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of grape stress resistant gene. In this study, Vitis vinifera was used as the material. Bioinformatics was used
to analyze the physicochemical properties, chromosomal localization, secondary structure prediction,
subcellular localization, gene structure analysis, motif explores and gene chip expression of grape Trihelix
transcription factor family. The qRT-PCR was used to analyze the expression of this family under 400
mmol - L NaCl, 100 mmol - L ABA and 10% PEG stress. The results showed that there were 27
members of the transcription factor family in the grape genome, and distributed on 11 chromosomes,
including 10 members concentrated on chromosomes 14 and 17. The amino acid size is mainly between
175 - 880 aa, most is hydrophobic. The subcellular localization analysis indicated that this gene family
mainly existed in the nucleus. Domain analysis displayed that the conserved domain structure of the same
subfamily was highly similar. Gene chip expression results clearly illuminated that VvTrihelix6 played
up-regulated trend after 24 h PEG treatment compared with the control under abiotic stress, and a
down-regulated trend after 4 h and 24 h PEG treatment contrast with the control. Also, after ABA treatment
for 3 d, the WTrihelix6 was down-regulated in fruits, but the change was not obvious after 10 d. The
transcription factor VvTrihelix19 showed a down regulation trend after 24 h treatment with PEG, salt and
cold compare with control, and showed significant down-regulation at 3 d and 10 d under ABA treatment.
gRT-PCR showed that all genes in the Trihelix transcription factor family responded to stress. However,
the response degree of members of the gene family was different under different stress conditions. The
expression of transcription factor VvTrihelix6 in 400 mmol - L' NaCl and 100 mmol - L' ABA treatment
was significantly higher than the control group, 15 times and 8 times of the control, respectively.
WTrihelix19 was significantly up-regulated after 10% PEG stress treatment.

Keywords: grape; abiotic stress; gene family; bioinformatics analysis; gene expression microarray;
qRT-PCR

2018 4F H [ 148 % #% 15 T ARIA 83 5 hm®s {H Tk bl . PREE B DA S T 5
SRS, ARG IR T 2 R GRER, 2017). Bk, $ERmEH S FHLE, Rkt
PR, SR IE AR SC KRR, I 9 2R R S e B B

PSR 2 — KRR 5 ¥R LR 3 2 A A FH o R AR R R 45 5 1) DNA SRR E G 1k,
P HEAR LA 75 % (Riechmann et al., 2000). FEMY)H K IR FE TR ED 70 4, K25
SR KR G MRS E A B8 R . 641 AP2/EREBP. MYB. WRKY . BHLH/MY #il BZIP
SERE SRR B S H R A e A A, BE R RAUE S, SRR A AR A RN,
MR EAEI P (Xie etal., 2017; 405 5%, 2018; Jiaetal., 2018; Lietal., 2018; Zhang et
al., 2018). Trihelix EfEMAE I BRI KK 12—, HHSH Trihelix difiE0MA4, H
FHENESH 3 NP o - 180E, RIRETE B iE——ig e —H—IB e R, —MAE(E 1 a2 4
XA RIS, HAFTET Trihelix 2 (110 N 5k C i, EAEYAEKREE P HHEEM O CRERE,
2017) o KREWFFLERM, Trihelix HxHFRIERAS HHEYDLESER. EHRERSER. FTH
JZIE % (Lin et al., 2007; Lampugnani et al., 2012; Z28|# 25, 2015), VLI AEAYIrEFIAEY)
BN, AFEAE. T5. e AR ES (Park etal.,, 2004; Xieetal., 2009; Fangetal., 2010;
5kAF, 2018). Trihelix sk BT HKIEF DR 5 I E LR A, 748 GT-1. GT-2. GTy. SH4
FISIP1 55 5 MK E, GT-2 F 2 > DNA 45638, HARTKE R A 1 4 (Kaplan-Levy et al., 2012).



pttbhE, £, T4, RES, SEE, FUm, REHE, BRES, B OS.
%] Trihelix #3074 M015 B S H B R B 40 #7.
[ 2 54%, 2019, 46 (7): 1257 - 1269. 1259

Xie &% (2009) HIBFFLA R, Trihelix 73 F7 AI#HE DNA 45 & X E AR, 704 GT-1.
GT-2 M1 GT-3 %53 3K, HA GT-2 #HxH1H 2 1> DNA &5

AR, F A a0 A B R T 30 min Ji5 , AeGT-3b 3 KIEFL R Ty &2 b iR ik (Park
et al., 2004). Xie % (2010) ¥4 KT GmGT24 F1 GmGT2B # NWLFIF i, F 3 R 5 36
T REARIERE I S50, I H GmGT2B B RFFK T HEDXTIMNE ABA FIBURNE. OsGTy-1 1E/KFE
HOd BRI, fEm KR e B (BRRE 5, 201500 i KIEEER GTLI ¥ AT EETT, %
BB PT R RIS (Chanetal., 2010). XiZF (2012) BFFAERY], M“PFMEITZEAF. B
LK ABA FhIERS, JER AGT2L fERYA N 23 LRSS

HAl, Trihelix ¥ K T E&FE/KFE (Oryza sativa). K5 (Glycine max)« EXK (Zea mays)-
2% (Spinacia oleracea) FIUFGTF (Arabidopsis) %52 FiEY) KB (Nagano, 2000; Gao et al.,
2009; Weselake etal., 2009; Lorcaetal., 2014; Qinetal., 2014; O’Brienetal., 2015). {H{EH]%]
HOXZ AR R I SR HE, PR, BFSC Trihelix 3% 5% R SO0 A 2L LA R I DhRe, ik it
TEFEDR, AT A A e A% o R B8 RR il

O L SRS DARE

1.1 REMR SR

AT 2018 4 9—10 FA7EHIR A K2 e 25247 B se 58 = kAT LA “ZLHWBR H6i %) (Vitis vinifera)
WEWRIREAE, 410598 30 d J5, PhikA K@t — S H LB RrAsn, 2 adEER=a1E
10% PEG. 100 mmol - L ABA 1 200 mmol - L™ NaCl A1 LA 7K 1) MS 5 55 3 op gk 47 i 4b 24,
BAEERE 3 MEYFESE, VHAES A L ANEMFES, LENKEN 24h.

1.2 Trihelix 3% E FREFIIHERS

ML T FE R 40 B4 P2 TAIR Chttps: //www.arabidopsis.org/) #4885 7+ Trihelix #43% K7 HI&
FEIRITFH; MWKFEIERZHM RGAP (http: //rice.plantbiology.msu.edu/index.shtml) FR45 /K F& 1) & FE 1R
FF 5o 4 CARAS I HDL R T RIS (10 S R R 1 470 i N 6 ] DR 2R 80 P v, R R R IR 41 2R 47 (R B
X, B3 B BT 100 bp (751, JEB RS R 27 NEIA Trihelix FEH, 705 FEFEF 4K, CDS
FA. @R T HILL S cDNA J751.

1.3 #E Trihelix #FHAFHREBEMER. EFREMFAFEL D

FIF ExPASy #(#& % (https: //web.expasy.org/protparam/) 1 [¥] ProtParam T..E X} & [ i I EEL i
AL WERKD T E. AEREL KRG BT 0. A Maplnspect 2 47>
PrEERfE gLt ik B E . FIA ClustalX PRI /KRG A #4128 1Ry 21 3k 4T 2 S HLx s fE A
MEGAS5.0 8 AFFy % Trihelix #sk R F X R R G K ER, MR RGHWM T B (bootstrap),
R BENEME 1000, Complete deletion A0 G5 s . P-distance #78, X% Trihelix F X3

193,
1.4 #% Trihelix ¥ R E F K% Z R LA+ 70 I 40 A E L T

iz Predict Protein Chttps: //www.predictprotein.org/signin#) 7EZ&s T H R i &it; R
WOLF PSORT (https: //wolfpsort.hgc.jp/) 7E £k V.21 fd 72 13 il #65 %) Trihelix 2 K 2%
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1.5 H%E Trihelix #REFRIERTERF, EESEH., REKEMRZFIILLR S

FIF MEME (http: //meme-suite.org/) TEZLFET 44 % Trihelix ¥R+ FIRRTET, Tl
T FF R W E N 20 A FELHAF GSDS 2.0 (http: //gsds.cbi.pku.edu.cn/) HE4TFE R 454 53 H7 ;
{8 FH DNAMAN #EAT &5 #3807 51 2 B L X .

1.6 E%E Trihelix 3R EFREEE DR RIEER 247

FIF PLExdb #Ff (http: //www.plexdb.org/index.php) #E4T% % Trihelix 3% K T 5 % RNASeq
BIEIRAS, DAL NIRET I R AL B Affymetrix Gene Chip 16K FEP ID, &S5 0%A
GSE31662 A GSE31594, WAL HA R K B T BRI % /RFEER” (Cabernet Sauvignon), {H
ABA (GSE31662) AbBHE LUK AG I g (VR &1 SR B2 ik e d e, #h RO Z/F (PEG). A FH LAt
FoRRIEM R SRIGFI IR R ID £ Excel 4 BB RN T RIGERNALL. B 8
(PEG). % FH VL ABA 118 N ) RNA-Seq 24, FTEE AT In BREC: 4. 55 8 H Heml 1.0.3.7
BAFHEAT i RIS R HIE .

1.7 RNA $2El. c¢DNA & LA EE PCR 747

KH CTAB EHRHUH 2 V8 B A R AL E A 2 RNA. A TAY TR R RITEIRA
F RSB 9 (3R 1), HEH1Z A F A . cDNA & i H Prime Script RT reagent Kit ( Perfect Real
Time) Af& (TaKaRa). FEFWTE - 20 CRRAAFHH

F 1 EE Trihelix ERETFRERESTTHERTRERS|P

Table 1 Real-time fluorescence quantitative primers for the expression analysis of grape Trihelix transcription factor family

HH

s (51-3D

TSI (5-3"

Gene Forward primer Reverse primer

Wirihelix] AGGCTTGGAAGAGACAGGAGATGG CGGAACGGCGGTGGTAATTGG
Wirihelix2 CTGATGGTTGAACAGGCGTGGAG TGGTGAGGAGGACATCTCGCTTC
VvTrihelix3 AGGCTGGAGAAGGCTGCTACC GCTGGACCTGTTGTCACCGATG
VvTrihelix4 GATATGCTGATGGACGCCGATGG TGGAGGTGCTGACGCTGAGG
VTrihelix5 TGTCCGCTCCTGCTCGCAAG TTCACGGTAGGCGTCGATGAGG
VvTrihelix6 GGCGACCGTCCAATAACCAACC GCCGCTTGCTCGTCGTAGATAAG
VIrihelix7 TCTGACGTGTACGGCCTGACC TAGCAGCAGCAGCAGAAGCAAC
VIrihelix8 CCTAATCTCGCCGTTGAACTCTCC CTGCAACCGATAGTTGAGCCTGAG
VvTrihelix9 ACCACACGATGCTTATGGCTTGAC TCCTCAACACCTCAGACACAGTCC
VIrihelix10 TCACCGCCGACGAGTCCTTC ACAATCGCCTGAGCCAATTCCTTC
Wirihelix1] GCCGCTGCCTCAGTTCTGAAC GTGCCTTCGCCGATGGTGTC
VTrihelix12 ACGACCAACTGTCTTGCTCCATTG AGCTCTGCCACCTCTCCAATCC
VIrihelix13 ACCTGTCGGAGAAGGCTCGTC ATCTGCTGCTGCTGCTGTTGAG
Virihelix14 AAGACATCCACCAGAGCAACCTTG GGCATCAACCACTAGGAAGTCGAG
VTrihelix15 CCATCATCACCACCGAACTCTCAC TGGCATTGGAAGTAGGCACAACAG
VIrihelix16 GGAAGATTGCTGGAGCGATGTCG GTCGATACGGTTCTTGCACTGGAC
VWirihelix17 CCTCAGACCAGTTCCACCAATTCG ACCACCACCACCACCACTACC
VTrihelix18 TTCCACCTCTTCCTCAACCTCCTC GTGCTCTCGCTTCTCTATGGCTTC
VIrihelix29 GCATCAGCCAGTCACAGCATCC TCGCCAATCAAGCCATCCTTCAAG
VIrihelix20 ACAACGATGGAGGCAAGAACTTGG GCAGCAGCACCACCGAGATTG
VvTrihelix21 CGGCAACGACGATTACAGCAATTC CGTCTCCTCCTGCTCTGTACTC
VvIrihelix22 TCGGTGCTGATTGACGCTTGG CCTCACGGCTGCTCACAATATCC
VIrihelix23 ACAACGGCCACAGTCAGAATCAG CTCCATCTCCACCTTCTTCATCGC
VTrihelix24 GGCTATGAGCGAAGTGCAATGAGG CTTGCTGTGCTCGGTGGTCTTG
VvIrihelix25 GGTTCCGCCGCAATCGTCAG AGCTGAGCCGTTAGGTTAGCAATG
Virihelix26 TGAAGGAGCGGAGCAAGAATGC GCCTGCCACTAGCTTCGACTG
VTrihelix27 GAGGCAGAGAAGCAGAAGCAGATG GACCTCTTGGCTCGCTTGATCTTC
GAPDH TTCTCGTTGAGGGCTATTCCA CCACAGACTTCATCGGTGACA
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SE ¢ 58 & PCR (real-time fluorescent quantitative polymerase chain reaction, qRT-PCR): W H]
Light Cycler 96 SEIN i& & PCR X, FHBTHIFI##E4T PCR ¥4, LAHI % GAPDH E NiZ B A 2
BN, YRR BAR R A 20 uL, 4394 3 uL cDNA, E. Fi#F514#% 0.8 uL, SYBR MIX 10 uL,
5.4 pL ddH,0, MMNFEFHN: 95 C 30s, 95 ‘C 10s, 58 C 30s, 72 ‘C 20s, F:40 MEF.
% 3 EHE.

2 RS0

2.1 HEE Trihelix ¥ FE T RRBUM R

PR T+ MK R LD, 287 6] B DR 2H Y[R i 2R, L4331 27 ANH1 4] Trihelix ZE[R, 0 o
3 A Trihelix FRIER 73 9544 N VWilrikelix] ~ VvTrihelix27. W36 2 /3ol %1, %) Trihelix
RN T H B FR TR FE N 175 ~ 880 4™, VvTrihelix9 JF 5 HcK, & 880 NRAILFR LI, VvTrihelix19
B, REA 175 ANEIERERE:; AR FREFE 19 728.04 ~ 98 002.1 bps ZFHL AL pl iz T 4.71 ~
9.62 2 IA]; LA VvTrihelix3 fIEE A%, A 23.35, VvTrihelix2 fa@ s, A 65.57; HaliTE%L
T 49.78 ~ 101.72 8] Z¥E T FRIEKZ BAHKIE, R VvTrihelix7 BAEKE (R 2).
ZEFERTFREESAAT 01, 02, 04, 08, 09, 10. 12. 13. 14. 17. 18 Stk b, Hr 14
17 SRS HR%, YWER 5 Wlrikelix5. VvTrihelix6 1 Vwivihelix21 R A AH (&
IDR

% 2 B Trihelix EARKERREBUMER

Table 2 Information and physicochemical properties of grape Trihelix gene family

=i Y ¥ =g:=Fx & i s
1 JE 1D ARRAER anrmmep gns oo IR
Gene Gene ID Amino acid Molecular weight  pl Instability Aliphatic Hydropathicity
residue number index index
VTrihelix1 GSVIVT00000450001 610 66 689.88 9.09 61.62 60.52 -0.738
Wirihelix2 GSVIVT00007624001 267 32412.39 7.01 65.57 49.78 -1.424
VTrihelix3 GSVIVT00009717001 317 34 640.67 6.62 23.35 85.46 -0.141
VWTrihelix4 GSVIVT00009719001 315 36 408.71 6.04 54.05 66.57 -0.880
Wirihelix5 GSVIVT00010721001 393 44 044.97 9.20 45.51 61.04 -0.706
VTrihelix6 GSVIVT00010959001 416 47 500.10 5.40 65.37 68.27 -0.908
VWTrihelix7 GSVIVT00017824001 604 66 353.64 8.90 33.33 93.64 0.103
Wlrihelix8 GSVIVTO00017917001 859 97 648.31 5.52 40.50 101.72 -0.112
VTrihelix9 GSVIVT00017918001 880 98 002.10 8.93 42.53 88.50 -0.329
WTrihelix10  GSVIVT00018738001 272 30 675.95 9.01 56.04 68.90 -0.744
WTrihelixll ~ GSVIVT00020569001 283 30 725.17 8.77 38.29 101.06 -0.010
Wirihelix12  GSVIVT00020570001 337 36 557.77 7.71 26.35 87.95 -0.133
Wlrihelix13 ~ GSVIVT00020571001 378 42762.93 6.14 45.82 68.65 -0.758
WTrihelix14 ~ GSVIVT00020572001 318 33 740.60 4.71 39.43 87.36 -0.022
Wirihelix15  GSVIVT00021664001 561 64 145.52 6.59 55.64 55.90 -0.972
Wlrihelix16  GSVIVT00029331001 259 29 403.29 9.62 46.72 64.09 -0917
WTrihelix17  GSVIVT00031144001 568 64 183.43 6.17 64.05 57.57 -0.939
Wlrihelix18 ~ GSVIVT00031772001 545 60 934.99 5.78 58.97 56.44 - 1.004
Wlrihelix19 ~ GSVIVT00031773001 175 19 728.04 8.29 64.15 83.49 -0.243
WTrihelix20 ~ GSVIVT00032270001 494 55498.93 5.35 51.16 58.50 -1.118
Wlrihelix21 ~ GSVIVT00033872001 282 32353.82 9.35 57.40 61.24 -0.857
Wlrihelix22 ~ GSVIVT00034030001 350 38 990.44 9.60 58.15 59.43 -1.019
WTrihelix23 ~ GSVIVT00034901001 510 57 905.24 5.06 64.73 57.02 -1.059
Wirihelix24 ~ GSVIVT00034998001 461 53 553.69 5.92 54.60 55.90 -1.045
Wlrihelix25 ~ GSVIVT00035100001 207 23 413.70 4.77 30.49 92.27 -0.172
WTrihelix26 ~ GSVIVT00035101001 370 42 649.72 5.85 59.79 61.43 -0.926

VTrihelix27  GSVIVT00035872001 282 31998.05 8.70 61.13 62.06 - 0.848
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Fig. 1 Chromosome mapping of the grape Trihelix transcription factor family

2.2 EE Trihelix & FE T HKiEH L 2

FIFH MEGAS.0 M R R B, 5 a1 2 Firow, #i %) Trihelix s8R+ KR A 504 5 AR,
9 1 WA 9 M T, 42 54 VvTrihelix 1. VvTrihelix2. VvTrihelix6 VvTrihelix15 VvTrihelix17+
VvTrihelix18. VvTrihelix20. VvTrihelix23. VvTrihelix24; 1WA 4 MEFHETF, 992
VvTrihelix4. VvTrihelix13+ VvTrihelix11 F VvTrihelix26; I EA 6 1, N VvTrihelix5.
VvTrihelix10. VvTrihelix16. VvTrihelix21. VvTrihelix22 #1 VvTrihelix27; BV iEED>, 551H
VvTrihelix8. VvTrihelix19 fl VvTrihelix25; 2 VLKA 5 4, 43502 VvTrihelix3. VvTrihelix7.
VvTrihelix9. VvTrihelix12 Fl VvTrihelix14.

2.3 EE Trihelix 3R EFXREEBRZREWFTUNFI L B E L7

A R SE R TRIN A> H 5 B B, A& Trihelix JE BRI 5 RIS 10 E A R R EH o - 12
JiE (24.61% ~71.71%) FIAFEN T (22.97% ~ 67.94%) 45y, H-E&BEMAEE: Bl iz
o - IR 5 1R R FRIES 5B IR R A 15 MERGEHEA R _REWAE B -
¥, 29N VvTrihelix]1. VvTrihelix. VvTrihelix5. VvTrihelix6. VvTrihelix10. VvTrihelix15+
VvTrihelix16. VvTrihelix17. VvTrihelix18. VvTrihelix20+ VvTrihelix21+ VvTrihelix22. VvTrihelix23.
VvTrihelix24 1 VvTrihelix27.
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® HIE Vitis vinifera(Vv) ® KHG Oryza sativa(Os) O #UBIF Arabidopsis (AT)

VoTrihelix)s @

AT5G05550 O — 05

AT3G111000

2 EE Trihelix ¥ FZEFREHE SR

Fig. 2 Evolution analysis of the grape Trihelix transcription factor family

AR A E AL TR I, 12 S DR ST IR 2 AT T A i . A R o DL S i SAA b, DAt
Mtk 2, BREER Wlvihelix3 VvTrihelix7 « VvTrihelix8 . VvTrihelix9 . VvTvihelix11 . VvTrihelix12
A WTrihelix25 fEAMIAZ TR FRIE, HAREERISAE AFIRENRIEL; 7o, RArgAah A 12
ANIER R IL

2.4 HE Trihelix 5% E TR R TIHEBWFIES

FIFH MEME X fETE 285 M1 i %] Trihelix 5 5% K7 FERRSFRAE S 3, SR, FAHHAF
PR E IR S = BN Z R R R TR, S AR ] s — B BRI s R R . 27 N
SRR FFES, BKRSFITPHIE 50 NS, &M THA 15 NMEIERR . #kFF VvTrihelix7.
VvTrihelix8. VvTrihelix11. VvTrihelix14. VvTrihelix19. VvTrihelix25 A58 G IEEL AR 7 55 ¥ 1
PR, S EE R IR S A MR AT AN & S IV IR o S IR C i 3 FREE P4, 495318 motif2 motifs
Il motif9, L motif2 EFERINFrHRiRE, &A 2XW28XWIX RIEMIRLTFLAEMIK, FETHE L
ARSI S, PSR S Trihelix 353008 7 5 R R ie—3F—iZ e 4 iy, H&G
X6LX16LX14 KR hisE R0, FERMIEAE Trp (W) 3. Trp (W) -32 7EJ7 5= R
Sy N 6 FhIE P AL, 35 motif6. motifS. motif13. motifl4. motifl6 Al motifl8, 1 motif6
EREERE, FEAAEE 1 WEMBIDE R ES, X IER RIS 5 R K= 1
W BRI FEAE 75 i AR ST; motif8 F EAFAE T A% H, motifl6 1 motif18 32 EAFE T2
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I REAEE VIS (B 3), BRI VvTrihelix fEAN R, CReFEEHA IR K ZE 5 .

P-value

VvTrihelix1
VvTrihelix2
VvTrihelix6
VvTrihelix15
| | VvTrihelix17
VvTrihelix18
VvTrihelix20
VvTrihelix23
VvTrihelix24

7.32e-221
1.71e-49
4.85¢-92
2.26e-178
1.86e-113
6.35¢-209
2.16e-132
2.65e-202
3.46-185

VvTrihelix4
11 | VvTrihelix13
VvTrihelix26

2.43e-151
2.14e-255
3.05e-267

VvTrihelix5

VvTrihelix10
VvTrihelix16
VvTrihelix21
VvTrihelix22
VvTrihelix27

11

2.10e-42
3.60e-94
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Blue indicates weak gene expression, white indicates medium gene expression, and red indicates strongest gene expression.
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