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Endophytic fungal diversity and its correlation with metabolism in
Panax quinquefolius seedlings

MAO Xinying', DING Yu', WANG Yue', CHEN Tian', LIU Ziqi', WANG Ruzhen', FANG Lei',
ZHOU Jie™?

1 School of Biological Science and Technology, University of Jinan, Jinan 250022, Shandong, China
2 State Key Laboratory for Quality Ensurance and Sustainable Use of Dao-di Herbs, National Resource Center for
Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract: [Background] In recent years, the diversity of endophytic fungi in medicinal plants and
its correlation with metabolites have become a research hotspot in the field of Chinese medicinal
material resources. However, studies are limited regarding the endophyte resources of Panax
quinquefolius. [Objective] To explore the diversity of endophytic fungi of P. quinquefolius at
different growth stages and its correlation with metabolites and screen out the strains with plant
growth-promoting activity, so as to provide basic data for mining endophytic fungal resources of
P. quinquefolius and developing plant growth-promoting agents. [Methods] High-throughput
sequencing was conducted to analyze the diversity of endophytic fungi in P. quinquefolius before
and after seedling emergence, and then co-occurrence network analysis and functional prediction
were carried out. The metabolomics technology was used to analyze the metabolites before and
after seedling emergence and the associated pathways. The correlation analysis was performed to
select the endophytic fungal genera related to metabolites. The in vitro isolation and culture,
phosphate solubilization, and potassium solubilization experiments were carried out to select the
fungal strains with plant growth-promoting effects. [Results] The endophytic fungi were diverse
and different before and after the emergence of P. quinquefolius. Ascomycota was a common
dominant fungal phylum both before and after seedling emergence. The correlation analysis showed
that the fresh weight was positively correlated with Aspergillus, Penicillium, Alternaria, and
Talaromyces. The radicle length was positively correlated with Trichoderma and Clonostachys
(P<0.05). Talaromyces was positively correlated with IAA-Glu, Ala-Glu, and L-hisidine.
Penicillium was positively correlated with indole-3-butyric acid (IBA). Trichoderma was positively
correlated with IBA, L-hisidine, and L-lysine. Clonostachys was positively correlated with Asp-Glu
and succinic acid. Aspergillus was positively correlated with citrulline, 3’-adenosine
monophosphate (3'-AMP), and glycerol 3-phosphate (P<0.05). Through isolation, identification,
and activity measurement, six strains of endophytic fungi with plant growth-promoting effects were
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obtained. Among the six strains, Talaromyces oumae-anna S-20 had phosphate-solubilizing ability;
Penicillium aeneum S-7 and Trichoderma hamatum S-21 had potassium-solubilizing ability;
Clonostachys rogersoniana S-10, Trichoderma hamatum S-21, Aspergillus niger S-25, and
Aspergillus flavus S-27 were capable of producing siderophores. [Conclusion] The endophytic
fungi and metabolite composition of P. quinquefolius seedlings at different growth stages were
significantly different. The endophytic fungi showing significant correlations with metabolites lay a

foundation for the development of growth-promoting agents for P. quinquefolius.
Keywords: Panax quinquefolius; endophytic fungi; diversity; metabolism; activity
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Figure 1 Sampling morphology of Panax quinquefolius
seedling growth process. A: SPI stage; B: SPII
stage.
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Figure 2 Venn diagram (A), NMDS diagram (B) and alpha diversity (C) of endophytic fungal communities of
Panax quinquefolius before and after emergence. Different lowercase letters indicate significant differences.
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Figure 3 Histogram of relative abundance of endophytic fungal communities at phylum (A), family (B) and
genus (C) levels before and after the emergence of Panax quinguefolius.
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Figure 4 LEfSe analysis of endophytic fungal community of Panax quinquefolius before and after emergence.
A: Evolutionary branch diagram; B: Bar chart of LDA value distribution.
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Figure 5 Functional histogram of endophytic fungi FunGuild before and after the emergence of Panax

quinquefolius.
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Figure 6 Co-occurrence network analysis of endophytic fungal community in Panax quinquefolius
seedlings. Different nodes represent different genera, node size represents the average relative abundance of
the genus, nodes of the same phylum have the same color, red represents positive correlation, blue represents

negative correlation.
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Figure 7 Correlation heat map between endophytic fungi and seedling growth indices of Panax
guinquefolius seedlings.
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Figure 8 Multivariate statistical analysis and screening of differential metabolites. A: Principal component
analysis (PCA) diagram; B: Partial least squares discriminant analysis (PLS-DA) chart; C: Differential
metabolite cluster heat map; D: Volcanic maps of differential metabolites; E: Matchstick chart of the top 20
differential metabolites in terms of total differential metabolites.
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Figure 9 KEGG analysis of differential metabolites of Panax quinquefolius before and after emergence.
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Figure 10 Correlation heat map of endophytic fungi and primary metabolites in Panax quinguefolius

seedlings.
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Figure 11

Phylogenetic tree of 33 endophytic fungal strains of Panax quinquefolius seedlings based on

rDNA-ITS sequence. The serial number in parentheses is GenBank accession number; The number on the
branch point is the self-developing value, representing the percentage of the branch confidence of the
evolutionary tree; The scale 0.10 indicates 10% sequence divergence.
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Table 2 Growth-promoting activity of endophytic fungi in some Panax quinquefolius seedlings

Strain 7 fift iR PRI 77 1AA PR
code Phosphate solubilization Release potassium  Siderophore production Production of IAA  Siderophore content (%)
S-4 - - + - 0.00

S-7 - + - - 0.00

S-10 - - + - 80.04

S-12 - - + - 0.00

S-20 + - - - 0.00

S-21 - + + - 38.64

S-23 - - + - 0.00

S-25 - - + - 40.36

S-27 - - + - 68.70

S-33 - + - 0.00

+r ATIZINREREIE s — JCIZINAEAFAE

+: The functional characteristics; —: No such functional feature.

Strain S-20

12 AFSYEALEERERNBHYR
Figure 12  Phosphorus solubilization effect of
endophytic fungi in Panax quinguefolius seedlings.
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(P<0.05)P7, fhas & H () £ ih 25 (Aspergil lus ustus)
AP RK R AR R S A i gt il

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3140 A 2 AR

Microbiol. China

Strain S-7

E 13 FEFSHEALEERMBHYER

Strain S-21

Figure 13 Potassium-removing effect of endophytic fungi in Panax quinquefolius seedlings.
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Strain S-10
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Figure 14 Effect of siderophore on endophytic fungi of Panax quinquefolius seedlings.
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