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Mechanism of Transcription Factor APETALAS3-3 Regulating Floral
Morphogenesis in Dendrobium officinale Based on DAP-Seq and RNA-
seq Analysis
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Abstract: The diversity of orchid labellum, a specialized petal, has great ornamental and biological value, but the for-
mation mechanism has not been solved so far. APETALA3-3 (AP3-3) is a floral organ identity gene, which is related to
the formation of orchid labellum, but there is no report on how it regulating the formation mechanism of orchid labellum
diversity. In this project, wild type and DoAP3-3 overexpressing floral organs of Dendrobium officinale were used as the
research objects to explore the formation mechanism from the perspective of transcription factor DoAP3-3 regulating
downstream target genes through DAP-seq and RNA-seq joint analysis. The results showed that a total of 7 key candi-
date target genes, MADS6, NAC029, NAC054, WOX3, AS2, ERECTA, AG were identified, which may regulate floral
organ development and floral morphogenesis development under the action of DoAP3-3 by specific regulation or inter-
action with other genes. The interaction between transcription factor DoAP3-3 and MADS6 was verified by yeast
one-hybrid experiment, which further affecting floral morphogenesis development. This study would lay a foundation
for preliminary analysis of the regulatory mechanism between DOAP3-3 and its target genes, and exploring the forma-
tion mechanism of highly specialized and diversified flower morphology in Orchidaceae.
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Fig. 1 Morphological diagrams of floral organs in WT and
overexpression DOAP3-3 of D. officinale
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Fig. 4 Transcription factor prediction of target genes related to flower development

reproduction

mitotic cell cycle

macromolecule localization
locomotion

lateral root development
intracellular transport

intracellular signal transduction
intracellular protein transport

gene expression

floral whorl development

floral organ morphogenesis

floral organ development
establishment of protein localization
establishment of localization in cell
embryo sac development

developmental process involved in reproduction

GO Term

chromosome organization

chromatin organization

cellular response to stress

cellular response to phosphate starvation
cellular response to DNA damage stimulus
cellular protein localization

cellular macromolecule localization
cellular localization

cellular component organization

cell morphogenesis involved in differentiation
cell differentiation

cell cycle process

cell cycle

amide transport

5
Fig. 5

Gene ration

5% ZEHEXBERTHE 30 K£iERZH GO EEN

GO enrichment analysis of the top 30 target genes related to flower development

o
[ J
{
(
[ J
L
(
( J p value
° 0.04
° 0.03
° 0.02
0.01
o
[ ) Count
o @ 400
o @ 300
@ 1200
Y @ 1600
[ J
( J
o
o
€]
L]
( J
{ ]
]
0.l05 0.|10 0.|15



%54

KPESSE . DAP-seq Fil RNA-seq #7855 5 KT APETALA3-3 V45 8k Kz A7 fHAE BUAS fL HLER

1057

MRAETE HEAT LU B s 2l 4B, 2R B 8101 P22 57
FRFEN, Horp 3845 MELIR L, 4256 4
FEH R (] 6A ). #E—Xfik 2 5 %5k
FLHHEA TR, K 86 NS R F XM ESF L
RFE, Hod 32 AN FEzERRK, 54 43
PRI 8 22 5 3K ¥l 6B ). AS2 \MADS16 .NACO054
DL. LFL1. GI SFHEPRTE T Rkma bk iy ik &
AL, WRTE AR, WOX3, FT, FZP,
GATA22, ENDO2 453 [RIf i Fe b M bk Hh 1 e ik
wEGE, Y TR A BUAE AR

A

200

150
Significant
« Up(4256)

* Down (3845)
100

—logio (FDR)

50

logz (FC)

A: WT 5 OF Mtk 22 RIBFZEN T B: RTS8 57 R0 5L N RIS 204

A: Analysis of differentially expressed genes between WT

« Normal (11 342)
10CH

26 DAP-seq && RNA-seq #HTERETF
DoAP3-3 =Tk RE R LE L EMNEBEEEEHL
EE

¥ DAP-seq "UEERIM ST AHILH 82
AFRBRIL R 5 3 ek A AR RN B A BUAR R RNA-seq
S3HT G 85 4~ DEGs A7 Hed, & B 30 4~HL[FH]
FYFER ([ 7A ). 7 DoAP3-3 it FiAMIMk TP A 19
ANFE R R IE ] A A B AR LR, 11 AN e R
FIFARIE R (& 7B ). X BB AR I R # BE T B 4y
Krl ok 325 B-RKEERLFH BT

10.00
8.00
6.00
4.00
2.00
0.00

o
ety
» \
W o Mﬁg@
S 5)
et o 15M
W0 00" oo
$0C oo
Re—

Joct
/lﬁ;‘: musmﬂ) N
/ e 100s400ERECTA

— | LOCI10102189(CMLAY)
S LOC!10097602(CCAL)
LOC110093354mVES)
LOC1101935

110y, "9
L0Ctu044,,
% Ly

LOC110098402(1.5773)
LOC110109979(ZHD4)
LOCI10104883(PELPKY)
g

,,ocmmzmmﬁ )

and OE plants; B: Cluster heat map of differentially

expressed genes associated with flower development.
E6 ERRZEEEDH
Fig. 6 Analysis of differentially expressed genes

51 30 55

DAP-seq RNA-seq

WT

0.80
0.60
0.40
0.20
—0.00
—-0.20
—0.40
—0.60
—0.80

LOC110100718(TAAl)
LOC110098300(BAMT)
LOC110093122(FHAZ)
LOC110092098(ATHI)
LOC110113975(FT)
LOC110098137(4G)
LOC110116338(FT)
LOC110092161(DCR)
LOC110106953(CYP40)
LOC110105798(NAC029)
LOC110113965(FT)
LOC110111262(WOX3)
LOC110109979(ZHD4)
LOC110109455(FZP)
LOC110103197(ATHI)
LOC110101756(MADS6)
LOC110094200(ERECTA)
LOC110115000(NAC035)
LOC110114720(FT)
LOC110111071(452)
LOC110113014(LFL])
LOC110101361(ZTL)
LOC110095179(LUG)
LOC110093354(RVES)
LOC110116321(JMJ706)
LOC110100892(LHY)
LOC110106875(NAC054)
LOC110094672(40D3)
LOC110110597(LHY)
LOC110096747(DL)

OE

A: TR B: 30 NHUAREE K RIEIIE
A: Venn diagram; B:clustering heat map of 30 target genes.

B 7 DAP-seq 5 RNA-seq ¥E# FEF DoA

P-3 AIERREREERENEZRLER
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Fig. 8 Analysis of the expression levels of target genes related to floral organ and floral morphological
characteristics development
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