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Abstract: Ethylene-response factors, which are a subfamily of the AP2/ERF family, play an important role in
ethylene signal transduction, plant growth and plant resistant. In this study, a full-length cDNA of the ASERF1 gene
was cloned from Aquilaria sinensis. Sequence analysis, prokaryotic expression and purification, subcellular local-
ization, tissue-specific analysis and expression analysis under different abiotic stresses was performed. The open
reading frame (ORF) of the AsERF1 gene was 691 bp, encoding a protein of 229 amino acids with a predicted
molecular mass of 25.36 kD. The ASERF1 protein contained the conserved AP2 sequence of ERF protein. A phylo-
genetic analysis indicated that the ASERF1 protein showed greatest sequence similarity with ERF2 from Populus
trichocarpa. The recombinant ASERF1 protein was expressed in Escherichia coli BL21(DE3) cells using the
prokaryotic expression vector pET28a-AsERF1 and the recombinant ASERF1 protein was purified. Agrobacterium-
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mediated protein expression experiments demonstrated that ASERF1 mainly localized to the nucleus. Expression
analysis indicated that AsSERF1 was primarily observed in leaves. The ASERF1 expression level was induced by
salt, drought, low temperature and CdCl, treatment, while the abundance of ASERF1 was most significantly
induced by drought stress. These results provide valuable insights into the role of ASERF1 in plant defense and the

mechanism of agarwood formation.
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expression analysis
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Table 1 Primer sequence

Primer role
Sequence
amplification

Primer name Primer sequence (5’-3")
AsSERF1-1 ATGTACACCCAATCCACTCTCGAC
ASERF1-2 TTATGGTACGGGTTGACCCGAGG
AsERF1-3 CGCGGATCCATGTACACCCAATCC
ACTCTCG

ASERF1-4 CCGCTCGAGTTATGGTACGGGTTG
ACCCGAG

AsERF1-5 CGCGGATCCATGTACACCCAATCC
ACTCTCGAC

ASERF1-6 ACGCGTCGACTTATGGTACGGGTT
GACCCGAGG

AsERF1-7 ACCCTTGTTTGACCGACA

AsERF1-8 AGCCGAAAGTGAGAGCATC

GAPDH-1 CTGGTATGGCATTCCGTGTA

GAPDH-2 AACCACATCCTCTTCGGTGTA
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AsERF1

700 bp

500 bp

Figure 1 PCR amplification of ASERF1. M: DNA marker
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Figure 2  Predicted secondary and three-dimensional structure of
ASERF1 protein.A. Predicted secondary structure of ASERF1 pro-
tein with SOPMA,; B. The deduced three-dimensional structure of
ASERF1 protein. a: a-Helices; p: f-Turn; E: Extended strand; R:
Random coil
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AFS.. .l GEAW 241
AAS . AQAG 2496

Figure 3 Multiple sequence alignment of AsERF1 and ERF from other plants. Black shading indicates amino acid identities, red and blue

shading indicates amino acid with different similarity. The conserved AP2 domain of ERF proteins are shown with black line. The conserved

YRG element and WLG motif of ERF proteins are shown with the dotted line and red box, respectively. As: Aquilaria sinensis; Pt: Populus

trichocarpa; Ga: Gossypium arboretum; Tc: Theobroma cacao; Hs: Hibiscus syriacus; At: Arabidopsis thaliana
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Hibiscus syriacus ethylene-responsive transcription factor 1A (KAEB725292.1)
Theobroma cacao ethylene-responsive transcription factor 2 (XP 007039732.2)
Gossypium arboreum ethylene-responsive transcription factor 2-like (XP 017625586.1)

quil is ethylene-responsive transcription factor 1 (AsEF1)
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Figure 4 Phylogenetic analysis of ethylene-response factor (ERF) proteins from plants
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Figure 5 SDS-PAGE analysis of recombinant ASERF1 protein.
M: Marker; 1: Insoluble fraction from the induced E.coli contain-
ing pET28a-AsERF1; 2: Soluble protein from induced E. coli con-
taining pET28a-AsERF1; 3: The purified recombinant AsERF1
protein; 4: Uninduced E. coli containing pET28a-AsERF1

¥ & A pCAMBIA1300-35S-EGFP-ASERF #ll
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5 ASERF1EFEEANELEAFHIRIESTHT

FIIH 7t % 1 PCR A I ASERFL 4 [l [ 2H 255 57

DAPI Merged

GFP
| -..
5 G A

Figure 6 Subcellular localization of pPCAMBIA1300-35S-EGFP-
ASERF fusion proteins in Nicotiana benthamiana leaves. A:
pCAMBIA1300-35S-EGFP-ASERF; B: pPCAMBIA1300-35S-EGFP.
Bars = 10 um
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Reletive expression level
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Figure 7 Relative expression level of ASERF1 gene in different
tissues. Repeat 3 samples, each for 3 times

6 ASERF1EEREZEARRIEEMHEIFS THFRIEST

SR IE A A A ASERFL F K] 7E 15 42 B 8 s o HF #
TEH, X AARE A HSR o AT 3 T 2 KR A E
SR AL EE, DA R A KA DL T R AT AT AT AL 2R 1) 4
YU ot B, AN [R)B TR) s PRS2 RNA 5 3R AT S i
6 E ' PCR 73 Mr, K1l ASERFL [ R iE /K. £ iy
18R, ASERFL R IA/KFAE12 h N B3 T+, 12 h &
KB IE B, N IRZIE R B 3.06%, BEfE R
LB EC (B18). HEMES ™ ENTEMET,
ASERF1 [Pk XU I R, 7£ 12 h N B2 T+ s, =&
o 1% 35 R 2 1k 7K S 0 10,1 435, B 5 22 18 7K F AR, 76
48 h R It A B B, e UL R 3R 1A 7K P
12,2 1% (K 8). ¥ it FlE 4 & it~ , ASERF1 )
FIEKFAE 36 h N IZ T+ 1, FEAE 36 hik B i = R 1A
B, 20 ) IR ik B 3.5 1% A1 2.8 1%, Bt ) 3% Wi R
ik (B8), ixibspin st WRIHEE T2 KRN EHEEE
Jol 368 35 0] 5 5 ASERFL 2 [K] [y 3R 08, e A 52 3 X
ASERF1 J& [A] ¥ 2 1A 7K T~ 52 W) f 2. 3%

3 Control

Bl NaCl
30< EE Mannitol
B Cold temperature
B CdCh,

Reletive expression level

oh 12h 24h 36h 48h
Figure 8 Relative expression level of ASERF1 gene under differ-
ent abiotic stresses in Aquilaria sinensis Calli. "P<0.05; ""P<0.01;
""P<0.001 vs Control. Repeat 3 samples, each for 3 times
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