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Abstract

Short tandem repeats (STR) analysis is currently the gold-standard method for DNA profiling in parentage testing
where the probabilistic analysis is affected by the DNA profile size, the STR frequency dataset, and the availability of
all the individuals involved in the case. Lebanon is a relative small country with high rates of endogamous and
consanguineous marriages; factors that could challenge the power of discrimination of the DNA profiles and
introduce uncertainty to parentage testing interpretations. Since there is no legislation concerning kinship testing in
Lebanon, relationship testing laboratories follow standards of their own choice, the majority of parentage testing is
performed using 15 STR systems only, and some laboratories still use Caucasian STR allele frequencies as
reference population datasets. In addition, there is a remarkable increase in Duo parentage testing requests. The
present study aimed at assessing the effect of the number of tested STR loci 15 versus 23, and the effect of using
Lebanese versus Caucasian STR allele frequencies as reference population dataset in 422 Trio and 271 Duo
parentage cases. Results showed that performing paternity testing using DNA profiles of 15 STR systems in the
Lebanese population increased the risk of misinterpretations, whereas increasing the DNA profile size to 23 STR
markers using the population representative STR allele frequency helped remarkably in lowering uncertainties, and
probable misinterpretations, especially in Duo parentage cases.

Keywords: DNA profiling; Kinship testing; Parentage testing;
Paternity; Maternity; Consanguinity; Endogamy; Lebanon

Introduction
Lebanon is a relatively small country that has been shaped by many

civilizations with profound effects at the cultural, religious and genetic
levels [1]. As a result, the Lebanese population is at present
characterized by more than 18 religious communities that are not
evenly distributed geographically, live in a relative seclusion, and have
different religious and cultural practices. Consequently, marriages take
place within the same religious community at an average rate of 88%
[2], and between first degree relatives with rates ranging from 31% to
36% [3,4]; factors which helped shaping the genetic structure of the
Lebanese communities [5].

Given that Lebanon has relatively high endogamous and
consanguineous marriage rates, the likelihood of observing matching
allele types among different individuals is high [6, 7], in addition to a
loss in systems heterozygosity. In parentage testing, when the involved
individuals belong to the same subpopulation, falsely alleged parents
are less likely to exhibit system allele mismatches with the child’s
genotype, than when the population is not subdivided. Consequently,
paternity studies in the Lebanese population could be prone to
significant uncertainties.

Besides, estimating STR allele frequencies in a given population is
an essential prerequisite for any DNA interpretation. However, several

studies showed that the population source of STR allele frequencies do
not have significant impact in parentage testing calculations, where the
use of different population frequency databases could lead to the same
result [8-11]. Yet a subdivided population does not follow a relative
panmixia [12] as its individuals would not randomly mate; therefore,
the STR allele frequencies could differ among the different
subpopulations or between a subpopulation and the total
representative population allele frequencies. The Lebanese population
shows stratification with inbreeding practices that could affect STR
allele frequencies, not only in comparison to the Caucasian population,
but also among different Lebanese religious sub communities.

STR allele frequencies that are in Hardy-Weinberg equilibrium with
low coefficient of coancestry (Fst), such as the Caucasian STR allele
frequencies are still used as reference in certain Lebanese DNA testing
laboratories, although Lebanese STR allele frequencies are available;
this could probably be a source of statistical bias [13,14]. Also, the
Lebanese social characteristics challenge the discrimination power of
DNA profiles as to the number of included STR systems, which are
often 15. Indeed, many studies have discussed the effect of
underestimating the inbreeding coefficient in DNA interpretations and
questioned the number of used genetic markers, where these reports
showed that these conditions may introduce uncertainties in the DNA
interpretations [12, 15-22]. Cases where 21 STR genetic markers are
deficient to prove paternity, as well as false paternity positivities in Duo
cases, have been documented in populations experiencing random
mating [23-27].
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Lebanon lacks legislation concerning kinship testing; therefore,
relationship testing laboratories follow recommendations and
standards of their choice, with recommendation of positive parentage
probabilities (W) ranging from 99.9% to 99.999% [28].

The present study aims at evaluating the effect of using population
specific STR allele frequencies and assessing the effect of the DNA
profile size and both parents availability on parentage investigations in
populations with recurrent inbreeding practices as is the Lebanese
population.

Methodology
Samples collected were either buccal swabs or peripheral blood

using EDTA tubes. Genomic DNA was extracted from whole blood
using the salting out method, whereas organic DNA extraction, by
Phenol Chloroform Isoamylalcohol (PCI) protocol, was used for buccal
swabs. The DNA extracted from each sample was quantified using
Nanodrop.

Approximately 1 ng of the target DNA was amplified using two
commercial typing kits, PowerPlex1 16 HS and PowerPlex1 ESI 17 fast
(Promega Corporation, Madison, USA), according to manufacturer’s
instructions. These two kits combined amplify a total of 23 genetic
markers (D3S1358, D22S1045, THO1, D21S11, D18S51, Penta E,
D5S818, D13S317, D7S820, D16S539, CSF1PO, Penta D, VWA,
D8S1179, TPOX, FGA, D19S433, D2S1338, D1S1656, D10S1248,
D2S441, D12S391 and SE33). The PX2 thermohybaid (Thermo) was
used for PowerPlex ESI 17 fast amplification, whereas the AB
GeneAmp PCR System 9700 (Applied Biosystems) was used for
PowerPlex 16 HS amplification. Inconclusive cases were tested with the
PowerPlex® CS7 for an additional five systems.

Genotypic data was obtained using ABI 3130 Genetic Analyzer
using Performance Optimized Polymer (POP) 7 and 4 cm-36 cm
capillary arrays (Applied Biosystems, California, USA). Internal Lane
Standards (ILS) 600 and 500 were used for sizing the determinations of
amplified fragments using PowerPlex 16 HS and PowerPlex ESI 17 fast,
respectively. Data collection was achieved using the Data Collection
Software v 3.0 and fragment analysis was performed using GeneScan
Analysis Software v 4.1 from Applied Bio systems. Size calling was
obtained using allelic ladders provided in the kits. The obtained data
was then imported to an in-house Forensic Information Management
System (FIMS) to calculate the frequencies.

422 Trio parentage cases were reanalysed, consisting of 211
paternity and 211 maternity Trio investigations. Duo parentage cases
were simulated out of these Trio cases totalling 422 Duo simulations.
In addition, 271 Duo parentage family cases were evaluated, consisting
of 244 paternity and 27 maternity Duo investigations; making a total of
693 Duo investigations analysed.

Each paternity case was analysed four times, (i) Lebanese STR
frequencies-15 STRs (ii) Caucasian STR allele frequencies-15 STRs (iii)
Lebanese STR frequencies-23 STRs (iv) Caucasian STR allele
frequencies-23 STR systems. The percentage of paternity (POP)
calculated using Essen-Möller formula (based on a prior probability of
0.5) was compared to assess the difference between each combinational
analysis of the same case.

Comparisons were performed between the results obtained for: (i)
Duo 15 STRs versus Duo 23 STRs (ii) Trio 15 STRs versus Trio 23
STRs (iii) Trio 15 STRs versus Duo 23 STRs (iv) Trio 15 STRs versus
Duo 15 STRs (v) Trio 23 STRs versus Duo 23 STRs, all using Lebanese

STR allele frequencies; and (vi) Duo 23 STRs with the Lebanese STR
allele frequencies versus the Caucasian STR allele frequencies (vii) Trio
15 STRs with the Lebanese STR allele frequencies versus the Caucasian
STR allele frequencies.

Results

DNA profiles using 15 versus 23 STR markers
Duo cases using 15 STR versus 23 STR markers: When Duo cases

were tested using 15 and 23 STR markers, the calculated parentage
probability (POP or W) based on the Essen-Möller formula changed
showing clear positive parentage probabilities in most of the cases with
the increase in the DNA profile size from 15 to 23 STRs (Table 1).

15 STR Systems 23 STR Systems

POP ≥ 99.999% 447 684

99.99% ≤ POP<99.999% 164 2

99.9% ≤ POP<99.99% 69 6

99% ≤ POP<99.9% 11 1

POP<99% 2 0

Table 1: Parentage probability (W) using 15 vs 23 STR systems in 693
Duo families (n= 693).

For all cases, the POP significantly increased when the number of
tested STR systems increased (data not shown). With 15 STRs, 164
cases out of 693 showed a POP between 99.99% and 99.999%. These
cases drastically decreased to 2 out of 693 when 23 STRs when used.
Also, with a DNA profile of 15 STR systems, 69 cases out of 693
showed a POP between 99.9 % and 99.99%, out of which only 6 cases
showed a between 99.9% and 99.99% when tested using 23 STR.
Additionally, 10 out of the 11 cases that were tested using 15 STR
systems showing a POP between 99% and <99.9%, showed a
POP>99.9% when using 23 STR systems. Out of those 10 cases, 8
showed a POP>99.99% and 2 cases showed a POP>99.999%. Only 1
case out of 693 investigations (0.14% of the cases) remained with a
POP<99.9% with 23 STR systems.

A total of nine cases remained with a POP lower than 99.999%
when tested with 23 STR systems; two solutions were attempted: i)
increasing the number of tested systems to 28 STR systems, ii)
including the missing parent’s profile when available. Results are
shown in the following Table 2.

Case Duo Duo Trio

23 STRs 28 STRs 15 STRs

DF05035 97.4 99.9 N/A

DF12003b 95.7 99.7 N/A

DF11068c 99.995 99.999 N/A

DF11093n 99.998 99.99999 99.999

DF07053a 99.8 99.8 100

DF07053b 99.7 99.9 100
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DF10063a 99.97 99.99 100

DF10046a 99.998 99.999 99.9999

DF10046b 99.7 99.9998 100

Table 2: Percentage of paternity (POP) for cases with inconclusive
parentage results when treated under different scenarios

For all the nine cases, the number of tested STR was increased by
adding 5 more systems (using CS7 STR kit from Promega) to have a

total of 28 STR loci. 4 cases out of the 9 showed a POP ≥ 99.999%,
whereas 5 cases remained below this threshold. However, when the
second parent was available for the analysis, all cases showed a POP
higher than 99.999 using 15 STR systems (in its Trio scenario).

Trio cases using 15 STR versus 23 STR markers: Results using 15
STR systems for the analysis of the parentage cases showed that only 12
cases were below 99.999%. All these cases showed a POP higher than
99.999% when the number of STRs was increased to 23 markers (Table
3).

Trio 15 STRs vs Duo 15
STRs

Trio 15 STRs vs Duo 23
STRs

Trio 15 STRs vs Trio 23
STRs

Trio 23 STRs vs Duo 23
STRs

n=422 Trio Duo Trio-15 Duo-23 Trio-15 Trio-23 Trio Duo

POP ≥ 99.999% 410 298 410 412 410 422 422 412

99.99% ≤ POP<99.999% 6 86 6 4 6 0 0 4

99.9 % ≤ POP<99.99% 4 30 4 3 4 0 0 3

99% ≤ POP<99.9% 1 7 1 3 1 0 0 3

POP<99% 1 1 1 0 1 0 0 0

Table 3: Percentage of parentage or parentage probability (W) when using different scenarios as of DNA profile size and parent availability in Trio
Lebanese cases.

For all cases, the POP significantly increased when the number of
tested STR systems increased (data not shown). In addition with 15
STRs, 11 cases out of 422 showed a POP between 99.9% and 99.999%,
while 1 case showed a POP below 99%. All these cases showed a POP ≥
99.999% when tested using 23 STRs.

Trio versus Duo scenarios
Trio cases versus their simulated duo scenario using 15 STR

markers: In Trio investigations using DNA profiles of 15 STRs, only 12
cases out of 422 cases showed POP values below 99.999% (<3% of the
cases), while in Duo cases, the number was 124 cases out of 422 cases
(~29% of the cases). In Duo cases, the percentage of parentage
decreases due to the absence of one of the parents’ profile. There is a
remarkable increase in the number of cases below 99.999% in Duo
scenarios compared to that of the Trio cases (Table 3) when tested
using 15 STR systems.

Trio cases using 15 STRs versus their simulated duo scenario using
23 STR markers: The number of cases below 99.999% in the Duo cases
using 23 STR systems is less than that of Trio cases using 15 STR
systems (Table 3). 10 Duo cases tested using 23 STR systems showed a
POP below 99.999% while 12 Trio cases tested using 15 STR systems,
showed a POP below 99.999%, 2 of them being below 99.9% which is
considered as inconclusive according to the AABB inclusion threshold
[26]. This result showed the importance of increasing the number of
STR loci to 23 markers, especially when dealing with Duo (fatherless
or motherless) cases where a compensatory factor is need for the
absence of one of the parents’ profiles.

Trio cases versus their simulated duo scenario using 23 STR
markers: Even with 23 systems, 10 of the Duo cases showed a POP
lower than 99.999% while all Trio cases showed a POP higher than
99.999% with the same number of STR systems. This indicated that all

of the cases were solved when both parents were present and
maximum number of STRs was used.

Lebanese versus Caucasian STR allele frequencies
Parentage investigations with 23 STRs markers using Lebanese STR

allele frequencies versus the caucasian STR allele frequencies: The
number of cases having a POP higher than 99.999% using Lebanese
STR allele frequencies was 1086 out of 1115 cases, while it was 1095
when using Caucasian STR allele frequencies. Also, while comparing
cases having POP <99.999 between the Lebanese and the Caucasian
frequencies, 29 cases showed a POP below this threshold with the
Lebanese frequencies, while 20 cases showed a POP below 99.999
when using the Caucasian frequencies. Since the Lebanese STR allele
frequencies are representative of the Lebanese population, this means
that results using the Lebanese frequencies are more representative
than those using the Caucasian frequencies (Table 4).

Lebanese Fr. Caucasian Fr.

POP ≥ 99.999% 1086 / 1115 1095 / 1115

99.99% ≤ POP<99.999% 12 / 1115 12/ 1115

99.9% ≤ POP<99.99% 10/ 1115 8/ 1115

99% ≤ POP<99.9% 4 / 1115 0 / 1115

POP<99% 3 / 1115 0 / 1115

Table 4: Percentage of parentage probability (W) with 23 STR systems
for Lebanese parentage investigations using Lebanese vs. Caucasian
STR allele frequencies.
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Discussions
STR analysis has shown to be one of the most reliable molecular

biology tools in forensic caseworks and parentage testing owing to its
ease of use and a high degree of polymorphism among individuals. The
power of discrimination of an allele within each STR marker depends
on its frequency in a given population, which implies the need for each
population to estimate its own STR allele frequencies dataset.

Determining the number of tested markers to establish a DNA
profile also affects the statistical power of analysis; increasing the
number of tested STR loci has a positive effect on the degree of
certainty. In parentage testing, when dealing with motherless or
fatherless (Duo) cases, the uncertainty of statistical analysis increases
relatively to the cases where the paternal, maternal, and child profiles
are available (Trio cases).

There is no local standard legal inclusion threshold, therefore, cases
are interpreted based on different international set recommendations
like the American Association of Blood Bank recommended inclusion
threshold (≥ 99.9%) or be more stringent in the analysis and adopt the
French and German recommended inclusion threshold (≥ 99.999%).

The present study evaluates the effect of three main factors: (a) the
effect of the number of STR markers, (b) the effect of the availability of
both parents in the study (Duo versus Trio), and (c) the effect of
choosing population specific STR allele frequencies

When comparing cases tested with 15 STR systems versus 23 STR
systems, we obtained a remarkable higher percentage of parentage
when using profiles composed of 23 STR systems than with 15 STRs,
whether the cases were Duo or Trio, which emphasizes on the need of
testing 23 STR systems when dealing with parentage cases, especially
when the cases are Duo (motherless or fatherless cases). Duo cases
showing a POP below 99.999% were solved by increasing the number
of tested STR systems from 15 to 23. This fact assures the need of
increasing the number of tested STR systems especially with
challenging Duo cases.

When comparing Trio cases with their Duo simulations and using
the same number of tested STR systems (Table 3), the results of Trio
cases were much more certain than those of Duo simulation cases.
When comparing the Trio cases with 15 STR systems versus their Duo
simulation with 23 STR systems, results showed that the absence of one
of the parents profile was successfully compensated with the increase
of the number of tested STR loci (Table 3). This is due to the fact that
the presence of all the parentage testing components (father, mother
and child) have a remarkable effect on the level of certainty for any
parentage testing regardless of the number of tested STR systems.

The difference between the Lebanese STR allele frequencies and the
Caucasian STR allele frequencies was clearly shown during the
assessment of the Lebanese STR allele frequencies [13].

Comparisons showed that some of the limited cases became
inclusion when the Caucasian frequencies were used. These few cases
were below the threshold (AABB) when the Lebanese frequencies were
used and became above this threshold when the Caucasian frequencies
were used. This means that the allele shared between the child and one
of the parents can be less frequent in the Lebanese than the Caucasian
population. Since Lebanese STR frequencies are representative to the
Lebanese population, thus it is highly recommended to all parentage
testing laboratories in Lebanon the use of the Lebanese STR systems to
minimize biased results when the Caucasian STR allele frequencies are
used, especially when accepting Duo parentage cases.

Conclusions
The present study showed that increasing the number of tested STR

systems, from 15 to 23, gave more accurate calculations and results
when dealing with Duo cases. Therefore, it is strongly recommended
for all parentage profiling laboratories to test 23 STR systems with all
Duo cases (motherless or fatherless) in order to have a degree of
certainty and confidence similar to that when testing 15 STR systems
for Trio cases. When using 15 STRs in Trio cases, only 2% of cases
showed inconclusive results. So when testing Trio cases, we have the
choice of using either 15 or 23 STR systems.

Also, it is highly recommended for all DNA profiling laboratories in
Lebanon to rely on the Lebanese STR allele frequencies to minimize
the bias and maximize the degree of certainty when dealing with
parentage testing since the Caucasian STR allele frequencies are not
representative for the Lebanese population.
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