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Cloning and Expression Analysis of the MADS-box Family Gene
HaAGL11 in Sunflower

HE Zhuo-yuan, WEI Xiao-ying, SU Zhou, WU Yu, LEI Dou, YANG Jun, ZOU Jian
( Key Laboratory of Southwest Wildlife Resources Conservation ( Ministry of Education )/ College of Life Science,
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Abstract: Floral development, directly related to the progeny reproduction and species continuation of
plants, is an important stage in the lifespan of angiosperms. The MADS-box genes play a key role during the
floral development. In this study, a new member of MADS-box family gene HaAGL11 was identified from the
sunflower transcriptome datasets. Phylogenetic analysis showed that HaAGL11 gene was closely homologous
with the AGL11 gene in Arabidopsis thaliana ( L. ) Heynh. Moreover, the expression pattern at different stages
of flower development revealed that HAAGL11 gene was highly expressed at the late maturation stage of floret
organs, flowering stage, and early embryonic development stage. The expression analysis in floret tissues
indicated that HaAGL11 was highly expressing in the ovary of late maturation stage and flowering stage. Thus,
this result suggested that HaAGL11 gene might be associated in regulating the development of ovary and fruit in
the late stage of flower development and it could lay a foundation for preliminary exploration on the regulatory
role of HGAGL11 gene in flower development and fruit formation of sunflower, beneficial for further investigating
the molecular regulation mechanism of growth and development of sunflower, and providing some guidance data
for the genetics and breeding of sunflower.
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R B RED AR KT Ry E PR
AU R B 1 A7, B SR 7 0 % VI
Ko K, ML KT B RIS T — &R
I E LR, K 5K T AR R TR
1 7 5+ ( Arabidopsis thaliana ( L. ) Heynh. ), 4> i ¥
( Antirrhinum majus L. ) Fl1I7K & ( Oryza sativa L. ) %
RECAE Y Th AR 4k B rE B RS 5 FFAEE THERR B &
B ABC B FIH k53 1) ABCDE #5712, %
BERIIA Ay, A P A6 A 5 A1) 9 |l A |
L J7 DR LS A Al A IR Bl i 5
A ZRBEDRT B 28 Bk P 3 W] 9 45 AE A, B S L A
C IR L[] A I 8%, C 2RI PR gl i 00 1z
D KA IR E RHEHN S5 T 10 M O
K DL K+ 5 W8 . BAT B AF 98 i 36 Wos , fE &
A ABC A Br AP2 A1 A [R] I 5 U L (R 34 )&
F MADS-box 5t [H 5 5 i 51"°. MADS-box %
ST ATAE TR 0 e S 1 [ R S TR
, LA ) 2 1 5T 322440 % MADS-box 5 . K-box
3 1-box 3k LRSI C g LS AEPRSF Y N S S 2544
S0 R — RO P K s 5 T 0 A
DL R AR sk 2 RAKBIE 45 G R (1) DNA JT511H
e HA L R e 57 1

MADS-box | 1z & 5P &AW B A K &
AR, CHERSFHEY NS E LT IRE T L
FHEERTEWMNT. TP, AN
APL ELA Yo 5 78 RN e s AR 53 A S 4531 Y
PE RN, Mandel %59 % B, 1F 111§ JF apl/cal X%
R AR AT IR A K, NITTE L T —Fh 46
B3R FERYFRAL, B AL AP3 T PI NS i 4
oA M ELAE D E AEIRERR I v A 5 G S A
I, AP3 S A8 B A IR 5 78 gt | (]It A s
AF N0 B, PSS PR B 0 L C 2
[ AG P IEEAMO KR E T ", AG K ELS
BRSO B ik 2 AN, MADS-box J K 7 75
WRBR A B B R e b K E B R AR AE . K
Fii OSMADS13 %8 725 14 32 30 0y JIR B A 00 BEAR A8 B B
X, UL W] OSMADS13 7E IR 2k & 7 il # h B A R &
TR L Fi ( Solanum lycopersicum L. ) H1
MADS-box 2[4 RIN HA i i 52 i g g,
RIN %% 5 [ FREME 45 & Class 1 2% TCP 3Ry 5 3h
T, B GRS RGER,

] H %% ( Helianthus annuus L. ) {E J E (1) T
RAEFNHEEAEY) , A EE M2 S5 W H H
H. HAT, 5T MADS-box F i3 M (DR 5 3=

FLAE AR R I7 | 4 0 R RS SE A A v, i
TE W) H 35 14 iE 50 AU B E T 12 4> MADS-
box JEN T M At 1] H %% MADS-box
FE DR AR S o R, ARBIEST DAOG S LT A i 2%
( GW Mountain Wild Oil Sunflower ) 7 #1 %}, i 1%
It 75 B F) — 4> 1) H %€ MADS-box % [ HaAGL11
( Helianthus annuus L. Agamous-like 11 ), Jf-XZ AL
AT A YT B RN S 28O E i PCR (QRT-PCR )
M AR TE G5 AU BT B i MADS-box S
RI7E 0] H S 0048 & & R rh R v T RE, gt i) H
EAC R A WAL B A B ) B A, 1 42
Jt 1) H 25 38 7= s AR S AL B AR, 1 HL oA ) H 2R
A F R T —E T LR,
1 #MRERE
11 #R5ERF

AR AL R 25 1L B AR i 2% R T PE AR
KA ARl F B i . TR B BN -
WRB T ABIRAE, 73 90 8 St1~St7: St1
Tit o A LU, St2 A8 R 3R, St3 W AE#R
JE L 1A, Sta Sh 46Ky 434k 1, St5 Sk AL B LA
1, St6 K /INEFF R, St7 M IR IG & & L4 Horp
St6 A /NE ( Flower ) L [RIBS A AR ( Root ), 25
(Stem ) Al ( Leaf ), St7 1 M 22 J5 i) o gt i) SR 5
( IMF, immature fruit ) ; St5 5 St6 /1) 45 Fh 46 £ B
(ELFGHESS LR e SEE sk AetE T 5,
LR ) A MBI T 24k (n>10), I & T
WA PR, Z 5 BT -80 CRIHRT

RNA i 7 £ E.Z.N.A® Plant RNA Kit . i 7] iz
177 & D2500-01 Gel Extraction Kit( 100 ) 5% 1 T
OMEGA ; 76 YL kA7 TB Green™ Premix EX
Tagq™ 10 . 5z %% %18 7] & PrimeScript™ RT Reagent
Kit With gDNA Eraser ( Perfect Real Time ) %5k [ F
FHBEAYHEA (Atnt) AR F] ; FastPfu Fly DNA
A pElE 3 A pEASY®-Blunt Cloning Kit, K
FF B8 8% 32 25 B A E.coli Trans1-T1 3¢ { Tk mt 4L
&Y.
1.2 B RNAHREERER

A3 BT R AR B ) H 22RO 25 I 4E (St1~St7
BB ) R A S | S5 5 Ste 145K B B A R
TEW A I/ RS 5 B 0.1 g K T 2 mL EP &+,
JAdi ] E.Z.N.A®Plant RNA Kit it 71 &, iR 5 1 B 15
PEHUE RNA, fifi ] Takara S5z % s i85 & DA Lk 1
BHEL RNA AT TR 545 1 cDNA,
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Fig. 1 The small flower of sunflower

1.3 S|¥HIE& K cDNA F3 1EF1 5 &

HR 8 A 52 56 % ) H 25 4 & F B ] 454 % 5K
T AN ] H 25 AR B I S 2H R R (3R
£ NCBI ), i 1% 3] MADS-box 3t K] 52 Ji% 1z 1% It
Ha9_00013244, BLAST ( https: //blast.ncbi.nlm.nih.
gov/Blast.cgi ), bt X} & #i Ha9_00013244 5 it il {14 [
H %% AGL11( GenBank % 5% 5 S&7 XM_022127755.1 )

J¥ 51 — 2, P AR BF 5% 08 Ha9_00013244 iy 44 4
HaAGL11 % [Al. F JH %k £ Primer 5.0 R 45 2
J¥ 40 % it PCR ¥ 3% #F 5= ¥ 51 ¥ HaAGL11-F/R,
gRT-PCR 7| ¥ qHaAGL11-F/R, LA [i] H 2% ef-lo %
[Al ( Elongation Factor 1 Alpha, GenBank % 5 5 &
AY094064.1) 1 5 B2 1, #3H NS 51 ) ef-
la-FIR(#F 1),

&1 HaAGL1l #[F ORF ZE5|4. qRT-PCR RiAKHX 217514
Table 1 Primers used for gene isolation and real-time PCR analysis of AGL11

I/ S SIYITAN (5 —3) JHiE

Name of primers Sequences of primers(5'— 3" ) Use

HaAGL11-F AGAGAGAGAAACACCATTCCATTG HaAGL11 FLH FEfES |9
HaAGL11-R TGGTCAAAGATTAACCCAGCCT

gHaAGL11-F TCGGCCTCATCATCTTCTCC HaAGL11 BRI S ZOLE i PCR 514
gqHaAGL11-R AATGTCTTTGTGTGCGCTGA

ef-1a-F AGCCCAAGAGACCCTCAGACAAG SO = PCR NZ51Y)
ef-la-R CCCTGATGGTCCGAAGGTAACAAC

L1 cDNA & 155 #ie, $% #8 pEASY®-Blunt Cloning
Kit 15691 5 E 17 HaAGLIL JE R ¥ 41414, PCR 43
AFH R 50 pL, 10 ng/ul cDNA £5i#z 3 pL, 5 x TransStart
Fastpfu Fly Buffer 10 pL, 2.5 mmol/L dNTPs 4 uL,
10 pmol/L HaAGL11 F/R 5| % 4% 2 uL, ddH,0 28 pL,
TransStart Fastpfu Fly DNA 247 1 uL, JiLA % 200 pl
PCR &h, HIIG AR TIR 2] . $0T PCR 727 : 98 °C
305,56 °C 305,72 °C 1 min, 34 W AE R, 72 °C %iE fif
5min, LA DL2000 DNA >} Marker, PCR 7= ¥ £ 1%
(B RS B R R L VKA 21 H I 45 I, 4% i D2500-01

Gel Extraction Kit ( 100 ) thi. W] 51 7l TS, 1442
PEASY®-Blunt vector 72 %k {4, 3144 A E.coli Trans-T1
S TE R PR 100 mg/L (1) LB WAL
Frdkr, 250 r/min 37 CHEIRAF T EFRId 4, i e
PR AT R R E DR A BR A R LR 53
Gitil)5e
1.4 HaAGL11 EFMEYEEEIEES T

F 78 26 /3 ¥ T. H Open Reading Frame Finder
( ORF Finder, https: //www.ncbi.nlm.nih.gov/orffinder/ )
% HaAGL1L F [X () cDNA 591 Bk 47 /3 #, 3645 T
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HaAGL11 & A 1 FF ik [ 132 HE (ORF ), i i 5 [m)
H 2% Jt K 41 %4 3 2 (https:: //sunflowergenome.org )
[ L X, 75 21 HaAGL11 JE A /) 5¢ & DNA ¥ 41, 5
i ik Gene Structure Display Server ( GSDS, http: //
gsds.chi.pku.edu.cn ) Tl HaAGL1L JE DA i) 45 #4915
B K5, A H NCBI f)) Conserved Domain Search
Service ( CD search, https: //www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi ) $& %] HaAGL11 A fir 4 it
4 7 0 2 1 ——HaAGL11 & 1 ( XP_021983447.1)
PR SFEE R 3R , I8 DNAMAN 6.0 Xt HaAGL11
KLY ORF HE S H 4 it i) LR ¥ 41 . A HIFE SR
1M PG ProtScale ( http : //web.expasy.org/protscale/ )
X HaAGL11 FFI 3% / ik AT 1 , ProtParam
( http: //web.expasy.org/protparam/ ) X} HaAGL11 &
1A A B e AT 7000, 9 #1 ] SWISS MODEL 7
2843 BT W (https: //www.swissmodel.expasy.org ) il
Il HaAGL11 HEH M =454
1.5 HaAGL11 EREFRILZEHR qRT-PCR S

HFE HaAGL1L LK AY gRT-PCR 514 qHaAGL11-
FIR, LAm) HZE1Y ef-la /E NS, 0] H 2544}
S RNA B85 5% BT A58 Y cDNA A #4T gRT-PCR
P, PIARRCE 20 ub, 9Ot Ykt TB Green 11
10 pL, 10 umol/L gHaAGL11-F/R % 1 uL, ddH,0
7 uL, 10 ng/uL #i4 cDNA 1 pL, K CFX96 Real-
Time PCR {¥ ( Bio-Rad, 3% [# ) iz 17 qRT-PCR # J¥,
qRT-PCR J )i & P 207 : 95 “C TSP 30 s, 95 °C
AEPE 5's, 57 °CiR 2k 30 s, 39 KAEH, 60 CHEfH 60 s,
HEAT QRT-PCR S, BRI E 3 IR A,
i 2% 2 P AR Rk
1.6 RAZABHHIHE

F ] MEGA 10.0 #4) #48L 9 I+ MADS-box & [4]
F1E) H 28 MADS-box 5:H Y R 58 & B, LA A
WFFE ) HaAGLLL FE P 548 g I+ MADS-box
MRS ZR . RS IT MADS-box J P 81 G 77
He B FE (https: //www.arabidopsis.org/ ) H 3K B, 1]
H %% MADS-box %[5 Hy 7] H 25 4 & & i 1) R ik ik
J 454 Ffw) H 2846 4 & I S5 s 20 80 e vh i e 1
B, SRR ERE RN, A kg 2dE,
JFIAT 1000 IR .

2 HER5HH

2.1 HaAGL1 EERESEWEREST
AWFFE LA H %419 cDNA M#idk , HAAGL11 F/
R A5, lIh 7 b ) H AR5 751 (E 2A),

JP 45 R 3R W, HaAGLLL & K 4 4% H bR 7 51K B
750 bp, Hrf & HaAGL11 JLH 584 ORF, 454
Ti] I S 35 PR 20 5008 e X HaAG L1 JE R 19529 DNA
FEANIEAT o0 T, 45 S 2 W, HaAGL1L JE K v T+ 1) H
LK) 9 B YAl I, 75 4K 5659 bp, ffE 14~ 5
eI LA 3 AERSEX T ANAMEF R 6 N
+ ([l 2D ), ORF finder 73 7 {2 71v, HaAGL11 2 [A]
[ ORF >} 687 bp, Jt: % ith 228 4~ 2 JL ik (K] 2B ),
%5 1 H A 15 5F B MADS-box F K-box 45 14 1,
A3 BT T H A LR Y 41 1Y) 2~75 37 15 A1 82~172 4
A ([ 2C), 7 1 HaAGL11 3t [ J& F MADS-box
B R, BTt £ W, HaAGL1L & s
TR E R, AR E 85k 55.77, HHX 0+
JiT £ R 26.56 kD, e 45 H i ok 9.38, Hor, A 17
HO AT ) 3R ( R &R + AR ) BBl 27,
SV ETR T 5 1Y 11.8%; i 1E HL AT 19 3R Ak R 2R
+ B R ) BBk 35, 5 B E LR 1Y 15.4%, R
P48 $0 0 80.88, 3% /K % 1) F- ¥ {E ( GRAVY, grand
average of hydropathicity ) & —0.741, B 7K P e 50 (1
AR T 45 P S sE A TR (1.844 ), 2K P
558 1) R BE R S 57 T 95 A s A i ( -2.633 ) (K]
3A). M BRSSP E D Re 8 i T HaAGL11
R =451 % B, HaAGL1L & 1 HA 24
o B2WE, 34 B R ZZEH, I AT — S AN HL 5 i
(K3B), HEMKIEASA T 5 DNA 75 F 045
A, W HaAGL1L 8 12 AE by i st R 71 & 44 4E
.
2.2 HaAGLU ZEHWEIREMELLIT R RER BT
il 12 NCBI 9 BLAST 43 kb % HaAGL11
1 )% %1, # 1 DANMAN 6.0 # i Il ) HaAGL11
15 H A s 24 1 MADS-box 5 P 52 1% it 4
fi5 B 2 B R AT A 1 R IR e (R 4), 45 R %
W], HaAGL11 & 1 H A 8 A4 (1) MADS-box %5 14
5, 3% B 54000 7 19 AGL11 % 11 ( AAC49080.1 ).
W54 #k ( Actinidia chinensis Planch. ) 1 AGL & 4
(PSS00176.1 ), % % 4 ( Petunia hybrida Vilm. ).
i FBP7 ( Floral Binding Protein 7) & H
(CAA57311.1) Fl1 FBP11 %5 H (CAA57445.1) H
BEEpEE M, ) MEGA 10.0 #4 & 8l /5 77
MADS-box # [ 5 ] H 2% MADS-box % [H (1) & 4¢
KEW(ES), 455 ok, HaAGL1L 3L K 5 1 5
¥ AGL11 KE [ (U20182.1) kb T[] —4r 3 b, %W
HaAGL11 [N 5l p T AGL1L JE N HA 3k 1 [A]
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A B
1 AT AATTGAGATCAAGAGAAT TGARRACAATACGCATCGGCARGTCACT
1 M G R 6 KI EI ERTIEUNUNTUHERTGEGTYT
61 TTCTGCARGAGGAGARACGGECTGCTARAGRAGGCTTACGAGCTITCAGTICTTTGTGAC
21 F ¢ KRRHNGTLTLETEKA ATYETLSUVTLTCHD
121 GCTGARATTACGCTARTCGTCTTCTCTAGCCGTGEARGACT CTATGAGTACGCCAATARS
41 A E I TL IV F S S RGRIULYEVYANHWNN
181 ARCATAAAATCAACCATAGAGAGATACARGAAGECTACT TCAAGTACACCAGACACATCS
61 N I KSTTIEHRTYZEHKEKATS SSTTPEPDTHW
241 TCARCTCAAGAGGTCAATGCTCART TCTATARGCARGAGTCAARGARACTTCGCCAGCAG
81 5 T QEVMHNAQTETYEG QQET SETEKETLTRGEGRQ
301 ATTCARATGCTICAGAATACTAACAGGCATCTCATGGGTGACGGATTGEAGCACTTARAT
101 I ¢gMLQNTUJNRUHETLMGEGDS GTLTEHTLHN
2000 bp
361 GTGARGGAACTGARGCARTTGGAGGEGCAGGCTTGARARGGEARTCTCARGGATTAGETCE
121 vV KEELTEKTGTLTETGRTLTETEKTSEGTIS5E RTITEBRS
1000 bp — 421 ARAAGGCATGACCTGATACTAGCTGARACT GARRATT TGGAGARARGGEAGATCGAGCTC
3 141 K R H DL I LAETEHUSNTLTETZEKH® RETITEHTL
750 by
PP - - -
481 GAACATCACARTGCATTCCTACCTICARAGGTGCAGGT TECTGAGAGCATGCAGCAGCTA
F v v L
500 bp 161 E HHN A L R S K Q A E S M QQ
541 AACATGAATACT GEGGAGGACTAT AT GCATGECANGCATACATGGCTAGGARCATGCTT
181 HN M N T 6GEDTYHNA AMWWGQOATYHMARIENHL
2
250 bp 601 CACCTCAATATAATGGARCCTATGACTCTGGAGGCTAGTCCTTCARCCTTCTCCATTTIGT
201 HLNTIMETPMTTLEA AST EPSTTESTIC
100 bp 661 CCCARGCCTTCTICTTCACCTITGGGIGA
221 P KP SLHLG *
FEl 25 50 75 100 125 150 175 200 225
Scucﬂccl I S T S S N S S — P S S S WS —— T S S S W T S J
C DNAZEE {5, sk as s sn 4
DNA binding site & TR

Putative phosphorylation site
C o TIEAUA A AMAA MM M ABAA
Dimerization interface

LS WIS MADS_MEF2_like

HF % Superfamilies K—box_superfamily |
H —_—— e, —
a9 5 3 : F q
0 kb 1 kb 2 kb 3 kb 4 kb 5 kb
CDS  s=upstream/downstream —Intron
EEREGEK Bl HET

A: HaAGL11 JEPH A4 5 , it M ok DL 2000 DNA Maker, 1 il 2 24 HaAGL1L E[A . B: HaAGL11 %E[H () ORF K Hog i iy JERR 751
C: HaAGL11 F FIASFas i, D: HaAGL1L KE[RI 45 #y
A the PCR of HaAGL11 gene, the M means the DL 2000 DNA Maker, 1 and 2 are HaAGL11 gene. B: the ORF and encoded amino acid sequence of
HaAGL11 gene. C: the conversed domain of HaAGL 11 protein. D: the structure of HaAGL11 gene
B 2 HaAGL1l EEMFFIHHT
Fig. 2 Sequence analysis of HaAGL11 gene

A & | Hphob/Kyte & Doolittle ——

SRR

Position

¥

A: HaAGL11 3 F5E iK R . B: HaAGL11 H = &5 F fi)
A the prediction of hydrophobicity and hydrophilicity of HaAGL11 protein. B: the prediction tertiary structure of HAAGL11 protein
B 3 HaAGLll ZEHRHSHT
Fig.3 Protein analysis of HaAGL 11
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8 H3¥ (Relianthus_annuus)-Ha_AGL11-XP_021983447.1.seq
B IF (Arabidopsis_cthaliana)-AGL11-AAC49080.1.seq
ﬁﬁmmcumdla chinensis=)-AGL-PSS500176.1.2eq
ﬁ'&‘f—(?ewnu hybrida)-FBP7-CAA57311.1.23eq

$5E 4 (Pecunia_hybrida) -FBP11-CAARS7445.1.3eq
Consensus

maﬁmehanthus annuus)-Ha AGL11-XP_021983447.1.seq

Eliﬁ‘ﬁ:mrebmops:.s thaliana)-AGL11-AAC49080.1.seq
ﬂﬁ(hctlnxdla chinensis)-AGL-P5500176.1.3eq

§§¢(P=tm1a hybrida)-FBP7-CAA57311.1.8seq

$EZ 4 (Petunia_hybrida) -FBP11-CARS7445.1.seq

Consensus

18] H3# (Helianthus_annuus)-Ha AGL11-XP_021983447.1.seq
ﬂﬁ#(hab;daps;s :hahana}-AGLll MC!QOBO l.seq
BEIRHE (Actinidia_chinensis)-AGL-PSS00176.1.seq
ﬁiq‘-(!’eturua hybrida)-FBP7-CAAS7311.1.8eq
gﬁq‘—tpe:unla hybrida)-FBP11-CAAS7445.1.3eq
Consensus

151 H 2 (Helianthus_annuus)-Ha_AGL11-XP_021983447.1.seq
#{E 7T (Arabidopsis thaliana)-AGL11-AAC49080.1.seq
FRMRHE (Actinidia chinensis)-AGL-PS500176.1.seq

$%# 4 (Petunia_hybrida)-FBP7-CAA57311.1.seq

%Z 4 (Petunia_hybrida)-FBP11-CAA57445.1.seq
Consensus

SYPTLsmHﬂ *
.YPLPS...DRKSEEL 224
st .SYDPLEAHEKK QL 227
1

HEAF S MADS-box 45141
The content of the box is MADS-box domain

El 4 HaAGL1 EH5HMEHEY MADS-box & B FF 5 L Xt
Fig.4 Sequence alignment between HaAGL 11 protein and other higher plants MADS-box proteins

2.3 HaAGL11 EFEMRIESH

T RS HaAGLLL JE[H 78 ) H 2848 K& 3 IE iR
T FE L, ARWF 524 HaAGLLL #E47 T 8% 4l i i) 23
R Hr. HERABALER B, HaAGLLL
FEPTE N H % w%nykﬁizﬂ%;@lﬂ%ﬁ MR PR
25 MR (K 6A ), #E— Xt H 3548 &
B 78 (St1~St7) HaAGLll e S
HEAT 00T, 45 B B, HaAGLI1L JE R 7E AN [R] & & I
BIAE R 3k A AR B B 2% s b Std i St2
ANFRIK,FE St3 F St4 W iE R Ik, 7E St5 I ik
HEHY, St6 MR B T UE(E, St7 IR Rk (&
6B ). XEEAEIL UL, HaAGL1L A BEFE M) H 25 4E &
B Sto~St7 MR A HEVE .

T 9% HaAGLLL JE e H 2548 & T St Al
St6 Wi HAR T R A7, AR T HaAGL11 Kk
PRITE [7] H %% St5 Al St6 1 £ AL a4 1 i 235 K-
2 B 5 oK, 7F St5 1], HaAGLI 5t A 75 F b3 rh e S
PR R, T HAAE 2 B i IR B Rk (&
6C ) ; 7t St6 1], HaAGL1L LKt AE T 5 Fh s Stk iy
Pk IFAEMES PR 7R H A AR B A A
F|HFLIKL(E 6D ), LI g5 53R, HaAGL1L & K]
£ St5 F1 St6 Hi 1% /INE K oA B A S R S
FIk; VAHITE M HZEE R B2, HaAGLLL F K w]
REXS T D PR S & B i g s IR e o

3 itig
MADS-box # [F J&— 2772 = 5 Y 4 I B

ERE BN T, KRB AT A RS
PP AVE o ASHIF 5 B2 b DA 1) H % Hp o g 1) —
A~ 1] H %8 MADS-box #£ [, % 3% K 5 NCBI %4 12
v ) H S g TINE B AGLAL yfal—JE B PR
HoAw 44 HaAGL11, %3 M T g it 25 1 H oA Al
MADS-box il K-box £ #4 35, H. 5 41 7 JF MADS-
box % A AGL11 = JiE [l . iz i W 7, AGLIL 4%
AGLs 2§ MADS-box 3 [Fl 2 5 /¥ 19 1 & & 1)
220 B, HaAGLIL 1] fig B 540 F AGLLL
% AGLs 25 MADS-box # I & LAY D fiE, th 2 50
M HZERRE .

AWF5EiE T qQRT-PCR R4 /047 T HaAGL11 Jit:
PR () B 2 e ke X, DA 5% HaAGL1L JE (R e 7] H
R BRETHIIGE. 458 oK, HaAGL1L
RI7E ) H Y546 & & S5 Fl St6 118 /INE S St7 11
GRS R (K 6B ). Hidr, St W& m H
KT EAME A B G, St 1k m H 35/ E
T AN 32 A B30, 107 St7 0ok 1) H 32248 5 4 SR &
B, HaAGLLL JE R 73X 3 NI e S Pk v 3
ik, Uil HaAGL1L JER Rl REEAE#R B K E /IMETT
ARSI & B h i B IHEEN . M5
— 25Xt St5 il St6 W AL 4% 1Y gRT-PCR 43 #r £ 1,
HaAGL11 % [X 7E St5 1 St6 3 it 1 3 P 4% S vk
Fik 7 Ste MR HESs I Rk (K1 6C. D ), &M
HaAGL11 £ [H 78 ] H 258 K B WX F A E
RARE SO VRTEAE L, FEXT T L Rp e 85 10 A W2
Ursig vl e AT —E PEH . HaAGL1L 1y [A] 5 5L [
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W AT5G65050.3 ( AGAMOUS-LIKE 31)
M AT5G65060.1 ( AGAMOUS-LIKE 70 )
W AT5G65070.3 ( AGAMOUS-LIKE 69 )
B AT5G65080.1 ( AGAMOUS-LIKE 68 }
W AT1G77080.4 ( AGAMOUS-LIKE 27 )
W AT5G10140.1 ( AGAMOUS-LIKE 25 )
@ Transcription factor CAULIFLOWER A-like
W AT1G69120.1 ( AGAMOUS-LIKE 7)
@ MADS-box transcriptional factor HAM92
W AT2G45650.1 (AGAMOUS-LIKE 6)
W AT3G61120.1 (AGAMOUS-LIKE 13)
® MADS-box transcription factor 6
93 ® MADS-box transcription factor HAM137
%E W AT3G02310.1 (AGAMOUS-LIKE 4)
82— @ Developmental protein SEPALLATA 1
97— M AT4G09960.3 (AGAMOUS-LIKE 11)
L [@ MADS-box protein Ha AGL11 |
32| 99 B AT3G58780.1 (AGAMOUS-LIKE 1)
99 W AT4G18960.1 (AGAMOUS)
® MADS-box transcription factor HAM59
99'— @ MADS-box transcription factor AGAMOUS

M AT4G22950.1 (AGAMOUS-LIKE 19)
25 '4'8? E W AT5G51860.1 (AGAMOUS-LIKE 72)
99— M AT5G51870.3 (AGAMOUS-LIKE 71)

90— M AT3G57390.1 (AGAMOUS-LIKE 18)
J‘E ® MADS-box transcription factor 23-like
B AT3G57230.1 (AGAMOUS-LIKE 16)
99— M AT2G22540.1 (AGAMOUS-LIKE 22)
34 B AT4G24540.1 (AGAMOUS-LIKE 24)
W 99— ® MADS-box transcription factor PISTILLATA
35 ® MADS-box transcription factor HAM31
B AT5G20240.1 (PISTILLATA)
72 @® MADS-box transcription factor HAM91
40 po @ MADS-box transcription factor HAM2
99— @ MADS-box transcription factor HAM63
— M AT1G31140.2 (GORDITA)
93— M AT5G23260.2 (AGAMOUS-LIKE 32)
r— B AT4G37435.1 (MADS-box transcription factor-like protein)
98— @ MADS-box protein Ha AGL104
99— M AT1G317310.1 (AGAMOUS-LIKE 100)
12 W AT1G72350.1 (AGAMOUS-LIKE 60)
59 B AT1G65360.1 (AGAMOUS-LIKE 23)
99— M AT4G36590.1 (AGAMOUS-LIKE 40)
11 — B AT1G33070.1 (MADS-box family protcin)
21— M AT1G48150.1 (AGAMOUS-LIKE 74)
W AT5G46320.1 (MADS-box family protein)
B AT5G55690.1 (AGAMOUS-LIKE 47)
90— M AT3G05860.1 (AGAMOUS-LIKE 45)
44 W AT5G27810.1 (MADS-box transcription factor family protein)
99 M AT5G26630.1 (AGAMOUS-LIKE 35)
= B ATIG65330.1 (AGAMOUS-LIKE 37)
99 M AT1G59920.1 (MADS-box family protein)
99— M AT5G35120.1 (MADS-box family protein)
| 99— M AT5G26865.1 (AGAMOUS-LIKE MADS-box protein)
M AT5G27944.1 (MADS—-box transcription factor family protein}
81 B AT5G37415.1 (AGAMOUS-LIKE 105)
99— M AT5G40070.1 (MADS-box family protein)
— B AT1G61040.1 (plus—3 domain—containing protein)
33— M AT3G12510.1 (MADS-box family protein)
99— B ATIG22950.1 (INCURVATAI1)
B AT3G18210.1 (CUPULIFORMIS2)
B AT2G22420.1 (PRX17)
19 09— M AT2G41445.1 (AGAMOUS-LIKE MADS-box protein)
31 2 B AT2G41470.1 (AGAMOUS-LIKE MADS-box protein)
B AT2G41440.1 (AGAMOUS-LIKE MADS-box protein)
60 B AT4G14530.1 (AGAMOUS-LIKE MADS-box protein)
99 M AT5G38620.1 (AGAMOUS-LIKE 73)
99— M AT5G49420.1 (AGAMOUS-LIKE 84)

WEORPI IR ; @ R H 28R ; HEH 2l HaAGLI11 HH
M means the genes of Arabidopsis thaliana ( L. ) Heynh. , ® means the genes of Helianthus annuus L., the content of the box is HaAGL11 gene

5 IEETFANE HE MADS-box ERM ARG X FR
Fig.5 The phylogenetic tree of MADS-box genes in Arabidopsis and sunflower
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A: HaAGLI1 ZETE I H 5% St6 IR 25 W AIFE, St7 K 25 IR BRI AR SE AR AL U P I9ERIE s B: HaAGLLL ZETE I H B4 4E4 7T
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A: the expression of HaAGL11 in root, stem, leaf and flower of St6 period, and immature fruit of St7 and later period in sunflowers,
B: the expression of HaAGL11 during the St1-St7 period in the flower of sunflower, C: the expression of HaAGL11 in flower organs of St5 period,
D: the expression of HAaAGL11 in flower organs of St6 period
Bl 6 HaAGL1l EREAIRIESH
Fig.6 Expression analysis of HaAGL11 gene

AGLI1L 7E $UL 5 I+ A6 & B 10 i 72 v ke 25 1 2 A9 93
PEVE R, W0 58 & B, 00 RS JT AGLIL 5L A X IR 2k 1
KB RYER MR PR R R I S
BB, B 5 X NG 1 BT IR 2O O R L 9
IR, 45 A HaAGLLL 4 N 1y i 23 3% 3k #65 =X 4%
Br, % 25 3iF W] HaAGL11 5 ) B5 IF AGL11 If fig 2%
), AT BE S 5 PR IR R AR 2 1Y & A2 S5 S i,
S E5ZRE SR, HAT BN, AL,
HaAGL11 W] BE X F 4k 45 1 35 9 A= W 4 Dy se B A
— R VE T, LR T AGLIL K WL AR SCHRIE ., Ik
Ah, 400 FE 7 AGLLL 2 5 % 1 A8 J 1) 46>, i
WS PR T HaAGLLL 3 [H] 7 52 B 46 i vh 3
Ko XEESE R R T RE2E 5%, T RES HaAGL1L
FAGLLL JE 5 75t A R h Dy R Ak AT 56, Bl
(I F 97 22 B, F il MADS-box %2 H SLMBP15 %t 7
RS2 A R IR P2, A A e 2
SEP ) MADS-box & [A Ciclev10021357 % & 4 5
KRBT R A 45 X 4 MADS-box i [
(BT 5 [B] 322 3¢ B AR5 P 19 HaAGL1L L [H 5 75 i

SLMBP15 %t K| F1#t7% Ciclev10021357 %L PH H A4 2%
RIRTIRE , 7E 10 H 28RS0 % 7 s v A E 2R H

B 5T R AE ] MADS-box %&£ K HaAGL11 7
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