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Key Aroma Components and Biosynthesis M echanisms Revealed by
I ntegrated M etabolomics and Transcriptomicsin Ocimum gratissmum

LI Shidongl’z, GAO Shuren', YU Fulai®, FANG Yimingz, JIANG Qianz, GUAN Lingliangz*, CHEN Songbiz*

1. College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163000, China; 2. Tropical Crop Genetic
Resources Institute, Chinese Academy of Tropical Agricultural Sciences / Key Laboratory of Biology and Cultivation of Herbaceous
Medicinal Plants (Pilot), Ministry of Agriculture and Rural Affairs / Hainan Provincial Engineering Research Center for Tropical
Medicinal Plants, Haikou, Hainan 571101, China

Abstract: Ocimum gratissimum is widely utilized due to its significant medicinal and culinary value. However, substan-
tial variations in volatile components and medicinal metabolite content exist among different germplasms, influenced by
geographical origin, cultivation conditions, and environmental factors. The variations directly impact the stability of
pharmacological efficacy and industrial-scale production. To address this, the present study employed an integrated
metabolomics and transcriptomics approach to systematically investigate the aroma profiles, metabolite composition,
and regulatory mechanisms of two distinct O. gratissimum germplasms (G096 and G134). Sensory evaluation confirmed
that both accessions exhibited a characteristic clove-like aroma. Metabolomic analysis identified 1094 volatile metabo-
lites, with 784 showing significant differential accumulation between the two germplasms. Correlation analysis between
differential metabolites and sensory attributes revealed that eugenol was the key metabolite responsible for the distinc-
tive flavor of O. gratissimum. Transcriptomic profiling identified 54 936 differentially expressed genes (DEGs), in-
cluding 27 220 upregulated and 27 716 downregulated genes. Through metabolic pathway prediction, a biosynthetic
pathway for eugenol in O. gratissimum was constructed, identifying PAL, C4H, 4CL, HCT and C3’H as critical regula-
tory genes governing eugenol biosynthesis. This study would not only elucidate the biosynthetic mechanism of the pri-
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mary flavor compounds in O. gratissimum, but also provide a crucial molecular theoretical foundation for quality im-

provement and standardized production. The findings would hold significant scientific and practical value for advancing

the industrial development of O. gratissimum.
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THEZE ( Ocimum gratissimum ) NISIEF
( Lamiaceae ) ¥ #)J& ( Ocimum ) /) B4
Pt T B R AL 2 B T R Y R
NG T 29 O i 1N A ke 2950 7 1 2 S U VA
T AT B 22 R0 X R RS 1R L
AE A5 38 0, D\ T 5 B e 25 2 Rl A5G 25 F, kgl
FHIA3 BT 22 ARt = 3 A b e e

T B A 4 Bk RGHT RD I AT M Xz )
fii, ELA T2 B A AR I8 B e B, e 4
BIORGA AR “HESR S ARPU . , BAAT
A AMIRGEBE . BRI, SR . 1R EAL
K. AEFE . BEHMNFEDRL, TR mFE ML
R BT VERG AR e . SIEIRRE . SR . B R
| RIS SRS EE SRS, T
DR AP . iR | bR Z R A Y
PET, L A AR G R 250 R BB A A
ot i AT, FEBR 2GS, T &Y #w) iz H
TS . ORGSO (T &S )
A A EHEDD I RE RS S (% e ) s
AT, THZ A B T 7 KUk
H5HFS, Wk w2 BN EZ,
ATHTRIE L. 7 BRRI RS SS, i&r T
it e AN 2T, SR T o TS A
TE HARSSL, HAGWm Mz T . e
=2 Wik, THRS Mk —fh2h . awHm
BT EAEY .

THRDZ YA HME EZETHFEEFHRAE
R, iR KM (volatile oil ) . HHIZ
( flavonoids ) | EyPRZE ( phenolic acids ) ZF LG54,
Ho T L AL M2 B PR B s A £
LA D T 2 R o e A e R R 25 S i ek 3 AN [
S TE-JiTE ( Gas chromatography-Mass spec-
trometry, GC-MS ) sir#riitsn: PEAEMLIX ( D177 Ry
PR BT SE-R P 4E ) 19T A RS b EE R
JE BB (thymol, 28.3%~37.7% ) il y-FAh 4%
(y-terpinene, 12.5%~19.3% ) M BiEsX (2
PadtE A RN ) B R B, W E AT
(eugenol, 32.2%~60.6% ) . T & ( methyl

eugenol, 60.6%~69.5% ) . 1,8-¥iMZE (1,8-cineole,
0.9%~19.7% ) FIHiF & ( elemicin, 0.2%~65.9% )",
SILVA #3568 % T UL G s AT i 25 BH 16830
Y Z BRI 5E BT (ICMBio ) 1T & % it
R, RMHFEEESTHW (63.25%) . 1,8-
Feih 2 (10.83% ) | p-i bk ( B-Selinene, 8.43% )
e 2 A 714 (trans-Caryophyllene, 6.85% ) ; 1fij
HE A RWTHAERN T HS ) (YL &5
) P EEN A FE N (estragole ) | 1,8-F&7H
K M5 (isoborneol ) X 3 Fifb &4, ixLefl
EYIIFIXT 5 B RN 83.93%, Hirh BUE K &
B, M E A 76.96%! T sk Mk AE 4 Y 22
SE ST L EE AR AL, T HFm A
R 0 SRR B SR BT SR, ma T
HTYHMEAGUENTHK, MRATESENT
7 ) D g kol =T

HHETE X T &S b 22 T HEH B
WA ML B PR T 34098 . ANAND 250
R T T &G BGEIE AN bEise, i L-
KN R ( L-phenylalanine ) 22— ZR 5N ALK,
HARZ RN AR % Z M ( phenylalanine ammo-
nia-lyase, PAL ) 5 T %M &% ( cugenol synthase,
EGS ) 45 CHEMFA Y . Zikfeh, PAL #1 EGS HJ
KRS THEBHRBEZIEMG, HRME EE
(LU SEE (LRI oh Rk s ) 18
Bl 2 R R, A AT A 2% A sk 4 2
G C R AT AR ) O A AR A I 4 A T
H, YANG %15 o fRIUH A Fndee S 2416 5 oy B 2
SRR Y, &R 2P Wb F 205
2= AR, FEZ Lox (lipoxygoganse ) FE[H
P ZHOU %5005 i A 2 A s 4L 45 20 b
R, TEHE TR . E RS AR B
R F A BT, PAL. 4-7F K R-CoA #E %
fiff ( 4-Coumarate: CoA ligase, 4CL ) . SR
4-FJN 4 ( trans-cinnamic acid 4-monooxygenase,
C4H ) FIF2EE M B ( hydroxycinnamoyl
transferase, HCT ) J& BRI FERE . AERIEA T
HEMFH T HEH S EAEREES, HEY
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HE W) G134, VS EEMBEEIEZE (GRIN,

USDA-ARS Germplasm Resources Information
Network ) 24t () I 75 - 15 PG RSB X ( Brazil,

Distrito Federal ) fFh G096, i Rk FhAE T
Vg R 44 Vi 1 T e L R ROl B B R VR i
BRI 5T T ) e 24 T R UR . RS AR 3
BRAE KA 45— BUH TR F AR ARAE A
A, i ROoRAERT R RIAERT (2024 4F 9 H 24
H) , ZERBIRSM L 10: 00 SRAE M FE
A, WREGRG AT T-80 CrkAE, FTEERL
VR CEL T R B B B 43 BT

12 FHik

12,1 TAZHHSHFHEKAETERETFH M
YA R A R SR, F 2024 4F 10 H
IIE R 10: 00 BEHUAE K& —20, b Finiemim
fdEE T & D AR, ok RIESSEE . 225
B SRR o BRI PR R 30 45 2807 Bk 1Y fa Bl
ZAXE R /NG, IR T AR 1 2 fih ) <
Bk, DUBTEE . ST RO RES, SR
JE&H WA MARE, PPAG T R . EIT . AR
AW REWKR. FFER. HER. TR
TR 9 Rk, SR 4 BERETESY . TR (0
43) IR (>0~54r) . BAE (>5~10 4 ) FIUEAD
(>10~1543) o HMHEEMPEMERE 2~3 min,
LA AR SIS RN . G T E
P gl B2 BE A VED A S IR R R 25 5
faE R 0 S = SR

1.2.2 A8 SR/ A A8 & - g (HS-
SPME-GC-MS ) B R H# K o4 fdi M {635 -
I AL ( 7890B-5977A &, Agilent, £ ) |
KRR H sh Z IR FE R 50 ( AS-3902 HY ) |
[i6] FH AR B 2T 43k ( 57328-U B4, Supelco, £ ) .
HP-5MS iEHE it f 0 b iidr 522 700, WFh

o R O e A ROIR O R R AR AR R, R4
5~10 Fr RS 7 (e R E ), iR R
ESY o RV C RS =S EREEE Y/ K ST O S
BENE B, B A TS HEARE (20 mL)
i B shibRE g AT ¥ R AL A R e ( EAT
FATH 23 (K LR PDMS/DVB [ AH (A Bk &
F 200 Chndes 24k 5min) . HEPERERS A
ZPCEEE N 60 °C, SEAFHFEIAY 1 min, WA A]
k40 min, [EAH TR ZS GO AT 4 Sk WK B 465 3R A
AHEREE, SRR CEATESECA 5 min, ZJ5HFER
GC-MS 43#7. GC-MS WHAMESHWTF: (1) @&
W& . ARk A HP-SMS Bk A7 35 20 45 A
(30 mx0.25 mmx0.25 um ) , FHTHNELAA,
#SWE S 1.0 mL/min, PEAE IR K 220 C,
HERETT AN TR o FHRART . DL 80 C kil
GIRE, 4 °C/min FFZE 100 °C, {#4% 3 min; 2 C
/min & 110 C, 1#F 2 min; 2 C/min &
130 C, {#4F 1 min; 4 ‘C/min JF & 180 °C, (2)
Bk gF. mTFEEE TR (B , BTEEE
9230 °C, HHETER 50~550 amu. KRS ) R
5 NIST $d gt 47 et (IEECE =80% ) , 4%
P2 R AEAC A P00 AH X B SR A0 1 06 T AL
— AR
123 THEIFHXEEANASHHH SHXE
BEPIR s, SMEAYE SR, M
SIRYE FE(H (relative odor activity value, ROAV )
W T &% H A< EY . ROAV 2&—FiH
FIPAL B SR XK T S oT Bk B 48 A5, T
AT EMS . B BASESUINEFE S 1
<ROAV<100 MG HEESIEY, 0.1
<ROAV<I LAYk BB i LA A
Y. ROAV HitH AR
ROAV=(Ci/Cinax)* Trmax/ T) ¥ 100%
K G AT EY S ELEA S E &
W, Coax AN T2 HRERE S oTmkin K &M
RGN E &, T ISR E Y
XTI L B, Tonax T 5 8 BA R K
DRI AR A PR X R A JER i 1 11
124 THFHEL S HARBEFIN N
o)A A I 5 118 T A O R A T REORE A AR
WA, AR BFCR DG A 7217
RPN, BT —80 C YT 75 2 kR S H
HE, AR AT I TR A, JEE AT I e
IFERAT . REAFESFRELZ) 500 mg ( [E4AR ) &
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T TS SERE B TP AR AT R
fE#h (NaCl) ¥, VA SR $% e M4 o0 i Bk
. FMA 20 uL10 pg/mL NFREW, JHTIE%E
58 B IE o R4 A 3 T %S AR AR B ( HS-
SPME ) RS HATHE i M & ML & 4, AT
J& S AR TE - TSR (GC-MS) 4r#T.

] AH T0 25 AR B 25 F . 2R BOIR B i
60 ‘C, WV-#EtE K 5 min, AEHCE E 2 120 um
DVB/CWR/PDMS = & & #4 BHfil i () SPME
Arrow Bk, TS B E] 4 15 min, f#NT 5%
P2 ZBUS T 250 CTAMEHT S ming B
# Pk B Y Ad FH R 7E Fiber Conditioning Station Hf
T 250 C&4k 2 h, H &K Fi & AL [E] 24 5 min,
DRI PR 395 A ARG 0 R e e

fii F|i Agilent DB-5MS & 40 % #£ ( 30 mx
0.25 mmx0.25 pm ) #ATEFEFE . OIS £
SABaAR (4 =99999% ) , i#E K
1.2 mL/min (fERA) , #HE DR 250 C,
HERERE AN A3 e AE (splitless ) 3 Y7 ZEIR A
[ 3.5 min, FE/FFHRAEME: FIREE N 40 C,
{445 3.5 min; L) 10 “C/min 7} 100 ‘C; LA 7 C/
min F} 2 180 'C; )5 LA 25 ‘C/min J % 280 C,
R4 S min, BTG B4 EI, ¥
eI E N 70eV; BETIREE N 230 °C, MUK
FHEEE R 150 °C, 42 H R EE K 280 °C ;5 i
PEPEES T WA 20 Selected Ton Monitoring, SIM )
AT R AR, IREEE ZhrifE GB 23200.8—2016
BOREBFHES i T e S e o, DS
ST —PE S RS,
125 THEFHBERXEAVMNSH I HETZ
VEAEPV B B . SCHR Sbr e g, MEE A H
PREAPIREEIE] (RT) | BB FESEEE T
M B S B AR 1 . GC-MSS AR FH e £ 5
FUEMALL (SIM ), Fe H UG 5T 15 e A il 8 11
BMMEEPUL 1 e BT & 2~3 MElET1E
RS EMRAE . AA YR T LR B ] S 4R
PE—30, HINBRE 55T RHIE B 55 50 %
Kith o

SE TR bR, DhE s 0 AU
SRFATRCIE, $RTHMER B SRROE k. BRAG PTiEAL
P52 Agilent MassHunter Quantitative Analysis X
PRALEE, 38 A AT B T R R OE, DA
TGS R 515 st AR g5 1T 5E, H
T AR E AT

Shy i 16 2 1) 22 S A, AS T 5 R T 52 i
/N I FN BT (OPLS-DA ) #4#E 4 2AR A
IR UL MY (VIP) {H . W€ T n ifE
J VIP>1, HZESEElog,FC|=1.0, [RIRFHT ¢
K 45 R 48 FDR ARG HE et Ve il
M 22 AU R AR Y E T e, R S U T
B % KEGG %%, 1T KEGG Compound #RH
SR E Y S , HHmh 2= KEGG Pathway H1i1
PO R, DL A A SR TE T RE .
12.6 THFHBERBASYIETAFHIN K
e Sp 2H 0 I e DL A W) 58 18 AT Quibit
4.0 ZIETH/MD BEFRALHT Qsepd00 =4 4 T
fli RNA £ 5 R F e 5 v, Sas it m T
cDNA SCERHM, SR Oligo (dT ) BEER & #AH
A polyA EM) mRNA, A RNA MEZL%
( fragmentation buffer ) {fi mRNA Wi hy i B A
MR B, ISTHIERENLE 1Y) (random hexamers )
HJ51F, DIFTHIG A mRNA RS AR — 6
cDNA, Ffif57E DNA 4G M1E T & mss — 4k,
aliflJ5 AT AR B S . N polyA I i HE I
S, PFRZ R BEOiE N PCR 47 38 58 CSCER . SC
FEZ: Qubit & &5 BOK LRI G 4% J5 3 A 7
e o 7E Mumina 7 5 5% 1] PE150 S0 4700 %,
T A B E R, B YOE S RE S5
R BT S B o I I BE 28 B 5, 7 Trinity
BAFIEAT L5, IR B Corset X % sk A #E 47
REGEIUR, BEPRBE TR RAN TR
bt
127 REAAHRERLZRESH IR R
AHEY A BE(S S, (/1] DIAMOND #1{F:4% 2%
TOAR G W SEARTFII AT 2 6 A E W YR 5 s
J% , fu4E KEGG ( Kyoto Encyclopedia of Genes and
. NR ( NCBI non-redundant protein
sequences ) . Swiss-Prot, Gene Ontology ( GO) .
COG/KOG ( Clusters of Orthologous Groups/Eu-
karyotic Orthologous Groups ) M TrEMBL %, 3K
TR SEA W AL T BE TR R A5 B PP — 2B R
HMMER X Pfam Bods /%, UM HE 4508 5%
FARFRIA R IE it RSEM B 1H3 FPKM #1715
WAL, ATH IR Sk AR B 55 D Py TR 32 22 S ) 52

K FH DESeq 2 # P v 22 S R ik 3 P 1)
AR BB RO A A T I A B A TR
WK, IR A Benjamini-Hochberg J5iE#%1E p
{E (FDR 5l ) o 225 BED N EARUE N |log, FC = 1

Genomes )
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2 HRE5HW

21 TEZHEDMFEMHER

TS F R ) R B R o A il 2
FEVER R 2 — o T &Y SRR 2 Ptk i A 2
R IR,G096 N ZAFEAE/INEAR MM 1.5~2.1 m,
FEHL 1 0.4~1.0 m AbFFUR 7032, AERAE T 3T
Ui, AEFA 5~T N, K 10~15 em; BT
o, IR, TR LIS a8,
s, ke, MRwamat,; i

Bl TEHEFHHEWFEER

e, ZENURIE, WAL @, LB, B2EIE
MMEFDTE, AHEERAL, REFEMT
T DR AL, FhPLaiB @, RimA R,
RK G FRIBAT B A A, I 2 X ) T A %
PEmy (E 1) .

G134 HZAEE/INEAR, HHKES 1.5~2.5m,
FEHL I 0.2~0.5 m A TF Ui 50 3, A6 A4 TR O X
T, A 3~5 N, 1 8~15 cm; feid S
WK ANAMG, TRERE6O, HAWHA, HER
g, MEAG; e, HEESE, R
FHMRE, EHFH, MR hRek e, Wk
EL, BEHG; ZNUKE, BEgE. £E,
THiE ZE R A, HENTES ), RFPED
KMAEMIHX T HEY B ER,; Mrale, £
A B EFRBEL, BKERmARE (K1) .
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Fig. 1 Botanical characteristics of O. gratissimum
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W EAG I AR R (3.8 43 ) | TRIAEMR (2.243)
FIREARE (3 43) 5 G096 BIRA T MMk (4.5
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Fig. 2 Pre-olfactory sensory evaluation of the aroma
O. gratissimum



552 4

YR THEY IR ERRY AU | 5 S o i G ik te 355

(£ 1), HPwide (terpenoids ) 37 . EEJE
(‘alcohols )5 Ff | FiE2( esters )4 Bt | [i322( phenolic
compounds ) 3 Ff, R (organic acid ) 1 Ff, &
J¢ (aldehydes) 1 Ff, HABZE 6 Fh, 78 G134 ik
RrIE) 37 Fhg e o, Horb L B 22 F, A
X e 59.79%, BEdE 5 Fh (9.55%) | PEK 4
Fi( 2.84% ) 25 3 F( 20.46% ) 2 1 FP( 0.80% ).
fii2% (ketones) 1 Ff (0.20% ) . EE3S (ethers) 1
it (0.67%) ; G096 A E 25 FhE K Y,

Hfid b EWRFER, A 19 f, HXTERERRN
75.99%, HIKJEFFKEZE (aromatic hydrocarbons )
3 F(21.43% ), BESS 1 1 0.36% ). B Z5( quinones )
1P (0.47%) . BR2E 1F0 (0.10%) . HHILZ T,

G134 WML S WA G096 T L& .

G134 1 G096 T &% Wt i & ik &4
FRSFIAR XS & AR 3 22 5 0 G134 I R M1k
AV EESAHRKRAEMNH D ( germacrene D,
26.26% ). T &M 13.12% ) A1 H5( p-caryophyllene,
6.92% ) . Jx 7-p-% ¥4 ( trans-B-ocimene, 6.45% )
;M G096 MIFER AL G EZ A WAALRE

(o-cymene, 26.22% ) . AHFM (22.38%) . -
AR (9.43%) . G134 Fl G096 (125 5 K1
&Y FEAIET FEy . BbiR e BE,
WHERMEAEY R 5 M2k eay, ahlEa
i . B (a-Copaene ) . KIEEFME D F1 2
PG AT B

1 TEFYHFERMUESYRENSE

Tab. 1 Volatile compounds and their relative contents in the leaves of O. gratissimum
5 &2 sy FXTE B Relative content/%
No. Compound name Classi fication G134 G096
1 (-)-B-bourbonene [ 0.433+0.123 -
2 (1R,28,6S,7S,8S)-8-isopropyl-1-methyl-3-methylenetricyclo[4.4.0.02,7]decane-rel- (1S 2.078+0.165 -
3 (1S.,4S,4aS)-1-isopropyl-4,7-dimethyl-1,2,3,4,4a,5-hexahydronaphthalene [ 0.177+0.007 -
4 (2S,4aR,8aR)-4a,8-dimethyl-2-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,8a-octahydronaphthalene [ - 0.266+0.079
5 (E)-p-farnesene [FES - 0.246+0.090
6 (E)-4,8-dimethylnona-1,3,7-triene [ 0.212+0.102 -
7 a-copaene (RS 5.366+0.435 -
8 a-cubebene i 1.449+0.212 -
9 @-muurolene [ 0.77440.469 -
10 p-bisabolene [ - 3.806+0.913
11 B-myrcene [ - 2.938+0.336
12 y-terpinene (1S - 9.433+0.459
13 1,4,7,-cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- [ 0.817+0.141 —
14 1-isopropyl-4,7-dimethyl-1,2,3,5,6,8a-hexahydronaphthalene (IS 2.202+1.747 -
15 1-octen-3-ol (=S 4.076+2.327 -
16 2,4,6-octatriene, 2,6-dimethyl-, (E,Z)- [ 0.544+0.108 -
17 2,5-dihydroxybenzoic acid, 3TMS derivative [[7ES - 0.096+0.032
18 2,6-dimethyl-1,3,5,7-octatetraene, E,E- (S 0.448+0.014 -
19 2-cyclopenten-1-one, 3-methyl-2-(2-pentenyl)-, (Z)- il 2% 0.202+0.037 -
20 3,4-dihydroxyphenylglycol, 4TMS derivative S 0.389+0.183 -
21 3-cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-, (R)- (S 0.621+0.005 -
22 3-hexen-1-ol, (E)- IR 2.801+0.285 -
23 4-hexen-1-ol, 5-methyl-2-(1-methylethenyl)- [IEES 1.840+0.156 -
24 Benzaldehyde W2 0.803+0.106 -
25 Benzene, 1-methyl-3-(1-methylethyl)- FiIE - i;g;‘i *
26 Benzene, 1-methyl-4-(1-methylethenyl)- Tz - 5.398+0.016
27 Benzene, 2-methoxy-4-methyl-1-(1-methylethyl)- Py - 4.490+0.601
28 Bicyclo[3.1.0]hex-2-ene, 2-methyl-5-(1-methylethyl)- [ - 0.480+0.001
29 Bicyclo[3.1.0]hex-2-ene, 4-methyl-1-(1-methylethyl)- i 2 - 2.119+0.066
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Tab. 1 Volatile compounds and their relative contents in the leaves of O. gratissimum (continued)

[52=} b 4 YIS XA & Relative content/%

No. Compound name .ClaS.Si G134 G096
fication
30 Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-methylethyl)-, (1a,2a,50)- fig 2k 0.441+0.205 -
31 Butanoic acid, 3-hexenyl ester, (E)- IS 0.224+0.033 -
32 Butanoic acid, 3-methyl-, 2-hexenyl ester, (E)- MR 0.658+0.233 -
33 Caryophyllene [ 6.921+2.276  3.461+1.290
34 cis-3-hexenyl-.alpha.-methylbutyrate FES 1.742+1.699 -
35 cis-muurola-4(15),5-diene [ 0.632+0.198 -
36 Copaene [ - 0.034+0.060
37 Cyclohexane, 1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-, [1S-(1a,2 8,4 B)]- [1ES 1.126+0.289  0.130+0.055
38 Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]- [ - 0.128+0.022
39 Cyclohexene, 4-[(1E)-1,5-dimethyl-1,4-hexadien-1-yl]-1-methyl- [ - 0.085+0.043
40 Estragole ik 24 0.668+0.272  0.364+0.038
41 Eugenol BN 13.117+1.231 -
42 Germacrene D (1S 26.261£1.993  0.246+0.104
43 Humulene (1S - 0.361+0.144
44 Linalool &S 0.6290.552 -
45 Methyl salicylate (IS 0.219+0.015 -
46 Methyleugenol RS 0.347+0.082 -
47 T:igtalf)lﬁne, 1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2-(1-methylethenyl)-, [2R-(2a, % B 0.501£0.066
48 Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6-dimethyl-4-(1-methylethyl)- (1S 0.323£0.052 -
49 Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, (1S-cis)- (1S 1.802+2.283 -
50 Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-,[1S-(10,4af,8aa)]- (1S 0.294+0.011 -
51 Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-,[4aR-(4aa,70,8aB)]- (1S 0.233+0.008  1.554+0.676
52 O-cymene [ - 26.215422.712
53 Phenol, 2-methoxy-3-(2-propenyl)- [ES 6.998+0.001 -
54 Terpinen-4-ol (IS - 1.614+0.292
55 Thymol (1S - 22.375+2.070
56 Thymoquinone Jig 2 - 0.468+0.076
57 trans-B-ocimene [ 6.447+0.543 -
it 94.314 98.350

T =R AR B A A5

Note: — indicates the compound was not detected.
24 TEFHREESUSYEESTHRES T

ROAV JEPPAG 2 7 U o W R il B R 5T
FR R BE 1) G BREE b o T8 A TR AR U (AT
TR G134 h T &M 2 £ FANW RS
Yy, J5FEEE (linalool ) | o3& AN Al X -B-% ¥4
XA A WE TR, T T G134 T H AR
G096 HHIE ke BB EHE RS, AT
I | RBSp=AL I R LA Iy X R R SO W TR
SR AESE AR TR | R Il Y T - T AR R A
REBWEA RS ZEERMUT HR, &
LT T G096 TH A M T Ak (K2) .

25 TEHFHREMAZDH
TEY W ERY FACHA I R BoR, 2
T HD SRS el 1 094 FE LG,
A3 15 AR Hihii 2 m i £, y 278 Fif,
AL S AR R 1 25.43%, HIR A
FEERIERZE, 200l 17.57%F1 10.89%, HAH
AALEY) (nitrogen compounds ) | 2| 4231k
A% (heterocyclic compound ) . BEE . &R
(hydrocarbons ) . J5k& . FRZE . KM (phenol) |
i {842 ( halogenated hydrocarbons ), J&2%( amine ).
i b &9 (sulfur compounds ) 4L &4 (1K 3A) .
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PCA 73 Hr& R R, Fl—mA T &2 3 4
SEMEREE, RUIREM B EZ MR 410020
SRR EES, KW 2 A ah ik E AR

FiESEK (E3B) . HH G096 vs G134 HH2%
FE 784 Fh 22 AR, G134 2 82E SN
T (577 F) o, 207 FACEY B (K 3C) .

*2 TETHERXMEYR ROAV E

Tab. 2 Relative odor activity values (ROAVs) of volatile compounds in O. gratissimum

P45 HERMEY I fE EUR B ROAV/%
No Volatile compounds Threshold/(mg-kg™) Odor description G134 G096
1 J5 FE Bz 0.00240 AR, HE 1.42 _
2 AT 0.06400 EFEUS 0.59 1.95
3 HERLIG 0.16000 KR, WA - 0.08
4 y- AT A 1.00000 AT - 0.34
5 4-FA i 0.18000 AR, L - 0.32
6 T 0.00071 THEEE 100.00 -
7 3L T A5 0.06800 THEKR., RE 0.03 -
8 B fiki 0.00013 Tl A A 27.89 100.00
9 LB AE s 0.03150 WA & - 30.05
10 22 -B-% o 0.01870 B 1.87 -
11 A 0.03800 Y - 21.04
W R AR B AL A
Note: — indicates the compound was not detected.
2D PCA Plot
A B
Class
Acid (3.48%)
Alcohol (8.23%)
Aldehyde (5.67%) 40 -
Amine (3.57%) <
Aromatics (2.47%) N
s Il e 1 | o
er (2.29% .
Halogenatedhydrocarbons (0.27%) :1/ 0 G134/IM GO%*ZMGO% | © G134
Heterocyclic compound (9.42%) @] G.l 34 3M . - * G096
Hydrocarbons (3.93%) = -
Ketone (10.89%)
Nitrogen compounds (1.65%) —40 +
Phenol (4.48%)
Sulfur compounds (0.64%)
Terpenoids (25.43%)
1 1 1 1 1
—40 -20 0 20 40
PC1(85.19%)
]
% % %:\é § § ° *"7? &
%2 S S &
C D %, {%_‘3-%25 5 gL o
% &
o ey —;ql - comem %@%‘2?5\"‘5%% 5 §§ 4 .,;S\pn\'\
—_ LYy P.. ol""'b‘%’ om : oqipé N
B [T N P — o Yl %8 & S
E 09 1 02:2.7"3/ % T8 ; 9’3;@1“"’\ sy
= o bggppet K7 GM’-”""A 26
RS} [ Kiyy 381 ) . WO 2
£ o6 g Statistics s MO st ey Kooy
k=) | 4 - Up: 207 0433-16& Di93u;3,
g Lo * Down: 577 e 3514"2156‘, & 4 g‘g«wf%m«
5 B Insignificant: 309 Q‘ﬂ“‘;’\‘&z‘@ € %, 1012:’”12 56
I 0.3 | | | Q@ﬁg a’\"\q$ § E % %1‘9
g R a Sy ES % 25,9
£ H POOAE 5,
o Do FS8ss 25924, %
g L SSHEEIERILY
g : : §\o§$’ 5@0:5@6)‘9‘%",
I R ERAN
> 0 1 L : I : L1 1 5 g &‘3 °
-8 4 -2 0 24 8 =
Log, (Fold Change)
A BEEMEREYFIZ; B: PCA#r; C: %R AILE; D: KEEHE,
A: Volatile metabolite categories; B: PCA analysis; C: Differential metabolite volcano plot analysis; D: Flavor sunburst diagram.

B3 =RKEWSH
Fig. 3 Analysis of differential metabolites
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IR A AT LA 1) BH B3 Fh 55 A6 & % T 5 2 Wl AR J&: KO00940 ( KN EEARIHIEE ) o RINEEARHE

TRFHEM DT B, 52 R0 & sk G
3R, AT LAE— 2D b 3 T A 2 AR 22 5
)RR B RAC Y . A I X T &% i 22
SR T IR E TR IR R, KRBT &R
B, AR 2 Fh T 3 2 8 2 [F A Y R
fEFM ([ 3D) o T 7 % i Fh 2z 18] 59 .
FRFW b £, 44 200 Fhz SRR
TFE BB, ARG T &2 8
R 25 S e A o
26 KEGG @A

KEGG & EMIras R s, MikmER
R & £ 2 KN BRI & 72 ( phenylpropanoid
. 2RI AR R A &
%42 ( biosynthesis of various plant secondary
metabolites ) . il K AW/ N & B
( monoterpenoid biosynthesis ) . 2-5FACRER iR
1% (2-oxocarboxylic acid metabolism ) | ZJEFRHY
W4 A& 4% ( biosynthesis of amino acids ) 5§ 20
AR (K 4A) o HrpE SR TR B EN

biosynthesis )

A

I K 5 M AR, o 1 e Ay
i, 4 MESREYTHE, SR TEN
BUSFETEHL™YHZSR . G134 vs G096
AT UKW IR P (S B ISP S Y AW B EY a7
T A8, G134 Hry T A B AHA & 2 KT G096
KR -R R ( trans-cinnamic acid ) . T& 7 K
(anethole ) . 4-M N FEZEH ( phenol, 4-(2-pro-
penyl)- ) FIRUE i & 2 WRB T (K 4B) .
27 BREASERERESH
SRR ER, 6 T HED N A FE
Eh A RS 45 332 338~58 232 080 4~ raw reads,
IFUEJG 4> A5 5] 44 558 244~57 475 972 /> clean
reads 1 6.68~8.62 Gb [ clean base, I kEn4S
REIHA 0.01%, Q20 FitTE 98.42%~98.85%
6], Q30 FE7E 95.02%~96.31%2 8], GC & &7k
47.27%~47.69%Z 8], W5 S5 2 B804 o i 45 v
AT R R RR T (R 3) o MY
WoRHEMEE R (K SA) . G096 vs G134 1
Mo 54 936 ( LIHEER 27 220 i, R RIERHE

Biosynthesis of various plant secondary metabolites |- Group 1.4 Group
Monoterpenoid biosynthesis [ P-value ' 05 IGlS4_M
2-Oxocarboxylic acid metabolism |- Eugenol ’ G096_M
Biosynthesis of amino acids m 1.00 a
G and dicarboxyl ism | 0.75 05 “:: .
N is of secon o L enol
Alanine, aspartate andglutamd:rthetabolism L 0.50 trans-Cinnamic acid i Acid
Arginine and proline metabolism - . 025 Terpenoids
Ascyrbate an_daldzra‘te metaboh:sm - 0 Ether
Bloswmesﬁ:g::;u;ﬂ‘ﬁ:i C Count Phenol, 4-(2-propenyl)-
cs hed dibasic acid ism N
Carbon metabolism |- ®9
Citrate cycle (TCA cycle) | ® 16 Anethole
Lipoic 'acidmetabol'ism - ®
Pentose and glucuronate interconversions
Taurine and hypotaurine metabolism |- ® 30
D—Amino acid metabolism [ Estragole
Lysine degradation |- | | | | |
0.75 0.80 R(;.i;Sf 0.t90 0.95 1.00 O&%%&,?s ,,:Q@ ,bu?“ 6,?5 bf\ gb,?ts
ch factor FFF eSS
A: 225 KEGG @K EHE/HT; B: 2R HRIA.
A Differential KEGG pathway enrichment analysis.; B: Heatmap of differential metabolites.
B 4 KEGG#EEDH
Fig. 4 KEGG pathway analysis
®k3 TEFHHRHFRANFHERE
Tab. 3 The quality of RNA-Seq data from O. gratissimum leaves
S 1 2 Kb H By L R HR By B 2Lk S
FE & 8GRI e JoL it G i O St i i FETRF Q20/% Q30/% GC/%
Sample Raw reads Clean reads Clean base/G Error rate/%
G096-1 58 232 080 57 475972 8.62 0.01 98.81 96.21 47.69
G096-2 53522 730 52 640 056 7.90 0.01 98.73 96.01 47.27
G096-3 46 193 624 45592 580 6.84 0.01 98.85 96.31 47.29
G134-1 45 332 338 44 558 244 6.68 0.01 98.66 95.70 47.66
G134-2 54 556 914 53 732 500 8.06 0.01 98.42 95.02 47.50
G134-3 47721970 46 868 932 7.03 0.01 98.60 95.57 47.41
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27 716 Fl) Fhs R 5K (K 5C)

ik 569 460 4% unigenes X2 KEGG .,
NR. SwissProt, KOG, GO FI Pfam S5z /%,
DU 25 R0 50.46% . 71.78% . 50.92% .
39.39%. 61.99%F01 36.57%. K iE—L1FAG 2 F T
TX = R A E WA = T6E, AN 2R
FIRER AT T 2R EF M DIHE 16 (GO ) L
538 #% 73 A ( KEGG ) & 473 . GO J3 A4l 2R (K
5B) Won, SRR TAY SR (biological
process, BP ) | 414 i ( cellular component, CC )
4T 35 ( molecular function, MF ) 3 4~&47,
345 353 027 > unigenes #{IHKETF GO 72Ky,
AP R R R e R 2 0 o A R (cellular
process, 27 258 /™) , A9 4 Bl FE N B B e 2 10
A ff ) SEAR (cellular anatomical entity ) (34
695 1), o FIieh NG R Z NS S D he
FISCHEA (binding, 24 303 4> ) o fE2ZE R RIBL R
ARV R RA 32 675 2SR R, i

A 1.0

B
G096-1T | 1 099 | 096 | 067 | 0.68 | 0.68 [o,g §
(%)
0.6 20
G096-2T 0.96 0.66 0.68 | 0.67 o
- 04 -
[
- 02 2
G096-3T 1 | 057 | 058 | o058 E
- 0 Z
G134-1T 099 | 097 | | 792
- 04
G134-2T 0.99 —0.6
-0.8
G1343T 1 -1.0
=) ) e e
& & & &
C
300
200
=2
E Statistics
=  Up: 27220
80 « Down: 27716
_o] Insignificant: 38324
T 100
0 3 =
1 1 1 | I 1 1 1
-16 -8 42024 8 16
Log;, (Fold Change)

WA 34 873 =R HEHFERE, /- FUIie R A 34
180 22 R BRI

KEGG BHEL LB R, G096 vs G134 HEr4E
147 ZARHE B, Horb 8 25 5 421 20 R ARHHERRE
W OB BRI (metabolism ) MR . K%
= A= 9 & B ( biosynthesis of secondary
metabolites ) . Y& AW b ak [E £ ( carbon
fixation in photosynthetic organisms ) . %1%}
( carbon metabolism ) &Lz« (K SD) , #*
B2 e R R IR R E R ER
2.8 RGAMFRAKREDH

BT OB M) FEFERACEE AL S
¥ ( volatile organic compounds, VOCs ) , g%
SRR T &, AT =2 w0 T
FAEY & NGER . I 6A TTH, THBAEY
B AR N LR . T 6B AAl,
G134 vs G096 i fi8. 3 [ 1 2 VR R R P e A Qi
WA T B, MR -REERR . A, 4-

Alanine, aspartate and glutamate metabolism

D
Metabolic pathways @
Biosynthesis of secondary metabolites @
Carbon fixation in photosynthetic organisms
Carbon metabolism ° Q-Value
Glyoxylate and dicarboxylate metabolism
Carotenoid biosynthesis » 1.00
Photosynthesis 0.75
Circadian rhythm - plant 0.50
Nitrogen metabolism 0.25
Biosynthesis of amino acids . . 0

Pyruvate metabolism
Biosynthesis of cofactors

Q
)
g

Arginine biosynthesis ® 2000

Taurine and hypotaurine metabolism ® 4000

Photosynthesis - antenna proteins ® 6000
Porphyrin metabolism

Glycerolipid metabolism ® 8000

Glutathione metabolism
Sulfur metabolism

LN I B N S B B I B N N O B B B B

1 M 1
0.15 0.17 0.19 0.21
Rich factor

A: IRBMARZEST; B GO 43T C: 2RIl ; D: KEGG 848557,
A: Pearson correlation analysis; B: GO analysis; C: Volcano plot analysis of differential gene; D: KEGG enrichment analysis.

B 5 #REAHH

Fig. 5 Transcriptome analysis
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Fig. 6 Eugenol biosynthetic pathway architecture (A) and gene expression profiles (B)
7 TR E A T R B O U A S CCRFI 1 > CAD. ZHEHEEINTE G134 sk

2 MTEHEYMERRELFPSERE MM ik, DEILFETE G096 ik, Hik2E 53R
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G096 L, G134 HARN bR 12 i CHEHE A 4CL |
HCT 5 CCR MFEEHIEIMKT 10 5094 3%
B, HE 3 AN FEFE P PNE SR E R IR R G134
T B R R A% O I SRR AL

3 iTig

THRYMERNZ ., BWHEY, A8HEFZ
M ER Y, BT ES S EE AT
THEDE, 5T REE DA B 1 25 5 A
BTG S  SEAE R AR AT A ER K |
HES R AU, MO ok A ELPE Y S
i G096, HAHMEAIRS G134 ML, YWHAMHE
MTHER., —HEIMNEFEREZS, H G096
N TR ARG AN = A I A, T b 7 e 1
BRTRIR A — /BT, TS 20 5 B i e g 7
IR 5 W N B R RGE B AR A, BT G096 (i
Fh BRI E A BRI S 0B, A0 %A
K5 ENMENTEY #H(G134) #ET I,
it —2 2w R T H 2 R IR R R
=i

THEBEA R . PR PORTESEER,
AR L PEA S Y S AT AL, R R IR
MM TEHEE PN T HEHSEEFE KR, G134
AT E AT SR 13.12%; 1 G096 H 5
TR R A DA (26.22% ) , AL T 7l .
A W58 438 , BENITEZ 22 WEBHE L F Rk
FIRE S PRt T &l (43.2% ) . 1,8-FIM &
(12.8%) 5 p-BEtkdR (9.0%) ; SILVA 2R
T8 B VG ZE BT RL N T A L T A A X R
63.25%; 1 IR R B A G R T &2
WroE £, HEZEHEREASD N FE K
(76.96% ) , SAREVII LI T &2 8145 K&
HEAA YA B 25 a5 R — 5

HS-SPME-GC-MS # R34 H 1094 % K&
PEREY, Horp 784 RO 22 AR, KR8 2 P
MBHE R AR 2 AR B 2 o ik . AR TR
&, ERNEREE RS, T - .
Tl 7 A0 4= PR e 2 AR S i B A o A SR B 1Y
2SR . S I ROAV 43 M ik — 244 52 2= 1K)
R PEE S5 IRE TR A OCEE, B BT & WA
T B R X 3 2 5 R A DG B A R AR TIE o 25
Aeir, THEMAAE 2R 3= s %
, HAR GRS T HFRNZOYE, Hitk
LM T BB 2T &Y WRREE Y B e O

2SR .

A G 38 1o 7 S 21 A3 A B 2 R TN e i
1 LR 3 5 T AW A BAE SR 24 G
2R FRIRIEIN, G145 PAL . C4H . 4CL .HCT.C3 'H.
CCoAOMT. CCR Fl CAD, XL [EF LSt
(] 45 R TN 2 R B R T e AL B ) A k. e
H1, 4CL., HCT #1 CCR W IGYES T HWH LY
EHCEYIM G, 4 4CL AL = A= 1% 7 TBE-CoA
AT HFB N EERT Ry R, RN ARTRM
THEW AR A s HCT 3 o “Fis -1k e 2g 4
TEIN, KR 7 T E-CoA (BAFRIE ) B4k Ryl
MEME-CoA (2 AMFR3E, Hrb 1 Mg L) 5
CCR E N AR R T A R R IGH, HIRK
158 1) 25 S5 T g ELHEE M AR A 5T 1) T A I I R
ARFR T W W EALRR . AR T & EY G
AL 5 ANAND 2SI s S — 3, 41 L-
B SOSE AN 7y pi 5 G RITR 2N

ZELPTIR, AU EE AT 5 i Sk 41 Gk
ST R T AR N 2 v 240 Kk 22 S R R SE
B P R R B FEE B 1 4CL . HCT #1 CCR
5 SRRV B M T & A s e OER,
R B T W A A B A TR AL R T R
BARYE o AW ST R AR AL T 27 ) T A 40 A R
T RALHI AR, WAz A+ F Mgt E
B BE R N E S BIE S . R R I RET
FEEIL, U 4CL. HCT 5 CCR WZhRERAIE, JIf
G FhRic H B RR S, MEREEm T &
M 2 i T A A A o U 2 Ll
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