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INTRODUCTION 
Use of quantitative trait loci or genetic markers in selection is particularly advantageous if 
traits are lowly heritable or expressed late in life, in only one sex, or in only some 
environments.  Fertility of ewes lambing in autumn meets these criteria , and efficiency of 
selection to reduce seasonal breeding could be improved by use of informative genetic 
markers.  Pelletier et al. (2000) reported an association between melatonin receptor 1a 
(MTNR1A) genotype and seasonal reproduction in Merino d’Arles ewes.  The current study 
was designed to determine if a similar relationship exists in a population developed through 
selection for fertility in autumn lambing. 
 
MATERIALS AND METHODS 
Records of fertility and litter size in autumn lambing came from a flock selected for fertility 
and from a contemporary unselected control line.  Both lines were derived from a base 
population of 50% Dorset, 25% Rambouillet, and 25% Finnish Landrace breeding. Selection 
began in 1988.  Genotyping of animals began in 1997, following identification of polymorphic 
RFLP sites within MTNR1A (Messer et al., 1997).   Experimental procedures and selection 
response were described by Al-Shorepy and Notter (1996, 1997) and Notter et al. (1998).  
 
Digestion with MnlI yielded polymorphic fragments of 236 and 50 bp when a cleavage site was 
present (allele M) or a 286 bp fragment if the site was absent (allele m).  Digestion with RsaI 
gave an RFLP with fragments of 290 and 5 bp when the cleavage site was present (allele R) or 
295 bp when the site was absent (allele r).  Genotypes were represented as MM, Mm, and mm 
for MnlI and RR, Rr, and rr for RsaI.  
 
Data included results of 2,490 breeding opportunities and 1,157 autumn lambings by 903 ewes.  
The pedigree file of 1,503 animals included these ewes and their ancestors back to the 
foundation of the flocks.  Genotypes for both polymorphisms were available for 362 ewes with 
1,215 breeding records and 692 lambings, and representing 86 sires.  A supplemental data set 
included only matings of adult ewes (3 years old and older), representing results of 524 
breeding opportunities and 394 lambings by 206 ewes.  Data were analyzed by REML 
(Boldman et al., 1993). Genotypic effects were  evaluated independently for each 
polymorphism (ignoring the other) or jointly by fitting effects of each haplotype (Table 1).  
The model included fixed effects of genotype, ewe age, and year and random animal additive, 
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animal permanent environmental, breeding pasture, and residual effects.  Variance components 
for random effects were estimated using records from all ewes and then applied as fixed input 
parameters in the analysis of performance of genotyped animals. 
 
RESULTS AND DISCUSSION 
Allelic frequencies for the two polymorphisms within  MTNR1A were 0.42 and 0.58 for the M 
and m, respectively, and .34 and .66 for R and r.  When the polymorphisms were considered 
separately, genotypic frequencies (Table 1) did not differ from those expected under random 
mating for the MnlI (χ2 = 0.15; P < 0.75) or RsaI (χ2 = 2.35; P < 0.15) polymorphisms.  
However, the polymorphisms were not in joint equilibrium (χ2 = 102.7 with 4 degrees of 
freedom; P < 0.001).  Animals of genotypes MMRR, MMRr, and MmRR occurred at low 
frequencies and were underrepresented relative to expectations based on allelic frequencies.   
 
Foundation animals were not genotyped, but the high and uniform frequencies of Mr, mR, and 
mr suggest that haplotype frequencies may have differed among foundation breeds.  Three 
common parental gametic types (Mr, mR, and mr) were observed; MR gametes were rare.  
Animals of genotype MmRr would have been formed primarily by union of Mr and rM 
gametes, and frequencies of parental gametes approached  0.026 for MR, 0.395 for Mr, 0.312 
for mR, and 0.267 for mr. 
 
Table 1.  Constants and SE for effects of genotype on fertility and litter sizeA  

   
       Fertility (%) for:       Number born for:  
Poly- All Adult All Adult 
morphism Genotype Frequency ewe ages matings ewe ages matings  

MnlI MM 0.182 7.8 ± 4.6 15.3 ± 6.7 0.06 ± .08 0.21 ± .10 
 Mm 0.478 3.9 ± 3.3 8.1 ± 5.1 -0.01 ± .06 0.04 ± .08 
 mm 0.340 0.0  0.0 0.00 0.00  
 
RsaI RR 0.133 -1.2 ± 4.7 -3.7 ± 7.4 -0.05 ± .08 0.01 ± .12 
 Rr 0.412 -4.9 ± 3.2 -6.1 ± 4.6 -0.06 ± .06 -0.11 ± .07 
 rr 0.456 0.0 0.0 0.00 0.00  
 
MnlI x RsaIB MMrr 0.149 7.2 ± 6.2 15.0 ± 9.0 0.03 ± .11 0.21 ± .14 
 MmRr 0.268 2.2 ± 6.9 7.4 ± 8.1 -0.07 ± .10 0.01 ± .13 
 Mmrr 0.196 6.3 ± 5.6 11.9 ± 8.1 -0.09 ± .10 0.00 ± .13 
 mmRR 0.113 4.5 ± 6.5 6.3 ± 10.3 -0.10 ± .11 0.05 ± .16 
 mmRr 0.116 -6.1 ± 6.2 -6.0 ± 9.9 -0.11 ± .12 -0.16 ± .17 
 mmrr 0.111 0.0 0.0 0.00 0.00  
  
AConstants and SE are expressed as deviations from genotypes mm for MnlI, rr for RsaI, and 
mmrr for MnlI × RsaI. 
BGenotypes MMrr, MMRr, and MmRR, with frequencies of  0.006, 0.028, and 0.014, 
respectively, were excluded from this analysis. 

Session 08. Reproduction Communication N° 08-03   



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

If these gametic types are assumed to represent four alleles at a single locus, genotypic 
frequencies in Table 1 still differ from those expected under random mating (χ2 = 28.5 with 5 
degrees of freedom; P <0.001). MMRR and mmrr were overrepresented and Mmrr was 
underrepresented.  Removal of low-frequency genotypes containing MR and recalculation of 
the χ2 statistic under a three-allele model reduced, but did not remove, departures from 
expected equilibrium frequencies (P<0.01). 
 
For fertility, the estimated additive effect of the MnlI polymorphism (ignoring RsaI genotype) 
was 7.8 ± 4.6% (P = 0.085) for all ewe ages and 15.3 ± 6.7% (P = 0.03) in adult matings (Table 
1).  Heterozygotes were intermediate to homozygotes.  For RsaI, heterozygotes were inferior to  
homozygotes, but differences among genotypes were not significant.  The additive effect of the 
RsaI polymorphism favored rr;  homozygotes differed by 1.2 ± 4.7% for all ewe ages and 3.7 ± 
7.4% in adult matings.  Analysis of joint genotypic effects  (Table 1) revealed relatively large 
differences among genotypes, with a range in mean fertility of 13.3% for all ewe ages and 
21.0% in adult matings.  In this analysis, individuals of genotype mm were inferior to the 
remaining genotypes by 5.7 ±  3.4% in all matings and 11.2 ± 5.1% (P = 0.03) in adult matings. 
Failure to detect genotypic effects in matings that included 1- and 2-yr-old ewes likely 
reflected the lower mean fertility of these ewes (Al-Shorepy and Notter, 1996).  This limited 
expression of genetic differences in fertility in young ewes accentuates the potential value of 
marker-assisted selection for this trait. 
 
 The estimated additive effect on litter size of the MnlI polymorphism was .06 ± .08 (P < 0.50) 
for all ewe ages and .21 ± .10 (P < 0.05) in adult matings; heterozygotes were similar to mm 
homozygotes.  For the RsaI polymorphism, differences among genotypes were small; 
heterozygotes tended to have smaller litters than  homozygotes in adult ewes (P < 0.20). 
Differences among joint genotypes were small across all ewe ages.  In adult matings, 
superiority of MMrr individuals and poor performance by mmRr were notable, but differences 
among other genotypes were small.    
  
The apparent contribution of this marked chromosome segment to genetic variation in fertility 
and litter size was quantified assuming a single-locus, three-allele model considering only the 
Mr, mR and mr alleles.  Genotypes involving the rare MR allele were ignored.  Genotypes 
under this model are represented as Mr/Mr, Mr/mR, etc. to specify both allelic composition and 
linkage phase.  Resulting allelic frequencies were 0.40, 0.32, and 0.28, respectively.  Estimates 
of breeding values and dominance deviations (Jacquard, 1974) were calculated under this 
model. 
 

For fertility, estimates of genotypic ( ), additive ( ) , and dominance variance ( ) 
associated with this marked segment of ovine chromosome 26 were 0.00209, 0.00109, and 
0.00101, respectively, for all matings, and 0.00496, 0.00357, and 0.00139, respectively, in 
adult ewes.  Estimates of the total additive and ewe permanent environmental variances for 
fertility, ignoring the markers, were 0.0167 and 0.0107, respectively, for all ewe ages, and 
0.0151 and 0.0148, respectively, for adult matings.  This marked chromosome segment thus 
accounted for 6.5% and 23.8% of the estimated total additive genetic variation in fertility for 
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all ewe ages and in adult matings, respectively.  Dominance effects accounted for 9.4 and 9.3% 
of ewe permanent environmental effects for all ewe ages and in adult matings, respectively. 
 
For litter size, homozygotes were generally superior to heterozygotes.  Dominance of the 
unfavorable allele or overdominance for low litter size were consistently observed.  Estimates 

of , , and  in adult matings were .012, .008, and .004, respectively.  In adult ewes, 
the additive variance associated with MTNR1A accounted for 33.6% of the total additive 

variance for litter size reported by Al-Shorepy and Notter (1996);  accounted for 14.3% of 
ewe permanent environmental variance. 
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Results of this study suggest a role in control of seasonal reproduction for the region 
surrounding MTRN1A on ovine chromosome 26.  However, a specific role for MTRN1A cannot 
be definitively identified.   The two polymorphisms studied here do not result in amino acid 
substitutions in the melatonin receptor (Pelletier et al., 2000); functional differences in the 
receptor are therefore not anticipated among genotypes.  However, Pelletier et al. (2000) and 
Barrett et al. (1997) have reported other polymorphic sites in MTRN1A that do produce 
different forms of receptor protein.  The polymorphisms studied here should thus be considered 
genetic markers that may be associate with other causal polymorphisms within the gene, in 
associated regulatory sequences, or in adjacent genes. 
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