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Abstract
The human S100A7 resides in the epidermal differentiation complex (EDC) and has been described as a key effector of innate
immunity. In humans, there are five S100A7 genes located in tandem—S100A7A, S100A7P1, S100AL2, S100A7, and
S100AP2. The presence of several retroelements in the S100A7A/S100A7P1 and S100A7/S100A7P2 clusters suggests that
these genes were originated from a duplication around ~ 35 million years ago, during or after the divergence of Platyrrhini and
Catarrhini primates. To test this hypothesis, and taking advantage of the high number of genomic sequences available in the
public databases, we retrieved S100A7 gene sequences of 12 primates belonging to the Cercopithecoidea and Hominoidea
(Catarrhini species). Our results support the duplication theory, with at least one gene of each cluster being identified in both
Cercopithecoidea and Hominoidea species. Moreover, given the presence of an ongoing gene conversion event between S100A7
and S100A7A, a high rate of mutation in S100A7L2 and the presence of pseudogenes, we proposed a model of concerted and
birth-and-death evolution to explain the evolution of S100A7 gene family. Indeed, our results suggest that S100A7L2most likely
suffered a neofunctionalization in the Catarrhini group. Being S100A7 a major protein in innate defense, we believe that our
findings could open new doors in the study of this gene family in immune system.
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Introduction

The S100 protein family is one of the largest subfamilies of
the EF-hand type (helix E-loop-helix F motif) Ca2+-binding
proteins (Denessiouk et al. 2014). These small proteins exhibit
a common structure consisting of two EF-hand-binding do-
mains. The C-terminal EF-hand contains the canonical Ca2+-
binding loop, whereas the N-terminal EF-hand has a unique,

non-canonical S100-specific domain with weaker calcium af-
finity (Ishikawa et al. 2000; Moroz et al. 2000). Although
S100 proteins exhibit a high degree of structural similarity,
they present highly specific expression patterns in mammals
and a remarkable degree of cell and tissue specificity, which
make them non-functionally interchangeable (Donato et al.
2013; Xia et al. 2018). This different spatial-temporal distri-
bution of S100 proteins along with their ability to target dif-
ferent proteins (Santamaria-Kisiel et al. 2006) allows cells to
transduce a Ca2+ signal into a unique biological response. The
human genome encodes more than 20 S100 protein families,
17 of which are assigned to chromosomal band 1q21, in the
so-called epidermal differentiation complex (EDC), a cluster
of about 25 genes involved in differentiation of the human
epidermis (Engelkamp et al. 1993; Marenholz et al. 2004;
Zimmer et al. 2013).

S100A7, also called psoriasin, is a member of the S100 gene
family located on the EDC cluster, first identified as an upreg-
ulated protein in psoriatic skin lesions (Madsen et al. 1991).
Outside cells, S100A7 proteins are considered to have an im-
portant role in inflammation processes, acting as chemotactic
factors for CD4+ T leukocytes and keratinocytes (Ruse et al.
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2003; Tan et al. 1996). Moreover, it has also been implicated as
a host-defense protein that adheres to and reduces Escherichia
coli survival in a Zn2+-dependent manner (Gläser et al. 2005).
Indeed, mutagenesis studies showed that inactivation of the
zinc-binding motif reduces antibacterial activity, while the
calcium-binding EF-hand is not required for this function
(Lee and Eckert 2007). In an intracellular context, S100A7
has been implicated in several cell tumor subtypes (Liu et al.
2015; Salama et al. 2008; Webb et al. 2005).

The S100A7 genomic region showed evidences of recent
duplications (Zimmer et al. 2013) and, in humans, genomic
analysis revealed a total of five gene copies dispersed by three
distinct regions within a continuous 75-kb genomic region,
with two of these copies (S100A7P1 and S100A7P2) being
fragmented and therefore classified as pseudogenes (Kulski
et al. 2003). Regions 1 and 3 contain both an intact gene and
a pseudogene: S100A7A and S100A7P1 in region 1, and
S100A7 S100A7P2 in region 3. These two duplicated regions
are separated by an 11-kb intergenic region (region 2) that has
only one S100A7-like gene (S100A7L2). The sharing of five
Alu subfamily members between regions 1 and 3 might indi-
cate that duplication occurred during or after AluS amplifica-
tion, ~ 31–44 million years ago (Mya) (Kulski et al. 2003).
This places the duplication of S100A7 genes during or after
the divergence of New World monkeys (Platyrrhini) and
Catarrhini (~ 35 Mya) (Schrago and Russo 2003) and, for that
reason, it is expected that Cercopithecoidea and Hominoidea
species have all five S100A7 copies. Gene duplication is a
major mechanism through which new genetic material is gen-
erated, and for this reason, it can facilitate species adaptation
(Magadum et al. 2013). Some gene functions had been ac-
quired following gene duplication which has remarkably con-
tributed for species adaptation, having been implicated, for
example, in the evolution of the immune response and effi-
cient protein synthesis (Otto and Yong 2002).

In this work, we analyzed S100A7 gene sequences of
Cercopithecidae (Macaca mulatta, M. fascicularis,
M. nemestrina, Papio anubis, Rhinopithecus bieti, and
Colobus angolensis) and Hominoidea (Homo sapiens, Pan
troglodytes, Pan paniscus, Gorilla gorilla, Pongo abelii, and
Nomascus leucogenys) from available databases using both
comparative genomics and phylogenetic methods. We present
a model of the molecular evolution of the S100A7 primates’
gene, which contributes to a better understanding of the mech-
anisms of evolution of the S100A7 gene family.

Methods

Sequences retrieval

All the available primate S100A7, S100A7A, and S100A7L2
gene coding sequences were retrieved from NCBI (http://

www.ncbi.nlm.nih.gov) and Ensembl (http://www.ensembl.
org/index.html) databases. Sequences were aligned with
Clustal W (Thompson et al. 1994), implemented in BioEdit
v7.2.6.1 (Hall 1999), followed by visual inspection.
Nucleotide sequence translation into amino acids was also
performed using BioEdit. The S100A7 sequences collected
belong to superfamily Cercopi thecoidea (family
Cercopithecidae: genera Macaca, Papio, Colobus ,
Rhinopithecus) and superfamily Hominoidea (family
Hominidae: genera Gorilla, Homo, Pan, and Pongo; family
Hylobatidae: genus Nomascus). In order to clarify the rela-
tionships within the obtained sequences, S100A7 genes of
two species of New World Monkeys (Cebus capucinus and
Saimiri boliviensis) were included as an outgroup. The com-
plete list of all S100A7 sequences used in this study, together
with gene names and accession numbers, is given in Table 1.

Mapping of the S100A7 pseudogenes

S100A7P1 and S100A7P2 were only found in human data-
bases (Table 1). For this reason, S100A7P1 and S100A7P2
human pseudo exon sequences (NCBI Reference Sequences
NG_009595.1 and NG_009592.1, respectively) were used to
detect related sequences by performing a BLAST search in
GenBank (NCBI, http://BLAST.ncbi.nlm.nih.gov/) and
Ensembl (http://www.ensembl.org/Multi/blastview)
databases against the Catarrhini species listed in Table 1.

For each species, only the fragment with the highest se-
quence similarity and the lower E-value was used to perform
an alignment with S100A7P1 and S100A7P2 from humans
(Supplementary Figs. 1 and 2). Nevertheless, sequences with
less than 85% of sequence similarity and E-values > 1e−90

were not considered.

Evolutionary analyses

In order to infer the phylogenetic relationships of S100A7
genes in primates, evolutionary analyses were conducted in
MEGA7 (Kumar et al. 2016) using a maximum likelihood
(ML) method based on the Tamura-Nei model (Tamura and
Nei 1993). The reliability of the clusters was tested by
performing the bootstrap test of phylogeny, with 1000 boot-
strap replications. ML trees were displayed using FigTree
v1.4.3 (http://tree.bio.ed.ac.uk/). To increase the reliability of
the phylogenetic analysis, partial gene sequences were
excluded (Mamu_S100A7A and Poab_S100A7A),
producing a final dataset of 31 sequences. Moreover, no
pseudogenes were included in the phylogenetic analysis.

The number of amino acid differences per site between
primates’ S100A7, S100A7A, and S100A7L2 sequences
was estimated using MEGA7 (Kumar et al. 2016). For that,
fou r g roups were c rea t ed : Homin inae_S100A7
(Hosa_S100A7, Patr_S100A7, Papa_S100A7, and
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Gogo_S100A7), Homininae_S100A7A (Hosa_S100A7A,
Patr_S100A7A, Papa_S100A7A, and Gogo_S100A7A),
Homininae_S100AL2 (Hosa_S100A7L2, Patr_S100A7L2,
P ap a _S100A7L2 , a nd Gogo_S100A7L2 ) , a n d
Platyrrhini_S100A7 (Ceca_S100A7 and Sabo_S100A7).

Tajima’s relative test was conducted in the primates’ se-
quences used in the phylogenetic tree in order to evaluate
statistical significance inmolecular evolution of the duplicated
genes. The statistical parameters were set as default using
MEGA7 (Kumar et al. 2016). A P value < 0.05 was used to
reject the null hypothesis of equal rates between the three
lineages considered simultaneously (sequence A, sequence
B, and outgroup).

Results and discussion

Data retrieving

A total of 31 S100A7 genomic sequences (one S100A7P1, one
S100A7P2, eight S100A7, eleven S100A7A, and ten
S100A7L2) of 12 different Cercopithecoidea and
Hominoidea species were retrieved (Table 1). We found five
S100A7 sequences in humans, two of which presenting pre-
mature stop codons, and therefore appear to be noncoding
(data not shown). These findings are in agreement with previ-
ous studies that reported five copies of the S100A7 genes in
the human genome, with S100A7P1 and S100A7P2 being

Table 1 List of the sequences of the S100A7 genes, available from NCBI and Ensembl databases and used in this study

Common name Species name Gene Accession no. Abbreviation

Human Homo sapiens S100A7 ENST00000368723 Hosa_S100A7

S100A7A ENST00000368729 Hosa_S100A7A

S100A7L2 ENST00000368725 Hosa_S100A7L2

S100A7P1 NG_009595.1 Hosa_S100A7P1

S100A7P2 NG_009592.1 Hosa_S100A7P2

Chimpanzee Pan troglodytes S100A7 ENSPTRG00000001350 Patr_S100A7

S100A7A ENSPTRG00000001349 Patr_S100A7A

S100A7L2 ENSPTRG00000023699 Patr_S100A7L2

Bonobo Pan paniscus S100A7 ENSPPAG00000042606 Papa_S100A7

S100A7A ENSPPAG00000034917 Papa_S100A7A

S100A7L2 ENSPPAG00000040264 Papa_S100A7L2

Gorilla Gorilla gorilla S100A7 ENSGGOG00000024101 Gogo_S100A7

S100A7A ENSGGOG00000040685 Gogo_S100A7A

S100A7L2 ENSGGOG00000036463 Gogo_S100A7L2

Orangutan Pongo abelii S100A7A ENSPPYG00000000812 Poab_S100A7A

S100A7L2 ENSPPYG00000000811 Poab_S100A7L2

Gibbon Nomascus leucogenys S100A7 ENSNLEG00000010395 Nole_S100A7

S100A7A ENSNLEG00000010398 Nole_S100A7A

Olive baboon Papio anubis S100A7A ENSPANT00000001109 Paan_ S100A7A

S100A7L2 ENSPANT00000024566 Paan_ S100A7L2

Rhesus macaque Macaca mulatta S100A7 ENSMMUG00000047853 Mamu_S100A7

S100A7A ENSMMUG00000004833 Mamu_S100A7A

S100A7L2 ENSMMUT00000006829 Mamu_
S100A7L2

Crab-eating macaque M. fascicularis S100A7 ENSMFAG00000033466 Mafa_S100A7

S100A7A ENSMFAG00000035481 Mafa_S100A7A

S100A7L2 ENSMFAG00000036788 Mafa_S100A7L2

Pig-tailed macaque M. nemestrina S100A7A ENSMNEG00000029655 Mane_S100A7A

S100A7L2 ENSMNEG00000027268 Mane_S100A7L2

Black snub-nosed monkey Rhinopithecus bieti S100A7 ENSRBIG00000036259 Rhbi_S100A7

S100A7A ENSRBIG00000043734 Rhbi_S100A7A

Angola colobus Colobus angolensis S100A7L2 ENSCANG00000041573 Coan_S100A7L2

Capuchin Cebus capucinus S100A7 ENSCCAG00000028661 Ceca_S100A7

Bolivian squirrel monkey Saimiri boliviensis S100A7 ENSSBOG00000018328 Sabo_S100A7
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non-functional (Kulski et al. 2003). As a first step in establish-
ing the evolutionary history of the S100A7 gene family after
the divergence of Platyrrhini and Catarrhini, S100A7P1 and
S100A7P2 genes were searched in available databases for
Catarrhini species. However, we could not find these genes
described for any species (except for H. sapiens).

As a result of advances in genome sequencing technolo-
gies, new genomic data for the great apes, macaques, and other
nonhuman primates become sequenced allowing a new oppor-
tunity to reconstruct the evolutionary history and the genetic
divergence of S100A7 genes among these evolutionary line-
ages (Rogers 2013; Rogers and Gibbs 2014). In the past years,
an effort has been made in order to improve the genomic
dataset of several primates, detecting highly fragmented areas
that could result in several gaps. As a result, several genomes
of primates have been sequenced and assembled at a high level
of quality (Gordon et al. 2016; Kuderna et al. 2017; Norgren
2013; Yan et al. 2011). Most of these primates’ genomes are
based on a whole genome sequencing (WGS) technique and
are available in online databases. In order to find evidences of
S100A7P1 and S100A7P2 genes in Catarrhini species, we per-
formed a BLAST search of S100A7P1 and S100A7P2 human
sequences against these primates’ genomes. Despite these
genes were not described for Catarrhini species, we were able
to map partial sequences of S100A7P1 and S100A7P2 in all
Cercopithecoidea and Hominoidea species (Supplementary
Figs. 1 and 2). No partial sequences for these two genes were
found in any Platyrrhini species. Our results show that partial
S100A7P1 and S100A7P2 sequences are mostly mapped in
chromosome 1, within a continuous genomic sequence where
S100A7-duplicated genes are located (Kulski et al. 2003); in
N. leucogenys, all members of S100A7 gene family are present
in chromosome 12. Figure 1 resumes all the obtained S100A7
genes for Primate species. Given the dataset collected for
Catarrhini and Platyrrhini species, we believe that our results
support the theory that a duplication event in S100A7 genes
occurred ~ 35 Mya.

Phylogenetic analysis

In order to understand the relationships and evolutionary his-
tory of S100A7 familymembers, we performed a phylogenetic
analysis, using the maximum likelihood (ML) method (for
details, see BMethods^ section) (Fig. 2). Full-length coding
sequences of primates S100A7-duplicated genes were ana-
lyzed together with known human S100A7 genes (S100A7,
S100A7A, S100A7L2). M. mulatta and P. abelii have partial
gene sequences for S100A7A (Mamu_S100A7A and
Poab_S100A7A), and for this reason, these incomplete se-
quences were not used.

From the ML tree, two major clusters can be distinguished,
supported by high bootstrap values (Fig. 2). One of the clus-
ters includes all S100A7L2 sequences, with this gene
appearing in a highly supported basal clade, matching the
accepted primate phylogenetic relationships. The other cluster
comprises the S100A7 and S100A7A retrieved sequences and,
despite they did not form clearly separated groups, it is possi-
ble to observe that S100A7 and S100A7A clustered by gene in
all Homininae species and by species in the remaining species.
In fact, all Homininae S100A7 and S100A7A sequences group
in a gene-specific manner forming two well-separated groups
(bootstrap values of 85), also matching the accepted primate
phylogeny. However, this was not observed for the remaining
species (Fig. 2). For example, S100A7 and S100A7A se-
quences of N. leucogenys clustered with the well-supported
S100A7 group of Homininae. This was also the case for
M. mulatta, M. fascicularis, and R. bieti genes, but here,
S100A7 and S100A7A sequences clustered along with the
S100A7A Homininae group. The clustering of all S100A7
and S100A7A genes of Cercopithecoidea, N. leucogenys,
and R. bieti species by species and not by gene might be
parsimoniously explained by an ongoing gene-conversion
process between these two genes, which probably started
after the divergence of Cercopithecoidea and Hominoidea
families. From a closer look between S100A7 and

Fig. 1 Resume of S100A7
duplicated genes found in public
databases for Catarrhini and
Platyrrhini species
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S100A7A sequences (Fig. 3, segment A and B), it is pos-
sible to observe at least two events of gene conversion
between these genes. Interestingly, this is observed in both
directions: in N. leucogenys, S100A7 is converting the
S100A7A gene, and for M. mulatta, M. fascicularis, and
R. bieti, it is S100A7A gene that is converting S100A7 (Fig.
3, segment A and B), helping us to understand why
N. leucogenys genes clustered closer to S100A7 Homininae
group and why the remaining Cercopithecoidea species clus-
tered closer to S100A7A Homininae group. Moreover, the
fact that these genes are located within a continuous 75-kb
genomic region in the same chromosome prompts our hypoth-
esis of gene conversion between them (Kulski et al. 2003).

Contrarily to what was expected, S100A7 gene of
Platyrrhini species (used as an outgroup) group in the same
node as S100A7 and S100A7A sequences of Catarrhini spe-
cies, leaving S100A7L2 in a separated node (bootstrap values
of 100). From this observation, two different hypotheses can
be proposed to explain our results: S100A7L2 gene can be a
result of a duplication event of S100A7 that occurred in ances-
tral primates and, for some reason, was lost/not found in New
World Monkeys, or, on the other hand, this observation could
indicate that S100A7L2 is suffering a high rate of mutation,
splitting this gene family in very distinct proteins. In the light
of our current knowledge, the first hypothesis seems unlikely.
The presence of several Alu members between the regions

Fig. 2 Maximum likelihood tree
for the primate S100A7 genes.
The analyses were performed
with 1000,000 generations and
1000 bootstrap searches.
Bootstrap values (%) are
indicated on the branches. The
abbreviations correspond to the
following species: Hosa—
H. sapiens; Patr—P. troglodytes;
Papa—P. paniscus; Gogo—
G. gorilla; Poab—P. abelii;
Nole—N. leucogenys; Paan—
P. anubis; Mamu—M. mulatta;
Mafa—M. fascicularis; Mane—
M. nemestrina; Rhbi—R. bieti;
Coan—C. angolensis; Ceca—
Cebus capucinus; Sabo—Saimiri
boliviensis
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where this gene family is located indicates that these genes
were originated after the divergence of Platyrrhini and
Catarrhini (~ 35 Mya). Moreover, from the phylogenetic tree
(Fig. 2), even that Platyrrhini S100A7 gene group closer to
S100A7 and S100A7A from Catarrhini species, they are in a
completely separate node (high bootstrap value, 97), suggest-
ing that these genes diverged a long time ago.

The evolutionary divergence between these genes was
studied and the number of amino acid differences per site
between four different groups (Homininae_S100A7,
Homininae_S100A7A, Homininae_S100AL2, and
Platyrrhini_S100A7) was estimated (Table 2). For this analy-
sis, we only used Homininae sequences since we did not de-
tect evidences of an ongoing gene-conversion. The evolution-
ary divergence between Homininae_S100A7 and
Homininae_S100A7A groups was very similar (3.4%) and,
as expected, higher distance values were registered for
Platyrrhini_S100A7 when compared to Homininae_S100A7
and Homininae_S100A7A (9 and 12%, respectively).
Strikingly, in Homininae_S100AL2 proteins, the amino acid
differences reached almost 50% when compared to S100A7

and S100A7A from Homininae species. These results suggest
that in all Homininae primates, this gene is suffering a high
rate of mutation. To test for statistical differences in the mo-
lecular evolution of this gene, a Tajima’s relative rate test was
performed (Table 3). In all analysis, the P values were found
to be significant and the null hypothesis of equal mutation

Fig. 3 Nucleotide alignment of S100A7 duplicated genes. The
homologous region between S100A7 and S100A7A that may have
resulted from gene conversion is highlighted in light gray (segment A
and B). The abbreviations correspond to the following species: Hosa—

H. sapiens; Patr—P. troglodytes; Papa—P. paniscus; Gogo—G. gorilla;
Nole—N. leucogenys; Paan—P. anubis; Mamu—M. mulatta; Mafa—
M. fascicularis; Mane—M. nemestrina; Rhbi—R. bieti. Dots = identity
with Hosa_S100A7 sequence

Table 2 Estimates of evolutionary divergence between S100A7 and
S100A7A amino acid sequences

Groups

1 2 3 4

Homininae_S100A7 – – – –

Homininae_S100A7A 0.034 – – –

Plathyrrhini_S100A7 0.090 0.116 – –

Homininae_S100A7L2 0.450 0.456 0.417 –

Evolutionary analyses were conducted in MEGA7 (Kumar et al. 2016).
All positions containing gaps and missing data were eliminated. Options
used: amino acid distance, complete deletion, and p-distance
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rates was rejected. From this simple test, it was possible to
confirm that the substitution rate of S100A7L2 gene is signif-
icantly high, with mutation rates being up to five times higher
in comparison to S100A7 sequences of Homininae. According
to the neofunctionalization model, after a duplication event
arise, the duplicated copy can achieve fixation in the genome
and be free to evolve and potentially acquire new gene func-
tions (Assis and Bachtrog 2013; Rastogi and Liberles 2005;
Teshima and Innan 2008). From the obtained results, the high
substitution rate that is present in S100A7L2 gene may there-
fore indicate a new functionalization of this gene. Indeed, it
has been shown that this gene is expressed in epidermal and
21 sites were found under positive selection, with 15 of them
being mapped within EF-hand domain (Goodwin and de
Guzman Strong 2017). The presence of positive selection
within this domain may suggest an alteration of either calcium
binding or alteration in the target proteins after calcium-
binding conformation chances (Denessiouk et al. 2014;
Santamaria-Kisiel et al. 2006). Nevertheless, additional stud-
ies will be needed in order to better understand the functional
implications of these specific alterations in this protein.

As mentioned before, the sequence similarity found be-
tween S100A7 and S100A7A genes in some Catarrhini spe-
cies can be explained by an ongoing event of gene conversion,
resulting in a homogenization of these members of S100A7
multigene family. According to Wolf and collaborators (Wolf
et al. 2006), the coexpression of S100A7 and S100A7A in
psoriasis suggests that these proteins have similar roles in
cells, being able to participate in keratinocyte maturation, pro-
liferation, and/or skin inflammation (Wolf et al. 2006). At first
sight, the sequence similarity found in these two genes could
suggest a model of concerted evolution acting in this gene
family (Mano and Innan 2007; Zimmer et al. 1980).
However, this model of evolution fails to explain the presence
of heterogeneous genes such as S100A7L2 and S100A7
pseudogenes. Therefore, taking in consideration the obtained
results, we propose a concerted and birth-and-death model to
better explain the evolution of S100A7 gene family (Karev
et al. 2006; Nei et al. 1997). According to this model, several
duplicated genes were produced in the evolution of primates,
with some being homogenized, some of them acquiring new
functions, and others become pseudogenes as a result of

deleterious mutations. As a result, these genetic events result
in divergent groups of S100A7 genes and highly homologous
genes within each of these groups. In this study, given the high
mutation rate that is present in S100A7L2 genes of Catarrhini
species, we suggest a neofunctionalization of this gene.
Moreover, the presence of two pseudogenes in humans
(S100A7P1 and S100A7P2) appears to be in line with the
proposed model of evolution.

Multigene families, with important roles in the immune
system (e.g., MHC and immunoglobulin genes), have evolved
under the birth-and-death model of evolution (Esteves et al.
2005; Nei et al. 1997; Nei and Rooney 2005). In recent years,
S100A7 has been pointed out as a major component in the
innate immune system (Gläser et al. 2005; Lee and Eckert
2007; Schröder and Harder 2006). S100A7 protein has a ma-
jor role in inflammation and keratinocyte differentiation, not
only in psoriatic skin but also in atopic dermatitis and skin
cancer (Gläser et al. 2009; Salama et al. 2008). In addition to
its anti-E. coli activity, it has also been stablished its impor-
tance as a chemotactic agent and cytokine towards neutrophils
and T cells (Hoffmann et al. 1994; Tan et al. 1996). The im-
portant role of these proteins in defending the host from in-
vading pathogens might be a major force for gene diversifica-
tion, with natural selection acting in favor of a high diversity
of these genes (S100A7L2 neofunctionalization). Our study
suggests that S100A7 gene family is evolving rapidly in
Catarrhini species, especially considering S100A7L2, and that
this gene may present a different, but very important role in
immune defense of these mammals. Nevertheless, further
studies are needed to fully elucidate the functional role of
S100A7L2 in innate immunity.

Conclusion

Due to the presence of five Alu sequences in human genome,
Kulski and collaborators (Kulski et al. 2003) hypothesized
that S100A7/S100A7P1 and S100A7P2/S100A7A clusters
were duplicated during or after the divergence of Platyrrhini
and Catarrhini, around ~ 35 Mya. In this study, we have iden-
t i f ied at leas t one gene of each clus ter in both
Cercopithecoidea and Hominoidea species, which supports

Table 3 Results of Tajima’s relative rate test

Sequence A Sequence B Outgroup Divergent sites Sequence A specific Sequence B specific Outgroup specific X2 test P value

Hosa_S100A7L2 Hosa_S100A7 Ceca_S100A7 2 62 11 12 35.63 0.0000

Patr_S100A7L2 Patr_S100A7 Ceca_S100A7 2 60 10 15 35.71 0.0000

Papa_S100A7L2 Papa_S100A7 Ceca_S100A7 2 60 10 15 35.71 0.0000

Gogo_S100A7L2 Gogo_S100A7 Ceca_S100A7 2 62 8 12 41.66 0.0000

The statistical parameters were set as default using MEGA7 (Kumar et al. 2016). A P value < 0.05 was used to reject the null hypothesis of equal rates
between the 3 lineages considered simultaneously (sequence A, sequence B, and outgroup)
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the duplication theory suggested by these authors. Moreover,
our results further suggest that after the duplication of these
genes, ongoing gene conversion events between S100A7 and
S100A7A genes as well as a neofunctionalization of
S100A7L2 gene might be shaping the evolution of S100A7
gene family.
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