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If we Rnew what it was we were doing,
it would not be called research. ...

-Albert Einstein-






Summary

The present thesis has been developed considérieg different livestock species such
as chicken, cattle and sheep. The aim of the sttad/the evaluation of the application
of molecular makers in order to assay the geneifujation structure on seven local
breeds of chicken, to evaluate the applicability caindidate genes as support of
conventional breeding on Piedmontese cattle bredd@detect new SNPs on a sheep
population. The first two researchs were carriedabiDepartment of Animal Science of
University of Padova while the last one at Reproeaculty of Veterinary Science,
University of Sydney, NSW, AUS).

In recent years molecular markers have becomeadlailn both animal and plant
systems for basic and applied studies. One of thet raxtensive use of molecular
markers has been the development of detailed geaeti physical chromosome maps
in a variety of organisms including animal spe@es humans and also plant systems.
Another important application of molecular markensolves improvement in the
efficiency of conventional breeding programs byrgiag out indirect selection through
molecular markers linked to the traits of interdsith simple (Mendelian) and
quantitative trait loci (QTL) because these markare not influenced by the
environment and can be scored at all stages obithdil growth. In addition to these
two major applications, DNA markers can also beduse germplasm characterization,
genetic diagnostics, study of genome organizapbglogenetic analysis purposes, etc.

In Italy more than fifty different breeds of chigkéGallus gallus L.) are known to
have been locally present in the past. The ovsitalation is now critical since most of
these breeds are becoming extinct or threaten alydadfew are object of conservation
plans. The adoption of molecular markers for thalysis of chicken populations could
help characterizing their genetic variation andspreing them from genetic erosion.
Both valuable and irreplaceable sources of chicgermplasm, such as indigenous
populations of the Veneto region were analyzed leams of DNA fingerprinting with
molecular markers designed on interspersed ming w@mcrosatellite repeats. The
identification of either among-breed discriminantidreed-specific markers was based
on the S-SAP and M-AFLP systems derived from th€ AEechnology. Genomic DNA



fingerprints were generated in 84 individuals bglag to six local breeds (Ermellinata,
Padovana, Pépoi, Polverara, Robusta lionata andudRwbmaculate) and one
commercial line used as reference standard. A nurobevariation statistics were
computed for assessing the genetic variability witdnd relatedness among breeds: the
effective number of alleles per locus<£h.570), total and single-breed genetic diversity
(Ht=0.365 and K=0.208, respectively) and the fixation indexs{&.433). The mean
genetic similarity coefficients within and betwelertal breeds were 0.769 and 0.581,
respectively. Analysis of the population structateng with individual reassignment
tests successfully identified all breed clusterd anbclusters. The vast majority of
animals were correctly assigned to their breedrigfirowith a probability threshold of
90%. Markers exploitable for the genetic tracedbibf breeds revealed significant
sequence similarities with either genic or inteigeregions of known chromosome
position. Sequence tagged site primers were desifgmehe most discriminant markers
in order to develop multiplex non-radioactive gemofCR assays. The identification
of single local breeds according to sequence-dpe8NPs and haplotypes was
preliminarily attempted and the polymorphism infation content of genomic AFLP-
derived markers was also reported and criticabgussed.

A reliably tender meat product is one of the masportant attributes for
maintaining consumer satisfaction with beef stedkslection programs for genetic
improvement in tenderness might be implementedaitlec if candidate genes and
appropriate markers could be found. CalpairfCARN1), a gene encoding the enzyme
u-calpain which degrades myofibrillar proteins posirtem, is thought to be one of the
most promising candidates for beef tenderness. eThiistinct single-nucleotide
polymorphisms (SNPs) in théAPN1 gene were studied in a population of cattle to
determine their frequency and the frequency ofrthaplotypes. A total of 170 animals
were subjected to genotyping for tBAPN1 gene-associated SNP markers 316 (G>C),
530 (G>A) and 4751 (T>C). The detection of nucldesi in the three sequence
positions of theCAPN1 gene was performed by using the ARMS-PCR and Re-P
RFLP methods. Genetic diversity statistics andaeetding coefficients were computed,
and population structure and animal ordination ysed were also performed.

Moreover, Linkage Disequilibrium (LD) values werstimmated using the standardized



disequilibrium coefficient () and the correlation coefficient (r The relative
proportions of the single nucleotides at each Sih#Pvgere equal t@(G)=0.9176 and
g(C)=0.0824 for the marker 316, p§G)=0.5710 andaj(A)=0.4290 for the marker 530,
and top(T)=0.5178 andy(C)=0.4822 for the marker 4751. The observed pitiogpws of
single SNP markers were not significantly deviatiram proportions expected in case
of Hardy-Weinberg equilibrium. However, an excegsheterozygous animals was
found for SNP markers 316 and 530, whereas an sxaeBomozygous animals was
found for the SNP marker 4751. The pair-wise comgpas between SNP markers 316
and 530, and 316 and 4751 revealed linkage equitibin the population, whereas a
highly significant P<1%o) linkage disequilibrium was scored between SN&rkers
530 and 4751. In particular, a marked excess wasadfdor three haplotypes,e.
GG/AAITT, GG/GG/CC, and GG/GA/TC, while deficienayas found for most of the
remaining haplotypes. The availability of prelimmpadata on SNP haplotypes can be
useful to plan experiments aimed at testing thatimiship between a candidate gene,
like CAPN1, and a number of tenderness parameters, sucleasfehce and driploss.
Leptin is considered important in animal productaord reproduction in livestock
species. The gene encodes for a 16 kDa protein dr@nthat plays a key role in
regulating energy intake and energy expenditureluding important physiological
functions, such as the body weight regulation,adpction, bone formation and growth
as well as immunological functions. This study dealth the cloning and analysis of
the sheep leptin gene in order to reconstruct d¢eoular structure and to discover its
polymorphism content. Genomic DNA samples of favesderiving from an extreme
mating Awassi x Merino were used as template with dim of amplifying the sheep
leptin gene using primers designed on conservetbmegof homologous genes. A
sequence of the sheep leptin gene as long as BB8&s recovered, including 714 bp
of the promoter, 1,189 bp of exon 1 and introndiars, 539 bp of exon Il, 1,262 bp of
intron 11, 570 bp of exon Il and 609 bp of th&BTR. Multiple sequence analysis
allowed to discover two SNPs in exon Il at positib70 (G>A) and 332 (G>A). Both
polymorphisms determined a missense mutation (AlgrQhe SNP G(170)A was
adopted for the genotyping of animals by means@RMHRFLP markers. A number of

255 animals belonging to the backcross and the ldoodckcross Awassi x Merino



progenies were analyzed in order to evaluate #opugncy of the SNP in single families
and in the population as a whole. The leptin gatated SNP marker discovered in this
study along with the PCR-RFLP protocol set for undiial DNA genotyping will be
useful for association mapping purposes and disocaye@uantitative trait nucleotides

correlated to milk yield and quality componentsireep.



Riassunto

Il lavoro sviluppto nell’ambito della presente teli Dottorato € stato svolto su tre
diverse specie animali: pollo, bovino e pecora. §&lopi del lavoro sono stati: la
valutazione dell'impiego di marcatori molecolarinte strumenti a supporto dello
studio della struttura genetica di sette razzelilatiapollo, l'identificazione di geni
candidati a sostegno del breeding convenzionadergelazione di nuovi SNP a carico
del gene della leptina in un campione di pecore.ptime due ricerche sono state
effettuate presso il Dipartimento di Scienze Aninall’Universita di Padova mentre
l'ultima presso il centro Reprogen della FacoltéSdienze Veterinarie dell’Universita
di Sydney (NSW, AUS)

Da alcuni anni i marcatori molecolari sono diventigponibili sia in piante che in
animali. Uno dei piu diffusi impieghi dei marcatariolecolari & stato lo sviluppo di
dettagliate mappe genetiche e fisiche in differengianismi includenti animali, uomo e
piante. Poiché i marcatori molecolari non sonouiefizati dal’ambiente e posso essere
individuati in qualsiasi stadio della crescita tetflividuo, essi possono essere
vantaggiosamente impigati nel miglioramento deletneg convenzionale attraverso
selezione indiretta sfruttando l'associazione deirgatori molecolari con caratteri
semplici (Mendeliani) e caratteri quantitativi (QTOali strumenti possono essere usati
per la caratterizzazione di germoplasma, per disigngenetica, per studi di
organizzazione genetica e di filogenesi.

Negli ultimi anni, in Italia, sono state censitel @i 50 differenti razze locali di
pollo (Gallus gallus L.). Complessivamente pero, gran parte di questeer sono a
rischio estinzione e solo poche sono oggetto dhipdaconservazione. L'adozione dei
marcatori molecolari per l'analisi di popolazionii gbollo potrebbe aiutare a
caratterizzare la loro variazione a livello genamie dunque preservarli da una
potenziale erosione genetica. La loro estinzionderdenerebbe una perdita
irrecuperabile di geni utili per la loro rusticitadattabilita e resistenza alle malattie.
Alcune razze locali Venete di pollo sono state dimstudiate allo scopo di analizzare i
profili genomici (fingerprints) generati attraversoarcatori molecolari sviluppati su

regioni mini- e micro-satellite altamente ripetutédentificazione di marcatori razza-



specifici & stata attuata con l'ausilio di marca®#SAP e M-AFLP derivanti dai ben
noti marcatori AFLP. | fingerprints dei DNA genomisono stati generati per 84
individui appartenenti a sei razze locali (Ermelten Padovana, Pépoi, Polverara,
Robusta lionata e Robusta maculata) e una lineamesaiale utilizzata come
riferimento. | dati molecolari raccolti sono stasiati per calcolare la variabilita genetica
all'interno di ogni singola razza e tra le razzendmero effettivo di alleli per locus {n
e risultato pari a 1,570, la diversita geneticalt®o(Hr) e per singola razza gHsono
risultate pari a 0,365 e 0,208, rispettivament@ndite di fissazione (&) pari a 0,433.
| coefficienti di similarita genetica media entrdra le razze sono risultati pari a 0,769 e
0,581, rispettivamente. L’analisi di popolazionesieme con il test di assegnazione
individuale, hanno identificato con successo tléteazze ragruppandole in ben distinti
gruppi e sottogruppi. La maggior parte degli aniraadtata correttamente assegnata alla
loro razza di origine con una probabilitd del 90Pamarcatori razza-specifici e/o
polimorfici tra le razze hanno inoltre, evidenziatignificativa similarita per regioni
geniche e intergeniche in posizioni cromosomichie.nbe sequenze dei marcatori piu
discriminanti sono state usate per disegnare prspecifici allo scopo di sviluppare
marcatori di tipo SCAR in grado di identificare l@zze attraverso semplici saggi di
PCR. Il risultato piu importante e stato ottenuéo ibclone #38 che é risultato specifico
per la razza Polverara. Infatti, quando i marca8@AR, sviluppati per questo clone
sono stati impiegati per analizzare tutte le razgmetto di studio, sono stati
caratterizzati due distinti prodotti di amplificare di 307 e 333 pd. Solo il piu alto &
risultato condiviso dalla maggior parte degli indiv mentre il piu basso e stato
individuato soltanto negli individui della razzal¥Rerara con una frequenza relativa del
52% (32 individui su 62). Il sequenziamento dei cagori razza specifici ha consentito,
inoltre, di caratterizzare SNP razza specifici enduaplotipi che potrebbero essere
sfruttati per l'identificazione di razza e per halsppo di saggi per la tracciabilita dei
prodotti derivanti da queste razze.

La tenerezza della carne rappresenta una delleligd@u maggiormente
apprezzate dal consumatore. Programmi di seleppend miglioramento genetico del
carattere tenerezza possono essere implementaispelcie bovina se geni deputati al

controllo di tale carattere fossero identificatipil promettente tra i geni deputati al



controllo della tenerezza della carne risulta esteiCalpaina 1GAPN1), un gene che
codifica I'enzimap-calpaina che degrada le proteine miofibrillari ahte la frollatura
delle carcasse. Nel presente studio, tre differ®NP a carico del gen@APN1 sono
stati studiati in una popolazione bovina di razzan®ntese allo scopo di valutare la
loro frequenza e quella dei loro aplotipi. In tetal 70 animali sono stati genotipizzati
per i tre marcatori associati al geBAPN1 chiamati: 316 (G>C), 530 (G>A) e 4751
(T>C). La rilevazione dei nucleotidi nelle tre pmeni del gene ¢é stata attuata attraverso
i marcatori di tipo ARMS-PCR e PCR-RFLP. | datigalti da tali analisi sono stati
usati per calcolare statistiche di diversita gexaetcoefficienti di inbreeding e analisi
della struttura di popolazione. Inoltre, sono staslcolati i valori di Linkage
Disequilibrium (LD) attraverso il coefficiente standardizzatodisequilibrio (D) e il
coefficiente di correlazione? | rapporti relativi dei singoli nucleotidi ad LigSNP
sono risultati uguali @(G)=0.9176 &(C)=0.0824 per il marcatore 316p&5)=0.5710

e (A)=0.4290 per il marcatore 530 epél)=0.5178 eq(C)=0.4822 per il marcatore
4751. Le proporzioni osservate per i singoli mamatnon sono risultate
significativamente devianti da quelle attese nalocdi equilibrio di Hardy-Weinberg.
Comunqgue, e stato rivelato un eccesso di animaitoeigoti per i marcatori 316 e 530
mentre un eccesso di individui eterozigoti e statbviduato per il marcatore 4751. Il
confronto a coppie tra i marcatori 316 e 530 e iqat@ri 316 e 4751 ha registrato una
condizione dilinkage equilibrium nella popolazione, mentre una situazione di LD e
risultata altamente significativdP€1%o) tra i marcatori 530 e 4751. In particolare, in
elevato eccesso erano i tre aplotipi GG/AA/TT, GG/IGC e GG/GA/TC mentre i
restanti aplotipi erano in netto difetto. La disglita di dati preliminari riguardanti
aplotipi generati da diverse combinazioni di SNRO pessere utile per pianificare
esperimenti volti a saggiare le relazioni tra unggeandidato com€APN1 e numerosi
parametri legati al carattere tenerezza come kafdrtaglio e il driploss.

La leptina e considerata una molecola molto immbetanella produzione e
riproduzione negli animali di interesse zootecnitgene codifica per un ormone di 16
kDa che gioca un ruolo chiave nella regolazione kil@incio energetico che include
importanti funzioni fisiologiche come la regolazedel peso corporeo, la riproduzione,

la formazione e sviluppo delle ossa come pure tmzimmunologiche. Il presente



studio riguarda il clonaggio e I'analisi del gerald leptina nelle pecore allo scopo di
ricostruire la sua struttura molecolare e di ides@re eventuali polimorfismi a caricoo
della sequenza del gene. Il DNA genomico di quattaschi I derivanti da un incrocio

Awassi x Merino & stato usato come templato allipecdi amplificare il gene della
leptina in pecora usando coppie di primer disegmateegioni conservate di geni
omologhi. In totale sono state sequenziate 4.883deb gene della leptina che
includono: 714 pb del promotore, 1.189 pb delleiamigdell’esone 1 e dell'introne

1.539 pb dell’esone I, 1.262 pb dell'introne 1I7Gpb dell’esone 1l e 609 pb det 3

UTR. L’analisi multipla delle singole sequenze lmmgentito di individuare due SNP
nell'esone 1l alle posizioni 170 (G>A) and 332 (& Entrambi i polimorfismi

determinano una mutazione di tipo missense in’amirhinoacido Arginina e sostituto
dalla Glicina (Arg>Gly). Lo SNP G(170)A e stato, mhwe, utilizzato per la

genotipizzazione di pecore attraverso marcatotipdi PCR-RFLP. Un numero di 255
animali (femmine) appartenenti ad una progenievdate da incroci di tipo backcross e
doppio-backcross Awassi x Merino € stato analizadtoscopo di valutare la frequenza
dello SNP nelle singole famiglie e nella popolaeiomel suo complesso. Lo SNP
G(170)A identificato nel gene della leptina insiealgrotocollo PCR-RFLP, messo a
punto per la genotipizzazione individuale, potramssere utili per studi di mappaggio

di associazione per caratteri legati alla resdeeqaialita del latte.
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Chapter 1

1.1 Molecular markers: definition and classification

All living organisms are known to be made up oficéhat are programmed by genetic
material called DNA. Only a small fraction of theNB sequence typically makes up
genes coding for proteins, while the vast majoatythe remaining DNA represents
non-coding sequences. The genetic material is agdrnnto sets of chromosomes, and
the entire set is called the genome. In a diplo@ividual §.e. where chromosomes are
organized in pairs), there are two alleles of evgggpe — one from each parent (Ruan
and Sonnino, 2007). Molecular markers can be censttlas constant landmarks in the
genome, as a matter of fact they cannot be thoag)lat gene because they do not have
any known biological function. They are simply itiétable DNA sequences, found at
specific locations of the genome, and transmittgdhe standard laws of inheritance
from one generation to the next. Moreover, molecalarkers rely on DNA assays, in
contrast to morphological markers that are basedvisible traits and biochemical
markers that are based on proteins produced bysgene

In recent years molecular markers have becomeadlailn both animal and plant
systems for basic and applied studies. One of thet raxtensive use of molecular
markers has been the development of detailed geaeti physical chromosome maps
in a variety of organisms including animal spe@esl humans and also plant systems
(Gupta et al., 1999). Another important application of moleculaarkers involves
improvement in the efficiency of conventional breedprograms by carrying out
indirect selection through molecular markers linkedhe traits of interest both simple
(Mendelian) and quantitative trait loci (QTL) besauhese markers are not influenced
by the environment and can be scored at all stafygslividual growth. In addition to
these two major applications, molecular markers alo be used for germplasm
characterization, genetic diagnostics, study ofogesm organization, phylogenetic
analysis purposes, etc. (Rafalslkey al., 1996; Barcaccia and Falcinelli, 2007)).
Although each marker system is associated with sadwantages and disadvantages,
the choice of the marker system is dictated tagel@xtent by the intended application
convenience and the cost involved. The informatoovided to the breeder by the

markers varies depending on the type of markeesystsed. It is crucial the number of
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Chapter 1

differences (polymorphisms) that the molecular rearkystem is able to discover
between two of more individuals, breeds, populaiah genome level. A powerful

molecular marker is that skilled to identify a highmber of polymorphisms.
The molecular markers can be classified in the¥alhg two groups:

» Southern-blot hybridization-based DNA markesach as Restriction Fragment
Length Polymorphisms (RFLP) and Variable Numbefafidem Repeats (VNTR)

* PCR-based DNA markesuch as Random Amplified Polymorphic DNA (RAPD),
Arbitrarily Primed-Polymerase Chain Reaction (APFBC Simple Sequence
Repeats (SSR), Sequence-Tagged Sites (STS), Aedblifragment Length
Polymorphisms (AFLP), Inter-Simple Sequence Rep€BSR), Sequence
Characterized Amplified Regions (SCAR), Cleaved Afigd Polymorphic
Sequences (CAPS), Selective Amplified MicrosaelliPolymorphic Locus
(SAMPL), Sequence-Specific Amplification Polymorpm (S-SAP), Single
Nucleotide Polymorphism (SNP).

These two main groups of molecular marker can badu subdivided depending
on their ability to detect variations at singleudsar at multiple locus level. The SCAR,
CAPS, SSR, SNP, RFLP and VNTR markers belong tddhmeer subgroup, whereas
RAPD, AP-PCR, AFLP, SAMPL, S-SAP and I-SSR markbedong to the latter
subgroup. For some kind of molecular markers inetlish the second subgroup, such as
RAPD, AP-PCR, AFLP, no preliminary DNA sequenceomfiation is necessary. By
contrast, older molecular marker systems, such R&dPVNTR, or SNP markers need
preliminary DNA sequence information to be investegl. In the future, due to the
increasing development of sequence informationditferent species and organisms,
new DNA marker systems will be set up to meet teer mesearch area needs. An

overview of the nowadays most important molecularkaers is reported below.
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Chapter 1

RFLP markers: they have been the first genomic Did8ed molecular markers
developed from a specific application of Southelot lanalysis (Southern, 1975) in
which a single stranded DNA used as probe hybridzecomplementary DNA
sequences. RFLP markers detect variation in DNAueeces at the same loci in
different individuals or accessions. TechnicallyFLR technology involves the
hybridization of cloned DNA to restriction fragmentf differing molecular weights
from restriction enzyme-cleaved genomic DNA. Thgedted DNA fragments are
separated by agarose gel electrophoresis andaregdfas single stranded fragments to
filters through capillary action. Filters are thenubated with specific labelled genes or
anonymous fragments of single stranded DNA, wasimeblexposed to X-ray film. The
identification of polymorphisms is possible betweedividuals: the genomic DNA
extracted from each individual is digested withi@as restriction enzymes to find those
that produce fragments (bands) that differ in malcweight between individuals and
can be distinguished by hybridization with a givprobe. To ensure that probes
hybridize to single fragments on a gel, the DNAduas a probe should be from a single
or low copy (non-repetitive) region of the genonieitially, probes were usually
produced by shearing or digesting DNA and clonhmgfragments into a plasmid vector
that allowed the replication of the inserted fragimseveral times when it was put in an
appropriate host (bacteria). This method is stifipeyed but it is time consuming
compared to that in which the probes are obtaingdoddymerase chain reaction
commonly named PCR. The DNA differences detected®RByP markers result from
single base changes causing a loss of restricties sr a gain of new restriction sites,
or from insertions and/or deletions (indels) bemveestriction sites (McCouc# al.,
1988; Edwardst al., 2004).

PCR-based markers: since when Muéisal. (1986) have introduced, in the research
world, the Polymerase Chain Reaction (PCR), many aed advanced molecular
marker technologies have come through. The PCRo#sph thermo-stable DNA
polymerase enzyme that makes copies of a speeffigesice (target sequence) included
between two short primers that are complementargdmns at the borders of the target

sequence. The whole PCR process comes throughotiveetemperature changes in
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which the double stranded DNA is separated at 9€9%he primers anneal to the

complementary regions at ranging temperature of(3% and the target sequence is
synthesized at 72°C. These three steps are rep2ai€d times to allow the exponential

amplification of the target sequence flanked byner binding sites. In general, PCR-
based DNA markers require much less DNA per assay RFLP markers and are more
compatible with automated high-throughput genotgpihat is the ability to process

large numbers of samples quickly and efficientlgyards and McCouch, 2007).

One of the first employment of the PCR has beendiénelopment of RAPD
markers in which sequences of DNA are amplifiechgisimple ten-base long primers.
The small size of primer and the low annealing terapure allow the amplification of
many loci simultaneously that are assayed in ome laf an agarose gel. This
technology has the advantage that it can be applighdout any prior sequence
knowledge because primer are arbitrary and it efulsvhen there is a need to assay
several loci across the entire genome. The RAPxenaystem belongs to the category
of dominant markers in which the polymorphisms detected only as the presence
versus absence of a band of a particular moleaméght and it is not possible to
differentiate between homozygous and heterozygoesotgpes. Overall, RAPD
markers are not always reliable because the suagessnplification of any DNA
fragment may be sensitive to many factors, inclgdibNA template quality, PCR
conditions, reagents and equipment (Edwards andadcig; 2007).

More sophisticated than RAPD markers but also mupowerful are AFLP
markers Fig. 1.1). They have been firstly proposed by \&sl. (1995) and provide the
amplification of restriction fragments ligated tpesific adaptors. The isolated total
genomic DNA is digested with arbitrary two restioct enzymes [usually one is a four-
base cutter (for exampl®lsel or Tagl) and the other one is a six-base cutter (for
example EcoRl or Pstl)] and then ligated to the ends of each fragmenith w
oligonucleotide adaptors. The new resulting fragimeme amplified using primers that
anneal to the adaptor sequences and extend intestrection fragment. Only a portion
of restriction fragments within the range of 50 &% bp in size can be amplified by
PCR and visualized on polyacrylamide gels. Largeogees usually require additional

selective bases to the primers to reduce the numbero-amplified bands. The
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reproducibility of AFLP fingerprints is very highompared to the RAPD marker
system. Moreover, this technology has great paknfior wide genome screenings
since many marker loci can be assayed simultangeu#ihout any prior information.
By contrast, AFLP technology needs particular témddnskills because the AFLP
fragments run on polyacrylamide gels instead of@gmand they also require a larger

investment in equipment than RAPD markers.
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Figure 1.1 Examples of AFLP fingerprints generated using prenwith
radioactive and fluorescent labels by conventi®t&EGE analysis (A and
B, respectively) or capillary DNA sequencer (C).

At the beginning of their diffusion, AFLP markersese detectable only using
silver staining or labelling of the primers withradioactive isotope (Edwards and

McCouch, 2007). Also AFLP markers are includedha tlass of dominant molecular
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marker systems. Nowadays, it is possible to de&&ttP markers using an automated
DNA sequencer with fluorescently labelled primeFsis allows to obtain an higher
number of analyzed individuals in few steps, savinge and reducing cost when the
size of sample is quite big. A modification of tA&LP procedure is the Diversity
Array Technology (DArT) that uses a microarray fdah that greatly increases
throughput (Jaccoue al., 2001). Exploiting this technology, DNA fragmeiitsm one
sample are distributed on an array and used t@tdetédymorphisms for the fragments
in other samples by differential hybridization (V¢éd al.., 2004).

Thanks to the increasing knowledge of the genondiff#rent organisms (animal
and plants) it is possible to exploit the sequant@mation to design specific primers
for amplification of specific loci throughout thentee genome. An example of this
application is represented by Simple Sequence Ré€B&R) markers, also known as
microsatellites. They consist of di-, tri- or tetracleotide motifs repeated several times
[for instance, (CA), (GAT), or (AGCT)] which are a common feature of most
eukaryotic genomes. The number of repeats is higahable because slipped strand
mis-pairing causes frequent gain or loss of repads. As this particular characteristic,
SSR markers are able to detect a high level oliativersity, and so they are valuable
as molecular markers, particularly for studies tdsely related individuals. For
analyzing the polymorphisms at these regions, psmsmplementary to unique
sequences surrounding the highly repeated regiers to be designed (Weber and
May, 1989). By measuring the molecular weight oé ttesulting PCR fragments,
differences in the number of tandem repeats arassayed. The differences between
two alleles may be as small as two base pairsta@®NA fragments to be detected are
separated by PAGE systems or using capillary DNgusecers. The SSR can be
employed having prior knowledge about the flankiageated regions: these regions
can be discovered by screening libraries of clawsgaining the repeat motif that must
be sequenced to find unique sites for primer deamking the repeats. Nowadays, the
nucleotide sequence information acquired on mampomes, including human and
animal species, is collected in some public datebasich as NCBI (available at web
site http://www.ncbi.nlm.nih.goy/in which genome- and gene-specific features @n b

recovered. Exploiting the public nucleotide dat@sasthe microsatellite marker
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development from pre-existing sequences is easiérfaster (McCouclet al. 1997;
Zaneet al., 2002). Microsatellites discovered in non-codiragjiences often have a
higher rate of polymorphism than microsatellitescdvered in genes.

Microsatellite markers have several advantages iker molecular marker
systems: i) they represent a co-dominant assay the heterozygous state is easily
discerned from the homozygous state); ii) are syrdpkectable using florescent primers
on an DNA sequencer allowing to multiplex severarkers with non-overlapping size
ranges on a single electrophoresis run; iii) suppghly reproducible polymorphisms;
and iv) they are easily exchangeable among diftdeboratories only by distributing
primer sequences. Although SSRs are abundant it sdsaryotic genomes, their
genomic distribution may vary and basic informatisnnot always available about
repeated motifs and their flanking regions. Thenefan many cases it is more practical
to exploit heterologous primers from species chpselated to that under study (for
instance: chicken genome-derived SSR primers usestdidying turkey microsatellite

polymorphisms). Microsatellite polymorphisms arewh inFigure 1.2

erererer

.......

zzzzz

B

33333

sssss

sssss

Fig. 1.2 Examples of SSR polymorphisms.
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Another type of molecular marker system is represeioy Inter-SSR markers
that utilize a repeated motif and a region upstréaras anchor point of primers
(Zietkietkiewiczet al., 1994). The amplification can occur using a SngESR primer
or a combination of primers anchored to differemtrosatellite regions or combining a
I-SSR primer with an universal AFLP primer (perfang the Microsatellite-AFLP or
M-AFLP markers). The I-SSRs are a multi-locus molac markers and they can be
visualized on agarose or polyacrylamide gels if/thee silver-stained or on automated
sequencer if they are fluorescently labelled.

Similarly to M-AFLP, a transposon-anchored primerao minisatellite-specific
primer can be used in combination with a convemtigxFLP primer to detect what are
often called S-SAP markers. The success of amgliin depends on the presence of
transposable elements or minisatellites withinsdrieion fragment. This approach can
also be used to assay and visualize polymorphisimsultaneously at many loci
throughout the genome, related to multigene familising primers designed on gene
domains. The same approach can be exploited ty &msa TE insertion at a specific
locus designing specific primers located in unitarget sequences. These markers are
usually dominant and biologically informative besauhey provide evidence of both
complete or incomplete insertion or excision evékthwvards and McCouch, 2007).

Single nucleotide polymorphism (SNP) is a molecutaarker technology that
directly assays single base changes in single gémesighout the genome. SNP
markers are an abundant source of sequence vasiatthey provide the highest gene
polymorphism information content and the greatestogne marker density. SNPs are
often the only option for finding markers very neéaror within a gene of interest, and
can even be used to detect a known functional otidke polymorphism (FNP). SNP
investigation needs an initial DNA sequencing imegerence individual followed by
some form of re-sequencing in other varieties hd frariable base pairs. Many authors
(Kwok, 2001; Comaiet al., 2004) suggest alternativen vitro systems for SNP
discovering and they consist in ecotilling with tGell enzyme or by denaturing high
pressure liquid chromatography (DHPLC) to measurallsconformational differences
when PCR-amplified sequences are hybridized tdeaemce sequence. Moreover, the

SNPs can be detected bysilico analysis of polymorphisms among EST (Expression
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Sequence Tag) clones than can be find in publiabdetes. Once SNPs have been
detected the most common assay method is the métoencing in which a primer,
having its 3end on the nucleotide just before the mutation,laiselled with a
fluorescent molecule and the sample is then redalvea automatic sequencer. Many
SNPs can be detected in the same reaction onlyhbgging the primer size linking
oligonucleotide tails to the'fprimer end. In this way the run products will haae
different molecular weight and they will be easiigtectable in the final chromatogram.
This assay method turns to be cheap if the numbeample is quite high. In many
other cases, it is worth to verify if the discowkrautation allows the loss or the gain of
some restriction enzyme sites. If it happens, il e feasible to assay the allele
variations at one genome position only by a simip@R and a restriction enzyme
reaction followed by agarose electrophoresis ofricg®n products (CAPS or PCR-
RFLP markers).

Another type of SNPs assay is represented by th&M&SRCR (tetraprimer
amplification refractory mutation system-PCR) inigéhtwo allele-specific amplicons
are generated using two pairs of primers (outeriandr primers), one pair producing
an amplicon representing, for example, the A alkeid the other the G allele. Allele
specificity is conferred by a mismatch between3heerminal base of an inner primer
and the template. In order to enhance this spégifia second deliberate mismatch is
usually introduce at position -2 fronmi-t&rminus of inner primer. After amplification,
the PCR products are easily discriminated by gadtedphoresis (Yet al., 2001).

Overall, it is not a easy task to say whether th&t lInolecular marker system for
all situations does exist. Factors influencing deeision may include the goals of the
study, availability of organism specific sequencagjipment and technical resources,
and biological features of the speci€able 1.1 summarizes the main features for each
type of molecular markers (Powelti al., 1996). The main characteristics of molecular
markers are their high reliability and capacityoweasily shared among researchers. In
particular for MAS purposes, co-dominant markees @eferred to avoid the need for
progeny testing. Dominant markers such as RAPCER-8nd AFLP markers are useful
for finding markers linked to the desired allele.
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Table 1.2 Main features of common molecular marker techgie's.

Marker PCR- Uses Poly- Abun- Co- Auto- Loci per assay Specialized equipment
type based restriction morphism dance dominant mation
enzymes
RFLP no yes moderate moderate yes no 1 to few Radioactive Isctope
RAPD yes no moderate moderate no yes many Agarose gels
AFLP yes no moderate moderate no yes many Polyacrylamide gels/capillary
I1SSR yes no moderate moderate no yes many Agarose/polyacrylamide gels
DArT yes yes moderate moderate no yes many Microarray
CAPS yes yes variable moderate yes yes single Agarose gels
SCAR yes no low moderate yes yes single Agarose|gels
SSR yes no low moderate yes yes 1toabout 20 Polyacrylamide gels/capillary
TE-Anchor  yes no variable  varlable yes yes single Agarose gels
SNP yes no variable  highest yes yes 1to thousands Variable

Once a specific marker is found, it is possible elote and sequence the
corresponding band. This sequence can be usedétogeco-dominant markers such as
cleaved amplified polymorphic sequence (CAPS) nrarK&onieczny and Ausubel,
1993) or to sequence characterized polymorphicoregsCAR) markers (Paran and
Michelmore, 1993). These two marker systems camdss to screen easily a large
number of individuals and also be employed for mwol@ marker positioning on a
specific genetic linkage map.

AFLP, DArT, ISSR and RAPD markers are usually emptbfor a first analysis
of unknown genomes in which sequence informatiorplentiful investment are not
required. Molecular marker technology that assay phesence or absence of PCR
products are often subject to changes in PCR dondiand the quality of sample DNA,
and the data from separate experiments may divbtgeeover, the data can be difficult
to score and reproducibility requires a lot of t@chl skill. Also methods depending on
accurate measurement of molecular weiglg. (SSRs) have some limitations: the exact
molecular weights assigned to each marker allelg beadifferent in each analysis
because of differences in labelling of PCR produEtgthermore, the collected data
need to be accurately checked and it can alsoffeuttito merge separate sets of data.
Although divergences in the exact data derived froafecular markers, the results and
conclusions should be reliable within independexpeeiments. SNP markers are

preferred for reliability in making inferences assandependent datasets. They produce
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precise datasets that may be simply integrateddb@asesequences and the low mutation
rate of SNPs are particularly valuable for evolnéiny inference too (Nielsen, 2000).

Microsatellite and SNP markers are the best chfmcgenome studies although
they still remain the two most expensive technaegAs they are costly, the adoption
of SSR markers can be facilitated, by preparing kit selected microsatellites for
certain species to provide a trustworthy set of kewa with good amplification,
reasonable polymorphism and good genome coveratyeafils and McCouch, 2007).

Similarly, for SNP markers there is a need to dgvelseful sets of markers that
are widely available and can be mass-producece(atced cost) for distribution to the
international community. For many secondary spe@® and SSR markers are not
always available or numerous so to overcome tlugbie it is possible to transfer
molecular markers from closely related species (&etfal., 2003; La Rotat al., 2005;
Zhanget al., 2005). According to financial resources, specigplieation and technical
skill requirements the choice of the best molecutaarker technology may be
summarized as follow: RAPD, AFLP and I-SSR systeras give large numbers of
markers with a limited basic investment, AFLP, S&RI -SSR markers can provide
high throughput using an automated sequencer, VdAlRD and -SSR markers can be
run on agarose gels with minimal investment in po@nts. It is therefore
comprehensible that the best marker approach, iticpir at the beginning of the
research, is to try to use more than one methodttzard try to focus on the approach
that provide a good rate in terms of cost and goata (Edwards and McCouch, 2007).

Concluding, the molecular markers may be used faride range of different
tasks, such as to estimate the genetic diversitiy ratationships within and between
livestock populations and breeds, to investigatdopical processes such as mating
systems and gene flow levels or to identify specgenotypes (Ruane and Sonnino,
2007).

1.2 Genetic linkage maps and marker assisted selection (MAS)
Phenotypic selection has created a wide diversityeeds of domestic animals that are

adapted to different climatic conditions and pugsosThe phenotypic variation that is
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observed within and among breeds of domestic asinsalrresistible compared with
that observed in natural populations. Genomics powides more and more powerful
tools for sorting out the molecular basis of phgpmt diversity in domestic animals
(Andersson, 2001).

The genome research in farm animals of simple memggdisease loci is not
much important, because animals with inheritedrdisxs as well as their parents tend
to be eliminated from breeding. Major part of théerest traits, such as growth, milk
production and meat quality, have a multifactobatkground and are controlled by an
unknown number of quantitative trait loci (QTL),athare regions of the genome
containing one or more genes affecting a trait vatimtinuous phenotypic variation.
Mutations that modify gene function or gene expmsslominate over mutations with
pathological consequences because the latter tebe €liminated by natural selection.
Selective breeding has been going on for thousardgears and with increasing
intensity during recent centuries. Such selectmrer many generations and in large
populations, has driven the accumulation of newatnoris with favourable phenotypic
effects, as well as the development of allelesi¢veed by Anderssod al., 2001).

All strategies for MAS are based on the use of demdar score, although the
composition of this score differs from applicatiom application. The applications of
molecular data in genetic programs include theie @isr genotype building and
introgression programs, recurrent selection prograrparentage verification or
identification studies, crossbred or hybrid perfanoe tests, and in genetic
conservation programs to identify unique genetisoveces and quantify genetic
diversity (Dekkers and Hospital, 2002).

The main vehicle for genetic improvement in livegtas the recurrent selection
program, that has the aim of improving a breed ioe las a source of superior
germplasm for commercial production through witbineed or within-line selection.
This involves recording the phenotypes of numerodsviduals and the use of these
phenotypes to estimate the breeding value of setectandidates. An example of
performance testing is the progeny test, in whieh lireeding values are estimated on
the basis of the phenotype of progeny that haven meated through test mating
(Dekkers and Hospital, 2002).
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Introgression programs are commonly used in plamd mouse and less in
livestock. The aim of an introgression programoisntroduce a target gene, which can
be a single gene, a quantitative trait locus oramsgenic construct, from a low-
productivity line or breed, used as donor, inta@dpctive line that lacks that particular
gene, used as recipient. Introgression starts bgsorg the donor and recipient lines,
followed by repeated backcrosses to the recipigm to recover the recipient-line
genome. The effectiveness of introgression schesni@sited by the ability to identify
backcross or intercross individuals with the targehe and by the ability to identify
backcross individuals that have a high proportibthe recipient genome, in particular
in regions around the target gene (Tankstegl., 1989; Dekkers and Hospital, 2002).

Another genetic approach is represented by gendiypding programslf many
QTL are known, and favourable alleles are presedifferent lines or breeds, genotype
building strategies can be used to design new gpastthat combine favourable alleles
at all loci. Selection is then based on the mokacstore alone, which is determined by
the genotype at those loci possibly estimated tjftoindirect markers, along with
information on linkage and linkage phase betweesdHoci, if available. Starting from
a cross between two parental lines, the simplesotgpe building strategy involves
screening a population for individuals that are baygous at the relevant loci (Van
Berlooet al., 1998). More than one generation of mating andcsiein might be needed
to produce individuals that are homozygous forrgdanumber of loci (Charmet al.,
1999; Hospitalet al., 2000). When more than two parental lines are liredy gene
pyramiding can be used to create individuals tlmat reomozygous at all loci. Gene
pyramiding involves multiple initial crosses betweseveral parents. Because the above
strategies involve several generations of speaifiatings and the production of
numerous offspring, they are more applicable totsléghan animals.

Crossbred or hybrid performance is the other mametic program by which the
genetic improvement can be developed. In theorgssas between lines that are
genetically distant are expected to show greatbrithywigour or heterotic effects than
those between more closely related lines, becaiferethces in allele frequencies
between genetically distant lines are expectedet@teater. Genetic distance can be

measured from differences in allele frequenciesaabnymous markers spread
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throughout the genome. Evaluation of this conceptiiany species (Melchingeral.,
1999) shows that marker-based prediction of hypediormance can be efficient if
hybrids include crosses between parental lines dhatrelated by pedigree or which
trace back to common ancestral populations. Byrasttprediction is not efficient for
crosses between parental lines that are unrelatethad originated from different
populations, because the associations through tWdes marker loci and QTL that are
involved in heterosis are not the same in the wiffe populations (Charcosseital.,
1994).

The basic prerogative for MAS development is théngd@n of genetic linkage
maps that consists in the relative locations ofciige DNA markers along the
chromosomes. Precisely, a linkage genetic mapgeaphic representation of marker
linkage groups that shows the order and relativatipon of the genes depending on
their recombination frequencies. Once the linkagep nof the interest species is
available it will be possible of identifying the rdmosome traits carrying QTL or
Mendelian genes responsible for the variation goression of a given trait. The
genome of the most important animal farm, suchoag, chicken, pig, and sheep, has
been mapped by different types of molecular markaenly SSRs and SNPs) and they
are freely available atttp://www.ncbi.nlm.nih.gov/sites/entrez?db=genomeb site.

High-density genetic maps need to be developedderdo restrict the area in which
molecular markers can be found associated to tlyg@ae or gene controlling the trait.
A high-density map is represented by several mari@minant or co-dominant)
of known location, interspersed at relatively shimtervals throughout the genome.
Nowadays, such kind of linkage maps have been kaietl for a range of
economically important agricultural and animal specHigh-density map is the first
step for the eventual application of MAS and it da used to test the association
between marker variants and any trait of interésiese traits might be genetically
simple because controlled by one or a few geneseder, most of the economically
important traits, such as milk yield and meat dyakre affected by many genes and
environmental effects. Once markers, physicallyted beside or even within genes of
interest have been detected, in the next stepllitpassible to select this identifiable

marker variantsife., alleles) in order to select for non-identifialiéesourable variants
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of the genes of interest (Ruane and Sonnino, 200%3. is the basic principle of MAS
in which the selection of individuals is dependiog the presence or absence of a
combination of markers tightly linked with the traiAn example could be the
following: a molecular marker M, with two variantél and M2, discovered by DNA
assay is proved to be linked to a gene controltivey expression of an economically
important trait. Let is say that the two varianfsgene are G1, which determines an
increasing of milk yield and G2, which decreasesrifilk yield. If the marker M1 and
the unknown gene G1 are quite close to each atiney,will be inherited together. This
implies that the selection for the marker M1 allothe selection of those animals
carrying the favourable gene G1 for the milk yield.

The mapping and identification of trait loci, inrpeular QTL, require powerful
genome resources. After human genome many othemahriarms genome projects
started. As reported at the US Livestock Genomeput@pProjects and Roslin Institute
web sites, dense microsatellite maps comprisingtgrehan 1,000 markers have been
developed for all the main farm animals (Anders2001).

Libraries made up of large-insert yeast artificatomosome (YAC) and bacterial
artificial chromosome (BAC) are also extensivelydidor cloning and characterizing
trait loci for all the main farm animals. High-réstoon maps and comparative maps
(Band et al., 2000) have been developed by employment of tiadighybrid (RH)
panels that are available for pig (Hawlaetal., 1999), cattle (Yang and Womack, 1998)
and chicken (Kwoket al., 1998). Following the example of human, prelimyna
transcript mapsaising ESTs have been reported in farm animal spe&een though
they are still small compared with that in humams size of these maps is constantly
increasing mainly due to the large scale initiatatethe US Meat Animal Research
Center(MARC) (Andersson, 2001).

In order to increase the knowledge about the gemetibns, the researchers
exploited genetic maps of other known species asanuand mouse to carry out a
comparative mapping approaches. Chromosome paiatig linkage mapping were
used for comparative mapping of human/cattle geisof@dowdharyet al., 1998) and
human/chicken genomes (Buttal., 1999), respectively. The analysis of comparative

mapping data shows that the organization of theamgenome is closer to that of the
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chicken than to the mouse. This shows that the aatthromosomal evolution varies
considerably between species (Andersson, 2001).

In conclusion, the main goal of genome researcfaim animals is to map and
characterize trait loci that control various phgpat characters: it is obviously
comprehensible that the MAS success is dependerth@melationships among the
markers and the gene of interest. The applicatibnmolecular genetics in the
identification of loci and chromosomal regions affeg traits of importance in
livestock production might enhance and help theejenmprovement programs by
direct selection of genes or genomic regions thnougarker-assisted selection
(Andersson, 2001; Dekkers and Hospital, 2002).

1.3 Genome scan and Linkage disequilibrium approaches for MAS
For MAS purposes, it is crucial to understand tblationships between the traits and
the discovered markers. Exist two main types dftr@hships among molecular markers
and genes or chromosome regions of interest trelly eontribute to the success of
MAS, as reported by Ruane and Sonnino (2007): &) rttolecular marker is located
within the gene of interest.€., within the gene G, using the example above}his
situation, one can refer to gene-assisted sele¢@#5). This is the most favourable
situation for MAS since, this is a direct markeattitodes for a functional mutation
easily detectable by following inheritance of thedlleles. In contrast, these kinds of
markers are the most uncommon and are thus the dnfisult to find. When the
selection uses these markers it is normally caBé® (Gene Associated Selection); ii)
the marker is in linkage disequilibrium (LD) withe functional mutation (coded by G)
throughout the whole population. LD is the predspon of certain alleles
combinations €g., M1 and G1) to be inherited together. Populatmde LD can be
found when markers and genes of interest are pdilysicery close to each other and/or
when lines or breeds have been crossed in recewrajens. Selection using these
markers are usually called LD-MAS.

An easy example will help to understand the LD basensider a marker locus

with allelesM andmand a QTL with allele® andq that is on the same chromosome as
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the markerj.e. the marker and the QTL are linked. An individtfzt is heterozygous
for both loci would have genotypeImQq. Alleles at the two loci are arranged in
haplotypes on the two chromosomes of a homologairstipat each individual carries.
An individual with genotypeMmQq could have the following two haplotyp&$Q/mq

or the second two haplotyp®&y/mQ. This alternative arrangement of linked alleles on
homologous chromosomes is referred to as the m&€Ker linkage phase. The
arrangement of alleles in haplotypes is import@ataoise progeny inherit one of the two
haplotypes that a parent carries, barring recontibbmgDekkers and van der Werf,
2007). The presence of linkage equilibrium or disilogrium refers to the relative
frequencies of alternative haplotypes in the pdparia When a population is in a phase
of linkage equilibrium, alleles at two loci are damly assorted into haplotypes. This
means that the frequency of &) haplotypes is equal to the product of the poputatio
allele frequency oM and the frequency @. Thus, if a marker and QTL are in linkage
equilibrium, there is no value in knowing an indival marker genotype because it
provides no information on QTL genotype. If the ksarand QTL are in linkage
disequilibrium, however, there will be a differenire the probability of carryingQ
between chromosomes that caktyandm marker alleles and, therefore, a difference in
mean phenotype between marker genotypes wouldbalssxpected (Dekkers and van
der Werf, 2007).

Figure 1.3 reports a schematic representation of selectiose ban linkage
disequilibrium. As it is shown, markers that arghtly linked to a quantitative trait
locus (QTL) can be in complete or partial populatwde LD with the QTL, such that
some marker-QTL haplotypes are more frequent thkpeated by chance (for example,
MQ and mg versusMqg and mQ). In this case, selection can be directly on marke
genotype. The probability of population-wide LDhgyher for closely linked markers
and in selected populations of small effective .sRepulation-wide LD can also be
created by crossing lines or breeds and will thast éetween loosely linked markers
for several generations. When a marker and a QELimarlinkage equilibrium, all
marker-QTL haplotypes are present and at randomnmgdtequencies, and marker
genotype gives no information about QTL genotypbkisTwill be the case for most

linked markers in an outbreeding population. Howetlee marker and QTL will be in
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partial disequilibrium within a family. The extemf within-family disequilibrium
depends on the recombination ratg ut will occur even with loose linkage (for
exampley = 0.2). This disequilibrium can be used to detett. @nd for selection on a

within-family basis (Dekkers and Hospital, 2002).
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Figure 1.3 Selection programs based on linkage disequilibrigstimated in natural and
experimental populations.
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The LD in a population is mainly due to mutatioelestion, inbreeding, and
migration or crossing. Recombination is the mactdathat breaks down LD because it
rearranges haplotypes that exist within a parergéviery generation. ThEigure 1.4
shows the rate of the LD erosion that depends emdte of recombination between the
loci. For tightly linked loci, any LD that has beemeated will persist over many
generations but, for loosely linked lock(.1), LD will decline rapidly over generations
(Dekkers and van der Werf, 2007).
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Disequililbbrium

Generation

Figure 1.4 Break-up of LD over generations. LD is continugus
eroded by recombination. Tighter are two loci aedslis the
probability to gain recombination and lose disdaftillm phase
(Dekkers and van der Werf, 2007).

Since the extent of LD is due to the number of garorecombination events,
Rafalsky and Morgante (2004) discussed that gensedeegions recombination will be
high (also known ashbt spots’) and LD will be low Figure 1.5. Such gene-dense
regions occur frequently close to the telomeresc@ytrast, in gene-poor segments of
the genome (around centromeres) recombination eilllow, resulting in high LD.
Genome segments devoid of genes will show high a2l will constitute linkage LD
blocks. LD could therefore decay rapidly within gerbut be maintained from one end
of a gene to the beginning of the next one. Thatitieation of genes responsible for a
trait of interest is possible by screening a limhiteimber of candidate genes. Individual
SNPs or SNP haplotypes within a candidate gene sgstematically tested for
association with the phenotype of interest. Theregt in the study of LD has increased
dramatically in recent years because of genomitnt@ogy enables rapid identification
of haplotypes at many genetic loci, either by DN&gencing or by high-throughput
SNP analysis. Moreover, in the presence of sigmiticLD, of the order of tens of
kilobases or more, it can be possible to identépeagic regions that are associated with

a particular trait of interest (e.g. disease susigéify) by a systematic, high-density
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genome scan of individuals from an existing popofa{\Weisset al., 2002; Rafalsky
and Morgante 2004)

A Chromosome blocks
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Figure 1.5 Haplotype block arrangement resulting from intersed hot spots, indicated by red
arrows, and cold spots for recombination (A); Schonrepresentation of genetic association

mapping (B).

Thus, the crucial issue is how closely a QTL mustnibapped with molecular
markers to be such information useful for MAS. Sal/simulation studies have shown
that for MAS based on within-family LD, markers thHéank a QTL within a 5 cM
distance seem adequate (Moregtual., 1998). Given that markers are not fully
informative in practice, this can be achieved bingihaplotypes of several markers
within a 10 cM region surrounding the QTL. For exde Spelman and Bovenhuis
(1998) found that a flanking marker interval of @ around the QTL achieved 85-90%
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of the extra response over selection without matkeslative to a flanking marker
interval of 2 cM. Although further fine mapping @TL might provide limited benefits
for MAS based on within-family LD, the occurrencé population-wide LD will
increase substantially if the markers are moretliigginked to the QTL. Selection on
markers that are in population-wide LD with QTL nsuch preferred because QTL
effects and linkage phase can be estimated fronulatipn-wide data instead of the
limited data that would be available using a witfamily LD approach (Smith and
Smith, 1993). For individual QTL, individual marlseor marker haplotypes within 1 or
2 cM of the causative locus might be required tdyssantial population-wide LD to be
present, depending on population size and selebtgiary.

LD can be exploited at a genome-wide level wheneauwhr marker data are
available from a high-density genetic m&m(, with one marker per cM). The potential
of using such data was illustrated by Meuwissea. (2001), who simulated genome-
wide data for a breeding population based on te®hcal accumulation of mutations
which gives rise to QTL at locations throughout gemome in the context of a high-
density marker map. They then computed molecularesc based on statistical
associations of phenotype with marker haplotypesatature population wide LD. For
populations that are representative of livestodkan effective population size of 100,
they showed that sufficient LD was available andt tthe molecular score had an
accuracy of 85% as a predictor of the total genetlae of an individual, when marker
spacing was 1 cM. Accuracy dropped to 81 and 74%nfrker spacings of 2 and 4 cM,
respectively.

1.4 Strategies for mapping trait loci

The last advances in molecular genetics allowedddatification of molecular markers
associated with genes that affect traits of intenedivestock, including single-gene
traits and genomic regions that affect quantitativets. These findings provided
opportunities to enhance response to selectigpaiticular for traits that are difficult to

improve by conventional selection such as low hbiity or traits for which
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measurement of phenotype is difficult, expensively gossible late in life, or not
possible on selection candidates (Dekkers, 2004).

Andersson (2001) and Dekkers (2004) have giventaildé classification and
explanation of the strategies employed for findiragt loci in the main animal species.
Application of molecular genetics for genetic impement relies on the ability to
genotype individuals for specific genetic loci.

The most common strategy for finding trait locitle use of existing pedigrees
deriving from many years of collecting and analgsishata on phenotypic traits for
breeding purposes in farm animals. This approagho#ég large family sizes mainly
deriving from artificial insemination in which hadib families comprise usually more
than 1,000 progeny from a single male. A usefudtsgy is to increase the statistical
power in QTL mapping by using breeding values basedphenotypic data from
progeny. The pedigree shown kigure 1.6 illustrates the grand-daughter design for
mapping QTL using half-sib families proposed by &iedt al. (1990).

Grand-sire

e e e #ﬁ
9@ O QQO OO 0O

T Z.. 510 2100

-

=100 1 2. =100

Figure 1.6Half-sib families and breeding value (adapted frandersson, 2001).

Each family consists of one grand-sire whose s2@d®r more, have been selected
as sires. Each son has 100 or more daughters wghopypic data, and they are
employed to estimate accurate breeding valuesHersires, even for traits with a
considerable environmental influence. Marker gepesy are only collected for the
grand-sire and his sons, and QTL mapping is caoigdy analysing the segregation of

markers from the grand-sire to the sires in retatm differences in breeding values. If
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the grand-sire is heterozygous for a QTL with aaneffect, the sons that have received
the favourable allele will present a higher bregdmalues than those that received the
unfavourable allele. This strategy is used extatgivto identify QTL for milk
production traits, as well as for other traitsrkrest in dairy cattle and sheep (Georges
et al., 1995; Zhangt al., 1998).

The three main strategies for trait loci identifioa are based on association tests
using candidate genes, genome scans based on dinkagpping and intercrosses
between divergent populations with anonymous DNAkeizs.

The candidate gene approach can be very powerfutan detect loci even with
small effects, provided that the candidate genaesgmts a true causative gene.
Applying this approach it is necessary to take iadgount that often many candidate
genes interact to determine the trait of interése evaluation of all potential candidate
genes that affect the trait is normally more tino@suming if compared to a genome
scan approach. In addition, the candidate geneoapbrmight be unsuccessful for the
detection of a major trait locus simply becauseehe no enough knowledge about
gene function. Candidate gene tests must also teepreted with prudence because
false results can occur because of linkage disequin to linked or non-linked
causative genes. (Andersson, 2001). Instead ohswam@m whole genome, one or more
candidate genes might be identified on the basibiothemical knowledge, gene
expression analysis, genetic mapping or other claB$s or haplotypes are catalogued
in a diverse population at the candidate gene locusci and the phenotypic values of
individuals carrying each haplotype are comparedidentify statistically significant
differences. Haplotype sharing refers to associaginalysis using haplotypes, instead
of individual polymorphisms (Rafalsky and Morgar2804).

The candidate gene-QTL association approacheorebombining multiple lines
of evidence to restrict the numbers of genes tteeaaluated. Comparative genomics,
genome sequencing, transcriptome profiling, lowshason QTL analysis and large-
scale knockouts all provide opportunities to depedmd refine candidate gene lists.
These approaches are powerful at identifying catdidjenes, but not at evaluating
allelic affects on the quantitative traits. The digilate gene approach can substantially

reduce the amount of genotyping required, but niogtortantly, it can reduce the
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multiple issues created by testing thousands ef @atross the genome. The statistical
issues in combining these disparate types of egeleave not been resolved.

Despite of candidate gene approach, the genomevegitlaalways find the map
location of a trait locus with a major effect, pided that an accurate genetic model has
been postulated, a reasonable sample size has usseh and that the marker set
provides full genome coverage. Conversely, all¢h@dvantages are overcome by the
inability of genome scan to detect trait loci waimaller effects. It occurs when they do
not reach the stringent significance thresholds iinast be applied when doing a large
number of tests in a full genome scan (Andersso@l1p

The other powerful approach for mapping trait Iscrepresented by the use of
intercrosses between divergent populations. Theninals show a high heterozygosity
at marker loci and, in particular, at those lo@ttaccount for phenotypic differences
between the two populations. In literature manyngxa of intercrosses have been
reported for animal farm such as between the EawoWild Boar and Large White
domestic pigs (Anderssaat al., 1994), Asian and European breeds of pig (Roamnelr
Keele 1998; de Koningt al., 1999)Bos taurus and Bos indicus cattle (Brennemast
al., 1996) and Awassi and Merino sheep breeds (Raadsral., 1999). All these
populations allows to researchers to find out sdAveTLs controlling body
composition, growth and fatness in pig (Walleigl., 2000).

Animals deriving from backcross or advanced intssrlines (AIL) can be used
for the obtaining of high-resolution mapping of QTDarvasi and Soller, 1995;
Darvasi, 1998). The employment of these two anityyags is costly for the larger farm
animals and it is usually used for particularly or@ant resource populations
(Andersson, 2001). For example, QTL affecting grotgeld and lactation persistency
in dairy sheep have been detected in extreme lyaekicross and inter-cross between
Awassi fat-tail sheep and Merino superfine and mm@divool sheep (Singét al., 2007,
Raadsmat al., 1999). Once the trait locus has been localitezinext step involves the
identification of the genes that cause the pheretyariations i(e., causative genes)
through the positional candidate cloning stratdwm keeps being the main approach for
this purpose. High-resolution mapping is a firgpstowards restricting the region of
interest and thereby the number of potential catdidgenes (Singlet al., 2007).
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Information on map location and gene function snttombined to identify positional
candidate genes, which are subsequently evaluatedmbtation screening and
functional analysis. The increasing knowledge algmute function, expression patterns
and the completion of different species map wilpitbe power of positional candidate
cloning (Andersson, 2001).

The whole collected molecular information can fipabe used for powerful
marker assisted selection purposes even thougisitchbe seen as a support tool of the

conventional breeding programs.

1.5 Statistical issues and economic aspects of MAS in livestock

Genetic information acquired by using molecular kees can be used to enhance
several breeding strategies in livestock speciesuth what is broadly referred to as
marker-assisted selection (MAS). It is a matter fatt that individual-genome
fingerprinting and wide-genome scanning based opp®@ molecular markers allows
genetic characterization and dissection of phenotyariability in farm animals. Unless
genetic markers capture most of the genetic vanator a given quantitative trait,
selection must be based on a combination of malecoiarker and conventional
phenotypic data. Although several useful genesngmily molecular markers linked to
them, have been discovered as well as candidatesgdantified in livestock species,
their application and success have been limitedumxthe genes were not identified in
breeding populations, or because they interact athler genes or environmental factors
(Andersson, 2001).

A key role in the association of molecular markierguantitative traits is played
by statistical procedures. The vast majority of legtions of molecular markers in
genetic selection programs are preceded by an sisafymed at identifying and
mapping chromosome regions carrying either majanimor QTL. Only QTL that are
shown to have a significant effect on the phenotypéer study will be subsequently
exploited for selection assisted by molecular mak&his application raises two
important statistical issues: i) the setting oftistecal thresholds for deciding which
QTL to use; and ii) dealing with the inherent owtirmation of QTL effects. For QTL
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detection, very stringent methods are used to cobtite false-positive error rate, as
suggested by Lander and Kruglyak (1995). Sevetalist have, however, shown that
greater gains from MAS can be obtained by allovartggher rate of false-positives, to
increase the power of detecting QTL effects andicedhe number of false-negative
results (Moreatet al., 1998; Dekkers and Hospital, 2002). For instai@gelman and
Garrick (1998) quantified the genetic and econopaitentials for pre-selection of bulls
for progeny testing in dairy cattle. Alternativeaseégies needed to more adequately
balance the cost of false-positive against falsgatiee results for MAS were identified
by Weller et al. (1998). This balance might differ depending ore tparticular
applications and animal species. Thresholds coaldolwvered even further if proper
statistical methods would be used to account fer diegree of uncertainty about
estimates of QTL effects. For example, Meuwisseal. (2001) obtained a molecular
score with high predictive ability on the basishagh-density marker genotyping data
by using all estimated marker effects, regardlefssheir statistical significance. In
particular, they demonstrated the potentials tatakge on population-wide linkage
disequilibrium (LD) between markers and QTL in lalieg populations. Overestimation
of QTL effects has been shown to occur both byrétemal studies (Beavis, 1994; Bost
et al., 2001) and by experimental programs (Melchingeml., 1998; Barton and
Keightley, 2002). Overestimation of QTL effects desato too much emphasis on
molecular scores in selection relative to phenatygata, and results in a less than
optimal response to selection. In part, biasesdeacaused by the use of only significant
QTL effects, and they can be reduced, althoughenttely removed, by re-estimation
of significant QTL effects in an independent samf{Best et al., 2001). Eshed and
Zamir (1995) described for the first time a powkrfiough cumbersome, method to
accurately estimate QTL effects and QTL interactjomhereas Fernando and Grossman
(1989) described in their keystone paper the agiptio of mixed statistical methods
based on best linear unbiased prediction to MASwél@r, alternative statistical
methods for the analysis of QTL data that avoidres#mation or reduce their impact
on selection response are needed.

A more general point about the statistical aspettMAS is that the existing

models and theory do not adequately accommodatentire complex genetics that

44



Chapter 1

underlies quantitative traits. Furthermore, althHoegisting quantitative genetic theory
provides a satisfactory basis to derive selectimategies that maximize response to
selection in the short term (one or two generajiotigee theory has been much less
developed for selection over several generatiorekkBrs and Hospital, 2002). This
was most clearly seen in several simulation stuttiasshowed that combined selection
on an index of molecular score and phenotype reguljreater genetic gain in the short
term. However, in the long term, selection on pligp® alone resulted in a greater
response to selection (Gibson, 1994; Lardubl. 1997), because selection is better
distributed over all loci (Hospita¢t al., 1997). A theory to optimize selection on
molecular score, in combination with phenotype, basn developed (Dekkees al.,
1998; Manfrediet al., 1998), but for genetic models and selectiontegias of limited
complexity (Dekkers and Hospital, 2002). Furtheedtetical work is needed to
accommodate multilocus Mendelian inheritance andnpmena such as epistasis,
genetic background effects and interactions betweaetic and environmental factors.

Most applications of molecular genetics to breedinggrams have attempted to
incorporate molecular data into the existing praggaDekkers and Hospital, 2002).
The effective use of molecular data might, howevequire a complete redesign of
breeding programs. In animals, strategies are redjuhat integrate the collection and
evaluation of phenotypic data for QTL detectionhaihe use of this information for
MAS (Spelman and Garrick, 1998). Furthermore, biregdtrategies must be developed
that take better advantage of the unique featurastecular marker data.

Economics is the key determinant for the applicattd molecular markers in
genetic improvement programs. The use of marketbeanselection of animals incurs
the costs that are inherent to molecular technigiyeart from the initial costs related to
QTL detection and mapping, costs for MAS include ttosts of DNA isolation,
genotyping, and data analysis. The economic asseesssh MAS is straightforward in
some cases, but complex in others, and has beeesadd in few studies (Brascaeip
al., 1993; Davist al., 1998; reviewed by Dekkers and Hospital, 2002\keBal studies
have focused primarily on genetic and economic rodebecause the results are
extremely difficult to verify using replicated expaents. Cases in which the economic

merit of MAS is clear include situations in whiclolecular costs are more than offset
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by the savings in phenotypic evaluation. In oth&ses, the ability for early selection
offsets the extra costs that are associated wéhuie of DNA markers for genetically
characterizing animals. The benefits of being ablelease new genetic material more
quickly can be substantial, particularly in compred markets.

The economic merit of MAS becomes questionableraack difficult to evaluate
in cases in which MAS is expected to provide gregenetic gain at increased costs.
This is particularly the case for selection scherttest rely on a combination of
phenotype traits and molecular markers, becausmaingenotyping costs are in
addition to, not in place of, animal phenotypingtso In such cases, MAS might not be
economically more advantageous than quantitativeetie selection, although the
economic merit of MAS could be restored by redud¢hmgfrequency of re-evaluation of
marker effects, as proposed by Hospdtadl. (1997). Another consideration is that the
resources allocated to MAS could also be allocatednhance phenotypic selection
programs. For example, improvement by conventisaebdction could also be enhanced
by increasing the number of individuals that aretee@ for phenotypic evaluation
(Moreauet al., 1998). Further work on the economic evaluatiod aptimization of
strategies for the use of molecular genetics iedireg programs is required.

Even though the good advance in molecular makedsytthe MAS is still seen as
a future perspective. Overall, there are still feports of successful MAS experiments
or applications. Most refer to the use of molecutaarkers in genotype building
programs, at various levels of complexity. Sucadssfports include marker-assisted
background selection with introgression of genaswhbich the functional variant is
known or which have clearly identifiable phenotypaffects. Marker-assisted
introgression of such known genes is now widelyduseplants, in particular by private
plant-breeding companies, where in animals itsisiséll scanty. However, even in this
case, more work is needed to optimize the inforomapirovided by markers and reduce
costs (Visscheet al., 1999; Servin and Hospital 2002).

For instance, traits that are controlled by sev€¥aL of moderate or low effect,
or that are subject to high environmental variatigenotype-environment interactions,
epistasis between QTL or epistasis between QT Ltlaadenetic background, it is risky

to carry out selection solely on the basis of mamdects, without confirming the

46



Chapter 1

estimated effects by phenotypic evaluation. Thidrige in particular if QTL were
initially detected in a different population or @g#ic background. Although no
documented reports are available, industrial appbos of molecular data in livestock
are limited and have mainly been in the contexteafurrent selection programmes,
which are the principal vehicles for genetic imprment in animals. A mixture of
causal and indirect markers is used. In swinejritlizect markers used were primarily
identified by using candidate-gene approaches sitiponal cloning, whereas in dairy
cattle, indirect markers identified using genomeansc are also used (reviewed by
Dekkers and Hospital, 2002; see also referenctxilis Dekkers and Hospital, 2002)
This species difference is partially explained by different strategies that are used for
QTL detection. In swine, genome scans are primdo#ged on crosses between
divergent lines. These identify QTL that differ weten breeds but have limited direct
application for within-breed selection. Direct agsd¢o closed breeding populations has,
however, made candidate-gene approaches relatbuslgessful. In dairy cattle, QTL
detection capitalizes on the large half-sib fansilyes that result from extensive use of
artificial insemination (Andersson 2001). This allogenome scans to detect QTL that
segregate within rather than between breeds.

Recent advances in molecular marker technologygémome and gene analysis
will soon create a wealth of information that cae bxploited for the genetic
improvement of animals. High-throughput genotypifay, example, will allow direct
selection on marker information based on populatde LD. Methods to effectively
analyse and use this information in selection difets be developed. The eventual
application of these technologies in practical dieg programs will be on the basis of
economic grounds and will require further evidemtepredictable and sustainable
genetic advances using MAS. Until complex traits dae fully dissected, the
application of MAS will be limited to Mendelian ges and to QTL-related genes of
moderate-to large effect as well as to applicatitvas do not endanger the response to
conventional selection. Until then, observable mitgpe will remain an important
component of genetic improvement programs, becatstakes account of the

cumulative effect of all genes.
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It is however important to note that the identifica of the causative gene for a
trait locus is not a prerequisite for practical lagggions. As a matter of fact, several
cattle and pig breeding companies are now usingenassisted selection with markers
flanking QTL as a complement to phenotypic selectb breeding animals. It is likely
that large-scale marker analysis will be used nalyi as soon as the cost for
genotyping has been consistently reduced.

An increasing number of trait loci in farm animalsve been characterized at the
molecular level in recent years. The future protpéar cloning trait loci are bright,
even for major QTL, provided that the QTL is dueotee or more mutations in a single
gene and not a haplotype effect. The reason far dtfptimism is the continuous
development of better tools and new resources &roguics. Current initiatives to
develop physical maps of farm animal genomes wiljae researchers with a large-
insert contig covering the region of interest asnsas a trait locus has been mapped.
Such large-insert contigs can then be used to laupdeliminary transcript map of the
region by high-resolution comparisons with the esponding region in humans or
mice. It is also only a matter of time before imiives will be taken to sequence the
genomes of farm animals. Recently, several animaktcists proposed that genome
sequencing initiatives should be carried out uddigA samples from two or more
divergent populations, such as a beef and a daittyecbreed, or from an improved
breed and the wild ancestor, when possible. Thpsageh will not reduce the efficiency
in determining the genome sequence much, but wika a good proportion of fixed
genetic differences between divergent populatidB®informatics should provide
scores for the likelihood that an observed suligiituis functionally important, on the
basis of the degree of phylogenetic conservatiorthef position and the possible
functional consequences of the substitution (Arsters 2001). The functional
consequences will then be validated by experimemain order to unravel the
molecular basis for a variety of phenotypic traitsagricultural, biological and medical

significance.
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indigenous breeds with M-AFLP and S-SAP markers designed

on interspersed repeats
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Chapter 2

Abstract: In Italy more than fifty different breeds of chick¢Gallus gallus L.) are
known to have been locally present in the past. dVerall situation is now critical
since most of these breeds are becoming extiritireaten and only a few are object of
conservation plans. The adoption of molecular nrarker the analysis of chicken
populations could help characterizing their geneéidation and preserving them from
genetic erosion. Both valuable and irreplaceablecss of chicken germplasm, such as
indigenous populations of the Veneto region weralyaed by means of DNA
fingerprinting with molecular markers designed pterspersed mini- and microsatellite
repeats. The identification of either among-breeascrdninant and breed-specific
markers was based on the S-SAP and M-AFLP systeznsed from the AFLP
technology. Genomic DNA fingerprints were generate®4 individuals belonging to
six local breeds (Ermellinata, Padovana, Pépoivd?ata, Robusta lionata and Robusta
maculate) and one commercial line used as referstacglard. A number of variation
statistics were computed for assessing the genatiability within and relatedness
among breeds: the effective number of alleles peud (R=1.570), total and single-
breed genetic diversity {#0.365 and i=0.208, respectively) and the fixation index
(Gs1=0.433). The mean genetic similarity coefficientshim and between local breeds
were 0.769 and 0.581, respectively. Analysis of plopulation structure along with
individual reassignment tests successfully idezdifall breed clusters and subclusters.
The vast majority of animals were correctly assigte their breed of origin with a
probability threshold of 90%. Markers exploitabte the genetic traceability of breeds
revealed significant sequence similarities withheit genic or intergenic regions of
known chromosome position. Sequence tagged siteepsiwere designed for the most
discriminant markers in order to develop multiple’n-radioactive genomic PCR
assays. The identification of single local breedsoading to sequence-specific SNPs
and haplotypes was preliminarily attempted andpiblgmorphism information content
of genomic AFLP-derived markers was also reportetiaitically discussed.

Keywords AFLP technology, DNA fingerprintszallus gallus, local populations, SNP,
genetic variability and traceability.
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2.1 Introduction

The domestic chickenGallus gallus) provides a main protein source for most human
populations throughout the world. Its economic im@ace has made it the focus of
numerous research projects, including a recentrtefo sequence the entire chicken
genome littp://genome.wustl.edu/projects/chicken). The vast majority of the sequence
has been anchored to chromosomes, representedebyyteight pairs of autosomes 1-
24, 26-28 and 32, and two sex chromosomes W ardterifational Chicken Genome
Sequencing Consortium, for details see Hiléeal., 2004).

The relatively small genome of chicken (1.200 Mplas been shown to contain
around 15% of repetitive DNA organized as shortén repeatse(g. centromeric and
telomeric tandem repeats) as well as numerous i1l interspersed repeats, mainly
derived from transposable elements (both transoand retrotransposons) and located
over all chromosomes (autosomes, macro-, interrtesdiad micro-chromosomes, and
sex chromosomes) even though not uniformly (Wialteal., 2005). It has also been
proved that micro-chromosomes contain more singf@tsequences and less repeated
sequences than macro-chromosomes, and that sexatwmes are very rich of highly
repetitive DNA Figure 2.1). These genomic findings are in agreement withvipres
genetic mapping studies in chicken (Schetidl., 2000).

The average repeat and gene content for all chromes was also calculated. The
most abundant repeated sequence is that known as(Clcken Repeat One): the
chicken genome contains over 90.000 copies ofitiesspersed element belonging to
the class LINE (Long Interspersed Nuclear Elemdfdlh element is about 4,5 kb long
and includes two genes, one encoding a reverseactiptase, responsible for the
replication of the element itself, and another elivg for an unknown protein likely
involved in the transposition process. Additiongpeated elements, very abundant in
the chicken genome, are those containing tandeeatemwf short nucleotide sequence
motifs or microsatellites, also known as SSR (Senpequence Repeat). Usually the
microsatellite elements are less than 200 bp lomd) axre very useful for population
genetics and evolution dynamics, as well as phyletie studies because of their high
repeatability among laboratories, informativeness sequences and degree of

polymorphisms.
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Figure 2.1 Average repeat and gene content for individual
chicken chromosomes. The chromosomes are orderesizéy
with the largest chromosome (n. 1) on the left tredsmallest
(n. 16) on the right. Chromosomes smaller than D e not
included (adapted from Wicket al., 2005).

Genomic DNA sequences of the interspersed hypeaarirepetitive elements are
considered very useful to set up analysis systehf®rensic genetics for a reliable
identification of species, breeds and also singtkviduals on the basis of the banding
patterns generated or haplotypes recovered. Theraggn of multi-locus DNA
fingerprints and the detection of sequence polymisrps in the LINE and SSR regions
is usually based on the S-SAP (Sequence-Specifipliioation Polymorphism) and
M-AFLP (Microsatellite-Amplified Fragment Length Baorphism) systems, derived
from the more widely known AFLP (Amplified Fragmehength Polymorphism)
technology (Voset al., 1995). The approach includes the amplificatidngenomic
cleaved fragments, ligated to specific adaptors@reamplified with selective primers,
using an AFLP primer in combination with a primérat hybridize to a repeated
sequence conserved region, alternatively, to aasatellite anchored motif. M-AFLP
and S-SAP markers derived, respectively, from sempdpetitive sequences and
transposable elements or minisatellites are algalde for phylogenetic analyses, since
they provide information on genome evolution. Mamo in situ chromosome

hybridization experiments and silico bioinformatic investigations have revealed that
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DNA repeats and retrotransposons are often loahlizesuchromatic regions, into or
close to functional genes (Hilliegt al., 2004; Wickeret al., 2005). This finding
suggests that repetitive and/or transposable elesrmeay be involved in the evolution
of animal gene structure and expression, supplgerges with regulatory sequences and
facilitating gene duplication and/or exon shufflif@€oullin et al., 2005).

In Italy numerous poultry breeds are known to bespnt. Recently, more than 90
distinct breeds were identified, of which 53 belmoiggto the chicken. The overall
situation of these breeds is nevertheless crisgate as much as 61% are becoming
extinct, 13% threaten and only 7% are object okeovation plans (Zancet al., 2001).
Nowadays, it is generally accepted that the higmlmer of still existing breeds is
attributable to the breeding activity based on kletd crosses and selection programs
in order to bred very productive lines able to perf and adapt themselves better in a
specific territory. To such activity the origin afconsistent biodiversity of the species is
mainly owed (Fumihitoet al., 1996) With the ending of the agriculture in marginal
areas and the beginning of chicken breeding ainthestrial level, highly specialized
lines have been developed in the near past anduarently commercialized, covering
the vast majority of the chicken meat and egg ntarkkie. This big change is putting
to risk of extinction most of the locally spreadéds, particularly those characterized
by double attitude which are low productive and enebugh competitive compared to
commercial broilers. Local breeds of chicken are populations with the highest
genetic variation as well as with the best adamtato the natural and anthropological
environment where they have originated and/or eadhl\ hey contain locally adapted
alleles and represent an irreplaceable bank ofhjigb-adapted genotypes. As a
consequence, local breeds are known to possesdrgeticity and many resistance
traits to both environmental and biotic stressdéisclearacteristics that make them of
particular interest for the use in biological farrtige recovery of marginal lands and the
raising of niche productions. Besides, the autamitlis breeds could be also exploited
as alternative to the commercial broilers in ca$eegidemics. For all the above
mentioned reasons, they have recently been objedcloemes of protection and
maintenance, as well as of studies aimed at thexcteaization of their gene pools.
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Molecular markers are known as a patrticularly ¢fecand reliable tool for the
characterization of genomes and the investigatiogene polymorphisms not only of
poultry species, but of several organisms in ger{Barcacciaet al., 1999; Albertiniet
al. 2003; Soattiret al., 2007). In particular, the use of molecular meskallows to
measure the genetic variation within single popost and to evaluate the genetic
relatedness among populations so that the fornoulatind implementation of
germplasm maintenance programs can be optimizedsé@droet al., 2004). The
AFLP and SSR markers along with STS (Sequence Tagie) and SNP (Single
Nucleotide Polymorphism) markers are the most pawwand robust molecular marker
systems for the analysis of genomes and genes, hemde for the molecular
characterization of chicken individuals and pogol by means of DNA
fingerprinting, genotyping or haplotyping (Vanha&taal., 1998; Wimmerst al., 2000;
Zhanget al., 2002; Porceddet al., 2002; Hillelet al., 2003; Targhettat al., 2003,
Cassandreat al., 2005). The potentials of AFLP markers in chickbwersity studies
were assessed by De Marehial. (2005). SSR and SNP markers were also applied for
investigating genetic variation within and diffetietion among chicken breeds (Hillel
et al., 2003; Twitoet al., 2007). The analysis based on SSR markers rdsulteighly
discriminant banding patterns and significant @usg results due to their multi-allelic
origin and polymorphism information content (Hilletl al., 2003). Nevertheless, SNP
markers located in gene regions revealed greanaages in terms of genome coverage,
and proved to be an efficient molecular tool faotireating genetic distinctiveness and
relatedness in chicken species (Tvatal., 2007).

The present research deals with the developmeannofative molecular systems of
population genomics for chicken DNA fingerprintibgsed on the M-AFLP and S-SAP
analyses of repetitive sequence families (both osatellites and minisatellites) with
the aim of genetically characterizing local breeasl cloning breed-discriminant or
breed-specific markers. The identification of no&N\Ps is also reported and the
polymorphism information content of genomic AFLPided markers critically

discussed.
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2.2 Materials and methods

2.2.1 Animal populations

Twelve individuals for each of the six indigenouscken breeds under investigation
were used for genomic DNA fingerprinting togethethva commercial broiler (Golden
Comet line) selected for meat production and adbpie reference population, for a
total of 84 animals. The indigenous populationsist of genetic erosion analyzed in
this study are the following: Ermellinata, PadovaRépoi, Polverara, Robusta lionata
and Robusta maculata. The animals were rearedee flocks located throughout the
Veneto region, Italy, and their morphological cltaeaistics were previously described
by De Marchiet al. (2005). The population size for the indigenouselis have been
estimated at 1,500 individuals for Ermellinata, &¢grobusta lionata and at 2,000
individuals for Padovana and Polverara. For eadedyrthe conservation scheme is
based on groups of 34 pure females and 20 malésaliteeding scheme that involves
a males rotation among conservation units (Caseandt. 2004).

2.2.2 Molecular markers

Nuclei acids were extracted from whole blood thtowgll lyses. After purification
from RNA residuals and proteins using, respectivBlijlase and ammonium acetate,
each sample of genomic DNA was precipitated witipiepanol and washed twice with
70% ethanol. Then, all DNA pellets were vacuum di@ad redissolved in TE buffer
(10 mM Tris-HCI, 1 mM EDTA, pH 8.0). The concentoat of DNA samples was
determined by optical density readings at 260 nrogtlcal density (OD) = 5Qg/ml)
and their purity calculated by the @gOD.g, ratio and by the OR¢—ODs;0 pattern
(Sambrooket al. 1989). An aliquot of each genomic DNA was alssaged by
electrophoresis on 1% agarose gels.

The detection of polymorphisms on repetitive segesnsuch as SSR and CR1
elements, was based on the S-SAP (Sequence-Spaoiftification Polymorphism)
and M-AFLP (Microsatellite-Amplified Fragment LemgtPolymorphism) systems,
derived from the more widely known AFLP technolqips et al. 1995). The approach
included the amplification of genomic cleaved frags, ligated to specific adaptors

and pre-amplified with selective primers, using AFLP primer (.e., EcoRI or Taq|
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rare and frequent cutter-associated primers) in booation with a primer that

specifically anneal to the CR1 element or, altewedt, with a primer anchored to a
given SSR motifTable 2.1).

Table 2.1List of conventional AFLP, CR1-specific and SSRiaored primers.

Primer Sequence (53')
EcoRI+A GACTGCGTACCAATTCA
Taql+A GATGAGTCCTGACCGAA
CR1-D1F TAGTAAATGGGGATGTTGGT
CR1-D2F TGATCCTCGAGGTCCCTTCC
CR1-S1R AGCAGCCTTCTGGACCTCTT
CR1-S2R CAGCAACACTTCACCTCTGG
CR1-InF AGTTCATGATCTCAAGGGATGTGGGCC
CR1-InR CAGCCCCCTGATCATCTTTGTGGCCCT
ISSR-6 (CA)GC
ISSR-13 CAG(CAY
ISSR-33 (AGC)T
ISSR-37 (AGC)GT

M-AFLP and S-SAP fingerprints were generated usihg AFLP technology
according to Vot al. (1995), as modified by Barcacatal. (1999) and De Marclat
al. (2005). A total of 500 ng of genomic DNA from Bwlividuals was digested with a
combination of EcoRI/Tagl restriction enzymes, and ligated to the corregigon
adapters with T4 DNA ligase. An aliquot of the retéd-ligated DNA samples was
pre-amplified usingecoRI andTagl restriction site-specific primers with one seieet
base each. A radiolabellexgpecific primer (CR1 or SSR-anchored) were usedHer
final amplification along with an AFLP primeE¢oRI+A o Taql+A). Each 20ul PCR
reaction contained pl of the pre-amplified DNA, 0.2 mM of labelled syifec primer
and of unlabelled AFLBPrimer, 2ul of 10x PCR buffer, 0.2 mM dNTPs and 0.4 U of
Tag DNA polymerase. The following cycling conditionsiseired optimal primer
selectivity: 1 cycle of 45 at 94°C, 3@ at 65°C, 1 min at 72°C followed by 13 cycles of
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0.7°C lower annealing temperature each cycle andyt&s of 3(s at 94°C, 3@ at
55.9°C, 1 min at 72°C and a final step of 5 miv2tC. AFLP-derived markers were
loaded onto a 6% polyacrylamide gel and electropgisrwas performed at 1.500 V, 40
mA and 40 W. Markers were visualized on autoradiowgy after 18 hr exposure at —
80°C with intensifying screens.

2.2.3 Genetic diversity and similarity analyses

A preliminarily investigation of diversity was perimed computing descriptive
statistics such as the observed and effective numb@olymorphic loci (g and n
parameters, respectively). The amount of heterafygavas assessed at two different
levels of complexity: single populations or locakéds (H) and species as a whole
(Ht) according to the formula of Nei (1973) based arkar allele frequency estimates.
These statistics of genetic diversity were useddéfine the genetic structure of
populations belonging to single breeds, to estintagedegree of genetic differentiation
among different breeds or, equivalently, the figatindex (k1) as well as the rate of
gene flow (Nm). Then, the allele frequency overnadirker loci was used to calculate
the genetic distance among breeds in all pair-agseparisons according to Nei (1978).
It was also possible to estimate genetic simiksitbetween individuals within single
breeds and between different breeds on the bagieradtic fingerprints, adopting the
similarity index of Jaccard (1980). UPGMA dendragsa and centroids were
constructed using the genetic similarity and diwgranatrices. All calculations and
analyses were conducted using the software POPQKHIket al., 1997) and NTSYS
(Rohlf, 1993).

2.2.4 Population structure and animal assignment gs

The software STRUCTURE (Pritchasd al., 2000) was used to analyze the genetic
structure of the population and to perform an assignt test on the studied individuals.
This program implements a model-based clusteringhogefor inferring population
structure using genotype data of unlinked markidese it was applied also to assign
individuals to each subpopulation or cluster. AFLA-derived amplicons were treated

as haploid markers as suggested by Negttiral. (2007). Analyses were performed
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using the admixture model with correlated markéel@lfrequencies. To choose the
appropriate number of inferred clusters to modeldhta, 2 to 12 inferred clusters were
performed with 5 independent runs each as suggbést&titchardet al. (2000) and by
other authors (Alvareet al., 2004; Glowatzi-Mulliset al., 2005). All computations
used a burn-in period of 50,000 and 100,000 itenatfor data collection.

2.2.5 Subcloning and sequencing of AFLP-derived pducts

Single discriminant molecular markers that provedé useful for the traceability of
chicken breeds were excised and eluted from thitell@els, subcloned into plasmid
vectors and re-amplified with the same primer coraton that yielded the specific
genomic DNA fragment. An aliquot of the re-amplifiemplate was sticky-end ligated
into a pBluscript Il Phagemide. The plasmid DNA vpasified from 5 ml of an over-
night culture on LB medium oE. coli using Plasmid mini prep kit (Sigma Aldrich)
following the kit instruction. Plasmid sequenceshoth strands were performed by the
dideoxynucleotide chain reaction termination methsahg either the M13 forward or

reverse primer.

2.2.6 Bioinformatics
The sequence of all discriminant molecular markeas used as query for bioinformatic
analyses of the chicken genome database and tloe traajscript and protein databases.
Gene homologues were also searched in public dsgalday BLASTN and BLASTX
applications (Altschukt al., 1990) to compare, respectively, nucleotide aadsiated
sequences. Retrievals enabled to attribute givenesees to specific chromosomes and
to eventually acquire information on their putatfuaction. All nucleic acid sequences
were deposited in the NCBI databases and also dedomn our DNA sequence
repertories, including molecular markers conserwethin breeds and polymorphic
between breeds as well as molecular markers usefiscriminate local breeds from
commercial broilers.

For each DNA clone, both strands from at leastetltistinct animals were aligned
to test the veracity of each sequence and to redbe@ consensus sequence by using
the Vector NTI program. Sequences of SCAR (Sequédicaracterized Amplified
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Region) markers from all chicken breeds were usednultiple sequence alignments in
the CLUSTALW program (Higgingt al., 1992) to find out SNP (Single Nucleotide
Polymorphisms) and eventually IN/DEL (Insertionsi®ns), and to attempt the

identification of breed-specific haplotypes.

2.2.7 SCAR and SNP analyses

The sequence of the most discriminant M-AFLP an8A® markers was used for
designing primers on their upstream and downstreeaminal ends using PerlPrimer
program and hence converted into SCAR markers.eBoh sequence, the analysis of
breed-specific SNPs was performed by designinggmmwith their 3end localized on
the discriminant point mutation site. PCR of genoMINA with pairs of sequence-
tagged site primers was done using various anresdimperatures (56—66°C) in order
to optimize amplification profiles for each seletteclone and to visualize
polymorphisms for the identification of breeds. Htaul reaction volume contained 1x
PCR buffer (50 mM EDTA, 1.5 mM Mggl10 mM Tris-HCI), 0.2 mM dNTPs, 04

of each primer, 200 ng of genomic DNA and Trafj DNA polymerase (Sigma Aldrich
Red Taq). PCR was carried out with in an initiahaeration step of 94°C for 3 min,
followed by 35 cycles of 94°C for 30 s, primersio@l annealing temperature for 30 s,
72°C for 1 min, and a final extension step of 726€10 min. Amplification products
were separated by electrophoresis in 2% agaroseagel photographs (DC120 camera,

Kodak) were taken after their staining with ethidibromide.

2.3 Results

2.3.1 Genetic characterization of chicken indigenaibreeds by S-SAP and M-
AFLP markers

The detection of sequence repeats for fingerpgntie chicken genome was based on
the S-SAP and M-AFLP systems, derived from the metidely known AFLP
technology. The approach provided for the ampliftcaof genomic cleaved fragments,
ligated to specific adaptors and pre-amplified wstiective primers, using an AFLP

primer in combination with a primer that anneahtepeated elemeritd CR1) or with
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a primer anchored to a microsatellieg( (AGC), and (CA),) motif. In particular, the S-
SAP and M-AFLP marker systems based on the usihafrendividual or bulked DNA
samples enabled reproducible and informative fiogets and polymorphisms to be
obtained within as well as between chicken bre&dméllinata di Rovigo, Padovana,
Pépoi, Polverara, Robusta lionata and Robusta @mi@juhnd the commercial broiler

(Golden Comet line), as shownhigure 2.2

Figure 2.2 Results of primer testing by means of nested PgiRréments
using AGC microsatellite-anchored (A) and CR1-in&drcore (B) primers.
Example of genomic DNA fingerprints generated byAMEP (C) and S-
SAP experiments (D) using a random sample of gen@NA of animals
belonging to different local breeds. Several polgphic markers are
detectable.

Each selected primer combination generated DNAefipgnts showing, on average,
from a minimum of 40 to a maximum of 80 fragmerits.terms of polymorphism
information content, the dinucleotide CA repeatfamed primers produced the highest

number of M-AFLP markers, whereas among the CRineht-specific primers the
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highest number of S-SAP markers was yielded by #odwones designed in the most
conserved internal region of the chicken repeatgdrticular, highly informative and
discriminant fingerprints based on microsatellitdNA motifs and repetitive CR1
elements were scored using the primer combinatioh&(CA)s/EcoRI+A and CR1-
D2F/Taql+A, respectively. Polymorphic molecular kes that proved to be useful for
the traceability of chicken breeds.e( both among-breed discriminant and breed-
specific markers) were recovered from the blottel$,gsubcloned into plasmid vectors
and sequenced. The sequence analysis of all sgtleatgmorphic M-AFLP and S-SAP
markers allowed us to verify the presence of thexi§ig SSR motif or the partial CR1
element Figure 2.3), thus demonstrating the specificity of the angdifion products

and, hence, the reliability of the fingerprintireghniques used.

AOCAGCAGCAGCICCCAI TAGTCCAAAAAAGTCACG GC IOTHGC TOAAAGCGYOAAYGGYOIA%M«GGGAAYGATGGCCAI HCICAOAYGCIOHTCAGTGC TICATATATG
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Figure 2.3 Example of chromatograms obtained by sequencintyvofamplicons for M-
AFLP (A and B) and two for S-SAP primer combinago(C and D). The upstream or
downstream region of the sequences includes tteditigp motifs of the microsatellite (GT
and AGC) or the CR1 element in which the specifimprs were designed.
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Both monomorphic and polymorphic DNA markers warered as present or absent
over all chicken DNA fingerprints and used to summaeathe M-AFLP and S-SAP data
by computing genetic diversity statistics and asisgspopulation relationships. The
effective number of alleles per locus was equalngel.570. Total Nei's genetic
diversity was quite similar between M-AFLP markefdt=0.334) and S-SAP
(Ht=0.381) markers, whereas the mean genetic diveségingle breeds was lower for
M-AFLP than S-SAP, measuringskD.162 and 0.232, respectively. Overall, the mean
genetic diversity within and between local breedsen0.365 and 0.208, respectively.
Fixation index was around 51% for M-AFLP and 39% $SAP, suggesting that the
local breeds conserved well-separated their gewés paver time. Variation measured
by comparing genetic fingerprints resulted in mganetic similarity coefficients within
and between local breeds equal to 0.769 and Or&8fiectively.

The construction of UPGMA dendrograms and the dedim of centroids according
to the principal coordinate analysis were also grenéd using total and mean Dice’s
genetic similarity matricedzigure 2.4 shows centroids plotted using the two principal
coordinates separately for M-AFLP markers and S-S#Brkers which overall
accounted for about 37% of the total genetic vaean

A number of individuals of each breed overlappes distribution of individuals of
other breeds, even though distinct subgroups weeglg discriminated by one or both
coordinates. With M-AFLP markers, Robusta lionatal &obusta maculata breeds
along with the commercial Broiler were subgroupepasately from the rest of breeds.
Moreover, Pépoi and Polverara breeds were cleaslynduishable each other, while
Padovana and Ermellinata di Rovigo were clustessg glosely. The main distribution
difference observed with S-SAP markers concern&theellinata di Rovigo which was
clustered apart, together with some individualRobusta lionata and Robusta maculata
breeds (see Figure 2.4). Such a result can be ieggdldy considering the different
chromosome regions assayed by M-AFLP and S-SAPeanarslstems, since the former
was applied with different dinucleotide and triremtide repeat-anchored primers
whereas the latter was mainly based on the genoe-spread CR1 elements. As a
matter of fact, the phylogenetic relationships aghbreeds can also be influenced by

the polymorphisms information content of DNA masker
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Figure 2.4 Centroids identified from total Dice’s genetic damty
matrices using polymorphisms obtained by M-AFLP @xd S-SAP
(B) molecular markers.

Analysis of molecular marker data performed by gdime STRUCTURE software
enabled the identification of eight clusters outtloé¢ total population, each of them
corresponding to a single breed, except for clasgeand 4 Table 2.2. In fact, the
Padovana breed proportions of membership were rrdttigh for these two clusters,

reaching altogether more than 90%. It is worth mo@mg that Padovana animals
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analyzed here belonged to two different varietidsrata and Camosciata, depending on
the colour of their feathers. Actually, in clusterall Dorata animals were identified,
whereas Camosciata ones were grouped in clussdrofying the ability of the chosen
markers to detect this substructure. The averagpoption of membership of each
breed to the cluster it belongs to was always grdian 90% with the exception of
Robusta Maculata (88%).

Table 2.2 Percentage of individuals correctly assigned tirthrreed of origin considering
different threshold in each chicken breed.

Breeds > 99% > 95% > 90% no threshold
Ermellinata di Rovigo 0 41.7 75.0 100
Pépoi 0 66.7 91.7 100
Robusta Lionata 0 83.3 91.7 100
Padovana 0 25.0 75.0 100
Robusta Maculate 0 50.0 66.7 100
Polverara 0 58.3 75.0 100
Broiler 0 50.0 75.0 100
Total 0 53.6 78.6 100

Results of the individual assignment test, consndedifferent thresholds, are
shown inTable 2.3 All animals were correctly assigned to their loreé origin. On the
whole, about 80% of the samples were correctlycatied considering a threshold of
90%. Pépoi and Robusta Lionata evidenced the lessits with more than 90% of
individuals correctly assigned at 90% probabilager

Table 2.3Proportion of membership of each of the 7 chidleeds in the inferred clusters.

Clusters 1 2 3 4 5 6 7 8
Ermellinata di Rovigo 0.016 0.014 0.009 0.009 0.008 0.923 0.015 0.007
Pépoi 0.935 0.004 0.006 0.010 0.004 0.031 0.004 0.006
Robusta Lionata 0.007 0.006 0.004 0.007 0.008 0.006 0.004 0.958
Padovana 0.039 0.011 0.532 0.378 0.012 0.006 0.014 0.007
Robusta Maculata 0.005 0.010 0.005 0.006 0.879 0.005 0.006 0.083
Polverara 0.010 0.006 0.014 0.019 0.004 0.006 0.934 0.007
Broiler 0.007 0.912 0.027 0.012 0.017 0.008 0.007 0.009
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Overall reassignment estimates demonstrate theirdisant ability of AFLP-

derived markers for detecting population substmectund tracing individual breeds.

2.3.2 Polymorphism information content of discrimirant AFLP-derived markers

The sequence of the most among-breed discriminarkers as well as the sequence of
the breed-specific markers were used as queriepublic database interrogations.
Chicken genome retrievals revealed significant Isinties with either genic or
intergenic sequences of known chromosome positiohpeimary structure homologies
with known gene productsTéble 2.4. All nucleotide sequences recovered from the
indigenous chicken breeds as AFLP-derived markegsewleposited in the NCBI
databases (accession numbers EF417921- EF417932).

Table 2.4 List of breed-specific clones with relative lenggwosition on chicken chromosome,
accession number, sequence type and amino acidldgyno

Clone Chr.  Locus ID Type Gene product

#37 1 NWO001471534 Intergenic5’ Hypothetical protein —'3Monoamine oxidase B
#38 15 NWO001471459 Genic Hypothetical protein

#39 3 NW001471677 Genic Acetyl-CoA synthetase 2

#40 2 NWO001471654 Intergenic5’ Syntrophin beta 1 — Blyaluronan synthase 2
#42 3 NW001471671 Genic Sorting nexin 14

#44 2 NWO001471639 Intergenic5’ Hypothetical protein —'3olloid-like protein 1
#48 4 NWO001471687 Genic Fibroblast growth factor receptor-like 1

#50 1 NWO001471525 Genic Hypothetical protein

#51 26 NWO001471609 Genic Potassium voltage-gated channel protein

#52 1 NWO001471534 Genic Interferon alpha/beta/omega receptor 1

#55 9 NWO001471743 Intergenic5’ Cek6 protein —3Acetylglucosaminyltransferase
#56 17 NWO001471503 Genic Hypothetical protein

To attempt the setting up of a reliable PCR-basadecular reference system
suitable for the precise identification of the $efgreeds, sequence-tagged site primers
were designed on the 12 most discriminant clonesder to convert the among-breed

discriminant and breed-specific M-AFLP and S-SAPrkaes into easily detectable
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non-radioactive SCAR markers. The sequence of ¢dneard and reverse primers is

reported inTable 2.5

Table 2.5Forward and reverse sequences of the SCAR pridesigned for the
most discriminant AFLP-derived clones.

Clone Expected size Primer sequence (53")

For TAGTAAATGGGGATGTTGGTGGTGA

37 480 Rev GAATTCACCAACATCCCCATT
438 307  FOr TAGTAAATGGGGATGTTGGTCACCA
Rev GAATTCACATCAATATAAAGCAA
430 200 PO TAGTAAATGGGGATGTTGGTGGGAA
Rev GAATTCAGCACGTTTCACTACA
440 s0p  FOr GAATTCAAACAGACAAAATAAATG
Rev TAGTAAATGGGGATGTTGGTATAAA
4 ,75  FOr GAATTCAGTAAGAAAGACCA
Rev TAGTAAATGGGGATGTTGGTCACT
a4 01  FOr TAGTAAATGGGGATGTTGGTGTGCA
Rev GAATTCACCTGCCTATCAAATT
448 630  FOr GAATTCAGCTATGGGACCAT
Rev AGCAGCAGCAGCTCACACTAA
450 g7  For AGCAGCAGCAGCTCCCATTAG
Rev GAATTCAGGGAGCTTGCAGA
4e1 493  FOr GAATTCACAGGCCTTGGTTC
Rev AGCAGCAGCAGCTAGGAAAG
e 4pp  FOr GAATTCAGAAGGAATAGCTTTA
Rev AGCAGCAGCAGCTGGCAGT
- g5 FOr AGCAGCAGCAGCTCAGCACAG
Rev GAATTCAGGGTTATCATTTCC
- 09  FOr GAATTCACACAGAAACGTCT

Rev AGCAGCAGCAGCTCAGTATGG

When these primers were used in PCR experimentg esicken genomic DNA as
templates, in most cases amplification productsveldoto be shared among individuals
over all breeds and thus not useful for discrimngasingle breeds (data not shown).
This result is most likely attributable to the anigof AFLP polymorphisms usually
based on single nucleotides on the restriction eadease action site and/or
oligonucleotide primer annealing region. Nevertegeertain polymorphisms could be
generated using very stringent PCR conditions ey proved to be not fully reliable
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with a few exceptions. The most robust result VAR markers was obtained for the
clone #38 preliminarily selected as specific foe tPolverara breed. When the
correspondent SCAR primers were used to analyzengenDNA samples from all
breeds, two distinct amplification products of 3 333 bp were detected. The upper
marker proved to be shared among the vast majofitydividuals over all local breeds
and the commercial broiler, whereas the lower nrarkas detected only in the
Polverara individualsHigure 2.5), with a relative frequency of 52% (32 individualst

of 62).

A Polverara

w
i

TAGTAAATGGGGATGTTGGTCACCAGAAAGTAGGAARAAATGCTATTAGATGAAGTGAAAA 60
1 TAGTARATGGGGATGTTGGTCACCAGAAAGTAGGAAAAATGCTATTAGATGAAGTGAAAA 60

61 TATATACATACACACACACACAAAATAAACTAAAAAGTTTTCTTCTATTTTCAGATGGTT 120
61 TATATATATACACACACACACAAAATAARACTAAAAAGTTTTCTTCTATTTTCAGATGGTT 120

121 CAGCTCTTCAATTAAAATGACATATTTACATCCTTGTTTGCCCTAAAGATGTACTCTTCA 180
121 CAGCTCTTCAATTAAAATGACATATTTACATCCTTGTTTGCCCTAAAGATGTACTCTTCA 180

181 CTGAACACACCATTTTTGCCAAGAATTTCAGCCAAACTTAGGTCCTAATGATCTTTAGCT 240
181 CTGAACACACCATTTTTGCCAAGAATTTCAGCCAAACTTAGGTCCTAATGATCTTTAGCT 240

241 ATAAATG-————————————————————————— GAAAGAGGGAGCTATATGACATTTCAC 274
241 ATAAATGCAACAATGAGGCTTTTCCTACTATTGGAACGAGGGAGCTATATGACATTTCAC 300

275 ATAAATAGTTTTGCTTTATATTGATGTGAATTC 307
301 ATAAATAGTTTTGCTTTATATTGATGTGAATTC 333

c Pépoi

157>

Padovana Polverara

Figure 2.5 Amplification products of 333 bp and 307 bp getextawith SCAR primers specific
for clone #38: the lower band is specific of thdvBmara breed and 52% of individuals shares it
(A). Simple alignment of the two nucleotide sequemnshowing a 26 bp-long insertion/deletion:
SNP sites at nucleotide positions 67 and 251 arekedaby underlined letters. (B).
Amplification products of 157 bp and 105 bp genadlawith a forward SNP site-specific primer
in combination with a reverse SCAR marker-spegficner: the upper band is specific of the
Pépoi breed and it is present in 78% of individ{&ls
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It is interesting to note that the two marker semes differed only for an
insertion/deletion of 26 bp in length found in timernal region. Owing to their high
nucleotide sequence similarity (92%) and apparensegregational patterns in the
population (.e. the longer, the shorter or both amplification dquats scored over all
assayed DNA samples), a total of 62 Polverara iddals were molecularly
characterized to study the marker allele frequenaed to verify the allelism
relationships between marker alleles. The thresiplesgenotypes at the marker locus
being tested were found in the following relativeogortions: My3aVi30=0.500,
M303M307=0.403 and MyM307=0.097. Since the observed proportions proved todie
statistically deviating from the proportions exmettin case of Hardy-Weinberg
equilibrium ¢*=0.0919), the two amplification products of 307 &md 333 bp can be
most likely considered as alleles of the same g@methe basis of genebank retrievals,
the core sequence of clone #38 confirmed a sigmficsimilarity with the gene
encoding for an hypothetical protein of locus NW1001459 located on chicken
chromosome 15.

To verify the occurrence of single nucleotide pabyphisms in the selected clones,
as main source of AFLP polymorphisms, several dioation products yielded with
each of the SCAR primer combinations were recovéraa the gels, subcloned into
plasmid and sequenced. A multiple alignment ofdtvesensus sequences of each of the
12 clones from all local breeds and the commetfwiailer allowed us to discover SNPs
and IN/DELs, not only in the terminal ends of tHeAR markers as expected, but also
in their internal regions. The sequence informati@s used to define haplotypes to be
preliminarily adopted for the recognition of sindgfieeeds Table 2.6.

In the clone #38, the detection of a SNP at nuiegposition 67 was useful not
only to test the reliability of the IN/DEL polymdnsm found in the cosegregating
sequence, but also to confirm its utility for tidemtification of individuals belonging to
the Polverara breed. A forward SNP site-specifimpr, designed with its discriminant
3-end nucleotide in  the point  mutation position ®#SNR
GCTATTAGATGAAGTGAAAATATATAC), when used in combinan with a
reverse SCAR marker-specific primer yielded a deubf amplicons, as expected. The

nucleotide sequences of the two markers confirnoeaptete identity except for the 26
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bp insertion/deletion, as well as the segregatiatiepns proved to fully match the
segregation ratios previously scored as SCAR aisalyse Figure 2.5).

Table 2.6 Main single nucleotide polymorphims detected bgusscing of the breed-specific
clones #38, #39, #50, and #56 amplified using S@ARers (for each clone, the numbers
indicate the nucleotide position of the SNP).

Breed Clone #38 Clone #39 Clone #50 Clone #56
67 251 189 191 23 223 312 51 70 96
Ermellinata CIT (A A C T - - - A C T
Padovana CIT A C T C G G A C T
Pépoi cIT A/C T C T A A C G C
Polverara CIT A/IC - - cC A A A C T
Robusta Lionata CorCIT A C T CcC A A A C T
Robusta Maculata CorCIT A C T cC A A cC C T
Broiler CIT (A) A C T C G A cC C T

- Not determined; () indicates rare nucleotides

For the identification of the Pépoi individuals @nmber of breed-specific SNPs were
discovered, for instance, in the clones #39, #5@ #56. In particular, each of two
different SNPs found in the sequence of clone #&6ved to be useful for the
traceability of individuals belonging to this breéebr the detection of single nucleotide
polymorphisms, a forward SNP site-specific primesvdesigned with its discriminant
3-end in the point mutation position (p#56 SHNFGGAGGTTCCCAAGCCCG and
p#56_SNRs: CTGTAGAGTTTTCAGCC). When either one of these tpramers was
used in combination with a common reverse SCAR sraskecific primer, a single
amplicon was specifically detected in most of thdividuals of the Pépoi breed (see
Figure 2.5). However, the same primer combinatigiedded a second amplification
product, shorter in length and also fainter as aigmensity, which was shared by all
individuals tested of the Padovana and Polveraeeds. On the whole, the upper
marker of 157 bp was scored in 67 individuals olit86 (78%) totally analyzed,
whereas the remaining 19 (22%) individuals of theed showed the lower marker of
105 bp, as all Padovana and Polverara individuadéyaed in this study. This finding
support the occurrence of gene flow among Pado\Rmlagrara and Pépoi populations
for an allele encoding for an hypothetical protgatus NW_001471503).
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It is worth mentioning that in the &2z TATACACACACACACAC AAAATAA
60

clone #38 two different SNPs f‘\ f A
* |
)
J\u U%

showed either a homozygote o }1
analyzed individuals. For instance, ¢ =~ CTCAAAATATATATACACACACACACAAAATAL

GTGAAAATATATATACACACACACACAAALATAA
80

il

heterozygote state in some of th

nucleotide position 67 individuals
with CC, TT or CT were observed
(Figure 2.6).

Figure 2.6 Chromatograms of clone #38
showing individuals in a homozygote
(CC or TT) and heterozygote state (CT
at nucleotide position 67.

2.4 Discussion

Molecular markers have revolutionized and modenhipeir ability to characterize
genetic variation and to rationalize genetic séectbeing effective and reliable tools
for the analysis of genome architectures and gehgmorphisms in animals (Lanteri
and Barcaccia, 2006). Until now, the area of chickenomics that has shown the
greatest development with respect to the use oéentdr marker technology is that of
population genetics. For instance, SSR and AFLFkenarhave been already exploited
for assessing genetic diversity in chicken breétile{ et al., 2003; De Marchét al.,
2005). Although not yet investigated at the popatatevel, SNP markers should also
be very useful for surveying genetic variation afitferentiation of poultry breeds
(Wong et al., 2004). One strategy for genetic variability arateability studies could
be based on the identification of informative AFd&dved markers and the
exploitation of the SNPs contained in their segesnas source of among-breed

discriminant or breed-specific polymorphisms.
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On the basis of gained results, the S-SAP and MfARiarker systems were shown
to be suitable to visualize reproducible multi-lsddNA fingerprints of chicken breeds:
they can be potentially exploited for investigatognetic variation within and assessing
genetic relatedness among populations on the bapiymorphic interspersed repeats.
Highly informative and discriminant genetic fingarms were obtained assaying the
variation for short tandem repeatsg(, CA/TG) and longer unique repeai®.( CR1)
by using repeat-anchored primers in combinatiorh \BitoRI+A or Tagl+A primers.
These two AFLP technology-derived molecular madgestems can be used in genetic
characterization studies including the determimatad the main genetic variability
statistics, such as marker allele frequency, degrafeexpected heterozygosity of single
breeds, genetic distance and gene flow among brefsidar as our case-study in
concerned, the genetic variation among the corsid@ndigenous populations was
measured to be around 45%, meaning that 55% oftigemariation was due to
polymorphisms within single populations at the sedamarker loci. Overall, the
combination of M-AFLP and S-SAP data and their carigpn with previously
obtained SSR data (unpublished results) confirrnechigh genetic variation detectable
within breeds of the Veneto region and the clearegje differentiation still present
among their gene pools. Our results also revealbdtantial differences concerning the
genetic distance estimates among local breedseddmmercial broiler adopted as
reference line. This finding is most likely duethe fact that the three molecular marker
systems were applied to different individual sangiies and the analysis was based on
different genomic loci numbers. Additional moleaulanalyses are needed to
corroborate the primary results and to confirm #hatistics related to the genetic
diversity within and the phylogenetic relationshggmong breeds native to and locally
reared in north-eastern ltaly.

On the basis of our preliminary results, the polyphec markers isolated from
genomic interspersed repeats can be applied ngt tonlassess genetic variability
estimates of any chicken germplasm resource, kottal develop a genetic traceability
system for the identification of the different regal chicken breeds and the commercial
valorization of their meat and egg niche produketdact, the analysis of the population

structure along with individual assignment testscsgsfully identified all breed
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clusters. In particular, six main clusters out loé eight totally inferred were found to
correspond to as many single breeds, with propwstiof membership for each breed
around 90% on average. Two additional smaller ehssidentified two varieties of the
Padovana breed, showing an overall proportion aihbership higher than 90%. The
vast majority of animals were correctly assigneth&r breed of origini(e., about 79%
of the individuals were correctly allocated consiidg a probability threshold of 90%),
thus demonstrating the suitability and reliabildf the chosen AFLP-derived marker
systems for detecting population substructure eadrtg individual breeds.

The final aims of our research at regional scadetiae following: i) to characterize
the gene pools of indigenous chicken breeds usinig-focus DNA-based assayst) to
generate chicken DNA barcodes using single-locugugnmarker tags. Knowledge of
genetic variation within local breeds and genetiffetentiation among breeds is
expected to have a significant impact on the pvaden and valorization of regional
chicken germplasm resources. As a matter of faEt,;FAderived markers anchored to
interspersed mini- and microsatellite repeats arplogable to find out multiple
polymorphisms per assay and to investigate geneti@bility levels. SCAR analysis
seems not reliable for genetic traceability singgvan discriminant marker isolated by
AFLP-based systems proved to be reproducible angome cases. This can be due to
the presence of single nucleotide polymorphismsthat restriction site level not
detectable using clone-specific primers. Moreotle, sequencing of SCAR markers of
the different breeds underscored the presence &sSid IN/DELs both in terminal
and internal regions of the clones. The sequerfoenmation was used in an attempt of
defining breed-specific haplotypes to discriminatdividuals belonging to a given
autochthonous population. Preliminary results ogebirspecific SNPs and haplotypes
obtained for each clone, although very promisirggchto be deeply investigated and
finally validated by increasing the number of ansriar single breed and by analyzing
additional local breeds. Once informative AFLP-ded sequences and discriminant
SNPs have been selected and tested, the use ofthnaighput methods will be
essential to develop a robust PCR-based and loingeogtic traceability system.

Wonget al. (2004) reported that the majority of SNPs idesdifare common among
most of the poultry breeds and that they are higibyundant, being their average
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frequency equal to 1/200 bp when two chromosomes aompared. Thus, the
identification of polymorphisms due to single nutide substitutions in the AFLP-
derived sequences is not surprising if one consitleat when a random fragment of
genomic DNA is sequenced in a sample of 10 or naoreals one SNP will be
theoretically identified every 80-100 bp (M. Groangers. comm.). Our major goal
was, however, not that of discovering additionalPSNbut, rather, that of assessing the
type and nature of polymorphisms in the most infative AFLPs visualized in our
genomic DNA fingerprints. In fact, if it is true ah almost 3 million SNPs are now
available for genetic studies in chicken (Woegal., 2004), it is also true that in
chicken no AFLP-derived sequences are retrievaloten fthe NCBI databases
(http://www.ncbi.nlm.nih.gov/). Furthermore, in ocase-study, the detection of SNPs
into among-breed polymorphic and breed-specificAR-&nd M-AFLP markers was
preferred to the random investigation of publiciyaidable SNPs: the former were
expected to be useful for the genetic traceabdftyndigenous chicken breeds because
preliminarily selected as shared within and polypmic between breeds, whereas for
the latter any information in terms of polymorphigmormation content was available
in chicken local populations.

To the best of our knowledge, this is the firstveyr of the polymorphism
information content of AFLP-derived sequences bgilog to chicken breeds. Despite
the increasing number of publications based onudeeof AFLP markers for genome
fingerprinting and gene mapping purposes as welfoasguantitative genetics and
population genetics studies, the number of AFLRvedr sequences deposited in the
GenBank is very low for animals (less than 100 rés9. It means that AFLP markers
are worldwide exploited by many researchers as yanons polymorphisms without
performing any sequence content analysis or withectrding any sequence in public
databases.

Moreover, it is interesting to note that breed-#peenarkers were shown to be
highly similar to genic regions of known chromosomesition. Most of the breed-
specific clones isolated has shown homology witmegeimplicated in metabolic
processes. For instance, the clone #39 scored gsigharity with an acetyl-CoA

synthetase whereas clone #50 with a putative nutodhal carrier protein. Both
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proteins are molecules utilized in various metabphthways, including fatty acid and
cholesterol synthesis. The implementation of a geaadatabase for Italian chicken
local breeds, including many more molecular markaseserved within breeds and
polymorphic among breeds as well as molecular markeeful to discriminate local
breeds from commercial broilers will be one of finéure goals of our project. An
increasing number of agro-alimentary companies ides/for an internal traceability
system, though it is necessary to document the evfmbd product chain from the
producers to the consumers. The European Unioh, thvt approval of the Reg. CE no.
178, 28.01.2002, makes obligatory from the Jand&yy2005 the traceability of any
food item, as the possibility to reconstruct antbxer the pathway followed by a given
product across all the steps of production, tramsébion and distribution. The
traceability must be referred to every single patdportion. As a consequence, for
specific products like, for instance, the avianceases which reach the consumer as
disjuncted parts, the setting of a sequence-taggetecular marker-based genetic
traceability system is extremely useful. Such agnollar system is the only one that can
offer, at any time of the food product chain, thesgbility to assess the origin and
reveal the nature of meat products, for improviegability of traditional labelling
systems.
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Abstract: A reliably tender meat product is one of the niogtortant attributes for
maintaining consumer satisfaction with beef stedkslection programs for genetic
improvement in tenderness might be implementedaittlec if candidate genes and
appropriate markers could be found. CalpailfCARN1), a gene encoding the enzyme
u-calpain which degrades myofibrillar proteins pogirtem, is thought to be one of the
most promising candidates for beef tenderness. eThdistinct single-nucleotide
polymorphisms (SNPs) in th€APN1 gene were studied in a population of cattle to
determine their frequency and the frequency ofrthaplotypes. A total of 170 animals
were subjected to genotyping for tBAPN1 gene-associated SNP markers 316 (G>C),
530 (G>A) and 4751 (T>C). The detection of nucléesi in the three sequence
positions of theCAPN1 gene was performed by using the ARMS-PCR and R-P
RFLP methods. Genetic diversity statistics andaeetdimg coefficients were computed,
and population structure and animal ordination ysed were also performed.
Moreover, Linkage Disequilibrium (LD) values werstiemated using the standardized
disequilibrium coefficient () and the correlation coefficient ?(r The relative
proportions of the single nucleotides at each Sh#Pvegere equal t@(G)=0.9176 and
g(C)=0.0824 for the marker 316, p§G)=0.5710 andaj(A)=0.4290 for the marker 530,
and top(T)=0.5178 andy(C)=0.4822 for the marker 4751. The observed pitogs of
single SNP markers were not significantly deviatiram proportions expected in case
of Hardy-Weinberg equilibrium. However, an excegsheterozygous animals was
found for SNP markers 316 and 530, whereas an sxaeBomozygous animals was
found for the SNP marker 4751. The pair-wise comspas between SNP markers 316
and 530, and 316 and 4751 revealed linkage equitibin the population, whereas a
highly significant P<1%o) linkage disequilibrium was scored between SN&rkers
530 and 4751. In particular, a marked excess wasadfdor three haplotypes,e.
GG/AAITT, GG/GG/CC, and GG/GA/TC, while deficienayas found for most of the
remaining haplotypes. The availability of prelimipadata on SNP haplotypes can be
useful to plan experiments aimed at testing thatimiship between a candidate gene,
like CAPN1, and a number of tenderness parameters, sucleasfsihce and driploss.

Keywords: CattleCAPNL1 gene, SNP markers, haplotypes, LD, MAS for teneesn
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3.1 Introduction

A reliably tender meat product is one of the magpartant attributes for maintaining
consumer satisfaction with beef steaks (Momstisal., 2006). If it is true that beef
tenderness is a critical component of palatabiiitys also true that the difficulty in
obtaining phenotypic data until after harvest haslenit difficult to breed for this trait
(White et al., 2005). Therefore, selection for genetic improegaimin tenderness has
rarely been attempted in cattle. Marker-assistéecsen would allow to bypass this

obstacle if appropriate markers could be found.

Quantitative analysis of crossbred population: BTAI1S BTA29
revealed the presence of two loci with effects @am HBB — Eg  IGF2

15.2 |}
151 | LDHA
14.3

of longissimus muscle. One mapped to the centriKCNA4 —{ 142
portion of BTA15 (Keelest al., 1999) and the other to RHB 2
the telomeric end of BTA29 (Casas al., 2000). Acpz—|
Comparative mapping indicates that both BTA15 an

tenderness, measured as Warner-Bratzler shear foi p1H —|

BTA29 have substantial homology with human 1353|__

chromosome 11 (Solinas-Tol@bal., 1995; Barendse
et al., 1997; Kappeset al., 1997). HSAl1ll was
therefore examined for genes with known effects o
muscle metabolism or development to identify
potential candidate genes underlying the effect o ©P3P —1z3l ]
meat tenderness. Since the calcium-depende
protease system has been implicated in the pos HSA11
mortem tenderization process (Koohmaraie, 1996}_). : .
igure 1 Interruptions in
and because the gene coding for the large subtinit @onserved synteny between
) _ ) HSA11 chromosome and the
micromolar activated calpainCAPN1) maps 10 genes assigned to BTA15 and
HSA1l, this gene was identified as a potentiaPTA29 linkage groups (adapted
from Smithet al., 2000).
candidate gene for the observed QFig(re 3.1).
The cDNA full-length was obtained in cattle by Smé al. (2000) allowing to
shed light on the structure of this gene: a totdl9exons and 17 introns were revealed

and sequenced. The polymorphisms detected in otieeontrons were used to map the
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CAPN1 gene to the telomeric end of the BTA29 linkage ugrolt was then
demonstrated that this region approximately coeidvith the position of the QTL,
hence suggesting th&APN1 gene is a positional candidate encoding for aejs®
potentially affecting variation in meat tenderngssattle (Smitret al., 2000).

Processing and cooking practices are importantefalerness, along with activity
levels of calpain (micro- and milli-calpain) anceihinhibitor calpastatin (Koohmaraie,
1996). Recently, single-nucleotide polymorphism P3Nnarkers in theCAPN1 gene
have been suggested to fill this role (Pea., 2002; 2004; Whitet al., 2005; Morris
et al., 2006). TheCAPN1 gene encodes the proteagecalpain, which degrades
myofibrillar proteins post-mortem and is thought ie one of the most important
enzymes involved in beef tenderness (Koohmarai@6)19t is known that the calpain
and calpastatin proteins include distinct subuensoded by four genes: calpain 1
(CAPNL1), calpain small subunit CAPNSL) and calpastatinGAST) have been mapped
on chromosomes BTA29 (Smit al., 2000), BTA18 (Bandtt al., 2000) and BTA7
(Bishopet al., 1993), respectively, whereas calpairCAPN2) has not been mapped yet
in cattle.

The humanCAPNL1 gene includes 22 exons, spanning approximatelit30and
the bovineCAPN1 homolog has a similar structur€igure 3.2. Four SNPs in the
CAPNL1 gene revealed significant effects on tendernessooked beef (Paget al.,
2002; 2004; Whitest al., 2005; Morriset al., 2006). Paget al. (2002) found two non-
synonymous SNP in theéAPNL1 gene that produce amino acid substitutions atipaosi
316 (Glycine/Alanine) and 530 (Valine/lsoleucine}he protein. The two SNP markers
consistently identified favourable alleles at th@LQfor tenderness in two distinct
resource families (Casas al., 2000; Morriset al., 2001) and were later shown to be
associated with tenderness in a wide range of lored8os taurus cattle (Paget al.,
2004). Nonetheless, these SNP markers were alsensioonot segregate at appreciable
frequencies in Brahman cattle (Casaal., 2005) and to be homozygous in a Brahman
x Hereford population, which nonetheless was fotmdsegregate at the QTL for
tenderness located on BTA 29 (Cashal., 2003), indicating that SNP 316 and SNP
530 do not identify all variation at tH@APN1 gene affecting tenderness. Whéteal.
(2005) found one additional SNP in tBAPN1 gene at position 4751 on the intron 17
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correlated with tenderness in a large, multisireefinan Brahman population, being
associated with shear force on post-mortem. Thidifig demonstrated that genetic
variation important for tenderness segregatdosindicus cattle at or near theAPN1
locus (Whiteet al., 2005). More recently, Morriet al. (2006) demonstrated that one
more SNP at position 947 (Alanine/Glycine) of tGAPN1 gene is significantly
associated with shear force at intermediate stafjesgeing and with tenderness of

cooked strip loins (M. longissimus dorsi steaks).

% | Marker 5331
#* | Marker 316
% | Marker 530
% | Marker 947
% | Marker 4751
% | Marker 4753

Exons 1 to 10 | Exons 11 to 22

Intron 10 (~15 kb)

Figure 3.2 Organization of th&€€APN1 gene in the cattleBps taurus L.) genome
and localization of SNP markers (adapted from Wetit., 2005).

Interest in the study of linkage disequilibrium (LD.e., non-random association
of alleles) has increased dramatically in recerdryebecause of two factors. First,
genomic technology enables rapid identificationhaplotypes at many genetic loci,
either by direct DNA sequencing-by-synthesis orhigh-throughput single-nucleotide
polymorphism (SNP) analysis. Second, in the presefisignificant LD, of the order of
tens of kilobases or more, it can be possible &ntifly genetic regions that are
associated with a particular trait of interest (eMdendelian genes and QTLs) by a
systematic, high-density genome scan of individuatsn an existing population
(Rafalski and Morgante, 2003). By contrast, if LEctines rapidly around the causative
gene, the identification of genes responsible far trait of interest is possible by
screening a limited number of candidate genesvidaial SNPs or haplotypes within a

candidate gene are systematically tested for assmciwith the phenotype of interest.
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In some cases, the identification of causativeavdas, known as QTNs (quantitative
trait nucleotides) might be possible.

Whole-genome scanning and candidate gene mappinthodwogies are
fundamentally similar, and differ primarily in thecale at which the analysis is
performed. Understanding the patterns of LD acrites genome in the available
populations as well as measuring LD between markéitsin a candidate gene will
facilitate the choice of the appropriate methodyglfay genetic association mapping and
marker-assisted breeding. In particular, SNP market are tightly linked to a QTL as
well as SNP markers that are directly located @aradidate gene can be in partial or
complete population-wide linkage disequilibrium hvithe trait, such that some SNP
marker-QTL allele haplotypes are more frequent tiigmected by chance. In this case,
selection can be performed on the basis of the enagknotype. The probability of
population-wide LD is higher for closely linked rkars and in selected populations of
small effective size, which is the case for livekispecies and breeds. Breeding
programs assisted by molecular markers has raedy attempted in cattle. Genetic
improvement through marker-assisted selection wéadditate phenotypic evaluation
by progeny testing if appropriate markers couldduend.

This study deal with the investigation of singleclaotide polymorphisms in the
calpain CAPNL1), a gene with great potential importance for nmeatlerness in cattle
(Bos taurus L.). In particular, the main objectives were tettthe existence of genetic
variation at the calpain locus in the populatiomemstudy by assessing SNP markers
and haplotypes. Preliminary measurements of LD éetwsite pears of theAPN1
gene were also performed. The characterizatiohepbpulation on the basis of animal

genotypes is reported and implications for marlssisied selection are discussed.

3.2 Materials and methods
3.2.1 Experimental populations
A total of 170 animals belonging to a larger pogpiola of Piedmontese breed®ds

taurus L.) were used for detecting SNP markers and gg@mogyanalysis. In particular,

93



Chapter 3

animals were chosen randomly from a population nadg 080 young bulls selected
within the progeny of 148 Al sires. At slaughteriagimals were 523+73 d old and their
average carcass weight was equal to 417145 kg. samtples ot .ongissimus thoracis
muscle (LM) were collected from each animal 24 teraslaughtering and immediately
stored at —20°C. All samples were used for thewatadn of meat traits according to
EU grading system and for the definition of anirgahotypes based on SNP markers.
Meat tenderness data were collected using the migbhoposed by ASPA in 1996
measuring the shear force on 5 cylindrical core$3(tm in diameter), obtained from
the steaks at aged 7 d post-mortem, by a TA.HDitdrexAnalyzer, equipped with a
Warner-Bratzler shear device and a texture expémvare (Boukhaet al., 2007).

3.2.2 Genomic DNA preparations

Meat samples deriving from the 170 Piedmonteseviddals were used for total

genomic DNA isolation. The DNA extraction was peni@d using 100 mg of stored
LM through cell lyses and protein precipitationpstdoy ammonium acetate followed by
purification using isoproponanol.

The concentration of genomic DNA samples was detexthby optical density
spectrophotometer readings at 260 nm (1 O.Dg#thl) and their purity calculated by
the O.D20/O.D 25 ratio and by the O.b.y/O.D 310 pattern (Sambrooét al., 1989). An
aliquot of each genomic DNA sample was also assdyedelectrophoresis on 1%

agarose gel.

3.2.3 SNP markers and genotyping of animals

Markers 316 and 530 in tH@éAPN1 gene have been previously described (Ragk.,
2002), while marker 4751 has been more recentlyacterized by Whitet al. (2005).
Marker names for these SNPs were derived from Mé&at Animal Research Center
primer numbers, and have no meaning in regafdA®BN1 sequence at either the DNA
or protein levels. Marker CAPN316 is a C/G subsitiu (Ala/Gly) polymorphism and
lies in exon 9 (base 5,709 of AF252504), marker 8BBO corresponds to a A/G
substitution (lle/Val) in exon 14 (base 4,558 of 24B054) while CAPN4751 is
equivalent to a C/T substitution in intron 17 (b&ge45 of AF248054).
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Development and assessment of SNP markers in ¢uesee of the CAPN1 gene
were performed as reported by Rincon and Medra@0gPwith some changes to adapt
their protocols to available instruments and retgijeiThe two authors used an
alternative system for genotyping animals, on theid of the above mentioned SNP
markers, using the tetraprimer amplification refoag mutation system-polymerase
chain reaction (ARMS-PCR) and the polymerase cheaction-restriction fragment
length polymorphism (PCR-RFLP) methods. The SNRyging based on the ARMS-
PCR technique, previously described by &eal. (2001), was carried out employing
two primer combinations to amplify the two diffetenarker alleles of each SNP site in
a single PCR reaction. More specifically, two aispecific amplifications occur in
opposite directions with two outer primers thatagsthe region of the SNP and two
inner allele-specific primers that have an allgdeesfic mismatch at the 3'-terminal base
and a second deliberate mismatch at position <2 free 3'-end (Rincon and Medrano,
2003; 2006).

The Bos taurus CAPN1 accession numbers AF248054 and AF252504 were used
for designing primers by Rincon and Medrano (2006)particular, the SNP markers
316 and 4751 were analyzed by tetra-primer ARMS&rtepie using two primer pairs to
amplify the two correspondent alleles in a singlE€RPreaction. The nucleotide
variations of SNP marker 530 were assayed usinGR-RFLP technique adopting the
Psyl restriction enzyme to digest amplicons. The priseguences and fragment sizes
are presented ihable 3.1

For SNP markers 316 and 4751, tetra-primer ARMS-P@Rctions were
performed in total volumes of 25 ul, containingri of genomic DNA, 10 pmol each
inner primer, 1 pmol each outer primer, 200 uM dN,TPx RedTaqg PCR buffer (10
mM Tris-HCL, pH 8.3, 50 mM KCI, 1.1 mM MgCI2) and U RedTaq DNA
polymerase (Sigma-Aldrich). The amplifications wererformed using a touchdown
PCR with annealing of primers set at 64°C for fin& tycle, decreasing 1°C every two
cycles until 60°C. Then the steps of denaturatibor®%C, annealing at 60°C and
extension at 72°C were performed for 27 cycles. R&&ducts were resolved by
electrophoresis in 2.5% agarose gels, stained etitidium bromide and visualized
under UV light.
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The PCR products for the SNP marker 530 were g&sterssing a standard PCR
protocol in a total volume of 25 pl, containing & of genomic DNA, 1 pmol of each
primer, 200 uM dNTPs, 1RedTaqg PCR buffer and 1 WRedTag DNA polymerase
(Sigma-Aldrich). The PCR products were then digéstdth Psyl following the
instructions of manufacturer (Fermentas) throughnaabation at 37°C for 2 h. The
RFLP profiles were analyzed in 3% agarose gelshesdawith ethidium bromide and

visualized under UV light.

Table 3.1Sequences (%o 3) of CAPN1-related primers used for genotyping animals.

Markers  Primer sequence* Product size (bp)
For inn TTTCCTGCAGCTCCTCGGAGTGGAAGG 269 (G allele)

SNP 316 Rev inn GCTCCCGCATGTAAGGGTCCAGG 228 (C allele)
For out GCTGTGCCCACCTACCAGCATC
Rev out CAGGTTGCAGATCTCCAGGCGG 440

SNP 530 For CGTTTCTTCTCAGAGAAGAGCGCAGGGA 341 (A allele)
Rev CCTGCGCCATTACTATCGATCGCAAAGT 195 and 146 (Gedd)
For inn GCATCCTCCCCTTGACTGGGGGGAAACC 158 (C allele)

SNP 4751 Rev inn GTCACTTGACACAGCCCTGCGCGCCA 231 (T allele)

For out CCTGGAGTCCTGCCGCAGCATGGTCAAC 334
Rev out AAGCTGCAGGAGCTGCCCAAAGCCAGGC

*The underlined nucleotides represent the mismaltdiases in the inner amplification
refractory mutation system primers.

3.2.4 Genetic diversity statistics

SNP data from each animal DNA sample were recoatedrding to the dual nature of
the marker system by assigning a nucleotide cooresgnce to each band identified in
the gel. Standard genetic diversity (H) statisb€dNei (1973) and the inbreeding (F)
coefficients of Wright (1965) were used to summaiize population structure on the
basis of SNP markers for tl@APN1 gene. Letp; denote the frequency of theSNP
marker at a given site, the total genetic diversityhe subpopulation was computed as
Hs=1-Tp;® which corresponds to the expected heterozygoisigy, (1973). Once directly
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determined the observed heterozygosity) (6f individuals, the fixation index was
calculated as E=(Hs—H))/Hs to measure the deficit (inbreeding) or excess
(outbreeding) of heterozygotes in the subpopula@fright, 1978). The observed
number of markers (pand the effective number of markerg) (per SNP site were also
calculated according to Kimura and Crow (1964).

All calculations and analyses were conducted usiegsoftware PopGene version
1.21 (Yehet al., 1997).

3.2.5 Population structure and animal ordination amlyses
The population structure and animal ordination ysed were performed according to
the unweighted pair-group arithmetic average mettiellGMA) clustering algorithm
(Sneath and Sokal 1973), and the centroids of [P ®iaplotypes were constructed
from the symmetrical nucleotide similarity matrixetdrmined using the Simple
Matching coefficient. The principal coordinate ayséd was then applied to compute the
first two components out of the similarity coef@at estimates: the triangular matrix of
nucleotide similarity was double-centered and thiedimentionally plotted according
to the extracted Eigen-vectors (Rohlf, 1972).

All calculations and analyses were conducted ugiegappropriate routines of the
software NTSYS version 1.80 (Rohlf 1993).

3.2.6 Statistical analysis of LD estimates
For each of the three single-nucleotide polymonpisignvestigated in the CAPN1 gene,
the frequency of SNPs and genotypes were compwidatl animals.

The frequency of haplotypes in the population wase computed for all possible
combinations of the three SNPs. The Linkage Diddajwim (LD) for all pair-wise
comparisons of SNPs was estimated by using thedatdized disequilibrium
coefficient (D) of Hedrick (1987) and the squared marker frequermrelation (f) of
Weir (1996). In particular, BD/Dmax Where D¥5—papp is equivalent to the difference,
in absolute value, between the frequency of a gimarker haplotype in the population
and the product of the frequency of single markkesvontin, 1972). The coefficient of

correlation, ¥=D?(p.0aPs0p) iS given by the ratio between the squared stairtzd
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disequilibrium coefficient and the product of teduency of all possible markers (Hill
and Robertson, 1968).' > affected solely by recombination events betw@BI® sites,
whereas 7 is also affected by differences in SNP frequentyha two sites being
analyzed (Remingtogt al., 2001). The probabilities of obtaining LD estiemfat least
as extreme as values observed under an hypothiebigkage equilibrium P values)
were then calculated by using the exact test dfdfi§1918) for SNP site pairs with two
nucleotide variants each. A probability less thad0@ was arbitrarily chosen to indicate
a statistically significant amount of linkage digédprium.

All calculations and analyses were conducted usiggsoftware Genetic Data
Analysis (GDA) version 1.0 (Lewis and Zaykin, 1999)

3.3 Results

3.3.1 Detecting SNPs and haplotypes for the calpa{@APN1) gene

To test nucleotide variability in th€EAPN1 gene within the cattle population under
study and its utility for association mapping, SiBrkers 316 (G>C), 530 (G>A) and
4751 (T>C) were individually analyzed and all 1#inaals subjected to genotyping.
The relative proportions of the single nucleotiddseach SNP site were equal to
p(G)=0.9176 and)(C)=0.0824 for the marker 316, p¢G)=0.5710 andj(A)=0.4290 for
the marker 530, and {T)=0.5178 andj(C)=0.4822 for the marker 4751.

Table 3.2reports the number and frequency of observed drgeraotypes for the
three SNP sites. The observed proportions of si8lE markers were not significantly
deviating from proportions expected in case of KaMkinberg equilibrium, as
demonstrated by the chi-square values. Concer@AigN1 gene polymorphisms, it is
worth noting that G was already shown to be thetrmosimon nucleotide for both SNP
markers 316 and 530 Bos taurus populations (Paget al., 2004). Moreover, Whitet
al. (2005) reported C as a rare nucleotide (<10%)tlher SNP marker 4751 in a
population ofBos indicus.
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Table 3.2Number and frequency of observed and expectedygmemfor the three SNPs.

SNPs Observed Expected X

Marker 316 No. Frequency No. Frequency

GG 143 0.8412 143.2 0.8419

GC 26 0.1529 25.7 0.1514

CcC 1 0.0059 1.2 0.0067 0.0141 n.s.
Marker 530

GG 53 0.3136 55.1 0.3260

GA 87 0.5148 82.8 0.4900

AA 29 0.1716 31.1 0.1840 0.3864 n.s.
Marker 4751

TT 50 0.2959 45.3 0.2681

TC 75 0.4438 84.4 0.4994

CcC 44 0.2604 39.3 0.2325 2.2069 n.s.

A number of genetic diversity coefficients wereirestted using the formulas of
Nei (1987). The observed and effective number oP Sharkers were computed along
with the heterozygosity statistics for all SNP sit®larkers 530 and 4751 revealed very
high and similar values of variation, whereas ma&E6 scored the lowest variation
statistics Table 3.3.

Table 3.3Summary of heterozygosity (H) statistics alongwiixation index (F) values.

SNP Size B Ne H, Hs Fis

Marker 316 340 2.0000 1.1781 0.1529 0.1511 -0.0119
Marker 530 338 2.0000 1.9605 0.5148 0.4899 -0.0508
Marker 5751 338 2.0000 1.9975 0.4438 0.4994 (@111
Mean 339 2.0000 1.7120 0.3705 0.3801 0.0486
St. Dev. - 0.0000 0.4628 0.1917 0.1984 0.0846

The observed (M and expected heterozygositygjHestimates for the single SNP
markers and the mean values over all SNP marke&rssammarized inrable 3.3
Moreover, the fixation index (§) was computed for each of the SNP markers as an
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estimate of heterozygote deficiency (+ values) acess (— values) within the

population. It is worth mentioning that an excekhaierozygous animals was found for
SNP markers 316 and 530, whereas an excess of ggmazanimals was found for the
SNP marker 4751 (see al$able 3.2.

3.3.2 Analysis of linkage disequilibrium: preliminary data

The non-random association of nucleotides.,(linkage disequilibrium) at the three
different SNP sites of th€EAPN1 gene was investigated as a key step for assatiatio
mapping purposes.

A highly significant P<1%o) linkage disequilibrium was scored between SNP
markers 530 and 4751, whereas the pair-wise cosgpaibetween SNP markers 316
and 530, and 316 and 4751 revealed linkage equitibm the population under study
(Table 3.9.

Table 3.4Single population linkage disequilibria betweeirpaf SNP markers.

SNP markers  No. D’ r? X P

316-530 168 0.0440 0.1045 0.514 n.s.
316-4751 168 0.0422 0.0934 1.103 n.s.
530-4751 168 0.8616 0.4109 28.020 <0.00001

When pair-wise combinations of point mutation siéshe CAPN1 gene with two
nucleotides each were compared, nine differentdite@SNP haplotypes were expected
at frequencies resulting from the product of fregties of single-site SNP markers.
Concerning the haplotypes based on SNP markers5306and 316-4751, any
significant difference was found between observetiexpected proportions.

In particular, Table 3.5 reports the relative proportions of haplotypes émel
differences between observed and expected estif@tedNP markers 316 and 530.
Very small absolute and relative differences werentl between observed and expected
proportions over all haplotypes.
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Table 3.5Proportions of haplotypes and differences betwaeserved and expected estimates
for SNP markers 316 and 530.

SNP 316-530 Observed proportions  Expected proportits Differences

Haplotypes No. Freq. No. Freq. No. Freq.

GG/IGG 46 0.2738 44 0.2638 2 0.0100
GG/GA 71 0.4226 73 0.4330 -2 -0.0104
GG/AA 25 0.1488 24 0.1443 1 0.0045
GC/IGG 7 0.0417 8 0.0479 -1 -0.0062
GC/GA 14 0.0833 13 0.0787 1 0.0046
GC/AA 4 0.0238 4 0.0262 0 -0.0024
CCIGG 0 0.0000 0 0.0019 0 -0.0019
CCIGA 1 0.0060 1 0.0030 0 0.0030
CC/IAA 0 0.0000 0 0.0010 0 -0.0010
Total 168 1.0000 168 1.0000 7 0.0044

Table 3.6 reports the relative proportions of haplotypes dhd differences

between observed and expected estimates for SNkeraé16 and 4751.

Table 3.6 Proportions of haplotypes and differences betwaeserved and expected estimates
for SNP markers 316 and 4751.

SNP 316-4751 Observed proportions Expected propodins Differences

Haplotypes No. Freq. No. Freq. No. Freq.

GG/TT 42 0.2500 42 0.2489 0 0.0011
GG/TC 62 0.3690 63 0.3733 -1 -0.0043
GG/CC 38 0.2262 37 0.2190 1 0.0072
GCITT 7 0.0417 8 0.0452 -1 -0.0035
GC/TC 13 0.0774 11 0.0679 2 0.0095
GC/CC 5 0.0298 7 0.0398 -2 -0.0100
CC/ITT 0 0.0000 0 0.0017 0 -0.0017
CC/TC 1 0.0060 0 0.0026 1 0.0034
CcCi/cC 0 0.0000 0 0.0015 0 -0.0015
Total 168 1.0000 168 1.0000 8 0.0422
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It is important to emphasize that absolute diffee=n between observed and
expected proportions of haplotypes for SNP marka® and 530 as well as for SNP
markers 316 and 4751 proved to be very lo#® @nimals). In case of numerical
discrepancies attributable to the animal sampke, sirarkedly higher differences would
have been scored between observed and expectedypaplrequencies.

The haplotypes based on SNP markers 530 and 47zdaleel consistent
differences between observed and expected propsrtimat were shown to be highly
significant Table 3.7). In particularhaplotypes foSNP markers 530 and 4751 revealed
very large differences, ranging from 7 to 27 ansnpér single haplotype. Marked
excesses and deficiencies were discovered for icetaplotypes. For instance,
haplotypes GG/CC (+27, 3-fold), AA/TT (+20, 3-foldnd GA/TC (+26, 2-fold) scored
frequencies much higher than expected, while hgpést GA/CC (-20), GG/TT (-15),
AA/TC (-13) and GG/TC (-11) scored frequencies miaster than expected (about 2-
fold each).

Table 3.7 Proportions of haplotypes and differences betwasserved and expected estimates
for SNP markers 530 and 4751.

SNP 530-4751 Observed proportions  Expected propodins Differences

Haplotypes No. Freq. No. Freq. No. Freq.

GG/TT 1 0.0060 16 0.0928 -15 -0.0868
GGITC 12 0.0714 23 0.1392 -11 -0.0678
GGI/CC 40 0.2381 13 0.0817 27 0.1564
GA/TT 19 0.1131 26 0.1523 -7 -0.0392
GA/TC 64 0.3810 38 0.2285 26 0.1525
GA/CC 3 0.0179 23 0.1341 20 -0.1162
AATT 29 0.1726 9 0.0508 20 0.1218
AAITC 0 0.0000 13 0.0762 13 -0.0762
AA/CC 0 0.0000 8 0.0447 -8 -0.0447
Total 168 1.0000 168 1.0000 147 0.8616

As a matter of fact, the discrepancies betweenrebdeand expected haplotype

proportions proved to be very small for the combares of SNP markers 316 and 530
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and SNP markers 316 and 4751, and much largehéohaplotypes deriving from SNP
markers 316 and 4751. Moreover, skewed distribstioh animals among the nine
different haplotypes were expected to be randondiriduted over the three pair-wise
SNP site comparisons.

Overall SNP marker frequencies and haplotype ptopw could have been
biased by the relatively small sample size, beegrtumber of animals equal to 168. As
a consequence, for association mapping purposetionddl animals have to be
investigated to avoid skewed distributions of SNBrkars and possible haplotypes.
Preliminary analysis of SNP haplotypes can howéeevery useful to plan experiments
aimed at testing the relationship between a cateligiene such &8APN1 and a number
of meat quality traits, such as tenderness.

The analysis of haplotypes was then extended ahtiee SNP markers and their
proportions were estimated in the whole populatiéigure 3.4 reports the observed
and expected proportions of the 27 possible SNRohgges in the analyzed population
of cattle. As few as three of them proved to berttwst abundant genotypes, whereas

Six genotypes were never recorded.

Figure 3.4 Histograms of observed and expected SNP hapldtggaencies.
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A marked excess was found for haplotypes GG/AA/FTI8( 257%), GG/GG/CC
(+24, 200%), and GG/GA/TC (+19, 59%) over all SNBrkers, whereas deficiency
was found for most of the remaining haplotypes t{palarly, GG/GA/CC -16, 84%;
GG/GG/TT -12, 92%; and GG/AA/TC -11, 100%).

Principal components analysis allowed the definitiof centroids of SNP
haplotypes using the Simple Matching genetic sintylamatrix. All animals were
grouped into three main subgroups, as can be seen the scatter diagram plotted
according to the first two component&dure 3.5. The most numerically represented
haplotypes, namely GG/GA/TC (51 animals), GG/GG/G86 animals), and
GG/AA/TT (25 animals), accounting for two third thie whole population, were plotted

within distinct quadrants.
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Figure 3.5 UPGMA centroids of animal SNP haplotypes definedoading to the first two
coordinates: the most numerically represented lagms were plotted within distinct quadrants.
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It is interesting to note that all haplotypes shdre same nucleotide for SNP
marker 316, whereas are polymorphic and show batkentides for either SNP marker
530 or SNP marker 4751. Combinations GA/TC, GG/G@ AA/TT are therefore
responsible for the strong LD found between SNPkerar530 and 4751, being their
frequency significantly different from that expeattan case of random assortment of
nucleotides.

The first three components with Eigenvalues of 26173 and 7.5 were able to
explain 90% of the total nucleotide variation fouaidhe SNP sites of tf@APN1 gene.
In particular, the first component, which expla$8.6% of the total variation, was
positively associated with nucleotides A and T amegatively associated with
nucleotide G and C of markers 530 and 4751, resdet The second component,
which explains 22.4% of the total nucleotide vaoiat was positively associated with

the C and negatively associated with the G of ma3ké (Figure 3.5).

3.4 Discussion

3.4.1 Linkage disequilibrium mapping

In recent years, linkage disequilibrium (LD) haseaiged considerable attention as it
may be exploited to effectively map genes undegymoth simple and complex traits
(Terwilliger and Weiss, 1998; Ron and Weller, 200Me potential advantage of LD
mapping over conventional genetic analysis of lggaerformed within families lies in
the use of “historical” recombinants, thereby imsiag mapping resolutioneg.,
Héastbackaet al., 1992; Talbott al., 1999; Farniet al., 2000).

As the fundamental aim of animal genetics is tonemh the genotype to the
phenotype, the association mapping strategy baseldDoestimates seeks to identify
specific functional genic variants such as alldieked to phenotypic differences in a
given trait. Association mapping can thereforelfiates the detection of Mendelian or
quantitative trait-causing DNA sequence polymorpissand/or the selection of
genotypes that closely resemble the phenotype (magand Wilcox, 2007). As a

matter of fact, many Mendelian genes and Polygaeneésaffecting disorders, diseases
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and other economically important productive traits livestock have now been
identified (Andersson, 2001; Dekkers and Hospi2002). For instance, several
mutations that cause simple monogenic disordefarin animals are catalogued in the
OMIA (online Mendelian inheritance in animals) dzdae. Most traits of interest, such
as growth, milk yield and meat quality, have a pelyic inheritance being controlled by
an unknown number of quantitative trait loci (QTand influenced by environmental
factors. As a result, there is a considerable éstein finding genetic markers or
diagnostic tests that can be applied in breedingnams. Genome scans for detecting
QTL have been attempted for several traits in e€afflhe confidence interval of
individual QTL as determined by linkage mapping lgsia often spans tens of map
units, containing hundreds of genes. Linkage digibgum (LD) mapping can increase
the precision of tagging single traits in terms rmBp units, but the identified
chromosome region will still contain tens of gengés.successfully implement genetic
selection programs for complex traits, the idecsdifion of specific polymorphism(s)
associated to the QTL responsible for the obseeflsdt is needed. However, methods
suitable for model animals to find out candidateeage (CGs) and validate specific
guantitative trait nucleotides (QTNs) underlyingagtitative individual phenotypes are
now available but they are not always easily applie to livestock species because of
their long generation intervals, the cost of mamiey each animal and the difficulty of
producing transgenics or knock-outs (Ron and WeR607). Nevertheless, the most
important practical benefit that genomics can hivanimal breeding is the discover
and use of molecular markers as tools for marksistesl selection or pre-selection of
animals. This is particularly useful to achievelyyaelection of a trait or a combination
of traits.

Liu et al. (2001) claimed that SNP haplotype analysis isenadficient than single
SNP marker analysis for mapping traits. In factn@y looking at the marginal
dependency between marker alleles and antagoresiopfpes may be inefficient. For a
LD mapping strategy to be optimal in fine genetiapping, it is essential to consider
the information observed in a set of contiguowgtty linked markersi(e., haplotypes).
Linkage mapping should be carried out in a stretysedigree to obtain LD between

putative QTL and SNP markers. The optimal experialedesigns, with respect to
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maximal statistical power and minimal number ofiwdlals genotyped, are based on
BC, or k, populations generated from crosses between inbred. If QTL-detection
experiments are based on crosses between diffiereads, it can generally be assumed
that all individuals from one breed inherited tlaane QTL allele. Although livestock
breeds are not isogenic, differences between thedsrwill generally be large relative
to differences within breeds. In these designsjmalividuals will be informative for
marker genotype, and the QTL contrast will be mati(Ron and Weller, 2007).

Moreover, to be effective, QTL mapping by meansL&f requires a marker
density compatible with the distances across whibhextends in the population of
interest. Kruglyak (1999) estimated by simulatibattuseful levels of LD were unlikely
to extend beyond an average distance of a few kharhuman. Several studies have
later shown that the distribution of meiotic crossoevents, which contribute to the
breakdown of LD, is distinctly non-random in humg@srdon and Abecasis, 2003). As
a result, extended segments containing a few hgg@etand characterized by strong LD
are interspersed with recombination hot spots Vititle LD (reviewed by Rafalski and
Morgante, 2003). For example, Jeffregtsal. (2001) found several 1-2 kb long hot
spots separated by 20-100 kb long sequences shiwghdevels of LD. On average,
the length of high LD haplotypes and chromosomelsds known to range from 5 to
60 kb in human (Reicht al., 2001). Although large sets of experimental LDadaave
been accumulated in the human and some primateespdittle is known about the
extent of LD in most of the other mammals, inclgddomestic species.

In cattle, and extensive genome-wide LD analysigeaked surprisingly high
levels of LD that, although more pronounced forsely linked marker pairs (<10 cM),
extended over several tens of centiMorgans (Fatrai., 2000; see also Rafalski and
Morgante, 2003). A considerable drop it @alues was however observed between
markers associated 1 to 5 cM apart, suggestingitttsitould be possible to achieve
genetic resolution down to the centiMorgan levedr(ir et al., 2000). Overall data
indicated that LD mapping has the potential to &gy effective in livestock populations
not only to select markers tightly linked to imgort genes useful for selecting desirable

genotypes, but also to discover candidate genesdhrpositional cloning strategies.
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3.4.2 Marker-assisted breeding

Marker-assisted selection has great potential forone traits for which selection has
been historically difficult, such as meat tendesnés reliably tender meat product is
one of the most important attributes for maintagnconsumer satisfaction with beef
steaks. Selection programs for genetic improvemanttenderness might be
implemented in cattle if candidate genes and apjaiap markers could be found.
Calpain 1 CAPN1), a gene encoding the enzymealpain which degrades myofibrillar
proteins post-mortem, is thought to be one of tlestnpromising candidates for beef
tenderness.

The current challenge is to find out gene markersstich quantitative trait that
will be useful in many populations, especially thosith the greatest opportunity for
improvement through marker-assisted breeding prograThe majority of DNA
markers developed for quantitative traits in thetrfew years is not likely to be the
causative nucleotide variation because identifocatiand proof of nucleotide
substitutions with low to moderate effects is extety difficult (White et al., 2005).
However, markers that effectively track functioraleles in a reliable way have
substantial value because they permit relativebueate assessment of genetic merit at
a locus based solely on the genotype of the indalidhnimal, without the need for
extensive testing of pedigree material to deterntiveepresence of variation and phase
with respect to marker alleles.

Examples of this type of marker are the SNP marl3k6, 530 and 4751
previously shown to have predictive merit in bregdpopulations of cattle (Pageal.,
2004; Whiteet al., 2005; Rincon and Medrano; 2006). Neither maikelikely to
represent the nucleotide difference causing tHaente on the trait, but the data so far
indicate that they are useful for tracking functiballeles with respect to tenderness in
major Bos taurus beef cattle breeds. Cattle Bbs indicus descent are widely used for
their heat tolerance and disease resistance, hdeteess has been problematic in many
of the animals (Crouset al., 1989). Because previously released SNP markdrsaBd
530 for theCAPN1 gene are almost fixed Bos indicus cattle (Casast al., 2005), one
of initial goals of researchers was to provide reasksegregating iBos indicus cattle

associated with effects on meat tenderness. Wiiital. (2005) focused on the
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development of an additional SNP marker 4751 fetGAPN1 gene and the assessment
of its predictive merit in populations &os indicus, Bos taurus, or Bos indicus x Bos
taurus crossbred cattle.

Overall results suggest that a high sequence i@riatan occur at th€APN1
gene because of the non-synonymous distinct poiatatons so far discovered.
Haplotypes and combinations of SNP markers showirgignificant effect on meat
tenderness have been documented and the genetimatfon acquired is likely to be
useful in making selection decisions for such d inecattle.

In this study, three distinct SNP markers in @&N1 gene were investigated in a
population of cattle to determine their frequenog ghe frequency of their haplotypes.
A total of 170 animals were subjected to genotypimgthe CAPN1 gene-associated
SNP markers 316 (G>C), 530 (G>A) and 4751 (T>C)e Bbnserved proportions of
single SNP markers were not significantly deviatiram proportions expected in case
of Hardy-Weinberg equilibrium. However, an excegsheterozygous animals was
found for SNP markers 316 and 530, whereas an sxaeBomozygous animals was
found for the SNP marker 4751. The pair-wise colgpas between SNP markers 316
and 530, and 316 and 4751 revealed linkage equitibin the population, whereas a
highly significant linkage disequilibrium was scdréetween SNP markers 530 and
4751. If is worth mentioning that a marked excess Wound for three haplotypess.
GG/AAITT, GG/GG/CC, and GG/GA/TC, while deficienayas found for most of the
remaining haplotypes, particularly GG/GA/CC, GG/GGand GG/AA/TC.

For association mapping purposes additional anirhale to be investigated to
avoid skewed distributions of SNP markers and jbsdiaplotypes. However, if it is
true that SNP marker frequencies and haplotypeqgptioms could have been biased by
the relatively small population size, it is alsoerthat skewed distributions of animals
among the different haplotypes were expected tabdomly distributed over the three
pair-wise SNP site comparisons.

In conclusion, ARMS-PCR and PCR-RFLP techniquesf@ethe development
and assessment of SNP markers in the c&#EN1 gene and information on their
frequency, along with the availability of preliminyadata on SNP haplotypes can be

very useful to plan experiments aimed at testirgy riflationship between a candidate
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gene, likeCAPNL1, and a number of beef tenderness parameters asustear force and

driploss.
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Figure 3.6 Histograms of shear force (A)

and driploss (B) estimates of animals
grouped according to genotypes of SNP

markers 4751 and 530, respectively.

Although appropriate and conclusive
statistical analyses  were  not
performed because of the small
sample size, preliminary observations
suggest that individual SNP markers
may have influence on the trait and
may be useful for tracking functional
alleles with respect to tenderness in
the analyzed cattle population, as
already reported by other authors
(Pageet al., 2004; Whiteet al. 2005).
Figure 3.6 reports histograms of
shear force and driploss estimates of
animals grouped according to
genotypes scored for SNP markers

4751 and 530.

On the basis of the rather smd&bs taurus breed differences in tenderness

compared with the large breed differences in alfedguency forCAPNL, it is also

likely that there may be other genes awaiting tadeetify. The utility of cloning genes

responsible for tenderness and finding markersoitgile in marker-assisted breeding

programs mainly will depend on future methods oyrpant that farmers receive for

guaranteed tender beef, compared with cattle coedi¢o slaughter with no guarantee

of tenderness.
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Abstract: The improvement of molecular marker technologies the implementation
of bioinformatics and statistical tools allow thetection of QTL for economically
important traits in livestock, including sheep. Jlmformation is crucial not only for
performing marker-assisted selection programs, abst for discovering and testing
candidate genes on the basis of combined gendtioghemical and physiological data.
Individual SNPs within a candidate gene can then ni@ecularly assayed and
statistically tested for association with the qitative phenotype of interest in order to
identify the causative variants. Leptin is consadkeimportant in animal production and
reproduction in livestock species. The gene encéatea 16 kDa protein hormone that
plays a key role in regulating energy intake anergy expenditure, including important
physiological functions, such as the body weighgufation, reproduction, bone
formation and growth as well as immunological fumas. This study deals with the
cloning and analysis of the sheep leptin gene oheroto reconstruct its molecular
structure and to discover its polymorphism conté&enomic DNA samples of four
sires deriving from an extreme mating Awassi x Menvere used as template with the
aim of amplifying the sheep leptin gene using premaesigned on conserved regions of
homologous genes. A sequence of the sheep leptie ge long as 4,883 bp was
recovered, including 714 bp of the promoter, 1,b8%f exon 1 and intron 1 regions,
539 bp of exon I, 1,262 bp of intron II, 570 bpefon Il and 609 bp of the-®ITR.
Multiple sequence analysis allowed to discover SMPs in exon Ill at position 170
(G>A) and 332 (G>A). Both polymorphisms determinad missense mutation
(Arg>Gly). The SNP G(170)A was adopted for the dgpimg of animals by means of
PCR-RFLP markers. A number of 255 animals belongmdhe backcross and the
double backcross Awassi x Merino progenies werdyaed in order to evaluate the
frequency of the SNP in single families and in gugulation as a whole. The leptin
gene-related SNP marker discovered in this studggaivith the PCR-RFLP protocol
set for individual DNA genotyping will be usefulrfassociation mapping purposes and
discovering quantitative trait nucleotides correthtto milk yield and quality
components in sheep.

Keywords: leptin gene, SNPs, PCR-RFLP markers, associatepping
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4.1 Introduction

4.1.1 Lactation curve and persistency

A novel and simple definition for persistency ottiion yield was proposed by
Grossmanet al. (1999). Taking into account the milk production the time after
calving, it is possible to obtain a typical lactaticurve. This curve can be described as
increasing from initial yield at calving to peakeld, maintaining peak yield and
decreasing from it to the end of lactation (Grosseial., 1999). An animal showing a
flatter lactation curve is more persistent thantheoanimal with the same total yield
but with a curve that decreases rapidly after thakp In other words, individuals are
persistent if able to maintain their peak yieldhmtthe lactation period (Cupps, 1966).
Animals that yield a flatter lactation curvee( more persistent) are characterized by
more constant nutrient requirements than animadé #me characterized by a less
persistent lactation curve (Gengler, 1995). Theeséantation trend allows animals to
consume adequate amounts of nutrient during fiegtssjust after calving resulting in a
positive energy balance. Animals with high peakknyields are more subjected to
metabolic stress during the first three weeks ofal@éon. Moreover, persistent animals
are less likely to experience metabolic stresshasehergy requirements are constant
throughout the lactation. Other advantages of alsiméh a constant milk production
are their higher reproduction efficiency and moesichble health status (Dekketsal.,
1998).

High yielding cows have been selected to produceemulk in large part through
their ability to mobilize fat and muscle to supparilk production in early lactation
(Watheset al., 2007). This results in a loss of body conditeord is associated with
alterations in blood metabolite and hormone prsfithich in turn influence fertility
(Pryceet al., 2001; Taylort al., 2003). In late gestation and early lactationrth&ient
requirements for foetal growth and milk synthesisréase dramatically and the cow is
unable to meet these energetic demands from heiirfteke. Most cows therefore enter
a period of negative energy balance (NEB) in thetgertum period from which it may
take them many weeks to recover (Taykbral., 2003). NEB is thus a metabolic
disorder affecting high yielding cows that can imngeealth and decrease fertility. The

length and depth of NEB vary according to the geneterit, pre-calving body
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condition, milk yield, feed-intake and diet (Bonkzet al. 1988; Garnswortht al.,
1982; Grummer 1995).

During the transition period.é. three weeks before parturition and nine weeks
later), marked alterations in the general partitigrof nutrients and metabolism of the
whole animal occur to accommodate energetic dem@ralglucose, amino acids and
fatty acids) of the mammary gland. Maternal tissu@ge adapted to meet foetal needs
during pregnancy but these adaptations get moreopreced in support of lactation
(Baumanet al., 1980). During lactation there are several metalmiocesses in which
the body energetic reserves are mobilized and simqalecules mainly deriving from
lipids utilization are free in blood circulation.llAmetabolic changes take place in
different organs of animals, such as mammary, adigessue, liver, muscle, kidney.
Consequently, the lactation is not just a functtdrmammary gland but involves all
vital organs of the animal allowing the regulatioh nutrient partitioning that is
important for milk production. Moreover, the maineegetic district is the adipose
tissue in which synthesis of storage lipids de@samnd lipid reserves are mobilized
(Baumanet al., 1980; Clarket al., 2005; Lakeet al., 2007). A variety of small and
simple molecules are generated from fatty acid aldagion. For example, non-esterified
fatty acids (NEFA) can be oxidized to carbon di@xfdr producing energy or partially
oxidized to provide ketone bodies or acetate whiehtransported throughout the body
for their utilization. NEFA can undergo an esteation turning into triacylglycerols
(TAG) that accumulates in the liver, where reacdh lifghest concentration at 7-13 days
after calving and then gradually decreasing (Baumiaal., 1980; Grummer, 1995).
Another example is the beta-hydroxybutyrate (BHBattrepresents the predominant
form of circulating ketone body and its concentnatis an index of fatty acid oxidation
(Watheset al., 2007).

Besides molecules deriving from fatty acid metabuli several metabolic
hormones alter in concentration over the critioadigartum period. Lucyt al. (2001)
described that independent changes occur in then&in-IGF-I-glucose signalling
pathway during this period. In particular, IGF-eggs to be the main mediator of the
growth hormone on milk production, regulating msjnthesis by the mammary gland
(Ethertonet al., 1998).
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It is well known that reproduction, characterizedmammals by the ability to
produce viable gametes and to support pregnancyaatation, is sensitive to changes
in energy reserves (Tena-Sempere, 2007). Situatibaestended energy deficit, such as
starvation or extreme physical exercise, being riamdly coupled to impaired
reproductive function. The physiologic base thaaypl a role on energy balance
regulation is a phenomenon that involves multimenmon regulatory signals acting at
different levels of the reproductive system (TemanBere, 2007).

The equation of energy balance is defined by thelibgum between food/feed
intake and energy expenditure (Casanwst\a., 1999). In order to keep constant body
energy stores, a state of energy abundaege by excess of food/feed intake) should
activate a series of homeostatic events leadingidmtenance of energy balance for
example, decreasing in food consumption and/oreasing in energy expenditure. In
other words, the energy balance in mammaliansngr@ed by a feedback loop where
the amount of stored energy is sensed by the hgfasttus, which in turns adjusts food
intake and energy expenditure to maintain a cohstaay weight (Brobeckt al., 1948;
Kennedyet al., 1953). Many experimental evidences suggesttthatphenomenon is
regulated by endocrine factors in which hormones @europeptides are involved. In
particular, one of the key molecules that is inedlvn the regulation of energy balance
is the adipocyte-derived hormone leptin (Friedreaal., 1998; Rosenbauset al., 1998;
Casanuevat al., 1999; Ahimeet al., 2000). Plasma leptin levels are strongly coteela
with body condition score (BCS) and decrease & pmegnancy (Ehrharet al., 2000;
Watheset al., 2007a). Furthermore, leptin concentrations aié lsw during the
postpartum period even when energy balance hasouegrand it seems to influence
voluntary feed intake (Ingvartsest al., 2000; Wathet al., 2007a;). In multiparous
cows, levels of leptin increase just before cahamgl they seem to be strong predictors
of a delayed first ovulation and associated witblgmged intervals to first service and
to conception (Wathest al., 2007). Since at this prepartum stage, the leptin
concentration is correlated with the BCS (Ehrhatdl., 2000; Wathest al., 2007a), it
can be indicative of the amount of adipose tissualable for subsequent mobilization
to support lactation (Wathest al., 2007). Likely, the elevated prepartum leptin can
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reduce appetite and therefore contribute to greR@® loss via reduced dry matter
intake (Kadokawat al., 2006).

During early lactation much attention should beetakor monitoring the energy
balance with the aim to prevent becoming negathaeket al., 2006). This is mainly
important for sheep since they show a high geneti@bility that leads large variability
in milk yield (Cannast al., 2002). The only practical on farm indicators &ssessing
NEB in dairy sheep, in order to prevent the sevasabciated disorders, are changes in
body condition score (BCS) and in live weight (LWhese indicators do not seem
sufficiently accurate for the identification of NEB the short-period. Among the
metabolites that might be appropriate to assayettexgy condition of animals during
the first weeks of lactation, it is possible tolude leptin, non-esterified fatty acids
(NEFA) and the beta-hydroxybutyric acid (BHBA). Milield and its composition
(protein, lipids, lactose) can also be used to mooriEB in dairy sheep (Jackt al.,
2006). Studying a population of multiparos Awass+Mo cross ewes, milked for 100
days, Jaclet al. (2006) found that NEFA and BHBA are correlated dave similar
patterns throughout the experimental period. Irstpasma circulating leptin proved to
be negatively correlated to EB. According to Jatlal. (2006), milk yield, lactose,
protein concentration, BCS and LW are the bestcatdrs for monitoring the EB
variance in sheep. Moreover, Clagkal. (2005) demonstrated that milk acetone is an
accurate and practical indicator for estimating &Bows in early lactation. Besides,
they found that plasma glucose and plasma BHBAthayeexplain a large proportion
of the variation in EB. Despite this, Claek al. (2006) established that milk acetone
concentration may be useful in experimental situetiand not as a practical indicator

of EB due to its variability over time.

4.1.2 Leptin: genetic and physiological aspects

Until 1994 the molecular pathogenesis of the comesbnutritional disorder in modern
societies, obesity, was unknown. Before this data $ingle gene mutations in mouse
that resulted in an obese phenotype have beenildadc(Friedmanet al., 1992).
Already in 1950 a first recessive obesity mutatitine obese mutationolf), was

identified by Ingailset al. (1950).0b is a single gene mutation that results in severe
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obesity and type Il diabetes as part of syndrons tbsembles morbid obesity in
humans (Friedmast al., 1991). Waltheget al. (1991) analyzed populations of mutant
and wild-type mice, finding thaib mice were deficient for a blood factor that regesa
nutrient intake and metabolism, but the naturéhis putative factor was still unknown.
The milestone of the discovery ob gene was the experiment run by Zhasgal.
(1994) which led to the identification tha gene by positional cloningib/ob mice
were severely obese due to a non-sense mutaticodain 105 in theob gene that
resulted in the lack of secretion of functionaltiegrotein, the product encoded by this
gene.

Zhang et al. (1994) reported the sequence of moobegene and its human
homologue. Theb gene encodes a 4.5 kb messenger RNA and a 16 roBarpwith a
highly conserved 167, in mouse, and 166, in hunaamno acid residues. The two
primary structures differ in the presence vs. absef a glutamine residue at position
+49 of protein chain (Zhang al., 1994; Isseet al., 1995). These variants come from
alternative splicing of mRNA, transcribed from tineique leptin gene as demonstrated
by Isseet al. (1995) and Oberkoflegt al. (1997). The human leptin gene is made of
three exons. The coding region is contained in exdand 3, whereas exon 1 is not
translated. The initial region of exon 2 encodesgaalling peptide of 21 amino acid
residues that is not represented in the maturesiproLeptin revealed 67% sequence
identity among vertebrates, such as human, godhlanpanzee, orangutan, dog, cow,
pig, rat and mouse, suggesting a highly consemvedtion (Zhanget al., 1997).

Leptin is expressed predominantly in adipose tisso@ is thought to act as a
satiety signal in a feedback mechanism involvirigrget receptor in the hypothalamus
(Zhanget al., 1994; Masuzalket al., 1995). Moreover, leptin is a cytokine-like honmmeo
that is also secreted by other tissues as plad@reenet al., 1995; Hassinlet al.,
1997; Masuzakiet al., 1997; Senarist al., 1997), stomach (Badet al., 1998),
mammary epithelium (Chelikanét al., 2003; Smith-Kirwinet al., 1998), skeletal
muscle (Wanget al., 1998; 1999), brain and pituitary (Moragthal., 1999., Wiesneet
al., 1999; Jiret al., 2000).

Leptin has several important physiological funcsiosuch as the regulation of
body weight (Pelleymountet al., 1995), reproduction (Henson and Castracane,)2003
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immune functions (Lorat al., 1998), bone formation and growth (Stepphal., 2000;
Cornishet al., 2002; Harmicket al., 2004). Besides its association with obesitytithep
has drawn much attention in biomedical researclotioer health disorders such as non-
insulin-dependent diabetes mellitus, cardiovascuthsorders and hypertension
(Peelmaret al., 2004; Rahmouni and Haynes, 2004). Leptin tuutd@be important in
animal production and reproduction. In livestodie identification of genetic markers
that are positively associated with economicallpamtant traits has the potential to be
used in breeding programs to significantly altex thte of genetic improvement (Van
der Lendeet al., 2005). Traits that can be improved by this apphoare feed intake,
feed efficiency, energy balance, fast lean grovighjlity and reproductive efficiency.
Their employment can be exploited for the profiipiof milk and meat production
enterprise (Hossner, 1998).

Comparing the available information regarding tmeptih gene in livestock
species, the bovine leptin gene has been extepsstatied at the molecular level.
Figure 4.1 shows the position and name of the main SNP mar#lescovered in the

bovine leptin gene.

BiliiGRilNa

Name: 103 126 252 RA4AC RFLP1 | LEPBsaAl  A59V BM1500
Location (U50365): 978 1001 1127 1180 2059 2857 3100 3.6 kb downstream
LEPSau3Al

I = Signal sequence (21 amino acids)
Il = Leptin sequence (146 amino acids)

Figure 4.1 Organization of the bovine leptin gene with naraed sites of the polymorphisms
used in genetic association studies. Location nusnitefer to Genbank accession no. U50365
(Lieferset al., 2005).

The leptin gene was mapped to bovine chromosongichéet al., 1996). Up to
now numerous polymorphisms have been describéakeimaovine leptin gene (Ponab
al., 1997; Konfortowet al.,1999; Haegemaet al., 2000). In particular, Fitzsimmores

al. (1998) reported a positive association betweeni@aosatellite marker BM1500;
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located approximately 3.6 kb away from the lepteng) and body fatness in cattle.
Polymorphisms have also been reported in the codiggns of the leptin gene that
show considerable associations with feed intakeféset al., 2002; Lagonigreet al.,
2003; Oprzadelet al., 2003), carcass merit (Buchanenal., 2002; Nkrumalet al.,
2004), milk quantity and quality (Buchana&h al., 2003; Lieferset al., 2003a), and
serum leptin (Lieferst al., 2003b; see also references in Nkrureiadd., 2005)

An overview of polymorphisms detected in the codiaegion of the bovine leptin

gene and their employment in association studige/en inTable 4.1

Table 4.1 Summary of polymorphisms detected in bovine leg&éme and its receptor up to
date. Location numbers refer to Genebank accessioriJ50365 {Polymorphisms used in
association studies'Mutation resultsin amino acid change!'Polymorphism changes
transcriptions-factor affinity at promoter regiavél).

No. SNPs SNP ID References
ntron 1 . 46 (CIT), 103 (T/C), 126 (C/G), 143  Konfortovet al. (1999);
(CIm) Lieferset al. (2003b).
EXON 2 2 252T(AIT), 3051 (C/T) Konfortovet al. (1999);

Lagonigroet al. (2003).
536 (C/T), 538 (C/A), 600 (A/G), 644
(GIC), 726 (CIT), 744 (CIT), 852 (T/C), Konfortov et al. (1999);

Intron 2 13 860 (CIT), 867 (GIA), 964 (GIA), Lien et al. (1997).
1185 (CIT), 1560 (C/T), 1620(G/A)
EXON 3 5 140" (C/T), 297 (C/T), 300 (T/C), 312 Konfortovet al. (1999).

(T/C), 396 (CIT)

207 (CIT), 528 (CIT), 1759 (C/G),
-1457 (A/G), -1452 (A/G), -1446
(T/C), -1392 (G/A), -1255 (AG/del), -
1198 (G del), -1066 (T/A), -9863C/T), Taniguchiet al. (2002);
Promoter 25 -901 (A/T), -578* (C/G), -498 (C del), - Nkrumahet al. (2005);
483 (G del), -415 (G del), -292 (T/C), - Liefers & al. (2005b).
282 (GIT), -272 (G/A), -211 (AIG), -

201 (C/T), -197 (A/C), -170 (CIT), -

147 (CIT), -105 " (C/G)

Receptor 1 115* (C/T) Lieferset al. (2004).

Studies in human and other species have showmptigtorphisms in the leptin
promoter may be of major importance in genetic @ission studies (Fukuda. and Iritani
1999; Hoffstedtet al., 2002; Nkrumaket al., 2005). The bovine promoter region has
been sequenced by Taniguehial. (2002) for a total length of 3,000 bp. Liefral.
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(2005b) investigated a region 1,600 bp in lengtated in the 5end flanking promoter
region using a different source population (Holsteriesian heifers) and discovered a
total of 20 SNPs, mainly due to substitutions antly dwo to deletions. Fourteen of
them were extensively analyzed to establish thetemtial association with some
productive and reproductive traits. The detectetPSMvealed genetic association with
commencement of luteal activity after calving, aparnn live weight, feed intake, dry
matter intake, energy balance, milk protein per@get serum leptin levels during late
gestation and, in some cases in early gestatiorftddt et al., 2002; Fukuda and
Iritani 1999; Nkrumakhet al., 2005). In particular, three gene-specific SNR=ied in
the promoter of the bovine leptin gene revealedegierassociation with serum leptin
concentration, growth rate, body weight, feed ietdleeding behaviour, and measures
of carcass merit (Nkrumadi al., 2005). The mutation at position 1,759 of the poten
affecting some productive traits, detected by Nlabnet al. (2005), was further
investigated for its variability by Liset al. (2007) and Di Stasiet al. (2007) using
both beef and dairy cattle breeds.

Mutations of the promoter region are important lsea the resulting
polymorphisms can alter the transcription factondimg domains leading to an
alteration of the leptin gene transcription. Sorhéhese polymorphisms affect domains
for CCAAT/enhancer binding proteins (Goaigal., 1996; Hwanget al., 1996; Milleret
al., 1996; Taniguchet al., 2002), cAMP response element-binding proteinenf=t
al., 1996), SP1 (Fukuda and lIritani, 1999) and LPidinig proteins (Masomt al.,
1998). It is worth mentioning that CCAAT/enhancénding protein is an important
factor for the transcription of most genes expréssedipose tissue and for other genes
involved in energy metabolism (Darlingtenal., 1995).

According to Lieferset al. (2005b), the most important regulation sites sash
SP1, C/EBP, and TATA are located in the first 2@Oupstream from the transcription
start site of the bovine leptin gene that is anl@wanarily conserved region. In cattle
the SP1 transcription factor has a putative bindiig to nucleotides from 114 to 102
(Taniguchiet al., 2002). The effect of the C/G mutation at positid®b on leptin gene
expression in cattle was investigated by Adamowétzal. (2006): the C(105)G

substitution was found to change SP1-binding dffi@ind gene expression level in
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bovine liver. This result is in agreement with drestinvestigation that showed how one
point mutation in the SP1 site can be responsdsi@fdecreased expression of the leptin
gene in rat liver (Masod al., 1998).

In the pig, most of the polymorphisms of the lepgene has been studied and
discovered within exon and intron regions. Three PSN[C(867)T, A(2845)T,
T(3469)C] out of seven totally identified were fauassociated with backfat thickness
in Duroc breed (Ched al., 2004), feed intake during growing period andegenmerit
in Landrace pigs (Kennest al., 2001). Moreover, the SNP T(3469)C has been
extensively investigate in association studies. Most important finding is that the C-
allele in comparison to the T-allele is responsiblea reduced backfat thickness (Jiang
and Gibson, 1999; Urbaat al., 2002), an increased lean meat percentage (l€uhp,
2001; Urbanet al., 2002), a reduced intramuscular fat and an ise@doin weight
(Szydlowskiet al., 2004). The T-allele was also suggested to lavaufrable allele for
reproduction (Korwin-Kossakowsla al., 2002; Kmig et al., 2003; Chert al., 2004).
Recently, Stachowia& al. (2007) investigated a 245 bp long region of trenmwter in
swine leptin gene discovering four SNPs segregatisgtwo haplotypes. One of
identified SNPs [C(113)G] was found in the putativensensus site for the AP2
transcription factor. Nevertheless, any relatiopshias found between SNP genotypes
and level of leptin mMRNA in subcutaneous fat argdifeprotein concentration in serum.
Moreover, no association of the leptin promoterypuwrphisms with the analyzed
fatness traits was detected evaluating a populatiade of Duroc breed, Polish Large
White, Polish Landrace, Pitrain and a synthetie ({Btachowialet al., 2007).

Information about the leptin gene in sheep is scadb far, only Boucheet al.
(2006) carried out a research in order to detelyinparphisms in the sheep leptin gene.
They were able to discover a total of three SNPs population of Dorset and Suffolk
breeds. Two of these SNPs, namely A(103)G and §{15¥ere detected in the intron 2
and the other one, C(617)G, in th¢ @R. In the Suffolk breed, the A(103)G
polymorphism revealed association with reduced theuickness, loin eye area and
with increased shear forces and pH. In particabas, SNP apparently played a negative
effect on the muscle growth for Suffolk lambs (Bbecet al., 2006).
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This chapter deals with the sequencing of the shegn gene using available
information for the homolog in human and other $itoek species in order to discover
single nucleotide polymorphisms in the promotegres introns and the-BITR region.
The major goal was that of exploiting the point atisins detected in this study along
with the three SNPs identified by other authorsu@teret al., 2006) for genotyping
ewes of back-cross and double back-cross popusatienving from an initial mating
between Awassi and Merino. Genotyping data wera tieed to perform preliminary
association studies aimed at estimating potentiaktations between SNPs and certain

milk traits and feed intake parameters.

4.2 Material and methods
4.2.1 Animal population
The source population employed in this research wlatsined at the Centre for
Advanced Technologies in Animal Genetics and Repetdn, ReproGen (Faculty of
Veterinary Science, University of Sydney, NSW, Aab4a). It was based on an extreme
mating between Awassi fat-tail sheep and Merincediipe and medium wool sheep
(Raadsmaet al., 1999). This population was developed for theniifieation of QTL
putatively associated with traits of economical artpnce. The Awassi breed has been
extensively selected for its high milk yield, prathg around 1,000 litres of milk per
lactation (Epstein, 1982). It originates from thedie East (mainly Israel) and was
imported into Australia in 1986. Conversely, Meribeed is good in producing high
quality wool and fleece but poor in milk producti@encini and Dawe, 1998). Because
of their different aptitudes, these two breedsesent extreme types for the production
traits such as wool and milk. Merino and Awassiebiealso show marked differences
in frame size and fat distribution. The former ghbeeed has a much smaller frame size
than latter, and there is also a major differemcéat distribution between Merino and
the fat-tail Awassi (Raadsnehal., 1999).

In detail, the source population was generatedmgl@ying four i Awassi sires
mated to thirty Merino females. The Rwassi x Merino (AM) sires were crossed with

Merino ewes to obtain the (Awassi x Merino) x Meribackcross (AMM) progeny.
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From each family of the fourpFounder sires one sire was mated to 750, 300,200
300 Merino ewes, respectively. In total 519 AMM@fogeny of the first family, 201 of
the second, 132 of the third and 175 of the fotathily were produced. The ewes of
the AMM BC progeny were further mated with the fdursires in order to obtain a
(Awassi x Merino) x Merino x(Awassi x Merino) doebbackcross (AM_AMM). The
number of animals belonging to these last crosses 2866, 233, 121 and 212 for the
four AM_AMM_DB families. Animals were reared in trgame flock under similar
conditions. Detailed information of the structuretie populations can be found in
Raadsmaet al. (1999). A schematic representation of the mastmgcture is given in
Figure 4.2

Phase 1
4 FO Awassi Sires
F1 Sires ; e
Fla F1B C :
X X X X Phase 2
Merinoe Ewes T50 oo 300 300
Vo S
F2 Backeross Progeny ' 15 F1 Si
(AMMD 519 | [ 200 | [1327) [ 175 |[X 51I =
Douhle Backeross l l l l
Progeny | § | |
(AM. 256 233 121 | 212
Phase 3 X X X X
Double Backeross — ;
Progeny (AN ANM) _— ;'. ] | I
Inter-cross Progeny ; l : &
ant v anan [ JL I

Figure 4.2 Schematic representation of source populationyaedl in the present
research (Raasdnehal., 1999).
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The four K sires derived from the above mentioned matingesystvere used for
leptin gene sequencing in order to detect SNPtél bf 255 ewes from AMM_BC
and AM_AMM_DB populations was employed for animangtyping on the basis of
newly discovered SNPs and the three SNPs previodestgcted by Bouchest al.
(2006).

The ewes were chosen on the basis of available ifgale and milking data
collected at ReproGen during the 2005 and 2006 rerpatal years. As described by
Jacket al. (2006), all the analyzed sheep were monitoredesthe day immediately
after parturition which was classified as day Hays in milk (DIM). Ewes were milked
once a day in 2005 (in the morning) and twice a @agrning and afternoon) in 2006
for a period of 100 days. Some animals were aldkeahiin both years. A milk sample
was collected weekly and measured for its fat,ganoand lactose content. Ewes were
fed a pelleted concentrate diet (ME 12.5 MJ/kg DiM 46% crude protein conteragl
libitum through automatic feeders that automatically edrfeed intake (VFI) and live
weight (LW).

4.2.2 Genomic DNA extraction

The genomic DNA of each animal was extracted frdood following the protocol
described by Montgomery and Sise (1990) and matifig Raadsmat al. (1999). The
purity of all extracted DNA was inspected using Epgorf BioPhotometer. The purity
of the DNA was assessed by calculating the rativden the 260 nm/280 nm readings.
Any sample deviating from the purity criteriane(, a ratio of 1.8) was re-extracted.

4.2.3 Leptin gene primer design

The sequence information of sheep, human, cattie pag leptin gene was used for
designing primers to be used for the PCR amplificabf the sheep leptin gene. All
homologous sequences belonging to these speciesanatyzed by multiple alignment
in order to detect the most conserved regions efléptin gene. In particular, primer
sequences related to the promoter region were rE$igepending on availabiBos
taurus sequences and comparing thems scrofa. The intron 1 anchored primer

sequences were deduced exploiting the intron bmegfiSus scrofa compared té¢Homo
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sapiens leptin gene, except for two sequences that wetamda by comparing the most
conserved regions betwe&us scrofa and Bos taurus sequences. Primer sequences
associated to exon 2, intron 2 and exon3, andd@tTR were designed usingvis
aries known sequences and by comparing theiBawtaurus available sequences.

On the basis of serial multi-alignments, 16 primembinations were designed
using PerlPrimer and Primer3 software. Primer bigdsites were positioned on the
leptin gene so that each combination could yieldagment of 600 bp in length on
average. The sequence of designed primers, thdinmeemperature and expected size
of the correspondent PCR products are reportdaile 4.3 along with the position of
primers compared to the complete bovine leptin get@hr4 from nt 85556158 to nt
85576157) deducted by the Bovine Assembly v. 3.1laffSif Browser

(http://genomes.tamu.edu/bovine/).

4.2.4 Optimization of PCR conditions

All primer combinations were tested in preliminayperiments at different annealing
temperatures and MggLtoncentrations using two sheep and one cattlengendDNA
samples as template. The PCR setting up was pextbima volume of 10 or 2(l
containing 50 or 100 ng of genomic DNA, 1x Qbuff@iagen), 20QuM dNTPs mix, 3
pmol of each primer, 1 U Hotstarag DNA polymerase (Qiagen) and 1.5 mM MgCl
In order to find out the optimum PCR conditiondfedent additives such as Qsolution
(Qiagen), DMSO and Tween 20 were also used.

The temperature profiles for PCR consisted of anhalnactivation of theTaq
DNA polymerase at 95°C for 15 min, followed by 35-@ycles of denaturation at 95°C
for 30 sec, primer pear-specific annealing tempeeafor 30 sec, extension at 72°C for
1 min and a final step at 72°C for 10 min.

Quality of amplification products were assayed Wgceophoresis using 2%
agarose gels visualized by staining with ethidiuonfide and their size analyzed by
Molecular Imager Gel Doc XR System (Biorad). Fogusencing purposes, the amount
of DNA of each single amplicon was estimated byhgsihe Quantity One software
(Biorad).
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Table 4.3 Primer sequences for SNP discover in sheep leggime along with GeneBank
accession numbers used for the design of primes,pakpected amplicon size (bp), melting
temperature of primers (Tm) amdmparative bovine leptin gene position

ID GB accession No. Sequence (5'-3") Bt ggne Tm E.xp
position size
Promoter
Pr2F #1 AB070368 TGTGAAATGAAACATACGCTGAC 1492 60 607
Pr2R GGTGTATCCTTCCATGGATATTCT 2099 62
Pr3F CCATAAACTGAGAAGAACAACTAC 2098 59
Pr3R #2 ABO70368 GTCTGCAACATCTTTGTAACTTG 2687 60 589
Pr4F TAGGTAGGTGATGGGTAGATAGG 2477 62
Pr4 R #3 ABO70368 CTATTGGGAGTAGGATCAGGA 3076 60 599
Pr5 F CTTAGCCACTGGACCACCAG 2975 64
Pr5 R #4 ABO70368 TCACAAGACCATTACCACAC 3532 60 557
Pré6F CAACCAGGCTCAAACAAAGCA 3416 64
Pr6 R #5 ABO70368 GCTGGGCAGGTGTGAGAAAT 4135 65 719
Tot 3,071
Intron 1
Pr-In1 F 46 AB070368 CGAGGATTTCTCACACCTGC 4111 63 649
Pr-iIn1 R AF492499 CCTCAGAAACTCAACGCACA* 4760 63
In-1 F1 CCAAAGGAGCGTCCTCCTAATA 5686 64
In-1 R1 #7 AF492499 AGGCATCAGGTGTGGTGTTT 6243 64 557
In-1 F2 CCAGTACTAGCAAATCAGCA 10105 60
In-1 R2 #8 AF492499 AGGAGGTGGCATTTGATAAG 10631 60 526
In-1 F3 ATCAAGACCCAGATGAAACAG* 15111 60
In-1 R3 #9 AF492499 ATAATATGTCAGATGCCGTGC 15829 60 18
In-1 F4 CTGTAAGCTACTTGAGAGCAG 15753 60
In-1 R4 #10 AF492499 AGGTCTGGTTTGAATCCAG 16156 59 403
Tot 2,853
Exon 2
Ex2F1 TCTTTGAGGAGATGATAGCCA 16297 60,4
#11 U50365+DQ496248 ' 540
ExX2R 1 Q GACCTTTGTGACTCCCTCTG 16836 62
Tot 540
Intron 2
In2a F1 #12  U50365+DQ496248 CAGAGGGAGTCACAAAGGTC 16817 62 639
In2a R1 TCTTCACAAGGTCTTATGGGT 17427 61
In2b F2 TCATTTCCTTCTCCCAACGA 17310 61
In2b R2 #13  US0365+DQA496248 AATCAATCCTGGCACCACAC 17850 61 591
In2c F1 CAGTCTTTCAACAAGCTGTACAC 17784 62
In2c R1 #14  US0365+DQA496248 GGACATCAAGAGCTCAGTGG 18349 63 618
Tot 1,848
Exon 3
Ex3F1 #15 EF534370+U50365 CCACTGAGCTCTTGATGTCC 18330 62,5 572
Ex3R 1 TATATCTTTGGTTTCCTGCCTC 18902 60
Tot 572
3-UTR
3'Utr F1 #16 EF534370+U50365 TATGTGGGCATCCTTTATGCAG 18800 63 606
3'Utr R1 EF534370+U50365 AAACAACTTGGTCCTTCGAG 19405 61
Tot 606
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4.2.5 Sequencing of PCR amplicons

All reliable and reproducible PCR products wereoxesed from the gels and purified
using EXOSAP (Amersham Pharmacia Biotech). Sequgn@actions were performed
with 50-100 ng of purified PCR product as templaseng the BigDye terminator v3.1
cycle sequencing kit (Applied Biosystems) followitlge manufacturer’ instructions.
Samples were purified by ethanol/EDTA/Na acetaszipitation and finally loaded on
an ABI PRISM 3130 Genetic Analyzer (Applied Biosysis). Each of the amplicons

was bi-directionally sequenced using either thevéwd or the reverse primer.

4.2.6 Sequence analysis and multiple alignments

The sequences obtained were analyzed by Sequedaiatysis v. 5.1.1 software
(Applied Biosystems). In order to test if the sewes overlapped part of the leptin
gene, each sequence was used as query to seatdnfologous gene sequences in the
NCBI databases by BLASTN application (Altschatlal., 1990). The sheep sequences
obtained from each;Fsire were then used for multiple alignments ughgy SeqScape
v. 2.5 software (Applied Biosystems) in order totedé single nucleotide

polymorphisms in the sheep leptin gene.

4.3 Results

4.3.1 Setting up of PCR conditions for leptin genamplification

The optimization of PCR conditions was done teséiagh of 16 primer combinations at
different annealing temperatures, MgGtoncentrations, number of PCR cycles,
reaction volume and different additives.

Primer combinations that generated PCR producthefexpected size in sheep
were used for the amplification of the foug Bires DNA samples, whereas the
combinations that generated PCR product only ilecBINA samples were discarded.
The three SNPs identified by Bouchetral. (2006) were not found analysing the four
sequences used by the authors. Consequently, thB@R products generated with the
two primer combinations designed by Boucletral. (2006) were sequenced. The

resulting amplicons were named Fragment 1 (FR166fli), that includes part of exon

132



Chapter 4

2 and part of intron 2, and Fragment 2 (FR2 of B} that covers exon 3 and part 6f 3
UTR. The amplification of both target sequenceseweabtained using the following
primers: FR1for 5SCGCAAGGTCCAGGATGACACC-3in combination with FR1rev
5-GTCTGGGAGGGAGGAGAGTGA-3 and FR2for 5
CTCTTGATGTCCCCTTCCTC-3 in combination with FR2rev 'S
TGGTCCTTCGAGATCCATTC-3 after optimization of the PCR protocol.

Ten primer combinations generated good PCR prodhatsvere then sequenced.
Nonetheless, the six primer combinations (#2, #8, #7, #9, and #10) that failed
amplification were tested several times using diffé temperature profiles and
additives. Single PCR products were undetectabléewhultiple PCR products were
often visible either in cattle and sheep samplespahstrating that designed primers
were not specific for the target regions. Additiopemers covering the same regions
were developed but they still provided unreliabdsuits. Most primer combinations
needed a MgGlconcentration equal to 1.5 mM, except for primambinations #1 and
#5 that were employed using a MgC€bncentration of 1.6 mM. The optimal annealing
temperature ranged from 57°C to 64°C for primer iration #1, and #13 and #14,
respectively. All amplified fragments were detecteé reaction volume of 20 ul using
35 to 40 PCR cycles without any additive. The aadgeption was the amplicon #6 for
which the reaction was carried out in a volume @ful adding 1x Q solution (Qiagen)

to each sample.

4.3.2 Sequencing and SNP detection

The adoption of the 10 selected primer combinatemabled the amplification of one
single amplicon for each of the foux Bires. Every single PCR-derived fragment was
used sequencing both strands using either the fdramathe reverse primer. A number
of 8 reliable sequences were generated for eigliheften amplicons. The amplicons
generated by primer combinations #1 and #13 pratluseclear chromatograms,
suggesting that all PCR-derived fragments for theseprimer combinations were most
likely made up of two amplicons of the same molacweight and hence co-migrating
in the agarose gel.
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Overall, a total of 4,883 bp of the leptin gene eveequenced. The whole DNA
fragment could be subdivided depending on its caveegions as follow: 714 bp for
the promoter, 1,189 bp for exon | and intron |, 30for the exon Il, 1,262 bp for the
intron I, 570 bp for exon Il and 609 bp for thelBTR. Table 4.4reports the expected
and observed size of amplicons on the basis of désigned primer pairs and

sequencing analysis, respectively.

Table 4.4Features of PCR reactions and amplicons related
to the sheep leptin gene: annealing temperaturg ¢fra
primers, expected and observed size (bp) of fraggnen

PrimerID Ta Expected size Observed size

#1 57 606 ?
#2 - - -
#3 - - -
#4 - - -
#5 58 720 714
#6 62 649 659
#7 - - -
#8 60 550 530
#9 - - -
#10 - - -
#11 60 540 539
#12 58 639 641
#13 64 591 ?
#14 64 618 621
#15 60 572 570
# 16 62 606 609
FR1 63 260 261
FR2 60 926 1,060

On the whole, no appreciable differences were fobetiveen the expected and
observed fragment size using the newly designedhgms. However, substantial
differences were found using the FR2 primer contimnapreviously proposed by
Boucheret al. (2006): the generated amplicon was long 1,06h&ead of 926 nt, with
a discrepancy of 134 bp. More specifically, thisgiment is composed by amplicons
#15 and #16 detected in this study. Converselyfrdgment generated by FR1 primer
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combinations was shown to be 260 bp long, as regdy Boucheet al. (2006). This
amplicon represents part of the fragment #11 aedlyz the present study.

The sequencing and alignment of the PCR producibled the detection of two
SNPs at positions 206 and 368 of the fragment #1beok, sire #463. These two point
mutations, both of the G>A type, were placed aitprs 170 and 332 of the exon Il of
the leptin gene. Using the free EMBOSS Transeqdb&MBL-EBI (freely available at
http://www.ebi.ac.uk/emboss/transeq/), the nuctkotegions corresponding to exon Il
were translated in order to verify the occurrentdifferences in terms of putative
amino acid sequences. Both single nucleotide vanstwere shown to determine a
missense mutation in which the presence of G léadlse amino acid Arginine while
the presence of A determines the Glycine,(missense mutation).

On the basis of the sequencing of FR1 and FR2 featgn none of the SNPs
A(103)G, C(154)T (in intron II) and C(617)G (in B8TR) described by Bouchet al.
(2006) was detected in the four sires used in teegmt study. As a consequence, they

were not adopted for the genotyping of animals.

4.3.3 PCR-RFLP development and its employment forMP genotyping

The two G>A substitutions detected at positions &i@ 332 of the exon Il of leptin
gene were shown to produce two distinct missens¢éations (Arg>Gly) and to
introduce two different restriction site variationBhe SNP G(170)A was found to
eliminate one recognition site of tidspl restriction enzyme (cut bases’CG,G),
whereas the SNP G(332)A was found to generateagnén site for theHpyCH4V
restriction enzyme (cut bases*GC,A).

On the basis of this knowledge, a PCR-RFLP methad developed for rapidly
identifying the two SNPs on a total of 255 ewesic8ithe two point mutations were
found to be only 162 pb from each other, a sitimatd linkage disequilibrium was
assumed so that the two SNP markers could mostylike inherited together.
Consequently, the amplification products obtainsihg as template the DNA samples
belonging to the 255 animals were analyzed onlyh®Mspl restriction enzyme that
specifically identify the SNP G(170)A. This polynphism was chosen because of the

easy interpretation of the electrophoretic bandpagterns generated by amplified-
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restricted DNA fragments. A total of 10 pl of thempglified fragment resulting from
primer combinations #15 were digested using 5 Mgdl enzyme (BioLab) at 37°C for
two hours. The resulting DNA fragments were separdiy electrophoresis in a 2%
agarose gel. An example of PCR-RFLP profiles issshim Figure 4.3

The analysis revealed that the population was ceeg@f only two genotypes,
GG and AG, for the mutation at position 170 of eXbof the leptin gene, whereas the
genotype AA was never found. The GG genotype shatwesk clearly distinguishable
bands, while the AG genotype revealed four bandsamse of the additiondispl
restriction site generated by the A mutation.

Figure 4.3 Example of PCR-RFLP markers produced Mgpl digestion of amplicons #15
generated in some of the 255 animals used in thdy gdifferent individuals belonging to the
families generated by the two sires #453 and #4&& wsed).

All animals were classified on the basis of thengtypes at G(170)A mutation
site as GG or AG. The frequencies of the two ggmesyin the whole sample of 255
animals were equal to 79% for GG and 21% for A@e#tigating the single families, it
was possible to score the genotype AG in the fa#flynly with a frequency of 51%.
The A allele was found to be transmitted to thegprty by the sire #463 where the
mutation was initially discovered. The presencéhoée animals showing the genotypes
AG in the family #1 and #4 is most likely attribbta to sampling errors. It is important
to note that the frequency of 51% for both genatyfpe., GG and AG in a 1:1 ratio)
would have been expected if the analyzed indiveluaere made only of AMM
backcross animals. Despite, the animals belonginipe family #2 derived both from
backcross (41 animals AMM) and double backcross €&iimals AM_AMM)
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populations. This means that a proportion of AAagpe should be detected in the
family #2 because the AM_AMM individuals derivedbin a cross between AMM
individuals and sire #463, both presenting the lal@al On the basis of calculated SNP
frequencies, the expected genotype frequencies meesured for the population as a
whole and for each family as wellgble 4.5.

Table 4.5Number and frequency of observed and expected geewtfor the G(170)A leptin
SNP sorted by family and overall

Family N. Obs. genotypesGenotype freq. Allele freq. Exp. genotypes x>

GG AG AA GG AG AA G A GG AG AA
1 (#453) 103 101 2 0.98 0.02 0 0.99 0.01 100.95 2.04 0.01 1.04n.s.
2 (#463) 98 48 50 049051 0 0.74 0.26 54.38 37.24 6.38 11.2%*
3#473) 32 32 O 1.00 0.00 0 1.00 0.00 32.00 0.00 0.00 0.00n.s.
4 (#474) 22 21 1 0.950.05 0 0.98 0.02 21.01 0.98 0.01 0.54n.s.

Oo|O0O o0 oo

Overall 255 202 53 0.79 0.21 0.00 0.90 0.10 204.8 47.5 2.8 3.43n.s.

The observed number of genotypes in the whole saofie55 animals proved to
be not significantly deviating from the number ehgtypes expected in case of Hardy-
Weinberg equilibrium. Conversely, the differencescdme significant analyzing the
family #2 in which the expected and observed nundbegenotypes GG, AG and AA
were 54,4, 37,2 and 6vrsus 48, 50 and 0, respectively.

4.4 Discussion

In the modern agriculture, sheep play an importaié¢ for wool, meat and milk
production among the livestock species. Their vasualso due to the possession of
many heritable traits that are of economic impar¢éarFurthermore, features like size,
adaptability, temperament and productive life, mékem an appropriate model for
studying a variety of biological functions such a@emunology, endocrinology,

reproduction, embryology and fetal development (tacet al., 2001).
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4.4.1 QTL mapping in sheep
Sheep are often used as diseases model for inhdigeases, such as asthma (Wraght
al., 1999), muscular dystrophy (McGavin, 1974), Mdarsl disease (Tast al., 1997),
Batten’s disease (Brooret al., 1998; Houwelinget al., 2006) and for different
infectious diseases. During the last decades, askegtudies have been successfully
performed to develop a sheep linkage map usingreift populations allowing the
construction of low-density autosomal and X chroame genetic maps (Crawfoset
al., 1995; Broonet al., 1996; Gallowayet al., 1996; Lordet al., 1996; McLareret al.,
1997; Cockett et al., 2001). An additional sheegdge map has been developed by de
Gortariet al. (1998) including overall 512 loci, even thougmitemeric and telomeric
regions of some chromosomes proved to be not cdvdviaddox et al. (2001)
developed a medium-density linkage map composedl,062 unique loci (941
anonymous plus 121 genes). More recently, mappudjes led to the identification of
some QTL associated with milk yield and milk qualitaits in dairy sheep (Barillet
al., 2005). Comparative mapping between cattle anesiveas also useful for the
identification of a QTL for milk protein content dTA3/OAR1 (Calvoet al., 2004;
Barillet et al., 2005). Moreover, Wallingt al., 2004 identified a total of 24 suggestive
QTLs by analyzing Suffolk and Texel commercial ghe@hey discovered one
significant QTL affecting fat depth in chromosoméanly 26 cM distal to myostatin)
on Texel family. The most significant QTL, whichfedted muscle depth, was located
on chromosome 18 near the callipyge and Carwall loc

A candidate gene approach has been followed tosiigade OARL containing a
QTL tightly linked to five genes known to be invely in fatty acid metabolism and
transport (Calveet al., 2006). More recently, an extreme breed-crosgwéssi and
Merino sheep has been employed for detecting QT&oaated with lactation
performance for protein yield and lactation peesisy on OAR3 and OAR20 using
linkage analysis approach. In this study, markémsady discovered and many novel
markers located in these two chromosomes were igeglfor genotyping purposes and
for increasing map resolution in order to discopesitional candidate genes affecting
milk quality and yield (Singlet al., 2007).
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In recent years, an increasing number of projectee@ at understanding the
genome constitution and gene function in main tivels species have been carried out.
The improvement of molecular technology and thelémentation of statistical tools
allowed the detection of quantitative trait lociTQ for economically important traits
in livestock (Georgest al., 1995; Andersson 2001; Dekkers and Hospital, 20Di2is
information is crucial not only for performing markassisted selection programs, but
also for discovering and testing candidate genetherbasis of genetical, biochemical
and physiological data. Individual SNPs within andidate gene can then be
molecularly assayed and statistically tested fasoeistion with the phenotype of
interest in order to identify causative variantsicts as QTNs (quantitative trait

nucleotides).

4.4.2 SNP discover in the sheep leptin gene

The leptin hormone has a crucial role in the cémteavous system (hypothalamus) in
which controls the food intake and energy expemditueptin could also be involved in
regulation fat mobilization (Halaagt al., 1995). Moreover, it has been demonstrated
that the acute or long-term changes in food contiposior food restriction caused
changes in plasma leptin in ruminants (Thordgaal., 2001). In particular, complete
food deprivation caused a rapid fall in plasmaitef¥arie et al., 2001) and long-term
food restriction decreased plasma leptin conceatrah sheep (Morrisomrt al., 2001;
Delavaudet al., 2000). Leptin concentration in plasma is affedbgdthe presence of
specific binding proteins, variation in nutritiomdh adiposity, and by changes in
physiological stages like pregnancy and lactatloafér et al., 2005a). Furthermore, in
sheep circulating leptin levels increased and reathielevated starting from early
pregnancy through the mid and late pregnancy (Fatlee al., 2002). The level or
circulating leptin decreases rapidly towards péaraur (Liefers et al., 2003b) and it
seems to be due to several mechanisms such asnedecl adiposity, decreased
expression of leptin in adipose cells and the dedin insulin concentration (Liefees
al., 2005a). It is possible to declare that this harents involved in several correlated
function like feed intake, energy balance, lactatipregnancy, fertility. Because of its

importance, many studies have been carried oustwder leptin gene structure (Zhang
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et al., 1994) and the polymorphism extent of the genertiay explain the cause of the
hormone variability during different physiologialents (Konforto\et al., 1999).

Most of the literature concerning leptin gene pabyphisms is represented by
studies conducted in cattle (Porapal., 1997, Lienet al., 1997; Fitzsimmonst al.,
1998; Buchanast al., 2002; Lieferset al., 2002; 2003a/b; Lagonige al., 2003). Only
one research has been done on the leptin genee@p 4iy Boucheet al. (2006): they
cloned and sequenced a total of 1,186 bp, compreskon II, part of intron II, exon Il
and part of 3'-UTR. Along this region three SNPg@evdetected, namely A(103)G and
C(154)T in intron Il and C(617)G in-®BITR.

In the present study the DNA of four sires deriviilngm an extreme mating
Awassi x Merino was employed to analyze the sheppinl gene. A total of 4,883 bp of
the leptin gene were sequenced and their regidmgivsded as follows: 714 bp for the
promoter, 1,189 bp spanning exon 1 and intron lonsg 539 bp covering exon I,
1,262 bp comprising intron 1, 570 bp covering exbbrand 609 bp representing part of
the 3-UTR. The most problematic regions for the ampdifion of the PCR products
were the promoter and intron | regions. In paracuit was possible to obtain only two
good PCR products for the promoter region (oneushiclg also the exon I) and one for
the intron I. This finding suggests a low consdaorabf the 5region of the leptin gene.
Even during the preliminary step of primer desigisdd on heterologous sequences,
these two upstream genic regions showed a highrginee with respect to the leptin
gene of human, cattle and pig. The low sequencsetwation of the promoter and the
intron | among the species considered for primargiemight be the cause for the lack
of successful amplifications. In some cases, it p@ssible to get the amplicons #1 and
#13 but they did not result in reliable sequencestnikely because of multiple PCR
products and non-specific amplifications.

The sequencing enabled to discover two SNPs in #ékat position 170 (G>A)
and 332 (G>A). Both polymorphisms determined a erise mutation (Arg>Gly). For
the genotyping of animals, only the SNP G(170)A adspted since the SNP G(332)A
was found to be in linkage disequilibrium duringelgminary experiments performed
with a subset of animals. The three SNPs identifigdBoucheret al. (2006) were not

detected in our animal set likely due to the analyd sires and not of dams. The
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selected SNP G(170)A was analyzed by PCR-RFLP &xmgathe variation ofMspl
restriction site introduced by the point mutatidnmumber of 255 animals belonging to
the backcross and the double backcross Awassi nM@rogenies were subjected to
genotyping in order to evaluate the frequency ef NP in single families and in the
population as a whole.

The detected SNPs allowed two distinct non-conseeramino acid variations to
be discovered which might induce protein structahanges. If these variations belong
to domains of the protein they would influence greper recognition between leptin
and its receptor, hence influencing its biologicalle. Another critical point is the
absence, in the analyzed population, of animald wénotype AA at G(170)A SNP.
The whole population of 255 individuals turn out ie in Hardy-Weimberg (HW)
equilibrium. Despite, the lack of AA genotype iretfamily #2 was significant deviant
(P<0.05). The absence of HW equilibrium could belaxed by taking into account
non-random mating and/or selection effect. It iwiobs that this cannot be the final
consideration because other animals and at leastname SNP need to be analyzed to
give a reasonable explanation about the lack ofg&Aotype.

As future perspectives, statistical analyses shdwdd performed to test the
potential association between each single leptregeslated SNP and a number of
quantitative traits represented by the Wood’s patams curve (Wood 1967), such as
persistency. The persistency represents the ratmilf yield decreasing after the
lactation peak. The ideal lactation curve has d lgpgak and a moderately flat trend
afterwards. Many authors proved that more perdiséetation is desirable because it is
related to better animal health and reduction eflieg costs (Sélkner and Fuchs, 1987;
Pryceet al., 1997; Dekkerst al., 1998; Grossmast al., 1999; Pulinaet al., 2007).
Moreover, persistency was shown to have a certagreg of genetic variation, with
moderate heritability (0.15 - 0.20), being seleattior this trait feasible and worth (Muir
2004; Macciottaet al., 2006).

Some measures of persistency were found to be yhighirelated with total
lactation yield, even though some authors declaae & robust measure of persistency
should be independent from total yielee( real persistency) (Gengler, 1996) or that the

total lactation yield should be included as a (eopte in the genetic model used to
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estimate genetic parameters and breeding valuesattation persistency (Swalve,
1995). Up to date, SNP association to lactatiorsipency has not been investigated
yet. Interesting researches aimed mainly at idgntif QTL associated with milk yield
and quality. Two of these were carried out by Betriét al. (2005) and Singlet al.
(2007) in two different sheep populations. In pautar, QTLs associated to fat content
and milk yield were mapped on chromosomes OAR3, ©@ARd OAR20 in European
sheep cross-breeds (Barillet al., 2005), whereas additional QTLs located on
chromosomes OAR3 and OAR20 proved to be assoamthdactation persistency and
protein yield by high resolution mapping approaSim@het al., 2007). None of these
QTLs is attributable to chromosome OAR4 where thgtih gene is known to be
located (Pompt al., 1997). It is worth mentioning that the populatissed by Singlet

al. (2007) derived from an extreme breed backcrosk double backcross between
Awassi and Merino sheep (Raadsehal., 1999). Since this population is the same used
in the present study, most likely polymorphismshaf leptin gene alone cannot be taken
into account to explain the variation for persisienTherefore, other genes located in
the mapped QTL regions of OAR3 and OAR20 couldnwelved in the determination
of phenotypic variation for traits such as persisje In addition to leptin, other
candidate genes should be searched in these chvoreagsindows.

Association between the leptin gene polymorphisntsguantitative traits such as
the plasma circulating leptin and the energy madktent should be precisely assessed.
As a matter of fact, one of the main role of thtikeis its involvement in the regulation
of feed intake and energy expenditure. The addigeaetic relationship between
animals (.e., pedigree) needs to be fitted as a random eftetdke into consideration
the genetic background. Significance of the germtgffects could be estimated using
the approximated F-statistic provided by ASREMLI(Gur et al., 2001).

In conclusion, this research have drawn the disgowé two novel sheep leptin
gene-related SNP markers. One of the discoveredsShRhis study along with the
PCR-RFLP protocol set for individual DNA genotypingjl be useful for association
mapping purposes. However, additional animals drehptypic measurements have to
be investigated to avoid any spurious significantrelation between leptin gene

polymorphisms and milk yield traits and qualitato@mponents.

142



Chapter 4

Acknowledgements

This is study has been carried out at the REPRO@tNulty of Veterinary Science,
Sydney University, NSW - Australia) under the swpmon of Prof. Herman Raadsma
and Dr. Pietro Cieli. | would like to thank Dr. Efibeth Jones for her precious reviews
and suggestions.

4.5 References

Adamowicz T., K. Flisikowski, R. Starzy'nski, L. Zevzchowski and M. Switonski
(2006). Mutation in the Spl motif of the bovinetiapgene affects its expression.
Mamm. Genome 17:77-82.

Ahima R. S., C. B. Saper, J. S. Flier, J. K. Elns2000). Leptin regulation of
neuroendocrine systems. Front Neuroendocrinol @3-207.

Altschul, S.F., Gish, W., Miller, W., Myers, E.Wha Lipman, D.J. (1990). Basic local
alignments search tool. J. Mol. Biol., 215: 403-410

Andersson L. (2001). Genetic dissection of phenotygiversity in farm animals.
Nature Revs. Genet 2:130-138.

Bado A., S. Levasseur, S. Attoub, S. Kermorgar®,. laingneau, M. N. Bortoluzzi, L.
Moizo, T. Lehy, M. Guerre-Millo, Y. Le Marchand-Bstel, M. J. M. Lewin
(1998). The stomach is a source of leptin. Nat@ 70-793.

Barillet F., Arranz J.J. & Carta A. (2005). Mappimgantitative trait loci for milk
production and genetic polymorphisms of milk progein dairy sheep. Genetics
Selection Evolution 37(Suppl. 1):109-123.

Bauman D. E., W. B. Currie (1980). Partitioning raftrients during pregnancy and
lactation: a review of mechanisms involving homasst and homeorhesis. J
Dairy Sci 63:1514-29.

Bencini R. and S. Dawe (1998). Sheep milking. artlew rural industries. A handbook
for farmers and investors published by the Rurallugtries Research &
Development Corporation, 69-75.

Boucher D., M. F. Palin, F. Castonguay, C. Gariapg F. Pothier (2006). Detection of

polymorphisms in the ovine leptine (LEP) gene: Asaton of a single nucleotide

143



Chapter 4

polymorphism with muscle growth and meat qualigits. Canadian Journal of
Animal Science, 86: 31-35.

Bonczek R. R, C. W. Young, J.E. Wheaton, K. P. &il(1988). Responses of
somatotropin, insulin, prolactin and thyroxine telestion for milk yield in
Holsteins. J Dairy Sci 71:2470-9.

Brobeck J. R. (1948). Food intake as a mechanisteroperature regulation. Yale J.
Biol. Med. 20:545-552.

Broom J.E., M.L. Tate and K.G. Dodds (1996). Linkagapping in sheep and deer
identifies a conserved pecora ruminant linkage grodhologous to two regions
of HSA16 and a portion of HSA7Q. Genomics 33:358-36

Broom M. F., C. Zhou, J.E. Broom, K. J. Barwell, R..Jolly and D. F. Hill (1998).
Ovine neuronal ceroid lipofuscinosis: A large animaodel syntenic with the
human neuronal ceroid lipofuscinosis variant CLBlGVied. Genet. 35:717-721.

Buchanan F. C., C. J. Fitzsimmons, A. G. Van KeseeD. Thue, D. C. Winkelman-
Sim and S. M. Schmutz (2002). Association of a emsge mutation in the bovine
leptin gene with carcass fat content and leptin rAR&Vels. Genetics Selection
and Evolution, 34: 105-16.

Buchanan F. C., A. G. Van Kessel,C. Waldner, DCAristensen, B. Laarveld, and S.
M. Schmutz (2003). Hot Topic: An Association Betwea Leptin Single
Nucleotide Polymorphism and Milk and Protein Yield. Dairy Sci. 86:3164—
3166.

Calvo J. H., A. Marti'nez-Royo, A. E. Beattie, K. Bodds, A. Marcos-Carcavilla and
M. Serrano (2006). Fine mapping of genes on shéepnwsome 1 and their
association with milk traits. Animal Genetics 3752Q10.

Calvo J.H., S. Marcos, A. E. Beattie, C. Gonzalez]. Jurado and M. Serrano (2004).
Ovine alpha-amylase genes: isolation, linkage mmappind association analysis
with milk traits. Animal Genetics 35, 329-32.

Cannas A., A. Nudda and G. Pulina, G. (2002) Gike&es Dairy Sheep Symposium,
November 7-11 2002. Cornell University, Ithaca, Néark

Casanueva F. F., Dieguez C. (1999). Neuroendoceigelation and actions of leptin.
Front Neuroendocrinol 20: 317-363.

144



Chapter 4

Chelikani P. K., D. R. Glimm, J. J. Kennelly (2003hort communication: tissue
distribution of leptin and leptin receptor mMRNA the bovine. J. Dairy Sci.
86:2369:2372.

Chen C. C., T. Chang and H. Y. Su (2004). Genatilgrporphisms in porcine leptin
gene and their associaition with reproduction amoddgpction traits. Austr. J.
Agric. Res. 55:699-704.

Clark C. E. F., W. J. Fulkerson, K. S. Nandra, aréhia, K.L. Macmillan (2005). The
use of indicators to assess the degree of mohdisatf body reserves in dairy
cows in early lactation on a pasture-based diee.LProd. Sci. 94, 199-211.

Clark C. E. F., W. J. Fulkerson, K. S. Nandra, khit8, K.L. Macmillan (2006). Pattern
of change in the concentration of milk acetone @sdassociation with ovarian
activity for pasture-based cows in early lactatiome. Sci. 105, 144-150.

Cornish J., K. E. Callon, U. Bava, C. Lin, D. NaBt,L. Hill, A. B. Grey, N. Broom, D.
E. Myers, G. C. Nicholson, I. R. Reid (2002). Leptiirectly regulates bone cell
function in vitro and reduces bone fragility in @ivJ. Endocrinology 175:405-415.

Cockett N. E., T. L.Shay and M. Smit (2001). Anadysf the sheep genome. Physiol.
Genomics 7:69-78.

Crawford A. M., K. G. Dodds, A. J. Ede, C. A. Pmams G. W. Montgomery, H. G
Garmonsway, A. E. Beattie, K. Davies, J. F. Madd®xW. Kappes (1995). An
autosomal genetic linkage map of the sheep genGeeetics 140: 703-724.

Cupps P. T. (1966). Breeds of dairy cattle. Pag@ it Introduction to livestock
Production. 2nd ed. H. H. Cole, ed W. H. Freema@&, San Francisco, CA.

Darlington G. J., N. Wang and R. W. Hanson (19€3EBP alpha: a critical regulation
of genes governing integrative metabolic procesSas.. Opin. Gen. Dev. 5:565-
570.

de Gortari M.J., B. A. Freking, R. P. Cuthberts&n,M. Kappes, J. W. Keele, R. T.
Stone, K. A. Leymaster, K. G. Dodds, A. M. Crawfandd C. W. Beattie (1998).
A second-generation linkage map of the sheep genblasmal. Genome 9:204-
2009.

Delavaud C., F. Bocquier, Y. Chilliard, D. H. Kasl A. Gertler, G. Kann (2000).

Plasma leptin determination in ruminants: effectnatritional status and body

145



Chapter 4

fatness on plasma leptin concentration assessea $pecific RIA in sheep. J
Endocrinol, 165(2): 519-526.

Dekkers J. C. M., J. C. M. Ten Hag, A. Weersink 989 Economic aspects of
persistency of lactation in dairy cattle. Livestd&®ience, 53:237-252.

Dekkers J. C. M. and F. Hospital (2002). The usemmflecular genetics in the
improvement of agricultural populations. Nature Re8enet. 3:22-32.

Di Stasio L, A. Brugiapaglia, M. Galloni, G. Desdefs and C. Lisa (2007). Effect of
the leptin ¢.73T>C mutation on carcass traits irefbeattle. Anim. Genet.
38(3):316-317.

Ehrhardt R. A., R. M. Slepetis, J. Siegal-Willd#t, E. Van Amburgh, A.W. Bell AW,
Y. R. Boisclair (2000). Development of a specifadioimmunoassay to measure
physiological changes of circulating leptin in tatand sheep. J. Endocrinol
166:519-28.

Etherton T. D, D. E. Bauman (1998). Biology of séot@pin in growth and lactation
of domestic animals. Physiol Rev. 78:745-61.

Epstein, (1982). Awassi sheep. World Animal Reviets 9-18.

Fitzsimmons C. J., S. Shmutz, R. D. Bergen and McKinnon (1998). A potential
association between the BM 1500 microsatellite fahdleposition in beef cattle.
Mammalian Genome, 9:432-434.

Forhead A. J., L. Thomas, J. Crabtree, N. Hogdar&. Gardner, D. A. Giussani, et al.
(2002). Plasma leptin concentration in fetal shéepng late gestation: ontogeny
and effect of glucocorticoids. Endocrinology;143(#)66-1173.

Friedman J. M. (1992). Tackling a weighty probleell 69:217-220.

Friedman J. M., R. L. Leibel, D. S. Siegel, J. Waésxd N. Bahary (1991). Molecular
mapping of the mouse ob mutation. Genetics 11,(5%111062.

Friedman J. M., Halaas J. L (1998). Leptin and l&gun of body weight in mammals.
Nature 395:763-770.

Fukuda H. and N. Iritani (1999). Transcriptionagu&ation of leptin gene promoter in
rat. FEBS letters, 455: 165-169.

Galloway S. M., V. Hanrahan, K. G. Dodds, M. D.BpA. M. Crawford and D. F. Hill
(1996). A linkage map of the ovine X chromosomen@ee Res. 6: 667-677.

146



Chapter 4

Garnsworthy P. C, J. H. Topps (1982). The effecbady condition of dairy cows at
calving on their food intake and performance wheremy complete diets. Anim
Prod 35:113-9.

Gengler N. (1995). Use of mixed models to appredihé persistency of yields during
the lactation of milk cows. Ph. D. Diss. FaculteiWrSci. Agron., Gembloux,
Belgium.

Gengler N. (1996). Persistency of lactation yieldseview. Interbull Bull., 12: 87-96.

Georges M., D. Nielsen, M. Mackinnon, A. Mishra, ®imoto, A. T. Pasquino, L. S.
Sargeant, A. Sorensen, M. R. Steele, X. Zhao, JWBmack, |. Hoeschele,
(1995). Mapping quantitative trait loci controllimgilk production by exploiting
progeny testing. Genetics 139:907-920.

Gilmour A. R., B. R. Cullis, S. J. Welham and R.omfson (2001). ASRELM,
Reference Manual.

Gong D. W., S. Bi, R. E. Pratley and B. D. Weinbg1996). Genomic structure and
promoter analysis of the human obese gene. JB@m 271:3971-3974.

Grossman M., S. M., Hartz, W. J. Koops (1999). Btascy of lactation yield: a novel
approach. Journal of Dairy Science, 82: 2192-2197.

Grummer R. R. (1995). Impact of changes in orgamitient metabolism on feeding
the transition dairy cow. J Anim Sci 73:2820- 33.

Haegeman, A., A. Van Zeveren, and L. J. Peelmaf@0.2Rew mutation in exon 2 of
the bovine leptin gene. Anim. Genet. 31:79.

Halaas J. L., K. S. Gajiwala, M. Maffei, S. L. Coh@&. T. Chait, D. Rabinowitz et al.
(1995). Weight-reducing effects of the plasma proesmcoded by the obese gene.
Science, 269(5223):543-546.

Hamrick M. W., C. Pennington, D. Newton, D. Xie ad Isales (2004). Leptin
deficiency produces contrasting phenptypes in bofid¢ke limb and spine. Bone
34:376-383.

Hassink S. G., E. De Lancey, D. V. Sheslow, S. Mt&idirwin, D. M. O’Connor, R.
V. Considine, I. Opentanova, K. Dostal, M. L. Spdar Leef, M. Ash, A. R.
Spitzer and V. L. Funanage (1997). Placental le@m important new growth

factor in intrauterine and neonatal developmentfid®ecs 100, el (6pp).

147



Chapter 4

Henson M. C. and V. D. Castracane (2003). “Leptmd &eproduction.” Kluwer
Academic/Plenum, New York.

Hossner K. L. (1998). Cellular, molecular and pbiagical aspects of leptin: potential
application in animal production. Can. J. Anim..S@:463-472.

Hoffstedt J., P. Eriksson, S. Mottagui-Tabar, Pnekr(2002). A polymorphism in the
leptin promoter region (-2548 G/A) influences gexgression and adipose tissue
secretion of leptin. Horm. Metab. Res., 34: 355-359

Houweling P. J., J. A. L. Cavanagh, D. N. PalmerFiugier, N. L. Mitchell, P. A.
Windsor, H. W. Raadsma, I. Tammen (2006). Neuraeabid lipofuscinosis in
Devon cattle is caused by a single base duplicgtod62dupG) in the bovine
CLNS5 gene. Biochimica et Biophysica Acta 1762:8%7~8

Hwang C. S. S. Mandrup, O. A. Mac Dougald, D. Eintza and M. D. Lane (1996).
Transcriptional activation of the mouse obese (gbje by CCAAT/enhancer
binding proteim. Proc. Natl. Acad. Sci. USA 93:873-877.

Ingvartsen K. L., Boisclair Y. R. (2001). Leptin carthe regulation of food intake,
energy homeostasis and immunity with special faougeriparturient ruminants.
Domest Anim Endocrinol 21:215-50.

Ingalls A. M., M. M. Dickie and G. D. Snell (195@bese, a new mutation in the house
mouse.J Hered 41: 317-318.

Isse N., Y. Ogawa, N. Tamura, H. Masuzaki, K. Madri, Okazaki, N. Satoh, M.
Shigemoto, Y. Yoshimasa, S. Nishi, K. Hosoda, dzéwa and K. Nakao (1995).
Structural organization and chromosomal assignroktite human obese gene. J.
Biol. Chem. 270:27728-27733.

Jack C., P. Cieli, D. McGill, K. Fullard, P.C. Thpson, M. Lam, D. Blache, G.B.
Martin, P.C. Wynn and H.W. Raadsma (2006). The afskiomarkers to assess
energy balance in ewes milked once a day. Currepic$ in Dairy Production,
Australia, University Printing Service, Sydney, pp. 142-144.

Jiang Z. H. and J. P. Gibson (1999). Genetic pohptmisms in the leptin gene and their
association with fatness in four pig breeds. MarG®nome 10:191-193.

148



Chapter 4

Jin L., S. Zhang, B. G. Burguera, M. E. Couce, R.Oéamura, E. Kulig and R. V.
Lloyd (2000). Leptin and leptin receptor expressinnrat and mouse pituitary
cells. Endocrinology 141:333-339.

Lagonigro R, P. Wiener, F. Pilla, J. A. Woolliamk, L. Williams (2003). A new
mutation in the coding region of the bovine leptjane associated with feed
intake. Anim Genet 34:371-374.

Lake S. L., T. R. Weston, E. J. ScholliegerdesV(CMurrieta, B. M. Alexander, D. C.
Rule, G. E. Moss and B. W. Hess (2007). Effectpadtpartum dietary fat and
body condition score at parturition on plasma, asképtissue, and milk fatty acid
composition of lactating beef cows. J. Anim Sch; 817-730.

Liefers, S. C., M. F. W. te Pas, R. F. Veerkampd dnh van der Lende (2002).
Associations between leptin gene polymorphisms pratluction, liveweight,
energy balance, feed intake and fertility in Halsteeifers. J. Dairy Sci. 85:1633—
1638.

Liefers S. C., R. F. Veerkamp, M. F. W. te PasP€lavaud, Y. Chilliard, T. van der
Lende (2003a). Leptin concentrations in relatioret@rgy balance, milk yield,
intake, live weight, and estrus in dairy cows. Jr{p&ci., 86(3): 799-807.

Liefers, S. C., M. F. W. te Pas, R. F. VeerkampCHilliard, C. Delavaud, R. Gerritsen,
and T. van der Lende (2003b). Association of leggme polymorphisms with
serum leptin concentration in dairy cows. Mamm. Geh657—-663.

Liefers S. C., R. F. Veerkamp, M. F. W. te PasP€lavaud, Y. Chilliard and T. van
der Lende (2004). A missense mutation in the boveptin receptor gene is
associated with leptin concentrations during latgpancy. Animal Genetics, 35,
138-141

Liefers S. C., R. F. Veerkamp, M. F. W. te PasPe€lavaud, Y. Chilliard, T. van der
Lende (2005a). Genetics and physiology of leptimpamiparturient dairy cows.
Domestic Animal Endocrinology, 29: 227-238.

Liefers S. C., R. F. Veerkamp, M. F. W. te PasD€lavaud, Y. Chilliard, M. Platje and
T. van der Lende (2005b). Leptin promoter mutatiaffect leptin levels and
performance traits in dairy cows. Animal GenetRf, 111-118.

149



Chapter 4

Lien S., H. Sundvold, H. Klungland, D. I. Vage (¥99Two novel polymorphism in the
bovine obesity gene (OBS). Animal Genetics, 28:-238.

Lisa C., S. Sartore, L. Di Stasio (2007). Varidhilof Leptin gene promoter in cattle.
Ital. J. Anim. Sci. 6 (suppl.1):150-152.

Lord E.A., J. M. Lumsden, K. G. Dodds, H. M. HenA/, M. Crawford, H. A. Ansatri,
P. D. Pearce, D. W. Maher, R. T. Stone, S. M. Kafft896). The linkage map of
sheep chromosome 6 compared with orthologous regianother species.
Mammal. Genome 7: 373-376.

Lord G. M. G. Matarese, J. K. Howard, R. J. Bak&r,R. Bloom and R. I. Lecheir
(1998). Leptin modulates the T-cell immune respoasd reverses starvation-
induced immunosupression. Nature 394:897-901.

Lucy M. C, H. Jiang, Y. Kobayashi (2001). Changesthe somatotrophic axis
associated with the initiation of lactation. J. &bci. 84:E113-9.

Kadokawa H., D. Blache, G.B. Martin (2006). Plasbeptin Concentrations Correlate
with Luteinizing Hormone Secretion in Early Postpar Holstein Cows. J. Dairy
Sci., 89: 3020-3027.

Kennedy G. C. (1953). The Role of Depot Fat in khgothalamic Control of Food
Intake in the Rat. Proc. R. Soc. B, Vol. 140, N@1 9p. 578-592.

Kennes Y. M., B. D. Murphy, F. Pothier and M. FliR42001). Characterization of
swine leptin (LEP) polymorphisms and their assommtvith production traits.
Anim. Genet. 32:215-218.

Kmie¢ M., H. Kulig and A. Konik (2003). Preliminary rdssion associations between
leptin gene (LEP) and some reproduction performaraits of boars. Arch. Tierz.
Dummerstorf 46:63-70.

Konfortov B. A., V. E. Licence, J. R. Miller (1999Re-sequencing of DNA from a
diverse panel of cattle reveals a high level ofypwrphism in both intron and
exon. Mammaliam Genom., 10: 1142-1145.

Korwin-Kossakowska A., M. Kamyczek, D. Gikk, M. Pierzchala and J. Kuryl
(2002). The effect of the polymorphism of leptinE@), leptin receptor (LEPR)
and osteopontin (OPN) genes on selected reprodutds of synthetic line 990
sows. Anim. Sci. Pap. Rep. 20:159-168.

150



Chapter 4

Kulig H., W. Grzesiak and I. Szatkowska (2001).€gffof leptin gene polymorphism
on growth and carcass traits in pigs. Arch. Ti@ammerstorf 44:291-296.

Maddox, J. F., K. P. Davis, A. M. Crawford, D. Julpha, D. Vaiman, E. P. Cribiu, B.
A. Freking, K. J. Beh, N. E. Cockett, N. Kang, C.Rfkin, R. Drinkwater, et al.,
(2001). An enhanced linkage map of the sheep genmwn®rising more than
1000 loci. Genome Research 11: 1275-1289.

Macciotta N. P. P, D. Vicario, A. Cappio-BorlinoO@5). Use of multivariate analysis
to extract latent variables related to level ofduction and lactation persistency in
dairy cattle. J. Dairy Sci., 89: 3188-3194.

McGavin M.D. (1974). An animal model of human dseaProgressive ovine muscular
dystrophy. Comp. Pathol. Bullet. 6: 3-4.

McLaren R.J., G. R. Rogers, K. P. Davies, J. F. ddadand G. W. Montgomery
(1997). Linkage mapping of wool keratin and kerassociated protein genes in
sheep. Mammal. Genome 8:938-940.

Marie M., P.A. Findlay, L. Thomas and C.L. Adam @2Q. Daily patterns of plasma
leptin in sheep: effects of photoperiod and foothke. J. Endocrinol., 170(1):
277-286.

Mason M. M., Y. He, H. Chen, M. J. Quon and M. Reih (1998). Regulation of leptin
promoter function by Spl, C/EBP, and a novel fadirdocrinology 139:1013-
1022.

Masuzaki H., Y. Ogawa, N. Isse, N. Satoh, T. Okagziek Shigemoto, K. Mori, N.
Tamura, K. Hosoda, Y. Yoshimasa, H. Jingami, T. Kday K. Nakao (1995).
Human obese gene expression adipocyte-specific esgjon and regional
differences in the adipose tissue. Diabetes 44885b-

Masuzaki H., Y. Ogawa, N. Sagawa, K. Hosoda, T.sMiatoto, H. Mise, H. Nishimura,
Y. Yoshimasa, |. Tanaka, T. Mori, K. Nakao (199Non-adipose tissue
production of leptin: leptin as a novel placentahdsl horomone in humans. Nat.
Med. 3:1029-1033.

Miller S. G., P. De Vos, M. Guerre-Millo, K. Wong,. Hermann, B. Stales, M. R.
Briggs and J. Auwerx (1996). The adipocyte spedinscription factor C/EBP
modulates human ob gene expression. Proc. Nattl.Aa. USA 93:5507-5511.

151



Chapter 4

Montgomery G. W. and J. A. Sise (1990). ExtracttdrDNA from sheep white blood
cells. New Zeeland Journal of Agriculture ReseaB&h,437-441.

Morash B. A. li, P. R. Murphy, M. Wilkinson and Br (1999). Leptin gene expression
in the brain and pituitary gland. Endocrinology BI95-5998.

Morrison C. D., J. A. Daniel, B. J. Holmberg, J.idde, N. Raver, A. Gertler, et al
(2001). Central infusion of leptin into well-fed cinundernourished ewe lambs:
effects on feed intake and serum concentrationsgrfvth hormone and
luteinizing hormone. J Endocrinol., 168(2):317-24.

Muir B. L. (2004). Genetics of lactation persistgrand relationships with reproductive
performance in holsteins. PhD thesis, Universitioglph.

Nkrumah, J. D., C. Li, J. A. Basarab, S. GuercioMéng, B. Murdoch, C. Hansen, and
S. S. Moore (2004). Association of a single nudteotpolymorphism in the
bovine leptin gene with feed intake, growth, fedficiency, feeding behaviour
and carcass merit. Can. J. Anim. Sci. 84:211-219.

Nkrumah J. D., C. Li, J. Yu, C. Hansen, D. H. Keisend S. S. Moore (2005).
Polymorphisms in the bovine leptin promoter asdediawith serum leptin
concentration, growth, feed intake, feeding behavemd measures of carcass
merit. J. Anim. Sci. 83:20-28

Oberkofler H., A. Beer, D. Breban, E. Hell, F. Kngler, W. Patsch (1997). Human
obese gene expression: alternative splicing of mRa relation to adipose
tissue localization. Obesity Surgey 7:390-396.

Oprzadek J., K. Flisikowski, L. Zwierzchowski and. EDymnicki (2003).
Polymorphisms at loci of leptin (LEP), Pitl and S5\ and their association
with growth, feed conversion and carcass qualitglack-and-White bulls. Anim.
Sci. Papers. Rep 21:135-145.

Peelman F., W. Waelput, H. Iserentant, D. Lavensky®kerman, L. Zabeau and J.
Tavernier (2004). Leptin: linking adipocyte metabwol with cardiovascular and
autoimmune diseases. Prog. Lipid Res. 43:283-301.

Pelleymonunter M. A., M. J. Cullen, M. B. Baker, Retch, D. Winters, T. Boone and
F. Collins (1995). Effects of the obese gene producbody weight regulation in
ob/ob mice. Science 269:540-543.

152



Chapter 4

Pomp D., T. Zou, A. C. Clutter and W. Barendse 79%®Rapid communication:
mapping of leptin to bovine chromosome 4 by linkagelysis of a PCR-based
polymorphism. J. Anim. Sci. 75:1427.

Pryce J. E., R. F. Veerkamp, R. Thomoson, W. Gl, Kl Simm (1997). Genetic
aspects of common health disorders and measurestitity in Holstein Friesian
dairy cattle. Anim. Sci., 65: 353-360.

Pryce J. E., M. P. Coffey, G. Simm (2001). The treteship between body condition
score and reproductive performance. J Dairy SAB¥B-15.

Pulina G., A. Nudda, N. P. P. Macciotta, G. BattegoS. P. G. Rassu, A. Cannas
(2007). Non-nutritional factors affecting lactatigersistency in dairy ewes: a
review. Ital. J. Anim. Sci., 6: 115-141.

Raadsma H. W., K. R. Zenger, C. Cavanagh, M. K. LBmC Thomson, M. Jones, G.
Attard, D. Palmer and F. W. Nicholas (1999). Thepmag of economically
important quantitative trait loci in sheep I: mdistance framework map and QTL
for growth rate and body weight. Proc. Assoc. AdvAnim. Breed. Gen., 13:
361-364.

Rahmouni K. and W. G. Haynes (2004). Leptin andddweliovascular system. Recent
Prog. Horm. Res. 59:225-244.

Rosenbaum M., R. L. Leibel (1998). Leptin; a molecintegrating somatic energy
stores, energy expenditure and fertility. Trendddminol Metab. 9:117-124.
Senaris R., T. Garcia-Caballero, X. Casabiell, Rlggo, R. Castro, R. V. Considine,
C. Dieguez, F. F. Casaneuva (1997). Synthesis mtinldn human placenta.

Endocrinology 138:4501-4504.

Singh M., M. Lam, D. McGill, P.C. Thomson, J.A. Ganagh, K.R. Zenger and H.W.
Raadsma (2007). High resolution mapping of quantéatrait loci on ovine
chromosome 3 and 20 affecting protein yield andataan persistency. Proc. of
AAABG, Association for the Advancement of Animal é&ding and Genetics,
Armidale, NSW Australia. 23-26 Sept 2007.17: 565.

Smith-Kirwin S. M., D. M. O’'Connor, J. Johnston, & Lancey, S. G. Hassink and V.
L. Funanage (1998). Leptin expression in human mamrells and breast milk.
J. Clin. Endocrinol. Metabol. 83:1810-1813.

153



Chapter 4

Solkner J., W. Fuchs (1987). A comparison of ddfégrmeasures of persistency with
special respect to variation of test day yieldseki. Prod. Sci., 16: 305-319.
Stachowiak M., M. Mackowski, Z. Madeja, M. SzydIdysA. Buszka, P. Kaczmarek,
B. Rubis, P. Mackowiak, K. W. Nowak and M. Switon§k007). Polymorphism
of the porcine leptin gene promoter and analysistofassociation with gene

expression and fatness traits. Biochemical Gend&c345-253.

Steppan C. M., D. T. Crawford, K. L. Chidsey-Frik,Z. Ke and A. G. Swick (2000).
Leptin is a potent stimulator of bone growth inaiibMmice. Regul. Pept. 92:73-78.

Stone R. T., S. M. Kappes, C. W. Beattie (1996) hbxéne homolog of the obese gene
maps to chromosome 4. Mamm Genome 7, 399-400

Swalve, H.H. (1995). Genetic relationship betweamydactation persistency and yield.
J. Anim. Breed. Genet., 112: 303-311.

Szydlowski M., M. Stachowiak, M. Mackowski, M. Kaerek, R. Eckert, M. Rozycki
and M. Switonski (2004). No major effect of the tlapgene polymorphism on
porcine production traits. J. Anim. Breed. Gen@tl:149-155.

Taylor V. J., D. E. Beever, D. C. Wathes (2003)ysthliogical adaptations to milk
production that affect fertility in high yieldingady cows. In: Dairying, using
science to meet consumer needs. Br. Soc. Anim.CRBwasional Publication No.
29. Nottingham University Press; p. 37—71.

Tan P., J. G. Allen, S. D. Wilton, P. A. Akkari, B. Huxtable and N. G. Laing (1997).
A splice-site mutation causing ovine McArdle's dise. Neuromuscular Disorders
7: 336-342.

Taniguchi Y., I. Tomohiro, Y. Takahisa and S. Yogshi (2002). Genomic Structure
and Promoter Analysis of the Bovine Leptin GeneBMB Life, 53: 131-135.
Tena-Sempere M. (2007). Roles of Ghrelin and Leptithe Control of Reproductive

Function. Neuro-endocrinology. 86:229-241

Thomas L., J. M Wallance, R. P. Aitken, J. G. Meré&e Trayhurn, N. Hoggard (2001).

Circulating leptin during ovine pregnancy in retetito maternal nutrition, body

composition and pregnancy outcome. J. Endocrih6B(3): 465-76.

154



Chapter 4

Urban T., J. Kuciel and R. MikolaSova (2002). Pabyphism of genes encoding for
ryanodine receptor, growth hormone, leptin and MMGtooncogene protein and

meat production in Duroc pigs. Czech. J. Anim. 8¢€i411-417.

Walling G. A., P. M. Visscher, A. D. Wilson, B. McTeir, G. Simm and S. C. Bishop
(2004). Mapping of quantitative trait loci for grdw and carcass traits in
commercial sheep populations. J. Anim. Sci. 82:22245.

Walther C., J. L. Guenet, D. Simon, U. Deutsch)&tes, M. D. Goulding, D. Plachov,
R. Balling and P. Gruss (1991). Pax: A murine ngeitie family of paired box-
containing genes. Genomics 11(2):424-434.

Wang J., R. Liu, M. Hawkins, N. Barzilai and L. RS (1998). A nutrient-sensing
pathway regulates leptin gene expression in musulefat. Nature 393:684-688.

Wang J., R. Liu, L. Liu, R. Chowdhury, N. Barzildi, Tan and L. Rosetti (1999). The
effect of leptin on Lep expression is tissue-spe@ahd nutriotionally regulated.
Nat. Med. 5:895-899.

Wathes D. C., Z. Cheng, N. Bourne, V. J. Taylor, RIl. Coffey, S. Brotherstone
(2007a). Differences between primiparous and maltips dairy cows in the
inter-relationships between metabolic traits, nyi&ld and body condition score
in the periparturient period.. Dom Anim Endocrila(2):203-225.

Wathes D. C, M. Fenwick, Z. Cheng, N. Bourne, @wéllyn, D. G. Morris, D. Kenny,
J. Murphy, R. Fitzpatrick (2007). Influence of néga energy balance on
cyclicity and fertility in the high producing dairgow. Theriogenology 68S:
S232-S241.

Wiesner G., M. Vaz, G. Collier, D. Seals, D. Kay®, Jennings, G. Lambert, D.
Wilkinson and M. Esler (1999). Leptin is releasedni the human brain:
influence of adiposity and gender. J. Clin. Endoaltii Metabol. 84:2270:2274.

Wright C. D., A. M. Hawvill, S. C. Middleton, M. AKashem, P. A. Lee, D. J. Dripps, T.
G. O'Riordan, M. P. Bevilacqua and W. M. Abrahar@9@). Secretory leukocyte
protease inhibitor prevents allergen-induced pulanpnresponses in animal
models of asthma. J. Pharmacol. Exp. Therape:. 87-1014.

155



Chapter 4

Wood P. D. P. (1967). Algebraic Model of the LaictatCurve in Cattle. Nature
216:164-165.

Zhang Y., R. Proenca, M. Maffei, M. Barone, L. Letth J. M. Friedman (1994).
Positional cloning of the mouse obese gene an#iutean homologue. Nature
372: 425-432.

Zhang F., M. B. Basinski, J. M. Beals, S. L. BriggsM. Churgay, D. K. Clawson, R.
D. Di Marchi, T. C. Furman, J. E. Hale, H. M. HsgyiB. E. Schoner, D. P. smith,
X. Y. Zhang, J. P. Wery and R. W. Schevitz (19%#ystal structure of the obese
protein leptin-E100. Nature 387:206-209.

156



Ringraziamenti

A compimento di questo triennio di Scuola di Dottorato, desidero ringraziare tutti
coloro che hanno reso possibile il raggiungimento di questo traguardo. In primis, il
Prof.Giovanni Bittante per avermi accolta nel suo gruppo di ricerca e avermi dato la
possibilitd di intraprendere questa nuova esperienza formativa. Ringrazio il Prof.
Martino Cassandro per il continuo incoraggiamento e supporto soprattutto durante i
“momenti bui” del ricerca scientifica! Un sentito ringranziamento ¢ rivolto al Prof.
Gianni Barcaccia riuscito, di anno in anno, nell’impresa di fugare miei radicati dubbi
genetici!

Ringrazio il Dr. Pietro Cieli e il Prof. Herman Raadsma per avermi accolta
presso il centro REPROGEN della Facolta di Veterinaria dell’Universita di Sydney
(NSW, Australia) e per avermi inserito nel progetto di ricerca riguardante lo studio
del gene della leptina in pecora. Grazie al Prof. Gianfranco Gabai per aver
contribuito al mio viaggio-soggiorno oltre-oceano in Australia e Mary per aver
portato laggiti un’ulteriore ventata di “Italianita”.

Ringrazio i miei compagni di avventura appartenti al gruppo dei “Bottoniani
Biotech” del settore arboreo della Facolta di Agraria, con i quali ho condiviso tre anni
di ricerca, confronto e conforto reciproco. Tra essi sono annoverati: Mauretta, Pippo,
Saretta, FabioMassimo, Francuzzo e il capitano della squadra...Botton! Grazie
ragazzi, siete stati il carburante di questo mio Dottorato.

Un dovuto ringraziamento & rivolto ai colleghi/amici del Dip. di Scienze
Animali con i quali, se pur con reciproca iniziale diffidenza, ho instaurato una
invidiabile collaborazione e amicizia. Un grazie speciale ¢ dedicato ai due forestali
DOC, Maresciallo Rocca (Giampaolo) e Refo (Luca) con i quali ho condiviso ufficio
(il loro!), chiacchiere, pranzi e continui dibattiti pitt o meno scientifici! Ringrazio le
due dottorande per eccellenza, Arianna e Aziza che hanno allietato questi ultimi tre
anni della mia vita consolidando giorno dopo giorno l'amicizia che all’inizio
sembrava pitt miraggio che realta.

Ringrazio, inoltre, mamma, papa, Roberto e nonna Caterina per aver supportato (e

sopportato) questo mio ultimo (lo prometto!) percorso formativo.



Ringraziamenti

Grazie a tutti coloro che formalmente non ho ringraziato ma che nel bene e nel male
hanno contribuito a rafforzare (se mai ce ne fosse stato bisogno!) il mio spirito e il

mio carattere.



