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Genetic diversity and genome-wide association analysis of vitamin C con-

tent in watermelon fruit

Lii Shuang', Guo Yu"? Liang Xiaoxue"? Liu Baosheng', Cao Jie', Liu Xiujie’, Wang Ziying', Zhang
Hangi', Gao Yue’, Liu Jixiu’, Zhao Wen’, Jiang Yayan', Gao Meiling"’

(1. College of Life Sciences, Agriculture and Forestry, Qigihar University, Qigihar 161006, Heilongjiang, China; 2. Heilongjiang Key
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3. Qigihar Agricultural Technology Extension Center, Qigihar 161006, Heilongjiang, China, 4. Anda Branch, Heilongjiang Agricultural
Radio and Television School, Anda 151400, Heilongjiang, China)

Abstract: Using 53 distinct watermelon germplasm resources as test materials, the vitamin C content in the center and
edge of the flesh was measured, and performed genetic diversity analysis as well as genome- wide association study
(GWAS). The results showed that the vitamin C content in the central flesh ranged from 0.00 to 23.57 mg- 100 g"', while
that in the marginal flesh varied from 0.00 to 17.73 mg- 100 g"'. The genetic diversity indices were 1.36 and 1.73, respec-
tively, indicating abundant genetic variation for this trait among the tested germplasm resources. Genome-wide associa-
tion analysis detected a total of four SNP clusters significantly associated with vitamin C content in the center flesh,
which are located on chromosomes 7, 9, 10, and 11; Two SNP clusters linked to vitamin C content in the marginal flesh
were detected on chromosomes 6 and 7. Notably, significant association signals for both central and marginal flesh vita-
min C content were detected on chromosome 7, with an overlapping interval of approximately 11 kb. It is speculated that
this overlapping region may harbor key candidate genes regulating vitamin C accumulation in watermelon flesh. The find-
ings of this study provide a valuable foundation for fine mapping, functional characterization of genes involved in vitamin
C biosynthesis, and molecular breeding of watermelon.

Key words: Watermelon; Vitamin C; Genetic diversity; Genome-wide association study
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Table 1 Name and source of 53 watermelon germplasm resources
Py SR ERS ARl RS SRUs 5 SER=EgS RIEAHK b/l
No. Accession ID Resource name Source No. Accession ID  Resource name Source
1 GWAS-2 #3105 5 BERA 28 GWAS-90 LA SMER T
Zhengyin No. 05 Italy Zaoshuxigua Henan, China
2 GWAS-3 i i 29 GWAS-101 2AER-1 =
Poland Poland Manguxigua-1 Thailand
3 GWAS-6 MR -e H 30 GWAS-110  PI476330-2 o [ R
Shenwuzao-e Japan Henan, China
4 GWAS-9 Hgl 6 = T 31 GWAS-113 NI Nt i
Guiyin No. 6 Guangxi, China Zhentouxigua Tunisia
5 GWAS-10 HS-10 HEERE 32 GWAS-116 Sugarlee o [ B v
Hainan, China Shaanxi, China
6 GWAS-11 G--1/ND3-15 H 33 GWAS-117 PEDRYIIN G RESIRRE3
Japan Jitouheixigua Shanghai, China
7 GWAS-14 AR EESE| o [ 34 GWAS-118 AR o [
Hongzimeizao-1 Henan, China Jiubilixuan Henan, China
8 GWAS-17 K oo [ i 35 GWAS-121 FFI GN-1 o
Changhui Xinjiang, China Zigua GN-1 Gansu, China
9 GWAS-18 I 155 S RESREIRE) 36 GWAS-133 Jeat A SHESE w7y
Zhengkang No. 1-5 Henan, China Beijing Yesheng Beijing, China
10 GWAS-20 B 3T 5 o [T 37 GWAS-145 -3 o [ H A
Zhengzi No. 37 Henan, China Jili-3 Gansu, China
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Table 1 (Continued)
e SERERS PR P Sl 75 SERERT REAK P Sl
No. Accession ID Resource name Source No. Accession ID  Resource name Source
11 GWAS-25 &= E G 38 GWAS-147 ¥fJK SWBB-01 o [ i
Jinlan Taiwan, China (€Y D) Xinjiang, China
ZiguaSWBB- 01 (heida-
pian)
12 GWAS-27 AT 107 5 SR EERCiNEe) 39 GWAS-148 oy o [ A
Zhengzi No. 107 Henan, China Heizhongpian Xinjiang, China
13 GWAS-28 PEYES (iR 40 GWAS-149 WA 1 5 o e
Xibanya Spain Xinnongheixiaozi No. 1 Xinjiang, China
14 GWAS-30 017 5 o [ ] 41 GWAS-151 B 9 5 o A
Zhengzi No. 017 Henan, China LN Xinjiang, China
Xinjianghongzi No. 9
(hongxiaopian)
15 GWAS-35 bERESNiINIS 2 42 GWAS-153 21 LR SyiA N
Faguoxiguachang France Heilongjiang, China
16 GWAS-38 B -1 o [ e 43 GWAS-155 31 EHELEyAIN
Kangbingxigua-1 Henan, China Heilongjiang, China
17 GWAS-40 28 5(0848-2)  HKH 44 GWAS-161 51 LRy
Zhengyin No. 28 America Heilongjiang, China
(084 8-2)
18 GWAS-43 15 5159 9) E[H 45 GWAS-164 20 A LIS YA
Zhengyin No. 15 America 20 Banye Heilongjiang, China
(159¢)
19 GWAS-48 A5l 27 5 FH 46 GWAS-183 PI255137-S9 ZE[2
Zhengyin No. 27 America South Africa
20 GWAS-54 HH 055 SO 47 GWAS-185 PI271769-S9 [ZEIE
Zhengyin No. 5 Italy South Africa
21 GWAS-56 R 21 o [ ] g 48 GWAS-186  PI271773-S9 EEIZ
Zhengzi No. 21 Henan, China South Africa
22 GWAS-57 I ] B L 2ok o [ 49 GWAS-191 PI596666-S9 EIS
Hutubizaoshu Xinjiang, China South Africa
23 GWAS-68 AN o 22 L 50 GWAS-206  PI1207471-S9 B v
Xiaogangpi Anhui, China Afghanistan
24 GWAS-69 I-a H A 51 GWAS-213 PI385964-S9 GIELIA
Japan Kenya
25 GWAS-78 Tl hEVL 52 GWAS-216  PI593345-S9 E i
Yushan Jiangxi, China Shanghai, China
26 GWAS-85 PI508446-2 ES 53 GWAS-220 PI612468-S9 i
America Republic of Korea
27 GWAS-88 Sweet meat ES
America
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Fig. 1 Diagram of sampling of watermelon flesh from
center to edge
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Fig. 2 Frequency distribution of vitamin C content in the
center of watermelon flesh

FH P 3 ], 53 43 T JIVRR BT 5 U 1 i 2 A A 4
AR CEHEENT 0.00~17.73 mg- 100 g, & F i = 11
Fsihy GWAS-147, Hrb & &7E 0.00~2.00 mg- 100 g
HIFh R 2 , A 28 13 P EAE 2.01~4.00mg 100 g
X E IR A 9 7 & EAE 4.01~6.00 mg- 100 g' [X
[ AN A 8 fr s & fEAE 6.01~8.00 mg- 100 g' 5
8.01~10.00 mg- 100 g X [A]FIFH i 3H 3 17 s B & AE
16.01~18.00 mg- 100 g X [A] IR A 2 1o

53 4 G JICR BT B PR A0S R 8 % 2 RS
T a R 2, 5 AR L AA G 4e 4 % C
TR AL Z R A 1360173, K
8 ot L 7 i A R 4EAE 3R C & &

30
25
=
S 20
>
=%
-
<_é 10 F
=
Z 5- H |_|
NlINIRININ o
N N\ N\ N Q Q S
S SN RN A
Z SN N N N NN
‘VQ\ va b.Q Q\/ Q\/ Q\ Q\/ Q\/
% \Q' \r\, \b\' \‘0
w(A G4 ER O

Edge vitamin C content/(mg-100 g")
B3 ANRRLGLEER C AEMESHE
Fig. 3 Frequency distribution of vitamin C content at the
edge of watermelon flesh



E S

4 VTR AEA 3R C & Bt 2 ek [ 4 2R R A ORI 7

X ISR 5T

x2 BAMHEERCASBEESHEMESN
Table 2 Analysis of genetic diversity in vitamin C content of watermelon
RN R /ME RKRME FHME b2 ez WAL SRR EL
Trait Minimum Maximum Mean SD Range Genetic diversity index
w(HL4EER © 0 23.57 2.88 3.84 23.57 1.36
Center vitamin C content/(mg- 100 g")
wOLGHEA R O 0 17.73 3.14 3.86 17.73 1.73

Edge vitamin C content/(mg-100 g™)
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Table 3  Significant loci of whole-genome association with vitamin C content in the center of watermelon flesh

Jethfh g LY GIA EJIRbA P {HYEH SNP £z s H i
Chromosome No. Start position End position P value range Number of SNP loci

1 17 888 155 23363 249 8.67x10°~9.99x10° 3

3 2407973 5080519 7.19%10°~9.24x10° 3

4 5334 606 14 499 238 7.66%10°~9.93x10° 2

6 7720192 27 562 700 6.49x10°~7.64x10° 4

7 3136163 3768 680 3.67%10°~9.64x10° 42

9 6398 991 8 554 645 6.67%10°~9.92x10° 23
10 10 764 783 10 764 797 8.46x10°~8.53x10° 2
11 3381695 3443 704 6.59%10°~9.89x10° 9
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Fig. 4 Manhattan plot of the genome-wide association analysis of vitamin C content in the center of watermelon flesh
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Table 4 Significant loci of genome-wide association with vitamin C content at the edge of watermelon flesh

Jeoiks Y GE A IR IAL P {HTEH SNP fi i
Chromosome No. Start position End position P value range Number of SNP loci
1 11958 504 36 891 221 4.86x10°~9.06x10° 2

2 7 049 689 11159178 2.49x10°~4.05%10° 3

4 17 247 662 17 247 662 1.63x10° 1

6 638 145 16 625 062 2.15x10°~4.66x10° 4

7 3756876 26302777 4.00x10°~6.66x10" 2

8 26 474 476 26474 476 4.47x10° 1

9 14 322 661 35284 168 1.85x10°~2.84x10° 3
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Fig. 5 Manhattan plot of genome-wide association analysis of vitamin C content at the edge of watermelon flesh
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