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SUMMARY 
Beef cattle have been selected in particular for increased growth rates and greater muscle 

development.  The myostatin gene is responsible for the muscle hyperplasia in double muscled 
animals and it is also responsible in these animals for differences, during foetal development, in 
the relative proportions of muscle fibre types.  A mutation in the myostatin gene in Limousin cattle 
(F94L) has been found to produce a milder form of double muscling.  A whole genome scan 
identified a highly significant quantitative trait locus (QTL) at the proximal end of chromosome 2 
in a Jersey-Limousin double backcross trial for percentage meat and percentage fat in the carcass, 
and also for proportions of fibre type IIb count and area in the M. longissimus.  We propose that 
this same F94L mutation is responsible for the QTL associated with increased proportions of type 
IIb muscle fibres in the Jersey-Limousin crosses.  A significant QTL for fibre type was also found 
on chromosome 13 (P<0.05). 

 
INTRODUCTION 

A collaborative study began in 1995 between AgResearch in New Zealand (NZ) and the 
University of Adelaide in Australia to search for DNA markers linked to production, carcass and 
beef meat quality traits (Morris et al. 2009). The present paper reports on muscle fibre type 
composition, which is one factor suggested as causing meat quality differences.  Fibre-type 
composition has been reviewed in relation to meat quality by Klont et al. (1998).  A sub-set of the 
animals born in NZ were analysed for muscle fibre type and we report here a QTL search 
performed to identify chromosomal regions with significant linkage to fibre type. 

 
MATERIALS AND METHODS 
 
Trial design.  The trial design involved dams of two very different Bos taurus breeds, Jersey (J) 
and Limousin (L).  In NZ, three first-cross JxL or LxJ bulls were mated with both J and L cows, to 
produce a total of about 400 heifer or steer back-cross progeny.  The marker-search involved 
identifying in the calves sire-derived alleles whose presence was associated with performance in 
one or more traits ("phenotypes").  The primary traits of interest were carcass composition and 
measures of beef meat quality.  Other simple traits during the growth phase were also recorded, 
such as live weights and ultrasound measurements.  Animals in NZ grazed mainly on pasture.  At 
slaughter, muscle samples were taken to measure meat quality during the aging process.  For the 
first calf crop in NZ (1996 births), the phenotypes used in the present study were measures of fibre 
type distribution in the M. longissimus thoracis et lumborum (M. longissimus) at slaughter. 

Sections from a slice of the M. longissimus were stained using myosin ATPase histochemistry 
(Martyn et al. 2004) and the counts and areas of each fibre type (I, IIa and IIb) were recorded for 
192 animals.  From the total samples analysed for each animal, the proportion of the total count 
and area from all the sections was calculated for each of the three muscle types. 

 
Data analyses.  The proportions of total count and area were first analysed by least squares to 
identify the appropriate model for a subsequent QTL scan.  Factors tested were breed, birth type 
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(the ¾ Limousin were produced by embryo transfer and included many sets of twins), live weight 
prior to slaughter, sex and hot carcass weight.  Sex was confounded with slaughter group as these 
animals were slaughtered in 18 groups at intervals of a week – animals being allocated to groups 
before slaughter commenced, with groups being balanced for sire, breed and live weight.  Each 
slaughter group comprised only animals of the same sex with heifers being slaughtered on average 
earlier than steers.  Significant effects were breed and sex, after slaughter group was nested within 
sex. 

 
Table 1. Numbers of animals, means and residual standard deviations for the proportion of 
Count and Area for each of the 3 fibre types by breed and sex 

 
   Count (proportion) Area (proportion) 

   Type I Type IIa Type IIb Type I Type IIa Type IIb 

Breed Sex n Mean Mean Mean Mean Mean Mean 

LJJJ Heifer 54 0.244 0.430 0.326 0.197 0.418 0.385 
 Steer 65 0.244 0.385 0.371 0.198 0.359 0.442 

LJLL Heifer 43 0.285 0.365 0.350 0.187 0.336 0.478 
 Steer 30 0.281 0.325 0.394 0.182 0.294 0.523 

All  192 0.259 0.384 0.357 0.193 0.360 0.447 
  rsd* 0.042 0.053 0.057 0.037 0.063 0.073 
  cv* 0.162 0.138 0.160 0.191 0.175 0.163 

* rsd = residual standard deviation; cv = coefficient of variation 
 
Initial Haley-Knott linkage (Knott et al. 1996) runs in SAS identified a large QTL at the 

proximal end of BTA2.  Earlier published work (Sellick et al. 2007) had identified a mutation 
(F94L) in the myostatin gene derived from Limousin, which had a very large effect on the 
percentages of meat and of fat in a carcass.  Records from 183 animals that had fibre type data and 
also carcass composition data from a butcher’s dissection were run through a Haley-Knott routine 
with a model fitting breed, slaughter group within sex, and sire, to identify QTL.  Marker positions 
were taken from the map of Ihara et al (2004).  Permutation tests were conducted to determine 
thresholds for the significance of QTL.  With the use of haplotypes (Sellick et al. 2007), the 
maternally inherited haplotype was also identified and we fitted both sire- and dam-derived 
haplotypes in an analysis of variance to determine the additive and dominance estimates for the 
myostatin mutation on fibre type distributions.  (Some Limousin dams carried the wild-type allele, 
possibly reflecting the genetic background of some Limousin animals in NZ which were  bred up 
by back-crossing).  Similarly, the maternal haplotypes from mainly un-related J and L dams were 
used to test for linkage disequilibrium.  To further test that this mutation was responsible for the 
differences described, the F94L genotype was fitted as a fixed effect in a re-run of the Haley-Knott 
scans, with the expectation that the highly significant QTL for fibre type would disappear. 

 
RESULTS 

The Haley-Knott graph for chromosome (BTA) 2 is shown in Figure 1 which also included the 
QTL for percentage of meat in the carcass.  There were highly significant QTL identified for both 
Count and Area of type IIb fibres and lesser significant QTL for both type IIa and type I fibres.  
Given the fact that the three proportions sum to unity, this is not surprising but the residual 
correlations between pairs varied widely.  For proportions of Total Count and of Total Area, type 
IIa and IIb have correlations of -0.71 and -0.85 respectively; type I correlations with types IIa and 
IIb are -0.33 and -0.43 for Count and -0.04 and -0.48 for Area. 
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A QTL, significant at the 5% level, was found on BTA13 (type I) for one family, and QTL at 
the suggestive level were found on BTA5 (types I and IIa), BTA7 (type IIb), BTA12 (types IIa and 
IIb), BTA13 (types I and IIb), BTA14 (type I), BTA20 (type I) and BTA22 (type I). 

 

-2

0

2

4

6

8

10

12

14

0 10 20 30 40 50 6

–l
o
g
1
0
p

cM
0

%Meat

PropAT2b

PropCT2b

PropAT2a

PropCT2a

PropAT1

PropCT1

1% significance

5% significance

 
Figure 1. Haley-Knott plot for the first 60 cM of BTA2 with –log10(p) values from across- 
family results.  Trait abbreviations are Prop (Proportion), C or A (Count or Area) and T1 or 
T2a or T2b (Fibre Types I, IIa or IIb).  Informative markers are shown (triangles) in 
relation to their distance (cM) along the chromosome, from left to right BY5, BULGE23, 
BTAFJ1, MSTN, BULGE20, ILSTS26, INRA40, TGLA431, TEXAN2, OARHH30, 
TGLA377, URB042, ILSTS30, OAFCB20, NEB, RM356. 

 
The results from an ANOVA fitting additive effects (where the Limousin mutation was defined 

as positive) and dominance effects for the F94L genotype showed an additive effect but no 
dominance for 5 of the 6 fibre type traits.  There was no effect on Count of type I fibres but a 
negative effect on Area of type I (P < 0.01).  The Limousin allele had a large positive effect (P < 
0.0001) on both measures for type IIb fibres and conversely a large negative effect on type IIa 
reflecting the high negative correlation between these phenotypes. 

 For the ANOVA fitting both the sire- and dam-derived haplotypes, effects for both parental 
alleles were again highly significant for all the type II measures.  For type I, there was only a dam 
effect for Count (P < 0.001), whilst there were sire (P < 0.01) and dam effects (P < 0.05) for Area. 

The re-runs of the Haley-Knott scans fitting, in addition, the myostatin F94L genotype reduced 
the test statistics to below the 5% significance threshold across families for 5 of the 6 fibre type 
traits on BTA2.  The exception was type I Count which was significant at the 5% threshold and 
this was due to one sire family.  This same family also still had a suggestive QTL for type I Area 
and IIb Count and meat percentage.  In the complete data-set, this sire has more QTL for muscling 
and fatness than the other 5 sires  – possible explanations are suggested in Morris et al. (2009). 
 
DISCUSSION 

Differentiation of muscle fibre type occurs during the foetal stage in mammals but it is possible 
that their relative proportions may be modified after birth by exercise.  The J-backcross animals in 
this trial were hand-reared whilst the L-backcross animals were reared on their dams; both 
backcrosses grazed together from about 6 months of age in sex mobs until slaughter. 
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Highly double-muscled animals in breeds such as Belgian Blue and Piedmontese have been 
shown to have more type IIb fibres and less type I fibres, and this partly explains the overall 
increase in the whiteness of meat from such animals (Holmes and Ashmore 1972).  The M. 
longissimus is a darker muscle than the M. semitendinosus and this is probably due to a higher 
proportion of the white type IIb fibres in the M. semitendinosus.   

Our QTL trial with J and L breeds did not show QTL around myostatin for striploin (M. 
longissimus) percentage (Sellick et al. 2007) or striploin tenderness (Esmailizadeh et al. 2008) in 
Australia or NZ.  However, in Australia, where tenderness was also measured on the M. 
semitendinosus, there were QTL in the myostatin region for both tenderness (Esmailizadeh 2006) 
and silverside weight as a percentage of carcass weight. This difference may be explained by 
differences in the proportion of type II fibres between the two muscles.  Meat percentage in the 
whole carcass has a correlation of 0.35 with the proportion of type IIb fibres in the M. longissimus 
(and negative with the other two types); this correlation may be higher, for example, if calculated 
with the proportion of type IIb fibres in the M. semitendinosus. 

The lack of any dominance in the effect of the F94L mutation on fibre types in the M. 
longissimus as opposed to a relatively large negative dominance effect on meat percentage and 
silverside percentage (Sellick et al. 2007) suggests that the three NZ sires were similar for other 
gene effects on fibre type. 

Myosin genes also have a role in muscle development and some myosin genes appear under 
the other QTL reported here. 

In conclusion, it appears that the F94L mutation found in Limousin cattle does have an effect 
on fibre type distributions in the M. longissimus, though its effect may be less than that of the 
inactivating mutations found in the Belgian Blue and Piedmontese breeds. 

 
ACKNOWLEDGEMENTS 

This work was funded by the New Zealand Foundation for Research, Science and Technology.  
We thank Gabby Sellick for her sequencing and genotyping of the myostatin F94L SNP. 

 
REFERENCES 
Esmailizadeh, A. (2006) PhD Thesis, University of Adelaide. 
Esmailizadeh, A., Bottema, C.D.K., Sellick, G.S., Verbyla, A.P., Morris, C.A., Cullen, N.G. and 

Pitchford, W.S. (2008) J. Anim. Sci. 86:1038. 
Holmes, J.H.G. and Ashmore, C.R. (1972) Growth 36:351. 
Ihara, N., Tagasuga, A., Mizoshita, K., Takeda, H., Sugimoto, M., Mizoguchi, Y., Hirano, T., Itoh, 

T., Watanabe, T., Reed, K.M., Snelling, W.M., Kappes, S.M., Beattie, C.W., Bennett, G.L. and 
Sugimoto, Y. (2004) Genome Res. 14:1987. 

Klont, R.E., Brocks, L. and Eikelenboom, G. (1998) Muscle fibre type and meat quality. Meat Sci. 
49 (Suppl. 1):S219.  

Knott, S.A., Elsen, J.M. and Haley, C.S. (1996) Theoret Appl. Genet. 93:71. 
Martyn, J.K., Bass, J.J. and Oldham, J.M. (2004) The Anat. Rec. Part A. 281A:1363. 
Morris, C.A., Pitchford, W.S., Cullen, N.G., Esmailizadeh, A.K., Hickey, S.M., Hyndman, D.L., 

Dodds, K.G., Afolayan, R.A., Crawford, A.M. and Bottema, C.D.K. (2009) Anim. Genet. (in 
press). 

Sellick, G.S., Pitchford, W.S., Morris, C.A., Cullen, N.G., Crawford, A.M., Raadsma, H.W. and 
Bottema, C.D.K. (2007) Anim. Genet. 38:440. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


