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Current status of Brassica rapa functional genome research in Korea
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Abstract The purpose of functional genome research is to
identify biological function of useful gene and to give an
agricultural value in plant biotechnology. Brassica rapa is
an economic crop which recorded 1,000 billion won of do-
mestic market and 100 million dollar of exports and it
produces 2.5 million ton in 50,000 ha as a major ingredient
of representative Korean food, Kimchi. Furthermore, it is
very important crop economically and commercially beca-
use Korea is major seed exporter. The fact that Multinational
Brassica Genome Project (MBGP) was launched and Ara-
bidopsis thaliana, affiliated to same genus with B. rapa, has
been fully sequenced activated functional genome research
of B. rapa. Besides new technologies related to gene function
analysis keep developing, many results are reporting every
year by international research including Korea. This review
paper introduces development of Chinese cabbage mutants
which is a first step in functional genome research, variant
phenotypes of mutants, flanking DNA analysis in B. rapa
genome, gene identification, gene analysis using microa-
rray, and representative researches.

Keywords Brassica rapa, functional genomics, insertional
mutagenesis, microarray
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Aol AFEE SF=H)| S (B. rapa L. ssp. pekinensis)=,
AA FAA 27178 A= AA A+ 2R Arabidopsis
Ok of uf T 2 oF 530 Mbol A5t ThE w3t A
S (9F 530 ~ 700 Mb)o] ]} W@ & SH7 27]o]
o Qo] golsith 11 Ak G71AY BAo| 9
25 ¥ (Goff et al. 2002)2} Arabidopsis (The Arabidopsis
Genome Initiative, 2000) <= Arabidopsis@} W]-$- WAt o
AE 7VA A&H O R Arabidopsis® FHAREE o]&
% glof felsteh. wat 7158 AH 8k AT (Holorf et al.
2002; Ge et al. 2003)¢] Qlo] E&A 072 o] &%= ESTs
(Expressed Sequence Tags) 2 microarray &4 52 87}
71 8l B4 Ve 2A dAE AL B Yokl

sl

B0l 0 HE SR 2 5 2 - 9]
AP0l AT HTo] o ALY B Rr71A )
F717k Al ol et B BAAY) F 5o BB
o) uigo] WA sk Qov] FUse ol gt
o8 HA A i 2Aolth W €A ool
b, MEY RS AT S Ut SEHAA 3
1o} ojo] ubElL AP £ A o 4
2 5 71e) 25 Fjo] Floiga FA0] ol 5-g v %
Aol et ozt SAE ZAA o & Aolth EI
FTA (Free Trade Agreement) Etjjo] & bl

%S AL 9371950 S ARl AEstel )
9 9 B GA 2 WelE 0w gk oo o
A3 REA R L4 BUH $E5AA
2 2o, Auste] SaUL Hushs
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L. ssp. pekinensis ©}&& AAY A= 7IAY $AHA =2
7] 7t oF 530 Mb2 2o} 75574 Aol Qo] o]
2 7}A T} (Choi et al. 2006). ©]+= 5&725 4 BioGreen 21
At ol U2t O =2 Brassica rapa Genome Project (BrGP)<)
Q72 0]&E ¢ ©m Multination Brassica Genome Project
(MBGP)2} Brassica rapa Genome Sequencing Project (BrGSP)
& o]ojFt}h. E3F MBGPE} BrGSPO| 414 o+ A=
www.brassica-rapa.orgS £33 T = o] Q).

2
chopat Selulol] §7] WESo] EAsHAT, HAle)
3 A 49 TDNAZE AHAE 7H5Aol &
Agrobacterium S 0|83 7H WA o] WS
M3 4B Mol §710] gol ol §E 1 gk 1
WA GAABo] oL 4B F

of SR 1 HFEol OF 23% |tk AurHo =
579 JE A ofd ABANA A

92 ol g3 PR W S ol g3 PN

|o

= T
grloz puEA Ao FRY G ® AAA
HH O 1] £=3}c} (Lee et al. 2004; Kim et al. 2006b; Yu et
al. 2010).

EZE 7Lt Bol A AeE A Aol A} (trans-
posable element)E ©]-8-3F AHEAMo] HHo] e
7] W& v Seofl A&tttk V)R Aol B gt
ARE FHst=t 2A 719 5 A& Aol o]t
Aol vl o A Ac/Ds 2 0] AR} A AH (Activation/Disso-
ciation transposon system) Z]-g-of thgt AF7F £ A1H
(www.pmglab.com)o] 9]l ZdP= 1 Qlt.

A

S SAHOIA BEY H4

T-DNA7Z} Hj 3= A5 Woll F2H9f = g o2 &
o] dF 2 HMEES wsto] fHA7L 7HA| AL
A9 7)ol ARRMAIA B o Yet= FARSE
staL o]2fgt FAMOIAE &4 5t B FAAE
o 4= Sloh T-DNAS| AFgjo] EHelE Ty Ed ol A
A7) A2 A Ha 5T o3 s
oF 45 ~ 50 A== A3t F vjF9 ArhE3)
123}o] ¥ =E (bud pollination)2 ©]-&3 W Hj3}
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o] FARoA7L Wit E SafAE A 4= sl
T SHo A= HH—’F7} Ap7HE 3 o of
I A7beket 9 SAEY dS Hole AE, A A
= SHoA 4, UJZ_} Y AL R AFAT} Fasto
7FR2E[leo] EA Aol UEtuh= st dAtom ol
AR E A, T ol Bl FAIZ| 7L wE A T
of TrAE T 2P|l AE FE S = ol &
A3] ol Feko] Ashs ZAE (rosette)F A, A
FHo] "ol gl T2 WA, A4 AZbo] npx]
A9 Areks WA, AEA Y ®o] FokAlAL (MAd)
Holgo] wo| o] npx| HFA dFFEHY do] g
A, 2719 27178 aAY A2 A, EHo] +8%
MA & ohFet Aol A7 B E ok

T, ARl d4bol AA T-DNA AF¢jol whe 34
o] 715 oAl B w3 o3f o] Foj S B 517
A= Aol FMA w4 &4 (polyploidy
analysis)2 &3l 22 ujFolut FAAS A o A T gh

o]

T-DNAS] 419l $1307F HalAl oA ehg-e chakat e
[
j’.‘lr

r>~l

=AWl FA4E AL F-AA ol A Y] HEEIX]
= B A5lojof st} (Gottlieb 2003; Chen 2007).

Flanking DNA &4

T.DNA 402 479 752 Ao
8 A3 S P4 TONA A 1A 5, 7
o SN FIA7} FAUA bl i Ao
HAAZAQF F35t 2Jo]E K olm Southern blot H4]
A5 AL 49 TDNA7P AT G| 47} 2n = 20
(Lagerctantz and Lydiate 1996)¢1 &= o] A7} H4of &
olst 1 ®WH S 2 &= plasmid rescue, inverse PCR ¥ tail-
PCR 5o Stk G714 4 2<Ql> T-DNA W 9] sequencing
primerg2 ©]83l1, 53 A7) A E-2 NCBI (National

_L.E.Olr

[
=)

Fig. 1 Phenotype analysis of B. rapa mutants

Center for Biotechnology Information) database®] BLASTN,
BLSATX 4] 3} uj5= EST (Expressed Sequence Tags) data-
base (www.brassica-rapa.org)e} A A v E Z3 FASH
t} (Table 1). E3}F flanking DNA+ B. rapa BAC clone se-
quences database (www.brassica-rapa.org)®} H] 1L} Hj3=
AR UAN FARRE EAISHAL ol 7S
At HR3%F 40| & 4 Qlth (Lim et al. 2005, 2007,
Kim et al. 2006a).

LA 300070 ol4Fe] A E Mol A S B B o
TE o A= pCambia 1301 vector®} pBluescript II KS (+)
Aot e 2, plasmid rescue?} inverse PCRO] I
L= 7}5?* pRCV2 vectorE A|2F5}e] (Kim et al. 2003) v 3=

7594 A AFE A5t Q) B 5 flanking DNAE
B. napus, B. juncea, B. oleracea, Arabidopsis thaliana, Oryza
satva SONA Thopst ARG B AEAS Bl
(Yu et al. 2010).

=
vectors &

MSAPE 0|82 REA ST

AEA Y AR HdS 2ds7] Sleiie RS
methylation pattern®] -3-2]7} 3}, o]& Y3 %7]9]
methylation =] o] Q1] &2 DNAO]| methylationg &0 7]=
A1} S 1A E patternS A 3H= FEfo] AR A Q]

Al2~glo] & @ slc) A Eof A DNA methylationS genome
DNAS] CpG = CpNpG @7]2] AR AL (eytosine)ol] w2
7] (methyl group)7h ATSH= A0 o] Tl oA
Ao was 2AHS Y, AH AEo &4 SHAAR
Z 83t =9 AR xAHo] 7H5351A Hub (Cedar
1988; Bestor and Coxon 1993; Chiang et al. 1996). Methy-
Itransferase 42} WS JAgoZHN FatE = Q=
methylation pattern®] H3I}-5 H2Hsti ¥sto] o8 =4
He Aor FAHE FAAE F457] $18) MSAP
(Methylation Sensitive Amplification Polymorphism) =} o]
o] &=t} MSAP 7|H-& 7]& AFLP (Amplified Fragment
Length Polymorphism) H}%H ol methylation sensitive enzyme

2 =Ysto 2 B33 A EX 9 genomic DNA Ao A L
E}-L}% methylation patternE 2531 hypermethylated pa-
ttern®] of 23} vl sto] HM3HE bandd] H7IAEE B
A5} 0 2 A methylation F=of e} HFE FHAAE &
o} Y= whHoltt (Jaligot et al. 2004; Baurens et al. 2008;
Oh et al. 2009).

SRR
=R
Ay A
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Table 1 Comparison with T-DNA tagged flanking sequence and Brassica rapa uni-gene EST sequence by BLASTX algorism

Mutant Hit to B. rapa EST Matcl.led analys1s' - Putative Identity”
Line No. E-Value Bit score % identity
51 KHCT-23F01 100 486 96 ACO1 (ACC OXIDASE 1); 1-aminocyclopropane-1-c arboxylate
oxidase (Arabidopsis thaliana)
82 Brapa_Ctg3668 14 77.8 100  ABC2 homolog 11 (Arabidopsis thaliana)
300 Brapa_ Ctg508 81 299 93 NOPS56 (arabidopsishomolog of nucleolar protein NOP56)
516 Brapa_ Ctg14603 100 1289 98 hypothetical protein (Vitis vinifera)
560 KBAY-12B02 10 65.9 90 cinnamoyl-CoA reductase-like protein (Arabidopsis thaliana)
588 KBCG-153A02 19 95.6 96 MD-2-related lipid recognition domain-containing protein
/ ML domain-containing protein (Arabidopsis thaliana)
608 KHLW-01E04 100 377 98 deoxycytidine deaminase (Brassica oleracea)
730 Brapa Ctg14190 100 1007 99 putative senescence-associated protein (Pisum sativum)
864 KFRT-015D03 14 77.8 88 zinc-binding protein, putative
/ protein kinase C inhibitor, putative (4rabidopsis thaliana)
888 Brapa Ctg9111 42 170 98 putative CCAAT-box binding trancription factor (4rabidopsis thaliana)
932 KFRT-032B12 76 283 99 nucleotide binding (4rabidopsis thaliana)
1171 KBFS-112A09 15 81.8 88 PGP11 (P-GLYCOPROTEIN 11); ATPase, coupled to transmem-

brane movement of substances (Arabidopsis thaliana)

“Location of sequences highly similar to the T-DNA flanking sequences relative to known Brassica rapa uni-genes as determined
using GenBank annotation, search Conserved Domains or BLASTX searches

al. 1985). I3 (over-expression)H ] & o] &-35F A& 2
Age 424 yro gy 2oE 44 o
A gAReRA BE f470 HIEe SR o
0, AFAeR 1 fA%e AR YR GRS
24% 5 97 =k

TR HEE Aot WHolle A 23 FE U
HArh. & AAGA o] A DNA 7F mRNAE HAMEA] b=

< TGS (Transcriptional Gene Silencing)2} 2 A}
S mRNAS] HYLS AA5F= PTGS (Post Transcriptional
Gene Silencing) 2 FEE| o] AT}, 1998 Caenorhabditis ele-
gans©| A RNA interference 34}©] Andrew Fire?} Craig C.
Melloo] o} A5 i Eo] fFAYEL 352 Aofst
= ZEH HAYZS P33t RNAiD 2 dsRNA7ZH
dicerg}= @ aof 23] siRNAZ E3|=HA RISC (RNA-
induced Silencing Complex)2t= Tl E3lAof Agst
A H o] BEAE AR B2 mRNAG] AgelE
mRNAZF B sjo] 2 35t0] Thaj o] WS oA s
PTGS @4} % ahito|th (Fire et al. 1998). RNAI @AFS o]
23} pHANNIBAL (Wesley et al. 2001)2} GATE-WAY = E]
Al 2~8] (Curtis and Grossniklaus 2003)0] 74} T oj & §-3
Ao QAR skl Aol AEH fH7)
o] mRNA7Z} &= 1 7152 JAISHA Hok (Marke}

Ueli 2003).

Microarray &=

AEA Y] A Hshs o AR Hd A
stot A A stERE o] Ao BAE 4 9l mic-
roarray 4] HH 2§ 7)s A Lo o
9 @-&Ao|t}. DNA chip2 A|gHE =9 d &4 v

to] 7}53t northern blot (Alwine et al. 1977)%} differential
display (Liang¥} Pardee 1992), £-A]of ArdeFo] A&7} &
23t dot blotting (Lennon¥} Lehrach 1991), B2 =5 9]
Q&= SAGE (Velculescu et al. 1995) 59 TS 29
sto] 1995 ]9 Al =) &t (Stanford university)o]]
A AL AFRE QT AT AR R SF Hoj| £ull) 5~
N FAAE wWE A7 Yol AT 4= 9= microarray
7)42 RNA $:20] 24 7] Bk ofUj2} DNA 320
Southern blot, SNP (Single Nucleotide Polymorphism)2} DNA
sequencing 7]& S A& £ itk

Microarray 15+ A& A|ZA o2 73317 Yol ot
oJ3l =2 1Wo| o] &F Ll 7]E A o & NCBIC| Nucleotide-
nucleotidle BLAST (BLASTN), Translated query vs. protein
database (BLASTX) 502 7N EE BAEE $HA
S obulicdt W ghlAR WFste] Bela) 2 4 9k
ESF TAIR (www.arabidopsis.org)o| Al A &&= 3714 =
2713 (Gene Search, Functional Categorization, AraCyc Me-
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tabolic Pathway)2 ©|-83}H E3F FAA}L9 7|5 (Td A
7] 9 A2, e, B pathway &)= of 71" i of B 5o
SZ3] & 4= At} hitp://www.tmd.orgo| A A F5F= Mul-
tiExperiment Viewer (MeV)+&= 7} o] o] &3l= T2
© 2 4 Hierarchical trees?} Clustering £-4] 0] 7}53}ch.
_—I_FJJ_ MapMan (http://gabi.rzpd.de)2 A=A F8 path-
way Aol A B3k G 9o W s FA
FAS e Z2IAHE Sk
BrEMD 9] microarray 1+ W& A Q1 Brassica rara (cv.
Chiffu)E o]-&3ff B[ ESHA] AEH 2R A2, UZE, ¢
= 9l ABA (abscisic acid) A 2|7} 9o, WESH AE
Y A= Pectobacterium carotovorum (8|5 S-S ), Plasmo-
diophara brassicae (W] 5 B2 S ¥ 4F), Turnip Mosaic Virus
(TuMV) Hes, dd &A H2s AEA A4 g &
At stopdid A, T3 22 Foed YRE °]
£3}o] DNA chipo] A|ZtEQitt. ‘KBGP-24K™ |2
microarray+= 607 ] oligo Mg 2 EA3}E] 31 24,9637 9]
unigene F71AE AEE 551 Atk o] ZF 19,90074
9] unigene®] open reading frame (ORF)&= o]u] & A 3l
of FuaFel il TR (probe) o= EASHA|TE, 5,063
M =@ &) opuber s oz A zhEldch of 7%
g 2w AES 22 3 w39 microarray £4 A
I} Brassica rapa EST and Microarray Database (BrEMD)oj|
A 7}A] F 117,65370 2] EST A 1}+8} 2414171 9] unigene
o] F7/=E o] At} (www.brassica-rapa.org).

o olo] o

% Chiifu (X]5)} Kenshin (H4))o] I 7]¥o] XA
2 t27] g2of L3 AL Hiet A= HE Ao
B o] 2§84 SRPAE 08 Ao Bk,
1 9 ALwY FAAE g7 skl KBGP-24K

oligomeric chipg ©]-83}0] microarray 475 4343} 3t}

A AEHE AR WHFEF S4S AT 1049 o
B4 A kA Aol Folstdon, ol v Ao
A 7 AEdA APYT SHE A sl 9
MAS (marker assisted selection)&

2 4= 9lt} (Jeong et al. 2009).

I FEAAT FAAE 2A S 7= -
% BrMORN (B. rapa Membrane Occupation and Recognition
Nexus) A4S LEAZ] A4-7F SEEH AT (Lee et
al. 2010). 18]3 AR BrdARPI (B. rapa Auxin-repressed
Protein 1), BrDRM1 (B. rapa Dormancy-associated Protein 1),
BrGASAl (B. rapa GAST! protein homolog 1), BrLSHI
(Light-dependent Short Hypocotyls 1) 372z}l st A9}

W $% A (50K chip)&
(Genetic Male Sterility) 52 A7} A

o] 43t %JZ‘ZM] ! GMs
3 Folth,

SRS RER Y 2 0j2

=

M
of

Astn = A4 w4 18- Biogreen 21 AFY &
T2, dj59 &A% cDNA library 2 Microarrayof 2]3st
DNA chip(KBGP-24 = KBGP-35K)& &850 & #3t
A BE 8 AR (cysteine protease)S BHAFIIL H7|A QD
A S B39 AFFHAAE T=580] Genebanko] 5=
5} th(GenBank No. EUI186317, EU186318, EU186319,
EU186322, EU186324, EUI186371, EU186378, EU186326,
EU186327, EU186328, EU186329, EU186332, EU186333,).
2eE 9 8 AGA Bl SRS 7 binary
vectorof] AFisto] v F=of FAAS A A AFd AT =
g Aol o] §EIL Y= Folth ]9 HE©o] chromo-
bacteria 32 ¥ A4 B A A} (chitinase) L Q1A

ol ek Al -2 -t peptide LL-37 RS 0] 8319
5o Alts W ol A Ale ANd=E Hyst
3l Qlth

AtEaieqy Bt ¥ SY= 23 /A 24

v = A7HESRH S 7HA A E ol A agto]
Astna SA4YEAS Ad A" F5& FAsk=1
o] k. LA AA A7t S Baketr] 9
3l CO, gasAH g & o]&st=t, o] eu9] U3l& EA45}
of YYE olgfist= A7t AEHSL 24 w4 4
Feof 9] A= )k (Hyun et al. 2007). 2L A1}

CO, gass A 2l8l= Wl CO; gaso] W38l A7h=2

Fde] B freshe AR (R gene)= iSOl A=
FAFEEE weUislen o @49E Y FoF At
He AYEA, &2 HFI &3 FESolAN =

th2 Qo] o5 A7HREEA Bt F 4 ok 7

548 At

SREY dFolA= W78 d H=dHd A &+
A2 v Z=cDNA libraryo]| A =3}o] Id vectorS
T3} FA]of Ogura CMS (Cytoplasmic Male Sterility) #|

=237 JAAEQ 37] mRNAE ©]8-3t microarray 54
A342 o7 Ao} v mstel 154 ] $HRY T u >
homologue FZAAEL A3}t [MNDI (At4g29170),
SWI3D (At4g34430), MPK6 (A©2g43790), EXOT0A1 (AtSg-
03540), FLP1 (At5g57800), MYB26 (At3g13890), PEAMT
(A3g18000), MSI (At5g22260), CUT1 (Atlg25450), MS2
(At3g11980), PTL (At5g03680), ASK1 (At1g75950), MYB103
(At556110), MYB24 (At5g40350), USP (At5¢52560)]. 0] %

ARE 57) 24 50| promotere} Aato] of 7)ol
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=9 Foll et

E3E 317] Je) 24-of #oist= CDM37 (Chrysanthe-
mum morifolium MADS-box transcription factor 37)-3- 7% 2} 2}
CDMI111 (Chrysanthemum morifolium MADS-box transcrip-
tion factor 111) A%, sp7dda ARole Alofsh=
LFY (LEAFY) 54 A2} 1 promoterE 2 3}o] of 7| %
ol =AstAAL o] 50l FAEd Hofste & 52
87] wree] QS Frks A 21591k (Park and
Yoon 2007).

84 TR REAF B 1 7

=

SN i A

Phenylethyl-isothiocyanate(PEITC)+= Hlj3=of| 4] glucosino-
late7} myrosinaseo]] o|sf 7pEol EHWHA A== 23
AFHE Q1 isothiocyanate©] 3+ 72 SHFAFAY, T
IS Hol= EZo|th (Fahey et al. 1997; Barrett et al.
1998). Q5 =0 sl AlEZAZ7} 33| 7} = myrosi-
nase”} H-H| %31, glucosinolate”} 7}5=53] =] o] Epithios-
pecifier Protein (ESP) &7 &}o] 9] 3| nitriles, thiocyanate 2
Ba=y, FAAA OS2 Epithiospecifier Modifier 1 (ESM1)
G 9] phenylethy-isothiocyanate 2 23} 50 o] =
n|EFZ =g olo]] £Z]|5}= Glutathione S-transferase (GST)
of 93} Zufj ¥ o] S-(N-pheylethio-carbamoyl)-glutathione &
2 A3 =} (Lambrix et al. 2001; Halkier and Gershenzon
2006; Zhang et al. 2006). 3-8 =2 2] PEITC7} )3 WA &
7] 130l glucosinolate 3}91 pathwayS ZHsHA E=d ©]
9} T2 3}o] myrosinase A A7} TS (over-expression)
AT o GST S8} 9l o) (down-tegula-
tion) ¥l &AM ek w59 wHjE F3lf PEITCY dhFo] o
wo2Ec 2718 S BES A7) 2 dpEo]
o) AaE oL,

Az FA Aol

& R ARG o R Fol o] &5 FaT% A
ZH 1249 U A 19 229 298 75
st AA ZhEolth. 22 ol &3t of71dH e 4

A AF7F =g o) wek 20033 MBGP (Multinational Bra-
ssica Genome Project) S A|Z+O & vj3o] A G7]4d
A AT (FRAAA A7 AAR o7 Sis] o] F
ofZ]ar qlrt. LeE|ar oo grEo] FEXS 4o

A
2 oje] Y5t} A 77]¢o] WEsto] W% &

o =
= o
S

T2 Yol wE Ve AA dFE e At
glos] 1 714 Ea o] Wk gtk ok wE
FAA Aol ol Seyert AAAQ AFAS A
SHEL §A% 4 Qi 2 Aol W 1T %A ¥
S 75 AT AT AU BRHA g 2 4
AR AAE AW G2 WD o5 44 A7
Fot B2 2o o5e] B4 U A4 ol 44
s 287 4 9 Ao® e
X O
—_ A

Al 2 Eer okl o] 7l HAA A= A=Al
HAUD Qe 98T SAA ABRA )5 U
0, 59H §84S SEstel HE Relss e B
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