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Objective of the study was to establish the present generated genetic structure in the sheep from the nucleus
herd of the Bulgarian Dairy Synthetic Population on the Experimental Farm of Agricultural Institute — Shumen. Sub-
ject of study are the ewes borne during the period 2007-2012 with available records for the main selection traits —
milk yield and prolificacy. On the basis of the information from the pedigree books was build up a database of the
pedigrees of 601 ewes. For each individual was constructed a genetic code representing the breed belonging of the
ancestors back to third pedigree level. The established genotypes are formed with the participation of the breeds: 1 —
Bulgarian Dairy Synthetic Population; 2 — Lacaune; 3 — Chios; 4 — East Friesian; 9 — with unknown pedigree. For the
particular period of study, the genetic structure of the herd is formed by 33 genotypes. The highest portion of 78.21%
is that of the ewes produced by linebreeding, shared by the BDSP genotype (53.91%) and those with genetic compo-
nent from EF (24.3%). The F, crossbreds with Lacaune and Chios (9.99 and 3.33%), the genotypes of the offspring
resulted from them after mating with BDSP rams (2.16, 1.16 and 0.33%), and those of unknown pedigree from the
side of one of the parents (1.83%) do not affect the overall genetic structure of the herd. With regard to the degree of
grading from the different breeds, there are 15 genetic groups formed in the herd. The established variability of geno-
types and genetic groups is to be grounded on the principle of forming the scientific hypothesis for evaluation of the
genetic effects — additive and non-additive. Disregarding the non-additive genetic component in the process of cross-
breeding would result in biased estimate of the genetic variability and in wrong prediction for the further develop-
ment of the genetic structures of the population.
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I'EHETCKA CTPYKTYPA HA OBIIUTE O/l BYTAPCKATA MJIEUHA CUHTETHUYKA IIOITYJIALIUJA
BO CTAJOTO HA EKCHEPUMEHTAJIHATA ®APMA HA 3EMJOJEJCKUOT HHCTUTYT
BO ITYMEH

Ienta HAa MpoyvyBameTo Oelre Jja ce yTBPAM CerallHaTa reHepHpaHa IeHeTcka CTPYKTypa Ha OBLIUTE O] HyK-
Jeyc-cTaloTo Ha Oyrapckarta MiedHa cuHTeTHukata romyinanuja (BMCII) Ha excriepuMenTtannara gpapma Ha 3eMjo-
nenckroT MHCTUTYT Bo Illymen. OGjekToT Ha HCTpaxkyBameTo Oea Majkute pojeHdu Bo nepuogot 2007 — 2012 roxu-
HAa, 32 KOMIITO MMa PErUCTPHpaHa IPOLYKTHUBHOCT CIOPE OCHOBHUTE CENICKIMCKU IPU3HALU — MIICYHOCT M IUIOX-
HocT. Criopent HHGOPMAaIMHUTE O/l KHUTUTE CO OIMC Ha MOTEKIOTO € co31a/icHa 0a3a Ha MOAATOLM 3a NeJurpeara Ha
601 oBra. 3a cekoja moeuHEYHa HHAMBUIYaA € OQPOPMEH TeHETCKU KO BO OJHOC Ha pacoBaTa MPUIAHOCT Ha POJH-
TEIMTE 10 TPETa IeHepayja. Y TBPACHU ce FeHOTUIIOBH CO YYECTBO Ha: | — Oyrapcka Mie4Ha CHHTETHYKA MOITyJIalu-
ja, 2 — makoH, 3 — xuoc, 4 — ucrounodppusucka paca (D), 9 — )KUBOTHHU CO HETIO3HATO MOTEKJIO. 33 KOHKPETHHOT Me-
pHOJ, TEeHETCKaTa CTPYKTypa BO IPOYYyBAaHOTO CTano € Gopmupana of 33 renoruna. Co HajroseMo HMPUCYCTBO ce
MIPETCTaBEeHN OBIIUTE-MajKH, KOH C€ MPOM3BOJ] Ha BHATPELIHO JIMHEapHO oxariienyBame (78,21%), ox xou 53,91% ce
co rerotun Ha BMCII u 24,3% ce co reHetrcka koMmoHeHTa o1 pacata ® Bo renortunot. JJobuenure F; menesu co
pacure sakoH u xuoc (9,99% u 3,33%), reHOTUIIOBHTE KOM Ce MOTOMCTBO Ha oBHHTe off JmHuUTe Ha BMCII (2,16%,
1,66% u 0,33%) u THe co HEMO3HATO MOTEKIIO Ha €IHUOT OX JBarta poautena (1,83%) He mokakyBaaT BIIMjaHHE Bp3
LIEJIOCHATa CTPYKTypa Ha CTajoTo. Bo 3aBHCHOCT 0J1 MPOLIEHTOT Ha KPB Kaj OJUICTHUTE PACH BO CTAN0TO, 0)OPMEHU
ce 15 renercku rpynu. YTBpIACHOTO pa3HOOOpa3ue Ol T'€HOTHIIOBH M F€HETCKH IpynH Tpeba a Ouae UCKOPUCTEHO
npu GopMHpae Ha Hay4yHATa XUIIOTE3a 33 OLICHYBabe HAa TCHETCKUTE epeKTH — aJUTHBHU M HeaAUTUBHU. JloMHUHa-
1MjaTa Ha HeaJUTHBHATA FeHETCKAa KOMIIOHEHTA BO NPOLIECOT Ha BKPCTYBae OH J0BeJIa 10 U3MECTYBAE HA OLleHAaTa
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Ha FEHETCKOTO pa3HOOOpasue 1 10 NOTpelIHa IPOrHo3a Ha UIHHUOT pa3Boj Ha TCHETCKUTE CTPYKTYPH Ha HOITyJaluja-

Ta.

Kiyunn 3060poBu: oBuy; Oyrapcka MiedHa CHHTETHYKA TIOMYJIaIija; TeHOTUII; TeHEeTCKa CTPYKTYpa; TeHeTCKa Ipyma

INTRODUCTION

Combining the specific characteristics of cer-
tain breeds for higher productivity and genetic gain
is traditionally applied in sheep breeding, and the
end new breeds, populations and lines are classi-
fied as composite ones (Rasali et al., 2006;
Walkom et al., 2011). Exemplary is the Bulgarian
Dairy Synthetic Population (BDSP), registered
under certificate N10645 from June 30, 2005. In
the national sheep breed structure, this population
is most highly presented. It has been accomplished
through the implementation of various schemes of
continuous hybridization (Hinkovski et al., 1979,
1984), the focus being on the possibility for “syn-
thesizing” an “additive” component for high milk
yield and prolificacy with manifestation of hetero-
sis in these traits as a result of the gene interaction
that takes place in such a method of crossing. In
the schemes, for basis have been used ewes from
Bulgarian fine-fleece, semi fine-fleece and dairy
breeds, while for paternal side have been selected
rams from the highly productive dairy breeds — the
imported East Friesian (EF) and Awassi (Aw), and
the national Pleven Blackheaded Sheep (BHP) and
Stara Zagora Sheep (SZ). Evaluations of the differ-
ent crosses outcoming from the different levels of
hybridization have been carried out by an array of
researchers (Hinkovski et al., 1979,1982; Boikov-
ski, 1982; Dimitrov, 1986; Vitkov, 1987; Tzveta-
nov, 1989; Djorbineva et al., 1995; Dimov, 1995;
Petrova and Vitkov, 1996; Laleva et al., 1997; La-
zarov et al., 2002; Nedelchev et al., 2003). In the
separate sire producing flocks has been applied
thorough-breeding. In dependence on the schemes
practiced in the different country regions, pheno-
typic differences are apparent among the animals.
At present, the most typical and consolidated herds
from the National Genetic Pool of the BDSP are in
the livestock institutes and experimental stations in
the system of Agricultural Academy: Experimental
Farm of Agricultural Institute — Shumen (EFAI);
Institute of Animal Science — Kostinbrod; Agricul-
tural Institute — Stara Zagora; and Institute of Agri-
culture — Karnobat, Agricultural experimental sta-
tion — Vidin (Stancheva et al., 2014).

The BDSP flock bred on the Experimental
Farm of Agricultural Institute — Shumen is pre-
sented as a main sire producing herd. It was found-
ed in 1978, its development undergoing a specific
modified scheme with selection conducted for

dairy traits, prolificacy and maintaining of wool
productivity. The ewes from the North-East Bul-
garian Fine-Fleece breed, used as maternal basis,
have been mostly bred to EF rams with indirect
blood introduction from Aw, BHP, and subse-
quently from SZ. The development of the today
distinct genealogical structure in the herd, which
started to form since the first steps of crossing, has
passed through several periods. Line breeding, us-
ing rams produced in the herd, has been conducted
for more than thirty years, applying homogenous
selection combined with moderate inbreeding. The
results of the permanent selection process of the
BDSP sheep of Experimental Farm of Agricultural
Institute in Shumen are subject of regular analyses
and research. The phenotypic and genetic parame-
ters of productivity, the genealogical structure, the
composition and properties of milk, the applied
matting selection, and the fattening performance of
lambs are under control (Boikovski et al., 2002,
2002°, 2003%, 2003°, 2005, 2006; Stancheva, 2002;
Stancheva, 2003; Stancheva et al., 2006; Stancheva
et al., 2011; Stancheva and Staykova 2013). Stan-
cheva (2013) carried out a research on the main
productive traits of the BDSP sheep born in the
period 2004-2008, establishing lower heritability
estimates after the certification of the breed. The
author states the opinion that the dynamics of the
estimated genetic variance are attributed to the tar-
geted selection, to the interaction between geno-
type and environment, to the strict adherence to
selection limits and the implementation of “selec-
tion press”. After 2007, two selection trials have
been carried out for inducing genetic variability
and introduction of components for high milk yield
from the Lacaune and Chios breeds. In her subse-
quent study on the parameters of the productive
traits as dependant on lineage, Stancheva et al.,
(2014) reported that the highest mean 120-day
milk yield of the ewes from the herd belongs to the
Chios crosses, at first lactation being by 26% and
at second by 15% higher than that of the BDSP
lines. Similar are the results concerning biological
prolificacy, in the Chios-blooded ewes at 2.5 yr
being 1.56, at 3.5 yr — 1.67, and at 4.5 yr — 1.90,
compared to those from the developed BDSP lines
where the respective values are 1.27, 1.42, and
1.49.

The cited results afford the hypothesis that the
intense selection, the long-term line breeding, the
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introduction of new genetic components from the
breeds Lacaune and Chios, along with the specific
genetic effects lead to alteration of the genetic
structure and the variability of the main selection
traits in the herd. This calls for up-to-date analysis
of the new genetic variation and for a basis for un-
biased evaluation of the genetic effects (additive
and non-additive) in terms of the applied methods
and breeding schemes and their further develop-
ment.

The objective of the present study was to es-
tablish the present generated genetic structure in
the sheep from the nucleus herd of the Bulgarian
Dairy Synthetic Population at Agricultural Institute
in Shumen.

MATERIAL AND METHODS

Subject of study were the ewes of the Bulgar-
ian Dairy Synthetic Population from the herd of the
Agricultural Institute in Shumen, borne within
2007-2012 with available records for the main
productive traits — milk yield and prolificacy. For
the aim of the study, the set of information from
the individual identity books was systematized and
a database was build up regarding the heterogene-
ity (pedigree by lineage) of the individuals (geno-
types) by entering genetic codes based on the pedi-
gree data, representing the breed belonging (line-
age) of the ancestors back to third pedigree level
including. The genetic code of an individual used
in our study consists of eight digits, each digit rep-
resenting a genetic code of an ancestor and the
combination of all digits — the per se genotype of
the proband.

In the database of the pedigrees of the BDSP
ewes the breeds involved in the schemes of devel-
opment of the studied herd, the thorough-bred in-
dividuals, and the breeds that took part in the trials
for introduction of genetic material for high milk
yield and prolificacy are denoted with the follow-
ing codes: 1 — Bulgarian Dairy Synthetic Popula-
tion (BDSP); 2 — Lacaune (Lc); 3 — Chios (Ch); 4 —
East Friesian (EF); 9 — unknown pedigree from the
side of one of the parents (UP).

The first four digits in each individual code
represent the genotype of the dam, and the next
four — that of the sire.

All actual relations among the individuals
were established and as a result the matrix of rela-
tives consists of 878 individuals (pedigrees), 277
of them basal and 601 non basal.
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On the base of the obtained information were
established the genotypes of the individuals in the
herd and the number of the individuals with analo-
gous genotype. From the participation of the dif-
ferent breeds in the formation of the genotype of
each individual, consequently were established the
breed groups in the herd. The percentage of grad-
ing herein is denoted with subscript (e.g. BDSPg; 5
meaning 87.5% blood from BDSP).

RESULTS AND DISCUSSION

The results indicate that for the particular pe-
riod of study, 33 genotypes have been formed in
the herd (Table 1).

From the overall dataset most numerous are
the genotypes of the ewes product of thorough
breeding within BDSP (324 heads), followed by
those bearing the genetic component of EF within
third pedigree level (146 heads). This is a reasona-
ble consequence of the applied linebreeding with
rams produced in the herd, and hence of the highly
presented analogous information (homozygosity)
in the genetic code of the progeny. Certain altera-
tion of the genotypes occurs after the selection tri-
als for improving the genetic variability and intro-
duction of components for high milk yield and pro-
lificacy from Ch and Lc. It should be qualified that
subjected to crossing have been ewes with high
degree of relationship with the active rams in the
herd and those ewes with unknown pedigree (from
the side of one of the parents), hence resulting in F,
crosses with genotypes formed by the respective
breeds (20 Ch and 60 Lc crossbreds). The latter
crosses have been further bred to BDSP rams to
form new genotypes differently graded by the
breeds involved in the trial.

Figure 1 shows the percentage (relative fre-
quency) of the genotypes existing in the herd.
Highest is the portion of the animals with BDSP
genotype — 53.91%. Second highest are the ewes
product of linebreeding, with genetic component
from EF in their genotype. These animals consti-
tute 24.3% of the herd structure. The F, crossbreds
of the Lc and Ch breeds are respectively 9.99 and
3.33%. The portion of the genotypes of the off-
spring resulted from them after mating with BDSP
rams is 2.16 and 1.16% respectively. The percent-
age of the genotypes formed by crossing BDSP
individuals with the breeds Ch and Lc is 1.83%,
while those of unknown ancestry constitute 2.49%.
There are also two genotypes (0.33%) resulted
from a BDSP dams and BDSPxLc sires.
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Table 1

Genetic structure of the BDSP ewes from the Experimental Farm of the Agricultural Institute in Shumen
by breed

Distribution by year of birth, heads Total for the period,  Percentage,

Ne  Established genotypes

2006 2007 2008 2009 2010 2011 2012 heads %
1 11111111 81 16 47 54 55 70 1 324 53,91
2 11111114 2 0 0 0 0 0 0 2 0,33
3 11111122 0 0 0 0 2 0 0 2 0,33
4 11111144 8 0 2 1 0 0 0 11 1,83
5 11111411 0 7 16 6 5 0 0 34 5,66
6 11112222 0 0 17 14 1 8 1 41 6,82
7 11113333 0 10 4 1 0 0 0 15 2,50
8 11141111 3 4 2 3 5 10 0 27 4,49
9 11141114 0 1 0 0 0 0 0 1 0,17
10 11141144 7 0 2 0 0 0 0 9 1,50
11 11141411 0 0 0 2 2 0 0 4 0,67
12 11141414 2 0 0 0 0 0 0 2 0,33
13 11142222 0 0 3 3 2 1 0 9 1,50
14 11143333 0 3 0 0 0 0 0 3 0,50
15 11221111 0 0 0 0 2 8 0 10 1,66
16 11221122 0 0 0 0 1 0 0 1 0,17
17 11229999 0 0 0 0 0 1 1 2 0,33
18 11331111 0 0 0 0 7 6 0 13 2,16
19 11332222 0 0 0 7 0 0 0 7 1,16
20 11441111 5 0 3 0 0 0 0 8 1,33
21 11441114 0 1 1 0 0 0 0 2 0,33
22 11441144 8 0 1 0 0 0 0 9 1,50
23 11441411 0 0 0 0 1 0 0 1 0,17
24 13221111 0 0 0 0 0 4 0 4 0,67
25 14111111 2 0 2 5 9 4 0 22 3,66
26 14111144 0 4 1 0 1 0 0 6 1,00
27 14111411 0 0 1 3 1 0 0 5 0,83
28 14112222 0 0 3 3 3 0 0 9 1,50
29 14113333 0 0 2 0 0 0 0 2 0,33
30 14141144 0 0 2 0 0 0 0 2 0,33
31 14141411 0 0 0 0 1 0 0 1 0,17
32 99991122 0 0 0 0 6 0 0 6 1,00
33 99992222 0 0 1 1 3 2 0 7 1,16
total 118 46 110 103 107 114 3 601 100,00

*1 — BDSP; 2 — Lacaune; 3 — Chios; 4 — East Friesian; 9 — unknown
**The initial four digits represent the genotypes of the maternal side, and the next four — of the paternal
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Fig. 1. Percentage of established genotypes of the BDSP ewes from the Experimental Farm of the Agrocultural Institute in Shumen

The analysis of the registered genotypes indi-
cates that, with regard to the degree of grading
from the different breeds, there are 15 genetic
groups formed in the herd (Table 2). The existing
variability within each group is a result of the posi-
tioning of the breed symbols in the codes of the
individuals. Reasonably highest is the portion of
the 100-percent BDSP ewes (BDSP;4y) — 53.91%.
Next are the groups of BDSPg,s/EF,s (87.5%
BDSP and 12.5% EF graded genotype) represented
with 14.4%, BDSPs¢/Lesg with 6.99%, BDSP;s/
EF25 with 4.83%, BDSP62.5/EF37,5 with 3.49%, and
Lcso/BDSP37.5/EF 1, s with 3%. The rest of the ge-
netic groups constitute from 0.67% (BDSPg; s/Lc,s/
Chy;5) to 2.5% (BDSPsy/Chsp). Noteworthy is that

Maced. J. Anim. Sci., 6 (1) 17-24 (2016)

the BDSPsy/EFs, ewes (1.83%) are not F; cross-
breds but linebreds, their degree of grading from
the EF breed being an outcome of the expression
of the genotypes of the ancestors from the second
and third pedigree level.

This study is the first concerning the herd on
the Experimental Farm of Agricultural Institute in
Shumen in particular and the BDSP as a whole
after its certification as a breed, and it confirms the
thesis that this herd is a consolidated and typical
BDSP herd. An appropriately targeted future selec-
tion necessitates further investigations and anal-
yses regarding the expression of the different geno-
types and genetic groups for the main selection
traits.
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Table 2

Genetic groups of the BDSP ewes from the Experimental Farm of Agricultural Institute — Shumen

Genetic ~ Percentage of grading from the different Genotvpes Individuals in the group,  Percentage,
group, Ne breeds into the genotype P heads %

1 100% BDSP 11111111 324 53,91
11111114
11111411

2 87%BDSP 12,5%EF 85 14,14
11141111
14111111
11111144
11441111

3 75%BDSP25%EF 11141114 29 4,83
11141411
14111411
11141144
14111144
11441114

4 62,5%BDSP 37,5%EF 21 3,49
11441411
11141414
14141411
11441144

5 50%BDSP 50%EF 11 1,83
14141144
11112222

6 50%BDSP 50%Lc 42 6,99
11221122
11111122

7 75%CIIBM 25%Jlakon 12 2,00
11221111

50%BDSP 50%Ch 11113333 15 2,50

9 75%BDSP 25%Chios 11331111 13 2,16

10 62,5%BDSP 25%Lc 12,5%Ch 13221111 4 0,67
11142222

11 50%Lc 37,5%BDSP 12,5%EF 18 3,00
14112222

12 50%Lc 25%BDSP 25%Ch 11332222 7 1,16
11143333

13 50%Ch 37,5%BDSP 12,5%EF 5 0,83
14113333
11229999

14 50%Unknown 25%BDSP 25%Lc 8 1,33
99991122

15 50%Unknown 50%Lc 99992222 7 1,16

Total 601 100

CONCLUSIONS

For the studied period in particular, the genet-
ic structure of the herd is composed of 33 geno-
types. The highest portion of 78.21% is that of the
ewes produced by line-breeding, shared by the
BDSP genotype (53.91%) and those with genetic
component from EF (24.3%).

The F, crosses with Lacaune and Chios (9.99
and 3.33%), the genotypes of their progeny after
crossing with the rams from the BDSP lines (2.16,
1.66 and 0.33%) and those with unknown pedigree
from the side of one of the parents (1.83%) do not
have impact on the overall herd structure.

In dependence on the percentage of grading
from the different breeds into the registered geno-
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types, 15 genetic groups have been formed in the
herd. The existing variability within the separate
groups is an outcome of the position of the breed
symbol in the genetic code of the individuals.

Our study is the first concerning this herd in
particular and the BDSP as a whole after its certifi-
cation as a breed. The established variability of
genotypes and genetic groups is to be grounded on
the principle of forming the scientific hypothesis
for evaluation of the genetic effects — additive and
non-additive. Disregarding the non-additive genet-
ic component in the process of crossbreeding
would result in biased estimate of the genetic vari-
ability and in wrong prediction for the further de-
velopment of the genetic structures of the popula-
tion.
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