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Diversity of endophytic and rhizospheric bacteria of Apocynum
venetum and isolation of degumming bacteria
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3 College of Life Sciences, Northwest A&F University, Yangling, Shaanxi, China
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Abstract: [Objective] To elucidate the diversity and community composition of endophytic and
rhizospheric bacteria associated with Apocynum venetum in northern Xinjiang and to screen the
strains with efficient and specific degumming potential. [Methods] Samples of 4. venetum were
collected from four regions: Karamay, Fukang, Urumgqi, and Turpan. The bacterial community
structure was analyzed by 16S rRNA gene high-throughput sequencing. Pure-culture techniques
were employed for strain isolation, and functional strains exhibiting xylanase and pectinase
activities but lacking cellulase activity were screened by Congo red staining and enzyme activity
assays. [Results] High-throughput sequencing identified 872 genera of bacteria belonging to
345 families of 38 phyla, among which Pseudomonadota and Actinomycetota were the dominant
phyla. Bacterial abundance and diversity followed the order: rhizospheric soil>root>leaf>stem.
Microbial abundance and diversity at the Turpan site were lower than those at the other sampling
sites. A total of 361 bacterial strains were isolated in pure culture, belonging to 86 genera,
47 families of 4 phyla. Nine specific degumming strains were screened out, of which seven
(77.78%) strains were endophytes derived from stems and leaves. The optimal functional strain,
Bacillus rugosus (VFS. M1.04), showed xylanase and pectinase activities of 2 237 U/mL and
1 002 U/mL, respectively. [Conclusion] The community structures of endophytic and rhizospheric
bacteria associated with 4. venetum are significantly influenced by habitats and plant parts. Bacillus
is the dominant functional genus, and the homologous screening strategy effectively enables the
acquisition of elite strains with strong degumming capacity and no cellulose degradation from stem
and leaf endophytes. This study provides valuable microbial resources and a theoretical basis for
developing a green biological degumming process for A. venetum. These findings support the
targeted exploitation of plant-associated microbial strains for sustainable fiber processing.
Keywords: Apocynum venetum; bacterial diversity; biological degumming; enzyme activity
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Table 1 Environmental information of the sampling sites

Region Latitude (N) Longitude (E) Average annual 5-day average atmospheric Sample plot type
precipitation (mm) temperature (°C)

Urumgqi 43.801 133° 87.731 104° 237.6 37 Abandoned land

Fukang 44.367 607° 87.795 138° 236.0 35 Saline-alkali soil

Turpan 43.015 043° 88.981 698° 16.4 42 Saline-alkali soil

Karamay 46.028 511° 85.232 134° 108.9 40 Saline-alkali soil
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Table 2

venetum bacterial communities

Alpha diversity indices of Apocynum

Sample Chaol index Simpson index  Shannon index
VF 1 374.50a 0.057 56a 7.291 67ab
VK 1328.00a 0.060 24a 7.239 17b

VT 1 073.75b 0.058 15a 6.856 67c

VU 1346.17a 0.026 69b 7.876 67a

M 2295.99A  0.016 72C 8.634 75A

L 795.83C 0.047 67B 6.976 00BC

R 1410.25B 0.016 35C 8.002 50AB

S 620.33C 0.122 31A 5.651 00C

The alpha diversity indices for the four sampling sites and
four plant parts were presented in rows 1-4 and rows 5-8,
respectively. One-way analysis of variance (ANOVA) was
performed with »=12, and Duncan’s multiple range test was
used for intergroup significance testing. Different letters
indicate significant differences between groups P<0.05, while

the same letter indicates no significant difference.
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B ZREMEA M 7 ik o i AL 3 AL BR 4 M7 (principal
coordinates analysis, PCoA) X # i 47 1 7] 4k
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Sample beta diversity principal coordinates analysis (PCoA). A: PCoA of bacterial communities from

different sampling sites (n=12); B: PCoA of bacterial community structure in different tissue parts (n=12).
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Figure 2 Overall community composition of endophytic and rhizospheric bacteria of Apocynum venetum based

on high-throughput sequencing. A: Community composition at the phylum level (Showing the top 20 phyla); B:

Community composition at the genus level (Showing the top 20 genera).
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Figure 3 Relative abundance of Apocynum venetum bacterial communities at the genus level between different

tissues and sampling sites. A: Relative abundance across different sampling sites; B: Relative abundance across

different tissue parts.
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Figure 4 Community composition of pure-cultured isolated strains. A: Distribution at the phylum level; B:

Distribution at the genus level (Top 20 genera are shown).
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Table 3 Comparison results of degumming strains in the NCBI database

Strain number Top-hit taxon Top-hit strain Similarity (%) Phylum Genus
VKS.M6.16 Arthrobacter subterraneus CH7 99.30 Actinomycetota  Arthrobacter
VKR.R,A.05 Mesorhizobium sediminum YIM M12096 98.84 Pseudomonadota  Mesorhizobium
VUL.M2.02 Pseudomonas oryzihabitans ~ PX765803 99.79 Pseudomonadota  Pseudomonas
VUL.M2.03 Stutzerimonas stutzeri ATCC 17588 99.31 Pseudomonadota  Stutzerimonas
VUL.R,A.01 Prolinoborus fasciculus CIP 103579 99.57 Pseudomonadota  Acinetobacter
VFL.M2.11 Bacillus zhangzhouensis DW5-4 99.23 Bacillota Bacillus
VFS.M1.04 Bacillus rugosus SPB7 99.24 Bacillota Bacillus
VTS.R,A.04 Bacillus halotolerans ATCC 25096 99.36 Bacillota Bacillus
VTK.M1.04 Bacillus safensis subsp. FO-36b 99.21 Bacillota Bacillus
23007 Xylanase activity
Pectinase activity

32000 F

£

=,

2 1500

% A A

< A

o 1000+

£ B s

§ a BC BC

@ 500 ab ab b

CD " be D
0 o ) & )
N Q Q Q N Q
(3 S a9 9 > '1, \ Y’ A
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S R 3 oy 23 :
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Figure 5 Evaluatlon of enzyme activity of degumming functional strains. One-way analysis of variance

(ANOVA) was employed with (n=3). Different letters indicate significant differences between groups (P<0.05),

while the same letter indicates no significant difference. Lowercase letters denote the significance of xylanase

activity, and uppercase letters denote the significance of pectinase activity.
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