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WELCOME TO V CONGRESS OF THE SERBIAN GENETIC SOCIETY! 
 
 

Dear colleagues, 
Welcome to the 5th Congress of the Serbian Genetic Society. The Serbian Genetic 
Society (SGS) has been founded in 1968 and the first Congress organized by the SGS 
was held 20 years ago in Vrnjacka Banja. Since then, the Congress of Serbian Genetic 
Society is held every five years. Over the past 20 years, the Congress has grown from 
a national to an international meeting. On this occasion we will have participants 
from 26 countries, so we believe that this conference will successfully provide a 
platform for regional and international researchers and professionals in genetics to 
have a productive dialogue and share their views.   
The aim of the Congress is to reflect on progress made in genetics, to celebrate the 
best of contemporary research and to anticipate future developments in the 
discipline. 
The Congress will focus on wide range of topics organized in 8 sessions: Human 
Genome Variation, Medical Genetics, Genetic Toxicology: From Cell to Ecosystem, 
Adaptation to Changing Environments, Genetic Diversity, Phylogeny and 
Conservation, Methodology in Genetic Research, Pre Breeding and Breeding, New 
Techniques in Breeding. The programme will include 21 plenary lectures, 44 oral and 
255 poster presentation and also, a special feature of the Congress will be a 
roundtable on novel food. 
More than 300 participants are expected to attend this year's Congress. Many of the 
presentations will accordingly be in lecture-like settings, but we hope that there will 
also be ample opportunities for informal interaction outside the scheduled sessions. 
We hope that participants will have opportunity not only to attend presentations of 
cutting-edge research, but also through those interactions to launch new projects and 
to spend time with co-authors. 
The successful organization of the Congress has required the talents, dedication and 
time of many members of the Scientific and Organizing committees and strong 
support from sponsors. 
I hope that you will find the Congress both pleasant and valuable, and also enjoy the 
cultural and natural beauty of Kladovo and National park Djerdap. 
 
Yours sincerely, 

       
Branka Vasiljevic                                               
Chair of the Scientific Committee                 
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Opening lecture 

 
Pharmacogenomics and whole genome sequencing 

 
 

Theodora KATSILA and George P. PATRINOS 
 

Department of Pharmacy, School of Health Sciences, University of Patras, Greece 
 
 

Pharmacogenomics holds promise of personalized treatment and improved patient 
stratification. To date, there are genes (pharmacogenes) that relate to drug 
absorption, distribution, metabolism, excretion and toxicity (ADMET). A large number 
of rare or relatively frequent genomic variants were discovered in ADMET-related 
genes in around 500 genomes of various ethnicities, a large number of which were 
novel, residing in exons and regulatory regions and likely to have functional 
significance. This underlines the potential of whole genome sequencing to capture 
novel and potentially important ADMET gene-related variants. Novel ADMET gene-
related variations occurred significantly more frequently in certain ethnic groups 
compared to others, which underlines the need: (a) to determine the incidence of 
pharmacogenomic markers in distinct ethnic groups and populations, and (b) to 
deposit these data in publicly available databases (microattribution approach). Such 
an approach is also of utmost importance for developing nations to fulfil the promise 
of genomic medicine (www.genomicmedicinealliance.org). 
 
Keywords: pharmacogenomics, whole genome sequencing, pharmacogenes, 
microattribution, Genomic Medicine 
 
 

http://www.genomicmedicinealliance.org/
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PL-01 Talk 

 
Small supernumerary marker chromosomes – an update 

 
 

Thomas LIEHR 
 

Jena University Hospital, Institute of Human Genetics, Jena, Germany 
 
 

Genotype-phenotype correlations in patients with small supernumerary marker 
chromosomes (sSMC) are still difficult to asses. The presently known influence of 
chromosomal imbalance induced by sSMC size and origin, mosaicism of sSMC and 
uniparental disomy of sSMC’s sister chromosomes (UPD) on the clinical outcome is 
summarized here acc. to data on >5,200 sSMC cases presented on http://ssmc-
tl.com/Start.html. In 1/3 of sSMC patients clinical symptoms are found. Besides the 
known sSMC related syndromes Pallister-Killian-, isochromosome-15q12-, 
isochromosome-18p-, cat-eye- and Emanuel-syndrome there are numerous other yet 
unnamed and unidentified “sSMC-syndromes”. Recently, derivative-8- and derivative-
13/21 syndromes in complex sSMC were reported. In conclusion: the influence of 
chromosomal imbalance induced by sSMC size and its origin seems to have the largest 
impact on the phenotype of sSMC-patients. Besides, UPD and mosaicism may be 
important for the clinical outcome. All of that has to be considered in prenatal cases.  
 
Keywords: small supernumerary marker chromosomes (sSMC); genotype-phenotype 
correlation; cat-eye-syndrome; Emanuel-syndrome; Pallister-Killian-syndrome 
 
 
 

http://ssmc-tl.com/Start.html
http://ssmc-tl.com/Start.html
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PL-02 Talk 

 
Pharmacogenomics: the basis of personalized medicine 

 
 

Branka ZUKIĆ 
 

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade, 
Serbia 

 
 

Pharmacogenomics is focused on exploring the relation of variation in DNA sequence 
and gene expression to drug efficacy and toxicity. It is a base for the implementation 
of personalized medicine and completely changes the old-fashioned therapeutic 
paradigm of »one dose fits all patients« and »trial-and-error« prescription, to a novel 
concept of »matching the right therapeutic and the right dose to the specific genetic 
signature of the patient«. Genetic variability can affect various aspects of drug 
therapy: disposition of the drug, efficacy of the drug and adverse drug reactions. 
Genetic factors account for 15-30% of inter-individual differences in drug metabolism 
and response. An example of the importance of pharmacogenomics is discovery that 
different individual responses to thiopurine drugs are caused by individual variations 
in thiopurine S-methyltransferase (TPMT) enzyme activity. Our research contributing 
to application of TPMT pharmacogenomic markers in clinical practice led to 
individualization of thiopurine therapy in childhood acute leukemia patients. 
Pharmacogenomics is rapidly growing filed that significantly improves translation of 
the knowledge from bench to bedside. 
 
Keywords: pharmacogenomics, personalized medicine, thiopurine drugs, thiopurine S-
methyltransferase (TPMT) 
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PL-03 Talk 

 
Effects of antibiotic treatments on oral and gut microbiota 

assessed by culture-independent bacterial community analysis 
 
 

Vladimir LAZAREVIĆ 
 

Genomic Research Laboratory, University of Geneva Hospitals and Faculty of Medicine, 
Geneva, Switzerland 

 
 

Changes in human bacterial communities in response to antibiotic therapy initially 
relied on culture-based techniques. However, the presence of numerous unculturable 
bacteria has necessitated the use of culture-independent approaches. We analyzed 
salivary and faecal microbiota by means of the 454 pyrosequencing of the 16S rRNA 
gene using samples collected before exposure to antibiotics, at the end of the 
treatment and about 3 weeks post-treatment. Individuals who were not given 
antibiotics were used as the control group.  Amoxicillin treatment resulted in reduced 
species richness and diversity of the salivary microbiota, and a significant shift in the 
relative abundance of 35 taxa at different ranks from phylum to species level. 
Ciprofloxacin and notably nitrofurantoin treatments were not associated with a 
consistent reduction of species-level-phylotype richness and diversity in the gut 
microbiome. Our results point to (i) a substantial recovery of the human microbiota 3 
weeks after the ciprofloxacin (gut microbiota) or amoxicillin (salivary microbiota) 
treatment and (ii) the absence of a global effect of the nitrofurantoin treatment on 
the gut microbiota. 
 
Keywords: bacterial communities, 16S rRNA, metagenomics, microbiome 
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PL-04 Talk 

 
Clinical genomics: time for implementation 

 
 

Borut PETERLIN, Aleš MAVER and Luca LOVREČIĆ 
 

Clinical Institute of Medical Genetics, University Medical Center Ljubljana, Slovenia 
 
 

The practice of clinical genetics has been in recent years influenced by the 
introduction of new technologies including aCGH and next generation sequencing 
(NGS). aCGH approach has already become first method of choice for the diagnosis of 
intellectual disability, multiple congenital abnormalities, developmental delay, autism 
and epilepsy. It is also used in prenatal diagnosis and in PGD. NGS on other hand has 
become the method of choice especially in diagnosis of heterogeneous genetic 
disorders as it is possible to analyze tens of genes related with the genetic disorder in 
one test. Whole exome sequencing has become a powerful diagnostic tool for the 
identification of new genetic mechanisms of Mendelian disorders. Nevertheless, 
translation of new technologies is a challenging process since we still are not able to 
categorise all potentially harmful genetic changes (variances of unknown significance) 
and we may face unexpected mutations (incidental findings). At the Clinical Institute 
of Medical Genetics, UMCL we organised national Center for Mendelian Genomics 
and Center for Undiagnosed Rare Disorders which offer services nationally and 
regionally. 
 
Keywords: array comparative genomic hybridisation, next generation sequencing, 
whole exome sequencing 
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PL-05 Talk 

 
Mutations in sarcomeric proteins associatedwith cardiovascular 

diseases and myopathies 
 
 

Snežana KOJIĆ and Dragica RADOJKOVIĆ 
 

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade, 
Serbia 

 
 

In the past decades, a number of novel sarcomeric proteins were identified including 
telethonin/T-cap, myotilin, obscurin, myopalladin, FATZ/myozenin/calsarcin, 
ZASP/cypher/oracle and MARPs. Besides structural roles, functional studies revealed 
their regulatory roles in signaling pathways. At the same time, a number of 
cardiovascular and muscular disorders have been associated with mutations in newly 
discovered sarcomeric proteins. Deciphering precise molecular mechanisms leading 
to these diseases, as a result of sarcomere protein changes, is under the way. 
Although incompletely understood, they are certainly multi-factorial; for example 
several hundreds of different mutations in sarcomeric and myofilament-related genes 
have been associated with hypertrophic cardiomyopathy. Further screening of the 
genes encoding sarcomeric proteins would help to better understand their 
physiopathological role in the etiology of cardiovascular diseases and myopathies, 
which will improve genetic counseling and molecular diagnostics. 
 
Keywords: sarcomere, protein, cardiovascular, myopathy 
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PL-06 Talk 

 
Genotoxicity and reproductive toxicity of endocrine disruptors 

delivered from plastics 
 
 

Małgorzata DOBRZYŃSKA 
 

Department of Radiation Hygiene and Radiobiology, National Institute of Public Health – 
National Institute of Hygiene, Warsaw, Poland 

 
 

Bisphenol A (BPA), nonylphenol (NP), di (2-ethylhexyl)-DEHP and di-n-butyl-DBP 
phthalates are the compounds of polycarbonate plastics, toys, food packaging, 
medical and dental devices. They can easily leach from goods and contaminate food, 
drinks and medical liquids.The aim of this lecture is presentation of the effects of 
above chemicals on the health of exposed individuals and on the possibility 
transmission of mutations to next generations. 
BPA, NP, DEHP and DBP are reproductive and developmental toxicants. Exposure to 
them diminished sperm count and quality and induced DNA damage in multiple 
organs. Preconceptional exposure of males adversely affects their offspring. Damage 
to sperm disturb fertilization process and development of the offspring causing fetal 
loss, congenital malformation and growth retardation. Limitation of use BPA, NP and 
phthalates during manufacture of commonly used plastic goods should be taken into 
consideration for prevention of male reproductive health. 
 
Keywords: endocrine disruptors, genotoxicity, male gametes 
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PL-07 Talk 

 
Adverse effects of the residues of cytostatic drugs to aquatic 

organisms 
 
 

Metka FILIPIČ1, Marina ISIDORI2, Siegfried KNASMUELLER3, Akos HORVATH4, 
Verica GARAJ VRHOVAC5 and Zoran GAČIĆ6 

 
1National Institute of Biology, Ljubljana, Slovenia 

2Second University of Naples, Caserta, Italy 
3Medical University of Vienna, Vienna, Austria 

4Szent István University, Godolo, Hungary 
5Institute for Medical Research and Occupational Health, Zagreb, Croatia 

6Institute for Multidisciplinary Research, Belgrade, Serbia 
 
 

Concerns have been raised whether the residues of cytostatic drugs in the 
environment may pose threat to aquatic organisms and human health. Ecotoxic and 
genotoxic properties of 5‐fluorouracil (5-FU), cisplatin (CDDP), etoposide (ET) and 
imatinib mesylate (IM) were studied in experimental models with aquatic organisms. 
Relatively high toxicity was observed in the reproduction assays with algae (P. 
subcapitata), cyanobacteria (S. leopoliensis) and crustacea (D. magna and C. dubia). In 
crustacea all four cytostatics induced a dose dependent increase in DNA damage. 
Increase in DNA damage was observed also in mussel U. tumidus, and micronuclei 
formation in higher plants (Allium and Tradescantia), however at higher 
concentrations. In zebrafish, in a two-generation study, 5-FU induced significant 
increase in micronuclei formation in blood cells and changes in gene expression in 
liver, however reproduction parameters were not affected. In aquatic organisms 5‐FU, 
CDDP and IM induced genotoxic effects at low, for environmental occurrence relevant 
concentrations, indicating the need for further investigations of their environmental 
fate that will enable environmental risk assessment. 
 
Keywords: aquatic organisms, cytostatic, genotoxicity, reproductive toxicity, 
toxicogenomics 
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PL-08 Talk 

 
The population genetics of adaptation 

 
 

Jeffrey D. JENSEN 
 

School of Life Sciences Ecole Polytechnique Fédérale de Lausanne 
Swiss Institute of Bioinformatics 

 
 

I will here present recent results from our group concerning theoretical and 
computational developments in inferring the distribution of fitness effects (DFE), 
extending aspects of Fisher’s Geometric model(FGM), and identifying and quantifying 
adaptively important genomic regions. Empirical applications will be presented both 
from natural populations (wild populations of deer mice) as well as experimental 
populations (yeast and influenza virus). 
 
Keywords: population genetics, adaptation, Fisher’s Geometric Model (FGM), 
distribution of fitness effects (DFE), selective sweeps 
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PL-09 Talk 

 
Chromosomal inversion polymorphism and adaptation: 

Drosophila subobscura population studies from genes to genome 
wide analyses 

 
 

Marta PASCUAL 
 

Department of Genetics, University of Barcelona, Spain 
 
 

Whether species can cope with climatic fluctuations and environmental change is a 
key factor under the present global scenario. Chromosomal inversions in Drosophila 
and other organisms have proved to be involved in short- and long-term adaptation 
responses. Data from natural and laboratory populations of Drosophila subobscura 
will be presented as a model species for its great diversity in chromosomal inversion 
polymorphism. In this species many inversions present latitudinal frequency clines 
which significantly differ for loci within and sometimes even outside inversions. 
Extensive recombination irrespective to gene location to the inversion breakpoints is 
observed. However, the gene content along alatitudinal gradient for a given 
chromosomal arrangement is rather constant and no genetic differences with 
microsatellite loci and candidate genes related to thermal selection have been found 
within inversions, among populations. In replicated laboratory populations we have 
studied variability at the levels of microsatellites, inversions and gene expression 
through laboratory adaptation. 
 
Keywords: adaptation, inversions, microsatellites, candidategenes, RNAseq 
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PL-10 Talk 

 
Is variation in mtDNA neutral? Findings in Drosophila subobscura 

 
 

Mihailo JELIĆ 
 

Faculty of Biology, University of Belgrade, Belgrade, Serbia 
 
 

Accumulating body of evidence undermine the traditional assumption of selective 
neutrality of mitochondrial DNA (mtDNA). Furthermore, recent research advances 
indicate that mtDNA variability both within and between populations can be 
maintained via selection on the joint mitochondrial-nuclear genotype. The research is 
presented conducted on D. subobscura in this field. The analysis of mtDNA variability 
and of linkage disequilibrium (LD) between mtDNA haplotypes and chromosomal 
arrangements in natural populations was undertaken in this species. Fitness 
components were analyzed in genotypes that bear matched or mismatched 
combinations of mtDNA and nuclear genetic background. Haplotype distribution does 
not depart from neutrality in the analyzed populations. Data indicate variable 
presence of LD between mtDNA haplotypes and chromosomal arrangements in 
populations of D. subobscura. In general, results of fitness show no apparent effect of 
mtDNA. However, in some cases mtDNA effect on fitness is sex-dependent and 
dependent upon the nuclear genetic background. 
 
Keywords: mtDNA, natural selection, cyto-nuclear epistatic interactions, Drosophila 
subobscura 
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PL-11 Talk 

 
Thermal stress and adaptation: from phenotype to DNA 

 
 

Volker LOESCHCKE 
 

Biosciences, Aarhus University, Aarhus, Denmark 
 
 

We are studying adaptation to thermal stress using Drosophila. To achieve our goals, 
we study costs and benefits of acclimation to stressful conditions and characterize 
heat shock protein expression along thermal gradients. We study correlated 
responses in lines selected for resistance to climatic stressors. Results on stress 
resistance are related to results on gene expression using Affymetrix gene chips. 
Further, we study the metabolic profile of the same selection lines, and find different 
patterns of responses at the different levels of biological organization. To 
complement the laboratory studies, we study fitness in the wild using release-
recapture experiments. Finally, we extend studies on thermal adaptation in multiple 
populations from single species along environmental gradients to a multi-species 
level, and discuss ecological and phylogenetic constraints on adaptive evolution. 
 
Keywords: acclimation, heat resistance, phylogenetic constraints, fitness in the wild, 
gene expression 
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PL-12 Talk 

 
Cell-specificity of HuR-bound mRNAs profiles 

 
 

Federica BALDAN, Catia MIO, Lorenzo ALLEGRI, Cinzia PUPPIN and 
Giuseppe DAMANTE 

 

Dipartimento di Scienze Mediche e Biologiche, Università di Udine, Udine, Italy 
 
 

RNA-binding proteins (RBPs) play a pivotal role in the control of gene expression by 
regulating several post-transcriptional processes, from mRNA splicing to mRNA 
stability and translation efficiency. Thus, it is not surprising that RBPs are involved in 
several classes of human diseases including cancer and neurodegeneration as well as 
in aging. The RBP HuR controls mRNA stability and is often delocalized in human 
cancer. Aim of this work was to test the possibility that profiles of HuR-bound mRNAs 
are different between distinct cell types. The non-tumorigenic thyroid cell line Nthy-
ori-3.1 and the thyroid cancer cell line BCPAP were subjected to mRNA profiling for 
HuR-bound mRNAs. HuR- bound mRNAs were immunoprecipitated by a specific anti-
HuR antibody and subjected to profiling by NGS procedures (RIP-Seq). Our results 
indicate that Nthy-ori-3.1 and BCPAP cell lines have different profiles of HuR-bound 
mRNAs, providing the proof of concept that cell RBP-bound mRNA profiles might be 
cell-specific. 
 
Keywords: RNA-binding proteins, HuR, thyroid cell 
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PL-13 Talk 

 
BRCA2: an almost universal regulator of Rad51 recombinase 

 
 

Milorad KOJIĆ, Mira MILISAVLJEVIĆ, Dragana NIKOLIĆ and Jelena SAMARDŽIĆ 
 

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade, 
Serbia 

 
 

BRCA2 has emerged as the product of a breast cancer susceptibility gene in human 
and then came to be realized as a central component of the homologous 
recombination system. Inactivation of the BRCA2 gene results in loss of genome 
stability, chromosome abnormalities, increased mutation, and sensitivity to genotoxic 
agents. While it was previously thought that BRCA2 was a gene confined to the DNA 
repair systems of the higher animals, it was subsequently discovered that the BRCA2 
system is present throughout the eukaryotic domain. Mounting evidence obtained by 
studying BRCA2 and its related proteins substantiated the view that BRCA2 provides 
mediator function. By directly interacting with both RAD51 and DNA, BRCA2 delivers 
RAD51 preferentially to sites of ssDNA exposed as a result of DNA damage or 
replication problems. Hence, via its action, BRCA2 helps restore and maintain integrity 
of the genome. 
 
Keywords: BRCA2, homologous recombination, genome integrity 
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PL-14 Talk 

 
Genome-guided bioprospecting and synthetic biology of antibiotic-

producing actinomycetes 
 
 

Sergey B. ZOTCHEV 
 

Department of Biotechnology, Norwegian University of Science and Technology, Trondheim, 
Norway 

 
 

Actinomycete bacteria have long since been recognized as the most prolific sources of 
biologically active secondary metabolites, including anti-microbial and anti-tumour 
agents, immunosuppressants, etc. In the last three decades, however, the discovery 
of new drugs from actinomycetes has stagnated, owing to the high rate of re-
discovery of already known compounds. In the advent of inexpensive DNA sequencing 
followed by deciphering of several dozens actinomycete genomes, it became 
apparent that hidden potential of these organisms to produce secondary metabolites 
is far greater than what can be revealed by conventional screening. On average, one 
actinomycete genome harbours 20-30 gene clusters for secondary metabolite 
biosynthesis, while only 2-5 of those are expressed under laboratory conditions. New 
tools and approaches must be developed in order to realise this vast biosynthetic 
potential and to revitalize drug discovery from actinomycetes. Recent developments 
in genome-guided bioprospecting coupled with application of synthetic biology 
approaches in my lab will be presented. In particular, comparative genomics of 
marine actinomycetes isolated from the Trondheim fjord, and strategies for 
heterologous expression and activation of silent gene clusters will be discussed. 
 
Keywords: actinomycetes, secondary metabolites, genomics, synthetic biology 
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PL-15 Talk 

 
Structure function analysis of type II protein secretion in bacteria 

 
 

Mangayarkarasi NIVASKUMAR, Javier SANTOS MORENO, David CISNEROS and  
Olivera FRANCETIĆ 

 

Molecular genetic Unit, Institut Pasteur, Paris, France 
 
 

Gram-negative bacteria use the type II secretion systems to secrete folded 
periplasmic proteins across the outer membrane. These systems are composed of at 
least 12 essential components, often multimeric, that assemble into a dynamic 
complex spanning the bacterial envelope. Protein transport is tighly coupled to 
assembly of short periplasmic fibers - the pseudopili - composed of five pseudopilin 
subunits. Pseudopilus assembly is essential for protein secretion.  
To understand how pseudopilus promotes secretion of pullulanase, unique substrate 
in our secretion system, we used a combination of structural, biochemical and in vivo 
approaches. The results show that the minor pseudopilins GspI, GspJ and GspK form a 
complex that activates assembly initiation and defines the pseudopilus geometry. The 
minor subunit GspH and the major pseudopilin GspG participate in fiber elongation 
and interact directly with assembly components GspM and GspF. GspM also interacts 
with pullulanase, and thus provides the molecular basis for the coupling of 
pseudopilus assembly with protein secretion.  
These results and their implications for the model of the protein secretion mechanism 
will be discussed.  
 
Keywords: Gram-negative bacteria, protein secretion, type II secretion machinery, 
pseudopilus 
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PL-16 Talk 

 
Rice microbiome; beneficial aspects and interkingdom signaling 

 
 

Vittorio VENTURI, Iris BERTANI, Bruna COUTINHO and Giulia DEVESCOVI 
 

International Centre for Genetic Engineering and Biotechnology, Trieste, Italy 
 
 

Rice (Oryza sativa) is the most important cereal crop in the world: rice yields need to 
be constantly increased avoiding the use of chemical fertilizers and pesticides. 
Endophytes (harmless or beneficial microbes which live inside plants) are good 
candidates as biofertilizers for biocontrol and plant growth promotion. Nitrogen 
fixation, production of secondary metabolites and increase of plant resistance to 
biotic and abiotic stresses are examples of how endophytes can promote plant yield. 
We isolated 1300 putative endophytic bacteria of rice plants grown in Italy. 
Investigation through phenotypic tests and sequencing approaches has revealed the 
presence of many bacterial species. Several have been tested for rice plant 
colonization and plant growth promotion. Ten endophytes are now being considered 
for potential application and their genome were sequenced. We have also used 
culture independent techniques approaches in order to establish the complete 
endophytic microbiome of rice grown in Italy. Studies on plant low molecular weight 
and bacterial signals which are detected by transcriptional bacterial regulators are 
also of interest. Results will be presented and discussed. 
 
Keywords: bacteria, endophyte, signaling, biofertilizer 
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PL-17 Talk 

 
Pleiotropy: measurement and relevance in plant breeding 

 
 

Domagoj ŠIMIĆ and Antun JAMBROVIĆ 
 

Agricultural Institute Osijek, Osijek, Croatia 
 
 

Trait correlations are common phenomena in plant breeding. Genetically, pleiotropy 
refers to the phenomenon of genetic trait correlations when some common genes 
underlie the phenotypic variation in multiple traits. This is particularly common in 
complex (polygenic), agronomically and biologically relevant traits. We employed 
multitrait composite interval mapping to determine number, effect and degree of 
pleiotropy in quantitative trait loci (QTL) affecting several complex components of 
photosynthesis such as light absorption, trapping of excitation energy, dissipation of 
excess light, electron transport, and overall photosynthetic performance in maize by 
analyzing parameters of chlorophyll a fluorescence. Our results demonstrated that 
QTL analysis for light absorption, trapping of excitation energy, dissipation of excess 
light, and overall photosynthetic performance detected one significant pleiotropic 
locus on chromosome 7, coinciding with the gene gst23 that might be associated with 
efficient photosynthesis under different field scenarios. We argue that some subtle 
QTL effects which lied below thresholds for statistical detection might be biologically 
important. However, further genetic and genomic analyses may eventually 
discriminate and prove whether genetic trait correlations were due to “true” 
pleiotropy or linkage. 
 
Keywords: complex traits, photosynthesis, pleiotropy, quantitative genetics 
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PL-18 Talk 

 
Future perspectives in forestry breeding 

 
 

Berthold HEINZE 
 

Federal Research and Training Centre for Forests, Natural Hazards and Landscape - 
Department of Genetics, Unit of Genome research, Vienna, Austria 

 
 

Breeding of forest trees has traditionally been a slow process, because generation 
times and the duration of field tests of progeny are – by definition – very long, 
compared to annual crops. In many cases, programmes established by one generation 
of researchers were abandoned, or changed completely, when a new generation 
became in charge of them. The traditional way forward was by the establishment of 
seed orchards, which also take significant investment to maintain. Traditional tree 
breeding programmes have, on the one hand, come under criticism because of 
climate change; on the other hand, climate change has also been an impetus for some 
new efforts in tree breeding. With the advent of molecular genetics techniques, there 
was a hope that the long breeding cycles and selection times could be shortened and 
accelerated significantly. This presentation will give an overview on where and how 
these techniques can actually support breeding of conifer and broadleaf tree species 
of the temperate and alpine zones. 
 
Keywords: forest trees, breeding, conifers, broadleaves, molecular markers, genome 
sequencing 
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 PL-19 Talk 

 
New trends and concepts in plant breeding 

 
 

Janoš BERENJI 
 

Institute o Field and vegetable Crops, Novi Sad, Serbia 
 
 

Breeding for organic and low input agriculture as well as for improvement of energy 
crops refers to new approaches to breeding material, breeding methods as well as to 
breeding goals. Society supported agriculture and family and small-scale farming 
(both including plant biodiversity and breeding aspects) can be considered as special 
cases of participatory plant breeding deserving, along with society support, 
professional plant breeders to take part in capacity-building of amateur plant 
breeders and seed producers. In this respect broad discussion is witnessed addressing 
the importance and future of vertical versus horizontal breeding. Organic breeding 
relation to modern biotechnology can be explained as DNA techniques, and to a large 
extent cell techniques too, occur outside the context of the whole plant in its relation 
to its environment. The new concept of plant x environment interaction gives to the 
environment as much influence on a plant’s phenotype as its genes. Conventional 
plant breeders recognise this point to some extent but they do not give it anything 
like the same importance nor do they acknowledge special intellectual antecedents 
including naturalness and intrinsic value and integrity (dignity) of plants. 
 
Keywords: organic breeding, naturalness, intrinsic value, integrity of plants 
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The secrets of Serbian spruce, the most intriguing plant species 

discovered by a Serbian botanist Josif Pančić: 
A tribute to the great Professor 

 
 

Jelena M. ALEKSIĆ 
 

Laboratory for Plant Molecular Biology, Institute of Molecular Genetics and Genetic 
Engineering (IMGGE), University of Belgrade, Belgrade, Serbia 

 
 

This year, Serbia celebrates 200 years since the birth of Josif Pančić, a Serbian 
botanist, doctor, and lecturer at the Royal Serbian Lyceum in Belgrade and the first 
president of the Serbian Royal Academy who left invaluble trace in botanical and 
other natural sciences at the end of the 19th century in Serbia. During his lifetime, he 
established the Botanical garden "Jevremovac" in Belgrade, extensively documented 
the flora of Serbia, and described numerous new plant and animal species. However, 
maybe the most remarcable botanical achievement of Prof. Pančić was the discovery 
of Serbian spruce, a conifeous species endemic to Serbia and Bosnia and 
Herzegovina, called also Pančić’s omorika [Picea omorika (Panč.) Purk.]. As it was 
tedious to find it at the Mt. Tara (after a 20-years long search) and to prove to the 
scientific community of that time that this elusive tree is indeed a new coniferous 
species in Europe, the scientific drama follows Serbian spruce to the present days 
because despite more than 900 currently available publications on this species, there 
is no unity regarding basically all of its biological and genetic features, origin and 
evolution. In memory and honor to Prof. Josif Pančić, I reveal some recently 
discovered secrets of his spruce. 
 
Keywords Josif Pančić, Picea omorika, biological features, phylogeny, population 
genetics, long-term cryptic refugia, the Balkans 
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I-01 Talk 

 
Genetic heritage of Roma in Croatia 

 
 

Marijana PERIČIĆ SALIHOVIĆ, Ana BAREŠIĆ and Branka JANIĆIJEVIĆ 
 

Institute for Anthropological Research, Zagreb, Croatia 

 
 

Roma, a transnational minority of Indian origin, are a founder population comprised 
of many groups of successive founders, which originated as a result of different socio-
cultural characteristics. Due to the firm social practice of endogamy, the gene pools of 
different Roma groups are extremely prone to the influence of genetic drift, which 
results in substantial genetic differences between them. In order to established 
possible differences in the genetic structure of numerous Romani groups, we studied 
Romani individuals from Croatia who speak two different languages, Romani-chib and 
ljimba d’ bjaš. We analyzed autosomal STR markers and uniparental loci (mtDNA and 
Y chromosome) using PCR based fragmental analysis, RFLP analysis and sequencing. 
Intra- and inter-population structure was analyzed using appropriate statistical 
software. The analyzed loci showed that genetic structure of different Roma groups in 
Croatia is marked by various intensity and sources of admixture, in addition to 
pronounced effect of genetic drift. Results indicate the importance of socio-cultural 
characteristics in the formation of genetic structure in founder populations. 
 
Keywords: Roma, founder population, mtDNA, Y chromosome, STR 
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Molecular genetic characteristics of hyperphenylalaninemias in 

Serbia and implications for personalized medicine 
 
 

Maja STOJILJKOVIĆ 1, Kristel KLAASSEN1, Maja DJORDJEVIC2, Adrijan SARAJLIJA2, 
Bozica KECMAN 2, Anita SKAKIC1, Milena UGRIN1, Branka ZUKIC1, Gordana NIKCEVIC1 

and Sonja PAVLOVIC1  

 
1Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade, 

Serbia 
2 Mother and Child Healthcare Institute “Dr Vukan Cupic”, School of Medicine, University of 

Belgrade, Belgrade, Serbia 
 
 

Hyperphenylalaninemias (HPA), namely phenylketonuria (PKU) and 
tetrahydrobiopterin (BH4) deficiencies are rare inborn metabolic diseases. For years, 
PKU patients were treated only with low phenylalanine diet and BH4-deficiencies 
patients with BH4-supplementation therapy. Recently, it was observed that 
pharmacological doses of BH4 can lower blood phenylalanine concentration in PKU 
patients as well. To date, we have performed genetic analysis of 62 HPA patients from 
Serbia. By combining DGGE and DNA sequencing, we identified mutations in PAH 
gene of 61 patients (98%) and in PTS gene of 1 patient (2%). We identified 26 
different mutations in PAH gene, among them 8 BH4 therapy responsive (52.6% 
overall relative frequency). In PTS gene, we identified only p.D136V. For countries like 
Serbia, where BH4 differentiation test isn’t available, we propose prompt genetic 
analysis of PAH gene in order to target rare patients with possible BH4 deficiency. 
Furthermore, for PKU patients, genotype-based prediction of BH4 therapy 
responsiveness could point to additional treatment option. Thus, for all HPA patients, 
genetic analyses will enable personalized treatment and lead to better disease 
outcome. 
 
Keywords: hyperphenylalaninemia, mutation detection, personalized medicine, 
phenylketonuria, tetrahydrobiopterin 
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Mitochondrial DNA sequence and haplogroup diversity of 

population of Serbia 
 
 

Slobodan DAVIDOVIĆ1, Nataša KOVAČEVIĆ-GRUJIČIĆ1, Jelena ALEKSIĆ1, Boris 
MALYARCHUK2, Miroslava DERENKO2, Vladanka TOPALOVIĆ1, Andrey LITVINOV2, 

Marija MOJSIN1, Jelena POPOVIĆ1, Andrijana KLAJN1 and Milena STEVANOVIĆ1 
 

1Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, 
Belgrade, Serbia 

2Institute of Biological Problems of the North, Far-East Branch of Russian Academy of Sciences, 
Magadan, Russia 

 
 

In order to provide insights into mitochondrial DNA variation in contemporary 
population of Serbia and better representation of Serbian mtDNA haplotypes in 
existing databases, we analyzed control (HVSI and HVSII) and coding region 
polymorphisms in 140 individuals belonging to the general population of Serbia. The 
majority of detected mtDNA haplotypes belonged to the most common European 
haplogroups. The greatest diversity of haplotypes was detected within haplogroup H 
displaying a star-like phylogeny. We have detected a rare European haplotype L2a1k 
whose evolution and origin was associated with European continent. Complete 
sequencing of L2a1k mitogenome allowed more accurate age estimation for this 
specific European haplogroup dated to 11.5 kya. PCA based on haplogroup 
frequencies demonstrated that Serbian population was clustered with other 
European populations. Pairwise population FST values based on HVSI polymorphisms 
additionally characterized Serbian population in relation to other European 
populations. Presented data will contribute towards expanding the existing database 
for Serbian population and shed more light on history of Serbian population. 
 
Keywords: mtDNA, Serbian population, HVSI, HVSII, L2a1k 
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Analysis of TGF-B1 promoter polymorphisms in asthma 

 
 

Sandra DRAGIĆEVIĆ1, Nataša PETROVIĆ-STANOJEVIĆ2, Aleksandra NIKOLIĆ1 and 
Dragica RADOJKOVIĆ1 

 
1Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, 

Belgrade, Serbia 
2University Medical Center Zvezdara, Belgrade, Serbia 

 
 

Transforming growth factor beta 1 (TGF-B1) is thought to play a role in asthma due to 
its antiinflammatory and profibrotic properties. The aim of this study was to analyze 
common TGF-B1 gene promoter polymorphisms G-800A and C-509T in Serbian 
asthmatics. TGF-B1 promoter was analyzed by DNA sequencing in 102 asthmatics and 
by PCR-RFLP in 58 healthy controls. For polymorphism C-509T, the significant 
difference in the allele frequency was observed between patients and controls 
(p=0.011), while the genotype distribution was similar in analyzed groups (p=0.061). 
There was no association between G-800A and asthma. Polymorphism C-509T may 
play a role in asthma, but this finding should be confirmed in a larger study group. 
Considering the complexity of the TGF-B1 promoter, the future studies should take 
other genetic and non-genetic factors into consideration. 
 
Keywords: asthma; TGF-B1; polymorphism 
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ApoE gene polymorphism and its association with obesity 

 
 

Igor DJAN1,2, Natasa VUČINIĆ2, Milomir STEFANOVIĆ3, Edita STOKIĆ2,4, 
Dragana OBREHT3 and Mihajla DJAN3 

 
1Institute of Oncology, Sremska Kamenica, Serbia 

2Faculty of Medicine, University of Novi Sad, Novi Sad, Serbia 
3Faculty of Sciences, University of Novi Sad, Novi Sad, Serbia 

4Department of Endocrinology, Diabetes and Metabolic Disorders, 
Institute for Internal Medicine, Novi Sad, Serbia 

 
 

During past few years the prevalence of obesity has increased dramatically, causing 
the increasing risk of morbidity from hypertension, dyslipidemia, diabetes mellitus, 
and cardiovascular diseases. Evidence exists to suggest that the variability of apoE has 
differential effects on the atheroprotective potential attributed to ApoE. The 
objective of this study was to examine the distribution of apoE gene polymorphism in 
group of obese patients (BMI>30) and control group; and to reveal relation between 
antropomethric and biochemical parameters and apoE genotypes. ApoE genotypes 
defined by RFPL-PCR were obtained for 18 obese patients and 19 controls, together 
with antropometric and biochemical parameters. The frequencies of the apoE alleles 
e2, e3 and e4 (0.05, 0.56 and 0.39) in obese patients were significantly different 
comparing to controls (0.03, 0.87 and 0.1). No association was found between ApoE 
polymorphism and high-density lipoprotein, low-density lipoprotein and triglicerides 
levels. Higher level of total fats was significantly higer when compared to controls. 
ApoE polymorphism, particulary allele e4, seems to influence increased level of total 
fats. 
 
Keywords: apolipoprotein E, RFLP-PCR, obesity 
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Genetic structure of Croatian Roma population - analysis of leptin 

system genes' polymorphisms 
 
 

Ana-Maria IVANKOV, Sara PETRIĆ, Ana BAREŠIĆ, Željka TOMAS,  
Matea ZAJC PETRANOVIĆ, Tatjana ŠKARIĆ JURIĆ, Marijana PERIČIĆ SALIHOVIĆ,  

Nina SMOLEJ NARANČIĆ and Branka JANIĆIJEVIĆ 
 

Institute for Anthropological Research, Zagreb, Croatia 
 
 

Genotypic and phenotypic differences between populations can be created by 
adaptation to different living conditions such as climate. Recently it was found that 
the frequencies of some genetic variants involved in metabolic pathways are 
correlated with climate zones. Since the Roma are a population which descends from 
area belonging to different climate zone then they presently live the goal of this study 
was to determinate how it is reflected in their gene pool. Since the leptin system is 
recognized as important regulator of metabolism we analyzed 29 SNPs associated 
with leptin system in Croatian Roma population. Allelic frequencies of these loci are 
compared between Romani and other worldwide populations. We found out that 
allele frequency distribution in worldwide populations follows isolation by distance 
model and 6 investigated loci show significant correlation with latitude as a proxy for 
climate conditions. Investigated loci in Roma gene pool reflect process of admixture 
with Asian and European populations. 
 
Keywords: leptin system, Roma, SNP, admixture, climate 
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Genetic HLA-A and HLA-B differences between Serbian and other 

populations 

 
 

Barbara JOVANOVIC1, Zorana ANDRIC1, Svetlana BOJIC2 and Ruzica SIMONOVIC1 
 

1Tissue Typing Department, Blood Transfusion Institute of Serbia, Belgrade, Serbia 
2Institute for Medical Statistics, School of Medicine, University Belgrade, Belgarde, Serbia 

 
 

Genetic variation of the human leukocyte antigen (HLA) complex is powerful tool to 
differentiate one human population from another. The aim of this study was to show 
genetic HLA-A and HLA-B differencies between Serbian and other populations. Study 
included samples of 1992 randomly selected, healthy, unrelated individuals from 
different part of the country. HLA typing was performed by PCR-SSO and PCR-SSP 
methods. The HLA allele and haplotype frequencies were estimated by an EM 
algorithm using the ARLEQUIN software. Nei’s distances for HLA-A and HLA-B allele 
group frequencies was used to compare the Serbian population with 46 population 
from all over the world. 16 HLA-A and 28 HLA-B allelic groups were found in Serbian 
population. 26 HLA-A-B haplotypes were detected at frequencies higher than 0.01. Of 
these, significant linkage disequilibrium had 38% of A-B haplotypes. Cluster analysis 
showed that the Serbian population is closely related to the populations living in 
central Balkan with similar genetic distance to Mediterranean Caucasian populations 
and populations from West and Central Europe. 
 
Keywords: human leukocyte antigen, population study, genetic distance 
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The IL-1β and IL-1Ra gene polymorphisms and chronic 

inflammation of the middle ear 
 
 

Ivana KOLIĆ1, Maja ŽIVKOVIĆ1, Jovana KUVELJIĆ1, Ana JOTIĆ2, Snežana JESIĆ2 and 
Aleksandra STANKOVIĆ1 

 
1Laboratory for radiobiology and molecular genetics, Vinca Institute for Nuclear Sciences, 

University of Belgrade, Belgrade, Serbia 
2Clinic of Otorhinolaryngology and Maxillofacial Surgery Clinical Centre of Serbia, School of 

Medicine, University of Belgrade, Belgrade, Serbia 
 
 

Constitutional polymorphisms in the proinflamatory cytokine genes influence the 
individual cytokine secretion levels, the course and severity of inflammation. Aim of 
our study was to investigate the association of IL-1β +3953 C/T and IL1-Ra86 bp VNTR 
gene polymorphisms with the development of chronic otitis media (COM) in 144 
patients and 103 controls. Frequencies of the alleles and genotypes of the IL-1Ra gene 
polymorphism were significantly different between the patients and controls (alleles: 
p=0.003; genotypes: p=0.0001). Non-carriers of IL-1Ra allele 2 had significatly higher 
risk for COM occurence (p=0.002; OR=2.98; ±95%CI, 1.68-5.26). This allele is a 
potential protective genetic marker for COM. 
 
Keywords: otitis media, gene, polymorphism, IL-1β, IL-1Ra 
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Polymorphisms in MMP-9 and GSTT1 genes as risk factors for 

temporomandibular disorders 
 
 

Natasa MILOŠEVIĆ1, Jelena MILAŠIN2, Nadja NIKOLIĆ2, Ana TODOROVIĆ1, 
Igor ĐORĐEVIĆ1 and Vojkan LAZIĆ1 

 
1Clinic for Prosthodontics, School of Dental Medicine, University of Belgrade, Belgrade, Serbia 

2Institute of Human Genetics, School of Dental Medicine, University of Belgrade, Belgrade, 
Serbia 

 
 

The aim of this study was to investigate the potential role of polymorphisms in 
GSTM1, GSTT1, MMP-9 and MTHFR genes in the development of temporomandibular 
disorder (TMD). The study included 282 subjects: 100 with TMD and 182 healthy 
controls. Genotyping was done using polymerase chain reaction/restriction fragment 
length polymorphism for the single nucleotide polymorphisms analysis (MMP and 
MTHFR) or multiplex-PCR and real-time PCR methods approach for the deletion 
analysis (GSTM, GSTT) on DNA obtained from buccal swabs. A statistically significant 
difference in genotype and allele frequencies was found between the TMD group and 
controls for the MMP-9 SNP. Heterozygotes (CT) were significantly more frequent in 
the TMD group than in the control group and carriers of the T allele had an 
approximately 2.5 fold increase of TMD risk. Individual carriers of the null GSTT1 
genotype had an approximately 3 fold TMD risk decrease. The combined analysis of 
GSTM/GSTT deletions showed that carriers of the +/- genotypes had a 6 fold decrease 
in TMD risk. The -1562 C>T SNP in the promoter region of MMP-9 gene and the GSTT1 
deletion polymorphisms are modulators of TMD development risk. 
 
Keywords: temporomandibular disorders, genetic polymorphisms, oxidative stress, 
folate metabolism, matrix metaloproteinases 
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Assessment of association between rs895819 in miR-27a and 

prostate cancer risk in Serbian population 
 
 

Zorana NIKOLIĆ1, Dušanka SAVIĆ PAVIĆEVIĆ1, Nemanja VUČIĆ1, Nataša FILIPOVIĆ2, 
Vinka VUKOTIĆ2, Stanka ROMAC1 and Goran BRAJUŠKOVIĆ1 

 
1Center for Human Molecular Genetics, Faculty of Biology, University of Belgrade, Serbia 

2Clinic of Urology, Clinical Center “Dr Dragiša Mišović”, Belgrade, Serbia 
 
 

The aim of this study was to evaluate the association of potentially functional genetic 
variant rs895819 in miR-27a with prostate cancer (PCa) risk in Serbian population. 
This study included 300 PCa patients, 300 patients with benign prostatic hyperplasia 
(BPH) and 200 healthy males. Genotyping was performed by allele-specific PCR. By 
comparing allele frequencies among PCa patients and controls statistical trend of 
significance was shown for association between rs895819 and PCa risk (P=0.09). 
When BPH and PCa patients were compared, carriers of minor allele were found to 
have an increased risk of PCa (P=0.03, OR=1.34, 95% CI 1.04-1.74). According to these 
results, rs895819 in miR-27a qualifies as a PCa susceptibility variant. 
 
Keywords: prostate cancer; genetic variant; miR-27a; rs895819 
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The influence of matrix metalloproteinase-9 gene promoter 

polymorphism on the long-term results following multiple gingival 
recessions treatment 

 
 

Neda PERUNOVIC1, Mia RAKIC1, Sasa JANKOVIC1, Aleksandar JAKOVLJEVIC2, 
Sasa CAKIC1, Natasa PEJCIC3 and Jelena MILASIN4 

 
1Department of Periodontology and Oral Medicine, School of Dental Medicine, 

University of Belgrade, Belgrade, Serbia 
2Department of Oral Surgery, School of Dental Medicine, 

University of Belgrade, Belgrade, Serbia 
3Department of Preventive and Pediatric Dentistry, School of Dental Medicine, 

University of Belgrade, Belgrade, Serbia 
4Institute of Human Genetics, School of Dental Medicine, 

University of Belgrade, Belgrade, Serbia 
 
 

The aim of the study was to evaluate the influence of -1562 C>T single nucleotide 
polymorphism (SNP) in the promoter of matrix metalloproteinase-9 (MMP-9) gene on 
the long-term stability of the multiple gingival recessions (MGRs) surgical treatment 
results. The study included 60 systemically healthy patients with multiple gingival 
recessions. Genotyping was done using polymerase chain reaction/ restriction 
fragment length polymorphism approach on DNA obtained from buccal swabs. All 
patients with MGRs were treated with connective tissue graft. Clinical parameters 
were evaluated at baseline and at 3-year after the surgical treatment. At baseline 
patients with the CT genotype exhibited more severe clinical characteristics than 
patients with CC genotype. Three years following treatment, there was no significant 
difference in clinical parameters between patients with CT and CC genotype. The -
1562 C>T SNP in the promoter region of MMP-9 gene is predictor of more severe 
MGRs phenotype. There is no evidence that different genotypes alter long-term 
stability following treatment. 
 
Keywords: MMP-9, single nucleotide polymorphism, multiple gingival recessions, 
treatment outcome 
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WT1 expression at diagnosis in Serbian acute myeloid leukemia 

patients with normal karyotype (AML-NK) 
 
 

Irena GLUMAC1, Teodora KARAN-ĐURAŠEVIĆ1, Nataša TOŠIĆ1, 
Vesna SPASOVSKI1, Marijana VIRIJEVIĆ2, Irena ĐUNIĆ2, NataŠa ČOLOVIĆ2, 
Ana VIDOVIĆ2, Nada SUVAJDZIĆ2, Dragica TOMIN 2 and Sonja PAVLOVIĆ1 

 
1Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, 

Belgrade, Serbia 
2Clinic of Hematology, Clinical Center of Serbia, Belgrade, Serbia 

 
 

Wilm's tumor gene (WT1) expression level has been suggested as a new  prognostic 
marker for AML-NK patients (pts), who represent the majority of AML pts with 
intermediate prognosis. The aim of this study was to determine WT1 expression at 
diagnosis and during follow-up of the disease in AML-NK, and to investigate the 
association with clinical data. A total of 53 newly diagnosed pts were studied, 28 of 
which were available for follow-up. WT1 expression was quantified in bone marrow 
mononuclear cells by RQ-PCR. Using mean WT1 expression as a cut-off value, pts 
were divided into high-expressing (n=14) and low-expressing (n=36) group. High WT1 

expression showed a significant association with lower complete remission rate (CR) 
(p=0.002), early death (ED) (p=0.03) and shorter overall survival (OS) (p=0.014). 
Comparison of median WT1 expression at the beginning of the disease and in CR 
showed that pts with >2 log reduction had longer disease-free survival (25 vs. 8 
months) and OS (27 vs. 10 months). In conclusion, our results suggest that WT1 
expression should be included in the panel of molecular analyses used for prognostic 
stratification of AML-NK patients. 
 
Keywords: Wilm’s tumor gene (WT1), AML-NK, expression analysis, prognostic 
marker 
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Novel transcription regulators in non-coding regions of PAH gene as 

a step toward personalized medicine 
 
 

Kristel KLAASSEN, Branka ZUKIĆ, Milena UGRIN, Vesna SPASOVSKI, Nikola KOTUR, 
Biljana STANKOVIĆ, Sanja SRZENTIĆ, Gordana NIKČEVIĆ, Sonja PAVLOVIĆ and  

Maja STOJILJKOVIĆ 
 

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, 
Belgrade, Serbia 

 
 

Phenylketonuria (PKU) is caused by mutations in phenylalanine hydroxylase gene 
(PAH). Although PAH genotype remains the main determinant, phenotype cannot 
always be predicted precisely. Previously, we found a transcription enhancer in PAH 
intron 8 that could affect genotype-phenotype correlation. In this study, we analyzed 
additional non-coding PAH gene variants. In silico prediction for transcription factor 
binding sites pointed to a promoter variant (PAH:c.-170delC) and VNTR variants in 3’ 
region. We transiently transfected HepG2 cell line with various CAT reporter 
constructs to determine the effect of PAH gene non-coding sequences on 
transcription. Construct with binding site in promoter and constructs with VNTR3, 
VNTR7 and VNTR8 had a 50-60% reduction of CAT activity compared to pBLCAT5. 
EMSA supershift showed binding of KLF1 transcription factor to the analyzed 
promoter sequence, and binding of C/EBPalpha to VNTR3. 
Our study pointed to new elements that could act as transcription silencers and thus 
influence genotype-based prediction of PKU severity. New transcription regulators 
will contribute to better understanding of PKU complexity and lead toward 
personalized medicine. 
 
Keywords: phenylketonuria, phenylalanine hydroxylase, transcription regulation 
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Number of TA Repeats in UGT1A1 gene’s promoter is a Molecular 

Marker of Gilbert’s syndrome in Serbian Population 
 
 

Nikola KOTUR1, Maja STOJILJKOVIĆ1, Nedeljko RADLOVIĆ2, Branka ZUKIĆ1, 
Biljana STANKOVIĆ1, Kristel KLAASSEN1, Sanja SRZENTIĆ1, Irena GLUMAC1, 

Mladen STEPANOVIĆ1, Zoran LEKOVIĆ2, Dragana RISTIĆ2, Vladimir RADLOVIĆ2 
and Sonja PAVLOVIĆ1 

 
1Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, 

Belgrade, Serbia 
2University Children’s Hospital, Medical Faculty, University of Belgrade, Belgrade, Serbia 

 
 

Gilbert’s syndrome is a condition characterized by jaundice due to a chronic, non-
hemolytic, unconjugated hyperbilirubinemia. This hereditary condition, present in 
around 10% of population, is caused by deficiency of UDP-glycosyltransferase 1 
family, polypeptide A1 (UGT1A1) enzyme. Our goal was to validate number of TA 
repeats in TATA box of UGT1A1 gene’s promoter as molecular marker of Gilbert’s 
syndrome in Serbian population. Blood samples were collected from 54 patients with 
Gilbert’s syndrome, diagnosed at The University Children’s Hospital in Belgrade, and 
64 healthy individuals of Serbian origin. Number of TA repeats in the promoter of 
UGT1A1 gene was determined by PCR, followed by polyacrylamide gel electrophoresis 
and/or fragment analysis. Fisher’s exact test was applied for statistical analysis. A 
statistically significant difference in genotype frequencies between patients and 
control group was found (p<10-10).Number of TA repeats in the promoter of UGT1A1 
gene is a molecular marker for Gilbert’s syndrome in Serbian population. The 
sensitivity of molecular testing for Gilbert’s syndrome is 76% for Serbian population. 
 
Keywords: Gilbert’s syndrome, Hyperbilirubinemia, UGT1A1 promoter, Molecular 
testing  
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Association of CYP2C19 gene variants with bleeding events in 

patients taking clopidogrel: experience in Serbia 
 
 

Mirjana NOVKOVIĆ1, Ljiljana RAKIĆEVIĆ1, Dragan MATIĆ2, Nebojša ANTONIJEVIĆ2 
and Dragica RADOJKOVIĆ1 

 
1Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, 

Belgrade, Serbia 
2Cardiology Clinic, Clinical Center of Serbia, Belgrade, Serbia 

 
 

Association studies have shown that CYP2C19 gene variants influence response to 
clopidogrel (platelet aggregation inhibitor) therapy. The aim of this study was to 
investigate the impact of -806C>T and -889T>G variants of CYP2C19 gene on bleeding 
events in patients taking clopidogrel. The study population included 121 patients 
receiving clopidogrel after PCI (percutaneous coronary intervention). Genotyping was 
performed by direct DNA sequencing. All in hospital bleeding events were assessed 
using standard medical criteria - BARC and TIMI criteria. In this study we observed 
significant association between -889T>G variant and TIMI bleeding, but there was no 
association between -806C>T and any bad clinical outcomes. We recommend further 
studies to be focused on possible ways of influence of -889T>G on CYP2C19 
expression. 
 
Keywords: CYP2C19, clopidogrel, single nucleotide variants 
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Association of variants in FTO, FABP2, PPARG, ADRB2 and ADRB3 

genes with obesity in Serbian population - a prerequisite for 
nutrigenetic algorithm development 

 
 

Anita SKAKIĆ, Kristel KLAASSEN, Branka ZUKIĆ, Vesna SPASOVSKI, Nikola KOTUR, 
Biljana STANKOVIĆ, Miša VREĆA, Gordana NIKČEVIĆ, Sonja PAVLOVIĆ and 

Maja STOJILJKOVIĆ 
 

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade, 
Serbia 

 
 

Obesity has become a major health problem worldwide. It is a result of interaction 
between environmental, behavioral, socio-economic factors and genetics, but the 
molecular mechanisms of its development have not yet been clarified. Several studies 
have reported an association between single nucleotide variants in the FTO 
(rs9939609), FABP2 (p.A54T), PPARG (p.P12A), ADRB2 (p.R16G and p.Q27E) and 
ADRB3 (p.R64W) genes and obesity. However, this association has never been studied 
in Serbian population. In this study, we analysed presence of six afore-mentioned 
variants in 70 individuals (30 normal-weight, 40 overweight) from Serbian population 
by using PCR-ARMS, PCR-RFLP and DNA sequencing. Allelic frequencies of variants 
rs9939609, p.A54T, p.P12A, p.R16G, p.Q27E and p.R64W were 55.0%, 67.5%, 82.5%, 
58.8%, 73.8% and 87.5% respectively. Frequency of majority of variants was similar to 
various Caucasian populations, except for p.A54T variant which had notably higher 
frequency in Serbian population. Based on these preliminary results, selected variants 
will be included in development of nutrigenetic algorithm, needed for planing of 
individualized nutrition based on genetic predisposition. 
 
Keywords: genetic variants, nutrigenetic algorithm, obesity, predictive markers, 
Serbian population 
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Qualitative Dermatoglyphic Traits in Myopia 
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Dermatoglyphics are epidermal ridges on the volar surface of fingers, palms and soles, 
with the heredity that conforms to a polygenic system, but may be also influenced by 
environmental factors. Myopia is a refractive error, with multifactorial origin. The aim 
of this study was to analyse qualitative dermatoglyphic traits in subjects with myopia, 
and to make a comparison with qualitative dermatoglyphic traits of emmetropic 
subjects, consisting control group. Results show striking difference for arch patterns, 
between myopic males and females, as well as between myopic and emmetropic 
males, selecting males with refractive error as the group with the lowest frequency of 
this pattern among all examinees. There is also significant difference in whorl 
frequencies, lower in either myopic or emmetropic females comparing to males. 
Although limited conclusion could be drawn based on only one level of qualitative 
analysis, these results confirm presence of altered dermatoglyphic configuration in 
subjects with myopia, which might implicate genetic predisposition of this type of 
visual impairment. 
 
Keywords: dermatoglyphics, myopia, polygenic  
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Toll like receptors 2 and 4 polymorphisms in chronic otitis media 
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Toll like receptors (TLRs) are the pattern recognition receptors, important for the 
innate immune system, the first line of defense against bacterial infections which are 
the main cause of otitis media (OM). Our aim was to investigate the association of 
TLR4 (Thr399Ile and Asp299Gly) and TLR2 (Arg753Gln) most common polymorphisms 
with OM prevalence as well as with morphologic changes of middle ear during chronic 
otitis media. We had 111 controls and 186 patients divided into three groups of COM: 
nonsuppurative OM, suppurative OM and cholesteatoma. Frequencies of the 
genotypes of the TLR 2 gene polymorphism were significantly different between men 
and women having nonsuppurative OM (p=0.03). 
 
Keywords: chronic otitis media, gene, polymorphism, TLR2, TLR4 
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Gene polymorphism of cytokines IL-17A, IL-17F, IL-23 and IL-6 and 

transcription factors RORγt and Foxp3 in Serbian patients with 
Atiphospholipid syndrome 
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Antiphospholipid syndrome is autoimmune disorder with multifactor etiology. Up to 
now small number of gene polymorphisms that could influence risk of illness have 
been studied and results are controversial. The aim of our study was to investigate 
selected polymorphisms in genes encoding cytokines IL-17A, IL-17F, IL-23 and IL-6 and 
transcription factors RORγt and Foxp3 as susceptibility markers for Primary 
Antiphospholipid syndrome in Serbian population. We have analyzed DNA samples of 
fifty patients with Primary Antiphospholipid syndrome and fifty healthy controls. The 
SNPs rs2275913 (IL17A), rs763780 (IL-17F), rs11209026 (IL-23), rs9826 (RORγt) and 
rs3761548 (Foxp3) were genotyped using commercial pre-synthesized TaqMan allelic 
discrimination assay, while rs1800795 (IL-6) was analyzed by allele-specific PCR 
method. No statistically significant differences were observed in the distribution of 
genotypes and alleles of the analyzed polymorphisms in patients with Primary 
Antiphospholipid syndrome compared to healthy subjects. Data from future 
association studies in combination with meta-analyses may be helpfull in obtaining 
more precise estimation of effect sizes. 
 
Keywords: Antiphospholipid syndrome, cytokines, gene polymorphisms 
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Association of gene variants and expression level of inflammatory 

mediators with Perthes disease 
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Perthes disease is avascular osteonecrosis of the hip in children. Inflammation, which 
influences bone remodeling, is present during development of this disease. The aim of 
this study was to analyze the association of genetic variants of immune response 
genes: TLR4, TNF-α and IL-6, and the level of IL-6 gene expression, with this 
disease.The study cohort consisted of 37 patients and 50 controls from Serbia. 
Polymorphisms of TLR4 (Asp299Gly, Thr399Ile), TNF-α (G-308A) and IL-6 (G-597A, G-
174C) genes were determined by PCR-RFLP method. Expression level of IL-6 was 
determined by qRT-PCR method. IL-6 polymorphisms were in perfect linkage 
disequilibrium. A statistically significant increase of heterozygote subjects for IL-6 G-
174C/G-597A variants was found in controls in comparison to Perthes patient group 
(P=0.047, OR=2.49, 95% CI=1.00-6.21). No statistically significant differences were 
found between patient and control groups for TLR4 and TNF-α analyzed variants nor 
for the IL-6 expression level. Our results suggest that children who are heterozygous 
for the IL-6 G-174C/G-597A variants have a lower chance of developing Perthes 
disease than carriers of both homozygote genotypes. 
 
Keywords: gene variants, inflammation, Perthes disease 
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Association of inflammatory cytokine gene variants with 
inflammatory bowel disease in Serbian population 
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Inflammatory bowel disease (IBD) is complex disorder that comprises Crohn's disease 
(CD) and ulcerative colitis (UC). Results of GWAS showed that genes involved in 
cytokine signaling were among 100 different loci associated with IBD. For the first 
time, our group has genotyped Serbian IBD patients for variants in TNFα, IL-6, IL-1β 
and IL-1ra genes in order to reveal their association with IBD occurrence. We 
genotyped 166 IBD patients and 101 healthy controls for TNF-α (-308G/A), IL-6 (-
174G/C), IL-1β (-511C/T) and IL-1ra (VNTR) variants. IBD group was divided into CD 
and UC subgroups. Statistically significant difference in frequency of TNF-α -308A 
variant carriers in CD vs control (p=0.035), UC vs control (p=0.049) and CD vs UC 
group (p= 0.0001) was found. In CD group frequency of IL-6 GG genotype was 
significantly lower in comparison with control group (p=0.036). In both CD and UC 
group IL-1ra allele 2 carriers were more frequent compared to controls (p=0.012 and 
p=0.013 respectively). These results showed that in Serbian population TNF-α, IL-6 
and IL-1ra variants could be among genetic factors that are of importance in IBD 
susceptibility. 
 
Keywords: Inflammatory bowel disease, TNF-α, IL-6, IL-1β, IL-1ra 
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Polymorphism rs10757278 in 9p21 region is associated with severe 
carotid atherosclerosis in sex specific manner: Preliminary results 
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Genome wide association studies have recognized the 9p21 rs10757278 
polymorphism as a significant independent genetic prognostic marker for coronary 
artery disease. The aim of this study was to explore possible association of the 
rs10757278 polymorphism with advanced carotid atherosclerosis (CA) in the 
population of Serbia. The study group included 147 controls and 428 patients 
consecutively admitted for carotid endarterectomy. 9p21 rs10757278 polymorphism 
was genotyped using TaqMan technology on 7500 ABI Real Time PCR. There was no 
significant association of this polymorphism and CA, either in study group overall or in 
males. The GG genotype, according to recessive model of inheritance (AA+AG vs. GG), 
was significantly associated with advanced CA in females only (OR=2.15, 95% CI 1.07-
4.29, p=0.03). Preliminary results in this study suggest that rs10757278 GG genotype 
might be a significant predictive sex-specific marker for advanced CA in the 
population of Serbia.  
 
Keywords: carotid atherosclerosis, 9p21, polymorphism 
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First genetic analysis of Niemann Pick type C in Serbian population 
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Niemann Pick type C (NPC) is a rare autosomal recessive lysosomal storage disorder 
with estimated incidence of 1/120000. In 95% of the patients it is caused by 
mutations in NPC1 gene. 
In order to determine genetic basis of NPC in our population, we screened a total of 
19 patients. Eight different mutations in 8 unrelated patients and one sibling pair 
were identified. Six out of these 8 mutations have not been described before. Among 
novel mutations three were missense (c.1204_1205 TT>GC [p.F402A], c. 2486T>G [p. 
L829R], c.3038A>G [p.K1013R]), one was nonsense (c.3722T>A [p. L1241*]), one was 
small deletion (c.3179_3180delTT [p.L1060Hfs*4]), and one was intronic variant 
(c.2795+5G>C) that affect splicing mechanism. 
These results expand NPC genetic variation spectrum and facilitate future studies into 
genotype-phenotype correlations. 
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High incidence of radial chromosomes in circulating lymphocytes 

predicts bone marrow failure in Fanconi anemia patient 
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Fanconi anemia is characterized by bone marrow failure (BMF), increased rate of 
chromosomal breaks and radials formation. Here are presented data obtained after 
examination of FANCD2 patient 6 months before bone marrow transplantation and its 
comparison to examination 4 years before. Metaphase spreads from patients’ DEB 
treated lymphocytes were hybridized with telomere PNA probe to determine 
telomere role in radials formation. Among 821 metaphases analyzed 7.06% of radials 
were found, considerably more compared to the previous examination (3%). Two 
types of radials, depending on telomere role in their formation were observed. First 
group (50%) emerged as a result of simple exchange between two non-homologous 
chromosomes. Second group (another 50%) was a consequence of either exchange 
between telomeres of one and non-telomeric sequences of another chromosome 
(31.03%) or telomere fusions (18.97%). 8.62% of all radials were complex (consisted 
of 3 or more chromosomes with telomere fusions). These results suggest that high 
percentage of radials is a consequence of shortened telomeres and accelerated 
cellular aging and should be considered as a sign of BMF and need for transplantation.  
 
Keywords: Fanconi anemia, radials, telomeres, bone marrow failure 
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The role of 3`end prothrombin gene variants in pathogenesis 

of thrombophilia 
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Prothrombin (FII) is a precursor of thrombin, which represents one of the key 
enzymes in maintenance of haemostasis. Elevated level of prothrombin leads to 
hypercoagulation and thrombosis. The 3`end of the prothrombin gene has 
noncanonical architecture that is sensitive to gain-of-function mutations, leading to 
increased prothrombin expression and elevated risk for thrombophilia. In the last 10 
years we have studied gene variants in the 3’end of prothrombin and its possible roles 
in the pathogenesis of thrombophila. Our screening identified several different gene 
variants and thrombophila mechanisms. One of the most important is FII c.1787G>A 
mutation (Arg596Gln) located in the last exon of the prothrombin gene. This mutation 
leads to impaired inhibition of mutant thrombin by antithrombin, resulting in 
antithrombin resistance which is new thrombophilia mechanism. Also, in this study, 
for the first time, we described somatic mosaicisms for 3`end prothrombin gene 
variants and open the question of possible role of mosaicism in the pathogenesis of 
multifactorial diseases. Our results showed that 3`end of prothrombin gene has 
significant role in the in pathogenesis of thrombophilia. 
 
Keywords: trombophilia, FII protrombin, antitrombin resistance, somatic mosaicsm 
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SOXB genes: from stemness to neural differentiation 
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SOXB transcription factors play widespread roles during development. They influence 
self-renewal and pluripotency of stem cells as well as determination and 
differentiation of many cell types. Furthermore, dysregulation of SOXB proteins is 
reported in human diseases, including malignancies. SOXB proteins are divided in 
SOXB1 (SOX1, SOX2 and SOX3) and SOXB2 (SOX14 and SOX21) subgroups. The 
purpose of this study was to analyze influence of SOXB members on multiple cellular 
processes. We revealed that changes in expression level of SOX2 could influence cell 
pluripotency, proliferation, migratory potential, modes of cell death and neural 
differentation, while member of SOXB2, SOX14, is involved in the process of neural 
differentiation. On the contrary to previous results we demonstrated that SOX14 gene 
is expressed not only in differentiated neurons, but also in non-neural differentiated 
derivatives. Our results will contribute to a more complete understanding of the 
major impact that SOXB proteins have in the control of cell fate and differentiation. 
 
Keywords: SOX genes stem cells, neural differentiation 
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with Leber's optic atrophy 
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The aim of this study was to investigate the presence of mutations in mitochondrial 
DNA (mtDNA) among individuals who are affected with Leber’s optic atrophy. All 
individuals which belong to one family are members of Serbian population and they 
were recruted from the Child and Adolescent Neurology and Psychiatry, Belgrade, 
Serbia. All examined individuals had characteristic clinical symptoms which suggested 
the presence of Leber’s optic atrophy. Multiple segmental PCR amplicons of mtDNA 
have been sequenced by Sanger’s method and the obtained results were compared 
with the referent mtDNA sequence. A single primary mutation (mt.3460 G>A) was 
detected in all affected individuals and it is responsible for the origin of the disease. 
Many other mutations were detected in various parts of mitochiondrial genome. 
Some of them are connected with the disease, while other represent normal 
haplotype variants of mtDNA. Beside the primary mutations, other secondary 
mutations need to be better characterized in light of their association with clinical 
manifestations and progression of Leber’s optic atrophy. 
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Glioblastoma multiforme (GBM) is the most frequent and aggressive brain tumor. 
However, cerebellar localization of GBM is rare. Due to their low incidence, these site-
specific GBMs are inadequately characterized. This is the first report analyzing 
alterations of p53 tumor suppressor and RAS oncogenes in cerebellar GBM. P53 is the 
most frequently inactivated tumor suppressor and RAS is one of the most frequently 
activated oncogenes in various human tumors. Presence of p53 mutations in more 
than half of our samples and their distribution in hotspot codons suggest that 
cerebellar GBMs are more likely to be secondary GBMs. There were no activating 
mutations in hotspot codons 12/13 and 61 of RAS in our set of samples but we 
detected alterations in other parts of exons 2 and 3, including premature induction of 
STOP codon. High incidence of RAS mutations and significantly longer survival of 
cerebellar GBM patients compared to those with supratentorial GBM suggest that 
cerebellar GBM may have a different mechanism of occurrence and progression. In 
conclusion, our results imply that inactivation of p53 tumor suppressor and RAS 
oncogene may play an important role in the progression of this tumor type. 
 
Keywords: Glioblastoma multiforme, Cerebellar glioblastoma, p53, RAS, 
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The effect of TP53 mutations on the p53 immunohistochemical 

expression in glial brain tumours 
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Alterations in the TP53 gene can be observed in nearly half of the human cancers and 
are common in gliomas. Identification of p53 alterations is important in the 
neuropathological diagnosis, it helps the discrimination of astrocytomas from 
oligodendrogliomasand has prognostic and therapeutic relevance. The 
immunohistochemical detection of p53 protein is often used for the prediction of its 
mutation status, because TP53 alterations can result in p53 accumulation in the nuclei 
of tumour cells. The aim of our study was to clarify the relationship between TP53 
gene mutations and p53 protein expression in gliomas. Using the latest IARC TP53 
Mutation Database, we analysed the relationship between individual p53 mutations 
and immunohistochemical expression data in gliomas. Our key finding was that TP53 
mutations which are frequently occurring in gliomas usually showed detectable levels 
of p53 immunoreactivity in these tumours. Our findings indicate that p53 
immunohistochemistry - a routinely used methodology in diagnostic (neuro)pathology 
-has good sensitivity and specificity regarding the presence or absence of p53 
mutations in a tumour sample. 
 
Keywords: TP53 mutations, gliomas, cancer 
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The RASopathies are a group of disorders caused by germline mutations in genes that 
encode components or regulators of the Ras/mitogen-activated protein kinase 
(MAPK) signaling pathway. RASopathies include neurodevelopmental syndromes like 
Noonan, Costello, Cardio-facio-cutaneous, LEOPARD syndrome and others. Aim of our 
study was to clinically evaluate a group of 17 Serbian patients and elucidate the 
underlying genetic etiology. Molecular analysis of 10 genes including PTPN11, RAF1, 
KRAS, SOS1, SHOC2, HRAS, NRAS, MEK1, MEK2 and BRAF was performed at Institute 
of Human Genetics, University of Magdeburg, Germany. Three patients had a 
mutation in PTPN11, two in RAF1, while mutations in SOS1, KRAS and MEK2 were 
detected in one patient each. Mutation detection rate and genotype-phenotype 
correlations in the investigated Serbian group of patients are consistent with results 
obtained in previous reports in the literature, indicating that, in this preliminary study 
of a small number of subjects, the ethnic background of Serbian population does not 
observably affect the frequency of occurence and phenotypic effects of mutations in 
the examined genes. 
 
Keywords: RASopathies, Noonan Syndrome, Costello Syndrome, PTPN11, RAF1 
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Mutations in LRRK2 (leucine-rich repeat kinase 2) are the most common cause of 
autosomal dominant PD. It was previously reported that mutations are the most 
frequent in exons 24, 25, 29, 31, 35, 38, 40 and 41. We have screened those exons in 
232 late-onset patients (age at onset >50 years), and exons 31, 35 and 41 in additional 
148 young-onset patients. Mutation G2019S was identified in 2 patients, also 
mutations I1371V, S1508G and IVS31+3A>G were found in 3 unrelated patients. 
Mutation S1508G is not described in the literature yet, but is considered as disease 
causing according to software predictions. Pathogenic role for IVS31+3A>G variant is 
possible, but not proven. In most cases, symptoms of LRRK2-PD are similar to sporadic 
PD, so estimation of frequency and penetrance of different mutations is important for 
efficient genetic testing and counseling. 
 
Keywords: Parkinson’s disease, LRRK2 
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Thelazia callipaeda is a small nematode parasitizing in the eyes and surrounding 
tissues of different domestic and wild animals and humans. In our study, 285 adult 
parasites (85 males and 200 females) were collected from four dogs and two cats 
originated from six geographical localities throughout Serbia during 2012 and 2013. 
Partial mitochondrial cytochrome oxidase 1 (cox1) gene sequences of 12 nematode 
specimens (two specimens per animal) were subjected to PCR and sequencing 
methods. The results revealed the unique 689 bp long cox1 sequences irrespective of 
the host species (GenBank Accession number KJ433982 and KJ433983 for dogs and 
cats, respectively) and sampling locality, being identical to the reference sequence of 
haplotype 1 (h1) of T. callipaeda (GenBank Accession number AM042549). These 
results confirm the lack of genetic variability among T. callipaeda populations in 
Europe, as previously proposed by other researchers. 
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Lactoferrin is a glycoprotein, a member of transferrin gene family which plays an 
important role in immune mechanisms in mammary glands of cows. The aim of this 
investigation was to monitor the distribution of lactoferrin gene genotypes and its 
connection to milk quality and the occurrence of mammary gland diseases in 46 
Holstein-Fresian cows of different age (2-7 years) at a farm near Belgrade. The DNA 
was isolated from blood samples, and the polymorphism of lactoferrin gene was 
deterimined by PCR-RFLP method using the restriction enzyme Eco RI. We found two 
alelic forms (A and B) and two genotypes (AA and AB) in ratio 71.7% vs. 28.3%. The 
genotype BB was not found in this sample. Discriminative analysis has shown that 
there is statistically significant difference between genotypes AA and AB with respect 
to productive parameters taken together. When analysed separately, the only 
parameter which differed significantly (p=0.021) between two genotypes was total 
milk production. Individuals with observed genotypes are most similar for the amount 
of milk fat (p=0.271). There is no statistically significant difference in number of 
somatic cells in milk between examined genotypes. 
 
Keywords: Lactoferrin gene, PCR-RFLP, polymorphism, mammary gland, cow somatic 
cells 
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Polycystic Kidney Disease (PKD) is inherited autosomal disorder in cats caused by 
mutation on exon 29 of PKD1 gene, mostly diagnosed in Persian cats. PKD positive 
animals may have one or even more than 200 cysts on renal cortex and/or medulla. 
Renal cysts can be detected by ultrasound, but not in cats younger than 16 weeks of 
age. Nowadays, ultrasound is replaced by genetic testing which is more accurate and 
specific. The aim of this work was to analyse the frequency of PKD in randomly 
selected group of Persian cats, and to compare ultrasound and genetic tests. We 
examined 27 Persian cats, aging between 4 months and 8 years by both ultrasound 
kidneys analysis and DNA testing. PKD was detected in 18.5% of cats by ultrasound, 
and in 41.8% by PCR-DNA analysis of PKD1 gene. These results suggest that genetic 
testing is much more effective than ultrasound for diagnosis of PDK in Persian cats 
and related breeds. Moreover, DNA analysis provides reliable diagnosis in early stages 
of life, right after birth, and excludes the need for other diagnostic procedures. Finaly, 
sampling buccal swab for DNA isolation is less stressful for animal than ultrasound. 
 
Keywords: PKD, Persian cats, ultrasound, DNA test 
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Interaction of proteinase PrtP and bacteriocin LcnB 

in Lactococcus lactis BGMN1-501 
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Since it is known that bacteriocin activity of L. lactis BGMN1-501 noticeably drops 
when bacteria grow in milk protein rich media, we investigated interaction of 
extracellular proteinase PrtP, involved in milk protein breakdown, and bacteriocin 
lactococcin B present on the same plasmid in L. lactis BGMN1-501. Two mutant 
strains named L. lactis BGMN1-501Prt- and BGMN1-501LcnB- were constructed by 
knocking-out function of selected genes. Mutants lacking proteinase showed 
significantly higher bacteriocin activity, judging from well diffusion tests in agar plates. 
This effect could be reverted upon addition of partially purified proteinase PrtP to 
bacteriocin preparate. Cosmid library of L. lactis BGMN1-501 genome was 
constructed in E. coli DH5α, and cosmid carrying lcnB gene was transferred to 
bacteriocin-free strain L. lactis IL1403. Construct named L. lactis IL1403LcnB+ 

expressed bacteriocin activity that could be significantly altered upon addition of 
partially purified proteinase PrtP as well. Our results indicate that digestion of 
bacteriocin by proteinase occurred, but transcriptional and translational regulation of 
lcnB gene expression should not be excluded. 
 
Keywords: Lactococcus, PrtP, LcnB 
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The aim of the study was to assess the association of SMN2 gene copy number with 
clinical types of spinal muscular atrophy (SMA) in Serbian patients with genetically 
confirmed diagnosis. The results of MLPA analysis showed that 81.25% (13/16) of 
SMA type I patients carried two SMN2 copies, while all (26/26) type II patients carried 
3 SMN2 copies. Among SMA type III patients, 48.39% (15/31) were found to have 3 
SMN2 copies and 51.61% (16/31) carried 4 copies. Our results indicate that increased 
SMN2 copy number is associated with the milder phenotype. SMN2 copy number is 
an important genetic modifier of disease severity in SMA type II, and there are 
additional genetic modifiers among SMA type III patients. 
 
Keywords: SMA, SMN2 copy number, genetic modifier 
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CXCL16 123T allele is associated with elevated SOD activity 

in patients with advanced carotid atherosclerosis 
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CXCL16 combines an oxLDL scavenger receptor function along with the properties of 
an inflammatory chemokine. Therefore, evidence for its role in atherosclerosis is 
conflicting. Superoxide dismutase (SOD) plays an important role in amelioration of 
oxidative stress, which is implicated in the progression of atherosclerosis. Aim of this 
study was to explore the association between CXCL16 I123T gene polymorphism and 
plasma SOD activity in patients with advanced carotid atherosclerosis (CA). The study 
included 216 patients with CA from Serbia. Patients carrying the 123T allele had 
significantly higher plasma SOD activity, compared to those carrying the II genotype 
(mean SOD: IT+TT vs. II = 1400.5 U/gHb vs. 1330.1 U/gHb; p(M-W U test)=0.005). Our 
results propose that CXCL16 123T allele may have a role in the stabilization of CA 
phenotype, since it is associated with elevated plasma SOD activity. 
 
Keywords: CXCL16, I123T, polymorphism, SOD, atherosclerosis 
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A 10-year prospective study of 22q11.2 deletion syndrome: clinical 

and molecular analysis and postoperative outcome 
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The purpose of this study was to: (1) analyze heart malformations, facial 
dysmorphism, immune status, palatal clefts and hypocalcemia/hypoparathyroidism in 
57 patients with clinical diagnosis of 22q11.2 deletion syndrome; (2) characterize the 
22q11.2 region using fluorescence in situ hybridization (FISH) and high density 
multiplex ligation-dependent probe amplification (MLPA) kit in these patients; (3) 
evaluate postoperative outcome. We confirmed 22q11.2 microdeletion in 24 of 57 
patients (42.1%); all deletions detected are typical spanning 3Mb or 1.5Mb of the 
22q11.2 region. Congenital heart defects were identified in all patients with deletion, 
facial dysmorphy in 83.3%, immunological problems in 63.6%, cleft palate in 8.3% and 
hypocalcemia in 66.6%. We also found that genotype of 22q11.2 deletion in the 
investigated patients affects various aspects of postoperative outcome. Taking into 
account wide variety of clinical phenotypes in our patient cohort we recommend 
comprehensive multidisciplinary clinical evaluation and simultaneous analysis of 
multiple genetic loci in all patients with suspected 22q11.2 deletion syndrome. 
 
Keywords: 22q11.2 deletion, congenital heart defects, genetic testing, postoperative 
outcome 
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Fanconi anemia (FA) is a rare hereditary disease in a heterogeneous group of 
chromosome instability syndromes. Specific hypersensitivity of its cells to alkylating 
agents, such as diepoxybutane (DEB) and cell cycle blockage in the G2 phase were 
used as a part of screening among patients suspected of FA. Five FA patients with 
increased chromosome sensitivity to DEB, who were diagnosed at the Mother and 
Child Health Care Institute of Serbia “Dr Vukan Cupic” and the University Children’s 
Hospital (2004 – 2012), were included in this study. Flow cytometric analysis was 
performed on untreated and DEB-treated cultures of skin fibroblasts.Fibroblasts of all 
five patients with FA showed an increased DEB induced G2-phase-blockage compared 
to healthy control cultures. The percentage of FA fibroblasts blocked in G2 phase was 
about two-three times higher than in the control group (FA: 11.61%-19.46% vs. 
controls: 2.92%-5.99%), with no overlapping. Flow cytometric analysis of G2 phase 
blockage induced by DEB could be useful as additional diagnostic parameter of FA in 
differential diagnosis of this disease.  
 
Keywords: Fanconi anemia, fibroblasts, cell cycle blockage, diepoxybutane 
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Williams–Beuren syndrome (WBS) is a rare autosomal dominant neurodevelopmental 
disorder with frequency estimated to be 1:7500-20000 people. The mainstay for 
diagnosis is detection of the contiguous gene deletion of the WBS critical region 
(WBSCR) at 7q11.23, which has been detected in 90-95% of patients. Since 2012. 
multiplex ligation-dependent probe amplification (MLPA) has been introduced into 
Laboratory of Medical Genetics for the detection of copy number variations in several 
diseases including WBS. The objective of this study was to confirm, by MLPA, the 
clinical diagnosis of WBS in a pediatric patient. This technique allowed detection of 
the deletion of ELN gene (exon 4, 6 and 27) using commercial kit SALSA MLPA 
probemix 064-C1. Analysis was done in a group of five patients, and diagnosis was 
confirmed in four of them. To our knowledge this is the first report demonstrating the 
confirmation of WBS by MLPA in Serbia. In this paper authors will discuss their results 
and significance of genetic diagnosis for clinical monitoring of the patient and genetic 
counseling of the family. 
 
Keywords: Williams–Beuren syndrome, diagnosis, MLPA, gene deletion 
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of the branch pulmonary arteries 
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Malposition of the branch pulmonary arteries is a rare congenital heart disease 
associated with other congenital heart defects and extracardiac anomalies, as well as 
with 22q11.2 microdeletion. 22q11.2 microdeletion, detected in patients with 
22q11.2 deletion syndrome, represents the most common deletion in human 
genome. More than 180 dysmorphism/malformations and various 
behavioral/psychiatric disturbances have been described in patients with 22q11.2 
deletion syndrome. The aim of this study was to perform a multidisciplinary 
assessment of patients with malposition of the branch pulmonary arteries, including 
comprehensive clinical evaluation and molecular characterization of this rare 
anomaly. 22q11.2 microdeletion was detected by fluorescence in situ hybridization 
(FISH). To define more precisely the deletion region we performed multiplex ligation 
dependent probe amplification (MLPA) analysis and our results demonstrate a typical 
3-megabase deletion of 22q11.2 region in patients. Results obtained in this study 
represent the first molecular characterization of 22q11.2 region among patients with 
malposition of the branch pulmonary arteries. 
 
Keywords: malposition of the branch pulmonary arteries, 22q11.2 microdeletion 
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X-linked adrenal hypoplasia congenita (AHC) is a rare cause of adrenocortical 
insufficiency. Early postnatal diagnosis may prevent severe hypoglycemia, Addisonian 
crises and death. Low maternal estriol (E3) levels in the second trimester of pregnancy 
could indicate the possibility that the fetus suffers from a disorder that causes adrenal 
insufficiency. Suspicion is based on the fact that E3 originates from DHEA synthesized 
in the fetal adrenals. In case of adrenal insufficiency, the impaired production of fetal 
DHEA leads to a subsequent reduction of E3 concentrations in maternal serum. There 
are only a few reports of AHC suspected prenatally due to low maternal E3 levels. 
We describe two brothers with adrenal insufficiency due to AHC. The older brother 
was admitted to the hospital at the age of 33 days due to failure to thrive, vomiting, 
and dehydration. Genetic analysis revealed a hemizygous mutation in DAX-1 gene, 
thus confirming the diagnosis of ACH. The same mutation was detected in his mother. 
In the second pregnancy, was determine E3 concentrations from the maternal serum. 
The estriol levels during the second trimester were extremely low suggesting the 
diagnosis of AHC. The diagnosis was confirmed during the neonatal period by genetic 
testing, and replacement therapy was started at the age of 10 days. This boy never 
experienced an adverse episode such as hypoglycemia or adrenal crises. 
Since determination of E3 is a simple, sensitive, noninvasive and cheap method, its 
use as an obligatory prenatal screening test should be accepted as standard practice 
in Serbia. 
 
Keywords: free estriol in maternal serum, prenatal diagnosis, X-linked adrenal 
hypoplasia congenital 
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The main aim of the study was to examine cytogenetic parameters and presence of 
JAK2V617F mutation in the genome of patients with de novo PMF. Additionally, their 
mutual correlations and their effect on cumulative survival rate of patients were 
examined. 
The study included 144 patients (median age 65 yrs, males n=89, females n=55). 
Chromosomal aberrations were present in 36 (29%) of patients. The most common 
aberrations, specific for PMF, were trisomy 9, 13q- and 20q-, respectively. JAK2V617F 
mutation was registered in 28 (55%) patients. Correlation between chromosomal 
aberrations and JAK2V617F mutation was not found. Analysis of prognostic 
significance of cytogenetic data, showed that karyotype has a significant impact on 
survival within the DIPSS score system, compared to other prognostic scoring 
systems. Additionally, it was concluded that prognostically favorable chromosomal 
aberrations for patients with PMF are: 13q-, t/dup(1q), 20q-, +9, other solo 
aberrations, as well as normal karyotype. In addition, JAK2V617F mutation has no 
influence on survival of patients with PMF. 
 
Keywords: Chromosomal aberrations, JAK2V617F mutation 
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Pulmonary embolism (PE) is usually considered as a complication of deep vein 
thrombosis, but cases of isolated pulmonary embolism have also been observed. The 
most common genetic risk factors for PE in Caucasian population are FV Leiden and FII 
G20210A mutations. 
In order to further explore the role of FII 3’end gene variants in pathogenesis of 
isolated PE, we have screened 3’end of the FII gene in patients with PE. The group 

consisted of 100 patients (47f/53m; 4214.03y) who suffered from isolated PE. 
Screening of the last intron and exon, 3’untranslated region and 3’flanking region of 
FII gene was performed by DNA sequencing. 
We have detected 4 different gene variants within this region. In the group of 100 
patients with PE, 14 were heterozygous carriers of FII G20210A. The FII A19911G gene 
variant was detected in 73 patients (47 heterozygous and 26 homozygous carriers). 
The frequency of FII C20068T gene variant was found in 3 patients who were 
heterozygous carriers. In this study we have detected one heterozygous carrier of 
novel FII c.*64_66del gene variant. In conclusion, results suggest that gene variants in 
3’end of FII gene might contribute to the risk of PE. 
 
Keywords: pulmonary embolism, FII 3’end, genetic risk factors, FII c.*64_66del 
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Hemophilia A (HA) is common X linked bleeding disease caused by mutations in F8 
gene. Inversion of intron 1(inv1) and intron 22 (inv22) are the recurrent mutations in 
severe HA, causing 50% of cases: inv1 in 2-5% and inv22 in 45% of patients. The 
objective of this study was the detection of inv1 and inv22 in a cohort of 40 severe HA 
patients diagnosed and treated from January 2011 to December 2013 at Mother and 
Child Health Care Institute of Serbia (MCHCIS). The carrier status was analyzed in 36 
family members and after genetic counseling at MCHCIS, the six prenatal diagnoses 
were performed. Analyses were done using inverse shifting PCR (IS-PCR,) as an 
accurate, simple and precise method for this type of diagnosis.The results showed 
that the frequency of inversion was 48% (19/40): inv1 in 5% (2/40), inv22 type1 in 35 
% (14/40) and inv22 type 2 in 8 % (3/40) of patients. Carrier status analyses revealed 
the presence of de novo inv22 in 1/55 patient.  Prenatal diagnosis was positive in 3/6 
analyzed male fetuses: inv22 was found in two and inv1 in one case. Our results are in 
line with published literature data. 
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The aim of the study was to investigate frequency and the type of chromosomal 
aberrations in our patients with primary infertility. We analyzed karyotypes of 34 
couples (68 individuals), plus 14 females and 6 males, referred with primary infertility 
to cytogenetics investigation and counseling. From total of 88 patients with primary 
infertility, we detected chromosomal aberrations in 11 cases (12, 5%). Among 48 
female patients, we found 7 (14, 6%) chromosomal aberrations, one numerical 
(46,XX/45,X mosaicism) and six structural (isochromosome Xq; deletion Xq; 
translocation (1;6), translocation (2;6), and in two cases pericentric inversion of 
chromosome 9. Four (10%) of 40 male patients had chromosomal aberrations, two 
numerical (both 47, XXY) and two structural (one deletion Yq and one pericentric 
inversion of chromosome 9). Regarding various chromosomal abnormalities found in 
considerable proportion of patients with primary infertility, karyotype analysis should 
be one of the main tools in evaluation of these patients. 
 
Keywords: chromosomal aberrations, primary infertility 
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Crouzon syndrome, achondroplasia, cleidocranial dysostosis and Treacher-Collins 
syndrome are genetically determined syndromes mainly with autosomal dominant 
inheritance. The aim of this study was to analyze craniofacial and cervicovertebral 
morphology of 13 patients with these syndromes and compare them with skeletal 
Class I (eugnathism). 
Patients with Crouzon syndrome and achondroplasia had skeletal Class III 
(prognathism) and posterior facial growth rotation; cleidocranial dysostosis had the 
anterior facial growth rotation, while patients with Treacher-Collins had skeletal Class 
II (retrognathism) and posterior facial growth rotation. Higher cervical lordosis angle 
and forward cervical spine inclinations were found in Crouzon syndrome and 
achondroplasia. The anterior and posterior heights of the spine C2-C5 were smaller in 
all syndromes and had different anomalies. Genetic syndromes occur as the result of 
chromosome aberrations, creating widespread effects which are, among others, 
characterized by a variety of skeletal craniofacial and cervicovertebral morphology 
deviations. Trends in cervical anomalies were observed but not syndrome specific. 
 
Keywords: Crouzon syndrome, Treacher-Collins syndrome, cleidocranial dysostosis, 
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Cause of primary amenorrea in 15 year old girl was explained by cytogenetic and FISH 
analysis of chromosomes from peripheral blood. Girl's karyotype was mosaic. 
Cytogenetic analysis revealed pseudodicentric chromosome X and normal 
chromosome X in 95% of metaphasis. In 5% of metaphasis monosomy X was found. 
FISH analysis revealed 3 signals for centromere of chromosome X in 96% of interphase 
nuclei: one centromere of normal and two centromeres of pseudodicentric 
chromosome X. In 4% of interphase nuclei one signal for centromere of chromosome 
X was noted. These cells have monosomy X. Cytogenetic and FISH analysis are 
important in confirmation of diagnosis. 
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We investigated outcome of a concept of prenatal genetic counseling. We used 
questionnaire with PPC scoring system (engl. Perceived Personal Control). The study 
included 239 participants. We measured social and demographic characteristics of 
participants and effects of prenatal genetic counseling within the groups for 
indications. PPC questionnaire was completed in three different times. Statistical 
analysis included Student's t - test for paired samples, Spearman rank correlation and 
factor analysis. Analysis of PPC scores at different time intervals before and after 
counseling showed a statistically significant increase in all three scales. The level of 
confidence significantly increased as a consequence of counseling in majority of 
clients’ groups investigated. Team-based model of prenatal genetic counseling 
provides satisfactory level of confidence among participants. The study shows the 
successful results of prenatal genetic information/counseling on tested scales and 
specific participants’ groups in the Center for Prenatal and Reproductive Genetics, 
Clinical Center of Serbia. 
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The risk assessment of appearance of single and multiple anomalies in cases of 
mosaicism trisomy 20 detected by amniocentesis still remains uncertain. The 
phenotype of the individuals with mosaic chromosome 20 differs from normal to full 
manifestations of the trisomy. Nonetheless, the presence of phenotype abnormalities 
depends on percentage of trisomic cells line detected prenatally. In this work 
prenatally cytogenetic analisys showed the trisomy 20 mosaicism in 53% of amniotic 
cells. The fetal cord karyotype as well as detailed ultrasonic scan of the baby was 
normal. Parents decided to continue the pregnancy. On clinical examination the 
newborn male, born at term, showed normal phenotype. This case together with all 
other known cases of trisomy 20 mosaicism may contribute to the formation of a 
database in order to better understand the biological significance of this chromosome 
finding prenatally as well as necessity of further postnatal diagnosis and long time 
follow-up regardless of the normal clinical signs at birth. 
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Bone tissue regeneration depends on oxygen and essential nutrients supply which is 
mediated by blood vessels. Therefore, neovasculogenesis and angiogenesis are of 
great importance in bone tissue engineering. The aim of this study was to examine 
neovasculogenic potential of adipose-derived stem cells (ADSC) subjected to 
endothelogenesis in vitro. ADSCs were isolated from mice supraepididymal adipose 
tissue, expanded in proliferative media and subjected to endothelogenic 
differentiation for fifteen days. Relative expression levels of endothelial-related gene 
markers: VCAM, Flt-1 and Egr-1 were monitored applying quantitative Real-Time PCR 
method. The expression levels of all examined genes increased from third to twelfth 
day of differentiation. The results showed that osteogenic process improved by ADSC 
induced to endothelogenesis in vitro are important in regenerative medicine. 
 
Keywords: gene expression, ADSC, endothelial-related genes, neovascularization, 
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Triple negative breast cancer (TNBC) is defined by the lack of expression of estrogen 
receptor (ER), progesterone receptor (PR) and epidermal growth factor receptor 2 
(HER2). Individualized tumor therapy based on molecular markers is a trend in 
modern clinical practice. However, molecular targets and predictors for the 
treatment of TNBC are still poorly defined. Epidermal growth factor receptor (EGFR) 
is frequently overexpressed in TNBC and is emerging as a therapeutic target. We 
examined EGFR gene amplification on archive TNBC samples using Differential PCR 
assay. Our aim was to determine whether EGFR gene amplification is associated with 
poor clinical outcome in TNBC. We found that 51% of cases had EGFR gene 
amplification of which 33% were highly amplified. In addition, our results showed 
statistically significant correlation between EGFR amplification status and survival of 
TNBC patients in Serbia. Namely, patients with amplified EGFR lived significantly 
shorter. In conclusion, EGFR could be considered as a good prognostic marker for 
patients with TNBC. 
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Thrombophilia is a multifactorial disorder, involving both genetic and acquired risk 
factors that affect a hemostatis balance. It has been shown that several hereditary 
conditions, such as deficiencies of antithrombin, proteins C and S, factor V (FV) Leiden 
and factor II (FII) G20210A mutations are involved in the etiology of thrombophilia. In 
order to investigate potential role of novel FII C20068T gene variant in etiology of 
thrombophilia, we have tested 236 thrombophilic patients (175 patients with deep 
vein thrombosis and 61 patient with combined thrombotic events) and 191 healthy 
subjects. All participants were tested for the presence of the C20068T gene variant by 
PCR-RFLP analysis or DNA sequencing. We detected this gene variant in nine patients 
and one healthy subject. In patients with deep vein thrombosis, six carriers of 
20068CT genotype were detected (OR 6.74; P=0.057). Three heterozygous carriers 
were detected in the patients with combined thrombotic manifestations (OR 9.83; 
P=0.045). Our results indicate that the C20068T gene variant could represent 
significant thrombophilia risk factor. 
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Myeloproliferative neoplasms (MPN) are clonal haematopoietic stem cell disorders 
characterized by proliferation of one or more myeloid lineages. Detection of 
cytogenetic abberations is important in diagnosis, prognosis, and in evaluation of 
clonal evolution. In this study, we cytogeneticaly analysed, the group of 418 Ph- MPN 
patients (pts) diagnosed in our center from 1994-2014 after direct and/or 24h culture 
preparations of the chromosomes. Chromosomal abberations were found in 45 pts 
(11%). Those results are in concordance with literature data where cytogenetic 
abberations are detected in 5-10% of the caeses with exeption of  primary 
myelofibrosis entity (more than 30%). Chromosomal abnormalities in Ph- MPN are 
not frequent and specific. Mutation of JAK2 thyrosine kinase, V617F, was introduced, 
recently, as a diagnostic criteria. Future researches will go towards the detection of 
new molecular markers that will serve as a basis for design of new and more effective 
treatment protocols. 
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Amelogenesis imperfecta (AI) presents heterogeneous, hereditary, developmental 
disorder characterized by abnormalities in enamel structure. Affected teeth are 
discoloured, sensitive and prone to fracture, and usually condition is present in both 
dentitions. In our study we investigated a family with AI. Clinical presentation, dental 
radiographs and pedigree chart suggested X-linked form of AI. Genomic DNA was 
isolated from buccal swabs of proband and her mother and brother, and sequenced 
afterwards. Evaluation of surface characteristics, thickness and density of enamel was 
performed by scanning electronic microscopy (SEM) and cone-beam computed 
tomography (CBCT). DNA sequencing revealed a novel mutation in the intron region 
of amelogenin X-linked gene (AMELX) (c.103-3T>C), close to the splicing site. 
Mutation was confirmed in proband and her mother. SEM detected irregular, roughed 
surface, with pits and micro cracks, while CBCT analyses showed thinner enamel layer, 
lower density and instable structure compared to the control tooth. These data 
extend our knowledge of the pathogenesis of AI, but further investigations should be 
carried out to explore new genotype-phenotype relations of this condition. 
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We present a case of a rare deletion syndrome (Wolf-Hirschhorn syndrome), 
discovered by prenatal diagnosis. WHS is caused by a deletion of genetic material on 
the short arm of chromosome 4, and is also known as syndrome 4p-. Diagnosis is 
based on characteristic clinical signs and genetic tests, which may include cytogenetic 
analysis and molecular genetic testing. In the period of 2009-2014., at the Clinical 
Center Banja Luka, was done 4257 karyotype analysis of amniotic fluid cells, and one 
of them was case of WHS.Karyotypeanalysisof parents,from the peripheral blood, 
revealed that the mother is a carrier of the balanced translocation (4;8)(p14;p23.1). 
Considering that the mother is a carrier of the balanced chromosomal 
rearrangements, genetic counseling and prenatal diagnosis is necessary in each 
subsequent pregnancy. 
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Aim of our research was to identify causative mutations in subjects with aniridia (A), 
anophthalmia (An) and microphthalmia (Mn) Sixty-one Italian An or Mnpatients were 
analyzed for mutations in SOX2, OTX2 and PAX6 genes, as well as genome imbalances 
through CGH array. Subjects with A (120 patients) were investigated only for the 
presence of PAX6 mutations. Only in 3 subjects with An causative mutations were 
found for SOX2 gene; no SOX2 mutation was identified in Mn patients. Both in An and 
Mn subjects no OTX2 and PAX6 mutations were found. In aniridia patients 65PAX6 
causative mutations were found. Our data indicate that molecular evaluation of OTX2 
and SOX2 genes has a limited detection rate in Mn and An patients. 
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SOX3 and CREB (cAMP response element-binding protein) play important roles in 
vertebrate neurogenesis. Sox3 is expressed transiently by proliferating and 
differentiating neural progenitors in the neurogenic regions of the neonatal and adult 
mouse forebrain suggesting that SOX3 continues to regulate proliferation and survival 
of neural progenitor cells throughout life. Several studies show that CREB is 
constitutively activated in dividing immature neural cells in neurogenic regions of 
both embryonic and adult vertebrate brains. Here we demonstrate both in vitro and 
in vivo that CREB binds to CRE half-site located -195 to -191 within the human SOX3 
promoter. Overexpression studies with CREB or its dominant-negative inhibitor A-
CREB indicate that this transcription factor acts as a positive regulator of basal SOX3 
gene expression in NT2/D1 cells. This is further confirmed by mutational analysis 
where mutation of CREB binding site results in reduction of SOX3 promoter activity. 
We have established first functional link between CREB and human SOX3 gene which 
both have important roles in the nervous system throughout development and in the 
adulthood. 
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22q11.2 deletion syndrome (22q11.2DS) is the most common deletion disorder in 
humans with an estimated incidence of approximately 1/4000 per live births. The 
clinical spectrum of the 22q11.2DS is wide, including speech and language disorders. 
The purpose of this study was to analyze phonological segment of speech and 
language development in children with 22q11.2DS. Study included 10 children with 
clinical features of 22q11.2DS. The age ranged from 3.5 to 5.5 years. FISH and MLPA 
analysis were performed in order to detect 22q11.2 microdeletion. Institute for 
experimental phonetics and speech pathology (IEFSP) Test Battery was used to 
estimate articulation and oral praxia. Insufficiently developed oral praxia was 
detected in all examined children. Pathological forms of articulation, registered in all 
studied children, are manifested as omissions, substitutions and distortions. On the 
basis of obtained results we can conclude that 22q11.2 microdeletion may have 
devastating effect on early child`s communication. Therefore, these children should 
be considered at risk regarding speech and language development and enrolled in 
early intervention settings as soon as a diagnosis is made. 
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Adipose-derived stem cells (ADSCs) represent very promising tool in cell-based bone 
tissue engineering because of its ability to differentiate into osteoprogenitor cells. 
Aim of this study was to examine dynamic of relative gene expression levels of bone-
related markers collagen type I α1 chain, alkaline phosphatase, osteocalcin and 
transcription factor osterix in in vitro osteoinduced ADSCs during fifteen days. ADSCs 
were isolated from epididymal fat pads which were extracted from male Balb/c mice. 
Cells were first expanded in proliferative media than were subjected to osteoinducing 
medium to start differentiation towards osteoprogenitor cells. Gene expression levels 
were determined using quantitative Real Time PCR method. Gene expression levels of 
all selected bone-related markers gradually increased from third to fifteenth day of 
differentiation with peaks at fifteenth day. Based on these results, in vitro expansion 
and osteoinduction of ADSCs for fifteen days represents suitable approach for 
osteoreparation purposes. 
 
Keywords: gene expression, ADSC, bone-related markers, osteoreparation, 
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Rothmund-Thomson syndrome (RTS) is an autosomal recessive genodermatosis 
presenting with a characteristic facial rash (poikiloderma) associated with short 
stature, juvenile cataracts, skeletal abnormalities, radial ray defects, premature aging 
and a predisposition to cancer. In approximately 60-65% RTS patients mutations in 
RECQL4 helicase gene have been observed. We performed direct sequencing of 
mutation prone exons of RECQL4 gene in 5 years old Serbian girl with typical signs of 
RTS. Two different mutations have been detected in exon 9: c.1568G>C (p.Ser523Thr) 
and c.1573delT (p.Cys525AlafsX33). The observed frame shifting deletion is the most 
common RECQL4 mutation, while the substitution is rarely described. This is the first 
case of RTS from Serbia confirmed by genetic testing. 
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SOX genes and Wnt signaling pathway form feedback regulatory loops that regulate 
cellular responses in various development and disease processes. NT2/D1 cells is the 
most widely charactarized human embrional carcinoma cell line that has neuronal, 
mesodermal and ectodermal lineage potential and thus represent a valuable human 
stem cell model system. Using lithium as a tool to activate Wnt/β-catenin signalling, 
we investigated whether its modulation may serve as a mechanism to regulate SOXB1 
activity in the NT2/D1 cells. Our results showed that lithium induced cellular 
redistribution of β-catenin and enhanced activation of β-catenin dependent 
transcription in NT2/D1 cells. Lithium treatment led to increased level of SOXB1 
proteins in NT2/D1 cells. Finally, we have shown that there are a feedback loops 
between β–catenin and SOXB1 proteins in NT2/D1 cells. Our data suggest that Wnt/β-
catenin signaling pathway plays an important role in the regulation of SOXB1 protein 
expression in NT2/D1 cells. 
These findings have important implications not only for embryonic stem cell 
maintenance but also for the potential manipulation of stem cell proliferation and 
lineage commitment. 
 
Keywords: SOXB1; lithium; Wnt/β-catenin signaling pathway; NT2/D1 
 



 
Medical Genetics 

 

101 

II-41 Poster 

 
Quercetin reduces pluriopotency, migration and adhesion of 

human teratocarcinoma cell line NT2/D1 by inhibiting WNT/-
catenin signaling 

 
 

Jelena MARJANOVIĆ VIĆENTIĆ, Marija MOJŠIN, Marija SCHWIRTLICH, 
Vladanka TOPALOVIĆ, Natapa KOVAČEVIĆ GRUJIČIĆ, Andrijana KLAJN, 

Slobodan DAVIDOVIĆ and Milena STEVANOVIĆ 
 

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, 
Belgrade, Serbia 

 
 

Quercetin, bioflavonoid found in plant foods, has a wide range of therapeutic effects. 
In present study we examined therapeutic potential of quercetin in human 
teratocarcinoma cell line NT2/D1. We have shown that quercetin inhibits 
proliferation, adhesion and migration of NT2/D1 cells and downregulates the 
expression of pluripotency factors SOX2, Oct4 and Nanog. Our results further suggest 
that anticancer effect of quercetin against human teratocarcionoma cells is mediated 
by targeting canonical Wnt signaling pathway. Quercetin antagonized Wnt/β-catenin 
signaling pathway in NT2/D1 cells by inhibition of β-catenin nuclear translocation and 
consequent downregulation of β-catenin dependent transcription. Presented data 
suggest that quercetin as potent inhibitor of Wnt signaling might be effective 
therapeutic agent in cancers with aberrant activation of Wnt pathway. 
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SOX18 is a transcription factor known to be involved in hair follicle, blood and 
lymphatic vessel development, but also affects the growth of cancer cells in vitro. We 
have investigated whether Hedgehog-GLI signaling pathway affects transcriptional 
regulation of SOX18 gene expression and consequently viability, proliferation and 
migration of cervical carcinoma cells in vitro. We have shown that transcription 
factors GLI1 and GLI2 are potent activators of SOX18 promoter activity and SOX18 
expression in HeLa cells, while GLI3 had no effect. We have shown in vitro binding of 
GLI1 to two out of seven predicted binding sites within SOX18 promoter. In order to 
investigate whether this GLI associated activation of SOX18 expression is linked to 
canonical Hedgehog signaling we have employed in our analysis specific inhibitors and 
activators of Hedgehog signaling. Inhibition of Hedgehog pathway reduced 
proliferation of HeLa cells and impaired the cells viability and migratory potential. 
Also, inhibition of pathway led to reduction of SOX18 expression. Activation of 
pathway showed opposite results. These results pointed at SOX18 as a novel target 
gene of Hedgehog signaling pathway. 
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SOX14/Sox14 gene is one of the evolutionary most conserved SOX gene with major 
role in neural development. Lack of any known mutated phenotype suggests that 
SOX14 might have an essential role during development. In our study we wanted to 
analyze expression of the SOX14 gene during retinoic acid induced neural 
differentiation of human (NT2/D1) and mouse (P19) pluripotent embryonal carcinoma 
stem cells. We have demonstrated that SOX14 was expressed at low level in both cell 
lines and its expression was increased during retinoic acid induced neural 
differentiation. While all MAP2+ neurons in NT2 neuronal population were SOX14 
positive, 5% of MAP2+ neurons were SOX14 negative in P19 neuronal population. For 
the first time our analysis of SOX14 expression on single cell level revealed that it is 
expressed in neuronal as well as in non-neuronal differentiated derivatives. Obtained 
results contribute to better understanding expression of SOX14/Sox14 during in vitro 
neural differentiation and further analysis is needed to reveal its precise role during 
this process. 
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Myelodysplastic syndromes (MDS) are clonal stem cell disorders characterized by 
ineffective haematopoiesis, persistent cytopenias, and often shortened life 
expectancy. In a group of 60 newly diagnosed MDS patients (pts), we analyzed the 
clinical, haematological, and karyotypic characteristics. Also, we evaluated utility and 
compared the significance of different International Prognostic Systems (IPSS and 
IPSS-R) for risk stratification. 
Chromosomal aberrations were detected in 42% of pts. The most frequent 
cytogenetic abnormalities were -5/5q, +8 and -Y. According to IPSS,  42 pts (72%), 11 
pts (19%), and 5 pts (9%) had good, intermediate, and poor karyotype, respectively. 
However, according to the IPSS-R prognostic system, 39 pts (67%), 4 pts (7%), 10 pts 
(17%), and 5 pts (9%) were presented with good, very good, intermediate, and very 
poor karyotype, respectively. Surprisingly high proportion of MDS pts belonginig to 
the intermediate 1 (IPSS) and low risk (IPSS-R) groups is probably consequence of a 
significantly high proportion of pts with good karyotype in studied sample. Using IPSS-
R, 19% of our pts reclassified into better prognostic group. In the IPSS lower risk 
group, 29% pts were shifted into higher risk IPSS-R categories. All pts that were 
classified in the high risk group according to IPSS, were shifted into very high risk 
group of IPSS-R, due to their complex karyotypes. 
The IPSS-R retained continuity with the IPSS and it usage appeared applicable in our 
study group as an effective and reliable prognostic model. 
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Telomeres, the nucleoprotein structures located at the ends of eukaryotic 
chromosomes, are normally shortened with each cell division, and this shortening 
progressively leads to cell senescence or apoptosis. However, in tumor cells the 
length of telomeres could be maintained by overexpression of the enzyme 
telomerase, which has a role in stabilization of short telomeres or their elongation 
during tumor progression.The aim of this study was to measure relative telomere 
length (RTL) in 60 histologically confirmed oral squamous cell carcinomas (OSCC), 
using real-time PCR. The estimated RTL values in OSCCs according to tumor stages 
were: 4.45 in stage I (28% samples), 7.62 in stage II (32% samples), 5.70 in stage III 
(10% samples), and 2.93 in stage IV (30% samples). A significant decrease of telomere 
length in stage IV compared to stages II and III was observed. Similarly, in cases of 
metastasis shorter telomeres were found (RTL, 3.12), versus tumors without 
metastasis (RTL, 6.28). For a more accurate evaluation of the relevance of these 
findings with respect to tumor evolution, further studies are necessary. 
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In CML patients on imatinib treatment with complete cytogentic response, real-time 
PCR (RQ-PCR) is method of choice for further monitoring of residual disease. We 
analyzed type of molecular response in CML patients on long term front line 
treatment with imatinib, lasting at least 3 years. 
Molecular monitoring was assessed by RQ-PCR according to EAC protocol in 62 CML 
patients. For absolute quantification, standards of BCR-ABL and ABL gene were used 
and BCR-ABL/ABL ratio was compared according to International Scale. 
RQ-PCR analysis revealed that optimal molecular response (≥ MR3.0) was present in 
89% of patients. Unfortunately, 11% had no optimal response. In group of patients 
doing well, MR3.0 was achieved in 24%, MR4.0 was found in 58%, but only 7% 
satisfied criteria for MR4.5. In patients without optimal molecular response, we 
confirmed loss of previous CCyR in four patients with BCR-ABL/ABL ratio over 1%. In 
other three pts, BCR-ABL/ABL ratio was less than 1% and they did not experience loss 
of CCyR. 
Incorporation of molecular monitoring into regular follow up is necessary for early 
prediction of undesirable events like loss of response. 
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The p16 and p14 genes encoded by 9p21 locus are often hot spots for genetic 
alterations in different human neoplasms. They are both involved in regulatory 
networks which modulate cell proliferation. p16 suppresses CDK 4/6 activities, 
whereas p14 up-regulates tumor suppressor TP53 gene. Hypermethylation of CpG 
islands is a common epigenetic mechanism leading to gene silencing in tumors. The 
aim of this study was to investigate a putative involvement of this molecular 
mechanism in p16 and p14 genes inactivation and its role in the pathogenesis of 
mucoepidermoid carcinomas (MECs) of salivary glands. Methylation specific PCR 
(MSP) was performed to investigate the methylation status of p16 and p14 gene 
promoters in 38 paraffin embedded samples of MEC. p16 gene promoter was 
methylated in 25 out of 38 cases (66%), whilst p14 promoter was methylated in all 38 
samples (100%) which represents quite a remarkable finding.Our results suggest that 
hypermethylation of p14 promoter is a critical event in MEC pathogenesis, with p16 
also playing a very important role in it. 
 
Keywords: p14, p16, hypermethylation, mucoepidermoid carcinomas 
 
 



 

Medical Genetics 
 

108 

II-48 Poster 

 
TP53 mutation and p14-p16 methylation analysis in tumor tissue, 

tumor-free margins and non-affected oral mucasa 
in patients with oral cancer – pilot study 

 
 

Najib Mohamed ELJABU1, Sanja LONČAR
1
, Drago JELOVAC

3
, Nađa NIKOLIĆ

1
, 

Nasta DEDOVIĆ-TANIĆ
2
, Jelena ČARKIĆ

1
, Boško TOLJIĆ

1
, Miroslav VUKADINOVIĆ3  

and Jelena MILAŠIN
1
 

 
1Institute of Human Genetics, School of Dental Medicine, University of Belgrade, 

Belgrade, Serbia 
2Department of Radiobiology and Molecular Genetics, Institute of Nuclear Sciences “Vinča”, 

Belgrade, Serbia 
3Clinic for Maxillofacial Surgery, School of Dental Medicine, University of Belgrade, 

Belgrade, Serbia 
 
 

Tumor suppressor genes alterations play an important role in cell transformation. It is 
not well established yet whether tumor margins after tumor excision harbor the same 
changes as the tumor and what is the possible relevance of such findings. The aim of 
this pilot study was to compare the presence of TP53 mutations in tumor tissue and 
tumor-free margins in five patients with oral cancer. Comparison of methylation 
status of p14 and p16 promoter in tumor tissue and non-affected oral mucosa was 
done as well. Exons 5 and 6 of TP53 were amplified by PCR and mutations were 
identified by RT- PCR-HRM analysis. Mutations were found in four out of five tumors 
and none of margins. Methylation status was analyzed by methylation specific PCR. 
p14 was methylated in all five tumor samples and only in two mucosa samples while 
p16 was methylated in one tumor and one mucosa. TP53 mutations were found in 
80%, p16 methylation in 20% and p14 methylation in 100% of tumors. It seems that 
p14 methylation plays a crucial role in oral cancer but a longer follow-up and higher 
number of patients is necessary to understand the importance of genetic/epigenetic 
alterations in affected and non affected tissues of cancer patients. 
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The INK4a-ARF locus, encoding both p14ARF and p16INK4a, represents an aberrations 
hotspot, involved in two important pathways in tumorigenesis: the Rb and p53 
pathway. P14ARF neutralizes MDM2-mediated degradation of p53. It has been 
reported that p14ARF is essential for the activation of p53 in response to oncogenic 
Ras.The aim of this study was to investigate the molecular changes affecting the Ras-
p14ARF-p53 pathway in pleomorphic adenomas (PA) of parotid salivary gland.The 
occurrence of TP53 and p14ARF gene deregulation and H-ras mutations was 
investigated in 54 PA cases. Hypermethylation of p14ARF promoter was registered in 
69% and TP53 mutations in 52% of PAs. H-ras mutations were only found in 7 out of 
54 cases (13%). Co-alteration of TP53 and p14ARF was found in 40% (p=0.14) and for H-
ras and p14ARF in 7% (p=0.24). Analyzed alterations could not be correlated with 
clinical characteristics of PAs.In conclusion, p14ARF promoter hypermethylation and 
TP53 mutations play a role in the pathogenesis of PAs of parotid salivary glands, but 
without synergism. H-ras mutations seem to be of minor importance, as judged from 
their low frequency. 
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The study aimed to investigate the relationship between GSTT1 and GSTM1 null 
polymorphisms and the risk of differentiated thyroid cancer (DTC). A total of 26 DTC 
patients and 33 controls were genotyped using a multiplex polymerase chain reaction 
(PCR).  The frequency of GSTT1 null genotype significantly increased in patients than 
in controls (38.5 % vs. 12.10 %, p < 0.05), and it was significantly associated with a 
4.53 times high risk of DTC (p < 0.05). The frequency of GSTM1 null genotype was also 
increased in patients (61.50 % vs. 36.40 %) but association between this genotype and 
risk of DTC was on the border of statistical significance (p = 0.057).  Individuals with 
combination of one of both null genotypes had significantly higher risk of DTC, 3.70 
times with GSTT1 positive/GSTM1 null, 13.33 times with GSTT1 null/GSTM1 positive, 
and 6.67 times with GSTT1 null/GSTM1 null.  In conclusion, our findings suggest that 
both GSTT1 and GSTM1 null genotypes are associated with an increased risk of 
developing different thyroid cancer, thereby GSTT1 null to a greater extent. 
Genotyping of GST genes, especially GSTT1 may be of great importance in the 
prevention of DTC. 
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Gorlin syndrome is a rare autosomal dominant disorder characterized by basal cell 
carcinomas, odontogenic keratocysts of the jaws and multiple developmental defects. 
It results from mutations in tumor suppressor gene Patched 1 (PTCH1). More than 
230 mutations were described, showing slight clustering within the first and second 
extracellular loop of the PTCH protein. In this study, we analyzed two patients with 
Gorlin syndrome by sequencing of all 23 coding exons of PTCH1 gene. Family 
members, as well as five healthy controls were included in this study. A novel 
frameshift mutation in exon 6 of PTCH1gene (c.903delT) has been detected in the first 
patient. The mutation was not transmitted to progeny and was not detected in 
healthy subjects. In addition, a frameshift mutation in exon 21 (c.3524delT) was 
detected in tumor-derived tissue of the patient. The analysis of the second patient 
showed the presence of point mutation in exon 8 (c. 1148 C>A). The same nonsense 
mutation was present in two affected family members. Both somatic mutations affect 
the first extracellular loop of PTCH protein, thus supporting the evidence that it is a 
“hot spot” for this gene. 
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Polycitemia vera (PV) is a chronic myeloproliferative neoplasm (MPN) characterized 
by increased red blood cell production independent of the mechanisms that normally 
regulate erythropoiesis. The most frequent genetic abnormality is the somatic 
mutation of Janus kinase 2 gene (JAK2V617F) and it occurs in more than 90% of 
patients with PV. Expression of the JAK2V617F mutant activates multiple downstream 
signaling pathways, such as Stat, Erk, and PI3K/Akt pathways.The aim of this work was 
to investigate the JAK2V617F mutation in patients with PV. We analyzed peripheral 
blood of 28 patients with PV. The diagnosis of PV was established according to the 
bone marrow criteria of the World Health Organization. Mutation of JAK2V617F was 
determined by allele-specific PCR (AS-PCR) analysis. Mutation was found in the 
samples of MNCs of the peripheral blood in 26/28 (92,9%) PV patients. Presence of 
JAK2V617F mutation is important characteristic of PV and major diagnostic criteria. Of 
particular significance is the introduction of JAK2 inhibitors as a new strategy for the 
treatment of MPN. Continuing studies on the molecular alterations may significantly 
improve our understanding of PV pathogenesis and facilitate its medical menagment. 
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Breast cancer is the most common type of cancer in women. It appears as a 
consequence of genetic and epigenetic alterations in at least two main groups of 
cancer genes, oncogenes and tumor suppressor genes (TSG). Among so far studied 
tumor suppressors, p53, p16 and PTEN are the ones that are most frequently altered. 
The aim of our study was to investigate the incidence of individual alterations and co-
alterations of these three TSGs in breast cancer patients and their impact on breast 
cancer promotion/progression and disease outcome. We analyzed loss of 
heterozygosity, homozygous deletions, mutational and methylation status of these 
TSGs and the effects of these gene alterations on patients’ survival. As a result, 
inactivation of p53, p16 and PTEN was detected in 80%, 73% and 53% of patients, 
respectively. Simultaneous inactivation of p53/p16 was detected in 57%, p53/PTEN in 
49% and p16/PTEN in 43% of patients. All three TSGs were inactivated in 41% of 
patients. Statistical analyses confirmed that patients with mutated p53 lived 
significantly shorter, alterations in PTEN were associated with aberrant p53 and that 
simultaneous alteration of p53 and PTEN should be considered as a marker of disease 
progression. 
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The aim of the current study was to assess whether polymorphisms in Toll-like 
receptor 3 gene (TLR3) are associated with oral lichen planus (OLP) risk and clinical 
course of disease. The group comprised of 101 patients with pathohystologically 
confirmed oral lichen planus and 104 healthy-blood donors without systemic and oral 
mucosal diseases were used in the study. Polymorphisms in TLR3 gene (rs5743312, 
rs3775291) were genotyped by Real-Time PCR method. Obtained data were 
statistically analyzed and considered as significant if p values were less than 0.05. 
Mutated form of rs5743312 TLR3 gene polymorphisms was associated with increased 
OLP risk in comparison with wild type genotype (OR=15.984, p=0.011). Analyzed 
polymorphisms in TLR3 gene were in linkage disequilibrium (D’=1, r2=0.09). None of 
the identified haplotypes were associated with the OLP risk. Summary, our findings 
indicate that TLR3 gene polymorphism rs5743312 may be considered as a potential 
biomarker for oral lichen planus susceptibility. 
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CMT1A is the most common type of hereditary motor and sensory neuropathies 
(HMSN), caused by duplication of 17p11.2 region that includes PMP22 gene. CMT1A 
accounts for approximately 50% of HMSN patients. Diagnostics of CMT1A is based on 
quantitative analysis of affected region or RFLP detection of breakage points. The aim 
of this study was to improve sensitivity and efficiency of CMT1A genetic diagnostics 
by introducing analysis of six STR markers (D17S261-D17S122-D17S839-D17S1358-
D17S955-D17S921) spanning the duplicated region. Seventy CMT1 patients negative 
for CMT1A duplication and 46 confirmed CMT1A patients, all diagnosed with RFLP 
analysis, were tested for duplication using six STR markers. Criteria for confirmed 
duplication included three alleles for at least one or clear difference in allele intensity 
for at least two of six analyzed loci. STR marker analysis for 46 CMT1A patients 
previously diagnosed using RFLP confirmed genetic diagnosis. Also, 9 out of 70 CMT1 
patients considered negative for PMP22 duplication based on RFLP were found to be 
positive with STR marker analysis. Shown results strongly suggest STR marker analysis 
as a method of choice in CMT1A genetic testing. 
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The aim of the study was to examine tryptophan hydroxylase 2 (TPH2) variants 
(rs11178998, rs7305115 and rs4290270), emotional and physical childhood abuse, 
and their interactions as potential risk factors for suicide attempt in Serbian 
psychiatric patients. There was no association of any examined genetic or 
environmental factor with suicide attempt. Interaction of GG and GA genotypes of 
rs11178998 with physical abuse was found to be the risk factor (P=0.002, OR=6.383), 
and interaction of AA and AT genotypes of rs4290270 with emotional abuse was 
marginally significant as protective factor (P=0.055, OR=0.369). TPH2 variants may 
modify the risk for suicide attempt in psychiatric patients by interaction with specific 
type of childhood abuse. 
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Lafora's disease (LD) is an autosomal recessive disease with unfavorable clinical 
course and poor prognosis, characterized by epilepsy, myoclonus and cognitive 
decline. It is caused by mutations either in EPM2A or in NHLRC1 gene. There is at least 
one other gene that can be associated with LD. Here we report a haplotype study on 
four unrelated LD chromosomes with NHLRC1 deletion in order to estimate if this is 
the founder mutation. Eight markers flanking NHLRC1: D6S289-D6S1605-D6S274-
D6S1567-NHLRC1-D6S1688-D6S1959-D6S1643-D6S1665 were amplified by PCR. 
Forward primers were fluorescently labelled, and PCR products were analysed using 
ABI 3130 Genetic analyser. Haplotype encompassing markers D6S1643(264)-
D6S1959(185)-D6S1688(168)-D6S1567(108)-D6S274(166)-D6S1605(131) was common 
to all 4 chromosomes analyzed and can be considered as a minimal haplotype, which 
is expected to be related to this mutation in a population of Serbia/Montenegro, and 
was not present among control chromosomes of the same ethnic background. Our 
findings suggest that NHLRC1 deletion is present in the Serbian/Montenegrin 
populations owing to a founder effect. 
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Expansions of GGGGCC hexanucleotide repeats within the first intron of C9orf72 gene 
cause amyotrophic lateral sclerosis (ALS). Amyotrophic lateral sclerosis is an adult 
onset fatal neurodegenerative disease, characterized by a selective loss of motor 
neurons in the motor cortex, brainstem and spinal cord, resulting in wasting, paresis 
and death from respiratory failure. The aim of this study was to optimize the 
conventional PCR and repeat-primed PCR (RP-PCR), in order to determine the number 
of hexanucleotide repeats and presence of hexanucleotide repeat expansions in 
C9orf72. Due to GC rich repeated sequence conventional PCR could not amplify large 
number of repeats and is used for preliminary screening. Homozygotes detected by 
conventional PCR are candidates for RP-PCR analysis, a method which can detect 
larger alleles, and should be used for detection of GGGGCC repeat expansion. 
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Alzheimer disease (AD) is characterized by abundant extraneuronal deposits of the β-
amyloid (Aβ) peptide intracellular microtubule-associated protein tau and aberrant 
neuronal expression and localization of the cell-cycle proteins including cyclins and 
cyclin dependent kinases. The clinically important consequence of these various 
events is synaptic loss and multiple neurotransmitter deficits. Detrimental alterations 
in the conformation of a native protein that makes it resistant to degradation are 
relevant to AD pathology. One of the key homeostatic responses in protein misfolding 
disorders is the induction of heat-shock proteins, a conserved reaction to damaged 
intracellular proteins. Our studies using immunohistochemistry and immunoblotting 
suggested that expression of both Hsp90 and Hsp70 was increased in AD brains, and 
both classes of proteins were associated with amyloid β-protein (Aβ). Interpretation 
of these analyses of postmortem AD tissue is difficult, because it cannot be 
determined at what stage in the disease these changes occurred or how directly the 
chaperone proteins are involved in the pathological processes. Our finding that 
chaperone proteins interact with intracellular Aβ suggests that these proteins may 
play an early role in Aβ metabolism. 
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The analysis of premature centromere division (PCD) of chromosome 18 was 
performed in interphase nuclei of neurons in the hippocampus of patients with 
Alzheimer’s disease (AD) and age matched controls. Histological sections of the 
hippocampus of the brain were obtained from 5 patients postmortem with a 
confirmed diagnosis of AD and 5 corresponding control samples. In this work we used 
the alpha satellite probe for FISH detecting a centromeric region on chromosome 18. 
In the group of AD patients 9.3% of the nuclei showed PCD of one chromosome 18, 
and in the control group 2.4% nuclei showed PCD in one of the two chromosomes 18. 
 There were no cells undergoing mitosis. The intensity of the signal in the centromere 
region where no PCD was detected was two times stronger than on the other 
chromosome 18 with PCD in the same nucleus. Neurons of AD patients can re-entry 
the cell division cycle, DNA replicates but cells do not enter mitosis. The intensity of 
the signal obtained with the chromosomes with and without PCD are a direct proof of 
cell cycle deregulation, as well as that it may be a cause of degenerative changes in 
the neurons of AD patients. 
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Sox3/SOX3 is considered to be one of the earliest neural markers in vertebrates with 
the role in specifying neuronal fate. This study represents comprehensive analysis of 
epigenetic mechanisms involved in the regulation of human SOX3 gene expression 
during early phases of neural differentiation. By in silico analysis we have determined 
the presence of 2 CpG islands in SOX3 gene. Using retinoic acid induced neural 
differentiation of human NT2/D1 cells as a model system, we found that these CpG 
islands are hypomethylated both in uninduced cells and during first 7 days of 
differentiation. Furthermore, by employing ChIP, we have demonstrated that SOX3 
promoter is marked both by active H3K4me3 and repressive H3K27me3 modifications 
in uninduced NT2/D1 cells, with switch in these marks during the first 7 days of neural 
differentiation of NT2/D1 cells. Present data suggest that SOX3 gene promoter is 
bivalent and is not regulated by DNA methylation, but by histone modifications. 
Considering the importance of SOX3 gene in neural development, these results 
contribute to better understanding of mechanisms underlying the human neural 
differentiation. 
 
Keywords: SOX3, DNA methylation, histones, NT2/D1 
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Inherited thrombophilia in women as a cause of unexplained 

infertility, fetal loss and unsuccessful in vitro fertilization 
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To assess the influence of inherited thrombophilia in women with unexplained 
infertility, unsuccessful in vitro fertilization (IVF) or fetal loss (FL). 
101 female patients with primary and secondary infertility, unsuccessful IVF or FL, in 
which acquired thrombophilia was ruled out, as well as 76 fertile women, were 
genotyped for thrombophilia associated mutations using TaqMan assays for Factor V 
1691G>A, Factor II 20210G>A, ATIII 786G>A, MTHFR 677C>T and 1298A>C, PAI-1 
4G/5G and melting curve analysis for VEGF-A: C+405G, 2578C>A and 936C>T. 
For both MTHFR polymorphisms we found significant difference between study and 
control group. Although occurence of other polymorphisms wasn’t different between 
study groups, multiple mutations were twice as frequent in patients compared to 
controls (78.21% vs. 39.47%). 
Joint influence of mutation at different loci could cause the infertility and pregnancy 
complications, suggesting the need for defining algorithm for risk assessment. 
 
Keywords: inherited thrombophilia, infertility, fetal loss, in vitro fertilization  
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Pericentric inversion of chromosome 9 in infertile couples 
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The aim of the study was to find out whether there is any difference in the frequency 
of pericentric inversion of chromosome 9 in patients with infertility comparing to 
fertile population. We compared frequencies of pericentric inversion of chromosome 
9 (p11;q12)/(p11;q13) in karyotypes of 280 infertile couples (560 individuals) and 
1478 fetuses from spontaneous pregnancies. Fetal karyotypes from a cord blood 
samples made a control group as they were considered to be a sample of fertile 
population. In the group of infertile couples, from 560 individuals, pericentric 
inversion of chromosome 9 was found in 10 cases (1,8%). From 1478 analyzed fetal 
karyotypes in 23 (1,6%) was found pericentric inversion of chromosome 9. Statistical 
analysis showed there is no statistically significant differences between those two 
groups (χ² = 0,38 < χ² (1and 0,05) = 3,841). Despite many reports indicating that 
pericentric inversion of chromosome 9 may lead to several clinical conditions 
including infertility, our findings showed this structural aberration has no significant 
impact on fertility. 
 
Keywords: pericentric inversion, chromosome 9, infertility 
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The aim of this study was to examine if there is an association between -786T>C and 
894G>T genetic variants in endothelial nitric oxide synthase 3 gene and male 
infertility in Serbian population. Seventy men with idiopathic infertility and 100 fertile 
men were enrolled in this study. Genotypes for genetic variants were determined by 
RFLP analysis. Differences in -786T>C and 894G>T genotype distributions among study 
groups were not found to be statistically significant (P=0.89 and P=0.73, respectively). 
According to our results, these two genetic variants in NOS3 gene are not associated 
with male infertility in Serbian population. 
 
Keywords: male infertility, association study, NOS3 gene, genetic variants 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/23236559
http://www.ncbi.nlm.nih.gov/pubmed/23236559


 
Medical Genetics 

 

125 



 
Genetic Toxicology: From Cell to Ecosystem 

 

 

III 



 
Genetic Toxicology: From Cell to Ecosystem 

127 

 
 

GENETIC TOXICOLOGY: 

FROM CELL TO ECOSYSTEM 



 
Genetic Toxicology: From Cell to Ecosystem 

 

III-01 Talk 

 
Evaluation of genotoxicity of triiodothyronine in prokaryotic and 

eukaryotic test-systems 
 
 

Jasna BOŠNJAK1, Milena RADAKOVIĆ1, Ninoslav DJELIĆ1, Uroš GLAVINIĆ1, 
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The hormone of thyroid gland triiodothyronine (T3) is hypothesized to be mutagenic 
promoter of carcinogenesis through its ability to induce oxidative stress by increasing 
metabolic rate, calorigenesis and aerobic metabolism. For the first time, wide range 
of T3 hormone (concentrations 5 – 500 μM) were investigated by using TA100 strain 
of Salmonella in standard Ames test, with and without metabolic activation by S9 
fraction. Additionally, genotoxicity of T3 was tested on human lymphocytes 
(concentration range 1.5 -200 μM) using the alkaline version of comet assay (single 
cell gel electrophoresis). Results showed that T3 hormone does not have ability to 
induce reverse gene mutations in bacterial system. On the other hand, genotoxic 
response in eukaryotic system was dose-dependent and significant DNA damage 
occurred at concentrations above 15 μM of T3. The obtained results showed that T3 
could not induce DNA damage in prokaryotic cells, or the damage has been repaired. 
In contrast, T3 stimulated mitochondrial production of ROS in eukaryotic cells capable 
to induce DNA damage. In co-treatment with T3 and catalase, the level of DNA 
damage was significantly reduced, thereby indirectly confirming relevance of ROS in 
the genotoxic effects of T3. 
 
Keywords: triiodothyronine, Ames test, DNA damage, Comet assay 
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Opposite effect of camphor, eucalyptol and thujone on DNA repair 

and mutagenesis: a question of dose 
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Genotoxic/antigenotoxic effect of monoterpenes camphor (C), eucalyptol (E) and 
thujone (T) were studied in different DNA repair mutants of E. coli K12. Application of 
low doses induced antimutagenic effect against UV and 4NQO in repair proficient 
bacteria which was lost with nucleotide excision repair (NER) deficiency. However, 
low doses of monoterpenes increased SOS induction and intrachromosomal 
recombination following UV, indicating their genotoxicity. Additional evidence of 
genotoxicity included: (1) decreased antimutagenic effect with increased 
concentrations; (2) co-mutagenic response in NER deficient cells; (3) mutagenic 
response to high doses in mismatch repair (MMR) deficient strain; (4) decreased 
survival of DNA repair mutants in the presence of monoterpenes. In comet assay on 
Vero cells we confirmed the antigenotoxic effect of  low doses and genotoxic effect of 
high doses. We propose that by making small amounts of DNA lesions low 
concentrations of monoterpenes stimulate error-free DNA repair and reduce 
genotoxicity, while high concentrations are genotoxic. This hypothesis explains 
contradictory data concerning genotoxicity/antigenotoxicity of C, E and T. 
 
Keywords: monoterpenes, E. coli K12, DNA repair, genotoxicity, antigenotoxicity 
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Galanthus intraspecific diversity monitoring by pollen grain 

deformation assay 
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Cytomorphologic diversification within the snowdrop (Galanthus nivalis L.) was 
established on the basis of currently available collection of diverse features of single 
varieties, and pollen grain deformation (PGD) assay for differing ploidal plants. 
Specimens from their habitats for years were collected at various localities in 
Slovenia, and transferred to the Botanic Garden Ljubljana to survey the distinct 
variants. In PGD assay, empty pollen grains, size and shape deformations were scored 
in 40 plants. Compared to normal forms, the PGD results indicate a certain 
ploidization in the majority of tall plants with large flowers found at high altitudes. It 
appears that size characteristics as to intraspecific genomic change supply a rapid 
adaptation possibility to extreme biotope growth conditions. But in other plants from 
somehow disturbed environments, sterile pollen frequencies indicate that genotoxic 
pollution impact could not be excluded. Hence PGD assay has a wide open application 
for both, horticulture as a diagnostic tool in novel ecotype utilization, and nature 
conservation in particular, for long-term in situ monitoring of viable natural 
populations and environmental health. 
 
Keywords: Snowdrop, local populations, natural varieties collection, pollen grain 
cytogenetics, bioassays 
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Assessment of genotoxic pollution of the Danube River 
with comet assay in different tissues 

of common bream (Abramis brama L. 1758) 
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The aim of this study was to assess the genotoxic potential of Danube River at the site 
Višnjica (downstream Belgrade) on monthly basis over year 2014 in tissues of 
common bream (A. brama). The level of DNA damage in the three tissues, blood, gills 
and liver was measured by comet assay as one of the major tools for assessing 
pollution related genotoxicity in aquatic organisms. Images of scored nucleoids were 
analyzed using software (Comet Assay IV). Significant differences in the level of DNA 
damage were observed in different tissues. For all three tissues, levels of DNA 
damage were higher comparing to data obtained in our previous research on 
Cyprinidae family from unpolluted site Special Nature Reserve “Uvac”. These results 
indicate the presence of genotoxic pollution at the site Višnjica. The samples of 
tissues were also collected for histopatology and heavy metals analyses which will 
provide further insight in the origin and fate of the detected genotoxic influence. 
Physical and chemical parameters and microbiological quality of water assessed each 
month are in correlation with comet assay results. 
 
Keywords: comet assay, Abramis brama, genotoxicity, the Danube River 
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Impact of in vivo and in vitro exposure to selected cytostatics on 

DNA demage in haemocytes of freshwater mussels Unio pictorum 
and Unio tumidus 
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The impact of 5-Fluorouracil (5-FU), Cisplatin (CP) and Etoposide (Eto) on DNA 
damage level was studied in vivo and in vitro on haemocytes of freshwater mussels 
Unio pictorum and U. tumidus using alkaline comet assay. For in vitro treatment, two 
different approaches were applied: i) isolated haemocytes were treated for 30 min in 
physiological solution, ii) primary culture of haemocytes was treated for 22h. For in 
vivo experiment, mussels were exposed in static system for 72h. CdCl2 was used as 
positive control. The level of DNA damage was analyzed by Comet Assay IV software. 
CdCl2 induced significant increase in DNA damage in vitro and in vivo. Increase of 
damage was also detected with Eto in vivo and in primary cultures of haemocytes (in 
vitro). For 5–FU, the significant increase of DNA damage was detected only in vivo, 
while CP did not induced increase of DNA damage in vivo or in vitro. Lack of genotoxic 
effects of cytostatics in isolated haemocytes can be attributed to short period of 
exposure (30 min), while the lack of the effects of 5-FU and CP in primary cultures can 
be assigned to the mechanisms of action of these drugs. 
 
Keywords: cytostatics, genotoxicity, comet assay, freshwater mussels 
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Genotoxicity evaluation of the Sava river using comet assay on 

silver bream (Abramis bjoerkna L. 1758) 
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The aim of this study was to evaluate genotoxic potential of the Sava River during 
2014, at site Duboko in the Belgrade region, which is under the impact of agricultural, 
urban and industrial activities. DNA damage was determined by alkaline comet assay 
in different tissues of silver bream (A.bjoerkna L. 1758). To obtain basic level of DNA 
damage, some specimens were subjected to acclimation for 20 days. The level of DNA 
damage in tissues of silver bream after acclimation correlated with the damage 
detected in populations of species from Cyprinidae family from unpolluted control 
site in Special Nature Reserve “Uvac”.  Higher level of DNA damage in tissues of silver 
bream from the site Duboko comparing to data obtained after acclimation indicated 
the presence of genotoxic pollution. Physical and chemical parameters and 
microbiological quality of water were in correlation with comet assay. Tissue samples 
were also collected for histopathology and heavy metals analyses which will provide 
further insight in the origin and fate of detected genotoxic influence. 
 
Keywords: comet assay, Abramis bjoerkna, genotoxicity, the Sava River 
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Detection of genotoxisity in situ in fresh water worm Branchiura 

sowerbyi Beddard, 1892 (Oligocheta: Tubificidae) with comet assay 
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This study is the first report of application of comet assay for in situ detection of 
genotoxicity on Branchiura sowerbyi, a freshwater worm commonly found in organic-
rich sediment. This species has detritivorous way of feeding, sediment burrowing way 
of life characterized by low mobility which makes these organisms easily affected by 
the presence of xenobiotics in aquatic environment. Sampling was done monthly 
during 2014 on two sites, one on the Sava River (Duboko) and one on the Danube 
River (Višnjica). Images of 200 nuclei for each sampling were analyzed with a 
fluorescence microscope and scored with software (Comet Assay IV). Specimens from 
the site Duboko were characterized by higher DNA damage in comparison with 
Višnjica. Significant correlation was observed with DNA damage in specimens of fish 
and mussels collected in parallel at the selected sites. Physical, chemical parameters 
and microbiological quality of water assessed each month are in good correlation with 
comet assay. According to our results, B. sowerbyi could be used for in situ detection 
of genotoxicity. 
 
Keywords: comet assay, Branchiura sowerbyi, genotoxicity, the Danube River, the 
Sava River 
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Tulathromycin is a new semisintetic member of the triamilide subclass of macrolide 
antibiotic, labelled for the treatment of respiratory diseases in cattle and swine. 
Although the results of the genetic toxicology studies indicates that tulathromycin is 
not genotoxic, to our knowladge it has not be tested in the Comet test. Therefore, the 
objective of this study was to examine whether tulathromycin can induce primary 
DNA damage in isolated rat lymphocytes using in vitro Comet assay. Lymphocytes of 
rats were treated with a broad spectrum of tulathromycin concentrations (from 1 to 
100 µM) and we found that concentration of 50 and 100 µM induce significant DNA 
damage.  Three concentrations (5, 20 and 50 µM) with acceptable cell viability (over 
80%) were further tested with inhibitors of DNA repair (cytosine arabinoside and 
hydroxyurea). There is no significant change in the DNA damage level compared to 
cells without DNA repair inhibitors. The results of this study indicate that 
tulathromycin induce genotoxic effect at the highest concentrations, while the 
sensitivity of the Comet assay is not increased with inhibitors of DNA repair. 
 
Keywords: tulathromycin, lymphocyte, rat, DNA damage, Comet assay 
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Aleksandrovac in Serbia 
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The cyanobacterium Cylindrospermopsis raciborskii (Woloszynska) Seenayya and 
Subba Raju has become a major concern due to its ability to produce a carcinogenic 
cyanotoxin cylindrospermopsin that can affect the health of humans and animals. The 
present study was aimed to evaluate the in vivo genotoxic effect of the C. raciborskii 
methanol extract following a single intraperitoneal dose of 1.5, 3.0, 6.0 or 12.0 mg/kg 
body weight in liver and kidneys of albino Wistar rats using the comet assay. 
Cylindrospermopsin-containing extract caused a statistically significant rise in DNA 
damage, observed as an increase in comet tail length, tail moment and percentage of 
DNA in the tail 24 h after extract administration which increased further after 72 h. 
The highest levels of selected comet assay parameters were detected in the liver 72 h 
after extract administration. This study constitutes the first report of genotoxic effect 
of C. raciborskii isolated from lake Aleksandrovac and draws attention to our need for 
increased monitoring of this cyanobacterium in water used for drinking and 
recreational purposes. 
 
Keywords: Genotoxicity; Cylindrospermopsis raciborskii; Aleksandrovac Lake; comet 
assay 
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Genotoxic effect of (E)-3-(1-(2-aminoethylamino)ethylidene) 

chroman-2,4-dione (2a) and (3E,3'E)-3,3'-(1,1'-(ethane-1,2-diylbis 
(azanediyl))bis(ethan-1-yl-1-ylidene))dichroman-2,4-dione (2f) 

exerted through the oral route 
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The alkaline comet assay was conducted on liver, kidneys and bone marrow cells of 
the male Wistar rats treated orally for one week with 20 mg/kg body weight of 
compounds (E)-3-(1-(2-aminoethylamino)ethylidene)chroman-2,4-dione (2a) and 
(3E,3'E)-3,3'-(1,1'-(ethane-1,2-diylbis(azanediyl))bis(ethan-1-yl-1-ylidene))dichroman-
2,4-dione (2f). Treatment with the 300 mg/kg body weight of ethyl methanesulfonate 
(EMS) induced remarkable DNA damage in all of the tissues examined, quantified by 
the mean total score levels as follows: liver 65.6, kidneys 45.9 and bone marrow 39.5. 
Compound 2f did not significantly increase the levels of DNA damage in kidneys and 
bone marrow. Also, no increase in DNA damage was detected in bone marrow cells of 
2a-treated rats. Under the conditions used in this study, liver DNA was insignificantly 
deteriorated by 2a and 2f. Hence, the total score of compounds was similar to the 
negative control group and with a significant low value in relation to the group 
treated with the mutagen EMS that have demonstrated high levels of DNA damage. 
 
Keywords: genotoxic effect, comet assay, oral route, DNА damage 
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frequency of micronuclei in AO rats 
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Cadmium (Cd) is one of the most toxic industrial and environmental metals which 
may cause severe genotoxic effects. The aim of the work was an evaluation of 
genotoxic effects of CdCl2 in genetically pure Albino Oxford (AO) rats, depending on 
sex, age and dosage. Experimental animals were treated intraperitoneally with three 
different concentrations of CdCl2: 0.5, 1, and 2 mg/kg of CdCl2, while the control 
animals received equal volume of sterile phosphate buffered saline. The individuals of 
both sexes were treated at the age of 3, 6 and 12 month. Frequency of micronuclei 
formation was evaluated in polychromatic erythrocytes (PCEs), 24h hours after the 
treatment. The results showed that CdCl2 caused a dose-dependent increase of 
micronucleus frequency. The most significant differences were found between ages of  
3/12 and 6/12 months at 0.5 and 1.0 mg CdCl2 concentrations. Sex differences were 
detected only in 12 months old rats treated with 0.5 and 1 mg/kg of CdCl2.  
 
Keywords: cadmium chloride, sex differences, rats 
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We evaluate genotoxic potentials of Teucrium chamaedrys and Teucrium montanum 
the most used species in herbal medicine, on cultured peripheral lymphocytes using 
cytokinesis-block micronucleus assay. Cultures were treated with 125, 250, 500 and 
1000 µg/ml concentrations of plants methanol extracts separately and in 
combination with mitomycin C (MMC). The T. chamaedrys did not significantly affect 
micronuclei frequency (MN) and nuclear division index (NDI), and the T. montanum 
affected significantly MN in the highest tested concentration (p < 0.01) while NDI no 
significantly affected in all tested concentrations.  In combined treatment both plants 
decreased MMC-induced MN, but significantly for T. chamaedris in all tested 
concentrations (p < 0.001) and for T. montanum only in the lowest tested (p < 0.05).  
Both plants reduced MMC-induced NDI but significantly for T. chamaedris in highest 
tested and for T. montanum in all tested concentrations. Our results suggest the safe 
use of Teucrium chamaedrys, especially in the prevention of genome instability in 
peripheral lymphocytes, combining it with chemotherapeutic agent. 
 
Keywords: micronucleus, nuclear division index, human lymphocytes, Teucrium 
chamaedrys, Teucrium montanum 
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chroman-2,4-diones and 4-hydroxy-3-(1-iminoethyl)-2H-chromen-
2-ones 

 
 

Nevena STANKOVIĆ1, Milan MLADENOVIĆ1, Sanja MATIĆ2, Snežana STANIĆ2, Jelena 
KATANIĆ1, Vladimir MIHAILOVIĆ1 and Tatjana BOROJA1 

 
1Department of Chemistry, Faculty of Science, University of Kragujevac, Serbia 

2Department of Biology and Ecology, Faculty of Science, University of Kragujevac, Serbia 
 
 

Eight selected compounds, namely (E)-3-(1-(2-aminoethylamino)ethylidene)chroman-
2,4-dione (2a), (E)-3-(1-(2-hydroxyethylamino)ethylidene)chroman-2,4-dione (2b), (E)-
3-(1-(2-mercaptoethylamino)ethylidene)chroman-2,4-dione (2c), (E)-3-(1-(2-
(methylamino)ethylamino)ethylidene)chroman-2,4-dione (2d), (3E,3'E)-3,3'-(1,1'-
(propane-1,3-diylbis(azanediyl))bis(ethan-1-yl-ylidene))dichroman-2,4-dione (2e), 
(3E,3'E)-3,3'-(1,1’-(ethane-1,2-diylbis(azanediyl))bis(ethan-1-yl-1-ylidene))dichroman-
2,4-dione (2f), N-[(1E)-1-(4-hydroxy-2-oxo-2H-chromen-3-yl)ethylidene] 
aminosulfonamide (2g), and 4-Hydroxy-3-[(1E)-1-({[(1E)-1-(4-hydroxy-2-oxo-2H-
chromen-3-yl)ethylidene]sulfamoyl}imino)ethyl]-2H-chromen-2-one (2h), in 
concentration of 2 mg/kg of body weight were tested regarding the capacity to induce 
genotoxic effects in rat liver using the alkaline comet assay. A significant difference in 
the frequency of DNA damage was observed by the comparison of groups treated 
with 2c, 2d, 2e, 2g, and 2h and the negative control, indicating a genotoxic effect, 
while compounds 2a, 2b, and 2f did not caused any significant difference compared 
to the control group. 
 
Keywords: genotoxicity, comet assay, DNA damage 
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In vivo antigenotoxic role of three selected 3-(1-aminoethylidene) 
chroman-2,4-diones and 4-hydroxy-3-(1-iminoethyl)-2H-chromen-

2-ones on EMS-induced DNA damage in rat liver and kidneys 
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Antigenotoxic effect of three selected compounds, namely (E)-3-(1-(2-
aminoethylamino)ethylidene)chroman-2,4-dione (2a), (E)-3-(1-(2-hydroxyethylamino) 
ethylidene)chroman-2,4-dione (2b), (3E,3’E)-3,3’-(1,1’-(ethane-1,2-diylbis(azanediyl)) 
bis(ethan-1-yl-1-ylidene))dichroman-2,4-dione (2f), in concentration of 2 mg/kg of 
body weight was tested against ethyl methanesulfonate-induced DNA damage using 
the comet assay. Ethyl methanesulfonate (EMS) in concentration of 300 mg/kg body 
weight induced a marked increase in comet scores in rat liver and kidneys compared 
with the negative control. Pre-treatment with compounds 2a, 2b, and 2f resulted in a 
significant reduction of DNA damage in liver (64.5, 83.9, and 77.2%, respectively) 
when compared to treatment with EMS alone. The frequency of DNA damage in 
kidneys reduced by 68.1% after the treatment with the compound 2a, while the 
reduction in DNA damage with the pre-treatment with 2b and  2f was 89.5% and 
82.6%, respectively. 
 
Keywords: antigenotoxicity, ethyl methanesulfonate, comet assay, DNA damage 
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DOLE protects leucocytes from hormone-induced DNA damage 

in vitro 
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Both hormones thyroxin and adrenaline increase endogenous formation of reactive 
oxygen species (ROS), leading to oxidative stress and DNA damage. Dry olive leaf 
extract (DOLE) is plant product known to modulate effects of oxidants in human cells. 
Aim of our study was to evaluate ability of commercial DOLE to protect nuclear DNA 
from oxidative damage induced by different oxidants and to compare level of 
protective effect by using comet assay. Peripheral blood leukocytes were treated in 
vitro with DOLE under two protocols. First group of samples was exposed to oxidant 
and afterwards with three concentrations of DOLE (0,125, 0,5 and 1 mg/ml). Second 
group was pretreated with DOLE under same conditions, followed by the 
administration of oxidant. Effect of the extract with adrenaline treatment was most 
beneficial at smallest concentrations (0,125 mg/ml), while in treatment with thyroxin 
DOLE was most effective at 1 mg/ml in pretreatment and at 0.5 mg/ml in post-
treatment. DOLEs protective effect was noticeable under both protocols compared to 
only oxidant exposed controls. Using the comet assay methodology, we were able to 
detect antioxidant and genoprotective properties of DOLE. 
 
Keywords: DOLE, thyroxin, adrenaline, comet assay 
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Antigenotoxic activities of essential oils of Seseli rigidum 

Waldst.&Kit. (Apiaceae) in periperal human leukocytes against DNA 
damage induced by H2O2 
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The essential oils of genus Seseli L. are known for their beneficial biological activities 
and represent novel targets in development of safe and effective formulations from 
plant products. However, the data on mechanism of action and genotoxicological 
safety are still lacking. The objective of this work was to test essential oils of different 
parts of Seseli rigidum for potential genotoxicity in human leukocytes by using comet 
assay. Also, we evaluated a protective quality of different concentrations of the oils in 
attenuation of hydrogen peroxide induced DNA damage, as well the existence of dose 
dependency. The results showed that all administered concentrations of essential oils 
from root, fruit and aerial parts of plant did not produce genotoxic effect. When 
antigenotoxic potential was tested, the essential oils of all parts of the plant 
significantly (P<0.05) attenuated DNA damage induced by H2O2. The oils from aerial 
parts and fruit of the plant were effective in all concentrations, while root essential oil 
significantly reduced DNA fragmentation only at the lowest concentration (12.5 
µg/mL). The protective effect was dose dependent for all tested oils. In conclusion, 
the results demonstrated antigenotoxic properties of Seseli rigidum essential oils and 
revealed appropriate and safe doses with beneficial effects under described 
conditions. 
 
Keywords: essential oils, oxidative stress, DNA damage, comet assay 
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Genotoxic and cytotoxic effect of camphor, eucalyptol and thujone 

in repair proficient and mismatch deficient eukaryotic cells 
 
 

Biljana NIKOLIĆ, Dragana MITIĆ-ĆULAFIĆ, Branka VUKOVIĆ-GAČIĆ and  
Jelena KNEŽEVIĆ-VUKČEVIĆ 
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Genotoxic and cytotoxic effect of plant monoterpenes camphor (C), eucalyptol (E) and 
thujone (T) was tested and compared in repair proficient human fetal lung fibroblasts 
(MRC-5) and mismatch repair (MMR) deficient colorectal carcinoma cell line 
(HCT116). The results obtained in comet assay showed that genotoxic effect was 
weak in MRC-5, and considerably stronger in HCT116 cells. We also noted that the 
baseline level of DNA damage was significantly higher in HCT116 cells. Additionally, 
HCT116 cells were more sensitive to cytotoxic effect of monoterpenes in MTT assay. 
The obtained IC50 values were approximately 10 mM and 5 mM for C, 10 mM and 3.5 
mM for E, and 3 mM and 0.75 mM for T, in MRC-5 and HCT116 cells, respectively. 
Furthermore, the rate of proliferation in the presence of monoterpenes was 
significantly lower for HCT-116 cells than for MRC-5 cells. Our results emphasize the 
importance of MMR for prevention of DNA lesions induced by C, E and T, and may 
indicate higher sensitivity of cancers with MMR deficiency to monoterpenes. 
 
Keywords: monoterpenes, genotoxicity, mismatch repair, human fetal lung 
fibroblasts, colorectal carcinoma cell line 
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Antigenotoxic effect of Allium flavum L. and Allium paniculatum L. 

extracts 
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Extensive literature data suggest the involvement of oxidative damage in the etiology 
of many degenerative disorders and different human cancers. A wide variety of plants 
have been identified to possess some antioxidative potential including Allium flavum 
and Allium paniculatum. The aim of this work was to examine their protective 
capacity toward oxidative DNA damage in human fetal lung fibroblasts (MRC-5 cells). 
The cells were (1) co-treated with potent oxidative mutagen t-BOOH and each extract; 
(2) pretreated with extract prior to mutagen-extract co-treatment. The DNA damage 
was monitored using comet assay. The Allium extracts inhibited t-BOOH-induced 
genotoxicity in both experimental designs but protection was increased with 
pretreatment of cells with extracts, indicating possible stimulation of cellular 
antioxidative defense. Therefore, the antioxidative enzymes superoxide dismutase 
(SOD) and catalase (CAT) activities were monitored. Obtained results indicated the 
increase of SOD and CAT activities with both extracts, but stronger effect was 
obtained with A. flavum extract. 
 
Keywords: Allium flavum, Allium paniculatum, oxidative DNA damage, 
antigenotoxicity, human fetal lung fibroblasts 
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Allium carinatum L. extracts against oxidative DNA damage 
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Previous study indicated significant antioxidative potential of methanol extracts of 
Allium rhodopeum and A. carinatum indicating their possible protective effects 
against oxidative DNA damage. The aim of this study was to evaluate their 
antigenotoxic activity against oxidative mutagen t-BOOH in comet assay on human 
fetal lung fibroblasts (MRC-5 cells). We applied two experimental approaches: (1) 
mutagen-extract co-treatment to monitor reactive oxygen species scavenging effect, 
and (2) pre-treatment of cells with extracts prior to mutagen-extract co-treatment, to 
monitor additional influence of extracts on cell mediated antioxidative defense. 
Extract of A. rhodopeum decreased comet assay parameters in both procedures, but 
stronger protection was obtained with pre-treatment of cells (35% and 71% inhibition 
in co-treatment and pre+co-treatment, respectively). A. carinatum extract showed 
antigenotoxic activity only in the pre+co-treatment procedure (79% of inhibition). 
Obtained results indicate protective effect of Allium extracts based on stimulation of 
cellular antioxidative defense and additional scavenging effect of A. rhodopeum 
extract.  
 
Keywords: Allium rhodopeum, Allium carinatum, oxidative DNA damage, 
antigenotoxicity, human fetal lung fibroblasts 
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Evaluation of antigenotoxic potential of Agaricus blazei extract 
against thymol in the Comet assay 
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The aim of the present investigation was to evaluate the possible protective activity of 
Agaricus blazei extract against thymol-induced DNA damage in human lymphocytes. 
DNA damage was evaluated using the in vitro Comet assay on human peripheral 
blood lymphocytes. Firstly, we evaluated A. blazei extract and thymol separetely in 
broad spectrum of concentrations. Thymol significantly increased DNA damage in 
human lymphocytes at higher concentrations (20, 50, 100, 150 and 200 µg/mL) while 
A. blazei extract showed no genotoxic activity in the Comet assay. The antigenotoxic 
effect of A. blazei extract were tested in human lymphocytes in concomitant 
treatmant with thymol (200 µg/mL). However, the DNA damaging effects caused by 
thymol are not reduced by A. blazei extract. We also examined whether thymol 
induces DNA damage via reactive oxygen species. For this purpose, we perfomed co-
treatment with quercetin (100 and 500 μM). The obtained results showed that 
quercetin significantly reduced DNA damage caused by thymol (200 µg/mL), 
indicating the possible involvement of reactive oxygen species in DNA damaging 
effects of thymol. 
 
Keywords: Thymol, Agaricus blazei, quercetin, human lymphocytes, Comet assay 
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Antigenotoxic properties of Cordyceps sinensis extract in human 
peripheral blood leucocytes against hydrogen-peroxide induced 

DNA damage 
 
 

Jovana VASILJEVIĆ1, Lada ŽIVKOVIĆ1, Andrea ČABARKAPA1, Vladan BAJIĆ2 and 
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Cordyceps sinensis has long been used in traditional Chinese medicine as a dietary 
supplement to treat different health conditions. The present study was carried out to 
investigate the genotoxic and antigenotoxic properties of Cordyceps sinensis extract in 
human peripheral blood leucocytes by Comet assay in vitro. Genotoxicity of the 

extract was estimated at four concentrations (125, 250, 500 and 1000g/ml). 
Following that, antioxidant properties were evaluated by determining the ability to 
reduce hydrogen-peroxide induced DNA damage under two treatments, pretreatment 
and posttreatment. According to the results, the extract displayed no genotoxicity at 
all tested concentrations. As for the antigenotoxic ability, in the pretreatment, only 

the maximum concentration of 1000g/ml significantly attenuated hydrogen-
peroxide induced DNA damage (p<0.05). In the posttreatment, all four concentrations 
were effective and significantly decreased the number of damaged cells (p<0.05), but 
no concentration dependant response was observed. Antigenotoxic properties and 
health protective doses of Cordyceps sinensis extract were demonstrated, suggesting 
its use as a safe source of biologically active compounds with potential for protecting 
cellular DNA from oxidative damage. 
 
Keywords: Cordyceps sinensis, genotoxic, antigenotoxic, DNA damage, comet assay 
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Molecular mechanisms involved in health promoting potential 

of lactic acid bacteria 
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Lactic acid bacteria (LAB) express the positive effect on human health through various 
mechanisms: competition with pathogenic bacteria for nutrients and binding to the 
gut epithelium, inactivation of the toxins and metabolites produced by pathogens, 
production of antimicrobial substances, modulation of the immune response, or 
anticancer action. The aim of our research was the characterization of genes 
responsible for synthesis of bioactive compounds produced by LAB and deciphering 
their effect on human health. The obtained results showed that probiotic properties 
of natural LAB isolates are associated with genes involved in synthesis of specific 
bacterial cell surface molecules (exopolysaccharides, aggregation proteins, mucin 
binding proteins, proteinases, S-layer proteins, etc.), or bioactive molecules 
(bacteriocins, bioactive peptides, butyric acid). In addition, the cell-surface proteins 
and bioactive substances are shown to be involved in immunomodulation, reduction 
of the cholesterol, triglycerides and blood sugar. Detailed molecular mechanisms by 
which the bioactive compounds participate in health promoting potential of LAB 
isolates are subject of our current work. 
 
Keywords: lactic acid bacteria, health-promoting properties, cell-surface proteins, 
bioactive molecules 
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Although current utilization of faba bean (Vicia faba L.), a grain crop legume used for 
food and feed, is mainly localized in eastern and northern Africa and western Asia, it 
was nevertheless recognized by food and agriculture authorities as one of the eight 
priority grain legumes that may be used for reducing poverty, hunger and 
malnutrition of the mankind. In the forthcoming decade, global efforts will be 
directed to improve the performance of these grain legumes in households, on farms, 
in markets. Renewed interest in faba bean breeding and cultivation strengthens the 
demand for increasing phenotyping/genotyping efforts in this crop as well as for 
detecting novel genotypes that can be used for breeding. We used six genomic 
microsatellites (SSRs) and mitochondrial sequences to assess levels of genetic 
diversity and genetic differentiation of 12 Balkan’s local faba bean landraces which 
represent a novel and untapped portion of the faba bean gene pool, and to infer their 
relations with landraces grown worldwide. 
 
Keywords: Vicia faba, the Balkans, genomic microsatellites, genetic diversity, genetic 
structuring 
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In this study phenolic compounds (including their subcategories, phenolic acids and 
flavonoids) and carotenoids were determined in colored maize and soybean 
genotypes. Considerable differences in phytochemical contents and antioxidant 
capacity were observed between the maize genotypes. The maize kernels having red 
and blue colors were found to contain a wide concentration range of total 
anthocyanins from 2.50 to 696.07 mg CGE/kg. Dark red maize had the highest 
concentration of total anthocyanins followed by dark blue and light blue. Cyanidin 3-
glucoside (Cy-3-Glu) was found as the most dominant form of anthocyanins in these 
maize kernels and amounted 547.49, 312.43 and 308.24 mg/kg, respectively. The sum 
of free and bound daidzein and genistein was the highest in high-protein flour from 
yellow soybeans (on average 515.63 μg/g), while in the black high-protein soybean 
flours amounted 192.97 μg/g. The results suggest that the colored maize and soybean 
would potentially provide sources of natural antioxidants that may play a crucial role 
in the prevention of oxidation-related diseases. 
 
Keywords: Maize, soybean, anthocyanins, isoflavones, carotenoids, antioxidant 
capacity 
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The aim of this study was to investigate phenolic profile and antimicrobial activity of 
Meripilus giganteus Karst. methanolic extract, as well as to test its cytotoxic effect on 
HeLa cancer cell line and to determine cellular targets involved in cytotoxic action of 
the extract. Three phenolic compounds were identified in the M. giganteus 
methanolic extract: p-coumaric, p-hydroxybenzoic and cinnamic acids. Regarding 
antibacterial and antifungal activity, Staphyloccocus aureus and Aspergillus versicolor 
were the most sensitive species. Cells treated with IC50 and IC80 concentrations of M. 
giganteus extract exhibited typical features of apoptosis such as nuclear 
condensation, fragmentation and formation of apoptotic bodies. Treatment of HeLa 
cells with the extract caused an increase in p53 and Bax protein levels and apoptosis-
specific cleavage of PARP-1. Furthermore, an increase in SOX1 protein level was 
observed upon treatment with the extract. Our data points to p53-dependent 
apoptosis as a mechanism responsible for inhibition of cell growth by M. giganteus. 
Additionally, antitumor effect of M. giganteus extract might be mediated by 
upregulation of SOX1 tumor suppressor gene. 
 
Keywords: Meripilus giganteus Karst., HeLa cells, p53, apoptosis, SOX1 
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in celiac disease 
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The differences between bread and durum wheat can be attributed largely to their 
gluten protein properties. Despite from their key role in dough quality, gluten 
proteins can affect health in genetically susceptible individuals. Given that the casing 
agent of celiac disease resides mainly in the gliadin fraction, the concentration and 
composition of gliadin fraction were determined in five bread and durum wheat 
genotypes. 
There was a significant difference in the mean of gliadins between bread and durum 
wheat (23.26 vs. 33.28% of total proteins). The polypeptides with the Mw ranging 
between 31.4 and 41.70 kDa and between 44.10 and 50.80 kD belonged to α/β- and 
γ-subunits of gliadins, respectively, while ω-gliadins consisted of two to five 
polypeptides with the Mw of 65.65 to 76.20 kDa in bread wheat genotypes. On 
average the concentration of α/β- subunits of gliadin, the most immunogenic 
epitopes, was high and amounted 51.54 and 41.59% of total gliadin proteins in bread 
and durum wheat, respectively. The genotype Cimmyt 7879 with the lowest content 
of α/β-subunit of gliadin (39.33%) could be less “toxic” and vice versa the genotype 
87/I with the highest content of the subunit (59.12%). 
High variation in the content of gliadin subunits in different wheat genotypes, suggest 
various potential of antigenic activity which can affect the different level of 
immunoreactivity patients with celiac disease. 
 
Keywords: Bread and durum wheat, gliadin, gluten, celiac disease 
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The aim of this study was the deciphering of molecular mechanisms involved in health 
promoting potential of natural isolates of lactobacilli of dairy and human origin. Dairy 
natural isolates of lactobacilli, as well as the lactobacilli isolates from newborn faeces, 
which showed the ability to survive in the simulated gastrointestinal conditions were 
tested for BSH activity, the ability to reduce the cholesterol level, adhesion to human 
enterocyte-like Caco-2 cells and proliferation of gut-associated lymphoid tissue (GALT) 
cells. The results showed that among tested strains and derivatives Lactobacillus 
brevis BGHI5 and Lb. paracasei subsp. paracasei BGSJ2-83 had highest potential to 
reduce the cholesterol level in the presence of bile salts. The strain Lb. paracasei 
subsp. paracasei BGGR2-66-88 was highly adhesive to Caco-2 cells. In addition, all 
selected strains decreased the proliferation of GALT cells suggesting the possible 
immunomodulatory potential of the isolates. 
 
Keywords: lactobacilli, probiotics, cholesterol, Caco-2, GALT 
 
 
 



 

ROUND TABLE “Novel Food” 

159 



 
Adaptation to Changing Environments 

160 

IV 



 

 

 

ADAPTATION TO CHANGING 
ENVIRONMENTS 



 
Adaptation to Changing Environments 

162 

 



 
Adaptation to Changing Environments 

 

 

IV-01 Talk 

 
MtDNA haplotype variation is functional in Drosophila subobscura 
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The empirical experimental foundation for understanding of the evolutionary and 
biological significance of mito-nuclear epistasis in natural populations is very limited. 
The notion that selection commonly acts on extant mtDNA genotypes is still 
considered controversial. The present research employed Drosophila subobscura and 
promotes our understanding of the phenotypic effects of mito-nuclear epistasis. The 
aim of the research was to test the differences in metabolic rate of different 
conspecific mtDNA variants upon a same common nuclear DNA background and to 
test if disruption of mito-nuclear epistasis will be negatively correlated with metabolic 
efficiency. 
The results showed that haplotype affects whole organism metabolic rate among 
adult flies. Metabolic rate is higher in haplotype I compared to haplotype II and D. The 
differences are sex specific, where the effect of haplotype are stronger in females 
than in males. We find no effects of nuclear genetic background, or the epistatic 
interaction. The fact that haplotype affects this key life history trait as is metabolic 
rate in D. subobscura adds important weight to the view that mt haplotype variation 
is functional. 
 
Keywords: mtDNA, Drosophila subobscura, standard metabolic rate 
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in Drosophila subobscura 
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3Serbian Academy of Sciences and Arts, Belgrade, Serbia 
 
 

Can species adapt to global change? This question is critical for assessing how genetic 
diversity may change and at what long-term cost to the maintenance of population 
viability. While it is predicted that many populations are able to shift their geographic 
ranges to track global change, the question remains of the potential of populations to 
adapt to rapid change in their microhabitats. The aim of the present research is to 
understand the microevolutionary processes across natural populations and to detect 
the actual degree of local adaptation through the dynamic interaction between 
selective pressures and gene flow. The research consists of two levels: a) assessing 
genetic diversity of natural populations of Drosophila subobscura mtDNA variability 
and microsatellites, b) assessing the habitat diversity by defining the microclimatic 
conditions of each selected habitat across several environmental parameters. The 
results will improve the general knowledge of evolutionary mechanisms of adaptation 
and understanding of the relative roles of dispersal and selection in the processes of 
genetic differentiation through environmental space. Such studies have evident long-
term implications for designing conservation management. 
 
Keywords: local adaptation, population dynamics, population structure 
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Variability in leaf traits of Iris variegata genotypes in response to 

habitat light conditions 
 
 

Stevan AVRAMOV, Uroš ŽIVKOVIĆ, Danijela MILJKOVIĆ, Nataša BARIŠIĆ KLISARIĆ and 
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We compared leaf physiological and anatomical adjustment between Iris variegata L. 
genotypes growing in two different light habitats and tested differences between 
spring, summer and autumn vegetation seasons as well as between two successive 
years. The light conditions through out growing season markedly affected all aspects 
of plant anatomy and physiology. The repeated-measures model ANOVA revealed a 
statistically significant effect of year, habitat, genotype and period of vegetation 
season. The mean values of stomatal density were higher in plants growing in higher 
light habitat in both years, while all other traits had higher values in plants from 
shaded habitat. Patterns of changes during growing season were year-specific for 
almost all traits. 
 
Keywords: Iris, light habitat, physiology, anatomy, genotypes 
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Nutrition and fitness components of Drosophila melanogaster 
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Effects of long-term different nutrition on life history traits (developmental time, 
dynamics of eclosion and viability) in five strains of Drosophila melanogaster, 
maintained for 13 years on standard cornmeal medium, and banana, apple, tomato 
and carrot substrates, were tested. Further, changes in life history traits were 
observed after shifting flies reared on fruit and vegetable substrates to standard 
cornmeal medium for Drosophila, as a substrate which contains sugar and yeast. 
Ultimately, we tested life-history traits of flies maintained on carrot (evinced the 
fastest developmental time) after transferring to apple medium (evinced the slowest 
developmental time), and vice versa. Results are discussed in light of different 
protein-sugar ratio in substrates, suggesting larger impact of carbohydrates on 
developmental time, rather than on egg-to-adult viability. 
 
Keywords: Drosophila melanogaster, nutrition, fitness components 
 
 
 



 

Adaptation to Changing Environments 
 

167 

IV-05 Poster 

 
Effects of long-term nutritional variability on morphological traits in 

fruit fly, Drosophila melanogaster 
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In this work, five strains of Drosophila melanogaster, maintained for 13 years on 
standard cornmeal, banana, apple, tomato and carrot substrates, were used. Wing 
size and shape variation and number of sex comb bristles were analyzed: 1) in flies 
reared on their original substrate, 2) after shifting flies reared on fruit and vegetable 
substrates to standard cornmeal medium, and 3) in flies maintained on carrot after 
transferring to apple medium, and vice versa. Variation in wing size and shape, as well 
as in mean number of sex comb bristles depending of developmental nutritional 
environment, may reflect adaptability to different conditions. Results will be 
discussed in relation to type of changes in morphological characteristics caused by 
diet variability during development. 
 
Keywords: Drosophila melanogaster, nutrition, wing morphometry, sex combs 
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Winter wheat breeding in the light of global climate change 
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Bojan JOCKOVIĆ and Vladimir AĆIN 
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Global climate change is characterised by increased air temperatures, decreased and 
unfavourable precipitation distribution, and increased frequency and severity of 
extreme natural events. Decreased harvest index, increased lodging and decreased 
grain yields and quality have so far been observed in wheat. Aim of this paper was to 
determine the course of modifying breeding programs and production technologies 
to match climate changes. Wheat breeding must be intensified so as to increase 
photosynthetic efficiency and capacity of spike, decrease demand for sum of effective 
temperatures and susceptibility to high temperatures, increase water consumption 
efficiency, increase root suction force, introduce reduced height genes and new 
pathogen and insect resistance genes, change photoperiodic reaction and increase 
harvest index. Apart from genetic alterations, it is necessary to adjust production 
technology: adequate cultivar selection, optimum planting date and stand density, 
adequate irrigation water quantity and more efficient crop rotation and alternation. 
For more successful and cost-efficient crop production, better adaptation and 
acclimatization of new wheat cultivars to the expected climate changes is necessary. 
 
Keywords: adaptability, breeding, climate change, wheat 
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Detecting adaptive genetic variation in the wild based on the 

inversion polymorphism of Drosophila subobscura 
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One of the major challenges for landscape genetics is to address the spread of 
adaptive variation across landscapes and different habitat types. Drosophila 
subobscura is a wild forest species possessing a uniquely rich chromosomal inversion 
polymorphism already associated to a certain degree with the variation and dynamics 
of ecological factors. Populations of this species are genetically diverse, even on a 
small geographical scale. Furthermore, different chromosomal gene arrangements 
have been found to be differently favored in various microhabitats. By analyzing the 
inversion polymorphism of D. subobscura populations within two sets of four 
microhabitats on the mountain Goč in Central Serbia, we aimed to detect the strength 
of local adaptations and the relationship between this particular type of genetic 
polymorphism and the environmental conditions in different forest habitats. 
Microhabitats within the sets are similar in environmental conditions and habitat 
characteristics, but there are distinctions between the sets. The results of this study 
will provide the additional information about the adaptive character of inversion 
polymorphism, and help us answer questions about the evolutionary potential of the 
populations in the wild. 
 
Keywords: evolutionary processes, local adaptation, microhabitats 
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Landscape genetics and spatial pattern of phenotypic variation of 
Culex pipiens (Diptera, Culicidae) in Vojvodina Province (Serbia) 
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Population structure of pests is an important issue when designing management 
strategies to optimize control measures. In this study, we investigated a spatial 
pattern of genetic and phenotypic variation of seven urban and six rural populations 
of Culex pipiens from Vojvodina Province (Serbia) incorporating landscape genetic 
methods (using allozyme data) and wing size and shape (using geometric 
morphometric approach). Comparing rural samples, no strong genetic groupings of 
individuals were detected. Nevertheless, traditional approaches where individuals are 
pre-assigned to populations, including F statistics and AMOVA (analysis of molecular 
variance) revealed low, but significant genetic differentiation among samples. 
Similarly, phenotypic data (wing size and shape) indicated some level of heterogeneity 
among rural samples. Contrary to genetic homogeneity found among rural samples, 
the individual-based structuring characterized urban samples. Geneland revealed 
presence of two genetic clusters within urban group which is in concordance with Fst 
and AMOVA results. Furthermore, phenotypic differentiation supported the existence 
of spatial structuring. Therefore, complementary use of molecular markers and 
phenotypic traits may be a powerful tool for revealing hidden spatial diversity within 
Cx. pipiens. 
 
Keywords: Culex pipiens – gene flow – spatial genetic structure – phenotypic diversity 
– wing geometric morphometrics 
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Many species are experiencing environmental changes, including climate change and 
landscape alterations, posing a serious threat for their existence. Temperature is one 
of the most important variables with large influence on most biological processes. 
Additionally, temperature as environmental stress in combination with genomic 
stress, such as inbreeding and/or hybridization in situation of habitat fragmentation, 
act synergistically leading to significant decrease of fitness components and 
deterioration of population survival. Therefore, the consequences of temperature 
stress on population level should be studied in combination with genomic stress. In 
the present study were analyzed two morphometrical wing traits of Drosophila 
subobscura inbred lines, originating from two ecologically different habitats, reared 
16°C and 22°C temperatures, to investigate whether inbreeding and crossbreeding 
affects the capacities of populations to adapt to cold and heat temperatures. 
Moreover, the results showed that complex traits, such as wing size and shape, could 
be informative in the detection and evaluation of inbreeding depression and heterosis 
under different thermal conditions. 
 
Keywords: temperature stress, inbreeding depression, heterosis, wing traits, 
Drosophila subobscura 
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Powerful purple colours”. I. Effect of different concentrations of 

commercial black chokeberry extract (Aronia melanocarpa) 
on fitness components in Drosophila melanogaster 
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Sonja DULETIĆ-LAUŠEVIĆ4 and Sofija PAVKOVIĆ-LUČIĆ4 
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In recent years, it is widely accepted that bioactive compounds of fruits and 
vegetables are related with reduction of oxidative stress, thus having a beneficial 
effect on  human health. By most antioxidant capacity stands out black chokeberry, 
Aronia melanocarpa, which is characterized by a high content of anthocyanins and 
proanthocyanidins. In this study, the effects of undiluted, 2% and 25% A. melanocarpa 
fruit extract on developmental time, hatching dynamics, viability and sex-ratio in 
Drosophila melanogaster were analyzed. Beside these treatments, co-treatments with 
the same concentrations of aronia extract, applied together with strong mutagen, 
methyl methanesulfonate (MMS) were performed. Results showed shorter 
developmental time and higher viability of flies developed on substrates  prepared 
with 2% and 25% extract of A. melanocarpa, as well as in co-treatment MMS + 25% A. 
melanocarpa. No significant deviations from 1:1 sex ratio were observed in most of 
the treatments and co-treatments. Positive effects of specific concentrations of A. 
melanocarpa extracts provide opportunity for its use in health-preventive purposes as 
a source of high protective compounds. 
 
Keywords: Aronia melanocarpa, Drosophila melanogaster, fitness components, sex-
ratio, methyl methanesulfonate (MMS) 
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size in Drosophila melanogaster developed on substrates 
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A modern way of life and development of new technologies increased presence of 
physical and chemical agents which through their biological activities cause changes in 
the epigenetic level in plants, animals and humans. Therefore, the necessity of 
applied genetics is to detect new natural protective compounds. Insufficiently known 
effects of anthocyanins and phenolic compounds in in vivo systems actualize research 
of black chokeberry (Aronia melanocarpa) fruit extract. The aim of this research was 
to determine effects of undiluted, 2% and 25% A. melanocarpa fruit extract, as well as 
effects of co-treatments with methyl methanesulfonate (MMS) on wing morphometry 
and sex comb size in Drosophila melanogaster. Results pointed out that some 
treatments and co-tretmants influenced morphological traits in different ways. The 
differences in centroid size and wing shape among treatments, co-treatments and 
control groups were observed. Mean number of sex comb teeth significantly differed 
among males developed in some treatments and co-treatments. Results will be 
discussed in relation to changes in morphological traits caused by diet variability in 
treatments and co-treatments mentioned above. 
 
Keywords: Drosophila melanogaster, Aronia melanocarpa, wing morphometry, sex 
combs, methyl methanesulfonate (MMS) 
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Genetic variability for tuber sugar content in accessions of 

Jerusalem artichoke (Helianthus tuberosus L.) 
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One of species which are potential but underused food and energy sources is 
Jerusalem artichoke. A collection of 141 Jerusalem artichoke accessions of diverse 
origin was analyzed with the aim of determining genetic variability for tuber sugar 
content. Significant differences were found with respect to the topinambour origin. 
Total sugar content ranged from 16 to 28,5% of tuber fresh weight. In the first year of 
the trial, sugar content of wild populations (23,9%) significantly differed in 
comparison to the cultivated (23,0%) and the populations from Montenegro (22,7%). 
The influence of cultivation technique and the year on sugar content was highly 
significant and larger than the genotype influence. Although tubers as sowing 
material were the same, the conditions in which the plants grew were quite different, 
having in mind the lack of crop rotation in the collection field, high plant density and 
competition in comparison to the almost ideal conditions in the prepared field. By 
combining all the obtained results it was found that a group of populations from 
Montenegro has the best potential for further work. Among them, populations TUB 
CG 59 and 61 had the highest sugar yield. 
 
Keywords: jerusalem artichoke, sugar content, tubers 
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Influence of genotype and environment on poplar roots 

colonisation with mycorrhisal and endophytic fungi 
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The aim of this study was to analyze the effect of internal (genotype) and external 
factors (site) on poplar root length colonization with ectomycorrhizal, arbuscular 
mycorrhizal and endophytic fungi. On three sites, same three poplar clones: Populus 
deltoides Bartr. clones Bora and PE16/99, and Populus x euramericana clone Panonnia 
were grown in the block system with three repetitions. Results of ANOVA showed 
that ectomycorrhizal colonization significantly differed between investigated sites, 
while significant difference in arbuscular mycorrhizal fungal colonization was found 
among investigated clones. Results indicate that colonization with ectomycorrhizal 
fungi could be under the influence of environmental factors, while arbuscular 
mycorrhizal colonization rate might be rather the trait of poplar genotype. 
 
Keywords: Populus, ectomycorrhiza, arbuscular mycorrhiza, clone, site 
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Like Popeye the Sailor: Heterocypris incongruens (Crustacea: 

Ostracoda) prefers spinach in food selection experiments 
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Ostracods exhibit a wide range of feeding habits in natural conditions and appeared 
as excellent bioindicators in aquatic food webs. However, only sparse information on 
their behavior is available from laboratory conditions. We set up different laboratory 
experiments using the seed shrimp Heterocypris incongruens. Specimens were 
captured in their natural habitat and grown exclusively on 'Spirulina' pellets for 
several  months. Three types of behavioral data were statistically analyzed: 
swimming, feeding and resting. Food preference was tested in multiple choice 
conditions, by offering frozen mosquito larvae, Cyclops, spinach and 'Spirulina' pellets. 
In this experiment, H. incongruens prefered the spinach, which is not typical food 
source under natural conditions. 
 
Keywords: Heterocypris incongruens, behavioral tests, food selection 
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herbivore interactions 
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Interplay of plant genome size and susceptibility to herbivores is a topic of growing 
scientific interest. It is hypothesized that plants with higher ploidy levels generally 
suffer less herbivore damage. However, the studies show contrasting results, 
indicating that overall response might be affected by other factors. In most surveys 
nuclear DNA content was used as a proxy of ploidy. We set out to explore the 
association between genome size and herbivore load in eight populations of 
Mercurialis perennis, a dioecious perennial forb. Damage to leaf area was scored and 
used as estimate of herbivore load; flow cytometry on fresh leaf material was 
employed to determine DNA content. Using generalized Cochran-Mantel-Haenszel 
test (from R package vcdExtra), we investigated the association between DNA content 
and susceptibility to herbivory. On ordinal scale, the result was highly significant 
(χ2=62.139, p<<0.001), indicating that plants experienced higher herbivore pressure in 
populations with higher average DNA content. Further research is aimed to elucidate 
the nature of the observed association, and clarify if greater DNA content enables 
plants to endure despite the herbivore damage. 
 
Keywords: Mercurialis perennis, genome size, herbivory, flow cytometry, Cochran-
Mantel-Haenszel test 
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Genetic diversity and genetic differentiation of peripheral 

populations of Vaccinium species in Central Balkans 
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The levels of genetic diversity and genetic differentiation of peripheral populations of 
three Vaccinium species, V. myrtillus, V. uliginosum and V. vitis – idaea, found in the 
central Balkans, which represent the south-eastern marginal area of their range 
distributions, was studied with RAPD markers. According to expectations, the levels of 
genetic diversity expressed through Nei's gene diversity (h) and Shannon's 
information index (I) were half of the values as compared to those found in 
populations from the centres of distributions of all three species obtained with the 
same molecular markers (V. myrtillus: h = 0.1383, I = 0.2212; V. uliginosum: h = 
0.1577, I = 0.2439; V. vitis – idaea: h = 0.1864, I = 0.2915), and populations of all three 
species were highly differentiated and structured (V. myrtillus: GST = 0.4033; V. 
uliginosum: GST = 0.5742 and  V. vitis – idaea:  GST = 0.4033). Obtained results are 
discussed with regard to species life history traits (generation time, reproductive 
strategy, dispersal ability) and effects of genetic drift, fragmentation and geographic 
and orographic isolation of populations on their contemporary genetic make-up 
within the studied area. 
 
Keywords: Vaccinium species, peripheral populations, fragmentation, gene flow, 
genetic diversity, genetic differentiation 
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Molecular diversity of Hermann’s tortoise (Testudo hermanni 

boettgeri Bour, 1987) in the Balkan Peninsula 
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Understanding pattern of genetic variation and evolutionary potential of threatened 
tortoises is crucial from the fundamental and applied point of view. Hermann’s 
tortoise (Testudo hermanni) has been severely affected due to illegal collecting and 
long-term pet trade as well as habitat degradation and loss. Position of the species 
within the genus Testudo is still under discussion. Testudo hermanni serves particular 
concern because its diversity of the Balkan clade is still poorly understood as well. We 
studied eastern Hermann's tortoise clade (T. h. boettgeri) using populations across its 
range: Croatia, Bosnia and Herzegovina, Montenegro and Greece. This taxon was 
chosen with the goal of characterizing the intraspecific phylogeographic utility of four 
molecular markers. For our analyses we used the protein-coding cytochrome b, 12S 
ribosomal (rDNA) and cytochrome c oxidase subunit I mtDNA as well as nuclear intron 
from the R35 neural transmitter gene. First, we examined congruence between 
mtDNA and nuclear data. Second, we address the question of intra- and 
interpopulation genetic diversity. Finally, spatial distribution of molecular diversity 
across the range of T. h. boettgeri on the Balkan Peninsula was studied. Here, we 
provide intraspecific genetic diversity and population structure of this taxon by using 
markers evolving at relatively fast (cyt b), medium (5’ COI mtDNA and 12s rRNA 
mtDNA) and slow (R35 nDNA) rates. 
 
Keywords: mtDNA, nDNA, phylogeography, Testudo hermanni 
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The main objective of this research was to examine population genetic structure of 
wild boars from the Nothern Dinaric Balkan region. Fragment of mtDNA control 
region was amplified and sequenced. In order to infer population genetic structure, 
we used the spatial analysis of molecular variance implemented in the SAMOVA 
software. We indentified K=3 as most probable number of groups: (1) Bosnia; (2) 
Montenegro and Herzegovina; (3) Serbia, Macedonia, Croatia and Slovenia. Basic 
genetic indices were calculated in each of defined groups, and mismatch analysis 
together with Fu’s Fs and Tajima D neutrality tests were conducted. The mismatch 
distribution didn’t show a statistically significant deviation from expectations in any of 
three analysed groups, indicating the demographic expansion of all populations. 
Tajima D test didn’t show statistically significant positive or negative D values for all 
groups, while Fu FS test show statisticaly negative FS value in third group. The 
observed division may be consequence of different demographic histories in observed 
groups, since it is unlikely that observed genetic differentiation is caused by hunting 
pressure and other human influence. 
 
Keywords: wild boar, Balkans, population structure, mtDNA 
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The main aim of this research was to explore demographic history and to find genetic 
signals of population expansions or bottlenecks in the Dinaric Balkan grey wolf 
population. Partial fragment of mtDNA control region was amplified and sequenced. 
Mismatch distribution analyses together with Fu’s Fs and Tajima D neutrality tests 
were carried out. In addition, the demographic history was inferred using the 
Bayesian skyline plot (BSP) methodology. Based on our mtDNA sequence analyses, 
the Dinaric-Balkan wolf population is vertically differentiated into "western" and 
"eastern" subpopulations. We have found genetic differences between 
subpopulations which may reflect the different demographic histories. No genetic 
signal of past or recent population expansion has been detected. Neutrality tests 
results were significantly positive, suggesting recent population bottlenecks, more 
pronounced in “western” subpopulation. The Bayesian skyline plot method showed 
different demographic patterns in subpopulations. We may conclude that both 
subpopulations have gone through bottlenecks, but their timing might differ and/or 
the population size decline was larger in “western” subpopulation. 
 
Keywords: grey wolf, Balkan, demographic history 
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A plastid-based phylogeographic study of Goniolimon tataricum 

(Plumbaginaceae) from the Central Balkans 
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Genealogical patterns in Goniolimon tataricum (L.) Boiss., a relict plant species found 
predominantly on xerophilous pastures and rocky grounds on various geological 
substrates within the central Balkans, were studied using two plastid intergenic 
spacers, 3’rps16-5’trnK and rpl32-trnL, tested in 22 individuals from eight populations. 
An initial split of an ancestral gene pool of this species into two lineages was dated to 
2.178 million years (Ma) (0.990 Ma, 3.564 Ma), and a lineage found on metamorphic 
ultramafic substrates in central Serbia was more homogeneous, while a more 
heterogeneous lineage from central Balkans comprised three sub-lineages confined to 
different substrates. Due to their star-like radiation from an ancestral haplotype mv2, 
an adaptive radion of this lineage occuring 1.386 Ma (0.594 Ma, 2.376 Ma) ago was 
inferred. The observed phylogeographic pattern characterized not only by localized 
spatial distribution of genealogically linked haplotypes but also by their association 
with different geological substrates suggests that further studies are likely to shed 
more light on the evolutionary unfolding of this species within the refugial Balkan 
region. 
 
Keywords: Goniolimon tataricum, Central Balkans, phylogeography, plastid genome, 
molecular dating 
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Phylogenetic analysis of Equus caballus based on two 

mitochondrial markers 
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Mitochondrial DNA sequences are frequently used as specific markers in various 
phylogenetic studies. Two specific sequences can be emphasised, CYTB gene which 
encodes the cytochrome b protein and evolves relatively slowly and control region, 
which evolves rapidly. In the majority of phylogenetic studies only one mitochondrial 
sequence is used for evaluating relationships between populations or low-level 
taxonomic units. However, using more specific mitochondrial regions could make the 
analysis more specific. Our long-term aim is to determine the typical haplotypes of 
native Hungarian horse breeds using mitochondrial DNA markers, and compare them 
with their mare families’ data. In the first step of the research, we tested the 
effectiveness and specificity of cytochrome b and control region as phylogenetic 
markers. Whole mitochondrial DNA genomes of various horses were selected from 
the NCBI Database. We analysed 277 bp and 816 bp length sequences of the control 
region and cytochrome b respectively. Phylogenetic and molecular evolutionary 
analyses were conducted by MEGA version 6, DnaSP v.5. As supposed, the control 
region of mitochondrial DNA contains more variable nucleotide sites in contrast with 
the cytochrome b. According to our results, these sequences could be effective and 
useful markers to separate haplotypes of native Hungarian horse breeds. 
 
Keywords: Equus caballus, cytochrome b, control region, mtDNA 
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Modeling the origin and spread of the yellow-necked mouse, 

Apodemus flavicollis (Rodentia, Muridae), in the Balkans 
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BLAGOJEVIĆ and Mladen VUJOŠEVIĆ 

 

Department of Genetic Research, Institute for Biological Research "Siniša Stanković", 
University of Belgrade,Belgrade, Serbia 

 
 

A comparative analysis of the levels and patterns of genetic variation across a range 
of Palaearctic animal taxa has revealed the existence of refugia in the Iberian, Italian 
and the Balkan Peninsula. The aim of this study is to assess the population divergence 
and effects of present and past processes on genetic differentiation of Balkan 
populations. By using AFLPs, we found evidence for significant genetic differentiation 
between four populations that are relatively close in space, but separated by major 
barriers. The analyzed populations formed three clusters, corresponding to the three 
genetic lineages that survived last glaciations in the Balkan refugia. In silico data sets 
of genetic polymorphism under specified scenarios were generated by different 
simulators, in order to describe the evolutionary history of a species. The comparison 
of simulated data and real samples suggests that population divergence in A. 
flavicollis can be best explained through complicated migration scheme that includes 
spatial expansion followed by island model of population structure. The observed 
patterns are reviewed in terms of defining phylogeographic relationships among 
extant populations. 
 
Keywords: Phylogenetics, Phylogeography, Refugia, Population differentiation  
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Low genetic differentiation among Ambrosia artemisiifolia L. 

populations across Carpathian Basin assessed by microsatellite loci 
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Dragana OBREHT 
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Introduced from North America, Ambrosia artemisiifolia became one of the most 
invasive weeds in Europe. Countries of Carpathian Basin such as Croatia, Hungary, 
Serbia and Romania present the area most heavily colonized by ragweed in this part 
of Europe. Considering that fact, we have sampled total of 82 individuals 
(approximately 20 individuals from each named country) of Ambrosia artemisiifolia in 
order to analyze genetic differentiation and structure of the species. Using five 
microsatellite markers, we have detected values of Fst indices which ranged from 
0.0067 to 0.0383, while AMOVA results showed that the percentage of inter-
population genetic variation was only 2.37%. By Factorial Correspondence Analysis we 
have detected no separation in distinct groups of analyzed individuals. This was 
confirmed by STRUCTURE analysis, which showed that genotypes of studied 
individuals were admixed with almost equal contribution of clusters. Although, we 
have analyzed individuals sampled from relatively distinct geographic areas, we 
detected low level of genetic differentiation and genetic structure. These results 
indicated presence of high level of gene exchange across analyzed region, which is in 
congruence with abundance and rapid expansion of common ragweed in this part of 
Europe. 
 
Keywords: genetic differentiation, microsatellites, common ragweed, invasive species 
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The utility of the non-coding chloroplast sequences in inferring 
genetic differentiation and evolutionary relations of Juniperus 

oxycedrus s.l. from the Balkans 
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Juniperus oxycedrus s.l. (Cupressaceae) is one of the 14 species of the Juniperus 
section. It grows on dry hills or mountainous tracts up to 2,500 m, along the coast of 
Mediterranean, usually not reaching more than 100 km inland, except in Iberian and 
Balkan Peninsula. Although available morphological studies have failed to 
demonstrate among-population differentiation within the Mediterranean, recent 
studies of leaf essential oil composition and RAPDs suggested substantial differences 
between populations within this area. Furthermore, according to some authors, this 
complex group should be split into several species, of which J. deltoides and J. 
macrocarpa grow in the Balkan Peninsula. We screened 55 trees from eleven 
populations of J. oxycedrus s.l. from the Balkans for variability at paternally inherited 
chloroplast (cpDNA) loci (three microsatellite loci – cpDNA-SSRs, and sequences of six 
non-coding regions) to infer genetic patterns within the studied area. Surprisingly, all 
three cpDNA-SSRs were invariable in our sample, while out of six cpDNA non-coding 
regions, only four were successfully PCR-amplified. Obtained cpDNA sequences were 
used for assembling cpDNA haplotypes and for inferences on contemporary genetic 
patterns present in J. oxycedrus s.l. within the Balkans. Results of our on-going study 
are discussed in relation with available data on genetic diversity, differentiation and 
evolutionary relations of studied taxa. 
 
Keywords: Juniperus oxycedrus s.l., Balkans, genetic diversity, genetic differentiation, 
phylogeny 
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Chromosomal, nDNA and mtDNA genetic variation 

in Apodemus sylvaticus (Rodentia: Muridae) 
 
 

Vladimir M. JOVANOVIĆ, Tanja ADNAĐEVIĆ, Ivana BUDINSKI, Marija RAJIČIĆ, 
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Populations of wood mice, Apodemus sylvaticus (Linnaeus, 1758), are known to differ 
in cytotypes. There are two cytotypes defined, and their distribution in Europe seems 
to follow West–East geographical gradient, with reported overlap of cytotypes in 
Serbia. The aim of this study was to explore the relationship between cytotypes and 
selected nuclear and mitochondrial DNA sequences. For that purpose, we obtained 
data for 6 microsatellite loci from 51 individuals from Serbia, Greece, Russia and 
Belgium, as well as cytochrome b gene sequences from 263 individuals covering the 
species distribution. The genetic diversity of both nuclear and mitochondrial DNA 
showed two distinct groups. The high correlation was found between nuclear and 
mitochondrial genotype distances, which suggested parallel diversification of A. 
sylvaticus populations in both nDNA and mtDNA sequences. The correspondence 
between cytotypes and both nuclear and mitochondrial types will be discussed in 
relation to historical biogeography. Overall, the genetic diversity of A. sylvaticus could 
be more structured than previously thought. 
 
Keywords: Cytogenetics, Population differentiation, Phylogeography 
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First insights into genetic patterns of Pinus nigra populations from 
the central Balkans inferred from nuclear, chloroplast and 

mitochondrial genomes 
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Pinus nigra L. is economically and ecologically important coniferous species with 
highly fragmented distribution range that extends from North Africa through the 
northern Mediterranean and eastwards to the Black Sea. We screened 114 trees from 
seven natural populations from the central Balkans belonging to different infraspecific 
taxa (ssp. nigra, var. gocensis, ssp. pallasiana and var. banatica) with nuclear (nrDNA), 
chloroplast (cpDNA) and mitochondrial (mtDNA) markers which have bi-parental, 
paternal and maternal inheritance, respectively, and different evolutionary rates to 
infer levels of genetic diversity and structuring within studied area. Due to the lack of 
nuclear microsatellites (SSRs) specifically developed for P. nigra, we employed three 
EST-SSRs developed for P. taeda for cross-species amplification in P. nigra. Although 
two EST-SSR loci were successfuly PCR-amplified in our samples, they were invariable 
and discarded from further analyses. Out of five tested cpDNA SSRs, three were 
successfuly PCR-amplified in our samples, and 22 alleles were combined into 38 
haplotypes. As expected, given the extensive pollen flow in conifers, the levels of 
cpDNA diversity were high (HT = 0.949) and genetic differentiation was low (Gst = 
0.024, Rst = 0.066). In contrast, out of three tested mtDNA loci, only one (nad 7 intron 
1) was successfuly PCR-amplified in our samples, and two mtDNA haplotypes were 
found resulting in relatively low levels of mtDNA diversity (HT = 0.357) but moderate 
genetic differentiation (Gst = 0.359), a finding concordant with asymetrical gene flow 
in conifers. We discuss our results in relation with available data on genetic diversity 
and differentiation in this species. 
Keywords: Pinus nigra, the Balkans, genetic diversity, genetic differentiation, gene 
flow 
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Analysis of genetic variability in two Ornithogalum L. 

(Hyacinthaceae) taxa from Serbia and Hungary using RAPD markers 
 
 

Andrijana ANDRIĆ, Milica RAT and Dragana OBREHT 
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RAPD-PCR amplification method was used to assess the level of genetic variability in 
Ornithogalum L. taxa from Serbia and Hungary. The main goal was to improve the 
knowledge of this insufficiently studied genus in the given region. The material was 
collected from different habitat types and identified as two morphologically similar 
species: O. umbellatum L. 1753 and O. divergens Boreau 1887. These taxa are 
considered morphologically insufficiently connected with variations in karyotype, 
hence inconvenient from the standpoint of systematics; however mainly 
morphological analyses were done so far. Random amplified polymorphic DNA 
(RAPD), PCR based marker system, is widely used with many advantages in analysing 
diversity of genetically under-researched species. All eight primers used for the 
analysis gave PCR products, with length between 3000bp and 300bp; a fragment 
number per primer varied between eight and 14. Genetic distance between 18 
populations was counted by Nei and Li coefficient, and a dendrogram was 
constructed. RAPDs proved to be a reliable and rapid method suitable for 
distinguishing genetic variation in Ornithogalum, thus could be applied as a useful 
additional tool in resolving taxonomic problems. 
 
Keywords: RAPD, Ornithogalum, genetic variability 
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A plastid-DNA based phylogeographic inferences in Satureja species 

from the Balkans: first insights 
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The genus Satureja L. (Lamiaceae), savory, includes mainly aromatic herbs which are 
distributed mostly in Mediterranean area. Due to the overlapping range of 
distribution of many savory species within this area and frequent inter-specific 
hybridisation, a revision of species circumscription and knowledge on their 
evolutionary history is required. We analysed maternally inherited chloroplast 
(cpDNA) markers in 87 individuals from 16 populations belonging to different Satureja 
taxa, distributed along the eastern Adriatic coast and the central Balkans, to provide 
insight into genealogical patterns. Out of four tested markers, only two (rpl32-trnL 
and rps16-trnK) showed variability, and 17 alleles obtained at two cpDNA loci were 
combined into 22 haplotypes. The concordance of maternal lineages with their spatial 
distribution was observed as well as increased levels of genetic diversity and frequent 
reticulations indicative of interspecific hybridisations followed by introgression in 
species distributed along the Adriatic coast, unlike continental populations. 
Phylogeographic approach is suitable for savory taxa, and further studies are needed 
to resolve their evolutionary history. 
 
Keywords: Satureja spp., Balkan Peninsula, cpDNA, phylogeography, haplotypes 
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How distinct are populations of Marginated tortoise using 

molecular and geometric morphometric approaches? 
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The western Palearctic tortoise genus Testudo is generally accepted to be constituted 
of five species. However, morphologically based studies (mostly qualitative) yielded to 
description of up to 30 subspecies and species within the genus. On the other hand, 
studies based on genetic data consistently discarded such number of taxa, but 
evolutionary relationship between particular species as well as genetic diversity 
within species remains far to be resolved. Such an example concerns Marginated 
tortoise (T. marginata), specifically populations in Peloponnese Mani Peninsula where 
dwarfed form of this species has been assumed to be separate species (T. 
weissingeri). Analyzed populations of T. mariginata belong to Sparta, Olimpya, Araxos 
and Evinochori regions, while putative T. weissingeri populations are from Saidona, 
Agios Dimitrios and Riglia. Phenotypic diversity of plastron was quantified using 
geometric morphometrics. Genetic diversity was assessed using four molecular 
markers: three mitochondrial genes (cyt b, COI, 12S rDNA) and one nuclear intron 
(R35). Analyses revealed that only individuals from Saidona region are distinct 
regarding plastron shape while other populations showed considerable overlap. 
Furthermore, that difference remains after size-correction. This preliminary study 
showed an existence of hidden diversity within T. marginata populations. 
 
Keywords: mtDNA, nDNA, 2D geometric morphometrics, Testudo marginata 
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Ploidy level stability of Iris reichenbachii plants regenerated after 

cryopreservation 
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Cryopreservation represents a suitable method for long term storage of plant genetic 
resources. This study includes bearded dwarfish iris (Iris reichenbachii) which is 
endemic and protected species in the Balkan Peninsula. Plants were successfully 
regenerated after cryopreservation of shoot tips using PVS2-vitrification based 
procedure. The best survival and regrowth of shoot tips were obtained after two 
weeks of cold hardening of shoot cultures and when excised shoot tips were 
precultured at 4°C for two days before vitrification procedure. The cryopreservation 
was done with PVS2 treatment at 0°C for 20 min, followed with direct immersion in 
liquid nitrogen and re-warming at 40°C for 1 min. After thawing shoot tips were 
washed with 1.2 M sucrose for 20 min and cultured on medium with BAP and GA3 (0.1 

and 0.3 M, respectively). Shoot multiplication occurred on this media and rooting of 
shoots occurred on medium without plant growth regulators. Fully developed 
plantlets were acclimatized in greenhouse conditions.  Flow cytometric analyses 
revealed that all tested plants regenerated after cryopreservation procedure had the 
same genomic size as plants that were regenerated by tissue culture or collected in 
nature. 
 
Keywords: plant tissue culture, clonal fidelity, liquid nitrogen 
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Verification of a standardized microsatellite marker set for 

paternity testing in endangered Busha cattle 
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Busha is a cattle breed indigenous to the Balkan region. Being a mixed type of cattle 
with relatively low productive traits, the breed has been slowly pushed into the 
extinction as farming became more intensive and demanding. Today, Busha is 
classified as an endangered breed by the Republic of Serbia Law on Animal 
Husbandry. The panel of 12 microsatellite markers (TGLA227, BM2113, TGLA53, 
ETH10, SPS115, TGLA126, TGLA122, INRA23, BM1818, ETH3, ETH225, BM1824) 
recommended by the International Society of Animal Genetics (ISAG) for bovine 
parentage testing was evaluated for parentage verification in Busha cattle in Serbia. 
The Busha herd of 47 heads was sampled for blood. The total number of alleles at all 
12 loci analyzed was 114. The number of alleles identified per marker ranged from 6 
(ETH10) to 16 (TGLA122), with a mean value of 9.5. Polymorphic information content 
values were between 0.513 (BM1818) and 0.905 (TGLA53). The power of exclusion 
(PE) varied between 0.228 in BM1818 to 0.607 in BM2113, while the power of 
discrimination (PD) ranged from 0.75 (BM1818) to 0.96 (TGLA227). The combined PE 
and the combined PD for the 12 microsatellite loci reached high values of 0.999 and 
0.995, respectively.  This was the first application of the set of 12 markers 
recommended by the ISAG for paternity testing in Busha cattle in Serbia, and the 
results obtained indicate that the set of microsatellites can be used with high 
confidence for assessment of parentage in this cattle breed. 
 
Keywords: busha cattle, microsatellite, paternity testing 
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The origin of Salvia officinalis (Lamiaceae) populations from The 

Central part of The Balkan Peninsula: A plastid DNA-based 
phylogeographic study 
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The origin of continental disjunctions of Dalmatian sage - Salvia officinalis, were 
studied using a phylogeographic approach and molecular dating. Sequences of 2 
cpDNA intergenic spacers, 3’rps16-5’trnK and rpl32-trnL, were analized in 81 
individuals from 8 populations. 7 detected haplotypes were non-randomly distributed 
in space and total gene diversity and genetic differentiation were high. The 
divergence of ancient S. officinalis gene pool to 2 lineages was dated to Pliocene. A 
sub-structured, continental-Adriatic lineage and a more diverse, purely Adriatic 
lineage do not exhibit signs of recent demographic expansions. All continental 
populations were characterized as relict and refugial. 
 
Keywords: Salvia officinalis, phylogeography, molecular dating, plastid genome 
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Examination of genetic differentiation in Greek populations of 

Merodon luteomaculatus (Diptera, Syrphidae) using two fragments 
of COI gene 
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Population genetic analysis of four Greek populations of Merodon luteomaculatus 
was done using 3’ and 5’ fragments of mitochondrial cytochrome c oxidase I gene 
(COI). The aim of this research was to express genetic differentiation between 
populations of M. luteomaculatus and to compare usefulness of 3’ and 5’ fragments 
of COI gene in examination of population genetic parameters. Observed number of 
haplotypes was 15 for both fragments of COI gene. The populations did not have 
shared haplotypes. Genetic distances were significant for all population pairs except 
for Naxos/Andros populations, for both COI fragments and Naxos/Peloponez 
populations for 3’ fragment of COI. Exact test of population differentiation was 
significant for all population pairs except for Naxos/Andros and Naxos/Peloponez 
populations, for both fragments of COI and Naxos/continental populations for 5’ 
fragment of COI. Although, significant genetic variability was observed between 
populations of M. luteomaculatus, contradictory results were obtained for Naxos 
population probably caused by small sample size. Both fragments of COI gene had 
similar contribution to genetic analysis of M. luteomaculatus populations. 
 
Keywords: COI, Merodon luteomaculatus, Syrphidae 
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Complex evolutionary relations and different genealogical histories 

of seven Campanula species from the Balkans inferred from 
morphological data and plastid DNA sequences 

 
 

Siniša ŠKONDRIĆ1, Dmitar LAKUŠIĆ2 and Jelena M. ALEKSIĆ3 

 
1Department of Biology, Faculty of Sciences, University of Banja Luka, Banja Luka, Republika 

Srpska, Bosnia and Herzegovina 
2Department for Plant Ecology and Phytogeography, Faculty of Biology, University of Belgrade, 

Belgrade, Serbia 
3Laboratory for Plant Molecular Biology, Institute of Molecular Genetics and Genetic 

Engineering, University of Belgrade, Belgrade, Serbia 
 
 

The bellflower genus Campanula is represented in Europe with more than 250 
species/subspecies of which c. 90 occur within the Balkans and c. 60 is endemic to this 
region. Available morphology-based systematics and molecular phylogenies have not 
resolved unambiguously their relations. We analysed 60 morphological characters 
and two plastid intergenic spacers (trnG-trnS and psbA-trnH) in 124 individuals, 
representative of seven Campanula species from the Balkans (C. lingulata s.l., 
C.glomerata, C. foliosa, C. tymphaea, C. cervicaria, C. moesiaca and C. divergens) to 
shed more light on their evolutionary relations and genealogical histories. We found 
phylogenetic relations of studied species that were not revealed previously, and 
demonstrated that each studied species was characterized by a specific genealogical 
history. Molecular data were concordant with morphological data. 
 
Keywords Campanula sp., the Balkans, morphometrics, phylogeny, phylogeography 
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Genetic diversity of Merodon avidus Rossi as inferred by COI 

sequence variability 
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Genus Merodon (Meigen 1803) is one of the largest genus of hoverflies (Diptera, 
Syrphidae). Great diversity, the presence of cryptic species, taxonomic 
uncertaines and unclear relations between taxa, forced researches of genetic 
structure and phylogenetic relations among different species. The aim of this 
study was to explore genetic diversity of Merodon avidus taxon, from Balkan and 
Apennine Peninsula, by sequence analysis of citochrome oxidase I (COI) gene. The 
dataset contained 34 mtDNA COI sequences of total length 650bp. We have 
found 20 polymorphic positions within COI region sequences. Total number of 
determined haplotypes was 16, among which 4 were shared between more then 
2 specimens. The diversity of haplotypes was Hd=0.868+0.041; the diversity of 
nucleotides was π=0.004, θs=0.007 and k=2.337. All individual sequences were 
grouped into presumed populations based on geographical criterion. Neighbor-
joining tree based on pairwise genetic distances revealed three separate clusters: 
a) Mediterranean; b) Continental-populations from high mountains and c) Italy. 
The analysis of mtDNA COI sequence variability proved to be informative for 
inferring genetic diversity and structure of Merodon avidus taxon. 
 
Keywords: Merodon, genetic variability, mtDNA, citochrome oxidase I. 
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Can interpopulation hybridization alleviate the influence of lead 

pollution? 
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Lead is one of the most present contaminants in the environment and different 
species respond differently to this type of pollution. If combined with genomic stress, 
lead may act synergistically causing significant decrease of fitness components. Small, 
isolated populations are more sensitive to environmental stress and hybridization 
may alleviate the influence of environmental stress.We used Drosophila subobscura 
flies originating from two ecologically different habitats: first from polluted part of 
Belgrade (Botanical garden), second from Sicevo gorge, natural unpolluted resort. The 
experiment was done after thirteen generations of full-sib inbreeding. In addition, 
interpopulation crossings of inbred lines were made. The progeny was reared at lead 
concentration of 200μg/mL. Right wings were analyzed for wing size and shape. The 
results showed significant difference in wing size between homozygote and 
heterozygote groups, with heterozygotes having larger wings. Changes in wing shape 
were not detected.The obtained results suggest that interpopulation hybriditaztion 
reduces effect of lead pollution. 
 
Keywords: lead polution, hybridization, morphometrics, outbreeding 
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The main objective of this research was to examine population genetic structure of 
wild boars from the Nothern Dinaric Balkan region. Fragment of mtDNA control 
region was amplified and sequenced. In order to infer population genetic structure, 
we used the spatial analysis of molecular variance implemented in the SAMOVA 
software. We indentified K=3 as most probable number of groups: (1) Bosnia; (2) 
Montenegro and Herzegovina; (3) Serbia, Macedonia, Croatia and Slovenia. Basic 
genetic indices were calculated in each of defined groups, and mismatch analysis 
together with Fu’s Fs and Tajima D neutrality tests were conducted. The mismatch 
distribution didn’t show a statistically significant deviation from expectations in any of 
three analysed groups, indicating the demographic expansion of all populations. 
Tajima D test didn’t show statistically significant positive or negative D values for all 
groups, while Fu FS test show statisticaly negative FS value in third group. The 
observed division may be consequence of different demographic histories in observed 
groups, since it is unlikely that observed genetic differentiation is caused by hunting 
pressure and other human influence. 
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The Ovčar-Kablar Gorge is an Area of Outstanding Natural Beauty of Serbia. The 
diversity of geological formations and climatic and hydroecological conditions 
underlies the wealth of flora in this region (total area 22.5 km2).The presence of 559 
plant species belonging to 84 families was recorded in the Ovčar-Kablar Gorge flora 
during 2000-2012. The highest species diversity was found in the families Asteraceae 
(41 species), Lamiaceae (32), Fabaceae (29), Rosaceae and Poaceae (28). Among the 
species recorded in the region, Tomentypnum nitens (Bryophyta), Equisetum fluviatile 
and Phegopteris connectilis (Pteridophyta) are strictly protected (Official Gazette of 
RS, 36/2009). Achillea ageratifolia var. Aizon (Asteraceae) is a Central Balkan endemic 
species restricted to only two habitats – Mt. Rtanj (East Serbia) and Ovčar-Kablar 
Gorge. In 2008, a new plant species - Edraianthus canescens (2n=32) (Campanulaceae) 
– was discovered in the Gorge region (43°54.362' N, 20°12.060' E). 
Conservation requires marking the habitats, organising a warden service and 
establishing a spore and/or seed bank for these plant species, some of which are of 
international importance. 
 
Keywords: Gorge, wild flora, protection, genetic resources 
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Pseudomonas putida KT2440 is one of the most promising strains for numerous 
biotechnological applications like medium chain polyhydroxyalkanoate (mcl-PHA) 
production. Microbial production of mcl-PHA is more efficient when fatty acids are 
used as carbon sources. In silico analysis of the genome of P. putida KT2440 revealed 
21 putative acyl-CoA dehydrogenases (ACADs), four of which were functionally 
characterized through mutagenesis study. The ability of mutants with inactivated 
ACADs (PP_1893, PP_2039, PP_2048, and PP_2437) to grow and accumulate 
biopolymer was differentially negatively affected when various fatty acids were used 
as a sole source of carbon and energy. Protein PP_2437 was further biochemically 
characterized showing a clear preference for dodecanoyl-CoA ester as a substrate. 
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European black poplar (Populus nigra L.) is a pioneer species of riparian forests 
becoming threatened due to human activity. We assessed 12 populations of P. nigra 
along the entire flow of the Danube River with eight microsatellite loci aimed at 
estimating genetic variability towards successful conservation prospectives. All 
analyzed populations possess high allelic richness and heterozigosity. Besides low 
interpopulation distances (FST), the highest genetic distance was observed between 
the populations from Germany and Romania. The greatest amount of genetic variance 
is observed within populations (97.17%), while genetic variance among populations is 
low (2.83%). Except for one population, the majority of them did not experience 
recent reduction in populations’ size. An analysis using the program STRUCTURE 
indicates that all populations recruited plants from all clusters, yet geographically 
closer populations tended to draw evenly from the same clusters. Conservation 
strategies based on obtained data should focus on retaining high genetic variability. 
Also, the reforestation should be carefully performed considering the genetic 
distances between individuals and populations. 
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Reciprocal crosses between four species: Centaurium erythraea, C. littorale, C. 
maritimum, and C. pulchellum were made under in vitro conditions. Interspecific 
hybrid plants were then used for tracing the most applicable markers for rapid 
screening and detection of hybrid occurrence. 
Fingerprinting with RAPD markers and determination of variation in the most 
abundant secondary metabolites’ (secoiridoid glycosides) content were employed. 
RAPD-PCR banding patterns have confirmed hybridization on the basis of the 
presence/absence of species-specific bands belonging to parental individuals. The 
presence of RAPD bands specific to the male parent in the hybrid RAPD profile 
undoubtedly confirmed the hybrid origin of progeny. Secoiridoid glycosides’ 
qualitative content and their mutual quantitative ratios also showed intermediate 
profiles in the hybrid plants in relation to the parents, thus supporting molecular data. 
Results indicate that the methods used in our study could be useful for possible 
implementation in resolving taxonomic issues, studying of hybridization among the 
taxa and in elucidation of the mechanisms of interspecific hybridization in natural 
populations of Centaurium species. 
 
Keywords: Centaurium, interspecific hybridization, RAPD, secoiridoid glycosides 
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Ticks are obligate haematophagous ectoparasites of wide range of vertebrates, being 
globally important vectors of human and animal pathogens. Tick saliva and its 
components have a crucial role in tick feeding, enabling successful blood meal uptake 
at several levels, acting not only as anticoagulants, but also as inhibitors of 
inflammation processes and modulators of host immune response. Research of saliva 
proteins variability, and their antigenic properties, contributes to the identification of 
tick bite markers and development of anti-tick vaccine. We investigated variability of 
sequences of three tick salivary gland secretory proteins in Ixodes ricinus tick. Coding 
sequences of calreticulin and two proteins primarily detected in saliva of Amblyomma 
americanum tick were obtained by specific amplification and cloning. Intra- and inter 
species variability analysis were conducted. Certain level of sequences' conservativity 
suspected to be tick-specific implicates the possibility of usage of their protein 
products in human and veterinary health practice, while tick-nonspecific sequences 
are more suitable for evolutionary and phylogenetic studies. 
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Bacteria belonging to Pseudomonas genus that produce antibiotics can act as 
biocontrol agents (BCAs). Phenazines, the nitrogen-containing antibiotics produced 
only by bacteria, involve more than 50 derivatives including important BCAs: 
phenazine-1-carboxylic acid (PCA), 2-hydroxyphenazine-1-carboxylic acid and 2-
hydroxyphenazine. Phenazines are involved in disease suppression and competition 
with indigenous microorganisms, supporting the Pseudomonas survival in 
rhizosphere. A 138 indigenous Pseudomonas strains were isolated from different 
agricultural soils in Serbia and pigment-production was tested on KB medium. The 
ability to produce the PCA was tested biochemically and the presence of PCA 
antibiotic genes was confirmed by PCR amplification with the gene-specific primers 
PCA2a/PCA3b. Genetic diversity was estimated on the basis of BOX elements using 
(GTG)5-PCR. PCA genes harboring isolates with different BOX patterns were selected 
and compared to P.chlororaphis strain Q16 isolated from Serbian soil. The 
antagonistic activity to phytopathogens, disease suppression and other plant growth-
promoting mechanisms of the best PCA producer will be tested for BCA activity. 
 
Keywords: Pseudomonas, phenazine-1-carboxylic acid, (GTG)5-PCR  
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Panton-Valentine leukocidin (PVL) is a two-component Staphylococcus aureus pore-
forming protein encoded by the luk-PV genes. By the advent of community-associated 
methicillin-resistant S. aureus (CA-MRSA) strains in the mid-1990s, carriage of the PVL 
genes has been closely linked to infections caused by these strains. The prevalence of 
PVL-positive strains among CA-MRSA varies in different countries from 2% to 100%. 
The aim of our study was to type SCCmec region of PVL-positive MRSA isolates. 
Isolation and identification of MRSA from nose swabs of people subjected to 
screening for carrier of S. aureus, was performed by classical microbiological 
methods. PCR was used for detection of mecA gene, luk-PV genes, and for typing of 
SCCmec region. 
Among S. aureus isolates, 3.67% were MRSA. Two (4%) isolates out of 50 MRSA were 
PVL-positive. In one of them SCCmec type IV element was found, and in another 
SCCmec type V, both molecular markers of CA-MRSA. 
The prevalence of PVL-positive MRSA in our study was not high, but its connection to 
strains harboring SCCmec types IV and V, may indicate the spreading of CA-MRSA 
strains. 
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Stenotrophomonas maltophilia is an environmental emerging global Gram-negative 
multiple-drug-resistant (MDR) organism that is most commonly associated with 
respiratory infections in humans. The treatment of these infections is difficult as this 
pathogen shows high level of intrinsic or acquired resistance to different antibiotics. 
The aim of this study was determination of antibiotic resistance of S. maltophilia 
isolated from patients treated in the Institute for Mother and Child Health Care "Dr 
Vukan Čupić" during 2013. A total of 62 strains from 54 patients confirmed as S. 
maltophilia by biochemical and molecular methods were subject to antimicrobial 
susceptibility testing. The thirteen selected representatives were, tested by disk 
diffusion method to chloramphenicol, ciprofloxacine, tetracycline, gentamicin and 
levofloxacin, while for all strains minimal inhibitory concentration (MIC) for 
trimethoprim–sulfamethoxazole was determined. Levofloxacin exhibited the highest 
in vitro activity. Trimethoprim–sulfamethoxazole demonstrated excellent inhibitory 
effect against all tested S. maltophilia, which may suggest a potential clinical effect. 
 
Keywords: Stenotrophomonas maltophilia, susceptibility testing, trimethoprim–
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The gene which codes for the autoaggregation promoting protein (AggLb) of 
Lactobacillus paracasei subsp. paracasei BGNJ1-64 was cloned using a new lactic acid 
bacteria-E. coli shuttle cloning vector, pAZILSJ. Plasmid libraries of strain BGNJ1-64 
were constructed using several restriction enzymes. Clone pALb35, containing a DNA 
fragment of 11377 bp, was selected from the SacI plasmid library for its ability to 
provide carriers of the aggregation phenotype. The complete fragment was 
sequenced and four potential ORFs were detected: the gene aggLb gene surrounded 
with three transposase genes. Subcloning experiments revealed that aggLb gene is 
sufficient for expressing aggregation ability. AggLb is the largest cell-surface protein, 
consisting of 2998 aa, whose C terminal region consists of 20 successive repeats, 
identical even at the nucleotide level. AggLb aggregation promoting protein belongs 
to the collagen-binding superfamily of proteins and is sufficient for cell aggregation in 
lactobacilli, lactococci and enterococci. Deletion of aggLb causes the loss of the 
capacity to form cell aggregates, whereas overexpression increases the aggregation.  
 
Keywords: Lactobacilli, shuttle cloning vector, aggregation promoting factor, CnaB 
domains, collagen binding domains 
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Emergence and spread of extended-spectrum -lactamase (ESBL) producing bacteria 
in environment posses a global threat in a clinical context. The aim of this study was 
to investigate a presence of ESBL producing bacteria in Belgrade urban surface waters 
and to characterize ESBL genes in these isolates. Screening for ESBL producers was 
performed by selection with ampicillin, double disc synergy assay and phenotypic 
confirmatory test. Determination of ESBL genes was performed by PCR method with 
the specific primers for TEM, SHV, CTX-M, GES-7, DHA-1, CMY-1 and CMY-2 genes. A 

total of 77 -lactam resistant isolates from six different sources (lake, rivers and 
springhead) were included in this study. Double disc synergy assay and phenotypic 
confirmatory test revealed total of seven ESBL producers (9.09%), four from lake 
(5.19%) and three from rivers (3.9%). ESBL positive strains were not found in 
springheads. Presence of SHV genes in three isolates from lake, DHA-1 gene in one 
isolate from lake and CMY-2 gene in one isolate from river was confirmed by PCR 
method. This study suggests that the urban surface waters in Belgrade could act as 
reservoir of the ESBL producing bacteria. 
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Enterococci have controversial effects: positive – probiotic potential, production of 
flavor compounds; negative – production of biogenic amines, antibiotic resistance and 
biofilm production. The aim of this study was to determine the diversity, 
technological properties and antibiotic susceptibility of enterococci isolated from 
different artisanal dairy products from Serbia, Croatia and Bosnia and Herzegovina. 
Total of 638 enterococcal strains were isolated from 56 dairy product samples. Strains 
were identified both by microbiological and molecular methods. Enterococcus 
faecium was the predominant species, followed by Enterococcus durans and 
Enterococcus faecalis. Over 77% of the isolates were resistant to ciprofloxacin and 
erythromycin and most of them were multidrug resistant to ≥3 antibiotics belonging 
to different families. However, 65 isolates (10.2%) were antibiotic sensitive towards 
all 12 tested antibiotics. Finally, 11 antibiotic sensitive enterococcal strains, with the 
best technological characteristics, and no virulence traits were chosen for potential 
biotechnological application as starter cultures in dairy industry. 
 
Keywords: dairy products, Enterococcus sp., diversity, antibiotic susceptibility, 
virulence 
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γaminobutyric acid (GABA), a nonprotein amino acid, possesses several physiological 
functions such as neurotransmission, induction of hypotension, and diuretic and 
tranquilizer effects. GABA is synthesized from glutamate by the action of glutamic 
acid decarboxylase (GAD). We are interested in isolation of high GABA producing 
lactic acid bacteria (LAB) and development of novel pharmaceuticals and GABA 
enriched functional food. Phylogenetic analysis of a glutamate decarboxylase gene, 
gadB of Lactobacillales revealed that GAD is species specific. In silico analysis, 
conserved CoreF/CoreR primers as well as a degenerate primer GAD typing method 
are used to screen the presence of gadB in the LMM collection of autochthonous LAB 
isolates. Eighty-one percent of lactococci, 64% of leuconostocs, 52% of lactobacilli, 
33% of streptococci and 17% of enterococci were positive on gadB gene. Further 
selection of the GABA producing strains may contribute to the development of 
functional foods enriched in glutamic acid and GABA as a bioactive compound. 
 
Keywords: GABA, lactic acid bacteria, glutamate decarboxylase 
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The widespread release of antibiotics in the environment due to their use in human 
and animal medicine, agriculture, and industrial activities has led to increased 
selection and spread of resistant enterococci in different compartments, such as 
water, soil, food and wastewater. The aim of this study was to detect and characterize 
antibiotic-resistant enterococci isolated from surface water of the Belgrade area. A 
total of 90 enterococci isolates were subject to antimicrobial susceptibility tests by 
disk diffusion method to 16 antibiotics. Minimal inhibitory concentration (MIC) for 12 
antibiotics was determined for sixty-seven out of 90 enterococci. All tested 
enterococci showed resistance against one or more antibiotics. The presence of ermA, 

ermB, ant6-Ia, aac6-aph2, gyrA, parC, tetL, tetK, resistance genes was confirmed by 
PCR. In conclusion, the obtained results show that surface water from Belgrade area 
may be potential sources of antibiotic resistance genes and contribute to the 
dissemination of bacterial resistance. 
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Bacillus cereus group, as member of the aerobic spore-forming genus Bacillus, is 
found in many types of soil at different depths and altitudes. It is frequently isolated 
from rhizosphere of growing plants, but also from the intestinal tract of insects and 
mammals. From these habitats, it is easily spread to foods and causes the food-
associated illness. To estimate the ratio of B. cereus from 4 soil types (stagnosol, 
chernozem, serpentine and contaminated soil), we analyzed 117 Bacillus spp. Isolates 
were determined in the hospital microbiology laboratory by colony morphology and β 
hemolyisis after 24h of incubation at 37ºC on sheep blood agar and Gram stain 
morphology. Indentification was done using selective Mannitol egg yolk polymyxin 
agar for B. cereus and BBL Crystal GP ID. Biochemical profiles of B. cereus was 
determined with Interactive Database. β hemolyisis on sheep agar was approved in 34 
out of 117 samples. Using MYP agar 18 samples were positive and 12 of them were 
detected as B. cereus based on BBL Crystal. Genetic characterization was performed 
using RAPD and obtained patterns were compared. B. cereus isolates were the most 
frequent in oil-contaminated soil. 
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Pseudomonas putida KT2440 is one of the most promising strains for numerous 
biotechnological applications like medium chain polyhydroxyalkanoate (mcl-PHA) 
production. Microbial production of mcl-PHA is more efficient when fatty acids are 
used as carbon sources. In silico analysis of the genome of P. putida KT2440 revealed 
21 putative acyl-CoA dehydrogenases (ACADs), four of which were functionally 
characterized through mutagenesis study. The ability of mutants with inactivated 
ACADs (PP_1893, PP_2039, PP_2048, and PP_2437) to grow and accumulate 
biopolymer was differentially negatively affected when various fatty acids were used 
as a sole source of carbon and energy. Protein PP_2437 was further biochemically 
characterized showing a clear preference for dodecanoyl-CoA ester as a substrate. 
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Recent and continuous growth of elderly population increases the number of patients 
in need of complete dentures. Periodontopathic bacteria are associated to diseases 
and conditions that especially affect the elderly, which emphasizes the need for 
better understanding of the relation between complete dentures and oral microflora. 
30 edentulous patients participated in the study. Complete dentures were made and 
handed to each patient and residual alveolar ridges were swabbed. After a period of 
time (at least 6 months), swabs were taken again. Identification of Prevotella 
intermedia, Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, 
Tannerella forsythia, Treponema denticola and Fusobacterium nucleatum was done by 
using the PCR method and primers specific for each microorganism. After comparing 
the results from the swabs, a noticeable increase in presence of periodontopathic 
bacteria was observed. It is thought that the presence of anaerobic oral bacteria is 
exclusive to periodontal ligament of natural teeth. However, these bacteria can 
colonize and even prosper in edentulous mouth, and complete dentures may act as 
reservoirs of potentially harmful pathogens. 
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Bacillus genus is well known for its ability to produce nonribosomaly synthesized 
lipopeptides with pronounced antimicrobial activity, including kurstakins. The 
structure of kurstakin is closely related to the structure of other lipopeptides 
synthesized by Bacillus species. The kurstakins are partially cyclic heptalipopeptides 
differing only in longevity of their fatty acid chains. The aim of this work was to screen 
collection of 205 Bacillus strains for gene involved in biosynthesis of kurstakins using 
degenerative primers. Most of the tested isolates possesses analyzed region and 69 % 
of them gives an expected fragment size of about 1155 bp. To confirm existence of 
kurstakin biosynthetic operon, additional PCR amplification of another gene and/or 
chemical detection of product are required. 
 
Keywords: Bacillus, PCR, Nonribosomal lipopeptides, Kurstakins 
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V-40 Poster 

 
Characterization of two Pseudomonas syringaepathovars 
(syringaeandmorsprunorum) from sweet cherry by RAPD 

 
 

Renata ILIČIĆ1, Jelica BALAŽ1 and Dragana JOŠIĆ2 
 

1Faculty of Agriculture, University of Novi Sad, Novi Sad, Serbia 
2Institute of Soil Science, Belgrade, Serbia 

 
 

Pseudomonas syringae is polyphagous and widely spread species of phytopathogenic 
bacteria in the world and in Serbia. Pathovars of P.syringae are very important causal 
agents of bacterial diseases in numerous wood and herbaceous plants. In our country 
bacteria P.syringae pv. syringae (van Hall) 1902 was determined as a pathogen of 
apricots, sweet and sour cherries, pears, apples, plums, peaches, raspberries and 
many other herbaceous plants. On stone fruits is also present pathovar P.s.pv. 
morsprunorum. In the last few years, these pathovars caused a very important 
problem for sweet cherry growing in intensive plantations. Host range of bacteria 
P.s.pv. syringae in Serbia continues to spread at an plant species an drecently Balazet 
al. (2014) determined a new host - oil pumpkin (Cucurbitapepo L.). In this study, 
P.syringae isolated from sweet cherry was genetically characterized using RAPD 
analysis, including newly designed primer DJP17. Both pathovars, syringae and 
morsprunorum, were detected and informative patterns were obtained. Patterns of 
P.s.pv.  syringae from sweet cherry and oil pumpkin were also compared and showed 
significant difference. 
 
Keywords: Pseudomonas syringae pv. syringae,P.s. pv. morsprunorum, sweet cherry, 
RAPD 
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Molecular characterization of Babesia canis and B. gibsoni 

from naturally infected dogs from Serbia 
 
 

Darko DAVITKOV1, Miloš VUČIĆEVIĆ1, Jevrosima STEVANOVIĆ2, Vanja KRSTIĆ1, 
Snezana TOMANOVIĆ3, Uroš GLAVINIĆ2 and Zoran STANIMIROVIĆ2 

 
1Department of Equine, Small Аnimal, Poultry and Wild Animal Diseases, Faculty of Veterinary 

Medicine, University of Belgrade, Belgrade, Serbia 
2Department of Biology, Faculty of Veterinary Medicine, University of Belgrade, Belgrade, 

Serbia 
3Laboratory for Medical Entomology, Department for Parasitology, Institute for Medical 

Research, University of Belgrade, Belgrade, Serbia 
 
 

Canine babesiosis is a frequent protozoal tick-borne disease with worldwide 
distribution and global significance. This report presents the results of a prospective 
study on canine babesiosis conducted in Serbia from November 2012 to January 2014. 
The aims of this study were to identify the species responsible for canine babesiosis in 
Serbia and to describe clinical expression and some clinical findings of dogs with 
Babesia infection. Sixty symptomatic dogs were included in the study. After clinical 
examination, blood sample was taken from each dog for microscope examination, 
complete blood count, Canine SNAP 4Dx Test, DNA analyses using PCR-RFLP method 
and sequencing. Two Babesia species were differentiated by PCR-RFLP procedure 
targeting 18S rRNA gene, B. canis (58/60) and B. gibsoni (2/60). Species determination 
was further confirmed by sequencing PCR products of both B. gibsoni samples and 6 
randomly selected B. canis samples. Along with the first molecular evidence of B. 
gibsoni and B. canis in sick dogs from Serbia confirmed by DNA sequencing this report 
shows the usefulness of PCR-RFLP method for precise species identification of the 
babesiosis cause. 
 
Keywords: Babesia canis/gibsoni, dogs, PCR-RFLP, sequencing, Serbia 
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VI-01 Talk 

 
Next-generation sequencing analysis of hematological 

malignancies: Serbian experience 
 
 

Sonja PAVLOVIĆ1, Bojana STANIĆ1, Jelena KOSTIĆ1, Nadja PEJANOVIĆ1, Bojana LUČIĆ1, 
Natasa TOŠIĆ1, Irena GLUMAC1, Dragana JANIĆ2,3, Lidija DOKMANOVIĆ2,3, 

Srdja JANKOVIĆ2,3, Nada SUVAJDZIĆ VUKOVIĆ3,4, Dragica TOMIN3,4, 
Biljana MIHALJEVIĆ3,4, Milena TODOROVIĆ3,4, Jelena JELIČIĆ3,4, Damjan KRSTAJIĆ1, 

Milos POPOVIĆ5, Igor BOGICEVIĆ5 and Maja STOJILJKOVIĆ1 
 

1Institute for Molecular Genetics and Genetic Engineering University of Belgrade,  
Belgrade, Serbia 

2University Children’s Hospital, Belgrade, Serbia 
3School of Medicine University of Belgrade, Belgrade, Serbia 

4Clinic of Hematology, Clinical Center of Serbia, Belgrade, Serbia 
5Seven Bridges Genomics, Belgrade, Serbia 

 
 

Rare diseases (RD) are life-threatening, chronically debilitating conditions, affecting 
less than one in 2000 people. 7-10 % of people have one of the 6000–8000 estimated 
RD, accounting for approximately 500000 individuals in Serbia. Most of RD are genetic 
in origin, including hematological malignancies. Next-generation sequencing (NGS) 
platforms have completely revolutionized the way of studying diseases at the 
genome, transcriptome and epigenome level. Here we describe the use of NGS 
TruSeq Amplicon Cancer Panel to screen mutational hotspots in 48 cancer-related 
genes. We sequenced 95 samples from patients with acute myeloid leukemia (AML), 
acute lymphoblastic leukemia and CNS lymphomas using MiSeq. We found 
polymorphic variants in TP53, RET, EGFR and GNA11 genes present in the majority of 
samples; SMO, NOTCH1, RB1 and HRAS genes in leukemias; FGFR3, CSFR1, GNA11, 
JAK3 and SMARCB1 genes in lymphomas. We detected an insertion in the NPM1 gene 
(chr 5: 170837543) only in adult AML and a deletion in the HRAS gene (chr 11: 
534398) in AML. This study was the first to apply NGS of cancer genes in Serbian 
population, prompting further investigation for local founder mutations and variants. 
 
Keywords: Next generation sequencing, polymorphic variants, acute myeloid 
leukemia, acute lymphoblastic leukemia, lymphoma 
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CRISPR/Cas based Reep6 gene open reading frames editing in 

mouse cells 
 
 

Predrag KALAJDZIC and Diethard TAUTZ 
 

Max-Planck Institute for Evolutionary Biology, Ploen, Germany 
 
 

An important question in evolutionary biology is the origin of new genes. De novo 
proteins can originate by mechanism called overprinting where a frameshifted open 
reading frame (ORF) evolves within a gene that already encodes a protein. Results of 
bioinformatic analysis showed the occurrence of an alternative reading frame within 
an existing Reep6 (receptor accessory protein) gene, suggestive of having acquired a 
new function at the boreoeutherian divergence. However, the protein product of the 
de novo originated reading frame has yet to be verified. We have designed a 
CRISPR/Cas constructs for de novo originated ORF knockout and knock in. These 
constructs were used to transform a cell line. We find indeed evidence suggesting 
that the new ORF is translated in the cell. 
 
Keywords: CRISPR, editing, de novo ORF 
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Use of CAPS markers in assessment of sensitivity of Cercospora 

beticola isolates to carbendazim and flutriafol 
 
 

Nevena NAGL1, Dragana BUDAKOV2, Ksenija TAŠKI-AJDUKOVIĆ1, Vera STOJŠIN2 
and Ferenc BAGI2 

 
1Institute of Field and Vegetable Crops, Novi Sad, Serbia 

2Faculty of Agriculture, University of Novi Sad, Novi Sad, Serbia 
 
 

Cercospora beticola is economically the most important sugar beet leaf pathogen, 
primarily controlled by fungicides. Our aims were: i) development of CAPS marker for 
detection of isolates resistant to carbendazim and ii) testing previously developed 
CAPS marker for detection of flutriafol resistant isolates. To test sensitivity to 
carbendazim, the β-tubulin gene fragment was amplified and digested with Bsh1236I, 
resulting in three bands in resistant isolates, while sensitive isolates had two bands. 
For flutriafol sensitivity testing, the fragment of C-14 alpha demethylase gene was 
amplified and digested with Alw26I. In resistant isolates and one moderately 
resistant, only one band was detected, while in sensitive and other moderately 
resistant isolates there were two bands. Detection of sensitivity levels to both 
fungicides by using CAPS markers coincided with results of in vitro screening, making 
them a useful tool in monitoring C. beticola for fungicide resistance. 
 
Keywords: sugar beet, leaf spot, fungicide resistance 
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Alternative standardization of data by standard deviation within 

population – Example of Populus nigra in Danube Basin 
 
 

Branislav KOVACEVIC1, Zoran TOMOVIC2, Marina KATANIC1, Sasa ORLOVIC1  
and Ivana VASIC2 

 
1Institute of lowland forestry and environment, University of Novi Sad, Serbia 

2Public enterprise „Vojvodinašume“, Petrovaradin, Serbia 
 
 

Three multivariate methods were used in the description of relationship among 12 
Populus nigra populations at the base of 12 leaf morphological characters. In case of 
cluster analysis and principal component analysis beside normalization, 
standardization of data by standard deviation within population was used. Gained 
distances were related to Mahalanobis distances from Discriminative analysis. 
Considerably higher correlation between distances squared Euclidian distances (SED) 
and Euclidian distances based on the first three principal components (EDpc) with 
Mahalanobis distances (SMD): rS(SEDec:SMD)=0,602** and rS(SMD:EDpc)=0,534** vs. 
rS(SEDsdwp:SMD)=0,862** and rS(SMD:EDpcsdwp)=0,854**, respectively. These results could be 
useful in further population studies. 
 
Keywords: Populus nigra, multivariate analysis, standardization 
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Modern genetics requires modern statistics 

 
 

Damjan KRSTAJIC1,2 

 
1Research Centre for Cheminformatics, Beograd, Serbia 

2Laboratory for Molecular Biomedicine, Institute of Molecular Genetics and Genetic 
Engineering, University of Belgrade, ,Beograd, Serbia 

 
 

Today we are faced with an explosion of genetics-related data. We are fascinated 
with possibilities that new technologies may bring us, but we should not forget to ask 
the following question: Are we prepared to analyze such volumes of data? 
Furthermore, today we have a wealth of previously published research findings. 
Statistics of the 20th century was mostly concerned with analyzing results of single 
experiments, and it is not suited for incorporation of previous experimental results. In 
our opinion, the future of research in genetics will depend a lot on our capacity to 
cope with new volumes of data, as well as our ability to incorporate prior knowledge 
into our discoveries. In our talk, we will shortly describe possible solutions to future 
challenges (e.g. Bayesian Networks, meta-analysis, predictive models, etc.). 
 
Keywords: statistical genetics, meta-analysis, belief network 
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Genetic diversity and mass production of forest reproductive 

material 
 
 

Vladan IVETIĆ, Jovana DEVETAKOVIĆ, Marina NONIĆ, Dragica STANKOVIĆ and  
Mirjana ŠIJAČIĆ-NIKOLIĆ 

 

Faculty of Forestry University of Belgrade, Belgrade, Serbia 
 
 

How much of genetic diversity (GD) is desirable in mass production of forest 
reproductive material (FRM)? How mass production of FRM reduce GD? Relation 
between GD and mass production of FRM is discussed in holistic manner. In 
plantation forestry, a narrow GD is desirable and reproductive material is produced at 
clone level. On the other hand, in conservation forestry a wide GD is imperative. 
Beside management goals, a desirable level of GD is related to rotation cycle and 
ontogeny of tree species. Risks of failure are lower in short rotations of fast growing 
species. In production of slow growing species, managed in long rotations, reducing of 
GD increase the risk of failure due to causes unknown or unexpected in time of 
planting. This risk is additionally increased in cases of transfer between regions of 
provenances and in conditions of climate change. A wide GD can lead to reduced 
productivity, but its absence can lead to total failure. Every step in production of FRM, 
from collection to nursery production, has effect on GD mainly by directional 
selection and should be considered. 
 
Keywords: genetic diversity, forest reproductive material, seed production, seedling 
production, directional selection 
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VI-07 Poster 

 
Cryopreservation of Impatiens walleriana shoot tips using 

vitrification and droplet vitrification 
 
 

Dragana ANTONIĆ, Snežana MILOŠEVIĆ, Angelina SUBOTIĆ and Slađana JEVREMOVIĆ 
 

Institute for Biological Research „Siniša Stanković“, University of Belgrade, Belgrade, Serbia 
 
 

We tested two cryopreservation procedures (vitrification and droplet vitrification) 
based on chemical dehydration of tissue with PVS2 for cryopreservation of Impatiens 
walleriana shoot tips. Excised shoot tips were precultured on medium supplemented 
with 0.25M, 0.5M and 0.75M sucrose for one day each (vitrification) or 0, 24h and 
48h on medium with 0.3M sucrose (droplet vitrification). After unloading treatment 
the shoot tips were treated with PVS2 solution in cryovials (vitrification) or drops of 
PVS2 on aluminium foil (droplet vitrification) for 20 min, at 00C. After the treatment 
cryovials with shoot tips were directly immerged in liquid nitrogen. After one day 

shoot tips were thawed in water bath at 40 C for 2-3min and washed with liquid MS 
medium, containing 1.2 M sucrose (unloading solution) for 20 min and cultured on 
two culture media. We observed better survival (42.9%) following vitrification 
procedure when shoot tips were cultured on medium supplemented with CPPU than 
on medium with NAA and BA (31.4%). The droplet vitrification procedure was better 
than vitrification procedure since better survival of shoot tips were obtained (48.2-
64.45%), depending of duration of sucrose pre-treatment. 
 
Keywords: tissue culture, PVS2, long-term storage 
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Use of obtained phytoplasma draft genome sequences for 

development of new characterization systems 
 
 

Jelena MITROVIĆ1, Christin SIEWERT2, Sabine HOLZ2, Michael KUBE2 and 
Bojan DUDUK1 

 
1Institute of Pesticides and Environmental Protection, Belgrade, Serbia 

2Department of Crop and Animal Sciences, Humboldt-Universität zu Berlin, Berlin, Germany 
 
 

For analyses of ‘Ca. P. solani’ (two strains) and ‘Ca. P. cynodontis’ we used 
enrichments by multiple displacement amplification and gradient centrifugation, 
respectively, followed by Illumina’s sequencing by synthesis approach. Although the 
obtained data did not allow completing of the genomes, it allowed, among other 
information, developing systems for amplification and analyses of groEL gene, marker 
used for characterization of other prokaryotes. We analyzed near complete groEL 
gene of strains from different countries of both phytoplasmas. The groEL, although 
reported not to be encoded in several mollicutes, proven to be more informative 
genetic marker than 16SrDNA which is regularly used for phytoplasmas. The obtained 
drafts are the largest datasets of ‘Ca. P. solani’ available. 
 
Keywords: groEL, ‘Ca. P. solani’, ‘Ca. P. cynodontis’ 
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Repeat-primed PCR in diagnostic testing of repeat expansion 

diseases 
 
 

Jovan PEŠOVIĆ, Miloš BRKUŠANIN, Zorana NIKOLIĆ, Jelena KARANOVIĆ, 
Goran BRAJUŠKOVIĆ, Stanka ROMAC and Dušanka SAVIĆ PAVIĆEVIĆ 

 

Centre for Human Molecular Genetics, Faculty of Biology, University of Belgrade, Belgrade, 
Serbia 

 

 

The aim of the study was to optimise and validate the repeat-primed PCR (RP-PCR), a 
method which can detect pathological repeat expansions. The study included patients 
with myotonic dystrophy type 1 (25), myotonic dystrophy type 2 (20) and fragile X 
syndrome A (15), and for all of them diagnosis had been previously genetically 
confirmed by PCR-based Southern blot method. Control samples included 20 healthy 
individuals. No false positive or false negative results were obtained, indicating that 
RP-PCR is a reliable and accurate technique. The method was found to be specific and 
reproducible in detecting expansions independent of their length. It is significantly 
more sensitive and less time-consuming in comparison to PCR-based Southern blot 
method, and it represents the first choice in diagnosis of repeat expansion diseases in 
our lab. 
 
Keywords: RP-PCR, PCR-based Southern blot, repeat expansion 
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PALM-LCM in sexual assault cases 

 
 

Jovana ŽIVKOVIC1, Lana OSTOJIĆ1, Miljana KECMANOVIĆ2, 
Milica KECKAREVIĆ MARKOVIĆ2 and Dučan KECKAREVIĆ2 

 
1Office of Chief of Medical Examiner (OCME), Research and Development Department, 

Department of Forensic Biology, New York, USA 
2Centre for Human Molecular Genetics, Faculty of Biology, University of Belgrade, Serbia 

 
 

In sexual assault cases, physical evidence collected is generally a mixture of both male 
and female components, consisting of spermatozoa, vaginal or buccal epithelial cells. 
The aim of this study was to determine the lowest amount of sperm cells needed to 
obtain a full DNA profile and to compare efficiencies of conventional differential 
extraction (DE) method and Positioning and Ablation with Laser Microbeams–Laser 
Capture Microdissection (PALM-LCM) method in separation of sperm and epithelial 
cells. The lowest quantity of sperm cells needed for a full DNA profile was found to be 
150. Also, PALM–LCM method was found to be more efficient in separation and 
recovering sperm cells compared to DE method, providing full DNA profiles of the 
male donor from around 150 collected sperm cells. Efficiency of DE method is 40-50%, 
so the same quantity of sperm cells, separated and recovered by DE method, would 
yield quantities of DNA insufficient for obtaining complete DNA profiles, which 
emphasize need for PALM–LCM, especially in sexual assault cases with low quantity of 
sperm cells. 
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The prediction of potentially new microRNA biomarkers for 

advanced atherosclerosis using Co-inertia analysis 
 
 

Ivan JOVANOVIĆ1, Maja ŽIVKOVIĆ1, Jasmina JOVANOVIĆ2, Tamara DJURIĆ1 and 
Aleksandra STANKOVIĆ1 

 
1 Laboratory for Radiobiology and Molecular Genetics, VINČA Institute of Nuclear Sciences, 

University of Belgrade, Belgrade, Serbia 
2Faculty of Mathematics, University of Belgrade, Belgrade, Serbia 

 
 

Co-inertia analysis (CIA) is very useful multivariate bioinformatic method for 
microRNA (miR) target prediction that integrates 5 different algorithms in order to 
determine miR activity from microarray whole genome expression data. The aim was 
to determine microRNAs which may be potential biomarkers of plaque development 
using CIA and whole genome differential gene expression in early and advanced 
atherosclerosis. Twenty-nine microarray gene expression profiles for CIA originated 
from early (13 samples) and advanced (16 samples) carotid atherosclerotic lesions. 
CIA confirmed 4 miRs previously described as atherogenic but also revealed 8 new 
miRs that could present a novelty in atherosclerosis evolution research.  
 
Keywords: microRNA, CIA, Microarray, prediction, atherosclerosis 
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The intersection of Co Expression Meta Analysis of microRNA 
Targets and microRNA target prediction as an approach for 
identification of microRNAs from whole genome array gene 

expression 
 
 

Ivan JOVANOVIĆ1, Maja ŽIVKOVIĆ1, Tamara DJURIĆ1, Zoran KRSTIĆ2, Mirjana KOSTIĆ2 
and Aleksandra STANKOVIĆ1 

 
1Laboratory for Radiobiology and Molecular Genetics, VINČA Institute of Nuclear Sciences, 

University of Belgrade, Belgrade, Serbia 
2University Children’s Hospital, Urology and Nephrology Department, University of Belgrade, 

Belgrade, Serbia 
 
 

MicroRNAs (miRs) are small noncoding RNAs that have basic roles in the control of 
gene expression. The aim was to identify specific miRs as biomarkers for the 
development of congenital anomalies of kidney and urinary tract (CAKUT). Those miRs 
would potentially regulate the expression of genes associated with the development 
of CAKUT. Microarray differential gene expression analysis was performed on ureter 
samples of 19 CAKUT patients and 7 healthy controls. For prediction of miRs that 
potentially target differentially expressed genes we used 11 different miR target 
prediction algorithms combined. The algorithms were applied on our data set of 
whole genome expression in investigated phenotype. After the first step of prediction 
analysis, the predicted miRs needed further filtering, in order to reduce the large 
number of miRs received per analyzed gene. So, we performed the intersection with 
Co Expression Meta Analysis of miR Targets (CoMeTa), a comprehensive prediction 
procedure based on the assumption that target genes of the same miR are 
coexpressed. As a result, we received notably reduced number of miRs as potential 
biomarkers of CAKUT that could be validated experimentally more easily. 
 
Keywords: microRNA, CAKUT, CoMeTa, Microarray, prediction 
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Statistical considerations regarding analysis of miRNA expression 

profiles 
 
 

Svetlana BOJIĆ1, Miljana TANIĆ2 and Stefan MANDIĆ-RAJČEVIĆ3 

 
1Institute for Statistics and Informatics, Medical faculty, University of Belgrade, 

Belgrade, Serbia 
2Human Genetics Group, Spanish National Cancer Research Centre (CNIO) y Centro de 

Investigación Biomédica en Red de Enfermedades Raras (CIBERER), Madrid, Spain 
3Department of Health Sciences of the University of Milan and International Centre for Rural 

Health of the San Paolo Hospital, Milan, Italy 
 
 

MicroRNAs (miRNAs) constitute the largest family of noncoding RNAs involved in gene 
silencing and represent critical regulators of cell and tissue differentiation. Microarray 
expression profiling of miRNAs is an effective means of acquiring genome-level 
information of miRNA activation and inhibition, as well as the potential regulatory 
role that these genes play within a biological system. 
While many of the same statistical tools for analyzing mRNA expression arrays can be 
applied to the analysis of miRNA data, there are distinct differences between the two 
platforms which necessitate special use of some methods. In particular, miRNA arrays 
typically have far fewer genes that are spotted on the array compared to mRNA 
arrays and require careful consideration of the assumptions behind array pre-
processing methods prior to their application. 
Here we illustrate these specificities of miRNA statistical analysis on a set of miRNA 
expression profiles from BRCAX hereditary breast tumors, as taken from Tanic et al. 
(2013), thus providing somewhat improved insights in biology of these not yet fully 
understood subtype of cancer. 
 
Keywords: miRNA, microarray expression profiling, statistical analysis, hereditary 
breast tumors 
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VI-14 Poster 

 
Quality of high school students knowledge in the field of genetics 

 
 

Tijana PRIBIĆEVIĆ1, Vesna ODADŽIĆ2, Tomka MILJANOVIC1 and Vera ŽUPANEC1 
 

1Faculty of Sciences, University of Novi sad, Novi Sad, Serbia 
2Zrenjaninska gymnasium, Zrenjanin, Serbia 

 
 

According to the current high school biology curriculum in Serbia, teaching topic of 
Mechanism of inheritance is represented with 15 hours of 45 minutes classes, on 
which two exercises should be implemented in addition to the adoption of theoretical 
knowledge. In order to asses the quality of our high school students' knowledge on 
genetics we have analyzed the tests results in genetics on a sample of 256 students. 
The test included questions from three cognitive domains: the level of knowledge of 
the facts , the level of understanding of the concept and the level of analysis and 
reasoning of the curriculum. Students achievement on the first two levels of 
knowledge was good (79.7% and 76.95%). At the third level, which was supposed to 
apply knowledge to solve problems, students achievement was significantly lower 
(37%). The test results show that the knowledge of genetics by our students is not 
applicable and that didactic materialism continues to dominate the teaching of 
genetics in biology courses. 
 
Keywords: Secondary School, genetics, quality of knowledge 
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Streptomyces produced prodiginines as modulators of quorum 

sensing in Pseudomonas aeruginosa PAO1 
 
 

Lidija SENEROVIC1, Nada STANKOVIC1, Ivana ALEKSIC1, Aleksandra ARSIC1 
and Branka VASILJEVIC1 

 

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade, 
Serbia 

 
 

Soil born bacteria of genus Streptomyces are well known producers of secondary 
metabolites with wide spectrum of biological activities such as antimicrobial, 
anticancer, immunosuppressive. Streptomyces isolates JS520, JS497, NP2, NP4, NP60 
and MS7 produce dark red pigments. Using primers for amplification of redG and redH 
genes it has been demonstrated that these strains contain specific genes of red 
cluster involved in prodiginine synthesis. Crude cell extracts of these strains modulate 
QS regulated production of pyocianin in PAO1 strain and importantly do not show any 
antibacterial activity. None of these extracts show cytotoxic activity against cells in 
culture. PAO1 cultured in the presence of crude cell extracts of NP4 or JS520 exibited 
reduced virulence on fibroblasts. Results suggest that prodiginines as potential factors 
in interspecies communication could be applied as modulators of bacterial 
pathogenesis. 
 
Keywords: Streptomyces, prodiginines, quorum sensing 
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Characterization of free fatty acid production from a novel strain 

Streptomyces sp.NP10: expression and purification of  
the β-ketoacyl synthase III 

 
 

Tatjana ILIĆ-TOMIĆ1, Milena Z. ŽIVKOVIĆ2, Marija S. DENIĆ2, Niko S. RADULOVIĆ2, 
Branka VASILJEVIĆ1 and Jasmina NIKODINOVIĆ-RUNIĆ1 

 
1Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Serbia 

2Departman of Chemistry, Faculty of Science, University of Niš, Serbia 
 
 

Newly isolated strain from soil, Streptomyces sp. NP10, synthesizes a remarkably large 
amount of free long-chain fatty acids (C7–C31) when grown under different 
conditions. Analysis of the fatty acid profile of this strain (separations, derivatization, 
GC-MS identification), enabled the identification of over 50 fatty acids of the n-, iso- 
and anteiso- carbon chains including saturated, unsaturated and cyclopropyl acids. 
The gene required for the initiation of fatty acid biosynthesis in Streptomyces sp. 
NP10, β-ketoacyl synthase III, was cloned and recombinantly expressed. There are 
indications that the accumulation of free fatty acids in this strain is a defense 
mechanism against other microorganisms in the soil. 
 
Keywords: Streptomyces, fatty acids 
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Zebrafish (Danio rerio) as a model system for studying autophagy 

and apoptosis 
 
 

Aleksandra DIVAC RANKOV1, Jelena DINIĆ2, Mila LJUJIĆ1, Marija PETRIĆ1, Milica PEŠIĆ2 
and Dragica RADOJKOVIĆ1 

 
1Institute for Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade 

2Department of Neurobiology, Institute for Biological Research, University of Belgrade, 
Belgrade 

 
 

Our overall goal was to establish zebrafish (Danio rerio) as a model system to test the 
effects of substances affecting autophagy and apoptosis. We aimed to study 
autophagy and apoptosis in zebrafish embryos treated with different cell signalling 
inhibitors using a wide variety of molecular biology techniques: western blotting, 
whole mount and cryosection immunostaining, live imaging.Our preliminary results 
showed that the embryos treated with PI3K/Akt/mTOR pathway inhibitors (tamoxifen 
(2.5µM-50µM) and AZD2014 (100nM-1µM)) showed elevated autophagy markers 
(LC3, Beclin-1) in western blotting and immunostaining. Live imaging of whole 
embryos at 48 hpf with acridine orange showed considerable numbers of apoptotic 
cells mainly in the tail section of treated embryos. 
 
Keywords: zebrafish, autophagy, apoptosis, live imaging 
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VII-01 Talk 

 
Intrapopulation and interpopulation breeding strategies for alfalfa 

improvement 
 
 

Dragan MILIĆ, Snežana KATANSKI, Sanja VASILJEVIĆ, Đura KARAGIĆ and 
Slobodan KATIĆ 

 

Institute of Field and Vegetable Crops, Novi Sad, Serbia 
 
 

Yield improvement of alfalfa represents an overall goal in almost all public and private 
breeding programs. The progress of alfalfa breeding has been slow, mostly due to its 
complex genetic structure (autotetraploidy), allogamy and tetrasomic inheritance. 
Main goal of this paper is to present breeding methods and strategies in alfalfa 
breeding at IFVCNS.  We are suggesting two general methods which are largely 
matched: (1) concept of intrapopulation breeding - direct selection for yield, through 
individual selection using selection index of 20%, in one population which contains 
not less than 1200 plants. Intrapopulation breeding of alfalfa leads to the 
accumulation of desirable alleles, i.e. to additive gene action, and helps improvement 
of the performances of populations with a narrow genetic base. (2) Concept of 
interpopulation breeding is based on creation of heterotic groups using 
intrapopulation method as a first step, and interpopulation crosses in order to 
capture partial heterosis through population hybrids (PH), or true hybrids. Combining 
of these two methods is possible and so far we have obtained 6 heterotic groups 
originating from Serbia, Iran, Greece, and Spain, in our breeding program. Genetic 
diversity per se is not enough for heterosis expression; divergent populations must 
have good combining abilities and have to be tested before inclusion in the breeding 
programs. Use of interpopulation improvement programs, such as reciprocal 
recurrent selection in alfalfa is not routine as in maize, and more consideration of 
potential breeding schemes is necessary to fully exploit heterotic effects between 
identified heterotic groups. Molecular markers can play significant role in order to 
help in selecting desirable populations with aim to create more unique heterotic 
groups and reduce number of necessary crossings. New alfalfa breeding programs 
should focus on yield per se, with the use of new knowledge on the genetic control of 
yield and with adaptation of existing or creating new breeding procedure.  
 
Keywords: alfalfa, breeding, heterosis, population, strategy, yield  
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In the Region of Western Balkans, forests share the influence of similar traditions in 
silviculture, which provides a common basis for incorporating concerns over genetic 
resources into forestry practice. These include past intensive management, artificial 
regeneration including wide-scale transfers of forest reproductive material, decreased 
population sizes especially due to forest fragmentation and introduction of exotic 
forest tree species. Norwway spruce (Picea abies L. Karst), Austrian pine (Pinus nigra 
Arnold), Scots pine (Pinus sivestrys L.), are the most important indigenous conifer 
species, in Serbia, Bosnia and Herzegovina and Montenegro. Multi-annual studies of 
ecological characteristics and stand condition of selected populations as the 
establishment of field experiments network enabled testing of genecological potential 
of these species. The testing of structure of the genome of their population were 
done by protein markers application as the most often used polymorphic markers at 
the level of gene products and molecular DNA markers based on PCR phenomenon. 
Studies at population level - in seed stands and in laboratories have been carried out 
since 2003. In this paper, each of these species will be examined in some detail. 
Attempts will also be made to summaries some causal and findings. 
 
Keywords: genecology, provenence reserache, Western Balkans 
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Among its many different uses, the knowledge of genetic diversity of Norway spruce 
in Bosnia and Herzegovina finds its direct use in the economy sector through defining 
seed zones (provenance regions). 
Nuclear, mitochondrial and chloroplast genome markers were employed to 
characterize the Norway spruce. Needles were sampled from the total of 105 
individuals growing in 11 different spruce populations in Bosnia and Herzegovina 
The markers successfully separated the genomes of the observed individuals and 
revealed the existence of inter- and intra diversity of the studied species 
(populations). A good discriminative ability was showed by two polymorphic markers 
of different compartmentation which can accordingly serve as a starting point for 
further research work within the area of the genus Picea genetic diversity in B&H. If 
combined with morphological markers, these data should enable the development of 
the conservation strategies for genetic resources and offer the distinct region 
definition when it comes to the spruce provenances as well. 
 
Keywords: molecular markers, spruce, Bosnia and Herzegovina 
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Cadmium (Cd) is a non-essential and toxic element. Besides environmental factors, 
heredity has important role in Cd uptake in plants. Seven parents and their 21 F1 
diallel crosses of maize were grown under field conditions in two growing seasons on 
two soil types. The ear-leaf was taken at silking and grain samples at maturity. Mean 
leaf-Cd (mg Cd·kg-1 in dry matter) were 0.102 and 0.072 (year effect), 0.064 and 0.195 
(soil effect), while differences among genotype were from 0.040 to 0.581 (the 
parents) and from 0.046 to 0.171 (the hybrids). Six hybrids of Bc707-1 had 
considerably higher leaf-Cd compared to six hybrids of Bc265-1 parent (means 0.100 
and 0.050 respectively), while grain-Cd was below detection level (< 0.040). In the 
other two experiments, difference of leaf-Cd among ten maize hybrids were from 
0.66 (OsSK497 and OsSK552) to 0.12 (OsSK444, OsSK554 and OsSK558) mg Cd kg-1 and 
among seven inbred lines from 0.05 to 0.19 mg Cd kg-1. The Os 89-9 (0.19 mg Cd kg-1) 
separated from remaining six inbred lines (mean 0.07 mg Cd kg-1) by the higher leaf-
Cd. By correspondingly plant breeding programmes could be contribute to minimizing 
Cd contamination of food and human population. 
 
Keywords: maize, cadmium, inbred lines, hybrids 
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Six maize inbred lines as well as fifteen hybrid combinations derived from them were 
used in this work in order to analyze genetic relationship between inbred lines and to 
predict heterosis between crosses. The trial was set up according to RCB design at 
two locations in two repetitions in 2010. Nineteen SSR primers were applied in order 
to obtain genetic distances between inbred lines. Analysis of specific combining ability 
was done using Griffing (1956), method 2, model 1. Heterosis was estimated as a 
high-parent (HP) heterosis. Values of genetic distance ranged from 0.08 to 0.65. The 
lowest value of specific combining ability for grain yield was found in combination 
L1xL2 (-0.43), while the lowest value of heterosis for grain yield had combination 
L1xL3 (32.32*). The highest values of specific combining ability and heterosis for grain 
yield were determined in combination L4xL5 (2.20**; 115.96** respectively). Values 
of genetic distance were positively correlated with values of specific combining ability 
and heterosis (r=0.41 and r=0.53* respectively), so it could be concluded that using 
SSR markers we can reliably predict heterosis in F1 generation. 
 
Keywords: maize, genetic distance, heterosis, specific combining ability 
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utilization development in bioethanol production 
 
 

Valentina SEMENČENKO1, Milica RADOSAVLJEVIĆ1, Dušanka TERZIĆ1, 
Marija MILAŠINOVIĆ-ŠEREMEŠIĆ1 and Ljiljana MOJOVIĆ2 

 
1Maize Research Institute “Zemun Polje”, Belgrade, Serbia 

2Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia 
 
 

Genetic background of maize is one of the most important factors that affect the 
maize kernel properties. The aim of this study was to improve our insight in how 
different genetic traits affect yield of bioethanol obtained from maize grains. Twenty 
seven maize hybrids, including genotypes of standard chemical composition as well as 
specialty hybrids such as popping maize, waxy, white and red kernel hybrids, 
developed at the Maize Research Institute, were investigated in this study. Results 
showed that different physical and chemical properties of the investigated maize 
genotypes influenced overall bioethanol yield. Bioethanol yield ranged from 7.25% for 
popping maize hybrid ZP 611k and red kernel maize hybrid ZP Rumenka to 8.96% for 
yellow dent maize hybrid ZP 434. In general, hybrids with higher starch content 
manifested better fermentative characteristics. Obtained results are of an exceptional 
importance for the selection of potentially most suitable hybrids for this biofuel 
production because they indicate that genotype influences bioethanol yield to a great 
extent. 
 
Keywords: maize, bioethanol, genetic background 
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Multiple-location or series trials has paramount role in plant breeding research 
activity. They represent a valuable tool for assessing the potential values of the 
genotypes in any stage of plant breeding programme as well as for promotional 
activity of the newly developed genotypes to farmers and producers. Albeit the most 
frequent statistical approach for the analysis of the datasets from series of the trials, 
combined analysis of variance (ANOVA) have serious restrictions regarding the 
assumptions of the homogeneity of the variance of residual errors. This requirement 
for combined datasets is frequently violated as the consequence of the different 
precision among the trials. In this presentation we investigate the impact of the 
heterogeneity of error variances of the genotype comparisons in the series of two-
year trials of maize and wheat by mixed model analysis approach based on the 
assumption of the homogeneity and heterogeneity of trial variances across the trials. 
In all considered datasets, mixed models with heterogeneous error variances were 
more suitable for the data analysis as followed by the Akaike information criterion. 
Furthermore, when the pair-wise comparisons was conducted among the genotypes 
using the model with homogeneous error variances, a notable number of statistical 
Type-I errors were detected. We conclude that mixed model approach represent a 
flexible framework for efficient analysis of the series of trials conducted in the target 
regions with variable climatic and soil conditions. 
 
Keywords: plant breeding, maize, wheat, homogeneous error variances, mixed model 
approach 
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This paper presents research of height growth variability of European beech (Fagus 
sylvatica L.) provenances in four common garden experiments established in Bosnia 
and Herzegovina (locality Kakanj), Croatia (locality Medvednica) and Serbia (localities 
Fruska Gora and Debeli Lug). Provenance trials were established during the spring 
2007 by planting 2- and 3-year-old saplings. The trials are arranged in a randomised 
complete block design. The results of plant height in 2009 are presented in the paper. 
Study involved totally 15 provenances mutual for all trials (7 provenances were 6 
years old and 8 provenances were 5 years old). Provenances originate from six 
countries (Bosnia and Herzegovina, Croatia, Germany, Hungary, Romania and Serbia). 
Analysis of variance revealed statisticaly significant differences between provenances 
and localities. Within the older group of provenances, provenance Tajan-Zavidovići 
(BA) had the highest mean height in trials in Croatia and Serbia. In Bosnia and 
Herzegovina, the highest mean height was observed in two Croatian provenanaces 
(Sjeverni Dilj Čaglinski and Vrani Kamen). Within the younger group, provenances with 
highest mean height, accross all sites, were Crni Vrh, Tešanj (BA) and Avala (RS). 
Considering that at this early stage, the height growth does not reflect full growth 
potential of genotype and the effect of the local environment on the genotype, these 
results should be evaluated in the future. 
 

Keywords: European beech, provenance trial, height growth variability 
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A rather novel scheme of intercropping annual legumes with each other relies upon 
the model where two components have 1) the same time of sowing, 2) similar 
growing habit, 3) the concurrent time of cutting for forage production and harvest for 
grain production and 4) that one component has a good standing ability, acting as a 
supporting crop, and another has a poor standing ability, acting as a supported crop. 
Supporting crops, such as faba bean and white lupin, may be characterized by more 
prominent basal branching, especially in white lupin, as well as with slightly decreased 
proportion of lignin in stems enhancing the balance between standing ability and 
stem dry matter quality and digestibility. Supported crop genotypes, especially of 
hairy vetch, should be selected for determinate stem growth and smaller number of 
stems per plant in order to avoid a potential negative impact on the development of 
supporting crop. 
 
Keywords: annual legumes, breeding, intercropping, qualitative traits, quantitative 
traits 
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The last decade witnessed a growing interest in using red-yellow pea (Pisum fulvum 
Sm.) in improving the agronomic performance of cultivated pea (Pisum sativum L.). 
Red-yellow pea was shown to have a total resistance to various forms of biotic stress, 
such as diseases and insects. This abstract presents the results of a research on some 
qualitative traits in the F1 and F2 hybrid progenies of five wild populations of red-
yellow pea and eleven cultivars of protein pea. It was proved that the genes 
controlling determinate stem growth (DET), present fasciation (FA FAS), afila leaf type 
(af TL) and developed funiculus (DEF) were also present in the red-yellow pea 
genome, as well as that the introgression of the resistance to pea weevil (Bruchus 
pisorum L.) from red-yellow into cultivated pea is feasible. The results of the 
interspecies hybridisation between red-yellow and cultivated peas provide a solid 
basis for improving the contemporary protein pea breeding programmes. 
 
Keywords: breeding, interspecies hybridisation, Pisum fulvum, Pisum sativum, 
qualitative traits 
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Sour cherry (Prunus cerasus L.) is a segmental allotetraploid which was obtained by 
natural hybridization between ground cherry (Prunus fruticosa L.) and sweet cherry 
(Prunus avium L.). Owing to its polyploid nature and continuous crossings with its 
progenitors, sour cherry became polymorphic species with variation in its numerous 
traits. Serbian mostly grown cultivar is Oblacinska sour cherry, which is a mixture of 
different clones. Previously, the highest variability among clones was found in fruit 
and leaf traits. Thus, those were studied in 41 Oblacinska sour cherry clones over a 
three consecutive years, in order to determine components of variability and the 
values of the heritability coefficient. All samples were taken from collection orchard 
of Oblacinska sour cherry at the Experimental Station Radmilovac, which belongs to 
the Faculty of Agriculture of the University of Belgrade. In almost all fruit and leaf 
traits, the analysis of the variability components evidenced that interaction genotype 
x year predominantly determined the highest percentage of the variability, which 
ranged from 35.3% (leaf length) to 52.6% (stone weight). The only exception were 
output, leaf petiole length and leaf area where ecological factors influenced the most 
(69%, 40% and 59%, respectively). The values of heritability coefficient, in a broader 
sense, were found to be rather different. Within fruit traits it ranged from 19.61% 
(stone weight) to 65.35% (fruit weight), and within leaf properties from 27.82% (leaf 
area) to 59.43% (leaf length). Those characteristics with higher heritability coefficients 
(fruit weight and leaf length) have greater potential for genetic improvement. 
 
Keywords: Oblacinska sour cherry, clonal selection, variability components, 
heritability 
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Adverse abiotic or biotic factors seriously reduce maize yields and grain quality.  In 
2012, as implication of drought, maize yields reduction in Serbia was 48%. Besides, 
ear rot caused by Fusarium species is one of the most common worldwide diseases of 
maize, causing yield reduction and contamination of grain by mycotoxins.  Drought 
and various insects are key factors affecting disease severity. Development of core 
collections within genebank could be an efficient tool to evaluate and characterize 
large collections, and to increases usage of genetic diversity. About 6000 accessions of 
Maize Research Institute Zemun Polje genebank were screened for drought tolerance 
in Egypt and in temperate climate, and the mini-core collection of 41 accessions (15 
inbred lines, 13 introduced population and 13 local landraces) was established. Ears of 
chosen inbreds and drought susceptible lines (B73 and Mo17) were inoculated with 
suspension of F.graminearum. Considering the importance of genotype effect and low 
specificity to the environment of disease resistance, the lines L1, L3, L4, L5 and L15 
were chosen as potential sources of genes for stable resistance to ear rot in drought 
conditions.  
 
Keywords: inbreed lines, drought tolerance, genetic diversity 
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Among numerous facts that can affect yields, the presence of pollinators can be 
crucial. In order to attract and reward pollinators, flowers have to provide 
nourishment of satisfactory quality and quantity. Since nectar plays a central role in 
plant reproduction by mediating plant-pollinator interactions, its producion is 
essential for providing satisfactory yields. Despite the fact that sour cherry cultivars 
are mainly autogamous, insect visits are still of great importance for them. Oblačinska 
sour cherry (Prunus cerasus L.), an autochthonous cultivar, is the most planted 
cultivar in Serbian commercial orchards. Since it is a mixture of different clones, the 
variability in numerous traits and especially yields has been noticed. Because of that, 
the aim of this study was to determine the phenolic components in nectar secreted by 
different clones of Oblacinska sour cherry that vary in productivity level. This study 
was carried out at the Experimental Station Radmilovac, Faculty of Agriculture 
Belgrade. Nectar was individually sucked with glass micropipettes from pollen 
shedding flowers previously isolated with plain tulle net for 24 hours. A solid phase 
extraction (SPE) combined with ultra high performance liquid chromatography-
Orbitrap-mass spectrometry (UHPLC–LTQ OrbiTrap MS) was used to analyze the 
content of flavonoids, phenolic acids and abscisic acid. Rutin was the most abundant 
phenolic compounds, ranging from 7.97 (IV/5) to 647.22 ng/100µL (II/2) and 
averagely contributing to 48.73% to total nectar phenolics in different Oblacinska sour 
cherry clones. In addition to this flavonol compound, clones stored significant 
amounts of chrysin (16.84%), naringenin (12.26%) and galangin (9.11%). Cluster 
analysis grouped clones in two clusters where both had two sub-clusters. Despite of 
the significant differences among the studied clones, the content of rutin, naringin, 
abcisic acid and naringenin made a clear separation between the clusters. 
 
Keywords: clonal selection, Oblacinska sour cherry, rutin, chrysin, cluster analysis 
 



 

Pre Breeding and Breeding 
 

 258 

VII-14 Poster 

 
Xenia effect on Fusarium verticillioides infection and fumonisin B1 

accumulation in maize hybrids 
 
 

Sofija BOŽINOVIĆ, Jelena LEVIĆ, Slavica STANKOVIĆ, Jelena VANČETOVIĆ, 
Zoran ČAMDŽIJA, Miloš CREVAR and Jovan PAVLOV 

 

Maize Research Institute “Zemun Polje”, Belgrade, Serbia 
 
 

Xenia refers to the immediate effect of foreign pollen on a non-maternal kernel 
tissue. There is little data on its influence on fungus infection and mycotoxin 

accumulation in maize kernel. The trial was set up in one location during two years. ZP 
1 and ZP 2 hybrids were used as mothers and ZP 3, ZP 4 and ZP 5 hybrids as 
pollinators. Xenia effect was determined as a change in a trait of non-isogenically 
pollinated fertile hybrid compared to the same isogenically pollinated fertile hybrid. 
ANOVA showed maternal genotypes had significant effects on examined traits in both 
years. Xenia effect on F. verticillioides infection was from -1.36 to 27.8% in first year 
and from 2.00 to 23.33% in the second. The effect on fumonisin B1 accumulation was 
from 0.56 to 4.56 ppm in the first and from -0.25 to 4.14 ppm in the second year. 
Although ANOVA did not show significant difference for pollinators, Inbred × Tester 
analysis showed ZP 5 was the worst pollinator among the three used. Negative xenia 
effect on kernel infection can be a direct consequence of an extended grain filling 
period or a higher level of oil in kernel, that are also influenced by xenia. 
 
Keywords: fumonisin B1, Fusarium verticilliodes, maize, xenia 
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Herbicide application is one of the most important practices in maize seed 
production, althought maize lines are more sensitive to herbicides than hybrids. The 
aim of this study was to define tolerance of maize lines from different heterotic 
groups to herbicides. Maize lines with different susceptibility were tested: 
independent source (L1, L2), BSS (L3) and lancaster group (L4, L5). Tolerance was 
evaluated 21 days after herbicide application. Fresh and dry matter and visual 
demages were determined, as well as alternations in phenolics, P-SH, soluble 
proteins, phytate and inorganic phosphours content. The largest decreases of fresh 
and dry matter, as well as the highest phytotoxicity (with sulfonylurea herbicides) 
were observed in L1 and L2. Moreover, the content of secondary metabolites varied 
the most in L1 and L2 after sulfonylurea treatment. Herbicide application induced 
increase of phenolics content parallel with values of EWRC estimation in sensitive 
lines. P-SH content in L4, as tolerant line was increased. 
 
Keywords: maize lines, herbicide stress 
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In order to facilitate the selection of high-yielding ’trešnjevac’ bean variety adapted to 
Serbian agro ecological conditions, local populations and a foreign (control) variety 
have been examined in terms of several traits of agronomic importance. Significant 
variability was found among the tested accessions and between the two seasons of 
experiment in terms of all investigated traits. Yield per plant correlated positively to 
pod weight, seed weight, number of seeds per plant, number of seeds per pod and 
number of pods per plant. Out of 13 examined populations, six over-yielded check 
variety in both seasons. The population with high and the most stable yield (P-36, 
22.2 g/plant) would be a valuable starting material for breeding ’trešnjevac’ bean 
variety. 
 
Keywords: local populations, ’trešnjevac’ bean, yield 
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Objective of this work was to examine the effect of different seed priming treatments 
on seedling growth in ten maize inbred lines. For priming treatments, maize seeds 
were soaked in water (hydropriming) or 0.5% KNO3 solution at 25°C for 17 h. Seeds 
were than sown in moistened sand and placed in growth chamber at 15°C and at 
25°C. After seven days, seedlings were removed from sand and shoot length and root 
length were measured. Maize inbred lines had different response to priming 
treatments at both temperatures. In some of them hydropriming enhanced seedling 
growth and other react better to priming with KNO3. Also, in some lines, seed priming 
showed no beneficial effect but negative effect was not recorded. Observed 
differences in seedling growth represent useful information for selection of 
appropriate seed priming treatment for each maize inbred line. 
 
Keywords: seed priming, maize, seedling growth 
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Sugar beet is the most important crop for sugar production in Europe. Wide genetic 
variability is essential in sugar beet breeding programs. The aim of this study is to 
evaluate variability for the main root traits and differences between monogerm and 
multigerm sugar beet genotypes from the breeding collection at the Institute of Field 
and Vegetable Crops. The following traits were analyzed: root weight (g), dry matter 
content (%), root head weight (g), root/head ratio (%), number of cambial rings, root 
length (cm) and root diameter (cm). Mean values for two years per genotype were 
standardized and used for analysis. Principal Component Analysis (PCA) and Cluster 
Analysis (CA) were used to examine the level of diversity for 20 genotypes and to rank 
the contributions of the variables. According to CA genotypes could be placed into 
five main groups, where a large number of multigerm genotypes were put in one 
group. Results of PCA were in agreement with CA. On average multigerm genotypes 
were characterized by higher mean values for root weight, length, diameter and 
lower root head ratio. Multigerm genotypes had higher coefficients of variation for 
nearly all measured root traits. 
 
Keywords: sugar beet, root, multivariate analysis 
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When environmental stress develops after-anthesis, wheat plants may depend more 
on stem reserves for grain filling than on current photosynthesis. In a two-year field 
trials in 2011 and 2012 we examined more than 20 agronomic and developmental 
traits in 61 wheat genotypes in plants that were defoliated (DP) by cutting off all leaf 
blades 10 days after anthesis along with intact control plants (CP). Grain weight/spike 
of DP varied from about 63 to 96% and 51 to 97% grain weight/spike of CP, in 
moderate (2011) and more severe (2012) stress conditions, respectively. Estimated 
stem and sheath assimilate reserves contribution to grain weight/spike was from 10 
to 54 % and from 24 to 84% in CP and DP plants, respectively. Drought stress 
increased mobilization efficiency, expressed as percentage of dry matter mobilized, 
by 11%. Stem related traits were among key traits determining stem reserve 
contribution. The most important genetic variables in differentiating genotypes for 
stress tolerance were biomass/stem, stem reserves mobilization efficiency and grain 
filling rate. Their balanced relations rather than high values is more important to 
develop cultivars that can tolerate environmental stresses during grain filling. 
 
Keywords: wheat, defoliation, stem reserves, grain filling, grain yield 
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After two-year of field experiment, potential Mg, Fe, Mn and Zn availability was 
conducted on the set of 10 inbred lines from MRIZP Gene bank drought tolerant mini-
core collection. Potential availability in micro-elements was determined through their 
ratio with phytate as inhibitor and β-carotene as promoter. After harvesting and 
drying to 14 % of moisture content, measurement of 1000 kernel weight, inorganic P 
(Pi), phytate (Pphy), β-carotene, Mg, Fe, Mn and Zn content in maize grain were 
determined. Inbred line with the highest Pi content also had the lowest Pphy content, 
as well as Fe and Zn content. This inbred could be considered as valuable source for 
improved Mg, Fe, Mn and Zn availability, due to the lowest ratio between phytate and 
minerals. Moreover, inbred lines with β-carotene about 20 μg g-1, could also be 
considered as favourable for increased Mg, Fe, Mn and Zn availability, due to low 
phytate/β-carotene ratio. 
 
Keywords: β-carotene, micro-elements, inorganic phosphorus, phytate, Zea mays L. 
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For this research the four sorts of virginian flue-curved tobacco originating from 
different geographic regions (McNair 944 -USA, CA 757-Australia, Bolsunov-Austria 
and Delgold-Canada) are used. The varieties differed in nicotine, proteins and 
reducing sugars content. The additive, dominant and epistatic gene effects are 
studied using the generational average analysis of four parents and their descendants 
(P1, P2, F1, F2, B1 i B2). The comparative field experiments were carried out during two 
years in Stara Pazova. 
According to the results, the dominant gene effects were greater than additive.  In 
dominant gene action the impact of environmental factors was observed. The shapes 
of nonallele interaction are such that (l) is greater than (i) and (j). The additive x 
additive epistasis effects are more negative, additive x dominant have both signs, 
while the dominant x dominant effect has prevailing positive value. These results 
indicate that the dominant gene effects prevail in chemical constituents’ inheritance. 
 
Keywords: gene effect, nicotine, protein, reducing sugars, tobacco 
 



 

Pre Breeding and Breeding 
 

 266 

VII-21 Poster 

 
Genotype and fertilization impact on nitrogen and phosphorus 

status in maize 
 
 

Ivica ĐALOVIĆ, Đorđe JOCKOVIĆ, Goran BEKAVAC, Bojan MITROVIĆ and 
Miroslav ZORIĆ 

 

Institute of Field and Vegetable Crops, Novi Sad, Serbia 
 
 

Understanding the plant requirements, the dynamics of nutrients uptake during the 
growing season and their role in the formation of certain plant organs is a key factor 
in determining the time and methods of the maize fertilization. Genotypic variation of 
mineral nutrition is not only affected by differences in the uptake and content of 
biogenic elements in soil, but also in transport, or reutilization and the accumulation 
of certain elements in particular plant organs (leaf, grain). Genotypic differences in 
the utilization and accumulation of nutrients between the different genotypes are 
demonstrated in their different response to fertilization. Different maize genotypes 
were able to show specific dynamics of growth and the production of organic matter, 
as well as accumulation of different concentrations of mineral elements in the specific 
environmental conditions, therefore it is possible to create the selection of genotypes 
that were efficient in the uptake of certain nutrients. Nitrogen fertilization is known 
to affect the grain yield and N concentration of maize but much less is known on its 
effect on grain P concentration. Nitrogen × phosphorus interactions were significant 
for P concentration and N accumulation in maize grain. This paper presents the 
results of two years study of different fertilization systems effects on the content of N 
and P in leaves and grain maize hybrids from different cycles of selection. 
 
Keywords: maize, genotype, nitrogen, phosphorus, fertilization 
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During the expedition performed in the area of Čajniče in 2011, the beech trees under 
name ‘Vilina bukva’ with a ‘pendula’ growth were recorded. An old and dry beech 
tree called ‘Majka vilina bukva’ is accompanied with a few trees at ages 20-40, as well 
as a certain number of younger trees of the same appearance. The total number of 
live beech trees with a similar morphology in this very limited area is about 40. This 
morphological pecularity is described in botanical literaure as a result of mutation 
which in certain rare cases may be transferred to the progeny. The generative and 
vegetative reproduction of these four trees were made in the nursery of the Institute 
of Genetic Resources in order to determine the character of this specificity of habitus 
of trees "Vilina bukva". The seeds were collected in early autumn 2011th and 2012th, 
and after breaking dormancy, sown in containers with mixed substrate (soil, sand and 
peat). The Whip grafting was conducted in early spring 2012th and 2013th on 
seedlings originated from typical forest stand of beech trees near Čelinac. The growth 
of both young plants, seedlings and those vegetative propagated, was observed 
during the vegetation 2012th and 2013th. The morphology of both categories of 
young plants confirmed a hereditary character od growth type, ie, the growth with 
negative heliotropism. However, the expressed vigor of growth indicates a different 
degree of manifestation of the characteristics, what will be the subject of further 
research. 
 
Keywords: seedlings, grafting,  negative heliotropism 
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Cadmum is a non-essential metal and an environmental hazard due to its toxicity to 
plants and animals. Callose is a polysaccharide that plays an important role in plant 
development and in response to various stresses. Seeds of two maize genotypes Os6-
2 inbred line and OS 602 hybrid were sown in plastic pots filled with two types of soil: 
control – untreated eutric cambisol and cadmium contaminated soil – eutric cambisol 
treated with CdCl2 solution up to concentration of 5 mg Cd/ kg soil. Approximately 5 
mm segments above adventitious roots of control and cadmium treated 10 days old 
seedlings were cut and a wet mount slides were prepared. Mounts were stained with 
0.005% aniline blue solution. Callose was detected under a fluorescent microscope. 
Results of this preliminary study show that it is likely that cadmium is another metal 
besides aluminum that causes callose deposition in maize cell walls with no apparent 
differences between these two genotypes. 
 
Keywords: maize, cadmium toxicity, callose 
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Currently, large amounts of fruit seeds are discarded yearly at processing plants. 
Beside the fact that this is a potential waste of valuable resource and serious disposal 
problem together with the case where natural products for food and nutritional 
supplements have gained increased attention, the aim of this study was to evaluate 
kernel sugar components in different peach genotypes. Twenty-five peach genotypes, 
of which 11 are standard cultivars, eight vineyard selections and six hybrids, were 
used in this experiment. Kernels samples were collected at the Radmilovac 
Experimental Station, which belongs to the Faculty of Agriculture of the University of 
Belgrade. Fruits were picked fully ripe and after the stone breaking, the kernels were 
grounded in a grinder and the obtained powder was extracted. Chromatographic 
determination of 22 sugar components in aqueous fraction was performed by the 
DIONEX ICS 3000 DP chromatography system (Dionex, Sunnyvale, CA, USA) equipped 
with a quaternary gradient pump (Dionex) and electrochemical detector. The kernels 
were found to be rich in sucrose and glucose, averagely contributing with 37.06 % and 
33.37 %, respectively, to total sugars. Immediately after, the highest shares in total 
sugars had fructose, maltose and sorbitol with 8.62%, 5.99% and 5.21%, respectively. 
The rest of the sugar components were detected in all genotypes, but present as 
minor sugar constituents.Vineyard selections, averagely, stored the highest levels of 
sucrose and sorbitol (7.30 and 1.51 µg/100g kernel, respectively), while promising 
hybrids had the highest content of glucose, fructose and maltose (5.47, 3.07 and 2.92 
µg/100g kernel, respectively). PCA analysis was used to discriminate between 
different peach genotypes on the basis of their kernel sugar components. Sorbitol and 
sucrose showed the highest impact on sugar composition in peach kernels, while the 
contribution of arabinose, ribose and maltose showed medium discriminating power.  
 
Keywords: peach, kernel, sorbitol, sucrose, PCA 
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Soil salinity is one of the most severe abiotic stresses worldwide. The efforts are being 
undertaken to enhance salt tolerance of economically important poplar clones in 
Vojvodina region. As plant-specific GRAS/SCL transcription factors (TF) play diverse 
roles in abiotic stress resistance, one of the poplar homologs of TF gene was 
characterize and cloned into hybrid poplar genome using Agrobacterium vector 
system. Expression analysis confirmed the induction of the transgene and the lines 
were propagated in vitro. Different phenotypes of the transformed plants in 
comparison to wild type were observed implicated eventual diverse genetic potential 
to salt tolerance. 
 
Keywords: poplar, hybrid, Agrobacterium, expression analysis 
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Teeming with nutrients and valuable phytochemicals, vegetables remain the 
backbone of human diet. Over the past decades vegetable-breeding programs in 
Institute of Field and Vegetable Crops in Novi Sad are taking into account the need to 
compromise productivity with the product quality. Improving sensorial, nutritional, 
and healthy qualities of varieties thus becomes programs focal task. Results of the 
breeding efforts are varieties with increased content of proteins (legumes), total and 
soluble sugars (varieties of parsley developed for processing), dry weight (garlic, 
onions, tomato, pepper), β-carotene (tomato), lycopene (tomato, watermelon) and 
vitamin C (pepper, tomato, cabbage, parsley), along with optimized amino acid 
content (legumes), total sugars:fruit acids ratio (tomato), dietary fiber and phytate 
content (bean and snap bean). Cucumber, radish and zucchini varieties are low in 
cellulose. Moreover in focus of bean-breeding program is development of genotypes 
with specific culinary traits by means of thickness and elasticity of the seed coat, coat 
proportion, water absorption, seed hardness, cooking process length, etc. 
 
Keywords: nutritional quality, cooking quality, vegetable breeding 
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Cadmium is a non-essential heavy metal whose presence in the agricultural soil is a 
significant problem in terms of its entry into the food chain. The study was conducted 
during two years (2012 and 2013) on six soybean genotypes grown in soil with four 
different levels of cadmium contamination (0, 0.5, 1 and 5 mg Cd kg-1 soil). Soil was 
contaminated with 10 mL of CdCl2 solution kg-1, prepared and calculated for each 
treatment separately (B2-B4). Performance index (PIABS) and maximum efficiency of 
photosystem II (Fv/Fm) were measured on soybean leaves in R5 development stage. 
PIABS and Fv/Fm values of different soybean genotypes showed continuous decrease 
with increase of cadmium contamination in the soil. Analysis of variance showed 
significant differences between years and treatments but not within genotypes for 
both investigated parameters. Measuring of photosynthetic efficiency parameters is a 
very rapid and non-invasive method which can be used for early detection of stress 
caused by cadmium contamination of soil. 
 
Keywords: cadmium, soybean, photosynthetic efficiency, performance index, 
maximum efficiency of photosystem II 
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This study evaluates the tolerance of white poplar genotypes to the presence of lead 
(0, 10-6, 10-5, 10-4, 10-3) in the nutrient medium, under low pH conditions (pH3) in 
vitro. Following characters were measured: number of roots, the length of the longest 
root, the shoot height, oven dried root mass and oven dried shoot mass. According to 
morphological parameters, in general the highest tolerance had genotype L-12, while 
the lowest genotype L-80. The highest root mass was recorded in LBM, while the 
lowest root and shoot masses were found in world-wide used clone Villafranca. The 
obtained results suggest that the test in vitro efficiently differentiates examined 
genotypes which could be important for their use in phytoextraction projects. 
 
Keywords: Populus alba, tissue culture, phytoremediation 
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The aim of this study was to examine possible availability of investigated micro-
elements through their ratio with phytate as inhibitor and β-carotene as promoter for 
their absorption. Two-year of field experiment was conducted on twenty-six maize 
landraces from MRIZP Gene Bank drought tolerant mini-core collection. After 
harvesting and drying to 14 % of moisture content, 1000 kernel weight was measured. 
After extraction from grain, phytate, β-carotene, Mg, Fe and Zn content were 
determined. Phytate/β-carotene ratio ranged from 350 up to 1000, with exception of 
white kernel maize landrace, being higher than 2000. Content of Mg and Zn increased 
significantly with decrease in β-carotene content, which could have negative impact 
on their availability. However, results of PC analysis indicated that phytate and β-
carotene mostly contributed to different principal component axis than Fe and Zn, 
giving the opportunity to their increase in grain independently of variations in 
inhibitor and promoter contents. 
 
Keywords: β-carotene, microelements, PCA, phytate, Zea mays L. 
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The use of high-quality safe planting material is a prerequisite to profitable cost-
effective potato production. The Ivanjica region abounds in potentially arable land, 
located at altitudes above 800 m. The land is suitable for seed potato production 
owing to low air temperatures during tuber set and intensive fill, relatively favourable 
rainfall amounts and distribution promoting plant development, and a low incidence 
of aphids as vectors of potato viruses. In addition to specifying major characteristics 
of seed potato production, the objective of this study was to analyse the potential for 
improvement of production methods based on yield performance and growing 
practices for increased yield and quality of seed potato. An experiment involving 
potato cultivars ’Desiree’ and ’Marabel’ was established for seed production in 2011 
and 2012.  The soil used for seed potato production was a podzol soil previously used 
as a meadow located at an altitude of 850 m. The trial was laid out in a randomised 
block design in four replications. Plot size was 15 m2 (5x 3 m). A plot consisted of four 
5-m- long rows of potatoes spaced 70 cm apart with 30 cm spacing in the row, giving 
a density of 40,000 plants/ha. Planting was conducted in the second half of April in 
both years. A border row of potatoes surrounded the trial. Potato vines were 
removed (in September) when 70% potato tubers reached 28-55 mm calibre. The 
average two-year yields were relatively low: 21 t ha-1 for cv. ’Desiree’ and 19 t ha-1 for 
cv. ’Marabel’. Potential improvements in seed potato production in this region 
include increased acreage, use of newly released cultivars that offer higher yields and 
better quality, particularly disease-tolerant cultivars and those which have favourable 
quality characteristics for their intended use and purpose. 
 
Keywords: potato, seed, yield, quality 
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The genetic variability of 13 rapeseed genotypes created in Serbia was assessed at the 
Institute of Field and Vegetable Crops, Novi Sad, in three consecutive years. The 
genotypes were evaluated and classified based on 10 quantitative traits (plant height, 
height to the first branch, stem width, number of lateral branches, number of leaves, 
number of pods, seed yield per plant, 1000 seed weight, oil content and protein 
content), using principal component analysis and two-way cluster analysis. The first 
four PCs with eigen values> 1 contributed to 80% of the total explained variance. The 
PC analysis revealed that plant height, height to the first branch, number of lateral 
branches and number of leaves contributed maximum to the total divergence of the 
material. The genotypes were classified in two main clusters: the first cluster 
comprised three genotypes, while the other genotypes belonged to the second 
cluster which can further be divided to two subclusters. One genotype was not 
classified in these two clusters. The selected genotypes that have desirable traits may 
be used in hybridization programs for improvement of seed yield and traits that 
contribute to seed yield most. 
 
Keywords: Brassica napus, quantitative traits, PCA, two-way cluster analysis 
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This paper researches maximum quantum yield of photosystem II (Fv/Fm), 
performance index (PIABS) and leaf temperature (LT) at different soil water content (60 
and 80% field capacity) for 13 sunflower genotypes with the aim to determine their 
stability in these conditions. Also, using stress susceptibility index (SSI) we were able 
to determine genotype stability at different soil water content, photosynthetic 
efficiency parameter values and LT values. Based on the results for SSI and average 
Fv/Fm, PIABS and LT values, five genotypes had higher stability and tolerance for 
investigated traits, and two genotypes were less stable. These analyses will help 
breeders to select genotypes adapted to farming area. Genotype adaptability 
combined with the use of recommended production practices is the background for 
profitable sunflower production. 
 
Keywords: photosynthetic efficiency, leaf temperature, stress susceptibility index, 
sunflower 
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The most suitable fatty acid phenotypes of soybean oil are those that have less than 7 
% saturates, less than 3 % linolenic acid, and more than 55 % oleic acid as these 
obtain the greatest application for food, feed and industry. The aim of a three year 
trial (2010-2012) was to give an insight into fatty acid composition of eight early 
maturing soybean genotypes. Experimental and biometrical results indicate the 
existance of a variability in the phenotypic expression with all five fatty acid averages 
coinciding with the average values of commercial soybean. Divergence was also 
observed in the phenotypic reaction of genotypes to different environments which 
resulted in a significant variability for year effects. Given results should be beneficial 
in determining and planning future breeding strategies for altering fatty acid content 
values in domestic soybean germplasm, thus enhancing the added value properties of 
final soybean products for industry and end consumers, making it an integral part of 
sustainable production. 
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One of the strategic advantages of recently released cultivars of autumn-sown dry 
pea is their significantly improved earliness. The Serbian winter dry pea cultivar NS 
Mraz, newly registered in Serbia, is regularly at least a week earlier than winter 
cereals. In that way, many farmers do not have to choose between pea and cereals 
due to limited harvesting resources. The initial material for pre-breeding autumn-
sown faba bean in Serbia consisted of both collected local Serbian landraces and 
populations obtained from France and Germany. The preliminary results of their 
agronomic performance showed that they have a great potential for high grain yield 
in the environmental conditions of Serbia. Promising results in breeding winter hardy 
cultivars were achieved with several vetch species, as well as with lentil and grass pea, 
and will be continued with more species including Medicago truncatula. 
 
Keywords: annual legumes, breeding, earliness, temperate regions, winter hardiness 
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In this paper was studied three traits (bulb height, bulb weight, bulb yield) in 10 
varieties of onion (taken from the collection of the Institute for Vegetable Crops) for a 
period of three years (2005, 2006, 2007). Observed traits belong to the group of the 
most productive traits of onion. The main objective of this research was finding 
genotypes of onion which exhibit high stability for the analyzed traits in different 
environmental conditions of production. Analysis of variance of AMMI model 
determined the variability between genotypes and environmental factors, and their 
interaction for all three observed traits. Studied genotypes did not show uniform 
stability for the all analyzed traits. AMMI analysis pointed to cultivar Zlatno gnezdo as 
higly stable cultivar for all three observed traits. Results showed that two varieties 
(Zlatno gnezdo i Bunkino beo) with the lowest interaction were the most stable, and 
three varieties (Atteleo voroshaguma, Kupusinski jabučar, Jasenički žuti) with the 
highest interaction were the most unstable for the bulb height. As for the other two 
traits, as one of the most stable genotype was identify cultivar Kupusinski jabučar, 
and as the most unstable Jasenički žuti. 
 
Keywords: stability, AMMI analysis, onion 
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Breeding of forest trees is peculiar process due to their longevity and long period until 
their maturation and progeny production. Poplars belong to the group of trees in 
which tree breeding is most advanced in previous period. This paper presents results 
of selection process for newly developed Populus deltoides and (Populus x 
euramericana) x Populus deltoides  clones. Besides the traditional aims of breeding 
such are rooting ability, wood volume production and resistance to diseases such are 
Dothichiza populea, Marssonina brunnea and Melampsora sp., sustainable 
development strategies lead to the selection of clones with characteristics suitable for 
environmental use of poplars such are biomass production and use of poplars for 
phytoremediation. Results showed great potential of newly selected clones through 
entire process of selection. 
 
Keywords: Poplars clones, selection, productivity, resistance, phytoremediation 
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The main aim of modern maize breeding is the development of high yielding hybrids 
tolerant to drought and pests. Little attention has been paid to the nutritional value of 
maize as a raw material for food and feed. The objective of this study was to observe 
the effect of different genetic background of ZP maize hybrids on their use as a raw 
material in food production. All selected hybrids are commercial and their 
characterisation was important for the expansion of their use. The comparative 
results of kernel physical properties, structure, chemical composition and suitability 
for starch production of maize hybrids of different maturity groups, various genetic 
bases and utilisation purposes are presented. In addition, the contents of 
lignocelluloses fibres and digestibility were determined in the grain samples. The 
results gained in this study are in agreement with those previously published and 
point out the great importance of the determination of maize grain quality 
parameters in affecting its utilisation value as a raw material in food production. 
Furthermore, obtained results also showed that genotype parentage affects all of the 
investigated parameters of maize hybrids. 
 
Keywords: maize hybrids, grain quality, food 
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Maize can be used in three ways: in the human diet, as food for livestock and as a raw 
material in industry. In underdeveloped and developing countries, maize production 
has enormous significance because it is a basic food for human consumption. A lot of 
favourable alleles, that can contribute to the higher yield, abiotic stress tolerance, 
disease and pests resistance or nutritional quality improvement, are dispersed within 
maize landraces. The recessive opaque2 (o2) mutation increases lysine and 
tryptophan content in maize grains. Maize with increased levels of these essential 
amino acids, hard endosperm and good agronomic performances is called quality 
protein maize (QPM). The fifteen landraces were analyzed for total protein and 
tryptophan content, as well as for the presence of o2 mutation, the basis for 
developing QPM. The genotypes chosen based on the high tryptophan level and the 
presence of opaque2 mutation can be used in plant breeding as potential source of 
improved quality. 
 
Keywords: landraces, maize, opaque2, protein quality, SSR 
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Genetic background of maize is one of the most important factors that affect the 
maize kernel properties. The aim of this study was to improve our insight in how 
different genetic traits affect yield of bioethanol obtained from maize grains. Twenty-
seven maize hybrids, including genotypes of standard chemical composition as well as 
specialty hybrids such as popping maize, waxy, white and red kernel hybrids, 
developed at the Maize Research Institute, were investigated in this study. Results 
showed that different physical and chemical properties of the investigated maize 
genotypes influenced overall bioethanol yield. Bioethanol yield ranged from 7.25% for 
popping maize hybrid ZP 611k and red kernel maize hybrid ZP Rumenka to 8.96% for 
yellow dent maize hybrid ZP 434. In general, hybrids with higher starch content 
manifested better fermentative characteristics. Obtained results are of an exceptional 
importance for the selection of potentially most suitable hybrids for this biofuel 
production because they indicate that genotype influences bioethanol yield to a great 
extent. 
 
Keywords: maize, bioethanol, genetic background 
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Soil water deficit tolerance has become an extremely important breeding criterion, 
especially in all rain fed forage plants. Drought tolerance is closely related to the 
distribution and penetration of root systems in the deeper portions of the soil, since 
plants need to keep some root contact with ground water to survive. Our breeding 
goal is to improve root architecture and breed perennial ryegrass plants with root 
systems which can better exploit the available, deeper, soil water, while maintaining 
biomass yield. 
In this study variability of root depth and distribution and shoot dry matter yield of 
genotypes, which showed better root architecture in previous research, were 
investigated in reduced soil water potential. Trial was conducted in sand plastic tubes 
with 20 plants per treatment in three replications. Plants were irrigated daily and 
within 130 days of growth, the irrigation was reduced to 25%. Genotypes showed 
improved deep portions of roots with water deficit. There were lot of plants with high 
production of both deep roots and shoot mass. Significant differences (10% of 
enlargement of deep roots weight overall) between breeding genotypes and control 
were determined. 
 
Keywords: drought tolerance, perennial ryegrass, root depth, variability, genetic gain 
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Diallel cross between six drought tolerant maize landraces from mini corre collection 
of MRI genebank was performed, in order to obtain new heterotic pattern(s) for grain 
yield for reciprocal reccurent selection. Test trials were performed in 2012 at three 
and in 2013 in five locations with crosses and populations per se. Mid-parent 
heterosis ranged from 10.0-36.7%. The highest value was obtained between one 
Iranian and one Argentinean landrace. The second highest value was 33.2%, for one 
Serbian and the same Argentinean landrace. Serbian population had the lowest yield 
per se (4.165 t/ha) and the lowest grain moisture (15.4%), and the Argentinian 
population had highest grain yield (5.122 t/ha) and highest grain moisture (22.2%). 
The good combining population from Iran had values between other two populations 
(4.931 t/ha and 16.6%). Good heterotic pattern for RRS is the Argentinean population, 
and composite that should be formed from Serbian and Iranian landrace at the other 
side. Since maize landraces have a lot of undesirable traits, before starting RRS 2-3 
cycles of mass selection for improvement of populations per se should be done. 
 
Keywords: heterotic pattern, reciprocal recurrent selection 
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Biostimulator (based on bacterial auxin) applied at wheat seeds had very strong 
influence on root and shoot length of all 7 genotypes tested but there was no 
significant difference in seed germination percentage between control seeds and 
seeds treated with different auxin concentration, shown by analysis of variance. Most 
effective on shoot height and root length was auxin concentration from 0.5 μg/ml. 
This influence clearly demonstrates importance of auxin concentration on steam 
height and root length in different wheat genotypes. Results of this study showed that 
auxin had positive stimulative effects in relation to all wheat genotype tested 
(different length of the growing season; early, medium early and late variety). 
 
Keywords: Bacillus, auxin, genotype, wheat seeds 
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Maintaining the integrity and variability of conserved material is a gene bank priority. 
In out-crossing crops, like maize, it is very difficult to completely maintain genetic 
identity. Regeneration of accessions generally leads to reduced genetic diversity. The 
initial level of maize landraces heterozygosity could have influence on the success of 
maintaining their genetic integrity during regeneration. As a consequence of 
regeneration after long storage period, the question is how much variability is lost 
within each landrace. A part of the variability loss, hypothetically caused by ageing, 
results in seed death. In order to evaluate variability loss during the maintenance, 
research was conducted on three MRIZP gene bank landraces. The investigated 
landraces differed in kernel type and the germination capacity before the 
regeneration. Being a source of amino acids and reduced nitrogen, necessary for 
germination and early seedling growth, seed storage proteins of the landraces prior 
and after the regeneration, were analysed by ultra-thin isoelectric focusing. Based on 
albumines and zeins electrophoretic patterns, it could be concluded that the 
landraces variability during their maintenance was well preserved. Further molecular 
analyses, of the same accessions, are needed for accurate determination of their 
genetic diversity prior and after regeneration. 
 
Keywords: isoelectric focusing, regeneration, seed longevity, Zea mays L. 
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Meadow fescue (Festuca pratensis Huds.) is an important perennial fodder grass for 
animal feed production on grasslands and pastures, with high yield potential and 
biomass quality. A basic requirement for successful breeding of this species is 
variability of the initial material. The collection examined consisted of five breeding 
populations and six cultivars of meadow fescue. Breeding populations have passed 2 
cycles of recurrent selection. Trial was conducted as spaced plant nursery with 30 
plants per genotype in two years. The aim was to determine and compare variability 
of the most important phenological trait, morphological traits, seed yield 
components, herbage quality, green mass and dry matter yield of breeding 
populations and cultivars. The data were analysed by ANOVA. Breeding populations 
has demonstrated higher variability compared to cultivars for most studied 
parameters. Broad sense heritability (hb

2) was high, in both studied groups, in 
breeding populations and cultivars, for all investigated traits. The highest heritability 
was determined for plant height (99.32%) and ash content (99.84%) in breeding 
population, and for green mass yield in the third cut (99.67%) in cultivars. High level 
of genetic variability in breeding populations and cultivars indicates that some 
genotypes are potentially valuable for further breeding process.  
 
Keywords: meadow fescue, variability, heritability, breeding populations, cultivars 
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The modern trend in naked seeded oil pumpkin (Cucurbita pepo L.) breeding are F1 
hybrid varieties showing positive heterotic effect for fruit weight, dry seed weight per 
fruit, number of seeds per fruit as well as oil content of the seed. Naked seeded oil 
pumpkin is a monoecious species developing separate male and female flowers on 
the same plant. Insects, especially honeybees are the main pollinators. For hybrid 
seed production it is necessary to regulate the ratio as well as the dynamics of 
flowering of female and male flowers. Manual removal of male flowers of the female 
parent is extremely labor intensive and is justified only in special cases. Utilization of 
of genetic male sterility is preconditioned by early, easy and reliable recognition and 
removal of male plants in segregating female parent on the hybrid seed production 
field. Commercial F1 hybrid seed production of naked seeded oil pumpkin is based on 
proper treatment of the plants of the female parent with ethrel, which suppresses the 
appearance of male flowers for prolonged period of time enabling the pollination of 
the remaining female flowers with the pollen derived from the untreated male parent 
of the hybrid. 
 
Keywords: naked seeded oil pumpkin, F1 hybrid, hybrid seed production 
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Tree of heaven (Ailanthus altissima /Mill./ Swingle) belongs to the group of fast-
growing tree species. Due to the high adaptive capacity and the occurrence of early 
and premature sexual maturation (neoteny) increasingly colonizes stands of other 
species. Described pole dimorphism in local populations of this species was used as 
the basis for research conducted on permanent sample plots within the coppice 
stands Fruska Gora dominated by white lime. Colonization and the undisturbed 
development of tree of heaven is a factor in its further degradation, because it 
suppresses lime from the stand structure. The presence of 50% male trees - where are 
only male flowers, and 50% of bisexual trees - where are both male and female 
reproductive organs, called seed trees, were recorded at the permanent sample plot. 
Registered ratio of male and seed trees in this tree of heaven population allows the 
possibility of applying the sexual dimorphism as selection criteria for removal of seed 
trees, which can reduce open stand canopy with thinning and limit the spread of tree 
of heaven in generative way. 
 
Keywords: Tree of heaven (Ailanthus altissima /Mill./ Swingle), sexual dimorphism, 
sex ratio, selection criteria, regressive succession, thinning 
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Cytoplasmic male sterility (cms) is a maternally inherited condition in which a plant is 
unable to produce functional pollen. This type of male sterility is induced by 
mitochondrial genes. The aim of this study was to examine if there is an influence of 
these mitochondrial strility inducing genes on some maize agronomic traits. Six maize 
inbred lines and six of their cytoplasmic male sterile counterparts were tested during 
the summer of 2011 on two locations. Observed agronomic traits were plant height, 
ear height and tolerance to lodging and stalk breakage. Three-factor analysis of 
variance for all three observed traits has shown that the genotype x type of cytoplasm 
interaction was highly significant. In most of the cases differences of analyzed traits 
between fertile and sterile counterparts were not significant. Tolerance to lodging 
and stalk breakage was different between genotypes. Lowest value was recorded at 
inbred line ZPL 5 at both fertile and sterile versions, but fertile version was somewhat 
more resistant (2.75-5.38 broken plants). Highest genotype was ZPL 2 (both versions), 
and its height ranged from 182.9 to 192.6 cm. 
 
Keywords: maize, agronomic traits, cms, inbred lines 
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In 2009 on the territory of the Republic of Srpska, two progeny tests of Norway spruce 
(Picea abies Karst.) were established in Drinić (Inner Dinarides area) and Srebrenica 
(Transitional Illyrian-Moesian area). The tests included 35 half-sib lines from six 
populations from Bosnia and Herzegovina. During April 23rd–May 8th in Srebrenica and 
May 2nd – 15th in Drinić, the opening of terminal buds at the population level, half-sib 
level and seedlings level was observed (in total: 2479 seedlings in Srebrenica and 
2185 seedlings in Drinić ). The results indicate significant differences in the dynamics 
of the buds opening in seedlings on the population level and half-sib level. This 
research can define population of spruce in B&H with early and late opening  buds 
opening, which is important when selecting them for the establishment of new 
forests at lower or higher altitudes. 
 
Keywords : progeny tests, spruce, buds opening 
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Seventeen inbreds (fifteen mothers and two testers) and their 30 hybrids were used 
in this study in order to evaluate way of inheritance of kernel row number (KRN). 
Mothers derive from three sources A, B and C (five inbreds per source), for which is 
known to be opposite heterotic group to two Lancaster Sure Crop testers (Z1 and Z2). 
Average KRN of parents ranged from 11.90 to 18.99, and hybrids from 13.93 to 18.97. 
LSD0.05 distiguished five inbreds with a highest value of KRN: B1 (18.27), B2 (18.70), B3 
(18.80), B4 (18.99) and C4 (18.58). Exept from C4, all other inbreds menaged to create 
hybrids wtih a highest value of KRN, but only with Z1 tester, B1 x Z1 (18.97), B2 x 
Z1(18.0), B3 x Z1 (18.97) and B4 x Z1 (18.15). When it comes to way of inheritance, (+) 
dominance was most frequent way (10 cases), folowed by intermediar (9 cases) and 
(+) superdominance (7 cases). Mothers crossed to Z1 tester predominately had (+) 
dominance and (+) superdominance as way of inheritance, while crossed to tester Z2 
intermediar way. Superdominance which resulted in high KRN, as most desired case, 
happened only once with C3 x Z1 (18.65), while other superdominance cases had 
significantly lower KRN.   
 
Keywords: kernel row number, heterosis, way of inheritance 
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Information about gene effects and mode of inheritance for quantitative traits 
enables choosing the most optimal method of selection for improving desired traits. 
Aim of this research was determination of gene effects and modes of inheritance for 
quantitative root traits of sugar beet: root weight, sugar content and crystal sugar 
yield. In this research were used 14 genotypes from four different breeding programs. 
Genotypes differed in the degree of homozygosity, depending on the presence of 
genes for autofertility or sterility. The trial was conducted in 2011 and 2012. Gene 
effects were estimated with line x tester method, while the modes of inheritance of 
selected traits were evaluated by t-test. i.e. comparing the mean value of the F1 
generation to mean values of parental lines. In both years for all traits non-additive 
component of genetic variability had higher value then the additive component. 
Modes of inheritance for root weight and crystal sugar yield were dominance of 
better parent and superdominance. For sugar content determined mode of 
inheritance were dominance of better parent, dominance of weaker parent and 
intermediate mode of inheritance. 
 
Keywords: sugar beet, gene effect, mode of inheritance 
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Pepper is one of the most important vegetable species in the Balkans. Tomato shaped 
pepper is one of the fruit type suitable for pickling. The aim of this paper was to 
characterized four new genotypes of green tomato shaped peppers. These genotypes 
were obtained by crossing sweet yellow tomato shaped pepper line (S-99) and sweet 
green bell pepper line (S-192). Four open pollinated plants from F5 generation were 
visually selected in 2012 and their seeds with parental line S-99 were sown in 2013. 
Plants were transplanted in three replications with 20 plants in each repetition. 
Spacing between plants were 60 x 25 cm. Fruits for the yield were harvested in 
technological maturity three times. Fruit length, fruit width, fruit index, pericarp 
thickness and locule number were measured in the second harvest. There was no 
difference in fruit yield between genotypes. The longest fruit had genotype 3 (4.14 
cm), while the widest fruit (6.28 cm) and the highest pericarp thickness (6.3 mm) had 
genotype 1. The smallest differences between the genotypes were in locule number. 
For the further selection genotype 1 will be used, because of the highest pericarp 
thickness and the widest fruit. 
 
Keywords: pepper, genotypes, fruit characteristics 
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The concept of all maize breeding programs is based on effort to make successful 
identification and practical use of the heterosis phenomenon. Empirical data and 
knowledge of breeding material pedigree as well as information on heterotic groups 
are of direct relevance to maize breeders in conventional breeding approach. There 
are a number of methods used to estimate heterotic effect, attempts to find the best 
possible combination of lines, or the best hybrid with elite grain yield and favorable 
agronomic characteristics. In this paper, we tested the use of discriminant analysis on 
a set of six mid- late inbred lines of known origin in order to estimate the genetic 
distance. Results of discriminant analysis (Mahalanobis distance) were compared with 
the empirical data, and the results of the cluster analysis UPGMA (Unweighted Pair -
Group Mean Arithmetic) based on SSR markers as well as the results of the cluster 
analysis using the hierarchical clustering model and calculating the Euclidean distance 
between the studied variables for all tested characteristics, grain yield (t / ha), plant 
height (cm), height of insertion of the upper piston (cm), number of leaves, number of 
leaves to the ear, ear length (cm), number of kernels per row, number of kernel rows 
per ear. 
 
Keywords: conventional breeding, maize, SSR marker 
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This paper presents the results of a study dealing with individual and joint effect of 
plant height, spike length and 1000 grain mass, on grain yield of representative 
Serbian cultivars of winter wheat, winter barley, triticale and rye. The trials have been 
set at two locations (Kraljevo and Zaječar, Serbia), where four cultivars of winter 
wheat, four of winter barley, two of triticale, as well as one cultivar of rye, were 
grown in five fertilization and liming variants. Trials were set in split-plot design. 
Multiple regression analysis of individual and joint effect of the studied parameters on 
wheat grain yield showed that plant height (β=0.639***) and 1000 grain mass 
(β=0.322**) had significant effect on grain yield, while the effect of spike length was 
not significant. Grain yield of barley was under significant influence of the all three 
studied traits P<0.01 (β=0.407**, β=0.448** and β=0.477**, respectively). In triticale, 
significant effect was shown by plant height (β=1.146**) and 1000 grain mass 
(β=0.446**). Grain yield of rye was significantly affected only by 1000 grain mass 
(β=0.768**). 
 
Keywords: wheat, barley, triticale, rye, grain yield 
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The breeding program of European white elm is started with goal of species 
reintroduction on previously abandoned natural sites. During a mass selection at 
population level, autochthonous population at Veliko ratno Ostrvo Island at the 
confluence of the Sava and Danube in Belgrade is selected. From basis population 14 
genotypes are selected for progeny testing, based on phenotype attributes and crop 
abundance. Half-sib lines from two stocktypes were tested during three years. 
Seedlings produced in the polybags after the second year were planted in the field, 
while seedlings with bare roots observed all three years in the field. Based on 
morphological parameters and calculate genetic gain six half-sib lines were selected 
for further selection process.  
 
Keywords: European white elm, breeding, genotypes, selection, progeny test 
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content in grain 
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The aim of this investigation was to test 40 commercial maize inbred lines on 
increased potential availability of Mg, Fe, Mn and Zn content from grain. The analysis 
was based on their ratio with phytate and β-carotene. Inbreds were grown on 
calcareous chernozem, low in microelements. 
Significant and positive correlations were found between kernel weight, β-carotene 
and Zn content, as well as between phytate, β-carotene and Mg content. Among 
inbred lines with decreased ratio between phytic and inorganic phosphorus, lower 
phytate/Mg, phytate/Zn and phytate/Mn ratios were observed. Moreover, in lines 
with increased ratio between phytic and inorganic phosphorus, decreased phytate/β-
carotene, phytate/Mg, phytate/Fe and phytate/Mn ratios were found. This could 
indicate that improved Mg, Fe, Mn and Zn availability might exist even in grain rich in 
phytate, due to high β-carotene content. 
 
Keywords: β-carotene, phytate, micro-elements, Zea mays L. 
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Evaluation of selection indices for drought tolerance in maize (Zea 

mays L.) hybrids 
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Drought strongly affects maize productivity worldwide. In order to detect drought 
tolerant maize hybrids, experiments with eight maize hybrids (ZP341, ZP427, ZP434, 
ZP555, ZP560, ZP600, ZP606 and ZP666) were conducted in 2012 and 2013. at six 
locations under rainfed and irrigated conditions. Drought tolerant indices were 
evaluated to test the ability to separate more drought tolerant hybrids from those 
with less stress tolerance. Five stress tolerance indices including stress tolerance 
index (STI), mean productivity (MP), geometric mean productivity (GMP), stress 
susceptibility index (SSI), and tolerance index (TOL) were calculated for each 
genotype. The maximum value of STI (0.776), MP (9.71), and GMP (9.51) were 
recorded for hybrid ZP555. Correlation coefficients revealed that STI had the highest 
value in both conditions with grain yield. Three-dimensional graphs, based on the 
stress tolerance index and grain yield in reinfed and irrigated conditions, as well as 
biplot analysis separated groups of hybrids with different level of drought tolerance 
and grain yield. 
 
Keywords: biplot, grain yield, maize, stress tolerance indices 
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The influence of maternal effect on some morphological traits in 

maize 
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and Miloš CREVAR 
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The maternal effect is a complex phenomena and more research should be done to 
understand its nature.  The goal of this experiment was to examine a possible 
influence of maternal effect on some morphological traits in maize. In this experiment 
eight original hybrid combinations and their reciprocal variants were used. Each 
hybrid shared a common elite inbred line ZPL1. The experiment was organized in a 
spit-plot design with three replications for each original and reciprocal hybrid 
combination. Plant height (cm), ear height (cm), total number of leafs per plant and 
leaf number above the main ear was recorded. For all investigated traits and hybrids 
values were higher in original cross combination in which the common inbred line 
ZPL1 is used as a father component. ZPL7 and ZPL9 inbred lines expressed smallest 
maternal effects in their crosses with ZPL1 for all investigated traits while the inbred 
line ZPL8 exhibited the greatest differences. The choice of the maternal plant in any 
specific hybrid combination of maize inbred lines crosses can significantly influence 
some traits and performances of the hybrids. 
 
Keywords: maize, inbred line, maternal effect, morphological traits 
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Selection for quality components in the winter garlic 
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Dry matter and essential oil contents are some of the main objectives of selection for 
qualitative features in the garlic. This study assessed 10 traits of aboveground plant 
parts (IPGRI garlic descriptors), three quantitative bulb traits, essential oil content and 
dry matter content of 30 accession of the IFVCNS winter garlic collection. Essential oils 
content ranged from 0.09 to 0.69 ml 100 g-1, while the dry matter content varied 
between 34.5 and 44.45%. The low correlation indicates that there is no connection 
between the traits. Contrary to lack of correlation between these two traits, high 
interdependence was determinate between the weight and the number of cloves. 
Weight and number of cloves, essential oil content and weight of bulbs are highly-
variable traits for the assessed accessions. Grouping of genotypes and traits was 
presented graphically-by biplots. Biplots clearly distinct five genotypes with essential 
oils content higher than 0.60 ml 100 g-1 and 19 genotypes with a dry matter content 
above 38%. 
 
Keywords: selection, winter garlic, essential oils, quality 
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Path coefficient analysis was used to separate direct and indirect effects of studied 
traits on seed yield, and to identify traits that could be used as selection criteria in 
confectionary sunflower breeding. In this paper, we have studied the 
interdependence of seed yield and seed oil content, kernel oil content, seed protein 
content, kernel protein content, head diameter, seed kernel ratio and plant height. 
The research was conducted during two vegetation seasons on 22 experimental 
confectionery sunflower hybrids, produced within the breeding program at the IFVC. 
Among the largest number of examined traits, significant and highly significant 
correlations were found. With the analysis of simple correlation coefficients a 
negative strong and very strong correlation interdependence was determined 
between seed yield with head diameter (-0.190*) and seed oil content (-0.351**). The 
seed oil content had a highly significant direct negative effect on seed yield (DE=-
0.831**). Path coefficient analysis for seed yield at phenotypic level showed that the 
direct effect was maximum for seed kernel ratio (DE=0.487*) and this indicates that 
seed kernel ratio have a high influence on seed yield. 
 
Keywords: confectionary sunflower, seed yield, yield components, correlations, path 
coefficient analysis 
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(Populus spp.) 
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This study was aimed to perform comparative analysis among three poplar clones 
(M1, B229 and Pe19/66) by measuring contents of phytohormones (indole-3 acetic 
acid-IAA and abscisic acid-ABA) that have crucial role in plant growth and 
development as well as stress acclimation. Since content of these metabolites 
depends on processes of their biosynthesis, degradation and conjugation that are 
mediated by genetically coded enzymes, variability in phytohormone contents thus 
depends on clonal variation. Determination of plant hormone amounts in roots and 
leaves of poplar clones was done by using SIM mode of GC/MS system. Obtained 
results indicate that clone Pe19/66 is the most abundant in ABA content in both, 
leaves and roots, while clone M1 showed statistically higher content of IAA comparing 
to other clones whereas clonal variation in plant hormone contents in poplars has 
been confirmed. 
 
Keywords: Poplars, GC/MS, ABA, IAA 
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wheat (Triticum aestivum L.) 
 
 

Desimir KNEZEVIĆ1, Veselinka ZEČEVIĆ2, Aleksandra DRAGOVIČ3, Aleksandr 
KUDRYAVTSEV3, Danijela KONDIĆ4 
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In this paper were investigated relationships between Glu-1 alleles and protein 
sedimentation volume as well Glu-1 alleles and loaf volume for 10 genetically 
divergent wheat cultivars (Kragujevačka 58, Ljubičevka, Zastava, Šumadija, Morava, 
Orašanka, Srbijanka, Kragujevačka 56, Tena and Iskra). The glutenin components were 
separated by SDS polyacrilamide gel electrophoresis and used for identification of 
Glu-1 allele. Three alleles (a, b, c) at the Glu-A1, 4 (a, b, c, h) at Glu-B1, and 2 alleles (a, 
d) at the Glu D-1 locus were determined. Among the quality traits the sedimentation 
proteins and loaf volume were analyzed. By using  method of Zeleny were analyzed 
protein sedimentation volume which varied between the least 30ml in Tena cultivar 
and the highest 54ml at the Kragujevacka 58. Loaf volumes were estimated by baking 
test, which varied between the least 410 ccm (Iskra) and the highest 530 ccm at the 
Srbijanka cultivar. The heterozygous Glu-A1 locus identified in Zastava and Sumadinka 
cultivars as well at Glu-D1 in Kragujevacka 56. The quality score number was the best 
at Ljubičevka cultivar (Q=10) which has (bbd) composition of Glu-1 and the worste in 
Morava cultivar (Q=4) which Glu-1 composition is (caa). 
 
Keywords: glutenins, alleles, wheat, quality, variability 
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Initial and final fruit set in apple (Malus × domestica Borkh.) 

cultivars depending on the polleniser 
 
 

Milan LUKIĆ and Slađana MARIĆ 
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The paper presents a three-year study of the impact made by the pollenisers on fruit 
set of ‘Gala Must’, ‘Red Elstar’, ‘Rajka’ and ‘Topaz’ apple cultivars in the variants of 
cross- and open pollination, aiming to enhance proper choice of cultivars 
combinations in apple plantations. In ‘Gala Must’, the highest percentage of the initial 
and final fruit set was recorded in the open pollination variant (36.95%; 21.38%), 
whereas in ‘Red Elstar’, the highest percentage was determined in the combination 
with ‘Topaz’ (41.84%; 23.76%). The highest percentage of the initial and final fruit set 
in ‘Rajka’ (39.26%; 18.81%) was achieved with ‘Gala Must’, whereas in ‘Topaz’ the 
highest percentage (38.66%; 26.30%) was obtained with ‘Rajka’. The cultivars that 
induce the highest percentage of the fruit set can be recomended as the suitable 
pollenisers for the examined cultivars.  
 
Keywords: Malus × domestica, polleniser, initial and final fruit set 
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In Europe, the black poplar (Populus nigra L.) is classified as an endangered species. In 
Serbia’s total growing stock, native poplar forests account for only 0.5 – 1.0%, and 
thus can be considered as a rare species. In the area of the protected natural resource 
"Great War Island", the black poplar belongs to the most endangered species, with a 
share in volume of 5.4% (2.458.7 m3) and volume increment of 7.0% (54.2 m3), 
representing a special value of this natural forest complex. 
As a basis for the conservation and directed utilization of the available gene pool, the 
following has been done: registration, recording and mapping of the sites where the 
black poplar appears, the assessment of threat degree and evaluation of natural 
regeneration potential. 
The obtained results show that in the area of the Great War Island the black poplar 
occurs in smaller or larger groups of discontinuous character, without any natural 
regeneration and considerably affected by the spread of invasive species as a 
consequence of limited human activity. The estimated condition requires the 
definition of appropriate conservation measures in order to achieve the ongoing 
existence and preservation of the evolutionary potential of the species. 
 
Keywords: black poplar, Great War Island, conservation, natural regeneration, 
mapping of the sites 
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Determination of S-genotype in apple and sweet cherry cultivars 

released at Fruit Research Institute-Čačak 
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Apples and sweet cherries are generally characterized by self-incompatibility, which is 
controlled by the multiallelic locus S with gametophytic action. Thus the identification 
of S-genotype represents a crucial information for fruit breeders and growers. The 
aim of this study was to identify the S-genotype of two apple (‘Čačanska Pozna’ and 
‘Čadel’) and two sweet cherry (‘Asenova Rana’ and ‘Čarna’) cultivars developed at FRI, 
using the PCR method with consensus and allele-specific primers. The S-genotype of 
‘Čačanska Pozna’ (S7S9) and ‘Čadel’ (S2S7) were consistent with parental combinations 
‘Starking’ (S9S28) × ‘Jonathan’ (S7S9) and ‘Golden Delicious’ (S2S3) × ‘Jonathan’ (S7S9), 
respectively. For ‘Asenova Rana’ [‘Drogans Gelbe’ (S1S5) × Majova Rana (S1S4)] and 
‘Čarna’ [Majova Rana (S1S4) × ‘Bigarreau Schrecken’ (S1S3)], S3Sx and S1S4 were 
identified respectively, suggesting that the reported pedigree is erroneous. 
 
Keywords: Malus × domestica, Prunus avium, cultivar, S-genotype 
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Components of variance evaluation for seed yield and total number 

of pods per plant in Rapeseed (Brassica napus L.) 
 
 

Radovan MARINKOVIĆ, Ana MARJANOVIĆ-JEROMELA, Milan JOCKOVIĆ, 
Petar MITROVIĆ and Željko MILOVAC 

 

Institute of Field and Vegetable Crops, Novi Sad, Serbia 
 
 

Additive and dominant gene effect was analysed in three hybrid combinations 
developed by crossing six winter rapeseed cultivars, as well as their interactions in 
seed yield and total number of pods per plant. Relationships between expected 
values of generation means were assessed by using scaling tests (Mather, 1949), 
while gene effects and mode of inheritance were estimated by using Generation 
Mean Analysis (Mather and Jinks, 1982). Additive-dominant model was adequate only 
for seed yield in the first cross. Inadequacy of the model showed that epistatic gene 
effects were also important in the inheritance of the given traits in these crosses. 
It was impossible to determine epistasis type in the inheritance of both studied traits 
in the first cross since neither dominant gene effects nor epistatic effects dominant x 
dominant were significant. The second and third crosses expressed duplicate 
epistasis. 
 
Keywords: seed yield, total number of pods per plant, epistasis, additive and 
dominant gene effects 
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Biplot analysis of trait associations in winter barley 
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While grain yield represents the main target of barley breeding, quality and 
agronomic traits are also important breeding objectives. The aim of our study was to 
reveal associations among barley traits, and to compare genotypes on the basis of 
multiple traits. Trials with sets of two-rowed winter barley advanced lines were 
conducted during two growing seasons. Data were recorded from each plot focusing 
on the following traits: stable height, ear length, heading date, lodging, protein 
content, thousand kernel weight, hectolitre mass and grain yield. The GT biplot 
method was used to analyze the genotype by trait two-way data in a biplot for each 
season. In both years, barley grain yield was strongly associated with hectolitre mass 
and thousand kernel weight. Genotypes G6 and G18 were late heading and had low 
average yield. This study demonstrated that the GT biplot is a useful tool for 
visualizing interrelationships among the barley traits and providing information on 
genotypes performance. 
 
Keywords: Barley, GT biplot, breeding, yield 
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Detection of progenies with high yield potential and stability in early generations of 
inbreeding is one of the most important steps in the commercial maize breeding 
programs. Usually, this includes crossing of individual progenies with the elite inbred 
lines and evaluation of obtained hybrids in yield trials across several locations. 
However, the proper estimation is often hindered with the presence of genotype (G) 
by environment (E) interaction. To properly access phenomenon of G by E interaction 
and to select progenies on the most precise way, the SREG (GGE biplot) method was 
used. The population chosen for the study was NS2B, a genetically narrow-based 
maize population, and its S2 progenies were crossed with two testers. Two half-sib 
populations, each containing 40 genotypes, were obtained by crosses. Trials were 
conducted using the incomplete block design with replications within a set, during 
three years (2009, 2010 and 2011) in three locations. Two genotypes proved to be 
most promising for further selection with both testers, suggesting that they might 
have the greatest number of favourable alleles. The other selected genotypes can also 
be promising when combined with their corresponding tester. 
 
Keywords: GGE biplot, S2 progenies, stability analysis 
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Biostimulators are chemicals or natural growth regulators, and most of them contain 
plant hormones which increase physiological activities in plants. In this research was 
investigated the effect of biostimulators Amalgerol, Slavol, Imunocitofit, Raykat Start 
and Nikfam on seed oil content. Research was conducted in two years using the seed 
of sunflower hybrids Oliva, Baća and Duško. Seed was treated with biostimulators and 
with products containing metalaxyl and thiametoxam as active ingredient while 
untreated seed was used as a control. Data were analyzed using three-way ANOVA for 
a split-slit-plot design. Based on obtained results it can be concluded that the effect of 
genotype and year on seed oil content was statistically highly significant, as expected. 
Also, highly significant were and interaction between this two factors. Certainly the 
most interesting in this study is the fact that the biostimulators did not show 
statistically significant effect in any of the applied seed treatment. Moreover, no 
significant were interactions with other two factors. As seed treatment proved to be 
an ineffective, in the following period research will focus on foliar treatment. 
 
Keywords: biostimulator, oil content, seed treatment, sunflower 
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It is known that modern grapevine breeding is based on recombination of a large 
number of properties simultaneously. It is therefore of exceptional importance to 
determine the extent of their interdependence. In general, a correlative relationship 
which is observed at the level of the phenotype can be conditioned with the genetic 
and environmental factors. In this paper, the degree of phenotypic correlation 
between important agrobiological and technological traits in hybrid progeny obtained 
from direct and reciprocal crossing of Smederevka and Red Traminer cultivars was 
investigated. At 62 hybrids of direct crossing Smederevka x Red Traminer and 66 
hybrids of reciprocal crossing Red Traminer x Smederevka, properties such as, time of 
bud burst, flowering time, ripening time, bunch weight, berry weight, grape yield, 
sugar content and total acid content in must were studied. In both crossing 
combinations of the studied traits statistically significant correlations were found, 
both positive and negative nature. The study shows that on the basis of certain 
number of significant correlations it may be allowed more effective selection at 
creating new grapevine cultivars. 
 
Keywords: grapevine, hybridization, F1 generation, traits, correlations 
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In numerous forest-tree species there is significant genetically determined variability 
within and between populations, the assessment of which may be performed at the 
molecular level using various techniques. The aim of this research was to evaluate 
inter-population genetic variability of four Moesian beech (Fagus moesiaca /Domin, 
Maly/Czeczott) populations in Serbia using microsatellite markers. In each of the four 
populations, 45 individuals were selected and sampling of plant material (dormant 
buds) was performed in winter 2013. In total 180 trees were taken into consideration 
and all trees were genotyped using five primer pairs of microsatellite loci 
(csolfagus_19, csolfagus_31, mfc5, sfc_0036 and DE576_A_0). After DNA isolation and 
PCR amplification, PCR products were electrophoresed on a capillary electrophoresis 
CEQ 8000 Genetic Analyzer. The obtained results indicate a level of inter-population 
variability, which is very important in plant breeding, conservation and sustainable 
use of forest genetic resources. 
 
Keywords: genetic variability, beech populations, microsatellite markers 
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Conservation of genetic variability and efficient use of the available germplasm are 
the main goals in gene banks worldwide. Prebreeding in Maize Research Institute 
"Zemun Polje" includes all activities related to introduction, adaptation, evaluation 
and improvement of germplasm resources for breeding use. This experiment was 
conducted on 310 local landraces from MRIZP gene bank, as potential source of 
drought tolerance. Phenotypic characterization of landraces, their grouping into 
homogeneous groups, as well as preliminary evaluation of agronomic traits of 
importance was performed. Based on the results, 40 local landraces were selected for 
the next prebreeding phase concerning the investigation of their heterotic pattern. 
Priority in selection of landraces was given to early-maturing flinty landraces, without 
stalk lodging, and with low-positioned and highly estimated ear. Obtained results will 
help in formation of synthetic populations, as initial source for development of new 
commercial maize inbred lines. 
 
Keywords: gene bank, heterotic pattern, prebreeding, Zea mays L. 
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The interpretation of new varieties performance across several environments is a 
complex process, due to the presence of interaction between genotype and 
environment (GEI). The aim of this study was to estimate GEI, and to identify barley 
genotypes that have high performance in different environments using the additive 
main effects and multiplicative interaction (AMMI) model. Barley multi-location trials 
were conducted at four locations in two growing seasons. The AMMI model was used 
to distinguish the genotype main effect, environment main effect and GEI effect. The 
AMMI analysis of variance indicated that the all three components – genotype, 
environment and GEI had significant influences on barley grain yield. Among them the 
environment explained the highest percent of treatment variation. The results led to 
the better understanding of barley genotypes performance over several locations, 
and enabled selection of stable and high yielding genotypes. Among the genotypes 
tested, 6R-4 and 2R-2 are recommended for further testing due their high yield 
performance. 
 
Keywords: Barley, genotype-by-environment interaction, grain yield, AMMI 
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Creating genotypes that will be characterized by high yields, good quality and other 
favorable agronomic characters is a major objective of most currant breeding 
programs worldwide. For easier achievement of these goals study of genetic 
parameters seems to be obligatory. In this regard, the aims of our study were to 
estimate components of variability and heritability, and do correlation analysis for 
yield components. Significant differences between cultivars were established for all 
traits. A high proportion of genotypic variance was found with bush width, no. of 
shoots and bunch and berry weight indicating that genetic improvement for these 
traits through breeding was achievable. Opposite, seasonal variance was high for bush 
height, no. of bunch and yield. The high heritability (0.80-0.94) detected for all traits 
studied reflect the close agreement between their phenotypic and genotypic values. 
Also, most pairs of traits were similarly correlated at both phenotypic and genotypic 
levels. So, yield was significantly and positively correlated with bush height, no of 
bunch and bunch weight. These results imply a rapid response of black currants to 
selection. 
 
Keywords: Ribes nigrum L., Components of variability, Heritability, Phenotypic and 
genotypic correlation, Genetic gain 
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Vineyard peach seedlings are still used as rootstock for peach and almond in many 
countries. The main problem in rootstocks production is the absence of seedlings 
uniformity, which reflects in grafted cultivars. To overcome this problem, at the 
Faculty of Agriculture, University of Belgrade, vineyard peach types, selected from 
natural populations were self-pollinated and characteristics of six S1 hybrids obtained 
by self-pollination of vineyard types II/10 and II/22 are presented. The hybrids 
evaluations were done based on both mother trees and some seedlings 
characteristics. Mother tree of S1 hybrids showed homogeneity in vigor productivity, 
and some pomological properties. In the obtained seedling populations differences in 
vigor and traits uniformity were established. Based on all examined mother trees and 
seedlings properties, dendrogram was constructed and two distinct groups were 
separated. Parameters with high discriminating values were all seedlings 
characteristics and trunk diameter, internodes length and seed germination of 
mother tree. This indicates that those properties were useful for the assessment of 
vineyard peach types suitable for generative rootstock production. 
 
Keywords: Prunus persica (L.) Batsch., inbreeding, seedlings, vigor, pomological 
properties 
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the ear length of the F1 maize hybrids 
 
 

Mile SEČANSKI, Goran TODOROVIĆ, Jelena SRDIĆ, Snežana JOVANOVIĆ, 
Natalija KRAVIĆ, Jovan PAVLOV, Nikola GRČIĆ and Aleksandar POPOVIĆ 
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The aim of this study was to determine which of observed inbred lines had the 
highest value of favourable alleles for the improvement of the ear length in the hybrid 
ZP580. Inbred lines derived from different cycles of recurrent selection of two 
synthetic populations (BSSS and BSCB1) were studied. The highest values of 

favourable alleles G* were estimated in the inbred B97 (C9) developed from the 
synthetic population BSCB1 and in B14 (C0) derived from the synthetic population 
BSSS. All inbreds of the population BSCB1 were more related to the parent ZPL1, while 
inbreds B14 (C0), B37 (C0) and B73 (C5) of the synthetic BSSS were more closely related 

to the parent ZPL2. Significant differences between G* and D* were not 
determined for the inbred B97 (C9) and therefore the initial population for the 
selection is derived by the direct self-pollination of the F1 generation B97 x ZPL1. Since 
the inbred B37 (C0) is more related to the parent ZPL2 self-pollination and selection 
from the cross B37 x ZPL2 can be performed. Inbreds B14 (C0), B73 (C5), B84 (C7) and 

B91 (C8) had high values of G* but also differences G*-(D* or F*) were high. 
 
Keywords: inbred lines, maize, donors, hybrid, alleles 
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Crop rotation as ecological measure could facilitate optimal crop density for maximal 
growth and photosynthesis efficiency. In the case of maize, trend is to rotate modern 
hybrids with legumes for better use of space and nutrients and higher yielding. The 
role of genotype is very important because hybrids with modern architecture can use 
light and produce biomass more efficiently than old one. The aim of the study was to 
examine two maize hybrids (ZP 677 as old and ZP 606 as new one) in two cropping 
systems - monoculture (maize) and three crop rotation (maize, soybean, wheat), on 
dry matter, chlorophyll content and grain yield. Dry matter content decreased and 
chlorophyll a and b content increased together with grain yield in three crop 
rotations, in both hybrids. ZP606 showed the same trend in monoculture. This maize 
hybrid utilize light more effectively in narrow cropping stand (chlorophyll b), with 
intensive dry matter translocation from leaves to grain and is more adaptive in 
rotation. 
 
Keywords: maize hybrid, crop rotation, yield 
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For the purpose of difference determination regarding the three bull-sires’ breeding 
values for exterior traits, 180 first calving simmental daughters were observed, 
namely 60 randomly selected daughters per sire at the territory of Rasina district. The 
most positive deviation from average linear scoring values had daughters of the bull 
number 1411, while the most negative deviation had daughters of the bull number 
1488. The part of differences among individuals caused by heredity participated, by 
the diagonal addition of matrix coefficients, in determination of the linear model, 
which was in relation to the heritability coefficient in 15% of traits medial, while in the 
rest 85% low. Obtained results in regard to phenotypic correlation ranged from 
weakly negative correlation (-0.31) among udder cleanliness and coffin joints 
stoutness, to strong positive correlation among teats length and coffin joints 
stoutness (0.61). 
 
Keywords: breeding value, bulls, heritability, phenotypic correlation 
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Institute of Field and Vegetable Crops, Novi Sad, Serbia 
 
 

Occurrence of the genotype by environment interaction (GE) reduces correlation 
between genotypic and phenotypic values and complicates selection of advanced 
maize genotypes. The additive main effects and multiplicative interaction (AMMI) 
model is frequently used to evaluate GE interaction. The objective of this study was to 
explore the effects of genotype, environment and GE interaction on the grain yield 
and two yield components of maize half-sib progenies. The AMMI analysis of variance 
indicated that the influence of environment, genotype and GE interaction were 
significant, but those influences had different ratio depending on the observed trait. 
Three among ten genotypes with the highest kernel weight, and only one among ten 
with the longest ear were included in ten high-yielding ones. The AMMI method 
allowed identification of desirable and stable genotypes for yield and other examined 
traits. 
 
Keywords: AMMI, maize, yield, stability 
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In this study, seven maize inbreds developed at Maize Research Institute “Zemun 
Polje” were examined. Each of these seven inbreds was investigated in three variants: 
with normal cytoplasm (N), with C type sterile cytoplasm (CMS-C), and with S type 
cytoplasm (CMS-S). The objective of this study was to estimate direct and indirect 
effects of five morphological traits on grain yield. In ibreds with normal cytoplasm and 
C type sterile cytoplasm, plant height had the strongest direct effect on grain yield 
(1.23 and 1.03, respectively). In the same inbreds, ear height had negative direct 
effect on grain yield (-1.46 and -1.83, respectively). In inbreds with S type sterile 
cytoplasm, the opposite results were observed. Ear heights had the strongest direct 
effect on grain yield in CMS-S inbreds (0.43), while in these inbreds plant height had 
negative direct effect on grain yield (-0.37). Path analysis performed in this study lead 
us to conclusion that type of maize sterility had influence on grain yield and 
morphological traits, as well as how morphological traits affect grain yield in maize. 
 
Keywords: maize, yield, cytoplasmic male sterility, inbred lines, path analysis, 
correlations 
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Genetic gain from selection in soybean sister crossing 
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Segregating population was created by crossing the Kunitz x Kador. After testing the 
grain yield, three F3 lines were used in two sister cross combination. Progenies of 
chosen lines and their sister crosses were tested together with the initial parents, in a 
two-years experiment on two locations. Genetic gain from selection, of the 
investigated characteristics was calculating for both progeny types. Mother’s 
progenies mostly have shown higher values of genetic gain from selection in addition 
to the respective full seeb progenies. 
 
Keywords: soybean, sister crossing, genetic gain from selection 
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The main purpose of the paper is research an assessment of phenotypic diversity of 
four European beech (Fagus sylvatica L.) provenances, originating from three 
countries (Croatia, Germany and Serbia) and cultivated in provenance trial at the 
Fruska Gora Mountain, Republic of Serbia. The obtained data were analyzed using 
ANOVA procedure to appraise differences between provenances. The variability 
between the provenances for all traits analyzed was investigated by principal 
component analysis (PCA). According to the results, statistically significant differences 
were observed for vessel density, percentage of water conducting area, sclerenchyma 
thickness, stomatal density and potential conductance index. The first two PCs 
explained approximately 88% of the multi-trait variation (46% and 42%, respectively). 
Variables with the highest values of factor coordinates were those related to stomatal 
traits: stomatal density (-0.958) and length of stomatal guard cells (-0.957). 
 
Keywords: European beech, provenance trial, anatomical structure, phenotypic 
diversity. 
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Maize Research Institute “Zemun Polje”, Belgrade, Serbia 
 
 

The aim of the study was to determine whether the ear length trait in 12 maize inbred 
lines varied in dependence on the type of cytoplasm. The highest, i.e. lowest average 
value of the trait was recorded in the inbred L9 i.e. L5, respectively. On the average, 
the ear length was greater in the first location in the second year than in the second 
location in the first year. The type of cytoplasm very significantly (Lsd0.01) affected 
varying in this trait of the inbred lines. The longest average ear length (14.0 cm) was 
recorded in inbreds with cytoplasmic sterility - type C. On the other hand, the shorest ear 
length (13.3 cm) was detected in inbred lines with fertile cytoplasm. Variations in ear 
lengths of maize inbred lines depending on the type of cytoplasm were very 
significant. The differences (Lsd0.01) in ear lengths among three observed types of 
cytoplasm (cms-C, cms-S and fertile) were not detected in inbred lines L1, L2, L3, L6, L7, 
L8, L9 and L11. The ear length very significantly (Lsd0.01) differed over years except in 
inbreds L2, L3, L6, L7 and L8. The average ear length very significantly (Lsd0.01) differed in 
dependence on the location only in three inbreds (L1, L3 and L7). 
 
Keywords: maize, inbred lines, cytoplasm, ear length 
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(Trifolium pratense L.) cultivars 
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Taking into consideration that the genetic potential for forage yield in red clover 
already reached a high level, more attention should be paid on increasing the 
potential for seed yield and quality improvement. The objective of this investigation 
was to determine the effect of post harvest chilling of red clover seed on germination, 
the ratio of hardseededness, abnormal and dead seeds. The seeds of red clover 
cultivars K-17, K-39, Una and Viola were collected at full maturity in July 2011 from 
two-year-old production fields. Analyses were performed one month after harvest. 
After a chilling treatment for seven days at 5° C, four replicates of 100 seeds were 
germinated on filter paper, ten days at 30° C for 8 h in light and 20° C for 16 h in dark. 
Chiling resulted in a significant increase in germination in all cultivars as compared to 
the control, as a consequence of reducing the number of hard seeds. Irrespective of 
chiling, cv. Viola had significantly higher percent of germination compared to the 
cultivars of K-17 and Una, whereby both had a significantly greater number of hard 
seeds in relation to the other cultivars. Chiling significantly reduced number of hard 
seeds in all cultivars and increased the ratio of dead seeds in the cv. K-39. 
 
Keywords: germination, hardseededness, red clover, seed chilling 
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The interdependence of yield components (number of pods and seeds per plant, 
number of seeds per pod, 1000-grain mass and yield per plant) was examined in dry 
bean breeding collection of the Institute of Field and Vegetable Crops, Novi Sad, 
Serbia. Analysis was carried out for all samples in the collection and especially for 
each of the three groups of samples of different grain size. This was done because the 
grain size is one of the most important market characteristics of dry grain, and not as 
independent as other yield components. Breeders need all varieties of all classes of 
grain (from smallest to largest), and the many other good agronomic traits. The aim 
was to identify traits needed to successfully grow dry bean under specific 
environmental conditions, and also to define breeding target and model cultivar for 
different grain sizes. The simple correlation coefficients, direct and indirect 
correlation coefficients, determination coefficient and residual factor were calculated 
in this paper. Results showed that the interdependence of yield components was 
different in the whole collection or in specific groups of different grain size. 
 
Keywords: Dry bean, correlations, direct and indirect effect on yield, breeding 
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The objective of this paper was to present the divergence in collection of upright 
common bean from the Institute of Field and Vegetable Crops (Novi Sad, Serbia) 
according to the types of grain or market classes. Breeding is done not only to obtain 
high yield and good agronomic traits, but also to create cultivars of the appearance and 
the culinary quality which is required by the market, namely consumers. All the 
genotypes were divided into different types or market classes and the presence of 
diversity in working collection is necessary for breeding. Presented collection consists 
of more than five hundred accession: foreign and domestic cultivars, populations and 
breeding lines. There is a great divergence of bean genotypes. The majority of samples 
have white seed. These samples usually belong to the groups: "pasuljice" (small white), 
"kiflaši" (hook), “okrugli" (marrow) and kidney types. The multicoloured dry beans are 
the second largest group with nearly hundred samples. They are different in color, 
patterns and grain size. Among dry beans of one grain color the most numerous are 
"kulaš", "sumporaš", and "zlatko" (griseus, luteus and aureus). There is significant 
number of "Rozalija" (light red). 
 
Keywords: dry bean, collection, market class, Serbian common name 
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The aim of this study was to reveal the greater growth potential of two different 
maize hybrids. We tested seedlings of ZP434 and ZP704 genotypes and their response 
to fertilizer 24-Epin-Extra. Seedlings were germinated by the ISTA methods and 
measurements were conducted after 7 days. Concentration of solution was from 5,2 x 
10-6 to 5,2 x 10-15 mmol. The genotypes of maize growth under these effects produce 
various results in germination percentage and weight of seedlings, which can be of 
great importance in choosing the right genotypes in relation to environmental 
conditions as well as entire yield. Concentration range between 5,2x 10-10 to 5,2x10-

12mmol gave the best potential for growing hybrids and this should be used in future. 
 
Keywords: Maize hybrids, germination, brassinosteroid 
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Screening tomato genotypes in terms of compounds that affect fruit quality in post-
harvest period is an important task for breeders. It is important for selection of 
genotypes that are characterized by desirable traits, such as prolonged shelf life, the 
possibility of prolonged storing and fruit firmness and theirs including in breeding 
programs, in order to create tomato hybrids that could be stored for longer period 
and transported to higher distance, without significant change in quality. Content of 
β-carotene, total acid and dry matter have been investigated in tomato fruits in post 
harvest period for ten tomato genotypes. The fruits have been picked 65 days after 
anthesis and kept for 60 days. During this time, the samples have been evaluated six 
times. On the basis of one-way and two-way ANOVA, group comparisons have been 
performed, by complex contrast comparisons. Regression analysis has been 
performed for each genotype and calculation of homogeneity of slope coefficients. 
According to the regression ANOVA concerning β-carotene content, the results are 
not significant for any genotype. There was significant total acid content decrease 
over time for two genotypes (Kor12 x L-10 F1 i Kor12 x L-12 F2). In rin genotypes, 
significant dry matter content decrease over time was found for parents and offspring 
generations (L -10 9.457, Kor-12 x L-10 F1 31.946 and Kor12 x L-10 F2 20.074). 
 
Keywords: β-carotene, total acid, regression analysis, contrast comparisons 
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The yield of beans is affected, among other traits, by the plant height. Plant height is 
also important when applying agrotechnique in farming. In order to research the 
effect of genes on heredity mode of bean plant height, bean varieties: Biser, Galeb, 
Rozalija and Palanacki zlatno zuti have been crossed diallely. The analysis of the 
obtained data proved that the most important impact on bean plant height in F1 
generation have dominant genes. The effect of dominant genes was present in 
combination Palanački zlatno zuti x Rozalija, with the most important gene effect.  
The analysis of six parameters proved that significant estimated value of additive gene 
effect was present in four crossing combinations. All three types of two-gene epistasis 
was found: Additive x additive genes in one, additive x dominant in two combinations 
and dominant x dominant in two combinations. 
Duplicate type of epistasis was especially unfavourable when the estimated values of 
epistasis dominant x dominant genes were negative, which was the case in one 
combination: Palanacki zlatno zuti x Rozalija. Since the breeding is going toward 
creating new bean varieties with short plants, this trait is, in fact, a positive one since 
it proves that the epistasis effect impacts the shortening of plant height. 
 
Keywords: bean, heredity, gene effect, epistasis 
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Hordeum bulbosum is a valuable source for introgressing new resistances into 
cultivated barley. Due to climate change Barley yellow dwarf (BYD) has become 
increasingly important. A set of H. bulbosum introgression lines has been screened for 
tolerance using a BYDV-PAV isolate. A barley line carrying a H. bulbosum introgression 
on chromosome 2HL turned out to be highly tolerant and DH-lines derived from the 
backcross (Emir x H. bulbosum) x Emir have been analysed in five steps. Firstly, out of 
221 DH-lines, 27recombinant plants were selected based on nine PCR markers and at 
the Illumina 384 SNPs Array. The size of the H. bulbosum introgression was estimated 
to be about 25 cM. Next, analysis on the 9k iSelect revealed about 50 polymorphic 
SNP markers and the introgression carrying the BYDV-tolerance was narrowed to 3 
cM. In a third step, the region harbouring the BYDV-tolerance was further delimited 
by use of the barley genome zipper. A set of 13 markers was mapped within the 
target interval and the map was anchored to the barley sequence map. Furthermore, 
the parental lines were subjected to RNASeq profiling after virus infection and 
revealed 12 down regulated genes located on chromosome 2HL. In a fifth step exome 
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capture allowed further marker saturation. Obtained results revealed the presence of 
a novel BYDV tolerance derived from H. bulbosum and provided the tools for the 
deployment in barley breeding. 
 
Keywords: Barley, Hordeum bulbosum introgression, Barley yellow dwarf virus, 
tolerance, 9K iSelect, RNASeq, exome capture, mapping 
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Diseases are a major constraint in sunflower production, and downy mildew can lead 
to severe yield losses. The damage caused by the pathogen can be controlled by 
growing resistant sunflower varieties. Gene Plarg, which provides resistance against all 
known downy mildew races, was previously mapped on the LG1 of the sunflower 
genetic map and co-segregating SSR markers were identified (Dußle et al. 2004; 
Wieckhorst et al. 2010; Imerovski et al. 2014). In this study, co-dominant molecular 
markers ORS662 and ORS716 were used to introgress Plarg into NS breeding material. 
The markers were used for evaluating resistance in each of the 6 back-cross 
generations. Results showed that ORS662 and ORS716 successfully identified the 
heterozygous resistant individuals in each of the backcross populations. These co-
dominant markers can therefore be used for marker-assisted selection (MAS) in large-
scale breeding programs. 
 
Keywords: downy mildew, Plarg, SSR, MAS 
 
 



 

New Techniques in Breeding 
 

 342 

VIII-04 Poster 

 
Assessment of genetic diversity among drought tolerant maize local 

landraces using SSR markers 
 
 

Natalija KRAVIĆ, Violeta ANĐELKOVIĆ, Jelena VANCETOVIĆ, Ana NIKOLIĆ, 
Danijela RISTIĆ and Dragana IGNJATOVIĆ-MICIĆ 

 

Maize Research Institute “Zemun Polje”, Belgrade, Serbia 
 
 

Maize landraces represent potential sources of favorable traits for current and future 
breeding programs Genetic diversity among thirteen local maize landraces from 
MRIZP gene bank drought tolerant mini-core collection was studied using a set of 18 
SSR markers. A total of 155 alleles were recorded with an average of 8.6 per primer 
pair. The polymorphism information content (PIC) values ranged from 0.50 (bnlg557) 
to 0.82 (umc1944) with a mean of 0.66, indicating high discriminating ability of the 
SSR markers used. Jaccard’s similarity coefficients, ranging from 0.15 to 0.58, and 
cluster analysis revealed substantial diversity among the genotypes. Also, asignment 
of investigated maize landraces into distinct heterotic groups (BSSS, Lancaster and 
independent), based on their general combining ability with used inbred testers, was 
in accordance with SSR marker-based molecular characterisation of the accessions. 
 
Keywords: cluster analysis, gene bank, heterotic groups, microsatellites, Zea mays L. 
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Integrating the efforts made by palaeogenetics, archaeobotany and palaeolinguistics 
may contribute to answering how human cultures and crop cultures are interrelated. 
Palaeogenetics may contribute with a detailed research on the traits of the material 
evidence of pea and other ancient Eurasian grain legumes and cereals, explaining the 
single steps in their domestication. Archaeobotany may assist in giving us a deep 
insight into the structure of the everyday diets of our ancestors and the roles the 
targeted plant species played in early human societies. Palaeolinguistics, at the levels 
of both established and widely recognized proto-languages and their hypothetical 
connections on a higher level, may develop an extensive vocabulary related to pea 
and other most ancient Eurasian grain legumes and cereals and their use in hunter-
gatherers and farmers societies. Although the links between these three studies are 
still missing, it is possible to establish them, casting essentially more light to the very 
dawn of the modern mankind and its relationships with the economically important 
plant species. 
 
Keywords: breeding, interspecies hybridisation, Pisum fulvum, Pisum sativum, 
qualitative traits 
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Microsatellite analysis of intravarietal genetic diversity in soybean 
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SSR markers were utilized to characterize and assess intravarietal genetic diversity of 
the single-plant progeny lines selected within six elite soybean varieties, with 
approximately 40 lines per variety. Out of 60 SSRs, different number of markers per 
variety (1, 3, 5 or 11) showed polymorphism among samples. As expected, the 
number of observed alleles per locus was not high, with an average of 2.19 alleles per 
SSR. The highest information content was provided by locus Satt511 with four alleles, 
while three were observed in Satt175, Satt240 and Satt544, and the remainder of 
analyzed SSRs had two alleles. Five rare alleles were screened in some of the lines. PIC 
value ranged from 0.28 to 0.46, with an average of 0.36 per locus, while the observed 
heterozygosity (Ho) had the mean value of 0.04, ranging from 0 to 0.16. Results 
showed that analyzed soybean varieties actually comprise lines of different genetic 
profiles. Observed intravarietal diversity presents a negative factor affecting the 
purity of a variety; however, it can be further utilized in breeding programs. Further 
research is aimed at linking revealed intravarietal genetic diversity with yield 
variability among the lines. 
 
Keywords: intravarietal diversity; soybean; SSRs 
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Creating sunflower genotypes with desirable traits by conventional breeding takes 
years. Fifteen years ago, tribenuron-methyl (TBM) resistant sunflower populations 
were discovered and TBM tolerance, controlled by a single dominant gene - Ahasl1-2, 
was introduced into cultivated sunflower. We have used a designed co-dominant 
CAPS marker (Dimitrijević, 2013) for detection of TBM tolerance in F2 progeny plants 
obtained from a single cross between TBM tolerant and susceptible sunflower inbred 
lines. The marker was able to discriminate susceptible from tolerant plants, but also 
homozygous from heterozygous tolerant plants. The designed CAPS marker will be 
further verified in BC generations and used in marker assisted selection of NS 
breeding material. 
 
Keywords: sunflower, tribenuron-methyl, marker assisted selection, CAPS 
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In numerous forest tree species, there is significant genetically determined variability 
within and between populations, the assessment of which may be performed at the 
molecular level using various techniques. The aim of this research was to evaluate 
inter-population genetic variability of four Moesian beech (Fagus moesiaca /Domin, 
Maly/Czeczott) populations in Serbia using microsatellite markers. In each of the four 
populations, 45 individuals were selected and sampling of plant material (dormant 
buds) was performed in winter 2013. In total 180 trees were taken into consideration 
and all trees were genotyped using five primer pairs of microsatellite loci 
(csolfagus_19, csolfagus_31, mfc5, sfc_0036 and DE576_A_0). After DNA isolation and 
PCR amplification, PCR products were electrophoresed on a capillary electrophoresis 
CEQ 8000 Genetic Analyzer. The obtained results indicate the a level of inter-
population variability, which is very important in plant breeding, conservation and 
sustainable use of forest genetic resources. 
 
Keywords: genetic variability, beech populations, microsatellite markers 
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Genetic diversity among maize drought tolerant and susceptible 
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Faculty of Forestry, University of Belgrade, Belgrade, Serbia 
 
 

How much of genetic diversity (GD) is desirable in mass production of forest 
reproductive material (FRM)? How mass production of FRM reduce GD? Relation 
between GD and mass production of FRM is discussed in holistic manner. In 
plantation forestry, a narrow GD is desirable and reproductive material is produced at 
clone level. On the other hand, in conservation forestry a wide GD is imperative. 
Beside management goals, a desirable level of GD is related to rotation cycle and 
ontogeny of tree species. Risks of failure are lower in short rotations of fast growing 
species. In production of slow growing species, managed in long rotations, reducing of 
GD increase the risk of failure due to causes unknown or unexpected in time of 
planting. This risk is additionally increased in cases of transfer between regions of 
provenances and in conditions of climate change. A wide GD can lead to reduced 
productivity, but its absence can lead to total failure. Every step in production of FRM, 
from collection to nursery production, has effect on GD mainly by directional 
selection and should be considered. 
 
Keywords: genetic diversity, forest reproductive material, seed production, seedling 
production, directional selection 
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In the present study we used the 15 SSRs markers to evaluate genetic diversity among 
25 winter barley varieties (14 two rowed and 11 six rowed) that were realeased in five 
Serbian Breeding Institutes in a period from 1977 until 2009. More than one allele 
was detected at 11 out of all 15 SSRs studied, with polymorphic markers ratio of 
73.3%. In total, 15 loci and 36 alleles were detected, with an average of 2.4 alleles per 
locus. The Polymorphic information content value ranged from 0.141 to 0.549 with an 
average value of 0.247. The results of AMOVA showed that large majority of genetic 
diversity was found beetween rather than among in all 3 classification: subspecies 
group (66.3%), breeding institution (94.3%) and year of release group (91.9%). Only 
subspecies group as a source of variation was very significant (P < 0.01). To visualize 
estimates of genetic distance we used two tools, Principal Coordinate Analysis and 
cluster analisysis. A two dimensional plot of the PcoA revealed a good separation 
between two-rowed and six-rowed barley accesions. Cluster analysis showed two 
main clusters: I consisting of subclasters Ia and Ib and II consisting of subclasters: IIa, 
IIb and IIc. 
 
Keywords: Serbian barley varieties, SSR 
 



 

New Techniques in Breeding 
 

 350 

VIII-12 Poster 

 
Genetic divergence of Scots pine (Pinus sylvestris L.) populations in 
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The results obtained suggest that RAPD markers are valuable for the genetic 
divergence estimation in Pinus sylvestris and for the study of divergence among 
populations. Sixteen arbitrary 10-mer primers employed in the analysis produced 54 
fragments of which 21 were polymorphic (38.89 %). Certain rare and genotype 
specific bands were identified which could be effectively used to distinguish the 
populations. Polymorphism in RAPD markers among P. sylvestris populations was high 
and sufficient to distinguish each of the populations. The ability of random amplified 
polymorphic DNA (RAPD) to distinguish among Scots pine populations from Serbia 
was evaluated. 
 
Keywords: Pinus sylvestris, population, RAPD, polymorphism 
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Molecular diversity of maize inbred lines 
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One of the methods for locating markers near genes controlling quantitative trait loci 
is to find associations between phenotypic and genetic variations based on linkage 
disequilibrium. To analyse those associations a prior knowledge of population 
structure of unrelated genotypes is required. The aim of this study was to assess 
molecular diversity and population structure of maize inbreds used as a genetic 
material in breeding programs. Thirty SSR primer pairs were used to genotype ninety 
lines amplified on average 8 alleles per locus. One third of loci had more than 8 
alleles, expected heterozygosity above 0.75 and PIC value above 0.72. High number of 
detected alleles indicated a high level of polymorphism of selected markers and great 
diversity of inbreds. The programme Structure distinguished two subpopulations 
encompassing Lancaster, some Iodent and exotic inbreds in the first subpopulation 
and BSSS inbreds in the second one. Principal coordinate analysis separated 
Lancaster, BSSS and Iodent inbreds and outlined lines with mixed genetic 
backgrounds. Combination of methods for cluster analysis provided more reliable 
insight into population structure and relatedness among genotypes. 
 
Keywords: maize, genetic diversity, cluster, inbreds, microsatellites 
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Marker-assisted selection of NS sunflower for resistance to stress 
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Molecular markers facilitate detection of desirable genes, make breeding process 
faster and more reliable, and are becoming an essential part of breeding. Molecular 
markers are particularly useful to predict traits which are under control of major 
genes, such as disease resistance and abiotic stress tolerance. Marker-assisted 
selection has proven to be an effective tool in NS sunflower breeding program. 
Detecting the presence of Pl6 gene by molecular markers is routinely done. Molecular 
markers for Plarg gene, responsible for resistance to all worldwide known downy 
mildew races, were identified and introduced into NS sunflower breeding program, as 
well as two markers closely related to Or6 gene, responsible for resistance to 
broomrape race F. Co-dominant CAPS markers for detection of resistance to 
tribenuron-methyl, were designed and verified. Further work in MAS will focus on 
new marker development and its cost-efficient use in breeding. 
 
Keywords: sunflower, breeding, MAS 
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Genetic variability of antioxidant compounds of soybean 
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Soybean is good source of antioxidants. Soybean varieties with black, brown, green, 
and yellow seed coats might differ in their antioxidant content and properties. The 
objectives of this study were to characterize two black (Болгария, Black Tokyo) and 
two yellow (Fayete, OS 101) soybean varieties for the total phenolic, total 
glutathione, inorganic phosphorus, phytic phosphorus, β-carotene and tocopherol 
contents. The content of phenolics varied significantly among varieties, and was 
about two times higher in black soybean varieties than in yellow. The majority of 
phosphorus content in soybean grain is stored in phytate so the content of total P and 
Pphy did not vary significantly among the examined varieties. Black Tokyo had the 
highest content of GSH and Болгария the highest content of β-carotene. All soybean 
variety contained α-, β-, γ- and δ-tocopherols. The total tocopherols content was 
significantly higher in black than in yellow soybean varieties. Also, varieties with 
black kernel coat had higher content of α- and β+γ isomers than soybean varieties 
with yellow color of kernel coat. The highest β+γ-tocopherol content were detected 
in the variety Болгария, the lowest in kernels of the variety OS 101. Antioxidant 
activity of black soybeans was considerably higher than that of yellow varieties. 
 
Keywords: soybean, antioxidants, tocopherols, β-carotene 
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SSR allele frequency differences among drought tolerant and 

susceptible inbred lines 
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Seventeen maize inbred lines were evaluated by SSR markers with the aim to test the 
significance of frequency difference for each allele at a marker locus between drought 
tolerant inbreeds from drought tolerant mini core collection (Maize Research Institute 
gene bank) and drought susceptible commercial inbred lines. Allele frequency 
difference at SSR loci identified six regions on chromosomes 1, 6, 7 and 10 that are 
known to be involved in drought tolerance response. Most of the frequency 
differences were significant at p‹ 0.05, except at bin 1.09 (p‹ 0.01) and bin 7.04 (p‹ 
0.001). These results suggest that markers closely linked to the candidate genes for 
drought tolerance could be used for screening inbreeds for the presence of desirable 
alleles. 
 
Keywords: allele frequencies, drought tolerance, maize, SSR 
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Research Institute collection based on pedigree and molecular 
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Twenty-nine maize inbred lines from Maize Research Institute collection were 
selected for genetic diversity assessment by 20 clearly visible and reproducible SSR 
markers. A total of 119 alleles were detected with a mean of 5.8 per locus. Number of 
alleles was in a range from 1 to 15 per marker. Genetic similarity among the pairs of 
inbreds was calculated using Jaccquard’s coefficient. Cluster and Principal Component 
Analysis (PCA) were performed using NTSYS software. Results of both classifications 
were principally in agreement with the pedigree data of analyzed genotypes. 
Moderate discrepancies between the methods used for the assignment were 
detected. The information about genetic diversity of maize inbred lines revealed by 
SSR could be useful in maize breeding programs for developing new hybrids with good 
yield potential. 
 
Keywords: genetic diversity, inbred lines, maize, SSR 
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RAPD markers 
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The analysis of genetic variability of Bald cypress on the level of test trees was 
performed using RAPD (Random Amplified Polymorphic DNA) markers.  RAPD analysis 
was performed on 20 test trees with 13 primers. A total of ten primers gave a clear 
image, while three primers had a weak amplification. The total number of detected 
bands obtained by RAPD analysis with 10 selected primers is 60, and the average 
number of bands is 6. Based on the presence/absence of RAPD fragments among all 
20 Bald cypress test trees the similarity coefficients of Dice and Sokal and Michener 
have been calculated. Dice similarity coefficients are in the range of 0.73 to 1, and 
Sokal and Michener similarity coefficients are in the range of 0.63 to 1. The cluster 
analysis was performed based on the similarity coefficients and the results were 
presented as a dendrogram. All 20 test trees were grouped into two subclusters for 
Dice coefficients and in four subclusters for Sokal and Michener coefficients. Test 
trees number 1, 4 and 11 were grouped into one subcluster. Other test trees made 
other subclusters depending on the type of the coefficient used. By analysing 
relationships within every sub- and sub-sub cluster the existence of genetic distances 
among studied test trees can be noticed. The highest similarity is between test trees 
number 2, 12, 15 and 18. The obtained results of genetic similarities or differences 
between studied test trees point to the expressed presence of genetic diversity. 
 
Keywords: Taxodium distichum, RAPD, population, variability, test tree 
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microsatellites in Vicia sativa 
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EST-derived microsatellite markers (EST-SSR markers) have become a powerful tool in 
plant genetic analysis and breeding research. Due to their derivation from transcripts, 
these markers are easier and less expensive to develop, possess higher transferability 
to related species and are more closely connected with known function genes than 
genomic SSR. In this research, Vicia sativa ESTs (expressed sequence tags) were 
acquired by searching GeneBank database (up to May 2013). In total, 110 EST 
sequences were found and analysed for containing SSR using SSRIT software. Overall 
276 microsatellites were identified, out of which 216 were di-nucleotide repeats, 52 
tri-nucleotide repeats, 5 tetra-nucleotide repeats, 2 penta- and 1-hexa- nucleotide 
repeats. Using the Primer 3 software 38 primer pairs were designed. A total of 9 EST-
SSR primer pairs were size polymorphic among and within tested Vicia sativa 
populations. The markers developed in this study will provide valuable tools for 
genetic diversity, resource conservation, genetic mapping and marker assisted 
breeding of Vicia sativa in the future. 
 
Keywords: genetic diversity, EST-SSR markers, polymorphism, Vicia sativa 
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Characterization of crop wild relatives based on genetic diversity and its distribution is 
useful for the conservation and exploiting the available resources in more efficient 
way. The discovery of a half-domesticated relative of cultivated pea, so called “tall 
pea” (Pisum sativum L. subsp. elatius (Steven ex M. Bieb.) Asch. & Graebn.), in the 
local flora of upper flow of the river Pčinja (South Serbia), presents an important and 
valuable genomic and breeding resource of genetic variation for improving cultivated 
pea, especially as a source of abiotic and biotic stress tolerance. Genetic diversity of a 
Pisum sativum L. subsp. elatius population was analyzed using a retrotransposon-
based molecular marker technique - inter-primer binding site (iPBS) method. This 
method is based on conserved retrotransposon primer binding site sequences and 
detects polymorphism for all plant species without the need for prior sequence data. 
iPBS was applied to set of 30 genotypes originating from three different locations 
(upper, middle, lower parts of the slope) and enabled direct visualization of 
polymorphism among individuals, as well as level of differentiation among locations. 
 
Keywords: diversity, iPBS, pea, retrotranposones, genetic resources 
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Using morphological and molecular markers in selection of superior 

lines and hybrids of pepper (Capsicum annuum L.) 
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By applying method of full diallel, without reciprocal crossing, the hybridization has 
been done for five parental genotypes in order to obtain progeny of F1 generation, 
and F2 generation by self-crossing.  The aim of this research was to apply 
morphological  and molecular RAPD markers and determine parents - donors of 
positive genes and produce expressive progeny with improved traits. Morphological 
markers showed big significance in estimating variety differences. None of 15 
researched genotypes for seven researched morphological markers did not have same 
values. Evaluation of all crossing combinations showed very low heterosis in F1 and F2 
generation. Genetic analysis showed that earliness is inherited by super domination, 
vitamin C content intermediary and other researched traits by partial domination. 
From 20 applied primers, only OPP-5 formed tape OPP-5-3, which is connected to 
long shape of fruit, since it has been identified only for parents and all their hybrids 
with mentioned fruit shape. 
 
Keywords: pepper, heterosis, genetic analysis, morphological and molecular markers 
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The objective of the study was to determine genetic diversity among eighteen 
soybean cultivars from three different breeding programs in Serbia and Croatia. The 
genetic relationships were estimated using 10 SSR markers. Total number of 
fragments amplified was 33, of which 21 (63%) was polymorphic. A number of bands 
per primer were 4-5. The greatest genetic similarity according to Jaccard coefficient 
was determined for pair of genotypes Lana/Laura (GSJacc=1.00) and Nena /Laura 
(GSJacc=0.96). Genotypes Backa and Balkan were the closest pair, with GSJacc=0.47. 
UPGMA clustering method based on SSR data similarity matrices classified genotypes 
in two major clusters. Eighteen soybean cultivars were assigned into groups showing 
partial correspondence with pedigree data.  Five soybean cultivars released in Maize 
Research Institute "Zemun Polje" were grouped into the same subcluster, while 
genotypes from Institute of Field and Vegetable Crops, Novi Sad and cultivars from 
Agricultural Institute Osijek were mostly allocated in both subclusters. 
 
Keywords: soybean, genetic diversity, SSR analysis 
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Tomato is a member of the Solanaceae family with numerous and specific breeding 
goals owing to various types of production and ways of consumption. Although 
phenotypic variability in cultivated tomato is vast, genetic variability was proved to be 
quite narrow. The aim of the study was characterization of 20 tomato genotypes 
using 6 SSRs (Simple Sequence Repeats) markers. Plant material consisted of 3 wild 
relatives, 2 local populations, 6 old varieties, 6 commercial varieties and 3 breeding 
lines, which were taken from tomato collection at the Institute of Field and Vegetable 
Crops in Novi Sad. Hierarchical cluster analysis was performed and most of the 
genotypes could be discriminated by selected markers. Analysis revealed that all ssr 
loci were polymorphic. Markers TMS26, SSR40 and SSR237 had PIC (Polymorphism 
information content) values above 0,50 and can be recommended for the future 
germplasm characterization, as a starting point in tomato breeding.  
 
Keywords: genetic diversity, hierarchical clustering, ssr markers, tomato 
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A rather novel scheme of intercropping annual legumes with each other relies upon 
the model where two components have 1) the same time of sowing, 2) similar 
growing habit, 3) the concurrent time of cutting for forage production and harvest for 
grain production and 4) that one component has a good standing ability, acting as a 
supporting crop, and another has a poor standing ability, acting as a supported crop. 
Supporting crops, such as faba bean and white lupin, may be characterized by more 
prominent basal branching, especially in white lupin, as well as with slightly decreased 
proportion of lignin in stems enhancing the balance between standing ability and 
stem dry matter quality and digestibility. Supported crop genotypes, especially of 
hairy vetch, should be selected for determinate stem growth and smaller number of 
stems per plant in order to avoid a potential negative impact on the development of 
supporting crop. 
 
Keywords: annual legumes, breeding, intercropping, qualitative traits, quantitative 
traits 
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Andrić Zorana                               I-05 P 
Anđelković Marko                             III-08 P, IV-01 O, IV-02 O, IV-04 P, IV-06 P,  

V-12 P 
Anđelković Marko 2                         V-27 
Anđelković Snežana                      VII-18 P, RT-02 O 
Anđelković VIoleta                         VII-02 P, VII-03 P, VII-05 P, VII-10 P, VII-33 P                                                          

VIII-09 P, VIII-15 P 
Anđušić Ljiljana                               VII-89 P 
Ančić Boban                                    II-39 P 
Antanasović Svetlana                              VII-49 P, VIII-21 P 
Antonić Dragana                                   V-04 P, VI-01 P 
Antonijević Nebojša                                 I-13 P 
Antunović Jasenka                                     VII-36 P 
Antunović Jasenka                                     VII-36 P 
Antunović Marija                                     II-35 P 
Arđanski Marijana                                 II-09 P 
Arnqvist Göran                                       IV-01 O 
Arsić Aleksandra                                     VI-09 P 
Atanacković Ana                                          III-04 
Atlagić Jovanka                                          VII-15 P 
Avramović Stevan                                   IV-01 P 
B 
Babić Snežana                                          VII-18 P, VII-61 P 
Babić Vojka                                           VII-03 P, VII-13 P, VII-33 P 
Babić Zorica                                        I-15 P, I-16 P 
Bagi Ferenc                                  VI-03 



Bajalović Nataša                            IV-07 P, IV-08 P 
Bajić Nataša                                         IV-07 P, IV-08 P 
Bajić Vladan                                      II-49 P, II-50 P, III-12 P, III-13 P, III-18 P 
Balašević-Tubić Svetlana                PL-20 
Balaž Jelica                                      V-29 P                                 
Baldan Federica  PL-13 
Ballian Dalibor         VII-88 P 
Balotić Pero  VIl-04 O 
Banović Bojana  RT-02 O 
Banjanac Tijana  V-16 P 
Barać Goran  VII-77 P 
Barać Miroljub                      RT-02 P 
Baresić Ana  I-01 O, I-04 P 
Barisić Klisarić Nataša                          IV-01 P 
Basčarevic Zoran  I-19 P 
Basic Zorica  VII-54 P 
Bavcon Joze  IIl-03 O 
Begovic Jelena                 V-21 P, V-22 P, V-23 P, RT-03 P 
Bekavac Goran  VII-34 P, VII-53 P, VII-63 P, VII-72 P 
Berenji Janos                          VII-19 P 
Berges Helene                 VIlI-02 O 
Berić Mirjana                      Il-10 P,I-22 P, Il-23 P 
Berić Tanja                     V-28 P 
Berner Thomas  VIll-02 O 
Bertani Iris         PL-17 
Biberdžić Milan  VII-43 P 
Bizić-Radulović Sandra  I-34 P 
Bjedov Ivana  V-010 
Blagojevic Jelena  V-07 O, V-09 O 
Bobinac Martin  VII-73 P 
Bočanski Jan  VII-25 P, VII-26 P 
Bogdan Saša  VII-88 P 
Bogdanović Andrija  II-08 P, II-34 P, II-36 P 
Bogićević Igor                         VI-01 O 
Bogunović Danica                 VI-10 O 
Bohanec Borut                      V-04 P 
Bojat Č. Nenad                      I-08 P 
Bojić Svetlana                     I-05 P, VI-07 P, V-08 P 
Bojović Srđan                VIl-44 P 
Bokan Nikola                       II-08 O,II-03 P 
Borlja Nikola                         III-10 P, IlI-11 P 
 Boroja Tatjana                  III-01 O 
 Bošnjak Jasna                       VII-06 O, VII-16 P, VII-20 P, VII-22 P, VII-23 P, 

VIII-06 P, VIII-15 P 



Božinović Sofija                          II-52 P 
Brajić Aleksandra                         I-08 P, II-01 P, II-46 P, II-54 P, VI-03 P 
Brajušković Goran                      VII-21 P, VII-62 P 
Brankov Milan                              VIII-07 P 
Bratković Kamenko                   VIII-01 O,VIII-O5 P,VIII-10 P, VIII-13 P 
Brbaklić Ljiljana                           VII-04 P, VII-17 P 
Brdar-Jokanović Milka                       VII-04 P, VII-17 P 
Brkušanin Miloš                         II-01 P, II-46 P, VI-03 P 
Budakov Dragana                     VI-03 O 
Budinski Ivana                        V-09 O 
Bugarski Dušanka              VII-37 P 
Bugarski-Stanojević Vanja                  V-07 O 
 Bukara Radujković Gordana      II-14 P 
Bundalo Maja                     II-02 P 
Buzurović Uroš                V-05 O 
C 
Cerović Radosav                   VII-01 P 
Cesar Vera                      VII-36 P 
Cindrić Petar                        VII-77 P 
Cisneros David                       PL-16 
Coghill Galonja Tamara          III-08 P 
Coutinho Bruna            PL-17 
Crevar Milos                VII-06 O, VII-20 P, VII-22 P, VII-38 P, VII-64 P 
Crnobarac Jovan                    VII-68 P 
Cvejić Sandra               VII-41 P, VIII-14 P 
Cvetković Dragana                    I-18 P, IV-11 P 
Cvetković Mirjana         VII-67 P 
Cvetković Vladimir                    II-17 P, II-28 P 
Cvijetić Dijana                          IV-06 P, V-12 P 
Cvikić Dejan                         VII-56 P, VII-70 P, VII-71 P, VIII-01 P 
Cvjetković Branislav              VII-04 O, VII-74 P, VII-88 P 
Č 
Čabarkapa Andrea             III-12 P, III-13 P, III-18 P 
Čakić Saša                       I-09 P 
Čamdžja Zoran            VII-06 O, VII-20 P, VII-22 P, VII-23 P, VII-38 P, 

VII-64 P, VIII-16 P 
Čanak Petar                    VII-24 P, VII-52 P 
Čapelja Vlado        VII-24 P 
Čarkić Jelena        II-35 P, II-38 P, II-39 P 
Červenski Janko          VII-08 P, VII-27 P, VII-37 P, VII-68 P, VIII-05 P 
Čolović Nataša              I-10 P 
Čortan Dijana          VII-11 P 
Čuturilo Goran           II-08 O, II-03 P, II-06 P, II-15 P, II-27 P 
Ć 



Ćakić Sanja                             V-17 P 
Ćetković Aleksandar                II-15 P 
Ćirić Ana                 RT-01 P 
Ćirić Mihajlo                   VII-41 P 
Ćirić Slavica                   VII-89 P 
Ćirković Sanja              II-04 P, II-05 P 
Ćirović Duško             V-04 O 
Ćupina Branko               VII-49 P, RT-02 O 
Ćurtić Živko               VII-25 P, VII-26 P 
D 
Damante Giuseppe                  PL-13, II-24 P 
Daničić Vanja                  VII-04 O, VII-74 P, VII-88 P 
Danojević Dario                            VII-26 P, VII-27 P, VII-37 P, VII-68 P 
Davidović Jelena                     VII-06 P 
Davidović Slobodan           I-01 P, II-31 P, II-32 P, RT-01 P 
Davitkov Darko              II-12 O, V-30 P 
Dedović-Tanić Nasta    II-18 P, II-35 P, II-37 P, II-38 P, II-39 P, II-43 P 
Dekanski Dragana                III-12 P 
Del Longo Alessandra            II-24 P 
Deletić Nebojša                    VII-29 P 
Delić Nenad                VII-06 O, VII-28 P 
Denčić Srbislav                 VII-40 P, VIII-10 P 
Denčić-Fekete Marija                I-08 P, II-34 P, II-36 P 
Denić S. Marija                      VI-10 P 
Derenko Miroslava             I-01 P 
Devescovi Giulia              PL-17 
Devetakovic Jovana                     VII-01 O, VII-75 P 
Di Gaspero Gabriele         VII-09 P, VII-77 P 
Dimitrijević Aleksandra                  VIII-03 O, VIII-02 P, VIII-14 P 
Dimitrijević Miodrag           VII-51 P 
Dimitrijević Vladimir               V-06 P 
Dimkić Ivica                    V-28 P 
Dinić Jelena                  VI-11 P 
Dinić Miroslav              RT-01 O 
Divac Rankov Aleksandra                VI-11 P 
Dobričić Valerija                II-01 O, II-05 O, II-09 O, II-21 P, II-29 P 
Dobrić Bojana            II-05 P 
Dobrzynska Matgorzata    PL-07 
Dodig Dejan               VII-30 P, VIII-07 P, RT-02 P 
Dodoš Tanja             V-08 O, V-02 P, V-08 P 
Dokmanović Lidija            VI-01 O 
Dolapčev Svetislav                   VII-24 P 
Dolijanović Željko                   VII-35 P 
Dragačevic Sanja            I-20 P 



Dragićević Vesna              VII-05 P, VII-10 P, VII-21 P, VII-31 P, VII-54 P, 
VII-62 P, VII-69 P 

Drakulić Danijela                 II-04 O, II-03 P, II-06 P, II-27 P, II-30 P, II-32 P, 
RT-01 P 

Dramićanin Tatjana                II-18 P, II-43 P 
Dražić Slobodan                     VII-32 P 
Dronjak Slađana                      III-08 P 
Duduk Bojan                        VI-02 P 
Duletić-Laušević Sonja                      IV-07 P 
Dumanović Zoran                    VII-33 P 
Durković Jasmina                         II-07 P 
Đ 
Đalović Ivica          VII-34 P 
Đan Igor          I-03 P 
Đan Mihajla         I-03 P, V-03 O, V-04 O, V-05 P, V-09 P, V-11 P 
Đelić Gorica     V-13 P 
Đelić Ninoslav     II-11 O, III-01 O, III-05 O, III-08 P, III-12 P, III-17 

P 
Đolić Nenad               VII-17 P 
Đordević Ana              I-21 P 
Đorđević Boban          VII-85 P 
Đorđević lgor            I-07 P 
Đorđević Maja                 I-02 O 
Đorđević Nevena                    III-06 P 
Đorđević Radiša                 VII-56 P, VII-70 P, VII-71 P, VIII-01 P 
Đorđević Snežana                VII-35 P 
Đorđević Valentina            II-03 P, II-09 P, II-19 P 
Đorđević Vesna                      II-08 P, II-34 P, II-36 P 
Đorđević Vuk            PL-20,  VII-49P, VIII-01 O, VIII-03 P, VIII-21 P 
Đukić Milan        II-08 P, II-03 P 
Đukić Vojin            PL-20 
Đunić Irena                I-10 P 
Đurakić Marko            V-02 P, V-03 P 
Đurić Gordana    VII-06 P 
Đurić Tamara     I-21 P, II-02 P, VI-05 P, VI-06 P 
Đurišić Marina     II-11 P 
Đurović Dejan         VII-85 P 
Đurović Dragan                    VII-44 P, VII-67 P 
Đurović Jelena             II-52 P 
Đurović Sanja      VII-69 P 
E 
Elbahi Samia                 III-01 P, III-03 P 
Elez Marija        II-20 P, II-42 P 
Eljabu Najib Mohamed     II-37 P, II-38 P 



F 
Filipić Metka           PL-08 
Filipić Brankica              V-22 P, V-23 P, RT-01 O 
Filipović Jelena             II-02 O 
Filipović Ljupka              IV-02 P, IV-03 P 
Filipović Milomir    VII-13 P, VII-23 P, VII-31 P, VII-62 P, VIII-16 P 
Filipović Nataša        I-08 P 
Fira Đorde            II-13 O, V-28 P 
Foria Serena                VII-77 P 
Fotirić Aksić Milica               VII-01 P, VII-07 P, VII-76 P, VII-82 P, VII-85 P, 

VII-86 P 
Francetić Olivera     PL-16 
Francuski Ljubinka                IV-05 P 
Franić Mario                   VII-36 P 
Franzoni Alessandra       II-24 P 
G 
Gacić Zoran                      PL-08, III-01 P, III-02 P, III-03 P, III-04 P 
Gagić Milica                  II-45 P 
Gajić Bojan                     II-10 O 
Gajić Veljić Mirjana         II-29 P 
Galović Vladislava                VII-04 O, VII-78 P, VII-87 P, VIII-04 P 
Garaj Vrhovac Verica           PL-08 
Garavelli Livia              II-24 P 
Gašić Uroš                    VII-07 P 
Gazibara Tatjana               II-06 O 
Geigle Björn                 VIII-02 O 
Girek Zdenka               VII-04 P, VII-56 P, VII-71 P 
Glamočlija Jasmina             RT-01 P 
Glavinić Uroš                   II-10 O, II-11 O, III-01 O, III-17 P, V-30 P 
Glogovac Svetlana           VII-37 P, VIII-05 P 
Glumac Irena            I-10 P, I-12 P, VI-01 O 
Gökmen Vural              RT-03 O 
Golić Nataša                  V-21 P, V-23 P, RT-01 O, RT-03 P 
Gotić Mirjana           II-34 P, II-36 P 
Govedarica Branka                   VII-44 P 
Gradinac Marija                      II-06 P 
Grammatico Paola                     II-24 P 
Grbić Jovan               V-27 P 
Grbić Mihailo                   VII-83 P 
Grčić Nikola                   VII-06 O, VII-38 P, VII-23 P, VII-60 P, VII-64 P 
Grosser Jorg                  VIII-02 O 
Grujičić Darko             II-40 P, III-09 P 
Guč-Sčekić Marija               II-04 P, II-05 P, II-11 P 
Gudžić Slaviša                 VII-29 P 



Guffa Basem               VII-01 P, VII-07 P 
Guzik W. Maciej               V-14 P 
Gvozdanović-Varga Jelica                  VII-08 P, VII-17 P, VII-37 P, VII-56 P, VII-68 P, 

VIII-05 P 
Gvozdenov Maja             II-09 P, II-19 P 
Gvozdenović Đuro        VII-27 P, VII-37 P 
H 
Haag Nicolai               VIII-02 O 
Habekuss Antje            VIII-02 O 
Hadži-Mihajlović Miloš             II-44 P 
Haverić Anja          II-14 P 
Heinze Berthold             PL-19, VIII-17 P 
Himmelbach Axel             VIII-02 O 
Hladni Nada                  VII-39 P 
Holz Sabine                    VI-02 P 
Hortobagyi Tibor                       II-07 O 
Horvath Akos                 PL-08 
Hristov Nikola            VII-40 P, VII-72 P, VIII-10 P 
I 
Ignjatović Svetlana                       II-15 P 
Ignjatović-Micić Dragana                     VII-02 P, VII-14 P, VII-16 P, VIII-06 P, VIII-08 P, 

VIII-09 P, VIII-15 P, VIII-16 P 
Iličić Renata              V-29 P 
llić Miroslav                II-41 P 
Ilić Nina                II-11 P 
llić Predrag                         VII-06 P 
Ilić Slobodan                    II-03 P 
llić Vojislav                       II-12 O 
llić Zoran                     VII-89 P 
llic-Dimitrijević Mirjana                          II-37 P 
llić-Tomić Tatjana                       V-14 P, VI-10 P 
llisić Tamara                           II-08 O, II-06 P 
Imerovski Ivana                  VIII-03 O, VIII-02 P, VIII-14 P 
Immonen Elina                   IV-01 O 
Isajev Vasilije                           VII-03 O, VII-04 O, VIII-12 P 
Isidori Marina                        PL-08 
Ivanišević Dragoslav                           VII-09 P, VII-77 P 
Ivankov Ana-Maria                          I-04 P 
Ivanković Branislava                       II-10 P, II-14 P, II-22 P, II-23 P 
Ivanković Mladen                           VII-88 P 
Ivanović Boris                           VII-75 P 
Ivanović Dragica                          VII-03 P 
Ivanović Mile                          VII-53 P, VII-63 P, VII-72 P 
Ivetić Vladan                            VII-01 O, VII-75 P, VIII-17 P 



Ivković Maja                                   II-46 P 
J 
Jakovljević Aleksandar                 I-09 P, II-13 P 
Jakšić Tatjana                       I-15 P, I-16 P 
Jambrović Antun                         PL-18 
Janacković Peđa                         V-08 O 
Jančić B. Radiša                       V-07 P 
Jančić Jasna                      II-05 O 
Jančić R. Ivan                  V-07 P 
Janić Dragana                        VI-01 O 
Janićijević Branka                        I-01 O, I-04 P 
Janković Ljiljana                        II-44 P 
Janković Marijana                           RT-03 O, RT-02 P 
Janković Milena                         II-01 O, II-05 O, II-09 O 
Janković Saša                       I-09 P 
Janković Srđa                          VI-01 O 
Jankulovska Mirjana                     VII-45 P 
Jaroš Tijana                            II-22 P, II-23 P 
Javor Andras                           V-06 O 
Jeličić Dobrijević Ljiljana         II-26 P, II-27 P 
Jeličić Jelena                     VI-01 O 
Jelić Mihailo                          PL-11, IV-01 O, IV-02 O, IV-04 P, V-15 P,  

RT-02 O 
Jelić Miodrag                        VII-29 P 
Jelovac Drago                     II-38 P 
Jensen D. Jeffrey                      PL-09 
Ješić Snežana                                 I-06 P, I-17 P 
Jevremoviž Slađana                    V-04 P, VI-01 P 
Jevtić Goran                       VII-61 P 
Jocić Siniša                         VII-39 P, VII-41 P, VIII-03 O, VIII-02 P, VIII-14 P 
Jocković Bojan                          VII-40 P, VII-41 P 
Jocković Đorde                   VII-34 P 
Jocković Milan                           VII-41 P, VII-47 P 
Joksić Gordana                       II-02 O 
Josipović Ana                       VII-42 P, VII-46 P, VII-48 P 
Jošić Dragana                  V-18 P, V-26 P, V-29 P 
Jotić Ana                             I-06 P, I-17 P 
Jovanović Ankica                      II-04 P 
Jovanović Barbara               I-05 P 
Jovanović Bojana                      III-16 P 
Jovanović Ida                             II-08 O, II-03 P, II-06 P, II-27 P 
Jovanović lvan                                VI-05 P, VI-06 P 
Jovanović Jasmina                             VI-05 P 
Jovanović Jelica                       II-08 P, II-34 P, II-36 P 



Jovanović Privrodski Jadranka                     II-41 P 
Jovanović Snežana                            VII-60 P, VII-66 P 
Jovanović Vladimir                        V-07 O, B-09 O 
Jovanović Živko                           VII-12 P, RT-02 O 
Jovanović Života                             VII-33 P 
Jovčić Branko                              V-20 P, V-22 P, V-25 P 
Jović Nebojša                        II-47 P 
Jurković Vlatka                     VII-48 P 
K 
Kačavenda Dragana                        VIII-05 P 
Kalajdžić Malden                      VII-09 P 
Kalajdžić Predrag                        VI-02 O 
Kalanj Jasna                 II-08 O, II-03 P, II-06 P 
Kanazir Selma                          II-54 P 
Kandić Vesna                        VII-30 P, VIII-07 P, RT-02 P 
Kannosh Ibrahim Yousif              V-27 P 
Karagić Đura                   VII-02 O, VII-50 P 
Karan-Đurašević Teodora                   I-10 P, I-19 P 
Karanović Jelena                    II-46 P, VI-03 P 
Katanić Jelena III-10 P, III-11 P 
Katanić Marina                      IV-09 P, VI-04 O, VII-79 P 
Katanski Snežana                     VII-02 O 
Kataranovski Dragan                       III-08 P 
Katić Slobodan                              VII-02 O 
Katsila Theodora                            PL-01 
Kavečan Ivana                      II-41 P 
Kebert Marko                      VII-76 P, VIII-04 P 
Keckarević Dušan                II-45 P, II-47 P, II-48 P, VI-04 P 
Keckarević Marković Milica               II-45 P, II-47 P, II-48 P, VI-04 P 
Kecman Božica                          I-02 O 
Kecmanović Miljana                            II-45 P, II-47 P, II-48 P, VI-04 P 
Keilwagen Jens                   VIII-02 O 
Kenig Bojan                    IV-02 O, IV-04 P, IV-06 P 
Kerkez Ivana                         V-20 P 
Kešelj Jelena                    VII-24 P 
Klaassen Kristel                     I-02 O, I-11 P, I-12 P, I-14 P, I-20 P 
Klajn Andrijana             I-01 P, II-31 P, II-33 P 
Klašnja Bojana                   VII-78 P, VII-84 P 
Knasmueller Siegfried                      PL-08 
Knežević Jasmina                        VII-67 P 
Knezević-Vukčević Jelena                    III-01 O, III-02 O, III-01 P, III-02 P, III-03 P, III-04 

P, III-15 P, III-16 P 
Kočiš Tubić Nataša           V-03 O, V-05 P 
Kojić Milan                       II-13 O, V-20, V-21 P, V-22 P, V-23 P, V-24 P, V-



25 P, RT-01 O, RT-03 P 
Kojić Milorad                     PL-14 
Kojić Snežana               PL-06 
Kolaković Ana                           I-16 P 
Kolarević Stoimir             III-01 P, III-02 P, III-03 P, III-04 P 
Kolić lvana                     I-06 P, I-17 P 
Kollers Sonja                         VIII-02 O 
Komnenić Milica                        II-12 P, II-15 P, II-53 P 
Končar Igor                        I-21 P 
Kondić-Špika Ankica                              VII-40 P, VIII-10 P, VIII-13 P 
Konstantinović Vitomir                      II-37 P 
Kontić Olivera                             II-15 P 
Kostadinović Ljiljana                           III-08 P 
Kostadinović Marija                      VII-14 P, VIII-08 P 
Kostić Jelena                     VI-01 O 
Kostić Jovana                          III-01 P, III-02 P, III-03 P, III-04 P 
Kostić Mirjana                      VI-06 P 
Kostić Vladimir                         II-01 O, II-09 P 
Kotur Nikola                   I-11 P, I-12 P, I P, I-14 P, I-20 P 
Kotur Tijana                 II-10 P 
Kovač Mirjana                          II-09 P, II-19 P 
Kovačev Lazar                               VII-26 P 
Kovačević Branislav                    IV-09 P, VI-04 O, VII-79 P 
Kovačević Dragan                       VII-54 P, VIII-11 P, VIII-16 P 
Kovačević Dušan                          VII-35 P 
Kovačević Josip                        VII-42 P, VII-46 P 
Kovačević Vlado                         VII-05 O 
Kovačević-Grujičić Nataša                  I-01 P, II-25 P, II-31 P, II-32 P, II-33 P, RT-01 P 
Kračun-Kolarević Margareta                     III-01 P, III-02 P III-03 P, III-04 P 
Kraemer Ilona                     VIII-02 O 
Kravić Natalija                       VII-02 P, II-03 P, VII-05 P, VII-10 P, VII-13 P, VII-

31 P, VII-06 P, VIII-09 P 
Kresojević Nikola                    II-01 O, II-09 O 
 Krone Nils                    II-07 P 
Krstajić Damjan                VI-01 O, VI-05 O 
Krstić Aleksandar                        II-03 P, II-06 P, II-51 P 
Krstić Aleksandra                       II-11 P 
Krstić Đorđe                                 VII-49 P 
Krstić Maja                               III-15 P 
Krstić Miodrag                       I-20 P 
Krstić Vanja                           II-12 O, V-30 P 
Krstić Zoran                            VI-06 P 
Krtinić Bosiljka                     IV-05 P 
Kube Michael                      VI-02 P 



Kugler Karl                                 VIII-02 O 
Kulišić Zoran                      II-10 O 
Kuljančić lvan                      VII-09 P 
Kurbalija Novičić Zorana                       IV-01 O, IV-02 O, IV-04 P, IV-06 P, V-12 P, 

V-15 P 
Kurtović-Bašić Silvana                            II-14 P 
Kusza Szilvia                                  V-06 O 
Kuveljić Jovana                                 I-06 P, I-17 P 
Kuzmanović Đorđe                           V-18 P 
Kuzmanović Miloš              II-11 P 
Kvesić Stjepan                         VII-88 P 
L 
Labus Nenad                         I-16 P 
Labus Olja                    II-48 P 
Lajsić Rajko                  VII-24 P 
Lakić Nada                         II-11 O, III-05 P 
Lakušić Dmitar                       V-10 P 
Lalević Dragan               VII-43 P 
Lalić Tanja                    II-05 P 
Lazarević Vladimir                       PL-04 
Lazić Emira                            II-13 P 
Lazić Vojkan                         I-07 P 
Lekić Miladinović Olivera                  II-12 P, II-53 P 
Leković Zoran                      I-12 P 
Lenhardt Mirjana                    III-01 P, III-03 P 
Lepšanović Zorica                      V-18 P, V-19 P, V-26 P 
Leskovac Andreja                         II-02 O 
Lević Jelena                        VII-20 P 
Ličina Vlado                   VII-01 P 
Liehr Thomas                    PL-02 
Liović Ivica                        VII-46 P 
Litvinov Andrey                  I-01 P 
Loeschcke Volker                         PL-12 
Lončar Sanja                          II-37 P, II-38 P 
Lončarić Darija                        II-21 P, II-37 P 
Lončarić Zdenko                         VII-42 P 
Lovrečić Luca                            PL-05 
Lozo Jelena                         V-20 P, V-28 P 
Lucić Aleksandar                       VIII-12 P, VIII-19 P 
Lucić Bojana                      VI-01 O 
Ludoški Jasmina                       IV-05 P 
Lugić Zoran                             VII-18 P, VII-59 P, VII-61 P 
Lukić Jovanka                           RT-01 O, RT-03 P 
Lukić Milan                          VII-80 P, VII-81 P 



Lukić Snežana                     I-20 P 
Lj 
Ljubić Aleksandar                     II-15 P 
Ljujić Mila                             VI-11 P 
M 
Madi Haowa                V-20 P 
Madić Milomirka                    V-13 P, VII-44 P 
Magić Marko                     II-44 P 
Magić Zvonko                            II-44 P 
Majstorović Ana                                IV-10 P 
Maksimović Vesna                               RT-02 O 
Maksimović Zoran                     VII-11 P 
Malešević Radmila                   II-10 P, II-14 P, II-22 P, II-23 P 
Maletić Jelena                           III-05 P 
Maletić Milan                          II-11 O, III-05 P 
Maletić Vladimir                    V-03 O, V-04 O 
Malyarchuk Boris                    I-01 P 
Mandić-Rajčević Stefan                          VI-07 P 
Mandušić Vesna                 II-49 P 
Manfredini Emanuela               II-24 P 
Manojlović Gačić Emilija                  II-06 O 
Mantovani Roberto                        II-51 P 
Marčetić Mirjana                            III-13 P 
Marić Nina               II-14 P 
Marić Saša                   V-06 P 
Marić Slađana                 VII-80 P, VII-21 P 
Marin D. Petar                   V-08 O, V-02 P, V-08 P 
Marinković Radovan          VII-41 P, VII-45 P, VII-47 P 
Marjanović Jelena                   II-33 P, RT-01 P 
Marjanović Jeromela Ana                 VII-15 P, VII-41 P, VII-45 P, VII-47 P 
Marjanović Vicentić Jelena              II-30 P, II-31 P 
Marković Goran       V-13 P 
Marković Ksenija                VII-03 P, VII-28 P 
Marković Miša                  VII-07 P 
Markulj Antonela                    VII-42 P, VII-46 P, VII-48 P 
Matanović Dragana                   I-19 P 
Mataruga Milan                      VII-03 O, VII-04 O, VII-74 P, VII-88 P 
Matić Dragan                        I-13 P 
Matić Sanja                          III-06 P, III-07 P, III-10 P, III-11 P 
Matoša Kočar Maja                       VII-42 P, VII-46 P, VII-48 P 
Mauri Lucia                          II-24 P 
Maver Aleš                         PL-05 
Medić Mira                  VII-09 P, VII-37 P 
Medić-Pap Slađana            VII-27 P 



Medović Aleksandar                  VII-12 P 
Međo Biljana                         II-08 O 
Međo Biljana                      II-03 P 
Mengl Michael                      VIII-17 P 
Mesarović Jelena                      VII-76 P 
Mićić Dragan                     II-11 P 
Mićić Nikola                           VII-06 P 
Mihailović Vladimir                  III-06 P, III-10 P, III-11 P 
Mihailović Vojislav                          VII-49 P, VII-50 P, VII-51 P 
Mihajlović Sanja                  V-22 P, V-24 P, V-25 P 
Mihaljević Biljana                     VI-01 O 
Mihaljica Darko                   V-17 P 
Mijić Anto                              VII-39 P, VII-46 P 
Mijović Marija                        II-08 O, II-03 P, II-15 P 
Mikić Aleksandar                           VII-12 P, VII-15 P, VII-49 P, VII-50 P, VII-51 P, 

VIII-01 O, VIII-20 P, VIII-21 P, RT-020 
Mikić Sanja                     VIII-01 O, VIII-13 P 
Miklič Viadimir                        VII-15 P, VII-39 P, VII-55 P 
Miladinović Dragana                     VII-15 P, VII-39 P VII-45 P, VIII-03 O, VIII-02 P, 

VIII-14 P 
Miladinović Jegor                     PL-20, VIII-01 O 
Miladinović Miroslav                      V-20 P 
Milankov Vesna                        IV-05 P, V-02 O, V-03 P 
Milašin Jelena                          I-07 P, I-09 P, II-21 P, II-35 P, II-37 P, II-38 P, II-

39 P, V-27 P 
Milašinović-Šeremešić Marija                 VII-01 O, VII-58 P 
Milenković Tatjana                  II-07 P 
Miletić Aleksandra                       II-08 P 
Miličić Dragana                               IV-10 P 
Milić Dragan                                  VII-02 O, VII-50 P 
Milić Rašić Vedrana                        II-01 P, II-45 P 
Milićević Zorka                           II-49 P 
Milinković Vedrana                      II-06 O 
Milisavljević Mira PL-14 
Milivojević Milena                       II-03 P, II-06 P, II-25 P, II-32 P, II-51 P, RT-01 P 
Milosavljević Tomica          I-20 P 
Milošević Božidar                VII-89 P 
Milošević Branko                                 VII-50 P 
Milošević Nataša                       I-07 P 
Milošević Snežana                                VI-01 P 
Milošević-Đerić S. Ana                             II-16 P 
Milošević-Đorđević Olivera                              II-40 P, III-09 P 
Milovac Željko                             VII-47 P, VII-51 P 
Milovanović Zorka                            II-18 P, II-43 P 



Miljanović Tomka                             VI-08 P 
Miljić Predrag                            II-19 P 
Miljković Danijela                  IV-01 P, VII-87 P, VII-88 P 
Miljković Jasmina                        VII-82 P 
Miljković Marija                        V-21 P, V-23 P, RT-01 O, RT-03 P 
Miljuš-Đukić Jovanka                         RT-02 O 
Mio Catia                       PL-13 
Mirković Nemanja                     II-13 O 
Mirosavljević Milan                 VII-52 P, VII-57 P, VII-63 P 
Mišić Danijela                      V-01 O, V-15 P, V-16 P 
Mišković Marijana                          II-05 P 
Mitić-Ćulafić Dragana                   III-02 O, III-14 P, III-15 P, III-16 P 
Mitrović Bojan                     VII-34 P, VII-53 P, VII-63 P, VII-72 P, VIII-13 P 
Mitrović Jelena                   VI-02 P 
Mitrović Petar                       VII-45 P, VII-47 P 
Mladenov Novica                     VII-40 P, VIII-10 P 
Mladenović Drinić Snežana               VII-31 P, VII-54 P, VIII-08 P, VIII-11 P, VIII-12 P, 

VIII-16 P, VIII-18 P, VIII-19 P 
Mladenović Jelena                        II-45 P, VII-70 P 
Mladenović Milan                  III-07 P, III-10 P, III-11 P 
Mladenović T                        II-08 O 
Modugno Alessandra                     II-24 P 
Mojović Ljiljana                   VII-07 O 
Mojsin Marija                         I-01 P, II-25 P, II-30 P, II-31 P, II-32 P, II-51 P 
Mrđa Jelena                        VII-55 P 
Mulenga Albert                       V-17 P 
Murnyak Balazs                         II-07 O 
Muster Adrian                     III-08 P 
N 
Nagl Nevena                       VI-03 O, VII-25 P, VII-26 P, VIII-20 P 
Najdanović Jelena                        II-17 P, II-28 P 
Najman Stevo                         II-17 P, II-28 P 
Narancić Tanja                        V-14 P 
Nastasić Aleksandra                     VII-53 P 
Nedeljković Milica                  II-18 P, II-43 P 
Nedeljković Nenad                        II-13 P 
Nedić Nebojša                         VII-07 P 
Nikčević Gordana                   I-02 O, I-11 P, I-14 P, I-19 P, I-20 P 
Niketić Marjan                        V-05 O 
Nikodijević-Latinović Angelina                II-13 P 
Nikodinović-Runić Jasmina                        V-14 P, VI-10 P 
Nikolić Aleksandra                          I-02 P 
Nikolić Ana                               VIII-06 P, VIII-09P, VIII-15 P, VIII-16 P, VIII-18 P 
Nikolić Biljana                         III-02 O, III-14 P, III-15 P, III-16 P 



Nikolić Bogdan                      VII-69 P 
Nikolić Dragan                VII-01 P, VII-76 P, VII-82 P, VII-86 P 
Nikolić Dragana                    PL-14 
Nikolić Milica                        V-21 P, V-24 P, RT-01 O, RT-03 P 
Nikolić Miloš              II-29 P 
Nikolić Nada                           I-07 P, II-35 P, II-37 P, II-38 P, II-39 P 
Nikolić Nataša                      VII-79 P 
Nikolić Zorana               I-08 P, II-54 P, VI-03 P 
Nivaskumar Mangayarkarasi                    PL-16 
Nonić Marina                      VII-01 O, VII-83 P, VIII-17 P 
Novaković Ivana                 I-18 P, II-01 O, II-09 O, II-08 P, II-15 P, II-21 P, 

II-29 P 
Novaković R. Tanja                II-16 P 
Novčić Zoran                            IV-09 P 
Novković Mirjana                     I-13 P 
Novović Katarina                    V-22 P 
Nussbaumer Thomas                        VIII-02 O 
O 
Obradović Ana                 VII-02 P 
Obratov-Petković Dragica            V-01 O 
Obreht Dragana                      I-03 P, V-03 O, V-04 O, V-01 P, V-05 P, V-09 P, 

V-11 P, VIII-01 O 
O'Connor E. Kevin          V-14 P 
Odadžić Vesna            VI-08 P 
Omerović Izeta             VII-89 P 
Ordon Frank      VIII-02 O 
Orlović Saša            IV-09 P, VI-04 O, VII-03 O, VII-04 O, VII-78 P, 

VII-79P, VII-84 P, VII-87 P, VII-88P, VIII-04 P 
Ostojić Lana          VI-04 P 
Ozdemir Ozturk           II-52 P 
P 
Pajić Zorica                                   VII-58 P 
Pantović Maja                    II-46 P 
Pap Predrag                       VII-84 P 
Papović Olivera                    I-15 P, O-16 P 
Paradiž Jasna                      III-03 O 
Parajes Silvia                   II-07 P 
Parezanović Vojislav                        II-08 O, II-06 P 
Pascual Marta                       PL-10 
Patenković Aleksandra                 IV-02 O, IV-04 P, IV-06 P, V-12 P, V-15 P 
Patrinos P. George                 PL-01 
Paunović Aleksandar                    VII-44 P 
Paunovicć Momir                  III-02 P, III-04 P 
Pavković-Lučić Sofija                 II-08 P, IV-02 P, IV-03 P, IV-07 P, IV-08 P,  



IV-10 P, VII-06 O, VII-20 P, VII- 22 P, VII-23 P, 
VII-28 P 

Pavlov Jovan                    VII-38 P, VII-60 P, VII-64 P 
Pavlović Danijela              VII-69 P 
Pavlović Nenad                   VII-56 P, VII-70 P, VII-71 P, VIII-01 P 
Pavlović Radoš                VII-70 P 
Pavlović Sonja               I-02 O, I-10 P, I-11 P, I-12 P, I-14 P, I-20 P,  

II-08 P, II-41 P, VI-01 O 
Pecelj Dušan                              VII-24 P 
Pejanović Nađa                      VI-01 O                
Pejčić Nataša                    I-09 P 
Pekeč Saša                     IV-09 P, VIII-04 P 
Penco Silvana                II-24 P 
Perez Imma                    VIII-04 P 
Peričić Salihović Marijana                   I-01 O, I-04 P 
Perić Vesna                        VIII-18 P, VII-49 P, VII-65 P, VIII-11 P, RT-03 O 
Perović Dragan                      VIII-02 O 
Perunović Neda               I-09 P, V-27 P 
Pesić Milica                  VI-11 P 
Pesić Mirjana        RT-02 P 
Pešović Jovan              II-01 P, VI-03 P 
Peterlin Borut               PL-05 
Petrić Marija                    VI-11 P 
Petrić Sara                 I-04 P 
Petrović Bojana                II-12 P, II-53 P 
Petrović Isidora               II-25 P, II-32 P, II-51 P, RT-01 P 
Petrović Mirjana                     VII-18 P 
Petrović Sandra               II-02 O 
Petrović Sofija                 VII-51 P 
Petrović-Jeremić Ljiljana            V-19 P 
Petrović-Stanojević Nataša      I-02 P 
Pickering Richard                  VIII-02 O 
Pilipović Andrej                     IV-09 P, VII-84 P, VII-87 P, VII-88 P 
Piozzi Elena                   II-24 P 
Popov Milena                  VII-09 P, VII-77 P 
Popov Raško                     VII-24 P 
Popović Aleksandar                VII-13 P, VII-60 P 
Popović Branka                       II-35 P 
Popović Bubujuk Slavica                  II-08 P 
Popović Dragan                          I-20 P 
Popović Dunja                V-04 O 
Popović Dušanka                   V-23 P 
Popović Jelena                   I-01 P, II-04 OM II-06 P, II-25 P, II-30 P, II-32 P, 

II-33 P 



Popović Miloš                        VI-01 O 
Popović Nikola                    V-25 P 
Popović Vladan                VII-75 P, VIII-12 P, VIII-19 P 
Popović Vukašin                       VIII-05 P 
Popović-Kuzmanović Dragana                    I-18 P 
Pribićević Tijana                         VI-08 P 
Primignani Paola                      II-24 P 
Prodanović Slaven                       VII-13 P, VII-22 P, VII-23 P, VII-32 P 
Pruner lva                II-09 P, II-19 P 
Przulj Novo                   VII-52 P, VII-57 P 
Puppin Cinzia                     PL-12 
R 
Radaković Milena            III-01 O, III-05 P, III-17 P 
Radan Zvonko                        VII-35 P 
Radičević Sanja               VII-81 P 
Radić Olga                     II-42 P 
Radić Velimir                     VII-45 P 
Radivojević Danijela               II-05 P 
Radivojević Gordana               IV-07 P, IV-08 P 
Radlović Nedeljko                      I-12 P 
Radlović Vladimir                      I-12 P 
Radoičić Aleksandra                  VII-76 P 
Radojković Dragica           PL-06, I-02 P, I-13 P, II-09 P, II-19 P, VI-11 P 
Radosavljević Milica               VII-07 O, VII-58 P 
Radović Aleksandar                 VII-86 P 
Radović Jasmina                    VII-18 P, VII-59 P, VII-61 P 
Radović Marina                          II-40 P, III-09 P 
Radulović S. Niko                 VI-10 P 
Radulović Željko                   V-17 P 
Rajčević Nemanja                  V-08 O, V-02 P, V-08 P 
Rajičić Marija                   V-09 O 
Rajković Jelena                II-28 P 
Rakić Mia                         I-09 P 
 Rakičević Ljiljana                   I-13 P 
Rakonjac Ljubinko                    VIII-12 P, VIII-19 P 
Rakonjac Marijana                   II-26 P, II-27 P 
Rakonjac Vera                  VII-01 P, VII-76 P, VII-82 P, VII-85 P, VII-86 P 
Ralić Vesna                  II-01 O, II-05 O, II-09 O 
Ranković Dejan                     VII-66 P 
Rapparini Francesca              VII-78 P 
Rasulić Nataša              V-26 P 
Rat Milica                         V-01 P 
Raus Mišela                      II-03 P 
Ristanović Momčilo                        II-29 P 



Ristanović R. Boško              II-16 P 
Ristić Danijela                          VII-14 P, VIII-08 P, VIII-09 P, VIII-12 P,VIII-19 P 
Ristić Dragana                    I-12 P 
Romac Stanka                              I-08 P, II-01 P, II-45 P, II-46 P, II-47 P, II-48 P, II-

54 P, VI-03 P 
Rovčanin Branislav                 I-18 P, II-05 O 
Rsovac Snežana                 II-08 O 
Rubinjoni Luka      IV-11 P 
Ruml Jelena                     II-08 O 
S 
Sala Stefano                       II-24 P 
Samardžić Jelena                   PL-14 
Sandra Dragičević                          I-02 P                  
Santos Moreno Javier       PL-16 
Sarajlija Adrijan                    I-02 O 
Savić Aleksandra                  VII-04 P, VII-08 P, VII-17 P, VII-37 P, VII-68 P 
Savić Dejana                V-26 P 
Savić Gojko              I-15 P 
Savić Jasna                   VII-30 P 
Savić Pavicević Dušanka           I-08 P, II-01 P, II-46 P, II-54 P, VI-03 P 
Savić Tatjana                         IV-02 P, IV-03 P, IV-07 P, IV-08 P, IV-10 P 
Savić Veselinović Marija                       IV-02 O, IV-04 P 

 
Savić Živorad                    II-41 P 
Scarcello Manuela                      II-24 P 
Schultheiss Sebastian                        VIII-02 O 
Schwirtlich Marija                      II-25 P, II-30 P, II-31 P, II-33 P, II-51 P 
Scotting J. Paul                 II-51 P 
Sečanski Mile            VII-10 P, VII-13 P, VII-38 P, VII-60 P, VII-66 P 
Selaković Sara               IV-11 P 
Semenčenko Valentina              VII-07 O, VII-58 P 
Serpen Arda              RT-03 O 
Siewert Christin                        VI-02 P 
Sikora Vladimir                VII-19 P 
Silan Fatma                   II-52 P 
Simeunović Predrag               II-10 O 
Simić Jelena                      II-19 P 
Simić Milena                       VII-21 P, VII-62 P 
Simić Snežana                    III-06 P 
Simin Natasa                    III-15 P, III-16 P 
Simonović Jelena                      II-35 P, II-39 P 
Simonović Ružica                     I-05 P 
Simonović-Zivančević Snežana          II-40 P 
Skakić Anita                           I-02 O, I-14 P 



Skender Gazibara Milica                    II-06 O 
Skorić Marijana                         V-15 P, V-16 P 
Slijepčević Dajana              II-12 O 
Slunsky Renate                      VIII-17 P 
Smolej Narančić Nina                   I-04 P 
Sokić-Milutinović Aleksandra                  I-20 P 
Sokolović Dejan                   VII-18 P, VII-59 P, VII-61 P 
Soković Marina                        III-17 P, RT-01 P 
Soković Svetlana                    V-24 P 
Spasić Zvonko                     VII-89 P 
Spasojević Igor                    VII-21 P, VII-62 P 
Spasovski Duško                      I-19 P 
Spasovski Vesna                       I-10 P, I-11 P, I-14 P, I-19 P, II-08 P, II-41 P 
Spremo-Potparević Biljana                       II-49 P, II-50 P, III-12 P, III-13 P, III-18 P 
Srdić Jelena                                       VII-60 P 
Srdić-Rajić Tatjana                  II-04 P 
Srebrić Mirjana                               VII-49 P, VII-54 P, VII-65 P, VIII-11 P, VIII-18 P 
Sretić Ljiljana                                      I-15 P, I-16 P 
Srzentić Sanja                            I-11 P, I-12 P, I-19 P, I-20 P 
Stamatović Dragana                          II-20 P, II-42 P 
Stamenković Gorana                    II-52 P, V-09 O 
Stamenkovicć Jelena                      II-12 P, II-53 P 
Stamenković-Radak Marina                 IV-01 O, IV-02 O, IV-04 P, IV-06 P, V-12 P 
Stanić Bojana                          VI-01 O 
Stanić Snežana                     III-06 P, III-07 P, III-10 P, III-11 P 
Stanimirović Dragan                    II-44 P 
Stanimirović Zoran                        II-10 O, II-11 O, II-12 O, III-01 O, III-05 P, III-17 

P 
Stanisavijević Danijela               II-30 P, II-32 P, II-33 P, RT-01 P 
Stanisavljević Dušan               VII-53 P, VII-63 P, VII-72 P, VIII-13 P 
Stanisavljević Milica                            II-28 P 
Stanisavljević Nemanja                        VII-12 P 
Stanisavijević Rade                   VII-67 P 
Stanković Aleksandra                    I-06 P, I-17 P, I-21 P, II-02 P, VI-05 P, VI-06 P 
Stankovicć Biljana                      I-11 P, I-12 P, I-14 P, I-19 P, I-20 P 
Stanković Dragica                       VII-01 O 
Stanković Goran                        VII-64 P, VIII-08 P 
Stanković Milan                       III-09 P 
Stanković Nada                  VI-09 P 
Stanković Nevena           III-06 P, III-07 P, III-10 P, III-11 P 
Stanković S             II-08 O 
Stanković Slavica                  VII-02 P, VII-20 P 
Stanković Slaviša                    V-28 P 
Stanojević Dragana                         VII-35 P 



Stanojević Marija                    VII-76 P 
Stefanović Igor                    II-08 O 
Stefanović Ivana                        II-18 P, II-43 P 
Stefanović Milomir                     I-03 P 
Stein Nils                         VIII-02 O 
Stepanović Mladen                I-12 P 
Stergar Matija                  V-03 O 
Stevanović Galina                  II-47 P 
Stevanović Jevrosima                           II-10 O, II-11 O, II-12 O, III-17 P, V-06 P, V-30 P 
Stevanović Milan                       V-03 O, VII-06 O, VII-22 P, VII-23 P, VII-38 P, 

VII-64 P 
Stevanović Milena                  I-01 P, II-04 O, II-03 P, II-06 P, II-25 P, II-27 P,  

II-30 P, II-31 P, II-32 P, II-33 P, II-51 P, RT-01 P 
Stevanov-Pavlović Marija                   V-06 P 
Stevović Vladeta                  VII-67 P 
Stjepanović Mihailo                   II-41 P 
Stojaković Milisav                VII-53 P, VII-63 P 
Stojanović Anamarija               VII-08 P, VII-17 P, VII-37 P, VII-68 P 
Stojanović L. Danilo                  V-07 P 
Stojanović Ljudmila                       I-18 P 
Stojanović Sanja              II-17 P, II-28 P 
Stojanović Svjetlana                      II-10 P, II-22 P, II-23 P 
Stojiljković Maja                 I-02 O, I-11 P, I-12 P, I-14 P, I-19 P, II-41 P, VI-

01 O 
Stojiljković Milovan                VII-05 P, VII-10 P, VII-31 P 
Stojković Ljiljana           II-02 P 
Stojković Oliver             II-52 P 
Stojković S. Dejan             RT-01 P 
Stojković Slaviša             VII-29 P 
Stojnić Srđan                      VII-87 P, VII-88 P              
Stojšin Vera                      VI-03 O 
Stokić Edita                    I-03 P 
Stolić Nikola                     VII-89 P 
Stomornjak-Vukadin Meliha                  II-14 P 
Strahinić Ivana                        II-13 O, V-21 P, RT-03 P 
Strnad Milica                        II-20 P, II-42 P 
Subotić Angelina                    V-04 P, VI-01 P 
Sudarić Aleksandra                VII-42 P, VII-46 P, VII-48 P, VIII-11 P 
Sukara Ratko                   V-17 P 
Sunjog Karolina                    III-02 P 
Suvajdžić Vuković Nada            I-10 P, VI-01 O 
Svetel Marina                          II-01 O, II-09 O 
Szabados Laszlé                VIII-04 P 
Sziszkosz Nikolett                   V-06 O 



Š 
Šarac Zorica                         V-08 P 
Šašić Ljiljana                  V-09 P 
Šefer Dijana                    II-34 P 
Šenerović Lidija                 VI-09 P 
Šević Diana                     V-28 P 
Šijačić-Nikolić Mirjana                    VII-01 O, VII-11 P, VII-73 P, VII-75 P, VII-83 P, 

VII-88 P 
Šiler Branislav                    V-01 O, V-15 P, V-16 P 
Šimić Domagoj                 PL-18, VII-05 O, VII-36 P 
Škarić Jurić Tatjana            I-04 P 
Škodrić-Trifunović Vesna                II-41 P 
Škondrić Siniša              V-10 P 
Škorić Dejan                  II-03 P, II-04 P 
Šnjegota Dragana               V-04 O, V-11 P 
Šošić M. Gordana                   II-16 P 
Štrbanović Ratibor         VII-59 P 
Šulović Nenad              II-15 P 
Šurlan Momirović Gordana             VII-18 P, VII-65 P, VIII-07 P 
Šušnjar Snezana              II-18 P, II-43 P 
T 
Tabaković Marijenka                        VII-66 P 
Tadić Jasmina              II-15 P 
Takač Adam                 VII-37 P, VIII-05 P 
Tanasković Marija               IV-06 P, V-21 P 
Tanić Miljana                   VI-07 P 
Tanić Nikola                       II-06 O, II-18 P, II-43 P 
Tarabar Olivera               II-42 P 
Tarasjev Aleksej                      IV-01 P 
Taški-Ajduković Ksenija                VI-03 O, VII-25 P, VII-26 P, VIII-20 P 
Tatomirović Željka                II-42 P 
Tautz Diethard                    VI-02 O 
Terzić Dušanka         VII-07 O, VII-58 P 
Terzić Sreten                     VII-15 P, VII-45 P 
Terzić Supić Zorica            I-19 P 
Terzić-Vidojević Amarela            V-23 P, V-24 P, V-25 P 
Tihaček Šojić Ljiljana             V-27 P 
Tišma Gordana             VII-79 P 
Todorić-Živanović Biljana        II-20 P, II-42 P 
Todorović Ana            I-07 P 
Todorović Goran        VII-58 P, VII-60 P, VII-66 P 
Todorović Jelena               II-52 P 
Todorović Milena                    VI-01 O 
Tolinački Maja                            V-21 P, V-24 P, V-25 P, RT-03 P 



Toljić Boško         II-21 P, II-35 P, II-38 P, II-39 P 
Tomanović Snežana                   V-17 P, V-30 P 
Tomaš Željka            I-04 P 
Tomičić Marina                  VIII-01 O, VIII-03 P, VIII-13 P, VIII-21 P 
Tomić Branko                          II-09 P, II-19 P 
Tomić Dalibor                  VII-67 P 
Tomin Dragica                       I-10 P, VI-01 O 
Tomović Gordana                     V-05 O 
Tomović Zoran                  VI-04 O 
Topalović Viadanka                  I-01 P, II-25 P, II-30 P, II-31 P, II-32 P, II-33 P, II-

51 P 
Tosti Tomislav                     VII-07 P 
Tošić Nataša                I-10 P, VI-01 O 
Trajković Jelena                  IV-07 P, IV-08 P 
Trbojević Igor                      V-04 O 
Trkulja Dragana              VIII-10 P, VIII-13 P 
Trudić Branislav                VII-87 P 
U 
Ugrin Milena                 I-02 O, I-11 P 
Uletilović Svjetlana            II-10 P, II-22 P, II-23 P 
V 
Vakanjac Slobodanka          II-11 O 
Valenta Sobot Ana                 II-02 O 
Van Griensven J.L.D. Leo               III-17 P 
Vančetović Jelena                 VII-02 P, VII-05 P, VII-10 P, VII-14 P, VII-16 P, 

VII-20 P, VII-22P, VIII-06 P, VIII-08 P, VIII-09 P, 
VIII-15 P, RT-03 O 

Vasić lvana              VI-04 O 
Vasić Mirjana       VII-04 P, VII-08 P, VII-17 P, VII-37 P, VII-68 P, 

VII-71 P 
Vasić Radica                  VII-08 P 
Vasić Sreten          VIII-04 P 
Vasić Tanja         VII-59 P 
Vasić-Ranković Zorica        VII-82 P 
Vasiljević Branka            VI-09 P, VI-10 P 
Vasiljević Jovana              III-13 P, III-18 P 
Vasiljević Sanja           VII-02 O 
Vasiljević Zorica      V-20 P, V-22 P 
Vejnović Branislav       III-05 P 
Veličković Nevena       V-03 O, V-04 O, V-05 P, VII-64 P 
Veljović Katarina               V-22 P, V-23 P, V-24 P, V-25 P 
Venturi Vittorio               PL-17 
Veselinović Milorad           VIII-12 P 
Vićentijević Marković Gordana              V-13 P 



Vidić Miloš                    PL-20 
Vidović Ana                 I-10 P 
Viljevac Vuletić Marija              VII-46 P 
Virijević Marijana               I-10 P 
Vojnović Sandra            V-14 P 
Von Wuehlisch Georg       VII-87 P, VII-88 P 
Vragolović Antun         VII-05 O 
Vreća Miša                I-14 P 
Vrndić Olgica                  II-40 P 
Vučić Nemanja                   I-08 P, II-54 P 
Vučićević Miloš           II-12 O, V-30 P 
Vučinić Nataša               I-03 P 
Vujičić Milorad                VII-69 P 
Vujić Ante        V-09 P, V-11 P 
Vujić Dragana        II-04 P 
Vujić Vukica         IV-11 P 
Vujošević Bojana           VII-24 P 
Vujošević Mladen           V-07 P, V-09 P 
Vujović Marina            II-26 P 
Vukadinović Miroslav              II-37 P, II-38 P, II-39 P 
Vukelić-Nikolić Marija           II-17 P, II-28 P 
Vukolić Dušan               II-15 P 
Vukomanović Goran           II-08 O 
Vukotić Goran                 II-13 O, RT-01 O 
Vukotić Vinka                  I-08 P, II-54 P 
Vuković Marija               II-10 P, II-22 P, II-23 P 
Vuković-Gacić Branka               III-01 O, III-02 O, III-01 P, III-02 P, III-03 P, III-04 

P, III-14 P 
Vuksanović Zoran                      I-19 P 
Vulić Todor                            VII-85 P 
Vulićević Irena                     II-03 P 
Vunjak N                    II-08 O 
W 
Waisi Hadi                 VII-69 P 
Z 
Zajć Petranović Matea              I-04 P 
Zdravković Jasmina                  VII-04 P, VII-56 P, VII-70 P, VII-71 P, VIII-01 P 
Zdravković Milan                       VII-04 P, VII-17 P, VII-56 P, VII-70 P, VII-71 P, 

VIII-01 P 
Zec Gordan                   VII-76 P 
Zeljić Katarina                     II-44 P 
Zlatković Bojan              VII-12 P, VIII-21 P, RT-02 O 
Zorić Lana             VII-49 P 
Zorić Miroslav            VII-30 P, VII-34 P, VII-53 P, VII-63 P, VII-72 P, 



VIII-07 P, VIII-10 P 
Zotchev B. Sergey      PL-15 
Zukić Branka      PL-03, I-02 O, I-11 P, I-12 P, I-14 P, I-20 P 
Ž 
Željezić Davor                   II-50 P 
Žilić Slađana              VII-54 P, RT-03 O, RT-02 P 
Živanov Dalibor            VII-51 P 
Živanović Tomislav                   VII-32 P 
Živković Jelena                II-17 P 
Živković Jelena                II-28 P 
Živković Jovana               VI-04 P 
Živković Lada                    II-50 P, III-12 P, III-13 P, III-18 P 
Živković Maja    I-06 P, I-17 P, I-21 P, II-02 P, VI-05 P, VI-06 P 
Živković Marko             II-37 P 
Živković Uroš              IV-01 P 
Živković Z. Milena           VI-10 P 
Živković Zorica       I-19 P 
Životić Ivan            I-21 P 
Žukovec Topalović Dijana          III-12 P 
Županec Vera      VI-08 P 
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