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Study on the accumulation of anthocyanins in the peel during fruit devel-
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Abstract: [Objective] Grape color is an important basis for consumers to choose berries, and thus di-
rectly related to economic benefits. Anthocyanins are the basis for the color of grapes, and their composi-
tion and content affect the color change. In southern areas, the temperature difference between day and
night is small, so the difficulty in coloring of grapes has become a bottleneck in the development of the
grape industry. Therefore, it is urgent to improve color through genetic breeding. Bud sport is a somatic
mutation, commonly used as an essential method for fruit color breeding, and lots of cultivars have been
bred in this way. Nantaihutezao is a novel bud sport cultivar from Summer Black bred by Zhejiang Uni-
versity, with earlier veraison, advanced maturity and deep color setting, therefore having great potential
for promotion and research. In order to understand the influence of bud sport on the anthocyanin compo-
sition and accumulation in grape berry peel, several analyses were carried out using Nantaihutezao and
its parent Summer Black as materials. [Methods] In this study, 3-year-old Nantaihutezao and Summer
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Black vines grown in the Huajiachi Experimental Education Base of Zhejiang University were used, the
rootstock was 5BB, and they were cultivated under the condition of rain shelter and root restriction.
Grapevines were planted in south- north rows at a planting space of 2.2 m x 8 m with short cane pruning
system and routine watering and fertilizing strategy. The two cultivars had basically the same bud break
and flowering periods. Samples were collected every 7 days from veraison (May 29, 2019, 24 days after
flowering) to berry ripening (the pulp soluble solids content reached 17 %, considered to reach the matu-
rity standard). Three biological repeats were designed for each cultivar. The longitudinal and cross diam-
eter were measured with the vernier caliper, and the total soluble solid content (TSS) was measured with
a refractometer PR101-a (Atago). The anthocyanin components in the skin of mature berry were identi-
fied by ultra performance liquid chromatography tandem triple quadrupole time-of-flight mass spectrom-
etry (UPLC- Triple- TOF 5600+), using the fingerprint library of grape and wine anthocyanins estab-
lished by China Agricultural University as a reference, and the anthocyanin components were deter-
mined according to the retention time and mass spectrum information. The anthocyanin content during
fruit development was determined by high performance liquid chromatography (HPLC). The relative
content of anthocyanin components was calculated by using cyanidin-3-O-glucoside as a external stan-
dard quantification. [Results]During the development process, the changes in fruit size of two cultivars
were basically the same, but the first expansion period of Nantaihutezao berry ended earlier and TSS
reached 17 % 7 days earlier than Summer Black. Inflorescences of Nantaihutezao began to change color
partially at 31 DAF, and the skin color became dark purple at 52 DAF, which was similar to that at the
ripening stage (73 DAF). By comparison, the skin of Summer Black berry showed obvious color change
until 45 DAF, and the coloration was slower in the early stage. It showed reddish from 45 to 66 DAF,
and turned reddish-purple when it was close to maturity. A total of 15 anthocyanins, including peonidin
(Pn), delphinidin (Dp), petunidin (Pt) and malvidin (Mv) derivatives, were detected in the ripe berry
peels of Nantaihutezao and Summer Black. Among them, 11 anthocyanins were detected in both culti-
vars, however, peonidin-3, 5-O-diglucoside (Pn-DG) and malvidin-3-0O- (6-O-coumaryl) -5-O-digluco-
side (Mv-DG-Co) were only detected in Nantaihutezao, and malvidin-3,5-O -diglucoside (Mv-DG) and
malvidin-3-0-(6-0-acetyl)-glucoside (Mv-G-Ac) were only detected in Summer Black. Malvidin deriva-
tives were the main anthocyanins, and the content of monoglucoside was higher than that of diglucoside
in both cultivars. The total anthocyanin content of Nantaihutezao was about 1.5 times more than Sum-
mer Black in the skin of ripening berry. The anthocyanin accumulation curve of two cultivars was quite
different. Nantaihutezao berry skin began to accumulate anthocyanins 7 days earlier than Summer
Black, and peonidin derivatives accumulated rapidly and largely from 31 to 38 d, while delphinidin de-
rivatives (Dp, Pt, Mv) accumulated rapidly from 31 to 52 DAF, reaching a level equivalent to the mature
period, which may contribute to its dark purple berry skin. By contrast, the rapid accumulation period of
anthocyanins in Summer Black berry skin was found from 38 to 52 DAF, and the accumulation amount
was significantly less than that of Nantaihutezao. Moreover, the appearance of peonidin-3,5-O-digluco-
side (Pn-DG), delphinidin-3- O-(6-O-coumaryl)-5- O-diglucoside (Dp-DG-Co), malvidin-3-O- (6-O-
acetyl) -glucoside (Mv-G-Ac), petunidin-3-O- (6-O-coumaryl) -5-O-diglucoside (Pt-DG-Co) and peoni-
din-3-0- (6-O-coumaryl) -5-O-diglucoside (Pn-DG-Co) was delayed for 7 d in Summer Black. [Conclu-
sion] The composition and content of anthocyanins determined the color of grape. Compared with Sum-
mer Black, the anthocyanins in the skin of Nantaihutezao accumulated earlier, faster, and higher in con-
tents, so it had the characteristics of early veraison, faster color change, and deep color setting. Bud sport
promoted variation in the components and accumulation of anthocyanins in grape skins, which made the
difference in the color change process and final color appearance between the new cultivar and its parent.
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Table 1 Anthocyanin components in the peel of the ripe Nantaihutezao and Summer Black fruit
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1 FIEIEE 3R-3,5-O- X & i Pn-DG 5.417 625 301,463 () O
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Note: “@” means the component was detected; “O” means the component was undected.
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Fig.3 The content of anthocyanins in the peel of ripe Nantaihutezao and Summer Black fruit
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Table 2 Changes in the content of anthocyanin components in the peel of Nantaihutezao and

Summer Black during fruit development w/ug- g
pirE=) B el FEJE I} 1) Time after flowering/d
No. Anthocyanin component  Cultivar 38 45 ) 59 66 73 30
1 Pn-DG A 8.70 10.55 11.27 12.06 10.02 12.08 /
B - — 8.69 8.37 8.12 8.60 10.32
2 Mv-DG A 12.06 19.07 21.20 21.48 14.46 20.42 /
B — — — — — — —
3 Dp-G A — — — — — — /
B — 8.88 11.67 9.74 8.33 10.00 12.57
4 Pt-G A 14.40 22.50 24.44 24.53 16.59 23.77 /
B — 8.85 12.43 10.48 8.75 11.37 14.43
5 Mv-G A 22.00 44.14 47.83 46.58 27.64 41.63 /
B — 11.21 20.42 17.30 11.34 17.05 24.77
6 Dp-DG-Co A 8.36 9.77 12.17 11.41 10.38 13.92 /
B — — 8.46 8.31 8.37 8.44 10.23
7 ¢c-Mv-DG-Co A 8.16 8.56 10.38 10.15 10.40 12.49 /
B _ _ — — — — —
8 Mv-G-Ac A - - — - - - /
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B — — 9.67 9.68 8.81 9.83 13.54
10 t-Mv-DG-Co A 11.79 20.69 32.24 32.01 27.81 47.94 /
B — 8.63 14.50 17.60 12.70 18.22 34.21
11 Pn-DG-Co A 9.91 12.32 13.69 13.79 12.09 14.78 /
B — — 8.68 8.94 8.56 9.47 10.99
12 Dp-G-Co A 12.36 21.76 31.42 29.63 22.13 35.62 /
B — 8.41 13.03 12.13 8.99 12.18 18.04
13 Pt-G-Co A 13.05 21.05 27.98 26.88 21.38 30.97 /
B — 8.49 13.26 13.03 10.16 13.53 18.20
14 Mv-G-Co A 17.14 33.90 46.35 41.95 31.42 47.06 /
B - 9.78 20.21 21.13 14.30 20.03 29.41
15 Pn-G-Co A 10.09 12.44 12.93 12.52 10.66 12.33 /
B — 8.07 8.97 8.77 8.13 8.71 9.31

T A NFRIRF R B ONE MR RN ZI AR 5 /7 BRI A 2 1 Y

Note: A. Nantaihutezao; B. Summer Black. “ — ” means the component was undected,;

“/’7

means the stage was not determined.
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Tt () L EAK I o Zhang S5V R I B K H AL N ZF AR
1E— BI85 KB (Cy) A o _EAFAE X 51, AHE
FH ARG . mE R RS B A BAE
A I SR R A6 1 4H Bk AR — %, {H Pn-DG M-
DG-Co X 7£ B A 4 5 rhoar U 21, 1 Myv-DG Mv-
G-Ac WAL= Rl 21, W] 27 A8 REUR AL H
HBRAEL R ETHEILTH GBI &2
IR 11 25 e R [ I HL 3Rk B 52 b i e T R ]
PNV HEI AR AT BE AR 1A DG HE IR 41 Bl R A
(B

] RS B AR T B R SR B AR A TR AR R
MR 2 AR PRSI 70 R I, /s 1 BCERL 1) 25 A%
an PN BOR R AL E B R E R R R SE A
AT PR LA [ B AR AE T A, R 2 A
A P E B 2F IR AL R AR — U S 0L R B
HRRMEAEHEER, FEEAHERNR. F
KR TG 31 d PR 6 L Bk FL 74, 5
THEEE G A RO — 20 R A S 8
HHABIER A dhAh, BRI R Lt R R
TEE, HIb/E 52 d R 65 s, 5 H 32
WHHFRBENLEI-2dRER R E52d& &
FEATA B A AR B o HEIX 7] B R AR 7B
KWRR R ZH K, AIeEE GBI 7 7w 2R
Y. M, BT 2 BAEH B PRod A SR R
2. HEL, SR asE. NEKRAHNRE, X
A it 5 Pn-DG.Dp-DG-CoMv-G-Ac.Pt-DG-Co.Pn-
DG-Co #EIR LA XK.

B B2 AR T (A S L A3 1) 52 ) S A R 1)
i, {eH R H HATED CBRGEE RK H &
I TS VTR SRS, FARCNEN TG
R BRI HHATED BRI R R R PR R
P T HIEIE R R IO Eabk Ry, S I K LR
G ARRIG R, BRI LR R IR R R
(Pn)7EAE S5 31~38 dibid H K B R, HAE R R R
(Dp, Pt, Mv) IR AR R A ETE )5 31 dRF&: %252 d,
TERST R T ROy RO, 2 EEE
RN, B 73 d AR 2K R [F] R A
TERRZIE, NH AT R m N PR R R KA A
W, 2 R fe 24 R S B A ) SR I

AR, Z D Fie s | o S # 6 H
TEMUER > FHLE . 5 Benitaka A LE, F#AEEAR
wn B Early-ripening Benitaka H' UFGT %& K [ 14 7K

SEE ) VoMYBAT (19 SNP SRAR 2 5] S iZ i i o —
25 A% Brazil (5 B IR B R K ®Y. Leng S5 il 1
B 5% W1 4 Mt K L 4- coumarate- CoA ligase (VIT
02s0109g00250) #1 copper amine oxidase (VIT
1750000g09100) 7] fe i 5 g A1 Re AN E B S A
HH R Z SRR T BT 00, AR 25 R
N I AR ] AR O B DR E AN R B I T 2RI K

AR R, 0 & A R 18 3206 AR
SEMAN T, BT I A R VL X' I 9 B 55 R K
2, HBR T E O R AR BB R . AT
FERLZEAET , B RIS RS R D RS B
R S RAZ AR b A B S AR R U ) 2 AR T
REI 5 17 ] ) XG5 5 AW R, AT A Bl
HEA O S (LA — BRI T

4 % w

R ) H B AL T, e T TR R
DLk rl . KIS B S L BEAR R B AT B, 7
AR SR AT F AL B EA — B (BB AL 2
Tl ot SRS, HH KIS0 0 2 A Rl DL R AR B
RRAEH HATEYION T B R s B R A
HE S REONE RN 1565, R SRR R A
FERARZESR .. REEFEHERAoRE LR K
@i 5 SNUIE i 5 SN B ¥ iy S le 7/ DL/ )i
PRGN R S B B PR 5 iy Ao R T
R R B B ER, A RIRE O R R
R
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