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Genetic diversity analysis of fruit-related traits in cucumber germplasm

resource
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(1. College of Horticulture, Shanxi Agricultural University, Taigu 030801, Shanxi, China, 2. The State Key Laboratory of Vegetable Bio-
breeding/Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: To understand the genetic diversity of cucumber fruit traits and optimize breeding strategies, genetic diversity
analysis, correlation analysis, principal component analysis and cluster analysis were performed for 13 fruit agronomic
traits of 221 germplasm resources. The results showed that the average genetic diversity index of 221 cucumber germ-
plasm resources was 1.392, with the average coefficient of variation of 30.78%. Correlation analysis showed that except
the size of fruit tumor, the other 12 traits had high correlation. Principal component analysis showed that the cumulative
contribution rate of the four principal components (PC1-PC4) was 68.82%, which contained most of the information of
cucumber fruit traits. Cluster analysis was conducted on germplasm resources using phenotypic traits and molecular mark-
ers. The results showed that the phenotypic traits of 221 germplasm resources were divided into 5 categories when the Eu-
clidean distance was 0.003, and each category contained 90, 65, 9, 38 and 19 germplasm resources, respectively. When
the Euclidean distance was 1.400, the molecular markers of 221 germplasm resources were divided into 5 categories, in-
cluding 35, 70, 45, 54 and 17 germplasm resources, respectively. The comparison between phenotype data and molecular
marker clustering results showed that there was a certain degree of agreement between them. The results have laid a foun-
dation for the selection of excellent breeding parents and provided a reference for the subsequent work.
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Table 1 Fruit traits measurement and evaluation results

s REMIR ok SR B AR v
No. Agronomic trait Standard of record and assignment
1 TR R A 1=70, 2=/, 3=H1,4=K.
Fruit tubercle size 1= None, 2= Small, 3= Medium, 4= Large.
2 JRA 1=H,2=H%k,3=1k 4k, 4=5¢,
Fruit flesh color 1= White, 2= White green, 3=Light green, 4= Green.
3 JR 1=H,2=7%,3=1%.
Spine color 1= White, 2= Yellow, 3= Black.
4 SRR i 1=T6,2=Hi , 3=t , 4=
Thin density of tubercle 1= None, 2= Thin, 3= Medium, 4= Dense.
5 JRE 1=, 2=F{E5%, 3=fE 5k, 4=5% , S=IRAL S, , 6=TR Sk, T=52 5%
Peel color 1= White, 2= White flower green, 3= Flower green, 4= Green, 5= Deep flower green, 6= Deep green, 7=
Dark green.
6 SV I=489% , 2=H0h [, 3={51 90 % , 4= [l 14, S=H IR 15, 6=Ti e , 7= e
Fruit shape 1= Finger, 2= Oval, 3= Obovate, 4= Short cylinder, 5= Long cylinder, 6= Short rod, 7= Long rod.
7 PS¢ S5, IEH T VR SRR .
Fruit shape index The ratio of fruit length to diameter of normal commercial fruit.
8 JISS T TR il TGRS 28 TR KB, 67 eme
Fruit length The length of a normal commercial melon from the tip to the top, the unit is cm.
9 PSSR IS 5 SR AY TE R TR s JTCR 7 0 22 IS 3 350 R 15 B em
Fruit neck length The distance from the bottom of the seed cavity to the end of the handle of the normal commercial fruit,
the unit is cm.
10 SRR 48 JLRR LR TR VT 1/3 AR RAAS 500 em.
Fruit transverse diameter The transverse diameter of the normal commercial fruit from 1/3 of the top, the unit is cm.
TR S TE T T ICTT 1/3 AR VT 6 TR RS, 9 e,
Fruit cavity diameter The thickness of the fruit on the transverse section at 1/3 of the top of the fruit, the unit is cm.
12 SR Z= L 45 SRR, 1 R S TO0 RO S AL AR A
Fruit carpel number The number of carpel of the normal commercial cucumber fruit, the unit is the number.
13 LY \igtis SRS, B IEH R S A DR, SRR go DI 5 AR IR SR G2 (F

Single fruit mass

The mass of single commercial fruit, the unit is g. The average value is obtained by measuring the mass of
5 commerecial fruits.
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Table 2 Genetic diversity analysis of cucumber fruit traits

TR NAH %/ ME FHIME PRtk 22 i £ Vg B R LIRS (D
Trait Max Min Mean STD Skewness Kurtosis CVI% Shannon—wiener index
JRAK: Fruit length 46.67 10.96 26.69 6.85 0.13 -0.50 25.67 2.079
JH A% 5.15 2.80 3.67 0.27 1.25 5.05 7.49 1.944
Fruit transverse diameter
JAE K 11.85 1.13 3.96 1.88 0.91 0.92 47.47 1.925
Fruit neck length
IE Bif% Fruit cavity diameter  2.95 1.36 1.88 0.22 1.10 3.15 11.68 1.947
JL = 5.00 3.00 3.08 0.24 4.45 26.15 7.71 0.546
Fruit carpel number
TR 505.00 113.23 239.70 54.97 0.76 2.58 22.93 1.996
Single fruit mass
JRJE Fruit shape 9.00 1.00 4.16 2.12 -0.04 -1.74 51.00 1.117
JREZ 7 Peel color 7.00 1.00 4.18 1.85 0.45 -1.02 44.19 1.468
JXA 1 Fruit flesh color 4.00 1.00 3.47 1.07 -1.75 1.32 30.68 0.729
JIUH €4 Spine color 1.00 2.00 1.74 0.96 0.54 -1.72 55.17 0.705
IR 578 2.00 1.00 1.71 0.85 0.59 -1.36 49.57 0.851
Thin density of tubercle
JIU# K/ Fruit tubercle size 4.00 1.00 2.77 0.50 -1.02 1.34 18.13 0.708
HIEAE S Fruit shape index  14.30 2.85 7.43 2.11 0.30 -0.38 28.41 2.076
1.0
HUBAEH Fruit shape index| 100 7~ ‘ P4 ‘
JiAK Fruit length| 094 1.00 0.8
JH# 4% Fruit transverse diameter| 0.52 0.6
JRAEK Fruit neck length| 086 090 041 100 * % o
i B A% Fruit cavity diameter| 051 041 071 034 100 * & . * *
- 02
JICa % %Y Fruit carpel number 1.00
FJIR & Single freit mass| V47 059 100 % * 0 * L 0.0
JKJ Fruit shape 0.7 100k ok k ‘ e
JRJ 8 Peel color 100 . 04
JINA {7, Fruit flesh color 1.00 * ’
JIHI 4 Spine color| 042 040 038 100 k- 0.6
JICHJ% 5 % Thin density of tubercle| 0.43 ' ( 057 | -0.44 5100 08
JIUJEE K /N Fruit tubercle size 1.00
-1.0

#p<0.05

JK4 Fruit length
JRH Fruit shape
JIH {5 Spine color

JIUJ {2 Peel color

HWILFE 4L Fruit shape index

JIUR 4% Fruit transverse diameter
JRAEK: Fruit neck length

Lol H A% Fruit cavity diameter
JICr % 3 Fruit carpel number

L IUBT & Single freit mass

JK A5 Fruit flesh color

JICHIJR 57 % Thin density of tubercle
JIJE K718 Fruit tubercle size

1AM RFRRIEREOBRME ST

Fig. 1 Correlation analysis of fruit traits of cucumber germplasm resources
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Table 3 Principal component analysis of agricultural
fruit traits of cucumber germplasm resources

PR F 4> Principal component

Trait PCl1 PC2 PC3 PC4
JRJ¥ Fruit shape -0.376  -0.112 0.015 -0.029
JIE 4 Peel color -0.178  -0.236 0.384  0.540
JI A €8 Fruit flesh color -0.160 0.026 0.353  —0.082
JIUH €4, Spine color -0.234  -0.019 -0.113 0274
TR 575 0.273 0.153  -0.120 -0.496
Thin density of tubercle

JIU K/ Fruit tubercle size 0.025 0.002  -0.690  0.433

HIEAE %L Fruit shape index 0.418  -0.019 0.046  0.204

JRA Fruit length 0.415  0.095 0.061  0.201
JRAEAE -0.238 0.585  -0.002 -0.025
Fruit transverse diameter

JIAEK: Fruit neck length 0.399  0.064 -0.053  0.168
D ER -0.246 0503 -0.226  0.115
Fruit cavity diameter

P £ -0.021 0.371 0.191  0.122

Fruit carpel number
F1)IU5 & Single fruit mass 0.219 0.401 0.357  0.230

T4 EASTHIFHER K ST R

Table 4 Eigenvalue and contribution rate of principal

components
F Ay P . .
Princial FHIEE TTHRZE KPR
P Eigenvalue Contribution rate/% Cumulative/%
component
1 5.083 39.10 39.10
2 1.602 12.32 51.42
3 1.207 9.28 60.71
4 1.055 8.12 68.82

BT 4 A R4 (PCI~PC4) , B 5Tk R A
68.82% , A7 1 AR SEH AR KB 4015 B, &5

WK 4 7. PC1 BIWIGRFFAELE 9 5.083, DTHR %
9 39.10% » 55— 2 B AR [ 1 248 60 A o A 2R
TEFREL L R AR K55, AT DAESE SR 5%
R E T s PC2 9] 46 R AiEAE A 1.602, 5T ik % 4
12.32% , 57 — 25 B4 REAIE 1) B 40 6 A 558 v (1) A AR
O BEAR BRI 55, T DUBEFE v R 5= A

T PC3 IMIURFFIEE N 1.207, THERE N 9.28%, 5
=7 R R ARE ) R A 0 A A A TR R IR
o, MEHE A SR Sz R K 7 5 PCA AT 46 5 AiE B A
1.055, TR %A 8.12% , 27 DY 3 1% 43 RRAIE 1) & 48 %
B 28 v T A T o s 2 AR TR R /N 55, MRS Dl SR s
R 1

24 HAMRFBERIMHRBLESH

X221 43 3 ICRR 5 SR IF 13 N 2R AT
R, AR EREE B 0.003 A ERIME K 221 43 4% O
FsE 3 R HOR R, 45 R WL 2, & RAEI P 3 W
%5

51 RBEE S 90 M BT BHUE 2 28R i IR LA
KB N, BIUR R K. REBERNEE,
TeLk R, BB H R B 2 N Aa ], g8 /), K AE 20.0~
30.0 cm, JREEFEAE 3.5~4.0 cm, JIE L0 .

1 BB 65 MR SR, M RUTUE N
AR, BUTUF ROR T Hiqth 4 AN, B RR,
DASRERITREE A, B % A2 R DA % 9 3 8/, TR
KAE 25.0~35.0 cm, JREEARTE 3.0~4.0 cm, JRIEE K .

55 I RBEES 9 trM BT TR, 18 U i
[, BT /b o JROR B TR AR 32, b 5
A, TR S B, R 2R N RN,
JRA AT K f 5

IV B A 38 BT BEUR 1R VR £
R [ 5 BRI &8 25 R 3OK BN 170.5 g, Fek
N 505.0 go JIN R EER LR, AR Sk, il S R R A
Bl R 3, N, K AE 15.0~25.0 em, JRAE A2 45
K AE 3.5~4.0 cm, RIE KB .

BV RBAE 19 R R EIE, Z BRI 2
Kb, BT BAE 250.0 g /24 . REFIE LLAESEN
F, BB E RIS RN, MK, 2N
30.0~45.0 cm, JRAEAZTE 3.0~4.0 cm, RATEL K
2.5 SSRE|IYMISBELR SIS

ZE M 240 X SSR 5 ik tH 26 X 2 A1
BEMGIYR 6, FI R X L5 ¥ %t 221 43 Fh 5 5
PR RLEAT Y 3G, 2 P50 B 4 He3 o 100%, 15

al
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Table 5 Average value of fruit traits of five groups

S RK JREAZ K Lo EAR JRC 2 H LiY)\VS

Group Fruit length/cm  Fruit transverse diameter/cm  Fruit neck length/cm Fruit cavity diameter/cm Fruit carpel number Single fruit mass/g
I 24.87 3.71 3.25 1.87 3.08 236.83

I 31.36 3.56 5.14 1.82 3.07 246.32

I 14.75 3.70 1.68 2.01 3.01 148.37

v 23.39 3.87 2.90 1.95 3.07 225.41

\% 35.18 3.39 7.06 1.76 3.09 222.36

e 24 -



57 E A FUR R STRER I £ R b7 TSGR T
2 ANFRFFEREMERABLRSH
Fig. 2 Cluster analysis of cucumber fruit traits
*6 IHELAY 26 MEHZTSM SSR 51HF7F

Table 6 Selected 26 pairs of high polypeptide polymorphism SSR primer sequence
45 1D 5|¥)F%1-F Primer sequence -F 5|95 %1-R Primer sequence -R
SPS1 CATCAACTTTGGCACATTGG TACTGTCCGAACGTGTTCCA
SPS2 GGGGAAATACGTGAAAGAGG GGTCAAATGTCAAAGAGCGG
SPS3 CCAATTAATTATCCTCCCACGA AATTAAAGTGAGGAGTGGAATTTTT
SPS4 TTTTGTGCTGCTGATGAAGC TTCTCATCGCAGGTGAAGTG
SPS5 AAGTGCCATGGTGAATGGTT TGCATGGGATACCTCAACAA
SPS6 CCACCATGTTGTGCTTATCAA GACCCTTCCAAAAGTAATAAACAA
SPS7 ACAATGTTGAGTGGGTGGTT TGGTTCACTGATGATGACCTG
SPS8 GCCATTCAAGGTGTAAGACCA ATGTTGGTTGGGTTGGGTTA
SPS9 CACATGAATCGGATTTTGGA TGCATGATTATGATCTTAGAAAACG
SPS10 TGAAATGCCTCTGCAATGAC TCATGACTAGACACGCCAGC
SPSI11 TCTCATGGATCATTATTGGGC CCCAACAAAAGAAATGCTCA
SPS12 TCCCACAAAACATTTTCCAA CAATGACAGGAAACAAACCCT
SPS13 CGTTGCATGGATAAAGAAACC ATTATGTTCCAGCTCCACGG
SPS14 TTACCTCACTTGCCTCTGCC TAAGGAATATGGTGGTGGGG
SPSI15 CGATTTCAAACAAATTGCTAACTG GGAGAGTCAAATCAAACATCCC
SPS16 AGGTACGAAACAACGGCAAT TCGCACTCACTCTTTACCGA
SPS17 ATCCAAGAGGTTTCCAACGA TGGTCAATGAGCTTAGCTTTCTC
SPSI18 CTGGTGGGTTTTCTGAAACG TCGCCCACGTCCTCTATATC
SPS19 AAACGTCGATCGAGAGAGGA AAAGAACCGCCATGTCTTTG
SPS20 GATGGGGATAGTGACAGTGGA AGCCAACAACATTGGTCACA
SPS21 TGAAAGCACAAATACCAAAACAA TCACGCCAAATTTAACCCTC
SPS22 CTCTCTTTGTTGGCACCCTC ACCAAGCGAACTAGAGAGCG
SPS23 CCCTCTCCCCTCCATGTAAT TGGGAGTTTGGGTTTACAATC
SPS24 ACCGTTTTTGGTCCGACATA TGGGGAAAGACAAAGAACAAA
SPS25 CTCTTCACTCTCCCCCTTCC CCTGACCGATGTGAATTGAG
SPS26 GGGATGTAGGAGGGGATTGT TCGTTTATGACAGCATTTCCA
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Fig. 3 Cluster analysis of molecular markers of cucumber germplasm resources
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