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MWE: NIKBUTIEE F(Cymbopogon citratus) PG G W) K HoA B RME B, CLIE® A K A T A7 & 2 dod- it
Bh, AT 2R e 245G qRT-PCR BAE /i AR I 25 SRR, P& B &k 253k 23 F, B 48 Hims 4 .
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fitf(c64786.0) K IEUFAH < » qRT-PCR 23 #7138, MR T 4 4 FPKM {8 2 57 B B [ hE 28 & BRI IR ik 1 AL i 34 5 % el
MFER—, EARGHRBERNNERREEALEER. FHt, FEEFIE 4 352k 23 Fidb 6 27 286 it
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Effects of Shading on the Production and Synthase Genes of Terpenoids in
Cymbopogon citratus

ZHANG Shaoping', QIU Shanlian!, HUANG Huiming', LI Heiming', LI Zhou', JU Yudong',
ZHENG Kaibin?*

(1. Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou 363005, Fujian, China; 2. Agriculture Ecology Institute,

Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Abstract: In order to obtain the information of terpenoids and their synthase genes of Cymbopogon citratus, the
changes in the transcriptome and metabolome of young leaves under light and shade were studied, and the
expression of terpenoid synthase genes was confirmed by qRT-PCR. Metabolomic analysis showed that C.
citratus contained 23 terpenes, including 4 monoterpenes, 4 sesquiterpenes, 8 diterpenes, 3 triterpenes and 4
tetraterpenes. The relative contents of ginkgolide C and astaxanthin under shade was higher than those under light.
According to transcriptome sequencing, there were 24, 49 and 58 genes encoding 4, 11 and 12 synthases involved
monoterpene, diterpene and sesquiterpene and triterpene biosynthesis pathway, respectively, in which the relative
expression of 8 genes encoding 6 synthetases significantly increased under shade, but that of premnaspirodiene

oxygenase gene was just reverse. The expression patterns of four terpenoid synthase genes with significant
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difference FPKM values under shading by qRT-PCR was consistent with the transcriptome sequencing results,
however, the differential expression of different synthase genes were different. Therefore, it was suggested that C.

citratus contains 23 terpenoids in 4 categories catalyzed by 27 synthetases, which are encoded by 131 genes, and

light intensity affects the relative content of 2 terpenoids and the expression of 9 synthetase genes.

Key words: Cymbopogon citratu; Terpenoid; Synthase; Transcriptome; Metabolome

F145 7 5 (Cymbopogon citratus) XFFFF R &
FHEEFEFE, NAAE(Gramineae) & & £ H4E
S AT B AR AR 732 A T B B R WA
S, hEARE. TR T s SHa R
FriGE o B WA A S, ATHRIE ARG O,
B op R R B R R R R R PR, A
AR, Pk, &FWiEss, FTREIIAL IR
PR 15 SE T RLEO, i 2 L s AR SR B e I
KA, NART AR FE IR AERG ™
Y, #E 215 55000 Z Rl BERAER ) A
AR R S B ER, #E HR)ET
(CHI R MH T IPP (7R J% B IR) S e 7y
& DMAPP (- H B0 4 25 W) & s mi >k, %
B C10 Hii. C15 fi52fHh. C20 . C30 =ik &
C40 ZKiHE M FREAAWI. B RIR
T 41 5 1 JE SE R R IR 1) R R IR IR I 12 (MVA
IBAR) G A i A ) LA Tl R 1 P O I B PR O
FE(MEP #4%) 2 Fh, A saih, i fIRiAs MR
SKVRT MEP i@ 1%, A% A =5 R I T MVA &
U0, RERN AT R E 2, HAEE BT &
FHOCHG R R th 2 P 2 AR 07190,

FAXNEHED, BEASHE TAEKER
HE RS, BAU &M F A B EFK, HEA
F A LI [ IR B T A 5 il S oy S L B 2
Foo A RE R T E R R ML) $2 B R H
B S TR BP0, AR SRR E £
ANE RSB 50 BT 1 PR B B gy 22 S B R 12240
R A 5] — AR & 50 BT AN [ B B i F B
AN, SRS R G B R A R AT
TE22 R 25270, ghAh, 3R A WA G R R S A
BT DA A e . AR DK AR A KA
BEF NG, LR AKARE &5 60%1E FH
DR SR of B, e a2 A DUl 5 B AR R Ay, RIS
GG s N, o0 W A AU AH DGR E [A]
NIE— B AT A S AR A R B R TR AR
WFFEAT T R A7 Al

1 MRATT %

1.1 K

I T8 A 5 (Cymbopogon  citratus) J 45
AWM E AR, T 2021 4 3 H 9o HF
TG, Hh— il E KGR R 2L, 5
— il B K B S5 R 60% RN . 6 H i
BUANFIIASE B AR 2 AU AR5 6 4y, BT
NREH 280 CIUKFEIRAEH -
1.2 ARIETAEA I B i 2K 43 0

BOEIRRE RS T AE K IEF W% 3 0, &5/
VST EEATAL: Scientz-100 F)J& #F B (MM 400
WEEEAX, Retsch) O AR s FREX 100 mg ¥y RIE T
0.6 mL 70% F EEHEER, 4 C FCE 10 h, HiAH
JiE 4~6 ks BOHL ISR LIS I8, S8R
TR A, T v OB i B R 1
(UPLC-MS/MS)R 43 #1280, J6F H I &R A IR
N E B E MWDB (metware database), R 2%
TEAF 0T 6 ANEE it HR IR 28 B A3 HEA T R TR
BT, WAL S ARG B 3 (P .
1.3 BEFHEM P K24 BBg ik

K H Trizol VAFREUA ST 21 RNA, 3743 cDNA
J& #EAT Tllumina HiSeqTM 2500 %35 410 5 b $icdhs
AT, & KEGG #E PRV RESRAT i . s i
Fei A = A R R B A B RS R
1.4 ZRFEERFEF qRT-PCR BE

FHERS: FH1-D)ZERGRRS: 7 1-DFEAZ
BESALIN 7 3RA3 1 A RNA, FEBEAZ R 5 (B
TE ¥ (scandrop 100)ill 72 OD & - K&l 4% J5 K- FH Aidlab
A [ FOR A S (TUREScript 1st Stand cDNA Syn-
thesis Kit)#EAT S s, MR B i sl n) b IO
A R0 I L 5% A B 6 IR BB B 4 5 cDNA, BAJL
AR, JEAT 4 22 Rk B R IR 2R G R R A
(HRF8 2 S 2EL 0 e 45 SR v FPKM {H)iE4T qQRT-PCR £6:
W, AT 3 Wk, BCPIME . BRI L
SIMFFI AR 1.
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1 JOLER PCR MM 5 N EER K HEIH

Table 1 qRT-PCR primers for 5 selected genes

oy | 751 Sequence (5'~3")

ID Gene 1E[H] Forward J2 1] Reverse
C99566.2 WBEEK Actin TTTGACATGGCTGTTGAAACT TTGGAAATACCCGACTGAAGA
C102703.0 BB AR Neomenthol dehydrogenase GCAGTTTGTGTAACATTATTTCC ~ CTGTGGTTATCTGATTGTGATG
C102697.0 5% % 2p-AN%HG Gibberellin 25-dioxygenase GGTAAGGTGTAGAGAGAATGGTA AGGTGAGCTAGATGATGAGATT
C64786.0 R 25 )@ %8 Premnaspirodiene oxygenase TGCAGCCAGTTGTCATTG TCAGACAATGGCACACATG
C91185.0 BB AUEY Farnesol dehydrogenase CTGTGGCTCAAGGAAGAA CAAAATCCCCAGCAATGTC

S5 B

2.1 RBARABERLEY

AR AU LA G IR S 3BE BA T A AT R A =
ARB AT SR 7 S HARRT S B . 4R
W1, RSP AR 23 B, R AREE . RS AY

R 223 b RAL A IR

Table 2 23 terpenes and relative content

%% 4 Ff, s 8 B, =il 3 e JERHTR BERAER
AR C AU RESREN T ZARR & B =, M ARBESRE
JRII AR & BAE AR DA ST FREmANK, JCH AR

N 2R I R R R PR R AR & 2 S A
BHE o 4 P A VE S AR & 2 i 2R O o-%

i A SR CMREE . AR a- IR 2).

Tk ) ey XS & & Relative content
Terpene 1D Compound YR Light J#FA Shading
B pos_102 a-Z ) a-Ocimene 439 497
Monoterpenes pos_299 A 8KV ZFE Dehydrologanin tetraacetate 4.25 4.82
pos_547 FETERE Nerol 1.96 1.70
pos_406 a-JR M o-Pinene 0.23 0.37
5 2l pos_233 SR M EE-5-4% Isolongifol-5-ene 11.97 7.80
Sesquiterpenes pos_465 1L JE R EEREER Farnesyl pyrophosphate 0.22 0.01
pos_585 JAHEF 2 Fumagillin 9.78 7.51
pos_619 #i2 M & Thapsigargin 1.10 1.40
I pos_382 A W C Ginkgolide C 0.45 1.90
Diterpenes pos_604 M IEE B Geranylgeraniol 0.09 0.13
pos_740 AW EE B Ginkgolide B 0.45 0.19
pos_908 RN EE T Ginkgolide J 3.32 424
pos_244 VHHFLNEE Eremolactone 6.80 9.50
pos_194 F IS Neocembrene 4.69 4.94
pos_467 11-MAAL B EE 11-cis-Retinol 1.42 1.49
pos_563 O- N #EE 9-cis-Retinal 61.88 86.00
= pos_386 FIHHER Oleanolic acid 4.05 5.40
Triterpenes pos_703 IR Maslinic Acid 0.48 0.19
pos_854 EIRZ A Zadirachtin A 2.57 261
Vi pos_766 IF7 & Astaxanthin 8.62 11.43
Tetraterpenes pos_200 S M2 Deinoxanthin 106.78 187.44
pos_201 VUM AL 2 Tetradehydrolycopene 60.86 98.02
pos_31 i DLEERH Pectenolone 104.76 120.95

2.2 WEREHREEEREE R

s HM PP Jm 22 KEGG Bl R, AT A
T LA R AT AT =0 A R AL R T
2.2.1 ﬁmﬁi%/\ﬁk@iﬁlfm B

R A N B RIS A IR 9 K

TR LA v 1 I A S 1 13 S SORRBE DA 5 4
WA A I Y IR SR A L B 1 SRR GGR 3). A
GRS, FRIENG] e 5 s 58 RLMIFL 5 PN I B 48U A L
@ﬁﬂ‘ﬁﬁ%k%ﬁ]@ﬁ, 75 PR R AR X R IA Y
B TR VR A A S Y 13 S R A 0 2R
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Table 3 24 genes encoding 4 kinds of monoterpene synthetase

X+ & Relative content

Kepnal il
Synthetase D J&I Light R Shading
FRILNG|WE S B Carboxylinalool synthase ¢77915.0 0.13 0.24
c131821.0 0.00 0.15
€92765.0 0.16 1.22
€32922.0 0.16 0.00
c121120.0 0.06 0.19
c96981.0 0.62 0.49
¢82097.0 0.04 0.09
c127254.0 0.09 0.14
¢74933.0 0.06 0.15
B S Neomenthol dehydrogenase c103848.3 437.31 274.14
€99870.2 148.56 205.25
c100213.2 67.90 37.10
€97092.0 47.48 36.76
€99870.1 17.22 24.92
c103902.1 12.49 17.22
c102703.0 1.32 13.13
c64263.0 1.19 0.86
€50721.0 0.38 0.58
c11431.0 0.26 0.04
c105314.0 0.20 0.00
c132947.0 0.00 0.22
c77327.0 0.00 0.88
F5 e B Linalool synthase ¢102320.0 117.76 42.68
AT PG SR AILEE Nepetalactol monooxygenase c10745.0 0.00 0.21

BHZLE, H c102703.0 BEFEEGE TR EE
B ER TR AL
222 AV R R B

S AEYIA B LA AR R 28-BUINA R 1 26
MNFEHEE . WA G ) 5 M ERIERER . F
NSEALIEFRALEE . PR P BE-o & B X AR B3R 20 A
POBER 3 N FEEER L DL SEAZ M R B I A il S — H
Tt =R DU A Bl % 2 DNRIEHER . M 11-5210
B SLPRSE REER A . A AR BRI R
EREES 1 AN ER(FR 4). XTECOGIRIRES, R R AR
2 2B-NUINERE(c102697.0 F1 ¢99152.1) WA
A i (c100000.0 A1 ¢100759.0) FK N Fig-o & R
(c102803.0)F1 DLSEAZ I TR BNl (c96273.0)55 6
A O R R AR N R IA B R AR
2.2.3 {5 A = hE AR ) A L R A

135 20 5 R0 =0 25 B RS L RS AR A 0
R 16 N EIGEH L ERE B A R 15 KGR
IR B AERURE & R 13 AN FREE A | VAW gL
TEIRVEWE SR AL BRI 4 NSRRI RUZE N

AR 3 AT VR B R A BT 2 A Fk
Rl P SRR G . CIME s S . g e
W56 B - K I B R LA S D Ya R I 1,3- 5%
LW 1 AN 5)o RARE A Rl S0 B
A B RS AU A A 55 B A A K R SR A,
E K 22 5035 DR A5 ' I R 38 BH B0 15 1 A G R 0 = 3
RIG, HAFIEEFREWEERR . 5z mn
AN (c64786.0)TEIGHRIREE N A Ik & 5 vy, vk
Je BE S (c91185.0)1E 6 R R BT A X 3k & 1E
UFAH I o
2.3 ERRIEEFE qRT-PCR

XoF EE G JERIEE B T A7 A5 B 5 00 3 s 2L T &5
B, Phik FPKM HZ R RK 4 NS 586 51
B 3L R HEAT qQRT-PCR A, 455REKH, 4 DMikdss
ol TS TR TE 6 HR RS B R I R I8 fa A 5 # A 1
FPKM {H&5 R 5, {H 2 el gt F 2= 7 RA 55
FEEZE o T ZE I I 4E BB (C64786.0) B PRI LE G R
W RIS &, Al 3 AN e 2 H e I
W N RS E 1).
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Table 4 48 genes encoding 11 kinds of diterpene synthetases

AR AR =
& it i iy Relative content 4 S Relative content
Synthetase 1D SR SEE B Synthetase 1D DI Bligu]
Light Shading Light  Shading

TREE 2 2B-BUIN4E c87577.0  44.92 57.08 | FREER 2p-XUINERE ¢55591.0 0.00 0.29
Gibberellin 23-dioxygenase 993721 18.56 27.03 Gibberellin 2f-dioxygenase 80797.0 0.00 022
c102697.0 1036 15678 | VeI ki c100743.0 6331 24258

965181 563 1257 | Kaureneoxidase 981620 224 329

c99152.1 0.86 3827 c100000.0 096  22.75

€97349.0 0.83 2.63 c100759.0 021 1234

c102628.3  0.73 0.72 ¢57821.0 0.00 0.57

c103709.1 0.57 0.44 | S IR ¢86240.0 0.36 1.65

94641.1 0.49 0.83 | Isokaurenc hydroxylase c54586.0 028  0.13

€92754.2 0.34 0.04 c139798.0  0.00 0.11

c78392.0 0.33 0.68 | SLKAREE-o 75 c102803.0 038  13.20

1003521 025 020 | Momilactone-Asynthase 1130490 022 0.13

¢86469.0 0.25 0.00 c125027.0  0.00 0.35

c60524.0 0.23 022 | AREZE 20 AL c94371.0 899  34.72

89060.0 0.19 122 | Gibberellin 20 oxidase ¢85009.0 531 0.88

€50538.0 0.14 0.82 ¢87176.0 3.61 0.98

¢65230.0 0.14 0.12 | WFEAZSmmR s in A hG €96273.0 090 11.74

238860 0.3 000 | Kaurenoicacid monooxygenase 618240 000  0.59

c86017.3 0.12 0.00 | =HEE+ =S kb c103983.0 3797 664
¢74630.3 0.09 052 Trimethyltridecatetraene synthase ¢113350.0 0.00 0.58

c95805.0 0.00 121 | =M% 11-¥21LE§ Diene 11-hydroxylase c104954.0  6.47 132
c74482.0 0.00 0.87 | LTI ZRERR A B Copalyl diphosphate synthase ¢/03233.1 1.10 5.51
c106054.0 0.00 0.70 | =M% {LEF Diene oxidase c113769.0 0.00 0.41
c112394.0 0.00 0.41 JRIFF N R A B Nepetalactol synthase c113068.0 0.00 0.50

5 b 12 A5 =5 A R 58 NN

Table 5 58 genes encoding 12 kinds of sesquiterpenes and triterpenes biosynthesis enzymes

& R Yl AHX % & Relative content & e oy AHX it Relative content
Synthetase D Juff Light %P Shading Synthetase D Jeff Light 3B Shading
PR €98894.0 17.73 19.39 B Al ¢87436.0 0.00 0.45
Germacrene synthase ¢100580.0 8.94 10.99 Achilleol B synthase c82146.0 0.00 0.40
c98241.0 0.64 3.05 BEAE AT L i g c103825.0 6.87 3.87
72996.0 037 0.02 Nerolidol synthase 1043054 6.19 488
c50908.0 0.30 0.00 c104396.0 2.56 2.08
cll1215.0 0.28 0.06 c102906.2 0.86 0.00
c122269.0 0.23 0.00 c103095.3 0.84 0.23
¢90280.0 0.18 0.21 c94867.0 0.42 0.60
c136193.0 0.11 0.09 c89673.0 0.42 0.07
c137249.0 0.10 0.07 cl101608.4 0.36 1.00
c89276.0 0.00 0.44 cl126189.0 0.24 0.00
cl11523.0 0.00 0.42 c81813.0 0.17 0.06
c127344.0 0.00 0.23 c13252.0 0.16 0.09
c126925.0 0.00 0.22 c54763.0 0.08 0.04
c132974.0 0.00 0.14 ¢c86993.0 0.00 0.00
c15290.0 0.00 0.10 VR 3 T R IR Ve S R R Tl c98779.1 48.72 24.82
c98034.0 55.99 25.43 Farnesyl-diphosphate farnesyltransferase ~ ¢728902.0 0.06 0.20
B 1034470  28.44 19.43 109043.0 0.00 0.47
Achilleol B synthase
c100695.0 14.94 19.30 cl15834.0 0.00 0.37
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4J:3% (Continued)
4B Relati & & Relati
ki o) \*HZJL = Re ath‘? content 2 ki o *ﬁﬁ\a = Re atlw‘a content
Synthetase ID R g Synthetase 1D s g
Light Shading Light Shading
%W B 100833.1 579 431 25— e g 64786.0 29.04 7.87
f’;ﬁﬁﬁ | c100833.2 3.20 1.89 Premnaspirodiene oxygenase ¢100604.2 1.47 0.56
Bcsylmi(;se 94110.4 1.69 5.82 ¢112363.0 0.60 0.10
€94110.2 132 3.41 LT 91185.0 6.44 20.02
¢94468.0 1.25 0.91 Farnesol dehydrogenase ¢99040.0 1.85 1.30
¢94468.1 0.64 0.59 P15 5 8 4 Hol Lupeol synthase ¢99215.0 8.48 7.87
c106097.0 0.52 0.33 TEIE 05 A g c97209.0 7.20 10.00
Acyclic sesquiterpene synthase
¢53716.0 0.06 0.72 - JE 1 £ R Beta-farnesene synthase ¢102780.0 1.39 4.14
¢84246.0 0.04 0.24 - IEEA £ B Beta-macrocarpene synthase  ¢67228.0 0.33 0.00
78610.0 0.00 0.53 T 13-~ R ¢125607.0 0.00 0.15
Epiaristolochene 1,3-dihydroxylase
g3 _ i ANFAEFIRAL, BERARZE. I A 1A
itz 6 B St H8 Sunligt JEERH Shade N o T
JE B A I S (1 02703.0) R R AH X 0 B AE D IR
s 4 e N o
£:, TR E TR
= | || S o e ST AL ot et
2 0 Cea7860 911850 C102697.0  C102703.0 BREEACMELBESL, A FUILAG I BT B A5 v

Z= 5 R FEI Differentially expressed gene
Bl 14 AN ZFRFIEEHE I qQRT-PCR Bk

Fig. 1 Verification of 4 differential expressed genes by qRT-PCR

FAPREL, AE I S SRR i
JMERE S CRRLE )P T 22 S B 20, R A S R I
P RV 288 3 By T Bl A LA AT R T (A P T
FIFEAERE )5S s 1 JNEA 3 (Cymbopogon winterianus)
& HURS 1 T 25 45 RV i 2 32 2 9 T R R A O I
MM, HeAh, R T R 5 7 A R R
s R E R S BRI E R R Ay
N FEA 55 W R4 R A K 2 @ SR Ok, =
BCEARM R NS R K. AW E ol
AR ZE RSN ' RS B T b e A S s 2 7 B AH
X, M4 R B A E AR ION o- % )
$i> i 2 S R P SRR EE>TE AL >a- IR ), X 4
BN & BACRAE M ERAE. X5
ZHTHI T 25 AR, T Re S A — SRR AEAS [F] 1
BAEA R, BEF R MITEAR, SRR
SRR A TGRS, NI 2B TR o
WS R B R AR . AHIE FUE— 20 0 g A
Y& G EE R HEAT 70 b, AT P B AT 4 2RE K
filgtt 24 ANEEDH, IR LGS HRBL R AN Tk R 2 AE

A 19 FhAEERE . G HE R DURE SRR R A,
B il KR AT P9 s C AN DY G SRR T R AR & BAE
MR R ok, FA s 2 B AR B EE A DR
THISEIA K . 72 11 Kb AEY) & il 38 M
RlsR, 2 NMRER 28-VUINEBEEF (c102697.0 A
c99152.1)« 2 NN FEAZE& B ZE B (c100000.0 A
c100759.0)~ 1 DNSK N E-o & RBEIEF (c102803.0)
AN DL A2 I e e I A B 2L R (9627 3.0) 55 6 Ak
RIAR A RIS BRI N BB . 45 G s AR
AT LG, IS R A KA & il
KT RAENEE C NS ER R, X5H 6 MK
Fip BE R AR N A B B E R S R OE L . AN FEDG IR
TR A S A e A = AR R R R
AR, ABHA B T ZE ) N B R (c64786.0)
TEICIEIRES N A X RIA o iy, 19258 e i i A
K (c91185.0)1E U AH I -
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