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(emt i RMBEBERE ST / AR AL X B A A P SR B = A 9280 %, b st 100097)

WE:RNABR A ELYREETARD. BT, &7 L) SRS A8 X S BN IR EILRI A, 4 A0 £ =
FBALEME G, f AR 20 RAFER AT BARA T A PR3 FIAP 8 R i TRIER AL E B A T HE L, 2¥EAR
Ay AAgg, #) BT kA RAME LB A WA, &5 T K E R TR TN A BFERT A RIZFTRAGMEL, A
AR g A T B AE—A Gyno-hAT 35 BTN, TR T THFE ARG g-F/R ARt AR ZAFCTAmRELBIS 5
MR T PETE 054 M09 F, 4 B BEARSEAT A 5 F %2, 3 vl £ T i 2 2 InDel 47328 C5-9 Fv C5-10 *F % 7 45 Rt 470048, &
B g-F/R AFTH M 2 4 2 JU-F- 7T 18 100%, 98, F R %2 FARest 36 Wat Rt E s /r A B AL, THFE T HEF g &
B 49 2 4 2 W LA A B1S = B18, AFTRLRABE LS THMFRSAAN g ARFHMOHNSIERRL T FH,
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Development and Application of Specific Molecular
Marker of the Gynoecious Gene g in Melon

MA Jian, WANG Jian-she
( Beijing Vegetable Research Center, Beijing Academy of Agriculture and Forestry Sciences/Key Laboratory of Biology and
Genetic Improvement of Horticultural Crops ( North China ), Ministry of Agriculture and Rural Affairs, Beijing 100097 )

Abstract: Melon is a very important economically horticultural crop around the world.At present,
andromonoecy is a widespread sexual system in traditional cultivar melon carrying both male and bisexual
flowers, and andromonoecious maternal lines necessitate laborious hand emasculation for F, hybrid seed
production.Thus, gynoecious without emasculation will save labor cost and greatly improve the efficiency of
hybrid seed production, with significant mean on improving the purity of hybrid seeds.Gynoecious melon plants
are commonly genotypically designated as AAgg, and the phenotype-dependent selection of g recessive allele
for breeding new gynoecious is slow and time-consuming.To accelerate the breeding of elite gynoecious lines,
development of molecular markers linked to g allele might greatly contribute to the molecular marker assisted
selection breeding.In this study, an allele-specific maker for g gene, g-F/R, was developed based on a Gyno-
hAT transposon on downstream of CmWIPI locus.The sex phenotype and genotype of 141 F, plants derived
from hermaphrodite B15 and andromonoecious 054 was co-segregated based g-F/R analysis.And the result was
verified by two tightly linked molecular marker C5-9 and C5-10, which suggested that the accuracy of genotypic
analysis of g-F/R almost reaches to 100% in F, population.Furthermore, we tested this newly-developed marker
in genotyping of thirty-six melon accessions, and identified two bisexual genotypes B15 and B18.Taken together,
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these results will greatly facilitate the utilization of g gene in melon gynoecious breeding programs by marker-

assisted selection.

Key words: Cucumis melo L.; hermaphrodite ; CmWIP1 ; molecular marker

HHR ( Cucumis melo L. ) Ay P #} ( Cucurbitaceae )
)N & ( Cucumis L. ) &t JNFh— 4 A FARFEY),
HARALEFM ERFE BZHFMWARE Z, i
JINAE A8 5 o Ak, 32 B4 53 3 B I 46 L B A6
oy A N il R B E = )N DR e R 5
FwT, KRB A LT LA JE A8 W 1 AL [ Pk (e
4> [d] ¥k, andromonoecious ). Mff & P 4 1€ [F]
Kk (M 4 [A] ¥, gynomonoecious ), M #fE 5 1 [A]
Pk CEL 1 16, monoecious ). W P A€ ik ( 58 4= £k,
hermaphrodite ) i fE 1 A£G P 4G R PR ( = HEIR &
P, trimonoecious ). 4= i #k ( gynoecious ) F1 42 ffE
# (androecious ) "2,

1R B = i I (N O € e S 4
Andromonoecious ( 4/a ), Gynoecious ( G/g ) UL S 1&
ML Gy/gy (M/m ) 3 AL, b 1A A5 5k R D ) 4
W aLg. gy PIOMBAPERE N, o rh a5 DR 4 i A
DL 7S dR N (S RNE 2 S @R (Y 7 A s O e
At g B PR E 4 R R R VR T R 2 4R
PEMELE , DB P58 AL 5 gy JEHE I 2 MERRPEIR
5 a Mg FAEEANE, S005 a.g WIERAESN A G
BF, ZRIN Ry M S AL [RI PR ; aagg DR R PRPEAERE ;
FEI Ry aaG W) 3R 0 0 I 4= (A bk s R AL A
gegygy B, RICMEE B MEvk. BT, SN
| P E B CmACS-7 (A B R ), CmWIPI (G B:H),
CmACS-11 Fl CmACO3 3N B 28 5a e >, Horp,
MEPEAE VRS g SERRI CmWIPT St — 4~ C2H2 2
PR SR R, TR R 1.4 kb A7 EAHA
T —A> hAT RGBT Gyno-hAT, 53 CmWIP1
A A 2h - XSk A AR AN Rk, ATTTO 2 &
B AL, Boualem 257 ST EKIHE CmWIPI
K RASTE R T RE BN AAgg JE R AU, ;= A 4 AR
A CmWIP1 Fl CmACS-7 [R) i} & A 58 A% 1 2R T e,
Bl aagg FEPRIAY, DI 7= A= 4 PP AE R o

H AT, #35 Ea A K 2 i A R bR, /D
BB . LRI SR AESR RS 1 AR
Frp, T BN T A ME i A& B TR AL
48 Aric P ol B A e SRR E TR B R e
KT, M1 HA AT A S A S8 P el B At R i
L R V| N2 N B 35 K 2, DR (D4 o
31 AR FAR A5 S S 2 A A R, A L

PR, SRR AL T HIAVER T , 28 RN T LR
JOU, P TRl R, R R R AR T A% S A
A%, AT S AT, N 2 R ARG T b
Y IO = I ] S o o e e S |03 R
FEAE IR R AT B T8y 4% Arid FhF
Al SRR . AR ARG AE ) A R A
A%, SRR FH B R A N T ANSUAT AR A i o
A, B bR TR AT A E] 100% 0, EARIE R
U5 T35 1 4 E 22 WI998 HR/N UM BE A% (i itk 2%
HELL T SR 5 [ P S IAE N 2002 4F
TR RN SRR ERE R 1 5 R
B 2 S48 Al (RS 2R DL A HE 2 SR B4
S ZRAE I 2 s R i g ke 3, B RO RS
P EE H ARz —, A7 R VI B i A A
R

AR MRS RN B 4%, S Ak SRR G
BRI B Z N A R A S B 55k TR
e, FE—EFEE ERRG T &MERMEFT N, 4
MR IR RN AAge, 7 M RIGH T RE T, 4 LN
Syl M, o AT A e AR T R AL T g S R
Fatk, HBE F e g5 1RER 1, IRk, AL # L4
SEITVEVE T A ME R B 2% 1, T A ] DNA 43 4%
C [T g 2 AN JE PR B B i B e B b 4
MR FIE. B, R T ARFCEH L TZ
SRR AN FARIC, W T1, Tlex ., InDel-1 215171, 4}
X g FER, A4S S T & T —%F SCAR FRiC g-as
M g-s T T g FEF Y 5> Fhric i Bk £, By 1
R BE K290 1169 bp, WAEA KL F 41 DNA i
a4 1 H] DNA B4R rBE % Y IF R
TR E g R —XF KASP FRic, {5 B PCR
SNPLine V- 5 AT S B 45 KA AR (1) J5 R A,
B W BT RS B %51 6 S0 38 D) S/ VEE
R B HASEAR T, T340, MIe=E R g 3
()53 Fhric okt e HEAE AR E T 40T 580 IR,
AT R g IR FhRckiksh g SEH
FIHRARE . AR BIETF & g FEH R ThR
10, I HAER P AR S EA T 56IE , [R]sF FH i%h
ICSEREHET g FE D T TEAEATRL, LAY AR ke 85
BB 4 R SR AEE AR TR RL, It 4zt 2 i

P s pii R
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PR FE - VR T S o 7 i Bl — 5 A 1)
EAC AR BIS MRS B AR S A0 H 28 &R
054; HHEEAR B15 A 054 24232831 A 2S5 345 F,

Oy B REUR DL R AR S50 3 AR AT O T 3 W 2K )R 9 2
U SR AR 34 BB R (1), A #RFT
2018 4F A F 1 B AR T AL RU AT AR 22 e i
BFFE LD 2235 SEHUORHIT N JE S WAL R 5 6~10
WL ERAE AL PERIPEIR

F1 HKEHI R HE ¢ BEREE

Table 1 Genotyping of the g gene in 36 melon accessions

ETRE RIIHA R FETEA ey IR AR R

No. Accession Sexual phenotype Type Original name Origin

1 BI5 WL WL —E IR KM A R A
2 BI18 LPPEAE i34 AL AR T 2 ARAT

3 054 HEAE AL T PR A AA FEZ B3 TR AR PO A AR
4 Bl MEFEPITEAE iR ALE N IR PRIl A7 BRZS )
5 B2 HERE WAL THiHe A 1=5V] IR PRIl A7 BR 2 7]
6 B3 HEAE WAL WKz ESNERIE IR Pl A7 B2 )
7 B4 TEAE P WK Y=y HS I TR AT B2 )
8 BS HEAE AL HEHE LT EAR ) KM A R A
9 B6 IEAEPITEAE Wi e L KM A R A
10 B7 HEAE AL 353 A KR PRIl A7 PR )
11 B8 HEAEPITETE Wi Al s gR A CAbss) Mk BH A IR AR
12 B9 HERE WAL W 23N IR P Al A7 BR 2 )
13 B10 TEAEPIEAE K PR TR KM IL A R A
14 Bl11 TEAEPIEAE WL T B LR AR KM A R A
15 B12 HEAE P ERE Wi AN KIHIH I A R A
16 BI13 HEAEPIMEAE iR FIES KM A R A
17 Bl4 HEAE PR TR AESE BRI KR PRIl A7 PR )
18 B16 HEAEPITEAE THip BT AE IR P Il A7 BR 2 )
19 B17 TEAEPIEEAE iR NV 2NN IR Pl A7 B2 T
20 B19 HEAE P AE Wz TALT IR IEAIL A B2 ]
21 HP1 HEAE WAL JEE Rz S EARAT ARSI A AT
22 HP2 HEAEPITEAE JEE Bz LB E AT ARSI ZE AT
23 HP3 HEAE AL JEL B FIEARAT AR FE AT
24 HP4 MEFEPITEAE SR LB R AR FE AT
25 HP5 IEAE WAL JEEBz LR E AT ARSI ZE AT
26 HP6 HEAEPITEAL JELRe SR A RAT ARG AT
27 HP7 HEAEPITEAL JELRe S A RAT ARS8 2 AT
28 HPS IEAEPIMEAE JE R SR R AT AR BT
29 HP9 HEAEPEAE JE R T EARAT AR T 2 ARAT
30 HP10 HEAEPIPEAE JEL B FIEARAT AR FEARAT
31 HP11 HERE WAL JEL B TR RAT A = A
32 HP12 IEAE WAL JRER LHERAT ARLE = A
33 H71 HEAEPITEAL 5 SR A IRAT RS 2 AT
34 H72 HEAEPEAE JELRe S A R AT AR BT
35 1520A PR WE SR RAT ARSI ZE AT
36 B24 A rfi[a) 7Y HFEE AT RA = A R A




4 o A el R I g IaFhric TR S5 H 1083

12 SFHRIEAE

M NCBI % 45 % ( http: //www.ncbi.nlm.nih.gov/ )
RAT CmwIP1 K 7 51 (6 5% 5 GQ870275 11 GQ
870274 ) '°), & T ¥ P T Gyno-hAT W) i A 1E ¢
T G — 38 T T AR I AR
FRic g-F/R.  MEHI 3 B 2H 504 12 (https: //www.

G, 7E G 3N FUiF 13 kb M F U7 39 kb Ab, 56T 2 4>
FEAS B15 FI 054 JE K 414 22 5, 7T 8 1 2 %)
InDel #7ict C5-9 #1 C5-10, #Ric /¥4 F]JH NCBI |+
VEFE L 5| W T 2 JF Primer-BLAST ( http: //www.
ncbi.nlm.nih.gov/tools/primer-blast/index.cgi? LINK
LOC=BlastHome ) %11 (3 2), 51¥ At mt K —

melonomics.net/ ) 3K 15 1% 3 K v/ s, B 301 56 (R 21 AR A R A F A
x2 AHRETAK PCR3|HFT
Table 2 PCR primers used in this study
i =
EIL B nAEELY| FAnEiLY| Elﬂjiiﬁfyz

Primer name Forward primer (5’ -3' )

Reverse primer ( 5'-3" ) .
Expected size

g-F/R AAGGTACTCCAAATGAATGGCT
C5-9 GCTTTCAAAATGCACAAAACCC
C5-10 TTGGTACAGAAATTGGGACAGA

TTAAATCGGGTCGGTTCGGT 160
ACATTGTCCTAACAGAGGCAAA 119
GCTATAGTTTAGCAAAGCGAAGATG 159

1.3 DNA 1REX, PCR # & R &l

YR JTCHT 668 1 F, 1T CTAB 320 42 B EE
¢4l L DNA. PCR Jz i #& & 10 pL, £ 45 0.8 pL
Buffer, 0.8 uL dNTPs ( 2 mmol/L each ) . 1 pL Primers
(10 umol/L, F+R ). 1 pL & 2 DNA ( 50 ng/uL ) .
0.1 uL EasyTag” DNA Polymerase for PAGE (1 [ Jt 5%
EXEEYFEARERAF ) M 6.3 pL ddH,0. X
N AR ¥ M 94 C AR 1 4 min; 94 °C 74F £ 30 s,
59 CiB k30,72 CHEAH 30 s, iz 17 35 I 1F I
72 CHEAH 5 min, N W) 8% RN IERLEEER
FL IR , B 5 7E AL A4 B st g

(a) g-R

(b)

2 HER59H

2.1 g BEEFRIRC &R EREHE AR
Martin %" B 5% 2 B, G 3k ] E) CmWIPI 1Y
FEIRAME 0 Kz 1 & B T ECAAE AL 07 A T T
Gyno-hAT 1l AFZ L T 1.4 kb {3 B AL, 53 G
SRS o X kA B B R AR T A i R PR ek T
BRIC MR . ASHIF 78 3 TR e 7 B3R AT T4
Fhrid g-F/R(E 1a), #ig b, #nid g-F/R 7EHIHR

SLHZH DNA o 7Y 1 R s izob R sl sk 4
i g HE
F,

M P, P,

300 bp=
200 bp>

100 bp>

1 2 34567 8 91011121314151617181920212223 24252627 28293031 323334

a: FRiC g-F/R M5 IHIALE ; b: FRIC g-F/R X EASHIAR ST F, Hbk PCR 447 KGN ; P2 B15; Py: 0545 1~22: 2 PPEAL F, Bukk;
23~34.: fE4AE F, %8k ; M: 100 bp DNA ladder, F[i]
a: The position of primers for marker g-F/R, b: The amplified PCR products with marker g-F/R for two parents and 34 F, progenies,
P,: B15, P,: 054, 1-22: hermaphrodite, 23-34: andromonoecious, M: 100 bp DNA ladder, The same as below
B 1 452 ¢-F/R I BRITFERF, HEFB S

Fig.1 Development of dominant marker g-F/R and genotyping of two parents and selected F, lines

BURA B B1S e PEAERREAY, 0k H 54
SEEAb—FhIS A FEN RN aagg., 054 Ml 4 ik
A, FEH A AL, MRS A AL R 52 4, B[R Al

J aaGG. N T IAEFRIC g-F/R AOVERATEAEE S,
LI B15 £ 054 A 25 AR B F, IF A 38724 F,, B A
1 H 8% — A G F, MRRAE PR, L BRAN I &
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H WAL AR, Gt g LR 141 MHERIIT R,
PRk HEARRISRD 109 #R, S PIPEAERRETY 32 1k,
ZRI7IE (109:32) X 6,05=0.29<3.84 ( P=0.59 ), £
B i BRI AL I R Ay B . RS, A g-F/R B
TEXFEA I 141 A F, bR T SE IR0 Hr, 45 53
. B15 #: K 2 DNA 1] LLFE 100~200 bp 2 [] 5 1%
A4S B2, TSEAR 054 o358 7= W
(E1b) 5 141 4> Fy Bkkrr, 112 0T LAY 35 s H 19
iy, Horp 32 MR W PEAE AR W B &Y
80 MM TR BR Rk LA H &Y, A
29 A If A Rl Rk BRBR A B B 455, X g
FIIbRIC g-F/R AT LATE S AR A RS 4G ) g 3
R EE SN 1b FR

2.2 g EFEMHDESIRIET g-F/R #RICHNZE R
I&IE

J T HE— R ARIC g-F/R G 4% SR ) v
P, A H 2 Xt InDel 47 i C5-9 Fll C5-10 Xt 25 A& J
141 A~ F, BRI TRE R RU A0 HT , 25 R 300 - 2 X Asid
PgaE ALK 2), 141 4 F, Bkkd, 32 4wtk
TERAREY 18 H () 55 525 A B15S —80(JEH Y gg),
29 AN HE 4 [l R BLRR YT 1S H B 550 5 2R A 054 — 3K
(FHA GG ), HoAr 80 A4 Rl bk BARR H B 2571 N
ZA (SRR Gg ), #ar g A an & 2 s, Hod
344 F, Bikkgn 5 5B 11—, g 3 S8 5E 81
FRic €5-9 fil C5-10 5 g-F/R K2 F— 2 100%,
PR IFRIC g F/R X F, BEAKINSS R AT 5E

F,
(a) MPP, 1 2 34567 8 91011121314151617 1819202122 23242526272829303132 3334
200 bp >
100 bp >
F
(b) MPP, 12 34567 891011121314151617 18192021 222324252627 2829303132 3334
200 bp >
100 bp >

a: FRic C5-9 XZEAFIER 7 F, (19 PCR 33 MKl 5 b FRiC C5-10 XEAFIEL 7> F, (19 PCR 473 Ml
a: The amplified PCR products with marker C5-9 for two parents and 34 F, progenies, b: The amplified PCR products with marker

C5-10 for two parents and 34 F, progenies

& 2

FRIE C5-9 0 C5-10 IEAR K F, HEFEE S

Fig.2 The genotypic analysis of marker C5-9 and C5-10 in two parents and F, generation

23 g BEEAEMNMREZERHNSH

TS I PR R IR, T g JEIRAY
I3 Aa DL, A g-F/R ARicxt HAy 34 fyaft I g Ji ik
177 PCRAGIN 255 . Xf BRERPEAEATEL 1520A
1 B24 (FEHT N AAGG ) Jop B8 447, AR B1S

200 bp =

100 bp >

M 1 234567 8 910111213 14151617 18 192021 22 23 24 25 26 27 28 2930 31 3233 34 35 36

A AL B18 ARSI 3G ) 1 4% 160 bp H Y F B,
B18 i T K BN B R AL, P PEfE RS A,
FLR AN 5 B15 —E( K aagg, 1My Hi 4% 10 1 2 4K
MBI RA B 1, FEF BN R aaGG (1A
3,%1),

Lane 1-36: B15, B18, 054, B1, B2, B3, B4, B5, B6, B7, B$, B9, B10, B11, B12, B13, B14, B16, B17, B19, HP1, HP2,
HP3, HP4, HPS, HP6, HP7, HP§, HP9, HP10, HP11, HP12, H71, H72, 1520A, B24, M: 100 bp DNA ladder
B3 #ric g 3 36 E N RIEBEE B 547

Fig.3 The genotypic analysis of marker g-F/R in 36 melon accessions

BT AR T I A6 50 A 1 235 7 i B AE SRl
T E S AT R B T AL A S P i R
VE 2R 2B AEAE 0 ok, a0 I RIEICAE it
JHE RN P e ML Fe i 2%, FEPR T 4. G LUK

3 itig

TERI AL S b AR M A= e A
FEALT Iy B RORENE CHERE ) AUMEYE 0 B2 ) 4+ 'E, i
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Gy (M) 3 AN 5 1 3 DR o Tl s o 2 M vk
P E AN AZ 31 g i, i HA 2 Sz A A K
(Mg ) R 2w 22, Kim 2058
T LU PR AE B ( AAGG ) 5 HE4 4E (2aaGG ) 2%
T, Fy BEAAR T2 L2 3% BRI PEAE . S B
2O TR R A ZRINE, R /N BT P A - A
SAEFIMRERAZE , F, 20 B 87 kB AL M
AL, ARSI 2P PEAERR B1S Sl 44E 054
BL 4428, F, e N HETERE, 141 £k F, Hukk, 109
BRIfE 4 AE MR 5 32 BR A WIPEAERR L B2 31, %
RUEE F3GUE T g SEPRON Bl LR s A . [RIR,
T 3 MREE AR MEAE R RISt BRI P
16, eSS A IR MRS AN B G SR E
JRIRE SR 52, 3 5 S A O RS R L, R AR
g-F/R XT3k 3 MRIFATYEE A 1 MRifEA g £, U3 2
BRI ¢ FEDH, X 3 BRAGAE & & 1l BESZ B ok
A HAD S R 52

Bl LE YR &, DNA 20 FhRicH AR TEA
Y Feb R Oz . R FhRICHE T4y
FHRCH BB F R ] LU SZ I R R Z ALK
TR R W RZ 0, o] LG i IR T , R R T 4
e HGE T 2 R A B8, andbitas o Hu 3L i
Bek, 1T LUK AP s Rk 7 s 0 IRk
5 oyge R N R A AU R B A R AR e )
FLHTREYEARIL, S5 AR R RS bl A L R, 2
R RSCRFIERRE O HRT, SRR 4 2
B8 A E N = ol A8 P A A o e
TOARAS LLAR AR G, I 1 4 i it N E e Z MR I
DAL ) 2 o 8 s B, 1P 2 46 0 tH R R L & T
SATFRRE T AR LT g FE R U AY i 8
T Gyno-hAT, JT & T —1> PR 5 28 R A sk
S T R S AR g-F/R, FEFIH
F, BEAR LA f2 g ZE A 1T i 2 XF InDel #ric C5-9
C5-10 XHric g-F/R %85 B9 FE S FERf k1T
BSE, B0 2 I g-F/R A RS 40 s ¢ SR
32 Bk A MEAE BARR AT 80 Mk Il 4 6 BARE , ME I L
SEuf IR 100% .

ABFFE T & BIARIC g-F/R gL R 5 4 S
FRic, B FZARICXT 36 1 AN IRIE S A a7
WSE SR B R G FASE W) , RIAR bR iC
17 g HEREBA S Z RG], AR
FR MR BB R T, AR R SN 4
RIRT 8 AT R 54T g SR, DA A Rk IR H
PR AR , B R RS b S R 5 A R

S E 30k
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