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Characterization of Phenotypic Traits and Application of Fruit Flesh
Color Marker in Melon (Cucumis melo L.) Accessions

Ik Hyun Bae'', Han Sol Kang”, Woo Jin Jeong', Jae Hwang Ryu', Oh Hum Lee? and Hee Chung**

'Master’s Degree Researcher, “Bachelor’s Degree Researcher and *Post-doc, Dongoh Seed Corporation R&D Center,
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Abstract - We aimed to generate basic breeding data for melon (Cucumis melo L.). A total of 219 melon accessions
conserved at the National Agrobiodiversity Center (NAC) in Rural Development Administration (RDA) were used in this
study, of which 72 (33%) were collected from India. The majority of accessions showed orange (42%) and white (36%)
flesh color. In addition to phenotypic evaluations, the accessions were genotyped using a molecular marker for the
carotenoid biosynthesis gene CmOr. DNA fragments of the expected size were amplified in 205 out of 219 accessions.
Digestion of the PCR products with Hinfl restriction endonuclease showed 100% concordance between phenotype and
genotype in green-fleshed accessions, but 98%, 97%, and 80% concordance in orange-, white-, and creamy-fleshed
accessions, respectively. Sequence analysis revealed single nucleotide changes in the three positions of SNP1, SNP2 and
SNP1Iint in the CmOr gene among accessions. These newly found alleles suggest that there are multiple mechanisms in
determining fruit flesh color in melon. Also, the phenotype data of diverse accessions obtained in this study will be a

valuable source for melon breeding.
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Table 1. List of melon (Cucumis melon L.) accessions used in this study

Accession no.  Source”  Accession no. Source Accession no. Source Accession no. Source
173184 RUS K018969 IND K189241 IND K189644 AFG
190341 UZB K018974 JPN K189253 IND K189652 AFG
190454 UZB K037412 CHN K189258 IND K189665 AFG
199217 RUS K051416 CHN K189265 IND K189672 AFG
805439 KAZ K060638 Unknown K189274 IND K189693 AFG
805452 TKM K126991 MMR K189287 IND K189702 AFG
805454 UZB K133663 UZB K189288 IND K189704 AFG
805462 IRN K138764 Unknown K189291 IND K189719 AFG
805480 UZB K141247 IND K189303 IND K189722 IND
805483 KAZ K145159 HUN K189337 IND K189750 CAN
805484 TKM K145164 BGR K189338 IND K189760 CAN
805487 UZB K145166 HUN K189346 IND K189761 CAN
805488 UZB K145170 Unknown K189348 IND K189764 CAN
805491 UZB K145172 HUN K189353 IND K189765 CAN
805496 UZB K145173 HUN K189364 IND K189767 IRN
805499 UZB K146753 BGR K189368 IND K189778 IRN
805501 TKM K146812 BGR K189375 IND K189780 IRN
805502 UZB K146932 BGR K189376 IND K189787 IRN
805505 UZB K151072 UKR K189377 IND K189789 IRN
805511 Unknown K151075 UKR K189378 IND K189792 IRN
805513 Unknown K151093 UKR K189379 IND K189793 IRN
805516 Unknown K152719 ECU K189382 IND K189795 IRN
805517 Unknown K163682 KOR K189384 IND K189797 IRN
805520 Unknown K174975 USA K189396 IND K189801 IRN
805522 Unknown K175016 USA K189410 IND K189802 IRN
805523 Unknown K189080 IND K189442 IND K189816 IND
805524 Unknown K189096 IND K189456 IND K189818 PAK
805526 Unknown K189097 IND K189460 IND K189820 USA
805528 TKM K189109 FRA K189462 IND K189824 IND
805532 UZB K189111 FRA K189463 IND K189830 IND
807688 UZB K189112 FRA K189471 IND K189834 IND
808289 THA K189117 CHN K189488 USA K189839 IND
903200 AFG K189121 ALB K189491 USA K189840 IND
903211 UZB K189122 ALB K189492 CHN K189841 IND
903225 UZB K189123 ALB K189498 IND K189842 IND
906951 KOR K189125 FRA K189501 IND K189843 IND
906954 Unknown K189127 FRA K189509 PAK K189848 IND
906961 JPN K189128 FRA K189516 IND K189849 IND
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Table 1. Continued
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Accession no.  Source”  Accession no. Source Accession no. Source Accession no. Source
906963 Unknown K189148 USA K189519 IND K189853 IND
906964 Unknown K189163 ESP K189520 IND K189856 IND
906965 Unknown K189166 ESP K189535 IND K189857 IND
906966 Unknown K189173 ESP K189541 IND K189864 IND
906968 Unknown K189175 ESP K189546 IND K189865 IND
906975 Unknown K189179 ESP K189547 IND K189878 TUR
909847 Unknown K189184 ESP K189553 IND K189886 IND
909849 Unknown K189198 ESP K189554 IND K189900 TUR

K002891 RUS K189199 ESP K189560 IND K189904 TUR
K003003 TIK K189200 ESP K189561 IND K189912 TUR
K014686 UZB K189205 ESP K189564 IND K189919 TUR
K014694 UZB K189211 ESP K189581 AFG K189935 TUR
K014700 UZB K189219 ESP K189585 AFG K189938 TUR
K014703 UZB K189220 ESP K189599 AFG K189943 TUR
K014705 UZB K189224 KAZ K189600 AFG K189949 TUR
K018966 IND K189229 IND K189603 AFG K189951 TUR
K018968 IND K189236 IND K189612 AFG

“AFG, Afghanistan; ALB, Albania; BGR, Bulgaria; CAN, Canada; CHN, China; ECU, Ecuador; ESP, Spain; FRA,
France; HUN, Hungary; IND, India; IRN, Iran; JPN, Japan; KAZ, Kazakhstan; KOR, South Korea; MMR, Myanmar;
PAK, Pakistan; RUS, Russian Federation; THA, Thailand; TJK, Tajikistan; TKM, Turkmenistan; TUR, Turkey; UKR,
Ukraine; USA, United States of America; UZB, Uzbekistan.
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Fig. 1. Principal component analysis (PCA) of 19 morphological traits in 219 melon accessions.
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Table 2. Principal component analysis (PCA) of various morphological traits in melon accessions

Principal Components” PC1 PC2 PC3
Eigen value 1.846 1.434 1.288
Variance (%) 17.94 10.83 8.73
Cumulative (%) 17.94 28.77 37.5
SE -0.340 0.292 -0.032
IL -0.178 -0.077 -0.219
LS -0.311 -0.137 -0.347
LT™M -0.087 0.374 0.051
FS 0.138 -0.318 -0.416
FCFP -0.257 0.142 0.127
FSC -0.124 0.318 -0.057
DFG -0.046 -0.100 0.311
CFS 0.020 0.009 -0.345
FWg -0.397 -0.233 -0.022
FL -0.060 -0.124 0.084
FW -0.419 -0.092 0.269
PW -0.354 -0.295 0.215
SC -0.051 0.444 0.153
FFC 0.050 -0.093 0.100
FF 0.020 -0.315 0.366
RPM -0.046 -0.093 -0.162
Scc -0.155 0.196 -0.213
OHSW -0.389 -0.019 -0.235

’SE, sex expression; IL, internode length; LS, leaf size; LTM, leaf tecth at the margin; FS, fruit shape; FCFP, fruit cork
formation and pattern; FSC, fruit skin color; DFG, depth of fruit grooves; CFS, creasing at the fruit surface; FWg, fruit
weight (g); FL, fruit length (cm); FW, fruit width (cm); PW, placenta width (cm); SC, sugar content (Brix); FFC, fruit flesh
color; FF, fruit flavor; RPM, resistance to powdery mildew; SCC, seed coat color; OHSW, one-hundred seed weight (g).
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Fig. 2. Genotyping of CmOr in melon germplasm. Primers OrF4 and OrR15 amplified a 478 bp fragment from the CmOr gene.
Digestion of the PCR products with Hinfl produced 339bp and 139bp fragment in most of orange-fleshed accessions. G, O, CW, W,
and Y indicate accessions with green-, orange-, creamy-white -, white-, and yellow-fleshed fruits, respectively.
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Fig. 3. Fruit morphology and CmOr sequence analysis of three melon accessions with white flesh color. Photographs of the fruits of
melon accessions 805452 (A), K126991 (B), and K189463 (C). (D) Alignment of the partial CrOr CDS amplified using primers
OrF4 and OrR15. SNP1, SNP2, and SNPI™ (Tzuri et al., 2015) are indicated. * means white. 5’-GATTC-3’ Hinfl restriction site was

written in bold letter.
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Fig. 4. Fruit morphology and CmOr sequence analysis of three melon accessions with orange flesh color. Photographs of the fruits
of melon accessions 805439 (A), 805488 (B), and K189912 (C) . (D) Alignment of the partial coding sequence (CDS) of the CmOr
gene amplified using primers OrF4 and OrR15. Single nucleotide polymorphisms (SNPs), SNP1, SNP2, and SNPI™ (Tzuri et al.,

2015) are indicated. * means orange. 5’-GATTC-3’ Hinfl restriction site was written in bold letter.
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Fig. 5. Fruit morphology and CmOr sequence analysis of five melon accessions with creamy-white flesh color. Photographs of the
fruits of melon accessions K037412 (A), K189258 (B), K189265 (C), K189287 (D), and K189442 (E). (F) Alignment of the partial
CmOr CDS amplified using primers OrF4 and OrR15. SNPI, SNP2, and SNPI™ (Tzuri et al., 2015) are indicated. “*' means

creamy-white. 5°’-GATTC-3’ Hinfl restriction site was written in bold letter.
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Table 3. Number of melon accessions and polymorphic band patterns with Hinfl digestion amplified fragment by OrF4 and OrR15

Fruit Flesh Color(FFC) No. of accessions Total
White 63 10 0 75
Green 21 0 0 21
Orange 63 2 20 2 87
White-Cream 13 3 0 20
Yellow 2 0 0 2
Polymorphic bands size (bp) 339, 139 478 478, 339, 139
Total 205
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478 bp7} B 0L} 7] S AIRI9I(KI89258, K189265, K189,
K189449) 0| A= 339 bp} 139 bp7} TH2H=] 9Tk(Fig. 5, Table
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