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Cloning and expression analysis of MADS-box gene BoaAGL6 associated
with floral development in kale (Brassica oleracea var. acephala)
HAN Yue'? REN Hong-jie'? ZHAI Xiao-yu'? XU Qi-jiang"*"

(1.The State Key Laboratory of Tree Genetics and Breeding, Harbin 150040, China; 2.College of Life Sciences,
Northeast Forestry University, Harbin 150040, China)

Abstract: Wild type kales (Brassica oleracea var.acephala) and its two mutants which have different petals in number
were used as material. One AGL6-homologue from conventional kale varieties denoted as BoaAGL6 was cloned using
RACE (rapid amplification of cDNA ends), then expression pattern of BoaAGL6 in each floral organ was examined. The
results showed that BoaAGL6 contains a 759 bp open reading frame that encodes a deduced protein with 252 amino acid
residues. Phylogenetic analysis indicated that BoaAGL6 belongs to the AGL6-like subfamily. The result from multiple
methods (semi-quantitative RT-PCR and quantitative real-time PCR) revealed that the pattern of the expression of
BOAGLSG is broader than those of their counterparts in eudicots, with different expression levels in petals, which is high in
mutants with the most petals. These results suggest that BoaAGL6 plays important roles in controlling floral organ

identity and formation in kale.
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TRIzol(invitrogen)
14 RNA NanoDrop(NanoDrop
technologies) RNA
PI9E( 1) cDNA
( ) Sug
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Table 1 List of primers used for cloning and expression analysis
of BoaAGL6 from kale

'3
1 PI9E GACTCGAGTGCACATCG(T)7
2 PISE GACTCGAGTGCACATCG
3 MADS-box ARCTCACYGTSCTYTGYGAYGC
4 Bo0aAGL6GSP1 CGATGCTGCCGAGTTTGG
5 B0aAGL6GSP2 CAGTTGCTTCACGCCCAT
6 GGCCACGCGTCGACTAGTAC(T)17
7 GGCCACGCGTCGACTAGTAC
8 Bo0aAGL6-Realtime-F ATTTCCGGTTCAGCCTTCTC
9 BoaAGL6-Realtime-R CCTTCACCTTGCACGTAGTAAT

10 185—Realtime-F AGCCTGAGAAACGGCTAC

11 18S—Realtime-R CGAAGAGCCCGGTATTGTTATT

R A GY C TS

G CV A C GF R

My 17 T polyA
cDNA (rapid amplification

of cDNA ends, RACE) 3'-cDNA
GenBank
MADS-box
MADS-box (D
cDNA MADS-box
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P18E ( 1) TransTaq"™HIFI DNA ( 7500 fast PCR Power
) PCR SYBR" Green PCR Master MiX (Applied
94°C S5min 94 C 30s 54°C Biosystems) cDNA
30s 72°C 90s 30 72°C BoaAGL6 PCR 20 uL
7 min PCR PCR 8.4 ¢cDNA  (Ilpg cDNA
(Genestar) T 420uL ) 10 pmol/L
BoaAGL6—Realtime-F Bo0aAGL6- Realtime—R 0.8
3'-cDNA BoaAG  pL Power SYBR™ Green PCR Master MiX(2x)10 pL
L6GSP1 BoaAGL6GSP2( 1) BoaAGL6GSPI1 95 °C 2 min 40
dA cDNA (95°C10s 60°C45s)  18S
'“RACE 278aCT 18] BoaAGL6
BoaAGL6GSP2 3
'“RACE 5'cDNA PCR PCR
3'-RACE
2 HR5HH
1.3 FILMRAZEE S N
MADS-box 21 PRHBEXBERHFEEREE BoaAGLE HIE
GenBank B FE5I et
'“RACE
ClustalX1 83 841 bp (Arabidopsis
GeneDoc3.2 thaliana)AGL6 87%
MEGAG [15] AGAMOUS-like 6 (AGL6)
(Neighbor—joining NJ) AGL6 BoaAGL6
NI '“RACE 5
1000 RACE
50%  bootstrap 405 bp 3 360bp
999 bp  BoaAGL6 cDNA
1.4 EHF¥E=E RT-PCRF1 qRT-PCR i B0oaAGL6 GenBank KC984301
BERIEST 759 bp 252 56
3 MADS 33 I 77
RNA K 86 C ( 1
RNA oligo(dT) MADS-box
cDNA  cDNA PCR BoaAGL6 MIKC—type
18S ( 1) VVMADS3( ) AtAGL6( )
RT-PCR PE-9700 PCR BoAGL6a( ) BoAGL6b( )
BoaAGL6—Realtime-F = BoaAGL6— AGL6-like C— )
Realtime-R( 1) PCR 94 C 5 AGL6-1 motif AGL6-11
min 25 v47C 30s 52°C 30s motifl!'”( 2)  SEP /Il motifs
72°C 30s) 72°C 7min  0.8% [13]

PCR
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1 TAAGACATCGGAGACAAGAAAAAGGAGAGAGAAAATATGGGAAGAGGGAGAGTGGAGATGAAGAGGATAGAGAACAAAATCAATAGGCAA
M GRGRVEMEKTR RTIENIKTNTRAQ 18

91 GTGACCTTCTCAAAAAGAAGAAATGGTTTGTTGAAGAAAGCTTATGAGCTCTCTGTTCTCTGTGATGCTGAAGTTGCTCTCATCGTCTTC
VT F SKRRNGLILI KI KAYELSVLCDAEVALTVE 48

181 TCTAGCCGTGGCAAGCTCTACGAGTTCGGCAGTGTCGGAGTTGAAAGAACTATTGAACGGTATCATCGTTGCTACAACTGTTCTGTGACC
S SRGKLYETFGSVGVERTTIETRYHRCYNTCSVT 78

271  AATAATAGGCCTGAAGAGTCTAAACAGAACTGGTGTCAGGAGGTGGCAAAGCTGAAAGCCAAATACGAATCGCTTGTTCGCACTAATAGG
NNRPEESKQNWCOQEBVAKTILIEKAKYESTLVRTNR 108

361 CATTTGCTTGGAGAAGATATTGGAGAAATGGGCGTGAAGCAACTGCAAGCGTTGGAGCGGCAGCTGGAAGCAGCTCTTACTGCGACTCGA
L LGEDTIGEMGYKQLOQALERQ QILEAALTATR 138

451  CAACGGAAGACACAAGTTATGATGGAAGAAATGGAAGATCTTCGGAAAAAGGAGCGGCAACTCGGAGACATAAACAAACAACTCAAGATT
QREKTQVMMEEMETDTILRIEKIEKERA® QLGDINEKQ QTLEKI 168

541  AAGTTTGAAGCCGGAGGCCATGCTTTCAAATCCTTTCAAGACTTCTGGCCAAACTCGGCAGCATCGATGGCCGGTGATCCTAACAATTCT
K FEAGGHAFKSTFQDEWPNSAASMA®GDPNNS 198

631  AAATTTCCGGTTCAGCCTTCTCATCCTGATTCAGTGGATTGCAACACCGAACCCTTTTTACAAATAGGGTTCCAACAACATTACTACGTG
K rpPVvaersHPDSVDCNTEPFETLQQIGEQQHYTYV 222

721  CAAGGTGAAGGGTCTTCGGTACGAAAGAATAATGTGGCATGTGAGACTAATCTCGTCCAAGATTGGTTTCTTTGACCCTTTGTTGACTAG
Q@ GEGS S VREKNNVACETNILVYQDWETLH=* 252

811 ATCACGATGCCAGTGTCACTCCGAGTCCAGCTCTTAAGTTGGATTCTTTAATTAGAATTGTTTTTTTTTTATAAGAAAAACTTATGTTCT

901 AGAGTTTTATCACTGGTGCGAATTCGTGTGAATGTATTCGCACGTATGGGTTCCCTAAACATTTTAACACGCTTGTTTTTCTAAAAAAAA

991 AAAAAAAAA
ci__srec__zree__zrec 33 MIKC
Bl PKRHIEBoaAGL6 cONARIILHER 77 R HIESH R EELFT
Fig. 1 Nucleotide and deduced amino acid sequences of BoaAGL6 cDNA from kale
AGL6-1 motif AGL6-II moti

: ---SD-GV-VGSNAFP e ESONREWE DCE---PTLQIGY HHLVQPE-TA-LPR--N-SAGH

o ---SN-GG-VGNNAFP--=——--- -FHPSQSSAM-lei=Erad aNe) fea] - — — - - - -HHLVQPE-TV-LPR---1SEGH
o ---ST-AA-IQGNAFS-------- -VHPSQSRAM-alei=Eea o) feal - — - — - - -HHLVQPE-EA-IPR--NTV-GH
: ---SS-DAAAGSSNFS-------- DCTPE-PVIQMGY i -HQYHPAEGSS-IPR--S-LTGH

: NP-ST--ATAGNSSFP-----—-- DCEPE-PILQIGY SR -HHYVPAEGPS-VSK--S-MAGH QGWVL .
: NSAASVAGDPNNSEFP-------—----VEPSHPNVL |} ei\ga=lsigNel feld - - - - - -QQHYYVQGEGSS-VSK--SNVAGH QGWVL .
: NSAASMAGDPNNSKFP------------VQPSHPDSV-{olei\ga=lslg Mol eld - - - - - - --QQHYYVQGEGSS-VRK--NNVACH QDWFL ZEEEE
: NSAASMAGDPNNSKFP-----——----~ -FQQHYYVQGEGSS-VPK--SNVACH QDWFL ZEEEE 9
: NSAASMAGDPNNSKFP-------- DCNTE-PFLQIGF e -QQHYYVQGEGSS-VPK--SNVACH QDWFL S Q
: FLWTSNALEAGNSNFP-----——- ~VHHSQSNPM-{lelelzBVINoM N — - - - - ~HHYMAADGPS-GSR--S-MAVH QGWGL S
: CPWNS----SNNNTFL-------- -MHPSQSNPM-{clelolo]le]d INo] felnl - — - - - - -NQ--FMQGEGSS-GQR---NMVDELINEIIIGNAY- - - -
: CPWNS----GTNNTFT-- DCQQE-PILQIGY R -NQ--FMHGEGSS-VQR---NMVGHENEII I[N
: NPNQEEVDH----- 0] —PILQIGY--~-----==-Q---—- GQQD--GMG--AGPS== DTNS|
: DPNAHGVG------ YSRH-P---GQPQ--GEV+IFDPLDCE---PTLHIGY -——Q----- PDQ---ITIAAPGP-N-GN-YMQGWLA-----
: EHGATLLG------ YERQSPHAVQQVPPHGGNGFFHSLEAAAE-PTLQIGH TPEQ--MNNS-CVTA-————- FMPTWLH-----
: QQNAQDVG-—---- YGRQA---TQTQ--GDG-4FFHPLECE---PTLQIGY------ QN-————- DP--I1TVGGAG1PS--VNNYMAGWLH-----
AtSEP1 : GGGGWEGGEQ-NVTYAHH- LYQPLECN---PTLQMG(JCFGDDDDDDRYDNPVCS-EQ--1TATTQA1QAQQGNGY IPGWML-——--
AtSEP2  : G--GWEGGDQQNIAYGH- LYQSLECD---PTLQIGY------ ---SHPVCS-EQ--MAVTVQG{QSQQGNGY I PGWML|-—---
MdMADS1 : QS--WEGGDQ-GMAYAT- FFQPLDCN---PTLQMGY S-AVGS-EQ--MSATTNA1Q-Q-VNCFIPGWMY----- a
MdMADS9  : QS--WEGGDQ-GMAYGT----- QHHHAQSQG-+1FFQPLDCN---PTLQIGY P-AEGS-EQ--MGATTHA1Q-Q-VNCF IPGWMY----- s
AtSEP4  : GSSAAEQQQQHQQQQQGMSSYQSNPP IQEAG-4FFKPLQGNVA-LQMSSHY-----————— NH-NPANA---TNSATTS-4Q-N-VNGFFPGWMV- - -—-
PhFBP9 : WDNGG-QPMQHN---R--—----— LPPQTE-G-1FFQPLGLN--SSSPQFGY-------———-— SPM-GANEV--NNAVSTA1Q-N-MNGF I PGWML}-——--
MdMADS3 : WEAAGHGPNNI-QQTR LPSHSE-A-1FFHPLEGN--NSSSQIG ——-THMGSDNE---MNVGNPG1Q-Y-VNGY I PGWML}-———-
PhFBP4  : ---SGEESVQYRQQ---------- PAEPE-G-4LFHPVECN--NSLPIR-Y{--—------—- NTLPR--E---HVVPS-A1Q-D-STGVLPGWML-----
SEP I motif SEP II motif
CsAGL6a~GRD3  AGL6 AtSEP3~PhFBP2  SEP3 AtSEP1~-MdMADS9  SEP1 2 AtSEP4~ PhFBP4  SEP4
B2 #HAGLEFASEPEEMEEERFSI
Fig. 2 Sequence alignment of amino acid sequences among several AGL6-like and SEP-like genes
2.2 BoaAGL6 EE5Hf: MADS-box £E K% NJ ¢ 3
BJREXAR AGL6
. BoaAGL6 AGL6
AGL6-like MADS-box
AGL6  AGL13(M55554
SEP AP1 (
[18] BoaAGL6 U20183) BoAGL6a BoAGL6b(AJ508055
. AJ508409 RbAGL6(AY306184
GenBank 71 AGL6 -like ) ( )
. VvMADS3(AF373602 eUAGL6
SEP-like AP1 MADS-box ( )

M I K C
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Fig. 3 The phylogenetic tree of AGL6-like MADS-box proteins generated using the Neighbor—joining method
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Fig.4 Quantification of expression levels of the BoaAGL6 gene in deferent floral organs of kale as determined by gene-specific
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