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WE. HERAMSE (Brassica napus L.) B4 FIHHZE X A0 7 203 P2 SR AR, SVP(Short vegetative
phase) F1 SOCI(Suppressor of overexpression of constans 1) &5 H i B4 IS 22 K AR R AHSC R IR FE R, S48 7 H s
RV ZE DL, UH A KA F s A v H A A TM=E 16VHNTS158 . 16VHNPZ269-1 il 16VHTS309-10 i
ISRARE XF SVP F SOCT SiREMIBERIEILHAT /T, BERRIFHN AT 45 W S A M H IR B A3 SVP Rl SOCT HE R
B FF I SEHE (ORT) K BE43514 726 bp F1 642 bp, 734t 241 AH1 213 A2 FERR ;2 -3 PR 7 b Ak i A2 o g B 1
57, J& T MADS-box Z8WEBLIL , St A 26 RT3 R - BB HE A I 3R 2E 1 ) S /K B 1 5, Sl sk XS IR € P ) Svp
SOCI IR THNEL /R T 4 AF 9 DNEILRRNOL A, POLE R (qPCR) /T2 SRR, SVP SEF 78 A4 22
RERRM P 3R PRS2 R BT S 2 S Rk v v IR 58 ; SOCT SEPRAH YT ik & 1 ARk a3 5 SVP JE AR,
S T AR Y SOCT BEPRAHXS IR BB AL AR S FHIGAHEN SVP Fil SOCT FER T RS 55 1 i AL A=
N R SAC R TR  DEIE S R AT 4 5 1 B R AP T R A S el S e ZE R AR LR
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Cloning and expression analysis on bolting related genes SVP and SOCI in
strong winterness Brassica napus L.
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NIU Zao-xia, LIU Li-jun, MA Li, WU Jun-yan, FANG Yan, LI Xue-cai, SUN Wan-cang
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Abstract: The pre-winter bolting of Brassica napus
Yo B #3:2020-03-16 L. is extremely disadvantageous to the production of winter
E& WA  HEMALA " WH AR ZRINH (CARS-12) 5 FH5K 973" 14
I H (2015CB150206) ; BHEFI H (2016YFD0101300) 5 H 44
FRFT(17ZD2NA0I6-4) 5 HAFA BUCA O M AR R0
H (GARS-TSZ-1); [H 5% [ 48 B 2 4k 42 1 H (31860388,

rape in North China. SVP ( Short vegetative phase) and
SOC1 (Suppressor of overexpression of constans 1) are the
homologous genes related to bolting and growth in Brassica

napus L.. In order to reveal the bolting mechanism of win-

31960435)
BN H(1994-) B HR AT Bl ter rape ( Brassica napus L.), strong winterness Brassica
KZ5FM ., (E-mail)962655876@ qq.com napus L. strains 16VHNTS158, 16VHNPZ269-1 and

BIRAEE AT, (E-mail) 18293121851@ 163.com 16VHTS309-10 bred by Gansu Agricultural University
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were used as experimental materials to analyse the cloning and expression of SVP and SOCI. The results of nucleotide se-

quence analysis showed that the open reading frames (ORF) of SVP and SOCI genes in winter type Brassica napus L. were

726 bp and 642 bp in length, encoding 241 and 213 amino acids respectively. The two genes belonging to MADS-box family

are highly conserved in evolution, which encode hydrophilic proteins composed of a-helix and loop. By comparing the amino

acid sequences of SVP and SOCI in different cold-resistant materials, four and nine amino acid site mutations were found

respectively. The results of quantitative real-time PCR (qRT-PCR) showed that SVP gene was highly expressed in the leav-

es of unbolting plants, but lowly expressed in the leaves of bolting plants and budding plants. The relative expression chan-

ges of SOCI gene were opposite to SVP gene. The relative expression of SOCI gene in budding plants and mature plants

were higher than in unbolting plants. It is suggested that SVP and SOCI gene may be involved in the regulation of bolting

and flower formation in Brassica napus L., the results of this study can provide theoretical basis for the breeding of cold-re-

sistant and late bolting varieties of strong winterness Brassica napus L. in the future.
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H RN SE (Brassica napus L.) j&H E EZ A9
RUEY , SRR T AL & SR R 90% 2247
(BTN AE 35°N e A7 M X e LB &) H gl
MR A & B R R R T SR AL SE, el 2L 5
R A A R AR AR L DX P i AR IR
W ASH K T il 52 R E R D H R A 3
EE I S P UIEME R VIO TR IR S IR ST 45
T, BUIFEESR A H 5 A SR A AR 5 1 T AN
22 FARAE, LGB R T8 IR A K T 5E
PESS AL, iR i, 2 B 22 22 B0 DA
TS T RFEAE R Z T Bk, B, WFoeH
R ACISE M A2 A4 TR B 6 H s A s
Wbt 2/ A B AT B L, SVP R SOCT #R 2
MADS-box FIFEY , SVP J&: BB R TFAEMFI LA , S
53650 4L BRI B, 8 T A 1 o 6 i [R]
SOCI W35, NI FFAES . Hartmann 25 fF 5%
RI,SVP FERAEA T AR S8 AR IR 178 TR 8URITAE
JEIe ek, XM ZE B A M HIERH, Tang %7
BB ARSI ad FR3E LoSVP JE DR A5 3 AT PR A
XFREAEIR 6 d FFAE, ULHH LoSVP 3 PR X i $U pd 7+ I
EATEENEM, TS LB, B S RAE 21
AWrorik, SVP ik B i T, KW SvP B AT fg
MHRERMAEE T, K SVP LN T Rk 5 K
FERHIE " KA SYP NS R K BR e £
K AR AR B AE K B B s B AN R RR B s
SOCT PR AR FF A6 B ] T 22 5 06 2% B TR A5 4t
B BRI R R A ERR AR RS
BT IR B F B S AR T, Heuver
AEL AR R R SERE R SOCT (R IR ZmMADSI
FFIEIIZEEN S5 HF AEHH S, Shitsukawa 25 FE/NEE

Brassica napus L.; bolting; SVP gene; SOCI gene; gene expression

HhElER] WSOCT, K RAERI RS I thidt ik wSOCT
DRI RIT T 7 3L R PR A9 HFAE RS 1], Zhong 261 fE K
SRR HIRE IF SOCT AR IER GmGALL, & B
FHAEFHRAE AT AR R SR 1, 5 RIT
o SOCT [R1JEEER THREARLL, SVP 1 SOCT X a4V
H R A A K L B R R WARGE . ABFSE
PUH R Al K 2 & R A9 5 4 M H i Y A< 7 SR
16VHNTS158 . 16VHNPZ269-1 F1 16VHTS309-10 i
PRl BF5E SVP Al SOCT X H IR MR K AT
FISEI  FR Y SVP FIl SOCT PR 7E H g 1 4 1 S 4k
£ TG VRS A R TP A E R, i A H i A
TSR MR 2 HTIE S AP B PR RIS

1 ARSIk

1.1 RIesf A

DL i &l K 2% % & ) 16VHNTS158
16VHNPZ269-1 Fl 16VHTS309-10 %5 3 4> [l 471 %€
PERSRAMEH B A R A SR (R 1),
I T 2018 7 Hf 8 7k E B H R 8 3R
TR RS T AT S 25 AT 36°03' N 103°
40'E, 4K 2 150 m, 5 KR IR 113 em, 5118 H
BIR-8.1 °C, 5?2 H BB AR - 14.6 °C i
BARSIR-28.0 €17 2018 4E 3 A 21 HEFN, 47
#5 20 cm, ¥RFE8 ~ 10 em, /DX 4 m*,3 IREXE
F 8 71 24 HXF 3 AW R A K & BIR
B HEAT IR A R S3HT

HURE 3 A2 90 28 i ZR /D X B RE AR AL T A il
L FhER RS FhEZOE A 4 AR KT
R (1) XL TR & B B AR R I e i 47 H
FE S AR ER R B AR LA AR R A
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R, FT RNA HEHURIFE A 78 fe 255

®1 AR RRES

Table 1 Cold resistance characteristics of test materials

= PUIERE 55, HEBLIRIE FR
ST (c) (%)
16VHTS309-10 1 -7.0 25.00
16VHNTS158 2 -6.1 38.71
16VHNPZ269-1 3 -5.7 43.98

1.2 HEMLZHEH FRENS RNA RS K
R

HRPEAE D) A RNA $2HUR ) & DP419[ RRA: 1k
B (b5 A BR w7 i ] 4 08 B 530 5 BUH i
RIZIMEEN FE7E S AL B9 8 RNA, FH B M o e v
VKA RNA S22 14 3 NanoPhotometer Pearl Ml 58
wE, H PrimeScriptTM RT Master Mix ( Perfect Real
Time ) % 523050 & (K% TaKaRa 2 H] ) AT R
3,193 cDNA, & T - 20 C KA RAE4 ] .
1.3 SVP # S0CI EREHEE

M\ NCBI(https : //www.ncbi.nlm.nih.gov/ ) H1 45 3|
SH R SEAE N 100% , 7 T A09 YL ik | iy
SVP FI T Co4 Jefafk 1Y SOCI () CDS (4 ¥
31 ,%UFH Primer Premier 5.0 %11 SVP F11 SOC1 H#:[A
HITERET I (£ 2) . A 16VHNTS158 16 VHNPZ269-1
F1 16VHTS309-10 A ZEAE K I 11 cDNA A4,
KR A U N (PCR) SH TR 38 B 3 A2
49:98 C AR 2 min;98 CAEYE 10 s;SVP FEAIE k
IREE R 55 °C LB K 15 s;80CT FERAR KR JE R 58
C,i1B K 15 5372 CHEM 1 min,35 MEH ;72 °C 2B 5
min,4 CORAE, 1% B BEWEEE I Fa DK A U 4 3 7
Y1, H DNA #8217 & ( AxyPrep DNA Gel Ex-
traction Kit) X} H (¥ BeittA D [l , 5 pMD™19-T
SERERIARIA TR FAL B R AT I DHS o JESZ 25 4
Jarf,37 CCH557 12 h, Gk il AR TR PCR 55
UE, BBk ik 3 AN PHPE e B TR V6 =4 T A ) T /%
( i) Bedn A BR A vl A TN
1.4 EENEYERESW

Jo; T DANMAN R4 %o o 8 B PR 30 A 7 22 2 )5 91
X b R 2 2 R[] 5% 43 B, T NCBL 1Y ORF finder

SRR IR P, R Protparam 7826 F A4 43 #1 & Fs
PR PRAL R T, 045 2 B R A H BRI 55 L s AT
T R ProtScale 7E£R 5K {4504 8 5 Y 3%
TR FgE K PN F) ] NCBI ( Conserved Domain
Search ) 73T £ 11 5t & 51 45 14 355, F) FH] TMpred 7E 4%
A A AR 1 B R X R, A SignalP 4.0 Serv-
er U 2 (1 53 {5 5 AR, FIH SOPMA 7E4k T Hi#k 17
B R T, F)H] SWISS-MODEL il £
FIBR = 9450, B MEGA 7.0 314t R Ge 4L
T

x2 AHAREASY
Table 2 Primers used in this study

B2 SIIF5) (5'—3") 519 &
SVP-F ATGGCGAGAGAAAAGATTCAGATCAGG LD s
SVP-R CTAACCACCATACGGTAAGCCGAG

SOCI-F  ATGGTGAGGGGGAAAACTCAGA FEH T
SOCI-R  TCACTTTCTTGAAGAACAAGGTAACCC

SVP-F1  TGCGACGCTGATGTTGCTCTC SIS GER PCR
SVP-R1  GCCTCTCTAACACTTCCCTCATGC

SOCI-F1  CAGCATTTCAAACATGAAGCAGC SFOLE S PCR
SOCI-R1  TGCCTTCTCCCAAGAGTTTACG

Actin-F TCCATCCATCGTCCACAG IS GE R PCR
Actin-R~ GCATCATCACAAGCATCCTT

1.5 ERFERRESH

R H] S2 I 52 O 5 27 (gPCR) , 43 #1 SVP
M SOCI FEATR & B By Be T H 5 750 4% 3 S A Ak
R AERE B AE P AR Sk i SRR A S R
Pfaffl 32:PV ST, AR T AR TR BV ey
ABRAEIE G (F2) . H4E TB Green™ Premix
Ex Tag™ 115 £ (TaKaRa, Ki% ) #£47 qPCR {56,
PL Actin NS IR ROV 95 °C TiAE M
30 5;95 CAEME 5 5,60 Cil 'k 30 s, 3t 40 PMEER,
YEMRFEF .95 °C15 5,60 °C30 5,95 C15 s, ¥ %L
K5 % cDNA 5 B8 50.000 ng/ul, 25.000
ng/ul 12. 500 ng/pl.6.250 ng/plFl 3. 125 ng/pul i)
i R BT S AR AR AR AT 3, R Excel 2016 £
HlbR eI RS | — 2P R R IEROR
1.6 HiBEBHH

K JH Excel 2016 Origin 2018 F1 SPSS 22.0 4i it
Sy BT AR TR o T SR
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2.1 HERLZHE SVP EEF SoCI EERNTRE
L) 16VHNTS158 , 16VHNPZ269-1 F1 16VHTS309-10
MR cDNA AR, 4 S5 [ )0t PCR 43
FIBRAFRNG A 720 bp 1 SVP Fl 640 bp B SOCI ([
1), VIR iR 2 pMD™ 19-T 4K, L K FT
P AP TR A BT , BTRZE PCR %55 Je Bk P 72
Bk 22k TAEW TR ( i) IR A RS RIHEA T

M SVP M SOC1

500 bp

250 bp
100 bp

B 1 PCR¥E=MEKER
Fig.1 Electrophoresis results of PCR amplification products

2.2 HEBZHME SVP ZEH SOC1 EHHEY
BERFESH

2.2.1 SVP & &#= SOCI & &t 3AL4F 1t

2.2.1.1 SVP ML PE L NCBI £ )
SVP B FF IR e A | A BRI 56 R P 81 v 5 KN
726 bp 5 RETF L B EEAE | Gihh 241 IR, dSih
TN ATG, 2 1k %W F 4 TAG, 43 3 XF A
16VHNTS158 . 16VHNPZ269-1, 16VHTS309-10 37 [
2 SVP K T 4 5 1 2 1 BTk AT T AR T4y
Br, 3k 3 iR, SVP @ TARGEE AT, X5
BEE 3 A SVP He P T gt (1) 88 (SR A T 2R K 2 |
T K ORSF A R S RS IX | B T A R S —
PRASH T , & B 3 A8 H B Y o e 4 2R — 2
I 4 F R EELL 16VHNTS158 H g iy SVP 5
DR ) ) 25 11 B i AT 40 B, SVP AR FHEA 13 4>
K DCHN 7 g K X, BA PR SF Y MADS 2544 3l Al
K-box Z5 ¥4 88, 1Z 8 11 L 2 B 1R 7 9 W A FETE AR 5
RRYTEIOL 5 AR B 2 A BRI S, 8 1 T — 44
A= R LER T LS R 7R, SVP B EEH o-12E
FG Hh FRLH L

2.2.1.2 SOC1 FH A ML F 4 1t NCBI £ i
SOCI WIFF T EEEAE | 2 B 58 Iy 41 v 2 A K/
h 642 bp 1568 H R TEAE , Fifth 213 2 HEPR
RGN F 8 ATG , & L% 1T TGA, 43 il %t

M 16VHNTS158 . 16VHNPZ269-1 F1 16 VHTS309-
10 e PEEIH) SOCT FEH i 1 85 1 0 47 B Ak P
JEHT, N3 4 s ,S0C1 B JE T AR EEH
Ji, XFRERERN ) 3 A SOCT FE R BT 4 i 1 & 1 R
HEAT SR ARSFSE AR AR5 Ik B IR X 2R T
TOREER e = R AR T, & B 3 S A 4y
Brég R —20, N, 27 ok 2L 16VHNTS158
SERERN Y SOCT B A BT 9 5 (1) 28 11 o #4740 #r
SOC1 FEHA 13 A 2EKXK M 7 A H KX, BAHSF
[ MADS Z5 M3 Al K-box Z5 M3, , %85 1 A FEAE
fE S IROIEIOL 0, TS IX B 1 o 4540 )
SREER T LSRRI, SOCT A EEH -
F: Hh FRL AT

&®3 SVP EREUERSH

Table 3 Physicochemical properties analysis on SVP proteins

16 VHNTS158 -0.722 5.57 27 311 59.62
16 VHNPZ269-1 -0.722 5.57 27 311 59.62
16 VHTS309-10 -0.654 6.04 27 110 55.84

AFEERBUNT 40 I, BN EE A B E , R Z WATLE

*4 SOCI ZEHENERSSHT

Table 4 Physicochemical properties analysis on SOC1 proteins

16VHNTS158 -0.810 9.18 24 392 46.39
16VHNPZ269-1 -0.794 9.18 24 349 49.22
16VHTS309-10 -0.794 9.18 24 349 49.22

AFESE BRBUNT 40 B T B 1 SRR E , I WIANERE .

2.2.2 SVP & @ #= SOCI & & R I8 57 e xt

2.2.2.1 SVP HHAKELRIFHI LX) @i DNA-
MAN # X} e B2 () SVP 55 KT 4 i 110 26 1 i &
FLRIFH LX) &, 16 VHNTS158 F1 16 VHNPZ269-1
()2 2 FE R Y 5 A LM A 100.00% , 5
16VHTS309-10 #Y #H 1 ¥ & 98.34%, It #&
16VHNTS158 F1 16VHNPZ269-1 5 16VHTS309-10
() SVP 2 AR5 & B A7 4 DR IR A
ZRAF K TTRE RN SVP DK T g T ) 2R 1 R 4
i2)7 45 NCBI %4k e v H i 20 3l =2 A48 me o 1y
SVP & 1 2 5 1R 7 5 i 17 2 )7 5 b X &,
16VHNTS158 . 16 VHNPZ269-1 , 16VHTS309-10 5
WA 3 By AH L 43 0 R 99.59% | 99.59% |
97.93%, 5 L JF 19 AH LM 2 5k 92.12% |
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92.12% 91.29% (&l 2) .

16VHNTS158 [VARFK TCTRK TONATARCVTF SKRRRGT FKKAFFT S 40
16VHNPZ269-1 J 40
16VHTS309-10 40
Brassica napus 40
Arabidopsis thaliana 40
16VHNTS158 80
16VHNPZ269-1 80
16VHTS309-10 80
Brassica napus 80
Arabidopsis thaliana 80
16VHNTS158 120
16VHNPZ269-1 120
16VHTS309-10 120
Brassica napus 120
Arabidopsis thaliana 120
16VHNTS158 160
16VHNPZ269-1 160
16VHTS309-10 160
Brassica napus 160
Arabidopsis thaliana 160
16VHNTS158 200
16VHNPZ269-1 200
16VHTS309-10 200
Brassica napus 200
Arabidopsis thaliana 199
16VHNTS158 240
16VHNPZ269-1 240
16VHTS309-10 240
Brassica napus 240
Arabidopsis thaliana 239

B 2 16VHNTS158,16VHNPZ269-1 #1 16VHTS309-10 SVP &= B S & F 5 5 HIE R\ EMIUETT SVP EAREEF 5tk 3!
Fig.2 Amino acid sequences alignment of 16VHNTS158, 16VHNPZ269-1 and 16VHTS309-10 SVP proteins with amino acid sequences of

SVP proteins in Brassica napus L. and Arabidopsis thaliana

2.2.2.2 SOC1 FEHZEAFRITFHILXT KR DNAMAN
XS PRSI Y SOCT Fe P T 4t 1Y) B 14 o 2 S TR
P50 He X & B, 16VHNPZ269-1 il 16VHTS309-10 7
AL PE K 100.00% , 5 16VHNTS158 By A5 1L 1 K
95.77%, k. % 16VHNPZ269-1 il 16VHTS309-10 5
16VHNTS158 1) SOC1 5 1 T2 32 751 A B, A77E 9
MEIERR AL R K BRI SOCT FEH T bt
R B B IR 41 5 NCBI B4l e v H 6 3 5
LRI SOCT £ 1 23R 13 91 647 2 )7 51 H X
K, 16VHNTS158 . 16VHNPZ269-1 . 16 VHTS309-10 5
H i A = 1Y AH U 2 i A 96.24% , 99.53% |
99. 53% , SR IF AR 5351 91. 12% \94. 39% |
94.39% (K 3) .

2.2.3 SVP & @4= SOC1 & &G 2 Lt Lkt o1
22.3.1 SVP EHH RS M f sy BRTE
16VHNTS158 . 16VHNPZ269-1 F1 16VHTS309-10 1 Jif
YRR SVP H SRR T A 5 H A H S 8
AR SVP 2R R JR 2 3 7R T 91 F4) R e A g

(K 4) ,DNAMAN R E43 47 25 58 %, 16VHNTS158
16VHNPZ269-1 5 H W B3l = SvP & K gt i 25
TR BT AU YA 99. 59% , S5 H W B M
FHARIE IS 3 98. 76% 97. 93% , 55 10 & J& i AH Bl hy
54.36%., 16VHTS309-10 5 H#EANM=E HiE 2 by
SVP Z& 1 2 FE 1R T 51 1 AR AL 1 3 il 35 3] 97. 93%
98. 76% ,96. 27% , 55 A L& (A AHAL A 54.36% ., H
B SvP 3k [ FE 16VHNTS158 . 16VHNPZ269-1 ,
16VHTS309-10  H #E 8 =2 | H 85 55 A AR
IDIREARML, 500 RS A Y D R 22 S K

2.2.3.2 SOCl HARGHAR B FpER SOC!
SR T gt i 2 1 0T 5 At 8 AN AR Rl SOCT
FEAMWERG I (E 5), DNAMAN X% B,
16VHNTS158 5H #E A IM =2 SOCT & 1 (1 AR AL PR 3k
3 96.24% , 5% b Ir3e RS B9 AHRLTE 73 50 R
95.77% . 94. 84% . 92.02% , 5 H L 1Y AH L 1 Ky
63.93%, 16VHNPZ269-1 il 16VHTS309-10 5 H
AW 2R SOC1 & M & 3 W ¥ 51 i A L1 35 R
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99.53%, 58 ~ J¥ . H O A LM Bk
99.06% . 98.59% . 94.37% , 5 M0 # & A L ¥ K
64.38% , AN SoCT 3EHAE+F e RHEY) (H

16VHNTS158
16VHNPZ269-1
16VHTS309-10
Brassica napus
Arabidopsis thaliana

16VHNTSI158
16VHNPZ269-1
16VHTS309-10
Brassica napus
Arabidopsis thaliana

16VHNTSI158
16VHNPZ269-1
16VHTS309-10
Brassica napus
Arabidopsis thaliana

16VHNTSI158
16VHNPZ269-1
16VHTS309-10
Brassica napus
Arabidopsis thaliana

16VHNTS158
16VHNPZ269-1
16VHTS309-10
Brassica napus
Arabidopsis thaliana

16VHNTS158
16VHNPZ269-1
16VHTS309-10
Brassica napus
Arabidopsis thaliana

TR SE BN R A L, 7 40
HEIP S A2 SR A

B3 16VHNTS158,16VHNPZ269-1 1 16VHTS309-10 SOC1 E B REEF 5 5 HIER MR K IUETT SOC1 EQREBFF 5 Lb 3t
Fig.3 Amino acid sequences alignment of 16VHNTS158,16VHNPZ269-1 and 16 VHTS309-10 SOC1 proteins with amino acid sequences of

SOC1 proteins in Brassica napus L. and Arabidopsis thaliana

2.3 SVvPEEM SOCI ERAEHER L HIEDHN
Ko

H &l 6A Al FEAN A A B B B, SVP B& KA A1
Xf # ik B 7 16VHNTS158, 16VHNPZ269-1 #lI
16VHTS309-10 #1255 4 3 (P<0.05) , SVP 7E K& 4
SRR R A TR AR INET Hh 22 RS M A
FE R I HAF G 208 1 I 35 AT, b il 22 R B 1Y)
FERRI:th SVP BYARXT #5553 5 T8 T 83% ,80%
F165% , 5 A Z AR AR AR L 22 5 W 2 (P<0.05)
16VHNTS158 Fil 16VHNPZ269-1 M-+ SVP A%t 33k
RPN AR ZL S 20 R BUAT > T2 807 (AT kHRA]
A 255, 16VHTS309-10 Hv 3% 30k oA il 42 > i 22 90
HSTE R, hIK 6B A%, AR L d svp 3t
AR 25 B AR R, 16 VHTS309-10 FR AR Bk 1 75
SAem A KR T A, SR UL, AR £

FERE TR SVP 35 AR X 3R 58 o 25 5 T 2SR LA
FAh ZE AR AR, 3 A2 B, 16 VHTS309-10
5HA 2 MR — o 25 5, T Re S HBGR M Kbt
FEPEAT G, X BB JLERHH Svp L] A H
2SR 22 SR AR

i & 7 A %, 16VHNTS158 . 16VHNPZ269-1 il
16VHTS309-10 M-Ht SOCT JE K B HH* ik 75 SVP
AR FEE AR B A AR S S S A AR AR Rk i
TARPZEMI AR, 25 57 03 (P<0.05) . HE 7A AJHI,
16NTS 158 . 16NPZ 269-1 F1 16TS 309-10 4% & Pl
FERRIH SOCT fAAR X R 3K i B AR AEAF PR 20 53] 1
T 119% 192% 1 165% , 225 8.3 (P<0.05) , 42
P R AR O H 0 4300 R T 139% ,198% F11 131%
& 7B W, SOCI 7 16VHNTS158 . 16VHNPZ269-1
FT16VHTS309-10 A AE R 1A [R) SIS AR X 2%
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81

98

66

I

64

97

711 16VHNTS158 MADS-box protein SVP

69 | 16 VHNPZ269-1 MADS-box protein SVP

Brassica napus MADS-box protein SVP

16 VHTS309-10 MADS-box protein SVP

3L Brassica oleracea var. oleracea MADS-box protein SVP
Raphanus sativus MADS-box protein SVP

Brassica juncea MADS-box protein SVP

Camelina sativa MADS-box protein SVP isoform X1
Arabidopsis lyrata subsp. lyrata MADS-box protein SVP

Arabidopsis thaliana MADS-box protein SVP

—
0.050

Nicotiana attenuata MADS-box protein SVP-like

El 4 16VHNTS158,16VHNPZ269-1 1 16VHTS309-10 & E i #17h SVP & B S EBF I /I Rt L i
Fig.4 Phylogenetic tree of amino acid sequences of SVP proteins in 16VHNTS158, 16VHNPZ269-1, 16 VHTS309-10 and other species
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Fig.5 Phylogenetic tree of amino acid sequences of SOC1 proteins in 16VHNTS158, 16 VHNPZ269-1, 16VHTS309-10 and other species
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