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Evaluating the Variation of Berry Shapes in
Grape Germplasm Resources

ZHANG Changyun, WANG Jingyang, FAN Xiucai,ZHANG Ying, JIANG Jianfu, LIU Chonghuai, SUN Lei
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences , Zhengzhou 450009)

Abstract: In order to evaluate the variations among different grape varieties with distinct berry shapes, 666
grape germplasms were planted in the National Grape Germplasm Repository (Zhengzhou) , and the berry shape
associated characters were measured. Comprehensive evaluation and statistical analysis were carried out on the
phenotypic variation of berry vertical and transverse diameter, individual berry weight and seed number, and the
expression levels of genes that related to berry shape were analyzed as well. The analysis showed that, the berry
shapes of cultivated varieties could be categorized into 11 types, namely round, obloid, oval shape,nearly round,
long oval, broad lipsoid, obovoid, ovoid, curved shape, chicken heart shape and waist shape. In contrast, the
berry shape of wild germplasms was mainly round, only a few were identified with broad lipsoid and chicken
heart shaped in the species Vitis davidii. The germplasms of V. vinifera L. showed richer diversity on the berry
shapes than the V. vinifera x V. labrusca hybrids. Wine grapes are mainly round and oval, with fewer types of the

berry shape than table grapes. Statistical analysis of individual berry weight across different berry shapes revealed
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that the average individual berry weight of round (3.9 g) and chicken heart grape (3.4 g) was lower, and that of
oval shape (6.3 g) and obovoid grape (7.1 g) was higher. The individual berry weight was found positively
correlated with the vertical diameter and the transverse diameter of the berry, and the regression equations
differed across types of berry shape. The number of seeds in single berry ranged from 0 to 6. Among these, grape
varieties are most commonly with 2 seeds, followed by 3 seeds. Varieties with 5 or 6 seeds were rare and were
predominantly found in round grapes. Quantitative reverse-transcript PCR (qRT-PCR) analysis was performed
on those candidate genes of grape berry shape, the expression level of gene VvFULI" and VvSUN showed
significant differences between types of elongated shape (eg. oval and curved) and round shape (eg. broad

lipsoid and nearly round) , which might be important regulators of the grape berry shape. This study provides

references for future grape breeding and fruit shape research.

Key words: grape; berry shape; germplasm resources; gene expression
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Tablel Representative variety of grape
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Grape species or hybrid type Germplasm name
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Vitis vinifera x Vitis labrusca
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LI ZEZFh Vitis amurensis * Vitis labrusca R AT

S A=A North American interspecific hybrids 5BB .2 f& 7
FXIR] Z4F 0 Vitis vinifera x Vitis riparis Leonmillt
TN A% Vitis californica
ST Vitis labrusca Fki
SRR A4 Vitis shuttleworthii
A% Vitis aestivalis

FilHi%] Vitis davidii

DVIT1360 Californica #1 Hybrid 3

DVIT1719 shuttleworthii Olmo(U69-50)
DVIT1717 aestivalis Olmo(U69-50)
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Grape species or hybrid type

Germplasm name

ZII4% Vitis erythrophylla
B4 Vitis heyneana

KA %] Vitis Romaneti.
S&M-45 %] Vitis heyneana

[ ik Hi% Vitis wilsonae
/N Vitis balanseana
eI Vitis yeshanensis
111 %%] Vitis amurensis

WA A %] Vitis adenoclada

1E 4354 Vitis pseudoreticulata

LB Vitis bryoniifolia

MEN 2 Vitis betulifolia
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Table 2 Sequences of primers used for RT-qPCR

&R EILZEA S Git7i2dl GC (%) BAHEE(C)
Gene ID Primer name Sequence GC content ™
VvEF1-y(Vitvil12g02055) VVEF1-y-F CAAGAGAAACCATCCCTAGCTG 50.0 55.3
VVEF1-y-R TCAATCTGTCTAGGAAAGGAAG 40.9 50.9
VvSUN(Vitvi08g02330) VvSUN-F ACAGAATCTGCCAAGGCGAA 50.0 57.0
VvSUN-R AGGCTTTTCATGCTTACAGTGTT 39.1 54.4
VvGLOBE(Vitvil1g00424) VvGLOBE-F AGAGCTGGGAGGCTACAAGA 55.0 58.0
VvGLOBE-R TGGCCTGCAAGATGGCTAAA 50.0 57.2
VvBZR1.7(Vitvi08g00772) VvBZR1.7-F CAGCAAGGGACCATGGGTAG 60.0 58.6
VvBZR1.7-R GCTCTTCGATTTCGCTCCCT 55.0 57.7
VvFULI*(Vitvi01g00008 ) VvFUL-F AGACACATTGGGAGCAGCAA 50.0 57.0
VVFUL-R TCAAGCGTAAGGTCCAGCTC 55.0 57.3
VvOVATE(Vitvi04g01262) VVOVATE-F GTCCTCCAGGCAATGCTTCT 55.0 57.8
VvOVATE-R TCGTAGACCTTGGCAACCAC 55.0 57.6
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Fig.1 Berry shape and representative variety of grape
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Fig.2 The number and proportion of berry shape in different grape varieties
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Table 3 Analysis of berry shape index of grape with different berry shapes

2042 (cm) Vertical diameter

4% (cm) Transverse diameter

TRIEFE 4L Fruit shape index

iﬁ; shapes E’;/J\ R 2y }zi‘fﬁ E'ifl\ o NI | Eijﬁ E’;/J\ 5o/ NI Eﬁ;ﬁ
Min. Max. Average v Min. Max.  Average cv Min. Max. Average v
Jii[AJE Obloid 176 1.97  1.86%0.11 5.9 1.86 227 203£022 108  0.87 0.95 0.92+0.05 5.4
7% Round 0.72 297 175040 229 072 297 175040 229 097 1.03 1.00+0.01 1.0
BT Nearly round 124 270 204037  18.1 1.19 260 191036 188  1.04 113 1.070.03 2.7
GREJE Ovoid 1.60 275 2.00£0.33 165 140 260 1.83+034 18.6 1.03 121 1.10£0.05 45
i[5 Broad lipsoid 150 2.88 2.16:0.32 1438 120 260 1924030 156  1.04 129 1.13£0.07 6.3
EBIFE Obovoid 178 3.0 255£028  11.0 152 2,65 221025 113 1.05 132 1.16x0.07 6.2
X0 Chicken heart shape 1.75  2.37  2.08+0.25  12.0 140 1.85 1.66+0.16 9.6 105 141 1.25+0.12 9.3
HIETE Waist shape 295 295 2.95 / 230 230 2.30 / 128 128 1.28 /
KAMAFE Long oval 1.60  3.15 239+042  17.6 1.10 220 1.69+0.30 17.8 130 2.00 1.42+0.18 12.3
KB Oval shape 270 375  3.09+037 120 155 220 1.90£022 11.6 133 242 1.65+0.34 21.0
I Curved shape 270 320  3.00+0.25 8.3 150 175 1.63+0.13 8.0 171 1.94 1.82+0.12 6.4
/e
/:No data

22 AEMEFAREEMRNERS

DI ol G S = 7 4 5 B e 1) 889 LA
e, BRI FPFP B S BRSE 4R I PIA 22 . 1A
L WERIE Y LLRE R IR R 3, Hop BB 4y
) o5 BRI FNIRR SE 24 Rl 55% F1 54% LA L Wi [E1TE

4390 o5 KT b F1RR 52 2= b (1) 229% F1 149% LA I, Hofth
TG R AR AT D o SRR FIAR EL , BRE 2 Fh
B K BT R0 SR BT (1 ol 2 W RR STV b (14 ST 26
R 5 (F4), HEEEEEMFRRREES,
RSEIA XA T, AU 7 v & B0 3 403 [



114

HRAIB A« AA RSO IR SRR S E VAN

1821

T (ERIUHIHG] i Ll 15 JIF006 , F1ARFl 245 (146 )

FI TR UK H L% 35 Rh)s (K 5)
7 2R S Tk 2R, R AR £ MR O 3

TS5 E VA 1 2 26 b o v i MRS 4 %5 3L 563

i, Herh T2 RITE M RDE , b7 75% DL E o BRI
) RIC BB B R R R o, A A4
(I I AR BT | B [ A0SO B Fof 5, 662
EARIEEREE AW 1R (K6 .

x4 RIEMFIERERFMHERELES 5
Table4 The number of different berry shape of Vitis vinifera L. and V. vinifera X Vitis labrusca
SN K 2g.0IE S N
_ W wEEE . - o B . S
ke e B BIE  Chicken BPEIE JmFE b7 At
Broad Nearly ] . . urved ]
Grape germplasm Round = | Obovoid  Long heart Ovoid  Obloid Oval  Waist  Total
lipsoid  round shi
oval shape shape  shape
WP A 209 85 19 7 20 3 18 2 2 12 1 378
Vitis vinifera L.
IR 2Rl 94 24 22 22 3 3 1 1 1 171
Vitis vinifera x Vitis labrusca
*5 HEFEFFARREHRYE
Table S The number of different berry shapes of Chinese wild grapes
r ] B A= [ HERIIE RS2
Chinese wild grapes Round Broad lipsoid Chicken heart shape
FilHi%] Vitis davidii 40 3 1
A% Vitis piasezkii Maxim. 11
LT84 Vitis erythrophylla 1
B %] Vitis heyneana 2
FKAE % Vitis Romaneti. 3
S % Vitis heyneana 8
W ik #5174 Vitis wilsonae 2
NG Vitis balanseana 1
eI % Vitis yeshanensis 1
114744 Vitis amurensis 5
N4 #5%5 Vitis adenoclada 6
1B IR Vitis pseudoreticulata 6
HHBE Vitis bryoniifolia 7
MENT2 Vitis betulifolia 3

*o6 AEREFFHRESN
Table 6 The number of different berry shapes between wine grape and table grape
eI w0 K BRI
il T2 bl 12 b T2 ViGN , 2 2 N
TR (57 BB ” " Chicken 5T TR - S A
road . Nearly Long . Oval . Curved  Waist
Grape germplasm  Round o Ovoid heart Obovoid Obloid Total
lipsoid round oval shape shape shape
shape
P Wine grape 162 21 2 7 5 2 199
T Table grape 154 88 17 35 18 4 29 12 3 3 1 364

2.3 BERESRANENEXES

VO NG ESIAE Fl o AR W8 v i =
B A= 45 % 2 R BE SRS, 43 A 7E 0.50~4.61 g
BB SR B 2 AN FISHIE Z 0] 22 AR, ks

I E RN ARSI (3.4 ¢) , R R BT
(7.1 g) o AIFZRIE BB e/ NI R 3930 0.9 g
M16.6 g, HARSLRIRIE (K13) . YA R A H
] PR E A A AT D, FRRE B AE 1~6 g 9 il
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BomiZ, iR 80% LA . BIE BRETE . 1~4 g FI 3~4 g, KIBIJE AW 15 2] B9 T 4 %
AT A ARG R 4 Y R AR 22 R BCOR LG SRR R, 733l 5 A 7E 6~7 . 5~6 g 7l 7~
W AR E AR BN A 1~4 . 2~3 g 8g(E4).
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16 & FJH Average
14 |
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% L
g 10 99 T102
o L 9.1
@) S 8.4 8.5
HE 8
e L | 2
=
g (L 6.3
i 4.8 alag A |48 g %
4 - 4.1 N cXY)
3.4
2.5
2 2.0 2.1
=15 1.5
L 1.2 9
0 —
| | | | | | | |
BI5NE KEE HaIEE EEE  K#EEDE R IBE GO
Obovoid  Oval shape Broad lipsoid Nearly round Long oval Ovoid Roind Chicken heart shape
B3 AEREEFHRNESIT
Fig.3 Statistics of single berry weight of grape with different berry shapes
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Table 7 Linear regression equation of single berry weight and diameter of grape
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Fig.5 Linear regression diagram of single berry weight and diameter of grape
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