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Introduction  

The Texel Muscling quantitative trait locus (TM-QTL) has been identified on chromosome 

18 in Texel sheep (Walling, Visscher, Wilson et al. 2004) and results in increased loin 

muscle dimensions and weights (by ~4 to 14%) in purebred and crossbred carrier lambs 

(Walling, Visscher, Wilson et al. 2004; Macfarlane, Lambe, Bishop et al. 2009; Macfarlane, 

Lambe, Matika et al. 2010). Recent studies on purebred Texel lambs (Macfarlane, Lambe, 

Matika et al. 2010) discovered that this QTL appears to be imprinted (paternally expressed) 

and to exhibit a polar overdominant mode of inheritance. Direct effects on increased loin 

muscling were only expressed if the lamb inherited one copy of TM-QTL from its sire, with 

homozygous carriers showing no effect. Breeding programmes designed to increase the 

proportion of the valuable loin muscle in slaughter lambs would be of economic relevance 

for producers.  

 

The Callipyge mutation, also found on chromosome 18 and exhibiting a similar mode of 

inheritance as is suggested for TM-QTL (polar overdominance and imprinting),  is associated 

with greatly increased muscularity and reduced carcass fat (Cockett, Jackson, Shay et al. 

1996; Cockett, Jackson, Snowder et al. 1999). However, Callipyge lambs also have 

significantly tougher loin meat, even after 24 days conditioning post-slaughter (e.g. Duckett, 

Klein, Dodson et al. 1998). Another loin muscling QTL on chromosome 18 (known as the 

rib-eye muscling QTL, Carwell or LoinMAX), which shows a smaller phenotypic effect than 

Callipyge, similar to that of TM-QTL, also results in significantly tougher loin meat in 

heterozygous carriers than in non-carriers (Jopson, Nicoll, Stevenson-Barry et al. 2001), but 

this effect is not significant after enhanced post-slaughter processing (chilling for six weeks 

prior to testing). Compared to samples from non-carrier lambs, loin muscle samples from 

crossbred (Texel × Mule) TM-QTL carrier lambs were found to have increased toughness 

and an association with reduced intramuscular fat (Lambe, Macfarlane, Fisher et al. 2010; 

Lambe, Haresign, Macfarlane et al. 2010). However, there was no significant effect in the 

leg muscle and the effects on loin tenderness were not shown after extended conditioning of 

the meat for 9 days.  

 

This study investigates the indirect QTL effects on lamb meat quality (tenderness and intra-

muscular fat content) of inheriting TM-QTL from the sire, the dam or both parents.  
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Material and methods  

A total of 209 Texel lambs (114 females, 95 uncastrated males) were raised at pasture on two 

different experimental research farms in Wales and Scotland. Lambs were sired by seven 

different rams (three common across sites) that were carriers of TM-QTL. Some of the ewes 

in each flock also carried TM-QTL. The majority of lambs (n = 140) were reared as 

singletons, 57 as twins and 12 were artificially reared. Lambs were CT scanned and average 

muscle density (CT_MD) was measured in a cross-sectional scan taken at the 5th lumbar 

vertebra. CT_MD has been shown to be a good predictor of intra-muscular fat content and is 

related to meat eating quality (Karamichou, Richardson, Nute et al. 2006). The majority of 

lambs were CT scanned the week before slaughter (average age 133 d), although 40 lambs 

were scanned 3 weeks earlier (average age 114 d) to fit with the objectives of the larger 

study. Mean age at slaughter was 144 d (range 126 - 155 d) and mean hot carcass weight was 

15.2 kg (range 8 - 25 kg). Carcasses were electrically stimulated. After chilling for between 7 

and 9 days, carcasses were dissected and muscles from the loin (M. Longissimus lumborum) 

and leg (M. vastus lateralis) were vacuum-packed and frozen. Muscle samples from the right 

carcass side were transported to the University of Bristol. Following thawing, toughness was 

measured in both muscles, after cooking (in vacuum pack bags) in water at 80ºC to an 

internal temperature of 78ºC (Teye, Sheard, Whittington et al. 2006). Samples were cooled 

in ice then held at 4ºC. Ten 10 x 10 x 20mm blocks were cut from each muscle in the 

direction of the muscle fibres and sheared, using a TA-XT2 texture analyser (Stable Micro 

System, Surrey, UK) fitted with Volodkevich-type jaws. Toughness was recorded as the 

force (kgF) required to shear the sample, with higher values for tougher (less tender) 

samples. Results were averaged from the 10 sub-samples. Intramuscular fat percentage 

(IMF) was also measured in the loin muscle using petroleum ether (B.P. 40-60 degrees C) as 

the solvent in a modified Soxhlet extraction. 

 

For each lamb, the TM-QTL status was determined, based on genotypes at 5 microsatellite 

markers on ovine chromosome 18, genotyped by Catapult, New Zealand. Within-family 

linkage phase between marker haplotypes and QTL status were estimated from the data and 

TM-QTL genotypes inherited from the sire and dam were determined accordingly, as 

described in detail by Macfarlane, Lambe, Matika et al. (2010). For some lambs, the TM-

QTL genotypes inherited from one or both parents were unknown (due to recombinant 

haplotypes, missing marker information, or unknown parentage). However, these animals (n 

= 65) remained in the data set for analyses, to obtain more accurate estimates of fixed effects. 

The final number of lambs with informative genotypes included 40 non-carrier lambs 

(+
S
/+

D
), 53 heterozygote carriers with TM-QTL inherited from the sire (TM

S
/+

D
), 17 

heterozygote carriers with TM-QTL inherited from the dam (+
S
/TM

D
) and 34 homozygote 

TM-QTL lambs (TM
S
/TM

D
).  Only the results for these genotypes are presented. 

 

Restricted maximum likelihood (REML) analysis was performed in Genstat (Payne, Murray, 

Harding et al. 2005), to estimate the indirect effects of TM-QTL on shear force in the loin 

(ShF_loin) and leg (ShF_leg) muscles, CT_MD and IMF in the loin. The model for each trait 

included sire as a random effect (except for ShF_leg, where it was not significant) and fixed 

effects of sex, farm and litter size at rearing, where significant. Carcass weight was fitted as a 

covariate for post-mortem traits (slaughter age was tested, but was not significant). For 

CT_MD, the model was fitted with either live weight or age at CT as a covariate. Days 



conditioning (7, 8, or 9) was also fitted as a covariate for the tenderness traits, but was not 

significant for IMF. One lamb (+
S
/+

D
) had missing CT_MD data, whilst three (one from each 

genotype except +
S
/+

D
) had missing IMF data. 

Results and discussion 

A study of the direct effects of TM-QTL on loin muscling, using the same data set, showed 

that TM
S
/+

D 
lambs had greater loin muscling (+4 to +11%, depending on trait and 

measurement method) than +
S
/+

D
 lambs (Macfarlane, Lambe, Matika et al. 2010). However, 

no significant differences were observed between these groups in any of the meat quality 

traits (Table 1). Compared to the other genotype classes, the TM
S
/+

D 
lambs tended to have 

slightly higher average shear force and muscle density values, both of which are negatively 

correlated with meat eating quality (Miller, Carr, Ramsey et al. 2001; Karamichou, 

Richardson, Nute et al. 2006). However, the only significant difference was with TM
S
/TM

D
 

lambs for CT_MD, using the model that adjusted for age at CT scanning. This significant 

difference was not reflected in the least-squares means for IMF. 

 

Table 1: Least-squares means, and average standard error of difference (Av. s.e.d.) *, 

for meat quality traits for each TM-QTL genotype class 

 +
S
/+

D
 TM

S
/+

D
 +

S
/TM

D
 TM

S
/TM

D
 Av. s.e.d. 

Number of lambs 40 53 17 34  

ShF_loin (kgF) 3.4
a
 3.7

a
 3.5

a
 3.3

a
 0.32 

ShF_leg (kgF) 3.0
a
 3.0

a
 2.8

a
 2.9

a
 0.13 

CT_MD
†
 (HU

**
)  45.3

a
 45.9

a
 45.6

a
 45.1

a
 0.60 

CT_MD
‡
 (HU

**
)

 
45.4

a,b
 46.0

a
 45.9

a,b
 44.9

b
 0.64 

IMF (%) 1.25
a
 1.26

a
 1.27

a
 1.32

a
 0.114 

* means within rows with common letters in their superscripts are not significantly different when tested using pair-

wise s.e.d. values (P > 0.05). Average s.e.d. values are given only as an approximate guide. 
† CT_MD adjusted for live weight; ‡ CT_MD adjusted for age;  
** Hounsfield units (HU=(D-1.0062)/0.00106, where D is density in g/cm3) 

Conclusion 

These results suggest that breeding programmes designed to produce Texel lambs carrying a 

single copy of TM-QTL, inherited from their sire, will increase loin muscling without any 

associated detrimental effects on meat tenderness or intra-muscular fat content (when meat is 

matured for at least 7 days). Analyses of the indirect effects of TM-QTL on ewe and lamb 

health and welfare traits are also underway. Results from these studies will be combined to 

assess whether this QTL should be recommended for use in the UK sheep industry and, if so, 

to determine the best design for breeding programmes that incorporate this QTL. 
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