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INTRODUCTION

A better understanding of molecular mechanisms underlying economical traits of importance is beneficial to animal breeding because it will improve selection methods (MAS for Marker Assisted Selection) and it will provide additional knowledge on the biology of traits of interest. Since the first genome-wide scan reported eleven years ago (Georges et al., 1995), several genome-wide scans for QTL underlying traits of economical importance in dairy cattle have been performed in different countries. They have resulted in the primary localisation of numerous QTL affecting production, health or conformational traits in dairy cattle (Khatkar et al., 2004). Depending on the assumed effective size of the population, between 50 and 100 segregating genes are expected to affect the variation of a given quantitative trait (Hayes and Goddard, 2001). However, the location of most detected QTL remains imprecise and only a small subset of these QTL has been finely or fully characterized. This low efficiency might be due to several reasons such as the size of the pedigree used for mapping, the limits of finemapping methods or the poor precision of phenotypes. Therefore, success has been limited so far to QTL with large effects underlying highly heritable traits.

Nevertheless, recent advances have greatly improved available QTL fine mapping tools. First, comparative mapping studies and the increasing amount of data originating from the wholegenome sequencing project has resulted in a high-quality physical and functional characterization of the bovine genome. Second, more powerful statistical models have been proposed to exploit the residual LD existing in cattle population (Farnir et al., 2000), in particular, models combining Linkage Analysis (LA) and Linkage Disequilibrium (LD) mapping information (Meuwissen and Goddard, 2000;Farnir et al., 2002). Their efficiency has been demonstrated in several fine-mapping studies (Meuwissen et al., 2002;Grisart et al., 2002, Olsen et al., 2005). Whereas some improvements are still necessary to better model more complex situations (multi-QTL analyses, interactions among QTL), availability of relevant phenotyped populations is now one of the main limiting factors in fine mapping studies.

The purpose of this paper is to present resources and strategies implemented to fine map QTL, illustrated by the studies currently performed in French dairy cattle.

A MAPPING KIT FOR THE THREE MAIN FRENCH BREEDS

Mapping pedigree construction. The first QTL detection program [START_REF] Boichard | [END_REF] in French dairy cattle populations was carried out in a granddaughter design (GDD) including 14 half-sib families from three different breeds (9 in Holstein, 3 in Normande, and 2 in Montbéliarde breed). The pedigree consisted of 1554 AI bulls for an average family size of 111 sons per sire (from 59 to 232). Twenty-four different traits were analysed (production, milk composition, persistency, type, fertility, mastitis resistance, and milking ease) leading to the identification of 120 QTL (at least one QTL per trait analysed) with an estimated 15% false discovery rate.

A first application of these results consisted in the implementation of a MAS program in collaboration with French breeding companies [START_REF] Boichard | Proc. 7 th WCGALP[END_REF][START_REF] Boichard | Proc. 8 th WCGALP Darvasi, A. and[END_REF]. Briefly, 45 markers were chosen to track 14 different genomic regions (covering about 40% of the bovine genome) across the dairy populations from the three breeds originally studied. These regions contained at least one QTL (see below) for one of the following traits: milk production and composition, somatic cell score or SCS (as an indicator of mastitis resistance) and female postpartum fertility. It was necessary to demonstrate the relevance of the QTL selected for MAS, either by whole-genome stringent significance threshold and/or from literature data, and when possible present in the three breeds. Over the last five years, more than 40,000 animals have been genotyped and this has provided a valuable resource for fine-mapping. Conversely, all fine-mapping results are very beneficial to MAS. Indeed, since QTL are localised even if not finely, the program currently implements a first generation MAS (exploiting inside family marker-QTL LD) as initially defined by [START_REF] Georges | [END_REF] (Figure 1). After finemapping, a second generation MAS (exploiting population marker-QTL LD) can account for population-wide LD and enhance its efficiency. Ultimately, a third generation MAS will make it possible to select the underlying causal mutation (Quantitative Trait Nucleotide or QTN) directly.

Nowadays, respectively 50, 19 and 14 half-sib families with more than 30 bulls in Holstein, Normande and Montbéliarde breeds have been added to the initial GDD. This represents more than 10000 available individuals with progeny-test information. Among these families, three different breed samples (so-called "kits" in this paper) were defined (Table 1) for QTL finemapping purposes. Definition of the kit content was made by maximizing as much as possible the number of heterozygous sires for different QTL and by avoiding overrepresentation of some closely related families. Nearly all the families from the first QTL program were included to provide links with previous results. Phenotypes. The national evaluation program provides breeding values and phenotypes as in most GDD. Traits used for QTL fine-mapping include dairy traits with relatively high heritabilities (milk yield, protein yield and percentage, fat yield and percentage) and functional traits like health traits (SCS) or fertility with low heritability. Successful QTL fine-mapping is more challenging for these functional traits but is of importance since expected benefits for MAS are larger and their economical importance is increasing. For fertility, which has a very low heritability (around 1%), experimental evaluations have been carried out especially for a better QTL characterization by improving the phenotype used in QTL detection. For instance, evaluations were performed for non-return rates (NRR) at different gestation stages: 28, 56, 90 and 282 days post-partum). Additionally, it is planned to include other traits such as male fertility and beef traits (the Normande and Montbéliarde breeds is a dual purpose breed) for QTL analysis.

Available genotypes. As previously mentioned, individuals are routinely genotyped for 45 markers delimiting the 14 QTL regions surveyed in the French MAS program and thus for all the families from the different kits (Table 1).

FINE MAPPING METHOD

Genotyping data: positional cloning strategy and choice of markers. In order to achieve the molecular characterization of the QTL detected in whole-genome scans, it is necessary to increase genotypic information content in the region of interest. Figure 1 simply describes the so-called positional cloning strategy aiming at refining as much as possible the physical localisation of the QTL. This step is limited by the mapping resolution of the pedigree used (see below).

Figure 1: Positional cloning strategy and application for MAS

Availability of polymorphic markers is no longer a limiting factor thanks to the construction of dense genetic maps with a resolution of 1 marker per 2 cM on average (Ihara et al., 2004) and the development of high throughput genotyping techniques. Moreover, with the progress of the bovine whole-genome sequencing project, long stretches of sequences are already available permitting in silico targeted identification of microsatellites (with an average frequency of 1 per 50 kb). In parallel, as a by-product of the whole-genome sequencing project, thousands of SNP were identified and are currently validated. While usually less polymorphic than microsatellites, they are about fifty times more frequent in the genome (1 per kb) and easier to manage on a large scale with an appropriate high technological level platform. Nevertheless, SNP identification requires that they be first characterized on the population of interest (sequencing and genotyping) to evaluate their polymorphism.

With pedigrees such as our kits and the current available statistical methods, fine mapping of QTL (with moderate to large effects) is possible with a resolution less than 500 kb (Olsen et al., 2005). The recommended strategy, involves first the addition of a few sets of microsatellites with a density of 1 marker per 5 cM to confirm and refine the position of the primary location of the QTL (some of these new markers can be subsequently used in MAS according to their properties). Next, the marker density should be increased locally until the limit of mapping resolution is reached (defined in theory by the minimal LD haplotype block size as observed in the pedigree in the region surrounding the QTL). At this stage, a physical and functional characterisation of the refined QTL region might lead to the identification of relevant positional candidate genes or regulating regions. To evaluate their status, a search for causal polymorphisms could then be performed in a few individuals (4-8) whose status at the QTL (heterozygous or homozygous either for the wild or alternative allele) could be deduced from the estimated effect of their two haplotypes.

As stated by Mackay (2001), rigorous proof of the QTN status needs the collection of multiple pieces of evidence. Ultimately, when the limit of the mapping resolution is reached, additional functional studies are required since every candidate mutation might be in LD with the actual QTN. If the mutation is located inside a gene and produces a missense mutation, its effect on the resulting protein function can be evaluated using prediction software (Ng and Henikoff, 2003;Sunyaev et al., 2000). If the mutation is inside a putative regulatory element a 
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8th World Congress on Genetics Applied to Livestock Production, August 13-18, 2006, Belo Horizonte, MG, Brasil comparison of the sequence in several related species might give indications for the causality. Nevertheless, the formal QTN proof can only be obtained by "in vivo" functional studies consisting in testing the effect of the different alleles on the (cis or trans) regulation of a relevant candidate gene, on the stability of the mRNA and/or on the activity of the resulting protein. This was performed to test the effect of the non-conservative K232A mutation in the DGAT1 gene and to prove its causality for a QTL affecting milk production traits (Grisart et al., 2004).

Mapping methodologies. Using a pedigree such as those included in this study, a good genetic mapping resolution is expected (on average, we observed 500 informative meioses) even when considering only paternal transmission. The linkage map construction also ensures careful inspection of marker genotypes. Generally, the first step in QTL mapping consists in LA (to detect linkage disequilibrium among markers and QTL inside known pedigree) to confirm the existence of one or several QTL underlying the trait of interest. Several softwares have been developed, which differ in the statistical methodology used: intra-family regression analysis in QTLexpress (Seaton et al., 2002), variance component analysis in Qxpack (Perez-Enciso and Misztal, 2004) or analysis under a Bayesian framework in Loki (Heath, 1997). In the best situation (a large pedigree such as the KIT66 and one underlying bi-allelic segregating QTL), all these methods give very similar results and a regression analysis under a one QTL model is probably the most straightforward (fast and proper significance threshold are computed). Nevertheless, other methodologies might be more suited in some situations (e.g. complex pedigrees or linked QTL in segregation).

However, LA is not precise with respect to QTL location since only one generation of recombination is exploited. Indeed, according to Darvasi and Soller (1997), in a GDD the expected 95% confidence interval (CI 95% ) of a QTL location is: CI 95% = 3000/(Nα 2 ) where N is the number of progeny and α the QTL effect measured in phenotypic standard deviation (σ 2 p ), assuming all sires are fully informative both for the QTL and the genotyped markers. Thus, for a (ideal) case where half the sires of a GDD similar to the KIT66 (N=2000) are heterozygous for a bi-allelic QTL with an (large) effect (α=0.5 σ 2 p ), the expected resolution is CI 95% = 12 cM. Mapping resolution can be improved by increasing N or α. Increasing α means using an improved phenotype, either more correlated to the QTL effect (as done for different non-return rates), or with less noise, for instance by using a better model or by including more information in the evaluation system. However, in GDD, we are generally limited by the size of the population, and the nature and quality of the information in the database, and thus only limited advances are usually expected. The alternative is thus to increase the number of informative meioses (related to N). N could be increased by: 1) increasing the size and the number of families, by including all the individuals available in the population and possibly merging populations from different breeds or different countries; 2) using more advanced generations, which is nearly impossible in cattle due to the long generation interval; 3) or using historical recombinations. This latter proposal has been extensively used in more recent studies. It assumes that the haplotype context in which the mutation occurred (defined by the marker alleles surrounding the locus in the founder individual) is eroded through generations by recombination events. The size of the residual LD haplotype block containing the mutation in the actual population, which is Identical By Descent to the founder one, will thus be related to the history of the population. Farnir et al. (2002), performed the first genome-wide estimation of the average residual LD in cattle on a GDD by) and they observed a high level of residual LD (sometimes among unlinked markers). Nevertheless integration of LD information in QTL mapping proved to increase significantly the mapping resolution.

Three main types of methods have been proposed to simultaneously perform LD and LA analyses: a variance component estimation based approach (Meuwissen and Goddard, 2000), a likelihood-based approach (Farnir et al., 2002) and a Bayesian approach (Perez-Enciso, 2003). In our pedigree, the first method has been carried out. Briefly, it relies on a mixed linear animal model including a random QTL haplotype effect. It is performed at several positions along the chromosome. The derivation of the haplotype effect covariance matrix needs the computation of IBD probabilities among all possible pairs of haplotypes. This step permits the summarizing of both LD (estimation of IBD probabilities among founder haplotypes) and LA information (derivation of IBD probability among all possible pairs of individual haplotypes using the pedigree). IBD probabilities among two founder haplotypes at a given position is based on the Identical By State status of alleles for markers surrounding this position applying the coalescent theory after assuming a founder event around 100 generations ago (Meuwissen and Goddard, 2001). Unlike other models, in this one-QTL model, no assumptions are made concerning the number of QTL alleles. Moreover, it appears very efficient, robust and flexible since it can be extended to an undefined number of segregating QTL (Olsen et al., 2005). Another extension of this model is based on the clustering of haplotypes according to IBD probability [START_REF] Kim | Proc. 7 th WCGALP Mackay, T[END_REF]. This latter approach also solves some computational problems.

Finally, it should be emphasized that the GDD provides very strong information suited to finemapping. On the one hand, sire information gives strong and robust linkage information, although mapping accuracy remains limited. On the other hand, maternal information carries strong LD information due to their large number and their (relatively) limited relationships. Theoretically, the mapping resolution of LDLA depends on the size of the conserved haplotypes in the population. Mixing more distant populations, for instance different breeds with more distant common ancestors, could provide more accurate results.

FIRST RESULTS AND DISCUSSION

QTL regions of interest. In Table 2 regions included in the MAS program are described. This extended GDD allowed us to check in each breed separately, for the presence of originally identified QTL. For production and SCS traits, almost all QTL were confirmed and their presence in other breeds stated. Although not finely localised, only a few QTL appeared to be breed specific (e.g. production QTL on BTA26 in Holstein). However, fine mapping of most QTL is still necessary to understand if the underlying QTN are the same in all the breeds. QTL chosen from the literature and unidentified in the original French QTL program were also confirmed for production traits (BTA03 and BTA23). For female fertility, none of the original QTL was confirmed except the QTL initially mapped to BTA01 and only confirmed in the Normande breed. In particular, the QTL mapping to BTA07, which was further investigated [START_REF] Gautier | Proc. 7 th WCGALP Gautier[END_REF], could not be confirmed on the extended pedigree. This disappointing result is explained by the biased initial QTL structure with several segregating sires, whereas new families were all uninformative, increasing the significance threshold without providing new information. Yet, thanks to new genotyping data in other MAS regions, two highly significant QTL were detected on BTA02 and BTA03 for this trait.

First regions selected for fine mapping and results. As a first step in QTL fine mapping efforts, four regions were selected: BTA03, BTA07, BTA15 and BTA26 (see Table 2).

Respectively, 20, 26, 32 and 29 microsatellite markers were genotyped on these chromosomes. Except for BTA07 (see above), all QTL were confirmed with additional genotypes. Nevertheless, segregation of two QTL was demonstrated for the fat yield QTL on BTA26 [START_REF] Gautier | Proc. 7 th WCGALP Gautier[END_REF] and suggested for the SCS QTL on BTA15. This phenomenon was also observed on cattle for the production traits QTL mapping to BTA06 (Khatkar et al., 2004) and BTA20 (unpublished data) and is likely to be more frequent than expected. Indeed as a result of the breeding program, positive selection of the haplotype surrounding several QTL positions over long distances (>20 cM) has already been observed on BTA26 [START_REF] Gautier | Proc. 7 th WCGALP Gautier[END_REF]. However, this represents a serious weakness for fine mapping strategies since it leads to the loss of a strong ghost QTL effect in two or several closely linked QTL of lower effect, which are consequently more difficult to map.

Valorisation of LD in fine mapping. Figure 2 represents the decay of LD with genetic distance as observed in our Holstein pedigree using approximately 120 markers located on the four MAS regions defined above. Only sire haplotypes and haplotypes maternally inherited of the progeny were considered (around 2000 haplotypes). Taking into account relationships among mothers (in our pedigree, the 2184 individuals originate from 1861 different dams born from 350 maternal grandsires) by sampling a limited number of haplotypes per maternal grand sires does not affect the result (data not shown). Results are very similar to those described in Farnir et al. (2002): on average D' reaches 0.5 for closely linked markers less than 2 cM apart and decreases sharply to less than 0.2 for markers more than 12 cM apart.

Residual LD is still observed among very distant markers. More importantly, we observed a huge variation of the D' measure for closely linked markers, which demonstrates that LD information can help to increase fine mapping resolution. QTL fine mapping and characterization. We recently fine mapped (<1 cM interval) two linked QTL affecting Milk Fat Yield on BTA26 using less than 30 microsatellite markers on the KIT66 [START_REF] Gautier | Proc. 7 th WCGALP Gautier[END_REF]. Relevant candidate genes located on these QTL regions are currently investigated to evaluate their status. In addition, several markers are added in the other regions to confirm and refine intermediate locations. Finally, QTL described in other studies are characterized in our three populations. For instance, a QTL mapping to the centromeric end of BTA14 has been confirmed in the three breeds (Table 2). Genotyping the K232A DGAT1 QTN indicated that the K allele is nearly fixed in the Montbeliarde population (f=96%) suggesting that the K232A is not the QTN in the Montbeliarde breed (unpublished data).

Genotyping different mutations on our different kits will also allow us to better adjust for variations due to the considered QTL when analysing other QTL regions. Moreover, potential interactions among different QTN underlying the same trait, might be evaluated as well as potential interactions among QTN and breeds or genetic backgrounds.

CONCLUSION

Implementation of the MAS program in France allowed us to define QTL fine mapping GDD kits for the three main dairy bovine breeds with as first application, the fine mapping of two linked QTL affecting milk fat content on BTA26. Other regions are also currently investigated and previously identified QTN are characterized.

Such kits represent a valuable resource to test different mapping methods on real data or to better understand relationships among different QTL affecting the same trait. Finally, results from fine-mapping studies will be very beneficial to MAS.

Figure 2 :

 2 Figure 2: Average D' values for syntenic markers pairs sorted in 2 cM bins (0-130 cM). For each bin, the error bar size is twice the standard deviation.

Table 1 : The three breed specific GDD for QTL fine-mapping in French populations

 1 

	Kit	Breed	Number of families Average Family Size Number of Individuals
	KIT46 Montbéliarde	6	70 (41-101)	422
	KIT56 Normande	9	63 (40-79)	570
	KIT66 Holstein	26	84 (36-237)	2184
			41	77 (36-237)	3176

Table 2 : QTL regions of interest. Detection results in the initial QTL program (Boichard et al., 2003) and validation results in extended pedigrees. ** and * for a 1 and 5% chromosome wise significance threshold, respectively (at least one out of five significant for production traits).

 2 

	BTA		1	2	3	6	7 14 15 19 20 21 23 26
	Production QTL program				**	**	**	*	**	**	**
	Production	KIT46			**	**		**		**	*	**
	Production	KIT56			**	**		**		*	*	*	**
	Production	KIT66			**	**	**	**	**	*	**	**
	SCS	QTL program							**		*	*
	SCS	KIT46				**			*	
	SCS	KIT56		*	*		*			
	SCS	KIT66			*				* *		*	*
	NRR	QTL program **				**				*	*
	NRR	KIT46									*
	NRR	KIT56	*		*					*	* *	*
	NRR	KIT66		**	**	**				*	*