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Effects of exogenous 6-BA on anthocyanin synthesis in ‘Merlot’ grape
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Abstract: [Objective]Anthocyanin, a water-soluble pigment with antioxidant activity, is one of the cru-
cial components for the red wine and table grape. It has a role in adaptation to adverse conditions and re-
sistance to diseases. The climatic conditions have important impact on grape quality. In recent years,
the wine grape industry has developed rapidly in Ningxia with favorable climate condition and geo-
graphical resources suitable for producing high-quality grapes. However, there is a problem of insuffi-
cient accumulation of anthocyanins and their derivatives due to the climate reasons in some regions.
Plant grows regulators are applied to improve grape quality. The purpose of this study was to analyze
the mechanism of the effect of 6-benzyladenine(6-BA), a synthetic cytokinin, on anthocyanin accumula-
tion. [Methods] The experiment was conducted with seven-year-old vines of Vitis vinifera ‘Merlot’
from 2016 to 2017 in Yuquanying Farm, Ningxia, where the soil in this region is typically sandy and the
vineyard was planted in east-west lines. The plant spacing was 0.5 mx0.3 m and drip irrigation was ad-
opted. The test set three 6-BA treatments with different concentrations: 100 mg- L', 200 mg - L' and
400 mg- L', and spraying distilled water served as the control. The sprays were made on the 50th day af-
ter flowering on the clusters until drip-off. Berries were sampled five times from veraison to harvest.
The samples were quickly frozen with liquid nitrogen and stored in a -80 °C freezer. Liquid chromatog-
raphy was used separate the components. Chromatography is used to analyze the content of endogenous
hormone ABA, which plays a critical role in the process of plant physiology and biochemistry. Anthocy-
anin quantity and composition were detected by spectroscopy and HPLC. Chemical analysis, HPLC

analysis and transcriptional analysis were used to study the effect of 6-BA on the anthocyanin biosyn-

SRR H #:2019-10-22 52 H 11:2020-01-12

FEETH « [FH R A ARBHEIE G X RS 4T H (31260456) s [H R BUAR AL Mk 45 AR Ak & (CARS-29-2p-03)

FEE A T4l 2o Wik, R BN F R AR A5 5 7B . Tel: 18535730115, E-mail : 365775029@qq.com
*J# {5 {E34 Author for correspondence. Tel: 13139589616, E-mail: dai_hj@nxu.edu.cn



%5

Te 140, 4 AR 6-BAXT IR A &I AL 1 & I R 669

thesis. qRT-PCR was carried out to quantify the expression levels of structural genes in the anthocyanin
biosynthesis pathway including CHS1, F3 H, F3’5’H and UFGT. [Results]The results showed that dif-
ferent concentrations of 6-BA had an effect on the synthesis of anthocyanins. The treatment of 200 mg- L
6-BA promoted fruit coloration and increased endogenous ABA content. The anthocyanin content in the
treatment at 100 mg- L' (5.21 mg- g"), was higher than the control at 110 days after flowering. The re-
sults indicated that 6-BA 200 mg - L' treatment significantly increased the cyanidin-3-acelylglucoside
content at mature stage, which was 4.82 times that of the control. Low concentration of 6-BA showed ef-
fect on the expression of anthocyanin synthesis related genes at version and the initial maturation stages.
Among them, the expression levels of CHS1, F3’H and F3’ 5’ H genes were increased mainly at verai-
son. Compared with the control, the 100 mg- L' treatment significantly increased the relative expression
of CHSI at 90 days after flowering. The changes in the ratio of delphinidin-3-acelylglucoside to cyani-
din-3-acelylglucoside were associated with the ratio of the expression of F3’ 5" H gene to that of F3’H
gene expression. The expression of both F3’H and F3’5”H gene was up-regulated at 70 days after flow-
ering in the 100 mg- L' treatment, and in the 200 mg - L' treatment, the relative expression of F3’ 5’ H
gene was 2.34 times that of the control. The expression level of the UFGT gene was increased in the ini-
tial maturation period by 6-BA treatments at the two concentrations (17.29 and 5.87 times that of the
control, respectively). However, anthocyanin content in the 400 mg - L' treatment was lower than the
control throughout fruit ripening. Besides, this treatment not only delayed coloration, but also inhibited
the expression of genes related to anthocyanin synthesis. Furthermore, the correlation analysis displayed
a significant positive correlation between sucrose and anthocyanin content in 200 mg - L'' treatment.
[Conclusion]At the late stage of veraison, low concentration of 6-BA promoted the accumulation of an-
thocyanins by increasing endogenous ABA, total soluble sugar content and the expression of related
genes. Thus, ABA, sugars and the relevant genes play important roles in grape quality formation and
low concentrations of 6-BA (100-200 mg - L") has an effect in the improvement of fruit quality and the
accumulation of anthocyanins in ‘Merlot” grape.
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FIT 6-BA 1E 98% L EEHEHiFE » 43 ol 4 ok ) AH %o B2 (1)
3R, B 28, VR TR R L BE AT IR 80 (UK EE 5 A
0.1% VIV o IEHL 10 BRKFH—FUWHE K, T 2016 4F
7 H 20 H({E)5 50 d, 1ic/E SODAA) #EAT b3 , ¥4 ic
BT 6-BA ¥l A1 m it 22 AR, B A FAHE A
1k, DARSE it 85 KA R B (CRO o 36 L HURE 5
S AITELE G 50 d CRE LT ) , 65 d (Rt D , 70 d
CEE B JE 1), 90 d Cafi 2838 AT 110 d CRl #4031 SR
Feo fERAM B I BRENUCRERR, 2 5
TR, T80 CUKARARAT 45 FH .

1.2 7%

121 RFEEFECR FERRUAREEHF 209N
% BRI SCE) T S RS R, WA
B T WE FOL [ B 2 20 i 2 0l R P B R 2
V) % Ty P €90 3, 5- R K IR . i 4 SRS
e B B B I R pH R 225

122 #HERXRFARKFABAWRRENE S
R XS R T VR AT A TR R I T R (Abscisic
acid, ABA) U2 B . 3 25 1F « (015 # 4 Zorbax
C18(250 mmx4.6 mm, 5 pm) , FiZH A N 1% LR
K, s A B B, #3535 C, i# 0.8 mL - min’',
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Table 1 Primer sequences for real-time fluorescence

quantitative PCR
B A 5P A) 5 —3 x5
Gene Sequence of primer 5 —3’ Accession number
VvCHSI F:GACGTCCCAGGGTTGATTT ABO015872
R:GCGATCCAGAACAAGGAGTT
VF3’H F:GAGATCAACGGCTACCACATC AB213605

R:CCTGAATTCTAGTGGCTTCTCC
VvF3’5"H F:GCTGGCACTAGAATGGGAATAG DQ786631
R:CTCAACTCCATCCGGCATTT
VWUFGT F:CTGGTAGCTGACGCATTCAT
R:GTAAACATGGGTGGAGAGTGAG
VWEF F:CAAGAGAAACCATCCCTAGCTG AF176496
R:TCAATCTGTCTAGGAAAGGAAG
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74347, Origin 8.0 £ &, LA W2 3 A B 174
{E+ARELR (SDY IR, LLLSDIAHET £ H LR 6
I 72 S5 S 2 1, 0T R AE E I  E S R AT
THIMESIHT

2 SR

2.1 6-BAAIEXEERLEGRANEM
FH 2% 2 AT J0, 6 2 RSLAEAE ) 60 d FFaR 6o, 1E

DQ513314




#5 Tey-ali, 55 MR 6-BA XS IR &AL (0T & B FE I 671
R2 6-BAAENEK EHERLECRNEN
Table 2 Effect of 6-BA treatments on the fruit coloration in ‘Merlot’ grape berry %

Lbas 1€ J5 1) 1] Time after anthesis/d

Treatment 50 60 65 70 80

R CK 0 11.6+0.28 Dd 46.9+0.38 Cc 95.8+0.26 Bb 100.0 Aa

6-BA 100 mg-L" 0 21.8+0.13 Cc 51.8+0.29 Bb 97.4+0.12 Aa 100.0 Aa

6-BA 200 mg-L" 0 41.9+0.18 Aa 53.9+0.21 Aa 96.2+0.17 Bb 100.0 Aa

6-BA 400 mg-L" 0 24.3+0.32 Bb 43.5+0.35 Dd 71.7+£0.29 Cc 100.0 Aa

EAFRRE FRERRAE 1% 00K A 835 257 ARR/NSG FREORTE 5%K 1 EAREZSR. T,

Note: Different uppercase letters indicate significant differences at the 1% level, and different lowercase letters indicate significant difference at the

5% level. The same below.
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Fig.1 Influenceof 6-BA treatmentson anthocyanin
contents of grape
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1. Delphinidin-3-acelylglucoside; 2. Cyanidin-3-acelylglucoside; 3.
Petunidin-3-0-glucoside; 4. Peonidin-3-O-glucoside; 5. Malvidin-3-O-
glucoside.

2 CERRREMAHIRIEEH HPLC B80T

Fig. 2 HPLC chromatogram of anthocyanins

in ‘Merlot’ ripe berries
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Fig. 3 The effect of 6-BA treatments on the contents of different anthocyanidins in ‘Merlot’ grape
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Fig. 4 Influence of 6-BA treatments on the expression of genes in the anthocyanin synthetic pathway

k.1 (Flavanone 3',5"-hydroxylase, F3" 5’ H) #: A I
W, A2 IR 2.34 % . I ZH vh UDP 7 & B - 25 3¢
B 3-O- % %] B 3 #% # i (UDP glucose-flavonoid- 3-
O-glucosyltransferase , UFGT) £ K 1 R 18 & R 1L J5
65 dik 2 E oK, H A N (AR , HRIA T M. 7246
J5 65 d FI4E )5 70 d, 6-BA AL BRAH (1) UFGT HEHl 1) 3£
L BT X (HAETE)S 90 d, 100 mg - L' Ab 340
T UFGT %5 A ) 33 BV i 9 i , 2 % T 19 17.29
£, [FIT 200 mg - L' AbFR2H A i BE N ERRIA ,
FTIL =N R 5.87 fif o 1EFE 453, 100 #1200
mg- L' 1) 6-BA Kb ¥ 4H = B42 5 CHS1F3’ H.F3’5’
HFEDR ) R IA &, 7200 7Y 32 B4R & UFGT 2 A 1)
L, 1M1 400 mg - L' A B 2 ) 16 €485 A okl ¢
il PR (1) 2RI
2.5 6-BASLIEXT BIEI REAIRAE ABA HIF/AT
T3P, A IR U ABA & B AE R SE M
B 0 2 AL R B S R FEAE R T0 d S &
}0.74 ng- g, BB K. AERFIR R AR B IR Sz el 2
JE I W R AR Y S S, ABA 8 2 — i 2 B (1 R
W, ARSI 4 R W 100 mg - L' 44119 ABA

S B AE R T FR R 1.33 4% . 1T 7E BN A R
At FE L, 400 mg - L AL FE 41 ) ABA & EIET
Xof HE

3 6-BAIEX 'K EERINIREHZFEABA R ENFT
Table 3 The effect 6-BA treatments on the content of
endogenous ABA in ‘Merlot’ grape

(ng-gH
Lb A5 I 4] Time after anthesis/d
Treatment 50 70 110
iR CK 0.50+0.01 Aa  0.74+0.01 Aa  0.61+0.11 Cc
6-BA 100 mg-L"'  0.51£0.02Aa 0.57+0.13Cd  0.81=0.12 Aa
6-BA200mg-L"'  0.50£0.01 Aa  0.73£0.07 Ab  0.64+0.11 Bb
6-BA400 mg-L"'  0.48+0.05Aa 0.62+0.11 Bc  0.57+0.14 Dd

2.6 BERIHBHS=SHEHEXMES

W1 4 iR, B 200 mg - L AL BN RE 2 e RS 5
2 R Ae S B IA M, HA 6-BA A FEAH 1Y
AT HE NS J A6 S50 S = A DG4, 75 200 mg - L
AbER R, RERE SR A S RIS REUN0.825, 21
FIFM . Hik6-BA AR UMb S/ S
BERIAR OGN, I BAE g RS fb I &R .
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Table 4 Correlation between the contents of anthocyanins and sugars in grape
Kb 3 Treatment R CK 6-BA 100 mg-L" 6-BA 200 mg-L" 6-BA 400 mg- L™
& JFHE Reducing sugar 0.458 0.464 0.780 0.567
RERE Sucrose 0.525 0.450 0.825* 0.782
AT M S BE Total soluble sugar 0.722 0.885 0.732 0.802

L RR R E (p<0.05),
Note: * indicates significant (p < 0.05).

3o i

— BB AE U B, BE AN R 2H A 1)
MR, 1 L3R AT DAVE R A B A R A S5 B
FERFIEME 50T, Koshita 252k B AT M
PRI 22 5 306 AT RE S AL BT I & == A A
1200 mg- L' 6-BA AR e e XA S m G HEpE R
3 EAH G, T At ) 3 R SRR E
SERERES, AW IR B LR A R, H SR L 2- 0
2] B R 60 B S A0M A e 08 1 0 T 6 R B R R P,
9T R I A VR ABA 1T DL DS SR S 68, sk SR S A
B R T AL TR 0, Jia 252 F B 2 7 A A
B ffe 0 B S B B AR R S BE TBRBE R, TR T
ABA AW)E I R BB SE R 9- -2 R AR |
FAUMNEEFR K (FaNCED D 5% , M 55 ABA
KBRS B, AI0 R DS B 11 6-
BA AT 7 F 5258 4 (B I 8], 76 5 280 X R 41
PR 2 ABA & &A% T 100 A1200 mg - L' 6-BA 4t
B, DR UE A5 I 6-BA FT B8 I 52 = YR ER ABA
B R 4% L S BRI (0 1R B A, I T i —
AW FEIE] .

IEAER, O KT HNR 6-BA XHEYIY 5 ia
NN AE P AT AR ABAPY BRI FE R A 0 1 4
X FISEIR I 9T, AH 2 A 5% 6-BA K & SR St
oy R FLE D o B o A5 F HPLC v A
H IR AT AR B R My B, 5 AR T 45 R
— B, AHFF S FE S Y S N i
/b {EJ2 Dp Ml Cy TE36 BT WA X 8 vy, F o J R
B& , 1M Pt P R M 78 55 €0 1 45 5000 N 46 B J0GE
S, 76 AR A BT N B, 12 BT — #8431 Dp
M Cy SHELE &AL 9 P Pn L My, AXUAE LT
TEMA S S A A, R IA S,
AARE & I E B 1) 6-BA AL FE AT L8 % 24 0]
PR RO RT S E, X200 mg-L' 6-
BA KCEEX AL T 2 BRI R R RO H AR REH
PRIEAE A, T e A kb B 20 55 06 AR LG, IR 3 (R i
WHERBLOTNR R, F3'H M F3'5 HES ] ik

FHER W T R A P2 AR B, A 7 ol — S T
i 138 11 2 AN TR IR AE €8, X T i & A e
PR 5 & A Yo PEMIAE FHRY . 6 ik i Fh & (R 7
SRS R FE R AR 6 3Rk AT AT, B 100
mg- L' AL F3° H A F3’ 5 H 3 R 2 78 5 siz ik
NS RITE S 70 &) B 3RiE,200 mg- L' AL B
M F3’ 5" HFEER PIFHR R IE EAEAE ) 90 d 1A B &
KABEER TR, XA 2.34 %, X — 45 31
HT#HREY—8, AR ER &N A
i, T B ABAWE Y —H LR F3’ HAF3’
5THBER PRIED, H 2 5 B 4R ER ABA AH
bl , ARS8 o G SR 1 6-BA $E v T Hikik
&, H s A e . R 6-BA A BEZH i i
W F3° H AN F3° 5" H 2R 1) 3808 5K 52 A [R) 48
B &, A2 R 7 (0%, 100 mg - L A3 20 42
B TR RBIATHE &, BT R BETH
SN K, 3% 0] B A2 B T4 FH B )i

TEAL B AR & OS2, 25 R & R
(CHS) 22 55— 30 [ SR BB, AH Fi 42 B , CHS 1
e [R] (1% 0 52 7 R S (0 i I T G o, 7 R S
b HHZZ A% G N IA B B KB J5 B T R, 1X — 45
5T #R&D—80, 1M Jeong 559k BILAE # (4 )5 (1)
COREE IR A RIS B CHST HE R Rk, X ] fE
S EH T PR 3 PR B A [ 8 A3 CHST BRI R IA
FAEZ T . Peppi P 7T ¢ Crimson Seedless’ #i %]
UFGT 3[R [ b G 32 15 5 75 5 S 3 €8 i )k 389
{HAE A R A E R, 5 A IR 45 AL, R
] 6-BA AbFH @ 1T {2 3 UFGT 3 A ) 23 SR 386 e
IS RN, (HE 5 ABA RIS 70 d 46 L
W UFGT B 31k & HAEIESS 90 dIA B KX — 45 R
FIEL , A 50 6-BA A HE A UFGT RN R IE & R
FEAE )G 90 dIA B K B3 = T X R, 3B 6-BA /EH
FFSLT [

4

FEARWEFC A IR IR S5 1) 6-BA JHIL 52 = A IR
W ABA LRIV R BBE K85 5 DL R A ) 2R0A
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