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Spatial and temporal distribution characteristics and
diversity of myxobacteria in the rhizosphere of Phragmites
australisin Ebinur Lake wetland

HE Bo, HU Wenge*, CHEN Xuemei, DING Cheng, QI Xiaoyun

School of Life Sciences, Shihezi University, Shihezi 832000, Xinjiang, China

Abstract: [Objective] To study the spatial and temporal distribution characteristics,
community structure, and diversity of uncultured myxobacteria in the rhizosphere soil of
Phragmites australis in the Ebinur Lake wetland, so as to enrich the knowledge of
myxobacteria resources in saline-alkaline wetlands, lay a foundation for exploiting the
myxobacteria resources in extreme environments, and provide data support for the restoration
of saline desert ecosystems. [Methods] The rhizosphere soil samples of P. australis were
collected from 10 sites in Ebinur Lake wetland in 3 months, and high-throughput sequencing
was conducted for the V4-V5 region of the 16S rRNA gene to reveal the diversity and spatial
and temporal distribution of myxobacteria. [Results] The abundance of myxobacteria, as
indicated by the presence of 16S rRNA gene tags, ranged from 0.22% to 3.54% of the total
bacteria in the Ebinur Lake wetland. The highest diversity was observed in July and at the
sampling site 4, suggesting the correlations of genus diversity with both seasons and sample
sites. A total of 14 genera of myxobacteria belonging to 8 families of 3 suborders were
identified. Among them, Haliangium was the dominant genus, with the relative abundance of
10.83%—71.01%. Network co-occurrence diagrams showed that most of the bacteria interacted
with myxobacteria. Spearman correlation analyses showed that the Shannon, Chaol, and ACE
indices of bacteria influenced the diversity and richness of myxobacteria. The redundancy
analysis (RDA) showed that soil inorganic nitrogen (IN), organic matter (OM), and
water-soluble magnesium ions (Mg*") were the main abiotic factors influencing the diversity
and community structure of myxobacteria. [Conclusion] The Ebinur Lake wetland is rich in
myxobacteria, the diversity and community structure of which present spatial and temporal
variations. Biotic factors (bacteria) and abiotic factors (soil physico-chemical properties)
jointly affect the diversity of myxobacteria.

Keywords: Ebinur Lake wetland; Phragmites australis rhizosphere; myxobacteria diversity;
soil environmental factors; spatial and temporal distribution characteristics
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Table 1 Ten sentinel sample plots of Phragmites
australis were established at Ebinur Lake wetland

Sample Longitude Latitude Height Season
site (m)
Lwl 83°18'5.22"  44°40'17.73" 217.7  April, July,
October
Lw2 83°19'13.42" 44°52'32.33" 198.0  April, July,
October
Lw3 82°39'23.77" 44°54'33.30" 206.1  April, July,
October
Lw4 82°41'21.13" 44°51'46.42" 188.6  April, July,
October
Lw5 82°44'13.75" 44°50'54.02" 191.8  April, July,
October
Lwo6 82°48'54.21" 44°46'30.86" 206.4  April, July,
October
Lw7 82°49'22.34" 44°49'3.31" 199.5  April, July,
October
Lw8 82°51'50.61" 44°45'28.12" 203.2  April, July,
October
Lw9 82°53'49.55" 44°47'4.51" 193.5  April, July,
October
Lwl0  82°54'9.19” 44°43'21.91" 211.0  April, July,
October

Lwl-Lw10 indicate the 10 sentinel Phragmites australis
plots sampled. The same below.
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Table 2 The sequencing data of 10 plots in Ebinur Lake wetland in 3 months

Sample April July October
site Reads B-tags M-tags Reads B-tags M-tags Reads B-tags M-tags
Lwl 157 156 64 429 519 164 828 60 820 322 136 376 45283 218
Lw2 114 614 35386 460 166 766 53 903 877 174 512 56 806 1261
Lw3 175 798 64 801 1 064 165304 55181 897 159 252 60 690 489
Lw4 157 434 51484 646 171176 54979 1249 159 896 56 117 1 100
Lw5 124 382 44 579 1 040 160288 57437 1051 175 436 59 480 731
Lw6 158 768 62 067 139 172 600 56 895 1159 160 856 53 685 946
Lw7 145 022 54777 432 115030 32841 173 161 980 49 820 1765
Lws 154 400 51244 762 119260 35684 570 171 654 56 080 900
Lw9 152 776 54 859 931 156242 54974 760 110 780 36 613 536
Lwlo0 131924 45 545 561 177 008 58 855 1208 117 926 41724 414
B-tags denote the number of annotated bacterial tags; M-tags denote the number of annotated myxobacterial tags.
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B 1 XHHEMAERETIRFAREL B 5 LXK EMREESH
Community structure of Phragmites australis rhizosphere soil myxobacteria in Ebinur Lake
wetland at the suborder taxonomic level. Iw4.1-1w4.10, respectively representing the samples of 10 sample
sites in April; Iw7.1-1w7.10, respectively represent the samples of 10 sample sites in July; Iw10.1-1w10.10,

Figure 1

respectively represent the samples of 10 sample sites in October.
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Figure 2 Community structure of Phragmites australis rhizosphere soil myxobacteria at the genus level in
the Ebinur Lake wetland. Iw4.1-1w4.10, respectively representing the samples of 10 sample sites in April;
Iw7.1-Iw7.10, respectively represent the samples of 10 sample sites in July; Iw10.1-1w10.10, respectively

represent the samples of 10 sample sites in October.
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Figure 3 Diversity and abundance of myxobacteria between Phragmites australis rhizosphere soil in 10 sentinel
samples at Ebinur Lake wetland. A: Shannon and Simpson indices of 10 sample sites. B: ACE and Chaol
indices of 10 sample sites. Lwl—-Lw10 indicate the 10 sentinel Phragmites australis plots sampled. The
largest mean is represented by a, the smallest mean is represented by b, a is not significantly different from ab,

but it is significantly different from b.
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Figure 4 Diversity and abundance of myxobacteria in Phragmites australis rhizosphere soil in three
different months at Ebinur Lake wetland. A: The data illustrates the variation in the Shannon index of the
myxobacterial community across the months of April, July, and October. B: The data illustrates the variation
in the Simpson index of the myxobacterial community across the months of April, July, and October. C: The
data illustrates the variation in the Chaol index of the myxobacterial community across the months of April,
July, and October. D: The data illustrates the variation in the ACE index of the myxobacterial community
across the months of April, July, and October. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 NMDS analysis of Phragmites australis rhizosphere soil in the Ebinur Lake wetland. A: Shows the
temporal changes of NMDS in myxobacterial community. B: Shows the spatial changes of myxobacterial
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A: Shows the redundancy analysis of myxobacterial diversity index and soil physicochemical factors. B:
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Figure 7 Correlation of alpha diversity index of rhizosphere soil bacteria and myxobacteria of Phragmites
australis in Ebinur Lake wetland. The horizontal coordinates are the myxobacteria data and the vertical
coordinates are the bacteria data. Positive and negative numbers indicate positive and negative correlation; *
indicates significant correlation; ** indicates extremely significant correlation.
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Figure 8 Correlation of soil bacteria, myxobacteria and soil physicochemical factors in Phragmites
australis rhizosphere soil in Ebinur Lake wetland. A: Network diagram of myxobacteria community with
bacterial community and physicochemical factors, non-yellow nodes represent myxobacteria and 5 soil
physicochemical factors, all bacteria except myxobacteria are represented by yellow nodes. B: The network
diagram illustrates the myxobacteria community interconnected with the bacterial community. Each node
corresponds to a distinct genus, which is depicted with different colors. The size of the nodes indicates the
relative abundance of each genus, while the red lines represent positive correlations and the green lines
represent negative correlations.
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Table 3 Main genus of bacteria positively associated with myxobacteria

Genus name of myxobacteria Genus name of bacteria

Marinococcus, Ammoniphilus, Pseudokineococcus, Salinarimonas
Pseudorhodoplanes, Alsobacter, Granulicella, Planifilum, Microlunatus

Nitrospiraceae, Ramlibacter, Flavisolibacter, Acidibacter, Cellvibrio, Actinokineospora,

Myxococcus
Cystobacter
Haliangium Acidibacter, Pir4-lineage, unidentified-Actinomarinales
Anaeromyxobacter

Gemmatimonas, Terrabacter, Reyranella
Phaselicystis Oxobacter, Sulfurifustis, Ramlibacter, Seroidobacter, Gemmata
Nannocystis Haloplasma, Pir4-lineage, unidentified-Nitrospiraceae

Pajaroellobacter

Sorangium Ruminiclostridium

Ramlibacter, Acidibacter, Gemmatimonas, Phenylobacterium

x4 SHMAELEXNEEAER
Table 4 Main genus of bacteria negatively associated
with myxobacteria

Genus name of Genus name of bacteria
myxobacteria

Cystobacter

Acinetobacter, Shewanella, Salinisphaera
Anaeromyxobacter Serratia, Delftia

Sorangium Pleomorphomonas
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