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Evaluation of a Method for Typing the Microsatellite D12S391
Locus Using a New Primer Pair and Capillary Electrophoresis
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We describe a modified method for typing a polymorphic microsatellite D12S391 locus by PCR using
a newly designed primer pair. This primer pair produces shorter D12S391 amplified fragments (104~
156 bp) than the primer pair originally described by Lareu et al. (209-261 bp). The detection system
for the D12S391 locus using the new primer pair and capillary electrophoresis (CE) analysis was
evaluated using various forensic samples. The typing results from 70 DNA samples using the new
primer pair and the original primer pair were completely identical. One hundred twenty-five
amplified fragments from D12S391 alleles were sized correctly within & (.25 bp of the D12S391 allelic
ladder. A rare allele, 19.3, previously found only in Caucasians, was found for the first time in a
Japanese subject, and it was clearly distinguished from allele 20 by the CE analysis. This detection
system was sensitive and could detect D12S391 types from 16 pg of genomic DNA, and from a minor
component at a ratio of 1:10 in mixed samples. This system was more useful for the analysis of
degraded DNA than was the method using the original primer pair, and could detect D12S391 types
from bloodstains that had been stored for 26 years. In addition, the specificity of the method was
demonstrated using nonhuman DNA.
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F or DNA typing from forensic biological evidence,

in which the DNA is often damaged, the detection
of short tandem repeats (STRs) using polymerase chain
reaction (PCR) is effective, since the fragments to be
amplified are short [1-4]. STR typing methods generally
use product separation by slab gel electrophoresis with
detection by silver staining or labeling with fluorescent
dyes. Recently, capillary electrophoresis (CE) analysis,
which provides rapidity, high resolution and precision,
has been shown to be useful for the separation of amplified

Receivd January 30, 2002; accepted May 7, 2002.
*Corresponding author. Phone: +81-86-235-7195; Fax: +81-86-235-7201
E-mail : y-yamamo @ md.okayama-u.ac.jp (Y. Yamamoto)

fragments [5-7]. We previously reported the polymor-
phism of the D12S391 microsatellite locus and the allele
frequency in a Japanese population sample [8]. This
locus showed a compound STR consisting of a 4-base
repetition based on (AGAT)n(AGAC)m(AGAT)I. Four-
teen different alleles, which were designated allele 15 to
allele 28, ranging in size from 209 bp to 261 bp, were
detected. In the present study, we modified the PCR
reverse primer in order to obtain shorter amplified frag-
ments (104-156 bp). In order to test this new primer pair
in the examination of forensic biological evidence, we
have evaluated it for accuracy, sensitivity, reproducibility,
species specificity and for applications in mixed samples,
degraded samples and aged bloodstains, using
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fluorescence-based CE analysis.
Materials and Methods

Samples for examination and DNA extrac-
tion.  Blood samples were obtained from 70 unrelated
Japanese donors. Semen, buccal swabs and hair roots
were obtained from volunteers of known D12S391 types.
Samples of 10 organs or tissues, ie., the cerebrum,
heart, lung, spleen, liver, kidney, pancreas, muscle,
skin, and blood, were obtained from 2 autopsied bodies.
Bloodstains were prepared on cotton cloth by spotting 10
ul aliquots of a blood sample. For the study of aged
bloodstains, three 2 cm? pieces of bloodstained cloth
preserved in the dark at room temperature for 26 years
were used. The blood or muscles from 12 kinds of
animals, ie., gorila, chimpanzee, crab-eating monkey,
pig, goat, sheep, cow, horse, rabbit, dog, cat, chicken,
pigeon, rat, and mouse, were collected. DNA was
obtained by standard proteinase K/SDS lysis followed by
phenol/ chloroform extraction and ethanol precipitation.
For DNA extraction from semen, dithiothreitol was
added to the lysis buffer. DNA quantification was carried
out using a DU-640 spectrophotometer (Beckman
Coulter, Inc., Fullerton, CA, USA).

Amplification conditions.
primer pair used for this study was:

forward primer: 5-AACAGGATCAATGGAT
GCAT-3
primer: 5-CCTCTAATAAATCCCCT
CTC-3

The forward primer was the same as that described by
Lareu et al [9]. The reverse primer was newly
designed based on the D12S391 sequence deposited in
GenBank (accession number G08921). The forward
primer was labeled at the 5-end with HEX (Applied
Biosystems, Foster City, CA, USA). The amplification
mixture consisted of 1 to 10 ng of genomic DNA, each
primer at 0.1 xM, each dNTP at 0.2mM, 0.02 U/ul
AmpliTaq Gold DNA polymerase (Applied Biosystems),
10 mM Tris-HCI pH8.3, 50 mM KCl, 1.5 mM MgCl,,
0.001% (w/v) gelatin and 0.2 g/ ] BSA in a 10 gl final
reaction volume. The amplification parameters for this
system were: after pre-denaturation at 95 “C for 10 min,
denaturation at 94 “C for 45 sec, annealing at 54 °C for 60
sec, extension at 72 °C for 60 sec for 32 cycles, and a
final post-extension incubation at 72 “C for 60 min in a
GeneAmp 2400 thermal cycler (Applied Biosystems).

The new PCR

reverse
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Detection of amplified fragments. Capil-
lary electrophresis using an ABI PRISM 310 Genetic
Analyzer (Applied Biosystems) was employed for the
detection of amplified D12S5391 fragments. To 2 ul of the
amplified product, 0.63 1l of a carboxy-x-rhodamine
(CXR) fluorescent ladder (Promega, Madison, WI,
USA) as an internal size standard and 8 ul of deionized
formamide were added. The mixture was denatured at 95
°C for 2 min, then cooled in an ice-water bath. Amplified
products were injected for 2 sec at 15kV into a 47 cm
capillary filled with POP4 polymer (Applied Biosystems).
Separations were run at 15 kV for 22 min at 60 °C. The
result was analyzed with 310 GeneScan software version
2.1 (Applied Biosystems). Sizing precision studies were
conducted by analyzing a homemade allelic ladder consist-
ing of 14 sequenced alleles (15-28 repeats). The allelic
ladder was made by mixing reamplified PCR products
from 14 sequenced alleles, namely alleles 15 to 28.

Sequence analysis of the PCR products was perform-
ed using forward and reverse primers as described in a
previous report [8].

Sensitivity studies. The genomic DNA sam-
ples used were a K562 Control DNA (Promega) that was
homozygous for allele 23 and 2 other samples that were
heterozygous for alleles 16 and 17, and alleles 21 and 26,
respectively. Amplification of D12S5391 alleles was per-
formed from serial dilutions (1ng to 8pg) of these
samples.

Mixture studies. DNA samples from a pair of
individuals with alleles 21/26 and 16/17 (model A) were
mixed at the ratios 1:1, 1:3, 1:5, 1:10, 1:20, 1:30,
1:40, and 1:50, holding the total amount of genome
DNA constant at 1ng. Mixed DNA samples from
another pair of individuals with alleles 18/25 and 15/21
(model B) were prepared in the same manner.

Heat degradation studies. Bloodstains on
the cotton cloths (alleles 18/20) were artificially degraded
by heating them at 150 °C for 0-10 h. The genomic DNA
extracted from the bloodstains at each time point was
analyzed by agarose gel electrophoresis, and aliquots
containing one-tenth of the extract were amplified using
the new primer pair and the original primer pair [9].

Results

D128391 typing and characteristics of the
new primer pair. The detection system with PCR
was able to perform D12S391 typing using this new
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primer pair and CE analysis. Fig. 1 shows an electro-
phoretogram displaying an allelic ladder containing a total
of 14 sequenced alleles. The typing results of the
D12S391 locus, from allele 15 to 25 and allele 27,
obtained from 70 DNA samples using the new primer pair
were completely identical with those obtained using the
original primer pair. The corresponding deviations in
sizing for 125 amplified D12S391 fragments except for
alleles 25 to 28 were determined to be < 0.25 bp for each
corresponding allele in the allelic ladder (Fig. 2). The
maximum value of one standard deviation was 0.081 bp,
and the minimum value was 0.025bp in each of the
examined alleles. In this study, we observed an amplified
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fragment that is approximately 1 base pair shorter than
that of allele 20. The fragment was identified by sequence
analysis as allele 19.3 having a (AGAT), (GAT),
(AGAT); (AGAC)s (AGAT), repeat structure. This
allele 19.3 could easily be distinguished from allele 20
using CE analysis (Fig. 3). In the CE analysis of this
locus, a stutter peak was observed as a weak peak one
repeat unit smaller in size than its associated allele (Fig.
4). When the stutter percentages were calculated by
dividing the height of a stutter peak by the height of its
associated peak in 99 amplified D125391 fragments, the
longer alleles had a higher stutter percentage than the
shorter alleles (Fig. 5). This percentage ranged from
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Fig. | Electrophoretograms of the D12S391 allelic ladder containing a total of 14 alleles analyzed using ABI 310 Genetic analyzer. “RFU”
represents “relative fluorescence units”. Peaks marked with asterisks are those of the CXR fluorescent ladder, used as the internal size
standard.
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Fig. 2 Results of sizing precision experiments in the present D12S391 typing. The X-axis represents the number of repeats of alleles

contained in the allelic ladder. Dots represent the corresponding deviation in sizing obtained for 125 typed alleles.
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3.77% for allele 14 to 17.07% for allele 27.
Sensitivity and reproducibility. The
amplified fragments from samples containing 16 pg of
DNA were clearly typable in K562 control DNA and in
a sample with alleles 16/17, with peak heights of approxi-
mately 100 relative fluorescence units (RFU) or greater.
Moreover, the amplified fragments from a sample with
alleles 21/26 and containing 63 pg of DNA were also
clearly typable. When a peak height value of 300RFU
was used as the threshold, the typing limits were 63 pg
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for the K562 control DNA, 63 pg for the sample with
alleles 16/17 and 250 pg for the sample with alleles 21/
26 of DNA, respectively, in these samples. DNA
extracted from the semen, buccal swabs, and hair roots
of 2 volunteers were examined, and the same D12S391
types were obtained from each sample for the same
individual. For DNA extracted from autopsied bodies,
the D12S391 types obtained from the cerebrum, heart,
lung, spleen, liver, kidney, pancreas, muscle, skin, and
blood were identical for the same individual.

Signal intensity (RFU)

Fig. 3

Separation of alleles 19.3 and 20, which differ in size by only | nucleotide. A sample (gray) with allele 19.3 and an overlapping allelic

ladder are displayed in the same window. “RFU” represents “relative fluorescence units”. Asterisks indicate the CXR fluorescent ladder.
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Fig. 4  Stutter peaks observed in the CE analysis of the D12S391
locus from a DNA sample with alleles 21/24. Arrows indicate stutter
peaks. “RFU” represents “relative fluorescence units”.
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Fig. 5  Stutter percentages determined for 125 amplified frag-
ments of the D12S391 locus. The X-axis represents the number of
repeats of alleles contained in the allelic ladder, and the Y-axis
represents the percentage of stutter.
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Mixture studies. Using a threshold of
100RFU, the limits of detection for mixtures of samples
were 1:30 (when the minor component was 16/17) or 1:
10 (for minor component 21/26) in model A and 1:20
(for minor component 15/21) or 1:10 (for minor compo-
nent 18/25) in model B (Fig. 6). Using a threshold of
300REFU, the limits of detection were all 1:5 in model A
and model B.

Heat degradation studies.  Using a threshold
of 100RFU, typing was successful for samples heated for
up to 6 h (Fig. 7B), although agarose gel electrophoresis
showed highly advanced degradation of the sample DNA
(Fig. 7A). Using a threshold of 300RFU, typing was
successful for up to 4h of degradation. On the other
hand, typing with the original primer pair was successful
only up to 3h of degradation (Fig. 7 C), even with a
threshold of 100RFU.

Aged bloodstains. One one-hundredth of the
genomic DNA extracted from 2 cm? bloodstains that had
been stored for 26 years in the dark was used for the
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amplification. Two fragment peaks considered to indicate
heterozygosity were seen in the amplified products from
each of 3 bloodstains: 15/18 from sample A, 20/21
from sample B, and 18/20 from sample C (Fig. 8).
Nonhuman animals. DNA samples from the
remaining animals, except for those from a gorilla and a
chimpanzee, did not show any detectable amplified frag-
ment. The DNA samples from the gorilla and chimpanzee
produced only one peak each. The peak observed in the
gorilla sample corresponded to a size within the allelic
ladder. Sequence analysis of the amplified fragments
showed that the gorilla fragment had the same size as
human allele 23 (136 bp), but a different repeat motif,
(ATAT), (AGGT), (AGAT);; (AGAY); (AGAC),.
The sequence in the chimpanzee showed a (AGAT),
(AGAC); repeat motif with a size of 84 bp, which was
shorter than any known fragment size in humans.
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Fig. 6

D12S391 typing of mixtures of DNA samples in model B. Two DNA samples, alleles 18/25 and alleles 15/21, were mixed together

in different ratios, 30:1—1:20, prior to amplification. The X-axes indicate the base pair size of the amplified fragments, and the Y-axes

indicate relative fluorescence units (RFU).
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Discussion

In PCR detection of STRs, the amplification of
shorter fragments is more likely to be successful than that
of longer fragments in the degraded forensic DNA sam-
ples. To detect the D12S391 locus, Ricci et al [10]
constructed and evaluated a primer pair that produced
shorter fragments (125-173 bp, alleles 14-26) than the
original primer pair described by Lareu et al (209-253
bp, alleles 15-26)[9]. The results for the detection of
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the STR in forensic casework samples using their primer
pair were little better in terms of sensitivity than those
using the original primer pair. Our new primer pair was
designed to improve forensic practice by amplityping
fragments that are shorter (104-156 bp, alleles 15-28)
than that amplified by the primer pair of Ricci et al [10].
PCR using this new primer pair successfully amplified the
D12S391 fragments. For 70 DNA samples, the typing
results obtained using the new primer pair and those
obtained using the original primer pair were in complete
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Fig. 7

D12S391 typing of bloodstains with alleles 18/20 heated for various periods at 150 °C. The degradation at each time point was

evaluated by electrophoretic analysis (A) using 1.5% agarose for separation and ethidium bromide for detection. DNA from each hour or the
100 base-pair ladder markers (M) were loaded onto each lane. Comparison of electrophoretograms obtained with the new primer pair (B) and
those obtained with the original primer pair (C). The X-axes indicate the base pair size of the amplified fragments, and the Y-axes indicate

relative fluorescence units (RFU).
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agreement. All alleles observed by CE analysis with this
new primer pair were sized correctly within &= 0.25 bp of
the associated alleles in the allelic ladder. Gill et al [11]
proposed that alleles can only be scored if they are within
0.5bp of a putative allelic ladder. A rare allele, 19.3,
with an incomplete repeat, previously detected in
Caucasians [12] but not in Japanese subjects, was
detected in a Japanese, and this allele could be clearly
discriminated from allele 20 in the present study. A
stutter peak is generally 4 bases shorter than the main
allele peak in a tetranucleotide repeat locus [13,14].
Therefore, in forensic DNA analysis, in which mixed
samples are encountered, recognizing the characteristics
of the stutter peak is important. Meldgaard et al. [15]
characterized the stutter peaks in 14 STR loci, and found
that the stutter percentage for the D12S391 locus was
high compared with that of the other STR loci. It will be
necessary to examine forensic samples carefully when
analyzing this locus, since it has high stutter peaks in the
present study. The detection system using the new
primer pair was highly sensitive, with a detection limit of
16 pg, which is roughly equivalent to a few cells.
However, we must be careful of allele dropout during
PCR amplification from a small quantity of DNA [16].
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When the typing was carried out for mixed samples
containing a total of 1ng of genomic DNA, the minor
component could be detected in mixtures containing at
least a 1:10 ratio of that component at a threshold of
100RFU, and thus the quantity of the minor component
was about 90 pg. Using a threshold of 300RFU, the
minor component could be detected in mixtures containing
at least a 1:5 ratio of the minor component, ie., about
170 pg. Wallin e al. [17] examined STR sites using
total amounts of 1ng or 5ng of genomic DNA from
mixed samples, and showed that the detection limits of
the minor component were 1:10 in 1 ng and 1:30 in 5 ng.
On the other hand, the CE analyzer is such that the
longer the injection time of the samples, the higher the
fragment peak that was obtained. Thus it is possible to
detect weak peaks from a minor component. Therefore,
detection using the CE instrument should be useful for
mixed samples. However, in mixed samples, peaks from
the minor component may be concealed behind the stutter
peak. In such a case, since the greatest stutter percentage
observed was 17.07% in the present study, a stutter
percentage greater than 20% may indicate that the peak at
the stutter position is due not only to stutter but also to
a minor component.
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D12S391 typing of 3 26-year-old bloodstains. “RFU” represents “relative fluorescence units”. Asterisks indicate the CXR fluorescent
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Wallin et al. [17] reported studies of the detection
limit of three STR loci in fragmented genomic DNA with
DNase I, which served as a model of degraded samples
and environmentally stressed samples. They found that
the PCR product yield for the loci was reduced in
proportion to the length of the amplified product as the
DNA sample became more degraded, and that the
amplifiable product size approximately paralleled the
extent of genomic DNA degradation shown by agarose
gel analysis. We observed similar results in our heat
degradation experiments. Since the fragments to be
amplified were short, only 104 bp to 156 bp, in our new
system, D12S391 typing was possible from considerably
damaged DNA. Moreover, D12S391 typing was pos-
sible in 26-year-old bloodstains using this system. Thus,
the D12S391 typing system using new primer pair
seemed to be more useful for forensic samples than the
original primer pair, in which the amplified fragment size
ranges from 209 bp to 261 bp.

In samples from 12 kinds of animals, only one frag-
ment from a gorilla was within the human allelic ladder,
although its basic repetitive structure was different from
that of the human. Although the fragment from a chim-
panzee had the same basic repetitive structure as that of
the human, the number of repeats was smaller than in the
human samples. In an investigation of species specificity
using 9 STRs that was performed by Crouse et al. [18],
rhesus, orangutan, chimpanzee and gorilla DNAs
showed bands within the human allelic ladder, and
different types of bands were seen even in the same
species. It thus may be necessary to examine more
samples from gorillas, chimpanzees and other primates in
order to prove that human and animal samples can be
distinguished using this system.

From the present findings, we concluded that detec-
tion of the D12S391 locus using PCR with a newly
designed primer pair followed by capillary electrophoresis
was useful for forensic specimens, especially for aged or
damaged samples, because the PCR-amplified fragment is
short, and thus detection from degraded DNA was
possible.
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