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|_ABSTRACT

There are frequent requests for duo paternity tests thus
increasing the possibility of false paternity inclusions. The
aim of this study was to identify possible false inclusions
when comparing the duo to the trio paternity profile to see
if there is a discrepancy in the results when using
15-loci autosomal short tandem repeat (STR) analysis. We
concluded that wrongful inclusions would have occurred in
duo paternity profiles in three cases out of 240 trio
exclusions. Paternity probabilities between 95.0688215064%
and 99.99964871% were calculated on the duos. We
demonstrated how duo results were changed from an
inclusion to a definite exclusion when the mother's DNA
profile was added to the test, showing the importance of
the mother’s profile in paternity testing and the risk of false
inclusions in duo cases. These findings support the literature
where false inclusions are reported in a paternity test
where the mother’s profile is omitted, as well as the
recommendation for 3 or more mismatches as an exclusion
criterion.
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INTRODUCTION

The scientific accuracy of paternity test interpretations
depends on the quality, quantity and reliability of the relevant
information used in the assessment. DNA analysis using
short tandem repeat (STR) loci has become the method
of choice for paternity testing with all the parties involved.’
STRs are abundant in the human genome but they are
highly polymorphic and have high genetic diversity. This is
due to the allelic variation in the number of repeat units.?
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Therefore, one or two mismatches is seen as a mutational
event due to polymerase slippage resulting in repeat or
deletion of a tetra nucleotide.?

Trio analysis is preferred during routine paternity testing.2®
In forensic literature the mutation rate in males is several fold
higher than in females, which increases the possibility of false
inclusions in a duo analysis with child and alleged father.?”
Paternity testing carried out on a duo case has the risk of also
giving false inclusion paternity results.>® Recently, for various
reasons, there are more frequent requests at our institution
for paternity testing using only the child and alleged father’s
DNA for STR profiling. We demonstrated the importance of
including the mother’s profile in paternity testing, when we
compared duo profiles with the trio profiles obtained in 240
paternity cases where the putative father was excluded. False
inclusions were reported here in a duo profile in three cases
with only one mismatch (Case 1) and two mismatches (Cases
2 and 3) of an otherwise compatible series of STR results. It is
commonly accepted that when two mismatches are
observed, the result is taken as an exclusion.®'® However, it is
recommended that single parent/child cases should be
analysed very carefully, and that three independent non-
matching loci out of 15-loci be present before an exclusion is
declared, or that more tests be added if only two mismatched
loci are found in a duo or trio case8?''2 Dogan et al
demonstrated that duo tests provided a coincidental second
mother or father to 16 children out of 400 when compared
separately with fathers and mothers of other cases by using a
computer programme.f Lee et al also demonstrated that the
value of probability of paternity is higher in a trio than in a
motherless case? Although different countries have
established different criteria for parentage tests using STR
analysis, such as the USA (99%), Germany (99.999%) and
Turkey (99.73%), Dogan et al recommended a minimum of
99.9% as an inclusion criterion in duo and trio cases.
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METHODS
AND MATERIALS

Archived results were used involving 240
paternity cases, where the alleged father
was excluded in trio profiling assessment
of the paternity results. DNA was extracted
using Q1Aamp® DNA Mini kit (Qiagen,
2007) or Nucleo Spin Tissue kit (Machery &
Nagel, Daren, Germany). Using AmpFLSTR
Identifiler™ or AmpFLSTR Identifiler Plus™
commercial kits, multiplex quantification
fluorescent PCR was performed in a
GeneAmp PCR System 9700° (PE Applied
Biosystems, Foster City, CA, USA, 1997).
Products were analysed using ABI PRISM
310° and ABI PRISM 3130° automated
sequencer systems and data analysed and
genotypes generated using Genotype®
Software v2.5.2 and v3.2 (Applied Bio-
systems, Foster City, CA, USA). Alleles were
assigned and sized according to
international nomenclature set by the
International Society for Forensic Genetics
(ISFG). The frequencies for the one and two
step mutations (non-matching loci) were
calculated using u/4xP (Q) for Case 1 and
u/40xP (Q) for Case 2 and Case 3.1

RESULTS
AND DISCUSSION

Out of the 900 trio paternity cases available
in the archive, 240 were trio exclusions of
the alleged father with three or more
mismatches. In comparison using the dual
profile of child and alleged father only,
three of the 240 cases would have given
difficulties in confirming the paternity
status of the alleged father, whereas the trio
profiles clearly excluded the alleged father
in all three cases. Investigations with the
child and putative father only could lead to
problems of false inclusions.™ The results
obtained are displayed in Tables |, Il and Il
which demonstrate the number of
mismatches found in the duo STR profile
found between child and alleged father
compared to the number of mismatches
found in the trio STR profile between
mother, child and alleged father.

Casel

In Case 1, as summarised in Table |, the
absence of the mother's DNA profile (duo
profile) during routine 15-loci autosomal
STR analysis results in one mismatch only,
between child and alleged father at locus
D18S51, which could have been seen as an
inclusion with a one-step mutation.
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Table I.

Case 1: The number of mismatches in the DNA profile in the trio as well as the duo case
(child and alleged father). Fifteen different genetic systems/loci (D851179, D21511, D7S820,
CSF1PO, D351358, THO1, D13S317, D16S539, D251338, D195433, vWA, TPOX, D18S51,

D5S818, and FGA) were amplified with the polymerase chain reaction and then analysed
on an automated genetic analyser. The DNA Profile is reported as the number of tandem
repeats for each analysed STR locus. In the duo profile there is only one mismatch, while
there are seven mismatches in the trio profile.

ALLEGED MISMATCHED LOCI (X)
STRLOCUS MOTHER CHILD FATHER With mother | Without mother
(Trio profile) (Duo Profile)
D85S1179 15 13 13 14 14 14
D21511 28 27 27 312|312 30
D75820 8 10 10 1 10 12 X
CSF1PO 10 11 11 12 10 11 X
D3S1358 15 16 16 13 14 16 X
THO1 7 9 9 7 7 8
D13S317 10 11 11 13 13 13
D165539 1 11 11 10 1 12 X
D251338 16 22 22 21 17 22 X
D195433 13 14 14 13 13 14
VWA 17 15 15 1 15 17 X
TPOX 8 10 10 1 11 9
D18551 18 19 19 152 16 20 X X
D55818 1 13 13 1 1 12
FGA 21 23 23 22 22 442
Amelogenin X X X X X Y
Total number of mismatches 7 1

Table II.

Case 2: The number of mismatches in the DNA profile in the trio (7 mismatches) as well as
the duo case (2 mismatches). Fifteen different genetic systems/loci (D8S1179, D21511,
D75820, CSF1PO, D351358, THO1, D13S317, D16S539, D251338, D195433, VWA, TPOX,

D18S51, D55818, and FGA) were amplified with the polymerase chain reaction and then
analysed on an automated genetic analyser. The DNA Profile is reported as the number of
tandem repeats for each analysed STR locus. In the duo profile there are only two
mismatches, while there are seven mismatches in the trio profile.

ALLEGED MISMATCHED LOCI (X)

STRLOCUS MOTHER CHILD FATHER With mother | Without mother
(Trio profile) (Duo Profile)
D8S1179 12 13 113 14 1 14 13
D21511 29 30 | 30 35 | 38 332 X X
D75820 0 13 13 10 | 10 10
CSF1PO 1 12 12 10 10 12
D3S1358 16 15 15 17 15 16 X
THO1 8 6 6 9 6 8 X
D13S317 1" 12 12 1" 1 11
D16S539 13 9 9 12 | 12 10
D251338 8 19|19 21 21 23
D195433 12 13 113 11 13 132 X
VWA 19 15 15 14 117 19 X X
TPOX 8 8 8 8 8 8
D18S51 18 16| 16 18 | 18 102
D55818 13 12 12 8 11 12 X
FGA 23 26 | 26 2| 26 27 X
Amelogenin X X X X X Y
Total number of mismatches 7 2
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Table I11. |_

Case 3: The number of exclusions in the DNA profile in the trio (3 mismatches) as well as

the duo (2 mismatches). Fifteen different genetic systems/loci (0851179, D21511, D75820, Thepresence Of
CSF1PO, D351358, THO1, D13S317, D165539, D251338, D195433, VWA, TPOX, D18S51, ; ;
D55818, and FGA) were amplified with the polymerase chain reaction and then analysed Ior2 mismatches in a
on an automated genetic analyser. The DNA Profile is reported as the number of tandem duo or trio STRproﬁle at
repeats for each analysed STR locus. In the duo profile there are only two mismatches, while . .

there are three mismatches in the trio profile. agioen locus is not

MISVATCHED L0CI () considered sufficient for
STRLOCUS MOTHER CHILD AFE\LTE:EERD Withmother | Without mother exclusion of the alleged
(Trio profile) (Duo Profile) fat her
D851179 12 14 14 14 14 13
D21S11 34 29 29 28 28 30 J
D75820 10 13 13 10 10 8
CSF1PO 12 12 12 6 10 12 X
D351358 15 16 16 15 15 16
THO1 7 8 8 8 8 8
D13s317 12 11 11 12 12 12
D16S539 12 11 11 10 10 11
D251338 21 19 19 23 17 22 X X
D195433 15 14 14 13 13 142
VWA 17 18 18 16 18 16
TPOX 8 8 8 10 9 9 X X
D18S51 19 16 16 19 19 162
D55818 13 13 13 12 12 12
FGA 192 24 24 22 22 21
Amelogenin | X X X X X Y
Total number of mismatches 3 2

Normally the presence of one mismatch is not seen as an
exclusion but rather as a rare mutational event during
meiosis."” The probability of inclusion in the duo profile was
99.99964871%. The average mutation rate of common auto-
somal STR loci observed during paternity testing for D18551
is 0.22%.'* When the mother's DNA profile was included (trio
profile), the result was changed from an inclusion to a definite
exclusion with 7 mismatched loci.

Case 2

In case 2, as illustrated and summarised in Table Il, the
absence of the mother's DNA profile (duo profile) resulted in
two mismatches between child and alleged father at locus
D21S11 and locus VWA, which could have been seen as an
inclusion with a two-step mutational event at both loci. The
average mutation rate of common autosomal STR loci
observed during paternity testing for D21511 is 0.19%"” and
VWA'is 0.17%.®

When the mother’s DNA profile was included (trio profile), the
result is changed from an inclusion with two mismatched loci
to a definite exclusion with seven mismatched loci. The
probability of inclusion in the duo profile was 99.091484%.
This case illustrates the importance of the recommendation
to use three or more mismatched loci and not only 2
mismatched loci as an exclusion in DNA profiling during
routine 15-loci autosomal STR analysis in duo and trio cases.
[t shows the importance of using the probability of inclusion
of 99.9% or higher in duo and trio paternity cases. Countries
have established different criteria for parentage tests using
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STR analysis, USA recommends 99.0%, 99.9% in Germany and
99.73% in Turkey and Dogen et al recommends that a
minimum of 99.9% inclusion criteria in duo and trio paternity
cases.

Case 3

In case 3, as summarised in Table Ill, the absence of the
mother's DNA profile (duo profile) during routine 15-loci
autosomal STR analysis resulted in 2 mismatches between
child and alleged father at loci D251338 and TPOX, which
could have been seen as an inclusion with 2 one-step
mutations. Normally the presence of two mismatches is not
seen as an exclusion but rather as a rare mutational event
during meiosis.” The duo could also have been interpreted
as a two-step mutation at locus D251338 and a one-step
mutation at locus TPOX. Two-step mutations are deemed
to be 10 times less common than one-step mutations.”™®
The probability of inclusion in the duo profile was
95.0688215064%, which is lower than the internationally
accepted 99.9% paternity index for an inclusion result. The
average mutation rate of common autosomal STR loci
observed during paternity testing for D251338is 0.12%!'® and
TPOX is 0.01%."® When the mother’s DNA profile was
included (trio profile), the result is changed from an inclusion
to an exclusion with three mismatched loci. This case clearly
illustrates the importance of the recommendation to
use three or more mismatched loci and not only two
mismatched loci as an exclusion in DNA profiling during
routine 15-loci autosomal STR analysis in a duo profile.
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CONCLUSION

Normally, the presence of 1 or 2 mismatches in a duo or trio
STR profile at a given locus is not considered sufficient for
exclusion of the alleged father.”” In this case none of the 3
alleged fathers could be conclusively excluded in a duo case
until the mother's DNA profile was also included, thus
avoiding afalse result." There is always a possibility of wrongly
including a putative father in a duo paternity test. In our cases
it was 1.25% (3 out of 240 exclusion samples). As in case 1, a
high paternity probability of 99.99964% does not necessarily
indicate biological fatherhood in a motherless case."” A duo
case with child and alleged father are subject to bias and
uncertainties in paternity testing and statistical values,* as seen
in Case 2 (99.091484%) and Case 3 (95.068824%). Dogan et al
recommended that a percentage acceptance limit of 99.9%
be used and recommend that more loci be tested, or that the
mother’s profile be added to the test if the percentage is less
than 99.9%.

These findings show that one or two mismatches between
child and alleged father (duo) that would have been taken as
an inclusion, could be confirmed as an exclusion after the
addition of the mother to the test*The addition of the mother
to the paternity test greatly simplifies the uncertainty of one
or two mismatches in a duo paternity test result. Paternity
tests must preferably have a trio test, or analysis with extra loci
in a duo test that is more than the 15 analysed STR loci in the
routine test. Therefore, paternity tests based on the Mendelian
inheritance between genotypes will assist in acquitting a
wrongly accused alleged father."!

These results also confirm that it is advisable to use three
mismatches in a duo or trio profile to conclude an exclusion,
instead of using only two mismatches as an indication to
exclude the alleged father during paternity investigations.™
Although possible null alleles were not encountered in this
study. Allowing for the presence of null alleles can also have
an impact on the result in a duo profile.”

None of the 3 alleged fathers
could be conclusively excluded
in a duo case until the mother’s
DNA profile was also included,
avoiding a false result

We advise that during a duo profile involving putative father
and child, a comment is inserted in the results that states: ‘that
thereis a possibility that the alleged father could be excluded
if the mother’s profile is added to the test results due to the
possibility of the mother’s profile changing the result from an
inclusion to an exclusion!

The request for duo paternity investigations will probably
increase due to financial, cultural and personal reasons and
these cases should be analysed carefully. The increase to at
least three independent non-matching loci for an exclusion
from fatherhood is a recommended international guideline.>
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One can also consider using additional loci if the mother is
not available, or using the Y-chromosome for additional tests
if the child is a male. Since the main objective of the test
should be within practical implications, to include the
mothers profile would be the option of choice for accuracy.
The Y-chromosome shows non-specific male lineage. An
additional locus to a duo profile adds statistical value, but may
not be as specific as the mother's profile. In a case where
the mother is not available, additional loci, and the
Y-chromosome in a male child may give the most accurate
results.

COMMENT

This study also illustrates the possibility of the mother
incorrectly identifying an alleged father of the child. The
results show that out of the 900 cases received for paternity
testing, the mother incorrectly identified the alleged father
in 240 cases (26.66%). The reasons could include the
mother’s incorrect calculation of the time of conception, or
the mother having more than one intimate relationship at
the same time or within a short period of each other. The
financial status or any other qualities and advantages of a
potential father may also play a role, as well as family
pressures and customs. For an outside observer it becomes
quite clear that the mother's testimony regarding the
identity of the child’s father may in some cases not meet
scientific scrutiny. The accidental swopping of babies at
birth is a possibility and inclusion of the mother’s profile
gives a holistic assessment. If the wrong infant is tested in
aduo profile, the alleged father will be excluded in this case,
while possibly being the father of this mother’s biological
child involved in the swop.

SMUREC Ethics Reference Number:
SMUREC/M/249/2018: (J) Journal
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