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Identification and Evaluation of Berry Shape in Grape

Germplasm Resources
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Abstract: In order to investigate the variations in germplasm characteristics and traits among different grape varieties with
distinct berry shapes, 666 germplasm resources of grapes planted in the National Grape Germplasm Repository (Zhengzhou ) were
used as materials to carry out systematic identification and evaluation of berry shape traits. Meanwhile, statistical analysis and
comprehensive evaluation were carried out on berry vertical and horizontal diameter, single berry weight and seed number, and the
expression levels of genes related to berry shape were analyzed. The results indicate that the berry shapes of cultivated varieties were
categorized into 11 types, round, obloid, oval shape, nearly round, long oval, broad lipsoid, obovoid, ovoid, curved shape,

chicken heart shape and waist shape. The berry shape of wild varieties was basically round, only a few broad lipsoid and chicken heart
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shaped varicties were found in Vitis davidii. V vinifera L. has more berry shape types than V. vinifera x V. labrusca. Wine grapes are
mainly round and oval, with fewer berry shapes than table grapes.. Statistical analysis of grape individual berry weight across different
berry shapes revealed that the average individual berry weight of round (3.9¢) and chicken heart grape (3.4g) was less, and that of oval
shape (6.3g) and obovoid grape (7.1g) was heavier. Grape single berry weight was positively correlated with longitudinal diameter and
transverse diameter, and there were some differences in regression equations for different berry shapes. The number of seeds ranged
from 0 to 6. Among these, grape varicties with 2 seeds are the most common, followed by 3 seeds. Varieties with 5 and 6 seeds were
the least common and were primarily found in round grapes. qRT-PCR analysis of grape berry shape candidate genes was performed,
the expression level of PvFULI and VWSUN showed significant differences between elongated shape fruits (oval shape and curved
shape) and round shape fruits (broad lipsoid and nearly round), which might be important candidate genes for regulating grape berry
shape. This study provides some references for future grape breeding and fruit shape research.
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BRI Fif W RRECRA . BRI, HiER. TR, B AOWE . REeRF. sRE. WAL

Vitis vinifera L. . AFERLE. ABf2. BERNL. Bk, E2W. M. FEkR. TAE. FHEH




e ik

Vitis vinifera % V.labrusca

WK LI Z4F Vitis vinifera x Vitis amurensis

\LIBR ATl Vitis amurensis * Vitis vinifera
\IZEA4Fl Vitis amurensis x Viabrusca

W Fh North American interspecific hybrids
WRiH] 4 F Vitis vinifera x Vitis riparis
InMF & Vitis californica

LINF Vitis labrusca

HRHRIRHE] Vitis shuttleworthii

B E] Vitis aestivalis

RIHIE] Vitis davidii

S E Vitis piasezkii Maxim.
LM H % Vitis erythrophylla
B Vitis heyneana

% Vitis Romaneti.

Z5M- 4% Vitis heyneana

W ki 4 Vitis wilsonae
NRAEE Vitis balanseana

WLl B %] Vitis yeshanensis

LA & Vitis amurensis

iRk % Vitis adenoclada
BIRH % Vitis pseudoreticulata
BB Vitis bryoniifolia

MEM A% Vitis betulifolia
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cDNA &/, KMEZ: 5xAll-in-one qRT SuperMix 4 pL, Enzyme Mix 1 pL, 4% RNA 1 ug, RNase-free
ddH20 % 20 pL, FHRMESEREWAT 8~10 RER/TIRS), HE B LIWEREIRK. KMNMFERF 50°C 15 min,
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Table 2 Sequences of primers used for RT-qPCR

B SRS EIk/EZS SIYFF51 GC & (%) BKIRE O
Gene ID Primer name Sequence GC content ™
VvEFI-y (Vitvil2g02055) 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 50.00 57.2
VvBZR1.7 (Vitvi08200772) VvBZR1.7-F CAGCAAGGGACCATGGGTAG 60.0 58.6
VVvBZR1.7-R GCTCTTCGATTTCGCTCCCT 55.0 57.7
VwFULIA (Vitvi01g00008) VvFUL-F AGACACATTGGGAGCAGCAA 50.0 57.0
VvFUL-R TCAAGCGTAAGGTCCAGCTC 55.0 57.3

VWOVATE (Vitvi04g01262) VVvOVATE-F GTCCTCCAGGCAATGCTTCT 55.0 57.8




VVvOVATE-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

1% (cm) Longitudinal diameter

4% (cm) Transverse diameter

A8 HL Fruit shape index

jji chape iU &K P TERAK  wN &K Ty BREH BN EBK e 5 R
Min. Max. Average (%)CV Min. Max. Average (%)CV Min. Max. Average (%)CV
Ji 5 7% Obloid 1.76 197  1.86+0.11 5.9 1.86 227  2.03£0.22 10.8 0.87 095  0.92+0.05 5.4
J% Round 0.72 297  1.75+0.40 229 072 297  1.75+0.40 229 097  1.03  1.00+0.01 1.0
I [B 7 Nearly round 1.24 270 2.04+0.37 18.1 1.19 2.6 1.91£0.36 18.8 1.04 113 1.07£0.03 2.7
YR Ovoid 1.6 275 2.00£0.33 16.5 1.40 2.6 1.830.34 18.6 1.03 121 1.10+0.05 4.5
#4154 % Broad lipsoid 1.5 288  2.16£0.32 14.8 1.20 2.6 1.9240.30 15.6 1.04 129  1.13+0.07 6.3
{81992 Obovoid 1.78 310 2.55+0.28 11 152 265  221£0.25 113 1.05 132 1.16+0.07 6.2
X8.02J% Chicken heart shape  1.75 237 2.08+0.25 12 1.40 185  1.66£0.16 9.6 1.05 141  125+0.12 9.3
FMEFY Waist shape 2.95 2.95 2.95 / 2.30 2.3 2.3 / 128 1.8 1.28 /
KAMEFE T Long oval 1.60 315 2.39+0.42 17.6 1.10 22 1.69+0.30 17.8 13 2 1.42+0.18 12.3
KA Oval shape 2.70 375 3.09+0.37 12 1.55 22 1.90+0.22 11.6 133 242 1.65:0.34 21.0
5 Curved shape 2.70 320  3.00£0.25 8.3 1.50 175  1.630.13 8.0 1.71 1.94  1.82+0.12 6.4
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Table4 The number of different berry shape of Vitis vinifera L. and V. vinifera x V. labrusca

] 4 5T e 7 W TE bz HEE KR PV GEE  mETE B KRE®  REE Gt
Grape Round Broad Nearly Obovoid Long Chicken Ovoid Obloid Curved Oval Waist Total
germplasm lipsoid round oval heart shape shape shape shape

DI o 209 85 19 7 20 3 18 2 2 12 1 378

Vitis vinifera L.
[R5 2% Foft 94 24 22 22 3 3 1 1 1 171
Vitis vinifera x

V. labrusca
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Table 5 The number of different berry shapes of Chinese wild grapes

o B AR A [ 7 IR T PLTVSIA
Chinese wild grapes Round Broad lipsoid Chicken heart shape
R & Vitis davidii 40 3 1
S E Vitis piasezkii Maxim. 11

LI A8 %] Vitis erythrophylla 1

B Vitis heyneana 2

MHE A Vitis Romaneti. 3

Z5M- 4% Vitis heyneana 8

W ki 4 Vitis wilsonae 2

/NIRARE] Vitis balanseana 1

WLl B %] Vitis yeshanensis 1

W1 %] Vitis amurensis 5

IR E Vitis adenoclada

R Vitis pseudoreticulata

BB Vitis bryoniifolia

MEH-H %] Vitis betulifolia
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Table 6 The number of different berry shapes between wine grapes and table grapes

w9 N N

] ] 5 [ & MR WEE EREE KHEDE PERNYIZ (LR KR % Jii [ B REE &t
Grape Round Broad Ovoid Nearly Long oval Chicken Obovoid Oval A Curved Waist Total
germplasm lipsoid round heart shape shape Obloid shape shape

7 Wine grape 162 21 2 7 5 2 199
i & Table grape 154 88 17 35 18 4 29 12 3 3 1 364
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Fig.3 Statistics of single berry weight of grape with different berry shapes
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Fig.4 Frequency distribution of individual 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

A HE EIEpFE HHK REL
Berry shape Diameter Regression equation R?
[ #% Round Wiz y=5.407x-5.772 0.797
e y=5.421x-5.791 0.796
#1547 Broad lipsoid Ptz y=5.155x-6.498 0.780
Btz ¥=5.691x-6.299 0.783
B % Ovoid Wiz y=5.627x-7.171 0.948
it y=5.436x-5.873 0.923
{515R % Obovoid Pz y=5.721x-7.513 0.698
Az y=6.923x-8.184 0.816
KA [ % Long oval Pz y=3.921x-4.941 0.867
Mtz y=5.261x-4.463 0.804
K[ Oval shape Wiz y=0.364x+5.192 0.014
Az y=2.968x+0.665 0.313
JE 7 JE Nearly round Y1z y=6.743x-8.933 0.904
Witz y=6.904x-8.339 0.911
it Total Pz y=4.303x-4.159 0.718
it y=5.668x-6.102 0.803
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Fig.5 Linear regression diagram of single berry weight and diameter of grape

2.4 FRIRFBE M ERF TR S 7



BEF T IECRE R 2B SRR R B ARG R IR R . 666 £ 4 P 1A 4 H 4 0.
1. 24 3. 4. 5. 6R-LRPEAY, Hob 2 Rifh+ (26540 MM HRZ, K3 RMT (175 , 5
KL (943 Fl6 kL (54> F-FiFhmm /> H 3 ZE R & mFh, mETE. S, RERAKEESEA
ORI R EORAE 1S3 00, ToR & DU N E (R 8) .
% 8 TEIRMEEMRM T RE S S

Table 8 Statistics of grape varieties with different seed counts in different berry shapes

ESiZ AN[F R PRI AL 4 G AU The number of grape varieties with different seed counts
Berry shape 0 1 2 3 4 5 6
[ 7% Round 8 40 167 128 59 8 4
i[5 % Broad lipsoid 14 3 44 36 16

YRIEJE Ovoid 8 6 2 2 1
15151 & Obovoid 3 20 5 1

K[ Oval shape 7 5

.0 Chicken heart shape 2 2 2 1

[ J¥ Nearly round 8 1 19 8 6

KA [ JZ Long oval 5 1 9 6 2

Jii [7 J Obloid 3

25T Curved shape 1 2

WIETE Waist shape 1

&1t Total 45 41 265 175 82 9 5
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Fig.6 Berry shape index of different grape varieties
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Fig.7 Expression results of genes in different berry shapes
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