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1  |   INTRODUCTION

Type-XIV collagen is a homotrimer belonging to a fam-
ily of non-fibrillar collagens referred to as fibril associated 
collagens with interrupted triple helices (FACITs). It is 
able to form interfibrillar connections and may influence 

fibril and matrix density, suggesting that the type-XIV 
collagen may also be involved in fibrillogenesis (Young 
et al., 2002). Moreover, it has been demonstrated its role 
in the contraction of collagen gels, suggesting its ability 
to modulate tissue response to mechanical stress (Chiquet, 
1999). Indeed, the type-XIV collagen is often present in 
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Abstract
Background: The aim of this study is to analyze the worldwide distribution of SNP 
rs4870723 in COL14A1 gene to check if there are significant genetic differences 
among different populations and to test if the gene is a trait under selection.
Methods: Genomic DNA was extracted from 69 unrelated individuals from Sardinia 
and genotyped for SNP rs4870723. Data were compared with 26 different popula-
tions, clustered in 5 super-populations, from the public 1000 genomes database. Allele 
frequency and heterozygosity were calculated with Genepop. The Hardy–Weinberg 
equilibrium and pairwise population differentiation through analysis of molecular 
variance (AMOVA FST) were determined with Arlequin.
Results: Allele frequencies of COL14A1 rs4870723 were compared in 27 populations 
clustered in 5 super-populations. All populations were in the Hardy–Weinberg equi-
librium. In almost all populations, allele C was the most frequent allele, reaching the 
highest values in East Asia. The 27 populations showed an appreciable structure, with 
significant differences observed between European, African, and Asian populations.
Conclusion: Significant differences were observed in the rs4870723 SNP distribu-
tion among the populations studied. However, we found no evidence for a selec-
tive pressure. Rather, the differentiation among the populations is likely the result of 
founder effect, genetic drift, and cultural factors, all events known to establish and 
maintain genetic diversity between populations.
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areas of high mechanical stress, indicating a potential role 
in maintaining mechanical tissue or in affecting mechan-
ical properties of a tissue (Berthod et al., 1997). For all 
these characteristics, its implication in onset of tendon pa-
thologies has been suggested, hypothesizing that a single 
nucleotide polymorphism (SNP) may predispose to injuries 
due to either a reduction of the tensile strength of collagen 
or altered fibrillogenesis.

In a genome wide association study (GWAS) on twin 
siblings with an anterior cruciate ligament (ALC) rupture, 
single-nucleotide variants (SNVs) for COL5A2, COL5A3, 
COL14A1, and COL15A1 genes showed a damaging disease 
impact profile (Caso et al., 2016). Moreover, positive associ-
ation was found for pelvic organ collapse (Li et al., 2020) or 
ALC injuries (Massidda et al., 2018); however, no correlation 
was found when the rupture of Achilles tendon was investi-
gated (September et al., 2008). All these considerations drove 
us to investigate the genetic variability of COL14A1 (OMIM 
n. 120324) among human populations to assess its possible 
role on natural selection. Our choice to analyze COL14A1, 
over other COL genes, has been driven by the paucity of data 
in the literature, which also gave contradictory results.

COL14A1 gene is located on chromosome 8 (8q24.12) 
and codes for alpha 1 chain of type-XIV collagen. Within the 
gene, 53,950 SNPs have been detected in dbSNP (National 
Centre for Biotechnology Information, NCBI). We applied 
a filter selecting for the exonic missense SNPs with a mini-
mum allele frequency (MAF) >0.01. Among the three SNPs 
obtained, rs4870723, a mutation at position 90 of exon 14 
(c.1952 C > A, p.H563 N) with the highest MAF was consid-
ered the most informative SNP.

The aim of this study is to analyze the worldwide distri-
bution of SNP rs4870723 in the COL14A1 gene, to deter-
mine if there are significant genetic differences among ethnic 
groups, and to check if such different distribution is due to 
selective pressure or it is the result of random genetic drift. 
Furthermore, we provide new data on rs4870723 for the 
Sardinian population (Italy). Sardinia is an interesting case 
study since evolutionary forces such as the balancing selec-
tion due to formerly endemic malaria, with the combined ef-
fect of isolation and inbreeding on genetic drift, shaped its 
genetic variation making the Sardinian population an outlier 
in the European context.

2  |   MATERIALS AND METHODS

Ethical Compliance: The study was approved by Ethic 
Committees of Azienda Ospedaliera Universitaria (AOU) of 
Cagliari University (Italy), and written informed consent was 
obtained from each participant. A total of 69 individuals of 
both sexes (31 females and 38 males) from Sardinia (Italy) 
were analyzed. All selected individuals were unrelated, 

apparently healthy, born, and resident in the area for at least 
three generations. Genomic DNA was extracted from buccal 
swab, through salting out method, and amplified by standard 
PCR using the following primers:

Forward 5’-CTTTGCCAGAGTCACATGGT-3’. Reverse 
5’-TGTCCCGGAACTTACCTCAT-3’. PCR was performed 
in 25 μL volumes containing 200 ng genomic DNA; 20 pmol 
of each primer; NZYTaq II 2×Master Mix (0.2 U/μL). 
Amplifications were conducted by denaturing at 94°C for 3 
minutes, followed by 30 cycles at 94°C for 30 seconds, 54°C 
for 30 seconds, and 72°C for 1 minute, and a final extension 
at 72°C for 5 minutes. NcoI enzymatic digestion of amplified 
products yelded either a single band of 530 bp (A allele) or two 
bands of 465 bp and 65 bp (C allele). Fragments were sepa-
rated by 2% agarose gel electrophoresis and stained with Sybr 
green. The worldwide variation of COL14A1 (GenBank ac-
cession number: NG_033107.1) polymorphism A > C (SNP 
rs4870723, Chr. 8:121228679 Forward Strand in GRCh37) 
was analyzed with data obtained from the public database 
1000 Genomes Phase 3 Browser (The, 1000 genomes project 
Consortium, 2015) plus Sardinia samples. The final dataset 
provided information on 27 different populations clustered 
in 5 super-populations (African, American, East Asia, 
European, and South Asia). Allele frequency and heterozy-
gosity (gene diversity) for each population were calculated 
using the Genepop software (ver. 4.4). The Hardy–Weinberg 
equilibrium, population relationships through pairwise 
differences and hierarchical analyses of molecular varia-
tion (AMOVA FST) were determined with Arlequin v.3.5 
(Excoffier et al., 2007) using all the 27 populations. Finally, 
global population relationships (same 27 populations) have 
been checked by means of Multidimensional Scaling (MDS) 
based on FST genetic distance through Statistica Programme 
(ver. 7) for rs4870723.

Selection signatures using the whole gene COL14A1 were 
evaluated through the 1000 Genomes Selection Browser 1.0 
(Pybus et al., 2014) comparing data from CEU (European, 
N  =  97), YRI (Sub-Saharan, N  =  88), and CHB (China, 
N = 85) for FST-rank scores (data from the integrated Phase 
1 variant set), and through PopHuman (Casillas et al., 2018), 
which uses data generated by the 1000GP Phase III.

3  |   RESULTS

Table 1 reports allele frequencies of COL14A1 rs4870723 
SNP in 27 populations distributed into five geographi-
cal areas. All populations fit the Hardy–Weinberg equi-
librium (p  >  0.05). With the exception of Great Britain 
(GBR), Finland (FIN), Northwestern Europe (CEU), and 
Sardinia (SAR), allele C shows the highest frequency in 
all populations, ranging from 0.514 in Puerto Rico (PUR) 
to 0.715 in Chinese Dai (CDX). When pairwise difference 
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analysis is carried out, significant p-values are observed 
when European populations are compared with the African 
(0.0233), East Asia (0), and South Asia populations 
(0.04080). It is noteworthy that Sardinia population ap-
pears significantly differentiated (p < 0.05) from all popu-
lations with the exception of Finland (p = 0.54955). The 
hierarchical structure of these groups, measured through 
AMOVA, emphasizes low degree of differentiation that 
is imputable mainly to European population. Indeed, of 
a total FST genetic variance of 3.51% (p  <  0.001) when 
the five groups are compared, the variance attributable 

to differences among groups (FCT) accounts for 2.67% 
(p <.001). When Europe is eliminated from the analysis, 
the values of FST drastically decrease to 0.21%.

Possible traces of selection signatures in the whole 
COL14A1 gene have been evaluated using FST rank scores 
for comparisons among CEU, YRI, and CHB. Significant 
probability values of FST-rank scores (p < 0.01) are found 
in the comparison CEU vs YRI and CEU vs CHB. In the 
first comparison, only five variants show significant val-
ues, but the corresponding area does not include the SNP 
under scrutiny. Instead, when CEU and CHB are compared, 

Population Code
allele 
freq. A

allele 
freq. C H n.b. N

Africa

Afrocaribbeans, Barbados ACB 0.328 0.672 0.4444 97

Afroamerican, USA ASW 0.443 0.557 0.4973 60

Esan, Nigeria ESN 0.359 0.641 0.4623 99

Luhya, Kenya LWK 0.394 0.606 0.4799 99

Gambian, Gambia GWD 0.341 0.659 0.4512 113

Mende, Sierra Leone MSL 0.406 0.594 0.4851 85

Yoruba, Nigeria YRI 0.366 0.634 0.4661 108

America

Colombians, Colombia CLM 0.415 0.585 0.4881 94

Mexicans, USA MXL 0.344 0.656 0.4547 64

Peruvians, Peru PEL 0.424 0.576 0.4912 85

Puerto Rricans, Puerto Rico PUR 0.486 0.514 0.5020 104

East Asia

Dai, China CDX 0.285 0.715 0.4097 93

N Han, China CHB 0.330 0.670 0.4444 103

S Han, China CHS 0.371 0.629 0.4692 105

Japanese, Japan JPT 0.356 0.644 0.4606 104

Kinh, Vietnam KHV 0.308 0.692 0.4285 99

South Asia

Bengali, Bangla Desh BEB 0.448 0.552 0.4974 86

Gujarati Indian, USA GIH 0.417 0.583 0.4888 103

Indian Telogu, UK ITU 0.338 0.662 0.4499 102

Punjabi, Pakistan PJL 0.411 0.589 0.4869 96

Sri Lankan Tamil, UK STU 0.436 0.564 0.4943 102

Europe

NW Europeans, USA CEU 0.535 0.465 0.5000 99

Finnish, Finland FIN 0.646 0.354 0.4594 99

British, UK GBR 0.544 0.456 0.4989 91

Iberians, Spain IBS 0.453 0.547 0.4980 107

Tuscans, Italy TSI 0.481 0.519 0.5016 107

Sardinians, Italy* SAR 0.481 0.519 0.5016 107

Note: Data from: 1000 Genomes.
Abbreviations: H n.b., nonbiased expected heterozygosity; N, numbers of individuals.
*Present study. 

T A B L E  1   Frequencies of rs4870723 
alleles in 27 populations clustered in five 
geographical areas
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29 variants, located within a 39.30  kb coding region in 
chr8:121223036–121262332, show significant values. 
This region includes the COL14A1 SNP rs4870723 (Chr8: 
121228679).

This result was verified with PopHuman (https://pophu​
man.uab.cat/), which showed a weak sign of negative selec-
tion for 3 out of the 10 parameters calculated for the detection 
of selective pressure (Tajima, Dos, and ka/ks), but in no case 
the region involved in the selection included the COL14A1 
SNP rs4870723 (Chr8: 121228679).

The MDS shows an appreciable population structure 
among the 27 populations (Figure 1). Asian populations are 
placed at the negative values of the first dimension, followed 
by African populations, while the European populations oc-
cupy the positive values. The Amerindian populations are 
rather scattered in the central part of the graph, possibly 
due to the heterogeneous composition of the sample. The 
Sardinian represents an outgroup in the graph, being at the 
extreme values in both dimensions.

4  |   DISCUSSION

In this study, the worldwide distribution of rs4870723 A/C 
in the COL14A1 gene was studied to determine if there are 
significant genetic differences among ethnically different 
populations and to understand if its distribution has been 

influenced by prehistoric and more recent demographic 
events or it is under a selective pressure.

Searching for Darwinian selection in natural populations 
has been the focus of a multitude of studies over the last de-
cades. Different selection forces can negatively or positively 
select SNPs that are associated with disadvantageous or ad-
vantageous traits, respectively. For example, while negative 
selection tends to decrease the level of population differen-
tiation, positive selection tends to increase it (Barreiro et al., 
2008).

The data here reported do not show evidence of selective 
pressure since all the samples meet the Hardy–Weinberg 
equilibrium. Possible traces of selection signatures for the re-
gion including rs4870723 are found only for the comparison 
CEU vs CHB, two rather heterogeneous populations, but this 
result was not confirmed when the PopHuman browser was 
used.

The MDS points out to a population structure according to 
a model of isolation by distance with African populations in 
the central position and the Asian and European population 
structured in divergent direction. In particular, strong effect 
of the genetic drift can be revealed by the eccentric place-
ment of the isolated population such as the Dai (a popula-
tion located on the mountainous area of south China), the 
Finns (a separate northernmost European population) and, 
mostly, Sardinia (a central Mediterranean island). Finland 
and Sardinian are well known outgroups of European genetic 

F I G U R E  1   MDS of the rs4870723. Abbreviations as in Table 1

https://pophuman.uab.cat/
https://pophuman.uab.cat/
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variation because of a founder effect and subsequent geo-
graphic isolation (Anagnostou et al., 2017; Francalacci et al., 
2010; Francalacci & Sanna, 2008; Palo et al., 2009), and Dai 
turned to be an ethnic minority related to Lao-Thai people 
with peculiar genetic characteristics (Shi et al., 2010).

In conclusion, although there are significant differences 
between different populations for rs4870723, there is no ev-
idence for the presence of a selective pressure and therefore 
the observed genetic variation is most probably due to ran-
dom events such as genetic drift, founder effect and other 
demographic events that the populations have gone through. 
The different distribution of SNP rs4870723, despite correlat-
ing with tendinopathies, does not seem to affect population 
fitness, which implies different survival and reproduction 
ability.

Finally, despite having strengthened the idea that the 
European genetic variation is associated with geographic bar-
riers (Novembre et al., 2008) and prehistoric demographic 
events (Ammerman & Cavalli-Sforza, 1984), our data high-
lighted the presence of some isolated population that in-
creased the Eurasian variability (Anagnostou et al., 2017; 
Capocasa et al., 2014).
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