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Abstract. Low winter temperature is one of the main factors that affect the development of
grapes and the wine industry in China. Understanding the signal transduction pathway during
cold stress will help in the breeding of high cold-resistance cultivars. Based on our previous
transcriptome analysis, a gene that showed increased expression pattern in Vitis vinifera L.
‘Muscat Hamburg’ during cold treatment was identified and named WCORZ27 according to
homological analysis. The whole length of VwCOR27 cDNA was 1082 bp, which contained a
909 bp open reading frame (ORF) and encoded 302 amino acids. Homological analysis of
COR27s from thirteen species showed that they contained three COR27-specific conservative
domains. Real time RT-PCR indicated that the transcript abundance of WCORZ27 was highly
increased at 24 h after cold treatment. Four motifs, including EE, EEL, G-box and ABREL,
were found in the promoter regions ( from published Vitis vinifera genome sequences) of
VwCOR27 but at less quantity than that in the promoter regions of AtCOR27. This may be why
AtCOR27 showed more timely responses to cold treatment than did WCORZ27. Phenotypic
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analysis of three overexpression lines under cold treatment indicated that WCORZ27 was
involved in responses to cold stress and enhanced cold tolerance in plants.
Key words: CORZ27; Cold treatment; Cold tolerance; Transgenic Arabidopsis
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[Al) . DAVRALIE 24 h B 1« BUOLAE " i 4 cDNA
B AT s X938 FIH] TIANgel Midi Purifica-
tion kit DP209 171 & %152 1) PCR 98 7™ ¥y 47
IR ;K ™ W) % 45 31 pGEM-T-easy ik
IR T7 F0 SP6 59 A T .
1.2.4 E£WEEZESH

FIH ORF finder 2 ¥ (http: /www. ncbi. nim.
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Table 1

Primers used in WCORZ27 sequence amplication and real-time RT-PCR analysis

514 izl
Sequence(5’' - 3')

Primers

T (bp)
Length of products

WCORZ27F-Sac |
WCOR27R-Kpn [

WCORZ27F-RT GAGGGTTGTGGGAGTGCG
WCORZ27R-RT AACTGTGCTTCTCATCTGTCCAT
WACctin-F CTTGCATCCCTCAGCACCTT
WACctin-R TCCTGTGGACAATGGATGGA
AtACT2-F TTACCCGATGGGCAAGTCA
AtACT2-R AAACGAGGGCTGGAACAAGA
hptll-F CTTCTGCGGGCGATTTGT
hptll-R GCCGTGGTTGGCTTGTATG

GAGCTCATGGCCGAGAATCTTCGTCCG
GGTACCAAGGAATTCAGCTCTCATCCAAAC

921

139

63

75

213
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Fig. 1 Gene structure of WCOR27

415044 bp, Protparam sr#i4i B~ , WCOR27
PSR EE T 33 kD, Hig pl 4 6.8; &
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mume) IR f i
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¥4 Rb LRSS ] A5 1) 22 B RT-PCR 43 #fr (&1 4) 1,
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WA RAEVRAZL; R 24 h f148 h i, H

s N

Combined . .
Name Motif Location
p-value
VVvCOR27 2.82e-60 [—  —
TcCOR27 1.88e-51 e — | —
PmCOR27 9.63e-64 | ]
NnCOR27 4.09e-57 —1  — i |
MdCOR27 1.20e-76 ] . ==
CsCOR27 4.96e-51 e ===
FVCOR27 2.35e-75 —1 [
PtCOR27 5.98e-65 = —
AtCOR27 1.90e-47  E— —
PpCOR27 1.13e-59 e 000000
CcCOR27 6.85e-44 == .
RcCOR27 2.98e-67 ] . —
PAdCOR27 2.31e-53 I .
0 50 100 150 200 250 300
[ Imotif 1 [l motif 2 [l Motif 3
4
3
Motif1  2%1% ¢ N K M
oti =2
13 sites © S E N N
=r==|| INkl\ SN gD KWL SVi<
0‘—vam@l\coc»o‘—wmvm@l\cocno\—wmvmwl\coc’:
FFFFFFFFFF ANANANNNNNNNN
4
2.1e-114 3
Jle- %)
Motif 2 £5 S RD
13 sites SNS ﬁ = AE
WECREEA WDW. S ) 4 L KuE=NG
==, AL | VMo TSLENILR=STK
TANOTODOMNMNOIDOTTANNMTULOMNODIOTANMTL ONODOO®D
FFFFFFFFFF ANANNNANNNNNN
4
Motif 3 3.8e-079 3
oti @
11sites 5 2 C QDS SNT D
1 SL T
s EE P goVEW || AV

Bl i R i

TcCOR27. Theobroma cacao ( GenBank accession No.. XP_ 007042434 ) ; PmCOR27. Prunus mume ( XP_

008236586) ;

NNnCOR27. Nelumbo nucifera ( XP _

010269865 ) ; MdCOR27. Malus domestica ( XP _

008378045) ; CsCOR27 . Citrus sinensis ( XP_ 006487109); FvCOR27. Fragaria vesca subsp. vesca ( XP_

004291104) ; PtCOR27. Populus trichocarpa ( XP _

006374936 ) ; AtCOR27. Arabidopsis thaliana ( NP _

851121); PpCOR27. Prunus persica ( XP_ 007227547 ) ; CcCOR27. Coffea canephora (CD097180); Rc-

COR27. Ricinus communis (XP_ 002510212) ; PdCO

R27. Phoenix dactylifera ( XP_ 008805274 ). Same below.

2 A FEEY COR27 ERRERF IR TFEBIT

Fig. 2 Conserved domain analysis of COR27

amino acid sequences from thirteen plant species
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Fig. 3 Neighbor-joining phylogenetic tree of
COR27 from thirteen plant species
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Fig. 4 gRT-PCR analysis of the expression of
VWCOR27 under cold treatment
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1200 bp J¥ %1, 454 AtCOR27( At5g42900) 1y
JAEF B Hr g 1Y, AT WCOR27 )i
P HAT T 58 (B 5), 5t EE. EEL (Eve-
ning Element-like) ., G-box 1 ABREL ( ABA Re-
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TR BA A A, AtCOR27 #1 WCOR27 1t )i 5l
DX 471 22 1) AT g A2 i 7 v Jiik i R A AR [
R, Hr 3 E T AtCOR27 %t ¥4 38 1 i 1o 45
R ACRRAREE 1 h B H R A R 8 T i A
S [A] 9 2 T R hn 2
2.4 BRIEWCOR27 HEREMEFNKEMNME

J T HE WCOR27 W Thag, Al
Py T 35S i ol FIR s i) WCOR27 #E ik 4k,
JERHBIEH LT AR IT; DU AR RLR T, 4%
PRI DN LR T AR AR Y 3 R 41 DNA R 45 R 43 591 %o
WCOR27 Fii 55 EPu ik IR AT 944 (& 6. A,
B), ZREHITEREN 3 MER (K 6. Line 1~
N HEHEINFH, LRI ACT2 NS
K, %I Line 1 ~ 3 ) T,AWHitk WCOR27 B:IH ik
JKF 1) RT-PCR s #r & W (Kl 6. C, D), W-
COR27 1£ 3 PMEZ I TACKIMRHFIKIEH

B 7 A AR T, REFEFEF AR STAR R Line 1 ~ 3
()25 FE R T A7 B0 32 G L A 3 0 45 11 A7 0% % (&
7), KOUEF A AU RS O i R 2 B OIR 15 F
ML VWCOR27 ¥ 5L m I ik 2R 32 7 T A I
AINFEFAERY, SERIRIR AR E AR, BA

-1200 -1069 -758 =377 -254 -162 -1
AiCOR?T 0 — e —
WCOR27 : E“—

wwarcr | [anmaror ] [SRGSRGI [Acete]
EE EEL

G-box ABREL

5 AtCOR27 #1 WCORZ27 RETRHEF L AT
Fig. 5 Comparison of the motifs in the promoter region of AICOR27 and WCOR27
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WT. BFAERIURIIT; Line 1~3: #iFRiE WCOR27 H B M TR R . A: WCOR27 4 A i BUAE BT A BRI T,
fRIEFE IR IT R R DNA i 14 B. W8 R B HutE K hot [1EHFAETUR T AU B0 3 37 bk & DNA
PP C: WCOR27 7EMF A= BN T ARFEFEI U R Ik R h 19 3Rk AR D BIRIIT ACT2HE RN S
N

WT. Wild Arabidopsis type; Line 1 — 3. Over-expressed VWCORZ27 transgenic Arabidopsis plant. A, Amplifi-
cation of WCORZ27 in wild Arabidopsis type and over-expressed transgenic Arabidopsis plant; B. Amplifica-
tion of hygromycin B resistant hpt Il gene in wild Arabidopsis type and over-expressed transgenic Arabidop-
sis plant; C. Expression of VWWCORZ27 in wild Arabidopsis type and over-expressed transgenic Arabidopsis
T4 plant; D: ACT2 in Arabidopsis was used as an internal control.

E 6 #BFRIEVWCOR27 ilmEITtik R PCR ¥ G ERHEFERILK N
Fig. 6 Validation of insert and expression for WWCORZ27 in transgenic Arabidopsis plant

90
C :
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HH
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Survival rate
AN WA OO
o O o o

0

WT Line 1 Line 2 Line 3
A. X, B: ¥AabHEE; C. BuEE,
A. CK; B: Cold treatment; C. Survival rate.
B 7 HEEMEFERNIEGERE

Fig. 7 Cold tolerance indentification of transgenic Arabidopsis plants

YD, 7 57 ) AE 35 B 43.88%, i M # ik V- (7. C), XUH#BFEILE WCOR27 ik 1 5
COR27 # RN ST EE &R (Line 1~ 3) IAFIG R FFHPTLIERE ST, B WCOR27 25 T itk x4 ihif
BE TR SRR 79.55% . 82.86% 1 78.25% [N S IAE A IF IR PR T AR R A T A TR
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