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ABSTRACT

Aim Examination of the effectiveness of STR loci in proving 
sibship of the Bosnian-Herzegovinian village of Orahovica and 
the formation of a “grey zone“.

Methods The probability of sibship was determined by calculating 
the likelihood ratio (LR) parameter for each of the 15 observed 
STR loci and for each of the pairs of relatives and non-relatives. 
Cumulative sibship index (CSI) was calculated for each of the pa-
irs by multiplying the LR values of all 15 loci and obtained values 
are used as CSI limit for separating relatives from non-relatives. 
By creating a grey zone for local populations, an attempt was made 
to obtain a line of demarcation between siblings and non-siblings.

Results An analysis of the origin of the respondents' relatives was 
performed, up to the level of sibship in the third generation. The 
results of the CSI for pairs of relatives from the village of Oraho-
vica showed that the highest CSI value, and therefore the sibship 
probability was recorded among relatives from the village of Ora-
hovica (CSI=534211727.203;SP=99.999999812%). On the con-
trary, incredibly low CSI value was recorded among non-relatives, 
ranging from CSI=0.0000001 to 0.5261434 (SP=0.000009999% 
to 34.475357951%).

Conclusion For the threshold value CSI=1 and for CSI=3, this 
method determined sibship in 100% of pairs of relatives and the 
absence of biological sibship in 100% of pairs of non-relatives in 
the village of Orahovica. The STR system is proved to be a succe-
ssful method in determining sibship or absence of sibship in small 
local populations.

Key words: family, genetic testing, molecular diagnostic tech-
niques, paternity
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INTRODUCTION

Short tandem repeats (STRs) represent genetic 
markers with 2-6 base pairs (bp) that are repeated 
in tandems, directly adjacent to each other (1). 
The repeating units form series with a length of 
up to 150 bp (2). Number of these repeats vary 
among individuals, making them a highly discri-
minative tool used in population genetics, mole-
cular epidemiology, forensic identifications and 
other applications (3-6). 
For this research, STR markers were applied 
as an effective tool in studying genetic variati-
on among individuals and sibship determination 
among relatives and nonrelatives (7,8). Genetic 
analysis of 15 STR loci (D3S1358, vWA, FGA, 
D8S1179, D21S11, D18S51, D5S818, D13S317, 
D7S820, TH01, TPOX, CSF1PO, D16S539, 
Penta D and Penta E) was conducted in the 
Powerplex 16 system (Promega), having similar 
approach as previously reported (7,9). 
In our previous studies we have examined the 
effectiveness of the 15 STR loci system in de-
termination of sibship by using 15 STR loci and 
calculating different cut-off points of combined 
sibship indices (CSI) and distribution of sharing 
alleles (7,8). We found that it was very difficult 
to establish strict CSI cut-off values for deter-
mination of the doubtless sibship for the large 
population (7,8). Also, the effectiveness of 15 
STR loci in determining sibship by using 15 
STR loci was examined and different cut-off po-
ints of CSI and shared allele distributions were 
calculated in the past (10). We have found that 
it is very difficult to establish strict CSI cut-off 
values for determining/demarcating undoubted 
consanguinity for a large population (10). 
Formation of the “gray zone” for the Bosnian po-
pulation is not well-explored area (7,10). Additi-
onal examination of urban and rural populations 
in Bosnia and Herzegovina would construct the 
zone of inconclusive sibship, with low rate of fal-
se sibling determination, as the essential part for 
each forensic analysis.
The aim of this research is to examine the effecti-
veness of STR markers in creating a grey zone as 
a reliable tool in the assessment of sibship within 
small local population.
We intentionally focused on smaller population, 
trying to establish clear CSI threshold values and 

extrapolate their application for larger and more 
heterogenous populations in B&H. Also, we tried 
to construct “grey zone” for uncertain pairs and 
set the basis for understanding of more heteroge-
nous populations in B&H. 

MATERIAL AND METHODS

Population and study design 

The village of Orahovica, as a populated geo-
graphical area, appears in documents for the first 
time in the population census from 1489 (11,13). 
This village is located in Bosnia and Herzegovi-
na, Federation of Bosnia and Herzegovina, Zeni-
ca-Doboj Canton and belongs to the municipality 
of Zenica (11,13). Village Orahovica was built 
with the constant pressure of the Hungarian army, 
once the population from Nemila fled deeper into 
the hills along the valley of the Orahovica river 
(11,13). At that time, Nemila and Orahovica each 
had 11 households. Today, an asphalted road le-
ads to the village of Orahovica, which partially 
enables easier communication with other towns 
and cities within a radius of 30 km (11,13).
With the signing of the informed consent, a 
swab of the buccal mucosa was taken from a 
total of 60 people, 46 male and 14 female in 
2010, in Orahovica, and further analysed at the 
Institute of Genetic Engineering and Biotech-
nology in Sarajevo. The formation of couples 
for the analysis of sibship was done on the ba-
sis of genealogical connection by confirming 
the DNA profile of relatives and parents; it was 
used to prove sibship. By pairing relatives of 
common parents, thirty pairs of relatives from 
the village of Orahovica were formed, while 
the control group for this village was formed 
by random pairing of non-relatives from the 
same samples by taking care of elimination of 
possible sibship. All samples of buccal mucosa 
were collected and analysed 12 years ago and 
a detailed description was previously reported 
(10). For the purpose of this publication, no et-
hical approvals were needed, as only in silica 
approach was used throughout the project.

Methods 

For the extraction of total genomic DNA from 
the buccal mucosa swab back in 2010, a modifi-
ed Miller protocol was used (14-16). QUANTI-
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FILER DNA Identification kit (Promega Corp., 
Madison, WI) is designed for simultaneous qu-
antification of total human DNA in the analysed 
sample and is completely based on TaqMan 
technology. When setting up the reaction, an in-
ternal PCR control (IPC) of size 130 bp was ad-
ded to each sample, with the analysis of which 
potentially present PCR inhibitors can be detec-
ted. The reaction for this research was realized 
on the 7300 Real-Time PCR system from Appli-
ed Biosystem, 2006. The PowerPlexTM16 Kit 
(Promega Corp., Madison, WI), a commercial 
kit that includes 15 STR loci and amelogenin 
was used to amplify STR loci. After the ampli-
fication, the detection of the results followed, 
i.e. DNA profile generation. Hi Di Formamide 
(Applied Biosystem, Foster City, CA), which 
denatures nucleic acid and maintains it in a 
single-stranded form, and ILS 600 (Applied 
Biosystem, Foster City, CA) were used in this 
phase of the analysis; it consists of 22 artifici-
ally synthesized DNA fragments ranging in len-
gth from 60-600 base pairs. Each fragment is 
labelled with carboxy-x-rhodamine (CXR) and 
detected by Promega red, 2009 (14-16).
When it comes to the threshold value of CSI that 
would be used to prove sibship between two in-
dividuals, different authors use different threshold 
values of CSI as the threshold value when proving 
sibship. Various CSI limit values are mentioned in 
the literature, such as, for example, CSI=0.0182, 
CSI=0.067, CSI=1, CSI=3, CSI=10, CSI=10.3, 
CSI=19.0015 (10,18,19, 20-24). However, there 
is no consensus for the exact threshold value of 
CSI when proving sibship. Based on the different 
threshold values of CSI used in this work, relia-
bility indicators (sensitivity, specificity, PPV and 
NPV) of using CSI at different levels as a method 
for determining sibship between two people in 
small local populations of the village of Oraho-
vica were calculated. Also, an attempt was made 
to preliminarily calculate the threshold values of 
the “grey zone” - the zone of uncertain CSI values 
at different levels for the observed village (Table 
1) in order to compare the results obtained for the 
investigated local populations with the results of 
previous research related to Bosnia and Herzego-
vina. Determining this zone increases the accuracy 
and efficiency of the performed test, i.e. methods 
of determining sibship (23).

Statistical analysis

The probability of sibship was determined by calcu-
lating the likelihood ratio (LR) parameter (8,9) for 
each of the 15 observed STR loci in both relatives 
and non-relatives. Cumulative or combined sibship 
index (CSI) (10,18) (in the literature also known as 
cumulative sibship index) (17-20) was calculated 
for each of the pairs by multiplying the LR values 
of all 15 loci. For each tested related and unrela-
ted pairs, the same, standardized tabular form was 
applied. The form proposed by Brenner in 2006 
was used as a form for calculating LR (15). To esti-
mate difference between the means of CSI values 
for all groups of siblings and non-siblings, Student 
t-test was used. Comparative analysis of measures 
of central tendency and variability of CSI and SP 
(%): minimum (Min), maximum value (Max), ran-
ge, logarithmic mean (Ls), arithmetic mean (Xs), 
standard deviation (SD), variance (S2) and coeffici-
ent of variation (Kv) for relatives and non-relatives 
from the village of Orahovica is also calculated.

RESULTS 

In this study in order to test the sibship, a method 
of calculating the CSI with different threshold va-
lues was used. Considering we were dealing with 
relatively small local population it was expected 
to observe a genetic drift as previously reported 
(22). An analysis of the origin of the respondents' 
relatives was also performed, up to the level of 
sibship in the third generation. 
The results of the combined sibship index - CSI 
(cumulative sibship index/ combined sibship in-
dex) for pairs of relatives from the village of Ora-
hovica showed the highest value of CSI, and the-

CSI SEN% SPE% PAV% NAV% minGZ maxGZ
0.0182 100 86.667 88.235 100 0 7.500187505
0.067 100 93.33 93.75 100 0 14.99250375
1 100 100 100 100 0 undef.
3 100 100 100 100 0 undef.
10 93.33 100 100 93.75 0.0667 undef.
10.3 93.33 100 100 93.75 0.0667 undef.
19.0015 86.667 100 100 88.235 0.13333 undef.
Minimum 86.667 86.667 88.235 88.235 0 undef.
Maximum 100 100 100 100 0.13333 undef.

Table 1. Evaluation of sensitivity (SEN), specificity (SPE), 
positive assumed value (PAV), negative assumed value (NAV) 
and threshold values of the grey zone for determining sibship 
for respondents from the village of Orahovica

CSI, cumulative sibship index; SP (%), sibling probability; minGZ, 
the minimum value of the grey zone; maxGZ, the maximum  value 
of the grey zone for determining sibship for respondents from the 
village of Orahovica; undefined, undefined;
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refore the SP was recorded among relatives from 
the village of Orahovica (CSI=534211727.203; 
SP=99.999999812%) (Table 2).

For values of CSI>3 for the same population 
(CSI=10, CSI=10.3, CSI=19.0015), the percentage 
of proven sibship among relatives decreases, while 
the percentage of proven absence of sibship among 
non-relatives remains the same as for CSI=1 and 
CSI=3. For these CSI values, only the lower limit 
of the “grey zone” that reduces the percentage of 
proven absence of sibship in non-relatives could be 
determined, while the upper limit could not be sta-
tistically defined. The results obtained in this way 
suggest that the creation of a “grey zone” does not 
make sense in this case either, and that these values 
are less reliable in proving sibship than CSI=1 and 
CSI=3. Consequently, it can be noted that the CSI 
is the threshold value that can be taken as clear and 
reliable in proving sibship for the examined popu-
lation in the village of Orahovica, with the thres-
hold value of CSI=1 (Figure 1).

Pairs SP (%) Pairs SP (%)
1 99.993392797 16 99.999999812
2 87.958045831 17 99.999930494
3 97.951734675 18 99.998031738
4 99.924191029 19 99.997659656
5 99.531303533 20 89.276024407
6 99.99993213 21 95.857240507
7 99.99961181 22 99.993526087
8 99.795449278 23 94.811582622
9 99.99963382 24 99.95787642
10 99.184996104 25 99.999295038
11 98.972718484 26 99.980332893
12 99.99979107 27 99.999883509
13 93.327728625 28 99.996537273
14 98.933277579 29 99.992577721
15 99.641633705 30 98.937143743

Table 2. Calculated sibling probability (SP) for tested rela-
tives pairs from the village of Orahovica

Pairs SP (%) Pairs SP (%)
1 1.225368446 16 0.138577695
2 0.1331026 17 2.846575895
3 0.254042977 18 34.475357951
4 0.009999 19 0.261444675
5 9.659936512 20 0.086275501
6 1.085644401 21 1.120042937
7 0.014397926 22 0.000469997
8 0.019306271 23 0.047547381
9 0.007189483 24 0.567777874
10 1.403413946 25 0.089120504
11 0.000729994 26 2.409604456
12 0.000009999 27 0.025813334
13 0.015637554 28 0.081303843
14 0.000349998 29 0.024164159
15 0.212935616 30 0.002389942

Table 3. Calculated sibling probability (SP) for tested pairs of 
non-relatives (SP) from the village of Orah ovica

CSI Relatives
Orahovica

NoN-relatives
Orahovica

Min. (Min.%) 7.3043
(87.95804583)

0.0000001
(0.000009999)

Max. (Max.%) 534211727.2030
(99.999999812)

0.5261434
(34.47535795)

Range (range %) 534211719.8987
(12.041953982)

0.5261433
(34.475347951)

Ls 17977007.4674 0.025200133
Xs (%) 98.46703608 1.873951029

SD (SD %) 97501964.52
(3.14420541)

0.096729177
(6.424337686)

S2 (S2%) 9.50663E+15
(9.886027661)

0.009356534
(41.27211471)

Kv (Kv %) 542.37038448592
(3.19315532910473)

383.8439146
(342.8231361)

Table 4. Comparative analysis of measures of central ten-
dency and variability of cumulative sibship index (CSI) and 
sibling probability (SP) for the analysed groups

Min, minimum; Max, maximum values; Ls, logarithmic mean, Xs, 
arithmetic mean; SD, standard deviation; S2, variance; Kv, coeffici-
ent of variation

Figure 1. Representation of cumulative sibship index (CSI) 
values for relatives and non-relatives from the village of Ora-
hovica

The results of the combined sibship index - CSI 
for unrelated pairs from the village of Orahovica 
showed the highest CSI value recorded among 
non-relatives from the village of Orahovica was 
CSI=0.5261434 and SP=34.475357951%, whi-
le the lowest value was CSI=0.0000001 and 
SP=0.000009999% (Table 3).

Based on the value of the t-test for the compa-
red arithmetic means in the groups of relatives 
and non-relatives from the village of Orahovica 
higher CSI in relatives compared to non-relatives 
was found with a statistically significant differen-
ce (p=4.19097E-59; p<0.0001) (Table 4). This 
indicates that these two groups (relatives and 
non-relatives) can be statistically clearly distin-
guished based on the obtained results of sibship 
testing using DNA analysis.

Mušanović et al. Str loci analysis in sibship testing
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DISCUSSION

In previous publications, the importance of “grey 
zone” formation has been stressed and significan-
ce in the analysis of uncertain results (e.g. results 
that could be falsely characterized as relatives or 
unrelated by their value) was outlined (10,14). 
The importance of determining the sensitivity, 
specificity, positive assumed value (PAV) and 
negative assumed value (NAV) of the selected 
methods of determining sibship, lies in reducing 
the number of false positive and false negative 
findings. In the forensic science, characterizing 
someone as a false relative or false unrelated 
has a direct effect on the lives of people whose 
sibship is being tested (10,12).
The most commonly used limit value in the lite-
rature was CSI=1.We applied the very same met-
hod also in this case of Orahovica and determi-
ned sibship (CSI ≥1) in 100% of pairs of relatives 
and the absence of biological sibship (CSI<1) in 
100% of pairs of non-relatives.
When determining the threshold values of the “grey 
zone” for CSI=1, it turned out that they cannot be 
defined statistically. Based on the previous results 
(10) of the detected presence of sibship in relatives 
or the absence of sibship in non-relatives, and the 
impossibility of creating a “grey zone”, it can be 
concluded that CSI=1 is a clear, reliable and suffi-
cient threshold value for proving sibship in this 
population. The stated results and conclusions for 
CSI=1, were also obtained for CSI=3 for the same 
population. For the examined values of CSI<1 
(CSI=0.0182, CSI=0.067), the percentage of pro-
ven sibship remained the same as for CSI=1 and 
CSI=3, while the percentage of proven absence of 
sibship among non-relatives decreased (86.667% 
and 93.33%).
By trying to determine the limits of the “grey 
zone” for values obtained for all pairs of non-
relatives in our population enter uncertain, sus-
picious values, and the percentage of really po-
sitive results also decreases, i.e. percentage of 
proven sibship, so the “grey zone” created in this 
way does not improve the existing result, and it 
can be concluded that its formulation in this case 
does not make sense and that these values are less 
reliable than the CSI=1 and CSI=3 values.
In the literature, there are many reported disa-
greements (10,18,19,25) regarding the evaluation 

of the optimal and reliable cut-off value for any 
of sibship determination methods (10,20,23,25). 
Since applications of these are methods are very 
delicate and sensitive, correct determination co-
uld seriously impact lives of the examiners, espe-
cially in the forensic practice. One of the studies 
(22) determined a CSI cut-off value of 1 as a clear 
cut off between relatives and non-relatives using 
15 STR loci, but with known profiles of the su-
bjects' parents. Another study (26) states the level 
of difficulty in the sibship determination between 
two individuals, once maximum of 9 STR loci are 
used, without knowing DNA profiles of the pa-
rents; they suggest the analysis of a larger number 
of STR loci in proving sibship in such individuals 
(26). The results obtained in this research indicate 
the possibility of determining sibship in the exa-
mined small local populations, using 15 STR loci 
and CSI threshold values of 1 and 3.
By creating a “grey zone”, the most reliable li-
mit for determining relatives and non-relatives 
turned out to be 0.067, but with the existence 
of still uncertain pairs that require additional te-
sting (10,24,25). However, it seems that the for-
mulation of the “grey zone” in the case of small 
local populations is not needed, as there are clear 
cut-off values separating relatives from non-rela-
tives. Also, there are no uncertain pairs for CSI 
values of 1 and 3. The reason for this appearance 
of the possibility for CSI boundary formulation 
in the sample from a small local population, may 
arise from lower genetic variability, demonstra-
ted earlier in these samples once compared to the 
samples of a mixed population (10). 
In conclusion, CSI-1 and CSI-3 can be used as a 
good tool in order to determine sibship in 100% 
of pairs of relatives and the absence of biologi-
cal sibship, also in 100% of pairs of non-relati-
ves. However, limit values of the “grey zone” 
for CSI=1 and CSI=3 could not be defined sta-
tistically. For the village Orahovica, CSI=1 and 
CSI=3 values are clear, reliable and sufficient 
threshold values for proving sibship in this popu-
lation but not for the formation of the grey zone.
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