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JE5T 100029; 3. 403k = 24P 2524 B, W%E £33k 014060)

HE: A -6-E IR I RS (glucose-6-phosphate dehydrogenase, GOPDH) & [ H ik R 14 455 11 5 BeE Iy, 7 KL 4 i)
L8 J7 TR IR AR . AW AR & e s AR AT 4, BT RS VE S, BN BRSO R AR B 3 4%
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17671 548 bp, #5114 5 & A 602.588.516 M AERR, 5 11173 )5 &= 43 %1l 4 68.02.67.02.59.35 kDa. 31~ G6PDH
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Abstract: Glucose-6-phosphate dehydrogenase, a key enzyme in the pentose phosphate pathway, plays an
important role in plant resistance. In this study, three full length cDNAs of G6PDH genes, namely AsG6PDH1,
AsG6PDH?2 and AsG6PDH3 were cloned from Aquilaria sinensis for the first time. The open reading frames (ORF)
of AsG6PDHI, AsG6PDH?2 and AsG6PDH3 were 1 809, 1 767 and 1 548 bp, respectively, encoding proteins of
602, 588 and 516 amino acid residues, respectively, with predicted molecular masses of 68.02, 67.02, 59.35 kDa,
respectively. The three AsSG6PDHs proteins shared high sequence identity with the G6PDH proteins of various
plants, and possessed three conserved sequences found in G6PDH proteins. The phylogenic analysis showed that
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AsG6PDHI1 and AsG6PDH2 were grouped in the plastidic cluster, while AsG6PDH3 was classified into the
cytosolic cluster. Expression analysis indicated that AsG6PDHI and AsG6PDH?2 were primarily observed in root,
while AsG6PDH3 was primarily observed in stem. The expression of AsG6PDH1, AsG6PDH?2 and AsG6PDH3 was
induced by salt, drought, low temperature and CdCl, treatments, while the content of AsG6PDH1 and AsG6PDH?2
was most significantly increased by drought stress, and the transcript level of AsG6PDH3 was most significantly

induced by metal stress. Furthermore, GO6PDH activity was stimulated under salt, drought, low temperature and

CdCl, treatments, and G6PDH activity was remarkably increased under drought stress. These results provide

valuable insights into the role of AsG6PDHs in plant defense and the mechanism of agarwood formation.
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Tl 12 [ Bl 145 /2 (pentose phosphate pathway) #2 %
&) WA AL 2 A — R 5 K, v A AR A A S
S Ik J5 g, B T 2R 0 P fi i M v R Y R B IR
(reduced nicotinamide adenine dinucleotide phosphate,
NADPH) J% 1 15 40 i 9 10 S A ik R a2 4 6 B -
6- 1 B2 Mt & B (glucose-6-phosphate dehydrogenase,
G6PDH) /2 B B2 1% i 47 1) PRk lg A1 5C B g, 14 L o-
T P2 1 ) R S A 2 K 6T IR 6 M PR -0- A IR, (R I 2
J% NADPHP!. G6PDH w] LA 73 4 Jf it GGPDH Al Ji {4
GO6PDH P 28, 43 Jill A7 16 T 4H M Joi A o3 Ak R 9, i 47K
BT 98 2% W] GOPDH 7 Ha W) H1A A= W) e AR A 1y it
B EEAEH . W1 GOPDH i 14 ry 1 A8 bk o 1% =1 T
FOABAELARDY, B 5% 2 AE 05 7542 e MR 50, £ 13 0 55 i Jot
A5 A o GoPDH 3 ¥ T mil®); /N 22 vy 2 L R TRL AE 9%
753/ R AR AN B G6PDH HE R R 05, 12 il
Ytk N GOPDH B G 1 17); £ KGR, 5 56 4F T R
B B R A S R 5 Y GoPDH BE IR (1) 3 5% /K-, 42
A GOPDH i i 1, AT 42 i AL 0 ) 0 5P

H K (Aquilaria sinensis) &3 E % 01 25 M T &
AR IEE — I i 24 ADoK, H AT 2851 9 (e B AR
YR E BR R 5 A 29) (CITES) Bt 3% ORI E K 35
e R Ry ED. A RREAGA TS, AR
(TR To N AT W B e i )
N E U TR UAN S AR BV B S ST Sy G
VUEMIRKRR Tz, BAEA RGP IRHE RS
TRAPEEZGEAER] . YA A & A &R S Y&
DR —FhERL, B E S A SEY AR, 24501k
S XA AR, KRS 5, R AR IR A
PEDE, RAEE BRRBER (T KRS BE A
NRER (B 4% w5 IR A RERS TR T &, (H o2
DU T BRI 73 1 HL — B f8 7R, ™ H 24 &N
THEF AR @I, TR SR, M H R
G/ B N R SN T 0 P = A R A S o NP S S 6
YA A A YT R AR R L) 2-2- K L3k

B S AL 5 MR 200 S AL 5 019, BRIt R A O B
S NAE YU T SO R R B E EAE . TR AARE
i G6PDH 1A= W15 B % VA SR R RIS TEAR AW
38R I RIE G R T F & G6PDH Jk R £ .4 B 18 S
IS Py S A P AT AT, Bt 20 B B R A (R 4G A LA

MR R T

MR AAREMER 20194 6 H MMM, Hik
IR SR AR 2 B B R A e ), DM T o
H R 24 K 2GR 5 O IR, G JE T 2019 4F
6 H RE AR MR 25 25 K2 B RNA, A8
AsG6PDHs FEPEA R 48 B R Rk . FIAHA
A I R ZE Q15 5 0 18 4 2H 4342 R SOk AR 7 vk
P07, 3 B B AR R (9 LR 75 @03 4141, 43 3 4 NaCl
(150 mmol-L) fiKif& (4 °C).CdCl, (500 umol-LY). H &
¥ (200 mmol-L") 4 F JE A= 4 Wy 38 4k #EPO2U 5 0,12,
24.36.48 h 42 B RNA 1F A #F i £ Wl AsG6PDHs %k [X]
T FhAL B R I8 2 5 o BT FH B A R K 9 AT 1
(Escherichia coli)y DH5a, W H RAREIRHLA R A A .

HARER.ZE I & 2544 RNA #9152 BUAD
cDNAKIERL  ZIBHY RNA Pog 2 BGA7 & (Omega,
R6827-02, H1[H) S5 #AF A0 BRI AT HE ) 5L RNA $2 1L,
] F NanoDrop 2000C #& ] RNA ¥ /%, [&] i FF 1.2%
T I B T EL VKRS T RNA (19 58 B PR AN i & . R A
Sigma /A & ) [ #% 5 B M-MLV ¥ (3 K 7 5 RNA Jz #%
SN —HE (cDNA), 8% 53 5% At 4% B U0 I kAT

HAK%E AsG6PDHs EEF5 &K RE MNAKRE
R 2\ s N e 5 SR T R4S 3 N R IE T SR
RPN, K T s 8 R Primer 34
B RE R ESIY, S AI LR 1. BLE KR #F 6 RNA
(1) I % s = W) R BERR , 1% BT FIE R B OR A
AsG6PDHI 1 AsG6PDH2 % [X 3t 473 4 : cDNA 1 pL,
10xLA-Taq buffer 5 pL, dNTP Mix (2.5 mmol-L™") 4 uL,
LA-Taq (2.5 U-uL") 0.5 uL, 10 pmol-L' 5| # % 1 uL,
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Table 1 Primer sequence

Primer role Primer name

Primer sequence (5'-3")

AsG6PDHI-1
AsG6PDHI1-2
AsG6PDHI1-3
AsG6PDH1-4
AsG6PDH2-1
AsG6PDH2-2
AsG6PDH2-3
AsG6PDH2-4
AsG6PDH3-1
AsG6PDH3-2
AsG6PDH3-3
AsG6PDH3-4
AsG6PDHI-5
AsG6PDHI1-6
AsG6PDH2-5
AsG6PDH2-6
AsG6PDH3-5
AsG6PDH3-6
AsGAPDH-1

AsGAPDH-2

Sequence amplification

qRT-PCR

ATGGCGGCCCTTTCTTCAGCCCGGTGC
TTAATGTTCTATACCAACGTCGCCCCACC
CGCGGATCCATGGCGGCCCTTTCTTCAGC
CCGCTCGAGTTAATGTTCTATACCAACGTCG
ATGGCCACTACGCACTTGAAACCCTTGTC
TCAAGAATCATCCCCACTGAGATCACC
CGCGGATCCATGGCCACTACGCACTTG
CCGCTCGAGTCAAGAATCATCCCCACTGA
ATGGAATCAGGTCAATGGCACGTGGAG
CTATAAGGTGGGAGGTATCCATATATAG
CGCGGATCCATGGAATCAGGTCAATGGC
CCGCTCGAGCTATAAGGTGGGAGGTATCC
CACTGACGACAAGACTGTGC
TGAACCCTTATTTCTGCCC
GGGTTCAAGATTTCGGTC
CTTTCAGCAATACCATCCTG
CAAAGTGAACTGGACCTGTC
CATCTCTCCGAACGAAATG
CTGGTATGGCATTCCGTGTA
AACCACATCCTCTTCGGTGTA

LARFUN SO Lo R FEST: 94 °CTIAME S min; 2R )5
HE4T 30 NMEFR, 94 °C 1 min, 55 °C 30's, 72 °C 1 min,
G285 R J 72 °C ZEAH 2 B 10 min, 4 °CTRAF - 1% ]
B MR W gt e FL kR I PCR 7240, M J A% 2 W R Gk
W, E B B E] WSOR 2 A4 e B8 [l Ak 77 4 100 i 1 3k
17 B I PCR 7“4 5 pMD19-T i £, ¥ 4k 2
DHSao W Pk, 75 2% P01 7 AR 3E 47 07 ik, 24 3%
PCR 6 J 325 - ¥ i S 0 = 0 e

BHARE AsGoPDHs E£YME2F 741 KH ExPASy
Proteomics Server 7E £k ¥ /4 ProtParam (http:/www.
expasy.ch/tools/protparam.html) 4T 3 4~ G6PDH #&
b 2 ) BEAG M 5T 43 AT A PSORT (http://www.
csbio. sjtu.edu.cn/bioinf/Cell-PLoc-2/) it 17 & [ 37 41 f
SE L5 M Al SPOMA (http://npsa-pbil.ibep.fr/cgi-bin/
secpres_sopmal. pl) UMl & 1 7 ) = gL 45 05 >k H
SWISS-MODEL (http://swissmodel. expasy. org) #f 1T
AsG6PDHs & [1 i — 4k & #5 4r #r; K Fr 3k 5 10
AsG6PDHs & R 4 i 11 2 2 1% J7° 51| 7£ GenBank ¥ I
k4T Blast P LG43 A, F) FH DNAMAN S H Ath 7 Fh
AsGG6PDHs & [K 4 A5 [¥) 28 5 % /37 51 338 AT 1R J5 0 4 #
j# ik MEGA 6.0 3 1 #) # Neighbor-joining 5 4t i3 14
B, BE A IE B 0 TH SR H A FA L IRV, Bootstrap # &2 IK
#1000 K.

HA%E AsG6PDHs WE B FRIXE R AR5
P14 AsG6PDHI . AsG6PDH2 1 AsG6PDH3 % [K 1] 4=
K G D). FAHNEGYEE A H I E ) PCR =9 &
FIALF AR pET-28a, BV =W & ik 4tk J5, FIFH T4 &4
Bl AT B, VBT ) B A K i M T DHS o S 52 25 41

i, 2 B 7% PCRI Y J5 $2 BB RL pET28a-AsG6PDHI
pET28a-AsG6PDH2 #ll pET28a-AsG6PDH3, K5 Jii % i
16 K% FF 1 BL21 (DE3) & AZ A A0 . HRE SR B vk 12
FFEAERAE RN LBRAR FREF, 37 cCiffbid
L, SRJEHEIE 12100 LU ImAGBH i 1) &6 R IRE 2R M LB
WAREEFREE T, 37 °CHR% 3597 22 ODjgyo 19 0.4~0.6, Y5
ZEH16 °C, INNIPTG R %4575 24 he Z )54 °C.
12 000 rmin” B LU KT, B9% 740 mmol L' KPB
ZEM (pH 7.9, ¥ 45 100 mmol-L! NaCl, 5 mmol-L K
My o K B AR OBCE T ok B, R R RS B RE A (Colo
Parmer) f f 41, 2 J5 4 °C+12 000 r-min’' &> 30 min
DA b BRI, RIS R aakaifh = R E, %
L 20 mmol-L' KPB & i (pH 7.9, &4 500 mmol-L"!
NaCl F1 40 mmol-L-' K M) ¥ Bt B 1 25 11, F) F SDS-
PAGE Kl 8 20 25 1 R 1A .

HAR&E AsG6PDHs £ E £ 1 E AR A A [E BB 4k
HTMRIESM R SEH % % & & PCR (quantita-
tive real-time PCR, qRT-PCR) ] 5 VA K I A & 3 4>
AsG6PDHs & [RIE AN [F] 4 23 vp FIAS [A] i 3 AL #E R [l %
LS. 23 M 4E F SYBR Green 17%¢ 64 RHZ:, 7E qRT-
PCRAY bikAT . B AR F GAPDH HERAE A H b FE
RERmRIEMNSER, 5IFFIIE 1. BAFER
W3INEKE, HE 3R RMNEZRFEF 10 uL STBR
Premix Ex Taq /#, = FE514 (10 umol-L") % 0.4 uL,
RN 0.5 pL, SAK 220 plo SN AR 2 95 °CHiiAs
P4 3 min, 95 °CAZ % 30 s, 60 °CiE K/FEAH 30 s (BF IR AE
WG KA W IG), 40 MEH 5, 95 CE M 10 s, 65~
95 CAlf I ik it 28 53 M, T AN RE LA 0.5 °C Bt



T (AR 3D GOPDH LN M % & 5 RiE M - 2219 -

AN R 5 5o AR A i th 26 4 T RT-PCR ¥ 1K 5
S, AR E B Hr R F 22 T VR REAT 0 A

BARERHEL G6PDHEGEHAMZE G6PDH
4 i BB 42 T S R A1 3 1 BF 8 O 92 AT, VR B
0.5 g WAL )T, I 1 mL $2BUZE /i (50 mmol-L!
Hepes-Tris (pH 7.8), 3 mmol-L! MgCl,, | mmolL! EDTA,
1 mmol-L" phenylmethylsulfonyl fluoride 1 1 mmol-L!
DTT), #: &% R 21, 12 000 xg {E 4 °C % L 20 min, L [
1A, fEJyHIEER . GOPDH & M2 4 NADPH /4=
TR GE o W IR OB I A 1) 6- Tl IR T W R M S I
(6-phosphogluconate dehydrogenase, 6PGDH) tH R
NADPH, it AN 1 K i3t 37 #5 G6PDH ik, € 1
6PGDH #1 & G6PDH+6PGDH [ 3% ¥, FI| I #i # 2 %
7513 i G6PDH (¥ . & GGPDH+6PGDH [¥) 75
W€ : 3 mL = B AR & H A 50 mmol-L' Hepes-Tris
(pH 7.8)~3.3 mmol-L!' MgCl,. 0.5 mmol-L" D-glucose-
6-phosphate disodium salt. 0.5 mmol-L"! 6-phosphoglu-
conate+ 100 pL fH % .0.5 mmol-L"' NADPNa,. 3% %
REEE4E 5 min P 1) 340 nm AR IR IUE AR AL (56 R 3L
6.22 m*-mol"!-cm™). 6PGDH 35 I 52 : 3 mL J B A
Z 4 50 mmol-L ! Hepes-Tris (pH 7.8)+3.3 mmol-L"!
MgCl1,,0.5 mmol-L"! 6-phosphogluconate. 100 pL #HEF -
0.5 mmol-L"' NADPNa,. 3%/ M4 5 min P 340 nm
b YR WE A4 (V' %2 %2 6.22 mP*mol ! -em ™).

FERE5VHL
1 BAK%E AsG6PDHs EE £ cDNA By &

MR AARE T AL R HNMF SR, LEAE
145 H 23 cDNA AR 3E 4T 97 3, K| F RT-PCR J7
LY AR — A2 1 500 bp FPFEASZ) 1800 bp I A B,
P44 45 R UL 1, K PCR 7 W) 3% 42 31 pMD19-T #k #4
e, WY g5 R 28 3k NCBI ) BLAST I EE X, #ff € 57 3
FEM I R h AsG6PDHs FE IR I 4K, 4y Wil i 44 RN
AsG6PDHI.AsG6PDH2 Fl AsG6PDH3. AsG6PDHI J¥
B 4=+ 1 809 bp, 4ifith 602 4~ IR ; AsG6PDH2 T %)
4K 1767 bp, 4l 588 N R IR ; AsG6PDH3 I ¥
4= KA1 548 bp, Y 516 MR LR . AsG6PDHI .
AsG6PDH2 Fl AsG6PDH3 #: [R5 51| L4278 NCBI, % 3%
53 5 MT538204 . MT538203 1 MT538202.

2 AsG6PDHs FIEHMZEEE D

2.1 AsG6PDHs 2L B4 # . IWLRARE L B AR X 13
S 8IS Protparam 241 AsG6 PDH 1. AsG6 PDH2.
AsG6PDH3 %5 [K 4 65 1) &5 11 It B AL PE T . HE
AsG6PDH1 %ih% B3 H 73§ N Cs00,Hi74:N54sOo06S 155
AR T RN 68 027.11, BEEHL 50N 8.40, ANFaE &

bp bp bp

2000
1200

2000
1200

2000
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Figure 1 PCR amplification of AsG6PDHs genes. M: DNA
marker; 1, 2, 3: PCR products of AsG6PDHI, AsG6PDH2 and
AsG6PDH3 gene, respectively

11 946.39, J& T A ke A, BFB5EKE GRAVY
N-0.415, N3EKMEEE H; AsG6PDH2 i i X 5 14 1
S Cr902H4660N 12905315515 FXS 7 N 67 023.27, #
WAL RN 6.90, AR E REIL N 41.41, & T AR E
FH, BOFYEKYE GRAVY N-0.410, N3EKMEEA;
AsG6PDH3 s H 5 15N Ca75H4175N7200784S 115 H
XF oA 59 349.63, BB S LN 5.74, AFRE &
BN 49.77, J& T ARE & A, PR K T GRAVY
N-0.429, RNsE/KE A . 8 TG E A7 3T
WOoIFPSORT il #l] 45 ¥4 3 B, 1 K % AsG6PDHI1 Al
AsG6PDH2 # [ 3 2 5 Air T 40 M i /& 1, AsG6PDH3
SE LT 4 5 . R TMHMM2.0 #i il (1 oK 75
AsG6PDHs [ 5 JIE [X 32, 0l 25 L %% 8] AsG6PDHI1 .
AsG6PDH2 Fll AsG6PDH3 #li £5 115 JiE: [X 15
2.2 AsG6PDHs EHM _REW DT R = HEHTR
M 32 ExPASY H ) SOPMA T E 7ilill AsG6PDHs %
DR g hth £ 1 1) — 2 4 ), 25 R 278 AsGOPDH1 & H ) —
9 45 14 /& 1 40.70% (1) BE AL Ml (random coil)~37.04%
1 a-B2TiE (a-helices)~ 17.28% HIALAHEE (extended strand)
F114.98% ] p-31 3 (B-turn) ZLEK (K1 2A), HENIBENLH: Hh
s Hin 2 I AR TOAT, T a-385E A HEE AN B4 B i
THBAEAT. AsG6PDH2 &AM — a1 1140.75%
(1) BE AL #h . 40.07% I o- B2 BE « 13.92% [1) ZE {1 5% 1
5.26% 1] p-47 B 41k (K 2B), HEI BE AL ih A1 a- 12 ie
e ol 2 1) AR O, SR EE AN -4 B oA T A
HEHET . AsG6PDH3 & [ 1) —ZL 4514 2 1 40.04% It] -
HEiE . 39.85% HIBEALE: HH - 14.89% I HEAHEE AN 5.22%
B-IT B AL (B 20), HEM o-42 e /& Hodx 2 1 2451
Jef, BN i S g4 S TN EE .
¥ H K AsG6PDHs [1) & £ 8 J7 71l i ik SWISS-
MODEL Workspace 7£ £k 53 #T #1 {4 i 37, 7 AsG6PDHs [
YL MY SRR R T AtGOPDH 1 45 MR ALy
R, X 3 K% AsG6PDH1.AsG6PDH2 1 AsG6PDH3
1) = o 25 K JEAT T00I, 45 SRR W, K4 AsG6PDHI
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Figure 2 Predicted secondary structure of AsG6PDHs protein with SOPMA. A, B, C: Predicted secondary structure of AsG6PDHI,
AsG6PDH?2 and AsG6PDH3, respectively. a: a-Helices; £: f-Turn; E: Extended strand; R: Random coil

AsG6PDH2 Fl AsG6PDH3 141 74 7+ 1 AtG6PDH1 f¥14H
BUTE 43 5N 47.38%45.28% Fl1 52.10%, B H %14,
Bk =45 E 3A~C Fis.

2.3 HAE AsG6PDHs S EER 7515 Hn R Gt (i
SHr K A K AsG6PDHI.AsG6PDH2. AsG6PDH3
TR T 415 NCBI A P b L4 4l 1Y) GOPDH £ H
MR FEBR A BLAST HEAT LU, 45 SRR AAREH 1)
G6PDH J7 71| 5 Ho Al R 4 (1 A AU LB, 34N 2 E AR
A 23 51N 80% ~85% 78%~85%- 84%~89%. | i
DNAMAN #44% AsG6PDH1.AsG6PDH2.AsG6PDH3
MR 5 5 O 4 4R 408 I 5 (19 5 44 G6PDH
FIHE R G6PDH #4741 L5t (B 4), & 8L AsG6PDHI .
AsG6PDH2.AsG6PDH3 H #i £ % 34> G6PDH IFHIE /7
%), 43 5 N GASGDLAKK (Rossman fold).DHYLGKE
(active site)s NELVI (NAPD" binding) (/& 4 1 i 41 £
b i), AsG6PDH1 Fll AsG6PDH2 tt AsG6PDH3 % | —
B IE P 4 . ¥ IR # AsG6PDHI . AsG6PDH2 Al
AsG6PDH3 2 2 % J7 41 5 HAth #5471 A 7] GoPDH
IR T 7 AT Leoxst, 38 ok 3k Ak B A4 22 31 MEGAS,
K FHAH AR % B2 K 8 GOPDH AL I, 134T G6PDH ¥ 58
Koo IR R A R G PR S PR, 25 SRR
AsG6PDHI ¥ 2 L 18 J7 41 5 9 i v 5 o7 1 48 Al o 4

G6PDH 7 [ 7 7 FH UM EL 55 75, AsG6PDH2 1) 4 3 iR
J7 31 5 400 R 77 o 48 B S5 4 1Y) GOPDH & [ /7 471 A ALL 14
LU %% 5y ; AsSGOPDH3 2 £ 12 7 %1 5 4 1% v 1) Jifa Jog Y
G6PDH [ 5 7 HI A e b e . SRR pr i R
B, AR 2854 S 2 1A BT B R ARALLE, RS 42 Y G6PDH
TS NP AR, — 3 G6PDH & [ & 7 T 4H fi it
b, SRR PP A1 N uin 5 Re 8 € A0 T B 145 5 1K,
AsG6PDHI1 fl AsG6PDH2 J& T 1X —2&, Jii & G6PDH .
4> 4 P1-G6PDH Al P2-G6PDH, H: ' AsG6PDH1 J& T
P2-G6PDH, AsG6PDH2 J& T P1-G6PDH; 1M 73 — K&
T B 5 7 G6PDH, iX 2% G6PDH & £ T 41 ff Jii ', A
7 AsG6PDH3 & H J& T~ /2 i1 2 G6PDH, iX 5 W41 i1 &
A TNEE St 8
3 AsG6PDH3 [R#FTIE T

¥ JE ¥ % ik 4 1k pET28a-AsG6PDH1 . pET28a-
AsG6PDH2 Al pET28a-AsG6PDH3 Jit #i %% 1k K i AT
BL21 (DE3) J&, 1 /1 0.8 mmol-L- ) 5 15 %&-p-D-fii
REFLPEE (IPTG) T 16 °Ci% 5 24 h N i 15 5 44
HATEAMNEZREFES . ELEE FrRmaitaih
AsG6PDH1.AsG6PDH2 fl AsG6PDH3 5 [, F| ] SDS-
PAGE ¥l & B X #5 AsG6PDH3 A% 7E BL21 (DE3) 1#
PR R IE, 7F 60 kDa /£ 47 Hi Bl — 4% AsG6PDH3 &5 [1 41

AsG6PDHI1

AsG6PDH1

AsG6PDH1

Figure 3 The deduced three-dimensional structure of AsG6PDHs protein. A, B, C: The tree-dimensional structure of AsG6PDHI,

AsG6PDH?2 and AsG6PDH3, respectively
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AtG6PDH1 MATHSMIIPSPSSSSSSLATAASPFKETLPLESRSLTFPRKSLF.SQVRLRFEAEXKHSQLOTSNGCATNFASLGE. . SGDQETEEH. . . . 83
AsG6PDH1 MAIIHL»<pLscSSSACSAASVRAERQQEIREIVC<pvnscrsnwesszmsrvgmnafuxssneapr.mwLQBGIAERPLGE&REGLQ 90
AsSG6PDH2 MMIHL»<pr.scssszacs-:ASVRAERQQEIREIVC<PVNSCESMWGSRERSIVQAANHEpz-<ssusnpr.mv¢Lgncmaapnesgkter_q 90
AtG6PDH2 MGSGQWHVEKRSTERN. . . .DSEVREYG. . . 24
AsSG6PDH3 MESGQWHVEXRSSERS. . . .ESEVKENE. . . 24
AtG6PDH1 mqlxlss' TCRIDQRE(CGBKME XRC 168
AsG6PDH1 ZNMICG TCRIDKRENCEERMCQJIBIXKRC 179
ASG6PDH2 i1 CGIMTCRIDKRENCEERDOI3AXRC 179
AtG6PDH2 DRIREYMVLEK . .NAEQAEALSHQLI 108
AsGEPDH3 NRIRGYMINEXGASPLQSEILSSPIQLY 110
AtG6PDH1  ERARERNSERIRAINRRLBPEAE. . . . . 250
AsG6PDH1 BEKL GER i 261
ASG6PDH2 nEKL GER s 261
ATG6PDH2 KAI HIIINSTEG 198
AsSG6PDH3 QKEI ISENSQEG 200
AtG6PDH1 340
AsG6PDH1 351
ASG6PDH2 3s1
AtG6PDH2 288
AsG6PDH3 290
AtG6PDH1 Jopi e INKGGRT YE 430
AsG6PDH1 bile CSTGGRICE 441
AsG6PDH2 QSTGGRICE 441
AtG6PDH2 368
AsSG6PDH3 370
AtG6PDH1 QE 519
AsG6PDH1 QE 530
ASG6PDH2 QE 530
AtG6PDH2 QE 453
AsG6PDH3 QF 455
AtG6PDH1 KELEERKIIEE . .PNVRWEDIGER. . 576
AsG6PDH1 KELEEKRIAEE . .NNVRWEDLSGDDS 589
AsG6EPDH2 KELEEXRIAEE .FNVRWeDLSGDDS 589
ATG6PDH2 HRIDKGEVXSI AGRILQTHEYINIFET 514
ASG6PDH3 HRIDDGESKEL AGVQTIEYIWIPET 516

Figure 4 Multiple sequence alignment of AsSG6PDHs and G6PDH Arabidopsis thaliana. Black shading indicates amino acid identities, red

and blue shading indicates amino acid with different similarity. The conserved domain of G6PDH proteins are shown with red boxes. At:

Arabidopsis thaliana; AtG6PDH1: Q43727.2; AtG6PDH2: Q9FY99.2
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Figure 5 Phylogenetic analysis of GOPDH proteins from plants
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AsG6PDH3

SDS-PAGE analysis of recombinant AsG6PDHs protein. A, B, C: SDS-PAGE analysis of recombinant AsG6PDH1, AsG6PDH2

and AsG6PDH3 protein, respectively. M: Marker; 1: Soluble fraction from the induced E. coli containing pET28a-AsG6PDHI1, pET28a-
AsG6PDH?2 and pET28a-AsG6PDH3; 2: Insoluble protein from induced E. coli containing pET28a-AsG6PDH1, pET28a-AsG6PDH2 and
pET28a-AsG6PDH3; 3: The purified recombinant AsG6PDHs protein
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Figure 7 Relative expression level of AsG6PDHs genes in different tissues. A, B, C: Transcript level of AsG6PDHI, AsG6PDH2 and

AsG6PDH3 gene, respectively. Note: Repeat 3 samples, each for 3 times
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Figure 8 Relative expression level of AsG6PDHI gene under
different abiotic stresses in Aquilaria sinensis Calli. "P<0.05, *"P<

0.01, " P<0.001 vs control. Note: Repeat 3 samples, each for 3 times
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Figure 9 Relative expression level of 4sG6PDH?2 gene under
different abiotic stresses in Aquilaria sinensis Calli. *P<0.05, ~P<

0.01 vs control. Note: Repeat 3 samples, each for 3 times
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Figure 10 Relative expression level of 4sG6PDH3 gene under
different abiotic stresses in Aquilaria sinensis Calli. "P<0.05, *"P<

0.01, ™" P<0.001 vs control. Note: Repeat 3 samples, each for 3 times
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Figure 11 Changes of G6PDH activity in Aquilaria sinensis Calli

under different abiotic stresses. n =3, x + s
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