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Abstract 
 

We have performed phylogenetic analysis of PMS2-like cDNA and genomic sequences in the primate 
lineage and have shown that molecular evolution of PMS2 protein, the essential component of the eukaryotic 
mismatch repair and gene conversion systems, correlates well with the route of evolution of the ape lineage 
leading to hominids. Our data suggest that a novel tripartite polypeptide system of PMS2-like proteins, which  
could replace the original PMS2 protein in some of its novel or substantially diverged functions, have been 
established at least in Homo sapiens – with possible impact on such vitally important genetic processes as gene 
conversion, somatic hypermutation and class switch recombination. 
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1  Introduction 
 
Mismatch repair and gene conversion systems provide several genetic stabilization functions: they correct 
DNA biosynthetic errors, ensure the fidelity of genetic recombination, and participate in the earliest steps of 
checkpoint and apoptotic responses to several classes of DNA damage [1, 2]. In eukaryotes, these systems are 
much more complex than in prokaryotes, in particular, with respect to detection and elimination of mispaired 
DNA bases and repair of short insertions and deletions (two to about ten nucleotides) in microsatellite 
sequences (MMR, mismatch repair). For example, in Escherichia coli, only one MutS and one MutL protein 
participate in these processes at the initial, most important stages, whereas the similar components of the 
MMR system in yeast, plants and man are represented by a family of proteins (four to seven various 
polypeptides of the each type) [3]. One of the human homologue of MutL protein is PMS2 (an orthologous 
protein in yeast is called PMS1). Moreover, in contrast to the majority of eukaryotes, not only the major 
PMS2-encoding master gene PMS2 but also a whole family of PMS2-like sequences that encode numerous 
and various mRNAs have been discovered on chromosome 7 in the human genome [4–8]. The evolutionary 
origin, detailed structure, and the biological role of these so-called PMS2 pseudogenes remain unclear. The 
goal of this study was a phylogenetic analysis of PMS2 gene family in the primate lineage and molecular 
characterization of all PMS2-like human genes and corresponding proteins they possibly encode. 
 
 
2  Method and Results 
 
Using bioinformatic (BLAST, BLAT, ClustalW, DS Gene and PHYLIP software packages) and experimental 
(PCR cloning and sequencing of cDNA and genomic fragments from various species) approaches we carried 
out a molecular characterization and phylogenetic analysis of the sixteen PMS2-like genes present at several 
loci on chromosome 7 of Homo sapiens and corresponding PMS2 paralogues in other primate species 
(Callithrix jacchus, Macaca mulatta, Nomascus leucogenys, Pongo abelii, Gorilla gorilla and Pan 
troglodytes). Our results indicate that amplification of the PMS2-related genes is characteristic only for 
higher primates and was originated as duplication of the PMS2CL region (exons 9–15; also known as ψ0 
pseudogene [7, 8]) approximately 18 Mya [million years ago] in lineage leading to modern Lesser (gibbon) 



and Great Ape species after its separation from branch of Old World Monkeys. The evolution follows by 
multiple rounds of amplification of the region PMS2NL (exons 1-5; exemplified by ψ1–ψ14 pseudogenes in 
Homo sapiens [8]) in orangutan (only one PMS2NL gene subgroup present), gorilla and chimpanzee 
(appearance of the second PMS2NL subgroup with only two different members). Homo sapiens represents an 
extreme case of amplification of the second PMS2NL gene subgroup with eight for the most part clusterly 
arranged new members: ψ2–ψ3, ψ5, ψ6–ψ8, ψ11–ψ12. 

  
 
3  Discussions 

 
To summarize the above data and taking into account extensive coding capacities of many 

human-specific PMS2 paralogues, we have developed the following model of the protein complexes encoded 
by the aforementioned evolutionarily young PMS2-like human genes [9]. All components of this PMS2 
system can be divided into three groups of polypeptides (I, II, and III), specific of solely the MMR and/or 
gene conversion complexes of the higher primates (first of all Homo sapiens, but probably also, and to a 
lesser extend, African Great apes). In the proposed triple PMS2 system, class III proteins are responsible for 
the interaction with other MutL-like proteins of eukaryotic repair and gene conversion systems (primarily 
with MLH1 and possibly with PMS1 and MLH3 as well). Class II proteins seem to be involved in the 
recognition of the complexes formed by MutS-like proteins and mismatched or heteroduplexed DNA regions 
and targeting some other specific protein components of the repair or gene conversion systems to these 
structures. Class I proteins, owing to the nucleotide (ATP-, GTP?-)-binding and/or nucleotide-hydrolyzing 
activity, can switch on or off certain stages of DNA repair and gene conversion processes. Besides MMR and 
gene conversion, the outlined above properties of these novel tripartite hPMS2-like complexes could be used 
in other vitally important molecular genetic processes, such as meiotic nuclear division, somatic 
hypermutation and class-switch recombination of immunoglobulin genes.   
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