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Abstract
Bacteria plays a crucial role in soil biogeochemical cycles, bacterial elevational patterns have been well studies over
the past decade, but the elevational pattern and its driver poorly understood. To determine the distribution patterns
of bacterial composition and diversity across narrow– and broad–scale elevational gradients, we collected soil
samples from 22 sites in the grasslands of Mt. Tianshan along three elevational transects and the whole elevation
transect: (1) 6 sites at 1047 m – 1587 m, (2) 8 sites at 876 m – 3070 m, and (3) 8 sites at 1602 m – 2110 m. We
found a hump pattern of the bacterial community diversity on the whole elevation transect, while not have observed
consistent patterns in separately elevation transect. Bacterial community composition based on phylum differed
with transects and elevation sites. Furthermore, heatmap analysis showed that pH and MAT signi�cantly (P < 0.05)
correlated with bacterial community composition, dominant bacterial phylum and class signi�cantly in�uenced soil
pH. Therefore, our results suggested that soil property plays the most important role in shaping bacterial community
patterns in grassland of Mt. Tianshan.

Introduction
Altitudinal gradients have been recognized as a natural laboratory to assess spatial distribution patterns and basic
ecological processes of the biomes in montane ecosystems1,2. Understanding of soil bacterial community in
response to environmental variables of different elevation gradients is of great ecological importance, while soil
bacterial community elevational patterns are still rudimentary. Therefore, it’s necessary for investigation of the
general conclusions about the elevational diversity trends in soil bacteria in mountain grassland ecosystems.

Up to date, there have been acquired different results on the distribution patterns and driving factors of bacterial
community across a variety of montane regions scales3–6, showing different distribution patterns in relation to
elevation. Some researchers concluded that soil bacterial community exhibited no evident patterns in diversity along
elevation gradient4,7, while in the elevation from 2,460 m to 3,380 m, soil acidobacterial diversity showed a
decreasing pattern with elevation3. In addition, others did observe a hump-shaped pattern for soil bacterial
community with elevation. For example, Singh et al.8 reported that soil bacterial diversity showed a Hump-Backed
elevation pattern from 1,000 m to 3,700 m on Mount Fuji, a signi�cant “peak” in bacterial diversity at around 2,500
m. A similar result was also reported by Nottingham et al.5, who investigated microbes follow “Humboldt” diversity
patterns along elevation of 194 m – 3644 m. These �ndings indicate that bacterial composition and diversity
responds differently to elevational gradients and environmental types, in which bacterial community likely has
various tolerance range across different environmental conditions1.

We have already known that bacterial community composition and diversity exist vary considerably across montane
spatial scales, and this variation is theorized to be linked to changes in a series of biotic or abiotic factors. There are
some different views about the roles of climatic, plant and soil variables on bacterial community composition and
diversity. Soil pH is universally accepted as an overarching factor in determining the elevation distribution of soil
bacterial community in various mountain ecosystems7,9−11, although exceptional �ndings have also indicated that
other driver factors (i.e. Temperature) other than pH can have had a signi�cant in�uence5,12,13. For example, on
Changbai Mountain and Segrila Mountain, the results both indicated that soil pH major in�uenced bacterial
elevational patterns7. However, an Andean transect traversing 3.5 km in elevation found temperature was the
dominant driver of bacterial distributions5. Therefore, various patterns of soil bacteria could be dependent on the
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study scale, the environment stress gradient hypothesis is one of the key response strategies of soil bacteria to a
change in the environment.

Hence, viewpoints of the key climate, plant variables and soil physicochemical parameters on driving soil bacterial
community composition and diversity along elevational gradients changes are still controversial, and a systematic
understanding of the elevational patterns of soil bacterial community to above driver changes remains elusive. Mt.
Tianshan is one of the seven major mountain systems in the world, covering the hinterland of Eurasia. About two–
thirds of the mountains located in the Xinjiang Uygur Autonomous region of China, which characterized by a typical
arid and semiarid continental climate, where is known to mirror the vertical zonation from desert to alpine meadow
on the Eurasian continent.

Therefore, in this study, we carried out bacterial 16S rRNA sequencing of V3 – V4 from 66 soil samples taken at 22
sites along the elevation 876–3070m extent of the Mt. Tianshan grassland. The goals were to: 1) assessing the soil
bacterial community composition and diversity elevation patterns; 2) examining the driving factors in shaping the
distribution of the bacterial community diversity, and comparing the relative contribution of driving factor bacterial
community across the elevation gradients.

Results
Environmental variables along the altitudinal gradient

Soil properties and plant parameters differed signi�cantly (P < 0.05) along the three altitudinal transects (Table 1).
Soil pH ranged from 7.11– 8.45, 5.54–7.82, and 5.02–8.83 in transect 1, 2, and 3, respectively. In contrast to
altitudinal Transects 1 and 3, broad-scale altitudinal gradients from 876 m to 3070 m of Transect 2 had more
dramatical changes in soil moisture (SM), soil organic carbon (SOC), total nitrogen (TN), C:N ratio (C/N), plant
species richness (PSR), and belowground biomass (BGB). Compared to low altitude sites and high-altitude sites at
876 m, 920 m, and 3070 m, the intermediate altitude sites at 1744 m and 2513 m showed increased trend in soil
moisture, total nitrogen, and soil organic carbon. However, plant species richness and belowground biomass were
the highest in the high-altitude alpine meadow environments of 2903 m and 2981 m.
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Table 1
Soil properties and plant variables at different sampled elevations.

Elevations
(m)

  Soil physicochemical parameters Plant parameters

pH SM
(%)

SOC (g·kg− 

1)
TN (g·kg− 

1)
C:N
ratio

PSR (per·m− 

2)
BGB (g·m− 2)

1047 8.45a 1.20d 12.83d 1.02d 23.80a 7.67c 1106bc

1071 7.82b 2.12d 30.27c 2.83c 10.48b 11.00b 1086c

1277 7.11c 3.57c 43.15b 4.11b 10.89b 9.00bc 1011c

1423 8.29a 3.29c 12.83d 1.49d 12.14b 8.00c 2165b

1580 7.85b 10.46b 59.64a 4.69b 12.83b 15.00a 3103a

1587 7.65b 12.73a 63.97a 6.19a 10.74b 15.33a 2357a

Transect 1 7.86 5.56 37.12 3.39 13.48 11.00 1805

876 8.83a 1.21b 5.81e 0.99c 20.57a 2.67c 627e

920 8.44ab 1.63b 9.51e 1.20c 19.94a 5.67d 743de

1586 7.79b 4.04b 25.80de 2.73bc 11.45c 4.33cd 1192cd

1744 6.55c 20.29 85.92ab 6.37a 16.23b 8.67b 3099a

2513 6.14cd 17.16 65.47bc 6.47a 10.48c 9.00b 1373bc

2903 5.78cde 23.51 100.66a 6.51a 18.97a 12.00a 3427a

2981 5.02e 25.88 47.70cd 4.34ab 10.72c 13.67a 3466a

3070 5.29de 15.46 43.92cd 2.87bc 15.29b 9.00b 1725b

Transect 2 6.73 13.65 48.10 3.94 15.46 8.13 1957

1602 7.82a 9.19d 37.87c 3.79d 10.83d 14.67bc 2221bc

1661 7.64ab 19.66c 38.10c 2.83d 19.77a 7.33e 1374de

1703 6.90b 19.53c 110.38ab 10.63a 10.57d 14.33cd 1467de

1739 6.94b 19.46c 92.47b 9.07ab 10.70d 11.33d 1663cd

1998 7.40ab 8.40d 48.84c 4.24d 14.45c 11.67cd 862e

2045 5.94c 35.14a 113.00ab 10.53a 10.85d 24.00a 3029a

2075 5.99c 26.54b 94.29b 6.18c 15.43bc 22.33a 2020cd

2110 5.54c 30.07b 123.74a 7.44bc 16.88b 19.33b 2827ab

Transect 3 6.77 21.00 82.34 6.84 13.69 15.62 1933

SM, soil moisture; SOC, soil organic carbon; TN, total nitrogen; PSR, plant species richness; BGB, belowground
biomass. Values in bold indicate the mean value in the indicated Transects.
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Bacterial community composition across the altitudinal gradients

Across all 66 soil samples, a total of 3,335,681 quality sequences were grouped into 5,314 OTUs at 97% similarity
level. At 22 elevation sites, Actinobacteria was the most abundant phylum on Mt. Tianshan, accounting for 41.76 %
of the total sequences obtained, followed closely by Proteobacteria with around 24.13% of the total sequences
(Fig. 1A). And then followed by Acidobacteria (10.85 %), Chloro�exi (8.73 %), Gemmatimonadetes (3.65 %),
Verrucomicrobia (3.23 %) Bacteroidetes (1.64 %) and Planctomycetes (1.53 %). Soil bacterial community phylum
composition is consistent, but the average relative abundance is different across all elevations. Take the Transect 2
(S876m – S3037m) as example, the relative abundance of Actinobacteria was lower in high elevation sites (S2903
and S2981) than those in low elevation sites (S876 and S920) and the middle–elevation sites (S1744 and S2513).
At the class level, a total of 11 classes were detected, the relative abundances of the 10 classes were all greater than
0.05%, Less than 0.05% of the bacteria merged into others. Figure 1B shows that, the proportion of Actinobacteria,
Alphaproteobacteria and gammaproteobacteria at each elevation is 45%, Other groups such as deltaproteabacteria,
subgroup_6 and gemmatimonadetes are also prevalent in most soil samples, But the abundance is relatively low.
There are differences in the relative abundance of phylum level in bacterial composition in grassland soils at
different elevation across transects and elevation sites in the Mt. Tianshan grassland.

Bacterial community alpha diversity various across elevation gradients
The 10 phyla in soil bacterial community in three different regions of the elevation Transect 1, Transect 2 and
Transect 3 were analyzed for signi�cant differences between groups (Fig. 2). The relative abundances of
Actinobacteria, Proteobacteria, Acidobacteria, Verrucomicrobia, Firmicutes, and Rokubacteria are extremely
difference in the three transects samples (Fig. 2A). The relative abundance of Actinobacteria and Firmicutes on
Transect 1 (48.64% and 1.89%) were extremely signi�cant (P < 0.001) higher than those on Transect 2 (38.43% and
1.49%) and Transect 3 (39.63% and 0.98%). On the contrary, the relative abundance of Acidobacteria and
Verrucomicrobia in Transect 1 were lower (8.54% and 1.51%) (P < 0.001) than in Transect 2 (11.48% and 4.38%) and
Transect 3 (12.06% and 3.37%).

The relative abundance of the bacterial community dominant phyla were not signi�cantly different at the six
elevation sites S1047, S1071, S1277, S1423, S1580, and S1587 in Transect 1, but signi�cant changes were found in
the elevation sites of Transect 2 and Transect 3. The relative abundance of Proteobacteria, Acidobacteria and
Verrucomicrobia at high elevation sites of Transect 2 and 3 (i.e. S2903 and S2981 in Transect 2, S2075 and S2110
in Transect 3) are signi�cantly higher than those at low elevation sites of each (S876 and S920 in Transect 2, S1602
and S1661 in Transect 3), while Actinobacteria and Gemmatimonadetes showed the opposite trend.
Elevation patterns of bacterial diversity

The signi�cant relationships of soil bacterial richness and diversity with elevation were found (Fig. 3). On the
Transect 1, Transect 2 and Transect 3, there were not dramatically elevational diversity patterns. However, across the
whole elevational gradient, Chao1 richness and Shannon diversity presented signi�cantly hump–shaped patterns
(Figs. 3D and 3G).

The “peak” value in Chao1 richness was observed in lower elevations at around 1423 m, while a “hollow” pattern
towards middle elevation with a minimum richness was observed at 2513 m (Fig. 3D). Moreover, the Shannon
diversity decreased from 876 m to 2513 m (Fig. 3G), but increased from 2513m to 3070m. These results indicate
that soil bacterial community diversity present a hump pro�le in the grasslands of Mt. Tianshan.
Structure of bacterial community along elevational gradients
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Nonmetric multidimensional scaling analysis (NMDS) was conducted to re�ect bacterial community structure
composition. In Fig. 4A, two small-scale elevational samples (1047–1587 m and 1602–2110 m) signi�cantly
separated (ANOSIM test, Stress = 0.0104, R = 0.19, P = 0.001), and the elliptical coverage of broader-scale elevation
samples (Transect 2, 876–3070 m) partially overlapped with that of two small-scale elevation samples (Transect 1,
1047–1587 m and Transect 3, 1602–2110 m). Speci�cally, bacterial community structure was signi�cantly changed
in three transects (Figs. 4B, 4C, 4D). In addition, bacterial community structure signi�cantly changed in three
transects (Figs. 4B, 4C and 4D) except for several neighbouring sites in the elevation of 1602–2110 m (S1703,
S1739, S2045, S2075, S2110). It suggested that elevation had strongest effect on bacterial community structure
amongst Mt. Tianshan grassland.

Relationships between bacterial community and environmental variables
The relationship of environmental factors and the composition of soil bacterial phylum and class (top 30) were
analyzed through the correlation heatmap. The results showed that the soil bacterial community are simultaneously
affected by climatic, plant and soil factors. Different bacterial phylum and class are differently affected by
environmental factors. As Fig. 5 showed, spearman analysis revealed that soil pH and mean annual temperature
(MAT) were key factors effect on the relative abundances of bacterial main phylum / class. The phylum of
Actinomycetes, Gemmatimonadetes and Chloro�exi as well as diversity and signi�cantly and positively correlated
with soil pH and PET (Fig. 5A; Table 2; P < 0.001), while Acidobacteria, Proteobacteria and Verrucomicrobia showed a
very signi�cantly negative correlation with soil pH and PET.

Table 2
Pearson correlations (R) evaluating the association between environmental variables and bacterial diversity (Chao1

richness, Shannon-Wiener diversity).
R Elevation pHa MAT MAP PET C/N SM SOC TN BGB PSR

Chao1

richness

-0.428 b

**

.418

**

.453

**

− .380

**

.385

**

-0.222 -0.226 -0.118 -0.019 − .270

*

-0.157

Shannon

diversity

-0.456

**

.381

**

.479

**

− .404

**

.437

**

-0.179 − .301

*

-0.187 -0.077 − .319

**

-0.154

a MAP, MAT, PET, C/N, SM, SOC, TN, BGB, and PSR respectively correspond to mean annual precipitation, mean
annual temperature, evapotranspiration, carbon/nitrogen ratio, soil moisture, total carbon, belowground biomass,
and plant species richness.

b Bold values indicate signi�cant correlations (P < 0.05).

 

Discussion
Elevation patterns of bacterial community

In our study, there was a hump-shaped richness / diversity pattern in a broader-scale elevation gradient grassland
ecosystems (from 876 to 3070 m) on Mt. Tianshan., but did not observe consistent patterns in transect 1, transect 2
and transect 3 elevation gradients. Similarly, bacterial community distribution pattern was hollow along higher
elevations (1,820-4,050 m) on Laojun Mountain, China14. And along elevation from 1000 to 3700 m on Mount Fuji,
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Japan, bacterial diversity exhibited a humpbacked pattern8, and the highest diversity occurred at 2500 m. What
differ is, our result showed that bacterial richness / diversity at 1277 m was the highest. This may relation to the
various environmental variables the baseline from ecosystems11. In addition, other studies found no signi�cant
trend with elevation4,6 and a decreasing elevation pattern11. Study showed bacterial diversity no apparent
elevational pattern along a complete elevational gradient (530 m – 2200 m) on Changbai Mountain, China. But, at a
narrow-scale (2000 m – 2500 m) above the 1950 m baseline, they found a monotonically decreasing elevation
pattern15. At about 1770 m, under the baseline, a U-shaped diversity elevation pattern was found, whereas there was
decreasing diversity pattern with increasing elevation16. These results demonstrated that the choosing research
scales and sampling scheme play considerable roles in different elevation patterns, broader elevation scale
important to exploring bacterial community elevational pattern.

However, it is not clear what exactly has caused different elevation diversity patterns based on the range of previous
studies. Thus, we infer wide elevation scale, and the different of baseline in mountain grassland ecosystems, which
could largely lead to the various elevational diversity patterns for soil bacteria. In the further study, the generality of
these observed patterns for bacteria still needs to be addressed by more extensive studies for across habitats.
Environmental factors affect bacterial community

In present study, analyzes showed that pH signi�cantly correlated with bacterial community composition, followed
by MAT (Fig. 5). Besides elevation, soil pH, MAT and MAP were signi�cant (P < 0.05) factors correlated with bacterial
diversity (Table 2). Along elevational gradients, extensive studies have reported soil pH was strongest predictive
power in bacterial diversity17. This �nding parallels with the Shen et al.7,11 work that pH play the largest roles to the
variation of bacterial community on Changbai Mountain. Besides, we also found the secondary role of MAT and
BGB when soil pH is unconstant. Nottingham et al.5 explained the main effect of MAT in driving bacterial elevational
diversity patterns when soil pH is constant. Additionally, the reason that why temperate explained for the microbial
community maybe temperature which is often correlated with belowground root biomass of plant and soil
properties, indirectly affect microbial community18,19.

An aspect to consider is that elevational scale. Elevation has been reported as an indicator of bacterial community
differentiation in soil and sediment environments6,14,20. Relatively, more broader pH range among sampling sites is a
key precondition for acquiring pH driving bacterial community, if pH range had been narrower throughout the
research area then another factor, such as temperature may be presumably have dominated. Previous elevational
studies on different mountains showed that soil pH range was acidic or alkaline, whereas the pH range in our study
is from acidic to alkaline (5.02–8.83), contains a wider range, when others environment variables as well as
exhibited broader varied range, likely re�ecting the relatively multivariable conditions of these elevations in general.

Bacterial composition results showed that Actinobacteria, Proteobacteria and Acidobacteria were the dominant
phyla across the different transects and elevational sites on the Mt. Tianshan (Fig. 1). On three different regions of
the elevation Transect 1, Transect 2 and Transect 3, soil bacterial community were signi�cantly differencing between
groups (Fig. 2). Changes in the bacterial community composition along with elevation have previously been
attributed to habitat �ltering because of higher elevations embraced lower temperatures14 or variations in soil pH15.

In our research, climate, plant and soil properties were all varied dramatically across sampled sites (Tables 1 and
Supplementary table 1). The relative abundance of the phyla Acidobacteria, Actinomycetes, Gemmatimonadetes and
Chloro�exi signi�cantly correlated with pH (Fig. 5). It was consistent with results of different montane were
investigated from the horizontal9 and vertical6 research scales. Moreover, which also was consistent with studies of
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the Changbai Mountain, for example, Shen et al.7 found that the Acidobacteria, Actinobacteria, Alphaproteobacteria
and Betaproteobacteria differed among elevation sites, and the community composition was signi�cantly correlated
with soil pH, C/N and moisture, respectively. Previous studies have indicated that the abundance of Acidobacteria is
signi�cantly correlated with soil pH21, and Acidobacteria preferentially inhabit neutral alkaline soil environments22.
The reason that why pH predicted best for the community composition derives from two explanations9. First, pH
directly imposes a physiological stress for individual's growth23. Second, pH is not a direct in�uencing factor, but
instead as an integrated functional index, because lots of soil characteristics are often directly or indirectly related to
soil pH20,23.

Conclusion
In summary, the altitudinal patterns of bacterial composition and diversity showed signi�cant differences due to the
selected elevation scale in the grassland of Mt. Tianshan. Bacterial diversity exhibited a hump-shaped pattern at the
whole elevation gradient, but no consistent pattern was detected on the narrow-scale. Although the elevation pattern
of bacterial community responded signi�cantly to mean annual temperature and potential evapotranspiration
throughout the whole elevation gradient, it was more strongly affected by soil pH and pH also drove the elevational
distribution pattern of soil bacterial diversity. The composition and diversity of soil bacterial showed niche
differentiation characteristics related to the response to soil pH, which mainly depends on the heterogeneity of the
soil environment. Climate factors, plant parameters, and soil properties all acted on soil bacterial community, but
changes in soil properties determined the elevational distribution pattern and diversity of soil bacterial to a greater
extent than climate factors and plant parameters. In conclusion, the changes in soil pH have a crucial role in shaping
the composition and diversity of bacterial community in the grassland ecosystem of Mt. Tianshan, China.

Materials And Methods
Study region and site description

The study area was located west of Mt. Tianshan in northwest China. The environment is characterised by a typical
arid continental temperate monsoon climate. Our survey areas included 22 sampled sites. There were 22 sites
across three transects, of which transect 1 contained 6 sites and transects 2 and 3 contained 8 sites each (Fig. 6).
The main characteristics of sampling sites are summarised in Supplementary table 1.

Sampling design and data collection
We sampled across the entire survey area in July 2017. A 100 × 100 m sampling plot was established at each
sampling site and the spatial geographic coordinates and elevation were recorded by an eTrex Venture global
positioning system (Garmin, USA). We randomly selected three 1 × 1 m quadrats at each site and sampled the soil at
a depth of 0–10 cm. In addition, aboveground and belowground plant biomass was collected in each quadrat and
sorted by species to determine plant species richness. All samples collected in the �eld were packed in sterilised
polyethylene bags and transported in portable car refrigerators as quickly as possible for further analysis. Soil
samples were sieved through a 2.0 mm mesh to remove roots and rocks and then divided into two subsamples: one
was stored at 4 ℃ to determine the soil properties, and the other was stored at − 80 ℃ prior to DNA extraction.

Data on mean annual temperature, mean annual precipitation, and potential evapotranspiration were obtained from
the WorldClim database (https://www.worldclim.org). Soil pH was determined using an IQ150 pH metre (Spectrum
Technologies, USA) at a 1:5 soil water ratio. Soil moisture was determined gravimetrically after drying in an oven at
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105℃ for 24 h. Total nitrogen (TN) and total carbon (TC) were measured using an Elemental Analyzer 3000 (Euro
vector, Italy). Soil inorganic carbon concentration was measured volumetrically using a Calcimeter 08.53
(Eijkelkamp, the Netherlands). Soil organic carbon content was calculated as the difference between total carbon
and soil inorganic carbon concentration.

DNA extraction and MiSeq sequencing
DNA was extracted from 1.0 g of each sample soil using the DNeasy Power Soil Kit (QIAGEN, the Netherlands)
following the manufacturer’s instructions and stored at − 20° C prior to further analysis. The quantity and quality of
extracted DNAs were assessed using a NanoDrop ND – 1000 spectrophotometer (Thermo Fisher Scienti�c, USA) and
agarose gel electrophoresis, respectively.

Sequencing primers 338F (5′– ACTCCTACGGGAGGCAGCA − 3′) and 806R (5′– GGACTACHVGGGTWTCTAAT − 3′)
were used to amplify the V3–V4 region. Sample-speci�c 7–bp barcodes were incorporated into the primers for
multiplex sequencing. Thermal cycling consisted of initial denaturation at 98°C for 2 min, followed by 25 cycles
consisting of denaturation at 98°C for 15 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s, with a �nal
extension of 5 min at 72°C. PCR amplicons were puri�ed with Agencourt AMPure beads (Beckman Coulter, USA) and
quanti�ed using the PicoGreen dsDNA Assay Kit (Invitrogen, USA). After the individual quanti�cation step, amplicons
were pooled in equal amounts, and paired–end 2 × 300 bp sequencing was performed using the Illumina MiSeq
platform PE250 with the MiSeq Reagent Kit v3 at Shanghai Personal Biotechnology (China).

Sequencing analysis
The quantitative insights into microbial ecology (QIIME) v1.8.0 pipeline was employed to process the sequencing
data as previously described24. After chimaera detection, the remaining high-quality sequences were clustered into
operational taxonomic units (OTUs) at 97% sequence identity by UCLUST25. A representative sequence was selected
from each OTU using default parameters. OTU classi�cation was conducted by BLAST searching the representative
sequences against the Greengenes database26 using the best match. An OTU table was further generated to record
the abundance of each OTU in each sample and the taxonomy of these OTUs. OTUs containing less than 0.001% of
total sequences across all samples were discarded. To minimise the differences in sequencing depth across
samples, we generated the OTU table by averaging 100 evenly resampled OTU subsets under 90% of the minimum
sequencing depth for further analysis.

Bioinformatics and statistical analysis
Sequencing data analyses were mainly performed using QIIME v1.8.0 and R v3.2.0 packages. OTU–level alpha
diversity indices such as Chao1 richness and Shannon–Wiener index were calculated using the OTU table in QIIME.

All values were reported as mean ± standard error (SE) for three replications. One-way analysis of variance and
Duncan's multiple comparisons were used to determine the differences between treatments regarding soil
physicochemical and microbial community abundance. Statistical analysis was performed using SPSS 20.0 (IBM,
USA), and Sigmaplot 10.0 (Systat Software, USA).
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Figure 1

Bacterial community composition variations at the phylum (A) and class (B) levels in soil samples collected at
different levels. Note: Phyla and classes with a relative abundance of < 0.05% were classi�ed as ‘Others’.



Page 14/18

Figure 2

Bacterial community composition variations at the phylum level in different Transects and elevation sites. Note: The
vertical axis denotes phylum name, while the horizontal axis represents the average relative abundance in samples
from different elevations, and differently colored columns represent different elevation sites. P-values (one-way
ANOVA) are marked on the right side of the graph, *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 3

Relationships between bacteria alpha diversity and Transect 1 elevation gradients, Transect 2 elevation gradients,
Transect 3 elevation gradients, and overall elevation gradients. Note: Cubic models were tested to describe these
relationships and model selection was conducted out based on R2 values. P-values are given to indicate signi�cance
levels. NS, not signi�cant.
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Figure 4

Nonmetric multidimensional scaling (NMDS) analysis of bacterial community composition as a function of
elevation sites across all samples sites (A), elevational Transect 1 (B), elevational Transect 2 (C), and elevational
Transect 3(D). Note: The NMDS analysis was performed on the Bray Curtis similarity matrix, calculated based upon
total OTUs. To corroborate the NMDS results, a one-way ANOSIM (analysis of similarities) was used to test the
relationship effects of elevation on bacterial community beta diversity
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Figure 5

Spearman correlation analyses of the relationships between environmental variables and the top 30 bacterial phyla
(A) or classes (B). Note: Red and blue respectively denote positive and negative correlations. *P < 0.05, **P < 0.01,
***P < 0.001.
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Figure 6

(A) Study area and sampling site overview. (B) The locations of selected Mt. Tianshan grassland study sites along
an elevation gradient.
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