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Abstract Horticultural traits and genetic relationship were
evaluated for 83 melon (Cucumis melo L.) cultivars. Survey
of a total of 36 characteristics for seedling, leaf, stem, flower,
fruit, and seed and subsequent multiple analysis of variance
(MANOVA) were conducted. Principal component analysis
(PCA) showed that 8 principle components including fruit
weight, fruit length, fruit diameter, cotyledon length, seed
diameter, and seed length accounted for 76.3% of the total
variance. Cluster analysis of the 83 melon cultivars using
average linkage method resulted in 5 clusters at coefficient
of 0.7. Cluster I consisted of cultivars with high values for
fruit-related traits, Cluster II for soluble solid content, and
Cluster V for high ripening rate. Genotyping of the 83 cultivars
was conducted using 15 expressed-sequence tagged-simple
sequence repeat (EST-SSR) from the Cucurbit Genomics
Initiative (ICuGI) database. Analysis of genetic relatedness
by UPGMA resulted in 6 clusters. Mantel test indicated that
correlation between morphological and genetic distance was
very low (r =-0.11).
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A AR R h 4 AT o obd £7 thaby
W FABRAE HIbsh=d wol o851l YIHH(Cho et al.
2011). £3] EST (expressed sequence tagged)-SSR-> mRNA
7lgko 2 A2 cDNA 71 Al EAskaL glof {4
A} Eol& EalutAZ Z-8-531 9l 01 genomic DNA-SSR
Bt oA WEsE T Wb Q4 Eo] gt

£ ATl Sy UE SA4Y B 85204 F7
of o3t ARE A|FstuA FHF, A gFH oz o
A 9 ) e EFEE hAOR shof GUBA
2 Apoh EST-SSR whA S o] 83+ o] 57k SATAS B4
shast gE g

= Z(Table 1)(Kim et al. 2015)& 2014
Z|adoll AXE Hd ki Al
3 ubEA B skl FEEA =
Ab= International Union for the Protection of New Varieties
of Plants [(http://www.upov.int 2006. Melon (Cucumis melo L.)]
o] 71&& st S Aute] wyE 357 A=
(Table 2)= H7stlon, 2t F559 FEf S0 o
E H &(Taxonomy group)= Pitrat (2000) &5 A A& 7|&

Table 1 Melon (Cucumis melo L.) varieties and accessions used in the experiment

EN Accessio™ Taxonomic groups’  Source” EN Accession” Taxonomic groups’ Source”
1 PI 222187 Conomon GARES 43 PI 261644 Reticulatus NLD
2 PI 136171 Reticulatus CAN 44 1T202952 Chandalak RUS
3 K 037412 Macuba CHN 45 AGR Chate GARES
4 K 051463 Chandalak CHN 46 CuM 254 Dudaim AFG
5 PI 255946 Macuba DEU 47 1T209395 Chandalak TIK
6 PI 247957 Macuba FIN 48 IT190778 - TIK
7 PI 236355 Reticulatus GBR 49 K 145117 Tibish TUR
8 PI 212211 Inodorus GRC 50 K 145120 Inodorus TUR
9 PI 116479 Inodorus IND 51 K 145180 Momordica TUR
10 K 018961 Reticulatus IND 52 K 145181 Inodorus TUR
11 IT 250686 Ameri IND 53 K 145217 Inodorus TUR
12 K018965 Makuwa IND 54 K 145118 Ameri TUR
13 PI 140762 Chinensis IRN 55 IT 219669 Momordica USA
14 IT 138050 Reticulatus USA 56 IT 219673 Reticulatus USA
15 Marina Makuwa JPN 57 IT 221634 Dudaim USA
16 K045519 Reticulatus JPN 58 IT 221640 Reticulatus USA
17 K 003015 Ameri KAZ 59 Netted germ Reticulatus USA
18 PI 385965 Makuwa KEN 60 PI 140471 Chito GARES
19 VIP Reticulatus KOR 61 PI 120746 Makuwa GARES
20 Keumssaragi Acidulus GARES 62 IT 199226 Reticulatus USA
21 Weed melon Chito GARES 63 WMR 29 Cantaniupensis USA
22 GM 5 Tibish KOR 64 G.B. Casaba Reticulatus USA
23 K 018960 Reticulatus KOR 65 IT 135829 Reticulatus USA
24 GM 19 Adana KOR 66 IT 219671 Dudaim USA
25 Picnic Reticulatus JPN 67 PI 116915 Chandalak AFG
26 Praha Reticulatus KOR 68 PI 125951 Cantaniupensis AFG
27 Earl’s elite Reticulatus KOR 69 Doublom Adana FRA
28 PNU-D1 Reticulatus KOR 70 IT 216863 Cantaniupensis FRA
29 GARI13 Reticulatus KOR 71 PI 164320 Chito GARES
30 GARP5 Reticulatus KOR 72 PI 266933 Makuwa JPN
31 GARP7 Reticulatus KOR 73 PI 420176 Makuwa JPN




J Plant Biotechnol (2015) 42:401-408 403

Table 1 Melon (Cucumis melo L.) varieties and accessions used in the experiment (Continue)

EN Accessio™ Taxonomic groups’  Source” EN Accession” Taxonomic groups’ Source®
32 GARP9 Reticulatus KOR 74 PI 266947 Adana JPN
33 13 Reticulatus KOR 75 PI 169329 Inodorus TUR
34 07/11/5/4/18/12/21 Reticulatus KOR 76 PI 506460 Cantaniupensis/Inodorus USA
35 07/A/14/4/8/8/16 Reticulatus KOR 77 IT 190252 Reticulatus UZB
36 07/16/2/27 Reticulatus KOR 78 Porseldok Chandalak UZB
37 07/A/20/5/7/8/23 Reticulatus KOR 79 IT 250675 Chandalak UZB
38 GARP10 Reticulatus KOR 80 IT 202955 Inodorus UZB
39 07/14/1/7 Reticulatus KOR 81 IT 190798 Chandalak UZB
40 07/21/7/6/13/1 Reticulatus KOR 82 Umir-vaki Chandalak UZB
41 PI 165450 Chandalak MEX 83 IT 190926 Chandalak UZB
42 PI 200819 Chate GARES

“Accession numbers start with PI, IT or K. Original names are parenthesized. Accessions for which numbers are not designated are
presented only by their original names.

"Taxonomic groups were assigned based on phenotypic characteristics according to Kim et al. (2015)

*DB, Dongbu Farm Hannong, Ansung, Korea; GARES, Gyeongnam Agricultural Research & Extension Services; AFG, Afghanistan;
CAN, Canada; CHN, China; DEU, Germany; FIN, Finland; GBR, United Kingdom; GRC, Greece; IND, India; IRN, Iran; JPN, Japan;
KAZ. Kazakhstan; KEN, Kenya; KOR, Korea; MEX, Mexico; NLD, Netherlands; RUS, Russia; TJK, Tajikistan; TUR, Turkey; USA,
United States of America; UZB, Uzbekistan.

Table 2 Abbreviations of 35 horticultural traits for melon cultivars (Cucumis melo L.) investigated in the study

Abbreviation Trait Abbreviation Trait
HL (cm) Hypocotyl length ECOL B External color-B
HT (mm) Hypocotyl thickness FCOL L Flesh color-L
CL (cm) Cotyledon length FCOL A Flesh color-A
CW (mm) Cotyledon width FCOL B Flesh color-B
SLS Seedling leaf SPAD IL (cm) Internode length
CFW (g) Seedling fresh weight LPL (cm) Leaf petiole length
CDW (g) Seedling dry weight LA (sz) Leaf area
RR (day) Ripening rate LS Leaf SPAD
FW (g) Fruit weight LL (cm) Leaf length
FL (cm) Fruit length LW (cm) Leaf width
FD (cm) Fruit diameter FMPL (cm) Female petal length
FSI Fruit shape index MPL (cm) Male petal length
FT (cm) Flesh thickness OVL (cm) Ovary length
SSC (brix) Soluble Solid Content OVW (cm) Ovary width
FLB (cm) Fruit lateral branch SL (cm) Seed length
FCL (cm) Fruit culm length SD (cm) Seed Diameter
ECOL L External color-L OHSW (g) One hundred seed weight
ECOL A External color-A
o2 435} tHKim et al. 2015). =519tk o MES 1.5 mL micro-centrifuge tubeo] beed 2}
DNA extraction buffer 600 uL-2 g ©] Tissue Lyser (QIAGEN,
DNA == Venlo, Netherlands) 2 -2} 5}o] 65°C2] Waterbatho]] 455-7F

lysis $-0]] 7.5 M ammonium acetate 200 ULE T 3}o] 15~20&
A e HE Z2O] NS 0] 835}o] genomic DNAS 3 7t iceo| A |8}t TubeE 1087F 14,240 x g2 cent-



404

J Plant Biotechnol (2015) 42:401-408

rifugation A|Z] 2= AFZ9o8-S- glycogen solution 5 uL (5 mg/mL),
isopropanol 600 uL”7} =35 1.5 mL tubed] &7]xr &kt
S thAl QAR sk o F wbes] A4ES
H 2] 31 DNA pellet-2 70% Et-OH 300 uL& AR5t A2k
T pelletE AZAA 0.1 M Tris 200 uL& 2] resuspension
51t} 2% DNA+ 2333 A|(Thermo Scientific, Pittsburgh,
PA, USA)Z AT 3, 20 ng/uLE 3] 45ko] PCR ¥H-Lo]
Agahec.

EST-SSR O =M

E57 §9TA B4E 918 ESTSSR vh7l €] $70419
S B X35} t) EST-SSR primer set+= International Cucurbit
Initiative database (ICuGI, http://www.icugi.org)ol| ZA] %=
2 Z3 F4AA] E(integrated map)of| 4] genome A & of
ne REE oS Jes Auslglth PR 98
dNTP (each 10 mM) 0.2 pL, Taq (5 U/ pL) 0.1 pL, 10X
buffer 1 uL, Primer-F (50uM) 0.1 uL, Primer-R (50 uM) 0.1
uL, genomic DNA 1 uL (20 ng/ uL ), B+ 7.5 uLE =
osto] 10 pLef itk PCR 2=70-& 95°Cof 4] 287k
pre-denaturation, 94°Cof| 4 1527t denaturation, 60°C o] 4]
3027t annelingd}o] w3 cycle ufch 0.5°C 7t 5 72°C
o Al 127} extension 245 103] WhE5EaL, THA] 94°Co]
4] 1527} denaturation, 55°Co]| 4] 3027} annealing, 72°C ]|
A 30&7F extension®] ¥A-S 353] WHES}al, 3527 72°C
of A Z|F extensiond =85t PCR F-Fo] &2lH PCR
AtE=0] a4+ Fragment Analyzer (Adavanced Analytical
Technologies, USA)E ©]-&38to] AUt fAAE £4&
2Pttt XA AL PROSize 2.0 version T2 1
H& o]&3lo] PCR 5% AbE(band)®] =7]|7} 1bp L2}
Hel oW A e T3 ARG R hFsigien,
% AbEo] et ANt BEekgith Band f, Fol @
2hA] Z}ZF «173} 0" 2.2 genotyping 5197 data matrix S 2H4g
5}t ZF EST-SSR ubA 9] PIC (Polymorphism Information
Content) ZF-2 th2 Al(Botstein et al. 1980)2 AF-&35}o] -
ahgic.

Fe A GAUAZS 2AF517] 9980 SAS program (SAS institute,
< AHEshe] 83709 57t FEjA Ao
3 F=AE EA(PCA, principal component analysis)¥} %
= 4(Cluster analysis)= 38t FAE E45 53l
54 7 AP EERE 1§ g AA Mol gk 2
FAEY 7025 ol on, A o A= Average
Distance®] 7] %3t H| 7} o2 3 H(UPGMA, unweighted
pair group method on arithmetic averages)S A}-8-3} A Th.

d

EST-SSR w}# 9] GAHE AL Jaccard’s coefficient (Sneath
and Sokal 1973) S wst o, UPGMAE ©|-&3F SHAN
clustering £-44-2 NTSYS-pc software program (Jamshidi and
Jamshidi 2011)& AR&-sko] =3stich Fef4] FABA
9} 42 [ATA 9 coefficient matrices= NTSYS-pc 2]
MXCOMP (Rohlf 2002)E A}-2-3l Mantel test (Mantel 1967)
£ &3 Ferich

Zm oY
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BT ARFAEL ARBAE Aels ATt Table 3
I Aot AIFAAEL WA EAbof tialf 2945%2] 7] =
£ Hlow, ARFAEEY 7o es 33%E Wt 919
215 v o g 8/ AR} 77t 5447t A
HAE AHefgt A= Table 49F e}

AIFA T ARFAdES o]lF= 547 A
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Table 3 Relationships between principal components of the
horticultural traits in 83 melon cultivars (Cucumis melo L.)

Principal

Class Corresponding traits*
component
N HT, CL, CW, LL, LW, FW, FL,
1 FD, SL, SD, OHSW
_;_ None
2 SLS, FW, FD, FT
i SFW, SDW

*Refer to Table 2 for abbreviations
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Table 4 Information for the EST-SSR primer sets used in the study

PIC Product

Marker Primer sequence (5°-3’) SSR motif value* size (bp)

F: AGAGCTATTCGACGGGGTTT N

MU44448 R: TCTATTCCTCGCGTAATGCC (GGAGAA)5(AGA)6 0.773 221
F: CTTCTCTTTCCCCCTTTGCT

MU43832 R: GGGGGTTTGAATTGAATGTG (CTT)6ctecttettetecttettt(TTC)19te(CTT)S 0.747 231
F: ATTTGCTTTAGACTCGGGGG

MU44987 R: TCGTCGAATGGTTGAGACTG (TTC)9 0.765 220
F: AAGCGAATCAAGTATTTGCTTTTT

MU44021 R: GGAGCAGGTTTTTGGTTCAG (AT)9(GT)6(AT)9 0.714 222
F: ACGACCTTCATCACTACCCA

MU46022 R: GCCAGGGATGTAACCAAAGA (TO)2 1tgtttgtttottttgtgcaaatc(AGA)S 0.628 271

MU50794 F: TTCAACCAACAACAAAGCCA (TTC)Stagccaacaacagcaagaagatcaggatcgttacggtgaagatttcg 0.751 203
R: CGAGAACAAAAACCCATATAATTG  gtactggtggatcaaataagtagaacattattgttt(TTA)12 ’
F: GAATTTCAAGAACTGGGTTTTGT

MUS51172 R: TTGGCTCCAACCAAAGAGAC (TO)17t(TC)6 0.714 270
F: CCTTGCTTCAAAGTCATTCATTC

MU52471 R CCGTCGGAATCATCAG (TCT)9tca(TCT)6 0.677 257
F: TCGGGAAAGATCTTGAGGAA

MU51722 R: TGAACAAGTAAACAACAAGAGGGA (CT)7tcttaatttcaca(AC)8tcaatgctgctaatgatgatgtaag(TTC)S  0.579 203

MU54515 F: CCCGATCACCTCCCATTATT (TCT)S5ttctegtcaacccctetcaaaacccacaacttcttttattttcttcagttaat 0.679 208
R: GATGGGAAGTGGAAGAAGCA tgtatcttcaattetcttttgtt(TTTG)S ’
F: TGGTGTCACCCTACGTAGCTC "

MU54357 R: TTTCACCCCACAAAGAGAGG (TTTC)7(TC)8 0.551 243

MU52374 F: TGGATCCGAAATAGAGAAAGGA (GGAGA)5g(GT)15gatattttgatttcacattacagttttacattacaacce 0576 752
R: G GTCTTCGATCTGAAACCCA a(AAC)6 ’
F: TTTTTCTCTCTTTCCCCCTC

MU48158 R: ACCAATCCATCGTCTTCGTC (€16 0675 141
F: TCACTACCCATTACTTCATTCCAA

MU48257 R: TTTGTTGTTCGTTCGTCTGC (TC)20tgtttgtttgttttgtgcaaatc(AGA)S 0.619 141
F: TTTCCAATTCCTTGTAGCCG

MU50123 R: GAAGAGACGCATCACCATCA (CT)12atgccattctgtttacctttttecttttaca(TC)6 0.76 232

*PIC, polymorphism information content
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Fig. 1 Plot based on principal component scores 1 and 2 in 83
Cucumis melo collection
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Fig. 2 Dendrogram of 83 Cucumis melo collections classified by cluster analysis based on average linkage of principal component scores
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Fig. 3 A dendrogram showing the genetic relationship among 83 melon cultivars (Cucumis melo L.) based on 15 EST-SSR marker
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Fig. 4 Comparison between EST-SSR markers and morphological
distance using the Mantel test

Adk3} 9l th(Table 4). AaFat 157) 9] EST-SSR wlA o ¢
| 525 band 2= F 1287 ¥lom 2z vpA f Ht2
1327 ). ARkE A S 90] PIC gHe] W9l 0.55~0.77
o]9it}. Kim et al. (2015)0] W2, PIC gFo] Bt 0.754]
EST-SSR wtAE AR 74 dtat 259 fA8A &
Aol aupdolqlet & Ao PIC FHH7E2 06808
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HAE AR A3 ABA ST gro] 0.11ez e
A vetstth o= EvbEo A FE4 541} SSR upA
oFo] AT A= 0.644 (Kwon et al. 2009), 1320 A]= &
g2 EA 3} SSRupA 242 AraikA = 0.682 (Kwon et al.
2005)2 %7 ekt Zaks AE Aol hA, 7k
o 7 16749 EST-SSR vh7A ek 197]9] o] Balo] 4
A% ol 00302 9] 7k 7HA FeH
25 7 52 A B2 S GL Aol
F HE QITK(Seo et al. 2010). wheba] & A+ A}, A
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