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ARTICLE INFO ABSTRACT

Article history: The Great Salt Plains of Oklahoma (GSP) is an extreme region, a hypersaline environment from marine origin and
Received 15 February 2017 a unique area of the Salt National Wild Refuge in the north-central region of Oklahoma. In this study we analyzed
Received in revised form 3 March 2017 the diversity and distribution of bacteria in two habitats; vegetated areas (GAB) and salt flat areas (GAS) in the
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sediments of GSP using the high-throughput techniques of 16S rRNA gene amplicon (V1-V2 regions)
metagenomics-454 pyrosequencing. The filtered sequences resulted to a total of 303,723 paired end reads
were generated, assigned into 1646 numbers of OTUs and 56.4% G + C content for GAB, and a total of 144,496
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ﬁgggﬁime paired end reads were generated, assigned into 785 numbers of OTUs and 56.7% G + C content for GAS. All the
Pyrosequencing resulting 16S rRNA was of an average length ~ 187 bp, assigned to 37 bacterial phyla and candidate divisions.
Great Salt Plain The abundant OTUs were affiliated with Proteobacteria (36.2% in GAB and 31.5% in GAS), Alphaproteobacteria
Bacteria (13.3% in GAB and 8.7% in GAS), Gammaproteobacteria (13% in GAB and 14.2% in GAS), Deltaproteobacteria
Salt ﬂﬂt' (6.5% in GAB and 6.1% in GAS), Betaproteobacteria (2.6% in GAB and 1.14% in GAS), Bacteroidetes (16.8% in
Vegetation GAB and 24.3% in GAS), Chloroflexi (8.7% in GAB and 6% in GAS), Actinobacteria (8.5% in GAB and 5.8% in GAS)
gi‘; and Firmicutes (6.5% in GAB and 6.6% in GAS). This is the first study of a high resolution microbial phylogenetic
CAB profile of the GSP and the findings stipulate evidence of the bacterial heterogeneity that might be originated by

surface and subsurface environments and better understanding of the ecosystem dynamics of GSP. Metagenome

sequence data are available at NCBI with accession numbers; LT699840-LT700186.
© 2017 The Author. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

North America harbors broadly terrestrial saline environments, in-
cluding the Great Salt Plains district. The GPS is one of the most remark-
Great salt plain sediment metagenome able reservoirs for microbial community with variability of tolerance to

Specifications

Organism/cell

fine/tissue saline stress. It is a distinguish area of the Salt National Wild Refuge in

Sex Not applicable . the north-central region of Oklahoma. The area is featured by a very
Sequencer Sequencer or array Type 454 GS FLX Titanium pyrosequencer 5 .

Data format Raw data FAST file large salt flat (~65 km*) of mud flats and sand bars, which covered by

Experimental Environmental sample a sma_ll laye_r of thasassohallng salt_ evaporates. The few studlgs that

factors have investigated the microbial diversity in GPS sediments in USA

Experimental 165 rRNA genes amplified from the metagenome using have improved our knowledge on the microbial community [1-7], but

features pyrosequencing followed by bacterial community analysis the comprehensive knowledge of microbial diversity and function in

using Mothur version 1.35.1 ,p . & . y . .

Consent Not applicable the GSP is still rarely uncovered. There are no studies available on the di-

Sample source Salty deposits, Vegetated soil, Great Salt Plains, Oklahoma, versity of bacterial community in GSP using high-throughput DNA pyro-

location USA. sequencing technologies and bioinformatics. Therefore, in order to gain

new perception into bacterial diversity, and reveal the impact of soil

types in shaping the microbial communities in GSP, we investigated

1. Direct link to deposited data the microbial diversity of thirty samples collected from vegetated and

salt flat soils during the months of June to December 2009. We used

http://www.ebi.ac.uk/ena/data/view/LT699840-LT700186 454-pyrosequencing to establish foundational information for future re-

search. This study focuses on the GSP soil samples that were collected

E-mail address: ahmed-gad@utulsa.edu. from vegetated soils, and salt flat soils that comprise the most habitats
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in the ecosystem. Samples were collected in triplicate in a sealed sterile
containers from the surface (8 cm) and subsurface (15 cm) soils of the
GSP. Soil metagenomic DNA was recovered using (PowerSoil® DNA Iso-
lation Kit (MoBio Laboratories, Carlsbad, CA). We analyzed the bacterial
community by amplifying the V1 and part of V2 regions of bacterial 16S
rRNA gene using PCR. Pyrosequencing was implemented for 200 cycles
on a Roche 454 GS-Junior sequencing instrument according to the
manufacturer's protocol (454 Life Science, USA). The quality filtration,
trimming and chimeric processes for the raw data were performed by
Mothur software [8]. The clean sequences were analyzed with SILVE
analysis pipeline [9], then clustered using a 97% similarity cut off into
a total of 303,723 paired end reads and 56.4% G + C content for GAB
(1646 OTUs), and a total of 144,496 paired end reads and 56.7% G+ C
content for GAS (785 OTUs). The final analysis showed that the
metagenome sequences were represented by 37 bacterial phyla and
candidate divisions (23 common phyla and candidate divisions be-
tween GAB and GAS) (Fig. 1A). We found less frequency of phyla in
the salt flat soils, possibly because of physico-chemical impact of the sa-
linity, and lack of root exudates. The top five represented phyla were
Proteobacteria being the most dominant phylum in both samples
(36.2% in GAB and 31.5% in GAS respectively), Bacteroidetes formed

the second abundant one (16.8% in GAB and 24.3% in GAS respectively),
Chloroflexi (8.7% in GAB and 6% in GAS respectively), Actinobacteria
(8.5% in GAB and 5.8% in GAS respectively) and Firmicutes accounted
the less abundant phylum in both samples (6.5% in GAB and 6.6%
in GAS respectively) (Fig. 1B). However, an unidentified bacterial
phyla were detected among the top 13 bacterial phyla in GAB (0.54%)
and among the top 11 bacterial phyla in GAS (2%) (Fig. 1B). The
following groups were found in less abundance: Lentisphaerae, Chla-
mydiae, Armatimondetes, Fibrobacteres, Deferribacteres, Tenericutes,
Spirochaetae, Elusimicrobia, Fusobacteria, WCHB1-32, TM6, RF3, Candi-
date division OD1, Candidate division OP3, Candidate division OP11,
Candidate division SR1, and Candidate division WS3. It is worth men-
tioning that the Operational Taxonomic Units (OTUs) richness was
higher in the GAB samples than in the GAS samples, and with only
167 OTUs shared in both samples. The rare phyla such as NPL-UPA2,
WCHB1-32, Nitrospira, Chlamydiae, TM6, Tenericutes, Elusimicrobia
and Candidate division OP3 exhibited a preference for growth in GAB
soil samples, whereas phyla; Fusobacteria, Deinococcus, TA06, Candi-
date divisions OP8 and BRC1 showed preference for growth in GAS
(Fig. 2). The next generation pyrosequencing evidently revealed the
metagenomics of microbiota in the GSP sediments, also can effectively

A @ Unclassified B (2=~
Percentage of phyla and candidate division abundance m Candidate division KB1 &8
nTAOB Tenencutes .—"
CHB1-32
m Deinococcus w 22
N Candidate division OF3
@ Fusobacteria
NPFL-UFAZ
m Candidate division OP8
BD1-5
m Elusimicrobia
Nitrospirae
100 — m Spirochaetae ™
EToneIcies, Elusimicrobia
@ Candidate division WS3 Chiamydise
90— o Candidate division SR1 Candidate division TM7
@ Candidate division OP11 Planctomyoetes
oRF3 Candidate division SR1
8051 m Candidate division OP3 Verrucomicrobis
aBD15 Gemmatimonadates
@ Candidate division OD1 Lentisphasrae
70 oM RF3
o Deferibacteres Candidate division BRC1
o Chlorabi Proteobacteria
su 7 ~ =
o Fibrobacteres Fibrobacteres
Chiorn
O Amatimonadetes Chiorobi
ferribacteres
@ Candidate division BRC Leferribactere
50— Firmicutes
W Chlamydiae
) Candidate division OD1
m Lenlisphaerae
Acidobacteria
m Gemmatimonadetes

30 -

20—

Percentage of bacterial composition in GAB

Percentage of bacterial composition in GAS

m Nitrospirae

@ Vermucomicrobia
O Cyanobacteria
m Candidate division TM7
mWCHB1-32

o Chloroflexi
mNPL-UPA2

@ Acidobacteria

| Fimicutes

o Bacteroidetes

O Planctomycetes
® Actinobacteria

m Proteobacteria

Candidate division WS3
Candidate division OF8
Spirochastas
Unclassified

Candidate division OF11
Bacteroidates
Chioroflexi
Armatimonadates
Cyanobacteria
Actinobacteria
Fusobacteria
Ceinococcus

TAM

Candidate division KB1

Fig. 1. A. Stratified column charts representing the percentage of frequencies of recovered phyla and candidate divisions from GAB and GAS samples. B. Serration visualization of

distribution of phyla and candidate divisions between GAB and GAS samples.
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Fig. 2. Hierarchical clustering heat map generated from taxonomic abundance profile reflecting distribution of bacterial phyla and candidate divisions in the sediments of GAB and GAS

samples of the great salt plains, Oklahoma.

improve our understanding of the microbial composition of the extreme
environments [10], their abundance, diversity and distribution [11-12].
However, several metagenome sequences have still remained taxonom-
ically unidentified indicating the existence of a repertoire of unassigned
microbes in different habitats of the sediment of GSP. These findings
provide molecular evidence of the bacterial community heterogeneity

in the GSP, which might be controlled by both subsurface and surface
environments. Therefore, the analysis of bacterial community datasets
obtained from GSP sediments revealed significant difference between
vegetated and salt flat samples. Finally, the bacterial communities in
soils of the GSP including GAB and GAS samples are highly diverse and
taxonomically obvious, when reflecting the environmental conditions,
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soil structures, the influence of rhizosphere on bacterial members'
growth and emerging of new or even different lineages.

2. Nucleotide sequence accession number

Metagenome sequence data are available at ENA Accession No.
http://www.ebi.ac.uk/ena/data/view/LT699840-LT700186
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