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Mutant construction of HDA9 and its interactions with
promoters of flowering integrator SOC1 and AGL24 in
Brassica juncea

Junli Zhang', Wei Jiang!, Shengnan Li', Wenwen Zhou!, Zhimin Wang', Dayong Wei*,
Hebing Wang?, and Qinglin Tang*

1 College of Horticulture and Landscape Architecture, Southwest University, Chongging 400715, China

2 Chongging Academy of Agricultural Sciences, Chongging 401329, China

Abstract: HDA9, a member of the deacetylase family, plays a vital role in regulating plant flowering time through flowering
integrator SOC1 and AGL24. However, it remains elusive how HDAY interacts with SOC1 and AGL24 in flowering time
control. Here, HDA9 was cloned in Brassica juncea and then its three active sites were separately replaced with Ala via
overlap extension PCR. Thus, mutants of HDA9'"?A HDA9""** and HDA9P?*'” were constructed and fused into the
pGADT?7 vector. The yeast one-hybrid assays indicated that HDA9 mutants remained the interactions with the promoters of
SOC1 and AGL24. Furthermore, the aforementioned results were confirmed in the dual luciferase assays. Interestingly, the
DNA-protein interactions were weakened significantly due to the mutation in the three active sites of HDAO. It suggested that
flowering signal integrator SOC1 and AGL24 were regulated by the key amino acid residues of 172th, 174th and 261th in
HDAQ9. Our results provide valuable information for the in-depth study of the biological function and molecular regulation of
HDAJ in Brassica juncea flowering time control.

Keywords: Brassica juncea, HDAY, flowering signal integrator, interaction
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ARG . NI, AT BIMETTSE HDA9
X 3 AMLE RIS AEA HDAQP?A | HDAGHA
FI HDAQP?MA | il il .2 58 2 G MWL e
fiti Z 4553 H1 HDA9 A5 (A Y] SOCL, AGL24 Ji3)
FRMEAER . X HEAM 2B LE HDA9
JEPE FEACISE ) () 23 F AL 255 T FE o

1R

1.1 ##d

IR I MR IT S “QI FI A FC AR S Y5 F PR T
SR SR E, PR T RXZ BN A ARAR

{5 EL i EasyPfu DNA Polymerase fidt 5t 4>
K e AW HARG B F 4L FoR R BUR 57 £
K i e alifk ik 550 & i OMEGA A IRt BEEE
Wik YIHGold . BELEHLZ2 58 Fiki (pGADTT .
pAbAi .p53-AbAi) F1 Aureobasidin A (f## AbA)
¥ A Clontech A w], KAFHEH GV3101, M
WG KB K pGreenll 62-SK . pGreen 11 0800-
LUC #1 pSoup H A< 52 56 % PR A7 I 4 fit . 572K SOC1

%2 HDA9 I iyl

Table 2 Mutant construction of HDA9 in Brassica juncea™

b8 F . AGL24 3 h ¥ 1Y mE BE Al A 3Rk
PAbAI-SOC1 Fl pAbAI-AGL24 K i b5 Ak 7 e
Py S = R AT L

1.2 I¥3 HDA9 BIFFI i 5 R TR

NCBI 42 HDAC Z % 51 hsHDACS LA J
#IEIF HDA2, HDA5, HDA6, HDA15, HDA18
M HDA19 (GenBank % 5 5 4> %] & .
NC_000023.11 . NC_003076.8 . NC_003076.8 .
NC_003076.8 . NC_003074.8 . NC_003076.8 #
NC_003075.7), DNAMAN k{42 L /2 8 41 LX),
T4 HDAC ZKIGPRNF G VA A5

PIFF3% cDNA M, PL Fupas/Rupas (3% 1)
JE1 WY H A B HDAS, it [l i I i 4 v e
Ak, Zid PCR K UL 48 j A P 380
JEARBUT R . DL 3 HDAQ JE IR i) 7 B ek 1A g A
M, FIFESAEM PCRFEAR (% 2), KLiigHEE

£1 LW
Table 1 Primers used in this study
Primer name Primer sequence (5'-3")

[18]

Frpag GAGATGCGGTCCAAGGAC

Rupag CGCATCGTTATCGTTGTC

Fupag-aD CGCCATATGGAGATGCGGTCCAAGGAC
Rupag-aD CGCGGATCCCGCATCGTTATCGTTGTC
Frpag-sk GCTCTAGAGAGATGCGGTCCAAGGAC
Rupag-sk CGCGGATCCCGCATCGTTATCGTTGTC
Fm1 GATATAGCTGTTCATCACGG

Rm1 CCGTGATGAACAGCTATATC

Fm2 GATGTTGCTCACGGTGATGG

Rma CCATCACCGTGAGCAACATC

Frns GGAGCAGCTTCACTAGCAAG

Rm3 CTTGCTAGTGAAGCTGCTCC

T7 TAATACGACTCACTATAGGGCG

3'AD AGATGGTGCACGATGCACAG

Note: the mutated sites are underlined.

Primer combinations for PCR

- - Mutation amino acid Mutants
First round PCR Second round PCR Third round PCR

FHDAQ-AD/le lelRHDAQ»AD FHDAQ»AD/RHDAQ»AD 172 D_172A HDA9D172A

FHDAQ-AD/RmZ FmZIRHDAQ-AD FHDAQ-AD/RHDAQ-AD 174H_174A HDA9H174A

Fripag-ap/Rms3 Fma/Rupag-AD Fripag-ap/RHDA-AD 261D_261A HDAgP?*A

http://journals.im.ac.cn/cjbcn
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[2353=PAERE 5
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Be S HREATHE-? it, AUFRIRAK
MIFFZE HDAQ T PEAL i 1Y — RIS AR (R 5 T fE 4%
A TR EAER

HDA15 AEEVLI D -’i TQEIEECNKSRLYISLHRHEGGNEYPG. . TGAACEVGESNGGEGY 221
HDA18 VEEILI D -’i TQEKMEWKLDSRRLIFSVHRHDHGSEYPFGCDGDFNMVGEGPGEGF 233
HDA19 ERVEY D —'. VEEAEYATCREMIVSFHKEGL . .XFPG. .TGHIQDIGYGSGKYY 223
HDA2 ISRVMI D -': HETDEGDCNRSYILDMY......0000.e NPEIYPFEYRARRFI 216
HDAS  VEEILI D -’l TQXKMEWKC PR LFFSVEREEYGGEYPAGLCDEDYNMVEEGPEEGE 233
HDAG6 KRVLY D '-’. VEEAEYTID TVSFBKEGD. .FFEG. .TGHIRCVGAEKEGKYY 225
HDA9 PRVLY D '-‘. VEEAEYFID IVSFHBEFGLCK.EFPG. .TGDVRKEIGERGEGKFEY 219
hsHDACS8 .ERILY CiH VEDAESFIS TVSLHBKFSPG.EFEG. .TGDVSCVELGKEWYY 218
Consensus dhgeg v

HDA1S C EWSQeGVGDKLYIFAFGQHVVLPIASAERILCEVIIS Y 221
HDA18 NINSEWE(QeGCGDADYLAVWNHILIPVIKEEX)SCIILLS Y 233
HDA19 SLEWELCOE.ICDESYHLLEXPIMGKVMEIERSGAVVLI] H 223
HDA2 CCHMEVMSEe . TTTCEYXLRKLCEALEVASRNEQSELVIYN I 216
HDAS NINMPWCCIeRCGDADYLARWCHILIPVAREENISCVIFLS Y 233
HDA6 ) PLNDe .MDEESERSLERPLIGKNMEVEQISEAVVIQ H 225
HDA9 AINGELRDE.IDDSSENRLERAIISKNVEINQISGAIVLQ H 219
hsHDACS8 5 FICOeE . IGDERYYCICESVLRENYGAENGKAVVLG I218
Consensus v g p g d

1 73K HDA9 F1#lE 7+ 3% HDA2. HDAS. HDA6. HDA15. HDA18 % A hsHDACS f& ¥, 45 13"

Fig. 1 The conserved catalytic sites of Brassica juncea HDA9 compared with Arabidopsis thaliana HDA2, HDAS,
HDA6, HDA15, HDA18, HDA19 and human hsHDACSM™". The red boxes indicate three conserved amino acids that are
responsible for chelating Zn?* in hsHDACS.
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Fig. 2 Sequencing peak maps in the mutation sections of HDA9®'"*A HDA9™** and HDA9"****, Rectangular boxes
indicate the mutation sites of HDA9®*A HDA9"** and HDA9”?***in (A), (B) and (C), respectively.
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B AR AR BB 1 A5, 10 15
50 £ )5 UFE T SD/-Leu/AbA Hittk 15 37 ik — 45
m. g5EFHH, Y1H (SOC1+HDA9D172A)\ Y1H
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YIRELE SD/-Leu/AbA™™ P A K HL 52 PR 1 £
7% 5 BHYEXTRE Y1H (p53-AbAi+pGADT7-53) ]
TR AR RET ;. (ER MR AR R A K
(K 3). kit %2k HDAQP'#A | HDAQ™M A
Fl HDAQPP M Ty fEfg 5 T 168 & F SOCL Y3 3
THIBEAEH

SD/Leu/AbA'

Interaction identification between SOC1 promoter and HDA9 mutants via yeast one-hybrid. Growth of the

fusion yeast strain with different dilutions on the defect medium SD/-Leu (A) and SD/-Leu/AbA'® (B).

4 JT3E HDA9 BIIR5 AGL24 B FEEBEBE LR
Fig. 4

SD/Leu/AbA*"

Interaction identification between AGL24 promoter and HDA9 mutants via yeast one-hybrid. Growth of the

fusion yeast strain with different dilutions on the defect medium SD/-Leu (A) and SD/-Leu/AbA'® (B).
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| 35S promoter ‘ REN ‘

5 MRAZRMENARFHIERITTEE
Fig. 5 Schematic diagram of experimental design of dual
luciferase detection system.
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Fig. 6 Interaction identification of HDA9 mutants and
SOC1 promoter via dual luciferase system. The
experiments were conducted at three replicates per
experiment and the data was analyzed at P<0.01. Double
stars (**) showed extremely significant differences
compared with positive and negative controls.
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Fig. 7 Interaction identification of HDA9 mutants and
AGL24 promoter via dual luciferase system. The
experiments were conducted at three replicates per
experiment and the data was analyzed at P<0.01. Double
stars (**) showed extremely significant differences
compared with positive and negative controls.
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