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Abstract
Genetic studies on the Ugandan population are very limited and little has been done to characterize its population structure. Here, we used 21 
autosomal STRs included in the GlobalFilerTMAmplification Kit to amplify DNA from 1301 non-related adult individuals randomly selected from the 
four geographical regions of the country, namely Eastern, Western, Central and Northern region. The DNA samples were extracted using PrepFiler 
Express extraction protocol, amplified using the GlobalFilerTMPCR amplification kit and separated using capillary electrophoresis on the 3500xL 
Genetic Analyzer. A total of 342 alleles were observed ranging from 4 to 43.2 repeat units. Genotype distribution agreed with Hardy-Weinberg 
equilibrium (p > 0.05) except at D3S1358 loci that did not show significant departures from Hardy-Weinberg equilibrium after Bonferroni correlation. 
Tri-allelic patterns were observed at TPOX and D7S820 and the most polymorphic loci with 49 and 30 different alleles were SE33 and FGA loci 
respectively. The most discriminating loci were SE33 (0.9900) and D2S133 (0.9788) while heterozygosity ranged from 0.700 for D13S317 to 
0.9131 for SE33 in the Ugandan population. The Combined Power of Exclusion (CPE), Combined Match Probability (CMP), Combined Power of 
Discrimination (CPD) and Combined Typical Paternity Index were 0.999980519, 1 in 6.76703 × 1027, 1 and 695669937.8 respectively. Results from 
the study showed that when combined, the 21 Short tandem repeat loci showed high gene diversity since they were highly informative, polymorphic 
and discriminative providing a Ugandan STR population dataset resourceful in paternity and forensic testing.
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Introduction
Short Tandem Repeats (STRs) are the most common genetic markers, 

well widespread in the human genome and have a broad range of applications 
in DNA profiling [1-3]. The relatively short length of STRs is critical because 
it makes them the most amenable to multiplex amplification by Polymerase 
Chain Reaction (PCR) and therefore ideal forensic markers [4]. Short tandem 
repeat loci’s importance as the most informative genetic markers providing 
high statistical capability of discrimination and individualization is widely 
acknowledged, documented and the data generated is currently being 
used in various forensic and judicial settings [5-7]. Genetic studies on 
Ugandan population to date are very limited and yet knowledge of any such 
structure is important in the interpretation of the significance of DNA-based 
analysis for human identification in parentage testing as well as forensic 
investigations [8].

Prior to the application of any DNA based identification method, it is 
essential to estimate the allele frequencies and forensic statistical parameters 
of targeted STR loci in each population in order to provide a more precise 
reference database for forensic investigation. Following the expansion of the 
Combined DNA Index System (CODIS) core loci number from 13 to 20 [9], no 
population studies have been conducted on the overall Ugandan population. 
The paucity of data on autosomal STR markers of Forensic and Paternity

interest in the Ugandan population prompts this study to be carried out following 
the recommendations of the DNA commission of ISFG (International Society for 
Forensic Genetics; 2020) [10]. 

Genetic studies done show allele frequencies differ worldwide, some 
alleles are more frequent while others are absent in certain populations. For 
this reason, the aim of the present study is to determine allele frequencies for 
21 short tandem repeat loci in the Ugandan population. The results indicate that 
all loci are informative, highly polymorphic and discriminative. Combined, the 21 
STRs are resourceful in paternity and forensic investigations.

Materials and Methods

Sample collection and DNA extraction

Ethical approval to conduct this research was granted by the Makerere 
University School of Biomedical Sciences Research and Ethics committee, 
(Research file reference: SBS-2023-478) and Uganda National Council of 
Science and Technology (Research file reference: NS716ES). Blood samples 
were collected from 1301 unrelated consenting individuals in the four major 
regions of the country, namely; Central, Eastern, Western and Northern region. 
For each sample, the identity of the participants was dissociated from the 
sample collected to respect confidentiality. 

DNA extraction and quantitation

Genomic DNA was extracted following standard operating procedure of 
extracting DNA using Prepfiler Express on Automate Express DNA extraction 
system [11]. Following the manufacturer’s guide [12], the quantities of extracted 
DNA samples were determined using Quantifiler™ Trio DNA Quantification Kit 
on the 7500 Real Time PCR machine.

Multiplex PCR amplification
Multiplex amplification of genomic DNA after normalisation was performed 

as per GlobalFiler™ and GlobalFiler™ IQC PCR Amplification Kits protocol [12] 
on a Proflex PCR machine. 
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Genotyping
The amplicons were separated by capillary electrophoresis on the ABI

3500xL genetic Analyser (Thermal Fisher Scientific) using POP-4™ polymer 
and LIZ-600 as internal size standard (Life Technologies) and raw data 
was captured with 3500 Series Data Collection software 2 (Thermal Fisher 
Scientific) [13,14]. GeneMapper ID-X version 1.5 software (Thermal Fisher 
Scientific) was used to genotype the raw data and the corresponding allelic 
ladder employed as per the manufacturer’s guide [15].

Quality control
The negative control and the target were checked for peaks in order to

discount contamination. The sizes of the observed peaks (above 150 RFU), 
quality, presence or absence of interferences and possible null alleles were 
assessed. After successfully passing the quality control tests, these profiles 
were used for statistical analysis. Quality control guidelines outlined by 
Schneider PM [16] were followed while performing the laboratory work. Our 
laboratory participates in the quality control proficiency tests annually organised 
by Forensic Assurance Proficiency Testing Provider (www.forensicassurance. 
com).

Statistical analysis
Genetic diversity, forensic and population statistical parameters including

allele frequency, Observed Heterozygosity (Ho), expected Heterozygosity (He), 
Observed Homozygosity (H obs), Power of Discrimination (PD), Polymophic 
Information Content (PIC), Match Probability (MP), Power of Exclusion (PE), 
were estimated using STRAF 2.0 [17,18]. Minimum allele frequency (MAF) 
was computed according to the NRC recommendations as 5/2N [19]. Exact 
tests were carried out with the Arlequin 3.5 software [20] to check Hardy-
Weinberg Expectations (HWE) by locus. Bonferroni correction by Weir 
BS [21] was applied to the probability of HWE to determine significant 
deviations.

Results

Allele frequency, rare alleles, microvariant alleles and tri-
allelic patterns

A total of 1301 unrelated adult individuals were successfully genotyped for 
the STR loci CSFIPO, D10S1248, D12S391, D13S317, D16S539, D18S51, 
D19S433, D1S1656, D21S11, D22S1045, D2S1338, D2S441, D3S1358, 
D5S818, D7S820, D8S1179, FGA, SE33, TH01, TPOX, vWA, DYS391 and 
the Amelogenin loci yielding 2602 gene copies. A total of 342 alleles were 
detected and these ranged from allele 4.2 at SE33 to allele 43.2 at FGA as 
showed in Table 1.

The allele frequencies obtained from 21 autosomal STR markers in the 
Ugandan population are indicated in Table 1 with the least allele frequency of 
0.0004 for rare alleles observed at many loci except at D8S1179 and THO1 
and the highest frequency of 0.3797 at allele 12 of D5S818. 

The common microvariants observed were of two incomplete repeats on 
loci namely SE33, D19S433, FGA, D21S11, D18S51 and D3S1358 though 
microvariants with three incomplete repeats were also observed at D1S1656, 
THO1, D2S441, D7S820 and FGA. Rare microvariants of one incomplete 
repeat were as well observed in the Ugandan population at D21S11, 
D12S391, D7S820 and D5S818. Rare microvariants and tri-allelic patterns 
were genotyped twice and the same allele calls were generated. The minimum 
allele frequency for the Ugandan population is 0.0019 to be used were rare 
alleles were observed that did not meet 5 occurances.

Tri-allelic patterns, a rare occurance, were observed at TPOX and D7S820 
loci and the genotypes of the 10 individuals who displayed these patterns 
are shown in Table 2. Type 2 tri-allelic pattern were the only variants in 
this study.

Allele CSF1PO D10S1248 D12S391 D13S317 D16S539 D18S51 D19S433 D1S1656 D21S11 D22S1045 D2S1338 D2S441 D3S1358 D5S818 D7S820 D8S1179 FGA SE33 TH01 TPOX vWA

4.2 - - - - - - - - - - - - - - - - - 0.0008 - - -

5 - - - - 0.0019 - - - - - - - - - - - - 0.0004 - - -

6 - - - - - - - - - - - - - - - - - 0.1745 0.0634 -

6.3 - - - - - - - - - - - - - - - - - 0.0004 - - -

7 0.0400 - - - - - - - - - - - - 0.0008 0.0158 0.0008 - - 0.3713 0.0088 -

7.3 - - - - - - - - - - - - - - 0.0035 - - - - - -

8 0.0461 - - 0.0231 0.0446 - - - - - - - - 0.0676 0.2333 - - - 0.2448 0.2890 -

8.1 - - - - - - - - - - - - - - 0.0004 - - - - - -

8.3 - - - - - - - - - - - - - - 0.0004 - - - - - -

9 0.0945 0.0015 - 0.0204 0.2052 0.0038 0.0004 0.0035 0.0004 0.0177 0.1230 0.0012 - - 0.1410 0.3209 -

9.2 - - - - - 0.0004 - - - - - - - - - - - - - - -

9.3 - - - - - - - - - - - - - - - - - - 0.0515 -

10 0.2967 0.0042 - 0.0350 0.1176 0.0008 0.0200 0.0077 0.0450 0.0534 0.0527 0.3732 0.0077 - 0.0004 0.0146 0.0776 -

10.1 - - - - - - - - - - - - - - 0.0004 - - - - -

10.2 - - - - - 0.0019 0.0004 - - - - - - - - - - 0.0015 -

11 0.1868 0.0653 - 0.3436 0.2963 0.0019 0.0542 0.0503 0.1875 0.2832 0.0008 0.2095 0.1414 0.0388 - 0.0023 0.0008 0.2118 0.0046

11.2 - - - - - - 0.0019 - - - - - - - - - 0.0015 - - -

11.3 - - - - - - - - - - - 0.0480 - - - - - - - -

12 0.2744 0.1326 - 0.3782 0.1964 0.0242 0.1103 0.0603 0.0357 0.1526 0.0046 0.3797 0.0865 0.1530 - 0.0019 0.0015 0.0281 0.0004

12.1 - - - - - - - - - - - - - 0.0004 - - - - - -

12.2 - - - - - - 0.0238 - - - - 0.0004 - - - - - 0.0085 - - -

12.3 - - - - - - - - - - 0.0177 - - - - - - - -

13 0.0527 0.2921 0.0004 0.1441 0.1245 0.0430 0.2563 0.1057 - 0.0077 0.0427 0.0012 0.2567 0.0181 0.1645 - 0.0061 - 0.0004 0.0104

13.2 - - - - - 0.0015 0.0615 - - - - - - - - - 0.0073 - -

13.3 - - - - - - 0.0004 - - - - 0.0015 - - - - - - -

14 0.0077 0.2471 0.0050 0.0530 0.0119 0.0546 0.2463 0.2610 - 0.0807 0.0004 0.3505 0.0884 0.0135 0.0035 0.3228 - 0.0342 - - 0.0911

14.2 - - - - - 0.0027 0.0749 - - 0.0065 - -

14.3 - - - - - 0.0004 0.0177 - 0.0015 - - -

Table 1. Uganda allele frequencies database and forensic statistics parameters.
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15 0.0008 0.1768 0.0942 0.0015 0.0015 0.1368 0.0580 0.1776 - 0.2375 0.0019 0.0430 0.3236 0.0015 0.0008 0.2252 0.0004 0.0334 - - 0.1760

15.2 - - - 0.0061 0.0600 - 0.0004 - - 0.0058 - -

15.3 - - - 0.0200 - - - - -

16 - 0.0626 0.1003 0.0012 0.1833 0.0108 0.1357 - 0.2414 0.0592 0.0015 0.3228 - - 0.0742 0.0008 0.0669 - - 0.2763

16.2 - - - - - 0.0050 0.0150 - 0.0004 - - 0.0035 - -

16.3 - - - - - 0.0968 - - - - -

17 - 0.0161 0.1845 - - 0.1910 0.0288 - 0.1549 0.0842 0.0004 0.2129 - - 0.0081 0.0019 0.0853 - - 0.1818

17.1 - - 0.0008 - - - - - - - - - - - - - - -

17.2 - - - - - 0.0015 0.0015 - - - - - - - - - - 0.0027 - - -

17.3 - - - - - 0.0273 - - - - -

18 0.0004 0.0015 0.3244 - - 0.1480 0.0061 0.0077 0.0780 0.0415 - - 0.0038 0.0061 0.1341 - - 0.1453

18.1 - - 0.0004 - - - - - - -

18.2 - - - - - 0.0004 0.0004 - - 0.0054 0.0015 - - -

18.3 - - - - - 0.0023 - - - - -

19 - - 0.1264 - - 0.1049 0.0004 0.1630 0.0031 - - 0.0384 0.1372 - - 0.0753

19.1 - - 0.0027 - - - - - - - - - - - - - - - -

19.2 - - - - - - - - - - - - - - - - 0.0035 0.0012 - - -

19.3 - - - - - - - 0.0023 - - - - - - - - - - -

20 - - 0.0696 - - 0.0527 - - - 0.0004 0.0895 - - - - - 0.0477 0.0980 - - 0.0319

20.1 - - 0.0004 - - - - - - - - - - - - - - -

20.2 - - - - - 0.0004 - - - - - - - - - - 0.0004 0.0058 - - -

21 - - 0.0361 - - 0.0204 - - - 0.1191 - - - - - 0.0723 0.0623 - - 0.0065

21.1 - - - - - - - - - - - - - - 0.0008 - - -

21.2 - - - - - 0.0015 - - - - - - - - - 0.0115 - - -

22 - - 0.0307 - - 0.0119 - - - 0.0004 0.1533 - - - - - 0.2145 0.0223 - - 0.0004

22.2 - - - - - - - - - - - - - - - 0.0081 - - -

23 - - 0.0138 - - 0.0038 - - - - 0.0919 - - - - - 0.1649 0.0038 - - -

23.2 - - - - - - - - - - - - - - - 0.0012 0.0077 - - -

23.3 - - - - - - - - - - - - - - - 0.0004 - - -

24 - - 0.0054 - - 0.0012 - - - - 0.0822 - - - - - 0.1495 0.0008 - - -

24.2 - - - - - - - 0.0004 - 0.0004 - - - - - - 0.0188 - - -

24.3 - - - - - - - 0.0038 - - - - - - 0.0008 - - -

25 - - 0.0031 - - 0.0004 - - - - 0.0365 - - - - - 0.1007 - - -

25.2 - - - - - - - - - - - - - - - - 0.0315 - - -

25.3 - - - - - - - 0.0012 - - - - - - - 0.0004 - - -

26 - - 0.0008 - - - - - 0.0042 0.0004 0.0227 - - - - - 0.0565 0.0004 - - -

26.1 - - - - - - - - - - - - - - - 0.0004 - - - -

26.2 - - - - - - - - - - - - - - - - 0.0503 - - -

27 - - 0.0012 - - - - - 0.0434 - 0.0150 - - - - - 0.0369 0.0008 - - -

27.2 - - - - - - - - - - - - - - - 0.0427 - - -

28 - - - - - - - - 0.2571 - 0.0008 - - - - - 0.0400 - - -

28.2 - - - - - - - - - - - - - - - 0.0415 - - -

29 - - - - - - - - 0.1891 - 0.0019 - - - - - 0.0281 0.0019 - - -

29.2 - - - - - - - - 0.0008 - - - - - - - 0.0192 - - -

30 - - - - - - - - 0.1872 - - - - - - - 0.0096 - - -

30.2 - - - - - - - - 0.0092 - - - - - - - 0.0069 0.0108 - - -

31 - - - - - - - - 0.0765 - - - - - - - 0.0023 - - -

31.2 - - - - - - - - 0.0338 - - - - - - - 0.0073 0.0088 - - -

32 - - - - - - - - 0.0196 - - - - - - - - - -

32.2 - - - - - - - - 0.0588 - - - - - - - 0.0019 0.0027 - - -

33 - - - - - - - - 0.0123 - - - - - - - - - - - -

33.1 - - - - - - - - 0.0054 - - - - - - - - - - - -

33.2 - - - - - - - - 0.0242 - - - - - - - 0.0004 0.0015 - - -

34 - - - - - - - - 0.0154 - - - - - - - - - - -

34.2 - - - - - - - - 0.0023 - - - - - - - - 0.0012 - - -

35 - - - - - - - - 0.0377 - - - - - - - - 0.0031 - - -

35.2 - - - - - - - - 0.0012 - - - - - - - - - - -

36 - - - - - - - - 0.0108 - - - - - - - - 0.0004 - - -

37 - - - - - - - - 0.0050 - - - - - - - - - - - -

39 - - - - - - - - 0.0008 - - - - - - - - - - - -

43.2 - - - - - - - - - - - - - - - 0.0008 - - - -
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Population genetic indices of the Ugandan population pa-
rameters

As shown in Table 1, all loci were in Hardy-Weinberg equilibrium except 
at D3S1358 (p=0.0020). However, after applying the Bonferroni correction, 
the departures observed were not significant. The expected heterozygosity 
values were very close to the observed heterozygosity value with the least 
observed at D13S317 (Hexp.=0.7134, Hobs=0.7002) and the highest at 
SE33 locus (Hexp.=0.9269, Hobs=0.9131). Total heterozygosity ranged from 
0.7134 at D13S317 to 0.9270 at SE33. Low values of inbreeding coefficient 
(Fis), a measure of genetic relatedness, in the Ugandan population ranged 
from -0.0229 at D10S1248 to 0.0197 at vWA were observed. Values of genetic 
differentiation (Fst) were low ranging from 0.00096 at D16S539 to 0.00456 at 
D2S441.

Genetic diversity and forensic efficiency parameters
The computed forensic metrics are shown in Table 1 with the most and 

least polymorphic loci being SE33 and D13S317 with PIC values of 0.9221 
and 0.6657 respectively. Matching Probability (PM) values ranged from 0.010 
(SE33) to 0.096 (TPOX) with the probability of obtaining a random match 
between individuals; Combined Match Probability (CMP) of 6.76703 × 1027. All 
loci were highly discriminatory with high Power of Discrimination (PD) values 
ranging from 0.8725 at D13S317 to 0.9899 at SE33 locus. 

The Ugandan population is a more diverse one based on the observed 
proportions of heterozygous and homozygous individuals (Power of Exclusion; 
PE). High PE values were associated with SE33 (PE=0.8223) and the lowest 
with D13S317 (PE=0.4286). Typical Paternity Index (TPI) values measuring 
how many times more likely that a possible father is the actual father than 
a randomly selected man in the population ranged from 1.6679 at D13S317 
locus to 4.3953 at FGA locus.

All the 21 autosomal markers were highly informative and genetically 
diverse with the most informative locus in our data set being SE33 
(Ho=0.9134, Hexp=0.9269, PIC=0.9221, PE=0.8223 and PD=0.9899) 
and the least informative locus was D13S317 (Ho=0.7002, Hexp=0.7134, 
PIC=0.6657, PE=0.4286 and PD=0.8725). When combined, the Combined 

Power of Exclusion (CPE), Combined Match Probability (CMP), Combined 
Power Of Discrimination (CPD) and Combined Typical Paternity Index were 
0.999980519, 1 in 6.76703 × 1027, 1 and 695669937.8 respectively. The small 
CMP values and large CPE values support the use of these 21 autosomal 
markers in individual identification and discrimination within the Ugandan 
population.

Discussion and Data Analysis
This is the first study in the Ugandan population on the 21 STR markers 

with frequencies generated at all loci below 50% as shown by the predominant 
alleles at each locus tested. These low frequency values reflect the usefulness 
and validity of these loci in discriminating individuals [21].

The 21 STR markers in the Ugandan population are in Hardy-Weinberg 
equilibrium (p- values > 0.05) since no deviation was significant after applying 
Benferroni correction (0.05/21=0.0024) as is in previous studies from other 
populations such as Arabian populations from Morocco and Syria [22], African-
American, US Caucasian and US Hispanic [23], NorthWest Spain (Gacilia) [24], 
Angola [25], Tigray population of Ethiopia [26] and Nigeria [27] which showed 
no deviations from Hardy-Weinberg equilibrium from all tested loci. Observed 
heterozygosity values were very close to the expected heterozygosity values at 
all loci indicating that the Ugandan population is in Hardy-Weinberg equilibrium 
and both heterozygosities were above 70% at all loci as in other published data 
[28-30]. This suggested that all these populations are not small, not closed and 
that there is minimal inbreeding if any [31]. 

TPOX loci had the highest number of tri-allelic patterns observed in 
the Ugandan population and these were of Type 2. Tri-allelic patterns are 
extensively studied [32-34] and may be as a result of duplication located on the 
same chromosome, translocation or chromosome aneuploidy (trisomy). Since 
TPOX occurs near the end of chromosome 2, it is more likely to duplicate for 
telomeres maintenance in order to keep intact the chromosome end [35].

The most informative and discriminatory locus in our data set was SE33 
(PD =0.9900, PIC=0.9221, Ho =0.9131, He=0.9266, 49 alleles) while the 
lowest D13S317 (PD =0.8723, PIC=0.6656, Ho =0.7000, He=0.7131, 9 alleles) 

Locus No. of Tri-alleles Observed Alleles Type

TPOX 6

8,10,11

Type 2

8,9,10

8,9,10

9,10,11

8,9,10

6,8,10

D7S820 4

10,12,14

Type 2
8,11,11.3

9,11,12.3

9,11,14

TPOX had the highest number of tri alleles observed

Table 2. Tri-allelic patterns observed in the Ugandan population.

CSF1PO D10S1248 D12S391 D13S317 D16S539 D18S51 D19S433 D1S1656 D21S11 D22S1045 D2S1338 D2S441 D3S1358 D5S818 D7S820 D8S1179 FGA SE33 TH01 TPOX vWA

N 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301 1301

Nall 10 10 19 9 9 25 19 16 24 14 17 14 12 10 13 11 30 49 8 8 12

PIC 0.7554 0.7671 0.7982 0.6657 0.7715 0.8558 0.8237 0.8374 0.8314 0.7909 0.8842 0.7311 0.6905 0.6967 0.7300 0.7570 0.8668 0.9221 0.7100 0.7187 0.8006

PM 0.0759 0.0739 0.0533 0.1275 0.0684 0.0313 0.0407 0.0370 0.0405 0.0608 0.0211 0.0903 0.1161 0.1098 0.0898 0.0760 0.0260 0.0100 0.1007 0.0958 0.0537

PD 0.9241 0.9261 0.9467 0.8725 0.9316 0.9687 0.9593 0.9630 0.9595 0.9392 0.9789 0.9097 0.8839 0.8902 0.9102 0.9240 0.9740 0.9900 0.8993 0.9042 0.9463

PE 0.5739 0.6267 0.6036 0.4286 0.5894 0.7241 0.6428 0.6936 0.6830 0.6122 0.7643 0.5274 0.4690 0.4944 0.5193 0.5739 0.7674 0.8223 0.4880 0.5009 0.6108

TPI 2.3399 2.6992 2.5311 1.6679 2.4363 3.6960 2.8283 3.3189 3.2044 2.5916 4.3367 2.0849 1.8221 1.9303 2.0456 2.3399 4.3953 5.7566 1.9020 1.9593 2.5813

Hobs 0.7863 0.8148 0.8025 0.7002 0.7948 0.8647 0.8232 0.8493 0.8440 0.8071 0.8847 0.7602 0.7256 0.7410 0.7556 0.7863 0.8862 0.9131 0.7371 0.7448 0.8063

GD 
(Hexp)

0.7866 0.7966 0.8188 0.7135 0.8004 0.8698 0.8411 0.8532 0.8480 0.8166 0.8941 0.7648 0.7364 0.7385 0.7634 0.7878 0.8785 0.9269 0.7493 0.7580 0.8237

Fis -0.0016 -0.0229 0.019 0.0169 0.0067 0.0052 0.0202 0.0032 0.0036 0.0082 0.0093 0.0023 0.0144 -0.0043 0.0076 0.0017 -0.0096 0.0146 0.0124 0.0159 0.0197

p-Value 0.23501 0.0172 0.5658 0.6543 0.9834 0.4542 0.6894 0.1326 0.1687 0.8086 0.88245 0.9777 0.0020 0.9923 0.5813 0.4483 0.9728 0.1844 0.8656 0.2825 0.6850

N: Population; Nall: Number of alleles observed per locus;  PIC: Polymorphism Information Content; PM: Random Match Probabilty; PD: Power of Discrimination;  PE: Power of Exclusion;  TPI: Typical Paternity Index;  Hobs: 
Observed Heterozygosity; GD(Hexp): Gene Diversity (Expected Heterozygosity;  Fis: Inbreeding Coefficient;  p-Value: Hardy Weinberg equilibrium
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similar to other studied populations [27,36-41]. This dataset indicates a high 
degree of gene diversity detected and that Uganda’s population maintains a 
high degree of genetic variation with a history of high miscegenation. Similar 
results were obtained for the Power of Exclusion (PE) and Typical Paternity 
Index (TPI) with the highest PE and TPI values being associated with 
SE33 (PE=0.8223, TPI=5.7566) proving to be a powerful marker for human 
identification and paternity testing within the Ugandan population.

According to Kimura M [42], alleles with a frequency of less than 0.01 in 
a population database are regarded as rare alleles. The Ugandan population 
database as well had rare alleles with the lowest frequency of 0.004 and these 
were mainly microvariants; alleles with incomplete repeats [31]. Locus that 
displayed the highest number of microvariants was SE33 and these had two 
incomplete repeats only while at TH01 a 9.3 microvariant was observed and 
this was found to have been caused by a missing adenine in the seventh repeat 
[43]. The same study points out that the cause of a .2 microvariant at D21S11 
locus is a -TA- dinucleotide partial repeat before the last full TCTA repeat and 
a .2 microvariant at FGA locus is caused by a -TT- dinucleotide partial repeat 
after the fifth full repeat and before the variable CTTT repeat motif.

The large Combined Power of Discrimination (CDP), Combined Power of 
Exclusion (CPE) and Combined Paternity Index (CPI) values and low value of 
Combined Matching Probability (CMP) support the use of the 21 STR loci in 
individual identification and paternity testing within the Ugandan population. 
These values were remarkably higher than that of the 15 autosomal loci 
obtained for the studied populations [44,45].

Conclusion
This study confirms that the 21 Short Tandem Repeat loci is a suitable 

tool for human identification in forensic, parentage and kinship analysis in the 
Ugandan population due to their genetic variability and combined discriminatory 
power. Since these loci studied represent a combination of CODIS core and 
expanded European loci, this dataset and the allelic frequencies calculated 
from it can help international authorities with Ugandan victims or suspects.
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