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ABSTRACT: The impact of genetic structure in livestock 
populations under conservation (or even selection) 
programs must be of special interest for both stockbreeders 
and scientists. Within this context, several subpopulations 
were previously described in the Ripollesa sheep breed on a 
phenotypic basis, and this research focuses on the 
identification of the subsequent underlying genetic 
structure, if any. A total of 269 males and 2,366 females 
from 13 purebred Ripollesa flocks were genotyped for 49 
single nucleotide polymorphisms covering all autosomal 
chromosomes. Genetic differentiation across flocks was 
evaluated by computing the harmonic mean of both Dest and 
FST parameters across loci. It is important to highlight that  
Dest provided higher estimates, although they were 
remarkably small in all pairwise comparisons. On average, 
the genetic differentiation between flocks (Dest) was 0.017 ± 
0.001, and its statistical relevance was ruled out by an 
appropriate bootstrap approach. The other genetic 
differentiation parameter, FST, evidenced the same behavior 
with even smaller (and non-significant) estimates, 
suggesting the absence of genetic structure in the Ripollesa 
sheep breed. These results must be viewed as highly 
relevant for this sheep population and suggested that 
phenotypic differences between flocks must be mostly due 
to environmental factors or a few major genes (e.g., horn 
inheritance). 	  
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Introduction	  
	  

The existence of phenotypically differentiated 
subpopulations in the Ripollesa sheep breed was advocated 
by the shepherds for decades, they being described by Torre 
(1991) for the first time. Note that this breed locates in the 
North-East region of Spain and covers a wide range of 
environments, from plains to coastal mountains; this 
heterogeneity, and even geographic isolation in some cases, 
may have led to the evolution of the breed towards different 
subpopulations. Indeed, the name of the different historical  
subpopulations derived from particular cities and villages in 
the area, this providing a first insight about its geographical 
distribution, e.g., Gosolenca (Gòsol, Barcelona; horned 
ewes with large body size), Igualadina (Igualada, 
Barcelona; non-horned ewes with scarce wool on the belly), 
Lluçanenca (Lluçanès, Barcelona; medium body size), 
Queralpina (Queralps, Girona; smaller and less prolific 

ewes with longer horns and the finest wool fibers), and 
Hilarenca (Sant Hilari, Girona; the largest rams and ewes 
with long horns and presence of abundant hair in the wool), 
among others.	  

	  
The phenotypic variability of the Ripollesa breed 

has been recently evaluated by Esquivelzeta et al. (2011) 
and the description of the different subpopulations was 
revisited. These authors identified four different phenotypic 
groups by a cluster analysis approach and evidenced that 
some Ripollesa historical subpopulations had evolved or 
even mixed. The first two groups probably linked to 
variable contributions from the Hilarenca and Igualadina 
ancient subpopulations, and an independent evolution 
during several years or decades. Group 3 had influences 
from original Hilarenca and Queralpina (and maybe 
Lluçanenca) subpopulations, whereas group 4 included the 
smallest animals with a strong influence from the historical 
Queralpina subpopulation. Although the phenotypic 
variability of the Ripollesa breed is out of any doubt, the 
consequent population structure has never been studied in 
deep from a genetic point of view.	  

	  
The objective of this study focuses on the 

evaluation of the genetic differentiation among Ripollesa 
sheep flocks. Given that all ram- and ewe-lambs are 
systematically tested for paternity ascertainment with a 
panel of 48 single nucleotide polymorphisms (SNP) prior to 
their inclusion to the Ripollesa herdbook, both Dest (Jost 
(2008)) and FST statistics (Wright, 1950) were evaluated to 
measure genetic differences between flocks. Moreover, 
their magnitude and relevance was discussed and 
highlighted.	  

	  
Materials and Methods	  

	  
Ripollesa sheep breed. Ripollesa sheep were 

described as a medium-sized breed with convex profile and 
characteristics pigmentation with black or dark brown spots 
on the head and legs (Esquivelzeta et al. (2011)). This breed 
belongs to the Spanish medium-fine wool-type trunk, and is 
characteristically Mediterranean exploited under semi-
extensive productions systems. Lambs are typically sold for 
slaughter as “pascual”-type (22-24 kg live weight; ~12 kg 
carcass weight), although lighter sizes are not uncommon 
(R. Bach, personal communication).	  

	  



Genotyping data. A total of 2,635 Ripollesa 
individuals (269 males and 2,366 females) where genotyped 
for 49 SNP within the context of the paternity testing 
program supported by the Ripollesa breed society 
(CL635241, CZ920950, DU200069, DU206327, 
DU213735, DU216457, DU223894, DU225323, 
DU231335, DU232778, DU245849, DU247686, 
DU258149, DU260026, DU298844, DU301854, 
DU310703, DU322055, DU325267, DU325612, 
DU328870, DU329154, DU351298, DU364675, 
DU366451, DU370089, DU372397, DU380983, 
DU385524, DU388321, DU407749, DU413994, 
DU414375, DU438072, DU452167, DU452456, 
DU458238, DU459528, DU463532, DU463771, 
DU470132, DU480434, DU492158, DU492516, 
DU492723, DU515326, DU528988, DU529574 and 
EE784862). These animals came from 13 different purebred 
flocks and included all sires and all replacement individuals 
between years 2008 and 2012 (see Table 1 for a detailed 
summary of the contribution of each flock). For each 
animal, a blood sample (~3 ml) was taken by jugular 
venopuncture and kept frozen (-20 ºC) until DNA 
extraction and SNP genotyping (Servei Veterinari de 
Genètica Molecular, Universitat Autònoma de Barcelona, 
Bellaterra, Spain). Note that the number of SNP agreed 
with previous studies focused on population structure 
(Mesnick et al. (2011), Zarraonaindia et al. (2912)) 

 
Table 1. Number of males and females genotyped from 
each Ripollesa sheep flock.	  

Flock	  
Males 
(rams)	  

Females 
(ewes)	   Overall	  

1	   13	   144	   157	  
2	   22	   252	   274	  
3	   24	   279	   303	  
4	   22	   444	   466	  
5	   0	   15	   15	  
6	   21	   159	   180	  
7	   24	   57	   81	  
8	   73	   404	   477	  
9	   24	   181	   205	  

10	   15	   112	   127	  
11	   3	   47	   50	  
12	   14	   164	   178	  
13	   14	   108	   122	  

 Overall	   269	   2,366	   2,635	  
	  
	  
For each SNP, Hardy-Weinberg equilibrium was 

tested by a χ
2

 test with 1 degree of freedom, the minimum 
allele frequency (MAF) was characterized as the allelic 
frequency of the less abundant allele, and the call rate was 
obtained as one minus the proportion of ungenotyped 
individuals for a specific SNP. Note that the panel of SNP 
used for paternity testing in the Ripollesa breed was slightly 
modified when almost 50% of the individuals included in 
this study were already genotyped (DU247686 substituted  
EE784862).	  

Analysis of genetic differentiation. Animals were 
grouped according to their flock of origin and appropriate 
Dest (Jost (2008)) and FST statistics (Wright (1950)) were 
calculated for each pairwise comparison among flocks with 
the SMOGD (Crawford (2010)) software and ad hoc 
Fortran90 programs, respectively. Moreover, the PHYLIP 
program (Felsenstein (2005)) was used to create unrooted 
neighbor-joining trees for independently estimated matrices 
of Dest and FST values across Ripollesa flocks. The 
statistical relevance of each node in the final tree was 
evaluated by bootstrap. 	  

	  
In order to elucidate the statistical relevance of the 

harmonic mean of Dest and FST across loci, 1,000 bootstrap 
rounds were implemented by sampling (with replacement) 
two subpopulations of 180 individuals each from the 
original data set. For each bootstrap replicate, both Dest and 
FST were calculated as described above, and the boundary 
for statistical significance (p = 0.05) was obtained as the 
0.95 percentile of the bootstrap distribution.  	  

	  
Results and Discussion	  

	  
SNPs. A total of 16 out of 49 SNP departed (p < 

0.05) from Hardy-Weinberg equilibrium (DU200069, 
DU225323, DU247686, DU298844, DU301854, 
DU329154, DU366451, DU388321, DU413994, 
DU452167, DU452456, DU459528, DU470132, 
DU480434, DU515326 and DU528988), the minimum 
allele frequency ranged from 0.245 (DU380983) to 0.496 
(DU310703), and call rate fluctuated from 51.2% 
(EE784862) to 99.9% (DU528988). Nevertheless, note that 
genotypes were obtained on a 48-SNP array and DU247686 
substituted  EE784862 when ~50% of the animals where 
already genotyped. If excluded, the minimum call rate was 
97.8% (DU452167). These results highlighted the relevance 
of this SNP panel for paternity testing in this population, 
reaching very high probabilities of parentage exclusion as 
previously reported by Ferrando et al. (2012).	  

	  
Genetic differentiation among flocks. Although 

the 13 Ripollesa flocks involved in this study were 
representative examples of all four phenotypic groups 
defined by Esquivelzeta et al. (2011), both Dest and FST 
statistics provided very small estimates which did not 
departed from zero (p < 0.05) in the greatest part of the 
SNPs (results not shown). Focusing on the harmonic mean 
of Dest across loci, pairwise flock comparisons provided an 
average value of 0.017 ± 0.001, although estimates 
fluctuated between 0.008 and 0.029. Indeed, highest 
estimates were linked to flock number 7 when comparing 
with remaining flocks (Dest ranged between 0.020 and 
0.029); when flock 7 was not involved in the comparisons, 
the highest Dest was 0.018. On the other hand, FST showed a 
similar pattern although their estimates were even smaller 
than the ones from Dest (results not shown), and they did not 
depart from the null estimate in any SNP. Our estimates 
were substantially smaller than the ones obtained when 



comparing other livestock populations such as sheep 
(Dalvit et al. (2009); Agaviezor et al. (2012)) and cattle 
breeds (Medugorac et al. (2011)).	  

	  
Although information from both  Dest and FST was 

used to create neighbor-joining trees, final results did not 
evidence any kind of genetic structure in the Ripollesa 
population, given that all nodes provided bootstrap values 
lower than 30% (the greatest part of them did not reach 
20%). On the other hand, the bootstrap approach 
implemented to evaluate the statistical relevance of Dest and 
FST across loci (two subpopulations of 180 individuals 
each) provided additional evidences against significant 
genetic differentiation among Ripollesa flocks. Indeed, 
bootstrapped p-values regarding the overall mean (all 
flocks) could be viewed as a representative example where 
both Dest (p = 0.192) and FST (p = 0.317) were far from the 
significance threshold (p = 0.05). These results suggested 
that genetic differentiation among Ripollesa flocks, if any, 
was too small to be efficiently detected with current 
analyses, even when more than 25 hundred individuals have 
contributed genotyping data. 	  

	  
Conclusion	  

	  
Results suggest that there was not significant 

genetic differentiation among Ripollesa flocks, although 
previous studies revealed relevant phenotypic departures 
that allowed to classify them into four major groups. This is 
a relevant result for the genetic conservation of the 
Ripollesa breed because rules out the presence of relevant 

population structure and the subsequent loss of genetic 
diversity inherent to smaller and (partially) isolated 
subpopulations. Moreover, this suggests that phenotypic 
differences between flocks must be highly influenced by 
environmental factor, although without discarding the 
contribution of some major genes (e.g., horn inheritance).  	  
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