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ABSTRACT: PentaE inthe PowerPlex® 16 kit is a pentanucleotide tandem repeat marker located on Chromosome 15, containing an AAAGA re-
peat motif. Variant alleles (18.4 and 19.4) were found in the Japanese population. A sequence analysis revealed that both the variant alleles had a
partial repeat motif of AAAA, resulting in one-base-shorter alleles compared to known aleles. Despite the relatively large amplicon sizes (379 to
474 bp) of Penta E, an accurate allele assignment can be reliably made by capillary electrophoresis. However, aleles differing in size by only one
base (e.g., 18.4 and 19) were not separated and appeared as a single broad peak. The Genotyper® software assigned one of the component allelesto
this peak. Therefore, such broad peaks require careful interpretation so as to not overlook the other component allele contained by the peak. As an
index to recognize a peak containing two alleles, the ratio of peak areato peak height was found to be useful.
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Short tandem repeat (STR) markers are polymorphic DNA loci
that consist of a repeated nucleotide sequence (1). The simultane-
ous analysis of multiple STR loci by capillary electrophoresis has
become a common practice for purposes of human identificationin
forensic applications (2). Penta E is a pentanucleotide tandem re-
peat marker included in acommercially available kit that employs
multiplex PCR using fluorescently labeled primers. It has been re-
ported that Penta E is a highly polymorphic marker among various
populations, including the Japanese (3—10). Two Penta E variant
alelesdiffering from known Alleles 19 and 20 in size by one base,
respectively, were found in the Japanese population. However, at
present, no sequence data for the Penta E variant alele are avail-
able. The objective of this study was to present the sequence data
of thevariant alleles and to assess the resolution of alleles differing
in size by one base using capillary electrophoresis.

Materials and Methods
Samples

DNA was isolated from blood samples obtained from 132 unre-
lated Japanese subjects by MagNA Pure LC (Roche Diagnostic,
Mannheim, Germany), the extraction procedure of which is based
on the adsorption of the DNA to magnetic glass particles (11).
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Amplification and Typing

The sixteen DNA laoci, including Penta E, were simultaneously
amplified using the PowerPlex® 16 kit (3,4,12) (Promega, Madi-
son, WI) following the manufacturer’ s recommendations. The flu-
orescent-tagged amplified products were analyzed using an ABI
Prism® 310 Genetic Analyzer (Applied Biosystems, Foster, CA)
according to the manufacturer’ s recommended protocal (i.e., using
a 47 cm capillary and a POP-4™ polymer (Applied Biosystems),
3sinjectiontime, 15.0kV both ininjection and run voltage and run
at 60 °C) (13). Allele designations were determined by comparison
of the sample fragments with those of alelic ladders supplied with
thekit, utilizing the GeneScan® analysis software (Ver. 3.1), Geno-
typer® software (Ver. 2.5) (Applied Biosystems) and the Power-
Typer™ 16 Macro (Promega) that contains the manufacturer’ s rec-
ommended criteria.

Sequence Analysis

Monoplex PCR was employed to amplify the Penta E locus
alone. All reactions were performed in a total volume of 50 pL
containing 0.4 wM each of unlabeled Penta E primers (12), 50 ng
of genomic DNA, 200 wM each dNTP, 1.5 mM MgCl,, 5U Ampli-
Tag Gold® DNA polymerase, and 1 X GeneAmp® PCR Gold
buffer (Applied Biosystems). In the case of heterozygous samples,
amplified fragments corresponding to an allele of interest wereiso-
lated and collected with the Wave system (Transgenomics, Omaha,
NE), which utilizes DHPLC (denaturing high-performance liquid
chromatography) in conjunction with a DNA separation cartridge
(14). Since the DNA separation cartridge is not compatible with
BSA contained by GoldST*R Buffer (Promega) in the kit, BSA-
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free GeneAmp® PCR Gold buffer was used for the PCR reactions.
The collected DNA fragments were reamplified and sequenced on
an ABI Prism 310 Genetic Anayzer using the ABI Prism Big Dye
terminators Version 2 cycle sequencing kit (Applied Biosystems).

Resolution of Alleles Differing in Size by One Base

To access the resolution of alleles differing in size by one base
by capillary electrophoresis, PCR product mixture samples from
two individuals were utilized. First, PCR was performed each us-
ing aDNA sample extracted from oneindividual possessing Allele
18.4, one individual possessing Allele 19, three individuals pos-
sessing Allele 19.4, and one individual possessing Allele 20. All
donors were heterozygous. There was no overlapping Penta E al-
lele between samples from two donors to be mixed. The six PCR
product samples were analyzed separately to collect data on peak
heights of heterozygote alleles and aratio between heterozygote al-
leles. Based on this information, two PCR product samples were
then mixed so as to make the estimated heights of peaks corre-
sponding to a variant allele and the corresponding wild one in the
following ratios, 1:8, 1:4, 1:2. 1:1, 2:1, 4:1, and 8:1. Thiswas done
with each PCR product sample containing avariant allele. Thus, in
each ratio, four combinations of mixed sampleswere prepared. The
mixtures were analyzed by capillary electrophoresis following the
manufacturer’s protocol.

Results and Discussion

Penta E is a pentanucleotide tandem repeat marker having an
AAAGA repeat motif. It has been reported that Penta E isahighly
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FIG. 1—Partial repeat motif “ AAAA” observed in a Penta E variant al-
lele. Sequence of a Penta E variant allele is shown. Repeat motifs are en-
closed by open boxes.

polymorphic marker among various populations (3—-10). Out of 132
Japanese samples, two variant alleles were detected, fragments of
which were reproducibly sized as approximately one-base-shorter
compared to Alleles 19 and 20 in the allelic ladder marker, respec-
tively, by capillary electrophoresis. The genotypes carrying the
variant alleleswere 17/19 variant, 11/20 variant, 12/20 variant, and
16/20 variant. Each variant allele was isolated and collected from
each sample. By sequence analysis, the variant aleles were found
to have a partial repeat motif of AAAA (Fig. 1). Following ISFG
(International Society of Forensic Genetics) recommendations
(15), the variant alleles were designated as 18.4 and 19.4, respec-
tively (Table 1).

Since Alleles 18.4 and 19.4 were found, the windows to type Al-
leles 19 and 20 should be narrowed from =0.75 to +0.50, similar
to Alleles 9.3 and 10, which differ in size by only one base on the
THOL locus (1) in the same kit. Using DNA samples that possess
Allele 19 or 20, the size differences between an alele amplified
from a sample and the corresponding alele in the allelic ladder
were examined (Table 2). The results were similar to the size pre-
cision data reported by Krenke et al. obtained from comparing the
sizing of aleles from 13 ladder marker injections (12). The high
precision in sizing the alleles ensured that narrowing the windows
to =0.50 would have no effect on alele assignment.

To examinetheresolution of alleles by capillary electrophoresis,
the PCR product mixture containing alleles that differ in size by
one base was analyzed (Fig. 2). Alleles 18.4/19 (448/449 bases)
and 19.4/20 (453/454 bases) failed to separate and appeared as one
broad peak. The Genotyper software assigned one of the compo-
nent allelesto the peaks. Therefore, when encountering such broad
peaks, careful interpretation is recommended so as to not overlook
the other component of the peak. As a potential index for recog-
nizing a peak that contains two aleles, the ratios of peak area to
peak height were cal culated using PCR product samplesfrom asin-
gle source DNA and PCR product mixtures from two donors
(Table 3). The significant differences between peaks correspond-
ing to a single component and one that contains two components
indicated that the ratio constitutes a useful index for recognizing a
peak containing two components.

A cutoff value for apeak containing a single component was de-
termined by taking the mean value of a single component peak
(9.70) plusfivetimesthe standard deviation (0.33) of asingle com-
ponent peak. Based on this, the resulting cutoff value for a single

TABLE 2—Sze differences between an allele amplified from a sample
and the corresponding allele in the allelic ladder.

Allele n* Mean SD.
19 9 0.063 0.061
20 10 0.040 0.083

* The number of n data obtained from PCR product samples amplified
from n different individuals was used.

TABLE 1—Fragment length and repeat composition of the variant Penta E alleles.

Fragment Length Number of
Allele Designation (bp) Repeat Region Sequenced Alleles*
184 448 (AAAGA)6(AAAA)L(AAAGA)12 1
19 449 (AAAGA)19 1
194 453 (AAAGA)6(AAAA)L(AAAGA)13 3
20 454 (AAAGA)20 1

* Each variant allele observed in the Japanese popul ation was sequenced. Alleles 19 and 20 were also sequenced as controls.
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FIG. 2—Broad peaks composed of two allelesthat differ in size by one base. The windowsto type Alleles 19 and 20 were narrowed from =0.75 to =0.50.
Allele 18.4 and 19.4 are typed as an OL (off-ladder) allele by the Genotyper software. PCR product samples from two donors were mixed so as to make
the estimated heights of peaks corresponding to the alleles differing in size by one base in aratio of 1:1. By capillary electrophoresis, however, those al-
leles (underlined) were not separated and appeared as a single broad peak Genotyper software assigned only one of the component alleles to this peak.

TABLE 3—An index for recognizing peaks that contain alleles differing in size by one base.

Peak Area Divided by Peak Height

Peak Component n Mixture Ratio Minimum Maximum Mean S.D.
A singlealele 234* 8.96 10.74 9.70 0.33
A single allele?t 15t .. 9.24 10.22 9.76 0.26
Two alleles 4% 8.1 10.73 11.60 11.33 0.40
18.4/19, 19.4/20 4% 4.1 11.73 13.20 12.35 0.63
4% 2:1 13.92 14.70 14.14 0.37

4% 11 14.55 15.77 15.04 0.54

4% 1.2 13.37 14.76 13.88 0.64

4% 1:4 11.55 1341 12.63 0.78

4% 1.8 10.72 11.91 11.33 0.56

* Out of 132 Japanese samples, 117 individuals were heterozygous. Therefore, 234 peaks obtained from those 117 heterozygous individuals were obvi-

ously single component peaks.

T Theremaining 15 individuals appeared homozygous. However, since two alleles differing in size by one base cannot be separated, the peak might con-
tain two aleles. Therefore, those peaks were not pooled with the obvious single component peaks.

¥ Two PCR product samples were mixed so as to make the estimated heights of peaks corresponding to the alleles differing in size by one base in the
various ratios. They were the estimated peak heights, since those alleles were not separated by capillary electrophoresis. In each ratio, four PCR product
mixtures were prepared. Each mixture contained a variant allele amplified from a different individual.

component peak was determined to be 11.35 with a 99.99994%
certainty that no false positive for two allelesin apeak that actually
contains only one alele will occur. Using this cutoff value, it was
possible to recognize a peak as containing two components when
the minor component was at 20% of the total DNA. Further, based
on this observation and the cutoff value, 15 individuals who ap-
peared homozygous were positively identified as homozygous.
Inconclusion, thevariant PentaE alleleshave apartial repest mo-
tif of AAAA, resulting in one-base-shorter alleles compared to
known PentaE alleles. An accurate allel e assignment, including the
variant aleles, can bereadily achieved by capillary electrophoresis.
However, dueto limitationsin resolution, a careful examination of
the electropherogram is necessary when the possibility existsthat a
sample contains alleles differing in size by one base. Asan index to
recognize a peak containing two aleles, the ratio of peak area to
peak height wasfound to be useful. Ingeneral, peak shapeisnot sig-
nificantly affected by peak height; however, it is affected by both
peak and signal quality. Thevaluesfor theratiosof peak areato peak
height tend to become larger in a poor-quality electropherogram
compared with one of good quality. Therefore, when we examine
electropherograms, it is necessary to be sure that peak broadening
caused by unusually poor resolution did not occur during the runs
(this can be efficiently checked by taking the ratio of areato height

using internal lane standard peaks coelectrophoresed with PCR
products), signals are not saturated, and an elevated baseline is not
present both in raw data and data after analysis by the GeneScan
Analysis software. Ultimately these precautions simply mean that
inorder to usetheindex, electropherograms of sufficient quality for
useinthefield of forensic science are needed.
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