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=y =7 BHEFFRHEITH 525, HREL
THHET, {HREHTEE - HESh TV,
R g, AROEEFRTHS A ¥FF L
DEET, AXBIEVOLEITEY T AF IR
HPEREHED, LhL, BEETHI DS T
V=73 LTRERREERAL TV,
FRTHETHIRTE Avicw, MEHATHE
BETHE, FZORMELT, HiRickz 74
NADMIRERSRET SN2, =v =7 BB
& 2RI D 72, SWH, FETHAHE TR
JE & 72 & 70 WERIROD ™7 4 )L ZHRRIG HensiE 2 41
BYDERNDDOH DB, 2D, MEROHERY
il L %0, = =27 %EZObOEET 25
REBoTWE, ZO7ANADMRLROME
BEEEICL 27 ANVA7 ) —HEHIC X > T
FRPRTTRE & 72 o 70 h5, REET 2 T OFREROM
EHIEREN TV,

=y =7 BEETROREMFE L LTS
Twiz#s, Etoh (1983) et THi T %MK
a2k EFERL, Hiczok, fEE—REFEmT
HBHRT VT RZIFITbR VERL, Lo
MR E R U7, &7, MRMUROBRT,
Fi_ LR AR R AR 2 R L2, 2h
S OEM#FEM 2T, Lk, FERN LR
FHEHERATVE D, WL ODDRHAH %,
=D BT MR AR U S h TR WIT
HY, fho—2FHTKDD % KA 7%
MTH3,

WO OB B EREAEREEED

ZITi, MTSERKEROLD, ==
ORI PHL & S B PR RHIR O 5 B i
7 OREDIFEESR SN THE ARAL >« Kb
DA AT RIS L, Zh s otk E i
¥ 5 L, HEEARRMYE & RENCBET 3
DNA v—#%— (RAPD v—#—) OHHZITV,
IS, FetERHEOMEMERRE o AR & A 7.

2. MErHE

ARA v FOV A NVAERRHIX1996F K, BL
HITPUE L 72, TEK» & DUUERKEZED T, f#E
RO = > = 7 (GBS KA 0 FLERIS T RIAE
B oot s n, EBCHw s, RiEE
& o 1 B X 19964F 2> 5 199841 0 1F THT
T2 TS ORMIGFRIERERD 720 D RAPD =
—H— b L7, DNARHWEEY) — 7%
YFTI Bk E, it T 5% (Hong et
al. 1997) Zfiévs, PCR @ Hv»T RAPD fi##i L
7z. %%, PCR Tl Operon ® OPJ- 1275 4 =
— (5-GTCCCGTGGT-3) EMwiz, £, ¥
RUHT (GARImAIN 2 A 7 7 v > THE T B K
AN v BLORLEIC ko, RatERUAEREIC
BIL TIRAUE L 72 255 /I DL THEE TV,
RAPD v — 7 —i#i ] L BRMTE, 2D 5 530
R ICDWTIT o7 (Table 1,4),

HEMEAFRMEC B L TR L 22 #0kHE Table 2 (2
R L7z, No.200J% Uf F31643 2 o i i THEMEAR
fetk LR S T3 R/ TH %, DNA filith &
U'RAPD ¥ — 7 — ¥ % 0 77 % (3 Hong et al.

(1997) DA% 7o PCRTAZ Y —=>
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Table 1 Source, flower-bud formation, RAPD markers related to pollen fertility (Hong et al.
1997) and winter growth of Iberian garlic

No. Accession

Source Flower-bud formation RAPD markers Plant shape in

winter
419 410/86 Spain No formation - Erect type
422 879/86 Spain No formation - Erect type
423 A.Campo Spain No formation . Erect type
424 A.lbanez Spain No formation o Erect type
425 Alpujarras Spain No formation " Erect type
427 Cabra Monturque Spain No formation ol Erect type
430 C.Rica Spain No formation - Erect type
432 D.Ramos Spain No formation ol Erect type
433 E.Garcia Spain No formation - Erect type
434 Frio Spain No formation = Erect type
435 In vitro Spain No formation - Erect type
436 Isidoro Diaz Spain No formation - Erect type
437 J.Corral Spain No formation - Erect type
438 J.Garcia Spain No formation - Erect type
442 M.G.Victoria Spain No formation - Erect type
444 Morado de Cordoba Spain No formation & Erect type
445 N.Mora Spain No formation - Erect type
447 Rojo de Cuenca Spain No formation - Erect type
448 Rojo de Falces Spain No formation - Erect type
450 S.Moreno Spain No formation = Erect type
451 Ajo Rojo Spain No formation - Erect type
453 Alcazar S. J. M. 2 Spain No formation - Erect type
454 Alcazar S. J. M. 3 Spain No formation = Erect type
457 Segovia Market 1 Spain No formation - Erect type
460 20/96 A Portugal No formation i Erect type
461 21/96 A Portugal No formation = Erect type
462 22/96 A Portugal No formation . Erect type
463 23/96 A Portugal No formation = Erect type
468 36/96 A Portugal No formation - Erect type
470 40/96 A Portugal No formation s Erect type

7 L1774 <—1 Table 3 1</R L7z,
WEPEERERR T T B 5 WK O BRREIRA 13RI L 72
TELF PR O IEERAIBOMIEIERIC & > 7eo FERHZ
RO = =27 T, BE - ROFOHEG
Herr (1982) 12fiEvs, /=L R & — 5 T
BT, WEROFEE L BB 1 % 8 OH
EWEET 2 2 L 2RAI.
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ICE2 FTHFRMET 2 2 2L, Feftllss
flith 3% 2 &<, WZEL 7z (Table 1), Ui

NIERIROPERICIE, BRZFED 350 L 725 16l
DEBENLDT, FRTREEME R L H 2
Shtz, PERIVES N REEMERHKIZTRT
PRI o7DT, Ths b PR EMEE SN,

Lanl, BREBOARE IS A XY 7 R
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19974 RIS TIE, MR 2R T, £Fcio
DNA #Hiti LT, #HiticRuiishk=rv=7
OfetEcBl#ES 5 RAPD v —% — (Hong et al.
1997) TRMMEEITo 72, 74 v — 3tk
FETHRIEY T, RIELEET 27— — ik
O0PJ-12,300 & OPJ-121700 (Hong et al. 1997) Tk
STeHS, ANRA e A A NERRICRRIED
v—A—@FE{ Mt En g ok (Table 1), fit
2T, INSORMESFIETHS 2 L3, 1FIFH
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Table 2 Floristic characters in garlic clones screened for RAPD markers

Cone  No. of flowersbuds  Anther color  Pollen fertility  OPE-090 Fertility
No.200 62 vellow 0% - male-sterile
F316 176 vellow 0 - male-sterile

No.390-2 215 vellow 0 - male-sterile(?)
F-494 98 yellow 0 - male-sterile(?)

No.3§7 236 vellow 0 dark colored  sterile

No.379 126 vellow 0 dark colored  sterile

N 2 202 vellow 0 dark colored sterile

- - = dark colored  sterile

- - - dark colored  sterile

vellow 0 dark colored  sterile

vellow 0 dark colored  sterile

vellow 0 dark colored  sterile

vellow 0 dark colored  sterile

vellow 0 dark colored  sterile

vellow 0 dark colored  sterile

purple 83.3 dark colored  fertile

purple 94.0 dark colored fertile

purple 90.3 dark colored  fertile

purple 89.7 dark colored  fertile

purple 61.0 dark colored  fertile

purple 54.7 light colored ~ fertile

purple 72.0 light colored fertile

purple 81.3 light colored ~ fertile

purple 68.0 dark colored ~ fertile

No flower-bud formation (bolting)
No flower-bud formation (bolting)
No flower-bud formation (bolting)

No flower-bud formation (incomplete bolting)

No flower-bud formation (non-bolting)
No flower-bud formation (non-bolting)

light colored  sterile
light colored  sterile
light colored  sterile
light colored  sterile
light colored  sterile
light colored  sterile

Table 3 RAPD primers used for screening male sterile garlic clones

(Operon Technologies)

Code 5'to 3 Code 5 to 3 Code 5 to 3
OPE-01 CCCAAGGTCC OPK-01  CATTCGAGCC ~ OPH-01  GGCTGGAGAA
OPE-02  GGTGCGGGAA  OPK-02  GTCTC OPH-02 y
()I’E 03  CCAGATGCAC  OPK-03  CCAGCTTAGG ~ OPH-03

G T(--\L-\T(x(.(. OPK-04 C OPH-04

OPK-05 OPH-05 C

OPK-06  CACCTTTCCC OPH-06 A(,(y(,AT(,(v(,A

OPK-07  AGCGAGCAAG  OPH-07  CTGCATCGTG
OPE-08 OPK-08 ~ GAACACTGGG ~ OPH-08  GAAACACCCC
OPE-09 OPK-09 A C OPH-09 AGCTGGG
OPE-10 OPK-10 OPH-10  CCTACGTCAG
OPE-11 OPK-11 OPH-11 C GCAGT
OPE-12 OPK-12 OPH-12  ACGCGCATGT
OPE-13 OPK-13 OPH-13  GACGCCACAC
OPE-14 OPK-14 OPH-14  ACCAGGTTGG
OPE-15 OPK-15 OPH-15  AATGGCGCAG
OPE-16 OPK-16 OPH-16  TCTCAGCTGG
OPE-17 OPK-17 OPH-17  CACTCTCCTC
OPE-18 OPK-18 OPH-18  GAATCGGCC,
OPE-19 OPK-19 OPH-19 " y
OPE-20 OPK-20  GTGTCGC! OPH-20 C.
OPI-01 OPI-02 GGAGGAGAGG ~ OPIL-03 CAGAAGC
OPI-04 L(,(v(.(.T AGTC
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Table 4 Karyotypes of the garlic clones collected in Spain and Portugal

karyotype

(Number of observed cells) < (Karyotype)

Total cells

Derived karyotypes from the basic karyotype

0 1% (1m+2smy*+3sm), 2% (10m+2sm,*+4sm) 3

4 4

0 1% (12m+2sms*+2sm), 2 (10m+2sm,*+4sm) 3

0 0

1 1% (1m+ 2

2 1% (1lm 3

1 1X (8m+ 2

? 2

2 2

134 0 2% (10m +2 1

135 0 1X (10m+Lsmy* + 25 9

436 1 1% (10m+1sm,*+35sm) 2

437 0 1 (10m-+Ismy**+5sm), 1% (11m+2sm;*+3sm) 2

438 0 1% (10m+1smy* + 5sm) 1

142 0 1 (8m-+2sm,*+ 1sm.*+5sm) 1

444 0 2% (10m+1 2

445 0 3

17 3 5

448 0 4

450 0 2

151 0 )

453 0 2
454 0

3

457 1 2

460 0 2

161 3 1

1462 1 2

163 0 +3sm) 4

168 0 sm) 2

470 1 2

Fig.1 Idiogram of the basic
1985)

aryotype in garlic (Etoh

Kickot, B, BFEMTH 2 P07 Y70
SIER CHENTALI L, SZMRL TR, 2% A RS
Ve BNVIANTIE, == 3ERMERL YR
BAERNIER T, BIERICT <3 RO A5
L, ZROIHERELTEKESA TV
hD, EL57THSS,

=¥ =7 DIEEDORAAEIR, 10RDRLEL L

FeP RO, 20 (448) OPeRL
R ha g @ik, RO 1x (24) OuR
rhiffe @ik 2 L (Fig.l1), Afifagaiko s
BRIzROMKIc#Esn 2 (Etoh 1985).

K (2n)=10m+ 2sm, sc +2sm,sc +2sm

%, wEshi=r=270M0% 1,
DA TR END D, O S DIRER
HULSRAERML L 505 (Etoh 1985,
1996). LU, FetbRHEOBE X H AR
Tdh -7 (Etoh 1983, 1996, Hong et al. 2000),
7z, FRERATIIREOI TR 8 (0 it
%R L7 (Etoh 1996) #5, = Z THER L7z
ARA > BV A NAERRAISIELE R TR L 22
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WOT, IIZTEEED» SR ARREHEET 2
Z kL, BBIGHORRIE Table 4 1SR L 720
ARA o B A NAERRH T IREEAGA 2R
FTREEED %L, EAERL S OIRERFTL 1
LHRRA% L Ao, Th TOBSGHEREDS
OGRS OIRERAT L BERMAHR
SNBRFERIARTHE ZEMWHPHL TS

(Etoh 1985, 1996). % & AR E % 42 < 1T
DY, REREEKEHRIERIEEFZONS
7, PERPDEID 2 <A >« Fov b A VERRHE S
THThs ZLhfEES NI,

ARA v o Fu b A NAERRIIET O 5
b, PRAMEFECERBERT Z AWM ER
otz ilE, PUES Wit RIz & TATCHE
FEERPIEL, HISED MRt E R L, AF
BN UEERLERKIETARTH- 2
(Etoh 1986, Hong and Etoh 1996), J{fE &7z
ARA ¥ o BV B A NVRHE S AT HEDOLH I
Ik F, VAL (Table 1), FRTH2
LD, ZORMS HIHEREESND,
LLEDORRD» S, ISz AL >« KL b
ANERFHZETTRTHE Zenont i
S72s TNODRMIEANRL Y, BNV IANVDY
=Ny 7 GETFIRTT) Z@UTUELZ b0
THD, WFhb=r=27H2LIEAFBOHEM
Rk o TSN bDTH B, S I,
A RY TR A RFEAEE L R e 0
ZETHbB, oT, 4R THBICIRED=
VI BELIGFELBEL I SN ER T,
fERDOWI%E (Etoh et al. 1992) & ¢ TH%T 3
&, =y =202 KT L &2 MR
Bici, E{Rto=r=snBFEELRVwIEY
Wenen oz,

3.2 HEPEARFR L BET 5 RAPD v —7—OHH

VAR, Fotk, 2% & 030RHIC64FERID
1043t 7 7 4 ~— %l L7 (Table 3), ZODfk

H, No.200% U F316D HEtE A2 RHEIC 72 1 15 5
Wzony stk a 274, LaL, No.
390-28 U FA94% & & 7z 4 RIS 72 RS ATICBL
nwoey KR WE S i, Nod90-2k v
FAMIRRMEAERN IR E LR s, THOMAK B
BEANLRHTH 2, Zho 2 RiKEHE TR
PERA & D R, FRtED e &2k, fto
TIPS ASHERR S T vt DR SR
EHERTETuALRKTH S, LrL, Tk,
W FHEIEAT 2 2 L 3BESNTHLOT, 1
HAFRTH 5 ATHEMED IR SR VR TH B, 2
NS 4R IBR L ORI/ K25
72 &ni: (Table 2) #%, 774 < — 1% OPE-09
T 1Z600bp 375 - 72 D T, OPE-0900 & 4
37, HEERRREEKCZ B GuR—h —n8
HYBEHEPIREDODHZMTHEY, Gk

JgE TS 2 & THEARR L IOCHEL S 2 5
EHEHEDHTOE 0,

Aaiz, Tov—H—#HBOFREHES
TeARA ¥ o BV b A NVAERS0RIEICEH L7 &
23, BTCHI s, DAL ELPRORJM
CRECRIEENEZDTHS S, £z, ARYT
REED = > = 7 QI Z IR TERIE T S 4w
ZehHERE NG,

3.3 MEPEAEATERE o BEAEN T

A R T A & T ab e A SRR
U2 DIEIE L TR A 7255, 1998 TR &
reRRtE R DL Tix, & WU o 7o
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4. BbYI

=¥ =7 OFETHEHAHOLRFONA £ HiT
HERHER DI, AR >« b H VAR
FIEPELEL 7225, ARV TEBEO=V =212
FRMEOTE FHIRMISAAAEL e o 720 TORER
MOEHRT, == 02 KL & Sh pHip
WER RS BT AR ATEAE L v 2 L b3
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Studies on Garlic Clones Capable of Seed Production

Takeomi Etoh (Faculty of Agriculture, Kagoshima University)

Garlic, Allium sativum L., is a well-known condiment plant and vegetable crop, but it
is propagated vegetatively by bulbs. Because of vegetative reproduction, garlic was not
bred by crossing, and virus transmission through bulbs is a big problem for the garlic
growers. The author discovered several fertile garlic clones only in Central Asia, the
center of origin, in 1983 and the following years. However, those clones do not produce
enough amounts of seeds. In order to search more fertile clones, the garlic clones were
collected in Iberian Peninsula. Spain of this peninsula is the only one country of the
Mediterranean area that is known to have bolting clones of garlic.

Thirty collected clones were raised in Kagoshima and the fertility was examined.
They bolted incompletely and the flower stems remained in the bulbs without complete
growth like other sterile clones. The RAPD markers related to garlic pollen fertility were
applied to those collected clones, but the markers were not detected in those clones,
showing that no fertile clones exist in Spain and Portugal. Their karyotypes of chromoso-
mes were also analyzed and most of them showed derived types from the basic karyotype
of garlic, showing most of them are sterile. Their growing behavior during winter was
similar to that of sterile clones examined previously. These results indicated that no fertile
clones exists not only in Spain and Portugal but also in the Mediterranean area.

RAPD markers for garlic male sterility which is very useful for cross-breeding were
also searched using 30 clones and 64 primers. The marker common to two male-sterile
clones was not detected, but one marker named OPE-094,, was not detected only in the four
clones including two male-sterile clones and two other clones with a high probability of
male-sterility.

There is a possibility that the female reproductive organ, ovule, of fertile garlic does
not function well, and because of this those fertile garlic maybe produces only small
amount of seeds. The anatomical research on the ovule was tried using a differential
interference microscope, but the inside of the ovule was not successfully observed yet. This

research is continued.



