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Abstract: Pathogenesis related protein 1 (PR1) plays an important role in plant resistance to stress and growth
and development. This study identified and systematically analyzed 8 AsPRI genes in Aquilaria sinensis using
bioinformatics methods. The predicted molecular weight of encoded AsPR1 proteins is between 12.95 kD and
43.41 kD. The two-dimensional structure and conserved motif analysis of the AsPR1 proteins demonstrated that the
similarity of 8 AsPR1 proteins was 51.38%, and all 8 AsPR1 proteins had conserved CAP-PR1 domains. Cis-acting
elements analysis showed that the 4sPRI gene family proteins have cis-acting elements that respond to plant

hormones, abiotic stress, and biological processes. Chromosomal mapping showed that the AsPR 1 gene was distributed
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on chromosomes 1, 3, 4 and 8. The full-length AsPR -4 sequence was successfully cloned according to the transcrip-

tome sequencing analysis from 4. sinensis, which contains a 516 bp ORF that encodes 171 amino acids. Further-

more, we successfully expressed AsPR1-4-GST fusion protein. The subcellular localization experiments indicated

that AsPR1-4 is located in the cytoplasm and chloroplast. The real-time fluorescence quantitative PCR results

showed that AsPR1-4 had the highest expression level in stems, followed by roots, and the lowest expression level

in leaves. Exogenous MeJA and SA significantly increased the expression of AsPRI-4 in Calli. Additionally, the

transcripts level of AsPRI-4 remarkably decreased under four abiotic stresses, including salt, low temperature,

heavy metals, and drought stress. This study lays the foundation for further elucidating the function of PR1 protein

in the defense response of A. sinensis and its application in agarwood production.
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TERE WS T PRI FRIE LI, #652 (4vena sativa) 1E
R BT R UL B HENE (Triticum turgidum)
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MRE kA eI IR A AR K KB U R
HEEHGAL, AREHHEM THET REEAERM
ZiTFRAT IR 2> W), 30 B4y 1 2 BOFI 3 6 42 e i A
WAL REFRAMER . 438 10 pmol- L MeJA 5 0.
12.24.36.48 h #1100 mmol-L"' SA i 5 0.12.24.36.
48 h )&, F VRS 5 $2 U RN A VE A FE 5 (MeJA Fll SA
%ok B By A B, 185 N 39924-52-2 F1 69-72-7),
ARG e T IR R A KM EGHL N0 h
Xof HEAH, K As PR 1-4 J25 R 7E 195 o 4180 5 25 ol 38 1)
RILZES, S RIRBA 2 jiiRkiE 0 7 524k E
& & AR 2 b N A H A AsPRI-4 H R 1R
LTE O, 1% OMEGA %) RNA 25U A& (TR 5
R6827-01) 1t W B HEHLRNA, NanoDrop 73 ¢ 6 i1 (35
ThermoFisher Scientific 22 &) £ Il RNA ¥#& B, i i
T I 0 e IR FEL VK (AB 5 e 77 BH AT BR 2 ], LF-2000S)
o I RNA & . F) v e i i s il il & (B 5 A
R312) ¥ RNA [ % 5 N5 — 5k (cDNA), £ 1F 1% i3 B
FEAT, A 2RO G R (185 AQ601) F4 15t 1
FHEAT QRT-PCR #1F .

ST LA AR T AsPRI-4 3£ R CDS 741
DRSS, AR 514 VT i A S5 U], Sk 4 B E A 5
¥ e 8 2 A [A) #5746 ] SnapGene B4 B2 [A] 5 5 41 5]
W), T G 823 @&, FH Primer 5 it 5 82520 58k
€ 7 PCRSEEG N 2528 5 HARZE R 514 (R 1)

HARZET AsPRI XEMEE M IF TAIR
(https://www.arabidopsis.org/) T %k oL IF 5 #2 AH ¢ 2
[ PR1 &R P41, \NCBI'E M Z % PR1 & A,
TR I F IR 7 A, M GigaDB £ 4 FE (http://gifadb.
org/) FEAARTHI AL . LAULFg I F1 0 5 5 ik
B2 %) %t J, ) FH TBtools i 4T blast, 5 2 A A& &
PR1 2 [ 3 K (3% 77 41« 7F Pfam B M (http://pfam.
xfam. org/) T # PR1 & H 1 F& 5 /R 7] K #2285 A
(PF00188), ¥ % H TBtools #f 7 HMM Search, 3k 13 fi%
16 JE DR SRR F D o K DA R PR D7 SRS IR Bk do Rk DR K

Table 1 Primer information

W B 2 BUAZ £, R Fl NCBI-Batch CDD-Search 33 1T 45
PR AIE, 2 I8 2 BT HRE J7 VAR IR 1S KA AsPR1
P PR 25 B I I 0 0 R e o 5 P A 1

MEHLRK ] MEGA BAFEE X AR L
TF VIR PR & AP A, g L SO N TBtools, R
5 R ABAARVE A i A, B3R 1 000 IR, 5% J5 H iTOL
(https://itol.embl.de/itol.cgi) 7EL£L W3k S AL AL .

HARE AsPR1 E B Z R BTN &S BAFN
F MEGA #F Lt X+ AsPR1s Fll ATCAPEG6 2 [ 5 41, 7
Uniprot 3 (https://www.uniprot.org/) 1 T 2 ATCAPE6
() = G HE SCAE, K LR SO R = R A R SO ) b A%
#I| EsPript3.0 75 £k ™ 3ifi (https://espript. ibep. fr/ESPript/
cgi-bin/ESPript.cgi), 3K 15 2% 45 ¥4 Tt 45 5 )2 17 51 6t
FLE . K AsPR1-1~8 IR ZEIR T 41| 4% %2 DTU Health
Tech LA3k45 AsPR1 25 [ (115 5 Ik Ar & .

HAE AsPRIEARTERF R BHENML BN
FXEHH K F 5 _EAEZE MEME R 3b3ET 0, 2
FRIECH %8 64> F TBtools 73 #t 1 A % PR1 &
I k8 A, HFFRECGEE R i 2 000 bp Fr BBk 5
FEH o BBl IE P 51 $2 28 % PlantCARE W36 3547 5 5 1
S M, 1S TBtools 3E47T AT ARAL 20 47

HAARE AsPRI-4 )R EFRIZFTIE  AsPRI-4 %
DR 38 51 9 .32 1, PCR IS4 & A0 45 AR A cDNA £
1L, E RS2 ul, 2P 2.5 pL, i MERE
{# ¥ DNA E 4 1 pL, dNTP Mix (10 mmol-L" each)
1 L, dd H,O Jin & & & #L 25 pl; B & A1 95 °C
3 min, 95 °C 15s, Tm 15 s, 72 °C 30's, 35 MEE, 72 °C
5 min. &[S 43% 82 pCE2 TA/Blunt-Zero 44 J5 Il
R o FIHAHE BamH 1 F1Sal 1 (%5544 51 #0347 PCR
T3, SRR 1, K55G R ol R B Ry Bt
P pGEX-KG #ifA b, Pkl j5 14 1) o e 1R V8 P2 1A, 92
KU KL A 21 K W FF 1 22 1A B vk BL21(DE3) B2 4541
o, B F IPTG (isopropyl -D-thiogalactoside) (MCE,
1'5367-93-1) FAT I T 3RIA, SR 5 RIS J5 BRI Ak,
AT S A, B0 B EE W 3 5 K GST-tag #E

Primer Primer sequence (5'-3") Use
AsPRI1-4-F1 GCGCATGTCACAAAGCTTGCGAA Gene cloning
AsPRI-4-R1 GCGCTCAATAAGGCCTTTCTCCGAT Gene cloning
AsPR1-4-F2 GATCTGGTTCCGCGTGGATCCATGTCACAAAGCTTGCGAACC Prokaryotic expression
AsPR1-4-R2 TAAGCTTGAGCTCGAGTCGACATAAGGCCTTTCTCCGATATAATTCC Prokaryotic expression
AsPR1-4-F3 ACGGGGGACGAGCTCGGTACCATGTCACAAAGCTTGCGAACC Subcellular localization
AsPR1-4-R3 GCTCACCATGTCGACTCTAGAATAAGGCCTTTCTCCGATATAATTCC Subcellular localization
AsPRI1-4-F4 GCTACGCCACAACAATCAC qRT-PCR
AsPR1-4-R4 TCAAGGGCTGGAGTCTAATG qRT-PCR
AsRPL-F CGAACCCAATGAGGGAAA qRT-PCR
AsRPL-R TTGCTCCAAGACCTTAGCG qRT-PCR
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i (1% %5 : P2253) #4744k, FH SDS-PAGE (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis) %%
SER7 € Ul 8

AXREAsPRIZALMAES  HH BamH [ M
Kpn 1 XU Y1 & pCAMBIA1300-35S-GFP, B¢ 1t 54
F# pCAMBIA1300-35S-GFP-AsPR 1-4 it ki (£ 1).
¥ 7 4F () pPCAMBIA1300-35S-GFP-AsPR1-4. pCAM-
BIA1300-35S-GFP 73 5l # AL AU R A B GV3101, [F I
53 3% GHD7-mCherry Jit Kz A A 40 i 2 7€ A1 b 4
(marker), 25 18 Jo5 VSRR Fr o RIS AL P48 h )5 T
WOLIE T A B N MR IGE 5 ts o, i€ B
2R 0 V40 B SE A7

AXRE AsPRI-4 EFEAEMELET A RELH
Mg RIEDH B 920 % % %€ & PCR (qRT-PCR)
5% AsPR1-4 3£ R #E MeJA FI SA UL S AR AR A= 9 i
N IE DL, WA AR F AsRPL 3 RPME N B bRk
K EREMAN SR, 51K, RMNAKRE R
J- AN 58 B A3 AT 5 G v 5 A B WL 2 AR TE T VAR
AR 2R (1 235 43 A, SR FH S50 AR AF I AR AR
25 R HEEL ) cDNA H#E4T qQRT-PCR 5258, 7732 [F]
EARBRAT I 7. AN RN W E AN E S, RS AR
fth £ 240 W RT-PCR 74 ()4 5 1%, 4 RT-PCR 4k 5 HH
Microsoft Excel Software 2020 /% GraphPad Prism 9 34T
Gt b, SR 272 2T AT U B, SEEG R LAY A +
FREZE (% £ 5) Row, K ABCK BRI 27 ZE 50 1T (analysis
of variance, ANOVA) %} Duncan's i 17 8. [F & K& 56,
HP<0.05 AREMEESR, P<0.01 AR ZEZESR,

R
1 BAXREAsPRI EERIEKRRLEERIBUME RS
T R A e DR 2H B A AR A B i,
5E | 8 AsPRIFEH T (% 2). AR AsPR1E T
43 FJi & AE 12.95 kD (AsPR1-7)~43.41 kD (AsPR1-3)
2 [8); Fe A 1) AsPR1-3 745 395 MR IR R HE, 55 40 1)
AsPR1-7 & A 116 N2 FE R Ak JE; pIH 7E 4.92 (AsPR1-
3)~9.37 (AsPR1-1.AsPR1-4) 2 [a]; ifiid Aliphatic index

8 J¢ GRAVY 18 7] L& H & H 1 38 7K 1 8 ik 45 4
AsPR1-2.AsPR1-4.AsPR1-5 B — ANk, HAE
1 0 5 3 IV 440 i 5 A TR 485 SR 4% B i 4E PRs 25
T BT SRR 4T R A (3R 3).

Table 2 AsPRI family gene in Aquilaria sinensis

Genome number Gene name Length /bp
evm.model.Scaffold44.137 AsPRI1-1 630
evm.model.Scaffold6.338 AsPRI-2 1119
evm.model.Scaffold5.6 AsPRI1-3 2307
evm.model.Scaffold3.708 AsPRI1-4 516
evm.model.Scaffold64.74 AsPRI-5 1101
evm.model.Scaffold21.121 AsPRI-6 1590
evm.model.Scaffold3.723 AsPRI1-7 1941
evm.model.Scaffold23.10 AsPR1-8 2391

2 BAREFAPRIKERGFH LS

HESE FR F AsPR1 K55 HABE Y PR1 8 (1
Z I A OG 2R, 4 20 oKk H AU FE I PR1 &R 1 .8
>k B A1) PR1 AL A1 8 AN K #F AsPR1 2 7 41 gk
172 5 51 Lo H A g g A it ol i BB 2 A, BT
PR-1 B I N 3 A A HAHE 9N R T H 1 PRI &
FI 4 N0 R ) PR AR 1 FD 44 K 5 1 AsPR1 &
4 (AsPR1-1.AsPR1-4.AsPR1-6.AsPR1-8); BZL &1 8
AU TT PR &R E M4 M ) PR AR CAH A
5 3 A4 F JF PRI A T4 A AR # 19 AsPR1 & H
(AsPR1-2.AsPR1-3.AsPR1-5.AsPR1-7, & 1). A.B.C
PAHREFBEETTFIEBEENRGERE LR L
AsPR1-4 5 AsPR1-8 45— 3, 5L F I+ ATCAPEG6 5%
2% Z %00 ; AsPR1-2, AsPR1-3,AsPR1-5.AsPR1-7 3%
GRFRBUL, WHEHRRIEERS
3 BAFAPRIKREEBZREH T

¥ 8N AR AsPRI KK & 1 P 5 AsPR1-4
AsPR1-8 3% 4 5% 2 fi il UL 79 7+ ATCAPES6 & 1 i3k 17
TSR T, 45 BN T S ARBLRE S 51.38%;
ATCAPE6 LA} AsPR1-1.AsPR1-2.AsPR1-3.AsPR1-4.
AsPR1-5.AsPR1-6 7E N i ¥ 45 2 5 ik, i AsPR1-7 Al
AsPR1-8 A1 5K BN AAL s RASSE, B R #
HA PRI & AR 1) CAP Uik, .45 CAP VU ok 45

Table 3  Analysis of the physico-chemical properties of 4sPR1 family gene in Aquilaria sinensis. GRAVY: Grand average of hydro-pathicity

. Molecular Protein Number of Aliphatic Transmenbrane Subcellular
Protein ID i . i K A i GRAVY X .
weight/kD isoelectric amino acid index domain number localization
AsPR1-1 23.263 46 9.37 209 69.67 -0.406 0 Chlo
AsPR1-2 18.136 51 6.94 162 67.77 -0.378 1 Chlo
AsPR1-3 43.408 88 4.92 395 86.35 -0.056 0 Plas
AsPR1-4 19.171 62 9.37 171 57.78 -0.409 1 Chlo
AsPRI1-5 18.451 69 5.02 164 69.63 -0.311 1 Extr
AsPR1-6 22.080.97 6.09 192 67.60 -0.430 0 Extr
AsPR1-7 12.948 35 5.24 116 41.29 -0.643 0 Chlo
AsPR1-8 16.895 89 9.12 149 44.70 -0.707 0 Chlo
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Group A

Figure 1

thaliana, LOC is Nicotiana tabacum, and As is Aquilaria sinensis

F4 6 AR 1) 2 B 2 R 7% 5 . CBM 257 . CAPEL Jik A
JALT CAPET K N 3 I £R 57 1 CNYx 27 (8] 2A).
4 HAKREF AsPRIRTEMIG T

XFEARE AsPR1 & A 5 F HEAT R 51 2 7 43 #7,
M 6 4~ motif (/& 2B). AsPR1-1.AsPR1-2.AsPR1-3.
AsPR1-4. AsPR1-5. AsPR1-6 #J JL 47 #H [7] (1) f =7 % 5
motifl . motif2 . motif3 . motif4 . motifs, 3 #7 AsPR1-3 i&
H A motif6; 1M AsPR1-7 E 4 motifl . motif2 . motif4.
motifS. motif6; AsPR1-8 H 4 motif2. motif3. motif4.
motif5 (& 2C). &4 AsPR1 & H#HAH —MEF I
CAP-PR1 £ 445K
5 BAKREFAsPRIEENREEEREMS

R AR 7 ik DR 20 33 R 1 et A o 15 5L, 4% 8
A AsPRIFE R AT Y (5 BTG 0 1T, 25 R BoR
AsPRIJER /3 AR E 1,348 S e itk b, Hrp 4sPRI-1

Evolutionary analysis of PR1 proteins in Aquilaria sinensis, Arabidopsis thaliana and Nicotiana tabacum. AT is Arabidopsis

M AsPRI-2 0T 1 53 tAk b5 AsPRI-3 A0 T3 5 445
& t; AsPR1-4.AsPR1-5.AsPR1-7.AsPRI-8 i T 4 ‘5 3
oAk b AsPRI-6 60T 8 5 Ytttk I (BI3A). AsPRI-4.
AsPRI1-7\AsPRI-81E 4 5 Qe a4k b B BXHEF A F 11X
A 5 DRI 7E 57 31 Bl 5 DR BTG R R A
6 HAKREAsPRIEER BN FIRKAER TS
XF AsPR1 1 J& 2 IR A F Je 4 43 B 46 3
IR, ASPR1 JA B ¥ H A7 LEVF 2 B3 WA BTGP R0 B
T AP AE KR B A ST (B 3B). MR &K ot
41 SA\MeJAABA, JLH 2 SA FIMeJA, 5% i
PR VIA . SANAEH T4 T AsPRI-1.
AsPR1-4.AsPRI1-5 3R 3 2, MeJA =0 AE A ot
PH4:4E T AsPRI-4.AsPR1-5.AsPR1-6 . AsPR1-7 3£ ff]
BT . HEWT AsPRI JE 1 Al KRBT G B
PE R R L VREE S KR X B MYBHv1 45
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Figure 4 Relative expression level of 4sPR1-4 gene in different parts in A. sinensis and under salicylic acid (SA)\ methyl jasmonate

(MeJA) and different abiotic stresses treament in A. sinensis Calli. A: Effect of SA on AsPRI-4 gene expression in A. sinensis Calli; B: Effect

of MeJA on AsPR1-4 gene expression in 4. sinensis Calli; C: Expression of AsPRI-4 gene in different parts in 4. sinensis; D: Effects of NaCl

at different times on the expression of 4sPR/-4 genes in A. sinensis Calli; E: Effects of cold temperature at different times on the expression

of AsPR1-4 genes in A. sinensis Calli; F: Effects of CdCl, at different times on the expression of AsPRI-4 genes in A. sinensis Calli; G:

Effects of PEG6000 (macrogol 6000) at different times on the expression of AsPRI-4 genes in A. sinensis Calli. Repeat 3 samples, each for 3
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