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Abstract

We developed a method for human identification of forensic biological materials by PCR-
based detection of a human-specific sequence in exon 3 of the myoglobin gene. This human-
specific DNA sequence was deduced from differences in the amino acid sequences of myoglobins
between humans and other animal species. The new method enabled amplification of the target
DNA fragment from 30 samples of human DNA, and the amplified sequences were identical with
that already reported. Using this method, we were able to distinguish human samples from those
of 21 kinds of animals: the crab-eating monkey, horse, cow, sheep, goat, pig, wild boar, dog,
raccoon dog, cat, rabbit, guinea pig, hamster, rat, mouse, whale, chicken, pigeon, turtle, frog, and
tuna. However, we were unable to distinguish between human and gorilla samples. This method
enabled us to detect the target sequence from 25 pg of human DNA, and the target DNA fragment
from blood stored at 37 degrees C for 6 months, and from bloodstains heated at 150 degrees C for
4 h or stored at room temperature for 26 years. Herein we also report a practical application of the
method for human identification of a bone fragment.
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Human Identification from Forensic Materials by
Amplification of a Human-Specific Sequence
in the Myoglobin Gene
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Takaki Ishikawa, and Hideo Ishizu
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We developed a method for human identification of forensic biological materials by PCR-based
detection of a human-specific sequence in exon 3 of the myoglobin gene. This human-specific DNA
sequence was deduced from differences in the amino acid sequences of myoglobins between humans
and other animal species. The new method enabled amplification of the target DNA fragment from
30 samples of human DNA, and the amplified sequences were identical with that already reported.
Using this method, we were able to distinguish human samples from those of 21 kinds of animals:
the crab-eating monkey, horse, cow, sheep, goat, pig, wild boar, dog, raccoon dog, cat, rabbit,
guinea pig, hamster, rat, mouse, whale, chicken, pigeon, turtle, frog, and tuna. However, we
were unable to distinguish between human and gorilla samples. This method enabled us to detect the
target sequence from 25 pg of human DNA, and the target DNA fragment from blood stored at 37
°C for 6 months, and from bloodstains heated at 150 °C for 4 h or stored at room temperature for 26
years. Herein we also report a practical application of the method for human identification of a bone
fragment.
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S tudies on a method for human identification from

forensic materials had long concentrated on the
application of immunological reaction until the 1980s when
hybridization methods with an Alu probe or a human
repetitive 2.3 kb Hind III fragment probe were reported
[1, 2]. In the 1990s, PCR was introduced in research
on human identification [3-12]. However, these new
methods also posed problems: they required the analysis
of band patterns and/or size of amplicons; used expen-

sive kits and instruments for analysis; involved trouble-
some procedures such as amplification using some sets of
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primers and/or subsequent digestion with endonuclease (s):
and investigated only a few species of animals. Moreover,
these reports, with only one exception, presented no
rationale for human specificity (that is, no information on
animals’ DNA sequences), and species specificity of these
methods were merely empirical. Although human specific
Alu sequences are known [13], they have not been
applied in forensic practice for human identification using
PCR.

The primary structure of the myoglobins of human
and a great many animal species have been determined and
registered (SWISS-PROT). This means that a human-
specific sequence in an exon of the myoglobin gene can be
deduced from known interspecies differences in amino acid
sequence, although the nucleic acid sequences of this gene
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have not been elucidated in many animal species. Thus,
we developed a method for human identification by
amplification of a human-specific sequence in the myo-
globin gene. We also tested the usefulness of the method
by applying it to forensic specimens that had been kept
under various conditions.

Materials and Methods

Rationale and primer design. Table 1 lists
the portion of the amino acid sequence of human myo-
globin that is encoded by exon 3, along with the corre-
sponding portions of the myoglobins of certain animals.
A comparison of these sequences showed that amino acids
at positions 110, 144, and 145 from the N terminal in
many of the animals were different from those in human:
cysteine in human at position 110 was substituted with
alanine, isoleucine, or valine in animals; serine at posi-
tion 144, with alanine or glutamic acid; and asparagine at
position 145, with lysine, glutamine, or glutamic acid.
According to the codons corresponding to the substituted
amino acids, we determined the bases that were different
between human and animals. For the cow, pig, mouse,
seal, whale, tuna, and human, the reported sequences
were used (Table 2). On this basis, we designed 3
primers, the 3’-terminals of which were located in the
regions having interspecies differences: a forward primer
(MbE3F1) and 2 reverse primers (MbE3R1 and
MbE3R2) (Table 2). The primer sequences and 2 kinds
of reaction system based on primer combinations were as
follows:

Acta Med. Okayama Vol. 55, No. 3

Primer sequence

MbE3F1: 5°-CTGCAGTTCATCTCGGAATG-3

MbE3R1: 5-GGAAGCCCAGCTCCTTGTAG-3

MbE3R2: 5-CCCAGCTCCTTGTAGTTGGA-3

Reaction system

3a: amplification using primer set MbE3F1-MbE3R1

3b: amplification using primer set MbE3F1-MbE3R2
PCR of a template DNA of human origin using these
primers is expected to amplify a 145 bp DNA fragment in
the 3a system and a 140 bp DNA fragment in the 3b
system. In contrast, PCR of a template DNA of animal
origin should fail to give an amplification product in either
reaction system.

Human and animal DNA samples. Human
DNA was isolated from the leukocytes present in 2 ml of
peripheral blood of 30 healthy individuals by the phenol-
chloroform (P-C) method and dissolved in 100 ul of
Tris-EDTA buffer (TE). DNA from K562 cells was
used as a human standard at concentrations of 1 ng-1 pg/
Ll

Animal DNA was similarly extracted from about 30
mg of muscle of 22 animal species: gorilla, crab-eating
monkey, horse, cow, sheep, goat, pig, wild boar,
raccoon dog, dog, cat, rabbit, guinea pig, hamster, rat,
mouse, whale, chicken, pigeon, turtle, frog, and tuna.
Solutions containing 50 ng/ u!1 of the extracted DNA were
prepared for use in PCR.

Dilution or storage of blood and extrac-
tion of DNA. Serial 10-fold dilutions of up to 1:
100,000 of peripheral blood from 3 healthy individuals
were prepared with distilled water. DNA was extracted

Table | The amino acid sequences of the myoglobins of human and various animals (portions corresponding to exon 3).

Human (P02144) 106- FISEC I IQVLQSKHP GDFGADAQGA MNKALELFRK DMASNYKELG FQG-153
Gorilla (P02147) kokokokok skeokokskokokoskoksk ok seskeskoskokoskosk ok ook skokskokkokskskkk skofesk ok skok ok ok ok ok skokk
Cow (P02192) kDA skokH %k kHA kokk S NKA skskskoskoskok *S skkkokkkkN kA RE KkkV %ok kH %
Horse (P02188) *%k%kDA kkH kokH skokoskok KN skokokokokokokok *T skokokokokskkN % | kA Kokokokokok *okok
Sheep (P02190) k%kkDA skeokH ek HA skokk S Nskskskoskook skok % %S skekskoskskkkN kokokA E kkV kok skokok
Pig (P02189) sk sk ok A skeokskskskorsksk sk k skeskoskok ok ok ok okosk %k *S skkkokokkkN skakskA Koskoskokokok skokok
Dog (P02158) k% kDA sk okokskokkH SkkkkkTEA % *K dkkkokkkkN sk | kA Kskskskskok skoksk
Rabbit (P02170) kokokkA ok H %k Hkokkok skokokokokokokokA % *S skekokokokokkN % | kA Qkokokokok *okok
Mouse (P04247) skesteosksk | *kE kxkKKR*S seskeskeskok sk ok ok okok %S skkokkkk kN % | kA Kkokskokok kokok
Seal (P02162) ok kKA skokH sk ok Hokokokk AE skskskkokA %k kK kskokskokk kN % | A Kokskskoskok kH %
Whale (P02185) *kokokkA *kkH sk kH %R %% seckokokokok ok skok ok kkokokokokokokkok % | kA Kokokokokok Y sk
Chicken (P02197) kekkokY *kK sk | AE % kA AskorokokkS kA % kK kskokskokskkD skokskokK skokkF % skoksk
Turtle (P02202) *%C % | *VK*k [AEkk% S xkkkkS KA % kK skskokskkk kN skokskok K skok ok F ok kL%
Tuna (P02205) L kskxkV LVK*MHE*AG Lk--%GG*T* LRNVMG I I 1A kL EA skskokskosksk *S %

SWISS-PROT accession number is given in parenthesis.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 55/iss3/4
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from 10 ul of each dilution by the P-C method, and a
fourth of the extracted DNA was used as a template for
PCR.

Alternatively, peripheral blood from 3 healthy individ-
uals was sealed in 5-ml vials and stored at 4 °C, room
temperature, or 37 ‘C in the dark for up to 6 months.
DNA was extracted from 10 ul of each sample of stored
blood by the P-C method, and a fourth of the extracted
DNA was used as a template for PCR.

Preparation of heated or aged bloodstains
and extraction of DNA. Bloodstains were made
on cotton cloth using 10 1 of peripheral blood from 3
healthy individuals. These bloodstains were heated at 150,
170, or 200 °C for up to 6 h. DNA was extracted from
each bloodstain by the P-C method, and a fourth of the
extracted DNA was used for PCR.

DNA samples of aged bloodstains were also obtained
from one square centimeter of each of the three 26-year-
old bloodstains on cotton cloth stored in the dark at room
temperature by the P-C method, and a twentieth of the
extracted DNA was used as a template for PCR.

Conditions of PCR and electrophoresis.
Each PCR mixture (25 xl) contained 2.5 1 of a template
DNA solution, 0.15 ] of 5 units/ul Ex Taq (Takara
Shuzo Co., Ltd., Otsu, Japan), 2.5 ul of PCR buffer
distributed with Ex Taq, 1 xl of 2.5 mM each of ANTP
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mixture, 0.25 ] of 20 mg/ml of bovine serum albumin,
0.25 1 of 50 uM each primer, and 18.1 ul of sterile
distilled water. After preheating the mixture at 95 °C for
3 min, PCR was performed for 35 cycles of denaturation
at 94 °C for 40 sec, annealing at 63 °C for 1 min, and
extension at 72 °C for 1 min.

The PCR products were electrophoresed on an 8%
polyacrylamide gel at 200 V for 70 min, and the gel was
examined for the presence or absence of amplification
products after being stained with ethidium bromide.

Sequencing of amplification products.
Amplification products were electrophoresed on a 1%
agarose gel and the target fragments were recovered from
the gel. They were then sequenced with a BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems,
Forster City, CA, USA) using the PCR primers as the

sequencing primers.
Results

In reaction systems 3a and 3b, PCR of template
DNA from 30 human subjects each gave an amplified
product, which was observed as a single band on electro-
phoresis. Fig. 1 depicts the results of PCR of DNA from
10 different subjects in reaction system 3a. Sequencing of
5 amplification products showed that their sequences all

Table2  The deduced sequences of exon 3 of the myoglobin gene in human and various animals and the regions for which the primers were

designed.

2Human (X00373) TTCATCTCGGAATGCATCATC ATGGCCTCCAACTACAAG
Gorilla (P02147) *%kY sk kHWS NskkRkkY skkHkkH skokk Ak kNWS NkkY WMN k%R
aCow (D00409) sokskokskokskokk ook T GC kkokkkkk GC#kokkGAGk*Gkdkkokkk
*Horse (P02188) kY sk kHWS NskkY GC Nk skHkkH *%Y kkNGkN*kkRWMN**%R
®Sheep (P02190) *xkY %kHWS Nk*Y GCNkskHkkH *%k%%k%kNG*NG*kRWMN**R
Pig (M14433) skokskokokokok kA kokk G C kokokokkokok kokokkok GGk kkokGkskskkokk
*Dog (P02158) k%Y kkHWS NkkY GCN*kkHkkH *kH kNG kN *kkRWMN* %R
Rabbit (P02170) k3kY sk kHWS Nk kRGCN*x*kHskxH *%H%k%kNG*NC*xRWMN**R
“Mouse (X04417) skofskoskok ok stokokskokA T T skskokoskeoskok Kok T skokok G dokok kG ok ok okok ook
aSeal (V00473) skesksfeskskokosk kA kokok G C kokskkokokok sk Cokok T Gk skokokA skokskokok ok
AWhale (J03566) sk skokokokokokokokok ok G C skoksksk sk ok 3k C kT GskokokskA skokskokokok
®Chicken (P02197) *kY kkHWS NkkRGT NakskH kkH %3k skkkNWS NkkRWMN k%R
*Turtle (P02202) skekokokokokokGY skok kAT HokkkG %N skokokokkNWS Nk RWMN %R
“Tuna (AF291838) kG kteokskakokkkkG T kC kG ok CskokeskA kG oskokskokok ko sk ok okA

MbE3F I MbE3R2
MbE3RI

2GenBank or SWISS-PROT accession number is given in parenthesis.
H: A, C, or T; Mt AorC; N: A, C, G, or T; Rt Aor G; S: GorC; W: AorT; Y: Cor T.

Produced by The Berkeley Electronic Press, 2001
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agreed with that of human myoglobin exon 3 reported by
Weller et al. (GenBank accession number X00373). In
the supplemental experiment using DNA obtained from
the muscle of 2 autopsied bodies, expected amplified
products were also observed.

As with PCR of human DNA, PCR of gorilla DNA
in reaction systems 3a and 3b yielded an observable

M 1

Acta Med. Okayama Vol. 55, No. 3

amplification product. None of the DNAs from the
remaining 21 kinds of animals gave a detectable
amplification product (Fig. 2, Table 3).

When we amplified the human-specific sequence in the
myoglobin gene using various concentrations of human
standard DNA, we were able to identify a 140-145 bp
amplified DNA fragment per reaction system resulting

2 3 4 5 6 7 8 9 10 NC

Fig. |
3a). NC: negative control (no template DNA was added); M:

Detection of a human-specific sequence in the myoglobin gene using human lymphocyte DNA from 10 different subjects (Reaction
100 bp ladder.

M1 2 3 45 6 7 8 9 10 NC

200 bp—
-140 bp
100 bp-
Fig. 2 Amplification of a human-specific sequence in the myoglobin gene from DNA samples of various animals (Reaction 3b). |: human;

2: gorilla; 3: crab-eating monkey; 4: horse; 5: cow; 6: dog; 7: cat; 8: rat; 9: chicken; 10: tuna; NC, negative control (no template DNA

was added); M: 100 bp ladder.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 55/iss3/4
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Table 3  Amplification of a human-specific sequence in the myo-

globin gene from DNA samples of various animals.

145 bp fragment
(Reaction 3a)

140 bp fragment
(Reaction 3b)

Human +
Gorilla +
Crab-eating monkey -
Horse -
Cow -
Sheep —
Goat —
Pig —
Wild boar -
Raccoon dog —
Dog —
Cat -
Rabbit -
Guinea pig —
Hamster —
Rat —
Mouse -
Whale -
Chicken —
Pigeon ) —
Turtle -
Frog -
Tuna -

[15]
o)
o }
-
~
=1s]
[ e
o
~

200

100

1. 25 ng/tube

250 pg/tube
125 pg/tube
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from a template DNA of at least 25 pg (Fig. 3). When we
used DNA extracted from serial dilutions of human blood
from 3 different subjects for PCR, we were able to detect
the target DNA sequence from at least a 1:1,000 dilution
of blood.

When we used blood samples stored at 3 different
temperatures in the dark, we were able to clearly detect
the human myoglobin gene-specific sequence after storage
for up to 4 months at 4 °C, room temperature or 37 °C.
In samples stored for 6 months at room temperature or 37
°C, electrophoretic bands of amplified products were still
discernible, although less intense than those after storage
at 4°C. Experiments with the DNA from 3 different
subjects produced the same result (Fig. 4).

In experiments with bloodstains heated at 150 °C, the
target DNA was amplifiable in both reaction systems 3a
and 3b up to 4 h after heating. However, at 170 °C and
200 °C, the human myoglobin gene-specific sequence was
detectable up to 30 min and up to 3 min after heating,
respectively (Fig. 5). The same result was observed
among bloodstains derived from 3 different subjects.

When we amplified the human myoglobin gene-specific
sequence using 3 bloodstains that had been stored at room
temperature for 26 years, we were able to detect clear

25 pg/tube
12.5 pg/tube
2.5 pg/tube

NC

Fig. 3 Detection of a human-specific sequence in the myoglobin gene using human DNA of various concentrations (Reaction 3b). NC:

negative control (no template DNA was added); M:

Produced by The Berkeley Electronic Press, 2001
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bands by electrophoresis from all samples (Fig. 6).

Case Report

A 54-year-old man was strangulated. An accomplice
of the murderer was asked to dispose of the victim’s body,
which he carried to a beach and burned all night, sprin-
kling kerosene on it and beating it bluntly. The burnt
remains were dumped into the sea. A month later, a

Acta Med. Okayama Vol. 55, No. 3

broken bone fragment, partly charred, was recovered
from the sea. Human identification of this bone fragment
became an important forensic issue. We filed the bone
into powder first, extracted DNA from about 80 mg of
the powder, and dissolved it in 10 gl of TE. Using this
sample, we were able to detect the human-specific
sequence in reaction systems 3a and 3b (Fig. 7).

200 bp -

100 bp -

Fig. 4

-145 bp

Detection of a human-specific sequence in the myoglobin gene from human biood samples preserved at 3 different temperatures

for 6 months (Reaction 3a). |, 4, 7: Subject A; 2, 5, 8: Subject B; 3, 6, 9: Subject C; PC: untreated human blood; NC: negative control

(no template DNA was added); M:

200°C L

170°C .

100 bp ladder; RT: room temperature.

150°C I —————— A

//

30min 1 h
Fig. 5

http://escholarship.lib.okayama-u.ac.jp/amo/vol 55/iss3/4
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Detectability of a human-specific sequence in the myoglobin gene from burnt bloodstains.
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Reaction 3a
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Reaction 3b

M _PC 1

200 bp—

100 bp-

Fig. 6

3 NC PC 4 5 6 N

M

Detection of a human-specific sequence in the myoglobin gene from 3 human bloodstains preserved at room temperature for 26

years. |, 4: Specimen A; 2, 5: Specimen B; 3, 6: Specimen C; PC: human DNA; NC: negative control (no template DNA was added); M:

|00 bp ladder.

M PC S NC

Fig. 7  Detection of the human-specific sequence in the myoglobin
gene from a bone fragment recovered from the sea (Reaction 3a).
The body to which the bone belonged had been burned and the
remains had been dumped into the sea a month earlier. S: DNA
extracted from the bone fragment; PC: human DNA; NC: negative
control (no template DNA was added); M: 100 bp ladder.

Produced by The Berkeley Electronic Press, 2001

Discussion

In this study we took special note of the difference in
amino acid sequences between human and animal myo-
globins, and deduced the human-animal base substitutions
in the myoglobin gene. Then we attempted to develop a
simple and highly specific method for human identification
by PCR with primers complementary to the region of
these substitutions.

Using this method to amplify DNA from 30 healthy
subjects in reaction systems 3a and 3b, we were able to
electrophoretically detect single bands of approximately
140-150 bp amplicons, as was expected theoretically. In
fact, sequencing of amplicons obtained from 5 different
DNA samples showed that their sequences were in
complete agreement with the reported one (X00373).
These results indicate that our method provides theoreti-
cally correct amplicons.

Amplification of DNA from 22 animal species by our
method gave no products in either reaction system 3a or
3b in 21 species. However, the gorilla sample could not
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be distinguished from the human sample. Immunological
discrimination between anthropoids and humans has been
considered difficult. In our experience with immunological
detection of human myoglobin, it has not been possible to
distinguish a gorilla sample from a human sample [14].
Concerning the discrimination between anthropoids and
humans by DNA analysis, when applying the analysis of
VNTR or STR polymorphisms, the distinction was
possible by simultaneous analysis of multiple loci [7, 9,
10], but analysis of a single locus could not give reliable
results. Applying the ABO genotyping reported by
Crouse and Vinek, an orangutan sample was distinguish-
able from a human sample, but chimpanzee and gorilla
samples were not [8]. On the other hand, Lin et al.
claimed that they could distinguish chimpanzee and gibbon
samples from a human sample. However, their ABO
genotyping procedure was very complicated in that it
combined PCR with RFLLP analysis using 2 restriction
enzymes [11].

The method described here is very simple and does
not require a special kit or analytical instruments. How-
ever, it is not likely to show specificity for gorilla,
chimpanzee, and gibbon. This is due to the fact that the
amino acid sequences in the region for which the primers
were designed are the same in humans and these anthro-
poids, and, further, that these species are close in
phylogeny. Our experimental test on 22 kinds of animal
DNA proved that the gorilla sample was not distinguish-
able from the human sample. Orangutan, which belongs
to the class of anthropoids including gorilla, chimpanzee,
and gibbon, has a myoglobin in which the amino acid at
position 110 differs from that in human myoglobin at this
position: cysteine in humans and serine in orangutan.
This suggests the possibility of discriminating orangutan
from human. The amino acids of gorilla, chimpanzee,
and gibbon at positions 22, 116, and 23, respectively,
differ from those in humans at these positions. Therefore,
if new primers were designed for these regions, these
anthropoids could be distinguished from humans.

A review of reports on the myoglobin amino acid
sequences of primates excepting anthropoids shows that
they have replacements at position 110 (cysteine — serine
or alanine), at position 144 (serine — alanine), and at
position 145 (asparagine — lysine). In addition, our
method was able to discriminate between the crab-eating
monkey and the human. These facts suggest that our
method has the potential to distinguish these primates
from human.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 55/iss3/4
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Animals other than primates used in this study,
including the horse, cow, sheep, pig, dog, rabbit, rat,
mouse, whale, chicken, turtle, and tuna, had their
myoglobin amino acid sequences reported. The myo-
globin amino acid sequences of all of these animals differ
from that of human at positions 110, 144, and 145.
Therefore, as was expected, samples from these animals
were easily distinguishable from those from humans. On
the other hand, the myoglobin amino acid sequences of
the wild boar, raccoon dog, cat, guinea pig, hamster,
pigeon, and frog, also included in this study, have not
been documented. However, it was presumed that these
animals could be distinguished from human by the present
method, considering that they are related to animals for
which the myoglobin amino acid sequences are known,
and this presumption was experimentally proved.

Myoglobin amino acid sequences have been document-
ed for many animals unavailable for the present study,
including the deer, elephant, fox, seal, fur seal, dolphin,
lace monitor lizard, crocodile, shark, efc., and amino
acids at positions 110, 144, and 145 differ from those of
human. Therefore, by the present method, amplification
of the human-specific base sequence in the myoglobin
gene would not occur using DNA samples from these
animals.

In light of the foregoing, we consider that the present
method can distinguish all the animals except gorilla,
chimpanzee, and gibbon from human. As it is exception-
ally rare in forensic practice that one must distinguish
anthropoid samples from human samples, the present
method can be said to have excellent species specificity.

The quantity of the template DNA required for
PCR-based human identification has been reported to be
100 or 500 pg in methods using STR polymorphism
analysis [4, 10]. Naito et al. and Lin et al. reported
that they were able to identify human origin using 1 and
10 pg of template DNA, respectively [3, 11]. The
present method detecting the human-specific sequence
required 25 pg of template DNA per tube, with either
primer set. This sensitivity was lower than that reported
by Naito et al. or Lin e al., but was comparable to that
for various single-locus DNA polymorphisms [4, 10,
15-20]. Assuming more practical cases, we examined
the sensitivity of our method using dilutions of blood.
From the results of this experiment, it was theoretically
calculated that 0.01 ] of whole blood, or about 10
nucleated cells, was sufficient to amplify the target
sequence. Considering the recovery in DNA extraction,
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these amounts corresponded with the above-mentioned
template DNA required, and the present method seemed
to be sufficiently sensitive.

In forensic practice, biological specimens for human
identification have often undergone DNA fragmentation as
a result of putrefaction, heating, or aging. We therefore
investigated the applicability of the present method to
specimens kept under various environmental conditions.

When amplifying the human-specific sequence in the
myoglobin gene from blood samples stored in the dark at
4°C, room temperature, or 37 °C, we could detect the
target DNA fragment after 6 months of storage at 37 °C
without any problems. Lygo ef al. reported that they
were able to detect STR polymorphisms from bloodstains
stored at 56 °C in an atmosphere of 100% humidity for up
to 11 days, but not after 28 days of storage [4].
Dimo-Simonin and Brandt-Casadevall successfully detect-
ed the DNA loci of PolyMarker from cadaveric blood that
had been stored at 4 °C for 10 days and subsequently left
at room temperature for 30 days [19]. Sasaki et al.
described that they were able, to some extent, to detect
Y27H39 even from bloodstains, taken from cadaveric
blood, kept at room temperature for 11 months. [17].
Our method of human identification bears similarity to
theirs, and is considered to be well applicable to putrefied
specimens.

We investigated the thermostability of DNA by sex
determination based on simultaneous detection of DYZ3
and DXZ1, which are multicopy sequences, and reported
that the target DNA fragments could be detected from
bloodstains heated at 150 °C for 30 min, but not from
those heated at 200 °C for 30 min [21]. This thermo-
stability of DNA was similarly observed in the detection
of alleles of IgA2, a single-copy gene [18]. In the
present study we were able to detect the human-specific
sequence in the myoglobin gene from bloodstains heated
at 150 °C for up to 4 h, which was longer than the heating
period yielding above-mentioned results. When heated at
200 °C, organic substances became rapidly charred, and
the target DNA fragment was unamplifiable 4 min later.
This thermostability did not conflict with that hitherto
reported by us [21]. In addition, in the case of heating
at 170 °C, the target DNA fragment was detectable for up
to 30 min. These results show that the present method
can be applied to heated specimens.

In many studies on the detection of DNA polymor-
phisms from aged bloodstains, satisfactory results have
been reported [4, 10, 17, 18, 21]. In the present study
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we were also able to amplify the target DNA sequence,
human-specific in the myoglobin gene, from 26-year-old
bloodstains. Under the experimental conditions of the
present study, a sufficient quantity of template DNA
remained in a 5mm? bloodstain. This suggests that
human identification from older bloodstains by the present
method will be possible if larger bloodstains are used.

The method for human identification described in this
paper involves one round of 35 cycles of PCR followed by
staining with ethidium bromide, and its detection sensitiv-
ity is not extremely high. Moreover, the region detected
is a single-copy sequence. Nevertheless, the present
method, which detects the human-specific sequence in the
myoglobin gene, produced satisfactory results as de-
scribed above, even when applied to forensic biological
materials kept under various conditions. This is probably
because the length of DNA detected was as short as 140~
145bp. The length of the target sequence has been
considered relevant to whether a DNA fragment is
amplifiable from forensic materials [22].

We consider the present method to be an excellent
means of human identification, and therefore applied it to
a bone fragment in a practical case. Reports on DNA
analysis of bone specimens include the detection of the
COIL.2A1 3’ variable region from skeletal remains by dual
PCR [23], detection of the D18S535 locus from a
10-year-old bone [20], successful sex determination of
20-year-old bones [17], and personal identification by
detection of 9 STR loci from skeletal remains of 2 of Che
Guevara’s guerrillas who had died about 30 years earlier
[24]. Concerning DNA analysis of burned bones,
Cattaneo et al. reported that they were unable to detect
the mtDNA region V from burned bones in practical
cases or from the bones that had been experimentally
burned at 800-1,200 °C for 20 min [25]. In the present
case, a bone fragment was recovered under unusual
circumstances: a body had been burned with kerosene all
night and the burnt remains had been submerged in
seawater for about a month. Morphological examination
suggested that the bone fragment was part of the human
left femur, but its species could not be identified by
serological methods. By applying the present method,
however, the bone fragment was identified as having a
human origin, and demonstrated the practical utility of
our method.



Acta Medica Okayama, Vol. 55 [2001], Iss. 3, Art. 4

184 Ono et al.

References

Tyler MG, Kirby LT, Wood S, Vernon S and Ferris JA: Human blood
stain identification and sex determination in dried blood stains using
recombinant DNA techniques. Forensic Sci Int (1986) 31, 267-272.
Tajima N, Fukui K, Takatsu A, Fujita K and Ohno T: Species
identification of blood stains using a biotin-labeled DNA probe. Jpn J
Legal Med (1989) 43, 117-121.

Naito E, Dewa K, Yamanouchi H and Kominami R: Ribosomal ribonu-
cleic acid (rRNA) gene typing for species identification. J Forensic Sci
(1992) 37, 396-403.

Lygo JE, Johnson PE, Holdaway DJ, Woodroffe S, Whitaker JP,
Clayton TM, Kimpton CP and Gill P: The validation of short tandem
repeat (STR) loci for use in forensic casework. int J Legal Med (1994)
107, 77-89.

Lee JC-l and Chang J-G: Random amplified polymorphic DNA polymer-
ase chain reaction (RAPD PCR) fingerprints in forensic species
identification. Forensic Sci Int (1994) 67, 103-107.

Soteriou B, Fisher RA, Khan IM, Kessling AM, Archard LC and
Buluwela L: Conserved gene sequences for species identification:
PCR analysis of the 3' UTR of the SON gene distinguishes human and
other mammalian DNAs. Forensic Sci Int (1995) 73, 171-181.
Crouse CA and Schumm J: Investigation of species specificity using
nine PCR-based human STR systems. J Forensic Sci (1995) 40, 952-
956.

Crouse C and Vincek V: Identification of ABO alleles on forensic-type
specimens using rapid-ABO genotyping. Biotechniques (1995) 18,
478-483.

Latorra D and Schanfield MS: Analysis of human specificity in AFLP
systems APOB, PAH, and DI1S80. Forensic Sci Int (1996) 83, 15-25.
Sparkes R, Kimpton C, Watson S, Oldroyd N, Clayton T, Barnett L,
Arnold J, Thompson C, Hale R, Chapman J, Urquhart A and Gill P:
The validation of a 7-locus multiplex STR test for use in forensic
casework. (I). Mixtures, ageing, degradation and species studies. Int
J Legal Med (1996) 109, 186-194.

Lin Z, Ohshima T and Kondo T: Species identification based on the
point mutations of histo-blood group ABO genes by PCR-RFLP and
direct sequencing. Int J Legal Med (1997) 110, 254-259.

Bataille M, Crainic K, Leterreux M, Durigon M and de Mazancourt P:
Multiplex amplification of mitochondrial DNA for human and species
identification in forensic evaluation. Forensic Sci Int (1999) 99, 165-
170.

Zietkiewicz E, Richer C, Makalowski W, Jurka J and Labuda D: A
young Alu subfamily amplified independently in human and African

http://escholarship.lib.okayama-u.ac.jp/amo/vol 55/iss3/4

20.

21.

22.

23.

24.

25.

Acta Med. Okayama Vol. 55, No. 3

great apes lineages. Nucleic Acids Res (1994) 22, 5608-5612.
Kitao T, Miyaishi S and Ishizu H: Identification of human skeletal
muscle from a tissue fragment by detection of human myoglobin using
a double-sandwich ELISA. Forensic Sci Int (1995) 71, 205-214.
Kloosterman AD, Budowle B and Daselaar P: PCR-ampiification and
detection of the human DI1S80 VNTR locus. Amplification conditions,
population genetics and application in forensic analysis. Int J Legal
Med (1993) 105, 257-264.

Wiegand P, Budowle B, Rand S and Brinkmann B: Forensic validation
of the STR systems SE33 and TCI I. Int J Legal Med (1993) 105, 315-
320.

Sasaki M, Shimizu K, Fukushima T and Shiono H: Analysis of sex
chromosomal DNA markers by a molecular biological method and its
application to forensic medicine. Jpn J Legal Med (1995) 49, 70-79.
(in Japanese with English summary)

Takata S, Yamamoto Y and Ishizu H: IgA2 genotyping by polymerase
chain reaction (PCR) using allele-specific amplification primers. Acta
Med Okayama (1996) 50, 1-9.

Dimo-Simonin N and Brandt-Casadevall C: Evaluation and usefulness
of reverse dot blot DNA-PolyMarker typing on forensic case work.
Forensic Sci Int (1996) 81, 61-72.

Wiegand P, Lareu MV, Schurenkamp M, Kleiber M and Brinkmann B:
D18S535, DISI656 and D10S2325: Three efficient short tandem
repeats for forensic genetics. Int J Legal Med (1999) 112, 360-363.
Semba S, Yamamoto Y and Ishizu H: Sex determination from blood
and bloodstains by polymerase chain reaction (PCR). Jpn J Legal Med
(1994) 48, 7-18.

Takahashi M, Kato Y, Mukoyama H, Kanaya H and Kamiyama S:
Evaluation of five polymorphic microsatellite markers for typing DNA
from decomposed human tissues -correlation between the size of the
alleles and that of the template DNA. Forensic Sci Int (1997) 90, 1-
9.

Honda K, Sugiyama E, Tsuchikane A, Katsuyama Y, Harashima N,
Ota M and Fukushima H: Nested amplification of COL2AI 3’ variable
region in skeletal remains. Jpn J Legal Med (1994) 48, 156-160.
Lleonart R, Riego E, Sainz de la Pena MV, Bacallao K, Amaro F,
Santiesteban M, Blanco M, Currenti H, Puentes A, Rolo F, Herrera
L and de le Fuente J: Forensic identification of skeletal remains from
members of Ernesto Che Guevara's guerrillas in Bolivia based on DNA
typing. Int J Legal Med (2000) 113, 98-101.

Cattaneo C, DiMartino S, Scali S, Craig OE, Grandi M and Sokol RJ:
Determining the human origin of fragments of burnt bone: A compara-
tive study of histological, immunological and DNA techniques. Foren-
sic Sci Int (1999) 102, 181-191.

10



