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SUMMARY

In response to our dependent on foreign market demand of Brassica oleracea
species the development cabbage seed with black rot resistance as well as high quality,
high value, and market preference products that causes the problem during growing and
also favorable within these region is necessary to expand the business as seed exporting
market. In addition, development of resistance marker for black rot and club root while
constructing high resolution molecular genetic map to create molecular breeding system for
cabbage’s breeding efficiency enhancement would in the future contribute our Korean
cabbage varieties towards global competitiveness and export market expansion in overseas
markets.

The application and the genetic information of B.oleracea and it's closely related
Brassica species, was established by sharing information from International Brassica rapa
genome projects and joint projects. It also allowed to developed varieties of markers on
domestic elite breeding line using the markers obtained from genetic map and the EST and
WGS(Whole Genome Sequencing) information using NGS(Next Generation Sequencing)
technology of B. oleracea and B. napus. Utilizing the markers of domestic elite breeding
line, molecular genetic map formed by 354 markers related to black rot resistance was
created. Moreover, black rot pathology test targeting F3; individual was tested about 3
times repeatedly. By linking both result of vaccination of black rot and the genetic result
map, the candidate of black rot resistance QTL regions were identified.

Within combination of club root related, about 78 of F» individuals have been
genotyped around 15,000 SNP regions following GBS(Genotyping by Sequencing) method.
Within 35 developed markers the genotyping of Fs individuals have been completed and the
high-density genetic map using F2 genotyping results is still under process. The result of
club root disease pathology test, for race 9 strain by repeating 2 times each while race 2
and 5 strains has each gave clean result just by performing only one time. As the genetic
map completes by linking result from pathology test we could candidate the club root
resistance QTL regions by each race strains.

Among many markers developed during the course of research, 184 SSR markers
were used for genetic diversity analysis with worldwide 91 commercial varieties of B.
oleracea, and we could obtain 16 cultivar specific markers. As the result of this
experiment, various consume species could each be identified and developed for species
varieties of distinctness, uniformity, stability to utilize as a useful test. We also performed
research on MITE(Miniature Inverted-repeat Transposable Element) family’s identification

and characterization of brassica species including cabbage. Utilizing it could further



developed 36 inter-species classification polymorphic marker and 90 intra-species
classification polymorphic marker.

Total 11 commercial varieties were developed for China, India and South East Asia
markets. Fast Ball and Ace Ball were developed for China market and they have round
head shape and green head color and extra early maturity and stronger cracking tolerance.
Forte 9 was developed for India market and its maturity is 2~3 days earlier, more
compact and greener than check varieties. Venus 11 is 5~6 days earlier, its plant frame
1s more compact, greener and stronger cracking tolerance than check varieties. Smart was
developed for heat tolerant, round and mid-early maturity group market in India, China and
S.E. Asia. It has more compact, more stable core, stronger cracking tolerance and black rot
resistance than check varieties. Joeun Ace was developed for China, India and Pakistan
market. It has about one week earlier, more green color and stable head shape than check
varieties and it is suitable for high density transplanting and it has more green head color,
stronger transportation ability, cracking tolerance and better taste. Joeun Ace showed
stronger black rot resistance than check varieties in India local trials and in vivo test.
Ellora was developed to replace 'Green Express’ from Sakata, 'T-621' from Takii, Zennith
and Millennium 111 from Seminis in India market. It has one week earlier than check
varieties and its heat tolerance, black rot resistance and cracking tolerance level was
increased up to heat tolerant type varieties. Ocean 99 was developed to replace ‘KK-Cross’
from Takii and ‘KS-Cross’ from Syngenta in South China market, West Bengal market in
India and S.E. Asia market. Ocean 99 is 4~5 days earlier and it has stronger heading
ability under hot temperature condition, stronger cracking tolerance and stronger black
resistance than check varieties. Tropic Ace was developed to replace 'KK-Cross’ and
Grand KK from Takii. Its head shape is more stable and stronger heading ability under
hot temperature condition. Green Space was developed to replace 'New Star Cross(NSX)’
from Tokita in Vietnam market. It has earlier maturity, heavier head weight, stronger
cracking tolerance and black rot resistance. Verona was developed for purple cabbage
market and it has 75 day maturity, round head shape and excellent internal purple color
and good results in China, India and Europe market.

The segregation ratio in F» population derived from the cross between black rot
resistant line and susceptible line(C1184 x C1234) was R(resistant) : MR(intermediate) :
S(susceptible) = 63 @ 45 @ 34( 19 : 13 : 1) and R+MR(resistant + intermediate)
S(susceptible) = 3.2 : 1. The black rot resistance of F3 population was tested during 2013
and 2014 and it was used for development of marker in Seoul National University.

The segregation ratio in Fo population derived from the cross between clubroot resistant
line and susceptible line (C1220 x C1176) was R:MR:S=62:62:68(1:1:1) and the ratio of
C1176 x C1220 F2 population was 159:32:3 and the ration of C1220 x C1126 F: population
was R:MR:S=147:30:21 and the ration of Cl1126 x C1220 F» population was R:MR:S=
67:77:53. The clubroot resistance of Fs population was tested during 2013 and 2014 and it

was used for development of marker in Seoul National University.

_7_



CONTENTS

Chapter 1 Overview of the project® * * * ¢ ¢ ¢ e e e e e 0 0o 0o o o]0

Chapter 2 Domestic and worldwide trends in technology development* ¢ * 11

Chapter 3 Contents of the project and research resultg® ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 13

Chapter 4 Achievements and contribution to related fields*® ¢ ¢ ¢ ¢ ¢« ¢ ¢« + 98

Chapter 5 Application plan of research results® * ¢ ¢ ¢ ¢ ¢ ¢ ¢ e o ¢ e« <100

Chapter 6 Information obtained during implementation of the project* ¢ < * 108

Chapter 7 References ® © o o o o o o o o o © o o° © o © o © oo o°o o o o o o o o o 109



AL1R

A 2 %

A 3%

Al 4%

A S %

A 6%

A 7%

= 2}
D2MEOC] JJQ W AR e ¢ o ¢ o o o e o e o0 e 000 e 10
e L A S L o A R A I AR 11
QLTI 28] LJQ T ZHTpe o o o o o o 00 oo oo oo 13
BRIONE 9 BHEOFOQ] J|OJGE s ¢ s+ e e e e e e s e 0o e 98
g;LyHHEl- }6]_?_]. I;I_! }2-)]-?—]'%% 7;“3‘»‘__]' ................... 100
ATALIYONA 270G SNATBI| S+ + + v v e 108
e Rk I N R R R R R 109



I+

=
=

t

A

ZEdEo He U A

A1z

. A7spLe) Way

—_
0

No

14 #8

g9l g A

ot F7b

1o

H 2

=
T, —

)

3 2B

=
T

Hj
A7 5 A v

=

R

LN

oy} o
o] 27 %

Ly
[e)

BH
sk

o
Y

o)

o

o
iy

oH

T

ze]

o o E

=

=

o o=l A FREAL

lal

—
fi%e)

il

g et A Ae e &

ol

=K

=9 =A 44

2. AL FF =28
7. Wk el

ol

jze]

Mo
Hin

ze]

;OO

u‘_w_.o

ol
e~

Hin

oflotol Aol EYBA FE§

il
o
o
jan

ze)
!

wK

Mo
Hn

g o A9l

2~ "l o
— 1 =

-85 4]

il
N
N

0

ol

Ty
;OO

™

o
o
el

e
+

%7
e A A7

o,

By
A

~~
IS

W

A7Y7 SE ] A

3.

7] B}

H]SCI

_‘IO_




N2z =Ue ZlsHd

1. Te FHEF V=L E
7h A Y A A AR5 %’*Z‘ioﬂ e daTE AE FAA &4
(1) thr=Re] A A7) 2 4 de FAAR] ThsAdE AA
(2010 Plant & Animal Genome Conference % ©]% o2 conference)
(2) 229 FTAZALNA PHFE FH1A AF+E E3 allele mining?} Genomics assisted
breedingS F&3tal U Ao F=2 Beijing Genome Instituteol]l A A A A 1007] 2t
& speciesoll s} 1OO7H A8 SHE7IME A4S TRt FdFl 5. T
gho] At R §E3|AL Qlo] AEFE 7Nk HA JATF FolE FHoE o
(3) A AH A b‘ﬂ”rz] EEA 744 BRE FEste
ghell -Elvteke] A 53 s ok
THAEARAE 7 A8 dast
(4) wiF3 o ﬁ%‘oao 2

Crucifer Genetics Workshop)
~ Brapa (=), Boleracea 2/V(%=, /W), B.napus 270(&=, L&)
- Bunigra, Bjuncea Raphanus sativus, Camelina sative 52 =% sl A7} %18
(5) FAA Ao "ol dx ZEo] the+ Genomics Assisted Breeding WaFoz 73
Reference genome sequence 7]HF Genome Wide Association study (GWAS)
=3 92 QTL mapping¥ A5l 1%+

Ll

S A 2R 16H e
(1) F= A 2

Gl A ’}:‘4& %Xﬂi =L glof

313
(2) A= B §7] AA SRR} ARy wbge] FAste] FulF AE EASE A gl
s 98-S AT £ UAS

_‘I‘I_



2. A% AR FUS A& AL BFAA AAHE 9
7h el E FAAE A W FEA AT
(1) ZRAEZS 33 o o3 AETEL trranscriptom sequencing % whole
genome resequencing= *Fdste] B2 datas RSt JAR, AAAHOZ gujF B
oty el Brassica & Ul o2 ZAEE0 digh gt FEA A7 daEH )
AA QN FAA AR oAM= w A A Eepar vk sARE o2 =A] A I
28AE A 18] dHsty datas ¥ WAow B53 e Besta vk
Z = BGI Al Nature communications®l] f3138F =1(
& =3 polyploid genomeE®l el &5 AAE o5t
(2) & @ A7IdelA Fd2 At Addsl o
density7} =& FHAEE A3 AtdlEo] A
= o I SAATES BREoR AE3 Aow uE I FHJF

AT S Ak el sl

ol =

:Olo
fr

(1) FHAA FF FPH AFH QTLS BAx Avd ntAR Adete A7 Ae
N By AFY AFE V@A

© e
@) Gl BE A4 AuE ATE AR T B
AT $eluhEtl A ol o] FolXA 2

q

[e)
Tl:l"
ARE S A4 QTL 54 2 Auvts Awe 2 o} 9L Ao Asdth

_12_



N3&d diigsg

ol
E
)l'E
[Ih]
i

14 gulF BAFANE 44 2 SR Ry AP A
Rl A (A1 ARTA)

1 g% BARE A% A4S A% 7% A7
7h #AA AR 2 &_AA 5

Ful o] FAA ARE AU FEIL FEF AR A st FuF B opy
g wE AEe] fAA ARE BE SRS B ATY FAARA Axde aeon
BET F e A2DS 20009, 193 ATk TEHSAL. B AT Aol THH A
2N BALE ¥ 28k Lo wjF FE AMRE 2374364 7o) 1,574946,652 bpolw
o] AdARE 826256 Aol 446029460 bpel th(Fig 1, Table 1)

@ Al-gti & e

Tuesday, 08 February, 2010

Your P - 147.46.217 163

BLAST ELAST | Entrez | 7 |

Choose program to use and database to search:

program | Blastn = | patabase
!Arahldnusis thaliana Mucleotide

Brassica rapa -
BAC 410 new

omosome 3
omosome 4 BAC 600
5 rapa BES (201 0/02/09)
pekinensis BES (2010/02/09)
rapa EST (2010/02/09)
rapa Genome Survey Seq (2010/02/09)
Brassica Unigene
(Cl Brassica Shotgun
:mQIIA Produtl Brassica Shotgun & BAC
Braass.{ca oleracea DT
rassica oleracea All 1 03
Brassica oleracea EST (2010/02/09)
= ORF Finder Brassica oleracea BES (2010/02/09)
Sequences Transiater Brassica oleracea Genome Survey Seq (2010/02/09)
uences Reverse Brassica napus
nees TAmmer Brassica napus All (201 0/02/09)
Sequences Informations Brassica napus EST (2010/02/09)
> Pseudo enerator Brassica napus BES (2010/02/09)
= Sequences Foimat Conven Brassica napus Genome Survey Seq (2010/02/09)
» Sequence Extra Brassica napus Mitochondria
Brassica napus Mitochondria COS
Panax pinseng
Panax gingeng GS-FLX Rawdata
GeumPoong GoPoong Unigene
CheonPoong Unigene
CheonPoang FEST
Panax ginseng All
Panax ginseng EST + Unigene
Panax ginseng EST
Graphical Overvi 1]

Algnment view [ Hit Table -

Ees<r|ntlcns|500 = ‘ Abgriments [500 - | Calor 5:I1en-aIN° color schema ~ |

Figure 1. Established database of genomic sequence information of Brassica species
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Table 1. Information of genomic sequence of Brassica species established in lab bioinformatic system

Species Kinds Numbers bp

ALL 771,053 559,790,916

. EST 194,300 110,322,910
Brassica rapa

BES 378,168 294,849 612

GSS 198,585 154,618,394

ALL 826,256 446,029,460

EST 59,946 381,790,331

Brassica oleracea

BES 85,416 48914,733

GSS 680,894 15,324,396

ALL 777,055 569,126,276

] EST 643,943 31,810,791
Brassica napus

BES 101,103 67,020,858

GSS 32,009 470,294,627

Tatal 2,374,364 1,574,946,652

olE FAA HAEE o]&dt] FuF EAFFT Al2® o Zad F&3 wAE A
etz skt 53] AN FA 22 A E(Multi National Brassica Genome  Project,
A4 JE9E F3 o5y AT AH/E AT FEst TEAY AN2ES T

otz w=gstar Qlvh ol& 93 MBGP #WHWEHe] 8 &8 W= Andrew Paterson
T1Eo] 483l Brassica oleracea physical mapping 5o 3 dHS sFar glom HEI o]
E9°] 7383 BAC end sequence AHE Aol B3 &= QEE ¢}
o] & NGS 7|&9 ¥ga s 3 =
Genome Institute)©} 7AUth 1o Uul3 TESAA A7 AR 7 FAEAY. 3xdE
of BGI A¥E¥ 4xp3d % sivic AEAgRE 217
AR &Y F UEF AHE 753

51_:_
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Table 2. Information of genome sequence of Brassica oleracea from BGI & Canadian group

Coverage
Pseudo-molecule Scaffolds Total
(690 Mb)
BGI 385,006,588 bp 130,333,472 bp 515,340,060 bp 747 %
Canada 446,885,832 bp 41,736,625 bp 488,622,507 bp 70.8 %

FHE d71E ARE Ay EH 9709 pseudo-chromosome . & assemblyd @74 E-&
774 385 Mb (BGI M9), 446 Mb(AUT M)z vttt 155 Mde] o we Fas
coverdlil 91l anchoring A &2 scaffold M E7tA gstd BGI AL9-S oF 515 Mb, i
F FAA =719 747%, Mtk DS oF 489 Mb, 70.8% o alEdlE 9714 E ARE =
g Aoz ok Aol A= AL & JAJARE F aFelA FRI FHAAE BF S
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Table 3. Information of 16 cabbage materials for selecting parental lines
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F2 &£23

(B!ack rot Remsta.uce)

Figure 2. 57 A&7 3 oj¥Ad, #e)5y A 253 wvjzg 2y 2Ae

ol 167415= Atolell F5% Ay} eIy AFY #d =25 FA& Adstr] AsA

g T EAAE PCR 235 AAsh9s] t=9] 574 E79] v s drE
dsta Ave Zaolde ALAAL 1) $8 AT AR FAA 22D 28 E
AlM elxl SSR wiARRE BT st 2o A 23 A tH(Suwabe et al. 2002).  (2)
WA A ¥ A< 5420 NBS domaings 7]-?(]—’ 2+ EST sequenceE 335k

om AlFE27E Aolgk 160 /e ESTE W/ e= primers AZstdth. (3) 3 (B
napus)+ YW F(B. rapa. AA genome) 9 $WlF(B. oleracea: CC genome) FFoll wjg=Ao] o
oJt allotetraploidet= 542 7FAaL oA Aol +84 5 CC genomeodl| &Fat= v
E FHste] Zetolw s A28t tHCheng et al. 2009). (4) gk w5} Fu o] v -f4 A
ATE FAs7] k] HiFe ZFEAE X SSR, IBP vtAE FH5 ZgolmE A
2k A THKiIm et al. 2009).  (5) HEgF wjF3} ZHEo] Wol FEskE HoldA wd wiAE N
a-5l7] 9)3ke] TRIM ¢1AHeF MITES A= ©A3le] o]5 #olelale] Eoldt EAI} So] A

AHEE o] &S v mAE stz stk o] v FREC W F o AAg A
o “t}” chapterel 3t=% &7t}

Table 4. o3 BEAA=23A4S 93] Azd Zgoln] AR g oF

The Number of markers
Kinds of marker %
collected | designed |amplified | polymorphic i
polymorphism
in B. oleracea 86 44 44 17 38.6
Map-derived SSR markers

in B. napus 58 10 9 4 44.4
NBS domain derived markers 164 30 30 6 20.0
C.genome map of B.napus 100 100 98 60 61.2
SSR 38 16 13 4 30.8

B.rapa map-derived markers
IBP(Z ¥ Td354) 749 96 81 14 17.3
MITE-derived markers 652 4 2 2 100.0
Total 1847 300 277 107 38.6
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Table 6. 1671 7l-&l Wd F324 A2 matrix

ClI76 | C1177 | C1179 | Cl184 | ClI& | C1223 | C126 | C1248 | C1253 | €C1220 | Cl235

C1176 | 032 | 034 | 036 | 03 | 0.31L 0
C1177 1 035 | 037 | 043 | 035 | 0.35 | 0.17 0
C1179 ] 038 | 036 | 035 ] 032 | 032 | 029 | 0.3 0
C1184 1 033 ] 03 [ 039 ] 035 | 034 | 038 | 035 | 0.34 0
Cl1185] 034 | 032 | 034 ] 034 | 033 | 033 | 03 | 0.32 | 0.26 0
C1223 1031|027 | 02 1035|035 |03 ] 04 | 039 | 046 | 0.37 0
C1226 1 029 | 026 | 0.24 1 033 | 033 ] 0.35 | 0.39 | 038 | 0.46 | 0.36 | 0.07 0
C1248 | 029 | 025 | 026 | 027 | 029 | 0.38 | 0.45 | 041 | 038 | 0.36 | 0.24 | 0.25 0
C1253 ] 031 | 033 | 036 1 033 | 038 | 041 | 041 | 039 | 04 | 032 | 033 | 03 | 0.33 0
Cl1220 | 037 | 033 | 036 | 04 | 037 | 042 | 042 | 04 | 044 | 035 ] 0.29 | 031 | 0.33 | 0.38 0
Cl1235 1 038 1 033 | 033 | 038 ] 038 | 04 | 043 | 04 | 045 | 039 ] 0.22 | 022 | 028 | 038 | 0.11 0

Dendrogram of 16 Brassica oleracea accessions based on 105 DNA markers
—_— cl1162
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063 070 078 085 093
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Figure 3. 10571 wFA 9l 2ol3] 4" 1670 AFl Wik Cluster analysis
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Ty s Ay kRl Clik4er C1235 AlesS
T2 AdEE F, o] F AL wREoz A1Ea

s BARS zez2usny S/ Hla o i
= C1220 A& ol A<el Cl1176 AleS REEo =

(1) <+ A+ vl IBP 2 reported SSR
(7}) IBP(Intron-based polymorphism)

IBP(Intron-based polymorphism) "FA &= HALE & & FRoA Zo]lHE A 2slo] vf
F conserved® Ad fralol™ wekA fFARE Itol= &8o] = 4 9lE whd AT dE A}

ole] JIEE Fiol= td Aol Bol EAsH ] wiel o]& Folll= mprolnt. Ztolm F

X 2 Adrrt ZABA g ZAE Aol sequence oA 2 HFo] o]
FE el =] wwoll vt 7E7kE FHl el comparative genomics A

g g mpAg & ¢ vk oY olFE FHEAASGAOZRE A F

A of 7IRke Fo] AZEAY IBP viAE TRl B AF FujF A5 HEAA A

e AASATH(Mun et al. 2009).

IBP vlAE AFE3 PCR S3F2HE9 =Z7]= HE 500bpolA 1,500bp AEo]7] wjZol
genomic DNAZE o]&3slo] AAE  amplicone WA & 6% 2 non-denaturing
polyacrylamide gel®ll loading ¥ #71%9-5<S &3l A& 1t bande] 7] Aolol tist thPA S
gl tHFig 4).
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Figure 4. Survey of polymorphic markers among 3 parental accessions with IBP markers

2P A=A AB F 1841709 IBP vlAE o] &35te] 43
3 Ay SHEY AAzFoA= 16270, ¥R WG o)A BElsy T
polymorphismS X ¢ th(Table 7).
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Table 7. Summary of used markers for research and results of polymorphic survey

Parental marker The number of The number of

combination type Polymorphic markers Polymorphic markers
Reported SSR 615 91
Cl184 x C1234 IBP 1841 152
(Black rot resistance) NBS domain 30 0
Total 2,801 243
Reported SSR 615 80
C1235 x Cl1184 IBP 1841 171
(Club root resistance) NBS domain 30 0
Total 2,801 251

(1}) SSR (Simple Sequence Repeat) v}7]

T M9 FaEdowmFEH FujFEnt ofyel ZAFQ wiF, FAjelA JiEE SSRE®
ggale] A7 A FZAS AAFATHWang et al. 2012, Smith et al. 2000, Lowe et al.
2004, Piquemal et al 2005, Long et al. 2007, Radoev et al. 2008, Cheng et al. 2009, Kim et
al. 2009). ©] SSRuFAHE AFE3SE PCR S&4tE9 A7]& U2 300bpH.th 22 =A7]o]7] dof
ol 9% ¢] non-denaturing polyacrylamide gelo| loading & H7]|9%< E3] A% 7F band9
A7) #ole gk g F2lsAal, F 615719 vAE o m AEste] FrEx] Z3 A
Z2+7} 917K, 8070 2] polymorphisme H.o]+= vlAES & H 3 Table 7).

(2) NBS-based 771 7R3t
AFw7hA &8zl g AE ¥AEY FHaAE2 ¥4 conserved ¥ NBS-LRR
domaing 7FA 1 de= Aoz dHA dom(Fig 5 ©] 5 NBS domaine tF-#9o] A &4
FAA ] EA15tH o]H NBS domaing 7HA FAdA= A &9 FAA vEgoz EA3e 2
| 722 conserved domaings ©]-&& A% FdA AN 22X FE&3 wAE AL F
o= =

T
suy W e Ey A4 FA4E e Fopd FE o Busd,

o

[SIRe)
9\)\757:5

Examples

Bs4, L6, N protein,
RAC1, RPP5, RPS4
and Y-1

RRS1

12, Mi, Mia, Prf, RPP8,
RPP13, RPS2, RPS5
and Rx

Bs2, RGC2 and RPM1

Figure 5. 2% R § %A % NBS-LRR domaing 713 FAAE9] =7

fz
=
it
2
%0,
o

i3 2d 259l 207702] NBS domain gene ©
%3 Brassica rapa®lA 92719 NBS-encoding A &4 Fdx7F Ha®nvl 2tk (Mun et al.
2009, Fig 6). ¥ Ao A= o]l 9271¢] sequence HE o]&3&lo] FujFe] EST A~ o
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olEfWlo]~ BLAST AAME T3 553 16070 homolog FAAE ®HASA o o5 16070
ANBAE o] g3sle] ntA S /fEslarxl At} Brassica databaseo] BLAST searchZ 9]3}¢]
9270 2] NBS-encoding A &4 F#A A+ sequence’} query® AF&% %131, 93%°] 42 homology
= Holx= a3l A 1167 sequence2} Aol A 26702] sequence, ¥iFol A 2270 sequence
% 164719 sequence”’} BLAST ZA#=Z AojHt}t,  olgA dojzl sequenceEZ45-E Primer 3.0
LEE S ALEste] 30709 Zgtoln setE Al AEFS

A3 ees 8.8 8 ’ af oa__8a

AS 8

AB t

A7 =8 .§
A8 3 g

- £ 8.4 kafm._s -

CNL TNL
Al0 &
@ CC-NES < TIR-MBS
@CC-NES-LRR @ TIR-NBS-LRR
@ MES-LRR @  MES-LRR

Figure 6. Brassica rapa 9271 NBS-encoding A &4 422l 44 % (Mun et al. 2009)

3070 8] wAE 1113}0}0% S AAs g o ook
2= 6719 t¥8ArAZ AAA TN Table 4), S

Ak AErs e 167 AES o
AA]
e Hols miAE HaE # A TH(Table 7).

Wol5y F 23 3% ApololA vy

W, TE
td
-z
¢

L NGS 715 @83 o8] sequencing data A} vl 7k
(1) EST (Expressed Sequence Tag) AKX o] &g

Transcriptome sequencing< ZZ oA ZHAlE mRNAES F%3}o] ©]E sequencing $F O 2 A
A 2Le] 2& profiling, genome annotation, comparative genomicss 2] #-ofoll A &&o] 7}
sk 7FA1 3L 9tk o] sequencingS F3 AAE ESTE genomeo Al AAM7E o] Fo %
ol ATE & g e S dFew Ffo] Ha il o] dataRFEH TAE=
dFete mAE AT 7 7] w2 AFANAE NGSE &3 ESTE A4t

ol

L Hooff o

2
o

A
18 2 o
2 o g

ol
-

(7} C1234, C1184, C1235 Al A& 9] transcriptome segeucning

O EST A4+ % assembly

2P d 2o FAAAE A ZE FR o w Ay (1234, C1184, C1235 Al AlE<l di+f
B EST ARE Atstr] 9kl 454 GS-FLX-Titaniums o] £3le] 7}7te] Alg o2 -
mRNAS FZ3t1 cDNAS FA o Fig. 99k 72 Wl ol&] Z-zte] E£F2] cDNAJ
3l 1/8 lane reaction®. = sequencing®| 3= ATt ZH7te] FFOZHE Ht 4ol 420bp=
°F 92,000-120,00070 ¢] L&A-FdA BRI} ALbE = o= AA AR EE 37753Mbp A
olof sttt AakE A7]AE dolEl+= Newbler2.3 Z 2134 98% o]A+e] sequence
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similarity & assemblyst S W] Hitzo] ok 750bp A X9 isotigEo] HAHAJTE HE=H o=
singlets ¥339S w Z+zo] AEd thel oF 35000 7 A =9 unigene setS T H 3 O
o5 HA A FEE 14717Mbp A== Gl AA AEe oF 25% Aol ddets A
HE 95 5 AAH (Table 8).

[e5

Table 8. Summary of 454 transcriptome sequencing and assembly data—1

; . ; Largest
Reads lengti  ofigstlo: Singles o Singles Largt.ast Avg .Isotig M50 .Isotlg Isotig
Mo Length Isotig Size Size ;

Size
Cl184 92,255 37,988,126 5,515 28,651 10978478 3,820 745 760 3,820
C1234 127522 53,250461 1271 32,879 12,404,186 8,231 791 815 8231
C1235 92,247 38,713,637 5,382 29,350 11,347,746 4,181 752 764 4,181
o] dlo]El7} ke o] %, 3ahd ol #E =23 FREol WAl Hof

25 A9
}_%L ok %]

AT

)
454 GS-FLX=Z AAtd delg &= 54
A3P3tAth. Sequencing 23 & AYALH raw
2 assembly$t 2352 table 99} #t}.

FZ(C11849F C1234)ql

H %3 ol
dataE < UHA] contig FHIE A3 e W

Table 9. Summary of 454 transcriptome sequencing and assembly data-2 (Izzah et al. 2014)

Parameters C1184 C1234
Response to black rot disease Susceptible Resistant
Mo, of HQ reads 92,255 127,522
fotal number of assembled contigs 6,037 2068
Mo. of singletons 28,651 32879
No. of unigenes 34688 40947
Largest contig length (bp) 3,820 6337
Average contig length (bp) 693 730

M50 length (bp) 34 781

AssemblyZ2 ¥ F FHoA zZtzE 6,037702] contig®t 28651709 singleton (C1184),
8,06870 2] contigE ¥} 32,87970 2] singleton(C1234)E°] A= AL, o] oF 3uk4H4uble] &
3}=  unigene set5< A E functional annotation #4& A AU NCBI non-
redundant protein database®] BLASTx ¢33 5& &3 similarity search® 33, BLAST
AINES Blast2GO T2 53 Gene Ontology(GO) termE<S Aol 4 Ak GO
level 2 =<l A 37129 W<l 7} azg]o A unigene distribution< figure 79} Zt}.
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wC1184 wC1234

Percentage of cenes

Melecular Functien Biological Process Cellular Companert

Figure 7. Functional classifications of

C1184 and C1234 unigenes. (Izzah et al. 2014)

@ EST-SSR uwl# 7iwr 2 X7 g A 2A}

EST7]¥F SSRv}# = transcripton®] ¥

dor mAE Azer] wEel Fd Akt

Aol AL, ‘3301 TAAES 2t

ZE e 2AFEY ATl &5

o]-g-shaLz} n}ﬂxﬂZ}g AAlsEAT. F3
o=

otk %der o] A3 SSR motifE
S

om_ Qi AFWR o o199

2
il T =

2849 F A= LS 7HAL Qo] o &
= ==

T 5

@)

12349l 4] assembled sequenceZ

S
MISA Z2 78S %23 SSR motif £ ¥ 43¢ tH(Table 10).

Table 10. Summary of EST-based SSRs identified (Izzah et al. 2014)

Investigated elements

Number

Total EST sequences examined
Total SSRs
- Dinucleotide motif
- Trinuclectide motif
- Tetranucleotide motif
- Pentanudeoctide motif
- Hexanucleotide motif
ESTs containing SSRs (SSR-ESTs)
- ESTs containing 1 SSK
- ESTs containing more than 2 SSRs
- ESTs with S5Rs in compeound formation
SSR primer design
- ESTs used for SSR primer design
- ESTs excluded for primer design
»exact match between both parents

-short flanking sequence insufficient to design primers

40,947
2,405
750

2214
2,023

95

937

740
624
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221478 2] ESTelA 2,40570¢ SSR motifEe] Mol A, &4 el 7 de]
EST#tE= EAA trinucleotideZ 74 5= motifE0] 1591(66.2%) /12 714 E& AL 39l
& AT olES ti o 937 ZtolwsetEe] Al ZE L, oW genotypingell AME-E
o] wiAEIN FdaAl WA FHT OEA 5 PCR AFS AN F 9%
non-denaturing polyacrylamide gel®ll 4] loadingslte] #1719 5S o =x 213 th(Fig 8).

trm 1

(8 SR

IR Bl
]

i
]
-4
-

i

i
}

BoESSR053 065 - 060 061
Figure 8. Parental survey of EST-SSR markers among C1234, C1184, and C1235.

Al#kE 93771¢) EST-SSR w145 % 82071(885%) 1717} 424 o2 amplicon5o] 44

Ao, olF 11671(14.0%) mA A FHF HEdE BAtHTable 11). ©] 9343 #wAE o
Al Foll SR B 2 FAAE A4S 9l F2 gl genotyping S A AISHAT

Table 11. Summary of EST-SSR & SNPs between homologous EST pairs between C1184 and C1234

designed amplified polymorphic
EST-SSR 937 829 (88.5%) 116 (14.0%)
EST-dCAPS 97 90 (92.8%) 49 (54.4%)

@ EST-dCAPS wt7] 7B 9 313t &g x4}

Single Nucleotide Polymorphism (SNP)> SSRE U} 21 47} @ol 22 wfAE A #gd
T e ARel 7] wEel AakE ESTelA 4 2 SNPelA w7l & Azbsidvh. WA
Cl11849 4 assembled contigE°l CLCZ C1234°4 AAtE raw readsE<= mapping ool Hlxl
st W o® F AlEZE SNP A& @8t & 1,32770¢] SNP A 9& wHdstith(Table
12). wA%E ZA SNP oA transition¥} transversion< Z}Z} 703, 46471%3 31, INDELS 160
M7F AAh olgA A candidate SNP A 92 dCAPS Finder 2.0 L2138 o]-8351¢]
dCAPS w}A = A 2tsk4d

Table 12. Summary of SNPs between homologous EST pairs from two cabbage lines (Izzah et al. 2014)

Type of SNP Number
Transiticn A > G 341
C < > T 362
Total 703
Transwversion Mo =T 128
G<—>T 110
G<—35C 120
A< e 106
Total At
Total SNPs 1,167
INDELs 160
Total 1327
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9).

Ao R PCR %o Hom, 4970 n}7(59.44%) o) Al T} A&

!BDI:ICAPSI BodCAPS? BodCAPSY BodCAPSS BudCAPS-E _. BodCAPS] BodCAPSZ. BodCAPSY BodCAPSS BDd'CAPS-ﬁ

Restriction enzyme 32

oW setE& A&ste] PCR 5% & Xl ©]F agarose geldlA SF oF&
Zefolm setol] afFol= AlFE A
, 9% non-denaturing polyacrylamide gel°l A loading3}]
AA 9771e] dCAPS wiAZF A Z= A 1 F 92.78%09 éﬁ

3l
28] &te] 37Col Al overnight incubationg
719 s s AAATHFig
sk 90719 mlbAAA A

218t A tH(Table 11).

=

=

4

il )
L]

F=r3

] A 1 W
i o s b

bl — e
[ e |

_'Li

Restriction enzyme &

Figure 9. Parental survey of EST-dCAPS markers among C1234, C1184, and C1235.

o] H
=

= O

= =2

GSMapper

pseudo-chromosome sequence®] mapping< A A3} t}.

AE9 readE°] B.

T 8t (table 13,

Table 13. Summary

chromosome genome.

ESTel
databaseoﬂ TS5 o
AFe] AolE LolR St} Sequencing 3] AAHE raw read
o]-g3to]  90% FAoR w9
oF 38745%
rapa pseudo chromosome®] mapping Q2™ ©]E Gbrowse FH =
fig 10).

sequence similarity

=

AA raw reads =

of the result of comparative mapping of transcriptomes on B.rapa pseudo

Cl1184 C1234 C1235
No % Reads No % Reads No %
Mapped Reads 89,631 38.33 123,348 45.59 89,244 42.46
Mapped Bases 12,352,596 32.65 21,580,147 40.64 14,532,674 37.66
Fully Mapped 22,596 24.50 27,841 21.84 20,221 21.93
Partially Mapped 9,379 10.17 12,307 9.65 8,567 9.29
Unmapped 2,203 2.39 3,627 2.84 2,631 2.85
Repeat 3,382 3.67 17,985 14.11 10,369 11.24
Chimeric 54,274 58.84 65,215 51.15 50,087 54.31
Too Short 404 0.44 528 0.41 342 0.37
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Figure 10. Pictures of comparative mapping of raw reads of 3 lines on B.rapa pseudo chromosome 1
genome; (a) mapping results on 10 Mbp (Yellow region in red lines) of chromosome 1.  (b) mapping on a

10 kb part of choromosome 1, which is zoomed-in region in blue box of (a)

(@) W5 1H G944 & @34 dow 24 =ddow FAE 10Mbp ZollA read
% [e)

E°| mapping©]
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oty ztzte]l AAE Z}7fe] readsel ol F-9lo] o]¥A mappingo]l HA=AE B F U
&% tool2 &8 o ok oA WATF Aolrt e FA A
3] RPKM (Reads Per Kilobase per Million mapped reads)®. @ ] o] Zo]7} yi= A Y
< Zrolx gkth(table 13).

S screening3}7]

Table 13. Characterization of gene regions which have different expression level in 2 combination.

Black rot Club-root
Cl184 x C1234 Cl1184 x C1235
No match 272 271
characterized 623 646
uncharacterized 154 123
Total 1049 1040

o] Az} ZHW Iy Z3relA 10497) FHA2F A e A C11849‘r C1234 A&7kl
o] zol7t Q= AS HotE 9}‘213—’ oA ik HEsy Ay 23 o=
© CLI84ek C1235 ARelelli= 104070 ] Fr2la Al el A wbd el o)zt ivk= 2l
T ATt o] E A screeningdle] U2 A AE2 NCBIY Al reference RNA sequence Ul ©]
Ef#]o] 2~ BLASTN searchE A9t S 2% characterizations a3, AA o] FHAE0]
olH gene familyE= o] Fo]A Je=Ho gk F41& AASHATHFig 11). ¢ Hof7i9
AAEo] 467019] gene familyE=Z FAF Av AL & F ddoeH, @ 22 wAd
gene familyE< 2] &Eo] Hoj ‘1}%5}1—‘:— do] &= = Aoz dHA Q. o7
Gt FAAEe]l AAR SR AFA R RS Al AvHo] A=A tet
7FA QL A7 R g olTh

LT DA 1%
o o ron
Mot 3ot ot

o2

BC1184xC1234

BC1184xC1235 50 -
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Figure 11. Gene family analysis of differential expressed ESTs in C1184 x C1234 and C1184 x
C1235 combinations.
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oA AdE AArE FollAl o] Ful ol ‘}O]‘/}% 2 FAAEe et
o] negative binomical distribution®] &A= &S AF83lS] profilingS AAISFA T SHE-Hol A
3421 C12349] contigs S reference® dlo] C1184%F Cl1234914 XA ¥ raw readsS RSEM
Z29S AFE-3Fo] mappingstth. F 27 ESTOlA expression levelo] zfo]7} vi= A& &
olg =7F A%l o]= heat mapl & T3 AHFig 12). 27 EST Foll 9707F C123490 4 up-
regulation, 18717} down-regulation®] ¥oj&S & 4 AU, 7F up-regulation®] Loyt
EST+ contig0b948= Ankyrin repeat domain and RING fmger*containing protein XBAT31
Fd 2o, 714 down- regulation®] ¥olyd EST: contig06786 2. % photosystem 1 light
harvesting complex gene 9= & 4 AU} XBAT31l FH A= the ethylene biosyntheis
enzymes aminocyclopropane-1-carboxylic acid synthase4 (acsd)obe] Ao zgo 23
ethylene contentE Z7FA 7] 98 = Aow d#x i, o] ethylened F71= S5H
Aol @IS viA= Aoz e do] o] AolA Ao dHEJ= FE FHAATE

2ol & Folth(Prasad et al, 2010).
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Figure 12. Different expression of 27 ESTs between C1184 and C1234 parental lines.
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(W) WA= #Basy %3t 93 transcriptome seqeuching
@ EST A4F 2 assembly
ANE WEY AFY BA 2F BRRodd Clsdsh CI2365 A% 7 wejsh o] £old

=]
ol Fake] Aol v xdol o8 s Asdldtts wAdS 22THEF

[e) >3 1=}
T T -
H B3 3R Ho% AA Ane ByEor WAz Adsdr. PAEY A%
4 A% C12202 B0 A3, oA AT ClT6S FLOZ & Fy FrlAdlA F1

| &<l
ALE A7 E i, EEE 7 AlSo] taiA % transcriptome sequencings T3 53
t}. Sequencing 7] Illumina Hi-seq 2000 AF8-3F31 2™, read length”’} 4507500bp A %=
ol 454 GS-FLX Titanium¥} H|x3-S ] Ilumina= lOlbp A= =2 read length7} &AWk A
HiE AR Av)E g8 & 5A-o vk 4 EFA F 12713 Gbel AR} AAte]
, AAE A7) Y ARE Trinity ZE WO E assemblyZF I3 E Ak Assembly 2 3}
2l oA 3t 1.5kb A =9 contigZ7b A E AL, C1176 Algoll A+ 59,8927, C1220 A&l
1+ 56,23770¢] unigene set’} =o)X tH(Table 14).

K
0% 32 i F

>~_4

Table 14. Summary of Illumina transcriptome sequencing and assembly data

Reads Mo Length Sequence No Length  Awg seq Size N50 seq Size Largest seq Size
C1176 113,578646 11,172,869,375 59,892 91,219,867 1523 1.867 16,405
C1220 123,131,369 12,116,998,750 56,237 84,253,772 1498 1,839 16,384

AAE ESTE W3k functional annotation 41 2xd X0 GS-FLXZ A4HsH EST9F
2o o g APsAr. el EST AW ol GO distribution 23+ figure 123 2t}
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(b) Biclogical process
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Figure 12. Functional classifications of C1176 and C1220 transcripts; (a)Molecular function , (b)

Biological process, (¢ ) Cellular component

@ AEI AikE EST Hd#F 2o A}

C11763 C1220 AlsolA AikE ESTolA ddd s 2po]7 v 3 2&< profiling 17]
a4l assemblydte] H2 ESTo| Bowtie ZZ 133 o]&3ste] Cl176 transcriptell & C1220 raw
readE<, C1220 transcriptoll = C1176 raw read5< mapping 3t th. ©] & RSEM = 13&
%3] transcript abundance 2} FPKM<E estimatione 3t & S A1Z<l HA oz ukgako] Fuj

ol zFol b= transcriptE S &2l tH Table 15).
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Table 15. Summary of differential expressed transcripts between C1176 and C1220

Statistically identified o i
— D:Gm(l::zn‘;)l Sl Most significant DEG transcripts (FPKM)
P (p-value= 0.001 & FC= 2 fold)
1,782
8,331 {1,316unigenes set )
C1220 & C1176 Upregulated(= 2 fold) Downregulated(=s 2 fold)
(5,122unigenes set)

1,176 606
(958 NR) (511 NR)

g BAH o2 dhg ol 2ol U transcriptE2 8,331707F LA E AL 9]
ke ek 2ol 7l Y= AL 1,7827] transcripts(1,316 unigene sets) $12o.™, 9]
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Z ol A ol
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transcripts solA B AZY FAAES] SAS AL de AEo] dupt He=A o] isiA
Abs B9kt Talé% of Agd C1220 Al'eol A wEE transcripts o4l NBS-LRR =4
S 7HAAL QoA Cl176 A3 Fuf o] 4] WHAFS Hole AL T 30717 AAeH, o
Zo| up-regulated & 2171, down-regulated = 9717} A At Table 16). ] 3071 <] transcript
Eo t3}e] heat-mapl = figure 149} 7ol AT 4= Ut} o] FHAF A G5 thslo] &

] A3A e TH FHAE HI real time PCR 52 % validation 3+ #do] @3] Zo|t},

Table 16. Summary of differential expressed transcripts related to disease resistance between

C1176 and C1220

TIR-NBS-LRR CC-NBS-LRR Unclassified Nr set Total
No. of transcripts 30
27 2 1 17 up-regulated : 21
(C1220) down-regulated @ 9

C1220_comp11697_c0_seqg4
G1220_comp22409_cl_seqd
C1220_comp22348_c0_seq11
C1220_comp22348_c0_seq2
C1220_comp19303_c0_seqi2
C1220_comp22367_c1_segd
C1220_comp20635_c0_seq2
C1220_comp20635_c0_seq6
C1220_comp22367_c1_seq19d
C1220_comp15984_c0_seqd
C1220_comp19984_c0_seql
C1220_comp21038_cl_seq2
C1220_comp22348_c_seqB
C1220_comp12107_c0_seqg2
G1220_comp22163_cl_seq10
C1220_comp22348_c0_seg5
C1220_comp22367_c1_seq28
G1220_comp19556_c0_seq3
G1220_comp20740_cd_seq2
G1220_comp19767_cd_seq2
C1220_comp20740_cd_seqd
G1220_comp19393_c0_seq2
G1220_comp22367_c1_seql2
C1220_comp19336_c1_seq2
G1220_comp22348_c0_seqb
C1220_comp22348_c0_seg4
C1220_comp22367_c1_seql7?
G1220_comp17613_cl_seq2

Color Key [ |
C1220_comp20635_cD_seqs

—< o 2 4
: S G1220_comp11697_c0_seq3

Value
Figure 14. Heat-map of different expression of 30 NBS-LRR transcipts between C1220 and C1176

@ EST-dCAPS wt7] 7§k 5l F3I3F &g A}

55 zis; FRel Aot npRA7FA R C11767 C1220 A% EST MEA RN =
Aol HAE zka SNPE tlidez sk dCAPS vlAE AZsldal, PCRE %% product*‘ﬁ
9% non—denaturmg acrylamide gel°l|l loading 3}e] #7]d 5oz &3t thHFig 15). = 2770
o mAE AAEt] 2671 whA7E FFHo] HAAL, 11709 wiANA B3PS HA o o] FolA
471 2] m}7] = heterozygousd HEH S Hol:= 7;1-5 gl A tH(Table 17).

FAR = Z

Table 17. Summary of SNPs between homologous EST pairs from C1176 and C1220

designed amplified polymorphic
26 11 (4)
EST_dCAPS 27
(92.78%) (54.44%)
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compl2444 compl7805
compl0262 _c0_seq3 c0_seql
_cl _seq2 Bl
comp24919
compl9825 _c0_seql
compl8391  c0 seql
_c0_seq3 =~

Figure 15. Parental survey of EST-dCAPS markers between C1176 and C1220

ey Ay I G ZRAEVE AR 3do] A upaof WA o] FHA7] ol
B} w2 FAAE ZFA4S el Genotyping by Sequencing WH O & enotypmgol &y =
o7] wfitel W2 o mpATE AR A ekt

M
N
X
2

(2) 553 2 a5y A% =9 47452 whole genome resequencing 4 1. 4§
(7}) Sequence data A§4F 2 Ol = SNP &4
S T FAA G7NAE AERE FEHOE AL R LA 4xpd o] TR L By
s A A 3 4 REE GZFEZ llumina Hi-seq 2000 sequencerE ©]-£3Fo] whole
genome shotgun resequencingS &3ttt 1x9F 2% F WMo Z A sequencingS 3o
table 183} 7o) A% @ 19723x9] coveraged] a|33lE datas ¥ 4 AT

Table 18. Produced sequence data of whole genome resequencing of 4 lines

13 24
S 1

ampie Reads No Total Length Coverage Reads No Total Length Coverage

C1176 18,882,762 1,907,158,962 bp 3.0x 126,837,064 12,810,543,464 20.3x

Cl184 12,683,216 1,281,004,816 bp 2.0x 114,454,524 11,559,906,924 18.3x

C1220 19,033,880 1,922,421,880 bp 3.0x 100,552,700 10,155,822,700 16.1x

C1234 15,476,252 1,563,101,452 bp 2.5% 113,830,992 11,496,930,192 18.2x
o] WolHES Fgate] YR SNPE @S piplelines T%aAtHFig 16). A
AN ZA2A Eo| 5B triplication ©|WIEZE 7o) 33-t]9] paralogous A A o] Ho] &

3= %UHl S genome? EA I Illumina sequencing 7142 48] ES &5k}
. (1176 second resequencing
Bxactly 1 time 63418532 reads; of these:
T —— 63418532 (100.00%) were paired; of these:
= 14368890 (22.66%) aligned concordantly 0 times
P — 23011964 (36.29%) aligned concordantly exactly 1 time
. ' 26037678 (41.06%) aligned concordantly =1 times
e e Concordantly >1 times
- 14368890 pairs aligned concordantly G times; of these:
L "“-"l_”‘-‘"' e _'- 332373 (2.31%) aligned discordantly 1 time
il i ;— " \ 14036517 pairs aligned 0 times concordantly or discordantly; of these:
=SS b il 28073034 mates make up the pairs; of these:
e 20916945 (74.51%) aligned O times
' 2937437 (1046%) aligned exactly 1 time
\Concgrdantiyﬂtlmes 4218652 (15.03%) aligned >1 times
- 83.51% overall alignment rate

Figure 16. ul5 o5t = SNP &4 Wy
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)

4 2]& DNAZE insert size’} ¢F 500bp A%<l libraryE A 2F3ste] paired 101bp 2
535te] AW AR = ©] raw read HlolE]E 4HlF pseudo-moleculed B 9] reference A
Hol] AEWME mappingS 3FtF. Mapping Aol paired readE©| insert sizeE i1 ste] A3t
3t X9 EE readEW AFE3FS AL, B3 paralogous A GO R <l AA FAA A F A
o B+ A& AASE WA oE SNPE ®HASATE o] wygoer ujF 4 AlEs
Canada 15 =24H dH3 FHAAARE 7|02 4ol Cl184¢F C1234%F C11763 C1220
F SNPE& ZroluIlth(Table 18). F ZFolA 1109H707F d= SNP7F = iz, |2 A
T A distributionS 3o B 4 AEE figure 17¥% Zo] T E A3} SNPY ¥ =
= % o)

A
T ol AR Holvt Y AL % & AN

Table 18. &5 4418 223 olA &2E ANA- SNP A+

cor Coz Co3 Co4 CO5 Co6 CO7 CO8 CO9  Total

C1184 x C1234 115002 126,720 196,745 144,807 96,929 101,993 115888 116,133 111,464 1,125,681

C1220 x C1176 108957 104,473 180,842 127,039 123,948 108428 116,241 106,748 178,968 1,155,644

Black rot Club-root
Cl1184 & Cl1234 Cl1176 & C1220

=]

[

-
W
J GF e

CF et

p cy e
(=1
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O AR Ry o3y 23 R 7hd AZE 1837 ulA Foll A 14370(76.1%) 7 AEH o=
PCR S%o] ¥, 715 10071(69.9%) wtAolA tdgAdS Bk Ry #Ad =23 &
ol = 163702 A v Foll A 12170(74.2%) 7 FZ = aL, 7970(65.3%) vl ttE A&
22138 tH(Table 19)

oft

Table 19. w5 4715 22FolA FHAE 428 SNP A+

Designed Amplified Polymorphic

Black rot 188 143 100 (23)
(C1184 x C1234) 76.1 % 69.9 %
Club-root 163 121 79 (18)
(C1220 x C1176) 4.2 % 65.3 %

3. ERE AT ¥4 mAZ 088 BAFAAE 244

7b SEH %

FAAE 25 2] flal ol chapterol Al ¥ 3 9@AE 2ALE vk B TR
nfAE Fol A Cl1184¢} C1234A41% Abolel polymorphic WFAES AF&3Fe] Fy 9770 7HA & o
3}l genotyping=S A Aol WA, FA, & heterozygous types Z=AE ISttt wbA
5 ToAE & AEg "3 BAoy ol Hubel AHEsde W, Z3UF ARSHA %
AW 37FA typeo] ot F7HA] typedt Holi: wpAEL A9 Ed o table ¢ o] EF 35470
o] AR FAJo] HITtHTable 20). ©]+ 4xbd X0 AlA S =wwrt} 97 vlA7F F71E Ao
2 ¢ =2 densityd mape W ¢ AATHUzzah et al. 2014). Genotyping 23} o]o] o3k

s}

o] Hgu] 1:2:119] Ag® oJ{E 3213 chi-square A2 3= table 213 2t}

ot

RAFAAE 2y

S~

Table 20. Summary of used markers for F» genotyping for black rot combination

Marker type No. of markers

Reported SSR 92
IBP 58
EST-SSR 98
EST-dCAPS 26
Resequencing—-dCAPS 73
others (MIP, SSR) 7
Total 354

Table 21. Chi-square test for 94 F2 mapping population against black rot disease

No. Marker name Pl (Elbserved Val;; total Chi-square P-value
1 | BoESSR045-u 18 55 21 94 291 0.23
2 | RSdcapsl-4 19 50 24 93 1.06 0.59
3 | CB10097 21 51 22 94 0.7 0.70
4 | RSdcapsl-5 20 52 20 92 1.57 0.46
5 | BOESSR472 20 53 20 93 1.82 0.40
6 | BoREM_1b 19 53 21 93 19 0.39
7 | BoESSR031 17 56 21 94 3.79 0.15
8 | Oll2-F11 17 52 25 94 2.43 0.30
9 | KC40590-5 16 57 21 94 4.79 0.09
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10 | RSdcapsl-6 16 59 17 92 7.37% 0.03
11 | HO73E22-3 15 59 20 94 6.66% 0.04
12 | BnGMS301 15 58 21 94 591 0.05
13 | BoOESSR726 15 60 19 94 7.53% 0.02
14 | BoESSR145 14 59 21 94 7.17% 0.03
15 | RSdcaps1-19 15 56 20 91 54 0.07
16 | BOESSR089 17 56 23 96 3.42 0.18
17 | BoESSR216 14 54 25 93 5.02 0.08
18 | Rsdcaps1-28 16 60 18 94 7.28% 0.03
19 | Rsdcaps1-33 16 59 18 93 6.81 0.03
20 | Rsdcaps1-32 17 59 18 94 6.15% 0.05
21 | Rsdcapsl1-29 16 60 18 94 7.28% 0.03
22 | Rsdcapsl-11 17 59 18 94 6.15% 0.05
23 | RSdcaps1-13 15 57 20 92 5.8 0.05
24 | RSdcapsl-14 20 58 16 94 5.49 0.06
25 | BnGMS299 23 52 15 90 36 0.17
26 | BoEcaps4 17 57 19 93 4.83 0.09
27 | RSdcaps1-10 21 49 18 88 1.34 0.51
28 | BoESSR632 21 54 19 94 2.17 0.34
29 | KR30260-2 24 49 19 92 0.93 0.63
30 | RSdcapsl1-22 25 49 20 94 0.7 0.70
31 | RSdcapsl-25 30 45 18 93 3.19 0.20
32 | RSdcaps1-27 32 41 20 93 44 0.11
33 | Ni4-B10 33 39 22 94 53 0.07
34 | RSdcaps2-12 17 61 15 93 9.13% 0.01
35 | BoSF2447 17 45 24 86 1.33 0.52
36 | RSdcaps2-1 20 48 25 93 0.63 0.73
37 | sR12095 21 46 25 92 0.35 0.84
38 | Ol11-H09 21 48 25 94 0.38 0.83
39 | BoSF2294 19 48 24 91 0.82 0.66
40 | RSdcaps2-13 18 51 22 91 1.68 0.43
41 | BoSF2479 20 41 30 91 3.09 0.21
42 | RSdcaps2-16 16 46 31 93 4.85 0.09
43 | RSdcaps2-17 19 45 29 93 2.25 0.33
44 | BoEcapsll 19 32 38 89 15,13 0.00
45 | BoESSR122 21 46 27 94 0.81 0.67
46 | BoESSR482 23 44 26 93 0.46 0.79
47 | RSdcaps2-6 23 46 23 92 0 1.00
48 | Nal2-H09 22 45 23 90 0.02 0.99
49 | CB10026 22 47 25 94 0.19 0.91
50 | PBCGSSRBo030 21 48 25 94 0.38 0.83
51 | CB10093 20 49 23 92 0.59 0.75
52 | O110-C05 21 47 26 94 0.53 0.77
53 | BoESSR193 21 47 26 94 0.53 0.77
54 | BoSF1275 19 47 26 92 1.11 0.57
55 | BoESSR151 19 49 24 92 0.93 0.63
56 | BoSF2745 21 48 24 93 0.29 0.86
57 | BrSF556 19 49 26 94 1.21 0.55
58 | Rsdcapsl-35 18 50 26 94 1.74 0.42
59 | BoSF996 19 48 27 94 1.4 0.50
60 | RSdcaps2-10 22 43 27 92 0.93 0.63
61 | BO78G17-5 21 42 26 89 0.84 0.66
62 | BnGMS629 19 49 26 94 1.21 0.55
63 | BoSF2532 19 46 29 94 2.17 0.34
64 | BoESSR262 21 44 26 91 0.65 0.72
65 | BoEcaps32 19 46 25 90 0.84 0.66
66 | BoESSR281 19 47 26 92 1.11 0.57
67 | M1-Bol-21(18) 26 39 25 90 1.62 0.44
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68 | RSdcaps3-1 30 45 18 93 3.19 0.20
69 | CB10513 28 47 17 92 2.67 0.26
70 | CB10263 28 47 16 91 3.26 0.20
71 | BoESSR045-d 33 46 18 97 4.9 0.09
72 | BoESSR844 33 43 17 93 6.03% 0.05
73 | BoESSR673 34 44 15 93 8.03 0.02
74 | RSdcaps3-4 30 42 21 93 2.61 0.27
75 | HO48MO02-5 28 38 24 90 2.53 0.28
76 | BoESSR685 26 41 25 92 1.11 0.57
77 | BoEcaps43 32 35 24 91 6.25% 0.04
78 | BoEcaps34 33 33 25 91 8.27x 0.02
79 | BoE506 26 43 25 94 0.7 0.70
80 | HO03D18-3 27 41 24 92 1.28 0.53
81 | HO72P15-5 26 46 22 94 0.38 0.83
82 | BoESSR086 27 43 24 94 0.87 0.65
83 | 0110-B04 26 46 25 97 0.28 0.87
84 | BO86MO08_1 26 45 23 94 0.36 0.83
85 | BoESSR079 24 48 22 94 0.13 0.94
86 | HO21E08-5 23 48 23 94 0.04 0.98
87 | BoESSR766 24 47 23 94 0.02 0.99
88 | BoESSR510 23 48 23 94 0.04 0.98
89 | BoEcaps35 23 46 23 92 0 1.00
90 | BoESSR614 21 50 23 94 0.47 0.79
91 | BoESSR541 21 50 23 94 0.47 0.79
92 | Rsdcaps3-22 21 48 24 93 0.29 0.86
93 | Rsdcaps3-20 21 44 28 93 1.32 0.52
94 | Rsdcaps3-19 21 48 24 93 0.29 0.86
95 | Rsdcaps3-18 20 50 24 94 0.72 0.70
96 | Rsdcaps3-16 19 53 22 94 1.72 0.42
97 | Rsdcaps3-14 19 53 22 94 1.72 0.42
98 | Rsdcaps3-12 19 53 22 94 1.72 0.42
99 | BO41F06-2 18 54 22 94 2.43 0.30
100 | BoESSR291 17 45 19 81 1.1 0.58
101 | Ol11-G11 18 51 24 93 1.65 0.44
102 | BnGMS417 18 55 21 94 2.91 0.23
103 | RSdcaps3-8 20 53 21 94 1.55 0.46
104 | BoESSR492 18 51 23 92 1.63 0.44
105 | CNU099 20 51 23 94 0.87 0.65
106 | BoESSR030 21 50 23 94 0.47 0.79
107 | M1-Bol-61 22 49 22 93 0.27 0.87
108 | BoESSR358 20 47 23 90 0.38 0.83
109 | PBCGSSRBo038 23 51 20 94 0.87 0.65
110 | HO04A02-3 23 49 22 94 0.19 0.91
111 | HO04A02-4 23 47 21 91 0.19 0.91
112 | HOO1K17-3 23 48 23 94 0.04 0.98
113 | HOO1K17-4 23 47 22 92 0.07 0.97
114 | BoESSR065 23 48 23 94 0.04 0.98
115 | MRO13 23 48 21 92 0.26 0.88
116 | BoESSR168 23 49 22 94 0.19 0.91
117 | Ol13-A10 23 50 21 94 0.47 0.79
118 | BnGMS575 22 50 20 92 0.78 0.68
119 | Nal2-F12 23 50 20 93 0.72 0.70
120 | BoESSR560 22 51 20 93 0.96 0.62
121 | CO3u-2 22 47 21 90 0.2 0.90
122 | BnGMS273 23 52 22 97 0.53 0.77
123 | BoESSRO77 22 52 20 94 1.15 0.56
124 | CALSSR 20 55 19 94 2.74 0.25
125 | BnGMS289 25 50 19 94 1.15 0.56
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126 | CB10629 25 50 19 94 1.15 0.56
127 | BoEcaps65 19 46 19 84 0.76 0.68
128 | BoEcaps22 21 54 19 94 2.17 0.34
129 | BoESSR073 21 54 19 94 2.17 0.34
130 | BoESSR186 24 48 18 90 1.2 0.55
131 | cnu286 22 56 16 94 4.21 0.12
132 | BrSF024 22 44 25 91 0.3 0.86
133 | BoESSR105 22 48 24 94 0.13 0.94
134 | KR20980-2 19 49 26 94 1.21 0.55
135 | BoESSR303 20 49 25 94 0.7 0.70
136 | BRAS072 20 51 23 94 0.87 0.65
137 | RSdcaps4-2 19 50 24 93 1.06 0.59
138 | sS2277 20 45 28 93 1.47 0.48
139 | BoESSR467 21 46 26 93 0.55 0.76
140 | BoSF1269 20 49 25 94 0.7 0.70
141 | BoSF184 9 60 25 94 12.64%x 0.00
142 | BoESSR333 21 46 24 91 0.21 0.90
143 | BoE862 21 48 25 94 0.38 0.83
144 | BoESSR845 20 48 24 92 0.52 0.77
145 | BoE149 20 46 26 92 0.78 0.68
146 | BoSF1818 21 47 25 93 0.35 0.84
147 | BO71M14-5 22 47 25 94 0.19 0.91
148 | BoESSR515 20 47 24 91 0.45 0.80
149 | BoSF2435 21 48 25 94 0.38 0.83
150 | BoE129 21 48 25 94 0.38 0.83
151 | BO96E22-4 23 44 24 91 0.12 0.94
152 | BoSF1941 21 46 25 92 0.35 0.84
153 | BoSF2370 21 48 25 94 0.38 0.83
154 | BoE530 21 48 25 94 0.38 0.83
155 | BoSF2645 21 47 25 93 0.35 0.84
156 | Nal0-D09 21 47 24 92 0.24 0.89
157 | Rsdcaps4-8 22 47 25 94 0.19 0.91
158 | KR31040-1 22 44 26 92 0.52 0.77
159 | B043N17-1 22 44 26 92 0.52 0.77
160 | BoSF2212 21 46 27 94 0.81 0.67
161 | BoSF2230 21 46 27 94 0.81 0.67
162 | BoESSR208 21 46 27 94 0.81 0.67
163 | sN0464 21 45 28 94 1.21 0.55
164 | BoESSRO87 20 45 29 94 1.89 0.39
165 | BOSOL16-1 25 41 25 91 0.89 0.64
166 | BoESSR286 24 42 28 94 1.4 0.50
167 | BoESSR108 23 44 27 94 0.72 0.70
168 | BoEcapsl8 24 44 23 91 0.12 0.94
169 | CNUZ246 23 42 27 92 1.04 0.59
170 | B094017-5 23 41 30 94 2.57 0.28
171 | KC20460-2 23 43 27 93 0.87 0.65
172 | BoESSR409 24 43 27 94 0.87 0.65
173 | BoESSR763 24 40 30 94 2.85 0.24
174 | KR11180-2 27 36 31 94 5.49 0.06
175 | RSdcaps4-18 23 45 22 90 0.02 0.99
176 | BnGMS160 24 50 19 93 1.06 0.59
177 | O110-B01 21 53 20 94 1.55 0.46
178 | BoESSR248 20 49 25 94 0.7 0.70
179 | Rsdcapsb-2 9 56 28 93 11.65% 0.00
180 | Rsdcaps5-3 23 56 15 94 4.81 0.09
181 | Rsdcapsb-4 28 49 17 94 2.74 0.25
182 | HO91P21-1 28 51 14 93 5.09 0.08
183 | compl17805 36 46 12 94 12.3%x 0.00
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184 | BoEcaps69 36 43 13 92 11.89xx 0.00
185 | BRAS052 36 49 9 94 15.68% 0.00
186 | BoESSR945 39 45 10 94 18.06% 0.00
187 | B035G16-2 40 43 10 93 19.88:x 0.00
188 | compl0262 41 44 9 94 2217 0.00
189 | C05-46 40 42 10 92 20.26%* 0.00
190 | BO96E22-3 40 43 10 93 19.88xx 0.00
191 | BoESSR305 41 44 9 94 2217 0.00
192 | O105_MS025 40 44 10 94 19.53xx 0.00
193 | C05-21 41 38 9 88 24,915 0.00
194 | BoESSR343 41 44 9 94 2217 0.00
195 | Rsdcapsb-8 41 45 8 94 23.345%5% 0.00
196 | Rsdcapsb-12 41 45 8 94 23.345% 0.00
197 | C05-44 42 41 8 91 263 0.00
198 | C05-38 39 41 9 89 20. 78 0.00
199 | HO15M19-4 42 43 9 94 23.85%* 0.00
200 | Rsdcapsb-7 39 46 8 93 20.68%* 0.00
201 | Rsdcaps5-9 40 45 8 93 22,125 0.00
202 | BoEcaps109 42 43 9 94 23.85%: 0.00
203 | CB10435 42 42 10 94 22.85%% 0.00
204 | B094017-2 39 44 11 94 17.06% 0.00
205 | Nal0-A08 34 51 9 94 13.98xx 0.00
206 | CO5u-3 43 39 9 91 27.26% 0.00
207 | C05_12 45 40 8 93 31.26%x 0.00
208 | C05_8 42 42 8 92 25.83% 0.00
209 | B053k16-1 40 45 9 94 20.62%% 0.00
210 | B092A24-4 41 44 9 94 22175 0.00
211 | BoESSR752 41 44 9 94 2217 0.00
212 | CB10229 42 42 10 94 22.85% 0.00
213 | BOESSR414 29 52 13 94 6.51% 0.04
214 | BOESSR902 28 52 14 94 5.23 0.07
215 | BOESSR207 27 51 16 94 3.26 0.20
216 | M2-Bol-30 25 52 17 94 2.43 0.30
217 | BoOESSR206 27 51 16 94 3.26 0.20
218 | BoEcaps42 26 41 15 82 2.95 0.23
219 | Rsdcaps6-2 27 47 20 94 1.04 0.59
220 | Rsdcaps6-5 26 49 19 94 1.21 0.55
221 | KC11470-3 26 47 21 94 0.53 0.77
222 | Rsdcaps6-29 26 47 20 93 0.78 0.68
223 | Rsdcaps6-30 27 47 20 94 1.04 0.59
224 | H012105-5 26 44 21 91 0.65 0.72
225 | BOESSR863 24 50 20 94 0.72 0.70
226 | Rsdcaps6-32 23 53 18 94 2.06 0.36
227 | Rsdcaps6-34 21 45 22 88 0.07 0.97
228 | Rsdcaps6-26 25 43 26 94 0.7 0.70
229 | BoEcapsb0 22 42 25 89 0.48 0.79
230 | Nal2-A02 23 45 26 94 0.36 0.83
231 | Rsdcaps6-25 26 41 26 93 1.3 0.52
232 | 2IND-M1-boV21 22 44 27 93 0.81 0.67
233 | BOESSR416 21 44 26 91 0.65 0.72
234 | sR12387 22 44 28 94 1.15 0.56
235 | Rsdcaps6-22 15 50 29 94 4.55 0.10
236 | O110-G06 19 46 25 90 0.84 0.66
237 | BnGMS353 21 47 26 94 0.53 0.77
238 | BOESSR576 20 45 27 92 1.11 0.57
239 | KC11470-1 20 48 26 94 0.81 0.67
240 | BOKAH45TR 20 47 26 93 0.78 0.68
241 | CB10526 20 48 26 94 0.81 0.67
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242 | BoESSR041 20 50 24 94 0.72 0.70
243 | CB10234 19 52 23 94 14 0.50
244 | BoESSR903 20 50 23 93 0.72 0.70
245 | Rsdcaps6-9 19 52 23 94 1.4 0.50
246 | Rsdcaps6-20 21 49 24 94 0.36 0.83
247 | BoOESSR581 20 51 23 94 0.87 0.65
248 | MR156 19 52 23 94 14 0.50
249 | Rsdcaps6-16 18 51 24 93 1.65 0.44
250 | BoEcaps102 20 50 23 93 0.72 0.70
251 | BoSF2369 22 51 21 94 0.7 0.70
252 | BOESSR080 22 70 2 94 31.02%x% 0.00
253 | BoEcaps101 21 48 23 92 0.26 0.88
254 | O110-HO04 23 33 23 79 2.14 0.34
255 | BO51E13-3 22 46 24 92 0.09 0.96
256 | BOESSR053 23 47 24 94 0.02 0.99
257 | CB10528 23 45 26 94 0.36 0.83
258 | BOESSR389 18 50 25 93 1.58 0.45
259 | BoOESSR723 18 50 25 93 1.58 0.45
260 | BOESSR854 19 49 22 90 0.91 0.63
261 | BOESSR212 19 49 24 92 0.93 0.63
262 | CNU400 20 49 25 94 0.7 0.70
263 | CB10014 20 51 22 93 0.96 0.62
264 | BRMS-050 19 48 26 93 1.15 0.56
265 | BRMS-042-2 18 50 26 94 1.74 0.42
266 | KC30890-3 19 49 26 94 1.21 0.55
267 | BOESSR523 18 52 24 94 1.83 0.40
268 | BoEcaps38 18 53 22 93 2.16 0.34
269 | CB10034 18 51 25 94 1.72 0.42
270 | HO73E22-1 19 51 24 94 1.21 0.55
271 | KC40650-1 21 56 17 94 3.79 0.15
272 | KC40680-3 21 51 18 90 1.8 0.41
273 | B047J10-4 18 62 13 93 10.87xx 0.00
274 | BoESSR814 17 59 16 92 7.37% 0.03
275 | BOESSR943 17 63 14 94 11.09xx 0.00
276 | KC40890-3 19 59 16 94 6.32: 0.04
277 | BOESSR125 18 61 15 94 8.53 0.01
278 | BOESSR370 20 58 15 93 6.23% 0.04
279 | BOESSR758 20 59 15 94 6.66% 0.04
280 | MR187 12 67 15 94 17.21%x 0.00
281 | BOESSR553 28 60 4 92 21.04x% 0.00
282 | Rsdcaps8-5 26 52 16 94 3.19 0.20
283 | BOESSR074 27 48 17 92 2.35 0.31
284 | BoOESSR702 29 47 18 94 2.57 0.28
285 | sA34 30 48 18 96 3 0.22
286 | BOESSR403 30 43 21 94 2.4 0.30
287 | B065D24-5 31 43 20 94 3.26 0.20
288 | BOESSR719 30 42 22 94 2.43 0.30
289 | Rsdcaps8-6 28 44 22 94 1.15 0.56
290 | Rsdcaps8-9 29 40 25 94 2.43 0.30
291 | Rsdcaps8-8 29 42 23 94 1.83 0.40
292 | BOESSR935 31 39 24 94 3.77 0.15
293 | BoEcaps44 31 40 23 94 3.45 0.18
294 | BoEcaps45 31 40 23 94 3.45 0.18
295 | BOESSR934 34 42 18 94 6.51 0.04
296 | BOESSR060 35 43 16 94 8.36% 0.02
297 | Rsdcaps8-10 33 44 17 94 5.83 0.05
298 | BoOESSR371 32 45 17 94 4.96 0.08
299 | KC20380-3 32 46 16 94 5.49 0.06
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300 | BoESSR251 32 47 15 94 6.15% 0.05
301 | BOESSR054 32 47 15 94 6.15% 0.05
302 | HO156M19-5 30 41 16 87 4.79 0.09
303 | BoEcaps54 32 43 17 92 5.28 0.07
304 | CB10042 33 45 16 94 6.32:% 0.04
305 | BOESSR338 31 44 19 94 3.45 0.18
306 | KC10330-3 30 47 17 94 36 0.17
307 | HO221.18-3 29 45 20 94 1.89 0.39
308 | Atl1g01608 26 49 19 94 1.21 0.55
309 | sORB29A 26 49 19 94 1.21 0.55
310 | BnGMS340 26 48 19 93 1.15 0.56
311 | CB10139 25 46 22 93 0.2 0.90
312 | H121P05-1 36 39 19 94 8.87: 0.01
313 | BO0O9P13-4 39 38 17 94 13,74 0.00
314 | BO0O9P13-3 37 39 16 92 1172 0.00
315 | BoEcapsb2 38 37 19 94 11.945 0.00
316 | BOESSR538 36 38 20 94 8.89 0.01
317 | HI06N11-4 38 37 16 91 13.81 0.00
318 | KR51130-2 39 47 8 94 20.45% 0.00
319 | KR50760-2 35 44 14 93 9.75%x* 0.01
320 | S003M22-1 35 45 14 94 9.55%% 0.01
321 | PBCGSSRBo02 35 42 17 94 7.96% 0.02
322 | BoESSR061 23 51 20 94 0.87 0.65
323 | BOESSR453 25 48 19 92 0.96 0.62
324 | KC20250-1 26 41 17 84 1.98 0.37
325 | BoEcaps60 24 48 20 92 0.52 0.77
326 | KC20250-2 26 47 19 92 1.11 0.57
327 | 1so0857_371bc 24 48 22 94 0.13 0.94
328 | BOESSR920 26 46 22 94 0.38 0.83
329 | BoOESSR035 29 44 18 91 2.76 0.25
330 | C05-49 26 55 13 94 6.32:% 0.04
331 | H099108-130 26 45 23 94 0.36 0.83
332 | niab022 28 45 21 94 1.21 0.55
333 | BOESSR484 26 44 24 94 0.47 0.79
334 | O113-C03 27 43 22 92 0.93 0.63
335 | BnGMS213 28 42 24 94 1.4 0.50
336 | BOESSR165 27 41 25 93 1.39 0.50
337 | BOESSR570 26 42 26 94 1.06 0.59
338 | BOESSR565 25 43 26 94 0.7 0.70
339 | Rsdcaps9-10 25 43 26 94 0.7 0.70
340 | Rsdcaps9-9 25 43 26 94 0.7 0.70
341 | Rsdcaps9-4 27 41 26 94 1.55 0.46
342 | BoESSR029 25 44 25 94 0.38 0.83
343 | Rsdcaps9-15 24 44 26 94 0.47 0.79
344 | Rsdcaps9-14 25 44 25 94 0.38 0.83
345 | BoESSR901 24 45 24 93 0.1 0.95
346 | Rsdcaps9-29 24 45 25 94 0.19 0.91
347 | H054124-1 26 43 25 94 0.7 0.70
348 | BoESSR391 27 42 25 94 1.15 0.56
349 | M1-Bol-16 32 31 23 86 8.58 0.01
350 | B0O07J05-2 26 42 26 94 1.06 0.59
351 | BO75D20-5 26 42 26 94 1.06 0.59
352 | Rsdcaps9-33 28 44 22 94 1.15 0.56
353 | Rsdcaps9-35 26 45 23 94 0.36 0.83
354 | BoEcaps110 26 46 22 94 0.38 0.83

35470 F 2797) viAE ol R Hlo AHEg3s A¥E HAAN 5 E FolF 0.050] 5kl A
Holel M| E HoFAY. 9] genotyping 2HES EWE JoinMap 4.1 Z=ZI13S 0|83}
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Figure 18. Genetic map constructed with 354 markers
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Table 22. Chi-square test for 94 F2 mapping population against Club root disease

No. Marker Pl ObI_SIerved ValueP;O) total Chi-square | P-value
1 dcapsl-5 30 44 20 94 2.51 0.28
2 M4-Bol-6 27 40 25 92 1.65 0.44
3 dcapsl-6 24 50 20 94 0.72 0.7
4 BoSF2294 23 50 21 94 0.47 0.79
5 dcaps2-1 24 48 22 94 0.13 0.94
6 BoSF2447 21 52 21 94 1.06 0.59
7 c02_mu-08 18 49 26 93 1.65 0.44
8 comp7993 16 47 30 93 4.23 0.12
9 CB10093 19 50 25 94 1.15 0.56
10 Nal2-H09 19 48 27 94 14 0.5
11 dcaps2-10 17 54 23 94 2.85 0.24
12 M1-bol-18 19 51 22 92 1.28 0.53
13 dcaps3-2 22 42 26 90 0.76 0.69
14 dcaps3-4 28 44 22 94 1.15 0.56
15 dcaps3-8 30 42 22 94 2.43 0.3
16 dcaps3-9 34 37 19 90 7.845 0.02
17 BoESSR303 34 43 17 94 6.83* 0.03
18 BRAS072 38 37 19 94 11.945 0
19 dcaps4-2 41 40 9 90 23.87x 0
20 BrSF024 40 34 16 90 18.18x 0
21 BoSF184 30 58 6 94 17 4% 0
22 BoSF2435 30 57 7 94 15.51 % 0
23 dcaps4-14 30 57 7 94 15.51 % 0
24 BoSF1941 30 54 10 94 10.6% 0.01
25 sN0464 24 59 8 91 13.64x 0
26 BoESSR108 22 61 11 94 10.91 % 0
27 cnu246 23 62 9 94 13.745%x 0
28 BoESSR409 22 63 9 94 14.49x 0
29 dcaps4-18 26 53 15 94 4.11 0.13
30 BnGMS160 26 50 16 92 2.87 0.24
31 BoDCTD1 21 54 17 92 3.13 0.21
32 BRASO067 22 44 19 85 0.32 0.85
33 BRASO076 30 40 19 89 3.63 0.16
34 BrMS034 30 49 11 90 8.73 0.01
35 BRAS112 22 48 20 90 0.49 0.78

(2) GBS(Genotyping by Sequencing) Wl 23t 5% genotyping
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Figure 20. Result of GBS data processing for 80 samples



4. Mdd vlAE

A2 A,
4 Ry L BASS AYE U2

BOAF A AlEE nASS

FETES U)o Z(table 23),

Table 23.
proportion of heterozygosity (Izzah et al. 2013)

Characteristics of the 91 B.oleracea L.

&3 ST Bd FF

Brassica oleracea= HAAAFOZ 6719 olFE0]

3= 227 B2, 57 8 E9, o 8,
AFAANA FHAA =
SSR 84 mAES ALE3e] PCR 23S B8 b3

=0

FAH Gdd AT
o &
g Abgstel AAl EAvAEC] Fl %
Ao getsta

37 AL,
2k o Al &

FH= 27t

r\r

oIFel A 5l
=2

T

29 AAGA. 490
3 7tol@t 5 67} o}%e] F1 91
nAE 5 148719

©
s
[e)
AY FREL dolngt

cultivars used in this experiment and their

Varietal

Proportion of i '
roportion o Main phel’lOtyplc

No Cultivar Cultivar name Origin Country heterozygosit

group o characteristics™

y (%)
1 C1 Cabbage 8398 IVF, CAAS China 27.54 EM, RH, LBt, CrT
2 C2 Cabbage Zhong gan 21 IVF, CAAS China 30.43 EM, RH, LBt, CrT
3 C22 Cabbage Golden Acre India India 30.43 EM, RH, LBt, CrT
4 C30 Cabbage Xi wang Sakata Japan 28.99 EM, RH, LBt, CrT
5 C31 Cabbage Zennith Seminis Korea 24.64 EM, RH, LBt, CrT
6 C33 Cabbage Green Express Sakata Japan 33.33 EM, RH, LBt, CrT
7 C37 Cabbage Head Start Seminis US.A. 28.99 EM, RH, LBt, CrT
8 Ch1 Cabbage Charmant Sakata Japan 40.58 EM, RH, LBt, CrT
9 C53 Cabbage Kranti Mahyco India 39.13 EM, RH, LBt, CrT
10 CAH4 Cabbage GC 60 Golden Seed India 40.58 EM, RH, LBt, CrT
11 C70 Cabbage Goody ball-65 Golden Seed India 34.78 EM, RH, LBt, CrT, CT
12 C87 Cabbage Rinda Seminis Netherlands 47.83 EM, RH, LBt, CrT
13 C102 Cabbage Green Challenger Seminis Korea 46.38 EM, RH, EBt, HT
14 Cl111 Cabbage Saint Seminis Korea 40.58 EM, RH, LBt, HT
15 C157 Cabbage Blue Vantage Sakata Japan 37.68 MM, RH, LBt, HT, CT
16 C158 Cabbage Vantage Point Sakata Japan 27.54 MM, RH, LBt, HT, CT
17  C159 Cabbage Royal Vantage Sakata Japan 40.58 MM, RH, LBt, HT, CT
18 C160 Cabbage Rareball Kaneko Japan 43.48 EM, RH, MBt, HT
19 C162 Cabbage Lucky ball Kaneko Japan 4493 EM, RH, MBt, HT
20 C163 Cabbage Wonder ball Seminis Korea 30.43 EM, RH, MBt, HT, DR
21 C171 Cabbage Gloria F1 Ohlsens Enke Denmark 37.68 EM, RH, MBt, HT, DR
22 C172 Cabbage Pruktor F1 Ohlsens Enke Denmark 37.68 EM, FH, MBt, HT, DR
23 Cl74 Cabbage KY-Cross Takii Japan 31.88 EM, FH, EBt, HT
24  C176 Cabbage Grand KK Takii Japan 37.68 EM, FH, EBt, HT, DR
25 C177 Cabbage Tropic Sun Plus  Seminis Korea 40.58 EM, FH, EBt, HT, DR
26 C181 Cabbage Hayadori Kobayashi Japan 36.23 EM, FH, EBt, HT
27 C185 Cabbage New Star Cross Tokida Japan 37.68 EM, FH, EBt, HT
28  C202 Cabbage Grand 11 Chia Tai Thailand 43.48 EM, FH, MBt, HT, DR
29 C209 Cabbage Green Nova Takii Japan 42.03 MM, FH, MBt, HT, DR
30 C217 Cabbage Ogane Takii Japan 40.58 MM, FH, MBt, HT, DR
31 C220 Cabbage Han Chun No. 4  Jing Tian Seed Japan 36.23 MM, FH, LBt, CT
32 (C221 Cabbage Han Kwang Asahi Japan 37.68 MM, FH, LBt, CT
33  (C222 Cabbage Green Coronet Takii Japan 40.58 MM, FH, LBt, CT
34 (C223 Cabbage Super Coronet Takii Japan 42.03 MM, FH, LBt, CT
35  C226 Cabbage Han Chun No. 5  Jing Tian Seed Japan 42.03 MM, FH, LBt, CT
36 C244 Cabbage YR Hogeol Takii Japan 42.03 MM, FH, LBt, CT
37 (€253 Cabbage Primero Bejo Netherlands 18.84 RCh, EM, MBt, CT
38  C254 Cabbage Red Sun Seminis Korea 33.33 RCb, MM, MBt, CT
39 C257 Cabbage Kai Bi Bijing Tirg ten Seed . China 31.88 RCb, EM, MBt, CT
40 C258 Cabbage Danish Ballhead OSC Seed Canada 30.43 LM, RH, LBt, FHA, CT
41  C259 Cabbage Tekila Syngenta Switzerland 40.58 LM, RH, LBt, FHA, CT
42 C260 Cabbage Quisor Syngenta Switzerland 44,93 LM, RH, LBt, FHA, CT
China-inrporte
43 C261 Cabbage Jewelry 068 Jewelry 47.83 LM, RH, LBt, FHA, CT
d from Brope
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44 C268 Cabbage Beltis Seminis Netherlands 39.13 LM, RH, LBt, FHA, CT

45 C273 Cabbage Quartz Seminis Korea 44.93 LM, RH, LBt, FHA, CT

46  C277 Cabbage Megaton Bejo Netherlands 49.28 LM, RH, LBt, FHA, CT
China-inrporte

47  C278 Cabbage Jewelry 1698 Jewelry 37.68 LM, RH, LBt, FHA, CT
d from Brope

48  C279 Cabbage Tobia Seminis Netherlands 46.38 LM, RH, LBt, FHA, CT

49 C295 Cabbage Atria Seminis Netherlands 39.13 LM, RH, LBt, FHA, CT

50 B2008 Broccoli Yuenyoudng hiacai Tokita Japan 30.43 EM, DH, MB, HT

51 B2013 Broccoli Yu huang Hongkong Seed Japan 37.68 MM, DH, MB, CT

52 B2014 Broccoli Youshou Sakata Japan 36.23 EM, DH, FB, HT

53  B2056 Broccoli Heart Land Sakata Japan 39.13 MM, DH, AF, MB, CT

54 B2060 Broccoli Subaru Brolead Japan 33.33 EM, DH, FB, HT

55  B2061 Broccoli Fighter Brolead Japan 28.99 EM, DH, AF, FB, HT

56  B2065 Broccoli KB-052 Mikado-Kyowa Japan 34.78 EM, FH, BB, HT

57 B2070 Broccoli Green Majic Sakata Japan 28.99 EM, DH, FB, HT

58  B2071 Broccoli Tradition Seminis U.S.A. 31.88 EM, DH, FB, HT

59 B2073 Broccoli Montop Syngenta Switzerland 30.43 EM, DH, FB, HT

60 B2085 Broccoli Green Belt Sakata Japan 26.09 MM, DH, MB, CT

61 B2097 Broccoli Grace Bejo Netherlands 37.68 MM, DH, MB, CT

62 B2098 Broccoli Super Grace Bejo Netherlands 40.58 MM, DH, MB, CT

63 B2134 Broccoli Castle Takii Japan 30.43 EM, FH, BB, HT

64 B2135 Broccoli Anfree-747 Takii Japan 28.99 EM, FH, AF, BB, HT

65 B2138 Broccoli Marathon Sakata Japan 30.43 LM, HDH, FB, CT

66 B2139 Broccoli BI-15(Monaco) Syngenta Switzerland ~ 26.09 LM, HDH, FB, CT

67 B2140 Broccoli Heritage Seminis US.A. 27.54 LM, HDH, FB, CT

68 B2145 Broccoli Ironman Seminis Netherlands 31.88 LM, HDH, FB, CT

69 B2193 Broccoli Aosima Sakata Japan 40.58 LM, HDH, AF, FB, CT

70  B2198 Broccoli Green Dome Takii Japan 28.99 LM, DH, AF, FB, CT

71  B2205 Broccoli Endevour Takii Japan 27.54 LM, DH, AF, FB, CT

72 B2266 Cauliflower Snow Dream Takii Japan 20.29 MM, WC, HDH, GCv, CT

73 B2267 Cauliflower White Dream Takii Japan 26.09 MM, WC, HDH, GCv, CT

74 B2268 Cauliflower Snow March Takii Japan 26.09 MM, WC, HDH, GCv, CT

75 B2270 Cauliflower Violet Dream Takii Japan 10.14 EM, VC, EBt

76 B2271 Cauliflower Orange Dream Takii Japan 30.43 MM, OC, HDH

77  K3001 kohlrabi Korist Bejo Netherlands 40.58 EM, RH, MSC, HT, DR

78  K3008 kohlrabi Express Forcer Takii Japan 40.58 EM, FH, PGC, HT

79 K3038 kohlrabi White Rookie Numhems Korea  Korea 47.83 EM, FH, GC, HT

80 K3039 kohlrabi ‘Winner Takii Japan 50.72 MM, FH, PGC, HT

81 K3044 kohlrabi UFO Seminis Korea 46.38 EM, FH, GC, HT

82 K3048 kohlrabi Worldcol Joeun Seed Korea 52.17 EM FH, GC, HT, DR, FHA

83 K3065 kohlrabi Kolibri Bejo Netherlands 44.93 EM, FH, RC, HT

84  K3066 kohlrabi Purple King Joeun Seed Korea 26.09 EM, FH, RC, HT, LB

8 K3083 kohlrabi  Dongchuan Konmyeong Nisaeng— L 1594 LM, FH, GC, HB, EBt

Chaejo Seed

86 K3598 Kale Este Sakata Japan 8.7 Vg, BGC

87 K3600 Kale Kale Joeun Seed Korea 8.7 Vg, LBt, GC, HT

88 K3601 Kale Joeun kale Joeun Seed Korea 7.25 Vg, dGC, HT, DR

89 K3603 Kailan Kailan China China 11.59 EBt, HT

90 K3608 Kailan Kailan Thailand Thailand 15.94 EBt, HT

91 K3611 Kailan Kailan China China 11.59 EBt, HT

148719 mtAS FolA A7t AdAES Kol d719s AA7F /3T resolutions H
o™, 917} samplecl thste] % PCR % &+ Kol mHA7F 69707 A=A o] 69
Mol mMASERZHEE 917 BE EFFoA F 359 alleleE 9] fingerprints 22 = Ao,

S AyER PowerMarker LT 2ZI1#S o] &3lo] allele®] ¢ rare allele, major allele
frequency, gene diversity, expected heterozygosity, polymorphic information content(PIC)
value 59 EAAQ A4S AAsH THtable 24).
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Table 24. Characteristics of the 69 polymorphic SSR loci across 91 B. oleracea cultivars (Izzah et al. 2013)

Rare Frequency of

Locus NA* . Size (bp) _ GD? H PIC'
alleles major allelec (%)
BoESSR003 5 4 160-180 40 0.26 0.11 0.24
BoESSR012 2 - 382-390 38 0.21 0.23 0.19
PBCGSSRBo2 6 3 180-205 15 0.67 0.18 0.59
BoREMI1b 4 2 170-210 38 0.23 0.24 0.22
BoKAH45TR 6 3 170-200 15 0.58 0.36 0.49
BoESSR020 3 1 170-190 34 0.27 0.32 0.24
BoESSR029 3 - 150-155 20 0.49 0.31 0.37
BoESSR031 3 - 290-295 21 0.47 0.62 0.42
BoESSR030 4 230-290 19 0.53 0.52 0.46
sR12387 8 5 280-300 18 0.59 0.51 0.54
BoDCTD1 11 7 150-180 22 0.6 0.39 0.56
sN11670 4 2 150-200 28 0.4 0.39 0.33
PBCGSSRBo033 3 - 120-150 23 0.46 0.39 0.35
PBCGSSRBo022 6 3 260-270 30 0.39 0.33 0.36
BoESSR040 4 2 250-280 33 0.31 0.3 0.27
BoESSR037 4 2 330-350 40 0.24 0.15 0.22
BoESSR049 5 3 290-300 40 0.25 0.12 0.23
sR5795 3 2 200-230 46 0.1 0.07 0.1
CB10064 13 10 140-180 16 0.68 0.59 0.65
PBCGSSRBo34 6 2 195-230 22 0.6 0.25 0.53
sR12384 2 280-310 39 0.19 0.21 0.17
BoESSR073 7 5 220-260 19 0.56 0.49 0.49
BoESSR074 3 - 214-220 20 0.5 0.41 0.37
BnGMS51 3 1 230-270 36 0.31 0.2 0.26
BoESSRO77 5 2 270-300 26 0.49 0.19 0.39
BRMS-006 2 1 150-155 47 0.06 0.07 0.06
BRMS-034 3 - 140-160 21 0.5 0.19 0.37
CB10267 3 1 120-150 27 0.4 0.54 0.32
CB10005 4 3 250-270 44 0.14 0.08 0.13
CB10172 2 - 210-230 34 0.26 0.31 0.23
BRAS039 4 2 200-240 35 0.31 0.22 0.27
CB10632 3 - 170-180 32 0.38 0.2 0.31
CB10130 2 - 240-295 40 0.18 0.2 0.16
BRAS112 6 3 240-280 34 0.48 0.19 0.43
NalOD11 5 2 170-205 19 0.64 0.23 0.56
0110-D02 11 8 140-210 22 0.62 0.56 0.54
NalOF06 5 2 100-150 20 0.51 0.22 0.39
MR133.1 3 1 240-250 37 0.36 0.03 0.3
CB10427 5 1 150-180 15 0.57 0.4 0.48
CB10288 5 2 200-220 31 0.48 0.18 0.42
Ol110-F08 4 2 160-200 38 0.29 0.13 0.26
MR049 9 6 170-290 20 0.64 0.22 0.59
0113G05 4 2 130-160 32 0.51 0.3 0.45
CB10109 2 - 250-290 34 0.27 0.32 0.23
OI11H09 10 8 150-230 23 0.59 0.19 0.51
sORF73 14 10 130-200 12 0.73 0.54 0.69
BoESSR106 4 3 200-230 41 0.21 0.14 0.2
sNRH63 8 5 90-160 24 0.54 0.34 0.49
NalO-D07 2 1 150-200 47 0.13 0 0.12
CB10629 4 2 100-150 23 0.46 0.46 0.37
CB10258 7 3 180-200 24 0.61 0.3 0.56
CB10028 14 13 120-190 32 0.48 0.24 0.47
CB10014 5 1 200-220 25 0.56 0.24 0.5
ngalll 9 6 120-160 21 0.64 0.55 0.59
CB10611 8 6 160-180 35 0.42 0.11 0.38
Nal2-B11 4 - 150-160 23 0.55 0.24 0.45
BoESSR110 2 1 280-550 47 0.5 0.94 0.37
BnGMS539 4 - 180-200 32 0.6 0.76 0.53
BnGMS326 4 1 270-290 24 0.61 0.74 0.53
Nal0-HO03 3 1 100-120 32 0.32 0.32 0.27
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CB10229 4 2 270-295 38 0.61 0.97 0.54
CNU400 4 1 260-290 21 0.74 0.84 0.7
0O110-C05 7 2 100-160 18 0.7 0.59 0.66
CALSSR 10 5 140-200 18 0.77 0.93 0.73
CB10435 8 6 140-170 25 0.51 0.36 0.45
BnGMS160 8 3 280-380 20 0.62 0.48 0.58
Nal2-A02 2 - 180-190 40 0.31 0 0.27
BnGMS83 6 4 200-240 26 0.59 0.13 0.52
MR216 3 1 170-200 35 0.3 0.23 0.25
Mean 5.2 3.33 28.75 0.45 0.34 0.4

3l9] locus® allele®] At 2714702 Ha A o2& 520719 allelegol Qs |
7} "tk Gene diversity= 0.0670.77 H2lol A thFstA YEISEo Ha A oz 0459 FA
= H oW PIC value:x 0.0670.77 HY = Hr 0409 X7} YeEsTE. Major alleles <
frequency = 12747% $HelolA Hat 2875% = vlA locusoll Al 915 FE & Hir 2875%2] 2
AN FE e major allelee] YElHT = S & = A3, allele frequency”F 5% X th
ZbA YEbYE rare allele5 9] = locus@d 171370 H Yol A Hit 3.3370¢1 AL golg 4=
7F AA(T o] AHES 670 obFHEE AHeld Zlo] table 253 v o] 6709 otFE T

Zep) 7k b4 =S heterozygosity FaolaL, Ado] 7 e FEYS 4 5 ddUh

y
NI

O

Table 25. Genetic differentiation among six varietal groups of B.oleracea L. cultivars (Izzah et al. 2013)

. No. of Major Mean
Varietal cultivars Mean no. allele genetic Mean Mean PIC
group testod alleles/locus frequency diversity heterozygosity value
Cabbage 49 3.81 0.32 0.39 0.38 0.34
Broccoli 22 2.42 0.37 0.28 0.32 0.25
Cauliflower 5 1.80 0.41 0.26 0.23 0.22
Kohlrabi 9 2.81 0.33 0.41 0.41 0.35
Kale 3 1.77 0.39 0.33 0.08 0.27
Kai-lan 3 1.46 0.43 0.22 0.13 0.18
Total 91 14.07 2.25 1.89 1.55 1.61
Average 2.35 0.38 0.32 0.26 0.27
w3l BA3 nAE Fo| A Rare alleleo] ¥ Ao = vERG mpA7ZE 54707 =,
o] = & 27719 unique alleles 213 4 Q&= 187 vlA = © stue] EFFolA Tt SolF
2 Yede s Z2 & 71 Atk (table 26).

Table 26. Summary of cultivar—specific allele markers (CAMs) (Izzah et al. 2013)

No. of Unique . Representative
Marker Varietal type .
alleles alleles cultivar
BoESSR073 7 a/c cabbage Tropic Sun Plus
CB10267 3 b/b cabbage Wonder ball
a/d cabbage Han Kwang
NalOF06 5 b/c cabbage Han Chun No. 5
CB10611 8 a/d cabbage Han Chun No. 5
b/f cabbage Jewelry 1698
sNRH63 8 a/g cabbage Megaton
CALSSR 10 a/d cabbage Gloria F1
CB10435 8 a/c cabbage Zennith
nealll 9 c/f cabbage Red Sun
&a N a/c broccoli KB-052
MRO049 9 d/e broccoli Fighter
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e/f broccoli Tradition

c/f broccoli Montop
CB10064 13 a/b kale Este
BnGMS83 6 a/a kale Joeun kale
BoDCTD1 11 e/e kale Joeun kale

. a/a kale Este

BoESSRO77 ° d/d kai_lan K3608 Thailand

£/f kai-lan K3603 China
SORFTS 14 b/e kohlrabi White Rookie
BoREM 1b 4 b/b kohlrabi Kolibri
O110-D02 11 a/f kohlrabi Kolibri
BRAS039 4 b/b kohlrabi Purple King

a/a kohlrabi White Rookie
BRAS112 6 a/b kohlrabi UFO

b/b cauliflower Snow Dream

PCR Z3E5S £¢3}9] genetic similarity valueE EU=Z 917 #3255 44 tgIA

A

o] &3 A 22+ A scale diagram © 2 Fd| W tt  Threshold F+=2o 2 72%2] FAH
£ A3l UPGMA clusteringS SIS HY figure 213 7ol 91719 EFE°] 67019 o}F
g E U= Ae FAT 7 AATE ¥Rk oyl dnk FuFE headd] Rl 9
A T oske] AFoE yHoA e As FAT FUF Ak

4 o o

Grroupl
Cabibage

Giroupll
Broccoli

Figure 21. UPGMA cluster dendrogram showing the genetic relationships among 91 commercial B.
oleracea L. cultivars based on 69 microsatellite loci. Each cultivar is identified by cultivar number,
name and seed supplier. (Izzah et al. 2013)
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Figure 22. Black rot disease symptoms
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Figure 24. Developed linkage map, and LOD profiles for Black rot resistance. LOD score profiles
of the test is shown as red. (a) Whole linkage group with LOD profiles (b) Linkage group 1 and

3 which have relatively high LOD score region
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Figure 25. Club root disease symptoms.;(a) 13 (race 2), (b) WX (race 4), (c¢) &% (race 9)
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Figure 26. Club-root disease index distribution of Fy families
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7}. MITE family &7

AAs FAA Wl EAsks MITEES Ztolli7z] fla) 1xd =Ry Ao 53
=L o]7] databasedlA] oe] T2 o] &3] MITE familyES Zrollls= A3 A4
st 1xdZd 53 databasedl A+ CENSOR, MUST, REPEAT FINDER, MITE
hunters 2] Z=Z13& o] &3to] 270 MITE familyES, 23 d =0+ B.rapa A03 944
$ 9] BAC contig(KBrB059A03)2] sequenceE dotplot #4525 E3dto] 3709 familyE<, 3
A% o] Fol = 283Mbel B.rapa pseudo-chromosome sequence®|* 1% S =2 miningS
AAsla, 7|2AQ F24 EAES annotationdts= WMHO R F 23709 familyES wEE
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Figure 27. Representation of predicted secondary structure and expected loop formation in 23
MITE families

ol#@ A Ao Ag¥ MITE familyE2 CENSOR Xz =138 AMg3te] BRAMU-10, 11
2 A. thaliana®} X i1¥ MITESl, BRAMI-2+= M. truncatula®lA H ¥ MITE®} ¢F 75%
°]’4¢] homology”’t & A& dobd 4 AT Fe giFEe] MITE familyE2 A+T
content”} 50% 17331 54 o] A
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L}, ZF MITE family 9] memberE9] ¥ ¢} £

Z}zFe] MITE familyoll 4:3F= membersS 437 $8lA 283Mb vl X+=FAA ¢
7143 Genbankel 2= 470Mbe] Fui 3=, 15Mbe] 2} shot gun sequenceEol 2374
o] MITE familyE 9 consensus sequences = AF&3}o] 80% ©]42] sequence coverage$t
1e-209] e-value®] 7]=2 =2 BLASTn search® A Attt 1 A3 wjFo= 722170, <l

Foll= 526770, Aol = 154709 copyEe]l EAstE AL Feldd 7t AT (Table 27).

Table 27. Summary of Characteristics of BRAMI 1-22 and its copy numbers in Brassica genome

Copies iél B. Copies in Copies in
Super e TR TSD AT rapa . B. olerac“ea.e B.I’ldplf&, . 1\(]) (f) No.
b Family 00 () o (6 . S b o RE o
P P ° Total >“é10% Total ;’ZSIO% Total ;’;7310% Motif RE
similarity Similarity Similarity

BrMi-1 stowaway 267 30 2 76 267 16 201 22 4 2 19 17
BRAMI-1 stowaway 260 34 2 74 697 401 471 129 13 4 14 12
BRAMI-2 stowaway 242 39 2 70 14 6 2 1 0 0 43 30
BRAMI-3 stowaway 556 24 2 82 906 23 628 12 18 0 20 20
BRAMI-4 stowaway 558 24 2 83 1369 97 663 69 27 2 16 14
BRAMI-5 Tourist 212 58 3 68 207 8 908 41 26 0 22 19
BRAMI-6 Tourist 366 31 3 70 222 61 131 22 5 2 17 12
BRAMI-7 Tourist 252 85 3 63 513 245 255 52 14 3 15 10
BRAMI-8 Tourist 160 16 3 51 636 287 110 24 3 2 23 17
BRAMI-9 Tourist 286 16 3 69 207 118 70 18 0 0 22 16
BRAMI-10 Tourist 257 18 3 64 167 60 134 20 6 0 21 18
BRAMI-11 Tourist 366 36 3 70 213 54 421 99 11 2 22 21
BRAMI-12 Tourist 348 16 3 77 137 29 69 6 0 0 13 10
BRAMI-13 Tourist 264 46 3 39 227 20 77 2 1 0 11 8
BRAMI-14 Tourist 255 18 3 69 138 35 121 25 4 1 25 14
BRAMI-15 Tourist 305 45 3 57 4 4 16 0 0 0 66 47
BRAMI-16 Tourist 273 46 3 60 239 66 193 42 4 1 14 11
BRAMI-17 Tourist 271 56 3 74 141 24 89 11 0 0 16 15
BRAMI-18 Tourist 268 24 3 63 140 74 124 41 10 1 8 5
BRAMI-19 Tourist 273 45 3 39 206 40 78 3 1 0 16 13
BRAMI-20 Tourist 365 70? 3 72 215 69 127 21 4 2 19 16
BRAMI-21 Ac 439 35 8 67 339 24 367 31 3 0 22 20
BRAMI-22 Ac 248 17 8 58 17 16 12 7 0 0 27 26

a

MITE copies and MITE fractions analysis were done using the available 283 Mb whole genome
pseudo—chromosome sequences

¢ MITEs were estimated to whole genome (529 Mb) by simple conversion

Y MITEs coples were analyzed from 470 Mb GSS sequences of B. oleraceae from Genbank

¢ MITEs copies were analyzed from 15 Mb GSS sequences of B. napus from Genbank

_—

ol@ A BLAST #4119 ZAy=E o] 23709 familyEo] Al speciesol] =¥ X3t 97
el o] MITES 37495k dxd wjFok w57k &3ksty] dol dAstar o] = =
Zo] v FHT 4 AAY.  Softberrye] Plant Transcription Regulatory Sites
databasecl] ¥H]1L3}e] Regulatory Elements(REs)E ¢ motifS 2ol A3y 2371 MITE
family Sl Al 95% o] Aol homologyS z+= 391702 RECIA 491709 motif&& Zroldl =
ANt

MITE familyol <3}= memberE 9 genomic relationg #4] 0}7] & zF familyoll A
80% ©]A9] sequence similarityE H.ol+= A9l intactdt memberES AF8-3}4] phylogenetic
A S S B ATH(fig 28).
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(A}

Figure 28. Phylogenetic analysis of the Three MITE super families (stowawa;vflike, Tourist-like
and hAT-like) using members of 23 MITE families from B. rapa with 80% sequence similarity. A)
Phylogenetic trees were generated from five stowaway-like family members (BrMi-1, BRAMI-1-4),

B) Phylogenetic trees were generated from five tourist-like family members (BRAMI-5-20) C)
Phylogenetic trees were generated from five #AA7-like family members (BRAMI-21-22).

Phylogenetic trees were constructed by neighbor—joining method with 500 replications

BRAMI-1, 2, 5, 6, 7, 9, 11, 12, 14, 15, 17, 18, 20, 21| 3|¥ 3= emebers= 3dF1t9]
clade® # HEHo] Q= Aoz Hol wmzr FFHo] HAu= AS 5T & AAAT,
BrMi-1, BRAMI-3, 4, 8, 10, 13, 16, 19, 22¢ al4d3l:= members<2 97|14 <E 4 diversedt

Ao 2 Hol genome olA oJHs] FEAorw FEHL JS Aor FHHZIT

th. MITE Aol o vdd =

MITES] AFd# o]E59] transposition activity &¢1S 98, 227§ MITE familyE 9
flanking sequencedl Al 187702 X eto]w 58S A %3] table 289 #AIS MAES 7HA 2
PCR 245 A th(Fig 29).

Table 28. Accessions used for MITE insertion polymorphisms analysis

Genome Species Accessions
1 AACC B. napus Tapidor
2 AACC B. napus Ningyou7
3 AA B. rapa Chiifu
4 AA B. rapa Kenshin
5 CcC B. oleracea C1234
6 CcC B. oleracea C1184
7 CcC B. oleracea C1235
8 AT A. thaliana Col-At
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Figure 29. MITE insertion polymorphisms (MIP) analysis for confirmation of 22 MITE families on
the Brassica genome. M, molecular size marker. Black and gray arrowheads indicate that product
with and without MITE insertion, respectively. Here MI1-M13 represents the BRAMI-1-22,

respectively.

o5 1607) EZetol AE AN Z FZH ampliconES A4S F A3, 3871 Zglo]
W AEA FF GEAAS, 07 Zgelw AMEdAE FU 3PS Hole AIRE IS
T AATH(Table 29).

Table 29. Summary of MITE insertion polymorphism analysis

Polymorphisms profile
Primers Between  Between  Between
MITE analyzed Among Among Among Inter-spe B.rapa B.rapa B.napus Intera—
B. napus  B. rapa  Boleracea cies & & & species
B.napus  Boleraceae  Boleraceae
BRAMI-1 61 3 8 0 11 23 27 20 38
BRAMI-2 4 0 2 0 2 4 2 0 4
BRAMI-3 6 0 1 0 1 1 1 0 1
BRAMI-4 2 0 0 0 0 0 0 0 0
BRAMI-5 8 0 1 0 1 3 1 0 3
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selection pressure®] Zrokell wtg}l BRAMI-2, 5, 7, 8% #o] A9 gidAHS B <+ Q=
familyE, BRAMI-1, 6, 11, 1292} #Zo] B IS #&#3d += = A Y T K=
familyE°] 9&< &2 4 g¢l2drt. MITE Insertion Polymophism wFAE°] 27 &
euchromatin #| 9ol 25 o] familyEol el e F37F & FUoA vddAe s
A F& AR &§o] 7hesttt
AA 2 Oﬂ‘—r““"ﬂ/ﬂ BRAMI-1 familyol] thalAx<= o B2 B8 F3A b9 gFaf=,
TI’XH'/] sequence®l Al & 1400 copy”’} @A A3t Q3l, ol&F 78% Y =+ gene-rich A
Ao EAst Y ‘51} FUydct o] MITE family7} duphcated % Brassica genome el
A duplicated ¥ FHAES] st &S 73S T A A2 AlmdH(Sampath et al.
2013).
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24 58 1FE S8 AZAY FlF FF54 (A1 dF33A)

10/27/2011

1% Gujarats HPA2EE(JS 107)3 Golden

A A5 Alg Cross Wl (¢1%= 9g])

HA2EE(]S 107) 945

ZEE(]S 107)& A F=olA 7FE wol AmEL e FF T vl 244
¢l 83985 thAletr] f1ete] 7 Hlow, F=ol 2010 F-E 2-3d7F AR A
T3 sl T AA A3 AlF A AEES 8398 HlE 2-3Y wWE %7
, =9 ﬁr T4 T 9ol 9 ki kg o] 9lomn, 83980 Al =3 whE wh
AT FFTOoEA ATl wig A S B T d@A 3AEFH
ol 2012T1 A FujE A FegT = o= AR A Go] Takiirle ‘FEIARA
(Golden Cross) &t 938 ST Aol de=d, 2011d4-H C’JEOHH‘: Ale S Al
> A3 AARRY HEEEO] 7|7} wlg wMEL g B o] o ¢ttt HUbE W
o} 20121 oA 2013W7bA] Eu AlagE AAStHR o 2014WFE EA A1 Hvulrt AlE o

UTH 2013 300kgH @& FE=& dA ol o Aibgko] FEato] 100kgs FE=otAt 2014
ol &= 600kgE =& o A o]t}

o

¢

to [» ¥R oo =
M R oao °¥N

-r'ml-u:
1

O/
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A= A A Al1d

(3% @ 2012. 8. 15, A2} : 2012. 9. 10, =& : 2012. 11. 1, 1% d3g)
s | ] BT [ | E TR [ FE[ER[FAEF A
() = (kg) | (cm) | (cm) | (cm) = 4| 74
EXSEEpN -
(TakiiAl) 50 = 43 | 09 115 | 111 4.0 = = oF oF
aKil
see= | 48 | 4 |9=d |10 | 18| 120 38 | B | =] = o

S 20124 2013+ 20149 %
v g rza oA 2
HPrEE bkg 100kg 600kg

FHANA b BRA AMHD Y FF 5N/ EA9 T 20 9 Sakatadtol
Xiwang' 5 9% 2AAE BAF/ Aske] A Aol =B(S 200& FF A4 H84 A
@& 2010d%H FAstgct oo~ ujste] %717k Ae) fAps, F7b oF
o $5% AL HAAstel FF @A

ov} WA AR F

e —
rlo
nj
ofy
N
o =
fol
=

Sl
O T fo fob

()%
AN
ol 2011 2% A= 8¢, 20124 670kgE A4t TFHEFATH 20139 2,000kgS
ot Zd AfFo] A&sHA] Fol 90kgE AL THEATE FF AAAA GPH WS
Fold B 7 205 AES 4T FES gAY & AL AR AuEE EEo
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s= dA A4 A4

(3% 1 2012. 2. 25, A2 : 2012. 4. 6, = : 2012. 6. 12, &74)
2 %71 oz | 2y TE | 7R | | Wwelw | 1 | FF | ud s
() (kg) | (cm) | (cm) (cm) = A A4
8398 48 53 o8 11 125 | 121 5.4 = = oF oF
2% 50 4 A8 | 13 | 1655 | 151 6.8 TH | T | TS oF
of o] 2~ & 50 2 A8 | 14 | 168 | 163 6.8 TH | T | TS oF

- 20114 20124 20134 2014d
FE=F TEY TEY TE AAF
of o] =& kg 670kg 940kg 1,000kg
o238 98 FUAA 25 EE 4

(1) JS 98, JS 100, JS 83
Fa Fmg dde Agol e A9 wa edstel sdd 3%

5! st
o] 1990 t) FukRE

9l A4 3s}o

nAYE 4974 o 4% 4 | 2ASHC waHo) g 119%
= 12%w1 Aol Fetel Agol = SeminisAtel ‘A 5 ANGA FESo] wol A

Hiw o, 1-29 8k Aol d¥ NozakiAbe] ShE 4357 22]ar 3-49 Fst= 23
= ‘%——o— s HLAGA FFE0l wol AwiEa vk =3 F 9 beJO/‘]"/] ‘1038'#} ‘1039" ¥
A RE S FEA d8A FFE50] 1990d FEE pE 12958 3¥71# $%3&t=
dFd FTEE A Fa o Aol sk Aol FEARE Ad Tdo]l A &
A A kot w717k wlaA] w2 75-80L T HAGA FF =0l Al i, 24410 A
2712 A=+ 185 H 49 838t Zdoll= A2olA FEAIRE A7 e i =4
= frAshE AAPEA 8-1009 FFEC] AgE Fa dvk A AP A3 FARA T Sl
F A ZE b H= T HEololA o] AP FFES ATske Aol S, EF A
d 7rAae] APl vl ddA FFTE FHE= A0l =2 Aom 2AEAT
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JS 98(CB 916) &A A4 A& (20114 11¥, T -3

i

JS 100(CB 917) &+ A&7 Ad011d 114, T= $3)

[\
(@)
—
N
[\
(@]
—
—
(L
e
-
b~
>,
0
i,
i)
2
iz
rob
(o,

A JS 83, JS 98, JS 100, JS 104, JS 2955 =
o 2011 8¢ 10¥ ¥E3ta 9¥€ 159 A2sle] AA 2 3A
A FFol &F 20kg AEeola = U
,JS 98 100He b Fow ANEI

T 3 540 Al
| A}k 1Yy «717F 75-80

jutod
o
ui
P
[isd
&

2 [0
o

g FAjo] FHA AEHE Aol 29 g o
AFomA 249 el gomt 77 WA A7k duEsdl va WE Aow @
@3l @ ol o

1
Wegel S5 AYA EF MG
S Wkth JS 100 #FFol JS 98 H

glol 20124 AdE 3
I sk, JS 1002 HE Adsrslen, 20139 SAEE A2t
o A

Mol A&

=
o] 2014 200kg 3 ¥u) 7}

oo

gxlo] Art. Fhuja]7]ol] gtFo] FFFE dge At
A JS 838 &7t thh HFHF 540l 9o JS 1008t FHEAde]l 53 5 o] 1o
FFT ANPS AL P AF ot
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T= dedulF dA A4 AE

(34 2012. 8. 10, 2] : 2012. 9. 4, =< : 2012. 11. 28 / 2013. 2. 8, 5= %)
zzn 7] | Y o T | | FE | Betx | 1 | % | U4 g
() | = (kg) | (cm) | (cm) | (cm) R e I W i
AE 30 = | 98| 12 | 140 | 134 85 T T T T
JS 83 35 Z | ¥ | 20 | 172 | 169 9.5 T | T8 | TA of
JS 295 30 A ¥y | 15 | 144 | 115 8.2 T | T8k | A of
JS 98 70 A1 ¥E¥ | 18 | 134 | 131 7.7 A & s T
JS 100 75 A€y 17 | 148 | 143 39 =z | =8| % s

gk =&

o

g =24 5 54

(1) £=2H 9 (Forte 9) - ¥FTEIT=IHET © &9 2014-107)
HH 2 11 (Venus 11) - Axt#AejAla 335HS 02-0003-2014-7)

Z __/Kal 1\]?54

A Ae

EENTE
(1= slo]=ghul=)

Awel A wol AMEn At 9F 2AA FF F el Mahycorte] ‘A
(Kranti)'$ dlASH) f1a] E2e] 93} MU 11E AWstel 0123¥8 0134747 e
A AEH ANFS stk 22 98 2 A= 717 APE R 2-3Y was 3
b et Aol o QEAel A4S Ho] @A IARFEH FL Ut FES
A4 F4 AAF] AT 20149 400kgES FET o Ao},

MUz 11 %7170 gl gl w8 569 A% wan, 23o] pEeta Falo]
WA ol vis Ze FHel 9ol 2012d AW FAHE 2kgd A
of dx HSA AFS Fstol gt 20139 AA IJALRIEE $5E A
20139 hub7] 200kg FES we AEIEA 20149 SN AGE T wu] o g o]
Q%

A A AlE

=

2 lo
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(3% 1 2012. 10. 10, A 2] : 2012. 11. 15, 4=&F : 2013. 2. 3, APF sfol=gnl= 1)
pa | [ F | g | TF | A TR Ao | A 0D ]
() = (kg) | (cm) | (cm) | (cm) = A3 T4
ATE 55 | A 9" | 11 | 144 | 139 5.8 T | T | T ok
H ~ -
]H* 50 | A |98 | 12| 159|157 36 | B | & | # z
”%Eﬂ 53 | 4 |98 | 11| 148 | 143 42 | # | o» | =n| =

CIRE P!

T2H9 2oE0 A7 H A5AE , F o S x2H 9)
- 2012 20134 20141
51 . ) ]

FEY FEY FE Y

Z2H 9 3kg 50kg 400kg

Hu 2 11 2kg 30kg 200kg

nh IEg A FAA FF 54

Mar dFHE 02-0003-2009-10

=,

B

1\_1:1 7)) uf

PR A A %
(Madhya Pradesh #9)

A, T R ol FEA A= = A& Kanekod HIFT=AYA FFU
Rare Ball'#} A|vju29] ‘Green Challenger'E thAl|st7] & st ‘~nfe'S w9} Fo7
Ax] A4 Alg 2 dAv) A3 diu]F<l Rare Ball’ol ®l&] #71%=7F o Zeta, Wolar) ¢
AdA =] Jdom, WEdTAdol Aot AEe} TxAA F7]e 53] vhdtele SHEE AL S
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%] 3¢l Madhya Pradesh #| <ol A /‘ﬂ njy 2 E39] ‘Green Challenger’ ol H]
Lé}ﬂ Porarzk B HAEoo] lom FRH o 3 EAS Ho] A olA
o1 ‘Green Challenger’ A4S tiAlsta = Aol 201058 <1
2 Alzbstd o @Al Ae] FL WhEo R FEFFol AL Frhsta vk
2013d T3 Sk 1900kgE F=stAom, 20149 = 2300kgs T oA ot

o
4 12 ool
HHN‘ 111 oy 2

. 2011 20129 | 20139 FF | 20149 F
e Sz Sz o 4 o 4
2ulE 925kg 1,265kg 1,900kg 2,300kg

(2) 220 0] ~(JOEUN ACE) - %

Z2oo] (]S 213) YR

Z2olo] 2~ (JS 213)= T3 QXA 2010WFH 2013 271A dAX A AY A F
T3 Q%E W uy| Al A EYA AT Q= 9 TZAAAC SeminisAFe] ASIE’T H T
=717 9Fd AL w=3 23o] ] 7+E3o] ‘:””XHHHQ] Aetstal Ao B ZAolm | A

Qe ;eI Fb BRAAL Bl Y, xedolst 4AFL FANYG A
AQAES] B8] 7 QA 0 Sl B fhol o feE AN ARem, ol o
e el dglon WATHel d $48 A%E A 2edolxt ATHRATAL We)
A4 A 59 Ayl Ml Ha WS AE Ak Aw $7) AW elw
% nAA oJF AA F¥ue] Ttelel 2 WS QI Yor, Ed wol AvjH 3
L AQES SR FRY] ha AFge] kst SRy AFY EIo By 8T AF
& Agolth, Bk 2-3dzke] FF, A% W rlaw 5 AANA @A A4 Y At
st FES ol ss gaFel Ak
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k)

A% A=A AHGAH AlY
(T : 2011. 10. 28, A2 @ 2011. 11. 29, <%} : 2012. 2. 8, 1= wletetH Ed})
. =7] | T o TF | 72| FF | Wl | F | FE | HE S
() = (kg) | (cm) | (cm) | (em) | = | A | 74
M A E 65 =3 | 9 1.2 14.1 15.7 5.9 = = = =3}
JS 213 60 A 93 1.3 15.7 15.8 54 A A A &
S7) 0 @A A4 AE
(3% 1 2012. 10. 23, A2 2012, 11. 24, 5~% : 2013. 1. 27, 37| 2=eF, Fx]ek<e})
Tz =71 | ¢4 o TE | A | rE | Weta | | e | il .
() = (kg) | (cm) | (cm) | (em) | A= | A | 74
M A E 63 =4 | 93 1.2 16.1 135 6.1 = = 3 =3
JS 213 56 AF 4 14 16.3 16.1 5.8 A S A 7
=5 20149 = oA F 2015 = oA F
Feoo] 50kg 300kg
(3) A= (Ellora) - 4w A3¥HE 02-0003-2014-7

| AE T P 99 2AE Azbthe]
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111(Millennium111)’s tHAIst7] 98] 71 H Aok div]EEd Hl8] Y o4 m=diA ¢
s A

g 24 BES wdd WAL, WEAERE) 2 UGTgel AY 1§ AEs »ge
A EFolth Ed JE AFERAA EESe] Wel AAE wge] gt wd Azee

IS8 4% Aol Atk 20139 200kg FEE Wol AA FA ANFel Qo
2014 347] A 4§ FA7H @) @ ool
FulE 25 AHOHEAD)
(3+%F : 2013. 7. 26, 42 : 2013. 8. 28, < 1 2013. 11. 11,

FH ART 24 2LFTH T AT7L)

EN = -7 iz m ol 11 o
59 MR N R B Bl B I ST P Bl E TR
(o) (kg) | (cm) | (cm) | (cm) T4
A= I
58 = 93 1.2 124 145 6.5 = % oF oF
(Sakata)
T-621(Takii) 60 2t 943 1.1 13.1 13.0 6.1 = = =% ok

Ay diil

o 58 2 o949 1.2 13.0 135 6.0 = 3 =7 ok
(Seminis)
A =22 50 2 94 15 156 15.0 4.3 A A A =7
=5 20139 = 20143 =& AR
o =g} 10kg 200kg
(4) JS &0

JS 80 Q1= dAA A&

AZoAl @Wol A= A= dF FAA
A 7] $18] JS 80 S Awbate] 2012-2014d Q%=
g Aol A TR =7|7F 10d A% a3 F%7F ¢
I WYorart o kA J

o EHS 5 2
27 wekor], of Skg AEE Sl AmelA WA s TAY AHelrh 20149 AA

4 A8 etk IS soMe
$ekm Aol o 2ol
o Au FAE

1 @7 3



A ATl dem AT A= 20159 29l AR ATk A Ayl weEk ddsE 2
g

A= @A A A4

(I 2012. 9. 4, B2 : 2012. 10. 10, < : 2013. 2. 7, Q1% 9] <)

- 7] | Y oy T | 7 | FE | Wgola | 7 | E | Y .
() | = (kg) | (cm) | (cm) | (cm) = A T4
SRS 75 A |98 | 15 | 144 | 1563 6.8 TN TN A ok
JS 80 65 A P8 | 14 132 | 13.1 3.6 VA Ak A =

uh ggobAlol R FRg WA F

ofN
Ho

(1) &4 99 (Ocean 99) AAFAwf4la FH S 02-0003-2014-5

Ocean 99 Y=

Ocean 99 (JS 199)2 T = @4, = A2E W7 Ieja sdoprol Ao 3 ofdd A

Aol FHA AiE I A= AFGA AFS ety A8 HEHAT. dA olE AJel= F

2 dE g7 olrte] ‘KK-Cross’, AAEFALS] ‘KS-Cross’ 28] Aujy=ALe] ‘ER2 AN 2

2" 5ol AMiE I ok Ocean 99 = -8 % Fx9 AlF A3 7]E HIA FFE H|

sto] =77 4-59 A w23 a2 AT

Al Az so F3sts dA Alg 23E A .
7-10d A= A 77 He 540 A= Hhd

7FA 71E WA H1@A e FElY Al
=]

o 12
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s= dA A4 A4

(7= 1 2012. 7. 16, A 1 2012. 8. 20, =% 1 2012. 10. 24, ==+ $-3F x9)
< = 3E == [e=]
2z &7] | T4 o T | 72| | Wolx | | | HE e
(d) = (kg) | (cm) | (cm) | (cm) = A A
Eiiﬂ S| . =
| 60 Z |#|A8 | 15 | 152 | 207 75 = | = of =
e
Ocean 99 | 55 A |\ 17 | 158 | 219 6.2 A I S A 7
=351 20143 & A 2015 & dAHF
24 99 50kg 200kg

(2) E23 o] o] ~(TROPIC ACE) - AAtavjAla AFHS 02-0003-2012-1

Tropic Ace ¢
Grand KK(Takii) 9% v
Tropic Acet™ T Y, A% d2E Wz I3 sdolalol Al 2 ofdy A Ho =
A s e JAFGA AFS FEekr] Y8l s ATk Tropic Ace =, % 2 &
=

ol A8 A} Takiie] KK-Cross 183 Grand KK& 7]+ v £8 A9 F3o] ] &
o

€

W, me AFde] o Fael A ¥HERYE JE EFERn O $esdE 53 99
o A T, JdE 2 ol s Ao 201249 150kg, 2013 300kgE TESEEoeH, 201449

HEWS #4 484 Ad
(35 2012. 7. 14, 84 + 2012. 8. 20, <+ 1 2012. 10. 17, WME dfx=o] <Lul X 9)

zzu 7] | 7Y oy T | 7R | FE | Wola | | FE | WE .
() | = (kg) | (cm) | (cm) | (cm) = A T4
Grand KK | 55 > | 93 14 15.1 18.2 6.9 = = = =
EEI‘_I]J - = = =
o 0] 55 o 3y 1.6 15.3 20.9 6.3 AL = > =7
51 20123 == 20133 =% 20143 & A F
EZY oo]x 150kg 300kg 600kg

_73_



01/07/2013.06:27:PM

39y 4 A%

(G

reen Helmet,

of
o2
3

04:69 PM

01/08/2013 0610 PM

T3 2 PhE F4

(F:NSX, %:Green Helmet,$:G.Helmet)
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Green Space HA](E(3}0] +3l)
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Green Space:= T = W, & A2E W@ aei Fdoprlotel FEA AufEa
E

oW 3 e AE 2y =

HIA NS & HEDT o

AGA FF 50 vkl Aol Aetal 47 A G 0] Aol SHEH A3 o] Zatrt
= H37lE A wMEdol A Tokidarle]l 'New Star Cross(NSX)' & #FF0] o] <1l
ANA ALH Wol A= gl=d, 2011d A= A& AlFlA din] ol vla] =77 wE
HAA WA do] Aetal o] ol yrbal o] ZAlolwA SR T Aol A3 &
AE Btk gdol: NSX tiulste] ¢ko] o8 FH=S thr] I Flsdd. 53 NSX
7F SR-ol ofste] ko] =38 24l Hlal, Green Spacev SH-Hel A9 A A o}
Tl mg & AolE Hol= AS gttty Sakatarle] Green Helmets thH] 5}of A
L sl ¥ yrta SHEHe o A3 543 sto] o ot dA oA F2 whgE dgl
th 2012 dAo] 22FTH Bl FujE AF stdlon, dA £ #vf 3 A7F Tokital

o] NSX¢} Sakata®] Green Helmet #& uWlHlste] HAIEZE St Au] 571 2 A
dealer 52 o} 1 Z=do]lZ /MAFse 5 Al THES ¢33 o8 vAY TS E& #
S F438 71 A1712 ok @A sEolet FwoE & oW, T A AFAE A

sahz S7F 58 A9 Aol e Ao 4

P
it
kY

HES a4 454 A4

(3% @ 2012. 9. 12, A4 @ 2012. 10. 10, 53+ : 2012. 12. 28, W|EY 3}-o] 1)
s FE | Fa | FE | Wl | 7 | F% | g | ZR
RS U s SR T gy
@) | = (kg) | (cm) | (cm) | (cm) = A TA L3
NSX
Toxita) 80 | = @8 | 15 | 125 | 208 | 59 S R B S R
OKI1ta
Green
Helmet 7B A | HAE | 17 | 142 | 224 6.5 s R A i A S I
(Sakata)
g;?;g 75| 4 | A" | 18 | 146 | 226 | 65 A I T B A I S
] ] 201449 % 20154 &
STz 2~ = gk 2~ = g}
vy 20124 %% | 201349 %9 o % A%
a8 A o]~ 59%kg 80kg 150kg 250kg
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AL A o 5

(1) Wl Z=H(VERONA) - AAkdwjala 23S 02-0003-2014-2

08/03/2013/01:43 FM

T @A A TH @A A

(20139 84 &4 FAAF A ) (20131 99 2{AJo} W zm} )

S %4 o} <5
2 A HELzsjo] —? k1l %?j.oﬂfﬂ ﬁdﬂ Aol T Aas
Aol o

F= ol A

= @A A4 A

(W% : 2013, 4. 20, A2 : 2013, 5. 25, 5=+ : 2013. 8. 13, &7 =

=5 Eis
- | E | P | B | Wekm | 77| % | W | B | A4
! 71 | 4| 738 ‘
(kg) | (cm) | (cm) | (cm) = AT % ]
() | =
%% 70
(Jinzhengs | 70 | = | 93 | 1.2 | 158 | 151 8.9 = = = ok st
eed)
Ruby
75 A A 1.3 15.6 15.3 85 = = = oF 3
Ball(Takii) i et
Verona B A 98| 15 | 168 | 169 8.7 o N A = A
359 20129 & | 20139 FEF | 2049 FF AAFEF
W 24 (Verona) 50kg 150kg 280kg
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FufF (C1184 x C1234) Fs At /MAIE9] S5 Ay A4 A3
HE | 2Es(%) S | s | gwue(%) | o= M5 | weEs(%) | g
BR1 3 R BR22 63 S BR42 36 MR
BR2 75 S BR23 26 MR BR43 56 MR
BR3 R BR24 5 R BR44 41 MR
BR4 MR BR25 16 R BR45 17 R
BR6 R BR26 21 R BR46 29 MR
BR7 R BR27 19 R BR47 12 R
BR8 17 R BR28 32 MR BR48 14 R
BR9 10 R BR29 31 MR BR49 12 R
BR10 14 R BR30 33 MR BR50 19 R
BR11 3 R BR31 31 MR BR51 8 R
100 S BR32 9 R BR52 50 MR
BR13 20 R BR33 15 R BR53 21 R
BR14 5 R BR34 7 BR54 1 R
BR15 49 MR BR35 32 MR BR55 13 R
BR16 14 R BR36 28 MR BR56 14 R
BR17 26 MR BR37 34 MR BR57 27 MR
BR18 2 R BR38 40 MR BR58 52 MR
BR19 25 R BR39 48 MR BR59 90 S
BR20 68 S BR40 16 R XCCR500 19 R
BR21 1 R BR41 92 S Qxcet 1 R
R: WwhA 48 0-25%, MR: ¥HFH 28 26-60%, S: ¥RbH 28 61-100%
¥ 2. 9u53 (Cl184 x C1234) F3 9 MAEY 59 A 244 A3 @ 23
S | e s (%) HS | B5 | wec(%) | B2 | BE | wes(%) | @
BR60 13 R BR80 17 R BR100 3 R
BR61 64 MR BR81 40 MR BR101 29 MR
BR62 30 R BR82 98 BR102 MR
BR63 3 R BR83 53 MR BR103 R
BR64 84 S BR84 0 R BR104 12 R
BR65 44 MR BR85 11 R BR105 38 MR
BR66 16 R BR86 52 MR BR106 86 S
BR67 68 MR BR87 8 R BR107 5 R
BR68 2 R BR88 21 R BR108 12 R
BR69 22 R BR89 R BR109 23 R
BR70 18 R BR9O 8 R BR110 11 R
BR71 2 R BRI 41 MR BR111 83 S
BR72 97 S BR92 3 R BR112 35 MR
BR73 92 S BR93 87 S BR113 13 R
BR74 55 MR BR94 39 BR114 11 R
BR75 41 MR BR95 4 BR115 80 S
BR76 19 R BR96 28 R BR116 37 MR
BR77 16 R BR97 40 MR XIR 50 32 MR
BR78 1 R BR98 8 Qxcet 0
BR79 22 R BR99 41 MR
R: HuFHAE 0-30%, MR: ®WyFA A& 31-70%, S0 WA A& 71-100%
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U gl FEE d2xae8 AR A2 AE D
O Adre JS 172 T3 215 28]l Alvly 29 Millennium 1115t SH-Ho| ] 73t
Ao 2 ey
O AIJEZF Al v ]S 2132 T AFAS Ho SHud g3 43 29=
Bl
O 'Rare Ball'e] #H=/4d¢l Wb A %3} JS b= S5 AdAdS B3+
O 'NSX'7F 7724l ¥k JS 1507} JS 3432 SHHo AEdAdS B,
O AlZx3% JS 205+ 'Grand 11l Hla] S5l 3 AFAH S Ko+
F 1 FE A2 gk in vivo A A

BR250(E2Z 21&5/IVF) 2] 1 3| 2| 2 3| 3| 3 2.4 S

BR251(M. 111/Seminis) 21 2 3| 2| 3| 2| 2| 2 2.3 S

BR252(JS 17) 2 21 0] 21 1] 0] 2 1.3 MR

BR253(Saint/Seminis) 21 3| 3| 2 31 2| 3| 2| 3 2.6 S

BR254(JS 213) 1 1] 20 2] 2] 2] 1| 0] 1 1.3 MR

BR255 11 2 21 2| 2| 2 1.8 S

BR256 3 3| 2 2 2.5 S

BR257 20 1| 1| 2 2| 2] 3| 3| 3| 2 2.1 S

BR258 0| 2| 3| 1 0] 2| 3 1.6 S

BR259 2 3] 3] 0| 3] 2 3] 2 2.3 S

BR260(Rare Ball/Kaneko) 21 2| 2| 2| 2| 2| 3| 3| 3 2.3 S

BR261 21 1| 3| 3| 2| 2] 2| 2| 3| 1 2.1 S

BR262 3 21 1 3 2 1] 1 1.9 S

BR263(JS 35) 11 2 0] 1 1 1] 2| 1 1.1 MR

BR264(NSX/Tokita) 2 2.0 S

BR265 2| 2 11 0 21 3| 2 1.7 S

BR266(JS 150) 21 2 1 11 11 0 1.2 MR

BR267(JS 343) 2 1 1] 2| 1 T 1)1 1.3 MR

BR268(Grand 11/Chia Tai) 21 2| 2| 1] 2 11 2| 2 1.8 S

BR269(JS 205) 11 2 1 0] 0] 3| 0 0] 2] O 0.9 R

YROIZE 24 A 20 1] 3 1] 1] 1] 2 1.6 S

HE0E 2| 1] 2| 2] 2 1.8 s

R, 0-1.0; MR, 1.1-15; S, 1.6-3.0
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HE 49 Aol deep freezerol Al KACCAlA +¢wt2 Xanthomonas campestris pv.
campestris KACC 10377_090513& 7 ulo] TSA®|A| o ~E ] 3to] 30TCAA vl
skt

AE 1Y Aol TSAu|A] o] A = uj

'rr‘

s oA TSAWIA 2 ~E# A 30°C o

O,

H F3kar, oF 10 plates(8x7 cm)& 4035 T

1 w4 plated] "W +E Fo] Fet2Y spreaders ©]83to] 83 & A&
Erolof] & EE5o] A=A AT

THE R Fx=7F OD600=0.1257}F ¥ =5 FHit4E o]-&ste] =45k

4071 A (40 plug FE 19)E HES v oF 80 mlo] i AgHo] Dodta A

sho] Aerele ety
)\431]()] XJE.?S]— u;H 01_/] Cujo] =K

chamberd] % %1t}

ol

] B=s EAbstal HES W] dew

o A%

- X% AY Dew chamberE 28C 2 A3} $it}.

AEL FI=sE 2 33t
(Dew chamberol A &85 2 272 uj %A]qu]i Z A sk},
HE & AWdTete] ddiy A" o

skl
F2FFA@CTHAUNETE 80%)2 olgste] shFol 124704 F& Aelstn Au
#sto]l WS @i 3-109 Atelol A#E At

SREX
SR 7Y ¥ 2L Yo BYEE 2Asdr
R, ¥WFH A & 0-25, MR, R A& 26-50, S, R4 51-100

T 4xkdlel A AAstl o, A4 dybs ok E 10M 49 2k

# L1 Hedsy A3 A4 A

2= ns &

HE gHE | B3

1 12 |38 |4 |5 |6 |7 |8 |9 |10 88d
BR2 70 | 80 75 s | 20Y
BR3 100 | 100 | 100 | 100 | 100 100 | S | 20
BR5 60 |95 |50 | 95 | 100 | 75 | 100 | 75 | 100 83 s | 20
BR6 30 |60 |80 |95 |90 71 s | 20
BR7 100195 [90 |75 |80 |90 |95 | 10090 |95 | 9f s | 20
BR8 70 |75 |0 |80 |0 |90 53 s | 20
BR8-1 80 | 100 | 100 | 85 | 95 |80 90 s | 20
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BR9 15 |15 |40 | 15 21 R 20
BR10 15150 |75 |30 |95 |5 |95 |10 |75 50 MR 20
BR11 100 | 100 | 100 100 S 22
BR12 60 | 100 | 100 | 100 | 100 | 85 | 80 | 100 91 S 22¢g
BR15 100 | 100 | 100 | 100 | 100 | 100 | 100 100 S 22¢
BR16 55 |30 |15 |50 | 100 | 85 | 65 57 S 22¢
BR17 100 | 100 | 25 | 70 | 90 7 S 22¢
BR18 40 |75 |80 | 75 |85 71 S 20¢
BR19 100 | 100 | 100 | 90 | 40 | 100 | 60 84 S 22¢
BR20 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 S 22¢
BR21 o (0 (0O |0 |5 |70 |0 |O 9 R 20¢
BR22 100 | 100 | 100 100 S 22¢
BR23 65 | 100 | 90 | 100 | 100 | 100 | 80 | 75 89 S 22
BR24 100 | 100 [ 85 | 70 | 100 | 100 | 100 94 S 22
BR25 85 |80 |85 | 100|95 |70 86 S 20
BR26 75 195 |90 | 100 |95 | 100 |75 |75 |75 |95 88 S 20
BR27 90 |95 |95 |75 |80 |95 |90 |75 |0 7 S 20¢
BR28 95 | 100 | 100 | 95 | 20 [ 100 | 100 | 75 | 95 87 S 20¢
BR29 55 |35 |75 |60 |40 |5 45 MR 20¢
BR30 95 | 100 | 75 | 100 | 100 | 95 | 80 | 100 93 S 20¢
BR31 85 |75 |80 |30 |85 |70 71 S 20
BR32 65 |5 |0 10 {10 |5 |0 14 R 20
BR33 80 | 100 | 60 80 S 20¢
BR34 25 |5 |0 |5 10 |40 |5 |0 |40 |0 13 R 20¢
BR35 100 | 95 | 100 | 80 | 30 | 80 |80 | 100 | 90 84 S 20¢
BR36 10|75 |5 10 |10 | 75 | 100 | 15 | 40 48 MR 20
BR37 35 | 100 |85 | 75 | 100 | 40 | 85 74 S 20
BR39 100 | 100 | 75 | 100 94 S 22
BR41 100 | 100 | 35 | 100 84 S 22
BR42 90 | 65 | 100 | 40 | 75 | 100 | 100 81 S 22¢
BR43 95 | 55 | 100 | 50 | 100 | 75 79 S 22¢
BR44 65 | 90 | 100 | 100 | 100 | 100 93 S 22¢
BR46 100 | 100 | 100 | 75 | 70 | 100 | 100 | 70 | 95 | 75 89 S 20¢
BR47 45 150 |60 |50 |60 |95 |5 |55 |45 52 S 22¢
BR48 100 100 S 22¢
BR49 75 |90 |80 [ 100 |25 |50 70 S 22¢
BR50 100 | 65 | 100 88 S 22¢
BR52 50 |50 |95 |75 68 S 224
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BR53 100 | 40 | 100 | 55 | 10 61 S 224
BR54 0O |5 |30 |5 |35 |5 15 110 | 20 14 R 20g
BR56 0 |5 100 |50 |80 |95 |35 |70 |85 |5 53 S 20g
BR57 75 195 |90 |85 |95 | 100 90 S 20
BR58 95 | 75 |75 | 100 | 100 | 100 | 85 | 100 | 100 92 S 20¢
BR60 100 | 100 | 100 | 100 | 80 96 S 22¢
BR61 90 |75 |95 |90 |85 87 S 20¢
xzeool~ |5 |0 |5 |5 |5 |5 |0 |10]5 4 R | 20¢
exel 30 |65 |55 |75 |75 |70 |60 |80 |95 |65 | 67 | S | 20¥
YROIZSHA |50 |55 |75 |75 |90 |65 |75 |50 |55 | 75 67 S 20
HEOE |65 |75 |85 |60 | 10090 |95 |80 |35 76 | s | 20¢
w227 ey AR A4 A
Bre =S
=S EIE IR T
123|456 7][8]9]r0 S
BR63 10 10 R 20«
BR64 15110 | 100 | 70 | 55 50 MR 20
BR65 6540 [95[ 5 [65] 5 46 | MR | 20
BR66 50 | 100|855 | 5 | 3| 5 | 10| 30| 25| 80 40 MR 20«
BR67 75150 | 5| 5 60|95 |10] 5510|100 | 56 S 20
BR68 olof10[o0f[0[5]0 2 R | 20
BR69 5 | 55 30 MR 20«
BR70 30 25|10 (55|10 5 | 5| 0| 5|10 25 R 20
BR71 5| 5| 0| 5| 5 |55 13 R 20«
BR72 100 | 90 | 100 | 100 | 100 | 55 | 75 | 65 | 100 | 100 | 89 S 20
BR73 75|45 | 55 | 75| 75 65 S 20
BR74 5 [10[ 5[0 [30][60]20]10]50 21 | R | 20Y
BR75 25165 | 5 | 10 | 100 41 MR 20«
BR76 60| 5] 0 22 R 20
BR77 100 | 50 | 100 | 35 | 60 | 50 | 55 | 55 | 5 57 S 20
BR78 0[50 5|5 |10 0] O 10 R 20
BR79 6510020 [ 10 ] 5 40 | MR | 20
BR80 0] 0| 5| 5 5 R 22y
BR81 515105 ]0 3 R 20
BR82 100 95 | 85|65 |100| 80 |55 | 75|50 | 45 75 S 20
BR84 151 5|10 5 6 R 20«
BR85 10 | 30 | 10 | 15| 20 17 R 20
BR86 60 [50 [10[ 0 |5 25 | R | 20Y
BR87 5 5 5 5 0 5 4 R 20
BR88 50 | 55|25 0 | O | 5 23 R 20
BR8Y 5 [t0[5[15] 5545 13 | R | 20
BR90 5155500100 5] 5 14 R 20¢
BR91 15| 10 | 100 | 90 54 S 20
BRO2 0 [25] 5 [65[10] 5 [ 0|10 15 | R | 20«
BR93 50140 5 | 5 |20 24 R 224
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BR94 2565 5 [10] 5 [20]10] 10] 40 4 | R | 20g
BRO5 5 0 |55 20 | R | 20%
BRI 5 | 5|55 22 | R | 202
BRO7 100 15 [ 100 15 | 10 48 | MR | 20%
BR98 55 0 | 0 |50 0 | 5[50 14 | R | 202
BRI 30 [ 50 | 50 | 55| 15 | 5 | 50 | 60 39 | MR | 20%
BR100 1010 [ 100 5 | 55 36 | MR | 20%
BRI0O-1 |80 | 25 | 5 | 100 55| 5 45 | MR | 202
BR10] 25 50 | 100 [ 75| 5 | 5 43 | MR | 20g
BR102 5005050 2 | R | 20g
BR103 50 50 | MR | 202
BR104 100 75 | 30 | 70 | 55 66 | s | 202
BR105 80 | 55 | 85 | 100 | 15 67 | s | 20g
BR106 95 [ 25 [ 10 | 5 3 | MR | 202
BR107 10755 5| 0|25[10/ 0|55 19 | R | 202
BR108 0 | 555|205 7 | R | 202
BR109 5 10| 5|55 6 | R | 202
BR110 20 | 65 43 | MR | 20%
BRI 0[5]5 3 | R | 20g
BRI12 5 | 5 5 | R | 20%
BR113 55| 5 |10 5| 5 10| 5 4 | R | 20%
BR114 10 10 | R | 22¥
BRI15 5 [ 1035 | 15| 70| 75 35 | MR | 20%
BR116 5] 5 0 | R | 22g
ZS0l0l~ |5 5[0 0[0[5[0[0|5[0]| 2 | R | 202
oxe 40 10| 5 (80| 0 [ 75| 10| 5 | 10| 5 | 24 | R | 20%
YRUIZZ2\~ | 100 | 65 | 55 | 55 | 40 | 85 | 60 | 50 | 70 | 50 | 63 | S | 20
ASOE | 60 | 20 | 55 | 80 | 65 | 70 | 70 | 30 55 | s | 20g
¥ 3034 A2 ARY A8 A

B 5%
He JELRIETE

i [2 [3 J4 [5 [6 [7 |8 [9 [i0 gz
BR117 5 [10 |5 [40 |5 i3 | R |eo0™
BR118 25 | 100 [5 |70 | 100 | 100 67 | S |20
BR119 25 |55 [50 |25 |56 |95 43 | 5 |20
BR120 100 | 100 | 100 [ 70 | 55 | 100 | 100 | 100 91 s |22g
BRI121 55 |70 | 100 | 60 | 100 | 95 80 | s |eoo
BR122 10 10 | R [e0™
BR123 10 [10 [0 |15 9 R |20%
BR124 5 |20 [ 10 i2 | R |20g
BR125 100 | 100 100 | s |22
BR126 100 [ 10 | 100 [ 100 [ 80 | 100 | 55 79 | s |eog
BR127 55 55 | S |20
BR128 10 [5 |10 [56 [5 |65 |10 [85 |10 22 | MR | 202
BR129 5 5 R |20
BR130 95 [ 10 | 35 47 | s |20%
BRI31 20 20 | R | 20g
BR133 95 | 55 75 | s |eeg
BR134 15 0 8 R |20%

_85_




BR135 55 |55 |10 40 MR | 20€
BR136 50 |70 |10 |10 |5 |20 |65 | 100 41 S 20
BR137

BR138 10 185 |0 32 MR [222
BR139 35 10 |50 |0 |0 |5 |5 14 R 20
BR140 5 |0 3 R 20
BR141 100 | 65 |65 |55 |55 |60 |55 |85 |50 66 S 20
BR142 50 |50 |15 |50 |50 | 50 44 S 20
BR143

BR144 60 | 55 | 55 | 10 | 55 47 MR | 20€
BR145 NN N O

BR146 55 | 5 30 MR |202
BR147 50 50 S 20
BR148 15 120 |16 |5 |45 |15 19 R 20
BR149 10 |5 10 | 35 15 R 20
BR150 10 |75 |5 30 MR | 20%
BR151 5 |5 |5 |5 10 | 55 | 50 19 R 20
BR152 5 10 |5 |5 |5 |5 6 R 20
BR153 15 |5 15 |5 |55 |55 25 MR [202
BR154 15 |15 |60 |0 |50 |30 28 MR | 20Z
BR155 5 |5 1015 |5 |5 |0 5 R 20
BR156 5 10 10015 |20 28 MR | 20Z
BR158 5 |65 |15 |15 25 MR | 20€
BR159 15 |55 |10 |25 |15 |35 |20 25 MR | 20€
BR162 55 |20 |55 |15 36 MR | 20€
BR163

BR165 60 |5 |5 15 |15 |5 18 R 20
BR166 5 5 R 20
BR167 5 |25 |3 |0 |5 14 R 20
BR168 5 10 |10 |5 |55 17 R 20
BR169 0 |5 |5 |5 10 [ 10 6 R 20
BR170 10 | 5 10 |15 |10 | 5 9 R 20
BR171 50 | 100 | 100 | 100 88 S 20
BR172 10 | 100 | 10 40 S 20
BR173 60 |55 |55 |35 |55 |55 |55 |55 53 S 20
BR174 10 |5 |30 |5 13 R 20
BR175 100 | 90 | 95 95 S 22
BR176 15 15 10 |5 10 [5 |5 15 15 15 9 R 20
BR177 60 | 55 |85 | 90 73 S 20
BR178 22
BR179 5 |55 90 |50 |10 |85 49 S 22
BR180 100 | 100 | 65 | 100 91 S 22g
BR181

BR182 60 | 70 | 50 | 50 |55 |55 57 S 20
BR183 20 |35 |20 |5 10 [ 15 |40 | 25 21 MR | 20€
BR184 100 190 |60 | 15 |85 70 S 22y
BR185 100 | 85 93 S 22
Z2001A 15 120 |25 |25 |0 15 120 |25 |25 |0 17 R 20
&t 30 |45 |40 |20 |15 |55 |55 |5 |O 29 MR |20
YROIZZc{A |55 |5 |65 |35 |25 |60 |50 |65 |55 |30 45 S 20
dE0tE 40 |65 |35 |65 |45 |40 |50 |65 |30 |20 46 S 20
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443 A2 el AYAd A4 A9

o= Es

YT | B2

1 [2 ]3[4 5 67 [8 ]9 [10 HzY
BR186 80 | 100 90 s [22¢
BR187 10205 12 R |22%
BR188 95 95 SR
BR189 5570|7510 |55 | 50 53 s |eoy
BR190 5 [10]5 |15]15 10 R |22g
BR191 5 [10]5 |10 8 R |20Y
BR192 5 |5 [10]5 |5 6 R |22%
BR193 75|50 | 100 75 s |eoy
BR194 202
BR195 35|5 |25]35]80 36 MR | 202
BR196 255 |25|5 |5 |5 |5 |35|45(35 |19 R |20%
BR197 5 |5 |5 [10]0 |5 |5 |10 6 R |20%
BR198 50 50 MR | 222
BR199 10 [ 15 | 40 | 55 30 MR | 202
BR200 50 50 MR | 202
BR201 30|5 |5 [10]0 10 R |20Y
BR202 15 [ 100 58 e
BR203 100 100 |S | 22%
BR204 95 | 80 | 100 92 S [22¢
BR205 55 | 95 75 s |eoy
BR206 155 10 R |22%
BR207 90 | 75 | 100] 85 88 e
BR208 100 100 |S | 22%
BR209 10 | 50 30 MR | 222
BR210 90 90 SR
BR211 10 [ 25 [ 35| 10 | 100] 30 | 30 34 MR | 202
BR212 100] 100] 55 | 55 | 80 | 60 | 100] 100] 80 81 s |eoy
BR213 202
BR214 55| 15| 15 | 100 46 MR | 202
BR215 0 [85|5 |0 [95]10]5 21 R |20Z
BR216 5 |5 |5 |20 9 R |20Z
BR217 5 |5 |5 [10 6 R |20Y
BR218 80 | 55|55 | 95 71 s [20g
BR219 95 | 95 | 100/ 100 98 s |eoy
BR220 155 |5 |5 8 R |20%
BR221 5 | 5035 30 MR | 202
BR222 105 |0 |65]5 17 R |20Y
BR223 10 | 45 | 55 | 80 | 55 | 70 | 55 | 60 | 85 57 s |eoy
BR224 0 0 R |20%
BR225 150 8 R |22%
BR226 5 |55 30 MR | 202
BR227 5 5 R 20
BR228 95505 50 MR | 222
BR229 50555 37 MR | 202
BR230 95 | 100 98 e
BR231 100 100 |S | 20g
BR232 90 |90 |85/ 90 65|25 7090|1010 |72 SREE
BR233 206080655 46 MR | 222
BR234 15 | 45 | 20 | 95 44 MR | 202
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BR235 10| 55 33 MR | 202
BR236 5 |10]5 |15]|5 |5 |5 |5 |5 7 R 20
BR237 0 |5 |25 10 R 20
BR238 22
BR239 35|10 |10|15]5 |0 |20 12 R 20
BR240 1012055151520 |5 |10 19 R 22y
BR241 95 95 S 22
BR242 22
BR243 22g
BR244 95 | 80 88 S 22
BR245 100 100 S 22
BR246 5 |5 |5 |65 20 R 22
BR247 5 [15]15]5 |10]10]5 9 R 20¢
BR248 7515515 45 MR | 222
BR249 95| 100] 100| 100{ 95 | 95| 90 | 80 94 S 22y
2004 |5 |0 |0 |5 |5 |5 |0 |5 |0 |O 3 R 20
2 Xct 10105 |60[55]20|10[10|5 |10 |20 R 20¢
YROIZ2Z2{A | 60| 10 |65 60|55 |50|60|55|50|100 |57 S 20¢
dIE0tE 60 | 55|60 65|65|60|30]45|55|75 |57 S 20&
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CR85 10 1] 1] o] 1] 1] 1] 1] 1 0.9 R
CR86 10 2] a4l 2] 2] 1] of 1| 3] 1] 2] 1.8 MR
CR87 10 4| 3] 4| a| 4| 4| 4| 4| a 3.9 S
CR83 10 2| 4| 4| 2] 2] 4] o] 4 2.8 S
CR89 10 a| 1| 2] 2| 4] 3] 2 2.6 S
CR90 10 1] 1] o] 1] of 1| 1] 1] o] 2] 0.8 R
CR91 10 4l 4l 4l a| 4] 2] 4| 4] 3 3.7 S
CR92 10 a| 4| 4| 2| 4| 4| 3] 3] 4| 4| 36 S
CR93 10 o] 3] 1] o] 2] o] 1] © 0.9 R
CR94 10 3] 4] 4| 4| a| 4| 4] 2 3.6 S
CR95 10 1] 2 2] 2] 2] 2] o] 1] 2| 2] 1.6 MR

CR95-1 10 1] o] 1] 1] 1] o] o] 1| 1| 1] 0.7 R
CR96 10 1] o] 1] 1| 1] of 3] 1| 1| 1] 1.0 R
CR97 10 3] 1] o] 1] o] o 1] 1 0.9 R
CR98 10 3] 3] 1] 1] 3] 1 2.0 MR
CR99 10 1] 2] o] 1] 1| 1| 1] 1] 1 1.0 R
CR100 10 1] 1] 1] 1] 1] 1] o] 1 0.9 R
CR101 10 2| 2 2| 2] 3] 4| 2| 2| 2] 2] 23 S
CR102 10 1] o] o] o] o] 1| 1] 1] 1 0.6 R
CR103 10 o]l o] o]l o] ol 1] o] o] o] o] 0.1 R
CR104 10 o]l o] o/l o] o] o] o] o] o] o] 0.0 R

al 4l 4l a| 4| 4| 4| 4| 4| 4
xa} 20 ATt a2t a2t a4 3 4.0 S
. o] o] o]l o] o] o] o] o] o] o
CREZ 20 T ol ol ot 0.1 R

¥ 2. 9%ul3 By &Y disease indexel] wWE A4 B &

DL (C1220 % CL176)  (CL176 % C1220)  (C1220 % C1126) (CL126 % C1220)  (CL179 % C1220)
0 17 95 103 22 33
1 45 64 44 45 39
2 62 32 30 77 58
3 16 3 18 48 44
4 22 3 5 20
Total 192 194 198 197 194

D.I. : Disease Index

¥ 3. CR105-CR109®H (F2 Alu])e] Bl Hof dgh kg w2 A4

Response CR105 CR106 CR107 CR108 CR109
(C1220 x C1176) (C1176 x C1220) (C1220 x C1126) (C1126 x C1220) (C1179 x C1220)

R(O,1) 62 159 147 67 72
MR(2) 62 32 30 77 58
S(3,4) 68 3 21 53 64
Total 192 194 198 197 194




O C1220 x Cl1176 F, /MAE9 B AFgA v RIMR:S=62:62:68(1:1:1), C1176 x C1220
F2 AAE9 AdA HEeuE 159:832:3 o2 EenjoA 2polE B L.

O Cl1220 x Cl1126 F» /MA=9 =8 &g ¥+ RIMR:S=147:30:21, C1126 x C1220 Fe
AAES AddA el 67:77:53 &2 EgnjoA o]E BIS

0 % AFAA A ATY AL G AT P2 ROl Glol, 483 B AL w1}
2eulsk A% FolE Uehlt A0E wol %50 FAA/ RTY AP Bl
Aom AR ol AFAA FFF e ATolN wuse] & Wely 44 FUY

27 o] QTLRE Azhs o] Xk

AR P R E in vivo B AA AR

A E- o] BH o] & W - - =
(C1220 x CLITO) Fo ASA 58| 4 wayzw 494, 30 palzy 054
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0.25 g/pot fﬂl 1(1. 1><108 spores/ml, 5.5x10° Spores/pot)
0.25 g/pot AE-1@(4.0x10" spores/ml, 2.0x10® spores/pot)
¥ Wol EgF(drol F/F A 47): 199(17/50), 29¥ (14/50), 41 (8/50), 63%(19/50), 68
(17/50), 88% (19/50)
6) A% W
(7h) 407" &8 XE40-2, 80mDol Ho& HE 53E ¢ Hi, &S T3 59 @
B2 Fojuo A kA &gkt
(h) XE & T2 189S FFsto] 24olA] 1493 Avhetsitt
(th) HE a5 Aol #AFAAte] Yol & =5 v Fsold HolFi, xdgRS vhs

W FQF WFF 195 L(1,400 ml x 129, 900 ml x 3#)= 37 F=n]edtt

(ZH) HZ Al 407+ Edlele] 7l & 7R detsa #5 AxE HAF v

(mh) AH-2 #F5 AWA 2 325 g& FH|EA T

(mh) 22+ Fo o &8 AASH FEF] AU

(Ah) 2 IA 7]l e 325 g7 "HagE Hol A, e A TUE ol & g W 9 #F
A 2ol

(op) BE]Z & FE3| dolx H, Zulyld 489 AZE Hfu AE 2L dyd F %
x}f:fi%oﬁ stocke] #F F37F 900 mlo] H=F A s grEAh

() "4 1,400 mle] & Well stockeS 225 ml¥ vFo] ©ehh(1,625 ml x 44)

) FME AR E 1F 42 o, AKHeE A2 HE olgstd XE H 5

5-10 #A S W&

mid GESFAHINA T T PE =
Gh AER Fea TEE SRR FREE AN AW B
] 172A

o
AN
o] 5 mm F&E Fd JEE AT 17t Fo Zo] & &4



(B AER TEE 0T FLFEP olEstel 397 AuWsn, 38 Folt AW
B B2 AL 49 B o Avsgl
Gh BF 179 Fole 24 olFstel Austat

=
% SAR o]F Fot 249 2xsh UF B b @E

J
)
o
=
)
ot
M

o=
07 25 AI(HA &% 20725T)
A AFeteE AI7IE AQS e BESHA #eld e E glomw dubdel wk
AE7F 2SS fX4 g

(7 2g 23

Table 1. <(C1220 x C1176) F3 /AA> ¥ w3 s A AA

AE A7 2(A 0] = 2) ZE-10(d = 9) gA 1] = 5) o
Wa | = HEg e uhg s v o
1 3.3 S 2.8 S 1.5 MR 25
2 4.0 S 2.6 S 0.9 R 2D
3 2.6 S 1.0 R 0.5 R 14
4 2.8 S 0.5 R 0.8 R 1.4
5 4.0 S 2.9 S 1.2 MR 2.7
6 3.8 S 1.5 MR 0.8 R 2.0
7 4.0 S 3.1 S 2.5 S 32
-1 4.0 S 2.2 S 14 MR 25
8 1.0 R 1.0 R 0.0 R 0.7
9 3.7 S 1.7 MR 1.1 MR 2.2
10 2.6 S 0.5 R 0.3 R 1.1
10-1 1.3 MR 0.5 R 0.7 R 0.8
11 2.3 S 1.1 MR 0.0 R 1.1
12 S S 1.3 MR 0.7 R 1.7
13 1.1 MR 0.7 R 0.5 R 0.8
14 3.6 S 1.9 MR 0.9 R 2.1
15 4.0 S 2.7 S 0.7 R 2
16 3.6 S 0.7 R 0.4 R 1.6
17 2.2 S 0.5 R 0.4 R 1.0
18 39 S 2.9 S 1.8 MR 2.9
19 4.0 S B S 0.8 R 2.7
20 3.7 S 1.0 R 14 MR 2.0
21 3.8 S 1.6 MR 1.3 MR 2.2
22 3.7 S 1.7 MR 1.2 MR 2.2
23 2.9 S 1.7 MR 0.8 R 1.8
24 4.0 S B S 1.0 R 2.8
25 3D S 0.9 R 0.6 R 1.7
26 1.6 MR 0.5 R 0.0 R 0.7
27 1.6 MR 0.4 R 0.3 R 0.8
28 3.2 S 1.5 MR 0.2 R 1.6
29 3D S 32 S 0.6 R 2.4
30 3.6 S 1.9 MR 0.1 R 1.9
31 39 S 1.9 MR 1.8 MR 2.5
32 4.0 S 1.0 R 1.7 MR 2.2
33 2.4 S 0.5 R 0.3 R 1.1
34 34D S 2.3 S 0.5 R 2.1
35 2.9 S 3.1 S 0.9 R 2.3
36 4.0 S 2.6 S 1.1 MR 2.6
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37 1.8 MR 1.2 MR 0.2 R 1.1
38 39 S 2.2 S 0.5 R 2.2
39 2{0 MR 0.8 R 0.3 R 1.0
40 3.6 S 24 S 1.0 R 2.3
41 2.0 MR 4.0 S 0.5 R 2.2
42
43 4.0 S 14 MR 1.2 MR Do,
44 2.8 S 1.7 MR 1.1 MR 1.9
45 3.8 S 1.5 MR 04 R 1.9
46 4.0 S 3.8 S 1.9 MR 32
47 4.0 S 3.0 S 14 MR 2.8
48 3.6 S 14 MR 14 MR 2.1
49 3.8 S 3.1 S 1.1 MR 2.7
50 3.0 S 2.3 S 1.1 MR 2.1
51 3.4 S 2.2 S 1.1 MR 2,
52 3.6 S 14 MR 1.7 MR 2.2
53 3.8 S 1.0 R 0.4 R 1.7
54 3.1 S 3.4 S 0.3 R 2.3
54-1 0.6 R 0.3 R 0.2 R 0.4
55 3.1 S 3.1 S 1.2 MR 25
56 38 S 3.2 S 14 MR 2.8
57 1.1 MR 1.3 MR 0.1 R 0.8
58 3.9 S 1.6 MR 0.8 R 2.1
59 2.8 S 14 MR 0.8 R 1.7
60 14 MR 0.9 R 0.2 R 0.8
61 3.9 S 1.5 MR 0.7 R 2.0
62 0.9 R 0.0 R 0.2 R 0.4
63 2.7 S 1.0 R 0.5 R 14
64 2.0 MR 0.5 R 0.5 R 1.0
65 1.2 MR 0.6 R 0.1 R 0.6
65-1 1.9 MR 0.1 R 0.1 R 0.7
66 4.0 S 1.2 MR 1.0 R 2.1
67 3.8 S 3.8 S 0.3 R 2.5
63 38 S 2.5 S 14 MR 24
69 24 S 0.9 R 0.2 R 1.2
70 4.0 S 2.6 S 3.1 S 32
71 3.6 S 0.8 R 04 R 1.6
72 35 S 1.6 MR 0.6 R 1.9
3 2.6 S 14 MR 0.2 R 14
74 4.0 S 1.3 MR 1.1 MR 2.1
75 39 S 1.2 MR 0.3 R 1.8
76 3.6 S 2.2 S 1.7 MR 25
77 4.0 S 2.8 S 2.1 S 3.0
78 3B S 0.7 R 1.3 MR 1.8
79 1.8 MR 14 MR 0.7 R 1.3
30 4.0 S 4.0 S 3 S 3.7
81 3.9 S BY S 2.0 MR 3.0
82 3.4 S 1.0 R 0.6 R 1.7
83 3.6 S S S 0.5 R 2.1
34 3.6 S 1.9 MR 0.6 R 2.0
85 3.7 S 1.3 MR 1.0 R 2.0
86 3.6 S 0.8 R 1.0 R 1.8
87 3.7 S 1.9 MR 1.7 MR 2.4
38 3.8 S Ll S 2.4 S 2.8
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89 3.3 S 1.8 MR 0.5 R 1.9
90 34 S 1.0 R 0.6 R 1.7
91 3.9 S 14 MR 2.7 S 2.7
92 4.0 S 2.6 S 0.9 R 2.5
93 2.2 S 19 MR 0.0 R 14
94 3.9 S 14 MR 1.1 MR 2.1
95 3.3 S 0.7 R 1.0 R 1.7
95-1 2.3 S 0.7 R 0.2 R 1.1
96 3.7 S 1.2 MR 1.3 MR 2.1
97 2.4 S 0.2 R 1.2 MR 1.3
98 3.2 S 1.6 MR 1.3 MR 2.0
99 3.9 S 1.6 MR 1.1 MR 2.2
100 3.7 S 1.0 R 0.9 R 1.9
101 3.3 S 1.7 MR 1.5 MR 2.2
102 1.0 R 0.8 R 0.0 R 0.6
103 0.1 R 0.0 R 0.0 R 0.0
104 0.7 R 0.7 R 0.0 R 0.5
Badger _
) 40 S 0.1 R 0.3 R 1.5
shipper

Jersey

40 S 1.8 MR 0.8 R 2.2
queen

oz 4.0 S 4.0 S 40 S 4.0

o =k 3.9 S 1.7 MR 0.0 R 1.9

=5
4.0 S 4.0 S 40 S 4.0
A%

CRH = 4.0 S 0.0 R 1.0 R 0.0
‘e 2=AF 7)E W T 1.0 o8kl ASoE AFAR), 1.0 oA 2.0 oldtE FEA A
(MR), 20 23+ #eAS)ez 343
3¢ ww o] gk
Table 2. 495 F2 F#F, CR1059] #2]=4 disease index & WA

Disease index A--2(H o]l 2) e -1 el 2~ 9) fd-1(g o] 2~ 5)

0 0 8 25

1 5 23 43

2 1 21 10

3 15 26 12

4 75 21 4

Total 96 99 94
Table 3. ¥l F2 F=}, CR1059 | SHel dist A3dAd 2D A+43 MAF

Disease index A -2(d o]~ 2) a1 el 9) -1l b)

R(0,1) 5 31 68

MR(2) 1 21 10

S(3,4) 90 47 16

Total 96 99 94
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