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In paternity testing, differences at genetic loci between
the alleged parent and the child would lead to the exclusion of
biological paternity. Although rare, transmission inconsistent in
paternity testing or single mismatches in DNA profiles may occur,
possibly due to either germline or somatic mutation. When
single locus discrepancy is present, the mutant allele is
hypothesized that mutation occurs possibly in either father or
mother.

The objective of this paper is to report the mutation events
related to many short tandem repeat (STR) loci that are frequently

used and applied in  various scenarios of forensic statistics.

¢ A descriptive study.

Forensic Serology and DNA, Department of Forensic Medicine,
Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand.
In all, 11,280 meiosis transmissions from 630 paternity testing
cases were investigated in Thai population from 2004 to 2010.
Each locus was counted and analyzed as percentage of
maternal or paternal mutation rate with 95% confidence interval.
The mutation was described as the losses or gains of the repeat

units.

* Forensic Serology and DNA Unit, Department of Forensic Medicine, Faculty of Medicine, Chulalongkorn University

** Department of Forensic Medicine, Faculty of Medicine, Chulalongkorn University
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Results : There were 24 mutations at 10 loci. The observed mutation rate
was ranged as 1.3 - 6.6 x 10°(10 STR loci) per locus per
gamete per generation. The mutation was more frequently
presented in the paternal than the maternal germline.

Conclusion : This is the preliminary study of mutation rate of STR loci observed
in Thai population. The overall mutation rate is 1.9 X 10° per
locus per gamete per generation. This mutation information is
useful for forensic statistics to provide more accuracy STR

calculation results.
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Short tandem repeats (STR) is a potential
DNA marker used in paternity test as well as
forensic identification. There have been astonishing
development and major contributions in STR markers
since 13 CODIS STR loci were announced by the FBI.
National STR databases have rapidly been emerging.
There have been many publications regarding allele
frequencies of each STR locus in different ethnic
groups that were used to calculate in many forensic

statistics’ parameters."”’

In conclusive paternity test,
the observed alleles from the alleged father, mother,
and the child should be calculated for a likelihood
ratio. However, in case of single discrepancy locus
is presented, the mutation event of such must be
concerned. The objective of this paper is to report
the mutation events related to many STR loci that are
frequently applied in various scenarios of forensic

statistics.

Materials and Methods
Sample collection and DNA extraction

In total, 630 families with Thai nationality
were included in this study that performed paternity
test in Forensic Serology and DNA Unit, Department
of Forensic Medicine, Faculty of Medicine,
Chulalongkorn University from 2004 to 2010. We
collected 2,402 EDTA blood samples then extracted
with one of these available kits, e.g. Chelex 100,

QIAamp® DNA micro kit and DNA IQ ™ system.

Amplification and typing

Two multiplex commercial kits, PowerPlex ®
16 loci (Penta E, D18S51, D21S11, THO1, D351358,
FGA, TPOX, D8S1179, vWA, D5S818, Penta D,
CSF1PO, D16S539, D7S820, D13S317 and
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Amelogenin) and AmpF/STR Identifiler 16 loci
(D8S1179, D21S11, D7S820, CSF1PO, D3S1358,
THO1, D13S317, D16S539, D251338, D19S433, VWA,
TPOX, D18S51, D5S818, FGA and Amelogenin), were
carried on GeneAmp® PCR System 9700 according
to the manufacturer’s instructions. The capillary
electrophoresis was performed by Applied Biosystems
3130x/ Genetic Analyzer. The DNA amplicon sizes
were analyzed and identified using GeneMapper®ID

version 3.1 software.

Analysis of data

The suspected allele was described in case
of single locus discrepancies between parent and
child while the other STR loci were consistent with
paternity. The shortest mutational step was firstly
considered as a mutant allele.'” In case of the
mutational step could possibly originated by both
parents, the uncertain of mutation origin was marked.
The mutation was counted in terms of losses or gains
of the repeat units. Each locus was calculated for the
percentage of mutation rates with 95% confidence
interval separately in the part of paternal and maternal
germlines using SPSS statistic software. “ The
observed mutation rates were compared to that of the

Chinese and North American populations. ©®

Results

There were 24 mutations disseminated
in 10 different loci (Table 1) from 11,280 meiosis
transmission data. The mutation was more frequently
presented in the paternal than the maternal germline,
the observed mutation ratio for paternal/maternal was
2:1. The observed mutation rate was ranged as

1.3 - 6.6 X 10° and the overall mutation rate was
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2.1 X 10° per locus per gamete per generation population data, was presented in VWA (0.66%),
(Table 2). The relatively high of total mutation rate D138317 (0.53%), D7S820 (0.40%) and D19S433

when compared to the Chinese and North American (0.31%) (Figure 1).

Table 1. The mutation lists demonstrate mismatch loci and categorize pattern of possible maternal or

paternal mutation

No. Loci Paternal Child Maternal Possible mutation

1 D2S1338 19/25 20/23 16/23 +1 Paternal
2 D5S818 10/11 10/12 11/13 -1/+1 Maternal
3 D7S820 12/12 11/11 8/11 -1 Paternal
4 D7S820 10/13 10/12 10/11 ? ?

5 D7S820 12/12 11/13 11/11 +1 Paternal
6 D13S317 8/10 8/12 11/11 +1 Maternal
7 D13S317 11/12 12/13 8/12 +1 ?

8 D13S317 8/13 9/10 10/12 +1 Paternal
9 D13S317 11/11 8/8 8/11 -3 Paternal
10 D18S51 20/22 16/23 16/16 +1 Paternal
11 D18S51 16/24 15/23 15/15 -1 Paternal
12 D16S539 10/13 10/11 12/12 -1 Maternal
13 D16S539 10/14 12/13 12/12 -1 Paternal
14 D19S433 14.2/15.2 13.2/14 14/15.2 -1 Paternal
15 D19S433 13/14 13/13.2 13/14.2 -1 Maternal
16 D21S11 32.2/34.2 29/32.2 30/32.2 -1 Maternal
17 D21S11 28/30 30/32.2 29/33.2 -1 Maternal
18 FGA 24/27 25/26 24/25 -1 Paternal
19 FGA 24/26 24/25 22/24 -1/+1 Paternal
20 vWA 15/16 1717 - +1 Paternal
21 VWA 18/19 17/20 14/17 +1 Paternal
22 VWA 18/19 16/20 15/16 +1 Paternal
23 VWA 18/18 15/19 14/15 +1 Paternal
24 VWA 14/17 17/18 16/19 -1 Maternal

? = uncertain mutation origin.
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Table 2. Mutation results from 17 loci STR (two commercial kits commonly share the same 13 CODIS loci

with their difference in Penta D, Penta E, D251338 and D195433)

Loci Paternal Maternal Paternal Maternal Unassigned Paternal 95% Maternal 95% Total 95%
mutation mutation mutation Confidence mutation Confidence Mutation Confidence
(%) intervals (%) intervals (%) intervals

D8S1179 261 491 0 0 0 0.00 0.00-1.40 0.00 0.00-0.75 0.00 0.00-0.49
D21S11 261 491 0 2 0 0.00 0.00-1.40 0.41  0.05-1.46 0.27 0.03-0.96
D7S820 261 491 2 0 1 0.77 0.09-2.74 0.00  0.00-0.75 0.40 0.08-1.16
CSF1PO 261 491 0 0 0 0.00 0.00-1.40 0.00 0.00-0.75 0.00 0.00-0.49
D3S1358 261 491 0 0 0 0.00 0.00-1.40 0.00 0.00-0.75 0.00 0.00-0.49
THO1 261 491 0 0 0 0.00 0.00-1.40 0.00 0.00-0.75 0.00 0.00-0.49
D13S317 261 491 2 1 1 0.77 0.09-2.74 0.20 0.01-1.13 0.53 0.15-1.36
D16S539 261 491 1 1 0 0.38 0.01-2.12 0.20 0.01-1.13 0.27 0.03-0.96
VWA 261 491 4 1 0 1.53 0.42-3.88 0.20 0.01-1.13 0.66 0.22-1.54
TPOX 261 491 0 0 0 0.00 0.00-1.40 0.00 0.00-0.75 0.00 0.00-0.49
D18S51 261 491 2 0 0 0.77 0.09-2.74 0.00 0.00-0.75 0.27 0.03-0.96
D5S818 261 491 0 1 0 0.00 0.00-1.40 0.20 0.01-1.13 0.13 0.00-0.74
FGA 261 491 2 0 0 0.77 0.01-2.12 0.00  0.00-0.75 0.27 0.03-0.96
D2S1338 219 432 1 0 0 0.46 0.01-2.562 0.00 0.00-0.85 0.15 0.00-0.85
D195433 219 432 1 1 0 0.46 0.01-2.52 0.23 0.01-1.28 0.31 0.04-1.11
Penta D 42 59 0 0 0 0.00 0.00-8.41 0.00  0.00-6.06 0.00 0.00-3.59
Penta E 42 59 0 0 0 0.00 0.00-8.41 0.00  0.00-6.06 0.00 0.00-3.59
Total 3915 7,365 15 7 2
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Figure 1. The total mutation rates from 3 populations were compared which the significant difference was presented
in some loci (D7S820, D13S317, VWA and D19S433)
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Discussion

The STR mutation was described in its
mutation event with approximately 10” per locus per
gamete per generation.”’ The single repeat mutation
has been more frequently found with 90% than double
and rarely observed in multiple repeat mutations. 55)
The repeat lengths and structures of microsatellites
have indicated that either the shorter or interrupted
allele is fewer than the often observed mutation. *¥

According to our study, 24 mutations present
at 10 loci. The observed mutation rate was
1.3 X 10° t0 6.6 X 10° (10 STR loci) and the overall
mutation rate was 1.9 X 10° per locus per gamete
per generation. The mutation was more frequently
presented in paternal than maternal germline,
the observed mutation ratio for paternal/maternal
is 2:1. Interestingly, the D13S317 locus in the 4" family
(Table 1) shows three steps of paternal mutation. Two
hypotheses were considered whether the dropout of
allele 11 in the questioned child by primer binding
mutation or the existence of allele caused by
sequence deletion. The previous study has reported
the D13S317 multistep microsatellite mutation
occurred by maternal meiosis event. ® However, the
D13S317 mutation observed by NIST . the paternal
meiosis (0.14%) is 3.5 more predominate than the
maternal (0.04%) in accordance with this paperis 3.85
(0.77/0.2, paternal/maternal). Finally, this is the
preliminary mutation rate studied in Thai population
with its limitation of the small sample size. The larger
STR data sets should be studied and compared for

more accurate mutation rate.
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