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SUMMARY
This is the first report of a significant association of a polymorphic DNA marker 

with a quantitative wool trait in Romney sheep. Ovine Chromosome 11 was marked by 
polymorphisms in the genes for three wool proteins (B2A, B2C, KRT1.2) and the half-sib 
progeny of 13 heterozygous sires were typed as inheriting one or other paternal chromosome. 
In some paternal half-sib pedigrees, the inheritance of a particular paternal Chromosome 11 
was associated with a variation in wool staple strength.

INTRODUCTION
Low wool strength (tenderness) is a major fault in some New Zealand wools which 

can incur annual losses to New Zealand of $50-100 million (Ross, 1982; Bigham et al., 
1983). The extensive fibre breakage that occurs during carding of tender wool results in a 
decreased fibre length, increased wool wastage and limited options for the end-use of the 
wool (Rogan, 1988). Current strategies to improve staple strength concentrate on controlling 
environmental factors such as nutrition and time of shearing. However, some sheep 
consistently produce high or low strength wool irrespective of management procedures 
(Orwin et al., 1986). This suggests that genetic factors are also important in determining 
wool strength phenoytpe and, indeed, heritability estimates for wool staple strength range 
from 0.20 (Newman et al., 1990) to 0.58 (Bigham et al., 1983) in Romney sheep. 
Identifying genetic markers which tag the quantitative trait loci (QTL) of wool staple strength 
would provide new opportunities for the improvement of wool strength by marker-assisted 
selection.

MATERIALS AND METHODS
A candidate gene approach was taken to identify QTL for wool staple strength in 

Romney sheep. Keratins and the associated proteins of the matrix were selected, as these are 
the major structural proteins of the wool fibre. It was postulated that qualitative/quantitative 
changes in the component proteins may influence the mechanical properties of the fibre. 
Informative polymorphisms were identified in the genes for a Type I intermediate filament 
(IF) keratin (KRT1.2) and the B2 high-sulphur proteins (Rogers, 1994) and these were used 
to mark their respective loci in paternal half-sib analyses to determine association with a 
QTL for wool strength.

Sires from the Wool Strength Selective Breeding Programme in Romneys (Rogers et 
al., 1990) were genotyped with respect to PCR-RFLP markers in either the KRT1.2, B2A or 
B2C gene loci to identify those which were heterozygous. These three gene loci have been 
shown to be tightly linked (Rogers, 1994). Other evidence suggests that they are located on 
ovine Chromosome llq  (Hediger et al., 1989, 1990; Parsons et al., 1994). The paternal 
half-sib progeny of 13 heterozygous sires were genotyped and classified into two groups 
according to which allele was inherited from the sire. Heterozygous progeny in which the
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paternal allele could not be distinguished were not included in the analysis.

The data from all sire groups were pooled and a residual maximum likelihood 
(REML) analysis was conducted on the variate of hogget staple strength (N/ktex). The fixed 
effects were all interactions of the terms birth year, sex and selection line, and the random 
effect was genotype-within-sire. The significance of the genotype-within-sire effect was 
determined by a %2 test (1 d.f.) of the difference in deviance between this analysis and 
another in which the random effect was only sire group.

RESULTS
There was a significant (P < 0.01) genotype-within-sire effect for staple strength 

(N/ktex). This indicates that the two progeny groups for each sire, which were partitioned by 
the criteria of paternal marker allele, also had different mean staple strengths. This suggests 
that there is a QTL for wool staple strength that is linked to the B2A/B2C/KRT1.2 loci on 
ovine Chromosome llq.

The differences of mean staple strength (N/ktex; adjusted for sex effects) between 
each genotype classification within sire were tested for significance (Table 1). Two sires 
showed a significant genotype effect (P < 0.05).

Table 1 Comparison of mean staple strength (N/ktex) between half-sib progeny groups 
which have been classified by inherited paternal marker allele on ovine Chromosome 11.
LSD: least significant difference. * P < 0.05 ** P <0.01.

Sire
group

Staple strength 
(N/ktex)

mean mean LSD 05

88/227 41.1 49.8 13.6
88/232* 61.2 45.4 12.1

89/201 55.1 48.1 11.7
89/210 51.9 48.2 10.5
89/252 60.4 59.2 14.8
89/624** 51.6 75.3 16.8
88/430 44.6 48.8 14.5
88/444 38.1 42.6 8.7
89/438 45.2 42.9 6.8

89/643 71.8 64.8 12.4
88/412 36.4 38.7 8.1

88/608 49.4 49.9 11.5
88/641 62.1 73.3 12.6

292



DISCUSSION
The aim of this study was to identify a genetic marker for wool staple strength. A 

candidate gene approach was taken and this has proved successful, with the inheritance of a 
paternal Chromosome 11 region being associated with variation in wool staple strength in 
some half-sib pedigrees of Romney sheep. The lack of association in the other half-sib 
pedigrees may be a result of sire homozygosity for the QTL or the presence of other QTL 
with greater effect on phenotypic staple strength.

The mechanism by which wool strength could be affected by a region on ovine 
Chromosome 11 remains unknown. Comparative gene mapping reveals that there are a 
number of genes in this region of the genome which could have an effect on wool strength 
including genes encoding Type I intermediate filament (IF) keratins (Hediger et al., 1989), 
matrix wool proteins (Parsons et al., 1994), retinoic acid receptor alpha (Nadeau et al., 1992), 
growth hormone (Hediger et al., 1990) and homeobox proteins (HOX2) (Nadeau et al.,
1992). The replacement of the RFLP markers with Chromosome llq microsatellite markers 
from the ovine gene map (Hill and Broad, 1991) may enable the genetic distance between the 
marker and QTL to be narrowed and provide a better indication of the QTL’s chromosomal 
location.

This preliminary finding is limited to two half-sib families but it indicates that it is 
possible to identify sheep which are genetically superior with respect to wool strength. The 
results also demonstrate that there are QTL with sufficiently large effects on wool traits 
which enable them to be detected by existing techniques and, as a consequence, be 
genetically marked. This is a valuable step forward for the future development of genetic 
markers for wool strength or, indeed, any other fleece traits.
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