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ABSTRACT 
 
Gluten strength, is an important factor in pasta manufacture and cooking quality and thus an important selection 
criterion in durum (Triticum turgidum L. var durum) cultivar development.  DNA markers are useful tools for 
assessing genetic loci involved in complex traits and should assist our understanding of gluten strength.  A doubled 
haploid population segregating for gluten strength was developed using the maize pollen method from the cross 
(Kyle*2/Biodur)/Kofa, wherein the Kyle*2/Biodur parent (an F9 line) has conventional gluten strength and Kofa has 
very strong gluten.  The SDS-sedimentation test is used extensively by durum breeders because of the small sample 
size required and the rapidity of measurement.  More recently, the gluten index has been applied to early generation 
selection as well as in pasta industry laboratories.  We assessed the response of the two measures of gluten strength to 
environmental conditions in durum wheat samples from replicated field trials grown at one and three locations typical 
of the durum production area of western Canada in 2000 and 2001 respectively.  Gluten index and SDS-
sedimentation volume were determined by standard methods.  Data were analyzed using mixed-model ANOVA to 
assess differences among genotypes.  The population was also tested against wheat microsatellite markers, and QTL 
analysis of polymorphic markers and measures of gluten stength were assessed using mQTL.  In a sparse map, QTL 
loci were associated with markers on chromosomes 1B and 2A.  The 1B locus appeared as highly significant in all 
locations across both years for both SDS-sedimentation and gluten index.  The 2A locus, in contrast, was significant 
for sedimentation value for two locations in only 2001 and only one of these locations appeared as significant for 
gluten index.  Apparently some loci that contribute to gluten strength are more consistently expressed, while other 
loci are more ephemeral.  
 
INTRODUCTION 
 

Gluten strength is an important quality trait of durum wheat (Triticum turgidum L. var 
durum).  
 The SDS-sedimentation test and gluten index are used as measures of gluten strength.  
SDS-sedimentation volume is correlated (r=0.78 to 0.85) with mixograph mixing time (Dexter 
et al. 1980; Ruiz and Carrillo 1995) and correlated (r = 0.70 to 0.77) with mixograph peak 
height (r = 0.70 to 0.77) (Ruiz and Carrillo 1995).  Heritability for SDS-sedimentation volume, 
ranges from 0.53 to 0.68 (Bratten et al. 1962; Clarke et al. 1993; Sarrafi et al. 1989).   

Gluten index has been shown to predict gluten strength (Cubadda et al., 1992).  The 
heritability of gluten index was similar to SDS-sedimentation in preliminary studies by Clarke 
et al (2000).  Blanco et al. (1998) found seven quantitative trait loci (QTL) and Elouafi et al. 
(2000) found five QTLs associated with SDS-sedimentation volume indicating SDS-
sedimentation volume is complexly inherited.    
 The objective of this research was to discover QTLs associated with gluten strength 
measured by SDS-sedimentation and Gluten index in durum wheat genotypes used in a 
Canadian wheat breeding program and to determine the effect of environment on those QTLs. 
 
 
MATERIALS AND METHODS 
 
 From the cross of a Kyle*2/Biodur F9 inbred line and Kofa a doubled haploid (DH) 
durum population of 155 lines was developed using the maze pollen method (Knox et al. 2000).  
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The Kyle*2/Biodur F9 inbred line was developed in the Swift Current breeding program, with 
quality attributes similar to Kyle, the predominant Canadian cultivar at the time.  Biodur is a 
semidwarf cultivar from France and Kofa is a U.S. semidwarf cultivar.  The Kyle*2/Biodur F9 
inbred line had greater protein concentration than Kofa, but lower gluten strength.  One hundred 
and fifty-one of the doubled-haploid lines with 17 checks that included parents, were grown in 
2000 in a randomized complete block design with two replications at Swift Current, 
Saskatchewan.  In 2001 the trial was grown at Swift Current, Indian Head and Regina with 155 
doubled haploid lines and 15 checks arranged in an alpha lattice with 22 blocks and two 
replications.  

 Gluten strength of each of the lines and checks was estimated using sodium dodecyl 
sulfate (SDS) sedimentation values determined using 3% SDS (Dexter et al 1980).  Gluten 
index of whole meal samples measured using AACC (2000) Method 38-12. 

DNA was extracted from leaves of 2-week-old seedlings of lines and parents using a 
modified cetyltrimethylammonium bromide (CTAB) method. Parental DNA was tested with 
microsatellite primer pairs. Primers that generated polymorphism between the parents were 
tested on the entire population. MAPMAKER/EXP (Lander et al, 1987) was used to determine 
linkage and order of markers. ?Least square means of SDS sedimentation and gluten index data 
were used in genetic analysis (Paterson, 1998). The map data and gluten strength results were 
analysed using MQTL (Tinker and Mather 1995).  A marker was considered significant if at 
least one environment was P<0.001 or more than one environment P< 0.01 (Lander and 
Kruglyak, 1995). 
 
 
RESULTS AND DISCUSSION 
 
 Kofa had a significantly higher gluten index and SDS-sedimentation volume than the 
other parent Kyle*2/Biodur (Table 1).  As expected from the large difference in the parents for 
measures of gluten strength, a wide range of variation was obseved in the progeny for gluten 
index and SDS-sedimentation volume.  In all environments and for all measures the range in the 
progeny exceeded the parents. 
 Forty seven polymorphic loci were found. The loci included all chromosomes except 
6A and 7A from one marker per chromosome to as high as seven on a chromosome. 
  
QTL analysis showed the 1B locus to be important in gluten strength across environments 
(Table 2).  This locus showed up in each environment for both measures of gluten strength. 
Other loci appeared to affect gluten strength under certain environments and not others.  These 
loci border on statistically significant and are not consistent across measures of gluten strength.   

Not all loci involved in gluten strength are expected to be represented in these results 
because the few markers on the map.  At best three loci are represented by the present data.  
This compares to 5 loci reported by Elouafi et al (2000) and 7 loci by Blanco et al (1998) in a 
multiple environment study.  The number of effective factors was estimated by Clarke et al (in 
press 2002) at nine for SDS-sedimentation volume and 12 for gluten index. The continuous 
distribution of the lines in their study supported complex inheritance.  However a possible 
bimodal appearance to the data would indicate one of the loci a major effect.  In our study as 
well as those by Elouafi et al (2000) and Blanco et al (1998) the 1B locus appears.    

Blanco et al (1998) found an association with chromosome 3B as did we.  We also 
found a weak association with chromosome 2B. 
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SDS-sedimentation volume and gluten index can be highly heritable (Clarke et al. in 
press 2002).  Both SDS-sedimentation volume and gluten index, exhibit a correlation with grain 
protein concentration.  A positive correlation of SDS-sedimentation volume and grain protein 
concentration was shown by Kovacs et al. (1997) and Carrillo et al., (1990).  Variation from 
locus to locus over environments may be complicated by environmental and genotypic variation 
in grain protein concentration.   
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Table 1. SDS Sedimentation volume and gluten index means of parents and ranges in population 
Kyle*2/Biodur//Kofa grown at Swift Current, Regina and Indian Head in 2000-2001. 
  Gluten Index  SDS Sedimentation volume 
yea
r 

               Line 
→ ↓ Location  

Kofa  Kyle*2/Biod
ur 

Kyle*2/Biod
ur 
//Kofa  

 Kofa Kyle*2/Bio
dur 

Kyle*2/Bio
dur 
//Kofa  

200
0 

Swift Current 94.0 28.0 11.5-97.0  40.0 24.0 20.0-52.0 

         
Swift Current 88.5 22.1 14.3-97.0  52.5 35.0 32.5-60.0 
Regina 80.6 40.5 16.2-82.1  50.2 28.5 26.0-52.4 200

1 Indian Head 64.5 37.5 16.3-85.0  52.0 29.5 25.5-55 

Table 2.  Simple interval mapping (SIM) test statistic and type I error rates for  SDS Sedimentation value and 
gluten index in 2000-2001 at Swift Current, Regina and Indian Head, Canada. 
  

 
 Simple Interval Mapping  (SIM) Test Statistic and 

Probability 
    2000  2001 
 
Measure 

 
Chromosome Marker  

Swift 
Current  

Swift 
Current 

Regina Indian 
Head 

  
  TSz 

P 
(%)  TS P(%) TS P(%) TS P(%)

1B WMC49  48.3 0.01  68.4 0.01 50.7 0.01 38.1 0.01Gluten 
Index 2A WMS339/WMC114  NS NS  NS NS 15.5 0.60 NS NS 
             

1B WMC49  61.9 0.01  69.3 0.01 82.8 0.01 74.5 0.01
2A WMS339/WMC114  11.6 4.0  NS NS 14.5 0.47 15.8 0.67

SDS- 
Sedimentation 
Volume 3B  WMS120  NS NS  NS NS 10.9 4.3 NS NS 
z Test Statistic 
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