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Abstract: We studied the genetic diversity and genetic relationship of 28 melon parent materials using 2b-
RAD genotyping by sequencing, to provide a scientific basis for molecular marker assisted breeding of mel-
on. The results showed that: (1) there were 10 318 SNPs in 28 melon germplasms, the ratio of transitions
to transversions in SNPs was 2. 15, and the mean value of the genetic variation and genetic distance be-

tween different germplasms were 0. 88 and 2. 22, respectively, implying the high degree of genetic differ-
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entiation among these germplasms. (2) According to the characters of skin color, fruit reticulation and
flesh color, the 28 melon germplasms were separately divided into 4 populations (containing white skin
population, yellow skin population, cyan skin population, and green skin population), 3 populations (con-
taining smooth skin population, thin reticulation population, and dense reticulation population) and 3 pop-
ulations (containing white flesh population, orange flesh population, and green flesh population). (3) The
phenotypic analysis result showed that the degree of genetic differentiation among the populations classi-
fied by the skin color was the highest, and the value of the genetic variation was between 0. 05 and 0. 19,
indicating a moderate or above level of genetic differentiation among the four populations; a moderate level
of genetic differentiation was observed between smooth skin population and dense reticulation population,
while there was no significant genetic differentiation between smooth skin population and thin reticulation
population or between thin reticulation population and dense reticulation population; a moderate level of
genetic differentiation was observed between white flesh population and orange flesh population, while
there was no significant genetic differentiation between white flesh population and green flesh population or
between orange flesh population and green flesh population. (4) These melon germplasms were divided in-
to three subgroups by analysis of the phylogenetic tree. Specifically, the first subgroup had 11 germplasms
(the parental germplasms were mainly self-selected melon varieties), the second subgroup had 9 germ-
plasms (most of the parental germplasms were introduced from Xinjiang or selected from Xinjiang melon
varieties) ,» and the third subgroup had 8 germplasms (most of the parental germplasms were introduced
from Japan or selected from Japanese melon varieties). The results of this study indicated that the cluste-
ring result of melon based on the molecular level exhibited a certain relationship with that of geographical
origin, but it was not completely consistent with the result of the breeders’ classification about the breed-
ing materials basing on skin color, fruit reticulation and flesh color.
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Table 1 28 melon germplasms and their main fruit traits
No. or name Origin Skin color Fruit reticulation Flesh color
T1 12D-1 HF%F Self-selection W5 4 Milky white #i M Thin reticulation ##4 Orange
T2 B-3-1 HFEBE Self-selection #H Cyan % ™ Dense reticulation %4 Orange
T3 13-3A H E%F Self-selection WA Yellow i ™ Thin reticulation 445, Green
T4 13-3B HF%F Self-selection WA Yellow 5™ Thin reticulation 4, White
T5 13-3C A FEBF Self-selection # {4 Yellow % ™ Dense reticulation  #%4 Orange
T6 13-4A HEET Self-selection €, White % M Dense reticulation  #5{f, Orange
T7 13-5A HE®EF Self-selection #H 4 Cyan %% M Dense reticulation % {f, Orange
T8 13-6A F1E A Taiwan . China H {4 Cyan i ™ Thin reticulation 240 Green
T9 14-6 A HEEF Self-selection #H 4 Cyan %% M Dense reticulation %, Orange
T10 14-7-4 A E®EF Self-selection 2 Black % M Dense reticulation % {f, Orange
T11 14-10-1 HFEBE Self-selection {4 Yellow # M Thin reticulation % {4 Orange
T12 156 H A Japan {4 Yellow Y6 B Smooth skin % {4 Orange
T13 159 H 7 Japan 444, Green # M Dense reticulation 4¢3 Green
T14 162 M E%E Self-selection {1 White Y&} Smooth skin M White
T15 164 HEEHF Self-selection F {4 Cyan i ™ Thin reticulation  £¢{% Green
T16 170 HF%F Self-selection A Yellow Y6 H Smooth skin 94, White
T17 17-1A HFEBE Self-selection 2k {4 Green % M Dense reticulation %4 Orange
T18 17-1D HFEBE Self-selection £k {8 Green % ™ Dense reticulation  #% 4 Orange
T19 17-2B HE®EEF Self-selection 444, Green # M Dense reticulation  Z¢ 4 Green
T20 9-1-3 Fr[E B Xinjiang, China  # {4 Yellow % M Dense reticulation % f, Orange
T21 996-1-1 H 7 Japan # {4 Cyan Yt Smooth skin 24448, Green
T22 99A4 H A Japan {1 White 6 F2 Smooth skin 1 {4 White
T23 99A5-2 H 7R Japan H @, White Yt Smooth skin {8, White
T24 D-2-2A [ 1% F Self-selection H {4, Cyan % M Dense reticulation  Z¢ % Green
T25 &N Liuxiang [ B 8 Xinjiang, China (Zi%r(eﬁé ifﬁiﬁ green background) 2 W Dense reticulation  Z¢ {4 Green
T26 J-2-9 HF%F Self-selection #H {4 Cyan i ™ Thin reticulation 445, Green
T27 wm-6 HE#%F Self-selection (ﬁ%;ﬁi if%i’i green background) % M Dense reticulation % {f, Orange
T28 wm-17 o [E #r 88 Xinjiang, China %514 Milky white % M Dense reticulation %54 Orange
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Table 2 Basic information of 2b-RAD sequencing data

NCa:

FEAL R U 751 & WY AL RUT 5 [ER

Sample Raw reads Enzyme reads Percent/ %
T1 27882632 23137821 82.98
T2 27922368 23870058 85.49
T3 9216149 7861369 85. 30
T4 9216149 7960424 86. 37
T5 9216149 7789086 84.52
T6 9216149 7802962 84. 67
T7 9584547 8180469 85. 35
T8 9216149 7769470 84. 30
T9 9377540 8078694 86. 15
T10 9377540 8088113 86. 25
T11 9377540 8107050 86. 45
T12 28000155 23560765 84. 15
T13 27103052 22681383 83.69
T14 25308846 21132529 83.50
T15 9126825 7955889 87.17
T16 9126825 7842448 85.93
T17 9377540 7975527 85. 05
T18 9377540 8003812 85. 35
T19 9126825 7812342 85. 60
T20 9584547 8018708 83.66
T21 9584547 8104304 84. 56
T22 9584547 8172451 85. 27
T23 9584547 8165268 85.19
T24 9126825 7939613 86.99
T25 28930154 24667340 85.27
T26 9126825 7721574 84. 60
T27 30740808 26118836 84.96
T28 9505180 8119018 85.42
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Table 3 The tag numbers and average sequencing

depth of 28 melon samples

A4 R i 2 B - B

Sample Tag number Average depth
T1 70 760 100. 56
T2 70 797 93. 88
T3 69 482 25.57
T4 70 873 32.05
T5 69 739 28.51
T6 69 464 26. 83
T7 69 181 35. 24
T8 70 332 31. 88
T9 69 412 25. 64
T10 69 735 34.79
T11 69 222 29.71
T12 70 272 103.02
T13 69 917 102. 04
T14 69 899 94. 31
T15 69 076 25.61
T16 67 732 21. 80
T17 68 544 27.16
T18 69 470 40. 85
T19 69 273 32.10
T20 69 905 28. 64
T21 69 588 34. 80
T22 69 147 34.33
T23 69 302 29. 24
T24 68 802 26. 38
T25 70 672 114. 47
T26 69 744 33.32
T27 70 919 128. 36
T28 69 909 33.63
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Fig. 1 Distribution of SNPs in melon genome
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0.035~0. 375 ZIa],F-BE R 0. 237 ;R4 R 2 HEE
P, BUEAE 0.036~0. 511 Z[a], FHI{E N 0. 297 5%
NG A7 e PRI B 7R 0. 018~0. 500 =2 [a] , “F- {8
0. 21457 ;SR o3 B R HUE TE 82. 14 % ~ 10002
B, F-4{E R 96. 54 %,

2.5 HMAHEAREEEZTRESUSH

WAL AT A (R 4) TR, 28 AN B IURE A 75
Z B BB AL AL R BC(F O FE 0. 188~0. 933 Z Ja],
SEHIME R 0. 885, 35t f4 I B (DRO ¥ [l 7E 0. 208 ~
2.706 Z ], SFHI{E A 2. 218, KK FEA 2 0] 4 17
T 5 BE 1 3545 Ak (— oAl 25 BER F o (E7E 0~
0.05 Z i), & H A WHE M A4 Fo E
£ 0.05~0. 15 Z i), A 44k # F AHTE 0. 15
~0. 25 ZI8], W Sy i B oAk s Herb, T22 # T23 M
AR 2Z (8] 1 388 4% 43 Ak R ORI 8 A% 1B B8 fe /N, T2
FT16 WARE A 2Z ] 1Y 35 % 43 Ak 2 B0F0 35t 4% 1R 25
AR D,

WA T B Bt 4325 L 28 403 BRI B T 43k 4 A
BEGR 43000k 1 B BEAR (1 4% T1.7T6.T14.T22,T23
I T28)  #8 fe BEAK (F9 4% T3.T4.T5.T11,T12.T16
I T20) .75 B BEAR (F3% T2.T7.T8.T9.T15.T21,
T24 M1 T26) a4k j B (f2 45 T10,T13.T17.T18,
T19.T25 Al T27), AL/ MR (3 5) R, X 4
ANBERPIPZ I F, M 0.052~0. 188 A4,
{4 6] 35 15 5 85 DR B M 0. 054~0. 208 A%, Horr g
Rz BEK TN B BEAR I Y F o A8 B /0N o5 e B A4 il 4
FeRERIEI F, R (R 5, FHIRZEM F,
HYIRT 0,05, B HIAAAE P Je DL R B i 3kt
o1k,

MR S 18T 9 S0Ptk 43 25 L 28 403 B BB 5 0] 43k
3ANBEAAR, 43 0 Sy O Bz BE AR (AL 46 T12.T14.T16,
T21.T22 F1 T23) i M RFAA CEL 4G T1,T3, T4, T8,
TI11.T15 F1 T26) F1 % M BE 4K (G 4% T2, T5,T6,
T7.T9,T10,T13,T17,T18,T19,T20, T24,T25,
T27 F1 T28) ., L Hras 3 (£ 6) BR . X 3 M
PRI Z 8 F B 43 312 0..004.,0. 096 F1 0. 029,
DR {E 43314 0.004.0. 101 #1 0. 029, & B ' fz B A
I AR 22 ) 7 7E v BE 8% 434k, D' He AR R ARG 1)
TREA 22 100 LA B R T T A R 2 D B A 22 i) G I 3 404k

WA L A Bt 43 2 L 28 403 B ICRR  aT 43k 3 A4
BEAA 20000 0 1R BEAR (0 4E T4.T14.T16.T22 Al
T23) A ABHA (045 T1.T2.T5.T6.T7.T9.T10,
T11.T12,T17,T18,T20,T27 Fl T28) L J &% A #f
K 4% T3,T8,T13,T15,T19,T21,T24,T25

T26) . &N a5 SR Bon X 3 A BRI P 2Z 18] 1Y
F. AH3 %124 0.126,0. 033 F1 0. 027, DR {8435 K
0.134.0.033 F1 0. 027, FBH [ AR FIAS A BE AR 2
(] A7 7F H BE 38 4% 43 Ak 1 AR R R 45 DR AR 22 i) A
A PRRE A I o 1R B (R =2 ) TG B S oAk (3R )

ZEA LA g5 R, 28 0y B AR 54K 4l R K 2
053 25 1) 25 FEAR Z 18] 138 4% 43 A RECER R ek
(4 5 B35 A% 43 A0 R B2 e i, O HLAS AR Z ) $4) £7 7
JE T DA R s AR oAb
2.6 BEBEEENSN

FIFH 10 318 4~ SNPs #5ic 28 £ & A 5T AR P
FORSMRIR S5 A K B KB A 73 28, F i sk
FhB R 20K 3 DNEBECE 2), 3 DEBEA I AT (4,
SRR A, BT 2R RE 1 2EBE 2 FN2ERE 3. A
3 ATLLE h, KR4 4t (RS AR 1 e A D 48
M 2~3 P B gl i, B 3 A JERE R4 Fh T 2 )

£5 EFREHESEMN 28 MM A& E K
BES W RE(F, ) FiEfE B3 (DR)
Table 5 Genetic differentiation coefficient (F )
and genetic distance (DR) of 28 melon samples

based on the skin color

- o dE dk s

Pobulation White Yellow Cyan Green
pulé skin skin skin skin

1 White skin — 0.117 0. 054 0.114

% Yellow skin 0.11 - 0.138 0.208

H & Cyan skin 0.052 1 0.129 — 0. 187
2 ¢ Green skin 0.107 0.188 0.17 —

T T =AM BRI 3845 40 b RECCF O b = o 440 ) 3t 4%
#igs(DR), T

Note: The lower triangle is the genetic differentiation coefficient
(F_) between groups, and the upper triangle is the genetic distance

between groups (DR). The same as below

6 HETREEWLMERS LR 28 N ENERBFEM
BEESLRB(F,)MiEEER(DR)
Table 6 Genetic differentiation coefficient (F )
and genetic distance (DR) of 28 melon samples based

on the fruit reticulation

- b i #

. Smooth Thin Dense

Population . . . . .
skin reticulation reticulation

St 2 Smooth skin — 0. 004 0.101
i ™ Thin reticulation 0. 004 — 0.029

% % Dense reticulation 0.096 0.029 —
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Fig. 2 Analysis of population structure using identified SNPs for 28 melon germplasms (K =3)

7 ETRABBESEMN 28 M NEXEFHTELY
BESURE(F,)FiEERESE(DR)
Table 7 Genetic differentiation coefficient (F )
and genetic distance (DR) of 28 melon samples

based on the flesh color

REMA A A A
Population White flesh  Orange flesh Green flesh

1A White flesh — 0.134 0.033

1% A Orange flesh 0.126 — 0.027

4% A Green flesh 0.033 0.027 —

AETEAS )RR B 1Y) R DR 38 ik . O T 8 IS A, T AR A
0 5 45T I L A1 T
2.7 REHAUMBERBESH

RIS B (L 3) T LU Y, 28 {7 i ICRR B
Bl 328 — 2K T2.T3. T4, T5.T8. T14,
T15.T16.T21.T24 F1 T26 £ 11 R0, 5 — KM
& T1.7T6.T7.T9.T10,T20,T25,T27 fl T28 3t 9
Py Fh B, %5 = 26 @ 4% T11, T12, T13, T17, T18,
T19.T22 M1 T23 3 8 ki, Hp 58— FE R
HEEE SR A RERR 8 T2 N
AT 55 5 | 3 BT R A R R AR H AR
P, 80 =28 O M H A 5] 3E SN H 2R & B b i
Ak mEACH SR,

31w

F 2R RPN
T T AR AT 5 ) e DR A R 26 B R,
JRAE g 877 B b R B S e ol W AR 2 —
A0 AR A [ 75 325 B0 0 A () O ) % He A7 1

T14

T25
T28
Tl
T19
T17
T13
T18

- T23
s L T22

T12

LTIl

0.02
JE RS R 2% 1
B 3 28 i E AP 5 3L F SNP fric B R 2

Population numbers are the same as those in Table 1
Fig. 3 Phylogenetic tree of 28 melon germplasms

revealed by SNP markers

PR R WA A W Y R BRI AR S
PEMR Y S SR AR R AR S () R BRI, BT H
WS 53R R AS ] A i TR J5 % 305 %F T TSR 52 3 7Y
PEARIEAT T a8t f5 ZREPE B 2 0 H R R W
FIH 2b-RAD $ AR X HAE 53 7K 7 i A7 58 1 A1
KA,

2b-RAD $ A FFH 118 5 B 6l 4 177 it e 32 K
AT EEVI G P2 A S KA 33~ 36 bp AY B FR 25
20w I TR U I v O N 2 A AR A
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SE S BT TE & AL [ 9 X SNP A7 i 1 47 8 38
T 18 FEE D 0 B G B, ARAS A AL & 19 SNP A AT
N REUR AL Z2 B PR A BT B B A AR L B
FER I AL R AR R MR M s 990 DU
R AW 2b-RAD MG A REAR 1S B 1
JEHEFE B 912 682~30 740 808 N4, 5t & i ik
Je CEB R FEAR PS5 Bsa X1 BV 5 A 55
Jo i H0E DU IR G T S B 82 %6 LA I RS A
A A TR B B AR 21, 8~128. 36 Z 1] , S 243 J¢ 1
FER 49> IR T AERR TR B 40 AR o, B
YR R ) S ST R T G SR T
SNP Gl 5 B 4 S 70 43 N 5 4 (T O 5 B (T )
PR E R A S G C 5 T 2, B k4L
EASCAST.CGS5CUKRGS TN, W5
F W AR W ) 5 e 5 R 1 LU (B AR E AR K 22 57
WAL (Pyrus pyrifolia) ¥ 5% 4l ¥ % ¥ 5 B 40 1
FEAR M 1. 7150 s LS ] It 31 53 2 00 o s 4 15
HH (1 A 29 1. 657 5 N IR 5 (Macadamia in-
tegrifolia ) BN 7 45 B B 78 SNPs 5% 4 71 B # (19 L
K 0. 7788 R BH Xt ¥R ( Fennero penaeus chinen-
sis) 2b-RAD il J7 45 2 v &% 5 5 A 45 (9 LG
1. 402" s B G Bk B UL (Pinctada fucata ) I 20 il 5%
SELLI b 4 R 4 Y A 0. 5, AR R 5
2b-RAD M JF 45 5 i /8 SNPs 5 # 5 8 4 19 Ho
(T./TON 2.15, FEAX R 270K TS5 A
Il 49y o 2 A ot A PR A2 B e 8 I S AT e
ZHEMEEHEEPIC) MAEREE(H) R 2 MK
TR JE N 2 B IE AT, 2 PIC<< 0. 25
i RN AL AR EE Z 807 5 PIC 4T 0. 25~
0. 50 Z[E] B, Fe7™1Z AT 43R B Z A A7 45 PIC
= 0.50 B, R EAN G R 2 AN AN A
5T 28 A&t R B A8 SNPs 7 5 ) PIC {H 7
0.035~0. 375 Z[a], W] 45 SNP fi gi 2K E 2 &
P BE 238k, 28 DA SNPs fL i H, {5
0~1 N5 RS ALE M EE EAERRES,
TR B 3845 23 Ak 48 B0 (F ) 2 i 2 0 1 1) 38t 4%
I ACTREE M BB, AW ST AR R L R
AT DX S0 RS PR B € 3 A PR A7 0 28 14 45 T 1k =2 )
() F o AH4r %I 0. 052~0. 188.,0. 004~0. 096 LA

BB, SRR AR ERAH LA,

0.027~0. 126 A5, R BRI IR B2 B0 73 2 1 45 A
PR Z 035t 1 o AR BB A vy o AR ] 70 35t A% 25 /) 25 7
B Ry S 2 AR A R T I SO0E IR B0 AT o 2 Y 45
R 22 0] B AR 38 4% 4 A AR 2 A IR .

AHEFE DA Bz B0 SR T SRR R A 3 A
PR 22 5 LU BRI 28 oy Wi IR 5t g 4 6} i 47 38t 1%
ZAEPE S BT WF T A% E B 10 318 A4 SNP fiL .
Je 2] LA B A7 S B T A L S A A R R — 1
SNP i fi 5 G H T4 g St Il 5T 48 20 1] 3 | SR 5
AR A SC B QTL %€ 17 43 B DL S Fb ¥ 4l B2 5 5 HF
5%, [Al B0 AR N T 8K F AR ic i B ik B F
Tt A v LU R it B i e B E R

H A, Fergany M. 21 3 3 JE 25 2% 1 SSR #x
TN TR R 4 06 R 5 A S M 40 1 B &
JEAR M s FEPR R A it AFLP dRic W58 IA 0
Fe RN RSG5 R bR 1 5 R M gk A e, 54
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J5E R AR B4 3 o 3 28, Ho 8 2R R AR 43 9 A
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(R 2 G 5T, 0 B AS BF 5 b EIC SR 2R 45 2R 5 b 3Ok
BEA—E XA, X G5EIREE" M Fergany M.
E EOERERE S i n iR

AW T ARYE 7 F K PR E g R 5 &
FX BB EARE R~ FRE FEER
AR S i SR B €, L R PR LA TG D 8 A
RIS HHFT L M HE—f RS, T2
Y 28 1y M RHA S8 2 i & 2 B By B R A% 52 )5 ik
A A2l A BT L X S R BT T BE S A 2 i B Y Il
%%, DRIEE T 3R 3 28O R EL S Hb S 45 A1 ) ]
EGRRNEIT . BRIR AR E B 5T 45 Rt K W
T 00 F oK V18 43 28 J7 15 RE 0% T 0 o 4 b 48 s 4
ZE P NAEBEER R . AW 45 R WA R FRAT 7E
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