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Diversity and structure of hypolithic bacteria community of
Zhongyang Gobi

JIALi-Juan TANG Kai LAN Hui-Qing XU Huang-Wei GUO Qing-Wen DING Yue
TAN Fang XING Li-Hua GUO Yu-Qing FENG Fu-Ying"

(Institute for Applied & Environmental Microbiology College of Life Sciences Inner Mongolia Agricultural University
Hohhot, Inner Mongolia 010018, China)

Abstract: [Background] Bacteria of hypolithic biological soil crusts (BSCs) in Gobi play an
important role in the biogenic elements circling in arid and semi-arid regions. The bacterial
community structure and diversity vary greatly due to different climatic and geographical
environments. The area of Zhongyang Gobi is large, but little is known so far about the structure and
diversity of the hypolithic bacteria community. [Objective] To compared and analyzed the
similarities and differences of bacterial community structure and diversity in hypolithic BSCs and
bare soil around in the Zhongyang Gobi, and discover the effect of environmental factors on bacterial
community and the interaction relationships among the bacteria. [Methods] Illumina MiSeq was
applied to sequence 16S rRNA gene, bioinformatics approach was used to reveal the diversity and
structure of the bacteria community, the co-occurrence network was constructed based on CoNet
software and Cytoscape 3.5.1 to visualize the network. [Results] The contents of available
phosphorus (AP), available nitrogen (AN) and chlorophyll a (Chl a) of the soil were significantly
higher (the most of 471% higher), while pH were slightly lower in the BSCs than that in the bare soil.
The bacteria was mostly dominated by the phylum of Cyanobacteria (45.85%—53.77%) and by the
genera Trichocoleus, Chroococcidiopsis and unknown one belonged to Class Cyanobacteria
(9.25%—18.42%) in the hypolithic BSCs, and did by the phylum of Actinobacteria (38.82%—44.69%)
and by the genera Arthobacter, Rubrobacter and three unknown genera belonged to the phylum of
Actinobacteria or Acidobacteria (>5%) in the adjacent bare soil. Among all the soil physicochemical
factors, AP had the most significantey influence on the composition of hypolithic bacterial
communities. Except the genera of Actognophytocola and one unclassified of Class Cyanobacteria,
there were strong interaction existed among other phylotypes, in which the co-occurrence
relationship was dominant (about 60%) and the nodes were all belonged to Phylum Cyanobacteria
and Class a-Proteobacteria with higher degree, closeness and betweenness centralities. [Conclusion]
Bacterial diversity and community structure of hypolithic BSCs is remarkably distinguished from
that of bare soil in the Zhongyang Gobi. Members of Phylum Cyanobacteria and Class
a-Proteobacteria are the primary and most important driver in the early development of hypolithic
BSCs in the Zhongyang Gobi.

Keywords: Hypoliths, 16S rRNA gene, High-throughput sequencing, Co-occurrence network
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Figure 1 The rarefaction curves

2 BREM 1 ]
21 HIEBUMRSH
1 1 BSCs
pH ( 0.94) 23 EESELHIRER S
AN (AN AP oM OTU
0.65 0.32mg/kg 1587 g/kg) 5 Venn (2 ( 3
BSCs 9 2 2 6 OTU 287
pH BSCs OTU 39 2
Chl a 1.8 ng/kg
Chl a 5 BSCs Chla
9
2.2 HFEMERRZL
mSX1 mSX2
sSX1 sSX2 sOS1 sOS2 38162 33 041
31861 33895 33973 41 643 sSX1
(D
F1 IEBMR
Table 1 Soil physicochemical properties
a Size of each list
Samples pH AP AN oM Chl a
(mghkg)  (mgkg)  (ghe)  (ng/kg) . . 581‘ . .
mSX1 843 038 1.40 20.43 1.46
mSX2 828 0.40 1.05 2811 216 sSX2 sOS2 sOS1 sSX1 mSX1 mSX2
sSXI 821 026 135 20.43 1.17 "
sSX2 846 021 1.40 18.18 1.05 B2 #HE OTU & Venn
Figure 2 The Venn diagram of bacterial OTUs
sOSI  9.15  0.08 0.75 12.24 0.63 OTU
sOS2 892  0.07 0.76 13.71 0.44

Note: The number in the figures is the OTUs amount.
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Figure 3 Bacterial community composition at genus level

Samples

Note: Sequences failed to be classified at the genus level were located at a higher position until a definite taxon were ascertained. The single
letter £, o, ¢ and p present for family, order, class and phylum at right taxon in figure, respectively.
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Table 2 Alpha-diversity indexes
Chaol
Samples Shannon index Chaol index
mSX1 4.59 683.66 (
mSX2 433 622.69 )
sSX1 4.65 649.29 5
sSX2 4.62 639.52 3 AP
sOS1 5.50 694.13 OM Chla
s052 495 638.52 96.26% ( 5) AP OM Chla
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Figure 4 Hierarchical clustering tree based on the beta diversity of distance (A) and principal component analysis (B)
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Figure 5 Relationship between soil physiochemical
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Figure 6 Co-occurrence network of bacteria in hypolithic biological soil crusts

Note: Green colored edges indicates the positive interaction, i.e. co-occurrence; Red ones means the negative interaction, i.e.
mutualexclusion. Yellow-colored circles represent putative keystone species.
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