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Cold tolerance evaluation and genetic diversity
analysis of winter Brassica napus
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3. Agricultural Technology Extension Center, Kongtong District, Pingliang City, Gansu Province, Pingliang, Gansu 744099, China)

Abstract ; In view of the differences in cold resistance and genetic diversity among different varieties of Brassi-
ca napus, a randomized block design was adopted in 2021. The differences in overwintering rate, vernalization
characteristics and genetic diversity between 32 varieties of Brassica napus in Gansu Province and 9 varieties of
Brassica napus in central Shaanxi and Jiangsu Province were analyzed. The systematic cluster analysis and SSR
markers were used to explore the differences in cold resistance. The results showed that the overwintering rate of

winter Brassica napus varieties in Gansu Province was higher than 80% , and the overwintering rate of winter Brassi-
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ca napus varieties in central Shaanxi and Jiangsu areas were less than 25% with the significant differences in cold
resistance. According to the vernalization rate, the tested materials were divided into four levels: strong winter,
winter, semi winter and weak winter. The proportion of plants without buds in strong winter materials was high. It
was difficult to bolt and bud into reproductive growth after spring sowing. The weighted average bolt height was low,
which had strong cold resistance. The higher the vernalization rate, the higher the weighted average plant height at
maturity and the weaker the resistance. The overwintering rate was negatively correlated with the vernalization rate.
A total of 976 loci were amplified by 98 pairs of primer combinations with high polymorphism, of which 750 were
polymorphic bands, and the ratio of polymorphic loci was 72%, indicating that the polymorphism richness at the
molecular genetic level was high. The genetic diversity of winter Brassica napus in central Shaanxi and Jiangsu areas
was higher than that of winter Brassica napus in Gansu Province. Through cluster analysis, winter Brassica napus
were divided into 9 categories. According to the analysis of population genetic structure and principal component a-
nalysis, it was divided into three categories, which were consistent with the classification of cold resistance. The re-

search results could lay a foundation for the further study of variety identification, fingerprint construction and selec-

tion of suitable varieties in different ecological areas of Brassica napus.

Keywords: winter Brassica napus; cold resistance; molecular marker; genetic diversity
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Table 1 Tested Brassica napus
%' v LA A %' it PR B
Number Variety Source Number Variety Source
U CELD_as Tl L, R
Gansu Agricultural University Di, -6 Gansu Agricultural University
el e gl
2 CFLD=327 Gansu Agricultural University 23 QL-GAU-196 Gansu Agricultural University
Hifl s Hifgol R
3 CFLD-328 Gansu Agricultural University 24 QL-GAU-199 Gansu Agricultural University
Hl s HfAol R
4 CFLD=353 Gansu Agricultural University » QL-CAU-24 Gansu Agricultural University
Aol . Hr A R
> CFLD=357 Gansu Agricultural University 2 QL-GAU-39 Gansu Agricultural University
el gl
6 CFLD-433 Gansu Agricultural University 2 QL-GAU=30 Gansu Agricultural University
7 CFLD-380 HARIRSE 28 D,-173 FoAA R
Gansu Agricultural University Gansu Agricultural University
2 DL TS
8 CFLD-34 Hﬂﬁiﬂkﬁ%. ‘ 20 16-2444 ‘ ‘ ﬁ7kﬁi?ﬂkﬂ%ﬁﬁﬁﬁﬁ '
Gansu Agricultural University Tianshui Agricultural Science Research Institute
fik,-295 B S N 20 17-2351 NN Z =2t
Di,-295 Gansu Agricultural University Tianshui Agricultural Science Research Institute
o TRo-REfF-246 ARk 3 Kl 14 FKTAAM AV BT
Di, —Aigan—246 Gansu Agricultural University Tianyou 14  Tianshui Agricultural Science Research Institute
" %, 299 kel k2 - Tk 158 TR
Di,-299 Gansu Agricultural University Ningza 158 Jiangsu Academy of Agricultural Sciences
0 1K, -808 Hk R 3 Zl 28 SRR AN A= B
Di,-808 Gansu Agricultural University Qinyou 28 Xianyang Academy of Agricultural Sciences
13 fi%,-173 A%E-3 el e 4 Z#i 10 SR AN A B
Di, - 173 Zijiao—3 Gansu Agricultural University Qinyou 10 Xianyang Academy of Agricultural Sciences
L fEen Ll k2% 1o BRI
Di,-13 Gansu Agricultural University Qinyou 11004 Xianyang Academy of Agricultural Sciences
15 1%, 19-56 Hof by 36 Tk 1818 A ARN R B
Di, wang—56 Gansu Agricultural University Ningza 1818 Jiangsu Academy of Agricultural Sciences
6 K- e 2 Foil 16 Fok gL R BIFE
Di, wang—76 Gansu Agricultural University Tianyou 16  Tianshui Agricultural Science Research Institute
17 1%, M-361 Hlrlk R 18 TH 149 A AL R
Di, wang—361 Gansu Agricultural University Ningza 149 Jiangsu Academy of Agricultural Sciences
8 1%, I -366 Htr el Kz 29 T RI01 TRl B2 B
Di, wang—366 Gansu Agricultural University Ning R101 Jiangsu Academy of Agricultural Sciences
" 1%, W -440 Hf by 40 Z4h 30 SR A A B
Di, wang—440 Gansu Agricultural University Qinyou 30 Xianyang Academy of Agricultural Sciences
” i, M-129 Hk R 41 FiiiH 501 IR AL B
Di, wang—129 Gansu Agricultural University Ruiyou 501 Jiangsu Academy of Agricultural Sciences
’ 1%, - 158 el e
Di, —158 Gansu Agricultural University

1.3 DNA REUE#&

HIR A Sh0 0, ZE K Ve, AR
R, 4 A SRR A U B AT Wt B, SR R
CTAB " SR H 2H DNA, 1% A BRIE WEEE I
FEL R DNA 4l e 48 vk M e R T
JE DNA itk BE, 5 Rk EER B 50 ng - pL™' B

=20°C UKFEIRAF &

1.4 SSR 5|¥1& 8K

MTH S 58 (R 2H 8085 )% (http ://brassicadb. org/
brad/ ) HEH 644 Xt 3457 734 T H #E Bh 3 19 %

Jetafk - SSR ARic #EATIREL T 5UAE B Ge it i
AETAEY TR (B B A RAEHAT 5
H .
1.5 PCR ¥ & 5=l

PCR MR &R Bl R 10 pL, HiP {5 5 pl 2x
Power Taq PCR Master Mix,2 pL ddH,O, I T i3]
Y145 0.5 pmol + L™, BIH DNA(50 ng - pL.™')2 plL,
PCR " $4FEF 0 95°C HAZ 1 3 min, 94°C 25 1E 40 s,
64°C Z M 40 s,72°C HEfH 50 s, 10 DMEI, 94°C A 14
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40 s,55°C B 1 40 s,72°C #EAf 50 s,34 PMEFR, 72°C
ZE{H 5 min, 4°C £ 17, PCR W 7E PCT - 100TM
PCR A 581, 938 =9 F 30% 5 VA 945 0t g 46 Je Pl
VKA, 28 [ 7 BRI K U5 TEBE LR R 48 T £
UG TR S5 T,
1.6 BIEFKITS5HH
1.6.1 AL F B AR PRk H R A SR 4
REGFARD IR (1) L (2) FEATIHHE, A
A w (e ) RAH X (3) 158, SR H Microsoft
Office Excel 2019 F1 IBM SPSS 19.0 #H4 iR I 4k 5 55
5T,

AL = (445 LT T B A< T ) x100% (1)
B = [ (E AL+ 450 MR SRR

x100% (2)
INBCES4 2 (k) =
o oxw, tx,w, + s Fxow
x = 171 292 n%n (3)
wl +w2 + o +wn

A, xy,my, e x, RRE(KR) B ,w, 0y, w,
TR Xy %y, x, HHERURER,

1.6.2  ii4E S HMISAF AT EHRIKEIE T R
N5 G Rl iR AN [R] 451 2 80 2kl il
R TRAATIE 07 BRI N 97 M EEEE
M4, ] DataFormater F7E" 4 BOHE % e oy 3L
AR AT A% S FIIF Power Marker #0115
FAEALEEIBR A Z S PEE RS (PIC) . H Pop-
gen32 FAE A AL 3L A ( Ne ) |, Shannon’
s HEFEE(1) Nei’ s FH 2SR E(H) . FIH
NTSYS-PC Version2.1 # P 38L AR R EOF 2
B34 18, ] DCENTER Fl EIGEN #ide 47 3
A58 (PCA) o Al Structure2. 3.4 B A4 53 M7 B
st L gt Al R AR AR K B IBUEYE 1
2~10,KZ%4 burn—in period % & 10000, MCMC %
9100000 | A im AT 5 U, MR AR SR (i Fe A S ]
PERREE K (ENHHASE .

2GR

2.1 HERLHFREEEN

2,11 AAF AREPEAN T AL A Sk i
PUIETEME LA bR, BRI A LSRRI (R 2),
ZIAMBHER L B AN 15.56% ~
94.81% ., “fiK,M-295" ¢ QL-GAU-30" %5 &\ Ffr i =%
FRAR IR T 80% , HLFEMR, < K 14 5 S 5L Fp

AR N 69.12% ~T78.52% , B v il KL YT 9048 243
KA R BIRT 25% , bidEME R 55 . ARESXH
A A SR P FE I 22 A 21 |8 UK (P<0.05)
HR AR A 3R/ Akt 4 T S AT 40 43 Ry o A 1 L &
PE CRANE 5945 4 R 2R,
2,12 RaBE R0 41 HHERLMEEES
SRR B Ak, R R IO R I B T
16 AT 4 FORES B o RV E R R B RS A 1
PR (L9 0T, H AR A A K R v, Sedi 22
JELEE , DL BLEE AR o VR W 3d i B Ak B B i M R A
Ao K, M-295"  C QL-GAU-30" % 27 A H ik &
LM EACEN 5.5% ~36.36% , BV AT A
P H A AR R F e (R 3,006 1), AR
SR e NN P B R B B o R I
ARG AR S 4 BT
TSRS SRR AT 222 (BR) =, 45 5%
R (F 4,07 ) BB FEI M, ARG
TG4 22 (k) b 238, B R 5 R A
KL T RPE B INACT- Y 2 (8% e 2ot |l JF
T, 4 R R WP U5 B R*ME R 0.809( P<0.01) ,
FHATUAE A Y 80.90% 145 A L 1113 75 4, Durbin—
Watson {H4 1.773, Ui B A M ERN 2, Rk £
JCIRH R Y=34.879-0.344X,-0.289X,+0.075X , +
0.082X,+0.296X  FbRfEAL A1 H I FE V= -0.129X, -
0.234X,+0.096X,+0.142X,+0.602X; , HIL K 5 K M
(X)) IS (X,) BYIACT 35 & oM 56, 514k
R B AT kR (X (X)) TEAR DG, Horp
INDCHNA $4 22 (B ) &5 (X)) 5 B AR EAR DG
K A DG R EGE 0,602,
PR AR G- 35 22 (bR ) s A
b R EI (£ 5,07 W), =HEAEEY
KER, BARGIMECE 5 (bR ) & A 7E W 2 1E
XK R (P<0.01) MK RECN 0.881, AR HHF
FEAA N IMBCE- 28 22 (R ) = AR AL R B AETE N i
FHHHRKR (P<0.01) , FH R E53 9 R -0.874
-0.964
2.2 HERZHmIEEESHEEITN
22,1 BXZI ey imik AR T H AL 3R
L2 19 ZRYe (ol 1K) 644 X5 H1%} 41 43 H il 7Y
MR AT PCR 975, A&l 2 Fros (WL 9 1),
i 43 AT T 17 SRGL Ak F 98 XF 228w H &A1
THWFS ) (M) , CO6 Fll COT Yo o AR 1 A7 i 5t H
2R, & S ] 15.2%



A &N RIS DS e d N NG

AL A T 5

®2 HEBZMIMLRILER

Table 2 Comparison of overwintering rates of winter Brassica napus

q A/ % PUFEMEL ] PUIEEALIK - AR/ % HUFEIEY PUFEMEALIK
i (&) o . . (&) o . .
. . Overwintering Cold resistance Rank of the . . Overwintering Cold resistance Rank of the
Variety (line) . Variety (line) X
rate level cold resistance rate level cold resistance
1,295 S d fi,-13 A
Di,-295 94.81a Strong winterness ! Di,-13 87.77abe Winterness 22
A fi£,-158 &4k
D,-173 12 e Slahe )
2 94.12ab Strong winterness 2 Di, —158 87.51abe Winterness 23
ik, W -JEF1-246 A Sk
Di, —Aigan—246 93.87ab Strong winterness 3 QL-GAU-24 86.49abed Winterness 24
ik, -173 H2E-3 A Sk
Di, -173Zijiao—3 93.48ab Strong winterness 4 QL-GAU-196 86.31abed Winterness 25
15 A2 ) A
CFLD-324 93.37ab . = p e 5 CFLD-325 84.89bcde . e 26
Strong winterness Winterness
CFLD-328 92.73ab = - e 6 QL-GAU-30 83.01cde L te 27
Strong winterness Winterness
42 1%, -808 ST L
CFLD-327 92.36abc & ) e 7 2 78.52def . 4: o P 28
Strong winterness Di,-808 Semiwinterness
i A2 3 = NYS
CFLD-380 91.97abe 2 - e 8 i{m 16 76.97efg %.\ a 29
Strong winterness Tianyou 16 Semiwinterness
1%, W-129 SR Feil 14 5 ek
Di, wang—129 91.43abe Strong winterness ? Tianyou 14 73.481g Semiwinterness 30
%, M-366 4 o) 4
L 91.35abe ﬁi‘. e 10 16-2444 71.35{g %.\ e 31
Di, wang—366 Strong winterness Semiwinterness
'fEE M_36l &N S A2
C 91.23abe . & ) e 11 17-2251 69.12¢ . #:.\ e 32
Di, wang—361 Strong winterness Semiwinterness
1%, F-56 9 A Tk 1818 A
Di, wang—56 91.17abe Strong winterness 12 Ningza 1818 22.36h Weak winterness 33
SR A T R101 AN
CFLD-357 90.96abe Strong winterness 13 Ning R101 20.68h Weak winterness 4
1K, F-76 9B AL Hitih 501 HANE
Di, wang—76 90.90abe Strong winterness 14 Ruiyou 501 20.66h Weak winterness 33
1,-299 RN TR 158 EER E
Di, -299 90-89abe Strong winterness 15 Ningza 158 18.23h Weak winterness 36
. SiRANE Z#K 30 AAE
QL-GAU=199 90.88abe Strong winterness 16 Qinyou 30 18.00h Weak winterness 37
£ ¥ EES
CFLD-353 90.51abe = - e 17 %ﬁﬁ 28 17.53h 7 N e 38
Strong winterness Qinyou 28 Weak winterness
11K, ¥ -440 24 Zfk 10 5 ESR E
Di, wang—440 89.36abe Winterness 18 Qinyou 10 17.48h Weak winterness 39
A4k T 149 AN
CFLD-433 89.35abe Winterness 19 Ningza 149 16.49h Weak winterness 40
1,-6 Atk %4l 11004 AN
Di, -6 89.01abe Winterness 20 Qinyou 11004 15.56h Weak winterness H
L-GAU-39 88.50ab N 21
QL= N -rane Winterness

T AN R/INE R R A SR A AR AR (B 7 1 35 25 5% (P<0.05) , Tl

Note: Different lowercase letters indicate significant differences in overwintering rate among different varieties ( P<0.05). The same below.

222 @ESHEMS BFE6ATHM(IS ), 7E
41 32Uk ) LA HH 2 S HEB 19 98 X, A AR
TE 17 SR4fk b 3 5 A g Ak 2 6 X5, B RHE]
S FRRIC ) Z A B R 72% , XEAS [R] G €6 14 iE
TTH#E, AOT A04 A05 . A06 . CO4 YL fA i) 2 251k 1
38T 80% , Fi L AT HEIN 41 153 H i U A& i =R AR X

SR EMEEEERHLRERE ., Z28HE8F
HH(PIC) 0] DA R e fi TR DNA 728 578 B Al s I, 24
PIC>0.5 B}, 51 90 h i B 2 805 Bl AR
7,98 X519 PIC A8 1§ 4 0.2691 ~ 0.5578 ( ¥4{A
0.3958) ,fii T A04 1 A05 JLfa ik |1y SSR 514

SRR SRR,
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Table 3 The proportion of plant numbers and vernalization rate of winter rapeseed
in different growth stages after spring sowing
B Ratio/ %

H ES IS NI RR % FMEFEY
i, M -295 Di,wang—295 5.50a 140 94.55 5.45 I
D,-173 5.70a 110 94.28 5.71 I
1), M —J%HT-— 246 Di,wang—Aigan—246 6.00a 165 94.00 6.00 I
I, -173-F 2-3 Di,—173-Zijiao-3 7.80b 110 92.22 7.78 I
CFLD-324 8.20b 110 91.81 8.18 I
CFLD-328 10.40¢ 30 89.60 10.40 I
CFLD-327 10.50¢ 120 89.53 10.48 I
CFLD-380 14.78d 150 85.21 10.43 4.35 I
1%, =129 Di,wang—129 16.67¢ 60 83.33 13.89 2.78 I
{i%, M -366 Di, wang—366 16.84e 75 83.16 6.32 10.53 I
{i%, =361 Di,wang-361 17.89ef 90 82.11 11.58 6.32 I
1i% 2 M-56 Di,wang-56 18.18ef 125 81.82 13.64 4.55 I
CFLD-357 18.18ef 70 81.82 4.55 13.64 I
{&, 1 -76 Di,wang-76 18.18ef 100 80.00 13.64 4.55 I
1%, " -299 Di, wang—299 19.00f 110 81.00 14.00 5.00 I
QL-GAU-199 19.05f 95 80.95 4.76 14.28 I
CFLD-353 20.83g 155 79.16 16.67 4.17 Il
{i%, M -440 Di,wang—440 21.05g 105 78.94 10.53 10.52 Il
CFLD-433 21.05¢ 130 78.94 5.26 15.79 I
ik, -6 Di, -6 21.82gh 110 78.18 17.27 4.55 I
QL-GAU-39 23.16hi 95 76.84 17.89 5.26 1l
f%,-13 Di,-13 23.64i 110 76.37 10.00 13.64 Il
fi,-158 Di,-158 23.85i 95 76.15 8.46 15.39 Il
QL-GAU-24 28.57j 95 71.43 4.76 23.81 Il
QL-GAU-196 29.68jk 120 70.32 23.23 6.45 Il
CFLD-325 30.53k 105 69.47 7.37 23.16 Il
QL-GAU-30 36.361 100 63.64 13.64 22.73 Il
{ik 2-808 Di,-808 53.00m 110 47.00 14.00 24.00 15.00 I
KM 16 5 Tianyoul6 57.14n 110 42.86 14.29 35.71 7.14 I
Kl 14 5 Tianyoul4d 60.000 110 40.00 40.00 20.00 m
16-2444 61.110 95 38.89 11.11 33.33 16.67 I
17-2251 80.00p 95 20.00 13.33 40.00 26.67 I
TZ% 1818 Ningza 1818 100.00q 180 51.67 48.33 \Y
Z 1) 30 Qinyou 30 100.00q 110 38.18 61.82 \Y
ZAJt 11004 Qinyou 11004 100.00q 110 30.00 70.00 \Y
ZAJ 28 Qinyou 28 100.00q 90 20.91 79.09 v
#1501 Ruiyou 501 100.00q 105 17.50 82.50 \Y
TZ% 149 Ningza 149 100.00q 175 16.36 83.64 \Y
2% 158 Ningza 158 100.00q 125 100.00 v
ZAJ 10 Qinyou 10 100.00q 100 100.00 Y
“ R101 Ning R101 100.00q 115 100.00 I\Y
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Table 4 Weighted average bolt (plant) height of each growth and development stage

o KT B Pivia e INKOEHEE (BR) T
LIIJ*:F( /‘ZJE\) X] XZ X'ﬁ X4 Xi
Varieties( line) . . o ; X
Not budding Budding Flowering Mature Average bolt (plant) height
{i%, " -295 Di,wang—295 12.38 22.6 17.49
D,-173 13.15 40.3 26.73
1%, M -EFTF-246 Di,wang—Aigan—246 16.55 38.5 27.53
fit,-173 [ %2-3 Di,~173 Zijiao-3 16.68 32.73 24.71
CFLD-324 16.8 34.57 25.69
CFLD-328 18.75 50.69 34.72
CFLD-327 26.35 44.67 35.51
CFLD-380 22.64 68.22 105.8 65.55
{f%, " =129 Di, wang—129 18.73 60.8 110.07 64.12
1%, M -366 Di,wang—366 34.18 59 108.6 67.26
fi%, ™ -361 Di,wang-361 22 73.82 102.33 66.05
{i, M ~56 Di,wang—56 16.5 53.71 106.8 72.75
CFLD-357 24.73 54.4 104 61.04
1%, M =76 Di,wang—76 33.07 74.4 103.6 70.36
1%, " —299 Di, wang—299 29.76 50 117.6 65.79
QL-GAU-199 21.4 47.6 114.5 77.33
CFLD-353 19.37 72.3 103 64.89
{1, - 440 Di,wang—440 32.39 61.8 111.2 81.9
CFLD-433 29.63 73 121.2 78.36
ik, -6 Di, -6 27.54 60.42 112.2 66.72
QL-GAU-39 34.09 54.12 95.8 61.34
1i,-13 Di,~13 33.59 54.1 121.6 87.56
%, -158 Di, -158 22.36 76 137.6 80.57
QL-GAU-24 19.04 72.4 101.2 79.66
QL-GAU-196 30.47 73.89 88.6 64.32
CFLD-325 32.29 56.8 106 66.95
QL-GAU-30 35.39 67.18 108 87.83
1K, -808 Di,-808 42.06 68.25 87.24 108.13 84.34
KA 16 Tianyou 16 28.2 53.5 71.8 106.8 79.66
i 14 Tianyou 14 32.94 70.32 85.65 123.6 78.13
16-2444 41.86 99 106.65 133.4 101.9
17-2251 39.1 76.7 117.27 134.65 98.94
TZ% 1818 Ningza 1818 113.54 158.59 134.45
T R101 Ning R101 0 145.23 145.23
Eitiiil 501 Ruiyou 501 114.69 158.17 133.21
FZ% 158 Ningza 158 111.4 135.54 125.04
ZZ41 30 Qinyou 30 102.75 166.04 130.4
ZEH 28 Qinyou 28 151.77 151.77
ZE41 10 Qinyou 10 149.08 149.08
FZ% 149 Ningza 149 99.6 157.51 123.37
ZZf; 11004 Qinyou 11004 104.36 167.63 130.9

x5 BUXRSEEMEHE(K)S
& RpE XS
Table 5 Correlation analysis vernalization rate of with weighted

average bolt (plant) height and overwintering rate

IR 5 (BR)

AHICAE . BR
Correlati Weighted average Vernalizati .
orrelation of bolt ( plant) height ernalization rate
#FAL# Vernalization rate 0.881" "
AR Overwinter rate -0.874" " -0.964 " *
. ox x 3R P<0.01, Note: * * for P<0.01.

FE 98 XF 5|, A BRI A ] R 0.5244
~0.8084 (31 0.7015) ; A & 55 s B KL ( Ne ) 22 18
h1.5165~2.6517( 4115 1.9323) , WIERIE P (He)
BN 0.6088( A04 L fh)  Hz/N g 0.2902( CO5 Y
k) {E M 0.4313 ; Shannon {5 BFE 5 (1) BN
1.1251( A04 Lo fA) | fe/NRy 0.5218 (CO5 JL ik ) |
PIE M 0.8126; Nei” s %zﬁé'f@ﬂ%ﬁz(ﬂ) SN
0.6012( A04 L fA) [ fR/NJy 0.2866 ( CO5 FLiff) |
YI(E N 0.4255,
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223 REHM lid NTSYS2.1 8k 0, 115
SR Bk 8] 119 382 1% AH AL 2 24 ( Genetic Similarity
GS) £ 0.68~0.97 Z[u], ¥} 0.82, RH UPGMA
PR T AR DR B 41 £y H 5 78 A i S8 ik 17 5
HI M (1 3) 7 GS AN 0.73 B, 41 1AM N
9 25 eS8, KM 16° Joik 5 HR &l K2
BB RHX 43, FL R R ] R 5 22 st L 15 S, Hh
TSN N KR MAAE—E SRR, 0] BE 2 b
JCKEIN A7 5 /D B8 ¢ CFLD-328" | “ I, - 129 ()
FALZR B, Y90 0.97, Ui HH I 5 2 1] i 2 W] 5

AHBPEL; 17-2251° 5 ¢ T R101” AR B) R B T
BRG] SRR 2 559 40, By rh B ALy
i Rh 22 [B) BB DX A3 TF , D A E AR Ak

224 @AM SH FIH Stucture FAFXT 41
T BN SRR A AL S AT 3 BT e, 24
K=2~6 I, InP( D) {EREMRE WAE K B HE KA B
K, 2 B Evanno 016] M, B AK {EAfE 41 1y
HE AL R S AR K {8, 24 K =3 BRI
(B, BV 3B ) H i B A=k A ast (L 4544 B
ARG 3 AN AL AN 4 iR

®6 SSRIMTIBEEMERER

Table 6  Amplification polymorphism information

of SSR primers

- s g g ot g g HIEE A Sh 5 Nei’s #EHFZH BEAE
sl EghoE gl R Shane i NG S RRPE gy SN
POERES AL LIES FLHEL(Ne) H ‘ i e Lt/ % = .
. . Expected Shannon Nei’ s gene . Polymorphism
Chromosome No. of Major allele  Effective number . . . .9 Polymorphism . .
. loci frequency of alleles ( Ne) heterozygosity information diversity Latio information
primer foc T o ’ (He) index (1) index( H) content (PIC)
Ch_A01 15 0.6634 2.2032 0.4987 1.0111 0.4837 81.13 0.4665
Ch_A02 9 0.7154 1.9823 0.4221 0.8654 0.4169 56.33 0.4037
Ch_A03 5 0.7659 1.5586 0.3474 0.6415 0.3431 76.80 0.3332
Ch_A04 4 0.5244 2.6517 0.60838 1.1251 0.6012 82.00 0.5578
Ch_A05 3 0.5935 2.3344 0.5665 1.0363 0.5596 85.00 0.5070
Ch_A06 5 0.6976 1.7893 0.4372 0.7826 0.4318 82.80 0.3904
Ch_A07 2 0.7927 1.5165 0.3371 0.6726 0.3329 52.50 0.3257
Ch_A08 7 0.6551 2.1388 0.4620 0.8350 0.4564 79.00 0.4171
Ch_A09 8 0.7744 1.6807 0.3437 0.6842 0.3395 68.88 0.3237
Ch_A10 5 0.5707 2.5428 0.5396 0.9737 0.5330 73.60 0.4780
Ch_C01 4 0.7378 1.7059 0.3864 0.6712 0.3815 79.75 0.3633
Ch_C02 5 0.7463 1.7059 0.4081 0.7784 0.4031 69.60 0.3686
Ch_C03 5 0.7659 1.6969 0.3763 0.7704 0.3717 69.60 0.3588
Ch_C04 4 0.6463 2.2997 0.4891 0.9898 0.4830 81.25 0.4450
Ch_CO05 7 0.8084 1.5201 0.2902 0.5218 0.2866 58.43 0.2691
Ch_C08 6 0.7114 1.8729 0.4444 0.8391 0.4390 73.83 0.4052
Ch_C09 4 0.7561 1.6048 0.3746 0.6161 0.3700 60.50 0.3149
Mean 6 0.7015 1.9323 0.4313 0.8126 0.4255 72 0.3958
Total 98
Min. 2 0.5244 1.5165 0.2902 0.5218 0.2866 52.50 0.2691
Max. 15 0.8084 2.6517 0.6088 1.1251 0.6012 85.00 0.5578
CFLD-325
. {i%,M-440 Di,wang-440
! —— {i%.[¥-361 Di,wang-361
1 —— {i,/%-366 Di,wang-366
| CFLD-327
' " —— CcFLD-380
: — fi%,"-56 Di,wang-56
| [ CFLD-353
| QL-GAU-30
| CFLD-328
\ | {i%,4-129 Di, wang-129
| + —{ CFLD-324
' QL-GAU-24
| ‘ QL-GAU-39
| QL-GAU-196
: { QL-GAU-199
—___ CFLD-433
X f€,-295 Di, wang-295
| \'{ {i%,-246%% It Di,-Ai gan-246
1 — {i€,-6 Di, wang-6
i L [ {£,-299 Di,wang-299
' L [ CFLD-357
! {i%,-13 Di,wang-13
:@ {i%,-76 Di,wang-76
1 fiX,-158 Di, wang-158
\ {i%,-173  %¢-3 Di,-173 Zijiao-3
D2-173
Kili16%5 Tianyou 16
16-2444
{i,-808 Di, wang-808
K14 Tianyou 14
-225
L®  — 'I'T7'R212011Ning R101
%128 Qinyou 28
ZA10%5 Qinyou 10
111004 Qinyou 11004

744158 Ningza 158

Bii 1501 Ruiyou 501

I‘J*fj&lSl&NingzalSls

0.82

0.89 0.97

3t % 18L& $X Genetic similarity

B3 41 HER LML SSR FRIDEEEREE

Fig.3 Genetic similarity clustering map of 41 Brassica napus SSR markers
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iy YT § .
{I%,M-%% #1-246 Di,wang-Aigan-246 D173 {1%,/4-440 Di,wang-440 CFLD-380
A $l1 % No bolting 4l 22 L % Bolting and budding

K ii16%5 Tianyou 16 16-2444 17-2251 %130 Qinyou 30
JF1¢ Flowering 4k ff Corners
1 #HHrEEEHERN

Fig.1 Field performance of some materials after spring sowing

TE:M: 2 THBRIE; 1~41: 20000 1~41 SSRA RIS R,
Note: M: Molecular weight standard; 1~41. Amplification results of Participating materials 1~41, respectively.

B2 #a5MYHEER

Fig.2  Amplification results of partial primers

T OFR Y 1 ERRLEE 26 B ORI =R R, i (O 3oR 3 2 BREELE 5 B KK B
B AL OIIRE 3 ZEREEET 10 (YBRPE A BT IR bR

Note: Green means the first group that includes 26 materials from Gansu Agricultural

University. Blue means the second ground that includes 5 materials from Tianshui. Red means the
third group that includes 10 materials from Shaanxi and Jiangsu Provinces.
B4 ET SSRAFIZH 41 B SN RBH A S5

Fig.4 Population genetic structure of 41 Brassica napus varieties based on SSR markers
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Fig.5 Two dimensional scatter plot of principal component analysis for 41 Brassica napus cultivars
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BIFCh S R B A B 2 5 RN

BARAL RINEE W AR LU 5 S Rt BV rhos
FLIE B 9 My B iR A3 5 Ho Rl K= &
B — 22 51) 5 4 P T TR 3 3 RN KK B R R R AT
FERER 2257, Fl bR 43l i A A D, B &8 58 i i
AMEFW, HEor R B2

H RIS AR T, i AR H () R AR A K
KRR AT X AT R Y FAERY
ANFAER R B R INACE 2482 (B ) m S 200
Ml 7 RR s SR 3R, A R AR, 515 0k L dh 22 91
AT A A BT 3 22 5 AR ; /AR
15 UL RG] R I AS - 34 ke e i . R A
RASCHE BT Bon W 2 B ARG, AR
FAE T AR B A 3 AR S X S S
LS4 1 25 5 P T LS e HE e S 1 i 5 G AR
I S I S B S B U
3.2 HEAMLHERHRESHEEZER

BRI 35 1% 22 B 1 KT 188 v 106 B X 387 R 45 1Y)
T AE ST 2 98 X 2 AR SSR 5143t
I 443 AN 55 PR AR ) 77 A A 35 PR R 1) 30
R 2B EN 72%, 41 S FFE A0L, A04 |
A05 ,A06,CO04 Jefaffix 5 s s tafk i 28 H 2
SHEEE, Hd A04 Y@ R K)F44 Shannon 5 5
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