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Abstract: Ophiopogon japonicus, a precious medicinal plant endemic to Zhejiang Province. Its
tuberous roots are rich in bioactive components such as flavonoids, possessing anti-inflammatory,
antioxidant, and immunomodulatory properties. To elucidate the impact of cadmium (Cd) stress
on the accumulation and biosynthetic pathway of flavonoids in O. japonicus, this study exposed
O. japonicus to different concentrations of Cd stress and explored the changes through integrated
transcriptomics and metabolomics analysis. The results demonstrated that Cd stress (1 mg/L and
10 mg/L) significantly increased the content of flavonoids in O. japonicus in a
concentration-dependent manner. The metabolomics analysis revealed a total of 110 flavonoids
including flavones, flavanols, flavonols, flavone and flavonol derivatives, flavanones,
isoflavonoids, chalcones and dihydrochalcones, and anthocyanins in O. japonicus, among which
flavones, flavonols, flavone and flavonol derivatives, and anthocyanins increased under Cd stress.
The transcriptomics analysis identified several key flavonoid biosynthesis-associated genes with
up-regulated expression under Cd stress, including 14 genes encoding 4-coumarate CoA ligase
(4CL), 2 genes encoding chalcone isomerase (CHI), and 14 genes encoding phenylalanine
ammonia lyase (PAL). The gene-metabolite regulatory network indicated significant positive
correlations of 4CL (Cluster-21637.5012, Cluster-21637.90648, and Cluster-21637.62637) and
CHI (Cluster-21637.111909 and Cluster-21637.123300) with flavonoid metabolites, suggesting
that these genes promoted the synthesis of specific flavonoid metabolites, which led to the
accumulation of total flavonoids under Cd stress. These findings provide theoretical support for
the cultivation and utilization of medicinal plants in Cd-contaminated environments and offered
new perspectives for studying plant responses to heavy metal stress.

Keywords: Ophiopogon japonicus, cadmium stress; flavonoid biosynthesis; integrated omics analysis
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£ P<0.05 K |, A[al4b PR 22 [ (4 25 1k 22
S UAR/NG FHRERIR

2 HZRE5OM

2.1 AESRKEMBLLIEEMEZZNE
MES T

X Wi A A& AT AR A (1 mg/L, Cd_M)FI
B AR IE (10 mg/L, Cd H), B AT
(0 mg/L, Cd_O)/ERmXTHE, ¥i3% 30d)5, FIH
Y €2 3 - £ BB T 3 B FH 92 ) AN (] 4 M 2 e B
TR RPN, FF LD VIP>1
P<0.05 Hlog, fold change[>1 Jy&%ff:, ik Almlib
PRIA Y 22 AR . SRR, AR 22 AR
W) L K R AIEA Bl (global and overview
maps) . ZFEFR L (amino acid metabolism) ., %7K
16 & W18t (carbohydrate metabolism) L Az ¥k 4=
15 ¥ & B (biosynthesis of other secondary
metabolites) LR (E 1A), AEH R ZE R
U5 B S o, A 38 A Bl EL 4%
ZH(Cd M vs. Cd_0)5 /& 5 38 F X BE HE 5502
(Cd_H vs. Cd_0) 3t 124 Fh SR,
Cd_M vs. Cd_0 FLeg ih A 22 AU A 59 #i,
Cd_H vs. Cd_0 L4 H ey 22 AR et
99 Fh(IE 1B). R KL IS5 R, Cd_Hvs.
Cd 05 Cd Mvs Cd 0 _Fifal N2z R
Boim M ESEBAAEN R R, FoRARRE
WX 22 A AR A 2 (A 10),

X: cjb@im.ac.cn

591




592 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

A KEGG pathway annotation B
" Celiulcziar protse]s‘ses
ransport and catabolism | 2
Environmental infor;mation processing Cd Mvs.Cd_0
Membrane transport 39
Signal transduction || 5
Genetic information processing 59
Folding, sorting and dcgrad]ati(m 5 ;
Translation |m 19 -
Metabolism 124 A 83
Amino acid metabolism 130 A
Biosynthesis of other secondary metabolites 82 [ 0
Carbohydrate metabolism 96 f—_—
‘nergy metabolism jm 22 99 100
Global aﬂ]([ Ln_\élervie\\l-‘ nf_aps 287 C 160
JApid metabolism 31
Metabolism OfCOfBCIOES and vitamins 49 Cd Hps. Cd 0 Cd_Hys.Cd M
Metabolism of other amino acids [ 32 i
Metabolism of terpenoids and polyketides [ 23
Nucleotide metabolism | 54 i i
0 100 200 300
c Number of metabolites
Cd Hvs.Cd 0O Cd Mvs.Cd 0 Cd Hvs.Cd M
gl L
VIP
04
® 038
24l - @12
i @16
Q“g Status
25l - +Up
I * Down
No difference
Or . . ‘ (N , . 0r . . ‘
-5 0 5 -6 -3 0 3 6 -4 0 4
log, fold change log, fold change log, fold change
1 AEIRERMELEREFKRBMSEIT A: KEGG EBEER; B: 25w+ BE 5 C:

22 S KL B 53 BT o 8 A AR 2 AR A 8] 434 P i) 22 A SO Ak (log, fold change), ZhALFRFR
TN 2 5 5B K- (—log o P-value), Cd_0. Cd_M 1 Cd_H 4353 /R % BRZH (0 mg/L Cd*). rhémfihia s

(1 mg/L C&*")HIE #3025, (10 mg/L Cd™).
Figure 1

Statistics of differential expression of metabolites after Cd stress at different concentrations. A:

KEGG pathway annotation; B: Venn diagram analysis of differential metabolites; C: Volcano plot analysis of
differential accumulated metabolites. Cd 0, Cd M, and Cd_H represent the control group at 0 mg/L Cd*",
medium cadmium stress at 1 mg/L Cd*", and high cadmium stress at 10 mg/L Cd*", respectively.
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Figure 2 KEGG enrichment bubble analysis. Cd 0, Cd_M, and Cd_H represent the control group at 0 mg/L
Cd**, medium cadmium stress at 1 mg/L Cd**, and high cadmium stress at 10 mg/L Cd*", respectively. The
color of the points represented the P-value from the hypergeometric test, and the size of the points
represented the number of differential accumulated metabolites in the corresponding pathway.
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Figure 3 Differential analysis of flavonoids under cadmium stress. A: Relative total content of flavonoids;
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