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Abstract: [ Objective ] There are various trait differences among different grape germplasms,
which are valuable materials for cultivating excellent new varieties. The assessment of fruit
characteristics plays a vital role in the assessment of grape genetic resources, and also serves as a
crucial foundation for identifying superior genetic material. Therefore, this study aimed to

comprehensively evaluate the fruit quality traits of 101 table grapes in the northern Zhejiang Plain
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using correlation analysis, cluster analysis and principal component analysis, characterize their
representative qualities, and provide technical guidance for grape fruit quality evaluation and
excellent germplasm screening. [Methods] A total of 101 table grape germplasm resources were
used as test materials to investigate and analyze the fruit quality traits. In order to explore the fruit
quality traits, this study measured 26 parameters including vetotal organic acidsticity, cohesion,
elastic index, chewiness, pericarp puncture strength, total phenols content, flavonoid content,
proanthocyanidin, sucrose content, fructose content, glucose content, oxalic acid content, tartaric
acid content, malic acid content, citric acid content, total sugar content, total organic acid content,
the ratio of total sugar to total organic acid, fruit cracking rate and fruit cracking index. SPSS 27.0
was used to conduct correlation analysis, cluster analysis, and principal component analysis on the
above indicators, and to analyze and evaluate the quality of grape fruits through comprehensive
scoring ranking. [ Results] The 26 quality indicators showed varying degrees of variation, with
coefficients of variation ranging from 7.03% to 159.48%. Among all indicators, the
proanthocyanidin had the largest variation and the elastic index had the smallest. According to
cluster analysis, 101 grape germplasm resources were divided into 5 categories (I, II, III, IV, V)
when the Euclidean distance was 11.5. The I category could be divided into 3 groups when the
Euclidean distance was 8.5, among which the majority of grape germplasm is a hybrid population,
the II category could be divided into into into 4 groups when the Euclidean distance was 8.5,
among which the majority of grape germplasm is Eurasian population. After eliminating the fruit
quality indexes with less variation, 14 traits of 101 grape germplasm resources were standardized
by principal component analysis and then reduced in dimension. In the principal component
analysis, five principal components were extracted with a total cumulative contribution of
82.178%. The contribution rate of principal component 1 was 26.008%, mainly representing
soluble solids, total sugar content, and cohesion, reflecting the quality of fruit sugar content. The
contribution rate of principal component 2 was 19.293%, mainly representing total phenols and
flavonoids, reflecting fruit nutrients. The contribution rate of principal component 3 was 14.750%,
mainly representing single fruit cracking rate, fruit cracking index, and sugar-acid ratio, reflecting
the ability of fruit to resist cracking. The contribution rate of the fourth principal component was
13.420 %, and the main factors determining it were elasticity and cohesion, which reflected the
fruit texture. The contribution rate of the principal component 5 was 8.707 %, and the main factors
determining it were total acid and sugar-acid ratio, which reflected the fruit flavor. [ Conclusion]

In this study, 26 agronomic traits of 101 grape germplasm resources were analyzed and could be
divided into 5 categories based on diversity analysis, cluster analysis and principal component
analysis. Through the comprehensive analysis of the fruit quality, soluble solid, elasticity,
cohesion, chewiness, total phenols content, flavonoid content, total sugar content, sugar-acid ratio,
fruit cracking rate and fruit cracking index elements were selected as the core indicators for the
evaluation of fruit quality traits. By principal component analysis, ‘Miguang’, ‘Pearl Noir’,

‘Zhengyan Wuhe’, ‘Jingshouzhi’, ‘09-42°, ‘Black Beet’, ‘13-653" and ‘15-115" get high scores. It



could be used as an important indicator reference for the evaluation of fresh grape germplasm
resources and variety selection and identification in Zhejiang Province.
Key words: Table grape; Fruit quality; Correlation analysis; Cluster analysis; Principal

component analysis; Comprehensive evaluation
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Table 1 Number and name of 101 grape germplasm resources
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No. Germplasm resources name No. Germplasm resources name No. Germplasm resources name
Cl H ™ Summer Black C36 F i Xiangyue C71 13-241

2 FE& % Reliance C37 3£ A4K Manicure Finger Cc72 13-643

3 KT8 Tiangong Moyu C38 L% EHIL Wuhe Jumeigui C73 13-653

Cc4 K L% % % Tiangong Cuixiangmi | C39 UL Qiubeier C74 13-680

cs B Jingmi C40 14-17-7 C75 13-747

Cc6 Tot% 242 Ribier C41 T 1L K Green Alexandria || C76 14-102




Cc7 218 4% Hongyan Wuhe C42  Hifk Xinyu C77 14-468
c8 JiHIFA% Zhengyan Wuhe C43  SKHEEH Zitian Seedless C78 14-752
c9 W47 Zuijinxiang C44 N Yemeiren C79 14-767
C10 K L.EFE Tiangong Yuzhu C45 B Xinya C80 15-115
Cl1 A HESE Black Beet C46  KJN%E Huozhouziyu C81 15-169
C12  RTLik% Tiangong Mixiang C47  Hi#fFISE Ruidukemei 82 15-171
C13  KIEE Tiangong Caiyu C48  HAEPNIGHT Zaosheng Neimasi || C83 15-350
Cl4  RTHiA Tiangong Liren C49  15-3-30 Cc84 2691
C15  Hi#B# £ Ruidu Xiangyu C50  HZ C85 sp539
Cl6  HE TH% Zaoxia Wuhe Csl1 JE KA Tamina C86 ‘&2 ¥ Fuji Shine
C17  ®# ¥ 54 Sweet Sapphire C52 4%+ Benni Fuji C87 £ F4K Hongshouzhi
C18 .t Zaotian C53 (%% White Banana C88 K HTEH% Flame Seedless
C19  EF¥R Yushouzhi C54 4% A JEH% Ruby Seedless C89 KN4 E Huozhouhongyu
C20 5% LM Feicui Wuhe C55 APk Pearl Noir C90 4 F45 Jingshouzhi
C21  KRI.# % Tiangong Cuiyu C56  BE/RZ T Moldova 91 %75 Qinxiu
€22 HHL D% Rizamat C57  #EH Seedless Qiu 92 F1% Shenai
C23  ZI[ 5% Red Balad C58 KL% Tiangong Ziyu €93 %'t Miguang
C24 [FI% Kyoho C59  ME Black King C94 FHifii Shenyue
C25  MAREBE Conglinmeigui C60 4k Tosa 95 K132 Tiangong Biyu
C26  23-8-5 c61 BHYCECBE Shine Muscat C96 K T5% Tiangong Feicui
C27 i 2 % Puzhimeng C62 09-153 c97 K L4 E Tiangong Xiangyu
C28 {5’k Xinnongle C63  09-161 €98 F K HE Sweet Taro
C29 A5 Wuhecuibao C64  09-42 €99 FHY%+ = Shine Thirteen
C30  H&TE Jingxiangyu C65  10-171 C100  #B4 Yinhong
31 K T4 Tiangong Chuxin C66 10-188 C101  AFAH% Yueguang Wuhe
C32  4:EJF Jinhuanghou C67 10-216
€33 HIM =R Koshu Sankei C68  10-226
C34 KL% Tiangong Mi C69 13-141
C35  ZLWFlK Red Alexandria C70  13-240
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Table 2 Statistical analysis of the diversity of 26 traits in 101 grape germplasm resources

EZIN He/ME IEON Mo I it % A5 R
Trait Min Max Range Mean SD CVI%

1% Vertical diameter (VD) /mm 14.00 55.10 41.10 25.93 6.19 23.86
4% Transverse diameter (TD) /mm 13.00 29.00 16.00 20.47 3.38 16.49
I AG S Fruit shape index (FSD 0.69 3.03 2.34 1.29 0.36 27.91
LT i Average weight (AW) /g 1.66 13.10 11.44 5.72 2.36 41.25
w (AT ETEA) Total soluble solid content (TSS)/% 12.67 24.17 11.50 18.55 2.16 11.66
JLSAEY Hardness (H) /N 4.20 30.41 26.22 10.78 5.06 46.90
#7] Elasticity (E) 0.16 0.38 0.21 0.25 0.05 18.39
%t M Cohesion (CO) 0.29 0.63 0.34 0.43 0.08 17.52
HiPETE%L Elastic index (ED 0.70 1.00 0.30 0.83 0.06 7.03
M4 Chewiness (CH) /mJ 1.52 9.02 7.50 3.70 1.35 36.35
B A Pericarp puncture strength (PPS) /N 1.75 8.35 6.61 5.02 1.55 30.85
w () Total phenols content (TP) / (mg-g™) 0.17 1.30 1.13 0.48 0.23 47.52
w (3R Flavonoid content (FL) / (mg-g™) 0.07 0.90 0.83 0.26 0.16 64.00
w (£ ) Proanthocyanidin content (P) / (OD-g') 0.00 236 236 0.30 0.47 159.48
W CREBE) Sucrose content () / (mg-g-) 2.55 26.22 23.67 6.31 311 49.38
w CHIAIHE) Glucose content (G) / (mg-g) 47.51 109.20 61.69 78.55 12.86 16.37
W CHEB) Fructose content (F) / (mg-g!) 44.55 107.60 63.05 76.97 12.33 16.02
w (HLEZ) Oxalic acid content (OA) / (mg-g") 0.00 0.72 0.72 0.17 0.09 30.04
w (A ) Tartaric acid content (TAA) / (mg-g') LIS 432 337 248 0.67 27.20
w CERER) Malic acid content (MA) / (mg-gh) 0.14 399 385 1.65 0.75 .13
w (FFE#BR) Citric acid content (CA) / (mg-g) 0.29 3.01 2.72 1.00 0.62 65.62
W GAHE) Total sugar content (TS) / (mg-g") 97.11 223.25 126.15 161.83 25.93 16.02
w CEER) Total acid content (TA) / (mg-g!) 262 932 66.71 530 1.33 2511
BERE L Sugar-acid ratio (SAR) 15.93 58.99 43.06 32.06 8.17 25.49
P2 Fruit cracking rate (FCR) /% 0.00 100.00 100.00 35.11 36.75 104.65
FLRFEH Fruit cracking index (FCD /% 0.00 100.00 100.00 25.33 31.38 123.86
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Table 3 Correlation analysis of fruit quality indicators

VD TD FSI AW TSS H E CcOo EI CH PPS TP FL
VD 1.00
TD 0.27**  1.00
FSI 0.78** -0.38**  1.00
AW 0.57*%* 0.71*%*  0.08 1.00
TSS -0.18  -0.40*%* 0.11 -0.24* 1.00
H 0.60%*  0.34%* (0.33**  (0.52*%* -0.28*%* 1.00
E -0.11 -0.10 -0.05 -0.13 0.05  -0.49** 1.00
(¢[¢] -0.19 -0.07 -0.13  -0.12 0.16  -0.59** 0.92*%* 1.00
El -0.21* -0.07 -0.16  -0.08 0.20*  -0.30**  0.44** 0.50** 1.00
CH 0.56%*  0.43** 0.24*  0.59** -0.23*  0.87** -0.14 -0.19 0.07 1.00
PPS 0.13 0.31%* -0.10 0.28*%* -0.11 0.37%* -0.16  -0.01 0.05 0.51*%*  1.00
TP -0.12  -0.06  -0.06 0.03 0.27%*  0.02 0.06 0.06 0.13 0.11 -0.02 1.00
FL -0.17  -0.07  -0.11 0.03 0.30*%* -0.07 0.05 0.09 0.16 0.03 0.00 0.94*%*  1.00
P -0.04 0.01  -0.05 0.11 0.13 0.11 0.05 0.02 0.12 0.220*  0.03 0.88**  0.83**
S —-0.29%* -0.33** -0.07  -0.28** 0.48** -0.15 -0.04 0.01 0.14 -0.16  -0.05 0.26**  0.25*
G -0.14  -0.41** 0.15 -0.16 0.74*%*% -0.25*%  0.02 0.11 0.23*  -0.23* -0.06 0.22*  0.26*
F -0.21* -0.41** 0.08 -0.20*  0.78** -0.28** -0.01 0.10 0.24*  -0.27** -0.09 0.20*  0.24*
OA 0.19  -0.17 0.27*%*  0.02 0.25% 015 -0.12 -0.16 -0.06 0.10 0.01 0.17 0.07
TAA -0.15 -0.20* 0.00 -0.14 0.46** -0.06 -0.05 -0.11 0.08 -0.06 -0.19 0.45%%  0.4]1**
MA 0.17  -0.07 0.22*  0.03 -0.02 -0.03 0.15 0.16  —0.03 0.00 0.10  -0.08 -0.10
CA 0.11 0.03 0.08 0.20*  0.21* -0.01 0.14 0.16 0.11 0.12 0.07 0.36**  0.38**
TS -0.20* -0.43** 0.10 -0.21*  0.80** -0.28** 0.00 0.11 0.24*  -0.26** -0.08 0.25%  0.27**
TA 0.09 -0.13 0.18 0.04 0.33*%* -0.04 0.12 0.10 0.07 0.03  -0.01 0.36%*  0.33%*
SAR -0.20 -0.11 -0.12  -0.11 0.15 -0.12  -0.09 0.00 0.13 -0.16 -0.06 -0.18 -0.13
FCR 0.22*  -0.14 0.29*%* -0.13  -0.27** 0.23* -0.05 -0.25% -0.22* 0.07 -0.27** -0.09 -0.19
FCI 0.29*%* -0.07 0.30*%* -0.04  -0.27** 0.27** -0.06 -0.26** -0.25* 0.10 -0.26** -0.10 -0.20*
P S G F OA TAA MA CA TS TA SAR FCR FCI
VD
TD
FSI
BW
TSS
H
E
(¢[¢]
EIl
CH
PPS
TP
FL
P 1.00
S 0.16 1.00
G 0.12 0.35%*  1.00
F 0.08 0.41*%*  0.90** 1.00
OA 0.18 0.12 0.23*%  0.25*% 1.00
TAA 0.39%*  0.25%  0.32%* 0.35%* 031*%*  1.00



MA -0.10  -0.17 0.17 0.04 0.01  -0.09 1.00

CA 0.36%*  0.02 0.21*  021*  0.07 0.28** 0.19 1.00

TS 0.12 0.49%*% 0.97** 0.97** 0.24*  036** 0.09 0.13 1.00

TA 0.32%*  0.05 0.38**  0.31*%* 0.26%  0.61** 0.61** 0.72*%* 0.34** 1.00

SAR -0.19 0.23*  0.25%  031% -0.10  -0.37** -0.57** -0.49** 0.30** -0.75** 1.00

FCR 0.02  -0.19  -0.22* -0.28** 0.12 0.00 000 -0.12  -0.26** -0.05 -0.11 1.00

FCI 0.00  -0.22* -0.27** -0.33** 012 -0.02 -0.06 -0.12 -031** -0.10 -0.10 0.96**  1.00

H: *RREREE (p<0.05) ; *RRERREE (p<0.0D)
Note: * indicates significant difference at p<<0.05; ** indicates extremely significant difference at p<<0.01.
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Fig. 1 Dendritic clustering of 101 grape germplasm resources
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Table 4 Principal component analysis of some traits of 101 grape germplasm resources

[EFTN ESS %l FRA 2 FHA 3 ER FHA 5
Trait PCI PC2 PC3 PC4 PC5
AW -0.449 0.480 0.183 0.279 0.087
TSS 0.658 0.236 0.045 -0.431 -0.108
H -0.805 0.463 0.046 -0.123 0.051
E 0.490 -0.221 -0.233 0.702 0.227
co 0.610 -0.145 -0.040 0.694 0.204
CH -0.620 0.578 0.083 0.227 0.173
PPS -0.265 0.467 0.433 0.268 -0.065
TP 0.338 0.654 -0.384 -0.143 0.466
FL 0.409 0.644 -0.292 -0.147 0.458
TS 0.643 0.214 0.130 -0.492 -0.099
TA -0.306 -0.538 0.522 -0.075 0.539
SAR 0.096 -0.368 0.603 -0.370 0.538
FCR 0.473 0.371 0.682 0.204 -0.148
FCI 0.519 0.358 0.652 0.183 -0.180
FEAEAE 3.641 2.701 2.065 1.879 1.219

Eigenvalues

TR 26.008 19.293 14.750 13.420 8.707
Contribution rates/%

S TTRR R 26.008 45.300 60.051 73.471 82.178
Cumulative contribution rates/%




o1 TH9%ER

1#i[ Group T 95% confidence ellipses

oI —II4H 95%E (= Group IT 95% confidence ellipses
o I 140 95% & 5 1[4 Group 111 95% confidence ellipses
o IV — VA 95%E {5 Group IV 95% confidence ellipses
v
— #(fsf Loadings
12 . .
ol i

32 A (19.29%)
Principal component 2(19.29%)
w o
T T

<

-/ sz

A
P . ‘ . . .
-8 -6 -4 -2 0 2 4 6

5 1 ERUH26.01%)
Principal component 1(26.01%)

B2 101 A& s SRS 1. 36 2 i 300 5 RSt IR 1 XUhr
Fig. 2 Biplot of factor scores and loadings based on 1st and 2nd principal components of 101 grape

germplasm

o1 141 95%5 {51 Group I95% confidence ellipses

oI — N4 95%E (5 Group II 95% confidence ellipses

< I 40 95% & {5 # [ Group III 95% confidence ellipses

o« IV — VAL 95%E {F i Group IV 95% confidence ellipses
v

—» 44 Loadings

5 4 E RN (13.42%)
Principal component 4(13.42%)
S

-12 . . L . .
-8 -6 -4 -2 0 2 4 6

3 ERI(14.75%)
Principal component 3(14.75%)

B3 101 (i &M s SRR EE 3. 38 4 F 1350 5 R SR 1 XU K
Fig. 3 Biplot of factor scores and loadings based on 3rd and 4th principal components of 101 grape



germplasm

DA A A R, A DASE 1 58 3 ERME AR ARAR, B 2. BB 4 FRE N
AAbR, K 101 4330 A RS SRR 4TI EOR ] (B2, 3) , SEERESITIAR, N
1117 U 11 S B S AN TR B AR SR S TR R AT IS o FErP 288 T B0 A sl s 22N, 32 B4k
LT B 1 A E 1] B AT R B B B SRR A, FORE IR EL s T A 4 SRR
BT AP IR - B A TR s /e R 7, EBAREL T 58 20 3 T A SR Sk
PAFAE, Foamy. 0. B, RER S BN R A AL 5 AN RBERRN RBEITT& R R
PR F AN R B T7, R B IR R A W IR B AR IEL IR i PR RFALE
2.5 FEIMREFEREHSRLMEROEEITEN

BT & E R0 7 2 TR A 22 5, DIULEREAT 5B VPO I, 2% R = 43 IO AS [ Uik
B, DAS AT MR 7 2 SRR AR, 6FAS IR R AT S A 32 5 4593 B HAH AL kAT
IR R AR G 4 SR s R R 25 A VPN sR B, B = (0.316 5F1+0.234 8F2+0.179 5F3+0.1633
4F4+0.106 0F5) /0.821 8, R4 LA EZRE VAT B THE Y 101 /N0 45 5T B U8 3R 5 o2 (9 25

a1, GRNE S,



R 5 101 A & R R IR R 18 S5HEA

Table 5 Composite score and ranking of quality of 101 grape germplasm resources

No. evaluation score Ranking No. evaluation score Ranking No. evaluation score Ranking
C93 1.149 1 C34 0.346 36 C36 -0.137 71
Css 1.133 2 Cs52 0.337 37 C97 -0.180 72
C8 0.818 3 C81 0.318 38 C77 -0.187 73
C90 0.810 4 C85 0.282 39 C57 -0.196 74
Co4 0.750 5 C25 0.266 40 C40 -0.199 75
Cl1 0.747 6 C12 0.256 41 Co62 -0.232 76
C73 0.729 7 Cl6 0.253 42 C58 -0.264 77
C80 0.666 8 C1s5 0.249 43 Co -0.277 78
C87 0.665 9 C100 0.248 44 C17 -0.283 79
C101 0.664 10 C10 0.221 45 C31 -0.336 80
C72 0.615 11 C83 0.214 46 C38 -0.344 81
C95 0.601 12 C41 0.211 47 C47 -0.345 82
C92 0.575 13 C19 0.207 48 C54 -0.350 83
Co4 0.547 14 C7 0.205 49 C48 -0.369 84
C68 0.528 15 C89 0.204 50 C13 -0.378 85
C74 0.523 16 Cs 0.187 51 C98 -0.393 86
C35 0.515 17 C84 0.175 52 C53 -0.406 87
C50 0.514 18 C18 0.172 53 C56 -0.417 88
C65 0.509 19 C69 0.141 54 C30 -0.418 89
c3 0.492 20 Csl1 0.132 55 C23 —0.448 90
C96 0.487 21 C24 0.122 56 C26 -0.451 91
C71 0.468 22 C49 0.115 57 C91 -0.501 92
C70 0.463 23 C28 0.096 58 C20 -0.562 93
C78 0.452 24 C21 0.093 59 C43 -0.617 94
C79 0.448 25 Cc2 0.090 60 C32 -0.631 95
C59 0.444 26 Cc4 0.069 61 C37 —0.685 96
C76 0.440 27 C82 0.064 62 C27 -0.730 97
C75 0.438 28 C86 0.045 63 C45 -0.762 98
C9 0.431 29 C63 -0.038 64 C22 -0.936 99
Col 0.412 30 C88 -0.044 65 C44 -0.947 100
C39 0.406 31 Cl4 -0.052 66 C42 -1.094 101
C66 0.386 32 C46 -0.067 67

C99 0.380 33 C29 -0.070 68

Co7 0.369 34 C60 -0.086 69

Cl 0.357 35 C33 -0.120 70
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