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Abstract: Dongnong Dongmai No.1 (Dnl) is the first strong cold-resistant variety that can be
planted in a large area in the cold zone, and the greening rate is over 85%. To explore the function
of the REVEILLE 7-like gene in winter wheat and the effect of exogenous brassinolide (BR) on the
expression of this gene under low temperature stress. In this study, the cDNA sequence of
REVEILLE 7-like gene of winter wheat (Dnl) was cloned by RT-PCR, and its bioinformatics

analysis was carried out. At the three-leaf stage of winter wheat, BR was sprayed on the leaves,
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and the leaves and tillers of winter wheat were sampled at 4, 0, -10, -25 “C. The expression
patterns of this gene in the leaves and tillers of winter wheat in the above different treatment
groups were analyzed by qRT-PCR. The results were as follows: ( 1 ) REVEILLES belonged to
MYB transcription factor family, and the full length of REVEILLE 7-like gene was 1 251 bp,
which encoded 416 amino acids. The encoded protein was an unstable hydrophilic protein, mainly
located in the nucleus. ( 2 ) REVEILLE 7-like had the closest genetic relationship with Aegilops
tauschii and Eremmer wheat, and the total similarity of protein sequence was 78.62%. ( 3 )
REVEILLE 7-like gene promoter contained cis-acting elements involved in adversity response,
hormone response and MYB binding site. ( 4 ) The expression pattern analysis showed that the
expression level of REVEILLE 7-like gene in the control group was significantly higher at 0°C,
-10°C and -25°C than at 4°C, suggesting that the gene might play an important role in winter
wheat under low temperature stress. At -10°C and -25°C, the expression of the gene in leaves and
tillering nodes of winter wheat treated with BR was significantly higher than that of the control
group, and the expression of the gene in tillering nodes treated with BR was significantly higher
than that in leaves. Therefore, when winter wheat was subjected to low temperature stress, BR
could improve the expression of the gene and further improve the cold tolerance of winter wheat,
and with the decrease of temperature, the promotion of cold tolerance of winter wheat tillering
nodes was more significant.

Key words: winter wheat, brassinolide, REVEILLE 7-like, gene cloning, low temperature stress
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Al DA RO AR KIS, (RIFZIEEIEA R N IEH 5% (Sun et al., 2020)
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A8 cDNA B, H PCR ¥ 19 E 5 ik R B UE BEAR 2 2 3R %D , 2 e ¥ iR & T--20 °C
UKFEAE AT o
1.2.2  REVEILLE 7-like 3[R 1) 5 b

M CRREFE 1S AR 1135 REVEILLE 7-like F )7 %14, 7E NCBI
BEATEERE, LU 45 R —3, A% Primer 5.0 Btk F 4K 7 B Re 744 51 %) REVEILLE
7-like 1IF/IR (% 1) , ## 20 upL PCR BAEFR, KRNFFUTF: 94 CHIANE 5 min, 94 C
1305, 55 CiBK 30s. 72 ‘CIEH 90 s, FLHEAT 30 MEH, 72 CLALEM 10 min. Jefik
[FUs . 5 pMDI18-T Vector A HiE (Takara db50) , FRIGIES =Y N B KT # IR 2 &S
Y, iR 14 h PR HTERE 14 h JEHT B PCR, &AL B IEMR, $Rk, XEHEAY
AR CbmD) AFMT
1.2.3 REVEILLE 7-like & F 1 4EY1E B 5047

ProtParam 7E£% ™3t Chttp://web.expasy. org/cgi-bin/protparam/) %34T REVEILLE 7-like
HAMS TR, S SEHEMMH; A Clustal Omega Chttps://www.ebi.ac.uk/Tools/msa/clus
talo/) TELRKAFATEILIR 2 )7 4L X ; A plantcare Chttp://web.webtools/plantcare/html/) i
ITEEAM RS TMN; H Protscale 3 f (http://web.expasy.org/cgi-bin/protscale/) 434t REV
EILLE 7-like £ (11955 Bizkt: % SOPMA I Swiss Model %4 (11— =245
BEAT TR AT AR . I FH 4 MEGAT7.0 ' Neighbor-Joining (NJ) ¥:#J% REVEILLE 7-like
ETEASZYMMAG K EN, Ffidil MEME-Submission Chttps://meme-suite.org//meme/) %K
P53 M i PR ST S5 M AT ORSF B2 (motif) o
1.2.4  REVEILLE T-like K2R )21k & 53 By

HA TAM TR AR AT (L) & REVEILLE 7-like 2R qRT-PCR 51¥), K
WS Actin 51%) (2 1) , #R¥E TB Green Premix Ex Taq™ i B 1515 11 20 L R NAK R,
SRNFRFFUIR : 95 CHIAZNE 30s, 95 CAEME 5sv 60 CIBKIEA 345, 40 MEK. WHE
3 RAEYEESE, KA 222CE A SPSS BT XS S I FHE BT 4 BT AL EE

<1 LIFTASI4
Table. 1 Primers used in this study

514 FH(5'—3" i
Primer Sequence (5'—3") Purpose

REVEILLE 7-like-1F ATGGCTCGTTTTCAGGAAACCAA oL R A K
REVEILLE 7-like-1R TTACAAGCAGAGCCTGGTCATCTCT Full-length cloning
REVEILLE 7-like-2F AGGTCAACAGCACCAGCAACAG P E B
REVEILLE 7-like-2R GGGCTCACACGCTCTCTCAAAC gqRT-PCR

TaActin-F CCTTAGTACCTTCCAACAGATGT Pt E NS

TaActin-R CCAGACAACTCGCAACTTAGA Reference gene of qRT-PCR

2 R 50
2.1 REVEILLE 7-like 3R ) 55 & & 55 9 #1

F S 53845 10 cDNA 1 N#EAR , 2 1 H1 1) REVEILLE 7-like 1F/1R 54347 PCR ¥4,
AIA33) 1251 bp 2k (B 1), K7 51$258 2] NCBI LU W AT, REVEILLE 7-like
FERFH 4K 1735 bp, FFAEEHE (open reading frame, ORF) 1251 bp, 3:4mid 416 4>
HHEERE .
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Fig.1 The PCR results of REVEILLE 7-like

2.2 REVEILLE 7-like 2R 455 B R WAEYE B E5HT
2.2.1 REVEILLE 7-like & A RIERAL IR SR AKME K =2 =50t

REVEILLE 7-like &5 [ 4£4mfY 416 NEIERR, 73T 72N Cio3iH3074N5780636S21, XS 73T
LN 45 236.40 Da, FRGZ5HL A4 7.11, REVEILLE 7-like & R AR ER/KIEEA,
AFE RH56.71, FEEALTAIMIAL, 2B H 20 MPa L IRA Rk, Hh 2 H S Eis,
HEERN 11.5%, BRERR & EHRIKN 1.7%. REVEILLE 7-like 3R 4 ht () &5 1 7 2155 K48 50N
-0.719. FIH SOPMA ¥ Pl iz H I — K&ty (KB 2: A) , HrpatBig i 26.68%; ZEfH
B 8.17%: BESMAATCHI S % (5 1.68% 63.46%. ZE AN =G EEHuZiE. T
NG ER (B 2: B) , DRI o SN — g 4 ) Tl 5 R — 5.

A B
| 1|y o Q/\, 7™
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2 REVEILLE 7-like EHZRFMRHZHEE (A) M=REH (B)
Fig.2 Secondary structure and curve trend of REVEILLE 7-like protein (A) and tertiary
structure (B)

2.2.2 REVEILLE 7-like & H [ 5 Gt AL 73 Hr A1 motif Fill
K 3 NN (Triticum aestivum) 5717153 (Aegilops tauschii) ~ —ki/NgZ (Triticum
dicoccoides) « SHiE/NE (Triticum urartu) « K3 (Hordeum vulgare)  H3ZH. (Lolium
perenne) ~ W BEE (Lolium rigidum) « —FEFEIE (Brachypodium distachyon) « 751
(Setaria italica var. germanica) ~ WIFi#E (Panicum virgatum) REVEILLE 7-like £ H [ R4
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KEM, AIKI/NZH) REVEILLE 7-like AMTATYIZE . RI/NEREGOC R FOL, FLRBHL )
RS NERUREE, 54 T AR R RGOk R B0z . I8 4 AIH1, REVEILLE 7-like 5
FLR DR 23 7 AR LA R o 23— € IAROUE, /N 532 . R . R
AT MEYEE AT 4 MR EA R R, M TAENE. B IR 3 A
IR AR

_99|: A/NE  Triticum aestivum (XP-044334281.1)

05 W #  Aegilops tauschii (XP-020193476.1)
96 _|: “RI/NE T dicoccoides (XP-037487178.1)
08 99 N T aestivum (XP-044458978.1)
71 YR E/NE T urartu (XP-048559158.1)
53 K& Hordeum vulgare (XP-044967911.1)

HEEL Lolium perenne (XP-051219259.1)

EMEFEE L rigidum (XP-003580392.1)
[ —HEWE  Brachypodium distachyon (XP-047069879.1)
HF  Setaria italica var. germanica (XP-039790950.1)

66

Wik #E  Panicum virgatum (XP-004953478.1)
3 REVEILLE 7-like BB R HEIREEBRFIINRFELEN S
Fig.3 Phylogenetic tree analysis of REVEILLE 7-like and its homologous amino acid sequence

AMNE  Trticum aestivurn [ [ ] [ ]
BHE Aegilops tauschi [ I I ] [ ]
Z¥NE T dicoccoides I

AE T oaestivun [N R
SEHBNE TLwaere N

K#E Hordeum vuigare | I | | |
BEF Lolium perenne____ I IR [ ] [ ]
WEBEE L rgdn A T I | [ ]
ZIBISHWE Brachypodium distackyorn IR T ||
ABF Setaria itakica var. germanica I e |
HWMXIR  Panicum virgatum I e | —

. Il RKPYMITKQREKWTEEEHKLFLEAMQLHGRAWRRIQEHIGTKTAVQIRSH
. (] TSAPEANTWSPWLANSQQFMYYVPQGAVFFGYNNGSVPYPV

. [ HAAGLRERVSPAFVQQRGFMPYKRCAAESKAMQPQAPREEADREMTRLCL
[ ] PPIQIPPPRPKRKSVHPYPCNLRSAQPGK

AN

4 REVEILLE 7-like A R HEEREERFFIHY motif TN
Fig.4 Motif prediction of REVEILLE 7-like and its homologous amino acid sequence
2.2.3  REVEILLE T-like 535 % 5% Z S MM i) 2 B 18 7 41 B J e 3l Tt
NEGHEG R ZBOENTZE . Zh/NE . BRIE/NE . K32, B E REVEILLE
7-like ZIEIR T HIHAT Z R AT (B 5) , RIVEEEF A AHLUE A 66.80%, /N HHT
# . ZKi/NFZ REVEILLE 7-like 5 H 7 51 S ABUE R 78.62%. /N5 k¥ JE o) 134T
T CE 6D, 458 %I REVEILLE 7-like 2£ R J3 2) T #8608 2 5 1 00 B | E M. 2 MYB
SEA AT S HNGEAE o, e B e 3 B e B T R AV IR RS AR o R, E
Moot EEAFEME RN AKE. AER. KBREEH oM, FI REVEILLE 7-like
R RES 5N LS M YIERE . TR5WE, NEZMEERES. AEEDNEKEE
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Fig.5 Amino acid sequence alignment of the REVEILLE 7-like proteins between Triticum

AN Triticum aestivum 1| MNP

1414 Aegilops tausch

aestivum and multi-species

5 5 RHIRR SR TEH Cis-acting regulatory element involved in the MeJA-responsiveness
255 SRRV IR J6 1 Cis-acting element involved in the abscisic acid responsiveness

HKFERRIEM Auxin-responsive element

KN T.dicoccoides [ W

RN Towrare [

K# Hordeum vulgare________ 31

Lolium perenne____|

T ik % R Gibberellin-responsive element
SRR G Cis-acting regulatory element involved in circadian control

25 (G 0 N G A L TG 0F - Cis-acting element involved in low-temperature responsiveness

Z 5 R AAE I G Cis-acting regulatory element involved in light responsiveness

5
T

[
&

55 A BRI TG Cis-acting regulatory element involved in auxin responsiveness

T T
0 200 400

600

MYBHv145 44725 MYBHvI binding site
5 R U EN T RIMYBE: &
% 5K g S S A A L 7G04 Cis-acting element involved in salicylic acid responsiveness
2 5 R R HUR

BETRIES

(14 MYB binding site involved in flavonoid biosynthetic genes regulation

(IR TG Cis-acting element involved in defense and stress responsiveness

fiE /MY B {5 MYB binding site involved in drought-inducibility

6 INES5ZYF REVEILLE 7-like RENF M

Fig.6 Promoter prediction of the REVEILLE 7-like proteins between Triticum aestivum and

multi-species

2.3 Wi BR Xt &/NEH B A4 BESidh REVEILLE 7-like 3R 335 B

I 7 v, EL/NEMFr, CK X IRZHAT BR ACFR4L REVEILLE 7-like %

MREE

Wt P B AR B2 ETHE T RERES, 20 0HE 0 'CHI-10 CRERIEE . AB4L 5%
MRAHALE, ZEERIRRIEEAE-10 'CH-25 CHRBIRZESE S (P<0.05) .

FEGP BENTH, X

JitE

DN

2H REVEILLE 7-like 3[R {1 AH X 224 5 [ 45 15, B 1 B AR 5 BT I T 1%,
{E-10 CHfAHXS KA B i 5 BR AbEE4H %%
(P<0.05) , 7£-25 CHIAHXTRIEE i . AP 5%

AR o 2 i i i R A PR 8 (R 35 BT
HRALAHEL, 2D A RIA g

i, fE 0. -10. 25 CHFZREE (P<0.05) .
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7 TELIREBHE BR EZ/NEMA (A) FSEET (B) ® REVEILLE 7-like B [E %
LERNEK
Fig.7  Changes of REVEILLE 7-like gene expression in winter wheat leaves (A) and tillering
nodes (B) of winter wheat after spraying BR at different temperatures

3 Wik

MYB ¥k K7 H e 22 5EMAERKRKE . AR i, B, #RE
SHESMAREAKET (Maetal, 2023) , AEFHH MYB & H 0 MdoMYBI121,
MdSIMYB1. TaMYB3R1. OsMYB3R-2 {9/ . EhAIT R E N (Dai et al., 2007;
Choonkyun et al., 2008; Mao et al., 2011; Cai et al., 2011) . Af 5t 1, /N H REVEILLE 7-like
HEMT N EZ . ZR/ANERGCREID, JFHEA RSP 2B G AL, 35
REVEILLE 7T-like %N AE2% G 5% REGL IR RN BN R ST o BRI, ASCWFFTH) MYB 8 H £/
2 AT g BT AR BT D RE o e S Rl 5 L RS Bl B I A FH 0 A S0 T e
DRI FRL, AT R A A IR 1 o FEA BE N MYB 5% IR 7 S I Rl 03 7E 2 Pl
VIR A FRak AN, S0 I myb 15 JE R i Sk ] DL REARAE PRI 5 1 ( Agarwal et al., 2006);
FESE IR, MAMYB23 FER 5 J5AE T 3 AE V)6 RO S 15 22 1 MAANR 195 3 AR ELAEH
PG HRIE VMR FE R E R RAVEMA (ROS) 5k, WIS SEAEKT M (Anetal,
2018) o AWFFH, X/NFEHK) REVEILLE 7-like ¥ K /& MYB #3537 XK B0 — R, X
REVEILLE 7-like 3 PR 5 37 AR I TCAF 0 A A 1288 R 31 X305 2 5 R
W NS MYB S5 A A A E I T, #EM A /N32 REVEILLE 7-like JE PR T 62 5
R A R S, B —E KPR EYI A R . BT AT SIR Y], REVEILLE]
AR IR IR R P H RO 52 1 (Meissner et al., 2013) ; HHEH SgRVE6 ] DL 4 5
FEARAT A F I (Chen et al. 2020) RVET HE TR BENS BRI B A8 A0 I8 — 2B A H w2
Pl (A%, 2022) o ABFTH, @ RIAB AL, BEEMRRPRarmE, £
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AN Ry BE h REVEILLE 7-like JER RIS EH e HFHE R, 7£ 0. -10, 25 C
BRI 4 CHRAHILESIY A B TR, HIEYIREHEN REVEILLE 7-like 55K 7] B8 1E 44 /)N
F IR AR R EZAER, X 5EHAY R R MYB & H o] Y IR 52
PEEEA—3L,

BR 7EMEY) T 5 R il AR 54 R S R AR A W de e B A iR BRI /E A (Li et al,
2021) , A BR o] DAESREE N BREG WSESEM PR (Kagale et al., 2006; Mahesh et
al.,2013; Hu et al,, 2013) , i&n[@ 2 SO GEE . Bamok b &R, fEmbia
AR S PE S DU R R RIA S5 5 1 T4 57 2R B I PLFEME (Al et al., 2018)
{HH A & MYB 3% K 718 /NE PUsE AU AT Fo i b, JCHE 53R 2 [RIAH BAE ik
RIART o ASCHEFT TARIRE M E T 4ME BR X 4&/NE MYB 5 5%[K ¥ REVEILLE 7-like %:[H
FILENIF M, qRT-PCR 2558 BIRTEA/NEZ I F14r BEF T, BR B G iZ 5L (13RI B AE
10 “CAHI-25 CHF ) B T X IR, [N BR ALBR )4 B rhiZ e PR A B8 0 35 v Tk
HZ BRI R . B, 7EA/NZE 2 BIMCIR Mg i BR 7] LA$Z 5 REVEILLE 7-like %
RIRIE, BE—SimA/NE I FEr:, Jf HBEE R R, X425y BE1T 1 FE (2 it
VERI S G2, X 5 Hofh 2 3 fE R A4 & B BR AT 3 S i3 P LAK BR A LA
FHIR IR SER Rk 45 R — 5.

AHWFFENT MYB #5 B T 5K e 3 R REVEILLE 7-like #H47 1 70, 1ZFEHE 4K 1251 bp,
GG 416 NRIER, FMIBEANRFRERKEER, EEEM TR, FREZNE
prEd A EEMER, JFHAMG BR 7T LA R REVEILLE 7-like 3£ 3R1%, #—H42
AN I TENE o AR P ZIE R B T HIFE b, H BAek R /N2 B AR AP b 1) 4t
FEME, JESERTIEE A AR T B — IR N JT REVEILLE 7-like J& R {ERE Y HLdi ik 72
HVE LS, SRR PR o R 35 5E SRl
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