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ABSTRACT

Atribacteria play an important role in global carbon cycling. Little is known, however, about the Atribacteria communities found in
alpine lakes. The presence and diversity of Atribacteria in the sediment core of alpine Sayram lake in China were investigated using
Illumina MiSeq sequencing in this study. According to the findings, Atribacteria affiliated with JS1 were dominant in the sediment core
of Sayram Lake, with a relative abundance of 0.19 to 10% (average 3.75%) of all bacterial sequences. Furthermore, the relative
abundance of Atribacteria associated with JS1 increased with sediment depth. As a result, this study significantly contributes to our

understanding of Atribacteria community habitat.

Human activities continue to release carbon into bod-
ies of water, the land, and the atmosphere (Biddanda,
2017). Water bodies, despite accounting for less than 4%
of the earth’s surface, play an important role in the global
carbon cycle due to their high rates of carbon respiration
and fixation (Cole et al., 2007). The amount of carbon
emitted by inland waters equals the net amount of carbon
absorbed by organisms on Earth’s land surface and in the
ocean (Biddanda, 2017).

Atribacteria are strictly anoxic bacteria that may play
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an important role in the global carbon cycle (Liu ef al.,
2021). As a result, studying lake Atribacteria communities
is critical for gaining a better understanding of carbon cy-
cling in bodies of water. Atribacteria are found in a variety
of environments, including the terrestrial and marine sub-
surface (Vick et al., 2010), anaerobic marine sediments
(Webster et al., 2004), oil reservoirs (Wang et al., 2014),
and brackish waters (Rinke et al., 2013). However, knowl-
edge of Atribacteria communities in alpine lake sediment,
particularly in arid and semi-arid regions, is limited.

Sayram Lake is the largest oligotrophic alpine and cold-
water inland lake in China’s Xinjiang Uygur autonomous
region and is known as a “pearl” of the Silk Road. The
lake’s transparency ranges between 8 and 13 meters, its
maximum depth is 90 meters, and its average depth is 46
meters (Zeng et al., 2014). Using [llumina MiSeq sequenc-
ing, we assessed the presence and diversity of Atribacteria
communities in the sediment core of the alpine Sayram
lake. On August 16, 2018, we collected a 100-cm-long sed-
iment core from Sayram Lake’s lake center (44.597312°N
and 81.206671°E; Fig. 1). The sediment core was sub-sam-
pled in situ at 4 cm intervals. Wet sediment samples were
kept at 4°C until they were freeze-dried. These 25 sediment
samples were identified as S1-S25, respectively. Sediment
samples for total organic carbon (TOC) analysis were
treated with HCI (~3 N) to remove carbonates and then
rinsed with deionized water to remove remaining chloride.
TOC analysis was performed using a CE-440 elemental an-
alyzer (EAI Company, USA). The results showed that the
TOC values of 25 different layer sediment samples in the
sediment core of Sayram lake varied from 4.15 to 8.32%
(average 6.49%) (Fig. 2).

Sediment DNA was extracted by the PowerCleanTM
DNA Clean-Up Kit for Soil (Mo Bio, USA) according to
the procedures of the manufacturer. Detection of DNA
concentration shows that the purification and recovery
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rate of this Kit is 88%-95%, using a NanoDrop ND-1000
UV/Vis spectral photometer. The bacterial V3-V4 hyper-
variable regions were amplified using the primer set 338F
(5'-ACTCCTACGGGAGGCAGCAG-3') and 806R (5'-
GGACTACHVGGGTWTCTAAT-3'). Sequencing was
performed using the Illumina MiSeq platform by
Guangzhou Gene Denovo Biotechnology (Co. Ltd.),
China. The sequencing data have been deposited at the
Sequence Read Archive database of the National Center

for Biotechnology Information (NCBI) under accession
number PRINA853917. After importing and merging
paired-end raw reads, a standard quality control process
was implemented, comprising trim off adapters and
primers as well as remove low quality reads (total ex-
pected errors >1) (Christensen, 2018). Chimeras were
identified and removed with the program USEARCH
(version 10) (Edgar, 2010). The bacterial phylotypes were
identified and assigned to operational taxonomic units
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Fig. 1. Satellite images of alpine Sayram lake basin, China, showing the location of sampling site.
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Fig. 2. The relative abundance of Atribacteria affiliated with JS1 (blue column) and the content of total organic carbon (TOC) (red
column) in different layer samples at the sediment core in the alpine Sayram lake, China.
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(OTUs) based on 97% similarity threshold using UP-
ARSE (v7.0.1090) (Edgar, 2013). The low abundance
OTUs (<10 reads) was filtered out to minimize the ran-
dom sequencing error. Taxonomic classification was an-
alyzed using the databases of the SILVA small subunit
rRNA (SSU) Database Project v132 with a confidence
threshold of 80%.

The sequencing results showed that Atribacteria was
one of the dominant bacterial phylum in the sediment core
of Sayram lake, and had a relative abundance of 0.19 to
10% (average 3.75%) of total sequences among 25 different
layer sediment samples (Fig. 2). Our unexpected findings
within the high abundance of Atribacteria of the sediment
core in Sayram lake agreement with those of many previous
studies, reporting that Atribacteria dominant in various en-
vironments enriched with hydrocarbon, including oil reser-
voirs (Hernandez-Torres ef al., 2015), methane hydrates
(Vigneron et al., 2017), marine hydrocarbon seeps (Klein-
dienst et al., 2014) and tailing ponds of oil sands (Toth e?
al., 2018). Atribacteria was a candidate phylum including
the OP9 and JS1 lineages (Nobu ef al., 2016). Our results
showed that the Atribacteria from the alpine Sayram lake
sediment only included one subgroup: JS1 (Fig. 2). The JS1
lineage was originally also found in the Japan Sea sedi-
ment, and was especially predominant in anaerobic or-
ganic-rich environments (Lee ef al., 2018).

The presence of Atribacteria in high abundance in the
sediment core of the alpine Sayram lake may be related
to the higher TOC content of the sediment. Spearman cor-
relation analysis using SPSS 20.0 revealed that TOC con-
tent was significantly positively correlated with
Atribacteria relative abundance (r=0.9268, p<0.001). Pre-
vious research has shown that Atribacteria can degrade
sugars, organic compounds, and short chain n-alkanes
(Liuetal.,2021), and that they are dominant in anaerobic,
organic carbon-rich, and methane-rich marine environ-
ments (Hoshino ef al., 2020). Notably, the vertical distri-
bution of Atribacteria in the alpine Sayram lake sediment
revealed that the relative abundance of Atribacteria in-
creased with depth in the sediment, ranging from 0.19 per-
cent in surface sediment to 10% in deeper sediment. This
is consistent with the findings of Carr ef al. (2015), who
found that the relative abundance of Atribacteria increased
with depth in Antarctic marine sediment.

In summary, [llumina MiSeq sequencing revealed a
high relative abundance of Atribacteria associated with JS1
in the sediment core of the alpine Sayram lake, accounting
for 3.75% of total sequence reads and being the dominant
phylum. This study adds to our understanding of the habitat
of Atribacteria communities in arid and semi-arid ecosys-
tems, which is currently under threat.
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