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Abstract: Jasmonic acid (JA) is an important signal molecule involved in plant resistance, and allene oxide
synthase (AOS) is a key enzyme in the biosynthesis of jasmonates. In this study, afull-length cDNA of AsAOSL
gene was cloned from Aquilaria sinensis.  Meanwhile, the sequence analysis, prokaryotic expression, purification,
tissue-specific expression analysis and expression analysis under different abiotic stresses and hormone treatments
were performed. The open reading frame (ORF) of AsSAOSL gene was 1 575 bp, encoding a protein of
524 amino acid residues, with a predicted molecular mass of 58.70 kDa. ASAOSI1 protein possessed the
conserved sequences of cytochrome P450 (CYP450). The phylogenetic analysis indicated that ASAOSL protein
had the highest level of homology with AOS protein of Citrus sinensis. The recombinant ASAOSL protein was
successfully expressed in Escherichia coli BL21(DE3) cells using the prokaryotic expression vector pET28a-
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AsAOSL and the recombinant ASAOSL was purified by Ni?* affinity chromatography. Expression analysis
results in different tissues showed that ASAOSL was primarily observed in stems, and then roots, followed by
leaves. AsSAOSL transcript level was significantly induced after 12 h treatment of NaCl, cold temperature and
CdCl,. Furthermore, ASAOSL expression level was enhanced upon methyl jasmonate (MeJA), salicylic acid (SA)
and abscisic acid (ABA) treatment. However, mannitol and gibberellin (GA;) treatments had little influence on
the expression level of ASAOSL. These results provides valuable insights into the role of JA in the mechanism

of agarwood formation and plant resistance.
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PEF IR 54T

ASAOSL EREFFI2K=E MR NCBI 45
JE HERTS I ASAOSL HE [ 741 4, Wit& Bk 1
519, 51%F4%8 AOSL: ATGGCATCTTCAGCTGT
GTCTTTCTGC, AOS2: TCAAAAGCTAGCTCTCTTC
AACGAC. DIEAREE RNA S =) NIEAR,
T HUF Sk &5 A AR A ASAOSL [ #E AT 1
cDNA 1 pL, LA-Taq (25 U-uL ™ 0.5 pL, 10xLA-Taq
buffer 5 uL, dNTP Mix (2.5 mmol -L %) 4 uL, 10 pmol
%% 1 pl, LARRN 50 pl. B 94 C AT
5 min; #RJE 3T 30 MG, 94C 40 s, 59 °C 30 s,
72°C 2 min 30 s, FEFMEIHRLE ARG 72 C LA KB
10 min, 4 ‘CIRA7. 1%3IF R HE SR B vkl PCR =47,
FIFH Biomega Ji W) &L R PCR 724 . K¢ 1
J& i) PCR 725 pMD19-T # 42, #1kF] DH5a 1k,
TEECFPUE NP AT g, &I H7% PCR &
D Ji5 3% b i MR I A R Y

HARE AsAOSL BIFFIS#  FIH NCBI
ORF Finder #fj 5 ASAOSL il S2HE, /£ NCBI %#%
JE T HEAT R VR R 2 (http://www.ncbi.nlm.nih.gov/),
F DNAMAN X 741 #£47 2 H LT, Jf4E MEGAG H
P i R A o

AsAOSL ERREHMFHMERFIFERIL F
5% AOS-1B (J¥%11h: CGCGGATCCATGGCATC
TTCAGCTGTGTCTTTCTGC) Al AOS-2E (7% H:
CCGGAATTCTCAAAAGCTAGCTCTCTTCAACGAC)
3 AsAOSL F:[K (1) 7 #1141, F BamH | Al EcoR |
W) 4 B 5L K ASAOSL i) PCR =4, K Hi i
P RILI A pET28a b, # N KT H DH5a 57
A, PRIy L I 4 1E I B R
PEHUF L pET28a-AsAOSL % N\ K+ % BL21(DE3)

EAZASYNE . PREURRVE AT 50 pg-mL ™
WE RN LB iRs Rk, 37 CHELIE R, v k1A
A% 10 100 EL BN\ B3E S 65 50 pg-mL R
IE RN LB Wik 75, 37 CHR% 57 % ODeggo
% 0.6 &4, NFHE-A-D-FRAAEARET (IPTG) &
29 0.8mmol-L . 45 180 rmint. 37 CHR% % 5:
% ODggo 1% 0.4~0.6, T TilfE % 25 CHR¥F 7% 16 h
%S AsAOSL i ik, 4 'C.12000 r-min * & LU 4E
KGFFEwE R JG, 1% T 40 mmol-L™ KPB 221
(pH 7.9, %4 100 mmol-L™* NaCl. 5 mmol-L " k)
o BEAET KL, BB (Colo Parmer)
KA A0 A, R R R 0 30 min DA b HU B3
W, PR S FoR e 4ifh AsAOSL HH, A
20 mmol-L ™1 KPB 2 (pH 7.9, &4 500 mmol L%
NaCl 1 40 mmol-L ™" BKME) Wefii A&,
LA 15 mmol-L ™ KPB Z& ¥ (pH 7.5, & 10% H i Al
500 mmol-L k) Fefid H I, Yl Millipore
JEJE (30 kDa, Millipore) 4g %4y 2 mL, & HIW
EAMRAEAE 20 mmol-Lt KPB ik (pH 7.5, &
10% A1 1 mmol-L ' EDTA) . #|fH SDS-PAGE
A Western blot 4l 5 4H &5 1 3R 15 .

HARZE AsAOSl £REZEAFFEHRFAFE G/
BERLIBRTEMFRIE ST RIS %L E & PCR
(quantitative real-time PCR, qRT-PCR) {77 2461l (4
RERFMHL A ASAOSL i [K 2R 7K 17 i FIAS A i
Ak 3ERIE 2R Ak PRI [R) ) R IE S L. /AT SYBR
Green | %864 kb, 76 QRT-PCRAX F AT . EHL
A% GAPDH J:FfE N Hbn ik F g B RIEHI N S5
B, 5IMFF R 1o ARG, EE 3 k. RBifE
#4410 ul STBR Premix Ex Taq . b R3]
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40 NMEIR )G, 95 ‘CAEYE 10's, 65~95 °C A fiF 1 2k 4
Wr, FANEFELLEE 05 C BT, ANREEE 5.
PR 4 fif i 28 2 7 RT-PCR P25 S 1, AN 2 &
SHTRA 2744 5 AT A T

Tablel Primers sequence

Primer Primers sequence (5'-3) I.ES“ mated ampli-
name fication length/bp
AOS-3 ATCCGTCCTCAGTTCCAATG 151
AOS-4 CTCTCTATCAGAAGGTCCATCCTC
GAPDH-1 CTGGTATGGCATTCCGTGTA 161

GAPDH-2 AACCACATCCTCTTCGGTGTA
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Figurel PCR amplification of ASAOSL gene. M: DNA marker;
1: PCR product of AsAOSL gene

Figure 2 Multiple sequence alignment of AsAOSland AOS from other plant species. The CYP74 conserved sequences are under

the red line. The highly conserved I-helix region, heme-binding domain (the heme-binding C is marked by arrowhead) and the highly

conserved ETLR motifs of the CYP74A enzymes are boxed. As:. Aquilaria sinensis; Cs: Camellia sinensis; Mn: Morus notabili; Zj:
Ziziphus jujub; Tc: Theobroma cacao; Pe: Populus euphratica; Nt: Nicotiana tabacum
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wii A —A 6 > His (HAERR) Wbs%s, e T8
Attt 4t AsAOSL 2 H, H Millipore JE B K 4
B, & HMEARGAE 20 mmol-L' KPB 2
. FH SDS-PAGE fuilll K ¥/t 60 kDa LA L H{ I
3 &E %, FIH Western blot #6:3 H 194677, £f
F 60 kDa 747 %k /& ASAOSL 5 [ 4fifk 1) 2%
(K 4).

Citrus si

4 ASAOSL EFEBREHFMRESH

FIH 26 E 8 PCR il ASAOSL 4 [A ) 2H 2 kF
SR, 45 R EIR ASAOSL 3 KI7E A 7 B 47 4140
i E Rk, EERRIER G, Wik, £ HRE
BAK, UiH] AsAOSL R RIL B AR R (B 5).
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Figure4 SDS-PAGE and Western blot anaysis of recombinant
ASAOSI protein.  A: SDS-PAGE andysis of recombinant ASAOSL
protein. M: Marker; 1: Purified recombinant ASAOSL protein;
2: Thetotal protein of E. coli containing pET28a-AsAOSL plasmid
after induction; 3: Purified empty vector control; 4: The total
protein of E.coli containing pET28a plasmid after induction. B:
Western blot analysis of recombinant ASAOSL protein. M:
Marker; 1: Recombinant ASAOS1 protein sample; 2: Empty
vector control

Nicotiana tabacum allene oxyde synthase (BAM76723.1)
—E Nicotiana attenuata allene oxide synthase (CAC82911.1)
Solanum tuberosum allene oxide synthase chloroplastic (XP 006340212.1)
Solanum lycopersicum allene oxide synthase (NP 001234833.2)

Cucumis sativus allene oxide synthase (NP 001274390.1)
Aquilaria sinensis AsAOS1 (AGP25595.1)

is allene oxide synthase (NP 001275835.1)

Medicago truncatula allene oxide synthase (CAC86897.1)
Glycine max allene oxide synthase (NP 001236445.1)

Glycine max chloroplast allene oxide synthase (ACAT9943.1)

| Hevea t
L Hevea brasiliensis allene oxide synthase (ABC49700.1)
Brassica oleracea allene oxide synthase (AGB34186.1)

Arabidopsis thaliana allene oxide synthase (AED94842 1)
Arabidopsis thaliana allene oxide synthase (CAAT3184.1)

is allene oxide synthase (AASB6334.1)

Cymbidium ensifolium allene oxide synthase (AFHB9624.1)

]Zea mays allene oxide synthase1 (NP 001105244 1)
Zea mays allene oxide synthase (AAR33048.1)

e
005

Figure3 Phylogenetic analysis of AOS proteins from plants

Arundo donax AOS (JADB5305.1)
Oryza sativa allene oxide synthase (AAL17675.1)
I: Triticum aestivum AQS (AHM92034.1)
Hordeum vulgare allene oxide synthase (CAB86383.1)
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Figure5 Relative expression level of AsAOSL gene in different
tissues. Note: Repeat 3 samples, each for 3 times
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ik, 3 M A S SEELE 12 h 55 AsAOSL Fik &
W, AR 5. 6. 12 %, 25 48 h WIKFRiL
SRR, 00 E 4R a6 ASAOSL 2 [H] 5 1 i
K ( 6). 1 ) FH H e BB, T 52 2% 1, 3 AsAOSL
BRI R IA 556t AR Bl W8T FAARG, 6 B - S o e e
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Figure 6 Relative expression level of ASAOSL gene under
different abiotic stressin Aquilaria sinensis calli. Note: Repeat
3 samples, each for 3 times
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Figure 7 Relative expression level of AsSAOSL gene under
different hormone treatment in Aquilaria sinensis Calli. MeJA:
Methyl jasmonate; SA: Salicylic acid; ABA: Abscisic acid; GAs:
Gibberellin.  Note: Repeat 3 samples, each for 3 times
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A ASAOSL [, M HEMHE T AsAOSL TERIA
R LART PR B AR AR, R i — B AR
ASAOSL ) Iy e B2 7€ il .

WHFLR I, AOS F: KR IEHA HL U 7k, 16K
FErf AOS JE A E A MR £ GA P02, KR e+, AOS
EMR T RIEE i, E2MPRER A, HEEYE
hRIE RS, AR AREY, AAREN ASAOS K
HAERERFE, AEPREERS, Bikz, i
(1 295 B de /b o FRFTBRAE NI N T IZ AR AE )
WER, BENES TS5BS RN . LA
ORI FE 3 B L WL 55 L (KR T RS Re 815
S AOS FERH [ FEIEM 228 fidh, TR, KRME
& )& e M W AR O R R R LI AR AR il AR
FEW, . MEMELSEMEEERLEARE
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