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Interspecific Transferability of Watermelon EST-SSRs Assessed by Genetic
Relationship Analysis of Cucurbitaceous Crops
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Abstract: This study was performed to analyze genetic relationships of the four major cucurbitaceous crops including watermelon,
melon, cucumber, and squash/pumpkin. Among 120 EST-SSR primer sets selected from the International Cucurbit Genomics
Initiative (ICuGI) database, PCR was successful for 51 (49.17%) primer sets and 49 (40.8%) primer sets showed polymorphisms
among eight Cucurbitaceae accessions. A total of 382 allele-specific PCR bands were produced by 49 EST-SSR primers from
24 Cucurbitaceae accessions and used for analysis of pairwise similarity and dendrogram construction. Assessment of the genetic
relationships resulted in similarity indexes ranging from 0.01 to 0.85. In the dendrogram, 24 Cucurbitaceae accessions were
classified into two major groups (Clade I and II) and 8 subgroups. Clade I comprised two subgroups, Clade I-1 for watermelon
accessions [I-1a and I-1b-2: three wild-type watermelons (Citrullus lanatus var. citroides Mats. & Nakai), I-1b-1: six watermelon
cultivars (Citrullus lanatus var. vulgaris Schrad.)] and Clade I-2 for melon and cucumber accessions [I-2a-1: 4 melon cultivars
(Cucumis melo var. cantalupensis Naudin.), I-2a-2: oriental melon cultivars (Cucumis melo var. conomon Makino.), and I-2b: five
cucumber cultivars (Cucumis sativus L.)]. Squash and pumpkin accessions composed Clade II {II-1: two squash/ pumpkin cultivars
[Cucurbita moschata (Duch. ex Lam.)/Duch. & Poir. and Cucurbita maxima Duch.] and II-2: two squash/pumpkin cultivars, Cucurbita
pepo L./Cucurbita ficifolia Bouche.}. These results were in accordance with previously reported classification of Cucurbitaceae
species, indicating that watermelon EST-SSRs show a high level of marker transferability and should be useful for genetic study
in other cucurbit crops.
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Table 1. Eight accessions of Cucurbitaceous crops used as the first plant sample panel for evaluation of the watermelon EST-SSR

primer sets.
Species Scientific name Cultivar Provider
Watermelon Citrullus lanatus var. citroides Mats. & Nakai Gongdae -
Citrullus lanatus var. vulgaris Schrad Speedggul Nongwoo-Bio.
Squash/Pumpkin Cucurbita moschata (Duch. ex Lam.) Duch. & Poir Nongwoojosengpoot Nongwoo-Bio.
Cucurbita maxima Duch. Dambibamhobak Jingheung Jongmyo
Cucurbita pepo L. Saeronzuccine Hyundai Jongmyo
Melon Cucumis melo var. cantalupensis Naudin. Earl’s Elite Syngenta

Oriental melon

Cucumber Cucumis sativus L.

Cucumis melo var. conomon Makino

Geummadalggul Mirae Jongmyo

Janghyeongnakhab Nongwoo-Bio.
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Table 2. Twenty-four accessions of Cucurbitaceous crops used as the second plant sample panel for genetic relationship study

based on watermelon EST-SSRs.

EN“ Species Scientific name Cultivar Provider

1 Watermelon Citrullus lanatus var. citroides Mats. & Nakai. Gongdae -

2 Citrullus lanatus var. vulgaris Schrad. Charleston Gray Subaeunico
3 Citrullus lanatus var. vulgaris Schrad. Augusta Syngenta
4 Citrullus lanatus var. vulgaris Schrad. Orangeking Nongwoo-Bio
5 Citrullus lanatus var. vulgaris Schrad. Vasko Elite zaden
6 Citrullus lanatus var. vulgaris Schrad. Hwabo Nongwoo-Bio
7 Citrullus lanatus var. vulgaris Schrad. Speedggul Nongwoo-Bio
8 Citrullus lanatus var. citroides Mats. & Nakai P1189225 -

9 Citrullus lanatus var. citroides Mats. & Nakai P1494817 -

10 Squash/ Cucurbita moschata (Duch. ex Lam.) Duch. & Poir Nongwoojosengpoot Nongwoo-Bio
11 Pumpkin Cucurbita maxima Duch. Danbam Nongwoo-Bio
12 Cucurbita pepo L. Taeyangzuccine Nongwoo-Bio
13 Cucurbita ficifolia Bouche. Heukjong Nongwoo-Bio
14 Melon Cucumis melo var. cantalupensis Naudin. Earl’s Elite GARES”
15 Cucumis melo var. cantalupensis Naudin. Charentais GARES
16 Cucumis melo var. cantalupensis Naudin. JC-23 Jangchun Jongmyo
17 Cucumis melo var. cantalupensis Naudin. JC-24 Jangchun Jongmyo
18 Oriental Cucumis melo var. conomon Makino. Keumssaragi GARES”
19 melom Cucumis melo var. conomon Makino. Seonghwan GARES’
20 Cucumber Cucumis sativus L. Janghyeongnakhab Nongwoo-Bio
21 Cucumis sativus L. Gangryeoksamcheok Nongwoo-Bio
22 Cucumis sativus L. Ganghobaekchim Nongwoo-Bio
23 Cucumis sativus L. Dynersity KS.I

24 Cucumis sativus L. Mashya Syngenta

“EN, Entry number of 24 accessions of Cucurbitaceous crops.
YGARES, Gyeongsangnam-do Agricultural Research & Extension Services.
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Fig. 1. Fragment Analyzer (capillary electrophoresis system) image of PCR products amplified by WMU 14110 primer set and
polymorphic in 24 accessions of Cucurbitaceous crops. The numbers from 1 to 24 refer to the list of plant sample panel
in Table 2.
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Fig. 2. A dendrogram showing the genetic relationship among 24 accessions of Cucurbitaceous crops based on 49 watermelon
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BSAHE(Pairwise Similarity Matrix) ¥ ASE
(Dendrogram)

%35 3847l PCR WH=9} Nei-Li similarity indexZ o]-&
slo] #-Q-AL3Y H(Pairwise similarity matrix)2 ZFAJ3FIch
(Table 4). 2% Z-FARYE A Hold FAE=S] o=
0.100]1 41 0.840]lck 7H} & fAHEE B3l 21 A8
Al 4=4F #%9] “Charleston Gray’ @} F-2] 4] =4} £%2] 3}
2 0.849] gh= dEtligleon, vhdof 7P W fAk:
£ 2 AL 54 39 Fiol e FAA

ol “3h’Z 0.109] S UEhgich
ZAARYES B2 UPGMAS 53l A5 (dendrogram)

=
=

2~
T

A~
—C—’—]EUI—,

HE, 20
EFE0] #& o]F9oH, Clade llofl&= 3o
FLE0] & o|Fth o] "ate] H(tribe)o] wh
S Thi =

A A3}, GAFE 0.239)4 A 27119) clade(Clade
I 1} Clade 2 FEZ T Clade 19

91=d], ¥lK Cucurbitaceae)=
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Benincaseae, Cucurbiteae, Sycyeae, Momodiceae 2] 4711 =
o g o]FojA glon 1 5 gHf
Z, 34L8 Cucurbiteae £9f &3
al., 2009).

Clade I&= tA] 0.279] SA= oA 27119] clade(Clade I-1,
Clade 1-2)2 F-2E]9l=d, Clade 1-12 =8N Citrullus lanatus
L), 2= egdg A& )E 23135 BWE2(Cucumis melo
L)} 2.0)(Cucumis sativus L) BE EF0] - o]F3)
th. Clade I-1-2 FAHE 0.500A4] ThA] =8} thi5-8 opAYE
F5Q St -a, 1 & 87 FFo] 1be] =9HE o
2 FEEHAT b FAE 0.61004 THA] = 719 clade
(Clade I-1b-12} I-1b-2) 2 A} o 0] 3
| clade I-1b-19f+= X5 AWulZ(Citrullus lanatus var. vulgaris
Schrad.)Ql 67l #(‘Charleston Gray’, ‘Augusta’, ‘ 2 X]
7, Vasko’, ‘B, <25 =0)0] SIXBHO], SAE ¥
2]+= 0.72-0.852 4] “Charleston gray’ A &3%<2] ‘Charleston

w2 Qo] Benincaseae

= ZFE-o]ti(Schaefer et

Table 4. Pairwise similarity matrix of 24 accessions of Cucurbitaceous crops evaluated by using watermelon EST-SSRs.

<]
=

1 2

3

4 5

6

7

8

9

10

11

12

13 14 15 16 17 18 19 20 21 22 23 24

N I T = N 3 B e

= e e
w N = o

24

1.0000
0.4845
0.4615
04720 0.8235
0.4968 0.7831
04654 0.8452
04575 0.8025
0.5443 0.6467
0.6087 0.6471
0.1961 0.2222
0.2237 0.2236
0.2338 0.1963
0.2119 0.1500
0.2038 0.2892
0.1963 0.2674
0.2000 0.2642
0.2745 0.3086
0.2424 0.2874
0.2405 0.3114
0.2038 0.2651
0.2237 0.2981
0.2360 0.2824
0.2436 0.2909
0.2128 0.2667

1.0000
0.8000

1.0000
0.8000
0.7205
0.7485
0.7516
0.5802
0.5818
0.2038
0.2179
0.2152
0.1677
0.2609
0.2635
0.2727
0.3057
0.3077
0.2840
0.2733
0.3205
0.2667
0.3250
0.2483

1.0000

0.7590 1.0000
0.8214 0.7195
0.8025 0.7342
0.5749 0.6135
0.6000 0.6265
0.1852 0.2025
0.2236 0.2038
0.1963 0.2013
0.1625 0.1538
0.3012 0.2716
0.2558 0.2619
0.2642 0.2323
0.2716 0.3038
0.2874 0.3176
0.2635 0.2945
0.2892 0.2469
0.3354 0.2675
0.3294 0.2651
0.3294 0.2733
0.2400 0.2466

1.0000
0.8000
0.5697
0.6071
0.1625
0.1635
0.1491
0.1013
0.2317
0.2235
0.2420
0.2625
0.2674
0.2909
0.2683
0.3145
0.2857
0.2945
0.2297

1.0000
0.5660
0.6049
0.1818
0.1438
0.1806
0.1316
0.2152
0.2073
0.2384
0.2468
0.2410
0.2767
0.2658
0.2614
0.2593
0.2675
0.2394

1.0000
0.7904
0.2138
0.2152
0.2250
0.2038
0.2822
0.2722
0.2692
0.2893
0.2924
0.3171
0.2577
0.3038
0.2994
0.2840
0.2177

1.0000
0.2099
0.2236
0.2086
0.2375
0.2289
0.2209
0.2264
0.3086
0.2989
0.2515
0.2169
0.2609
0.3176
0.2545
0.2133

1.0000
04183
0.4129
04211
0.2278
0.2073
0.2384
0.2727
0.2651
0.2893
0.2405
0.2222
0.2716
0.2675
0.2676

1.0000
0.4156
0.3576
0.2548
0.2331
0.2533
0.2484
0.3152
0.2911
0.2293
0.2368
0.3230
0.2821
0.2979

1.0000
0.5098
0.3019
0.2303
0.3026
0.3355
0.2275
0.2500
0.2390
0.1818
0.2945
0.2911
0.2657

1.0000
0.2308
0.1852
0.2685
0.2632
0.2195
0.2548
0.1795
0.1457
0.2375
0.2323
0.2286

1.0000

0.7024 1.0000
0.6839 0.5963
0.7089 0.6380
0.5765 0.5341
0.5644 0.5325
0.3704 0.3452
0.4331 0.3804
0.4217 0.3721
0.3975 0.3234
0.3151 0.3026

1.0000

0.6755 1.0000
0.5890 0.6145
0.5641 0.5409
0.4000 0.4177
0.4000 0.4575
0.3899 0.4198
0.4026 0.4459
0.3022 0.3239

1.0000
0.7135
0.3647
0.4000
0.4253
0.3669
0.3247

1.0000

0.3190 1.0000

0.3671 0.6752 1.0000

0.3952 0.5783 0.6957 1.0000

0.3333 0.5839 0.6667 0.6424 1.0000
0.3265 0.5068 0.5248 0.5467 0.5241 1.0000

“EN, Entry number of 24 accessions of Cucurbitaceous

crops

shown in Table 2.
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Cucurbiteae Z2] T HMS #]|2]3t Benincaseae <of|A] 7]2]
TR T2 B S fAEAL} At AR
kel 5k EST-SSR 0} S0| e utaf 22| 4%
G AN ofy e AF A 2 3 dhabRkE gF
WFAA A S8 77 e HolEh E3F &
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M2 F =34 F54 A7 E(Choi et al,
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