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Abstract ; Twenty-six northern winter Brassica rapa L. varieties were used as the study materials. We observed
botanical characters of seedlings before overwintering, calculated the semi-lethal temperature (LT5,) and analyzed
the relationship between cold tolerance and vernalization rate after sowing in early spring. Meanwhile, the selected
SRAP, SSR and InDel markers were used to cluster the tested materials. The results showed that there were abun-
dant variations at each of traits of winter Brassica rapa L., with the Simpson (D) of 0.011~0.847 and the Shannon-
Weaver (H) of 0.035~2.046. The diversity index of petiole length was the highest in numeric traits, and that of
growth habit was the lowest in qualitative traits. The vernalization rate of the tested materials was 6.59% ~69.88%.

The LTy, of the tested materials was —3.52~-9.93°C. Correlation analysis showed that vernalization rate was ex-
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tremely and significantly positively correlated with LT ,( P<0.01), significantly positively correlated with growth

habit (P<0.05), but it was extremely and significantly negatively correlated with leaf color (P<0.001). Genetic

diversity analysis showed that 27 pairs of primers were screened from 26 Brassica rapa L., and the total number of

alleles was 130. Moreover, the averaged effective allele number ( Ne) was 3.14, and the averaged Shannon’s di-

versity index (1) was 1.2073. The averaged Nei’s genetic diversity index ( H) was 0.6168, and the averaged poly-

morphism information content ( PIC) was 0.5681. According to the clustering and principal coordinate analysis, the

tested materials were divided into 6 categories. Groups 1 and II were mainly raised in Tianshui, while groups Il ,

IV, V and VI were mainly materials raised in Lanzhou.

Keywords: Brassica rapa L.; vernalization rate; LT, ; botanical character; molecular marker; genetic diver-

sity analysis
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Table 1  Test materials
%5 BB PR e i R TR e U
No. Material name Origin No. Material name Origin
| Kl 4 5 HFRoK 1 Kith 142 HM KK
Tianyou 4 Tianshui, Gansu Tianyou 142 Tianshui, Gansu
Kl 258 3 1 HRK Htr 22
2 Tianyou 258-1 Tianshui, Gansu 15 2016QI=1 12P720 Lanzhou, Gansu
HW =M 15P720 % 1 o220
3 2016PI=13 PZ24 Lanzhou, Gansu 16 15P720-1 Lanzhou, Gansu
Htr 22 2010 JEIL XK 2 Hl Rk
4 2015PI=19 Lanzhou, Gansu 17 2010Yuanshan Shitian2 Tianshui, Gansu
HH =M HR M
5 2016P 11 -16 14PZ24 Lanzhou, Gansu 18 2016DI-1 PZ20 Lanzhou, Gansu
Tz Kifh 45 %7 Hl Rk
6 2016Q1I -1 12PZ16-1 Lanzhou, Gansu 19 Tianyou 4-7 Tianshui, Gansu
T2 Kl 178 LN PNS
7 2016Q1 -1 12P720 Lanzhou, Gansu 20 Tianyou 178 Tianshui, Gansu
g 12PI1 -1 ¥ 3 22 91 B 24 = Htr 22
12PI1-1-3 Lanzhou, Gansu Longyou 24 Lanzhou, Gansu
ol 22 Bz 26 = ol 22
? 12PI-16 Lanzhou, Gansu 2 Longyou 26 Lanzhou, Gansu
i ES 5 R
" 60015 M ” <l 8 % RS
Lanzhou, Gansu Dongyou 8 Qingyang, Gansu
i G X R i
" 2015015 22 M " 2010 LUK ST BLLESIS
Lanzhou, Gansu 2010Yuanshan Shitian5 Il Tianshui, Gansu
- B 27 HE 2 ’s A 2 557 B4 )1
Longyou 27 Lanzhou, Gansu Lintao Yanyou 2-7 Luochuan, Shaanxi
FR M Ik WYW-1-4 F M
13 2015Q1-6 Lanzhou, Gansu 26 Lintao WYW-1-4 Lanzhou, Gansu

Table 2 Code designed for qualitative traits in winter rapeseed ( Brassica rapa L.)

R2 BRBLHFFHEHEEREERE

% No. PEIR Character WA Code of trait
1 A I HE =12 H =2, =3
Growth habit Prostrate = 1 ; Semi—erect =2 ; Erect =3
DA Wek=1;500= 2, 580=3
Central blade color Pale green=1;Green=2;Purple=3
3 HE To=0;=1;%£=2
Spiny hair Not=1;Few=1;Much=2
. - L= 1;IRE =2, IRGk =3, K&k =4 %k =5, Kl =6, T =7, IRE 0 =8
Leaf color  Green=1;Pale green=2;Dark green=3;Gray green=4; Yellow—green=>5;Gray blue= 6 ; Tiny purple =7;Drak purple=8
5 -k % B =1;0k%=2;%6=3
Leaf vein color White=1;Pale green=2;Purple=3
6 2% 22 =05 W0k = L TRBER = 25 B ik = 3 Btk = 4, TR I it = 5

Leaf margin

Full edge=0;Wave shape = 1;Sinuate =2 ; Serrated = 3 ; Crenate =4 ; Shallow lobed leaf=5
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1.2.4 A E 2 DNA REREARN RN 1
A2 B, R CTAB iEE 736 41 DNA
BRI, I 19 Byt B b6 B 247 LK ARSI, I A%
P 00 5 S0 5 VA B A IR 3 1) DNA BT8R 8
50 ng - WL F-20°C HEE FAAER

1.2.5 PCR ¥ 3R M is S MR 451
W25 JE BUE JE (http ://brassicadb. org/brad/) , ¥
FHYS) 53 A HE 10 Z5 9L A fAk 11 30 X InDel 514,20
X} SSR 5|91 48 XF SRAP 59414007 , 555514
3WEYFEES KRG 1 2SR M, Bt
TR 27 XL EIH . SSR FI InDel 51444 #) M2 ¥

IULER 3, SRAP 519 M7 AN W3 4, L5 F T
eS| PIRENLAL &, b ik 2] 4 X} SRAP 514G
435K Em4/Me8 . Em5/Me8 . Em12/Me8 FI EM12/
Mel8, SSR Al InDel #Ric B WK ZR A 10 wL, H
2xTaq PCR Master Mix "~/ 5 pL .10 wmol + L™ #9549
£ 0.5 pL.50 ng + pL™' Y DNA #if 2 pL KB GE
/K2 pL, SRAP-PCR KB f& &R K 10 pL,2xTaq
PCR Master Mix & 5 pL, L FHF51445 0.6 ulL,50
ng + wL™'AY DNA #iHz 2 pL, KEWZEK 1.8 pL, ¥
B W L 8% AV AR W 3R T M Tk P B I P K A T 43
B, FLUKEE R R R R AR A TR

®3 HCEREFT

Table 3 Marker names and sequences

%> GIE BN bricdesd Y fidis i FI4F51(5-3)
Code Primer name Marker type Chromosome position Primer sequence (5°=3")
e e
D meen s Tt
3 o bl o TIOEIECACGUGIM
G e e e et
D e pTcommu
o wmme e m LAowTmow
D e e pemeenomen
C e e ommmmem
o e e FeTOMSmm
e
D e EoSmowwnow
s e e we  LosTmmCow
'
C e s e Leemommm
s wew e o Lhoumoomen
o wew o w Lychscmomo
P e e e L
s s LS
o wmewa w T
s wees o Eoioummom
2 wews s o pomcwmmmer
s wen e aw  [ooowcoon
s wmen e e Dmememecom




IR AE U7 SRS SR I AR AL HUFEPEANIEAL AR 70 A 5

&4 SRAP 3|3
Table 4 SRAP primer sequences

B FREFHI(5'—3") BIAFR T (5'—3")

Primer name and sequence Primer name and sequence

Me5 TGAGTCCAAACCGGGAT Em4 GACTGCGTACGAATTTGA

Me8 TGAGTCCAAACCGGTGC Em5 GACTGCGTACGAATTAAC

Mel8 TGAGTCCAAACCGGAAG Em12 GACTGCGTACGAATTCAT
Me20 TGGGGACAACCCGGCTT Em14 GACTGCGTACGAATTCTC
Me22 GGTGAACGCTCCGGAAG Eml15 GACTGCGTACGAATTCTT
Me23 AGCGAGCAAGCCGGTGG Em17 GACTGCGTACGAATTGTC
Me24 GAGCGTCGAACCGGATG

Me30 GACCAGTAAACCGGATG

1.3 #HEFITSSH
XF 26 Gyt J7 ISR B A S 6 A AR B AL 1
ARIATEAE ALK I (3R 2) , 4 DEE B PER AT
OYRAEER TR R AE AR AR S L 25
SR H A S 2R L Simpson $8 £X Fil Shannon-weaver
B, Bk S Pielou " YT 1k .

Shannon-Weaver f6§%4%. H =- 2 (P,InP;)
izl

Simpson /8D =1 - ZP?
i=1

X, P R BEPEARES @ PO AR B0 S B
AT, In i FH AR,

FET Excel F1 SPSS 22.0 FAF X AL LS
EMEY E R TR R G RE, @A
AR 7 U 26 13 2 B A S5 ot Aol ) BB G
FLK 25, JE R 0/1 JE [ | il 3 Dataformer #1444 4k
WA AR T fd ] Popgen 32 B4
B AESH, PowerMarker V3.25 #4115 PIC F1 5 Fp
] 38 AL R, 45 B 3E A 4L 247 (UPGMA, un-
weighted pair-group method with arithmetic means ) 3
KEER . HITOL X R4 R IAT MR 2 R G K
FERT . NTSYS—pe2.10e 4k T 3544 1 B3 S %
HEAT FABARAIHT

2 RS

2.1 ARAEFTEFRBLHRKEBRRNEULRER
AET7 2 il SR SRR 1R 55, FL A o ] A 0K 22 S
T it o S P 2 S P S R O 4 2R A R R
IR R 365 IO P AN ] 3R A A () SR b )
AL R AR, DA AR 1) 25 Ak 3 A9 e A RT L
YA S FEME R SR S5 L ARSI b
TG AR P A AR R B AR A R R 7R
&, BEAARIE B JTIE S A A A R
6 FEFERES(E 1,09 5538 5) o M4 H ) A4

KEFBRERBMNY G IR, MR HELEN
6.59% ~69.88% , Ik WYW—1-4 F1 16QD-15 [
ERIAR, 7500 6.59% F1 6.94% , ib T8 T2 E K By
B BE 7 B R SRR B L B ) R 93.419% Al
93.06% ; Kill 4 5 HFLF T, 4 69.88% , H Bl
AERRR 5 BRI SRS 26.51% , LN, K 258 ik
1.2016P1-13 PZ24 K3l 142.2010 sl XK 2,
Fo 178 43 8 52010 Jo il XX K S, IIfs Wk 4E
M2 5 -7 38 8 (AR R B R,
22 ARAAEFAFBLHEREEHER

IR P BOFE R B 2 VAN A Y B FE Pk 0 4
b, — i AR XS B 5 38 25 4 Logistic /7 215, H:
AR BT FE MR TR 55, AW 5T AR 4l 0 R A G
RPUE K Logistic HRERIILEEE (R) /T 0.8344 ~
0.9971, UtHH Logistic 77 P2l & BERLUT, 26 1 S 1Ak
AR IR~ BOAE iR 2 AU B - 3.52 ~ =9.93°C
(R 6) , ULBHAL 7 (138 B A9 3 45 Sl A B =2 [E] 4t
FEPE 22 4 K, Hol gk WY W - 1-4 B IR 2 BOE
T FE FeAR, 2 -9.93°C 5 Kl 258 #E 1 AR IR 1 BFE
TR, N-3.52°C , RIKTTRABHAIF S T i &
FIRA B HE R 4 5 K 258 KM 142 55 5
(R)PUIENESS TP 27 5 G Pk WYW-1-4 Pl
26 S ISR R (R) .
23 EYMFERTURESHEENEXES

L XF 26 13 SR AR AR P F RO 4 B
S SR R A K ) A R S P BT A K R
FA AR SR B 0, FO B IR SR | 2 i
ka2 0 1 €, it 2RIk 22 S 4 150k, 00 0 B 4K
HATEZE SR WS MBHE I 4 DEERER (R
7) J 6 DAEEUERIMER (3£ 8) 0 Hrali R W] 2016P
I -16 14PZ24 MARF FEFI 2L XT BB 5 K, o3 o) 2
12.30 cm F15.25 %, MK BEE AR AT 2010 JC
XA K 2(10.61 em) |, e/ I Dk 2830 2 5 -7
(6.88 cm) ; M F 5 B {H e K 1 2 2010 JT 1L X3 R
S5M(9.04 cm) , Fe/NA A 15PZ20 # 1(6.05 c¢m),
BUE AR AR 5 RBCF-YME R 25.39% , M 7 56 B
A R/ (21.59%) , 340 X AR S R B KR
(32.00% ) ; AEEAE A bR B o) B 45 i 1 AR S R AN
WK (5542% ), A& K 2T W0 A 5 &R B /D
(7.54%) , F-YI(EH N 37.76% , HUE TR i) S 14 725
Se/NTAREE A UL HS AL AR XA E . 10 MY
PR IBAL ZREPEFEEL Simpson (D) 19725 Ak 78 il
0.011 ~ 0. 847, Shannon-weaver ( H) 258 4k 35 Bl A
0.035~2.046, FUEAI MR 1E ZREHEIEECD 5
H BS99 0.826 1,917, UL S8k ) 16 75
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Table 6 Semi-lethal low temperature of 26 winter rapeseed varieties ( lines)

SRR R) AHXTHL 3% Relative electrolytic leakage/ % ?U\ﬁﬁﬁ': *ﬁ%ﬁ%fg/ < AN S LIS
Variety (line) s 90 8T 120 16T —20C Regrf&s'smn Seml—]f&thal R Cold‘ to]:f:rance
equation temperature ranking
Kl 4 %5 Tianyou 4  40.35d 44.92d 54.19c 74.91b 94.33a 97.75a  y=100/(1+2.6933e 020 ) -4.50 0.9154 24
Tﬁ]ﬂ;‘figgﬁ_a 42.78¢ 45.48c 53.37b 86.60a 87.31a 88.45a  y=100/(1+1.6372¢ 0140 ) -3.52 0.8595 26
2016PT-13 PZ24  37.42¢ 43.08¢c 46.79¢ 62.01b 90.24a 91.62a  y=100/(1+2.5112¢ 101) -5.68 0.8785 12
2015P1-19 28.08c 44.99b 52.27b 83.35a 85.48a 89.86a  y=100/(1+2.3681e "167r) -5.26 0.9535 15
2016PII-16 14PZ24  25.43d 32.49c¢d 39.96c 63.37b 85.60a 89.12a =100/ (1+3.6634e *18) -7.18 0.9223 7
2016QI-1 12PZ16-1 29.83¢ 36.60d 59.15¢ 78.02b 91.82a 95.83a =100/ (1+3.1928e 02!26*) -5.46 0.9823 14
2016QIM-1 12PZ20  23.39d 27.81d 43.8lc 84.02b 85.64b 92.04a  y=100/( 1+4.3249¢ 020%) -7.19 0.9310 6
12PI-1 % 3 12PII-1-3 25.6le 43.02d 73.78c 79.52bc 84.97ab 86.87a  y=100/(1+2.0833¢"1%17) -4.89 0.9035 21
12PI-16 19.65¢ 23.97¢c 30.74c 72.20b 87.66a 94.70a  y=100/(1+2.0798¢%131) -8.16 0.9408 2
16QD-15 22.86e 33.03d 41.84c 84.68b 85.95ab 90.98a  y=100/(1+3.8501e %) -6.93 0.9214 8
2015Q1-5 20.41d 22.35d 36.43c 82.14b 94.71a 9549  y=100/(1+6.7274e"25%) -7.23 0.9288 5
B3l 27 %5 Longyou 27 17.14e 31.50d 43.12c 82.90b 84.94ab 90.94a  y=100/(1+4.7512¢~020%) -7.57 0.9484 3
2015Q1-6 24.64c 31.27b 34.68b 90.66a 91.21a 91.64a  y=100/(1+4.0894e 02!41") -6.57 0.8344 9
Fh 142 Tianyou 142 35.30d 38.86d 59.06c 79.21b 87.32a 90.19a  y=100/(1+2.2022¢ %1%) -4.96 0.9664 19
2016QI-1 12PZ20  33.43c 35.8lc 45.66b 81.35a 86.34a 86.4la  y=100/(1+2.5558e 135 -6.07 0.8895 10
15P720 i 1 15PZ20-1 24.26f 35.75¢ 46.00d 87.56c 90.97b 97.26a  y=100/( 1+4.6048¢ ¥>") -5.60 0.9302 13
zoigg)uzzfﬁa'fgﬁiz 24.59b 33.48b 41.16b 89.66a 92.70a 94.78a  y=100/(1+4.5113¢"317%) -4.74 0.9156 23
2016DI-1 PZ20 29.83¢ 44.53d 55.44c 79.36b 91.87a 92.89a  y=100/(1+2.5965¢ " 187 ) -5.09 0.9687 17
?:i::ff; 35.06d 44.37c 56.20b 85.62a 89.73a 90.25a =100/ (1+2.2027¢ 163" -4.31 0.9234 25
Fh 178 Tianyou 178 30.76e 37.19d 71.31c 78.59b 88.10a 90.49a  y=100/(1+2.2445¢ %1664 -4.85 0.9508 22
B9 24 %5 Longyou 24 27.22c 48.84b 54.25b 83.98a 85.33a 88.28a  y=100/(1+2.2317¢ "1560%) -5.12 0.9240 16
BEih 26 5 Longyou 26 26.14c  35.93c 48.46b 77.07a 79.71a 80.45a  y=100/(1+2.7673¢ %137 -7.44 0.9146 4
229 8 %5 Dongyou 8 26.26d 42.24c  54.80c 69.62b 79.85ab 89.49a  y=100/(1+2.7417 020%) -4.91 0.9971 20
2010 JTII XK 510

) ) - ~0.1304 _
2010Yuanshan ShitianSII 34.97e 43.57d 59.98c 72.53b 81.27a 86.77a  y=100/(1+1.9400e ) 5.08 0.9944 18

IRkAEih 2 5 -7
Lintao Yanyou2-7
Ik WYW-1-4
Lintao WYW-1-4

26.4le 34.04d 46.87c 84.40b 91.89a 93.71a  y=100/(1+3.6248¢ 0212") -6.06 0.9434 11

18.14e 20.32e 35.43d 63.61c 72.38b 88.27a  y=100/(1+6.2320e %) -9.93 0.9673 1
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Table 7 Mean, standard deviation, extreme value, coefficient of variation and

genetic diversity for numeric traits on 26 tested materials

LE2N T /M KM bR 2z AR S R Simpson 844  Shannon-weaver
Character Mean Min. Max. SD CV/ % D H
It </ ¢
tH K/ om 8.52 4.60 16.00 1.88 22.09 0.844 2.009
Blade length
u iz
f)fl‘mféxf/cm 7.63 4.00 12.50 1.65 21.59 0.845 2.011
Blade width
R
+*ﬁkE/Lm 9.97 4.20 17.80 2.58 25.87 0.847 2.046
Petiole length
EANE O O
SR 3.94 0.00 8.00 1.26 32.00 0.766 1.603
Lobed leaf
FHI{E Mean 25.39 0.826 1.917

AP w, MR ARG SRS EUR R, D, SRS TARBE AR, b A R A Pkt 2
H{EL750170 0.847 2,046 R PR s L ZREEHE BEMESR B/

o/, ARBUE IR B 3522 Z BEPEAR 80 D H 1Y ST AEY) FPEIRRT 26 1 SlbhR AT 2L 4
FEIE N 0.395.0.627, UL WIEUE IR i 38t A SRERWI (8T 2) , SR LIRS 5 0 LR, o)
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g4 KR H T 24935 2016Q 11 -1 12PZ16-1 Bl
27 5 2015P1-19 .2016DI-1 PZ20 [ ik 24 & 12P
I-16 F1 2015Q1-6 & 7 3k K}, &5 B A 41k
26.92% ;iR IAEAR AR K Hoh &5 R A K, i
poRrs Mg SERDY S RENEE AR U W E S8 MR RIS
AN W N 1 D 3 DO B O I ol | I D
12PI -1 # 3. Bl 26 5, 2016Q1 - 1 12PZ20,
2015Q1-5,16QD - 15 ,2016P1 - 13 PZ24  15PZ20 %
1 K 178 2016Q 1 -1 12PZ20 I #¥k WYW—1-4 FI
IGPEEE T 2 5 -7 3L 11 R, & A AR
42.31% ; IZIETE W RE i 2 A B2 AR R A B o0
BRI AEZ, BN 2010 ol KK 51T,
2010 JoIl XA K 2 49 8 5 Kl 4 5 KT 258
P& 1 K 142 F12016P 11 -16 14PZ24 4 7 (k1 k,
Hi T ABHE 26.92% 3 1Z S HE I R i 2 A K IE %,
MR T8 TS AN 3 AR, A K BT 8
SRS HON KRR EZE RS A, B IVIEaEE 1 5
ZRM BRI 4 53 7,40 SR 3.85% 1%
AR BE R A, M O B B | 4 X 5 /)
TFHAM 3 NBE,

FACR G5HARR 11 ADAEY) AR AH S 53
Fra& B (1 3, 0L 9 50) , M8 55 2R B0 T BE 2 A0 0 3

FASC(P<0.01) , AR K JE 5 BOEIRE 2R
FIEFISE(P<0.01) , 6B F SR A A Th S o Bl g |
AP B AR 5 i, L2 BRIk, B LR
HAERAIHERBEIEMK(P<0.05), 5L
FE RN B EEA S (P<0.01) , 5 M0 2 4% B % 7
I (P<0.001) ;2f Fr A, HAE K #alknm i -
BRI, A T A 2 R BT SE PR
S BRI S, H 5R - EUE
T AR A T G, R R R 2 S IR
o, HAGTFEE R , T A RAR T 5 BRI
#8 26 BSRFRHEERER R
TR RABRIEE SRS

Table 8 The variation parameter and genetic diversity

of qualitative traits on 26 tested materials

[EN AR ZEL Simpson $5%4X Shannon-weaver
Character CV/ % D H
A 3P Growth habit 7.54 0.011 0.035
L7 Central blade color 43.89 0.494 0.745
H=E Spiny hair 35.48 0.522 0.787
M Leaf color 36.67 0.527 0.891
MK Leaf vein color  55.42 0.262 0.432
M2k Leaf margin 47.53 0.551 0.872
SEY{E Mean 37.76 0.395 0.627
10 15 20 25

2016QII-1 12PZ16-1 1
[z 27 Longyou 27 2
2015PI-19 3
2016DI-1 PZ20 4
[fz #1245 Longyou 24 5
12PII-16 6
2015QI-6 7
12PII-1i%3 12PII-1-3 8

Pl #1265 Longyou 26
2016QI1-112PZ20

T

2015QI-5 11
16QD-15 12
2016PI-13 PZ24 13
15PZ20i%1 15PZ20-1 14
K178 Tianyou 178 15
2016QIII-1 12PZ20 16
I PEWY W-1-4 Lintao WY W-1-4 17
IIfi Pk 4E 3112%5-7 Lintao Yanyou 2-7 18

20107 th [X 4 K511 2010 Yuanshan Shitian SIIT 24
20107C th [X X K2 2010 Yuanshan Shitian 2 25

L]

471185 Dongyou 8 19
%745 Dongyou 4 21
K258k 1 Tianyou 258-1 20
K142 Tianyou 142 22
2016PII-16 14PZ24 23
K W45 %7 Tianyou 4-7 26

11

B2 ETESEAMAEYEERNREREE

Fig.2 Systematic cluster diagram of the tested materials based on botanical characters
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% HEWYW-1-4 Lintao WYW-1-4 431185 Dongyou 8

e WO
R N S SV

. 3 e € i
F 178 Tianyou 178 K45 Tianyou 4

1 SR EREOEERT

Fig.1 Field performance of materials after spring sowing

#H 5% # $ Correlation index

A4 K2 GH M os-1.0
L P8 CBC Bo6-08
$il & SH B 0.4-06
i LC
ik £ % LVC [Jo.2~04
W2 %R LM [Jo~02
A I PL ] —0.2-0
uf)fff BL ] —04~—02
I 58 B BW
Z4 6t # LL B 06~—04
JHOIE W E LT, B 08--06
F L E VR B -10-—0s
N
A/\ XN
NN
CAR

. ox P<0.05; % % P<0.01; % = % P<0.001;

Note;: * P<0.05; * * P=<0.0l; * % % P=<0.001; GH: Growth habit; CBC.
Central blade color; SH: Spiny hair; LC: Leaf color; LVC: Leaf vein color; LM: Leaf
margin; PL: Petiole length; BL: Blade length; BW: Blade width; LL: Lobed leaf; LTy, :
Semi-lethal temperature; VR: Vernalization rate.

B3 EMFERSHEENEX TSR

Fig.3 Correlation analysis between botanical characters and cold resistance

2.4 ETF SRAP.SSR #l InDel FRICHIRMESHMER  (389),26 O FISRAIALM SR 27 X 51 9 5cds 2k

RESH LSS FER B 130 4, Horb g | 4 58 H A 3= 820 A
2.4.1 FaRAMHEAE S AR FIH 27 X516 26 FE AO1,A02 A10 X 3 Y afk, A G G IRE I
Py AL A BT i st A% Z R S 8T o b DA BB AR TS L ol 2 ~ 17, F- 24 {E hy 4.81,
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AOT 1 A10 Yo oo f (1% XL 45 4o ik R B 2 . A &L
S HE I (Ne) AR fETE N 1.26 ~6.81, F-3{H
M3 14 WL 2= 4 (Ho ) B9 ZE AL YE A 0.1238 ~
0.7919 ; WBE A4 B ( He ) H B/ IME S2 0.2081 , i KAl
J2 0.8762; FARAE B (1) Al Nei” s FEH L LR 5L
(H) W YME 43 50K 1.2073 F1 0.6168 ; 2 5115 .
TR (PIC) S AL BBl 2 0.1833 ~0.8378 , - H4{H Ky
0.5681, H: SRAP #Ric iy PIC (H &, UL ) PIC>
0.5 BN EA 19 4, 5 EEARICH 70.37% , B A
WFFE T E bR 0 HL A 8 1 2380, T LA Rl
ISR iR ZFETE(R S

242 A TREMMABKAGREE>H WK 4 Fr
R26 I BIRM R N 6 KB 1K EEAE

2010 Jo il X K 51,2010 JT Il Xk K 2 43 8
5 G Yk ZE S 2 5 -7 .,2016P1-13 PZ24 ,2016Q1-1
12P720 IR 4 53k 7 36 7 bkl 28 T 2R fE R
M1 258 3 1, K 178 KM 4 5 KA 142 ,2016DI-1
PZ20 FIPh 26 53 6 By brk; 58E T FZSHET &=
BALFE AR N RAKE AR, 565 T2 1
BB 2015Q1-6; 26 IV S 4045 2 (7 A8 15PZ20 # 1
12PN -1 3% 3,55 V 24348 2015Q1-5 ,16QD-15
B 24 5 2016Q101 -1 12PZ20,2015P1-19 Al 12P
1 -16 3t 6 kL 55 VIZRA4E 2016Q 11 -1 12PZ16-
1.,2016P 1 -16 14PZ24 Ik WYW—1-4 F i 27
S A AL RN IV VR VI B A rY o
22N AL

&9 260 MZMEMRBESHESH

Table 9  Genetic diversity parameters of 26 winter rapeseed germplasms

WG AT e o EEME
g GIMIE ERE wpag  COURAR WRREE ey NSRS Than
FUREERYN Observed Expected . 2 .
A A Number of Number of . . Shannon R Polymorphism
Chromosome . . - heterozygosity  heterozygosity . Nei’ s diversity L .
Primer loci observed effective (Ho) (He) index () index( H) information
alleles( Na) alleles ( Ne) ° ¢ mndex content ( PIC)
A0l 4 17 2.76 0.3837 0.6164 1.1428 0.6045 0.5566
A02 4 12 2.23 0.4766 0.5234 0.8652 0.5133 0.4449
A03 1 2 1.26 0.7919 0.2081 0.3576 0.2041 0.1833
A0S 1 8 4.18 0.2207 0.7793 1.6968 0.7608 0.7295
A06 2 10 3.52 0.2704 0.7296 1.3851 0.7156 0.6665
A07 1 3 2.09 0.4683 0.5317 0.8843 0.5214 0.4587
A08 3 12 2.94 0.3333 0.6667 1.1887 0.6539 0.5943
A09 3 11 2.66 0.3834 0.6166 1.0742 0.6048 0.5472
A10 4 17 2.88 0.4239 0.5761 1.0730 0.5651 0.5125
Em4/Me8 7 3.69 0.2460 0.7540 1.6151 0.7289 0.7035
Em5/Me8 10 6.81 0.1238 0.8762 2.1010 0.8532 0.8378
Em12/Me8 10 5.92 0.1465 0.8535 2.0317 0.8310 0.8137
EM12/Mel8 11 5.41 0.1649 0.8351 2.0275 0.8152 0.7982
SFHI{E Mean 4.81 3.14 0.3700 0.6300 1.2073 0.6168 0.5681
SUFT Sum 27 130
i KIH Max. 17 6.81 0.7919 0.8762 2.1010 0.8532 0.8378
#i/IMA Min. 2 1.26 0.1238 0.2081 0.3576 0.2041 0.1833
2.4.3 1Rk ¥& SRAP SSR #= InDel #4289 26 45 X
R 2 A FR AT ARSI AL R B, X 26 13
SERULMSE MR AT A AR AT, BT 3 D AR BRI
T BTSN 24.4% 13.7% K1 9.5% , %t 26 4~
SRAA B RS 1.2 F bR g B W HET (E
5)o H7 1.2 FABRE TTRR A2 38.2% , ZKH KL
xa Bl 6 2% Hirp 28 1 24045 2016P1-13 PZ24 2010
Colored range . e . e ~ \
JLIXARK 2.2010 ol DGR 510 i k4 itk 2 5
O
! =7 Mg 8 AL s iy Ar ek, o I SR EE B o 26
%'” TR 4 K 258 ¥ 1 AR 178 3t 4 Gy bt
I\l N > y N
m v Fho H5TSALHE KN 142 Kl 4 53E 7 F1 2016D1-
v 1 PZ20 3 3 fr #FBL, 55 IV 2R 55 2015Q1 -6,

B4 ETF SSR.SRAP # InDel #Ri2 B2 26 4 &M R
Fig.4 Clustering of 26 winter rapeseed germplasm based
on SSR, SRAP and InDel markers

15P720 % 1 12P 1 -1 ¥ 3 12P 1 - 16 3£ 4 344K},
55V 2445 2015P1-19 2016QIM-1 12PZ20 B i 27
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Note: 1~26 represent the names of the varieties (lines) , as shown in Table 1.

5 {&#E SRAP SSR #1 InDel #Ri21HST

FARIRSHHIE 1.2 TR E

Fig.5 Scatter diagram of the first and second principal coordinates of the principal

coordinates analysis based on SRAP, SSR and InDel markers

5.2016P 11 16 14PZ24 [lm¥k WYW-1-4 .2016Q 1l
-1 12PZ16-1.2015Q1-5 [fg i 24 53 8 {3 #4 K},
o5 VIZE4245 2016011 12PZ20 1 16QD-15 3£ 2 £
R

3 g s

SRR PRI 15 14 ol 8 IR A R R ) AR TR A R i
P X 2% A 1 B R R A R Y
[HRERUE SIS P L AN TR S 17 S /7
FIPRAHGAE BT, B AN R 1 1 SR 4
T 58 WA AL B B i s 189 I ) A [7] , i 4 i
255, A AL P 5 i 18] R B, AR AR R
R PE S PUEPE AT ENAE R R

AHTFEAR G RUAR D)~ VAR 73BT, #5 S50 K
R0 4 A2EHE BRE D AZERE I B2 2N E
DR S A o N G SN o T S G 7 N
ARTTMIZE AR, R B B A B AR A B
JE R N A1 0 18 7 PUTE b A B0 5 b o
U, R AR IV 3 B H B (9 A B, A A7
RBE MR R MR 58 S5 A 2 X B4 O i A T
JERE TANSERE I, 2 Bt 50 10 A AL R A > B
JE NI IR i H & B AR LR i

AL XT 26 HrIbT7 SRS A (3R ) 2547
REWERZHEEII BT, K HEUE BIMAR-  Z2 4F
PSRRI 1.917 5 TARBUE R AR Z R4
10(0.627) , BEIAIL 7 2R B A 2l B ( 32 ) R AL
PR AT w5, A AF 8 4R 2 I SE 4 A L 4K
AT, ABFTE A B, H 2 B A R AR R R MR
AR I M 38 A% 22 REPEAR O BATG, i 0 B 1 st

T Z RS RO B vy, L 2 BRI S T 4
SRV YA R AT PR LU ) AR O T TR B A 2
DS AR AN

IR S 32 BIFR B N Z A 2, [ I, A
WFFETE 2 AU AR B it | >R 23 T AR IC B AR A
DNA JKF L4578 b Fh 22 T B9 SR & R &R, BT
SRAP (SSR il InDel $RC/MT K S 1844 44 70 6
AR ZEHE TRISERE T 2 KK T ), R
PR, A R R, 2R T RO A
P e S5 R 2R A R I, 2 0k A o
(ZR) PUFEMESS TPE 27 5 Pk WYW-1-4 P
26 5 2 HAL DX I AY 2R B A S Bl (3R ) 5 B
I IV VANV EEEAE 220 B R, SR B
BARAI AL AR FEGR B HTIENE s PrIEPE R 73K 5
R A R R — B, 9 BT € SRR AT (B 3R
2 I APIAF NS 552 S A8 R AIE T 558 BT S Y 2 L HLA I
ORGSR AR
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