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Cloning and Preliminary Analysis of the Cold Resistance Function of the
TaRRA6-D Gene in Winter Wheat(Triticum aestivum L. )
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(College of Life Science, Northeast Agricultural University, Harbin, Heilongjiang 150030, China)

Abstract: Cytokinin response regulators (RR), as important components of the cytokinin signaling
pathway, perform critical functions in cytokinin signaling output and regulation of downstream gene
signaling responses. In order to investigate the role of wheat RR genes in response to low-temperature
stress, we cloned the A-type cytokinin responsive regulator gene TaRRA6-D from the wheat cultivar
Dongnongdongmai 1(Dnl), performed bioinformatics analysis, subcellular localization analysis, and
promoter activity analysis under low-temperature. We also genetically transformed Arabidopsis wild
type to create overexpression lines for phenotypic observation of root length and cold resistance evalu-
ation. Bioinformatics analysis showed that the TaRRAG6-D gene(TraesCS5D02G140200) was 1 088 bp
in total length, with a coding sequence of 696 bp, which was localized to wheat chromosome 5D, and
the encoded protein was an unstable hydrophobic protein. The phylogenetic tree analysis showed that
the wheat TaRRAG6-D protein was most closely related to the RR proteins of Aegilops tauschii and
Hordeum vulgare. Transient expression analysis of transformed tobacco showed that TaRRA6-D pro-
tein was localized in the nucleus. Analysis of cis-acting elements in the promoter region of the gene
showed that the TaRRA6-D promoter region contained cis-acting elements responsive to low-tempera-

ture, drought, light, and a variety of hormones. Expression pattern analysis of the transformed Ara-
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bidopsis thaliana lines showed that TaRRA6-D promoter activity was induced to express by low-tem-

perature. Phenotypic observations showed that root length of the overexpression lines increased sig-

nificantly compared with the wild type, with or without the addition of 6-BA. Seedling freezing re-

sistance assay showed that seedlings of overexpression lines were significantly resistant to low-temper-

ature compared with wild type, and 6-BA treatment significantly improved the freezing resistance of

seedlings.

Keywords: Winter wheat( Triticum aestivum 1..); TaRRA6-D ; Gene cloning; Cold resistance; Pro-

moter activity; Subcellular localization
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FEHL Dnl 43 BETT AL RNA, S5 Sk 71 & G e
BB 50O AT cDNA A . ff H Primer Premier
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Table 1 Primers used in this study
EIE7E2 751 T
Primer name Sequence(5'—3") Purpose
TaActin-F CCTTAGTACCTTCCAACAGATGT
TaActin-R CCAGACAACTCGCAACTTAGA
TaRRAG6-A-F GCGATACCGTCACCATTAGCG
TaRRAG6-A-R CGGATGTTGCTGCTATCACCAG
qRT-PCR
TaRRAG6-B-F TCTTCTGTCCATGCAGACCAG
TaRRAG6-B-R GATCTTCTTGAGCAGATCGTATCC
TaRRAG6-D-F GTCCATGCAGACCAGCTGGAC
TaRRAG6-D-R CTTGATCTTCTTGAGCAGATCATAC
""""""" TaRRAGDE  ACGCTCGCTCTTTCTTCTCC g
TaRRA6-DR CGAGCATGGTCTGACTGGAT Gene cloning

CGCCCTCGGAAAGTTGGAC

ProTaRRAG6-D-F
ProTaRRA6-D-R
35S: TaRRA6-D-F
35S: TaRRRAG-D-R
ProTaRRA6-D-GUS-F
ProTaRRA6-D-GUSR
TaRRA6-D-GFP-F
TaRRAG6-D-GFP-R

ATCCCAGGCATGCAGTAGTC
""""""""""""""""""""""""""""""" CCTGCAGGCTGAGGCTTAATTAAACGCTCGCTCTTTCTTCTCC
TCCCGGGGCTGAGGTTTAATTAACGAGCATGGTCTGACTGGAT
ACGGGGGACTCTAGAGGATCCATTAGTGGTGAGCTGGAGGTA
GGACTGACCACCCGGGGATCCTGGAGTCGAGTTTATATGCAC

GAGCTCGGTACCCGGGGATCCATGGCGGTGGCGATCGCGGA
GGTGTCGACTCTAGAGGATCCACAATTGTGGTTTGGTCTGC

JR B ik

Promoter cloning

Overexpression

GUS 34
GUS staining

IV 24 0 E A3

Subcelluar localization

1.2.3 TaRRAG-D B R B3 F %1%
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R AN KA DHSa B2 25, 77 0 5 % 30
JE U 3020 Hl R A7 T —80 “C Uk .
1.2.4 TaRRA6-D J& B £ 15 & 5 547

F A ExPASy-ProtParam Chttps://web. ex-
pasy. org/protparam/) X TaRRA6-D % 1 ) #
Ak BT AT AR 26 43 B 5 i ] NCBIChttp: //www.
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B T ODgoy A 0.8 247 . iR BOLH & 3~
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HTEREr RS 9 k4T PCR %5E . RIFESTHL T,
AR 8 JH DR 8L R I I R B ER RNAL IR 6 5 %
K cDNA, I 1 FTaRRA 6-D B E w51 WHE R
LRSI #4F PCR %5 & qRT-PCR %5 .
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SRR .8 A~/NEE A B RR 3K (TaRRA )
M ZIRTE Wi A0 B8 6 b J5 340, P TaRRAG-A |
TaRRAG6-B MITaRRAG-D [ 3B FR £ I E A #f 12
hs ) S THRSE Dnl W TaRRA 3 R IG IR o 3
N, PETE 3 4 A B TuRR (TaRRAG6-A ,TaR-
RA6-B MTaRRA6-D ) %, >k Al qRT-PCR £
IR B 30 F Dnl h TaRRA 3N 33k 725 1k,
i D RYY B I RS, TaRRAG-A il
TaRRA6-B SRkt BRI TG LA B H,
MTaRRA6-D JeH F ik 2t B3 AN
Fikm I E — 25 CHTiA B i &, HTaRRA 6-D %
H—25 C TFHRERN5 CFERBIREM 14 5. £
A B . B, B TaRRA 6-D 1E Sk B Y 3
R kA7 5 22 5%

4y B4 B Dnl 43 BE 45 RNA F1 DNA, DU
RNA AR #4736 P 5o e, DL DNA S 8 AR i#E 47
Ja B F ke . LUK R DN AR A5 58 R Y 696 bp FE A
B (B 2A) Fi 2 000 bp Ja 87 Bt (K] 2B) , Il
J 25 B TC 0 BE 5 A8 , 55 808 PR I 4 DL e , 3% B 2 g
W vi e TaRRAG-D & R F R )1 741

16 . OTaRR46-4 [TaRRA6-B B TaRRA6-D
a

°
514t
m{.g 127
.&%10-
5 b
®g 8
'E 6l
E.g 4l c
=
S 2[ dedede e d d
% oL Cr7mm . ,
5 -10 -25
12 ¥ Temperature/°C

FEIAE b AN [R/ING - BE e 7R 7E AN [ b 21 22 57 5835 (P <<0. 05),
THERE.,

Different letters above columns indicate significant differences
between treatments(P<C0. 05). The same in figures 6—9.
1 {REMMET Dnl 53EEF HIARRAG BIRE R REE

Fig. 1 Expression of TaRRA6 homologous gene in

tillering node of Dnl under low-temperature stress

M, 1

A B 5000bp
M, 1 2 3 4 5 g ggg Eg — 200050

1500 bp

20000 1000 bp

1000 bp 750 bp

750 bp «— 696 bp 500bp
500 bp

250bp fzz :
100 bp

M; Fil My : Markers; 1~5 bR AR HE .

M; and M;: Markers; 1—5 represent different repetitions.

B2 Dnl SETHTaRRAG-D EE(A)RBHFRE(B)
Fig.2 Cloning of TaRRA6-D gene(A) and promoter(B) in tillering node of Dnl

2.2 TaRRA6-D £¥EBEHH

TaRRAG-D 3£ H (TraesCS5D02G140200) 4
£ 1 088 bp,CDS KA 696 bp. i T/ e K 4
SDYetafk, g 231 MEER.EH A THNETT
s EF, EAST RN 25,36 kD, H i
GHLECON 5. 05, BB MM AR FEHCN 50. 10,
BEWTHE R 80. 17, 32 KL (H Ky — 0. 475, %
AT 32 5 D] s B 1) 2 1 O AN FROE B K PE R

TaRRAG6-D J& T A B i35 15 8 . 2 PLN03029
MR 51, TaRRA6-D & [ — 945 # 1L

N ZEE P IR A 5109500, o BRE
27.27% GEAREE & 16. 88 % , FE WL 1 TC LI
BB, EH SRS ERL R BRI E N
S F2CZBA. 1. A, 5 B4R 7 91 AR BLEE S 94. 76 %,
GMQE i} 0.7,

Fi/NFE CTriticum  aestivum , XP_044396212. 1)
EM L (Aegilops tauschii , XP_020160428. 1),
KFE (Hordeum wvulgare, KAI4991868. 1) 4 )
RR & P50 BE 4T FE X, 25 53 (| 3A) R, /N
SHIEREMAER RR HEHES% LRRIE,
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motif Zr &5 (F 3B) R, /NFE TaRRAG-D 5
HILER A EZ A 7 B motf HJF. 5
TR A 6 DA E R modf JE . S5 AL UL
WIRFE AN RR 8 ¥ 90 B SF . T RE A
AEAL Y 2 1) 27 T RE
2.3 TaRRA6-D EEEZHFiEES

= A H Je A 4 B 45 2R (3R 2) R, TaR-
RA6-D ERG S FX&AH S5 MeJA i o4
ABA Wi )i ) ABRE &%, SA Wil i o4 & 2 50t

IINE Triticum aestivum (XP 044396212.1)
MR E degilops tauschii(XP 020160428, 1)
KZE Hordeum vulgare(KAI4991868.1)

7KF& Oryza sativa(NP 001391372.1)
EXK Zea mays(ACG32848.1)

2 Panicum miliaceum(RLN28861.1)
T3 Sorghum bicolor(XP 021316929.1)

ﬂr]r“El’J G-box FEJ¥ % AE M Je 14 s M b, TaRRAG-

A W AR A L TR ALK Wi B 4 DRE i
iﬁ{’ﬁﬁﬁﬁ:ﬁﬂ,TaRRAé‘—D P 35 PR 2% 3K T i i iz A1
M. AKIR T TaRRAG-D %K (1 )5 3 F % M 4> 7
R, W T, TaRRAG-D )5 81 7 BE 08 3 3 #%
ProTaRRAG6-D-GUS M p ST Mk GUS ZEH 1
Fik;4 CARIRAIR 4 h 5, GUS 4L 8 W] B hnig
(B 4), 45FF£W, TaRRA6-D Wy i3 31 1 v UL %
IR S 10 e 2 T Ui 3 PR A 3R ik

B
= L N
= N
NN T m T
ZRESEIRE Brachypodium distachyon(XP003578944.1) NN NN BT
NS BN [

H\¥§3F Arabidopsis thaliana(NP 181663.1) I |

KB Glycine max(NP 001240226.1) I S = I [

YHE Nicotiana tabacum(XP 019254488.1) [ I | m | =
99L& Solanum lycopersicum(XP 004249238.1) I |

3 TaRRA6-D Gt i (A) B motif 5347 (B)
Fig. 3 Phylogenetic tree(A) and motif analysis(B) of TaRRA6-D protein

%R 2 TaRRA6-D R F X IR £ A T
Table 2 Cis -acting elements in the promoter region of TaRRA6-D

LS JeiF A A
Category Element Description Quantity
il Stress DRE core it 7K Wi v 7G4 Dehydration responsive element 1
LTR Zx SR iR e A F 6 Cis-acting element involved in low-temperature responsiveness 1
3% Light chs-CMA2a 6 3 g6 A light responsive element 1
TCCC-motif G 6 A light responsive element 1
GATA-motif 60 B JGF A light responsive element 1
I-box e B oG4 A light responsive element 1
Spl S % g6 A light responsive element 1
G-box Z: 55560 B 59 =R 9845 I8 Cis-acting regulatory element involved in light responsiveness 2
Y CAAT-box Jo T AU T 05 BT 9 AL 7 .
Regulation . Common cis-acting element in promoter and enhancer regions
TATA-box TER SEIF IR 30 Ze A7 9.0 8 817044 Core promoter element around —30 of transcription start 11
A-box i A FHE 5 64 Cis-acting regulatory element 1
g K ARE L S8 7 41 0 LS 45 7 ,
Development Cis-acting regulatory element essential for the anaerobic induction
GComotif 2 5 B AR SR PR S I B SR TR ST 1
Enhancer-like element involved in anoxic specific inducibility
Wz TGACG-motif 2 55 S R P TR B 8 1 I XA R Y oT 1 2
Hormone Cis-acting regulatory element involved in the MeJA-responsiveness
. . 2 55 0 R Y W 52N I A R 35 e
CGTCA-motif Cis-acting regulatory element involved in the MeJ A-responsiveness 2
2 55 I 9 8 IS 1 M =4 e 1
ABRE - 2
Cis-acting element involved in the abscisic acid responsiveness
TCA-element 25K ¥z fz v (2 AE FH 614 Cis-acting element involved in salicylic acid responsiveness 1
TGA-element H: K Z W B JCF Auxin-responsive element 1

GARE-motif

% %5 2 W b TG Gibberellin-responsive element 3
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Fig. 4 Promoter activity analysis of TaRRA6-D gene under low-temperature

2.4 TaRRAG6-D FE B L 4 ffl 3 i
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Fig. 5 Subcellular localization of TaRRA6-D
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Fig. 9 Phenotype observation(A) and survival rate statistics(B) of the Arabidopsis overexpression lines under 6-BA treatment
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