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Understanding gene variations in people living under extreme conditions has the potential of curing
diseases caused by exposure to heat, cold, fatty diets, hypoxia, and pathogens. One candidate gene
associated with heat resistance is ACE/, encoding angiotensin-converting enzyme 1. Associations have
also been made between cold resistance or fatty diets and polymorphisms of several genes including
ACTN3, encoding alpha-actinin-3, and CPTIA, encoding carnitine palmitoyltransferase 1A. A prominent
role in resistance to hypoxia has been given for polymorphisms of £PAS], encoding endothelial PAS
domain protein 1, and EGLNI, encoding Egl-9 family hypoxia inducible factor 1. Variants conferring
human resistance to pathogens include /BB, encoding hemoglobin subunit beta, and ACE2, encoding
angiotensin-converting enzyme 2. Genetic knowledge concerning malaria and hypoxia should continue to
promote advances in gene therapy.

Introduction

Biological variation in the human population can help physicians and scientists personalize
treatments to serve public health better. Research on the genetic variability of different
populations may influence medical treatment of certain diseases via drugs or changes in diet.
Although humans share over 99% of their hereditary information, some groups have diverged in
phenotype as a consequence of living in extreme environments, such as Tibetans living at high
altitudes, Siberians and Inuits living in extreme cold, and sub-Saharan Africans living in malaria-
endemic regions (Ilardo and Nielsen 2018). Knowledge about genetic variation within such
groups may aid the treatment of diseases caused by exposure to heat, cold, fat diets, and hypoxia

(Table 1). In particular, genetic knowledge of specific populations may lead to gene therapy of
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vulnerable individuals.

Table 1 Gene variants associated with adaptations to extreme conditions

Adaptation Gene variants Proteins References
UV radiation, heat TYR, MITF ,ACE1, | angiotensin- *Add refs for TYR
HSP90AA1 converting enzyme 1 | and MITF

Caro-Consuegra et
al. 2022;

Fengetal. 2021;
Heled et al. 2004;
Moran et al. 2006;

Saternus et al. 2015

cold, fat diets

ACTN3, LCT, FABPI,
FABP2, FADS]1,
FADS2, FADS3,
CPTIA, LRP5, LEPR,
LEP, TRPMS, UCPI,

UCP3

lactase, fatty acid
binding protein 1
and 2, fatty acid

desaturase 1, 2, and

3, carnitine
palmitoyltransferase
1A, low-density

lipoprotein receptor-
related protein 5,
transient  receptor

potentiation channel

subfamily M

Almon et al. 2010;
Cardona et al. 2014;
Chen et al. 2019;
Fisher et al. 2007;
Friedlander et al.
2013; Fumagalli et
al. 2015; Garcés Da
Silva et al. 2018;
Greenberg et al.
2009; Heianza et al.

2018; Hancock et al.

2011; Igoshin et al.
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member 8;
uncoupling protein
1, uncoupling
protein 3, brain
derived

neurotrophic factor

2019; Key et al
2018; Li et al. 2018;
Manco et al. 2017;
Nikanorova et al.
2021; Ojeda-
Granados et al. 2016;
Parajuli et al. 2021;
Robitaille et al. 2004;
Stan et al. 2005;
Wagh et al. 2012;
Wyckelsma et al

2021

hypoxia

EPAS1, EGLN1

endothelial PAS

domain protein 1

Aggarwal et al. 2010;
Bai et al, 2022;
Brutsaert et al. 2019;
Buroker et al. 2012;
Huerta-Sanchez et al.
2010; Jacovas et al
2022; Julian and
Moore 2019; Peng et
al. 2017; Petousi and
Robbins. 2014;

Simonson et al
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2010; Tashi et al.
2017; Yang 2017; Yi
et al. 2010; Zhang et

al. 2021

Exposure to Ultraviolet Radiation and Heat

People living near the equator receive an exceptionally high amount of ultraviolet radiation (UV
index 20 as opposed to 8 in Northern zones ( . Such
radiation can damage the skin, but is absorbed by darker surfaces. Ancestral populations carried
genetic variants (polymorphisms) associated with darker skin that helped them adapt to exposure
to ultraviolet radiation. Dark skin is caused by higher melanin levels, which are regulated by
genes such as the 7YR gene, which encodes tyrosinase, the enzyme that catalyzes the conversion
of tyrosine to melanin (Feng et al. 2021; Saternus et al. 2015), plus several other genes related to
skin pigmentation (Quillen et al. 2019), including M/TF, which encodes the melanocyte inducing
transcription factor (Caro-Consuegra et al. 2022).

The genetic basis of heat tolerance in desert-living populations is lacking and has only
begun to be investigated in humans in general (Hosokawa et al. 2019). During exercise-related
heat tolerance of male Caucasian volunteers, changes in body core temperature and heat storage
differed depending on polymorphisms of ACE/, encoding angiotensin-converting enzyme 1, the
DD genotype being more tolerant than ID+II genotypes grouped together (Heled et al. 2004). The
enzyme belongs to the renin-angiotensin system critical in thermoregulation via vascular and
renal mechanisms (Finberg et al. 1977; Kosunen et al. 1976). ACE variants are hypothesized to
confer an advantage in thermoregulation although predisposing to hypertension (Moskowitz
1996). Likely relevant to the human response are heat shock proteins, since, after recovery from
exercise, HSP70 (heat shock protein family A member 1A derived from the H/SPA1A gene), and
HSP90 (protein isoforms derived from five genes including H/SP90AA1) levels found in
lymphocytes were higher in a heat tolerant than a heat intolerant group of men (Moran et al.
2006).

Occupants of sub-Saharan Africa have adapted to an environment with endemic
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mosquito-borne malaria via genetic variants in genes such as /BB, which encodes beta-globin.
Although some /BB genetic variants increase resistance to malaria, they also can cause sickle-
cell disease, the most common genetic disorder in the world in which the most severe form is
sickle cell anemia. Sickle-cell disease is an autosomal recessive disorder caused by a mutation in
the HBB gene. In individuals homozygous for the mutation, C-shaped, or sickle-shaped, blood
cells stick together and clog blood vessels, causing symptoms of acute chest syndrome, stroke,
hypersplenism, aplastic crises, nocturnal enuresis, bone pain, avascular necrosis, chronic leg
ulcerations, delayed growth, and priapism (Serjeant 2013). The lack of blood flow and the
deterioration of renal function can also reduce chances of combating infections such as
pneumonia because of a deficiency in cell defense and attack mechanisms. Medications easing
the symptoms of sickle-cell disease include hydroxyurea, which makes red blood cells less likely
to assume a sickle shape and increases their size (McGann and Ware 2015), 1-glutamine, which
reduces pain caused by oxidative stress (Cox et al. 2020), and voxelotor (GBT440), which
increases blood viscosity (Dufu et al. 2018), each with significant side-effects. To establish a life-
long cure, several types of gene therapy are underway, including one based on delivering the
fully functional BB gene (Eisenstein 2021), a life-saving option for some patients provided they
travel away from a malaria-plagued zone.

The genetic response to heat stress is all the more relevant with rising temperatures on the
planet (Beall et al. 2012). Future directions in research include examining the genomic

consequences of thermal shifts in evolution via phylogeographic approaches (Cortés et al. 2020).

Exposure to cold weather and high fat diets

Adaptation to cold weather is linked with a genetic characteristic present in 18% of the world’s
population, an allele of ACTN3 causing a loss of alpha-actinin-3 (Friedlander et al. 2013),
selectively expressed in fast-twitch muscle fibers (Mills et al. 2001). As a result of changes in
skeletal muscle thermogenesis, people lacking 4 CTN3 maintain a core body temperature better
during cold-water immersion than those possessing the gene (Wyckelsma et al. 2021). A lack of
ACTN3 not only seems to favor cold endurance but also running endurance (Ivarsson and
Westerblad 2015).

The relation between alpha-actinin-3 and endurance running has been extended to

animals, since mice lacking Acn3 displayed higher cytochrome oxidase expression in skeletal
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muscle and longer endurance while running on a treadmill (MacArthur et al. 2007). The null
mutant muscle also showed better force recovery from fatigue (MacArthur et al. 2008). However,
their fast-twitch muscle fibers were more prone to break when eccentrically stretched (Haug et al.
2022).

In addition to ACTN3, allele frequencies of TRPMS, encoding transient receptor
potentiation channel subfamily M member 8, were related with winter temperatures in east Asian
populations (Igoshin et al. 2019) as well as ambient temperatures and latitude in northern
populations (Key et al. 2018), revealing the importance of a thermal sensor protein in the 15° to
30°C range (Fernandez et al. 2011). Downregulated 7RPMS§ may lead to cold tolerance based on
data in 77pmd8 null mutant mice spending more time under frigid ambient temperatures and
displaying longer latencies before paw withdrawal to a cold plate after an injection of icillin
(Dhaka et al. 2007).

In a genome-wide analysis study of Siberian populations, polymorphisms related to cold
adaptation included CPT7A4, encoding carnitine palmitoyltransferase 1A, a liver isoform of an
enzyme involved in long-chain fatty acid metabolism, as well as LRP35, encoding low-density
lipoprotein receptor-related protein 5, involved in cholesterol metabolism and bone growth
(Cardona et al. 2014). Amid consecutive newborns of Canadian Inuits from Kivalliq (mean daily
low of -27 to -32degC from December to February

, a population that migrated from Siberia, 70%
were homozygous for the P479L allele of CPTIA, 24% were heterozygous, and only 6% were
wild-type, lowering enzymatic activity in cultured fibroblasts but causing few medical symptoms
of enzyme deficiency (Greenberg et al. 2009) despite the fact that the homozygous null mutation
is lethal in the mouse (Nyman et al. 2005).

Greenland Inuits carry polymorphisms of FADS1, FADS2, and FADS3, encoding fatty
acid desaturase 1, 2, and 3, respectively (Fumagalli et al. 2015), enzymes involved in converting
linoleic acid and alpha-linoleic acid into longer and more unsaturated forms (Zhang et al. 2016).
FADS2 and FADS3 polymorphisms were likewise associated with red blood cell omega-3 fatty
acid levels in Canadian Inuits (Parajuli et al. 2021). Moreover, the frequency distributions of
CPTIA, FADS?2, and FADS3 variants differed in North relative to South China populations (Li et
al. 2018). These polymorphisms may be caused by traditional or modern diets with a high fat

content consumed by such populations, a common consequence of adapting to cold weather.
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Indeed, F4DS?2 variants interacted with polyunsaturated fat acid intake on serum triglyceride
levels in a Swedish population (Chen et al. 2019). A loss-of-function #4DS? allele may be
favorable for human health, perhaps in affluent countries, since a null mutation of Fads2 led to
resistance to obesity and atherosclerosis in mice consuming a high fat diet (Stoffel et al. 2014,
2021).

Other links with diet are indicated by polymorphisms associated with serum leptin levels
reported in Siberian populations for LEPR, encoding the leptin receptor, as well as two genes
related to leptin, UCP1, encoding uncoupling protein 1, and BNDF, encoding brain derived
neurotrophic factor (Nikanorova et al. 2021). Allele frequencies of UCP/ and UCP3, encoding
uncoupling protein 3, were correlated with winter temperatures in a population genetic analysis
(Hancock et al. 2011). Moreover, polymorphisms were reported for both LEPR and LEP,
encoding leptin itself, in brown adipose tissue, crucial for non-shivering thermogenesis, among
four continental groups (Sazzini et al. 2014). Leptin is a hormone released from adipocytes from
brown and white adipose tissue and involved in fat storage, sending a satiety signal to its receptor
situated in the ventromedial and lateral hypothalamus (Klok et al. 2007; Meister 2000).

A variant of FABP1A, encoding fatty acid binding protein 1, was associated with plasma
levels of triglycerides and low-density lipoprotein-cholesterol in a random sample of German
women (Fisher et al. 2007) and interacted with fat intake in regard to plasma apolipoprotein B
levels in French Canadian men recruited from a lipid clinic (Robitaille et al. 2004). The latter
authors speculated that the F4BP1A4 allele in carriers consuming a modern diet with a high fat
content inhibits the incorporation of fatty acids to produce and secrete apolipoprotein B from the
liver. Gene variants of FABP2, encoding fatty acid binding protein 2, were associated with
plasma levels of low-density lipoprotein-cholesterol, apolipoprotein B, and total cholesterol in 9-
to 16-year old French Canadians (Stan et al. 2005) and plasma triglyceride levels in healthy
Venezuelans classified as fat-tolerant or not depending on a lipid challenge test (Garcés Da Silva
et al. 2018).

Although not subject to frigid weather, the Maasai tribe of Kenya and Tanzania possess a
gene cluster from the cytochrome P450, family 3, subfamily A (CYP34) chromosomal locus,
allowing them to oxidize fatty acids and generate useful steroids derived from cholesterol, with
the highest association found for FABP1A (Wagh et al. 2012). Because most of their nutrients

traditionally come from raw meat, milk, and blood, the Maasai tribe ingests large amounts of
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cholesterol, yet their blood levels of cholesterol are equal or even lower than most people (Arhem
1989). Genetic analyses of the Maasai have uncovered gain-of-function polymorphisms of LC7,
encoding lactase, the enzyme that breaks down lactose and thereby permits digestion of milk
products, attributed to their tradition of herding cows and goats (Wagh et al. 2012). Lactase
persistent young Portugese adults with a polymorphism of LC7 had higher body adipose mass
and weight than lactase non-persistent ones (Manco et al. 2017). On the contrary, lactase
persistent Swedish children and adolescents with the same polymorphism of LZC7 consumed
fatter dairy products than lactase non-persistent ones without differing in body adipose mass
(Almon et al 2010). Likewise, body weight and fat were equivalent in Mexican adults of different
ethnic origin with lactase persistent LC7 polymorphisms as opposed to lactase non-persistent
ones (Ojeda-Granados et al. 2016). The opposite results are probably due to the use of different
diets. Although a different polymorphism of LC7 had no effect on body weight and fat in
overweight Americans, adipose-related values changed depending on whether they consumed

high or low protein diets (Heianza et al. 2018).

Exposure to hypoxia

Genetic variations foster adaptation to one’s environment, including places at high altitudes (Shi
and Su 2011). In Tibet, the average altitude is 4.3 km ( . Over
the course of millennia, ancestors of people in Tibet progressively lived at higher altitudes and,
via natural selection, adapted to these extreme conditions by mitigating the normal increase of
hemoglobin concentrations prevailing when oxygen levels plummet (Witt and Huerta-Sanchez
2019). Tibetan people adapted via polymorphisms of the £PAS/ gene, encoding endothelial PAS
domain protein 1, part of the hypoxia-inducible factor (HIF) family of proteins producing red
blood cells under hypoxic conditions (Bai et al., 2022; Buroker et a. 2012; Huerta-Sanchez et al.
2010; Peng et al., 2017; Simonson et al. 2010; Yang 2017; Yi et al. 2010; Zhang et al. 2021).
EPAST polymorphisms in Tibetan highlanders produce fewer red blood cells than non-mutated
EPASI, a characteristic originating with Denisovan hominins. Although Tibetan highlanders
share a recent common ancestor with Han Chinese lowlanders, the two differ in regard to £PAS1
alleles. With fewer red blood cells, high-altitude conditions such as hypercoagulation and
hypoxic pulmonary hypertension are mitigated. To compensate for their lack of hemoglobin,

highlanders exhale more nitric oxide (Wu and Kayser 2006), a molecule that dilates blood vessels
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(Joannides et al. 1995). EPASI polymorphisms occurred in conjunction with a gain-in-function of
the EGLN1 gene, encoding Egl-9 family hypoxia inducible factor 1, so that, at high altitudes, the
EGLNI haplotype has lowered hemoglobin levels in the presence of the EPAS/ allele (Tashi et
al. 2017). It is assumed that physiological factors such as dilated blood vessels compensate for
this lack of hemoglobin. EPAS] and EGLN1 single nucleotide polymorphisms were detected in
patients with acute or chronic mountain sickness (Buroker et al. 2012). Together, EPAS] and
EGLNI compose “a central role in oxygen sensing and coordinating an organism’s response to
hypoxia” (Petousi and Robbins 2014).

In addition, missense mutations in the Epas/ gene were revealed in Tibetan horses
characterized by facilitated blood circulation and oxygen transport under hypoxic conditions (Liu
et al. 2019). Tibetan horses displayed lower hemoglobin concentrations than lowland horses and
signs of a convergent Epas/ signature appeared in cattle and sheep as well as goats, pigs, and
dogs (Wu et al. 2020b).

As with Tibetans, polymorphisms of the EGLN/ gene were discovered in the Quechua
population living at an average altitude of 3.6 km (McGrath 2021) on the Andean mountain range
of Peru (Aggarwal et al. 2010; Brutsaert et al. 2019), an example of convergent evolution
(Greenway et al. 2020; Rocha et al. 2021; Witt and Huerta-Sanchez 2019). EGLN1
polymorphisms in Quechua people were associated with higher aerobic capacity than lowland
people under hypoxic conditions (Brutsaert et al. 2019) and lowered partial pressure of carbon
dioxide while maximizing oxygen usage (Julian and Moore 2019), but with an increased risk of
developing high-altitude pulmonary edema (Aggarwal et al. 2010). Moreover, different
frequencies of haplotype of //LA-G, encoding human leukocyte antigen G (histocompatibility
complex class 1, G alpha chain), were identified in highlanders relative to lowlanders in the
Andes region of South America (Jacovas et al. 2022).

Resistance to hypoxia has been proposed to be mediated by defense and rescue phases of
energy demands via adenosine triphosphate (ATP) (Hochachka and Lutz 2001; Hochachka et al.
1996). In the defense phase, a decrease in ATP consumption is modulated by ATP production to
balance supply and demand. During the rescue phase, there is overexpression of EEF A1,
encoding eukaryotic translation elongation factor 1 alpha 1 as well as transcription factor H/F 1,
encoding hypoxia inducible factor 1 subunit alpha. The accumulation of the EEF1A protein

mediates the translation of specific rescue mRNAs, while the HIF1 protein suppresses the
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expression of genes involved in ATP-intensive metabolism, such as enzymes involved in the
Krebs cycle and gluconeogenesis, but increases the expression of genes involved in cell survival
under low ATP turnover, such as glycolytic enzymes (Boothby et al. 2019).

Genetic information of this type may help inform the health care of patients exposed to
hypoxia, a central feature of ischemic heart disease, stroke, anemia, and chronic obstructive
pulmonary disease (Bigham and Lee 2014) as well as promote gene therapy (Rhim et al. 2013).
More favorable preventive measures may also be available to mountain-climbers and tourists

entering a plane at a low altitude and exiting the plane at a higher one.

Implications for Disease

Knowledge of genes involved in extreme environments may provide aid in confronting a
pandemic, since genetic analyses are underway regarding severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a ribonucleic acid (RNA) virus leading to coronavirus disease
2019 (COVID-19) (Mogensen 2022; Ren et al. 2024). Among candidate genes involved in heat
tolerance and mentioned above, the ACE/ I/D polymorphism was associated with COVID-19
disease severity (Almeida et al. 2024). Moreover, subjects with a rare variant in an area on the X
chromosome upstream of ACE?2, encoding angiotensin-converting enzyme 2, the main cell
receptor for SARS-CoV-2 entry, had a reduced risk of COVID-19 (Horowitz et al. 2021) and its
severity was associated with 4CE?2 polymorphisms (Elnagdy et al. 2024), hypoxia being able to
modify SARS-Cov-2 cell entry via ACE2 (Mughis et al. 2023). Among candidate genes involved
in hypoxia, EGLNI variants were related to COVID-19 severity (Harit et al. 2024). Another gene
involved with hypoxia was H/LA-G. A common allele of /LA-B, encoding human leukocyte
antigen B (histocompatibility complex class 1, B alpha chain), was associated with the
asymptomatic form of COVID-19 infection (Augusto et al. 2023).
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Acknowledgments

We thank colleagues in our laboratory for helpful discussions.

Ethical approval

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



11

This article does not contain any studies with human participants or animals performed by any of

the authors.

Disclosure statement

The authors declare no conflict of interest.

References
Aboul-Naga, A. M., A.M. Alsamman, A. El Allali, M. H. Elshafie, E. S. Abdelal, T. M.

Abdelkhalek, T. H. Abdelsabour, L. G. Mohamed, and A. Hamwieh. 2022. Genome-Wide
Analysis Identified Candidate Variants and Genes Associated with Heat Stress Adaptation
in Egyptian Sheep Breeds. Frontiers in Genetics 2022;13:898522. doi:
10.3389/fgene.2022.898522

Aggarwal, S., S. Negi, P. Jha, P. K. Singh, T. Stobdan, M.A. Q. Pasha, S. Ghosh, and A.
Agrawal, Indian Genome Variation Consortium, Prasher, B., and M. Mukerji. 2010.
EGLNI Involvement in High-Altitude Adaptation Revealed through Genetic Analysis of
Extreme Constitution Types Defined in Ayurveda. Proceedings of the National Academy
of Sciences of the United States of America 107(44):18961-18966.
doi:10.1073/pnas.1006108107

Almeida, S. S., M. F. Gregnani, I. M. G. da Costa, M. M. da Silva, C. B. Bub, V. O. Silvino, D.
E. Martins, and M. Wajchenberg. 2024. ACE 1/D Polymorphism is a Risk Factor for the
Clinical Severity of COVID-19 in Brazilian Male Patients. Molecular Biology 51(1):180.
doi: 10.1007/s11033-023-09189-4

Almon, R., E. Patterson, T. K. Nilsson, P. Engfeldt, and M. Sjostrom. 2010. Body Fat and Dairy
Product Intake in Lactase Persistent and Non-Persistent Children and Adolescents. Food
and Nutrient Research Jun 16;54. doi: 10.3402/fnr.v5410.5141

Arhem, K. 1989. Maasai Food Symbolism: the Cultural Connotations of Milk, Meat, and Blood
in the Pastoral Maasai Diet. Anthropos 84:1-23. doi:10.2307/40461671

Asadollahpour Nanaei, H., H. Kharrati-Koopaee, and A. Esmailizadeh. 2022. Genetic Diversity
and Signatures of Selection for Heat Tolerance and Immune Response in Iranian Native
Chickens. BMC Genomics 23(1):224. doi:10.1186/s12864-022-08434-7

Augusto, D. G., L. D. Murdolo, D. S. M. Chatzileontiadou, J. J. Jr Sabatino, T. Yusufali, N. D.

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



12

Peyser, X. Butcher, K. Kizer, K. Guthrie, V. W. Murray, V. Pae, S. Sarvadhavabhatla, F.
Beltran, G. S. Gill, K. L. Lynch, C. Yun, C. T. Maguire, M. J. Peluso, R. Hoh, T. J.
Henrich, S. G. Deeks, M. Davidson, S. Lu, S. A. Goldberg, J. D. Kelly, J. N. Martin, C.
A. Vierra-Green, S. R. Spellman, D. J. Langton, M. J. Dewar-Oldis, C. Smith, P. J.
Barnard, S. Lee, G. M. Marcus, J. E. Olgin, M. J. Pletcher, M. Maiers, S. Gras, and J. A.
Hollenbach. 2023. A Common Allele of /LA is Associated with Asymptomatic SARS-
CoV-2 Infection. Nature 620(7972):128-136. doi: 10.1038/s41586-023-06331-x

Badri, T. M., K. L. Chen, M. A. Alsiddig, L. Li, Y. Cai, and G. L. Wang. 2018. Genetic
Polymorphism in Hsp90AA1 Gene is Associated with the Thermotolerance in Chinese
Holstein Cows. Cell Stress Chaperones 23(4):639-651. doi: 10.1007/s12192-017-0873-y

Bai, J, L. Li, Y. Li, and L. Zhang. 2022. Genetic and Immune Changes in Tibetan High-Altitude
Populations Contribute to Biological Adaptation to Hypoxia. Environmental Health and
Preventive Medicine 2022;27:39. doi: 10.1265/ehpm.22—-00040

Bashar, N. A. S., N. M. A. Gohar, A. A. Tantawy, and M. H. M. Kamel. 2024. Evaluation of
Relationship between TMPRSS2 p.(Vall97Met) Variant and COVID-19 Susceptibility
and Severity. BMC Infectious Diseases 24(1):112. doi: 10.1186/s12879-024-08987-w

Beall, C. M., N. G. Jablonski, and A. T. Steegmann. 2012. Human Adaptation to Climate:
Temperature, Ultraviolet Radiation, and Altitude. /» Human Biology. S. Stinson, B.
Bogin and D. O’Rourke, eds, 2" ed, pp 175-250. Hoboken: John Wiley & Sons.

Bigham, A. W., and F. S. Lee. 2014. Human High-altitude Adaptation: Forward Genetics Meets
the HIF Pathway. Genes & Development 28(20):2189-2204. doi:10.1101/gad.250167.114

Boothby, T. C. 2019. Mechanisms and Evolution of Resistance to Environmental Extremes in
Animals. EvoDevo 10:30. doi:10.1186/s13227-019-0143-4

Brutsaert, T. D., M. Kiyamu, G. Elias Revollendo, J. L. Isherwood, F. S. Lee, C. M. Rivera, F.
Leon-Velarde, S. Ghosh, and A. W. Bigham. 2019. Association of EGLN/ gene with
High Aerobic Capacity of Peruvian Quechua at High Altitude. Proceedings of the
National Academy of Sciences of the United States of America 116(48):24006—24011.
doi:10.1073/pnas. 190617111

Buroker, N. E., X. H. Ning, Z. N. Zhou, K. Li, W. J. Cen, X. F. Wu, W. Z. Zhu, C. R. Scott, and
S. H. Chen. 2012. EPASI and EGLNI Associations with High Altitude Sickness in Han
and Tibetan Chinese at the Qinghai-Tibetan Plateau. Blood Cells, Molecules and Diseases

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



13

49(2):67-73. doi: 10.1016/j.bcmd.2012.04.004

Cagliani, R., M. Fumagalli, F. R. Guerini, S. Riva, D. Galimberti, G. P. Comi, C. Agliardi, E.
Scarpini, U. Pozzoli, D. Forni, D. Caputo, R. Asselta, M. Biasin, E. M. Paraboschi, N.
Bresolin, M. Clerici, and M. Sironi. 2012. Identification of a New Susceptibility Variant
for Multiple Sclerosis in OA4S/ by Population Genetics Analysis. Human Genetics
131(1):87-97. doi: 10.1007/s00439-011-1053-2

Cardona, A., L. Pagani, A. Tiago, D. Lawson, C. Eichstaedt, B. Yngvadottir, M. T. S. Shwe, 1. G.
Romero, S. Raj, M. Metspalu, R. Villems, E. Willerslev, C. Tyler-Smith, B. Malyarchuk, .
Derenko, and T. Kivisild. 2014. Genome-Wide Analysis of Cold Adaptation in
Indigenous Siberian Populations. Plos One 9(5):¢98076.
doi:10.1371/journal.pone.0098076

Caro-Consuegra, R., M. A. Nieves-Colon, E. Rawls, V. Rubin-de-Celis, B. Lizarraga, T.
Vidaurre, K. Sandoval, L. Fejerman, A. C. Stone, A. Moreno-Estrada, and E. Bosch.
2022. Uncovering Signals of Positive Selection in Peruvian Populations from Three
Ecological Regions. Molecular Biology of Evolution 39(8):msac158. doi:
10.1093/molbev/msac158

Chen, Y., A. C. Estampador, M. Keller, A. Poveda, J. Dalla-Riva, I. Johansson, F. Renstrom, A.
Kurbasic, P. W. Franks, and T. V. Varga. 2019. The Combined Effects of FADS Gene
Variation and Dietary Fats in Obesity-Related Traits in a Population from the Far North
of Sweden: the GLACIER Study. International Journal of Obesity (London) 43(4):808—
820. doi:10.1038/s41366-018-0112-3

Cortés, A. J., F. Lopez-Hernandez, and D. Osorio-Rodriguez. 2020. Predicting Thermal
Adaptation by Looking Into Populations’ Genomic Past. Frontiers in Genetics 11:564515.
doi:10.3389/fgene.2020.564515

Cox, S. E., E. Hart, F. J. Kirkham, and H. Stotesbury. 2020. L-Glutamine in Sickle Cell Disease.
Drugs Today (Barcelona) 56(4):257-268. doi:10.1358/d0t.2020.56.4.3110575

David, A., N. Parkinson, T. P. Peacock, E. Pairo-Castineira, T. Khanna, A. Cobat, A. Tenesa, V.
Sancho-Shimizu, J. L. Casanova, L. Abel, W. S. Barclay, J. K. Baillie, and M. J.
Sternberg. 2022. A Common 7MPRSS?2 Variant Has a Protective Effect against Severe
COVID-19. Current Research in Translational Medicine 70(2):103333.
doi:10.1016/j.retram.2022.103333

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



14

De Magis, A. P. Schult, A. Schonleber, R. Linke, K. U. Ludwig, B. M. Kiimmerer, and K.
Paeschke. 2024. TMPRSS2 Isoform 1 Downregulation by G-Quadruplex Stabilization
Induces SARS-CoV-2 Replication Arrest. BMC Biology 22(1):5. doi: 10.1186/s12915-
023-01805-w

Dhaka, A., A. N. Murray, J. Mathur, T. J. Earley, M. J. Petrus, and A. Patapoutian. 2007. TRPMS
is Required for Cold Sensation in Mice. Neuron 54(3):371-378. doi:
10.1016/j.neuron.2007.02.024

Dufu, K., M. Patel, D. Oksenberg, and P. Cabrales. 2018. GBT440 Improves Red Blood Cell
Deformability and Reduces Viscosity of Sickle Cell Blood under Deoxygenated
Conditions. Clinical Hemorheology and Microcirculation 70(1):95-105. doi:10.3233/CH-
170340

Eisenstein, M. 2021. Gene Therapies Close in on a Cure for Sickle-cell Disease. Nature
596(7773):S2-S4

Elnagdy M. H., A Magdy, W. Eldars, M. Elgamal, A. H. El-Nagdy, O. Salem, M. M. Elmowaty,
O. A. Elborsh, A. W. Elshafey, M. M. Kesba, A. E. Abdulgalil, and A. Sobh. 2024.
Genetic Association of ACE2 and TMPRSS2 Polymorphisms with COVID-19 Severity; a
Single Centre Study from Egypt. Virology Journal 21(1):27. doi: 10.1186/s12985-024-
02298-x

Fallerini, C., N. Picchiotti, M Baldassarri, K. Zguro, S. Daga, F. Fava, E. Benetti, S. Amitrano,
M. Bruttini, M. Palmieri, S. Croci, M. Lista, G. Beligni, F. Valentino, 1. Meloni, M.
Tanfoni, F. Minnai, F. Colombo, E. Cabri, M. Fratelli, C. Gabbi, S. Mantovani, E.
Frullanti, M. Gori, F. P. Crawley, G. Butler-Laporte, B. Richards, H. Zeberg, M. Lipcsey,
M. Hultstrom, K. U. Ludwig, E. C. Schulte, E. Pairo-Castineira, J. K. Baillie, A. Schmidt,
R. Frithiof, WES/WGS Working Group Within the HGI GenOMICC Consortium GEN-
COVID Multicenter Study, F. Mari, A. Renieri, and S. Furini. 2022. Common, Low-
Frequency, Rare, and Ultra-Rare Coding Variants Contribute to COVID-19 Severity.
Human Genetics 141(1):147-173. doi:10.1007/s00439-021-02397-7

Finberg, J. P., and G. M. Berlyne. 1977. Modification of Renin, and Aldosterone Response to
Heat by Acclimatization in Man. Journal of Applied Physiology 42(4):554-558.
doi:10.1152/jappl.1977.42.4.554

Feng, Y., M. A. McQuillan, and S. A. Tishkoff. 2021. Evolutionary Genetics of Skin

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



15

Pigmentation in African Populations. Human Molecular Genetics 30(R1):R88-R97.
doi:10.1093/hmg/ddab007

Fernandez, J. A., R. Skryma, G. Bidaux, K. L. Magleby, C. N. Scholfield, J. G. McGeown, N.
Prevarskaya, and A. V. Zholos. 2011. Voltage- and Cold-Dependent Gating of Single
TRPMS Ion Channels. Journal of General Physiology 137(2):173-195.
doi:10.1085/jgp.201010498

Fisher, E., C. Weikert, M. Klapper, 1. Lindner, M. Moéhlig, J. Spranger, H. Boeing, J.
Schrezenmeir, and F. Doring. 2007. L-FABP T94A Is Associated with Fasting
Triglycerides and LDL-cholesterol in Women. Molecular Genetics and Metabolism
91(3):278-284. doi:10.1016/j.ymgme.2007.03.002

Freitas, P. H. F., Y. Wang, P. Yan, H. R. Oliveira, F. S. Schenkel, Y. Zhang, Q. Xu, and L. F.
Brito. 2021. Genetic Diversity and Signatures of Selection for Thermal Stress in Cattle
and Other Two Bos Species Adapted to Divergent Climatic Conditions. Frontiers in
Genetics 12:604823. doi:10.3389/fgene.2021.604823

Friedlander, S. M., A. L. Herrmann, D. P. Lowry, E. R. Mepham, M. Lek, K. M. North, and C. L
Organ. 2013. ACTN3 Allele Frequency in Humans Covaries with Global Latitudinal
Gradient. PLoS One 8(1):€52282. doi:10.1371/journal.pone.0052282

Fumagalli, M., . Moltke, N. Grarup, F. Racimo, P. Bjerregaard, M. E. Jorgensen, T. S.
Korneliussen, P. Gerbault, L. Skotte, A. Linneberg, C. Christensen, I. Brandslund, T.
Jorgensen, E. Huerta-Sanchez, E. B. Schmidt, O. Pedersen, T. Hansen, A. Albrechtsen,
and R. Nielsen. 2015. Greenlandic Inuit Show Genetic Signatures of Diet and Climate
Adaptation. Science 349(6254):1343—1347. doi:10.1126/science.aab2319

Garcés Da Silva, M. F., Y. A. Guarin, Y. Carrero, H. Stekman, M. L. Nufiez Bello, C. Hernandez,
R. Apitz, M. Fernandez-Mestre, and G. Camejo. 2018. Postprandial Hypertriglyceridemia
Is Associated with the Variant 54 Threonine F4BP2 Gene. Journal of Cardiovascular
Development and Disease 5(3):47. doi:10.3390/jcdd5030047

Greenberg, C. R., L. A. Dilling, G. R. Thompson, L. E. Seargeant, J. C. Haworth, S. Phillips, A.
Chan, H. D. Vallance, P. J. Waters, G. Sinclair, Y. Lillquist, R. J. Wanders, and S. E.
Olpin. 2009. The Paradox of the Carnitine Palmitoyltransferase Type la P479L Variant in
Canadian Aboriginal Populations. Molecular Genetics and Metabolism 96(4):201-207.
doi:10.1016/j.ymgme.2008.12.018

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



16

Greenway, R., N. Barts, C. Henpita, A. P. Brown, L. Arias Rodriguez, C. M. Rodriguez Pefia, S.
Arndt, G. Y. Lau, M. P. Murphy, L. Wu, D. Lin, M. Tobler, J. L. Kelley, and J. H. Shaw.
2020. Convergent Evolution of Conserved Mitochondrial Pathways Underlies Repeated
Adaptation to Extreme Environments. Proceedings of the National Academy of Sciences
of the United States of America 117(28):16424—16430. doi:10.1073/pnas.2004223117

Harit, R., S. De, P. K. Singh, D. Kashyap, M. Kumar, D. Sahu, C. P. Yadav , M. Mohan, V.
Singh, R. S. Tomar, K. C. Pandey, and K. Vashisht. 2024. Association of the C Allele of
rs479200 in the EGLNI Gene with COVID-19 Severity in Indian Population: a Novel
Finding. Human Genomics 2024 18(1):7. doi: 10.1186/s40246-024-00572-1

Haug, M., B. Reischl, S. Niibler, L. Kiriaev, D. A. G. Mazala, P. J. Houweling, K. N. North, O.
Friedrich, and S. I. Head. 2022. Absence of the Z-disc Protein a-Actinin-3 Impairs the
Mechanical Stability of 4ctn3KO Mouse Fast-Twitch Muscle Fibres without Altering
their Contractile Properties or Twitch Kinetics. Skeletal Muscle 12(1):14. doi:
10.1186/s13395-022-00295-8

Heianza, Y., D. Sun, W. Ma, Y. Zheng, C. M. Champagne, G. A. Bray, F. M. Sacks, and L. Qi.
2018. Gut-Microbiome-Related LCT Genotype and 2-Year Changes in Body Composition
and Fat Distribution: the POUNDS Lost Trial. /nternational Journal of Obesity (London)
42(9):1565—-1573. doi: 10.1038/s41366-018-0046-9

Hochachka, P. W., L. T. Buck, C. J. Doll, and S. C. Land. 1996. Unifying Theory of Hypoxia
Tolerance: Molecular/Metabolic Defense and Rescue Mechanisms for Surviving Oxygen
Lack. Proceedings of the National Academy of Sciences of the United States of America
93(18):9493-9498. doi:10.1073/pnas.93.18.9493

Hochachka, P. W., and P. L. Lutz. 2001. Mechanism, Origin, and Evolution of Anoxia Tolerance
in Animals. Comparative Biochemistry and Physiology part B Biochemistry and
Molecular Biology 130(4):435-459. d0i:10.1016/s1096—4959(01)00408-0

Horowitz, J. E., J. A. Kosmicki, A. Damask, D. Sharma, G. Roberts, A. E. Justice, N. Banerjee,
M. V. Coignet, A. Yadav, J. B. Leader, A. Marcketta, D. S. Park, R. Lanche, E. Maxwell,
S. C. Knight, , X. Bai, H. Guturu, D. Sun, A. Baltzell, F. S. P. Kury, J. D. Backman, A. R.
Girshick, C. O’Dushlaine, S. R. McCurdy, R. Partha, A. J. Mansfield, D. A. Turissini, A.
H. Li, M. Zhang, J. Mbatchou, K. Watanabe, L. Gurski, S. E. McCarthy, H. M. Kang, L.
Dobbyn, E. Stahl, A. Verma, G. Sirugo, Regeneron Genetics Center, M. D. Ritchie, M.

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



17

Jones, S. Balasubramanian, K. Siminovitch, W. J. Salerno, A. R. Shuldiner, D. J. Rader,
T. Mirshahi, A. E. Locke, J. Marchini, J. D. Overton, D. J. Carey, L. Habegger, M. N.
Cantor, K. A. Rand, E. L. Hong, J. G. Reid, C. A. Ball, A. Baras, G. R. Abecasis, and M.
A. Ferreira. 2021. Genome-Wide Analysis in 756,646 Individuals Provides First Genetic
Evidence that ACE2 Expression Influences COVID-19 Risk and Yields Genetic Risk
Scores Predictive of Severe Disease. medRxiv Jun 10:2020.12.14.20248176.
doi:10.1101/2020.12.14.20248176

Hosokawa, Y., R. L. Stearns, and D. J. Casa. 2019. Is Heat Intolerance State or Trait? Sports
Medicine 49(3):365-370. doi:10.1007/s40279-019-01067-z

Huerta-Sanchez, E., X. Jin, Asan, Z. Bianba, B. M. Peter, N. Vinckenbosch, Y. Liang, X. Yi, M.
He, M. Somel, P. Ni, B. Wang, X. Ou, Huasang, J. Luosang, Z. X. Cuo, K. Li, G. Gao, Y.
Yin, W. Wang, X. Zhang, X. Xu, H. Yang, Y. Li, J. Wang, J. Wang, and R. Nielsen.
2014. Altitude Adaptation in Tibetans Caused by Introgression of Denisovan-Like DNA.
Nature 512(7513):194—-197. doi:10.1038/nature13408

Igoshin, A. V., K. V. Gunbin, N. S. Yudin, and M. I. Voevoda. 2019. Searching for Signatures of
Cold Climate Adaptation in 7TRPMS§ Gene in Populations of East Asian Ancestry.
Frontiers in Genetics 10:759. doi:10.3389/fgene.2019.00759

Islam, A., P. A. Deuster, J. M. Devaney, S. Ghimbovschi, and Y. Chen. 2013. An Exploration of
Heat Tolerance in Mice Utilizing mRNA and microRNA Expression Analysis. PLoS One
8(8):€72258. doi:10.1371/journal.pone.0072258

Ivarsson, N., and H. Westerblad. 2015. a-Actininin-3: Why Gene Loss is an Evolutionary Gain.
PLoS Genetics 11(1):e1004908. doi:10.1371/journal.pgen.1004908

Hancock, A. M., V. J. Clark, Y. Qian, and A. Di Rienzo. 2011. Population Genetic Analysis of
the Uncoupling Proteins Supports a Role for UCP3 in Human Cold Resistance. Molecular
Biology in Evolution 28(1):601-614. doi: 10.1093/molbev/msq228

Heled, Y., D. S. Moran, L. Mendel, A. Laor, E. Pras, and Y. Shapiro. 2004. Human ACE 1/D
Polymorphism is Associated with Individual Differences in Exercise Heat Tolerance.
Journal of Applied Physiology 97(1):72-76. doi:10.1152/japplphysiol.01087.2003

Huffman, J., G. Butler-Laporte, A. Khan, T. G. Drivas, G. M. Peloso, T. Nakanishi, A. Verma, K.
Kiryluk, J. B. Richards, and H. Zeberg. 2021. Alternative Splicing of OAS/ Alters the
Risk for Severe COVID-19. medRxiv 2021.03.20.21254005.

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



18

doi:10.1101/2021.03.20.21254005

Ilardo, M., and R. Nielsen. 2018. Human Adaptation to Extreme Environmental Conditions.
Current Opinion in Genetics and Development 53:77-82. doi:10.1016/j.gde.2018.07.003

Jacovas V. C., R. T. Michita, R. Bisso-Machado, G. Reales, E. M. Tarazona-Santos, J. R.
Sandoval, A. Salazar-Granara, J. A. B. Chies, and M. C. Bortolini. 2022. HLA-G 3°’UTR
Haplotype Frequencies in Highland and Lowland South Native American Populations.
Human Immunology 83(1):27-38. doi: 10.1016/j.humimm.2021.09.002

Joannides, R., W. E. Haefeli, L. Linder, V. Richard, E. H. Bakkali, C. Thuillez, and T. F.
Liischer. 1995. Nitric Oxide is Responsible for Flow-Dependent Dilatation of Human
Peripheral Conduit Arteries in Vivo. Circulation 91(5):1314-1319.
doi:10.1161/01.cir.91.5.1314

Julian, C. G., and L. G. Moore. 2019. Human Genetic Adaptation to High Altitude: Evidence
from the Andes. Genes 10(2):150. doi:10.3390/genes10020150

Key, F. M., M. A. Abdul-Aziz, R. Mundry, B. M. Peter, A. Sekar, M. D’Amato, M. Y. Denis, J.
M. Schmidt, and M. Andrés. 2018. Human Local Adaptation of the TRPMS Cold
Receptor along a Latitudinal Cline. PLoS Genetics 14(5):¢1007298.
doi:10.1371/journal.pgen.1007298

Klok, M. D., S. Jakobsdottir, and M. L. Drent. 2007. The Role of Leptin and Ghrelin in the
Regulation of Food Intake and Body Weight in Humans: a Review. Obesity Reviews
8(1):21-34. doi:10.1111/j.1467-789X.2006.00270.x

Kosunen, K. J., A. J. Pakarinen, K. Kuoppasalmi, and H. Adlercreutz. 1976. Plasma Renin
Activity, Angiotensin LI., and Aldosterone during Intense Heat Stress. Journal of Applied
Physiology 41(3):323-327. doi:10.1152/jappl.1976.41.3.323

Laland, K., J. Odling-Smee, and S. Myles. 2010. How Culture Shaped the Human Genome:
Bringing Genetics and the Human Sciences Together. Nature Reviews Genetics
11(2):137-148. do0i:10.1038/nrg2734

Li, H., T. R. Reksten, J. A. Ice, J. A. Kelly, I. Adrianto, A. Rasmussen, S. Wang, B. He, K. M.
Grundahl, S, B. Glenn, C. Miceli-Richard, S. Bowman, S. Lester, P. Eriksson, M. L.
Eloranta, J. G. Brun, L. G. Geransson, E. Harboe, J. M. Guthridge, K. M. Kaufman, M.
Kvarnstrom, D. S. Cunninghame Graham, K. Patel, A. J. Adler, A. D. Farris, M. T.
Brennan, J. Chodosh, R. Gopalakrishnan, M. H. Weisman, S. Venuturupalli, D. J.

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



19

Wallace, K. S. Hefner, G. D. Houston, A. J. W. Huang, P. J. Hughes, D. M. Lewis, L.
Radfar, E. S. Vista, C. E. Edgar, M. D. Rohrer, D. U. Stone, T. J. Vyse, J. B. Harley, P.
M. Gaftney, J. A. James, S. Turner, . Alevizos, J. M. Anaya, N. L. Rhodus, B. M. Segal,
C. G. Montgomery, R. H. Scofield, S. Kovats, X. Mariette, L. Ronnblom, T. Witte, M.
Rischmueller, M. Wahren-Herlenius, R. Omdal, R. Jonsson, W. F. Ng; for UK Primary
Sjogren’s Syndrome Registry; G. Nordmark, C. J. Lessard, and K. L. Sivils. 2017.
Identification of a Sjogren’s Syndrome Susceptibility Locus at OAS/ that Influences
Isoform Switching, Protein Expression, and Responsiveness to Type I Interferons. PLoS
Genetics 13(6):¢1006820. doi: 10.1371/journal.pgen.1006820

Li, Q., K. Dong, L. Xu, X. Jia, J. Wu, W. Sun, X. Zhang, and S. Fu. 2018. The Distribution of
Three Candidate Vold-Resistant SNPs in Six Minorities in North China. BMC Genomics
19(1):134. doi:10.1186/s12864-018-4524-1

Liu, X., H. Xing, W. Gao, D. Yu, Y. Zhao, X. Shi, K. Zhang, P. Li, J. Yu, W. Xu, H. Shan, K.
Zhang, W. Bao, X. Fu, S. Yang, S. Wang. 2017. A Functional Variant in the OA4S/ Gene
is Associated with Sjogren’s Syndrome Complicated with HBV Infection. Science
Reports 7(1):17571. doi: 10.1038/s41598-017-17931-9

Liu, X., Y. Zhang, Y. Li, J. Pan, D. Wang, W. Chen, Z. Zheng, X. He, Q. Zhao, Y. Pu, W. Guan,
J. Han, L. Orlando, Y. Ma, and L. Jiang. 2019. EPAS] Gain-of-Function Mutation
Contributes to High-Altitude Adaptation in Tibetan Horses. Molecular Biology and
Evolution 36(11):2591-2603. doi:10.1093/molbev/msz158

Liu, Y, D. Li, H. Li, X. Zhou, and G. Wang. 2011. A Novel SNP of the ATP/A1 Gene is
Associated with Heat Tolerance Traits in Dairy Cows. Molecular Biology Reports
38(1):83—88. doi:10.1007/s11033-010-0080-8

MacArthur, D. G., J. T. Seto, H. M. Raftery, K. G. Quinlan, G. A. Huttley, J. W. Hook, F.
Lemckert, A. J. Kee, M. R. Edwards, Y. Berman, E. C. Hardeman, P. W. Gunning, S.
Easteal, N, Yang, and K. N. North. 2007. Loss of ACTN3 Gene Function Alters Mouse
Muscle Metabolism and Shows Evidence of Positive Selection in Humans. Nature
Genetics 39(10):1261-1265. doi:10.1038/ng2122

MacArthur, D. G., J. T. Seto, S. Chan, K. G. Quinlan, J. M. Raftery, N. Turner, M. D. Nicholson,
A.J. Kee, E. C. Hardeman, P. W. Gunning, G. J. Cooney, S. I. Head, N. Yang, and K. N.
North. 2008. An Actn3 Knockout Mouse Provides Mechanistic Insights into the

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



20

Association between alpha-Actinin-3 Deficiency and Human Athletic Performance.
Human Molecular Genetics 17(8):1076—1086. doi:10.1093/hmg/ddm380

Madhusoodan, A. P., M. Bagath, V. Sejian, G. Krishnan, V. P. Rashamol, S. T. Savitha, V. B.
Awachat, and R. Bhatta. 2020. Summer Season Induced Changes in Quantitative
Expression Patterns of Different Heat Shock Response Genes in Salem Black Goats.
Tropical Animal Health Products 52(5):2725-2730. doi:10.1007/s11250-020-02242-5

Manco, L, H. Dias, M. Muc, C. Padez. 2017. The Lactase -13910C>T Polymorphism
(rs4988235) 1s Associated with Overweight/Obesity and Obesity-Related Variables in a
Population Sample of Portuguese Young Adults. European Journal of Clinical Nutrition
71(1):21-24. doi: 10.1038/ejcn.2016.164.
McGann, P. T., and R. E. Ware. 2005. Hydroxyurea Therapy for Sickle Cell Anemia. Expert
Opinion in Drug Safety 14(11):1749—-1758. doi:10.1517/14740338.2015.1088827
McGrath C. 2021. The Epigenetics of Life at 12,000 ft. Genome, Biology and Evolution 13(2):1-
2. doi:10.1093/gbe/evaa266

Meiser, B. 2000. Control of Food Intake via Leptin Receptors in the Hypothalamus. Vitamins and
Hormones 59:265-304. doi:10.1016/s0083—6729(00)59010—4

Mills, M., N. Yang, R. Weinberger, D. L. Vander Woude, A. H. Beggs, S. Easteal, and K. North.
2001. Differential Expression of the actin-Binding Proteins, alpha-Actinin-2 and -3, in
Different Species: Implications for the Evolution of Functional Redundancy. Human
Molecular Genetics 10(13):1335-1346. doi:10.1093/hmg/10.13.1335

Mogensen, T. H. 2022. Human Genetics of SARS-CoV-2 Infection and Critical COVID-19.
Clinical Microbiology and Infection 28(11):1417-1421. do0i:10.1016/j.cmi.2022.02.022

Moran, D. S., L. Eli-Berchoer, Y. Heled, L. Mendel, M. Schocina, and M. Horowitz. 2006. Heat
Intolerance: Does Gene Transcription Contribute? Journal of Applied Physiology
100(4):1370-1376. doi:10.1152/japplphysiol.01261.2005

Moreau, P., L. Contu, F. Alba, S. Lai, R. Simoes, S. Orru, C. Carcassi, M. Roger, M. Rabreau,
and E. D. Carosella. 2008. HLA-G Gene Polymorphism in Human Placentas: Possible
Association of G*0106 allele with Preeclampsia and Miscarriage. Biology of
Reproduction 79(3):459—67. doi: 10.1095/biolreprod.108.068874

Moskowitz, D.W. 1996. Hypertension, Thermotolerance, and the “African Gene”: an Hypothesis.
Clinical and Experimental Hypertension 18(1):1-19. doi: 10.3109/10641969609082603

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



21

Mughis, H., P. Lye, S. G. Matthews, and E. Bloise. 2023. Hypoxia Modifies Levels of the SARS-
CoV-2 Cell Entry Proteins, Angiotensin-Converting Enzyme 2, and Furin in Fetal Human
Brain Endothelial Cells. American Journal of Obstetrics and Gynecology MFM
5(10):101126. doi: 10.1016/j.ajogmf.2023.101126

Nikanorova, A. A., N. A. Barashkov, V. G. Pshennikova, S. S. Nakhodkin, N. N. Gotovtsev, G.
P. Romanov, A. V. Solovyev, S. S. Kuzmina, N. N. Sazonov, and S. A. Fedorova. 2021.
The Role of Nonshivering Thermogenesis Genes on Leptin Levels Regulation in
Residents of the Coldest Region of Siberia. /nternational Journal of Molecular Sciences
22(9):4657. doi:10.3390/ijms22094657

Nyman, L. R., K. B. Cox, C. L. Hoppel, J. Kerner, B. L. Barnoski, D. A. Hamm, L. Tian, T. R.
Schoeb, and P. A. Wood. 2005. Homozygous Carnitine Palmitoyltransferase 1a (Liver
Isoform) Deficiency is Lethal in the Mouse. Molecular Genetics and Metabolism 86(1—
2):179-187. doi: 10.1016/j.ymgme.2005.07.021

O’Brien, M., R. Lonergan, L. Costelloe, K. O’Rourke, J. M. Fletcher, K. Kinsella, C. Sweeney,
G. Antonelli, K. H. Mills, C. O’Farrelly, M. Hutchinson, and N. Tubridy. 2010. OAS/: a
Multiple Sclerosis Susceptibility Gene that Influences Disease Severity. Neurology
75(5):411-418. doi: 10.1212/WNL.0b013e3181ebdd2b

Ojeda-Granados, C., A. Panduro, J. R. Rebello Pinho, O. Ramos-Lopez, K. Gleyzer, F. M. Malta,
K. Gonzalez-Aldaco, and S. Roman. 2016. Association of Lactase Persistence Genotypes
with High Intake of Dairy Saturated Fat and High Prevalence of Lactase Non-Persistence
among the Mexican Population. Journal of Nutrigenetics and Nutrigenomics 9(2—4):83—
94. doi: 10.1159/000446241

Olkova, M. V., S. M. Koshel, V. S. Petrushenko, and A. A. Alimov. 2023. Features of
Distribution of the Allelic Variant of the O4S/ Gene Associated with Severe Form of the
Coronavirus Infection in the Russian and Global Populations. Bulletin of Experimental
Biology and Medicine 176(2):194-201. doi: 10.1007/s10517-024-05994-4

Pairo-Castineira, E., S. Clohisey, L. Klaric, A. D. Bretherick, K. Rawlik, D. Pasko, S. Walker, N.
Parkinson, M. H. Fourman, C. D. Russell, J. Furniss, A. Richmond, E. Gountouna, N.
Wrobel, D. Harrison, B. Wang, Y. Wu, A. Meynert, F. Griffiths, W. Oosthuyzen, A.
Kousathanas, L. Moutsianas, Z. Yang, R. Zhai, C. Zheng, G. Grimes, R. Beale, J. Millar,
B. Shih, S. Keating, M. Zechner, C. Haley, D. J. Porteous, C. Hayward, J. Yang, J.

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



22

Knight, C. Summers, M. Shankar-Hari, P. Klenerman, L. Turtle, A. Ho, S. C. Moore, C.
Hinds, P. Horby, A. Nichol, D. Maslove, L. Ling, D. McAuley, H. Montgomery, T.
Walsh, A. C. Pereira, A. Renieri, GenOMICC Investigators, ISARIC4C Investigators,
COVID-19 Human Genetics Initiative, 23andMe Investigators, BRACOVID
Investigators, Gen-COVID Investigators, X. Shen, C. P. Ponting, A. Fawkes, A. Tenesa,
M. Caulfield, R. Scott, K. Rowan, L. Murphy, P. J. M. Openshaw, M.G. Semple, A. Law,
V. Vitart, J. F. Wilson, and J. K. Baillie. 2021. Genetic Mechanisms of Critical Illness in
COVID-19. Nature 591(7848):92-98. doi:10.1038/s41586-020-03065-y

Parajuli, R. P., J. M. Goodrich, H. M. Chan, M. Lemire, P. Ayotte, R. A. Hegele, and N. Basu.
2021. Variation in Biomarker Levels of Metals, Persistent Organic Pollutants, and
Omega-3 Fatty Acids in Association with Genetic Polymorphisms among Inuit in
Nunavik, Canada. Environmental Research 200:111393.
doi:10.1016/j.envres.2021.111393

Peng, Y., C. Cui, Y. He, Ouzhuluobu, H. Zhang, D. Yang, Q. Zhang, Bianbazhuoma, L. Yang, Y.
He, K. Xiang, X. Zhang, S. Bhandari, P. Shi, Yangla, Dejiquzong, Baimakangzhuo,
Duojizhuoma, Y. Pan, Cirenyangji, Baimayangji, Gonggalanzi, C. Bai, Bianba, Basang,
Ciwangsangbu, S. Xu, H. Chen, S. Liu, T. Wu, X. Qi, and B. Su. 2017. Down-Regulation
of EPAS1 Transcription and Genetic Adaptation of Tibetans to High-Altitude Hypoxia.
Molecular Biology and Evolution 34(4):818-830. doi: 10.1093/molbev/msw280

Petousi N, and P. A. Robbins. 2014. Human Adaptation to the Hypoxia of High Altitude: the
Tibetan Paradigm from the Pregenomic to the Postgenomic Era. Journal of Applied
Physiology (1985) 116(7):875-884. doi: 10.1152/japplphysiol.00605.2013

Quillen, E. E., H. L. Norton, E. J. Parra, F. Lona-Durazo, K. C. Ang, F. M. Illiescu, L. N.
Pearson, M. D. Shriver, T. Lasisi, O. Gokcumen, I. Starr, Y. L. Lin, A. R. Martin, and N.
G. Jablonski. 2019. Shades of complexity: New Perspectives on the Evolution and
Genetic Architecture of Human Skin. American Journal of Physical Anthropology 168
Suppl 67:4-26. doi: 10.1002/ajpa.23737

Ren, H., Y. Lin, L. Huang, W. Xu, D. Luo, and C. Zhang. 2023. Association of Genetic
Polymorphisms with COVID-19 Infection and Outcomes: An Updated Meta-Analysis
Based on 62 Studies. Heliyon 10(1):€23662. doi: 10.1016/j.heliyon.2023.e23662

Rhim, T., D. Y. Lee, and M. Lee. 2013. Hypoxia as a Target for Tissue Specific Gene Therapy.

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



23

Journal of Control Release 172(2):484-94. doi: 10.1016/j.jconrel.2013.05.021

Robitaille, J., C. Brouillette, S. Lemieux, L. Pérusse, D. Gaudet, and M. C. Vohl. 2004. Plasma
Concentrations of Apolipoprotein B are Modulated by a Gene-Diet Interaction Effect
between the LFABP T94A Polymorphism and Dietary Fat Intake in French-Canadian
Men. Molecular Genetics and Metabolism 82(4):296-303.
doi:10.1016/j.ymgme.2004.06.002

Rocha, J. L., R. Godinho, J. C. Brito, and R. Nielsen. 2021. Life in Deserts: The Genetic Basis of
Mammalian Desert Adaptation. 7Trends in Ecology and Evolution 36(7):637—650.
doi:10.1016/j.tree.2021.03.007

Sacuena, ERP, C. N. C. Lima, I. N. Abreu, L. M. C. da Silva, L. K. G. Belleza, R. B. Lemes, G.
S. de Araujo, H. P. da Silva, A. C. do Rosario Vallinoto, and J. F. Guerreiro. 2024. Host
Genetics and the Profile of COVID-19 in Indigenous People from the Brazilian Amazon:
A Pilot Study with Variants of the ACE], ACE2 and TMPRSS2 Genes. Infection, Genetics
and Evolution 31:105564. doi: 10.1016/j.meegid.2024.105564

Saternus, R., S. Pilz, S. Gréaber, M. Kleber, W. Mérz, T. Vogt, and J. Reichrath. 2015. A Closer
Look at Evolution: Variants (SNPs) of Genes Involved in Skin Pigmentation, Including
EXOC2, TYR, TYRPI, and DCT, Are Associated with 25(OH)D Serum Concentration.
Endocrinology 156(1):39—-47. doi:10.1210/en.2014—-1238

Sazzini, M., G. Schiavo, S. De Fanti, P. L. Martelli, R. Casadio, and D. Luiselli. 2014. Searching
for Signatures of Cold Adaptations in Modern and Archaic Humans: Hints from the
Brown Adipose Tissue Genes. Heredity 113(3): 259-267. doi:10.1038/hdy.2014.24

Sejian, V., R. Bhatta, J. B. Gaughan, F. R. Dunshea, and N. Lacetera. 2018. Review: Adaptation
of Animals to Heat Stress. Animal 12(s2):s431-s444. doi:10.1017/S1751731118001945

Serjeant, G. R. 2013. The Natural History of Sickle Cell Disease. Cold Spring Harbor
Perspectives in Medicine 3(10):a011783. doi:10.1101/cshperspect.a011783

Shajahan, S. R., S. Kumar, and M. D. C. Ramli. 2024. Unravelling the Connection between
COVID-19 and Alzheimer’s Disease: a Comprehensive Review. Frontiers in Aging
Neuroscience 15:1274452. doi: 10.3389/fhagi.2023.1274452

Shi, H., and B. Su. 2011. Molecular Adaptation of Modern Human Populations. International
Journal of Evolutionary Biology Article ID484769. doi:10.4061/2011/484769

Stan, S., M. Lambert, E. Delvin, G. Paradis, J. O’loughlin, J. A. Hanley, and E. Levy. 2005.

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



24

Intestinal Fatty Acid Binding Protein and Microsomal Triglyceride Transfer Protein
Polymorphisms in French-Canadian Youth. Journal of Lipid Research 46(2):320-327.
doi:10.1194/j1r.M400346-JLR200

Stoffel, W., E. Binczek, 1. Schmidt-Soltau, S. Brodesser, and 1. Wegner. 2021. High Fat/high
Cholesterol Diet Does Not Provoke Atherosclerosis in the ®3-and w6-Polyunsaturated
Fatty Acid Synthesis-Inactivated A6-Fatty Acid Desaturase-Deficient Mouse. Molecular
Metabolism 54:101335. doi:10.1016/j.molmet.2021.101335

Stoffel, W., I. Hammels, B. Jenke, E. Binczek, I. Schmidt-Soltau, S. Brodesser, M. Odenthal, and
M. Thevis. 2014. Obesity Resistance and Deregulation of Lipogenesis in Delta6-Fatty
Scid Desaturase (FADS2) Deficiency. EMBO Reports 15(1):110-120.
doi:10.1002/embr.201338041

Simonson, T. S., Y. Yang, C. D. Huff, H. Yun, G. Qin, D. J. Witherspoon, Z. Bai, F. R. Lorenzo,
J. Xing, L. B. Jorde, J. T. Prchal, and R. Ge. 2010. Genetic Evidence for High-altitude
Adaptation in Tibet. Science 329(5987):72-75. doi:10.1126/science.1189406

Tashi, T., N. Scott Reading, T. Wuren, X. Zhang, L. G. Moore, H. Hu, F. Tang,, A. Shestakova,
F. Lorenzo, T. Burjanivova, P. Koul, P. Guchhait, C. T. Wittwer, C. G. Julian, B. Shah, C.
D. Huff, V. R. Gordeuk, J. T. Prchal, and R. Ge. 2017. Gain-of-function £EGLN Prolyl
Hydroxylase (PHD2 D4E:C127S) in Combination with EPAS] (HIF-2alpha)
Polymorphism Lowers Hemoglobin Concentration in Tibetan Highlanders. Journal of
Molecular Medicine (Berlin) 95(6):665—670. doi:10.1007/s00109-017-1519-3

Wagh, K., A. Bhatia, G. Alexe, A. Reddy, V. Ravikumar, M. Seiler, M. Boemo, M. Yao, L.
Cronk, A. Naqvi, S. Ganesan, A. J. Levine, and G. Bhanot. 2012. Lactase Persistence and
Lipid Pathway Selection in the Maasai. PLoS One 7(9):e44751.
doi:10.1371/journal.pone.0044751

Witt, K. E., and E. Huerta-Sanchez. 2019. Convergent Evolution in Human and Domestic
Adaptation to High-Altitude Environments. Philosophical Transactions of the Royal
Society of London Series B 374(1777):20180235. doi:10.1098/rstb.2018.0235

Wollenberg Valero, K. C., R. Pathak, 1. Prajapati, S. Bankston, A. Thompson, J. Usher, and R. D.
Isokpehi. 2014. A Candidate Multimodal Functional Genetic Network for Thermal
Adaptation. PeerJ 2:€578. doi:10.7717/peerj.578

Wu, T., and B. Kayser. 2006. High Altitude Adaptation in Tibetans. High Altitude Medicine and

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



25

Biology 7(3):193-208. doi:10.1089/ham.2006.7.193

Wu, J., W. Zhang, and C. Li. 2020a. Recent Advances in Genetic and Epigenetic Modulation of
Animal Exposure to High Temperature. Frontiers in Genetics 11:653.
doi:10.3389/fgene.2020.0065

Wu, D. D., C. P. Yang, M. S. Wang, K. Z. Dong, D. W. Yan, Z. Q. Hao, S. Q. Fan, S. Z. Chu, Q.
S. Shen, L. P. Jiang, Y. Li, L. Zeng, H. Q. Liu, H. B. Xie, Y. F. Ma, X. Y. Kong, S. L.
Yang, X. X. Dong, A. Esmailizadeh, D. M. Irwin, X. Xiao, M. Li, Y. Dong, W. Wang, P.
Shi, H. P. Li, Y. H. Ma, X. Gou, Y. B. Chen, and Y. P. Zhang. 2020b. Convergent
Genomic Signatures of High-Altitude Adaptation among Domestic Mammals. National
Science Review 7(6):952-963. doi: 10.1093/nsr/nwz213

Wyckelsma, V. L., T. Venckunas, P. J. Houweling, M. Schlittler, V. M. Lauschke, C. F. Tiong,
H. D. Wood, N. Ivarsson, H. Paulauskas, N. Eimantas, D. C. Andersson, K. N. North, M.
Brazaitis, and H. Westerblad. 2021. Loss of Alpha-actinin-3 during Human Evolution
Provides Superior Cold Resilience and Muscle Heat Generation. American Journal of
Human Genetics 108:446—457. doi:10.1016/j.ajhg.2021.01.013

Yang, J., Z.- B. Jin, J. Chen, X.- F. Huang, X.-M. Li, Y.- B. Liang, J.- Y. Mao, X. Chen, Z.
Zheng, Bakshi, A., D.- D. Zheng, M.- Q. Zheng, N. R. Wray, P. M. Visscher, F. Lu, and J.
Qu. 2017. Genetic Signatures of High-Altitude Adaptation in Tibetans. Proceedings of the
National Academy of Sciences of the United States of America 114(16):4189-4194.
doi:10.1073/pnas. 1617042114

Yi, X., Y. Liang, E. Huerta-Sanchez, X. Jin, Z. X. Cuo, J. E. Pool, X. Xu, H. Jiang, N.
Vinckenbosch, T. S. Korneliussen, H. Zheng, T. Liu, W. He, K. Li, R. Luo, X. Nie, H.
Wu, M. Zhao, H. Cao, J. Zou, and J. Wang. 2010. Sequencing of 50 Human Exomes
Reveals Adaptation to High Altitude. Science 329(5987):75-78.
doi:10.1126/science.1190371

Zeberg, H., and S. Pddbo. 2021. A Genomic Region Associated with Protection against Severe
COVID-19 is Inherited from Neandertals. Proceedings of the National Academy of
Sciences of the United States of America 118(9):¢2026309118.
doi:10.1073/pnas.2026309118

Zhang, J. Y., K. S. Kothapalli, and J. T. Brenna. 2016. Desaturase and Elongase-Limiting
Endogenous Long-Chain Polyunsaturated Fatty Acid Biosynthesis. Current Opinion in

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.



Clinical Nutrition and Metabolic Care 19(2):103-110.
doi:10.1097/MC0.0000000000000254

Zhang, X., K. E. Witt, M. M. Bafiuelos, A. Ko, K. Yuan, S. Xu, R. Nielsen, and E. Huerta-
Sanchez. 2021. The History and Evolution of the Denisovan-£PAS/ Haplotype in
Tibetans. Proceedings of the National Academy of Sciences of the United States of
America 118(22):€2020803118. doi:10.1073/pnas.2020803118

Preprint version. Visit http://digitalcommons.wayne.edu/humbiol/ after publication to acquire the final version.

26



	A Review of Anthropological Adaptations of Humans Living in Extreme Conditions and Health Implications
	Recommended Citation

	A Review of Anthropological Adaptations of Humans Living in Extreme Conditions and Health Implications
	Introduction
	Exposure to Ultraviolet Radiation and Heat
	Exposure to cold weather and high fat diets
	Exposure to hypoxia
	Implications for Disease
	Acknowledgments
	Ethical approval
	Disclosure statement
	References


