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Analysis on anthocyanin profiles and expressions of related
biosynthesis structural genes in berry skin of Vitis davidii

NIU Shengyang'?,HAO Fengge' , HU Huiling' , JIANG Jianfu®,
LIU Chonghuai* , WANG Hua’

(1 College of Food , Henan Institute of Science and Technology . Xinxiang, Henan 453003, China;
2 Zhengzhou Fruit Research Institute ,Chinese Academy of Agricultural Sciences , Zhengzhou, Henan 450009, China;

3 College of Enology »Northwest Agriculture and Forestry University sYangling s Shaanxi 712100, China)

Abstract: [Objective] This study investigated the differences in relative expression of anthocyanins bi-
osynthesis structural genes between white skin berry and corresponding colored type of Chinese wild grape
V. davidii to provide basis for its utilization in future. [Method) The compositions and contents of antho-
cyanins from four cultivars/lines including white skin berry and colored berry of V. dawvidii, ‘Pinot Blanc’
and ‘Pinot Noir’ of V. wvinifera were analyzed by HPLC-ESI-MS/MS. The MybA1l transcription factors
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regulating anthocyanin biosynthesis were detected,and the gene sequences of MybA1l were cloned from dif-
ferent samples and compared to explore the relationships between Vitis species. The expressions of antho-
cyanins related biosynthesis structural genes were analyzed by real-time PCR. [Result) Only malvidin 3-O-
glucoside was detected in color skin grapes during ripening stage,and the contents of colored V. dawvidii
and ‘Pinot Noir” were 0.12—7. 14 mg/kg and 4. 90— 180. 79 mg/kg, respectively. The contents of other
anthocyanins (0. 01 —49. 28 mg/kg), such as cyanidin 3-O-glucoside-5-O-glucosid, delphinidin 3-O-gluco-
side, pelargonidin 3-O-glucoside and petunidin 3-O-glucosid, were lower by several-fold to hundreds-fold
compared to the colored grape varieties. Compared with V. wvini fera.there were a 33 bp short insertion and
a 47 bp gene fragment missing in the VumybAlc allele of V. davidii. MybAl regulated anthocyanin accu-
mulation in grape berry skin via UFGT gene expression. Colored berry skin had high levels of MybA1 and
UFGT genes expression at harvest stages compared with white berry skin. In addition, the levels of F3'5’
H ,GST and OMT genes expression were similar to UFGT. Other structure genes expressions were signifi-

cantly different between V. davidii and V. wini fera. [Conclusion) There were significant differences iden-

tified in the sequences of MybAl between V. winifera and V. davidii.
Key words:Vitis davidii ;anthocyanins; HPLC-ESI-MS/MS;VumybA 1 gene
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Fig. 1 Samples of V. davidii D1,D2 and V. wvinifera V1,V2 at different growth stages
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Table 1 Chromatography and mass spectrometry characteristics of anthocyanins
PRGN ¢ a5 {2 B2 15} ] /min HTET A BT

Anthocyanins Abbr. Retention time Molecular ions Fragment ions
%‘yif’jfchloride Cy 2.544 286. 7 286.2,136. 6
@iﬁff&ﬁﬁﬁ? CyG 2.050 448. 4 286.2,447.9

A n e U A A

?yiﬁi': 33—3;11‘5{)(:?31?5%21110051@ Cy2G 1.819 610.3 285.9.,448. 1
;fjilfﬁii’gfﬁjﬁfde DpG 1.962 464.5 228. 4,302, 2
ﬁﬁ%ﬁ;gﬁﬁﬁ? MvG 2,257 192.5 330.3.491.7
fjﬁiij;gﬁ%ﬁﬁoside PeG 2,201 432. 4 270.1,431. 3
ifrf)jih?;%?éflifﬁgef5*Ofg1ucoside Peg2G 1.932 094.3 270.3,432.7
feii%ihlmde Pn 2. 805 300. 7 257.1,285.6
WA 38 5O R BT PtG 2.105 478.4 315.7,477.6

Petunidin 3-O-glucoside
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SBCH 25 I 1 R A 4 o R R CTAB 35
PHCE A4 DNA, B VumybAla, VomybAlb Fi
VomybAle FRAET1 W) S 2 i DX 51 9 (& 2) A6 I 3 2
% MybAl £ &, PCR & W& & 20 pl.10 X
Buffer 2. 0 uL,dNTPs 2. 0 pL, Tag BH& M 0. 2 uL
(TaKaRa 24 #), I N5l ¥ 4 1. 0 pL (10
mmol/L) , BiHT 2. 0 n1.(60 ng) , Ho s FI ALK KD 55 5
PCR [ & .94 CHiAS P 3 min J5,94 ‘CAR P

40 5,62 CiB k& 40 5,72 CHEMH 1 min.30 PMEH ; &%
J5 72 CHEH 10 min,4 CEAE. PCR % 1.2%
T R S P TRORG U JS  2R A o0 B (ST A R

FEEAMT R ¥ B A B Be vyl E S R i 5
& (TaKaRa 28 /] [, 42 B 7] 60 45 48 Ul B 3%
5] PMD-19 #4K 55 A DH5o J&Z 54110, 2%
T # R (Amp) i 16 P 5w B 6 1k, R 28 PCR KIS
D . 45 e NCBI $0ds JE gt /7 BLAST
XF s - FH DNAman 5351 43 8544 47 15 50 B XF 43
r.
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Table 2 Primers and sizes of amplicons in sequencing and qRT-PCR
TR e SB35 FHRE by B

Gene name Accession number Sequence of primer Production size Reference

VomybAla AB111101 F.: AAAAAGGGGGGCAATGTAGGGACCC 1558 [4]
R:GAACCTCCTTTTTGAAGTGGTGACT

Veomyba b AB111101 F.:GGACGTTAAAAAATGGTTGCACGTG 1034 (4]
R:GAACCTCCTTTTTGAAGTGGTGACT

Vomybale AB111101 F.GGACGTTAAAAAATGGTTGCACGTG 345 [4]
R:GAACCTCCTTTTTGAAGTGGTGACT

MybAl AB242302 F:ATGGAGAGCTTAGGAGTTAGAAAGGGT 959 [4]
R: TCAGATCAAGTGATTTACTTGT

MybAl ABA27165 F.GGCTTCTGGAGAGGTGCTTA 149 [16]
R.CTGTGTTGGGAAAATCCCA

UFGT AF000372 F.GGGATGGTAATGGCTGTGG 151 [17]
R:ACATGGGTGGAGAGTGAGTT

OMT FJ460168 F.GTTCAACTTCATGAGATGGA 163 [16]
R:GGAGAACTACCTCAACTACCA

GST GU370062 F:AAAAGTCATGGAGCTCGCTG 116 [16]
R.CAGCTTCCTTCACCAAGTAT

CHI XM002280122 F. TCCAGATCAAGTTCACAGCA 127 [17]
R:GAAATAAGAGCCTCAAAGAA

CHS ABOG6275 F.:GAAGATGGGAATGGCTGCTG 131 [17]
R:AAGGCACAGGGACACAAAAG

LDOX X75966 F:AGGGAAGGGAAAACAAGTAG 109 [17]
R:ACTCTTTGGGGATTGACTGG

DFR X75964 F.GAAACCTGTAGATGGCAGGA 114 [17]
R:GGCCAAATCAAACTACCAGA

F3H AJ880357 F.GCCTCCGTTGCTGCTCAGTT 167 [17]
R:GAGAAGAGGTGGACGGAGCAAATC

F3'5'H AB213606 F.:AAACCGCTCAGACCAAAACC 100 [17]
R:ACTAAGCCACAGGAAACTAA

Actin EC969944 F.CTTGCATCCCTCAGCACCTT 32 [1s]
R: TCCTGTGGACAATGGATGGA

EF1 -4 EC959059 F.GAACTGGGTGCTTGATAGGC 150 [18]

R:AACCAAAATATCCGGAGTAAAAGA

1.5 BHEABHEXEMERNRESH

Z: HRE ) 5 RNA S 30l R & g AR T B )
B CTAD 32 42 HUH) 45 R e S RNAL % 2 5% ¢k
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Green Master (Roche, Germany) i 7] & # /7 Real
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A S mRNA F5R 1 B0 . F R A 225 50
HEATHAXS 8 W5 . SOWAR Ry 20 L, Horp cDNA
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pL(10 pmol/L) , 4y H ddH. O %555,
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Table 3 Changes of anthocyanin contents in different growth stages of V. davidii mg/kg
)G ifE /d  Days after anthesis
Anﬁi}gnin 40 60 90 100 120
D1 D2 D1 D2 D1 D2 D1 D2 D1 D2
Cy 3.2240.15 0.40+0.02 3.5740.16* 0.4540.02 4.49+0.18* 0.5440.02 2.86+0.15 0.76+0.03 3.9440.16* 0.7340.03
CyG 0.17+0.01 0.14+0.00 0.1940.01 0.16+=0.01 0.22=+0.01 0.23+0.01 0.1340.01 0.33+0.02 0.1440.01 0.3440.01
Cy2G 0.037+0.00 0.014£0.00 0.02240.00 0.034+0.00 0.02+0.00 0.4040.02*0.022£0.00 2.0540.11%0.014£0.01 2.4940.11*
DpG 1.2340.03 2.90+0.12 1.4240.03 4.57=0.21 2.05=%0.05 6.96+0.52 1.7740.05 3.88+0.13 1.6240.04 5.88+0.21
MvG nd nd nd nd nd 0.12£0.01 nd 1.1940.06 nd 7.1440.28
PeG nd nd nd nd nd nd nd nd nd nd
Pa2G 0.027+0.00 0.04=0.00 0.03740.00 0.04=0.00 0.05=0.00 0.06+0.00 0.06=40.00 0.08+0.00 0.06=40.00 0.09740.01
Pn 0.0140.00 0.10£0.01 0.0140.00 0.12+0.01 0.02=x0.00 0.34+0.00 0.0240.00 0.174+0.00 0.0240.00 0.05+0.00
PtG 0.154+0.01 0.194£0.01 0.1240.01 0.174+0.01 0.09+0.00 0.1840.00 0.08#40.01 0.2040.01 0.08+£0.01 0.2340.05

T R PR O I S AR R

Note: All values are “mean=®SE”,* % ”

3 PRV SR SR IR — B SR AT -0 56

“x RN EFA G FE L (P<0.05) s “nd” FoR R, £ 4R,

indicates significant difference at P<C0. 05 by t-test. “nd” means not detected. Table 4 is the same.

x4 ‘BUE R BALUE RIAEAARNPHEBEIENTH
Table 4 Changes of anthocyanin contents in different growth stages of ‘Pinot Blanc” and ‘Pinot Noir” mg/kg
. WG] /d - Days after anthesis
Anﬁ?c;:nin 10 60 30 90 100
Vi \' V1 V2 V1 V2 Vi1 \' V1 V2
Cy 0.65+0.04 0.1340.02 0.724+0.05 0.3040.02 1.55+0.11 3.5840.17 2.18+0.12 4.2540.23 4.67+0.26 19.494+1.02*
CyG 0.3040.15 0.164£0.02 0.5040.01 0.432£0.03 1.3040.06 13.91£0.51* 2.1240.15 17.23£0.95*% 4,3540.18 89.96£3.15*
Cy2G 0.0140.00 0.03£0.00 0.024+0.00 0.03£0.00 0.05+0.00 0.45+0.05 0.074+0.00 0.54=+0.04 0.1140.01 0.724+0.03
DpG 1.24+0.07 3.134+0.16 1.74+0.13 3.5740.21 4.45+0.25 8.094+0.42 6.01%0.25 9.70+0.45 11.72+0.42 15.2840.51
MvG nd nd nd nd nd 4.9040. 31 nd 60.3442.12 nd 180.7946. 25
PgG nd nd nd nd nd nd nd nd nd nd
Pg2G 0.0840.00 0.242£0.01 0.0740.00 0.182£0.01 0.064+0.00 0.092£0.00 0.0440.00 0.122£0.00 0.02240.00 0.16+0.01
Pn 0.0340.00 0.0224£0.00 0.0240.00 0.032£0.00 0.0340.00 0.98£0.07* 0.0340.00 1.51£0.08* 0.02240.00 0.1640.01
PtG 0.41#+0.03 0.80%0.04 0.50%+0.02 0.9540.05 1.19#+0.06 5.5040.48* 1,21+0.05 17.58+1.15% 4.7340.19 49.28+1.15*
WAL, o AR R AR PRSI AT A 0ALD e VomybAle, g U VomybAla NEAH )

JC3 9 22 S b R RN Fob 2 28 8 B HE R B S5 2R AL
FUTR 5 BRI Fof 787 2 AH L o ] 22 S 50K O 8 4 SR 5
R R AT H Ny FEERT AW dn
DpG.PtG) . HEE R B 22 57 AAR O 102 9 o 2 5
P B T2 A5 48 6 T 35 A7 5%, T HL 20 8 EE

14 5 I AR K
2.2 AEABEPEHLERNEEH MyoAl EEE

3
VomybA 1 [N 3 1k 55 4 % 2R B 56 10 T2 1
EYIAOCN Y T R F Gret] (4 AR Bk 2%
ML T 3 FaERFERH 435 8 VomybAla Vomy-

fE. REMREN L. B &R LT HA VonybAla
FHN ARAFEAE VomybA1b 8, VomybAle 254 I EER
FEH L Bl VomybAT B 2352 L 48 (01 k&
BT SR [ B A R A My A B D A
VEBE THE S VomybAla(F.5'-AAAAAGGGG-
GGCAATGTAGGGACCC-3", R: 5'-GAACCTC-
CTTTTTGAAGTGGTGACT-3") il VomybAlb/c
(F: 5'-GGACGTTAAAAAATGGTTGCACGTG-
3',R:5-GAACCTCCTTTTTGAAGTGGTGACT-
3") o vl [ S A f A A Myb AL Sk PR E AT 52 e )T
FFAES3 B . 45 3 I 2) R WY 7 v 1) B A ) 4 4
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D1.D2 JeXPHR V1 V2 il 2 7 MybAla %4
FLHL M MybAle S0 EE R HAE D2 & V2 Hka il
2,38 i NCBIChttp://www. ncbi. nlm. nih. gov/)
BLAST Fe# . o 5 B AR 500 3 45 28 L E 6 R S8 My-
bAla NI EEWIF L2 5, H 5 VomybAla 78 FE —

M \2! V2 DI D2

2000 bp

1000 bp
750 bp

500 bp

e, H MybAl RS X WA 55 & JE — 80 X
5 Jiao 551 W BIFT 45 B — B0, U6 B o [ 5 A4 o A 2
F RS2 A 1 LA AR Myb AT S 9 e 51 i R 31
S ROE R — 2

Vi V2 D1 D2

VvmybAla

VvmybAlc

M. R4 F DL20005 V1. (L V2. i s D1 (8 5 S22 D2, M 60 3 52 1 4 4
M. Marks DL2000; V1. Pinot Blanc; V2. Pinot Noir; D1. White berry of V. davidii; D2. colored berry of V. davidii
P2 v [ B A o A SR R B MybAL JE R 9 1 =4
Fig. 2 Banding patterns of MybA1l gene PCR amplified products of V. dawvidii and control cultivars

Fe 51 o3 A 2R (&1 3) R B, 5 L3 AH EE L i

% MybAle 7655 — AN+ X Z T —> 33 bp /Y
WA B 3 By A AR . 55 HBL T 47 bp AYBRK
FB (B 3 1 B AR X RO A 22 S8R .2 5
MybAlc-V2.seq

MybAlc-D2.seq
LH 751

TGATCTCATGATTAGGCTTCACAA
Consensussequence
MybAlc-V2.seq

MybAlc-D2.seq LACTTA:AA;«T?AEAAAAE::::::—-T“—‘ ATT
Consensus TCAG A

TGAT

MybAlc-V2.seq
MybAlc-D2.seq
LHF5I B

Consensussequence

CATICCGC

AATTAAAAATARAATTAAEAAAL AR TR LTS

Mamiko % 2 38 f4 JRIE Fh 25 J7 i Bl 0 R A0 5 Oy 432
. M4 R B A E GenBank, & 5% 5 4 51 4
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Fig. 3 Fragments sequence alignment of MybAlc gene of V. davidii
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Table 5 Relative expression analysis of anthocyanins biosynthesis structural gene in different

growth stages of V. davidii

HH #1kt AEJ5 Ik E] /d Days after anthesis
Gene Material 40 60 30 100 120
MybAl D1 0.01+0.00 a 0.02+0.00 a 0.02+0.00 a 0.03+0.00 a 0.03%+0.00 a
D2 0.0240.00 a 0.032£0.00 a 0.0740.01 b* 0.19+0.03 ¢* 0.244+0.05 ¢*
UFGT D1 0.02+0.00 a 0.02+0.00 a 0.03+0.00 a 0.03+0.00 a 0.03+0.00 a
D2 0.02+0.00 a 0.03+0.00 a 0.18+0.02 b* 0.207+0.03 b~ 0.2340.05 b*
CHI DI 0.03+0.00 a 0.02+0.00 a 0.03%+0.00 a 0.04%£0.00 a 0.04%+0.00 a
D2 0.04+0.00 a 0.07+0.01 b* 0.1740.02 ¢* 0.2340.04 ¢” 0.2040.05 ¢*
CHS D1 0.03+0.00 a 0.02+0.00 a 0.03+0.00 a 0.04+0.00 a 0.04+0.00 a
D2 0.04+0.00 a 0.0840.01 b* 0.1740.03 c* 0.22%+0.05 ¢* 0.1940.03 ¢~
DER DI 0.0140.00 a 0.022£0.00 a 0.0340.00 a 0.11£0.02 b 0.124+0.03 b
D2 0.0240.00 a 0.024+0.00 a 0.06+0.01 a 0.1240.02 b 0.144+0.03 b
F3'H D1 0.02+0.00 a 0.01+0.00 a 0.13+0.02 b 0.17+0.02 b 0.19+0.03 b
D2 0.03+0.00 a 0.01+0.00 a 0.17+0.03 b 0.24+0.05 b 0.26+0.05b
F3's'H DI 0.01%£0.00 a 0.024£0.00 a 0.02%£0.00 a 0.03%£0.00 a 0.02%£0.00 a
D2 0.02+0.00 a 0.03+0.00 a 0.13+0.03 b* 0.24+0.04 ¢ 0.26+0.04 c¢*
GST D1 0.01+0.00 a 0.02+0.00 a 0.03+0.00 a 0.03+0.00 a 0.02+0.00 a
D2 0.0240.00 a 0.0240.00 a 0.1340.02 b* 0.23740.04 c* 0.2640.05 ¢
LDOX DI 0.012£0.00 a 0.024£0.00 a 0.04£0.00 a 0.124£0.02 b 0.13£0.03 b
D2 0.02+0.00 a 0.02+0.00 a 0.07+0.01 b 0.13+0.02 ¢ 0.15+0.03 ¢
OMT D1 0.01+0.00 a 0.02+0.00 a 0.02+0.00 a 0.03+0.00 a 0.03+0.00 a
D2 0.0240.00 a 0.01%£0.00 a 0.0240.00 a 0.092£0.01 b* 0.1540.03 b*

TE 3R AP ROE O S bR s ) i A 2 2B R ST [l — I R AT DN xRN 22 5 A R T2 B (P<C0. 05) s AN [l I R AR 7
PR S 22 15 AT 2 T LU R TR 5 B 3R 28 5 i 35 (P<C0. 05) . R I,

”»

Note: All values are “mean® SE”,* % ” indicates significant difference among different grapes at P<C0. 05 by ¢-test. Different letters (a—c)

within the same column indicate significant difference at P<C0. 05 by Duncan’s test, The same below.
x6 ‘EhE R BLEE RIAREAANPEAIREEBESHEMERRIEZNSH
Table 6 Relative expression analysis of anthocyanins biosynthesis structural gene in different growth

stages of ‘Pinot Blanc’ and ‘Pinot Noir’

A R AEJG kA /d Days after anthesis
Gene Material 40 60 80 90 100
MybAl Vi 0.02740.00 a 0.027+0.00 a 0.03740.00 a 0.037+0.00 a 0.037£0.00 a
A 0.02740.00 a 0.03%+0.00 a 0.0840.01 b* 0.234+0.04 ¢* 0.2440.05 ¢*
UFGT V1 0.0240.00 a 0.0340.00 a 0.0340.00 a 0.0340.00 a 0.0340.00 a
V2 0.03740.00 a 0.03%£0.00 a 0.18+0.02 b* 0.23+0.03 b* 0.247+0.04 b~
CHI V1 0.037£0.00 a 0.02%£0.00 a 0.1440.03 b 0.19£0.04 b 0.2140.04 b
V2 0.037£0.00 a 0.02%0.00 a 0.17£0.03 b 0.22740.03 b 0.244£0.04 b
CHS Vi 0.02740.00 a 0.03£0.00 a 0.03740.00 a 0.037+0.00 a 0.04740.00 a
\% 0.03740.00 a 0.047+0.00 a 0.21£0.04 b~ 0.28+0.06 b~ 0.247+0.05 b~
DFR V1 0.01£0.00 a 0.027+0.00 a 0.017£0.00 a 0.027+0.00 a 0.037£0.00 a
V2 0.012£0.00 a 0.01£0.00 a 0.02240.00 a 0.03£0.00 a 0.0540.01 a
F3YH Vi 0.03740.00 a 0.02-£0.00 a 0.03740.00 a 0.03£0.00 a 0.04740.00 a
\% 0.0340.00 a 0.0840.01 b~ 0.18+0.03 ¢* 0.26+0.05c* 0.28%+0.06 c*
F3's'H V1 0.02740.00 a 0.03%£0.00 a 0.03740.00 a 0.03%+0.00 a 0.04740.00 a
V2 0.0340.00 a 0.04740.00 a 0.1240.02 b* 0.27+0.05 c¢* 0.2440.04 ¢*
GST Vi 0.02740.00 a 0.02+0.00 a 0.03740.00 a 0.037+0.00 a 0.04740.00 a
V2 0.037£0.00 a 0.0440.00 a 0.11£0.02 b~ 0.16+0.03 b~ 0.19+0.04 b~
LDOX V1 0.0140.00 a 0.02£0.00 a 0.0140.00 a 0.022£0.00 a 0.02740.00 a
V2 0.012£0.00 a 0.0140.00 a 0.0240.00 a 0.0240.00 a 0.0340.00 a
OMT Vi 0.017£0.00 a 0.012£0.00 a 0.02740.00 a 0.037£0.00 a 0.03740.00 a

\'% 0.0220.00 a 0.02740.00 a 0.08%+0.01 b~ 0.184+0.03 c¢* 0.1540.03 ¢*
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