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Table 1 Twenty-one species of Aquilaria and nine species of Gyrinops
J& % s F g VB I3AT
1 RRYIFH A. apiculata Merr. E 4
2 (;(g{?%) A. baillonii Pierre ex Lecomte WIZE.
3 EAR A A. banaense P.H.HO faae)
4 TR R A. beccariana Tiegh. PRSP SO HRPUE. EIEEVE IR
5 mAE A. brachyantha (Merr.) Hallier f. JEf e
6 FrigE RO A. citrinicarpa (Elmer) Hallier f. B[ e 3
7 Wg%%ﬁff;g)é* A. crassna Pierre ex Lecomte FE. ZR. RIHZE. B
8 REAUAE* A. cumingiana (Decne.) Ridl. EIJE. FEfREE. Dnhmat sy
9 WA A. decemcostata Hallier f. E[E ¥
10 AT A. filaria (Oken) Merr. SRR, TNHMEREN . BLA T
TR 11 BUTAE* A. hirta Ridl. HORVEE. ERJE B, FE

Aquilaria Lam. 12 ETie A. khasiana Hallier f. B

13 S A. malaccensis Lam. ‘ ﬁﬂi%ﬂﬁ?ﬂ% 4ii Al EIUEF Ok
[4. agallocha (Lour.) Roxb. ex Finl.] W 3. FEEE. Fm. KE. AT
14 NRUTE* A. microcarpa Baill. pIEL=PR N NN ;?EEHE\ 3L Hm
15 INHTE A. parvifolia (Quisumb.) Ding Hou B[4
16 Ayt A. rostrata Ridl. B3k vEir
17 ST A * A. rugosa K.Le-Cong & Kessler o)
18 ([3:7};%;; A. sinensis (Lour.) Spreng. ks
19 bk e SN A. subintegra Ding Hou =
20 B B A. urdanetensis (Elmer) Hallier f. E[E I
21 PN T A. yunnanensis S.C.Huang [
1 SR 7 * G. caudata (Gilg) Domke FLALE
2 GRHEPLITE* G. decipiens Ding Hou Phr G By
3 SeAE A G. ledermannii Domke HLAIE
- 4 JEE JEE AR ALM I G. moluccana (Miq.) Baill. I [ R 1

Gyr%oﬁi%ertﬂ. 5 TR AUDA* G. podocarpa (Gilg) Domke HLA
6 DL 7+ G. salicifolia Ridl. LA
7 YRS AU G. versteegii (Gilg) Domke ANSRABBE S BULNE FR B
8 YEIR IR G. vidalii PH.H6 Zht. ®HE
9 LR * G. walla Gaertn. EIRE. iR
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Table 2 Approved (recognized) new varieties of 4. sinensis
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DUEFE S AL 22 B B A, RIDTE DURE . 2-(2-7K
LB EER . 2-[2-(4-H EFEIR) 4 Bl Rl 6,7- — H 4R,
Fe-2-(2-K OB Bl F AW S B VT AR &
a0 (epie N RAEFIE 25 L) (202048 ) sk 24
FH U BOORH R AIE 0 P 87 2 B0 5 5% B 24 A AE G B2 11 6
AN2-(2-7K LA R A Y I RHE g, FE Hl# DU
& B T0.10%. HANR 2 25 HITEEE)E
eSS A, AR REAE L5 F1)6,7- — F A S -2-

Q-F 23 BB AT pbsh, U TR AT LAE A
VLA 2 RV R AR L SN, o
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(TR R LA, 2 D ARRAE T 1~ R € i i 4 Ak
Wizd, LARERH,0\ COSESr T FIK IR o /R 1o S
J¥ (Retro-Diels-Alder) L, FIF1Z AU, 4542 Fh
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FAF82-Q- % .35 MR A SRR I, CA KT i
JRFAY . SEENLIRET AT, AR EERE b, 4y WS T VT
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FRL R 2-(2- 2K 25 KL A AR, $RH T 1%
KA BE A R 0O B PR W
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PR 734N(F3), B SR AR R, B
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A SRS 1A, SRS RITEERR. N
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el (K4). pbah, [E =1 # 1 8-epi-aquichromone C
Flaquichromone D EA 7 M4 HT 4 3% 15*. ZELPS
7 FHIRAW264. 740, £ 11 — B ffspiroaquilar-
enes B-CH] 5 & &M I R FE A F-a (TNF-
a) F4IN -6 (IL-6)F1—AENO)K =4 LK
B F-xB (NF-xB) 3% 44,

52 s E

Crassin Nt A BETE (A M7 41 K 562 B 41 i 55
TEVE, 1Csff439.49 pmol L', 2-(2-2 2. 58t - 3%
fiil 24 & Wwallone BXTK562. A 41 R BEL-7402 .
N BEMMSGC-7901 N HE/INH A il 41 His AS49.
N 55 300 40 f He La s S8 40 i LA 41 s #3754, 1Cs,
B Y5 [ 913.40~28.96 pmol L', Aquisinenoid CXf A
LI A EMCF-7. MDA-MB-23 1 F1 1E % JiF 48 g ik
LO2 B A 4N Bk, Heam et 3k 428 1 348 e 400 A 1)
T HEE(ROS) PR 7 SAr i T s = R ik
aquilariperoxide AXIMCF-7. AMJE4MUHEPG2. A
B 4 K YSE30. A549. A B IR 40 BGC-
823 E A Y EIEME, 7E1.25 pmol LYK T ] G2 H
VKYSE30FIBGC-823 (2l il #"°7. KEGGIB K /> #7
SR, BEZ ZA S IE K EPS3E Sl . A
WEA N2 KB E 5. Western blotting 73 #7 &
B, KYSE304ifuh R A EIRE- G4 A RE&EERA]
(ZEB1) 3R IE ZIRFEMHIUE T, NE%EREN
ZO-1. B HEHE (E-cadherin). 28X FHEHA
Snail I Slug 1) FR 1k M A A4k

53 BARHEEA

Ny, DIERARE. WANKI)
. WTFURBL, DU KRR I 5 A B AT T DA
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XN A EFRRCR, EHEERCRS, FREN
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Table 3 Aroma components from agarwood

T WE e AFR HTE CASY BT Sk
1 ZERA Ci5Hp0 218 19598-45-9  WARHIAE, Wi AR AL B R [80]
2 LA CisH50 216 91466-22-7 ARAEE, GRAER—HEERMRAE  [80]

B i 3] a5 FHART R, RN A R R AR, 4
3 B S C;sHp,0 218 13902-42-6 SO 0 45 ) 2588 R T S [29]
4 FEUUE A R C;sH,,0 220 150034-02-9 REW., WH— R &Rk [29]
5 BI2-FEMHEEZR9,11(13)- ) CisHypO 218 168099-19-2 BARERHE I AR F R [81]
SRV H RS e

6 10p.12 11i13)_%§i%ﬁ CisHy0, 238 - AT, H— MR [75]
7 (H)-FFTF-3,11-4%5-9-F% CysH,,0 220 133593-96-1 EHARAE, SUHRELR [3]
8 (=)-9-FF S F-3,11-2)F-14-F  Cj5sH,0, 234 1803252-10-9 B A IR [82]
9 (H)-9-F2FE-FE7-4,11-)f-14-B8  CsHy,0, 234 1803252-12-1 EHAF IR [82]
10 (—)-10-FR-y-F -yl C,sH,0 222 15051-81-7 GREIGIIAAT R, R F [83]

A& 11 (_)'@@'J*'l(lijoé’;1':%'15’2' Cy5H,00, 232 138529-12-1 SR KR A P T S A [84]
12 (O)-FAIAR-1(10),11-Z45-15-8  C,sH,0 218 133593-95-0 @Bjﬂggﬁ,ﬁ%’%ﬁf*é% [28]
13 (O)-FAIA-1(10),11-"%-15-5  C;sHx0, 234 138529006 K% E’]’i\ﬁgﬁqgﬁ%ﬁ%ﬁmﬁ%ﬁk [29]
14 o- IR CsHyy 204 88-84-6 FHACH, [N ELA SR [76]
15 AARE R C5sH,,0, 236 93133-69-8 KIFEW, XA &M% [3]

: -, " RIR O TURFRIE SR, AAH . &
16 FRIE-2(11),6- —J5-14-8% C,5H,,0 218 168099-21-6 . MBS [3]
17 - B kR Cy5sHy0 220 6040-08-0 AR, A ARk [73]
18 jinkohol C,sH,0 222 66512-57-0 MEIATES [85]
19 jinkohol II C,sHy0 222 86703039 R ﬁimﬁ%%ﬁ%gﬁmﬁ = (85]
L S e N
20 4B’7‘§ﬁ§_% g_%zgé(l@g & Cy5H,,04 252 2237266-01-0 AVRRE, WA TR [86]
21 45’7“'H';y_‘;?‘3_§:§;(10)%' C,5Hy60, 238 2237265-98-2 ASRAUET, W R [86]
2 4'3’7“'f€'1ﬁ%1’?§'§$(10)'%' C15Hy0; 254 2237265-99-3 AR, W IR [86]
~I1= ‘:"A‘éﬁg;“‘ +k' i) e v

23 ABTH 11(1101)3 ﬁg{l # gfﬁﬁ C. 0, 282 2237962-93-3 SR, W [86]
24 (=)-FEF-3,11-45-9-HR CysH,,0 218 117212-69-8 THETER, B RRTT BT [3]

ME s 53”“‘*"*5'3’11}‘%;)':%'lz'ﬁ?' CiHn0, 234 - A0 T [82]
26 X R-4(15)-F2 -1, 11- — B Cy5Hy60, 238 - R IR [82]
27 UREISE N- C,5H,0, 238 122739-17-7 VRS [ A% fi P A 2 [30]

TIEMISIEE R Ak, KF
28 2,14-F M- 164 CsH,,0 220 168099-23-8 Bk, MHESR. RLUEAKIEHRES  [81]
Wk, 1HE5S

29 I -7-52 2 B I CsH0 218 24406-03-9 A ES [30]
30 KR CsH0 120 98-86-2 Eek, BT HIES RBMER [76]
31 RHE TR CioH,,0 148 2550-26-7 EEIK, FHAE. EAFEMERK  [72]
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JRGEIR b PP 55 T L A T 7 i P

(F34E1)
T WS et AFR HFE CAS” FUHE Scik
32 BT CyoH 0, 164 sa71-s1 A, ﬁ%%ﬁf%ﬁéﬂ%ﬁ% [72]
kS 33 B-MiA I CsHay 204 515-13-9 HH S R ATS 1) vk [75]
34 BT A I C;sH,,0 220 77-42-9 FHEIR, BEEES [75]
7B-H-3 B 5E35-9(10)-H-11,12-4 G T Rk, SREIREA, HA AR
35 8.7 C,5H,,0, 234 - %H* [30]
-H- 3B BETF-9(10)-Hi-11,12-5 LG (R, SREIREA, H R
36 To-HLH %2(%%) Hi-11,12-54 C\sH,,0, 234 _ R AT TR -gc%%ﬁ HA R [30]
37 FEF-4,11-0-14-F% C,sH,,0 218 150034-05-2 B — RE I Tk [3]
38 Z A C,5H,40, 238 2205090-14-6 A7 AT I R, AT AR [30]
V& o T [ VR Jf g Ay S 3
TR FHREC CiHyO; 254 2205090-16-8 ﬁ‘@ﬁm’ﬁﬁﬁgﬁfﬁq*ﬁ%’ e
40 A EEE CysHy604 254 2205090-18-0 %Mq*ﬁﬁﬁqi?égﬁﬂﬁmg Hy [30]
N IR B TR, Gk, G A
41 4-3%-15-F3 Jk B IR I A7 C,sH,,0, 236 - > B Sk A T [87]
42 [EE S CsH;0, 136 123-11-5 TR, B —FE 1k [75]
43 FEF-3,11- " 05-14-1% C,sH,,0 220 150034-04-1 TEE, 15 S A Y A7 (1 AR [3]
44 FEF-3,11- - 14-F% C;sH,,0 218 150034-03-0 e, E*Eégﬁf*éﬁ"ﬁ%ﬁ [3]
i 45 AR CysHy0 222 489-86-1 [Eeies Viginpy s [84]
46 kB Cy5Hy0, 238 2205090-15-7 TEAFIR, AR [30]
T , ORI, —
47 #HBD CityOy 254 2205090-17-9 AT Eﬁ%ﬁﬁgg%’;%p ’ [30]
48 VB BEIE 9(10)-H75-11,12- " C,sHy0, 238 99694-82-3 FRAIR, Hr— s Bk [86]
49 43’7“']{%%%%%_1%; 10— ¢ w0, 252 2237266-00-9 AR, HE— BRI [86]
He T e S e g i
50 4R AT CisHyO; 254 1638527-27-1 Fﬁﬁy”k‘yﬁ"a%ﬂghiﬂu%’ RT3
51 BT R C,sH,0 222 5956-09-2 S [75]
52 VLA IRy C,sH,0 222 1460-73-7 G 22 Bk, SR AR F R [3]
53 4-22-10-F3 2k B T B I 475 CysH,,0, 236 2205898-93-5 SR 3 R, A — RO AR [30]
FE 54 P HE LR CsH,0 218 18374-76-0 SR ZA S RSN [79]
55 TEm CyoH;,0, 164 97-53-0 [EQEES S [74]
56 (BE)-5T &M CyoH,0, 164 5932-68-3 BT A S [74]
57 7 g C,HsO 106 100-52-7 BB, AR E [73]
58 Gk Pl C,;H,,0, 178 104-20-1 JEH R R [72]
RE 59 B- K Iy Ji C;H,50 190 23726-93-4 RE, Bk, BETES [74]
60 i CsH,0, 96 98-01-1 R, T Ak [76]
61 i H gk CgH,00 122 538-86-3 RE, K=, GIERET [76]
62 2- MR BRI CsH,0S 114 98-02-2 WBEk, R 0MHEA [74]
63 RBELR CeH,0, 152 621-59-0 G A=, A BT, A RERIR [75]
EEE 64 2- -3 R I 5 CsH,0S 114 28588-74-1 e, 1 RES [74]
65 4- 2 FHEK Ty CgH,,0 122 123-07-9 R TR, A5 ST R ARV (1 S [72]
66 AR C,H0, 124 90-05-1 JHELR, RS, B ER [74]
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REBRE ARl 2024 0 54 % 0 103
(F3422)
—
T WS e AFR HFE CAS” FUHE ik
e 67 4-TN 2K T CyH,,0 136 645-56-7 15 Ji7 25 ) A R [74]
I
68 3-PIHE IR C,H,,0 136 621-27-2 B Rk, FENFORI SR [74]
HAE 69 AN C,sHay 204 10219-75-7 AR [76]
- 70 2-FFEIR - 1-R IR C,Hx0, 198 15898-87-0 ABFER [74]
71 FLER CeH05 152 121-33-5 Wi #r, FIEEHFS [76]
= 72 (E)-+—-8,10-—ffi-2-FiH Cy3H,0 192 105553-49-9 =25, BAREES [3]
H
73 Jit AR H T C,H;30, 314 1235-74-1 HE, BUAMBEES [76]
a) “FRTLCAST
F 4 PUEPHEVIRPURIESE
Table 4 Anti-inflammatory activities of compounds from agarwood
5 &R ICso (uUM) SCHR
1 Filarone A 11.33 + 1.76 [90]
2 Filarone B 10.69 + 0.18 [90]
3 Aquifilarone A 46.69 + 343 [88]
4 Aquifilarone B 45.36 + 3.89 [88]
5 Aquifilarone C 57.53 £ 6.55 [88]
6 Aquifilarone D 33.94 + 3.99 [88]
7 6-F25E2-[2-(3-FRHE-4-H A B ) 2. B A i 27.81 +2.34 [47]
8 (1R,25,78,88)-VR 4 J5t-5(6)-#i-13,15- 62.22 + 1.27 [91]
9 Agalleudesmanol A 5.46 + 4.11 [92]
10 Agalleudesmanol B 14.07 + 2.08 [92]
11 la,7a-dihydroxy-8-oxo-4aH,5aH-guaia-9(10),11(13)-dien-12-oate 18.8 [93]

A i, 528 BTG S (ROS) M3 M TN O /K F,
(] By 0 ) 15 5 2 — S AL B & B (INOS) . IL-6. TNF-
a. IL-1PRIMAT EA A (HO-)id R jiF
¥ AN AT TN B GIu/GABA M &35 i R 45 ke
B IRES-ROMKE, BAEFER. JrEE. 51
HOABAER, Frap SRS AR b B AR o Y A
i RO AN, VAR A T A
R B IR /N AR 28 AT I8 B AT BDNFIE B AH O B
(235 R AT LA 1 A,

Foftn ZERAE

[ 7 U LRE SR LR £ B AR AL AT 225 (13
o1 0 ok TR A AR B 28 i 9 s o 1%
PEUUE R BLI2-(2- K 258 (B - 15 2 2 5 Paqui-
sinenin  FUAFH B AR 75 302 25 4 ) 7 5 X 1 C/

5.4

EBP AR & [ (CHOP). & F B RFFERIHES(P-Perk)
FIEAZ B LA N 20 (P-eIF20) 380, Wb TCATS
S H LA (GES-D)IE T, A RY E B i
BT Aquilarines A-BYEMGIRE R il it e £
G A AR KN 7-BME 5 B B % F 55 I Smad3, [#
REALA K 7B (TGF-B1)5 S 1K BRI i B /N
L AI(NRK  S2E)FIIE 5 B AT 4E 41 FlU(NRK. 49F)
FH 2 R A0 35 S5 AR 23 R - ILULBN 2R 1 (a-SMA) ()it
JERIE, BATUEAEEM". 2620 pmol LT
BN, 5,6-—F2%-2-(2- K 43) . daphnauranol
B. 6-FSAE-2-[2-(3- AR 25 Bl . R yidr
R A0 -2 0k -1,5- 2R B -3 -6 K2 0 Bl (CORT) 5 &
(K BV T iR 5% 40 g Al e (PC12) B B 5 1
PRI ER (P<0.001), 177 57 T2 DY BT 1- FH 242 Bkl
IE B T (MPP )% 3 (IPC 1240 a4 405 B A 2 35 i AR 47
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N

TR YU IR W PP S T L T 7 i

ha)

Y (P<0.001)"*. 2-(2-2 7. 3%) (i — ¥ & diaquilaria-
chromones A-CXf IR —H&AGPDE SA 14 W A4l
fEH, (55,6R,7R,8S)-2-(2-phenylethyl)-5,6,7-trihydroxy-
5,6,7,8-tetrahydro-8-(3-phenylpropionyloxy)chromoneX}
PDE 3AFIPDE 5A1E A ##i/E """, Aquilariperoxide
A EERGFMPIEEM, 1CsEHNS559.4+
66.55 nmol L™'7. Ziii & h 3= B A6, 7-— H AR JE-2-
(2-ZK L) O . 2-(2-7K 2.3 (i i Fl2-[2-(4- H 45 2
) LR A5 T S 2 O IR R O B O
(AMPK), W18 TU0A DU 5 VU S Bl &, &
T AR R IR YT AMPKAH JCBE 5 (1) 5% L3 B
L AL, YRR A R R T g A A
S G s VAR A e

6 ULEEFEAYI A A
6.1 HAFRRESHEFA

Agquilaria agallocha(Z RKUTEF)ZEH — N RATRENA
PPTEBYM, HAS Neontig/KFHIFER L, HIHEL
contig N50{L 4 126.4 kb "), i J5 ) F1 A F scaffold 7K -
FERZH(GCA 005392925.1)1, 43368 >contig, contig
N504323.6 kb, F BiAk 192 255 B il 25 X L8 I R 4 1)
BN . AR HIPAZ 53 T = fNanopore ) GridION
X545 58T A A A Jak R LRGP g,
FERIHK/NAT26.5 Mb, 756754 scaffolds, FHH1[1)
99.85%(716.6 Mb) ¥ /7 7 # 2 AL =& YLt fk |, GCH
B|2IN39.23%, REFELIH0.6%, BEEITHILLEIZA
59.13%(Kl1A), contigN50241.1 Mb, scaffold N504
88.78 Mb, FLITREH] 1292034 AmIDIL R, se B
N95.27%. FT —ARluminaF & 18] 1A 7 H= bR 20 1A i
WG A, W7 HEE 55 NS5 7%, A8 142761
scaffolds, contig N50°460.2 kb, scaffold N50°487.6
Mb, 523 495.8%, JLEREE] 735469 H"Y, [F
I, FEF AR P AR M AR B R 42 H RT3 R
R R

PO B2 0 BT R, A AR A 292034 - R Hh (1)
21955 ANFE R AT AR 40 137136 R 5, i He At i)
7248 KN FUR R A BN, W R4 7894 kA
K. ADTvAks AT R IL ARG R FA L] T2k 4
PR 20 A o O T R LR R R SR
MR ARE R H P BN 2 M, AKES
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Al AR K ik MR SR 2ok R, 3 R AH S AE K
53.18~84.37F HAERT M. T AR R, A
KRR AOET A3 R T4kt R AMEL 15
HARHE 3 A 1)) 2 B A 7 2 B % A
Vi (E1B).

6.2 HARFHFAMBEEAEHR

FANT HABIIFR IR TE, AR Fr () S 4 22 5
WA RN, RIS ANG S ExH, KE
SER I RE R ALH AT, ER N ARE LS A
S EBEOCE T IR R A R R T IR I 5
B S HAEA R A B A F B RISERIRAE, WHsRA 1
(TPS). f%5Fmi & HE(ASS). /K& HF(CHS).
MYB. WRKY. MAP2. COII“Z:%E R )0 % b SL7E 45
L OMERMAEMKE S TR
SULEN I a3 AR E M A H L 414
2-(2-2K L) L HHIAL A, X IRL IR B 3% 2H 3 B AR 3K
EE S S, Ca’ 5 5@, MAPKZRIEE S .
MYB. NACEHH XK ¥ e 25 iiE2-2- K L) M
WA (A= 2. (B TE S S 2H A 25 Y Unigene B0
T2, AURERE TR B HE A S R R A & B IR KK
K OUE NS ERE S W TGN, L4
Al [FIRE B AE L SR A R S5 A A SR P R K F
%¢[123’1241.

1 A i 25 DR 2R 200 VR P R A T B T LA 4
WL A S5 R T, 582 06 R i AE 1) 21
RIS ARENEFLRE, WEYZERER.
H TRt B BB AR UL R R MU A5 1 s A 41207128
MALFEFERE ST ER TS EL 50HFE
BB PEAR S R, X e e T S R AR R
REZFEFIAL, 0 HADTA AR AN A
R AP IE S PR RE ST 4Rt T s

FRT, AR IR 420N D, 7 DR
Wi ELEF LY, F2-DENIELE THRRE
. NADPH%E{LILE . ATP&EE. LEAEHZ1S
ANEFEA, RECHEDER. B2 2-Q-%K L
) (LR RS R B A 0 A OE 12 R D6 R 1 B
R T AR S S AR E S E L,
KAITRAQEI A, MAEH ALY E 7504 EREA
TR, BRSPS A RREED. NE
MREA. BRAE. BEY BB SIS K
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Figure 1 Distribution of genomic features along the Aquilaria sinensis genome and its evolution. A: Features of 4. sinensis genome. The layers in

the order from outside to inside are as follows: chromosomes, GC content, repeat density, gypsy density, copia density, gene distribution, transcription
factor distribution, and intraspecific collinearity of the A. sinensis genome. B: Inferred phylogenetic tree of the species in Malvales including 4.
sinensis; the divergence time of Amborella trichopoda and Vitis vinifera (~188 million years ago) was used as a calibrator. The blue numbers around
each node represent the divergence times
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TR YU IR W PP S T L T 7 i

ha)

AR REEEEERD. MEMEYESAARER
B, AR EEE N R EOE R RIR R IES
DUER WA K, FERWRKY. NAC. MYB,
bHLHZ 44 53¢ 7 th Jié s H v B MR e g el e a2,

7 UUERHEEY A RS R

A7 45 75 BT 5 U A AR 4 B A B S X,
SEEAT AR Z T B E S A RN R
EY, S5 5 R THIE BN TE U LAAS e mb R AN 2-
Q-RZE)YEW R AN E. BLhh, AREEDIMN
M. fe. RS HEE. ZFAFE. nEd. fE8E4k
AW, TR, $i R, S, WEEE. T
A4k PR, i SEAEYErE. Bar, SFRAREL
L ARFIZEI N AME AR, R 5 T R A 4 234
@ 7NRUCE . MR EIIUE M AREEVCEBEY
B AR R R RS TR A%
YOI IR A S TR AL

7.0 fELRER A A

i A A B F R R IE 12 (MVA) F12-C-
L -D- 7R B I -4-TE R 2 (MEP) & . H AT S 7EDT
T B A v B B35 5 -3- A IR B Co AT iR
(HMGR) K\ 3-¥2 3 -3-H 3L % - Brim B A & B
(HMGS)ZE[] | 1-it 58 -D- APl b -5- 5 R & I (DX S ) ik

£S5 UIEREDAFE G

Table 5 Sesquiterpene synthases of Aquilaria plants

K. ik Je 5 IR & BB (FPS)JE K Al 2K & il (TPS)
BRI G A5 Fms A )6 OB AL R, IR Le L [R] 52 B 5K
Bl RN GTE e TR B e = § /1D )
DUE A5 AW A IS A5 (R 78 B R AR s &
FiF 3L R Jr FTh R, 5 ags 7R R IMDTE IRl
VIR -k G B I 24 PR S AL =1, E BT &
QUAKE . FEBRLAERAAG L5 (E2). HR2, MR
5L JEAE Y o R BLELAT W S R R 3 2 1 45 A B 1)
IhReSEN, HAEYG BORE Hh OGHE A s A B AN 25 1)
AR DI (A 42 3R AN D B A AT 2 N — P T [ FA R

7.2 2-Q- R ZIE)ER R YA R

2-(2-R L) B KA W) 5 R AL G W
FAABL, C-200 4 28 CFEHURT 2 PN B IR 1, R 48
TE R SR A0 Rt R TR SR 5 B (PSS i Ak A% 4]
PARRAE 5 2l . 22 38 30 S5 SR B SR B W 45 1) R AR AL
P T 2-Q2-K LAk B v B AR A BUS AR, HE
PKSHEAL RN BLAHEFA (phenylpropionyl-CoA). N —
BEAHEA  (malonyl-CoA) A 2K I 4§ A (benzoyl-
CoA)JE i —C6-C5-CORTHA>,

N AR 7 A3 A5 A 23 v o 5 5 3N TS SR B &
fily 3 [N AsCHSI AsPKSIF1AsPKS2, AsCHS 1 N2
AV E R, A ZMEE A A 2 2 B A0 o- L g 248
BIF=¥); AsPKS1A1AsPKS2 M IEE /KB & B (non-

HALK (F515) TP AR5 T SCHR
ASS1 (JQ712682) ARE S-AIAME . B-MIFEE o-BEIKRIE [118]
ASS2 (JQ712683) AARE S-TRIARNE . B-HEM . a- AN [118]
ASS3 (JQ712684) SP N S-TRIARN . B-MFN . a-mAIAN [118]
AsSesTPS (KF135950) ARE PETE AL [121]
AcC2 (GU083697) T ERT S a-TAIARNE . o-HEEME . S-BAIARIE [134]
AcC3 (GU083698) IR pl Sy o-OIARM . o- R S- AN [134]
AcC4 (GU083699) Tl 4 AR A o-AIARM . o- R S-AIANE [134]
AcL154 (GU083700) iz R A - . o-HEHEIE . S-BmAIKIE [134]
GS-1 (KF800046) NRITE S-AIAMKE . a-BEIARNE. B-HIENH [131]
GS2 (KT283579) NRUE a-BAIARNE . S-SR, B-IEEIH [135]
GS3 (KT283580) IR a-TAIARME . S-EIARNE. B-MEENH [135]
GS4 (KT283581) N a-ERIARME . S-BIARNE. B-HiENH [135]
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Figure 2 Main compounds produced by sesquiterpene synthases in
Agquilaria plants

CHS), HREMS 1AM Ak oM G B4k S P T a0,
AN, TR SR A B (AsPK S3-AsPK S 5)ik ELA {4 4
£ R 4 35 P R R R Ak S i o et

20224F A4 RARAE 1 2-(2-2K £ 3 (i A= 1 5 B
AR b e B & i L R PECPS! ') PECPS ] LL A4
AMELL AR IR TAREEA (SHFIL T ZBEiHRFA
(S2)LL K 143 F 2B AHBRA (S A, TE2-2-FK 4
FE) O ) S BRI AR L, 5- IR IE-1,3- R TR A&
(S4)(E13). 534, PECPSTEAR NS REMHE fh.2- 73 2 F gk
HEEA 5 4-F2 IR T IE-B- —BHER 46 &, FRA1ERGE 1)
WF B R I T PECPS 2/ B BE & il FE [ As PKSO 711
AsPKSOS[FIRE B AT R 2-(2-7% £ 38 )t i H 22 1)
Thie, Hixee5L R B i & 96 R F R 1
UM BRI, 2-(2-2K 23R (B A ) B R R IE AN
3, KT OEML. B, RSP IR R
NI FEARHT.

7.3 AEAEREAN2-(2-2K ARt I TR IR Y T 45
YA 24 W M12-(2- 8 458 o R B T )i A o o
R A= 4 R A A A B SEL ) 1 R AR R A o ),
BT AT, SHAGHMEYABH T—WRE
B R IR R R M i A, A

SCERH T LA SR AP A 2 F2-(2-2K L) B 28
BRI G S SRR E(E). viEEEY
2R E G2 B sh P EpLE, RIS S 4 FH0 8
K, FHREFBRJIA) KHBR(SA)VF LIFHET)
KR, XEESSFEIN FHEZE T AmiR-
NA 4% 25 F12-(2- 2K 238 (il A= W & g 4%
IR T I TR 1) 2 0K 30 7 (1 3 55 2 6 AN 2-(2- 2K 2,0 (1
i g i A s S R AIMAPK 15 5
e ST =D NA N 7 BI= R 1) ARSI W] BB R
TEE R TG ME S 5 A 0 R 2-(2-2K £ 5 ) (A i 1) A=
Y& e, seARI, FE YA A T (PCD, pro-
grammed cell death) 5T ERFE AL 2-(2-7K £ 55)
R T B DI 5%, SRATIR S . H,0, M5 #
RES FPCDIY R AR, ff il 115 T eae ik — 0 HE3)
PCDE@ﬁﬁz[MQISS,IM].

o 3 R - RT3 6 F12-(2- 2 2 B8 (B B AR W & 1%
A BEENAEER. BRHEFASMYC2REB L4
LB 2 A WL R 4SS TR 5§ G-box o7 5 180
Fik, & 5EFMEEKGEEED SR, WRKY
55 R -F- AsWRK Y44 e 45 & 1 ASS1 )3 311 W-box fif
BB, SR ASSIEE SRR It T,
ERF# 5% K1 AsERF 1 e f% B 4% 25 & B4 - i A Jilg Ik
B AsTPS1 &7 I 0k H "™, MYB# 7 H T-As-
MYBOS54 /815 45 & F 41 2-(2-4% 255 Ll A oA 9%
RGBT, 25 52-2- 43 B & ik
VR I et SR Ak B 1) bZ P 3 M - DA A NAC 5 3%
K7 AsNACO19F1AsNACO098 %} [ A #F HPKS ik
AR R R R R AR
HIEE B B B — A E AN NS, DTE T AE
il FH2-(2- 2K £ 8 ) i A5 IR AR AR =) A= ) BT
W 2 A HLIE A 4 T2 — 2B 7T

74 G FEP4SORER
P4SOEF IR(CYP)ZEMITY R AR 2 4

OH
o o oH
11 i P o ‘
SCoA + +
/@/\)‘\ o HO)J\/U\SCoA ScoA  PECPS NN : O |
HO S1 s2 s3 HO sS4
ol

Bl 3 AR T RE G BPECPSHI AL S

Figure 3 Reaction catalyzed by polyketide synthase PECPS from A. sinensis
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Figure 4 Schematic of synthesis and regulation of sesquiterpenes and 2-(2-
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WHEI1364S, VAR AN REEFI424N 5 #1794 P450
FEPU 1 B RIACLIE S W 5 20 P45 OB 25 3524
1535(4aCYP71D). KHNKERWEW(4aCYPT734. Aa-
CYP844). HEHIZRWAYI(AaCYP754+ AaCYP75B)If]
H RGBS . EERE ., 2-(2- K 23 LS AR
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phenylethyl) chromones in agarwood
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Advancements in agarwood germplasm resources, quality evaluation,
and formation mechanism

WANG Hao, DING XuPo, ZENG Jun, ZHU JiaHong, DONG WenHua, CHEN HuiQin,
HUANG ShengZhuo, LI Wei, MEI WenLi & DAI HaoFu

Hainan Engineering Research Center of Agarwood, Key Laboratory of Natural Products Research and Development of Li Folk Medicine of Hainan
Province, International Joint Research Center of Agarwood, Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical
Agricultural Sciences, Haikou 571101, China

Agarwood is a resin-containing wood produced by plants of the genus Aquilaria or Gyrinops in the family Thymelaeaceae after being
injured naturally or artificially. This unique wood is highly valued as a spice and traditional material and possesses various
pharmacological activities such as anti-inflammatory, sedative, and tranquilizing activities. The main chemical components of
agarwood are sesquiterpenes and 2-(2-phenylethyl) chromones. Aquilaria sinensis (Lour.) Spreng. is cultivated in China specifically
for agarwood production. Over time, artificial agarwood production has largely replaced wild agarwood due to improvements in
cultivation and incense technologies. Breeding and application of new agarwood varieties with the advantages of early production,
easy induction, and superior quality have addressed the challenges faced by the agarwood industry, such as limited variety, quality
differences in artificial agarwood, and lengthy benefit cycles. The detailed chromosome-level genome map of A. sinensis published in
2020 has laid a solid foundation for studying the mechanism by which agarwood is produced, identifying genes involved in the
biosynthesis of the bioactive chemical components. This article provides an overview of the progress, to date, in agarwood research,
including studies on original plant species, collection and evaluation of germplasm resources, biosynthesis and regulation of active
ingredients, agarwood formation, artificial induction technology, and future research prospects. Its aim is to provide theoretical
guidance and technical aid for further research on agarwood, ensuring the sustainable growth of the industry.

Agarwood, Aquilaria and Gyrinops, Authenticity identification and quality evaluation, Qinan, Artificial induction
techniques, Bioactive chemical components, Genome and transcriptome, Biosynthesis and regulation
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