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Analysis of SSR loci in transcriptome and development of
molecular markers in Brassica oleracea L. var. botrytis L.
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Abstract; [Objective] SSR molecular markers were developed for genetic diversity analysis and genetic
mapping construction in cauliflower. [Method] In this study,24 cauliflower materials were used to analyze
SSR loci of transcription group by MISA software. SSR primers were designed and amplified by PCR to de-
velop SSR markers of highly polymorphic cauliflower. The genetic relationships of different cauliflower ma-
terials were analyzed by using different bands. [Result) A total of 66 450 Unigenes were obtained from
transcriptional data and then 10 715 simple sequence repeats (SSR) loci were identified with occurring fre-
quency of 12.09% and mean distribution distance of 5.9 kb. Dinucleotide repeat was the main type of SSR
loci (51.16%) ,followed by trinucleotide repeat motif (47.37%). Forty-nine repeat motifs were identified,
and the most abundant motifs were AG/CT, GA/TC and AAG/CTT. There were 1 164 SSR loci with
length larger than 20 bp. A total of 6 119 pairs of SSR primers with the potential to produce polymorphism
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were designed and 31 primers were randomly selected for PCR amplification using 24 loofah materials, of

which 17 primers showed polymorphism. According to the UPGMA analysis, 24 plants were divided into 3

groups at the genetic distance of 0. 625. [Conclusion) The large amount of SSR markers obtained can be

widely used.

Key words: Brassica oleracea L. var. botrytis L. ;simple sequence repeat;transcriptome;polymorphism;

molecular marker;gene locus analysis

AHE 3% (Brassica oleracea L. var. botrytis L.)
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Table 1 List of accessions used in assessing SSR level in Brassica oleracea 1.. var. botrytis L.

FE FHRET 3 5 FHRET 3T

No. Name or code Source No. Name or code Source
1 Ji#¢ F Wanhuawang 75 Taiwan 13 K 11E Tianshanxue 7 E France
2 % 80 K Xuebai 80tian JE ] Xiamen 14 NEW P4 70 & NEW qingnong 70tian & 7% Taiwan
3 #AFE 80 K Songhua 80tian &7 Taiwan 15 H-55 &7 Taiwan
4 W% 90 K Wenxing 90tian “ 7 Taiwan 16 i Xuejie ¥ [# France
5 R4 85 K Qingnong 85tian 15 Taiwan 17 PRk 65 K Qingnong 65tian £ 15 Taiwan
6 X R Jiajiale &7 Taiwan 18 B 5t 65 K Xingui 65tian JZ 7 Xiamen
7 223 4¢ Bauhinia H 74 Janpan 19 4K 68 K Nongle 68tian JZ 7 Xiamen
8 w5t Rich tower ¥ E France 20 4 R 90 K Nongle 90tian JZ '] Xiamen
9 4 1E3% Golden cauliflower H 7 Janpan 21 5t 70 K Xingui 70tian JZ ] Xiamen
10 B 5 80 K Lumei 80tian JZ '] Xiamen 22 5t 1 %5 Xingui number one JZ ] Xiamen
11 4521 Green pagoda W [E France 23 B9t 55 K Xingui 55tian JZ '] Xiamen
12 EHHE Xueliya ¥ [E France 24 4Kk 65 K Nongle 65tian J5 ] Xiamen
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1.2 HREABENRB

6B S 2 S 21 B840 Dk U5 T A 15416 A 3 v A
EESRALTREEM Y . I 3 B, BROCHE A0 S A8 A4 B T T
R DR AT o S5 T T O TR R 3 22 G o 3B B 8 )
#EAT RNA-Seq & 5 I 7, M 3843 15. 58 Gb 1Y%k
P LA H A ) 66 450 45 Unigene JE R 1E 25l 75
1.3 #FASSR I A%5

fdf I MISA B X A6 B S5 2 sk 20 % 47 SSR
PR YRR R EFRKEETE 2~6 bp, —
BHR . ZEHER U TR, T RS R
I AR T 6.5,5.4 Fl 4 1K,
1.4 SSR 3|8y B M ERKIE

] Primer 3. 0 38315197, 51 93 1 bR
WEH (DB B 18~20 bp; (2)PCR =4 100~
300 bp; (3)iB kI E (Tm)55~65 C, . FiHFsl¥
MR KR EZSFAKT 2 C; (HOHGC & & 402 ~
60% 3(5) ARl A B B — R AR B L R Sk 45
U A SSR A B A 3 X5, A6 119 Xf
AWM E 2B ESI W 5 BEALIE 40 X, i
AR R A R A A 5 A R. fE 20 pl
PCR & Z . % 100 ng/pl DNA Bifz 1.5 pL,
10X PCR Buffer 2. 5 pL.10 pmol/L iF [ 5| ¥ 1
pL 10 pmol/L M54 1 pl,10 pmol/L ANTP 4
pL.Taqg DNA fiff (5 U/pl) 0.3 pL.IA 9.7 pL
ddH, O #b £ 20 L. PCR 4" 3 78 ABI #4445 ¥f 1Y
(Applied Biosys- tems, USA) Fi#47, K WA T N .
94 °C 4 min;94 °C 30 s,54 °C 30 5,72 °C 1 min,35
AMEER ;72 °C 7 min, 4 CARERARAE . LUK S 47 B0

%2 PCR Y4 H1E ol .
1.5 #ESIT

4 PCR 93 1y 1% 47 5 B A EXCEL %4k
U0 — 1R . 3 I3 b v B Y L R] A Y
HEARIC N 17 AR TR L A 1% s i s AR 23 BEAS
IS AR IE 407, Rl A NTSYSpe 2. 10e,
W B e A R T O AR W e AR R AR SR Y
1% IR B L s A RIS G

2 AR5

2.1 MERFAP SR LEHHBEESH

T MISA A Xof 46 40 252 % s 411 66 450 2%
Unigene 3[R 531 U751 B K &k 47 671 150 bp) #F
17 SSR 825 , £4'8 036 45 Unigene 3 [H £ 4 414, 4t
ARG 10 715 4> SSR 7 s KA AR (5 SSR 14 5 [
BE BB ) 12. 09% . H B %
SSR #H 5 MIEN Bz )N 16.12% ., HrpH 1
/> SSR {3 45 1 Unigene JEPH A 5 950 4, £ & 45
SSR i &5 f) Unigene £ A 550 4>, F1 5.9 kb H
1A SSR . M3 2 A LLE RS i skl
SSR HEE KA L LI E 5 KT 5 1 B 5 e
B A 1494, (5 2 SSR BriEE Y 31.32% . HIKH
6 M 7T RELJFH]AMKKA 1 117 41 602 A, 43
W) 4 SSR B 30. 44 % F1 16, 41% . M H B S
FORF TR B =R R LT L B R i
ELHM IR RE ST RSB EL LA, A
SSR [ 51. 16 %0, i = #% # B T & JE ¥ 5 & SSR 11
A7.37%,

x2 TLMEESTSSRMESEXRE HEENHME
Table 2 Repeat type,number and frequency of EST-SSRs in cauliflower
A A # 5 B Repeat number Bt HBl/ %

Repeat type 5 6 7 8 9 10 11~14 =15 Total Ratio
¥R Dinucleotide 0 657 435 308 243 177 57 0 1877 51.16
Z AR Trinucleotide 1103 453 166 14 0 0 1 1 1738 47.37
PUA% R Tetranucleotide 34 6 0 0 0 0 0 40 1.09
N R Pentanucleotide 8 0 0 0 0 0 0 0 8 0.22
NI Hexanucleotide 4 1 1 0 0 0 0 0 6 0.16
EiT Total 1149 1117 602 322 243 177 58 1 3 669
It/ % Ratio 31.32 30. 44 16. 41 8.78 6.62 4.82 1.58 0.03

2.2 HWMFEEFREASSREFWES LKBMF R
fiE
AL SR 5% S 24 SSR A% 1 IR 3% )y 11 8 &2 28 Al
K10 715 4~ SSR 7 4541 & 49 FhE & My, Horp
TR 3 B S AEERER 20 R DU TR 12 FbL T
AR 8 Bl ANAEAFER 6 Fh. /0 A MR (% 3) KW,

WIS RRZ N T RELZLBE AG/CT |,
TR R E G T BN 77, 14%, 4 B SSR 1)
39.86% ., M= IFMRE L ILITRAE BRI £
M2 AAG/CTT, i = #% # R & & 57 B3
22.56% 5 8 SSR %9 10.57% , A, PUAZ TR
L ACAA/TTGT f1 AAAC/GTTT HH K ¥ N
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SR 2000 TR IR R 5 Rl AT O
r%  CAAAG, TCCGT, CACGC, CGAAT, TG-
GAC,TGATT.TTTTG.CTCTT, /i SSR i %1

0.22% N AF R | B 3 F 4 9l 8 CACACC,
AGAGAC. GTGCCG. CAGGTG. TCATGC,
TGAGAG, 5 # SSR ¥t 0. 17% .

F3 AWMEEFRESSREFHFARAESEF HIAMME

Table 3 Occurrence frequency of different microsatellites motifs of cauliflower

HR KT CIW-E 950 Kk e/ %
Repeat type Repeat motif Number Ratio
Z#% 1 # Dinucleotide AC/GT 166 4.57
AG/CT 1448 39. 86
AT/TA 263 7.24
= #% 1/ Trinucleotide AAC/GTT 88 2.42
AAG/CTT 384 10. 57
AAT/ATT 56 1. 54
ACA/TGT 49 1. 35
ACC/GGT 56 1. 54
ACT/AGT 65 1.79
AGA/TCT 201 5.53
AGC/GCT 64 1.76
AGG/CCT 174 4.79
ATA/TAT 22 0. 61
ATC/GAT 106 2.92
ATG/CAT 65 1.79
CAC/GTG 24 0. 66
CAG/CTG 56 1. 54
CCG/CGG 45 1.24
CGC/GCG 32 0. 88
CTC/GAG 90 2.48
GCA/TGC 50 1.38
sCC/GGC 19 0.52
CGT/TGA 56 1. 54
U 2 Tetranucleotide AAAC/GTTT 4 0.11
AAAG/CTTT 3 0.08
ACAA/TTGT 4 0.11
AGAA/TTCT 2 0. 06
ATCA/TGAT,.CTTC/GAAG,GGAA/TTCC,AGAC/GATA, 97 0.74
AGGG/TTTC,CAAA/TTTA,ATTC/TGTT,CTCA .
TR W Pentanucleotide CAAAG\TCCGT\(}Aﬁﬁ?]&g%ﬁ((j}{iér”{[:”[‘(}(}AC‘TGATT\ 8 0. 92
NH R Hexanucleotide CACACC,AGAGAC.GTGCCG,CAGGTG,TCATGC, TGAGAG 6 0.17

2.3 TEHPEFE R H SSR BYAT A EVEM
ZBVEE R K 56 SSR ARid 2 A FH I b
Z " BB R, KT 20 bp E R JFIIA
B 2850 EE PO EAE 12~20 bp B R M
A ZBME PN T 12 bp I 2R B AR
2254, AT W SSR (7 S B R P S K R H £
BESMRMEERZR . Bl A5 E kL
THHKE/NT 12 bp B SSR i 5. NE AT UFE
LK EEAE 12~15 bp 9 SSR fii S £ . A 3 310
A b B SSR 7 S A 41.19% 5 K EE/NF 12 bp (1)
SSR i 545 2 329 4>, /5 4 SSR 7 S8 28. 98 %
KJETE 16~19 bp B SSR {7 A 1 2334, i 4 SSR
PR 15, 34 %05 K BE KT 20 bp Y SSR i fi A
11644, Hh K B2 KT 23 bp ) SSR i S A 592

Ao i B SSR L RUBIY HL R 7. 3700 K AE 20~
23 bp 1 SSR L A1 572 >, i & SSR 7 s B Y
71206 X PR ST SSR A HAT F R Z M.

1 BMEHERASSRUSEEFIINKESH
Table 4 Distribution of length of repeat sequences of

SSR loci in transcriptome of cauliflower

K% /by SSR (AR T ECB

Length Number of SSR loci Distribution percentage
<12 2 329 28.98
=12~<15 3 310 41.19
=16~<19 1233 15. 34
=>20~<23 572 7.12
=>23 592 7.37

2.4 TEEREFRA SSR 5| MMt 5iFiE
AR 518 B B ) A 5% 1R BT X 8 036 454
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SSR i S B AERE S Unigene £, e & BN T
6 119 X & bric 51 9. BEALPkIE 40 X KT
20 bp HAE& 2~6 MEEFHIMZITRTI M7 6
. WEEARE TR SRR E R D
IR S AN R T A JE T 1 SSR A A5, R 3% & &R
CPRA 65 K7 DNA #EATH 1S, B ik 51 ¥ 9 A %L

M | 2 3 4 5 6 7 8 9 10 11 12

500 bp

250 bp

100 bp

M 25 26 27 28 29 30 31

500 bp
250 bp

100 bp

M. DNA Marker;1~40

&1
Fig. 1

2.5 MEHEFRASSRIIVHETESF
TEIC 24 fy AE B =4 L, FI R 0 % s 1) 28 X5
WUHA T EST-SSR 51 ¥t 17 Z2 BN 45 R B
ANGH 1T XS (R S) BEYTHY 2 Al . b el
60.71% ., BXTGIM =AM EZEME R B 1~4

32 33 34 35 36 37 38 39 40

PE. G REW] A 31 X SSR 514y Al 4 1t 25 (&
DLCEMY Bl 77. 5%, 78 31 XA Y 5
Pref .45 28 Xt (90. 32%6) A PCR ¥ 14 7= 4 5 Wi K
INFASF AT 2 X (6. 45 %0 38 P K B e a1
1 X514 (3. 23%0) 4 34 7= 9 /N F i .

13 14 15 16 17 18

19 20 21

22 23 24

4 SSR 51 ¥4
M. DNA Marker;1—40 were code number of SSR primer

AEMBZE 5 s 4 40 Xt SSR 5| 914 2 v Y 48 56 4iF

Amplification of 40 pairs of SSR primers from cauliflower transcriptome

Ao 17 X513k 35 A1, o 2
29 A XIS 1.5 N EBEMA. 51
8 (HHCSSRS) (1§ 38 31 4l [ WL 181 2., HoAth 51 9y 19 4™ 4%
Pl T s

RS 1T HEMESEMESSRIIMER
Table 5 Information of 17 pairs of polymorphic SSR primers developed from cauliflower
EIEZE &2 S5 (53" SSR 1€ P /bp
Primer No. Primer sequence (5'—>3") SSR motif Length of product
HCSSR1A ROATTCTTTCCTTTCGOGOAT T (GG, 268
HCSSRIT R GACGOAGACTOAAGGCTTTG (1o, 261




90 PEAL AR ARBL K2 2 iR (B ARE D 5 AT &
2% 5(4) Contiuned Table 5
IR/ A= B FEF (5" —>3" SSR #75 Y/ bp
Primer No. Primer sequence (5'—>3") SSR motif Length of product
HCSSR3S RLGTOGTAGGCTCAGGAGCAAG (TG
19 20 21

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 22 23 24

16 17 18

M. DNA Marker;1~24 JAEMBSEM B 455« a5 %F b f Fp 5 3% 1 R, F &R

DNA Marker;1—24 translation of cauliflower material number,code names are same as Table 1,the same below.

B2 514 S(HCSSRS)TE 24 ATEMEIEM b i 2 5 1%
Fig. 2 Polymorphisms of primer 8 (HCSSR8)in 24 cauliflower germplasms

AR 17 X 2 5P SSR 5191 22 i 47, %) 24
Ty ACAB S i B HEAT R 3 B 45 2R (I 3) e B L A 3t
LB B 0.625 Kb, 24 y #RE AT 8% 43 o 3 RS HE,
51 BB 18 AR, X 18 iy bR AR 3t 5
R 0.50 Ab NS R 3 WKL T R 1.7.2,
10,11.3.6.9.4.5 F1 8 54 11 A>f flr, Horb i b 1,
3.6.4 F15 RIETHE, A 2 110 RIE T,
a7 R 9 SRR T H A, SRR 8 R0 11 SRR TR
552 WAL 12.15.13.19 F1 20 % 5 A~ fh Ah, Hop
12 R0 13 SRR T, AR 19 R 20 SRR TR

—_—

1 dh Bl 15 51 M FEWE. % 3 WREF 2 .
fn Bl 22 A 24, HiX 2 A ah Rk BT . 5 2 260
A2 AR AR LA RN LT BOR A BT, B3 KR
A Gy R L 350 0 16,1821 1 23, Hov i i 21,
23 M I8 R AT ah i 16 Ok Ak . MRAEER
HKE KRB A 7] — Mo DX A b Ff SR A — . X AT &
sin B 3B BB A 0 A s oA — iRk B
BB AL A S H A 5 AF E K a6 Fp R AE— R X
55 4 DX [) R B 5 Rl A R

N s O W— O3~

e

0.25

0.50

0.75

&3 24 AL B UPGMA R XK
Fig. 3 Cluster diagram for 24 cauliflower tested by UPGMA
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AT 5 0 FH A6 B0 2 e 53 4 AR 0 2 B A5 8L O
KT 66 450 & Unigene %A, H o 8 036 4~ Uni-
gene Kk [A & A SSR i 5. SSR i i & HE 40 R Ny
12.09%, 4 Rm T SR 4. 69%™ | ¥ &
5.57 6 BAR 7. 8326 (N 9. 52 %61, (H B AR
TR A 3 160 82%M | B #ME 12, 35060 0 Bk
15. 62 %7 FH L 16. 49%P . AR 5Y 1 Unigene
JPgl 2 5.9 kb g &K B 1 4~ SSR {5 = T
PEAN B R A L X Ul B AR BB SR ) SSR
PRid BB £ E . A RBFF H SSR 7 A % B Al
BTN TR] S 3X AT BE 5 R S R A A S
Ko 8 K/ L Unigene J3 51 50 f K B DL & SSR 48
RIRMEEHE Z AL, AR E B, EC &
1) SSR FRicd H, DL A% H IR M = 1 B2 SSR Fric i
FEES L ARWE Y & B 7E A6 M 3E T A Y SSR
BRI G ERMANEL LT RN B
B2 R = % AF R, 4y il (5 & SSR ) 51. 162 AN
A7.370% X H5ETAFES RV R AN AT g
TEBEX LIRSS R -8, EOETRE R
FErR L L GA/TC Al AG/CT 4 2870 B i Ik %k
S EAPr R e O SR SN K 7R 3 R ]
SECAHAT . TE =B RER BT . L AAG/CTT
WL RAN T XGPS L AAG/CTT 2y
R R A A R B ST A R A ]

Z AR 2 SSR ARG H AR I — 4> H B H 4R
bro BIABFIERBL. SSR #ric 5| 2 55 &
AR ARG, 28 S sl R EE T
GE K . AR BESE & B, fEAE SR SSR i 5 R A
1 1644 E 5 B P K B = 20 bp. fifi HiX £& SSR fi;
HU7AE SSR 5] REAS B K & 5 2 A E Y SSR R
id. AKX 8 036 2555 SSR i s 1) Unigene
FE B 519, 3645 6 119 %F SSR 514 . F FHBEHL &
BCH 40 %F SSR 514, A I AE AR = i & © PRA 65 K7
() DNA B Uk HoA R R BA 31 X 51 ¥4 38 AF
B EOR BT RY I AT T A 9 X, X AT AR
551918 JOR BE S0A B 1 BB A G, 7R 28 X5 i
WK/ —S 5 ikt 17 X B3 28 M5
Y, 225k B R 60. 71 %6 AR T2 JR73.33% (1
mT A 55 9N A H k2 38 1IN g H
330053 5 5 WA B Bl AL A R SR R A ) B
AH—ERRRT 17T 2B M EEFINK
JEAE 21~25 bp,¥)=20 bp. X EIE T /i A HFFEES

R,

MU 17 XF 22 5 5 1 % 24 15 FERR S i A 2EA T
RAED KB ALBAL B 0. 62548 Rt 24 13 £
SRAR B IY R 3 R B AR RO — 8L LT A
ol P B T o R A T AR Al PR B R, DR H AR
I ] o P R AE R T/ R B 2 5 B
BT b Fif 3R hy — 2 3 ] RE -5 M dek 8] A9 A EL 5 | b i
JHE DR BRI AR G o {ELIX A 150 B A8 S Rl o U 0t
e 28 S AR PR AE S ik 7 S A 0 R AR BB R b i Y
U o ASBIT TS RE LU BV Al M ) IR H 24 A4S AR S B4R
6] F) 38 1 20 RE R I 0K 5 5K AR L (H A BEIR M AT AE
T8 S S TR T2 U i AL D M B AL SE R MR 2 2
14 73 bR 3 F0 PR I o A AR A

AWIETE K B AE R SR 4 SSR 51y i B R
ey HLAR RS2 6, al o A6 1 D B2 20 L 0 T4
A B B Bl g A 2 RETE IR BT L H AR D L gt
e Vel i 22 ol S WF 5 AR AR e bl
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