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ABSTRACT

INTRODUCTION

During routine paternity testing with AmpFℓSTR®
Iden ﬁler® Plus Kit™, the kit failed to amplify the child’s
allele at locus D7S820 leading to parent-child inconsistency
with a single-step mutation. The aim was to identify possible
causes of this mismatch. New singleplex primers were designed
and the samples were amplified, cloned and sequenced using
pJET1.2/blunt cloning vector forward and reverse sequencing
primers. The amplicons were ascertained using CLC Bio Main
Workbench. We confirmed the presence of allele dropout at
the child’s locus. We
describe a single nucleotide
polymorphism (SNP), from cytosine (C) to thymine (T) in the kit
primer
binding site region of the alleged father’s profile. The
child’s profile changed from homozygous to heterozygous
showing that the commercial kit failed to amplify the allele and
this was concluded to be most likely due to polymerase
slippage.

Over the past decades, genotyping with short tandem repeats
(STRs) using optimised commercial kits has become the
dominant technique used worldwide.1-3 The STRs have a higher
level of variability compared to other genome regions, making
them ideal for forensic analysis and in parentage investigations
to exclude or assign a potential father to a child.1,3-10 The
International Society of Forensic Genetics (ISFG) has provided
recommendations for parentage testing that includes the use
of a minimum of 12 autosomal STR markers on ten different
chromosomes.5,6,11,12 However, literature has reported5,9,13-15 on
several cases where alleles are not inherited following the
Mendelian patterns at certain STR loci using different
commercially available kits. The overall mutation rate (μ) of STR
markers in paternity testing ranges from 5x10 -4 to 7x10-3 per
generation5 and any mismatches between alleles could affect
the interpretation of the results,2,5,6,16 where a putative father
is falsely excluded. Possible reasons for inconsistencies
between parent and offspring include failure of a commercial
kit to amplify alleles due to preferential amplification of shorter
alleles, replication slippage during PCR amplification, insertions
and/or deletions of full or partial repeat units, nucleotide
inconsistencies in the primer binding sites which may result in
amplification failure and/or lower peak height of affected
alleles, DNA degradation (null allele homozygotes) as well as
mutations.[5,6,12,17] In addition, null alleles, which fail to amplify,
can lead to allele dropout, or a missing allele, where only a
partial profile is generated.2,6,16-18 Allele drop-in is also a
possibility in 1 or 2 of the alleles per profile where there are
alleles in the child’s DNA profile that are additional to the alleles
contributed by the mother or the alleged father.16 Most loci
with high heterozygosity show a high mutation rate and the
larger the allele, the higher the mutation rate.3,19 Probabilistic
reasoning can be used to interpret DNA profiles where dropout and/or drop-in is considered.16 A number of microvariant
alleles have been reported for D7S820.10
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Here, we report a single one-step locus mismatch found at locus
D7S820 between child and alleged father. With this indirect
exclusion (where the child does not have a genetic marker that
is present in the alleged father), the heterozygote in the child
showed up as a homozygote and an this can lead to an
inconclusive result since it is possible that the child actually
shares a gene from the heterozygous alleged father.20 In
paternity testing a pseudo-homozygote can be misleading if it
is not fully investigated and could lead to a false exclusion.3,5,19
It is important to characterise variants within multiplex typing
systems to eliminate genotyping error or
incorrect
mismatches.2,19 We aimed to identify the possible cause of a
locus mismatch in the DNA profile. Publication of such findings
can assist scientists with collecting necessary information about
target polymorphisms.12,17,21 Such information on single
nucleotide polymorphisms (SNPs) can be applied to population
genetics, molecular genetics, ancestry,8 pharmacogenetics,
psychiatric disorders,22-24
neurodegenerative diseases and possible predisposition to
genetic disorders.22 These SNPs could also be the cause of
frame-shift mutations, which could change the expressions of
some proteins and have an effect on the immune system,
transcription regulation and even regulation of gene
expression. More biological functions of SNPs are being
discovered, therefore further study of the mutation and
variability of STRs is required to understand their biological
functions.22

MATERIALS AND METHODS
Samples for STR DNA profiling for paternity testing were
received from 1,474 South African alleged families over a
period of four years. AmpFℓSTR Iden ﬁler Plus (Applied
Biosystems, Foster City, CA, USA) PCR kit was used as per the
manufacturer’s instructions. Ethical clearance was obtained
from the Sefako Makgatho Health Sciences University (SMU)
SMUREC/P/26/2015:PG. DNA was isolated from peripheral
blood collected in ethylene diamine tetra-acetic acid (EDTA)
tubes and dry buccal swabs and extracted in accordance with
the manufacturer’s specifications of the Q1Aamp® DNA Mini kit
(Qiagen, Venlo, Netherlands).25 and quantified using the
Thermo Scien ﬁc NanoDrop™ UV-Vis 2000 Spectrophotometer.26 Multiplex quantification fluorescent PCR was
performed in a GeneAmp PCR System 9700® (Applied
Biosystems, Massachusetts, USA) using AmpFℓSTR® Iden ﬁler®
Plus Kit™ (Applied Biosystems, Massachuse s, USA), provided
by the supplier of the ABI PRISM 310 Genetic Analyzer)
according to the kit manufacturer’s recommendations. All
amplified products were separated on the ABI PRISM310
Genetic Analyzer (Applied Biosystems) and data was analysed
using GeneScan® Software v3.1 (Applied Biosystems) with peak
amplitude threshold set at 50 relative fluorescence units (RFU)
for all colours. Genotypes were generated using Genotype®
Software v2.5.2 (Applied Biosystems, Massachusetts, USA) and
the PCR products were sized according to the international
guidelines set by the ISFG.11,16 The standard formula for
paternity index was used, namely: PI=X/Y, where X is the
probability of a putative father transmitting a particular allele
to the child, and Y is the probability of a random man
transmitting a particular allele to a child (known frequency of
the allele in the given population).7,9,17,27 Allele frequencies
which are based on the South African population were
obtained from the South African Forensic Service (South
African Police Services).

The parentage study showed one locus mismatch at locus
D7S820 between the child and alleged father out of the 15 loci
used in the AmpFℓSTR® Iden ﬁler® Plus Kit™ (Lifetech
Sciences). Further amplification of the primers was carried out
with new synthesised singleplex primers that were situated
outside the primer binding sites used in the AmpFℓSTR®
Iden ﬁler® Plus Kit™ for locus D7S820. Oligonucleotide
sequences for D7S820 were obtained from the STR database.28
The forward (5’-TTAGAGACGGGGTTTCACCA-3’) and reverse
(5’-GGCAAAAATACCATAAGTTGATCC-3’) synthesised primers
were used for the amplification and sequencing of locus
D7S820.
The amplification reaction for the child and alleged father for
locus D7S820 contained 12.5μL of 2x DreamTaq PCR Master
Mix (dATP, dCTP, dGTP and dTTP, 0.4mM each, 4mM MgCl2,
DreamTaq DNA polymerase in 2X Dream Taq buffer),
(ThermoFisher Scientific), 8.5μL nuclease-free water, 1μL
(10μM) of forward primer, 1μL (10μM) reverse primer (a final
concentration of 10pmol) and 2μL of DNA. The PCR cycle for
locus D7S820 was performed in a Perkin Elmer 9700®. The
following programme was run: an incubation step at 94°C for 5
minutes, followed by 35 cycles of 94°C for 30 seconds
(denaturation), 30 seconds at 60°C respectively (annealing),
72°C for 45 seconds (extension) and final extension step of 72°C
for 7 minutes. The samples were held at 4°C indefinitely.
The amplicons were detected at around 300 bp using a 1% (w/v)
agarose gel. The Zymoclean™ Gel DNA (Irvine, California)
recovery kit was used according to manufacturer’s instructions
to excise and purify the approximate 300 bp DNA fragment. The
purified product was ligated according to manufacturer’s
instruc ons using the Thermo Scien ﬁc CloneJet™ PCR cloning
kitto pJET1.2/blunt cloning vector (50ng/μL) and the
recombinant plasmid transformed into Escherichia coli strain
JM109 competent cells.29 The colonies were analysed for the
presence and orientation of the DNA with sequencing as
follows: 0.4μL pJET1.2 forward sequencing primer (10μM),
0.4μL pJET1.2 reverse sequencing primer (10μM), 9.2μL
nuclease-free water and 10μL Dream Taq Green PCR Mix (2X)
were added together as the master mix, mixed well and
aliquoted in 20μL amounts into tubes and placed on ice.
Individual colonies were picked and re-suspended in 20μL of
the master mix and amplified at 95°C for 3 minutes;
94°C for 30 seconds, 60°C for 30 seconds, 72°C for 1 minute, 25
cycles and held at 4°C until sequence analysis. The amplicons
were run on the ABI3500XL Genetic Analyzer and quality was
ascertained using CLCBio Main workbench.

RESULTS AND DISCUSSION
DNA Profile
We report a single mismatch that occurred at microsatellite
locus D7S820 between the alleged father and child, where the
child’s alleles are homozygous 12/12 and the alleged father’s
alleles are heterozygous 10/11 (see Table I). The mutation rate
for locus D7S820 has been reported as 0.10%.30

Table I. DNA profile generated from amplification of
samples with AmpFℓSTR® Iden ﬁler® PCR Ampliﬁca on
Kit. The null allele is highlighted at locus D7S820.
STR LOCUS

MOTHER

CHILD

D8S1179

12

13

13

16

16

16

D21S11

28

29

29

30

30

30

D7S820

11

12

12

12

10

11

CSF1PO

11

12

12

12

12

9

D3S1358

16

17

17

16

16

15

THO1

8

8

8

6

6

7

D13S317

12

12

12

11

11

11

D16S539

10

11

11

10

10

9

D2S1338

19

18

18

22

22

16

D19S433

13.2

14

14

12

12

14

vWA

18

18

18

14

14

18

TPOX

9

10

10

6

6

7

D18S51

9

17

17

21

21

18

D5S818

8

12

12

10

10

13

FGA

20

22

22

19

19

23

X

X

Y

X

Y

Amelogenin X

ALLEGED
FATHER

The peak height of the fluorescent intensity measurements in
the electropherogram (Figure 1) is approximately 750 to 800 for
the heterozygous alleles of the mother, 2400 for the
homozygous profile of the child, and approximately 750 to 800
for the heterozygous profile of the alleged father. The allele 12
of the child shows a peak height of more than twice that of the
heterozygous profiles of the mother and alleged father, which
is generally accepted in the literature as excluding the
possibility of a null allele.17,31,32
Cloning of the nucleotide sequence of the child and alleged
father was conducted in order to analyse the STR and the
flanking regions of locus D7S820. The nucleotide sequence
electropherograms obtained from the child indicates 12 tetra
nucleotide GATA repeats for the one allele at this locus (Figure
2) and 11 GATA tetra nucleotide repeats for the second allele at
this locus (Figure 3). The nucleotide sequences of the forward
and reverse primers of the child do not show any variation in
the nucleotide sequence when compared to available online
databases. Thus following cloning, the allele profile of the child
changed from 12/12 to 11/12.

Figure 2. Electropherogram of the nucleotide sequence that
indicates the 12 tetra nucleotide sequence repeats of the child’s
profiles found during nucleotide sequencing at locus
D7S820

Figure 1. Electropherogram of mismatch between child and
alleged father at locus D7S820

The mutation rate for locus D7S820 has
been reported as 0.10%

Figure 3. Electropherogram of the nucleotide sequence that
indicated the 11 GATA tetra nucleotide sequence repeats of the
child’s profiles found during nucleotide sequencing on locus
D7S820

(iii) a mutation in gene transmission from alleged father to
child5 or;
(iv) replication slippage or slipped-strand mispairing which
assumes that during replication the nascent and
template strand realign out of register.
2,4,6,8,9,13,15-17,20,24,32

Figure 4. Electropherogram of the nucleotide sequence that
indicates the 10 tetra nucleotide sequence repeats of the
alleged father’s profiles found during nucleotide sequencing of
locus D7S820. A SNP from C to T was observed at position 207

Figure 5. Electropherogram of the nucleotide sequence that
indicates the 11 tetra nucleotide sequence repeats of the alleged
father’s profiles found during nucleotide sequencing of locus
D7S820

The nucleotide sequence electropherograms obtained from the
alleged father indicates 10 GATA tetra nucleotide repeats for
the one allele (Figure 4) and 11 GATA tetra nucleotide repeats
for the second allele (Figure 5). Thus following cloning analysis,
there is also no indication of a tetra nucleotide repeat or loss
and the allele profile of the alleged father remains unchanged
(10/11). No variations were found in the forward primer
binding area of the commercial kits in allele 11. However, a
cytosine (C) to thymine (T) SNP at position 207
(TGTCATAGTTTAGAATG) was identified in the forward primer
binding site of allele 10 when the sequenced profile was
compared to online databases (GenBank AC004848-reverse
complement; 13 GATA repeats). However, this does not have
any effect on the heterozygous allelic profile of the father which
remains the same (10/11). The C to T mutation type is reported
to commonly occur, which might be related to methylation.4
Point mutations are not an isolated occurrence and is reported
in other STR kits as well.2,15,17,18
The results thus establish that the suspected father is the
biological parent of the child. The statistical value was
fractionally altered from 0.99999999507 (with μ/PE)14 mutation
to 0.99999999996 (PI=X/Y) without the mutation.7,9,17,27 There
are a few likely possibilities that could be considered for the
one-step mutation between child and alleged father, namely:
(i) allele dropout due to SNPs in the primer binding region;
(ii) a true null allele caused by a sequence deletion;

This influences the repeat number of the microsatellite and
thus the size of the strand. From the nucleotide sequencing
analysis of the child and alleged father with forward and
reverse singleplex primers it was concluded that the primer
binding sites were complete and that the failure of the
commercial kit to amplify the allele at this locus during
amplification, was probably due to template slippage during
replication.
3,5,13,20

CONCLUSION
During a routine paternity investigation, there was a false
indirect exclusion due to allele drop out of allele 11 of the child
at locus D7S820. The reconstructed primers resulted in the
recovery of the null allele. The homozygous allele of the child
(12/12) changed to a heterozygous profile (11/12). No
nucleotide variants, addition or loss of GATA repeat units were
identified in the child’s allele profile and it was deduced that
the allele dropout was due to polymerase slippage during DNA
replication. The heterozygous profile obtained from the alleged
father at D7S820 remained unchanged (10/11). However, the
SNP found at the primer binding area at allele 10 of the alleged
father did not affect the heterozygous profile of the alleged
father. This might be attributed to DNA methylation. This
confirms that a single locus mismatch of a silent allele can occur
at any locus using commercial DNA profiling kits during
paternity analysis. Not all STR systems can avoid all potential
null alleles since rare variants occur at random.
In this case, a false locus exclusion was changed to a true
inclusion. The existence of these null alleles should be taken
into account when DNA STR data are being interpreted in
parentage and kinship investigations. Verifications of micro
variant alleles is becoming important as STR typing expands and
unexpected genetic variation can complicate inter- pretation of
results. Laboratories are encouraged to load microvariants such
as SNPs to websites sources such as National Institute of
standards and technology short tandem repeat internet
database (STR base), genome-wide association studies (GWAS)
and a web based allele-specific PCR assay tool for detecting
SNPs and mutations (WASP) to assist scientists with collecting
necessary information about target polymorphisms. Scientists
and companies designing commercial kits will be made aware
of anomalies that may be encountered and can observe these
microvariant alleles on a regular basis which will save time and
effort on investigations.
Information on SNPs can be applied to population genetics,
molecular genetics, response to the environment,
pharmacogenetics, calculation of mutation rates, concordance
with sequencing technology, psychiatric disorders, ancestry
and predisposition to disorders.
With the development of third generation genetic markers, SNP
will replace STR for some applications like genome mapping.
However, a comprehensive understanding of STR mutation and
its high informative characteristics will increase the application
of STR analysis in many more field of science.
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