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HERVER Y Z A2 . FRERIEA R R, K2 EA A e P I E SR BAN X BGR . AN R AL 5
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RIS WEAR e AT LLAE 1l AN R AL b A AR B AT e e T ANSEE N JE SR A2 3
AR A€ 3 R o 22 AR A B4 R P P 70 4R PR B IR A AR

R LR, ZRMAUY; RS E R MR
hE>HKE: S685.99 SCHRBRIRAG: A

Differential analysis of volatile metabolites in different
parts of Bauhinia blakeana by using widely-targeted

volatilomics component
YANG Fang!-*, JIANG Bing-bing"?", LEI Jin-mei!>,GUO Cun-wu?, WU Ya-min'?,
LI Hong-xu'2, WANG Xing-hua'?, WANG Bai-juan'?’

'Key Laboratory of Intelligent Organic Tea Garden Construction in Universities of Yunnan Province, College of
Tea Science, Yunnan Agricultural University; *Yunnan Organic Tea Industry Intelligent Engineering Research
Center, Yunnan Agricultural University; *National Engineering Research Center for Applied Technology of
Agricultural Biodiversity, College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China
Abstract: Bauhinia blakeana Dunn. has both ornamental and medicinal value. In order to further explore the
volatile metabolites in different parts of B. blakeana, gas chromatography-mass spectrometry (GC-MS) was used

to identify and analyze the differences of metabolites between leaves and flowers. The results showed that a total



of 840 volatile metabolites were identified in leaves and flowers, which were divided into 16 compounds, such as
terpenoids, esters, heterocyclic compounds and so on. Differential metabolites were significantly enriched in
sesquiterpene and triterpene biosynthesis pathways. The results of principal component analysis showed that there
were differences in volatile metabolites between different parts of B. blakeana. The results of cluster heat map
showed that the enrichment of most metabolites in flowers was relatively high. There were 90 kinds of metabolites
with significant differences in different parts. In the leaves of B. blakeana, the higher contents of metabolite types
were ketones and aldehydes, while there were terpenoids and esters in the flowers. In this study, the metabolite
types in different parts of B. blakeana. were comprehensively analyzed and identified, which provided a
theoretical basis for the further exploration and utilization of the various of volatile components in B. blakeana.

Key words: Bauhinia blakeana Dunn.; differential metabolite; metabonomics analysis; volatile component

LIAEEWEH (Bauhinia blakeana Dunn.) XFRAVEEN . HUKHH], 2R FRiF EE
Y, DT EE R, AT E R A Uy A, 2 SR RO L — AN
PR, CTAREBE RS RN E R, AT R YELE, AR MRS R 2 B . A6 2
WA, HALR. B, WA K, S A KGR AR RS A, B
B RS A E A S ANMER), 2 A R M L, GRS a5+ 5
FIIE T R, A, GBflm, BAPUEENGER B BE. JIR. SRS 24D
WEEER, BbAh, ZTEEREE R MR W RS S EMEE Y, P, B
R T R SF DS,

TR RNED) B AR N & M BB SR I &Y, BAPENE R o4,
DS WP I TE 3 5 22 P 24 FHAR B o RELAIHE R M 1 2 ) 5 R AL Ji 5 LB B DI AR G, B %k
EEITI Fe af AN [R) AL S R AR O3 20 AT, 45 R TR I SR 2R 5 W BB A v 1) 32 2%
RAIEAAED, ANRIA LAY & A FAFPRIE R MRS Yi ST FUR I, RN FRB AL
FER MR B & B A, HoAp R R R, BRI SRR R BN R
PERGSY, TEBRZ. i AR AE U R A T AE T KR A E -

H AT E N I R RLLAE 0 B A kiE b, BB b T AR gl . SR
SEJTTHIISLA A SR LLAL B HAS R0 35 R AR A B 4 2 S IR I T R ARGE o 7T A 5T
KRR ZLGRAN R 2 i B 2SR AN o 3 88 B0 B s R o 1011 Lu S5V 78 R AL A
E AR KA . R R R i . v (R AT ER R S5 AN 3 I B AR . Shang
eIV N S NNAR S EE ot L DR RS IS L N NS SN B
ANEBAER Y . Ik, FIFAM G- (GC-MS) [ iZ $E QI 2 BoR % 5 H i 4
TE2E B SAE AR 70 22 57, IR NS4 S A6 2 5 FH b o B SR O R I 4y, R
B T B B TR 2 AR OB AL, R IR BT SRR R P 24 = B FR B U i S K
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PR AR R A T ARER A AR A T2 R RN AR AR AR I A R S
M RN A AEE AR IR A EARINIES . BRI T AT e 2 AE
YEGIHT, $ER AR R Y ARUTE R AR Ak, SRR I A bR 5, R 78 AR Pk o A 2 1
RSB R BRI o |2 $E ) A AT LA M A A RIS [ 7 b . AN [ b P 2 TR R AR ) 22
5. RS VPN REP JEURE K S AR BT U3 1415,

ARHE TR )2 $E AR L R, S8 I AT 2L 2 B R o e e I R A
W FEH 2 R 5 5 SR ARRAE , DR A2 30 A0 2078 2 3 FR S 030 49 R Bl o 48 AL B8 ik it
FBHE SCHE
1 R 55
1.1 #8

AR BRI 57 K55 Kk TR B € NAAEFER T (Bauhinia blakeana
Dunn.) 6], F-2023 £ 12 AR H oA BT EX =Rl R B . $hik 3 #rH4F
A At ELIE R BT (0 2008 2 B FORLAR R AR AT s O S0 mL B E T, BT
BTIRARIG, N-80 °CUKFETRAF . Horb, MR 14558 HFL. HF2. HF3, M
%5y HL1. HL2. HL3.
1.2 42515

GC-MS/MS 8890-7000D: i #+ DB-5SMS (30 mx0.25 mmx0.25 um) , ALHLSk 120 pm
DVB/CWR/PDMS , [ #H {4 2% B % & SPME Arrow, 1k %% ® Fiber Conditioning Station
(Agilent A7) 5 FALAN (ikal, [E25) ; Eok (Aifal, Merck) ; brifEfh (faikal,
BioBioPha/Sigma-Aldrich) .
1.3 ¥l

M-80 CUKF "R B HFE S AT A B, RIEIR A 5], BAFEARRELZ) 500 mg (A
ImL) FIZ A BN AEAT NaCl ¥, 20 pL (10 pg/mL) WARATR; 4 H 3002 fE
FHIUASHL HS-SPME BEATFEAZHL, LLfE GC-MS 7347
1.4 BIERIERESNH

HS-SPME ZHU( M 1 60 °CIHIR %4 F, #&% 5 min, 120 um DVB/CWR/PDMS #HY
SAHEARE ST, AR 15 min, T 250 °C F#EHT 5 min, SRJ5#H1T GC-MS 7085 % 5E
KAERTREBGLAE 250 °C R Z4L 5 min.

{03 21 : DB-SMS B4 #: (30 mx0.25 mmx0.255 um, Agilent J&W Scientific, Folsom,
CA, USA) , HA NmAA/ < (AiEA/NT 99.999%) , MHFAHE 1.2 mL/min, HEFEOHE
£ 250 °C, AZrdEtt, WAIAEIR 3.5 min. &7 FHE: 40 °CLREF 3.5 min, LA 10 °C/min FF
%100 °C, FFLL 7 °C/min F+2 180 °C, #/J5 A 25 °C/min F+% 280 °C, fR¥F 5 min.



ik S PR EE TR (ED , SRR 230 °C, PUZFHRE 150 °C, Bk M
IiE 280 °C, HLTRER 70 eV, 77 SR AN (SIM) , &k E &5 RS
i
1.5 HEALIE

T w4 (RPO EVHEARGIRA R B 24835 %E MWDB (Metware database) FIX 54
15 B A FHEE BRI — 205 S T Y5 7. 18 H Mass Hunter 8.0 0, Ab 2 57 1% it «
18 F) SIMCA 14.1 #3347 B 3543 7 (hierarchical custer analysis, HCA ). 3 {443 #T (principal
components analysis , PCA ) . 1E 52 f & /N = 3 7% H| 5] 73 #t Corthoonal partial least
squares-discriminant analysis, OPLS-DA) %, HAKZHH Zhang ZE07) 51k
2 BRES
2.1 AEFEHRPELMRTEE

183 HS-SPME-GC-MS *} £114¢ = il B AN [R5 A7 A 4% A B o3 BEAT Rl AN 234, ANZTAE
EREREE . IR KE 840 FHERIEAREY) (AR DD, RIEHALZEIER AT 16
R, HPiEZs, W, =R s, ARSI 56.9%.

R 1 AFBF PRI

Table 1 Classification of metabolites in B. blakeana

P& Class 4% Number &5t Proportion (%)
M55 Terpenoids 208 24.76
fis Esters 137 16.31
FIMEAEY) Heterocyclic compounds 133 15.83
J43% Hydrocarbons 66 7.86
i Ketones 62 7.38
fig Alcohols 56 6.67
% Aldehydes 45 5.36
77 )& Aromatics 43 5.12
% Phenols 31 3.69
g Acids 24 2.86
}% Amins 12 1.43
ERAEY) Sulfur compounds 10 1.19
EREAAY Nitrogen compounds 4 0.48
=fXJ& Halogenated hydrocarbons 3 0.36
fik Ethers 3 0.36
Hofth Others 3 0.36

M1t Total 840

2.2 PCA B IEHARE D

N T RRLLAE W T AN RIS 35 AR R 73 R 22 53t R it P A D 21 B 840 A AR Y & &
4T PCA 734 (LK 1A) , PCIfif#FE 1 IR 4G EE SR 1Y) 88.42% K51k, PC2 fifkE 1 IR dn Kt
BRI 5.84%KF M. HAPZLAE B H 3 MESHFEMD (HE) « 3 AN s (HL) A1 3 iz



FEdh (QC) 73 MIBMSLRAE i, ANFEALFIREAAS RIBF 70 B, Ul W 20465 3 AN [ Ao
HERANE Ry Z AR ZE 5

FIHH—4LT7i% UV Cunit variance scaling) XA ¥ & BHIEBEAT AL BE, XA 5
WAREREAT R (LI 1B, FEANFIM AR, i #E R M ey T B2 L 18
pAUKE, FESAERNE R > B PR TR, ML S

— 1 OUp
A D PCA Pl B E— Z-score Group  Class
2D PCA Plot = 3 EHL [ Tepenoids
Group ! W HF  Helerocyclic compound
® HF S 2 Ester
HL I Alcohol
oo = L
QX L. | Hydrocatbo
- o Aromatic
s — Acid
X — B 1 Phenol
;C’j 0 ey b Amine
i Sul fur compound:
— -2 I Ether
: = Nitrogen compounds
& gﬁ—ﬁ I Halogenated hydrocarbons
-50 - —]
— —
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=
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Fig.1 PCA and hierarchical cluster analysis

2.3 OPLS-DA 43#f

K FH IE A2 fh £ /N — 340 50 23 H (OPLS-DA) MERIXF L1 18 2 B F vt o JE 2T 2 5%
R (VIP=1) , WIHALLAE 0 B AN [R) B AL 1A% R PR B 20 1 22 1 10 . 72 OPLS-DA
oy LB 2A) |, W TR E 55— RS i R AR Ry B, R B R 5
PRI 2 0] iy B 25 22 5. A4S OPLS-DA AL 4 (WK 2B) , R2X. R?Y. Q*fE
NBR BN S H, Hb R2X, R7Y 203 R X, Y FERE R, 02 R B T3
MEEST. RZX N 0.742, R?Y%TF 0.995, Q2% 0.901, FAInlsE, H 0?>0.9, K%

RER AR e, TR A3 B VIP B BEAT 22 R ARSI it
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Fig.2 OPLS-DA analysis and model verification
2.4 LITEFERANERBALA M=o
73 9] INZAE - il BN [A) B 2 o s A A R B Bl 2 I =R & &
i 5 AR (3 2) .
# 2 NEBALHREHEE

Table 2 Metabolite content in different parts

A Leaf {t.2% Flower
\ HIR A R HR AR
W42 B h
Relative Relative
Class WA Compound X&) Compound
content content
(%) (%)
NE-1,2,3a, 6-PUHH-3RK
[c]5#i-3(3aH)- i
4-C%-3-H 4-Hexen-3-one 14.26 ) 1.31
Cyclopenta[c]pentalen-3(3aH)-on
e, octahydro-1,2,3a,6-tetramethyl-
2,2,3- = H BT AR
T 4.13 4-CU%-3-8 4-Hexen-3-one  0.60
2,2,3-Trimethylcyclobutanone
f Ketones - .
4B 3T A7 -2 - 045 1-(3-F2#3E)- 4. 033
3-Penten-2-one,4-methyl- . 1-(3-Hydroxyphenyl)ethanone, '
3 ’S_q‘JE :ﬁ(ﬁ%
0.23 1-#3&-1-/% 8 Valerophenone 0.27
3,5-Octadien-2-one
(E,E)-3,5- —Ji5-2-Ff 1-23E-1,2-4 —
0.23 0.26
(E,E)-3,5-Octadien-2-one 1-Phenyl-1,2-propanedione
4- WU R RS
i3 2-CUARE 2-Hexenal 6.33 - 121
4-MethoxycinnamAldehyde
Aldehydes o
(E)-2-C\J5lE (E)-2-Hexenal 6.33 S -4-F A Tk PR I 1.21


https://www.guidechem.com/encyclopedia/2-2-3-trimethylcyclobutanone-dic286641.html

trans-4-MethoxycinnamAldehyde

C\#% Hexanal 4.78 (E)-2-C.J#lE (E)-2-Hexenal 0.26
3,3- T2 ANT B
Butanal, 3,3-dimethyl-2-oxo-, 1.27 2-C )7l 2-Hexenal 0.26
hemihydrate
(Z2)-6-L1#% (Z)-6-Nonenal 0.25 (2)-6-T-i% (Z)-6-Nonenal 0.23
2- 3P i R T B
2- W PR .
3.79 2-Ethyl-4-(2,2,3-trimethylcyclope 3.58
2-Furanmethanol
nt-3-en-yl)-but-2-en-1-o0l
(2E4S,7E)-4- 53 %E-1,7-—
FHBLIAZE-2,7- I
i 13-T A 13-Butanediol 224 - . 115
(2E,4S,TE)-4-1sopropyl-1,7-dimet
Alcohols
hylcyclodeca-2,7-dienol
2,3- 7 —J¢ 2,3-Butanediol 2.24 2-IkM B 2-Furanmethanol 0.16
2-(4-LHEREH)- O
2-Efi¥ 2-Hexanol 2.4 S 0.08
2-(4-Ethylphenoxy)ethanol
(E)-3-C\}% (E)-3-Hexen-1-o0l 0.18 2,3- 7 [§% 2,3-Butanediol 0.08
(2)-3,7-— W H-2,6-F _fi
. _ FEPR-2- - TR
B-URMi p-Pinene 0.61 . _ 8.90
(£)-3,7-dimethylocta-2,6-dienyl
2-methylbutyrate
e e
4 0.61 MW\ L Ledol 6.17
(15)-(1)-p-Pinene
(2)-3,7- = 3-2,6-F )
BEFg-2-HIHE- TR 037 KAREF M B 0
[ (2)-3,7-Dimethylocta-2,6-d . Germacrene B '
Terpenoids ienyl 2-methylbutyrate
(3E,7TE)-4,8,12-= 3+ =
-1,3,7,11-PU%5
a-Z M o-Curcumene 0.36 . . 4.42
(3E,7E)-4,8,12-Trimethyltrideca-
1,3,7,11-tetraene
1,2,3,4,4a,5,8,9,12,12a- 5
o LA FUERSEIR S 1.2
RI5If Perillen 0.34 3.94
3,4,4a,5,8,9,12,12a-Decahydro-1,
4-methanobenzocyclodecene
AR 57 IX I Isopentyl formate 2.95 KHZ OIS Hexyl benzoate 7.97
(E)-2- i JE-2- T e o 1 e 0.64 (E)-2-H3-2- T MR oK P I 0.50
Benzyl tiglate . Benzyl tiglate .
-IR-2-W TR T M R R I
fis @ ! 0.37 ! 0.4
E (Z)-Pent-2-enyl butyrate Benzyl angelate
sters
AR 2-F2 LB R R T
0.32 0.19
Hexyl benzoate 2-Hydroxyethyl benzoate
PIARTR FF AL 2 1 (2)-1%-2-4% T B T B
0.27 0.17

2-Methoxyethyl acrylate

(Z)-pent-2-enyl butyrate



https://www.chembk.com/en/chem/(E)-3-Hexen-1-ol
https://www.chemicalbook.com/Search.aspx?keyword=(Z)-3,7-dimethylocta-2,6-dienyl%202-methylbutyrate
https://www.chemicalbook.com/Search.aspx?keyword=(Z)-3,7-dimethylocta-2,6-dienyl%202-methylbutyrate

5- 3 e e T(1LH)-WRE A

o 1.15 o 2.25
S—Methyloxazohdlne 7(1H)-Pteridinone
FR IR IR AR 0.93 2-F AR JE-3- F L b s 121
2-Methyl-3-furanthiol . 2-Methoxy-3-methylpyrazine .
3,5- M- 1- 3R 1 2- V4 Fk-6- P k-t g
LAY 3,5-Dimethylpyrazole-1-carboxa 0.68 2-Methoxy-6-methylpyrazin 1.21
Heterocyclic midine e
compounds 2-TN3E-FRIR 2-Propylfuran 0.45 fi 2 FLERIN  Sesquirosefuran 1.14
4- B E-3,5- L2k
I FR R P
13- 2H- -2 ’
0.42 Methyl 0.90
Oxindole )
4-acetyl-3,5-dimethyl-1H-pyrrole-
2-carboxylate
15 A mH HLeaf ®{EZ4:Flower
2 10 A
il &
41 8
4= O
22
=
% 54
0 A —H=
A B C D E F G H I I

B 3 [l —F B R RRALH AR SR
Fig.3 The relative content of the same metabolites in different parts
E: A: 4-C)6-3-F; B: 2-CHAME; C: (B)-2-ChilE; D: (2)-6-L8; B: 2-PKIHEE; F: 2,3-T
G: (2)-3,7-"WHE-2,6- % “IHENR-2-PIE- TR H: (B)-2-H2E-2-TIRIRE TN 1 (2)-I%-2-0 T IR T 1
Jo R C N
Note: A:4-Hexen-3-one;B:2-Hexenal; C:(E)-2-Hexenal; D:(2)-6-Nonenal; E:2-Furanmethanol; F:2,3-Butanediol;
G:(2)-3,7-Dimethylocta-2,6-dienyl 2-methylbutyrate; H:Benzyl tiglate; [:(Z)-Pent-2-enyl butyrate; J:Hexyl

benzoate.
HHEE 2 AR 3 wTan, A AR A & R B2 T . BERTEESRAL B, AN S B
AR = 4- O 0-3-T,  JLAEA 2 T AR 44k TAUsRE T iz Figlis19200, ko

2-CUARRERI(E)-2- T, b (B)-2- QRPN 1 &2 B2 R7E . Je2eh AR
RS BB R R BERARE &1, M & B R R AR Y5 (2)-3,7- — 1 3-2,6-

FTIREACE R ClE, HE AT S B S T A
2.5 ERRIEYTHIE


https://www.chemicalbook.com/Search.aspx?keyword=(Z)-3,7-dimethylocta-2,6-dienyl%202-methylbutyrate

2.5.1 2R Rt 541
WLLAEF B . T2 TR, 3 411 D ZE R, Horb 49 MR EiER
ik, 362 MUY R AERE (R 3) , ZACYI LR AEG S B8, 8. M a .
M A EA2 2 A AR 2
R 3 RGBT ZRRIEE R

Table 3 Differential expression of metabolites in different parts

MR ovs fE2e
B3It Leaf vs Flower
Type Jst i T
Total Up Down
5 Terpenoids 132 4 128
AW Heterocyclic compounds 73 6 67
i Esters 56 11 45
% Alcohols 27 6 21
il Ketones 26 4 22
% Aldehydes 23 6 17
J&2& Hydrocarbons 21 2 19
F5 )& Aromatics 13 2 11
2 Acids 12 2 10
% Phenols 12 2 10
i Amines 6 2 4
EAAY) Sulfur compounds 5 0 5
fif Ethers 2 1 1
ERMNAY Nitrogen compounds 2 0 2
=fXJ& Halogenated hydrocarbons 1 1 0
HAth Others 0 0 0
2t Total 411 49 362
252 B F £ AR5

4547 P-value fH, 3200k th AN [ R AL 8] ) 4 2% 22 52 AR, AN P-value<0.05 X
W R WE 4 R, W 580 S 2 AU AT 90 > (B 25 A~ R
65 ), ZAAEET 20 Z RS (LK 4 Ak 4) o w5 2= R HEE T 20 1
AU 9 N R, kiR, A 8 .



g, P-Value
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Fig.4 Significant difference in metabolite volcano map
& 4 ZRAEHET 20 AEY
Table 4 The metabolites of the top 20 fold change

. ViaEay
P am Ak
8 Molecula  #))fi5rZ Class  loga(FC)
No. Compound Type of change
r formula
4- P AUk A R R
1 ] CioH1002 % Aldehyde -8.65 A
4-Methoxycinnamaldehyde
Ju PN
KIHUEY)
2- FAE FE-3- FH LN 2R ] .
2 ) C6HsN2O Heterocyclic -8.65 A
2-Methoxy-3-methylpyrazine
compound
3 W\ ZEE Ledol CisHO i3S Terpenoid -8.68 T
KIUEY)
4 7(1H)-WRWERT 7(1H)-Pteridinone CsHaN4O Heterocyclic -8.71 T
compound
2-3F A T
5 2-Ethyl-4-(2,2,3-trimethylcyclopent-3-en-yl ~ Ci4H240 Iz Alcohol -8.76 T
)-but-2-en-1-ol
6 a-Fi7T}5lE Caryophyllenolexcloveleafoil ~ CisHxO i35 Terpenoid -8.78 i
J\E-1,2,32,6-P0 FBE-3R % [ c] -3 (3aH)-
7 filii Cyclopenta[c]pentalen-3(3aH)-one, CisH240 fii] Ketone -8.78 T
octahydro-1,2,3a,6-tetramethyl-
(QEAS,TE)-4-FH3E-1,7-— IR ZE.2,7-
-y
8 ) Ci5H260 i Alcohol -8.79 A
(2E,4S,7E)-4-Isopropyl-1,7-dimethylcyclod
eca-2,7-dienol
(1S,4aR,7R)-1,4a- — H FE-7-(F5 )
ﬁ)- 1 ,2,3,4,43,5,6,7-/\%%
9 N CisHas 5% Terpenoid  -8.92 T

(1S,4aR,7R)-1,4a-Dimethyl-7-(prop-1-en-2-
y1)-1,2,3,4,4a,5,6,7-octahydronaphthalene



10

11

12

13

14

15

16

17
18

19

20

1-FFSE-4-(1- FFRE £ 0)-FF B L Wi
1-Methyl-4-(1-methylethylidene)-cyclohexa
no acetate

LERFA TS Terpinyl acetate
5,8- . 2.3+ "t Dodecane, 5,8-diethyl-

1-(3-F2 2K 5E)- 2
3'-Hydroxyacetophenone
1-(4-H R IE)-1- 1%
1-4'-Methylvalerophenone
KM (-)-p-Longipinene
(IR, 3aR, 4aR, 8aR)-1,4,4,6-JU 3L
-1,2,3,3a, 4,4, 7,8- )\EIR K[ 1,414 T7[1,2]
/S
(1R,3aR,4aR,8aR)-1,4,4,6-Tetramethyl-1,2,3
,3a,4,4a,7,8-octahydrocyclopenta[ 1,4]cyclo
buta[1,2]benzene
(H)-7-F- 152K (+)-7-epi-Sesquithujene
A-FARHE (+)-a-Funebrene
(1R,3aS,4a8,8aS)-1,4,4,6-PU F 3
-1,2,3,3a,4,42,7,8- )\ AR [ 1,414 T [1,2]
x*
(1R,3aS,4aS,8a8)-1,4,4,6-Tetramethyl-1,2,3,
3a,4,4a,7,8-octahydrocyclopenta[1,4]cyclob
uta[1,2]benzene

4- 52K 4-Hexylphenol

C12H2002

C12H2002

Ci6Hsa

CgH3O»

Ci2Hi60

CisHaq

CisHx

CisHaq
CisHn

CisHaq

Ci2His0

fig Ester
fig Ester

JSEN
Hydrocarbon

fiil Ketone

fiil Ketone

52 Terpenoid

52 Terpenoid

M52 Terpenoid
3% Terpenoid

52 Terpenoid

%} Phenol

-8.97

-8.97

-8.97

-9.18

-9.51

-9.82

-10.07

-10.07
-10.07

-10.07

-10.59

A

A

A

A

A

A

A

A
A

A

A

2.6 ZRR Y KEGG E&E

ZE S AHE AR A IAER], TERRA R RE RS . M KEGG udfs 22 %t 7= A it
R IR, ARYE 2 RS R, #E4T KEGG s &, Wi 5 fox, Z7 N7
TR B ARAE R A =il AR5 B AR (P-value<<0.05) , 5 7 Fh 22 mARE M (3R

5) YINwERAEY), A RTE e b N ERE, B KR o-HAME L e TR IR

KIBFHWE B AT 3,7,11-=H3-1,6,10-+ R =15-3-F2 . (E)-1-H F-4-(6-H 3 e

SS-Hf-2- P AR B -1-0 .



Sesquiterpenoid and triterpenoid biosynthesis - .
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Table 5 Differential metabolites enriched in sesquiterpene and triterpene biosynthetic pathways
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