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SUMMARY
I. Title

Development of Extra-early Maturing and Overwinter Cabbage Varieties for
China Export

II. Objectives and Necessities

1. Objectives

This research has been done to breed the extra—early maturing cabbage

varieties which govern the majority of cultivation land in China as well as
overwinter round or flat typed cabbage varieties that are being grown near
the Yangtze(Chang Jiang) riverside by the seeds mainly imported from
Japanese or European companies. By breeding two typical types of cabbage,
we can not only export to China but also provide the bred varieties to
Korea and some other European countries. Moreover, to authenticate the
breeder and variety’s right, the basic line-specific marker development

research has been done

2. Necessities

The total cabbage growing acreage of China 1s 1,130,734 ha which governs

around 42.8% of the total world cultivation acreage(2,644,488ha) and approx.
200 times bigger than that of Korea(5600ha). Followed by China, India
(242,965ha), Russia, Indonesia, and USA recorded the major growing acreage
in the world. In the meantime, in 2004, Korea recorded 2,260,855US$ cabbage
sales to overseas and India got the first rank with 1,129,621US$ (50.0%) and
China was the second with 454,789 US$ (20.1%). Considering the huge
growing acreage of China, 4.7 times larger than India, the export weight was
much small amount and thus necessitates the breeding varieties for Chinese
market immediately. While currently China is growing very big amount of a
super extra—early and extra—early varieties bred by Chinese government
which occupies around 40% of total cabbage F1 hybrids and 40% of total
cabbage market are governed by big flat typed cabbage and the others. From

the total rest 20%, the round typed importing varieties which are being used



as extra early market segment, overwinter culture, highland summer culture,
and the other imported flat typed summer cabbage and winter cabbage are
holding 20% and 109, respectively. Consequently, research activities for
breeding super extra—early maturing type which is one of the most popular in
China and overwinter round or flat typed cabbage varieties comparatively

very high seed price have been significantly required.
III. Contents and Scope

To breed such varieties mentioned in above, 53 foreign varieties which have
been grown now in China and considered as fit for breeding objectives are
collected, segregated and fixed. New crosses have been made between the
former 20 existing lines for super extra—early maturing and newly bred lines
and also 25 overwinter typed existing lines with newly bred materials.

Preliminary trials for the selection have been done in Nunhems R&D station
and later several regional test has been executed at Jeju, China Beijing,
Wuhan, and Sinye through leased fields for confirmation. When evaluated, the

dealers and sales people also joined and finally confirmed.

IV. Result

Two super extra—early varieties, ‘18’ (Nun 0137)’, ‘21’ (Nun 11001), and
2 extra—early varieties,’58" (Nun 0138), '24’ (Nun 11002), total 4 varieties
have been selected. Especially 18" showed the most earliness with 43-45days
maturity and ‘21’ was revealed a little bit later than 18" around 4bdays but
much better bursting tolerance.

Two extra—early varieties, '58" and '24’, showed one week later maturity
than the leading variety '8398' but very good green colored and bursting
tolerance. Three varieties’ commercial seeds are now being produced by the
customer’s order except ‘21’ since that has been confirmed a little bit later.
To compete with bejo’s overwinter field varieties at Sinye China, two
overwinter late round varieties '454' and '459' were selected with its good
weight, strong cold tolerance, and good green colored round head. Flat
medium variety for winter culture, '154(Nun0079)’ was selected to
introduce for YR Gogetz (Resist Lake from Takii seed) market with its one

week earlier maturity and good field holding ability, '151(Nun 0101)’ also



selected for that market with really good green color.

Two other late flat typed overwinter cabbage varieties, ‘167" and 166’
showed very nice cold tolerance and green color so highly recommended for
overwinter cropping.

In conclusion, total 8 hybrids have been developed through this research and
some of them are under commercial production or larger trials.

Molecular markers were developed for identification and classification of
cultivar and genetic lines of Brassica olercea. Different Cabbage varieties
could be grouped by construction of phylogenetic tree using SSR markers in
combination with corresponding phenotypes. We found grouping of
morphological similar phenotypes into one group. The different groups formed
with SSR markers are European cabbage with small head, round medium size
head, big head asian types, early types, late cabbage types and winter types.
Using this data we can classify cabbage into different groups according to
morphology such as heading type, and early and late types. In addition using
molecular markers, we constructed a genetic map using 50 F2 population
derived from a cross between diamond backmoth resistance inbred line(DS)
and susceptible line (CT) of cabbage (Brassica oleracea). Out of 106
polymorphic markers, 85 markers were anchored to 11 linkage group. Other 21
markers were unlinked to any linkage group of cabbage genetic map. This
map contains 85 loci in the 11 linkage groups covering a total distance of
711.3 cM that enabled the anchoring of 85 SSR and IP markers. Average

distance of each loci was 8.37cM.

V. Practical utilization plan of research outcome

Total 8 selected varieties which are partly under commercial production or
under wider trials will be sold to China as well as globally where the market
requires these kind of varieties. Currently 5 varieties, '18', '24', '58’,6 '154',
and '151" are under production and will be sold from end of this year or early
of next year. The other three varieties also should be introduced from 2011
after confirmation once again. Furthermore, during Oct. all varieties will be
submitted to Korean government or relevant countries to get the plant
varieties protection rights. All the technology right will be transferred to

Bayer Cropscience and the fee will be paid to government by next April 2011.
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] ==

=

AdE A7kt FHAE Nozomi(AFH) S SAs] H
=81 g r

AlZ=akal AR o] 5 Al A F 55 A5 F2d £ A= FFEol
TR HTE0] 838U ‘T T Bu 7] 509 WA 554
Az ta AN WA 2 54, = ol /g ‘T 218 so] &
= FA017= stk SUlelA S48 FF2 45 SETHAA S7171
55 A5 ‘AY2(Zenith) FuiF7F 90w TREFEE S3o & Ao
ANoH . FHTol A FASALNA nFAA S2YA dGA FFA =
AEAGEYP7E S50 llE HE T, Ak SolA 45 AujEa 3l
715 dtd o] Al w7]E= 45U- 50¥ R 409 HFo HUE= T 8l

AR FAANA T ERxE FF olfdol= w717F 409 WA 4564

Sots FEe FULdA mag Fo| A gl AAelth 2005M% A
1 5

Ga(F)oA At S HxR FITERDT S99 509 A5 57190 A
=il H R aE Fu(2002-200500 A A A E sE 7= A A
TaAL] ddEdd)s T dACAM wT= dA FITEERT e AN F
dojup wd=: HolA 548 Aol =& Fol A @A =W FF
THE HIFE ofg THIANA dAAA R A RIE M 2 Fae
For FEFFAEY =¥E dFcta e AAolv
(2) 458 S+
o] A S AEE 7ol 23kt skA R FE -
of sttt d& o 4 FFAN, &5, gotzdut T3k, vt Al
EE R FREdA SACA e dRE o] ZPol AyE ol dTd
=7 Al 5 sk dl, o] A oAM= WRAel Aetar Fuivh detd <&
ol sk

of
il
2
>
S
(@)
L
=
Ho
oX
i
=
b
o2
of
)

reen Coronet), YR ] (Resist Lake) &5

= WFEME(G Y NS Cross) 5olH, Hale Ao A3 g e HEH, o
Alatel FRoA SA4E M three, noFHAA SAE L 5 dEAA o]
2o FitEE FESAHe] & Hol gt ol FEFE T U= 9
ARAAE = AFE= Al A AujE i lom FueA= 90d il &%
THoA SR~ AEHAE, 20008t 5o A E s FA 3| AL A ‘mEub oF
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W 5ol S50 AFEY F i sitA Y A 2 o] & 9l
o HIEEo A7)l dAg FEE vl o] Aol A ygkdo] g3
B FTE2A 5430, w2 Fo] ZAME HA5se U5 A
of gro} A7l FFEY AFS AL v AAon FH UdH=E ¥
E3 FHolAE Ustdo]l s A FFEE0] Wol A= P oy
T FE7E sFolA doste AdFZ e g ol dEoly da =
AR A FAHH FFol vluste] o] Aa uPEHY FHo] ol A&
(sauerkraut) 0.2 @A GolA F2 AujEr g AAHoH bejo FHY

ol Al =3k npe} ol

‘1038, ‘1039, ‘Quisto’, ‘Quartz’ & L¥ F
&

Fa AR mH SR ohieh eAer 5%

tt
Y
rl
2
=
i
~
e
o
o

(@) FFT AT B A vp] A7 A3

)
ot

7)) E23 A 3t AAAAE BE 2 Exjulre] o] &

AAl s EFeto] AAFA7F/F9HE AN FAHWTO; World Trade
Organization/TRIPs; Trade-Related Aspects of Intellectual Property Rights)el 7}
3 271 A AEE A FEE WHEoE BHIEE AEEZEEZHIAZ(PVPS:
Plant Variety Protection System)7} €] 2 Aldis 1 Q) o]2igt A EEFFT R EA
e S AEES §A481% S W Bl AFETS Edste] FFREd] A4
W =HA AgE A F ARE 4978 AFAEE A RedlTe dF
S8 A ol

SEuEhE 19959 SARFAHHE #5024, 1995, 12. 6)= Alds A 1997355
AEFTHIAEE Adstdion, 20020l T A A A% E H 55 (UPOV,
International Union for the Protection of New Varieties of Plants)ol 7}isle] A%
FTZ=9d gty o]t AEFFHITAE A7 fldlA= UPOV A8 JAg
WA (Distinctness), YA (Uniformity), 2 <F4A(Stability)o]l thet A H7HDUS
testing) & F3}sfoF st}

7t ANEFE FHE VEFETH ¢ N ol FAdA 1 Apolrt FElsoketal, wE
W AR ] 5/80] ddatAl TaE ook st oy EAERo] AEHH R {FX
He As dsslior vk eu, JEfA 542 AiEE 9 Axktel wet EF

A GepiAY FAQAe] da Al ofa e FFol UE AT
B 77t 7Fsstthe AHodA 5o EAd dde] 2 AR
TARE Hetslr] flate] e 540l o DUS AW

BB 7129 0§ welehn Q= Aelth Tk Ass BAvIEe 7 o
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o
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F&ol tisto] fingerprintingell ©] &3 + Sle IAAA L87bsdo]l A FH
A Al o] At AR FEF vPFYTES H

L ‘/}E]r‘” T E S

=S FETHES AT EENE @S Algete] 71, Algeta Ads 84,
A%, AxA 710 i) %

RAPD(Randomly Amplified Polymorphic DNA)®} RFLP(Restriction Fragment
Length Polymorphism) "= AF7F4 BEA|7} %59 fingerprinting®l] 3H $135}
A A& E o) A wHKresovich 5. 1992; Waugh®t Powell 1992; Hallden 5. 1994;
Mailer 5. 1994; Lee . 199), ©I213 vi7|9] 482 RFLP] 9= 7l<#] 2 4
2 59 loci & RAPDE dominance 543 Athza e AAAA So EAlA o
2 9s) AzFom AHLHJrh FHZol|, SSR(Simple Sequence Repeat)®}
ISSR(Inter-Simple Sequence Repeat) v} 2] 482 AEEFFTHA Qo] a3t 7]
=24 FEH ArHCook 1999; Donini 5. 2000; Prasad 5 2000; Nagaraju 5.
2002; Tommnasini %. 2003; Kwon 5 2000). ®j&F3= ¥e3k ofg] zZHEo)A SSR
2 ISSR 7|Re] AHol gtom @e vgdAdI 7=l g A allele A9
sizings #18 A o FHom <l wFIe germplasms SA3tete 7HE
AFE 2= AH L gk

AF7HA] AR SR SSR % ISSR A+ 2 A5E o] &3t & HAA s44
T Ast AT 2 FF 50149 SSR % ISSR vHAE M go
29 fF AFFTERT Qlo] AA &84E 5 S Aolgta AT

}\EI

o2
=
N

(]
;151
of
rﬁl
W
o

(W) EAAE o838 B oleracea®) A% A= 2t
Slocum 5 (1990)2 B. oleracea®l 97 AT 1F <tol
FE3Feto], 820cMe] Aol= AWE AF-AQl A =g =T RFLP v 50| ©A|§
EAFEES 02 dHO550 AAHAY 2 ABF Qe A8 A o=
of Atk A#HIFE ol FHAE sAs HA A Qo 2R A
Lo Eetal Hlud =& 59 colinearityES YEFWLE ol
oleracea +7AA ol HA G99 EAE UEl =, o] H 9 cytological 23}
At dH monosomic &F AMAZY F7VE B oleracea® EH, &
RFLP WA 9] #A]o] HRUaL, o] #A o RRYH AL x7] EAnbA A+ ?‘ﬂ_ﬂr
2 7Y AR EAE YERIATHMcGrath et al. 1990). F7H4o2 F 7|
parental accessions¢toll insertiont} deletion®2 H¥E AHEEE A
("Packman” broccoli®} "Wisconsin Golden Acres” cabbage). ©] ZA3= ZY
Brassica accessionsol|A] &l= iy Add AAd3 AMNA restructuringS

oleracea’t X138}sh= &<t o] Fo|xgkar, ol FHA} Xshel AHAR1 FdA #

&

=

¥ 258 RFLP wiAES
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A3t 712AQ 71Fo 7 o AZTHOhno 1970). 593 F2 mapping {93 A&l
Kennard & (1994)2 B. oleracea 7A9A leaf dimensions, heading habit,
internode distance, flower development location¥} 227} JEj% 5419 z}ol& HA435}
Atk o] Fwk QA ¥ Z7lo] AAdE FHA A=e RFLP & AR5
Slocum & (1990)2 49 JH 545 2dst= dFwd 78 a8 B2
minor FAAES FAAT. 152 Eek o] EAA AdE EA| npA e} 1
=< Hluste] 34 FHxE] EA 7bsAdS I THSlocum F 1990). LE
FHd F4& dste AR 2 pars A FAAE Afolo] ApE AL
#2514 Eet) Kianian? Quiros(1992a, 1992b)+= 4709 ©& Hdt
£S 7|%E3% B oleracea composite A AEE wrEoldith o5 47]9]

component F+HA A %= B oleracea ALY FAAF, %2, rRNA A4

flo

associations

homologous, napin, cruciferin, self-incompatibility, isocitrate lyase, malate synthase
ZEste s rdx 259 Wsk sol A% A th(Kianian and Quiros 1992b). 2
2 FHAAFS] EAE ol HYol|A segregating data®] ¥]al 2 chromosomal
aberrations® UEHE = QA Stk FAMSE B oleracea®l = e A Ak
Plasmodiophora brassicae race 291 A3 7k w5 ZAl& Alol9 crossE 7122
3193, rapid cycling line® 71EE At Landrys 1992). ©] FHdA A=+ leaf
morphology$} biennial flowerings Z43st= FAAE X838t 201 A2 +
AE AL, AA L112eMo] 4 Aolol s E At H5e], BelEH race 20 o
g AL FAHe S QTLso] BA=Ah o] A== Cheung's (1997)°l 2l@]
BAHJT. 152 136 v FAARE Fobeto], ofd Axe] fAka 31070E E
gl F 4 Aol 1,606cMe] 97 A 1w B 4N AL aFER AEsh
A8 B oleracea +7AAF A=EY} BlwstH S W, B oleracea 7 organization
A F7HAA ARE ATstaA o B2 viAER @4 7P 7Aool sigeit)

o] A% B, oleracea?t B. napus® C genome AFe]9] homoeologyS WER L Q1=
B. napus A A=} v alE )

L3St B. oleracea tFE 22 1% §AA A %=E thE mapping {3 o2 v
AES o] g3ty JfEEHAHBabula 5. 2007). Bohuon % (1996)2 highly
polymorphic DH F&S AF834o] 167 informative probesol] AH$-38l= 303 RFLP
A7z} A B. oleracea 1A AEE WHE WL ol FHARE AMAIEY 9
N pairsell &k I ABTFE el vl A AL, 875eME] [FA Aol 3
ZFstt}. o]5 probeswol M, DA B oleracea wAA L] HAE FolshHA 2]
polymorphic AT 54%RHE ¥ §HAH AT 747+ AR5 FAA arms
of @A FeA Hi B napusd AB/IFEC] Sl wEk WErb wiART
(Parkin 5 1995). B. oleracea 9% B. napus® QWA EE F=3+= &< RFLP

_18_



probes?] 728 HNEE A8 wio, C genomed TFFE ol FE AloloA H]
i 5o} d 4 vk mapping J¢ Zzbe] FRE-S Bohuon 5 (1996)9] <J&f 1Lty
o], A 7%

S5l ghthRamsay & 1996). BC; Althell A o] 1242 979 AaAaF5olA ol
AE A 747cM o FH4 1A sgH = 138 vAES] §A7E FHEA o] 2}
o m7-aA At QTLs 929 recombinant backcross linesS Abg3te] A
Ht}. Camargo 5 (1997)% self-incompatibility (SIS Z&3}= single FAAFE 29
& A7) 938, RELPY RAPD vASS 7|22 3] B oleracead) §AA A
T2 WHEJT I AR AxE 159 FAARE ¥3ea RIcMe 47 o=
UERAth single SI FAAFELS AB1E 20 A=3F Hojx gt o dFo) H|=
SIol P38t FHAAFAES UAA T 22 SLG6 probes AFE-3HEE 3709 A#t¥
FAAA7 BA H A Kianian? Quiros 1992a). single FHAFES EAE one
parentd] 2|3t pollinatings A7+ Herzhzhe] S wkS-E4o o)) Foly o]t
.

AA) S o]F1L A+ recombinant backcross lines® library constructol] A}

e TAE fA4 AR e 482 Ba 37 v A SgEsic,
dE 5 = §44 A=) 31 SSR v

™ Saaloll 23k vl QlH B oleracea®] dE3}t
AES g} o]dY o] SSR "HAEL B napus A = C genome ©f Eo]% o
2 AEgh F Fol £k o] SSR WAL 1859 B. oleracea F1A A%
Z2gell glel, A SSR ALl FE&FAE AFEE F A=S 3tk
AA A thaliana w74 A Ee] o]-& %X+ Brassica species A AR Z] W3S &
o A 3t 1 HH= Brassica species®] AHAIEF A A me] GhFo| AFEE QT
Lan 5 (2000)7} Babula 59 79 29| A .thaliana ESTs %+ cDNAso|A o]
e 287 FAAERRYH dojx RFLPPHAES 71% & o] A7t A EAL. B
oleracea®t A. thaliana*}©]2] chromosomal colinearity Z|¥1e] A o= F FoA A2
H A Al vaiEA o g Fu gt
Babula®= @&3l= B, oleracea AR A= 95 A thaliana EST probesd] 2+-2-3}
= 212 7AAEE g3k 9cMe Hit FAAE 9EE 7PA AL 1806cM 9o A A
A s 2 Ak
Ftoll A thaliana ESTSF ¢cDNA clonesoll “3-&3h= F3A3 150 HaliA
AR A=7F FRAT o] A A=E 160 A thaliana probesel] A-3-3h= 306
Fradxtatel 86eMe] 4 AgE E2Feh Al o] FHA ALE B oleracea®l
reference map@ &7 407] ©]%4e] SSR nlAEo] F71so] 9rHSebastian 5. 2000,
D. Babula-Skowronska. VI%3%). B. oleracea®l 7V4 ¥ Wk HHA Ak
Sebastian®} Gaoell ¢Ja ®EojHth aECd o AS LRE B oleracea®
consensus A% 547 mpAES ¥sbelal, HAA FHA A EoA 893cME AW sl
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o] A== F 79 v DH mapping HHE A5 o= wHEolx ). Chinese
kale x calabrese (BolAGDH map)¥} cauliflower x Brussels (BoINGDHmap)
BolAGDH {+%32F A %= Bohuonoll 9J&l A8 Ao 2Hy A&Hth 181 AFLP
3 SSR A ER F7HEAL, 3cM FAAE 1HA 3 433 e R 80cME £
t}. BoINGDH map< G. King's group®l 2J3l ®Fsoixith o] AL 47cMe] Hat

AT 43 223 vpER 81cMO] 14 AeE E3Hech =g 47 A

IS FISH7IWMS ol&at] Z2t dAA9 &84 Akd 2T o] A=
AFARJ] ATE H5 v AFAdde AgHr) o& 9 Ryderv A thaliana
AA N A-gat=E ML 039 06 AAILHF Holl B oleracea s+ organization
48 g AdE X9 sporophytic  self-incompatibility FZAHEHE S,
MADS box transcription factors BoAP1 % BoCAL¥} #Zo] F83 §-AdxE59 ni7
Sttt B. oleracea AB1%F 06 ©F A thaliana BAC map +7Akxte] H] L

5}
= =
wAE Fote] & FAARE HAE S colinearity®] S0tk i EE HP

of A#ATF 06 o sttt a8} B 99 A 993 9O =7 paralogZt Y
o] AvkE O304 HAEALE dFo] Wi-of RASAZ AT
ol Gaooﬂ &l B. oleraceas 913+ 7P 1% FHAF A=V S3ESAH o] A%
T wzkE 9 A Tl el 1,257 wpAEe] EFHE T o= 703cMelth ZHzt
AAZ1F2 FISHE o83t Z}zte] AMAe} A thaliana®l A7} A€o}, T3t
SSR wAES 7122 3 o] AXEE B oleracea®) reference mapl = A4 At
glucosinolate pathwayoll Al X3HE 4252 presence Wl cotyledon stage©ll
downy mildew<} inflorescence &atoll Aad-& 7FAaL lom, o7& npA-<AA A
wholl fgetth B #AAlS Jbd 4 Qe 2807 cotyledon stageol downy
mildew  resistance®] = ATEBoGSL-ELONGE  ¥3%3  BoLG29F  aliphatic
glucosinolates®] side chain modification®} A¥¥ AOP gene family membersE 3%
33k BoLG97F 9l

Bufg
e
i)
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3. ZAwEA TR

= 2 FI1EE, 19 fFEpdad FAa899 50709 Fo A=A
o FemEo AE AL 25-50mg MASI sAU I HA AL Shol A
1§ 7FE7F H =S Zol Z+Z; 1.5ml micro centrifuge FXH o] %71tl DNA:
04 91 Genomic DNA Extraction Kit Protocol (RBC Real Biotech Corp)®ll
uel FEEAAL, 200102 Elution HHE o] &dte] =tk DNAS F4H2

0.8%¢] agarose gelolA] 25nge] A== & A DNAS &7 od53slo] gels)
ATt ZH7+e] Al5e] DNA #4242 UV FolA Yevs F39 & A=A
% A DNA band® &3 A=e Bluste] ZAAAH. DNAY s=E+
260nme] UV FF%EE spectrophotometer® Z=743to] AA3TE. DNA 5%
= PCRubSl AR =5 A7 zel7F v =5 5 &2 10ng/ulz 345}

T} SSR wA 7

(1) /\10:] FHE_
SSR "FA/NEE $s SSR WHE A 7|4 €2 Multinational Brassica Genome
ProjectMBGP)E &3l 9714E 40 AaFl wiFW & A ‘Chiifu  201-42’9]
A 7ibEl KBrHeF KBrB zhel B2 2] o] BAC 29 A d AEZRYH FQHS]
th o] Ao AFEE Primere XY data IdF= FH (2007 o] Hi¥

[¢)
DNA S3%2 10ule] ¥H8g =4 E= JAPHAT. 7 24 0.1unit®] Tag
polymerase, 27t 0.5uM<e] Primer, 250uM<e] dANTP Z=3H84(ZF 25mM),
2.0mM<e] MgCly, 1ule] 10X PCR ®#, 10-15ng® genomic DNA(template) =
!
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(3) PCR kg =4 9 Gel
PCR2 35WHE-©] th

2
N
of
off

j;
rE
BN
N

o2 FHATt. DNA HA &A 94T

A 45%7F, annealing %ﬁ]oﬂ 1?: 7—} primer® AA Lo 45%7F Al A
72CAA 45x7F, HE F A 72T oA 7RISR ﬂﬂﬂr. PCR< Perkin
Elmer 9700 thermal cycler%: o]-gate] &ttt PCR 5% =9 5%
7} 95 79 annealing %25 $FAY PCR WHg-9 ‘i‘}l—"%‘_ 403 2 =714
At PCR % e 5%7F =& 49 annealing <55 TmRU =4 +
7N ZH T PCR SZAHELS g3 A AlZH3ksry] ste] 6% polyacrylamlde
geldoll A 1,700 V & 3AI7F 307 H71953 & AldEs 294 7 EREY, ¢
7 wlo] QU olAl AF)E AMESle] DNA W=E gAstar, frajdde] A48 2204
2 AZAZ T oln A AU R gele 27fdste] onA| std® Hgkste] EA 9

FSETH duF FF gl 494 FAREE NTSYSpe Z2 13 (Rohlf 1993)S o] &
3lo] simple matching " (Sneath ¢} Sokal 1973)° 98] 4AF&3la o] S <A
slo] v 7AW A (UPGMA; unweighted pair group method using  arithmetic

average)< ©]-&3le] &M (cluster analysis)S 3},

2. IBP w7 A

(1) Mg AR
ZaHow ek 100-200 kbA % Zolo] X% Arabidopsis (AU ¥
HALE Fx1219 EEZ AId=ZEE PCR Primer7F ©AelE dth, A $-of uwf
g2 fAAdA B HAR fAA7 fohE 0F BAR 47 1o
A EAE o Al AR QEES #4e meloue Ha dole
= Panjabi 5(2008)°] A3}+E ©] 833

DNA S3%2 10ule] w8 =AE=Z AP 71 2442 0.1unit®] Taq
polymerase, ztZ} 05uMe] Primer, 250uM¢] dNTP &3%F-&H(ZzF 25mM),
2.0mM<e] MgCly, 1ule] 10X PCR ® ¥, 10-15ng2] genomic DNA (template)=
o] §-3t3ltt.

(3) PCR ¥+H& %7 9 Gel A7)

off



PCR< 353}%Q O 22 2702 FdHA. DNA A4 G 94T
A 45%7F, annealing© Al 55Col A 45%7F A1 ©@A 72TCoA 60x3F HE
Al %k ‘%74] 72CoAA 7TE7F PCRE Perkin  Elmer 9700 thermal cyclerE o]
f3te] 7astdtt. PCR % ¥ AME 2 2% agarose geldl A %55 o] EtBR
2 A F BE Afold ScoringS & ¢ S AR tUIFIAFS YER
Al % Primer %2 4% PAGE gelol A thA] &% A}

1

o
=)
Ho
2,
2
Q
<
N
4%

A4 dd A= #
Wl EZ U A8 DS) ZEACT) 522 ASY a5 A &
o] Fp Jde] fd A% 2o AHEHATE vHAE genotype®
Atole]l g AS yeldtg Ad A3 A% ZAAL JoinMap version 4.0
(Stam 1993; Van Ooijen and Voorrips, 2001)S Al-g&3ste] =33kt Aa 1
& 1LOD grouping A A W9 3.074002 A8, LGOl~LGll1e &
HAdo Ax3 WEs Kosambi® ®WHA A= A AHES ALEsHY
centiMorgans (cM) S 2 H3 5 9},
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Al 2 A ds s AdAy

4271 FF (R 4= dFsto] 99 3L AAT F
AABEAAL 49 149 HFT2AME AASAT 1

o F3 FRAW B FYX
[e:

20099 %= 89 8d AlFEel |Ee Add 2dEd FHE £2FS 2T F
41
|

2
A7HA e A FA G ol dA el o] tiFEe] ey tHlE wEEC] B
A2 v S wrof ddel] s - Fejrp weka 7 e AAstE o
FE BAeH Ful A EI vi wmEA JAPH= FIFo] AATHIH 21,

24).

¥ 4. 20009 % Al AT
W5 | Trial No. a5 AL A2 T
1 68-2 120 30F x 2WHE
2 JA=]11 120 305 x 24HE
3 110 120 30 x 2¥HE
4 132 120 30 x 2WHE
5 149 120 30 x 2¥HE
6 151 120 30 x 2WHE
7 154 120 30F x 2WHE
S 157 1209+ 5ml |30 x 2WHE + H <]
9 YRz ¥ 120 307 x 2WHE
10 159 120 30F x 2WHE
11 166 1209+ 5ml |30 x 2¥FE + ®H 9
12 167 120 30 x 2WHE
13 168 120 30 x 2¥HE
14 172 120 30 x 2WHE
15 120 305 x 2WHE
16 180-2 120 30F x 2WHE
17 186 60 30F x 2WHE
18 Quartz 120 305 x 24HE
19 188 120 30 x 2¥HE
20 189 120 30 x 2WHE
21 231 120 30 x 2WHE
22 236-2 120 30F x 2WHE
23 238 120 30 x 2WHE
24 281-2 12098+ 5gr |[30F x 2WHE
25 377 120 305 x 2WHE
26 442 60 207 x 2WHE
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27 443 60 205 x 2WHE

28 444 60 205 x 2WHE

29 445 60 205 x 29k

30 446 60 205 x 2WHE

31 450 60 205 x 2WhHE

32 451 60 205 x 28hHE

33 453 60 205 x 2HHE

34 454 60 205 x 2HHE

35 455 60 205 x 26k

36 456 60 205 x 2WHE

37 457 60 205 x 29k

38 458 60 205 x 2WHE

39 459 60 205 x 2HHE

40 460 60 205 x 2HHE

41 461 60 205 x 28k

42 N1 240 3057 x 3¥HE + e

5 d5dlF HF A A%
_ T A TFE| TS| 7Y WA & A A i
Z 2 1A == =97
e (cm) | (cm) | (kg) | A= (%) Hiekd AE | Ax + ] r
167 | 17.5 | 23.9 | 3.58 | 0.73 45 A A} S N ok ok
166 | 17.7 | 23.3|3.45| 0.76 38 AE | AE | F = —
157 | 15.2 | 20.5 | 2.73 | 0.74 32 TN | AT A 12 ot
186 | 17.0 | 20.5 | 3.15 | 0.82 28 Ay = o} T} .
upA® | 18.8 [ 22.9 [ 3.40 | 0.82 45 A= | =4 & o} stk
454 | 18.2 | 20.4 | 3.89 | 0.89 38 AF AF N = I
459 | 20.5 | 21.8 | 3.93 | 0.94 39 A= A = & i
#A= | 18.0 | 16.8 | 245 | 1.07 30 =7 R ok ok
1. €53 93 A

T FAL Y o] HXHQl Al AokHE) AW S fFyEA G A&
H 5 g 9% 4y WA xFgoz 454’9 459'E Meteith A%t
A4 = - A Rl AREEle] 100%9 AEAS Bgoew (28 21), 7 FH
= AL Jhga F %7F S8 AstdA WAE e wikai(ad 22 A)
FudAyo]l A gldlth Sk ZAmdo] | F] Aln Y29 ‘F = (Quartz) ol
Hlslo] €53 $Fatsoer, 71 Aoz axn(sd+, Hr 4.0kg, T+
18-20cm) H-3& WA E Auy2o 20% HFaf, B =9l ‘mprF’o| H]
3 Hold oA vH 2 22)

3 M ze Y50 G A= v 454 R 2 Holgl o 1T 45479
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6 dediF 1Y TAA B FHAA AdA I (2008 12. 62 F=AH)

A

74 | Core | %4

A | (%) I

Az | 44 =71 | TE(2) Fd | T

)

154 3= | 70-75 | 2600 |0.636| 46.4 | HF

3
151 |=5-H=| 75-80 | 2720 |0.773| 40.0 s R
<

ol

= 72-77 2600 | 0.698 | 54.7 4
=5 85-90 1600 | 0.667 | 46.7

o
of
o
+
+
+
+

177 = 80-85 1880 [ 0.969 | 43.2 7 T |t

184 | 5-H% | 75-80 2600 | 0.682 | 51.3 2 g |t

t 2gor AR W T BF AuA b EHA Au s
AL £UF AFE AT 5 Qo] FWA G8o] H5 Ao Bas
vk FFAA AGelAE A4l ta Fe Aol dglot gusEd v
) %717k mEa Tk A FFEA AdAC] o) AL HAow, 20104 AF

H p 4 A
Ao 49 F& SRl AE £707h ME BAZ GFe] Wolx 1247 29
=

A FEEE FFoRE Hiol Jbsekdth o 23S Nun 00792 A
coding¥ o] @A A8 FAE olefg oA AAFel AL T, Adoprlel, =
el F53 oot

L=y A FUAAA Az 151(2Y 280 HIY-ALY YTEA HU)E
AT 80U AEe 33 4 e TUAA Z2For 53] oG 9 pAlo]
Aol o FElo] 9l EFA Aol v ke ATAa THE A H
AT dsAgelA Al HATE ATl 49 F82 tha dstgde] ¥
A FAZE dv Aoz YEigon Far oA AAIG dE AlY oAE =
o]l oft Alete we] o Ve vE FAL Su AP g
A3nE B9 ALY 7t AuiE s AGelM £ AHE Hol ojn Y&
QAo u glom ‘Nun 010I'= A coding® o] 20092 Al #EA71 A4ty
At
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A 3 A, ExpupA spat

L1 FF785 9% SSRutA A

RAMAE ol §F FFTRE 5L AENI Adtel VAR F EF
oA A % AY FA QoY) UATES TEI £ dE BR vk g4 9
d, B AT MFE ANALe Bew do L ¥ nastn ik SSR

o o

HtAEE ol &ttt WHEEVIAEY] Holrl Al wHEEE dr|Ado] g i
(CNU_02)el A1 77H(CNU
CNU_15, CNU_16) ¢] @714 Edo] REE= = ]‘HE /‘F‘lo}
ANF NS (PCR) =24 7 Zloln set‘ﬂﬂ HAHe Zgolr Fx 25 mM
dNTPs, 15 mM MgClhs *33+ 10X PCR buffer, Tag DNA %%Lﬁ_i 1
unit ¥ 3 DNA 2% 10-100ngE X &3sl= 25 £ho tfsl, 94 CTollA
45%, ZF Tmell Al 45%, 72 T4 10 &3t incubation &2 3}%) 35 A
4E(DNA ©3)e 2% o7tz Ad} PAGE 7950z ¥ } 1Tt PAGE
A7195 2 A M(silver staining)W'H PCR 5% A= 6% denaturing
polyacrylamide gel AolA 1,700V &= 3A]7F 30&3F A7 103%
FA FNEMAZY, = vlo] QY olAL AF)E ARESEY] D =
FEldde] AL Aol 2417 AxAZ T oojuA] A 1i ge% 274 &
04 ojn|x] st = H3kste] Ao ALE3TH

Z 30709 wtAE o] & Ao 20709 WA PCR wkg-olA AMAAZS 7F
]i’ FRlshAl SH AL, 1 FolA 16709 vEATE AEZHA Aol E B
7t SSR wiAEe Aui= ® 73 2ok 1679w 146A 57 locirt %
2 HEElste] 3470 loc1°ﬂ’\1 FEdds Helidar Zgolmy H+t loci T
270 ek d 29). SF¥ duF AlSgtel dig 3% fFAEE NTSYSpe
2213 (Rohlf 1993)& ©]-8&3}%] simple matching %% (Sneath®t Sokal 1973)
of o8] A&E3laL o] FS AR dlo] H|7}EAFEA (UPGMA; unweightes
pair group method using arithmetic average)S ©]&3to] % 324 (cluster
analysis)< stAtH1H 30).

ulA  CNU_05_12 AEHE 83, CNU_03_12 AlsHZ 43, 53, 56904,
CNU_08_12 Ale®E 8 17, 18, 27, 72914 —E—OV—?OE ME7E SEH A
CNU_02+= AEWHs 2, 8 17, 23, 27, 43914 CNU_08.2 = Ale¥H<E 8 18, 27
72901 4, CNU_15_32 AW s 2, 23, 41, 72, 8304 W=7} FZ5 %] &t}
3N AlES EFNA setom HEAl o FHAE BHH FAS dY, o
g, X 958 ToE vt o9 FHH fFAEe AlEHE 2. 56W 0]
23, 76, 80¥ o] 6, 8 14, 18, 111, 116, 142, 123, 63, 65, 67, 121, 126, 128, 129°]

N
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4, 121, 108¢] 43, 27, 72, 41°] A& Aol Qo] o} & AF=(1d 30)
ANM= 7 AFHE Folv AR S Z77F oSt AgTE ol &d A
A ABAZ 6, 56> I FAFEIE wlg =2 Foz Yepyton) oA o
BAAE 7] oyl o]3t Ay A o] ARSI SSR vhA Y F7) Al FHE
oL 7t Ao HAE 5t 7hedt FEA 5] ASdHAY] HEo=
At webA 23 Ao A= SSR A 2AE 5Ya AR FHE &
HA AsHdom HET o7t dopa ddstd o, ojgg #ygo] 7} AlE<
THAE Aoy A5 2 Axet vla £48 A "rtd o A gt
Aol 7hs st et Als ETh

E 7 934 e A 20

Marker ID No. of loci PCR product size Microsatellite unit Tm(C)
CNU_01 1 203 (GAAAAAA), 60
CNU_02 1 191 (T)z 59
CNU_03 3 250 (TCAAA); 60
CNU_04 2 207 (TTGT), 57
CNU_05 2 250 (ATA)/(ATA) 57
CNU_06 1 294 (GA)2 57
CNU_07 2 300 (AG)i6 57
CNU_08 2 273 (AG)as 57
CNU_09 2 195 (TA)/(TGi2 57
CNU_10 5 279 (GA) 1o 57
CNU_11 2 128 (ATTGG); 57
CNU_12 1 162 (GGA)12 57
CNU_13 2 180 (AG)ar 57
CNU_14 2 256 (TAW/(AT)12 57
CNU_15 4 400 (TA)w/(AT)3 57
CNU_16 2 257 (AGho/(GA)13 57
T @A 34
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(1) CNU_01

(2) CNU_02 (PAGE)

(3) CNU_03 (PAGE)

) CNU 04 (PAGE)

.!..9...‘

- Il

7 18 73 20 27 41 43 53 54 56 67 77 73 70 80 BT 85 101 1

(7) CNU_07 (PAGE)

(8) CNU_08

M s.a 400708 744150 54 507
p & | ‘ﬁﬁi Sl o
g &

CNU 08 (PAGE)

19 29, 1671 Zeho]wle A e
(D~(16)}& 7+ Zefolwe] Me s tenys

O

g

CNU_10 (PAGE)

(11) CNU_11 (PAGE)

(12) CNU_12 (PAGE) _

(14) CNU_14

M 2 6 814 17 1828 pa o7 41235350 55 7 72 7576808385 101 104 108 111 vio 113 121 123 135 126 128 128 142
=

(15) CNU_15

M 2 8 B 1417 1B 2326 27 41 43 53 54 56 67 T2 75 78 BOEI S5001 100120011 118 110 141128 |25 10 138 120182

(16) CNU_16

MIE 6 0.0 1010 50,067 410,50 5a, 7,72 70.58.00_ 50 34 161 64,1985 110 101115 44 1 180145

A}

AGET PAGE #7949 %&S 9wt}



)] 022 042 062 nal
Coefficient

a9 30. 4AEFY] FAA FAIRE YEU = ATk
NTSYSpc ZZ13(Rohlf 1993)8 ©]&3}4 simple matching ™ (Sneath®} Sokal 1973)°l <2]3|
AEsta o] TS TAR st M| 7FEANEE2A (UPGMA; unweightes pair group method using
A

arithmetic average)s ©|&3to] )24 (cluster analysis)S st ow, QEHH FRo 7 Yds 4

A 7k AT WEE ovF,

2. ZANAN FAFA 96AFTlE A

Ao AFS T3kl 34AF diste] AES 23 SSRUAR o= AR FF
2 AFTEel 7hestyt #7144 9 4 JQsitta Ay o], 232 FE
oA FA R AF F 96 AleSs TS T A 22 v EE HAE
At

2 AFdAAE B AFANA oln S AUIMEE FHo R sto] R wt
9l SSR ml#A 9 public domainol Al olw] Bi1¥l SSR ml# (C genome)E <
o] &3ty th HlEo|Ae] PCR %7 &gsta AEIY zo)E FEET 4 9=
nA Z23s Atk skl

SSR markersE ©] &3l FF 14 FABAEH Y FFTAE

=
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714 }Oﬂ SSR primer 34&°. 2
34%°] SSR primer ¥ 24%2 W39 genomic DNA #4714 <4<
A okuf

ZIgko 2 B A Ao A st Folm, 105 Ful el AEE o] Ao

A= 2 ol gkt (i 8).

OH

primers

No. of Primer Marker No. of No. of No. of
] ) . Marker ID Marker resource )
primer ID resource loci  primer loci
1 CNU_35 CNU, B. rapa 3 18 CNU_51 CNU, B. rapa 3
2 CNU_36 CNU, B. rapa 1 19 CNU_52 CNU, B. rapa 1
3 CNU_37 CNU, B. rapa 1 20 CNU_bB3 CNU, B. rapa 3
4 CNU_38 CNU, B. rapa 1 21 CNU_54 CNU, B. rapa 1
5 CNU_39 CNU, B. rapa 3 22 CNU_B5 CNU, B. rapa 1
6 CNU_40 CNU, B. rapa 2 23 CNU_56 CNU, B. rapa 1
7 CNU_41 CNU, B. rapa 1 24 CNU_57 CNU, B. rapa 1
BBSRC, B.
8 CNU_42 CNU, B. rapa 3 25 Nal2_A03a 2
oleracea
BBSRC, B.
9 CNU_43 CNU, B. rapa 2 26 Nal2_EO02 1
oleracea
BBSRC, B.
10 CNU_44 CNU, B. rapa 4 27 0110_B01la 6
oleracea
11 CNU_45 CNU, B. rapa 2 28 0O110_F11 BBSRC, B. rapa 1
BBSRC, B.
12 CNU_46 CNU, B. rapa 2 29 0110_H02a 5
oleracea
BBSRC, B.
13 CNU_47 CNU, B. rapa 4 30 0112_D09 1
oleracea
BBSRC, B.
14 CNU_48 CNU, B. rapa 1 31 0112_E03a 2
oleracea

15 CNU_49 CNU, B. rapa 5 32 0112_F02a BBSRC,B. oleracea 8
BBSRC, B.

16 CNU_S0 CNU, B. rapa 1 33 0112_F03a 2
oleracea
BBSRC, B.
17 CNU_b1 CNU, B. rapa 5 34 0O113_E08a 3
oleracea
Total 34 83

G WEA 96 A& S ol&dte vFeddFHuks (PCR, Polymerase
Chane Reaction) A3} 24% 9] primerol A AlE ko] &84 zol S eblith
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ZF primere]l ol3] LAH NHFHAAL] = 1-8744 vFFoen, Fitg 38
M2 detsth dd4ds Heldle F 7470 locis o] &3t ol A& 3kl A
genotyping3dte] = F7F 44 FAH 74] BA57) 98 7B gz /\]._9_6‘].0:1
th PCR #4119 A#+= SSR W=7 iAW) iAW) 2 71538kt S5

Gl F AlF7H gk 414 fFAFEES NTSYSpe 2 =213 (Rohlf 1993)O 0]%
3Fo] simple matching W% (Sneath®} Sokal 1973)el ¢J&f AF&3slar o] S &
Az 3ol ¥ 7E2AEEWA (UPGMA; unweightes pair group method using
arithmetic average)S ©|&3to] F 3 E4 (cluster analysis)e 33t SSR
markerg o]&3sto] A E FFo ok dA FHd4 FAEE 0.61870.922¢] W
ol FstAal AT FAME Aol wet e aoksty x99 2

KR
=
o)
ar

.|_4

=3
FALE A4 0635 72 & o 5709 aFoRE FEHJT A MA 1F
< F HA 2F5S 5AE, A HA 25 84, Ul HA 252 445,
A HA 252 1452 AU A E A5 06788 7wo2 Eu o
o] baFe AE3 Ho = 12 /e AaFo®E yHJAY. 2aF 1S 134%F,
AdF 25 20 AlE, A% 32 12 AE, AOF 4% 13 AlE, 2% 5% 14
% 62 6 AlE, 20F 72 5 A5, 20F 82 4 A5, &% 9% 4
1% 102 3 74]5, 20% 11e 1 A%, 238 121 ﬁ]EOE A
At ol ANRZ B o 28 2 3, 4,5 = 18 19 A3 FH-0=2 2ot
o2 HolW IF IF bv AR A 05744 1F 1, 2, 3, 4, &=
gu e 2o Hol AMES WA WEA T FHAAHR b A Ao

AFEe] 7} 2T EgelA ferow

rL

2R HBA Fuae dnye 2

O% 12 6719 2aFoZ UHdE, o FolA 2aF1e A
105, 35, 27, 128, 130, 19, 103, 22, 71, 31, 115¥ 9] 137} AEELS i
o7 F A7I7F AL ATl 7k Aol AR ERE AlEH
8, 129, 13, 14, 15, 86, 30, 20, 23, 38, 75, 28, 43, 133, 36, 36-1, 37, 73, 68
2070 AleES FuiFe] FH B F A7V AT ASES et
b AOE38 AEWE 9, 112, 66, 48, 69, 131, 24, 152, 74, 26, 40, 153 <
+ b o]52 ¥ F¢A S ol &H= AES s AN

4= ASNME 17, 80, 25, 29, 64, 65, 32, 33, 34, 41, 42, 72, 67H O = %“4
=g, o)L UFE & 7E /M ATER A AT AOE5E
ASHS 7, 118, 117, 113, 107, 127, 149, 150, 109, 116, 122, 125, 123, 124 o=
TAERAEH, dFE 77 53] ME ASHAES et dom s
To A7I7F HaA F FEAE 7P YT ATOF60R ERE AW

110, 111, 121, 76, 120, 126W > ¢ F&f 31 A7]doA P01,

fol

X0 (I
M %2 10 po oo

ru

o5

A

l‘

&81 r..‘ﬂ

_llm
ol
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76, 120, 126> 747} ok AAdA ZelE Asoldey xdF Wl Azt

of fratdel =38 EA YERUT

OF2 Tl 2RTe AEWME 59, 81, 82, 83, 84S TgEla v ol

o] EFeA dFY WAAG= Tod 545 Yt

IF3 FTAM AaE8E ATWE 3, 4, 5 92 FAHJEE o5 AYAT

ToluA FHEAES o AL MY £23%9= AEHE 12, 20, 16, 21%
2 TAHAL, o5 TN WK 95F TAA ATTOR BF

aE5E ¥ R AT(AEHE 114w 59 AdF 128 et
1= A | sHAoz Felso] 9 ﬂ%ﬁﬂﬁﬂ%ﬂﬂqﬂﬂ7pL

AEWNE =2
0.63 0.678 ] |
e 278 1 1, 104, 105, 35, 27, 128, 130, 19, 103, 22, 71, 31, 115 13
2,8 129, 13, 14, 15, 86, 30, 70, 23, 38, 75, 28, 43, 133, 36, 36_1,
AdE 2 20
37, 73, 63
2712309, 112, 66, 48, 69, 131, 24, 152, 74, 26, 40, 153 12
2T1E 417, 80, 25, 29, 64, 65, 32, 33, 34,41, 42, 72, 67 13

AT 57,118, 117, 113, 107, 127, 149, 150, 109, 116, 122, 125, 123, 124, 14

2% 6110, 111, 121, 76, 120, 126 6
a5 2 AIF 7 059, 81, 82, 83, 84 5
g% 3 A% 8 3,4,5 9 4
A% 9 12, 20, 16, 21 4
1% 4 = 10 10, 11, 151 3
2% 11 39 1
i A% 12 114 1
A 96
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=

=
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=
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=
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%tk PCR #2419 A¥+= SSR WM=7F AAHD iAY (0) = 7158k
TH FulF ASde g F494 FAFEES NTSYSpe 2 =213 (Rohlf 1993)
o] &3}o] simple matching *H (Sneath®} Sokal 1973)ol ¢o]&f AF&3la o] #S
AR ste] B 7FSAREUEA (UPGMA; unweightes pair group method using
arithmetic average)= ©]-&3te] H3Z M (cluster analysis)e 3FTh  SSR
markerg ©]&3te] EAlHE FFol gk WA FHA FAEE 0.668719 H e
ot AFe] FAE Aol weh R e gokstd ® 119 g2
FALE A5 073S 7oz @ o 1079 agew &
OF 12 22418, 2% 2% 3%, I1F 32 448, OF 45 24, 1% 55 1
A%, 1% 62 27A1%, 1§ 72 1541%, 1% 82 6741%, 1% 9% 204%F, 15
102 341 B0z FAH Y

ATz 7 253 LA Setoz A A5 FEgte] AwA
olHoktt 1F1IE BHE ASES ¥¥ T73 I A

I 8ol BFEAE A FAeAT 252, 382 EiE ASE
TEY PHE AdE AFfoA A5 1o E/F=HAA

2 2F7E ATES €53 TAAY FdEHE ddx AdoA
H99d A fAle g 2E7E ERE AEES 279 U
ol A2F 4o EFRIEIE A = 20F 1002 EFEHA
Fol uHAxg. 20522 749
Ao Al ATF 1o BEFHAG A dA3s
ZsFolHA T JHE EA4E
IFWelA Lagow gy FEE £ gl

2 =FEAY AEes 2t

o o o

-
kil
A

u
O-

2

a7

ki
L

_\}_1‘

kS
ofl 2 o
B B

I R A N A
o fore B Ko
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E 10, ulFE WEA T8AETre] A

SSR primers

4 fARE zASASe] FE S

3}

R4

No. of Primer ID Marker resource No. of PCR product Microsatellite Tm(T)

primer loci size unit
1 CNU_101 CNU, Brassicarapa 5 198 (GA)n 59
2 CNU_102 CNU,Brassicarapa 4 299 (AAAAC); 55
3 CNU_103 CNU,Brassicarapa 4 286 (TG 59
4 CNU_104 CNU,Brassicarapa 3 176 (CT)ir 59
5 CNU_105 CNU,Brassicarapa 3 243 (AG)12 55
6 CNU_106 CNU,Brassicarapa 2 296 (CT)s 58
7 CNU_107 CNU,Brassicarapa 6 193 (AT)s 58
8 CNU_108 CNU,Brassicarapa 1 188 (TC) 58
9 CNU_109 CNU,Brassicarapa 4 282 (CA)s 58
10 CNU_110 CNU,Brassicarapa 4 299 (AT)2 59
11 CNU_111 CNU,Brassicarapa 3 237 (TC)oy 59
12 CNU_112 CNU, Brassicarapa 4 324 (CT)13 58
13 CNU_113 CNU,Brassicarapa 4 195 (AT 58
14 CNU_114 CNU,Brassicarapa 2 297 (TA)s% 58
15 CNU_115 CNU,Brassicarapa 4 292 (AGQ)3 57
16 CNU_116 CNU,Brassicarapa 4 200 (AT)oy 55
17 CNU_117 CNU,Brassicarapa 4 182 (TA)13 55

Total 17 61
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Coefficient
1% 32. SSR WA E o] &3 78 GujF AE fAdHA BA
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5

11. Ale3te] fFAE Aol mE 153}

FAE A5

ATHE

0.73

e 1, 15, 3, 4, 31, 20, 27, 41, 5, 14, 32, 35, 36, 88, 2, 28, 80, 21, 54,
H 24 25_1

15 2 26, 57, 60

I 3 29, 30, 70, 71

& 4 67, 68

I&% 5 34

% 6 59, 87

57 6, 12, 13, b3, 79, 86, 912, 8, 52, 10, 16, 46, 22, 37, 38

% 8 17, 18, 19, 75, 85, 78_1

229 7, 83, b5, b6, 84, 58, 66, 61, 62, 63, 69, 11, 42, 43, 72, 73, 64, 65,
" 74, 76, 71

% 10 33, 81, 82
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4. IBP 7}, SSR WA E ol &3 ¥ H A R ol & o8& FHAAAE F
g

7}. SSR ®A, IP wA 2 td A FALe ZA

Sro| Al o] & t&Fe SSRuHAES] ol & EE Sgtetr] flste] 7] JEE o
oA e FrEo] 9= 333702 SSR mAF H RE A% Alo]o] tiyA
TAE flste] AFREAL, F 216709 WAL FEHE o] PAGE gelol A &4 5]
Atk 21670 F 40709 SSR WA (12.01%)7} - 232 Alolo A taEAS WA
(19 33). & 2727019 IBP Primers <, 2337017} 5<% o] 2% agarose gel¥}
4% PAGE gelolAd #4503, 7270(26.10%)7F H 2 Alojo A ttdAd S W
S 33). vtAES] HHEES F, fJdolA 1:2:19 Mendelian®] M| &=
S BRIthE 12). o83 A= A AEe wF 47928y fae
WA A ZE CAlER]D Gl Fol A% o] §o] 7hsdhes HoFal AU =&
ALl Fo oA 1212 #8511 I3 v E FadEAdde] 50450 =
271 SHAINE AR Lo R SRS HolFa g

o
-

O

& 12, F FelAe] 29 SSR¥ IP v 59 w8 sid

Number of F2 population with the markers

Maker Expected ration
RR (Homozygous resistant)  Rr (Heterozygous) rr (Homozygous susceptible)

cnu_ml77a 13 26 11 1:2:1
cnu_m246a 15 25 10 1:2:1
cnu_md03a 13 25 12 1:2:1
At4g28025 13 27 10 1:211
At2g44520 15 25 10 1:2:1
Atdg21105 13 26 1 1:2:1
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DS CT DS CT DS CT] DS CTi
- - | - WP
E | —
- = =
! =
cnu_m049a cnu_ml35a cnu_ml36a cnu_ml37a cnu_ml39a
DS CT DS CT DS CT DS CT DS CT
- - -
| K
cnu_ml44a cnu_ml49a cnu_mlbla cnu_ml76a cnu_ml77a
DS CT DS CT DS CT DS CT DS CT
|
‘. | ——
i - —
-_— P—— M —
:' NE .;! J— | —
- .
B @™
B |
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