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Abstract
The peopling of the Americas by Native Americans occurred in 4 waves of which the last was Nadene language speakers of
whom Athabaskans are the largest group. As the Europeans were entering the Southwestern states of the USA, Athabaskan
hunting-gathering tribes were migrating South from Canada along the Rocky Mountains and undergoing potential bottlenecks
reflected in autosomal recessive diseases shared by Apaches and Navajos. About 300 years ago, the Navajo developing a
sedentary culture learned from Pueblo Indians while the Apache remained hunter-gathers. Although most of the tribe was
rounded up and forced to relocate to Bosque Redondo, the adult breeding population was large enough to prevent a genetic
bottleneck. However, some Navajo underwent further population bottlenecks while hiding from the brutal US Army action
(under Kit Carson’s guidance). This led to an increased frequency of other autosomal recessive diseases. Recent advances in
population genetics, pathophysiology of the diseases, and social/ethical issues concerning their study are reviewed.
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Introduction

Two previous reviews at about a decade interval described the
population history of Southwestern Athabaskans (Apache and
Navajo) which resulted in genetic bottlenecks and the accu-
mulation of recessive alleles for a particular spectrum of re-
cessive genetic diseases (Erickson 1999, 2009). In the last
decade, the results of DNA sequencing of ancient skeletal
remains have advanced our knowledge of the movements of
Amerinds and the origins of the Athabaskans (“Athapaskans”
is preferred by linguists). The molecular and cellular biology
of the diseases which were found with increased frequency
among some of them has greatly advanced. Table 1 lists the
diseases with increased frequency among the Athabaskans,
including several which were previously discussed (Erickson
2009) but for which there is no new data. Navajo views of
genetics may be showing a slow shift to acceptance of genetic

studies and testing. This new knowledge is herein reviewed. A
thoughtful review of all genetic research on the Navajo,
framed in view of Navajo culture and values, is that of
Begay et al. (2020).

Athabaskan (Nadene) affinities updated

In the previous review (Erickson 2009), it was concluded that
“genetic and linguistic data suggest that the Nadene [a lan-
guage family], of which the Athabaskans [speakers] are the
largest group, are part of a later immigration into the Americas
than the first Amerind immigrations.” The data supporting this
conclusion were both linguistic and from DNA analyses of Y
chromosomal and mitochondrial DNA. Further analyses of
the these 2 sources of DNA further supported the relationship
of Siberians and Amerinds with a divergence of about
13,000 years (Dulik et al. 2012) and the identification of
“Beringia” with to-and-fro migration across the Bering
Strait. However, while the linguistic data reviewed previously
(Erickson 2009) strongly suggested affinities to Northern
Siberian (Altaian) ethnic populations, the newer mitochondri-
al and Y chromosomal DNA analyses supported affinities
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with linguistically different Southern Altaians (ibid.). The
analyses of ancient genomes from Siberia also suggest that,
although Native Americans share relationships with the “an-
cient Paleo-Siberians,” and that they do not with the “Neo-
Siberians” which are the ancestors of many contemporary
Siberian populations (Sikora et al. 2019). Their data was
also consistent with a divergence of Ancient Beringians
from Native Americans in Eastern Beringia rather than in
Siberia with gene flow from Native Americans to Siberians
about 3000 years before the present (ibid.). These somewhat
conflicting data can be understood in terms of further
movements, e.g., Southern Altaians to Northern Siberia,
which seem especially abundant among hunter-gatherers.
Recent advances in DNA sequencing of nuclear DNA in
extant Native American groups and of DNA obtained from
archeological “digs” support and further amplify these
relationships. This sequencing of ancient DNA has profound-
ly changed our knowledge of the relationships of all human
populations. The major technological advance allowing these
studies was the discovery that the interior of teeth could
provide DNA non-contaminated with bacteria or fungi. In
regard to Native Americans, it was surprising to find that
ancient Europeans are more closely related to Native
Americans of the era than they are to East Asians (Patterson
et al. 2012). This reflects a shared ancestry with an ancient
North Eurasian population which Inuits do not share. Roughly
1/3 of the Native American genome comes from the inferred
ancient populationwhich is also identified in the sequence of a
29,000-year-old sample from South Central Siberia (the
Mal’ta sample; Raghavan et al. 2014).

The analyses of ancient DNA samples establish 4, not
the previously considered 3, waves of immigration to the
Americas: (1) the first probably proceeded the opening of
the ice-free corridor and is likely to have used the shores
sometimes then present along the West side of the conti-
nental ice sheet, a strong probability as represented by the
marine peopling of the 2000 km long Aleutian archipelago
(Balter 2012). These are probably represented by pre-
Clovis (New Mexico, long considered the oldest Amerind
site), archeological sites such as that of Monte Verdi
(Dillehay et al. 2008). This earlier population may reflect
the ancient population with Australasian affinities that
Skoglund et al. (2015) identified as contributing to some
isolated Brazilian populations. These authors called this the
Y lineage and its affinities are with New Guineans and the
aborigines of Australia. This earlier migration had previ-
ously been supported by mitochondrial sequences
(Fagundes et al. 2008). (2) The vast percentage of most
Native American DNA sequence is shared and can be
equated with the Clovis culture (Reich et al. 2012) concur-
ring with the second migration when a corridor opened
through the ice sheet. (3) However, the Nadene speakers,
mostly Athabaskan speakers, differ by having 10% of their
DNA markers related to a newer Asian lineage with the rest
shared with the major Amerind lineage (ibid.) and represent
the third migration. (4) Eskimo-Aleuts have an even higher,
40% contribution of markers from this Asian lineage and
represent the fourth migration. These last two migrations
have been named the Paleo-Eskimos, represented by
Nadene speakers who arrived about 5000 years ago, and

Table 1 Autosomal recessive diseases with increased frequency in one or more Athabaskan populations with mutations when known and the
population frequency from the genome (references in text)

Tribal affiliation Disease Gene Mutation Designation Frequency

Navajo and Apache

HOXA1 deficiency HOXA1 76C>T Rs104894018 0.00002

Poikiloderma with neutropenia USB1 (C16ORF57) Unknown

Severe combined immunodeficiency ARTEMIS (DCLRE1C) Exon8 C>A Rs121908157 0.000004

Western Navajo nation

MP17 deficiency MP17 149 G>A Rs121909721 0.00001

Microvillar inclusion disease MYO5B 1997 C>T Rs121908106 0.00004

Navajo variant OFDIX Unknown

Eastern Navajo nation

Xeroderma pigmentosum Unknown

Navajo nation unspecified

Metachromatic leukodystrophy ARSA (arylsulfatase A) Intron 4, nt 1, G>A RCV000003222.3 None reported

Oculocutaneous albinism II OCA2 122.5 kb deletion RC000001010 Unique

Methemoglobinemia Unknown

Retinitis pigmentosa Unknown
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Neo-Eskimos (Flegontov et al. 2019). The nuclear DNA
sequences also affirm the Beringia hypothesis with the
Chukchi of Northeastern Siberia sharing 40% of their
DNA markers with Amerinds (Reich et al. 2012). An inter-
esting variant in carnitine palmitoyltransferase thought to
be important for the metabolism of long-chain fatty acids
has had a genetic “sweep” in Northeastern Siberians and
Canadian and Greenland Inuits but does not seem to have
occurred in Athabaskans (Clemente et al. 2014). The path-
ogenic variant decreases fatty acid oxidation and ketogen-
esis which may be adaptive to the high-fat diet and elevates
HDL and reduces adiposity (ibid.).

The older linguistic data also had supported the third
wave when Nadene was identified by Sapir (1915) as a
distinct linguistic group from other Amerind language fam-
ilies of which there are 25 (one can get an idea of how much
this diversity represents since Indo-European is a language
family including English to Sanskrit). The linguistic data
had also suggested to Hirsch (1954) that the Nadene had
arrived about 3000 years ago and might have entered after
the Eskimo-Aleut and separated them into Northern and
Southern populations. The relationship of the Navajo lan-
guage to that of Ket in Northern Siberia previously
discussed has been strengthened by newer statistical tests
(Diamond 2011). Analyses of material culture also support
the recent arrival of Athabaskans and provide a probable
mechanism for their ability to dominate previously arrived
Native Americans in the areas where they have displaced
them. As argued by Wilson (2011), following a thorough
survey of bows in museum and other collections, they in-
troduced the sinew-backed bow, a great advance in archery,
allowing a much more powerful pull. The sinew-backing
allowed a shorter and sometimes recurved bow. It was used
by the Mongol invaders of Europe to great advantage and
its presence among the Athabaskans may reflect cultural
continuity with this more recent bow-making tradition.
Wilson also points out similarities in the sand paintings of
Navajos and Tibetans: “the nine-day sand painting rites of
Tibetans and Athabascan Navajo share colours, symbols,
rules, and names, pointing to the adoption of both systems
within the past millennium” (Wilson 2005). They, like
Navajo sand paintings, are deliberately destroyed when
the ritual is over.

Apache and Navajo population-enriched autosomal
recessive diseases

There have been many advances in our understanding of the
pathophysiology of the 3 diseases previously described as
being present at increased frequency in both the Navajo and
the Apache: HOXA1 deficiency, Poikiloderma with neutro-
penia, and severe combined immunodeficiency (SCID). As
previously discussed, the recessive alleles for these must have

shared a bottleneck before the Apache and Navajo separated,
the Navajo to develop a Pueblo Indian pastoral lifestyle,
and the Apaches to remain hunter-gatherers. Thus, the
presumed bottleneck had occurred as small bands mi-
grated along the plateaus from which the Rockies rise
to the American Southwest although analyses of kinship
structures and terms suggest a high plains route with
other proto-Apacheans (Opler 1936).

The gene for the previously discussed methemoglobinemia
shared by Dine (the name the Navajo use for themselves) of
Alaska, the Southwest Athabaskans, and possibly some
Siberians, has been identified as CYB5R3 and the causative
mutation found with a disease frequency of 1/1250 among
Yakuts (Galeeva et al. 2013). It would be interesting to know
whether this pathogenic variant is present among the present-
day Southwestern Athabaskans.

HOXA1 deficiency (previously Athabaskan brainstem
dysgenesis)

This disorder was the first recessive HOX gene-determined
disease. Initially thought of as a genetic form of “Moebius
Syndrome,” the patients shared features of lateral gaze palsy
(Duane Retraction syndrome), central hypoventilation, senso-
rineural deafness, facial palsy, and, in the Athabaskans, devel-
opmental delay (Holve et al. 2003). An astute graduate stu-
dent, Max Tischfield in Elizabeth Engel’s laboratory at
Harvard, recognized the great similarity to an autosomal dis-
order described, but not yet published, in consanguineous
Saudi Arabian patients and which has since been named
“Bosley-Salih-Alorainy Syndrome” (Bosley et al. 2007).
These patients had spent their lives at a lower altitude than
the Athabaskan patients, possibly explaining their much
milder developmental delay—presumably by the time the
higher CO2 level required to stimulate breathing occurred,
not as much neuronal death due to hypoxia had occurred. Of
the 4 patients with cerebral atrophy on MRI, from 29 in the
combinedArabian and Athabaskan group, only one was Saudi
Arabian and had hypoxia during cardiac surgery (Bosley et al.
2008). The high altitude hypoxic nerve damage might mirror
the transient white matter abnormalities reported in some
Charcot-Marie-Tooth patients after visits to high altitudes
(Paulson et al. 2002). An Athabaskan-specific mutation, dif-
fering from the Arabian one, was soon found (Tischfield et al.
2005; Table 1 and Fig. 1).

The fuller clinical description of 29 HOXA1 deficient pa-
tients found that Duane Retraction syndrome was the most
consistent feature in 27/29 patients (Bosley et al. 2008).
Hearing loss was present in 26 of the 29 cases. Previously
more commented on in the Athabaskan patients, congenital
heart disease of conotruncal or septal defects, including dou-
ble outlet right ventricle, anomalous pulmonary venous return,
ventricular septal defects and even tetralogy of Fallot were
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delimited (Bosley et al. 2008). Heart defects had been found in
only one laboratory’s Hoxa1 knockout (Nadja and Capecchi
2012). This laboratory’s knockout of Hoxa1, surprisingly,
since not reported in previous studies of Hoxa1 knockouts,
showed neonatal death with 74% of the embryos having
interrupted aortic arch, aberrant subclavian artery, or
Tetralogy of Fallot.

Further understanding of the developmental defects in
brain neuronal circuits was also described in another Hoxa1
knockout in which ectopic neuronal groups in the hindbrain
established a supernumerary neuronal circuit from mutant
rhombomere 3–4 that escaped apoptosis (Del Toro et al.
2001). This network altered the rhythm-generating circuitry
which controls respiration after birth. HOXA1’s role in the
developing rhomobomere may be mediated by retinoic
acid—embryonic stem cells deficient in Hoxa1, unlike the
controls, could not develop into neurons after treatment with
all-trans-retinoic acid (Martinez-Caballos and Gudas 2008).
Hoxb1 can be exchanged for Hoxa1 by knock-out/knock-in
technology, using the latter’s controlling elements (and vice
versa), resulting in normal mice which demonstrate the impor-
tance of the regulatory elements for the different patterns of
expression (Tvrdik and Capecchi 2006). A fuller treatment of
the detailed pathophysiology of the disorder is available in
Tischfield et al. (2016).

Poikiloderma with neutropenia (also known as poikiloderma
with neutropenia, Clericuzio-type)

As previously discussed (Erickson 2009), although once con-
sidered only a Navajo disease, one clear-cut case in an Apache
suggested otherwise. In the interval since the previous review,
the DNA sequence in which causative mutations occur has
been identified in Europeans. Pathogenic variants in an

open-reading frame determining a sequence of previously un-
known function, C16orf57, were found (Volpi et al. 2010).
Protein network analyses (Colland et al. 2004; Rual et al.
2005) had indicated that the predicted protein would inter-
act with SMAD4 which, through other intermediary pro-
teins, would interact with RECQL4, the gene for which is
mutated in Rothmund-Thompson syndrome. Because of the
overlap in phenotype, RECQL4 had been sequenced in 3
Poikiloderma with Neutropenia Navajo patients with nega-
tive results (Wang et al. 2003). This open reading frame
gene has since been found to code for a U6 small nuclear
RNA biogenesis phosphodiesterase, USB1(Mroczek et al.
2012). Concolino et al. (2010), in their clinical description
of 3 Italian patients in whom mutations had been found,
added facial dysmorphism to the poikiloderma, neutrope-
nia, dystrophic nails, and short stature previously
described. The facies affected the midface, including the
nose, and eyebrow hypoplasia with wide-spaced eyes, de-
pressed nasal bridge, and frontal bossing. A 10-year follow-
up of the 3 patients (Concolino et al. 2019) showed that the
frequency of sinopulmonary infections had decreased
although there was persistent neutropenia and there was
no evidence of skin cancer or myelodysplasia.

Severe combined immunodeficiency

As previously described (Erickson 2009), the identification
of a specific pathogenic variant in ARTEMIS (DCLRE1C,
Li et al. 2002a) allowed the establishment of genetic screen-
ing by assaying for T cell receptor excision circles (Li et al.
2002b) and early bone marrow transplantation. As also
pointed out previously, instead of a mutation in
ARTEMIS, a different mutation, a pathogenic variant in
RAG-1, was found to be the cause of severe combined

Fig. 1 Navajo sandpainting,
photogravure by Edward S.
Curtis, 1907, Library of Congress
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immunodeficiency (SCID) among Athabaskans of
Canadian Northwest Territories (Xiao et al. 2009),
supporting the notion that a further bottleneck occurred
during the migration of the Apache and Navajo to the
American Southwest. The ARTEMIS mutation led to radia-
tion sensitivity (Nicolas et al. 1998) and increased risk of
lymphoma (Moshous et al. 2003) although some pathogen-
ic variants in ARTEMIS only resulted in antibody deficien-
cy (Volk et al. 2015). Thus, it was a more severe condition
than that caused by the RAG-1 mutation.

Navajo population-enriched diseases

The Navajo separated from other Apachean speakers (the lan-
guages are closely related, as an Apache acquaintance said,
“we can understand the Navajo if they hurry up and speak a
little faster”) at the beginning of recorded history in the
Southwest. The first archeological record of a Navajo Hogan
was at the Governador Canyon in north-central New Mexico,
dated by tree rings between 1480 and 1560 (Hall Jr. 1944).
They may have arrived much earlier and been responsible for
the movement of the Anasazi (pre-Pueblans) from dwelling on
top of the mesas to cliffs on the sides of the mesas in the
twelfth century.

Governador Canyon is near the Rio Grande pueblos and
the archeological findings could indicate the start of a
300 year-long period of interaction between Navajos and
Pueblo cultures during which they became agriculturists and
picked up such traits as matrilineal clans (Spencer 1947, cited
in Vogt 1961). Such clan organization reflected a more settled,
agricultural life (Kaut 1956). The Navajos continued the
raiding style of other Apaches, both against Pueblo Indians
and the Spanish, capturing thousands of sheep and horses.

While men would be killed, women and children were
frequently kidnapped and incorporated into the tribe, leading
to some genetic intermingling with Pueblans. The latter had
their own bottlenecks, such as the Zuni who have a high inci-
dence of cystic fibrosis (Grebe et al. 1992).

These raids continued, against Americans as well (when
they displaced the Spanish), and this led to early military ac-
tions against them. These ceased during the Civil War but re-
started after it, eventually leading to devastating US Army
action against the Navajo, culminating in Kit Carson leading
troops under General Carleton in 1863. “The program that
ensuedwas guided by probably the severest Indian policy ever
carried out in the Southwest” (Vogt 1961) and led to their
incarceration at Bosque Redondo.

As suggested by Holve et al. (2001) and previously men-
tioned (Erickson 2009), the bottlenecks that increased the car-
rier frequency of some mutations in the Navajo were probably
among small groups which managed not to get captured. The
probable breeding adult population of about 2000 at Bosque
Redondo was large enough not to result in a bottleneck. The

current locations of patients affected with some of these dis-
orders separate into the Western part of the Reservation
(Holve et al. 2001) and the Eastern part of the Reservation.

Western reservation Navajo population-enriched autosomal
recessive diseases

MPV17 deficiency (also known as Navajo neurohepatopathy)
The evolving description of this disease was previously cov-
ered (Erickson 2009). As well described by Holve et al.
(1999), about 25% of the case present in infancy with the
predominant liver disease while older children can present
either with liver disease or with the neurological disease of
severe anesthesia leading to acral mutilation, corneal ulcera-
tion, and painless fractures associated with severe weakness,
sexual infantilism, depressed weight, and increased systemic
infections. Although originally not described (the doctors
were working through interpreters and could/did not ascertain
verbal facility), most patients were mild to moderately devel-
opmentally delayed. Findings of decreased liver mitochondria
(Vu et al. 2001) were consistent with the homozygosity map-
ping of the causative gene to, and finding a Navajo-specific
pathogenic variant in, MPV17, previously implicated in an
infantile hepatocerebral form of mitochondrial depletion syn-
drome (Karadimas et al. 2006). The mouse knockout showed
the greatest deficiency of mitochondria in the liver and skele-
tal muscle but much less in the brain and kidney (Viscomi
et al. 2009). Nonetheless, the mice developed severe
glomerulosclerosis with massive proteinuria late in life. In
humans, the relative amounts of mitochondrial depletion are
not known but the most affected organs reflect the tissues with
the highest metabolic needs.

Seventy-five published cases of MPV17 deficiency
were summarized along with 25 new cases by El-Hattab
et al. (2018). Early-onset, especially of the hepatic abnor-
malities of cholestasis and steatosis, occurred in most
patients and frequently led to liver failure. Indeed, frank
liver failure was the frequent cause of death in the first
decade of life (75%). Thus, early diagnosis and consideration
for liver transplantation are needed. Lactic acidemia some-
times was present.

The neurologic deterioration continued and feeding diffi-
culties, seizures, and microcephaly with leukodystrophy were
associated with peripheral neuropathy. Although one Italian
family had the identical mutation to that of the Navajos, they
occurred on completely different haplotypes, indicating inde-
pendent origins (Spinazzola et al. 2008).

Microvillous inclusion disease (also known as congenital fa-
milial protracted diarrhea with enterocyte brush-border ab-
normalities classified by OMIM as diarrhea 2, with microvil-
lous atrophy) The previous review described the delineation
of this diarrheal disorder, which is so severe that the liquid
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feces are frequently misinterpreted as urine, and the finding of
an increased frequency among the Navajo (Erickson 2009).
The distinctive EM pathology of shortening or absence of
apical microvilli with pathognomonic microvillus inclusions
in mature enterocytes led to the disease name. The identifica-
tion of the mutated gene as MYO5B (Muller et al. 2008) and
the identification of the Navajo-specific pathogenic variant
(Erickson et al. 2008) were also detailed. In the intervening
years, there have been major increases in the understanding of
the cellular mechanisms underlying the pathophysiology but
basically no advance in treatment. Studies in cultured cells
showed that the knockdown of MYO5B did not cause micro-
villous inclusions but replacement of the normal gene with the
mutant gene did cause them, suggesting an altered function
with this mutation (Knowles et al. 2014). It was found that the
loss of interaction between RAB11A and MYO5B induced
the microvillous inclusions (ibid.). As studied in intestinal
biopsies from the patients, excess chloride secretion mediated
by the CFTR was largely responsible for the diarrhea
(Engevik et al. 2018). For the moment, only bowel transplan-
tation provides hope for survival but the development of a pig
model via CRISPR allows hope for advances in the future
(Goldenring 2020).

Navajo-variant oral-facial-digital syndrome This variant dif-
fers from other reported cases of Oral-facial-digital
(OFD) IX syndrome by its severe microcephaly. It had
been found in two pairs of Navajo siblings and was
detailed in the 2009 review (Erickson 2009). Severe
singleton cases of OFD IX, with much greater eye ab-
normalities and other birth defects and shortened surviv-
al, were found to have pathogenic variants genes for
ciliary proteins, TBC1D32 and SCLT1(Adly et al.
2014). The finding of a cilia-related mutation conforms
to the findings in OFDI in which the X-linked gene
product, OFDI, is expressed in nodal cilia where it con-
trols the length and structure of centrioles (Singla et al.
2010). Among 56 patients with OFD of various sub-
groups and who were negative for pathogenic variants
in OFD1, C2D3 mutations were associated with severe
microcephaly in several unclassified patients (Bruell
et al. 2017). OFD1 was sequenced and searched for
re-arrangements in 2 Navajo patients, with unaffected
siblings for controls, with negative results (Dr. Christel
Thauvin-Robinet, Centre de Genetique, Dijon, France;
unpublished results). The whole exome sequencing of
2 patients and sib controls by Dr. Fowzan S Alkuraya,
Department of Genetics, King Faisal Specialist Hospital
(unpublished results) also did not disclose a mutational
cause of the Navajo disorder. It remains likely to be
caused by pathogenic variants in a gene(s) involved in
cilia function or structure as argued by Toriello (2009).
K IF11 , m u t a t i o n s i n wh i c h c a u s e MCLMR

(microcephaly with or without chorioretinopathy, lymph-
edema, or mental retardation) with its overlapping phe-
notype, is a good candidate gene (Jones et al. 2014). It,
like many ciliary genes, codes a microtubule motor that
functions during mitosis in microtubule crosslinking and
antiparallel microtubule sliding. Thus, the Navajo vari-
ant could be caused by mutations in one of many genes.

Eastern reservation Navajo population-enriched autosomal
recessive diseases

Xeroderma pigmentosum The one disorder which only oc-
curred on the Eastern side of the reservation was Xeroderma
Pigmentosa which was described in 3 sibling pairs as reported
(Erickson 2009). There still seems to be no characterization of
the classification (A, B, C…), perhaps due to the lack of cases
(see below). One case was the subject of a documentary film:
“Sun Kissed” (PBS, S25 Ep11 | 5 m 18 s | Aired: 10/16/2012).

Navajo reservation, a locale not described

Retinitis pigmentosa Although only described in one report,
the finding of 43 cases of autosomal recessive retinitis
pigmentosa among the Navajo strongly suggests a founder
effect as with the other entities reviewed (Heckenlively et al.
1981).

There seems to be no new information on methemoglobi-
nemia (Balsamo et al. 1964), metachromatic leukodystrophy
(Paster-Soler et al. 1994), or oculocutaneous albinism 2 (Yi
et al. 2003), previously discussed in Erickson (2009) which
are also included in Table 1.

Is the frequency of these diseases changing?

Of the Athabaskan diseases described, the larger number of
cases has been among the Navajo. Despite the many hardships
that their environment provides, they now number about
300,000. Arthur and Diamond (2011) have argued that this
great population success compared to other Native American
tribes is due to isolation, decreasing the spread of disease
(although not for COVID-19), and the right kind of natural
resources—not gold, which would bring invasion by the dom-
inant population of European descent, but coal, uranium, and
natural gas. Since there is an abundance of coal elsewhere in
the USA, exploiting it on the reservation was not a high pri-
ority for non-Natives. Nonetheless, it has become important
for many Navajos, both who work in mines and who perform
surface mining for personal use. As the Navajo poet, Jake
Skeets has said “This is a retelling of the creation story where
Navajo people journeyed through four worlds and God de-
clared, ‘Let there be coal’” (Skeets 2019). A highly adaptive
culture, as reflected in a lifestyle borrowed from Pueblo
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Indians, is also very important. The increase in population
with much greater movement around, and off, the reservation,
which has occurred with modernization, would certainly de-
crease the likelihood of matings with related individuals.

In the last decade, the number of cases of these autosomal
recessive diseases has fluctuated at low levels but not with a
clear decrease. Only a careful review of the records at hospi-
tals servicing Southwestern Athabaskans could quantitatively
establish the fact.

Future developments

In the past, several authors have proposed important points for
presenting general medicine in a culturally sensitive way to
Navajos. This is especially required because of the great difficul-
ties in translating Indo-Aryan languages, which are noun adjec-
tives languages, into Navajo which is a verb language. For an
instance of the low importance of verbs in English, the children’s
cartoon series “The Smurfs” can get by with only 1 verb, “to
Smurf,” for everything Smurfs do—subject and object, with a
little help from the drawings, convey the action. The verb is
central in Navajo and Apache languages. For instance, “throw-
ing” can have many forms depending on what is thrown. The
difficulties in translating are illustrated in the successful use of
their language by the Navajo “code-talkers” in WWII.

Negative information needs to be provided in more sensitive
ways than it is frequently presented to individuals of European
descent (Carrese andRhodes 2000). It is also important to consider
that language probably sets limits on modes of thinking—the
Sapir-Whorf hypothesis. Thus, patience is especially needed for
genetic counseling with its frequently foreign notions. As Dr.
Brian Volck, who has spent many years working in Tuba City
on theWesternReservation, observes: “Traditional Navajo choose
words carefully, value reticence, sing often, and rarely shout”
(Volck 2016). The Indian Health Service (a branch of
U.S.P.H.S.) has shown sensitivity to Navajo cultural needs by
building special rooms for medicine men, “singers,” to perform
healing ceremonies in their newer hospitals.

European’s culture also has different ethical values than
that of the Navajo (Carrese and Rhodes 1995). These differ-
ences have been discussed (Bankoff and Perry 2016) and spe-
cific guidelines of performing research on ancient DNA pro-
vided (Wagner et al. 2020).

Recently, with Navajo scientists studying the ethics of ge-
netic studies (Garrison et al. 2020), it is possible that a Navajo
IRB more receptive to clinical genetic studies. The Navajo
IRB, although previously denying any DNA testing on the
reservation, allowed the screening test for SCID even though
it involvedmeasuring a component of DNA (excision circles).
As many tribes, the Navajo are very sensitive to the possible
misuse of genetic samples for studies of population genetics
(discussed in Erickson 2009). Perhaps with more input from

Navajos like Nanabaa’ Garrison, who has extensively studied
the ethics of the interactions of scientists with Native
Americans (Garrison et al. 2020), a less restrictive approach
than the complete ban on genetic research will occur.
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