Purpose of the visit
The effective population size (Ne) is a crucial parameter in conservation genetics, as it is related with the genetic variability and gives an idea of the genetic status of the populations.  Traditionally, Ne has been estimated from the rate of inbreeding or the rate of coancestry using pedigree information (Toro et al. 2000). With the increasing availability of high-density genome-scan data, interest has grown in exploring whether more reliable and accurate estimate of genetic variability parameters might be derived on the basis of genomic marker data. This molecular information allows us to obtain both current and ancestral estimates of Ne from linkage disequilibrium (LD), providing valuable knowledge on the ancient history of the populations (Hayes et al 2003, Tenesa et al 2007). LD over long distances reflects recent Ne, whereas LD over small distances reflects the Ne in the more distant past (Hayes et al. 2003). The pattern of historical Ne can also help us to understand the impact of selection on the genetic variation present in populations and can lead us to an in-depth understanding of inbreeding processes (Corbin et al 2010).
One of the varieties of Iberian pigs that is now in serious danger of extinction is the Guadyerbas strain. It is one of the most ancient surviving Iberian strains and currently is the only representative of the black hairless genetic type. The strain has been conserved in an experimental herd as a genetically isolated population since 1944 (Toro et al 2000). Accurate genealogical and performance information for reproductive traits has been recorded since the foundation of the herd and this makes it a genetic resource of exceptional value. 
The aim of this visit was to apply the methodology developed and implemented by Albert Tenesa (Tenesa et al 2003, 2007) and John Woolliams (Corbin et al 2010, 2012) regarding the estimation of Ne from LD patterns to our data of Iberian pig. We have available genotypes obtained from the Illumina Porcine SNP60 Genotyping BeadChip for 220 individuals. 

Description of the work carried out during the visit and main results
The work I have performed during the visit can be summarized in two main epigraphs:
1. Estimation of linkage disequilibrium in the population of Guadyerbas animals
2. Estimation of ancestral effective  population size from LD measures in this population

1. Estimation of LD
The measurement of LD used in this study is the squared correlation coefficient between SNP pairs (r2) (Hill and Robertson 1968), computed as:

LD (r2) was calculated for all syntenic marker pairs within distance bins up to 50Mb. LD declined with increasing distance between SNP pairs, with high LD values at distances lower of 1Mb (r2= 0.6). Figure 1 shows that the most rapid decline was seen over the first 0.9Mb, with the mean r2 decreasing by more than half over this period.
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Figure 1. Linkage disequilibrium across autosomes as a function of the genomic distance. Average r2 is represented according physical distance into bin sizes of 0.05Mb bins from 0 to 2Mb and 0.2Mb bins from 2 to 5Mb.
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Figure 2. Linkage disequilibrium across the genome as a function of the genomic distance. Average r2 is represented according physical distance into bin sizes of 0.05Mb bins from 0 to 2Mb; 0.2Mb bins from 2 to 5Mb; and 5Mb bins from 5 to 50Mb. Percentiles 5 and 95 are also represented.

In order to determine the extension of LD, we calculated r2 between randomly sampled markers (30 SNPs per chromosome). This value  was 0.064±0.024, which was similar to that observed for syntenic markers at distances greater than 15Mb (Figure 2). Both the magnitude as well as the extension of LD was much higher than for other porcine breeds (Nsengimana et al. 2004, Harmegnies et al. 2006).
From all the pairwise r2 comparisons within chromosome, the accumulated proportion of pairwise r2 = 1 achieved 13% for the whole genome. Average LD for different bin distances per chromosome are summarized in Table 1.

	Chrom
	0.5Mb
	1Mb
	5Mb
	10Mb
	50Mb

	ssc1
	0.24
	0.21
	0.13
	0.10
	0.06

	ssc2
	0.42
	0.37
	0.24
	0.18
	0.09

	ssc3
	0.46
	0.41
	0.28
	0.22
	0.11

	ssc4
	0.49
	0.44
	0.28
	0.20
	0.07

	ssc5
	0.40
	0.36
	0.22
	0.16
	0.07

	ssc6
	0.48
	0.42
	0.28
	0.21
	0.08

	ssc7
	0.38
	0.33
	0.21
	0.16
	0.07

	ssc8
	0.50
	0.45
	0.28
	0.21
	0.11

	ssc9
	0.41
	0.37
	0.24
	0.18
	0.08

	ssc10
	0.32
	0.28
	0.17
	0.12
	0.05

	ssc11
	0.37
	0.31
	0.19
	0.14
	0.06

	ssc12
	0.38
	0.33
	0.18
	0.13
	0.06

	ssc13
	0.52
	0.47
	0.31
	0.25
	0.16

	ssc14
	0.47
	0.42
	0.28
	0.21
	0.10

	ssc15
	0.44
	0.40
	0.26
	0.20
	0.10

	ssc16
	0.42
	0.36
	0.22
	0.18
	0.08

	ssc17
	0.47
	0.41
	0.26
	0.20
	0.09

	ssc18
	0.39
	0.34
	0.20
	0.14
	0.06

	Average
	0.42
	0.37
	0.24
	0.18
	0.08

	SD
	0.0688
	0.0648
	0.0479
	0.0397
	0.0255



Table 1. Average r2 for different distances bins of 0.5, 1, 5Mb and 50 Mb for each chromosome.





In order to explore the LD within chromosome, we identified LD blocks with a r2 value higher than 0.9 (Figure 3). The largest blocks were observed in the chromosomes  9 (122 SNPs), 13 (two blocks of 299 and 376 SNPs), 14 (428 SNPs) and 17 (256 SNPs).  One of the blocks detected in chromosome 13 contains a QTL related to prolificacy (Noguera et al 2009), which could be related with the decrease in the number of individuals across generations (data not shown).
[image: ] Figure 3. Haplotype blocks arranged according to the number of SNPs within a block for each chromosome. Notice that chromosomes 8, 9, 13, 14, 17 show haplotype blocks including more than 100 tag SNPs (notice that a tag SNP refers to the most representative SNP within a block for the r2 defined).

Figure 4. Mean LD estimates at different physical distances pooled over all the autosomes and estimated at three minimum threshold levels of cutoff for MAF.

2. Estimation of effective population size
LD is function of Ne and recombination rate (c) and is usually measured as the correlation of the frequency of alleles at two chromosomal loci as decribed by Sved 1971,
[image: ]
Including mutation (α) and finite experimental sample size (Hill 1981), the relationship between LD and Ne is summarized in the expression,
[image: ] 
Exploring these equations Hill predicted that LD between marker located at close distances reflects the ancient history of the population, while LD at larger distances describes more recent events.
Chromosome-specific Ne was estimated for all autosomes from estimated LD (r2) between pairs <100 Kb apart (discarding SNPs at <5 Kb in order to avoid the influence of gene conversion), following Tenesa et al (2007).
We used the recombination rates (c) from the study of Tortereau et al 2012 (in order to avoid dependence between LD and c). We adjusted the estimates of Morgan/Mb provided by the authors to the corresponding distances between marker pairs of 100 Kb and then estimated Ne separate for each chromosome by fitting the nonlinear regression model:

where yi = (r2 – 1/n)  and parameters α and β were estimated iteratively using least squares. Effective population size was thus estimated from the regression coefficient.
The main advantage of this method is the possibility of investigating the change on Ne over time, as LD between loci at a determined recombination rate reflects the ancestral Ne 1/2c generations ago (Hayes et al 2003, assuming linear growth). 
We thus explored the number of generations in the past that the method allowed according to our data. Using small distances (<100 Kb), average estimates per chromosome reflected a value of Ne of 291 individuals for 1426 generations in the past (Table 3).  Pig domestication occurred 10000 years ago, with the expected consequence of the reduction of Ne in the domestic populations. The next step will be to explore LD at higher distances with the aim of estimating Ne from the foundation of the herd (1944) to the present. In addition, the availability of the complete pedigree of the herd will allow us to compare different estimates of Ne. 



	CM
	 
	 
	b1
	SE
	p>|t|
	 
	n SNP pairs
	Ne
	c
	Gen

	1
	 
	 
	3394.91
	845.49
	***
	 
	309
	848.73
	0.00018697
	2674.16

	2
	 
	 
	1711.00
	231.30
	***
	 
	152
	427.75
	0.00030792
	1623.82

	3
	 
	 
	1060.00
	184.00
	***
	 
	136
	265.00
	0.00036508
	1369.56

	4
	 
	 
	704.53
	167.94
	***
	 
	139
	176.13
	0.00034505
	1449.05

	5
	 
	 
	1755.00
	230.20
	***
	 
	109
	438.75
	0.00040380
	1238.23

	6
	 
	 
	964.59
	162.03
	***
	 
	155
	241.15
	0.00036988
	1351.78

	7
	 
	 
	1372.00
	214.50
	***
	 
	132
	343.00
	0.00043986
	1136.73

	8
	 
	 
	1109.00
	213.90
	***
	 
	146
	277.25
	0.00031800
	1572.33

	9
	 
	 
	1786.00
	211.30
	***
	 
	131
	446.50
	0.00036132
	1383.82

	10
	 
	 
	1382.03
	260.29
	***
	 
	74
	345.51
	0.00058534
	854.21

	11
	 
	 
	1829.00
	309.30
	***
	 
	86
	457.25
	0.00038610
	1295.02

	12
	 
	 
	1191.17
	229.60
	***
	 
	61
	297.79
	0.00059654
	838.17

	13
	 
	 
	677.16
	246.17
	**
	 
	214
	169.29
	0.00022007
	2271.97

	14
	 
	 
	945.07
	187.97
	***
	 
	154
	236.27
	0.00036504
	1369.71

	15
	 
	 
	1252.00
	251.80
	***
	 
	154
	313.00
	0.00030267
	1651.96

	16
	 
	 
	900.38
	297.33
	**
	 
	85
	225.10
	0.00038120
	1311.64

	17
	 
	 
	827.69
	217.13
	***
	 
	69
	206.92
	0.00045185
	1106.55

	18
	 
	 
	1565.50
	290.57
	***
	 
	61
	391.37
	0.00042657
	1172.14

	 
	 
	 
	 
	 
	 
	 
	 
	
	
	


Table 3. Results of Ne per chromosome estimated from the average recombination rate (Ave c) and the parameter β.  Number of generations are also indicated and estimated from average recombination rates. CM: chromosome; c: recombination rate in M/Mb; Gen: generations.
Future collaborations
During the stay new ideas about the project have emerged, including to perform estimates of Ne from genealogical data and coalescence analysis. Concerning the former approach, the fact of having the complete genealogy of the herd will allow us to test the validity of coalescence analysis applied to livestock breeding. 
In addition, during my stay at The Roslin Institute, I got involved in a project from Albert Tenesa, about complex traits in human populations analyzed with the Human SNP chip. I applied the same methodology they are implementing in their human population to our porcine data. This new project will entail a new collaboration with Albert´s group that is going on at the present. 

Project publications resulting from the grant
We expect to publish two different papers corresponding to each one of the projects that will be also presented in congress during next year.
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