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Short Communication

An Evaluation of Techniques for the Extraction and
Amplification of DNA from Naturally Shed Hairs

Linda Vigilant

Max Planck Institute for Evolutionary Anthropology,
Inselstr. 22, D-04103 Leipzig, Germany

Hair can be a valuable source of DNA for the nonin-
vasive study of human and nonhuman populations.
However, hairs contain extremely small quantities of
DNA, making the method used to extract the DNA of
paramount importance. This study compares the ef-
fectiveness of 4 different methods of DNA extraction
from shed chimpanzee hair, as measured by the ability
to amplify mtDNA targets using PCR. The most suc-
cessful method is also the simplest, requiring only di-
gestion of the root end in a buffer compatible with sub-
sequent PCR without a prior purification or extraction
step. Strategies to non-specifically preamplify the
template are not successful with DNA from stored
shed hairs.
Key words: Chimpanzees / Extraction / Hair /
Noninvasive / PCR / Preamplification.

The DNA obtained from shed or plucked hairs is useful for
genetic analysis in forensic investigations (Pascali et al.,
1994; Allen et al., 1998; Menotti-Raymond et al., 1997;
Savolainen and Lundeberg, 1999) and for questions of the
population structure and molecular evolution of a variety
of species (Vigilant et al., 1989; Morin et al., 1994; Garner
and Ryder, 1996; Taberlet et al., 1997; Goossens et al.,
1998; Lum et al., 1998; Gagneux et al., 1999). Many stud-
ies have examined only the more abundant mtDNA be-
cause nuclear DNA targets are more difficult to amplify,
particularly from shed rather than plucked specimens
(Goldberg and Ruvolo, 1997; Saltonstall et al., 1998). A
possible solution to the problem of low starting amounts of
DNA would be the use of a preliminary PCR procedure em-
ploying degenerate primers to non-specifically increase
the amount of template prior to locus-specific amplifica-
tion (Zhang et al., 1992; Cheung and Nelson, 1996). As part
of a long-term project investigating social behavior and
reproductive strategies in natural populations (Boesch,
1997; Gagneux et al., 1999), I evaluated the relative suc-
cess of a variety of methods of extraction and amplifica-
tion of DNA using shed chimpanzee (Pan troglodytes
verus) hairs. Hairs used were collected in 1994 from wild
chimpanzee nests, placed individually in glassine envel-
opes and kept dessicated at room temperature for sever-

al weeks prior to subsequent long-term storage at –80°C
(Gagneux, 1998). 

Individual hair root segments approximately 3 mm in
length were treated by four different methods: (1) organic
extraction subsequent to proteinase K digestion (Higuchi
et al., 1988; Vigilant et al., 1989); (2) Qiagen tissue kit pu-
rification, which is a protease digestion followed by DNA
purification and isolation using a spin column with a silica-
gel membrane as per the manufacturer’s instructions; (3)
Chelex (Biorad) ionic bead resin treatment, with and with-
out accompanying proteinase K digestion (Walsh et al.,
1991); and (4) proteinase K digestion in a PCR-compatible
buffer (Allen et al., 1998). The results of these comparisons
are presented in Table 1. The most successful methods
are also the simplest. Extraction of DNA using Chelex resin
is the method most commonly used with field-collected
hair (Taberlet et al., 1997; Field et al., 1998; Gagneux et al.,
1999). Although in this study it was possible to amplify an
mtDNA target from 70% of the samples, reported success
rates using Chelex are often substantially lower (Gold-
berg, 1996; Saltonstall et al., 1998). The other simple
method of enzymatic digestion without further purifica-
tion, was more successful (85%), although the difference
was not statistically significant. It has been observed that

Table1 Comparison of Methods for the Isolation of DNA from
Single Hairs. 

Method Timea Successb

(%)

1. Organic O/N + 3 h 12/25 (48)
2. Tissue kit 1 h 11/26 (42)
3. Chelex O/N + 20 min 19/27 (70)
4. Buffer digest O/N + 20 min 22/26 (85)

a Approximate amount of time required to process up to 12 sam-
ples, O/N (overnight) digests with proteinase K were performed
for 14–18 h.

b Number of extracts that successfully amplify a 286 bp segment
of the mtDNA control region using 0.2�M each of primers
L15996 (Vigilant et al., 1989) and H16242v (5�-GTGTCGTTG-
GAGTTGTGT-3�) as well as 1U Amplitaq Gold (Perkin Elmer)
polymerase, 1 � PCR Buffer II (Perkin Elmer), 2mM MgCl2, 10mM

dNTPs, 25�g BSA (Boehringer Mannheim) in a Perkin Elmer
9600 thermocycler with conditions of denaturation of 5 min at
95°C, 50 cycles of 95°C for 30 s, 58°C for 30 s, and 72°C for
30 s. One �l of 200�l total extract was used per reaction. Suc-
cess of the PCR was determined by the presence of a visible
band of the correct size after electrophoresis of 1/5th of the
product through a 3% NuSieve (FMC) agarose gel.
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components that co-purify with the Chelex-extracted
DNA can inhibit subsequent analyses and possibly cause
DNA degradation during storage (Prager et al., 1998; Stef-
fens and Roy, 1998), making the identification of an easy
alternative in the form of enzymatic digestion without fur-
ther purification particularly useful.

It is possible that reactions may fail not due to the low
amount of initial template presence, but due to the pres-
ence of inhibitors that persist through the DNA isolation
procedure. To check for this effect, aliquots of unsuccess-
ful reactions from all methods were added at five times the
amount normally used to 50 ng of control DNA. These mix-
tures did subsequently amplify, suggesting that the origi-
nal failures are due to low template concentration. This is
also supported by a comparison of the ability to amplify
mtDNA segments of various lengths, in which a clear ten-
dency for reduced success with increasing target size was
seen. In tests of the 26 samples extracted by the buffer di-
gest method, segments up to 300 bp long are amplified
with an efficiency of more than 80%, but the chance of am-
plifying a 400 bp segment decreases to only about 60%.
Finally, only about 15% of samples produce a 500 bp seg-
ment. This is consistent with the idea that DNA from shed
hair is not only present in small amount, but is also de-
graded (Higuchi et al., 1988). 

Samples successfully extracted using the buffer digest
method were evaluated for the ability to amplify some
nuclear microsatellite loci (LL1, PLA2A, FABP, vWF and
FESPS) previously used in genotyping of chimpanzees
(Gagneux et al., 1999). As expected, these amplifications
had a lower success rate due to the lower copy number of
the nuclear targets. Approximately one-third of the sam-
ples could produce the expected 100 to 200 bp length
products, and one locus (Pla2a) with small alleles typically
ranging from 68 to 92 bp was amplified in about half of the
attempts. For both the mtDNA and nuclear amplifications
the results presented represent only one attempt with
each sample; the percentage of successful samples could
increase slightly with repeated testing. A positive PCR
does not guarantee an accurate genotype, but the geno-
type and mtDNA segment sequence of one of the individ-
uals had been previously determined using different meth-
ods and the same results were obtained using the meth-
ods described here (Gagneux, 1998).

Since the most significant problem presented by the
hair samples is the low amount of DNA available, nonspe-
cific amplification procedures to increase the amount of
template available for subsequent analysis were tested.
These DOP-PCR and PEP-PCR experiments followed the
procedures described in the literature, and used 1 to 5 �l
of DNA isolated from hair using the digestion in buffer
method per reaction (Zhang et al., 1992; Cheung and Nel-
son, 1996). One �l of the resulting product or the original
hair extract was used as a template for conventional am-
plification of mtDNA and genomic DNA targets. In all cas-
es where subsequent specific amplification from the pre-
amplified sample was successful, an aliquot of the original
sample diluted to the same original template concentra-

tion as in the preamplification reaction would also yield a
product upon specific amplification. It may be that the
fragmentary nature of the hair DNA makes nonspecific
amplification of the genome unlikely. 

Due to the very low quantities of DNA present in shed
hair (�10 ng total), reliability of genotypes must be de-
monstrated by use of a multiple tubes approach to guard
against errors such as stochastic sampling, false alleles
and sporadic contamination (Taberlet et al., 1996; Gag-
neux et al., 1997). The use of a minimum of 3 positive PCRs
per locus in multilocus genotyping can quickly exhaust the
available sample and necessitate extraction of many addi-
tional hairs. Previous studies have used from 1/20th to
1/100th of the sample per PCR (Gagneux et al., 1997;
Taberlet et al., 1997). Only 1/200th of the sample prepared
by the buffer digest method is needed per reaction, thus
permitting many PCR attempts from a single hair. 

In conclusion, the use of shed hair samples for popula-
tion studies, and in particular to examine nuclear rather
than mtDNA, demands persistence, as some amplifica-
tion failure is inevitable. The use of a procedure in which
the hair root is digested in a PCR-compatible buffer allows
the processing of the hair with no chance of loss of any
sample material, and allowed in this small study the ampli-
fication of a mtDNA target from almost all samples. It re-
mains to be seen whether alternate storage methods,
such as the use of silica beads as was recently applied to
preserve fecal samples, may be used to ward off degrada-
tion and enhance the ability to analyze DNA from hair
(Wasser et al., 1997).

Acknowledgements

I am grateful to P. Gagneux and C. Boesch for materials, in-
formation, and discussion. I also thank P. Morin, S. Pääbo, 
M. Stoneking, and D. Woodruff for helpful discussion. 

References

Allen, M., Engström, A.S., Meyers, S., Handt, O., Saldeen, T., von
Haeseler, A., Pääbo, S., and Gyllensten, U. (1998). Mitochon-
drial DNA sequencing of shed hairs and saliva on robbery caps:
sensitivity and matching probabilities. J. Forensic Sci. 43,
453–464.

Boesch, C. (1997). Evidence for dominant wild female chim-
panzees investing more in sons. Animal Behaviour 54, 811–
815.

Cheung, V.G., and Nelson, S.F. (1996). Whole genome amplifica-
tion using a degenerate oligonucleotide primer allows hun-
dreds of genotypes to be performed on less than one
nanogram of genomic DNA. Proc. Natl. Acad. Sci. USA 93,
14676–14679.

Field, D., Chemnick, L., Robbins, M., Garner, K., and Ryder, O.
(1998). Paternity determination in captive lowland gorillas and
orangutans and wild mountain gorillas by microsatellite analy-
sis. Primates 39, 199–209.

Gagneux, P. (1998). Population genetics of West African chim-
panzees (Basel, Switzerland: University of Basel).



Gagneux, P., Boesch, C., and Woodruff, D.S. (1997). Microsatel-
lite scoring errors associated with noninvasive genotyping
based on nuclear DNA amplified from shed hair. Mol. Ecol. 6,
861–868.

Gagneux, P., Boesch, C., and Woodruff, D.S. (1999). Female re-
productive strategies, paternity and community structure in
wild West African chimpanzees. Animal Behaviour 57, 19–32.

Garner, K.J., and Ryder, O.A. (1996). Mitochondrial DNA diversity
in gorillas. Mol. Phylogenet. Evol. 6, 39-48.

Goldberg, T. (1996). Genetics and biogeography of East African
chimpanzees, Pan troglodytes schweinfurthii (Cambridge,
USA: Harvard University).

Goldberg, T.L., and Ruvolo, M. (1997). The geographic apportion-
ment of mitochondrial genetic diversity in east African chim-
panzees, Pan troglodytes schweinfurthii. Mol. Biol. Evol. 14,
976–984.

Goossens, B., Graziani, L., Waits, L.P., Farand, E., Magnolon, S.,
Coulon, J., Bel, M.-C., Taberlet, P., and Allaine, D. (1998). Extra-
pair paternity in the monogamous Alpine marmot revealed by
nuclear DNA microsatellite analysis. Behav. Ecol. Sociobiol.
43, 281–288.

Higuchi, R., von Beroldingen, C.H., Sensabaugh, G.F., and Erlich,
H.A. (1988). DNA typing from single hairs. Nature 332, 543–
546.

Lum, J.K., Cann, R.L., Martinson, J.J., and Jorde, L.B. (1998). Mi-
tochondrial and nuclear genetic relationships among Pacific
Island and Asian populations. Am. J. Hum. Genet. 63, 613–
624.

Menotti-Raymond, M.A., David, V.A., and O’Brien, S.J. (1997).
Pet cat hair implicates murder suspect. Nature 386, 774.

Morin, P.A., Moore, J.J., Chakrborty, R., Jin, L., Goodall, J., and
Woodruff, D.S. (1994). Kin selection, social structure, gene
flow, and the evolution of chimpanzees. Science 265, 1193–
1201.

Pascali, V.L., Bisol, G.D., Dobosz, M., d’Aloja, E., Paonessa, G.,
and Mereu, U. (1994). Chimpanzee DNA profiles on trial. Nature
367, 692–693.

DNA Extraction from Shed Hairs 1331

Prager, E.M., Orrego, C., and Sage, R.D. (1998). Genetic variation
and phylogeography of central Asian and other house mice, in-
cluding a major new mitochondrial lineage in Yemen. Genetics
150, 835–861.

Saltonstall, K., Amato, G., and Powell, J. (1998). Mitochondrial
DNA variability in Grauer’s gorillas of Kahuzi-Biega National
Park. J. Hered. 89, 129–135.

Savolainen, P., and Lundeberg, J. (1999). Forensic evidence
based on mtDNA from dog and wolf hairs. J. Forensic Sci. 44,
77–81.

Steffens, D.L., and Roy, R. (1998). Sequence analysis of mito-
chondrial DNA hypervariable regions using infrared fluores-
cence detection. Biotechniques 24, 1044–1046.

Taberlet, P., Griffin, S., Goossens, B., Questiau, S., Manceau, V.,
Escaravage, N., Waits, L.P., and Bouvet, J. (1996). Reliable
genotyping of samples with very low DNA quantities using
PCR. Nucleic Acids Res. 24, 3189–3194.

Taberlet, P., Camarra, J.J., Griffin, S., Uhres, E., Hanotte, O.,
Waits, L.P., Dubois-Paganon, C., Burke, T., and Bouvet, J.
(1997). Noninvasive genetic tracking of the endangered Pyre-
nean brown bear population. Mol. Ecol. 6, 869–876.

Vigilant, L., Pennington, R., Harpending, H., Kocher, T.D., and
Wilson, A.C. (1989). Mitochondrial DNA sequences in single
hairs from a southern African population. Proc. Natl. Acad. Sci.
USA 86, 9350–9354.

Walsh, P.S., Metzger, D.A., and Higuchi, R. (1991). Chelex 100 as
a medium for simple extraction of DNA for PCR-based typing
from forensic material. Biotechniques 10, 506–513.

Wasser, S.K., Houston, C.S., Koehler, G.M., Cadd, G.G., and
Fain, S.R. (1997). Techniques for application of faecal DNA
methods to field studies of Ursids. Mol. Ecol. 6, 1091–1097.

Zhang, L., Cui, X., Schmitt, K., Hubert, R., Navidi, W., and Arn-
heim, N. (1992). Whole genome amplification from a single cell:
implications for genetic analysis. Proc. Natl. Acad. Sci. USA 89,
5847–5851.

Received July 21,1999; accepted September 29,1999


