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Fig.1 Anthocyanin biosynthesis pathway
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1.2.3 % RNA ## 4= qRT-PCR ff HIL &
L FEE WA BRA ALY PEXBIO #9292 5 RNA
2 7 & $ L RNA, ffi ;] Takara /A ] Pri-
meScriptTM RT reagent Kit with gDNA Eraser
(Perfect Real time) iR 7 & ] # 5% & i ¢cDNA,
WNZ I E B Actin Fil EF, 1F Genebank §1#F
#4458 PAL, CHSI ., F3'H . F3'5'"H .DFR,
UFGT Ml MybAl % 5 3. R )5 % 3 he-

M pH 7R

tp://www. idtdna. com/primerquest/Home/In-
dex FATF YT, 5190 H1 b 5t BB 5 & AR ) B
HABRA AW (E 2), qRT-PCR WK & .
2X Ultra SYBR Mixture (CWBIO) 12. 5 pl,
ddH,0 9.5 pL. &4k 2 pL.31% 1 pLCEHES Y
MRS %4 0.5 pl), qRT-PCR [ L 2 FF -
95 °C10 min,95 C 15 5,60 °C 1 min,40 MEIH,
72 CHERY =Y 7 min, FTARESEREE 3 A
L, ddH, O 8% cDNA 15 NTC X8, %
R 27280 e B it AT

1 AELEHRFEMAKBRBENKE
Table 1 Basic water potential and daily irrigation of different treatments

it 3 5 ZE Al K # (wh) /MPa

WK ] / (min/d) WK/ (L/dD

Treatment ¢ Basic water potential Irrigation time Irrigation water
JolriE (X No water stress(CK) 0 MPa=¢b =—0. 20 MPa 10 30.1
BEME Mild water stress(T1) —0.20 MPaz=¢b =—0. 40 MPa 6 18.6
FEEWME Moderate water stress(T2) —0.40 MPa=¢b=—0. 60 MPa 3 9.3
HEMA  Severe water stress(T3) —0. 60 MPa—=¢b 1 3.1
x2 ELHEFXEE PCRIIWEFFI
Table 2 Primer sequences for real-time quantitative PCR
FEH Gene S F ] (5'=>3") Sequence of primer 55 Accession number
VuPAL Forward CGATATGCTCTCAGGACTTCAC EF192469
Reverse GATCTCCCGTTCGATGGATTT
VvCHSI Forward GACGTCCCAGGGTTGATTT AB015872
Reverse GCGATCCAGAACAAGGAGTT
VvF3'H Forward GAGATCAACGGCTACCACATC AB213605
Reverse CCTGAATTCTAGTGGCTTCTCC
VvF3'5'H Forward GCTGGCACTAGAATGGGAATAG DQ786631
Reverse CTCAACTCCATCCGGCATTT
VuDFR Forward ATACGGCAGGGCCAATTT X75964
Reverse CGTGGGAGGAGCAAATGTAA
VoUFGT Forward CTGGTAGCTGACGCATTCAT DQ513314
Reverse GTAAACATGGGTGGAGAGTGAG
VvMYBAI Forward GGCTTCTGGAGAGATGCTTAT AB097923
Reverse CTCACCTCCCTGGATTTGTT
VvEF Forward CAAGAGAAACCATCCCTAGCTG AF176496
Reverse TCAATCTGTCTAGGAAAGGAAG
VwActin Forward CTTGCATCCCTCAGCACCTT EC969944
Reverse TCCTGTGGACAATGGATGGA

1.3 HiEE
H Microsoft office excel 2013 % Kl 2k H 2 %%Ej l
Sigmaplot 12. 5 #EA7 5G4 B8, A LSD &%t 2.1 FAREKSHELEXN REHEERLAS
One Way ANOVO 4347, A
3% 3 "ML T3 Bk B B8 T CK. A
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T1.T2 #l T3 #% CK 437l FEAK 1. 5% .11, 1% Al
25. 9 Y6 , 2 I 4 2 S SR T e B K G B AR
(R 3G T AR, 3ok B2 Jiih s TRl SR e A . T Al
T2 W] % Pk EE ¥ B i 4 B0 3 & T CK, 43 1)
H CK & 9. 3% F 5. 7% T3 WAKF CK, £
JEE R K 43 3l R B R SR S TSS a4 K.
T1 Ml T2 B E R (TA) i B EMK T CK, %
B4 3 R0 b B2 K 3 38 23 AR TA Y 5T 82 Wk 2

1M T3 W 3 T CKL UL K4 e 4w T
TA W, o7 M E SR T1
BE® T CK, 4 %% CK ¥ 1 27. 7% A
35.8%, 1M T2 5§ CK Z5 AR &, T3 W7 &

P B AR O T CKL 2 B 58 8 K 43 Wt A R
T LR Y B BRI R K A ol A A ] TR
TR B B,

x3I KOMETREHPEBFRIAHS (xLs)

Table 3 Fruit composition of grape at harvest stage in water stress

4 5 Hﬁ{mdid/g T R/ T SE R/ (g/ 1) 7/ (mg/g) KB/ (mg/g)
Treatment . Total soluble solid Titratable acid Tannins Total phenols
grain mass
CK 142.6940. 14 Aa 20.53740.42 ABb 3.752£0.11 Bb 1.4840.03 Ab 2.1240.05 ABb
T1 140.49=+0. 16 Aab 22.66=+0.57 Aa 3.56+0.13 Bb 1.8940.07 Aa 2.88+0.07 Aa
T2 126.84=+0. 33 Aab 21.7140.16 Aab 3.1940.09 Be 1.66=40.05 Aab 1.9740.12 ABbc
T3 105.7940.37 Ab 17.3140.32 Be 4.50+0.04 Aa 1.34+0.09 Ab 1.78+0.05 Be

TE : R /NG 1 3R0R8 22 5735 8 0. 05 BFRTV ARKRE F 8RR 22755 0. 01 BEKT,

Note: Different lowercase letters in each column mean significant different at 0. 05 level, different capitals mean significant different at

0. 01 level.
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Lowercase letters mean significant differences (P << 0.05),

unmarked letters mean no significant differences. The same below
B2 kOB ETHERLAEBERESHY
Fig. 2 Total anthocyanin mass fraction

of grape berries in water stress
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Fig.3 Gene expression of anthocyanin biosynthesis pathway in grape berries in water stress
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Table 4 Correlation between total anthocyanin mass fraction and relative

expression of anthocyanin biosynthesis related genes

fb P Treatment PAL CHS1 DFR UFGT MybAl
CK 0.692 —0.042 0.309 0.643 0.818
T1 0.758 0.553 0.405 0.812 0.648
T2 0.853 0.897" 0.861 0.635 0.811
T3 0. 900" —0.038 0. 355 —0.297 0.904 "
T FR P<0. 05 KFHIK,
Note: * is related to the level of P<< 0. 05.
AE AT T i o3 0, T B e 2 AR R SRR

3 Wik5%iw

AHIFFE 2 B, A [) A B8 7K 3 Jilk 30 %o 7 2 SR 5
ZH A3 RS MR AN [R) , 52 5 R e R S 4y AR AEG SR S R
i FTA 5 VR B 2 TSS, BB BT R

Ja AL L) B SC 3R N Y SRk i 4 12 0 b
THE T RER EH AN TRI T BE K 73 15 30 A FHGS AR 5
SN R B R AN TR A R R RE A L 9
T PAL.CHSI .DFR ., F3'H | F3'5'"H \UFGT
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Effect of Water Stress on Anthocyanin Biosynthesis of Grape Berries

LU Dangui.XIE Yue,XU Weirong and WANG Zhenping

(School of Agriculture,Ningxia University, Yinchuan 750021, China)

Abstract To investigatethe effect of water stress on the relationship between anthocyanin biosynthe-
sis related gene expression and total anthocyanin mass fraction in grape berries, three-year-old Caber-
net Sauvignon was selected as experimental material treated with differentwater stress at one week be-
fore veraison. The hundred grain mass, total soluble solids, titratable acids mass concentration, total
phenols and tannins mass fraction of grape berries during harvest were determined. The mass fraction
of total anthocyanins and the expression of genes related to anthocyanin biosynthesis in grape berries
during ripening were detected by pH differential method and RT-PCR, respectively. The results
showed that mild and moderate stress reduced hundred grain quality and titratable acid mass fraction,
increased total soluble solid mass fraction, tannin and total phenol mass fraction. Meanwhile, mild and
moderate stress also increased the total anthocyanin mass fraction during fruit ripening, reaching the
maximum,0. 241% and 0. 228% respectively, at 110 days after anthesis. Mild and moderate water
stress increased the expression of PAL, CHSI , DFR, F3'H , F3'5’'H , UFGT and MybAI genes in
anthocyanin biosynthesis pathway. Among them, CHSI , F3'H , F3'5"H and MybAI genes expressed
the highest at 90 days after anthesis; PAL and DFR genes expressed the highest at 100 days after an-
thesis; UFGT genes expressed the highest at 110 days after anthesis. While severe water stress de-
creased the expression of CHSI , F3'H , F3'5'"H and UFGT at late ripening stage. Correlation analysis
showed that there was a significant positive correlation between the total anthocyanin mass fraction in
moderate water stress and the expression of CHSI gene. The total anthocyanin mass fraction in severe
water stress also were positively correlated with the expression levels of PAL and MybAI genes. Mild
and moderate water stress promoted the expression of related genes in grape anthocyanin biosynthe-
sis, thus increasing the mass fraction of total anthocyanin in grape berries.

Key words Water stress; Grape berry; Anthocyanin; Gene

Received 2018-12-10 Returned 2019-02-22

Foundation item China Agriculture Research System(No. CARS-29-zp-03) ; the National Natural Sci-
ence Foundation of China(No. 31660551).

First author LU Dangui, female, master student. Research area: viticulture. E-mail: 14804990 @ qq.
com

Corresponding author WANG Zhenping, male, Ph. D, research fellow, doctoral supervisor. Research

area:viticulture physiology. E-mail:dr. wangzhp@163. com

(FE4LE &S Responsible editor: PAN Xueyan)



