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Comparative Analyses of Turkish Variome and Widely Used
Genomic Variation Databases for the Evaluation of Rare Sequence
Variants in Turkish Individuals: Idiopathic Hypogonadotropic
Hypogonadism as a Disease Model

® Leman Damla Kotan

Cukurova University Faculty of Medicine, Department of Pediatric Endocrinology, Adana, Turkey

What is already known on this topic?

The absence of population-specific genetic variation reference databases causes misleading results in rare variant evaluations.

What this study adds?
This study confirmed that Turkish Variome could represent the Turkish population for rare genomic variant evaluation.

Abstract

Objective: With the increasing use of whole-exome sequencing, one of the challenges in identifying the causal allele for a Mendelian
disease is the lack of availability of population-specific human genetic variation reference databases. The people of Turkey were not
represented in GnomAD or other publicly available large databases until recently, when the first comprehensive genomic variation
database, Turkish Variome (TRV), was published. The aim of this study was to evaluate whether TRV or other publicly available large
genomic variation databases can reliably be used for rare disease variant evaluation in Turkish individuals.

Methods: Sixty non-disease-causing, non-synonymous variants (minor allele frequencies >1%) were identified in 58 genes that are
known to be associated with idiopathic hypogonadotropic hypogonadism from a large Turkish patient cohort. The allelic frequencies of
these variants were then compared with those in various public genomic variation databases, including TRV.

Results: Our cohort variants showed the highest correlations with those in the TRV, Iranome, and The Greater Middle East Variome, in
decreasing order.

Conclusion: These results suggest that the TRV is the appropriate database to use for rare genomic variant evaluations in the Turkish
population. Our data also suggest that variomes from geographic neighborhoods may serve as substitute references for populations
devoid of their own genomic variation databases.
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Introduction

The widespread use of next-generation sequencing (NGS),
particularly whole-exome sequencing (WES), in medical
practice, has resulted in massive data accumulation
(1). In order to accurately interpret the differences in
the DNA sequences of individuals, criteria based on
specific parameters are used. One of the essential
parameters is allele frequency (AF), which represents

the prevalence of a gene variant in a given population.
Variants with minor AFs less than 1% are considered
rare and can play a causative role in Mendelian and
complex disorders. Genetic alterations observed with a
much higher frequency than expected for the disease in
a population are generally interpreted as benign (2,3). As
many variants are proven to be population-specific, large
databases evolved into a comprehensive body of data
comprising of datasets from individual subpopulations
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(4). Failure to use population-specific databases can
lead to unreliable or even misleading results in variant
evaluation.

The people of Turkey live in the Anatolian peninsula, which
is geographically at the crossroads of three major continents,
through which major population movements have occurred
during all periods of human history. Therefore, it was
thought that this geographic region might have a genetic
admixture. The genetic structure of Turkish people has been
investigated in small scale studies using different methods
(5,6,7,8). In a recent study, Kars et al. (9) published the
first comprehensive genomic variation database, Turkish
Variome (TRV), which compiles whole genome and whole
exome data from 3362 individuals from various regions of
Turkey.

The aim of this study was to evaluate whether any large
population variomes, including TRV, can reliably be used in
variant evaluations for the population of Turkey. Therefore,
60 non-disease-causing non-synonymous variants (minor
AFs greater than 1%) in 58 genes, known to be associated
with idiopathic hypogonadotropic hypogonadism (IHH),
were compared with the AFs in various population databases
worldwide.

Methods

Patient Cohort

The study used genetic variants from a large, rare disease
cohort. The cohort included a total of 290 independent
patients (112 female and 178 male) from seven geographic
regions of Turkey (the Marmara region, Black Sea, Aegean,
Mediterranean, Central Anatolia, Eastern Anatolia, and
Southeastern Anatolia), roughly representing the population
of Turkey.

Disease Model

IHH is a rare disease characterized by pubertal failure and
infertility, with a prevalence of 1/10-100.000 (10). Mutations
detected in patients with IHH, based on the Mendelian
inheritance model, are currently thought to be responsible
for approximately 50 % of all cases (11).

Genetic Analyses

A total of 290 WES data sets were screened for potentially
pathogenic nucleotide changes [frameshifts, in-frame
changes (insertion and deletion), nonsense (stop-loss and
stop-gain), two-base splice-sites (donor/acceptor), and
missense] located in the exons of 58 genes known to be
associated with IHH. Intronic areas, distant regions, and
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synonymous changes were excluded. Currently known-IHH-
associated genes are listed in Table 1 (11).

Selection of the Study Variants

Based on the prevalence of IHH (1/10.100.000), those
variants with an AF lower than 0.0001 were excluded from
the study as they can be of high pathogenicity. We also
excluded those that can be potentially pathogenic with an
AF of 0.01-0.0001. In this study, we only included those
with AF greater than 0.01, which are extremely unlikely to
be disease-causing for IHH.

WES Analyses

Briefly, the genomic DNA samples from each patient were
prepared as an lllumina sequencing library. Afterward,
sequencing libraries were enriched for proper targets with
the lllumina Exome Enrichment protocol. Captured libraries
were sequenced with Illumina HiSeq 2000 Sequencer
(Macrogen, Seoul, South Korea). The reads were mapped to
UCSC hg19.

Databases

The seven established databases used for the AF correlations
with our cohort were: GnomAD, which includes European
Finnish, Europen Non-Finnish (ENF), Ashkenazi Jewish,
East Asian, South Asian, Latino/Admixed American, and
African/African-American subcategories (12); The NHLBI
Trans-Omics for Precision Medicine representing a diverse
population around the world with multi-ethnic data
content (European, Hispanic/Latino, African, Asian) (13);
The Greater Middle East (GME) Variome Project, which
includes the GME world population, from Morocco in the
west to Pakistan in the East including 163 alleles from the
Turkish peninsula (14); Iranome, which includes Iranian
Arabs, Kurds, Persians, Persian Gulf Islanders, Azeris, and
Turkmen ethnic groups (15); GenomeAsia, which includes
South East Asian, Oceania, North East Asian, African,
West Eurasia, South Asian, and American subpopulations
(16); the 4.7KJPN, which represents the overall Japanese
population (17); and Online Archive of Brazilian Mutations,
which includes Brazilian population (18). The GnomAD ENF
category includes Southern European, Bulgarian, North-
Western European, Swedish, and Estonian subpopulations.
Categories named as “others: were not included in the study.
The AFs were collected from the databases in February
2022. URLs of databases are provided in the web resources.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for Social Sciences, version 20.0 (IBM Inc.,
Armonk, NY, USA), and a p value of <0.001 was considered
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Table 1. Genes known to be associated with idiopathic hypogonadotropic hypogonadism

Approved symbol Approved name HGNC ID Chromosomal location
AMH anti-Mullerian hormone 464 19p13.3
AMHR2 anti-Mullerian hormone receptor type 2 465 12q13.13
ANOS1 anosmin 1 6211 Xp22.31
AXL AXL receptor tyrosine kinase 905 19q13.2
CCDC141 coiled-coil domain containing 141 26821 2q31.2
CHD7 chromodomain helicase DNA binding protein 7 20626 8ql2.2
DCC DCC netrin 1 receptor 2701 18qg21.2
DLG2 discs large MAGUK scaffold protein 2 2901 11q14.1
DMXL2 Dmx like 2 2938 15921.2
DUSP6 dual specificity phosphatase 6 3072 12921.33
FEZF1 FEZ family zinc finger 1 22788 7q31.32
FGF17 fibroblast growth factor 17 3673 8p21.3
FGF8 fibroblast growth factor 8 3686 10g24.32
FGFR1 fibroblast growth factor receptor 1 3688 8pll.23
FLRT3 fibronectin leucine rich transmembrane protein 3 3762 20p12.1
FSHB follicle stimulating hormone subunit beta 3964 1ip14.1
GNRH1 gonadotropin releasing hormone 1 4419 8p21.2
GNRHR gonadotropin releasing hormone receptor 4421 4q13.2
HESX1 HESX homeobox 1 4877 3p14.3
HS6ST1 heparan sulfate 6-O-sulfotransferase 1 5201 2q14.3
IGSF10 immunoglobulin superfamily member 10 26384 3q925.1
IL17RD interleukin 17 receptor D 17616 3p14.3
KISS1 KiSS-1 metastasis suppressor 6341 1932.1
RISSIR KISS1 receptor 4510 19p13.3
KLB klotho beta 15527 4p14
LEP leptin 6553 7q932.1
LEPR leptin receptor 6554 1p31.3
LHB luteinizing hormone subunit beta 6584 19q13.33
NDNF neuron derived neurotrophic factor 26256 4927
NROB1 nuclear receptor subfamily 0 group B member 1 7960 Xp21.2
NSMF NMDA receptor synaptonuclear signaling and neuronal migration factor 29843 9934.3
NTN1 netrin 1 8029 17p13.1
OTUD4 OTU deubiquitinase 4 24949 4931.21
PCSK1 proprotein convertase subtilisin/kexin type 1 8743 5q15
PLXNA1 plexin Al 9099 3921.3
PLXNA3 plexin A3 9101 Xg28
PNPLAG6 patatin like phospholipase domain containing 6 16268 19p13.2
POLR3A RNA polymerase III subunit A 30074 10g22.3
POLR3B RNA polymerase III subunit B 30348 12923.5
PROK2 prokineticin 2 18455 3pl3
PROKRZ2 prokineticin receptor 2 15836 20p12.3
RABIS8 RAB18, member RAS oncogene family 14244 10p12.1
RAB3GAP1 RAB3 GTPase activating protein catalytic subunit 1 17063 2921.3
RAB3GAP2 RAB3 GTPase activating non-catalytic protein subunit 2 17168 1941
RNF216 ring finger protein 216 21698 7p22.1
SEMA3A semaphorin 3A 10723 7921.11
SEMA3E semaphorin 3E 10727 7q21.11
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Table 1. Continued

Approved symbol Approved name HGNC ID Chromosomal location
SEMA3F semaphorin 3F 10728 3p21.31
SMCHD1 structural maintenance of chromosomes flexible hinge domain containing 1 29090 18p11.32
SOX10 SRY-box transcription factor 10 11190 22q13.1
SPRY4 sprouty RTK signaling antagonist 4 15533 5q31.3
SRAI steroid receptor RNA activator 1 11281 5q31.5
STUBI STIP1 homology and U-box containing protein 1 11427 16pl13.3
TAC3 tachykinin precursor 3 11521 12q13.3
TACR3 tachykinin receptor 3 11528 4924
TBC1D20 TBC1 domain family member 20 16133 20p13
TUBB3 tubulin beta 3 class IlI 20772 16924.3
WDR11 WD repeat domain 11 13831 10926.12

HGNC: https://www.genenames.org, HGNC: HUGO Gene Nomenclature Committee

Table 2. The allelic frequencies (AF) of the variants in the IHH cohort with greater than 1% and AF values in selected databases

Gene dbSNP Cohort TRV AF Genome GnomAD GME AF ToPMed Iranome  4.7KJPN ABraOM
AF Asia AF AF Bravo AF AF AF

AXL 1s7249222 0.9844 1.0000 1.0000 1.0000 - 1.0000 1.0000 0.0000 1.0000
DcC rs9951523 0.9810 0.9886 0.9980 0.9853 0.9914 0.9913 0.9919 1.0000 0.9885
AMH rs10417628 0.9542 0.9782 0.9890 0.9817 0.9777 0.9834 0.9794 0.9999 0.9926
AMH rs10407022 0.8224 0.8091 0.6480 0.7629 0.7773 0.6976 0.7956 0.6523 0.7775
IGSF10 rs7619322 0.7948 0.7848 0.7390 0.7196 0.8145 0.6976 0.7937 0.6613 0.7471
SEMA3F rs1046956 0.7000 0.7164 0.9150 0.7347 0.6491 0.6479 0.7406 0.9999 0.6789
ILI7RD rs6780995 0.6931 0.6630 0.4160 0.6201 0.6500 0.6218 0.6981 0.1611 0.6362
KISSIR rs350132 0.6775 0.7823 0.7630 0.7942 0.8127 0.8204 0.7432 0.7679 0.7830
SMCHD1 rs2276092 0.6396 0.6456 0.6540 0.6960 0.7134 0.7388 0.6625 0.5547 0.7348
ANOS1 rs808119 0.5970 0.6157 - 0.5590 0.7189  0.5325 0.5381 0.6755 0.5450
SRA1 rs5871740 0.4879 0.5120 0.4660 0.1400 0.4506 - 0.5331 0.5113 -
DMXL2 rs12102203 0.4586 0.4670 0.4180 0.4936 0.4526 0.4850 0.4544 0.4661 0.5090
DUSP6 rs2279574 0.4344 0.4683 0.5590 0.5177 0.4558 0.4200 0.4719 0.5175 0.4367
SRAI rs3085220 0.4224 0.5120 0.4660 0.1221 - - 0.5331 0.5113 0.1976
DCC rs2229080 0.4034 0.4611 - 0.4416 0.4879 0.3782 0.4888 0.6595 0.4293
RAB3GAP1 rs10445686 0.3862 0.3843 0.3210 0.1973 0.3524 0.1264 0.3919 0.4118 0.2348
HS6ST1 rs200979099 0.3672 - - 0.3773 0.4030 0.0907 0.4381 0.0144 0.3801
FLRT3 rs6079391 0.3568 0.3694 0.2380 0.4098 0.2754 0.3375 0.3325 0.1492 0.3924
PLXNA3 rs5945430 0.3383 0.3038 - 0.2148 0.3668 0.6666 0.4113 0.0524 0.2784
LEPR rs1137101 0.3241 0.3532 0.6800 0.5089 0.3487 0.4871 0.3394 0.8621 0.4384
SMCHD1 rs633422 0.3068 0.3236 - 0.3383 - 0.2502 0.2781 0.2417 0.3481
KRISS1 rs4889 0.3051 0.3186 0.3080 0.2874 0.3132 0.3238 0.2932 0.4662 0.3001
KLB rs4975017 0.2862 0.2897 0.4350 0.3428 0.2275 0.2525 0.2938 0.3801 0.2889
PCSK1 rs6234 0.2517 0.2725 0.2800 0.2633 0.2573 0.2263 0.2662 0.2093 0.2430
PCSK1 1s6235 0.2466 0.2719 0.2780 0.2595 0.2532 0.2110 0.2631 0.2094 0.2356
PNPLA6 rs17854645 0.2362 0.2403 0.0820 0.1620 0.2152 0.1479 0.2459 0.0001 0.1674
KISS1 rs71745629 0.2292 0.2794 0.2750 0.2230 - 0.1705 0.2214 0.4625 0.2059
DMXL2 rs17524906 0.2224 0.2151 0.0760 0.1819 0.2064 0.1806 0.2156 0.0119 0.1962
LEPR rs1805094 0.2000 0.2496 0.0970 0.1584 - 0.1822 0.2662 0.1010 0.1937
KLB rs17618244 0.1965 0.2182 0.1750 0.1793 0.2139 0.1357 0.1994 0.1838 0.1929
HS6ST1 rs3958533 0.1931 - - 0.1193 0.3171 0.1031 0.4206 0.0214 0.2529
CCDC141 rs61397643 0.1896 0.1642 0.1250 0.1310 0.1614 0.1165 0.1950 0.1172 0.1403
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Table 2. Continued

Gene dbSNP Cohort TRV AF  Genome GnomAD  GME AF ToPMed Iranome  4.7KJPN ABraOM
AF Asia AF AF Bravo AF  AF AF
GNRH1 rs6185 0.1793 0.1926 0.2920 0.2299 0.1596  0.1844 0.1725 0.5192 0.1945
HS6ST1 rs199993343  0.1727 - - 0.0898 0.1554  0.0222 0.3302 0.0081 0.0371
IL17RD rs17057718 0.1706 0.1848 0.3050 0.1983 0.1898  0.1500 0.1931 0.3382 0.1724
LEPR rs1137100 0.1379 0.1771 0.4140 0.2959 0.1077  0.2148 0.1556 0.7813 0.2298
DUSP6 rs770087 0.1327 0.1613 0.1230 0.1960 0.1930  0.2890 0.1537 0.0388 0.2578
SEMA3E rs61729612 0.1224 0.1215 0.1066 0.1161 0.1406  0.1022 0.1144 0.2172 0.1215
RAB3GAP2 rs2289189 0.1120 0.1376 0.0840 0.0840 0.0936  0.0603 0.1206 0.0809 0.0853
CCDC141 rs34883828 0.0931 0.1254 0.0560 0.1070 0.1168  0.1294 0.1044 0.0097 0.1124
CCDC141 rs12988301 0.0862 0.1097 0.1010 0.0832 0.1072  0.1194 0.0887 0.1557 0.1100
IGSF10 rs12487205 0.0810 0.0792 0.0320 0.0341 0.0694  0.0358 0.0818 0.0413 0.0517
IGSF10 rs17204557 0.0810 0.0772 0.0690 0.0416 0.0720  0.0310 0.0806 0.0409 0.0476
CCDC141 rs17362588 0.0637 0.0546 0.0110 0.0604 0.0629  0.0452 0.0618 - 0.0689
RAB3GAP2 rs12045447 0.0586 0.0463 0.0470 0.0390 0.0808  0.0587 0.0481 0.0326 0.0418
PCSK1 rs6232 0.0534 0.0547 0.0210 0.0381 0.0523  0.0290 0.0518 0.0003 0.0287
POLR3B rs17038460 0.0517 0.0612 0.0100 0.0460 0.0634  0.0410 0.0550 - 0.0870
LHB rs1800447 0.0465 0.0621 - 0.0665 0.0888  0.0768 0.0381 0.0452 0.0343
LHB rs34349826 0.0431 0.0610 - 0.0522 0.0833 - 0.0375 0.0452 0.0269
CCDC141 rs13419085 0.0431 0.0412 0.0900 0.0606 0.0453  0.0266 0.0600 0.0166 0.0492
HS6ST1 rs201154532 0.0413 0.0442 - 0.0541 0.0229  0.0443 0.0538 0.0060 0.0345
KISS1 rs12998 0.0327 0.0365 0.0360 0.0325 0.0483  0.0241 0.0393 0.0375 0.0377
KISS1 1s35431622 0.0275 0.0422 0.0021 0.0518 0.0724  0.1207 0.0487 - 0.0812
KLB rs35372803 0.0275 0.0213 0.0066 0.0362 0.0186  0.0292 0.0150 0.0028 0.0213
SEMA3A rs147436181 0.0275 0.0180 0.0057 0.0137 0.0176  0.0106 0.0275 - 0.0188
DUSP6 rs61734372 0.0241 0.0200 0.0046 0.0238 0.0121 0.0201 0.0156 - 0.0246
FLRT3 rs35253731 0.0206 0.0209 0.0232 0.0319 0.0382  0.0669 0.0218 0.0124 0.0402
OTUD4 rs36225838 0.0206 0.0261 0.0054 0.0256 0.0282  0.0221 0.0243 - 0.0336
STUB1 rs148553428  0.0120 0.0064 0.0046 0.0037 0.0065  0.0024 0.0093 - 0.0016
IGSF10 rs34114908 0.0189 0.0110 0.0017 0.0127 0.0120  0.0084 0.0081 - 0.0147

Variants are arranged by allelic frequency from high to low.

dbSNP: Database of Single Nucleotide Polymorphisms, TRV: Turkish Variome, GME: The Greater Middle East Variom Project, GnomAD: genome aggregation database,
TopMeD Bravo: Trans-Omics for Precision Medicine, ToMMo-4.7KJPN: Tohoku Medical Megabank Organization, ABraOM: Online Archive of Brazilian Mutations, IHH:
idiopathic hypogonadotropic hypogonadism, -: absent, GME: http://igm.ucsd.edu/gme/, TopMED Bravo: https://bravo.sph.umich.edu/freeze5/hg38/, ToMMo-4.7KJPN:

https://[jmorp.megabank.tohoku.ac.jp/202102/, ABraOM: https://abraom.ib.usp.br

statistically significant. The Spearman’s correlation method
was used as the variables in the comparison of the groups
were non-normally distributed. The correlation coefficients
(CCs) between the study cohort and each of the databases/
subgroups were analyzed separately. All correlation analysis
results were found to be statistically significant. Next, we
compared the CCs based on the concept of comparison of
correlations from independent samples.

Results

In this study, a total of 60 variants with an AF greater than
1% were detected in 30 of 58 IHH-associated genes in the
WES data from the cohort of 290 independent Turkish

IHH patients (Table 2). No variants above the cut-off were
observed in 26 of the listed IHH genes, while 17 genes had
more than one (maximum five) variant and 13 genes had
only one. The great majority of the changes (95.0%) were
missense, and 5.0% were frameshift (two insertions and
one deletion). Each of the variants in the study cohort was
observed only in the I[ranome and GnomAD.

A statistically significant correlation was observed between
the study cohort and each one of the databases analyzed
(Table 3). The highest CCs were observed between the study
cohort and the following databases, in decreasing order: TRV
(0.994), Iranome (0.983), and GME (0.981). Comparison of
correlations from independent samples indicated that the
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CCs of these three databases with our study cohort were
not statistically different from each other (Table 3, shown
in bold). The remaining 32 CCs were significantly different.
Thus, the comparison results were interpreted as such that
the three databases (TRV, Iranome, and GME) can be used
as the reference databases for Turkish individuals.

Discussion

Population studies have repeatedly revealed the importance
of local datasets in research and clinical practice, rather
than using comprehensive databases with a wide-ranging
sample size (4,19,20). Knowing the AF differences between

Table 3. The correlation coefficients (CCs) between the IHH cohort and various databases

Databases Total number of 60 variants encountered Correlation coefficients
TurkishVariome 57 0.994
Iranome 60 0.983
The Greater Middle East Variom Project (GME) 55 0.981
Arab# 60 0.978
Azeri# 60 0.976
Persian# 60 0.975
West Eurasia*® 50 0.974
Lur# 60 0.969
Kurd# 60 0.968
Turkmen# 60 0.963
Persian Gulf Islander# 60 0.958
Southern European +, ~ 60 0.955
Online Archive of Brazilian Mutations (ABraOM) 59 0.951
South Asian* 50 0.949
Baloch# 60 0.948
Bulgarian+, ~ 60 0.943
GenomeAsia 50 0.940
GnomAD 60 0.935
European Non-Finnish + 60 0.923
South Asian + 60 0.920
Ashkenazi Jewish + 60 0.920
Latino/Admixed American + 60 0913
North-Western European +, ~ 60 0.911
Swedish +, ~ 60 0.907
Trans-Omics for Precision Medicine (TopMed) 57 0.906
North East Asian* 50 0.892
European Finnish + 60 0.886
American® 50 0.868
Estonian +, ~ 60 0.867
South East Asian* 50 0.861
East Asian + 60 0.849
Oceania* 50 0.841
African/African-American + 60 0.817
African® 50 0.802
Tohoku Medical Megabank Organization (4.7KJPN) 52 0.639

The Spearman’s Correlation method was used for non-normally distributed variables in the comparison of the groups. Statistical analyses were performed using SPSS 20.0
and a p-value of <0.001 was considered statistically significant. The correlation coefficients (CCs) between the study cohort and each of the databases/subgroups were
analyzed separately. All correlation analysis results were found to be statistically significant. The databases/subgroups were arranged by CCs from high to low. Comparison
of correlations from independent samples indicated that the CC of these three databases with our study cohort were not statistically different from each other (shown in
bold). Symbols indicate from which database the subgroups were collected; *: GenomeAsia, +: GnomAD (Genome aggregation database), ~: GnomAD ENF (European

Non- Finnish), #: Iranome.

gnomAD: https://gnomad.broadinstitute.org, GenomeAsia: https://browser.genomeasial00k.org, Iranome: http://www.iranome.ir, ABraOM: https://abraom.ib.usp.br, IHH:

idiopathic hypogonadotropic hypogonadism
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populations is also essential for developing machine-
learning-based methods that use clustering scores for
pathogenicity classifications (21). Disease genetics studies
in a given population may also provide information for
community characteristics, such as mutation history, local
adaptations, and avoiding false-positive genetic diagnoses
of Mendelian disorders. In this way, identifying and labeling
population-specific genetic changes, such as individual/
family-specific variants, will significantly reduce the burden
of variants of uncertain significance (22,23). In our study,
the common variants of Turkish IHH patients were observed
at varying frequencies in different populations, supporting
the hypothesis that a population-specific reference database
should be used to facilitate the selection of pathogenic
variants.

It is essential to understand that common and rare
alleles have different characteristics. A rare variation is
needed to survive many generations to rise to a moderate
frequency, while common ones tend to be inherited over
long periods due to negligible effects and are most likely
classified as benign. Thus, they are excellent candidates for
determining demographic histories or periodical features,
such as ancestral origins and migration routes (24,25,26).
Blekhman et al. (27) observed that Mendelian-disease
gene variants, in general, are under purifying selection
pressures. The IHH-associated gene variants should be
expected to be subjected to additional negative selection
pressures as pathogenic variants in these genes result in
infertility. This reproductive disadvantage causes them to
be rapidly purged from the population (27). Consequently,
the AFs of the IHH gene variants are expected to be
more skewed compared to most of the Mendelian
disease genes except for those with very high mortality.
However, common variants (minor allele frequencies
> 1%) are free of such distortions. Based on the foregoing
argument, we selectively compared the common variants
in the IHH-related genes with those of the TRV and other
publically available databases. Our cohort results showed
a nearly one-to-one correlation (0.994) with TRV, which
is comprised of NGS data from individuals participating
in genetic studies of various diseases, such as obesity,
amyotrophic lateral sclerosis, and Parkinson’s disease.
Our study using a rare disease model, IHH, which is not
represented in the TRV patient subpopulations, confirms
that TRV is well representative of the Turkish population.
Kars et al. (9) also reported the close genetic relationship
between Balkan and Caucasian populations and those of
Turkey. Previously, similar to our methods paradigm, Alkan
et al. (5) studied the 16 genomes from various regions of
Turkey and compared them to those in the 1000 Genomes
Project, and showed that the genetic structure of the

people of Turkey is similar to those of Europe, particularly
the Southern Europe/Mediterranean region, compared to
other gene pools. Similarly, in our study, a close correlation,
albeit to a lesser extent, was also observed with those of
West Eurasia, including Caucasia (0.974) and Southern
Europe (0.955).

It is well-known that consanguineous unions increase the
incidence of recessively inherited diseases (28). Our study
included 290 independent IHH patients, and consanguinity
was present in 56.0 % . This rate is higher than the general
Turkish population (21.1 %), probably due to a rare disease
that could be recessively inherited (29). Studies have reported
that high consanguineous marriage is common in many
regions, including Turkey, Iran, and Pakistan (29,30,31). The
kinship union is influenced by culture, religion, geographical
conditions, or socioeconomic boundaries. The AFs in our
study cohort did not show remarkable similarity for those
in different databases in distant geographies. However, the
close correlations with the non-European neighbors of the
Anatolian peninsula, Iranome (0.983) and GME (0.981)
suggest our genetic similarity for alleles that are relatively
difficult to spread due to this social structure (28).

Study Limitations

The use of WES analyses performed at different periods in
the study may have resulted in differences between reads
that confidently support alleles.

Conclusion

Our findings confirm that TRV can be reliably used for
variant evaluations from the Turkish population. Our results
also indicate that variomes from geographic neighborhoods
may serve as substitute references in variant evaluation for
populations devoid of representative databases.
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