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=Abstract=Hairs were taken from 11 families (57 individuals) and peripheral blood
was also drawn from 5 out of the 11 families (28 individuals). DNAs isolated from
the hairs and peripheral bloods were amplified by polymerase chain reaction (PCR)
with primers of the DlS80 locus, D17S30 locus, and the 3' hypervariable region of
the apolipoprotein B gene. The fragment l&th polymorphism of amplified products
(AMP-FLP) was analyzed by acrylamide gel electrophoresis followed by ethidium bromide staining. The recovery of DNA from a single hair was variable from person to
person and even in an individual, 174 ng/hair on average, which was sufficient for
analysis of the 3 genetic loci. The AMP-FLP of the hairs was identical to that of the
peripheral blood in all 3 genetic loci examined. The inheritance pattern of the 3 genetic
loci was analyzed in amplified products of hair DNA, demonstrating exclusively Mendelian inheritance in all 11 families. Using hair DNAs of the 11 families, 15 alleles were
detected in the DlS8O locus, 11 alleles in the D17S30 locus, and 9 alleles in the 3'
hypervariable region of apolipoprotein B gene. Thus, analyses of genetic loci could
be performed using hair DNA instead of peripheral blood DNA, when an appropriate
amplification method is available and blood sampling is for some reason difficult.
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INTRODUCTION
Recently there have been great advances in the
characterization of genetic variation at the DNA
level, which have been applied to gene and disease mapping (Caskey 1987) and to the forensic
identification of individuals (Baird et a/. 1986; Gill
et a/. 1985 and 1987; Giusti et a/. 1986; Jeffreys
et a/. 1985a; Kanter et a/. 1986). The most common
method used for these purposes was the analysis
of restriction fragment length polymorphism (RFLP)
via Southern blotting technique. Although extremely
effective, the RFLP method requires microgram
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amounts of relatively undegraded DNA for multi-locus typing (Jeffreys et al. 1985b), and hundreds
of nanograms for single-locus analysis (Wong et
a/. 1987). Such an amount of DNA can not be frequently obtained from forensic samples such as
single hairs, blood stains and semen stains.
PCR (Saiki et a/. 1985) can be a useful tool for
DNA typing, when only limited quantities of DNA
are available. Furthermore, the use of PCR can
eliminate the need for an isotopic assay and reduce time and cost. In fact, using PCR followed
by electrophoretic separation of the amplified fragments (AMP-FLP), the D17S30 locus (Horn et a/.
1989), the 3' hypervariable region of the apolipoprotein B gene (Boerwinkle et a/. 1989; Ludwig et
a/. 1989) and the D1S80 locus (Budowle et a/. 1991;
Kasai et a/. 1990; Kasai and Mukoyama 1990) have
been analysed.

Since hairs are among the most frequent biological evidence obtained at crime scenes, their identification provides considerable information to the
forensic field. The current identification of hairs is
mainly based on morphology such as size, shape
and color, which has an inherent subjectivity. Protein polymorphisms and ABH typing have been
performed on single hairs (Divall 1985; Gerhard and
Hermes 1987), but protein polymorphisms in hairs
do not offer the considerable information that DNA
typing does. HLA-DR (Han et a/.1990) and HLADQA (Higuchi et a/.
1988) have been typed in single
hairs by PCR technique. But in order to give a high
degree of individual specificity, analysis of polymorphic systems should be combined from a
single sample.
The current report describes PCR amplification
of the loci of DlS80, D17S30 and 3' hypervariable
region of the apolipoprotein B gene using DNA
recovered from single hairs. DNA is also prepared
from the blood of some corresponding individuals
and amplified for comparison. Both DNAs are amplified by DNA thermal cycler (Perkin-Elmer-Cetus)
followed by electrophoresis for polymorphic sizing.
This would provide valuable information of identification in the forensic field and substitute hair DNA
analysis for blood sampling in the field of genetic
anthropology.

MATERIALS AND METHODS
Hairs were plucked from 11 volunteer families
(57 individuals), one to eight hairs from each person. 5 mm of the root portion was cut and incubated at 3 7 k overnight in 500 y1 of 0.01 M Tris-HCI,
0.01 M EDTA, 0.1 M NaCl (pH 8.0), containing 50
yglml proteinase K, 0.038 M dithiothreitol (DTT),
and 2% sodium dodecyl sulfate (SDS). Further purification of the genomic DNA was carried out as
described by Higuchi et a/.(1988).
For comparison study, peripheral blood DNA
was prepared from 5 families (28 individuals) as
described by Kunkel et a/.(1982). The amount of
DNA recovered was quantified by DNA fluorometer
(TKO 100 Fluorometer, Hoeffer Scientific Instruments).
The primers in amplification of the DlS80 lo-

cus were 5'-GAAACTGGCCTCCAAACACTGCCCGCCG-3' and 5'-GTCTTGTTGGAGATGCACGTGCCCCTTGC-3', as described by Kasai et a/.(1990).
Two nanograms of genomic DNA were amplified
in 25 y1 of a reaction mixture containing 67 mM
Tris-HCI (pH 8.3), 6.7 mM magnesium chloride, 16.6
mM ammonium sulfate, 10 mM 2-mercaptoethanol,
170 yglml bovine serum albumin, 10% dimethyl
sulfoxide, 2.5 mM each of the deoxy forms of adenosine triphosphate, cytidine triphosphate, guanosine triphosphate, thymidine triphosphate, 1.25 units
of Taq polymerase, and 2 uM of each primer. After
denaturation of the DNA at 9 5 k for 1 min, annealing was done at 6 5 k for 1 min, with an extension
at 70k for 8min, and repeated for 30 cycles.
The primers in the amplification of the 3' hypervariable region of the apolipoprotein 6 gene were
5'-ATGGAAACGGAGAAATTATG-3' and 5'-CCTTCTCACTTGGCAAATAC-3', as described by Boerwinkle et a/.(1989). The PCR was carried out in
25 yl of a reaction mixture containing 25 ng of
genomic DNA, 200 yM each dNTP, 25 ng each
of each primer, 10 mM Tris-HCI (pH 8.31, 50 mM
KCI, 2.5 mM magnesium chloride, and 1.25 units
of Taq polymerase. Denaturation for 1 min at 9 4 k ,
and annealing and extension for 6 min at 5 8 k
were repeated for 26 cycles.
The amplification of the D17S30 locus was carried out as described by Horn et a/.(1989) with
some modifications. The primers were 5'-CGAAGAGTGAAGTGCACAGG-3' and 5'-CACAGTCTTTATTCTTCAGCG-3'. The PCR was caried out in 25 yl
of a reaction mixture containing 50 ng of genomic
DNA, 0.5 pM of each primer, 300 mM of each dNTP,
10 mM Tris-HCI (pH 8.3),50 mM KCI, 2.5 mM magnesium chloride, and 1.25 units of Taq polymerase.
After denaturation for 5 min at 9 4 k , denaturation
for 1 min at 95k and annealing for 1 min at 55
k were carried out, followed by extension for 8
min at 7 2 k , and repeated for 30 cycles.
The polymorphism of the amplified products was
analysed by ethidium bromide staining after electrophoresis on polyacrylamide gels.

RESULTS
A total of 316 hairs were plucked from 57 indi-

Fig. 1. Isolation of relatively high molecular weight
DNA from hair roots. Lane 1, one hair; Lane
2, 2 hairs; Lane 3, 3 hairs; Lane 4, 4 hairs;
M, size standards from lamda DNA digested
with Hind Ill and Eco RI.

Fig. 2. Comparison of D l S80 polymorphism amplified
with hair DNAs (lane 4-6) and peripheral blood
DNAS (lane 1-3). Lane 1 and 4, father; Lane
2 and 5, mother; Lane 3 and 6, child; MI, size
marker made by author; M2 123 bp DNA ladder.
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Fig. 3. Mendelian inheritance of D1S80 alleles amplfied with hair DNAs. The number in pedigree diagram is
the lane number of electrophoresis. Five alleles of the DlS80 locus are demonstrable in this family.
M; size marker made by author.
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Fig. 4. Mendelian inheritance of D17S30 alleles amplified with Hair DNAs. The number in pedigree diagram
IS the lane number of electrophoresis. Four alleles of the D17S30 locus are shown in this family. M;

123 bp DNA ladder.

Fig. 5. Mendelian inheritance of 3' hypervariable region of apolipoprotein B gene. Lane 1, father;
Lane 2, mother; Lane 3, child 1; Lane 4, child
2; Lane 5, child 3; Lane 6, child 4; MI, size

marker made by author; M2, 123 bp DNA ladder.
viduals, 5.5 hairs per person on average. The

amount of DNA recovered from each hair varied
greatly between individuals even in a single person,
ranging from 40 nanogram to 746 nanogram, 174
nanogram per hair on average. Electrophoresis of
DNA recovered from hairs on 0.7% agarose
showed that relatively high molecular weight DNA
could be isolated from fresh hair roots (Fig. 1). No
DNA could be isolated from hair shafts.
In the blood-sampled families the polymorphic
profile of the D1S80 locus, D17S30 locus and 3'
hypervariable region of apolipoprotein 5 gene amplified with peripheral blood DNAs was identical
to that of hair DNAs in the corresponding individual.
Fig. 2 shows the D1S80 profile in a family amplified
with hair DNAs and peripheral blood DNAs, exhibiting an identical size polymorphism in amplified
products.
The amplified products of the D1S80 locus, D17S
30 locus and 3' hypervariable region of apolipoprotein B gene clearly showed the Mendelian inheritance in all of the 11 families examined, as illustrated
in Fig. 3, Fig. 4 and Fig. 5, respectively. In 11 families
(57 individuals) examined with hairs, 15 alleles were
detected in D1S80 locus, 11 alleles in D17S30 locus, and 9 alleles in 3' hypervariable region of apolipoprotein B gene as shown in Table 1.

Table 1. Alleles of D1S80, D17S30, apolipoprotein B gene detected in 1 1 families
Family

Total

Family

Alleles Detected

Size

D1S80

D17S30

57

15 alleles

11 alleles

DISCUSSION
Most of the DNA in hair is located in the root
and in the surrounding sheath cells (Higuchi et a/.
1988). The amount of DNA recovered from a hair
is a limiting factor for combined DNA analyses.
Multi-locus DNA 'fingerprint' has been performed
on DNA pooled from multiple, freshly-plucked hairs
of the same individual (Gill et a/. 1985) and a singlelocus analysis could presumably be done on a
single, freshly-plucked hair (Wong et a/. 1987). The
amount of DNA recovered from a freshly plucked
hair varied from person to person and even within
an individual. In the current study 174 ng of DNA
was purified from a single hair on average, which
meets more than two times the minimal requirement
of DNA in amplifying D l S80 locus, D l 7S30 locus
and 3' hypervariable region of apolipoprotein B
gene. Similar to this recovery, Higuchi et a/. (1988)
rarely purified more than 200 ng of DNA from a
freshly plucked hair.
The quality of DNA is presumably another limiting
factor in amplifying VNTR loci. Theoretically as long
as there is enough single-stranded DNA to bridge
the distance between the 5' ends of the two oligonucleotide primers, PCR amplification can take
place. However, in amplification of DlS80 in DNA

apolipoprotein B

9 alleles

recovered from vaginal sperm (Lee 1991) only lowmolecular weight allele has been amplified in degraded male DNA. This kind of problem has been
observed in RFLP analysis of VNTR loci. In multilocus DNA 'fingerprint' analysis high-molecular
weight DNA from a 5-yr-old semen stain and 3yr-old bloodstain had degraded so that no pattern
was visualized in RFLP study (Gill et a/. 1985). In
contrast, in amplification of HLA-DQA, Higuchi et
a/. (1988) suggests that degraded DNA can be
amenable to genetic analysis using PCR. The difference in the amplification profile between VNTR
loci and HLA-DQA in degraded DNA might be related to the property of the target DNA amplified.
Since HLA polymorphism is not size-specific but
sequence-specific, an intact target for amplification
may be prone to be more well preserved in
sequence-specific polymorphic DNAs than those
of variable size when DNA becomes degraded.
DNA isolated from hairs in this study was of highmolecular size, largely of more than 21 kb as
shown in Fig. 1.
In the three VNTR loci examined in the current
paper the polymorphic profile of amplfied products
was identical between hair DNAs and peripheral
blood DNAs. Thus, when appropriate genetic loci
are available for PCR amplification, collection of
hairs can be substituted for blood sampling es-

pecially in those circumstances where the giving
of blood is forbidden by religion or custom and/or,
where transportation of blood samples may b e difficult or expensive. In fact, in pedigree analysis to
detect mutation in a newly found genetic locus,
it is quite difficult to sample blood from all family
members for various reasons. In this study hairs
were collected without any difficulty.
As shown in Fig. 3, Fig. 4 and Fig. 5, Mendelian
inheritance was clearly demonstrable in the VNTR
loci examined by PCR amplification of hair DNAs.
Therefore, hairs containing roots can be used for
pedigree analysis, disease and gene mapping etc.,
if the desirous genetic loci are amplitied by PCR.
In forensic identification combined analysis of genetic loci can offer a high degree of individual specificity as long as the allele frequencies of the loci
are established. Analysis of the three loci examined
in this paper has been performed on hundreds of
unrelated individuals for detection of new alleles
and calculation of allele frequencies, the results
of which will be published elsewhere.
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