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Abstract

The purpose of the present study was to analyse the genetic variance (additive, dominance,
epistatic) of milk yield and the resulting genetic effects in Bulgarian Dairy Synthetic Population
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(BDSP) sheep in the framework of an experiment for introduction of Chios and Lacaune sheep in

the breeding and selection schedule of BDSP. A test-day model was used including daily milk
yields as separate observation. The observed genetic variance was substantial, comprising 0.33
of the total variance. The proportion of the additive genetic variance was 0.23, while that of non-
additive: 0.10 of the total variance. The observed genetic effects were statistically significant,
and dominance genetic effect was positive (137.18). Additive genetic effect was also positive
(27.86), and together with the dominance variance it constituted the major part of genetic
variance. The epistatic genetic effect was negative (-33.15). The estimates of additive genetic
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effects and non-additive deviations for tested genetic groups showed diversity and deviations
depending on the percentage of blood of the different breeds and pathways of genotypes’

formation.

Introduction

The efficiency of breeding systems in livestock
husbandry is directed to seeking ways and methods for
improving production performance and genetic gain.
Depending on the breeding goal in sheep farming, new
composite breeds, populations and lines are created for
specific purposes — prolificacy, meat production, wool
production with different wool quality, milk production
and combined productivity (Rasali et al., 2006; Walkom
et al., 2011). Bulgarian specialised sheep breeds also
belong to this group. In the contemporary breed
structure, the representatives of the Bulgarian Dairy
Synthetic Population (BDSP) created in 2005 are the

most numerous. BDSP is created by application of a
system with various schedules for continuous
hybridization (Hinkovski et al., 1979, 1984) on the
background of the possibility for synthesis of an additive
component for high milk yield and prolificacy and
manifestation of a heterosis effect for these traits
resulting from the genetic interaction of this
crossbreeding technique. Breeding schedules use as a
base Merino, half-Merino and dairy Bulgarian ewes and
rams from highly-productive dairy breeds: East Friesian
(EF) and Awassi (AW) and Bulgarian Blackhead Pleven
(BP) and Stara Zagora (SZ). After obtaining the desired
crossbreds, schedules were closed, nucleus herds of the
population were created in the 1980s and then, in-herd
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breeding is practiced. The BDSP production profile is
close to that of EF sheep, but they are more resistant,
more easily adapted and non-exigent with respect to the
climate of the environment, appropriate for machine
milking, with well-developed and formed udder. At
present, the most representative consolidated herds from
the National Genetic Pool of the population are housed in
the agricultural institutes and experimental stations of the
Agricultural Academy:— Experimental Base State
Enterprise to the Shoumen Agricultural Institute,
Institute of Animal Sciences — Kostinbrod, Agricultural
Institute-Shoumen; The Institute of Agricultural Sciences
- Kostinbrod; Agricultural Institute — Stara Zagora and
Agricultural Institute - Karnobat (Stancheva et al., 2016).
These are the main flocks where selection for high milk
yield and prolificacy has been carried out during the past
years in compliance to selection goals and after
periodical analysis of changes in main selection traits,
their variability and causing components during the
different stages of development of formed genetic
structures (Boikovski et al., 2003?, 2003°, 2005, 2006;
Hinkovski et al., 2008; Ivanova and Raicheva, 2008;
Ivanova, 2013; Lazarov et al., 2002; Nedelchev et al.,
2003; Raicheva et al., 2003; Raicheva and Ivanova,
2010, 2011%": Stancheva, 2003; Stancheva et al., 2006,
2014). The authors reported that during the last years,
average milk yields for a 120-day lactation were slightly
decreased (95 | — 115 I), which did not correspond to the
genetic potential of dairy animals ranging between 150—
200 1. In all flocks of agricultural institutes, the variation
of milk yield was high (17.59% - 34.87%) indicating that
future selection work should be directed to its increase.
This, of course, is possible under optimum conditions of
feeding and housing, whose provision in fact is difficult
during the recent years.

Being the youngest one, the Bulgarian dairy synthetic
population is undergoing continuous development,
improvement and genetic renewal, especially in the
private sector where the phenotype and genetic diversity
are significant and productivity levels substantially
different. The selection in these flocks is managed by
four non-governmental breeding organisations, whose
activity is mainly confirmed to control on production
traits due to a number of reasons and problems. This is
the prerequisite for initial gathering of information but is
not sufficient for the development and consolidation of
the population. The attempts of farmers to speed-up the
genetic progress enhanced the interest to introduction of
new genetic variance from Lacaune and Chios breeds,
and in many BDSP flocks in the country, uncontrolled
introduction of blood from these and other dairy breeds

is currently in course, probably resulting from new
processes of genetic changes with unclear results from
the point of view of set goals. Goyache et al., (2003) and
Malhado et al., (2008) believe that the investigations on
genetic changes that occur in population structure are
essential not only as an instrument for management of
genetic interactions, but also are at the background of
analysis and evaluation of results from implemented
selection programmes, and that the negligence of data
about introduced new animals with a different origin
could lead to over- or underestimation of important traits,
erroneous interpretations and prognoses about the future
development. One of the principal causes for genetic loss
in synthetic populations is the absence of a reliable and
working schedule for crossbreeding of flocks that can
guarantee maximum heterosis and genetic superiority
over source forms. El Fadili and Leroy (2001) affirmed
that crossbreeding between local and high-productive
breeds could enhance production performance through
profiting from additive and non-additive genetic
variance. Tibbo (2006) presents aspects associated to the
importance of preserving the adjustment to local
conditions during production traits improvement using
different crossbreeding schedules. Baer et al., (2012)
analysed the genetic effects from crossing local breeds
with Lacaune and East Friesian sheep in the Slovak
Republic. Lobo et al., (2009) discussed the genetic
parameters of growth and reproductive performance
traits in meat sheep from a multibreed population reared
in Brazil. Safari and Fogarty (2003) summarised a large
part of studies on genetic parameters of selection traits in
different breeds. Now, the studies on breeding BDSP
sheep with regard to breed composition and introduction
of Chios and Lacaune blood in order to improve the milk
yield in Bulgaria are limited (Boikovski et al., 2013;
Stancheva et al., 2014) and are only performed in
scientific  experiments with nucleus flocks of
Agricultural Academy establishments.

The purpose of the present study was to analyse the
genetic variance (additive, dominance, epistatic) of milk
yield and resulting genetic effects in BDSP sheep in the
framework of an experiment for introduction of Chios
and Lacaune sheep in the breeding and selection
schedule of BDSP.

Materials and Methods

The study subjects were ewes from the Bulgarian Dairy
Sheep Population (BDSP) flocks of Experimental Base
State Enterprise to the Agricultural institute - Shoumen
born in the period 2007 — 2012 with available records for
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the main selection trait — milk yield. The flock was
created using a specific modified schedules using as a
base ewes from the Northeast Bulgarian merino breed
mated with East Friesian rams and introduction of blood
from Awassi and Blackhead Pleven breeds, and at a later
stage: from the Stara Zagora breed. There is a
genealogical structure built as early as the time of
application of crossbreeding schedules. Internal breeding
is practiced for more than 30 years using locally
produced rams with application of homogenous selection
with moderate inbreeding level. Ewes were inseminated
artificially according to individual mating plan. They
were reared in stalls and on pastures in a semi-intensive
system. Ewes were inseminated at the age of 18 months
after flock formation. The annual replacement rate was
about 30%. The reproduction was performed once per
year in June-July. The lambing occurred from the last
half of November to the end of December. Milking was
machine, and lactation period was from 150 to 180 days.
The suckling period was 55-60 days with a recent
tendency to reduce it to 40-45 days. For higher genetic
diversity and introduction of high milk yield genes, one
Chios and one Lacaune ram were purchased in 2007. In
2008, another Lacaune ram was purchased and it had no
kinship with the first sire. Ewes having shown a high
level of inbreeding at subsequent insemination with sires
from the flock and ewes with unknown origin of one of
the parents were submitted to crossbreeding. The Chios
ram was used only in 2008 and has left no male
offspring. The two Lacaune rams have male offspring
with 25% and 37.5% blood.

Genetic structure of the flock

Using the pedigree book databases, the pedigrees of 601
sheep were analysed with regard to the parental and
ancestor breeds for every animal back to the 3" pedigree
level inclusive according to the schedule: 9D
[(2(DDDxSDD)xJ(DSDxSSD)] X as
[(?(DDSxSDS)xJ(DSSxSSS)]. Genotypes involving the
Bulgarian Synthetic Dairy Population (BDSP); Lacaune
(L); Chios (Ch); East Friesian (EF) breeds and animals
with unknown origin of one of parents were registered.
All available relationships between animals were
established and the resultant kinship matrix 878
individuals (pedigrees), out of which 277 basic and 601
non-basic. On the basis of gathered information, the
genetic structure of the flock comprised 33 genotypes, 30
of which had complete pedigree records. The genetic
groups in the flock were identified depending on the
proportion of blood of the separate breeds in individual
genotypes (Stancheva et al., 2016).

Genetic variance analysis (additive, dominance,
epistatic), analysis of crossing genetic effects on milk
yield

The total number of test-day milk yield records was
5023. The study comprised 4895 TMY records of ewes
of known origin with 1 to 6 lactations. TMY data are
obtained from monthly controls during the lactation (30
monthly controls between 2009 and 2014) according to
the AC method as per ICAR nomenclature.

On the basis of analysed information for the breed of
parents and ancestors of each sheep was generated a
variable with individual information for its genetic
origin. This allows for the correct identification of alleles
from the different paternal or maternal populations in
individual genotypes. The total of 30 studied genotypes
(18 from internal breeding of BDSP and 6 from each of
experiments with Lacaune and Chios) included blood
from East Friesian, Lacaune, Chios and BDSP sheep.

For unbiased estimation of the variance, a model based
on the general genetic hypothesis was used. The analysis
of experimental data relied on the assumption that the
genetic variance in the studied population was caused by
both the additive effect of individuals and by the non-
additive effects of the variation in individual genotypes
emerging from crossing of breeds involved in pedigrees
of animals. The environmental effects resulted from the
fact that only data from a single nucleus flock were
analysed taking into consideration the information for the
number of lactation, year and month of test-day milk
yield control along with the permanent environmental
effect. In the used test-day model, individual TMY were
included as separate observations.

The initial analysis of genetic variance and estimations
of genotypes in the different genetic groups was done
using a mixed linear model as followed:

y=X+Z+e
b u
Where:

y — observation vector for milk amount (mL) for the
respective test day of each animal participating in the
analysis;

b — fixed effects vector — year/month for each test day
and each subsequent lactation, regression effect of age
(days) at the time of test day, number of days in lactation
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to the time of the test-day during the current lactation
period;

u — random effects vector — genotype with expected
estimate of the variance caused by non-additive genetic
effects (dominance and epistatic), animal with expected
estimate of variance caused by the additive genetic
effect, permanent environmental effect;

e — random effect of non-observed factors;
X and Z — matrices corresponding to described variables.

The analysis of genetic effects — additive, dominance and
epistatic was done on the basis of the hypothesis in the
model of Koch et al., (1985):

2 2

=m+(a—a)o+dd+ (o —a Joa
C i j ij i j

Where:

o — the proportion of genes from a given population in a
given genetic group;

d — The probability that a given randomly selected
locus of a randomly selected animal from a given genetic
group would have an allele from one or another
experimental population.

The models were computed with software products VCE
by Kovac et al., (2008), PEST by Groeneveld et al.,
(2002) and CBE by Wolf (1996).

Results and Discussion

In Bulgaria, milk yield of sheep from the Bulgarian
Synthetic Dairy Population is determined for a standard
120-day period and average milk yield is calculated by
division of total milk amount to lactation period in days.
The reported average milk yields for the sheep from the
studied flock were 0.799 | from first lactation and 0.774 |
from second and subsequent lactations (Boikovski et al.,
2006). Stancheva and Staikova (2013) investigated the
relatiohsip between body condition scores and milk
yields of sheep in 2011-2012 and reported average milk
yields between 0.899 1 - 0,934 | (BCS 3-3.5 u Han 3.5 Ha
1™ nakranust) u 0.848 1 —0.911 | (BCS 3-3.5 and > 3.5
in sheep in second and subsequent lactations).

Modern trends for evaluation of the breeding value in
sheep farming are based on test-day milk yields — test
day model (Bauer et al., 2012; Gutierrez et al., 2007,
Horstick, 2001; Ligda et al., 2002; Oravcova et al., 2005,
2006; Othomane et al., 2002; Serrano et al., 2001) as it is
more accurate in determining environmental effects
(parity number, lambing age, number of born or weaned
lambs, stage of lactation etc.) related to lactation. The
obtained test-day yield (TDY) of 0.896 | + 0.34 (Table 1)
was higher that those reported for breeds Awassi - 0.796
I (Jawasreh and Khasawneh, 2007), Tsigai and Improved
Valachian — 0.620 | amd 0.630 | (Oravcova et al., 2005),
Istrian Pramenka — 0.708 | (Komprej et al., 2003), Black-
Faced and Blond-Faced Latxa — 0.820 | and 0.740 |
(Gabina et al., 1993). The TDY of specialised dairy
breeds were significantly higher: East Friesian — 2.330 |
(Hamann et al., 2004), Assaf — 1.930 | (Pollot and
Gootwine, 2004), Lacaune — 1.640 | (Barillet et al.,
2001; Berger, 2004). The comparison of milk yields of
BDSP sheep bs high-productive foreign breeds should
take consideration of the existing differences with regard
to the duration of suckling period (about 60 days),
standard lactation period (120 days), the level of
nutrition and the production system (semo-intensive and
extensive in the major part of the provate sector). The
large variation between the minimum (0.297 1) and
maximum (3.143 1) daily milk yield suggested a potential
for increasing the genetic potential of animals.

The results from the initial analysis of the variance
(Table 2) showed that the main genetic variance resulted
from the individual variability - 21042.22 vs 9115.99 for
variance resulting from the heterosis. The genetic
variance resulting from the different blood of individuals
was only 0.10 of the total variance, but when compared
to the individual genetic variance (0.23) and genotypes
(total of 0.33), it comprised almost one-thrid from the
total genetic variance. This is undoubtedly a desired and
anticipated effect from the point of view of set
experimental goals e.g. increases in milk yield genetic
variance. With regard to milk yield estimation on the
basis of test-day yield (TDY), similar genetic variance
values and respective proportions (h?) were rarely
reported in sheep. Most of them referred to the total
heritability and ranged from 0.11 to 0.35 depending on
the used models (Bauer et al., 2012; Gutierez et al.,
2007; Hamman et al., 2004; Ligda et al., 2002, 2003;
Oravcova, 2007; Oravcova et al., 2005, 2006, 2007,
2008, 2015).
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Table.1 General mean of test-day milk yield (L).

descriptive

statistﬁ:s oY, L
observations 4895
min 0.297
max 3.143
mean 0.896
S.D. 0.34
C.V. (%) 38

Table.2 Genetic variance and respective ratios for the trait milk yield

Source of variation Variance Corrt_espondmg Standard Error
ratios, (h2)

Residual 61252.99 0.67 +0.035

Animal 21042.22 0.23 +0.039

Genotype 9115.99 0.10 +0.015

Table.3 Genetic effects (on diagonal) and correlations (above diagonal) among the parameters under evaluation in the studied population

Parameter Mean Additive Dominance Add.X Add.
Mean 901.24+0.37** -0.78 -0.80 0.40
Additive 27.86+0.94** 0.94 -0.87
Dominance 137.18+£0.89** -0.80
Add.X Add. -33.15+0.82**
**P<0.01
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Table.4 Estimation of the genetic effects of the different genetic groups

genotypes addifive non- Group non-
Genetic group UDam ASire n means n(ld:iti\'e additive adﬂliti\'e
(DDDxSDD)x(DSDx55D) | (DDSxSDS)x(DSSxSSS) variance | means | variance
100% BDSP (BDSP)x(BDSP) (BDSP)x(BDSP) 324 862.9|  -33.0 862.0 33.0
(BDSP)x(BDSP) ((BDSP)x(BDSPxEF)) 2 890.7 92
e va o (BDSP)x(BDSP BDSPxEF)x(BDSP) 34 837.2 -63.2 i
A 87%BDSP 12.5%EE ((BDSP):?B%)SPxE)F)) « (BDSP)IEBEDSP) : 27 841.5| 502 §51.3 ~49.3
7 ((BDSPEF)x(BDSP)) (BDSP)x(BDSP) 22 8815 .19
= (BDSP)x(BDSP) (BDSP)x(EF) 11 7282 1773
g (BDSP)x(EF) (BDSP)x(BD5SP) 8 851.3| 525
= 75%BDSP 25%EF ((BDSP)x(BDSPxEF)) ((BDSP)x(BDSP3EF)) 1 897.3 5.5 818.4|  -85.9
2 ((BDSP)x(BDSP3EF)) ((BDSPxEF)x(BDSP)) 4 942.0 385
E ((BDSPxEF)x(BDSP)) ((BDSPxEF)x(BDSP)) 5 849.6] 535
£ ((BDSP)x(BDSPsEF)) (BDSP)x(EF) 0 853.4| 527
E ((BDSPxEF)x(BDSP)) (BDSP)x(EF) 6 784.7] 1207
£ e o am <o (BDSP)s(EF) ((BDSP)x(BDSP3EF)) 2 908.5 43
£ 02.5%BDSP 37.5%EF (BDSP)x(EF) ((BDSPxEF)x(BDSP)) 1| 13955] 4903 8831 -22.6
- ((BDSP)x(BDSPxEF)) | ((BDSPxEF)x(BDSPxEF)) 2 906.4 0.3
((BDSPEF)x(BDSPsEF)) | ((BDSPEF)x(BDSP)) 1 11300 2253
(BDSP)x(EF) (BDSP)x(EF) 9 806.0] -101.9 N
50%BDSP 50%EF ((BDSPIEF)x(BDSPIEF)) (BDSP)x(EF) 2 756.5| -149.9
S . (BDSP)x(BDSP) @L)x(L) 41| 10378 838 10 1
2w S 50%BDSP 50%Lacaune (BDSP)x(L) (BDSP)x(L) 1 757.1] 1963
T =8 (BDSP)x(BDSP) (BDSP)x(L) 2| 10061 43.0
£" 5 75%BDSP 25%Lacaune 956.1 7
= (BDSP)x(L) (BDSP)x(BDSP) 10 946.1 -17.0
z 2 50%BDSP 50%Chios (BDSP)x(BDSP) (Ch)x(Ch) 15 931.3 308 931.3 30.8
= e
= E 75%BDSP 25%Chios (BDSP)x(CH) (BDSP)x(BDSP) 13| 1076.1| 177.8| 1076.1| 1778
((BDSP)x(BDSPxEF)) @L)x(L) o] 1107.2] 1193
g 50%Lacaune 37.5%BDSP 1086.5 98.3
3 12.5%EF ((BDSPxEF)x(BDSP)) L)x(L) o| 10657 77.3
- ((BDSPx(BDSPxEF)) (Ch)x(Ch) 3 668.0|  -26.0 10 o
2 50%Chios 37.5%BDSP 12.5%EF | ((BDSPEF)x(BDSP)) (Ch)x(Ch) 2 925.5 17.0 ' )
= 50%Lacaune 25%BDSP
H 25%Chios (BDSP)x(Ch) (L)x(L) 7 954.3|  -50.9 954.3 -50.9
= 62.5%BDSP 25%Lacaune
12.5%Chios ((BDSPxCh)x(L)) (BDSP)x(BDSP) 4 846.5| -1193 846.5| 1103
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According to Bauer et al., (2012) progress in milk yield
estimates could be achieved with a mixed linear model
which included the respective number of different traits
taking consideration of the advantages of the heterosis
effect in crossbred animals.

The analysis of genetic parameters (Table 3) showed a
statistically  significant and sustainable positive
dominance (137.18). The additive genetic effect estimate
is also positive (27.86), it, together with the dominance
one made up the main genetic variance. It could be
affirmed that the values of these two parameters
suggested positive tendencies in the breeding of this
nucleus flock. In support of this thesis, both parameters
were in close correlation (0.94). The negative values of
the epistatic genetic effect (-33.15) was expected from
the point of view of the fact, that predominant number of
sheep in the population were animals whose genotypes
were formed by crossbreeding after the first generation.
These results should not be confusing for flock breeders
because the estimated value of the epistatic effect was
1/5 of the genetic variance. The strong negative
correlations between the epistatic genetic effect and
additive and dominance effects (-0.87 and -0.80,
respectively) showed a clear antagonism between these
parameters. In our view, the more precise breeding
would be beneficial for the increase in dominance
homozygocity of the flock and the reduction of the
influence of the epistatic effect could be higher than the
theoretically expected one. Pollot and Goodwin (2001)
believed that the low additive genetic variance level and
milk yield heritability for Improved Awassi sheep were
not due to a factor from the database but could be partly
attributed to dominance and epistasis and reflect the real
genetic effect in the studied population. Investigations on
the additive genetic effect and milk yield demonstrated
that it was only 10%, while 90% was influenced by
environmental factors, underlining the important role of
production system and feeding (Oravcova et al., 2006).

Estimates of additive genetic effects and non-additive
deviations for established genetic groups (Table 4) show
a diversity and deviation depending on the percentage of
blood of the different breeds and the pathway of
genotype formation. In general, the largest genetic group
(100% BDSP), product of long-tern internal breeding,
exhibited negative (probably epistatic) non-additive
genetic effect (-33). In groups with different proportion
of EF blood, the values of the additive and epistatic non-
additive effects varied within a broad range (from 797.0
to 883.1 for the former and from -22.6 to -110.3 for the
latter). It could be summarised that a sustainable genetic

trend of dominance has resulted for the major part of the
population (862.9) along with weak epistatic
interactions. It should be noted that all genotypes
descending from sires with 50% EF blood had negative
deviations for non-additive genetic effects. According to
the results, despite the exceptions, the maintenance of
37.5% EF blood had a beneficial additive effect (883.1)
and appeared to contribute significantly in a positive
effect, nevertheless, this hypothesis should not be
favourised due to exceptions. Obviously, priority in
future work should be given to unbiased estimates of
breeding value of individuals, which would result in a
more efficient choice of candidates for selection.

The selection experiment with Lacaune gave mainly
positive results with regard to the non-additive deviation
in F1 crosses with 50% blood, as the genetic groups
exhibited increased milk yield by almost 20% compared
to the additive population mean and positive non-
additive deviation (probably dominance). The internal
breeding of the 75% BDSP25% Lacaune group resulted
in reduction of the positive additive effect probably
associated to the loss of dominance and appearance of a
weak negative epistatic effect.

The experiment with Chios showed a positive additive
effect in F1 crosses (931.3), which could be attributed to
the desired dominance between the two breeds, being
preserved or even increased after the subsequent
crossbreeding (1076.1 for the 75% BDSP 25% Chios

group).

In three-breed crosses, the participation of the three
breeds in breeding schedules led to substantial negative
epistatic gene interactions (-119.3 for the 62.5%, BDSP
25%, Lacaune 12.5%, Chios group and -50.9 for 50%,
Lacaune 25%, BDSP 25%, Chios sheep). The positive
possible dominance in 50% Lacaune 37.5% BDSP
12.5% EF group (98.3) and additive effect (1086.5)
indicated a good combination among the different.

The analyses demonstrated that along with the heterosis,
the efficiency of the evaluation of genetic potential of
animals in selection schedules was also important. Of
course, the individual combination ability which is
possibly important for the obtained results should not be
underestimated.

This is the first case, where the genetic parameters of
milk yield in BDSP sheep have been established from the
point of view of the composite nature of the population
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using a test-day model. The structure of available data
allowed obtaining reliable conclusions from the analysis.

A considerable genetic variance was established — 0.33
of the total variance. The share of the additive genetic
variance was 0.23 while that of the non-additive: 0.10 of
the total variance.

Statistically significant genetic effects were observed
with positive dominance genetic effect (137.18). The
estimate of the additive genetic effect was also positive
(27.86), and together with the dominance effect, they
formed the main genetic variance. The epistatic genetic
effect was negative (-33.15).

There was a sustainable genetic trend of dominance
(862.9) and weak negative epistatic interactions in the
main part of the population and in animals with 37.5%
EF blood (883.1).

It could be affirmed that the observed genetic variance
provides broad opportunities for genetic progress both
through pure-breeding and through introduction of
genetic component from the Chios or Lacaune sheep
breeds.

The present study was realised with the support of
Project 2K 113, Analysis of genetic diversity in Bulgarian
sheep populations” funded by the Agricultural Academy.
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