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Genetic analysis of nitroge n accumulation and protein
composition in wheat kernel

G. Charmet* and P. Martre**
*INRA-University B Pascal, UMR ASP, France
*INRA UR Agronomie, 234 av du Brézet, F63100 Clermont-Ferrand, France

SUMMARY — The maximum rate and duration for grain dry matter (DM) and nitrogen (N) accumulation were
evaluated for 194 recombinant inbred lines (RILs) from a cross between two French wheat cultivars. Grain
protein composition was analysed by capillary electrophoresis (CE) and size-exclusion high performance liquid
chromatography (SE-HPLC). Correlation analyses revealed that DM and N accumulation rates were closely
related, and that protein composition was primarily influenced by the total quantity of N per grain. A genetic map
of 254 molecular markers allowed us to identify 7 quantitative trait loci (QTL). Five QTLs were significantly
associated with the kinetics of DM and N accumulation, and two of them also influenced protein composition.
Two QTLs affected only the protein composition. We also used the SiriusQualityl wheat simulation model to
analyze genotype x environment interactions for grain protein composition. QTLs for the genotypic key
parameters of total grain nitrogen partitioning were detected.

Introduction

Grain protein concentration reflects the accumulation kinetics of both nitrogen (N) and dry matter
(DM), the latter consisting of 60-70% starch. The genetic correlation between grain yield and protein
concentration has consistently been reported as highly negative (see Oury et al., 2003 for a review). It
can thus be postulated that common genetic factors are involved in the control of both sets of kinetics.
However, no formal study of the genetics of protein and DM accumulation in wheat kernel has been
reported to date. The accumulation of the different protein fractions is highly asynchronous. One
consequence is that either genetic or environmental factors that affect the duration of grain filling are
likely to modify the balance between the different protein fractions. The most effective factors are high
temperature (either moderately high, 25-32C, or heat stress >35C) and drought during the grain
filling period (Sofield et al., 1977). Genotypic differences in the response of DM and N accumulation to
environmental variations have also been documented. The rate of DM accumulation is most important
as a selection criterion, since the duration of accumulation is influenced to a much greater extent by
the environment than by the genotype (Stone and Nicolas, 1995; Whan et al., 1996; Robert et al.,
2001). We found that the French cultivars 'Renan’' and 'Récital' had contrasting values with respect to
maximum rates and durations of DM and N accumulation. Here we report a genetic analysis of grain
filling parameters and final protein composition using a recombinant progeny from a cross between
'Renan’ and 'Récital'.

Results and discussion

Seven chromosome regions were identified as having significant effects on either grain filling
parameters or protein composition (Fig. 1). QTL for grain filling parameters were found in five regions
on chromosomes 2B, 3A, 6A, 7A and 7D. The region on chromosome 3A displayed only QTL for grain
filling parameters, while the other four also explained variations in the composition of grain protein.
The strongest QTL, on chromosomes 2B and 7A, explained about 21 and 19% in the variation of the
rates of DM and N accumulation, respectively, and were detected in both harvest years. Positive
additive effects for the rates of DM and N accumulation, grain dry weight and quantities of total
protein, LMW-GS and gliadins were associated with the presence of the 'Récital allele at the 2B QTL,
although this parent had the smallest grain dry weight and protein content. A similar picture was found
on chromosome 7A, but as expected the allele from 'Renan’ increased the rate of N accumulation
grain dry weight and the quantities of total protein, as well as those of LMW-GS. The QTL for grain
filling parameters and protein composition found on chromosomes 6A and 7D were less robust for
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most traits, i.e. detected in less than 75% of boo strap samples, with the exception of the quantity of
LMW-GS.
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Fig. 1. Locations of QTL for mature grain dry weight (GDW), protein content (GPC),
maximum rates and duration of DM and N accumulation, the quantities of glutenins,
gliadins and their different subunits.

In addition, a QTL analysis was carried out on the parameters of an eco-physiological modelling of
grain protein fractions (Martre et al., 2003). Surprisingly, these QTL do not co-locate with QTL of
Table 1 for N accumulation kinetics and grain composition.

Table 1. Detection of QTL for key genotypic parameters of SiriusQualityl (Y = a x Nb)

Protein fraction Parameter h? (%) Chromosome Collocation

Alb-glo a 10 2D

b 7 2D
Gli a 24 1A Glu-A3 Gli-A1
EPP¥ a 15 1A Glu-A3 Gli-A1
UPPTt a 12 2D
PPPTTt a 12 1A Glu-A3 Gli-A1

fEPP = SDS-Extractable Protein Polymers.
TUPP = SDS-Unextractable Protein Polymers.

Our preliminary results clearly show that more studies are needed to understand the relationship
between N accumulation and grain protein composition, and that modelling gives a new insight into
regulation mechanisms in wheat kernel.
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