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W FE AWK ¥ (Brassica rapa ssp. pekinensis) 182 703 4% #3155 bR (EST) A FE AU, 7640 BT TR 75K 1 33k
[RI2H o A B Al b, R PR — L R4 1 A2 (unigene derived microsatellite, UGMS)FRic# 5 T L it Bt . 45 KM, 7E
FIF 182 703 4« EST HHHl1 38 753 MR —JEH T, 4881 NEH 5537 M BAE, HEE 12.6%. &A1 10 MMEBE
338 K AN N T 4 ti K (Bacterial Artificial Chromosome, BAC) 5t 5 544 & 2 252 4~ UGMS Fricd . 344 BAC it
6.7 1 UGMS, X% UGMS ARic BN TE B 10 AMEBURE R BB ik d, SN 11701 M. BEASEBURE 070
1 107~485 > UGMS Fric. 7 2 252 > UGMS Fric, 837 MNAEFERBErR BAG M1 f, 756 MWL, HAMEHE 3
ANER 3 AL AT . XL AT UGMS FRICAT T [ — S E BT R FREBTRE P .
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Abstract To study the distribution of microsatellites and to in silico mapping of microsatellites in Chinese cabbage (Brassica rapa
ssp pekinensis), 182 703 expressed sequence tags (ESTs) sequences from public database were analyzed. Among 38 753 unigenes
assembled, 4 881 (12.6%) unigenes were found to contain 5 537 microsatellite. of 5 537 unigene derived microsatellite (UGMS)
markers, 2 252 were anchored to 338 Bacteria Artificial Chromosome (BAC) clones which were mapped on 10 linkage groups of
Chinese cabbage. Based on the linkage map of Chinese cabbage, an in silico map of 2 252 UGMS markers was constructed. In silico
map was consisted of 10 linkage groups, covering 1 170.1 ¢cM in length. The number of markers per linkage group ranged from 107
to 485. Out of mapped UGMS markers, 837 had unique position on linkage groups, 756 were duplicated, the others were either
triplicated or more than three copies. In addition, the duplicated UGMS were located on one or more linkage groups.

Keywords Chinese cabbage; Microsatellite; Unigene derived microsatellite marker; in silico mapping

MRE=

LEEEFh(Brassica rapa) & 25 2 @I P i ol
LPIRIZ —, e WEPEEMEY) B2k
P,omLE SR, 4R RCRPURESILTE
FEH BT P KASE. BRI 0 A A  E
R T A B K R R S A

HAT, T KA TArid £ 2 A RFLPs
(Restriction Fragment Length Polymorphisms).RAPD

(Random Amplified Polymorphic DNA) . SSRs
(Simple Sequence Repeats) 1 AFLPs (Amplified
Fragment Length Polymorphisms)% JLFIZE%!, SSR
o4k A2 (microsatellite) /2§85 1~6 MR & A%
1 A LA 22 O 52 R IR AU AE R R AL L — By
Ho H1TSSRARICHA Z &M BILEIEwE .

SN B An) iz 5 FHIPCREL NSRS /i, C
2 N T AR A B R A% 22 B 1 ST 9T (Powell et
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al., 1996). WK, LK SR ALE 51 4 Hepl I
KT 1000 2NSSRARIL, FH K A3t 1k K1
44 (Suwabe et al., 2002, 2006; Kim et al., 2006;
Choi et al., 2007; Kim et al., 2009). X E6F5 0 #5230
Ik ST AL RN 7 S5 AL e J7 VE T R AL R 41SSR

K SERIE P HIRRZE I KR TBCI T TR 126
B S X B SSR ¥ 73 41 FIEST-SSRAR T 19 T A& it T
F & P YR  ARESTHWE Erh AR 2 LR P14
S — A7 sREST-SSRERC I EE T K. XEEIUR
EST/F A ] SRS D e s — K 41, B A — ik
[Al(Unigene, http://www.ncbi.nlm.nih.gov). U17KF%H298
8O MNESTHFAIHHE 33 7224 —JE [H (Parida et al.,
2006). K, F T B —BE PR )5 1 AL (Unigene-derived
microSatellite, UGMS)bric AMY AT LUEE G D) BEFR1C 1)
HEIFR, WAFFRGAOARA B ME— I UGMSHRIL
P4t T nf fE(Parida et al., 2006). Parida:(2010)F)1
KAZEA—FEITF A T 347NUGMSFRIC . {HIXSEFR
AN PR TR S B HEA03FTA09

T 50 3% W 25 8 S A0 10 3 o S 8 M 1y B A 3
K2l I fE7E 3 /N5 Ul (Lagercrantz and Lydiate,
1996). Yang“5(2006) KK FH S IERIH L ) T =%
e fE, IR Gt o v B . £
JE R X Bh 2 A5 1 5 80T 2 B0k DR B DL
YN E PSR SER N VA= Wiy =K

AW E AR K A SRESTA L5 E, O
HTUGMSYE K SR BRI R ) 0 AR, @Rk

e B WPNEPE: R 2Nl WV i

F2EUGMSHRIC B Tt 1%, G2 HTUGMSHR id
(PRI Ao TR IT &G HKs o 2 B K 1 SR s AL AR
Sy BECHLEL ., FEDR AR e B T 2 0 1 B Rl AL
Herdi.

14K 500
1.1 KA¥X UGMS 4> Fisfi%
MNCBIA HLH 23k 43 182 703 45 K FIZKEST
JPal. &R, AR 38 753 4k
R, RAKEA 26.5 Mb. FIFIMISABATR I F] 4
881 4 —JLINS A 5537 MR, s —FE
(1) 12.6% (& 1). HH 591 ANH—JERSH 2 a2
AL TR A 5 537 AN AR T, 52 4 FISSR
5261 A, SETIERIBIT 50 266 110 4.
TR E N 4.8 kbe fE— BT ER
i, TR SRR E S E SR, i S
48.7%K1 47.5%0 XA, WY, SNHTURZIR
W, KIRHK 2.4%, 0.9%,, 0.4%7F10.1%.

1.2 RERHRFHfE B R h e

Wit 4 881 45T SSRIFHL— LK HIX LEBAC KT
B 7 5 B R LT, AT R BT 338 IMBACH
BEfLEr 2 252 NUGMS (% 2). HLHEHEA03 Al
A09 I A I Z MBAC Y, 454 58 Fl 67 4.
REA AT AT 1~35 DM 2, WBAC T B
KBrBO68E07 ¥ 35 MU PA. FHMABACHH
6.7 MUGMS.,

Table 1 Distribution of unigene derived microsatellites in Chinese cabbage

WA B ()
Character under study Number (Perceantage)
LR JISPSE 4 38753

No. of unigenes

LI TSRS S 26 487 610
(bp) Size of unigenes (bp)

 SSR )L JEA 4881

No. of SSR-containing unigenes

SSR &3 5537

No. of identified microsatellites

SE47 SSR L —JE N R AL 4653

No. of perfect SSR-containing unigenes

524 Je 2 ALk SSR B FE DN Ak 591

No. of unigenes containing more than one microsatellite
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gk 1
Continuing table 1
WA K (F )
Character under study Number (Perceantage)
5E42 ) SSR MK 5261
No. of identified perfect microsatellites
A7 SSR MK 266
No. of identified compound microsatellites
()75 SSR A4 10
No. of identified interrupted microsatellites
Hlz R E S S 135(2.4%)
No. of mononucleotides
TRERES S 2 696(48.7%)
No. of dinucleotides
TR ES B 2 627(47.5%)
No. of trinucleotides
PUAZ IR T A B 48(0.9%)
No. of tetranucleotides
TR ERES S 8(0.1%)
No. of pentanucleotides
VAVE RSNV EIN-RET ) 23(0.4%)

No. of hexanucleotides

%2 KAREAL T UGMS Frid 170 A

Table 2 Distribution of UGMS markers on the linkage groups of Chinese cabbage

EBIRE BB BAC % UGMS % UGMS #/BAC WL T B

Linkage group [ ength of linkage No. of BAC  No. of UGMS ~ No. of UGMS per BAC  Length of in silico map (cM)
group (cM)*

A0l 146.3 34 228 6.7 146.3

A02 98.5 33 213 6.5 98.5

A03 162.2 58 424 73 139

A04 85.7 18 107 5.9 77.7

A0S 1533 21 149 7.1 120.7

A06 141.9 31 195 6.3 141.9

A07 121.2 27 147 5.4 1212

A08 119.6 32 155 4.8 90.9

A09 I51.3 66 485 7.2 1513

A10 91.3 18 149 8.3 82.6

B 12713 338 2252 6.7 1170.1

Total

i *: http://www.brassica-rapa.org

Note: *: http://www.brassica-rapa.org

4 TWF3p itt4& [&]i¥%, FH Mapchart 2.1
R T KA T (K 1) B SKEE N

1170.1 cM (3R 2), A0 2252 4~ UGMS Fxid.
EBEE AOLI-A10 2 JI AT 228 213, 424, 107,
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Figure 1 In silico map of Chinese cabbage

AL BT S UGMS %

Note: The genetic distances (in cM) are indicated on the left of linkage group, The names of UGMS markers are given on the right;
Anchor markers are presented in bold, The number of single-locus UGMS on each locus are presented in parentheses

1441



R 2011, KIS LR BT BRI T 5, 4 FHIETRE Vol.9 No.59 (doi: 10.5376/mpb.cn.2011.09.0059)

oA 228 1~ UGMS [ A01, 7 111.3~146.3 cM
Y NG UGMS ARid 0 TR BRAE 20~30 ¢M 1]
2 AN, 3H4AL T A07 1) 0~20.1 cM AT A09
1 129.6~151.3 ¢cM Z[f. fE 15~20 cM JEHEWN T
UGMS Frid 3 5 4b. Hib A01 1 4~ A03
1. A6 [ 14> AO7 [ 1 MATAL0 11 1 A4
AR, FRAE AR BBt UGMS Arid 35X .
WIAE AO3 [£] 32.8~42.7 cM WAZAE 54 /> UGMS Fric,
FEJEE 1 M 474 5.5 1> UGMS.

1.3 UGMS e fE R HRERATMES

WK AZE 10 ASEBTE B iC 51 1 5
YEO AT, FRATRIAE 2 252 A UGMS Fric, 837
AN RN P . EEBRERH 20 30 4 4
DL EDEECAT s (RARIL 43 BA 756+ 249+ 136 F1 274
A, IHZ HZAL A UGMS. 247 5 UGMS K
TRBCN 2~77 IR, “PIEZIRECH 2.7, EE 41K
LA UGMS . Faic 359 [R] it B[R] — FAS [R5 48
(K 3).

R 3 ZALRUGMS K SR A AL (1 H AL

HRYE UGMS Aric A6 B (A7 B o0 A1, 44 5
SHILIARC R A 3 35 43l T35 el —i&
BB 2 B ) UGMS; 1126: ANEREBREF 2
WHES M UGMS; T 78 Al — 3 BURERIAS [FE 85
e R E A 2 UGMS. [ 28 UGMS Frid e
FAEBRHY A, S 213 A4 HA e A09
A 97 4N, A0S LA 24, TTZEIH 705 4~ UGMS
Frid, 5 2475 UGMS ARt 49.8%. Hor 2 (K
Hbrid i 2 (578). 11125 UGMS #ric S 497 14,
B2 AR 35.1%. Horr 4 DL EER T
UGMS bric A3 374 A~ L7 &I U_01_001 &
st il i S IR BOA B 77 IR, AT 10 A
ERHE. b A0 TR Z, 15 12 4 AO4
g, U 4 N8 2). ThRETIN 45 F W/~ iZ L A
% R IR IR 24 A I (Pectate lyase), AT (EHEAEH) A
RFNARHD AR . oA A A A0 B e 13 1 (W
etal., 1996).

Table 3 Duplication of multi-locus UGMS on the genome of Chinese cabbage

TR KM A0l A02 A03 A04 A05 A06 A07 A08 A09 Al0  RiF(HH)
No. of Class of Total (Percentage)
duplication duplication
1 93 80 173 42 6l 86 67 49 120 66  837(37.2%)
2 I 280 12 24 8 2 10 4 16 68 6 178 (7.9%)

I 49 42 103 22 51 58 43 53 109 48 578 (25.7)
3 I 0 6 0 0 0 0 0 0 210 27 (1.2%)

I 13 11 18 7 6 4 5 11 16 8 99 (4.4%)

I 9 16 33 4 10 3 5 8 35 0 123 (5.5%)
4 I 0 0 0 0 0 0 0 0 8 0 8 (0.4%)

II 4 3 6 1 1 3 1 1 7 1 28 (1.2%)

I 9 9 13 5 2 11 4 4 40 3 100 (4.4%)
N/ I 23 34 54 18 16 20 18 13 61 17 274 (12.2%)
More than 4
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Figure 2 Duplication of pectate lyase in the Chinese cabbage genome

2 1

AWEFEH K AZE 38 753 4o —FEMBET SSR
i, L3R 5537 4 SSR. & SSR [ HL—FE[A
B L 12.6%, T Al X A A
(2.6%~10.6%) (Kumpatla and Mukhopadhyay, 2005;
Sharma et al., 2009)F1 24 1A H)(1.5%~4.7%) ] b
# (Kantety et al., 2002; Parida et al., 2006), SSR £ K
S s e g 4.8 kb B 1 k. 4 RS KA
SR AL HI T SSR (1) 43 A % 5 (1/4.7 kb)AH AL
(Hong et al., 2007). Parida Z5(2010)4 Fil K 113% 4 353
AL /BT T SSR oA, g5 R R SSR 1)
OIS N 1/3.8 kbo 1% % J& 5 T AHEFTI 1/4.8 kb
T REE B — BRI T B A SSR ) S b v
- CEP

I

H AT, A A4 SSR #7225k Kk [ sginifk

1% (Suwabe et al., 2006; Kim et al., 2006; Choi et al.,
2007; Kim et al., 2009; (%%, 2008). Parida %
(2010)%F 193 F1 90 4K EH3E UGMS #xic 73l i€ A7
7E A03 FIl A09 Hettfhk, (MR LA H ThREARIC a0
UGMS o ic P S 75 25 K 1 25 22k DR AL st A P o g
58 AWFFTAI 2 252 4> UGMS bric i T 7 o5 K
F3E 10 Sq R A KIS . 2B s
IPER R EL LT 15 oM KRB, 40 A0l 3%
Wi U 01 207-U 01 228 [EJAYEIBR. XA2EHT
JWE3p 54k B 3 A (0 A I DX 3 A0 A7 £ 488K 1 TR B
M5 R (H K L R4l ) 72 745 SSR 4§
LRI SSR FHEL S i AR E ALY 3 285 4> UGMS A
s AR ) (183 70 ) B DA S gk — S0 R Sl R 1) v
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JE A% B AL T AT RE

S5 L JE A AN [F) o ) 2 B0 L I DR ) v B ) s
(Lagercrantz and Lydiate 1996; Parida et al., 2010). I
KAFGHBER M2 H) 88.6% KL HL AT [yt
(Parida et al., 2010). Kim %5(2009) 30K 121413543
ettt b Wi e SR AL A7 e 2 B 3 IR . ANFA
WA TIEBUE ) UGMS A0 51 I RIS E 45 #7
MR, #E—PUrse T K AR 24 NS .
EREERIR ASE UGMS HLFistfE e, 62.8%I1)
UGMS Fric 247 5 UGMS. b 2 47 £ UGMS
Frici£(33.6%), HCh 3 A7A(11.1%), 4 A7 5L
L UGMS (5 2 UGMS HUE 1 12.2%. IXEEZ2 AT 14
UGMS bric 8 5 T K ISR SE N 4 .

K% UGMS Arid fESER A i ER IR
X SR F AR e Gt R A B E— 11 . B UGMS
E L7 i R Rl (VA S {7 N[ UERT Y TN AR 258 LG EER N
FIAEE . BRI, 247 5 UGMS i ASAEdERA N T
AN R IR 1)) Brivk = O\ R (S K o DAeh AN RN £ i K
T PRE o XL T BTt T B DR AL 1)
SEARICEAAT AT SSR Fiid. ARHE K F3E TWF3p 1ot
fEEEF BAC SehEMITH], AWFFCILAM 2] 837
AN AL UGMS FRic o 75K S A 3 R AL 7 71 3
Jei s IREEARAL I T B AT R o

3 SRR 7 1k
3.1 FFFIRE

2008 4 11 J 12 H #6345 NCBI LK 3¢
182 703 %% EST J¥%!/(http://www.ncbi.nlm.nih.gov).
eSS I K SRR N S B PN EA I S o
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Sequencing Project) A A ] 499 4~ K H % BAC
(Bacterial Aritificial Chromosome) ., [% 5 %
(http://www.brassica-rapa.org). XLt BAC ol 53]
R TR S IWF3p A& i (1) 10 AN &8

3.2 EST Hikb#

F|H EST-trimmer (http://pgre.ipk-gatersleben.de/
misa/download/est_trimmer.pl) 2[5 5 ¥ A1 3% 50 bp
P ESLIRECRT 5 IR poly A/T, XfF-KF 700 bp
(17 HER I 5735, 7T 100 bp 7205 Bk .
X, FIH Seqclean %[RiVGHTH, HIFHEAAT
(ftp:/ftp.ncbi.nih.gov/pub/UniVec). ML_AAFIZE fi 14
J7 %1 (http://www.arabidopsisi.org/).

3.3 EST #tE s —E R MIkE
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B JEPR] (L) G SR A i e A R R S
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3T o

3.4 P EMFRHIE
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TRATRRESZIRECH 6 UL (B 6 1K), —.
WU, AN IR 5 LA B 5
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o B (AD3(CT)7] A1) W7 L[ 50 4 (AT)
6CA(AT)5JUGMS.

3.5 L Fig 5 B il 2
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1T B RIDEPE 73 B, 8% AL 75 SSR JP 41 A5 X 1)
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SSR J#41)>100 bp. MM RLER, FHESE 14
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F Mapchart 2.1 #AF R EEK 12 UGMS HL 115 4% 5]
W, FF T UGMS Fric /e K R 10 ANIEBTHE 1)
AR, UGMS Arid 48 U XX YYY (XX AR
FIEVHE, YYY FRE75), W U_03_102 183 A03
AR 102 4~ UGMS. 18 10 &SR, fANIE
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52 bRt (Kim et al., 2009).

AR AR R R ks 2 1R
P i ik DY, R AR RO R A T ORI
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