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Introduction:  The importance of lateral gene 

transfer as a driver of evolution has only recently be-

gun to be appreciated [1].  Extremophiles and in par-

ticular hyperthermophilc and hyperhalophilic micro-

organisms are notorious for participating in rampant 

lateral gene transfer [2].  A better knowledge of the 

mechanisms and genes associated with lateral gene 

transfer in these respective environments could aid in 

both understanding the early evolution of life on Earth 

and the limits of life in extraterrestrial environments.  

To date, lateral gene transfer events in fully se-

quenced organisms are often identified by subtle dif-

ferences in nucleotide preference or by a phylogenetic  

comparison of adjacent genes [3-4].   These approach-

es, however, are difficult to apply to “next generation” 

environmental datasets where large assemblies are 

often impossible.  Here we present an alternative ap-

proach to identify and characterize lateral gene trans-

fer events into haloarchaeal taxa utilizing the near 

universal haloarchaeal preference for amino acids 

with acidic residues.  Our method allows us to identify 

non-haloarchaeal taxa donating genes to haloarchaea 

using unassembled reads from a 454 FLX pyrose-

quencing data set of the surface waters of the hypersa-

line Dead Sea.   

Approach: The Dead Sea is a haloarchaea domi-

nated environment.  Classification of the metagenomic 

reads assigned 77% of the Dead Sea reads to the arc-

haeal order Halobacteriales and only 6.7% to bacterial 

taxa.  A significant portion of the reads assigned to 

Bacteria can be attributed to lateral gene transfer 

events.  16S rRNA gene amplicon datasets from the 

same sample revealed a larger (approximately 25%) 

bacterial proportion, but this discrepancy can most 

likely be attributed to various biases including PCR 

bias.   

Using metagenomic data sets from the Dead Sea 

and other environments, we began, by confirming on 

an environmental scale, the haloarchaeal amino acid 

preference previously observed in individual halo-

philes.   Next we investigated which bacterial taxa 

were identified in the Dead Sea metagenome with an 

observed shift toward amino acids with acidic resi-

dues.  We then categorized these bacterial taxa as 

representing either: 

 

1. Foreign taxa 

2. Indigenous taxa 

3. Taxa participating in lateral gene transfer 

   

Proteins belonging to foreign taxa should not be 

adapted to hypersaline conditions and should therefore 

not display an amino acid preference.  Foreign taxa 

should, however, be represented in the 16S rRNA 

gene amplicon dataset.  Meanwhile, proteins belong-

ing to indigenous taxa should display an acidic amino 

acid bias and indigenous taxa should be represented in 

the 16S dataset.  Finally, proteins belonging to lateral 

gene transfer participants should display an amino 

acid bias.  However, lateral gene transfer participants 

should not be represented in the 16S dataset as the 

entire genome of the organism should not be present 

in the environment. 

Results: We identified approximately 40 taxa at 

the genus and family level as potential donors of ge-

netic material to indigenous Dead Sea haloarchaea.  

The strongest evidence exists for lateral gene transfer 

events between haloarchaea and relatives of the genera 

Rubrobacter, Salinibacter, and Thermotoga.  In par-

ticular we classified over 100 hits or approximately 

0.1% of the metagenomic dataset as belonging to 

Thermotoga related taxa.  These collective reads dis-

played a strong bias toward amino acids with acidic 

residues in comparison to their non-halophilic homo-

logues.  At the same time, we observed zero 16S 

rRNA gene hits out of approximately 100,000 16S 

amplicons.   

To corroborate our results we analyzed 225 assem-

bled contigs from the Dead Sea metagenome contain-

ing reads we had ascribed to lateral gene transfer 

events.  Of these 225 contigs, 42 contained haloar-

chaeal genes adjacent to bacterial genes offering con-

vincing evidence of lateral gene transfer.  Another 130 

contigs contained some evidence of lateral gene trans-

fer, 43 were inconclusive, and only 10 offered evi-

dence that no lateral gene transfer event had occurred. 

Ongoing Efforts: Finally, our preliminary results 

confirm the prevalence of lateral gene transfer be-

tween haloarchaea and other extremophiles, including 

both other potential halophiles and potential thermo-
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philes.  In particular operational genes and genes as-

sociated with substrate transport appear to have been 

preferentially transferred.  Efforts are underway to 

further categorize the genes commonly associated with 

lateral gene transfer in both the hypersaline Dead Sea 

and hydrothermal springs in Yellowstone National 

Park. 
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