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Following our general hypothesis on the evolutionary significance of gene loss [1], we tried to identify lost genes in the mole rats and primates with a longer lifespans than could be expected from their body size: naked mole-rat, Upper Galilee mountains blind mole rat, Damaraland mole rat, white-headed capuchin, Sumatran orangutan, northern white-cheeked gibbon, bonobo, chimpanzee, Bolivian squirrel monkey (Saimiri boliviensis), and human. Species living under different conditions were analyzed together to reduce the habitat impact on the phenomenon studied. Specifically, the genes independently present and lost in at least two phylogenetic groups were selected. We consider 40 species belonging to the superorder Euarchontoglires. 
Among these, let us note the species with a high lifespan. The naked mole-rat (NMR, Heterocephalus glaber) is an eusocial mammal with a very long lifespan for rodents, over 32 years, during which senile changes are scarcely observed and the death rate is extremely low [2, 3, 4]. On the other hand, the NMR displays the same types of cellular senescence found in a short-lived rodent [5]. The NMR is resistant to cancer as well as the Damaraland mole rat (DMR, Fukomys damarensis). Genome comparison of these mole rats and other species indicate common mechanisms of adaptation to oxygen deprivation as well as at high levels of ammonia and carbon dioxide; the comparison indicates the absence of at least one of the two main receptors for melatonin, a pineal hormone and circadian rhythm regulator [6]. The NMR and DMR also have a similar social structure. Although DMR has a lower lifespan, it is the closest relative of NMR (among the species considered). Accordingly, it is natural to expect that certain genes lost in the NMR and DMR had been lost in their common ancestor. The mole rats are excellent models for studying mammalian adaptation. The DMR is remarkable for the traits that make genomic and transcriptomic information on it useful for biomedical research, in particular, in cancer study [6]. The Upper Galilee mountains blind mole rat (BMR, Spalax galili) spends its entire life underground and challenges with multiple stressors such as darkness, hypoxia, hypercapnia, energetics and high pathogenicity [7]. The phylogenetic position of the BMR is much more distant from the NMR. Accordingly, the gene losses in the NMR and BMR can be considered independent evolutionary events. In general, longer lifespans are observed in apes (Hominoidea) and capuchins (Cebinae). The white-headed capuchin has a lifespan comparable to those of the gorilla and chimpanzee while its weight is lower [8]. These considerations, as well as the completeness of genome assemblies, were used to select the considered 40 species tabulated in the Methods section.
Previously, gene loss or acquisition largely was considered as a change in the number of gene paralogs [9]. Later, a gene loss in a species was proposed to be an important radical genomic change with a high potential for evolutionary adaptations [10, 11]. The significance of studying the role of gene loss in evolution, the “avenue for future research would be the role of gene loss during the evolution of long‐lived species,” is pointed out in [12] along with that of gene duplications. A classic example is the loss of the myosin heavy chain 16 (MYH16) gene in human (but not in other primates) possibly resulting from diet changes. It has relieved the dependence on powerful masticatory muscle; this event (~2.4 million years ago) increased the intracranial volume and brain size [13]. Other similar examples are the losses of the gene encoding CMP-N-acetylneuraminic acid hydroxylase underlying the resistance to certain pathogens [14] and caspase-12, a factor of resistance to severe sepsis, which occurred shortly before human migration from Africa [15]. The restructuring of a static set of genes in the regulatory network can cause an evolutionary change as well.
Analysis of the Hox family genes demonstrated that sequence alignment and synteny can provide conflicting orthology patterns [16]. Among other things, this is due to different evolutionary rates of genes and chromosome structures. Murine rodents show the highest rate of changes in chromosome structures among studied mammals; their chromosomes tend to accumulate protein-coding genes, specifically those associated with reproduction and pheromone recognition, especially in the regions of disrupted synteny [17]. In computer analysis, “chromosome structure” is considered in a narrow sense as a mutual arrangement of genes with no account of many other chromosome properties [18, 19].
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