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Tissue specific distribution of terpenoid biosynthesis in
Sarcandra glabra based on transcriptome and metabolome
analysis

WU Di, ZHANG Yanyan, LIN Nan, WEI Yicong*

College of Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou 350122, Fujian, China

Abstract: The leaves and roots of Sarcandra glabra (thunb) nakai have different therapeutic
effects in some clinical applications. In order to explore the tissue specific distribution
differences of terpenoids in the leaves and roots of S. glabra, and to analyze the molecular
mechanism of the formation of their pharmacodynamic quality differences. In this study, liquid
chromatography-mass spectrometry (LC-MS) and Illumina HiSeq'™ high-throughput
sequencing techniques were respectively used to obtain the metabolome and transcriptome data
of the leaves and roots of S glabra. The metabolomics analysis showed that there were
50 differential terpenoids metabolites between the leaves and roots, including farnesylcysteine,
D-glyceraldehyde 3-phosphate, and (R)-5-phosphomevalonate. The transcriptomics analysis
indicated that there were 57 differentially expressed metabolic enzyme coding genes, including
ACTC, HMGCR, MVK, DXS and KS Moreover, there were seven transcription factors,
including MYB, C2H2, AP2/ERF-ERF, which were predicted to participate in regulating the
differences in terpenoid synthesis and accumulation between the leaves and roots of S glabra.
gRT-PCR results demonstrated that the expression changes of eight randomly selected enzyme
genes involved in terpene synthesis between the leaves and roots of S. glabra, which were
consistent with the transcriptome sequencing results. This study will help to elucidate the
molecular mechanisms underlying the clinical efficacy differences between the leaves and roots
of S glabra, and facilitate the extraction, utilization, and resource development of S, glabra.
Keywords: Sarcandra glabra (thunb) nakai; terpenoids; transcriptome; metabolome
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JEMEEFKIEDE, IS AL 5 B3l
FWAF, HE-80 CKEMARL, HTEssk
S SE R 2 M
1.2 At
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O A o B /9 W B Bk (liquid
chromatography-mass spectrometry, LC-MS) &
S IR FiE Acquity 1-Class PLUS #2524 i H
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IEE AR WA A 0.1%HRRKBEW; Wi
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M, HEREIRFRCH 1 ul.
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Fr—%% ., PO R, PO ST
ESI B TS5 HL . 2 000 V (IF & 7)) sk
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PRI R 45 7 1 5T 22 Y 7E 100 ppm DAY .
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3T B IR S M 5 %k 43 M7 (spearman  correlation
analysis, r) 2 W41 AL 5L BT RE G O B 52 1M
A AT #R K5 WA A R4 1 (Kyoto
encyclopedia of genes and genomes, KEGG)., A
KNy TR ) 4 50 P8 J%E (human  metabolome
database, HMDB) 1 Jig it B 5 45 #4) £ 4 1 (lipid
maps structure database, LMSD)X} % & H ik &
YrdkAs oy MR R . R t KSR AL
G 2R EY P H(P-value), fiHZEA
NGRS AR TR (14 A R 3 5 EE PR 48 B (variable
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importance in projection, VIP), > F 1E 32 i i /)N
A )43 BT (orthogonal partial least squares
discriminant analysis, OPLS-DA)# [ 7= 758
A5 %L(fold change, FC), %454 P{H . VIP {EH{i
w2 Ay, WEBHEN FC>2 5<0.5,

P<0.05, VIP>1, #—1E KEGG it E %%
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7 PE150 0
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W B, R IR SN i B RE A B I R B
il BB ESSEFBRES, B85 TR
BOEA T o IO EE AR
1.2.5 ERERFAKFDTRINGES

KRR B 7 B e 0 e S AR T 90 B Tk
FE ¥ 3 i Bt (fragments per kilobase of transcri
pter million fragments, FPKMYH T8 48 1175 5%
A FRiE T, FIH DESeq2 BiilbAT 257,

5+ 3 [H (differentially express genes, DEGs)fii
AR E FC>2 HAE TR &K L% (false discovery rate,
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cytoscape B2 il PO 2 8] JH 45 S R K .
1.2.8 qRT-PCR 3&iE

BEMLPRZE 8 A>22 S BN AT S 9L E
PCR (quantitative real-time polymerase chain
reaction, qRT-PCR)/3Mfr . § B 4&F U . 50 °C
2min; 95°C 10 min; 95°C 15s, 58°C 15 s,
72°C20s, 3L 40 MEFN . T 1 S v s 1
MR IR PR : 60°C 15s, 95°C 15 s,
i FH primer 5.0 BAF TR S ES 190, NS 5
[l CAC #i1 H 3£ [X DXS, ACAT. GGPS, FDPS,
MVK KAO .FDFTL 5|k 1 fi/R Ag 2744
Ty R E BE R B AR, JFx S SR
AT 3 WAEWE S b Bl R L (R

Fz1 AKXFTHAB qRT-PCR 3|4

WEZFoR, R SPSS 2.00 24 HE4T 05 2209t
*LE P<0.05, ZREE,; *{F P<0.01, 2
SAEE B

2 EREG5N

2.1 Ko h

HF LC-QTOF kil F-& Fdb ot | 1 % B
FoAT BR S w) T d e 12, X R ] e RAR 43531
WE 6 MEYEER, 12 MM TICNA
EMEE AT, ERIE 16 593 A4, Hir
HRE] 4 718 MUY . A ig BT A Hg 4
T AP BT AR R BEFIER TR . A7 HL
TG Y G K, 51 471, 260, 237,
230 1,
22 EFNKEYINHA

XTI FE S AT E LT T, SRR
PR AR 6 A1 2- 5 5 Y RB A I b SR A A —
&, R — . BN e,
Ui B[R] — A A A [R) 2 52 1] A A e O e v B2
) — Stk HAE b A A S A A 25 5

R T ST I AR ) 25 S A R
Y, 2T OPLS-DA 43345 VIP {E A1 P {H % FC
et — P e 22 AP (VIP>1, P<0.05, FC>2

Table I qRT-PCR primers used in this study
Gene ID Gene name Primer sequences (5'—3") Primer sequences (5'—3')
Reference gene CAC TCCGACAAATTGGAGGTTGC TGCTGCTGACAACAATCACG

TRINITY DNI1176 c0 gl  DXE

TRINITY _DN31876 c0 gl ACAT
TRINITY_DN489 ¢0 gl  GGPS
TRINITY _DN2505 c0 gl  FDPS
TRINITY_DN3368 c0 gl MVK

TRINITY_DN4552 ¢0 gl  DXS
TRINITY _DN10662 c0 gl KAO
TRINITY _DN16228 c0 gl FDFT1

TGTGTTCACGGTTATGGCTTAC
GGCTTGGATGCTTCTAGTGTT
GGCTTCCACCACATCGTCTC
AACCCATCTACATCAGTTCATCAC
GAGGAACACGAAGGCATTAGT
GCCTTGAACGGACTCTTAGAC
AGTTCAGGTATGGTTCAGAAATGT
CCGAATGCCACACTAATGCTA

CTGAGGAGGATTCGGTAGACTT
TGGACGACTTACAGGTTGAATC
CCAACACCACATCGTCAGTCT
CCATTGCCGAGAATCATCAGT
CCGTATTGGAGAGGTCATCAG
AGGTGGAGAGCATCCTTGTT
GGCACATCCTACTTCCTAATCC
CACAACAATCACAACCGAACTG
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u<0.5), ik d 782 A FANEY, U
429 A FiRAREY . 353 MR . % Fk
7 SR e xF 2] HMDB $dis e k47 22 S AR
WIR X, AR 1 TR . B AR
2 SR 2 IR SRR T B,
S 27.5%; HUCHANLR REATAEY, b
LLoR 16.1%; RNGERREZE, HHM 14%; A
BLZEAME G, S 13%,
2.3 mEEREXEFNKFDIFIZ

i3 2 50 HMDB 4325 #il KEGG
e B A SR BT AT, I AR £ 2K A
2 S RPY F B T RE R .
N T Y EN e 7 o e RS

A, T A AR O 22 AR Y an gk 2
N, ALAE TR GG R AR R AR i e
2K bt 2 FR (farnesylcysteine) . H i 5 -3 -l /R
(D-glyceraldehyde 3-phosphate), 2362 -5-k
F2[(R)-5-phosphomevalonate], il ZSfHER
% 4l (pseudoionone) . AR (thujone) ., SR
T ff fiE (menthyl isovalerate) 5 Ci ¥y, —iif 2y
FEIREF R 3 (gibberellin A3), FEE#(sageone) .

B B (salvio ) FEACHIY, =G 45
I &M% A (raddeanin A) . = i i (lanosterol)
s Hh, FREEZEW 4 (gibberellin A4), PHLLAE
1 (crocin 3), Wi EE &K (nogalamycin)&5 14 Ff;
WTEAR T S RER; JiAh, B2 (sugiol).

Lignans, neolignans and related compounds: 0.6%

Hydrocarbons: 0.6%

Organic nitrogen compounds: 1.1%
Alkaloids and derivatives: 1.6%

Nucleosides, nucleotides,
and analogues: 4.1%

Organic oxygen
compounds: 10%

Benzenoids: 11%

Organoheterocyclic
compounds: 13%

Hydrocarbon derivatives: 0.2%

Homogeneous non-metal

compounds: 0.1%
Organosulfur
compounds: 0.1%

Lipids and lipid-like
molecules: 27.5%

Organic acids and
derivatives: 16.1%

Phenylpropanoids and polyketides: 14%

1 EPRBMF4R h = F K514 HMDB L &9 %

Figure 1
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Classification of differential metabolites in the leaves and roots of Sarcandra glabra.
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R2 ERWIMFIAR ik AR K E F A

Table 2 Terpene related differential metabolites in leaves and roots of Sarcandra glabra

No. Metabolite Formula Fold change VIP  P-value
(roots/leaves)
1 Farnesylcysteine C,3H3NO,S 0.26 1.28 0.00
2 (R)-5-phosphomevalonate C¢H30,P 8.01 1.28 0.00
3 D-glyceraldehyde 3-phosphate C3H,04P 0.77 1.12  0.00
4 P-cymene CioHy4 0.01 1.21  0.00
5 Sabinol CioH60 0.03 1.31 0.00
6 Thymol methyl ether C;1H;60 0.03 1.32  0.00
7 Pseudoionone C3H00O 0.03 1.35 0.00
8 2-methyl-6-methylene-2E,7-octadien-1-ol C,0H60 0.18 1.16 0.00
9 (—)-beta-pinene CioHi6 0.44 1.33  0.00
10 Thujone CoH,60 0.43 1.07  0.00
11 4-isopropylbenzyl alcohol CioH,40 0.05 .12 0.01
12 2,2,4,4-tetramethyl-6-(1-oxobutyl)-1,3,5-cyclohexanetrione C4H,00,4 0.27 1.24 0.00
13 (S)-4-(4-methylphenyl)-2-pentanone CpH,60 80.75 1.10 0.01
14 Menthyl isovalerate C,5H,30, 0.40 1.34 0.00
15  (1R,2R,4R)-dihydrocarveol CoH 30 5.49 .32 0.00
16  (E)-4,8-dimethyl-1,3,7-nonatriene CHyg 18.85 1.27 0.00
17 Enzacamene C,sH,,0 0.20 1.36 0.00
18  4-isopropylphenylacetaldehyde CH4,0 0.18 1.31 0.00
19  (4R,7S)-7-isopropyl-4-methyloxepan-2-one CioH 50, 0.05 1.09 0.01
20  Gibberellin A29-catabolite C,9H5,04 8.38 1.31 0.00
21  Gibberellin A4 C19H2405 31.17 1.32 0.00
22 Gibberellin A8-catabolite C,9H»,04 7.47 1.37 0.00
23 Docetaxel C43H53NO (4 2.45 1.30 0.00
24 Demethylphylloquinol C;30H460, 5.29E-11 1.24 0.00
25 Crocin 3 C3,Hy4014 12.63 1.37 0.00
26  Musabalbisiane C C,3H4001, 2.14 1.11  0.01
27  Sageone C9H,404 4.89 1.14  0.00
28  Sugiol CyoH250, 0.01 1.32 0.00
29  Ent-copalyl diphosphate C,oH3607P, 7.49 1.29 0.00
30 Salviol CyoH300, 0.18 1.36 0.00
31 Crocetin dialdehyde C,0H»40, 0.39 1.10 0.01
32 (3S,5R,65)-5,6-epoxy-3-hydroxy-5,6-dihydro-12'-apo-beta-caroten-12"-al ~ C,5H3404 0.23 1.26  0.00
33 Gibberellin A3 C9H,,06 0.69 1.01 0.01
34  Lanosterol C30H500 6.77E-05 1.18 0.00
35  Ganoderic acid F C;3,H409 0.14 1.21  0.00
36 Pulchinenoside A C41HgO12 2.75E-03 1.25 0.00
37 Raddeanin A Cy47H76015 0.04 1.01  0.02
38 Lucidenic acid E Cy9Hy004 0.32 1.17  0.00
39  Ardisiacrispin A Cs5,Hg40,, 0.02 1.20 0.00
(F k)

http://journals.im.ac.cn/cjben
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(BL3k 2)
No. Metabolite Formula Fold change VIP  P-value
(roots/leaves)
40  Alisol A 24-acetate C3,H;5,06 643.04 1.23  0.00
41 Staphyloxanthin Cs5H7504 0.04 1.33  0.00
42 Squalene Cs30Hso 0.24 1.13  0.01
43  Nogalamycin C39H49NO ¢ 5.66 1.19 0.00
44 Pseudoginsenoside RT3 C41H70013 0.04 1.03 0.02
45  Ginsenoside Rh2 C36Hg204 0.02 1.18 0.00
46  Glabrolide C30H4404 0.20 1.17  0.00
47  Ganoderic acid C2 C30H4604 0.03 1.27 0.00
48  Neoxanthin C40Hs5604 0.04 1.28 0.00
49  Phoenicoxanthin C4oHs5,05 0.03 1.32  0.00
50 Canthaxanthin C40Hs5,0, 0.05 1.14 0.01

SR B (salviol) . £ % His(squalene)5§ 36 AL
e h AR, 22 SR i E 2
iR o
24 BRANFRENH

RNA [ K45 KRB, RNA SE8 L4,
SR A R RRHET SR, P2 T R
M FF . it lumina Nova Seq6000 I 5 F- & %
B R I ROAR MEA TS SELLIN AR AL Phred
HARTF 20 AYHREE b F1(Q20)7E 98.39%-98.56%
Z[a], Phred KT 30 M6 3 L 1 (Q30)1E
94.99%-95.40%22 8], G+C & 8BIH7E 45% 445 -
283 Trinity 4122 3E45 5] 54 790 %% unigenes,
K EFE 1000 bp LA E [ unigenes A 9 536 7%,
W 3 Frs, ULEAAHE IR S I 2 45 R A
¥, BN RIS L pr Ak R AT e SR .
25 ERERFEFTENHUR KEGG BE
S

PLFC>2 H FDR<0.01 1 Ay b5 i i vk 22 57 3
RS SRR B, nHRIAR LA 7 833 4%
2 SERBELP, Hoh 4 121 LR FBN B,
3712 AR,

¥ ik 2z F R IRILH T KEGG i i & 4
oy, SLEEF] 132 Ll L, EERZNE

&: 010-64807509

%4 RNA #4312 (RNA transport), mRNA Wl i
£ (mRNA surveillance pathway). 78N %é4E W)
& i(phenylpropanoid biosynthesis) . %l % iz .
S5 R N 5 AL A R B9 4 W) & il (valine, leucine
and isoleucine biosynthesis), 5Z8HHKIRE10
F&5 . WE 2 H 2L A ¥ A K (terpenoid  backbone
biosynthesis) . . ii§i 4= ¥ & A (monoterpenoid
— W A W & B (diterpenoid
biosynthesis) . 52l F1 =ik 5 il (sesquiterpenoid
and triterpenoid biosynthesis). 72 F1HAB g
fiit 4= #7 & B¥% (ubiquinone and other terpenoid-
quinone biosynthesis),
2.6 TEXEMIREFHEXERFTIEERFIE
b — 2 i e il 25 R AR AH O 22 S R Gk ik
PR, LAk 57 4522 Rk, WSk 4 R,
HeomikFREeERERY A 21 4, G
HMGCR, AACT. MVK, DXSHll GGPS%; —
Wi ORI 15 %, 45 KAO, KS, GA2 ox
M GA3 %5 5l A =5 A & sz h oA
14 %, {uf% FDFT1, SQLE &%; HRihienligfer
A T 4o W2 TR AT RIEE 04,
Kl 3 s, A 17 SR EERIUNR LR Rk,
40 SRFERIR I LEAR R 3R IA

biosynthesis) .
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Enzacamene l L
Sugiol 1 R
Neoxanthin 0
Ganoderic acid C2 I

4-isopropylphenyacetaldehyde
Sabinol

Staphyloxanthin
Phoenicoxanthin
2-methyl-6-methylene-2E,7-octadien-1-ol
p-glyceraldehyde 3-phosphate
Thujone

Pulchinenoside A
Ganoderic acid F

2,24 4-tetramethyl-6( 1-oxobutyl)-1,3,5-cyclohexanetrione
Demethylphylloguinol

P-cymene
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Figure 2 Heat map of terpenoid related differential metabolites in the leaves and roots of Sarcandra glabra. L1-L6:
Leavesl-Leaves6; R1-R6: Root1-Root6; Red represents high expression level, blue represents low expression level.
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F3 EM#EREANFER (squalene). B-JEMi[(-)-beta-pinene], 6-F73&-3,7-—
Table 3  Transcriptome sequencing results of F 35 iR P TIE [ (4R, 7S)-T-isopropyl-4-methyloxe

Sarcandra glabra
Unigene length Unigene pan-2-one], £ JE P45 It 24 (farnesylcysteine) |

Number Percentage (%) REZE A3 (gibberallin A3), H IR -S-FE ik iR
300-500 25872 4722 (mevalonate-5p). Fik 2 PN /5 ik (ent-copalyl-pp) .
500—1 000 9 981 1822 Aan B
L 0002 000 0536 1740 11 4253 H, {1 ACAT. HMGCR, MVK,
2 000+ 9401 1716 DXS. IDI, FDPS, FDFT1, FLDH, KS, GA3
Total umber 54790 FIKAO. S4B i, W24 St
Total length 60 066 256 N . —
e o A 2 5 R I AL e B0
Mean length 1 096 299 617 R, o022 R RIS T e

x4 EMHMHFIRBDIERBERERRIEIER
Table 4 Differentially expressed genes related to terpenoids in the leaves and roots of Sarcandra glabra

Pathways Enzyme name (abbreviation) KO ID Number of unigenes
Terpenoid backbone Isopentenyl diphosphate isomerase (IDI) K01823 1
biosynthesis 1-deoxy-D-xylulose 5-phosphate synthase (DXS) K01662 3
Hydroxymethylglutaryl-CoA reductase (HMGCR) K00021 5
Geranylgeranyl diphosphate synthase (GGPS) K13789 3
Isoprene synthase (ISPS) K12742 1
Farnesyl diphosphate synthase (FDPS) K00787 2
Protein-S-isoprenylcysteine O-methyltransferase K00587 1
(ICMT, STE14)
Acetyl-CoA C-acetyltransferase (AACT) K00626 1
Mevalonate kinase (MVK) K00869 1
Geranylgeranyl diphosphate (CHIP, bchP) K10960 1
Polycis-polyprenyl diphosphate synthase (DHDDS,  K11778 1
RER2, SRT1)
NAD"-dependent farnesol dehydrogenase (FLDH) K15891 1
Monoterpenoid biosynthesis (—)-alpha-terpineol synthase K18108 3
(E)-8-carboxylinalool synthase (CYP76F14) K23810 1
8-hydroxygeraniol dehydrogenase (10HGO) K23232 2
(+)-neomenthol dehydrogenase K15095 1
Diterpenoid biosynthesis Ent-kaurenoic acid hydroxylase (KAO) K04123 2
Ent-kaurene synthase (KS) K04121 3
Momilactone-A synthase (MAS) K13070 7
Gibberellin 2-oxidase (GA2 ox) K04125 1
Ent-kaurene oxidase (GA3) K04122 1
(13E)-labda-7,13-dien-15-0l synthase K16086 1
Sesquiterpenoid and (-)-germacrene D synthase (GERD) K15803 11
triterpenoid biosynthesis Farnesyl-diphosphate Farnesyltransferase (FDFT1)  K00801 1
Squalene monooxygenase (SQLE, ERG1) K00511 1
(3S,6E)-nerolidol synthase (NES1) K14175 1
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Figure 3 Heat map of differentially expressed genes in the leaves and roots of Sarcandra glabra. L1-L6:
Leavesl-Leaves6; R1-R6: Rootl-Root6; Red represents high expression level, blue represents low

expression level.
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Figure 4 Analysis of the metabolic pathways of terpenoid biosynthesis and differences between leaves and
roots in Sarcandra glabra. L1-L6: Leavesl-Leaves6; R1-R6: Rootl-Root6; DAM represents differential
metabolites, DEG represents differential genes; Pink and blue represent high expression levels, while green
and red represent low expression levels.
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[(4R,7S)-7-isopropyl-4-methyloxe pan-2-one] &
POMTEM )& R, 2E %L FDPS A9
RSz 3, A ass T Y R
7% A3 (gibberallin A3)F B K7 1 5 1t
TP, 2253EH KS, KAO A BHS5H—
;o BRzZAN, WA REET, MER
(squalene) 7E M FIHR H Y AL BAR R B FE - Hp
B R, 22 57 5L FDFTL R 7E MR
VL, H#ED FDFTL X)f % % (squalene) e 21| 171 [7]
FEAE R o R, R0 G 4 22 S R D] AT e A
5 B AN [R) 2 S A s R AR 22 AR
SR A
2.8 HREFHH

fEAYH, TF (2 s il RNA 4G
Wit 52450 5 I - 22 18] A RE B AR FE D T 15
LR B — 2 B B s . R FIAR A 5
SN BE AL 928 4% unigenes #{IERH TF,
B9k 68 4~ TF 0% A HEAA T 10 %%
AT RIEFEARG: C2H2, AP2/ERF-ERF,
bHLH #1 NAC &, 45413 5 i,

HE—2E%F3iX 68 4~ TF K%Y unigenes 17
=T, RS 7 MESREF RS 5
PR S G kAR, Hih AP2/ERF-ERF X
%Y unigenes A LLJE#% DXS, GGPS, FDPSHI

il

x5 HAF 10 MEZEAFRE

Table 5 The top 10 transcription factor families

TF family Numbers
C2H2 78
AP2/ERF-ERF 67
bHLH 51
NAC 47
MYB 47
MYB-related 44
C3H 44
bzIP 43
WRKY 38
GRAS 28
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FLDH; MYB %% unigenes AJ LLiH# DXS.
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Figure 5 Relationship between terpenoid related transcription factors and enzyme gene regulation in
Sarcandra glabra.
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Figure 6 qRT-PCR validation of key genes in the terpenoid metabolism pathway of Sarcandra glabra.
*: P<0.05; **: P<0.01.
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