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Genetic diversity of Chinese cultivars in Brassica
napus revealed by SSR markers

SONG Li-hong,ZHI Wen-liang, L1 Wei, HU Sheng-wu

(College of Agronomy s Northwest A& F University ,Yangling s Shaanxi 712100, China )

Abstract: [Objective] The study was done to reveal genetic diversity of 66 recently registered cultivars
in Brassica napus from four winter-type rapeseed regions in China. [Method) Twenty-four pairs of SSR
primer were chosen to analyze 66 B. napus cultivars registered after 1999 and four hybrid combinations in
China. Principal component analysis,Shaanon index, Simpson index and Amova analysis were combined to
reveal genetic structure of all tested varieties. [Result] In total, 104 fragments were detected with size
ranged from 100 to 600 bp and 86 were polymorphism,the polymorphism rate was 84. 61%. On average,
cach primer pair generated 4. 3 polymorphic fragments with polymorphic rate ranged from 50% to 100%.
The genetic similarity of 70 B. napus accessions ranged from 0. 40 —0. 93, with average of 0. 63. Principal
component analysis revealed that all varieties scattered well in bi-plot,and accessions from the same geo-
graphic origin did not group together. Among four winter-type rapeseed regions, varieties from the middle

of Yangtze valley had the highest values of Shaanon index(1. 593),Simposon index(0. 732),and average
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number of pairwise differences within population (0. 343 1). AMOVA analysis indicated that the compo-

nents of variation within populations and among populations were 96. 74 % and 3. 26 % ,respectively. [Con-

clusion] There existed considerable variance among recently registered B. napus cultivars in China. The

component of variation within populations was dominant among populations. Varieties in middle of Yangtze

valley possessed the richest genetic variation in the present investigation. The present investigation indica-

ted that rapeseed genetic resources were extensively exchanged among different rapeseed regions in China.

Key words: Brassica napus L. ;Genetic diversity; SSR
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Table 1 Name,origin, type and registered year of rapeseed varieties used in the study

9 b il 44 B KU HA o A
No. Name Origin Type Registered year
1 ‘iHMJ}F 1707 Youyan 1707 M Guizhou A2 Fh Hybrid 2008
2 Z% 1 % Ningza 1 VL5 Jiangsu Ze 25 fp Hybrid 2000
3 J“?EH 18 Ningyou 18 VL7 Jiangsu HILFR Open pollination 2006
4o Wifk 586 Liangyou 586 VLY Jiangxi Z % Fh Hybrid 2001
5 Tl 75 Jinyou 7 11 4 Shanxi AP Open pollination 2004
6 ¥ 2 5 Zashuang 2 W[ H Henan Z= A2 Fh Hybrid 2004
7 # 5 % Yuyou 5 1§ Henan 52 Ff Hybrid 2003
8 ¥l 15 Huyou 15 | Shanghai HILFN Open pollination 2003
9 3l 17 Huyou 17 I # Shanghai H A Open pollination 2006
10 Wl 21 Huyou 21 - Shanghai A Open pollination 2010
11 =1l 605 Gaoyou 605 Will Zhejiang H#A Open pollination 2009
12 Wi X 72 Zheshuang 72 WivT Zhejiang H HA Open pollination 2003
13 Wi 758 Zheshuang 758 WiVT. Zhejiang H AP Open pollination 2003
14 #iith 18 Zheyou 18 Wi il Zhejiang # LA Open pollination 2006
15 W= 3 5 Xiangzayou 3 M Hunan 32 Fh Hybrid 2003
16 W 15 %5 Xiangyou 15 ¥ Hunan HILFP Open pollination 2001
17 E3h 10 5 Yahuayou 10 M Hunan A2 Fh Hybrid 2006
18 A8 9 5 Huaxiangyou 9 M Hunan Z& %5 fr Hybrid 2007
19 A 8 % Yahuayou 8 ¥ Hunan Ze A5 Hybrid 2005
20 iyl 2« 988 Deyouza 988 Py il Sichuan 222 Fh Hybrid 2008
21 {83519 18 5 Dexinyou 18 U Il Sichuan Ze A5 Hybrid 2008
22 7 10 2 Nanyou 10 Il Sichuan Je 35 Fl Hybrid 2005
23 #uh 11 5 Rongyou 11 U1l Sichuan ZL A fr Hybrid 2003
24 Jilyh 18 5 Chuanyou 18 Py il Sichuan Z= 32 Fh Hybrid 1999
25 290 11 2 Mianyou 11 0 )i Sichuan Ju 58 F Hybrid 2000
26 ik 8 5 Deyou 8 puJil Sichuan 2232 Fh Hybrid 2003
27 il 9 2 Nanyou 9 il Sichuan Je 35l Hybrid 2007
28 B8l 2 2 Sulongyou 2 Il Sichuan Je 35 Fh Hybrid 2004
29 m 4% 1 5 Nanzayou 1 Py il Sichuan A2 Fh Hybrid 2007
30 ##1ih 38 Mianxinyou 38 paJi] Sichuan %2 Fft Hybrid 2008
31 Jilih 21 Chuanyou 21 D )i Sichuan Ju 58 F Hybrid 2001
32 Jil3 38 Chuanyou 38 g )i Sichuan ZL 2z Hybrid 2007
33 JIl 7 58 Chuanyou 58 Py il Sichuan A2 Fh Hybrid 2005
34 Z 7% 1 % Qinzayou 1 Bk P Shaanxi A2 Fh Hybrid 2004
35 ZAk 10 5 Qinyou 10 Bk P Shaanxi 2438 Hybrid 2006
36 Z{f 11 5 Qinyou 11 B P4 Shaanxi Z= 32 Fh Hybrid 2008
37 % 11 Qin 11 Bk 76 Shaanxi 2222 Fh Hybrid 2008
384 Z A 7 5 Qinyou 7 B P4 Shaanxi 3¢l Hybrid 2001
39 4 12 Qinyou 12 B P4 Shaanxi A2 R Hybrid 2008
402 HZ¢ 5% Ganza 5 B P4 Shaanxi A2 Fh Hybrid 2005
41 i 1 %5 Chengyou 1 Bk 7§ Shaanxi 232 Fh Hybrid 2005
42 ZHF 211 Qinyan 211 B 74 Shaanxi Z= 32 Fh Hybrid 2007
43 Bl 8 5 Shanyou 8 B PE Shaanxi ZL %5 Hybrid 2001
44 #l 1 Peng 1 B 74 Shaanxi Ze A5 Hybrid —
45 #l 2 Peng 2 B P4 Shaanxi A2 Fh Hybrid —
46 Ml 3 Peng 3 Bk 7§ Shaanxi A2 Fh Hybrid —
47 H1ili 2% 6 5 Zhongyouza 6 Bt Hubei Ze 25 fp Hybrid 2003
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4% 1 Continued table 1

W WA i 3 T
No. Name Origin Type Registered year
48 4E3h 2790 Huayou 2790 4t Hubei Ze 2z f Hybrid 2003
49 # ¥ 98 Xiwang 98 M4t Hubei ZL %z Hybrid 2005
50 Fiih 98 DZhongyou 98D At Hubei A2 Fh Hybrid 2007
51 FiiliZ¢ 2 5 Zhongyouza 2 Mt Hubei A2 Fh Hybrid 2001
52 F3l 701 Fengyou 701 #1dt Hubei Z 32 Fh Hybrid 2004
53 3l 6303 Zhongyou 6303 #1dt Hubei ZR 3 R Hybrid 2004
54 432 10 5 Huayouza 10 4t Hubei 22 Ffr Hybrid 2004
55 1E3HZ% 13 5 Huayouza 13 14t Hubei 22 Ffr Hybrid 2008
56 82 12 5 Huayouza 12 Mt Hubei A2 Fh Hybrid 2006
572 3 7 %5 Zhongshuang 7 #1dt Hubei H AN Hybrid 2000
58 3 97381 Jing 97381 1t Hubei 228 Al Hybrid -

59 F1 ¥ 6 5 Zhongshuang 6 1t Hubei LA Hybrid 2003
60 FiiliZ¢ 9 %5 Zhongyouza 9 Hdt Hubei A2 Fh Hybrid 2004
61 th3 821 Zhongyou 821 #1dt Hubei H AN Hybrid 1989
62 483 2% 4 5 Huayouza 4 4t Hubei Ze A5 Hybrid 2004
63 el 22 7 5 Huayouza 7 At Hubei =32 Fh Hybrid 1999
640 75 2008 Xiwang 2008 #1dt Hubei Z& 3 Fh Hybrid 2008
65 B 3% B 96-5 Zhibozhixing 96-5 Wt Hubei A2 Fh Hybrid 2002
66 83 7% 3531 Huayouza 3531 Mt Hubei 232 Fh Hybrid 2005
67 =l 668 Fuyou 668 Mt Hubei H AP Open pollination 2006
68 il Z% 12 %5 Zhongyou 12 #i4t Hubei Z4 25 Ffr Hybrid 2006
69 F13 11 5 Zhongshuang 11 it Hubei HELFR Open pollination 2008
702 F13L 9 5 Zhongshuang 9 Mt Hubei A Open pollination 2005

71 Dodolla

B FEM L . Ethiopia

B. carinata

TE " AT SSR 51k kL —. AR KRAEHE .

Note:* Materials used for screening the SSR primers; —. Not registered.

1.2.3 PCR B % = 4 eq #ml - FO% 28 1 9519
CHy 1A T4 5O Xt 817 PCR 9738 . PCR
MR ZFR R 10 pL: Bifk DNA (50 ng/pl) 2 L,
10 X PCR Buffer ( Mg”") 1.5 uL.,10 mmol/L )
dNTPs 0.3 pL.SSR IE/RGI#) (25 pmol/L) 4 0.3
pL,Tag DNA R &0 (5 U/pl) 0. 15 uL,ddH,O
5.45 pl., PCR PAER . 94. 0 °C, 4 min; 94. 0
‘C 1 min,60.0 C 1 min,72.0 C 1 min.10 PME¥*H;
94.0 C 30 s,53.0 C 30 s,72.0 C 1 min,36 1
Wifea 72.0 °C 5 min, 4 CIEF, ¥ PCR =¥ 1F
80 g/L W& PE PAGE Ji& I Ay bk 73 B AR gL 12 o
#A- PCR M HE 2 k. AR B AHBLA0 BE, G
SR LU AR

L2.4 HBEERGITHH  SSRY W™ YLLO,
1 Geit s Sy B d e L FEAR W) IE B s b A il
L JEAFie o 00 4% 2 X 3H 3 44> SSR 7 s i
Shannon # % (H') fil Simpson 5 %(D)" .

H =—XPInP, .
i—1
D=1—>P",
i=1
P AN SSR i E SR ¢ NN AR S PR

B 2L R AR AR AL S R A A s s FROR
B~ SSR A5 1Y 45 A AR AR

AL R ECGS T RH5

GS=2N,,/(N,+Ny),

AN ERTER R a b [P 3 3 L5 .
N, N, 73R R FEM R a AR b H g 38 14 2k
B 38R AL R BOR A3 43 BT 1SR BT NTSY S
pe 2. 10e SR

F ) ARLEQUIN 3. 1 # ff (http://cmpg.
unibe. ch/software/arlequin3/) . ¥ ¥ 18t 1% IF 25 4E B4
Xk B AN [R] b DX A it o R[] — i DX AN ] o i A 7
F 025 (AMOVA) . FIFH AMOVA 43 1 1%
FHY F R 56 45 S CHD Fse B Ho &8 B 1R 1] 9 82 4 1E
B

R4l ] B AT b 35 ot DX B L ¥ A 2
W TR SR S R A XA Ao 4 A BT A (B
PO LIPS AT R VT A (I 5D KV i
HGHAL R LTS A LR 4 CE il v UL
7)o Al A Shaanon #5%% . Simpson 8%t L M Fst {H
3 AR ARAT bk 4 DCRORL Y 2H I B 2 [) 72 S AT
fir.
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Xt SSR G140t 4= i i A RE AT o0 A L S5 R ALY

s
2 BRI 104 S5l S0 2 B A 86 4 A HE IR T

2.1 SSR 3|¥&AMESH YIh84. 61 % s %551 nl I di i 3~8 &t A4
WA e 25 RN 100 XSRS e PR S Bl 4.3 ALY R BCK S 100~600 bp
YA 2SS 24 PR 2, X 24 (K DL.E2EME-ERN50%~100% (% 2),

M1 234567 8 91011121314 151617 181920 21 2223 24 2526 27 28 29 30 31 32 33 34 3536

600 bp

500 bp

400 bp

300 bp

200 bp

100 bp

37 38 39 40 41 42 43 44 45 46 47 48 4950 51 52 53 5455 56 57 58 59 6061 62 63 6465 66 67 68 6970 71 M
600 bp

500 bp

400 bp

300 bp

200 bp

100 bp

Bl 1 SSR 514 CB10026 Xt 71 {31 i 53 32 A4 R 7 1 25 51
M. 3 FRARUE; 1~T71. 53 B4 1~T71 Sl St kL B9 1 7= )
Fig. 1 PCR amplification result with primer CB10026 in all tested accessions
M. Marker;1—71. accessions number seeing in table 1
R 2 2403 SSREYEEREXNSIHXHER MM PCR J LR
Table 2 Information of 24 SSR primer pairs and their amplification results in the tested oilseed rape varieties

Z A B 2R/ N

! I b
a4 20 2 1944 T E/ /51 F ) (5 —>3") T R No. of Percentage of
g Forward//revere No. of total . .
Code Primer name . polymorphic polymorphic
primersequence fragments
fragments fragments

CCCATTGACAACTCTTCTCTT//

! BRASOT4 CTGTGTTCGCCCATTATG 4 2 50.00
GAATAGCCTCGCAGAAGTAGCCGA//

2 BRAS051 CGGCGATAAAACGAA 4 2 50.00
GCCATCTACACATTTATCCC//

3 BRAS072 CACTAACCTTCTTGCTACCGT 4 3 75.00
ATTGGGTTCTGACCTTTTCTC//

4 BRAS078 CTTTTCCTCATCGCTACCAC 3 3 10000
ATTGGGTTCTGACCTTTTCTC//

o BRAS084 TTTTCCTTCATCGCTACCAC 3 3 100..00
TGGGACGTAGTCAGTCAACAA//

6 BRASOI CCAAGTGCGAGAAGAGGAAG 5 5 100..00

. TCGTTCTGACCTGTCGTTAT//
7 CB10026 GGAAATGGCTGCTCATGTT 0 0 10000
) CTGCACATTTGAAATTGGTC//
8 CB10028 AAATCAACGCTTACCCACT 4 4 100..00
. CB1000 TTGATCCGAAATTCTCTGG// . \ 50,00

AGGCAAGCAATAGATAAAGG
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4% 2 Continued table 2
, o v e Z A Z B R/ Y%
a . 2 P4 s E
a1 B 4 ik E// 58 F5 "3 D SE No. of Percentage of
8 . Forward//revere No. of total . .
Code Primer name . polymorphic polymorphic
primersequence fragments
fragments fragments
. , CATGGGAGGCTGTCTAAA//
10 CBIO143 TTGCACCCATACGTTTTC 4 4 100..00
. ACGAAGCAAATAACAAAGA//
1 CBIO179 GAAACCCGAAAGCCTAAG 4 4 100.00
. ACAAATGCTTGAGTGATA//
12 cBloz77 TCTTCGTAAACTTGTTCTTGA 3 2 66.70
S GACGGATTGAGTCGGATA// . _
13 CB10355 CCTGCTAGGAAACAGGGT 5 5 100. 00
. CATTCACAGGACCAGAGC//
1 CB10369 CAAAGCCAAGACAACCAT 4 4 10000
) . ) TCCCAACAAAAGAGTCCA// )
15 CBl0427 CAGCGAACCGAGTCTAAA 4 3 75.00
. GGGTTTACTGGGTTCGTT// ,
16 CB10431 GCAGAAGGGGAAACACTT 4 3 75.00
. _ CTCGCAATAGTCGCAGAT// , ,
17 CBI0545 TGCCCTACTGTCTCCTCA 3 3 100..00
N TTGTGTTTTGCCTTCTGA//
18 CB10587 TTTGCGCACAAACAATAA 8 7 87.50
) TTGAAGTAGTTGGAGTAATTGGA// )
19 Nal2-E02 CAGCAGCCACAACCTTACG ° 0 100.00
4 GCTTTGGCTCGTGTAAATGG// _
20 Oi10-B06 CATCTTTGGTTGTGTATGGTTAGG 8 0 62.50
4 GCCAAAGACCTCAAAGATGG// _ .
21 0110-D03 AAGCCACGTGAAGAAAGTCC 5 5 100. 00
o TCGCGACGTTGTTTTGTTC// _
22 OIL1-B05 ACCATCTTCCTCGACCCTG 4 2 9000
4 TGATAGGATGCGTGAATCAG//
23 Oil2-F08 AGAATGTAGATCAGTTACGG 3 3 100. 00
o GTGTGCAGGAAACGATGTTC// ‘
2 OIL3-GO5 GGGAGTTTGAAGAGAAAGCG 3 2 66.70
41t Total 104 88 84.61
F1 Average 4.3 3.6 83.72

T« 52 A IR AR R 519 .

Note: * The same primers to Li H B et all!3],

2.2 HEZRX@RMHBEESEEIT

FARERR XS 50 o Bl — 26 L TR J RV R AN |

71 5l 3 A4 OB TR) (Y 35t 4% AR AL ZR Bl 0. 40 ~
0. 93,444 0. 63, H i 2452 W 3240 3 (No. 46) F1yp
T 15(No. 8) Z [a] (138t 1% FH AL 5 0 55 (0. 93) . R W
BT Z S 2 R8N HFZ B2 96-5(No. 65) .1
4% 988 (No. 20) 5 H 3L 9 5 (No. 70) Z [i] 4
i 10 % (No. 17) 5483l 4% 10 45 (No. 54) Z [A] (1) 3%
R R B s . 24 0. 92583 5 5 (No. 7) 5
i 98D(No. 50) AL 1 5 (No. 41) 2 1] Y 18 4% A1 1
PR ECEAR . R 0. 415 )11k 18 (No. 24) 5 il 1
5 (No. 41) Z [8] {3845 AHALPE R AL . o 0. 40, 3
ezl 2R m K.

SR MR 20 45 R (IR 2) B0 I B 1Y
M B AE 4% & b 5 A DR M 2 S5 T A b R A UL
AR S TR R A O HE AR 3O R O R SR
Fofr e (g i S 9 R O BN R AR T BGR AL 25 R 5
Z I IR R .

M 2 38 AT DL >k B A T i R B T XY

R By v B € 2 i
2.3 AEMRHERMERTHENERS N
HI3R 3~5 W LLE L BRI 7 200 & L%
96. 74 % ,BEAK A1 AL Ky 3. 26 % 5 1 71 v i X 61 R 4H
Shaanon F£ %% (1. 593) I Simposon 3§ %% (0. 732) ix
15 o DX BORT A RS 34 2 S Al By (0. 343 1) U
AL AR DX A 8 S o T DR R RITR YT |
T DX B ) X A8 S5 3k 22, B0E X A BHE) Shaanon 45
$OFN Simpson $8 8 m T L e XA RE KL
e DX PN JOG) k2 S 7 Y B A R T R UE XA R, 4
ZH AN [) 4 ] o 4 VL e X5 VT i IXORE R ) 22
AR (0,022 1) H R N KL T il X 5 B i
DAV b3 X5 KV il X KV i X5 BT
Do VAR UL L HE AR P B 25 S T R A E) Y 25 5 X
A B8 5 T AT 45 M 2 (] A B R AR B TR R4
SEUA K

N
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The first principal component
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Fig. 2 Biplot of the first and second principal components extracted from SSR data of 70 B. napus varieties
&. Upstream of Yangtze valley; @. Middle of Yangtze valley; m. Downstream of Yangtze valley; o. Huanghuai valley
®3 AEAMRHEIRBREMAMHUEESHEEER

Table 3  Genetic diversity index of rapeseed varieties from different geographic locations in China

KAl WAL Shannon #§%%  Simpson 5% syt 0y % Shannon f§%t  Simpson F8 %
Type Amount Shannon index Simpson index Type Amount Shannon index Simpson index
KT i X
A Total 70 1. 409 0. 690 Downstream of 9 1. 246 0. 680
Yangtze valley
KL il IX HE X
Upstream of 15 1. 306 0. 646 Huanghuai 16 1. 492 0.703
Yangtze valley valley
AL il X
Middle of 30 1.593 0.732
Yangtze valley

x4 AEMREHERHZRMETESHR

Table 4 Analysis of molecular variance of accessions from different geographic origin

75 5 R IR H H F-J7 #l Iy 225y 4k U Vg G Y
Source of variation df Sum of squares Variance components Percentage of variation
BEIKH] Among populations 3 0.747 0.005 41 Va 3.26
BEMR P Within populations 66 10. 584 0.160 36 Vb 96. 74
Bt Total 69 11. 331 0.165 77

x5 AREMREERMEATHENES SR

Table 5 Population average pairwise differences

b X KT iR X B KT T IEX KA i IX
. . . WX . .
Geographic Middle of Huanehuai vall Downstream of Upstream of
locations Yangtze valley uanghua vatley Yangtze valley Yangtze valley
KVLHiE X Middle of Yangtze valley 0.343 1
#fE X Huanghuai valley 0.010 7 0.313 3
K VL FiEX Downstream of Yangtze valley 0.022 1 0.019 6 0.252 1
KT i IX. Upstream of Yangtze valley 0.011 4 0.003 4 0.004 0 0.3215

T« 6T 1 B Sy DX KT A L 22 S 0 T B4 5 kA kR B0HE S A& TE S 1 X ) 22 RO 3 E .
Note: Diagonal elements:average number of pairwise differences within population (P;X) ; Below diagonal: corrected average pairwise differ-

ence (P XY—(P;X+PiY)/2).
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O g IR T A% O Fh ot B, BRI o e D B e
(1) 5| 49 e K BIR JEE b A Y00 A1 A8 o AT 44t oy 66 PRI AR A
IR RS A . SSR Arid HoA fae ol 58 it g
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