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Abstract

Human facial morphology is a combination of many complex traits and is determined by a large number of genes and
enhancers. Here, we report a Copy Number Variation (CNV) study of enhancer hs1431 in populations of Central
European and South Siberian ancestry. Central European samples included 97 Poles, while South Siberian samples
included 78 Buryats and 27 Tuvinians. CNVs were detected by real-time PCR, using ViiA™ 7 Real-Time PCR System
(Applied Biosystems). We revealed significant differences in CNV of hs1431 enhancer between Polish and Buryat
population (p=0.0378), but not between Central European and South Siberian population (p=0.1225). Our results
suggest that an increase in copy number variation of hs1431 enhancer is associated with biogeographic ancestry.
However, this result needs extending and replicating in larger cohorts. This is the first study revealing the presence of
copy number variation of enhancer hs1431 in humans.
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Streszczenie

Morfologia ludzkiej twarzy jest polaczeniem wielu zlozonych cech i determinowana jest przez duzg liczbe genéw
i wzmacniaczy. W niniejszym badaniu analizowano zmienno$¢ liczby kopii (CNV) wzmacniacza hs1431 w populac-
jach pochodzenia $rodkowoeuropejskiego i potudniowo-syberyjskiego. Probki z Europy Srodkowej pochodzity od 97
Polakéw, natomiast probki z potudniowej Syberii pochodzily od 78 Buriatéw i 27 Tuwanczykéw. CNV analizowano
metoda real-time PCR z wykorzystaniem aparatu ViiA™ 7 (Applied Biosystems). Statystycznie istotne réznice w liczbie
kopii wzmacniacza hs1431 wystepowaty miedzy populacjami polska a buriacka (p=0,0378), ale nie miedzy populac-
jami Europy Srodkowej i potudniowej Syberii (p=0,1225). Uzyskane wyniki sugeruja, ze wzrost liczby kopii wzmacni-
acza hs1431 jest zwigzany z pochodzeniem biogeograficznym. Jednak wynik ten wymaga rozszerzenia i powtérzenia
na wiekszych kohortach. Jest to pierwsze badanie, w ktérym wykazano zmiennosci liczby kopii wzmacniacza hs1431

u ludzi.

Stowa kluczowe: CNV; wzmacniacz; ksztalt twarzy; pochodzenie biogeograficzne; rozwdj twarzoczaszki

1. Introduction

Prediction of externally visible characteristics
based on genetic data is challenging for forensic ge-
netics. In contrast to pigmentation traits, which can
often be predicted with high accuracy, determining
the shape of the face is still under study. Highly com-
plex nature of facial morphology is determined by
joint action of a large number of coding and non-co-
ding elements of the genome. Both mutations affec-
ting the protein coding sequence and copy number
changes are likely to influence abnormal morpholo-
gy of the face [1-4]. However, genetic basis influen-
cing normal facial shape is still poorly understood.
Accumulating evidence from genome-wide associa-
tion studies (GWAS) indicates that sequence varia-
tion in non-coding regions strongly contributes to
facial shape [5,6]. The study of genetic architecture
of facial shape variation in mice identified that non-
-pathological changes in craniofacial morphology
are caused by deletion of craniofacial enhancers [7].
Distant-acting mammalian enhancers are non-co-
ding regulatory elements important for the temporal
and spatial in vivo expression of genes. They can be
located tens to hundreds of thousands of base pairs
away from their target genes [8].

Attanasio et al. (2013) suggested that variation in
the sequence or copy number of craniofacial enhan-
cers may contribute to the spectrum of facial varia-
tion observed in human populations. Copy Number
Variations (CNVs) are known to be important con-
tributors to phenotypic diversity. CNVs have a hi-
gher per-locus mutation rate than SNPs (Single
Nucleotide Polymorphisms) and are likely responsi-

ble for a significant amount of both human gene and
genome evolution, as well as genetic diversity be-
tween individuals—perhaps to a larger extent than
SNPs [9]. Moreover, a decrease or an increase in
copy number may cause different phenotypic outco-
mes [2,9].

A better understanding of genetic basis of facial
shape will improve our knowledge of the complex
relationship between genotype and phenotype in
craniofacial abnormalities and provide a basis for
predicting facial features in numerous applications,
including medical diagnosis, aesthetic medicine and
forensics. The aim of our study was to determine the
CNV of enhancer hs1431 in Central European and
South Siberian population samples to ascertain
whether its deletion or duplication may be related to
their biogeographic ancestry. We selected hs1431
enhancer located in regulatory vicinity of negative
transcriptional regulator SNAI2 involved in cranio-
facial development because its deletion resulted in
the most severe reduction in craniofacial gene
expression (Snai2) in Attanasio et al. (2013) study
and there are no additional known enhancers with
overlapping activity. Deletion of hs1431 in mice pro-
ducing phenotypic effects involves multiple regions
of the skull (e.g. an increase in facial length and in
the width of anterior neurocranium, and a shorte-
ning of anterior cranial base) but much less severe
than observed upon deletion of the Snai2 itself [7].
SNAI2 belongs to the Snail family of zinc finger
transcription factors and plays an important role in
developmental processes. The post-natal expression
of SNAI2 and the effects of its deletion and ove-
rexpression are similar in mice and humans [10].
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2. Materials and Methods

2.1. Study samples

Our study included 202 DNA samples from un-
related individuals of Central European and South
Siberian ancestry. Central European samples inc-
luded 97 Poles, while South Siberian samples inc-
luded 78 Buryats and 27 Tuvinians.

Hair samples from 27 Tuvinians were collected in
Dzun-Khemchiksk, Mongun-Taiga, Bai-Taiga, Ovy-
ursk, Tes-Khemsk, Erzinsk and Tandinsk districts of
Tuva Republic. Most of the territory of the Tuva Re-
public is situated in the steppe zone in the centre of
the Asian continent, bounded by the Sayan Mounta-
ins to the North and the Mongolian steppes to the
South.

Buryats, who are also nomadic cattle breeders,
live in the central southern part of the Siberia borde-
ring Mongolia and China. Blood samples from 78
Buryats were collected in different localities of the
Buryat Republic (Dzhida, Bichursk, Ivolga, Kyakhta,
Tunka, Kizhinga, Khorinsk, Zakamensk, Eravna, Se-
lenga, Barguzin and Kabansk districts), Chita
(Aginsk district) and Irkutsk (Alarsk, Bayandaevsk,
Bokhan, Nukutsk, Olkhon, Ust-Orda, Osa and Ekhi-
rit-Balagansk districts) regions, thus encompassing
all territories inhabited by the modern Buryats.

All individuals were paternally and maternally
unrelated through at least three generations and ori-
ginated from the areas considered for this study.
These samples were previously analyzed for mtDNA
and Y-chromosome variation [11-14].

The study was approved by the Bioethics Com-
mittee of Nicolaus Copernicus University (consent
number KB 504/2014). All methods were performed
in accordance with the relevant guidelines and regu-
lations. Informed consent was obtained from all in-
dividual participants included in the study.

2.2. Genetic analysis

CNV analysis of the hs1431 enhancer region was
performed by real-time PCR, using F and R primers
(F: 5-TGCCAGTTCAGAGAACCATTAGAC-3%; R:
5- GGAGCGGTTCCTGGTGAAG-3’), 6-FAM dy-
e-labeled  probe  (Probe 5-CTTCCTGGA-
ATCTTT-3’) and ViiA™ 7 Real-Time PCR System
(Applied Biosystems, Foster City, California, USA),
according to the TagMan® Copy Number Assays
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Protocol. TagMan Copy Number Assay was run si-
multaneously with TagMan Copy Number Referen-
ce Assay human RNase P (Applied Biosystems) in a
duplex reaction. The reference assay detects the Ri-
bonuclease P RNA component H1 (HIRNA) gene
(RPPH1) on chromosome 14, which is known to
exist in two copies in diploid genome. The PCR reac-
tion contained 10 ng of template DNA, 5 pl TagMan®
Genotyping Master Mix (Applied Biosystems), 0.5 ul
TagMan® Copy Number Reference Assay, 500 nM
concentration of primers F and R, 250 nM concen-
tration of 6-FAM dye-labeled probe in a final volu-
me of 10 pl. The amplification conditions were: 10
min at 95°C and 40 cycles of 95°C for 15 sec and
60°C for 1 min. Post-PCR data analysis was perfor-
med by using CopyCaller Software (Applied Bio-
systems) to determine the number of copies of the
target sequence in each genomic DNA sample.

2.3. Statistical analysis

The Fisher exact test was used to compare both
populations. This test is applied in analysis of small
samples and it is necessary when one or more expec-
ted values are less than 5. The significance level for
statistical tests was 0.05. The statistical calculations
were performed using Statistica package v.12.5 (Stat-
soft).

3. Results

The analysis of CNV revealed that the variant
consisting of two copies of hs1431 enhancer occurs
with the highest frequency in all samples (Table 1).

Table 1. CNV variant frequencies of hs1431 enhancer

European

popula- Asian population
CNV tion p-value
variants —

Poles Buryats | Tuvinians

(N=97) (N=78) (N=27)
2 copies | 1.000 0.949 1.000

- 0.1225

3 copies | 0.000 0.051 0.000

Three copies of hs1431 enhancer were observed
only in 4 samples from the Buryat population.
No deletions of hs1431 enhancer were detected. Sta-
tistical analysis showed significant differences in
copy number variation of hs1431 enhancer between
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Polish and Buryat populations (p=0.0378). However,
no statistically important differences were found in
CNV of hs1431 between Central European (Poles)
and South Siberian population (Buryats and Tuvi-
nians considered as one sample, p=0.1225) and be-
tween Tuvinian and Buryat population (p=0.5703).

4. Discussion

Numerous studies have shown associations be-
tween genetic factors and normal facial shape varia-
tion. These include candidate gene studies focusing
on a small number of genetic loci with known roles
in facial development or anomalies [15] and geno-
me-wide association studies (GWASs) that exami-
ned millions of genetic polymorphisms [6]. Several
approaches to phenotyping of facial shape features
were used in association studies. There is currently
no consensus on the optimal strategy in that regard.
The variety of different methods used to describe
facial shape makes it difficult to compare results and
may partly explain the lack of replication across dif-
ferent studies [16]. An innovative, data-driven facial
phenotyping approach based on structural correla-
tions between about 10,000 3D quasi-landmarks,
which enabled the hierarchical (global-to-local) clu-
stering of the human face into segments was propo-
sed by Claes at al. The proposed methods are based
on the indirect prediction of facial phenotypes, with
ancestry and sex prediction DNA data playing a key
role in this regard [17,18]. Taking into account the
lack of a consistent approach to describing facial
phenotypic features and knowing that the ancestry
informative markers that are associated with diffe-
rent phenotypic features, show differences in the
variant frequencies at the continental level [19], we
focused our preliminary research on analyzing CNV
frequency in Central European and South Siberian
populations.

Claes et al. (2018) demonstrated an association of
facial variation and regulatory elements, especially
distal enhancers. They suggested that the genetic va-
riation within an overlapping set of regulatory ele-
ments may influence both species-specific and indi-
vidual facial shape variation in humans [18].
Differences in copy number of enhancer hs1431 be-
tween Polish and Buryat population actually imply
that hs1431 enhancer may play a role in facial mor-

phology in humans. However, due to lack of statisti-
cally significant differences between Polish and
South Siberian populations, we cannot exclude the
presence of additional unknown enhancers with
overlapping activity. It is known that enhancer re-
dundancy is a remarkably widespread feature of
mammalian genomes that provides an effective re-
gulatory buffer to prevent deleterious phenotypic
consequences. The pervasive presence of multiple
enhancers with similar activities near the same gene
confers phenotypic robustness to loss-of-function
mutations in individual enhancers, therefore, they
will cause mostly subtle phenotypes in humans [20].
Statistically significant differences between Polish
and Buryat populations and lack of significant diffe-
rences between Polish and Tuvinian populations
may possibly be attributed to the known diversity of
the Siberian gene pool. Indeed, several population
studies employing different genetic markers reve-
aled that populations of southwest Siberia (including
Tuvinians) are marked by the highest influx of West
Eurasian (European) genetic component, while in
southeast Siberians (including Buryats) this contri-
bution was markedly lower [13,19,21]. In this re-
spect, it is worth noting that early physical anthro-
pological studies on the populations of the Altaian
and Sayan regions of Siberia, unambiguously sugge-
sted a directional but not uniform replacement of
the “Europeoid” component by the “Mongoloid”
one. In the ancestors of present-day Buryats “Mon-
goloid”(East Asian) features had been prevalent
since Neolithic [13]. Finally, a recent ancestry infor-
mative markers (AIMs) study revealed that the
structure of Siberian population results from many
factors including ancient migration patterns, cultu-
ral distinctiveness, small population sizes and low
population densities [19].

The main limitation of our study is small sample
size. One cannot exclude that the lack of significant
differences between Polish and Tuvinian popula-
tions as well as between Polish and South Siberian
populations may be due to the sample size which is
not great enough to get a statistically significant re-
sult. Indeed, our analysis had only 0.49 power to
detect the differences between CNVs frequencies of
hs1431. In order to prove statistical significance, at
least 202 individuals from each population should
be tested. Therefore, this result needs to be extended
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in larger cohorts of a defined biogeographic ance-
stry.

The major value of the study lies in detection of
copy variation of enhancer hs1431. There are mul-
tiple scenarios for such copy number variation, for
example, duplication of the enhancer in close
proximity of the original gene, duplication of the
PCR-target sequence within or outside of the enhan-
cer or whole locus duplication including the gene.
Not all of the possibilities translate into straight-
forward changes of gene expression. Thus, further
studies are needed to determine the nature of this
variation.

Lack of differences in copy number of enhancer
hs1431 between Central European and South Sibe-
rian population samples does not exclude its role in
contributing to the normal facial shape variation.
Extended sample size as well as inclusion of other
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enhancers and samples from additional populations
will be needed for a better understanding of the ge-
netics of human facial morphology and functional
significance of regulatory complexity of enhancers.
Ultimately, more detailed knowledge in that area
might contribute to future forensic applications. In-
deed, the genetic prediction of physical appearance
traits occupies an important place in contemporary
forensic research. Today, forensic science can benefit
from the rapidly developing methods in the areas of
genomics and machine learning, which is particu-
larly beneficial for further development of genetic
prediction of physical traits. Moreover, the evolution
of the approach, which has moved from building
predictive models based on variables that show ge-
netic association to building models based on varia-
bles, allows better prediction of physical appearance
traits from DNA [22].
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