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ABSTRACT: Short tandem repeat studies are powerful tools for parentage analysis and for identification of missing persons, victims of murder,
and victims of mass fatalities when reference samples are unavailable. The primer in the Identifiler� kit failed to amplify an allele at the D19S433
locus, producing a silent (‘‘null’’) allele. The causal mutation is a base change (G>A) 32 nucleotides downstream from the 3¢ end of the AAGG
repeats. The silent alleles are problematical in parentage analysis because when transmitted, they can cause a parent–child inconsistency that is un-
related to Mendelian genetics. The inconsistency is sometimes termed an ‘‘apparent opposite homozygosity’’ and it produces false evidence of non-
parentage. Alternative primers were designed to amplify the D19S433 locus alleles and they detect the silent allele. Frequencies of the (no longer)
silent allele were determined to be 0.0114 in 176 people from Shizuoka (Honshu) and 0.0128 in 156 people from Okinawa.
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Short tandem repeat (STR) analysis is a powerful tool for
including or excluding an individual as a possible source of a
biological sample, and for parentage analysis. It can identify
murder victims, victims of mass fatality, and missing persons
even when a direct reference sample from the individual is
unavailable (1–3). Since November 2006, the AmpF‘STR� Pro-
filer� kit (4) has been replaced by the AmpF‘STR� Identifiler�

kit (Applied Biosystems, Foster City, CA) (5,6) for analyzing
casework samples in 47 forensic science laboratories attached to
the Prefectural Police Headquarters across Japan. The Identifiler�

kit contains six autosomal STR loci, D2S1338, D8S1179,
D16S539, D18S51, D19S433, and D21S11, in addition to the
nine autosomal STR loci included in the Profiler� kit. The Iden-
tifiler� kit enables simultaneous amplification and typing of the
15 STR loci. In parentage analysis, we found several cases in
which there was a single inconsistency in the Mendelian inheri-
tance pattern at D19S433. The cases were referred to us by
biologists at local forensic science laboratories. In all cases, a
putative parent and a child appeared to be homozygous for dif-
ferent alleles at D19S433 (e.g., the genotype of a putative parent
was 12, 12 and that of the child was 14, 14). If a silent allele
that cannot be amplified using the Identifiler� kit is present, the
inconsistency can be explained by inheritance of the silent allele
by the child from the biological parent. Single inconsistencies
have been observed at other loci included in the Identifiler� kit,
but their frequencies were much lower than D19S433. Further-
more, either or both a putative parent and child were heterozyg-
otes in most cases, suggesting that a possible cause of the

inconsistency was not a silent allele but a germline mutation in
the repeat number. Therefore, it was anticipated that the fre-
quency of a silent allele at D19S433 might be much higher in
the Japanese population, compared to other loci. We report here
the cause of the D19S433 silent allele and its frequency in two
distant regions of Japan. A method is described for detection of
the silent allele and we discuss the impact of the D19S433
silent allele on human identification and parentage analysis.

Materials and Methods

DNA Samples

Blood samples were collected at random from 176 individuals in
Shizuoka and 156 in Okinawa regions. DNA was isolated from
200 lL of whole blood and eluted with 200 lL of TE buffer by
MagNA Pure LC (Roche Diagnostics, Mannheim, Germany) or
BioRobot� EZ1 (QIAGEN, Hilden, Germany), both of which use
magnetic silica beads.

Direct Sequencing

DNA fragments containing the D19S433 repeat regions were
amplified using the primer set #1, WILD or SILENT (Table 1).
PCR product sizes shown in Table 1 include the 3¢ adenine added
by the template-independent activity of DNA Taq polymerase (7).
Each primer set, WILD and SILENT, contained an allele-specific
reverse primer. An allele of interest could be amplified selectively
from a heterozygous sample of wild-type and silent alleles using
the primer set WILD or SILENT. PCR reactions were performed
in a total volume of 50 lL containing 50 pmol for each primer,
10 ng genomic DNA, 5 U AmpliTaq Gold� DNA polymerase
(Applied Biosystems) and 1· GoldST*R Buffer (Promega, Madi-
son, WI). Thermal cycling was performed using a GeneAmp�
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PCR system 9700 (Applied Biosystems): an initial denaturation step
of 11 min at 95�C, 32 cycles consisting of 1 min at 94�C, 1 min at
65�C, and 1 min at 72�C, then a final extension step of 10 min at
72�C. The ABI PRISM� BigDye� Terminator version 1.1 cycle
sequencing kit and an ABI PRISM� 310 Genetic Analyzer
(Applied Biosystems) were used for direct DNA sequencing
according to the manufacturer’s instructions. Sequencing primers
were the same as the PCR primers.

Amplification for STR Analysis

The 15 STR loci of CSF1PO, D2S1338, D3S1358, D5S818,
D7S820, D8S1179, D13S317, D16S539, D18S51, D19S433,
D21S11, FGA, TH01, TPOX, and vWA were co-amplified using
an AmpF‘STR� Identifiler� PCR Amplification Kit (Applied
Biosystems) following the manufacturer’s recommendations. The
D19S433 locus alone was amplified using the primer sets COM
or ASP (Table 1). The reverse primer of the COM and the for-
ward primer of the ASP were labeled with the fluorescent dyes
6FAMTM and PET� (Applied Biosystems), respectively. The
ASP contained two allele-specific reverse primers. PCR reactions
were performed in a total volume of 25 lL containing �1 ng
genomic DNA, 2.5 U AmpliTaq Gold� DNA polymerase
(Applied Biosystems), and 4 pmol each primer for the COM or
8 pmol each primer for the ASP in 1· GoldST*R Buffer (Pro-
mega) or AmpF‘STR� PCR Reaction Mix (Applied Biosystems).
Thermal cycling was performed in a GeneAmp� PCR system
9700 (Applied Biosystems): with an initial denaturation step of
11 min at 95�C, 28 cycles consisting of 1 min at 94�C, 1 min
at 59�C, and 1 min at 72�C, then a final extension step of
60 min at 60�C. Conditions were identical to the thermal cycling
for the Identifiler� kit.

Electrophoresis and Typing

The amplified products were separated by electrophoresis on a
3130xl Genetic Analyzer (Applied Biosystems) according to the
manufacturer’s recommended protocols. The GeneScanTM 600
LIZ� Size Standard (Applied Biosystems) was used for sizing
DNA fragments. The sample run data were analyzed together
with an allelic ladder and positive and negative controls using
genemapper

� ID Software version 3.2.1 (Applied Biosystems).
An allelic ladder was prepared for each primer set (COM and
ASP) and contained alleles 14 and 15 amplified from the
wild-type.

Data Analysis

Gene frequencies and expected and observed heterozygosity val-
ues were calculated, and the exact test of the Hardy–Weinberg
equilibrium (1 000 000 steps in Markov chain) was performed
using arlequin software version 3.11 (8).

Results

Individuals were collected who showed a single inconsistency at
D19S433 in parentage analysis, presumably caused by transmission
of a silent allele to an offspring. It was hypothesized that frequency
of the D19S433 silent allele might be relatively high in Japanese
individuals. One of the D19S433 primers is labeled with fluores-
cent dye NEDTM, and allele sizes are 101–148 bp (5). We carefully
reviewed electropherogram profiles of DNA samples using the
Identifiler� kit, which were analyzed previously for a population
study. These DNA samples were extracted from blood drawn from
a cubital vein, and were not likely to be degraded and contami-
nated with substances that affect PCR efficiency of STR loci. One
of the vWA primers is also labeled with NEDTM and allele sizes
are similar to that of D19S433, namely 151–203 bp (5). Peak
heights of D19S433 and vWA were compared within the samples.
In most samples, the total peak height (if a sample was heterozy-
gous, the peak height was the sum of two peaks) of D19S433 was
nearly equal to that of vWA, which indicated that PCR efficiencies
of the two loci were nearly equal for analyzing nondegraded and
noncontaminated samples (Fig. 1, samples A–C). However, there
was one sample which appeared homozygous (i.e., monoallelic) for
D19S433, but amplified only half as efficiently as the vWA locus.
That suggested presence of the D19S433 silent allele (Fig. 1, sam-
ple D). Direct sequencing analysis of sample D was performed
using the primer set #1. As a control, a sample heterozygous for
D19S433 also was analyzed. Sequencing the forward strand of the
PCR products generated from sample D, and comparison with the
control DNA sequence, as well as GenBank reference sequence
(AC008507.11), detected a point mutation (guanine to adenine) at
32 nucleotides downstream of the 3¢ end of the AAGG repeats
(named as the G32A mutation) (Fig. 2). No mutation was detected
in the 5¢ flanking region of the D19S433 repeat region by sequenc-
ing the reverse strand. D19S433 is a tetranucleotide repeat marker.
The amplicon size generated using the Identifiler� primers and the
length of the repeat region was 126 bp including the 3¢ adenine (7)
and 56 bp for allele 14, respectively. Therefore, the 5¢ end of both
the Identifiler� forward and reverse primers must locate within 69

TABLE 1—Sequences of primers designed for direct sequencing and STR typing with information on primers in the Identifiler� kit.

Primer Set ID Primer ID Sequence* Label PCR Product Size (bp)�

No. 1 1fwd ATTTCTAAGGCTGGGTGAGGTG
1rev TTAAGGAACAGGTGGTGTTGGTT 464

WILD 1fwd ATTTCTAAGGCTGGGTGAGGTG
wild_rev GGTGCACCCATTACCCGAA 403

SILENT 1fwd ATTTCTAAGGCTGGGTGAGGTG
silent_rev ATTGGTGCACCCATTACCTG 406

COM 2fwd GCTGCAAAAAGCTATAATTGTACCA
com_rev GATATTTTGGTGCACCCATTACC 6FAMTM 183

ASP 2fwd GCTGCAAAAAGCTATAATTGTACCA PET�

wild_rev GGTGCACCCATTACCCGAA 175
silent_rev ATTGGTGCACCCATTACCTG 178

Identifiler kit Unpublished by the manufacturer NEDTM 126

*Allele-differentiating nucleotide is underlined in primer set WILD, SILENT, and ASP.
�PCR product size for the allele with 14 repeats ([AAGG][TAGG][AAGG]12) at the D19S433 marker.
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nucleotides upstream or downstream from the repeat region. As
G32A was the only mutation found in these ranges, we concluded
that it prevented the Identifiler� reverse primer from binding to its
target, which resulted in the silent allele. Reverse primers were
designed specifically for a wild-type and silent allele. The silent
and wild-type alleles were then amplified selectively from sample
D using the primer set WILD or SILENT. Each set contained an
allele-specific primer, and direct sequencing analysis was per-
formed. The wild-type and silent alleles had 14 and 13 repeats,
respectively.

D19S433 typing was performed using the primer sets COM and
ASP, separately. The COM set contained a forward and reverse pri-
mer common to wild-type and silent alleles. The 3¢ end of the
reverse primer of COM was located one base downstream from the
point mutation (Fig. 2). The ASP set contained the common

forward primer and two reverse primers, each specific for a wild-
type and silent allele. The 5¢ end of the silent allele-specific primer
was located three bases downstream from that of the wild-type-spe-
cific primer. Hence, the PCR product of the silent allele was three
bases longer than that of the wild-type allele, which contained the
same number of repeat units. ASP was especially useful in posi-
tively detecting the silent allele from an individual who had the
wild-type and silent alleles with the same repeat number. Figure 3
shows the D19S433 electropherogram profiles of Identifiler�,
COM, and ASP. Typing results were concordant (13, 14.2) among
the three primer sets in sample E, which was typed as a heterozy-
gote using the Identifiler� kit. Sample F was typed as a homozy-
gote (14.2, 14.2) using the Identifiler� kit; however, the silent
allele with 13 repeats was detected by COM. While the spacing
between the two peaks in the COM set electropherogram profile
was about six bases, it was reduced to about three bases in the
ASP set electropherogram profile. This indicated that the allele with
13 repeats was amplified with the silent allele-specific reverse pri-
mer of the ASP set. Sample G was typed as a homozygote (13,
13) using the Identifiler� kit and the COM set. If sample G had
contained the silent allele with the 13 repeat units, two peaks at a
spacing of about three bases should have been observed in the
ASP electropherogram profile. Thus, the possibility of the sample
G containing the silent allele was eliminated.

The silent alleles were detected in four individuals out of 176
(0.0114) in Shizuoka and four out of 156 (0.0128) in Okinawa.
The eight individuals were heterozygotes for wild-type and silent
alleles. It was possible that a mutation other than the G32A muta-
tion was the cause of the silent allele. However, the spacing
between the two peaks in the ASP electropherogram profile indi-
cated that the eight silent alleles had the G32A mutation. The Iden-
tifiler� reverse primer was highly specific for the wild-type allele,
as no nonspecific amplification of the silent allele was observed.
Allele frequency data obtained using the Identifiler� kit and the

FIG. 2—A point mutation from guanine to adenine at 32 nucleotides downstream from the D19S433 repeat region and the positions of the designed
primers.

FIG. 1—Peak height comparison between D19S433 and vWA in
Identifiler� kit electropherogram profiles.
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combination of COM and ASP are shown in Table 2. The distribu-
tions of genotypes in Shizuoka, Okinawa, and the combined popu-
lation were consistent with the Hardy–Weinberg equilibrium.

Discussion

Silent alleles caused by mutations at a primer binding site have
been identified at several STR loci included in the Identifiler� kit
(9–23). In most studies, the presence of a silent allele in an individ-
ual has been recognized by observing the discordant genotyping
results of an individual after using the AmpF‘STR� and PowerPlex
16� kits (Promega). While the D19S433 marker is not included in
the PowerPlex 16� kit, it is included in the AmpF‘STR� Identifiler�

and AmpF‘STR� SGM PlusTM kits. The primer sequences in the
Identifiler� kit have not been published, but they are consistent with

those in the SGM PlusTM kit (5). Therefore, the D19S433 silent
allele is not problematic in the human identification setting, because
both kits produce the same typing results, even in individuals with
the silent allele. In contrast, the silent allele has a great impact on
parentage analysis, as it can cause apparent inconsistency between a
child and his ⁄her biological parent, when it is transmitted to the
offspring.

The cause of the silent allele at D19S433 has been identified as
a point mutation at the binding site of the reverse primer in the
Identifiler� kit. If the 5¢ end of the reverse primer is assumed to be
located at the point mutation site, the 5¢ end of the forward primer
must be located at 37 nucleotides upstream of the repeat region,
taking into account the amplicon size and the length of the repeat
region. However, this assumption is unlikely to be correct, because
a matched or mismatched base of an allele-specific primer is usu-
ally located close to its 3¢ end (24,25). Therefore, the 5¢ end of the
forward primer must be located less than 37 nucleotides upstream
of the repeat region. Thus, it can be determined that the forward
primers of Identifiler� and the COM set are different (Fig. 2). The
COM set has been useful in detecting the silent alleles. Silent allele
frequency was determined in 176 and 156 individuals in Shizuoka
and Okinawa, respectively. Shizuoka is located on the Pacific,
�200 km southwest of Tokyo. Okinawa is located in the Ryukyu
archipelago in the East China Sea. The frequency of the silent
allele in Shizuoka and Okinawa was 0.0114 and 0.0128, respec-
tively. There was no significant regional difference in frequency of
the silent allele. Frequency of individuals homozygous for the silent
allele, from whom no peaks will be observed at D19S433 in the
Identifiler� electropherogram profile, was estimated at �1 in 8000
and 6000 in Shizuoka and Okinawa, respectively.

Besides heterozygotes with a silent allele caused by a mutation
at a primer binding site, heterozygotes with an extreme ‘‘off-
ladder’’ allele, the size of which falls outside the allele size range
defined by the kit manufacturer, may also be falsely typed as
homozygotes (26,27). No extreme ‘‘off-ladder’’ allele was found at
D19S433 in the 332 Japanese individuals.

We first recognized the possibility that sample D contained the
silent allele by comparing peak heights of D19S433 and vWA in
the Identifiler� electropherogram profile (Fig. 1). The peak height
ratio between D19S433 and vWA was calculated for all 332 indi-
viduals. These individuals were divided in three groups: D19S433
heterozygotes, homozygotes without the G32A mutation, and false

FIG. 3—Electropherograms of PCR products amplified with three primer sets separately.

TABLE 2—D19S433 allele frequency data in Shizuoka and Okinawa
obtained using the Identifiler� kit, and the primer sets COM and ASP.

Allele

Identifiler� Primer Set COM and ASP

Shizuoka Okinawa Combined Shizuoka Okinawa Combined

12 0.0341 0.0705 0.0512 0.0341 0.0673 0.0497
12.2 0.0085 0.0000 0.0045 0.0085 0.0000 0.0045
13 0.2727 0.3333 0.3012 0.2727 0.3333 0.3012
13 with the
G32A mutation

– – – 0.0114 0.0064 0.0090

13.2 0.0171 0.0224 0.0196 0.0171 0.0224 0.0196
14 0.3722 0.2949 0.3358 0.3665 0.2917 0.3313
14 with the
G32A mutation

– – – 0.0000 0.0064 0.0030

14.2 0.0994 0.0481 0.0753 0.0966 0.0481 0.0738
15 0.0398 0.0737 0.0557 0.0398 0.0705 0.0542
15.2 0.1335 0.1218 0.1280 0.1307 0.1186 0.1250
16 0.0085 0.0064 0.0075 0.0085 0.0064 0.0075
16.2 0.0114 0.0289 0.0196 0.0114 0.0289 0.0196
17.2 0.0028 0.0000 0.0015 0.0028 0.0000 0.0015
n 176 156 332 176 156 332
Observed
heterozygosity

0.7614 0.6923 0.7289 0.7841 0.7180 0.7530

Expected
heterozygosity

0.7582 0.7755 0.7690 0.7574 0.7709 0.7658

p-value 0.6103 0.0606 0.1606 0.6315 0.0877 0.1453

p-value of the exact test for Hardy–Weinberg equilibrium.

MIZUNO ET AL. • D19S433 SILENT ALLELE 1071



homozygotes with the G32A mutation (Table 3). The maximum
peak height ratio in false homozygotes exceeded the minimum
ratios in heterozygotes and homozygotes without the G32A muta-
tion. Determining the presence of the silent allele only by compar-
ing peaks between D19S433 and vWA appeared to be difficult,
even for DNA samples extracted from blood drawn from a vein.
Distinguishing homozygotes and false homozygotes based on peak
height comparison between D19S433 and vWA is difficult for
casework, because some samples contain degraded DNA and exog-
enous substances that affect PCR efficiency of different loci differ-
ently (5,28).

The total probability of observing an apparent genetic inconsis-
tency at D19S433, as a result of passing the silent allele to the off-
spring, in testing with the Identifiler� kit was calculated as the sum
of the mating frequencies multiplied by the probability of inconsis-
tency (Table 4). Using the allele frequency data in Table 2, the
probability was calculated to be 0.017, 0.019, and 0.018 for Shi-
zuoka, Okinawa, and the combined population, respectively.

Conclusion

The cause of the D19S433 silent allele was identified as a G to
A point mutation at the reverse primer binding site. The frequency
of the silent allele in Shizuoka and Okinawa was �1%. It is anti-
cipated that an ‘‘apparent opposite homozygosity’’ inconsistency at
D19S433 between a child and his ⁄ her biological parents will be
observed about once every 50–60 parentage tests. The primer
set COM can be used effectively to resolve the discrepancy. The
D19S433 silent allele is not problematic in the human identification
setting, as the silent allele is reproducibly not amplified using the
Identifiler� kit.
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