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ABSTRACT

Sngle nucleotide polymorphisms (SNPs) are DNA sequence variations that occur when a single nucleotide: adenine
(A), thymine (T), cytosine (C) or guanine (G) in the genome sequence is altered. Traditional and high throughput
methods are two main strategies for SNPs genotyping. The SNPs genotyping technologies provide powerful
resources for animal breeding programs.Genomic selection using SNPsis a new tool for choosing the best breeding
animals. In addition, the high density maps using SNPs can provide useful genetic tools to study quantitative traits
genetic variations. There are many sources of SNPs and exhaustive numbers of methods of SNP detection to be
considered. For many traits in farm animals, the rate of genetic improvement can be nearly doubled when SNPs
information is used compared to the current methods of genetic evaluation. The goal of thisreview isto characterize
the SNIPs genotyping methods and their applicationsin farm animals breeding.

Key words: SNPs genotyping, Traditional and high throughpathrads, Animal breeding

INTRODUCTION microsatellites and SNPs, ii) Non-PCR based
markers. In the later group, the restricted enzymes
DNA markers have a main potential role in animahave main role for their amplification and
breeding programs. The use of DNA markers hasroduction for example, restricted fragment length
revolutionary impact on gene mapping andpolymorphism, or RFLP markers (Avise 2004).
generally, on the genetics of all the animal an&ingle nucleotide polymorphisms (SNPs) involve
plant (Dodgson et al. 1997). In the past decadet)e substitution of one nucleotide for another. In
advances in molecular genetics have led to thiée other words, SNP marker is just a single base
development of DNA marker applications on thechange in a DNA sequence (Beuzen et al. 2000).
plant and animal. For example, the identificatioSNPs include more than 90% of all differences
of multiple genes or genetic markers associatedetween the individuals; therefore, they are the
with the genes, which affect the traits of inteiast best genetic variation resource for population
livestock, including the genes for single-genetsrai studies and genome mapping (Frohlich et al.
and QTL or genomic regions that affect2004). Genomic selection using the SNP markers
quantitative traits. This has provided opportusitie is @ powerful new tool for genetic selection (Seide
to enhance the response to selection (Dekke)10). Advantages of the SNP markers include: 1.
2004). most of the SNP markers are located in coding
DNA markers are categorized into two mainarea of DNA; therefore, they affect protein
groups; i) PCR based markers such afunction directly, 2. SNPs are more suitable than
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microsatellites for high throughput geneticto efficient screening of sufficient numbers
analysis, 3. They are stably inherited than othgDearlove 2002). Shahid Zadehet al. (2011)
DNA markers, making them more suited as longhowed the application of ARMS in the
term selection markers, and 4. they are prevalerdentification of unknown mutations. In this study,
and provide more potential markers near the locus38 Persian Arab horses were tested by ARMS-
of interest than other types of polymorphism. Thd®CR. DNA-PK is the catalytic subunit of a nuclear
problem of the SNPs is the biallelic nature of thesDNA-dependent serine/threonine protein kinase,
markers, which means that there are usually onlgalled DNA-PK and has a critical role in terms of
two alleles in a population. Consequently, theantigen recognition. It is absolutely required for
information content per SNP marker is lower tharthe development and survival of B and T cellss It i
multiallelic markers such as microsatelliteknown that the deletion of a five-base pair TCTCA
markers. Five SNP markers provide similaresults in a mutation in frame-shift at codon 3155
information to one microsatellite marker (Beuzerand premature stop codon. Foals that are
et al. 2000). homozygous for mutation allele are affected by the
SNPs genotyping is performed using two mairsevere combined immunodeficiency (SCID). A
methods, the traditional and high throughpufoals affected by the SCID appears to be healthy at
methods. The traditional gel-based approach usé#th, but during the first month of birth, the
standard  molecular  techniques, such asymptoms appear and due to the opportunistic
amplification refractory mutation system (ARMS), infections, dies after five months. Since the disea
restriction digests and various forms of gelinherits as autosomal recessive, transmission of
electrophoresis (e.g., RFLP), denaturing gradierdefect allele could be prevented by carrier
gel electrophoresis (DGGE) and single-recognition leading to a proper management in
strand conformation polymorphism (SSCP)reproductive program. Based on the results of
High throughput methods include Shahid Zadeh et al. (2011) one of the foals studied
allele  discriminationmethods  (Allele-Specific was recognized as affected and the others as
Hybridization, Allele-Specific Single-BasePrimer unaffected (Fig. 1).

Extension), High-throughput assay chemistry (Flap
endonuclease  discrimination,  Oligonucleotid
ligation), DNA arrays, pyrosequencing and light

cycler. In this paper, these methods are reviewe i
followed by discussing on the applications of SNP 501458
technology in farm animals breeding programs. =4
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TRADITIONAL GEL-BASED APPROACH

A ; Figure 1 - Individual 9 was recognized as affected
Amplication Refractory Mutation System (Shahid zadeh et al. 2011).

(ARMS) . i " N: ARMS- PCR product using of normal
The ARMS technlque is used for the recognlt.lon primes; M: ARMS- PCR product using of
of unknown mutations. The ARMS method relies mutation primes; C: Negative control;
on allele specific PCR. Two different forward Ladder: PUC MIX 8.

primers are designed with differing 39 nucleotides

to complement the two expected alleles. Synthesj . .
P wo exb y ’{&derlcted Fragment Length Polymorphism

occurs during the PCR only if correct base pairin RFLP)

is present throughout the whole primer site. Wit . . :
proper primer design, the two different SNP- FLP technique is used for the known mutations

specific primers can be made to produce thgnd SNPs. This approach consists of two main

e . ; : teps. First, the target DNA involving the SNP is
distinguishable products, possibly using different cPS: .
59 fluorescent labels, or different 59 extensians tamIOIIerd using the standard PCR. Second, the

produce the product length differences PCR product is digested using restriction enzymes.
Multiplexing, using multiple sets of SNP-specific NucleoUdeIfctt;]angﬁs oceur ITt a_II iue euk?_ryotlc
primers to give a range of identifiable products,geno.r.nes' € change resulls in the creation, or
perhaps by size and colour fluorescence, can |e§'(§’°““°” of a restriction endonuclease recognition
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site, then the DNA sequence acquires, or loses tif EEEES (bp}
ability to be cleaved by a particular restriction
endonuclease. If a recognition site is absent, the 11134
the digestion with the relevant restriction enzymeiais
generates a long fragment. If a recognition site i
present, then the digestion with the releva
restriction enzyme generates two shorte
fragments. If the recognition site is in only orfe o
two parental alleles, digestion will produce two
different electrophoretic patterns: a long fragmen
and two shorter fragments (Beuzen et al. 2000
The most undesirable features of this approac
include 1. most mutations do not result in the
abolition, or creation of restriction endonuclease
sites, making such mutations impossible to detect
by RFLP analysis, 2. in some cases, the digestidfigure 2 - DGAT1 genotyping in Iranian Holstein
step requires a long time and high temperature cattle population.

(Av|se 2004) So far’ many SNPs have been Ladder: PUC MIX8(Kharrat| et a|2011)
detected using RFLP, e.g. DGAT1, a major gene

in dairy cow herds. DGAT1 gene codes_ . .
diacylglycerol-acyltransferase  enzyme, whichsgglgsireinhdn%%néori?a;'grr;g?'nérgorfg?'S{Eésﬁﬁaown
plays a main role in the triglyceride synthesis an NPs and mutations in DNA molecule. The SSCP

subsequently milk composition and production. A based the ch ) q fruct
transition mutation (SNP) in this gene results if> Pased on ihe changes In secondary struc ure(s)
single-stranded DNA fragments caused by a

the substitution of guanine by adenine in the genI . hich detected
leading to the substitution of lysine by alanine jncange in- sequence, wnich - are  detected as
lterations in the fragment mobility by gel

diacylglycerol-acyltransferase enzyme (Grisart ef ) . .
al. 2002). Kharrati et al. (2011) detected threg!ectrophoresm. This method is based on the

genotypes of this gene using RFLP technique iHn‘ferences in nucleotides. It is one of the edsies
Iranian Holstein cattle population. The DNA Screening procedures to perform, is very cost

restriction fragments obtained for DGAT1 geneeffective and has a reportedly high mutation

using theCfrl enzyme were 411 bp (no digestion)ds(g[ggion ra'_[et(70795% fodr somel gi_enelzs).tHowever,
for the KK genotype, 203 and 208 bp for the AA, IS INensive and ~analytical steps ~are

._performed before and during the electrophoresis,
421)1 %K?\r;?ét(i) itoeil ZSglg)p for the KA genotype (Flg'the concentrations of DNA template and primers,

running temperature and time may affect the

: . : detection of mutations and reproducibility (Shojaei
Denaturing Gradient Gel Electr ophoress (DGGE) et al. 2010). In this technique, primers are

DGGE is based on the melting point of double®” | i
stranded DNA that is influenceg lgy the presencEEeS'gned to produce the fragments up to 300 bp in

of a mismatch. When the melting point is reache ngth. These products_ are _heat denatured and snap
in a poly-acrylamide gel containing a gradient oi;:ooled, and the resulting smgl_e stranded products
denaturant, the electrophoretic mobility is reducegre loaded on a non-denaturing acrylamide gel.

KA AA

In some versions of this technique, denaturin roducts may be radio-labeled, fluorescently

high performance liquid chromatography abeled, or if unlabeled, they could be detected by

; : ilver staining. The differing conformations
(DHPLC) is used for the separation of the hemrgrought about by the mutation lead to a different

duplex and homo duplex strands (Liu et al. 1998 - i
Diez et al. (2001) used the DGGE to study th NA mobility due to the intra-strand sec_onde_lry
structure, so the banding patterns are visualized

diversity of marine Pico eukaryotic. In this study, q d with th trols of k ant
two eukaryote-specific primer sets targetin nd compared wi € controis of known variants

different regions of the 18S rRNA gene Were(Orita et al. 1989). Shojaei et al. (2010)

tested and DGGE was performed with a DGGEl_nvestigated the association of growth trait and
s leptin gene polymorphism in kermani sheep using
2000 system (CBS Scientific Company). the SSCP technique. In this study, 275 bp region
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of exon3 ofleptin gene was amplified using the complement each of the variant alleles to be typed.
specific primers, then the PCR products werdf there is a mismatch between the probe and target
resolved by SSCP. For SSCP analysis, O DNA sequence, the hybridizationis significantly
aliquot of each amplicon was mixed with pl0of  reduces, therefore stops the cleavage of reporter
loading dye (98% formamide, 10 mM EDTA, from quencher and releases the fluorescent signal.
0.025% bromophenol blue, and 0.025% xylene-

cyanol). After denaturation at 95°C for 5 min,Allele-Specific Single-Base Primer Extension
samples were rapidly cooled on wet ice for 10 mifPrimer extension is a very robust allelic
to prevent the reannealing of the single-strandediscrimination mechanism. It is highly flexible and
product and then loaded on 8% acrylamide. Theequires the smallest number of primers or probes.
results of this study indicated significant effeft Several stages are required for any protocols
leptin gene on the growth traits. designed around the principle of primer extension.
Products covering the SNP region are amplified by
the PCR, and any remaining amplification primers
and dinucleotide triphosphates (dNTPs) are
inactivated, or removed prior to minisequencing

'\Sﬂsgi hgr?o:hrpnugtlﬁ:tt Or;}ztrhgdsnareeivoarg]%brl]ztfgrSyvanen 1999). Primer extension, also known as
9 yping uniqu inatl ini-sequencing, forms the basis of a number of

of scale, accuracy, throughput, and cost (Gabtiel (Fnethods for allelic discrimination. An extension

al' 2009). Hoyvever, the goal in this section is tOprimer is annealed 5k to a SNP, either adjacent to
introduce the important methods. but not including the SNP, or several bases
upstream of the SNP. The primer is then extended
ALLELE DISCRIMINATION METHODS  for one, or several nucleotides to include the SNP
site. In the case of single base extension (SBE), a
Allele-Specific Hybridization (TagMan ASSAY) primer is annealed adjacent to a SNP and extended
The TagMan assay uses the intrinsic fuiclease to incorporate a dideoxynucleotide (ddNTP) at the
activity of Tag DNA polymerase to generate apolymorphic site (Jenkins and Gibsone 2002). If
fluorescent signal from a short allele specificdideoxynucleotide triphosphates Ilabeled with
oligonucleotide (ASO) probe. Two ASO probesdifferent dyes are used, single base extension
are required, one specific for each allele. EacfSBE) products can be run on a fluorescent
probe contains a unique donor fluorophore and sequencer, either gel or capillary based, for
common acceptor fluorophore, and is short enougklectrophoresis, where data can be visualized and
for the donor to be quenched when the probe isollected for the analysis (Dearlove 2002).
intact (either hybridized, or in solution). Howeyer
when the probe hybridizes to the PCR template,
the 5 exonuclease activity of Taq DNA%GH'THROUGHPUT ASSAY CHEMISTRY
B oS onand e Biap Probe Clomagepprosch
quenching effect (Twyman 2005). This assay A new molecular mechanism for single base

i . ) ;
the 59 nuclease assay. The allelic discrimination ?Je‘:)er(c:)g%?] i:ats)aské%er;n r?ﬁ g nggse?\(/e;t(i:cr)lr? e;jh. at 1}?;6

o a
ths.e.? O(:f EP: CB?\IrZCteJI'S;Ce;QS;O S’glI:;:gngtc':la%%donucleases (also called cleavages) isolated
ity 4 poly ( ' from the archaic recognize and cleave a structure

1991, L'V?‘k et 6."' 1995?' PCR is performed USINGrmed when two overlapping oligonucleotides
the flanklng' primers, 'T‘C'“d'”g the ﬂuorescerT[hybridize to a complementary DNA target. When
$Ir']%0nlrjgéigt'2§ng{;b§f amsg rgoglr?gregegu;ngsj?ﬁe downstream oligonucleotide is designed with a

uenrc):her dve. and are s ecl?ific o ythe regio ap’ consisting of non-complementary sequence,
9 taini tz ’ b h Pe i ; tg bﬂﬁis stretch of DNA is cleaved in the presence of
containing the base change in he region 1o bg, upstream ‘invader’ oligonucleotide and target

amplified. The 59 nuclease activity cleaves theDNA. If the cleaved ‘flap’ is used as the ‘invader’

probe i hybridization occurs, r_eleasmg theoligonucleotide in a secondary assay with a second
reporter from the quencher. Two different probesﬂap, probe and a synthetic template, one can

with different fluorogenic reporters are put in the . . . o :
reaction for allele discrimination, one specific toamIOIIfy the signal without amplifying the genomic

HIGH THROUGHPUT METHODS
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DNA target. The final detection can be based ofGupta et al. 2001). Pyrosequencing technology
the fluorescence intensity changes when thpresents SNPs in the context of the surrounding
fluorescence resonance energy transfer (FREBequence. This guarantees that each individual
probe is cleaved (Lyamichev et al. 1999). Thanalysis is correct, without the need for other
main advantages of this approach are theontrols. In a clinical context, this level of

possibility of eliminating PCR amplification, the certainty is highly valuable, especially as the
low cost of unlabelled allele-specific probes andyenetic methods developed in today’s research
the relative simplicity of the reaction protocohd mature into  tomorrow’'s  genetic tests.

only drawback is the need for relatively largePyrosequencing is a recent rapid re-sequencing
amounts of genomic DNA in the invader assayechnology, in which template-mediated,

when PCR is not used. oligonucleotide  primed incorporation  of
nucleotides by a polymerase, is monitored by a
Oligonuclectide Ligation Assay (OLA) measure of pyrophosphate (PPi) release. The four

The OLA assay was described for the first time byossible nucleotides are injected sequentially in
Landegren et al. (1988). This assay is performethe reaction mixture and the succession of
by designing two oligonucleotides specific forsuccessful incorporations, recorded on a program,
each allele (Tobeet et al. 1996). In the other wordgives the sequence (Ronaghi 2001). Comparison
OLA involves ligation of two oligonucleotides, of the sequences with a reference enables to score
hybridized to a DNA template, one of which isSNPs. An advantage of the method is that any new
allele specific such that it will only form part af polymorphism can be detected. However, special
ligated product if it is complimentary to the targe equipment is needed for the injection of the
sequence (Jenkins and Gibson 2002). For theucleotides (Vignal et al. 2002).

oligonucleotide ligation assay, two primers are

designed that are directly next to each other whe®NP Detection/Genotyping Using the Light
hybridized to the complementary target DNACycler System

sequence in question. The two adjacent primerEhe Light-Cycler Instrument enables both the
must be directly next to each other with noamplification and the real-time on-line detection
interval, or mismatch, for them to be covalentlyof a PCR product, thus allowing accurate

joined by ligation (Dearlove 2002). guantification. The system also provides a unique
and innovative approach perfectly suited for the
DNA Array detection and genotyping of single nucleotide

DNA chips and microarrays, of immobilized polymorphisms: the melting curve analysis
oligonucleotides of known sequences, which diffefeature. During the melting curve analysis, the
at specific sites of individual nucleotides (at the.ight Cycler Instrument monitors the temperature-
site of SNP), can also be used for the detection efependent hybridization of the sequencespecific
SNPs. The technique is actually suitable to scorybridization probes to single stranded DNA
several SNPs in parallel from each sample in éAlderborn 2000). During the PCR, a DNA
multiplexed fashion. It makes use of the techniquéagment of the respective gene is amplified with
of sequencing by hybridization (SBH) andspecific primers fromanimal genomic DNA. The
involves tiling strategy. Four oligonucleotidesan ampliconis are detected by the fluorescence using
column of an array differ only at the SNP site angpecific  pairs  of  hybridization  probes.
only one would be fully homologous. When suchHybridization probes consist of two different
an array is hybridized with the PCR product, thedligonucleotides that hybridize to an internal
perfect match allows the binding and mismatchedequence of the amplified fragment during the
products would be washed away. The perfe@nnealing phase of PCR cycles. One probe is
match in each case can be detected throughlabeled at the 'Send with a Light Cycler-Red

detection system (Gupta et al. 2001). fluorophore (Light Cycler-Red 640 or Light
Cycler-Red 705) and, to avoid extension, is
Pyrosequencing modified at the 3-end by phosphorylation.

Pyrosequencing is particularly suitable for SNPThe other probe is labeled at thé-&nd with

genotyping, since genotyping of previouslyfluorescein. Only after hybridization to the
identified SNPs by this method requirestemplate DNA, the two probes come in close
sequencing of only a few nucleotides (1-5 bpproximity, resulting in fluorescence
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resonanceenergy transfer (FRET) between the twapproximately equally spaced across the entire
fluorophores. During the FRET, fluorescein, thegenome, thereby potentially capturing most of the
donor fluorophore, is excited by the light sour€e oquantitative trait loci that contribute to variatin
the Light Cycler Instrument and part of thea trait (Pryce et al. 2012). Genomic enabled
excitation energy is transferred to Light Cycler-selection is a method of marker-assisted selection
Red, the acceptor fluorophore. The emittedMAS) based on linkage disequilibrium (LD)
fluorescence of the Light Cycler-Red fluorophorebetween the markers and quantitative traits loci
IS measured (Suzanne 2000). (QTL). Heritability, LD and number of animals
have main role in genomic selection. Generally,

the success of genomic selection depends on these
APPLICATION OF HIGH THROUGHPUT  faci0rs (Brito et al. 2011). Genomic selection

SNPs GENOTYPING METHODS IN FARM  estimates a prediction equation in a reference

ANIMAL SBREEDING population with genotype and phenotype data.
This prediction equation can then be used to
Advances of molecular knowledge about the gengsredict the breeding values in the animals without
and their blOlOgy functiorrefer to several past phenotype data. In fact’ the use of genomic
decades. Therefore, breeders have enhancgglection can lead to calculate accurate EBV
response to selection for the traits by selecti®y t pefore sexual maturity. This means that breeders
individuals according to records and pedigregan identify superior animals at earlier age
information. Breeders have tried to enhancegschefers et al. 2012). The revolution in
“breeding values” for economic traits. Thegenotyping provided by the high-density SNP and
traditional breeding programs were obtained asthe associated reduction in the cost have resulted
substantial results for the genetic trends. Fa |large numbers of individuals with genome-wide
example, in Holstein dairy cattle, milk pI’OdUCtiongenotypiC data. Thus, genomic selection can be
still increases by 110 kg per animal per year. IRyidely implemented in farm animals once the
pig production, the kilograms of feed required toaccuracy of genomic selection is high enough
produce a kilogram of pork, known as feed(Goddard 2012).
conversion, is estimated to have decreased by 50Yhere are many studies about the genomic
between the 1960s and 2005. Although thesgelection in farm animals. For instance, Schefers e
results illustrate powerful examples that can bg|. (2012) discussed the possible applications of
achieved through the traditional breeding methodshis technology in dairy industry and concluded a
but there are several problems with the tradition%reater accuracy of predicted genetic merit for
methods. For instance, many economic traits a%ung anima|s7 a shorter generation interval
difficult to measure (e.g., somatic cell score anghecause of heavier use of young, genetically
feed efficiency); some traits have a lowsyperior males and females, and an increased
heritability, or cannot be quickly recorded (e.g.intensity of selection because breeder could use
disease resistance and fertility), thereby traditlo genomic testing to screen a |arge group of the
methods are successful but limited (Eggen 2012)otentially elite animals. By increasing the
The rapid improvements in high-throughputaccuracy and intensity of the selection and
methods for SNPs genotyping technologies anghortening the generation interval, the rate of
the development of the SNP arrays accompaniegknetic progress for economically important dairy
by reduced costs for genotyping and foriraits can be approximately doubled (Schefers et
sequencing have opened the possibility of using|. 2012). Preisinger (2012) made a study on
genomic information in livestock breeding poultry and showed that the genomic selection
programs through the novel method for genetigrovided precise tools, which could be used in
selection called genomic selection. growing animals without performance testing,
Economic traits in farm animals are polygenioyhich increased the speed and accuracy of
traits that are controlled by many loci, each withselection decisions. Genomics helped to determine
different effect. Genomic selection refers towhich of the day-old chicks had the highest chance
selection decisions based on the genomief transmitting superior genetics for all the saif

estimated breeding values (GEBVs) (Meuwissegconomic importance to meet the next generation
et al. 2001) The GEBVs are calculated as the sugf pure |ineS’ or grandparents_

of the effects of dense genetic markers that are
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The other application of high throughput method®2011 (Hugo et al. 2012). Goddard (2012)
and SNPs genotyping is the identification of theliscussed the uses of genomics in livestock
genes responsible for disease resistance in poultggriculture and reported the strong need to
For example, Cheng et al. (2012) performed #crease the biological efficiency of livestock
study on the Marek’s disease. The Marek’s diseag@oduction to meet the rising costs of inputs
is one of the most important diseases in poultrgxpected in the future. Long-term genetic
industry. In this study, the analysis of genomidmprovement, using genomics and reproductive
sequences from two experimental lines divergentljechnologies, could achieve part of the increased
selected for the Marek’s disease genetic resistanedficiency needed.

allowed inference about the region under thé&everal projects of genomic selection and genome
selection as well as potential causativevide association have been completed in
polymorphism. These new combined approachesommercial domestic animals. For example,
have resulted in a large number of high-confidenc&enome-wide association studies in dairy cattle
genes conferring the Marek's disease resistandeve been completed for several traits and types of
reflecting the multi genic nature of this trait,iafn  traits in different regions of the world. Australia
expands the biological knowledge and providedas taken the lead in identifying the genomic
corresponding SNPs that can be directly evaluate#@gions associated with milk production
for their genetic contribution towards diseasgBolormaa et al. 2010; Pryce et al. 2010). Several
resistance. Dalloul (2010) reported 600000 SNPstudies have also been completed in the United
published in turkey genome poultry. MoreStates and Canada (Wiggans et al. 2009; Cole et
recently, they have reported the identification ofal. 2011) and China (Jiang et al. 2010). Recently,
5.49 millions SNPs by evaluating 11 lines ofFulton (2012) has discussed several challenges in
turkeys including seven lines from the commerciathe application of genomic information. For
breeders. example, the cost of genotyping is a main
There are a number of whole-genome singlehallenge in genomic selection. Although the costs
nucleotide polymorphism (SNP) chips developeaf genotyping each SNP are declining rapidly, the
for important agricultural species. For examplecost per sample is not. The costs of the 42K and
lllumina Inc provides public and commercial SNP60K chicken SNP were US$ 200 per sample.
chips for cattle (BovineSNP50v2; 54609 SNPs)Although the upcoming 600K SNP chip may have
sheep (OvineSNP50; 52241 SNPs), chickedO times the number of SNP, the cost per sample is
(57636 SNPs) and pig (PorcineSNP60; 62163gxpected to be approximately US$ 250. Initial
(Eggen, 2012). Generally, the success in the use génomic selection requires large training panels
highly dense commercial DNA markers (SNPinvolving 5,000 animals or more, resulting in a
chips) depends on several factors, which includeost of US$ 1.25 million for the training panel
(i) the chips need to be developed because maone. Lack of basic research is one of the
composite synthetic commercial breeds arehallenges. It is very important to understand
available; also, some breeds are combination @xactly how variation is influencing a trait, btts
multibreeds, (i) many commercial species aremportant to understand how the animal is affected
genetically separated and their environments ai@ a systems biology context. Research in the
not similar; relevant differences are expected ifigenomic revolution” is expensive, and while it
the effects of DNA markers in separatedgets funded because it is novel, or revolutionary,
populations (this would be an expression othe basic sciences are being neglected. One of the
genotype x environment interactions), and (iii) thebiggest challenges for the application of genomic
cost of genotyping is a major problem in theinformation is integrating this information into
genomic technology. Selections for the traits arexisting breeding programs. Extensive pedigree
very different. For example, the selection for milkrecords, along with trait information and predicted
is very different from the selection for beef, andbreeding values are currently used in selection
the value of selected replacement of beef bullgrograms. Genomic information is currently scarce
which are normally used in natural mating in moreand still relatively expensive. The key to
than 90% of the herds, is very different from thasuccessful implementation depends on the ability
of dairy bulls used in artificial insemination. of the breeding organization to combine these
Hence, genotyping for beef bulls and heifers hasources of information in an optimal way to
not been affordable with the technology prices inmaximize the accuracy of prediction or the
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breeding value. Finally, loss of genetic variatisn Beuzen ND, Stear MJ, Chang KC. Molecular markers and
other challenge in this technology. Genetic their use in animal breedinger J. 2000; 160: 42-52.
variation is the key to understanding how DNABrito FV, Neto JB, Sargolzaei M, Cobuci JA, Schenkel

chanaes can influence the traits. Eulton and FS. Accuracy of genomic selection in simulated
g influ Iits. Fu populations mimicking the extent of linkage

Delany (2003) summarized the poultry genetic gisequilibrium in beef cattleBMC Genetics. 2011:
losses that had occurred over the preceding 1512(80): 1-10.

years. Further erosion has occurred since witBolormaa S, Pryce JE, Hayes BJ, Goddard ME.
multiple research institutions eliminating all Multivariate analysis of a genome-wide association
poultry genetic stocks. study in dairy cattleJ Dairy Sci. 2010; 93: 3818-3833.

. . Cheng HH, Mac-Eachern CS, Subramaniam S, Muir MW.
As mentioned above, the primary goal of whole- Chicks and single-nucleotide polymorphisms: anemtr

genome selection is to enhance the genetiCiny igentifying genes conferring disease resistaic
progress through more accurate selection of thechicken.AnimProd Sci. 2012: 52:151-156.

individuals for breeding and subsequentCole JB, Wiggans GR, Ma L, Sonstegard TS, Lawlor JT,
improvement of the next generations. Possible Cooker BA, et al. Genome wide association analysis of
additional applications include the parentage thirty-one production, health, reproduction and yod
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