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Spatiotemporal dynamics of endophytic microbiota in pepper
plants infected by Ralstonia solanacearum and proliferation
characteristics of the pathogen
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Abstract: [Objective] To study the endophytic microbiota in different ecological niches of pepper
(Capsicum annuum L.) seedlings at various stages following Ralstonia solanacearum infection,
aiming to explore the endophyte migration dynamics triggered by R. solanacearum infection.
[Methods] The copy number of R. solanacearum was quantified by quantitative real-time PCR
(qPCR). Samples from roots, stems, and leaves of both infected and healthy pepper plants were
collected at 1, 4, and 7 days post-inoculation (dpi). High-throughput amplicon sequencing was
employed to analyze the endophytic bacterial and fungal communities. Dual-dimensional analyses
integrating microbial copy number and community structures were conducted to elucidate the
spatiotemporal dynamics of endophytic microbiota and pathogen proliferation characteristics under
R. solanacearum invasion. [Results] The copy number of R. solanacearum continuously increased
in roots and stems post-inoculation, peaking in leaves at 4 dpi and then significantly declining. The
infection induced pronounced alterations in endophytic bacterial communities across all tissues,
with temporal effects outweighing tissue-specific variations. Roots exhibited heightened sensitivity
to pathogen invasion. At 7 dpi, the relative abundance of Bacillota in endophytic bacteria in the
plants increased significantly. At the genus level, the relative abundance of Rhizobium,
Pseudomonas, and endogenous fungi Fusarium and Aspergillus increased significantly compared
with that in the control group. The beta diversity indices and structures of endophytic microbiota in
all tissues underwent marked changes during infection. Pseudomonas emerged as a signature
bacterial genus in roots, while Aspergillus dominated stems and leaves as a fungal indicator. The co-
occurrence network analysis revealed greater complexity of the endophytic microbiota in infected
plants, with an elevated proportion of negative correlation edges. Ascomycota served as pivotal
network hubs, reflecting enhanced antagonistic interactions and inter-microbial associations under
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pathogen stress. Ten potential antagonistic microbial taxa were identified, including six bacterial
taxa of Clostridia (Bacillota). [Conclusion] This study delineates the proliferation pattern of R.
solanacearum in pepper seedlings and characterizes the structural and migration dynamics of

endophytic microbiota following pathogen invasion.

Keywords: Ralstonia solanacearum; Capsicum annuum L.; endophyte; gene copy; community
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Figure 1 Copy number of Ralstonia solanacearum and detection of endogenous fungal alpha diversity. A: Copy
numbers of R. solanacearum in roots, stems, and leaves at different time points after root irrigation with bacterial
suspension (a, b, ¢, d refer to the significant difference obtained through multiple comparisons of ANOVA,
P<0.05); B: Symptomatic phenotypes of plants before treatment and at 4 dpi; C: Alpha diversity indices of
endophytic bacteria in different niches during infection stages; D: Alpha diversity indices of endophytic fungi in
different niches during infection stages. *: P<0.05; **: P<0.01; ***: P<0.001; CK: Healthy controls; QKI:

Diseased group. The same as below.
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Figure 2  Analysis of the overall diversity and composition of the endogenous bacterial community of plants. A:
Alpha diversity indices of the overall endophytic bacterial and fungal communities in plants under different
treatments at different time points; B: Alpha diversity indices of endophytic bacterial and fungal communities in
different niches under different treatments after infection; C: Beta diversity analysis of endophytic microbial
communities under different treatments at different time points after infection; D: Beta diversity analysis of
endophytic microbial communities in different plant parts under different treatments after infection; E: Phylum

level abundance bar plots of overall endophytic bacteria and fungi in plants at 7 dpi. L: Leaves; R: Roots; S: Stems.
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Figure 3  Analysis of community composition and diversity of microorganisms in different ecological niches. A:
Three-dimensional PCoA scatter plot illustrating the beta-diversity clustering of endophytic bacterial (Row 1) and
fungi (Row 2) communities across different ecological niches under varying treatments and time points; B:
Relative abundance bar chart depicting the species composition of endophytic bacterial (Row 1) and fungi (Row
2) communities across different ecological niches under varying treatments and time points (C: Control group; E:

Diseased group).
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Figure 4 LEfSe analysis of endophytic bacteria (A) and endophytic fungi (B) in different plant parts of the

control and diseased groups at 7 dpi.
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Figure 5 Analysis of the correlation between key bacterial populations and the proliferation of bacterial wilt. A:
Top 5 significantly differential endophytic bacterial OTUs identified by the random forest model in different plant
parts before and after infection at 7 dpi; B: Top 5 significantly differential endophytic fungi OTUs identified by
the random forest model in different plant parts before and after infection at 7 dpi; C: Modular and phylum-level
co-occurrence network analysis of endophytic microbial communities before and after infection (The red box
epresents the ASV for R. solanacearum, and the black box epresents the ASV for the key antagonist antibacterial).
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Figure 6 Source tracking analysis of endophytic bacteria in different parts of diseased pepper plants at different

time points.
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FEPUH AR AL g o SR, X SE R R 1) T RETE
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AR ZH 2 AR S NRAIE A S 90 A T i — 2D AR ST
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(L8N D AN IR SN VAT Rl DS SN
S DR W EATOG, A2 T 10 FRYERAE BTG
R RN ) e

ASHIFTE B T 75 A T R A A [ s A ] A=
SRR IE S 2255, IPUBRR
TR B A AR Gl A e v A A e R R AL T
BT, ATHRA THEMERL T HRN
A TR P B S AR, BB Rl 1) B i 4
AT PSR AT IR B2 4

1E# TR = A

il . WFI BT RSB EAET . )
ARG skt MR R B Sl . I
B AT HAE R P SR BEROR SRR
bl ZRa%. ROEORSCRPMZRIGE &

TE& A 25wk RATF WA

VR P A AEAT AR T B8 23 52 W AR SC 4l
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