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Abstract: [Objective] Melon, as an important global fruit and vegetable crop, is highly influenced by
fruit flesh hardness and other quality traits, which directly affect its market competitiveness. Melon is
widely cultivated worldwide and holds significant economic value, especially in Xinjiang, China, which
serves as a major production hub. Xinjiang is the home to a diverse array of melon varieties, with key
cultivation areas including Hami, Turpan, Korla and Changji. In recent years, the melon planting area
has continued to expand, with Xinjiang accounting for one-third of the national production. However,
the Xinjiang melon industry faces challenges such as severe homogenization, a reliance on a limited
number of parental lines for breeding, and low breeding efficiency. Conducting genetic diversity analy-
ses of melon germplasm and identifying key trait-associated genes and loci can provide critical informa-

tion for developing genetic improvement strategies. This, in turn, can promote varietal diversity and en-
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hance the industry's market competitiveness. Flesh hardness is a key quality characteristic, however,
and little research has been reported on the genetic basis of fruit flesh hardness in melon. This study
aims to analyze the genetic diversity and population structure of melon germplasm and to locate genes
associated to flesh hardness. [Methods] High-throughput sequencing technology was used to analyze
the genomes of 292 melon accessions from around the world, constructing a large-scale genetic varia-
tion map. The Neighbor-Joining Method was applied to calculate the genetic distance matrix, and a phy-
logenetic tree was built. Genome-wide association analysis (GWAS) and haplotype analysis were per-
formed in conjunction with the flesh hardness trait. [Results] The melon germplasm population was di-
vided into two distinct branches: Branch I (Popl) and Branch II (Pop2). Popl predominantly clus-
tered local varieties from Xinjiang of China, Japan and the former Soviet Union, with Xinjiang varieties
making up the majority (90.84%). Pop2 was mainly composed of cultivated varieties, widely distributed
across various regions, including multiple provinces of China (Xinjiang, Shaanxi, Taiwan, Gansu, Inner
Mongolia and Liaoning), Japan, the former Soviet Union, the United States, Canada, Iran, Turkey, Hun-
gary, South Africa and India, with Xinjiang varieties constituting 67.5%. Genome-wide linkage disequi-
librium (LD) analysis confirmed significant differences in genetic diversity and population structure be-
tween the two groups. LD analysis revealed that the LD decay distance for the entire melon germplasm
population was 49.2 kb when 72 decreased to half (> = 0.33). However, when analyzed separately, the
LD decay distances for landraces and cultivated varieties were 57 kb and 45.9 kb, respectively, indicat-
ing that cultivated varieties exhibited a faster LD decay rate than landraces. This suggests that cultivat-
ed varieties have undergone stronger selective pressures and genetic drift. Furthermore, nucleotide di-
versity analysis showed that the nucleotide diversity of cultivated varieties (2.537x%107) was significant-
ly (p<<0.01) higher than that of landraces (1.989x107?%), further supporting the idea of rapid evolution in
genetic diversity among cultivated varieties. Through GWAS, we explored the variation of flesh traits,
especially the important agronomic trait of flesh hardness. Based on phenotypic and genotypic data, we
identified a significant association signal on chromosome 8 of the melon genome (Chr08:2815957
2831112; P = 2.36e-07). This region contained 11 significant associated SNPs, which explained 9.04%
of the phenotypic variation. Functional annotation revealed that this region harbored candidate genes re-
lated to cell wall biosynthesis and remodeling, like inositol monophosphatase (MELO3C007440.2) and
nucleotide-sugar transporter (MELO3C007449.2). These genes may influence flesh hardness by regulat-
ing the synthesis and remodeling of pectin and cell wall polysaccharides. Five SNPs were found in the
coding region of MELO3C007451.2, which were in strong linkage disequilibrium, allowing the popula-
tion to be divided into four haplotypes. The 98.05% of local varieties carried the hap001 haplotype.
Hap004 haplotype materials exhibited soft and brittle characteristics, while hard materials carried
hap001, hap002 and hap003 haplotypes. [Conclusion] The high geographical and cultivation environ-
ment differentiation of melon germplasm reflects significant genetic differences between local and culti-
vated varieties, especially the diversified geographical origins of Xinjiang melons. The study identified
candidate genes associated with melon flesh hardness, including MELO3C007434, MELO3C0074335,
MELO3C007436, MELO3C007437, MELO3C007438, MELO3C007439, MELO3C007440 and ME-
LO3C007441, which were confirmed as selection genes related to the differentiation between wild and
cultivated species. We speculate that these genes may play a key role in the domestication process of
flesh hardness from wild to cultivated species. In addition, candidate genes like inositol monophospha-
tase (MELO3C007440.2) and nucleotide-sugar transporter (MELO3C007449.2), involved in pectin and

cell wall polysaccharide synthesis, may be important regulatory factors influencing flesh hardness. Fur-
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thermore, we discovered several haplotypes associated with flesh hardness in the population, and the

differences in these haplotypes were closely related to phenotypic variation in flesh texture. Notably,

haplotype differentiation showed a clear association between hard and soft flesh samples, highlighting

the connection between genotype and phenotype. This study provides new molecular markers for the ge-

netic improvement of melon flesh hardness and other quality traits, laying the foundation for marker-as-

sisted selection in melon breeding.
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Fig.1 SNP genotyping and genetic diversity analysis of melon population
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Table 1 Phenotypic distribution of flesh hardness trait in different haplotypes of the population

g5 1D HuFERIE Location MR Trait  #£%57% Haplotype || 45 ID PR K IE Location PEIR Trait #1452 Haplotype
s81 H A Japan K Soft HA5TY 1 Hapl sl64 7B Tran W Soft  Hf5H 1 Hapl
s83 W[ 375 Tailand, China ~ #(Soft  ¥i{%7% | Hapl s106  H1[EH75% Xinjiang, China Jfii Crisp ~ #.£5%4 1 Hapl
95 1 [E B 5% Xinjiang, China  Jifi Crisp %7 1 Hapl s151 A %1 Unknown Jiii Crisp ~ #.£574 1 Hapl
$96 r} [E ¥ % Xinjiang, China  Jifi Crisp ~ ¥{% 7 | Hapl s159 738k Soviet Union Jiii Crisp #4574 1 Hapl
s101 1 [E B 3% Xinjiang, China  Jifi Crisp %7 1 Hapl s160 731k Soviet Union Jiii Crisp ~ #£%5714 1 Hapl
s104 o} [ B 5 Xinjiang, China  fifi Crisp  ¥f5 %4 1 Hapl s91 v [ 5 Xinjiang, China fifi Crisp ~ H.£5% 1 Hapl
sl11 o} [E B i Xinjiang, China  ifi Crisp £ %4 1 Hapl s50 v [ 5k Xinjiang, China fifi Crisp ~ #.£5% 1 Hapl
s120 FF [E] 3 % Xinjiang, China  Jifi Crisp ~ *f% 7 1 Hapl s168 H 7R Japan Z Tender H1f%7Y 1 Hapl
269 r} S B i Xinjiang, China  ifi Crisp  ¥f5 %Y 1 Hapl s276  H[EHi5# Xinjiang, China fifi Crisp  #.£57 1 Hapl
$273 rp [E B i Xinjiang, China  ifi Crisp  ¥f5 %Y 1 Hapl s153  H[EHi5# Xinjiang, China W Soft  HLfFA 1 Hapl
s139 Ff [E 378 Xinjiang, China  fifi Crisp 4% 7 | Hapl s174  Jn& K Canada HSoft  HLAFAL1 Hapl
s97 FF [E 3788 Xinjiang, China i Hard #4574 1 Hapl s56 rH [E %7 5% Xinjiang, China Jiii Crisp  #.£5%4 1 Hapl
s75 FFE 475 Tailand, China % Soft {574 1 Hapl s257 rh [E %7 5% Xinjiang, China Jiii Crisp  #.£5%1 1 Hapl
s134 FF [ 1 % Xinjiang, China  Jifi Crisp #5741 Hapl s192 rh [E %7 §% Xinjiang, China F Tender HL457%Y 1 Hapl
s129 Hp =3 5 Xinjiang, China  ifiCrisp B %Y 1 Hapl $222 i [E %7 #% Xinjiang, China B Soft  HfHM1 Hapl
$92 " [E ¥ % Xinjiang, China  ifi Crisp ~ *f% 74 1 Hapl s152 1 [E P 5% 1 Inner Mongolia, China % Tender {74 1 Hapl
s118 o} [E 3 5% Xinjiang, China  #(Soft £ 1 Hapl s202  H[EH75% Xinjiang, China Soft  H%F4 1 Hapl
s103 rF [E #7 48 Xinjiang, China  ffi Crisp ~ B#4{%7 1 Hapl s217 rH [ %7 i Xinjiang, China W Soft 541 Hapl
s57 v} 33 98 Xinjiang, China  ig Crisp  ¥f%7 1 Hapl s8 v [ 357 98 Xinjiang, China W Soft %41 Hapl
s71 tf [H 5274 Shaanxi, China i Hard &% 7 | Hapl $274 v [ 357 38 Xinjiang, China W Soft  H%FZAI1 Hapl
$65 rF [E 7 48 Xinjiang, China  ffi Crisp ~ #/%7 1 Hapl 270 v}t [E %7 #% Xinjiang, China g Crisp  #£524 1 Hapl
s136 1 [ #7158 Xinjiang, China  ZZ Tender .f%7%4 1 Hapl s24 rh [ #7 5% Xinjiang, China W Soft  HLfEAY1 Hapl
s131 i [ #7158 Xinjiang, China i Crisp #5574 1 Hapl s162 H A Japan Z Tender H1f%%Y 1 Hapl
280 rF [E 7 48 Xinjiang, China g Crisp  #.£%7% | Hapl s150 o1 [ %7 8% Xinjiang, China e Crisp  H.£5%¢ 1 Hapl
s119 i [E#7 4% Xinjiang, China M Crisp  H.£52¢ 1 Hapl s4 v [¥ ¥ 5% Xinjiang, China K Soft FLAETY | Hapl
8281 i [E #7588 Xinjiang, China Mg Crisp  H.£572¢ | Hapl s140 1[5 7 5% Xinjiang, China fiiHard ~ H£57%Y 1 Hapl
s98 o} [ 3 i Xinjiang, China  fifi Crisp ~ ¥f5 %4 1 Hapl s169  FEEUSA Soft  Hf5H 1 Hapl
s94 1 [EH7 5% Xinjiang, China i Crisp  H.£572¢ | Hapl s9 v [¥ %7 5% Xinjiang, China Jiii Crisp ~ #£5714 1 Hapl
s85 731k Soviet Union WSoft  Ff5%Y 1 Hapl s163 3l Soviet Union Jiii Crisp ~ #£% 74 1 Hapl
s132 rF [E B i Xinjiang, China  ifi Crisp  ¥f5 %4 1 Hapl s58 r [ 5 Xinjiang, China fifi Crisp ~ #.£5% 1 Hapl
$259 o} [E B i Xinjiang, China  Jifi Crisp  ¥f5 %Y 1 Hapl 69 v [ 357 58 Xinjiang, China Jiii Crisp ~ #£%74 1 Hapl
275 o} [E B Xinjiang, China % Soft  Hfi%Y 1 Hapl s21 r1 [ 357 38 Xinjiang, China fifi Crisp  #£5% 1 Hapl
s89 Ff [E #7588 Xinjiang, China  Jifi Crisp #4574 1 Hapl s142 rF [ %7 % Xinjiang, China i Hard #4574 1 Hapl
s90 1 [E] 758 Xinjiang, China %X Soft ST ] Hapl 548 1 [E]357 58 Xinjiang, China HSoft  HAFAL1 Hapl
s133 rH S B 5 Xinjiang, China  ifi Crisp  ¥f5 %Y 1 Hapl s138  HI[EHi5# Xinjiang, China Jiii Crisp  #.£5% 1 Hapl
s130 Hp 53 5 Xinjiang, China  ifi Crisp  ¥.£ %Y 1 Hapl s72 rh [E %7 5% Xinjiang, China W Soft  HEAY1 Hapl
$99 Hp [E 3788 Xinjiang, China  Jifi Crisp #4524 1 Hapl s224 i [E]357 58 Xinjiang, China Jiii Crisp  #£5%1 1 Hapl
s87 b (=3 5 Xinjiang, China  ifi Crisp ~ ¥.f 2 1 Hapl $228 +h [E %7 §% Xinjiang, China W Soft  Hf%4 1 Hapl
s100 Hp [E 3748 Xinjiang, China 5% Tender H.£5%Y 1 Hapl s149 HH [ Bk 7 Shaanxi, China NA FA54 1 Hapl
252 rF [E #7 48 Xinjiang, China  ffi Crisp ~ H#%7 1 Hapl s147 rH [ %7 i Xinjiang, China Jiii Crisp  #£% %! 1 Hapl
s182 "FEH7f Gansu, China ~ Z Tender Ff%%Y 1 Hapl s122 v [E 3 2 Xinjiang, China Jiii Crisp  #.£% %! 1 Hapl
s93 P [E] ¥ % Xinjiang, China  ii Crisp 5% 1 Hapl sl 738k Soviet Union W Soft  H%FAI1 Hapl
$283 o} [ 3 5% Xinjiang, China  fii Crisp  f5%4 1 Hapl s27 v [ 357 38 Xinjiang, China fii Hard ~ $£%%Y 1 Hapl
278 rf [E 7 48 Xinjiang, China  ffE Crisp ~ #£%7 | Hapl s144 o1 [E %7 #% Xinjiang, China i Crisp  #.£524 1 Hapl
s105 rF [E 7 48 Xinjiang, China  ffE Crisp ~ #.£%7 | Hapl 253 v}t [ %7 8% Xinjiang, China i Crisp  #.£5%4 1 Hapl

T NARIRBR

Note: NA means the date is missing.
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%1 (4 Tablel (Continued)

"5 1D HbFERIH Location PEAR Trait  §14% 7 Haplotype || 45 ID  HhFE KR Location PEAR Trait 5457 Haplotype
s241 o} [ B i Xinjiang, China  ifi Crisp  ¥.£5%4 1 Hapl $226  H[EHi5# Xinjiang, China Soft  F5H 1 Hapl
60 o} 5 5 Xinjiang, China  Jifi Crisp ~ #f5%4 | Hapl $230 1 H75# Xinjiang, China Jiii Crisp ~ B£%574 1 Hapl
s107 rF =B i Xinjiang, China  ifi Crisp  $.£5%¢ 1 Hapl s39 r [E]35 3k Xinjiang, China Jiii Crisp  #LA57 1 Hapl
$282 r} S B9 Xinjiang, China % Soft  Hf%Y 1 Hapl sl4 i [E %1 3% Xinjiang, China W Soft %A1 Hapl
s156 1 [E i % Xinjiang, China  Jifi Crisp ~ ¥{% 74 1 Hapl 200 i[5 ¥1 3% Xinjiang, China F<Tender Ff%%A! 1 Hapl
s135 rF S35 Xinjiang, China  ifi Crisp ~ ¥.£%Y 1 Hapl s102 rH [E %1 3% Xinjiang, China Jiii Crisp ~ #L£5%4 1 Hapl
s284 r} =3 5% Xinjiang, China  ifi Crisp ~ ¥.£5%¢ 1 Hapl $66 H [ 3788 Xinjiang, China fii Hard #4521 Hapl
s84 #31 Soviet Union B Soft  HifiFA1 Hapl s67 +H (5] 5 Xinjiang, China Jiii Crisp #1544 1 Hapl
s30 r} [ ¥ 5% Xinjiang, China  ifi Crisp ~ ¥.£5%¢ 1 Hapl s179 A1 Unknown W Soft  Hf%4L 1 Hapl
s23 rF [E #7 48 Xinjiang, China  fE Crisp %7 | Hapl s188 H A Japan Jiii Crisp  #.£% %Y 1 Hapl
237 rp [E #7488 Xinjiang, China  fifi Crisp #4524 1 Hapl s176 +F [ 37 i Xinjiang, China ffi Crisp %% 1 Hapl
s143 1 [E ¥ 3% Xinjiang, China  ifi Crisp ¥ %4 1 Hapl s114 vF [ 7 i Xinjiang, China Jfi Crisp 4% %Y 1 Hapl
s73 v} [958 Xinjiang, China  fig Crisp  #{Z%7 1 Hapl s177 rF[# 4 527 Inner Mongolia, China %X Soft  #1{% % | Hapl
562 1 [E] #r 5% Xinjiang, China i Crisp #5744 1 Hapl s214 A% Unknown W Soft  HLfEAY1 Hapl
s88 rfi [E #7 48 Xinjiang, China %X Soft {74 | Hapl s121 v} [ %7 8% Xinjiang, China Soft  HLZFZAY1 Hapl
$246 1 [E ¥ 8% Xinjiang, China  fifi Crisp  *f%%4 1 Hapl s287 P [E P9 5 7 Inner Mongolia, China #(Soft %% 1 Hapl
8245 i [E #7458 Xinjiang, China  fé Crisp  #.£5%¢ 1 Hapl s128 v [E ¥ % Xinjiang, China Jii Crisp #4574 1 Hapl
s173 FE[EUSA Soft  HLfEFH 1 Hapl s70 v} [ Bk P Shaanxi, China W Soft  HLf5H 1 Hapl
s137 1[5 }r 3% Xinjiang, China %X Soft Hf57Y 1 Hapl s77 H & Japan Jiii Crisp #4574 1 Hapl
s197 4+ F A Turkey ffi Crisp  #£57%¢ 1 Hapl s195 r [E¥7 5% Xinjiang, China ZF Tender 5% 1 Hapl
s271 1 [E] 3§ 3% Xinjiang, China  Jifi Crisp ~ *{% 7 1 Hapl s165 fIEEK Canada fiii Crisp ~ #£574 1 Hapl
s167 H 7% Japan FTender Hf5% 1 Hapl s216  E I Gansu, China W Soft  F5H 1 Hapl
s146 o #3398 Xinjiang, China  ii Crisp ~ #f%7% 1 Hapl s181 rf [ H- 7 Gansu, China NA HLA5H 1 Hapl
s110 o} S B i Xinjiang, China  fifi Crisp  ¥.f5 %4 1 Hapl s64 v [E]357 58 Xinjiang, China fifi Crisp ~ #L£574 1 Hapl
s213 K1 Unknown W Soft  HfEA 1 Hapl s268  H[EHi5% Xinjiang, China fifi Crisp  #L£5%4 1 Hapl
$223 rH =B Xinjiang, China % Soft £ 1 Hapl 295 H[EHi5% Xinjiang, China Jifi Crisp ~ #L£57 1 Hapl
s227 r} =B 9 Xinjiang, China % Soft  Hfi%Y 1 Hapl $296 1 [E %1 3% Xinjiang, China Jiii Crisp ~ BL£524 1 Hapl
s32 H 5B 9 Xinjiang, China % Soft  H.f%Y 1 Hapl s55 HH [E %1 3% Xinjiang, China Jifi Crisp ~ #£5%4 1 Hapl
s158 738k Soviet Union i Crisp  HL£%7%¢ 1 Hapl s231 rH [E %1 3% Xinjiang, China Jiii Crisp ~ #£5%Y 1 Hapl
s124 i [E 3748 Xinjiang, China  fifi Crisp #4524 1 Hapl s61 v [ 7 % Xinjiang, China Mfé Crisp  #£5%4 1 Hapl
s42 HF [E #7498 Xinjiang, China  fifi Crisp ~ #.£5%4 1 Hapl s20 rF [¥] ¥ % Xinjiang, China Mg Crisp  #£5%4 1 Hapl
$292 rF [E #7 48 Xinjiang, China  fifi Crisp  #.£5%4 1 Hapl $220  H[EH75H Xinjiang, China Jiii Crisp  #£% %! 1 Hapl
$236 o} [ 5 5% Xinjiang, China i Hard 5% | Hapl s52 v [# 357 38 Xinjiang, China Jiii Crisp ~ #£% %Y 1 Hapl
254 o} [E33 5% Xinjiang, China i Crisp ~ ¥f5%4 | Hapl s126  H[EH74# Xinjiang, China W Soft  Hf%4 1 Hapl
s31 o} [E# 5% Xinjiang, China  #(Soft {55 | Hapl s16 v [# 357 38 Xinjiang, China fiii Crisp #4572 1 Hapl
255 1 [E 91 8% Xinjiang, China  ii Crisp %% 1 Hapl $240 v} [E 38 3% Xinjiang, China Mfé Crisp  #£524 1 Hapl
$194 E[ /¥ India K Soft  EA{%ZY1 Hapl s7 v [ 37 48 Xinjiang, China W Soft  HLfZFAY1 Hapl
s178 A% Unknown % Soft HLA5 1 Hapl sll 1 [E 7 58 Xinjiang, China Mfé Crisp  H.£524 1 Hapl
s59 o} [E 3 5 Xinjiang, China i Crisp ~ ¥f5%4 | Hapl s13 v} [ 31 Xinjiang, China W Soft  Hf5H 1 Hapl
s54 ][5 ¥r 3% Xinjiang, China 4K Soft FLAETY 1 Hapl s18 1 [¥ ¥ 5% Xinjiang, China Jiii Crisp #4574 1 Hapl
$279 i [E #7548 Xinjiang, China  Mfé Crisp  H.£5%¢ | Hapl s19 1 [E 7 5% Xinjiang, China fiii Crisp #4574 1 Hapl
sl6l 738k Soviet Union fii Crisp 14574 1 Hapl 22 v [E 1 5% Xinjiang, China fiii Crisp #4574 1 Hapl
549 rf [E %7 5% Xinjiang, China i Crisp  H.£57%¢ | Hapl s36 1 [E 1 5% Xinjiang, China Jifi Crisp #4574 1 Hapl
206 751 Soviet Union ffii Crisp  Hf5%4 1 Hapl s41 v [ 5k Xinjiang, China fifi Crisp #4574 1 Hapl
$29 o} [E B i Xinjiang, China  ifi Crisp ~ #.f5%4 1 Hapl s43 rF [ 5k Xinjiang, China fifi Crisp ~ #LA57 1 Hapl
285 o} [ B 5 Xinjiang, China  Jifi Crisp ~ ¥.£5%4 1 Hapl s44 Z[E USA Jiii Crisp ~ #£574 1 Hapl
235 o} =B Xinjiang, China  Jifi Crisp  $.£5%¢ 1 Hapl s46 r1 [E]357 58 Xinjiang, China W Soft  HLf%A 1 Hapl
s35 rF =B i Xinjiang, China  ifi Crisp  ¥.f5%¢ 1 Hapl s47 v [E]357 38 Xinjiang, China Jiii Crisp ~ BLA57 1 Hapl
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%1 (4 Tablel (Continued)

Y5 1D HbEEKYE Location MR Trait #6578 Haplotype || 45 ID  #EEKIE Location IR Trait #4575 Haplotype
s199 i [E #7585 Xinjiang, China M Crisp #1452 | Hapl s53 r [ ¥7§% Xinjiang, China Jiii Crisp ~ #£%5 714 1 Hapl
5286 o} [ B 5 Xinjiang, China  fifi Crisp £ %4 1 Hapl st12 "[EHi5# Xinjiang, China fifi Crisp ~ H.£57 1 Hapl
s127 o} [E B Xinjiang, China % Soft  HfF%Y 1 Hapl s123  "[EHi5# Xinjiang, China W Soft  HLfFA 1 Hapl
261 rF [E 37 8% Xinjiang, China  fifi Crisp  #.4% 7 1 Hapl s207 7B Soviet Union i Crisp  H.£%7%¢ 1 Hapl
s68 rp S B i Xinjiang, China  ifi Crisp  ¥.f5 %Y 1 Hapl s208  H[EHi5# Xinjiang, China fiii Crisp ~ #.£57 1 Hapl
$300 o} [E B Xinjiang, China % Soft  Hfi%Y 1 Hapl s209  H[EHi5# Xinjiang, China fifi Crisp  #.£5% 1 Hapl
297 HH S B Xinjiang, China  ifiCrisp  ¥.f5 %4 1 Hapl s210  H[EHi5% Xinjiang, China Jiii Crisp  #£5% 1 Hapl
$290 FF [E 3788 Xinjiang, China  Jifi Crisp #4524 1 Hapl $225 1 [E]357 58 Xinjiang, China HSoft  HA5AL1 Hapl
s51 Ff [E B7 8% Xinjiang, China i Hard /5% 1 Hapl 233 rh [E %7 5% Xinjiang, China Jiii Crisp  #.£5%4 1 Hapl
$289 HH 53 5% Xinjiang, China  %(Soft  Ff5%Y 1 Hapl s243 i [E %7 §% Xinjiang, China fifi Crisp #4521 Hapl
s145 " [ 97 % Xinjiang, China 5% Tender %74 1 Hapl $256 rh [E %7 #% Xinjiang, China Jiii Crisp  #£%%1 1 Hapl
s141 Hp [E] 3 5 Xinjiang, China  ifi Crisp ¥ %Y 1 Hapl $258 H [ ¥7 8 Xinjiang, China Jiii Crisp  #£% % 1 Hapl
s28 v} #3398 Xinjiang, China  ig Crisp #5741 Hapl $262  H1[EH78E Xinjiang, China Jiii Crisp  #£% %! 1 Hapl
248 rF [E 7 48 Xinjiang, China  f Crisp ~ #£%7 1 Hapl $263 rH [ %7 i Xinjiang, China Jiii Crisp  #£% %! 1 Hapl
s25 o} [E35 5% Xinjiang, China  #(Soft  LfF%4 | Hapl $266  H[EH14E Xinjiang, China Jifi Crisp £ %! 1 Hapl
$242 rF [E %7 48 Xinjiang, China  ffi Crisp ~ #£%7 | Hapl $267 v [ 357 38 Xinjiang, China g Crisp  #£524 1 Hapl
s5 rf [E #7 48 Xinjiang, China %X Soft  F{%7 | Hapl 291 v}t [E %7 #% Xinjiang, China g Crisp  #£524 1 Hapl
$299 rf [E #7 48 Xinjiang, China & Crisp ~ #.£%7% | Hapl $293 v}t [E %7 8% Xinjiang, China Mfé Crisp  #L£524 1 Hapl
s2 rf [E %7 48 Xinjiang, China %X Soft  H{%7% | Hapl s80 £ B Iran W Soft  HLfFZY2 Hap2
s264 F} [E 3 % Xinjiang, China  Jifi Crisp ~ ¥{% 7 1 Hapl s78 H A Japan fiiHard %572 Hap2
$294 rf [E 7 48 Xinjiang, China  ffi Crisp  #.£%7% 1 Hapl s170  EEUSA WSoft  HLfEMY2 Hap2
201 i [E #7588 Xinjiang, China Mg Crisp  H.£572¢ | Hapl s189 H A Japan W Soft  Hf5%52 Hap2
$26 o} [E ¥ i Xinjiang, China % Soft  fF% | Hapl s171  EEUSA W Soft  Hf5%2 Hap2
s17 i [E#75% Xinjiang, China i Crisp #1457 1 Hapl s74 v [F %7 5% Xinjiang, China W Soft  Ff5%2 Hap2
251 i [E 7 5% Xinjiang, China i Crisp  H.£%72¢ 1 Hapl s212 i Iran Jiii Crisp #2571 2 Hap2
s113 rF [E 37 8% Xinjiang, China  fifi Crisp 4% 7 | Hapl s183 w1 E H 7 Gansu, China WSoft  HLfE7Y2 Hap2
250 FF [E ¥ 3% Xinjiang, China  Jifi Crisp ~ ¥f% 74 1 Hapl 205 J3J% Soviet Union WSoft  HLf57Y2 Hap2
$33 r} 5 5 Xinjiang, China  #(Soft  ¥if5% | Hapl $203  J#E K Canada B Soft  Ff5%2 Hap2
s63 rF =B 5 Xinjiang, China  ifiCrisp ~ ¥.fi5 %Y 1 Hapl s238  H[EHi5% Xinjiang, China Jiii Crisp  #.£% 7 2 Hap2
249 v #3398 Xinjiang, China  ii Crisp ~ ¥f%7% 1 Hapl s148  H[EH75# Xinjiang, China NA A% 2 Hap2
$244 v} #3398 Xinjiang, China  ig Crisp  ¥f%7 1 Hapl s218  Jn& K Canada W Soft  HLf574Y2 Hap2
s37 FF [E ¥ 3% Xinjiang, China  Jifi Crisp ~ *f% 74 1 Hapl s219 H 7 Japan il Hard £ %12 Hap2
s109 Hp [E B 5 Xinjiang, China % Soft  Hf%%Y 1 Hapl 239 rH [E %7 §% Xinjiang, China B Soft  EfHM2 Hap2
s34 Hp [E B 9 Xinjiang, China % Soft %% 1 Hapl s190 H 7 Japan Jiii Crisp % %! 3 Hap3
s12 P [E 1 % Xinjiang, China  Jii Crisp ~ ¥.f%%4 1 Hapl s184 & H i Gansu, China fii Hard % %! 3 Hap3
sl15 o} [ 5 5% Xinjiang, China  fifi Crisp  ¥f5%4 1 Hapl 221 v [# 357 38 Xinjiang, China fii Hard %% 3 Hap3
s117 o} 35 5% Xinjiang, China i Crisp  f5%4 1 Hapl s172 3EEUSA fii Hard 5% %! 3 Hap3
$229 v} [#33 98 Xinjiang, China  ig Crisp  #f%7 1 Hapl 5185 [ H i Gansu, China W Soft  HLfEFAY3 Hap3
s211 73 Bk Soviet Union fifi Crisp  H1£5%4 1 Hapl s166 74l South Africa W Soft  HLfFZ4Y3 Hap3
s10 i [ #7 5% Xinjiang, China i Crisp #5744 1 Hapl s191 H 7 Japan Mfé Crisp  #.£524 3 Hap3
s116 o1 [E %7 8% Xinjiang, China i Crisp 5% 74 | Hapl s215 i E H 7K Gansu, China e Crisp  H#.£57%4 3 Hap3
sl5 I [E ¥ 8% Xinjiang, China  fifi Crisp  Jf%% 1 Hapl s76 %] 4 F Hungary K Soft HL5 4 Hapd
232 rf [E %7 4% Xinjiang, China i Crisp ~ #.£%72 1 Hapl s180 KA1 Unknown WSoft  HLf57%Y4 Hapd
$265 o} [} 5 Xinjiang, China  fifi Crisp £ %4 1 Hapl s157  J%K Canada W Soft 574 Hapd
s108 1 [E B 8% Xinjiang, China 2% Tender %7 1 Hapl s196 v [E %7 5% Xinjiang, China Jiii Crisp #5711 4 Hap4
247 o} [ B 5 Xinjiang, China  ifi Crisp £ %4 1 Hapl s38 r1 [ 37 5 Xinjiang, China Jiii Crisp ~ #£5 714 1 Hapl
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Fig. 4 Genome-wide association analysis of flesh hardness trait in the melon population
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Fig. 5 Expression analysis of candidate genes during flesh development
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