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Analysis of anthocyanin components and contents in 301 grape germ-

plasm resources

Xu Zhipeng, Xu Rui, Zhang Ying, Liu Chonghuai, Sun Lei", Fan Xiucai"
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] The anthocyanin composition and content of grapes in different populations
were studied for screening out superior germplasms, and promoting the innovative utilization of germ-
plasm resources. [Methods] The components and contents of anthocyanins were determined by the
high performance liquid chromatography-mass spectrometry (HPLC-MS) in the peels of 301 grape cul-
tivars at ripening stage. The experimental materials comprised 133 accessions of Vitis vinifera, 126 ac-
cessions of V. vinifera-V. labrusca, and 42 accessions of wild grapes. The experimental materials were
collected from the National Grape Germplasm Resources Repository of Zhengzhou Fruit Research Insti-
tute, Chinese Academy of Agricultural Sciences. In the experiment, 1.0 mx2.5 m plant spacing, single-
stem and double-arm tree system, as well as very short and slightly pruning method were applied. At
the fruit ripening stage, the berries that are completely ripe and colored were taken. After the berry
was peeled, the peels were frozen with liquid nitrogen and put in an ultra-low temperature refrigerator
at —80 °C for storage. The extraction method for anthocyanins was as follows: 0.5 g of frozen berry skin
powder was dissolved in 8 mL of methanol solution containing 2% formic acid. The mixture was then
subjected to ultrasonic oscillation for 10 minutes, followed by shaking at 28 °C and 220 r - min* for 30
minutes. Subsequently, it was centrifuged at 4 °C and 10 000 r min™ for 10 minutes, and the supernatant
was collected. The remaining precipitate in the centrifuge tube was extracted three more times by repeat-
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ing the above steps. The supernatants from all four extractions were combined. The solvent was re-
moved by rotary evaporation at 40 °C, and the residue was finally reconstituted to a final volume of
10 mL with an aqueous solution containing 2% formic acid and 10% methanol. The extract was
wrapped in aluminum foil and stored in an ultra-low temperature freezer at -80 °C for subsequent analy-
sis. For anthocyanin identification, five standard compounds were used: Cyanidin-3-O-glucoside, Del-
phinidin-3-O-glucoside, Malvidin-3-O-glucoside, Petunidin-3-0O-glucoside and Peonidin-3-O-gluco-
side. Quantification of anthocyanins was performed by constructing a standard curve using Mv-3-0O-G at
five concentration levels (0-500 mg - L™*) with three replicates. The anthocyanin content was determined
using Mv-3-0O-G as an external standard, and the contents of other anthocyanins were calculated as
equivalents of Mv-3-0-G. [Results] Substantial differences were observed in the anthocyanin composi-
tion and concentration among grape accessions with different berry colors. In green-colored accessions,
1-12 types of anthocyanins were detected, while black-colored accessions contained 16-31. The remain-
ing accessions exhibited a range of 3-28 types of anthocyanins. The total anthocyanin content progres-
sively increased with the deepening of berry color, showing significant differences both in total content
and composition among the various color groups. Green grape accessions contained only trace amounts
of anthocyanins. In red grape accessions, peonidins were the most abundant, reaching 60.09 pg-g* and
accounting for 56.57% of the total anthocyanin content. In both purple and black accessions, malvidins
were predominant, with average contents of 966.77 pug-g* and 1 990.53 ug- g, constituting 79.27% and
73.54% of the total anthocyanin content, respectively. The content and relative proportion of malvidins
increased with the intensity of berry skin color. Malvidins represented the category with the most pro-
nounced content difference between purple and red accessions, averaging 966.77 ug-g™ in purple acces-
sions compared to only 19.61 ug - g in red accessions—a difference of approximately 50-fold. Wild
grape accessions exhibited the highest total anthocyanin content, reaching 3 311.76 ug - g, which was
substantially greater than that of V. vinifera-V. labrusca (589.64 pg-g™) and V. vinifera (502.85 pg-g*).
Among wild grapes, the accession Cinerea had the highest anthocyanin content at 26 430.02 ug- g™,
followed by the V. amurensis accession Changbai No. 9 with 10 062.38 ug - g, both possessing blue-
black berry skin. Within cultivated varieties, the three accessions with the highest anthocyanin con-
tents were the V. vinifera-V. labrusca ‘gf.67-198-3" (5 532.54 ug - g'), the V. vinifera ‘ Khyndogny ’
(6 642.13 ug-g?), and the V. vinifera-V. labrusca ‘Shanxi No. 80" (6 870.49 ug-g*), all of which were
purple-black berry skin. Malvidins were the predominant anthocyanins in all three groups, accounting
for 59.7%, 73.1%, and 87.2% of the total anthocyanins in V. vinifera-V. labrusca, V. vinifera, and wild
grapes, respectively. The relative proportions of peonidins were similar in V. vinifera, and V. vinifera-V.
labrusca (13.1% and 14.8%, respectively), as were those of delphinidins in V. vinifera and wild grapes
(4.0% and 4.1%, respectively). Cyanidins were present at relatively low levels across all groups (0.7%-—
6.3%). Furthermore, pelargonidins were not detected in any wild grape accessions in this study, and
were found only in low amounts in a subset of V. vinifera and V. vinifera-V. labrusca grape accessions.
Anthocyanin acyl modifications in grape berry skins exhibited diversity, with a total of six types detect-
ed. Coumaroylation was the predominant form of acylation, while acetylation and caffeoylation were
less frequent and were even absent in some germplasms. The level of coumaroylation in wild grapes
(28.54%) was lower than that in V. vinifera (44.97%) and V. vinifera-V. labrusca (42.15%). Additionally,
feruloylation, succinylation, and glycosyl- acylated anthocyanins were identified, though these three
types were present in only trace amounts, each accounting for less than 1% of the total. The overall de-
gree of acylation showed no significant difference between V. vinifera and V. vinifera- V. labrusca
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(56.62% and 56.75%, respectively), both of which were considerably higher than that observed in wild
grapes (34.18%). [Conclusion] Differences in anthocyanin composition and content were observed
among germplasms of different varieties and fruit colors. Malvidins were the most abundant across all
tested grape accessions and also showed the greatest content variation between red-fruited and purple-

fruited accessions. The total degree of anthocyanin modification was higher in V. vinifera-V. labrusca
and V. vinifera than in wild grapes. V. vinifera showed the highest level of coumaroylation, while V. vi-
nifera-V. labrusca exhibited the highest degree of acetylation.

Key words: Grape; Germplasm resources; Anthocyanin composition; Principal component analysis

%] (Vitis L2 ARk ) iz AR 2 —,
HRSEIN T MEE 20, @ MERE. RLH
EAE N B %0 AL B AR, B R T
AT B, T — PR 32 22 el S 5 o A €41 (anthocy-
anin) [ AR ZH R 5 B e . fE BT 2 Ik
G —MEY AR, ZAAE T EY Y,
T R T AR 22 S RO B Ak S5 B I AR FE A TR
SLUA Y (0T (R A8 5 PR AN B (R AR S, 3 T A A )
PUH AT V5 VAR, A R S i A B R
KBAFE , T EAHAETE &K (cyanidin, Cy) . 5
1&.7 # (peonidin, Pn) . {£ %% % (delphinidin, Dp) . H
FE A 22 &K (petunidin, Pt) » — B JE 18 22 &K (malvidin,
MV) LA % 1¢ % % (pelargonidin, Pg) 25 /5 k2559, H,
B A 35 DU 5 W5 O 3, SRR 5 0008 o E B
B AL B M — 20 T A AR
3”\%[7]0

A JEAEY B A F 5 sk 2 e R
oy 28, AT Gy S 5 I 2 0 R LR A TR . L
[G8] 6 5 S J A A 3 A, 32 B AT 7E 35 [ 7R 1 5
MEBPEF . HHEWEAE 70 200, 0 AL 35 KK
R 3ANFHEES . AE & MR A T A 5 &
BREAEDEXER. CHVT LY, RV FhE % V.
vinifera) 1 Z B LR R RO H S ER &, 28
vt RS A 2 18 2% 22 2809 BR 3% M (V. vinifera- V.
labrusca) A AR V.« A1 3 P e B A= 4 22 1, P 260 M
5 00 e R A L AR ) DU AR R
T 5 K 5 TSIV o AN UL R PR T R A
BT EEo SR T A 2 AAFAERE AR A IR 402
X b = 2 Gk 2 e R, i L4 T 4R 7 e 2 R SR A
O (1) Z AR .

el BOBAH (1 - T B B R (HPLC-MS) SR 73 85
RE 775 A I R A T PR SRR, RO TE BT
SE MO TR, STk, 288 K FE 301 ik i

1,

&=

KR Folt KK 5 2 it B B A= 781 7 1) 22 REAL AR 0, SR
HPLC-MSH R R4 i il 5 & &, A
[ 28 VAN [ 6 o 0 (1 A B P ARRAIE 22 57, FR s AN T
Pl AR 1) o0 A B L i =y B RAE T IO 7
o, DA M 28 P o SR URRG v S 5 R e
TR R SR AR 2 -

1 MR

1.1 #8

PRIGHPR E H B R B 40 AT 5
V] 5% 81 2 P o % 905 B R P , 1 30 473 Folt 5T, A 475 WK
VA 133 473 L WK 6 AR 126 47 L 7 A 8 A 42 1) (B
] R R 2T L AT A R AT SRR A L AR
%o KH1mx25 mERAT IR, 510U T, il Ji
WIEET . 75 RS, R 5 4 i B A 135 5]
(1 SR Sk Cff B T R T 6 A0 s SR s ml v i [ P 4
B, B2 HARE A FE I, AR R e e
1), 53 0 A e X 10 AN AR KR v — 3L B
A 1) ) SRR, A SR e Y 10 s R, 3 100 A7
bio R IS B 2RIV I G N80 °CHRE R
TRKFETRAT -

12 F&

(DA BFRI. fOH RIS 7G5
(LIS AE B . B o, WV R 1) SR R T B by
K, S TR BRI AL B 11 @b Ak, FREL 0.5 g 5 B2k
RV T 8 mL F 2% H R 1) FE R+, B i o 75
P%3% 10 min, 28 °C 220 r-min™ 24 N &% 30 min, #&
J& 4 °C.10 000 r-min™ & 0> 10 min, 4E i &
O R RIR VU IZ UL PP IR EFHREC3 I, ¥ 31k
FiEWR A I, it 40 cCleZE LB, 5 &
2% FH i A1 10% FF I [ 7K 95 W 5 48 10 mL, $2 B
2B UL TN -80 °CHBAR IR UK AR TR AT, & 15 1AL
Lol



59 307

TREMS, 55 301 43 4 M5 B IRAE (U E ALy A B 2397

(DA AN o 76 6 RS I {8 FH 25 [ Wa-
ters 22 7 i) ACQUITY UPLC I-Class/Xevo TQ-XS it#
o 2R TR € Tt 3 - B BB = B DO AR AT B DA T % FEL I
% B 1 U5 Celectron spray ionization, ESI) . Massl-
ynx4.1 TAE, (3% 241 : 100 mmx2.1 mm ACQUI-
TY UPLC C18 & i #1: ; & Ml % : photo- diadearray
PAD 6 %% 5 JEAE B 2 pl s MBI AH A 0.1% F R K &
s VBN AH B: 0.1% F R £ Vs Ve BEAS B : 0.5 min
5% B, 20 min 5%~40% B, 2 min 40%~95% B Jii il
AT - ESI LTS5 B B B H - 2.0 KV TR -
120 °C; B 74 7u # : 50~1200 m-z*. {4 Ff] Massl-
ynx4.1 FTUNIFI BT Z0 6 R4 FAR FER

FH 46 8 58 14 40t A B it 3 5, 49 il
1615 2 -3-O-% &) Hl A V652 21 -3-O-F A B 1 L — H
FEAC R 25 -3-O- % # HE T L H BI85 5 -3-O- il 4 #i
T AL AR R -3-O- A . @R e
T P HE U S [ R A 74 5 170 O 5 B TR 2R 47 Bl X6 )
SEE TSR IERE & TIAT 556 %08 e (e
Pl AR E & o il it 257 54 /K7 (0,50
100,200,500 mg-L™) 3 K B & ) — H AL &K -3-
O- il % Bl 5 (Mv-3-O-G) brifE i 28 , 19 Mv-3-0-G
(o br o &, H A e B & &3 LAE 2 T Mv-3-0-G
{fEns a8
1.3 BIESH

K F Excel 2021 5 A1 kb 24856 2045 , £ A Ori-
gin 2024 B pE25 B A RAE 5 3HE4T R4 0 bT

2 AR50

21 AREIEEMBEREPHEEABEHE

1t 301 {73 6] %) Fh o R AW HH 47 FpAE €, A
BCE X BT 10, B3R R BT O Fh, &
RGBT 100, LR R e 7 M, =
HIEIE R W B AT 8P L e R BT 2FP (R
Do EHHRAE AR b AL AT TS 2w, 5 [FD 5
T R T 3R A 3R 2K -3,5-O- XU & B L, v 304.26
ug-gt, AR SR 31.50% ., R A 2 5
KH 95 F &M & 3 A S AR S RN = H
FEA¥ 22 3 -3,5-O- X ] % B 1, 7 0l 9 5 661.34 .9
052.87.21 263.84 pg-g*. HjE HIEAEH K 3-0-
7 5 W-5-O-H i f A, P Y & 5 162.49 ng-g*t,
e FH B H 1 16.82% . {45 &K 3-O-MIHER-5-0-7
RS B RIL6.0L ug-gb , HE O BRI

0.002% , - H. J 78 ) 41 20 0 2 5 Aok I 211 48 6
He HELAE, “HERR RO E S ER,
A B S A B 76.60% ; FL KA H AR R K.
HIEAE SR 3R IR R RO 1, 200l 5 e 5 2=
8.72%.6.16%-5.33%; {£. 75 R RAL L & = EBAR, o5
SEEN3.13%; e R B OH S ERAC 1L
B B 5 =11 0.06%.
22 TEBMEEBREEEEHSHNLLERS T
AN TN TR (46 (4 M & AR K =
T o TE By 43 ST TR A A I B B AR B, 433
R 2 1~12 FhAE B HF o 7F S8 SRR 5 A o S A 0 )
16~31 FpAE (8, H AP BT o 43 il s 0 3] 3~28 Fh Ak
. AN [F SR SEEE TR A PSS B AN AR
EE A7) D52 2 F0 P 2, il A SR R A PR IR, A € A
B BRI, AR B R R 2 R AR e S B R
HorRREER. XMRH R EHEMENIEA
T s 0 M b R N R R AT,
H60.09 pg- gt AL BT RS E I 56.57% ; K L B
T A B A N SR R R AT,
432 966.77 11 990.53 pg- g, 4l 5 AL it B A
B 79.27%R1 73.54%. it F R A R, —
BRI & BAAEXT LB s . =
RERCOT LML RS EERRKM
—RAe T, LR REE & T R, & 24
Z450 1% .
23 FREIMAEGEREELCERAT DR
231 FARAMEHAHRALLCTF A LE H
K3, HAMEAMRMWEAT LT ERS
(3311.76 ng-g™) , & ey - MR e Z M A BRI A (4 531
“~589.64 f11502.85 ug-g™ . FERFAER A LT AR
3¢ fe BT A i 481 26, i BN 26 430.02 pug - g
Hyotih#E&EKAaLS, B8 N10062.38 ug-g*,
X 3 ol 5 (1) SR B € 35 A W R R . TR ARG R
o TG T R 1 3 TR, o i) R KRS 2 ol
of.67-198-3 BRIV Fh HE 22 Py AR S % 1L 174 80 5, b
Sy 595 532.54.6 642.13 116 870.49 pg - g, iX
30 M ) SR R € 35 O B R AR . BRSE R M BT AR
HRBPOE PSR NA253 ug-g", B3E & TR
AR AN A A o E RS A Fh RO b R B A
o SRR R AL BT Oy R R IR A,
Iy 35 A 1 1 59.73% . 73.08% A1 87.21% ; KR IV
FohRT RR 38 b b 1) FR B AR 75 2 R0 A AR X B A 422



2398 E S I - #5434
1 EEREPRNEMAEMELEH
Table 1 Different types of anthocyanins detected in grape skin

PIAEREREES P& R GERD By T ER I 7]
Anthocyanins type Average content (range)/(ug-g™) Percent/% Retention time/min
16282 3-O-WinwEk-5-O-% %7 i Dp-3-O-ca-5-O-glu 0.02(0~6.01) 0.002 6.10
FR AL 5% K 3-O-(6"- Mk - 741 4 Bl 1) Pt-3-0-(6"-ca-glu) 0.04(0~5.86) 0.004 9.60
1637 3% 3-O-(6"-n ik 1% - 741 %7 4 1) Dp-3-O-(6"-ca-glu) 0.10(0~6.31) 0.01 7.26
1E3% 3% 3-0-(6"-% 7 7 Ik - %) % 1) Pg-3-O-(6"-p-cm-glu) 0.13(0~17.14) 0.01 11.17
1677 #5-3-O-E Mt i %1 B 1 Dp-3-0-ge-glu 0.31(0~6.16) 0.03 4.47

6.7 % 3-O- Wkl ) b 1 Cy-3-O-ge-glu 0.35(0~6.83) 0.04 5.40
FHJETE TS 2% 3-O- W 19 4 %5 % Pn-3-O-ge-glu 0.33(0~20.01) 0.04 6.38
167 % 3-O-WnmERE-5-0-% 4 #4 1 Cy-3-O-ca-5-O-glu 0.40(0~53.54) 0.04 6.80
1675 % 3-0- Z B4k 4 B 15 -5-0- 3 & 4 1 Cy-3-0-ac-5-O-glu 0.45(0~8.80) 0.05 5.37
1645 4-3-0- 1 &) B 1 Pg-3-O-glu 0.44(0~8.33) 0.05 5.43
1675 % 3-O-(6"-HE I IE-F] %) B ) Cy-3-0-(6"-su-glu) 0.45(0~6.46) 0.05 7.80
1675 3 3-O- P 21t % ¥ 1 Cy-3-O-fe-glu 0.45(0~46.11) 0.05 8.85
FHBETET5 5 3-O-(6"- Mk it -7 %) B 1) Pn-3-O-(6"-ca-glu) 0.48(0~91.21) 0.05 9.92
165 % 3-O- L AL L7 -5-O- % i % £ Dp-3-0-ac-5-O-glu 0.83(0~93.72) 0.09 4.63
F 3L 46 5 % 3-O- Z Ik Ab 78 B -5-O- 78] B ¥ Pn-3-0-ac-5-O-glu 2.13(0~61.77) 0.22 6.78
I BL A6 32 2 3-O- Z kAL B -5-O- 1 B Pt-3-0-ac-5-0-glu 2.23(0~65.64) 0.23 5.79
16 7 3-O-(6"-MnHE:- 7] %) % ) Cy-3-0-(6"-ca-glu) 2.27(0~121.65) 0.24 9.00
16 % 3-0-(6"- L MEAL 1] %] Wi 1) Cy-3-0-(6"-ac-glu) 2.46(0~60.10) 0.26 8.10
F 16 2 3-O-Mn ik -5-O-%] 4 ## ¥ Pn-3-O-ca-5-0-glu 2.59(0~217.12) 0.27 8.58
ZHEETE AR 3R 3-O-(6"- W ME P-4 2 B 1) Mv-3-0-(6"-ca-glu) 2.98(0~69.30) 0.31 10.15
FH P67 2% 3-O- [ #4425 B Pn-3-O-fe-glu 2.96(0~225.21) 0.31 11.87
L3 3-0-(6"- LBk fb-#i % $5 1) Dp-3-0-(6"-ac-glu) 3.24(0~109.60) 0.34 7.12
1675 % 3-O-7F L ik-5-O-Hi & Hi 1 Cy-3-0-cm-5-O-glu 3.85(0~197.16) 0.40 8.90
TR B 2 3-O- Mk 1% -5-O - 4 Kl Mv-3-0-ca-5-0-glu 4.16(0~201.26) 0.43 8.87
FHJLTE 32 2 3-0-(6"- £ I A0 4 4 5 F) Pt-3-O-(6"-ac-glu) 4.35(0~140.74) 0.45 8.41
1675 #-3,5-O- XA & B 1 Cy-3,5-0-diglu 3.94(0~493.89) 0.47 3.09
1675 7 3-0-(6"-% 7 7 Ik 4 % 1) Cy-3-O-(6"-p-cm-glu) 4.80(0~77.39) 0.50 10.61
FIETET 3 3-0-(6"- LWk 7 % B ) Pn-3-0-(6"-ac-glu) 6.16(0~207.67) 0.64 9.41
1677 2% 3-0-(6"- % 77 &2 -4 % B 1) Dp-3-0-(6"-p-cm-glu) 8.02(0~330.81) 0.83 9.68
FR L TE 3R 3K 3-O- 7 H. 8t -5-O- ] 41 il 1 Pt-3-0-cm-5-O-glu 8.43(0~217.12) 0.87 8.97
AEFR 2K 3-O-75 7. -5-O-7 %) bi# # Dp-3-0-cm-5-O-glu 9.34(0~1010.23) 0.97 8.00
16T 2<-3-O-Hi & fi 1 Cy-3-0O-glu 10.92(0~133.84) 1.13 4.68
BRI T 3 3-O- 7 H 8t -5-O- ] £ 4l 1 Pn-3-0-cm-5-O-glu 11.20(0~345.26) 1.16 9.95
FH B AE 22 38 3-0-(6"- X &2 It - & i 1) Pt-3-O-(6"-p-cm-glu) 11.15(0~439.48) 1.16 10.81
FHEEAE 75 28 3-0-(6"- X 7 2 It~ 1 4 % 1) Pn-3-O-(6"-p-cm-glu) 12.17(0~226.79) 1.26 11.79
1637 3-3,5-O- XA % #ii £ Dp-3,5-O-diglu 14.27(0~828.97) 1.48 2.28
FH BEAE 32 31 -3-O- Ml & Bl 1 Pt-3-O-glu 15.17(0~479.91) 1.57 5.16
1622 %-3-O- i & 1T Dp-3-O-glu 15.65(0~854.99) 1.62 3.80
ZHITE B3R 3-O- 2 Ak A BEFR-5-O- 31 B EF Mv-3-0-ac-5-O-glu 17.13(0~1027.76) 1.77 6.77
FHBL AL 3-3,5-0- XU &7 4 1 Pn-3,5-O-diglu 17.18(0~549.17) 1.78 4.25
R TE 7 31 -3,5-O- QUi &7 1 Pt-3,5-O-diglu 18.35(0~890.50) 1.90 3.38
L8 2 -3-0- 7 % B 4 Pn-3-O-glu 29.21(0~640.22) 3.02 6.06
TR R 3-0-(6"- ZBHLE A HE ) Mv-3-0-(6"-ac-glu) 35.24(0~1874.65) 3.65 9.59
TR R 2K -3-O- 4 A B T Mv-3-0-glu 101.18(0~2158.46) 10.47 6.40
TR R 2 3-0- (6" % A I 4 BB ) Mv-3-0-(6"-p-cm-glu) 114.66(0~3082.14) 11.87 11.54
TR R 3 3-O-F 1 1-5-O- 4 % i Mv-3-0-cm-5-0-glu 162.49(0~2644.54) 16.82 9.87
= F AR 5 25 -3,5-O- XU & il Mv-3,5-O-diglu 304.26(0~21263.84) 31.50 4.41
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Fig. 1 Content of different types of anthocyanins in grape germplasm
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Table 2 Contents of various anthocyanin types in grape skins of different colors w/(ug-g™

prAuRER ES LRt R FARER L KO R
Anthocyanins types Green germplasm Red germplasm Purple germplasm Black germplasm

T EHCys 6.60+0.07 d 17.73+1.00 ¢ 37.64+1.27 b 65.70£2.09 a
LT R P Pns 10.56+0.59 d 60.09+2.10 ¢ 103.40+7.55 b 183.48+7.44 a
163375 Dps 2.2140.17 ¢ 3.5010.39 ¢ 49.40+1.88 b 226.38+6.48 a
FRIE AR F 5 Pts 1.08+0.12 ¢ 3.90+0.42 ¢ 61.13+2.69 b 238.62+8.06 a

T HER IR RIS Mys 6.06+1.34d 19.61+0.98 ¢ 966.77+£25.09 b 1990.53+80.11a
1E38 29 Pgs - 1.43+0.16 a 0.46+0.09 b 1.3740.11a
A€t 1F Total anthocyanins 26.52+0.97d 105.62+5.04 ¢ 1221.304£39.71 b 2705.11+53.21 a

T ARAREWE] . FAT ARG TR P<0.05 25784, TH.

Note: — represents not detected. Different small letters within the same row indicate significant difference at P<<0.05. The same below.
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Fig. 2 Anthocyanin composition ratio in colored grape germplasm
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Table 3 Anthocyanin content in skins of different grape germplasm w/(ug-g™
TR BRJEFH V. vinifera KK 2% V. vinifera-V. labrusca 745 75 % Wild grape
Anthocyanins types ¥4 Average Jii il Range “F-14 Average 3tz il Range “F-34) Average Ji il Range
1T H=ICys 18.67+£0.93 b 0~207.17 42.53+2.16 a 0~671.53 22.87+2.47b 0~213.47
FHEETE T 2 Pns 62.23+£1.56 ¢ 0~828.87 90.98+2.26 b 0~992.83 100.16+4.43 a 0~968.00
163 % 5 Dps 21.05+2.41c 0~628.76 54.96+2.45b 0~1458.41 134.69+3.56 a 0~1957.39
FHEETE AR R PLs 29.55+£1.92 ¢ 0~875.19 56.88+1.83 b 0~958.53 161.39+4.84 a 0~1278.76
T HEERR Z K Mys 371.07+10.05 b 0~4 540.39 350.01+10.81 b 0~5 268.87 2912.72+33.13 a 0~23 562.69
13 £ Pgs 0.72+0.04 a 0~17.14 0.51+0.02 b 0~14.35 - -
E}Ifl?nﬁ]ocyanins 502.85+9.99 ¢ 5.89~6 642.13  589.64+8.52 b 0~6 870.49 3311.76+65.94 a 0~26 430.02
TEHEH I Pgs 1 # I Cys 1632295 Dps FETEFR R PLs HEETE T 29 Pns THIBEEFR A Mys
A B C

B3 TEMEBEMRRKELXECTHRLH

Fig. 3 Anthocyanin composition ratios in different grape germplasm
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Table 4 The proportion of acylated anthocyanins in

skins of different grape germplasm %

PB4 B2 " BRFEZFD WP A

. - R T e o :
Species of acylation L V. vinifera-  Wild

e . V. vinifera
modification V. labrusca  grape
¥ E. 4k Coumarylation 44.97 42.15 28.54
LAk Acetylation 10.18 11.67 4.29
WhEREE 1L Coffeelation 0.88 2.08 1.22
ki 2415t 1k Feruloylation 0.34 0.79 0.01
PEIPE1L Glucosylation 0.14 0.03 0.10
BEFHEEAL Succinylation 0.11 0.03 0.02
g 56.62 56.75 34.18

Total anthocyanins modification
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A. Principal component analysis score scatter plot of anthocyanins in different grape germplasms. B. Principal component analysis score scatter

plot of anthocyanins in grape germplasms of different colors.
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Fig. 4 PCA of anthocyanins in different categories of grape germplasm

EH B B (K 5-B), liiar B4 & Efin b XEEEGEIRARMARBEKIEOHE. K,
AR WO AR 5T 32 B0 Al T PC2 IETT [ IX 38, b & BB R AL O oTBRBUR, I0E TR 485 R —

_ _ P 0.4
A B 5T SO AR SO B
Black Purple Red Green
germplasm germplasm  germplasm  germplasm
RRAEAY BRI AT B A
V. vinifera V. vinifera- Wild grape
V. labrusca
0.2
10
N
O
o
5 £ 00
g g
~ (=}
< -
o
N
O
o
0
-0.2
-5
-0.4
-5 0 5 10 15 0.0 0.1 0.2 0.3 0.4
PC1 (46.2%) Loading PC1

A, AN FI AN S 030 e b A € e B L. B AR SRAE L H AL PCL M PC2 B 3RATHH

A. Scatter plot of Principal component analysis scores of anthocyanins in grape germplasms with different colors and types. B. Loading values of
different anthocyanin components on PC1 and PC2.
E5 ATREEEMMENEEHRESEEEERS I
Fig. 5 PCA of anthocyanins in grapes of different colors and germplasm resources
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