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Abstract. The aim of the present investigation was to evaluate the effect of the implementation of RYR, ESR and FUT1 genes in marker assisted 
selection on the currently performed selection for own productivity. A total of 205 female and 32 male Danube White pigs were tested for polymorphism of 
RYR, ESR and FUT1 loci Blood samples were obtained from the orbital sinus. Genotypes were determined in the Laboratory of Applied Molecular 
Genetics according of loci (LAMGen) at the Department of Genetics, Mendel University of Agriculture and Forestry in Brno, Czech Republic using PCR-
RFLP. Data from the phenotype test of pigs were analyzed including backfat thickness (CKL2) and age at 90 kg live weight depending on the genotypes 
of studied loci. The marker assisted selection for RYR, ESR and FUT1 genes, have no negative effect on phenotype test traits (backfat thickness and 
growth performance). For the FUT1 gene however, the relationship of the favourable A allele to the deposition of more backfat should be evaluated in a 
larger number of pigs, as in our study, we have observed such a tendency.
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selection for a  specific genetic marker in that population , it is Introduction
necessary to examine its relationship with the main productive traits. 
Because of the complex systemic effect of stress, the gene In pig breeding, the current requirement is to produce high 
influences fattening and carcass traits (Rothschild and quality lean meat with low costs, in a socially acceptable manner 
Bidanel,1998), the quality of meat (Barton-Gade et al.,1988), (Webb,1998). The intensive selection for fattening and slaughter 
reproductive traits (Matousek et al.,2003) and possibly, other traits along with optimization of nutrition has resulted in considerable 
important traits. Bidanel and Rothschild ( 2002) suggest that the improvement in most pig populations. The utilization of classical 
FUT1 gene could have a similar effect.selection approaches including the evaluation and selection for own 

The aim of the present study was to evaluate the relationship productivity for the improvement of these traits is facilitated by 
between the genetic markers RYR, ESR and FUT1 genes and the available genetic diversity (Cassady et al., 2002; Kuhlers et al., 
traits used in the selection for own productivity. 2003;  Solanes et al., 2004; Metodiev et al., 2007).

      Reproductive traits, particularly litter size and the survival rate of 
piglets prior to and after weaning exert a considerable effect on the 

Material and methodsoverall cost of produced meat (De Vries, 1989; Rothschild and 
Bidanel, 1998). In order to improve these traits, genetic markers are 
more and more frequently used. The cause is the ineffective The experiment was carried out in the pig farm Mihaela 2000 
selection offered by traditional breeding technologies due to the low Ltd in Han Asparouhovo, region of Stara Zagora. A total of 205 
genetic diversity on these traits (Serenius et al., 2004; Metodiev et female and 32 male Danube White pigs were tested for 
al., 2007a; Imboonta et al., 2007). One of the most commonly used polymorphism of RYR, ESR and FUT1 loci Blood samples were 
genetic markers with respect to reproductive traits in pigs is estrogen obtained from the orbital sinus and then conserved and frozen. RYR, 
receptor (ESR) gene (Rothschild et al., 1994, 1996; Short et al., ESR and FUT1 genotypes were determined in the Laboratory of 
1997; Van Rens et al., 2002; Alfonso, 2005). Applied Molecular Genetics (LAMGen) at the Department of 
      Diarrhoea in new- born and weaned piglets and oedema disease Genetics, Mendel University of Agriculture and Forestry in Brno, 
are frequent illnesses that influence the efficacy of fattening. It is Czech Republic using PCR-RFLP as described by Knoll and 
acknowledged that the α(1,2) fucosyltransferase (FUT1) gene is Vykoukalova (2002).
responsible for the susceptibility of pigs to oedema disease and Data from the phenotype test of pigs were analyzed including 
diarrhoea (Meijernik et al., 1997, 2000). The interest towards FUT1 backfat thickness (CKL2) and age at 90 kg live weight depending on 
gene as selection marker is increased further by the prohibited use the genotypes of studied loci by biometric processing of statistical 
of nutritive antibiotics in the diets of pigs. software STATISTICA – StatSoft, Inc. (2002). 

The first genetic marker used extensively in pig breeding, is the 
ryanodine receptor gene – RYR (HAL, CRC). It serves to identify 
stress-susceptible pigs (Fujii et al., 1991). Before to proceeding to  
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the recessive allele is responsible for a higher percentage of lean Results and discussion
meat in the carcass (Sellier, 1998). Rothschild and Bidanel (1998) 
confirmed this hypothesis although they have not observed Table1 presents the allele frequencies and genotypes 
differences in the average daily weight gain between Nn and NN according the studied loci in the herd. The frequency of the 
genotypes.unfavourable recessive allele of the RYR gene (n) in the herd was 

Relative to the ESR gene (Table 3) there were no statistically brought to minimum by virtue of the recently performed marker 
significant differences in average values of studied phenotype traits. assisted selection for this gene, that resulted in culling all tested 
Similar conclusions are reported by Kuhlers and Jungst (1993). We boars that carried the recessive allele and all tested homozygous 
consider that the probable increase in the D allele frequency (it is female pigs. A homozygous recessive genotype (nn) was observed 
related to higher litter size) after the marker assisted selection would in only one female pig. For the ESR gene, the D allele related to 
not have a negative effect on either backfat thickness or growth increased fertility of sows, had a frequency of 0.273 and with it, 
performance; on the contrary, there was a tendency toward thinner almost half of animals in the herd were carriers of this gene (DD – 
backfat and earlier age of 90 kg in pigs from the DD genotype.0.061, CD – 0.424). The frequency of the A allele of the FUT1 gene 

Only FUT1 genotypes (Table 4) have entailed statistically was low (0.147) and that is why the homozygous AA genotype, 
significant differences in backfat thickness in female pigs. Lower determining a higher resistance of pigs against colibacteriosis, was 
CKL2 values were determined in pigs with the homozygous detected only in 6 female pigs (0.029). Table 2 presents data from 
dominant GG genotype than in pigs from the AG genotype. In the phenotype test of pigs from both genders with regard to the RYR 
recessive homozygous AA pigs, the backfat thickness was as in genotype. The nn genotype was excluded from the analysis since it 
heterozygous animals. It should be studied in a larger sample was represented by a single animal. In the other two genotypes, 
whether the A allele, determining resistance to colibacteriosis, has male pigs exhibited thinner backfat and better growth performance 
an adverse effect upon fat tissue deposition. Binder et al. (2002) did as compared to females. There were not however statistically 
not observe significant effects of the FUT1 locus upon production significant differences between both genotypes. It is believed that 
traits as average daily weight gain, backfat thickness, carcass 

Trait Sex 

Genotypes 

Table 2. RYR different genotypes and  performance test traits in  Danube White pigs

Nn 

n x    ±   Sx S n 

NN 

x    ±   Sx S n x     ±   Sx S 

nn 

Backfat 
thickness   CKL2 

male 

female 

6 

35 

34.18 ± 2.30 

39.36 ± 1.16 

5.14 

6.75 

26 

169 

31.20 ± 1.43 

41.93 ± 0.49 

7.14 

6.34 

0 

1 

0.00 ± 0.00 

43.00 ± 0.00 

0.00 

0.00 

Age at  90kg 
weight 

male 

female 

6 

35 

163.79 ± 3.87

175.83 ±  2.30 

26 

169 

13.12 

13.74 

0 

1 

0.00 ± 0.00 

179 ± 0.00 

0.00 

0.00 

168.12 ± 2.62 

177.78 ±1.06 

8.65 

13.42 

Observed 

Expected 0.828 0.164 0.008 

0.824 0.172 0.004 
RYR 

ESR 

FUT 1 

 
Table 1. Allele and genotypes frequencies for herd (n=237) 

Locus Allele frequencies Genotype frequencies 

N n NN Nn nn 

0.910 0.090 

x²

0.002 

Observed 

Expected 0.528 0.397 0.075

0.515 0.424 0.061
0.727 0.273 0.005

C D CC CD DD 

Observed 

Expected 0.727 0.251 0.022 

0.736 0.235 0.029 
0.853 0.147 0.003 

G A GG AG AA 
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length, pH and colour of meat after selection for E. coli resistance. aimed at better resistance to stress in pig populations, improvement 
Bidanel and Rothschild (2002), however, do not exclude the contrary of the quality of produced pork meat, the enhancement of 
because of the fact that apart the FUT1 gene, the chromosomal reproductive performance of sows and increased resistance to 
region 6 q 21 harbors also the QTL for a number of important oedema diseases and diarrhoea, would not have a negative effect 
fattening and slaughter traits, including the backfat thickness. on phenotype test traits (backfat thickness CKL2 and growth 

performance). For the FUT1 gene however, the relationship of the 
favourable A allele to the deposition of more backfat should be 
evaluated in a larger number of pigs, as in our study, we have Conclusion
observed such a tendency. 

The marker assisted selection for RYR, ESR and FUT1 genes, 
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6.20 

6.47 

10.77 

13.50 

Differences between means  in a row with same letter  are statistically significant, as follows: a-a - p< 0.01 

Trait Sex 

Genotypes 

Table 4. FUT1  different genotypes and performance test traits in  Danube White pigs

AG 

n x    ±   Sx S n 

AA

x    ±   Sx S n x     ±   Sx S 

GG 

Backfat 
thickness   CKL2 

male 

female 

29.31 ± 2.71 

43.56 ± 0.87a

8.13 

5.97 

0 

6 

0.00 ± 0.00 

43.11 ± 3.13 

0.00 

6.99 

32.90 ± 1.39 

40.78 ± 0.53a 

Age at  90kg 
weight 

male 

female 

165.34 ± 5.40 

179.38 ± 2.06 

0 

6

0.00 

13.89 

168.74 ± 2.41 

176.88 ± 1.10 

0.00 ± 0.00 

176.21 ± 6.21 

16.20 

14.15 

10

48 

10 

48 

21 

151 

21 

151 

Trait Sex 

Genotypes 

Table 3. ESR different genotypes and performance test traits in Danube White pigs 

CD 

n x    ±   Sx S n 

DD

x    ±   Sx S n x     ±   Sx S 

CC

Backfat 
thickness   CKL2 

male 

female 

17 

86 

30.31± 1.73 

41.70 ± 0.65 

6.90 

5.96 

2 

11 

30.63 ± 6.01 

38.42 ± 1.84 

6.01 

5.81 

13 

108 

34.13 ±1.97 

41.65 ± 0.66 

6.84 

6.86 

Age at  90kg 
weight 

male 

female 

17 

86 

168.32 ± 3.33 

177.12 ± 1.56 

2 

11 

11.31 

20.92 

13 

108 

167.91 ± 3.20 

178.28 ± 1.17 

11.10 

12.07 

154.8 ± 11.31 

171.95 ± 6.61 

13.30 

14.38 

 



116

thparameters for reproduction and production traits of Landrace sows size in pigs. Proc. 5  World Congress on Genetics Applied to 
in Thailand. Journal of Animal Science, 85, 53-59. Livestock Production, 21, 225-228.
Kuhlers DL and Jungst SB, 1993. Correlated responses in Rothschild MF, Jacobson C,  Vaske D, Tuggle C,  Wang L, Short 
reproductive and carcass traits to selection for 200-day weight in G,  Eckardt S,  Sasaki S, Vincent A, McLaren D, Southwood O, 
Landrace pigs. Journal of Animal Science, 71, 595-601. van der Steen H, Mileham A and Plastow G, 1996. The estrogen 
Kuhlers DL, Nadarajah K, Jungst SB, Anderson BL and Gamble receptor locus is associated with a major gene influencing litter size 
BE, 2003. Genetic selection for lean feed conversion in a closed line in the pig.  Proceedings of the National Academy of Sciences USA, 
of Duroc pigs. Livestock Production Science, 84, 75-82. 93, 201-205.
Knoll A and Vykoukalova Z, 2002. Molekularni genetika zviřat. Rothschild MF and Bidanel J, 1998. Biology and genetics of 
Metody detekce polymorfizmu DNA genu. Mendelova zemědělska a reproduction. In: Genetics of the Pig (ed. M. Rothschild and A. 
lesnicka univerzita v Brně, p.168. Ruvinsky), CAB International, , Wallingford, Oxon, UK, 11- 323.
Matousek V, Kernerova N, Kolarikova O, Krizova H, Urban T and Sellier P, 1998. Genetics of meat and carcass traits. In: The 
Vrtkova I, 2003.  Effect of RYR 1 and ESR genotypes on the fertility genetics of the pig (ed. MF Rothschild and A Ruvinski), CAB 
of sows of Large White herd in elite herds. Czech Journal of Animal International, Wallingford, Oxon, UK, 464-510.
Science, 48, 3, 129 – 33. Serenius T, Sevon-Aimonen M, Kause A, Mantysaari EA and 
Meijerink E, Fries R, Vogeli P, Masabanda J, Wigger G, Stricker Maki-Tanila A, 2004. Selection potential of different prolificacy traits 
C, Neuenschwander S,  Bertschinger HU and Stranzinger G, in the Finnish Landrace and Large White populations. Acta 
1997. Two alpha (1, 2) fucosyltransferase genes on porcine Agriculturae Scandinavica, A, 54, 1, 36-43 (8).
chromosome 6q11 are closely linked to the blood group inhibitor (S) Short TH, Rothschild MF, Southwood OI, McLaren DG, de Vries 
and Escherichia coli F18 receptor (ECF18R) loci. Mammalian A, van der Steen H, Eckardt GR, Tugle CK, Helm J, Vaske DA, 
Genome, 10, 736-741. Mileham AJ and Plastow GS, 1997. Effect of the estrogen receptor 
Meijernik E, Neuenschwander S, Fries R, Dinter A, Bertschinger locus on reproduction and production traits in four commercial pig 
HU, Stranzinger G and Vogeli P, 2000. A DNA polymorphism lines. Journal of Animal Science, 75, 3138-3142.
influencing α/1,2/ fucosyltransferase activity of the pig FUT1 Solanes FX, Grandinson K, Rydhmer L, Stern S, Andersson K 
enzyme determines susceptibility of small intestinal epithelium to and Ludeheim N, 2004. Direct and maternal influences on the early 
Escherichia coli F18 adhesion. Immunogenetics, 52, 129-136. growth, fattening performance and carcass traits of pigs. Livestock 
Metodiev S, Shostak B and Drbohlav V, 2007. Heritability of production Science, 88, 199-212.
performance test traits in Danube White Gilds. Bulgarian Journal of StatSoft Inc. 2002. Statistica (data analysis software system), 
Animal Science, 5, 35-37. version 6, www.statsoft.com
Metodiev S, Drbohlav V and Shostak B, 2007. Heritability of Van Rens BTTM, de Groot PN and van der Lende T, 2002. The 
reproduction traits in Danube White  Sows. Bulgarian Journal of effect of estrogen receptor genotype on litter size and placental traits 
Animal Science, 3, 18-22. at term in F2 crossbred gilts. Theriogenology, 57, 1635-1649.
Rothschild MF, Jacobson C, Vaske DA, Tuggle CK, Short TH, Webb AJ, 1998. Objectives and strategies in pig improvement: An 
Sasaki S, Eckardt GR and McLaren D, 1994. A major gene for little applied perspective. Journal of Dairy Science, 81, 36-46.



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and 
m e t h o d s ,  R e s u l t s ,  D i s c u s s i o n ,  
Conclusion, Acknowledgements (if any), 
References, Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges,  2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
p l ace  o f  pub l i ca t i on .  Examp le :  
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condi t ion score on reproduct ive 

t hperformance in dairy cows, IX  
International Conference on Production 
Diseases in Farm Animals, Sept.11 – 14, 
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.



Volume 1, Number 4
December 2009

CONTENTS 

Genetics and Breeding

Nutrition and Physiology

Production Systems

Agriculture and Environment

Quality and Safety

Genotype x Environment Interaction and Stability Analysis of Some Narbonne 
Vetch (Vicia narbonensis L.) Genotypes
A. Orak, I. Nizam

Performance test traits in Danube White pigs with different RYR, ESR and 
FUT1 genotypes
S. Stoyanova

Effects of days open on the milk yield and the duration of the concurrent 
lactation in Bulgarian Murrah buffaloes
P. Penchev, Y. Ilieva, Tz. Peeva

Influence of genotype and environments on quality of winter wheat varieties in 
Northern Bulgaria
D. Atanasova, V. Dochev, N. Tsenov1, I. Todorov

Relation between time to heading and date of maturity of winter common 
wheat varieties (Triticum aestivum L.)
N. Tsenov

Investigations on the content of lead and cadmium in compound feed additives
D. Alexieva, S. Chobanova

® ®Comparison of the effects of Natuphos  5 000 G and Optiphos  phytases 
utilization in broiler chicken feeding with maize-soybean diets
P. Valkova

Study of the possibility for twofold harvesting of annual late spring crops and 
mixtures in the foremountain regions of the Central Balkan mountains
V. Lingorski, T. Kertikov

Evaluation of deoxynivalenol and virulence in dsRNA containing Fusarium 
graminearum Isolates
Said  Abbas,  Aminian Parisa,  Alizadeh  Azizollah, Safaie Naser

Plant protection means against Oilseed rape pests

Relationship between protostrongylid infections of land snails and the 
pasture vegetation in the region of Stara Zagora, South Bulgaria
D.Georgiev

Clean wool colour and fatty acid content of semi fine wool
D. Pamukova

L. Dospatliev, N. Palagacheva

108

113

117

121

126

133

137

145

149

153

156

162


