F] LB % (Ka) | [A]
SO (Ks) F Ka/Ks HUAEL .
1.4 /hZEB-ARREE MR ERIAE T4

EHREEME S

FIFAEEFTA gff SO S TR 741, 3 254>
B-ARR F&[H 37 2000 bp 751 , H$&38 B AE LR B A4
PlantCARE (https://bioinformatics. psb. ugent. be/
webtools/plantcare/html/) AR AR 8l PRV E TR
Bl , [ TBtools 4 T&idiE T Ml Ak, fiiF STRINGTE
28554 (http://string-db.org) Fiiil B-ARR F4EE 1 i H.
YEMIZE , I A Cytoscape i TR AlAK.
1.5 /INEB-ARRERZEAREHREAIARIEEY

BB THIRIZEX 17

fifi H expVIP %¢ #& % (http://www. wheat-
expression.com/) I #/NZ B-ARR 7EA [F]IRFIA  ZH 2]
PLS A5 R aE T 3R B, 965 F TBtools
g e PR I TS Sy W
1.6 /NEB-ARREFREFHREMAEEEIFEN

fifiE T # qRT-PCR &1

DL/ S Rpep 22 175 QLo olk K2k~ Be 4
M) A5G Ak, TF5E T B-ARR 43 S 7E T2 hah
e DL AR a4 B TR 3605 . Bk 100 kAT
KLARLIE 22 175 Fh 1 75% S #EAL 3, 25
T/ whge 114, {# FH Hoagland 5 R 5 5%, A2 d B
Pr— BT o HITEAE23°C/18°C (H R/ZB )N

TR (16 hGHE/8 h B AR . /N fE bk
AR T, ST E SR S I PEG-6000
A NaCl, % I —.0 W 4 1 9E 17+ 54 (20% PEG-
6000) F1EE 361 (250 mmol /LNaCl) &b B , F- ¢ b
J50.3.6,12 124 h 73 5IHC0.1 g 8 fif i F s X% T
T ER3E 4 i O A T 4CUKAE D IR AL
PRI 0.3.6. 12 124 h 43l B 0.1 g Bt /o bk
SEm R R PR 3 R AE Y A A KA R
IR FRAE Sy Xf B SRAE By RS BITE R A
VR, IFAEAFTE-80CHY VKA TP T F — 2 RNA 2
B, f# FH TransZol Up Al & (LU P E22 4 YRl A
BN ] SRS N FE AR 1 L RNA, F SxTransScript®
Uni All-in-One SuperMix for qPCR ( [ PG {E 224 k)
A R 2 | ) & i cDNA, f# FH WheatOmics1.0
PrimersServer %0 #% & (http://202.194.139.32/
PrimerServer/) i3 RS MG [ 47 (32 1), i A
ST W 1T RT-qPCR 43 H7 . RT-qPCR JZ L {4 5
A 20 pL: cDNA 2 uL, 2xPerfectStart® Green qPCR
SuperMix 10 pL,Passive Reference Dye(50%) 0.4 uL,
FRU5144% 0.4l (10 pmoL/L) , ddH20 6.8 pL.
qRT-PCR [ i #& 5 Jy : 94 °C #il ZZ % 5 min; 94°C
AP 155, 60°CiE K 20 s, 72°CHEMH 31 5,40 MR
B-ActinVF N2 I, i A PerfectStart Green qPCR
SuperMix (11 P4 {5 22 4E YR A B2 /) X B-ARR
FE A R 64T RT-qPCR A5 I L AE - 5 ka8 35
18 AR BB A (6] I 0 B A i v R A i, R
2 MO AR R IA R

2 ER5HM

INEB-ARRERERERRHLE

PIFGIF JKAS I E oK B-ARR E A FIIME S %
¥ 50 A /N7 D A 5 e Pk % o i BLAST .,
HMM . InterPro .NCBI CDD F1 SMART 437, e 24 %
FEF 25 1~/NFE B-ARR LR (% 2) 4 25 LR Kk
4y B 4 44 N TaARRMlike1~TaARRMlike25 . /N

2.1

*1 #B5B-ARREREZLEEHRMESY

Table 1 Some primers for RT-qPCR of B-ARR gene

HEH 1D LEEI(57-37) ThLI(s-37)

Gene ID Forward primer(5'-3") Reverse primer(5'-3")
TraesCS4B02G240100.1 TCGCAAGAGGAGCCAAACAT AACGGGTAGTCCGTCGTTTC
TraesCS6A402G146200.1 CAAGCTTTGGCTGCTTCAGG GCTGTTTTGGGGTAATGCCG
TraesCS4D02G239900.1 TGGAGCTGAGGATAGCTGGA CTGGCGACGTTTTCCCTAGT
TraesCS6B02G174400.1 AGAAAGGGCCGAATGCTGAA AGCTCCACAGACCACACAAC
TraesCS6D02G342200.1 GCTTGTGGGGCTTGAAATGG CCGCACTTGGTGGCTTATTG
TraesCS6D02G135500.1 AGCAACGACGCAGTAAGTCA TCTGGTGGCAATGAACTGCT
p-Actin GGAGAAGCTCGCTTACGTG GGGCACCTGAACCTTTCTGA
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77 B-ARR JE:[F 505 1) B 5 38 11 ProtParam tool 734
HoAE 1 BT e M PO — 2P R, 15 31 B-ARR (198K
El}ﬂd“ H1 502~684 N FEFR , B-ARR 15> F 83
FEl 2 55.98~73.66, Tl il (14 25 H 55 R [ R 5.29~
8.34, H I ANEE R, 24 B FRFRYER
F| il ProtParam tool 3155 5 % 5 A A Fa i &R
B BBV TEECH 69.05~84.07, AFasE K 36.97~
54.16, 25 FER R 4L B ECE R (A g 18
$<40) , H4y B-ARR & FUEARUE 1 R e F5 5
40)™', B-ARR £ 7K $5 501 Ffl 24 -0.624~-0.305,
T BTSRRI, v] LU 47 55 /KR B AR
B-ARR & [ o BR5E IEfP5E B LA %ﬂﬂiﬂﬁlﬂi—%ﬂﬂ

45 9B B o,

4 FP A5 R TN, T o SR RN TC R 1 Sy

254 . B-ARR BV 2 i A5 i {2 715, B-ARR
P a oA e ] ) e el

{8 FH SWISS-MODEL 4] ## B-ARR 1) — 4k & [
J 45y, Horp i K] TuARRM-likel . TaARRM-like3 FI
TuARRM-like5, % [N TaARRM-like2 F1 TaARRM-
like4, % [ TaARRM-like6 I TaARRM-like7, J&
TuARRM-like9 F TuARRM-likel2, %: Al TuARRM-
likell #1 TuARRM-likel3, 3£ [N TaARRM-likel7 F
TaARRM-like20 53 ) FAG ABALL A — 2 £ 11 T 45 p A
RI(E ).

TaARRM-likel TaARRM-like3 TaARRM-like5 TaARRM-like2 TaARRM-like4
'@ @
TaARRM-like6 TaARRM-like7 TaARRM-like9 TaARRM-likel2 TaARRM-like8
&@ &
TaARRM-likel I TaARRM-likel3 TaARRM-likel0 TaARRM-likel4 TaARRM-likel5
TaARRM-likel 6 TaARRM-like23 TaARRM-likel8 TaARRM-likel9 TaARRM-like21
TaARRM-likel7 TaARRM-like20 TaARRM-like22 TaARRM-like24 TaARRM-like25

El1 B-ARRERZEZH=ZHELREN
Fig.1 3D structure of the B-ARR gene family
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22 /IMEB-ARREREZRERBNHL EELEH
RSP LM ST
R T2 T i N AR Y YR ) B-ARR
LR R ARG LT 1 MEGAX F 2 T2k A
A FEY AP B-ARR SR VT ARG K EW (E12) .
RY R EF WA R FI B-ARR & 190 183 4~ ik
ko 43 UG /NEE B-ARR K43, AN AR A

PrFh B-ARR K , B 73 S T 93X 74~/ INAZ 8 1 AT
RES LA A A RIIEPE AR . 2 SR 6 1~/
B-ARR & [, 43 SC MR RS> 52, 4 121/ N4 B-ARR
% 1, £ v TaARRM-likell . TaARRM-like13 Fl
OsORR23 [AlfE—1/ IV 32 |, 15X 21~/ NEE B-ARR
15 K F OsORR23 HAT 45 W IRl PRk, 7 g
AT AR AT AR

Ta:/NAZ ;Zm: K Os: KA 5 At: SR ST
Ta: Triticum aestivum L.; Zm: Zea mays L.; Os: Oryza sativa L.; At: Arabidopsis thaliana (L.) Heynh.
E2 AE4% B-ARR RO
Fig.2 Phylogenetic tree analysis of B-ARR in different species

AL LS H Z ARV R R G A i 22k U
H 5 B-ARR K £ [K 1) CDS 1 gDNA 741, F| H
GSDS TEZ Ml 22 il 7 H B 45 B (K1 3A) o 45
R, NS FEEEE R 4~6 1, /b 8 H
[l R 5~7 4> MBI 5 5 A AZS AR RS . o7

TR S b AR SR AR LR N 25 H 6
B-ARR Z A AHE R ZE A E AL RO IRST .
/INZZ B-ARR #e 55 [N 14 781 28 Pfam 73 A4
AR, 254 B-ARR E 1) 5 A7 i R A A5
ST Myb-like DNA 454538 13t —24 T /A&
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Motif 2, 3, 4 were response regulator receiver domains
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Fig.3 Gene structure and motif analysis of B-ARR gene family in wheat
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Fig.5 Evolutionary analysis of wheat B-ARR genes
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Fig.8 Expression profile analysis of B-ARR genes in different tissue and abiotic stress of wheat
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