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enotypic variation within or between species is key player of phenotypic variation between individuals. Recent 
years have evidenced copy number variation (CNV) as an important source of genetic and phenotypic diversity. 

Copy number variations are submicroscopic chromosomal duplications or deletions of at least 1 kb in length and are 
common within the genome. Although most CNVs are benign, alterations to the genomic architecture can have severe 
phenotypic impact through disruption of gene function and alteration to gene expression levels (Stranger et al., 2007). 
Erroneous recombination events lead to CNVs in the genome that predispose to various genomic disorders like autism, 
schizophrenia. Several investigations have unraveled role of CNVs in male infertility disorder. The Tspy gene copy 
number on the human Y chromosome varies from 23 to 64. In humans, a decrease in the Tspy copy number has been 
linked to prostate cancer and an increase in copy number to male infertility. Poor semen quality is major cause of 
rejection of crossbred bull in organized semen station. More than 50% crossbred bulls are straightway rejected from the 
semen collection program due to poor seminal attributes. Rearing an infertile bull upto the reproductive age and 
declaring it unfit for the semen collection program causes economic loss for organized semen station as well as small 
farmer. Therefore, advanced method can be introduced to diagnose bull subfertility at an early stage. Here, we discuss 
real time PCR -based absolute gene copy number determination as diagnostic tool for subfertility in bulls.   

Principle: 

Absolute quantification using standard curve is the process that determines the absolute quantity of a single nucleic acid 
target sequence within an unknown sample. The assay uses a standard curve to calculate the quantity of an unknown 
target sequence. Standards (plasmids carrying the insert) of known copy number are prepared. In an amplification 
reaction, the cycle at which the fluorescence of a sample rises above the background fluorescence is called the “crossing 
point (Cp)” of the sample. Following real-time 
amplification standard curves are generated. 
The X axis represents the log of the plasmid 
copy number, and the Y axis represents Cp in 
cycles. A polynomial regression line is 
generated through this plotted data points. 
Unknown sample’s crossing point is 
extrapolated on the standard curve and the 
initial copy number of target DNA in the 
unknown sample is determined (Figure 1). 

Procedure: 

Step 1: Amplification and cloning of target 
gene 

The gene fragment, copy number of which is to 
be determined, is amplified from genomic DNA 
or cDNA using suitable Taq polymerase.  

 

G 

Figure 1: Extrapolation of unknown sample crossing point value on 

standard curve to derive absolute copy number 
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Reagents   Volume/25 µl reaction                     Final concentration 

10X PCR buffer 2.5µl 1× 
Forward Primer 0.5µl 0.2 µM 
Reverse Primer 0.5µl 0.2 µM 
Taq DNA Polymerase (5U/µl) 0.2µl 0.04U 
DNase free water 20.3µl  
Template 1.0µl  

Reaction condition: 

Steps Condition 

Initial denaturation 94˚C for 5 min 
Denaturation 94˚C for 30 sec 
Annealing (As per Primer Tm) for 25 sec 
Extension 72˚C for (As per amplicon size) 
Final extension 72˚C for 5 min 
Storage 4˚C 

The amplified product is confirmed after viewing in agarose gel, purified and its concentration is measured in Nanodrop. 
Subsequently, the amplicon is ligated with a suitable vector (TOPO 2.1) as recommended by the manufacturer. 

Reagent Volume 

PCR product 0.5-4 µl 
Salt solution 1.0 µl 
TOPO vector 1.0 µl 
Water Upto 6 µl 
Total Volume 6.0 µl 

The ligation reaction is kept for 5 min in room temperature (22-23˚C) or overnight at 4˚C. The ligated product is 
transformed in competent E.coli, positive colonies are selected and plasmids were isolated after overnight growth in LB 
broth.  

Step 2: Preparation of serial dilutions of plasmid 

To obtain a thorough and even coverage of your quantification range, enough dilutions should be prepared to cover the 
range of gene copies within unknown samples. At least a 5-point 10 fold serial dilution (Figure 2) is prepared as below 
to generate the standard curve which can be used by the Real-Time PCR software to determine the copy number of 
unknown samples. 

 

 

 

 

 

 

 

Figure 2: Serial dilution scheme for standard curve preparation 
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Step 3: Calculation of plasmid copy number in serial dilution 

Each serial dilution is regarded as standard in this experiment. Copy number of plasmid in each dilution is calculated 
using this formula.  

 

                   

 

Therefore, copy number of each standard dilution is obtained. If, we get ‘N’ copies of plasmid in undiluted sample the 
following are the copy number of other serial dilutions: 

Standard dilution Copy number 

Undiluted plasmid N 
1:10 dilution N × 10-1 

1:100 dilution N × 10-2 
1:1000 dilution N × 10-3 
1:10000 dilution N × 10-4 

Step 4: DNA extraction and quantification from unknown samples 

Optimal quantification of gene copy number requires high quality, intact DNA. DNA is extracted using suitable method 
from unknown samples (blood and/or sperm) of which gene copy number is to be determined. DNA is quantified using 
Nanodrop and working concentration of all the unknown samples were made uniform (10 ng/ µl) from the stock DNA 
solution.    

Step 5: Setting up the real time PCR reaction 

Prior to preparing the mastermix plate set-up and reaction condition are provided in the Lightcycler 480 (Roche 
Diagnostics, Manheim, Germany) software. Plate set-up (96 well) is done in following way. Each sample is run at least 
in duplicate. The software will use the standard curve (A1 through E2) to determine the concentration of unknown 
samples. 

   1 2 3 4 5 6 7 8 9 10 11 12 

A Undiluted Undiluted Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
B 1:10 1:10 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
C 1:100 1:100 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
D 1:1000 1:1000 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
E 1:10000 1:10000 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
F NTC NTC Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
G Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
H Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 

Reaction condition is set in the software as recommended in the protocol supplied with SYBR Green Mastermix. Real 
time PCR mastermix is prepared as below. 10-20% of required mastermix is prepared extra to avoid pipetting 
inaccuracies. 

Component Volume 

2X Mastermix 5.0 µl 
Forward primer (10 µM) 1.0 µl 
Reverse primer (10 µM) 1.0 µl 
Water 1.0 µl 
Total 8.0 µl 
Total Volume 6.0 µl 

6.023 × 1023 (copies/mol) × DNA amount (g) 

(Plasmid + Insert) length (bp) × 660 (gm/mol/bp) 
DNA copy = 



Cross breed male infertility and Bovine Genomics 

4 | P a g e  

 

Nonspecific  
Product 

Specific  
Product 

8 µl of mastermix is dispensed in each well. To each well 2 µl of template DNA is added, mixed well by pipetting 
carefully to avoid any bubbles. In NTC wells 2 µl of nuclease free water is added instead of template DNA. Finally the 
plate is sealed with optical adhesive cover, centrifuged and put in the qPCR instrument platform. While the instrument is 
running the amplification in real-time in the Monitor Run can be visualized. The run takes approximately 40 minutes to 
90 minutes (Standard protocol) to complete. 

Step 6: Tm calling analysis 

As SYBR Green is a non-specific DNA binding dye the amplified DNA product needs to be characterized following 
amplification. The purpose of Melting Curve analysis is to determine the characteristic melting temperature of the target 
DNA.  The analysis displays a Melting Curves chart of sample fluorescence versus temperature (Figure 3). The chart 
shows the downward curve in fluorescence for the samples as they melt. The analysis also displays a Melting Peaks 
chart that plots the first negative derivative of the sample fluorescent curves (Figure3). In this chart, the melting 
temperature of each sample appears as a peak. Displaying the melting temperatures as peaks makes it easier to 
distinguish each sample’s characteristic melting profile and to discern differences between samples. Above figure shows 
the characteristic melting curve and melting peak in an SYBR Green reaction. 

 

 

           

 

 

 

 

 

 

 

 

 

 

Figure 3: Melt curve analysis 

Step 7: Final data analysis 

The following figure (Figure 4) illustrates a typical analysis window for absolute quantification in Lightcycler 480. The 
software generates a standard curve which is used for absolute quantification in unknown samples. In a standard curve, 
the concentrations of standard samples are plotted against the crossing point (Cp) of the samples. The X axis represents 
the log of the initial target concentration (here plasmid copy number), and the Y axis represents Cp in cycles. A 
polynomial regression line is generated through this plotted datapoints (Figure 5).  
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Figure 4: Absolute quantification window in Lightcycler 480 

 

 

 

 

 

Figure 5: Standard curve showing linearity, efficiency and error in the real time reaction 

The Slope of the standard curve describes the kinetics of the PCR amplification. It indicates how quickly the amount of 
target Nucleic Acid (NA) can be expected to increase with the amplification cycles. The slope of the standard curve is 
also referred to as the Efficiency of the amplification reaction. The PCR efficiency can easily be calculated using the 
formula: E = 10-1/slope. The Error value (mean squared error of the single data points fit to the regression line), given on 
the left side of the standard curve, is a measure of the accuracy of the quantification result based on the standard curve 
(an acceptable value should be < 0.2). By extrapolating unknown sample’s crossing point on the standard curve, the 
software can determine the initial copy number of target DNA in the unknown sample. 

References: 

Stranger BE, Forrest MS, Dunning M, et al. (2007). Relative impact of nucleotide and copy number variation on gene expression phenotypes. 
Science, 315:848-53. 
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iologists are leading current research on genome characterization (sequencing, alignment, transcription), 
providing a huge quantity of raw data about many genome organisms. Extracting knowledge from this raw data 
is an important process for biologists, using usually data mining approaches. However, it is difficult to deals 

with these genomic information using actual bioinformatics data mining tools, because data are heterogeneous, huge in 
quantity and geographically distributed. The National Center for Biotechnology Information (NCBI), as a primary public 
repository of genomic sequence data, collects and maintains enormous amounts of heterogeneous data. Data for 
genomes, genes, gene expressions, gene variation, gene families, proteins, and protein domains are integrated with the 
analytical, search, and retrieval resources through the NCBI Web site. Entrez, a text-based search and retrieval system, 
provides a fast and easy way to navigate across diverse biological databases. Customized genomic BLAST enables 
sequence similarity searches against a special collection of organism- specific sequence data and viewing the resulting 
alignments within a genomic context using NCBI’s genome browser, Map Viewer. Comparative genome analysis tools 
lead to further understanding of evolutionary processes, quickening the pace of discovery. 

Introduction 

The last years witnessed a continued growth of the amount of data being stored in biologic databanks. Often the data sets 
are becoming so huge, that make them difficult to exploit. Extracting knowledge from this raw data is an important 
process for biologists, using usually data mining approaches. However, it is difficult to deals with this genomic 
information using actual bioinformatics data mining tools, because data becomes very huge in quantity. 

The evolving history of Animal Genomics Databases 

The first genome database for a farm animal species was PiGBASE (Hu J et al., 2001). The ArkDB grew out of the 
European PigMao/PiGBASE project (Archibald et al., 1995) to provide researchers resources for data sharing and 
integration. The ArkDB is a generic species-independent database built to capture the state of published information on 
genome mapping in a given species. ArkDB used the World Wide Web strategy to lay out its application through 
WebinTool (Hu J et al., 1996), efforts were also made through remote TELNET and FTP as workarounds to transfer 
information and for users to interactively work with remote datasets. 

National Centre for Biotechnology Information (NCBI) 

Recent advances in biotechnology and bioinformatics led to a flood of genomic data and tremendous growth in the 
number of associated databases. As of February 2008, NCBI Genome Project collection describes more than 2,000 
genome sequencing projects: 1,500 Bacteria and Archaea (631 complete genomes, 462 draft assemblies, and 507 in 
progress) as listed at the NCBI Genome Project site: http://www.ncbi.nlm.nih.gov/genomes/ lproks.cgi and almost 500 
eukaryotic genomes (23 complete, 195 draft assemblies, and 221 in progress) as listed at 
http://www.ncbi.nlm.nih.gov/genomes/leuks.cgi.  

Information on complete and ongoing genome projects is also available in Genomes OnLine Database (GOLD) (Liolios 
et al, 2007), a community- supported World Wide Web resource. Hundreds of thousands of genomic sequences for 
viruses, organelles, and plasmids are available in the three public databases of the International Nucleotide Sequence 
Database Collaboration (INSDC, www.insdc.org) – EMBL (Cochrane et al, 2008), GenBank (Benson et al, 2008), and 
the DNA Data Bank of Japan (Sugawara et al, 2008). Additional information on biomedical data is stored in an 
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increasing number of various databases. As published in the 15th annual edition of the journal Nucleic Acid Research 
(NAR), also known as Database Issue, the number of databases in 2008 crossed the 1,000 landmark. This issue listed 
1,078 databases, 110 more than in the previous year (Galperin et al., 2008). Navigating through the large number of 
genomic and other related ‘‘omic’’ resources becomes a great challenge to the average researcher. Understanding the 
basics of data management systems developed for the maintenance, search, and retrieval of the large volume of genomic 
sequences will provide necessary assistance in traveling through the information space. 

Depending on the focus and the goal of the research project or the level of interest, the user would select a particular 
route for accessing the genomic databases and resources. These are (1) text searches, (2) direct genome browsing, and 
(3) searches by sequence similarity. All of these search types enable navigation through precomputed links to other 
NCBI resources. 

Entrez is the text-based search and retrieval system used at NCBI for all of the major databases, and it provides an 
organizing principle for biomedical information. Entrez integrates data from a large number of sources, formats, and 
databases into a uniform information model and retrieval system. The actual databases from which records are retrieved 
and on which the Entrez indexes are based have different designs, based on the type of data, and reside on different 
machines. These will be referred to as the ‘‘source databases.’’ A common theme in the implementation of Entrez is that 
some functions are unique to each source database, whereas others are common to all Entrez databases. Each Entrez 
database (‘‘node’’) can be searched independently by selecting the database from the main Entrez Web page (http:// 
www.ncbi.nlm.nih.gov/sites/gquery) (Fig.). Typing a query into a text box provided at the top of the Web page and 
clicking the ‘‘Go’’ button will return a list of DocSum records that match the query in each Entrez category. These 
include nucleotides, proteins, genomes, publications (PubMed), taxonomy, and many other databases. 

PubMed Overview  

NLM (National Library of Medicine, USA) has been indexing the biomedical literature since 1879, to help provide 
health professionals access to information necessary for research, health care, and education. What was once a printed 
index to articles, the Index Medicus, became a database now known as MEDLINE.MEDLINE contains journal citations 
and abstracts for biomedical literature from around the world. Since 1996, free access to MEDLINE has been available 
to the public online via PubMed.  

PubMed is a Web-based retrieval system developed by the National Center for Biotechnology Information (NCBI) at the 
National Library of Medicine. It is part of NCBI's vast retrieval system, known as Entrez. PubMed is a database of 
bibliographic information drawn primarily from the life sciences literature. PubMed contains links to full-text articles at 
participating publishers' Web sites as well as links to other third party sites such as libraries and sequencing centers. 
PubMed provides access and links to the integrated molecular biology and chemistry databases maintained by NCBI. 

Primary Gene Sequence Database 

GenBank is the NIH genetic sequence database, an archival collection of all publicly available DNA sequences (Benson 
et al., 2008). GenBank is part of the International Nucleotide Sequence Database Collaboration, which comprises the 
DNA DataBank of Japan (DDBJ) (Sugawara et al., 2008), the European Molecular Biology Laboratory (EMBL) 
(Cochrane et al., 2008), and GenBank at NCBI. These three organizations exchange data on a daily basis. Many journals 
require submission of sequence information to a database prior to publication to ensure an accession number will be 
available to appear in the paper. As of February 2008 GenBank release 164.0 (ftp://ftp.ncbi.nih.gov/genbank/ 
release.notes/gb164.release.notes) contains more than 83 billion bases in over 80 million sequence entries. The data 
come from the large sequencing centers as well as from small experimentalists. These sequences are accessible via Web 
interface by text queries using Entrez or by sequence queries using BLAST. Quarterly GenBank releases are also 
downloadable via FTP. 
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Genome sequence Databases 

The genome sequencing era that started about 20 years ago has brought into being a range of genome resources. 
Genomic studies of model organisms give insights into understanding of the biology of humans enabling better 
prevention and treatment of human diseases. Comparative genome analysis leads to further understanding of 
fundamental concepts of evolutionary biology and genetics. Species-specific genomic databases comprise a lot of 
invaluable information on genome biology, phenotype, and genetics. However, primary genomic sequences for all the 
species are archived in public repositories that provide reliable, free, and stable access to sequence information. In 
addition, NCBI provides several genomic biology tools and online resources, including group-specific and organism-
specific pages that contain links to many relevant Web sites and databases. 

A genome browser is a graphical interface for display of information from a biological database for genomic data. 
Genome browsers enable researchers to visualize and browse entire genomes (most have many complete genomes) with 
annotated data including gene prediction and structure, proteins, expression, regulation, variation, comparative analysis, 
etc. Annotated data is usually from multiple diverse sources. They differ from ordinary biological databases in that they 
display data in a graphical format, with genome coordinates on one axis and the location of annotations indicated by a 
space-filling graphic to show the occurrence of genes, etc. Few important Genome browsers are mentioned below. 

 Integrated Genome Browser (IGB): A cross-platform, Java-based desktop genome viewer. 

 VISTA genome browser 

 Ensembl: The Ensembl Genome Browser (Sanger Institute and EBI) 

 GBrowse: The GMOD GBrowse Project 

 Genostar GenoBrowser: a standalone application to display and explore genomic data from any kind of file 
(EMBL, GenBank, Fasta, GFF...) 

 Integrated Microbial Genomes (IMG) system by the DOE-Joint Genome Institute 

 OMGBrowse: An extensible automated genome annotating service. Based on JBrowse.  

 UCSC Genome Bioinformatics Genome Browser and Tools (UCSC) 

 Viral Genome Organizer (VGO) A genome browser providing visualization and analysis tools for annotated 
whole genomes from the eleven virus families in the VBRC (Viral Bioinformatics Resource Center) databases 

 X:Map A genome browser that shows Affymetrix Exon Microarray hit locations alongside the gene, transcript 
and exon data on a Google Maps API 

Genomic data resources  

Three practical impediments to large scale integrative data mining are data availability, data size, and algorithms and 
models for integration. As discussed above, the challenges inherent in manipulating large data can often be overcome 
through compact encodings and awareness of efficiency issues. Similarly, although many sophisticated systems for biol 
ogical data integration exist (Troyanskaya OG et al., 2005, Aerts S et al., 2006, Lee I., 2008, Labckriet GR., 2004), they 
are  not always necessary in order to discover new biology in large data collections. As demonstrated by the toy analysis 
above, simply asking the right questions of several different data repositories can rapidly generate novel biological 
hypotheses. It remains to discover and catalog the availability and scope of these repositories; the annual Nucleic Acids 
Research database issue (Cochrane Gr et al., 2010) is an excellent resource for this, as are online database aggregators 
(e.g. (Chen YB et al., 2007, Branzas MD., 2009) and http://biodatabase.org), and several primary biological data types 
and sources are presented here in summary.  
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High-throughput sequencing  

Next-generation short-read DNA sequencing is rapidly becoming a current-generation technology and producing ever-
longer read lengths. While the purpose of this manuscript is not to address the (serious) informatics requirements needed 
for processing raw sequence data, several points raised by (McPherson JD., 2009) are worth summarizing. Current 
sequencers can generate up to 400 million 50-100bp reads per run, and this number will be obsolete soon after this 
manuscript is published. Performing even the simplest analyses on this data, let alone assembly, polymorphism 
detection, annotation, or other complex tasks, 4 requires sophisticated computational hardware and software. Few 
cookie-cutter solutions are available, given how rapidly the technology continues to change, but online forums such as 
SEQanswers (http://seqanswers.com) are currently one of the best resources for up-to-date information on short-read 
sequencing.  

When investigating individual organisms' genomes, many of the tools for large scale sequence mining are focused on the 
study of variation: across disease state tissue or pathogen samples (e.g. The Cancer Genome Atlas (Network TCGAR., 
2008) and the Cancer Genome Project (Greenman C., 2007)), structurally or polymorphically across individuals (e.g. the 
1,000 Genomes Project (Hayden EC., 2008) and the Personal Genome Project (Church GM., 2005)), or phylogenetically 
across species (e.g. Genome 10K (Scientists GKCo., 2009)). Particularly for phylogeny and evolutionary relationships, a 
variety of tools are available online that efficiently summarize very large sequence collections; EMBOSS (Rice P et al., 
2000), MEGA (Kumar S et al., 2008), MEGAN (Huson DH et al.,2009), and mothur (Schloss PD et al.,2009) are only a 
few of the creatively-named systems available in this area.  

An interesting large scale data mining opportunity afforded by modern sequencing techniques is provided by 
metagenomic repositories such as CAMERA (Seshadri PD et al., 2007), MG-RAST (Meyer F, et al., 2008), and IMG/M 
(Markowitz VM et al., 2008), all of which offer tools for inter-study comparisons of multiple environmental or 
microfloral datasets. For instance, an experimenter can easily upload an entire metagenome to MG-RAST and receive a 
detailed profile of the community's metabolic potential; using CAMERA, fragment recruitment profiles can be generated 
comparing any pair of metagenomes. Simultaneously considering the functional diversity of a metagenome, its 
constituent organisms, and the associated experimental metadata allows a single analysis to scale from molecular 
mechanisms to globalecology (Gianoulis Ta et al., 2009).  

Whole-genome sequences  

The first widely-used large scale biological data repositories were(arguably) for reads deposited during the Human 
Genome Project and other pioneering sequencing projects, and these remain important sources of annotated genomic 
sequences. GenBank (Benson Da et al., 2009) has diversified to include a variety of online and offline tools such as the 
Genome Workbench, and Ensembl (Hubbard TJ et al., 2009) provides an invaluable online window onto a number of 
genome builds. The Sanger Institute hosts a number of additional genome resources (http://www.sanger.ac.uk/Projects/), 
and the JGI provides several microbial genomes and associated tools (69). Sequence annotations have been reviewed 
elsewhere (Brent MR., 2008) and include everything from open reading frames through regulatory sites to chromatin 
structure and epigenetics; much of this information is available through a uniform interface at the UCSC Genome 
Browser (Rhead B et al., 2009). Sequence data has been highly standardized over the years, with most raw sequences 
provided as FASTA or its variants, detailed annotations provided as GenBank/EMBL files, and brief annotations as 
GFFs. Most sequence manipulation software will recognize all of these formats (Information NcfB .2009).  

Microarrays  

Similarly, gene expression microarrays were the first functional data to be analyzed on a large scale, although 
applications of high-throughput sequencing are poised to overtake them in widespread data availability. The Gene 
Expression Omnibus (Barrett T et al., 2009) and ArrayExpress (Parkinson H et al., 2009) databases are the most 
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common sources of array data, with Celsius (Day A et el., 2009), field-specific resources such as Oncomine (Rhodes DR 
et al., 2007), and institute-specific databases (Demeter J et al., 2007) providing additional datasets. Both GEO and 
ArrayExpress provide programmatic interfaces and structured FTP file systems for bulk analysis. GEO data is 
standardized around the SOFT text file format and ArrayExpress around the MGED MAGE format family (Raynet TF et 
al., 2006); 5 both are variants of tab-delimited text and can be manipulated by a variety of publicly available tools (Davis 
S., 2007) or custom software 

FTP Resources for Genome Data 

The source genome records can be accessed from the GenBank directory; these are the records that were initially 
deposited by the original submitters. The reference genomes, assemblies, and associated genes and proteins can be 
downloaded from the Genomes and RefSeq directories. Information on the data content in these FTP directories is 
located in the README files. 

Download the full release database, daily updates, or WGS files: ftp://ftp.ncbi.nih.gov/genbank/ Download complete 
genomes/chromosomes, contigs and reference sequence mRNAs and proteins: ftp://ftp.ncbi.nih.gov/genomes/ Download 
the curated RefSeq full release or daily updates: ftp://ftp.ncbi.nih.gov/refseq/ Download curated and non-curated protein 
clusters from microbial and organelle genomes: ftp://ftp.ncbi.nih.gov/genomes/Bacteria/CLUSTERS  

BLAST 

The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity between protein or nucleotide 
sequences. The program compares nucleotide or protein sequences to sequence in a database and calculates the 
statistical significance of the matches. This chapter first provides an introduction to BLAST and then describes the 
practical application of different BLAST programs based on the BLAST Quick Start mini-course 
(www.ncbi.nlm.nih.gov/Class/minicourses). In each example, emphasis is placed on practical step-by-step procedures, 
although relevant theory is also given where it affects the choice of BLAST program, parameters, and database. 

The original BLAST program used a protein “query” sequence to scan a protein sequence database. A version operating 
on nucleotide query” sequences and a nucleotide sequence database soon followed. The introduction of an intermediate 
layer in which nucleotide sequences are translated into their corresponding protein sequences according to a specified 
genetic code allows cross-comparisons between nucleotide and protein sequences. Specialized variants of BLAST allow 
fast searches of nucleotide databases with very large query sequences, or the generation of alignments between a single 
pair of sequences. Both the standalone and web version of BLAST are available from the National Center for 
Biotechnology Information (www.ncbi.nlm.nih.gov). The web version provides searches of the complete genomes of 
Homo sapiens as well as those of many model organisms, including mouse, rat, fruit fly, and Arabidopsis thaliana, 
allowing BLAST alignments to be seen in a full genomic context (Lionios et al., 2007). 

Genome BLAST refers to the application of any of the BLAST search programs to the complete genomic sequence of an 
organism or the transcript and protein sequences derived from its annotation.Genome BLAST services are available at 
NCBI for a variety of organisms including human, mouse, rat, fruit fly, and many others in a growing list. At a 
minimum, MegaBLAST and “blastn” searches against the complete genome are supported. These are usually offered in 
conjunction with “tblastn” searches against the genome, “blastp” and “blastx” searches against the proteins annotated on 
the genome and MegaBLAST, “blastn” and “tblastn” searches against collections of transcript sequences that have been 
mapped to the genome. Hits to the genome are displayed graphically within NCBI’s MapViewer to show their genomic 
context. A protein query can be also manually searched against the conserved domain database.  

BLAST2 Sequences is used to compare two sequences, protein or nucleotide, using any one of the principal BLAST 
variants, “blastp,” “blastn,” “tblastn,” “blastx,” “tblastx,” or MegaBLAST. The output of BLAST2Sequences consists of 
a set of the traditional pairwise alignments generated by the principal BLAST programs it uses, supplemented with a dot 
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plot representation of these alignments. The dot plot is useful for highlighting deletions and duplications of segments 
between two sequences. The translated variants of BLAST2 Sequences are useful for the detection of exons. 

BLAST-Like Alignment Tool (BLAT) is used to find genomic sequences that match a protein or DNA sequence 
submitted by the user. BLAT is typically used for searching similar sequences within the same or closely related species. 
It was developed to align millions of expressed sequence tags and mouse whole-genome random reads to the human 
genome at a faster speed (Kent, 2002). It is freely available either on the web or as a downloadable stand-alone program. 
BLAT search results provide a link for visualization in the University of California, Santa Cruz (UCSC) genome 
browser where associated biological information may be obtained. Three example protocols are given: using an mRNA 
sequence to identify the exon-intron locations and associated gene in the genomic sequence of the same species, using a 
protein sequence to identify the coding regions in a genomic sequence and to search for gene family members in the 
same species, and using a protein sequence to find homologs in another species. It does this primarily by pre-indexing 
the genome and translated (protein) database. (Kent,2002). 

BLAT’s speed is one of its main advantages. It is useful for quickly finding the genome location of a genomic, mRNA 
or protein sequence. Another is its integration with the University of California, Santa Cruz (UCSC) Genome Browser 
(UNIT 1.4); each search result links directly to a view of the alignment on the chromosome in the UCSC browser (Bina, 
2006 for a detailed example of this integration). BLAT has also been shown to be good at predicting exon-intron 
boundaries (Harper et al., 2006). BLAT providesone “stitched” longer alignment for discontinuous alignments between 
two sequences 

Tools for Advanced Users 

The Entrez Programming Utilities (eUtils) are a set of eight serverside programs that provide a stable interface to the 
Entrez query and database system. The eUtils use a fixed URL syntax that translates a standard set of input parameters 
into the values necessary for various NCBI software components to search for and retrieve data and represent a 
structured interface to the Entrez system databases. To access these data, a piece of software first posts an eUtils URL to 
NCBI, then retrieves the results of this posting, after which it processes the data as required. The software can thus use 
any computer language that can send a URL to the eUtils server and interpret the XML response, such as Perl, Python, 
Java, and C++. Combining eUtils components to form customized data pipelines within these applications is a powerful 
approach to data manipulation. More information and training on this process are available through a course on NCBI 
Power scripting: www.ncbi.nlm.nih.gov/Class/PowerTools/eutils/course.html. 
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Cochrane, G., Akhtar, R., Aldebert, P., et al. (2008). Priorities for nucleotide trace, sequence and annotation data capture at the Ensembl Trace 
Archive and the EMBL Nucleotide Sequence Database. Nucleic Acids Res. 36:D5–D12.  
Huttenhower C, Hofmann O. A Quick Guide to Large Scale Genomic Data Mining Department of Biostatistics, Harvard School of Public 
Health.  
Galperin, M. Y. (2008). The molecular biology database collection: 2008 update. Nucleic Acids Res. 36:D2–D4. 
Hillary, E. S., Maria, A. S., eds. (2006). Genomes (Cold Spring Harbor Monograph Series, 46). Cold Spring Harbor, New York. 
Liolios, K., Mavrommatis, K., Tavernarakis, N., et al. (2007). The Genomes On Line Database (GOLD) in 2007: status of genomic and 
metagenomic projects and their associated metadata. Nucleic Acids Res. 36:D475–D479. 
Bhagwat M, Young L, Robison RR. (2012). Using BLAT to Find Sequence Similarity in Closely Related Genomes. Curr Protoc Bioinformatics. 
Ch. 10: Unit-10.8. 
Sugawara, H., Ogasawara, O., Okubo, K., et al. (2008). DDBJ with new system and face. Nucleic Acids Res. 36:D22–D24. 
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Box1: Types of Databases 

 

 

 

 

 

Table 1: Selected data bases. The column “T” stands for type and gives whether nucleotide (“N”) or protein (“P”) 
related. “U” gives the update (“D” = daily, “W”=weekly, “?” = unknown). The last column gives the URL. 

Name T U URL 
SRS  ? http://srs.ebi.ac.uk/ 
EMBL N D http://www.embl-heidelberg.de/ 

PDB P D http://www.rcsb.org/pdb/Welcome.do 
SCOP P ? http://scop.berkeley.edu/ 
CATH P ? http://cathwww.biochem.ucl.ac.uk/latest/ 

PIR  P  W  http://pir.georgetown.edu/ 
SWISS-PROT P  W  http://www.expasy.org/sprot/ 
TrEMBL  P  W  http://www.expasy.org/sprot/ 

Homstrad P W http://www-cryst.bioc.cam.ac.uk/~homstrad/ 
InterPro P ? http://www.ebi.ac.uk/interpro/ 
NR P W ftp://ftp.ncbi.nih.gov/blast/db 

Pfam  P ? http://www.sanger.ac.uk/Software/Pfam/ 
UniProt  P  ?  http://www.expasy.uniprot.org/ 
PROSITE  P  W  http://www.expasy.org/prosite/ 

PRINTS  P  ?  http://umber.sbs.man.ac.uk/dbbrowser/PRINTS/ 
BLOCKS  P  ?  http://blocks.fhcrc.org/ 
CAMPASS  P  ?  http://www-cryst.bioc.cam.ac.uk/~campass/ 

Table 2: Some basic software useful in bioinformatics with their respective applications 

Software Application URL 
EMBOSS Toolbox http://emboss.sourceforge.net 
Domainatrix tools domains http://emboss.sourceforge.net/embassy/domainatrix/ 

BLAST homology search http://www.ncbi.nlm.nih.gov/BLAST/  
PHRAP shotgun DNA http://www.phrap.org/ 
Babel converts formats http://openbabel.sourceforge.net/wiki/Main_Page 
BioPerl toolbox perl http://www.bioperl.org/ 

clustalw multiple alig. ftp://ftp-igbmc.u-strasbg.fr/pub/ClustalW/ 
Modeller building model http://salilab.org/modeller/download_installation.html 
Phylip phylogenetics http://evolution.gs.washington.edu/phylip.html 

Pymol good viewer http://pymol.sourceforge.net/ 
Rasmol fast viewer http://www.umass.edu/microbio/rasmol/ 
Molscript nice images http://www.avatar.se/molscript/obtain_info.html 

Strap java toolbox http://www.charite.de/bioinf/strap/ 
Tinker mol. dyn., fortran http://www.es.embnet.org/Services/MolBio/tinker/ 
Biodesigner mol. dynamics http://www.pirx.com/biodesigner/download.html 

Threader threading http://bioinf.cs.ucl.ac.uk/threader/threader.html 
Loopp treading http://folding.chmcc.org/loopp/loopp.html 
Prospect threading http://compbio.ornl.gov/structure/prospect/ 

Primary: Original submissions from the wet lab experiments.  

Nucleic Acid: GenBank, EMBL, DDBJ  

Protein: SWISS-PROT, TREMBL, PIR 

Secondary: Results with subdivisions and annotations of the sequences in the primary databases. 

PROSITE, Pfam, BLOCKS, PRINTS 

Composite: Combination of different of primary databases. Make querying and searching efficient  

NRDB, OWL 

http://emboss.sourceforge.net/
http://openbabel.sourceforge.net/wiki/Main_Page
http://salilab.org/modeller/download_installation.html
http://evolution.gs.washington.edu/phylip.html
http://www.avatar.se/molscript/obtain_info.html
http://www.pirx.com/biodesigner/download.html
http://bioinf.cs.ucl.ac.uk/threader/threader.html
http://folding.chmcc.org/loopp/loopp.html
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Sspro4 sec. struc. http://contact.ics.uci.edu/download.html 
Psipred sec. struc.. ftp://bioinf.cs.ucl.ac.uk/pub/psipred/ 

Prof sec. struc. http://www.aber.ac.uk/compsci/Research/bio/dss/prof/ 
Jnet sec. struc. http://www.compbio.dundee.ac.uk/~www-jpred/jnet/download.html 
PHD sec. struc. http://www.embl-heidelberg.de/predictprotein/predictprotein.html 

DSSP sec. struc. f. 3D http://swift.cmbi.ru.nl/gv/dssp/ 
Whatif mol. modelling http://swift.cmbi.kun.nl/whatif/ 
Hmmer alignment HMM http://hmmer.wustl.edu/ 

ProsaII struc. verf. http://www.came.sbg.ac.at/Services/prosa.html 
CE struc. alig.  ftp://ftp.sdsc.edu/pub/sdsc/biology/CE/src/ 
DALI struc. alig. http://www.ebi.ac.uk/dali/ 

Figure 1: Home page of NCBI 

 

Figure 2:  Entrez search Engine (Showing all data related to Growth hormone) 
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Introduction 

he inability of a male animal to reproduce by natural means is called as infertile male. In human, infertility leads 
to a vast number of consequences resulting from psychological to social impacts. But in animal, infertility leads 
to a major drawback in preview of production which ultimately results in economy lose to the farmers. 

Although India possesses the largest breeding infrastructure in the world with large number of frozen semen stations and 
artificial insemination centers, the average fertility of crossbred males are very low. This is mainly because of crossbred 
bulls used for breeding purpose that possessing high genetic incompatibility. However, crossbreeding between Bos 
taurus and Bos indices population have enormous possibility of sustainable increase in milk production. Male sex genes 
have shown an arrangement of rapid interspecies deviation at both coding and gene expression level. A common 
outcome of crosses between closely-related species is hybrid male sterility. Cytogenetic as well as histological 
examinations of testes of male hybrid infertility have been documented in different species hybridization other than the 
detail genomic features. It is rational to mention that up to 40% of male sterility is transpired from cross between Zebu 
and Taurine cattle which is otherwise much more productive in milk and meat production. Another worthy instance of 
male sterility in yak and hill cattle crosses with yak. However, the male crossbred offspring are often inferior to the 
purebred males in semen production. The proportion of males reserved for breeding purpose and its successful 
cryopreservation was very low in Karan Fries (cross between Sahiwal/ Tharparkar and Holstein Friesian) and very high 
in Sahiwal cattle which could be due to poor semen quality. On the other hand in animal husbandry, birth of a female 
especially in case of bovine, caprine, avian and canine species, is highly appreciated as it would lead to an increase in 
production in the near future. The male and female are equally responsible for the development of an embryo with 
inheritable characteristics of high production. Thus it is of utmost importance that both the male and female animals 
should be given equal importance with production related queries. Infertility can be hormonal, age, exercise, obesity or 
infectious disease; it can be immunological, physiological or be associated with defined abnormalities in the gametes. 
Specific genotypes and karyotypes have been associated with infertility phenotypes and studies of specific genes have 
shed light on the nature of the polygenic and multifactorial basis of infertility. Commonly, an animal seems to be healthy 
on phenotypically may have certain underlying hidden defects especially genetically related causes without any external 
symptoms which may hamper directly or indirectly the animal’s ability of development and production. The genetic 
causes of infertility are varied which include chromosomal abnormalities, single gene disorders and phenotypes with 
multifactorial inheritance. Some genetic factors influence only males, while others affect both males and females. For 
example mammalian pseudoautosomal region (PAR) is a region of true sequence homology between the X and the Y 
chromosome (Blaschke and Rappold, 2006; Galtier, 2004; Raudsepp et al., 2012). Sequences in the PAR are diploid, 
undergo recombination in males and females, and are not subject to dosage compensation by X-inactivation in females 
(Brown and Greally, 2003; Ellis and Goodfellow, 1989). The physical domain of the PAR lies between the terminal ends 
of the sex chromosomes and the pseudoautosomal boundary (PAB) - a border across which sequence homology between 
the sex chromosomes reduces and recombination stops (Blaschke and Rappold, 2006; Flaquer et al., 2008).  

The PAR is necessary for sex chromosome pairing, recombination and proper segregation in male meiosis (Blaschke 
and Rappold, 2006; Ellis and Goodfellow, 1989; Flaquer et al., 2008; Mangs and Morris, 2007) which is critical for 
spermatogenesis, male fertility and the formation of a normal zygote. Genes in this region might also have important 
role in embryonic development as evidenced by modeling abnormal early development using aneuploid embryonic 
(Urbach and Benvenisty, 2009) and induced pluripotent stem cells (Li et al., 2012), and by comparing the incidence of 
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viable XO individuals across species with different PARs (Raudsepp et al., 2012). Furthermore, because the PAR is a 
recombination hotspot (Filatov, 2004; Flaquer et al., 2009; Flaquer et al., 2008) and elevated recombination rate has 
been associated with DNA methylation, it is possible that some PAR genes might be subject to genomic imprinting 
(Luedi et al., 2007; Sigurdsson et al., 2009) and recombination failure during male meiosis causing infertility in male. 

Despite the important biological properties of the PAR and the availability of draft sequence assembly for the X 
chromosome in most domestic and many wild mammals, the current knowledge about the organization of the eutherian 
PAR is limited. The region is sequenced or relatively well-studied only in humans/primates (Hughes et al., 2012; 
Hughes et al., 2010; Ross et al., 2005; Skaletsky et al., 2003) and mice (Alföldi, 2008; Ellison et al., 1996; Perry et al., 
2001). In other species, a variable degree of information for the PAR is available (Raudsepp et al., 2012). The 
approximate physical domain and gene content of the region is known for the most domestic species, and predicted for 
the porpoise (Van Laere et al., 2008) and armadillos (Sciurano et al., 2012). However, the exact sequence of the PAB 
has so far been determined only in cattle and pig (Das et al. 2009, Das et al. 2013). Collectively, the data indicate that 
the PAR varies in size and gene content between species, suggesting that orthologous X-linked genes might be PAR in 
one, and non-PAR in another species. 

On the other hand, chromosomal abnormalities like Klinefelter Syndrome and subsequent infertility phenotype specific 
to males where the chromosome translocations affect both males and females. Among such defects, male infertility is 
one which is often less concern, but plays an important role in human as well as in animal production. Such defects in 
the male may be as a result of general causes like diseases, hormonal, genetic and environmental factors, drugs, radiation 
and infection etc. Further, testicular malformations, hormone imbalance, or blockage of the male’s duct system also 
leads to infertility in male. Many of these can be treated through surgery or hormonal substitutions and certain diseases 
or abnormalities related with genetic causes are difficult to treat or not at all treatable. DNA damage is an important 
factor in male infertility which reduces the fertilizing capacity of sperm associated with common inherited variants in 
genes that encode enzymes employed in DNA mismatch repair.   

Crossbred male infertility 

Infertility in crossbred male is a relatively common clinical condition which might be occurred due to genetic and 
environmental factors. It has been estimated that nearly half of the male infertility cases are mainly due to genetic 
defects. Hundreds of studies with animal knockout models convincingly showed infertility caused by gene defects either 
in single or multiple. However, despite enormous efforts, progress in translating basic research findings into clinical 
studies has been challenging. The genetic causes remain unexplained for the vast majority of male infertility. It could be 
due to the difficulty of investigation of huge number of candidate genes of more than 2,300 expressed in the testis alone 
and hundreds of those genes influence reproductive function in animal could contribute to male infertility. A recent 
study on sperm of reproductively normal stallions by RNAseq also confirmed that sperm is a rich repertoire of about 
6,000 mRNAs/ESTs (Das et al 2013). At present, there are only a handful of genes or genetic defects that have been 
shown to cause or strongly associated with primary infertility. Indeed, there are few new gene tests on average which are 
being added to the clinical genetic testing list annually. Crossbred animals are bred by mating of two breeds, normally 
within the same genus having same chromosome number. The offspring of crossbred animals display traits and 
characteristics of both the parents with hybrid vigour but very often males are subfertile or sterile. Crossbred male 
sterility prevents the movement of genes from one species to the other by keeping both species distinct and on the other 
hand, interspecies hybrids are bred by mating of two species, normally within the same genus with or without same 
chromosome number. The offspring display the traits and characteristics of both parents but males are completely 
infertile. This sterility is often attributed to the different number of chromosomes of the two species, for example 
donkeys have 62 chromosomes, while horses have 64 chromosomes, and mules and hinnies have 63 chromosomes. 
Mules, hinnies, and other normally sterile interspecies hybridization cannot produce viable gametes because of their 
differences in chromosome structure prevent appropriate pairing and segregation during meiosis. In this connection, a 
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detail study on fertility improvement and fertility management for cross bred male animal need urgent scientific 
attention to bridge the gap between available knowledge and its application at the farmers’ doorsteps.  

Autosomal/sex chromosomal incompatibility in cross bred male  

Cross breeding or breeding between closely related species may lead to an infertile male as an effect of different 
numbers of chromosomes from both the parent by causing an imbalance in the resulting offspring’s chromosome 
number and thus produces a viable but not fertile male. A typical example of hybridization is the mule and hinnies 
which are crossed between a jack and mare, jenny and stallion respectively, horse and donkey have 64 and 63 numbers 
of chromosomes as both are being different species whereas mules and hinnies possess 63 chromosomes. This is due to 
the differences in the structure and number of chromosomes in the parent which usually prevents the proper pairing of 
chromosomes and produces successful embryo which renders most of the mule is infertile. Genetic mosaics or 
chromosomal differences within the animal may also be a cause of infertility in cross bred males. A chromosome 
translocation is a chromosome abnormality caused by rearrangement of parts between non-homologous chromosomes. 
If, the translocations are unbalanced .i.e. the exchange of chromosome materials are unequal and it results in extra or 
missing genes. Another type of translocation is known as reciprocal translocations where an exchange of materials 
occurs between non-homologous chromosomes which results in reduced fertility, spontaneous abortion or birth defects, 
depending upon the chromosomes involved and the nature of the translocation. In cross breeding, one of the parents may 
carry a balanced translocation which is asymptomatic and the conceived fetuses are not viable. In autosome-autosome 
translocations, the translocated chromosomes, in order to progress through meiosis, synapses through a pairing cross 
which ultimately reduces fertility (Shah et al., 2003). Reciprocal Y-autosome translocations may result in aberrant 
spermatogenesis due to abnormal sex chromosome pairing. Chromosomal inversions may also cause infertility by 
impeding meiosis by the mechanics and time constraints imposed by the meiotic machinery on the formation of a pairing 
loop (Forejt, 1982). The recombination is reduced within the pairing loop which leads to a breakdown of meiosis 
(Brown et al., 1998), when crossing over occurs in the pairing loop and unbalanced gametes are ensued (Chandley et al., 
1987). Loss of part of a chromosome can also cause infertility as a result of nondisjunction and leads to an aneuploidy 
individual. In selective breeding, if the selected trait is being closely linked with genes that involves in sex determination 
or fertility and the offspring may be infertile as in the goats breed to be polled were in a high number of intersex 
individuals among the offspring, which are typically sterile.  The presence or absence of X and Y sex chromosomes 
determines the sex of the offspring produced in sexual reproduction. Where, Y chromosome in mammals contains the 
gene SRY which is responsible for triggering testis development in the males and defective Y chromosome results in a 
female phenotype even though it possesses an XY karyotype. The lack of the second X results in infertility generally 
seen XO. The XX male syndrome is another rare cause of infertility where the sex determination factor on the Y 
chromosome (SRY) is transferred to the X chromosome due to an unequal crossing over, causing the individual to be 
phenotypically male but genotypically female. The genes, involve in normal sperm production are also present in the Y 
chromosome, and unlike other chromosomes, Y chromosome is unable to recombine during meiosis. However, it is able 
to recombine with itself by palindrome base pair sequences (Rozen et al., 2003) called as gene conversion. The 
palindromes are not noncoding DNA, and these strings of bases contain functioning genes important for male fertility. 
Y-chromosome-linked diseases also play a vital role in male infertility by defective testicular development due to 
deletion or deleterious mutation of SRY. Further, the greater degrees of Y chromosome polysomy (XYYY) are rare but 
an extra genetic material may lead to skeletal abnormalities and delayed development. 

Y chromosome microdeletion is a family of genetic disorders caused by missing gene(s) in the Y chromosome, whereby 
the Y chromosome is passed directly from the male parent to the male offspring which is not protected against 
accumulating copying errors, whereas other chromosomes are error corrected by recombining genetic information of 
both the parent. Y chromosome microdeletions are a frequent cause of infertility in males and the affected animal’s 
exhibit no symptoms with a normal life.Microdeletions in the Y chromosome have been found at a much higher rate in 



Cross breed male infertility and Bovine Genomics 

17 | P a g e  

 

infertile male than in fertile controls (Song et al., 2005). A specific partial deletion of AZFc called gr/gr deletion is 
significantly associated with male infertility (Stouffs et al., 2010), and additional genes associated with spermatogenesis 
in male and reduced fertility upon Y chromosome deletions include RBM, DAZ, SPGY, and TSPY (Goncalves and 
Lavinha,1998 ). The Y chromosome microdeletion has also been reported in man where the fertile fathers of the Y-
deleted infertile son had intact Y chromosomes. These deletions might have arisen as de novo and providing strong 
evidence that these de novo deletions were indeed the cause of the spermatogenic failure in in male (Silber et al., 1998; 
Reijo et al., 1996). The Y deletion is transmitted to the male offspring as a result of point mutation found in UTY gene 
on the male Y chromosomes which is associated with infertility in male (Sun et al., 1999). Therefore, if a defective gene 
is present on the Y chromosome and the entire male offspring will inherit the Y chromosome deletion. Further, if genes 
on the X chromosome are responsible for the infertility where the daughters will be carriers and grandsons may inherit 
the defect. Many autosomal genes are also plays possible roles in male factor infertility where the autosomal dominant 
genes are the cause of the infertility which results in half of the male offspring will be infertile and half of the daughters 
will be carriers. There is no way of knowing what effect, if any at all, the carrier state for male infertility will have on 
the daughter. Cryptorchidism is another infertile phenotype that seems to be influenced by genetic factors (Katherine et 
al., 2010). During the process of recombination in male meiosis, only the tips of the Y and X chromosomes recombine, 
and these parts are referred to as the pseudoautosomal region as mentioned earlier. The rest of the Y chromosome is 
passed on to the next generation intact. The pseudoautosomal region (PAR) is a small region of sequence homology 
between mammalian X and Y chromosomes and is needed for sex chromosome segregation in male meiosis. 

Meiosis and male hybrid infertility 

Meiosis is a specialized type of cell division which reduces the chromosome number by half occurs in all sexually 
reproducing single-cell to multi-cell eukaryotes including animals. An error in meiosis leads to aneuploidy which is the 
major cause of miscarriage and genetic developmental disabilities of infertility. Since, the number of chromosomes is 
halved during meiosis and gametes fuse to form a zygote with a complete chromosome count in a combination of 
paternal and maternal chromosomes. Gene-modified mouse models have demonstrated that genetic defects in meiotic 
genes can cause catastrophic reproduction failure with the possibility of reduced fertility in males. In fact, there are 
animal models where the occurrence of aberrant reproductive phenotypes results in male infertility which is frequently 
unforeseen, but quite common. Numerous genes have been identified in mutant models and characterized by specific 
abnormalities involved in meiotic progression, chromosome pairing and recombination. Thus, meiosis and fertilization 
processes are facilitate sexual reproduction with successive generations maintaining the same number of chromosomes. 
In females, meiosis occurs in oocytes with two unequal meiotic divisions where the first division results in a small first 
polar body and a much larger daughter cell. The daughter cell divides again to form a small second polar body and a 
larger ovum. Since the first polar body normally disintegrates rather than dividing again and finally, meiosis in female 
results in three products along with one oocyte and two polar bodies. However, before these divisions occur, these cells 
stop at the diplotene stage of meiosis-I and lie dormant within a protective shell of somatic cells called the follicle. 
Follicles begin growth at a steady pace in a process known as folliculogenesis, and a small number enter the menstrual 
cycle. Menstruated oocytes continue meiosis I and arrest at meiosis II until fertilization. The process of meiosis in 
females occurs during oogenesis, and differs from the typical meiosis in that it features a long period of meiotic arrest 
known as the dictyate stage and lacks the assistance of centrosomes.  

In males, meiosis occurs during spermatogenesis in the seminiferous tubules of the testicles. Meiosis during 
spermatogenesis is specific to a type of cell called spermatocytes that will later mature to become spermatozoa. In 
female, meiosis begins immediately after primordial germ cells migrate to the ovary in the embryo whereas in the males 
begins meiosis at the time of puberty. The tissues of the male testis suppress the meiosis by degrading retinoic acid 
production which is a stimulator of meiosis. This is overcome at puberty when cells within seminiferous tubules called 
Sertoli cells start secreting their own retinoic acid. The sensitivity to retinoic acid is also adjusted by proteins called 
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nanos and DAZL. Lack of crossing-over in meiosis triggers an apoptotic response at metaphase-I by the spindle 
assembly checkpoint. In contrast to females, segregation of sex chromosomes in males poses a particular challenge as 
recombination and chiasma formation is restricted to the pseudoautosomal region. Existing data indicate that low levels 
of crossing-over failure in male meiosis can be tolerated without compromising fertility while high levels of X-Y 
dissociation result in widespread apoptosis and subsequent infertility. The threshold of X-Y recombination failure 
frequency that is compatible with fertility. The findings on apoptosis and fertility from other achiasmate mouse models 
proposed the incidence of homolog dissociation that can be tolerated in vivo without compromising male fertility. The 
construction of different types of genetic map has helped to reveal several important properties of mammalian meiotic 
recombination. For example, standard linkage analyses of whole chromosomes or chromosome regions have confirmed 
earlier cytogenetic reports of sex-specific differences with females having higher recombination rates than males and in 
males recombination is preferentially at distal regions of the chromosome. Other approaches, such as analysis of linkage 
disequilibrium or single sperm mapping have been useful in defining recombination ‘hot spots’ and in uncovering 
significant inter-individual variation in recombination over short intervals. Perhaps the easiest manner in which we can 
characterize meiotic genes is through whole-genome expression profiling using oligonucleotide microarrays and next 
generation sequencing but such gene sets often include non-meiotic genes. A recently a novel strategy has been 
developed to investigate meiotic-specific genes in mice and characterized a subset of the identified gene products using 
reverse transcription-PCR of RNA. 

However, the majority of these analyses have been restricted to chromosome regions or single chromosomes with no 
attempt being made to examine the exchange patterns over all chromosomes. Recently, two different approaches viz., 
cytogenetic and genomic studies have been introduced that make it possible to analyze genome-wide exchange patterns 
in individual meiosis. 

Chromosomal abnormality in crossbred animal 

Freemartinism is the most common cause of intersexuality in cattle (Padula, 2005). At the time of bovine fetal 
development, the male gonad begins to differentiate at an earlier stage of gestation than the female gonad which 
becomes steroidogenically active earlier than the female (Short et al., 1970). Freemartinism occurs when fusion of 
placental blood vessels in cattle with twin pregnancies permits male gonad derived hormones to transfer to a female twin 
embryo, which in turn inhibits female reproductive tract development. Another chromosomal abnormality is diploid-
triploid (60, XX/90, XXY) intersex in Bos taurus which is very rare with few case reports. Due to this condition, animal 
exhibited an aplastic vulva, penis and clitoris agenesis with a male-like urethra located in a pseudo prepuce opening 
between the mammary complexes. A normal (60, XX) female karyotype was detected in lymphocyte cultures whereas 
uterus and tendon cells revealed mixoploidy. Quantification of X and Y chromosome-specific sequences using RT-PCR 
revealed extraordinary high Y chromosome equivalents in the sample recovered from the male-like transformed 
vestibulum vaginae suggesting a causative relationship. A chimeric origin is suggested despite the fact that microsatellite 
analysis of the animal's blood cells displayed no unusual allele accumulation. Inherited disorders of sexual development 
cause sterility and infertility in numbers of domestic animal but there is little information on the molecular causes. 
While, the equine genome sequence has made it possible to identify candidate genes, additional tools are needed to 
routinely screen them for causative mutations. Genetic sex in animal is determined by the sex chromosomal composition 
of the zygote. The X and Y chromosomes are responsible for numerous factors that must work in close concert for the 
proper development of a healthy sexual phenotype. The role of androgen in case of XY chromosomal constitution is 
crucial for normal male sex differentiation. The intracellular androgenic action is mediated by the androgen receptor, 
and its impaired function leads to a myriad of syndromes with severe clinical consequences, most notably androgen 
insensitivity syndrome and prostate cancer. Infertility is a common problem that affects approximately 15% of the 
population. Although many advances have been made in the treatment of infertility, the molecular and genetic causes of 
male infertility remain largely elusive. This technical note will present a summary of our current knowledge on the 
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genetic origin of male infertility and the key events of male meiosis. It focuses on chromosome synapsis and meiotic 
recombination errors which causes meiotic arrest and chromosome aneuploidy and leading to male infertility.  

Conclusion 

All cases of male infertility are needed to be considered as genetic until proven otherwise. Adopting a global approach 
for examination of novel genes may allow us for complete understanding of the interaction between genetics and fertility 
which could uncover genes with unknown roles in infertility. The approach may also circumvent one of the main 
problems that geneticists face when relating a genotype to a specific infertility phenotype; the diverse genetic 
backgrounds of different ethnic groups (Lin et al., 2006). Incorporating techniques such as genomics, proteomics, and 
metabolomics into infertility research could assist in creating a complete portrait of the genes involved in infertility 
which may allow for improvements of reproductive technology with more targeted solutions. Through the efforts to link 
genetic mutations to specific male infertile phenotypes and the use of global investigative approaches such as 
metabolomics, researchers may be able to determine the interactions of genetics and environment background of 
fertility. Recent research indicates that crossbreeding or hybridization is not only widespread in nature but it might also 
spawn many more new species than previously thought. A growing number of studies have been presented as evidence 
that two animal species can combine to produce a third, sexually viable species in a process known as breed 
development or hybrid speciation. This evolutionary process, while known to be common in plants, has long been 
considered extremely rare among animals. Animals are generally thought to evolve the opposite way, when a single 
species gradually splits into two over many generations. But some scientists now believe that the behavior that has been 
called animals' sexual blunders could be an important force in their evolution. Given the fact, there have been several 
reported cases of breed development or hybrid speciation in animals; this is possible that's just the tip of the iceberg. 
Hybrid-formed species are usually extremely difficult to detect because of their close physical resemblance to their 
parent species. But today, scientists are able to collect the detailed molecular data needed to identify previously 
unrecognized crossbred or hybrids. To date, it has been estimated that genetic factors including chromosome aberrations 
and single gene defects account for approximately 10-15% of severe male factor infertility. Some of the recent time 
research on infertility suggested that the process of spermatogenesis and fertilization is potentially mediated through a 
variety of mechanisms in association with infertility phenotypes which includes, epigenetic modifications, 
ubiquitination, genome organization perturbations, spermatozoa RNAs, proteomics, environmental contaminants and 
pharmacological agents. These factor are roots cause of sperm DNA damage. Moreover, complete sequencing and 
comprehensive functional analysis of the region in species with PARs is needed to be further unveiling the roles of the 
PAR in crossbred male. 
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Epigenetics – one genotype many phenotypes  

pigenetics means changes in gene expression without any alteration in nucleotide sequence (Wu and Morris, 
2001). It is a normal biological phenomenon influenced by nutritional, climatic and disease factors. A simplest 
example can be differentiation of brain, liver and other cellular features from the same DNA sequence in an 

individual. Epigenetics manifests itself under different processes like DNA methylation, histone modifications and RNA 
based gene regulation (Dada et al., 2012). Several other processes involved in epigenetics are being discovered and their 
role in different disease conditions is getting recognized. With new emerging views regarding transfer of inheritable 
epigenetic processes, this field is being followed up keenly as the same has been found to be involved in several genetic 
disorders and diseases (Zhai et al., 2008). Besides, with the availability high throughput sequencing technologies, an 
altogether new paradigm has been added to the study of epigenetics.  Complexities in epigenome data are challenging as 
epigenetics features differ not only among individuals but also among different cells and tissues within the same 
individual (Lister et al., 2009). These differential features are the result of epigenetic processes mentioned above and has 
further highlighted the complex relationship between genotype and phenotype.  

Epigenetic regulation of germ cells  

For orderly expression of genetic information, nature has provided for chromatin organization involving DNA and 
histones which in turn is influenced by epigenetic changes in them (Goldberg et al., 2007).  Both of these are oppositely 
charged (Histones being positively charged containing positively charged amino acids, lysine and arginine while DNA is 
negatively charged) which allows them to hold together. It is these associations between histones and DNA which are 
regulated by epigenetic mechanisms resulting in activation or repression of cellular processes such as transcription as per 
cellular needs. Also, during meiosis, a compact heterochromatin in which DNA is tightly associated with histones is 
needed for chromosomes to align and recombine efficiently but on the contrary for transcriptional processes, 
euchromatin – a loose binding state between DNA and histones is required (Allis et al. 2007). Thus, a clear dynamism of 
changing epigenetic states throughout cellular functioning and development regulation tends to make sure that the 
happening of destined events takes place at destined time intervals.    

Kinetics of DNA methylation in germ cells 

DNA methylation is most predominantly concentrated in the CpG regions distributed throughout the genome. In 
promoter regions of the genome where the occurrence of CpG is especially high (known as CpG islands), methylation is 
usually absent which accounts for gene expression due to availability of the sites for binding of transcriptional 
machinery (Aapola et., 2004). Conversely, methylation of these promoter regions and also of differentially methylated 
regions (DMR’s) of imprinted genes is associated with gene silencing as a result of masking of sites for transcription 
initiation. DNA methylation is catalyzed by DNA methyltransferases grouped into two categories: de novo 
methyltransferases (DNMT 3A and DNMT 3B) and maintenance methyltransferases (DNMT1) (Goll and Bestor, 2005). 
Recently a new methyltransferase DNMT3L has been discovered which has been shown to stimulate DNMT3A but 
probably not DNMT3B (Ooi et al., 2007).  

One of the most intricately controlled and highly coordinated process is spermatogenesis leading to formation of mature 
spermatozoa. Throughout this process, several changes in epigenetic state takes place involving transposable elements, 
imprinted genes and other developmental processes which are essential for production of healthy spermatozoa. DNA 

E 
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methylation plays a key role in these mechanisms. First one to undergo epigenetic change is transposable elements 
which are silenced by DNA methylation. These elements comprise of DNA transposons, long terminal repeat 
retrotranspososns, LINEs and SINEs etc which if not silenced will propagate throughout the genome causing genetic 
rearrangements (Deininger et al., 2003). Newly discovered DNMT3L has been found to facilitate transposable elements 
silencing (Hata et al., 2006).  

Genomic imprinting 

As mentioned previously, during gametogenesis sex-specific changes at the global level occur in the epigenome as a 
wave of DNA demethylation, followed by re-establishment of DNA methylation and chromatin modifications (Holliday, 
1989; Ariel et al., 1991, 1994 and Sassone-Corsi, 2002). This contributes to the unique feature of the germ line and the 
control of gene function from one generation of an organism to the next.  Fidelity of this resetting process is important 
for preventing aberrant epigenetic changes that can be passed on to the next generation. Male and female germ cells 
from parents who had a failure in epigenetic reprogramming from either through assisted reproductive manipulations 
(DeBaun et al., 2003) or exposure to harmful environmental or chemical factors produce offspring with a greater 
susceptibility to genetic disease (Rhind et al, 2003). 

This phenomenon of setting up of sex specific imprint marks on genes is termed as genomic imprinting by which some 
genes are expressed in a parent of origin specific manner (Trasler., 2006). Imprinted genes are expressed either from 
maternal side (eg. H19) or from the paternal side (eg. IGF-2). This monoallelic gene expression is achieved through 
DNA methylation and different kinds of histone modifications. These epigenetic marks are established in the germline 
and are maintained throughout all somatic cells of an organism. Imprinted genes play key role in development and 
growth, whereas others influence behavior after birth (Morison et al., 2005). The allele-specific gene expression at 
imprinted domains is controlled by essential sequence elements called ICRs (Imprinting control regions). ICRs are 
several kilo bases in size and most of them correspond to CpG islands. They are all marked by allelic-specific DNA 
methylation either on the maternally or on the paternally inherited allele (Delaval and Feil, 2004). Upon fertilization, the 
oocytes or sperm derived allelic imprints are transmitted to the zygote and they are stably maintained in the developing 
embryo where they induce mono-allelic expression of imprinted genes. In male germ cells, the establishment of the 
paternal imprints involves a factor named BORIS (brother of the regulator of imprinted sites; Klenova et al. 2002) and 
DNA methyltransferases, DNMT3A, DNMT3B and the closely related DNMT3L (Kato et al. 2007). Deletion of 
DNMT3L results in a loss of methylation at paternally imprinted regions. Spermatogonia which are deficient in 
DNMT3A and DNMT3B displayed variations in methylation patterns at paternally imprinted regions (Kato et al. 2007). 
DNMT1 is also important in the imprinting process. DNMT1-deficient embryos displayed a loss of genomic methylation 
to the extent of less than 30% of that found in heterozygous or wild-type embryos. Further, aberrant methylation patterns 
were also observed at paternally and maternally imprinted regions (Li et al. 1992, 1993). The importance of appropriate 
paternal imprinting has been established for offspring inheriting such alleles naturally and has been propounded well by 
several studies which have found an increased prevalence of abnormal methylation in imprinted genes in infertile men 
suffering from oligozoospermia (decreased sperm count) compared with normozoospermic men (Klaver et al., 2013, 
Boissonnas et al., 2010, Kobayashi et al. 2007). This fact has been corroborated by genome wide studies in humans and 
animals as well (Verma et al., 2014; Aston et al., 2012; Hammoud et al., 2011), thus raising the possibility that a failure 
of establishment of precise imprinting marks or other methylation changes across genome might be responsible for 
infertility/subfertility.  

Similarly, in case of oocytes also, establishment of proper methylation information has been observed to be the most 
crucial event during oocyte maturation and early embryonic development in humans as well as  other mammalian 
species including cattle, sheep, goat (Tomizawa et al., 2012; O’Doherty et al., 2012; Colosimo et al., 2009) etc. In mouse 
female germline, DNA methylation is re-established during oocyte maturation after birth and is complete by the time 
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oocyte germinal vesicle (GV) stage. This process is mainly catalyzed by DNA methyltransferases (Tomizawa et al. 
2012). 

Besides, epigenetic modifications are also required for meiotic processes of chromosome packing, pairing and 
recombination. Without DNMT3L, chromosomes fail to form heterochromatin and are unable to pair at zygotene stage. 
Loss of methylation results in activation of genes which should be normally repressed, including imprinted genes and 
other transposable elements leading to meiotic failure as described by Bestor as meiotic catastrophe (Bourchis & Bestor, 
2004).  

Chromatin assembly involving post translational modifications of histones 

During mitosis and meiosis, germ cell DNA is packaged in nucleosomes, comprised of histone 2A (H2A), histone 2B 
(H2B), histone 3 (H3) and histone 4 (H4), all of which are susceptible to covalent modifications, such as methylation, 
acetylation, ubiquitination and phosphorylation. Chromatin modifications determine activation/ repression status of 
genes. Each of these chemical modifications of histones works alone or in concert to influence gene expression. Histone 
methylation on arginine and lysine (K) residues of H3 or H4 can cause gene activation and/or repression (Lachner and 
Jenuwein, 2002; Suganuma and Workman, 2008). Monomethylation, dimethylation and trimethylation modifications of 
H3K4, H3K9 or H3K27 carried out by histone methyltransferases display tightly controlled temporal expression and 
ensure proper progression through spermatogenesis (Godmann et al., 2007; Payne and Braun, 2006). Histone acetyl 
transferases cause acetylation of histone at specific lysine residues and are associated with gene activation (An, 2007). 
This is of particular significance during male meiosis. Besides histone phosphorylation at several serine residues of all 
histones is normally associated with activation (Rossetto et al., 2012). On the other hand, ubiquitylation at lysine 
residues can enhance/ repress transcription (Verger et al., 2003).  

Changes in chromatin structure by ATP hydrolysis 

Changes in chromatin structure which make them accessible or in accessible to transcription factors are mediated not 
only by DNA methylation and histone modifications but also by several other mechanisms (Narliker et al., 2002). One 
of the most prominent of them is dependent on ATP hydrolysis. Three families of such type has been known till date - 
SWI/SNF (switch/sucrose non fermenter) family, the ISWI (imitation switch) family and the MI-2 (myositis specific 
autoantigen 2), all of which possess a conserved catalytic ATPase subunit. These proteins slide along DNA and carry out 
several structural conformations in the DNA like twisting, bulging or spooling thus making it accessible or inaccessible 
to transcription factors (Fan et al., 2003). Ablation of these proteins has been observed to cause serious spermatogenesis 
defects involving homologous recombination and DNA repair.   

Replacement dynamics of Histones with protamines in sperm 

Paternal DNA gets fit into the nucleus of sperm which involves switching from a histone to a protamine based DNA 
packaging configuration (Oliva and Dixon., 1991; Balhorn et al., 2000; Balhorn, 2007). Protamines are arginine and 
cysteine-rich proteins that have arisen independently in the genera from different phyla, most likely as a result of a 
simple frame-shift mutation in an ancestral H1 gene (Lewis et al., 2004; Ausio et al. 2007). There are two classes of 
protamines (protamine 1 and protamine 2) involved in repackaging the sperm DNA of most species. Although some 
species, notably bovine and porcine and some primates contain genes for both the variants but only one is expressed 
(Maier et al. 1990, Queralt et al. 1995). The positive selection favoring the formation of a nucleoprotamine based 
chromatin configuration probably arose because it packages DNA over ten times more efficiently than nucleo-histones. 
The spermatozoal nucleus remains transcriptionally inert and such extreme compaction of its DNA during the final stage 
of its development ensures safe delivery of paternal genome to the egg. Using biochemical, time lapse and atomic force 
imaging techniques, the pioneering work of Balhorn, 2007 showed how protamines (specifically P1) that associates with 
10–11 nucleotides per monomer, can complex with and coil 50 kb of naked DNA ex vivo to form toroidal structures of 
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60–100 nm diameter and a thickness of 20 nm. By stacking these toroids, the sperm nucleus achieves a higher efficiency 
in packing the paternal genome, reducing the size of the sperm nucleus to an absolute minimum. As head shape and size 
are known to affect sperm motility and function (Ausio et al. 2007), it is likely that nuclear dimensions are an important 
requisite in facilitating optimal head shape and efficient compaction of the paternal genome. Hence, the evolutionary 
pressure to substitute histones with protamines is strong. Transition proteins are thought to prepare the chromatin for 
association with protamines, possibly by influencing DNA condensation (Meistrich et al., 2003). During development of 
the post-meiotic haploid spermatids, transition proteins become a significant chromatin component. After histone 
removal and before protamine deposition, transition proteins constitute 90% of all chromatin basic proteins. The best 
characterized of these proteins, transition protein 1 and transition protein 2, represent about 55% and 40% of spermatid 
total nuclear proteins, respectively (Meistrich et al., 2003). Mice mutants for transition proteins 1 and 2 are able to 
produce offspring, although with reduced fertility, suggesting overlapping roles of these proteins (Yu et al., 2000 and 
Zhao et al., 2001). Notably, phosphorylated transition protein 2 is associated with less condensed DNA, which might 
facilitate protamine entry (Meetei et al., 2002). It is believed that histone H4 hyperacetylation facilitates the transition to 
protamines (Sung and Dixon., 1970). While it is unclear how H4 hyperacetylation may elicit this function, it is notable 
that CDY, a Y-chromosome encoded histone acetyltransferase protein, is testis-specific and readily acetylates H4 (Lahn 
et al., 2002).   

Epigenome dynamics and implications in fertility: Is DNA methylation a decisive indicator of fertility? 

As described above, the phenomenon of methylation has been observed to be of vital importance in the epigenetic 
reprogramming of germ cells. Being a dynamic phenomenon, it is erased completely and reestablished during germ cell 
development (Reik and Walter. 2001). Any hindrance/ alteration to this process either due to deficiency of enzymes 
involved or substrates (donor of methylation groups like methionine) could lead to production of germ cells not eligible 
for fertilization. Recent studies have observed that these alterations/ aberrations have significant deleterious effects on 
fertility. Studies in humans have established this fact beyond doubt (Klaver et al., 2013; Sato et al., 2011; Hammoud et 
al., 2010; Poplinski et al., 2010; Boissonnas et al., 2010).  Among these, methylation of imprinted genes has been 
particularly studied for relationship with spermatogenetic defects. Further, in a study by Wu et al., 2010, testicular 
biopsies of patients with non-obstructive azoospermia revealed hypermethylation of the promoter region of MTHFR, 
highlighting the fact that epigenetic silencing of MTHFR gene could have a role in azoospermic infertility. In a study, 
encompassing several genes for their CpG methylation levels, it was found that most of them were differentially 
methylated in fertile and infertile patients. Not only this, but the pattern of infertility was found to be associated with 
specific epigenetic change e.g., oligozoospermic patients were having methylation abnormalities in MEST gene while 
abnormal protamine cases were affected at KCNQ1 and SNRPN (Hammoud et al., 2010).   

Liu et al., 2010 have worked on another epigenetic regulator named Jmjd1 gene, expressed during spermatogenesis 
where it specifically causes demethylation of mono- and di-methylated histone H3 lysine 9 (H3K9me1 and H3K9me2) 
but not trimethylated H3K9 (H3K9me3). As expected, the levels of histone acetylation were decreased in Jmjd1a knock-
out germ cells. This suggests that Jmjd1a promotes transcriptional activation by lowering histone methylation and 
increasing histone acetylation. In agreement with these findings, Jmjd1a deficiency caused extensive germ cell apoptosis 
and blocked spermatid elongation, resulting in severe oligozoospermia, small testes, and infertility in male mice. In farm 
animals, no such report exists for Jmjd1A which makes it a potential candidate for screening bulls with poor 
reproductive performance. Besides, other regulators of gametogenesis have also been associated with infertility e.g., 
DAZ genes. DAZ genes and its homologues which encode germ cell specific RAN binding proteins involved in 
transcription, translation and other developmental processes have been observed to be regulated by methylation. They 
are exclusively expressed in germ cells after demethylation of differentiation genes and are vital to the establishment of 
unique germ line picture.  Considering their importance, they have been investigated as a vital candidate for 
spermatogenetic aberrations.  DNA methylation pattern of promoter CpG islands of two germ line regulator genes – 
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DAZL and DAZ in spermatozoa of normozoospermic and oligoasthenozoospermic patients revealed increased 
methylation defects in the DAZL promoter of OAT (oligoasthenozoospermia) cases when compared to NZ 
(normozoospermia) cases.   Wu et al., 2010 have also analyzed the methylation pattern of DAZ gene in infertile 
individuals. They have presented an altogether different perspective with respect to DAZ gene promoter methylation 
status in azoospermia patients saying that methylation at DAZ gene promoter was not related to male infertility. Such 
contrasting studies indicate that methylation as a marker for infertility still needs to be potentiated with more concrete 
evidences. Such differences could be due to non-homogeneity across samples. Further, Klaver et al., 2013 observed that 
MEST DNA methylation to be significantly associated with oligozoospermia and have even propounded it to be 
established as a suitable marker for such cases. 

Several other studies have also tried to explore possible genetic and epigenetic causes (methylation) of male infertility 
using mouse models (O’Bryan and de Kretser, 2006), candidate gene sequencing (Miyamoto et al., 2003; Aoki et al., 
2006a, b, c; Hammoud et al., 2007, 2009a, b) and genome-wide association studies in humans (Aston and Carrell, 2009) 
as well as animals (Verma et al., 2014). These studies have revealed that single gene polymorphisms may not be the 
likely cause of most cases of male infertility. On genome wide profiling of sperm DNA methylation in fertile and 
subfertile buffalo bulls, Verma et al., 2014 found that differentially methylated genes related to spermatogenesis, 
capacitation, germ cell development and embryonic development were differentially methylated among these two 
groups. They concluded that DNA methylation in spermatozoa might be a crucial indicator of fertility of breeding bulls. 
In an another array based study, allele specific DNA methylation differences at regulatory sites of genes involved in 
piRNA regulation were found to linked to disturbed spermatogenesis. On the contrary, Jena et al., 2014 reported that 
H19-IGF2 DMR (differentially methylated region) methylation status was not different between graded fertility bulls 
although some of the domains termed CTCF binding sites within DMR were different. They have also hinted that 
fertility issues of bulls need to be assessed at global levels rather at individual genes in order to arrive at a definitive 
conclusion. 

A large number of evidences in support of epigenetic modifications in sperm genome (both histone modifications and 
DNA methylation) that influence them to participate in early embryogenesis (Hammoud et al., 2009b; Aston and Carrell, 
2009) exist.  These observations reinforces the role of methylation defects, of both imprinted and non-imprinted genes, 
as well as other epigenetic defects (such as histone localization or modifications), in determining fertilizing ability of 
spermatozoa. Hence, thorough understanding of epigenetics of gametes as well as embryos based on the knowledge 
gained through these observations might be of immense benefit in correcting the diseased states and restoring natural 
balance. Moreover, spermatozoal DNA methylation seems not only to be an informative parameter for spermatogenesis 
but also  for subsequent fertilization processes such as pregnancy success and outcome as described by previous studies 
(Lambrot et al., 2013; Kumar et al., 2013; Rotondo et al., 2012; Zheng et al., 2011; Ankolkar et al., 2012; Benchaib et 
al., 2005).     

Besides, few studies have shown how DNA methylation and histone modifications are interlinked. Ooi et al., 2007 
showed that certain histone modifications in chromatin inhibit DNA methylation. Even the differentially imprinted 
alleles maintain differential histone modifications to promote activation or suppression in somatic cells (Delaval and 
Feil, 2004; Delaval et al., 2007). In favor of this argument, studies (Hammoud et al., 2009a, b) observed that H3K4me3 
was associated with paternally expressed DMRs  whereas, maternally imprinted (paternally repressed) loci lacked 
H3K4me3 and had moderate levels of H3K9me3, a repressive chromatin signature. These nucleosome modifications add 
towards the epigenetic cellular memory in establishing and maintaining parent of origin identity. Male infertility cases 
with abnormal histone retention might interfere with this memory but it still remains to be known that whether these 
modifications are responsible for poor embryo outcome in infertility patients with modified histone to protamine ratio.  
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Epigenetic potential of nuclear proteome in relation to fertility 

Not only methylation, but histone modifications has also been seen to be associated with infertility cases both in humans 
and animals. High throughput differential proteomics performed in human male infertility cases by Azpiazu et al., 2014 
revealed high levels of proteins contributing to altered sperm epigenetic signatures in infertile patients. Not only this, but 
the proteins invovled in metabolism especially lipid/ lipoprotein metabolism were reduced in infertile patients 
suggesting that epigenome has a direct influence on metabolome. They observed that these proteomic epigenetic 
alterations might be the reason for pregnancy failures. Interestingly, Vieweg et al., 2015 suggested improper histone 
acetylation and not DNA methylation as a cause of insufficient chromatin compaction which they believed was the 
reason for in ability of spermatozoa to transfer correct epigenetic marks to oocytes, leading to infertility/ sub fertility.   

Besides, recent studies have overturned the fact that spermatozoa acts only as a carrier of DNA methylation to the next 
generation. It has been observed sperm while substituting histones for protamines does not do it completely, and a small 
subset of histones are retained which probably cut down upto some extent the dominant maternal effect (Hammoud et 
al., 2009).  These studies have termed it as a normal programmatic process and not just an aberration. These histones and 
their subsequent modifications act as carriers of epigenetic information across generations. The retained histones 
consists of H3K4me2, H3K4me3, H3K27me3 etc, including a testes-specific histone H2B (TH2B) (Kimmins and 
Sassone-Corsi, 2005) which are subjected to various modifications, including methylation, acetylation, phosphorylation, 
ubiquitination and ribosylation to facilitate chromatin access in a time and space specific manner (Bannister and 
Kouzarides, 2011; Petty and Pillus, 2013). Verma et al., 2015 focused on two such modifications viz. H3K4me2 and 
H3K27me3 and found genes involved in the processes of germ cell development, spermatogenesis and embryonic 
development to be enriched differentially among high and low fertility bulls emphasizing their significance in 
reproductive performance of bulls.      

Clinical significance of abnormal protamine expression 

There is an obvious relationship between aberrant expression of protamines and infertility (Oliva, 2006). Insufficient 
protamine message especially with respect to P2 has been observed to cause oligozoospermia and DNA damage in 
different species (Carrell and Liu. 2001). From the above statement, it seems that a high P1/P2 ratio is probably the 
major reason for infertility in these cases (Aoki et al., 2006d).  It is not always the P2 which is the cause of infertility as 
some recent evidences have found dysregulation of P1 gene in cases of infertility. But still P2 aberrations are more 
common in infertility cases probably due to the fact that P2 gene has been derived later than P1 during the course of 
evolution making it more prone to changes or variations (Lewis et al., 2003).  Sperm parameters affected by abnormal 
protamine expression involve, motility, acrosome integrity, DNA intactness, penetration ability etc. which in turn affect 
the fertilizing ability of spermatozoa, although in ICSI treated cases, and pregnancy rates were not different when 
compared to IVF (Aoki et al., 2005a, 2005b). It could be concluded that a) abnormal protamine expression is 
predominantly occurring in infertile males and b) it is related to severe spermatogenic defects.  This association has been 
supported in experimental animal studies involving reduction of protamine expression. Abnormal protamine expression 
has been found to increase apoptosis rate which possibly explains the process by which the former causes impaired 
spermatogenesis (Cho et al., 2001, 2003). In mice, insufficient protamines have been observed to be associated with 
DNA damage ultimately leading to defective spermatogenesis. In bovines also, sperm protamine content and DNA 
damage have been observed to be closely associated. It is believed that reduced protamine content results DNA 
instability and damage, which can affect bull fertility (Fortes et al., 2014).  Alternatively, it could also be stated that 
altered protamine levels might be the result of abnormalities in processes of transcription, translation or other 
phosphorylation mechanisms which in turn affects spermatogenic genes including protamines. Particular targets of 
interest in this case might be Y-box proteins Translin and Contrin, and the associated kinesin, KIF 17B, because of their 
involvement in transcriptional and translational regulation. Other key regulating phenomenon, such as phosphorylation 
mechanisms, could be responsible for a broad defect affecting spermatogenesis (Aoki et al., 2006d) 
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ART failures and associated epigenetic alterations 

A gain or loss of expression of imprinted genes has also been implicated in many diseases (Jaenisch and Bird, 2003; 
Seitz et al., 2004; Morgan et al., 2005; Royo et al., 2006) including Beckwith–Weidemann syndrome (BWS) and 
Angelman’s Syndrome (AS), both of which have been significantly correlated with neuromuscular abnormalities of IVF 
produced babies (DeBaun et al., 2003; Gosden et al., 2003; Buiting et al., 2003; Maher, 2005). Houshdaran et al. 2007 
reported that a broader alteration in DNA methylation in sperm is seen at many imprinted loci, CpG islands upstream of 
gene promoters and a few repetitive elements in infertile patients with poor semen parameters. The differences in the 
degree of sperm DNA methylation within some genes or alleles raised possibilities of their association with embryo 
health and existence of a threshold level for conferring disease risks. Kagami et al. (2007) showed that defective 
methylation at the DMR of MEST in sperm may have been inherited by an ART born baby with Silver–Russell 
syndrome (SRS). In a more intensive study, Kobayashi et al. 2007 showed abnormal DNA methylation at many 
imprinted loci in 17 of 78 assisted reproductive technology (ART) embryos tested. In seven cases, hypomethylation at 
H19 and GTL2 was present both in the sperm and in the embryo, suggesting that abnormal hypomethylation may be 
paternally inherited. 

Epigenetic changes in ageing oocytes and their poor fertilizing ability 

Ageing oocyte refers to the process of ageing that occurs in the ovaries of females at later stages of their reproductive 
cycle with consequent decrease in oocyte number and quality which manifests itself in the form of lower conception rate 
(Tatone et al., 2008).   Studies that have tried to study the underlying phenomenon of such changes have correlated it 
with establishment of epigenetic changes in the germline which have the potential to pass over to future generations. 
Thus epigenetic changes occurring during oocyte ageing has a lot to do with oocyte quality.   

Ageing oocytes and DNA methylation 

The process and ways of methylation establishment in oocytes is similar to spermatozoa. Deletion of DNMT1, a de novo 
methyltransferase in embryos showed loss of imprinting signatures which led to death of such embryos (Howell et al., 
2001).   Methylation patterns have been found to be different in oocytes of young and old mice. Besides, methylation 
has been observed to be changing in oocytes and preimplantation embryos of older mice. Pregnancy rate of older mice is 
lower than that of young with more pronounced foetal defects which may be associated with abnormal DNA 
methylation in oocytes (Yue et al., 2012). But still no concrete evidences have been put forward to associate aberrant 
DNA methylation in oocytes and ageing. Also, contrasting studies in which neither the monolallelic expression of genes 
like H19 and SNRPN nor the DNA methylation patterns of DMRs of imprinted genes was altered in embryos produced 
from oocytes of ageing mice (Lopes et al., 2009) exists. Even the genome wide methylation studies could not find 
methylation aberrations in embryos and placentas of aged female mice (Lopes et al., 2009).   

Ageing oocytes and histone modifications  

As described previously, histone modifications comprise another major and well investigated epigenetic modifications 
apart from DNA methylation. Deacetylation of histones by histone deacetylases occurs during meiosis I and II stages. If 
this process is inhibited or changed, it results in aneuploidy in fertilized oocytes leading to embryonic death during early 
stage of development (Akiyama et al., 2006). Similar to DNA methylation, histone acetylation has also been found to be 
different in old and young female mice (Suo et al., 2010). Sirt 2 expression which is related to histone acetylation 
(H4K16) was found to be reduced in oocytes of older mice as compared to younger ones (Zhang et al., 2014a).  Besides, 
GV and MII oocytes of older females were found to be lacking H3K9me3 as compared to GV and MII oocytes of 
younger ones (Manosalva and Gonzalez, 2010). Methylation of H3K4 has also been observed to be changed in ageing 
GV oocytes in mice (Shao et al., 2015). Recent studies have observed intense acetylation status of histones in early stage 
oocytes (GV) while during later stages of MII, histones were variably deacetylated.  Further, histone acetylation status 
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was found to be related to maternal age with advanced age females showing lower deacetylation of H4K12 in MII 
oocytes. Not only is this, but the process of ubiquitination was also affected in older females. Ubiqitin itself was down 
regulated and at the same time, ubiquitin specific peptidases were upregulated in such females (Grondahl et al., 2010).   

Conclusions & Way Forward 

As mentioned earlier, epigenetics is a phenomenon which is influenced by dietary and environmental factors. These 
factors can impact acetylation of histones and DNA methylation to a large extent. Intracellular levels of dietary cofactors 
like NAD+, acetylcoA, ATP etc. play a major role in this process.  Also methyl donors for DNA methylation like S-
adenosylmethionine are provided by the folate-methionine pathway (Daniel and Tollefsbol, 2013). The availability of 
dietary methyl donors and cofactors are therefore very critical during development. Nutrition affects DNA methylation 
during development and this has been observed in several studies where it was found that aberrant epigenetic state due 
to low DNMT1 activity can be effectively prevented by folate treatment (Lillycrop et al., 2005, 2007). Waterland et al., 
2006 observed that permanent repression of IGF2 can be seen in methyl donor deficient diets. The epigenetic patterns 
established with help of these molecules need to be identified and defined so that reliable diagnosis and future prognosis 
can be done (Egger et al., 2004).  Besides, they also present themselves as new targets for drugs or development of novel 
dietary combinations. From above evidence, it seems that dietary and other environmental factors need to be studied 
further in association with different epigenetic states in search for novel drugs and molecules which could possible 
restore the natural epigenetic balance in diseased individuals, especially the ones suffering from disturbed 
spermatogenesis.  
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Cross breed bovine infertility 
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rtificial insemination of low producing indigenous cattle with semen from high-producing exotic bulls such as 
Holstein Friesian and Jersey is part of the breeding policy in India since last four decades to improve milk 
productivity. Consequently, several crossbreds have been developed with substantially greater productivity 

than their purebred counterparts (Singh, 2005). A large number of reports have been published discussing the pros and 
cons of crossbreeding and a good deal of experience has been generated. Crossbreeding has led to a significant increase 
in milk yield in the first crossbred generation (F1) in comparison with the local stock. The crossbred females calve at a 
younger age than native animals, produce more milk and have longer lactations, shorter dry periods and shorter calving 
intervals. The positive results have mainly been attributed to the superiority of the exotic inheritance. Crossbreeding is 
therefore a very attractive short-term livestock improvement tool as the advancements can be made within one 
generation. However, there are some problems imbibed by crossbreeding which cannot be ignored. The increase in milk 
yield in crossbreds has been observed to be accompanied by deterioration in other vital traits like viability, reproduction 
and disease resistance. For the traits other than milk yield, crossbreds may not prove better than the purebred Indian 
breeds. Moreover, with higher exotic ‘blood’, the animals become more sensitive to the environment under the prevalent 
limiting conditions.   

A matter of great concern is the subfertility observed in the male progenies produced from the crossing of Bos taurus 
with Bos indicus (Mukhopadhyay et al., 2010; Tripathi et al., 2014). The seminal parameters and fertility of the 
crossbred bulls have been reported to be poor than the indigenous breeds (Khatun et al., 2013). Ejaculate rejection rate 
owing to poor initial semen qualities in crossbred bulls ranges from 23.02% to 100%, with an average of 52.46% 
(Thippeswamy et al., 2014). There is also high incidence of sperm abnormalities (even up to 70%) in crossbred bulls 
(Chauhan et al., 2007). As a consequence, more than 50% of young crossbred bulls, which are progenies of elite dams 
and proven sires, are rejected from semen stations because of poor semen quality and low cryosurvivability of 
spermatozoa (Khatun et al., 2013; Rajak et al., 2014; Thippeswamy et al., 2014).  

The economics of sustainability of animal agriculture depends on obtaining the highest conception rate from genetically 
superior sires. Hence subfertility of crossbred bulls poses a great obstacle in the genetic improvement programmes. This 
can cause heavy economic losses in terms of time, labour and money in rearing infertile bulls up to semen collection 
age. Among the different genetic levels, it has been reported that higher percentage (68.50%) of inter-se mated crossbred 
bulls produce poor quality semen compared to the bulls of HF X lower crosses origin (Mandal et al., 2012). Contrary 
reports are available from Thippeswamy et al., 2014 who reported that the incidence of “low-grade ejaculates” is higher 
in F1 bulls with 50% exotic germplasm as compared to bulls with 75% exotic inheritance or inter-se mated bulls (50-
62.5%) exotic blood. This suggests that the level of exotic inheritance could influence the quality of ejaculates produced 
by a crossbred bull. However, the Taurine or Indicine bulls do not suffer from poor semen quality (Rao and Rao, 1995; 
Mandal and Tyagi, 2004) suggesting possible effect of crossbreeding on sperm production efficiency of crossbred bulls. 
The exact etiology for impaired semen production capacity in crossbred bulls, even during the best breeding season, has 
not yet been unraveled (Tripathy et al., 2014).  

A severe form of impaired fertility in bovines is observed in inter-species hybrids of cattle (Bos taurus) and yak (Bos 
grunniens) (Zhang et al., 2009). Pure yaks being poor milk and meat producers have been crossed with cattle to 
overcome poor production. The cattle-yak hybrid shows strong heterosis compared with cattle and yaks in terms of 
production performance such as meat, milk and draft power (Wei and Xu, 2010). However, reproductive isolation that 
results from the male sterility in the F1 hybrid is a major stumbling block to yak crossbreeding and exploitation of 
heterosis (Wang et al., 2012). Although many researchers have been focusing on explaining reasons for cattle-yak 

A 



Cross breed male infertility and Bovine Genomics 

35 | P a g e  

 

sterility, little knowledge has been obtained for this phenomenon. Exploring the mechanism of male subfertility in 
crossbred cattle or sterility in cattle-yaks has both theoretical significance and practical value. Hence, this area deserves 
thorough investigation for exploitation of heterosis that occurs by crossbreeding. 

For assessment of the potential for the reproductive success of a bull, a systematic approach termed as the Breeding 
Soundness Examination (BSE) has been formalized by the Society for Theriogenology (the study of reproduction in 
domestic animals). Standard semen analysis involves measurements of motility, viability and membrane function to 
estimate the fertility status of bulls. However, semen characteristics and sperm morphology measurements are not 
always indicative of actual fertility of bulls (Chacur, 2012). Moreover, the subfertility/infertility among the bulls can be 
recognized at a very later stage only, i.e., after semen collection, freezing and in vivo fertility trials, which leads to huge 
financial loss (Tripathy et al., 2014). Bull fertility traits have been shown to be moderately heritable (Corbet et al., 
2011). The development of genetic markers could therefore facilitate earlier prediction of fertility and provide pace to 
genetic improvement programs. Accurate and predictive genetic, epigenetic or protein markers seem to be required for 
characterizing the precise molecular mechanism of male fertility.  

Spermatogenesis is an extremely complex process of cell differentiation with three specific functional phases: 
spermatogonia proliferation, spermatocyte meiosis, and spermatid differentiation. Spermatocyte meiosis is a key step in 
spermatogenesis, and defects in genes controlling spermatocyte meiosis, such as microdeletions, mutations, and 
decreased expression can lead to meiotic arrest, impaired spermatogenesis, and male infertility (Handel and Schimenti 
2010). Sub-fertility or sterility may be attributed to impaired spermatogenesis since the production of fertile sperms is a 
consequence of normal mitosis and meiosis of germ cells. Therefore, to understand the molecular basis of impaired 
fertility in bovines, it is imperative to explore the different molecular components of spermatogenesis. Recent 
advancements in the field of global gene expression analysis, comparative genomics, proteomics and epigenetics have 
provided new molecular detection tools to explore such complex processes. 

Molecular approaches to study bovine fertility 

Transcriptome analysis 

Mature spermatozoa are produced through a long and intricate process which includes serial mitotic and meiotic 
divisions of diploid sperm stem cells (to give rise to haploid round spermatids), dramatic morphological remodelling 
(extensive chromatin condensation, reduction in nuclear and cytoplasmic volume, formation of an acrosome system and 
tail production) and capacitation (Parks et al., 2003; Sassone-Corsi, 2002). Prior to the first meiotic division, 
spermatocytes show a high level of transcriptional activity which gradually decreases, before a short surge at the stage of 
the round spermatid. Transcriptional activity stops when spermiogenesis reaches the elongating spermatids stage, where 
histone proteins are replaced by protamines (Dadoune et al. 2004).  

Mature mammalian sperm contain complex populations of RNAs (Krawetz 2005) comprising of over 3,000 mRNAs and 
a heterogeneous population of small and long non-coding RNAs, though typically sperms are depleted of intact 
ribosomal RNAs (Ostermeier et al., 2002; Ostermeier et al., 2005). Skepticism exists over the functions of sperm RNAs. 
The initial opinion was that sperm RNAs have no function of their own and are simply residues of spermatogenesis, 
mirroring the events that occurred during their formation in the testes (Krawetz 2005). However, recent discoveries have 
shown that sperm mRNAs constitute a population of stable full-length transcripts, many of which are selectively 
retained during spermatogenesis (Ostermeier et al., 2002). Some mRNAs are thought to have a role in sperm chromatin 
reorganization and some mRNAs/cDNAs can be even sperm-borne via transcription and reverse-transcription 
(Spadafora et al., 2008). Interestingly, a few RNAs have been found only in the sperm and the zygote, but not in the 
oocyte, providing evidence for a unique paternal contribution (Kempisty et al., 2008). Therefore, spermatic RNA may 
serve as a diagnostic tool for infertility and a quality assay for semen could be derived from RNA profiling.  
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Transcriptome analysis may involve RT-PCR of candidate genes, microarray based profiling or RNA sequencing (RNA-
seq). Ganguly et al., 2012 demonstrated the presence of transcripts like PRM1, PRM2, DazL, TPN1, TPN2 and PPIA in 
the ejaculated spermatozoa of normal and motility impaired semen producing crossbred Frieswal bulls. The normal 
group showed significantly higher level of PRM1 mRNAs expression (P<0.05) indicating putative link of the gene with 
semen quality. A cDNA library made of transcripts differentially represented between highly fertile and subfertile bulls 
was generated by Lalancette et al. 2008. It was subsequently used to construct custom microarrays to identify novel 
transcripts associated with sperm motility (Bissonnette et al., 2009). Using this approach, transcripts encoding a 
serine/threonine testis-specific protein kinase (TSSK6) and a metalloproteinase non coding RNA (ADAM5P ) were 
found to be associated with high-motility status (P<0.001). Such association was also confirmed by quantitative PCR 
(P=0.0075). Feugang et al., 2010 analyzed the RNA profiles of spermatozoa from high-fertility and a low-fertility 
Holstein bulls using Affymetrix bovine genechips. A total of 415 transcripts out of approximately 24,000 were 
differentially detected in spermatozoa collected from both bulls (P < 0.01). Spermatozoa from high-fertility bulls 
contained higher concentrations of transcripts for membrane and extracellular space protein locations, while 
spermatozoa from the low-fertility bulls were deficient of transcripts for transcriptional and translational factors.  

Hybridization-based techniques do not present complete picture of the spermatozoal transcript, hence global transcript 
profiling by RNA-Seq can be used for complete RNA profiling and to identify full-length transcripts (Card et al., 2013). 
The dynamic range of RNA-Seq allows for accurate identification and quantification of transcripts even at very low and 
high levels, novel splicing junctions, and novel exons. Therefore it is plausible that the diagnostic potential of the total 
spermatozoal RNA population offers a snapshot of spermatogenic gene expression for various fertility studies. 

Epigenetics 

Epigenetics refers to the heritable changes that modify DNA or associated proteins without changing the DNA sequence 
itself (Egger et al., 2004). The epigenetic code is dynamic and tissue-specific, in spite of the genetic code being static, or 
the same in every cell for an organism’s entire life (Li et al., 2006). Therefore, the genetic code defines the permanent 
imprint of information determining the phenotype and characteristics, whereas the epigenetic code provides a dynamic 
imprint to fine tune the phenotype and characteristics according to environmental and other factors (Singh et al., 2011). 

Epigenetic mechanisms such as DNA methylation modification at the gene’s promoter regions (5′ of the gene) and 

microRNA (miRNA) regulation at the 3′ untranslated regions (3’-UTRs) are important modulators of gene expression 
regulation (Su et al., 2011).  

DNA methylation 

Methylation patterns of cytosine residues within CpG islands are most common covalent modification of DNA in 
eukaryotes and convey important epigenetic information about gene expression. A CpG island is a 500-base pair stretch 
of DNA with a C + G content of 55% or greater and a CpG frequency of at least 0.65 of the statistically expected value 
(Takai and Jones, 2002). DNA methylation is associated with a number of key processes including genomic imprinting 
and X-chromosome inactivation. It involves the addition of a methyl group to the cytosine, which occurs in the CpG 
dinucleotides.  De novo methylation is known to occur during germ cell maturation and spermatogenesis creating 
hypomethylated regions in the male germ line that are associated with promoters (Houshdaran et al., 2007). DNA 
methylation often leads to transcriptional silencing of a gene (Zilberman and Henikoff, 2007). Human studies have 
reported association of aberrant DNA methylation patterns with abnormal semen parameters and idiopathic male 
infertility (Benchaib et al. 2005). The extent to which changes in DNA methylation are involved in determining bovine 
fertility is a topic of great interest. Some of the studies involving DNA methylation of specific genes of fertility are 
shown in Table 1. 
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Table 1: Methylation studies related to bovine fertility 

Sample Gene Methylation level Reference 

Bovine oocyte and sperm IGF2 (exon 10) Sperm>oocyte Gebert et al., 2006 
Cattle, yak and cattle-yak IGF2 Cattle-yak>Yak>Cattle Liu et al., 2009 
Cattle, yak and cattle-yak  Deleted in Azoospermia Like (DAZL) Cattle-yak>Yak>Cattle Liu et al., 2011 
Cattle, yak and cattle-yak H19 imprinting control region (ICR) Cattle>Yak>Cattle-yak Li et al., 2012 
Cattle, yak and cattle-yak  Bovine Vasa Homology BvH Cattle-yak>Yak>Cattle Luo et al., 2013 
Yak and cattle-yak   DDX4 Cattle-yak>Yak Zhou et al., 2013 
Cattle, yak and cattle-yak PIWIL1 Cattle-yak>Cattle >Yak Gu et al., 2013 
Cattle and cattle-yak Mei1 Cattle-yak>Cattle Li et al., 2015 
Cattle and cattle-yak  Boule Cattle-yak>Cattle Yao et al., 2015 

Genome wide profiling of pattern of sperm DNA methylation has been attempted in sperms of buffalo bulls with 
different fertility status using a high-density buffalo specific oligonucleotide methylation array (Verma et al., 2014). The 
identified differentially methylated genes were found to be involved in germ cell development, spermatogenesis, 
capacitation, and embryonic development. Hence, genome-scale DNA methylation profiles may be useful in 
determining the fertility of breeding bulls. 

Dynamics of microRNAs in regulating fertility 

MicroRNAs (miRNA) are small non-coding RNAs (19–25 nucleotides in length) that negatively regulate gene 
expression in a sequence-specific manner. Post-transcriptional silencing of target genes by miRNA occurs either by 
specific cleavage of homologous mRNA or by specific inhibition of protein synthesis (Kusenda et al., 2006). They 
regulate gene expression of cellular processes such as signal transduction, cell cycle, differentiation, and transformation, 
and it is estimated that approximately 60% of genes undergo direct miRNA regulation (Friedman et al., 2009). 
Discovery of candidate miRNAs for spermatogenesis can provide better understanding of the regulatory pathway(s) of 
genes associated with this biological process. As a result, the molecular mechanisms by which an orderly sequence of 
germ cell differentiation takes place by switching on and off specific genes can be elucidated. Knowledge on the 
miRNA repertoire of sperm could be of immense help in explaining the differences in the fertility status of bulls. Just 
like mRNA, profiling of miRNAs can be done by quantitative reverse transcription polymerase chain reaction, 
microarray hybridization and high-throughput sequencing (RNA-Seq). In a cattle study, expression of seven miRNAs 
was reported to be different in the spermatozoa of high and low-fertility bulls by miRNA microarray technology 
suggesting a role for miRNAs in cattle fertility (Robertson et al., 2008). Govindaraju et al., 2012 used a transcripome 
wide strategy to compare the miRNA pools from low and high fertility bull spermatozoa and found seven differentially 
expressed miRNAs. The levels of expression in miRNAs of high and low fertility bulls varied greatly suggesting a role 
for miRNAs in regulating the highly orchestrated gene expression profiles during spermatogenesis. 

Differential Proteomics 

Proteomics is the comprehensive study of proteins with their particular structural and functional aspects. It captures the 
overall protein profile rather than the expression of individual genes. Genomics alone is not sufficient to provide 
complete information on the different encoded proteins for three important reasons (Milardi et al., 2013):  

 Alternative splicing of a transcript can produce different protein isoforms of a gene  

 The same protein can be obtained with different properties and functions as a result of partitioning and translocation  

 Proteins can undergo more than 200 different post-translational modifications 

These intricacies can only be answered by proteomic analysis and the correct integration of genomic and proteomic data 
can help to address outstanding questions about different physiological processes. At present, numerous proteomics 
techniques, including two-dimensional (2D) polyacrylamide gel electrophoresis, mass spectrometry (MS), and 
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differential in-gel electrophoresis, are widely used to identify particular sperm-specific proteins. These approaches have 
offered a concise but deep understanding of different functional aspects of sperm proteins, for example, motility, 
capacitation, acrosomal reaction, fertilization, and post-translational modifications. Advances in this rapidly-evolving 
field have enabled researchers to better identify proteins in seminal plasma and sperms of fertile versus infertile human 
subjects (Mitulovic and Mechtler, 2006). Proteomic research thus opens new vistas to identify suitable biomarkers to 
differentiate bulls with different fertili. 

Table 2: Major Proteomics studies to define fertility in bulls 

Sample Proteomic technique Study outcome Reference 

Accessory sex gland 
 (Holstein) 

2D-PAGE Differentially expressed proteins between low and high 
fertility bulls 

Killian et al., 1993 

Accessory sex gland  
(dairy bull) 

LC-MS/MS Identification of isoforms of osteopontin and 
phospholipase A2 (PLA2) in high-fertility bulls 

Moura et al. 2006 

Accessory sex gland 
(Holstein) 

LC-MS/MS Increased expression of bovine seminal plasma proteins 
identified in high-fertility bulls 

Moura et al. 2007 

Bull spermatozoa Differential detergent 
fractionation multi-
dimensional protein 
identification technology 
(DDF-Mud PIT) 

Identification of 125 putative biomarkers of fertility 
with over expression of proteins involved in energy 
metabolism, cell communication, spermatogenesis, and 
cell motility in high fertily bulls 

Peddinti et al., 
2008 

Bull spermatozoa 
(Holstein) 

LC-MS/MS Identification of proteins of impaired sperm function 
due to elevated testicular temperature, with important 
implications for fertility predictions 

Newton et al., 
2009 

Bull spermatozoa LC-MS/MS Identification of differential protein expression between 
low and high fertility bulls 

D’Amours et al., 
2010 

Bull spermatozoa 
(Holstein) 

Two-dimensional gel 
electrophoresis LC-MS/MS 

Identification of 131 proteins to differentiate normal and 
pyriform sperm 

Shojaei Saadi et 
al., 2013 

Bull spermatozoa Two dimensional 
electrophoresis coupled with 
mass spectrometry analysis 

Identified protein markers to be used as putative indices 
of fertility in Italian bulls 

Soggiu et al., 
2013 

Testicular cells 2-dimensional difference gel 
electrophoresis (2D-DIGE) 

Differential proteome profile of spermatogenic and 
sertoli cells in Taurine, Indicine and crossbred bulls 

Tripathi et al., 
2014 

Accessory sex gland 
 

2D-DIGE, MALDI-
TOF/TOF 

Identification of differentially expressed proteins in high 
and low fertility crossbred bulls 

Aslam et al., 2014 

Spermatozoa 2D-DIGE, MS Comparison of proteomic profile of spermatozoa from 
crossbred bulls (Bos taurus X Bos indicus) against their 
purebred parent lines (Holstein Friesian and Tharparkar) 

Aslam et al., 2015 

Copy number variations of Y chromosomal genes 

The Y chromosome plays an essential role in spermatogenesis and male fertility. The mammalian Y chromosome has 
two components, a pseudoautosomal region (PAR) which frequently recombines with the X chromosome and a non-
recombining region called the male-specific region of the Y chromosome (MSY) which comprises 95% of the length of 
the chromosome in mammals (Kumar et al., 2015). Sequencing of the mammalian Y chromosomes has revealed that the 
amplification of the MSY is a unique phenomenon during the mammalian sex chromosome evolution. This results in 
different structures and contents of DNA sequences and genes in the MSY regions in different lineages, leading to 
different sizes of MSYs (and Y chromosomes) in mammals. The MSY was found to be enriched in multi-copy gene 
families involved in spermatogenesis and male fertility (Yue et al., 2014).  

Changes in DNA content and structure are a significant source of genetic variation and contribute to phenotypic 
differences among individuals (Feuk et al., 2006; Beckmann et al., 2007). A few studies have documented that Y-linked 
copy number variations (CNVs) are associated with male fertility in cattle. Hamilton et al., 2012 reported that the TSPY 
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copy number was positively correlated with bull fertility and negatively correlated with the TSPY (mRNA) expression 
level in the testis. Yue et al., 2014 have recently identified that the CNV of the bovine PRAMEY was negatively 
associated with testis size, non-return rate and percentage of normal sperm. Standard curve-based quantitative real time 
PCR has also been used to determine absolute copy numbers of four Y chromosomal genes (SRY, DDX3Y, USP9Y, 
TSPY) between crossbred and indicine bulls (Mukherjee et al., 2013). The study suggested that the DDX3Y and USP9Y 
are likely to be single copy genes in the genome of crossbred and indicine bulls and variation in Y chromosome length 
between crossbred and indicine bulls may be due to the copy number variation of SRY and TSPY genes. In a recent 
report Yue et al., 2014 investigated the copy number (CN) of the bovine HSFY and ZNF280BY in a total of 460 bulls 
from 15 breeds using a quantitative PCR approach. They observed CNVs for both gene families within and between 
cattle breeds. In addition, the CN of ZNF280BY was positively correlated to that of HSFY on the Bos taurus Y 
chromosome. Association analysis revealed that the CNVs of both HSFY and ZNF280BY were correlated negatively 
with testis size, while positively with sire conception rate. 

Genome wide association studies (GWAS) 

GWAS or genomic selection (GS) is an enhanced version of MAS that involves selection of animals for breeding on the 
basis of their genotype for tens of thousands of random SNPs (Single Nucleotide Polymorphisms) that cover the genome 
(Meuwissen et al., 2001). In GS, the association of each SNP with phenotype is estimated using sophisticated statistical 
and quantitative genetic models without prescreening markers based on significance. During the last decade, candidate 
gene based studies were conducted to analyze association with fertility trait. For example, Khatib et al. (2010) reported 
that polymorphisms in the FGF2 and STAT5A genes are associated with estimated relative conception rate in Holstein 
bulls. Significant association of highly conserved spermatogenesis genes, MAP1B and PPP1R11 with sire conception 
rate (SCR) has been reported in the Holstein breed (Li et al. 2012).  The disadvantage of single markers is that they often 
explain only a small component of the genetic variance and hence offer a limited understanding of the trait under study.  

With the advent of newer technologies such as SNP chips, bull fertility has been addressed using a genome-wide 
association approach. Several genomic regions associated with non-compensatory fertility have been identified in 
Holstein bulls (Blaschek et al. 2011). Fortes et al. (2012) reported that genomic regions in BTA2, BTA14, and 
chromosome X are associated with testicular development, sperm quality, and different hormone levels measured 
throughout puberty in Brahman bulls. A panel of SNPs has been found to be associated with sire conception rate in a 
population of 1,755 Holstein sires (Peñagaricano et al., 2012). Some of the significant SNPs were located within or near 
genes affecting male fertility, such as the sperm acrosome reaction, chromatin remodeling during spermatogenesis, or 
the meiotic process during male germ cell maturation. 

Recently, a pathway-based association analysis in Holstein dairy cattle was performed in order to identify relevant 
pathways involved in bull fertility(Peñagaricano et al., 2013).. The results of a single-marker association analysis, using 
1,755 bulls with sire conception rate data and genotypes for 38,650 SNPs, were used in this study. Several functional 
categories such as small GTPases mediated signal transduction, neurogenesis, calcium ion binding, and cytoskeleton 
which is known to be involved in biological processes closely related to male fertility could be highlighted. Such studies 
could help to understand the genetic architecture of a complex trait such as male fertility in bovines. 

Conclusion 

Subfertility issue in bovines has been addressed using conventional evaluation of sperm biophysical characteristics 
during the last few decades. However, the results have not been promising. Identification of molecular determinants of 
fertility has great potential for enhancing the economic well-being of animal breeding enterprise. The molecular 
fingerprints allow early identification and selection of animals with superior genetics in the animal breeding 
programmes. Implementation of new approaches is imperative to reduce the cost of male fertility prediction, increase 
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sire fertility and increase the overall financial margins in the bovine industry. The need of the hour is a systems biology 
approach to determine physiological, cellular, and molecular determinants of semen quality and bull fertility. 
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Introduction 

he foundation of Spermatogenesis is laid by the biological activities of spermatogonial stem cells which lead to 
sustained male fertility. Spermatogonial stem cells (SSCs) are specialised unipotent stem cells, residing on the 
basement membrane of the seminiferous tubule and have ability to self-renew and produce a large number of 

differentiated germ cells which ultimately produce spermatozoa. Like all other stem cells, spermatogonial stem cells are 
defined by their ability to balance self-renewing divisions and differentiating divisions, which helps in maintaining the 
stem cell pool and in meeting the proliferative demand of the testis to produce millions of sperm each day. SSCs are the 
only cells in adults that contribute genes from one generation to the next. If these cells could be harvested and cultured 
to increase their number and subsequently transplanted into the recipient animals, it may prove a powerful tool for 
enhancing the sperm production of elite animals. High genetic merit semen of exotic bulls could be produced from 
indigenous bulls in hrash tropical climate. Also, transgenic animals could be produced by transfer of transgenic donor 
stem cells. This will also help in tackling the sensitive issue of culling of less- valuable males of cattle species and help 
in utilizing the less valuables males in breeding program.  

Origin of spermatogonial stem cell pool 

Postnatally, SSCs arise from more undifferentiated precursors termed gonocytes, which derive from primordial germ 
cells (PGCs) that migrate from the embryonic ectoderm to the urogenital ridges and take part in formation of the 
embryonic gonad. In mice, during embryonic development, PGCs migrate to the genital ridge at around 10.5 days post 
coitum. PGCs multiply during this migratory phase and approximately 3000 PGCs colonize the gonadal ridges. In the 
male gonad at about 13.5 days post coitum, PGCs give rise to gonocytes, which become enclosed within testicular cords 
formed by peritubular Myoid cells and Sertoli precursor cells. After several days of multiplication, gonocytes arrest at 
the G0/G1 stage of cell cycle. After birth, gonocytes resume cell division and migrate to the basement membrane of 
seminiferous tubules and become spermatogonia. This transition period is around 2 months in pigs and goats while in 
sheep and cattle, it is around 3 and 4 months respectively (Zheng et al., 2014). 

Dynamics of SSCs 

SSCs are capable of undergoing both self-renewal and differentiation like the adult stem cell populations.    Self-
renewal,   regardless of the symmetry is thought to be an infinite process that results in maintenance of a stem cell pool, 
allowing for continual spermatogenesis throughout the majority of a male’s life span. A part of subset of male germ cells 
known as undifferentiated spermatogonial,  the spermatogonial stem cell  subset includes Asingle (As) spermatogonia that 
are thought to be the SSCs and their progeny cells, Apaired (Apr) and Aaligned (Aal) spermatogonia. SSCs are self-renewing 
adult stem cells capable of producing progeny for a continual production of spermatozoa by sexually mature males. 
They help to maintain a constant supply of undifferentiated spermatogonia, which are critical for the initiation of 
spermatogenesis and the long-term production of sperm. The maintenance of the SSC population is dependent on the 
associated stem cell niche microenvironment within seminiferous tubules of the testis. This niche micro environment 
supplies various growth factors and provides crucial interactions to support the survival and development of SSCs. It 
usually consists of the stem cells themselves, adjacent differentiated cells (Sertoli cells, Leydig cells, and Peritubular 
Myoid cells) and the extracellular matrix surrounding these cells. Specifically, Sertoli cells provide nutrients for SSCs 
and differentiating germ cells and mediate complex signals to support the process of spermatogenesis. Glial cell line-
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derived neurotrophic factor (GDNF) and basic fibroblast growth factor (bFGF) is produced by Sertoli cells. These 
growth factors are essential for in vitro self-renewal of SSCs.   

Isolation and enrichment of SSCs  

In adult mice, only 0.02–0.03% of the total testicular cells has stem cell potential. Similarly, SSCs are extremely limited 
in testes from farm animals and humans. So the isolation and enrichment of SSCs with high viability and purity is 
essential for their subsequent in vitro culture or genetic manipulation. Protocols for isolation of SSCs vary among 
laboratories. Nowadays, the double enzymatic digestion method is the most popular technique used for isolation of 
SSCs. It is based on incubations of testicular tissue fragments in the presence of enzymes for their digestion twice. This 
method has been adapted and applied to many other species. Hyaluronidase and collagenase enzymes are used to largely 
remove testicular interstitial cells. Trypsin- EDTA is used to break down seminiferous cords/tubules, while DNase I is 
added to prevent cellular aggregation.  

The isolation of SSCs isoften followed by enrichment, in order to increase the number of SSCs in the cell culture. For 
that, various approaches have been reported, including the differential plating, discontinuous Percoll density gradient 
centrifugation and fluorescence activated cell sorting (FACS) using SSCs specific antibodies. The differential plating 
includes the overnight in vitro culture of freshly isolated SSCs followed by subculture of only non-adherent cells. SSCs 
tend to remain in suspension, while other testicular supporting cells adhere to the cell culture dish. Percoll density 
gradient centrifugation has been a popular protocol for SSCs enrichment. These two methods are usually combined in 
order to get better enrichment of SSCs. 

In vitro culture of SSCs  

In vitro culture of SSCs is essential to manipulate and expand this rare cell population, and a long-term SSC culture is 
required for in vitro exploration of their self-renewal and differentiation. To date, researchers have successfully 
established long term cultures of SSCs from mice, rats and hamsters. By contrast, the in vitro propagation of SSCs from 
farm animals could only be maintained for a short time (not longer than 2 months). Relevant reports suggest that 
putative SSCs from farm animals can be isolated and primary cultured with ease, but their proliferation gradually 
decreases during passage, and over time, differentiation and apoptosis dominate the cellular events and finally the 
propagation of SSCs comes to a halt. SSCs from farm animals may hold some unique requirements, since a long-term 
culture system developed for rodent SSCs could not support the continuous propagation of SSCs from farm animals. It is 
not unrealistic, however, to establish a long-term in vitro culture of SSCs from farm animals in the near future.  

At present DMEM (high glucose) and DMEM F12 are the most widely used culture media for in vitro culture of SSCs 
from domestic animals. Stem Pro medium, a proprietary product which is likely to contain unexposed ingredients, is 
adopted in long-term cultures of SSCs from mice and hamsters. It has also been used for in vitro propagation of SSCs 
from pigs and bulls. Glial cell line-derived neurotropic factor (GDNF) and basic fibroblast growth factor (bFGF) have 
been reported to support long term in vitro culture in rodents and also being used for SSC culture in farm animals. We 
have reported that a cocktail of GDNF, bFGF and EGF was able to support self-renewal of buffalo SSCs more 
efficiently than these growth factors alone or combinations of GDNF and FGF or GDNF and EGF (Kadam et al., 2012). 

Last but not least, serum and feeder layers are integral parts of a long-term in vitro culture of SSCs. Although a feeder- 
and serum-free in vitro culture system for mouse SSCs was established recently, it is not feasible to cultivate SSCs from 
farm animals with feeder-free or serum-free conditions. Usually autologous Sertoli cells are used for feeder layer 
preparation by mitomycin-C treatment. 
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                               A                                                                        B 

Fig.1 (A) Putative buffalo SSC colonies on 20th day of in vitro culture (B) SSC colonies at higher magnification 

Characterization of SSCs 

SSCs need to be characterized before their further in vitro culture, transplantation or genetic modification. However, a 
unique marker to distinguish Asingle spermatogonia from other undifferentiated spermatogonia has been elusive. 
Therefore, combination of different markers is used for characterization purpose. Different markers used to characterize 
SSCs are: alkaline phosphatase activity, inhibitor of DNA binding 4 (ID4), ubiquitin carboxyl-terminal hydrolase L1 
(UCHL1), promyelocyticleukemiazinc-finger protein (PLZF, also known as ZBTB16), glial cell-line derived 

neurotrophic factor family receptor alpha 1 (GFRα1), α6 integrin, β1 integrin, THY1 (CD90), lectin Dolichosbiflorus 
agglutinin (DBA), CD9, c-kit, stage-specific embryonic antigen-4 (SSEA-4) etc. (Zheng et al., 2014) .We have 
characterized putative buffalo SSCs by expression of PLZF, THY1, TAF4B by relative quantification at transcription 
level and OCT-4, NANOG, TRA-1-60, c-KIT, DBA at protein level using immunofluorescence staining (Kadam et al., 
2012; Kala et al., 2012). Because no unique SSCs marker could be identified at yet, the stem cell potential of isolated 
SSCs can only be proven by re-establishment of spermatogenesis in infertility recipients after SSC transplantation. 

 

A      B 

Fig.2 Characterization of putative buffalo SSCs. (A) Alkaline phosphatase activity (B) PLZF expression by putative 
SSC colony 
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Fig.3 Expression of transcription based SSC markers (A) M= 100bp ladder, Lane 1= PLZF, Lane 2= NTC, Lane 3= 
THY1, Lane 4= NTC, Lane 5= TAF4B, Lane 6= NTC, Lane 7= ETV5, Lane 8= NTC, Lane 9= GAPDH, Lane 10= NTC 
(B) M= 100bpladder, Lane 1= ID4, Lane 2= NTC, Lane 3= UCHL1, Lane 4= NTC, Lane 5= BCL6B, Lane6= NTC, 
Lane 7= GAPDH, Lane 8= NTC 

SSC transplantation for fertility restoration 

Clinically, spermatogonial transplantation is expected to provide a powerful tool to preserve and restore male fertility 
(Kubota and Brinster, 2006). Infertility in farm animals causes massive economic loss to livestock industry. Male 
infertility is caused mainly by abnormal sperm production or function, impaired delivery of sperms, and overexposure to 
certain gonadotoxins from the environment. The pathogenesis of male infertility can be attributed to the disorders related 
with germ cell proliferation and differentiation or to somatic cell dysfunction. Various agents are harmful to 
spermatogenesis in different animal models, and some of them are selective for SSCs, some for Sertoli cells, while some 
affect the Leydig cells (Vlajkovic et al., 2012). In humans, chemotherapy and radiotherapy used for cancer treatment 
may adversely affect the fertility of the patients. Infertility caused by germ cell dysfunction, can be cured by SSC 
transplantation. This technique was first introduced in 1994 by Brinster and co-workers (Brinster andAvarbock1994; 
Brinster and Zimmermann 1994). Briefly, SSCs are isolated from the testes of fertile donor animals and transplanted 
within seminiferous tubules of infertile recipients, where donor-derived spermatogenesis can occur resulting in the 
production of functional sperms. Shortly after, this technology was performed in other mammalian species, including 
farm animals and primates. Even the xeno transplantation between different species was proven successful. These 
encouraging results, especially those from primate studies, suggest a possibility of banking and transplanting human 
SSCs to prevent sterility caused by loss of SSC.In laboratory rodents, SSC transplantation provides a unique opportunity 
for gaining new insight into spermatogenesis and the biology of the stem cell niche. It is a unique functional bioassay to 
confirm the stem cell potential of putative SSCs. Furthermore, this method offers a new strategy for preservation of male 
fertility and an alternative method for generation of transgenic animals (Honaramooz and Yang, 2011). 

SSC transplantation techniques 

The original procedures used for the transplantation of donor SSCs into the seminiferous tubules of recipient mice could 
not be directly used in farm animals. Therefore, Schlatt et al. 1999 used ultrasound-guided cannulation of the centrally 
located rete testis to infuse donor SSCs by gravity flow. This method was also successful in vivo for pigs and goats 
(Honaramooz et al., 2002; Honaramooz et al., 2003). The transplantation could be completed within 15– 30 minutes and 
resulted in filling of about half of the recipient seminiferous tubules with donor cells. This procedure has been 
successfully adapted for use in rams and bulls in vivo (Izadyar et al., 2003; Herrid et al., 2009;Joerget al., 2003). 
Injection into the extra testicular rete testis using ultrasound guidance or surgical dissection was also reported to be 
applicable for use in rams (Rodriguez-Sosa et al., 2009). The success of the rete testis injection approach was further 
shown through donor-derived spermatogenesis by the recipients (Honaramooz et al., 2003) and birth of offspring 
carrying the donor characteristics  in goat (Honaramooz et al., 2003) and sheep (Herridet al., 2009) 
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Figure 4: A schematic representation of procedures involved in SSC transplantation in farm animals 

Preparation of recipient animals 

The success of SSC transplantation between unrelated laboratory rodents depend on the availability of recipients of 
strain having genetic compatibility with the donor animals, are inherently immune deficient, or have undergone 
immunosuppressive drug treatment. Surprisingly, however, recipient pigs, sheep, goats, and bulls with fully functional 
immune systems did not reject SSCs from genetically unrelated donors, making the practical application of the 
technique more feasible in farm animals. Studies show that donor-derived sperm production could be significantly 
improved when the recipient’s endogenous SSCs are depleted (Ogawa et al., 1999). Unlike in laboratory rodents, mutant 
animals with genetically impaired spermatogenesis are not readily available for use in farm animals. An alternative 
strategy to use the recipient animal models with congenital germ cell deficiency is to deplete the endogenous 
spermatogenesis by cytoablative methods to facilitate further access to, and the availability of, the stem cell niche. 
Busulfan (a chemotherapeutic alkylating agent) treatment of postnatal pigs has been used to achieve partial depletion of 
endogenous SSCs by Mikkola et al., 2006. Local testicular irradiation has been very effective in depleting the number of 
endogenous SSCs in recipient goats, rams and bulls (Izadyar et al., 2003; Honaramooz et al., 2005;Oatleyet al., 2005). 
For practical reasons, most researchers have used pre-pubertal recipients for SSC transplantation in farm animals, while 
recipients in laboratory rodents are typically adults. The use of pre-pubertal recipient testis not only facilitates access of 
the transplanted donor SSCs to the tubular basolateral compartment (as it lacks the hindering multiple layers of 
differentiating germ cells), it also provides a more favourable environment than adult testes for engraftment and 
expansion of donor germ cells. 

Preparation of the donor SSCs 

The efficiency of SSC transplantation dependent on the relative abundance of SSCs transplanted. The number of SSCs 

within adult testis is very low for example; they make up only ∼0.02% to 0.2% of testicular cells in mice and rats. The 
efficiency of colony establishment is also low, and only 7–20% of the transplanted SSCs have been reported to colonize 
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the recipient testis (Shinohara. et al., 1999) naturally, increase in the number of SSCs in the donor cell population prior 
to the transplantation will have a direct effect on the number of expected SSC colonies in recipients. 

Choice of Donors 

For SSC transplantation in farm animals, pre-pubertal donors are commonly used because they provide a naturally 
higher population of germline stem cells than those of adults. In the neonatal testis, gonocytes are the only type of germ 

cells present, comprising around 1-2% of total number of isolated testicular cells in rodents or ∼7% of intra-tubular 
cells in piglets. Gonocytes have stem cell potential and upon transplantation within recipient testes are able to establish 
complete spermatogenesis. Therefore, the neonatal/pre-pubertal testis provides logical source for SSC transplantation in 
farm animals. 

Identification of donor cells after transplantation 

The availability of donor models providing germline stem cells with visual markers was critical for original development 
of transplantation technique in mice, because they allowed monitoring of the long-term fate of donor SSCs. Similar 
donor models are not readily available for use in farm animal. Therefore, to track donor cells, researchers largely rely on 
fluorescence labelling of donors cells (although only traceable for few months) or use genetic identification of donor-
derived germ cells/spermatozoa. In 2003, Honaramooz et al. used testicular germ cells from transgenic donor goats for 
transplantation into testes of wild-type recipient goats, resulted in production of donor-derived spermatozoa and 
subsequently transgenic offspring. Microsatellite detection has also been used for identification of donor-derived sperm 
DNA in the semen of recipient rams. Alternatively, transplantation of SSCs into recipients with genetic aberrations such 
as the immotile short-tail sperm syndrome has been used to facilitate detection of functional pig sperm in the semen of 
recipient pigs as indication of SSC transplantation success.  

Table: Summary of SSC transplantation in different donor and recipient species. 

Donor-derived Donor Recipient Colonization of    
Spermatocytes 

Spermatozoa Offspring Transgenic progeny SSCs         

Mouse Mouse + + + + + 
Rat Rat + + + + + 
Rat Mouse + + + – – 
Hamster Mouse + + + – – 
Rabbit Mouse + + – – – 
Pig Mouse + + – – – 
Cattle Mouse + + – – – 
Buffalo Mouse + + – – – 
Goat Goat + + + + + 
Cattle Cattle + + + – – 
Pig Pig + + + – – 
Dog Dog + + + – – 
Sheep Sheep + + + + – 

+: positive results; –: negative results. (Honaramooz and Yang, 2011) 

Production of live offspring after SSC transplantation 

The birth of offspring carrying the donor characteristics after mating of a recipient can be viewed as the most convincing 
evidence for any successful SSC transplantation. In the initial reports of SSC transplant in mice, some of the infertile 
recipients produced sufficient donor-derived sperms to allow them to sire progeny. As summarized in the table, among 
farm animal species, live progeny has so far been produced following SSC transplantation in only goats and sheep, with 

an efficiency of ∼7–10% (Honaramooz et al., 2003, Herrid et al., 2009). The field application of this technique for farm 
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animals relies upon the efficient production of donor-derived progeny at the end. Therefore, the feasibility and efficiency 
of live offspring production via SSC transplantation in farm animals need to be further investigated and improved. 

Conclusions and future prospective 

In a short duration since the first reports published in 2002- 2003 (Honaramooz et al., 2002;Honaramooz et al., 
2003;Izadyaret al., 2003;Joerget al., 2003), SSC transplantation technique in farm animals has shown great potential and 
promising initial results. It is expected that the research in this area will focus more on improving a number of factors 
related to the efficiency and success rate of this technique for making it a viable option for downstream applications. 
These improvements are essential for obtaining SSCs in higher numbers and purity from the donor cell population. 
Recently, interest in spermatogonial stem cell has grown in farm animal keeping in view of the importance of these cells 
for generation of transgenic animals and thus ability to generate and preserve valuable rare bred stock. At Central 
Institute for Cattle, CIC Meerut we are facing breeding problems in our superior quality bulls. There is general 
consenses in India that cross-bred bulls are not able to perform well leading to extremely high rejection rate amongst 
these bulls leading to poor availability of genetically superior cross-bred bulls in the breeding programmes. Establishing 
spermatogonial stem cells procedure may be utilized to sort out this problem. In addition gene transplantation 
techniques, isolation and culture techniques offer novel ways to study spermatogonial stem cell that may lead to further 
breakthrough in reproductive biotechnology. 
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Cloning of Farm Animals: Zona-free or Hand-guided Cloning: Potential application in Buffalo 
(Bubalus bubalis) 

S. K. Singla  

Animal Biotechnology Centre,  
ICAR-National Dairy Research Institure (NDRI), Karnal-132001 

ith the birth of world’s first zona-free buffalo calf at Embryo Biotechnology Laboratory of National Dairy 
Research Institute, Karnal, India, we have entered in an era of simplified method of cloning buffaloes, 
which will enhance our capabilities of faster multiplication of elite buffaloes of desired gender. Present 

technology is a modified and simplified version of older technology (ies) using either embryo cells (blastomere cells) or 
somatic cells (body cells). Dolly Sheep was produced using traditional complicated method of cloning involving lot of 
costly equipment(s) and skills using somatic cells from the udder of the parent sheep. Therefore, not much meaningful 
progress has been obtained in the cloning front in the world. Present technology of Hand-guided or Zona-free cloning is 
likely to enter exponential growth in India and in the world. The progenies born to buffalo recipients will have to be 
tested for their normalcy status in terms of their normal births, health and survivability and the techniques of efficient 
embryo production need to be optimized. Progenies of other species like cattle, sheep, pig and horse born in other 
countries suggest that the frequency of production of normal calves of is quite high. 

Need of embryo cloning: We have the largest population and best buffaloes of the world. Still, the percentage of elite 
animals is very little and there is an urgent need to enhance the population of the elite buffaloes. There is an acute 
shortage of outstanding bulls and the technology of zona-free-cloning can decrease this gap of demand and supply of 
elite bulls in the shortest possible time.  No other reproductive technique, like in-vivo embryo production and transfer, 
in-vitro embryo production and transfer or any other technique can bring about faster multiplication of elite buffaloes 
vis-à-vis embryo cloning. The outstanding buffalo bulls and buffalo-cows can be multiplied like in a primitive type of 
document-copying-machine, resulting in similar progenies with similar genetic characters. There may be little variation 
in the progenies produced, but milking ability of the animal being a multi-gene controlled trait; it is not likely that the 
progenies will produce similar or almost similar quantities of milk. This technology in question is the need of the hour 
and needs to be exploited for harvesting the benefits in shortest possible time. 

The development agencies/farmers are going to be the direct beneficiary by way of access to the best germplasm in the 
country. This is the only technology which can provide access to the most superior/outstanding germplasm to the 
ordinary farmer(s). No farmer is going to part-with his best animals even at exorbitant costs, whereas it is easier to 
convince them to part with a small piece of skin-tissue(ear) to be used for the process of cloning and that small piece of 
tissue is enough to Xerox that animal several hundred times. The access to the best germplasm of the country can be 
enhanced through following two ways: 

Through Males and/or Bulls:  

We have an acute shortage of pedigreed buffalo bulls (Dam’s yielding more than 3,000 liters in standard lactation of first 
305 days) in the country to be used for AI programmes. The zona free cloned embryos can produce large number of such 
animals. It takes about ten years to perform progeny-testing and certify a buffalo-bull that it transmits its characters to 
the progenies and is tagged to be out-standing. And at any given time, there are extremely few outstanding and proven 
buffalo-bulls in the country, as the process is very complicated and costly and farms/institutions validated to be able to 
do so are few (The progeny testing stations usually freeze about 5,000-10,000 doses of frozen semen and dispose the 
bull).  The cloning process can multiply such outstanding animals and can be compared to a Xeroxing process, in which 
one document is multiplied and there is no limit to the multiplication. The bulls generated will be used as breeding bulls 

W 
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in AI centres and thus lakhs of frozen semen doses will be available in the country. The economic benefits, which can be 
drawn out of these animals, will be enormous and difficult to quantify.  

Through Female Buffaloes 

The numbers of very outstanding buffalo-cows (yielding more than 3,000 litres of milk in first 305-days) are limited.  As 
India has the best buffaloes in the world, there is no scope of imports and upgrading of stock of buffaloes. Thus the only 
option left is that we try to multiply our available outstanding buffaloes to the maximum possible extent and enhance the 
superior germ plasm pool of the country. Out of all the technologies known for faster multiplication of elite buffaloes to 
science in today’s date, technology of embryo/animal cloning is the best choice. The buffalo-cows generated will act as 
bull-mothers for future bull supply and thus hasten the process of development further. The dream “Buffalo National 
Milch Herd” thus could be generated using this technique. 

The Technique:  

 A small piece of the skin biopsy sample of the elite buffalo cow/bull to be multiplied is taken from the live animal on 
similar lines as if we are going to go for ear notching for animal identification. This tissue is taken to the laboratory and 
the cultured in the laboratory for growing the cells. Large numbers of cells are usually obtained through tissue culture in 
the laboratory.  

 Ovaries are obtained from slaughter house and oocytes are aspirated. They are matured in the laboratory, so that they 
acquire developmental competence and can be used for further processing. 

 Matured oocytes are denuded of their cumulus cells and treated with an enzyme to get rid of the zona-pellucida to 
facilitate the surgery and manipulation under the microscope without sophisticated micromanipulators.  

 They are chemically treated, so that their own genetic material protrudes at one point at the periphery of the oocytes. The 
protruded portion is cut using a very sharp blade under dissecting microscope, thereby resulting in enucleated oocytes. 

 Two such enucleated oocytes and one cell from an elite animal, which we intend to duplicate are fused together using 
optimum-and-controlled electric field. This results into the fusion of the all three cells and everything becomes a single 
cell, as cells have the property of merger when in close proximity. 

 The fused cells are further grown in the laboratory for further development. Once about 100-150 cell-embryos are 
formed, the embryos are transferred into the recipient-buffalo with similar day-uterus for birth of the live progeny. 

Scientific Advancement: Availability of standard protocols for bulk production of cloned embryos in buffaloes will 
certainly be adding useful knowledge.  We have already initiated the actual fertility trials and established few normal 
pregnancies and one normal calf has already been born. Nothing specific can be said, till sufficient data is generated. 
The offspring born in other species through similar technique like cattle, horse, pig and sheep make us think that there 
should not be many problems in buffaloes. Other major application could be to multiply transgenic animals with the use 
of the technology of buffalo cloning.  

Futuristic Actions: Department of biotechnology, Government of India has awarded us a research project for 
“Optimizing the technique of Buffalo Cloning” developed by our team.  Simultaneously we will train the motivated 
manpower for ultimate transfer of technology to animal husbandry departments. The state animal husbandry 
departments can then multiply the elite animals for large scale artificial insemination programmes or for the farmers or 
both. 
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Evaluation of Chromosomes (Karyotyping) of AI Bulls and Young Calves of Livestock species 
prior to their entry in Breeding Programmes 

Dr. B.R. Yadav and Dr. R.K. Tonk 

Dairy Cattle Breeding Division, 
ICAR-National Dairy Research Institute, Karnal – 132 001 

Email: bry.ndri@gmail.com 

n the pursuit to increase productivity of livestock to meet the growing need of human population for animal 
products, new innovations of biotechnology and genetic engineering are being applied in evolving of new strains 
breeds, species hybrids and transgenic animals. Several strategies have been proposed for selection and 

reproduction of mates for higher production. An increasing emphasis is being given on the identification of superior bull 
for semen donation and wide scale use in AI programme for obtaining fast genetic gain in reproductive and productive 
performance. The selection of bulls (particularly in India) is based mostly on their pedigree records and physical 
attributes (such us growth rate, body conformations etc.) of the individuals. Subsequently, on attaining maturity besides 
libido a few parameters of sperm quality such as volume, motility and freezeability are taken into account. As long as 
the standards of these parameters are met, the semen of that particular bull is collected, frozen and used in breeding 
programmes. However, little attention was paid to bulls carriers of non-apparent hereditary defects, their identification 
and culling. 

The techniques of short term lymphocytes cultures and chromosome preparations were first developed in the 1950s, and 
since 1960 these became of routine use. In subsequent decades banding techniques were developed for identification of 
each chromosome. The subject of chromosome investigations is highly dynamic and new techniques keep coming and 
applied in genome analysis and diagnosis of genetic defects in man and animals.  

Massive and expensive programmes of screening chromosome and lately whole genome are carried out in developed 
countries on young or progeny testing bulls before they are used in A.I. Investigations on chromosomes have revealed 
gross chromosomes and genic (allelic) anomalies, which inflict reproductive and other problems. There are many 
instances that carrier bulls of chromosomal abnormalities spread defect in vast population through A.I. The most glaring 
of all is the 1/29 Robertsonian translocation, which after first report has now been found to occur world in most the 
breeds of cattle. A large population of bulls is annually culled because of poor libido and high return rate (HRR) of their 
mates. Impaired fertility results from various adverse influences related to environment, management and hereditary 
disorders. A list of hereditary disorders of male reproduction system is given in later part of this discourse. 

In view of above it is essential to evaluate their chromosome profile from time to monitor anomalies. However, in India 
screening of bulls is done for academic interests in research organizations. The present discourse deals with the major 
type of chromosomal abnormalities found in male cattle and buffaloes. 

Genetic and Hereditary Defects in Animals 

Genetic defects have been encountered, explored, monitored, and sometimes reduced in man and other mammalian 
species including farm animals. In recent generations, the best sires in animals have been used to produce even over 
million progeny and grand progeny. However, this increases in average relationships, inbreeding and the likelihood that 
the genes responsible of rare defects can suddenly become common in a population. Genetic abnormalities are quite 
damaging and sometimes cause substantial economic losses. In most of the developed countries evaluation of various 
genetic abnormalities in animals and particularly males is carried out prior to their selection as replacement of herd. In 
developing countries gross level screening in organized farms is carried out of bulls during their selection, however, in 
unorganized farms or farmers level such cases go undetected.  

I 
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The various anomalies have been encountered in livestock animals of most of the dairy breeds and other related species. 
In females these are stunted growth, late maturity, anoestrus, irregular heat cycle, repeat breeding, abortions, ovarian 
hypoplasia, smooth and non-functional ovaries etc. While in bulls these could be crytorchidism, poor libido, poor quality 
semen or non-freezability, high return rate of mates or abortions in mates are quite common. Intersexuality, 
hermaphroditism, pseudohermaphroditism and freemartinism are also encountered in cattle, buffalo, goats and sheep. 
The goats and sheep provide a useful mechanism to understand the cause and effect relation between anomalies and 
morphological features. 

In general during the selection of young calves or kids for replacement various criteria used including the pedigree 
record, growth rates, body parameters, and other trivial features, and the question of fertility. In organized herds or field 
conditions breeders keep observations on growing young stock to proper growth, maturity and attainment of puberty. 
The well fed, healthy, individuals (males and females) enter in breeding programmes as the standard criteria and age of 
the specific breed and species. However, still many fail due to infertility. Many of the infertility problems are due to 
congenital causes often inherited. These include developmental anomalies of the ovaries, oviducts, uterus, cervix, vagina 
and vulva. Some have morphological implications and others a functional significance. Common morphological 
conditions include ovarian (gonadal) hypoplasia and aplasia, anomalies of the tubular genitalia, hermaphroditism, 
freemartinism, arrested development of the Mullerian ducts and even double cervix. Some of these authors have 
observed and others well documented in literature. 

Sterility is the inability of a sexually mature individual to produce offspring. Sterility is synonymous with infertility, 
although the term ‘sterility’ is ordinarily used in botany and horticulture and the term ‘infertility’ is usually applied to 
man and animals. Sterility may develop as a result of the impairment of meiosis and the malformation of sexual cells 
(gametes), the suppression of the reproductive process, the death of fertilized eggs (zygotes), or the abnormal 
development of reproductive organs. It may be hereditary (genetic), or it may be caused by external factors, or be 
induced artificially by sterilization. 

Sterile animals are of little significance if an appropriate culling programme is practiced. Such cases of females and 
males have limitations in development and appearance, which are well identified at early age either due to lack of 
masculine features in males or feminine in females or vice versa and are culled from herd without much expenditure on 
them. Though the birth of infertile calves is disadvantage as deprivation of progeny; however, less economical loss as 
are removed early from herds. 

The reproductive performance of males (bulls) is dependent on various aspects including physical condition and health, 
structure of genital organs and system, libido, output of sperm cells and their morphology, count of spermatozoa in 
semen, movement of sperm cells, mating ability, age etc. The reproductive efficiency is a complex phenomenon 
controlled by both genetic and non-genetic factors, the non- genetic factors being climate, nutrition, and level of 
management. In breeding farms and filed conditions often encountered problems of bulls, which mainly includes: poor 
libido, cryptorchidism, and poor semen profile, low freezability of semen and high post thaw mortality of spermatozoa.  

Reproductive Defects encountered in Males (Bulls) 

 Aplasia and hypoplasia of the testicle(s) 

 Cryptorchidism 

 Oblique of contorted position of the testicle(s) 

 Hypoplasia or absence of the epididymis 

 Segmental aplasia of wolffian duct 

 Spermiostasis 

 Hypoplasia or absence of the ductus deferens 

 Hypoplasia or absence of the seminal vesicle 

 Epdidymal cyst 

 Shortness of aplasia of the perial retractor muscle 

 Corkscrew penis 

 Persistence of penial frenulum 

 Hypoplasia of penis 

 Testicular atrophy 

 Phimosis 

 Eversion of the preputial epithelium 
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Impaired Breeding Associated defects in bulls 

The abnormalities found in some cattle have been determined to be inherited characteristics caused by simple recessive 
genes and declared to be undesirable genetic recessive factors. There is no danger of other animals "catching" them. 
These abnormalities occur as a result of defects in the genetic code are passed on through familial inheritance and can be 
controlled through careful breeding management programme. 

 Weaver Syndrome (Bovine Progressive Degenerative Myeloencephalopathy) 

 SMA(Spinal Muscular Atrophy) 

 Spinal Dysmyelination (SDM) 

 Spiderleg (Syndrome of  Arachnomelia and Arthrogryposis [SAA]) 

The carrier bulls are unable to mount and donate semen. 

Chromosomal anomalies encountered in bulls 

Chromosomes inherited from parents determine an animal's genetic make-up. There are many genes in each 
chromosome. Genetic abnormalities occur when genes are missing, in excess, mutated or in the wrong location 
(translocation). A few genes can directly cause an abnormality, however, these are rare. Usually, these genes are 
recessive, meaning two must be present to cause an abnormality. Both parents must be carriers of the gene for a calf 
to be abnormal. In this case, only one of every four offspring will be abnormal. Two will be carriers and one will be 
normal. 

Certain conditions show that an abnormality is likely to have a genetic origin: 

1. The abnormality is more common in a group of related animals. 
2. The symptoms are similar to those of an abnormality identified through test matings. Study of an animal's 

chromosomes using blood samples can identify several genetic defects. 

Different types of Chromosome anomalies found in Males (bulls) 

1. Numerical deviation in standard chromosome complement 
2. Structural aberration of chromosomes 
3. Chimaerism of sex chromosomes (XX / XY) 
4. Chromosomal mosaicism 
5. Fragile X- chromosomes 

Meiosis: Pairing and segregation of chromosome in crossbred 

The domestic animals genus Bos has many species; among these Bos taurus (taurine) and Bos indicus (zebu) are 
prominent two cattle species each with several well defined breeds. Interbreeding occurs between all breeds of these two 
species, with birth of normal fertile progeny. Though these are two species with well distinguished morphological 
features and Y-chromosomes, nevertheless the interbreeding and progeny are called crossbreeding and crossbred, 
respectively. 

In India during the decade of 1960s systematic routine crossbreeding was started using semen of bulls of different breeds 
of Bos taurus for serving (AI) Bos indicus breeds. In fact it is ‘species hybridization’, however, is called crossbreeding. 
This practice of use of exotic taurine bulls (semen) on indigenous zebu breeds continued for some years or so at most of 
the animal breeding stations (organized farms) and field conditions. Subsequently inter se mating (breeding) was started 
in the crossbred progenies. Populations of crossbreds have been developed of different proportion of blood levels.  

The F1 progeny (Bos taurus x Bos indicus) born have hybrid characteristics though prominent physical attributes like 
taurus breeds viz. hump is almost non-existent, the barrel is long and deep, the naval flap is from tight to slightly loose 
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etc. However, segregation started in the characters of crossbred (born by inter se mating) progeny of F2 and further 
generations. One example of segregation of sex chromosomes is shown in figure-1. 

 

Figure 1: Showing Segregation of Sex chromosomes in Crossbreds 

During meiosis crossing over takes place, which amalgamates the genome, however, in many cases the closely linked 
genes move together, which leads to appearance of characters of one parent apparently in the progeny. This has led to 
the development of new filed of ‘genome imprinting’. Thus the F2 and further generations of crossbreds have more 
characteristics of paternal or maternal line. Fertility and other impairment in genetical characters have been found 
reduced in crossbred animals. 

In the initial phase of meiosis (zygotene) the maternal and paternal chromosomes come together and pairing takes place. 
It has been well studied in ‘synaptonemal complexes’, in which the proteins play a role in recognition of homologous 
chromosomes (figure -2). Since these crossbreeds (Bos taurus x Bos indicus) are from two different species, there might 
be improper pairing leading to reduction in performance of later generations/ 

 

  

 

 

 

 

 

 

 

Figure 2: Paring of homologous chromosome in meiosis 
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Methodology for chromosome preparation and evaluation 

During the 1960s many newer approaches of genetics and cytogenetics were developed.  Chromosome profile were 
identified in most of the species, breeds and types of animals in the coming two decades and subsequently molecular 
technologies were added to the armoury of scientists for animal characterization in 1980s.  Presently the cytogenetical 
and molecular markers are utilized for the characterization of animals and breeds, diagnosis of diseases and causes of 
anatomical, physiological and reproductive defects. 

In normal animals identification of correct number and gross morphological features of chromosomes can be carried out 
by conventional staining with Giemsa dye.  However, for delineation of structural details of chromosomes and 
particularly of mutated chromosomes various banding techniques are applied. 

Preparation of Chromosomes 

Chromosomes are dynamic genetic entities, continuously changing in appearance and carrying out inherent activities. 
For their physical examination the highly dividing cells are arrested at metaphase stage where they can be counted, 
measured and evaluated for various features.  Such a stage can be obtained in vivo or in vitro growing cells.  The later 
approach is routinely followed in laboratories for obtaining chromosome preparations for cytogenetical investigations. 

Procedure 

Short-term whole blood culture method is routinely used for obtaining chromosome preparations. The technique 
involves the steps: peripheral blood drawn from the jugular vein of individuals is cultured in sterilized synthetic TC 
media* supplemented with adult cattle serum (~10%). Whole blood cultures (0.5 ml blood in 5ml medium) are 

established and grown at 37.5±0.50 for 72 hours. Subsequently metaphases are arrested with colchicine (1.3g / 5ml 
culture) and cells are harvested. The cultured cells are treated with hypotonic salt solution (0.075M KCl) for 6-8 minutes 
and later fixed in methanol: acetic acid (3:1 ratio). The cells are washes at least three times; every time adding 5ml 
fixative, centrifuged at 1000 rpm, supernatant is discarded and packed cells are used further.  In the end a milky white 
suspension is left in the centrifuge tubes. Chromosome preparations are made by flame-drying (for conventional) or air-
drying (for banding) methods by dropping 2-3 drops of cell suspension from 1-2 feet height on clean glass slides. 

*There are a large number of TC media, however, TC199, Hams F10 or RPMI 1640 are preferred for chromosomes 
studies. In preparation of liquid media, recommended amount of powered medium is added to sterilized GDW to which 

are added various other constituents viz. pokeweed mitogen (0.20mg/100ml), streptomycin (100g per culture) and 
penicillin (100 units per culture). Then the pH is adjusted by adding sodium bicarbonate (4.46 %) drop wise till the 

desired level of 7.2 – 7.4 is attained. The medium is filtered through 0.2 filters under vacuum. Subsequently 15-20 % 
adult cattle serum is added to make the medium complete. Precautions: All the glassware and plasticware used should be 
sterilized and all the steps are carried out in sterile conditions (in a Laminar-flow hood). 

Chromosome preparations and their staining (Conventional Method) 

The chromosome preparations are made on glass slides and are stained with Giemsa dye. Normally the staining is 
carried out in 2% Giemsa dye at pH 6.8 (without filtration). The slides are dried, dipped in xylene for a few minutes, 
mounted with cover glass and examined under X1000 magnification. However, if preparations are to be made permanent 
for longer storage and examination, dried keeping in an incubator at 37oC for at least 10 minutes. Dried slides are kept in 
a jar filled with xylene for 5-15 minutes for clearing. A few drops (2-3) of DPX are placed on the slide, and then a cover 
glass dipped in xylene is placed gently avoiding entry of air-bubbles. Still if some air bubbles come, are removed with a 
gentle pressure on the cover glass. The slides are kept overnight in an incubator. Subsequently slides are cleaned to 
remove excess DPX, examined or stored for evaluation.  
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Giemsa staining gives crystal violet colour to the chromosomes. The chromosomes appear solid rod like structures with 
their general morphological features of shape and size. This staining is useful in the study of normal and gross anomalies 
in number and morphology, gaps and breaks etc. This method of evaluation is conventional; to evaluate fine details or 
homology identification banding techniques are used. 

Identification and characterization of chromosome 

Every species has its characteristic constant number and morphology of their chromosomes. However, sometimes 
deviations occur in the number of morphology of chromosomes. Hence different types techniques revealing such 
patterns have been developed to correctly identify normal and abnormal number or structure of chromosomes. These 
techniques help in identification of whole or part of chromosomes, their homology and structural details revealing a 
certain level of genome organization. The term chromosome banding refers to these processes of producing light and 
dark patterns on chromosomes. Bands are lengthwise variations in staining properties along a chromosome. Band 
patterns can be produced with a variety of ways on chromosomes that show the structural differentiation along their 
length, which are uniformly stained with specific dyes depending upon the region to be explored.  

However, certain banding patterns are used or recommended for specific purposes of revelation details, identification 
and characterization of chromosomes. The various types of band patterns named after the technique by which they are 
revealed or structure shown are described briefly in table below: 

Different banding techniques routinely used, characteristics and applications  

Name of the banding 
technique  

Characteristics of patterns Purpose / utility / Application 

Q-banding (Quinacrine) Fluorescing bands visible after staining with quinacrine 
mustard or similar compounds, reveal light and dark 
bands at alternate positions 

Precise identification of specific 
chromosomes 

G-banding (Giemsa) Revealed by Giemsa staining and additional techniques, 
chromosome segments take up the dye. Q and G bands 
are identical (structurally) except staining procedure). 

Precise identification of specific 
chromosomes 

R-banding (Reverse of Q- 
and G-banding) 

Stained after controlled denaturation by heat. The bands 
at the reverse (vice-versa) position of Q or G bands, the 
light regions takes dark, while dark take light stain. 

Precise identification of specific 
chromosomes 

C-banding (constitutive 
heterochromatin) 

These are localized in pericentric regions of centromere 
of chromosomes. Single armed (acrocentrics) take usually 
dark stain irrespective of autosomes or sex chromosomes. 
Bi-armed show a thin band in livestock species 

Precise identification sex chromosomes 

NOR-staining (Nucleolar 
organizer regions) 

The bands appear at the site rich in genes for 18s and 28s 
rRNA. 

Identification of chromosomes involved in re-
generation of nucleolus 

SCE-staining (Sister 
chromatid exchange) 

Applied for the detection of different cycles of 
replications and exchanges of segments between the 
chromatids of the same chromosome 

Identification of mutations and mutagens 

FISH (Fluorescent in situ 
hybridization) 

Fluorescent probes bind to sites of the chromosome with 
which they show a high degree of sequence 
complementarity 

Precise identification of chromosomes and 
exchange of segments 

 In the routine work of screening of chromosomes and their gross anomalies three commonly used techniques i.e. C-, 
G- and R-banding are described here. 

Karyotyping 

There are two approaches of construction of karyotypes: Conventional and digital with software. In conventional method 
photo prints are made, chromosomes are cut, homologous are aligned, arranged in decreasing order of size and pasted on 
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a paper sheet. The technique of construction of karyotypes with conventional approach were used in past, which has now 
been developed to digital method using specific software program. Further specific chromosomes are being identified 
with C-, G- and R-banding techniques. Fragile X-chromosomes are detected using appropriate culture media and DNA 
primers 

Applications of chromosome investigations 

Chromosome studies are contributing greatly in understanding biological processes and to the field of medicine. While 
these studies are progressing fast in man, the progress is slow with regard to animals of economic importance. The major 
applications in farm animals are enumerated as follows:  

1. Precise identification and cataloguing of karyotypes in animals of different species. 
2. Understanding karyological evolution, within and between genera and families of livestock species including strains and breeds.  
3. Sterility and breeding problems in species hybrids in F1 or further generations. 
4. Understanding the structure and function of observed abnormal chromosomes.  
5. Chromosomal abnormalities as causative agents of anatomical, clinical, pathological, reproductive and genetical defects and syndromes. 
6. Elucidating the mechanisms of determination, differentiation and development of sex genital organs and reproductive system of 

problematic animals. 
7. Location and the order of various genes on chromosomes. 
8. Prenatal diagnosis and genetic disorders. 
9. Understanding mechanisms of gene action. 
10. Sexing of embryos before transplantation, etc.  
11. Evaluation of sperms and early embryos produced after semen sorting (separation of X- and Y-bearing spermatozoa). 
12. All the progenies produced using ARTs must be screened early in the age 
13. Breeding bulls can spread anomalies far and wide in large populations, hence must be screened before selection and use. 

Conclusion 

The investigations on genetic analysis involving chromosomes and genome scanning highlights the undesirable 
characteristics and also the diseases that animals suffer and transmit to their progeny, however, this knowledge can not 
only improve yield and quality of products. Nevertheless such diagnosis helps in the improvement programme of animal 
health by identifying pathogenic gene variant s and ensuring that they are not passed on to future animals. 

Reproductive success depends on a large number of carefully orchestrated biological cascade of events that must occur in a 
specifically time sequence. The interference with one or more of the sequences or events results in total reproductive failure or a 
subtle reduction in reproductive potential. Thus many factors must be considered when reproductive failure occurs. These can be 
genetical, nutritional, hormonal, environmental or managemental errors. The major emphasis is for cytogenetical screening at 
early age and stage of animals, which are to be used as replacement of breeding population. During breeding stage a 
large number of animals are encountered with reproductive problems and up to this age farmer / owner has spent time 
and resources in their feeding and health coverage. Besides usually a heavy expenditure is also incurred on the treatment 
and breeding efforts of such animals. Hence so as to save the rearing cost on sterile individuals, all the calves must be 
screened for gross anomalies. 
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Understanding high throughput gene expression profiling by DNA microarray  

Rakesh Kumar 
Animal Biotechnology Centre,  

ICAR-National Dairy Research Institute, Karnal 

NA microarray is the most advanced molecular biology technique, used in various high throughput 
applications in functional genomics and mass mutagenesis. Microarray technology was first introduced in 
Science, 1991, which described its ability to generate up to a 1024-member array of peptides using 

photolithography and its ability to synthesize oligonucleotides in situ technology. Because the availability of very high 
level of genetic information by microarray in molecular biology, various new terms such as functional genomics, 
transcriptomics and metabolomics have been coined in molecular biology.  The assessment of expression at the genomic 
scale has been achieved with DNA microarrays, which are glass slides containing an ordered mosaic of the entire 
genome as a collection of either oligonucleotides (microarrays) or PCR products representing individual genes 
commonly referred as cDNA microarrays. These microarrays are then used in numerous applications in biological 
sciences. 

Microarray Technology Platform and Process  

A complete schematic diagram for microarray experiment is shown in Figure 1. Acquiring and setting up a robust 
complete microarray experiment process by assembling individual components is expensive and challenging. The larger 
firms around the world, such as Affymetrix, Agilent Technologies, and the General Electric Healthcare provide 
complete range of components, reagents, and services for microarray technology. 

Probe Design 

Most array designers offer standard array probe sets for some or all of the most common model organisms, such as 
mouse, rat, yeast, and human, and important bacteria. In the case of custom arrays, the customer can contribute different 
levels of detail to the design; a target gene list, a list of target transcript sequences, the actual probe sequences to be 
synthesized or even complete specification of all probe and control sequences and their spatial layout on the array. This 
choice involves considering the customer’s bioinformatic capabilities compared to those of the array vendor and, of 
course, the price of the vendor services. Commercial software, such as Array Designer (Premier Biosoft International), 
TILIA (Linden Biosciences), and free software, exist to aid in probe designing. 

 

 

        

 

 

 

 

 

 

Fig.1 Schematic presentation of microarray experiment 
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Amplification and Labelling 

The protocols for isolating and amplifying the desired form of nucleic acid have many variations. In the case of mRNA 
profiling, amplification can proceed from purified mRNA or from total RNA, although in prokaryotes mRNA 
purification is problematic because the nucleic acid mostly lacks 3' polyadenylation. Labelling molecules can be 
incorporated during synthesis of amplification products, or modified nucleotides capable of accepting label can be 
incorporated during synthesis and the labels coupled to these immediately afterward. Signal amplification methods also 
have been employed to augment sample amplification. Nucleic acid amplification can be accomplished through reverse 
transcription of RNA followed by linear amplification with one or more rounds of in vitro transcription (IVT), or via 
polymerase chain reaction (PCR), or combination of both. Amplification can be 3' biased or full-length, and the decision 
interacts strongly with the process of probe design. 3' biased amplification methods take advantage of priming from 
polyadenylation sequences found in eukaryotic transcripts. The final product to be hybridized to the array can be either 
cDNA or cRNA. Out of these many variations a few principles have emerged. Linear and modest amplification, as well 
as post-synthetic incorporation of labels, generally are associated with more reproducible data. Despite the best efforts, 
biases enter at all reaction steps in these workflows and can be very sequence specific, so that the final brightness of a 
given probe is only approximately relatable to the abundance of its corresponding target molecule. Biases that arise from 
differences in chemical properties between the two dyes are significant and sequence specific, but the biases can be 
mostly mitigated by repeating the experiment with the reverse assignment of dye to sample and finally accounting the 
mean value of the results. 

Hybridization and scanning of arrays   

During hybridization, complementary sequences gradually find each other preferentially over mismatched pairings. The 
fundamental parameters are time, stringency, concentration, and complexity of the sample, as well as density of 
available binding sites. Secondary parameters include the distribution of fragment lengths, steric effects of dye 
molecules, and surface chemistry. The optimization of stringency involves choosing conditions in which, for most 
probes, perfect match duplexes have a high occupancy compared to mismatch duplexes. In general, any given target 
sequence will pair and dissociate many times during the hybridization reaction, staying longer at high-binding-energy 
well-matched duplexes than in poorly matched duplexes. The progression with time can be used to distinguish specific 
from nonspecific binding. In general, hybridization times of several hours or more at relatively high stringency are 
required to achieve the best specificity. A challenge for clinical and some bio-defence applications will be to speed up 
this process substantially. The electric field–induced migration of target fragments toward probes of the Nanogen system 
increases local concentration and accelerates the accumulation of signal; it is less clear if it accelerates the progression to 
a certain level of specificity. Likewise, agitation, microfluidic circulation as in the Affymetrix system, surfactants, 
buffers and acoustic sonication has potential to speed and improve hybridization. Washing off the unbound sample after 
hybridization is a crucial step to get optimum efficiency. 

Scanning of a fluorescent hybridization signal can be done with CCD imaging using filtered white light illumination, as 
in the ArrayWoRx from Applied Precision, but now it is more commonly done with laser confocal scanners. The laser 
confocal approach has fundamental geometric advantages that tend to provide better signal-to-background ratios and less 
photo-bleaching of the labels. Available options for fluorescent confocal scanners are changing even more rapidly than 
for arrays. In addition to the Affymetrix-specific scanners supplied by them, leading manufacturers include Agilent 
Technologies, Axon Instruments, Packard and Genomic Solutions. Most devices have lasers and filter sets compatible 
with common fluorescent label pairs such as Cy3 and Cy5. The leading laser confocal devices all have sensitivities high 
enough that background fluorescence of the array substrate and unwashed reagents, not signal faintness, generally limits 
performance. In other words, these scanners are as good as they need to be given the current limitations of other steps in 
the process. New options for brighter individual labelling units, such as quantum dots and plasmon resonance particles, 
may finally allow single-molecule detection efficiency, further easing requirements on amplification and on the input 
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biological sample amount. Any compromise in the accuracy at this stage cannot be recovered downstream. The output 
should include pixel intensity statistics that can be used as input to measurement uncertainty estimates.  

Data Interpretation  

Analysis of microarray data includes important issues in bioinformatics, laboratory information management, statistics, 
and machine learning, and of course, it must be tightly coupled to the original experiment design and intent application. 
Commercial and free software packages have been developed to help with some or all of the analysis process being 
attractive but expensive technology. Now, every probe has its own biases and error distribution due to a particular 
experimental workflow and that the errors have contributions that can look additive, multiplicative (e.g., log-normal), or 
Poisson. Intensity transformations or a difference detection statistic based on explicit modelling of the presence of 
additive and multiplicative errors, can remove the gross trends of error level as a function of intensity, so that analysis of 
variance (ANOVA) methods become very useful for analyzing factorial experiment designs, such as samples taken 
across different conditions, dose, time, and cells, including replicates. But with affordable numbers of replicates, the 
individual probe efficiencies and error levels remain poorly determined. Individual probe efficiencies can be separated 
from their target species abundance using any diverse set of conditions. The statistical analysis can be done from 
replicates of related experimental conditions to better determine the individual error levels. So far it has not been 
possible to achieve all of the desired objectives in a computationally tractable framework, which would involve 
ANOVA-like recovery of the effects of the multiple experiment parameters, variance stabilization, and probe- and gene-
specific error properties adapting to increasing amounts of available data.  

Applications of DNA microarray 

Gene mapping 

The mRNA measurement applications have come to dominate microarray usage because of the rich information that can 
be derived about the functions of genes in cells and tissues. The expression of a set of transcripts, an expression profile, 
can be compared across different tissues from a given organism, across disease states and genetic backgrounds, and 
across experimental conditions such as drug treatments and gene disruptions. These data sets are particularly powerful 
when collected simultaneously with other data types from the same biological samples. The baseline abundances of 
mRNAs in different tissues, sometimes called a “gene map” of expression, are of considerable interest because the list of 
tissues where a gene is expressed provides a key clue as to the function of the gene and as to where compounds targeting 
its protein are likely to do good or harm. If two genes have similar patterns of expression across tissues, this is a clue to  
functional relatedness. Creating these maps is of course more difficult when the tissues are less dramatically different 
and the samples are smaller, such as in mapping regions of the mouse brain. In contrast, the Allen Institute for Brain 
Science created an expression map of the mouse brain by performing many in situ hybridization slices through a brain 
for each gene. The former method should reveal functional information for known structures more efficiently, whereas 
the latter method should eventually reveal a new fine structure and its associated gene expression. 

Identification of stress and diseased state 

Microarray studies are very useful in determination of expression profile of different biological conditions such as stress, 
disease state viz a viz. normal state. Genes up-regulated, or possibly down-regulated, in the disease state are more likely 
than random chance to be drug targets for that disease and offer a detailed molecular phenotype of the disease. 
Meaningful results are critically dependent on realistic confidence assignments for the measured differences in 
expression. There is possibility of 1% false positive rate yields 500 false positives out of 50,000 reporters. Also, 
differential expression of any given gene can arise from proximal or more distal reactive steps in the disease process. It 
is just one clue to function that must be combined with other evidence. Clues as to the mechanisms of disease come from 
looking for functional categories of genes, such as those determined from databases of functional annotations that are 



Cross breed male infertility and Bovine Genomics 

63 | P a g e  

 

overrepresented among the differentially expressed genes. Simple case versus control studies has given way to more 
powerful experiment designs to suggest targets and illuminate disease mechanism. 

Identification of signalling pathways 

Few years back, it was highly unlikely that parallel gene expression analysis would be an efficient way to illuminate the 
detailed structure of signalling pathways. However, the question of the existence of cross talk between mitogen-
activated protein kinase (MAPK) signalling pathways was successfully addressed using DNA microarray technology. It 
was not known where in the 6000-gene yeast transcriptome the evidence for cross talk might appear. The development 
of this experimental hypothesis was not practically possible without the high throughput data by microarray studies. The 
existence of off-target effects of drugs turns out to be a similar kind of question. By drug-treating a cell line lacking the 
gene for the drug target, one can argue that any observed transcriptional changes are off-target effects that might be 
associated with toxicity or unexpected mechanisms of the action. This was done for the immunosuppression compound 
FK506, and the off-target effects were confirmed by extending the experiment to cell lines deleted both for the drug 
target and for the suspected secondary target.  

Functional response pattern 

The power of expression profiling is most evident in experiments that explore a systematically varied set of conditions in 
microarray studies. Data redundancy is provided by sampling a smoothly varying process, and co-regulation of genes 
across a set of biological conditions reveals functional gene groups. In a non-microarray study of this type, RT-PCR 
measurement sets for 112 genes at various times during rat central nervous system development revealed features of the 
regulatory cascade. The advent of microarrays, of course, enabled a much broader sampling of the genome. All the 
genes in the yeast S. cerevisiae growing in culture through its diauxic shift. Genes with related known metabolic 
function showed similar expression evolution over time. The transcriptional changes observed in other genes helped 
flesh out knowledge of the metabolic pathways involved. Characterization of gene expression profiles in early bovine 
pregnancy using a custom cDNA microarray unravelled the functional dynamics of pregnant animals.  

One of the most common experiment types in the drug discovery and diagnostics arena is the deliberate search for 
biomarkers of a particular human phenotypic end point. It was found that expression patterns indicative of survival in B-
cell lymphoma patients and characteristics of two subtypes of large diffuse lymphoma B cells. In this study, the 
microarray probes were chosen to target genes expressed in lymphoid cells and to be relevant to immune response. Just 
as the molecular phenotypes associated with disruption of genes of known function serve as landmarks in the above 
example, toxicity landmarks in rat liver were produced by profiling the response to compounds of known toxicity. The 
expression profiles produced by compounds under study then can be interpreted for the mechanism and likelihood of 
toxicity. Biological interpretation of the responding genes also gives clues to the mechanisms of toxicity. Similarly, 
efficacy landmarks can be provided by profiling drugs with known mechanisms of action. Expression responses to 
psychoactive compounds in primary human neurons in vitro were used to develop classifiers for antidepressant, 
antipsychotic and opioid drug action. The products of such projects can be thought of either as biomarkers for particular 
classification decisions or as a general resource for interpreting the bioactivity of new compounds.   

Integrated high throughput expression studies 

Microarray can be used for the generation of high through put data, which is otherwise impossible to generate by 
conventional gene expression approaches. By combining regulatory sequence motif findings with expression co-
regulation response clustering, better confidence is achieved in identifying regulatory elements and the sets of genes that 
should respond to them. It was seen that preliminary proteomic and mRNA response profiles for yeast cultures, 
corresponding to a set of galactose utilization gene mutations and growth conditions, and combined these data with 
physical interaction data to obtain refinements to the galactose utilization pathways. Knowing the levels of both the 
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mRNAs and their associated proteins, including transcription factors, allows specific tests of alternative network models 
that are nearly impossible with mRNA data alone. In another study on microsatellite genotyping at 13-centimorgan (cM) 
spacing in 111 mice samples, 23,000-gene expression profiles from their livers and detailed phenotypic data. The data 
were combined in novel ways to find genetic loci controlling the mRNA levels and the phenotypic traits associated with 
common multigenic diseases like obesity. These methods promise to be an order of magnitude more efficient than 
conventional linkage analysis for finding causative alleles. At Present, affymetrix Technology has developed bovine 
genome microarray to study and understand gene expression of over 23,000 bovine transcripts. 

Genotyping  

Rapid acquisition of genetic information was one of the original motivations for the Affymetrix microarray technology. 
Resequencing for point mutations using microarrays was demonstrated in 1996 and has become an established 
methodology. The baseline method involves short probes complementary to every N-mer of the baseline target sequence 
and additional probes that vary the nucleotide at the putative mutation position. Each of these also can be paired with a 
“mismatch” probe to control for nonspecific hybridization. Chips have been designed for mutation detection in genes of 
particular interest to human health, including the cystic fibrosis gene CFTR, the breast cancer susceptibility gene 
BRCA1, and mitochondrial DNA. Studies of the performance of these devices, in the context of and mitochondrial 
DNA, have shown the promise of these methods and also the difficulties associated with false detections when the 
underlying mutation rates are low. When a specific list of known polymorphisms scattered throughout the genome need 
to be targeted, probe sets can be designed just for them, or microarrays can be used as a moleuclar tool when the 
molecular recognition of the polymorphism takes place first in a highly multiplexed reaction conditions. 

In Future 

In the future, DNA microarray-based techniques will be used to a much greater extent in comparative and functional 
genomics. Although, much competition has been given by NGS based approaches, it has the potential ability to scan the 
entire genome for polymorphisms. This may go so far as producing a genetic profile for every person, a 'Expression 
bar code or Expression chip' that will give information on,  the individual's risk for disease, the efficiency of certain 
drugs or antibiotics, the side-effects of certain drugs or antibiotics.   
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Introduction  

enome of individuals of the same species differ from each other at many different levels-from single nucleotide 
polymorphism, microsatellite polymorphism to large scale chromosomal variations which are studied by 
cytogenetics. There is also a type of structural variation which involves DNA segments of intermediate length, 

typically from 1 kb to several Mb, although variants as small as 50bp have been detected (Li et al, 2004; Feuk et al, 
2006; Redon et al, 2006; Conrad et al, 2010b). These DNA segments can be inserted or deleted giving rise to copy 
number gains or losses or complex rearrangements involving both. Collectively, these types of variants are known as 
copy number variants (CNVs). 

Copy number variants in vertebrate genomes were first acknowledged by Susumu Ohno over 40 years ago in the book 
“Evolution by Gene Duplication” (Ohno 1970). However, its significance has been flourished since 2004 onwards only 
where the presence of CNVs across the genomes of mice (Li et al. 2004; She et al. 2008) and humans (Iafrate et al, 
2004; Sebat et al, 2004; Tuzun et al, 2005; Feuk et al, 2006; Fiegler et al, 2006; Redon et al, 2006) were shown using 
contemporary molecular methods. The studies on CNVs have been continued  in the genomes of primates (Cheng et al, 
2005; Dumas et al, 2007; Perry et al, 2008), rat (Guryev et al, 2008) and more recently, in domestic species (Clop et al,  
2012; Liu and Bickhart 2012, Ghosh et al. 2015).Comparison of CNVs with SNPs showed that CNVs constitute 5 to 
12% of the mammalian genome (Redon et al, 2006; 2007; Kim et al, 2008; Hastings et al, 2009) and contribute 
approximately twice the amount of total genetic differences between individuals when compared to SNPs (Sharp 2009). 

Origin of CNVs 

Genomic distribution and mechanisms of formation of CNVs  

Studies in humans and animals have showed that CNVs are not randomly distributed in the genome (Hastings et al, 
2009; Hall and Quinlan 2012). They are significantly enriched in regions with segmental duplications (SD), also known 
as low copy number repeats (Hastings et al. 2009; Stankiewicz and Lupski 2010; Bickhart et al, 2012) transposable 
elements (Cordaux and Batzer 2009; Xing et al, 2009) and other regions with complex architectural features, such as 
subtelomeric regions (DeScipio et al, 2008; Riethman 2008) and the Y chromosome (Skaletsky et al, 2003). The 
association of CNVs with structurally complex regions suggest that the formation of CNVs are caused by the same 
general mechanisms that can cause other structural changes like chromosomal breaks followed by repair mechanisms 
using homologous and non-homologous recombination (Hastings et al, 2009).  

Non-Allelic Homologous Recombination (NAHR) 

Non-Allelic Homologous Recombination typically occurs in regions enriched with low copy number repeats or 
segmental duplications and the  sequences are larger than 1 kb that share over 95% sequence identity (Hurles and Lupski 
2006; Hastings et al, 2009). Double stranded breaks in these regions can be repaired by different mechanisms involving 
both gene conversion and crossing over (Hurles and Lupski 2006) resulting in deletions, duplications, inversions or 
translocations. 

Non-homologous recombination (NHR)  

It is a DNA break repair mechanism with limited or no sequence homology which leads to the formation of CNVs and it 
can be divided into non-replicative and replicative mechanisms (Hastings et al, 2009). The former is not related to DNA 
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replication which includes phenomena such as non-homologous end joining (NHEJ), microhomology-mediated end 
joining (MMEJ) and breakage–fusion–bridge cycle (Hastings et al. 2009). For example, in NHEJ, double stand breaks 
are repaired without sequence homology and results in deletion, insertion or duplication of a small number of 
nucleotides (1-4bp), termed as replication scar. Sources of free DNA that can be inserted are mitochondrial DNA and 
retrotransposons (LINEs). Suggested mechanisms of CNV formation as the effects of DNA replication are replication 
slippage, fork stalling and template switching (FoSTeS), and microhomology-mediated break-induced replication 
(MMBIR) (Hurles and Lupski 2006; Hastings et al, 2009). Recently discovered form of NHR is chromothripsis which is 
although to involve both MMBIR and NHEJ, leading to the formation of multiple and massive structural rearrangements 
in a very short time and it is typically observed in cancers (Stephens et al, 2011; Liu and Bickhart 2012).  Small CNVs 
are usually originated from mobile element insertion and NHEJ, whereas large CNVs are caused by NAHR (Conrad et 
al, 2010a). Although some mechanisms of CNV formation are understood but the overall mechanistic aspects of CNVs 
are not completely clear which require further researches. The study of CNVs is further complicated by possible somatic 
mosaicism where CNVs are formed in some but not in other somatic cells or tissues (Hall and Quinlan 2012). 

Methods for CNV discovery and analysis 

Several tools and approaches have been used to examine CNVs which include arrays of large genomic clones (Fiegler et 
al, 2006), SNP genotyping microarrays (Shaikh et al, 2009; Hou et al, 2012a ), whole genome oligonucleotide tiling 
arrays (also known as comparative genomic hybridization or CGH arrays) (Carter 2007; Gresham et al, 2008; Mitra et 
al,2009; Conrad et al, 2010b; Ueno et al, 2012 ), and whole genome sequencing (Kidd et al, 2008; Alkan et al, 2009; Ni 
et al, 2013; Poultney et al, 2013; Iben and Maraia 2014; Tan et al, 2014). Although sequencing certainly provides the 
most comprehensive information about CNVs but array based CGH is currently used which is an efficient and relatively 
cost-effective way of detecting and measuring structural variations in the genome of humans (Carter 2007; Gresham et 
al, 2008; Mitra et al, 2009; Conrad et al, 2010b; McCarroll 2010) and animals (Liu et al, 2009; Fadista et al, 2010; Wang 
et al, 2010). The only prerequisite for designing a CGH array is the availability of whole genome sequence information 
for the species of interest. Once the arrays have been designed and produced which may be analyzed by array CGH. This 
method is based on co-hybridization of two differently fluorescently (usually with Cy3 and Cy5) labeled genomic DNA 
samples, of which one is always a reference and another, the sample of interest (case). The case/reference signal ratios 
are measured and copy number variations are detected according to the ratio. Thereafter, the data can be analyzed using 
a variety of software packages, often provided by the companies producing the arrays: e.g., Agilent Technologies-
Agilent Genomics Workbench, NimbleGen-NimbleGen SignalMap software and Affymetrix-Chromosome Analysis 
Suite (ChAS) Software. In recent years, next generation sequencing (NGS) technology has been used widely to detect 
CNVs (Medvedev et al, 2009; Mills et al, 2011) which is identified by NGS at about 50 bp in size (Alkan et al, 2009). A 
new approach of whole exome sequencing (WES) is also considered because of it is cost effectiveness in large 
population in comparison to NGS (Ng et al, 2009). WES mainly focuses on protein-coding regions or exomes or 
customer defined target regions, which only encompass about 1% of the entire genome. 

CNV research in humans and primates 

Studies of CNVs in humans were started a decade ago (Iafrate et al, 2004) with a small number of unrelated individuals 
(Iafrate et al, 2004; Feuk et al, 2006; Fiegler et al, 2006; Freeman et al, 2006; Redon et al, 2006) but soon after it has 
been expanded to larger cohorts representing specific human populations: European (Vogler et al, 2010), African 
(Matsuzaki et al, 2009), Japanese (Takahashi et al, 2008), Chinese (Lin et al, 2009) and Korean (Moon et al, 2011). 
Further, the additional information about human CNVs was provided by the Human HapMap consortium and the 1000 
Genome Sequence Project which are available from Ensembl and Database of Genomic Variants (DGV). The DGV 
showed  approximately half of the 109,863 human CNVs (July 2013) which fall into the size range from 1 to 10 kb; 
about 21% overlap with genomic regions listed in OMIM (Online Mendelian Inheritance in Human), and DECIPHER 
database (Firth et al, 2009) has reported  70  human syndromes are related with CNVs.CNVs formed in both genic and 
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intergenic region which was expected to find more CNVs in intergenic region as they contain large repeats, but most 
CNVs were found in gene containing region or inside known coding region (Iafrate et al, 2004; Perry et al, 2006). CNVs 
present in intergenic region containing non-coding RNAs which are responsible for regulation of normal gene 
expression as well as cause of various diseases and disorders (Khalil et al, 2009; Huarte et al, 2010; Walker and Scherer 
2013). 

Human CNV studies were performed to study various aspects of genomic variations and their effect on normal human 
population. Gene containing CNVs cause changes in gene dosage (Jaradat et al, 2013; Vittori et al, 2014), gene 
expression regulation (Haraksingh and Snyder 2013), and changes in recessive allele exposure (Boone et al, 2013). 
Duplication and deletion of cis-regulatory elements have been shown to greatly influence phenotype, particularly 
developmental genes (Spielmann and Klopocki 2013). CNVs have great impact on genomic selection (Conrad et al, 
2006; Redon et al, 2006; Itsara et al, 2010; Gokcumen et al, 2011; Stenberg and Larsson 2011), gene duplication,  
evolution (Popesco et al,  2006; Dumas et al, 2007; Nozawa et al, 2007; Hasin et al, 2008; Young et al, 2008; Waszak et 
al, 2010; Jarick et al, 2011; Shadravan 2013; Veerappa et al, 2013), and changes in innate and adaptive immunity 
(Kulski et al, 2002; She et al, 2008; Lee et al, 2012).  From these outcomes, a common CNV map was generated where 
most of the CNVs are associated with cell adhesion, sensory perception, neurophysiological processes, kinase- and 
phosphorylation-related categories, and cell signaling. 

CNV studies were performed with primates to look for genome-wide structural micro heterogeneity, breakpoints for 
chromosomal rearrangements between their genomes. CNVs in primate genome might be indicative of the gaining of 
new functions and adaptive evolution. Comparative studies between human, chimpanzee (Kehrer-Sawatzki and Cooper 
2007), gorilla (Wilson et al, 2006), and orangutan genomes (Yohn et al, 2005) have helped to determine the ancestral 
state of primate genome and the divergences among them. 

CNVs in cattle  

Cattle genome is probably the most extensively studied for CNVs among domestic mammals. Since 2009, at least 14 
studies were reported about WG CNV analysis in the cattle genome using array CGH and SNP bead chip genotyping or 
NGS platforms.The first CNV study in cattle was published in 2008 with 3 animals which have identified 25 CNVs (Liu 
et al, 2008). A year later, using bovine SNP50 Beadchip were detected 79 deletion variants in 556 animals of various 
breeds (Matukumalli et al, 2009). However, the first systematic genome-wide CNV analysis using 385K Nimblegen 
array was reported by Liu and colleagues in 2010 with 90 animals which was representing taurine, indicine, and mixed 
breeds. Over 200 CNVs, covering 1.07% of cattle genome were identified and CNVs were more in indicine breeds than 
in taurine breeds. These CNVs involved 400 annotated cattle genes which were significantly enriched with genes in 
relation to immunity, lactation, reproduction and rumination. A strong association was observed between CNVs and the 
evolutionary breakpoint regions (EBRs) with ~20% of cattle specific and ~52% of artiodactyl-specific EBRs which were 
significantly enriched with CNVs (Liu et al, 2010). This was a pioneering CNV study in cattle and domestic animals 
which established a foundation for further researches. In the same year, Fadista and colleagues (2010) identified 304 
CNVs in 20 animals of 4 breeds and found that the majority of CNV genes were involved in response to environment or 
associated with human orthologs of known diseases and disorders. Importantly, over 50% of cattle CNVs have been 
associated with segmental duplications which are well known hotspots for CNV formation (Fadista et al, 2010; Liu et al, 
2010).  

The most comprehensive information about CNVs in the cattle genome has been obtained by NGS. Further, Bickhart 
and colleagues (2012) used WG sequence data for 5 taurine and one indicine cattle and identified 1265 CNVs of which 
476 were novel. Interestingly, Nellore cattle showed copy number gain in genes responsible for pathogen and parasitic 
resistance, while genes involved in lipid transport and metabolism were duplicated in taurine breeds of beef cattle 
(Bickhart et al, 2012). Thereafter, many more CNV studies have been conducted in different cattle breeds and 
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populations from different parts of the World (Hou et al, 2012a; Jiang et al. 2012; Choi et al, 2013; Cicconardi et al, 
2013; Jiang et al, 2013). Despite of differences in the methodology and animal cohorts, all studies agree that the bovine 
genome has hundreds of CNVs, many of which span known protein coding genes with functions in immune response 
and defense, sensory perception, reproduction, rumination and lactation. In addition, the absences of CNVs in 
housekeeping genes were thought to be an indication of strong refining selection (Liu and Bickhart 2012). 

The importance of CNVs from different species have provided the outline of its role in causing different syndromes, 
diseases as well as involvement in quantitative traits of better adaptations to the changing environment. In case of cattle, 
CNVs had played a crucial role in several biological functions to adapt warm climates and superior resistance to tick 
infestation in Bos taurus indicus than Bos taurus taurus. The beef and dairy breeds showed selective metabolic pathways 
for muscling, marbling and milk composition traits and its role is also elucidated for the fertility related disorders in 
different species (Dong - Hyun Shin et al, 2014) 

    The genomics studies in Bovine have been progressively reported composite physical map and two alternative 
reference genome assemblies of cattle named as Btau_4.0 and UMD3 (bovine genome sequencing and consortium 2009: 
Zimin et al, 2009). The available genome sequence information provided the first line of evidence regarding the 
variations in the ruminant specific genes related to immunity and lactation. Based on the resources, the cattle research 
community has been involved on Single nucleotide polymorphism studies with an important considerationof genetic 
variation (George E.liu et al, 2010). But, the efforts in CNV studies from other species provides information regarding 
its underlying roles which substantially involved researchers to consider cattle for domestication, breed formation, 
resistance to climates, milk and meat production as it is important for economy of various countries. 

CNVs and fertility  

Disorders of Sexual Development (DSDs) and reproduction 

Disorders of sexual development and reproduction include a broad variety of complex conditions that affect sex 
determination, sexual differentiation, the development and function of gonads, and fertility (Wilhelm et al, 2007). The 
latter has a direct bearing on reproduction and production which is an economically important trait. In contrast to the 
importance of the problem, very little is known about the genetic component of DSDs in animal. This is largely because 
sexual development and reproduction are regulated by almost 20% of the genes (~5000) in the mammalian genome 
(Hargreave 2000; Matzuk and Lamb 2002; Carrell 2007; Krausz and Giachini 2007) which function in complex spatio-
temporally regulated gene networks. Hence, difficulties are always encountered in precise clinical characterization of 
DSDs phenotypes and the collection of research samples. 

Mammalian sex determination and disorders of sexual development  

In the 1950s, human studies in females with Turner syndrome (45, XO) and males with Klinefelter’s syndrome (47, 
XXY) established that the Y chromosome determined maleness (Jacobs and Strong 1959). The search for the testis-
determining factor (TDF) on the Y chromosome lasted for several decades with numerous candidate genes being studied 
and discounted (Silvers and Wachtel 1975; Page et al, 1987) until the early 1990s when the sex determining region on 
the Y chromosome (SRY) was identified as the necessary and sufficient locus for male sex determination (Gubbay et al, 
1990; Sinclair et al, 1990; Koopman et al, 1991). Subsequent research on the SRY, identified several other genes 
involvement in mammalian sex determination including SRY-box 9 protein (SOX9) (Morais da Silva et al, 1996), 
steroidogenic factor (SF1) (Parker et al, 2002), fibroblast growth factor (FGF9) (Schmahl et al, 2004) and many others 
(Marshall Graves 2008; Sekido and Lovell-Badge 2008).  

Furthermore, recent studies have identified genes (RSPO1, WNT4, β-catenin) which are necessary for the molecular 
pathways in female sex determination and ovarian differentiation (Chassot et al, 2008; Sekido and Lovell-Badge 2009). 
Until then it was thought that the SRY initiates the male differentiation pathway, and female development happens as a 
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default in the absence of the Y chromosome and SRY which does not require specific genetic triggers. Despite these 
achievements, the overall knowledge about the complex genetic mechanisms underlying sex determination and sexual 
differentiation beyond the role of SRY in mammals is limited due to many contributing genes and pathways. Disruption 
of the many genes and genetic pathways that regulate sexual development can cause DSDs at many different levels. For 
example, disruption of the very early steps of sex determination at the stage of a bi-potential gonad which may results in 
abnormal gonadal development in both sexes (Marshall Graves 2008; Sekido and Lovell-Badge 2009). Later on, 
disruption of genes involved in steroid hormone metabolism by the developing gonads, can affect sexual differentiation, 
gonadal maturation and the development of secondary sexual characteristics, such as sex specific behavior and external 
sexual phenotypes - the presence of penis and descended testes in males, vulva and vagina in females (Auchus 2004; 
Hughes 2008; Fluck et al, 2011; Biason-Lauber et al, 2013). Many forms of DSDs manifest as discrepancies between 
the genetic sex (sex chromosomes), gonadal sex (testes or ovaries) and phenotypic sex. In literature, the resulting 
phenotypes appear under terms like intersexuality, gonadal dysgenesis, pseudohermaphroditism, testicular feminization, 
true hermaphroditism, and sex reversal syndromes (Howden 2004; Villagomez et al, 2011; Lear and McGee 2012), 
depending on at which levels (genetic, gonadal, phenotypic) sexual characteristics are altered or observed. 

CNV and fertility in cattle 

It has been seen that progressive involvements fertility started for the male bulls with simultaneous information obtained 
from humans related to Y chromosome regions. Originally, the Y chromosome was considered as devoid of function 
related genes due to its small size and heterochromatic in nature. The most part of the regions doesn’t undergo meiotic 
recombination except for the two pseudoautosomal regions (PAR) which shows homology for X & Y chromosomes. 
But, the chance of occurring CNVs in this chromosome is the presence of repeated sequences within or between the 
sisters chromatids may act as the substrates for the process of recombination. It is characterized that Y chromosome 
plays an essential role in spermatogenesis, development of male sexual characteristics and in fertility which codes for 78 
and 1274 protein coding genes in humans and cattle, respectively (Mukherjee et al, 2013 and Ti-Cheng Chang et al, 
2013). 

The main aim of all fertility studies were involved in analyzing the male specific region of Y chromosome (MSY) which 
is flanked by PAR regions and it contains multi copy genes and copy number variants. The amplification of this region 
is considered as a unique phenomenon for the mammalian sex chromosome evolution, in spite of lineage dependent their 
expression is solely restricted to testis which is predominantly involved in male spermatogenesis and fertility. The genes 
were showing significant differences from human MSY and contains multi-copy protein-coding gene families in Y 
chromosome includes sex determining region on Y chromosome (SRY), DEAD box polypeptide 3-Ychromosome 
(DDX3Y), Ubiquitin specific peptidase 9, Y-linked (USP9Y), testis-specific protein on Y chromosome (TSPY), heat-
shock transcription factor Y-linked (HSPY), preferentially expressed antigen in melanoma, Y-linked (PRAMEY), zinc 
finger protein 280AY, Y-linked (ZNF280AY), zinc finger protein 280BY, Y-linked (ZNF280BY), envelope glycoprotein 
like, Y-linked (EGLY). 

The limited studies of CNVs in cattle in relation to fertility of different cross and pure breeds of  Bos taurus and Bos 
indicus  indicates that some of the functional roles of genes, as SRY binds to minor groove at a 6 base consensus target 
sequence and activates the cascade of testis determining pathway, DDX3Y and USPY considered as fine tuner for 
spermatogenesis, TSPY involves in spermatogonial cell renewal, spermatocyte differentiation in prophase-I and 
correlating positively for bull fertility. HSPY, ZNF280BY and PRAMEY genes were involved in maturation of sperm, 
negative association with testis size, non-return rate and percentage of normal sperm respectively (Mukherjee et al, 2013 
and Xiang-Peng Yue et al, 2014). 

Ultimately, CNVs studies of bull fertility from different genes indicates that HSFY and ZNF280BY among 20 and 460 
bulls with different breeds using a quantitative PCR approach had 70 copies which was largely expanded in cattle than 
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other species;  a median CN (MCN) value of HSFY among the individuals tested was 197 (ranging from 21 to 308) 
while it was 236 (28 to 380) for ZNF280BY with significant variations (P< 0.05) in copy number (CN) for both gene 
families within and between cattle breeds, respectively. The MCN of HSFY (202) in the Bos taurus (BTA) lineage was 
significantly higher than the Bos indicus (BIN) lineage (178). In contrast, the MCN of ZNF280BY (231) in the BTA 
lineage was significantly lower than the BIN (284) lineage. Further data validation using custom-made bovine 384-SNP 
chip with the Illumina VeraCode GoldenGate technology for 520 Holstein bulls autosomal, X-linked, and Y-linked 
SNPs, or gene families play a role in spermatogenesis, sperm function, and semen quality (Christine K. Hamilton et al, 
2011 and Xiang-Peng Yue et al, 2014) 

Conclusion  

The copy number variation of the fertility related genes in cattle and other mammals have not been studied well due to 
less sequence availability of Y chromosome with high repetitive gene content. But, the available CNVs from bovine 
gene families like TSPY, ZNF280BY and HSFY have been extensively expanded on the Y chromosome during evolution 
which is expressed in early germ cells. The copy number of these gene families varies significantly among individuals of 
cattle breeds. These variations suggested that the CNVs in the respective gene families may serve as valuable makers for 
testicular size and male fertility selection in cattle bull at early ages as well as adaptation of beef breeds for the selective 
environment can be produced by suitable breeding techniques. 
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he development of a healthy herd requires the proper identification of genetic disorders at gene level. This 
enables rapid screening of breeding population inorder to eliminate the carriers from the population of breeding 
sires, thus decreasing the number of affected progenies.  The important genetic disorders were BLAD, CVM, 

DUMPS, FXI and BC which have been perceived to be economically important globally. It was carried out on native 
Indian (Bos indicus), exotic (Bos taurus) cattle breeds and their crossbreds. Indian and exotic cattle and their crossbreds 
need to be screened for five common genetic disorders. BLAD, CVM and FXI have been reported so far in pure and 
crossbred Holstein Friesian used for crossbreeding program in India. PCR based test was designed to screen cattle for 
these five genetic disorders. The study was carried out on native Indian (Bos indicus), exotic (Bos taurus) cattle breeds 
and their crossbreds. These animals were mainly from National Dairy Research Institute (NDRI), Karnal and some were 
from different part of India.  

Bovine Leukocyte Adhesion Deficiency (BLAD)  

BLAD is a lethal, an autosomal recessive genetic disease that affects especially the Holstein breed and its crosses. It is 
caused by the point mutation (A to G) at the position 383 of CD18 gene located on the first chromosome of bovine 
(Shuster et al., 1992). The defect was first identified in North American Holstein Friesian cattle’s and was exported to 
other national Holstein populations. It is a disease characterized by a reduced expression of the adhesion molecules on 

neutrophils, called β-integrins (a complex of the CD11/CD18 family of proteins that are structurally and functionally 
related to glycoproteins). These proteins help the neutrophils to migrate to the site of inflammation that means they are 
responsible for cell-cell interactions necessary for neutrophils to adhere to vascular endothelium, enter the tissue and 
destroy invading pathogens. The integrins family includes leukocyte function-associated antigen (LEA 1), macrophage 
antigen (Mac-1) and p150, 95. These 3 adhesion molecules are heterodimers, composed of a unique alpha sub unit 
(CD11a, CD11b, and CD11c) and a common beta subunit (CD18) (Springer, 1990). Since integrin expression requires 
intracellular association of both CD11 and CD18 subunits, CD18 defect prevents all integrin functions (Kishimoto et al., 

1989). BLAD affected animals have deficiency in β2 integrin of leukocyte and so neutrophil functions are severely 
impaired and these animals  are characterized by recurrent pneumonia, ulcerative and granulomatous stomatitis, enteritis 
with bacterial overgrowth, periodontitis, loss of teeth, delayed wound healing, persistent neutrophilia, and death at an 
early age (Nagahata et al., 1987). Most calve with BLAD die before diagnosis, probability before 1 year of age. Some 
cows are able to survive for more than 2 years; however their reproductive and milk performance is poor.  

Out of the five genetic disorders considered, Bovine Leukocyte Adhesion deficiency (BLAD) is the most prevalent 
genetic disorder in Holstein Friesian cattle and its crossbred. A few studies have reported that BLAD has been found in 
India in pure Holstein breed and its crosses. Out of 976 cattle tested for BLAD, 23 cattle were BLAD carriers. The 
RFLP pattern (Patel et al., 2007) revealed that 13 HF purebreds out of 377 (3.45%) and 10 HF crossbreds out of 334 
(2.99%) were BLAD carriers. The overall percentage of animals showing the mutated gene is 3.23% in the HF and HF 
crossbred population. 

Complex vertebral malformation (CVM) 

Complex vertebral malformation (CVM) is a recessively inherited lethal disorder leading to frequent abortion of 
foetuses or vertebral anomalies and prenatal death (Agreholm et al., 2001, 2004; Nielsen et al., 2003). Complex 

T 
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Vertebral Malformation (CVM) involves mutation in SLC35A3 gene which has a role in axial skeleton bovine 
(Thompson et al., 2006). The presence of Complex Vertebral Malformation (CVM) in Holstein Friesian cattle and its 
crosses has been previously reported using polymerase chain reaction single-standard-conformational polymorphism 
(PCR-SSCP) (Qin Chu et al., 2008), PCR-RFLP (Patel et al., 2007). In India, Mahdi M. (2008) National Dairy Research 
Institute, Karnal reported four affected Karan Fries bulls out of 52 screened animals and the frequency of carriers was 
20.35%. 

Frequency of CVM carriers among the Holstein cattle in different country  

Country No. of bulls tested CVM carriers (%) Reference 

Japan  40 32.20 Nagahata et al. (2002) 
Germany 957 13.20 Konersmann et al. (2003) 
Sweden 228 23.00 Berglund et al. (2004) 
USA 11868 17.76 Holstein Association USA (2006) 
Poland 605 24.79 Rusc and Kaminski (2007) 
Iran 144 0 Rezaee et al. (2008) 
China 68 14.71 Qin Chu et al. (2008) 
India 52 20.35 Mahdi (2008) 

Factor XI 

Factor XI (FXI) is a plasma protein synthesized in the liver that participates in an early phase of blood coagulation 
(Seligsohn and Griffin, 1995). FXI deficiency is an autosomal recessive hereditary disorder that may be associated with 
excess bleeding in Holstein cattle worldwide and first discovered in Holstein cattle in Ohio (Kociba et al., 1969) but also 
reported in many other countries, including, but not only, Canada (Gentry et al., 1975), England (Brush et al., 1987) and 
Japan (Kunieda et al., 2005). It is located in the 27th chromosome of bovines. The molecular basis of factor XI 
deficiency has recently been discovered. It is a 76-bp insertion of an imperfect poly-adenine tract occurring in exon 12, 
followed by a repeat segment of 14 bp, which corresponds to the normal coding sequence immediately preceding the 
insertion (Marron et al., 2004).  The 3’ end of the gene for bovine FXI is located on bovine chromosome 27 and was 
first characterized by Robinson et al. 1997. Factor XI deficiency has been identified in several species of mammals, 
including humans, dogs, and cattle (Gentry PA. and Black WD., 1980; Gentry PA., 1984;  Brush PJ. et al, 1987 ; Marron 
BM. et al., 2004). Animals that are deficient in factor XI may be asymptomatic, or they may have several indicators 
such as prolonged bleeding after injections, production of bloody milk, and anaemia (Brush et al., 1987). Furthermore, 
homozygous and heterozygous deficient animals may have lower calving and calf survival rates, as well as increased 
susceptibility to infectious diseases (Liptrap et al., 1995). Therefore, this genetic defect can have an economic impact on 
the dairy industry (Marron et al., 2004).The molecular basis of factor XI deficiency is a 76-bp insertion of an imperfect 
poly adenine tract occurring in exon 12. This is followed by a repeat segment of 14 bp which corresponds to the normal 
coding sequence immediately preceding the insertion. The National Dairy Development Board reported that two 
affected Holstein bulls out of 1001 screened animals.  

Deficiency of Uridine Monophosphate Synthase (DUMPS)  

Deficiency of Uridine Monophosphate Synthase (DUMPS) is a hereditary recessive disorder in Holstein cattle causing 
early embryo mortality during its implantation in the uterus (Robinson et al., 1983; Shanks et al., 1987; Shanks 1990). In 
the USA testing of reproductive bulls for DUMPS was started in 1988. It was established that all carriers are 
descendants of an elite bull Skokie Sensation Ned born in 1957. The only way to avoid economic losses is an early 
detection of DUMPS carriers. It is characterized by lowered blood activity of the enzyme Uridine Monophosphate 
Synthase (UMPS) (Healy and shanks, 1987). 
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In mammalian cells, the last step of pyrimidine nucleotide synthesis involves the conversion of orotate to Uridine 
Monophosphate (UMP) and is catalysed by UMP Synthase (Robinson et al., 1983). Uridine Monophosphate Synthase 
(UMPS) is an enzyme which has a key role on the pyrimidine nucleotide synthesis which is essential for normal growth 
and development of several ruminant and non ruminant species (Healy and Shanks, 1987). Inactivation of this enzyme is 
caused by an autosomal recessive hereditary mutation which occurs in the gene of UMPS.In Holstein cattle this leads to 
early embryonic mortality during implantation in the uterus (Robinson et al., 1983, Shanks et al., 1987, and 1990). 
Several investigations were carried out in different countries and carrier animals were found among Holstein populations 
in Hungary (Fesus et al., 1999), Taiwan (Lin et al., 2001), the USA (Shanks et al., 1987) and Argentina (Patel et al., 
2006) but no carriers were reported in Poland (Kaminski et al., 2005), Iran (Rahimi et al., 2006), India (Patel et al., 
2006), Turkey (Meydan et al., 2006; Akyuz and Ertugrul, 2008).  

Bovine Citrullinamia (BC)  

Bovine Citrullinamia is an inborn error of metabolism due to deficiency of the enzyme argininosuccinate synthetase 
which is critical for urea cycle. The disease was first described in humans (Mcmurray et al., 1962) but was later reported 
in dairy cattle in Australia. Bovine Citrullinaemia is caused by a transition of cytosine (CGA/Arginine) into thymine 
(TGA/stop codon) at codon 86 of the gene ASS (Argininosuccinate Synthetase) located in the 11 th chromosome of 
bovine coding for argininosuccinate Synthase, leading to impaired urea cycle (Dennis et al., 1989). It is characterized by 
serious neurological symptoms in new born calves (Harper et al., 1986, 1989). The genetic disorder Bovine 
Citrullinamia involves the mutation in ASS1 gene which leads to impairment of the urea cycle due to the deficiency of 
the enzyme argininosuccinate synthetase. There are few studies aimed to determination of existence of this mutant allele. 
The allele frequency of the mutant allele was found to be high in Australia (Healy et al., 1991). (Robinson et al., 1993) 
detected only one heterozygote among 367 Holstein bulls tested in USA. In other countries, such as Germany, and India, 
the mutant allele didn’t detect in studied populations (Grupe et al., 1996; Patel et al., 2006). 

Calves affected with bovine Citrullinaemia appear normal immediately after birth. However, by the 2nd day of life they 
become depressed and feed poorly. By the 3rd day, they are often seen aimlessly wandering about their enclosure or 
standing with their head pressed against a fence or wall. Between the 3rd and 5th day, the disease progresses rapidly. The 
calves appear to be blind and then they collapse. Death usually occurs within 12 hours of onset of these clinical signs 
(Healy et al., 1990). The clinical signs of Citrullinaemia are believed to be a consequence of an accumulation of 
ammonia in the brain of the affected calves. Citrulline concentration in their blood, cerebrospinal fluid, eye fluid and 
cerebral tissue is greatly elevated. 
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enomic and epigenomic factors play important role in the causation of human disease. With the advent of improved 
molecular biology techniques, the genomic and epigenomic basis for increasing number of diseases is coming up.  
This is also true with male infertility. Genetic factors (chromosomal, Yq microdeletion and cystic fibrosis) are 

responsible for approximately 30% of cases of male infertility. About 40% of cases of male infertility are currently 
categorized as idiopathic and may be linked to unknown genetic/genomic or epigenomic abnormalities. Here, we summarize 
our current work with genomic and epigenomic approaches on testicular germ cell disorders, one of the common causes of 
male infertility.  

Testicular germ cell disorder (other than neoplasm) refers to conditions where testes fail to produce spermatozoa due to 
interruption of germ cell development and differentiation presence of germ cells (few or normal numbers) but differentiation 
into spermatozoa/sperm is interrupted. This may be classified into two distinct subtypes viz., Pre-meiotic Arrest of Germ 
Cell Differentiation (Early Maturation Arrest) and Post-meiotic Arrest of Germ Cell Differentiation (Late Maturation 
Arrest).  

All human studies till now were restricted to clinical, endocrine & base line genetic (chromosomes & Yq microdeletion) 
parameters only. Etiologic factors were identifiable in ~50% cases and remaining 50% are still unknown. Here, we have 
carried out prospective study at genomic and epigenomic level to find out underlying genomic and epigenomic factors in 
idiopathic Testicular Germ Cell Disorders/arrest.  

This study is based on 70 cases of apparent idiopathic testicular germ cell differentiation disorder (maturation arrest) cases. 
Known causes viz., mumps orchitis, varicocele, torsion, trauma, cryptorchidism, etc or treatment with chemotherapeutic 
drugs was excluded before inclusion into the study. FISH with XY probes were carried out in addition to conventional 
chromosome analysis to find out sex chromosome aneuploidy. STS PCR analysis was carried out for Yq microdeletion 
studies. Serum heavy metals were also estimated in serum in 31 cases. Later, in a subset of 68 idiopathic testicular germ cell 
disorder cases and 10 controls DNA microarray was carried out to find out any association with recurrent CNV/LOH. Global 
methylation status was evaluated by using methylated DNA ELISA in all cases. Finally, 12 idiopathic testicular germ cell 
disorder cases (5 early and 7 late idiopathic maturation arrest cases) were subjected for epigenome analysis using Illumina 
450K epigenomic microarray.  

DNA microarray finding on idiopathic testicular germ cell differentiation /MA cases showed recurrent CNVs on sex 
chromosomes (both X & Y chromosomes). The recurrent CNVs are Yp11.31-p11.2 (17 cases with 3 copies), Yp11.2 (9 
cases with 3 copies), Yq11.223 (7 cases with deletion), Yq11.23 (4 cases with deletion), Yq11.223-11.233 (3 cases with 3 
copies), Xp11.23 (7 cases with 2 copies), Xq28 (5 cases with 3 copies), 14q32.33 (5 cases with 3 copies), 14q11.2 (3 cases 
with 3 copies), 7q11.1-11.21 (2 cases with 3 copies), 10q11.22 (2 cases with 3 copies), 16p11.2 (2 cases with 3 copies), 
17p11.22 (2 cases with 3 copies) and 22q11.22 (2 cases with 3 copies).  

CNV in sex chromosomes PAR 1, 2 & 3 were also frequent (Y PAR1 in 3 cases & X PAR 1 in 8 cases; Y PAR2 in none & 
X PAR 2 in 11 cases; Y PAR3 in 12 cases & X PAR 3 in 4 cases) and that affects pairing thus meiotic arrest/spermatogenic 
arrest and male infertility. Methylation DNA ELISA for global methylation shows global hypomethylation in 5 cases (MA 
27, 44, 51, 70, 77). Global methylation between two groups was also comparable (p value of 0.735 vs. 0.732). Similarly, 
epigenomic array detected hypomethylation in GSTT1 gene and Hypermethylation in ACAP3 gene. Role of associated genes 
within CNVs (including PAR 1, 2 & 3) and CPG islands in probable causation of maturation arrest will be discussed in 
presentation. 
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enome sequencing of mammals is rapidly progressing the ability to assemble and align orthologous 
chromosome regions from more than one species is now possible. The intense focus for building a comparative 
maps for companion (dog and cat), laboratory (mice and rat) and agricultural (cattle, sheep, and pig) animals 

has traditionally been used as a means to understand the underlying basis of economically important phenotypes. These 
maps also provide an unprecedented opportunity to use multispecies analysis as a tool for inferring syntenic relations. 
Genetic improvement of several key agricultural species is accelerating with the availability of complete genome 
sequence information and adoption of genomic selection. Now animals or plants can be selected for selective breeding 
on the basis of their genetic merit predicted by genomic markers spanning over the entire genome. In dairy cattle (Bos 
taurus), this method has been shown to be more efficient than conventional progeny testing of bulls (up to double the 
rate of genetic gain) as well as substantially less expensive. Genomic selection opens new opportunities for sustainable 
management of populations by more efficiently selecting for traits that have low heritability, e.g. fitness traits, or traits 
that are difficult to measure. This method is also useful for managing the accumulation of inbreeding within breeds with 
a small effective population size.  

In dairy cattle (Bos taurus) of European countries, genomic selection has been deployed at a rapid pace, and most 
countries with major dairy breeding programs now rely heavily on this new technology.  A major challenge in 
implementing genomic selection in Indian cattle is the non availability of Bos indicus genome sequence and cost of 
genotyping. Using NGS technologies and Bovine gene map information it is possible to re-sequence candidate genes, 
entire transcriptomes or entire animal genome more efficiently and economically than ever before. Information on 
thousands of candidate genes and candidate regions can be harnessed for thousands of individuals to sample genetic 
diversity within and between  

germplasm pools, to map QTLs, to identify individual genes and to determine their functional diversity. Haplotype 
information is becoming relevant in functional biology since structural or polymorphic variations can have different 
phenotypic effects if found on the same or on the homologous chromosome. Haplotype information can be indirectly 
reconstructed in short regions by population-based phasing approaches that use information on linkage disequilibrium or 
from next-generation sequencing data using mate-pair information or different insert size libraries that link markers 
together. The NGS can be applied to resolve the genomic admixture in crossbreeding cattle at the nucleotide level. 
Genotype imputation can be carried out across the whole genome as part of a genome wide association (GWA) study or 
in a more focused region as part of a fine mapping study.  

Species Year Size (Gb) Coverage Strategy Reference 

Mouse (Mus musculus) 2002 2.5 47X BAC, Fos, WGS Nature 2002 
Rat (Rattus norvegicus) 2004 2.8 42X BAC , WGS Nature 2004 
Chicken (Gallus gallus) 2004 1.05 6.6X BAC, WGS, Fos Nature 2004 
Human (Homo sapience) 2004 2.85 30X WGS, BAC, Nature 2004 
Dog (Canis familiaris) 2005 2.4 7.6X BAC, WGS Nature 2005 
Cat (Felis catus) 2007 2.7 1.9x BAC, WGS Genome Res 2007 
Cattle (Bos taurus) (30) 2009 2.9 7 X WGS, BAC Science 2009 
Horse (Eqqus caballus) 2009 2.7 6.8X WGS Science 2009 
G. panda (Ailuropoda melanoleura) 2010 2.25 20X WGS Nature 2010 
Sheep (Ovis aries) (27 ) 2012 3.0 75 X HiSeq,  WGS, BAC Unpublished 
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Turkey (Meleagris gllopavo) 2010 1.1 30X WGS, BAC PloS Biol 2010 
Camel (Camelus dromedarius) 2012 2.1 24x;76x WGS NatCommu2012 
Medaka (Oriyzias latipes) 2007 0.7 10.6X BAC,WGS,Fos Nature 2007 
Yak (Bos. grunniens) 2012 2.6 65; HiSeq 2000 WGS Nat.Gen 2012 
Pig (Sus scrofa) 2012 2.7 15.3 X BAC & WGS Nature 2012 
Goat (Capra hircus) 2012  2.6 12 X Illumina Short read Nat Biote.2012 
Duck (Anus platyrhynchos) 2013 1.1 64.0 NGS + physical map Nat. Gen. (2013) 
Sheep (Ovis aries) (27 ) 2014 2.61 150 X BAC, WGS, RH Science (2014) 

Table 1: Sequenced genomes for various domesticated livestock species species.  

Bos taurus genome 

In April 2009, the first draft (7-fold coverage) of the Bos taurus genome was released. It contains roughly 22,000 genes 
and 14,345 orthologs shared among seven mammalian species. Bovine Genome Sequencing Projects led by the Baylor 
College of Medicine released an improved assembly version (Btau_4.2) for the cow genome in 2009. More recently, The 
Salzberg lab recently created an updated assembly (UMD3.1) of 2.86 billion base pairs with 9.5x coverage of the 
genome.  With the advent of several NGS platforms, this database is expected to grow exponentially. Thus, besides the 
original Hereford breed, whole genome sequence data for Fleckvieh bull is now available (Eck et al., Genome Biology 
2012).  

Bos indicus genome 

Domestic cattle comprise more than 800 breeds that are artificially grouped into 2 species, Bos taurus (taurine) and B. 
indicus (indicine or zebu). Several phenotypic differences have been described between indicine and taurine cattle 
(Bradley and Magee 2006), the most notable of which is a prominent hump over the shoulder and neck in indicine cattle. 
Important physiological advantages of indicine cattle over taurine cattle include greater resistance to heat, less 
susceptibility to ticks and gastrointestinal parasites, and a lower metabolic rate and nutrient requirements. A side effect 
of this domestication includes a loss of genetic diversity within each specialized breed. Recently, the first taurine 
genome was sequenced and assembled, allowing for a better understanding of this ruminant species. However, genetic 
information from indicine breeds has been limited. An indicine breed (Nellore) generated with 52X coverage by SOLiD 
sequencing platform for the first time to understand the difference from the taurine counterpart. 

With respect to codon usage, comparison between B. indicus and B. taurus BCM4 showed that, for most amino acids, 
the difference between relative preferences for a particular codon is at most 5%. The exceptions are:B. taurus prefers the 
GTG Valine codon 8.5% above B. indicus and the TGA Stop codon 14% above B. indicus. Only two protein (one is 
XP_002704465 and the other is beta defensin; NP_001071601) were found missing in Bos indicus assembly (Journal of 
Heredity 2012). 

Yak genome 

The yak (B. grunniens) is an iconic symbol of Tibet and of high altitude. More than 14 million domestic yaks provide 
the basic resources (such as meat, milk, transportation, dung for fuel and hides for tented accommodation) that are 
necessary for Tibetans and other nomadic pastoralists in high-altitude environments. Yaks have numerous anatomical 
and physiological traits that equip them for life at high altitude, including large lungs and hearts, lack of hypoxic 
pulmonary vasoconstriction, increased foraging ability strong environmental sense1 and high energy metabolism. 

Yak and cattle genes were highly similar, with 45% of encoded proteins identical and mean protein similarity 
approximating 99.5%.Yak and cattle were estimated to have diverged approximately 4.9 million years ago, which is 
comparable to the time at which humans and chimpanzees diverged. Five key genes involved in integrated nutrition 
pathways were found to show evidence of positive selection in the yak lineage.Camk2b regulates the secretion of gastric 
acid in the rumen, which contributes to the assimilation of volatile fatty acids produced by ruminal fermentation, and 
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Gcnt3, Hsd17b, Whsc1 and Glul have important roles in polysaccharide, fatty acid and amino-acid metabolism, 
respectively. In addition, the positively selected changes in Glul may be important for the high level of nitrogen 
utilization in yak. 

The yak-specific gene families contained 170 genes. The yak-specific families were significantly over-represented in 
two major functional categories: olfactory sensation and host defense and immunity.About 596 gene families that were 
substantially expanded in yak compared to other mammals.Functional categories that were enriched for significant gene 
family expansions mainly included sensory perception, olfactory receptor activity, sensory perception of taste and 
energy metabolism, cytochrome-c oxidase activity, ATP synthesis coupled proton transport. Categories related to 
hypoxic stress seemed also to have enriched expansions of the corresponding domains in yak. For example, genes with 
the Hig_1_n (PF04588.6 in Pfam) domain were highly expressed under hypoxic stress and also had expanded copy 
numbers in yak (13 copies) relative to cattle (9 copies) and other mammals. As a master regulator of the cellular 

response to hypoxia, Hif-1α triggers wide transcription of genes involved in angiogenesis, vasodilatation and energy 
metabolism (Nature Genetics; 2012). 

Ovis aries genome 

The domestic sheep (Ovis Aries, 2n=54, predicted genome size = 2.78 Gb) is an an important livestock animal. It is a 
wool producing animal that has economic importance throughout the world. The genome sequence will facilitate the 
identification of genes that may provide explanations for the vast range of mammalian variation and help us to better 
understand the genetic basis of diseases. In January 2009, the first release (Oarv 1.0) and in October 2012 latest release ( 
Oarv 3.1) of the Ovis Aries  genome was released. It contains 24,443 protein-coding genes.  

Capra hircus genome 

The domestic goat (Capra hircus, 2n=60, predicted genome size = 2.9 Gb) is an important livestock in the world, 
especially in China, India and other developing countries. In 2012, the first draft of the Capra hircus genome was 
released. It contains 22,175 protein-coding genes. Goat Genome Sequencing Projects led by Kunming Institute of 
Zoology, China in 2012. 

Using bovine genome information: application in next-gen era 

The availability of the human genome sequence has created an unprecedented need for relevant animal models to 
identify gene functions and to test new therapeutic strategies aimed at alleviating human disease. In addition, the 
genomes of several animal species, including the mouse, rat, cat, dog, swine, rhesus monkey, and zebrafish, have been 
sequenced. Scientists have used powerful genomic tools to manipulate the genome in a targeted and predictable fashion 
to create genetically modified (GM) laboratory animal models (e.g., mouse, rat, pig, drosophila, and zebrafish) using 
techniques such as pronuclear DNA microinjection, viral gene delivery, homologous recombination in embryonic stem 
(ES) cells, ethylnitrosourea, and somatic cells nuclear transfer (SCNT) Furthermore, ART, in combination with cellular 
and genomic tools, have been widely used for the creation of GM animals (transgenic and knockout) which have made 
profound contributions to progress in biomedical research, in studies ranging from basic gene function analysis to 
comparative studies of numerous human disorders. Most recently, Zinc Finger Nuclease technology, and transcription 
activator-like effector nucleases technology have collectively provided a solid foundation for easy and efficient 
production of GM laboratory animal models to study human diseases To date, thousands of new mutant strains of mice, 
rats, zebrafish and several of swine, nonhuman primate models, have been developed (Theriogenology 78 (2012) 
1653e1665).  

NGS (Next Generation Sequencing) technologies (Genome-resequencing, RNA-Seq, Chip-Seq etc) can help animal 
scientists to study individual genomes at a lower cost and far quicker than previously could be achieved. The breeding of 
farm animals is expected to achieve a new dimension in this next-gen era. Cattle-specific evolutionary breakpoint 
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regions in chromosomes have a higher density of segmental duplications, enrichment of repetitive elements, and species-
specific variations in genes associated with lactation and immune responsiveness. Genes involved in metabolism are 
generally highly conserved, although five metabolic genes are deleted or extensively diverged from their human 
orthologs. The cattle genome sequence thus provides a resource for understanding mammalian evolution and 
accelerating livestock genetic improvement for milk and meat production. Whole-genome resequencing of two elite 
sires (Bos taurus) for the detection of haplotypes under selection in dairy cattle revealed only eleven candidate genes 
were identified with functions related to milk-production, fertility, and disease-resistance traits (PNAS: 2012). 

CNV in Bovine Genome and clinical implications: 

Copy number variations (CNVs), which represent a significant source of genetic diversity in mammals, have been 
shown to be associated with phenotypes of clinical relevance and to be causative of disease. The CNVRs identified 
covered 0.68% (22 Mb) of the genome, and ranged in size from 1.7 to 2,031 kb (median size 16.7 kb). About 20% of the 
CNVs co-localized with segmental duplications, while 30% encompass genes, of which the majority is involved in 
environmental response. About 10% of the human orthologous of these genes are associated with human disease 
susceptibility and, hence, may have important phenotypic consequences (BMC Genomics 2010, 11:284). 

Nutrition and Genomics 

Nutrigenomics and nutrigenetics are new research approaches that strive to optimize health by looking beyond the diet 
to understand the effects of food at the genetic and epigenetic levels. Nutrigenomics is focused on the effects of diet on 
health through an understanding of how bioactive chemicals in foods and supplements alter gene expression or the 
structure of the genome of an animal. Nutrigenetics focuses on how the genetic composition (i.e., genetic variation) of 
an animal influences their response to a given diet. Results from these studies will aid in formulating nutritionally 
appropriate diets that may be optimized for animals based on their genomic underpinnings. Nutrigenomics and 
nutrigenetics unite many fields: nutrition, bioinformatics, molecular biology, genomics, functional genomics, 
epidemiology, and epigenomics. The use of multi-disciplinary tools promises new opportunities to investigate the 
complex interactions of the genome and the diet of an animal. Through these new approaches, the partnerships of the 
genome and nutrition will be revealed resulting in improved efficiency of diets, enhanced sustainability of animals as a 
protein source, and improved methods for preventing illnesses. 

Bovine Genome and Animal Breeding Methods 

Breeders have enhanced production traits in their herds by selecting superior individuals as progenitors for the next 
generations. These enhanced “breeding values” have been achieved by combining phenotypic recording of individual 
performance with genealogical information. In Holstein dairy cattle, milk production is still increasing by 110 kg per 
animal per year. 

Genomics: A Paradigm Shift in Animal Breeding 

The biggest (r)evolution is taking place in the application of genomics to the design and implementation of livestock 
breeding programs, promising gains across the value chain. For breeders, breeding organizations, and members of the 
livestock industry, genomics is expected to increase the efficiency and productivity of animal breeding, whereas for 
consumers and the processing sector, it should enhance security and the quality of animal products. New insights into 
the growth, nutrition, health, and protection of animals are expected, enabling a better understanding of the molecular 
mechanisms of traits of interest. Therefore, genomics proposes further opportunities to improve selection accuracy while 
decreasing the costs, reducing generation intervals, and exploiting new sources of polymorphisms (Dekkers, 2004). 
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From Marker-Assisted Selection to Genomic Selection 

Beginning in the 1990s, breeders used gene marker technology in the form of marker-assisted selection (MAS) to 
remove deleterious gene alleles (such as halothane in pigs or fish taint in brown-shelled chicken eggs) or to select 
favorable conditions based on some marker information (such as the Polled condition in cattle). The limitation of MAS 
is that it requires prior knowledge of gene alleles or markers that are associated with the traits of interest together with 
quantitative estimates of these associations in the specific population. It must therefore be implemented within families. 
Furthermore, MAS explains only a limited part of the genetic differences between individuals. However, with the 
availability of cost-effective whole-genome SNP panels for the major livestock species, genomic selection tools are now 
leading the way to a paradigm shift in animal breeding. With sufficient genetic markers, one can follow the segregation 
of the entire genome and not merely a set of specific regions of interest, moving from MAS to genomic selection. From 
whole-genome sequencing data, the prediction of genetic value was able to remain accurate even when the training and 
evaluation data were 10 generations apart: observed accuracies were similar to those in which the test and training data 
came from the same generation. According to the authors, “these results suggest that with a combination of genome 
sequence data, large sample sizes, and a statistical method that detects the polymorphisms that are informative, high 
accuracy [in genetic/genomic prediction] is attainable” (Meuwissen and Goddard, 2010, p. 630). However, genomic 
selection today still treats the genome as a “black box.” It is not necessary to understand what is inside the black box to 
make effective selection decisions. From this point of view, it is therefore not much different from the broadly used and 
accepted best linear unbiased prediction method. Genomic selection could be further improved by integrating pertinent 
biological information and using efficient methodologies to get from the knowledge of a statistically associated marker 
locus to a functional gene variation. Developing countries (including India) are often limited by the absence of programs 
that record phenotypes on pedigreed animals and the lack of evaluation or national testing programs to assess the genetic 
value of germplasms. Genomic approaches should help in identifying critical populations for preservation together with 
some local well-adapted breeds that could be further utilized to breed valuable animals through a combination of 
selection and cross-breeding. 

Driven by ever-increasing reductions in the cost of measuring genetic variation, we are entering a new era in which the 
information from these genome-wide association studies will be utilized effectively in routine testing using genomic 
selection. Genomic selection holds promise for more widespread adoption than marker-assisted selection because it 
lacks the requirement of prior knowledge of alleles or marker positions of loci and the requirement that marker-assisted 
selection must be implemented within families.  

In India we take the advantage of inter species cross breeding to take the advantage of higher milk production as a 
immediate goal. However, if crossbreeding is indiscriminate & uncontrolled, it may result in reduced productive 
advantage. In the starting phases of a crossbreeding programme, performance is always improved due to the heterotic 
superiority of the first cross. Thereafter if the programme is not checked, the productive advantage may be reduced 
either because of recombination loss that leads to breakdown of the heterotic superiority in subsequent generations or 
upgrading to high levels of exotic blood without changing the environment. Recombination loss is poorly estimated by 
statistically. There may be other explanations for poorer than expected performance of the backcross cows and 
additional research is needed to verify or refute these results. However, recombination loss is one of the risks that dairy 
farmers accept when they initiate crossbreeding programs. Dickerson (1973) introduced the term "recombination loss" to 
measure deviations from linear association of heterosis with degree of heterozygosity and it describes “the average 
fraction of independently segregating pairs of loci in gametes from both parents which are expected to be non-parental 
combinations”. This leads to insufficient adaptation which is manifested in the decline in performance. Housing, feeding 
and health management are important parameters for availing optimum output from a crossbred animal. Based on exotic 
inheritance (potential of giving milk) a proper management conditions need to be provided. A marginal farmer cannot 
afford to provide all these input for a higher exotic blood level.  
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Several cutting-edge biological applications such as targeted exome capture or exome sequencing, Chromatin 
Immunoprecipitation sequencing (ChIP-Seq), and whole transcriptome shotgun sequencing technology or RNA-Seq 
have been developed to fulfill cost barrier and different biological purposes. Exome-sequencing overcomes the 
drawback of the high cost of sequencing the whole genome by excluding intronic regions and selectively sequencing the 
exonic regions that might be of more immediate interest. ChIP-Seq is used to identify genome-wide binding patterns of a 
protein of interest such as a transcription factor and is a powerful approach to study protein-DNA/RNA interactions. 
RNA-Seq or transcriptome-wide sequencing is used to exploit NGS technologies to sequence cDNAs from RNA 
samples. To reveal variations among different strains or large populations of related samples, one of the above NGS 
techniques can be employed because of its advantages. Sequence mutation and structure variations are commonly 
searched in the targeted sequencing (exome or whole genes). Popular SNP detection tools are SNVMix, SAMtools, and 
GATK application package. Structure variation (copy number variation) detection tools/methods, such as CNV-seq, 
SLOPE, SVDetect, and associated statistical methods have been developed in recent years to identify INDELs, tandem 
duplications, and other genetic variations. NGS will also facilitate the study of gene expression and regulatory 
mechanisms of milk production and egg/meat flavor in animals. By utilizing NGS approaches/tools, researchers can 
identify and further analyze individual genes controlling/affecting economic traits in agricultural animals, which will 
eventually benefit the consumers. 

Researchers working in translational genomics are mindful of these obstacles, but remain optimistic about the future. 
Although the challenges above are very real, most of us believe that both the need for change and the power of 
information-driven approaches are strong enough that all such hurdles will ultimately be overcome. The short-term path 
from here is clear: genomic approaches are already transforming medicine in the areas of cancer diagnosis and 
treatment, the genetic diagnosis of rare diseases, and the prevention of adverse drug reactions. Genomic approaches will 
soon become routine and pervasive in these areas. As the cost of DNA sequencing drops, the case for universal whole-
genome sequencing of cancer samples, patients with rare diseases, and participants in large-scale clinical trials of novel 
therapeutic approaches will be unambiguous. Beyond that the future is less certain: certainly a global upheaval in 
medicine is coming, but the world that will emerge on the other side has not yet been decided, and all of us still have a 
chance to help determine what it will look like. Academic researchers have a particularly important role to play in 
shaping this world, although we will need to change our mind-set to do so: our current incentive structure relies far too 
heavily on the generation of high-impact papers, and far too little on actually improving healthcare.  
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Introduction 

icroRNAs are short ~22 bases, non-coding RNA that bind specifically with mRNA in a sequence specific 
manner to regulate the gene expressions.  More than 3500 mature miRNAs are identified in human and 
animals.  They are involved in regulation of a myriad of physiological and cellular activities in animals 

through the protein-coding genes. Our understanding towards miRNAs in development of spermatozoa, oocytes and 
subsequently to control the event of fertilization has been increased substantially during the recent years. In this article 
role of miRNA in bovine male infertility and different approaches for their detection has been discussed in detail.     

Biogenesis of miRNA 

Two processing events lead to mature miRNA formation in animals. In the first, the nascent miRNA transcripts (pri-
miRNA) are processed into ~70-nucleotide precursors (pre-miRNA) and in the second event that follows, this precursor 
is cleaved to generate ~21–25-nucleotide mature miRNAs. After the initial cleavage by Drosha, pre-miRNAs are 
exported from the nucleus into then cytoplasm by Exportin 5 (Exp5), a GTP dependent nucleo/cytoplasmic cargo 
transporter. Once inside the cytoplasm, these hairpin precursors are cleaved by Dicer into a small, imperfect dsRNA 
duplex that contains both the mature miRNA strand and its complementary strand. Dicer contains a putative helicase 
domain, a DUF283 domain, a PAZ (Piwi–Argonaute–Zwille) domain, two tandem RNase-III domains and a dsRNA-
binding domain (dsRBD). Recent structural analysis of the PAZ domain revealed a variant of the OB fold, a module that 

allows a low-affinity interaction with the 3′ end of ssRNAs. This association also allows the PAZ domain to interact 

with dsRNAs that present 2-nucleotide 3′ overhangs, such as those that result from Drosha cleavage. In addition, 
efficient Dicer cleavage also requires the presence of the overhang and a minimal stem length, indicating a model in 
which the Dicer PAZ domain might recognize the end of the Drosha cleavage product, and therefore position the site of 
the second RNase-III cleavage on the stem of the miRNA precursors. Dicer cleavage generates mature miRNAs that 
range from 21 to 25 nucleotides, and such differences in size possibly result from the presence of bulges and mismatches 
on the pre-miRNA stem. The effector complex for miRNAs shares core components with that of siRNAs, so much so 
that both are collectively referred to as the RNA-induced silencing complex (RISC).  

The target specificity, and probably also the functional efficiency, of a miRNA requires that the mature miRNA strand 
from the duplex be selectively incorporated into the RISC for target recognition. The miRNA strand, on the other hand, 
is probably degraded rapidly on its exclusion from the RISC, as the recovery rate of miRNAs from endogenous tissues is 

~100-fold lower than that of miRNAs. As Dicer processes the pre-miRNA into the duplex, the stability of the 5′ ends of 
the two arms of the duplex is usually different. Although mature miRNAs can reside on either strand of the hairpin stem, 

it is almost always derived from the strand with the less stable 5′ end compared with the miRNA strand. The activated 
RISC binds target mRNA through Watson-Crick base-pairing between the guide strand and the 3’UTR of the target. 
Target recognition relies heavily on base-pairing between the seed (residues 2-8 at the 5’end) of the miRNA guide. The 
degree and nature of complementary sites between the guide and target appear to determine the gene silencing 
mechanism. Ago2 endonuclease cleavage is generally favored by near-perfect (extensive) base-pairing whereas the more 
common translation inhibition seems to require multiple complementary sites with only moderate (limited) base-pairing 
in each site. In animals, miRNA are generally 100% complementary in the seed but not over the whole miRNA which 
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results in imperfect RNA hybrids with characteristic bulges. Binding at the seed is important for the thermal stability of 
the interaction, which contributes to miRNA specificity and activity.  

Mode of action 

The exact mechanisms for miRNA-mediated post-transcriptional repression are still being heavily investigated, yet 
studies using various miRNA systems have suggested different possibilities. Post-transcriptional repression mediated by 
miRNAs can occur through the inhibition of protein synthesis, the degradation of target mRNAs, and the translocation 
of target mRNAs into cytoplasmic processing bodies (P-bodies). Although seemingly different, these scenarios may not 
be mutually exclusive. For example, translation inhibition and mRNA degradation can occur concurrently as a result of 
miRNA-mediated gene silencing; the accumulation of miRNA targets in the P-body can be a consequence of inhibition 
of translational initiation and the P-body may well be the site for mRNA degradation as it is enriched for mRNA 
degradation machinery. It is conceivable that the miRNA pathway mediates gene silencing through a variety of 
mechanisms yet for a specific miRNA, the exact repression mechanisms may vary depending on the targets and the 
given biological context.  

Role in male fertility 

Recent findings have indicated a general necessity for miRNAs in spermatogenesis, as genetic or siRNA-mediated 
ablation of key factors required for the biogenesis of miRNAs, including Dicer and Drosha that blocks male germ cell 
development in mammals. Loss of Dicer in Sertoli cells severely impairs their competence and leads to progressive 
testicular degeneration, male infertility and a complete absence of spermatozoa, thereby suggesting an essential role of 
the Dicer-dependent miRNA pathway in mammalian male germ cell development. Moreover, a recent study reported 
that selective inactivation of Drosha or Dicer in spermatogenic cells depletes spermatocytes and spermatids in the testes 
and leads to oligoteratozoospermia or azoospermia, thereby indicating that either the Drosha-dependent canonical 
miRNA pathway or the Dicer-dependent miRNA pathway is critically important for male germ cell development. 
Several miRNAs have been shown to be temporally regulated during male germ cell development. It was seen that the 
mir-17-92 and mir-290-295 clusters were highly expressed in mouse primordial germ cells (PGCs) and spermatogonia. 
The levels of miR-141, miR-200a, miR-200c, and miR-323 are reduced with the progression of PGC development, but 
the let-7 family miRNAs are upregulated strongly suggesting that these miRNAs may play roles in spermatogenesis in 
mammals. Moreover, recent studies have pinpointed the roles of several miRNAs in different steps of spermatogenesis 
in mammals.  

A group of miRNAs has been shown to be required for maintenance of the undifferentiated state of SSCs. A recent study 
showed that miR-21, miR-34c, miR-182, miR-183, and miR-146a were abundant in mouse spermatogonial sperm cell 
(SSCs). Mir-18 is highly expressed in spermatocytes and plays a role in spermatogenesis through regulation of heat 
shock factor 2 (HSF2).  HSF2 is a critical transcription factor controlling a large group of genes in mouse testes and is 
essential for male germ cell development in mice. In addition, mir-34c is highly induced in mouse pachytene 
spermatocytes, and this enhanced expression persists in spermatids. Over-expression of miR-34c increases male germ 
cell apoptosis by targeting Atf1, a critical factor that sustains cell viability during early embryonic development. 

Interestingly, a recent study reported that miR-34c is expressed in SSCs of dairy goats and promotes apoptosis of SSCs 
in a p53-dependent manner. These findings suggest that numbers of miRNAs are tightly regulated during 
spermatogonial differentiation, while these miRNAs play multiple roles in spermatogenic cells by regulating their 
specific targets. MiRNA regulation is involved in the unique post-transcriptional regulation in spermiogenesis because 
chromatin condensation blocks transcription in the elongating phase, the genes required for spermiogenesis need to be 
transcribed in pachytene spermatocytes and early round spermatids, and they are then stably stored as messenger 
ribonucleoproteins (mRNPs) until translation during spermiogenesis. Thus, post-transcriptional regulation is important 
for post-meiotic male germ cell development. Transition nuclear protein -2 and Protamine 2 are chromatin remodelers 
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that are essential for spermatid elongation and completion of spermiogenesis. In addition, the nucleus of mature 
spermatozoa contains a complex population of mRNAs and miRNAs, thereby suggesting potential functions in early 
embryonic development. Collectively, it is understood that vital phenomenon of miRNA regulation in each step of 
spermatogenesis, including the mitotic phase, meiotic phase, spermiogenesis, and final release of spermatozoa into the 
lumen of seminiferous tubules. 

Role in reproduction 

Currently more than 1705 mature miRNAs have been discovered from Bos taurus and deposited in the publicly 
available in miRBase database. Despite the recognized importance of miRNAs in regulating gene expression during 
development and other biological processes in beef, there has been little information about miRNA expression in cattle. 
This is surprising given that cattle have tremendous importance not only for food production but as a mammalian model 
organism for comparative genomics and biological studies. Role of miRNA has been gradually understood in the 
developmental of preimplantation embryos. Zygotic deletion of Dicer in mice leads to the embryonic arrest shortly after 
implantation.  Further Dicer knockout study resulted in arrest prior to gastrulation. The expression of 377 miRNAs in 
bovine pregnancies that were established after transfer of cloned or in vitro produced embryos and found a massive 
deregulation of miRNAs in the bovine placentas. This is likely caused by reprogramming failure during trophoblast 
differentiation, which leads to placental abnormalities and thus to embryonic losses. Vital role of aberrant miRNAs as 
regulators of genetic and epigenetic modifications in abnormal placentogenesis in cattle has been unravelled. MiRNAs 
have also been involved in this process, although their actual mechanism in normal embryo formation, endometrial 
preparation for pregnancy, and in early stages of gestation remains unclear. In our study, a total of 324 matured miRNA 
were identified in BCB+ buffalo oocytes and predicted their possible role in gene regulation in buffalo oocytes.   

Approaches to study miRNA 

Typical expression profiling experiments for protein-coding genes rely on examining thousands of molecules with the 
help of different approaches and tools. Similar approaches and tools could be used for the profiling of the miRNA. The 
most commonly techniques used for profiling of miRNAs are deep sequencing, microarrays, quantitative real-time PCR 
(qRTPCR) and western blotting technique. Though specific products and techniques vary, researchers have understood 
the relative strengths and weaknesses of the platforms.  

Table1:  Platforms available for miRNA profiling  

 qPCR Microarray  Sequencing  Northern blotting 

Time required ~6 hours ~6 days 1-2 weeks 4-5 days 
Total RNA input 500 ng 100-1000 ng 500-2000 ng 2000-3000ng 
Estimated cost per sample* $400  $250-$350  $1000-$1300 $200-$250 
Dynamic Range Six orders of 

magnitude 
Four orders of 
magnitude 

Five or more orders 
of magnitude 

Five orders of 
magnitude 

Infrastructure and technical requirement Less Moderate Substantial  Moderate 

*may vary in country-wise  

qRT-PCR 

It relies on reverse transcription of miRNA to cDNA, followed by qPCR with real-time monitoring of reaction product 
accumulation. An appealing aspect of this approach is the ease of incorporation into the workflow for laboratories that 
are familiar with real-time PCR. In order to scale this approach for miRNA profiling, reactions are carried out in a 
highly parallel, high-throughput form i.e. hundreds of qRT-PCR reactions measuring different miRNAs using the same 
reaction conditions. SYBR green and TaqMan chemistries are two commonly used approaches in qRT-PCR assay. In 
TaqMan qRT-PCR, the reverse transcription reactions use stem–loop primers that are specific to the 3’ end of miRNA 
for specificity and amplicons are generated using a miRNA-specific forward primer and a reverse primer. As the DNA 
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polymerase proceeds along the template, the TaqMan probe is hydrolysed and fluorescent dye is freed from the 
quencher, resulting in light emission. In SYBR-green-based qRT-PCR, miRNA is typically polyadenylated at the 3’ end, 
and oligo-d (T) is used as a reverse transcription primer. An miRNA-specific forward primer and a reverse primer that 
anneals to the 3’ end of the miRNA sequence as well as to the poly(A) tail enable PCR amplification with dsDNA-
intercalating SYBR green dye detected by the detector. For large-scale miRNA profiling (i.e. for hundreds of miRNAs) 
using qRT-PCR, several medium-throughput platforms are available that use pre-plated PCR primers that are typically 
distributed across multi-well dishes or alternatively across microfluidic cards containing nanolitre-scale wells. A hurdle 
in performing highly parallel qRT-PCR is that optimal reaction conditions may vary substantially between miRNAs 
owing to sequence-specific differences in primer annealing. Although different vendors have sought to solve this 
problem using various approaches, one effective strategy has been the incorporation of locked nucleic acids (LNAs) into 
primers to standardize optimal miRNA primer hybridization conditions for the hundreds of PCR assays that are to be run 
simultaneously. 

Microarray  

Microarrays are among the first methods to be used for parallel analysis of large numbers of miRNAs. Several variations 
of the approach have been developed; including different approaches for fluorescent labelling of the miRNA in a 
biological sample for subsequent hybridization to DNA based probes on the array. The initial step to perform microarray 
miRNA analysis is the purification of mature miRNAs from fresh or fixed cells or tissues. After extraction, the miRNAs 
are enriched and labelled with a dye and then directly hybridized to the arrays with the appropriate probes specific for 
mature miRNAs. The resulting double-stranded fragments can be easily detected. Whereas some constitutively 
expressed miRNAs and U6 or tRNA are used for data normalization, validation and comparison, Northern blot, and 
quantitative RT-PCR analysis on the original starting material can serve to verify the microarray. One commonly used 
labelling approach is the enzymatically catalysed ligation of a fluorophore-conjugated nucleotide or short 
oligonucleotide to the terminal 3’-OH of the miRNA using T4 RNA ligase. Another enzymatic-labelling approach 
involves 3’- tailing of the miRNA with poly (A), following which a fluorophore-conjugated oligonucleotide may be 
ligated using a splinted ligation. This tends to avoid the problem of circularization but may add a large and variable 
number of nucleotides during tailing, which could potentially affect hybridization properties in some cases miRNA 
microarrays have the advantage of generally being less expensive than the other profiling methods discussed and yet 
they allow large numbers of parallel measurements. Limitations include a restricted linear range of quantification, 
imperfect specificity in some cases for miRNAs that are closely related in sequence and lack of ability to perform 
absolute quantification of miRNA abundance easily. Therefore, they are best used for comparing relative abundance of 
specific miRNAs between two states e.g. ‘experimental’ versus ‘control’ or ‘diseased’ versus ‘healthy’. 

RNA-seq. The advent of next-generation sequencing platforms has enabled a third major approach for miRNA 
expression profiling using RNA-seq. The general approach begins with the preparation of a small RNA cDNA library 
from the RNA sample of interest, followed by the ‘massively parallel’ sequencing of millions of individual cDNA 
molecules from the library. Bioinformatic analysis of the sequence reads identifies both known and novel miRNAs in 
the data sets and provides relative quantification using a digital approach (that is, the number of sequence reads for a 
given miRNA relative to the total reads in the sample is an estimate of relative abundance of the miRNA). Deep 
sequencing uses massively parallel sequencing, generating millions of small RNA sequence reads from a given sample.  

The major advantages of next-generation sequencing for miRNA profiling are detection of both novel and known 
miRNAs and precise identification of miRNA sequences (for example, RNA-seq can readily distinguish between 
miRNAs that differ by a single nucleotide, as well as isomiRs of varying length). However, it should be noted that RNA-
seq-based miRNA-profiling studies typically identify a plethora of small RNAs of novel sequence (that is, putative 
miRNAs), but not all of these may be bona fide miRNAs. Criteria have been established for the annotation of small 
RNA sequences as miRNAs, and these include: a sequence length of approximately 22 nt, a genomic origin that predicts 
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a precursor RNA sequence that can fold into a duplex structure, identification in the data of reads that correspond to both 
-3p and -5p arms of the putative pre-miRNA hairpin and (ideally) conservation across species. Potential limitations of 
next-generation sequencing include the high cost, although this is dropping with the introduction of newer versions of 
the instruments, and the use of DNA ‘barcoding’, which permits multiplexing of many samples in a single run. 
Additional limitations include the computational infrastructure required for data analysis and interpretation, as well as 
sequence-specific biases related to enzymatic steps in small RNA cDNA library preparation methods that favour capture 
of some miRNAs over others. Single-molecule real-time (SMRT) sequencing or single molecule sequencing (SMS) 
methods promise faster and less biased output than methods that are currently in use, although they are currently 
hampered by higher error rates and higher cost and are not yet widely available. Although one such platform has been 
used to study short RNA species, to our knowledge, miRNA profiling has yet to be reported on single-molecule 
sequencing platforms. 

Northern Blotting  

Northern blotting is the earliest attempt at systematically profiling miRNA expression. It is widely used for visualizing 
miRNA expression of all sizes ranging from the long primal miRNA to the mature form. Although Northern blotting is 
low-throughput, low-sensitivity, and relatively time- and sample-consuming it continues to be widely used as a gold-
standard approach for validating data from newer, more-sensitive detection techniques. For example, Tang et al. 
introduced an additional array- data adjustment step-Northern blot analysis of a ratio of a given miRNA and U6 or tRNA 
to validate results from ambiguous array data and to enable accurate data interpretation. Numerous reports have shown 
various improvements of the Northern blotting technique. These methods primarily differ in the labelling and design of 
the probes used to detect miRNA. The most popular probe-labelling protocol is based on incorporation of radio isotopes 
(32P). However, isotope labelling is often inconvenient and hazardous and is restricted by many institutions. As a safer 
alternative, digoxigenin (DIG)- labelling system has several advantages;  high sensitivity, short exposure time, longer 
shelf life, and increased safety. Use of DIG-labelled RNA oligos for the detection of small RNA molecules (~22 
nucleotides), and demonstrated that the DIG-labelled RNA probe was equally sensitive compared to 32P-labeled probes 
in detecting miRNA. 

References 

He, L and G.J. Hannon. MicroRNAs: small RNAs with a big role in gene regulation. Nature Reviews. 522, doi:10.1038/nrg1379.  

DW Thomson, CP Bracken and GJ Goodall. 2011. Experimental strategies for microRNA target identification. Nucleic Acid Research, 39, 
6845-6853.  

Pritchard C C,  H H. Cheng and M Tewari. 2012. MicroRNA profiling: approaches and considerations. Nature Reviews, 358, 
doi:10.1038/nrg3198.  

Mondou, E, I. Dufort, M. Gohin, E. Fournier, and M.-A. Sirard. 2012. Analysis of microRNAs and their precursors in bovine early embryonic 
development. Molecular Human Reproduction. doi:10.1093/molehr/gas015.  

Yanhong Yang, Wentao Bai,Liang Zhang, Guowu Yin, Xiaohong Wang, Jun Wang, Hongxi Zhao, Yibing Han, and Yuan-Qing Yao. 2008. 
Determination of microRNAs in Mouse Preimplantation Embryos by Microarray. Developmental Dynamics 237:2315–2327.  

Gou, Lan-Tao,  Peng Dai  and Mo-Fang Liu. 2014. Small noncoding RNAs and male infertility. WIREs RNA. doi: 10.1002/wrna.1252. 

Dong H,  Jianping Lei, Lin Ding, Yongqiang Wen, Huangxian Ju and Xueji Zhang. 2013. MicroRNA: Function, Detection, and Bioanalysis. 
dx.doi.org/10.1021/cr300362f,  Chem. Rev. 113, 6207−6233. 

Stowe HM, Samantha M. Calcatera, Marcy A. Dimmick, John G. Andrae, Susan K. Duckett, Scott L. Pratt. 2014. The Bull Sperm 
MicroRNAome and the Effect of Fescue Toxicosis on Sperm MicroRNA Expression. Plos one; DOI:10.1371/journal.pone.0113163.  

 

 

 

 



Cross breed male infertility and Bovine Genomics 

92 | P a g e  

 

Breeding Soundness Evaluation of Bulls and Relationship with Bull Fertility 

T.K. Mohanty, M. Bhakat and A.K. Chakravarty  

Artificial Breeding Research Centre, 
ICAR-National Dairy Research Centre, Karnal-132001, Haryana 

Introduction  

ndia is leading milk producer in the world and at present country is producing 140 million tons with a target 
production of 192 million tons by 2021. To achieve the target National Dairy Plan I was launched to cover 35% AI 
coverage by 2017 and 50% AI average by 2022 by producing 100 million and 140 million frozen semen straws. 

Therefore, selection of good breeding bulls is the need of hour to fulfil the gap of frozen semen production. One of the 
bases of selection of quality bulls is Breeding Soundness Evaluation (BSE), which entails that the bull is satisfactory 
breeder, but the BSE, does not actually aim to identify superior bulls. Society for Theriogenology (SFT) developed 
standards for breeding soundness evaluation for the first time in 1983 and time to time they improved the evaluation 
criteria to make it more scientific and predictive. They had published manual for breeding soundness examination of 
bulls. They developed standards based on Bos Taurus breeding bulls, but it is well accepted across the countries. Now a 
days male is gaining popularity due to their contribution towards genetic improvement as the concept “bull is half of the 
herd” has changed with truth that “bull is more than half of herd”. In India poor semen quality and freezability is the 
major problem in crossbred bulls. Besides that delayed puberty and inadequate growth rate, improper implementation of 
breeding programme and use of non-screened and infected bulls further contributing to subfertility problems of male. 
Use of subfertile bull under field condition leads to economic loss due to lower conception rate, increase in calving 
interval and reduction in genetic progress. BSE is an amalgamation of various physical, biological and microscopic 
examinations to predict the fitness and fertility of bulls.  BSE is evaluation of physical capability of the bull, libido 
status, and testicular characteristics like scrotal circumference, semen qualities that are highly correlated with fertility 
(Parkinson, 2004) and are the most easily repeated. Therefore, it is essential to declare a bull satisfactory breeder; 
Breeding Soundness Evaluation must be carried out for faster multiplication of superior germplasm. In near future 
breeding soundness evaluation along with metabolomic and proteomic approach along with flowcytomerty based semen 
evaluation may able to provide a better picture of bull fertility.  

Breeding soundness evaluation (BSE) 

Breeding soundness evaluation is to judge phenotypic traits, libido status, seminal profile and physical traits to predict 
reproductive potential and fertility of the bulls. The bulls are declared as satisfactory when they are qualifying all 
breeding soundness evaluations criteria. In case of any physical defects, inability to breed, lack of libido and poor 
seminal profile, the bull is declared as unsatisfactory. Scrotal circumference, sperm motility and sperm morphology has 
high correlation with fertility, therefore, physical soundness, libido and seminal characteristics are important criteria to 
predict reproductive performance of the bull. BSE is useful for initial screening of bulls, but with time it may change 
because in particular time we are evaluating the bulls based on BSE. During BSE of young bulls precautions should be 
taken as the age at puberty and sexual maturity of different breeds of bulls are not same. One should be very careful do 
declare a young bull as unsatisfactory breeder, because in retesting after sometime the bull found satisfactory as 
formation of one spermatozoa is taking 61 days.  

Importance and rationale of breeding soundness evaluation 

 It is simple, easy, reliable, non-invasive and practical tool to screen the breeding bulls and classify bulls in terms of fertility. 

 Selection of bulls during early phase of training and semen donation. 

 Selection of bulls having better sexual fitness and semen quality. 

I 
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 To achieve better reproductive success. 

 To improve the profitability of farm by enhancing overall herds productivity. 

 It helps to understand the sexual behaviour of individual bull to maximize the semen production. 

 It helps in predicting expected performance of bulls. 

 To cull unsatisfactory breeding bulls. 

 To purchase and sale of quality breeding bulls. 

Brief outlines of routine BSE evaluation:   

Breeding soundness evaluation involves history of bulls, physical examination, examination of external and internal 
genital organs, sexual behaviour and assessment of libido, collection and evaluation of semen, karyotyping and 
screening of breeding bulls for sexually transmitted diseases. 

History of Bulls 

In history sheet initial information of age, breed, identification number, vaccination, past health, retained testicle and 
hernia should be collected before beginning of BSE. The following basic information is essential:  

 Dam’s milk yield record of every bull and daughter’s milk yield in case of bulls are used under progeny testing programme should be 
taken into consideration before selection. 

 History of genetic group and exotic blood level should be taken into consideration. 

 Semen production performance and sexual behaviour of bull should be recorded. 

 Fertility rates should be estimated periodically and then recorded.  

 History of any incidence of chronic debilitating diseases, hereditary diseases and previous illness. 

 Records about vaccinations and health status. 

 Every year disease screening of sexually transmitted diseases of bulls should be recorded. 

 History of genetically transmitted disease should be recorded. 

 Information on Karyotyping of bulls should be recorded.  

 Parentage testing of breeding bulls and bull calf should be done based on DNA.   

Structural soundness and Physical examination  

Structural soundness is the reflection of capability of breeding bulls to serve the female herd as well as capability of 
semen donation in artificial vagina using dummy. Select the bull have good body capacity in terms of length and depth 
of body and wide chest. In a five point scale bulls with 3-4 body condition score is desirable. Bull should be well 
balanced, attractive and eye-catching. Physical examination of bull should be done by a clinically competent person after 
proper restraining of bull, so that no system of body should be left without investigation. Structurally one should look at 
each of these areas individually:-   

 Head should be proportionate with the body. Too large head should be avoided. 

 Eyes should be well set in the forehead without any bulginess. 

 Wide muzzle is desirable for better grazing capacity. 

 Long neck to hold head high is desirable. Structure of the body should support the effective gait. 

 Brisket should be free from excessive fat deposition.  

 Shoulder of the bull should have 45–60 degree slope. It should not be straight. Shoulder should be smooth against the rib cages and 
should not be heavy to avoid calving difficulty.   

 Observe the bull from anterior side to observe the straightness of the front limbs starting from point of shoulder to middle of claw   

 Claws of the bulls should not be too long or too short. Excessive and uneven growth of claws is also not desirable. 

 Free moving gait should be desirable. Hind limb should follow the footstep of front limb, overstepping and under stepping is the 
indication of lameness, straight leg and problem in angularity. The serving capacity of the bull may hamper in such cases.    
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 Structure of the hind limbs should be similar like front limb and angularity of the joints should be well defined.  

 Top line of the bull should be wide and bulgy. 

 Bulls having arthritis, joint problem, straight leg, knock-knee, bow-leg, buck-knee, calf-knee, cow hocked, sickle-hocked, straight 
hock, extremely short feet and scissorclaw should be avoided. 

 Higher pelvic measurements in bulls are desirable as the female progeny of the bull will also have higher pelvic frame, therefore 
reproductive performance of the female will be better (Brinck, 1989). 

 The bulls should not be fatty as there are chances of deposition of fat in the neck of scrotum and it may interfere with the 
thermoregulatory mechanism of testes, which may lead to problem in spermatogenesis process and temporary reduction on fertility. 
Under conditioning of bulls are also not desirable as it may cause testicular atrophy along with poor quality semen production and 
poor libido. 

Examination of external genital organs of bulls 

Examination of external genital organ of bull is an integral part of BSE. The shape and position of scrotum is very 
important to maintain thermoregulation of testis for effective spermatogenesis. Neck of the scrotum should be prominent 
and free from fat, as pampiniform plexus is present in this part to maintain thermoregulation. Wall of scrotum should be 
thin and flexible. Scrotum should not be attached too tightly with the body. Elongation of scrotum is desirable but 
excessive can cause injury. Twisting of scrotum is undesirable as it may interfere with the proper function of testis and 
thermoregulatory mechanism.     

Scrotal circumference  

Scrotal circumference (SC) is one of the most reliable and important measurement during BSE, as SC has high 
correlation with fertility of bull along with age and body weight. Scrotal circumference is the predictor of sperm 
production capacity of bulls. Measure the testis in largest diameter in the middle when testicles are descended properly 
in the scrotum with the help of measuring tape, which should be straight during measuring. Any kind of tilting during 
measurement is not desirable. Selection of bulls based on SC gives an opportunity to improve fertility as SC is highly 
heritable trait. It is interesting to note that females born from bull having larger SC reach puberty at early age. SC varies 
with breed and age, but normally ranges between 30-40 cm. Normal SC with respect to age have been presented in 
Table.1.  

Table 1: Guidelines for minimal scrotal size        

Age (months) Bos taurus and Bos indicus crossbred 
bulls on moderate to good nutrition 

Bos indicus bulls on 
moderate to good nutrition 

Crossbred bulls on moderate nutrition and Bulls 
on poor to marginal nutrition 

12- 15 30 cm 24 cm 2 cm less 
18 32 cm 28 cm 2 cm less 

≥24 34 cm 30 cm 2 cm less 

(Entwistle and Fordyce, 2003) 

Testicular biometry  

Testis of bull should be oval in shape with 10-15 cm length and 5-8 cm width. Any kind of testicular abnormality such 
as testicular hypoplasia, testicular asymmetry, hernia, orchitis, abnormal growth, abscess, tumour and cryptorchidisim is 
not desirable. Testis should freely move inside the scrotal sac and should not be too tight and too soft during palpation 
and the consistency of testis can be measured by tonometer. Testicular morphology influence thermoregulatory 
mechanism and further quality semen production.  

Preputial Sheath  

Preputial sheath should be palpated and it should be free from any inflammation, trauma, adhesion, abscess, laceration 
and abnormal discharge. Bulls having persistent frenulum and preputial prolapse problems should not be selected due to 
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their inherited characteristics. Preputial sheath should be closely attached with the body, but if it hangs out for longer 
time indicates structural problem. Pendulous, long sheath and extremely loose or angled sheath is not desirable, as they 
are more prone to injury. Therefore, especially during selection of indigenous bull one should observe the proper 
attachment of sheath as it is a heritable trait. In routine preputial hair of bulls should be trimmed upto 2 cm to prevent 
contamination during semen collection. Preputial hair should not be trimmed too small otherwise it may cause irritation 
to the male reproductive organ.    

Epididymis 

Epididymis should be soft during palpation and free from any tumor, fibrosis, inflammation and blockage. Epididymis is 
highly coiled 30 cm long single tubular structure. 

Examination of Internal sex glands 

Examination of internal genital organs i.e. ampullae, seminal vesicle, prostate gland and bulbouretheral glands by rectal 
palpation is an integral part of BSE. Examination of internal organ is essential to observe the infection as it may affect 
the fertility of bulls. During examination of internal glands inguinal ring should also be palpated and it should not be 
open, otherwise there is a chance of occurrence of inguinal hernia, which may lead to breeding problems.  

Ampullae 

It is pencil like structure and it is the enlarged terminal glandular portion of vas deferens. The length of ampullae is 10-
12 cm and diameter is 1-1.5cm. They are paired gland. 

Seminal Vesicle 

Two seminal vesicles present on either side of pelvic urethra on either side of pelvic urethra. It is most important 
accessory sex gland to examine during BSE as it is contributing major portion of seminal plasma. During palpation it 
feels like bunch of grapes and lobulated. Bulls having seminal vesiculitis should be culled. 

Prostate Gland 

The gland is 2-4cm wide and 1-2cm thick and present as transverse fibrous brand of tissue that cross pelvic urethra.  

Bulbo-urethral gland 

This is paired gland and present in embedded condition under bulbospongiosis muscle therefore it is very difficult to 
palpate. The secretion of this gland helps in cleansing the male reproductive tract before semen collection. 

Penis  

The penis should be examined for any sores, lacerations, abscesses, scar tissue, injuries, adhesions, penile deviations 
(corkscrew, rainbow and spiral), papilloma, phimosis, paraphimosis, balanoposthitis and persistent frenulum. Many of 
them are heritable traits, so it is better not to select such bulls. 

Ultrasonography: 

Ultrasonography can be used in BSE to diagnose presence of any gross lesion in the testis and scrotum. It can be used to 
assess the reproductive health of the bull by observing accessory sex glands, which may not be observed during rectal 
palpation. Therefore, diagnostic ultrasonography can be used for measurement of scrotal circumference, testicular 
diameter and testicular health of the bulls. 
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Table 2: Physical defects observed during Breeding Soundness Evaluation 

Internal Genital 
Organs 

Testicular Defects Defects of Penis and 
Prepuce 

Defects of the 
Epididymis 

Defects of the Locomotor 
System 

Enlarged seminal 
vesicles 

Reduced size and 
hypoplasia 

Deviation        Tumors, abscesses and 
granulomas         

Overgrown hoof 

Seminal vesiculitis Soft Neoplasms       Epididymitis Interdigital fibroma (corns)   
Scrotal hernia Abnormal shape Persistent penile 

frenulum 
Segmental apalasia 
and/or hypoplasia   

Nonspecific lameness 
Luxations   

Enlarged inguinal rings Fibrosis  Urethral fistula 
(hypospadias) 

- Foot rot 

- Cryptorchid   Lacerations    - Arthritis 

(Gosey, 1983) 

Semen collection 

Bull should be washed, cleaned and groomed well before semen collection under washing shed. The collection area 
should be easy to clean, dry and disinfect. A dusty floor should be avoided. It is desirable that no outsider should present 
in semen collection area. Before semen collection prepuce should be cleaned with separate paper towel soaked in normal 
saline for each bull to avoid any contamination. Semen should be collected using bovine artificial vagina with smooth 
neoprene liner over a male dummy bull with clean hindquarters. Sterilized bull aprons should be used to prevent contact 
of penis with hindquarter of dummy. Semen collection is preceded by a period of sexual preparation consisting of at 
least two false mounts separated by about one minute restraint. Sometimes depending on the behaviour of bull false 
mount and restraining is practiced. Collect two ejaculates in an interval of half an hour to one hour. Collector should 
wear protective clothing (barn coat) and gumboots as well as collect semen in presence of veterinarian. Collector should 
wear disposable gloves before every collection. Teaser mount should be of smaller height compared to the bull being 
collected. Collector should hold the male reproductive organ with sheath without touching bull’s penis to guide penis to 
A.V. Separate AV should be used for each collection. If one bull inserted the penis without giving ejaculate, the AV 
should not be used for further semen collection. The rod used to spread the lubricant and collection tube must be sterile 
and recommended method of sterilization is heating in an oven at 180°C for at least 30 min, it should be sealed and 
wrapped and kept in sterile box until used. It is recommended that A.V. should not be shaken after ejaculation; otherwise 
lubricant and debris may mix with semen of the collecting tube. After collection tubes should be left attached to the cone 
within its sleeves until it has been removed from collection room for transfer to the semen processing room. Collected 
semen should be capped with aluminium foil as soon as it is placed in the pass box. Immediately after collection; each 

ejaculate is placed in a water bath at 34C for various standard laboratory parameters. Semen should be collected twice a 
week and in one collection two ejaculates should be collected. During semen collection environmental variation should 
also be taken care of otherwise it may influence quality of the semen; therefore, it is desirable to collect the semen in 
favourable condition.  

Sexual behaviour traits 

Sexual behaviour is one of the important measures to assess reproductive performance of the bull. Sexual behaviour is 
differentiated into libido and mating ability. The selection of bulls on the basis of sexual behaviour and semen quality 
are more important and economical. Sexual behaviour of bulls includes sexual arousal, courtship, erection, penile 
protrusion, mounting, intromission, ejaculatory thrust, ejaculation and dismounting. The sexual behaviour with respect 
to temperament, reaction time, libido score, erection, protrusion, intensity of thrust, dismounting time, total time taken in 
mounts, mating ability score and tactile stimulus/pre-copulatory behaviour can play an important role to understand the 
behaviour of individual bulls to optimise production performance. Among the sexual behaviour traits reaction time is 
very important as it has direct relationship with semen production performance. Reaction time is the time lapse when the 
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bulls appear in semen collection arena till first mount or mounting attempt. The mount may or may not result in 
successful ejaculation. 

Seminal attributes 

Accurate knowledge of semen profile of a particular breed is essential for breeding soundness evaluation. Semen quality 
analysis is required to judge the quality of the sample fit for further dilution and preservation for future use in artificia l 
insemination. Battery of test includes volume, colour, consistency, PH, Mass activity, individual motility, sperm 
concentration, live sperm percentage, abnormal sperm percentage, hypo-osmotic swelling test (HOST), acrosome 
integrity and post thaw incubation test. There is no single test which can predict semen quality and fertility. Therefore, 
semen quality of bulls should be evaluated periodically for evaluation of impaired fertility in males due to poor semen 
quality. In field conditions two tests i.e. individual motility and sperm morphology are reliable and repeatable to 
evaluate fertility. Now-a-days advance sperm function tests, computer assisted sperm analysis (CASA) and flow 
cytometry are helpful in prediction of bull fertility. Quality of semen can be graded based on the following criteria 
mentioned in Table 3. 

Table 3: Grading System of bull semen  

Grades  Individual motility% Concentration (106/ml) Live sperm % Sperm abnormalities 

Major% Minor % 

Very Good >80 >1000 >80 <10 <10 
Good  60-80 500-1000 60- 80 10-15 10-15 
Fair 40-60 200-500 40- 60 15-20 15-20 
Poor <40 <200 <40 >20 >20 

(Carroll and Zamjanis, 1983) 

Karyotyping of breeding bulls 

In India where genomic selection of bull is not in practice, karyotyping of bulls is important to rule out chromosomal 
abnormalities. Therefore, it is better to karyotype the bulls at an early age to reduce the economic loss by reducing 
rearing cost of unsatisfactory bulls and preventing transmission of undesirable traits to next generation. Karyotype is 
prepared from blood leucocyte/fibroblast/bone marrow cell using banding techniques like Q-bands, C- bands, G- bands, 
T-bands, R-bands, NOR-bands. Trisomy and Robertsonian translocation are the most common chromosomal 
abnormality of breeding bulls. 

Screening bulls against sexually transmitted and genetically transmitted diseases: 

Screening of bulls against sexually transmitted and genetically transmitted diseases are integral part of BSE. All the 
bulls should be tested twice a year against FMD, Brucellosis, Trichomoniasis, camphylobacteriosis, IBR, BVD, 
Tuberculosis (TB) and John’s disease (JD). In case of brucella, TB and JD positive cases bulls should be culled within 
48 hr. Brucella positive bulls should be removed after castration. TB and JD is not sexually transmitted disease, but from 
herd health point of view bulls should not be used in breeding programme. All the bulls must be vaccinated in routine 
for FMD, HS and BQ. Ring vaccination in an area of 10 KM radius from semen station must be ensured with the help of 
animal husbandry departments. Vaccination against bacterial diseases should be done on prevalence of disease in the 
area. Exotic and crossbred bulls should be vaccinated against theileriosis once in a lifetime. Indigenous cattle, buffalo, 
jersey and jersey crossbred bulls should be tested for genetically transmitted diseases like Factor XI deficiency 
syndrome, Bovine Leukocyte Adhesion Deficiency (BLAD), Citrullinemia, whereas HF and HF crossbred should be 
tested for Bovine Leukocyte Adhesion Deficiency (BLAD), Citrullinemia and Deficiency of Uridine Monophosphate 
Synthesis (DUMPS).  
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Classification of bulls on the basis of breeding soundness evaluation (BSE)  

(Chenoweth et al., 1992; Whittier 2000; Rodning 2008) 

Satisfactory: Bulls qualifying physical, conformational, scrotal circumference, sexual behaviour, sperm motility and 
sperm morphology, and which do not show any genetic, infectious or other problems or faults which could compromise 
breeding or fertility. 

Unsatisfactory: Bulls which are not qualifying one or more traits of BSE and show genetic faults or permanent physical 
problems or incurable infectious disease or not qualifying minimum standards of scrotal circumference declared as 
unsatisfactory as fertility or breeding may get compromised.   

Deferred: Bull does not fit into the above categories considered as deferred and retest should be done if any doubt 
exists. Sometimes bulls under deferred category improve over time and qualify again.  

BSE and bull fertility 

Breeding soundness evaluation is an easy and economic procedure to generate a baseline data to check that bulls are 
fertile with high probability. The selection of fertile bulls helps in accelerating genetic improvement using less number 
of bulls having better potential. In general 10 and 20% of bulls fail a routine BSE (Fordyce et al., 2006) and BSE 
increases pregnancy rate about 3.5%. Bulls classified as satisfactory for breeding soundness achieved a 9% higher 
pregnancy rate in a breeding period in single-sire breeding herds than bulls of questionable breeding potential (Farin et 
al., 1989), whereas, Chenoweth (1992) and Gosy (1983) made a conservative estimate of a 6% or greater fertility 
advantage for bulls passing a BSE.  

Table 4: Effect of BSE categories on conception rates  

 
Investigator 

BSE Classification of Bull 

Satisfactory Questionable Unsatisfactory 
----------- Conception Rate (%) -------------- 

Wiltbank, 1965 60% 48% 30% 
Chenoweth, 1978 54% 43% ---- 
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Introduction 

ndia is the leading milk producer (132.4 Million Tonnes) in the world, but the productivity of dairy animals is fur 
behind from the developed countries. To achieve the position artificial insemination technology played an important 
role and it is presently the most extensively employed biotechnology to enhance the scope of propagating the 

superior germplasm of domestic animals. Intense attempts are being made to increase the AI coverage for attaining the 
complete benefit of this technology through quality germplasm production as per Minimum Standard Protocol of Govt. 
of India and screening of bulls against chromosomal, genetical and sexually transmitted diseases. Recent developments 
in semen processing technologies have offered vast potentials for covering a large number of breedable animals across 
time and space. In the direction of maximizing the breeding goals through AI, many inherent and functional constraints 
of breeding bulls for instance smaller testicular size, lower daily sperm production rate, low epididymal sperm, poor 
libido and poor quality semen and poor semen freezability restricted the use of best bulls to produce adequate doses in 
crossbred, indigenous and buffaloes.   

In a breeding bull station extent of variations of semen quality may depend on individual variation within the breed, age 
and season or both,  macro and micro climatic condition, vaccination stress, hormonal imbalance, skill of the attendant 
and collector, training and handling of breeding bull and genetic makeup of the bull. Interestingly, libido or intensity of 
sexual behaviour (sexual arousal, courtship, erection, penile protrusion, mounting, intromission, ejaculatory thrust, 
ejaculation and dismounting) of the breeding bulls used in A.I. is highly valuable in maximizing semen production and 
semen quality. Therefore, scientific management and adequate exercise can play an important role to maintain good libido, 
thriftiness and production. Regular exercise helps to keep the bull in vigour and is also of a great value in preventing 
lameness, excess growth of feet and putting too much of fat. Regular exercise is to be considered as an important requisite for 
management of breeding males to maintain healthy neuromusculoskeletal and hooves system, which is important for 
mounting and mating and leads to better libido.  

Proper utilization of the most effective methods of sexual preparation and stimulation of bulls in breeding 
bull stations can result in mounting, ejaculation, optimal spermatozoal harvests and maintenance of bull’s 
libido. Optimal sexual stimulation aims to produce an ejaculate within the shortest possible time, whereas sexual 
preparation is designed to maximize the number of spermatozoa within the ejaculate. Scientists worked on various 
aspects to improve libido of bulls by management interventions viz. types of semen collection floor, semen collection 
frequency , exercise, mist cooling and fanning in dry hot summer season, supplementation of Oat, Aswagandha, Zn 
(Kumar et al., 2007), supplementation of cupper(l)-nicotinic acid complex (Zaghloul et al., 1991), spray of estrous 

specific molecule in nasal cavity (Le Danvic et al., 2015), use of PGF2α (Masoumi et al., 2011), Triethylamine, acetic 
acid, and 4-propyl phenol (Sankar and Archunan, 2004), Acetic acid, 1-iodoundecane, and propionic acid (Sankar et al., 
2007), n-Phthalate and 1-iodoundecane (Kumar et al., 2000) and Herbal Viagra. Among them biostimulation can 
exert profound effects on reproductive activity via the hypothalamic system that generates pulses of 
gonadotropin-releasing hormone. The poor libido and higher age at first semen donation of indigenous breeding bulls 
may be due to lack of scientific rearing of bulls from calf hood, training of the bull from young age, bull handling 
procedure, skill of the collector and handler and affinity of the indigenous bulls towards estrous female. The paper is 
mainly dealing with managemental, hormonal and biostimulation interventions for breeding bulls having poor libido to 

I 
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maximize production of quality germplasm from superior bulls in one side and on the other hand strategies to optimize 
the quality semen production.  

Disposal of breeding bulls 

In tropical and temperate countries infertility and subfertility are the major reasons of bull wastage and it is a matter of 
great concern as males are normally selected from 10% elite female. Most wearing fact is that proportion of male 
reserved for breeding and reaching successful freezing stage is only 37% in Murrah, 45.12% in Sahiwal and 28.83% in 
Karan Fries (Khate, 2005). A good number of males are getting disposed off due to subfertility problems. The major 
reasons for disposal of buffalo bulls and crossbred bulls are poor semen quality (those producing consistently below 
60% motility of semen) (22% & 45.42%); poor semen freezability (consistently giving below 35% post thaw motility) 
(4.1% & 10.87%) and poor libido (11.04% & 36.46%) (Suryaprakasam and Rao 1993, Sudheer and Xavier 2000). These 
subfertility problems leads to huge wastage and consequently results in huge economic losses, as these bulls are 
discarded at around 2-1/2 and 3 years of age. In a study at NDRI herd Khate (2005) reported that the major reasons of 
culling in Crossbred, Murrah buffalo and Sahiwal were poor semen quality (32.43, 4.76 and 3.27 %), poor semen 
freezability (18.01, 3.57 and 6.55) and poor libido (8.10, 20.23 and 22.95). In a study on 173 Frieswal bulls at PDC, 
Meerut, India, Tyagi et al. (2000) found that 54.91% and 45.09% of the crossbred bulls produced semen of poor quality 
and poor freezability, respectively. In a study Mukhopadhay et al. (2010) reported that one of the major reason of 
disposal of Karan Fries, Sahiwal and buffalo breeding bulls is poor libido (11.57%, 22.55%, 15.12%), poor semen 
freezability (7.44%, 2.94%, 1.74%) and poor semen quality (23.97%, 3.92%, 3.49%) in an organized breeding bull 
stations. Khatun et al. (2013) reported that lack of libido, poor semen quality and freezability were the important reasons 
for the bull wastage both in cattle (26.70%) and buffalo (25.84%). It is well documented that subfertility problem in 
breeding bulls are one of the major problems due to which we are losing huge genetic material.    

Libido  

Libido is one of the important criteria in Breeding Soundness Evaluation (BSE) of breeding bulls, but there is contradictory 
reports are available regarding relationship of libido and fertility level. It is evident from the literature that the bull have poor 
libido may produce good quality semen.  Libido is the major sexual behaviour trait of breeding males and it is exhibited as 
a response to endogenous or exogenous stimuli mediated through hormonal and physiological events as well as its 
relationship with blood levels of LH or testosterone are well established. The variations in libido of male animals have 
been associated with factors such as genetics, age, experience,  nutrition, social environment, inadequate stimuli, 
temperament, rearing, handling, housing conditions, e.g. crowding and type of floor, type of test, skill of the attendant 
and collector, training and handling of breeding bull,  genotype–environment interactions as well as systemic diseases, 
Psychogenic factors, eendocrine factors, injuries related to joint, muscle, bone, nerve and tendon, diseases of penis and 
prepuce (balanitis, posthitis, balanoposthitis, phimosis, paraphimosis, diphallus, phallocampsis, adhesions of the penis and 
prepuce, ruptured or broken penis, tumours of penis and prepuce), Certain miscellaneous causes e.g. hernia, premature 
erection, urinary calculi etc.  

Assessment of libido of bull in semen stations is of great challenge as only single stimulus for a bull for mount and service 
is the immobile rump of male or something similar, but in general bulls are polygamous and tend to distribute their 
services among receptive females. Osborne et al. (1971) first described a method for libido assessment of untrained beef 
bulls (libido score), using estrogenized unrestrained females as stimuli and a short test.  The procedure was later modified 
with an expanded 0 to10 scoring system (Chenoweth, 1976), which described degrees of sexual interest including service, 
and a 10 min test, which further modified by Anzar et al., (1993) for study of sexual behavior of bulls in organized 
farm condition. Initially bulls are screened through Breeding Soundness Evaluation and one of the components is sexual 
behavior or libido.  Two types Libido related infertility have been reported in bulls. In Type-I infertility, bulls are not able to 
produce semen and exhibit any sexual activity, whereas in Type-II infertility bulls exhibit weak sexual behaviour and 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4093486/#b23-ajas-26-3-303-1
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produce poor quality semen (Anzar et al., 1993). In males, reproductive behaviour is more complex and it is necessary that 
all senses of the male including visual, olfactory, auditory and tactile should be perfectly normal.  

Selective management interventions 

Management of males from early age in scientific line is very important to maintain good libido and semen production.  
The exposure of bulls at right time of training for semen collection is important as mating ability or serving to artificial 
Vagina is a learning process. Experience of the bulls and right time exposure for training influence their relative 
efficiency of serving during semen collection. In an experimental trial at NDRI, we have applied halter for controlling 
and given daily two hour exercise in long range at morning upto five months regularly and the young bulls maintained 
by same labour throughout the experiment (treatment) and other group maintained under existing management condition 
(control) i.e. use of nath for controlling, given two hour exercise in a week and different labour for maintenance. It was 
interesting to observe that in treatment group 100 percent bulls donated semen; whereas, in control group only 60 
percent bulls donated semen. One of the major achievement of the experiment was that average age of first semen 
donation in treatment group was 21 months, which was 13 months lower as compared to control group (34.6 months) 
(Singh, 2014). In a long term study based on 16 years data Mukhopadhyay et al. (2010) reported that average age of first 
semen donation in Sahiwal bulls was 32 months which is similar with our finding regarding control group. The 
achievement regarding early age at first semen donation in Sahiwal bulls emphasized to give a thought on various 
aspects of management. There is need of individual care and management of the young bulls from early age. The 
handler of the bulls should not be changed either; which may also impact on the donation of semen as the bonding and 
comfort of the animals along with handler taking care of better performance of the bulls. Better sexual performance 
(higher sexual aggressiveness, penile erection score, penile protrusion score, libido score, mating ability score, sexual 
behavior score and lower reaction time) of bulls in treatment group may be due to higher vigour, vitality and sexual 
eagerness of younger. Regular exercise in kaccha floor prevents excess growth of hooves and maintains healthy 
neuromuscular-skeletal-hoof function and results in better vigour of the young bulls. On the other side bulls of treatment 
group was not in any stress during handling in semen collection area as halter applied, but bulls of control group, which 
was in stress during handling at the time of semen collection may be due to handling by nose rope leads to pain in nasal 
septum and encounter distress and become frightened to show normal sexual behaviour. The advantage of morning hour 
collection of semen from the treatment group of bull as compared to control group may be due to least interruptions 
during the semen collection from the collection area. For instance, the commonest of all disruptions are the phone calls; 
co-worker’s questions from people not involve in the semen collection process and nonexistence of outsiders 
disturbances.  Generally, Bulls are more active during early morning. In control group lesser expression of sexual 
performance was obviously due to the lower exercise which leads to lethargy and diminution of vigour with the 
advancement of age. 

GnRH therapy 

Testis is playing major role by producing sperm in the seminiferous tubules and secret androgens from leydig cells i.e. 
which is required not only for sperm production, but also for the development of secondary sexual characteristics, 
aggressiveness and normal sexual behavior. Threshold level of testosterone and ratio of Estradiol to testosterone (Singh 
et al., 2009) play a crucial role in libido of breeding bulls. Therefore, Bos indicaus showing lower libido as compared to 
Bos Taurus bulls may be due to presence of considerable lower testosterone level in serum of Zebu bulls (Gulia et al., 
2010; Sekoni et al., 2010). The basic problem lies in establishment of successful relationship between plasma 
testosterone concentration and reproductive performance of bulls (Chenoweth et al., 1979) as testosterone secretion in 
bulls are episodic in nature and 4-10 peaks per day of plasma testosterone levels is evident in bulls (Katongole et al., 
1971). The testosterone secretion is controlled by FSH (follicle-stimulating hormone) & LH (luteinizing hormone) that 
are secreted from anterior pituitary. The anterior pituitary get signal from hypothalamus by GnRH and hypothalamus is 
activated through extrahypothalamic central nervous system and act through hypothalamic-pituitary-gonadal axis.  
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Therefore, synthetic GnRH administration is useful for therapeutic management of libido problem in bulls (Byerley et 
al., 1990).  The principle or school of thought given by Gary England of School of Veterinary Medicine and Science, 
The University of Nottingham gave a clear picture of functionality of Hypothalamus-pituitary-gonadal axis through 
GnRH application stated below: 

Case -1 Function of Anterior pituitary, sertoli cells 
and leydig cells are normal  

Increase in FSH, LH and Testosterone  

Case -2 Problem in Anterior pituitary  No change in FSH, LH and Testosterone  
Case -3 Problem in Leydig cells Increase in FSH & LH, but no change in testosterone  

GnRH application resulted in improvement of sexual behaviour and semen production performance of HF (Devkota et 
al., 2011), Egyptian buffalo (El-Khawaga et al., 2011), Hariana (Chander et al., 2004) and  Karan Fries (Sabapathi, 
2007) bulls. 

Biostimulation 

At A.I. Organizations and to some extent on breeding farms, where a rigid routine of controlled mating as well as semen 
harvest is practiced, adequate sexual stimulation prior to ejaculation is not provided. Therefore, biostimulation or 
pheromonal communication can exert profound effects in male behavior and reproductive processes via the hypothalamic 
system that generates pulses of gonadotropin-releasing hormone. Visual and olfactory route plays an important role in 
biostimulation. Vomeronasal organ (VNO) contains receptors for low-volatile pheromones in urine and vaginal secretions 
and helps in controlling sexual activity through hormonal regulation. GnRH acts on anterior pituitary and stimulates the 
release of FSH and LH. FSH in conjugation with testosterone acts on Sertoli cells of the semeniferous tubules of the testis 
and stimulate spermatogenesis. LH acts on the leydig cells of the testis and stimulates the production of testosterone which is 
responsible for libido. Secretion of LH is inversely related to the blood level of testosterone, as testosterone exerts a negative 
feedback effect on LH secretion by suppressing the pulsatile GnRH release from hypothalamus. 

 

 

Fig-3: Mechanism of Biostimulation 
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Pheromone is a complex compound, therefore very few pheromones has been detected till now, but researchers are in 
continuous try to find out estrous specific molecules effective for improvement of sexual behavior of males and some of the 
findings has been presented below:   

Different estrus specific molecules and its effect on male sexual behaviour 

Components Application Species /Breed Findings References 

Acetic acid, 1-iodo 
undecane and 
propionic acid from 
faeces of Estrus cow 

Rubbed on genital region 
of nonestrus animals (six 
dummy cows) 

Bos taurus 
(Jersey) 

Showed repeated flehmen 
and mounting behaviours 
towards mixture of three 
compounds (p<0.001) 

Sankar and 
Archunan, 2008 

1-chlorooctane,4-
methylphenol and 9-
octadecenoic acid 
found from urine of 
estrus buffalo 

Synthetic compouds 
were procured & soaked 
with dichloromethane on 
cotton wool and applied 
on vulvar region of non-
estrus cows  

Buffalo (B. 
bubalis) 

Showed repeated flehmen 
behaviour towards 4-
methylphenol. More penile 
erection and mounting 
behaviour while exposed 
to 9-octadecenoic acid 

Rajanarayanan 
and Archunan, 
2011 

1-iodoundecane and 
di-n-propyl phthalate 
 

The samples placed in a 
fresh petridish and the 
bulls were allowed to 
sniff the samples 
 

Bos taurus 
bulls 
 

Attraction, sniffing, 
salivation & urination 
frequency are highly 
significant (p<0.001) in 
case of 1-iodoundecane 
molecule 

Archunan and 
Kumar, 2012 
 

Combination of 4-
methyl phenol and 
trans verbenol  

Sample placed in a fresh 
petridisc and the bulls 
were allowed to mount  

Buffalo bull  Higher no. of mounting 
behaviour was recorded  

Karthikeyan 
and Archunan, 
2013  

 Estrus specific 
compounds (1,2-
dichloroethylene, 
squalene, Coumarin, 
2-butanone,oleic acid) 
from cow urine 

1 ml spray in each nasal 
cavity directly 

Bos taurus  2-butanone, oleic acid 
improved libido without 
effect on sperm quality 
and increased sperm 
quantity by 9% in some 
bulls. 

Le Danvic et 
al., 2015 

It is evident that estrus specific molecules present in faeces, urine and mucous during estrus period is effective to 
improve sexual behaviour of breeding bulls. The effectiveness of various estrus specific molecules is not similar in 
different breed as well as different species. Therefore, there is need to explore which estrous specific molecule will be 
better for our indigenous cattle and buffalo to improve sexual behaviour and libido.  

In an experiment at ICAR-NDRI eight adult Sahiwal bulls which had low libido and not donating semen were selected. 
These bulls were first taken as control and their sexual behaviour was recorded. Then the bulls were biostimulated by 
applying estrous specific mucus on the rump region of dummy prior to semen collection, interestingly out of eight bulls, 
six bulls (75%) started donating semen after application of estrous specific mucus (Singh, 2014). The improvement on 
all the sexual behaviour by application of the estrus mucus is due to the pheromones present in the compound applied for 
biostimulation. Oestrus- related chemicals might also be useful as sexual stimulants for increasing the libido of 
unmotivated males (Vyas et al., 2012), which is supporting our finding regarding recovery of 75% bulls started donating 
semen after biostimulation intervention, before that the bulls were not donated semen.  Application of cervical mucus 
resulted in improvement of sexual behviour may be due to pheromone, acts on vomeronasal organ of male during 
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sniffing and its central projection area is the accessory olfactory bulb (Mucignat-Caretta, 2010), which is connected to 
the amygdale and hypothalamus,  which generates pulses of gonadotropin-releasing hormone (Rekwot et al., 2001). 
GnRH acts on anterior pituitary and stimulates the release of FSH and LH. FSH in conjugation with testosterone acts on 
Sertoli cells of the semeniferous tubules of the testis and stimulating spermatogenesis. LH acts on the Leydig cells of the 
testis and stimulates the production of testosterone which is responsible for libido.   Testosterone produced from Leydig 
cells of the testes is vital for spermatogenesis and male characteristics (Sekoni et al., 2010).  

In mammals males are attracted to females in estrus by pheromonal cues and source of such cues are urine, faeces and 
vaginal secretions (Aron, 1979; Riward and Klemm, 1989; Sankar and Archunan, 2008). The molecules responsible for 
pheromonal cues are volatile and non-volatile in nature and transmitted through olfactory cues (Brennan and Keverne 
1997; Tirindelli et al., 1998) results in improved sexual behaviour of male in mammals (Novotny, 2003; Boehm et al., 
2005). The sex attractant volatile compounds identified in cattle and buffalo are capable of enhancing the sperm quantity 
(Rajanarayanan and Archunan, 2011). Cattle pheromones influence precopulatory behaviour and helps in successful 
reproduction, which is still not exploited fully for improvement of male reproduction. But, researchers are in continuous 
try to understand the chemistry of pheromones in cattle (Rajanarayanan and Archunan, 2011; Rameshkumar et al., 
2000; Sankar and Archunan 2004; Sankar et al., 2007), pig (Signoret, 1970), horse (Kimura, 2001), goat (Delgadillo et 
al., 2006) and sheep (Gelez and Fabre-Nys 2006).   

Other strategies to overcome the libido problem 

The following management strategies should be helpful to overcome the problem related with quality semen production and 
libido.  

1. Balanced diet should be provided  
2. Adequate exercise 
3. Optimum body condition should be maintained 
4. Routine deworming should be followed 
5. Provide proper/ desired sexual rest 
6. Size of dummy should be appropriate with respect to bull in semen collection 
7. Dummy should be docile in nature 
8. Handle the bull with care and patience 
9. Provide pleasant atmosphere, least disturbance calm. Suitable floor 
10. Do not change bull handler 
11. Semen should be collected in same place, avoid changing of place 
12. Semen collector should be technically sound and knowledgeable 
13. Temperature and pressure of artificial vagina should be optimum 

Strategy to reduce vaccination stress 

In India, as a regular prophylactic measure, breeding bulls are vaccinated against various contagious diseases, but still 
more emphasis need to be laid on vaccination of exotic and crossbred bulls as they are more prone to FMD, HS, BQ and 
other diseases (Mathur et al. 2003, Bhakat et al., 2010, Bhakat et al., 2008). In breeding bull station vaccination, 
deworming and other herd-health programme is followed as per the farm schedule, to ensure good health. The bulls are 
vaccinated against FMD, HS & BQ, checked for communicable diseases and are managed to produce quality semen. 
Ring vaccination against FMD, HS & BQ in area of 5 K.M. radius of bull station is required. There are lose of almost 
three month’s semen production due to mandatory requirement of vaccination in breeding bull stations.  

Semen quality is affected by vaccination as it is one of the major stress factors which cause rise in body temperature 
because of the febrile reaction occuring during post-vaccination period. Also there is derangement in spermatogenesis 
due to elevated temp of testes and besides this abnormal acrosome development occurs temporarily due to induction of 
testicular degeneration (Venkatareddy et al. 1991, Murugavel et al. 1997). This preventive vaccination might be 
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followed by epididymal dysfunction which possibly is the reason for increased number of spermatozoal abnormalities in 
the initial stage, resulting in reduced motility. These derogatory effect of vaccination resembles those of therapeutic 
agents on germinal cells resulting in increased number of dead spermatozoa, which leucocytes absorbs through the 
process of phagocytosis (Mann and Mann 1981). There is subsequent decline in epididymal sperm reserves, thus 
concentration decreases as the resorption of abnormal sperm increase. Very less information is there in concern with the 
semen quality during post vaccination period. As compared to bacterial vaccine, viral vaccine has more deleterious 
effects, as both the metabolic activity and ‘cold shock’ resistance of sperm are reduced to a considerable level. Semen 
quality of exotic and crossbred bulls is adversely affected by vaccinations against FMD, HS and BQ (Bhakat et al., 
2009). Aversion of pyrexia, so as to maintain normal body temperature can be a preventive measure against the adverse 
effects of vaccination. The pyretic response to these vaccinations varies from bull to bull, breed to breed and even 
species to species. To certain extent this adverse effects can also be reduced by immuno-modulators. Levamisole 
treatment @ 2.5 mg/kg body wt one week prior to vaccination and vitamin E supplementation (@4000 IU/bull/day) two 
months before and two months after vaccination reduces the adverse effect of semen quality in crossbred bulls. It is 
advised that vaccination schedule may be followed when the season is unfavorable as during that time the semen 
production is usually of poor quality especially for purpose of freezing (Bhakat et al., 2011a).   

Role of collector 

Semen collection is the business for various Artificial Insemination organizations, hence the management of entire 
process of collection is quite critical and for this the vital role is played by the semen collector. The amount of motile 
sperm collected might be influenced by the bull handler’s skill and behavior. Since both the motility and the number of 
sperm obtained are enhanced only if the sexual stimulation is appropriate. As perceived from the reports of Mathevon et 
al. (1998), shows that in both young and mature bulls the volume of ejaculate, total number of cells and motile cells per 
ejaculate is affected by the variation in collection team as compared to concentration and motility of the sperm. In one of 
the experiment conducted by Yates and coworkers in 2003 reported that team collected the bulls at night gave better 
results rather than team collected the bulls during the day due to more of interruptions for the semen collection team 
during day time. For instance, the commonest of all disruptions were the phone calls for collection team members and 
co-worker questions from people not involved in the semen collection process, on the other hand night time had an 
upper edge as only people that were present at the arena were semen collection team members and because of the late 
hour outsiders disturbances were also nonexistent. Bull’s reaction can also be affected by several extraneous factors like 
attendants and nearby structures. Motivation of collector and handler for their work is necessary to optimize semen 
production and greater incentives need to be given to workers to improve their techniques. 

In a study on 8 Murrah buffalo and 8 Crossbred (Karan Fries) bulls, carried out during one year period at Artificial 
Breeding Research Centre, NDRI, Karnal, we found that the quality of semen collected by Collector 1 was superior as 
compared to Collector 2 and Collector 3, but there was no significant difference in quality of semen collected by 
Collector 1 and Collector 2 in both the breeds. It is portraying that Collector 1 and Collector 2 are technically sound and 
skilled semen collector; therefore their performance was found to be similar in both the breeds. Therefore, it is depicting 
that the systematic training of the collector from experts is important for learning all the techniques of semen collection 
in more scientific way to harvest better quality semen. The collector should start the learning from young age with good 
physical strength and swiftness. Experience of collector along with judging the individual sexual behaviour of bulls will 
enhance the scope of future improvement in semen production (Bhakat et al., 2015). 

Role of filtration 

Poor semen quality is one the major problem in crossbred bulls. In poor quality semen numerous dead and abnormal 
sperms are present which release ROS and certain other toxic substances. Toxic effect of ROS on sperm was earlier 
reported in 1943 by MC Loed and it is thought to have an adverse effect on normal companion cells fertilization 
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potential. ROS acts through lipid peroxidation of carbon chain of unsaturated fatty acid, which are the important 
constituent of sperm plasma membrane and thereby results in formation of highly cytotoxic lipid hydroperoxides. These 
lipid hydroperoxides decompose to form end product malondialdehyde, which is highly toxic and is responsible for 
DNA and protein damage finally leading to cell death. ROS Production though can not be prevented to full extent but 
can still be minimized by taking up the following measures; these include Percol density gradient, Swim up procedure, 
glass wool filtration, Sephadex gel filtration and sephadex ion- exchanger filtration (Anzar and Graham 1993, Ahmad et 
al. 2003, Hallap et al. 2004, Ulgen et al. 2004). For sperm recovery various centrifugation techniques have also been 
used. In according to the available literature, there is a clear indication that after filtration of sperm through Sephadex, 
the post thaw quality of spermatozoa recovered is improved. Though the mechanism behind the trapping of spermatozoa 
in a sephadex column is still not clear, but it has been hypothesized that the Sephadex particle can act like a barrier. It 
either allows agglomeration of immotile or dead spermatozoa (Graham et al. 1976) or the protein present on the plasma 
membrane of capacitated sperms binds to the Sephadex particles and finally leading to entrapment of these sperms 
(Samper, 1990). In case of Sephadex-ion-exchange filtration, it is hypothesized that positively charged components 
show appearance on surface of dead sperm cell and they can further interact with negatively charged carboxy methyl 
cellulose (CM- 52), resulting in trapping dead spermatozoa. Sephadex with ion exchange filtration can facilitate the use 
of even low grade ejaculates of high genetic bulls. So it is the need of the hour to integrate these techniques in freezing 
protocol for augmenting the germplasm production.  

Role of additives 

In poor quality semen spermatozoa are extremely sensitive to oxidative damage. Lipid peroxidation plays a leading role 
in spermatozoa aging, shortening its life-span in vivo and affecting the preservation of semen for artificial insemination. 
The process of peroxidation induces structural alterations; particularly in the acrosomal region of the sperm cell, a fast 
and irreversible loss of motility, a deep change in metabolism and a high rate of intracellular components release. The 
susceptibility of spermatozoa to oxidative damage is attributed to the high concentration of unsaturated fatty acids in 
membrane phospholipids, the limited antioxidant capacity of spermatozoa as well as the ability of spermatozoa to 
generate reactive oxygen species (ROS). Spermatozoa are capable of generating ROS (Aitken et al., 1997; Balla et al., 
2001), and the controlled generation of ROS may have physiological functions in signaling events controlling sperm 
capacitation, acrosome reaction, hyperactivation and sperm-oocyte fusion. The uncontrolled production of ROS by 
defective spermatozoa can have detrimental effect on sperm function (Baumber et al., 2000). Oxidative stress appears as 
consequence of this extreme ROS production or from alteration in the antioxidative mechanisms of defense. Oxidative 
stress results in a fall in intracellular ATP levels which decreases sperm motility and also initiates lipid peroxidation in 
the polyunsaturated fatty acid rich sperm plasma membrane. Such events have been associated with increased 
permeability, enzyme inactivation and production of spermicidal end products. Lipid peroxidation has been suggested as 
the cause of abnormal acrosome reaction and loss of membrane fluidity, culminating a loss of fertilizing potential of 
spermatozoa (Verma and Kanwar, 1998). Production of ROS can not be prevented completely; but several measures 
may be taken to minimize them to improve motility as well as fertility of spermatozoa by incorporating various motility 
enhancing agents like antioxidants, antioxidants preservative and methyl xanthines. The important cellular systems of 
protection against oxidative damage are BHT, PTX and Vit E (Bhakat et al., 2011b). Although numerous studies have 
examined the addition of BHT, Pentoxyfylline and Vitamin E to semen in order to improve sperm preservation but there 
have not been consistent improvements in the maintenance of sperm motility or fertility during liquid semen storage 
with addition of additives with different species and study. This strategy may be useful because it can improve the 
fertilizing potential of liquid semen from low grade ejaculates. Increasing demand of artificial insemination and aim of 
the sperm banking to preserve more semen with better fertility can be achieved by using this strategy in poor quality 
semen, which is generally discarded in semen stations (Bhakat et al., 2011b).    
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Conclusion 

Libido or sexual behavior of bull is an integral part of Breeding Soundness Evaluation of bulls and it is in common practice 
of initial selection of bulls based on BSE. Researchers have reported that libido related subfertility problem is a heritable trait, 
therefore always a question come in mind that is it worthwhile to improve libido of bulls? On the other side there is school of 
thought that libido is more of psychological and managemental problem, therefore we need to explore the possibilities to 
overcome the libido problems. The importance of libido improvement lies when the problematic bulls having higher genetic 
merit coming in semen production with better sexual performance.      

On the other side semen quality is affected by several factors like season, vaccination, treatment, semen collector and bull 
handler. Henceforth, nowadays suitable management interventions are being developed and incorporated, these includes 
laboratory procedures   i.e., the use of filtration technique so as to maximize quality semen production without discarding too 
many poor quality ejaculates, amelioration of seasonal stress specially heat stress and incorporation of additives to improve 
quality semen.  Semen collector must be properly trained and highly motivated.  Re-schedulement of vaccination protocol to 
unfavorable season in terms of semen production.  
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Semen sexing and its impact on fertility 
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Introduction  

everal ways have been attempted to shift the gender ratio for a calf crop in animal husbandry, but the idea of sex 
selection to favor male or female offspring has been researched since the advent of artificial insemination. In 
India, the need to preselect the gender of the young one is gaining much importance day by day especially in 

dairy cattle and buffaloes. With the decreasing land productivity, crop yield and other feed resources one hand and 
steady increase in demand and consumption of high quality dairy product on the other hand, there is an urgent need to 
expand the genetic merit of our cattle and buffaloes. In 2012 India’s population reached more than 120 million and is 
increasing day by day. In order to meet food demand associated with this population growth it will be necessary to 
produce pre-sexed livestock by sperm or embryo sexing; which offers a promising breeding strategy to meet the 
increased demand for food production and nutritional security. So far it has been demonstrated that the application of 
sexed bovine sperm using AI is effective in altering the sex ratio and rapidly expanding dairy herds carrying high 
genetic value animals. Thus, the practical application of sexed sperm in indigenous cattle and buffalo breeding would be 
of great interest both in biological and economic terms. Besides the long-term benefit, farmers can profit directly from 
the use of sexed spermatozoa by producing optimal proportions of males and females in their animal production 
systems. The use of sexed spermatozoa increases the rate of genetic progress, especially in combination with genomic 
selection of sires and easier culling decisions. It also has the potential to improve herd management and reduce the 
incidence of dystocia by avoiding male calves. But, superior male can be produced by sex sorted spermatozoa from 
superior dam, which will be a great boost for semen station which is the need of the hour for increasing the frozen semen 
productivity in the country. Increased biosecurity can be attributed to keep a herd closed by not purchasing as many 
animals from outside for replacement.  

Several attempts have been made to develop a method that efficiently separates bovine semen into fractions containing 
higher concentrations of X- or Y-bearing sperm. These technologies include sex specific antibodies, centrifugation, and 
flow cytometry. Of these attempts, the only method proven to be commercially viable is flow cytometry till date. In the 
recent years, there have been several advances in computer science, biophysics, cell biology, and applied reproductive 

physiology, which has led to development of systems that could accurately measure fluorescent signals emitted by the 
spermatozoa treated with specific fluorescent dyes. This development obviously showed the way to measure the small 
difference in DNA content between X and Y chromosome-bearing sperm. Till date flow cytometry sorting method is not 
100% efficient, but it does shift the ratio to about 85 to 90 percent of the desired sex. As with any other market-driven 
technology, sex sorting may evolve to become more efficient and less costly and research are being continuously taken 
up to fine tune the technology to reach maximum efficiency and accuracy in developed countries (Rath et al., 2012).  

Most of the studies on fertility of sex sorted bull spermatozoa have been carried out in highly organized farms in abroad. 
In cattle, the conception rate of AI using sexed sperm, with one tenth the sperm number of non-sexed sperm, is around 
70–80% of those achieved by non-sexed sperm in heifers (Rath et al., 2012). The most important variables in the extent 
of use of sexed semen are pregnancy rate and the cost per straw, whereas the economic benefit will greatly depend on 
the baseline fertility of the herd and other key management factors. However such studies on crossbred and buffalo bulls 
are very limited.  

Since, cattle slaughter is banned nearly all over India, half of the calves (i.e., male calves) produced through artificial 
insemination are of little use in terms of either future breeding bulls or bullocks in the agricultural fields as a source of  
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farm power. Majority of the farmers are such that their conscience does not allow them for rearing for meat & selling 
them for slaughter. Farmers rear these calves till the dams are in milk for the letdown process of the milk and become 
restless as they do not contribute anything on the agricultural farm thereafter. We certainly need a technology to 
significantly reduce the ratio of birth of male-calves on the farms for sustainability of dairy farming.  

History 

Gledhill (1976) first attempted to separate X and Y sperm by analytical flow cytometry and Pinkel et al. (1982) first 
time successfully separated mammalian sperm. . But the methods were found to be destructive because the tails were 
removed by sonication leaving sperm biologically unusable. 

In the 1980’s a breakthrough in semen sexing technology was made by USDA researchers in the Lawerence Livermore 
Laboratory in California. The patents for this technology were licensed to a company named XY, Inc of Fort Collins, 
CO, which performed extensive research during the 1990’s to optimize efficiency of these sorting procedures. In 2001, 
Select Sires partnered with XY, Inc. to set up field tests on the flow-cytometer processed semen. 

Sexing Technologies™, headquartered in Navasota, TX, near Texas A&M University, owns XY, Inc., which has the 
patented sexed semen technology for commercial sexing of semen. They operate a total of twelve labs: six in the U.S., as 
well as Holland, Italy, Brazil, Canada, France and New Zealand. Sexed semen has been commercially available in the 
US since 2005 with proven results in thousands of dairy farms. Sexed semen has been used in heifers primarily for the 
production of replacement dairy heifers.  

They are operating labs in different country with their technologies to produce sexed semen. They get royalty from sale 
of semen from the companies listed above for utilization of their services.  

Importance of sperm sexing 

 To produce calves of desired sex in dairy cattle and buffaloes.  

 Production of unwanted cattle males can be minimized as they can’t be slaughtered in India.  

 Production of superior breeding bulls as country has limited elite cattle and buffalo bulls (< 0.1% of total). 

 Combination of super-ovulation and insemination with sexed semen further increases the desired calf crop. 

 Replacement and expansion of herd can be done quickly. 

 Replacement costs can be reduced 

 To ensure required number of daughters’ production for progeny testing programme in shortest time, thus increased genetic gain.  

 In in-vitro fertilisation programes, one dose of sexed sperms can be used to produce many embryos of desired sex. 

 Increased biosecurity and lower disease risk 

 Selective culling 

 Reduce dystocia cases by preventing production of male calves  

Basis of sperm sexing (Difference between X and Y spermatozoa) 

Parameter Difference 

DNA  content  Less in Y sperm 
Size  X sperm is larger  
Motility  Y sperm faster 
Surface charge  X sperm negative  
Cell surface antigen  H-Y antigen on Y sperm  

Overview of methods of sperm sexing 

Many techniques to separate male and female sperm have been investigated during the past 35 years with limited 
success. To achieve desired sex through AI, the basic approach is to separate the X- and Y-bearing spermatozoa. The 
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methods of sperm sexing includes sperm separation through albumin gradient (Ericsson et al., 1973), differential 
sedimentation using Percoll gradient, electrophoresis (Kaneko et al., 1984), flow cytometry, detection of H-Y-antigen 
(Eichwald and Silmser, 1955), detection of sex-specific proteins (Blencher et al., 1999), Sperm sorting based on 
volumetric differences and no staining (Van Munster, 2002) and Centrifugal countercurrent distribution using aqueous 
two-phase system (Ollero et al., 2000). Sperm separation through albumin gradient is not suitable as small percentage of 
X-bearing sperm is able to penetrate viscous albumin solutions. Differential sedimentation using percoll gradient 
separate sperms based on difference in the center of gravity of X and Y-bearing sperm without considering sperm 
motility and size. The principle behind the X and Y-bearing sperm separation in electrophoresis is change in surface 
charge of sperms but major drawback is sperm loss motility following electrophoresis. In the method of detection of H-
Y-antigen; inactivated Y-chromosome bearing sperm by treating with H-Y antibodies. In case of detection of sex-
specific proteins the basic principle is to separate X- and Y-bearing sperm by immunologic means based on binding of 
sex-chromosome specific proteins with sex specific antibodies  There has been little reliable evidence to support the 
claims made by various physical, morphological, or non-DNA based separation procedures. The majority of attempts 
using these methods have ended in failure or marginal success. 

However, a new technology using flow cytometry/cell sorting for DNA content of sperm has been developed with 
promising results. In cattle, the X-chromosome-bearing sperm (female) have 3.8-4.2 % more DNA than the Y-
chromosome-bearing sperm (male) of cattle. The sperm sorting procedure involves staining the sperm with a dye 
(Hoechst 33342) that binds specifically to the DNA. The diluted mixture passes through a flow cytometer in a fine 
stream; and a vibrating crystal breaks the stream into droplets. The stained sperm are illuminated by a laser beam for 
fluoresce. The female sperm glow brighter than the male. A computer, quantifies the fluorescence of the sperm, and 
attaches a positive or negative electrical charge to the sperm droplet. The male and female sperm are then deflected in an 
electrical field and collected into separate test tubes. Currently, the sperm sorter is capable of sorting bull sperm at up to 
6,000 live sperm/sec. of each sex (Johnson, 2000). The current sorting accuracy is about 90% for each sex (Johnson & 
Welch, 1999). In Ideal condition continuous refinement and adjustment of hardware and acquisition software of sorter 
allow to harvest 8000 cells per second (Sharpe & Evans 2009).  

Factors affecting the sorting efficiency of flow cytometer 

 Orientation of sperm head 

 Angle of sperm presentation towards the excitation source, 450 is adequate 

 Orientation of fluid in the nozzle 

 Even with the correct orientation of cell and fluid 20-40% of live sperms are not measurable, passes directly to the waste tube  

 Optical techniques 

 Speed of computer processor  

Alternative methods with flocytometry for sperm sorting 

Recently, a promising patent was granted that replaces the orthogonal laser setup with epifluorescence, a technique 
originally described by Van Dilla et al. (1977). This technique combine a second laser system that kills sperm of the 
unwanted sex (Microbix, LumiSort®, Missisauga, Canada), such a machine may provide an alternative method for high 
speed sorting. Similarly, parallel sorting based on microchip technologies might avoid the complex orientation of 
spermatozoa and provide much higher rates of sorting. LumiSort combines proven technologies in flow cytometry 
(single cell analysis and sorting) to yield a novel approach to semen cell sex determination and sorting. In LumiSort™, 
cells are fully enclosed in a gentle flow system that avoids damaging forces associated with traditional cell sorting. 
Sexing of cells is performed with conventional DNA dyes to determine the presence of the X or Y chromosome by total 
DNA content, using an optical configuration that is much more sensitive and accurate than current market technology. 
Cells of the undesired sex are rendered infertile, one at a time, using powerful laser light. The result is a sexed semen 
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product with high yield and high fertility. LumiSort™ changes the economics of semen sexing, increasing cellular yields 
from about 30% using existing technology to 90%, allowing AI suppliers to expand the range of sexed semen offerings. 
LumiSort™ offers throughput 10 times higher than current technology, is compatible with normal processing laboratory 
environments, and is built with ease of operation in mind. Similarly work on identify Y-chromosome specific sequences 
in morphologically and functionally intact sperm through gold nanoparticles (AuNP). The detection principle is based on 
gold nanoparticles that are aggregated or accumulated, due to binding of probes to highly repetitive DNA sequences and 
exhibit a significant increase in bathochromic shift for detection limit of AuNP (Rath et al., 2012).  

Korean scientists have developed WholeMom (WM) which is an antibody protein produced in animals cells. This WM 
has two strong target binding sites exclusively for Y-sperm, so each molecule binds 2 Y-sperm head and causes 
agglutination of Y-sperms. Thus Y-sperm subsequently lose their motility and sense of direction. However, X-perm is 
not influenced by the WM antibody protein and swim in right direction towards ovum. Further, this sexing method does 
not reduce conception rate. 

AI strategies with sex sorted sperm 

The conception rate depends on the bull fertility, quality of semen, semen preservation; semen handling during AI, site 
of deposition, sperm dosage and skill of the inseminator. In conventional system there is requirement of 8-10 million 
viable progressive motile sperm at the time of AI. With 50% post thaw motility, 20 million viable motile sperm should 
be packed initially before cryopreservation. Reduction in sex sorted spermatozoa to 2 million viable motile sperm leads 
to pregnancy depression by 10-20% as compared to conventional system. Researchers have tried various sperm doses 
(2-20 million) with sex sorted sperm for artificial insemination and results in lower pregnancy rate as compared to 
conventional system (Dejarnette et al., 2011, Schenk et al., 2006). The findings of fertilization with AI of sex sorted 
spermatozoa are conflicting in nature with different doses and different protocol of AI in heifers (Dejarnette et al., 2011, 
Schenk et al., 2006, Hayakawa et al., 2009). Use of 2 million viable spermatozoa with sex sorted spermatozoa in regular 
AI is not viable and economical due to low conception rate. Peoples have successfully used sex sorted spermatozoa in 
Multiple ovulation embryo transfer, In-vitro fertilization, Gamete intra-fallopian transfer and Sperm intra-fallopian 
transfer (Schenk et al. 2006, Rath et al. 1994) in different species. Recently, Grossfeld et al. (2011) developed a device 
to transfer the very small volume (30µl, 105 sperm) of sperm in bovine oviduct and achieved 41.2% pregnancy in field 
condition.  

The conception rate in dairy cattle and buffaloes inseminated with sexed semen varies from 25-60% in different breeds 
(Table 1). Conception rate is 10-20% lower in sorted sexed-semen compared to conventional semen (Borchersen and 
Peacock, 2009; DeJarnette et al., 2009; Norman et al., 2010; Campanile et al., 2011; Healy et al., 2013). The lower 
conception rate in sexed semen may be affected by several factors but the primary factors are low dose rate and physical 
or chemical stress on sperm during sorting process (Cerchiaro et al., 2007; Frijters et al., 2009). In a recent review 
Butler et al. (2014) reported improvement of CR in heifers inseminated with frozen-thawed sexed semen with increased 
number of sperm from 2×106 to 10×106 per insemination. On the other hand, low dose rate of sexed semen does not 
affect the CR in buffalo heifers and pluriparous animals might be associated with rigorous selection of bulls and a highly 
validated semen processing technology (Campanile et al., 2011; 2013). The sorting stresses include high dilution rate, 
staining with the dye, mechanical forces, UV laser light beam, and higher fluidic pressure during projection into the 
collection tube and centrifugation (Garner, 2006). The fertility of sexed semen is also influenced by individual effect of 
bulls, which indicates that bulls should be selected carefully based on accurate analysis of semen fertility under field 
conditions (Cerchiaro et al., 2007). The type of semen (fresh or frozen thawed) used for insemination also influences the 
CR with higher rate in fresh sexed semen might be associated with lower cellular damage compared to frozen-thawed 
semen (Butler et al., 2014). In addition site of deposition of semen in uterus also affects the CR in sexed semen. 
Conception rate is more when sexed semen deposited in body of uterus (45%) rather than horn of uterus (32%) in 
buffaloes heifers (Campanile et al., 2011). In lactating dairy cows, body condition score also influences CR. It has been 
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reported that lactating dairy cows with good BCS (3) inseminated with sexed semen had higher CR compared to cows 

with BCS 2.75 (41% vs. 28%, Butler et al., 2014). Service number and parity of dairy animals also affect the CR; the 
CR is higher in first service and heifers or first parity and gradually reduced with increase in number of services or 
parity (Norman et al., 2010).  

Table 1: Sexed semen and fertility: 

Breed Country Heifers (%) Cows (%) References 

Holstein cattle Italy 51 - Cerchiaro et al., 2007 
Holstein cattle US 45 27 DeJarnette et al., 2009 
Jersey cattle US 50 37 
Danish Holstein cattle  

Denmark 
49 - Borchersen and Peacock, 2009 

Danish Jersey cattle 46  
Danish Reed breed  60 - 
Holstein cattle* US 26 41 Norman et al., 2010 
Holstein cattle # US 25 39 
Italian Buffalo Italy 39 - Campanile et al., 2011 
Italian Buffalo Italy - 49 Campanile et al., 2013 
Holstein cattle Australia 31 - Healy et al., 2013 
* first services, # all services 

In Indian condition there is need to standardize the lower dosage of spermatozoa, site of deposition for AI with good 
conception rate in our conventional system. There is also immense requirement to develop instruments to transfer sex 
sorted spermatozoa non-surgically and to train the skilled manpower in above area to achieve good results. The main 
target should be focused to use of sex sorted spermatozoa in good quality heifers and the cows with excellent 
reproductive and productive performance to achieve good results.  

Drawbacks associated with sperm sexing and use of sexed sperm under Indian condition 

 Commercial availability of the sorting technology 

 Lower sorting speed and efficiency 

 High cost of maintenance 

 Higher cost of sexed semen  

 Lack of skilled manpower  

 Lack of good quality ejaculates from indigenous cattle and buffalo  

 Low conception or pregnancy rates  

 Lack of availability superior bulls with good fertility 

 Delayed sexual maturity of heifers  

 Sperm from some bulls had higher tolerances for sorting, freezing and thawing than from other bulls 

 Lack of availability of sexed semen 

 Lack of awareness about sex semen to farmers 

The major problem is that it needs highly specialized, non-portable equipment which is quite costly for routine use. 

Economic impact of sexed semen 
Technique is most promising for animal husbandry sector. One such machine cost around 40 to 50 million rupees (4 to 5 
crores) and royalty for each dose of semen produced is to be paid also. If cost is reduced and use of this technique in 
India is standardized it will increase genetic gain at faster rate.   
Production capacity of the flowcytometry machine having capacity of 6000 sperm per second given below for machine 
to run 24hrs a day. 

Total second in a day: 

24hrs. X 60 (min.) X 60(sec.) = 86400 Seconds  
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Separation of X bearing sperm with > 90 accuracy = 6000 sperm/Sec 

Separation of Y bearing sperm with > 90 accuracy = 6000 sperm/Sec (Not required) 

So in 24 hrs total number of X sperm can be separated = 86400 X6000If liquid semen is used for AI within 2 days = 2,000,000(2 

X 106) sperm required per dose. 

Total dose of semen can be produced /day = (86400X 6000)/ 2,000,000=259.2 

For frozen semen production for long term use = 4,000,000(4 X 106) sperm required per dose 

Total dose of semen can be produced /day = (86400X 6000)/ 4,000,000= 129.6 

In Indian condition conception rate will not go beyond 35% in the current scenario as frozen semen conception rate 
averages in organized herd are around 50%. Further from an ejaculate 30% sperm will be rejected during the sexing 
process due to non-detecting precisely for difference in DNA content and out of the detected sperm 50% will be Y 
bearing; so semen doses harvesting from a high merit bull will be reduced by 70 percent through this technology. There 
will be a reduction of 15 to 20% conception rate through use of sexed sperm technology from the conventional frozen 
semen conception rate. Even though the speed of sorting has greatly increased during this time period, each individual 
spermatozoon still needs to be assessed and sorted accordingly. Several improvements have recently made sperm sorting 
more efficient and less harmful for spermatozoa. However, new strategies are also under development which will 
definitely reduced the wastage and improve the conception rate through use of these technologies in near future. 

Conclusion 

Slaughter of cow is banned in most of the states in India. Extra males are very difficult to dispose. So sex selection 
towards female will help in producing near about 92 to 95 % female and strengthen the food production and nutritional 
security. Production of superior male through sex selection will further contribute in improving the production 
potentiality of dairy animals. Practically, not much work has been done in this direction in our country. Even in 
developed world, research efforts on the subject came about after flow cytometry and cell sorting became available as a 
handy tool. Lot of research need to be carried out to develop this technique in our country in collaboration with other 
laboratories to make it feasible in our country. Because of the expense involved with sorting sperm, research has focused 
on developing improved sorting technology in term of more sperm/sec and on methods to inseminate females with 
reduced sperm dosage per unit ( 1.8 X 106 ) compared to conventional AI (8 to 10 X 106 viable progressive motile sperm 
at the time of AI ). So with 50 to 60% viability after post thaw in a standard dose of straw around 20 X 106 viable motile 
sperm packed initially before cryopreservation. Use of sex sorted spermatozoa with lower doses in combination of 
Multiple ovulation embryo transfer, In-vitro fertilization, Gamete intra-fallopian transfer and Sperm intra-fallopian 
transfer may help to overcome the lower fertility problem. The sex sorting through flowcytometry is refining day by day 
by increasing the speed of sorting but the fertility results are still questionable. The lack of availability of technology and 
negative impacts on fertility limiting use of sex sorted spermatozoa throughout the world. Introduction of inert gold nano 
particle and harmless deflection technique will improve quality and fertilizing capacity of sex sorted spermatozoa. The 
success of sperm sexing technologies depends on simple, efficient and highly accurate technology having practical and 
economical feasibility with less deleterious effect on germplasm. 
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ndia is predominantly the agricultural country in which about 60% populations are living in rural area and more 
than 70 % population depends on agriculture and allied sectors. Agriculture and allied sectors contributed about 
15.10 % of total GDP, however, livestock sector, an integral component of agriculture , alone contributed about 

4.11% of total GDP  and 27.25 % of total output of agriculture sector (2012-13 current prices) because the country is a 
rich repository of bovine genetic resources.  

Dairy animal population and production 

According to 19th Livestock Census (2012), Govt. of India, the total livestock population in India was estimated as 
512.05 million of which 190.90 million cattle, and 108.7 million buffaloes contributing about 37.28 % and 21.23% of 
total livestock population. Of the total cattle population, 151.17 million are indigenous cattle and 39.73 million are 
crossbred cattle resulted through crossing exotic dairy breeds primarily Holstein Friesian and Jersey with mostly 
indigenous descript / non-descript cattle. There are 39 and 13 registered breeds of cattle and buffalo in the country. The 
large population of non-descript and low producing dairy animals are distributed mainly in small herds and mostly 
reared by small and marginal farmers of different socio-economic conditions under diverse agro-ecological regions of 
the country.  

India is the largest producer of milk in the world with milk production increased to 137.7 million tons (2013- 2014) and 
as a result the per capita availability of milk is also increased to about 302 g/day. Of the total milk production of 137.7 
million tons in 2013-14, the cattle and buffaloes contributed about 45 % (62.18 mt) and 51 % (70.44 mt), where as goats 
contributed only 4% (5.04 mt) milk in the country. Out of 62.18 million tons of milk produced from cattle, the 
contribution of exotic/ crossbred cows was about 33.88 mt (54 %) and the production of milk from indigenous cows was 
about 28.30 mt (46 %). Looking into the annual growth trend it is anticipating that the milk production of the country 
may reach about 144 million tons in 2014- 2015. An ever increasing trend of human population projected the demand of 
191mt milk in India by 2020.The Ministry of Agriculture and Farmers Welfare, Government of India and National Dairy 
Development Board, Anand have therefore re-visited the breeding policies and initiated major breeding programmes for 
genetic improvement of large dairy animals across the country.  

Breeding policy  

Cattle 

 Selective breeding of defined indigenous breeds of cattle having high milk yield, and those with excellent draft abilities, will be promoted to 
improve their production and reproduction potential. This will help their proliferation, conservation and genetic up-gradation. Efforts will be 
made to import semen of these breeds if necessary, to avoid/reduce inbreeding. Intrusions of crossbreeding in their defined breeding tracts 
will be totally avoided.  

 Cross-breeding of non-descript and low producing cattle with high yielding exotic breeds suitable for respective agro-climatic conditions, will 
be encouraged in selected areas having adequate facility for feed and fodder, management, health and marketing facilities etc.  

 Up-gradation of non-descript and low producing cattle with defined indigenous cattle breeds in resource deficient areas and the breeding 
tracts of defined indigenous cattle breeds would be encouraged.  

Buffalo 

 Buffalo development will aim at improving milk production and to hasten growth, maturity and multiplication.  

 Selective breeding of established native buffalo breeds.  

 Up-grading low producers through breeding with defined high milk yielding buffalo breeds will be undertaken.  

I 
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 Up-grading of non-descript buffalo population with improved indigenous breeds will be considered, where appropriate.  

Genetic improvement  

The implementation of breeding policy and programmes for the genetic improvement of large population of low 
producing non-descript indigenous animals are hardly able to follow in different states due to many reasons. It is 
increasingly being felt that the country should develop strategic planning so that available dairy animal genetic resources 
could be exploited judiciously to ensure sustainable improvement of dairy animals. Therefore, breeding strategy based 
on animal production systems to be followed in different agro-ecological zones of the country. 

Breeding strategies for dairy animals 

Before developing sustainable breeding strategies for improvement of the productivity of a particular breed/genetic 
group in a particular agro-climatic region, it is imperative to have comprehensive details of population dynamics of the 
breed, existing breeding policies and programme following including farmer’s / breeder’s perceptions and socio-
economic and ecological aspects of production. It may also examine agriculture and livestock production systems, 
available feed and fodder resources, animal breeding organizations and different breed improvement infrastructures. The 
population size of each breed and their geographical distribution is not included in 19th All India Livestock Census 
(2012). Breed-wise census is therefore necessary for developing breeding and management strategies for maximizing 
productivity of each breed and to take steps for their conservation and management. 

Based upon the collected and collated information of the area/region on all above aspects, the following breed and 
region specific animal breeding strategies can be planned for genetic improvement of dairy animals under different 
animal production systems. 

1. Improvement of non-descript indigenous cattle through crossbreeding with superior exotic dairy breeds 

The effective approach to genetically improve the largest non-descript indigenous cattle population will be through 
crossbreeding with exotic dairy cattle breeds under medium / high input - high output system. The improver breed 
Holstein Friesian will be the choice in plain areas where as Jersey will be use in hilly terrain & coastal areas with 50 and 
62.5 % exotic inheritance. Past experiences of crossbreeding with Holstein and Jersey have shown it would be an 
effective tool for bringing rapid genetic improvement in milk production of non-descript cattle.  As a result of various 
research and development programmes on crossbreeding in dairy cattle particularly crossing non-descript cattle with 
high yielding exotic cattle breeds over the year has proved to be the quickest and most effective method for improving 
milk production. The F1 crossbred females under production system should be bred with the semen of genetically 
superior preferably progeny-tested, crossbred bulls having exotic inheritance between 50% and 62.5% and produced 
through inter-se mating among crossbred animals. The F1 females in the field should be bred with genetically superior 
(preferably progeny tested) bulls of exotic breeds to produce progeny with 75% exotic inheritance.  Further, the progeny 
tested crossbred males having exotic inheritance between 50 and 75% produced through inter-se mating can be used to 
sustain the exotic level between 62.5 and 75%.  For selection of crossbred bulls as well as import of frozen semen of 
genetically superior exotic bulls, the selection criteria should be the milk yield and milk constituents especially fat and 
protein percentages. 

This is suitable in milk shed areas around peri-urban and industrial towns where large market exists for milk and milk 
products and round the year adequate amount of green fodder and quality feed resources are available. Intensive (high 
input-high output) animal production system is mostly adopted by resource rich farmers. The crossbreeding of non-
descript zebu cows using semen of exotic dairy cattle breeds has resulted in enhancing milk production of non-descript 
cows significantly and reduction in reproduction performance. To sustain the improved productivity of crossbreds and to 
check the decline in performance in subsequent generations, requires a well implemented breeding policy along with 
availability of quality breeding bulls in sufficient numbers, infrastructure for AI and animal health inputs, effective 
delivery of services, programme monitoring and regulatory mechanism. 
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2. Improvement of Non-descript low producing cattle through grading with superior indigenous breeds 

The local non-descript low producing cattle reared under zero / low input - low / medium output animal production 
system across different agro-climatic zones should be improved through grading with superior indigenous breeds where 
storage, transport and marketing facilities of processing milk and milk products are poor. 

The non-descript cattle constituting more than 75-80% of total cattle population under this production system. The large 
population of local non-descript,  and low producing cattle can be genetically improved by grading up using high genetic 
merit pedigreed bulls of superior indigenous cattle breeds like Sahiwal, Tharparkar, Rathi, Red Sindhi, Gir, Deoni, 
Hariana, Ongole, Kankrej etc. available in the breeding tract. These improver breeds are being maintained on several  
organized government and non-government farms for production of breeding bulls.  It will be necessary to improve 
these facilities and ensure that necessary facilities for their breeding feeding and health cover are available on 
institutional farms in the breeding tract. 

So far the impact of breed improvement programmes initiated earlier through grading up the local non-descript cattle 
with superior indigenous breeds has not been very encouraging.  This may be due to non-availability of adequate 
number of high genetic merit (pedigreed or progeny tested bulls) of indigenous breeds, generally low production levels 
of indigenous breeds, irregular and short term breeding plan which could not wean away the farmers/breeders from 
using scrub bulls locally available for breeding their cows. The adequate numbers of superior breeding bulls of different 
indigenous breeds need to be out-sourced for production of quality frozen semen and networking of AI infrastructure 
should be strengthened for successful implementation of grading up programme of non-descript cattle with improved 
indigenous breeds.   

3. Improvement of well defined indigenous cattle breeds through selection  

To meet the huge requirement of superior bulls of well-defined indigenous cattle and buffalo breeds and multiplication 
of their quality germplasm for upgrading and enhancing the productivity of vast non-descript cattle as well as 
transforming them into well-defined purebreds, it is necessary to undertake large-scale genetic improvement 
programmes in different defined indigenous dairy and dual purpose cattle breeds in their respective breeding tracts 
through selection under progeny testing programme. The animals are generally maintained under medium / high input – 
high output production system on institutional organized farms and under progressive farmers’ herds. 

In the past, various projects / programmes for bringing genetic improvement of indigenous cattle and buffalo breeds 
through selection have been undertaken generally on small sized and single herd basis in an isolated manner.  These 
programmes could not contribute towards identification of adequate number of genetically superior bulls.  Further, these 
programmes generally resulted in small genetic progress over the years in most of the herds of indigenous cattle breeds.  
This could be due to small population size, absence of selection intensity of male and female animals, poor replacement 
rate and more involuntary culling of cows on the basis of traits other than milk production, unplanned breeding 
programme and poor monitoring.  Therefore, it is suggested that the breed specific networking of organized farms and 
farmers/breeders’ herds should be developed to form a large network of associated herds for undertaking large scale 
progeny testing of breeding bulls.  The closed herds could also be opened through two-way flow of superior germ plasm 
from the breeding tract to nucleus herds and vice-versa.  Thus, with the adoption of open nucleus breeding schemes 
(ONBS) with or without MOET will enhance genetic gain not only in organized herds but also in cooperating farmers’ 
herds. 

Therefore, the existing herds of well-defined breeds need to be strengthened further and be used as elite herds for 
production of superior bulls.  The areas of the country where the indigenous cattle breeds need to be improved through 
selection are: Gujarat state for Gir and Kankrej, Rajasthan state for Rathi and Tharparkar; Haryana, part of Punjab, 
Western UP and Rajasthan for Sahiwal, Andhra Pradesh and Maharashtra for Ongole and Deoni. Through selection it is 
expected that genetic improvement can be achieved ranging from 1 to 1.5 % per annum on organized farms and 8-10% 
per annum in farmers’ herds in initial generations. The genetic progress can be further enhanced especially using ONBS 
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with the application of new reproduction biotechnology viz. sexing of embryos. Such breed improvement programme 
must form taskforce for monitoring the germplasm production, performance recording, evaluation and selection of high 
genetic merit young bulls and testing their genetic merit through networking both at organized herds including 
progressive gaushalas maintaining indigenous breeds as well as progressive farmers’ herds under field conditions. 

4. Improvement of descript buffalo breeds through selection 

The relatively high yielding buffaloes of well-defined buffalo breeds are maintained under medium / high input-high 
output production system at organized farms and under resource rich farmers’ herds in the breeding tract of different 
buffalo breeds. To exploit the large degree of genetic variability between and within the buffalo breeds, the genetic 
improvement of buffalo herds in the country can be brought through selection within breeds. For some breeds ONBS 
combining institutional / organized herds and the resource rich farmers’ herds could be initiated in a network mode using 
nucleus herd having genetically superior breeding females for production of superior breeding bulls. 

For effective implementation of such programmes particularly on large scale, existing organized farms of Murrah, Surti, 
Mehsana, Nili Ravi, Pandharpuri and Jaffarabadi buffalo breeds should be strengthened and linked for production of 
breeding bulls with high genetic merit. Surti, Mehsana and Jaffarabadi is recommended to be the breed of choice in 
Gujarat.  Surti is recommended to be the breed of choice in Rajasthan.  Murrah is generally the breed of choice in the 
states of Punjab, Haryana, Western UP and Andhra Pradesh.  A few pockets in Punjab bordering with Pakistan where 
programme for Nili Ravi should be undertaken. Pandharpuri is recommended to be the breed of choice in Southern 
Maharashtra. The genetic improvement in indigenous buffalo breeds for higher milk production, reduction in age at 
maturity, reduction in service period, dry period and calving interval will lead to higher economic returns to the farmers.  
Through networking a number of herds of a particular breed, it is expected that genetic improvement in milk production 
can be achieved ranging from 1 to 1.5 % per annum in herds at organized farms and 3-4% per annum in farmers’ herds 
through introducing elite male germplasm. 

5. Improvement of non-descript buffaloes through grading with improver buffalo breeds  

The low producing non-descript buffaloes are generally reared under zero input – low output or low input - medium 
input production system in areas where feed and fodder resources and milk and animal marketing facilities are 
moderately available. The production potential of low producing non-descript buffaloes can be increased rapidly through 
mating with superior bulls of improved breeds like Murrah, Surti and Mehsana.  Surti is recommended for Karnataka, 
parts of Gujarat and Rajasthan, Nili Ravi in a few pockets of Punjab bordering Punjab province of Pakistan, Murrah for 
Haryana, Punjab, parts of western Uttar Pradesh and Andhra Pradesh.  In other parts of the country, Murrah is 
recommended for grading up of non-descript buffaloes. 

This programme is expected to increase the milk production of non-descript buffaloes by 2 to 3 times in early 
generations of grading up. The grading up of non-descript buffaloes yielding on an average 500 kg with genetically 
superior buffalo bulls having genetic potential of 2000 kg or more will yield to an average of 1250 kg in first generation. 
Thus through grading up with superior breeds in five to six generations, the low producing non-descript buffaloes can be 
replaced with relatively high producing buffaloes conforming to the characteristics of well-defined respective breeds. 

Selection of superior dairy animals   

For implementing the strategies for genetic improvement of dairy animals in the country, a large number of genetically 
superior breeding bulls along with adequate networking of AI infrastructures are required as there is a gap of about 70 
million doses of semen production and supply in the country.  

a. Selection of Breeding Bulls 

 The genetically superior breeding bulls should be selected for semen production based on  

 True to the breed characteristics  

 Sons of proven / high genetic merit bulls  
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 Pedigree information, at least one generation  

 Elite dams Milk Yield as per breed: The elite dams milk yield record should be more than 2500 kg in first lactation and 3000 kg in other 
than first lactation yield for milch breeds and more than 2000 kg in first lactation and 2500 kg in other than first lactation yield for dual 
purpose breeds.  

 Physical conformity 

 Scrotal circumference/ diameter 

 Bulls are free from STD, certified by accredited Lab, Govt. of India.  

 Semen is free from microbial load  

 Karyotyping of bulls, if available 

 PTM of semen 

b. Selection of Elite Females 

The genetically superior elite female animals should be selected in organized herds based on the following criteria for 
production of breeding bulls in Bull Mother Farm 

1. Breed characteristics 
2. Body conformity 
3. Dairy Temperament 
4. No lameness 
5. Age of the animal 
6. Lactation No. 
7. Type and placement of udder 
8. Type and placement of teats  
9. Body condition 
10. Health records 
11. Expected Producing Ability  
12. Elite cows from farmers’ herds based on peak yield or through test day performance recording. 

National breeding programmes for cattle and buffalo    

Production of large number of bulls/bull calves selected on the basis of performance of elite pedigreed dams and 
progeny performance is an uphill task in the absence of structured national breeding programme.  

AICRP on Sahiwal Cattle has been initiated under ICAR for over a long time and Network Project on Buffalo 
Improvement Programme has been initiated under ICAR in 1993. 

National Programme for Bovine Breeding and Dairy Development (NPBBDD) was launched by the Department of 
Animal Husbandry, Dairying & Fisheries, Ministry of Agriculture & Farmers’ Welfare, Govt. of India in February 2014 
after merging four erstwhile programmes viz. NPCBB, IDDP, SIQ and CMP and assistance to cooperatives. The 
objectives of the programme is to integrate the milk production and dairying activities in a scientific and holistic manner 
for attaining higher levels of milk production and productivity and to meet the increasing demand for milk in the 
country. There are two components of the programme: First component is National Programme for Bovine Breeding 
(NPBB) and the other is National Programme for Dairy Development (NPDD). The proposed outcomes of the 
component one by 2018-19 would be 

 5,000 MAITRI will be recruited and trained on self sustainable basis to deliver breeding inputs at the farmers’ doorstep. 

 The programme will set in motion specific action to conserve genetic diversity among cattle and buffalo in the country. 

 The programme will also put in place the policy-strategy-programme framework to transform breeding into an economic activity.  

The Department of Animal Husbandry, Dairying & Fisheries, Ministry of Agriculture & Farmers’ Welfare, Govt. of 
India has launched Rashtriya Gokul Mission- a programme to fulfill the development, preservation and conservation of 
indigenous breeds. The objectives Rashtriya Gokul Mission are:  

a) Establishment of Integrated Indigenous Cattle Centers viz., “Gokul Gram”;  
b) Strengthening of bull mother farms to conserve high genetic merit Indigenous Breeds;  
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c) Establishment of FPR in the breeding tract;  
d) Assistance to Institutions/Institutes which are repositories of best germplasm;  
e) Implementation of Pedigree Selection Programme for the Indigenous Breeds with large population; 
f) Establishment of Breeder’s Societies ( Gopalan Sangh )  
g) Distribution of disease free high genetic merit bulls for natural service  
h) Incentive to farmers maintaining elite animals of indigenous breeds;  
i) Heifer rearing programme; award to Farmers (Gopal Ratna ) and Breeders’ Societies (Kamadhenu );  
j) Organization of milk yield competitions for indigenous breeds, and  
k) Organization of Training Programme for technical and non technical personnel working at the Institute/Institutions engaged in 

indigenous cattle development. 

The Department of Animal Husbandry, Dairying & Fisheries, Ministry of Agriculture & Farmers’ Welfare, Govt. of 
India has also launched the proramme like establishment of two National Kamdhenu Breeding Centres in Bhopal (MP) 
and Nellore ( AP) for development, conservation and preservation of all registered  Indigenous Bovine Breeds of cattle 
(37) and buffalo(13). The National Kamdhenu Breeding Centre will be implemented with the following objectives:  

a) To conserve and preserve Indigenous Bovine breeds.  
b) To enhance production and productivity.  
c) To upgrade genetic merit.  
d) To supply certified elite germplasm.  
e) To protect threatened breeds from extinction.   

National Dairy Devolvement Board, Anand, Gujarat has also initiated National Dairy Plan Phase-I programme related to 
different breed specific models using institutional farms and large farmer’s herds for producing large number of elite 
bulls through pedigree selection and progeny testing programme. The nine progeny testing programme on three breeds 
of cattle and two breeds of buffalo being implemented across Punjab ( Murrah ), Gujarat ( Murrah, Mehsana and HF 
crossbred), Uttar Pradesh ( Murrah ), Karnataka( HF Pure), Andhra Pradesh ( Jersey crossbred) and Tamil Nadu ( Jersey 
crossbred).  

For promoting and conservation of indigenous breeds of cattle and buffalo, NDP Phase-I also initiated four pedigree 
selection programme covering four indigenous breeds of cattle and buffalo in Gujarat ( Gir, Kankrej and Jaffarabadi ) 
and Rajashtan (Rathi). 

The major objectives of NDP Phase-I are to meet the demand of germplasm of high genetic merit bulls of different 
breeds for frozen semen stations across the country, the supply of semen at the doorsteps of the farmers and to promote 
the conservation and genetic improvement of indigenous breeds of cattle and buffalo.  

 

  


