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Abstract  

This novel study investigates the utilization of a centromeric short tandem repeat (STR) 

marker to examine the level of homozygosity within the Libyan population. Building upon 

previous research that highlights challenges in kinship analysis using routine autosomal 

chromosomal markers. The STRs loci investigation evaluates the efficacy of 15 autosomal 

STRs markers and how these markers can be used to explore the implications of 

homozygosity in the context of consanguinity and its potential association with increasing 

instances of cancer risks. 

This study focuses on assessing the level of inbreeding within the Libyan population 

through the utilization of centromeric short tandem repeats (STRs) markers. The aim is to 

investigate the frequency of homozygosity, particularly in the D19S433 marker located in 

the centromere region, among consanguineous groups compared to non-consanguineous 

groups. The centromere's role in recombination suppression and the potential implications 

for passing ancestral genes to offspring are explored. The study includes a comprehensive 

examination of DNA profiling, consanguinity, and its possible associations with cancer 

risks in the context of the unique genetic and demographic characteristics of the Libyan 

population. 
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Introduction 

Kinship analysis in forensic genetics has witnessed significant growth in recent decades, driven by 

the demand for robust markers capable of resolving complex relationships. While routine autosomal 

chromosome short tandem repeats (STRs) loci have been widely employed, challenges persist in 

accurately discriminating between close relatives and unrelated individuals. The study underscores 

the advantages of streamlining kinship cases into pairwise analyses, potentially reducing the number 

of individuals involved. However, the limitations of existing STRs loci in precisely distinguishing 

various degrees of relatedness necessitate the exploration of alternative markers (Nothnagel et al., 

2010).  

The focal point of this research is a set of 13 autosomal STRs markers, including clusters of closely 

linked markers, designed to overcome the limitations of routine autosomal chromosome STRs loci. A 

multiplex PCR system was developed to simultaneously analyze these markers, aiming to enhance 

their applicability in forensic contexts (Albastaki et al., 2022). The primary objective is to evaluate 

the effectiveness of this set of linked STRs for kinship analysis within the Libyan population (Wyner 

et al., 2020). 

DNA profiling, centromeres loci and oncogenes.  

The study provides a comprehensive overview of DNA profiling, emphasizing the significance of 

short tandem repeats (STRs) loci as markers to distinguish individuals. The Combined DNA Index 

System (CODIS) loci, a common set of 13 STRs loci in most of commercial kits for human 

identification, are introduced for instance, as a core component of DNA profiling. Additionally, 

certain commercial kits, such as the Qiagen kit for human identification, incorporate two additional 

STRs loci, namely D2S1338 and D19S433, to enhance the profiling process. Centromeres play a 

critical role in chromosome segregation, ensuring the accurate separation of sister kinetochores 

during mitosis. Notably, in the Qiagen commercial kit, the D19S433 marker stands out as the sole 

marker located near the centromere region (chromosome 19 - 19q12), as depicted in Figure 1. The 

association between centromeres and heterochromatin, the densely packed chromatin surrounding 

centromeres. This condensed structure plays a crucial role in maintaining cohesion between sister 

chromatids, mediated by cohesins and possibly catenation of DNA strands. The study emphasizes the 

importance of crossing over in promoting genetic variation, as it prevents chromosomes from being 

exclusively maternal or paternal, thereby preserving genetic diversity (Talbert and Henikoff, 2010). 

Several oncological investigations have identified genes situated in the 19q12 locus that are linked to 

various cancer types, including breast, gastric, prostate, and pancreatic cancers (Neville et al., 2003, 

Athanasoglou et al., 2006, Natrajan et al., 2012, Fu et al., 2014). 

 

 

Figure 1. The mapping of the D19S433 marker on chromosome 19 (adapted from (Gholizadeh and 

Asadi, 2022)). 

Consanguinity and Homozygosity 

Consanguinity, the practice of marrying close relatives, is a prevalent social norm in many Arab 

populations, including Libya (Bittles and Hamamy, 2010). This practice contributes to increased 

homozygosity in offspring, as they are more likely to inherit the identical two alleles from both 

parents. The study delves into the potential genetic consequences of consanguinity, highlighting its 

role in the elimination of lethal oncofetal genes from the population gene pool (Abou Jamra et al., 

2011). 
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The study reviews contradictory findings regarding the impact of consanguinity on cancer risks, 

particularly breast cancer. While some studies suggest a protective effect due to lower frequencies of 

certain alleles, others associate consanguinity with higher rates of cancer, positing a potential link to 

recessive cancer-predisposing loci  (Bener et al., 2009). 

The Libyan Population Overview 

A comprehensive overview of the Libyan population is provided, tracing its historical settlements and 

diverse ethnic composition. The study sheds light on the genetic relationships between the Libyan 

people and neighbouring regions, revealing closer ties with Tunisian and Egyptian populations. 

Ethnically, the population is predominantly Arab, with Berbers constituting a minority along with 

other groups such as Tuareg and Tubo. 

The demographic characteristics of the Libyan population, such as population size, growth rates, and 

family structures, have not been extensively studied in recent years. According to the most recent 

demographic study available from 2019, it is estimated that the Libyan population was around 5.32 

million in 2006 (Daw and El-Bouzedi, 2019). The prevalence of consanguinity and large family sizes, 

as well as variations in the number of children per family, add layers of complexity to the genetic 

landscape of the Libyan population (Ibrahim and Serakinci, 2020). 

Consanguinity and Cancer Risks 

The study explores the potential links between consanguinity and cancer risks, particularly in the 

context of homozygosity. Contradictory findings from various studies in Arab populations suggest 

that while consanguinity may increase the chances of homozygosity, its impact on cancer risks is 

multifactorial and tumour-specific. Some studies propose a protective effect, especially in breast 

cancer, while others associate consanguinity with an increased risk of certain cancers, emphasizing 

the need for nuanced research approaches (Bener et al., 2009). 

Studies from different Arab countries, including Qatar and Saudi Arabia, present varying perspectives 

on the relationship between consanguinity and cancer. The presence of null alleles and the high 

coefficient of consanguinity are factors to be considered when evaluating cancer risks in 

consanguineous populations. The study also acknowledges the complexity of genetic syndromes 

associated with specific cancers, emphasizing the need for comprehensive research methodologies 

(Anwar et al., 2014, Khubrani et al., 2019) 

Materials and methods 

The study employed a mixed-methods approach to gather data from the Libyan population. A random 

sample of 71 Libyan individuals residing in the UK was surveyed using a questionnaire to explore the 

relationships between parents and assess the level of inbreeding within the population. Consent was 

obtained for buccal swab collection, and DNA analysis was conducted using the QIAamp® DNA 

Investigator kit. The Investigator IDplex kit, encompassing 13 CODIS core loci plus an additional 

two STRs markers, D2S1338 and D19S433, was employed to amplify polymorphic STRs markers. 

The GeneMapper V3.2 was used to obtain the STRs profiling for all the samples in this study, and all 

the STRs loci alleles were entered into the Microsoft Excel sheet before conducting the IBM SPSS 

Statistics V.21 to apply the Chi-square test.   

Results 

The investigation into homozygosity levels within the consanguineous group yielded noteworthy 

results, particularly in relation to the D19S433 short tandem repeats (STRs) marker. This specific 

marker stands out as the sole STRs marker exhibiting a statistically significant outcome within the 

consanguineous cohort, and it holds a distinctive position within the centromere region (Table 1). 

The uniqueness of the D19S433 marker’s significance is underscored by its location in the 

centromere (Figure 1), a region known for exerting recombination suppression effects. This 

phenomenon suggests that centromere activity plays a crucial role in inhibiting recombination and, 

consequently, contributes to the transmission of ancestral genes, including potentially mutant 

ancestral genes, to subsequent generations. 
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The assessment of homozygosity, specifically measured by the centromeric marker, within the 

endogamous group substantiates the impact of centromere activity on genetic inheritance. 

Significantly, the D19S433 marker emerges as the solitary marker displaying a substantial difference 

(Table 1), with a 48.3% higher frequency of homozygosity in the consanguineous group compared to 

a mere 7.3% in the non-consanguinity group (Figure 2). 

This finding suggests that the centromere, specifically the D19S433 marker, plays a pivotal role in 

shaping the genetic landscape of consanguineous populations. The observed increase in 

homozygosity highlights the potential influence of recombination suppression within the centromere 

region, leading to a higher retention of ancestral genetic material in individuals from consanguineous 

unions. The specificity of the D19S433 marker’s impact emphasizes the importance of considering 

marker location and centromere activity in understanding the dynamics of genetic inheritance in 

populations characterized by consanguinity. 

Table 1: Chi-square analysis assessing a significant association between homozygosity alleles of all 

15 STRs markers and consanguinity. 

 

STRs  

Markers 

Chi-square 

 (P-Value) 

1 TP0X 1.000 

2 TH01 0.563 

3 FGA 0.059 

4 D21S11 0.536 

5 D19S433* 0.000 

6 D18S51 0.637 

7 D16S539 0.565 

8 D13S317 0.453 

9 D8S1179 0.248 

10 D7S820 1.000 

11 D5S818 0.055 

12 D3S1358 0.275 

13 D2S1338 0.299 

14 CSF 0.434 

15 vWA 0.769 

                                    * (p-value < 0.05). 
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Figure 2: The percentages of homozygosity and heterozygotes alleles in D19S433 STRs marker 
according to the mating type group (consanguineous and non-consanguineous groups).  

Discussion 

The results of our study shed light on the intricate relationship between homozygosity, consanguinity, 
and the unique characteristics of the D19S433 short tandem repeats (STRs) marker located within the 
centromere. The investigation aimed to unravel the genetic dynamics within consanguineous 
populations, focusing on the potential impact of centromere activity on recombination and the 
transmission of ancestral genes. 

The standout finding in our study revolves around the D19S433 marker, the only marker 
demonstrating a significant result within the consanguineous group in Table 1. This marker's 
exclusive location within the centromere region adds a layer of complexity to its role in genetic 
inheritance. The centromere's known function in recombination suppression suggests a mechanism 
through which ancestral genes, including potentially mutant ones, are passed on to subsequent 
generations without significant changes. 

Our results indicate that when measuring homozygosity through the centromeric marker, the 
D19S433 marker exhibits a substantial difference between the consanguineous and non-consanguinity 
groups (Sundararajan and Straight, 2022). The consanguineous group shows a remarkable 48.3% 
higher frequency of homozygosity for the D19S433 marker compared to the non-consanguinity 
group's modest 7.3%. This stark contrast underscores the impact of consanguinity on the genetic 
makeup of populations, particularly in regions associated with recombination suppression. 

The observed increase in homozygosity within the consanguineous group aligns with expectations 
based on the known effects of consanguineous unions. The higher retention of ancestral genetic 
material, as indicated by the D19S433 marker, suggests that consanguinity plays a pivotal role in 
shaping the genetic diversity of populations (Bittles and Hamamy, 2010). This finding supports 
previous studies highlighting the link between consanguinity and homozygosity, emphasizing the 
need to consider specific genetic markers and their locations (Alkuraya, 2010). Furthermore, our 
results contribute to the broader understanding of centromere activity and its implications for genetic 
diversity. The centromere's role in suppressing recombination, particularly in the context of 
consanguineous unions, highlights the intricate mechanisms influencing genetic inheritance and many 
cancer mechanisms inside the endogamous population (Bener et al., 2009, Mishra et al., 2020). The 
specificity of the D19S433 marker impact underscores the importance of marker selection in genetic 
studies, urging researchers to consider the genomic context and functional significance of markers. 
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In conclusion, our study provides valuable insights into the interplay between consanguinity, 

homozygosity, and the unique characteristics of the D19S433 marker within the centromere region. 

The results deepen our understanding of genetic dynamics in consanguineous populations and 

emphasize the need for further exploration into the role of specific genetic markers and their locations 

in shaping the genetic landscape. 

References 

ABOU JAMRA, R., WOHLFART, S., ZWEIER, M., UEBE, S., PRIEBE, L., EKICI, A., GIESEBRECHT, S., ABBOUD, A., AL 
KHATEEB, M. A. & FAKHER, M. 2011. Homozygosity mapping in 64 Syrian consanguineous families 
with non-specific intellectual disability reveals 11 novel loci and high heterogeneity. European Journal 
of Human Genetics, 19, 1161-1166. 

ALBASTAKI, A., NAJI, M., LOOTAH, R., ALMHEIRI, R., ALMULLA, H., ALREYAMI, A., ALMARRI, I., YU, Z., ZHANG, Y. 
& SHU, C. 2022. Design and development of novel single multiplex system incorporating 26 rapidly 
mutating Y‐STRs; 26 RM Yplex. Electrophoresis, 43, 1911-1919. 

ALKURAYA, F. S. 2010. Homozygosity mapping: one more tool in the clinical geneticist's toolbox. Genetics in 
medicine, 12, 236-239. 

ANWAR, W. A., KHYATTI, M. & HEMMINKI, K. 2014. Consanguinity and genetic diseases in North Africa and 
immigrants to Europe. The European Journal of Public Health, 24, 57-63. 

ATHANASOGLOU, P., DELIS, M. & STAIKOURAS, C. 2006. Determinants of bank profitability in the South 
Eastern European region. 

BENER, A., EL AYOUBI, H. R., CHOUCHANE, L., ALI, A. I., AL-KUBAISI, A., AL-SULAITI, H. & TEEBI, A. S. 2009. 
Impact of consanguinity on cancer in a highly endogamous population. Asian Pac J Cancer Prev, 10, 
35-40. 

BITTLES, A. H. & HAMAMY, H. A. 2010. Endogamy and consanguineous marriage in Arab populations. Genetic 
disorders among Arab populations, 85-108. 

DAW, M. A. & EL-BOUZEDI, A. H. 2019. Trends and projection of demographic indices of the Libyan population 
using a fifty-year census data 1954-2016. African Population Studies, 33. 

FU, Y.-P., KOHAAR, I., MOORE, L. E., LENZ, P., FIGUEROA, J. D., TANG, W., PORTER-GILL, P., CHATTERJEE, N., 
SCOTT-JOHNSON, A. & GARCIA-CLOSAS, M. 2014. The 19q12 bladder cancer GWAS signal: association 
with cyclin E function and aggressive disease. Cancer research, 74, 5808-5818. 

GHOLIZADEH, Z. & ASADI, S. 2022. The Role of Mutations on Genes TWNK, CLPP, HARS2, LARS2, HSD17B4 in 
Perrault Syndrome. Journal of Neuroscience and Neurological Research. 

IBRAHIM, Z. & SERAKINCI, N. 2020. Assessment of Awareness on the Risk of Consanguineous Marriages 
among University Students from Four Developing Countries: A Comparative Study. Asian Journal of 
Research in Medicine Medical Science, 6-12. 

KHUBRANI, Y. M., HALLAST, P., JOBLING, M. A. & WETTON, J. H. 2019. Massively parallel sequencing of 
autosomal STRs and identity-informative SNPs highlights consanguinity in Saudi Arabia. Forensic 
Science International: Genetics, 43, 102164. 

MISHRA, S., RAWAT, A. & GANESH, N. 2020. Role of plamer anthropometry and angle of triradius in cancer 
screening. 

NATRAJAN, R., MACKAY, A., WILKERSON, P. M., LAMBROS, M. B., WETTERSKOG, D., ARNEDOS, M., SHIU, K.-K., 
GEYER, F. C., LANGERØD, A. & KREIKE, B. 2012. Functional characterization of the 19q12 amplicon in 
grade III breast cancers. Breast Cancer Research, 14, 1-15. 

NEVILLE, P. J., CONTI, D. V., KRUMROY, L. M., CATALONA, W. J., SUAREZ, B. K., WITTE, J. S., CASEY, G. & CANCER 
2003. Prostate cancer aggressiveness locus on chromosome segment 19q12–q13. 1 identified by 
linkage and allelic imbalance studies. Genes, Chromosomes, 36, 332-339. 

NOTHNAGEL, M., SCHMIDTKE, J. & KRAWCZAK, M. 2010. Potentials and limits of pairwise kinship analysis 
using autosomal short tandem repeat loci. International journal of legal medicine, 124, 205-215. 

SUNDARARAJAN, K. & STRAIGHT, A. F. 2022. Centromere identity and the regulation of chromosome 
segregation. Frontiers in Cell Developmental Biology, 10, 914249. 

TALBERT, P. B. & HENIKOFF, S. 2010. Centromeres convert but don't cross. PLoS biology, 8, e1000326. 
WYNER, N., BARASH, M. & MCNEVIN, D. 2020. Forensic autosomal short tandem repeats and their potential 

association with phenotype. Frontiers in genetics, 11, 884. 

 


