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1. Introduction

Long time ago Pearson (1890) defined the correlation coefficients, and showed that they could be used to describe the relation between two variables. It also seems far away the time when  animal and plant geneticists had lost the hope of finding in direct form the genes responsible for economically traits of interest to start using markers as research tools. 

The evolution of markers from the beginning of 20th century is well known. The discovery of microsatellite markers and the most modern SNPs seems to have concluded a search prolonged virtually along a century. The microsatellite markers, the most used in the search of QTLs of interest for livestock, are considered quasi-ideal markers for this purpose.  

The 21st century seems to have started with the basic problem of gene searching through the use of markers solved. In fact during the last few years the number of experiments on QTL detection has multiplied.

However, despite the availability of different experimental design and sophisticated statistical programs, other basic problems remain unsolved, and this is hampering the optimal efficiency of the experiments.

To obtain an optimal result from a QTL project, a population with a level of variability is needed, so alleles at the QTL exist at a reasonable frequency. In addition, suitable evaluation systems for the phenotypic variable are required, so minimum amounts of variation can be detected. These limitations in the experimental designs are responsible for the restrictions in the universality of results obtained from a particular experiment.

Needless to say that genetic expression is very complex and knowledge about expression is still scarce. The involvement of imprinting and other epigenetic phenomena adds even more complexity to the traits of interest.

Regardless of the advances produced in the last decades, there is still uncertainty regarding the identification of genes that influence the continuous variation. The difficulty increases when animal models used to develop the experiments are based on commercial populations. Besides, a degree of imprecision in the measurement of the variables is given by the influence of the environment. 

In spite of the many difficulties mentioned above, our experimental conditions were suitable to plan the present study. On one side, a complete map of microsatellite markers, that can be used to track chromosome intervals, was available for sheep and cattle. On the other side, a population under productive control had been selected under the supervision of our research group for more than fifteen years. The possibility of analysing and identifying chromosomal areas involved in milk production was, therefore, achievable. 

In addition, this experiment will allow the identification of chromosomal areas of interest for each trait considered in our study. Also, the number of candidate genes putatively involved in the variation will be reduced to the positional candidates at the QTL area. Finally, the results will lead us to the determination of the genes involved in the phenotypic variability for the studied traits in our population. 

Considering the points exposed above, we planned to analyse chromosomes 1 to 10 and search for areas that could be responsible for genetic variability for the following traits: milk production, fat percentage, protein percentage, udder depth, udder insertion, teat position, teat size and global conformation of the udder. This general plan can be divided in the following objectives:

1. Construction of the male genetic map for chromosomes 1 to 10 in Churra sheep.

2. Search of chromosomal regions that explain part of the phenotypic variance, for the above mentioned traits.  

To achieve these objectives, we proposed a daughter design, using sires with a sufficient number of daughters distributed among different flocks belonging to the selection nucleus of ANCHE (National Association of breeders of Churra Sheep).

Why Churra sheep is a suitable model for to investigate QTLs involved in milk production:

1. It is the most important dairy population in the Castilla & León region. 
2. It has been under a selection program for milk production for around 15 years, implying that a high level of variability is still present in the population. 

3. The different flocks are connected through artificial insemination.

4. The population of Churra has suffered a progressive decrease during the last years, mainly as a consequence of crossing with other more-productive foreign breeds. Improving the selection by means of molecular information will allow the survival and development of a native Spanish breed. 

2. Review of Literature

2.1. Milk Production

Among animal products milk is the most important, followed by meat and eggs, with highest volume of production and consumption rate. In a worldwide scale, Europe is the great producer, with 216 million tons per year (36% of total milk). The European Union (UE-15) is the first producer in the world with 116,154 million tons (around 53.8 % of Europe and 19.23% world). Cow’s milk production represents 84.43% of the total, followed by buffalo (12.08), goat (1.97), sheep (1.31), and camel (0.21), (FAO, 2004).

However, in Europe, the major volume corresponds to the milk of cow, followed by sheep and goat, with 210.66; 2.84 and 2.42 million tons respectively. These quantities represent 41.52; 35.97 and 20.49 % of the world production of milk from cow, sheep and goat, respectively. Spain, on the other hand, with 6.97 million tons of milk production, ranked the sixth in the domestic production records of the European Union (see tables 1 to 6, pages 7-8)

2.2. Churra Sheep Breed

Churra breed constitutes a suitable genetic resource to instigate such an investigation because it has been submitted to a milk production selection scheme with a milk recording program (De la Fuente et al., 1995a,b). However, this selection program has permitted the opportunity to get large numbers of half-sibs-families with common father through the artificial insemination, which in turn permits the application of the daughter design for the QTL detection 

The milk production potential of the Churra sheep is relatively high, its official production through the Nucleus of Milk Control, which have exceeded stockings of 240 litres in 120 days of lactation and individual productions over the 300 litres. It is worthy to emphasize that Churra Sheep, is manageable and as a consequence, it is perfectly convenient for mechanical milking. Their productive and reproductive data are accessible. Consequently, it is currently possible to perform an investigation based on genetic markers trying to detect chromosomal regions includes the determinants of traits of interest. In this respect, there are already preliminary results in Churra sheep that show the feasibility of these investigations (Diez-Tascon, 1998 and Rozen, 1999)

ANCHE is the Spanish organization which is responsible for the selection program of Churra, and the upholding and keeping of the genealogical books. ANCHE stands for “La Asociación Nacional de Criadores de Ganado Ovino Selecto de Raza Churra” which is established in 1973, with scientific and technical supports from the Animal Production I Department, Veterinary Faculty, University of León. 

In 1986, the selection program was preceding by a population implicated 1305 ewes and 13 sires, belonging to 19 folks. The total numbers of animals have been increasing year by year. So that in the 1992 they were inseminated around 14,867 ewes, with semen from 63 sires, using cervical insemination (Anel et al., 1992). The first objective planned by the applied selection program of Churra breed, was improving milk production, through a combined process of selection (selection by dam & sire, individual and by progeny). At present, the nucleus of selection includes around 72 flocks, with an average of 450 animals by flock. 

The utilized selection criteria from the 2003 are three:

· The quantity of milked milk standardize among 30-120 days of lactation

· The percentage of protein 

· The corporal and udder morphology

2.3. QTL detection 

The birth of Genetics, in the beginning of XX century, constituted an event of enormous consequences. The so calling “Mendelian factors” or genes, seem to be the direct responsible of concrete phenotypic aspects. The solution of the problem of improving an economic trait is to localize the responsible genes. However, such solution is not as simple as in the first look and it remained imperceptible for a long time. Until now it is not possible to locate the responsible genes for each one of the phenotypic characters of interest. 

To locate these genes in an experimental of QTL detection it is necessary to make use of: 

1. Phenotypes with perfectly identifiable variations

2. Markers spread over the chromosomes 

3. Genetic maps 

4. An adequate experimental design 

5. Statistical procedures to detect chromosome regions affecting a specific phenotype.

2.3.1. Phenotypes
The most used parameters for the QTL detection affecting milk production traits are the EBV (Expected Breeding Value) and the YD (yield deviation). These values are raw data corrected for the “non genetic factors”.

In this respect, one of the first studies to search an association with genetic markers is that reported by Neimann-Sorensen and Robertson (1961), when they made used of the raw values of milk yield by lactation of each animal as phenotypes. We must keep in mind here that this measure is influenced by non-genetic factors as breed, dried period, age, lactation number, environmental factors as different illnesses, management factors, milking interval, milking frequency, and milking type. These factors will influence phenotypic measures and will generate a considerable error. In the recent studies using fundamentally the more genetic values (e.g. EBV, DYD, YD…etc) will indicate in table 13 page 29 Spanish part. 

2.3.2. Genetics Markers

The using of the genetics markers is not actually a new concept; scientists had been using comparable techniques many years ago. Genetic marker can be defined as a segment of DNA with an identifiable physical location on a chromosome and whose inheritance can be followed. A marker can be a gene, or it can be some section of DNA with no known function. 
2.3.2.1. DNA polymorphism 

The molecular markers can be generated by various techniques; those markers can be pinpoint genes, (like cDNA or RFLP), or proteins, (isozyme markers), or can be used to mark the genomic DNA (like RFLP, RAPD or microsatellite markers). The markers must be polymorphic to be useful. The polymorphisms are the variations in DNA sequence that occur on the average on time each 300 to 500 bp.  

2.3.2.1.1. VNTR

This type of markers obeys to allelic polymorphisms due to a variable number of repetitions in tandem, and to analyze VNTR of different digested samples of genomic DNA with nucleases of restriction that recognize well target conserved situated in the sides of a specific VNTR locus. There are three types of VNTR (DNA Satellites, DNA Minisatellites and DNA Microsatellites)

2.3.2.1.1.1. Microsatellites 

They are simple repeated sequences (repetitions from 1 to 5 base-pairs) that form blocks of approximately 150 bp of length and that they localize scattered along the chromosomes, (Hamada et al., 1982, Tautz and Renz 1984, Litt and Luty 1989; Tautz, 1989, Vergnaud 1989, Beckmann and Weber 1992, and Ellegren 1993). The polymorphisms of the microsatellite sequences are based on tandem short repetitions, which are used to being of basic units of bi, tri, or tetra-nucleotides. They present the advantages that are able to be typing by PCR, and the private alleles can be defined in a not ambiguous way by the precise number of repetitions. And as in the case of the minisatellite, the microsatellite exhibit allelic variations that are differentiated in the number of units of repetition in tandem. These allelic forms are transmitted to the descent by means of a type of Mendelian co-dominant inheritance (Weber and May 1989) and its high degree of polymorphism, the facility of identification and the dispersed locating along the genome become them genetics markers of high quality. The most minimum variations inside the repeated units of some microsatellite permit to discriminate, potentially, one very high allele’s variety, so that the genotype of one locus can suffice to identify an individual (Jeffreys et al., 1991). 

2.3.3. Genetic Maps

The Genetic map is a representation of the genome showing the position of genes or markers on a chromosome. The organization of the genome can be studied from the inheritance of genes; also it is possible to have a relation between some genes in different chromosomes by observing their inheritance in families (Williams, 2001)
· ovine genome 

The haploid genome of the domestic sheep Ovis aries, is constituted by 27 pairs of chromosomes (2n = 54), where twenty-six are autosomes and one is the sexual pair. Chromosomes 1, 2 and 3 are metacentric and the rest are telocentric (23).

The total number of loci “mapped” in the ovine genome has grown enormously in the last decade, being counted only 41 assignments shown in chromosomes specific in 1989. In comparison, in 1993 there were 97 loci located, in 1994 there were 235 and to ends of 1995 there were 477 markers located upon the 26 autosomes (Broad et al., 1997).  Generally there are three types of maps:

1- Physics maps

The physical maps give the physical distance from a point of interest to another.

2- Comparative maps

The comparative map of the genome understands the study of the geometric counterparts of the genomes corresponding to two or more species.  

3- Linkage maps

The linkage genetic maps illustrate the order of the genes on a chromosome and the relative distances among those genes. Originally, these maps build through the information that supplies the study of the inheritance of multiple characteristics, as hair and eyes colour, across many generations. The distances are measured in centi-morgans (cM). Crawford et al. (1995) presented the first ovine linkage map with 228 microsatellites that covered 2070 cM. Maddox et al. (1996) they brought up to date the map utilizing 388 markers in 2661 cM. De Gortari et al. (1998), build a linkage map of second generation with 519 markers: 504 markers of microsatellite type, 7 RFLPs, 4 proteicos polymorphisms, and 4 antigens eritrocitarios, covering a length of 3063 cM in 26 groups of ligament autosomic and 127 cM in the chromosome X.  The third generation of the map carried out in 2001 by Maddox et al., consists of 1093 loci comprised that 121 loci of which are genes and 941 microsatellites; the total length of this last map was 3500 cM and the average distance among autosomic loci was 3.5 cM, the last version 4.2, have a total length 3537.8 cM and of 1175 loci (Maddox, 2004) 
2.3.4. Experimental design

The designs used to detect the QTL can be divided into two groups, designs that are appropriate for inbred, and those designs utilized for outbred populations (Weller, 2001). Generally in the QTL detection experiments in ruminants there are two common designs: the daughter design and the granddaughter design. 

2.3.4.1. Daughter design 

The daughters of a sire that are heterozygous for a markers locus will be analyzed.  If the sire is heterozygous for a QTL joined to the markers, both loci can be analyzed perfectly. Two groups of daughters will be obtained according to the markers allele inherited, and at the same time the presence of alternative alleles of the QTL will tend to generate differences in the stocking of the quantitative trait of each group. As we don’t know the genotype at the level of the QTL, if there are significant differences among the two progenies that received alternative alleles of the markers from its common father will be indicative of the presence of a QTL nearby to the markers. The statistical analysis is based on a linear model. Soller and Genizi (1978) developed the lineal model for the statistics analysis:             

Yijk = ( + Si + Mij + eijk
Where:

Yijk 
Phenotypic value for the daughter k of the sire i which receive marker allele j

(    
Population mean for the trait

Si   
Sire effect i

Mij 
Marker effect (allele j of the sire i)

eijk 
The residual effect

2.3.4.2. Granddaughter design 

It is an alternative to the previous design intended to optimize the analysis, adding an additional generation to the experimental design and was proposed by Weller et al. (1990). In this design the genotypes are identified in the sons of a sire and the production measured in the daughters of the genotyped sons, granddaughter of the sire. In this way, the environmental variance is minimized (that covers all the residual variance of non-genetic origin), therefore a greater accuracy will of the genetic value of the analyzed sire, be achieved.  Another advantage of the granddaughter design is that the phenotypes corresponding to the third generation are available in the data bases and are measured in a large number of individuals.  The linear model for the granddaughter design is:

Yijkl = ( + Gi + Mij + Sijk + eijkl

Where:

Yijk 
Phenotypic value for the granddaughter l, of the sire i which receive marker allele j

(   
Population mean of the trait

Gi  
Grandfather i effect

Sijk
Effects of the sire k son of the grandfather i with marker genotype j

Mij 
Effects of the marker allele j of the grandfather i

eijk 
The residual effect

2.3.5. Statistical methods

There are several reviews of the statistical methods for mapping QTL, depending on the type of the population, inbred or outbred, searching using one or more markers. According to that they published a numerous methods. In the next chapter we will describe some of the most used methods. 

2.3.5.1. Methods with one marker

Simple methods allow us to search for a specific trait linked to a single marker. And it is not necessary here to elaborate linkage map. The idea of the analysis is to verify the existence of an association among the marker and the character value, the analysis passed on simple T-test or ANOVA.

2.3.5.2. Interval Mapping

Markers analyses are carried out through the utilization of complete linkage map.  This design permits to locate a QTL through two consecutive genetic markers. This method has many advantages compared with the traditional method focused in position and statistical power of analysis. 

2.3.5.2.1. Simple regression procedure

Knott et al. (1996) established the regression method to analyze QTLs. The regression model is:

Yij = ai + biXij + eij

Where:

Yij
is the character record, for the individual j son he sire 

ai
is population mean

bi
is the regression coefficient within the family I and corresponding to the effect of the allelic substitution for a possible QTL.

Xij
is the probability for one individual j inherits the first haplotype of the sire i.

eij
is the residual 

2.3.5.2.2. Least-squares method

The least-squares method, developed by Haley et al. (1994) & Martinez and Curnow (1992), is the simplest one used in the detection of the QTL. In general, least-squares method is very simple and the time of computation does not enlarge a great deal with the number of the estimated parameters, as in the majority of the other analysis of “Likelihood”. The statistic model is:

Yij= (1 + ((2 - (1) Pi + eij
Where:

Yij 
Phenotypic value for the individual j with genotype i for the marker

(1
The mean of the individual with genotype Q1Q2

(2
The mean of the individual with genotype Q2Q2

Pi
The probability that one individual with genotype for the marker i have the genotype Q2Q2

eij 
The residual effect

2.3.5.2.3. The Composite interval mapping 

For a given trait, when there is more than one QTL on a single chromosome, the statistical test can be influenced by all those QTL. Furthermore, if there are not QTL within an interval, the “LIKELIHOOD profile” in this interval can be significant if there is a QTL in some nearby regions of the same chromosome. Zeng (1994) has stabilized the method of combining interval mapping.  

3. QTL detected in domestic ruminants
3.1. Ovine

Publications regarding QTL detection in ovine are detailed in table 25 page 87 (Spanish text)

3.2. Bovine

In bovine there are many QTL detection experiments, a list of findings are:

In BTA 1, 6, 9, 10, 20 (Georges et al., 1995) in BTA 3 and 14 (Heyen et al., 1998) in BTA 4 (Hoeschele and Meinert 1990; Lien et al., 1995) in BTA 6 (Gomez Raya et al., 1998) in BTA 9 (Vilkki et al., 1997) and in BTA 21 (RON et al., 1994; Ashwell et al., 1997). See tables 26 to 31 page 90 to 97, of the Spanish text.

3. Material & Methods

This study was carried out at Department of Animal Production I; Faculty of Veterinary; University of León (Spain). This work is supported by two research projects: (CICYT-FEDER 1FD97-0225) and the European project “Using genetics to improve the quality and safety of sheep products (genesheepsafety)”; (Ref. QLK5-2000-00656). The general work scheme includes a daughter design, DNA extraction, election of microsatellite markers distributed in the autosomes, set up multiplex and multi-loadings reactions. 

3.1. Animals

The daughter design described by Soller and Genizi (1976) has been used for QTL detection. The daughter design was made up of 11 half-sib families with a total of 1421 ewes. Animals used in this study belong to 17 flocks from the selection nucleus of Churra breed and have been conceived through artificial insemination (See table 33 and 34 Page 107, Spanish text). 

3.2. Laboratorial Methodology 

3.2.1.   DNA Extraction 

Two different DNA isolation methods according to sample types (i.e. blood, in case of daughters, and semen in case of rams), were employed. The “salting out” procedure described by Miller et al. (1988) was exploited for the DNA extraction from blood. In the case of semen DNA was isolated using a standard proteinase K follows by a phenol-chloroform extraction from semen.

3.2.2.   Markers

A total of 190 markers were chosen from the published linkage maps of sheep. When two or more markers were approximately in the same region, the one with the simplest amplification conditions and the greatest degree of heterozygosis is chosen. The utilized links for obtaining marker information were:


1. http://rubens.its.unimelb.edu.au/~jillm/pages/chr_mark.htm
2. http://www.thearkdb.org/browser?species=sheep
3. http://www.marc.usda.gov/genome/htmls/LinkageMap.jsp?Species=sheep&Chromosome=1
From the total selected markers, different sets from microsatellites were chosen to amplify in a single PCR with selection criteria of sharing the same fluorochrome (multiplex reactions). Several multiplex (between three and 4) were mix together in order to identify the alleles. Tables 35, page 113 (Spanish text) show the different established multi-loads, used in this study. 

3.2.3.   Amplification of PCR-multiplex products 

The reactions of amplification were performed in a thermocycler, (GeneAmp® PCR System 9700, Perkin-Elmer). The PCR amplification was developed in a volume of 10 (l using 5 µl of DNA and 5µl of PCR master mix. 

3.2.4.   Electrophoresis in polyacrilamide gel 

The markers were analyzed using the automated sequencer (ABI PRISM DNA SEQUENCER 377().  The equipment is based on a system of horizontal electrophoresis, controlled by computer and with a laser detection system. The dimensions of each gel were 36 cm x 20 cm x 0.25 mm.  The electric parameters applied are to 3000 volts during 90-120 minutes.  The detection of the fluorochromes is carried out through laser of Argon.  (40 mW) each one of the fluorochromes has a distinct wave length, enabling the incorporation of three colours in the same rail of the gel simultaneously. In this way, each rail of gel has possibility to utilize 4 distinct colours for each reaction of amplification (FAM, TET and HEX), the fourth colour, the TAMRA is assigned to the size standard. 

In general, the three multiplex PCR for each multi-load were mixed and adding a denaturalization chemical agent, formamide, besides adding a fluorochrome that used as a size standard. In each gel a total of 32, 48 or 64 animals are entered, depending upon the number of samples loaded.

3.3. Analysis of the gel

· 1st gel analysis using Genscan3.1 

Genscan3.1 software was utilized to analyze the gel.  This program carries out the following functions:

1. Tracking the lines, for its correct assignment

2. Installing of the equivalences matrix among the joined four colours, once applied the matrix transforms the multicolour component in four different mono-chrome

3. Identify size standard peaks (50-500)

4. Analyzing the gel utilized the information of the standard.

· 2nd Allele peak identification using Genotyper2.5 

Subsequent to gel analysis with Genscan3.1, Genotyper2.5 software is used for accomplish the following functions:

1. Analyzing a multiplex for determining the size of the alleles detected in each animal for each marker. 

2. Labelling the alleles of each animal.  

3. Export allele information to a ASCII table

· 3rd Genetserv database
When the file of the genotype table was available, it is imported by Genetserv, a database elaborated by our laboratory, to define the allele labels. This step is very important to ascertain that every allele has the same label on each gel and to verify the results of paternity testing. Finally to prepare the necessary files for CRIMAP and QTL analysis programs.

3.4. Elaborating the linkage maps 

After determining the genotypes of each animal through Genetserv, the linkage maps were elaborated for the selected markers on each chromosome, using CRIMAP program (Lander and Green, 1987). This program utilizes the Maximum likelihood procedure to estimate the distance in cM among markers from the observed recombination frequency according to the Kosambi function:


d = ¼ ln (1+2r/1-2r)

Where:

d
 is the distance in cM


r is the frequency of recombination.  

The commands that are being used with major frequency are:

· Twopoints used for establishing the ligaments groups 

· Build used for elaboration of the linkage map.  

· FLIPS used to estimate the most probable order with regard to all the possible ones.

· Chrompic use for the detection of multiple recombinants, this function is very important for the detection of possible errors in genotypes. 

The figure 24, page 121, indicates the necessary steps in elaboration the linkage map. A brief description will follow:

The first step is the “paternity control”, comparing daughter results in each family with the results of the sire of the family to recognize which of these animals are not daughters and will be removed before further analyses.

Furthermore a homogeneity recombination test is applied among the different families (Ott, 2000). The detection of recombination differences among families is applied by a Chi-square statistics (M-test). 

The next step is to set up the most likely order of the markers belonging to the same linkage group. The program establishes markers position by ranking the detected informative meiosis. The estimated order is the most likely one that minimizes the recombination phenomena (i.e. the one that produces a minor length in the map). If some markers have several equally possible orders the marker is not joined in a specific position in the map, but a confidence interval is assigned to it in his position.

3.5. Estimation of phenotypic values

Investigated milk production traits and udder morphology measures were estimated to calculate the Yield Deviation “YD” for each daughter as follows:

Adjusted milk production:

Milk produced by lactation between the 30th and 120th days postpartum as follows: 
YDijkl   = Yijkl -  (  - RAEi - Edj - TPk

For protein percentage, fat percentage and somatic cells counts:

YDijklm   = Yijklm -  (  - HTDi + Edj - TPk - MLl
For udder morphology: 

The most important five incorporated traits are, Udder depth, Udder insertion, Teat position, Teat size, and global conformation of the udder, the statistic model was:

YDijkl   = Yijkl -  (  - RC i + Ed j - MLk
Where:

YDijklm 
is the dependent variable in standard deviation corrected for environmental variance factors included in the model,

(

the population least squares mean,

RAEi 
the Flock-Year-season effect, 

HTD
the Herd-Test-day effect,

Ed

the age of the sheep effect (6 levels),

TP

the partum type effect (two levels) 
ML
 
the month of lactation effect

RC

round of qualification effect

After identifying the genotypes for all individuals using the whole set of markers, the linkage maps were performed and the phenotypic values was processed for statistical analysis meant for the detection of QTL. The HSQM program (Coppieters et al., 1998); was used for QTL detection applying the multiple-marker regression method proposed by Knott et al. (1996).

4. Results and discussion

Introduction

The present Thesis is a part of the project “Evaluation of Churra sheep for morphological traits and searching of QTL using microsatellite markers” (CICYT-FEDER 1FD97-0225). One of the objectives of this project is to identify chromosomal regions affecting milk production and udder morphology traits in Churra sheep. For this purpose we have developed a daughter design with 11 half sib families. The markers were amplified in several PCR-Multiplex reactions. A segregation analysis was carried out and the linkage maps for the 26 autosomes were elaborated using the meiosis produced in the Churra sires. Subsequently, phenotypic information measured as Yield deviation (YD) for each trait were estimated and corrected for environmental effects included in the statistical model.

4.1. Analyzed Markers 
One hundred and ninety markers were primarily selected hoping to cover the entire autosomic genome. From those markers, 82 microsatellites are located in the chromosomes OAR1 to OAR10, which constitute the body of the analysis for this Thesis. A total of 30 PCR multiplex were elaborated, and the PCR-multiplex products were joined to form group of markers that will emigrate jointly on the polyacrylamide gel “Multiload”. 

Multiloads composition is listed in tables 37 to 46, page 138 to 148. The most efficient multiload is that designated as 1010 (Table 41) that is comprised 13 markers incorporated in three multiplex of 5, 4 and 4 markers with fluorochrome 6-FAM, HEX and TET, respectively. On the other hand, the multiload 1025 contained only 3 markers, which were carried out at the end of the study with the purpose to disguise genomic regions of the chromosome OAR3 that was not appropriately covered with instructive and informative markers.

4.1.1.   Problems in marker identification

Some of these problems are the selection and the amplification form of the selected markers in individual and/or in group, the presence of artefacts, weak amplification, +A, null alleles, etc.  Subsequently, some concrete cases will be referenced.

· Artefact: markers like BM3033, URB048, and OARCP134, were well amplified, but with non-specific artefacts in the same region (see figure 27).

· Overlapping: this fact has been observed in markers BMS835 and TGLA137, when we have in some families some animals with allele amplified in the zone of the other markers (see figure 28).

· Weak amplification: markers like, BM864, BMS975, HMH1R, TGLA53, BMS1948, CSSM41, BMS1620, TGLA322, BM7136, MCM135, MCM105, and INRA209 (see figure 29), amplify in a very weak form. 

· Null alleles: markers like, BMC2228, BM848, MCM150, and OARCP49, have problems in paternity that could be attributed to null alleles in this family and no to miss assignment (see figure 31).

In general there are several options that can be used to improve the amplification form.  

· Decrease melting temperature in steps (2º C) 

· Increase the time of hybridization 

· Increase  or decrease the concentration of the primers 

· Using another Taq polymerase, as TAQ Gold 

· Combine some/all of the above

4.1.2.   Markers variability

Table 47 (page 156) shows the number of alleles for each microsatellite in the Spanish Churra breed population. HUJ616 marker was very polymorphic with 26 alleles being heterozygous in all analyzed families. On the other hand, the markers BMS356, BM7247 and BMS1669 have the minor number of alleles (3) and result in heterozygosis in 7, 5 and 5 families, respectively.  

Generally, the markers have a high variability indices: 5 of them exhibit from 3 to 4 alleles, 3 of them 5 alleles, 10 present 6 to 7 alleles, 19 from 8 to 10 alleles and 44 declare 11 alleles or more. In conclusion, the 53.7% of the 82 markers have 11 alleles and 76.83% of them 8 or more alleles. These results are good indicator of the high variability of the selected markers in our population.

4.2. Linkage maps

Table 48 (page 159), figures (32: 41, page 166 to 172), showing the total length of the map for chromosomes OAR1 to OAR10. The minimum and maximum distances among makers on a specific chromosome are indicated. In general, the chromosome 1 is the larger with 299.6cM of length and containing 14 markers. The chromosome 10 contains the maximum observed gap between markers (43.5 cM) refer to the region between BMS975 and TGLA441. Nevertheless, the minimum distance among markers was 7.7 cM between TGLA137 and MCM527, on the chromosome 5.  

4.3. QTLs detection

In this chapter we will present the obtained results form our population, for the QTL detection. For each chromosome three graphics are shown: the information content of linkage map, the probability profiles, expressed as Log10 (1/P), of QTL analysis in each cM for the milk production traits and SCC and finally the same type of analysis for the udder morphology traits.

4.3.1.   Chromosome 1
As indicate in figure 51, the chromosome 1 has a medium information content map (57.75%). Table 49, presents the number of alleles and the informative families for each marker.

The QTL detection analysis didn’t show any significant (10% chromosome wise) segregation in any analyzed trait. (See figure 52)

In the case of the SCC, in the interval 122cM to 155cM exists one region that might be able to influence this trait, although without arriving to the significant level 10%. In this region gene of beta-defensin genes is located (Iannuzzi et al., 1996). In bovine, Schulman et al. (2002), found a QTL with influence on SCC in the homologous chromosome but in a position that does not seem to correspond with our interval. 

4.3.2.   Chromosome 2
A total of 11 markers with an average information content of 52.05% were analysed. Allele number and informative families were indicated in table 52.

As indicate in figure 54, a QTL with significant level 6% affecting protein percentage trait was found. In within family analysis an evidence of segregation was found in family 6 with a positive effect of 0.27 in the position 71cM.

By relation with the bovine in chromosome 8 (homologous to this region), Mosig et al., (2001) found a QTL influence the same character, and for SCC (Reinsch et al., 1998 and Klungland et al., 2001).

No significant QTLs were found in the analysis of udder morphological traits.

4.3.3.   Chromosome 3
The average information content of this chromosome is 57.64%, the linkage map was elaborated by 10 markers, (see table 53).

As indicate in figure 56, page 195, we found a genomic region that influence protein percentage, with highly significant level (P = 0.02) in the interval ILSTS042 to CSRD211. The segregating families were families 7 and 11 in the position 220 and 235cM, respectively. The effect was varied among the two families, when it was positive (0.248) in family 11 it was negative (-0.232) in family 7. Barillet et al., (2003) have located a similar effecting a backcross Sarda x Lacaune.

With relation on comparative maps in Bovine and Human, as indicate in figure 58 page 197, we can see that the genes (- Lactoalbumin and Insulin-like Growth Factor 1 are located in the same zone which we found our QTL (Hayes et al., 1993; (Casas-Carrillo et al., 1997). In cattle experimental they found QTLs affecting the protein % in BTA5, Plante et al. (2001), Bennewitz et al. (2003) and Mosig et al. (2001).

4.3.4.   Chromosome 4
The information profiles for markers typed in chromosome 4 are shown in table 54. The average information content for the 6 microsatellites (figure, 43), is 57.81%, with a range between 79.87% in the position of OARHH35, to 40.06% for BMS1788.

The QTL analysis for chromosome 4 showed a highly significant putative QTL for milk production (1%). The significant effect were found in family 5 (90cM) and family 6 (24-35cM). The effect was negative and decreased the milk production in both families, (-17.78 and -6.96 in families 5 and 6, respectively).

These results are in agreement with that found in bovine chromosome 4 in which Lindersson et al. (1998), found QTLs about milk production, fat yield and fat percentage.

In the case of udder traits (figure 60), we found another QTL in the interval between the two markers BMS1788 and MCM144 with significant level 5.5% affecting udder global conformation. This effect was found in families 1 and 6, with different effect negative (-0.227) in family 1 and positive in family 6 (0.177).

4.3.5.   Chromosome 5
We used 8 microsatellites to elaborate the linkage map of chromosome 5, (see table 55), the average information content of these markers was 59.68%.

The analyzed characters didn’t reach the significant level (10% chromosome wise). But for protein percentage trait it seem to be a continuance segregation but no significant under the lower potency of our experimental design. Schibler et al. (2002), were detected QTLs in chromosome 5 in Lacaune sheep breed, on protein yield.

4.3.6.   Chromosome 6
Chromosome 6 map was composed by nine markers with high average information content 74.86%.

We did not found any significant effect about the milk production and SCC traits in this chromosome. Diez Tascón et al. (2001) were found three a putative QTL affecting milk production, protein yield and percentage in the same chromosome in Churra breed. This finding is no confirmed by this work 

Regarding Udder morphology traits we found putative QTL (5.5%) influencing udder depth, in family 6 in the position 89cM, the effect was negative (-0.286). In this region we can found genes codifying for ANXA5 and CCNA2. 

It is complex to imagine how these genes can affect to the udder morphology, but we have cited them for the positional coincidence of both loci with the locating of maximum significant of the possible QTL.  

4.3.7.   Chromosome 7
In table 57 we can show the allelic information and informative families for the eight markers used in chromosome 7. The information content was indicated in figure 68.

The QTL analysis for milk traits and SCC did not shown to be significant in any area. Whenever, in the case of udder Traits showed significant effect in teat position (1.8%). The effect found is based on segregation detected in families, 3, 4, 6 and 10 and the sign is -0.332, -0.287, -0.216 and -0.448 for the four families respectively.

In the case of bovine homologue (BTA10), there are only QTLs affecting milk traits but we don’t found any publication on morphological trait.

4.3.8.   Chromosome 8
The maximum average distance between two markers was found in this chromosome result in lower average information content (39.2%) see table 58, figure 72.

QTL detection analysis seems to be significant for milk yield (6.5%), this effect was found in two families: fam. 1 (position, 29cM) and fam. 3 (position, 1:46. Another significant effect (8.7%) was found for teat size (very important trait to machine milking in sheep). 

This effect is based on segregation detected in family 2 (130cM) and family 4 (24cM), with negative effect in both cases (-0.248 and -0.276, respectively). In ovine, Casu et al. (2003), was found a QTLs in relation with udder traits, near the interval BMS1290 to BMS1724.

4.3.9.   Chromosome 9
This chromosome was analysed with Multi-loading 1011 composed by eight markers. The average information content was 69.91% (table, 59, and figure 75).

No significant QTL were found in chromosome 9 both milk production and udder morphology traits.

These results are in agreement with Rozen (1999), in one study in Churra sheep In BTA9 they found QTL on fat percentage (Coppieters et al. 1998, Ron et al., 1998 and Riquet et al., 1999). 

4.3.10.   Chromosome 10
Chromosome 10 was the smallest chromosome in this analysis. Linkage map was composed by 3 markers with average information content 45.83% (see table 60 and figure 77).

No evidences of QTL affecting milk and SCC traits were found. 

In relation with the marker AGLA26 we found a QTL about teat position (6%). Segregating families were family 3 (8cM) and family 5 (23cM). The sing of effect was opposite in the two families; negative (-0.269) in family 3 and positive (0.168) in family 5. 

Conclusions 

FIRST

In this study we developed 30 Multiplex-PCR reactions to analyse the genotypes of different microsatellite markers. We designed 10 multiplex combinations “multi-loads”, and analysed them using an automatic sequencer that utilises 4 colours-one lane technology. As a result, we were able to identify correctly the allelic variants of 82 microsatellites, distributed uniformly on the ovine chromosomes 1 to 10.  

SECOND

The linkage maps for the chromosomes 1 to 10 constructed from our data, confirmed that the genomic structure of these chromosomes in Churra sheep, does not differ from the reported by other authors in different ovine breeds. The density of the markers has allowed the obtaining of an acceptable information content level to detect genes responsible for characters with economic interest in this species.  

THIRD

We detected four QTLs with influence on milk production traits. 

On one hand, two segregating QTLs, with influence in milk production were detected respectively on chromosome 4 and on chromosome 8. Chromosome-wise P values of 0.01 and 0.065 respectively were obtained.

On the other hand, two putative QTLs involved in protein percentage were detected respectively on chromosomes 2 and 3 corresponding to chromosome-wise of significance level of P=0.02 in both cases.

FOURTH  

We detected five chromosome areas influencing udder morphology traits

Two genomic regions affecting teats position were identified: on chromosome 7 with a significance level of P= 0.018 and on chromosome 10 with a significance level of P= 0.06 chromosome-wise.

One putative QTL with influence on global conformation of the udder was detected on chromosome 4 (P value of 0.055)

One segregating QTL involved in udder profundity was identified on chromosome 6 (P=0.055)

Finally, a QTL with influence teat size was detected on chromosome 8 reaching a P value of 0.087chromosome wise.

FIFTH 

Our results suggest that putative QTLs might be segregating on some other chromosomal areas. However, because of the low statistical power of our experimental design, further research will be necessary to confirm or reject the presence of genes of interest in these regions. Putative QTL areas have been shown, on chromosomes 1,3,5,6 and 9 for milk production, on chromosomes 1, 3, 8, 9 and 10 for the somatic cell count, and on chromosomes 2 and 3 for udder morphology. 
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