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Integration of high throughput sequencing and widely targeted metabolomics
reveals the aging mechanism of Pericarpium Citri Reticulatae ‘ Chachiensis’
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Abstract: Widely targeted metabonomics and high-throughput sequencing technologies were used to investigate the effects of
coexisting microorganisms on secondary metabolites in Pericarpium Citri Reticulatae ‘ Chachiensis’ (PCRC) ,which will pro-
vide a scientific basis for the aging mechanism of PCRC. A Waters ACQUITY UPLC HSS T3 C,4 column (1.8 pum,2.1 mm
x 100 mm) was used with 0. 04% acetic acid-acetonitrile gradient elution as mobile phase at a flow rate of 0.4 mL/min.
Electrospray ionization was selected for collection and detection in positive and negative ion modes. DNA was extracted from
oral swab samples by CTAB method,and library construction kit was used for library construction. The library was quantified
by Qubit and Q-PCR,and sequenced by HiSeq 2500 PE250. Correlation analysis was conducted between the differential me-
tabolites and the differential microorganisms. The results showed that 386 kinds of secondary metabolites were identified , in-
cluding 79 phenolic acids, 143 flavonoids,4 anthraquinones, 17 lignans and coumarins,3 tannins,47 alkaloids,6 terpenoids

and 87 other kinds. Principal component analysis and heatmap analysis showed that the contents of secondary metabolites in
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the samples stored for 1 year and 3 years were significantly different. A total of 58 genera were obtained by comparing the

gene sequences of high-throughput sequencing with the microbial reference database. The bacterial colonies of the samples

stored for 1 year and 3 years were similar in structure , but the relative abundance was different from that of the dominant ge-

nus. The correlation analysis of differential metabolites and differential microorganisms showed that the dominant fungi, such

as Penicillium and Aspergillus could significantly affect the content of flavonoids and aromatic compounds. The aging mecha-

nisms may be closely related to the change of active components and aroma components affected by the coexisting microorgan-

isms.
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Fig. 1  Cluster heat map of secondary metaholites (a) ,three-dimensional map of principal component analysis (b) ,

orthogonal partial least squares discriminant analysis (¢) and volcano map of differential metabolites (d)
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Table 1  The top 20 compounds in the variation of secondary metabolites of Pericarpium Citri Reticulatae aged for 1 year and 3 years
HEY AT 43 Z% Parameter *ngf
Compound Formula Type VIP  Fold_Change  LogFC content
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iﬁﬁi’i‘f CoH,pN, 0 ¥k 3.04E+00  4.05E-05  -1.46E +01 T
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Quercetin-O-rutinoside-hexose
RN A W ]
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Note ; VIP; Variable importance projection;Fold Change ; Differential multiplierl ; LogFC ; The differential multiplier after logarithm.
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Fig. 2 Bar chart of top 20 compounds of secondary metabolites in 1-year and 3-year aged Pericarpium Citri Reticulatae samples
P A A IBRE LI G Y, S E R SIBARR T IR &Y AT AL & 963045 . Note: Red bars represent up-regulated and green

bars represent down-regulated ; On the right side of the figure is the English name of the compound.
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Fig. 3 Horizontal species distribution of microorganisms attached to Pericarpium Citri Reticulatae samples
T — R AT — N Fh, B K B R R Y T 5 A 3 L, Note; One kind of color represents a species,and the color patch length

represents the proportion of species in relative abundance.

#&2 Alpha ZHEMIEHESIHE

Table 2 Alpha diversity index numerical statistics

Sﬁie 0TU Ace Chaol Simpson Shannon Coverage
Y1-1 110 529.386 4 162.5 0.695 7 1.0326 0.999 9
Y12 112 521.212 3 159.3 0.678 9 11232 1
Y1-3 112 520.218 8 154.2 0.658 7 1.0987 6 1
Y3-1 176 328.671 2 210 0.051 9 4.070 3 0.999 9
Y32 176 330.876 5 209 0.098 7 4.113 8 1
Y33 169 332.453 8 211 0.0765 9 4.0237 0.999 9

£ OTU Aor 28 ot

Note; OTU is the operational taxonomic unit.

2.4 ZRREMESERBEWHBEXES

X 1 AFA il S5 3 AFA A FL R AL AG I 1)
(25 A (P <0. 05 ) Fl 2z AR R4 7 AH S 1
ST R A ) A Y Spearman AH G R4,

T S AR PR P s A 22 S AL R 2 S U W
P 5 22 AR A SC PR OL (IL I 4) o A
IRl DU 7 B | 2 T 8 s 2 B0 X
Ao i v A B2 B A R AR AL 5 ) AR X
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Fig. 4 Correlation analysis of differential metabolites and differential

microorganisms in 1-year and 3-year aged Pericarpium Citri Reticulatae

4 : Spearman FH3E REUH R A-F-1 Al +1 Z[8], AHSCRE R BIARFR R >0 R IEAHSE, I MAKRR R <0 FR G, IR,
P<0.05 JM R, « #R, Note:Spearman correlation coefficient R is between -1 and + 1. The correlation coefficient R is expressed in col-

or,R > 0 indicates positive
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correlation, R < 0 indicates negative correlation and green indicates negative correlation; P < 0. 05 means significant

correlation, and expressed by *.
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