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Genetic diversity of winter — type and spring — type turnip rape
( Brassia rapa L. ) in north China by InDel and SSR markers
FANG Yan,YANG Gang, SUN Wan - cang”, WANG Li - ping, ZHANG Shu - juan,
YANG Jian - sheng, LIU Lin —bo, LIU Zi — gang, ZENG Xiu — cun, WU Jun - yan
( Rapeseed Engineering Research Center of Gansu Province, Gansu Provincial
Key Laboratory of Arid Land Crop Sciences, Gansu Key Laboratory of Crop
Improvement & Germplasm Enhancement, Gansu Agricultural University, Lanzhou 730070, China)
Abstract: To evaluate germplasm for winter turnip rape ( Brassica rapa L. ) breeding on cold resistance in
north China, genetic diversity of 19 turnip rape varieties ( which were significantly different in temperature sensitivi-
ty, cold hardiness and oil quality) were analyzed using 9 SSR and 36 InDel markers selected from 252 markers.
Results showed that 95 allelic variations were detected by 45 SSRs and InDels, with an average of 2. 15 alleles each
marker. Effective alleles varied from 1. 05 to 3. 27, with an average of 1. 70 each. Shannon index ranged from
0.121 7 t0 1.269 5, with an average of 0. 580 3. Polymorphism information content ( PIC) ranged from 0.049 9 to
0.049 9, with an average of 0.308 1. By NTSYS calculation and unweighted pair — group method with arithmetic
mean (UPGMA) , genetic similarity (GS) of 19 materials varied between 0.52 to 0. 86. They were divided into 2
major groups (I —1 and I —2) with multiple ventricular at GS 0. 605. Group I -1 was divided into 2 semi — groups
(II-1 and 11 -2) according to their winterness at GS level of 0. 655. Among them, winter — type rapes were di-
vided into 4 small groups at GS 0.71. The cluster results showed abundant genetic diversity with large distance be

tween varieties from different geographic origins and cold hardiness in north China.

Wik H 191:2014-05-12

HEGIUH : [ 863 111] (2011AAT0A104) 5 [543 g AT (A0l ) BHIEL 55 (200903002 - 04) 5 BUARA L ME FEAR (A R BEL T (CARS - 13)

eI 21976 ) 2o HR A BIRTSE R 0L AFFE 5 1 A AR A B0, B — mail :fyv@ 163. com

* JEIER AN (1957 - ) 3 &7 A B8, 1, RG22 XS F f b+ FAERHD BT IRAT Y, E — mail : 18293121851
@163. com



22 P ERH R AR

2015,37(1)

Key words : Turnip rape ( Brassica rapa L. ) ; Genetic diversity; SSR marker; InDel marker

(13703 ( Brassia rapa L. ) J& 1746 Cru-
ciferae) 2= 22 J& ( Brassica ) , Jii = 38 [F , 76 tH 545 4R
AR T H A A 22 Bl ] 25 S,
TELREMEAR S F 5 . AR IBGEME B 22 5, 1 3
SO AN AR T IR E VIR S, A B
— 30°C St PR P R S T S o LA R R T O JE
Tt 92 R A 7E AR 25°C $E 2 30°C 44 T Rt
TFAE, o AL RO R i R PR R R (R ) 5 MR £ S
LA B SRS, A £ I S R
Ko TR B A P T 2R 51 B R BT IE (R T4 IS
R S & 5 0, SRty R 2 X i AT 3 4R
HET AP ORI, PR T 3R E AU T AT S rY A A T AR
YL, T s K T RS
HH R A5 8 A AT R B D R A b X, SR AR A R
T B L 75 BB & ZR bR, e T B
KIS mas st o JE Iy < ™ g8
T2 IR RIEAR , R R ZE R R, SR IR B
TS A A B g T 114 b X, 33 B I 5 AT 119 4l 5
AR T AR SR T S TR R A AR T 22 TR
Uk = 5 BRI TR & R i A I 94 A4
SRR . MIX A SE B AN, S B AR 3
R Z AR TR A RL . DR,
SMHT SRR A SR 5 AR I SE AR s AL SRR, T
e Z I EZ 56 2, %A 7 F S B &M 1 ek
REAEEMEFEL.

S FRRIC T IT SRR S st L 2R A R &%
FRMEE TH BRI/ T /KT 1487 b i ]
{35 fL 22 5 5 EL X &R . McGrath” # f] RFLP 45
Tt e ] IRV AR D 5 b 1 1 SR SE AT T 3
TRZEREVE AT , 2 B0 T 0D A 5 i LA 8
WALEZREYE . T EARCC X Y M X A S TR 2
FlST BT IR AT RLHEA T RAPD 4347, FF 45 G AE Y M3~ |
T R AL R U R 5 SRl B I s Ay
s B AR A28 S o A B P R R i TR
ST S A R M WAl Ax A 2 R RAPD
SHT I BTG A it s A AR K 0 P
DXk [ SR A, U1 ) P 45 b A g 7 /DN
SERYHEIE M ; Zhao!®) JF] AFLP %of 15 32 700 i 36 W47 3
TR AR AT R IR, S 56 A R B R U5 2R 6 A [H]
g 2 B, WO, A A RFLP™' | AFLP™
RAPD' " SSRY™ 2503 T AR 0 WF 5T At W it 1% £
FEMERER AL R O A M Y A H AR IR R FE 3R
FOHSE )32 BT, fEF T InDel AR 1043 Hr 11 3€ 2

TSP R RS0 R B AR WARIE . InDel Frid &K
P BEPR A i A B2 6 s B PCR FRic, &4k
SSR i fa mE — A0 F AR, TEAE Y A R A b B
AR AR 5T AR M H, InDel
P T o DR 2 A ()7 8 L A W) RN By JL R 3R
WM TGRS 3. BEE B SR AL 7
(5, 13 InDel FRic di i % ok (hip://
brassicadb. org/brad/) , ASWF5T LA M 252 Xt Fric A
i tH Y 9 X SSR A 36 Xt InDel Sy Aric Xt 5 b
X SR A A e 5 A o 2 AR M S Ak A T s A%
AT R SRR R Y 2RO R, AL T A
SIS R SR A

1 MR57E

1.1 ##

JE T AR A= A5 b DX FPAE 9 19 103 F1 2% B3 3%
Fii(Fe 1), il Hl & = TR BRI 5T o 4240
Hrppleah 6 5 (Bl 7 5 S HOR AR R 2w R
SR IE SR AR SR A HUE - 30°C # o
I s Bl 8 5 (Bl 9 5 A HR ROl K 2=k B Y ik
PUIE SRR Sl SR AP Pl 20 ~ -25°C
i A U 5 R AL /0N Tl 3 O i 5 R R A R, FE IR
25°C ~30°C &A% F M HLRETF AL, BT B k. AT
2013 4F 8 H A T H A& 22 M E)INEAM S R
TSR A
1.2 jh3EFEZH DNA 2B ( CTAB %)

FEO R 5 ~ 6 )7 FLnt i), R 7, B
FIoRAE 5 HRIE G2 A B B 4S8 A [l Se e % . JE
41 DNA F3RBUR B RL CTAB 2110,

1.3 S|¥i5iE

1.3.1 SSR #= InDel 3| % kiR  BEHUIEZE 2B 5L
5 2 P il http ;. //brassicadb. org/ b /N A 1Y 10 4% 4
ik FRBOE 435 19 252 %51 #, Hih SSR 5|
¥ 53 X}, InDel 514 199 X}, 5149 i 1 i A= 4 T2
FARAG R A

1.3.2 PCR Rtk Z B ¥ ¥4/ PCR N{KR
H 10uL: Mix Taq [ (SU/uL) 6ul, b iif 51 %)
(10pmol/L) 0. 5pL, F 51 #) (10umol/L) 0.5
L, ddH,0 2L, #iAk (10ng/pl) 1wl; PCR 414 e
J5 :94°C i 75 1 4min;94°C 751 505,55 ~ 60°C & %
50s (RGP IR JOR R E & 0.5C) ,72C
FEAH 505,35 PNEFR;72°C ZEAH 10min; B PCR 7
Py 4°C ORI



F OB FHR G ERLHEL AL SSR Fo InDel 45 % A5 23

F1 AWK

Table 1 Name and source of materials tested

%5 Code JEHE A Thermonasty ##L Material e iE Source
1 Parkland
2 Sunbeam &K Canada
3 KAL/NHZR Tianzhu rapeseed Hlt )y #FF Gansu landrace
4 M Springness £z M3 Multicapsular %K% Qinghai University
5 96ml115
6 B 3 %5 Longyou 3 Hf 4l K2#% Gansu Agriculture University
7 B 4 5 Longyou 4
8 Largo RN H 7 i Fh European landrace
9 K3l 2 5 Tianyou 2
10 K1 4 5 Tianyou 4
11 ) K 5 5 Tianyou 5 KK AR Tianshui Institute of Agriculture
AV Winterness . .
12 K 8 5 Tianyou 8
13 200119
14 FEJH 2 5 Yanyou 2 FEZE ) T AR Luochuan Institute of Agriculture
15 Tl 2 5 Ningyou 2 T HAH H.0s Ningxian Agricultural Technique Center
16 Bl 6 5 Longyou 6
-
i; SR Strong winterness gﬁ:i; g izzizzz ; Hit 4l k2% Gansu Agriculture University
19 B 9 5 Longyou 9
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Table 2 Diversity parameters of 45 markers used in this study
Frid e Qefafk i () SENLAE SR AR AL Shannon $§ %% 2 B

Marker Type Chr. Genetic distance Allele number Effective alleles Shannon’ s index PIC
BrID10081 InDel A10 56. 80 3 2.24 0.896 1 0.464 3
BrID10153 InDel A03 126.96 2 1.36 0.436 2 0.230 6
BrID10305 InDel A01 40.26 4 3.27 1.269 5 0.637 7
BrID10445 InDel A01 38.44 2 1.70 0.601 7 0.326 8
BrID10415 InDel A02 25.22 2 1.98 0.687 6 0.3722
BrID10421 InDel A02 90. 84 2 2.00 0.693 1 0.3750
BrID10427 InDel A08 35.60 2 1.98 0.687 6 0.3722
BrID10435 InDel A01 35.13 2 1.50 0.514 7 0.277 1
BrID10493 InDel A07 39.84 2 1.23 0.336 5 0.170 7
BrID10497 InDel A10 33.40 2 1.98 0.687 6 0.3722
BrID10553 InDel A07 35.92 2 1.76 0.623 7 0.338 8
BrID10565 InDel A02 46.65 2 1.23 0.336 5 0.170 7
BrID10669 InDel A09 96. 13 2 1.43 0.477 7 0.255 4
BrID10723 InDel A04 58. 65 2 1.63 0.576 3 0.312 6
BrID10807 InDel A09 57.24 2 1.70 0.601 7 0.326 8
BrID10863 InDel A06 7.31 2 1.05 0.1217 0.049 9
BrID10879 InDel A01 49.63 2 2.00 0.693 1 0.3750
BrID10911 InDel A06 80.02 3 2.25 0.943 6 0.4950
BrID10959 InDel AO6 80.02 2 1.98 0.687 6 0.3722
BrID90021 InDel A09 110.25 2 1.70 0.601 7 0.326 8
BrID90071 InDel A09 31.07 2 1.63 0.576 3 0.312 6
BrID90131 InDel A02 94.87 2 1.63 0.576 3 0.312 6
BrID90197 InDel AO3 11.29 3 1.97 0.827 2 0.425 4
BrID90428 InDel A08 42.06 2 1.11 0.206 2 0.094 7
BrID90452 InDel A03 61.13 3 1.99 0.809 2 0.416 3
BrID101019 InDel A10 69.42 2 1.76 0.623 7 0.338 8
BrID101127 InDel A03 6.48 2 1.63 0.576 3 0.312 6
BrID101147 InDel A09 67.21 2 1.57 0.547 4 0.296 1
BrID101165 InDel A02 10.16 2 1.43 0.47717 0.255 4
BrID101167 InDel A02 125.57 2 1.63 0.576 3 0.312 6
BrID101227 InDel A02 118.63 2 1.17 0.276 2 0.134 8
BrID101229 InDel A09 70.67 2 1.57 0.547 4 0.296 1
BrID101009 InDel A07 9.36 2 1.05 0.1217 0.049 9
BrID101037 InDel A09 80.39 3 2.37 0.958 6 0.502 6
BrID101081 InDel A01 20.78 2 1.98 0.687 6 0.3722
BrID101169 InDel A03 100. 64 2 1.50 0.514 7 0.277 1
Ol12F11(RI1) SSR A02 129.48 2 1.23 0.336 5 0.170 7
8C0522 SSR A01 18.45 2 1.11 0.206 2 0.094 7
BCI05(RS5) SSR A04 97.06 2 1.63 0.576 3 0.312 6
8C0672 SSR A06 5.40 2 1.82 0.642 4 0.348 8
E060(R6) SSR A06 36.28 2 1.70 0.601 7 0.326 8
8C0036 SSR A09 48.09 2 1.43 0.477 17 0.255 4
8C0169 SSR A02 0 2 1.99 0.691 8 0.374 3
BRMS043 (R3) SSR A03 90.58 2 1.50 0.5147 0.277 1
ENA20(R6) SSR A0S 50.97 2 1.98 0.687 6 0.3722
SE-14) Mean 2.16 1.70 0.580 3 0.308 1
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