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E  BUNIMEN S SIEHDIFADE, - IR -1- R (ACC) AL LM AW & ol 72 b () JCREG. FR 4 ACC A1
FERFE MR FSBEE PCR 514, M 8 ANAFVERIZA (MEMEFIRE . s e Ak ) I s b TR IE R 1188 bp
ff) ACC &R (CS-ACS2) Ji Bt (GenBank 3105 : DQ115884~DQ115886 Fll DQ115875~DQ115879). £ ¥ /347, 3 4
I [ B P A 28 28 S P (R PP B e A A ). 5 22 AL, 5 AN SEME I R A R At Bl 7 8 AN A% TR IR 2 5 P (SNPs) kit , SNPs
FRCH 4 A Ae——G Fl 4 4> Te——C Z 0] [5:3% 45 8 A SNPs 1, 4 14> SNP A7 & FIX 4K, L4 7 4> SNPs #4714k ik
Tk AE 7 AL TFAME T X0 SNPs o, 5 3 A ARSI ) SNPs, 4 /24 ¢SNPs. 1M 75 4 4 ¢SNPs 1, 4 3 M3 T 4
TR IEIR 7B S, W IT 4 SRR 0, M ME R PE B SRR LG, MR R AP A P TFIR AR 5, X8 ACC A gL N
CS-ACS2 [P FAZFIRAL S vl RES T IUMEME RIN R A TE R 0%, I JiiHl, R3E SNP 28R RIE T —ANEEDY K E 2 50
(CAPS)bric C-MT700.F H CAPS #51c C-MT700 GeXé s : Ot B St Fl MT-705 5 FoA S I s Bl A1, ibrid 78 3R E A A

PE L HA S N M. BEAh, WFFTIRAF SNPs BRI A1 CAPS brid 5 1 HRAI S Fhric Fh 2.

KR BN, PERISER, 1- ARG -1- FRIR (ACC) AN, AL TR 2 A TE(SNP), BBV 1 K 2 25 1E(CAPS)

ZFRINEES Q943.2, S642.2

TRAME B G AEY), i B3R R
MEFRZHE, WY Yo oA R4
S A ORE. B PR ) 28 T 32 AT ME e W) B S AR
(monoecious). 4= M F& (gynoecious). 4= HE Bk
(androdioecious). P 1 #E (hermaphroditic). 1€
P4 4¢ [Fl ¥k (andromonoecious), KL ML S PPk AE
[Fi] B& (trimonoecious) 25 AN [ f) 4 ) 4 T 28 74021,

PUESE, RPN YO 5 BTG, &
JEBRRN TR “PEER 7, RIS S0 16 Rl
L IAE T 3 T I ARN B T 48 1A = S )
=B - FIEIR L -1- FRIR (ACC) Al L
A O R R ORI PR N R
ZEEL 1997 4 Trebitsh 25195 X M 3 I 5 f T
ACC & iy 2 M €S-ACSI. Ffi i, Kamachi % il
Shiomi ™1 ) H i 375 [ 49 T 47 38 55 41 3
A ACC & M 3 Kl ——CS-ACS2. CS-ACS3 Al
CS-ACS4. XT CS-ACSI JE[H, Trebitsh ZFEH1- 3%
SPAELI S ) T A MEYE R P IS K CS-ACSIG
T TMENE R AR IC R, Rl CS-ACST HE A

L5 WPk ) vk AL s F %% E B, Mibus
Tatlioglu""k— WU I F A7 13 G b5 — A k1)
CS-ACSIG ¥ U1, 3 H CS-ACSIG Y5 CS-ACSI %
B EAE RS X . X Cs-Acs2 I,
Kamachi W50 AT, 55 MERE [RRRPE IR TR LE,
CS-ACS2 {EMEYE Z b ¥ 208 o i i . I ] 22 5L
Mathooko %5P1f iif Northern 2448 % B CS-A CS2 %t
IR ) 08 o RN 2R IA I 0] 55 205105 5 Al E AR 1 26— i
16 L) A 5%, Yamasaki 25029A &y, CS-ACS2 7
e 55 i IR ) e e 18 5 — 7 i MR SE R, (HH
ATAATTXS CS-A €S2 1E 3 TIME I 6 vh R I8 11 22 S id
Toikgy A B AR

FEAE= b, TTOEAR T AL 2 /D R I 5
P B R T E R B FE . RS
s HEL, I M R A e A — AU N TR
ME2kr, LB BRI A H I Fhal g
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f ABZERD AR PR R iE AN TRNPE S S Y B A ACC &ML, AT A M, 45 ACC &

Fdb -7 AN AR, AR AERLD S, HAT 21 IF4E
W7 BEMAE IRIIE 25 X E PR AR AT A i A 25 5 114,
g bprik, ERg b, A ORI DRI
B ACC & Wik I 5 B TUMERE PR HOAH DG, A2 A7
SRR, A7 A BT R RIS HE AR P JETE
FEMENE R B (20 bid k.
AHEFEIEFE T P A R 8 AN A E PE
B (WERE[RI bR SmMEYE A 4 MEPE) SR Y, K
& BT NIRIE 1) ACC 5 Mg A D O <5 2 51 BE vt 514
M8 AN AR S 288 R T B [N 20 DNA 3 [

fifg 5 DA AH OC 1 5 8% 1 1R 2 4 M (single nucleotide
polymorphism, SNP) #xic, RiE—SH ACC &
fil 5 D] 55 58 TR ) R 2 TR AH G, 48 7 i I
APE 73 FALE R ALIEAY,  IFFF N 7 1 hrad
B, A, ERAS S E BONMENE R M2 7Arid. I
BTG R E R

1 ®MrfaAE

L1 SKEHFHY
S8 P PR S T ol S R I R TR AL 1.

Table 1 Cultivars and sexual phenotypes of cucumber in the experiment

Number  Cultivar Sexual phenotype
1 Jinchun No.4 Monoecious
2 Zaofeng No.1 Monoecious
3 Zhongnong No.8 Monoecious
4 Qiuci No.1 Subgynoecious
5 MT705 Subgynoecious
6 MT700 Gynoecious
7 Zhongnong No.5 Subgynoecious
8 Zhongnong No.203  Gynoecious

Origin
Tianjin Cucumber Research Institute
Dalian Vegetable Seed Company
Shanghai Vegetable Seed Company
Hangzhou Hangfeng Vegetable Research Institute
J & V Company in USA
J & V Company in USA
Institute of Vegetable Crops and Flowers of CAAS
Institute of Vegetable Crops and Flowers of CAAS

1.2 DNA HJIEEY

TR R 4] DNA 1 42 B S [ ) K R0 45 (1) 7
ks,
1.3 PCR #iZ

% GenBank ' ACC & Wi %t P % % ¢
4] (GenBank % i 5 : U59813. AB006803.
AB032938 Il AB006804.1 %), il Blastn 73 H7
SERSETA, TR O/ 57 P41 Primer3 111 it
2 B4 T3 38 CS-ACST FI CS-ACS2 F& 1A,
2 4519 ¥ ) #E P-ACS1: 5" GGAATTATGCA-
GATGGGTCTTG 3’ fil 5 AGAGCGAAGCTGG-
ACATTTT 3’ LA J2 P-ACS2: 5' CACTCGGAACG-
GTTTACGAT 3’ #1 5° AGCCCCTTAAGTTTCCCA-
AA 3, 5|9t _LifF Sangon A H] A k. PCR 714
NARFN 100 pl, 4048 0.2l 10 mmol/L 1]
dANTP ¥ A % (3% [ Promega A @ /= fh), 2 pl
0.1 pmol/L ] PCR 5|4, 5 U Easy-A High-fidelity
PCR cloning enzyme (3¢ [# Stratagene 23 & 7= /i) Fl
27 0.2 wg FE M 21 DNA.H 52 [H PE9600 7Y DNA 4~
BAGIAT Y SN PCR W AEF 4 : 94°C 5 min

AVEG, % 94°C 45 s, 55°C 45s. 72°C 90 s %
BHHEAT 30 MEH, RNV HETE 72°C A
10 min, Bt T 4'CLRAE B Y045 1.2%11)
T R F YK 1.5 h (5 Viem), 4k £ %E(EtBr)
Yett, JH 25 H Bio/Rad B 1R &R G W 22 IF 40 1
ik,
1.4 PCR P48y 5 A Fr

PCR "W & ok s fle p e e vk 5, M
UNIQ-10 #:{ DNA i [MIWiik 7 £ (¥ Sangon 24
AP PR IR 264k 24k 5 1F) DNA %42 200 /5 4%
14 pMDI18-T (H A TaKaRa /A & 77 ). KT filti:
AL K B DHSo S22 A0, K A0 )5 TR BT
764 50 mg/L Amp 1 X-gal &% IPTG fJ LB i ik -
AR % BH A v . I B 2 2 B 1 £ TR T
Pl 50 mg/L Amp (1) LB ¥ AR 7RI P55,
SAEAREUTORL, R EcoR T F1 Sal T XUD) HR,
VK %58 FH P ST T UNIQ-10 A1 2 ok i 38 71 &
(b Sangon 24 F] /= i) $2HUTR. DNA JEik A8 i
IR ARATBR A H] . ] ABI377 %L DNA Wl ¥
G52 7 4 8 e AR M3 T i 38 H 514300 % 5
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B )P0 R T A ORI e A0 R IR A, AR AR T 1)
5 F %514 5" AGTTTCTAATCCTGGTGATG
3756 v B I PP AV REAT IO, fe e & P
HFA.
1.5 SNP 43#fF0 CAPS #RiCRIZKE

L5 ] Br A R B PRI, I 2 1) 5 B kA7
Blastn 1 Blastx 2} #1; H|H ORFinder # 1 43 #7 il
58 5 ) T B2 AE(ORF) ;s A ClustalW K 4%}
I 5E (1) DNA 341 K1 DNA 2 i 1) 22 3 1R 17> 51 3k 47
gy HT, 3R43 SNP brid; #IH DNAStar # £ 4) #r
DNA [ 41 5 A (1 BRI PR R A DIBEAT A, AR 43
T &5 53k FH AR OC I ) V) B X PCR 77 ) 3 4T 1
PIFIHIK AT, SRAS D K B2 2 51 (cleaved
amplified polymorphic sequence, CAPS) Fxic.

2 HBRE5SR

2.1 ACC &MgE R FFINE

190 P-ACS2 X} 8 ANAN[R) 1 J1) 248 284 i TN il Ao 3
[KIZHl DNA HEAT PCR 974, J4fed 4 b =l 15 i 1)
B—4ar, JFH 8 AN K/AMER, 43 IRER,
g —80 (K ). M5 P-ACS1 BARA L £
K5 WAERAL ) PCR 33, (HIAY 38 AT A

Fig. 1 Results of PCR amplification from genomic DNA
of different sexual phenotype of cucumber

M: 100 bp ladder plus DNA molecular mass marker; /: Jinchun No.4; 2:

Zaofeng No.1; 3: Zhongnong No.8; 4: Qiuci No.1; 5: MT705; 6: MT700;

7: Zhongnong No.5; 8: Zhongnong No.203.

4 PCR F= Wy alifh 3% 4 20 7 4544 pMD18-T
b, A AR T AR bE, R
By TR DNA, £83d EcoR T Fl Sal T XU 7] %
R BAPE TR (A 2).

S AW, 84 PCR WK N
1188 bp, JfH, PCR ¥ 3857 H 1) 514 4 #0175 W iy
PIEAI . SRETHEEFE 45, BFE 15, FkS

. KM 1 5. MT705. MT700. J4 5 5 Rk
203 S 8 475 CARAC GenBank ik, 741
o 5 M X 4 DQI15884 ~DQ115886 Al
DQ115875~DQ115879.

M 1 2 3 4 5 6 7 8

Fig. 2 Results of plasmid DNA of clones digested by
EcoR I and Sal 1

M: 1 kb ladder DNA molecular mass marker; /: Jinchun No.4; 2:

Zaofeng No.l; 3: Zhongnong No.8; 4: Qiuci No.l; 5: MT705; 6:

MT700; 7: Zhongnong No.5; 8: Zhongnong No.203.

2.2 ACC &tgEEFF3IH SNP fRigFfF D #7

XF 52 /) 8 45 /7 41 #E4T Blastn. Blasntx LA &
ORFinder 73 #r, ZiREH, AWFFER YIS
Kamachi %% #f i 1) CS-ACS2 & [ DNA J3 4
(GenBank % icl 5 AB032938) 1 Zf 4 562 bp ~
3 375 bp DL M Shiomi %5 % i ) CS-ACS2 J&
mRNA /7 41 (GenBank ¥ il 5 AB006804.1) 1 &3
1 798 bp~706 bp [ K Bt —5, Blastn L[
43 18 (score) ik 2 339, RIASHIF 5% 7 B 1 5 R
CS-ACS2. WA, BuBEmIEE 25 1 186 bp~270 bp X
Begmtd 274 N IERR, Hh A 763 bp~669 bp &
95 bp I &1, W& 1 I i P 51 755 A S AL 1
“GT-AG” K.

TR el () DNA P 81E47 ClustalW 7347 &
o AN 3 AR [FRA P 9 28 28 b e B 1) P 1) 435
FATE], TS5 A R PR R BAR L, 5 AN S A
SEMEPE B RRILAEAE 8 > SNPs ARiC (3 2). 8 4 SNPs
FRc A 4 D A——G Al 4 D T——C Z A1 AE
8 I~ SNPs 1, 28 719 bp A& 1) 1 4~ SNP {7 T %+
D, AR 7 A4S SNPs BB7EAN 1 IXIEL 75 7 AN
T-AM 7 X3 SNPs 1, £ 104 bp. 147 bp Al
213 bp &b K 3 NAES 15 X 1) SNPs, £ 329 bp.
335 bp. 342 bp A1 532 bp kb4 4 A 4 i SNPs
(coding SNPs, cSNPs). & s, EERE R bR
5] 2 R R A HE . Kamachi 25 7\ E PE 2 5 R
Higan-fushinari H v B [ CS-A CS2 3 [A] (GenBank
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Fids: AB032938) tHAFLE 2 4~ SNPs, 4l T
AN T TImA X R g X 383 2).

T 3 v B S TR g A 1 a0 R ) A AT
ClustalW 7347, Z5HB7R, 5 MEMERIBE I 287 5
FRAHEE , o e 4 0 4 fE P 5 A e 4 4> ¢SNPs 7 3
ANFECT g 1 AR AP 2%, 1T MT-700
[ 1 A~ cSNP Ay [A) SLIAR L5 ME M R ool K 284 5 e
R YA, Kamachi 504K I8 19 #EVE 2 5 Fh

R 1A cSNP 330 T 2R 7 41 20 B 1 50 g
ARG, Ak 203 555 402 {7 2 LR 0 2 2 %R
(Leu) B 1R 22 % F& (Ser), MT705 55 468 12 FE R N
H 2R (Gly) B AU 2 R (Arg), FKME 1 525 470 47
O R N A R (Lys) & XA & R (Glu),
Kamachi %5 #¢ 18 ¥ 8 4 & 5 Bl (GenBank & 1 5
BAA33375.1)% 485 {7 24 HL R 9 21 24 1R (His) B AR 5%
IR (Leu) (£ 3).

Table 2 Single nucleotide polymorphisms of CS-ACS2 from different sexual phenotype of cucumber

Cultivar or The The The The The The The The The The
accession number 104thbp  147thbp  213thbp 252th bp* 283thbp* 329thbp  335thbp 342thbp  532thbp  719th bp
Jinchun No.4 A A A A A C T T T
Zaofeng No.1 A A A A A C T T G T
Zhongnong No.8 A A A A A C T T G T
Qiuci No.1 A A A A A ] T T G c
MT705 A G* A A A C (& T G T
MT700 A A G A A C T 1 G T
Zhongnong No.5 G™ A A A A C T T G T
Zhongnong No.203 A A A A A C T T At T
AB032938 A A A G* 11 C T T G T

*: The number of base pairs is based on DNA sequence in this study; i: intron region; c: coding region in exon; nc: non-coding region in exon.

Table 3 Changes of amino acid encoded by ACC synthase gene

( CS-ACS2) in difference sexual

phenotypes of cucumber

The 402th

amino acid*

Cultivar or

accession number

The 468th

amino acid*

The 485th

amino acid*

The 470th

amino acid*

Jinchun No.4 Ser
Zaofeng No.1 Ser
Zhongnong No.8 Ser
Qiuci No.1 Ser
MT705 Ser
MT700 Ser
Zhongnong No.5 Ser
Zhongnong No.203 Leu
BAA33375.1 Ser

Arg
Arg
Arg
Arg
Gly
Arg
Arg
Arg
Arg

Glu Leu
Glu Leu
Glu Leu
Lys Leu
Glu Leu
Glu Leu
Glu Leu
Glu Leu
Glu His

*: The number of amino acid is based on BAA33375.1.

2.3 ACC &tsEEHR) CAPS #riE

HJ 1] DNAStar #4432 1 DNA J7 513847 i
HIPERZ IR N VIRE AL s 3 4, 25 SRR MR MEYE R
b Bl MT705 B IR 7 410 55 335 bp Ab4 Xho |
Filg ) A7 K 51 P-ACS2 I 8 ASAN[R] 1 1) S5 7

Flep 18 (1) PCR =123t Xho 1 B V) 5 vk, H
rH MT705 75 2 K 4 335 bp Al 853 bp (1) 2 4%i
He, HA SRS K A 1188 bp (1 1 4&ity, )
SHRMETE R AR MT705 BHAT 1/ CAPS #rid (i%brid
% 4 C-MT705) (K 3). Bb4h, 7E 8 % DNA ¥4
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H1, 25 701 bp 1 833 bp &b 43 EcoR T Al Sal 1
MEUIAT 25, X5 EcoR T A1 Sal T XUEEF] 4 52 FH M o
B L 4 Sl & (B 2).

Fig. 3 CAPS marker of C-MT705
M: 1 kb ladder DNA molecular mass marker; 7: Jinchun No.4; 2:
Zaofeng No.l; 3: Zhongnong No.8; 4: Qiuci No.l; 5: MT705; 6:
MT700; 7: Zhongnong No.5; 8: Zhongnong No.203.

3%

KEFRY, LIRS 5 TMEDE 1) T B
EYIOG, W CIEIA R S5 5 7 &%
X PR e A7 AR R L, ACC &2
CIGAE) G A R o i) DG B 2, ASHIT SRR A
RIE ) ACC &AL R ¥ O/ 53 )7 51 ¥ 1 PCR 514,
M8 AN AN (R 1 ) 28 A B I S R b v B T KRS
1 188 bp ] ACC &AL A CS-A €S2 Jv Bt (GenBank
Hid5 N DQI15884~DQ115886 F1 DQ115875~
DQ115879). Hi AR A [ 4 51 28 0 b B v Jir e g (1)
LK BEA L 22 5, (FLI b6} e e 6 DR 1) 71 0
RUVEYE B 22K, 5 3 ANMERE R AR ) 28 7
dn FPAR B, 5 AN i e R R A R PP AEAE 8 A
SNPs #ric, IFH, 5 3 ANMEME [RIREME 582 5 A
A e, Kamachi 25 0 M ME P & T Fh b 78
CS-ACS2 £ [X (GenBank i 5 : AB032938) th 17
1 2 A SNPs. £ AT I FFE 45 S F1 Kamachi 25 )
TS RAT LA Y, S R [RIARPE 2R BUAH L, M
PERY CS-ACS2 FENIAEAE SNP 2285, 73K
ACC AL 5, Mibus Al Tatlioglu i i J7
H1 5y B R IME T R RE AT ) CS-ACSIG bRl 5
CS-ACSI 1) 7 7 ¥ A8 |3 3 1 X 8.1 & T
CS-ACS2 J: [N, H SR Kamachi Z5MHL7E 1997 4F 5t
fRiETR, HMERERBRTE AL, CS-ACS2 11
PR 2R P IR R IR DR B A L ISR, SRR A
()% & AT Bt 32 3] €S-ACS2 LD i Es, H H R

MNATTXS CS-ACS2 7t v RMEAE A h KI5 1 22 738 T
s A P AR AW TS R s, By WA W] Bk
PERIZRBIAHLE, WEPER T IAEAE SNP Za51E A,
XM SNP 22 A VEHR 7 1 JINEYE R 10 AR T8 il 72
R REAEAE CS-A CS2 JEA ) A% T IR AL A )
Hh, fE 44 eSNPs ', 44 3 MFET ACC & HgAE
CS-ACS2 i E TR A, X248 ACC H A
o) 24 R 1Y) S0 e 15 g T P 2R ME A P v B PR 1)
RIEHBAT R, FATHARERE, AR

A — 3R A2, BREVPEIHRIER ] ACC &
B3l A BT ) PCRRE 5 1 5 1400 93 W 8 TIRAN [ 42 ) 2%
R ERR, 45 WA R Z A EFR L. X 2
TARATT BT R F B 23 B D5 kR ) PCR, ANRE SR
et AN IR ) 22 57, T SNP ARid B2 AR B 3R
AL TR EARA R BRI E I+ E K2 A
PRI BT IR I8 A 0 S T2 R, Al ) )
e Z AV T HABAEY, — B 2 TR e 3
JICERY b i ) JT 5 483 705 10 2 28 11 20 A7 BRUS. H R,
= [H Wisconsin K *#% Staub 524 = /473 T [ T/ .
RFLP. SSR #ll AFLP %5 f 4= & {38 N 73 5~ b ic 14
W% (http://www.hort.wisc.edu/usdaveru/staub/ default.
htm), {H R WL SNPs #ric 1 4RE. Bk, A0FH
ARAFI SNPs Frid 5 T 8 K AR AL,

Jy—J71H, WA IRIF) SNPs 22 A Ik il Dy b &
&7 —A CAPS Fxic C-MT700. iZ%Abric GEKF M [ 41
g1 HE i s e PR A B B MT705 (http:/www.
mantianseeds.com.cn)5 HAR P i) S8 AL 5 AR X 310,
M SEIRAE 531 7K b PRTHORES fff 26 i 3 IO B ot e
MT705 F)H 5, Pk, Arid C-MT700 £ 3 ) Ff
TA ERA WY .
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Development of SNP Marker and CAPS Marker Linked to
ACC Synthase Gene in Different Sexual Phenotypes of Cucumber”

XIANG Tai-He™, WANG Li-Lin, PANG Ji-Liang, HU Jiang-Qin, SHENTU Lian-Feng, WU Kai
(School of Life Sciences, Hangzhou Normal College, Hangzhou 310036, China)

Abstract Ethylene regulates sex expression in cucumber plants (Cucumis sativus L.). ACC synthase is a key
factor during the ethylene biosynthesis. Pairs of PCR primers were synthesized corresponding to the conserved
sequences of ACC synthase gene family. The 1 188 bp DNA fragment of ACC synthase gene (CS-ACS2) was
amplified from genomic DNA of 8 different sexual phenotypes of cucumber respectively (GenBank accession
number is DQ115884 ~DQ115886 and DQI115875 ~DQ115879). 8 SNPs have been identified by sequences
analysis between 3 monoecious lines and 5 subgynoecious lines and gynoecious lines, which including 4 A«——G
and 4 T«——C transition. Of these 8 SNPs, one locus is in intron and 7 loci in exons. Of the 7 SNPs located in
exons, 3 SNPs are non-coding SNPs and 4 SNPs are coding SNPs (¢SNPs) of which 3 induced changes of encoding
amino acid of ACC synthase. The results of SNPs from subgynoecious lines and gynoecious lines suggest that
single nucleotide mutation events of CS-A CS2 might be correlated with the development of subgynoecious lines
and gynoecious lines in cucumber. Furthermore, CAPS marker C-MT705 was developed for identifying elite
subgynoecious cultivar MT-705, which could be valuable in cucumber breeding. Besides, the SNPs and CAPS
markers obtained in the study enriched molecular markers of cucumber.

Key words cucumber (Cucumis sativus L.), sexual phenotype, l-aminocyclopropane-1- carboxylate (ACC)
synthase gene, single nucleotide polymorphism (SNP), cleaved amplified polymorphic sequence (CAPS)
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