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X-STR analysis is a powerful tool in both phylogeny reconstruction and forensic investigation. Hereby,
we provide new population data concerning 15 X-STR loci (included in commercially available typing kit
Mentype Argus X-8 (Biotype AG, Dresden, Germany) (DXS10135, DXS8378, DXS7132, DXS10074, HPRTB,
DXS10101, DXS10134 and DXS7423) and another seven (DXS6807, DXS9898, DXS101, DXS7424,
DXS7133, DXS8377 and DXS10011) that were previously described by Poetsch et al. [1] obtained from a
sample of 311 individuals from Poland and compared to the results previously obtained from other
populations of European, Asian and African origin [2-4]. Numerous experiments seem to prove that X-
STRs are valuable markers for human identification, kinship testing and even phylogenetic research -
thus serving as a complement for autosomal microsatellites, Y-STRs and mtDNA [5-7].

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Population

311 samples (159 female and 152 male) from unrelated
individuals inhabiting Kuyavia-Pomerania region in central-
northern Poland were included in this study. As Polish population,
in general, seems to be quite homogenous, as proved by other
markers’ analyses [8-10], Kuyavia-Pomeranians may be treated as
representative sample of Poles. The study was approved by
Nicolaus Copernicus University’s Bioethical Commission in
Bydgoszcz (Approval No. KB/201/2006).

2. DNA extraction

Genomic DNA extraction from blood or buccal swabs was
performed by the phenol-chloroform method.

2.1. PCR

The multiplex test system Mentype Argus X-8 kit was used to
amplify 8 loci in accordance to the manufacturer’s instructions.
Seven remaining loci were amplified with primers described
previously [1]. PCRs were performed separately for each locus in
GeneAmp PCR System 9700 thermal cycler (Applied Biosystems,
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Foster City, CA, USA). Reaction mix (final volume of 12.5 ul)
contained 0.5 1 DNA, 0.5 x PCR buffer, 2 mM MgCl,, 0.1 mM dNTP
each and 1 U of GoTaq Flexi polymerase (Promega, Madison, WI,
USA). Thermal cycling conditions were not equal for all loci. Those
were separated into two groups. DXS9898, DXS6807, DXS101 were
enclosed in the first group that required 10 s of initial denaturation
in 95 °C and subsequent 30 min of denaturation in 94 °C, 105 min
of annealing in 61 °C and 60 min of elongation in 72 °C repeated in
30 cycles followed by final elongation in 72 °C for 10 min. Second
group, consisting of DXS7133, DXS10011, DXS7424 and DXS8377
was typed under the cycling conditions given above, except for the
annealing temperature and time, which in this case were 62 °C for
90 min.

3. STRs typing

The PCR products of Mentype Argus X-8 were separated and
detected with ABI3100 instrument (Applied Biosystems, Foster
City, CA, USA) and the alleles were typed automatically using the
Genotyper v.3.7 and GeneMapper ID v.3.2.1 software (Applied
Biosystems) with reference to the allelic ladders included in the
multiplex kit. Remaining alleles were identified on the basis of
female control DNA 9947A size (Promega) that were ascribed with
alleles’ names. Alleles’ nomenclature was reconstructed on the
basis of the literature data that concerned structure of specific
sequence variants [1,11,12].

4. Quality control

The Department of Molecular and Forensic Genetics has
participated in all GEDNAP proficiency tests for 9 years, always
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achieving positive results. Moreover the Department was granted
current quality certificate issued by the Polish Society of Forensic
Medicine and Criminology. All the lab work is performed according
to the internal control procedures. The presented study required
usage of specified kit DNA control withal.

5. Data analysis

Locus-specific allele frequencies were estimated using Micro-
satellite Tools for Excel [13] while genotype and haplotype
frequencies were calculated directly. Analysis of the conformity
with Hardy-Weinberg equilibrium (HWE) was assessed by the
means of Arlequin v.3.1 package [14] and corrected using
Hochberg’s method [15]. The same software was applied to
selective neutrality testing using the Ewens-Watterson algorithm
as well as linkage disequilibrium (LD) and Fst analysis. In addition,
polymorphic information content (PIC), power of discrimination
and power of exclusion for female samples were calculated with
the use of PowerStatsV12 v.2 software (Promega, USA). Expected
heterozygosity (HET) and mean exclusion chance (MEC) were also
assessed [16-18]. PD for men was calculated on the basis of the
formula proposed by Desmarais et al. [18] using Excel spreadsheet
(Microsoft). On the basis of haplotypes from males in Polish
population (present study), Japanese [2], Swedish [3], Hungarian
[4] and Ghanaian [2], haplotype networks were constructed for
linked loci included in the Mentype Argus X-8 kit, aiming depiction
of their reciprocal phylogenetic relationships. The analysis
was carried out with the use of Network v.4.5.1.0 software (Fluxus
Technology Ltd.). In reconstruction the M] algorithm has been
used [19].

6. Results

Allele frequencies and statistical parameters’ values for 15 X-
STR loci in Polish population are shown in Tables 1 and 2. Table 3
summarizes expected and observed homozygosity for 15 X-STR
loci in Polish population based on Ewens-Watterson test.
Haplotypes’ network for DXS10074-DXS7132 pair of loci is
depicted in Fig. 1.

Fst analysis (Table 4.) revealed significant differences between
populations under study (Polish, Japanese, Ghanaian, Hungarian
and Swedish), which could result not only from geographic
distances between them but also from specific demographic
history. Gametic association in Polish population was measured by
means of pairwise linkage disequilibrium testing between all pairs
of the Argus X-8 loci in male samples (Table 5.).

Our data does not provide any evidence of linkage disequilibri-
um between loci within linkage groups analyzed, besides DXS8378
and DXS10135 pair. This result is in concordance with the data
obtained previously for several populations of both European and
Asian origin [3,20,21]. Simultaneously, it is in opposition with the
LD results based on logarithm of the odds (LOD) scores in large
number of three-generation German families [2]. While one cannot
exclude recombination between loci included in the Argus X-8 kit
[20], it is also possible that high mutation rate in X-STRs broke
linkage disequilibrium between some loci.

7. Other remarks
7.1. Forensic utility

Comparison of the allelic range observed in Polish population
with the data obtained for other populations led to conclusion that
alleles revealed in Polish sample are highly concordant with those
present in other population samples. The only exception was allele
4in DXS10074 observed so far in Polish population only. It is worth

noting, however, that the manufacturer of the Mentype Argus X-8
kit points to the possibility of occurrence of this allele. In most
cases, the most frequent alleles of Poles are simultaneously the
most frequent ones in general population. On the contrary - rarest
alleles are common only in 3 loci for all populations. The most
polymorphic locus of all is DXS10011, followed by DXS10135,
DXS8377 and DXS10101. The most heterozygous marker is
DXS10135, followed by DXS10011 and DXS8377.

Overall, our results show that all of the described loci may be of
great use in forensic genetics. The only reservation is associated
with DXS6807 and DXS10011, which do not conform the HWE.
Deviations of the allele distribution from the HWE were also
observed occasionally in other population studies including
different X-STR markers [22], being explained by the possible
presence of null alleles or peculiarities of some population groups
analyzed [23,24]. As for DXS6807 and DXS10011 analyzed in our
study, typing results were verified very carefully, and no excess of
homozygotes, usually resulting from the null alleles, was observed.
It is worth noting, however, that both DXS6807 and DXS10011
contain complex repeats and DXS10011 in particular is a very
complex marker exhibiting many interalleles and structural
variants within alleles of identical length [25,26]. In accordance
with other studies, only one DXS10011 allele in our population
sample exceeded a frequency value of 0.09 (Table 1). Due to the
very high number of alleles at this locus, comparison of the
estimated and the expected heterozygosity may occasionally
result in deviation of the allele distribution from the HWE [25].
Alternatively, but less plausibly, hidden population substructure
could lead to violation of the HWE at some loci, including DXS6807
and DXS10011.

All loci have high or very high polymorphic value and thus can
be used in broad range - from personal identification, paternity
testing, forensic cases to phylogenetic research.

7.2. Phylogeny analyses

Statistical calculations made for each X-STR locus have shown
conformity of allele frequency distribution in Polish population
with Hardy-Weinberg equilibrium for most of loci. In order to
define mechanisms responsible for shaping X-STR loci diversity,
both descriptive and phylogenetic statistical analyses were
performed. Possibility of acting of selective pressure was verified
by the Ewens-Watterson homozygosity test (Table 3). Critical p-
values lower than 0.025 obtained for 6 loci (DXS9898 =0.019,
DXS101 =0.007, DXS10011=0, DXS8377=0, DXS10101=0,
DXS10135=0) suggest that frequency-dependent balancing
selection might be involved. Moreover, in locus DXS7423 critical
p-value exceeds boundary 0.025 only slightly, reaching 0.028.
Together with low significance level values observed for the
remaining loci (between 0.072 and 0.36), this points at possibility
of balancing selection being the main force involved in increasing
Polish population’s diversity. Nevertheless it does not seem
probable that STR loci located beyond coding region are under
direct selective pressure. These markers are assumed to be neutral
and their diversity may increase as a result of selective pressure
acting on different loci tightly linked to these STRs. Selection
increases diversity of chromosome X fragments that are under its
direct pressure and simultaneously leads to accumulation of
diversity in loci which are localized nearby (rarely separated from
regions under selection due to low rate of recombination). Hence,
evolutionary pedigree of these neutral regions is much longer
than in more distal fragments, which results in much higher
diversity of the former. Similar effect of frequency-dependent
balancing selection was observed in other regions of the human
genome: beta-defensin genes (DEFB) [27], intron 5 region of the
LMBR1 gene [28], HLA [29], ABO [30], ornithine decarboxylase
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Allele frequencies and some statistical parameters values for 15 X-STR loci in Polish population. Indexes f and m stand for female and male, respectively. HV represents HWE
p-value corrected with Hochberg’s method. MECy, - according to [15], MECy; — [16], and MECpes — [17].

Locus
Allele DXS7133 DXS7424 DXS9898 DXS6807 DXS8378 HPRTB DXS7423 DXS7132 DXS10074
4 0.0021
6 0.0043
7 0.0128 0.0638
8 0.0319 0.0043 0.1319
9 0.4468 0.283 0.0149 0.017 0.0085
10 0.1404 0.0043 0.0106 0.366 0.0021
11 0.3149 0.0021 0.2043 0.4362 0.3042 0.0957 0.0085 0.0021
11.2 0.0043
12 0.0362 0.0362 0.2617 0.0298 0.266 0.3872 0.0851
13 0.0106 0.0787 0.1787 0.0213 0.034 0.3192 0.1 0.2894 0.0043
14 0.0021 0.2191 0.0553 0.2765 0.0085 0.1362 0.3128 0.3681 0.0106
15 0.2745 0.0064 0.1894 0.0021 0.0298 0.4064 0.2149 0.0681
16 0.2553 0.0213 0.0085 0.1574 0.0319 0.217
17 0.0979 0.0255 0.0234 0.0021 0.2448
18 0.0191 0.1575
19 0.0128 0.0787
20 0.0106
PIC¢ 0.61 0.75 0.74 0.64 0.73 0.68 0.65 0.67 0.82
PD¢ 0.834 0.916 0.899 0.853 0.896 0.879 0.862 0.881 0.82
PDp 0.708 0.815 0.776 0.694 0.693 0.714 0.681 0.741 0.823
HETexp 0.665 0.7843 0.7755 0.696 0.7056 0.7243 0.7084 0.7188 0.8436
HETops 0.6289 0.7799 0.7925 0.5535 0.7044 0.7044 0.6792 0.6352 0.8679
HWE p-value 0.3724 0.7403 0.0627 0 0.5047 0.6454 0.259 0.4455 0.0971
HV 0.7403 0.7403 0.627 0 0.7403 0.7403 0.7403 0.7403 0.7403
MECk, 0.4178 0.5551 0.5429 0.4142 0.4403 0.4647 0.4307 0.4818 0.6721
MEC; 0.6159 0.7325 0.7258 0.6204 0.6453 0.6556 0.632 0.6763 0.812
MECpes 0.6159 0.7336 0.7258 0.6083 0.6453 0.6544 0.632 0.6763 0.812
Locus Locus Locus
Allele DXS10011 DXS10101 DXS10134 Allele DXS101 DXS10135 Allele DXS8377
25.2 0.0021 15 0.017 0.0021 39 0.0021
26 0.0043 16 0.0021 0.0021 40 0.0106
26.2 0.0043 0.0106 17 0.0085 0.0106 41 0.0149
27 0.017 171 0.0021 42 0.0213
27.2 0.0043 0.0298 18 0.0915 0.0191 43 0.0489
28 0.0021 0.0404 181 0.0064 44 0.0319
28.2 0.017 0.0851 19 0.0638 0.0532 45 0.0404
29 0.0851 19.1 0.0234 46 0.0617
29.2 0.0191 0.0894 20 0.0106 0.0574 47 0.1192
30 0.0915 0.0043 20.1 0.0234 48 0.1149
30.2 0.0085 0.117 21 0.0255 0.0937 49 0.1
31 0.0255 0.1129 0.0021 211 0.0191 50 0.1128
31.2 0.017 0.0936 22 0.0234 0.0596 51 0.0979
313 0.0021 22.1 0.0277 52 0.0745
32 0.0533 0.0809 0.0106 22.2 0.0021 53 0.066
321 0.0043 23 0.0681 0.0745 54 0.0447
32.2 0.0255 0.0553 231 0.0234 55 0.0191
33 0.0958 0.0383 0.0532 24 0.217 0.0979 56 0.0064
33.1 0.0021 25 0.1469 0.0788 57 0.0106
33.2 0.0191 0.0255 251 0.0106 58 0.0021
34 0.0255 0.0106 0.1085 26 0.1575 0.0723
34.1 0.0191 26.1 0.0043
34.2 0.0277 0.0085 27 0.0894 0.0702
35 0.034 0.0021 0.1873 28 0.0447 0.0638
35.2 0.0533 29 0.0255 0.0213
353 0.0277 30 0.0085 0.034
36 0.0128 0.2085 31 0.0213
36.1 0.0149 32 0.0128
36.2 0.0383 0.0149 33 0.0085
37 0.017 0.1426 34 0.0043
37.2 0.0617 0.0106
373 0.0085
38 0.034 0.0681
38.2 0.0362
383 0.0149
39 0.0213 0.0213
39.2 0.0489 0.0021
393 0.0383
40 0.0319 0.0106
40.2 0.0404
40.3 0.0234
41 0.0362 0.0021
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Locus Locus Locus
Allele DXS10011 DXS10101 DXS10134 Allele DXS101 DXS10135 Allele DXS8377
41.3 0.0255
42 0.0404
422 0.0213
423 0.0128
43 0.034
433 0.0021
44 0.0255
45 0.0064
46 0.0085
47 0.0043
48 0.0043
49 0.0021
PIC¢ 0.96 0.91 0.87 0.88 0.94 0.91
PDy 0.991 0.91 0.968 0.97 0.94 0.982
PDp, 0.96 0.917 0.88 0.85 0.934 0.92
HETexp 0.9597 0.9194 0.8768 0.8885 0.9444 0.9177
HETobs 0.8654 0.805 0.805 0.9057 0.9371 0.8679
HWE p-value 0 0.0004 0.0054 0.2774 0.0546 0.0847
HV 0 0.0052 0.0648 0.7403 0.6006 0.7403
MEC, 0.9127 0.815 0.7467 0.7648 0.8425 0.831
MEC; 0.9544 0.901 0.8591 0.8709 0.9164 0.9097
MECpes 0.9555 0.9021 0.8602 0.8709 09174 0.9118
Table 2
Haplotype frequencies in four linkage groups calculated for 152 male chromosomes.
DXS8378  DXS10135  Haplotype DXS7132  DXS10074  Haplotype HPRTB  DXS10101 Haplotype DXS7423  DXS10134  Haplotype
frequencies frequencies frequencies frequencies
Allele Allele Allele Allele Allele Allele Allele Allele
9 21 0.0066 11 16 0.0066 9 30.2 0.0066 13 33 0.0066
9 22 0.0066 12 8 0.0263 9 31 0.0066 13 35 0.0066
9 28 0.0066 12 9 0.0066 11 27.2 0.0066 13 353 0.0066
10 18 0.0132 12 15 0.0066 11 28 0.0132 13 36 0.0263
10 19.1 0.0263 12 16 0.0197 11 28.2 0.0132 13 36.2 0.0132
10 20 0.0328 12 17 0.0329 11 30.2 0.0132 13 37 0.0066
10 20.1 0.0197 12 18 0.0132 11 31 0.0197 13 38 0.0066
10 21 0.046 12 20 0.0066 11 31.2 0.0066 13 39 0.0132
10 211 0.0132 13 7 0.0197 11 322 0.0132 14 33 0.0066
10 22 0.0263 13 8 0.0066 11 34 0.0066 14 34 0.0394
10 22.1 0.0197 13 15 0.046 12 27 0.0197 14 35 0.0525
10 22.2 0.0066 13 16 0.0592 12 27.2 0.0132 14 36 0.0394
10 23 0.0394 13 17 0.0854 12 28 0.0263 14 36.2 0.0066
10 24 0.0657 13 18 0.0592 12 28.2 0.0263 14 37 0.046
10 25 0.0328 13 19 0.0066 12 29 0.0394 14 37.2 0.0066
10 26 0.0132 14 7 0.0263 12 29.2 0.0591 14 373 0.0066
10 26.1 0.0066 14 8 0.046 12 30 0.0657 14 38 0.0132
10 27 0.0132 14 11 0.0066 12 30.2 0.0329 14 383 0.0066
10 28 0.0066 14 15 0.0066 12 31 0.046 14 39 0.0066
10 30 0.0066 14 16 0.0592 12 31.2 0.0066 14 39.2 0.0066
10 34 0.0066 14 17 0.1118 12 32 0.0263 14 39.3 0.0066
11 19 0.0066 14 18 0.0329 12 32.2 0.0263 14 41 0.0066
11 20 0.0132 14 19 0.0395 12 33 0.0132 15 30 0.0066
11 20.1 0.0066 15 7 0.0066 13 25.2 0.0066 15 33 0.0197
11 21 0.0328 15 8 0.0329 13 27 0.0066 15 34 0.0329
11 22 0.0197 15 15 0.0132 13 27.2 0.0066 15 35 0.1249
11 221 0.0066 15 16 0.0592 13 28.2 0.0329 15 353 0.0132
11 23 0.0328 15 17 0.0395 13 29 0.0197 15 36 0.0723
11 231 0.0066 15 18 0.0592 13 29.2 0.0263 15 37 0.0591
11 24 0.0525 15 19 0.0197 13 30 0.0197 15 38 0.0263
11 25 0.0066 15 20 0.0066 13 30.2 0.0394 15 38.3 0.0066
11 25.1 0.0066 16 8 0.0066 13 31 0.0329 15 39 0.0132
11 26 0.0328 16 15 0.0066 13 31.2 0.0329 15 39.3 0.0197
11 27 0.0263 16 16 0.0066 13 32 0.0329 15 40 0.0066
11 28 0.0132 16 17 0.0066 13 322 0.0394 15 40.3 0.0263
11 29 0.0197 17 16 0.0066 13 33 0.0066 15 41.3 0.0263
11 30 0.0132 13 33.2 0.0132 15 42.3 0.0132
11 31 0.0066 13 34.2 0.0066 16 32 0.0066
11 32 0.0066 14 28 0.0066 16 33 0.0132
11 33 0.0066 14 30 0.0066 16 34 0.0394
12 171 0.0132 14 30.2 0.0066 16 35 0.0197
12 18 0.0066 14 31 0.0066 16 36 0.046
12 19 0.0263 14 31.2 0.0263 16 37 0.0132
12 191 0.0066 14 32 0.0197 16 37.2 0.0066
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Table 2 (Continued)

DXS8378 DXS10135  Haplotype DXS7132  DXS10074  Haplotype HPRTB  DXS10101 Haplotype DXS7423  DXS10134  Haplotype
frequencies frequencies frequencies frequencies

Allele Allele Allele Allele Allele Allele Allele Allele

12 21 0.0132 14 322 0.0197 16 38 0.0066

12 22 0.0066 14 33.2 0.0197 16 39 0.0066

12 23.1 0.0066 15 29.2 0.0066 16 39.3 0.0066

12 24 0.0066 15 30 0.0132 16 40 0.0066

12 25 0.0394 15 30.2 0.0066 16 413 0.0066

12 25.1 0.0066 15 32 0.0066 17 35 0.0066

12 26 0.0263 15 322 0.0066 17 36 0.0066

12 27 0.0132 15 34 0.0066 17 372 0.0066

12 28 0.0197 16 31 0.0066

12 29 0.0132 16 32 0.0066

12 31 0.0132

12 34 0.0066

13 20 0.0066

13 21.1 0.0066

13 22.1 0.0066

13 24 0.0066

13 26 0.0066

14 23 0.0066

15 24 0.0066

antizyme 3 gene (OAZ3) [31] and the succinate dehydrogenase
genes (SDHA) [32].

Aiming at modeling possible frequency-dependent balancing
selection, phylogenetic relationships between haplotypes were
reconstructed. Network topologies based on male haplotypes have
shown only that distribution of certain haplotype variants is quite
uniform among different populations. Only diagram constructed
for DXS10074-DXS7132 pair depicts somewhat different outcome
(Fig. 1). It reveals existence of two separate highly divergent
clusters of haplotypes. Interestingly, one of the clusters represents
haplotypes broadly distributed in Europe and Africa, yet Japanese
population is completely absent there. Recombination seems
unlikely explanation for the network topology since the distance
within the Mentype Argus X-8 STR pairs is assumed to be <1 cM,
whereas the pair to pair space is about 50 cM or more. Becker et al.
[2] received high logarithm of the odds (LOD) scores for each pair
(27-34) using 104 families consisting of three generations of
grandfather, mother and grandsons. High mutation rates of X-STR
loci seems to be another plausible explanation for the resulted
network. However, mutation rates for the X-STRs included in the
Mentype Argus X-8 kit do not appear substantially higher than
those calculated for autosomal STRs, varying from 0.001199
(DXS10134) to 0.003564 (DXS7132) [2-4,33-42].

Table 3

Comparison of expected and observed homozygosity for 15 X-STR loci in Polish
population based on Ewens-Watterson test. Fex, — expected homozygosity, Fops —
observed homozygosity, p - statisctical significance.

Locus Fexp Fops p

DXS9898 0.46804 0.22544 0.019
DXS6807 0.47344 0.30505 0.169
DXS101 0.25489 0.12294 0.007
DXS7133 0.39714 0.32114 0.360
DXS10011 0.08524 0.03989 0.000
DXS7424 0.38585 0.24158 0.129
DXS8377 0.19183 0.08176 0.000
DXS8378 0.42217 0.29873 0.242
HPRTB 0.39051 0.28001 0.244
DXS7423 0.5787 0.29837 0.028
DXS7132 0.46174 0.27414 0.112
DXS10134 0.16403 0.12318 0.245
DXS10074 0.29191 0.16426 0.072
DXS10101 0.19052 0.08064 0.000

DXS10135 0.12366 0.05953 0.000

One may rather suppose that present shape of haplotypes’
networks results from thousand of years of constant evolution-
ary processes and preservation of such diversity may reflect the
action of frequency dependent balancing selection. On the basis
of Ewens-Watterson test, heterozygosity and phylogeny analy-
ses one may expect frequency dependent selection to be the
main force acting in increase of diversity of certain chromosome
Xfragments. This led to accumulation of diversity in proximal
neutral markers, such as X-STR loci analyzed in this study.

We therefore conclude that the unusual characteristics
identified by neutrality tests and network analyses may
reflect selective events in Europe and Africa, because the
maintenance of two divergent haplotype clusters probably for a
long time is most simply interpreted as resulting from the action
of long-term balancing selection. However, present data can be
also explained by demographic events that occurred
during expansion of modern humans out of Africa. Under this
neutral model, the second (African/European) X-cluster initially
arose in Africa and later entered Southwest Asia, from where this
cluster distributed throughout the rest of Europe. The absence of
this cluster in East Asia can be explained by the effect of
genetic drift. Alternatively, the origin of this cluster in Africa/
Southwest Asia could have occurred much later, most probably
during the expansion of first Neolithic farmers into Europe.
Thus, additional data on X-chromosome haplotypic diversity in
different populations of the world are required to clarify this
question.

Hereby authors confirm that they have strictly followed the
requirements stated in guideline [43] and the ISFG recommenda-
tions [44] in this article.

Table 4

Fst analysis results for populations from Poland (POL) [this study], Japan (JPN) [2],
Ghana (GHA) [2], Hungary (HUN) [4] and Sweden (SWE) [3]. Data shown in the
matrix below diagonal are Fst distances, and significance of p-values (<0.05) is
given above diagonal. “+” denotes statistically significant result.

POL JPN GHA HUN SWE
POL + + + +
JPN 0.00823 + + +
GHA 0.00644 0.00426 + +
HUN 0.00108 0.00799 0.00623 +
SWE 0.00465 0.00304 0.00208 0.00573
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Fig. 1. Haplotypes’ network for DXS10074-DXS7132 pair of loci.

Table 5

Comparison of pairwise linkage disequilibrium computation results based on haplotypes made up of loci included in the Mentype Argus X-8 kit. Statistical significance was

set to 0.05. “+” denotes statistically significant result.

Locus DXS8378 HPRTB DXS7423 DXS7132 DXS10134 DXS10074 DXS10101 DXS10135
DXS8378 + + - - - - +

HPRTB 0.0445 - - - - - -

DXS7423 0.0053 0.4056 - - - - -

DXS7132 0.6861 0.1896 0.3695 - - - -
DXS10134 0.1848 0.3306 0.2992 0.3213 + - -
DXS10074 0.0966 0.1237 0.3280 0.1335 0.0000 - -
DXS10101 0.7832 0.2834 0.4876 0.8439 0.9313 0.4953 -
DXS10135 0.0000 0.6449 0.7468 0.2527 0.6105 0.8530 0.5114
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