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1 % 5

*FE (Allium) 1T3# 750 G £ h (Stearn
1992), =®5bH, xF (A. fistulosum L.), 7<*F (A.
cepa L. Common onion group), —>=7 (A. sativum
L), YV —3%F (A. ampeloprasum L. Leek group), =
5 (A. ramosum L.) % 20 LI EAEHICFIHINT
5% (van der Meer, 1997).

FFF, PEHLEBICERYT 2 £EEZ oh, BAETR
FCHT VT, FICHA, WEHB L OHEETL RS
nTunsd (FER S, 1965 ; Ford-Lloyd 5, 1993). H
AT, VIR 918 4RI E it [AFRIZ | I bLHi
NTWBIEMS, TTIT, HEFREICIRE ST
WeEBZoND., ZDkHkE e BKABICHEIG L% <
DIERBFEAEMNIAEL TS, ¥ oMM, EE
Y& L 0 InER, TR, &S UM R+
D4DITHMEINTS (FBRS, 1965 ; Inden 5,
1990). D5 b#Ex Fi, EEARTIEXICKTZIE
FUSRABEGHIC X - THGH T 5. o5 mfiliE, &
WX OB F (RxF) MMM E SR FH I3
SINBN, TETIRERFFIFEAERTERHO MTE
ThHO, TOEZLDNF ML > TIN5,

FFOMEHRE S K AR, 2104 TiEHdT
M LTH D, 2006 4FEEOEM AL I 2.27 J7 ha,
IRFER(3 49.1 Tt TH 5 URMOKEAMEES, 2008).
ZO—/T, A FOMARIII I 10FETAML, 2D

BEALRTEPSDMATH D (BHKEBHETE,
2008), EANOEMATFEL TS, o7z, 2001 4F
I — 74— FEERESRET SN, —Rm AR
Licboon, ZokAaEL, 2006 45121388 )7t @
AFPFMASNTE D, ERNHEEROK 2 HIHHA M &
HEINS.

OHBETE, FFEIHEXoP TR N, 41 FD, Fa
7 IZIR AN DA PERR (1,202 fEF, 2006 4F) % &5
w5 (BHIKER, 2008). Larl, ZORFIYITEE
PRI &b 57, - EMERNTEICHED CEIGITER,
FrzEATROEN, ZOBBELT, fEtkTH Y
Hig B R E L <, ERZED 2 DI B2H 0
(I~2 4 /AR, BAGWENT 21T 5 7DD FRHME S TIC
SIEEEMAETIRT 2 2 EMEHTROI ENEZ 6N S,
Fi, 2FOF ) LY A RFIEFICKREL A.2x10°
Mbp, Ricroth 5, 2005), 4/ L&MGREEHIS G S0
fzvaA X+ X+ (Arabidopsis thaliana (L.) Heynh.)
214 % (Oryza sativa L) ® 885158 L 30.8 50~
J LA RERTHIES, IhE THESTHITEA
TOWRWHHO—2EZEZ SNE. Dk, DNA v —
71— &I U & T 2 BIUFEER OB, xF 0
NTBEHERET S LTHEARREZEZ SN S,

—Ji, BENHEOZ I F METH 0, St
i3, FIETOWEZRD Z7CDINEN SIRGEE TORE
TEEZY—F 50, BIZWME, HTOENBLT
fetEHIc g 2 —EoMBEER T v 75 L2 LT
W5 (McDonald, 1998). F,\ T OBEANHEZF = v
73510, < OBEITITEBIRNEIC X B IR
ThbhTha, L LEMNS, T si3REENAM 0
BB SIS K73 5 S WS NS 5. £ T,
KBRS X BB b 2 5k & LT, AR
P, TA VYA L, HIRBERN T EZE (restriction
fragments length polymorphisms, LI F RFLP) %3
V7 LHIE 2 % DNA  (random amplified polymor-
phism DNA, LI'F RAPD),
site (STS) =—#—i2k % PCR L EDHENHHLNT
&7z (Tanksley 5, 1981 ; Livneh ©, 1990 ; Hashizume
5, 1993 ; Ballester 5, 1998 ; Crockett o, 2000 ;
Crockett 5, 2002).

ZL OB (WD) BEe5ThsLI1T, xFITBL
Thd, BEEEHIIDLTLomunE—ERd F i
DBBIEERET > TWA, 197745 (BEFI152 4E) 1Tikw]
O F O BERS N, BIETE, EWNEDO KB
SR FSERED TS, Zokcy, [EESESER

% 7213 sequence-tagged
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TH - EHX DT OBIZMHIE OEINER L2 5 T
W5, —fRICxF o F SRR ISMBEHEEATE (CMS)
ZMALTO A7, FESEEICERShTHNRIE,
Fi R LM O AiS 2 03 & & 5 EOARRLL
ToREFHNRAET A TREVE MR L. LA L, HERRRHETIC
ML B T RAT 2E0HMBIZ LK D, CMS Riffk
OPTRERELTCLE SHNEBIT 22 E0HD, F
PFREICB O CTHE 7213 & & 5 ZORE Lo F R A
TAHWREMNH B, £, FBRESTHIHi->TO
BOBER, Fi SRR NIRA Lc AT b
mFEDHIWAEL L5, 2 ORE, BRF ESHE)
DfF AR ER S 5 nEtE S 5.

AHOET, IEEORFEAROHKZ ST, EAX
FEB I ZDMMLAICE T 2ERERELERALERNED
REIZKD, BWEEOADLA « T 2BI0
0, HEXFOMARFEOEIMEPHETN T/,
Z 2T, DNA v —A—ic X ) ENHOMmFEE#IT 2
B OB b BT DDH B,

UL, xFEMEERZAYE (protandry) 12 & % i
WS E O —D2TH b, ThiT kD &S T3
9% (Ford-Lloyd &, 1993). = ¥ & HZXFE& MY
ThsM, HTSIETELOHMBANEL S, O
DIy, FFORITZH (open-pollinated, LLF OP)
miEl, »AFEEOREMMEEEYE (heterozygosity) & 52
Btk (heterogeneity) ZfRFFL T 5. L7ch-T,
FmEOWHRH S £, H2EEOBENRENE
RFLEDSBFERIN TS EEZ 6N 5.

DNA Z M AR T 2 720 fEEr>R#E L FiETHS
RAPD & X il i & 2 8 (amplified fragment
length polymorphism, LN AFLP) 2#rid, xFED
BIEMRICHwenTE /. (Wilkie 5, 1993 ; Bradeen
5, 1995 ; van Heusden 5, 2000 ; Ohara o, 2005 ;
Ipek 5, 2005). ZhoDFHICHS5N 5 DNA v —
B — 3@ BEEOREE TR T, THhITH LT, King &
(1998) i3, HEMEOREERL, RAPD % AFLP X
DbEWFEREEZ S D RFLP 2RI LT, # <% ¥
(A. cepa L) MMM EZRE L. 0 X5 BRI
bbb 59, RFLP 4413 R 3 X 97 i 5
OIS TH S (Crockett 5, 2000). £D—/T,
Wi R HECS (simple sequence repeat, LI F SSR, <
A4 7 vH% 774 b simple tandem repeat (STR) &
bIFIEN 2) 13, Witk X OHBEIcEN, HoORE
MOEILERT I BB DNA -1 —L0 X
5. ZORHSSR v—hn—1%, ZLDIEWITBOT,

mn fl e RSP BRI ST S
(Jones &, 1997). &51Z, SSR~—#—I3, HWTFOD
FIfEERET B7cdD}F3—A—ELTH, €0
JLEHOEEE, RAPD X0 b@OHEBIN, 7/ 4f
KBF2EEBHHEOC > L SIEFITHEMTH Y
(Jones 5, 1997), Z L OEMICBL TR T3
(Bredemeijer &, 1998 ; Meesang ©, 2001 ; Rajora
5, 2003).

U bo#giro, BIGUFIEER OB P F AlERE
5O SMEREEITH 12D DNA v —Hh—& LT,
AW TIE SSR 2P L 72,

X FIBICET B SSR v — A — BT A,
Fischer & (2000) 12k > T, Z<xF¥»m5 30D SSR
R—A—ZRRELIONRYNTH 5. AHES (2002a)
BLUSong 5 (2000 &xFDF ) LFAT 5V —»h
5118 D SSR ZH@EL 7z, £/, F<xFTiF, HB
BI5F % 7 (expressed sequence tag, LATF EST) O
KEME Y — 2 v Z2; 5, 313 @ EST 55 336 @ SSR %
BUHHIA Kuhl 5 (2004) 2k ->ThRIIsN, 20—
#BiF Martin & (2005) 12 & - T4 < % FEBiH X O H
FizHV SN,

LM LS, ThodSSRIiE, xFiICB 5EE
WA A4 2 72D DNA v — 7 — & L Tid 4
BETREE., £ I TARPETE, *FroKED
SSR~v—#h—%RETsEE2HMWELT, T,
SSR #Efii DNA 74 75V — %Rk L, 1,000 Ll o
SSR 7 m— v ZHEEL, TofteEHomMzle B
0#). £U<C, #EE~v—/~—ThHsSSREFLLL
F PPN 2T 5 & &b, x FEREYL AR
IR EHOT, #HEEEE Lo < — 7 — 2383 5 Gufafk
AEHEHOMITHIEICKD, WAL 8 AD Y < %
FRARGAMRITISAT 72 GEITED.

ZO—/T, SSRv—A—%2MHT, *F¥0F ME
BE S & NS M RE S REN & 5 I EET Lic, L
LA FE, BEREIIDOTEYENE—EE2RT T
MEEICB 0TS, HAREORBMBANE & SEMEAREE
LTWaaietEsds. 22T, £ FlRE mHE
B BB E—EEFEL, €0 LT, SSRv—
71 =% AT F, AR D S HERE P Fy #UEAE % al 5B 1C
THHO =YY T4 MG TE S HEREE (W
Bk ZREL GBIVE)., 2L T, xFEKmniE
S EMERI O E TV & U, 22 58RI D
WT 2 O RN 2 H L, IR & O g
Betr 217 - T, RKEOHRMEZR LI EVE).
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BB, AUFEOFEN, S FEh, WM FLHitHiD,
TRERF A AL BRI B X ORER A SR, T
SIATEOE NJRZE « 85 SRR A DF FEREHE 27 248 20T
FAVNS B RA M E IR, RIBESHER ST
TEHE, KMBORMOBER LT, [HERZEVIEE
2 BHEREIRED A VN —Tdh % TR ENFER OFF
HBSE BIERFER, I MR R, A
BOREERLTAEDN S, PR &0 & EHPMRICE
% H 505 EHTHE, S BHEHIZE D F Lk,
BHoEmAELRLE . /4, NERAFEHEAEB LU
Song Yeon-Sang JSPS #fJIWFE R (BifE w#HEEN
BT EMRF AR 1213, xR FEERKE &
U T, M OB KL & PIT X FiTH T 34 74w
FRIZOWTIHREHEF Lc, S IEK#oEEEL
9. HHEFMLIFFEA I, SSR iE#H DNA 51 7
SU—ERICBE L CTIRE SIS il E L, 1@
e EREIEBICIE, [read 2 Marker| I2& 5 % FH
KO 7 < x FHEHESN T — 705D SSR < — /1 —Fil 5%
o NT [ SRR ) BT A RO LT, O
RSP CHE AV E L., IR HoTmERL
9.

EEPROKEE SR BRI SRR E 2258 1 8 D AR 2 EAEDT
LRSI AWERICIE, *F SSR 70—
YDV = A ORI T 74 <~ — It K 5 2R
fre L Tnie/isk L, RALREMEE v 5 — (BiE
JNTATEOE NRZEEME RS QTL 7/ L B
vy =) ORIIE—FERERICE, 127 LR
AR Uy < % F EST AIERD 50 < — /71 —Bil%
KL TIhnciki&d s Lk, ZoE#HomezLRL
F9. DR EEEHAT IR, By
AOEfE LI, vy oy ME-RERIRIRT, *
FH YO RRR R D 53R 5 N < — 7 — JE D T
PR IC OWT I e &k Lk, 2 IR
DEAKRLET.

S5, —HOSTAEYFIFRICBEL T, kb2
DF =7 EZH LTV RE A2, 1)
SREZELCH, WSk, wbEmEs, ZrPRT
o, WMBFHE TR, = R, ERTER,
AEE R GHREZ7) - 1A vy —), &
FEEME AR (R IR D 1213, WSt
OB, FRMBIEIC vk & T L, 7,
BESCIALG, ALIIZESRIG, b IRIciE, WSS B Ak
LTIl &s L, BRSOEEZELES

R, ARWFIEEE U TR T N D B BRI

E
&_.L_.l;

3, ZRECHHPIHEEGBDE L., Z2ITRKLT
B UET.

I XFREEDNASATSU—HhiD
SSR Y o—vDKEHH

1 H 9]

7 LROBAL T OBRLHITEIRAVD IS ORI B 1) B 815
WHIEIC B W T, M B 2 7T HE 72 RAPD %
AFLP 3B DNA = —h—Th b, 2FBIIBLT
b, ThETINSDO<—/—%F LB IR T
bnTb (Wilkie 5, 1993 ; Bradeen 5, 1995 ; van
Heusden &, 2000 ; Ipek &, 2005 ; Ohara 5, 2005).
Lirl, TholdfEtkv—r—Tbhb, HIMEPMmER
NOBICHENZ LWEFEDOREMNH 5. %72 RFLP 13,
- —L LTHHTE S 500D, KEOD DNA
DAFETH O HEDIEHE, F707 ) L A RISKE L%
FHRIZBOTWE ANy 7757 2 KRB L CTHREB N Y
RERH LV WEORMBEND 5. ok, fE{iffisF
BTN T RE S B~ — 1 — DRI N E T h T /2,

Zhizx LT, SSR ~—7—13F, HEIo i E
BEHTH 5 SSRICHEET 2 =— 7 BHSIAE T 54 <—
LT BT, FEREMNE PCRIC X D BEICETT
5T EMTED, T, 7 LPIIBEFAEL, KEK
DENZ XY R ARG 22 &5, fhd DNA <= —
H—EHNRTERENEL, D120 SSR ETEZH
DOINLGEILF AT 2 2 EMNufReE 20, 2 I3
DRy — 2 %ERT. ZORHDDNAT—H—ELTH
ncTns,

7 < 2 FTI¥, Fischer 5 (2000) 234 / L DNA »»
5 30 @ SSR HElLHI 2 HEE L /O BKRHITH 5D, Ll
Ihsid, SSREF—IBATAREOEEETATY
%, PCR &fEnoskel, FAEBEERIELTHS EE
ZoNBI—N—MEZ T EENS, HHx—H—&1F
Sz, Fh, 2FRBOLTE, Tr—YR7 Y —
U 7HEITE DS ) L DNA 7S 118 @ SSR A3 HifE &
nTnsd HHES, 2002 a; Song &, 2004). X 51T,
11 HDO Y <2 FESTOREE Y —47 v 2h o, ¥
HMo EST K SSR <~ — /A —MHFEESHh T3
(Kuhl 5, 2004 ; Martin &, 2005). UL»L, xFIi
B 2P D REESE, BRI AR RN 5 70
O DNA v —#—& LT a5Tikan,

ZIT, FFMOKED SSR v—H—%FET S
EEHME L/, REOD SSR v —H —A2HikEd 51213,
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N7y —~r7a—=2r79 5HZ SSR % &1 DNA W
REZRMESED T ENRMNTH D, WAWBIETEN
BERINTHWS (Kijas 5, 1994 ; Edwards ©, 1996 ;
Hamilton 5, 1999 ; Zane 5, 2002). LU0,
IhoD%<id, SSREHMNI FLWLWAT SSR 25T
7 a— v OHEMEOEE R, WICREE ORI D B E
SRS N, FAUEMO /7 n—r@EnnEonsdn
E, BT UGRMEFELFVZA M T, SOk,
SSRiEHEZ A 77V —DIEREZETITOEE b H B,
F 72, Nunome & (2006) ¥, Hamilton 5 (1999) @
FEAERBLT, RN SSREHET 175 —%fE
KT B 2 LI LTS,

ATETIE, SSRE#H DNA 514 75 1) —A/EK L,
1,000 L LD SSR 7 o — v 2l LT, T Dk
PEA S iz L.

2 MEELUAE

a HEYMEE LT DNA it

NEBOME EKR ITHRT 2 XFAMEHK
(J1s-145-23s-9s-2) % SSR I##fii DNA 514 7 5 ) —fE
KDIcDDOMELE Uiz, 0.1 g DFfEZES TV XD
DNA #liti# v M Nucleon PhytoPure (GE NV A4 T
NAFH A4 T2, CA, USA) ZHWT, 7/ L4
DNA Zfili L7z, X FEMYWOEIZHENZ <,
Nucleon PhytoPure {2 & D flithi U7z DNA #F# 13 k57
MENI EMNDS, 5169 L DNA i+ v MIH
1 5 PhytoPure L ¥ VIZ & BRERIAFT - 72,

b SSRiE#EDNA 54 75 U—DEmK

4 FEEIO SSR k> 1 75— (AFA, AFB, AFC
B XU AFD, AF & Allium fistulosum %=759) &,
GIS #1: (Genetic Identification Services, CA, USA)
IIRFE U CERR L, SIEEDEF—T7iTid, Tl T
kbZLEME SN GAA & AGC 23R L7 (Song,
KA. HIREERLE L7 DNA Wi, (GD.,
(GA)., (GAA), BXY (AGC), To—7&ENAT7 )5
1 REE, £hZTh AFA, AFB, AFC, AFD 5175
V=&l 4770 —ERIZBNT, 7/ L DNA %
YW 2 HIRERZOBEL 7o -7 & LT EF—7
OREEHDOFFEMI OO TIRIEAR D IO AHTH 508,
SSR 44 DNA Wifid, 7523 KRZ 4 —pUC 19 D
Hindll ¥4 MIFA4 75— a vyahTHh 5,

Zofho 6 MEDOS AT 5 =1,
(2006) ITREWPERR L7z, 7/ L4 DNA 13 3 O Hl R

Nunome 5

W% (Alul, Haelll, Rsal) ®OWFhhEHWOT5EE
HILL, PCR 74 74 —4uifk L7z, DNAKIRIE, ¥
TFvr = (DIG) THEHE L (GA)s £72i3 (GDs
To—7%60°C T 16 KA 7V 51 X&HE, 60C
@D 1XSSC &k (0.15 M NaCl, 0.015 M 7 = >+ b
L) THREEHRI L2, 25 LTSN SSR
#i DNA WrAid, DNA RV 45—+ KOD Plus CEE
i, KB ZHOTHIE®, Klenow fragment (HPE
) MO T IARNITdATP 24 L7z, dATP %fF
1L 7 PCR HWIR#EMIE, K58 pGEM-T-casy X7 ¥ —
(Fo A7, WI, USA) K545 —vavl, 20%
KIG® (Escherichia coli) DOIREiE AN (M
109 FaxA) IWEEERLR., 25 LTEKRLE
SSR B#iZ 4 75V —1%, AFAA, AFAT, AFHA,
AFHT, AFRA 8 XU AFRT & L7, 18, 3FHOD
X7 (A, H, R) &, €hZTh’ /) L DNA %Yk L7
WS (Alul, Haell, Rsal) %, 4 HZHDXF
A, T E7o—7&ELTHOESNND(GA) s BLT
(G 7R .

c BEENF—IDOTEVTIVETSAT—

5

RS T—7 D727, SSRRHEBLTT 4
< —axilid, Fukuoka 5 (2005) 12k 0Bz hicAE)
SSR #i & 27 4 [read 2 Marker | ZMHWTH -7z,
KI7477Y—1Z> T, OSSR BHOEMEE LT,
RS 2 E LIc 7 a—2i8iF 5 SSR 7 a— >
DEE (SSREHHR) ZHIM U, Fi, QKL
T —H RN EORELE LT, &7/ u—IZBIT M
MSSR /7 u—r0HEE (SSR 74750 —%h%) %,
®7a— OHEHEDOHEREEL LT, SSR7a—is
W BHSLSSR 7 v — v 0HIE GELEMN) %, 2hz
NEH U, 75k, AR TE, H—o BRI
LIRAROEHBOELM6ML D7 o—2 % SSR 7 o—
vEEFKLT

d RFBEIERMKICE S DNA SEIMEDFFEE

HIR D #7355 5 FEIO x ¥ AR, HeLR—K
K (TR HK Cls-11s-25s-7 (C), ‘P8’ (TE#D
H12k D1s-15s-10s-8 (D), “FA-H’ (INE#E) K Fls-
7s-17s-3s-1 (F), JUEK JUERD Hik J1s-14s-23s-9
(D) B b (BE»SEBALCEBIEER) Kls-
5s-2s-2s-4s-5 (K) ZHWWT (FHH S; o S; D),
MEFE A 13RI L 72 100 © SSR JHE (Suppl. Table 1) i<
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B> 5 DNA SRR A BRI L 72,

PCR Hl§IZ UL T D&M TIT - 72 1 94°C T2 4 M (B
M) MELL 7tk 94°C 30#p, 65°C 30F (7 ==V
v, 12°C 308 () otE 10 ¥4 7 v (o7
LT ==V U 7RERYA7IVITEIC1CITOFR),
94°C 30 ¥, 55°C 30 %, 72°C 30 Mo/ It% 35 %1 7
ATV, RBIZT2C T4 5 HMmERIGETT - 7.
Forward il 75 1 = —i%, & 5h UL E (6-FA
M, NED, PET % 721 VIC (Applied Biosystems, CA,
USA)) T4 U7z, PCR#EWIEF+ES Y —DNA ¥ —
r % — (ABI 3730 ; Applied Biosystems) % T
BRIKEB L, FHEETRIZOWTY 7 MY =7 Gene
Mapper ver. 3.0 (Applied Biosystems) % i\ TH##T
L.

% SSR MEIZH 1) 5 DNA ZAPE DR % 5Pl 9 % 7c
W, XFHIES ZMICB I X LEIE TS L 2R
HAEHFM (polymorphism information content, LITF
PIC) #%i#& L7z, PICHEIZ, LITOX (Anderson 5,
1993) 1ZHEW4E SSR HEIC DWW TR L7

PIC = 172 P,
i=1

ZIT, REBHETHRIDESNICHILEILFEE, P
A L7c 5 RIS HIT B 1 F HOXLE R FHIE 2R

3 B B
a SSREHWEDNASATSU—

4 10 FEH D SSR iE4i DNA 214 75U —hs, 1
ZN 695 2,426 7 v — » OIS EPE L,
WA ARELR 10922 7 u—roD 5 b, 3,752
(34.4%) 7o—rn6mYLEOEDYELD SSR €F —
T EE& ATz (Table 1).

5475 — AFA, AFAA 8X U AFAT I, &
SSR iR & SSR 74 75V —%hFERLIz. TDH
B, AFAT kb Eno 4770 =% (37.6%) %R
L, AFAA BZiuzikn7e (37.1%). Z0HH & LT,
INS6D5A 75 ) =0, AFA LHNXT/o—C OHEHE
MWLM TcicdTHD, THhbE, 514751 — AFA
T, AFAA, AFAIZE13 3 SSR 7 o—>r0 9 By
O — Y OHEEERTIRED, ThEh 84.7%, 85.0%,
53.8%TdH D, AFAT & AFAA AR THWIZS A
75 —05HSSR v —A—BRIRLAMTH S EHE
Zoiz, LUK, ThoD22D05347 51—,
FRHC AFAA IZB O THEIERLS 2 E Lic 7 o — VB
KNI EIAEITRETH 3.

475U — AFB &, 2,000l Lor a— ok
Pz RE LTckE R, TREDS 475 ) —&% (211
%, FEHXDEW) Lot X5 AFB I, KE4
DSSR 7 m—rBGADOBOIBELEZLH—DF A7
FU—Tho'.

it LT, 54775 — AFHA $® AFHT i3,
FEFITIK L SSR iR (2h < h 14.5%, 17.6%) &

Total
576
272
54
22
164
311
228
93
1,796

CCT GGT
0
0
0
0
0
0
0
0
1
0
1

Core motif
AGC
24

GAA

0
1

49
0
0
0
0
1
0
0

51

AT
6
3
0
1
8

28
1

7
12

7
73

GA
1
259
314

GT
569
144
269
196

82
1,331

% in SSR-
containing
clones
(Contrary
index of clone
redundancy)
57.1
59.6
85.7
38.5
85.0
84.7
60.0
73.9
83.4
81.3
47.9

SSR-containing uniclones
% in
sequenced
clones
(Index of
library
efficiency)
334
21.1
15.1
13.1
37.1
37.
8
13
23
17.
16.4

No.
576
511
203

77
198
399
139
326
126

1,796 »

354
17.6
34.0
43.6
444
14.5
17.6
28.5
21.2
344

58.5

Table 1 Characteristics of SSR-enriched DNA libraries
%
(Index of
SSR
enrichment)

SSR-containing clones
1,009
858
2
200
233
471
10
188
391
155
3,752

731
10,922

No. of clones
sequenced
1,725
2,426
1,347
589
534
1,062

69
1,067
1,372

Probe
GT
GA

GAA
AGC
GA

T
A
GT
A
GT

Restriction
enzyme
Alu
Al
Hael
Hael
Rsa
Rsa

Total

a): Not disclosed by the supplier.
b): Duplicated clones among libraries were excluded.

Library
AFA
AFB
AFC
AFD

AFAA
AFAT
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7Y, TNWZIEFIRNS A TS =% (2hZh
8.7%, 13.0%) &7 -7. 54 75Y—AFDIZEIT 3
SSR i IZHREE (34.0%) Th -7, Kbmh2
o—YOJiEM (38.5% ; SSR 7 o — v IZE 1 % AT
7a—rOEENRGED) XKD, SA4T5) R
13 FHITE - 72 (13.1%).

A%, 10 fEHO SSRiE#i DNA 74750 —XD,
AT 1,796 D SSR A& LN 7 m— Uit Shic,

b 3 7E7|

AEtrun—vid, (GD). 7o—7 Tk L7z AFA,
AFAT, AFHT, AFRT 54 75V —-0D&7 57,
(GA), 7o — 7 Tifii L7c AFB, AFAA, AFHA,
AFRA 24750 — o b ZHIHEEI NI (Table D.
AFBZ4 75 —mhoBonicbDEZBE0NT, (GA),
#7u—7ELI4 7Y —holilishicr/o—>
D% <13, GT XKEHO M GAKEH LIV, 20
oo —2iE, Table 2 TiE, a7E€F—7% [GT
+ others (GA KE# 6 LI L) | 721 TGT (GA X
BRI 5 L) | icaBiLre,

ML SSR 7 m— v DEXI3 86 25 1,320 bp, THT
506 bp THY, Tho6DH 51331 7m—r (74.1%) s7o—rideheh 105, 104 THY,
KBOLTGT KEMBEEN T (Table 2). (GT). HHRHEIZ 7.9, 1.3 TH -7 (Table 2).

Table 2 Core motif and number of repeats
in 1,796 SSR clones of bunching onion

Motif Clones Frequency (%)  Repeats (max)”

GT 856 10.1
(GTothers A e

GT (total) 1,331 74.1 10.5
A w7 98
(GA+others s M2z

GA (total) 314 175 10.4
X 2 75
AT sothers 2 90 .
ATGow) CI T 9

Trinucleotides 78 4.3 7.3

total 1,796 100.0 10.2

a): Mean number of repeats in the longest continuous repeat sequence in each
clone.

C DF1J FKi S3T382T2S81T1
500 bp

300 bp

200 bp D1s-15s-10s-8 (D) | 2599

100 bp

" DxJ 257+259bp

AFA16E11

500 bp
300 bp
200 bp

LLEL

J1s-14s-23s-9 (J)

100 bp

AFATO04F03

Fig. 1 DNA polymorphisms among inbred lines of bunching onion.

PCR fragments were separated by 3% agarose gel electrophoresis (left) or DNA

sequencer (right) .

= AFAT13H10 s

a7 EF—T7OFHRERIE, (GD). 8XLUT(GA),
(AT), BXT3
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WP

WIS 9

(AT, Z7a—7R3 TN, 28 (13 70—)

DAD, 287 v— vInHiish,

n, (AT),+(GTD). 237 EL Tk,
et ao—rvi3e->LhrEond,
(GD).+(GC), a7, Fbobo 120 (GA),+(GC), 27

IhoD5 5 21 i
fin 5, GC XiH
ZDH B 5D

Th-7e.

72, XFSSR 7 u— AN S, RF
7 LB B GC A it 37.7% SHEE sz,

¢ RF¥HIESRIEICHITS DNA ZH
*FFHES FHICBOLT,

100 @ SSR JEIZ>WTZ

Table 3 DNA polymorphisms at 100 SSR loci among 5 inbred lines
of bunchimg onion (Allium fistulosum)

Product size (bp) in inbred line

No. of

SSR locus Cls-11s- Dls-15s-  Fls-7s-  Jls-lds- Kls-5s-2s-  alleles PIC
25s-7 10s-8 17s-3s-1 23s-9 2s-4s-5
AFA01A08 300 306 304 302 314 4 0.72
AFA01C06 D 244 242 242 - 2 0.44
AFA01C07 280 280 288 288 284 3 0.56
AFA01C09 225 225+227 223 227 225 3 0.62
AFA01F03 219 229 223 221+223 223 4 0.66
AFA02 176+184 182 180 178 190 6 0.83
AFA02F09 292 267 294 290 296 5 0.80
AFA02H08 - 190 186 186 - 2 0.44
AFA03B07 328 328 328 3364350 334 4 0.58
AFA03C06 223+243 - - 241 219+225 5 0.78
AFA06A08 178 184 176 176+190 188 5 0.78
AFA06A10 278 278 276 284 290 4 0.72
AFA06H12 274 2644266 268 268 264 4 0.70
AFA07A08 223 225+253 2234249 223 251 5 0.68
AFA07A10 - - 230+236 238 240 4 0.72
AFA07G10? 192, 206 192, - 192,200 192,204 192,202 4 0.75
AFA09C01 - 201 199 203 - 3 0.67
AFA09C08 - 206 182 182 - 2 0.44
AFA10B06 302 294 294 2964302 - 3 0.74
AFA10C07 2374247  247+261 253 249 253 5 0.74
AFA11D02 - 161 165 161 - 2 0.44
AFA13H07 - 211 211 211 - 1 0.00
AFA14C03 - 200 190 192 - 3 0.67
AFA14E06 209 209 209 217 209 2 0.32
AFA14G03 216 216 214+216 216 216 2 0.18
AFA16E11 - 186 186 186 - 1 0.00
AFA17A05? 151,183 151,161 151,161 151,183 151,181 2 0.64
AFA23A09 198 196+198 - 198 198 2 0.22
AFA23D07 206 204 202 204 204 3 0.56
AFA23H11 - 227 222 222 - 2 0.44
AFAA01D09 120 120 120+130 128 1204130 3 0.56
AFAA02A06 294+298 294 296 296 292+296 4 0.69
AFAA02D08 170 168 176 168 184 4 0.72
AFAA03F01 233 231 231 235 233 3 0.64
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WP L. 2 OfR, il shiodmd iz 8E, WAL REB T2 RMRD Shish -7, PIC &€
1,56 (CF#3.2), PICfliE, 0.00 25 0.83 CF F— 7 O ARRER E DRITEOIEDOHE (= 0.36)
0.55) Tdh -7 (Fig.l, Table 3). AFA 13H07, AFA HRH oM, PIC EEF— 7 DHFIREHEDOMIC
16 E 11, AFAT 02 D 10, AFAT 05 A 12, AFAT 06 B FHHBE (r = 0.05) PEDSNEM -7,

02, AFB17C 10 8 X AFRA 13 H 07 @ 7 i TI,

Table 3 (Continued)

Product size (bp) in inbred line

No. of
SSR locus Cls-11s- Dl1s-15s-  Fls-7s- J1s-14s-  Kl1s-5s-2s-  jlleles PIC
25s-7 10s-8 17s-3s-1 23s-9 2s-4s-5

AFAA05F12 - 245 241 241 - 2 0.44
AFAA07E07 - 173 171+173 173 - 2 0.50
AFATO00B05 202 2024204 204 202 202 2 0.42
AFAT00C07 105+129 105 - 129 - 2 0.50
AFAT02A03 - 239 237 239 - 2 0.44
AFATO02B11 220 220 2144222 220 214+222 3 0.56
AFAT02D10 303 303 303 303 303 1 0.00
AFATO02HO05 3004302 296 302 290+302 282 5 0.74
AFATO03D12 2224224 224 224 224 224 2 0.10
AFATO03H10 - 210 210 208 198 3 0.63
AFATO04E02 241 229 239 235 231 5 0.80
AFATO04E10 273 275 275 275 279 3 0.56
AFATO04F03 168 168 170 168 164 3 0.56
AFATO04H07 2074219 221 207+217 221 2034205 6 0.76
AFATO05A12 180 180 180 180 180 1 0.00
AFATO05B07 198 198 198+200 196 202 4 0.66
AFATO05D02 302 304 302 302 296 3 0.56
AFATO05D09 300 308 300 298 302 4 0.72
AFATO05F03 229 225 223 217 217 4 0.72
AFAT05G01 308 294 308 308 308 2 0.32
AFAT06B02 - 207 207 207 207 1 0.00
AFAT06B10 259 275 277 275 275 3 0.56
AFAT06C02 205 207 205 215 203 4 0.68
AFATO06H08 168 172 172 168 148+150 4 0.66
AFAT13H10 257 259 257 251 259 4 0.68
AFB01B03 204 200 206+220 204+220 206+220 4 0.74
AFB02E10 2364246 236 236 236 234+236 3 0.34
AFB03G07 192 202 192 204 202 3 0.64
AFB04A09 2504252 272 2504252 260 250+252 4 0.74
AFB04B12 243 235 231+239  233+243 233 5 0.76
AFB04F07 156 156 154+158 158 154 3 0.66
AFB05H09 268 268 270 272 270 3 0.64
AFB06C08 144 164 170 146 180 5 0.80
AFBO06E05 144+149 142 - 151 - 4 0.72
AFB09D04 171 169 167 171 169 3 0.64
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Table 3 (Continued)

Product size (bp) in inbred line

No. of
SSRlocus 10116, Dis-15s-  Fls7s-  Jis-lds- Kls-5s2s-  glleles PIC
25s-7 10s-8 17s-3s-1 23s-9 2s-4s-5

AFBO09E05 1454147 147 145 145 143+145 3 0.54
AFB09G09 206 206 204 2084210 206 4 0.58
AFB10D09 298+302 298 298 298 290+296 4 0.48
AFB10F03 181+187 181 - 181 181+189 3 041
AFB10G06 279+291 279 279 279 279+289 3 0.34
AFB15A03 149+153 149 153 153 155 3 0.65
AFB16A11 152+154 168 162 162 162 4 0.58
AFB16C05 283 283 285 2834285 285 2 0.50
AFB17B09 131+133 133 129 125+129 129+131 4 0.70
AFB17C10 300 300 300 300 300 1 0.00
AFB17G01 255 251 251 251 255 2 0.48
AFB17G02 146 158 150 150 146 3 0.64
AFB20F12 228 230 228 230 226 3 0.64
AFB21A08 257 253 257 2534257 255 3 0.62
AFB23B03 1334145 133 131 133 131+143 4 0.64
AFB24E07 204 206 200 200+206 204 3 0.66
AFB25G01 218 222 210 212 220 5 0.80
AFB25H01 218+228 208 220 208 2184222 5 0.72
AFCO01E09 140 140 144 146 140 3 0.56
AFC03G02 164 164 166 168 164 3 0.56
AFC08G05 293 290 290 293 293 2 0.48
AFC12 236 233 233 236 236 2 0.48
AFC12A06 208 214 206 208 198+208 4 0.66
AFRA01B05 212 212 210 210 212 2 0.48
AFRA04B10 298 284 298 296 284 3 0.64
AFRA04D09 147 147 151 151 149 3 0.64
AFRA04F12 300 300 300 306 300 2 0.32
AFRAO7E10 172 172 170 178 170 3 0.64
AFRA13H07 185 185 - 185 185 1 0.00
AFRTO01F02 222 222 222 220 222 2 0.32
AFRTO01F06 1644172 194 194 214 172 3 0.70
Average 3.2 0.55

a): Amplified at 2 loci.
b): Did not investigated.

4 £ =

FFD4 ) L DNA S SSR 2887 o— v OB
Fa LAIEA70, SSRBMEEFIHLL. 3561,
Wileli<—7—%p% 95 ETSSR 7 o— v OHEHEET
BT HT B 721, 10 FEFD RS S SSRET 1 7
V=% LT, TOfPEEIK L. B 17 Z
J—&DHEoN/K 3,752 D SSR 27 u—itBir3

MLy o— v oME GEILEM) 347.9% (Table D
THY, £0ZLD7O— T OO0 THEERH A HRES
5&, Jao—roTURESEMT 2EIZH -7 (F—
FEME). ULrLENS, 514771 — AFA, AFB,
AFAT, AFRAIZBWT, %5414 75U —&% 1,000 7
0 — Y LOBRERSIZRE L TOENS, &Y —r v
27 8= IZBIFS SSR EFLMNL 7 o— v OHE
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(SSR 514 750 —=%%K) 3zhZEh 20%L, LTH-7
(Table 1). LT, Zhod54 750 —hs, &
SIZ7 u— ORI ZRET S LT, Hic/d SSR
EEUMNL 7 o— AN CE 3£ o0 5.
ZOWM TS, HWERHIZRE LS o— B
INEWbDOD, 4750 =% 2 FHIIHEL, LE
P 2 FHITIRNZ &S, F475Y — AFAA L, #r
7215 SSR A& TN 7 v — U A% BT X % alfErk:
MREL, FEFICAHMIEEZSZOND, Fio, FHElR
(GD), Z&LMN 7 o—r0y—2E LTI, AFA,
AFAA, AFAT 8L AFRA 5, (GA). 8LV —=X
LT, AFBOHHETHEEBZONS.

FHHHRZ EiZ, (GA)s 7e—7TSSREMHLIS
14751 — AFAA ¥ £ U AFHA 7 5 i & h 7z SSR
WAL 7 v — v DO KRESGH, (GA). dfRbvic (GT). %
a7y &Ll T (Table ). AFAA T, GT 27 %
ahrvu— il ENk 44 7 u0—rD5 B 400k
75, AFRA TIE 196D 5> H 1 >DAHH6 ML Lok
DRLD GA EF—T7EFATH (F—5HKK).

GA K, Ko omYFETIE GT & 0 @SEICfF
T3 EnMmonT3 (Lagercrantz 5, 1993).
X ¥4 ) LITBWT, Song 5 (2004) ¥ GT K H
GARBIY bELIFEZNEEW ST, k7
KWFFETIE, XF4 /L SSR D T4.1% % GT 27 T,
GA%#37 &4 % SSRIZ17.5%DAHTH -7z (Table 2).
D2FEDIhSORRIE, RxFF LITBOLTGA KE
06 GTREMBEENIZZNIEERLTNS, &5
IZ Fischer & (2000) i, SSR #1735V —=mo
XL 30 MHo~v—h—D5 b 21 @H, GT KEEA
A, (GAL. 28 7a—rMN3IOLhEhotl &
5, I%xFST ) LIBOTH, GTRENEETH S
ZEERMLI. UL ULEMS, Kuhl 5 (2004) i,
YA FEST 7—% &y "5 GT K8 B1HE) &
BED GAKME G4 ZHHLTHE I LTEAT~
XThD. ZOBMEHO—DELT, #fsfIa— NI
B1F3(GD), : (GA), lAs, #/ L SSR ORI % LD
BT — NEIBICE T A LERT 2 h 50 L0,

AW TIE, GC KEOHED AT K & xTHS
DKM -7z, Kuhl 5 (2004) 1%, % <% ¥ EST E5lo
TF—=FEy SR ULIZSSR @55, (AT), 374854
iz LT (GO, a7 1 MOoATH 722 EAWEL
TWa, INET, *FOE DNAILBITS GC FRE,
37.9% (Kirk 5, 1970) 39.8% (Ricroch 5, 2005) &
fEEIN TR, ZOHTE, I THsShTHS

PTERkENEOD 1 >THB (Kirk 5, 1970 ;
Stack 5, 1979). EST F—4»sld, #<%xF0 GC A&
i, 2KTIZ41.9%, 1o KT 30.4% &
FENTHS (Kuhl 5, 2004). %* SSR 7 o—>r0DF
B GC ARIFITT% EME SN Em S, APFEDH
By Ek, 2¥EY/ L3 GCEEMEN EE2mRLE.

PI% L7 SSR ~—/—1, *FHIM 5 ZHITBLTH
WEBIPEZ7R U7 (Table 3). Song & (2004) 1%, *F
9 fHFEIC X B 33 D SSR ~— 71 —JEIZH1F B P v
EFREB LU PIC zhENn 3.3 &£ 0.59 LA LT3,
ZO—HT, F<FXFEST K SSR v—H—iF, L%
RIPEAK S, = FHEH S ZMEROIAER T, Pt
SBIETHB LU PICIZEhEN 205 X034 TH -
e (F—% M), Lihi-T, xF SSR IIHR#HM M
BHAI DNA <=/ —& LTBRIITHE LB N5,
fiam& LT, xFD SSRi#Hi DNA F 1475V —ho
1,796 @ SSR % HifE L, —fiEZ A ~<—H—& L THHA
WHETH B EERLE. ThHD SSRIE, xFHOR
W g, KRS LOEMICFTE3 845
ns.

Il XFICHFS SSREEKRE LT
MR AL

1 H 79
FFOTBEMEED, WEEITE, S, Bphlik,
man'E (KR, REEES) do X OB (R
BHATE) HTHDE hooBER Y <2 FEMIC
BOCTHEETH 5. #HPHKICES < QTL T i,
IhSDOIEDBIEHRAEHSNICT2DICHATH 5.
L LEAs, xFITBIT2RFEEEO QTL i3
LAEBENTRWEL, ZoMBE LTI, Mtk T
b HEFEASE L L, HREED 2 D ITREEAL D 5
eI, BIRMHTEIT D 72D OMEE RN ES TN
L, F/, SSRicfREan 3, fEEMDPHED &
DNA =~ — /1 —DHEPREMNTHB &, IS5ICIhs
D= — 71— DB HETE U 7Eg R S S h T g
EMBTFONE, 22T, Ihodvw—H—4%2FEEL
FOMBH AT A LItk D, XRFOB/ER ST
QTL fi##r, Soici3sFaEMMetEshs D EEX
Y O-R

SSR ~— 71 — 32 OfEifftk, FHME X EED
BEAERTIEDLLHEFLODNAT—H—TH 5
(Jones 5, 1997). % FJ@TIF, Fischer 5 (2000) 2%
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FIRFESF ) LS4 T 5 =%k SSR v — 41— &R
LD TH 5. Kuhl 5 (2000 &, <% ¥
EST @ KLY —/r v 2 %471, 313 @ EST FAH» 5
336 ® SSR R L, 881M#d EST ik SSR £BA% L
7. TO% Martin 5 (2005) ¥, King 5 (1998) @
< x FElgE Iz, 35 o EST gk SSR, 43 @0
SNP, 8&XU 4{H® InDel (A « KK <—H—%i8
INU 7o g X AR5 U e, & o] o digigtix, [H
Kfiz Shigyo & (1996) 1Tk D HERIN/cxF -V vy
N ARINR K AT, ¥y ey bk
JeAF 72 (Martin 5, 2005). 512, xF45 ) LT
1751 —B XU 10 FED SSR i DNA 514 751 —
X0 1,940 DSSR 7 m— Ut ah T3 (FES,
2002 a ; Song 5, 2004 ; HFEOE).

zZTABETR, Edlik~x—H—Z2HOTRFEFR
HERICB I 22MEZ 7 )20 745 EEbIT, Bl
WEEL - —Z2H%L, xFBLVS v FHEKD
B SSR v — A — 2 A L Ufo & F i g X % ff 5
L. 351, xFEREROmrmRREH T,
KOWDT v —<— 71— BEEFET % Ytk 2 E BRI
T5I LIk, HPHE 8 AD Y < R FEARGMMAKI
G 1 72,

2 MHBLURE

a ESHEBIT O 1D DIEYIEL

200X FFFEHRM, Dls-15s-10s & J1s-14s-23s &0
il O BRI IR o 2 Fy 5 225 ik Z < v B2 75
& LTV, Dls-15s-10s &, THEBRGE PR 25
B LT Sy R, Jls-145-23s 1%, JUABESHE L%
K DoBERLE S, ZMTHSB. F.owv v 7 HEHI,
Ihoo S, Rt F 1 ARO FhiflThd 5. 4 DNA
&, Tl 0 I D Sl L7z

b SSRv—Hh—

INhETHRFS/JLSSR 7 uo—rvhshsanic
266 D75 14<—ty b (FHFHES, 2002 a; Song 5,
2004 ; Ohara &, 2005 ; %), HiITHRBEL K
1,456 Dt v b, BLXUP ¥ <xF5 ) LSSR v —74—
30 (Fischer 5, 2000) ZHEELL T, MiBRHMMH T4
ERTI—A—FAI)—=v LT

7 < xF EST Hk SSR =—# —& LT, Dana-
Farber Cancer Institute (DFCI) A. cepa Gene Index
v.1.0 (http://compbio.dfci.harvard.edu/tgi/cgi-bin/
tgi/gimain.pl?gudb=onion) » 57 11,008 @ ¥ < *

F EST A2 T, read 2 Marker (Fukuoka &,
2005) 12k % SSR a7 OB LI PCR 7T 1 < —
oy POEIEITY, WOFHELTSA<—1y M %
B L, InoD 754 <—+1 v M3 Allium
cepa EST (ACE) &&f1, MERMKE TEZMAERT
R—HN—%RX7 ) —=rv7 Lk, ZoOffic, Kuhl 5
(2004) ¥ & Martin & (2005) IZ &k 0 ¥RE=hi 118
D& < FEST HESSR v—7— (ACM) b RKkIC
27 ) —=v7 L7,

PCR &M IEURETHEN/HEY TH BN, <—h—
EoTR7=—Y v 7iREAZE L2 (Suppl.
Tables 2~4 &), PCR EMIE, 3% (w/v) TH
0— X7 NVERIE 5% (w/v) ZWET 7V I07 I K5
WXWkE) (Song &, 2004) ITX045@EL, ~— A —3&
ETRERAT Uiz, 512, WL >h D forward fl 7
FAT—IZONTE, Ho»UHHUEEHRL TPCR %
T, F+EF1Y—DNA ¥—4 4% — (ABI 3730)
MW TkBI U, GeneMapper ver. 3.0 V7 b7 =7
EFROCTEEETRAEMT LI, B8, SIST—H—0
) BERME CTE R AR LB 2SR — /1 —RE
L.

¢ InDel KU SNP v—H—

INFETIT, HHES (2002b) 13, Allium cepa CAPS
(ACC) E#4fF137239 ¥ < xF EST Hk STS 75 1
<—ty FEHFEL TS, £72 McCallum & (2001,
Gokee 5 (2002), Kuhl 5 (2004) % & Martin 5
(2005) ICXOmEESNTOBEEF 209D Y <= F
ESTHIZR STS <—/A—I1Z2WWTd, Y54 <v—tw b %
FEt L, oz, &< FiEARR R E G S RE
(Ms) 1Zi#E#Hd 5 STS =—7#— AOB 272 (Gokee o,
2002) bEFNTND., 561, B30 b raikds
AR FH EST = — 7 —%A 377/ LEHI» SHr 7212 b
U1 (2-d BH).

Pk, A3l o7 <xF EST Hik~—H—1c>
WT, FFMBRHKETEREZR ) -7 L.

2% (w/v) THB—27)VEKIKINIZED, WER
Mz 5 PCR EMO Y A X =i d 5 & & BT,
WM—BRE S T o4~ — 1y M ESBEIK U. R
1N OV (F 0.1kbp LL_E® PCR EH @ H
4 ZDEN) BRBShAEAE, BEbHiCF, E£FIiICE
HU7. 72, SNP ®/N&73 InDel 289 5 72012,
% PCR FEWIZ, Wizard CV Gel and PCR clean-up
system (7o 47, WI, USA) Z2HOTHE L, DNA
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v —/r vt — ABI 3730 % W TR RS A2 o U 7z,
AR D EHIMb B L T SNP % 721t InDel O HIE,
ATGC ver.3 (Genetyx, H3l) ZHWOTIT-72. HilfR
WEFR RGBT S 72 SNP 1E, GENETYX-WIN
ver.5.1 V7 b7 =7 (Genetyx) =T, HMIEYINZ
HHELH] (cleaved amplified polymorphic sequence, UL
T CAPS) ~—A— &ML, £, W2hD
SNP 22 Tid, dCAPS Finder 2.0 (http://helix.
wustl.edu/dcaps/dcaps.html, Neff &, 2002) £ X
Primer 3 (http://frodo.wi.mit.edu/cgi-bin/primer 3/
20000 =MW T, de-
rived CAPS (LI dCAPS) <~—A—IZ&E# L. Thp
VY L@ InDel Wt s 7285461, & 0/NE78 PCR pE
WEBEWL TN Y FORREVEICT 272D,
Primer 3 Z# L THET S 1 v —%&&KGt L7,

primerd www.cgi, Rozen &,

d A7/ LERSNZERALICRFAEST v—
H—BAF

KB <3 F EST 1HkE A 17 LEFIEFIH LT, A
v horERAALRFM EST ~—h—%#7acbis Lz,
ZOFHEIUTOHEOTHS. A+ cDNA BB LTUZN
5T ) T7T—YarT—4%I%, The Institute for Genomic
Research Rice Genome Pseudomolecules ver.4.0 (ftp://
ftp.tigr.org/pub/data/Eukaryotic Projects/o_sativa/
annotation_dbs/pseudomolecules/version 4.0/) o 5
372, BLASTN #RIC & D, 4 % cDNA E4 & [l
(1* hit score >80) > A 7 J LhTa=—r1ay<
FFEST Bl AE 27 ) —=v 7 Ui, EBARMIETH,
i S AHFEPED D - 72 BiH & 2 3 HISHRPEDS S0 - 72
BLAIC 15 % E-value @ HAs 110" L E & 78 5 By %
I=—7ThBEHM L, 11,008 © ¥ <% F EST fid
FlmoZ27 ) —=v7&Nnk 1,00 70— 1il20T,
4 % cDNA B XA 17/ LH & EHIL L, FFHE
A v berEEFUMES MR L. 20K, ¥
FFRRFDDNA 288 & L TPCR § 572012, #t
EA Y bo VERENET ST I —RT &, F<x
F LA XOMMTHE S REFEI NS SKEF L7, 78
B, TORDOZHFNT 21T 12H 72D PCR EHD 5 1
V7 b= v ZEWRETBIDIT, 137/ A
DNA %% & U7z PCR EEMIC BT 2 TGRS 1 X
MIkb UIFERBEIITTTA<—1y FEFF L.
IOXHITLT, BoA v borEEsALRFH
EST = —#—%A x4 /) LEF» S H 72 Bz Ui,

e OBt (B1R) X178 K UEHERIT

MBRHE TERM AR LIc—H —IT D20 T F, %4
ERHOTEBN 1T > 72, W 2O —A =122
T, 7947 —0@FRWYT ==Y 7 b L IHIREE
FWHE L7 PCR T O/NS I 4 DA EEZ Sh
BRI &L, MEHOSEE RSN -Tcicd, Zh
SidE~—A—& LT/, I vEL—FT0r5
2 MAPMAKER/EXP 3.0b (Lander 5, 1987) %* f
W CHEBARAT 2170, Kosambi #4258 % W T Az i B
ELTceMflizti7c (Kosambi, 1944). 7z, =—7/1—
DT IV—TH5FOREE 6.0 &L, w—h—EDOIETE%
g LTz,

f EHEBOREBEANDXICAS (T

A QR IS/ IB T B 7212, Shigyo ©
(1996) Ik DRSS Nz, FFITY vy Mflkz
TARBMUIcxF =¥ v oy MHE—LHEBERINRE (U
TR, 2n=17; FF+1C~ +8C, ZITF &
FFOHEERLEEy FERL, 1CH58CETIEZ
hehs <2 FILBT 5 1 FROMED, S 8 FROMAE T
) 2L L7 [Shigyo 5 (1996) Tid, Yvovy
MR ERT TN T >Ry FELT, CofbDIZA
ZHOTW2]. ZhooRMRHKEMNT, EEICHE
A72 30 D & F SSR 12D W\ CHE IR YR D45 E %
AT,

F72, Martin 5 (2005) IZX ORI N7+
HPMIXE L 7 7 Lo A& L, ZoHIKIE, 222 0
7 < x¥<—74— (RFLP, SSR, SNP £ XU InDel)
Mo, kdlilicy vy MENERHE (Shigyo 5,
1996) 2T, 8 ADHARMKATIEM T Sh T
5. WpgHH P ALEMN T o TV A 13D ¥ < x F
HR<—H—ZFH LT, xFEGHIKE Y < x Fi
WX EEREE L., 200 s < xFHkw—A—D
{OMPIZDNTIR, Yrry MRNRKEEZENCT, < —
71— JE D JEFE G E A T2

—7, Hang 5 (2004) XU Yaguchi 5 (2009) I
LhEKEN, Yryay bEXFO ISP S R
FhMmkE 1T RRRULCKEY 51K (hypo-
allotriploids) (2 n =23 ; CCF-1F, CCF-4F, CCF-6F,
CCF-TF 8L CCF8F; ZZTC&FIE, #heh
A. cepa BET A. fistulosum OFEARM YA E v b
AFRL, HIZF1IF@3xFo 1 FLROKEERT) 2HL
T, HlgRL SIEEICRAK 41 v—H— (XFSSR
139 M, <+ SSR 2 M) DFEFERAMRIFE 2 A T2,
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C DRV AR, LUFRRRME KL T 5.

3 & B

a SSRv—Hh—

L7122 0%F45 ) LSSR 754 <—ty hD 9 b,
H—BE ) & 13 7o D A 1,406 (81.6%) THH, Z0
55 3B MICEB Tl B RME TR AT sz
(Table 4). ZEUGRHOBE R, HEFLicTIM<—1y
FH7zD 23.1%, STS~<—H—H7-0 T 28.3% (XX
=N —FR) Lo, —F, 30DFxFS ) L
SSR D9 b, 13 (43.3%) DAMNRFITBNTLEEL
THIMG L7c (Table 4. DY ¥ <x¥45 /) L SSR < —
71— @ 50% L, LA, % F DNA TIREETEHZ 0D,
723 RN 2O DNA Wi 2L L, Zhic
FLUT, 2010 < 2 FESTHRSSR—#—D 5 5
163 (75.1%) " x F THEWRECTH 7. v F
EST Mk SSRICB W 22 WM< —A —FK (11.0%) I3,
F <X F5 ) LSSR (15.4%) L% TH -7z,

ZOLHIZLT, RFSSR<w—74— 3981, ¥~<*x
FSSR <w—A— 201 (% Lk 2, EST MK 18
i) 78, MERMETERE R LI ——L LTHDS
N7z, 2O BRFSSRIZOWTIIMAMEZ R Z RS
259 %, 7<% ¥ SSR x&<—r—% F, HE£HI#
L7z (Table 4).

b InDel 5K SNP v—H—

A 2 31=Y— " cDNA Bl & SOHEEZ RS 7 v —
vELTEKEIN/1090 70—-—rD 55, 19 #IXEE
12 Kuhl 5 (2004) ¥ & Martin 5 (2005) 2L - T,
EST<—Hh—%RTrDICHSNTNS, K5
1,071 ORI HIM S, 4 v ho v ixkdriaxFH
EST<—/A—=&(LTRBDTIA<—t1y NEPITH
atL, RO 248 D < — 71— ERBRIC R FITB 1T 51
M 2 574 U 72,

M OTI4<—ky bDH B, 2531 (74.2%) »
FFITB W TH-MIEEY 21372 (Table 5). 205
H, 3<v—74— (ACAAJ 79, ACAAX 07, TC 1952)
IZ2WTIE, MBRHET 0.1 kb KL E®D InDel 278 L,
TAa—=RFITEMEHENTE e (Fig. 2a). %1,
W BLRARIT 36 1 2 B EEH) D MR HEBLH 2 058 U P R,
ZNS5D InDel A v b VHEIBTHELCTNS Z &N
#eEShic (Fig. 2 b).

ZOMD 192 < — A —IZ 20T, WHRKICE T B8
W BEH O BB &2 P E U 7ok L, 85 < —H — T H

WTHBRRMTEZ RSt shiz, $4bb, 10 J#
DFF 13 # 1T 1~11 bp @ InDel, 54 T 134 » i D
SNPs pst& i & h, 5 5 9 FEiE InDel & SNP O J %
GATHI, kiU 0.1 kb Bl EDKE7 InDel 28
BT, B —A—OHEIX 29.7% ([3+55] / 195 Ji)
THotz. BHEN/ SNPIBILT, KEB5 (95 » i,
70.9%) @ SNP 7%, HIE#F (transition ; A/G,
C/T) &3 bDTH 7. SNP OMISHEE, 1 kbp
DOIEIEMH|H 720 1.5 EHaE Sz,

PCR W O IR EIZ L D, 8bp @ InDel 234
H&Eh7z TC 0678 IZDWT, WHRMO B ILT%
Eo&0 LT BT, T34 <—t v PEHHE
L7 (Fig. 2¢). B4 JEIcE&EN 5 SNP O B, 17 Ji
IZDWWTIRE R CAPS v — A7 — &t d /2 (Fig. 24).
F72, Zofho 4% (ACAEK 46, ACAER 72, CF
439394, TC 2026) T2\ TlE, dCAPS v —7H —It%&
T E/h, BOBHEY B —A—ICEMTER M7
(Fig. 2e).

Zo&HiTLT, B MOEHM<—7— (InDel 4 1,
CAPS 17 M, dCAPS 4 1) »tg st 7z (Table 5).
Zh5id, ACAAX 07, AOB 272, TC 1891 ZKi T,
F, $EH @0 AR Ui,

c RFEHME

F. £ M2 817 2 #gHhK 1, 230 o SSR (¥
SSR 213 fHE LU ¥ < % F SSR 17#) 7 5 TN 25 @
D %< xFHHKIESSR (InDel 4 i, CAPS 17 fik &
O ACAPS 4 ) ~—A—4%, 17 dBEBHICER L TH
D AR 2,069 cM Thsb (Fig. 3). I OHIKNIALE R
FonTnwbs<w—A—05%, xFSSR 16511, 7=
FFSSR 11 B L% < FISSR 5 1L, AW
WZBOWTH Iy &N/ (Suppl. Tables 2~4).
Fo4ERIC# M Uik o 52 o< — 7 —1%, F. M i
BIB08OESS L B~ —H — & DOFESHEH
MEDONBMh ol &Ik y TENEM T,
< — A —REE#EE T 8.1 cM Tdh - 7o, AigHhX] 12
Fd % 11D SSR & 26D CAPS = — 74 —4%, BE#R
(Ohara &, 2005) @ FHEFHIKNZGERL TS C
Lo, A O 10 MRS, B (Ohara 5,
2005) DEHFHIKI D 9 PR &S Shtc (Fig. 3).

d RFEEHEBEDY v RXRFLEBEEANDOXTEATF
HPH TR B St 213 DR F SSR v — 41 —
Db, 30v—HA—IZONT, Y+rav MRIIRKS
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(a) MDJF, F, population

1000bp

500bp

(b) nron_

ACAMITS D 2021 ACAGHFAMATTTTACGACCTCACTCTATTOACATTTAGTOATCALGGTTATATCGAATGA 261

ACARITS_J 202 : ACAGEARATTTTACGACCTCACTCTATTGACATTT It TATATCGAATGA 261

434 I011ACA Jos
ACAMITS_ D Z6Z:ACGTCTTCA ATATTGCA ACTCTTATTCATCAGTTAAAACCGCG 321
ACMAITE 0 2621 ACGTCTTCAMCTGTCATATTGCATACARTATCATACTCTTAT AAACCGCG 321

CF434863 306

ACARITS D 322: TATOAATCCTOAATTAC TOC TCCTTGOTAATTOTAACATGAMACCOGARGARGAATAALL 381
ACAMITS _J  322:TATGAATCCTGAATTACTGC TCOTTGOTAATTOTAACATGALACCGGANGARGAATAALL 381

Cra3d8e3  306:

ACARITS D 3821 TTGCALLMAMGATEALACATGCTGCC TACACATTTAACTAMATTTTCACTOTGTTTTGA 441
ACARITS 3 3821 TTGCAMMMANGATEARACATGC TGOCTACACATTTAACTAMTTTTCACTOTGTTTTGA 441

CP434883 306

ACAAMITS D 442: AMATTTTCACTA

T S01

X T
ACAMITS_J  442:AAATTTTCACTA ATAGAATAAGACTT-

479
306

ACAMITS D 502:GOTT
ACAAITS_3  480:

561

Cr434863  306:

480
306

ACARITS D 5621 G0CAMCCATCAGTEOAAGTTTCAMCGTTAAGCATCCOTGTEOGACGAC TALATALLAGE 621

ACARITS 4 480

CP434863 308

480

ACAMITO D 622 ACACGGCOTGGOGTTTACT TCAATGAATACCATGATCTTAR

ACAALITE 1 &

0€

681
480

ACARITS I 682:00T TC AA TTGALARATEA
ACAAITS_J  480: ATAA

741

CP434863  306:

498
06

ACKAITS_D 742 TTTCCTAATTTTTCAGAGTGTTTTGAMATTTTCATAATTC T TTATAGS
ACARITS 0 4991 TTTCCTART T T T TCAGAGTGTT T TGAMAATTTTCATAATTC TC TTATAGH

PCAGCGAGAL 801
PCAGCGAGAL 558

CF434863 3086

A 315

(c) M D J F, F, population

100bp

(d)

MDJF, F, population

(e)

MDJ F, F, population

Fig. 2 DNA polymorphisms of bulb onion EST-derived markers within F. individuals of

bunching onion.

M, 100 bp ladder; D, D1s-15s-10s; J, J1s-14s-23s.
(a): A large InDel marker ACAAJ 79.
(b): DNA sequence alignment of a part of the ACAAJ 79 locus; PCR products from the
bunching onion parental lines, D1s-15s-10s (ACAAJ 79 D) and J1s-14s-23s (ACAAJ-
79 J), and the bulb onion EST sequence (CF 434863) which was submitted to GenBank
for bulb onion ¢cDNA clone of ACAAJ 79. A large deletion (243 bp) was detected in a
putative intron region in the parental line ‘J’.
(c) : InDel (8 bp) marker TC 0678.
(d) : CAPS marker ACACU 34. PCR products were digested by SspI.
(e) : dCAPS marker CF 439394. PCR products were digested by Taq I.
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la 2a 4a

0.0 ACCO018
- 0.0 ACE044 [3C 0.0 AFATO5HOS [4
233 \[1/ AcRanicr 0.0 71~ ACE020 92 [AEROAES 188\ ACEDR7 0 1471
: AFRA01G07 1817 AFAOBE10 20.8 AFAQ7A10 [4
468 AFS015 [1CJ[1F] 28.0 AFAQ5D02 199 FA08GO 29'1 AFAO1EQ6 [4
56.2 AFA05G02 38.8 AFB09D06 211\ AFATO4G 33.2 AFA15G07 [4
804 AFRAQAFO3 [1F] 23 A aa2¢l 25.8 \§ J/ TC2026_dCAPS 40.3 AFRAO7E10 [4F]
: : AFAQ3BO7 309 2566 450 AFB01CO3 [4
66.6 AFAD9A06 80.0 AFAAQ02HO04 56 AFCO3F10 46.3
68.9 ACM154 [1C] 92.1 AFBO5H03 2272 AFD02A12 495 AFA11C12 [4F]
77.0 AFS105 953 AFBO1A02 a6 AFAAOADO6 527 ACMO05
gg% ﬁgﬁg%gl%s 109.5 AFC12 49.3 AFB17G02 58.6 AFAT02HO05
. E.C][].F] 121.0 ACElll&ZC] 525 S104 66.0 ACACGS83
936 AFAQ3F08 [1F] 12256 AFA18C03 263 ACC043 [3C] 704 AFB03B09 [4
97.1 ACE080 125.6 AFAQ7C08 6.3 76.2 AFS149 [4 E]:]
1016 AFRAQ1B05 1333 AFRAQ0B10 825 AFADZAOS 876 AFAOLF03 [4F]
108. AFA23C12 140.1 AFATO0BOS 64.3 AFA14E06 99.0 AFATO0A06 [4F]
116.0 AFA07E01 {ua 1477 ACADRG0 [2C] 85 AFADTEOB 105.4 AFATO5D09
1207 AFB06C08 [1 151.3 ~=(~ AFAOLE09 e AFATO4D12 113.0 ACACU34 [4C]
1533 7\ A2 ik 1806 /EN TC0678 1npel 124 19017\ AFSize
R AFS142 X nDe I
161.2 AFB01B03 164.7 AFS012~ ;g-i j ﬁ,ﬁg‘gﬂﬁgs 146. AFS156 [4F]
169.1 AFB04C03 &7 AOE 4b
1925 AFRA04F12 1r4.2 AFRALLHO8 110.4 AFHT11F10
176.4 AFATO5F03 1218
207.3 AFAAQO0A02 180.4 ACMO24 20] 1370 AEAOSFO08 0.0—— AFAAO5B02 [4F]
2213 AFA08G10 [1F] 192.2 AFAOSEQ 144.9 AFA18GOL
201.0 AFA10HO7 1248 AEALSeOL 16.2~1- AFA11H10 [4F]
209.3 AFAT06D06 . 26.4~~ AFRA04DO0S [4
5100 TC3133 329~ AFATO4EQ9 [4F
1b 216.1 AFAD1A04 36.9°T > AFATO9EO5 [4F
223.2 AOB272 I;20] 46.97 [~ AFS117 [4F]
NN G e Acemei
22.7 AFRAO3EOS [1F] 2453 ACABO23 00 AFATLOE06 3‘;-3>=<QE52%$?}.J]4F]
26.0 AFHT11E07 2775 TC1952 InDel 245 AFB04B12 014 AFA15D09 [4F]
26.9 AFAQ5HO1 [1F] 3047 AFRAIIF1L 472 AFA03D03 i
36.6 AFAQ1C07 58.5 AFS042
3914 AFAQ9FO1 [1F] 612 AFS006
433 AFS123 2b 67.7 AFS145 [3C]
837N ARG i 00\, AFSILL A A9 InDel [3C
7219 AFBOBilF 12.5 ACCO008 [2C 84.0 AFAZé]Dogn el 31
774 AFA14A02 [1F] 16. ACE101 [2C 98.7 AFA04G08
845 AFB221 21. AFAT00CO07 111.3 ACC013 [3C]
5087 |\ Aceoss ey 231N AFAAOSE05 TNV AECos0
99.9 AFBO6EO5 [1F] 26. AFC08G05 11911 AFB01G10
1215 AFA10G11 30. AFA03B03 1205 AFRA12E05
38. AFA23D12 1245 AFAOSEQ7
52.1 AFB13G10 1282 AFA04G02
1c 13247] \\Aeasicos
0.0—}— AFA10B06 [1F] 162.8 AFA01D10
13.8 ACCO015 [1C]
317 AFA05G04 [1F]
e 0.0 AFA02F09 [8F
8.g ﬁgxgﬁo[gq 0.0 —— AFA14C07 [6F] 0.0 AFB25HOL 235 AFBZSGOZ[ :
177 ACEQ10[5C]  27.3 AFBOSD11 [6F] 20.0 —{-— AFAAO3FOL [7F] 325\ 1/ AEasanos o
21,9 ACE127 49.6 AFAQOEL2 34.5 —|-| AFB04H04 [7F] 39.0\[}/ AFS096
w2 ARG gt \ Akl
49.5 AFA14G03 68.1 AFB22H06 F[FGIF] 52.1 — 1 AFB02G04 ar8 AES008 [8F]
62.7 AFA07DO1 7256 AFRTO1G11 [ [] 64.0 ——— AFAO7HO5 7F]: 589 AFAQ7GO6 [8F]
123 SR ACAXOT InDe 739 1 AFRTOIF02 [7F] 65.9 AFAT06D09
76.9 ZHC TC1010 B [Je Jy g [ 706 AFBO5E06
82.3 AFAQ2HO8 [6F] 91.4 —1 AFA16DO05 [7F] 75.3 AFC03A09 [8F]
803 AFAQ3H03 737N\ AESS3A [8'{]
99.1 AFA03DO07 [6F] 110.6 —\-— AFCO1E09 85.1 ACAEK46_dCAPS [8C]
103.7 ACE088 928 088 [8F]
114.1 AFB20G05 109.3 AFS017
1227 AFS039 [6C][6F] 123.0 ACAER72_dCAPS
7b 1355 AFA0BGOT
140.7 AFAAQ5HO4
X 6b 150.0 AFALLEL? [8F]
0.0 AFA02D05 0.0 CF439394_dCAPS 1625 AFAT10CO
} H 187.7~_l- AFAT05A03
312 AFAROCO? 0.0 —\— AFA02E09 [6F] 30.7 AFAO6A08 [7F] 202.1 AFATOSEO04 [8F
212 A0 08 127 AFATOLBOL 416 TC3164 204.2~= AFAT05GO01 [8!
328 AT : 4738 AFATO3F07 [7F] 206.3- 1> AFRTO1HO5
- 24.277 AFB14B08 S'E]F 55.0 AFAT04C08 21233 AFATO1FO03 [8F]
ﬁ.é ﬁﬁﬁ%é%% 33.17T AFRA04B10 [6F] 58.0 AFATO2EOS [7F] 216.5 AFA17A05 [Sﬁ
a4.0 AEAGOCOS 61.3 AFS058 22810 AFAT0EO5 [8
. 68.8 AFA10E04 [7F]
62.8 AFRAQ3F03 6 218 ACE1L
98'? QEA%glo C 74.4 AFS221 [7F
) AFE; 777 AFS140
2e/INASISL 00—~ AFATOSGI0[6F]  fo's /AN AEB1BA03 | 20cM
834 AEROsCO8 109.3 AFAT5E08 [7F]
: 20.8 AFC12A06[6F]

Fig. 3 Bunching onion linkage map consisting of 17 groups with 230 SSRs (213 bunching

onion SSRs and 17 bulb onion SSRs) and 25 bulb onion-derived non-SSR markers (4
InDels, 17 CAPSs and 4 dCAPSs) covering 2,069 c¢M.
The genetic markers used to assign linkage groups to their relevant chromosomes are
marked with [1C] to [8 C] (assigned to A. cepa chromosomes) and [1F] to [8 F] (to
A. fistulosum chromosomes). Markers located on a previously reported bunching
onion linkage map (Ohara et al. 2005) are indicated in italic with underlines.
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O TR YRR E A A 7. T ORER, 8<—71—
(AFAA 02 D 08, AFB 20 G 05, AFS 015, AFS 039,
AFS 104, AFS 145, AFS 149, AFRA 11 F 11) 2>
WTCHEIR A Z 4 T 72 (Fig. 4a, Table 6). L
DUED DT —H—IZ20 T, Yvry MBI SHIE
DOALZEM, UL RRIMAFHRENICE T 52 ROA—F
(BZ 5L, WMEREBKT 272Dy yay b
BIU/ S LRBRFIE > TOleAT oS MHEMNEK
EEZOND) ITKD, ERJLBEEFE TSN,

—H, fAEt42 0y <xFiik<—4— (SSR 17 1M,
InDel 4 fl, CAPS 171, dCAPS 4 f#) A3, % ¥l
MBIz 1 5 17 @O 5 6 13 HEHHc < v 7SI T

B (Fig. 3), 9B 13>\ T, Martin 5

(2005) &b, By < xFpr@afx iz y 7&
hTa, £k, Zhood b, ACC 013 B XU ACC
033 (Martin 5 (2005) ® % < x ¥FEFHK TR, =
hZh AP140, AJB64 RT3 (FES, 2002
b)) D2 —H—IZDTIE, ¥rov MRIZRKI
KD IR ARSI S TS > T B,

D 9Dy xF—H—DIB, 4d<x—H—
(ACC 008, ACC 015, ACC 043, AMS 14) 2T
d, BETSEYvoy MREAKSEICHS AL ST
% (#H5, 2002b ; Masuzaki 5, 2006 ; Fig. 4b).
KpFFE T, #Hi7cic 3 <—7— (ACE 039, ACE 044,
TC 1010) @ pEFRGtfAZY 52z L7z (Table 6).
NS OF TSN F o~ —A—1TMA T, Martin &

A. cepa monosomic addition lines (FF+nC)

M 1C

2C 3C 4C 5C 6C 7C 8C CC FF

CcC FF

A. cepa monosomic addition lines (FF+nC)

M
500bp [
—_—

300bp

()

1C 2C 3C 4C 5C 6C 7C 8C

A. cepa monosomic addition lines (FF+nC)

M FF CC 1C 2C 3C 4C 5C 6C 7C 8C

500bp =

T
— - s - - e -—
300pp===> R =

.

e, —
S

Fig. 4 Direct identification of relevant A. cepa chromosomes for the bunching onion-
derived SSR marker AFS 015 (a), the bulb onion EST-derived CAPS marker ACC 008
digested by HaeIll (b), and the bulb onion EST-derived CAPS marker ACADR 60
digested by TaqI (c¢) by using a complete set of bunching onion-shallot monosomic

addition lines (Shigyo et al. 1996).

M: 100 bp DNA ladder, CC: A. cepa, FF: A. fistulosum.
Arrows show shallot-specific DNA fragments. These markers are located on 1 C (AFS
015) and 2 C (ACC 008, ACADR 60) chromosome, respectively.
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(2005) %36 C FetufRiTtp IS A3 72 ACADR 60 5, A
TR 2 Clzhiuftir ohie (Fig. 40). o 5<—7—
IZO0WVTE, 2 FEY v Oy POITEZRIDGED SHISMH -
7o El, BOD 1T <—A—IZ 20 TEFHEL THIL,
FRELT, 8MMORFSSRBIUV 20Dy < F
<—7#— (/4 SSR 1, EST i3k SSR 8, InDel 1,
CAPS 9, dCAPS 1) ic &b, *xFuHgihizs1r 5 12
P, TAD Y = x FROMK (RtafkET1CH S
6C, 8C) &xtinfliy Stz (Table 6).

e EHBORFEEBEADKIIGHIF
Z P o 213 DX FSSRDH b, 139 v —
71— DN T R FRERH A O THER YR D F5E %

KA, 0=—H—IX20 TR Y v oy b TREEYE
T, 20553 MITONTIE, HEEOREIRR KRS
WKBOTRFFERI AN FISREKT B 05, FEREY
A EFETE I, BOD I —A—IZ o0 Tiky +
Oy FTHHIEL, TSI b5v—A—TxFLv ¥y
Oy METEZRARD SN, 38 v—77— DR RAk
nfEE s N (Fig. 5a, 5b). 51T, R FRERMK
EHWT, < xFESTHRKRSSR ~—#— 2 M
(ACM 096, ACE 113) »EEFES % etk & g Shie,
BRELT, TTHORXFSSREBLT 2D Y < xF
EST Hi3K SSR iz & © 11 #gHEEA 5 Ao Jufafk (et
AFZ1F, 4F, 6F, TF, 8 F) &xlaffirshi
(Table 7).

Table 6 List of markers with the chromosome identity determined in A. cepa

Chromosome number

Marker Origin Marker Linkagii o 1!1 A cepa Coz:rsllz: rn ging Accession
type A fistulosum Addition  A. cepa A. cepa map No.
lines ? map ”
ACM154 bulb onion EST SSR la 1 ACM154 CF451414
AFAA02D08 bunching onion genomic SSR la 19
AFS015 bunching onion genomic SSR la 19
ACCO033 bulb onion EST CAPS 1b 19 1 AJB64 AA451549
ACC015 bulb onion EST CAPS 1c 19 ALCLECTINA
ACADR60 bulb onion EST CAPS 2a 29 6 ACADR60 CF437227
ACE111 bulb onion EST SSR 2a 6 ACM177 CF445960
ACMO024 bulb onion EST SSR 2a 6 ACMO024 CF446873
AFRA11F11 bunching onion genomic SSR 2a 29
AMS14 bulb onion genomic SSR 2a 29
AOB272 bulb onion EST CAPS 2a 2 AOB272-E1- AA451592
ACC008 bulb onion EST CAPS 2b 29 AF218356
ACE101 bulb onion EST SSR 2b 6 ACMO66 CF437209
ACC043 bulb onion EST CAPS 3a 39 AJ006067
ACE044 bulb onion EST SSR 3a 39 ACMO078 CF436576
AFS104 bunching onion genomic SSR 3a 39
ACAAJ79 InDel bulb onion EST InDel 3b 3 ACAAJ79 CF434863
ACCO013 bulb onion EST CAPS 3b 39 3 API40 AA451549
AFS145 bunching onion genomic SSR 3b 39
ACACU34 bulb onion EST CAPS 4a 4 ACACU34 CF449808
AFS149 bunching onion genomic SSR 4a 4°
ACE039 bulb onion EST SSR 4b 49 CF442638
ACE010 bulb onion EST SSR 5 5 ACM133 CF436768
ACMO071 bulb onion EST SSR 5 5 ACMO071 CF449595
TC1010 bulb onion EST CAPS 6a 6 CF440857/CF449499
AFB20G05 bunching onion genomic SSR 6a 6°
AFS039 bunching onion genomic SSR 6a 6°
ACAEK46_dCAPS bulb onion EST dCAPS 8 8 ACAEK46 CF451695

a) Complete set of alien addition lines of A. fistulosum carrying single chromosomes of shallot (A. cepa) (Shigyo et al. 1996).

b) Reported by Martin ef al. (2005).
¢) Reported by Masuzaki et al. (2006).
d) Reported by Wako et al. (2002b).

e) Identified in the present study.
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INETOMEIZEBNT, Ohara 5 (2005) & AFLP
= A —EHERE LR 94T M O x F g % H
HELTHWA., APFFETIE, 2,069 cM %A/ 3—F 28773
Mg 2R L7 (Fig. 3). BERD & < x Fai g
(694 ¢M, van Heusden &, 2000 ; 1,907 cM, Martin
5, 2005) &MY B &, AMPHIKERET 5~ —1—
OREFB LM S, *FORAEMMELD S5 BEHZ
5. F7, AEGHKIERFICBI 2 AHEEICETS
QTL D £ 5 B EIIFEIC O AMTH 2 LHEZ 5.

RFIZBIFBEDNAR—A—& LT, F<xFhk~v—
A—bFAMTHE ENREnic (Tables 4, 5).
F F OMHRME TEZRNRD Shic< — 7 — DB,
< xF EST Hk<=—H—DHTid, FESSR (InDel
BLUSNP, 29.7%) =—H—>DFH SSR (11.0%)
X D& o7 (Tables 4, 5). AWFFICH LT, 558

a =T Home n n

~ CCF-1F —*—=—=_=_=

DY FFESTHRTSA<—ty bpb, T6HOZ
W< —7— (SSR 18 fl, InDel % 7z1% SNP 58 f#) %
HHU, 9541 v —7—% % FEgh I fE g 72
(Fig. 3). 7%, AP TIEE8 MO 7 < xF EST I
DWTHAE LA, Kuhl 5 (2004) 23 Lica=—
71545 <32 ¥ EST A DOEIE 11,008 TH 5. Lich-
T, FFHPEHKICH Iy <2 FEST ik~ —H—
EZHOEMT 2 LRI EEZZ 6N 5.

77 L SSR 1% ET 420 & < x FHK<— 7 —
F, R FEFHRKI O 17 HEEEE P O 13 EEHEHC LA T
shic (Fig. 3). A#EFHIKOHEPRE2a BT 2b 1T
JEFE LIy =2 FHRK<T—H—IiZ2T, Martin &
(2005) 1T &k G EN/y < x FEPHKTIE, AOB
272 1% 2 C JetafRic, = oftho 4 w— 77— (ACADR 60,
ACM 024, ACM 066, ACM 177) 1F 6 C gefuikizfr
EffFon T3, Masuzaki 5 (2006) 13, ¥~ % F

R Noma | Il |

|

A

1) e W]

S CCF-4F -t

-~ CCF-6F I]Im i s = FF — :l"' 2 m
A ="‘|.I- .'ﬁ:. .".'l i
v - Tl | 178bp 219bp
CCCFTF T
ol
4 178bp 219bp
(b) Single-alien deletion lines (CCF-nF)
M FF CC CCF_-1F -4F -6F -7F -8F M

300bp

100bp

Fig. 5 Direct identification of relevant A. fistulosum chromosomes for bunching onion
SSR markers AFRA 07 E 10 (a) and AFA 06 A 08 (b) by using allotriploid-bunching

onion single-alien deletion lines.

These markers are located on 4 F (AFRA 07E 10) and 7F (AFA 06 A 08) chromo-

somes, respectively.
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Table 7 List of SSR markers with the chromosome identity determined in A. fistulosum

Chromosome  Linkage

SSR markers
No.” group
1F la AFA03F08 AFAQ7E01 AFA08G10 AFAA02D08 AFB06C08
AFS015 AFS142 AFRA04F03
1b AFA04H02 AFA05H01 AFA06 AFA06H12 AFA09F01
AFA14A02 AFBO06E05 AFB03 AFRA03E08 AFS099
1c AFA10B06 AFA05G04
4F 4a AFA01E06 AFA01F03 AFA11C12 AFA15G07 AFAT00A06
AFATO05H05 AFB01C03 AFB03B09 AFBO03E09 AFRA07E10
AFS149 AFS156
4b AFA11H10 AFA15D09 AFAA05B02 AFATO04E09 AFATO09E05
AFB02C01 AFB277 AFRA04D09 AFS117
~ 6F  6a  ACM0%” AFAOZHOS ~ AFA14C07 . AFBOSDII AFB22H06
AFRT01G11 AFRT08C02 AFS039
6b AFA02E09 AFB14B08 AFRA04B10
6¢ AFAT03G10 AFC12A06
 7F 72 AFAOTHOS . AFA16D05 . AFAAO3FO1 AFBO4HO4  AFB237
b ACE113" AFA06A08 AFA10E04 AFA15E08 AFATO02E05
AFATO03F07 AFS221
8F 8 AFA07G06 AFA08A09 AFA10E05 AFA11E12 AFA15D06
AFA17A05 AFATO01F03 AFATO05E04 AFAT05G01 AFC03A09
AFS008 AFS054 AFS088

a) Determined by using allotriploid-bunching onion single-alien deletion lines (Hang et al. 2004, Yaguchi et al. 2009).

b) Bulb onion EST-derived SSR marker.

4 ) ISSR = —7 — AMS 14 78 2 C Jefafkic i 4 5
ZEEMHSMILTL S, SN U o x Figiic
BT, Zhoo<—n—id, #@#H#E2a (ACADR 60,
ACM 024, ACM 177 [A#gHX T3 ACE 111],
AMS 14) L <E2b (ACM 066 [AdEgiHh X <t
ACE 101]) I2EEL T3, ZhooH B, ACE 101,
ACE 111, ACM 024 ® 3 =—H—I%, *F & vy
FOBTEZENED SNEh T (F—FEHR). KiF
JE T3, ACADR 60 ¥ & ' ACE 101 &5k < g4 3
ACC 008 o JE g thik %, IIMFRAMEH O THS M
L7c (Fig. 4b, 4¢0). 517, xFHEPHKICENT
HEERE 2 a ITALE T 5 ACM 024 B XU 2 b IThiiET 5
ACE 101 1%, B0 ¥ <3 F4risEEICEB 10T AOB 272
WZHEB LT B (J. McCallum, RFEET—%). Lk
MoT, x¥FMgEH2aBLT2biE, F<vxF 2 FY
RIS 5 EAsER AT 72 (Table 6).

X FBLPY v xFiE, RUEBHH (alliance), 2% D
ZhZh Altaicum BEB L U Cepa BEIZHFES N 5 28,
EBITxFE Cepa filiicE L, FUGHEHEE Qn=16)
Th s (Fritsch 5, 2002). AWFEITBNT, RIMHRHK
BLUORKZHEMNEZ EITED 103 v —H =D
THEFRGBARDBH SN ER D, xFHEHHM E KT 5

17 #HERED S B 16 HEAREN 7 < 2 FD 8 KD I AYtn
ERINAHT S, Tbb, 28 ==y xF,
19 T — A — MR FITB B PERGEMRMBIH SN LD,
25 AFAA 02 D 08, AFS 015, AFS 039, AFS 149 ®
4D R F SSR = —H—M, FxFERXFOMFED Y
ki o i snic (Fig. 3, Tables 6, 7). T O
T A=< —A—Dky M, 81fidxF SSR, 11
Moy <xFSSRBLT 1L HoDIESSR = —7H —
(InDel 11#, CAPS 9% X" dCAPS 11#) » 5755,
INSORREM S, X FEITXFOMTE, HHLAIL
TO</ay T —MEET 5 SiEsm T on s,

X EARMT 7250 ORI, Cogeik s bxtin
I ontsnotc, ety <32 FHK~—h— %200
iz, $heddhliv—nh—12k )P0 x Fligihx &
MM AER AT A Lk - T, HEBEX OMIET 3
PRI S MITH B EEZ 5N 5.

2FZ, FerFEMKELT, ~HEEMYTHS &
BXOHT ) LH A X0 28% /M v (Ricroth &,
2005) Z&EMS, EEMEICLOELTHEEEZ SN
5., Elic&kdic, ¥/ Loy ry——@FxF¥FLrwx
FORTHEAMEINTLEEZEZOND, LLAn
5, xF LI 2 FOMMBMMITE T 2 HITB
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Species Cultivars Type Seed company (Genebank) Accession No. Seed production year
A. fistulosum Fuyuougi 2 Fy Sakata Seed 1997
Natsubasyo F; Kaneko Seed 1999
Natsuougi 2 F, Sakata Seed 1998
Shuitsu F, Musashino Seed 2001
White Tower F, Takii Seed 1998
Yuzan F, Tokita Seed 1998
Yoshikura opP Musashino Seed 2000
Ojima landrace =~ MAFF JP25445 1998
A. altaicum JP138870 MAFF JP138870




