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SUMMARY

1. Research Results
7}. Breeding of promising male sterile lines in long-day onion

In first year, a total of 175 combination was made for identifying of
maintainer line(B line) using test cross. Among them, 22 lines were identified as
new B line. The selected B line was selfed for multiplication and crossed with
male sterile line(A line) for introducing S cytoplasmic factor to breed new A line.
For the breeding of new B line , the 32 combination cross between B line and B
line were made. 'Exhibition’ and 'Sapporoki’ were used for the cross between
maintainer line and restore fertility line for introducing high yield to breeding
lines.

In second year, some promising B lines were selected in combination between B
lines. The lodging date of cross between W202B and W404B-2 was July 25th and
that of cross between W205B and W4166B-5 was Aug. 10th. Th bulb weight of
cross between 2002-213B and W202B/W404B, W205B and 44166B-2 was 183g,
164g, respectively. The bulb color was vellowish brown and bulb shape ratio was
from 0.88 to 1.14 that meant circular or oval shape. The number of growing
points was below 2.0 and the distance between two growing points was below
1.4cm that could be used for single center breeding program. The number of rings
was above 8.0 and total sugar contents was highest in cross between W202B and
(W404B cross with 2002-213B) as 11.3°Brix.

In third year, 30 male sterile lines were selected as promising breeding lines.
Especially, the cross between 44166B and hybrid flamenco had high disease
resistance and higher yield, 181g and high purity among the population. Two. red
male . sterile lines which had anthocyanin were selected and further works will be

made, fertility confirmation and selection.
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1}, Examination of F1 hybrid combining ability

The fifty, fifty and sixty crosses were made for F; hybrid combining ability in
2004, 2005 and 2006 year, respectively. In first year, four F; hybrid cross lines
'"Manchuhwang and Wolryun’, 'W910 and Kamui’, "'W205 and jp6’ and ‘'W910 and

Kamui’ were selected for promising new F1 hybrid lines. In second year, four F
hybrid corss lines 'NY36~A and Wolryun’, In third year, Manchuhwang and

RADAR, Manchuhwang and tuskimikari, W910A and Kamui F4, W202A/Wolf F4,
were selected. In third vear, selected four promising F; hybrid lines were tested
for regional adaptation. In the lodging date, the cross between W404A and Swift
was June 18th and crosses ‘NY36-A and Topone’, 'Manchuhwang and jp-4" and
44165 and Chunsim’ were August 2nd. When we analyzed the bulb weight, the
corss between 'Manchuhwang and jp-6' was shown in highest figure, 130.2g and
bulb weight of 8 combination were higher than that of Higuma, control variety.
The sugar content and dry matter(%6) of ‘Higuma’ was 7.10 and 11.94,
respectively but the higher sugar content and dry matter(%) of the cross between
WOII0A and Kamu was shown in 944 and 1569, respectively. The range of
number of growing points was 1.3~2.3(ea/bulb) among the breeding lines and this
range was similar to that of "Higuma’' and 'Kamu'.

The sprouting ratio of '‘Higuma’, 'Wolf" and 'Kamui’ was 69.7, 40.0 and 13.09,
respectively. On the other hand, the storage ability of new F1 breeding lines was
higher than that of control varieties, especially the sprouting ratio was 0% in the

cross between W205 and jp-4.

t}. Regional adaptation experiment of promising breeding lines
The six, two and five crosses were tested for' regional adaptation at three
highland areas in 2004, 2005 and 2006 year, respectively. The bulbing time was
earliest in 'Inje’ area and latest in 'Dargwallyeong’ area. The highest average
bulb weight was shown in 'Jinbu’ area and the lowest average bulb weight was
shown in 'Daegwallyeong’ area. That was assumed that short growing period

because of high altitude resuilted in poor vield in 'Daegwalllyeong’. Bulb weight of
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hybrid line, NIHA-GA-1, was 156.4g and that of ‘Higuma' was 142.8g in average
at 'Jinbu’ area. There were same trend in 'Hongcheon’ and ’Inje’ area, the bulb
weight of NIHA-GA-1 was 173.8g and 1025g in ‘Hongchoen’ and ‘Inje’ area ,
respectively. The bulb weight of other lines were fluctuating depending on the
area and year. After regional adaptation experiment in three year and three
highland areas, the average yield of NIHA-GA-1 had 3,585kg/10a and that of
'Higuma’' was 3,457kg/10a, respectively. The sprouting ratio of NIHA-GA-1 was
378% and that of 'Higuma’ was 49.8%. In conclusion, NIHA-GA-1 was applied
for new cultivar enrollment as '‘Daegwanhwang’. In the future, another promising
F: hybrid lines will be selected through regional adaptation experiment and be

applied for new F; hybrid cultivars.

2}, Application of DNA markers of CMS factors in cytoplasm and to

develop of DNA markers linked to fertility restore gene in nucleus

1) Application of DNA markers linked to CMS factors

We have developed a polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) marker that can identify male—fertile (N) and
male-sterile (S) cytoplasm in onions. The PCR-RFLP marker is retained in a
chioroplast gene psbA amplicon. Digesting the amplicons from different
cytoplasm—-containing varieties with the Mspl restriction enzymes hows differences
at this recognition sequence(CCGG). Although the N-cytoplasm has one viable
Mspl site, the S-cytoplasm plants retain a point mutation(CTGG), and thus no
Mspl site. Moreover, this marker can discriminate between N- and S-cytoplasms
in the same DNA sample mixture at a ratio of up to 10-fold, indicating its high
diagnostic precision. Furthermore, we assessed the validity of the SNP detected in
psbA gene for high-through put discrimination of CMS factors using Real-time
PCR and a TagMan probe assay. For the identification of CMS type in onion, two
different DNA markers, cob and orf501A, have been used for 60 breeding lines.

Among the these breeding lines, 7 lines were shown in CMS-T.

_13_



2) Development of DNA markers linked to restore fertility gene

For the making population of restore fertility, we selected N-cytoplam
plants from "Manchuhwang(open-pollinated cultivar)” which was bred by NIHA
using SCAR marker. When CMS-factor of 150 plants from 'Manchuhwang’ was
analyzed, 124 plants had N-cytoplasm. N-cytoplasm plants were -crossed with male
sterile mbred line(W202A, bred by Wisconsin Univ.). Total 66 crosses were
accomplished, but 34 crosses could hbe analyzed for the nuclear restore allele.
Among 34 combination, the offsprings of one combination showed all male sterility
and this lines thought be the maintainer line in the 'Manchuhwang’. This
maintainer line was just available with materials for F; hybrid seed production
without fixing of characters. To develop DNA markers linked to fertility restore
gene in onion, we investigated DNA polymorphism between two different DNA
bulks that is dominant and recessive plants in ‘Manchuhwang’, respectively using’
onion SSR(simple sequence repeats) based on GeneBank
(Http://www.ncbinlm.nih.gov). Among the SSR in onion, ACM103 which has TCC
motif in genome was shown in polymorphism in those two DNA bulks. Dominant
and recessive fertility restore allele plants has 150bp and 180bp PCR products,
respectively PCR products were sequenced and analyzed multiple sequence
alignment using Vector NTI(ver. 10). As a results, there is three major tandem
repeats(T'CC) missing in dominant fertility restore line(RfRf). This SSR marker
linked to fertility restore gene in onion can be used for direct selection of male

sterile line with DNA marker related to the cytoplasmic male sterile factors.

u}, Comparison of storage ability and functionality among the long-day
onion
When we analyzed the sulfide compounds, especially
ACSOs(S-alk(en)yl-L-cysteine sulfoxides) compounds, in long-day onion, MCSO
(methyl-cysteine sulfoxide) concentration of Wolf-Fs line was highest figure,
0.83mg/L and the highest concentration of PrenCSO(1-propenyl-cysteine sulfoxide)
was shown in JP-22 as 1.62mg/g. The total contents of
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ACSOs{(S-alk(en)yl-L-cysteine sulfoxides) compounds of onion cultivated in
different area was analyzed. When 'Higuma’' cultivar was grown
‘Daegwallyeong’ area, the highest contents of ACSOs was appeared and vise
versa results in 'Hongcheon’. But the highest contents of ACSOs was shown in
'Hongcheon' area in 'Manchuhwang/Wolf’ breeding line.

The onion extracts that was extracted by MCW(methanol:Chloroform:Water)
solution had low anti-oxidant ability. When ICs was investigated among the
breeding lines, the highest of ICs was shown in 'Manchuhwang/JP_selfing_4' and
HDH-3, and the lowest of IC50 was shown in 'Red Beauty’. In soluble solid
contents(SSC), 'Kamui’, 'Amposta’, 'HDH-3’' and 'Manchuhwang’ had slightly
higher contents than that of other breeding lines. When we compared the
concentration of pyruvic acid in onion bulb, breeding lines such as ’5226', 5690’
and ‘5241’ were higher than that of- other breeding lines and '5564’ and '5606’
were lowest, 2.80mM/gFW. The correlation between the concentration of pyruvic
acid and ACSOs, and the concentration of ACSOs and the ability of anti-oxidant
was not significant in onion bulb. But when the correlation between SSC and rot

ratio was shown, r=0.2802.

_15_



CONTENTS

Chapter I. Introduction —=——-=--—-—-=~~—-——--————— 20
Section 1. Research Background --—~=-----—-=--——-—mmromo o 20
Section 2. Research Objectives —--—--———-————~—--—ommo 21
Section 3. Research range ——————————=————=—~—— -~ 22

Chapter II. Present status of research technique of home and abroad
Section 1. Present status of research technique in home country --———------- 24

Section 2. Present status of research technique in abroad ————-—-—————--——--—- 25

Chapter III. Research contents and results

Section 1. Breeding of male sterile in long-day onion --——-——-—————=-————- 26
1. Introduction—=-——-==-—===—————=-—- = 26
2. Materials and Methods -+ 26
3. Results and Discussion ———————~—======————mm e 29
4. Conclusions—~————==—— == 37

Section 2. Test of Characteristics of F1 combinations -------—-----—---—- 38
1. Introduction-~——=~~=—==-————=-———— 38
2. Materials and Methods ————-——--—=~—————=—————m—m e 39
3. Results and Discussion —~—————----————~—————-————— 40
4. Conclusions=————= == === e 51

Section 3. Test of F1 combinations adaptable in highland area —------------—- 52
1. Introduction---------—-—=~—-————————— - 52
2. Materials and Methods ———-————---------——--——————————m— - 53
3. Results and Discussion ———-——————————=——————-———————————————————— 55
4. Conclusions——-———--—-=~—————-—————- 66

-16..‘.



Section 4. Application of DNA markers of CMS factors in cytoplasm and to

develop of DNA markers linked to fertility restore gene in nucleus

1. Introduction-————=-———=———= = ———m— o — oo 69
2. Materials and Methods ~—-------—-—-—-—--—--————————- 71
3. Results and Discussion —————————=———==———---——=————————— e ()
4. Conclusions—————=-———=—— - - — oo 88

Section 5. Quantitative comparison of storage and functional components of different

onion cultivars and phenotypes -~ 29
1. Introduction—=———~-———"————— = &9
2. Materials and Methods ————————=———~————r - 92

<Test 1> Studies on optimal HPLC analytical condition and seperation
of onion ~—-—-—~-————-————————— 92
<Test 2> Quantification of ACSOs and antioxidant activity in different onion
cutivars and phenotypes - ———--—---——~-—————————————————— 100
<Test 3> Analysis of storage components in different onion cutivars
and phenotypes ——————-———-————————————— - 102
3. Results and Discussion ~——————-—~—-—=————————=————— - ———— 104
<Test 1> Studies on optimal HPLC analytical condition and seperation
of onion ~——-———————————m———— 104
<Test 2> Quantification of ACSOs and antioxidant activity in different onion
cutivars and phenotypes ——————————-———-————————————————- 108

<Test 3> Analysis of storage components in different onion cutivars

and phenotypes —-———————————-———-———~————=———————————— 113

4. Conclusions ———————————~——————— -~ 118
Chapter IV. Achievement of the goal and its contribution ——---—----——=------ 120
Chapter V. Plans for application of the results ---—---——~-—-~———~-——m—- 123
Chapter VI. Collected Information from abroad during for research process ——-125
Chapter VI. References—-—--—-—--------=--—=-———-——————————-——mo 126

- 17 -



A1 dAFAEGAL e

A ATFALY FAH - 20
A2d A7 B - 20
A3 AT 21
Az2d FHY e dF 24
A FHNEAE @ e 24
Ad =97leAE @& e 25
A3d dvMErd jE 2 A% 26
AL nBAGH +F SFEIAT Y 26
T 26
2. AR R WY o 26
3.2 R BF 29
4. FHAF e 37
A2d F1 2%%8 @A 38
T I 38
2. A8 B e 39
8 AT R IF e 40
4 BRAI oo 51
AZE nFAGFH FAFT AGHE AP 52
LA A oo 52
2 AR R PP oo 53
324 R 3F e e 55
4. FGAF o 66

_18_



98 3AT

ol A
=
A o6

Q1= AN

£X

DNA

1. A

2 AE B W o]

4 FGBI o8

]

A

1. A

T

I>gske] F3gE &

<Ag>Fe FF D A

2. A=
<A

[
i=1

3 &4 EAF -100

AL AZFAY AP =102

K

S 1V

H
o

&Y 42 &3

<AB1>%o)

3} &4 A} -108

AT AZQ &2A} =113

B} 18

=1
=

o -4
e

o]

<AE3>a WA F
4.

7%]-

=
<

QRN BEAH - 123

A5

BE AYgHr)|eHR - ---125

PN
T

AL A A

A6 &

126

aEF

e

A7

...1,9_



oH e Il

E

ol

37|

Ald A7 2

o

H1E

oR
o
10

oo
)

1_|
o
oF

ofy
gl

Njo
Hip

iEY
50

™
=
Hin
=

)
"o
oo
"
k3
To
vl

YA

$40)

™

Tor

ofm

A

g

X% O
=il

FAoY FYAME AL Fy

:g

o

o

JJo

ol

A zA] ttEenE Z} X9

ol
=

300-800m AlelolA AuE T o] Z+ XA & 7 A

.
file]

ol
s

o
oo
"

a

AFE FA A4

o)
FEFoz TAE I7HA AEo

A7 W58

+E

131

=]
E':2)

4

=

%

28

"
A
U

Fiol

of

19

o

X

of
T
o

—

0

bl

0

oo

w
K
o
i

—_—

A

)

1
T

A 7HA

s

F2 ddh 28y ggE 29 4Y JZER AxE

3|

Kl

5 of of

[«)]
H

FINE Be oo ®

17 95

S

e

Tl

o

B

o 2 g EF R 7

3
pi

hgetel 3o ol %

7

A28

~
PH

W
e
B

o
7K
1t

i

0

o
oF

o

o

ep

(N

ol

3]

3= et

A
T

483 Vet 5HoR

ol
S

AR 7N

DNA A

a8

Foe EFoU

z} Bt oyt goluy pyruvic acid, 3

bet.
o QoA Aol7 siek. 53 FHFEACSO)] 7]

3

A Arz AEoe) 7bE

Fol =ol 7%

&
h=

f==Aye)
[}

pyruvic acid
Asdz =27, B

T
—

1

é}_o

Hp

-
[€]

=
=

ST E(ACSO) 59 FAR

e
o

=K

o8

_20_



A 2%
4 Q7N e
4

Hn
M
o) oy
<

o)
P

—_—
<
7o ¥
-
7AO
o_u ”
()

-y
e 2 ¥
ca
B T oo
H_ﬁ M w mwﬂ A
_O,Iﬂ it ‘_ao
o - kx LA i w.frmq.
5 Z _ l,h ovauzo ) TN
) T o = - A )
7&._0 o oorn nnon__ﬂ_..ru A iy
M 3 = No Njo 3 il Tt ....,A_Uo % T T m Mo o
= ® o o M mxﬂﬂﬂ.mﬂ,ﬁﬂ armr_ M T
B M i o & a@i?mwﬂ.% % B L o e %
o E e P . e B m o o o oy
L go& muLLunn o R (i ,l:a
o o g do X = o NN - [T 2o 5 Ak - B
S - 9 L_Lagm;ﬂwsﬂ ﬁﬂwmol,ﬂ <
=7 1%gs Mg@iqwﬁd LFIEe =z
S = S o g%@m:_omgw HOR oo % P
B X ,__LOﬁuAl & = - 5 ;%107_:1 ]
2 fLif ﬂmwﬁmg@%. S8 yE
® LT ﬂ%oﬂx%&@w S TR 2
< o mﬂxﬂ&}. Nxol}%m)zf 3 WAT W ﬂnﬁ
X F 4ol do oo 2 5. Px 1o oo =
o = = = =~ iy o N o A = T ~ ol 3 0 1
W amo_ho_ ewovﬁ,m@.g Afmﬁﬂoﬂ oot
T — _...rlllf\ 3 T N
) m_ﬁwo“mﬁo»,rmremm_gmow%_ﬂowwue o_aﬁ.m‘AM %M
o N o aﬁééﬂnﬂ@ i e moﬂo,iu S '
ATI.O_EE;QWT@ C: iﬂwmx% a%%m_ﬂ o
‘wu 1_ﬁl M \UI z.wo T oM H_E X.._ 2._0 E._W_ o gl ‘_ﬁo o) Ko o 5 is =0 EU _ﬂ_
{l%dﬁ]]%xo_a__vEO Q% = S o T H o=
.z__.ﬂu,lo ~ T 0 AT Mo O W zio,io x°
— R o ol -y I = = 9 < W o Mo & = ©
@Ltaox 23 o T T g ﬂ,i.a g < ﬂle.i\ﬁ
<N 5 oy [ 0 ~ O_Lc_o
i s or - % T Mo or X o 750 & M o 1_a . o s ,w_, &3 = x
= o o AR T o} 2 @ w B -3 0 m T AU i K ﬂl‘m = Jlo RO
B Ak = orr = © oA g No m‘ﬂ 0y 2o zﬁ%_% , B o o =
~° ofgﬂzmu%@mm%ya;o zlwmwy L
O il H_.a nMoﬂ_AlvA o) p‘llw_ﬂodl ﬂm_..bfm _A‘Llwq ‘NFL._ln_m-
O 0_.01_!ﬂ_w0 L_Lq__O]Iﬂ_n_Ol ‘m.bll.A\_ vALrO _-LO
XL_ﬂ_L_Lﬂ_ﬂ,I.E_7J. L.Aﬂo‘_m_ﬂ K I
o ﬂl.mcoﬂie cﬂzﬂﬂoga.a@
o woﬂ;.w\o_ﬂ 0y mﬂmnmowunvru
O No ﬂww»zr_o‘o'o‘mw_z_h
e 3 o
e 3m_§,m§
2 o Gﬂkﬂ
O 20 90
o o

17 9o} BB

A3

=
=2

6% 19

L
e

9) o] A

Jd ¢
O] =
%OIE}
- 21 -

}\],%}:

A

R

H.]‘.
AL 796



3
=

o

2H| A} B
E7HH8
g o
1A B 5

) }\] c‘ﬂ

A8

I RS

sAA 7}y 7
ES

R

A

T

ol
H

O
T Py 04:1‘4*_04
) uf

Y
ol o
) T B %
p o E Tl
L3 o % ¢ X =
e T s *
o e = = ® )
MR = T B il o
& 3= o s %
I X = N & ol T T E
w X < = o %o 1 d T
ol i B eI — ° o F i i
o No - ~ Ho o T o 7T
T gokbca = ol A_wmﬁﬂﬁn
Eg&wﬁﬂﬂ% =Y Moﬂeov% lw
mi@_ﬂ%,& ovﬂ o = B ﬂou;nm
e i~ o — e LS S h N
ﬂl. H N < < zmo o T o= BE iy i oﬂu
= oNr ® _ o= e O ™ o o M
5 x_ﬂu_x,w% oo .,oaﬁ}%owd.wr
3 T o - o e _mmo T o J._.e X0 o o =y
%ﬂi 5 Gl 1@#@@52_;%
= ol Cl X ~ ° 0
A o & v P o W p
WW_ o W o o 1o L LY o o m =z ™
R 5 W o) o T o o be
E X o Gl n - o s T v Z 5 T
=] o Mo —_— e Mﬂ uu Mﬂ 3/ R .I.m _ S o )
el X o .Mq Mo o 4o ] il oj o o M ° o M 1o
i i+ 3 R g w Y W Ao d W SR o
1om A = Zﬂ‘_ & o H X = mﬁ %0 < # m K )
ol cCS .M._.._n~ ._.E o [N ME mu o M < % N X
Ho o it ‘_mE ot ol ToH A o T o) = T % G =
m°1owo___so@1 o owxﬂui?ﬂqx =
ﬂyi%&ﬂw% T Ovﬂmeio)g
— OE ra = ¥ - 5 %o Eo ._._wL = h @, o_ _UT
E%zyd?é o 7 @uE_EBmaau
110 ~ s 70 0 _n__._u \_ﬂ‘_ 1_,N| HJ/! A_l __OT e _!L el ~ =5
ol ~ = oF _~ ° oF o X g3 T
] ™ o B R 1 a e LAY
o T muxJ T ,mo]__oeﬁ
ol o T B X o o 70 DT - E o o
ﬂ.1ﬂ1mo%§ :l_,_.o oﬁoqwz%mgméﬁ
O 5 o ~s o o 4 a4 do O A = cy X
< o Hia B/ J S ) . 7 A X < & oy © or
O T e = B o = 5 = o EOR of T
ﬁa@;u_a ﬂaﬂﬁﬁ%mﬂﬁeﬂr?o
N T B R ® % e LIRS T
—_— el o - .olo o ° o W ™ e N Ny
ﬂ - N o /ﬂN e nmvl _ﬂﬂ o K o "
2 3 @zﬂBm@¢mﬂ% @
N zaodm‘xﬁoononur %o
oW i "R Moo o ® 5 m A
o a M_ = 2 B BT "
x = x ) i = Jo
O_E is ﬂl M_.E “w ‘.rva ﬂ_AlO ~ ,_m.vﬂ
oF % MM or oo Mm W.A.,_L
ol ,_MM ol &S
Mo o

i8]
o 195

K]

-22 -



dE AAsAY. 3493 oF 150

o)
Y

o
=

9l st

370 A]

BT 800m), FF(600m), <A

2004 el RE A A

T

.

SH3A T},

k<]

DNAEAAALY] Mz G4

483 d, 2Eln

471 AY, 05~06\d 9]

3

k]
yid

-
L.

stk 1dxpe) 623, 2dxte] 223

[}

DNA EAAAF A £ 283t
+71 9

k9]

L

1

Fed ‘04 o
a

14

Q
i

T

==

ofr A A
=

oF
=

[e] o]
A4S

3

A AA SF &

]

o}
R 6

W (500m) o] . o]

Fae. 2 X

3|

el

5}

-

oA AA
(500m), )
ddE DNA #EHA

T
)

oF
th

%

=3

s

el

F .

Zteb d¥d DNA #AAA A83 AFAE AN &

high through-put 7]& 7}

Real-time PCR¢]

5

!
~

b

<]

.

3l multiplex PCR-RFLP

371 9

5

+

k)
“

Ag FA B

54

A A

A FENEE ol&
el N- Al

<]
Hojo

%

J

T
A

o

o
H

¢
o

oF
o

o

el

§-_]__

5}71]

©

122} s

o]
R

¥ DNAXA

=

o]
i

o

o

oF

A ¢

3T

B2 (B FE(ACSOs) HlLEA Y] st FagE

A

42 AA# SSR(simple sequence repeats)

B2
&

it

i
o

=
s

sk

H
3t AT

A4 B

IS

=i}
A B L

=

o 7574
wl

%

o

- 23 -



Ald slZlefd 8%

B
=

&K

o

Jjo

O

)

B/
Mo

O ¥4ESY 4 DNA FEAAA 7/HE('03

o

N
il

< ¥ aBAF HAGA>

AN FF &

Mo
Hi

Iy
—_——
o
oo
i

-.Fo
B

O AARLE Bu FUAY ¥t AL Wo} FF nAx

ki

b AA FF7]%o] o

77t 7V

=
[

of AEHE AufAH L oA

AR >

A mHAGAA A=
/10a2 HQulel A ZExul7b srtela, A whal

=1
KL

T ko] A o

<3

AREF L FA71A ] 1950009

o}
Mo

BN
O

™

]

O

ol

e
W

L0

he]

ojp
_ﬂ_

o

%4

& 150g )4

T

=
5

O AulEstll A =X U

T

ta wpAR A A

23S

o]}

O webd nARFH A

B

‘ao

3} v}

o
Ho
o
I
o

IEE R

Z7}8
FHojof & oz A7+

-lo]

B
B

=
T

o] A

_24...



O

agézxa_% 2 $539 TAYAE BH I3 FAASY A4 AL L G4
Bzel W@ AF(AA2 e
$HEYY ATIHS A% AT 2 Ay 44 9B DNARAAL A%

ol
5=
24
=
=
of\
Clo

0

10
3
O
oo
()
X

oX,

Sk 0|7, YRE 50~60% FEZ 7}
G 7R ol AN FUANE S AR AH ] 9% o4
@%

2 =

2 ZAYo] FoHAAT £ tEH FH7IH, NFALe 98 &
74]7} ZEo 2449 §%& 31 Urh
RFLP (restriction fragment of length polymorphism) 71&& ©] &3 HA%
oA A4 2 EST markers 41, 32 A= 2HA (genetic linkage map)3#
AEAAA Bd mXAA A

9 DNA #AIAE HEZEYor 9 ¢gEA 9 RFLP 4 & o&
71E9 AAnv(test cross)Bth A&4o=z A¥F SAEY UA

g 4 dE 71€0] 7E(de Courcel et al., 1989; Havey, 1993).
PCRE 7|¥to.2 3} DNA XA Ax7F 7l (Alcala et al, 1997, Havey 1995;
Sato 1998; Cho et al., 2001).
Fito A SAEYIE FAAE Gokce 5(2002)0] Ms +A=¢ ¢k 0.9cM
A2l RFLP ZARIAE /MEstdom olF ol&d He v Hdule ms
allele® Z7]d #EE Y& ZAo=E Hus A,
T A= ke gHE I B3 HAA 13 ¥R 22X glA AR
g A7t &2s] AP A Y VSN, @A, S, s &
5 oS AREd Edol RuHy gith
HPLCE ] 83 ACSO ¥4 o]&31% 3, Gustine (1985)2 o-phthaldahyde
(OPA)¢+ 2-mercaptoethanolZ ACSOsE =438 MCSOE Brassica®l A
A& o, Zieglerel Sticher (1989)2 OPA$} 2-methyl-2-propanethiol
FEA SIS vlEol A MCSO9 2-PECSOE EA st

g N
ol
©

2 oro

=
s
i,
olo

o
o
oo
o,

N

ﬂ
a2
i
)

i
ol

il

- 25 =~



ol AA

2 TEHEE

ATAEFY HE 2 A

A

Ald PR S S <

1. A

A 3%

3

o

To

ofy

and

Vandermeer
2 Azds g3

and Emsweller, 1925;

Jones

e o

AT

ps
ol 1

Vanbennekom, 1971-1972).

=

[e]

o
o
o
gl

0

ol

—

=8

A

—_—

0
L

B

%

& 437 e

3

1

e

s oy

o

o]

of epdth. et

0
oH

Ty

0

ofo

A

]

Fod

3|

g0 o

o}

)é[.

2kl

[s]

=2

e FARB line), 2891 $5

t2 2d IAd ZAEE 8§ ZHE H

I3

A

]

C line BAl9) B line2 2 C line

eI )
= 7
Al
h=)

L

o

o]
o}k F 2o

1

ke]
jol

B2 A4 oAl 7}

(C line)o| glojof
=0

]

i

T
it

@ o
= o

5

bt

3

o Be

e

14

2 FA M= 1999358 Fd7leN LA =

Az Fe] 7bE

e f3 17545 dg 24 13 dEs)

3
X
o

AE

T

70
do

.

2003
o 4T A

]

- =
g 3 A

Fsach. 2071 A)

S

T d % 27 AgFe A

™

o}
i

3

]

_26_

Ao 2T

5

oz 34



Ao AXAYE 90 x 20em HAOR o]FT 224 AwjstAch 74 Aol
= A, B line2 &7 A4siglen EFAAE A 2AEH S F AT
T YA N-P:0s-Kz0 = 20-20-15kg/10a& Alv|3titt. ol & ASE7 4 g
Aa3te dels st 4z $AE A
SAELZY #AQAS skl ol Myt AFE RH BEUAH AFE FAs
5 2}

3
Ak Hele WAzt Be ¢ oFe] BT BAKTE B2
A

l

D

Aot 338) ol e AAGAT HE ARAT 100% EUQ Aol A
£ TAEY XY A3 Aline 3 AAEE TS AP HE 1
00% YL otolx 7 5o 58 MAE A line 3 5744 wvfste &
HelA BA FHEY FADE FAE qFoin

K

2004 SAHELATLRE FALLE dd 254A%F 2 B lineNmsms)2 &
5 2% Atk AFE T
3 Ef ol HlolZ JFEE ALt #F8 A
A AlgAge g2 AP, 3 F
 FAE A8 gre RAZ(HIAHA)E ¥oH, 0%3F T Lotso] B} 1c
b 7R E 72
w

Fol 3 £4j0] 2

4 o
Ho
ko
o
flo
=
rJ

o o
2,

Oé :‘é, (?1
LN
™ &
]
32
o "
& &
oo (I
3?—'4 I‘}O
2 M
N
0,

N rle
oX,

9‘1"

3R

£

o

i

rlo

nnL f
[\]

54 AAster A A pH 659 237
-P:05-K20 = 20-20- 15kg/10 = =
Hlge A% 7Nz 33 Hdd 2% FE3G
d HAE Ast] EGEFA HOHEE 10a T
3}‘31‘4 AA = olFinl 150cm(F Z30cm) el
BExade 44 ¥ 15~208 HFo=

£
B
W

ro
2
>' O{N' i) Z

K

a

wa 1% o
tot
fifod
[y}
S
(]
a”q‘
Py
o

R 7 9] 60%,
o 2z gy F EY H
dkgS X7 ’q‘i"‘ioﬂ NIE S
654, 18 x 12cm FA L.
33 FHlE AA3IA.

I-

fos
O_u
>
_()l_15
&
T

_27—



——
"o

ojy

)
b

i

T
= 4

A

x

o}J

FA T

f 39 209 FA}S

ol &3

]

A/C line® 2 Fl1 £}

s

AATIH FH
}] B/B line, B/C line ¥lZ8%= A

S

3 &

A

[
o

o}

o))

g

£

Atk ol

——
o

iy
o

20061 o 3z

<3 z>

T 30=x% 0A%F
ATez &8 274F

1o A line¥ o nluj

3]

ofp

—_—

o)

il

0

oo

——
1o

7o
NI
ofp
ToR
N
_IL
=K
%o

™

o
wr
¥y
wA

Ho

ofps

H71

tel A, B AT S4& 2A 3

5]

of o

aH
o}l

ol TN

171 $1s

3|

tdem, 20053 ¢ AFe

Aus

o
=

e

lo] N #

X%

atof Al

°]-&
ted 2 AANEZ A lined HWE

3|

=
=

DNA %A

e

54E 9

2d k1 2005

Fach. 2006 elE £

3]

L
A

. AE8 4

AxE

o
=

e
file)

gl A Ae

-
X

ol

sk 24

=

Faeioh

S

o}J

Fth ol & w2 20074

9

o535 39 2098 A}

T

7t2A (A 443 43 2007d 8Ll

=
T

344

1371wl F7b s Al

3

_28_



15

b A Yot B

)

7] 9

3. 4% % 1
<14

ol
s

K
4

il

ol A 1757l

i

X

o
umO
ol
J,mo

oo

Axsger B

=

=

A line # rwj
22715l o

=

gL
o] =

L.

¥ 224

Floh 8=z 20059 %o

]

selfing

o]

N{msms)Z

line

—
o

iy

(Nmsms)$} awj

27

3ttt. B/B line Il

5

RS 24

[e]

i

< FA3 1% B/Bline
line o]22 B/C linex 3@ F oA 3}

2004 A1API Ko

1

al

il

)

aen g7l

ATt

AEL] AERIE o] §

]

oj

3 B/C line 2%%

ol
=

}o] Exhibition

[

21 9

SF
3t A o}

9|

+ A

Ae =

1

R
O

[e]

3
a
IE|
o

i
H

June July Aug.

_29_

May

Apr.

10.0
5.0
0.0

-5.0



o
Hr

0

=

Eo
=
[Ig]
plo
g -
o G0
5
E
Ko
N
nd
B
=
=
Z | @B
J.M —
[}
| =
B O
N
e
W g
g
Z | §
&
m
-
or
415
== g
e

1-2. 20049 F1

iz
it

Mo

Gy
RIS
= |

Te]

<

S
<
PR & o
Nd

)

1(B/Bline)

DR

F1 2%(A/C line)
=
MS A& (B/Cline)

MS

<23 >

tol Aot

3]

&7
F T 20051 A iAo 7]

3|

ﬁo
o
X
ﬂo
™

A

AFAA AdE AA

A=
-

%

oK

8 84 A&7HA 50~250mm BE

68 %

il

kel

1 7ol 4

L
L

213 2pol A

ol
°
A

=

10

o

o

A

924
W202B/W404B-2 7} 7€ 25, W205B/44166B-57F 8¥ 104= 7t

AM116°] 8¢ 5¢ = 7}

aj
=

AM 115

=
e

AM AFe =&Y

DI, AMI23 2 12471 7€ 2592 wgiog

ol
e

ol
o
,_._ho.o
—

4F 4M 4L 5E 5M 5L 6E 6M 6L 7E 7-M 7L 8E 8M 8L

=RHEE)

_30_.



23 | 5| B3 T3 | FAAF| 257 (¥4
22 92 A4

(cm) | () |(mm A [(mm B)| (B/A) |(2.9)[(1~9)
2002-213BxW202B/W404B| 86.6 84 19.18 60.90 3.18 7.27 5
W202B/W404Bx2002-184B| 59.0 9.8 16.38 4543 2.77 7.31 5
W202B/W404Bx2002-213B| 68.0 8.8 14.49 41.22 2.85 8.3 5
W205B/44166Bx2002-210B| 76.4 74 20.55 51.98 2.53 7.27 5
W202B/W404B-1 55.0 8.2 14.95 46.46 3.11 82 5
W202B/W404B-2 64.4 8.0 15.13 45.63 3.02 7.25 5
W205B/44166B-3 74.0 94 | 19.72 40.11 2.03 7.27 5
W205B/44166B-4 79.6 9.8 19.35 33.89 1.75 8.7 5
W205B/44166B-5 74.0 92 19.98 42.83 2.14 8.10 5
W202A. 78.0 3.8 15.49 40.35 2.60 8.1 5
W202B 67.0 8.4 19.00 4422 2.33 85 5
44165A 63.8 8.4 1750 4921 2.81 727 5
44166B 65.6 74 14.64 4457 3.04 82 5
NY36-4 A 90.2 | 10.0 22.32 39.28 1.76 89 5
NY36-4 B 78.7 95 18.91 35.54 1.88 89 5
NY38-64A 7.1 8.8 19.01 38.0 1.99 8.2 7
NY38-64B 785 8.7 18.49 30.78 1.66 7.25 5
AM 115(2001-101A) 69.8 7.8 11.38 2354 2.01 8 5 5
AM 116(2001-101B) 634 84 16.67 22.59 1.35 85 5
AM 123(2001-73A) 71.6 8.8 16.79 42.21 251 7.25 5
AM 124(2001-73B) 65.4 8.6 17.13 36.70 2.14 7.25 5
AM 308(2009-101A) 65.6 7.7 18.39 37.20 2.02 731 5
AM 310(2009-101B) 62.6 7.6 18.32 33.53 1.83 7.31 5
AM 327(2009-121A) 71.0 8.2 19.99 41.88 2.09 7.28 5
AM 328(2009-121B) 714 | 7.87 18.23 41.09 2.25 7.20 5
AM 335(2+F3FA-3) 73.2 94 1951 4878 2.50 7.28 5
AM 336(2+331B-3) 70.2 94 19.41 4781 2.46 728 5
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-4 Agdd £2 AL A% 7 A

sz w L - T TE | FEAF | TEH
e AT T TEA (mm) A |(mm) B| (A/B) (mm)
2002-213BxW202B/W404B | €43 | 34 60.7 69.2 0.88 11.3
W202B/W404Bx2002-184B “ “ 58.3 63.8 091 11.0
W202B/W404Bx2002-213B “ “ 54.7 56.6 0.97 85
W205B/44166Bx2002-210B | Bt 4¥ “ (s 68.0 1.14 93
W202B/W404B-1 49 “ 58.9 65.6 0.90 122
W202B/W404B-2 HYy “ 514 62.9 0.82 8.0
W205B/44166B-3 o4 “ 68.8 64.6 1.07 10.9
W205B/44166B-4 - “ “ 65.7 64.0 1.03 10.3
W205B/44166B-5 “ “ 5.1 64.4 0.92 10.3
W202A “ “ 61.7 60.6 1.02 7.2
W202B “ “ 59.3 59.9 0.99 7.8
44165A “ “ 62.6 60.2 1.04 11.1
441668 “ “ 67.0 63.0 1.06 101
NY36-4 A “ “ 63.1 58.8 1.07 12.2
NY36-4 B Bl 3 “ 64.4 5.7 1.16 9.8
NY38-64A 43 “ 61.8 66.8 0.92 133
NY38-64B “ “ 58.6 63.8 0.92 12.2
AM 115(2001-101A) Bl “ 59.2 56.0 1.06 12.08
AM 116(2001-101B) “ “ 58.2 55.6 1.05 11.22
AM 123(2001-73A) HAY [ 3dA 58.2 066.2 0.87 13.81
AM 124(2001-73B) “ “ 55.8 63.1 0.88 12.92
AM 309(2009-101A) 943 “ 65.9 64.3 1.02 11.23
AM 310(2009-101B) “ “ 62.9 62.2 1.01 10.02
AM 327(2009-121A) AAH “ 60.3 66.1 091 12.90
AM 328(2009-121B) “ “ 59.4 68.3 0.87 12.52
AM 335(%FF+3A-3) a4 “ 67.0 67.0 1.00 13.90
AM 336(%t3+=3B-3) “ “ 62.6 66.0 0.95 10.86

4 E4S Y AZHSFE BT 207 O]ﬂi s AGHE Abole AgmE
l4cm ©|3FdA] single centerfh Bolx £} H4E AYAEL ZF 80/ ooz
e FHolg. JEE EF 86 oA, W202B/W404BX2002 213B= 1132#

A mg 2EY AM AEELS BB line Btk 35 R TEAN 2 APE B
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% 1-5 Aue 2o $HEQ AE £3 54

e w AFA] 9% 954 9= [ A%%

T % AT G | o | mm) | CBriv) | ) | 127%
2002-213BxW202B/W404B 2.0 8.0 4.05 10.3 154 91
W202B/W404Bx2002-184B 2.0 80 3.69 105 17.0 9.7
W202B/W 404Bx2002-213B 2.3 9.0 3.38 11.3 19.8 53
W205B/44166Bx2002-210B 2.0 8.7 441 99 13.7 0.0

W202B/W404B-1 2.0 9.3 3.49 10.9 164 9.1
W202B/W404B-2 1.7 9.3 3.59 10.7 185 0.0
W205B/44166B-3 1.7 .3 3.26 9.3 13.7 1.0
W205B/44166B-4 1.7 33 3.60 86 14.1 59
W205B/44166B-5 1.7 9.3 370 95 15.1 0.0
W202A 2.2 8.6 341 11.2 14.7 0.0
W202B 14 8.8 3.16 96 16.1 0.0
44165A 2.0 8.4 3.62 9.0 18.3 15
44166B 14 84 4.00 96 12.7 16
NY36-4 A 1.3 8.7 3.36 11.0 17.3 0.0
NY36-4 B 1.3 9.0 3.17 10.8 18.6 0.0
NY38-64A 3.0 9.0 252 114 155 10.1
NY38-64B 2.6 84 3.37 12.2 14.9 04

AM 115(2001-101A) 14 74 2.70 8.64 22.07 0.0
AM 116(2001-101B) 1.6 76 2.71 9.32 20.08 0.0
AM 123(2001-73A) 2.2 8.0 292 8.24 2272 57
AM 124(2001-73B) 16 7.8 2.76 7.64 15.13 57
AM 309(2009-101A) 2.2 78 2.93 7.36 17.29 3.2
AM 310(2009-101B) 2.2 7.2 2.90 7.60 15.69 43
AM 327(2009-121A) 1.8 8.0 297 7.68 22.09 - 0.0
AM 328(2009-121B) 16 8.2 2.95 7.96 16.07 4.2
AM 335(%FE31A-3) 1.6 76 2.62 8.52 23.79 0.0
AM 336(9t3=3B-3) 1.8 78 2.34 8.08 16.36 0.0
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UE Aoz I mE7|= W202B/W404B 2 W205B/44166B7F 7€ 2042 F
$2 Ase] ZA =x5o HY A2FHB A WAL T A= AZEE
2o

l ..... #—Mean —e— Maxium

Minium ..»c... Rainfall |

900

4 800
1 700

15 © {500 €
;% 10 | 400 %
5 300 7
0 200
5 1 100
10 0
29, 1-5 AujA(RT) AF 7%
£1-6. SAEY AH AT S-S
B T 2R 44 | 74 | A% [=8[034
() § (em) {Gmm,A)| mm,B)| {B/A) |(2.2)}(1~9)
W202B/W404B 8.8 60.2 | 16.19 | 28.03 1.73 | 7.20 7
W202B/44166B 87 645 | 149 | 31.15 208 | 7.20 7
NY 36-4 B/W404B 9.7 717 | 1557 | 3435 221 | 7.20 7
44166B/3) 7w} 9.3 627 | 1516 | 24.20 1.60 | 7.20 7
44166B/€ = 9.3 75.0 | 16.20 | 4257 263 | 7.20 8
44166B/HYBRID FLAMENCO(1443) 5.0 628 | 1595 | 26.79 168 | 7.20 6
M5718B/€4E2% 8.8 748 | 1576 | 3197 203 | 7.20 7
NY36-4B/&FA 9.3 732 | 1510 | 2263 150 | 7.26 6
{441120B/W205}/7] 8.8 655 | 15.04 | 30.79 205 | 723 7
{441120B/W205}/{W910A/7} 5] F3} 9.3 685 | 16.94 | 37.33 220 | 7.20 8
{Y38-64B/W202}/{W404A/Tsukimikari}| 8.7 62.7 | 1531 | 27.27 178 | 7.18 7
C10-12 95 605 | 15.00 | 29.54 197 | 7.20 6
Cl10-16 88 60.3 | 14.03 | 31.84 227 | 7.20 8
C10-46 95 653 | 1509 | 3730 | 247 | 7.18 8
C10-60 8.2 58.7 | 15.35 | 39.12 255 | 7.18 8
C10-open 9.2 65.0 | 13.25 | 3561 269 | 718 8
C12-22 9.8 723 | 1525 | 3447 226 | 7.18 8
w3 3/C12-54(A) 9.7 737 | 1682 | 3522 209 | 7.20 8
C12-54(B) 9.2 67.2 | 1557 | 24.70 159 | 7.20 8
W205 9.3 67.7 | 1657 | 2839 | 1.71 | 7.26 8

x A 1) ~9(9)
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£ 1-7. 3489 AgASY 7 54
. TE - . Tl & |FEAF
HauE (g) TAA PR (mm,A) | (mm,B) | (A/B)
W202B/W404B 1183 |24 | 49 | 5874 | 5943 | 099
W202B/44166B n71 |« “ | 5258 | 6044 | 087
NY 36-4 B/W404B 1266 |93z | < | 5653 | 6279 | 090
44166B/3] 77} 1176 |F24| < | 5670 | 5890 | 096
44166B/& = 1283 | ¢ “ | 6L09 | 5954 | 103
44166B/HYBRID FLAMENCO(1443) | 1810 | &4 | “ | 67.72 | 7004 | 097
M5718B/4 2% 1430 |F24 | B9 | 6796 | 6037 | 113
NY36-4B/% 7 ¥ 1487 | ¢ | 99 | 6234 | 6514 | 096
{441120B/W205}/%) & 1301 | ¢ |PHEE| 5411 | 6372 | 085
{441120B/W205}/{W910A/7H 0] F3} | 1328 | * “ | 5685 | 6531 | 087
{Y38-64B/W202)/{W404A/Tsukimikari}| 1139 | “ | 9% | 5665 | 5901 | 096
C10-12 1321 | ¢ “ | 598 | 6309 | 095
C10-16 1213 | ¢ “ | 6145 | 5949 | 103
C10-46 1237 | ¢ |®WHEE| 5313 | 6467 | 082
C10-60 1347 | ¢ | 99 | 5004 | 6228 | 095
C10-open 1388 | ¢ “ | 6204 | 6302 | 098
C12-22 1144 | ¢ “ ] 5938 | 5960 | 1.00
3 3}/C12-54(A) 1368 | - “ | 5674 | 6616 | 086
C12-54(B) 17 | ¢ “ | 5579 | 6077 | 092
W205 1209 | “ “ | 6148 | 5898 | 104
T%& B H Al 44166B/hybrid Flamenco(1443)7}F 181.0g 22 7HF 43, T
A4 HAe] 2A %ol YA dRE F2AUT. 7L 9%, B®Hdd R vt
R Foz vt 2EH ey 48] 71 Btk 73AFe 4F ASE A
datie BT 09001422 d¥ & Hieon M57I8B/4E25E 11322 d¥ ol
ok ol Zo] tgd 7F % TIHAL 5F B/B lined] WHLE SHEYD AT &
dated o e 8 Asetn A
3da TAE ATL 20049 1AM ST Ao Add AFo] gRieln.
°|Z F BB ATE HMxd FAL 7 AA7E A £= AAEE HFEA
SAEY A linest WHE Tt FAJLR S5t 3
B/C ¢ DL 2007d ¥HEY A ATH welE Tt FAE AFstn 20084
AEE FAT Aot dAHAANM Foi7) 100% 290l Yo M= S4EY
FARNLE G A% R nHd AFTLR SHT Aot
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®1-8 A dF AZAH $AELD AF VS 54
2 AE9 Bz =z T | A7 T4 | ARG | =57 [ WEA
HI (em) | () |(mm Altmm B)| (B/A) |(£.4)|(1~9)
7278 IMBT18A 63.6 7.6 24.84 | 16.98 1.46 8 7 5
7280 |NY36-4A 674 7.4 2420 | 1652 1.47 85 5
7282 |NY38-64A 72.0 8.4 33.20 | 20.60 1.59 7.28 5
7311 {2001-23hA 65.0 7.4 42,14 | 16.39 2.58 7.23 5
7315 12002-150A 66.4 8.2 40.83 | 16.17 2.59 7.23 5
7317 12002-177A 676 7.8 39.24 | 16.27 2.41 3.6 3
7321 12002-210A-1 60.4 7.2 4465 | 1343 3.39 7.28 5
7323 |2002-210A-2 586 8.2 4464 | 1647 2.74 7.28 5
7341 12005-8A 66.0 7.0 3773 | 16.81 2.27 7.28 7
7343 12005-12A 67.2 7.8 5262 | 19.09 2.81 7.26 7
7347 12005-33A 72.2 8.4 52.81 | 14.20 3.78 7.18 7
7382 [WFE3A-3(C12-6) | 796 86 37.10 | 19.49 1.94 7.28 5
7431 {W202A(2001-41) 75.4 7.4 31.54 | 17.06 1.88 81 7
® WHEA C1E) ~9(9)
¥ FAEY A line 43S TG L, 23¢9 B lined EAo] fAlslnz s}
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180
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E%) 100
- 80
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1948 g+ AFH s48Y A% T 54

gl | T 2o | 2 T3 TEZ | FEHAF|FEE S
H3E | (g) (mm A)|(mm B)| (A/B) (mm)

7278 11577 | 98 | 3244 ) 60.35 67.52 0.90 12.24 g4, A
7280 | 11751 “ 55.41 60.09 0.92 11.96 T A A
7282 | 149.2 “ “ 61.20 65.23 0.95 11.76 o -4

7311 | 1197 GzA | 5445 63.10 0.87 8.98 FSEYds ZA
7315 | 127.1 “ 324 | 5623 63.54 0.89 10.97 THYE
7317 | 1726 “ “ 60.71 70.09 0.87 977 ZA A, ol T
7321 | 1679 “ “ 64.40 69.25 093 9.21 23, 5, o+
7323 | 165.2 “ “ 64.64 67.39 0.96 9.85 2y, v+, 9+
7341 | 1279 ¢ “ 57.56 65.06 0.89 10.58 23,94
7343 11599 * “ 57.19 72.28 0.79 1054 |83, ek
7347 | 134.1 “ “ 57.77 64.71 0.90 9.82 Z A

7382 11338 * “ 60.53 63.81 0.95 8.97 53 A
7431 | 1373 “ “ 63.77 62.05 1.03 10.69 W202A

33} 7 AR (A= ] 43:h)& 2l 23, dolA wFFo] 796cm, 86W R 0 F
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Foldch e EE7E 79 17-19¥92 A9 Hol7t gles & £ Utk & 3
U, £Xo] Ag F HltH AZL w2y EREE ARE E}i ¥

a1
S
e

A vetgted oA 123} £7] =& Aol °‘E¥"' "3 _}51017,5;}‘ wh-2/ip6
2 13022 714 =3, W /radar 1237 5 F 8/ A FFo| dFviEG
Fokh o] 8/ =2 2005 A4E A
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HoE Adstnes BF 09 ooz dgo|Axn dFE 10004l rh NY36/3d ol
3 2L I BT 2AFT 2FoE FEASFI A @2 AeE AA4EH. 19
U mAxe) HEse FYY AEY =Y ASE EF FIAFT 09 o Fe=
dzstel oz FHEREL EWI EAVE 9l AR Ad RALe AT
Q) AMEBEER 7|7} 233%2 wl§- E=A JERgew o/AL FF AAI FId FF AL

Azgg, oy A =23 F nFd/jp-6, HF/radar 2 110, 113%=

=
OE 2% 24 =4 UeEn de

RAARFE 16~2202 Jehgo} dRE 3 Futel 29 19,
17709 W A¢E 2ot nBdAGHe] A 4GP BE L0 A=rt i
H7bel AgE 15cm o|WE, ZAZIEAC= 84 Uz &2 F
T oy B AgdAE ARHE 8 AolE BEEA st7] Astd 71Es B
A A ALy AFAFTE gobdE 90 HAd a8y 3= ¢ AESE
AE 3Rk 710, 11.94% o "3t WI10/7HF0] ZFelME 944, 15692 vl -
A bt S gl AEES AFAAN A Ade] vt RiHed
Ao

Az Al 5T

2 02 4

HiF

—

¥ 2-1. F1 285844 8 294 1 23

2= 9 A=n =% 7373 T ;Agiﬂf 73%1%— AEE
(cm) (mm) () | (g/F) | (@/F) (%)

A 2 7] ' 25.08 2.56 3.34 1.18 0.09 7.33

3] 7-at 22.94 2.49 3.17 1.06 0.07 6.63

£x 26.29 2.31 3.13 1.22 0.08 6.16
LYPAAE 20.57 1.84 300 | 093 0.06 6.80

E 3 25.59 2.04 3.10 1.11 0.09 8.08
F1(WH3:3/4 &) 22.33 152 3.00 0.78 0.06 771
FL(E331/jp6) 23.63 1.02 273 0.80 0.05 6.65
F1(%+53}/radar) 27.99 2.62 2.93 1.07 0.07 6.63
F1(%+33}/Tuskimikari-3) | 21.84 1.90 3.00 0.78 0.05 591
F1(W910A/7}5-¢} F3) 24.32 271 3.00 1.12 0.07 6.30
F1(W202A/& = F3) 22.30 1.23 2.93 0.68 0.05 7.24
F1(W205A/jp4) 23.33 1.43 247 0.75 0.05 6.62
F1(W205A/radar) 24.45 1.26 2.93 0.82 0.05 6.40
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E 22 Pl 235994 79 283 4554
=4 | 9% | A3 | 74 |FAAT =204

=z 2 AsH
(cm) | (")) |(mm Al(mm B)| (B/A) |[(&£.¥)|(1~9)

FI(NY36-4A/Zd i) | 7560 | 7.80 | 1549 | 27.66 1.79 717
F1(NY36-4A/€X F3) | 7760 | 820 | 1886 | 32.20 171 7.17

AEE 2 7] 7400 | 820 | 1654 | 35.36 214 7.19 7

3] 7wt 6760 | 740 | 13.03 | 2947 2.26 7.19 6

£z 7960 | 780 | 1477 | 3715 2.51 7.21 5

AR AF 61.80 | 760 | 15.05 | 28.77 191 717 7
g 6425 | 778 | 1535 | 2851 1.86 717 6
FI(T33/4 &) 7570 | 860 | 1512 | 29.79 1.97 7.17 5
F1(7H33/jp6) 84.30 | 9.00 | 2349 | 52.09 2.22 7.17 5
F1(¥+ % /radar) 7070 | 780 | 1792 | 4045 2.26 7.17 5
F1(¥h33/Tuskimikari-3) | 71.80 | 840 | 20.40 | 39.28 1.93 717 5
F1(W910A/7}7°] F3) | 8380 | 9.80 | 22.79 | 4589 2.01 7.19 6
F1(W202A/% X F3) 81.20 | 9.00 | 1981 | 4027 2.03 717 5
F1(W205A/jp4) 7240 | 940 | 1914 | 32.74 17 7.19 5
F1(W205A/radar) 62.00 | 840 | 1878 | 2814 1.50 7.19 5

5

5

x EA 13 ~ 9(eh

140
120
100

D 80

- 60

40
20

a% 2-1. F1 28583 F8 2
A: Atw=z7) B: 3w, C £X DRl ERAYUn, FRIFUn
G 1HAAGE, HTF3 I radar, J FI(
K:F1(933/jp6), L: F1(%+%3/radar), M:FI(
N: F1(W910A/7+5-¢]-F3), O: FI(W202A/& = F3), P: F1(W205A/ipd),
Q: F1I(W205A/radar), RF1(NY36-4A/Zd d 1), S: FIINY36-4A/& X F3)

B
7
&
2,
2,
=3
@
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%23 Fl 235844 Fo 289 7 =24
FTE[ 78 | 7 luas
£z 9 45w 29 |4 T 2% emB| A% | HHo) T(j/‘lf
A B | om)
AbEE 2 7] 3 |3ZM| 5636 | 5445 1.04 10.18 233
3]t} “ “ 56.51 | 59.40 0.95 10.56 3.3
& X “ “ 5747 | 5755 1.00 10.35 2.0
APAAE “ “ 5581 | 5655 | 0.99 13.49 37
ul33} “ “ 5796 | 62.49 0.93 11.68 8.6
Fl(e3/4 %) “ “ 59.24 | 59.84 0.99 11.44 9.2
F1(5+33/ip6) “ “ 67.64 | 60.94 1.11 14.10 11.0
F1(%+3 & /radar) “ “ 5845 | 64.06 091 11.42 11.3
F1(9+3 3/ Tuskimikari-3) “ “ 5839 | 59.77 0.98 13.15 6.0
F1(W910A/7}5-°] F3) “ “ 56.75 | 59.14 0.96 12.41 2.6
F1{W202A/€ 2 F3) “ “ 61.60 | 59.35 1.04 12.98 8.6
F1(W205A/ip4) “ “ 6051 | 60.41 1.00 11.93 40
F1(W205A/radar) “ “ 59.11 | 60.40 0.98 10.40 4.0
F1(NY36-4A/Ad ) 1) “ “ 5359 | 61.69 0.87 1154 8.0
F1(NY36-4A/&= F3) “ “ 5737 | 61.47 0.93 13.60 15.3
%24 Fl 2859AY To 239 T4 =24
sxw gy | BFEF | ¥F |99 [ ws A2
N O | m | CBrix) (%)
Alup 2 7] 2.00 6.20 27.94 7.16 ~-
3] e 1.90 8.00 27.26 7.10 11.94
2 3L 1.70 8.10 25.46 7.64 12.78
w5 1.90 8.10 24.84 8.96 14.28
F1(W33/49 &) 1.80 8.70 25.41 834 14.91
F1(3+33/ip6) 1.70 8.40 29.22 796 12.06
F1(%33/radar) 1.70 7.90 24.41 7.72 13.11
F1(WS10A/7}5-°] F3) 1.60 8.00 26.41 9.44 15.69
FI(W202A/& = F3) 1.0 8.60 26.85 9.26 14.42
F1(W205A/jp4) 1.70 8.00 29.12 8.70 12.77
F1(W205A/radar) 1.80 7.80 26.66 8.36 13.95
F1(NY36-4A/3 3 th ) 2.20 8.60 26.33 872 13.95
F1(NY36-4A/& = F3) 1.20 8.80 26.99 850 13.64
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z AdE AAE 23g vd 2%
4 A4E NY36-A/FYel 884cm, 106Wi= 7Hd E9%ke}
Ay AR 94 2460mmE 7HE WA BAL beEFE EEo fHEsa, BE &
AFTHANA AT Hde] Ant, 2HBZE AAo] A2 AFTY Aol Qs
TAAGE WA04A/swift 7} 3212 7H4 =93, NY36-A/g€e] 150d,2 713 w3
o FAARE EFE FHY A7 wE AIE Btk NY36-A/EF9S 7 HY
7b & BAFY AFE BT EEIGAE B XolE HAEd FH At
0" WA04A/swifte 7€ 1892 7PF wgtom  NY36-A/H4€, w33/jp-4 2
44165/ =AM = 88 2¥E I ® £ Ao FAE Z2FA= ol
Zol vt A AlHol wEEA o] =2 x3h2 T W8S 533 7
= & By 2 3T
Tub 145g, €T 144g o2 et 20043
=9 2ol 7b AATh olek 22 AAL 2004l =
R 27 EEA 9do] dvtm AAHAZAY. Fl =AM = Ny36-4/€Fo|
167g, WA404/swift 163g, W205/jp-4 1622 EL 3¢S H A oj9f Zo] FFeo] %
F3 AFL 200608 2T TR AANG dFojh. FAE Fl 289 73 2 +
T A4y, FAM0g A 7]E9 tiH] FFH Z Aot AT ol A &
b FHolwA A& FAAE HdsetEed od Ry &
A eE W404/swift 0.78, NY36/swift 0.842 A 24157 0
2% 090 ooz dAFoldtt. nEA Y A
BT TG 09 oo w gmEte] o FHEEL t
2 AT FEAF $e 28 A4S E¥ BT swift7h FARNLE AR H U
Vs

col swift 447 BAPI R of Exo] FI A= Lieh

M

i

22
0

=)
1=
flo
H Hﬁ

l‘lO oft K

~2.

S5 A A2 3} 2 7‘1317} 1l.4cm 0] 3 2 single center®

TR E Faatdet n@ALFss AFAFd AN FF Fdgee 2y F
5 = Aol HAudHE AFHEHAY AU &

A% single centerx]¥E Hlth AAZ HAHY AZE ldem °)

£ k!
2, ZAIEdez s 142 & 5 = gley £ Addas 438 8 A

m

_46_



180
160
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20

A B C D E

e =g

-
02

a9 2-2. F1 %5413 ALAE 2 238 7%
A: NY36-4A/swift, B: NY36-4A/EE =Y T slelfing-7, C: NY36-4A/H HUF2,
D: NY36-4A/€ &, E: WA04A/ELF2, F: W205A/4 2% ¢ T slelfing-4
G: 7180, H &X I 8 Fn}, i W404A/swift

X 2-5F] 254924 A% € =% 4854

£z 9 Axy =4 | 95 8 | g [EF71NHEA

(cm) | (M) |[(mm A|(mm B) (B/A) (4.9)1~9)
5] u} 76.0 9.0 1728 | 49.20 2.85 7.27 7
22 79.6 9.0 18.64 52.58 2.82 7.31 5
7}5o] 69.6 8.8 17.00 46.44 273 8.2 5
W8/ BT Q] Fslelfing-4 76.2 9.6 19.09 42.29 2.22 727 5
W205A/Y 2= Fslelfing-4 | 86.2 88 20.34 4573 2.25 727 5
W205A/Radar 80.2 8.2 19.33 | 53.52 2.77 7.20 5
WA04A /S LF2 7.4 8.8 16.08 42.68 265 | 127 5
WA404A/E ¥ = ¢ tslelfing-4 | 70.2 94 14.96 4772 3.19 7.25 5
W404A/swift 79.8 7.6 17.56 56.29 3.21 718 5
44165A/ A AF3 73.8 9.6 19.86 42.20 2.13 8.2 5
NY36-4A/4 & 86.0 94 20.61 37.44 1.82 7.31 6
NY36-4A/5 L F2 884 | 106 | 2469 37.10 1.50 8.2 6
NY36-4A/Tamara F3 64.6 8.8 17.96 39.08 2.18 7.31 7.
NY36-4A/9 2 = A T-slelfing-7| 82.4 8.8 1592 41.49 2.61 7.31 7
NY36-4A/swift 79.6 8.2 1726 | 48.17 2.79 7.27 5
NY38-64A/##H1Z5 -1 81.2 8.8 15.20 31.06 2.04 7.31 5
W205A/Z 3 dj 11 63.4 8.6 13.77 47.85 3.47 7.23 5

WA 10 ~ 9(eh
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g B o7 g8ke] J1Ee wo A Afdtny AFEET Bopxe

g9tk Ty 9E % ARLAME 8 To} 710, 11.94% o skl Wol0/

2GoIAE 944, 15602 W% EA Uehitch FolN BESG DEEL AY

A3 A Ao Jvkn wuHdEH ARz ARl ¥ Aoz A7y

. o EQ 8 Eet 952 Yehsto

& Btk AEE 44 370 166%2

Uehew md ATe Rtk ARALS dEEQ 9 Fob) 697%2 g B9

35 W205/ip-4 & T2 Wol&ol

00%2 ARAl ¢ Eoh T swift/h BANCE ALEE ZTIAE 8L4%

273%% WS EgTh $A AWE FHUAAS swift 7h wgtd Pl w

4% ot Y AF4e] %% Aoy AZwd Lejmz FI o AFL
HE SAY 24F EEAT ALY & slode AzEd,

d ATHEANM A" 2% T FANMAY AHE EW 7ol F5w

ik
RS

2k

oo w2
7

= w o laoa] 72 | % [ FRAT|[TER
£% 2 A5 P9 e Bl GUB) | o
3] -u} 4y (g2 564 63.9 0.88 9.7
£3x “ “ 58.4 60.3 0.97 9.9
7} o] “ “ 53.7 61.3 0.88 95
k3 3/Y B %} Fslelfing-4 “ “ 66.0 70.3 0.94 10.7
W205A/¢ 25 ¢} Fslelfing—4 “ “ 62.8 68.4 0.92 75
W205A/Radar “ “ 62.5 66.8 094 3.8
WA04A/ 5 LF2 “ “ 59.9 70.4 0.85 96
W404A/9 £ 5 ¢ Fslelfing—4 “ “ 62.3 61.1 1.02 10.1
WA404A/swift HYE ¢ 55.6 70.8 0.78 104
44165A/ 3 A F3 43 “ 56.8 56.0 1.02 8.8
NY36-4A/8 & “ “ 65.5 70.1 0.93 10.2
NY36-4A/9YF2 “ “ 62.2 64.9 0.96 85
NY36-4A/Tamara F3 “ “ 62.6 65.3 0.96 15.0
NY36-4A/Y £ % 9 Tslelfing~7 “ ¢ 64.0 62.4 1.03 10.1
NY36-4A/swift “ “ 604 71.7 0.84 10.0
NY38-64A/t #5135 -1 “ “ 62.0 62.0 1.00 109
W205A/3 4 dl 31 “ “ 58.8 60.1 0.98 8.3
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= = A=} = o]

AAA| G5 | g5 LA og9r | A58
£z 2 A% CEl T T ey | O TR g

s Oh) | (mm) (°Brix)| (%)

(mm)

3| Fu} 17 | 83 | 310 | 372 | 95 | 166 | 697
o 20 | 80 | 240 | 300 | 84 | 221 | 400
T} o) 20 | 83 | 289 | 347 | 95 | 179 | 130

38/ Y 2 = ¢ Fslelfing-4 2.2 84 | 303 | 361 8.9 128 | 196
W205A/4 2% Fslelfing-4 | 2.3 9.0 | 326 | 362 9.9 16.3 0.0
W205A/Radar 1.7 6.7 | 306 | 459 95 154 | 148

WA404A/ 5 AF2 17 8.3 | 337 | 404 105 | 159 | 37
WA404A/ YL 2 =Y Fslelfing-4 | 2.0 90 1 304 | 338 10.7 - 5.6
WA04A/swift 2.3 77| 279 | 3.64 9.7 - 81.8
44165A/3 A F3 13 73 | 288 | 392 102 | 190 | 0.0
NY36-4A/8 & 2.3 90 | 375 | 416 8.3 133 | 0.0
NY36-4A/"4F2 2.0 80 | 284 | 355 120 | 214 | 00
NY36-4A/Tamara F3 1.0 9.0 | 363 | 403 94 207 1 0.0
NY36-4A/9 E =Y Fslelfing-7| 1.3 9.0 | 262 | 291 112 | 172 | 00
NY36-4A/swift 2.3 77 | 323 | 421 9.0 135 | 273
NY38-64A/d ##H135.-1 1.0 73 | 322 | 439 102 | 169 | 0.0
W200A/73 3 o i 20 87 1 313 | 361 116 | 190 | 280

A : 8gel 8 F ALlM BB, A% BFE A4 9 0~TC #A4

<3l z>

o
ko

. ER57 ° .

A AFd viel Zo] E9-2 Qe FAEE
Fell A =E87)= on7F gou 2007de] gha
W202/ip-6ZFo A 16569g 22 7 =3 150g0]

T A EE Aol Bton ol 4ol
o a2y W404/jp-22% 570 ZFlAE Sz ekt

THMo] Mgtz Mol g Aol FHoth adyBE F
2 A8 AL AFE AEE ot gk 749 RAE

AR A E=AE ol gt B A& TS

4 2-3% Zth

o
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e
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o
e
K1
du
o
o f
o

A
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oft
Ho MY
(o209
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fil
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o
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dbox N 3@ r

o Ml o r 2
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H [o

e
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Fd
off

HAA AT A55A

2-8. F1 =%

Jim

2 a5 | 22 | 72 |0 s | g
s e | ) |mm | msy| T |
o LA I ) °
M5718A/Z&d o 1L 72 9.6 13 24.08 1.90 718 8
M5718A/{K/H-4-4} 76 10.0 20 32.09 164 7.20 7
M2935A/ip-6 73 9.3 17 23.55 1.36 7.20 7
44165A/ip-22 70 10.0 16 28.31 1.72 7.18 7
44165A/ip-6 73 9.0 18 32.65 1.77 718 8
44165A/{K/H-4-4} 16 98 19 34.97 1.83 718 8
W44119A/Tarama F4 77 9.8 21 34.10 1.64 7.20 7
W404A/ip-22 79 10.0 19 34.02 1.76 7.20 7
WAN4A/Z A+ F4 1) 105 18 30.69 1.68 7.20 8
WAO4A /G o iz 77 96 17 33.69 1.98 7.18 7
WADAA/(K/H-4-4) 7 1100 | 18 | 3070 | 174 | 720 | 8
W205A/Z AT F3 76 95 15 22.07 1.46 7.20 7
W205A/7F 5ol F4 85 95 17 28.16 1.65 7.20 7
W205A/3 4 F4 81 9.3 19 30.09 1.59 7.20 7
W205A/T-406 F4 36 95 16 25.29 1.55 7.20 7
W205A/FA 12 83 95 18 33.84 1.87 7.20 7
W205A/Z A o)+ 86 10.3 21 32.24 157 7.20 7
W205A/{K/H-4-4} 81 10.6 18 27.68 154 7.20 7
W205A/{H/97-1-0} 76 96 17 23.32 1.39 7.20 7
W202A(2001-41)/ip-6 67 96 13 20.78 1.56 7.20 8
W202A2001-41)/F AN+ F3| 72 10.1 16 25.13 1.60 7.20 6
W202A(2001-41)/7}5°©] F4 84 10.0 18 35.38 1.92 7.20 7
W202A(2001-41)/2 & F4 77 10.1 17 27.08 1.62 7.20 7
W202A(2001-41)/AF 2 74 10.1 16 36.72 2.35 7.20 7
W202A(2001-41)/{K/H-4-4} I6) 93 15 25.00 1.69 7.20 7
233t /Tamara F4 77 9.3 18 43.99 2.39 7.20 7
W33 /Tuskhikari F3 68 85 14 24.21 1.71 7.18 8

T3¢ 430l Wob nANFR n{HY SHL o
 gUgoz 3 gt wistel 4Fe
Z9) M $2 09 o goE Aoz BT

Fl z@o d# $4 542 wams) 29 438 W205/7H%0l Pl L0AZ
A R, R 20 oyt AP A%t wE £ Fdol Tou 13

X gste] A$ Fgvel gt 24 Aol Hol AFMel AL HAol FHolth

_50_<




| Ael L

ol oo A b 2 43S v, FoA Aoz g o] Fr
ool AAE FHFYE W ¢+ 2T FAE HA E AAHSAFA FAIFY

U NS AR F 9 2 2 54 50 998 A FF5ET A

E 2-9. Fl 2583 A AL A%9 + 54

A5 TF aa| e T | FE | 7YX | BH
(g) (mm,A) |(mm,B) |4 (A/B) | (mm)
M5718A/7d o 21 12080|F 24| 944 | 5674 | 61.19 | 093 | 995
M5718A/{K/H-4-4} 136.00, “ “ 60.71 | 6419 | 095 |11.83
M2935A/jp-6 12770, “ “ 6168 | 6017 | 103 |11.23
44165A/ip-22 13390 “ “ 62.85 | 6233 | 101 |11.03
44165A/ip-6 146.00 “ 62.71 | 6539 | 096 |10.28
44165A/{K/H-4-4} 15590 “ 69.74 | 6638 | 1.05 | 993
W44119A/Tarama F4 14530 « 64.20 | 6395 | 100 | 7.59
W404A/ip-22 133.90|g 2 M |mtE&5| 5755 | 6362 | 090 | 7.34
WA04A/Z AN+ F4 11730824 948 | 5880 | 60.14 | 098 | 9.69
WA404A/7 gt 11 13320, “ |MIER| 5281 | 6628 | 080 | 762
WA404A/{K/H-4-4)} 12370, “ 23 | 5636 | 6228 | 090 | 773
W205A/% At 7- F3 121.00; “ “ 5580 | 61.97 | 090 | 7.98
W205A/7} 5o F4 139.10; “ “ 6214 | 6280 | 099 |10.74
W205A/A 4 F4 141.200 24| ¢ 66.26 | 6277 | 1.06 |10.44
W205A/T-406 F4 14720 “ 6648 | 6432 | 1.03 |10.34
W205A/A )51 13870 “ [mFER| 6747 | 6610 | 1.02 | 9.82
W205A/Z A8 7 140.10|g 24| 943 | 5969 | 6505 | 092 | 881
W205A/{K/H-4-4} 142.30| 32| 6415 | 5882 | 1.09 | 954
W205A/{H/97-1-0} 147.80| “ “ 6422 | 6440 | 100 |11.01
W202A(2001-41)/ip—6 16590 * “ 64.08 | 6568 | 098 | 833
W202A(2001-41)/F B+ F3|145.70| “ “ 6295 | 6444 | 098 |10.11
W202A(2001-41)/7}5-0] F4 |130.00|&2&~| 59.24 | 6242 | 095 {995
W202A(2001-41)/2 & F4 |143.30|8z2~ « 6471 | 6268 | 103 | 882
W202A(2001-41)/A FH 3l [15050( 32| 43 | 6411 | 6649 | 096 | 952
W202A(2001-41)/{K/H-4-4} |125.70| “ 6026 | 6242 | 097 | 820
w33t/ Tamara F4 153.00 “ “ 61.11 | 6716 | 091 | 7.60
w33} /Tuskhikari F3 13020 ¢ “ 60.73 | 6271 | 097 | 891
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* 2-10. Fl 25834 AdAsY F42 54
4% v AF| e [F5A %E A} A &
(71) (1) | (mm) |(, Brix)| L a b
M5718A/7 3 dl 11 1.67 933 | 381 10.13 | 60.69 | 12.17 | 27.33
Mb5718A/{K/H-4-4} 2.67 733 | 4.27 7.20 58.09 | 14.08 | 25.47
M2935A/ip-6 1.33 800 | 4.03 10.07 | 60.34 | 12.11 | 26.12
44165A/jp-22 2.00 850 | 3.95 647 | 61.30 | 1328 | 27.75
44165A/jp-6 1.67 867 | 3.37 8.40 57.86 | 13.27 | 26.21
44165A/{K/H-4-4} 2.67 800 { 419 553 60.62 | 12.01 | 30.99
W44119A/Tarama F4 2.33 800 | 3.60 hb3 | 99.82 | 1152 | 27.29
WA404A/jp-22 2.00 967 | 293 8.60 64.49 | 863 | 27.38
WA404A/F A i+ F4 1.33 767 | 383 10.13 | 5848 | 12.73 | 28.35
W404A/Zd 2 2.33 867 | 3.73 10.00 | 57.88 { 12.85 | 26.02
W404A/{K/H-4-4} 2.33 833 | 4.02 573 60.34 | 11.35 | 30.60
W205A/F A F3 1.00 800 | 374 3.67 60.19 | 10.05 | 24.90
W205A/7H5-01F4 1.00 9.00 | 375 8.60 61.32 | 10.63 | 27.80
W205A/4 4 F4 2.00 800 | 422 860 | 6541 | 868 | 28.20
W205A/T-406 F4 2.00 9.00 | 3.67 10.00 | 6165 | 12.34 | 27.83
W205A/H Fdj 1L 2.00 833 | 367 853 63.77 | 10.31 | 28.03
W205A/Z AT 2.00 800 | 428 853 | 6483 | 849 | 27.19
W205A/{K/H-4-4} 1.67 867 | 3.85 10.07 | 56.20 | 10.20 | 27.39
W205A/{H/97-1-0} 2.00 9.00 | 347 10.13 | 58.06 | 12.77 | 23.59
W202A(2001-41)/jp—6 2.33 8.67 | 4.30 8.67 61.55 | 10.80 | 28.18
W202A(2001-41)/F A+ F3| 1.67 733 | 413 560 {6048 | 1064 | 28.40
W202A(2001-41)/7F5<] F4 1.67 800 | 3.88 7.20 63.86 | 951 | 28.03
W202A(2001-41)/2 & F4 2.67 833 | 4.04 8.67 61.24 | 12.18 | 29.56
W202A(2001-41)/HF N 3L 1.67 10.00 | 3.13 10.13 | 60.91 | 11.84 | 25.09
W202A(2001-41)/{K/H-4-4} 2.67 867 | 358 847 61.96 | 10.67 | 30.11
w33k /Tamara F4 1.67 833 | 417 10.07 | 63.95 | 857 | 26.33
w33/ Tuskhikari F3 2.00 933 | 363 10.13 | 61.16 | 1294 | 2894
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Foe AdFgoz Fdyy ddyez ERIed(Pike, 1986) $ute F3
DPA G FLFA SHarh nAAAA AEHE EFF ]
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flo
o

A A FelH F2 A2 FFE =Y
st AuE T ok SelA drt AuiHe nAAE A5 ITAER FAdY &
wedoly s 400-800m=E Fob AFd 7ol Ro} F Ajujrst
Zhesttt. 22y nRAs AV FRA J) 37t gdste] ok Aefe] AR Fa
371 oHHh
oM =ddE 2= FFE AT 234
e Fou &0 = &l

& §437] AN $A o Aol BE AHe AHYS T

oy

FoA A T vl dFT 2Ed FFE won 535 A gt Mg &
e FFo wet dwgo] t2n dddgas 7 vzt AP Rdvhn B

T3 (Steer, 1980; Magruder and Allard, 1937, Heath, 1943, Abe, 1955). ¥ 7 o]
23 2E7F oW T HdIAZIZF @A vl S5 Wz F oHguh 279
Aol drh(Steer, 1980; Austin, 1971). XA e AFwE-E2 6¥9 31A F3H 15412
AN g A3 AA gFe] FolA 8¥ 5 14147 Aol FYE due] F H|
o AL 14AHE 7€ 2 T dE 79 E~8¥E el o7
agy o] Al7lE &7 B B A7lelx, 1 9] 4
Fol oA =Ho] EQrAZIT 13153 nBA BA HEe £F R ATES

S48t Aoz QM £ Jx AFA nd HEde FFE AL AAMA

t 85H0R 48 AR U A9584 Agel Basth B A¥Ee $4%Y
He o153 FL 2%l dste] 4544 2 A% A4 $5502 wed A%
of dste] JFUsl B A9 5 dudz FRae Ade 4R A% ug
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oA 53 Ao #AddH 4% 5 F 10415 sty 23 AFHLA S AAE oA
o|t}
E 3-5. 200493 SAHAE A9 A ASEA
ol | B2 [N - pr [
Ag| Agm | E0 VI am)| o | | ST Sy S
A B |B/A]| T
AR [A] 71-13] 826 | 860 [19.60] 39.76 | 2.03 | 7.17 5 48 g2
TA 7b-28 | 762 | 927 |1879| 41.85 | 224 | 7.17 7 “ “
A 7F-3%| 827 19.00 (22991 4385 | 191 | 717 7 “ “
aA] 7b-431 833 | 820 (1999 43.88 | 220 | 7.17 5 “ “
3A 7F-5%| 724 | 9.00 | 18.23| 41.09 | 226 | 7.19 5 “ “
A 763 | 831 | 9.20 | 22.95| 4333 | 1.89 | 7.19 7 “ “
&9} 83.0 ( 9.00 {1951 | 4878 | 251 | 717 5 “ “
ez 85.2 | 9.00 [19.41| 4781 | 246 | 7.17 5 “ «
i@ |24 7F-13] 688 | 820 [15.39] 21.80 | 1.42 | 810 7 48 |3z
3 |1 723 652 | 820 |1422] 1945 | 1.36 | 88 7 “ “
3A] 74-3%| 69.2 | 7.80 | 14.60| 1967 | 1.35 | 88 8 “ “
3A] 7b-4%| 60.2 | 860 |14.95| 2388 | 1.60 | 8.10 7 “ “
2A]l 7}-5%| 695 | 870 |15.48| 22.12 | 141 | 813 8 “ “
2A 7H-6%| 660 | 820 {13.73] 1685 | 123 | 8.13 7 “ “
s 7ol | 678 | 83313621872 | 1.35 | 810 7 “ «
ez 794 | 813 |15.36| 21.27 | 1.38 | 8.10 7 “ «
FH |14 7F-13] 706 | 8.00 |14.02] 1671 | 119 | 7.25 7 BERE T
aA 74-231| 674 | 900 |13.03| 1663 | 128 | 7.25 7 “ “
wA 7+-3%| 670 | 8.00 [14.32] 17.08 | 1.19 | 7.23 8 “ “
WA 74-4%| 87.3 |10.00]18.38| 2694 | 147 | 7.25 7 “ “
wA] 7535 696 | 860 [1361] 1573 | 1.16 | 7.27 7 “ “
TA] 7+-63%| 69.0 | 820 | 1253 1617 | 129 | 7.27 7 “ “
3ol | 728 19.20 (1334 1767 | 132 | 725 7 “ “
1 796 | 9.20 {1593 | 22.98 | 1.44 | 7.25 7 “ “
oA [2A] 7H-1Z] 816 | 920 [ 17.17] 5278 | 3.07 | 7.23 5 BEREF
A 7F-2%| 71.8 | 860 | 1561 | 50.89 | 326 | 7.23 7 “ “
A 7}-3%| 747 110.33]19.09| 50.40 | 264 | 7.25 7 “ “
A} 7F-4%| 670 | 8.00 | 14.25| 4384 | 308 | 7.25 7 “ “
aA 7b-5%| 602 | 7.80 | 1460 | 56.14 | 3.84 | 7.25 5 “ “
BA] 7}-6%.| 83.7 |10.00]18.23{ 55.09 | 81.46 | 7.25 7 “ “
37wl | 724 1960|1455 59.75 | 411 | 7.25 5 “ “
g 80.6 | 880 |14.59| 56.01 | 384 | 7.25 5 “ «
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W04 SAAS AGHLH A ASE

T [ FE[FEA L, TR T

(mm), | (mm), |5 T Ony | B

A B | (A/B) )

TA] 61.00 | 65.85 0.93 1143 | 2.0 78 8.72
A 58.71 64.37 0.91 1081 | 2.0 78 844
A 59.12 | 60.95 0.97 1217 | 16 78 7.64
LA 5642 | 56.22 1.00 1045 | 20 8.2 8.64
A 60.12 | 62.96 0.95 1063 | 15 75 8.58
A 57.21 5854 0.98 11.13 | 1.6 76 9.32
3| 62.27 | 64.93 0.96 1220 | 2.0 7.0 7.68
5760 | 63.05 0.91 9.87 16 79 7.89
HeE| 53.36 | 57.45 0.93 9.38 2.0 84 9.28
Il 50.01 57.74 0.87 9.46 2.0 74 9.84
Il 4958 | 53.66 092 9.23 1.2 8.0 9.44
1 51.12 | 56.19 0.91 9.60 18 86 9.88
Il 51.85 | 5740 0.90 10.11 1.7 84 9.98
I 50.07 | 5461 0.92 1008 | 1.8 84 9.64
4828 | 52.80 0.91 3.96 1.8 8.4 873
5409 | 59.38 091 9.64 1.8 84 955
T | 1A 4429 | 5155 0.86 10.19| 1.8 82 7.60
1A 46.13 | 5141 0.90 9.63 2.0 7.7 8.38
1A 4758 | 48.36 0.98 8.29 1.0 76 8.28
A 4453 | 44.34 1.00 8.80 18 76 8.68
A 4730 | 5248 0.90 8.69 2.2 77 8.64
A 4542 | 50.99 0.89 1006 | 16 8.0 8.64
5 50.08 | 55.31 0.91 8.97 2.0 84 797
4484 | 52.75 0.85 1026 | 1.8 82 7.88
A 54.89 63.86 0.86 9.10 2.6 7.6 6.80
A 53.11 | 63.07 0.84 1047 | 25 77 7.62
A 49.08 | 56.02 0.88 7.37 1.8 8.4 7.56
I A 50.88 | 50.56 1.01 595 14 7.6 7.40
ILA] 5693 | 64.67 0.88 1034 | 24 84 7.84
LA 4378 | 5567 0.79 879 1.8 8.8 8.52
5 5758 | 62.13 0.93 9.53 2.0 8.0 7.08
5512 | 60.94 0.90 &.63 2.1 8.0 6.64
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A Tz 2% A5 3 T4 HPaAF 287 HWEA
(cm) (v])  {tmm) A |(mm) B| (B/A) [(€.9) |(1~9)
A J-1% | 71T 89 17.84 37.60 2.11 727 5
A 723 | 631 35 18.49 4490 243 7.27 7
IA 7F-3%F | 729 95 18.32 4571 2.49 7.25 7
Al 7b-43 | 767 9.3 17.01 39.67 2.33 7.27 5
AR | 32A 7F-58 | 80.8 9.1 17.60 39.59 2.25 7.31 5
IAl 763 | 716 92 18.28 40.20 2.20 727 7
Al 7F-73 | 819 89 17.86 4372 2.45 727 5
A 7F-8% | 756 7.3 14.42 5311 3.68 7.31 5
3] -u} 76.7 79 17.24 56.46 3.28 7.25 5
Al 7F-13 | 670 9.7 18.41 30.37 1.65 8.1 7
IA] 723 60.8 10.3 19.77 3755 1.90 8.1 7
A} 7F-3& | 672 105 17.88 35.77 2.00 8.3 8
A} 744351 70.3 98 17.17 41.92 244 85 7
#@e | A 7-5& | 833 10.7 18.39 2961 1.61 81 3
A 7635 | 722 99 16.96 26.58 1.57 81 7
aA 7H-7E | 84.0 105 18.02 35.09 1.95 731 5
A 7H-83 | 743 82 15.08 45.33 3.01 8.1 5
3| 7-u} 66.3 10.3 16.46 48.37 2.94 731 5
A 7H-13 | 767 10.3 16.92 30.20 1.79 727 7
A 723 | 59.2 9.7 15.43 28.02 1.82 7.27 7
Al 7F-3% | 69.7 12.0 18.45 30.34 1.64 7.25 8
A 745 | 771 11.0 18.18 3242 1.78 7.28 7
%3 JIA 755 | 785 10.8 17.34 31.04 1.79 7.31 7
A 7H-6& | 70.2 13.0 18.38 29.09 1.58 7.31 7
IA 7H-TE | 770 9.8 16.59 35.49 2.14 82 5
Al 7F-8%. | 729 94 12.63 45.62 361 7.27 5
3] <-a} 76.8 10.0 17.50 47.06 2.69 7.30 5

78 2 e 93, Aoz »F 953t FHASFE RE ATA 09 ol
o2 Aot 2 A TIAFV AF, A S

ojZ& 27] T Hltie ¥3zsht F7) gzt EFEY] dioldt A4Enh THAFE 2
A7H-1ZY S AR 091, Ui#E 1L 1.07, L0112 Jepgth 870k A4 0.97~1.03
o2 3 7159 vk Z#E Bk ARAEFE 10~20/2 YEisth 2
o] A% 17~228 JEtew 3Fups 13~212 yehy v AL BYo 2

=
=
A AHA, Fe F A S ATE F AolE BolX it ofgh T2 dJL FER

—|m

_62_



o}
fru
>
op

ol
2
ol
il
o,
td
r
ol

©
ofl

o
=
o
N
=
2

2
oo

o
>

o,
rlr
o
offl
il
fu
>
U{H

6‘
e

l

PP A 5 e g T TZ | T73AF| 54
(mm), A|(mm), B| (A/B) (mm)
ZH 1A 1% 43 7 59.5 65.7 091 106
A 7-2% “ “ 62.6 65.3 0.96 15.0
A} 7F-3% “ “ 53.3 57.4 0.93 10.9
Al 743 “ “ 66.3 67.8 0.98 8.0
1A 71-53% “ “ 61.2 63.6 0.96 12.2
1A 763 “ “ 50.3 48.2 1.04 105
A} 773 “ “ 65.7 66.3 0.99 10.7
Al 7H-8% “ “ 59.7 62.6 0.95 85
3] 7w} “ “ 61.4 63.2 0.97 10.7
o &3 IA 7H-1% 4 o e 60.4 56.2 1.07 85
Al 7F-2% “ “ 578 61.1 0.95 9.3
A 7F-3% “ “ 54.9 55.9 0.98 94
A 743 “ “ 54.1 59.4 091 9.3
A 753 “ “ 472 54.4 0.87 99
I 7H-6% “ “ 48.8 51.7 0.94 10.1
A 773 “ “ 57.9 58.8 0.99 10.8
A 71-83 “ “ 57.8 57.2 1.01 85
3] o} “ “ 64.7 63.1 1.03 105
Rl 1A 7H-1% 4y 3z 71.6 70.9 1.01 11.1
A 7125 “ “ 62.7 714 0.88 119
A 7F-33 “ “ 72.6 66.0 1.10 9.7
IA] 7}-4% “ “ 68.0 61.6 1.10 115
JLA] 7535 “ “ 63.3 62.5 1.01 114
A 7635 “ “ 65.4 65.6 1.00 12.3
A 7H-T7E “ “ 62.8 64.2 0.98 9.8
A 7H-8% “ “ 60.7 60.6 1.00 9.3
3| T-u} “ “ 71.1 70.1 1.01 111
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¥ 3-10. 200003 SAAIE A998 AlY FAEA
A 5 A4 B 1%%7/11 %E AEE -
(70 ) (mm) (°Brix) (%)
AL | 1A 713 2.0 87 347 8.4 145 23 %}
A 2% 1.0 9.0 4.03 9.4 26.7 “
Al 7}-3% 1.0 9.0 3.42 10.3 19.3 “
TA| 743 2.0 8.0 3.59 8.2 245 “
TA 7H5E 2.0 87 3.25 105 16.4 “
IA TH-6& 1.0 9.0 2.66 115 24.4 1dzat
A TR 1.7 9.0 3.83 106 16.3 “
A 783 1.3 87 3.54 9.9 19.0 “
3] v} 13 9.0 3.64 8.2 156 o H]
g | 34 715 17 7.7 3.77 9.8 17.8 23 =}
A 725 15 85 3.40 9.7 17.1 “
A 7}-3% 1.8 76 3.61 10.0 195 “
A 7H-4% 1.4 7.8 3.68 10.1 18.1 “
A 753 1.7 79 3.33 115 21.3 “
ZA 765 1.0 8.2 3.29 115 24.0 1dx=k
TA -7 1.6 8.4 3.56 11.2 187 “
A 7H-8% 2.9 7.0 3.67 10.9 195 “
3] -} 2.1 7.8 3.75 9.5 16.1 ikl
A | ZA 1= 2.2 8.3 3.90 9.5 14.2 YAS R
A 723 2.0 9.8 3.53 104 144 “
TA 7}-3% 1.7 7.7 3.76 106 19.0 “
T4 4% 22 8.0 3.83 10.1 152 “
TA] 755 1.7 86 3.29 11.2 174 “
A 763 2.0 9.2 3.51 104 16.3 193}
A T-7% 2.1 84 3.63 11.0 165 “
A 7}-83E 2.7 74 403 112 17.8 “
3] -} 19 83 3.98 87 136 oj =]
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F 3-11. 2006 S4AF A94e4d AT 55

3
=3 [ A4 | 74 [78A%

& A~

A9 | #EEs G L G lmmA) | mmB)| @A) [EE7 e
A5 IA7H-1% 9.7 77.6 17.57 28.95 1.65 7.20 5
JIA7}-23 9.2 814 16.49 39.05 2.37 7.18 5
IA7}-33 88 69.8 16.03 32.19 2.01 7.20 6
JIA| 7435 9.2 69.1 1591 29.85 1.88 7.20 5
IA 755 7 77.8 17.18 33.53 1.95 723 5
IA7}-65 a1 71.9 18.02 35.04 1.94 721 6
A 775 85 65.4 13.61 26.97 1.98 7.20 7
TA|7-8% 9.0 67.6 1870 29,28 1.57 723 6
IA7}-95 83 69.8 15.89 32.98 2.08 7.23 6
IA 7103 9.3 71.6 18.05 27.88 1.54 7.23 7
A 7113 88 69.8 15.91 30.33 1.91 7.26 7
IA 7123 91 73.4 17.26 25.19 1.46 7.23 7
IA7H-13% 95 5.4 18.22 31.96 1.75 7.26 5
&) n} 94 77.9 17.21 42.10 2.45 718 5
&= IA 7135 8.2 72.3 18.60 44.09 2.37 7.20 7
IA 7235 7.3 86.3 19.89 53.82 2.71 7.20 7
A 733 8.2 787 20.63 48.35 2.34 7.20 7
A TH-43. 6.8 57.8 18.90 50.42 2.67 7.20 7
IA7H-5E 7.0 72.3 19.31 42.56 2.20 7.23 8
IA7-63 8.0 81.3 19.93 45.05 2.26 7.18 8
AT 75 76.0 19.61 40.36 2.06 7.20 7
A 7-8% 6.3 73.3 20.61 43.56 2.11 7.20 7
A 7F-9% 75 80.7 19.73 47.78 2.42 7.20 7
T A 7F-10% 7.3 79.8 20.73 54.08 2.61 7.20 7
IA 7113 73 79.5 19.88 | 59.98 3.02 7.23 7
T A 7H-12%. 6.3 64.8 17.73 36.28 2.05 7.20 7
A 7F-13% 6.8 69.3 19.12 39.42 2.06 7.26 7
& Fw} 8.0 74.2 19.02 4418 2.23 7.20 7
A IA7H-15 83 83.5 15.70 46.86 2.98 7.20 6
A 7}-25 9.0 76.2 16.84 38.22 2.27 718 5
A 7}-3% 8.2 845 1391 2291 1.65 7.20 6
A 743 8.2 82.8 14.03 21.69 1.55 7.20 6
A 755 75 7.3 14.03 25.94 1.85 7.23 5
A 765 8.0 85.2 17.12 24.45 1.43 7.21 6
IA T35 8.3 82.2 1852 23.69 1.28 7.20 6
LA 7H-8%. 7.5 88.3 17.70 24.05 1.36 7.23 6
IAI7F-9% 6.5 73.3 16.06 35.16 2.19 7.23 6
IA7F-10% 85 85.8 15.62 31.54 2.02 7.23 6
A 7H-11% 9.2 82.8 14.97 27.32 1.82 7.26 6
A 7123 8.2 &5.3 15.31 2451 1.60 7.23 6
JA7-13% 75 80.2 17.24 25.76 1.49 7.26 6
3] +a} 79 82.0 15.09 27.13 1.80 718 6
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¥ 3-12. 2006 SAAE AGHSH A% T 54
N . ~ e ZZ | 5845 | A7
A9 HAEE T emaA) | mmB) | AB) | mm)
RS X715 168.3 63.22 69.32 091 9.02
TA7}-2% 115.3 57.53 56.58 1.02 8.61
JA7}-3% 1188 58.38 57.84 1.01 8.06
TA 743 144.2 60.67 64.84 0.94 7.88
A 753 128.2 583.50 61.55 0.95 7.65
A 7635 135.8 62.15 62.34 1.00 9.40
I 7H-TE 116.0 62.26 58.77 1.06 14.76
T A 7}-8% 106.0 58.53 55.56 1.05 9.67
AA 795 128.2 61.90 61.84 1.00 9.30
IAZH-105 96.9 51.28 56.84 0.90 9.82
IA7H-11% 120.8 57.12 59.68 0.96 8.49
A 7H-12% 1124 58.76 58.13 1.01 10.26
LA 7H-13% 128.3 59.90 59.93 1.00 8.89
3] o} 1619 65.72 65.17 1.01 10.27
i R IA 7135 1116 62.48 64.99 0.96 9.78
TA 725 73.1 53.57 50.11 1.07 9.14
A 7F-3% 76.9 51.21 50.76 1.01 11.05
A 743 7715 49.00 52.16 0.94 9.37
A 753 86.0 56.68 51.54 1.10 9.76
IA 763 9.8 53.64 56.16 0.96 8.46
IA 773 91.3 52.15 46.32 1.13 10.19
A 7}-8F 101.6 53.59 5879 0.91 7.40
A 793 100.8 5291 5852 0.90 8.96
A 7103 124.2 57.48 61.84 0.93 9.13
IA 7115 112.8 55.69 61.21 0.91 9.01
A 7H-12% 103.2 55.67 55.78 1.00 7.69
AA 7135 99.2 51.03 5h.34 0.92 8.87
&) v} 113.6 59.59 58.49 1.02 8.43
A IA 713 126.6 59.53 61.22 0.97 9.82
FA 723 98.6 56.30 55.47 1.01 9.24
HIA|7}-33 101.7 56.64 54.22 1.04 971
A 74 985 54.31 55.62 0.98 976
TA7H-5E 112.6 58.74 57.41 1.02 10.59
IA7H-6% 79.9 51.41 50.61 1.02 10.68
AA 773 70.9 51.88 48.26 1.08 9.35
TAT8s | 84l 5159 | 5610 0.92 9.33
IA7}F-95 126.7 56.67 61.99 0.91 9.93
A 7105 1188 59.42 59.50 1.00 8.83
IA7H-11% 1004 53.18 57.41 0.93 8.88
A 7F-123 95.7 48.03 51.58 0.93 10.00
A A 7133 108.6 52.39 50.17 0.89 11.15
3] u} 130.1 60.39 61.12 0.99 10.75




5 IR A
Ax AA FF T T T
) A4 2] 4
(kg/10a) (kg/10a) (kg/10a)
5004 A 715 3,930 101 2,155 103 3,415 99
3] vt 3,892 100 2,664 100 3,437 100
2005 A 715 4,148 109 2,706 119 4588 107
3] wt 3,769 100 2,265 100 4,303 100
2006 IAZH-15 4,443 104 2,946 98 3,342 97
3] v} 4,274 100 2,999 100 3,434 100
a7 IA7H-1% 4174 105 2,802 106 3,781 102
3] vt 3,978 100 2,642 100 3,725 100
75 AGEE & AXE Yedden diadol 7B Ao oj+ t#ade 3
2 800m ZA B AGRT FARAZ|E o NN AFLFIE BEF37] Wiolg
Aztdh.
4. FFAH

1dxpel] 623, 2date] 223, 33 52%
B 06d7bA 3/ Aol AAsd. FHIdAY
7P =300 7 SA4E B 72 AFEAYe] P w9ka, diage] P WEleh o¢
22 A b8 AFdME v BEE Byen diy A9 A ago] Fol A5
1be] e Aol Adelzta AZErt IFA oA T TAP1ETE 1564g o=
8l 7vh 1428z BTt ol ¢tk o9t 2 A= FHAHAME 22 4TS BY
X713 1738, EHIH} 163g °] 3L, dH#AH A= LAZH1E 1025g, 877 88g o2
N AHoA BF o5 stk YA AFE2 A9 HAph Astldh 3d3t 37AE
S FEE 9 1A 7}~1§—c FFoA 3580kg/10a & 8|7vte) 3457kg/10a BTt 3.7% E3k
o AL obgolX 378%E 8|7kl 498%E T 10% W3kt ol AFAE THY
W IAZH1EE FFE U er FF5ES 2Nt 5 v ATE M=

= j=Ths
dzke]l AHAY 28e 2E S5 2P ASHoE FE5E @ odFoln
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dE9Y #¥ DNA

=]
X

1.4 A
dae T F2v AMA F F8 FEF R 20061 AEHA-L 15,135ha,
AArEES- 889619 MT o]tk (Ministry of Agri. and Forestry 2006). ©]&= AA A44
A (333.6%3ha)e] 5% A Lo AWt FRAGL 12929 THEZE A AaTA A 11%

E Afrst AT ED, 2004). F9 AMAE L FoA 2L F3 Auje F 7}
A He g B3 Ho] Awign gloew F3Au)(Short-day onions)= HHAHLE F
Aoz AusEe v 3 A0 (Long-day onion)E 2¥€d] 98} 4@—.451 547 o
A2 F 985 Y 1084 F&ate Aottt Wl goe dFEE FHAMA A&
a3 v Aot 2y EFAHE £ F V2ol st 5Ed A H]
oA ¥ol AdE A AFel 2L FAGEZ FriEn o 28y 4
aYA AGE FHeE I EaGIe HF =4 2 S G 90%0]del o=
FAE o &3t ol o

of g
£ Az ge F g wue 23 Fudde £2 27 283 A
5

AEFT M ol ol&¥o fvh ofdT FEFAA e o8&

ox ml
ol
ol
=

o
o|\
N

X

-

e
=
i
of)
ofi
_>'~l_,
ox
2
rlo
=
do
EN
i
o
a
kd
-
ol

8 424 A4edn Yok @
B394, 71AS HEAA 59

dizE FAE A

o=

CGMS(Cytoplasmic genic male sterility)= W #Fdx< Axz
A5G R SAEY 2 7MY 4 UEdT 53 Axd fdAE
d FHR e Frldn ol¥A {rlE SAELS ¥
3 B A A (restore fertility)d] & *AEY F71 42

1
p =
Fddl 9% wA SAEdel FERHA= A7t RaHAH(Pruitt and Hanson,

MEF 8 Ak ATA SRS FAE ANLF FAE A

=1 2
317 93 o, o e SHEANL A FHEYHGMS), AEE

2

olo
oX,



EAAHCMS) & AZA-FAAAEHEALYCCGMS)e] dt o|F AEA-FHAH
SAEAEE o837 M E 37HA & AFe dasith 1 §A4ES AE 2
FAA 3 FEZ oF SAEYLIF AL I SHEY IAEFAAY b2
g2 FARE A9 2 %2 AENear isogenic line)olth, A E9 S£AEAAHL
v AAA e 8-S B3 4o BARA e Aoz 484 Jdrk SAHEY
AL {FARY S o] 8ste] T2 2 FA5H AEL FHAAE LS T3 oF
7 X3t E IAEYINS ASAHE sAEYESE AT & U

utel CMSE ¥ 7HA @H, CMS-S9 CMS-T7F B3 At (Jones and

Clark 1943, Berninger 1965). 53] CMS-S¥ ¢t SAEYo® Q3] %y o

AFE FA Aol gol o]&¥Hx AthHavey 2000). CMS-S= AE Ao =

S-cytoplasm¥ o] EAste shhel SAHEY IE FAAWMS) Y FE g 9

sl SA4EdC] F71HE AR BaH A (Jones and Clark 1943). CMS Al Fl el A

SAEAZ(A line), FA B line) B EH(C line)d SAL dUdgF FAE 43
pS [e]

Aol 2AFAAY A9 H ez friHE v #

2 z
e A, Az, Fohol EEY £ § ol 74 Hgol Aasth 2
Fopel Wy $HEY AABRL FAAE @ L FARA F EAT AL §7F
HFse] FARAT BAGoloF U I 2d 1Y HBE $HBAIE 497
4 By 4dol 28E Bl we 2T AU Buel olge HHol
Havey (1995)% @3he] §47 %40l 49 A 8do] 2asel 443 F4o we
Nzb} weo] Mad Aoz mustdrh wehd $HEIT AwH DNA EAIR
; g Nd 30A A

%
=
e
o
2
Ho

N
=
s
ofo

3‘_',
i

-~ B
Hi
=
o2
“
juls
of
=
mﬂ.‘.
o
N,
%

AZE $48Y QB EARAAAE H(Akagi et al 1995), B

carrot(Nakajima et al. 1999)% <kl 3(Wang et al. 2000) &2 (Stojalowski &, 2004),

F4(Jaiswal 5, 1998) oA HEu=E vt 3] PCR(Polymerase Chain Reaction) w}t
A 288 2AME B A8tz 49 S-cytoplasm™ N-cytoplasmo] & A]¥ H
ATFE 5 439 Axd $AHELAA #H F8&3 A= RaHUR(Cho et
al. 2001, Engelke et al 2003, Lilly and Havey 2001, Sato 1998). 3 %19 35 f
Axpel dHsA dTE DNA EXRJAAE /MEste o] &8 45 FHELAY 74
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oo B APE gute $4BYL 2PRE Ao deiy AT $42Y
AR @HE DNA EAARE U &30 olg57] A% 283 A7, 227 §
4B AAE NBATE G $HEANE FUAG A DNAEA AR g
2 74so] Utk E% DNA EXUAE ol§34 $4RYAEL 44T 5 Ut #
A9 21545 G $4RDNE 4AADE Foe S92 S

Fote] EFzRE AP AxXE % 3om VHE Hdd F F5 USse 2E
3kt B A9 sampled DNeasy plant mini kit(Quiagen, Germany)& ©]&3}
o] DNAE & ¥ AZsto AM&sdrh
2) psbA A Wo] &4

Fe) AED FAEUQAG A¥d ALE 4 N-AEEN S-AE
AA S dEA 77 pshbA AR HVIHEE +
< Multiple sequence alignment(Cluster W)& o] &3t A3 7le] AEAL H
i FAshE
3) PCR primers ¢} probe A7)

psbA FHAE FZ37] 913 forward®} reverse primerE Z7 25 23bp<
A7)12 design 39t L A7 AZ(SNP)E AE317] 93 Real-time &
probet 3 Zteo] quencher24 MGBE ©]&331 579y z}7] o2& 83
dyeg® #¢ Tagman probeE A3 A H2E 2). Tagman probe$t PCR =&}
o] = PriemrExpress(Applied Biosystems, USA) T2 13 & o] &3t%

1%
ol
ok,
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kel Rl

Fig. 4-1. TagMan SNP Genotyping Assays methods. This methodss use the 5’
nuclease assay for amplifying and detecting specific SNP alleles in purified

genomic DNA samples{AppliedBiosystems A &)

4) Real-time PCR
AAZE $AA Z=Z 2 ABI Prism 7700 Sequence Detection System(ABI,
USA) PCR machineg ©]48dth. % #$9e 202, 2X TagMan
Universal PCR Mastermix, 20ng template DNA$} 200nM Zgto] 7} X 35
=& 23393 Hot-start PCR 212 o3 e ez FPsHH
AmpErase UNG A& 98 28 A3 F 92Co|A 15%3F denaturation, 6
0T A 1% 7F annealing, 72Col A 187t extension #3 S 40cycles ¥HE-31%
t HEH o2 72ColA 587 final-extension & SNPE #4399k
YA HE % =4 FF AZE IHELAA #E
AN R BANA Add FLATY ET7E o] &35t N-AEZE AL
T AdE AEAE SAEY ATW202A 5)F AA T ZujE SR
6) AEXZ IAHEY type 2R : ¥ AxF SHEY typex CMS-S,
CMS-N, z28]1 CMS-T typee] Jd&d o&¢ #TE + 9+ DNA AU
A5 ol &t RHEAFHATLAA Ef, &
o
7) PCR-RFLP % Real-time PCRe| A& 34 44 :
- DNA A& 34 AEAI S-AEZF DNAE 119, 2:8, 37, 46, bb=
ol 10ng/ul® % %oi template DNAZ o] &35t}

o{o

- 74 -



- PCR-RFLP #A&%A AR : psbA FAAE ZF=Z3t7] 93 forward$}

reverse primers design YT (X 1). 3FH pshA +HAE= Mspl

enzymes ©]&3}o] digestion & HAGFFE Tl AZXF S$AHEL

A3ttt & psbA 87 Mspl AldE4A2 ddd F9 N-A
At om ATFEL site7t glolxd HADHA & AFE S
sk g o

=2
=

<)

of Ol

o
i

o
P‘_‘_',
32

Table. 4-1. Real-time PCR primers and probe sequences for performing CMS

factor genotyping of onions using SNPs in the psbA gene.

Primer and
Sequences Remarks
probes
Forward
psbA-F GGTCAAGGAAGTTTCTCTGATGGTA )
primer
Reverse
psbA-R TGTGCTCTGCCTGGAATACAATC ]
primer
Probes of

N-factor 6-FAM -ATAAAATTGAAAGTACCAGAAAT
N-cytoplasm

Probes of
S—factor VIC-AATTGAAAGTACCGGAAAT
S-cytoplasm

- Real-time PCR®] #H& A A4 : A% 384 FFL ABI Prism 7700

Sequence Detection System(ABI, USA) PCR machines ©]&3tth. & Wk

(=) oﬂ

2 20wz, 2X TagMan Universal PCR Mastermix, 20ng template DNA$}

200nM Zgo|w 7t EFHEE =Hd % Hot-start PCR 27L& v
Z270 2 $£839%. AmpErase UNG 4<% ¢a] 28 g F 92CoA
Z¥ denaturation, 60Tl A 1%7F annealing, 72CelA] 1#7t extension ¥
40cycles ¥HE-3 R, HAFHo=w 72T A 5%7F final-extension ¥ HAZE 3

43 skl
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L duf 2MEe B SFHA DNAZEX AXE ofgt

D AEAE A $AELIE F34 4% DNA EALA MEe st v
3 FZU9 9 FAAEE A RYRP f 7 A9E o) &5 4th
2) DNA 3% : 499 22 REe T3} Ax2E o 3cm 7M1 I F #4549

sted  wBAstdt. REB¥E  sample® Genomic DNA  extraction kit

(iNTRON, Korea)& ©|&3l9] DNAE % ¥ AFstod Al&3slt.

3) DNA ®EXa 7 @ =33 FF9 Iy FAELIE FHxE 9T,
SARIR) 2 EHIEER F Ao Fute] SSR(simple
sequence repeats) "t# 5270 (appendix 1) ©]&3}¥th. DNA EX|QUAE
7Herst7] 98] Bulked Segregant Analysis (BSA) W& &3, A4S
A ATE/H $487F) ASRYRHS Z 57HAS] DNAE THo2 4
F7/09 DNA bulkZE AZ&4tt. PCR £71-& AW A (pre-denaturation)S 9
4T A 5% ZF, 94CoA ¥4 (denaturation) 453, ©}'€ & (annealing) 55T
N 45%3F FAFIFT 72CoNA 185 A (extention)dt 71 & 453 W
AR} Bo2 72CA 583 vt g A3 dAE T‘@o}‘ﬁ‘jr PCR 7)71&
DNA Engine(M] Research, USA)E ¢]&393 PCR ¥+8 ¥ 20 % ¢l7t=
2 AA H7|dE L 3] dEYE B =Eulo] = (ethidium bromide) 94 +

ojn]x] EA7](Alpha Imager2200, Alpha Innotech, USA)E ©¢| &3ty &#Y3}

F

oft

2 Vector NTI (ver. 10)& o439 ttF 454 ¥4 (Multiple sequence
alignment, Cluster W)3 SSR(simple sequence repeats)$] mortifE #4354

o
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3. 2% 4 1%
7h AEZ $AEY DNA EXA3e L3} 7)e AL

1) PCR-RFLP

5 oA 2
S, N)& 382 4 e DNARA A MY % AE5HE 9ste] Fvo] LAY
EAeE GEA FAA psbA FAAL] HVIAEE BASAT S-AXZE A N-HE
2& M Fue FHA d@UIAE £ dF S-AXF 49 467bpel TE 7HA
W N-cytoplasm® 43= C2Z Yely @Y 7?8 X 3(SNP, Single nucleotide
polymorphism) &. 2 UER:

N FAM
REAE SR T C T GATGGTATGCCT T TAGLHAAT T TRC#HMGGTACTT TCAATTT TATGATTGTATT CCAGEEN
S C AN T T G ATGGTATGCCTT T AR GAAT T T CUEGETACTTTCAATTT TATGATTATATT CCACEEY
RZUES - IR T CTGATGGTATGCC T TTAGGAAT T TMCIMGGTACTT TCAATTTTATGATTG TATEECAGEET]
i AN T CTGATCGETATGCCTTTAGRAATTERCIMGGTACTTTCAATTTTATGATTGTATTC CAGEELS

-— VIC
Fig. 4-2. Multiple sequence alignments of the psbA nucleotide sequence in four

individual onions. W404A and W404B are near isogenic lines containing S-and
N-cytoplasm, respectively. The MA-ms and MA-mf are male sterile individuals
and male fertile individuals found in an OP variety "Manchuwhang” respectively.
Haplotypes are distinguished by occurrence of the Mspl site (467bp) in
N-cytoplasm (CCGG: redbar) and point mutation at one nucleotide in S-cytoplasm
(CTGG: redbar), respectively. Gaps are designated by dashes in the alignment.
The TagMan probe primers are indicated by arrows. Alignments of the entire
sequence are shown in Appendix 2.
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QE 5 nuclease
assay "HE& $&3% Tagman MGB probed =Zzlo]WE tiA¢l 3t Tagman
MGB probeE °]&% Z$ AAT A $ES st ®Hoh B&stA F 7HA
OE alleleg 78 & At FHA F 71 92 d3 P9 backgroundE Fof

Z 5 9lu SNPY Bol4dg zRHez #F ¢ 4 U9t
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PR AG F9 FF AExE FAELE WEs 974 N-cytoplasm A&
ALF SAEY MAe AAuw] 2 Fd FABHS 539 §% A9 +AIS
Atz st 48 SE Ao EaekEl AAX 279 AHS oF Ak Awv}
N-cytoplasmeS YeEWdz ZAYTE EF  S-cytoplasm, Rando: EF

Wtk wetx] ARG AS AY FARNE dder] o8

N-cytopalsm®. % .}E} 2

AoR by HH Rando®t AMEZ7|E Fdf FHEAE Fste ZATUHAA AH
FAE AL & stsAdel dE AR AGHUY £F v5 FFAH(USDA)ZHH
= = AF #Eo] o AZAE UEUAEY o=
%ule] CMSe F7FA #H, CMS-S, CMS-T % stvetn #a=" ol tigh d+

2

Table 4-2. Identification of CMS factors in individual plants of breeding lines.

Total The number of The number of
Line number of plants which plants which Remark
plants had S factor had N factor
Sapporoki 35 17 18 Japan OP variety
Josaengdaegu 19 19 0 -
Rando 18 0 18 -
, Red onion collected
P1546212 29 - -
from USDA
PI546248 19 - - “
PI547267 14 - - “
PI546319 29 - - “
PI546323 44 - - “
Manchuhwang 150 26 124 NIHA OP variety
. Japan F1 hybrid
Higuma 150 150 0 .
varlety

7. Not determined

(CMS-S, N, T) &

e
o $HBYYS MANHY FES AHSHE AYoE AR dE 2

oz e §ARe) BHEL olgstel 34 2 FAs Axd
FAAE FES B IFFA Remz $HEANE ASHoR $ARANES §
Ag F vk Fohe $AEY Aste AXAF Ay FARe F34ECEMS)
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g8 FrHEEe Aoz A ded CMS-S CMS-T % 2771 ¢34 Ut
CMS-St Axd #A9A44 ddd de vy IEFHARDY 3] =dHE
B CMS-T+ AXF FA4= el e 39 FdAed o3 2dso] &3

SFAAM T CMS-S7F ®e] o851 gt RHAsHIT4E Bf G ASEE)
SAEY FE(CMS-S, THE FE3zA & 19 22 ZgojrE gArAstgd e cob
FARE v EEcdole cytochrome oxidase bE CMS-S¢ A9 o] 294
orf1708(2H] FAxH7F Ad=Eel o] CMS-N3} F-#o] 7153 orfA5012 chives
o] FAEYCMS-S)E BEY 7+ = vAE g3 CMS-TE F237] 43hd
o] &3 A Tt

il

rl

Table 4-3. PCR primers for the determining CMS factor genotyping of onions

using mitochodrial genes.

Primer Sequence (5" — 3')
S—specific GTCCAGTTCCTATAGAACCTATCACT
cob gene N-specific TCTAGATGTCGCATCAGTGGAATC
Common CTTTTCTATGGTGACAACTCCTCTR
Forward ATGGCTCGCCTTGAAAGAGAGC

orfA 501 gene
Reverse CCAAGCATTTGGCGCTGAC

Fotel $HEY types AA37] A3kl 4 cob HHA Hol Lto]m g o] &5t

42 PCRE F33te] 180bpe] W= FZ CMs—N, 180bp¢} 414bp7t &
Aol YEhE de CMS-S2 T23tdlth olF CMS-No= ddd 7ixd sl
orfA 501 5] za}o]cﬂe o] &3t9d PCR& 33t 473bp7]— TEHd CMS-T=

Table 4-4. Identification methods of CMS type in onion using PCR products of
cob and orfA 501 gene in onion.

cob gene orfA 501 gene
Cytoplasm 180bp 414bp 473bp
N + - -
T + - +
S + +

+; present, —; absent
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482 F 62 ASEF) T TN (HFox, w2 A=330, AN S

, Sundance,
Red Wethersfield, Red Kingball)7} CMS-T typel.Z #EHUT (¥ 4-5 6, &
5. CMS-T& #7d dist SAHELAGS ®Helrl CMS-SEY Al $AEYARHE ©

&% %3}

i
o}
_t‘lo

142 o
4ol o8] R Aoz BRAY. 58 3 %—um, LER

H
Fo GRAPlN F2 o$HT Qi ARFLE B

414bp —
180bp —

A14bp —
180bp —

Fig. 4-5. Electrophoresis patterns of breeding lines using cob gene specific primer

in onion.

473bp —

Fig. 4-6. Electrophoresis patterns of breeding lines using orfA 501

primer in onion.

gene specific
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Table 4-5. Identification of CMS type in breeding lines using PCR products of cob
and orfA 501 gene.

No Line 180bp 414bp  473bp CMS-type
1 FdF + + S
2 A4 + + S
3 43 + + S
4 4% + + S
5 JEEYE + + S
6 = + + S
7 &5 + + S
8 AXEFC + + S
9 47 + + S
10 825 + + S
11 HFga + - + T
12 A + - - N
13 w2 A 330 + - + T
14 e + - - N
15 4] 3 + - + T
16 AFF3 + - - N
17 Cinzia + + S
18 Sundance + - + T
19 Exhibition + - - N
20 BGS 211 + + S
21 Brahma + + S
22 Red burger + - - N
23 red wethersfield + - + T
24 red grand + - - N
25 Electric + + S
26 red beauty + + S
27 Cpoosolrt cipolla + + S
28 Rossana + + S
29 Primarossa + + S
30 Sabroso + + S
31 Rumba + + S
32 Flamento + + S
33 Moulin rough + - N
34 Bunching + - - N
35 red one + + S
36 red king hall + - + T
37 florence + - - N
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CMS-type

414bp  473bp

Line 180bp

Rubino

No.

38
39
40
41

Zwiebeln
Stockion red
o - x

i)
ofy

o
kel
=

!

42
43

i

NY 36-4 A/1L

Odesskii-7
non 909-0-1

red salad-2-2

45
46
47
48

A3l 029-0-1

red one-1L-1

non 902-0-4

49
50
51

Red ball-0
red beauty-0

+

52 Cipolla Rossa di Firenze Rubino-0
53 Cipolla Bianca Agostana Di Chiog

54
55
56
57
58
59
60
61

-+

Rossana—-0

Lilia-0
Rumba-0

Malaga-0

Brahma-0

Amposta-0

G 32055

Pl 546248

-, Absent

62

+; Present,

=S

A

&

I X} A

o

FA5he]

g e

%}
tol ierd DNA EAAS @2

3|

2 FAHELYAE N-, S-AZHJIA &

X

WAl A E A

2 A%

1:99] H]

FAE HANAY. S-, N-AlxZ e DNAE

ATEHE 9

AT

]

[o]

o~
T

13
=

P AAE TR

k2

z
T

tel (2" 4-7) 10%9]

s

ol T
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&5l dute) tubed ol 10719l M& DNAES £%3tel PCRE 3@ § Mspl
o2 ddste] Axd SASdAAE FEEHE W (96well PCR machine)dl 3+

o 1,000/ AE9) Axd FAZAAA ddo] 7tsd Aoz Addn.

(

Fig. 4-7. PCR-RFLP wusing serial mixtures of DNA derived from S- and
N-cytoplasm. The PCR-amplified psbA gene is digested with Mspl. Mixtures of
N- and S-cytoplasmic DNA samples were prepared as follows: lanes 1 and 10 are
male-sterile (S) and normal (N)male-fertile cytoplasmic DNAs (total 10ng),
respectively. Lanes 2-9 are mixtures of S and N cytoplasm DNA samples: lane 2
=9ng S/ Ing N; lane 3 = 8ng S/ 2ng N; lane 4 = Tng 'S/ 3ng N; lane 5 = 6ng
S/ 4ng N; lane 6 = 5ng S/ 5ng N; lane 7 = 4ng S/ 6ng N; lane 8 = 2ng S/ 8ng
N; lane 9 = Ing S/ 9ng N. M: DNA marker (100bp DNA ladder)

Real-time PCRE 9% primer®l probe= Primer Express Software(Applied
Biosystem Co., USA)E ©o]&3te] Tjx}A3}9th Probet 6-carboxyfluorescein
(FAM)& #33te 5 ZdelA ¥3e veblle TagMan MGBE N-cytoplasm®]
reporter® ©]-83} 9t} Real-time PCR 422 ABI Prism 7000 Sequence Detection
System(Applied Biosystem Co., USA)E o}-&3l F3st).

Real-time PCRZ ©]&3 N-, S- AX 2o A=3IAZ HAHS7]) st N-, S-
AZA DNA9 ¥ &S 7247 100, 82, 614, 2.8, 0:1022 Ao HEsdeh 7 A3 1
4-39} 72 amplification plotS YERWH Tt Real-time PCR PCRE A& & o
T8 Y F de AEE /AR Yo N-, S- A X DNAY 48 788 5 3l
= o o83 19 4-38 HY N-factor/} HdHE 42 Yed Aoz
A% 7B} N-, S~ vlgo] 10002 EFd Aoz 74 w
o] amplification plot& ©]-§38t4] standard curve® A A (2™ 4-

ee}
g
,pﬂ\}'..
o My
oM
g
T
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Fig. 4-8. Real-time PCR amplificatioh plot of DNA samples prepared from
different mixtures. Each DNA samples were tesizd in triplicate.
E
Ct #t7 DNA EFu|&e] A4#BAE 0992 YeEstt) o standard curveE o]
&3kl N-3 S-9] Hl&o] 10:0014 28 Ate]e) EFAHEE HEY + o AHY
20%9] N A Zd SFA7HA AEe] 7Hesksih

2:8 4:6 6:4 8:2 10:0
N, S ratio

Fig. 4-9. Change of Ct ratio according to the different mixture of N and
S-cytoplasm DNA concentration. Each DNA samples were tested in triplicate (Red
spots). Mixtures of N- and S-cytoplasmic DNA samples were prepared as follows:
A, 8 and 2 are male-sterile (S) and normal (N)male-fertile cytoplasmic DNAs
(total 10ng), respectively. B, 6ng S/ 4ng N; C, 4ng S/ 6ng N; D, 2ng S/ 8ng N;
E, Ong S/ 10ng N.
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ox
N
i

!
Z49d, $AEYY JEL Ay IJFHHAAT &
Aoz 4#HA YrH(Jones and Clark 1943). W53 F3=
ol H2=ZA dgtedA SA4E S EUAT(W2024)
7 HAAneE FYsAoh e N-cytoplasme 7H 7|A7F AW FdzF o] ¢4
homo(RRHEH, L FHE EF S47FY 22 vehhal, hetero(Rfif) ¥ 2%

[e]
[ K3
2 7kdol 1112 295 24 homo(fifd 2% EF sA4EYL=E Ye &

ot

EAAAHS)S Hfol &4 3=

1o
1o
)
ot
S
o
2
D)
oft
e
eor
o
O
)
(o]

L
s

WL e
1%

29
X
1
o
0
—
e

Open-pollinated variety ('Manchuhwang’)
[ Selection of

N-cytoplsmic
plant using
SCAR marker

MS line x Plant which has N-cytoplasmic plant

1:0 11 01

Expected ratio
(MF:MS)

NRf/Rf NRf/rf Nif/if
Restore - Maintainer

Fig. 4-10. Experimental strategy for selection of maintainer line using STS marker
and test cross in open-pollinated variety 'Manchuhwang’. MF; Male fertile, MS;

Male sterile.



S A
dasty 53 fAZ S4L 8lA 10de] LA8HE AR d¥HA Utk 2} £
AT ZA¥ DNA EXQAE o]&8 A9 3dtwe] Hd+E EF WA FAFE A4
Adbd 5 AT o]H T A 2dA AEoldA A AANEA d4E A 45
o dUiF¥F FF S MAS(marker assisted selection)?} wl-¢- ad o=z ojg=
F g Aoz ATEUn}

fr

G ukE 7 Z (tandem  repeat
sequence)’t EA3tE LR BHEGH Y Wi = AAE 13404 EAE F A4
3 71A] o] FojA] oy FHZ Yeiue FAXF(ocus) EAZT HEG Y Gr)A
Aol th7] 14-70bpe! A& VNTR(variable number of tandem repeats)®, 2-7bp%l
A& SSR Microsatelliteszt  #&t}, o] 3 SSRS dAT FAI714 <L (core
sequence)©] ZERHEHO 24 UEhte THEHIIANER AAvg gEHE 347t
2t ez Yeute Hold tdFAES o/&3td 8% DNA XAz o/ &E
T U FHe FHELS AEE ARt I FAFAELIE FHAzY ”Ex—}%o
2 f7189H Ay SHEUIE FHAAE dAA $AHLE FASY Fue Y &
FELIE 3% 4% DNA EXAAE ALy 98t ALY T=29 %
3} SSR(simple sequence repeats)® ZFZ3}7] 913t ZglolE 34 S (appendix 1)
1datel &d F 7tA AT (RYRf, rf/rHtel tiste]l PCR 339 F AEL o
@3} MEZS YEhfs SSR Zgbo|wE ALt tH(Td 4-11).
AdE SSR ZAJAASY A7IME 24 ZF(appendix 3) 32l SSR WHE 7] A
T4 ZE(RfRHE A5 37t BAH 6719 motif7t & H?l Ll =
E(rfrHe 4% 97/0el motif2 Yeht F JAY FHAEte] G¥AE vehd A

SSR(simple sequence repeats) & A1)

ox M

o

Py

rJ

B frAdzst d#d SSR ZAJAHACMIN)E ol &3t9 7
3 Ae Id 149 24 9 SAELIE FAA @4
S7Al EFolA 180bpel Feo] WME(A7F $A4Y ASE BANA RFA
150bpe] WE=(B)7F HolH oz FEHT. /lddE SSR TAIAE ol 48 H$ ¢

N
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_>‘;I_,

ol
mlo

N
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fr Jo =

_87_



ACMO5 ACMO6 ACMOS ACMO9

Fig. 4-11. Agarose gel electrophoresis patterns using onion SSR mareker(ACMO5,
ACMO6, ACMO08, ACMO09, ACMI13) between restore line(Rf/Rf) and sterile
maintainer line(rf/rf). Arrow indicates polymorphic band between fertile restore
line(Rf/Rf) and sterile maintainer line(rf/7f). Lane 1, 3, 5, 7, 9; DNA bulks of
fertility restore line (NRfEf). Lane 2, 4, 6, 8, 10; DNA bulks of maintainer

line (Nrfrf).

Fig. 4-12. The structural difference between dominant fertility restore (RfEf) and
recessive fertility restore(rfif) of the genome in onion lines (Allium Cepa L.
Three major tandem repeats are missing in dominant fertility restore line (RfRf) :
light green (3bp tandem repeat, TCC); Nucleotide sequences of the tandem repeats
are indicated. Multiple sequence alignment indicating these structures is provided

in Appendix 3.
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150bp

36087 a8 08

150bp

180bp

180bp

Fig. 4-13. Electrophoresis patterns obtained by SSR marker linked to restore
fertility of homo dominant and recessive allele in individual plant. A; Onion lines
has homo dominant allele in restore fertility (RfRf) B, Onion lines has homo

recessive allele in restore fertility (rfrf)
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F(AIT)Ol CMS-T typeo 2 AU AXH FAELY

Ao HEYE o8t el B A} F2 10709 sampled 3¢ PCR tubedl A

Al Agd & Je dEFAEES ALt PCR-RFLP 9 Real-time PCR %
N

AEAH S AZA AAE A4 srdz BF ¥

)
o
=
13
ol
3R
Al
AN

PCR-RFLP ¥ Real-time PCR& 33 Z 3 PCR-RFLPY 3-$& 10%<9 &371
A% AZo] 753 ¥ Real-time PCRE g J,
2 AAE o4 A4S LAY Axd AEY FHE dFeE 3d & F 9
& AoE wd
A F4EY A AF DNA FAAA MPolAe & HeolA<l SSR
(Simple sequence repeat) v}# 52%& & o] &3t pre-screening #4-& F3}
SSR mtAE A

Ay FAEY I FHA FHE Jd S4590H Ay SH4EY 5 FAA
A DNA Xt 7/esle] SSR(Simple sequence repeats) XA ¢1AF 7jw 4 7]

Mg 274 2 Aed 248k

_90_



o W2wW vls 9 YIE FHoEZ IFUYE FAH(KIm 5, 1996), 3zt &4
(Mun 5, 1994), 88 24 (Kim %, 1998), ¢HAE NAEA (Lim# Kim, 1997), &
A 2A(Kim 5, 1997), SA=d] g 54 4388 Park T, 1991) 5o &
ol d¥ FAeE HuHd gt o] F F HFES A5 A= 55T FE F
g 2 oolyegt Y AYH rivds 4

2A9 287kX7 Bk FHE AlliumE HEEZ 9 5000FoR o]FolA glen
gaa 9 ofgon Hujgel A7 BHEA LR o|fHo govt T W
g BEtEQl Avte 1970dd] FHHREE O APEAH o g o] Fojx  gtow (Block, 1986,
1992). =3 AEHo=E vy 42 4$3E&E v ES Alliums A ES

Qe AFTe 18T W AlliumE A EY AYH V5o B IdFE FEE AT
GHAC &% AA FeEo] glon YR £, T4 ¥ #EUF T &
g AT T3] Aol A2 vhEY HES LR dTst

off

£

224 7134 4F2A

=

WAs AE B ARAAES, 4475 BIEH 3 Le FANY TRE o
Btk B37h ®ol venm UAW e Aliium Sol9N Aol whsd wxd
RoZ

A gle el Zwdd daMe F LA A &z glvh
=

Fshe Exolut ABE= 7], 2P, A9 F9 o FAAA Byohis Folnt
pyruvic acid, F3HFE(ACSO) 59 WRAAEA QoM izt Uk 53 Fag
Z(ACSO)°] 7154l 88 4¥S wu deld Uk wekd A5y 8IS ¥

2

9 88 FEd FaUt ok ¥
o=k A6 S-alk(en)yl-L-cysteine
sulfoxides (ACSO) 2% ¥ &t} (Lancaster & Boland 1990). ¢ & E9¢] methyl-
(MCSO). 1-propenyl (1-PECSO), 2-propeny! (allyl, 2-PECSO) cysteine sulfoxide%
o] Guh} mtEg& A=AY RS @ vehvte AP AHQA ACSOIth (Saghir F
1964, Freeman & Whenham 1976, Kim & Chun 1999). %5xZd] gle oiglel
(alliin) isomer (1-PECSO)$} o}g]Al isomerE T3 19 E3) e A &3,
ey, F4EA7 de AoeR ¢¥Aa Ao (Kim & Chun 1999, St 3 1996,

o)

o) et glow o Yot T {43
o
O

9 5S¢ %3} Fve vuda 3

T 7
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Kang & Kang 1997). webA o] 22 S3EEe AHF BN ZAagrs o F4
ARE & e 2 F27 2 : g2
Aoz Astr] A% §2 209 SFH AGHHEE AEsted o4 F e
Ao},

Fute nF) vhE, 3, AR F 59 ZHAAL FolA Au WA S AE 49A
ol 7%l Bt} Akl A E 36%E 198 st o] BHEEe st @
AHATG F&Fgo] & nA5 FEolrth. Y B FE Hgo
AR FZol Fohe] A HAHo] F7438 F7hghel wet 199999 A5
708 £l H3te] 9orbEC] A ATE ol dm AMHe FAHAI F7e =

&

2] AFAA THAS FEE TA S wRlA Hug BAH A4S gA stk

53 date U A¥ 57 AL R AFHO gl 2005dE V|EoE 4u
7vE ANFE F s AAEY 15%d EFHSAT. B duts gl dol R
el oJgk H7]&ol 30%0]do]l Ha glof oo 3 diFeo] Hagk Ao}

Fo w7 A5E A HEY] AMAE AdTee AL A G {F 2
2HAE A GRuF v Fasith e FUAE Eoli AuAAE <l
Agtste A4 HHE JHER AWE Foste SHH JlsAde 4 F5S
AdstAY SAste et o F JRE A wnEHE] YA e LvRE
o o ¢nad AFS Adste Aolth weA 2 AT E St n#E A oA
ArEle duke] Al 71Fol EAHL ojHd AEE o &dtd 7|vA ¥ A
Fol A4EY, o5 FIAMAFY v o F JoBR FUY A5 A
e B oyt GIE o] & A FAAC 845 2 £ lg Aol

ANAF ez Food oA S-Alk(en)yl-L-cysteine sulfoxides(ACSOs) Al & 9]
FastteE AL i JAR HAEA A o= AR EX8n AN dsiAe
B2 =do] Hu e AAoth ACSOs & 437 A8 48 7% A B
R TEE AESL oy ofF FAMEE FFEEA X Yth(Thomas &

Parkin 1994, Tokimoto & Kobayashi 1992, Yamagi % 1980, Zeigler & Sticher 1989,
Block & 1992, Gustine 1985). I olf& °]/4 RASAAEZLS A$ 74 wet
et dEvE EAE FRHoE v EAEo A & EFE FAEHI] 9
Folt}. o2 Eo] S-propyl-L-cysteine sulfoxide (PCSO)7} 2 3+ 33t&Eojgta
Matikkala®t Virtanen(1898-1900), Lancaster®t Boland(1990)% < %3 wid, EA:=

o gyl EAgvtn FAII|E It (Ziegler & Sticher 1989, Yamagi %
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1980). H]E FHA) 7= AT o7 7HA st @yo] S-Alk(en)yl-L-cysteine
sulfoxides(ACSOs)E  =A37] & A=gAth.  S-Alk(en)yl-L-cysteine
sulfoxides(ACSOs)7} alliinase®t ¥H-83t91 ‘/}-‘?—xm pyruvateE FA 3= Wl
7F i E Aoy} (Schwimmer & Guadagni 1962), ©] W¥H& ACSOsE9 AdH
%ol} profile ¢ FE= QUvh. Nakata S(1970)2 alliinase®] dH§ AFE<l
& FA43te THE Aoy o] g4 Ao A
AstAe Xstdz, #4€ AHY bt shsel AR e AdAd
thiosulfinates®+ S-Alk(en)yl-L-cysteine sulfoxides(ACSOs)¢l %= t2A Yelgth
(Thomas % 1992). L & ©]% thiosulfinates®4-& A3 & F Y= AEL AH
azvEady (GOY 7ta-94 a2vtEady (GLOE )83 wio]l /Mdsgl
o (Block % 1992). GLCE o] &3t 982 ACSOs¥E FHsta e Al=7F %ol ¢
Fo]l M1, 1% Tokitomo$t Kobayashi (Tokimoto & Kobayashi 1992)% GLCE 9]
L35t daE BEAS A n-propyl eV FEE olF3 JdYm B ul glo
o] Fei7b d e PCSORHFH U2 AAA AR AAHY 4 Fd 1- F2
2-propenyl e WSAHEZ n-propyl HE7F U2 AR = FAX &t} o] Hb
& Freeman® Whenham (Freeman & Whenham 1975)2 919 Z3& GLC £4F
L& 254 WAEH 9 #dE v U HEgY Foln, PCSO : 1-PECSO
MCSO = 2 : 80 : 189 H|&=ZE AR FFstA 1, Blocks (Block 5 1992,
Block % 1992)= 22 A=z EAdtty Budsdrh. o8 E&FE Zol7] A
EHEHA g2 ¥ TAA ACSOsGs AHHLE SHstee Al
o]z t}. Silica gel& AM&3 82 AV|GEF IZnfEIHYE o] &3 o|XPF B
T A Granroth (1968)E ¥ FZolE& MCSO 1-PECSO% EAjgtia 23X
3 vl oy}, AR AW o @ Lancaster$t Kelly (Lancaster & Kelly)®
pyruvate o g A3 ABETE 4u] olAel ACSOs%el HE:HUYR PCSO
1-PECSO : MCSO = 66 : 14 : 209 M€= EA¢v Hussitt. 9 4735 A=
2R kST, Matikkala®} Virtanen (Matikkala & Vertanen 1967)°] 743 Az}
(F1F 92 8) e =) 99 dEL EF A ZdAg AdlFHd ACSOs¥S 24
o Ao B2 T ddvE AL HAFE Aotk

GCY GLCOA A Axrt dX =R g A9/ veyx #2 HPLCE, 43
£ HE3 Allium&ol ZA8E ACSO B o]f3lde AEst o]FojHr)

Y
¥ o
>
9
wn
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Gustine (1985)2- o-phthaldahyde (OPA)®} 2-mercaptoethanol® ACSOsE %) 3}
3ted MCSOE BrassicadlX AZE3FR 20, Zieglerst Sticher (1989) @Al OPAS$t
2-methyl-2-propanethiol2 XA 8 3to] wlsd A MCSO® 2-PECSOE #A4 g vt
Atk ol T E A&H Ao wsdAE 2-PECSO7E 7Hd ®e] EAddE A&
4A HQoen PCSOY 1-PECSOE EAskA AV FuFe=wk gt
A (Block % 1992, Block 5 1992). 3 &<¢A4 3% OPAY Y& FT A3 Wye
2 9-fluorenylmethyl chloroformate (FMOC)E ¢]&3: WH:E sz o
(Cunico 5 1986, Thomas & Parkin 1994).

T E oo U AF=E2 vHluy wWol ¥IAFHYSY (Kang & Kang
1997, Kim & Chun 1999, Seo & 1996), A& E A @3 dA+= BA &
I(Ha 5 1996), d7v AeEF B g dist] AF £49F A= g A
o]},

e
>
=
i
1
AL
et

2. Als # Ud
<AE1> $3e F3FE E4
7h FAAE
B Ay A48 FAARE nHAFAATLAA A 487 FF £ ASE
FAsY Agsdd FHE dHGAEE AR R RYFEE AAst AES
WA BSy Fuz2 FEEY -70C2 deep- freezerol H@AF A7 A@d A3
ATt

BN

A2y

e
M

g £9

_[l
M

rr

=

1) S-Alk(en)yl-L-cysteine sulfoxides(ACSOs) standard chemical &7

¢krle] ZFwlEAE YehlE thiosulfinates?] ATFEZAQ S-alk(en)yl-L-cystein
k|

sulfoxides(ACSOs)®]  AZFEAME HAste & A3 A HPLC®

r?L
1
T
(o

f = R
standard 252 FQ2E A9, thiosulfinates 3EEL ¢ VR8T EHAS}
o APAoz EAsIA &7 HE ATFAHE 53 EFEAL WHEY AEIHL
o NMR(&#7)29)3 HPLC(Z& AR ZZutEd9))S St HES st
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A g o) ALE3 standard EEE 32

7h PrenCSO(1-S-Propenyl-L-cysteine sulfoxide)

g5 W77 9729 500mle] A Eg2~=o] L-cysteine 24.23g3  ethanol
250mlE Wi 50CA 3023t #Fa3ch 10Me] NaOH 89 20mls AA3 A
7l 3023F 68 A}l ¥ ethanol 35mlel allyl bromide 17.28mlE =9 A A3
7bet & 3A17HE e vES AlFH T 30CE AF acetic acidE pH 50~557F @ wWi7lX
H7bsle FAd 8 893 acetic acidS H7Fstd ZAA o] AT olE WE oA 24
2 BEstn ot 50ToA AZE3ATh Ethanol2 AZAA st 18%9 A 14
¢l S-allyl-L-cysteines 53t tHFig. 5-1).

500mie] A7 EetxFe] folA FAd & S-allyl-L-cysteine 560g3 7AZd DMSO
200mlEs ¥ of=EF& slo oA 3083 wwERg. Ax¥E DMSO 40mll
potassium tert-butoxide 560g& = 6~10TCNA A3 Hristgdon -3 H7t
Ha Ui A2dA 18417 B¢t wkSAI AT} Acetic acidE pH 5.0~557F € wj7}1A]
et A4 Estn, WERAA 287 BB § oFste] #@x354 . Ethanol® A
AA 3t 20%9 | A el 1-S-propenyl-L-cysteineE & =34 tHFig. 5-2).

250mi9] A EAFo] dAM A3 1-S-propenyl-L-cysteine 1.1g3 distilled
water(Dw) 50mlE ¥ i 30& dhal ot H:Op 1mlE Dw 20miell =o A A3 3
7 F F2eA 2447 W§ A7 #AREte] DwE AASAT =@ g4
methanole ¥ EEFH X9 uA7}F 47H, AR T Dw 0.2ml¢ methanol
5mIZ AAAs] 129%2] dA A<l 1-S-propenyl-L- cysteine sulfoxideE 853
A (Fig. 5-3).
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L-cysteine
(24.23g)

S-allyl-L-cysteine

+ Ethanol(250mL) (5.69)

y

Reflux

L + DMSO(200mL)
(30min in 50C)

Stirring for 30min

+ 10M NaOH(20mL)
(room temperature

y

under argon)

Reaction

{(30min) + potassium fert-butoxide(5.6g)

in DMSO(40mL) at 6~10 T

+ Allyl bromide(17.28mL) in ethanol(35mL) y

A 4

Reaction for 18h
Reaction (room temperature)

(3n

acidified to pH 5~5.5 by acetic acid

Crystals

lacidiﬁed to pH 5~5.5 by acetic acid

freezer for 2h
Crystals

l freezer for 2h l filtering

l filtering l drying at 50C

l recrystallization by ethanol

l drying at 50C
1-S—propenyl-L~cysteine

l recrystallization by ethanol (white powder)

S—allyl-L—cysteine
(white powder)

t
'
Ll
)
l cooling at 30C :
'
t
'
'
'
1
1

'
1
:
1)
v

.......................................................

Fig. 5-1. The diagram 1-S-propenyl-L-cysteine sulfoxide synthesis.
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1-S—propenyl-L-cysteine
(1.1g)

+ distilled water(50mL)

A

Stirring for 30min

+ H,0,(1mL) in distilled water(20mL)

A

Overnight
(room temperature)

v

Evaporate
(under vaccum)

v

Yellow liguid

stirring with methanol

A

White crystal

l filtering

+ distilled water(0.2mL)
+ methanol(5mL)

1-S-propenyl-L-cysteine sulfoxide
(white powder)

Fig. 5-2. The diagram 1-S-propenyl-L-cysteine sulfoxide synthesis.
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t}) PCSO(S-propyl-L-cysteine sulfoxide)

B35 Y477 449 500mle] 4t EtaF] L-cysteine 19.46g™  ethanol
200mlE ¥ 50CelM 3083 #7F3tth 10Me] NaOH 4 10mlE AAM3s 3
74eted 30%3F ¥H-& AlFH 2™, propyl bromide 14.56ml& ethanol 35mlol] =] A A3
H7F 8 A1z F 98 A AT 30CE 4383 acetic acid® pH 557F € w74
o Acetic acid& 7lsbd AA o] A7, o] WE A 24
EA T ogHste 50TAA Ax3A T Ethanol2 A A4 sted 23%<) A 1A ¢l
S-propyl-L-cysteine® &5 3}5cH(Fig. 5-4).

LU
N
N
ol
o
s
23
o,
L
ol
ob

2 R

L-cysteine
(19.469)

+ Ethanol{200mL)

Reflux
(30min in 50C)

+ 10M NaOH(10mL)

Reaction
(30min)

+ Propyl bromide(14.56mL) in ethanol(35mL)

A

Reaction
(3 h)

l cooling at 30C

l acidified to pH 5.5 by acetic acid

Crystals

l freezer for 2h

l filtering

l drying at 50C

l recrystallization by ethanol

S~propyi-L-cysteine
(white powder)

v

Fig. 5-3. The diagram of S-propyll-L-cysteine sulfoxide synthesis.
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S—-propyl-L—cysteine
(4.890)

+ distilled water(120mL)

Y

Stirring for 30min

+ H,0,(3.5mL) in distilled water(30mL)

Overnight
(room temperature)

v

Evaporate
{under vaccum)

'

Yellow liguid

stirring with methanol

A

White crystal

l fittering

i

+ distilled water(1mL)
+ methanol(20mL)

S—-propyl-L—cysteine sulfoxide
(white powder)

The diagram of S-propyll-L-cysteine sulfoxide synthesis.

Fig. 5-4.
250mle] 47 Et=3o folA FAF S-propyl-L-cysteine 4.89g¥ Dw 120ml
£ Y3 308 stk HyO: 35mlE Dw 30mldl Ho] MA3s Hrsta Ao
A 24N 7 wbE A7 3 st DwE AASE =@ AL A7t of 7]
methanol& B3 EEW 3 ZAAe] A7 o7, Ax ¢ ¥ Dw 1ml®t methanol
20miZ AZAATY 20%9] 84 1A S-Propyl-L-cysteine sulfoxides 853ttt
(Fig. 5-5)
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ol
22

iz
olo

-

|3t

&

24~

ot

=
=4

ot
=l

t}) MCSO(S-methyl-L-cysteine sulfoxide)
H:0; 35mlE Dw 30mloll Ff XA3] H7Fgk & Ao A]
7kl sl A AASG T =AM AH o] methanold 2

250mie] A ZHAA9 S-methyl-L-cysteine 4.05g3¥ Dw 50mlE ¥ 3 308
AAol A7IH A3 AZF F Dw 1ml$t methanol 20mlE A AA 3t 23%2] &4

A

wurel ek,
AlA Dws
A ¢l S-methyl-L-cysteine sulfoxideZ 853} th(Fig. 5-5).
S—-methyl-L—-cysteine
(4.059)
+ distilled water(50mL)
A
Stirring for 30min
+ H,0,(3.5mL) in distilled water(30mL)
Overnight
(room temperature)

'

Evaporate
(under vaccum)

v

Yellow liguid

stirring with methanol

y

A

White crystal

l filtering

|

l drying
+ distilled water(1mL)
+ methanoi(20mL)

S—-methyl~-L—cysteine sulfoxide
(white powder)

Fig. 5-5. The diagram of S-methyl-L-cysteine sulfoxide synthesis.
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FEAZ FEAFE 93 FEANY ZA = Zeglers Sticher(1989)9] w= o)
e & 2e 42 ZA4 39 HFig. 5-6). OPA(o-phthaldialdehyde) 140mg<
5ml9] methanold]l £3A171 ¥ 0.2ml¢ 2-methylpropanethiol® 27159 voltex
mixer (KMC-1300V, Vision scientific, Korea)2 & &%ttt o] £ N 0.06M
sodium tetraborate buffer(pH 9.5) 50ml& H71goz2H 3o, o F=x &

A2 ZAE 12M3F o] FHE ARG

O-Phthaldialdehyde
(140mg)

l + methanol(5mL)

l + 2-methylpropanethiol(0.2mL}

Mixing(voitex)

Dilute by 0.05M sodium tetraborate buffer{pH 9.5)

Fig. 5-6. The diagram of derivatization reagent be prepare.

2) HPLC ¥4 913 $3te) ACSOs 4% 3%

ACSOs A¥E FZ9¥Le David9 Kirk(1994)¢] H¥EE& &3l AAsg.
freezing® 43+ 50g2 HW £E2  homogenizedtd MCW (methanol:
chloroform:water = 12:5:3v/v/v) €<% 100mlo] A AIA -20CY WF5 oA 24hE <t
overnightdt$ith. 24h¥ WE 19 ¥AFEES 7o ZddFstq 2 EH F
gt & FE A chloroform¥ water(chloroform:water = 2:3v/v) 100ml< H 7}t
o & EHsdd. F A9 EFZF dE9 chloroform®2 W AEF9

6

methanol/water&%H-g # 3] vacuum evaporator(N-2N, Eyela, Tokyo, Japan)®

o

e
ol
2

oft
-

ol

0Tl A FZ9d0] 50mle] € w77 ZdsFH 9. 559 €9 T ImlHe I2
#H3t speed vacuume o) €3 94A ARAIF LW -20CE WE1d A FAL
7} HPLC B4 A g AL&3 5 tHFig. 5-8).
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Onion tissue
(500)

homogenizer

l + MCW({100mL)

Steeped
(24h at -20T)

l filtering

MCW extract

phase-separate
{ by addition CW(100mL)

Methanol/water
phase

evaporated under vaccum
L at60c

Reduced to 50mtL

l take 1mL

speed vac.

!

Store
(at ~20T)

l

HPLC analysis

Fig. 5-7. The diagram of ACSOs extraction.

<AE2> 4o £F R AT E5TEY AT A Fd3 g4 A

7 FAAR
2 A3 Ar8d FAAEE Table 5-13 2o THA5PAT20NA Aujd &=
3TN ¥R FF H ATS AHEEAH

v g5 il ACSOs A% &% =4}

ACSOs A% FEWH L HPLC #4&7 gysted A8d 2 ¥y 2 =4
I Y45ttt AFd dad YREFEAEA EEJIHE FAANIAL olwe A
AARAASTE MCSO(S-methyl-L-cysteine sulfoxide),
PrenCSO(1~S-Propenyl-L-cysteine sulfoxide), PCSO(S-Propyl-L-cysteine
sulfoxide) Zrz} 0.9991, 0.9883, 1 o|Ath. U3 FEA A S-alk(en)yl-L-cysteine
sulfoxides & #HE Al F=AF e mAgez AF 2 EFF

S-alk(en)yl-L-cysteine sulfoxides’d & HPLCZ £ - &3,
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Table 5-1. Cultivars and phenotypes of onion

5 42 A%H iy v| 31
W E/d B 5 9l Fslelfing-4 Fl, A54% 5221
W202A(2001-41)/= A U] +- “ 5226
W205A/ Y £ = ¢ Tslelfing—4 “ 5229
WA04A/HUF2 “ 5241
NY36-4A/4F “ 5254
NY36-4A/<32F3 “ 5257
W205A/7d ol 32 “ 5285
amposta IARAZ 5551
red beauty IRAAE 5558
Rumba I AE 5564
A2 7] NBE, 14F
3 F wf Al Fl1
< 4 "
Add Al 1A4F, FI4FF
AFdz “
T F 3 SAES, 1RF
7H- 0] F1, Al &%
T-406 F3 SAA%E 44605
HAAF3 “ 44614
HAEF3 “ 44619
7+ o|F3 “ 44624
7}5-°|F3 “ 44626
£ 2F3 “ 44631
£ 2R3 “ 44634
Tamara F3 “ 44667
d B 5 Q) Fslelfing-11 “ 44678
A B = Q] Fslelfing—-22 “ 44680
% 2 A%Y TE H] 31
H/97-1-1-5 IZAE 5606
K/H-3-0-0 AR AF 5622
W202/DK-1-1 AHAF 5667
Brahma-0 IRAF 5813
HDH-3 IHAE 5895
W205B/44166Bx2002-210B F1(3 way), #2351 J& AFY 5329
2002-213Bx(W202B/W404B) F1(3 way), 8= A= A8Y 5309
A xR F2 5681
WA4M4A/LF X 97/K-6-0 F2 5688
/e F2 5690
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t}. DPPH free radical scavenging

DPPH (1,1-Diphenyl-2-picryl hydrazyl)] o] o8} free radical 2AEAN & #
Z38l7] 9% DPPH &4 &84 & Tagashira$t Ohtaked] R o2 2R3 Yot %= A
2 50, 100, 500, 1000ug/400ulE 80% MeOH =< 0.lmM DPPH methanol solution
3mlE TS F2oA 10& 9 A7l F 51nmolA EFEE Ao
ANEE H7PeA &L dEzTY F4%9 g sampledml §3 =] FAE 33 WHE

Agsel 9 ARE WEE (W) YR,

Inhibition (%) = [(A-B)/A]x100
A : absorbance of not adding samples
B : : absorbance of adding samples

<AIE3> WA G FF L ATH AZAE 2A

7l FAAE

B A ALEE FAAEE Table 5-29 Zo] AAFAATLANA Aul g 247
FF 2 AEE A&

Table 5-2. Cultivars and phenotypes of onion

=% 2 A%H TE H] 31

7}H5-o] F1 7}5-o]
= F1 s

3] 7w} F1 3] v}

Loy s Lok
T3/ A E % 9 Fslelfing-4 F1 5221
W202A(2001-41)/F A - F1 5226
W205A/Y £ = Fslelfing—4 F1 5229
WA404A/E L F2 F1 5241
NY36-4A/4 & F1 5254
NY36-4A/% 2F3 F1 5257
W205A/7d o2 F1 5285
amposta IRZAE 5551
red beauty AAAZE 5558
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5 2 AE% & H] 11
Rumba RRAF 5564
H/97-1-1-5 IAAAF 5606
K/H-3-0-0 R 5622
W202/DK-1-1 IHAE 5667
Brahma-0 IZAT 5813
HDH-3 IAHAF 5885
W205B/44166Bx2002-210B F1(3 way), 8153 & AEFY 5329
2002-213Bx{W202B/W404B) F13 way), 285 = = A5Y 5309
P AAxLFE F2 5681
WAMA/EE X 97/K-6-0 F2 5688
/2= F2 5690

e B
%yt 58 22 FHE FE3Y 045m-filter2 o3 F HPLCE o] &3 4
3R £ 2AL Table 5-33 24},

Table 5-3. Instrument and aperating conditions for HPLC analysis of soluble sugar

Conditions
Instrument Agilent Tech.
Column Prevail carbohydrate ES 5u(4.5%250mm)
Detector CAD(charged aerosol detector)
Mobile phase 75% acetonitrile
Flow rate 1mé/min
Injection volumn 1048

T}, Pyruvic acid

43t 3ge] BHTE &7 ¥ol walldt & e 28 Fof vg& A2t 4F 100
woll 2N HCl®] 125ppm dinitrophenylhydrazine® & A7l & 40CelA 1087 2
A8 06N NaOH x €9 #8& AA spectrophotomeer® 420nmo A &3 & A ).
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3. 2% 2 12
<AYL> it FHFE B2
7}, HPLC 4] =

%3 W ACSOs A
a3 FEAS o whx

o},

it
e
M
ot
A
i)

Y

| ]

ok 1] AR /K‘].E‘
Ao Rt A/fx({SOs q ACSOs 3 PR
e standard &4

1) ACSOs A& standard 34

%yt el S-alk(en)yl-L-cysteine sulfoxides A# A& 9afiA FoHdoz A4
& standard FAANA WA A4 ARG ATHALEAL
5-9).

(a) MCSO
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(b) PCSO

A & o om

(¢) PrenCSO

Fig. 5-8 NMR spectra synthesised of ACSOs standard

2) FEA f - Tl u

o
e

B

Zyzko]  MCSO(S-methyl-L-cystein sulfoxide)$t PrenCSO (1-S-Propenyl-L-
cystein sulfoxide), PCSO( S-propyl-L-cystein sulfoxide)g &3 eted 9+ standard
E B43 A= Fig. 37 2oh standard® 5438 34 & A9 38 AFZz
peak’7t AEHoEZA Z+ JE9 BEEY7t B dtHa). wEbA Krest 5(2000)
9 AL S8 FEAS ARE AR F 2AAY S 4A A3 Fig. 5-3(b)s
2ol £ &7t 7HsstAh
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R Pt Ter

2
o :
m :
oml 4

TN =

(a) not derivative (b) derivative

Fig. 3. HPLC \Chromatogram of standard(0.5mg/ml)

2 !
1) m gz :
i
vl !
oal- ¢ - R
; ; ’

Mouses Mraaes.

(a) not derivative (b) derivative

Fig. 5-9. HPLC chromatogram in extracts of onion tissue.

3) ACSOsAd & peak®] ##

%t F e ACSOs A& 8 £ 5 A3 standard €F =S HPLCE £4
4 3} MCSO(S?methyl—L—cystein sulfoxide)® 152802 713 WA AEHYn o
o2 PrenCSO(1-S-Propenyl-L- cystein sulfoxide)= 28.4%, PCSO(
S-propyl-L-cystein sulfoxide)E 36.6%E°] AZH ATt (Fig. 5-10(a)).

Al

Mo
rot

o
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1" Raleniion Tie

- 15242

s 36575

- 28.400

P
Mimtes

(a) standard

MCSO

olts

PCSO

Pren\.(vZSO | /

(b) onion extract

Fig. 5-10. HPLC chromatogram of standard and onion extract.

Gl ACSOs 424 HPLCE 243 A& Fig. 5-4(b)$t Zth Fig. 5-4(a)ol
Al Y2 Ao BlFo] B W F FF EFoA MCSO, PrenCSO9 PCSO A4 &o] A
42 deHdn. 4 999 Hr9 ACSOs AES 2AME A1 MCSO 3L
0.158 mg, PrenCSOE 0.352 mg, PCSO+ 0.033 mg2 & PrenCSO A 2o MCSO%
PCSO A&l Hlal #A Yol =3 F3%3 SZJH% MCSOE 0135 mg,
PrenCSO+= 0.325 mg, PCSOE 0.035 mgl 2 BXE 4moA Bad ALy vlz7}x
o] Z23%E YAt F F537H9 ACSOs AR v AE g Aoz ey,
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|
I
Turb
o}
1
2 *
wl , 5
oIl e P e 4 1 TR o
Wool
f
]
3 1
#*
3
2 “
= i b

Minutes

Fig. 5-11. HPLC chromatogram of Turbo(upper) and Woolf(bottom).

* 1: MCSO(methyl-cystein sulfoxide), 2: PrenCSO(1-propenyl-cysteine sulfoxide),
3: PCSO(propyl-cysteine sulfoxide).

<A F2> Fvte EFF 2L ASN FAFEY] AF E4F A FY 24
7} %sle] T 2 ASE ACSOs(S-alk(en)yl-L-cysteine sulfoxides)id® 3% H| &
TR B2 TH T3 % FHAEE % L
ACSOs(S-alk(en)yl-L-cysteine sulfoxides)d ¥ ®lX - 243 Ad LA F4&
F58E LS PrenCSOY S L5 A9T, FF 2 AFEE FFA} &S #AYE
F A
ACSOs(S-alk(en)yl-L-cysteine sulfoxides) A&olA z+ A& At &F 2
o]2 AHE A 4 MCSO (methyl-cysteine sulfoxide)E 44631 AlF°| 0.83mg/g
o2 g& HFPFd vad T FFE YelAth PrenCSO(1-propenyl-cysteine
sulfoxide) AEL 44680 AEo] 162mg/gl 2 =%o™ PCSO(propyl-cysteine
sulfoxide)®] 7% 5667 AEo] 1.Pmg/gl® tax 2 FFE dHEUdH F
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A3 44680(L E =4

3
slelfing—22), 44624(7}F°] F3), 5667(W202/DK-1-1) AEe°l ©

H 3

S

ACSOs(S-alk(en)yl-L-cysteine sulfoxides)

o}

dA+2% F MCSO

;Anek

e

F9l

EERD

E gFE veidon
(methyl-cysteine sulfoxide)®} PCSO(propyl-cysteine sulfoxide) A &o] 7|& A+42

o0

T

0699
| 8895

1895

T 6005
B 6069
B 5605
B ©189
g (995
B 2296
1 9095

935S
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7 9929
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6228
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# 0800y

4 800t
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B
8

080

Concentration of PCSO (mg/g fw)

(c) PCSO

Concentralion of total ACSOs (mg/g fw)

(d) Total ACSOs

Fig. 12. Comparative analysis of ACSOs content of cultivars and phenotypes
kel A9 ACSOs(S-alk(en)yl-L-cysteine sulfoxides)A ¥ &% Bl

ACSOs(S-alk(en)yl-L-cysteine sulfoxides) A%< x| 9¥ }olE AHE A
S FTE FF A diwEeA AwiE Furt F FIFES FRo] A
oo, THAAY o] M R dHAH Y 1/25FIUe (Fig. 5-13(a). ®F
F/eE FFS FHAA AmE F9e] FEFE M BA UEKer A
g AETodE 9348 e Aoz 2ad 9 2 ZAx 7|E AHe v
MR e EZolgt X HE A A wekry ACSOs(S-alk(en)yl-L-cysteine
sulfoxides) A& ztol7t W&ttt (Fig. 5-13(b)).

e

#F

of

2

p

e
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BMCSO !
\EIPrenCSO i

[mPCs0
OTotal

Concentration of AGSOs (mg/g tw)

[ BMCSO T

OPrencso |
24 ‘
EPCSO
OTotal
18
EY #

(b) Rt/

Concentration of ACSOs (mg/g fw)

Fig. 5-13. Comparative analysis of ACSOs content and cultivation areas of

cultivars

t}. DPPH &7 &3

Fig. 5-14& DPPH solution ¥%=¢] w&l DPPH inhibition (%)& 2¥& Az
DPPH F%7} %&%45 DPPH activity7} %A YelWth Figure 14914 16744 AF&
" AlEE garlic acid 1 mg/ml& AFEEY Y. B A9¢ DPPH solution 3=% 0.1
mM FEE AMEs7]E AASA

Fig. 5-15& A8 %X W& DPPH inhibition (%)S Weld Aol Al ¥

=7 $7t€<= DPPH activity7h =741 Yetwtem 100 ug/ml 5 =F8HE 4A5H
vrebk )
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DPPH inhibition (%)

035mM 02miv OImM 005mivi

Fig. 5-14. DPPH inhibition by DPPH solution concentrations

100

(<o}
[=)
T

80 z‘ '/;—'—'—_—_‘__—__‘

70

DPPH inhibition (%)

60

50 — . — -
50ug 100ug 500ug 1000ug

Fig. 5-15. DPPH inhibition(%6) by sample concenfrations

10000

8000

6000

4000

DPPH inhibition (%)

2000

000

Reaction time (min)

Fig. 5-16. DPPH inhibition by reaction time
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Fig. 5-162 ®t& A7bE =2 DPPH inhibition (%)& YJERd Aotk 0FA 10
#7kA & DPPH activity Ztel7b glglem 168 ol F o= va w7 et
Fig. 5-17& #&% ¢33 &S 533 v=EE A 5+ 43 o8& IC0
o2 A Adeltt. ool A wHL A A UEggn 24 FF 2 AT
Z IC50°] 71 A vEhd A& 5558, 568801 oM 7MY T2 FXE 52219 5895
Al S0l At ATE F2EEA AN S EIEWS ALY dEl AR
Ho

l

r l

R

50
{

40

30 FP

1C50 (mg fwext/ml)

2 3
B3 8 LU

Fig. 17. Scavenging capacity of onion extracts expressed as IC50

<AE3> nPA Foe] FF E ASTT AZAE 24
7h AR BdE g@438e HPLC ¥4 273 33 2 A8 B4
APA Ao FF L ATEEZ AF 6ME F MRS 2AE A #d43Y
glucose$} fructosed o™ z+Zr o] FAE Y] HTF2 14.09mg/gFWH 14.43mg/gFW L
2 H£d d%s JeEhded sucroser® 4.89mg/gFWe s e S veEhdnt
(Fig. 5-18, Table 5-4). ¢] A#E T3 AFFT & 7/H83<L2 sucrose’t 7+
ol Z2EE ¢ F IAY FF 2 SAAST FFAolE FHom oF stmo,
5551 (amposta, 7 Al €), 5895(HDH-3, A A%), F5FF ¥37t 7144 3&Fo] 4|
238 A dvehgon 521(1HF3/Y 2= Fslelfing-4, F1), 5681(thFAx3H5:3
F2) %3 18.37Tmg/gFWH 18.09mg/gFW=Z T E 3 2 A5l uvl3) A3 e
TEFE YeEiith
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50

Grion cultivar and gerotype:

Fig. 5-18. Comparative analysis of soluble sugar content of cultivar and

phenotypes

Table 5-4. Soluble sugar content of from different cultivar and phenotypes

Content of Soluble sugar in onion tissue

Cultivar (mg/g fw)

Fructose Glucose Sucrose Sugar

&3 12.55+2.17  13.46+2.49 2.08+0.60 28.09

3] -at 16.93£1.35  15.03+1.29 4.73+0.60 36.69

7}Fo] 16.70£1.93  16.67+1.12 5.85+3.03 39.22

k33 16.68+2.66 16.71+3.27 6.98+3.78 40.37

Th3/ A 2 % 9 Fslelfing -4 8.15+1.66 8.49+1.66 1.73£0.97 18.37
W202A(2001-41)/F B+ 15.17+1.05  14.88+2.14 8914252 38.96
W205A/d B =] Flelfing-4  16.79+0.47 16.64+0.32 4.40+0.80 37.83
WA04A/ L F2 14.87+0.57  13.44+1.20 7.50+1.87 35.81
NY36-4A/€ & 12.17+£1.26 13.26£0.58 1.22+0.23 26.65
NY36-4A/&=F3 15.36£1.49  15.18+1.08 4.62+0.38 35.16
W205A/Zd g 1L 15.93+0.76 14.92+0.85 6.78+1.82 37.63
amposta 15.79+1.12  15.65+0.17 9.60+1.03 41.04
red beauty 12.21£041  11.72+0.81 1.17+0.38 25.10
Rumba 1464248  12.00+2.34 6.77+1.86 3341
H/97-1-1-5 13.62+0.09  14.12+0.22 1.12+0.74 28.86
K/H-3-0-0 12.48+1.61  13.42+0.92 3.71+2.99 29.61
W202/DK-1-1 16.17+1.00  16.00+0.40 1.80£1.78 33.97
Brahma-0 14.69+£094  14.32+0.27 473+1.77 33.74
HDH-3 17.14+£2.29  15.14+4.05 7.12+2.33 39.40
W205B/44166Bx2002-210B 15.00£0.67 13.64+1.21 7.08+2.38 35.72
2002-213Bx(W202B/W404B) ~ 15.15+1.39  15.04+1.59 7.18+2.10 37.37
Al xgHE 3 8.40+1.30 8.54+3.50 1.15+0.74 18.09
W404A/E & X 97/K-6-0 14.69+0.77  14.58+1.49 6.35+2.80 35.62
of /& 1511+0.88  15.27+1.26 4.85+1.52 35.23
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v ndlA] FHe] FF 2 A$HE Pyruvic acid % oL

2HA ¢ FE 2 AEE pyruvic acid TFFHFL HF 453mM/gFW FE g o
o] % 5226(W202A(2001-41)/F A -+, F1), 5690(tH &/ F2), 5241(W404A/ &L F2,
F1) Ao =& &3S el or 5564(Rumba, XA A%), 5606(H/97-1-1-5, 72:
AZ) %3 280mM/gFWe g 7b4 e shaks veh ook (Fig. 5-19).

Pyruvic acidimMig fresh tissus)
i

FEEEHBEESZ

Onion cutivar and genotypes

G
e
5309
fie
582
i
o

NS5 Es23
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Appendix 1. Primer combinations amplifying regions carrying SSR(simple sequence

repeats) in onion.

. Genebank . Forward primer
Primer sets SSR motif )
accession Reverse primer
ATCGGCCATGGCGGCTAA
ACMO03 BQ530088 (TCT)4
GGCAGTTTCGGAAGTCCAG
CGCTTCAGCAGTGAGTTGTT
ACMO05 BI095610 (ACA)S

TGTTGTCCGATACAGAGTTGCT
GCAGTTCTCCCTTTGTAAAATCA

BQ580184 CTCY7
ACNO 9 ( : GTGATGGATGAGTGGATGGA
GCCGGAAGAGGAGAAGAAGT
ACMO08 BQ580221 (AAG)6
CATAATTCCCATGGCTTTGC
GCAACGGTAGAAGAACCTGC
ACMO09 CF436678 (AGC)6
AACCTCTTTTGGTGCCTCCT
ACMOI3 CF439398 (TCC)9 CAACCTCGAAGAACTCACCG
GCGAATCTTGTTTTTGGGAA
ACMO014 CF435432 (TTC) ACCACCAGCCTCAC AAG
GGCCTTTTGCCAACAGTAGA
ACMO15 CF43789%4 (GAA)S ACCAAAACAGCCTTCACCAC
TTTTTGAGTGGAGATTGGGG
ACMOL6 CF451662 )6 ATGGAAGCCTCGGGTCTG
GCCGTAAGTCGAGGGTAGAA
ACMOIS CF438995 (CTT6 GGGGAATGGTGGAGAATAGA
AACAGAGGCAAGAGGAGCG
ACMO19 CF447030 (CTC) GOTCCOAACTGCTATCCCTA
TCCCTCGCTCTATCTTCCG
ACMO2L CFA445600 (GAG)S AAAACCCTCAACATCTCACTCC
TCTCTTCTTCCTCGTCCTGC
ACMO23 CF448041 (CAG)S CCCACTCGCTTTCATACTGC
CCACTCCTCTTACTGCTTCCC
ACMO24 CF446873 (GCAYO CCCCATTTTCTTCATTTTCTCA
TGCTGTTGTCCTTGTTGTTG
ACMO3L CF434744 (AC)6 CCAAAGCCGACCTCCTCT
CGTGGGAAGACCAAGGGT
ACMO32 CF434791 (GAT)6 ATAGCGACGATGAGGACGAT
CCCTGGCTTTCTTTTCCATA
ACMO33 CF439498 (CAT)S CCTTCTCCCCATTCTCTTCC
ATCATCGTCCTCGTCCTCAT
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Genebank

Forward primer

Primer sets . SSR .
accession Reverse primer

CACCTTGGACCGTGAAGAAC
ACMO034 CF439416 (AGA)Y

CTGCTGTTTGGAGATGTGGA

AAAACATTGCGGAGAAAGC
ACMO36 CF439502 (CAG)H

TCATCAACATCACAAGAACACA

GACCGACTCCAAAGCCATA
ACMO37 CF438925 (ACA)7

CTCTCCCGTTCTCAAAATGC

ATGCCAGACTACGACAACGA
ACMO38 CF439086 (GAA)Y

ACGCCTACCAACCTTCAATG

TGGGTCAGCAAGAGGGTG
ACMO039 CF439618 (CGA)

CCAGTGTGTGTAATGCGGTC

CCAATGATGGAAAGGTGGAA
ACMO041 CF439558 (TGA)S

CTCAGAATCGTCGTCCTCGT

TCATCAACACCAACAACAACA
ACMO042 CF446969 (ATA)S

TCTGTGAACCTCCTCAAGCA

GTCAAAGGCGAGAAAAGTCG
ACMO044 CF444072 (GAT)5

CCCCAAAACAATCATCCTCA

AAAACGAAGCAACAAACAAAA
ACMO045 CF450372 (TC)6

CGACGAAGGTCATAAGTAGGC

CATTCATCTACTCTCTTCTTCAGCC
ACMO047 CF447522 (CT)9

GAGGTCATTGGTTTGGTTAGC

TAACGACATCCCTACCGC
ACMO049 CF447728 (CCBH)6

GCTTCTTCTTCCACTTTCGG

CAGCAGCAACAAAGAATGC
ACMO052 CIF448654 (CAG)7

CTGGGGAGAATGAGAAGCAC

CTGGGCTCTTTTGTTCATCC
ACMO053 CF449031 (CAQ)6

ATGGTGGAGGTATGTGAGGG

GAGTGAGAGGGGAAATGGAA
ACMO54 CF435073 (AAG)6

AAAGATGGTTTGTTGGTGGC

TGTGTGGAAATCAGTAGGCT
ACMO56 CF448740 (AT)6

ATGACAACAGAACCGCTGG

GGAGTCACACAACAGAAACACAA
ACMO058 CF435771 (AD)11

AAGAAGGAATAGAGATGTAGCCGA

GCGTTTGCTGAGAGATTAGGA
ACMO61 CF445186 (AGC)6

TTTCTTGCTGATGATGCTGC

TGCCAAGGTGCATAAAAACA
ACMO063 CF439318 (TA)6

TCACGCACATACCTCTCTGC

GCTCTGATGGAGGATGGTTC
ACMO65 CF449328 (TG)24

TTCTTGCCATCTTTGTCGGT
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. Genebank 5’ primer
Primer sets SSR

accession 3’ primer
CTCCCCGCAACCAGTAATAA
ACMO066 CF437209 (CT)8
GCTTGGGTTTTGTTTCTCCA
CGAAGGTGAAGGTGTACGGT
ACMO068 CF450463 (TA)6
CAAATGGCTGCAATAAGCAA
TTCTGCGCTCTTCCCAGTAT
ACMO069 CF449825 (AG)6
CAAGCGGTTTGAAAAAGGAG
TCTCATTTCAACTTTCTACCTATCC
ACMOT71 CF449595 (A®10
CTGACATTTGCTCGACTGGA

TGAATTCAGGCCAAACATGA

ACMO72 CF441584 (TG6
GAGGAAAGCCTGAAGAGTAGCA

AAATTATGGGCCACCTCCTC
ACMO77 CF445960 (GCG)5

CAAGATTGTCGACTCCCCAT

GCATTATGCAGTAACGGGCT
ACMOB0 CF449068 (GGT)6

GCAGCAGCATTTGATTGAAC

CTGAAAAGAAACCCGCAGAG
ACMO81 CF447998 (AAG)6

TCAGGATGCACTTGCTTCAG

TCTCCTCCTCTAACCAGCCA
ACMO91 CF440522 (TCD10

GGTGCTCCAGTTGAGCTTTC

GCCAACAGTTTTCGTAAGTTGA
ACMO093 CF442585 (CCA)Y7

ATTCTCTTCGGCTTTCGTGA

TGTGGGCAATTCACGTTATG
ACMO096 CF446191 (TAC)5

AAAAGTTGTGAACGGCATCC

CCTTTGCTAACCAAATCCGA
ACM101 CF443425 (TCC)5

CTTGTTGAGAAGGAGGACGC
ACMIOA CRA44991 (GCG)E ACGATTGTTTAATCGTCCGC

TATTCCAGCAGCAACTGTCG
ACMILO7 CFA49837 (ACC)S CCTTCATTCCCAAAGCACAT

GCGATAAAGAGGGACAGCAG
ACMILY CF450008 (TCO)5 TTCCCAACAAACGTTCATCA

GTGAAGGGAGAGCAGTGGAG
ACM115 CF441525 (CAC)6 TCCATCTATGCATCTGCCAC

CTATTCTTCCACTGGGGCAA

GCAAACTCATATAGTGCCGC

F TAT)S
ACMEZL - CRMISAT (TATS -\ oG ATTCTACGAGCAGC
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<Appendix 2> CLUSTAL W (1.82) multiple sequence alignment of the PsbA
genes derived from four onion individuals. W404A and W404B are near isogenic
lines containing S- and N-cytoplasm, respectively. The MA-ms and MA-mf are
male sterile individual (lane no. 12 of Fig. 1) and male fertile individual of

Manchuwhang (lane no. 8 in Fig. 1), respectively.

WA04A CTATCACTGAAAACCGTCTTTACATCGGATGATTCAGTGTTTTGATCATCCCTACCTTAT 60
MA-ms CTAGCACTGAAAACCGTCTTTACATCGGATGGTTCCGTGTTTTGATGATCCCTACCTTAT 60
WA04B CTAGCACTGAAAACCGTCTTTACATCGGATGGTTCGGTGTTTTGATGATCCCTACCTTAT 60
MA-mf CTAGCACTGAAAACCGTCTTTACATCGGATGCTTCAGTCTTTTGATGATCCCTACCTTAT 60
dhkk KAhkhhkkkhhdhkxAkxhdhdhkddhddhhhhddd kxddhadkdrrvdhdhdhrdhdhrd vk
W404A TGACCGCAACTTCTGTATTTATTATCGCCTTCATTGCTGCTCCTCCAGTAGATATTCATG 120
MA-ms TGACCGCAACTTCTGTATTTATTATCGCCTTCATTGCTGCTCCTCCAGTAGATATIGATG 120
W404B TGACCGCAACTTCTGTATTTATTATCGCCTTCATTGCTGCTCCTCCAGTAGATATTGATG 120
MA-mf TGACCGCAACTTCTGTATTTATTATCGCCTTCATTGCTGCTCCTCCAGTAGATATTGATG 120
kR KRR KR kKRR KK kK Rk Rk ok Rk kR kR Rk Kk ko kK Rk K Rk
WA04A GTATTCGTGAACCTGTTTCTGGGTCTTTACTTTATGGAAACAATATTATCTCTGGTGCCA 180
MA-ms GTATTCGTGAACCTGTTTCTGGGTCTTTACTTTATGGAAACAATATTATCTCTGETGCCA 180
W404B GTATTCGTGAACCTGTTTCTGGGTCTTTACTTTATGGARACAATATTATCTCTGGTGCCA 180
MA-nf GTATTCGTGAACCTGTTTCTGGGTCTTTACTTTATGGAAACAATATTATCTCTGGTGCCA 180
EE LSRR SRS AR RS R R RS E R RS EEEEE RS R SRR RS LRSS EEEREER SN
W404A TTATTCCTACTTCTGCAGCTATAGGTTTGCATTTTTACCCGATATGGGAAGCAGCATCTG 240
MA-ms TTATTCCTACTTCTGCAGCTATAGCTTTGCATTTTTACCCGATATGGGAAGCAGCATCTS 240
W404B TTATTCCTACTTCTGCAGCTATAGCTTTGCATTTTTACCCGATATGGGAAGCAGCATCTG 240
MA-mf TTATTCCTACTTCTGCAGCTATAGGTTTGCATTTTTACCCGATATGGGAAGCAGCATCTG 240
KAk ek KRk Rk kK& k ok ok ko k ok kR ke R R ek Rk
W404A TTGATGAGTGGTTATACAATGGTGGTCCTTATGAGCTAATTGTTTTACACTTCTTACTTG 300
MA-ms TTGATGAGTGCTTATACAATGGTGCTCCTTATGAGCTAATTGTTTTACACTTCTTACTTG 300
W404B TTGATGAGTGCTTATACAATGGTGCTCCTTATGAGCTAATTGTTTTACACTTCTTACTTG 300
MA-mf TTGATGAGTGCTTATACAATGGTGETCCTTATGAGCTAATTGTTTTACACTTCTTACTTG 300
Ahkkhkhkdhkhkhddhkhdhdhrhhhkhkhdohkhhddbhhhkkhkbhhhhhhhkrhhhhhkhkhhdhhhrkkkhhk
W404A GTGTAGCTTGTTACATGGGTCGTGAATGGGAACTGAGTTITCGTCTGGGTATGCATCCTT 360
MA-ms GTGTAGCTTGTTACATGGGTCGTGAATGGGAACTGAGTTTTCGTCTGGGTATGCGTCCTT 360
W404B GTGTAGCTTGTTACATGCGTCGTGAATGGGAACTTAGTTTTCGTCTGGGTATGCGTCCTT 360
MA-mf GTGTAGCTTGTTACATGGGTCGTGAATGGGAACTTAATTTTCGTCTGGGTATGCGTCCTT 360
khkkFhkhkhhkdddhkhhhkhrAdhkhhkhrddhkdhhdhhddhdh & dhkkhhhrodhdkhhhkb kb hrhdn
WA04A GGATTGCTGTTGCATATTCAGCTCCTGTTGCAGCTGCTACTGCTGTTTTCTTGATCTATC 420
MA-ms GGATTGCTGTTCCATATTCAGCTCCTGTTGCAGCTGCTACTGCTGTTTTCTTGATCTATC 420
W404B GGATTGCTGTTGCATATTCAGCTCCTGTTGCAGCTCCTACTGCTGTTTTCTTGATCTATC 420
MA-mf GGATTGCTGTTCCATATTCAGCTCCTGTTGCAACTGCTACTGCTGTTTTCTTGATCTATC 420
hhkkhkkhhhhkdhdhhkhhkdkddrhkhkdhkAh Ak hhakx kdhhkrhrhhkhkhhrdrkhkhborrrhrhrhohtx
W404A CTATTGGTCAAGGAAGTTTCTCTGATGCTATGCCTTTAGAAATTT-CTGGTACTTTCAAT 479
MA-ms CTATTGGTCAAGGAAGTTTCTCTGATGGTATGCCTTTAAGAATTT-CTGGTACTTTCAAT 479
WA04B CTATTGGTCARAGAAGTTTCTCTGATGCTATGCCTTTAGGAATTTCCCGGTACTTTCAAT 480
MA~mf CTATTGGTCAAGCAAGTTTCTCTGATGGTATGCCTTTAGGAATT--CCGGTACTTTCAAT 478

Kkkhhkkhokdhx hhkhhhhhrkhhhhkhkhhhhkkdkkhhdh khhk * KhAhkhkhdhhhk

W404A TTTATGATTGTATTCCAGCCAGAGCACAACATCTTTATGCATCCATTTCACATGTTAGGC 539
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MA-ms
W404B
MA-mf

W404A
MA-ms
W404B
MA-mf

W404A
MA-ms
W404B
MA-mf

W404A
MA-ms
W404.

MA-mf

W404A
MA-ms
W404B
MA-mf

WA04A
MA-ms
W404B
MA-mf

W404A
MA-ms
W404B
MA-mf

W404A
MA-ms
W404B
MA-mf

TTTATGATTGTATTCCAGGCAGAGCACAACATCCTTATGCATCCATTTCACATGTTAGGC
TTTATGATTGTAT- -CAGGCACAGCACAACATCTATATGCATCCATTTCACATGTTAGEC
TTTATGATTGTATTCCAGGCAGAGCACAACATCCTTATGCATCCATTTCACATGTTAGGC
khkkkhkhhkhkhkFhkxh khkd HAKXXFEXAXKAIAAF L FAXKXFAXXAIA XA A A X R AR A hk*k
GTAGCTGGTGTATTCGGCGGCTCCCTATTTAGTGCTATGCATGGTTCCTTGGTAACCTCT
GTAGCTGGTGTATTCGGCGGCTCCCTATTTAGTGCTATGCATGGTTCCTTGGTAACCTCT
GTAGCTGGTGTATTCGGCGGCTCCCTATTTAGTGCTATGCATGGTTCCTTGGTAACCTCT
GTAGCTGGTGTATTCGGCGGCTCCCTATTTAGTGCTATGCATGGTTCCTTGCTAACCTCT
dkhkkkhhhkhkdkhkxhhdhhhd o hhkd kb hdhh bk khrdhdh bk kdkdhkhdhkk kA Xk xhhhh*x
AGTTTAATCAGGGAAACTACTGAAAATGAGTCTGCTAATGAAGGTTACAGATTCCGTCAA
AGTTTAATCACCGAAACTACTGAAAATCACTCTGCTAATGAAGCTTACAGATTCGGTCAR
AGTTTAATCAGGGAAACTACTGAAAATGAGTCTGCTAATGAAGGTTACAGATTCGGTCAR
AGTTTAATCACGGAAACTACTGAAAATGAGTCTCCTAATCAAGCTTACAGATTCGGTCAA
KA KT KA R I AR AT AT AR I I AR I AN KA I RN T AKR AT AR AFRX AT AA K AIXRRIA AR KK AR
GAGCAAGAAACTTATAATATCGTTGCTGCTCATCETTATTTTGCCCGATTGATCTTCCAA
GAGGAAGAAACTTATAATATCGTTGCTGCTCATGGTTATTTTGGCCGATTGATCTTCCAA
3GAAGAAACTTATAATATCGTTGCTGCTCATGGTTATT TTGGCCGATTGATCTTCCAR
GAGGAAGAAACTTATAATATCGTTGCTGCTCATGGTTATTTTGGCCGATTGATCTTCCAA
AEKKKKR K AT KRR I AAKN TR AR R IA A IR AT A AR A XA Ak h kA vk r kv kA hd A xhhhxk
TATGCTAGTTTCAACAATTCTCGTTCCCTACATTTCTTCTTGGCTGCTTCGCCTCTACTA
TATGCTAGTTTCAACAATTCTCGTTCCCTACATITCTTCTIGECTGCTTGGCCTATACTA
TATGCTAGTTTCAACAATTCTCGTTCCCTACATTTCTTCTTGGCTGCTTCGCCTGTAGTA
TATGCTAGTTTCAACAATTCTCGTTCCCTACATTTCTTCTTGGCTGCTTCGCCTCTACTA
LR RS SRR R E RS S E R EREES SRR TSR RS AR RS EEEEREEEEEEEEREEEE SRS
GGTATCTGGTTCACTGCTTTAGGTATTAGTACTATGGCTTICAACCTARATGGTTTCAAT
GGTATCTGGTTCACTGCTTTAGGTATTAGTACTATGGCTTTCAACCTAAATCGTTTCAAT
GGTATCTGGTTCACTGCTTTAGGTATTAGTACTATGGCTTTCAACCTAAATGGTTTCAAT
GGTATCTGGPTCACTGCTTTAGGTATTAGTACTATGGCTTTCAACCTARATGGTTTCAAT
KKK KA KA AR I AT AR I AR R I A AR A AKR T A AAKR I AX A A AAR AT AR AR T AR A ARk kR
TTCAACCAATCTGTAGTTGATAGTCAAGGTCGTGTTATTAACACTTGGGCTGATATCATC
TTCAACCAATCTGTAGTTGATAGTCAAGGTCGTGTTATTAACACTTGGGCTGATATCATC
TTCAACCAATCTGTAGTTGATAGTCAAGGTCGTGTTATTAACACTTGGGCTGATATCATC
TTCAACCAATCTGTAGTTGATAGTCAAGGTCGTGT TATTAACACTTGGGCTGATATCATC
KRR R R R R Rk
AATCGTCCTAACCTTGGTATGGAAGTTATGCACGAACGTA 939
AATCGTGCTAACCTTGGTATGGAAGTTATGCACGAACGTA 939
AATCGTGCTAACCTTGGTATGGAAGTTATGCACCAACGTA 938
AATCOTGCTAACCTTGGTATGGAAGTTATGCACGAACGTA 938
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