
A Preliminary Analysis of the DNA and Diet of the
Extinct Beothuk: A Systematic Approach to
Ancient Human DNA
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ABSTRACT We have used a systematic protocol for
extracting, quantitating, sexing and validating ancient
human mitochondrial and nuclear DNA of one male and
one female Beothuk, a Native American population from
Newfoundland, which became extinct *180 years ago.
They carried mtDNA haplotypes, which fall within hap-
logroups X and C, consistent with Northeastern Native
populations today. In addition we have sexed the male
using a novel-sexing assay and confirmed the authentic-
ity of his Y chromosome with the presence of the Native
American specific Y-QM3 single nucleotide polymorphism
(SNP). This is the first ancient nuclear SNP typed from
a Native population in the Americas. In addition, using
the same teeth we conducted a stable isotopes analysis
of collagen and dentine to show that both individuals

relied on marine sources (fresh and salt water fish, seals)
with no hierarchy seen between them, and that their
water sources were pooled or stored water. Both mtDNA
sequence data and Y SNP data hint at possible gene flow
or a common ancestral population for both the Beothuk
and the current day Mikmaq, but more importantly the
data do not lend credence to the proposed idea that the
Beothuk (specifically, Nonosabasut) were of admixed (Eu-
ropean-Native American) descent. We also analyzed pat-
terns of DNA damage in the clones of authentic mtDNA
sequences; there is no tendency for DNA damage to occur
preferentially at previously defined mutational hotspots,
suggesting that such mutational hotspots are not hyper-
variable because they are more prone to damage. Am J
Phys Anthropol 132:000–000, 2007. VVC 2007 Wiley-Liss, Inc.

Newfoundland, a sub-Arctic island of about 112,000 sq
km off the coast of Canada, was home to the Beothuk at
the time of John Cabot’s arrival in 1497. This native
group is believed to have numbered between 500 and
700 individuals (Marshall, 1996) at that time. These
hunters and fishers moved with the seasons between the
coast and the interior. From early contact onward the
Beothuk avoided Europeans, retreating to less accessible
harbors and coves on the coast and to inland areas away
from European fishing premises and settlements. They
also did not develop trade relations, and rejected Euro-
pean firearms, foodstuff, and clothing (Marshall, 1996).
As the settler population expanded and Montagnais
(Innu) from Labrador and Mi’kmaq from Cape Breton
Island came to hunt and fish in Newfoundland more
extensively, the Beothuk were unable to procure suffi-
cient subsistence within the areas left to them. Competi-
tion for resources and resulting animosities led to a cycle
of violence between Beothuk and some of the newcomers
(Howley, 1915; Marshall, 1996). This conflict, combined
with disease and possibly other factors, brought about
their demise in the late 1820s (Marshall, 1981). In 1819

members of the small group of remaining Beothuk,
including Demasduit and her husband, chief Nonosaba-
sut, encountered a party of 10 armed English settlers at
Red Indian Lake. In the ensuing confrontation on the
frozen lake, chief Nonosabasut was killed, as was his
brother, and his wife Demasduit was taken captive. It
was hoped that she could mediate peace with her people
but she died from tuberculosis before she could rejoin
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her kin. Although Demasduit provided a list of Beothuk
words and a few years later her niece, Shanawdithit, the
last known Beothuk, gave some additional cultural infor-
mation (Howley, 1915; Hewson, 1978; Marshall, 1996),
we know little about many aspects of Beothuk culture,
diet, history and origin, and about their relationship
with neighboring native groups. While the Beothuk’s
prehistoric ancestors in Newfoundland have been traced
by archaeological methods to 1900 BP (Renouf, 2004;
personal communication), links with the earlier Mari-
time Archaic Indian population (5500 to 3000 BP in
Newfoundland) have been suggested but not confirmed.
To investigate the origin and diet of these two Beothuk

and their relation to current day native peoples of the
Northeast, we analyzed mtDNA, nuclear DNA, and sta-
ble isotopes from a tooth each from their skulls, using a
quantitatively focused approach for ancient human DNA.

MATERIALS AND METHODS

DNA analyses

One tooth each was removed from the skulls of the
two Beothuk individuals, Demasduit and Nonosabasut,
which are currently housed in the National Museums of
Scotland in Edinburgh. They have been dated between
1819 and 1820 respectively. In an attempt to cause as lit-
tle further damage to the external phenotype of the
teeth as possible, we embedded the tooth from Demas-
duit, which was already broken into two pieces, in RTV
silicone rubber (RTV11, GE Silicones) (Gilbert, 2004)
{No. 1698}. Excess silicone covering the tip of the root
was removed, the root was cut open, and the inside of
the root cavity, including the dentine, was removed
using a drill. The powder was then collected. We used 40
mg of this powder for the DNA extraction. From the
male sample, a small broken-off piece from the root of
the tooth, which was in poor shape due to an abscess,
was broken into smaller pieces, and 60 mg were used for
the DNA extraction.
We decalcified the tooth powder and the pieces of tooth

using 1 ml of 0.5 M EDTA (pH 8.0) at room temperature
overnight in the dark on a rotating wheel. Post deminer-
alization, we kept the EDTA solutions for future process-
ing. We digested the remaining pellets in 1 ml of diges-
tion buffer (10 mM Tris (pH 8.0), 10 mM NaCl, 5 mM
CaCl, 2 mM EDTA, 1% SDS, 0.5 mg/ml PK, 10 mg/ml
DTT, 10 mM PTB) at 558C overnight in the dark on a
rotating wheel. This resulted in almost complete diges-
tion of the remaining powder or pieces. We extracted
these solutions using Phenol (1x) and Phenol/Chloroform/
Isoamylalcohol (25:24:1) (2x). The supernatant from the
digest and the remaining EDTA-buffer from the initial
demineralization step (stored in the interim at 48C) were
separately filtered through pre-moistened microcon YM-
10 (Millipore, USA). After concentrating to about 100 ll,
both the supernatant from the digest as well as the
EDTA-buffer were mixed twice with 100 ll of H2O and
further centrifuged to concentrate. Approximately 100 ll
of final extract was recovered from the digest and *150
ll from the EDTA-buffer. Following failed attempts to
quantitate DNA from either extracts, due to obvious inhi-
bition, we purified the extracts using the silica based
QIAquick PCR Purification Kit (Qiagen Inc., Canada) as
per manufacturers instructions. We concentrated both
extracts, EDTA and digest, as they will be referred to
from this point forward, down to 50 ll total volume.

To determine the number of mtDNA molecules in our
extracts, we designed a quantitative PCR (qPCR) assay
using the L16209 and H16303 (according to Anderson)
primer pair for the mtDNA hypervariable region I
(HVRI). This section of HVI contains 5 of the 10 single
nucleotide polymorphisms, which help define the five
major Native American haplogroups known from present
day indigenous populations (A, B, C, D, and X) (Schurr
et al., 1990, Forster et al., 1996, Malhi et al., 2002). We
generated a standard curve by amplifying a serial dilu-
tion with the following copy numbers: 31,250, 6,250,
1,250, 250, 50, and 10 generated from a purified PCR
product of known DNA concentration (measured by UV
spectrophotometry). For each quantitation we ran two
standards in parallel. This assay had a reproducible sen-
sitivity at *10 DNA copies. The efficiency of the assay
was between 95 and 100% as calculated from the slope
of the standard curve (Fig. 4a). We quantified nuclear
DNA using the cMyc proto-oncogene on chromosome
8q24 using a previously described assay (Morin et al.,
2001), except that we replaced the probe with SYBR
green (Fig. 4b). To ensure that the PCR was not inhib-
ited due to coeluates in the DNA extract, we quanti-
tated undiluted extracts as well as 1:10 dilutions of
the extracts. Each 20 ll qPCR reaction contained the
following; 1X PCR Buffer II, 2.5 mM MgCl2, 400 lM
dNTPs (each), 300 nM each primer (L16209, H16303;
cMyc_E3_F1, cMyc_E3_R1), ref dye (1:500 dil., Strata-
gene), 0.167X SYBRgreen (Sigma), 1 unit AmpliTaq Gold,
and 2.5 or 5 ll of DNA template. The temperature profile
for the reaction included an initial activation of the
enzyme at 958C for 7 min, followed by 50 cycles of the fol-
lowing: 958C for 30 sec, 588C (HVRI)/598C (cMyc) for
30 sec and 728C for 30 sec followed by a final cycle of 958C
for 1 min, 558C for 30 sec, 958C for 30 sec (to generate a dis-
sociation curve) and a final extension of 728C for 15 min.
All PCR reactions were carried out in 20 ll reaction vol-

umes at 1X PCR Buffer II, 2.5 mM MgCl2, 400 lM dNTPs
(each), 300 nM each primer, 1 unit AmpliTaq Gold, and
2.5 ll of template. Cycling parameters were 958C for 7
min, followed by 40–50 cycles of 958C for 30 sec, 588C for
30 sec, 728C for 45–60 sec with a final extension of 728C
for 15 min. We used the following primer combinations:
L16287/H16379, L16209/H16379, L16131/H16379, and L1-
6055/16218 for HVI regions (Stone and Stoneking, 1998);
and L13257/H13377 for the Hinc II site at position 13259
that helps define haplogroup C. Each PCR product was
amplified twice, once from the extract and once from the
EDTA solution used for demineralization. In addition,
only the amplification products for the Hinc II site were
gel-purified and re-amplified, and 5 ll of the re-amplifica-
tion products were incubated with 1X PCR Buffer II, 2.5
mM MgCl2, 500 lM dATP, and 0.6 units AmpliTaq Gold
in a 10 ll reaction prior to cloning. As all Y SNP amplifi-
cations for contemporary populations are 200bp or larger,
and it is unlikely that this will be attainable from fossil
extracts, we designed new primers around the Y-SNP
QM3, present in >60% of all Native American Y chromo-
somes (Zegura et al., 2004), to amplify a 50bp product.
The primers used were the following Y-SNP_M3(DYS199)_
F: 50-AATGGGTCACCTCTGGGACT, Y-SNP_M3(DYS199)_
R: 50-CATTTTAGGTACCAGCTCTTCCTAA. Amplifications
for the Y SNP involved the following parameters: 958C for
7 min, followed by 60 cycles of 958C for 30 sec, 578C for 30
sec, 728C for 30 sec with a final extension of 728C for 15
min. Five microliters of template DNA was used for each
amplification.
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We cloned all PCR products using the TOPO TA cloning
kit and TOP 10 competent cells as per manufacturers
instructions, except that we scaled down to one-quarter
reactions (Invitrogen, Canada). Clones were screened using
blue/white selection and amplified using the M13 F/R
primer pairs. These PCR products were purified using
AcroPrep 96 Filter Plates (Pall) and Multiscreen PCRl96

Plates (Millipore). The purified products were quantitated
using a UV spectrophotometer and each product sequenced
in one direction. Using BigDye version 1.1 on an ABI 3130
(ABI) as per manufacturers suggestions.
We applied a novel (Kuch and Poinar, in preparation)

amelogenin sexing assay, designed for highly degraded
human DNA, to both extracts. The reaction volume was
20 ll and the conditions were the following: 1X PCR
Buffer II, 4.5 mM MgCl2, 400 lM dNTPs (each), 300 nM
each primer (Amelo_F, Amelo_R), 200 nM each probe
(Amelo-X (Vic), Amelo-Y (Fam)), 1 unit AmpliTaq Gold,
and 5 ll of DNA template. The temperature profile for
the reaction included an initial activation of the enzyme
at 958C for 7 min, followed by 50 cycles of the following:
958C for 30 sec, 598C for 30 sec and 728C for 30 sec fol-
lowed by a final extension of 728C for 15 min.

Stable-isotope analysis

Collagen is a useful material for understanding the
diet of ancient humans, since it remodels itself through-
out the life of an individual and thus isotopically records
a lifetime-average of diet (Gröcke, 1998). In order to
obtain carbon- and nitrogen-isotope ratios from the small
amount of dentine made available, we modified the
standard collagen extraction method (Katzenberg and
Weber, 1999) by only de-carbonating the dentine sample
and conducting bulk organic isotope analysis on the
remaining material. Carbon- and oxygen-isotope analysis
of the enamel carbonate was performed on <2 mg of
tooth enamel. All stable-isotope measurements were per-
formed in the Stable-Isotope Biogeochemistry Laboratory
at McMaster University. Organic carbon- and nitrogen-
isotope analysis was obtained using a COSTECH ele-
mental analyzer connected to a ThermoFinnigan Delta-
Plus XP. Enamel carbonate carbon- and oxygen-isotope
analysis was obtained using a VG OPTIMA with an Iso-
carb system. Isotopic measurements were checked using
internal standards calibrated against international
standards (NBS 19 and 21). Isotopic results are reported
in the standard delta (d) notation in parts per thousand
(%) relative to VPDB (carbon and oxygen) and atmospher-
ic N2 (nitrogen): i.e., for carbon, d13C% ¼ (13C/12Csample

� 13C/12Cstandard) � 1 3 1000).

RESULTS

DNA results

We quantitated the number of 133bp mtDNA frag-
ments in 2.5 ll and 5 ll from the male and female DNA
digests, as well as the EDTA fraction, via qPCR (Table 1).
To test for inhibition in the extracts, we quantitated 1:10
fold dilutions of all extracts. Quantitative PCR of 5 ll and
the 1:10 fold dilutions from both the male and female
extract indicated slight inhibition in the female extract,
thus we attempted quantitation using 2.5 ll. The DNA
digest from the male tooth contained *400 (200–600) cop-
ies in 2.5 ll, and thus 8,000 (4,000–12,000) copies in the
total extract (50 ll), The EDTA extract contained four
fold (1.3–12-fold) less DNA (*100 copies) (50–150) or
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2,000 (1,000–3,000) copies per extract. Thus, the male
tooth yielded *125,000 (85,000–250,000) copies per gram.
The female tooth digest contained *200 (100–300) copies
per 2.5 ll, 4,000 (2,000–6000) copies per extract (50 ll)
and, surprisingly, the same number of copies in the EDTA
solution as in the digest (190 vs. 210 copies/2.5 ll). Thus,
there were a total of *200,000 (100,000–300,000) copies
per gram of tooth and therefore little difference in the

number of amplifiable mtDNA copies per gram tooth,
between the (EDTA + digest) male and female extracts.
As all quantitative values could be the result of a mixture
of endogenous and exogenous DNA contamination we
cloned and sequenced the qPCR product.
The qPCR product (L16209/H16303) was cloned for the

male (m) and the female (f) extracts, and five clones from
each PCR product were sequenced (Figs. 1a and 2a).

Fig. 1. (a) Sequences of clones from Nonosabasut’s hypervariable region 1 mtDNA sequence, and (b) Y SNP QM-3. Dots indicate
identity to the Cambridge Reference Sequence at top (Anderson et al., 1981). Ambiguous bases are indicated by standard abbrevia-
tions. * denotes contaminants and { indicates consensus replication sequence. [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com]

Fig. 2. (a) Sequences of clones from Desmaduit’s hypervariable region 1 mtDNA sequence, and (b) Hinc III region. Dots indicate
identity to the Cambridge Reference Sequence at top (Anderson et al., 1981). Ambiguous bases are indicated by standard abbreviations.
* denotes possible contaminants. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com]
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There were three single nucleotide polymorphism (SNPs)
differences to the Cambridge Reference Sequence (CRS)
for the male sample, position (+16,000) 213, 223, and 278
and two SNPs for the female sample, positions (+16,000)
223, and 298. Neither of the samples contained more than
one consensus sequence. We obtained sequences from 16056
to 16378 of HVRI in five overlapping pieces, as follows.
We amplified a 131bp product using the overlapping
primer pair 287/379 from both extracts, cloned the prod-
ucts and sequenced 10 (5 digest and 5 EDTA from male)
and 8 (4 digest and 4 EDTA from female) clones respec-
tively. These products yielded a single consensus se-
quence in both extracts again. There were no differences
in this stretch from the CRS to the male sample, and for
the female the SNP at 16298 was reproduced and two
additional SNPs at positions 16325 and 16327 were
found; all SNPs are common to haplogroup C.
To ensure that this portion of the sequence was authen-

tic for the male sample we amplified a 209bp product
using primer pair 209/379 to incorporate the SNPs in the
209/303 piece, from both extracts, cloned the products
and sequenced 10 clones from the male (5 and 5) and 11
(6 and 5) from the female. All clones in the male extract
contained the same three SNPs seen in the 209/303 prod-
ucts and lack any additional SNPs between positions
16287/16379. These SNPs indicate that Nonasabut’s
mtDNA belongs to haplogroup X. The female product con-
tained the same consensus sequence as the two previous
products; however, there were many additional singletons,
which are likely to reflect damage. We amplified a 287bp
product using primer pairs L16131/H16379, cloned the
products and sequenced 9 (5 and 4) clones from each
extract. Five of the nine clones from the male (all from
the extract, not from the EDTA) yield a single consensus

sequence which matches the one produced from all 3 pre-
vious shorter fragments, but includes an additional SNP
at position 16,189. In addition, four of the nine clones
(from the EDTA extract) contain a contaminating HVR
sequence, which is closest to the CRS when compared to
a database of 10,000 or more HVR sequences (HVR base
website). The female extract yields a single consensus
sequence replicating the original SNPs found at positions
223, 298, 325, and 327, as well as additional SNPs found
within the sequences of the clones that appear to be the
result of damage to the endogenous DNA and/or polymer-
ase errors. Finally we amplified a 203bp product using
primers 16055/16218, cloned the products and sequenced
5 clones from the digest and EDTA extract respectively.
In these clones an additional SNP at position 16093 was
found in the male, however a possible C at position 16183
could not be unambiguously resolved due to the poly C
stretch (16184–16193), thus this position was excluded
from the final sequence and further comparative analyses.
Clones from the female extract contained no new SNPs.
Finally, to confirm the haplogroup designation of the

female as C, we amplified a 167bp piece around the Hinc
II site at position 13259 using primers L13257/H13377.
Seven (four from digest and three from EDTA) clones
were sequenced from the male and six clones (four and
two) from the female. Five out of the six clones from the
female DNA showed an A-G substitution at position
13263 and therefore lack the Hinc II site, while the male
DNA contained the Hinc II site. Thus, these data in con-
junction with the HVRI data, suggest assignment of the
male to mtDNA haplogroup X and the female to mtDNA
haplogroup C (Table 2).
It is interesting to note that only 5 (out of a total 98

sequenced) clones from the demineralized EDTA step

TABLE 2. Substitutions found in consensus sequences derived from clones from both the male and female DNA extracts1

HVR position 13259 16093 16189 16213 16223 16278 16298 16325 16327 QM3 (YSNP)

European A T T G C C T T C C
Nonosabasut � C C A T T � � � T
Desmaduit G � � � T � C C T na

1 Numbers refer to position in the mitochondrial hypervariable region. Dots indicate identity to the \European" Cambridge Refer-
ence Sequence (CRS) (Anderson et al., 1981) as well as Ysnp data (Underhill et al., 2000); na, not applicable.

Fig. 3. Sequences of clones from the blank extract of the hypervariable region 1 mtDNA sequence. Dots indicate identity to the
Cambridge Reference Sequence at top (Anderson et al., 1981). Ambiguous bases are indicated by standard abbreviations. Sequences
of laboratory workers HVRI given at base. [Color figure can be viewed in the online issue, which is available at www.interscience.
wiley.com]
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and 2 (out of a total 98 sequenced) clones from the
digested DNA extract appear to be the result of exoge-
nous DNA contamination (Figs. 1 and 2). Thus while
these skulls had been handled over a period of nearly
200 years, the extracted DNA contained predominantly
endogenous and not exogenous DNA, which provides
hope for future DNA analysis from teeth.
One extraction blank contained <10 mtDNA copies in

2.5 ll as seen through qPCR. We amplified four HVR1
fragments from this extraction blank, cloned the prod-
ucts and sequenced multiple clones (see Fig. 3). Not sur-
prisingly, the cloned products yielded a minimum of 4
different consensus sequences. None of these sequences
were identical to the male or female DNA, and thus they
were not cross contaminants, nor do the sequences
match any member of our laboratory group (see Fig. 3).
Thus, the appearance of a novel sequence in human
extracts, which does not match any person from the lab-
oratory, is of little value in assessing the authenticity of
ancient human DNA and should not be used to defend
the authenticity of a ‘‘novel’’ sequence.
To assess if the sites at which DNA damage was

observed (‘‘damage sites’’) fall preferentially within
mutational hotspots in HVRI, for each cloned amplicon
we calculated the average evolutionary rate for the dam-
age sites, using previous estimates (Meyer et al., 1999).
We then sampled 1,000 times (with replacement), from
the distribution of evolutionary rates for the sites cov-
ered by each amplicon, a number of sites equal to the
number of damage sites in the amplicon, and calculated
the average evolutionary rate for each random resample.
From the distribution of average evolutionary rates for
the 1,000 random resamples, we then obtained the em-
pirical probability of observing the average evolutionary
rate for the damage sites in each amplicon (Table 3). For
all four amplicons, the average evolutionary rate for
damage sites was not significantly greater than that for
the random resamples. There is thus no indication that
damaged sites in the ancient DNA are occurring prefer-
entially at mutational hotspots in HVRI.

Even though damage is not occurring preferentially at
mutational hotspots, there still may be a nonrandom dis-
tribution of damaged sites across HVRI. To investigate
this, we followed the approach of Gilbert et al. (2003)
and compared the observed distribution of the number of
times a substitution resulting from damage was observed
at each site, to the expected Poisson distribution, assum-
ing damage occurs at random. The results (see Fig. 5)
indicate that the observed distribution of the number of
times each site had a damage substitution does not differ
significantly from that expected if such damage is dis-
tributed randomly across the 248 positions (16132–16379
inclusive) that were analyzed in HVRI (x2 test, P > 0.25).
However, this analysis could be confounded by the fact
that the number of amplicons cloned and sequenced for
each site varied, ranging from one to four; we therefore
repeated the analysis for a subset of 155 positions
(16210–16287 and 16303–16379 inclusive) for which
clones from three amplicons were sequenced. The
observed distribution still did not differ significantly
(P > 0.15) from the expected distribution obtained by
assuming that damage is distributed at random across
the HVRI region (data not shown).
We quantitated the number of 81bp nuclear DNA cop-

ies using a c-myc assay previously described (Morin
et al., 2001). The male DNA extract contained *140 cop-
ies (70–200) of an 81bp nuclear fragment in 5 ll of extract,
*1,150 (700–2000) copies per total extract and *21,000
(11,670–33,330) copies per gram of tooth (Table 1), The
female extract contained * 3 (1–5) copies per 5 ll of
extract, 30 (10–50) per extract and *600 (250–1,250)
per gram of tooth (without the EDTA). Thus there was a
*40-fold (10 to 135-fold) difference in the number of nu-
clear DNA copies between the male and female teeth.
These relative amounts are in stark contrast to the poor
morphological preservation of the male tooth, again
emphasizing the discordance between morphological and
molecular preservation.
The ratio of mtDNA to nuclear DNA is *7 (2.5–21) for

the male and 140 (80–1,200) for the female. Thus the
number of amplifiable molecules in the male extract does
not follow the often cited 1:1,000 nuclear DNA to
mtDNA ratio, however this is confounded by the slightly
different sizes of both nuclear and mitochondrial DNA
amplicons. To determine if other nuclear DNA loci would
be consistent with the c-myc results, we attempted to
determine the sex for both samples.
In order to confirm the presence of single copy nuclear

DNA in our DNA extracts we attempted to sex both the
male and female extracts using a novel amelogenin
assay (Kuch and Poinar, in preparation) that amplifies
an 92bp fragment from both the X and Y chromosome
and then discriminates between the X and Y copies of
this fragment by two minor groove binding probes. The
male DNA extract shows the presence of both the X and
Y alleles (Fig. 4c; however, the female extract did not
yield any amplification products, consistent with the low
nuclear DNA quantity seen for the c-myc assay. However
as this result could be due to contamination, we looked
for a Native American specific SNP on the Y chromo-
some, to establish the Y chromosome’s authenticity in
the male’s DNA extract, and rule out the possibility of
exogenous DNA contamination.
We successfully amplified a single 50bp product from

the male extract, from the female and a single amplifica-
tion blank control, cloned the products and sequenced 5
clones from each (Fig. 1b). Sequences from clones of the

TABLE 3. Mean evolutionary rates for damage sites in clones of
amplicons from HV1 from the two ancient samples1

Amplicon

131/380 209/303 209/380 287/380

N 31 12 34 19
Mean rate
(observed)

0.30 1.40 1.05 0.55

Mean rate
(Meyer)

0.74 0.95 0.77 0.71

Mean rate
(resamples)

0.75 0.95 0.76 0.72

P 0.99 0.10 0.08 0.72

1 Damage sites were only counted in clones that also contained
substitutions diagnostic for the authentic HV1 sequence inferred
for that sample. Amplicons are designated by the amplification
primers (+16000); N is the total number of damage sites
observed per amplicon; the observed mean rate is for the dam-
age sites, based on the per site rates from Meyer et al. (1999);
the Meyer mean rate is the overall mean rate from Meyer et al.
(1999) for sites within the amplicon; the resample mean rate is
the mean rate for 1000 resamples of N sites from each amplicon;
and P is the probability of the observed mean rate (or higher)
based on the resamples. The data are combined for the male and
female samples as these did not differ significantly from each
other (data not shown).
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blank and the female extract appeared to be the result
of primer dimmer formation. Sequences of all clones
(Fig. 1b) from the male extract yielded a single consen-
sus sequence. This sequence contains the C to T substi-
tution at position 181 characteristic of the M3 lineage,
which is restricted to Native Americans (Underhill et al.,
2000); thus the Y allele appears to be an endogenous
Native American sequence.

To verify the mtDNA and YSNP results, a sub-sample
of the tooth from the male was sent to an independent
laboratory in Copenhagen, dedicated to aDNA research.
DNA was extracted from the tooth according to the
method described above. PCR amplifications of a portion
of the mtDNA HV1 region (16209/16303) and the Y Sin-
gle Nucleotide Polymorphism were independently deter-
mined, and the products were cloned and 45 clones were

Fig. 4. (a) Standard curve of real-time PCR assay for HVRI. Plotted is the initial template quantity (x-axis), versus the Ct
(threshold cycle). The box shows the slope, y-intercept, and R2 value. (b) Standard curve of real-time PCR assay for cMYC. Plotted
is the initial template quantity (x-axis), versus the Ct (threshold cycle). The box shows the slope, y-intercept and R2 value. (c)
Allelic discrimination of the Amelogenin gene from Nonosabasut and Desmaduit in comparison to an X and Y standard. Rpost is
the final fluorescence reading (in arbitrary units) in a plate-read experiment.

TABLE 4. Isotopic results from the male and female Beothuk samples1

Measured Predicted

d13Cen d18Oen C/N d13Corg d15Norg d13Cdiet d18Owater d15Ndiet

Nonosabasut �12.55 �5.28 +3.18 �15.81 +13.05 �18.81 �7.43 +11.45
Desmaduit �12.44 �5.15 +3.15 �15.28 +13.20 �18.28 �7.23 +11.60

1 d13Cdiet and d15Ndiet were determined using a laboratory-based average fractionation factor of –3% and –1.6% respectively for col-
lagen (Schwarcz and Schoeninger, 1991; Koch, 1998). d18Owater was determined using Eq. (3) in Dupras and Schwarcz (2001), rear-
ranged to determine a water value. C/N ratios are indicative of pristine collagen (Gröcke, 1997).
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sequenced for the 16209/16303 piece and 34 clones for
the Y-SNP. In both cases consensus sequences were iden-
tical to the sequences previously determined at McMas-
ter University for those positions (Figs. 1 and 2).

Stable Isotope results

A summary of the stable-isotope results is presented
in Table 4. All results are generated from replicate anal-
yses. Analytical reproducibility of replicate analyses of
the samples was better than 0.1% for carbon, nitrogen
and oxygen.

DISCUSSION

DNA preservation and analysis

Our samples contain *163 (80–240) (male) and 84
(40–120) (female) amplifiable copies of a 133bp mtDNA
fragment per microlitre of extract. This is lower than the
\1,000" molecule cut off for obtaining authentic endoge-
nous sequences previously suggested by (Handt et al.,
1996). Nevertheless, we have obtained reproducible
Native American DNA sequences, from amplicons rang-
ing from 133bp up to 287bp in length from both the
male and female teeth, despite repeated handling during
a time span of nearly 180 years at the National Muse-
ums of Scotland. Only four clones from a single amplifi-
cation (the longest PCR) from the EDTA extract, as well
as possibly 5 clones in the 055/218 amplicon from the
male (digest and EDTA), appear to be the result of exog-
enous DNA contamination. For the female in the 055/
218 amplicon there are no SNP’s to distinguish between
endogenous and contaminating DNA, hence the authen-
ticity of this amplicon cannot be determined. Thus, while
qPCR is a useful screening method, to set a strict cutoff
for the number of amplifiable molecules is not appropri-
ate as tissue types are likely to vary dramatically in
preservation capability and contamination resistance.
Our qPCR results initially suggested too little mtDNA
(<1,000 copies) present in the extract to allow for nu-
clear DNA analysis (assuming a 1:1,000 nuclear to
mtDNA ratio), however the absence of contaminating
HVRI DNA sequences in the digests from both samples
convinced us to attempt nuclear DNA quantification.

The male extract contained 27 (14–40) copies and the
female extract 1 (0.2–1) copy per micro liter of an 81bp
nuclear DNA fragment. The ratio of nuclear DNA to
mtDNA was 1:2–17 for the male and 1:40–600 for the
female, both well above the expected ratio. Surprisingly
both our samples contain predominantly endogenous
DNA and lack heavy exogenous DNA contamination.
Teeth therefore represent a relatively less contaminated
source of ancient human DNA, than does porous bone.
Sites at which DNA damage occurred were identified

as singleton substitutions in clones of the amplicons, and
were only counted as damage sites if the clone sequence
also contained the relevant substitutions for the authen-
tic ancient HVRI sequence from that sample. The aver-
age evolutionary rate (Meyer et al., 1999) of damage
sites did not differ significantly from the average evolu-
tionary rate of random resamples (Table 3), indicating
that DNA damage in the ancient samples did not occur
preferentially at hypervariable positions. Nor is there
any significant tendency for damage to occur preferen-
tially at particular sites in the HVRI region (see Fig. 5).
These findings contradict a previous study that found
that damage sites in ancient human DNA samples were
correlated with hypervariable sites, and moreover that
damaged sites were distributed nonrandomly (Gilbert
et al., 2003). However, the significance of the correlation
between damage rates and evolutionary rates was not
determined in this study. Moreover, most of the samples
came from northern Europeans, and hence it is possible
that some of the interclone variation attributed to dam-
age actually reflects contaminating sequences or other
artefacts such as jumping PCR. Because our analysis of
damage sites was limited to clones, which contained sub-
stitutions diagnostic for the authentic Native American
mtDNA inferred for each sample, contamination is not a
possible explanation for our results. Instead, our results
suggest that hypervariable sites in HVRI are not hyper-
variable because they are more prone to DNA damage (of
the type that occurs in ancient DNA). Instead, other mech-
anisms must be responsible, such as misincorporations
during replication (Malyarchuk and Rogozin, 2004).
Nonosabasut’s mtDNA contains five SNPs in the

HVR1 (16093, 16189, 16213, 16223, 16278) that clearly
place it within haplogroup X and the SNP at position
16213 places it within the Native American specific clade
X2a (Reidla et al., 2003). Haplogroup X is a common
haplotype within Northeastern Native peoples, at fre-
quencies of up to 50% in some populations such as the
Mi’kmaq (Malhi et al., 2001), although sample sizes are
small (n ¼ 6). Nonosabasut’s sequence matches 13 of a
total of 37 Native American haplogroup X sequences,
which represent 12 lineages established in previous
work (Smith et al., 1999; Malhi et al., 2001). The match-
ing sequences stem from a single individual of the Mi’k-
maq of Nova Scotia, two individuals from the Chippawa
(Chipewyan) of North Dakota/Alberta, nine individuals
from the Wisconsin Chippawa (Chipewyan) from Hay-
ward/Wisconsin, and a single individual from the Kiowa
of Oklahoma. This haplotype is one of the most frequent
and represents 35% of all known Native American X
haplotypes.
Demasduit’s mtDNA contains four SNPs in the HVR1

(16223, 16298, 16325, 16327) and one at position 13259
all of which place it within haplogroup C. Haplogroup C
like X, is found at relatively high frequencies up to 35%
within Northeastern American populations such as the
Wisconsin Chippawa (Malhi et al., 2001). Our sequence

Fig. 5. Distribution of the observed number of mutations
per site among cloned sequences from the two ancient speci-
mens (i.e. postmortem damage), compared to the expected distri-
bution assuming that such mutations are occurring at random.
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matched six individuals out of 60 Native American hap-
logroup C sequences, representing 23 lineages, including
a single individual from the Mi’kmaq of Nova Scotia, four
individuals from the Cherokee of Oklahoma and a single
individual from the Stillwell Cherokee of Oklahoma
(Malhi et al., 2001). This haplotype is less frequent than
the X, being present in *10% of all known C haplotypes.
It is interesting to note that while some C and X hap-

lotypes are found together at high frequencies in north-
eastern Native American groups, those of Demasduit
and Nonosabasut have (as of yet) not been found to-
gether in any current Native American population. How-
ever, this may be due to a sampling bias in extant
Northeastern peoples, as few groups have been sampled.
Neither sequence is itself unique, but their presence in
Newfoundland some 200 years ago and as far west as
Alberta and south as Oklahoma suggest that both could
well have been original founder haplotypes in the New
World (Malhi et al., 2001). The presence of both haplo-
types among the current Mi’kmaq population suggests
either gene flow between them and the Beothuk or a
shared ancestral founder population or both. The fact
that the languages spoken by both groups are believed
to be of Algonquian origin, supports the idea of a com-
mon ancestry, though this may date back millennia. It
has also been documented that in the early 1800s, when
the Beothuk group began to disintegrate, some Beothuk
joined the Mi’kmaq, either voluntarily or through kid-
napping (Marshall, 1996). However, the numbers are
very small and without more sampling of the current
Mi’kmaq population in Newfoundland, it is not possible
to make a precise statement about common ancestry,
possible gene flow, or both. Another population that may
have experienced gene flow from the Beothuk and vice
versa are the Labrador Innu. During the historic period
relations between these two groups were friendly and
archaeologists and linguists have already proposed a
genetic relationship—either due to a common ancestry
(both the Innu and Beothuk languages are believed to be
part of the Algonquian phylum) or to intermarriage or
both (Fitzhugh, 1978; Hewson, 1978; Pastore, 1986).
However, characterization of additional available Beo-

thuk skeletal remains and sampling of Mi’kmaq, Innu
and possibly other Northeastern populations should pro-
vide a clearer picture.
Due to good DNA preservation in the tooth from Nono-

sabasut and the low level of DNA contamination we
were able to type the Q M3 SNP from the Y chromo-
some. QM3 along with P-M45 represent the majority of
Native American Y chromosomes, with Q haplotypes rep-
resenting approximateley >75% of all New World Y chro-
mosomes (Zegura et al., 2004). The presence of a Q hap-
lotype in the Beothuk is further proof of the authenticity
of the DNA recovered from Nonosabasut’s tooth.
The DNA results also shed light on claims of European

admixture in the Beothuk, suggested by previous mtDNA
analyses (Reed, 2001) and by morphological analyses of
the skull, with the latter indicating that \Nonosabasut. . .
has a hooked nose and a mix of Caucasian and Mongoloid
features" (S. Black, Anatomy and Forensic Anthropology,
Faculty of Life Sciences, University of Dundee; personal
communication). Despite these claims both mtDNA from
Desmaduit and Nonosabasut, as well as the Y SNP data
from Nonosabasut, are clearly of Native American origin,
and thus our genetic data do not lend credence to any
European admixture in the DNA of Nonosabasut from ei-
ther of his parents.

Stable isotope results

As seen in Table 4, the nitrogen-isotope ratios for both
Nonosabasut and Desmaduit are quite elevated, suggest-
ing that their diet was not based solely on terrestrial
resources. Schoeninger and DeNiro (1984) have shown
that d15N values less than +9% are obtained from indi-
viduals who predominantly fed on terrestrial resources,
whereas values more than +15% are obtained from indi-
viduals who predominantly fed on marine resources.
However, individuals whose diet consists primarily of
freshwater fish also generally exhibit elevated d15N val-
ues (Schoeninger and DeNiro, 1984). Thus, based on ni-
trogen isotopes alone, it is difficult to distinguish between
a predominantly terrestrial and a predominantly marine
diet. Our understanding of Beothuk foraging strategies
indicates that their diet was largely composed of caribou
and smaller fur bearers, Harp seal, sea birds and their
eggs, salmon and other species of fish as well as mol-
lusks and crustaceans (Marshall, 1996). Lakeshore camp-
ing was prominent during the winter season and
although ice fishing may have taken place, their diet con-
sisted of frozen and stored foods, the latter mostly from
caribou killed during their fall caribou drive and some
seal. Based on an average fractionation factor between
diet and d15N of collagen of +1.6% from laboratory
experiments (Koch, 1998) it is reasonable to suggest that
the two Beothuk individuals were consuming a consider-
able amount of marine-based foods (such as seal, salmon,
sea birds) (see Fig. 6). The fact that both individuals
have extremely similar d15N values suggests that there
was no dietary distinction (hierarchy) between them
(e.g., the male did not consume the richer, more protein-
rich foods).

Fig. 6. d15N versus d13C ranges of various marine and ter-
restrial dietary sources and trophic level effects. Terrestrial
sources are in boxes, while marine sources in circles. Shaded
objects represent base level of trophic structure. Note that the
estimated value for the Beothuk diet is plotted within the
region of marine fish and mussels.
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The carbon-isotope ratios isolated from dentine colla-
gen also suggests a significant marine dietary source
(*�18%), since most marine organisms, including seals,
mollusks, arthropods and fish, give carbon-isotope ra-
tios ranging between �18% to �10% (Schoeninger and
DeNiro, 1984). Freshwater fish as a dietary source for
these individuals is difficult to ascertain since freshwater
fish have highly variable d13C values, as demonstrated
for example from the Lake Baikal region (e.g., from �25
to �14%; Katzenberg and Weber, 1999). As shown in
Figure 6, the diet of the two Beothuk individuals plots
within the range of marine sources, but we hesitate to
suggest it was a dominant source since terrestrial food
resources were probably extremely important, especially
during the last decades of their existence as it became
increasingly difficult for the Beothuk to access the sea
shore (Marshall, 1996). Once again, it is important to
note that both individuals have very similar d13C values,
suggesting no significant dietary differences.
Oxygen-isotope ratios from tooth enamel can provide

information about the drinking water that an individual
consumed at the time of tooth growth, and thus the posi-
tion of their geographic location relative to this resource
(Gat, 1996; Koch, 1998). Modern precipitation d18O maps
obtainable from the IAEA (2001; http://isohis.iaea.org/)
indicate that the annual mean modern d18O values of
precipitation from Newfoundland range between �10
and �18%, which is more depleted than the water d18O
values as predicted from the Beothuk teeth values (Table 4).
A possible solution to account for this offset would be the
use of standing water: accumulated water will evaporate
and during this process 16O is preferentially removed,
thus the remaining freshwater has more positive d18O
values (Gat, 1996). Under these circumstances it is rea-
sonable to suggest that the two Beothuk individuals ana-
lyzed in this study drank standing (pooled) water either
from a lake, a well and/or stored water in vessels that
were susceptible to evaporation processes, rather than
water from rivers. However, recently Daux et al. (2005)
suggests that phosphate oxygen-isotope data from
human teeth in France over the Little Ice Age are ele-
vated by *2% due to a change in the d18O value of me-
teoric water. At present we cannot dismiss such an affect
on the isotopic composition of the teeth from these two
Beothuk individuals from Newfoundland. Once again,
the d18O values found in both individuals are very simi-
lar, indicating the same water source for both.

CONCLUSIONS

Using a meticulous and quantitative approach to the
investigation of ancient human DNA, we isolated the
complete mtDNA hypervariable region 1 sequences from
one male and one female individual of the Beothuk, a
people who formerly inhabited the Island of Newfound-
land but became extinct in the 1820s. We have sexed the
male using a novel-sexing assay designed for degraded
ancient human DNA and amplified and sequenced, for
the first time, an authentic ancient Y SNP. The sequen-
ces demonstrate the presence of mtDNA haplogroups X
and C, as well as the Y haplogroup Q-M3 in the Beothuk
population of Newfoundland some 200 years ago. We
also have analyzed dentine collagen and tooth enamel
stable-isotope ratios, which indicate that a significant
portion of the diet of the two Beothuk individuals con-
sisted of marine foods, that they drank mostly lake

water rather than river water, and that both individuals
had equal access to all types of food and water.
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