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Abstract  As ascientific curiosity to understand the structure
and the function of crops and experimental efforts to apply it
to plant breeding, genetic maps have been constructed in
various crops. Especially, in the case of Brassica crop,
genetic mapping has been accelerated since genetic infor-
mation of model plant Arabidopsis was available. As a
result, the whole B. rapa genome (A genome) sequencing
has recently been done. The genome sequences offer
opportunities to develop molecular markers for genetic
analysis in Brassica crops. RFLP markers are widely used as
the basis for genetic map construction, but detection system
is inefficiency. The technical efficiency and analysis speed
of the PCR-based markers become more preferable for many
form of Brassica genome study. The massive sequence
informative markers such as SSR, SNP and InDels are also
available to increase the density of markers for high-
resolution genetic analysis. The high density maps are
invaluable resources for QTLs analysis, marker assisted
selection (MAS), map-based cloning and comparative
analysis within Brassica as well as related crop species.
Additionally, the advents of new technology, next-generation
technique, have served as a momentum for molecular
breeding. Here we summarize genetic and genomic resources
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v 33} (Brassicaceae)= 7)SHAIE Fo A SHA R 2
%Si 33845 (genera), ©F 3,7000]% (species)= %"
S (Johnston et al. 2005), TFF3t 7| Ao &

OH"W thokeh JHA EACR A3ts) A *ﬂﬁﬂﬂoi
AufE AL e AA AHEolth AERA Fa% FE2
olufj A2l vlj5= (B. rapa, A genome, 2n=20), SAHA} (B. nigra,
B genome, 2n=16), %3 (B. oleracea, C genome, 2n=18)
353} o] 59 o]F uj4A| Q1 At (B. juncea, AB genome, 2n
=36), A (B. napus, AC genome, 2n=38), o €] 2.3 o} A=}
(B. carinata, BC genome, 2n=34)7} {1t} (U’s triangle). 4] A}
§j—oﬂ 0101 'H/\’ /\l‘j}d _'Ql_x] o]:L:l oz /\H]Q 0;&&1 H]
E].u] Cﬂ— ySKel 11_4 _I_:LOJ Bﬂu} o}l/]a]— '5}01— _-g_l,]_._ EO]
715 EA Q] glucosinolate7} SHF-E o] Qlof L F
Wk Qi) (Lai et al. 2010).
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ol§H 27| ntA= U4 FH
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34
Aol ol Qlof A= §ANE WY 4 Ak §H74 A
=2 AglE 1 47t FEa gk olFel &

A Q71N Aol Aol B olfalt ARe Feo
u}] 9] restriction fragment length polymorphisms (RFLP), random
amplified polymorphic DNA (RAPD), amplified fragment length
polymorphisms (AFLP), Sequence related amplified polymorphism
(SRAP), simple sequence repeats (SSR) or microsatellites, STS
(sequence tagged sites), SNP (single nucleotide polymorphism)
5 chopat BAokASo] AwE ek BAubA ol ek
O A8 Bl A S04 AETh A Holkd S5,
WFate) 49 mAAB ofslgTY A7HYG A,
fA% T2 W A AR ol A qrdA oz BAnA
Tfetof o] g-E o] F-AA}; A= A o] &% %t} (Snowdon
and Friedt 2004). % AR Az 2 BxlolA AHE=
Q2 2o I %% G429 22 (map-based cloning)
T} o} A =249k (Marker Assisted Selection, MAS) W'Y &
SR AFTAE I FF A ol&st] AF =Foll °]
o] BatgZFolats Y2 AL AZalaL glrh (Tanksley
et al. 1989). 5t 28 % B. rapa (M 5)% $-2ubet
Q XH/\ xl— g/ﬂ 7:]11]14 oz ?ﬁtﬂ HH 0]-143]- HH/\/H

U3

Hr
=2
u

AEO] A3t Ao mEEAE 283 ol B =
o A= A genome B. rapao| A EAulAE o] L8t S-A

A A A RS A AR 9N YA R
2} (QTLy)) A7 Aol thste] Lot i §A| Ao

oz

A 247 A2 Fa43 83

Stz g,

ool 58l Hste] A

B. rapadlM |Hx} Xz

A0 SFI+
Restriction Fragment Length Polymorphisms (RFLP)
22719 £x4utA FEfl RFLP opA = Algtass &
TElE bl WekAlk Aol 2 ol gt WHoR B8
o' 285k fAA o 2 RER E2Aghs ol
A 27 AR A= 2o glo] A& R o] &E gl
th B. rapa©l| A RFLP u}A 9] 0|82 B. rapa®} B. oleracea
o &3t HAAF ofFo ZAWA EA (phylogenetic
relationship)o]] ©]- &% ©] & & (Song et al. 1990), B. rapa W
chbet 271, obE 7t TUEe S04 AE A of
G| Glt} (Table 1). o] & R A ZQ] of 714t FHA4 A
7 4l 22800 1 o1 AS) B BST Ael
Brassica®| A] A AFE EST AHE o] &30 2 §AA}F X
o fFAAE #7149 Hele U% Sk FWel Al
§AAe] F2A WshAolE ekl 4 ek (Tiffin

Y SINIPN L

Table 1 Salient features of genetic linkage maps constructed in cultivated Brassica rapa

Total
. . No. of Linkage No. of loci map Linkage analysis
Species Populations lines Markers groups detected length software Reference
(cM)

Interspecific F,, Chinese
cabbage (B. rapa ssp. pekinensis) MAXLIKE 4 Song et al.

B. rapa x Spring Broccoli (B. 9 RFLP 10 280 1850 Mapmaker 1T 1991
oleracea var. italica)
Intrasubspecific F», Turnip (B.
rapa ssp. rapifera) x Mock 61 RFLP 3 49 262 LINKAGE 1 McGrath and
Pac-choi (B. rapa ssp. Isozyme Mapmaker Quiros 1991
parachinensis)
Intrasubspecific F,, Canola Chyi et al.
type x Yellow Sarson 104 RFLP 10 360 1876 Mapmaker 1992
Intrasubspecific Fa, .
B. rapa Biennial cv. Per x = 93 RFLP 1(.)+1 139 1785  Mapmaker 3.0 Teutonico and

minor Osborn 1994

Annual cv. R500
Intersubspecific RIL, B. rapa Novakova et al
ssp. oleifera x B. rapa ssp. 65 RFLP 10 83 1138  Mapmaker 1.9 1996 ’
chinensis
BC3, K -151 (yellow sarson)
X No4003 B campestris ssp RAPD - 42 - Chelngge; al.
oleifera X B. alboglara
RIL, Biennial cv. Per (winter Kole et al
turnip rape) x annial cv.R500 87 RFLP 10 144 890 Mapmaker 2.0 1997 ’
(spring yellow sarson)
Intrasubspecific F», B. rapa Phenotypic .
ssp. pekinensis X B. rapa ssp. 80 Isozyme 10 52 693 MAPL Nozall;lg;:t al.
Japonica RAPD
F>, B. campestris L. ssp. rapifera
Metzg x 'Chmese cabbage (l?. ) RAPDs 10 99 1 632.4 ) Zhang et al.
campestris L. ssp. pekinensis 2000

Lour. Olsson).
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Table 1 Continued
Total
. . No. of Linkage No. of loci map Linkage analysis
Species Populations lines Markers groups detected length sofiware Reference
(cM)
Fa, B. rapa DH line ‘G004’ x RFLP Suwabe et al
Hakusai Chukanbohaon ‘Nou7’ 94 SSR - - - - s
(A9709) RAPD
. 262
F», B. rapa DH line ‘G004’ x RFLP .
Hakusai Chukanbohaon ‘Nou7 94 RAPD 10 S 1005.5 Mapmaker 3.0 S"Wape et al
(A9709) SSR SSR: '113
Fas (JWE3p), F, cultivar RFLP RFLSI;"S 20 Kim o al
Jangwon (B. rapa ssp. 134 SSR 10 SSR" 2] 1287 JoinMap 3.0 2006 ’
pekinensis) STS Br F'L c
Intrasubspecific DH, B. rapa ssp. }?,{;11; AFLP: 278
pekinensis, inbred lines, 85 SSR 10 RAPD: 25 1119 Joi 30 Choi et al.
“Chiifu-401- 42’ and ESTP/CAP/ SSR: 235 ommap. 3. 2007
‘Kenshin-402-43’ STS ESTP/CAP/STS: 18
Fa, B. rapa yellow sarson 446
inbred line R-0-18 x B. rapa AFLP . . Soengas et al.
Chinese cabbage accession 14 SSR 10 Agé[[{’ §§3 664 Joinmap 3.0 2007
B162 :
SSR, 147 (TBDH)
RFLP SSR: 30, RFLP: 18
DH(TBDH) (Qiu et al. 2006) SNP/Indel SNP/InDel: 42
& Fs, (AG) (Suwabe et al. lggﬁgH’ AFLP 10 AFLP: 57 Mapm;%er/ Exp S“W‘;%eoget al.
2006) RAPD 262 (AG) :
common SSR:113, RFLP: 87
markers:44 RAPD: 62
Fa, B. rapa Bathari mandi and Kapoor et al.,
IC 331817 inbred line a8 SSR ? 33 3546 Mapmaker 2009
719
ﬁ‘i};g AFLP: 267
DH(CKDH) (Choi et al., RAPD: 24 . Kim et al.
2007) 8 SSR 10 SoR: 411 (BAC clones 11233 Joinmap 4.0 2009
ESTP/CAP/ . .
STS derived SSRs: 191)
ESTP/CAP/STS:17
. . 512
DH, hybrid non-heading SRAP ;
Chinese cabbage “Hanxiao” 127 SSR 10 5151?[1;. 93197 973.38 Mapm;%er/ Exp Cheg%oe; al,
(lines SW- 13 x L-118) RAPD RAPD:126 :
RIL (BralRRi), rapid cycling .
(IMB211) and yellow sarson 160 10 225 1113.6  Joinmap 3.0 Img”eZZ‘OLOUg et al.
B. rapa (R500).
F2, ‘Yellow Sarson’ C634, an
early-flowering Indian oilseed
. SCAR, CAPS 241 .
rape, and DH line P11 of B. 4, 5, SSR, 10 SCARS, CAPS: 70 1396 Antmap v. 12 1 F etal
rapa cv. ‘Osome’, a Japanese SNP SSR:12. SNP:151 2009
commercial variety of late o '
flowering leafy vegetable.
.. . 1017
F,, Chiifu-401-42 x rapid ) .
cycling B. rapa (CRF2), DH, 78 CKDH, 10 AFSLSI;{ 256 673: }}?PI&;“ 1262 JoinMan v. 4 Li X et al.
cross of Chiifu-401-42 x 190CRF2 STé' 3 iES’fP' 7 p V. 2010
Kenshim (CKDH) C A,PS' ) '
226
201> 01’ . Yu et al.
F,, DH501” and ‘601 154 SSR 10 SSR: 154 933.9  JoinMap v. 4 2011
UGMS: 72
. . 78DH, SSR, 1426
4 population, CKDH (Choi et qqp P, IP: 153 . Ramchiary et al.
al. 2007), CRF2 (Li et al. 2010), 10 . 1245.9  JoinMap v. 4
PF2, CSKF2 (Yu et al. 2011) 94F2, AFLP, RAPD, SSR: 701 2011
> : 144F2 STS,CAPS others: 572
10,960
RIL, B. rapa ‘Yellow Sarson’ SRAP:9177 . Li et al.
and DH line ‘RI16’ %2 SRAP 10 Solexa seq: 1790 14956 JoinMap 3.0 2011
SSR:46
DH (RCZ16_DH), B. rapa 507
ssp. pekinensis) DH line . . Wang et al.
(216) and a rapid cycling inbred 119 Indel 10 Iré(;e}{. 4;125 12342 JoinMap 4.0 2011

line (L144)
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2} Hahn 2002). Kim (2006) 5-& B. rapa©j Al %t g+ RFLP
AE o] &et FAA A=S Hustith ofn| Hi
off 7| &t &F B. rapa®] ESTE ©]-8-3}o 5207 RFLP
ARE ®71ek At tiokeo] vpA7E 27 ol &
Aol A4t Hhe& dEtof MM o S5 &
Aol Ab WbE FARE Goo] e EAFUL
Br-FLC §-3-AE 7HAL Q1= 5709 AMA &9 914
£ FAA Amol| B7|F 2K Brassica 5AA7F A3}
Y T wiest e Ao dYFE RERUL
ol G S50 dojitas

(LA A 1)

=

of f3t 994 ol B HHOR PCRIM vk E
o 5% olF HTol: A olgH ™ YA g

Random Amplified Polymorphic DNA (RAPD)

RAPD th7& 521912 7|4 dL Zefo|w 2 ALg3
of #44 DNA @& S53k= PCR 7|0 vhAojtt
(Williams et al. 1990). &A1 F71A4<Q ARG o] t}d
4 ARl 7hedtthe AR 237 ZAWA 24
o G AE Ao AGHAO BE SRR
Solo] olgm $H0z A8t ol YUtk B
rapa®| 4|+ Turnip rape, yellow sarson, rapifera®] <1374
24 W A Asd o A7k masel o
(Nozaki et al. 1997; Chen et al. 1997; Zhang et al. 2000).

Amplified Fragment Length Polymorphisms (AFLP)

Vos (1995)7} 7§48t AFLP 7]¥2 PCR ¥1-3-& o] &3}
Mo ofe] DNAR TAlZhe] thao] b =S sty
3 4 ol AR W $HAY 2w 2
4, §AA RS BaG ook WRT AT
A AE 24, 24 A me] TR} A S o] 8
@1t} (Pradhan et al. 2003; Lombard and Delourme 2001; Choi
et al. 2007; Soengas et al. 2007). 3} A9 T = FHR}F A=
oA mpAZo] LEA FESHA] A WA == (clustering)
Tlo] Bl Sty 53], REEH 7| Fo] ol &
ol Qe YA TR o3t WALl FEZAA
et o] B S At o] ERsta AL &
A &} false positive polymorphism @] 7}sAl, 18|11 AL
2 Z83toh= o] Qlth (Li and Quiros 2001).

Simple Sequence Repeat (SSR)

GAA Mdto| 1F HEIL3F= microsatellite= o] S} ol
A A7IAgo] v BEHo|gh= Hof Zetsto] ubA
2 7k ATk (Morgante et al. 2002). A3 o] v & 7hoh
sha A gol 490 AAA EF T2 vl Hls) YE
stof A% §A8 W EARKE AT 5 chfo] 4
E) 2 Qlth (Powell et al. 1996). AA 2 WA E = allele o=

(cultivar identification)ol -8-2] 3}
Z (hybridity)’ 9] %z 7] =
o AdHA EA0] 7hsstrt e
9] SSR utA 9] WS RHE A7 A EE 2t
gtEste] H7IAE 4 d

AR E oY 2F
ol 7= o] 9L
nF HA A
Nk vpA L] = FAA A =

[e)

A9 EST JHUE ol §3te] v
A 99tk 55 ESTE /uro
AR A

H

L djo]g#|o] A (GenBank, EMBL
o e

A

L=

=
2
N

2 o 4 9lo] QA 2% W H9lo) hrle] WE
£ =Y 4 1o (Morgante et al. 2002; Thiel et al. 2003;
Lietal 2004) 5HA 02 Fa3 JA3} AE $H &

HAAE2] A (Thornsberry et al. 2001), w}# =241
(Zhang et al. 2011; Rafalski et al. 2002)9] 8o &2 F& ot
I 9t

z7)of wjFtof Al SSR wpA ] WL B. napusol A
gdbs] ®al i} Lowe (2002, 2004)~= Brassica (B. rapa,
B. nigra, B. oleracea, B. napus)ol| A 39872 SSR u}A &
(BBSRC programme), Plieske and Struss (2001)2} Saal (2001)
2 8071 9] ut#AE (AAFC), Suwabe 5 (2002)-2 B. rapa©]
A 38709 ukAS B 1stelck 20059 Piquemal (2005)S
%29 SSR 1} (Celera AgGen Brassica Consortium)E- 0|
850l consensus map & A= o] A=A A
genomed] H|THat= 107]9] GATTE (NI-N10)9] SSR 1}
A& B rapa©| A A-§o] 755ttt

W2 §7A Huet BxpubAel A
Wk A4ge AAA, HEA Fa4] AgHel b
rpa §AA G71NG AES BE2 bR S04 =
ZAE  (Multinational Brassica rapa Genome Sequencing
Project, MBrGSP)7} Z/J & 3111 v 52} 252 93 %
A 22 A genome ‘Chiifu-401-43"7} AA = At 10749 =)
F A dlse % AR S Asstr] fske] £4
A Gl siFste F4F BAC Z20] AR E o] f7]A
go] BEA % (Yang et al. 2005; Mun et al. 2009), BAC
SEY & T A7IAG, dMA A3QE A9 FYIAE
T HZY 971G AE7F SA =Sl (Table 2). °]&
H7IAE AEE 7|90 = tf5Fo] SSR mh# 9 IBP n}A
7 W E] FAA AEet 2 Ak Ao o] §H %l
t} (Mun et al. 2008; Mun et al. 2010; hitp://www .brassica.
info). Choi (2007)+= MBrGSPo| A A& 3st A genome E&
Q25 AH-8-3}o] DH (double haploid) F&to] G412} A=
£ AHskle © o] A=ol= B rapa®l H7IA B ©
&5to] 7jEgt SSR uhAE AHEFS - oY et B. napus
O] A genomeo| djF5l= SSR WtAE ARESto] 1 A
g5 EUstgitt Iniquez-Luy & (2009)2 RIL g o]
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Table 2 Summary of Brassica rapa genomic resources

Resources Classification Description Characteristics No. of data
KBrB BamHI Avr. 124 kb 50,688 clones
KBrE EcoR1 Avr. 140 kb 23,040 clones
BAC library KBrH HindIII Avr. 115 kb 56,592 clones
KBrS Sau3Al Avr. 132 kb 46,464 clones
Sum 176,784 clones
KBrB BamHI 55,296 clones 97,912 reads
KBrE EcoR1 23,040 clones 43,168 reads
?eflfe;:eds KBrH HindIIT 50,688 clones 88,951 reads
KBrS Sau3Al 11,520 clones 22,489 reads
Sum 146,688 clones 252,520 reads
JWF3p cv. Jangwon F»;3 population, 134 lines 1,287 cM, 545 markers
) CK cv. Chiifu x cv. Kenshin DH population, 78 lines 1,182 cM, 556 markers
Genetic map . .
VCS cv. VCS3 x cv. SRS DH population, 91 lines 837 cM, 355 markers
RCZ16 DH L144 x Z16 DH population, 119 lines 1,244 cM, 508 markers
Physical map 89,372 BACs SNaPshot fingerprinting 1,534 contigs 750 Mbp
ESTs cDNA libraries 33 libraries 214,425 ESTs 52,712 unigenes
Microarray chip KBGP-24K 24,963 unigenes 60mer, 6 probes/gene
(NimbleGen) KBGP-50K 47,548 unigenes 60mer, 7 probes/gene
BAC clone o BAC shotgun sequencing 1,850 BAC clones
4 BAC libraries
sequence Anchoring on chromosome 647 BAC clones
Cytogenetic Major repeat sequences Cent?g;ﬁi@}gﬁi 458 Heterochromatin region More than 30% of genome
analysis Chromosome specific

BACs BAC FISH

2 BACs/chromosome 17 BAC clones

f5}to] 71Z 0| B. napuso| 4] R 11% RFLP u}#| (Parkin et
al. 1995; Sharp et al. 1995)2} Aj 2 7|3t SSR v}A & A}
&oto] AR A=E AAstal 11 AE o7 &+
AA QE e} vl s A skeleh 53], Kim 5 (2009)2 188
7Nl B. rapa BAC 22 7|44 AEE FAA A=
FAFe 2N A7IA4D sEAG el SAAQ g 8t
Atk F Yu 5 (2011)3 Ramchiary 5 (2011)2 v
EST 25 ¥ SSR u}AE 7|23} % 1, Brassica 35%0] 2
&5to] T MEoR o 8T F UFS HAFUH

Sequence-related amplified polymorphism (SRAP)

Li €} Quiros (20019)e]l oJ3ff A& 1% SRAP2 PCR
7|80 & Sl= BAuA Fof shUE RAPD Hrth+= A&
Kol Eon WEolxE B 27 W b4 WE] &
o 9lo] AFLPS} -G-AFsFA Tt coding sequenceS HHH 3}
13 o] o et AHE 7A L Qleh o]| &
o2 §AHH FABALA, hybridse} kO] §7%
A A (Hale et al. 2007) ¥ 1 UE §H2 A= 2
9 (Sun et al. 2007)0] $-83 Fefol §AA FRYof
= o] &5t} (Zang et al. 2009). F Lo Li 2011)+= A

» do m >
N_I_J_.ONH

g G714 4E £4 (NGS, Next Generation Sequencing) -H]
2 olgste] Buat g% 971 MG HHE B rapa §
AL Ao #F7]3Fe] 10,000 7 SRAP SAAHE H 11
SHH-

Single Nucleotide Polymorphism (SNP)
SNP= DNA 97|A EollA Sdg7]o dddE 4=
|

N
~

AT 918) A8 93, S50l FA A o}
B oz TUE SR AE HEORE 28
Qlt} (Rafalski 2002; Rahman et al. 2007). Soybean -
Aol L= A A= A4 9 ScaffoldE A

=4 o] &= %3l (Hyten et al. 2010), B. rapa oA+

2009) 5©] EST ¥7| - E=F ¥ tfFo] SNPE o=

Fol o] & FAA A= 2ol o] &3ttt A=A

o A SNPE] Rlwof o3t B = 7H7] theFstd] B. napus

9] 7% coding regionof] 4] 1SNP/2.1Kb, non-coding region

of A 1SNP/1.2Kbe} 3F9lch (Trick et al. 2009). Li (2009)
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2 B. rapa° A 1607] 9] PCR ampliocong E7]AE &
3t A3} 12.6SNP/KbE} 1l K 15H5]=d] & B 171
= FAA Auks diH stk diolet ok et B. rapa®t
A. thaliana®] EST 5 o] &slo] 44 dHFds &
A3kel7] gEo R HAstATt Park (2010) 5L 8% 9]
B. rapaEs WA S 2 B. rapa genome A Hbo| AA E3xE5H=
SNP/InDel& B3+ A3} SNPQ] ¥k exon <] A
1SNP/103bp, intron % o] A= 1SNP/54bpSi il InDel 2
HE L exon % 9o A= 1InDel/2.2Kb, intron & & o] A =
1TnDel/135bp T2l X 18} $ T

31, 2011 Wang 5-& Brassica A genome 2] pseudochro-
mosomee 57| 98l InDel wpAE 7|sto] FHA} A
=2 (RCZ16 DH) ZH3F0 24 scaffolds®] 9% Z &ol
b SAof 7]Ee] HArE 3%9] B. rapa A} A& (VCS_
DH, JWE3P, CK_DH) A HZ o] &3}o] scaffolds®] 9% 2
A5t B 450 FAA A=A RE o]-§5to] 5 183
709} scaffolds7} A = o] AA| 252Mb o] 9] EHA=F
Huskgley ofzjdt Atz & uwf wjSuto]A SNPQ}
InDel> PtA 2 {85174 o]-§H 4= 31on, 53] coding
regiono]| A 114 &= ¢] SNP/InDel u}7] A E = B. rapa ¥ o}
Yt 2 Brassica AN FHHCE FQ FHAET} HH
B SHGAA "o E =go] Hezt 7|tHh
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T2 oY B dTES o] &5t ] 5wt €]
4=, 42, genome coverage Hol Al U5 3] Hojum up
oF mpA 7bo Bty HEst AT g &5 4 o= &
Aol ot A A= B2 7= 2 K9 FF
kA 9] A& Hlwste] s A 1FS 2= composite
map©] AMEEQI O Lo FEUAE o83 A=
o2 JotolA EEE= uhA dojgE Fets 58
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NAl F& AR AR o= ol Fo] L 7t
PCRZ HAo] 7[=3== 317 YdlA= SCARE HE
sjof stth= EH3dto] @It} (Piao et al. 2004). SSR u}# =
B} AE/AE 480l §olstth HoA FAAY &
g FAE ddse dZA (linker)= 7Hgdlo] A
ALt 8 9 FAA4 A= 59 A= Fdole &
235t} (Akkaya et al. 1995). T3t SSR u}A 7} wHH o2
a3t G A4 HolE ABAE 5 STk o
= AL ABAA KFof o]&o] 7HEstth (Yu et al
1994). £3|, EST-SSR& &A A} ARl EST F7|A ¥
ol-gsto] et ZCZ non-coding FPIofA AEkEh
SSR wpA ] Bl HEEHUS 7ol wof B Fof 4
& (transferability)©] -&-0]3}c} (Varshney et al. 2005). Li 5
(2010)& CRF, Ato] 7] 118 9 AHA} A% (Choi et al.
2007; Kim et al. 2009)2] u}A & FEO0 & AL 02 H
T 8 AR R =& £33} Brassica rapa intra-specific %
o AR AE Halskdnh £33 B juncea®] #7AA
Aol 3E7])% (Panjabi et al. 2008) U} AE AFE-TOZH
= 27b9) Wi AA Q7S 7bsohA Bh9Ick. Ramchiary
5 QNN 459 $AA A= Fakste] 1A vA%
1,426711 9] E38F §HA A =& A4 5] Brassca rapa 2+
= 9 ™A 4 consensus frameS A|A| 8} Tk

o

HlD SFXF K|

Brassica species &+ HAA 50| A thalianas WA &
oA BlusHHS W FAAY &AoA wE HEH
(collinear segment)o]2til R 1T o] £t} (Parkin et al.
2005; Panjabi et al. 2008). 0] 5L T2 0] Al A 23} x|
UL A7IA D oA H s o 75-90%9] 4543
< Yol (Li and Quiros 2001) Wt &4, SAA
BE7L ZAE 0] Qe B 459 HEE Brassica ol 4
S5 Utk HollA mf ALFH ot FEuAE ©
S MR AE G v arATte] S8 Aol
ot F5dE 2= dNA ©H WA homoeologous E =
homologous loci & HAL & 4 Ut WA genomeo]
et ojellE wolalA}t Brassica®] A} Ao off 714
o gaAeke] A5 918 Bolstele men )
£ 947 AR v wste] $AHA F2E olaatig
Sh= AGE0] 43 & Qltt Suwabe (2006)= B. rapa &
AR A S AT A 5o E71H upA o] ¢7]4 Y
W sl AA AR A= 28%
FERe B 59, o] 44 A= #7149 H
3 Aol #ojsh= F=2 QTL FAAEE o714
of vl 34 shetel of7lgdel ¥ ARA SR Y
A (MRCs) 2
A4 547 7

ot
jus)

o] 29%7} s WERHAL 29719
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syntemc block2 225t Kim (2009) 52 B. rapa2)
707 7o BAC 223} Q2H v}A S Er|Eo2A
W71 A 9 vl ﬂi‘i% Al -8 AF A &= 9] 48%0]]
8|3l syntenic block-& 2HQ13HH L o] of 71 &
A 2] 60.5Mbo]| 35ateIct. Panjabi S (2008)L- 714
o AR E vl w3kl o) /14T A< 97.2Mbo] o
5= syntenic blocks2 H215F4 Tt (Table 3). v F3} 2
A Awe] FEOAL S olg3kel B. napus
9} B. rapa, B. juncea®} B. rapa®] 5-AA|E vlugt 4wt
TEE = A genomed] LR} AFE] HEEO] QIS B
215F4Th (Table 4). Suwabe (2008)= & o]uljA| 2l B. napus
9} ouij A Q1 B. rapal] A genome FFFHS vl 3=
o % Fo| 77 ERHoR ARAASE B}
Aubr oz AFEAS ek Choi (2007) 52 B,
napus AR} A =0 A A genomeo] E3E3F= SSR ulA L}k
B. juncea SR} A Lo 7|5 SSR utAE ALEslo R
WA Fol FECE Zr= A genome P (RI-RIO,
NI-N10, JI-T10)S @iAstgleh w3k Xu (2010) 52 B
rapa®| A 2Rt SSR WHAE B. napus®| A X]E"ﬂ
¥ 7]3}9] Brassica % o] A genome 7} H|WE A o] 75
3 HolF Qi) Li (2010) -2 24 crucifer building blocks
(AX)E o83l o713 Thol REH HYEE EA
W O 2 B, rapa intra-specific 3 T UE FAA A =E
A8 R = o] AR = K} AHA| S genomic block 2] &
B SRS sl St (Table 4). §47 A 5

[e]

flo

<
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FE&oHA o8 = A= AASEITE &, Brassica A
genome 2] A H = vljS= J ok 2} Brassicaol] 43t= Ef F°l
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Table 3 Characteristics of conserved chromosomal regions between A. thaliana and Brassica

Genome coverage of

. No. of syntenic No. of Map coverage of conserved . .
Species roups/blocks common loci region with Arabidopsis (%) conserved regions in Reference
group & P Arabidopsis genome (Mb)
B. rapa 74 28 Suwabe et al. 2006
29 153 29 Choi et al. 2007
30 187 48 60.5 Kim et al. 2009
67 335 97.2 Panjabi et al. 2008
33 223 Li F et al. 2009
40 147 67 Yu et al. 2011
Table 4 Genome homeology based on comparative genetic map in A genome of the Brassica species.
Species Species Common loci Reference
B. rapa . napus by Ferreira et al. 1994 63 RFLP loci Teutonico and Osborn 1994
(A genome) . napus by Parkin et al. 1995, Lowe et al. 2004 116 SSR loci Choi et al. 2007

B v W

. juncea by Axelsson et al. 2000
. napus by Qiu et al. 2006

. napus by Cheng et al. 2009

. juncea by Panjabi et al. 2008

29 SSR loci

41 SSR,3 SNP/InDel

168 SSR, 186 BrGMS loci
98 IP

Choi et al. 2007
Suwabe et al. 2008
Xu J et al. 2010
Li X et al. 2010
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At & oA JMA deletions, translocations, trisomicsI}t
-2 cytogenetic stockso] A} of] AFE-E] Q] oL} (Kunzel et
al. 2000; Sandhu et al. 2001), cytogenetic stocks®] Z=-5}%|
e B AL AR HolAl probee] AAE U
}+= Flouorescent in situ hybridization (FISH) = o] 7}
3|, o] 3t FISH 7]<9| B. rapa ¢} B. oleracea®] A
L5 31t} (Howell et al. 2002). B. rapa A genome 2] 107} 9]
QUAL 7 7|9k wopo] njS u]ZEl} 455 DNA,
25S tDNA, 5S rDNA, centromeric repeat®] H-3Z 7} &A1 Au}
o} 2}o]7} Qlom g o] 5L probe 2 FISHE 3192 o 6
N GAA 9] FLE o] 758t} (Fukui et al. 1998; Snowdon
et al. 2002; Koo et al. 2004; Lim et al. 2005). ©]3% Kim
(2009) 5-& BAC 222 probe 2 A3} BAC- FISH &
4 Zestol B rapa®) 10719 ABLET AUAZ o

Astel 1042 GHAS T & 9 AT LA o}
A we AT olele ATE §H4 AR A
a5 WA (9 ke GAA (FUAY Bk g

1|

o{r N
Ol

o) ¢Eol A FATFOEN FA4 A2 FAHS &
otk
B, rapatiM %X EI A7

BAuhA e DUE $47 AR 440 e
SPERER L TE IR T PEEEENN

x AEol A we 597
23} THE QTLsO| Q111 (Glazier et al. 2002),
Brassica®| M &= ¥, FH, Hﬁh & WEA, e 2
JAE O] OHO}J_’—X} QTLS Ao peE i qlrk Eo
= T W AEAL FASHA FF
=7 ‘21% 3 Zﬁ“&‘ FAL FE A FA et 2
=

> VIO

WS Plasmodiophora brassicae®) 2|3 of7| &= E
A AE BoR ujF, &, S, ERdY 5ol
Ao| WAIEle] A AAHo R ;qr,}E} 3 E F
olth (Hirai 2006). YA = SE7|Po2 7= o
mejo] 714 2 e Fizdl Bole] mopol HolH T
o)A Hel BEOIN G& FAslol el )
At YAEHN AEAE A b (Voorrips 1995). 3
A= BoF Yo A ZAA =2 o 7|7 AE L, 0x4
A Ty o2 racer} 3150} glof raceo] ufet WA
© oA Uehts 297 Bol BAE odd dt
(Wallenhammar 1996). v} 33} X4 259 Hejsw # g}

(
=

—

zo 1976L4 AH o] Y43} AEALzA HEF
YA S AJZto 2 to] FA choFst A A
Q
[e]

i}ﬂﬂ Atk S-gugh= 1990 FuHRE A

, i of

£ SHoE AYAEE A FFol Nl
39593 glovt aat u AL nce sk Sjsto]
W 50l o[ WEE7|E slo] ARE AP SAA
24l $ALA P, tobh B race A4 BE4A
o] 85I Q= AAolrh
A4 ol A Wel S A4 W do] Tolah X
2= 871A SHARF} (CRa, Crrl, Crr2, Crr3, Crrd, CRb,
CRe, CRk) 7} R 1% %It} (Piao et al. 2009). CRa= Matsumoto
(1998) So] Higt Malsw 34 QTLs<ld|, Hayashida
(2008) 5= °o| & ¢A ©]-& It e SCAR HiA =R H
1! 314t Suwabe (2003) 52 Siloga S2 (European fodder
turnip)of| A -2t A FAAE 3HE Harskgl=,
Crrio] 38 AYgA FAo 283l Cr2= Crrid} Crrd
of ¥F= T+ vFEAAR Hiskal ofo gk SSR,
SNP u}AE H113}4t}h Crr3= Milan Whiteo]| A Sz gt
A3 QTLsE whelzp LA o7 283l Aoz oy
] Ql=1) Hirai (2004) So] F2 1} H % RAPDE Saito
(2006) 5-©] STS u}AE 7§t} Piao (2004)= A3
¢l ‘CR Shinki’E A &2 5}o] CRb QTLso]] A3t AFLP/
SCAR u}# & H115}4 11, Sakamoto (2008) 52 european
fodder turnipQl ‘Debra’ oAl Gzt #A3FA GAAFE
CRe, CRkz} 8 5k3ith o5 A3 QTLsE w59 &
TRAAL A oA AHEH 57O AL Eo| A5t
3l Tk &, Crr2= Al, CRe= A2, Crrd= A6, Crrl 2 A8
Z12]3 Cra, CRk, CRb, Crr3+= A30] §X]3}aL QJth (Table 5).

0

=y
Y=o (Downy mildew, Hyaloperonospora parasitica)2 7|
2ol Aeetil 7t w2 AF Y w177 9 44
of Aol Yefu=d of2]a dofsgt §l, 7hA, e

] 2 2Z]of dFAYSIT} (Constantinescu and Fatehi 2002). Hj]

[}

o st ¥ oA AEY Ao e FFS
FA = goy Y& S vjF= Aol ol
a9 st A S8-Fof B3to] B. napus, B. oleracea

L=,
Oﬂfﬂ FRsHA B = QT B oleracead] A= TRAA}
£ (Mahajan et al. 1995; Coelho and Monteiro 2003), & 7}
94 LA Q1A (Monteiro et al. 2005), A AR} (Carlsson et
al. 2004)0] s FHE = oheFet AFAAT} o
NEe] G179k HemB Ao gAY 72| e §
Ao ol A E th= R i1% Qlth (Coelho and Monteiro
2003; Monteiro et al. 2005). H}3= (B. rapa)o| A= o]} &
ARRE A7E Rl e o] ©helA} Ao Agghrhal Kl
SFTE (Yuen 1991). 8 59| k=ot® SFAA= AF =
S ol ofsf 23 =Hof gront 2 v (B. rapa)oll
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Table 5 Clubroot and downy mildew resistance loci detected in Brassica rapa

. Locus Map Homglogpus . ..
Trait name Marker type position reglf)n 1n. Resistance origin Reference
Arabidopsis
Clboot  CRagpitrs Matsumoto o 4. 1998
RAPD A3 ? ?(312?; turnip, ECDO2, DH:  \ratsumoto et al. 2005
SCAR Hayashida et al. 2008 _
STS Sakamoto et al 2008
Crrl SSR AS At Siloga S2, european fodder ~ Suwabe et al. 2003
SNP turnip Suwabe et al. 2006
Crr2 SSR Al Atd Siloga S2, european fodder ~ Suwabe et al. 2003
SNP turnip Suwabe et al. 2006
Crr4 SSR A6 At4 Suwabe et al. 2006
Crr3 RAPD Hirai et al. 2004
A3 At3 Milan white, european turnip )
STS Saito et al. 2006
CRk RFLP A3 gg’“}l‘“‘;‘goé’e;‘a g"dggr fUIP: g amoto et al. 2008
CRe RAPD/STS A2 gg’rﬁnz‘g%peg Of"dcdgr WP o kamoto et al. 2008
CRb AFLP/SCAR A3 At4 Gelria R Piao et al. 2004
Downy BraDM  RAPD/Isozyme A8 AB Yu et al. 2009
mildew BrRHPI SCAR/InDel Al Kim et al. 2011
A= BAUAS o] &3 559 7heAdol AAIHA ol Butofye} A2 ARgSh=t Qo] 4FANAE T2
th Yu (2009)= FE7]0] YEtthe vt AE @2 3 FAR o] &E 4 Stk T FEHA Mol T o A
of #ojsh= QTLsZ #Asto] BraDME "grgstiion 7] F4, TAM, &, dtof] w3t FA S0l tisto] o
AS QATHLEO] AAFTT wuelch A2 fujae o AFAI} wEE A,
S ol et ATA FA Bolohs B el FElA G A 249
LA G H7| A=V|7F dEgts A d9y R Z7] A= 1994 Teutonico and Osborn©] EA}AH, & 12,
E]‘”E} Kim et al. 2011). $AE AL 4345t A1} Tholx} Z2}9] erucic acid &eFo]] Toddt= QTLsof| thak X 1o]
o Slela, AT oA MAE it o RAFE AHE T4 TN F2 o] $a%
SCAR t}# 2 urste] §H4 AR QpaF Alo] X FAo|n] ALM nrh wgag Azshiy ol 78
Zetenh olelst Ame Asmunt 45719 Wge] 9w fekol ¥1 FH 715 Aashe Aol
Bolste AR HES ANFAL, AGH A G4t Mol g B ohlet ARAREA A7} 7]
(BrRHPI, Brassica rapa recognition of Hyaloperonospora ] o]t} (Tang et al. 1997). Ahmed®} Zuberi MI (1971)=
parasitica)®l] L3t upAE (M05, N18) 7f9ts} it Zul A Ao 3t SABE o7 ol LA QIR T} T
ostthy R skl Strlngam (1980)2 &+ 719 GAA}

e 3

B. rapa®l= GAF, FAF, =F

1:]-01:?‘5]— & g 2] tﬁo]f—L L]—E]—LHE]— & A 5} ;EH__,

?fP x]
et al. 2005 O]Eid thokst or]EH?H EXNC A}
SR, $HR S A, WD 28l A

7} S0 7 Zgsitiy Hustgch 2oyl e slel
Teutonico?} Osborn (1994)©] RFLP, Chen (1997)©] RAPD,
Rahman (2007)< SRAP, SNP, SCAR w}# = zbz+ & 115}
At 2 o] o] de FHF wak wash oed
Zhang (2009)2 H =7} QIoHA HL2M 244¢] Y177-12°
of b gomA Al FApel Y195-95' o] &3t
Fo Mo Toste TR GARE GA5HS T map-based
cloning stAth o7 Athel AT dm Ao
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oJ3}= TTGIZ} TTG2 (Walker et al. 1999; Johnson et al.
2002)E B. rapa BAC 22 7| A oA &<13}o] BrTTGI
= 2ol T RAE of 347 YT 75L o
A ghelstr] flsto] of 71 o EAROlA uglol ¥
AAZEIE=Y 7]50] 3 EE= A o2 Ho} TTGI ortholog
(BTGI7} Aok £3 8 B Afole] Pl Sgel
Oﬂu}

rir ml

0

Ao oz Aol 8ol oAt Aol pola
o Qu7l gl FAL el $4o 946 R
wol A Aolk v]EAR S ola) 24
T} (Teutonico and Osborn 1994; Song et al. 1991, Nozaki et
al. 1997). Li (2009)= ‘P11’ (P27} YOoHA 24X 22}
I CO34 (FH7F oA =t F2hE o]-&3h AY
oA ‘PII" o] H= Aol Het FHL2 7| [FAA}
GLABRAOI (GLI)©] deletiono] &J3f] 7] 5& ooz
2o Hojst Aolgtr H sttt (David et al. 1991;
Larkin et al. 1994).

Muangprom (2004)+= Brassica®| 4] A1 &2 7|9 dwarf F
AA7E ofghrfar Haskgith Lou (2007)& 4719 #¢
Atk (Fa, Fs, DH, BC)E o]-&3to] 7HAl7], F4h A&
o 7], o 7HEAE o 2o, AR, A, 94, 95, A
s 227HA e gde AR *1i tE FEH Y
U o] &sto] EAsHAZol® AstA7] 9 o FH 9
#ste] APIF RO2OIA FFH QTLO| el on
turnip /ol AT QTL EZH R029] FARGH @ of L
WA o] FA5o| 1S Aol ApElo YA chu
AE (pleiotropy)d 7+ = turnip A0 7HSHA 7]
YA A9lel4 289 4 9 AAstech A9 Y
o ol L g Bk (A2 AT BaAste] Kol
32gof (RO2, RO3, RO6) QTLo| EA)35F o] o A4 R03
7} mARe] 1Y ol Bolat= QlAetn w s
2 of Aol thato] o2 RS Agalel B AA
AFA7E HaEgl=r, 20099 Li 5 Lou (2007) &
W= e F 2 (A3, Al0)OlA QTLso] &HQlE i
7]&o] HirE A 3-5H A03of A5k Sl QTLO]
sl elgholel Al0o] §1% o] FEeldeba wast
Ak Al0o] 9JAIgE QTL G ol of7]d ol R

Table 6 Status of genome sequencing in Brassicaceae

Qo] Ao ey Zolo| Aolske [FHAL 41GA200X3
(AT5G07200)7} = AO 2 Hof BrGA200X37} 39| 2
7 3] dolshe Fo FR{AAL 7He o] AN

7)
A

KON

B, rapa ST ST resources

5 REM GRS 21t 85

A LA o= eF 370,000 o] 7jo] AEF0o] X
2 oA glem @y 2 ol ol 2o o
o] %9 DNA 417} 523 Aeolrt. 4% % %
o1l oDl ¥ (0057} AR WA AH S
(Whole genome)] A %o] S5 om o]% 44
Mo} B A7 oA Fastn BeEs 2a

Amo GAA A7 Bus| QY Folvh 1 A £
2 (2007), L% (2007), TFuFof (2008), 222> (2008), £.0]
(2009), 222> (2009), = (2010), ZFAF (2011), T7] (2011),
WlZ 011) S0 §AA Aedo] el g on] ARoE A
@ 4 22 gAA sjEao] A o vk w
AT Sol, NGS B4 7140 5How mE 444

(reference genome) 241 M ofyg} 2fEA (re-sequencing)

]

2 139 A A (transcriptome) AT ES ks A =
ojt}. o& = 1000 Plant & Animal Reference Genome

Project (BGI), One thousand plant transcriptome project (http://
www.onekp.com/), SOL 100 project 5 A& 344 9] &
N1 E5) 72+ 2 W 98 oO:]FUT‘,l—Ej o A2 Ay
0}744 A A S e 5 AE EASES fe

FAA A7 A EHIL Sk

HH‘T-L} AA = of71FHE vl w3, ol
F, A FAA sl AREHUAY Z&Y S o
Z A genome ¢l |3 (B. rapa)= A A &3 vke}l ol
20114 wj2e) 107 GAH S G872 A (gene space),
°F 98% (83.8Mb)°] A7|AFo] dEE o WEEUT
(Table 6). v 5= -AA] ¢Hd s At ZF 41,174 7 F-4
2} (protein-coding genes)S 7}A| 1L glom, o] 7-&d <oF
10007} o] F-A A v ok 248}k 1Lf FAAE

H

Scientific name Common name Taxonomy Genome size (Mb) Project status
Arabidopsis thaliana Arabidopsis Brassicaceae 135 Finished
Arabidopsis lyrata Arabidopsis lyrata Brassicaceae 207 Finished
Brassica rapa Chinese Cabbage Brassicaceae 285 Finished
Brassica oleracea Cabbage Brassicaceae 650 In process
Brassica napus Rapeseed Brassicaceae 1,200 In process
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SN on ofg A JH= dor wjF (B rapa) Wt = ZlHigol Atk sARE oA KF7eF A

o F2& U /Y, Ag B4 AT FAF /el B A A A AT BALE Aolofi )% AR B8

ol ol Girk. W% (B rapa) SA] HE ATE F 3 Agsteb P2 A U Ao] Aol upet

8 A AG A B OPe BAC & 29 45, & A olelT AU Fo7] fistel R4 AuE ik

1,850711¢] BAC 22 H7IA %, 251 o 7§ BAC 28 Aoz Z]Y 4 =S AEE AdAsta Adsts
T

gAY, FAAE 4, LOH*J EYAE, HAGHA
209k A, SRR 2% L WBAR pileline 7 5 ok
3l resources7} AJAFE] QIT} (Table 2). o] AREL GO =
W Age) $4A AT 93 Axkolst & Aol
e H REFAA EE oFF, AAHE, AulE 5 i

A49e] Thobet gene ool EHAISH: ]8O 24
8% A28 1% 93 qUS0] T Aol
o] 57 NGS FAA si= 7l&e v&y} &

T WA 7]EY 7t AEetE o] A
2ol @ Aol Aol Jhsel AT 2,
2h= Avkst Alofo] sjdd 2N A g7t
2 g o AtHY e BAKF

slov] 27} BHow s
S S8R, SHHY SAS Y
otk mehA wh w27 s
beEe AT 4 A 9
(Jackson et al. 2011).
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A4%S A% ELEA A 4BL 3] ARAL
AR B BE Yz YA ApRE A%
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Table 7 List of some important databases for B. rapa genome research

Database Family or Species URL
BRAD Brassica species http://brassicadb.org/brad
Brassica genome gateway Brassica species http://brassica.bbsrc.ac.uk
comigrl:fii\fg/zgﬁﬁzzp f/liiwer Brassica species http://brassica.agr.gc.ca/navigation/viewer_e.shtml
BrGP B. rapa DB http://www.brassica-rapa.org/BRGP/index.jsp

European Brassica DB

Brassica germplasm DB

http://documents.plant.wur.nl/cgn/pgr/brasedb/

Korea Brassica Genome
Resource Bank

Brassica species

http://www.brassica-resource.org/

A. thaliana genome DB

Brassica rapa Genome DB

Plant GDB http://www.plantgdb.org
Brassia napus
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