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O VIVIEN

Comment on “DNA from
Pre-Clovis Human Coprolites
in Oregon, North America”

Hendrik Poinar,** Stuart Fiedel,? Christine E. King," Alison M. Devault,* Kirsti Bos,*
Melanie Kuch, Regis Debruyne®

Gilbert et al. (Reports, 9 May 2008, p. 786) analyzed DNA from radiocarbon-dated paleofecal
remains from Paisley Cave, Oregon, which ostensibly demonstrate a human presence in North
America predating the well-established Clovis complex. We question the authenticity of their
DNA results and argue that in the absence of intact stratigraphy and diagnostic artifacts, and in
view of carbon isotope anomalies, the radiocarbon dates of the oldest specimens are unreliable.

ilbert et al. (1) interpreted data re-
Gtrieved from three paleofecal samples
from Paisley Cave, Oregon, dating from

more than 12,000 years before the present (yr
B.P.) [14,000 calendar (cal) yr B.P.)], as proof of

a pre-Clovis occupation of North America. The
logic of their argument rests on siXx main points:
(i) each coprolite sample contains only one of
the five known Native American mitochondrial
DNA (mtDNA) haplogroups, (ii) leaching of DNA
from overlying sediments has been excluded,
(iii) canid DNA in the feces does not preclude
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the authenticity of Native American human se-
quences, (iv) none of the team members work-
ing with the samples possess Native American
mtDNA haplotypes, (v) the presence of human
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antigens in the feces supports their human origin,
and (vi) obsidian hydration dates for “associated”
artifacts and radiocarbon dating of the feces sup-
port a pre-Clovis age. Here, we successively ad-
dress the relevance of these points.

Gilbert ez al.’s first experiment, a multiplex
single-nucleotide polymorphism (SNP) assay,
was crucial to their study, as all downstream ex-
periments were based on its results (Fig. 1). This
assay targeted one conserved SNP from each of
the five known Native American haplogroups
(A, B, C, D, and X) (2) and three non—Native
American haplogroups (M, N, and R). A cen-
tral tenet of their hypothesis requires the pres-
ence of only one Native American sequence in
each fecal sample, because any additional ones
would open the possibility of leaching from
younger strata. By pooling all eight primer pairs
into a single reaction, and neglecting to provide
sensitivity or optimization data for the assay,
Gilbert et al. appear to have ignored any am-
plification biases introduced through competing
amplicon sizes [71 to 105 base pairs (bp)] and
sequence compositions, which can result in de-
creased sensitivity and efficiency of each individ-
ual amplification (3, 4). Although the detection
of the haplogroup A SNP or the nondiagnostic
9-bp deletion was confirmed in at least one in-
dependent laboratory (Uppsala or Leipzig), in-
consistencies in the purported semiquantitative
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Fig. 1. Overview of the four main DNA experiments in Gilbert et al. Blue arrows, experiments we deem necessary; red arrows, actual experiments
performed; black arrows, common pathways between both; white arrows, possible but unobserved outcomes.
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data derived in each lab undermine their authen-
ticity. Sequence authenticity is better supported
by direct quantitation of DNA in ancient ex-
tracts (5—7). Gilbert et al. did not provide quan-
titative data but rather the ratio of alleles present
in their polymerase chain reaction (PCR) end
products (Table 1). These ratios indicate a mix-
ture of putative endogenous (13% to 98%) and
exogenous DNA, present in all six fecal samples,
and do not give any indication of the absolute
number of starting molecules present in the PCR.
In addition, Gilbert ez al. provided sequences of
cloned PCR products, which again show a mix-
ture of sequences containing low amounts of
Native American mtDNA (Table 1). In only a
single case does the ratio favor a putative en-
dogenous DNA source; however, this is the
second youngest sample (6640 yr B.P.) tested,
and thus it is irrelevant to the pre-Clovis claims.

To exclude the possibility that the Native
American mtDNA within the coprolites derived
from leaching of younger strata, Gilbert et al.
performed two tests (Fig. 1). In the first test,
packrat DNA was targeted using a 16S ribo-
somal DNA assay on the fecal DNA extracts.
No amplification products were observed, from
which Gilbert et al. inferred that leaching had
not occurred. However, without specific controls
demonstrating the sensitivity of this assay in the
presence of fecal extracts, the results are not
probative. In the second test, 14 randomly chosen
sediment samples were targeted for human
mtDNA overlapping a haplogroup A SNP, and
a 9-bp deletion found in Native American haplo-
group B. Only 13 of the 28 PCR attempts
yielded amplification products, a surprisingly low
result because contaminating human DNA has
been reported in every other PCR performed.
Sequences of 247 clones from these 13 products

Table 1. All data presented from the 14 paleofecal samples screened
for Native American DNA in Gilbert et al. (1). NP, not presented; NA,
not attempted; Non, non-A/non-B; +, detection of canid DNA in clones

show the presence of both human mtDNA (non-
A and non-B mtDNA) and nuclear mitochon-
drial pseudogenes. The absence of the Native
American A SNP and a 9-bp deletion is used to
disprove leaching, but the lack of specific data
on the sensitivity of this assay in the presence of
the contaminating (likely better preserved) hu-
man DNA and inhibitors in the extracts renders
the results inconclusive.

The authors’ assertion that “substantial amounts
of liquid water are required to move free DNA
molecules between strata” is based on the work
of Haile ez al. (8). However, that study showed
that sheep DNA had leached through sediment
representing >1500 years” accumulation in “dry
caves”; the leaching was attributed to “copious”
yet ultimately unknown amounts of urine. Thus,
the possibility of DNA leaching in environments
of limited circulating water and across substan-
tial time spans cannot be excluded, nor has this
process been adequately studied by any group
working in this field (9).

To differentiate between potential human and
canid origins, the six coprolite samples were
screened using a general mammalian 165 PCR
assay. Sequences of coyote, dog/wolf; or fox were
reported for three samples, although the original
sequence data were not presented. Because mor-
phology and protein analyses are inadequate for
unambiguous attribution of paleofeces to humans,
and these samples contain both human and canid
DNA in unspecified relative quantities, the sam-
ples are equally as likely to be canid as human,
leaving open the strong likelihood of leaching
(Fig. 1).

Gilbert et al. (1) claimed that because the
cave sediments were undisturbed, the only pos-
sible sources of contamination were people at
the archaeological site or in the genetics lab-
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oratories. To demonstrate this, one must link all
putative contaminating sequences found from
the fecal and sediment extracts with the 67 in-
dividuals said to have participated in the re-
search. To do this, Gilbert et al. sequenced the
mtDNA hypervariable region (HVR) and typed
the A haplogroup SNP and the 9-bp deletion
from all 67 individuals. However, comparable
HVR sequences were never presented from the
coprolite or sediment samples, and because no
other diagnostic positions of the human mito-
groups were sequenced, there is no way to link
the 67 investigators with the contaminating se-
quences present in the coprolites or sediment
(Fig. 1). Thus, these data alone are inadequate
for pinpointing the source(s) of contamination.
The possibility remains that DNA sources from
outside this group of researchers have not been
accounted for, which could, of course, include
Native American haplogroups. This line of evi-
dence does not prove that the Native American
mtDNA sequences present within the feces are
endogenous.

In support of their identification of endoge-
nous human DNA, Gilbert et al. cite the results
of cross-immunoelectrophoresis (CIEP) testing.
CIEP remains highly controversial in the field,
is notably insensitive, has little experimental sup-
port in the literature (/0—13), and has yielded
some failures (/4). Gilbert et al. identified hu-
man protein in three of the six samples contain-
ing little endogenous DNA as judged from the
ratio in the clones. Surprisingly, the two youngest
samples, one of which had the highest percent-
age of putatively “endogenous” human DNA
(Table 1), did not yield any detectable antigens
by CIEP.

Aside from the ambiguous DNA evidence,
there is no artifactual evidence of a pre-Clovis,

were present in clones of this assay); , samples containing human
antigens; —, no human antigens detected. Samples supporting putative
pre-Clovis humans in North America, based on radiocarbon dates, are
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of 16S rDNA PCR product; ?, unknown (i.e., unsure if other sequences in bold.

Presence or % SNP detected in PCR or pyrosequencing 16S rDNA Clones
Sample 14¢c Minise % Hg A 9 0 0 mammal sequenced Protein

q o Hg A, % Hg B /o A2 /o B2 canid/other total

A, B, other 663, 8281 8027, 12007 4977, 11177 (Endo:Exo)

1294-PC-5/7D-4 1,308 B, other <2, 50-98 <2, <2 34, 27 +7? NP -
1374-PC-1/2A-28 6,640 B, other <2, 48-98 <2, <2 97, 100 ? 27 (25:2)* -
1294-PC-5/6B-40 10,050 B, other <2, 38-97 <2, <2 100, 89 +/? 5 (1:4)*t v
1294-PC-5/6B-50 12,260 A, other 13-41, <2 12, 16 <2, <2 +1 NA J
1294-PC-5/7C-31 12,290 B, other <2, 98 <2, <2 21, 19 ? 22 (3:19)1 v
1374-PC-5/5D-31 12,400 B, other NP NA NA ? 24 (3:21)* -
1294-PC-2/3C-19 NP Non NA NA NA ? NA NA
1294-PC-5/10D-8 NP Non NA NA NA ? NA NA
1294-PC-2/3C-16 NP Non NA NA NA ? NA NA
1294-PC-1/4C-23 NP Non NA NA NA ? NA NA
1294-PC-5/7D-12 NP Non NA NA NA ? NA NA
1374-PC-2/1A-12 NP Non NA NA NA ? NA NA
1374-PC-1/1A-13 NP Non NA NA NA ? NA NA
1374-PC-5/5B-25 NP Non NA NA NA ? NA NA

*Clones sequenced in Copenhagen. tClones sequenced in Leipzig.
appear to be missing; thus, the total number of clones is not exactly known.

tInformative sequences of clones presented in the supporting online material in (1) for sample 1294-PC-5/6B-40
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or even Clovis-era, occupation at Paisley Caves.
Although the obsidian hydration ages [table S8
in (/)] might appear suggestive of an early hu-
man presence, such dates are notoriously un-
reliable (/5). Notably, the obsidian artifact dated
to 16,910 yr B.P. is some 2500 years older than
the reported age of the dung from the same
stratigraphic context. Typologically, none of the
stone tools recovered from the site are Paleo-
indian. The oldest reliably dated artifacts from
the cave are the string fragments that are '*C-
dated to 10,550 and 10,290 yr B.P. (post-Clovis
ages). The Clovis or post-Clovis-aged fecal
specimen 1294-PC-5/6B-40 [no. 2 in figure 1B
in (/)] was derived from much deeper than two
of the ~12,300 yr B.P. feces [nos. 5 and 6 in
figure 1B in (/)], which highlights the obvious
problem of stratigraphic disturbance in the cave.
A coprolite dated to 4130 + 40 yr B.P. (~4700
cal yr B.P.) was transported below a zone with
Mt. Mazama ash dated ~7600 cal yr B.P; it lay
10 cm above bones of extinct fauna (earlier than
~12,900 cal yr B.P.) and some 40 cm above fecal
sample 1294-PC-5/7C-31, dated to ~14,300 cal
yr B.P. [no. 4 in figure 1B in (/)]. The acknowl-
edged penetration of later human material, via
rodent burrowing, into the lower strata is ob-
viously relevant to the issues raised earlier of pos-
sible contamination of samples by urine leaching
and intermixing.

Lacking typologically distinctive artifacts in
stratigraphic order, the case for pre-Clovis human
presence in the cave is reduced to several equiv-
ocal broken animal bones and three coprolites
reported to contain Native American mtDNA.
Apart from the DNA issues raised above, are
the three pre-Clovis dates (14,300 cal yr B.P.)
accurate? Although the concordance of dates for
three split samples initially seems convincing,
the 'C dates for another split coprolite (1294-
PC-5/6B-40) present a problem: Beta-Analytic
dated one piece to 10,050 £ 50 bp, with 53¢
stated as —14.7 per mil, whereas Oxford dated
the other piece to 10,965 = 50 bp, with 8'°C of

—23 per mil. These large discrepancies of both
age and 8'°C suggest cither field or laboratory
errors in processing or, alternatively, the pres-
ence within the coprolite of organic materials of
differing inherent age.

Closer inspection of the §'°C values of the
ostensibly older coprolite samples reveals incon-
sistencies that raise questions about both their
dates and their human origin. Beta and Oxford
reported substantially different 8'°C values for
specimen 1374-PC-5/5D-31-2, —18.4 per mil
and —16.6 per mil, respectively. Although not as
extreme as the discrepancy noted in 1294-PC-5/
6B-40, this difference (1.8 per mil) appears to
be too great for what should be the same dated
material, and both values differ sharply from
those reported for the other coprolite samples
of the same age (~ —25 per mil). A possible
explanation of the '*C variability is the pres-
ence of remnants of ingested organisms of dif-
fering inherent age. Plants, fish, or waterfowl
derived from the waters of a radiocarbon-depleted
lake potentially could cause a “freshwater res-
ervoir effect,” making dates too old by ~1000
years (16). Several studies have clarified the
quantitative relationship of 8'°C in plants, the
herbivores that consume them, and carnivores
(17-19). Herbivores’ feces are generally en-
riched in 8"C by —0.9 per mil relative to the
plants in their diet. The local terrestrial plants
near Paisley Cave ~12,500 cal yr B.P. evi-
dently had a 8'*C of —25 per mil (grass) or 24
per mil (sagebrush); at ~14,300 cal yr B.P,
plant 8"*C may have been about —22 per mil.
Apart from sample 1374-PC-5/5D-31-2, discussed
above, the 8'°C of the supposedly pre-Clovis hu-
man dung is reported as —25.4/-24.5 per mil and
—25/-25.6 per mil. If derived solely from ter-
restrial sources, these values appear to imply a
strictly herbivorous diet of local grasses, which
is improbable for normally omnivorous humans.

These issues might be addressed in the fu-
ture by the separate dating of identifiable plant
and animal tissue fragments in the coprolites.

Until that is done, given the aberrant dating of
one split sample, the radiocarbon dates for the
rest cannot be regarded as secure. This uncer-
tainty, the inconclusive identification of Native
American mtDNA in these fecal samples as a
result of inadequate experimental controls, in-
consistency of results, unsubstantiated claims to
have identified all sources of contamination and
to have precluded leaching between strata, as well
as the acknowledged presence of canid DNA in
three samples, together render the inference of
widespread pre-Clovis occupation tenuous.

References and Notes
. M. T. Gilbert et al., Science 320, 786 (2008).
. T. G. Schurr, S. T. Sherry, Am. J. Hum. Biol. 16, 420
(2004).
3. M. C. Edwards, R. A. Gibbs, PCR Methods Appl. 3, 65
(1994).
4. P. Markoulatos, N. Siafakas, M. Moncany, J. Clin. Lab.
Anal. 16, 47 (2002).
5. A. Cooper, H. N. Poinar, Science 289, 1139b (2000).
6. 0. Handt, M. Hoss, M. Krings, S. Paabo, Experientia 50,
524 (1994).
7. S. Paabo et al., Annu. Rev. Genet. 38, 645 (2004).
8. ). Haile et al., Mol. Biol. Evol. 24, 982 (2007).
9. H. N. Poinar et al., Proc. Natl. Acad. Sci. U.S.A. 98, 4317
(2001).
10. E. Brandt, I. Wiechmann, G. Grupe, Int. ]. Osteoarchaeol.
12, 307 (2002).
11. E. F. Downs, ]. M. Lowenstein, J. Archaeol. Sci. 22, 11
(1995).
12. ]. A. Eiselt, D. D. Fowler, G. Haynes, R. A. Lewis, Antiquity
69, 36 (1995).
13. S. ). Fiedel, J. Archaeol. Sci. 23, 139 (1996).
14. ]. D. Leach, J. Archaeol. Sci. 25, 171 (1998).
15. L. M. Anovitz, . M. Elam, L. R. Riciputi, D. R. Cole,
J. Archaeol. Sci. 26, 735 (1999).
16. A. Fischer, ]. Heinemeier, Radiocarbon 45, 449 (2003).
17. D. Codron et al., ]. Zool. (Lond.) 273, 21 (2007).
18. M. Sponheimer et al., Can. ]. Zool. 81, 871 (2003).
19. K. Fox-Dobbs, ]. K. Bump, R. O. Peterson, D. L. Fox, P. L.
Koch, Can. ]. Zool. 85, 458 (2007).
20. We thank D. Poinar, ]. Okello, and multiple anonymous
reviewers for constructive criticism of our manuscript.
We thank the Social Sciences and Humanities Research
Council (grant 410-2004-0579), the Canadian Research
Chairs program, and McMaster University for funding.

N

6 November 2008; accepted 20 April 2009
10.1126/science.1168182

10 JULY 2009 VOL 325 SCIENCE www.sciencemag.org

Downloaded from www.sciencemag.org on December 11, 2009


http://www.sciencemag.org

