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BWE MADS-boxEHNF S SIHEFEN . e oth. WALK. HAEHAS . TEMNETFRE. Rk
ZEMAEK R E N EE TR, BT H 83 (Brassica napus) 3 24100 5 5088, FI AR 045 B 07 v H T A s
MADS-box & K 5 i AT % 8 MR B R 540 5 KRG AT . 25 R o, 76 H W 20 7 3 H 4852 H 307 1"MADS-box 5 K]
KR BY, MRARHEAL I R DI A R, IR (M-type) B &a. By yEANTEKIE, 17 (MIKC-type) L 4EMIKCERIMIKC*
PIANIE SR, MIKCERTHE— 3520 MBI, W TR SEAJE IR 4 e €0 13 45 (rIMADS-box % [K % T-CHE[R 4 . 75 3 (R 45
#)_F, MIKC-type Y. 5 % 5 [K 7 71 5 il LE M-type & & A B 2 BI4ME F; M-type W K% & H /7 51 I motif 4 & S 2-51,
MIKC-typell 5 % & (541 F1-F- 1476 7 motif. {1l E5 7T (Arabidopsis thaliana) 5 H % % il 52 MADS-box i K 3£ 2k 1 /3 47 &5
REoR, KA S H) 15 MADS-box 3 K 5 ik It H 2 MIKCE 5% 13 3 e 55 B E FH ;. MIKC I S35 55 K 76 3k 40 ik A
2 B3 K S 21 M -type 12165, IXFBIMIKC-type T 5 ik 78 BE 10T 72 gl sk B 1 R 1Y

EEE HWERMSE, MADS-box, RLFIZEM, i1k, L
BRE, k=B, KR, FE (2017). HEAIMZEMADS-boxIE R F iR 4E 2 5 KRG #. HYER 52, 699-712.

MADS-box#4 & [Fl ] 2 fEE T EE, Y. B
o 2R IR E A S W R LA S AR AR A,
Hir 45k 4 B £F(Saccharomyces cerevisiae) MCMI
[ . #8174 IT (Arabidopsis thaliana) AGAMOUS#%:
K. 4> %5 (Antirrhinum majus) DEFTCIEER K& A 2K
(Homo sapiens) SRFJ [ 1 FBE4E 5 (Purugganan
et al., 1995; Shore and Sharrocks, 1995)., MADS-
box ¢ jik ik A 1) 3L A4 Re AiE 72 N o B AH 604 24 5= 1R 11
MADS-box 45 t4i, X —Z5 M2 S 5 R BE N E
B A o MK B R T & A A5 R S 28 A AT DL
MADS-boxZ I FE A 43 AWK, 18 (M-type) B & a. B
Y=, I (MIKC-type) L £ MICKE FIMIKC*
W . MIKCOIE KR 7 B A St AMADSEE# 5 4h,
A K (Keratin-like). | (Intervening) & C-terminal&#4)
(Gramzow et al., 2010). iX 23 5% e K 454 |
WA X, M-typedk[H 7 o5, SHBDMINE T
MIKC-type % K] — it 5 5-8 M4k & 7, 7 41 i K
(Alvarez-Buylla et al., 2000b),

ke B4 2016-12-12; #:52 H #1: 2017-05-22

TEFREYIH, MADS-box/& —N P K % ¢ i 5 ]
THRE, 5 ZERKREKENEESRE. i, 181
TR FFAE RSy K M 32 % (Alvarez-Buylla et al.,
2000a; Theissen et al., 2000; Fang and Fernandez,
2002). 1 PIMADS-box# 55 K -1 (1) & LR T % UL B
TrAEBE B ML 58 (Yanofsky et al., 1990). LRI+
FE 45 B 73t ABC RS v 1 K 38 73 55 [X #45 Js T~ MADS-
boxZK % FIMIKC-type . X % (Immink et al., 2010).
MIKC-type V. K iR FE K 18 2 51 2 ALY R AE A= Y e
[ M (Gan et al., 2005; Shao et al., 2010; Hem-
ming and Trevaskis, 2011; Yao et al., 2015). 7,
FAIF 1, MIKC-type V. 53 % 4k B AG L2 1 42 AR 1) A=
K, REFREE ) 932 3 2 MOEYIEER KA (Yu et
al., 2014). /K#E(Oryza sativa) MIKC-typell 5 i )
OsMADS25f10sMADS27 2 5 1% i% iy 8 1 ., Os-
MADS25. OsMADS27f10sMADS57 5 fif iR £ 155 5
Fik(Arora et al., 2007). It4h, B 7&K HMIKC-type
ST R MIKC* 28 35k PR 7 7K g 45 B I AL D A K K
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T 1) i ;2 B 324 F (Liu et al., 2013). A EL FMIKC-
type L FK %%, T M-typed A KW 7 8 b . H3h
Y AR B, R M-type 3 [R] 1 PR AR L E i £ T
By, PR SR AR 7N N FE R H M-type B A 1)
IhRE AT BE A MIKC-type 5 % (De Bodt et al., 2003).
JH I XL RS T 614 M-type 2 K] 1 4 2L ik 45 X AT
WFoT, RI A A B FEH R IA (Kofuji et al., 2003). {H
T A AH 48 K M -type 25 K S5 AT BC 1 73 Ak . AN IR L
)% B #H>=(Day et al., 2008; Tiwari et al., 2010;
Wouest et al., 2010; Masiero et al., 2011).

BEE AR P BAR (R el 58 Bl e i A ik
Kbk . [E AN AF B - (Parenicova et al.,
2003). /KFH(Arora et al., 2007). K (Glycine max)
(Shu et al., 2013). ZJ#(Sesamum indicum) (Wei et
al., 2015). —FH%H K5 (Brachypodium distachyum)
(Wei et al., 2014). #i%](Vitis vinifera) (Diaz- Riquelme
et al., 2009) A (Armeniaca mume) (Xu et al., 2014)
SRl (FIMADS-box ik K AT T 4R 78 - FIFH A=)
R, ERAEYE IS E 71074
MADS-box 7 & i, f3 - He 73 A5 AN K R Ma (25
proteins). Mp (20 proteins). My (16 proteins). Md (7
proteins)MIMIKC (39 proteins). H i . fE/KfEH 4% 5E
T 724~MADS-boxJ&[A, 43 AMa (13 proteins). MB
(10 proteins). My (9 proteins). MIKC® (38 proteins)
FIMIKC* (5 proteins) i~ 5 % (Parenicova et al.,
2003; Arora et al., 2007). {EFERAH K EHAEDER
% F B % ® MADS-box & Rl 5 %k, T IR AN 5T
MADS-boxJ K i) A= 47027 D e $ {1 5 ZE Al .

e RS S P40 B 7 A E 2K (Brassica rapa)
[FIMADS-boxZ [X . # % & (Parenicova et al., 2003;
Duan et al., 2015; Saha et al., 2015). A WH AL
B, e H 2 Z B Y FIMADS-box kK 5
1£ %% B /0L (Fang and Fernandez, 2002). JF{£ i} [A]
(Chang et al., 2009; Greenup et al., 2009) & #2273
"4 H A5 Ak (Tapia-Lopez et al., 2008)F <. b4, 7E

IR AN = iR P8 )2 R 55 2R (GA) S KR (SA) M EE T,
IX e L R ) K0k i K AR 2% A fk (Duan et al.,
2015; Saha et al., 2015). H # 7 il 3% (Brassica
napus) A J& e E, HEERH N P45 R 212014
£/ i (Chalhoub et al., 2014) . BT 77 J - 3 P 45 1)
Fr gt 5, %t AL SEMADS-box 3 [R5 i 3 AT %
5, FHFH— RIVEYGE B A AT R R
AR T A0, VDR HAEN R R AL RN
IR N 8 7- MADS-box J [K] 52 1k 1) A8 ) 27 Ty E B 8
IR i

1 MR5SHEE

1.1 HERSHEMADS-box EEREHL ETRE

H 5 A hSE (Brassica napus L.)J&EFE 4154, CDSFF
HIE E BT A RS B34 T 2 H BRAD (Cheng
et al., 2011)%¥E F (http://brassicadb.org). 7EPfam
(Finn et al., 2014)%4 J (http://pfam.xfam.org/)
5 NPFO03 19 45 Ky Ik A%

PAPfam &1 25 #3885 A+ H Y S
wE AR N, T AHBlastPiI R, efd i Nle-
3. fEExcel 2013814 Fh X Blastéh it AT 4]0 B3, %
PrE S, R EEEER .. B AL InterProScan
(Mitchell et al., 2015) (http://www.ebi.ac.uk/interpro/)
FiSmart (Letunic et al., 2015) (http://smart.embl-
heidelberg.de/) X fiz 1%t 2 [X] (1) &5 E 7 21 3k 47 F000 43
Br, e H2 TS5 A MADS-box 25 #y48,. 1# i 7E 2k 1
H Expasy Xt £ H MADS-box & 14 38 [t & K 1 47 £
JoR AL BT T

1.2 MADS-boxEFEREN S L SHLHHE

MAE P %E 3 KT M5 PlantTFDB (Jin et al., 2014)
(http://planttfdb.cbi.pku.edu.cn/) T &2l 7 7+ 45 &5
MADS-boxZ I i bt ¥ 41 o 38t 7K e 22k [R] 20 7
W % (http://rice.plantbiology.msu.edu/) F #5317k

Bl HEAZE. MFEIFAKAREFIMADS-boxE K &4k & - #T

(A) M-type; (B) MIKC-type

Figure 1 Phylogenetic analysis of rapeseed, Arabidopsis and rice MADS-box genes

(A) M-type; (B) MIKC-type
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FEMADS-box# 1 /7 %1](Kawahara et al., 2013).

HIPerl 14 \BRAD I uifi "I % (14 £ 19 2040 v $2 1L
% 58 J& T MADS-box 2 [K Z i T A i 3 1 & P81
KHClustal X1.8%f4%f & [ ¥ #1347 2 B 7 51 L XS,
x4 R FIMEGAG (Tamura et al., 2013)i3F{T R 4i it
T . FAR$E: (neighbor joining, NJ)# % & 4t ik,
B, 384 B 25 A VA FA BE 25 (poisson correction); fHFE
V#1000 (bootstrap: 1 000 replications).

1.3 MADS-boxEFEREHNIEEHEMNSEAL
kg iy

K HInterProScan#k % & B A 1 B MADS-box 4 #4)
BN, DA 405 /EBRAD 6 R HLAE Ge (i |
AL E, Gt ElE R . fEikEat -, FlFHMapchart
AR BE DR 7R e ot 1o A B[R] R P TE 2R 50
4 MEME 5 H # 74 i 52 MADS-box 5 %) ) 25 [ {# 57
F ¥ (motif) ZE A7 T 4. MEMEZ 4% B motif
& 410, motifK: & 46-60.

14 HERBRXSHRFTHEMERSEEES
Pkl

it 1 BRADTE £ A 28 3R HUAUL e 7 MADS-box A K 78 H
WAL SR R SRR R R S A et Ak A B . H
Circos (Krzywinski et al., 2009) %4 #4 ix b 4t 25 4 3
R [K) % 22T~ » FHExcel 201344 % 3t 2k P 3L ]
TEGJ AR o3 A0 AT et IR B

MBRADM s |- R L2k R K (FICDS 751 H
MEGAG6 (Tamura et al., 2013)4 & ff)MuscleX] 4
T 2 A1) 0 3 28 1k 3[R X6} i codon B X, 4% J5 F KaKs_
Calculator2.0 (Zhang et al., 2008) % {1 i1 52 e 45 1
BRI ()35 6 e g

2 HZR5ITR

2.1 HIERHREMADS-boxEERIKNLEES IR

4 e H SR SR A IMADS-boxE [K], FBlastP#2
¥ (E-value<107°) £ 3 & 19 04 st AT K R 5 R 91,
HARAFILIANMIE I R Kl i B DR (1 B 1 7 9 4 58
Z Interprofl Smart 73 7l JFEAT R, B3 R4S

A2 4, 458 SR, A 3073 K H A MADS-box 45
Fapdal o PRI, FRATTAE H W 2 S o 4 5 307 1"MADS-

DOXZF R LK . AR i e 35 PR 7E Y i 1k b (1 07 B A 5%
a2, K Ay 4 yBnaMADS1-BnaMADS307(Fff
1) Rax R R ) AR T A AT A TE 4R B A Exp-
asy, THHEEAFR%HE A, BT EMADS-box i 4
HL A T4-11 2 18], “FIME N7, MIKC-type s (R (4%
BB K T M-type . M-type &R IR 7 A1 FE 38 /N T
MIKC-type, 1H MIKC-type & [X 4h & T N £ T M-
type. MIKC-typell ki H % H 2 hM-typefi1.51% .

2.2 MADS-boxERRENTXERGELE

A7 PlantTFDB K 3 | %F 3074~ MADS-box % [l ik
L TG, ¥ 35 AMIKC-type fIM-type i 1~ 2%
. ZH KB EYFMADS-box 3 K 5k 15 2
4k 3 (Arora et al., 2007), FA1K AGL33-like!H K
MIKC* . i oxf 4 S &5 gk AT B, f 24443074
MADS-box % K 4 J9 4 K 26, B % 125/ MADS-
box 4 K M-type FlI 63 7 1824~ JE: K] () MIKC-type .

SR 9T H I 3 32 MADS-box 5 [F] 5 H & B
IR R R, BATHT T S M-type (5971).
IKFEM-type (241 FH ¥ 24 = M-type (1254) & H
JEA, A R G (BILA); TR R 7 3 Fg 7
MIKC-type (421). /KFEMIKC-type (381). H g
TZEMIKC-type (1824 K it b i (EI1B). k#5314
W R AR, FRATTRS H A B 9 S M-type 73 N a
(57). B (34)Fly (34)=2%; MIKC-type4> JyMIKC®
(157)MIMIKC* (25)/52% . MIKCE T # — 34> 9134
/N GGM13-like (8). TM3-like (15). AGL71-like
(16). AGL15-like (13). FLC-like (16). AGL17-like
(11). STMADS11-like (7). AGAMOUS-like (15).
AGL12-like (5). DEF-like (4). GLO-like (5). SQUA-
like (17)MIAGL6-like (25)-

2.3 MADS-boxERAZFIEA B NESEELER

BATHE— 24K 45 NBRADZREL I e ik A B A5 S, F
FMapchart@ - 2: 4] 7 241 >MADS-box 3 [ 76 H i
RUIh 195 etk A B E(B12), R LA
ik LA BT T 8BS, R, SRER,
MADS-box K I FITE19 56 YLt ik L E8A /A, HAE
Ao HHERHSEAA Yt fk b4 IMADS-box & [l
H AR BEUE 24NN T AL AeE 2 TCAL.

B REAT S, AR ElE 734224/ MADS-box
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Figure 2 Chromosomal location of MADS-box genes in Brassica napus
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Figure 3 Statistics of MADS-box genes in chromosome of Brassica napus

R/ HIERHZEMADS-box 3 K 75 W3 R 4 1 1) 43 A1
Table 1 Distribution of MADS-box genes in subgenome of
Brassica napus

Subgenome M-type MIKC-type Total
A 55 85 140
C 52 77 129

BN, RPTE R ORI 2. 1A, fEA3L AT, C2,
C4.C6.C7.C8MC/\ kG- thik b 5347 IMADS-box
BT 15,

N B IIMADS-box i K g 5 25 [ IR 7 451, 3
114 307 I MADS-box 3 [H] 43 32K A MIKCE
MIKC*FIM-type, I Filill 7 £ <7 & 17 (motif) 25 74 (]
4). SRR, [F— KT S A B motif A s A2 Y
#H AL, M-type B MADS-box3 [K 2 45 2-5 /7~ {#
~Fmotif, A ol BT K R B A 3-5/ motif, v 5%
Z B B A 2-3/ motif. £ 1M | #1210 motif, LA
Smart¥ 347 R & Blmotif 1AImotif 3/&MADS-
box4i#4s, 1E T IMADS-box 2 [+ #F B, motif
10 CA S & I 451, motif 2. 4. 5. 6. 7. 8F19
se—He R R AR, RAEH ) MADS-box s 1 H H FL.

MIKCZ1E A 7 41 (MEME Tl 45 3 27, MIKC-
type Y. X Itk B & & B L % B motif, L MIKC* % T
MIKC®. FEMIKCCill %] 1110 M motifdr, motif 1. 3
552 MADS-box4E #4135, motif 21452 K-box, motif 6

RS, motif 7. 8. 9FI10M B K %1. MIKC*)
T A A RS A E 2 fmotif, FXA7A. FIH
Smartf 4% 10~ motif A7 Fidll, motif 1F14AMADS
ghi bk, motif 2152 & 2544 . MMotif 3. 6. 7. 8.
ORILOTHREA A1,

2.4 HERHFESHEIEFMADS-box B EpyH Lk
5347

BAIF) FIBRAD ¥ 3t Sytenic T. H 3L T #0159 I+ T
MADS-boxJ K 76 H ¥ By S b 3L 2o e B R, FExf
XL e RAEAT T G AL E (K5, K6). 4
TR, PR T H W L v SR I L 4 R R X S 2k e
EARMEEA —, HARIRE I 15 Y ik 5 H W Y
SECHRATH 4 Yt R (R I L 2o M BE R i 2 ARG I
55 Gu i i 15 T W5 L SE 2 4% Gl 0 Ak ) 3k 2 Bk R A
%, EEAC2. COMA3, Xf sk getifh btk k3t
BRI M AR 5, UEETF L. 3MN5IX 34k Yt ik fry FL 2k 1k ik
AR R L e 2k 121, H IR EHA3. A9,
C2fNCO P ML N & 2 T H e et fk .

Ak, FATIES T T HFFIFMADS-boxJE K 7E H
WA s DU (K7), R E80%IHHl B FFMADS-
box & A 75 H 3 g A 24 L B L. 14-MADS-
boxk: K 7E H W RS i 2 A6/ 45 L. RIb AT
W NMADS-box 2 [F 7 25 2 J& (1 2 f5 b A 13
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Figure 4 Motif patterns of different MADS-box gene families in Brassica napus
(A) MIKCE subfamily; (B) MIKC* subfamily; (C) M-type subfamily

T 5%, 5 Y R 14 T A 2R R SRR [ SR

RS R, TR SO I 1 AR B
2.5 HIERMRMADS-boxBRBMMIERED  (pm. ebqusrpih, TRE LB REER LI R
STHREST L e AT B . WRKalKs>1, AN IE
EB 22, Ka/KssRdN/DS# R 5 LB H(Ka)FI A, I BKalKs=1, W faderbthit i, i
B (Ks)Z M. RIS BT HIE RS KalKs<l, M HAAME B (ER . 01Ul 5
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Figure 5 Distribution of MADS-box genes synteny with Arabidopsis thaliana in Brassica napus

MADS-box 3 [K 2y 2 Bl 5 1 78 3k Ak i 72 rp 5 2
T ZEMADS-box & K 58 I 11 1% 4% & 1 (Mt %2, %2).

ZERLRIR, MADS-box K 75 it fb b 72w (1% 4% % )
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B AMADS-box. FAI 12 7 HInterproid B, ¥125AI 43
H22%: FRMADS-box &k #4358 i (H B K-box 45 14
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BATHEH 5 L 9 52 MADS-box % R 5% ik P M-type I
MIKC-type #5224 (1) 3% DB RO B E 7195 il AT 4t
i, @R EIR, 24 KMMADS-box3E K 52 21| (1) °F #4i%
BIE 18N T1, FEMIKC-type 2 2| [F) 1% £ 15 1140 R
M-type f)21% . [A IF MIKC-type (9 #% T3 9 & £ T
M-type, X BIMIKC-typefE #EAk d 5 AR 55 .

26 it

H A B SEAIH ¥ (B. oleracea) KA AL 1M
®(Nagaharu, 1935), &AL R}HEZ 1 EMEY) o
MADS-box ¢ Jk 5 [K] 72 16 3 A1 1E &= B 7340 1) 3 2430
# A F(Fang and Fernandez, 2002; Chang et al.,
2009; Greenup et al., 2009), JFAER A 51611701k
e H AL S B AR A e B LR 2R, BRI
EH R, Bk, WA FEMADS-box 5 1 Jk K 4} T
H ISR S o R B R . i AR H A E
BT CAE T AERHU R I %8 H11071-MADS-
box % Ji % [K] (Parenicova et al., 2003), fE[I3EH%
7E H11671"MADS-box X i [X] (Saha et al., 2015).
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307/~MADS-box 2L [, =& H f ik E Y M H &
2. WANSHHeBEDH P, RiERFEK
H KRR IX307 /MK 7 22 M-type FIMIKC-
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AN, wH#E—50 Na, B Y= MIKC-typetd &
182/4NEH, AT 43 AMIKC*FIMIKCE 2, MIKCEw] ik
— 35 N3N NE . BT AGLTL-likeZKH T TM3-
like, FRAT I H 1 284 3 52 MIKC-type & [K] [ 3 fb
HAGL71-like At 5TM-like Ty —2&, th4h, HiE
T 3 M-type FTMIKC-type  MADS-box 3 K % H #5
& HBTCHEY R R 2R, BN RS
HH B SR I AUKRE R B E R . X R I E
RIFEAS R A A R v R BRI LA [R], DR I e
A Ff e R — 43 2 (1 MADS-box 3 K 76 3 1k it 72
o2 B 4 R [ (Nam et al.,, 2003; Airoldi and
Davies, 2012).

R, IR T IR — 48 DL i 5 R T4 2R
[ 3£ R 45 ) (Doebley and Lukens, 1998). A5t %
B, A I SEM-ty pe it PR B B 14 BT
7 51K R 0 ;. MIKC-ty pe i [K] 52 41 35 3t 4 K
HEARBRZHIIMNE T 1AL, #4307 1-MADS-box 4 N
M. MIKC*RIMIKC  HEAT G 57 B 51 00, 45 55w, 78
BB A F [ — A~/ K IMADS-box & L T & A
frimotif2E 7 JLF- 58 4 — 8. LA E R iX s R P 78 H ik
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Figure 6 Syntenic relationship of MADS-box genes between Arabidopsis thaliana and Brassica napus
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w2 H IR SEMADS-box Ik PR 1 5 (3% 355 77
Table 2 Select pressure of MADS-box gene subfamily in
Brassica napus

Subfamily  Arabidopsis Brassica Average copy Average
thaliana napus number Ka/Ks

M-type 20 34 1.70 0.43

MIKC-type 29 95 3.27 0.22

K-box 5 #3k . MIKC* [ i A5 M-type MIMIKC 14
P, B AR R R BT 78 Ao 3 T MD, SRR E
Yyl I MADS-box 3 R 52 1k 73 2 v g e )4 F- MIKC-
type (Parenicova et al., 2003; Arora et al., 2007;
Diaz-Riquelme et al., 2009; Fan et al., 2013; Shu et
al., 2013; Wei et al.,, 2014; Duan et al., 2015;
Grimplet et al., 2016). Kk, H%#EFHINAMIKCE M
MIKCC it £k #M-type {1 8] FE 25 (Xu et al., 2014),
B MIKCEAE K 19 14 32 4% 38 72 K-box 45 #1858 45,
BRE T EEZNE T, BT MIKC*, MIKC*7E i —
A ZR T NS T, TBREFA DAE T
M-type.,

ZAGA M 2R T, e ST
AR R E P T AFK 2451 (Tang et al.,
2008). TFIeRHIFIHSE 2 I = {51k (Bowers et al.,
2003). LERERHASH RN, WETS st
H A — e . KZ20-40 M, RLETFRT SRR
[FAH 58 R AR T LR ALK () B S, Fohas
f£(Woodhouse et al., 2014). Z=Z@EYIF L2 5 X
27 T 1k =f%4k(Chalhoub et al., 2014; Liu et al.,
2014; Yang et al., 2016). f£5-9 M, H &M AZERIIL
FAH 5 L& 77 7 1k 3 R4 K °F = %46 (The Bras-
sica rapa Genome Sequencing Project Consortium
etal., 2011). ZEF MM TR ER, AXSHER Y
LR ESEAM (Liu et al., 2014). X FRIEETF, HiE
MRS KA T LIREER A S ) Y = KA1
7 500-12 5004 A M1 1 = A1 H W R 28 2% 28 T
(Chalhoub et al., 2014) . #)F kA 1) 552 57 A2 BE A (1) 3k
e, ZRELFEARER RS RO EED) ), 24
e Ja, ZEREHE SR WA H At
SrlHEWT, H A SEMADS-box 5 % ik R % H N %
T3074 . EINHAGHIF LA, EAN TR
(0SP48, AR AT 2 H IR TR0 AR 1) 2k R 25 2 R e 4k

He, FER DR 3M T ) R IRA DIRE . Z K5
A IhRE KA Thfig (Nakano et al., 2006). AHF 7T i
7N, 4> MADS-box % K 75 i3 4t 1 7% o % 2 MADS-
box 45y, N K-box 45 /il . B —EE5 FF 4,
TEInterproh R yER, WA ILAL I domain, ¥)5HE
AR o PRI 3X TT A2 E 48 1T 20 = TR 2H 7K P (1)
=AM 2 5 HEE L 9 32 MADS-box 3 [H] 5% i 501X
N307HR A . A, M-type FIMIKC-typefEHEAL T 7K
FAAAEX ], MIKC-type =E B R8T F: 41K P E
il HE, M-typed K4 5K 2 Bk [ K2 4 /N R Y
S |5 14(Edger and Pires, 2009). AR T+ AN
H B SEMADS-box B R AT S 2k e G ih, RILZ
HMADS-boxZE R 7E H 5 AU sz th A 2 AN 01,
HMIKC-type 2 K] (1)~ 345 UL E 21 A M-type ) 245
MIKC-type FIM-typei £ /& /7 () FH4E tH 7=, MIKC-
typesZ I 1% £ )7 5K o 3X 3% B 25 (R 4 52 ) < 1 5
MIKC-type (1) 4™ 5K 2 B B 4F H, 8 2 1k 1) 3 7%
MIKC-type %& A # 5 1% % b {& B (Maere et al.,
2005).

g5 b, AT H A S 458 H3071"MADS-
boxZE [, FF|H A (S B % T BOGHIX B B[R] (1) 3 A
GEREATER, MARRGKERR. JOMESS
R IR, MADS-boxZ: [F7E 4tk #6704, (HE
BA—. X307 1MADS-boxih 47 3k 5] 45 #4 Al 57 15
ST, [F]— 0 S5 R DR S A R R AR B . 1t 4b,
FRATT0T H 3 2y S A0 UL R I MADS-box & K] 3t 28 7
JOfEAGE R R B E 1 AT TIRE, RILZEE
FEXTMIKC-typedy sk g B ZAE A o X L4500 IR
78 H W 78 S MADS-box 3 [K T fiE 24 e 2 Ak, A
R FR PR L %
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Abstract The MADS-box gene family is involved in many processes during plant growth and development, such as
flowering time, floral organ differentiation, root growth, meristem differentiation, ovary and gamete development, fruit
enlargement and senescence. In this study, we used rape (Brassica napus) genome sequencing data with bioinformatics
methods to identify and annotate the MADS-box genes. Rape contains 307 members of MADS-box gene family. Ac-
cording to the evolutionary relationships, these genes can be divided into two subfamilies: I-type, also known as M-type,
containing three subclades, a, B, and y; Il type, also known as MIKC-type containing two subclades, MIKCE® and MIKC*.
MIKCE can be further divided into 13 groups. The number of MADS-box genes is greater in the A than C subgenome
chromosome of B. napus. For the gene structure, the sequence is longer for MIKC-type than M-type genes and contains
more exons. The number of motifs in M-type genes is about 2-5, and MIKC-type genes contain an average of 7 motifs.
Synteny analysis revealed that whole-genome duplication played a major role in the expansion of the BnaMADS gene
family, especially the MIKC-type subfamily. The selection pressure of the MIKC-type subfamily was about 2 times that for
the M-type, which resulted in the selective preservation of MIKC-type subfamily genes during evolution.
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Appendix 1 The members of MADS-box gene family identified in Brassica napus
http://www.chinbullbotany.com/fileup/PDF/t16244-1.pdf
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Appendix 2 Selection pressure of syntenic MADS-box genes between Arabidopsis thaliana and Brassica napus
http://lwww.chinbullbotany.com/fileup/PDF/t16244-2.pdf
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