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Abstract Ten MiniSTR loci were analyzed on 250 unrelated
individuals of Punjabi population from Punjab province of
Pakistan. The product amplification range is from 65 to
280 bp. Allele frequency for a total of 98 observed alleles
is from 0.002 to 0.41. Forensic and paternity statistical
parameters were investigated including combined power of
discrimination (PD), combined power of exclusion (PE),
and cumulative probability of matching (PM) equaled to
0.99999999999824, 0.999824, and 1.75931x107'2, respec-
tively. These MiniSTRs on the basis of high degree poly-
morphism and fragment size reduction will be highly
informative in most of the forensic cases where DNA of
the samples is degraded, mass disasters, and dead body
identification. Significant differences were observed in all
loci when comparing with same STR loci in previously
published different world populations.
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In comparison to minisatellites, the small amplified
fragment length of STRs facilitates its utility in the
analysis of degraded DNA samples [1, 2]. Some
existing high molecular weight markers have been con-
verted into low molecular weight (<130 bp) “mini-STR”
multiplexes simply by moving the primer binding sites
closer to the STR repeat region (http://www.cstl.nist.
gov/div831/strbase/miniSTR.htm) [3, 4]. The Punjab
province of Pakistan is the most developed with
approximately 56 % of the country’s total population
comprising different tribes, clans, and communities.
Important within the Punjab include Jats, Arains, Gujjars,
Awans, Rajputs, Gakhars, Khokhars, Sheikhs, Aheers,
Kambohs, Mughals, Maliks, Niazis, Khosas, Dogars,
Ranghars, mirani, Qureshis, and Syeds. Historically,
these tribes were endogamous, but latterly, especially
in the large cities, there is considerable intermarriage
between members of different tribes, and differences are
getting blurred [5].

Blood samples were collected from 250 unrelated vol-
unteers with consent on the form approved by the ethical
committee of the National Centre of Excellence in Molec-
ular Biology, University of the Punjab Lahore Pakistan.
DNA extraction was carried out using phenol chloroform
procedure and quantified by Quantifiler™ Human DNA
Kit on a 7500 SDS Real-Time PCR System (Applied
Biosystems). Reference sequences were obtained from
GenBank® (http://www.ncbi.nlm.nih.gov) [6] for PCR
primers using web-based Primer3 [7] shown in Table 1.
PCR amplification was performed using 1X PCR buffer,
1.5 mmol/L MgCI2, 200 umol/L dNTPs (Invitrogen),
1 pL of template DNA at 1 ng/pL, and 1 unit of Plati-
num DNA Taq polymerase (Life Technologies). Thermal
cycling was performed with the GeneAmp 9700 (Applied
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Table 2 Allelic frequency distribution, forensic, and paternity statistical parameters of 10 MiniSTR loci investigated in the population of central

Punjab Pakistan (n=250)

Allele CSF1PO D18S51 D78820 D2S1338 TPOX D5S818 FGA D138317 D21S11 D16S539
0.002 - 0.046 - 0.002 0.002 - 0.008 - -
- - 0.248 - 0.41 0.008 - 0.16 - 0.06
0.016 - 0.088 - 0.122 0.03 - 0.076 - 0.142
10 0.254 0.008 022 - 0.076 0.096 - 0.084 - 0.108
11 0.308 0.018 0.242 - 0.358 0.388 - 0.244 - 0.282
12 0.348 0.094 0.14 - 0.03 0.33 - 0.304 - 0.242
13 0.064 0.092 0.016 - 0.002 0.136 - 0.098 - 0.134
14 0.008 0.27 - - - 0.01 - 0.026 - 0.028
15 - 0.204 - - - - - - - 0.004
16 - 0.126 - 0.008 - - - - - -
17 - 0.084 - 0.116 - - - - - -
18 - 0.038 - 0.142 - - 0.008 - - -
19 - 0.04 - 0.16 - - 0.032 - - -
20 - 0.01 - 0.126 - - 0.13 - - -
21 - 0.012 - 0.036 - - 0.148 - - -
21.2 - 0.004 - - - - 0.008 - - -
22 - - - 0.046 - - 0.16 - - -
222 - - - - - - 0.008 - - -
23 - - - 0.158 - - 0.158 - - -
24 - - - 0.11 - - 0.188 - - -
242 - - - - - - 0.006 - - -
25 - - - 0.08 - - 0.112 - - -
252 - - - - - - 0.002 - - -
26 - - - 0.018 - - 0.028 - 0.002 -
27 - - - - - - 0.012 - 0.02 -
28 - - - - - - - - 0.124 -
29 - - - - - - - - 0.146 -
29.2 - - - - - - - - 0.002 -
30 - - - - - - - - 0.194 -
30.2 - - - - - - - - 0.022 -
31 - - - - - - - - 0.04 -
31.2 - - - - - - - - 0.144 -
32 - - - - - - - 0.008 -
322 - - - - - - - - 0.216 -
33 - - - - - - - - 0.004 -
332 - - - - - - - - 0.068 -
342 - - - - - - - - 0.008 -
36.2 - - - - - - - - 0.002 -
MP 0.135 0.042 0.073 0.029 0.149 0.133 0.038 0.069 0.042 0.062
PD 0.864 0.957 0.927 0.970 0.851 0.867 0.961 0.930 0.957 0.938
PIC 0.661 0.824 0.772 0.865 0.626 0.667 0.844 0.772 0.833 0.781
PE 0.447 0.636 0.629 0.637 0.315 0.447 0.715 0.577 0.683 0.486
PI 1.736 2.778 2717 2.778 1.316 1.736 3.571 2.358 3.205 1.894
HO 0.712 0.820 0.816 0.820 0.620 0.712 0.860 0.788 0.844 0.736
HE 0.715 0.841 0.801 0.877 0.682 0.711 0.861 0.799 0.851 0.808
P 0.555 0.989 0.238 0.024 0.022 0.671 0.371 0.522 0.048 0.231

MP matching probability, PD power of discrimination, P/C polymorphism information content, PE power of exclusion, P/ paternity index, HO observed
heterozygosity, HE expected heterozygosity, P probability values of exact tests for Hardy—Weinberg equilibrium
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Table 4 Linkage disequilibrium P values between pairwise loci comparison in the Punjabi population of Pakistan

D18S51 D78820 D2S1338 TPOX D5S818 FGA D138317 D21S11 D16S539
CSF1PO 0.0716 0.0417 0.0443 0.0353 0.0549 0.0578 0.0685 0.0632 0.0449
D18S51 0.0688 0.1193 0.0735 0.0855 0.1066 0.0923 0.1017 0.0700
D7S820 0.0791 0.0483 0.0461 0.0720 0.0644 0.0737 0.0630
D2S1338 0.0406 0.0550 0.1089 0.0794 0.0879 0.0595
TPOX 0.0445 0.0635 0.0459 0.0669 0.0389
D5S818 0.0787 0.0477 0.0773 0.0455
FGA 0.0773 0.1160 0.0678
D13S317 0.0792 0.0543
D218S11 0.0948

Pairwise linkage disequilibrium showed significant values at P<0.05 indicated in italics

Biosystems) followed by initial denaturation for 5 min at
95 °C, 30 cycles at 94 °C for 45 s, 60 °C for 1 min,
72 °C for 45 s with final extension at 60 °C for 30 min
in 9600 emulation mode. Genotyping of PCR amplicons
was performed on the ABI 3130xl Genetic Analyzer, and
data was analyzed using GeneMapper v3.2 program (Applied
Biosystems) in comparison with MiniSTR alleleic ladder
which was constructed by amplification of the dilution from
Identifiler™ allelic ladder (Applied Biosystems) [8] and con-
trol DNA 9947A.

The allelic frequencies, parentage, and forensic statistical
parameters for ten MiniSTR loci were calculated using mod-
ified PowerStats v1.2 [9] shown in Table 2. The exact chi-
square test for the Hardy—Weinberg equilibrium (HWE) and
linkage disequilibrium tests of the ten MiniSTR loci to pair up
with each other were calculated using the PowerMarker V3.25
[10]. The power of discrimination (PD) ranged from 0.8509
for the TPOX locus to 0.9700 for the D2S1338 locus, and the
power of exclusion (PE) ranged from 0.3155 for TPOX locus
to 0.7147 for FGA locus. This panel of ten MiniSTR loci
characterizes a very high value of combined power of dis-
crimination (PD), combined power of exclusion (PE), and
cumulative probability of matching (PM) equaled to
0.99999999999824, 0.999824, and 1.75931x 102, respec-
tively shown in Table 3. Comparing with other world popu-
lations CPD, CPE, and CPM at each locus has been shown in
Table 3. Linkage disequilibrium test revealed significant re-
sults at 12 pairs of locus to locus, out of 45 pairwise compar-
ison (P<0.05) indicated in italics as shown in Table 4.

Concluding the analysis, on the basis of high polymor-
phism, high power of exclusion, lower probability of
matching, and reduced fragment size, these ten MiniSTRs
have shown to be significantly revealing in the Punjabi
population for regional differences and forensic rele-
vance. This paper follows the guidelines for publication
of population data requested by the International Journal
of Legal Medicine [24, 25].
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