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Evaluation of Morphological Traits and Genetic Composition in Melon Germplasm

Seungbum Lee"’, Ik Jang?’, Do Yoon Hyun®, Jung-Ro Lee®, Seong—Hoon Kim®, Eunae Yoo®, Sookyeong Lee®,
Gyu-Taek Cho*', and Kyung Jun Lee"'

ABSTRACT Melon (Cucumis melo L.), one of the most important fruit crop species, is cultivated worldwide. In this study, a total
of 206 melon accessions conserved at the National Agrobiodiversity Center (NAC) in RDA were characterized for nine
morphological characteristics according to the NAC descriptor list. In addition, to confirm the genetic composition of each melon
accession, genetic profiling was performed using 20 SSR markers. Among the 206 melon accessions, 159 (77.2%) were collected
from Asia. The color of fruit flesh and skin were mostly ‘white’ (56.0%) and ‘green’ (49%), respectively. Days to female flowering
(FD) and maturity (MD) of the accessions ranged from 58 to 72 and 17 to 63, respectively. The fruit length and width of the accessions
ranged from 6.0 to 29.3 and 3.6 to 17.2 cm, respectively. The sugar content (SU) ranged from 2.5% to 13.2% with an average of 7.0%.
In correlation analysis, SU showed positive and negative correlations with MD and FD, respectively. The accessions were classified
into four clusters by cluster analysis. From the results of genetic profiling using 20 SSR markers, three accessions (K189118,
K100486, and K190292) were expected to be inbred lines among 206 melon accessions. These results could expand the knowledge
of the melon germplasm, providing valuable material for the development of new melon varieties to suit consumer tastes.

Keywords : genetic resources, melon, morphological traits

A o E7 0

A o ule B P S welnkn deiA olokBurger
7+ AZEO AT R Qlsle] AB|AE|A 217|7) =olx|aL 9 et al., 2009; Yi et al., 2004).
th(Jung et al., 2015; Youn et al., 2011). W22 o}t WO SARAMEEL SAAYS =4, HE51a 11
£ HESto] B SA =L} "], ofAloh, ofzerl, e AE T ¢F 5% 2AE agHoR Al¥ste dES 5
dldefol 5 A tiFol| 244 A== w7kt AHquict CH(Park et al., 2018). E A2 1 7|91t 4o o
A E FE550°] EAE ] A= ArkKerje & Grum, gf 5 Bt ojd &% mato| A3t Aar &8
2000). 53], BAY AEEA] A wiFEe] = Bt ofy T Qle=Aloll tigk Ae ®3F FR5tHNam et al., 2004).

Jol

< OFFRt & Q1% T MFFo] TASH
o

W)

flo

D25y F=oushY G HAPAE B EATLY (Doctor Degree Researcher, National Agrobiodiversity Center, National Institute
of Agricultural Sciences (NAS), RDA, Jeonju 54874, Korea)
Dz T A FEFYYHY HYFARYAE AR EATY (Master Degree Researcher, National Agrobiodiversity Center, National Institute
of Agricultural Sciences (NAS), RDA, Jeonju 54874, Korea)
Ve 2B LeY%ulshe] =AM YME 5 AFLAF (Junior Research Scientist, National Agrobiodiversity Center, National Institute
of Agricultural Sciences (NAS), RDA, Jeonju 54874, Korea)
V522053 TYEANY UL Hg AT (Senior Research Scientist, National Agrobiodiversity Center, National Institute
of Agricultural Sciences (NAS), RDA, Jeonju 54874, Korea)

SAuthor Contributions: Seungbum Lee and Ik Jang contributed equally

TCorresponding author: Gyu-Taek Cho; (Phone) +82-63-238-4881; (E-mail) gtcho@korea.kr
Kyung Jun Lee; (Phone) +82-63-238-4861; (E-mail) 1kj5214@korea.kr
<Received 8 July, 2020; Revised 13 August, 2020; Accepted 14 September, 2020>

© £ treix|o] HEHL gREBolelR|o] oD, olo] REETL =2HE S
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



486 SIXHX|(KOREAN J. CROP SCI.), 65(4), 2020

FEATH FUEABAY FARAGANHE AES 7
W ABE A W AR ATl ZJ AR cheR f
AL Budka glov] $aREdA A FFS 9
S FA SR W BeEP, AU SHRAE SRt

QIthKim et al., 2013).

RSl B4 2= 4] E-F8H(Numerical taxonomy)
ol wheh vk w9l 5h7] Fofl gk A A 5
2 B2 HEAge] 2L i SRRl ¥ 5
2] Ajol, 2] 7o) A WS E cop
ool i 9low, o]l AR EC| 7] %5}
HE BA3E RN 59 ofg chule 2y
‘E}(K1m & Ko, 19953).
M 8] 9olA T A

S|

mln
_I

o]
e X o

M oA 1o ox 19
T — ox
4y £ HE
B
TIE FO oflt
o

e oo @ oo ix
J
ME ox lzl
>4
1
1o
4
jia)

o
%
ox.
M
ofm

b o
o 722 PRI AL BF L

i
£
e

o.’t. o
o >*'5
Ut
m
[
o
k1
El
£
N
ol
. 8
i
ol
=2,
fop
o
2

)
© ol
T o Ho %2
i_

g
_|J>:
rlo

b ¢
G
:L
i)

H
Ct(Jang ef al., 2013). 2 545 &

A9l ez ofe wol wls)

A Aol L) grort A
483517
3= 98 &8= lq—(Khahd et al., 2010;
Malek et al., 2014). olo] |3 EAAE o] &3 &4
A G WA don w2 APAHE Ho] FHE &
Auct 29le] Hugh chopy 240 o[ 48 S gickSmith
et al., 1997).

SURAALAAE ol = oA =37 WE 48344
Qo] mEE T It} B AFolAE WE fAR §F
a7 7l *”3?1 FEE Algstaat FejA, A2Ae
2 thorall $1E WE 2064 9E ko Yeid 54
& RARSIIL O 7545 ulelo & i BAL E3} 15
o] EXS F9lslqitt ESt 207 simple sequence repeat
(SSR) U}AE o] g5l 159 SHA LS olsta &
TR 87T A Al 9% 7|24 RS S

oQ
S

2R R ook
=
> O o op S fo X Jo Um

H

v
of ™ % oo

2
2
ru
oE
N
O
Lt

o,
=

i

FAAIAE o1 o1 A oletel x} % 4-67

AR F2F 40 cm, E7F 200 cm 7HHOR2 HFEXATAH HE

Alal ol whet Afujatict. FAEY A= sHFHAAY
AlE dE S42Ap|ES Jatste] e gt 7749 &
AEHY, 1, 5 A, A, G, dujd, ahSA)
1 NSk, AsdaeE 23 o709 EA4S HUksHAH
(Table 2).

DNA =&

H2 2062142 Genomic DNA+= Qiagen DNA extraction
kit (Qiagen, Hilden, Germany)& Al83}o] F&31H L
== HH:H © kit LH /\]._Q_HFH-LQ_ trjral—r/} _%Fgg DNAE 1%
agarose geloll 217195, Spectrophotometry (Epoch, BioTek,
Winooski, VT, USA)S o]&35}lo] DNAE &¢lst 2=
FEE 20 ngul= B 5 SSRupA Ao o] g5kt

WE QEKINC| QHH T EMS 5 PCR 23

W fAA4UY 14 e dobn] $iste] Fuking
et al. (2007)°] X313k 5071¢] SSR u}# == PICZEo] 0.59]
Atoln] PCRZ70] S5 207)¢] SSR ntAE Auralglct
(Table 3). PCR W22 Lee et al. (2019)94 HhHO w4
2 519l PCR ZE AHES ABI prism 3500 DNA
sequence (ABI3500, Thermo Flsher Scientific Inc., Wilmington,
DE, USA)%} Gene Mapper Software (Version 4.0, Thermo
g3te] BAsITh

Fisher Scientific Inc.)E ©]

SHEN

2 fAXYY 7eEA, FAFE 1 A, AR
H2 PAST3 (Hammer et al., 2001)5 o]-&3fo] A2 3}
fom #7 B4 % 18 7 HaglA AL R AxE
o(http://www.r-project.org) | A A|5-3l+= 37| A] agricolae,

gplot2E o] &sto] A sk

U2 FTXRS| RTX 1 T

W= 206249 GHA LA thet H7F= Lee et al.
(2019)0| A A|AE w4 o whet ek ’8}934(Table 4). &4
of AHg-ZF 207§2] SSR A L] & AEo] FYS HHS
Hol= #$+ L A|(Inbred) EE‘C Fl, & #jdS& Y
Aol F2 o] 9] EANd E= T4 &5 4744 §
g2 Aes e

il

2 It

UE QHXY 22
2 A7olA AHgE 206749 WE fAAUS fFE=



U2 QERY SN Wt 487
Table 1. List of melon accessions used in this study.

Acc. No. Origin Acc. No. Origin Acc. No. Origin Acc. No. Origin Acc. No. Origin
K189601 AFG K153014 CZE K189247 IND K190163 MMR K190020 TUR
K189627 AFG K190669 CZE K189256 IND 907364 MNG K190415 TUR
K189630 AFG K190857 EGY K189445 IND k014456 MNG K190416 TUR
K189633 AFG K189159 ESP K189829 IND k014547 MNG K100483 UKR
K189669 AFG K189210 ESP K190078 IND 807357 PHL K260967 UKR
K189678 AFG K190335 ESP K190323 IND K100486 RUS K100482 USA
k189685 AFG K190604 ESP K100480 IRN K261008 RUS K260944 USA
K 189686 AFG K190605 ESP K189769 IRN K261043 RUS K260947 USA
K189690 AFG K190628 ESP K190190 IRN K261077 RUS K260949 USA
K189698 AFG K190644 ESP K190197 IRN K190899 SYR K260951 USA
K190236 AFG K190646 ESP K190313 IRN K190900 SYR K260954 USA
K190283 AFG K190655 ESP K190332 IRN 805446 TIK K260957 USA
K190292 AFG K190776 ESP K190346 IRN k003009 TIK K260994 USA
K266894 ARM K190788 ESP K190349 IRN k003019 TIK K260995 USA
K266912 ARM K190801 ESP K190439 IRN K247297 TIK 805354 UZB
K266917 ARM K190806 ESP K190447 IRN K247726 TIK 805457 UZB
K266920 ARM K190824 ESP K190691 IRN K247809 TIK 805504 UZB
K266936 ARM K190833 ESP K190693 IRN K247831 TIK 805507 UZB
K266940 ARM K190837 ESP K260979 IRN K264288 TIK 908855 UZB
K266942 ARM K254420 GEO K190035 IRQ K264289 TIK 908861 UZB
K267070 ARM K257488 GEO K190699 ISR k003004 TKM 908862 UZB
K267102 ARM K257494 GEO K190884 ISR k003007 TKM k003008 UZB
K267118 ARM K257496 GEO 803591 JPN k003013 TKM k003011 UZB
K127079 BGR K257497 GEO 805440 KAZ K044199 TKM k003012 UZB
K156332 BGR K257499 GEO 903224 KAZ K100474 TKM k003018 UZB
K156378 BGR K257500 GEO k003015 KAZ K100478 TKM k003020 UZB
K156600 BGR K261163 GEO K247306 KAZ K100481 TKM K014702 UZB
k189746 CAN K261164 GEO K264285 KAZ k003014 TUR K044196 UZB
K189748 CAN K261165 GEO k003010 KGZ K134068 TUR K044202 UZB
K189757 CAN K266733 GEO K121370 KGZ K134120 TUR K100475 UZB
k014348 CHN K266735 GEO K166774 KOR K134175 TUR K100479 UZB
K051419 CHN K266738 GEO K166780 KOR K134188 TUR K100484 UZB
K051446 CHN K266739 GEO K166782 KOR K134207 TUR K100488 UZB
K051448 CHN K266740 GEO K166784 KOR K134279 TUR K260984 UZB
K189116 CHN K268475 GEO K175600 KOR K145123 TUR K264291 UZB
K189118 CHN K268477 GEO K175601 KOR K145188 TUR K226862 VNM
K189480 CHN K268478 GEO K190742 KOR K145216 TUR K190710 ZWE
K189809 CHN K190755 HUN K246072 KOR K189947 TUR K190721 ZWE
K190944 CHN K190756 HUN K247642 KOR K189956 TUR

K190949 CHN KO018961 IND K252703 KOR K189970 TUR

K190960 CHN K018962 IND K166351 MDV K189988 TUR

K166368 COL K189237 IND K190690 MEX K190003 TUR

*

AFG, Afghanistan.; ARM, Armenia; BGR, Bulgaria; CAN, Canada; CHN, China; COL, Colombia; CZE, Czech; EGY, Egypt;
ESP, Spain; GEO, Georgia; HUN, Hungary; IND, India; IRN, Iran; IRQ, Iraq; ISR, Israel; JPN, Japan; KAZ, Kazakh-stan;
KGZ, Kazkhstan; KOR, Korea; MDV, Maldives; MEX, Mexico, MMR, Myanmar; MNG, Mongolia; PHL, Philippines; RUS,
Russia; SYR, Syria; TJK, Tajikstan; TKM, Turkmenistan, TUR, Turkey; UKR, Ukraine; USA, America; UZB, Uzbekistan;

VNM, Vietnam; ZWE, Zimbabwe.
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Table 2. Descriptor for characterization of morphological traits of melon accessions.

Characteristics Note
Length (FL) Measure
. Width (FW) Measure
Fruit . .
Shape index (length/width, L/W) Calculate
Color (SC) 1, White; 2, Green; 3, Yellow
Color (FC) 1, White; 2, Yellow; 3, Green
Flesh Width (TH) Width of flesh in longitudinal section

Sugar content (SU)

Measure

Days to female flowering (FD)

Days to maturity (MD)

Days after sowing

Days after female flowering

Table 3. List of 20 SSR markers used in this study.

Locus F R PIC
CMNO04 01 gaaaaggcgaaatgtttgaa accaaaggaaaaagcggaag 0.80
CMN21_04 gagctttgcccaaaaatcag gaagcaggatgggtttteaa 0.80
CMN21 25 tggaaactctgtgggtaggc ttttgctgaaacgcaacaac 0.80
CMNO09_76 gacaattgatctggacagttttt ccgtgatcaacaactattgaattt 0.76
CMNO5_75 gtggaccccactcgtaaaga ggatgacggtcacaggaagt 0.75
CMNO1_02 cgatccaagttggcaagaat actcttctcagccgceagatt 0.71
CMNO04 03 atcacagagaccgccaaaac ggttgaagattgcgcettgat 0.71
CMNO04 09 tettaacaactcccacgect ataggatctgccattggge 0.71
CMNO04_19 ttcttcccaccaaacctacg aaatggcagagagcgagaaa 0.71
CMN61_44 tgttggagtttaatgaggaagga agagaagatgaatggggcac 0.78
CMN22 54 gtcgctacgtecagectcttt gacagggaagcaacgtaacc 0.67
CMNO7_65 cttagctgecattgecttte gaatcgcatatggtttcggt 0.66
CMN21_82 attctggacgtcagattccg tctecattcacgecttette 0.66
CMNO5 17 aggaaacacctttttgggga aacccaggtcttgatgatgg 0.65
CMNS53 36 tgtggcttgatctatcgcag cgtcggctagaggagaaatg 0.59
CMNO05_89 cttcatggctgggaagagaa gtatggattgcctcctaccg 0.57
CMNO07_70 cctacaactcacgtgecectt aaaccatcaaccaccgaaag 0.54
CMNOS8_79 cgttcgcagatgtcaggtag cttccgcacgaaacagattg 0.54
CMNO1 35 ttccgaaatctttgaacctetcca cagagcagcaaaatccacaca 0.52
CMNO1_38 gctaaatatttgcaaactcgec agcttgacattccagaaggg 0.51

" Fukino et al., 2007.
Table 4. Prediction of genetic composition in 206 melon accessions.
Marker pattern Description Expected type No of accessions
All alleles are homozygotes Inbred 3
Same
More than one allele are heterozygotes F; 8
. Not more than two sizes or alleles per SSR marker Segregation 49
Different
More than two sizes or alleles per SSR marker Mix 146
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Table 5. Summary of seven agricultural traits in 206 melon accessions.

Min Max Mean SD Median Skewness Kurtosis CV (%) F-value
FD' 57.5 86.0 65.2 6.0 63.8 1.0946 0.8213 9.2 5.468%**
MD 15.0 58.0 423 6.5 423 -0.2097 0.6305 15.5 5.061%**
FL 8.0 29.3 17.7 4.6 17.4 0.2297 -0.3449 26.3 8.538***
FW 6.4 17.2 11.5 2.0 11.5 -0.1842 0.0526 17.3 4.953%**
L/'W 0.4 1.1 0.7 0.2 0.7 0.5718 0.1122 22.0 8.362%**
TH 10.7 50.0 29.1 7.6 29.0 -0.0801 0.0153 26.0 5.486%**
SU 25 13.2 7.0 2.0 7.0 0.3517 -0.1888 29.1 5.431%**

" FD: days to female flowering; MD: days to maturity; FL: fruit length; FW: fruit width; TH: flesh width; SU: sugar content;

L/W: fruit shape index (FL/FW).
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Fig. 2. Distribution of skin color (A) and flesh color (B) in 206 melon accessions.
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*

FL FW TH SU FD MD
FW 0.558%**™

TH 0.514%%* 0.83 7%

SU -0.041 0.108 0.147%

FD -0.086 -0.0274 0.049 -0.146*

MD (0.325 %k 0.240%** 0.157* 0.269%** -0.553%%*

L/W -0.736%** 0.0672 -0.005 0.202%* 0.0165 -0.205%*

" FD: days to female flowering; MD: days to maturity; FL: fruit length; FW: fruit width; TH: flesh width; SU:

L/W: fruit shape index (FL/FW).

™ Correlation is significant at the p-value: *, p<0.05; ** p<0.01; *** p<0.001.

Table 7. Average for seven quantitative morphological traits of accessions per qualitative trait.

sugar content;

Trait FL’ FW TH SU FD MD L/W
. White 12.8+4.4 ¢ 10.7+24 ns 256+96b 83+29 a 623+58 b 422+74 ab 0.89+0.18 a
f;‘lg‘r Green 172+55b 11.4+27 286499 a 69+26b 643+73a 41.7+84 b 0.69+0.16 b
Yellow 185+59 a 11.4+25 292+96a 7.1+£27b  646+73a 441+84a 0.66+0.20 c
White 17160 ns 11.2+2.6 ns 28.1+9.6 b 7.1+£2.6 ns 639+69 b 43.0+£82 ns 0.70+0.20 ns
Eﬁz}r‘ Yellow 18.0+5.4 11.7+2.7 305£100a 72428 65.9+80 a 42.8+87 0.69+0.18
Green 18.0+5.8 113425 289+98 ab 7.1+2.7 642+73 b 433+84 0.67+0.19

" FD: days to female flowering; MD: days to maturity; FL: fruit length; FW: fruit width; TH: flesh width; SU: sugar content;

L/W: fruit shape index (FL/FW).

* Marks in each column followed by the same letter are not significantly different according to Least significant difference

at P<0.05.
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Fig. 3. The 2D scatter diagram of principal component analysis (PCA) of 206 melon accessions based on morphological traits.

Table 8. Eigen value, percentage of total variation, and com-
ponent matrix for the principal component axes.

Principal Components PC 1 PC 2 PC 3
Eigen value 2.569 1.549 1.517
% of Variance 36.7 22.1 21.7
Cumulative % 36.7 58.8 80.5
FL’ 0.538 -0.243 -0.261
FW 0.501 -0.083 0.404
TH 0.484 -0.140 0.417
SU 0.105 0.475 0.269
FD -0.157 -0.595 0.264
MD 0.345 0.504 -0.241
L/W -0.266 0.286 0.628

" FD: days to female flowering; MD: days to maturity; FL:
fruit length; FW: fruit width; TH: flesh width; SU: sugar
content; L/W: fruit shape index (FL/FW).
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to maturity; FL, fruit length; FW, fruit width; TH, flesh width; SU, sugar content; L/W, fruit shape index (FL/FW).

Table 9. Cluster average values for morphological traits of accessions per group.

*

No. acc FL FW TH SU FD MD L/W
I 107 205+£52a 125+23 a 332+89 a 7.8+2.7 a 650+82a 454+85a 0.64+0.15Db
II 43 132+37 ¢ 11.1+£21 b 264+£73 Db 72+27 Db 629+52 b 426+65b 0.88+0.20 a
I 56 158+53 b 96+25c¢c 227+90 ¢ 60+22 c 644+67a 395+81c 063+0.16Db

" FD: days to female flowering; MD: days to maturity; FL: fruit length; FW: fruit width; TH: flesh width; SU: sugar content;

L/W: fruit shape index (FL/FW).

™ Marks in each column followed by the same letter are not significantly different according to Least significant difference

at P<0.05.
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