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ABSTRACT: Prion protein genes were sequenced in free-ranging Alaska caribou (Rangifer
tarandus grantii). Caribou prion alleles are identical or nearly so to those of wapiti, white-tailed
deer, and mule deer. Five single-nucleotide polymorphisms were detected with substitutions at
residues 2 (VRM), 129 (GRS), 138 (SRN), 146 (NRN), and 169 (VRM). The 138N codon had
been previously reported only in prion pseudogenes of other cervids. In caribou, the 138S and
138N alleles are present at frequencies of approximately 0.7 and 0.3, respectively, and they are
seen in both homozygotes and heterozygotes of three geographically separated herds, each
a component of the continental metapopulation. Genetics seems to permit the spread of chronic
wasting disease from middle-latitude deer to high-latitude caribou in North America.

Key words: Chronic wasting disease, caribou, prion, Rangifer tarandus grantii, reindeer,
transmissible spongiform encephalopathy.

INTRODUCTION

Prion proteins (PrP) are thought to be
the agents responsible for neurodegener-
ative spongiform encephalopathies (Prusi-
ner, 1998). The most studied prion disease
of wild animals is chronic wasting disease
(CWD) of mule deer (Odocoileus hemi-
onus hemionus), white-tailed deer (Odo-
coileus virginianus), and Rocky Mountain
elk (Cervus elaphus nelsoni) (Williams and
Miller, 2002). Chronic wasting disease was
noticed in 1967 as a clinical syndrome in
captive deer and then recognized as
a spongiform encephalopathy in 1978
(Williams and Young, 1980). Since its
original appearance in Colorado and
southern Wyoming, CWD has been di-
agnosed in free-ranging and farmed deer
and elk over an increasingly wider geo-
graphical area (Belay et al., 2004).

Chronic wasting disease has not been
found yet in caribou, but the natural range
of caribou overlaps those of CWD-sus-
ceptible deer in Canada and Alaska.
Polymorphisms of the gene (PRNP) en-
coding the prion proteins of deer have
been linked to disease susceptibility
(O’Rourke et al., 2004; Johnson et al.,
2006). Susceptibility of caribou to prion
infections could be strongly influenced by

the sequences of the caribou prion genes.
Because caribou are major components of
subsistence diets of rural peoples in
northern Alaska, Canada, and Eurasia,
sensitivity to potential discovery of CWD
in caribou is high.

Caribou comprise a metapopulation, di-
visible into herds that vary in size from
scores of individuals to hundreds of
thousands. Thirty such herds exist in
Alaska. We report the frequencies for five
PRNP alleles and the prion genotypes for
caribou from the Porcupine, Delta, and
Western Arctic herds in Alaska.

MATERIALS AND METHODS

Biological materials

Blood was collected from caribou (Rangifer
tarandus grantii) of three herds. The non-
migratory Delta herd (4,500 animals) is re-
stricted to interior Alaska, whereas both the
Porcupine herd (130,000 animals) and the
Western Arctic herd (450,000 animals) mi-
grate between summer calving grounds near
the Arctic Ocean to wintering grounds south of
the Brooks Range (Fig. 1).

Polymerase chain reaction (PCR) and
cycle sequencing

Blood cells were lysed with Qiagen pro-
tease (QIAGEN, Valencia, California, USA),
and genomic DNA was extracted using the
QIAGEN QIAamp kit (QIAGEN). The open
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reading frame of the third exon of the PRNP
gene was amplified in a protocol modified
after O’Rourke et al. (1999). Conditions for
the PCR reaction on Porcupine samples
were 5 ml of 103 PCR buffer, 4–5 ml of
2.5 mM each dNTP, 4–4.5 ml of 25 mM
MgCl2, 2.5–5 ml of 10 pmol/ml forward
and reverse primers, 0.25 ml of 5 U/ml of
DNA polymerase, and 5 ml of genomic DNA
in a 50-ml reaction. Forward primers were
either Ce19-ATTTTGCAGATAAGTCATC or
Ce19v2-CTTTATTTTGCAGATAAGTC, and
the reverse primer was Ce778-AGAAGA-

TAATGAAAACAGGAAG. For Porcupine,
we used the Ce19 primers and ABI AmpliTaq
polymerase (Applied Biosystems, Foster City,
California, USA) at 94 C for 4 min, and then
40 cycles at 94 C for 30 sec, 50.5 C for
30 sec, and 72 C for 30 sec, followed by
72 C for 10 min. For Delta and Western
Arctic samples, the Ce19v2 forward primer
was used in a QIAGEN Hot StarTaq protocol
of 95 C for 15 min and then 35–40 cycles of
94 C for 30 sec, 51.5 C for 30 sec, and 72 C
for 1 min, with a final extension of 72 C for
10 min. Porcupine samples were rese-

FIGURE 1. Distribution of five caribou herds in Alaska. The frequencies of serine (S) and asparagine (N)
genotypes for codon are shown in the bar graphs for Western Arctic, Porcupine, and Delta herds.
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quenced using the Hot StarTaq protocol as
a positive control. To detect a prion pseudo-
gene like that of mule deer, we used primer
set 369/224 of Brayton et al. (2004). Poly-
merase chain reaction products from 31
Porcupine, 40 Western Arctic, and 37 Delta
caribou were sequenced using ABI Big Dye
and 3100 Genetic Analyzer (GenBank acces-
sion nos. DQ154292–DQ154296).

RESULTS

The open reading frame (771 nucleo-
tides) in the caribou PRNP encodes
a primary translation product of 256
amino acids. Cleavage of the N-terminal
signal sequence should yield a protein of
232 amino acids (Gossert et al., 2005).
Single-nucleotide polymorphisms (SNPs)
occur at bases 4 (codon 2, V/M), 385
(codon 129, G/S), 413 (codon 138, S/N),
438 (codon 146, N/N), and 505 (codon
169, V/M). No pseudogene was detected
with the primers of Brayton et al (2004).

Five alleles encode four different pro-
teins in the three herds. Four alleles were
found as homozygotes. The fifth allele
with thymine at base 438 is synonymous
with the predominant 438C and was seen
in three heterozygotes of the Delta herd.
The SNP in codon 2 (V2M) lies in the
putative signal sequence and thus has no
impact on the conformation of the mature
protein. Alleles encoding proteins contain-
ing VGNV, VGSV, and MSSM were
detected in all three herds (Table 1).

The genotypic frequencies for S138N
alleles for all caribou sequenced (SS 0.10,
SN 0.47, and NN 0.43) were not signifi-
cantly different from Hardy-Weinberg
equilibrium values (chi-square test,
x252.10, P50.59), suggesting that the
serine/asparagine polymorphism is not
under strong selection across the meta-
population. The genotypes for codon 138
in each herd are shown in Figure 1.
Within our sample of each herd, there
was no significant departure from Hardy-
Weinberg equilibria (Fisher exact proba-
bility test). Pairwise comparisons showed
no significant differences between West-
ern Arctic and the other two herds, but
the Porcupine and Delta herds were
significantly different by the Fisher exact
probability test (P50.039). This result
could be an artifact due to small sample
sizes.

DISCUSSION

Could any of the SNPs we report in
caribou PRNP influence transmission of
CWD? Chronic wasting disease is known
in three species of cervids with similar or
identical PrP genes (Heaton et al., 2003;
Johnson et al., 2003). Efficient transmis-
sion requires a close conformational fit
between the invasive PrPsc and the PrPc of
the host (Raymond et al., 2000; Caughey,
2003). The sequence of the most common
caribou allele (GenBank accession
no. DQ154293; VGSV in Table 1) is
identical to a mule deer allele (GenBank
accession no. AY228473). The replace-
ment of codon 138 serine with asparagine,
seen in almost half of our caribou samples
from Alaska and in all three herds, has
been detected previously in pseudogenes
of white-tailed deer (O’Rourke et al.,
2004) and mule deer (Brayton et al.,
2004). Polymorphisms at codon 138 affect
the folding of cellular PrPc to the patho-
logical isoform PrPsc. In cell-free reac-
tions, purified cervid S138 PrPsc proteins
were more efficient at converting S138
PrPc than N138 PrPc to PrPsc (Raymond

TABLE 1. Prion proteins in caribou herds in Alaska.
Deduced amino acids are shown for the
nonsynonymous substitutions at codons 2, 129, 138,
and 169. In the Delta herd, three animals showed
a synonymous substitution at base pair 438 and
coded for VGSV alleles.

Protein

Delta
herd

Porcupine
herd

Western Arctic
herd

n537 n531 n540

VGNV 22 18 24
VGSV 46 40 53
VSSV 0 3 1
MSSM 6 1 2
Total no. of

alleles scored
74 62 80
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et al., 2000). The apparent excess of
S138N heterozygotes in the Delta herd
(Fig. 1) could confer some protection
from CWD for this herd, which is more
likely to make contact with mule deer
wandering from Canada and with elk
farmed in that region of Alaska. In
addition, the SNP specifying methoinine
at codon 169, which is found most
commonly in the Delta herd, might
perturb the protein loop domain
created by residues 169–178 (Gossert et
al., 2005) and thus influence susceptibility
to CWD.

Transmission of prion disease from
cervids to other mammals has not been
documented in nature. No transmission of
CWD from deer to cattle was detected
when deer and cattle shared the same
pasture (Gould et al., 2003). Isolated case
reports that suggested a causative link
between human neurological disease and
consumption of wild deer (Belay et al.,
2001) have not survived rigorous epide-
miological scrutiny (Belay et al., 2004).
However, intracerebral injections of brain
homogenates from CWD-afflicted mule
deer can produce pathology in cattle
(Hamir et al., 2005). Hunters are often
cautioned about butchering and consump-
tion of deer in localities of epizootic CWD
(Belay and Schonberger, 2005). Surveil-
lance of wild and captive cervids in Alaska
and Canada seems prudent.

Because they inhabit high-latitude sites
remote from human population centers,
each herd of caribou forms a relatively
pristine unit that has been minimally
perturbed by human interventions. Al-
though the herds we examined are allo-
patric, gene flow between them is possible
through intermediate herds (Fig. 1). Anal-
ysis of SNPs at prion loci of caribou from
Alaska might offer opportunities to de-
termine whether allelic and genotypic
frequencies carry an unambiguous signa-
ture of balancing selection. The field-
collected data could complement experi-
ments with purified proteins (Raymond et
al., 2000) and with ‘‘cervidized’’ mice

(Browning et al., 2004) as well as with
controlled infections in captive cervids.
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