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The combination of comparative genomics and population genetics may provide important clues regard-
ing human evolution. We have hypothesized that the divergence between various human and chimpanzee 
orthologs will be reflected in the variability of single nucleotide polymorphisms (SNPs) that are localized 
in the vicinity of the corresponding loci in different human populations. Consistently with this notion, 
more diverged genes between humans and chimpanzees are more likely to be associated with human 
speciation and are anticipated to contain SNPs with reduced variability between different human popula-
tions. In order to test this hypothesis, we have compared the rate of non synonymous nucleotide substitu-
tions (Ka) between 255 chimpanzee and human orthologs with the average deviation in the allelic fre-
quencies of corresponding closely linked SNPs in two distinct human populations: The Yoruba people in 
Ibadan, Nigeria (YRI) and US residents with ancestry from Northern and Western Europe, collected in 
1980 by the Centre d’Etude du Polymorphisme Humain (CEU). We found a significant (p < 0.05) nega-
tive association between the Ka and the degree of variation in the corresponding allelic frequencies be-
tween the human populations which implies that the most significant genes for human speciation are as-
sociated lower variability between the human populations examined. This observation is consistent with 
the strong selective advantage offered by these nucleotide substitutions during human evolution and pre-
dicts that a low polymorphic rate is consistent with the presence of genes with an essential role in human 
speciation. 
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Introduction 
The genetic details of human speciation and the identification 

of the array of the genes with the most important role in the 
divergence of humans and chimpanzees from their common 
evolutionary ancestor, represents an intriguing problem in 
modern biology because of its obvious importance in the study 
of human evolution (Disotell, 2006; Raaum et al., 2005). In 
addition it possesses important implications in biomedicine 
since it ultimately aims to identify genes intrinsically related to 
human behavior, physiology and pathology (Fisher & Marcus, 
2006; Premack, 2007). The recent completion of the human and 
the chimpanzee genome projects and the advancement of the 
emerging field of comparative genomics provided investigators 
with tremendous tools to study these processes and phenomena 
and offered unique opportunities to answer questions related to 
human speciation (The Chimpanzee Sequencing and Analysis 
Consortium, 2005). In example, a major question in this line of 
research is associated with the identification of the class of 
genes that played the most prominent role in the acquisition of 
traits that are unique and specific to humans. However, the 
simple comparison between genomes such as that of the human 

and the chimpanzee provides only limited information, given 
the relatively low nucleotide divergence between these species. 
Such analyses usually take into consideration the frequency of 
non synonymous nucleotide substitutions that occur between 
different genomes. The later refer to changes in the primary 
sequences of genes that result in differences in the correspond-
ing amino-acids and thus, in the resulting protein products.  

Therefore, novel comparative genomic approaches have to be 
developed aiming to reduce the number genes potentially asso-
ciated with “human-specific” traits and facilitate their analysis. 

Methods 
Here, we have tried to apply such a simple comparative ge-

nomic-population genetics approach that takes into considera-
tion both the rate of non synonymous nucleotide substitutions 
between chimpanzees and humans in a given gene and the de-
gree of variation of single nucleotide polymorphisms (SNPs) in 
two remotely related human populations. Such remotely related 
human populations are expected to have only minimal interac-
tion with each other over the course of human history and 
therefore, to have only restricted genetic exchanges. Our ap-
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proach is based on the following consideration: Depending on 
the experimental approach and modeling used the divergence 
between human and chimpanzee is considered to have occurred 
between 4.7 million years (Horai et al., 1992) to around 7 mil-
lion years ago (Disotell, 2006; Raaum et al., 2005; Langergra-
ber et al., 2012). Consistently with the relatively conservative 
estimation of 7 million years and assuming an average time 
span for each generation of about 20 years, implies a rough 
estimate of about 350,000 generations for the human species. 
Assuming that each gamete undergoes only one division per 
generation and that single nucleotide polymorphisms (SNPs) 
are due to de novo mutations in the human species, SNPs 
should develop at a rate of 1:350,000. This exceeds by a mag-
nitude of more than 1000× the endogenous mutation rate that is 
around 5 × 10−9 mutations per nucleotide per cell division 
(Kumar & Subramanian, 2002). Thus, it is reasonable to con-
clude that SNPs must have been inherited from our evolutio-
nary ancestors, and particularly the common ancestor between 
the human and the chimpanzee lineage and not developed after 
speciation has occurred.  

Obviously, the aforementioned calculations reflect an over-
simplification since age differences between spouses, different 
values between males and females or differences and alterna-
tive estimations on the mutation rate have not been taken into 
consideration. However, the selected values were utilized based 
on the assumption that they will indicate a degree of genetic 
heterogeneity “pushed” into the higher limits. To that end, it is 
conceivable that the incidence of non synonymous nucleotide 
substitutions (Ka) between human and chimpanzee orthologs 
will be associated with the variation of the allelic frequencies in 
closely located SNPs in human populations that are remotely 
related. Such human populations can be in example the Yoruba 
people in Ibadan, Nigeria (YRI) and US residents with ancestry 
from Northern and Western Europe, collected in 1980 by the 
Centre d’Etude du Polymorphisme Humain (CEU), for which 
SNP population data are publicly available from the HapMap 
project (www.hapmap.org, The International HapMap Consor-
tium, 2007). Here, we have tested this hypothesis by analyzing 
255 randomly selected genes (no specific criteria have been 
applied for their selection) in combination with the allelic fre-
quencies of corresponding SNPs. 

Results 
Ka values from 255 randomly selected human-chimpanzee 

orthologs were obtained from previously reported studies (The 
Chimpanzee Sequencing and Analysis Consortium, 2005). Sub- 
sequently, through the ENSEMBL (http://www.ensembl.org) 
database the human orthologs were identified and one SNP for 
each gene was selected randomly. The SNPs utilized in our 
study fulfilled the following criteria in this specific order: 1) 
Availability of HapMap data for YRI and CEU populations. 2) 
Intronic localization. If intron-localized SNPs were not availa-
ble, 5’-prime UTR or 3’-prime UTR located SNPs were se-
lected. Subsequently, the SNPs were assessed through the 
HapMap (www.hapmap.org) site and the allelic frequencies for 
the YRI and CEU populations were obtained. The variability of 
the SNPs was assessed by calculating the standard deviation of 
the frequency of each SNP for the reference populations (allelic 
variation). Statistical analysis was performed by the chi-test. 

In 255 human-chimpanzee orthologs, from chromosomes 1 - 
14 for which Ka values are available, randomly selected SNPs 
were identified in the human populations under study and the 

standard deviation in the allelic frequency was calculated for 
the ancestral allele (allelic variation). This value reflects the 
difference between the 2 populations with respect to this spe-
cific marker. Subsequently, each marker was classified with 
respect to whether this value, its allelic variation, was greater or 
smaller than the average value of the standard deviation of the 
frequency for the SNPs utilized in the present study. In example, 
for the marker rs11260587 allelic variation between YRI and 
CEO has been calculated to be 0.157684812. This value is 
greater than 0.118935 that corresponds to the average value of 
the allelic variations for all the SNPs used here. Alternatively, 
the allelic variation value for rs3813204 is 0.106066 that is 
smaller than the average value (Table 1).  

A similar approach was followed to classify the correspond-
ing orthologs as to whether Ka values were greater or smaller 
than the average Ka value. In example, the Ka value for the 
hypothetical protein FLJ20584 that is located closely to 
rs11260587, is 0.017, that is greater than 0.003945 that reflects 
the average of the corresponding Ka values used. The Ka value 
for hypothetical protein FLJ36119 is 0.0148 which is also 
greater than the average value (Table 1). Cumulative results are 
shown in Table 1 and whether Ka and allelic variation values 
for the same locus were both greater or smaller has been eva-
luated. As shown, among the 255 orthologs tested only 108 had 
both Ka and allelic variation values smaller or greater than 
average, while in the remaining 147 SNPs larger than average 
Ka values were associated with smaller allelic variance values 
and vice versa (p < 0.000656). Thus, it is apparent that less 
conserved genes between human and chimpanzees, and thus 
presumable genes of which some will be associated with hu-
man-specific traits, are characterized by a lower polymorphic 
rate in genetically linked SNPs. This is consistent with a bot-
tleneck effect during human speciation according to which 
variation was restricted in human genes that are more important 
for the acquisition of the significant human-specific traits. Con-
sistently with this notion, the later must have limited the poly-
morphic rate of the genes with an essential role in this process, 
and is of particular interest in the light of coalescent theory 
predictions suggesting that the age of most SNPs is smaller 
than about 100,000 generations (Hodgkinson et al., 2009).  

Conclusion 
Collectively, this study represents an initial attempt to view 

variation in SNPs between different human populations in as-
sociation with comparative genomic data from chimpanzees 
and humans, with implications in human physiology, behavior 
and pathology. The association found between the degree of 
allelic variation in humans and the difference between adja-
cently located human and chimpanzee orthologs suggests that 
such analysis is potentially informative. Taking into considera-
tion the variation between different human populations may  
 
Table 1. 
Cumulative results of the comparative analysis between allelic variation 
of SNPs in YRI and CEU population and the corresponding Ka values 
of adjacently located human and chimpanzee orthologs. 

 Ka > average Ka < average 

Allelic deviation > average 27 73 

Allelic deviation < average 74 81 
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bear significant value in understanding the genetic events that 
concluded with human speciation. 
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