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Abstract. There is still limited information on the microbial communities and volatile organic compounds 

of different sediment types within salt lakes such as the East Taijinar Salt Lake, China. This study 

determined the variability in the ecogenomics and volatile organic compounds (VOCs) with fuel oxygenate 

potential of the different sediment types of the lake; clay sediment (NT), sandstone sediment (FS) and salt 

bearing sediment (SY) were examined to provide insight on the nature of bacterial communities and related 

VOCs in different forms of sediment. The results indicated distinct variability in microbial communities’ 

diversity and metabolic functions between the different sediment types of the East Taijinar Salt Lake. 

Operational taxonomic Units (OTUs) were found to overlap more between the TN and FS types, and NT 

sediment type had the highest number of unique OTUs while SY had the least. The current study also 

reported the most highly abundant phylum group to be the proteobacteria, followed by firmicutes and then 

actinobacteria. Niveispirillum was shown to be the most abundant genus group and was recorded to have 

the highest abundance within the SY sediment type and the lowest within the NT sediment type. According 

to the results of the ACE, CHAO1, Shannon and Simpson indices, it was shown that higher diversity values 

occurred within the NT type and the lowest values were recorded within the SY sediment. Membrane 

transport, amino acid metabolism and carbohydrate metabolism were the major molecular activities across 

the sediment types causing ethanol to be the most abundant, while n-Hexyl acetate was the least abundant 

VOC across all the sediment types. 

Keywords: microbial community diversity, molecular activities, salt lake eco-genomics, salt lake 

environment, sediment type 

Introduction 

Salt lakes, as their name indicates, are aquatic systems having significantly extreme 

environmental conditions, including higher salinity and other mineral content. Indeed, 

some of these salty aquatic ecosystems have been noted to have a moderately higher 

concentration of salt than sea water (Baxter, 2018). At the point when water vanishes 

from these lakes through evaporation or seepage, the accumulation of salt occurs, making 

salt lakes an incredible spot for deposition of salt particles. Moreover, as the point where 

the evaporation of water becomes higher than the amount flowing in, the accumulation 

of the deposited salts will steadily persist resulting in unique and extraordinary 
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environmental conditions. Therefore, the extreme and unique climatic characteristics that 

dominate the salt lakes shape the life forms to develop adaptation strategies that enable 

them to withstand the existing physico-chemical parameters such as pH, temperature, 

salinity etc. (Tazi et al., 2014). In most of the times the surrounding climatic and physico-

chemical parameters may result in the creation of acidic conditions with pH of <5, 

alkalinity condition with pH of >9, hyper condition with saltiness of >35%, low pressure 

condition of >0.1 MPa, high temperature condition of >40 °C, low temperature condition 

of <5 °C, and water pressure of <0.80 (Baxter, 2018). These conditions enable the survival 

of biotic communities that are extremophiles in nature, and they continue to develop and 

get duplicated with time (Han et al., 2017). In China, the salt lakes are described by their 

outstandingly rich properties such as higher temperatures, stronger radiation, high values 

of phosphates and carbonate deposits (Williams, 1991; Mianping et al., 1993; Zheng, 

2011). Most salt lakes also have extreme conditions of environments that form in closed 

drainage basins exposed to high rate of evaporation processes. Due to their unique 

environment, most salty lakes develop high levels of carbonate and chloride salts, with 

pH range being predominant between 8 to > 12 (Jones et al., 1998; Kambura et al., 2016). 

A reasonable difference exists in the organization of prokaryotic groups within the 

hypersaline lakes with NaCl levels of > 15% w/v and highly diluted waters with NaCl 

measures of about 5% w/v. Under this condition photosynthetic process stands to be the 

main mechanism that takes up the formed nutrient compounds, with all the vigorous 

microbial networks that are mostly anaerobic in nature being the major trophic gatherings 

liable for cycling of carbon and sulfur (Lin et al., 2017). Precise scientific studies have 

demonstrated that the microorganisms are alkaliphilic and several of them fall under 

closely related taxa, while a few others portray no solid linkages to major known groups 

of prokaryotes. These alkaliphiles are boundless and in this manner appears to be 

extraordinary to the hypersaline lakes, and continue to occur independently within the 

created climatic condition (Yu and Kuenen, 2005). Despite the current salty lakes being 

geographically young, they have most likely existed since archaean occasions, allowing 

them to advance into free networks of alkaliphiles (Jones et al., 1994; Yu and Kuenen, 

2005; Grant and Sorokin, 2011). 

Investigations of hypersaline biological systems regularly yield novel organic entities 

and add to better comprehension of extreme conditions (Hollister et al., 2010). Halophiles 

are moderately unexplored as possible sources of novel species. Furthermore, little is 

thought about the culturable bacterial variety with flourishing capacity in hypersaline 

lakes (Guan et al., 2020). Present day studies on the microbiology of Great Salt Lake have 

contributed to molecular methodologies and provided proper understanding of the 

surrounding environment. The investigation of Great Salt Lake by researchers depicting 

these small occupants of the saline solution enlighten the bigger terminal lake with its 

numerous aspects, human driven impacts, and consistently changing shorelines (Baxter, 

2018). Halophilic and halotolerant forms of microorganisms stand out as dependable 

sources of salt-lenient enzymatic resources with potential use in different bio-based 

technological measures where high salinity ranges would somehow hinder enzymatic 

changes. Indeed, some salty lakes have been found to harbor different promising types of 

microorganisms that can readily create mechanically important enzymatic materials 

(Ruginescu et al., 2020). Indeed, the limiting osmotic conditions occurring in hypersaline 

conditions bring about diminishing metabolic variety with expanding saltiness and 

different microbial digestion systems have been depicted to occur even at high salt 

conditions (Oren et al., 1994). This creates the need to have proper geochemical 
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understanding and to know the existing control mechanisms on microbial biology in 

saline-based lake conditions (Dong et al., 2006). 

Biological systems experience exchange in significant atmospheric trace gases, 

incorporating volatile organic compounds (VOCs), which are a little but exceptionally 

receptive piece of the carbon cycle. Majority of the formed VOCs are produced by 

microorganisms, making it necessary to undertake in-depth studies to provide detailed 

information on the relationships between microorganisms and the major compounds 

(Insam and Seewald, 2010). VOCs have natural beneficial properties that contributes to 

the function and stability of the environment (Mellouki et al., 2015; Wu et al., 2020). 

VOCs are useful portion of the ecosystem that ensure the availability of supplements for 

the development of most cellular micro-organisms and intervene in coordination and 

interactions within the cells. Nonetheless, barely any investigations have zeroed in on the 

impacts of VOCs on prokaryotic varieties and surrounding environment. There is limited 

information on the influence of VOCs on the variety, creations, and organization of 

prokaryotic networks in saline silt (Ding et al., 2020). Indeed, it has been shown that 

water and sediments of different lakes can harbor unique and novel prokaryotic diversity 

(Mesbah et al., 2007). 

Salt Lake environments such as the East Taijinar Salt Lake, China are important parts 

of the ecosystems (Last, 2002). Notwithstanding their raised salinities, saline lakes 

undertake numerous functions that form the foundation of economically productive 

source of mineral and other ecosystem functions (Chindapana et al., 2018). It is the 

interaction between the biological, chemical, and physical parameters that dictates the 

nature and amount of salt ions and minerals within the salt lake environment (Britannica, 

2019). Despite this, more studies have only focused on the location, morphology and 

chemical characteristics, with much focus on the types of salts but less attention on the 

biological components such as microbial communities under related VOC characteristics 

(Boggsa et al., 2006; Freire et al., 2014). Therefore, this study was purposed to undertake 

ecogenomics and volatile organic compounds studies on different sediment types of East 

Taijinar Salt Lake to provide holistic insight on the nature of bacterial communities and 

related VOC at different sediment types for future management exploitation of the 

resources within the salt like regimen. 

Materials and methods 

Study area 

The study was undertaken at the East Taijinar Salt Lake located at 37°21′54″–

37°36′05″N and 93°45′33″–94°06′48″W (Figure 1). It is positioned in the middle of the 

Qaidam Basin, distributed in the direction of NW-SE, with an area of 121.5 km2 and a 

depth of 0.6 m. It is an inland Salt Lake, which is mainly supplied by the East Taijinar 

River from the Kunlun Mountains in the southwest and excreted by evaporation. The 

brine is a magnesium sulfate subtype with a pH of 7.9, and is rich in lithium, boron, 

potassium, and magnesium. Due to the paleoclimate, neotectonic movement and 

provenance replenishment, the formation conditions of the lake sediments are relatively 

complex. There are two halite deposits in different periods, the upper layer is the 

Holocene sedimentary and the lower is Pleistocene sedimentary. 
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Sampling site and procedure 

The sediment samples used in this study were obtained from a depth profile within the 

middle of the dry salt flats at a location of 93°57′04″N and 37°27′46W using a polyvinyl 

chloride corer. A total of nine samples per site were taken from three different lithologic 

strata; clay (NT1-NT3), sandstone (FS1-FS3), and salt-bearing (SY1-SY3). The samples 

were kept in ice and transported to the Key Laboratory of Comprehensive and Highly 

Efficient Utilization of Salt Lake Resources, Qinghai Institute of Salt Lakes, Chinese 

Academy of Sciences for further processing and analysis. 

 

Figure 1. Map of the study area showing East Taijinar Salt Lake 

 

 

DNA isolation and metagenomic sequencing 

The extraction of the total genomic DNA from the sediment samples was carried out 

with CTAB/SDS method. The DNA purity and concentration monitoring were 

accomplished on 1% agarose gels. Based on the concentration, the dilution of DNA was 

made to 1ng/μl using sterile water. For the generation of amplicon, primer 16S V3-V4: 

341F-806R, 18S V9: 1380F-1510R, ITS1: ITS1F- ITS2R were used. 16S /18S rRNA 

genes were subjected to amplification by applying the specific barcoded primers. The 

entire PCR reactions were accomplished in 30μL reactions having 

Phusion®High-Fidelity of 15 μL, Master Mix for PCR (New England Biolabs); of 0.2 μM 

for both the forward and reverse primers, and estimated 10 ng template DNA. The thermal 

cycling consisted of the initial denaturation which occurred within a temperature of 98 

°C for a time period of 1 minute, followed by 30 cycles of denaturation within 98 °C for 

10 seconds, then annealing within 50 °C for 30 seconds, and elongation at 72 °C for 

60 seconds and final step was carried out at 72 °C for 5 minutes. 

Quantification and qualification of the products of Polymerase chain reaction (PCR) 

involved same volume of 1X loading buffer (contained SYB green) that was added to the 

product of PCR and then electrophoresis was carried out on 2% agarose gel for the 
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purpose of identification. Samples that possessed main strip which were bright and of 

between 400-450 bp were selected for further experimental analysis. For PCR products 

addition and purification, the PCR products were added together in equal density ratios. 

After that, the purification of the PCR products was undertaken by using AxyPrepDNA 

Gel Extraction Kit (AXYGEN). Preparation of library and sequencing was then achieved 

by generating sequencing libraries using NEB Next®Ultra™DNA Library Prep Kit 

(NEB, USA) taking note of the manufacturer’s directives, with addition of index codes. 

The assessment of the quality of the library was accomplished on the Qubit@ 2.0 

Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system. Sequencing 

process was undertaken on an Illumina Miseq/HiSeq2500 platform where 250 bp/300 bp 

paired-end reads were produced. 

Analysis of metagenomic data 

For matched paired end reads congregations, the combined paired-end reads from the 

first Deoxyribonucleic Acid (DNA) pieces were consolidated utilizing FLASH to blend 

combined end-reads when probably a portion of the reads covered the read created from 

the opposite edge of a similar DNA section. Matched end reads were relegated to each 

example as per the special barcodes. For Operational Taxonomic Unit (OUT) grouping 

and species comment, successions of investigation was undertaken using the UPARSE 

programming bundle utilizing the UPARSE-OTU and UPARSE-OTUref calculations. 

For investigation of alpha (inside examples) and beta (among tests) variety within-house 

Perl scripts were applied. Arrangements with ≥97% similitude were assigned to similar 

OTUs. The agent successions for each OTU were then picked and utilized in the RDP 

classifier to clarify ordered data for every delegate grouping. To process Alpha Diversity, 

the table of the OTU was checked and determined with three measurements: ACE, 

CHAO1, Shannon and Simpson were used to appraise the abundance of species; number 

of Species observed was used to assess the measure of novel OTU that exists in each 

category (Barker et al., 2010; Chao and Chiu, 2016; Thukral, 2017). 

For Phylogenetic distance and community dissemination investigation, graphical 

portrayal of the overall variety of bacterial abundance at phylum unit to species unit was 

pictured utilizing Krona outline. Group investigation was done before principal 

component analysis (PCA), which was incorporated to decrease the element of the first 

factors utilizing the QIIME programming bundle which computes both the weighted and 

unweighted unifrac distance as phylogenetic proportions of beta variety. Unweighted 

unifrac distance was utilized in the process of Principal Coordinate Analysis (PCoA) 

method as well as the Unweighted Pair Group Method with Arithmetic mean (UPGMA) 

Clustering. PCoA assisted with getting main arranges and envision them from 

unpredictable, multidimensional information. Then again, UPGMA Clustering was 

utilized to describe the distance grid. 

Speciation and quantification of volatile organic compounds using GC-IMS 

Ionization of the VOC values were determined using the headspace-gas 

chromatography-ion mobility spectrometry (HS-GC-IMS) instrument 

(FlavorSpec® H1-00053, Gesellschaft für Analytische Sensorsysteme mbH (G.A.S.), 

Dortmund, Germany). This analytical work was undertaken within the G.A.S. 

Department of the Shandong HaiNeng Science Instrument Co., Ltd. (Shandong, China). 

The chromatographs separation was undertaken with an FS-SE-54-CB-1 capillary 

column (15 m, ID: 0.53 mm), a radioactive ionization source (tritium; 6.5 KeV), and a 
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heated spitless injector for auto-direct acquisition of the headspace volatile compounds 

samples from the samples and moved into the inside of the GC-IMS instrument. Before 

the GC-IMS analysis, the sample (1 g) was subjected to heating at temperature of eighty 

degrees Celsius for twenty minutes in a box for incubation to form volatile elements. The 

injection volume was set at five hundred μL, the injection speed setting was 0.6 mL s−1, 

and the injection temperature was set at 80 °C. The temperature for the automatic 

headspace sampler was adjusted to 85 °C within the time duration of 15 minutes. After 

injection of the sample, the VOCs were introduced into the multi-capillary column 

through the carrier gas for timely separation. Chromatographic separation was performed 

at 60 °C: the initial placement of the rate of the carrier gas flow was put at 2 mL min−1 

for 2 minutes; the flow was then raised in linear trend till it achieved 15 mL min−1 over a 

time period of 8 minutes; it was raised up to a volume of 80 mL min−1 for a time duration 

of 10 minutes; and for the end, the flow acquired 150 mL min−1 within a time period of 5 

minutes. The total run time took a time duration of 40 min so that it could achieve a better 

separation output. In consequence to the division within the capillary column at 60 °C, 

the headspace was pushed into the ionization section for prior ionization, then forcefully 

pushed into the drift region by a shutter grid, and lastly moved into the IMS detector. The 

condition for working of the IMS were: 5 cm length of the drift tube and functioned at 

the same voltage of 400 V cm−1; 45 °C drift tube temperature with nitrogen of 99.999% 

purity and 150 mL min−1 for the rate of flow. Every sample was introduced to two tier 

analysis procedure using GC-IMS. The experimental results were given as the average 

value to reduce errors. 

Statistical analysis 

To affirm contrasts in the quantity of individual scientific groups, STAMP 

programming was used. LEfSe was utilized for the quantitative based examination of 

biomarkers inside the various groups to dissect information wherein the quantity of 

species was a lot higher than the quantity of tests and to give biological group 

clarifications to set up measurable importance, organic consistency, and impact size 

assessment of anticipated biomarkers. To distinguish contrasts of microbial networks 

within the two categories, ANOSIM and ADONIS were undertaken dependent on the 

Bray-Curtis uniqueness distance grids. The means for VOC information were compared 

through SPSS version 12, with 95% as level of significance and P value of 0.05. 

Results 

Operational taxonomic unit analysis and distribution 

Analysis of common and unique bacterial Operational Taxonomic Units (OUTs) 

between different sediment types are provided in Fig. 2. The results indicated that more 

numbers of OTUs overlapped between the clay sediment (TN) and sandstone sediment 

(FS) types. The NT also had the highest number of unique OTUs while salt bearing 

sediment (SY) had the least. 

UPGMA cluster tree 

The result on the similarity between different samples is provided in Fig. 3. From this 

result, the highly abundant phylum group was the proteobacteria, followed by firmicutes 

and then actinobacteria. 
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Figure 2. OTU relationship between the sediment types (NT is clay sediment, FS is sandstone 

sediment and SY is salt bearing sediment) through Venn 

 

 

Figure 3. UpGMA cluster trees and community structure bar charts based on Unweighted 

Unifrac distance 
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Analysis of species composition 

Based on the results of Fig. 4, the most dominant bacterial genus was Niveispirillum, 

its abundance was the highest within the salt bearing sediment (SY) and the lowest within 

the clay sediment (NT). 

 

Figure 4. Graph of relative abundance of top ten genus at each sediment type 

 

 

Community heatmap graph 

Result on abundance of various genera based on heatmap analysis is provided in Fig. 5. 

The result indicated higher abundance of the dominant genera in NT sediment type and 

the lowest abundance in FS sediment type. 

 

Figure 5. Cluster heat map of species abundance at each group gate level 
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Species diversity analysis 

Result on Alpha diversity index based on ACE, CHAO1, Shannon and Simpson are 

provided in Fig. 6. Based on this result, highest diversity occurred within the clay 

sediment (NT) and the lowest occurred within the salt bearing sediment (SY). 

 

Figure 6. Box whisker plots for Alpha diversity index based on ACE (a), CHAO1 (b), Shannon 

(c) and Simpson (d) indices across the different sediment types (FS is sand stone sediment, NT is 

clay sediment and SY is salt bearing sediment 

 

 

Functional feature prediction 

The Kyoto Encyclopedia of Genes and Genomes (KEGG) functional prediction 

analysis was used to study the metabolic function changes of community samples at 

different sediment types. The result on biological pathways through KEGG is provided 

in Fig. 7. The Clusters of Orthologous Groups (COGs) was used to complement KEGG 

to compare the protein sequences of complete genomes at different sediment types. The 

results on functional prediction through Clusters of Orthologous Groups (COGs) are 

provided in Fig. 8. LEfSe analysis based on taxonomical composition of samples 

according to different grouping conditions for linear discrimination analysis (LDA), was 

used to find out the classification of samples and feature entries with significant 

differences. Result on group means for the functional genes through the LDA scores is 

provided in Fig. 9. 



Lu et al.: Lake eco-genomics and volatile organic compounds 

- 456 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(1):447-464. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2001_447464 

© 2022, ALÖKI Kft., Budapest, Hungary 

 

Figure 7. Bar graph of biological activities through KEGG (Kyoto Encyclopedia of Genes and 

Genomes) 

 

 

Figure 8. Bar graph for functional prediction through Clusters of Orthologous Groups (COGs) 

 

 

Volatile organic compound (VOC) 

Results on the values of volatile organic compound (VOC) across the different 

sediment types are provided in Table 1. From the results, it was shown that values for 

ethanol, 1-Butanol M, 2-Octanol and n-Hexyl acetate were relatively the highest within 
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the clay sediment, the values for Cyclohexanone, 5-Methyl-3-heptanone, formic acid, 

ethyl propionate, propyl butanoate M, hexanal M and Benzaldehyde were relatively the 

highest within the sand stone sediment while values for Acetone, ethyl acetate M, Butyl 

butyrate M, Furfural M, Heptanal, Octanal, Nonanal M and Nonanal D were the highest 

within the salt bearing sediment. Across all the sediment types, ethanol was the most 

abundant while n-Hexyl acetate was the least abundant VOC. 

 

Figure 9. Graph of means for the functional genes through the LDA scores for different groups 

FS vs NT (a), SY vs SF (b) and NT vs SY (c) 
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Table 1. Spatial variation in the values of volatile organic compound (VOC) across the 

different sediment types (NT is clay sediment, FS is sandstone sediment and SY is salt bearing 

sediment, values followed by the different letter across the column are significantly different 

at P=0.05) 

VOC NT FS SY P-value 

ethanol 0.1584±0.11a 0.1318±0.09b 0.0676±0.02c 0.0442 

1-Butanol M 0.0706±0.02a 0.0361±0.03b 0.0674±0.01a 0.0015 

2-Octanol 0.0103±0.011a 0.0078±0.01b 0.0024±0.00b 0.0224 

n-Hexyl acetate 0.0103±0.01a 0.0038±0.00b 0.0038±0.00b 0.0042 

Cyclohexanone 0.0066±0.01a 0.0320±0.03b 0.0022±0.00c 0.0001 

5-Methyl-3-heptanone 0.0142±0.02a 0.0571±0.05b 0.0011±0.00c 0.0028 

formic acid 0.0202±0.01a 0.0308±0.01a 0.0161±0.00a 0.0645 

ethyl propionate 0.0250±0.03a 0.0473±0.01b 0.0045±0.00c 0.0037 

propyl butanoate M 0.0445±0.00a 0.1129±0.04b 0.0486±0.01a 0.0019 

hexanal M 0.0398±0.02a 0.0665±0.03b 0.0453±0.01a 0.0036 

Benzaldehyde 0.0205±0.02a 0.0498±0.04b 0.0153±0.01a 0.0044 

Acetone 0.0209±0.01a 0.0184±0.01a 0.0281±0.02a 0.0721 

ethyl acetate M 0.0137±0.01a 0.0021±0.00b 0.0304±0.01c 0.0046 

Butyl butyrate M 0.0344±0.01ab 0.0234±0.04b 0.0418±0.00a 0.0013 

Furfural M 0.0047±0.00a 0.0057±0.01a 0.0216±0.01b 0.0035 

Heptanal 0.0106±0.01a 0.0087±0.00b 0.0135±0.00a 0.0042 

Octanal 0.0091±0.01a 0.0102±0.01b 0.0140±0.00b 0.0018 

Nonanal M 0.0412±0.03a 0.0934±0.06b 0.0283±0.01c 0.0034 

Nonanal D 0.0059±0.01a 0.0016±0.00a 0.0093±0.01a 0.0001 

 

 

Discussion 

Bacterial community structure 

The study aimed at unlocking the characteristics of different sediment types within the 

East Taijinar Salt Lake based on the microbial community assemblage and types and 

concentrations of the volatile organic compounds. Halophiles are moderately neglected 

yet they are significant sources of novel species. Be that as it may, little is also understood 

about the culturable bacterial variety that flourish in hypersaline lakes despite groups such 

as Rhodothermaeota having been linked to these unique ecosystems (Ventosa et al., 2015; 

Guan et al., 2020). Moreover, the current acknowledged model of local area structure in 

hypersaline conditions is that the archaeal groups Haloquadratum waslbyi, the 

bacteroidete Salinibacter ruber and nanohaloarchaea are dominant members at higher 

levels of salinity, while more assorted archaeal and bacterial groups are seen in natural 

surroundings with moderate salt conditions. Metagenomic examination provides 

understanding into the detachment and portrayal of the major microorganisms in saline 

environment. For instance, a study had identified and described gammaproteobacterium 

Spiribacter salinus as a principal microbe of saline lake sediment. Based, on the current 

study, it was demonstrated through analysis of common and unique operational 

taxonomic units (OTUs) between different sediment types that more OTUs overlapped 

between the clay sediment (TN) and sandstone sediment (FS) types. Additionally, the NT 

also had the highest number of unique OTUs while salt bearing sediment (SY) had the 

least. This pointed out the influence of salt within the sediment on the survival of bacteria. 
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Indeed, it highlighted that the salt bearing sediment as having unique environment to that 

of clay and sand sediment, hence had a more distinct OTUs from the other two forms of 

sediment types. This also agrees with a study by Kasper et al. (2007) which indicated that 

the growth performance of most bacteria isolates depends very much on the salinity levels 

of the ecosystem and only few and unique members can thrive in such ecosystems with 

extreme conditions. 

Salty sediments have been shown to harbor a diverse bacterial community that differs 

spatially and temporary, and based on sediment characteristics (Rasuk et al., 2016). These 

conditions can turn out to be very hypersaline when dry, proposing that this variation in 

condition changes based on the occurrence of both flooding and high saltiness conditions 

(Vogt et al., 2017). It has also been shown that the salt tolerant microbial networks are 

overwhelmed by normal halotolerant to halophilic microorganisms, which may encounter 

shifts in community structure, richness, and variety along the ecological gradient. 

Through this shift, the exceptionally adjusted specialized groups may predominantly be 

found at the extremes, while less specialized groups with wide resilience reaches may 

dominate within the areas with moderate conditions. This demonstrated that the bacterial 

lavishness and variety may increment from the areas with higher salinities to areas with 

lower salinities (Rasuk et al., 2016). The current study also reported that most phylum 

group with high abundance were proteobacteria, followed by firmicutes and then 

actinobacteria, which were both more dominant across all the sediment types. The 

outcome of this study gives an exhaustive perspective on microbial survival specialization 

based on salt content within the lake sediments as had also been confirmed by Beazley et 

al. (2012). 

A study on the most geochemically extreme salty lakes on Earth such as Lake Magic 

in Australia demonstrated that the bacterial group of the lake water was minimally 

different than that of both the groundwater and the sediment, and was dominated by a 

solitary OTU that was associated with Salinisphaera. In addition, pathways that had close 

relation with halotolerance were identified in the metagenomes, as were genes related 

with biological based synthesis of defensive carotenoids (Zaikova et al., 2018). The 

current study identified bacterial Niveispirillum as the most abundant genus group. 

Specifically, it was recorded in the highest abundance within the salt bearing sediment 

(SY) and the lowest within the clay sediment (NT). The Niveispirillum genus with 

members such as the Niveispirillum cyanobacteriorum sp. Nov has been associated with 

extreme environments where they enhance the restoration of the degraded sediment (Cai 

et al., 2015). Indeed, through heatmap analysis, it was confirmed that clay sediment types 

had the highest abundance of the dominating genera. Other similar studies have also 

recorded that aerobic anoxygenic phototrophic bacteria communities, including genus 

Niveispirillum are some of the overlooked drivers in promoting the production of bio-

based sediment crusts (Beazley et al., 2012; Tang et al., 2018).  

Microbial diversity 

It is turning out to be obvious that the bacterial phyla co-happening at a given site 

possess a similar natural specialty and the spatial variability can demonstrate the presence 

of various levels in the dissemination of some major ecological components, including 

the saltiness levels. Through this, it has been clear that the connection of certain groups 

of microbes to the level of saltiness is by all accounts an important condition for the 

expansion of the species having a place with those specific groupings (Canfora et al., 

2014). The current study also indicated that Alpha diversity index from the ACE, 
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CHAO1, Shannon and Simpson had higher values within the clay sediment type and the 

lowest values within the salt bearing sediment. This also demonstrated the influence of 

salt levels within the sediment on the occurrence and distribution of bacterial 

communities. 

Metabolic function analysis 

The Kyoto Encyclopedia of Genes and Genomes (KEGG) functional prediction 

analysis has been applied on studies of the metabolic function changes of community 

samples at different sediment types. Additionally, the Clusters of Orthologous Groups 

(COGs) has been used to complement KEGG to compare the protein sequences of 

complete genomes of different types of samples (Nho et al., 2018). The current study also 

employed KEGG and COG to provide an understanding on metabolomic functions and 

the protein sequence comparison. The study result pointed out membrane transport, 

amino acid metabolism, carbohydrate metabolism as the major molecular activities across 

the sediment types. Through COG and LEfSe analysis based on taxonomical composition 

of samples according to different grouping conditions for linear discrimination analysis 

(LDA), there was less variation in the metabolomic functions of groups between the 

sandstone sediment and the clay sediment types, but more variation between the salt 

bearing sediment to the other sediment types. 

Volatile organic carbon content 

Soils may serve as sources or sinks of VOCs. VOCs assume a basic part in the 

guideline of the variety, syntheses, and network designs of bacterial networks in saline 

conditions and are additionally significant natural elements since they supply 

supplements for microbial cells and intervene in intercellular collaborations (Ding et al., 

2020). The current study finding on the VOCs across the different sediment indicated that 

values for ethanol, 1-Butanol M, 2-Octanol and n-Hexyl acetate were relatively the 

highest within the clay sediment, the values for Cyclohexanone, 5-Methyl-3-heptanone, 

formic acid, ethyl propionate, propyl butanoate M, hexanal M and Benzaldehyde were 

relatively the highest within the sandstone sediment while values for Acetone, ethyl 

acetate M, Butyl butyrate M, Furfural M, Heptanal, Octanal, Nonanal M and Nonanal D 

were the highest within the salt bearing sediment. Within the clay sediment, Ethanol was 

the most abundant VOC, the most abundant VOC within the sandstone sediment was 

propyl butanoate M, while Butyl butyrate M was the most abundant. Across all the 

sediments types, ethanol was the most abundant while n-Hexyl acetate was the least 

abundant VOC. Ambient concentrations of volatile alcohols such as ethanol and methanol 

had been determined in saline environments leading to hypothesis that they could be 

having a common source. The biogeochemistry of ethanol in sediments points to the 

possible functional achievement of ethanol in the worldwide carbon cycle (Roebuck et 

al., 2016). 

Conclusions and recommendations 

From the study findings, it can be concluded that; 

• There exists a distinct variability in microbial communities’ diversity and metabolic 

functions between the different sediment types of the East Taijinar Salt Lake. The 

OTUs overlapped more between the clay sediment (TN) and sand stone sediment 
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(FS) types, and NT sediment type had the highest number of unique OTUs while 

salt bearing sediment (SY) had the least. 

• Most abundant phylum group was the Proteobacteria, thereafter Firmicutes 

followed by Actinobacteria. Niveispirillum was shown to be the most abundant 

genus group and specifically, it was recorded in the highest abundance within the 

salt bearing sediment (SY) and the lowest within the clay sediment (NT). 

• Through the four indices, ACE, CHAO1, Shannon and Simpson, the highest 

diversity values occurred within the clay sediment type and the lowest values within 

the salt bearing sediment. 

• Membrane transport, amino acid metabolism, carbohydrate metabolism were the 

major molecular activities across the sediment types and ethanol was the most 

abundant while n-Hexyl acetate was the least abundant VOC across all the sediment 

types. 

As a recommendation, there is a need for in-depth study on the relationship between 

the salt lake microbial communities and the economically potential VOCs for further 

insert in the management and use of the lake resources. 
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