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Arbuscular mycorrhizal fungi modulate the community
composition and diversity of root endophytic bacteria
in tobacco cultivated in barren soil

DING Mingbi'?, CAO Gaoxue'?, ZHANG Qing"?, SUN Lixue'?, WANG Boyan"?, CHENG Qixiu'?,
CHEN Jin"*, LI Xiaoyu"*"

1 School of Life Sciences, Anhui Agricultural University, Hefei, Anhui, China
2 National Engineering Laboratory of Crop Stress Resistance, Hefei, Anhui, China

Abstract: Soil degradation represents a major constraint to sustainable agricultural production.
Arbuscular mycorrhizal fungi (AMF), as pivotal rhizosphere symbionts, play a crucial role in
promoting host plant growth and remodeling microbial communities. [Objective] This study
elucidated the regulatory impacts of AMF inoculation on tobacco growth, as well as the structure,
interaction network, and metabolic functions of the endophytic bacterial community in the roots of
tobacco cultivated in barren soil. The aim is to provide theoretical support for leveraging AMF to
optimize plant-microbe interactions and enhance crop adaptation to nutrient-poor environments.
[Methods] A pot experiment was conducted in combination with [llumina MiSeq high-throughput
sequencing. The root endophytic bacterial community was systematically investigated via
microbial co-occurrence network analysis, functional prediction, and structural equation modeling
(SEM). [Results] AMF inoculation significantly enhanced tobacco growth, increasing the shoot
fresh weight, root fresh weight, plant height, and root length by 118.4%, 157.6%, 78.6%, and
73.4%, respectively. Although AMF inoculation significantly reduced the species richness and
diversity of the endophytic bacterial community, it markedly reshaped the community composition
by enriching specific taxa (e. g., Gammaproteobacteria). This restructuring resulted in a more
compact, positive interaction-dominated co-occurrence network, in which ASV149 (belonging to
the genus Steroidobacter) was identified as a keystone taxon. Functionally, AMF inoculation
significantly upregulated key metabolic pathways, including cell growth and death, xenobiotic
biodegradation and metabolism, amino acid metabolism, and lipid metabolism. SEM further
confirmed that bacterial richness and diversity were the major drivers shaping the network structure.
[Conclusion] In barren soil, AMF not only directly promotes tobacco growth but also enhances the
stability of the root microecosystem and the tobacco adaptability to barren soil by restructuring the
root endophytic bacterial community. From the perspective of the “plant-AMF-endophytic
bacteria” tripartite interaction, this study deepens the insight into the intrinsic mechanisms
underlying microbial synergism in enhancing plant environmental adaptability.

Keywords: barren soil; arbuscular mycorrhizal fungi; endophytic bacterial community; tobacco;
microbial co-occurrence network; functional prediction
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Bacterial phylum Number of reads at phylum level (lg)
[] Pseudomonadota [ Chiorofiexi [] Actinomycetota ’

Bacillot || Bacteroidot M) I
[] Bacillota acteroidota ] Myxococcota TR IS O

[] Bdellovibrionota

E2 AI7T8TALEHERBRRGZLER

Figure 2 Phylogenetic tree of the top 78 endophytic bacterial genera. From the inner to the outer rings of the
circular diagram: the first ring displays the phylogenetic tree constructed based on amplicon sequence variants
(ASVs), where the branch colors represent the phylum-level taxonomy of each node (see the legend for details);
The second ring (bar plot) illustrates the relative abundance of each ASV across different samples, with the bar
height indicating abundance levels; The third ring (taxonomic annotation) shows the genus name corresponding

to each ASV and its affiliated phylum in the outermost labels.
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Figure 3  The variations in the root endophytic bacteria community alpha diversities between two treatments. A:
Chaol richness index; B: Simpson evenness index; C: Shannon diversity index. Error bars represent mean+SD. *

indicate P<0.05; All P-values were determined via the Wilcoxon rank-sum test.
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correlated with the abundance of the corresponding taxa, and branches and dots in different colors (Purple for

-AMF group, yellow for +AMF group) represent differentially enriched taxa in each group.
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FIEAR 2N A g S N 4 s S o g T T (Bacillota) MAUFT i '] (Bacteroidota) 3 M

B i I'] (Pseudomonadota). %% Ji 2 I FAR AW B EIE PE S AR B 25 HE . O e BH Y

http://journals.im.ac.cn/actamicrocn



2736

DING Mingbi et al. | Acta Microbiologica Sinica, 2026, 66(6)

P R AR M P M, 2K
PET A REE PN 3E 422 PEE (Z:) AR B ) 52 422 FE (P %o
WS HETIIRE . T R EL, -AMF Rk
DR SCHESERE; M+AMF SR g T 28 15 BEAT B
J& (Steroidobacter) ) ASV149 TEHi ¥ (AR5 K]
(K SD)yH 3 Z>2.5, P<0.62 BIHHIE, 4
CREHAR AL 1) S BESBEH E prfE o IRl &5 &
P& L5 (B 5BYAT UL, ASV149 7E+AMF 1
P28 R T 12 SRR A, S BiEm]
FARBLBEN AR EAECR,
— B REL T HAE A Y i RO AR, R
S AL S =

BERE, AMF 3 i 35 000 TR AR R
PAE I B I 45 250 . — AMF O RE V% I 4% 25
W%, WL EK )T S B Es LAk 5 AN BT,
{H-AMF FI+AMF (1) % 28 155 8 A 73 514 0.303
F10.151;  HXF HRZH 777 s 4508 (38 A4 Rl i ]
HEAEEL(318 ZR) I W TR AL (28 AT AN
209 454, F2W]-AMF ZH 2% R He Pk T g |
T R R SR, SRR 4 Y IE T
HAEIE 77.1%, BE & TAIRAN 74.7%, X
PE7R+AMF 21 K R AR 28 PN A= 40 BT 8] 114 H 30 G Bk
TR (R 1),

|:| Pseudomonadota |:| Chloroflexi I:] Actinobacteriota D Bacillota |:| Bacteroidota
A a__OSSD B o AW
o @) .
RS N O
o O / B S
0 L SN | O
&y | ZSE iT O
g8 I ®
NV,
O =0 X o
o 5 e
| (S O o O
O O @) @
o O i O
O 6% > O O
C_ —~AMF _ +AMF

N 40 Module , Network N 400 :
& hubs by | SV Moduehubs | Nemorihubs
i I | S aae et IR £ o0f ;
5] ' o .
g ] ?-:’ i
g 00r i Connertors = 0.0F ; Connertors
o ] o
& H @ 1
E-20r : = 2.0 :
g ‘ 2
40t i § —4.0F i
= Peripherals : = Peripherals -
o= 1 R 1 1 1 1 1
3 _6'0 I 1 1 1 I B —6.0

-0.2 0.0 0.2 0.4 0.6 0.8 -02 0.0 0.2 0.4 0.6 0.8

Among-module connectivity (P,)

El5 (HERFR A G I L%
Figure 5

Among-module connectivity (P,)

Co-occurrence network of endophytic bacteria in tobacco roots. A, B: Visualization of structured

networks under — AMF and +AMF treatments (Different colors represent different phyla, and node size is

positively correlated with the number of connections); C, D: Scatter plots of node topological roles under —~AMF
and +AMF treatments, with thresholds for Z; and P;set at 2.5 and 0.62, respectively.
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1 NEMERLINNEIRINBMER
Table 1

bacterial co-occurrence networks

Topological properties of endophytic

Treatment -AMF +AMF
Total nodes 38 28
Total links 318 209

R? of power law 0.002 0.510
P/N ratio 0.747 0.771
Avg path length (GD) 1.599 1.566
Avg connectivity (avgK) 16.737 14.929
Avg clustering coefficient (avgCC)  0.716 0.805
Modularity 0.303 0.151

Avg path length of random networks 1.548+0.001 1.458+0.005
Avg CC of random networks 0.273+0.034 0.395+0.036
Avg modularity of random networks 0.121+0.012 0.083+0.012
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Figure 6 Functional prediction of endophytic bacteria in tobacco roots. A: Functional prediction of endophytic

bacteria in tobacco roots using PICRUSt2 (at KEGG level 2); B: Functional prediction of endophytic bacteria in

tobacco roots using FAPROTAX [The error bars in the figure represent the standard deviations of repeated

samples, and the dots indicate 95% confidence intervals; The left area shows the average proportion (%) of

different functions of endophytic bacteria in each group, the middle area reflects the average proportion

difference (%) of corresponding functions between groups, and the values on the right are P-values calculated by

Welch’s t-test, which are used to determine the statistical significance of functional differences between groups].
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Figure 7 Relationships between soil enzyme activity properties and endophytic bacterial network structure in

tobacco roots. A: Structural equation model (Boxes indicate measured variables, while single-head arrows mean

directional relationships. The number on the side of the arrows represents the standardized path coefficient,

revealing the interactive strength of two factors. Coefficients for significant positive and negative paths are shown

with red and blue lines, respectively. Black thin lines indicate a non-significant effect. *** indicate P<0.001); B:

The height of the bar chart indicates the degree of the standardized total effects. SOD: Superoxide dismutase;

CAT: Catalase; MDA: Malondialdehyde.
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