APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Oct. 2008, p. 6444–6446
0099-2240/08/$08.00⫹0 doi:10.1128/AEM.00879-08
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Vol. 74, No. 20

Comparative Molecular Analysis of Endoevaporitic Microbial Communities䌤†
Jason W. Sahl,1 Norman R. Pace,2 and John R. Spear1*
Department of Environmental Science and Engineering, Colorado School of Mines, Golden, Colorado 80401,1 and
Department of Molecular, Cellular and Developmental Biology, University of Colorado, Boulder, Colorado 803092
Received 17 April 2008/Accepted 14 August 2008

A phylogenetic comparison of microbial communities in hypersaline evaporites was conducted on crusts
from Guerrero Negro, Mexico, and Lindsey Lake, New Mexico, using culture-independent rRNA gene sequence
analysis. Many sequences were shared between evaporites, which suggests that similar environments select for
specific microbial lineages from a global metacommunity.
chloroform extraction combined with a bead-beating protocol
(3) or by use of a PowerSoil extraction kit from Mobio, Inc.
(Carlsbad, CA). 16S rRNA genes were amplified using universal and domain-specific primers, resulting in 1,172 gene
sequences. Phylogenetic analyses were conducted to understand the relatedness of specific sequences, and the statistical programs UniFrac (7) and DOTUR (14) were used to
compare the microbial community structures of the different
endoevaporites (see the supplemental material for detailed
methods).
The goal of this study was to obtain an overview of the
microbial community composition of brine-saturated communities by using culture-independent 16S rRNA gene sequence
analysis. The Lindsey Lake endoevaporites are much less developed than those from Guerrero Negro, with limited overall
microbial diversity (see Table S1 in the supplemental material); therefore, the majority of the microbial community discussion will focus on the endoevaporites from Guerrero Negro.
The results indicate that the Guerrero Negro communities
show relatively low phylum level diversity (Fig. 1). Phylogenetic trees of representative sequences from the domains Bacteria (see Fig. S1A in the supplemental material) and Archaea
(see Fig. S1B in the supplemental material) show close relationships between many of the sequences obtained in this study
and sequences obtained from cultured halophiles, an endoevaporite in Israel (16), the Guerrero Negro microbial mat (6),
and comparable environments in additional studies. These results show at the broad scale that hypersaline environments
select for similar phylogenetic types (phylotypes) of organisms.
In general, bacterial sequences dominated universal primer
libraries from each endoevaporite, while no microbial eucaryotes were observed in any of the libraries. Of the 227 archaeal sequences obtained from endoevaporitic communities
in this study, no sequences grouped with crenarchaeaota.
These results are consistent with other studies of brine environments (2, 16, 17) in which both eucaryotes and crenarchaeotes are rare or absent.
Shallow layers in Guerrero Negro endoevaporites contained
many sequences closely related to known phototrophic microbes. Cyanobacteria (primarily Euhalothece) and Ectothiorhodospiraceae sequences were prevalent in the libraries from
shallow layers. However, the dominant phylum present in sequences from shallow layers was Bacteroidetes. Many Bacteroidetes sequences showed ⬎96% sequence identity and re-

Hypersaline environments, although commonly considered
“extreme” (8, 13), harbor diverse microbial communities (6,
16, 17). Most microbiological characterizations of hypersaline
environments have focused on microbial mat communities
found in solar crystallizers, such as Guerrero Negro, Mexico (6,
12, 17), Solar Lake, Sinai, Egypt (5), and Camargue, France
(18). In the final stages of evaporative crystallization, deposits
that consist primarily of halite (NaCl) and gypsum
(CaSO4 䡠 2H2O) develop in brine containing at least 130 g/liter
NaCl. The crystal lattice structure of these deposits (evaporites) can facilitate channeling of light relatively deeply into the
crusts (⬃1 to 2 cm or more) and create niches for halophilic
photosynthetic communities.
Microbial communities within evaporites (endoevaporites)
frequently appear as colorful strata due to organisms with
various photosynthetic and radiation-protective pigments. Although some microbial characterizations of evaporitic crusts
have been conducted, culture-independent, sequence-based
analyses have been reported only recently (16, 17). This study
builds upon previous results through the analysis of microbial
communities in crusts from two different hypersaline environments, the use of statistical analyses to understand how microbial communities are structured within evaporites, and the
analysis of geographical effects on sequence distribution.
Evaporite crust samples were collected from pond 9 of the
Exportadora de Sal, SA, saltern in Guerrero Negro, Baja California Sur, Mexico, and from Lindsey Lake, located near
Carlsbad, NM. Crust samples from Guerrero Negro were collected in November 2005 (GNR05) and March 2006 (GNR06),
while the Lindsey Lake sample was collected in April 2003.
The GNR05 sample was taken from the southwestern corner
of pond 9, while the GNR06 sample was collected from the
southeastern corner. Layers of crusts were separated aseptically and stored at ⫺80°C or at 4°C for immediate processing.
Details of evaporite samples are described in Table S1 in the
supplemental material.
DNA was extracted from isolated layers either by phenol* Corresponding author. Mailing address: Colorado School of Mines,
Department of Environmental Science and Engineering, 1500 Illinois St.,
Coolbaugh Hall, Golden, CO 80401. Phone: (303) 273-3497. Fax: (303)
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FIG. 1. Three-dimensional bar graphs showing the community composition of endoevaporitic crusts from GNR05 and GNR06, using universal
primers. Bars from each layer represent the percentages of clones in that particular library. The following abbreviations are used: Proteo.,
Proteobacteria; Bact., Bacteroidetes; Cyano., Cyanobacteria; Plancto., Planctomycetes; Verruc., Verrucomicrobia; Lentis., Lentisphaerae; Eury.,
Euryarchaeota; Gemma., Gemmatimonadetes; Haloana., Haloanaerobiales. “Others” indicates pooled divisions that represent ⬍1% of the library.
Layers of each endoevaporite are abbreviated by the color (OR, orange; Y, yellow; DG, dark green; P, pink; LG, light green) and the year the
sample was collected (05, 2005; 06, 2006). The brown layer from GNR06 is not shown. (Photograph of GNR06 crust from NASA [courtesy of Brad
Bebout].)

lated phylogeny to Salinibacter ruber (an aerobic, halophilic,
heterotrophic microorganism) (10). These phylotypes are
closely related to sequences from an endoevaporite community
in Israel (16), a gypsum crust in France (11), and the north arm
of the Great Salt Lake, Utah (John Spear, unpublished) (see
Fig. S2 and Table S2 in the supplemental material).
Deeper layers in the Guerrero Negro crusts revealed a wide
variety of phylotypes, including those phylogenetically similar
to Chromatium spp. (pink layers), Desulfohalobiaceae (light
green layers), Desulfobacteraceae (light green layers), Salinivibrio (brown layers), and Idiomarinaceae (light green layers).
Sequences associated with known photosynthetic microbes
were absent in the deepest regions of the crusts (light green
and brown layers), indicating that this may be the limit of light
penetration.
The statistical comparative software program UniFrac (7)
showed that the microbial community composition of each
layer was significantly distinct from that of each adjacent layer
(P ⬍ 0.03) and that layers with the same pigment shared
between years generally clustered (see Fig. S3 in the supplemental material) when the two endoevaporites from Guerrero
Negro were compared. Overall, the total community from
Guerrero Negro was significantly different from the community from Lindsey Lake, as was expected (P ⬍ 0.03). These
differences are likely due to geographic isolation, where history

of separation can overwhelm similar environmental stresses in
selection for microbial community structure (4).
To determine the distribution of phylotypes in endoevaporites, sequences from Guerrero Negro, Lindsey Lake, and a
community from Eilat, Israel (16), were binned into operational taxonomic units (OTUs) based on a shared-sequence
threshold (97% identity); the sequences found to be shared
between OTUs in pairwise comparisons of environments were
compiled. The results show that although the endoevaporites
from Guerrero Negro and Eilat show large-scale geographical
separation, the two systems contain many sequences from
shared OTUs (Fig. 2; also see Table S3 in the supplemental
material). The percentage of overlapping sequences from
shared OTUs is relatively high, especially considering the low
sampling effort conducted; for comparison, the GN05 and
GN06 evaporites shared only 36.6% ⫾ 1.1% of sequences from
common OTUs. And although the Guerrero Negro and Lindsey Lake endoevaporites showed shared sequences from common OTUs (Fig. 2; also see Table S3 in the supplemental
material), the Lindsey Lake and Eilat endoevaporites showed
almost no overlap (Fig. 2). The causative forces behind the
observation of phylotypes shared between Guerrero Negro and
Eilat are difficult to determine with 16S rRNA gene data alone.
However, based on the results of this study, factors such as
similar geochemical parameters (1, 15) and/or common disper-

6446

APPL. ENVIRON. MICROBIOL.

SAHL ET AL.

3.

4.

5.
6.

FIG. 2. Venn diagram showing average shared-sequence similarities for three endoevaporites. Similarity is presented as a percentage
and a corresponding 95% confidence range where applicable.
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sion mechanisms (e.g., ocean transport) (9) may select for
specific microbial lineages from a global metacommunity in
these systems.
Nucleotide sequence accession numbers. A total of 1,172
sequences were generated from all sampled environments; all
sequences were submitted to GenBank under accession numbers EF105550 to EF106721.
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