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Abstract. Exchange of genetic material is a key factor of evolution in bacteria, 

though the mechanisms of integration of horizontally acquired genes into the 

regulatory networks of the new host remain practically uninvestigated. The present 

study is devoted to analyzing this adaptation and, in particular, involvement of the 

bacterial transcription machinery in this process. Therefore, two foreign genes in 

the genome of Escherichia coli K12 MG1655 were substituted with their copies 

taken from the genomes of presumed donor bacterium, and long-term growth of 

mutant and control cultures was initiated. Following 2000 (for gene sfmA) and 

4000 (for gene ydhZ) generations, the modified and native genomic regions were 

amplified and used for population sequencing. Spontaneous mutations were 

analyzed, and it was found that substitutions of G/C- to A/T-pairs occurred more 

frequently in the modified regions as compared to non-modified, whereas A/T Ÿ 

G/C substitutions were rarer. This implies that the host genome responds to 

integration of foreign genetic material with an adaptive reaction aimed to enrich the 

modified region with A/T-pairs. In the course of long-term evolution, it may result 

either in ñsilencingò of an adverse gene with the involvement of H-NS ï a specific 

suppressor of foreign genes, or in the creation of a suitable promoter within a 

promoter island for adequate expression of useful gene. 
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INTRODUCTION  

A specific feature of evolution in bacteria resides in the ability of prokaryotes to acquire 

and assimilate genes from other organisms [1, 2]. Such exchange of genetic information is 

called horizontal transfer, in contrast to heritable ñverticalò transfer of genetic information to 

offspring cells. Most frequently horizontal transfer occurs as a result of conjugation in 

combination with replication, or transduction; however, even simple uptake of the free DNA 

fragments (transformation) can result in their incorporation into the cell genome [3ï5]. 

Random DNA fragments containing coding and non-coding nucleotide sequences, parts of 

genes or gene clusters can be subject to horizontal transfer. The length of transferred 
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fragments may vary from several to several thousand base pairs [6]. Due to the continuous 

process of gene acquisition and loss, comparison of any pair of genomes from the same 

species often yields significant variations [7].  

Genes acquired by chance can be distinguished from host genes due to peculiarities in 

their nucleotide composition, differences in codon usage frequency and phylogenetic analysis. 

Such genome-wide data assessment testified that a significant portion of functionally relevant 

genes were obtained by contemporary bacteria specifically by assimilation of alien genes [8, 

9], and their acquisition in some cases promoted formation of novel species [10]. 

The mechanism of foreign gene assimilation in the new genome is less clear. 

Nevertheless, genomic areas harboring alien genes are known to be enriched with promoter-

like sequences [11], and many of them include unusual regions called promoter islands [12ï

16]. Such sequences ranging from 300 to 1100 bp in length were discovered in a search for 

potential promoters in the E. coli genome [12], but drew special attention owing to their 

unusual functional properties. Using ChIP-on-chip data obtained in [17, 18], it was 

established that the islands efficiently interact with RNA polymerase, and their ability to form 

transcriptionally competent complexes was confirmed experimentally [12]. Still, RNA 

synthesis from island promoters is commonly limited by formation of short (9ï14 nt) 

products ([13, 16], according to the results of [19]). In other words, island-associated 

transcription complexes perform abortive synthesis, saving substrate resources for the cell. 

Apparently, histone-like protein H-NS provides the highest contribution to this suppression, 

since according to [20] it covers up to 90 % of their total length [13], and deletion of hns 

activates the synthesis of RNAs from all the studied islands [14]. Being a specific inhibitor of 

horizontally transferred genes [21, 22], H-NS can thus utilize A/T-rich island sequences to 

suppress the synthesis of adverse products in the cell. 

According to various estimations, the number of alien genes in E. coli makes from 10 to 

30 % [11, 23ï25], and the lower limit of this range corresponds to the number of promoter 

islands identified in the E. coli genome. Thus, 75 of 78 islands composed of promoters with 

ů
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-binding modules [12] and 370 of 434 islands with mixed ů-specificity [16] were located 

near genes obtained by E. coli in the result of horizontal transfer. Since these genes possess 

conventional transcription signals in the genomes of potential donors, it was presumed that 

the formation of promoter-like sites is an adaptive reaction of the genome to the introduction 

of foreign genetic material. On the one hand, the developed island can ñswitch offò the 

expression of unwanted genes by the ability to effectively bind H-NS repressor, while on the 

other hand it can also create a promoter for integration of the novel gene into the hostôs 

regulatory networks. 

To confirm such a masterful combination of biological functions, one needs to prove that 

the transfer of an ñadverseò gene provokes evolutionary process aimed to enrich the gene 

itself and its genetic environment with A/T-pairs, which are necessary for effective binding of 

both the H-NS suppressor and RNA polymerase. The present study is devoted to verification 

of this hypothesis. Two genes, apparently originated in the E. coli genome from Salmonella, 

were selected as model objects. They are associated with promoter islands and exhibit 

virtually no transcription activity. Therefore, they can be deemed ñunwantedò for E. coli. 

These genes were removed from the genome and replaced by the orthologous coding 

sequences from Salmonella, having normal promoters. In May 2015 we initiated chronic 

growth of the initial and mutant strains, with daily culture passaging. Following 2000 

generations in case of one recombinant strain, and 4000 generations for the other one, the 

nucleotide sequences of the insertions were subjected to populational sequencing, the results 

of which are discussed in the present work.  

 

 




