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Abstract
Background: Genome-wide association studies identified the region of chromosome 3p21.31 as having the strongest 

association with the severe COVID-19 and susceptibility to SARS-CoV-2 infection. The aim of our study was to investigate the 
frequency of the risk A allele of rs17713054 localized in the 3p21.31 COVID-19 risk locus in Yakuts.

Methods and Results: A total of 382 DNA samples from healthy Yakut volunteers (184 men and 198 women; the average 
age of 41.8±0.05 years) were examined. Our results show that the frequency of the risk A allele of the rs17713054 SNP in the 
Yakut population occurs at a frequency of 2% and generally corresponds to the frequency of East Asian populations (from 0% 
to 2%), geographically close to the Yakuts and belonging to the same Mongoloid race. (International Journal of Biomedicine. 
2022;12(1):155-159.)
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Introduction
The COVID-19 pandemic has killed millions of people 

worldwide. The predominant cause of death is pneumonia 
and severe acute respiratory distress syndrome.(1) However, 
COVID-19 can cause multiple organ failure due to cytokine 
release, micro- and macrovascular thrombosis, endothelial 
injury, acute kidney injury, and myocarditis.(2-4) A study of 

post-mortem lung biopsies from COVID-19 demonstrated 
widespread epithelial dysfunction with signs of EMT.(5,6) 

Two large GWASs (7,8) identified the region of 
chromosome 3p21.31 as having the strongest association with 
the severe COVID-19; another study identified this locus as 
conferring susceptibility to SARS-CoV-2 infection.(9) GWASs 
have found that the 3p21.31 region is associated with a two-
fold increase in the risk of respiratory failure. The influence 
of the 3p21.31 locus on the early epithelial response may 
contribute to susceptibility to SARS-CoV-2 infection.(9)

Downes et al.(10) identified the gain-of-function risk A 
allele of an SNP, rs17713054G>A, as a probable causative 
variant for the respiratory failure. The authors showed that 
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the rs17713054-affected enhancer upregulates the interacting 
gene, leucine zipper transcription factor like 1 (LZTFL1). 
“This gene encodes a ubiquitously expressed protein that 
localizes to the cytoplasm. This protein interacts with Bardet-
Biedl Syndrome (BBS) proteins and, through its interaction 
with BBS protein complexes, regulates protein trafficking to 
the ciliary membrane. Nonsense mutations in this gene cause 
a form of Bardet-Biedl Syndrome; a ciliopathy characterized 
in part by polydactyly, obesity, cognitive impairment, 
hypogonadism, and kidney failure. This gene may also 
function as a tumor suppressor; possibly by interacting with 
E-cadherin and the actin cytoskeleton and thereby regulating 
the transition of epithelial cells to mesenchymal cells.”(11) 

The transmembrane protein E-cadherin is one of the critical 
components for epithelial integrityIn addition.(12) Thus, 
LZTFL1 is involved in the trafficking of numerous signaling 
molecules. (13-17)

For the 3p21.31 COVID-19 risk locus, a higher risk is 
associated with increased expression of the LZTFL1 gene, a 
known inhibitor of EMT. Higher levels of the LZTFL1 gene 
may delay the positive effects of an acute EMT response by 
blocking a reduction in the levels of ACE2 and TMPRSS2 
and/or by slowing EMT-driven tissue repair. 

The LZTFL1 gene is widely expressed in pulmonary 
epithelial cells, including ciliated epithelial cells, which have 
been identified as one of the main cellular targets for SARS-
CoV-2 infection.(18) The LZTFL1 gene was identified as the 
gene having strong 3C contacts with the rs17713054 enhancer 
and lung expression quantitative trait loci (eQTL). LZTFL1 
is the most likely direct regulatory target of the rs17713054-
containing epithelial–endothelial–fibroblast enhancer.

The aim of our study was to investigate the frequency 
of the risk A allele of rs17713054 localized in the 3p21.31 
COVID-19 risk locus in Yakuts.

Materials and Methods
The study was carried out in the Department of Molecular 

Genetics at the Yakut Scientific Center for Complex Medical 
Problems (YSC CMP). For the study, we used DNA samples 
from the collection of biomaterials of the YSC CMP (Project 
“The Genome of Yakutia”; No. USE_507512).

A total of 382 DNA samples from healthy volunteers 
(184 men and 198 women; the average age of 41.8±0.05 
years) were examined. The inclusion criteria for the study 
were Yakuts by ethnicity, living in Yakutia.

The study was approved by the Ethics Committee of the 
Yakut Science Center of Complex Medical Problems (YSC 
CMP). Written informed consent was obtained from each 
research participant.

Genomic DNA was isolated using the standard phenol-
chloroform extraction method from frozen whole blood. 
Genotyping of DNA samples was carried out by analyzing 
PCR products - amplification of specific regions of the 
genome, followed by an analysis of restriction fragment 
length polymorphism. Primer selection was performed 
using the National Center for Biotechnology Information 
(NCBI) primer design tool, Primer-BLAST (forward primer:                                      

5’-TGTCTGATTTTAAAGAAGTTTGGGT-3’ and reverse 
primer: 5’- GGAGCAGAGCCCGTCATTAT-3’).The sequence 
of the study site for the primer selection matrix and the primer 
specificity test were taken from the UCSC Genome Browser 
database (GRCh38/hg38). The primers were synthesized by 
Lumiprobe RUS Ltd (Moscow, Russia). The reaction mixture 
(25 μl) for PCR contained of forward and reverse primer (1.5µl 
(10 pmol/µl) of each oligonucleotide primer) (Moscow, Russia), 
ddH2O (13 µl), 10xPCR buffer (2.5 µl), 25 mM MgCl2 (2.5 
µl), 2.5 mM dNTP Mix (2.5 µl), Taq polymerase (0.5 µl (1.5 
units)), and DNA (1 μl). PCR was performed in an MJ Mini 
Gradient Thermal Cycler (BioRad). The temperature-time 
regime for carrying out the amplification of a given nucleotide 
sequence with the restriction enzyme used and the lengths of the 
restriction fragments is presented in Table 1. PCR products were 
detected by horizontal electrophoresis in a 2% agarose gel plate 
with the addition of ethidium bromide, a specific intercalating 
fluorescent DNA (RNA) dye, using a standard Tris-acetate 
buffer at a field voltage of ~ 20V/cm for 30 minutes.

After PCR, the amplificate was subjected to restriction 
using ZrmI endonuclease (OOO SibEnzim, Novosibirsk) for 16 
hours at 37°C. Restriction endonuclease selection was performed 
in a NEBcutter V2.0. RFLP products were detected by horizontal 
electrophoresis in a 3% agarose gel stained with ethidium 
bromide using a standard Tris-acetate buffer at 120V for 1 hour. 
Restriction products were visualized under UV light using a gel-
documenting system (Vilber Lourmat, France) (Figure 1).

Statistical analysis was performed using Microsoft 
Excel 2010. 

Fig. 1. Electrophoretogram: RFLP products in a 3% 
agarose gel. 
M - marker PUC19 / + Msp I., AG – 210, 125, 85 bp; 
GG – 125, 85 bp; AA – 210 bp.

Table 1.
PCR conditions for rs17713054

Temperature protocol for PCR
Restriction

enzyme
Interpretation of 

the PCR-RFLP result 
bp)Temperature Time Cycles

95 °C 4 min 1

Zrm I
AA – 210;

AG – 210, 125, 85;
GG – 125, 85.

94 °C 30 sec

3564 °C 30 sec

72 °C 1 min

72 °C 10 min 1
          bp, base pair
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Results and Discussion
In our study, the rs17713054 SNP was analyzed in the 

Yakut population in comparison with the populations of East 
and South Asia, Africa, America, and Europe.(19) In the Yakut 

(YKT) population, the frequency of the risk A allele and the 
G allele of the rs17713054 was 2% and 98%, respectively 
(Table 2). The genotype distribution was as follows: 
AG=3.7%, AA=0.5%, GG=95.8%. When compared with 
an open database of populations from the 1000 Genomes 

Table 2.

The frequency of genotypes and alleles of the rs17713054 SNP in the Yakut population and 1000 Genomes Project Phase 3 (population and 
subpopulations)

Group ID Name Geographic region Count
Allele freq. Genotype freq.

Chi-sq. P
A G AA AG GG

All Yakuts
YKT Yakuts North-Eastern Siberia

382 0.020 0.980 0.005 0.037 0.958 15.813 0.000
Yakut men 184 0.010 0.990 0 0.027 0.973 0.035 0.852

Yakut women 198 0.033 0.967 0.011 0.045 0.944 15.992 0.000
All 1000 Genomes Project Phase 3 individuals 2504 0.082 0.918 0,019 0.126 0.855 64.538 0.000

East Asian, EAS 504 0.005 0.995 0 0.010 0.990 0.013 0.911

East Asian
sub-populations

CDX Dai East Asia 93 0.005 0.995 0 0.011 0.989 0.003 0.958
CHB Northern Han East Asia 103 0 1 0 0 1 - -
CHS Southern Han East Asia 105 0 1 0 0 1 - -
JPT Japanese East Asia 104 0 1 0 0 1 - -

KHV Kinh East Asia 99 0.020 0.980 0 0.040 0.960 0.042 0.837

South Asian, SAS 489 0.296 0.704 0,094 0.403 0.503 0.514 0.473

South Asian
sub-populations

BEB Bengali Central/South Asia 86 0.378 0.622 0.128 0.500 0.372 0.346 0.557

GIH Gujarati Central/South Asia 103 0.267 0.733 0.078 0.379 0.544 0.110 0.741

ITU Telugu Central/South Asia 102 0.289 0.711 0.098 0.382 0.520 0.500 0.479

PJL Punjabi Central/South Asia 96 0.297 0.703 0.094 0.406 0.500 0.069 0.792

STU Sri Lankan Tamil Central/South Asia 102 0.260 0.740 0.078 0.363 0.559 0.330 0.566

European, EUR 503 0.081 0.919 0 0.161 0.839 3.857 0.050

European
sub-populations

CEU European American Europe 99 0.081 0.919 0 0.162 0.838 0.765 0.382

FIN Finnish Europe 99 0.101 0.899 0 0.202 0.798 1.250 0.264

GBR British Europe 91 0.071 0.929 0 0.143 0.857 0.538 0.463

IBS Iberian Europe 107 0.047 0.953 0 0.093 0.907 0.257 0.612

TSI Toscani Europe 107 0.103 0.897 0 0.206 0.794 1.405 0.236

American, AMR 347 0.043 0.957 0,003 0.081 0.916 0.208 0.648

American
sub-populations

CLM Colombian Admixed 94 0.064 0.936 0.011 0.106 0.883 1.134 0.287

MXL Mexican American Admixed 64 0.039 0.961 0 0.078 0.922 0.106 0.745

PEL Peruvian Admixed 85 0.029 0.971 0 0.059 0.941 0.078 0.780

PUR Puerto Rican Admixed 104 0.038 0.962 0 0.077 0.923 0.166 0.683

African, AFR 661 0.004 0.996 0 0.008 0.992 0.010 0.922

African
sub-populations

ACB Afro-Caribbean Admixed 96 0.016 0.984 0 0.031 0.969 0.024 0.876

ASW African American Admixed 61 0.008 0.992 0 0.016 0.984 0.004 0.949

ESN Esan Africa 99 0 1 0 0 1 - -

GWD Gambian Africa 113 0.004 0.996 0 0.009 0.991 0.002 0.962

LWK Luhya Africa 99 0 1 0 0 1 - -

MSL Mende Africa 85 0 1 0 0 1 - -

YRI Yoruban Africa 108 0 1 0 0 1 - -

ID, population and subpopulation identifier; P - HWE p-value. A probability value of P<0.05 was considered statistically significant.
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Project, the Yakuts were similar to the Kinh people of 
northern Vietnam (KHV subpopulation: A=2%; AA=0 and 
AG=4%) and the African subpopulation in Barbados (ACB: 
A=1.6%; AA=0 and AG=3.1%) (Table 2). In the African 
population (AFR), the risk A allele was absent, except for 
the aforementioned African subpopulation from the state of 
Barbados in the Caribbean (ACB) and African Americans 
from Southwest US (ASW: A=0.8%; AA=0 and AG=1.6%). 
Probably, in the ACB and ASW populations, the risk A allele 
is present due to cross-breeding with Europeans. In American 
populations (AMR), the risk A allele occurs at a frequency 
of 4% (AA=0.3% and AG=8.1%). Europeans rank second 
in the world in terms of the prevalence of the risk A allele 
(EUR: A=8%; AA=0 and AG=16.1%). Among Europeans, a 
high frequency is observed in Italians (TSI: A=10.3%; AA= 
0 and AG=20.6%) and Finns (FIN: A=10.1%; AA=0 and 
AG=20.2%).

A very high frequency of the risk A allele and allele-
carrying A genotypes was observed in the South Asian 
population (SAS: A=30%; AA=9.4% and AG=40.4%), 
compared with all other considered populations (Table 2). In 
all the South Asian subpopulations presented, the frequency of 
the minor allele was high (26%-37.8%), but it should be noted 
that Bengalis have the highest frequency of the A allele of all 
analyzed populations (37.8%). The heterozygous AG genotype 
occurs in 50% of individuals in the Bengal population and 
40.6% in the Punjabi population living in Pakistan and the 
Punjab state of northern India (PJL).

A nationwide cohort study of 29 million adults in 
England performed by Nafilyan et al.(20) analyzed ethnic 
differences for the risk of COVID-19-related death in the first 
and second waves of the pandemic in England. In the first 
wave, all ethnic minority groups had a higher risk of COVID-
19-related death than the White British population. In the 
second wave, the risk of COVID-19-related death remained 
elevated for Pakistani (ASMR: 339.9 [95% CI: 303.7-376.2] 
and 166.8 [141.7-191.9] deaths per 100,000 population in men 
and women) and Bangladeshi (318.7 [247.4-390.1] and 127.1 
[91.1-171.3] in men and women) people, but not for people 
from Black ethnic groups. Despite a reduction in the increased 
risk of mortality from COVID-19, after adjusting for socio-
demographic characteristics and health status, the risk was 
significantly higher in people of Bangladeshi and Pakistani 
origin in both the first and second waves.

In conclusion, our results show that the frequency of the 
risk A allele of the rs17713054 SNP in the Yakut population 
occurs at a frequency of 2% and generally corresponds to 
the frequency of East Asian populations (from 0% to 2%), 
geographically close to the Yakuts and belonging to the same 
Mongoloid race. Probably, the risk A allele is present in the 
Yakut population due to ancient and/or recent miscegenation 
with Europeans. 
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