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Reproductive efficiency is the primary economic factor for the commercial success of a cattle
operation. In a management system using natural service or artificial insemination, bull fertility is more
important than fertility of any individual cow because a sire will produce higher number of calves in his
lifetime compared to a cow. Thus, bull selection is an important decision as they contribute to future genetics
of the farm beyond their lifetime. Genetic make-up of all bulls is not equal - there are high performance bulls
with excellent genetic merit and there are some others recorded as poor performers. This paper provides
with important tactic and criteria of bull selection by employing clinical and laboratory approaches and details
how genomics could be applied in selection of bulls for desired productive and reproductive traits.

To effectively select sires, producers must use selection tools and understand within and between
breed differences. In addition, producers must also accurately and objectively assess their current genetics,
nutritional resources, and management. This will help producers with decision making. The selection and
addition of bulls must not only meet revenue improving priority traits but also compliment other important
production traits. The recent advances in DNA/genomic technology and decision support tools will enhance

selection accuracy.
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Introduction. Reproductive efficiency is the
primary economic factor for the commercial success
of a cattle operation. Many factors may influence
reproductive efficiency and may broadly be
classified as (1) the bull (2) the cow (3) the method
of insemination (4) the conditions of herd
management (5) chance. In a management system
using natural service or artificial insemination, bull
fertility is more important than fertility of any
individual cow because a sire will produce higher
number of calves in his lifetime compared to a cow.
Thus, bull selection is an important decision as they
contribute to future genetics of the farm beyond their
lifetime. Genetic make-up of all bulls is not equal -
there are high performance bulls with excellent
genetic merit and there are some others recorded as
poor performers. This paper provides with important
tactic and criteria of bull selection by employing
clinical and laboratory approaches and details how
genomics could be applied in selection of bulls for
desired productive and reproductive traits.

Key for determination of sire fertility.
Finding a sperm population with attributes for
fertilization and ability for embryonic development by
a quick screening of multi-parametric methods would
allow for a better estimation of fertility, provided the
particular bull produces this sperm population in a
repeatable manner.

There are numerous parameters used to
determine sire fertility outcome. It is advisable to
select the parameter which accounts for other
factors which could potentially influence the sire
fertility.

1. Non-return rate: the proportion of cows not
seen to come back into estrus within a specified
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period after breeding, and are thus considered
pregnant. They can be specified as 28, 35, 60 or 90
day non-returns depending on the interval since
mating.

2. Estimated relative conception rate (ERCR):
is a measure of conception rate of a service sire
relative to service sires of herd-mates. ERCR is a
phenotypic predictor of bull fertility, expressed as a
relative conception rate.

3. Sire conception rate (SCR): the deviation of
mean conception rate of an A.l. bull of interest from
the mean conception rate of all published A.l. sires
of same breed is

4. Competitive or heterospermic index:
ranking of sires based on their reproductive
performance following heterospermic insemination.
Heterospermic indices were calculated to express
the relative ability of sires to father offspring after
heterospermic insemination with semen from two or
more males mixed with an equal number of
spermatozoa from each male.

Approaches to determining sire fertility.
Bull fertility can be estimated by applying following
modalities:  breeding  soundness  evaluation;
application of testes specific to sperm organelles
and its association with reproductive outcome;
correlation of mRNA expression of genes those are
important for sperm structural and functional
parameters with fertility outcome and application of
genomics.

These approaches have advantage and
disadvantages. Even though these methods have
merits over one another when applied individually
(Fig. 1), it is advisable to use combination of these
tests to predict sire fertility.



+Genomics

+ Competitive
index

+ Correlation of sperm
mRNA with fertility
outcome

+ Correlation of sperm organelles
funcitons with fertility outcome

Breeding soundness evaluation

Fig. 1. Hierarchy of sire fertility evaluation methods

Application of breeding soundness
evaluation. Breeding soundness evaluations (BSE)
are commonly used for identifying bulls that have
potential for satisfactory fertility and those that are
clearly unsatisfactory. Bulls should be evaluated for

structural and physical soundness, breeding
soundness and for venereal diseases. The bulls
should have good structural and physical

soundness, meet the Society for Theriogenology
breeding soundness evaluation recommendations
and be with no venereal diseases. Based on
physical examination, scrotal circumference, and
semen parameters, bulls are classified into three
categories: satisfactory, questionable and
unsatisfactory for breeding potential [1]. Bulls that
pass a BSE have 6% higher fertility than untested
bulls. It is estimated that 20% of bulls in an
unselected population are subfertile, emphasizing
the importance of selecting bulls that are
satisfactorily potential breeders. It is important that
BSE of bulls be done in a highly professional
manner. Errors, lack of repeatability in evaluation
methods and lack of agreement between clinicians
on the classification of bulls have resulted in
dissatisfaction by some producers. Even though
most commonly used method in the clinical field the
test the determination of fertility is limited to the test
day.

Application of laboratory methods to
determine the association of sperm organelles
function and fertility. A spermatozoon is a multi-
compartment cell and must possess several
attributes for a successful fertilization. It should

have motility and morphologically normal. In field
conditions, evaluation of motility and morphology of
a semen sample are common methods for
estimating breeding potential. However, the
usefulness of these parameters to accurately
measure fertility of a semen sample is limited.

The ultimate goal of semen evaluation is to
predict the fertilizing capacity of an ejaculate. It is
generally accepted that conventional sperm
characteristics are not well correlated with the
fertilizing capacity of sperm and that both inter- and
intra-assay variability of these characteristics are
high. Hence, it is challenging to predict fertilizing
capacity, as there is no single sperm parameter that
accurately predicts fertility in vivo. Therefore,
advanced evaluation techniques of semen are
needed to increase the odds of achieving an
accurate prediction. Researchers have used
additional laboratory assays to accurately predict the
fertilizing potential of a semen sample [2-4]. Among
these are assays that evaluate sperm DNA
Fragmentation Index (DFI), sperm membrane
integrity and other sperm organelles. It should be
noted that individual laboratory assays, which
evaluate a single parameter, are not effective
predictors of the fertility; however, a combination of
several assays may provide a better prediction of
fertility.

We conducted several studies [5, 6] to
determine the association of intactness of sperm
organelles with fertility outcome, competitive index.
The results indicate that: (i) the chance of siring
calves was low for a bull with higher sperm lipid
peroxidation; (ii) the chance of siring calves was low
for a bull with higher DFI; (iii) the chance of siring
calves was high for a bull with a higher PMI and (iv)
the bulls with higher sperm lipid peroxidation were
more likely to have a high DFI and low PMI.

Application of sperm mRNA expression.
Proteins present in sperm have distinctive functions
and are essential in preparing sperm for fertilization
in a timely manner. Understanding the function of
individual sperm protein may explain male infertility.
Selection of bulls with these biomarkers may lead to
improved fertility. We conducted several studies [7-
10] to determine the association of intactness of
sperm mRNA expression of genes with functions
related to male fertility with sire conception rate. The
results indicated that these mRNAs were expressed
abundantly in high fertile bulls than low fertile bulls
(Table 1).



Table 1 - mMRNA
and their association to fertility

abundances of

sperm  functional and structural biomarkers

Protein Function Association to fertility*
CRISP2 Sperm capacitation and sperm-egg fusion Positive
PEBP1 Sperm capacitation and sperm-egg fusion Positive
CCT8 Indicator for the presence of immature cells Negative
AK1 Motility Positive
IB5 Fertilization and early embryo development Positive
Doppel Acrosome function and fertilization Positive
TIMP2 Acrosome function and fertilization Positive
AQP7 Membrane water channel Positive
Adiponectin Fatty acid oxidation; membrane integrity Positive

Notes: CRISP2 - Cysteine-Rich Secretory Protein 2; CCT8 - Chaperonin containing T complex protein 1, sub unit 8;
PEBP1 — Phosphatidylethanolamine binding protein 1; AK1 — Adenylate kinase 1; IB5 - Integrin beta 5; TIMP2 - Tissue inhibitors of

metalloproteinases 2; AQP7 — Aguaporin 7.
*High fertile bulls showed increased expression.

Interestingly, these genes are regulated by
following miRNAs — miR-17-5P, miR-20A, miR-20B,
miR-106A, miR-106B, miR-410miR-432, miR-452,
miR-519A, miR-519B, miR-519C, miR-519D, miR-
520D. It should be noted that miRNA regulation for
CRISP2, SNRPN and PLCzl1 genes were not
identified yet.

Application of genomics. Genomic
predictions combine genotypic, phenotypic, and
pedigree data to increase the exactitude of
estimates of genetic merit and to decrease
generation interval. Traditional genetic evaluations
combine only phenotypic data and probabilities that
genes are identical by descent from pedigree data
instead of tracing the inheritance of individual genes.
Widely spaced markers could indicate the sharing of
long chromosome segments within closely related
family members, but could not detect the many
minor genetic effects shared by distant relatives.
Marker genotypes for thousands of loci across the
genome can measure genetic similarity more
precisely. Markers that are identical in state may be
shared through common ancestors earlier than
those in the known pedigree.

A genetic marker (single nucleotide
polymorphisms or SNPs) is the difference in the
DNA sequence at same point between two animals.
Genomic selection involves identifying which SNPs
are linked to important functional traits and selecting
bulls with DNA patterns to produce superior priority
traits. This genomic information has many
advantages, including: potential to speedy genetic
improvement; enables bull selection from a much
wider genetic pool; provides earlier information
about genetic differences between siblings; predicts
genetic merit of young animals with more accuracy;
improves the reliability of current progeny testing
results for low-heritability; cost effective. For
example identifying elite dairy sires relied on a
tedious progeny-testing scheme took 6 to 7 years
and cost approximately $35,000 per bull. It is now
possible to evaluate the genetic merit of a
preimplantation embryo with comparable accuracy
for less than $100.

This tool has advantage not only providing
information for selection of bulls with genetic make

up for superior priority traits but also providing
information for elimination of bulls with low genetic
make-up for the same priority traits.

Its disadvantages have also to be taken into
account - intense selection may lead to detrimental
erosion of domestic diversity, cost and the fact that
they are more advantageous for front users.

Recently, genomic selection has been
adopted globally by cattle industries to accelerate
genetic gains. To meet projected global demands for
milk and meat, rates of genetic gain must be further
accelerated without disquieting animal health and
welfare. Improved accuracy of genomic predictions
and rapid identification and management of genetic
defects could be achieved if genome sequence data
were available for large numbers of cattle
phenotyped for traits of interest. However, given the
genetic architecture of production traits in cattle, in
which large numbers of loci individually explain
relatively little genetic variation, the number of
individuals required with both phenotype and
genomic sequence would be cost prohibitive.

1000 bull gnome project. The 1000 bull
genomes project supports the goal of accelerating
the rates of genetic gain in domestic cattle while at
the same time considering animal health and welfare
by providing the annotated sequence variants and
genotypes of key ancestor bulls.

The aim of the 1000 bull genomes project is
two-fold: (i) to build a database of sequence variant
genotypes of individuals, ideally key ancestors, from
modern cattle breeds that enables sequence-based
genome-wide association studies (GWAS) and
genomic prediction and (ii) to enable the use of
these same data to rapidly identify mutations that
compromise animal health, welfare and productivity.

In the first phase of the 1000 bull genomes
project, the whole genomes of 234 cattle were
sequenced to an average of 8.3-fold coverage. This
sequencing includes data for 129 individuals from
the global Holstein-Friesian population, 43
individuals from the Fleckvieh breed and 15
individuals from the Jersey breed. A total of 28.3
million variants, with an average of 1.44
heterozygous sites per kb for each individual were
identified. The use of this database in identifying a




recessive mutation underlying embryonic death and
a dominant mutation underlying lethal
chrondrodysplasia was demonstrated. Currently
more data of more than 1000 bulls are added.
Sequence based genomic selection:
Genomic selection generating prediction equations
from the joint analysis of 10 to 50K SNP genotypes
and phenotypes recorded in a large reference
populations (>20000 individuals). These equations
can then be used to predict genomic breeding
values of test animals from their SNP genotypes
aline. The orange ares ahsoe=ws that sequence
database of the 1000 bull genome project allows for

imputations of genotype of millions of additional
DNA variants for both reference and test animals to
generate more robust prediction equation and
genomic breeding value (Adopted from D.
Maizels/Nature).

Recently a genome-wide association study by
Penagaricona et al. [11] identified eight SNPs that
showed significant association with SCR. Some of
these SNPs are in the genes with functions related
to male fertility, such as the sperm acrosome
reaction, chromatin remodeling during the
spermatogenesis, and the meiotic process during
male germ cell maturation (Table 2).

Table 2 - Single nucleotide polymorphism and genetic markers associated with bull fertility and their
functions
SNP Gene Function
Hapmap38225-BTA-43804 ZNF541 Chromatin remodeling
ARS-BFGL-NGS-4009 CACNA1H Calcium channel
ARS-BFGL-NGS-31020 LOC521021 Lipid metabolism
ARS-BFGL-NGS-13272 ROGDI Cell proliferation

ARS-BFGL-NGS-13853 LOC617302;PRSS21

Male germ cell maturation

BTB-01354898

Scrotal circumference and sperm production

Hapmap44380-BTA-46707 DYNC1I2

Nuclear migration; postmeiotic spermatid development

(ARS-BFGL-NGS-116417 LOC784935; cpb-1

Spermatogenesis

These results could contribute to the
identification of genes and pathways associated with
male fertility in dairy cattle and subsequent use of
marker-assisted selection for male fertility in
commercial breeding schemes.

Conclusions. Bull selection is one of the
most important decisions because it offers an
opportunity to enhance the genetic merit and
profitability of the farm. To effectively select sires,
producers must use selection tools and understand
within and between breed differences. In addition,
producers must also accurately and objectively
assess their current genetics, nutritional resources,
and management. This will help producers with
decision making. The selection and addition of bulls
must not only meet revenue improving priority traits
but also compliment other important production
traits. The recent advances in DNA/genomic
technology and decision support tools will enhance
selection accuracy. Producers who utilize these
advances in cattle genetics in the selection process
should not only gain profit from improved revenue
and reduced production costs but to best match
genetics for their farm’s production demands. Also it
is important to use all available tools such as
phenotypic, genetic information, information from
close relatives and individual performance.
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KacimaHikam, P., KacimaHikam, B., Kogzili, B., Jladuka, B., Kpaeeckuli, A. TEHOMIKA TA
3AMNIQHIOBAJIbHA 34ATHICTb BYIAIB-MJIIQHUKIB

PenpodykmusHa eghekmugHicmb € 8aXK/Iu8UM €KOHOMIYHUM YUHHUKOM OJisi KOMepUuiliHo2o yCriixy
ckomapcmea. bacamo ¢hakmopie Moxymb ennueamu Ha pernpodyKmueHi rnokasHuku cmada. 3a
8UKOpUCMaHHS 5K NMPUpPOOHO20 MaK i Wmy4YHO20 OCIMEHIHHS, perpodykmusHa 30amHicme byeas € binbw
8aX/IUBOI, HIXK n1o0ydicmb byOb-KOI OKpeMoi Koposu, mak sK 8i0 MiOHUKa, 6rnpodosx (020
8UKOPUCMaHHS, OMPUMYOMb 3HaYHO bBinbwy KinbKicmbs mensm, Hik ei0 koposu. Tomy, eubip SKiCHO20
byeas-nniOHUKa € eaxrnueum 3asl0aHHSIM chbepmepa. byeal 8iOpI3HAIOMBCS 3a CBOEH 2E€HEMUYHOK
uiHHicmto. B cmammi posensdarombcsi ocobsueocmi makmuku i Kpumepiie 8i0bopy 6yzas 3
8UKOPUCMaHHSIM KIiHIYHUX ma nabopamopHux nidxodig i doknadHO onucaHo, SKUM YUHOM eeHOMiKa
Moxe 6ymu eukopucmaHa rpu ei0bopi mnnidHuUKie Ons ompumaHHs 6axaHux [poOYKMUBHUX i
pernpodykmueHUx sikocmed.

byno ecmaHosneHo, w0 0ns eghekmugHo2o eubopy 6yzaig-nniOHUKI8, 8UPOBHUKU MOBUHHI
po3ymimu ocobrugocmi eeHemMuUYHUX Xxapakmepucmuk 8 Mexax i MK pisHUMu ropodamu meapuH. BoHu
makoX MOBUHHI yMimu MOYHO | 06'€KMUBHO OUIHUMU MOMOYHUU 2eHemuyHul rnomeHyian cmada 3
ypaxysaHHsiIM ocobnusocmeli KOpMogoi 6a3u i cucmemu yrpasniHHsa. Bubip i dodasaHHS1 6UKi6 MO8UHHI
He minbKu yOOCKOHannneamu 8upobHuYi xapakmepucmuku, a U O0Mo8HH8amu iHWI 8axsuei upobHuUYI
pucu. OcmaHHi docsicHeHHs & obracmi [AHK / eeHOMHuUx mexHomoail i HanpayroeaHHs1 8i0rnogiOHUX
iHcmpymeHmig nidmpumMKu 00380/1510Mb MId8ULWLUMU MOYHICMb i SKicmb aubopy.

Knroyvoei cnoea: byzal, pernpolyKuisi, 2eHOMIKa, 3ariOHEHICMb, CENEKUis.

KacumaHukam, P., KacumaHukam, B., Ko3ul, B., Jladbika, B., Kpaeeckuii, A. TEHOMUKA U
Orn/104OTBOPSIOLLASI C[TOCOBHOCTb BbIKOB-NPOU3BOANTEIEN

PenpodykmugHasi 3¢h¢hbeKmueHOCMb S8/IS1IeMCs  8aXHbIM 3KOHOMUYECKUM ghakmopom  Onsi
KoMMepyeckoeo ycriexa ckomosodcmea. MHosue ¢hbakmopbl mMo2ym enusmpb Ha pernpolOyKmueHble
rnokazamenu cmada. [lpu  ucrnonb308aHUU KaKk €CmecmeeHHO20, makK U  UCKYyCCMBEHHO20
ornniodomeopeHusi, perpodykmueHasi criocobHocmb bbika sienssemcsi 6onee gaxHol, Yyem rrnodopodue
moboli omdenbHOU KOpO8bl, MaK Kak rpou3eodumersib, 8 meyeHue e20 UCronb3oeaHus, Oaem
3Ha4yumesnbHO bosbwee KOIUYECmeo mensm [0 CpasHeHur ¢ Kopoeod. [Noamomy, ebibop
KayecmeeHHo20 Obika-rpoudsodumernsi s6n9emcs 8axHol 3adadvel bepmepa. bbiku omnudaromces
ceoeli eeHemu4veckol UeHHocmbilo. B cmambe paccmampueaomcsi 0CObeHHOCmU makmuku U
Kpumepues ombopa bbiKo8 C UCMOoIb308aHUEM KITUHUYECKUX U r1abopamopHbIXx nodxodos u rnodpobHo
ornucaHo, Kakum obpa3omM 2eHOMUKa Moxem 6bimb UCMonb308aHa rnpu ombope bbikog Orsi nonyYyeHust
JKeraeMbix Ka4ecms.



bbino ycmaHoeneHo, Yymo 0ns aghghekmusHo20 8bibopa rnpoussodumenel, hepmepbi OO/MKHbI
MoOHUMamb 0COOEHHOCMU 2eHemMUYECKUX Xapakmepucmuk 6 rpedenax O0OHOU U MeXOy pasHbIMU
nopodamu xueomHbix. OHU makxe OOMKHbI yMemb MOYHO U OOBLEKMUBHO OueHusamb mMmeKyuwul
eeHemudyeckuli nomeHyuan cmada € yd4emoMm ocobeHHocmel Kopmogol 6asbi U cucmembl
ynpaeneHusi. Beibop u  dobaeneHue  bbiko8  OO/MKHbI ~ HE  MOJMLKO  CO8EPUIEHCMB08aMb
rpou3800CMBEHHbIE XapaKmMepUCMUKU XUBOMHbIX, HO U OOrMOSHSIMb Opyeue 8a)Hbie X035LCMBEHHbIe
yepmbl. [locrniedHue docmuxeHuss & obnacmu [JHK/zeHOMHbIx mexHonoeuli u Hapabomku
€oomeemcmesyruwux UHCMPYMEHmMOo8 no00epKKU MO360JISM M08bICUMb MOYHOCMb U Kayecmeo
eblbopa.

Knroyesnie cnoesa: bbik-rpoudsodumerib, pernpodyKyus, 2eHOMUKa, 0rsio00meopeHUe, CeNTeKyUs.



