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B ZE: LKA (Allium fistulosum L) HEMEAT RARKER I, TR T —AHeb% 25500 4i fu ook
PEAH LA SCAR Arid. MARICAERZEMEAT R (S BT Ty it 1 4 607 bp B, TM{ELR
Fr&R (N R0 sy Mt B, #ub i Bedn 4o S607. X 5 AR AL 15 5 AN RAARNY
TRFFR, LAI 4 A B AT IR, SCAR Frid S607 %5 £ R 5 SEBR AN M B2 7 58 2 AH 4
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Development of SCAR Marker Identifying the Cytoplasmic Male Sterility
Gene in Bunching Onion CAllium fistulosum L.)

GAO Li-min, DONG Fei, HUO Yu-meng, LIU Bing-jiang, MIAO Jun, and CHEN Yun-qi’

(Vegetable Research Institute of Shandong Academy of Agricultural Sciences, Key Laboratory for Biology of Greenhouse,
Vegetable of Shandong Province, National Improvement Center for Vegetable, Shandong Branch, Jinan 250100, China)

Abstract: Cytoplasmic genetic male-sterility (CMS) is used to produce hybrid bunching onion
(Allium fistulosum L.) seeds worldwide. In this paper, we developed one SCAR marker using male sterile
line (980238A )and maintainer line (980238B )as sterile and fertile gene pool for the target band screening.
This marker was 607 bp in size and designated as S607 which was specifically amplified in the male sterile
line, and it could distinguish two cytoplasm types CMS-S (Sterile type) and CMS-N (Normal type) . The
SCAR marker was verified in five male sterile lines, five maintainer lines, and four cross combinations,
all of these valuations were in accord with their cytoplasmic type (S or N) . The result of this study
indicates that the SCAR markers of S607 will greatly contribute to establish a molecular marker assisted
breeding program in bunching onion.

Key words: bunching onion; cytoplasm; male sterility; SCAR marker

KZ (Allium fistulosum L) fE8s B/, BACEFFRAL, N L RMERCHRIZZ R IR A . 45T
HEEAE (CMS) E—Fi BB LR, FTRURM 100% AT &R, TE/EWAAS E b A HEAE
M. CMS TN T2 MERAEWR AR ST, WEse GRRIRFIFTHE::, 20100, B
WA 25, 2002). ¥EZ (Jones & Clarke, 1943; RifEiE 25, 2009) 2. WIRvEW, KAHA
SRIEVE RN B RER R, HAE T LU L (Moue & Uehara, 1985; 3KJ5¥ili %%, 1987). Kk, FJH
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HEEAT RIAT KBIAE R, & —FAT 2 A REe . SRR Y EA T Rk E ARl 2
W, BRRE R I B RO TR T AR ) SR ) — o RIS T B R AEEAE R R A IK,
BORAK, X2 HATPR IR A FlE G R R . R Fheichi g B R TR FERIEE,
ANZIRBLAAT IR, TSEI RS, > TAER, I E AR (HE, [E AT OR A
ANE T heic i E P oA AR IE .

AT R BHEEAN B I U e 2R . X KT AN 6 1R 40 PR 27 IS A b R B PEAS
& AL I I A BN I CRERIE, 1991 28JK/K 2%, 1992; EHEH 2%, 2007). mf
S S, R AEVEAN T R S IR R IZERi /K DNA 37T T RAPD Arictfot, JEmIhskfd 74N Aels %
SE TN KA M IR ALY RAPD Arid (GEp MY 55, 2004; a5 MSAN &4 EFR, 2004). Yamashita
SR SCAR. RAPD Frid BA K 7] T 73 B @A T 7 K ZUE 1k P S KL K ) F 9T ( Yamashita et al., 1999,
2002), FHAIFFER A5 EAT 2428 (GISHD i B M B IE R @ A7 4E SF Y2 fa /& I (Yamashita et
al., 2005). XEbgh BN K ZAUEMEA T I FEREBEEHTIT, LLACRI M AN 7 e B R 2948 i I FH
R T5%,

AT H TR SCAR bricdiA, X K240 S A & AHOCIE A TAR e, K% e K
LRI AN M TR Y o AR IR I T R AT LA BB S R RF R IR0 E H M, $emitbesc®, ik
ANEREGREERIES, B hE 2Pk & R, 1 Hoa] o @S2 R K 20 TR ic s B & A
M ZR B85 LA o

QY VR SRS DARES

1.1 ##l

SR RKAEEAT RS REERIL 5 41 AREAEFR 3 41 (980238A/B. 980128A/B.
200501A/B), T RN BHABEER T 1 41 (244A/B), WA B 2 TR RFABEER L 1
4l (08-9A/B). KB G 4 LAHAATEMEL ‘RS™ NEEAMGY ‘FRRE (ZQ). ‘B
FEXYMR (LY). “fEIN KA’ (DZ). ‘HAKZA’ (RB) MIZAC4l4E (RS xZQ. RS x LY. RS x DZ
5 RS xRB).

2011 4F 7 H 8 HEAPEHERN T 1L AR B AR B et 70 e g Ji i, 9 H 10 HiEts, 2012
6 ARTIACH &1, JERIERE BT ERA, MRS R T E AN (200 7O, K& 20
M, HT & DNA $#H.

1.2 DNA ZE S

KEMELE DNA F2HC R A s RAR A AR A B 2 7 28 7= 1) D R R 4 55 DR AL B B )
&, USR] o BT F kA I DNA. R BE R B o BEHLIEEL 10 A H & 980238A
110 #RARFEFR 980238B, H41L DNA 73l il o, MRMEMEAT R S B0 M i It A1 R FE R N
TR0 T S R i

1.3 BMBEBH=E. NFER SCAR HFRESIHMZITE &K

FIH NCBI I 28 % 1 K A kiR DNA 390 741 (AF515669 Fll AF515668) it 514 (Afmsl :
5'-CCCCGCTACCTAGGCAACCTTT-3', Afms2: 5-CGATGAGGAAGGAGAACTCCGA-3"), %} KA
9 TR B EAS B R 980238 A A HAH W {547 2 980238B (15 DNA HEATY 1, WF Frf5 Hr B b 5t
AL AR A FR A W) A2 77 ) Gel Extraction Kit 45 FH i B 3E4 T Rl 4lifh, . glifk Fr B v e A b it
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RIRAEACRH A PR A W AR 1) PGM-T #i44, H A0 KIHAF B TOP10, 1% PCR ATk % & B 1 e b
e ZAEIE R AR B ARG B A R BT A0, 3RAF H 0 BOP A1) CRLE i O 8 553 41 R v )
RENFHD WA A

WA P25 5, N A Primer Premier 5.0 il 1 1 XE T4 K PCR 514 (Afms3:
5-CATAAGACTTGCCCTGAG-3', Afms4: 5'-TTCGCTATGTTCTATGTGAG-3"). 5|#¥ b5 )
EYEARA R A F G %, PAGE 4lift.,

1.4 PCR KN 5

PCR Jx W ¥J{E Bio-Rad /A & 4277 1) TC-XP-D R L K344 ERkAT, Hob B 1R Be 343 K H
2 x Pfu MasterMix It 5T B4 AL A MR B 7] D20 pL ¥ e AR 22 H, 2 x Pfu MasterMix 10 pL,
PiZ 519 (10 pmol - L) %% 1.0 uL, FE4h DNA 50 ng; NVFEF A, 94 CHIASYE 2 min, 94 CA
P£30s, 50 ‘CiEBk 1 min, 72 ‘CIEMH 3 min, 35 MEFF; 72 CEM 10 min, 4 CHEFE.

T fbric S607 K H [/l — A ] 1) 2 x Taq MasterMix, VAR ZFIFLF A H 8 A B34S,
Horp 35 FEIRN IR 72 C BT A) 1 3 min 48k 45 s, B KIRESR 55 Co R 1.2%50 IEhi it i e,
VKRN PCR P2 450k, WAL ZAEgeta, B % 248 A 5h .

15 BHRIIE

Bolma s (Afms3 Fl Afmsd) 155610 980238A/B MR P HEAT BARKESIE . BEHLILEL 10 HkAT
ZA10 BRARFE R, 0 B BUIE K41 5 DNA, #ET PCR 434 54501

1.6 AXBEMFERMRFRURRZAES FRIWIE

BEIdlE (Afms3 Fl Afms4) T 980128A/B. 200501A/B. 08-9A/B. 244A/B. RS x ZQ.
RS x LY. RS x DZ FI RS x RB H'. A EIBENER 10 ~ 12 Bk, s a3 BSE R 4] DNA, #H17
PCR 1 5546300 o

1.7 DNA K35t
#7414 NCBI Hk e 2517 BLAST 4347,

2 R

21 HEMLER (SEMARD /REFR (N EBEAEKR) SCARIFICHFARRFINDH

I (Afmsl Fl Afms2) 0K 2040 M UiEPEA G &R 980238A S HAH M AR FE 5 980238B (1.t
DNA JEP A TH 14, 45 RANAEAE &R 980238A HAFAEY 14, TMAELRFE R 980238B LE 14,
JPei R BRI B 2 556 bp, Kk, FHH A4 44 S2556 (GenBank Accession No.
KC811071)

2Ly 48 B B, fE PCR 7 39 S HLRE A I L AFAEVE 2 ANE Clnndy 358 B 1) R ek ] ) 388
KA, BT LALE S2556 HydEali b, JFAR T —AME T A1) SCAR Fric, Hoy #5414 Afms3 Fil Afms4,
ZATIINAEAE & 980238A fA/EY 1Y, TEfRFEA 980238B Ly, Hiugi fAHm (& 1.
Blifo, §38 A BAY S, KR 607 bp, $41% SCAR brid4 4 S607 (GenBank Accession No.
KC811072).
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M N S N S

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

607 bp

B 1 519 5607 £ S/N EI4RARE E i pi AR
M: 37 bRk N NN BE il S: S AUan i pik it .
Fig.1 Amplified product of S/N cytoplasmic gene pools by primers S607
M: DL2000 marker; N: N cytoplasmic gene pool; S: S cytoplasmic gene pool.

FIFH NCBI 545 PEXT S2556 #E47 BLAST 82 Lbxt 07, KBL S2556 1 699 Mgtk 5 AF515669
AL, FLARUE hy 98%; Ji 666 Mgk S5 AFS15668 AL, AHALE 4 98%, i) 1 191 bp AT
FURRTFIIE S (B 2). SCAR #xid S607 H EViF 514 Afms3 71 AF515669 Fi1 S2556 P, 11 T i
514 Afms4 AL TFORM P29 (B 2.

40 50 80 200

I e R
82536 [ ] ] ] ]

]
KC811071
(KC ) 1 500 1 000 1500 2000 2 500
AF515669 AF515668
Afms] == (__ Afms2
— Marker $607 -—
(KC811072)

2 SCAR #RiE S607 B9FF &
S2556: AWFFUIRIFHIFH] (KC811071)5 AF515669 Fl AF515668: GenBank &35
Afms1 Fl Afms2: 4 H4 S2556 19514: Marker S607: SCAR #xict S607 (KC811072),
Fig. 2 Development of SCAR marker S607
$2556: Obtained sequences in this study (KC811071); AF515669 and AF515668: GenBank accession numbers;
Afms] and Afms2: The primers of S2556; Marker S607: SCAR marker of S607 (KC811072) .

2.2 EARRIGIE

FIH S607 Fric % dith A4 Kl 980238 A/B HLHKHHATIAE, ANH & 980238A AL (S M40 L))
BB H KN 607 bp HIBE, TAREE 2 980238B MR (N B4 50) thisAaH 1 H T B (K 3),

M 1 23 45 67 8 910 M 11 12 13 14 15 16 17 18 19 20
2000 bp
2000 bp
ik
bp 607 b
500 bp P 1228 EE

250 bp

500 by
100 bp P

250 bp
100 bp

E 3 SCAR #RICEE 980238A/B Bk b MRIELS R
M: b 1~10: NH R 980238A; 11~20: R¥FFR 980238B.
Fig. 3 ldentification of SCAR marker in individual plants of 980238A/B
M: DL2000 marker; 1-10: Male sterile line 980238A; 11 - 20: Maintainer line 980238B.
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2.3 SCARFRiC S607 EAR B R RiIFRMELEE DAL IE

AN T A S SCARDRICS6077E 73 TR i Hli B0 Fl B mT A7k, ) 2 %0 40 1 Sk A B AN [ 35
T S AL 12 M RHEATIRAE (GR1D.
i RRYIITA IANE AR L 2SS E R 4 H K/ 607 bpff v B TR FE R e 3
T B HEPCRY GG R AL 0 45 R — 2. BLEE RAERW], Se07hric vl N H] T LAk K

&1 SCARIRIZERBR. RPHERMAZESHHAKREIELER
Table 1 Identification of SCAR marker in individual plants of male sterile lines,
maintainer lines and cross combinations

Mk P S/ e 40 i U ERREL 607 bp WI£5 2%
Material code Origin Type Cytoplasm type Plants number Coincidence rate
980238A 1% Shandong R Rod-like AH Sterile (S) 10 + 100
980238B 1% Shandong R Rod-like A H Normal (N) 10 - 100
980128A 1% Shandong ek Rod-like AH Sterile (S) 10 + 100
980128B 1% Shandong R Rod-like A H Normal (N) 10 - 100
200501A 1% Shandong R Rod-like AH Sterile (S) 10 + 100
200501B 1% Shandong R Rod-like A H Normal (N) 10 - 100
08-9A 1’4 Henan YR Jitui AE Sterile (S) 10 + 100
08-9B # Henan AR Jitui AH Normal (N) 10 - 100
244A i Liaoning ek Rod-like AH Sterile (S) 10 + 100
244B i Liaoning ek Rod-like A H Normal (N) 10 100

(RS x ZQ) F, HA Japan R Rod-like AH Sterile (S) 12 100
(RSxLY) F, HA Japan R Rod-like AH Sterile (S) 12 100

(RS xDZ) F, HA Japan R Rod-like AH Sterile (S) 12 100

(RS xRB) F HA Japan HR Rod-like KR Sterile (S) 12 + 100

F: Ar AHFR; B: REFR; Fo MEEATME RS SIMM B A 5+ BT, -

Note: A: Male sterile line; B: Maintainer line; F;: Cross combination; +: Amplification; - :

Ty gk o

No amplification.

AT KA A T RS RFE R AM B (ISR R, HSth il 5 LT 54
[, BORHE R TRBHME (R 45, 2009). 7EAH & 980238A M IRFFHFR 980238B [ PCR 44
T, S607 ARICANAEA T & 980238A A4 1Y By, 7EHARKEZ& 980238B Ly M v By, X GRAEY],
S607 bric il AN B 40 MR IR e bnics BlG AT T HAR 4 A4 E R S5REFRIEAE, R NA
ANE RHAEAE S607 Arid, TPRFE R TCICARIC Y 1Y, ded 4 Rk —BUEsE 7 FdW T S607
FRICTE 4 03 A AC AL IR 90 UE 25 515 40 M T PR 28 20 56 A A AT, 07 DRI Dy A 35 Ry T 400 f R 2E 4 2
KR ZA O AE A T, SRR RTE . DL g R, S607 1R ] §EH ik A7 7E T K AA
HUIMT (S) H, S S RN TUITREA AR L, X KA E R R R R LB e T IR
St

WSS LS KA E REIREER AR, XTIk 78 DNA MET T RAPD #rid, 3k7%
T AN B L 5 B4 K S AN BRI RAPD A530 GERIG 45, 2004 76 B IR 3 4444, 2004) .
SRIMNZRRIC AL LAZE R DNA SHAPEL, B 2Rtk DNA IR LA 52 2%, PRI AE S B v A2 31—
SE IR . AWEFUIEAE AF515669 M1 AF515668 &l -, Btk 514 Afmsl Il Afms2, X KRZEAH #R
980238A M fR¥F % 980238B (1)t DNA #HATH 1Y, S5AUNAEAT & 980238A fA/Ey 1Y, v BLlF K
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/N2 556 bp (S2556), MBI AF515669 Fll AF515668 [IfF &, 1 A AF515669 Fl
AF515668 Z [0 ff1—~ 1 191 bp [EF41, 1191 bp T FI A AW IXIRIE. 1T S2556 A BUE K,
RAAE, [RHAE R IERE 1T T SCAR #3ic S607. S607 Fric H ki % ] B LI K 05 DNA #E4T
PCR #4E, RIRTAS & R0 78 LN IRE P9 358 e X 40 ot () 26 28

TESEPRE B IRFE RN Y, BRI S607 brid X KA OP (Open-pollinated Populations) {4
(A I R AT PCR AT, JEFEEA 607 bp 45 M HLBR SANE RRIAE,  [R]IN E A2 B A, Al 5 4K
LA AL EARIAEAE T B, WTEIRACA; A FARER R AN E IR, IR HACAH]
THERFFR. P, R DS TR RIE T, 2 R UK 2L DNA, HET PCR #:1F,
R RSN R 2 R A0 M PR 2, 4 /N i DR RF R ARV IR o N N 2R 0 i 5 1) Bk mp B AT T e
IXRER] DU M AT AL A5, AT D 8 B ORFF 2R 10 LA B DL TR il e b I oAt e 9, dF— 2
PERIE BB . AL TR A R BHEVEA T 4> 1 Fric 4l Bk B8 & R i R I g 7 3508 7 A
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