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A field experiment was conducted to study the dynamic changes of waxy wheat(Nuomai 
12 and Nuomai1572) grain sugar, starch, protein content and the differences of dynamic 
changes between waxy and common wheat during filling stage. The results showed that 
the highest protein content and grain starch accumulating rate in waxy wheat were ob-
served during 17-22 days after anthesis. The highest pentosan content in waxy wheat was 
appeared during 22-27 days after anthesis, while the highest fructan content was appeared 
during 7-12 days after anthesis. During the filling stage, the contents of grain total sugar, 
sucrose, starch, fructan and grain starch accumulating rate showed different dynamic 
changes between waxy and common wheat, but protein content showed similar dynamic 
changes in waxy wheat and common wheat. Comparing with common wheat varieties 
(Chuanyu20 and Chuanyu12), waxy wheat grain soluble sugar content was higher, and 
the sucrose content of waxy wheat line Nuomai12 was significantly greater than common 
wheat varieties. In terms of grain pentosan content, two waxy wheat lines were signifi-
cantly greater than the two check common wheat varieties (Chuanyu20 and Chuanyu12). 
The starch content of waxy wheat was significantly lower than the two common varieties. 
There was no significantly difference between waxy wheat and check varieties in terms of 
grain protein and fructan content. The above results indicated that according to the dif-
ferent dynamic changes between waxy and common wheat, the quality of waxy wheat can 
be improved by optimum cultivation measures.

Key words: Waxy wheat; Sugar content; Starch accumulation; Protein Content; Filling 
stage
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Wheat is being considered less as a commodity because the processing industry is de-
manding wheat supplies more specific and uniform processing characteristics, required 
to satisfy consumer’s demands of wheat-based food products. Therefore, understanding 
the influence of both environment and genotype on wheat quality is a key issue. There is 
a lack of this kind of information in the region. The objective of this work was to measure 
the variability in wheat quality across the major wheat producing areas in Latin America 
of a core set representing cultivars of main wheat-producing countries. Twenty three 
genotypes were cultivated in 20 environments distributed across 9 sites in 6 countries - 
Argentina (2), Brazil (2), Chile (1), Mexico (2), Paraguay(1) and Uruguay (2) - and two 
growing seasons (2006, 2007 and/or 2008). The experimental design was a RCBD with 3 
replicates. Cultural practices were performed as recommended at each site with full dis-
ease control, adjusting nitrogen fertilization to achieve maximum yield potential and ad-
equate protein content. For each environment, information about cultural practices, soil 
type and climate conditions were collected in most of the testing locations. Grain yield 
was recorded for each plot. Protein content, ash content and test weight were determined 
on grain. Gluten content, alveograph, farinograph, SDS sedimentation test, color (Minolta 
Chroma Meter) and Falling Number parameters were analyzed on flour. Most determina-
tions were done on composite samples, although two replicates were analyzed for selected 
genotypes. The observed variability on quality parameters was outstanding and covered 
the entire range of variability previously reported for each parameter. Variability was larg-
er across environments than genotypes not only in those parameters previously reported 
to vary predominantly with environmental conditions (i.e. test weight, gluten content), 
but also in those parameters largely determined by the genotype (i.e. alveogram). GxE 
analyses for each of the quality parameters measured reported in general non significant 
GxE interaction. It was possible to group genotypes by quality characteristics. However, 
due to the larger magnitude of environmental variation in some environments not even 
the better performing genotypes were able to reach acceptable quality levels. Principal  
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 component analysis performed on quality characteristics captured half of the total vari-
ability on the first two components (R2=0.52). Interestingly, principal component 1 was 
mainly associated with parameters that quantify protein content (i.e. gluten and protein 
content, alveograph L), and principal component 2 was mainly associated with param-
eters that quantify dough strength (i.e. alveograph W and P, farinograph stability). Based 
on these two major principal components it was possible to segregate environments that 
behave similarly. Favorable environments (high protein content and high dough strength) 
were associated in general with low crop yields or high yields under temperate climates. 
No relationship between yield and baking quality characteristics was found when consid-
ering a wide range of environmental and genotypic characteristics. Some environments 
are inherently poor and it is not possible to obtain good quality characteristics with the 
current germplasm. This analysis offers a unique opportunity to explore the extremes in 
the responses of individual genotypes to the environment, and offers a unique opportu-
nity to jointly analyze a wide range of environments and genotypes, allowing the identifi-
cation of local genotypic and environmental constraints to yield and quality. 
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The grain nitrogen concentration (GNC) is one of the primary determinants of wheat 
quality and wheat breeding consistently increased grain yield, but this process was in 
parallel with a significant reduction in GNC. Under water and nutritional potential con-
ditions, actual photosynthesis is the most important source of assimilates during grain 
filling; while the main source of nitrogen (N) to the grains is the N accumulated before 
anthesis and that is remobilized to the grains during the grain filling period. The size of 
the source (i.e. leaf area and leaf photosynthetic capacity), together with the remobili-
zation of assimilates, determine the capacity of the crop to provide assimilates to the 
growing grains, while the number of grains and its potential size determine the potential 
capability of the crop to demand assimilates. In spite of wheat is considered a sink limited 
crop with low source (carbon) limitation during grain filling, different evidences showed 
a significant nitrogen limitation during that period. The aim of the present work was to 
assess comparatively the carbon and nitrogen accumulation in the grains in contrasting 
wheat cultivars grown under a wide range of environmental conditions. Two experiments 
were carried out at the Experimental Field of the Faculty of Agronomy of the Univer-
sity of Buenos Aires (34º 35’ S, 58º 29’ W). The first experiment consisted of a factorial 
combination of: (i) a traditional and low-yielding cultivar (Buck Manantial, Bman) and 
a modern and high-yielding cultivar (Klein Chajá, Kcha), (ii) two sowing dates, and (iii) 
two soil N levels at sowing (70 and 160 kg N ha-1). The second experiment comprised the 
factorial combination of: (i) three cultivars of different baking quality (Baguette Premium 
13, Buck 75 Aniversario, Klein Chajá), (ii) two soil N levels at sowing (70 and 170 kg N 
ha-1), and (iii) two N levels of N during post-anthesis (control or fertilized with 30 kg N 
ha-1 at anthesis). Both experiments were carried out under water potential conditions, 
and were arranged following a split-split-plot design with three replications per treat-
ment. From anthesis onwards, two main shoot spikes per treatment were harvested at 
least twice weekly to study dry matter and nitrogen (Kjeldahl method) dynamics. The rate 
and duration of grain weight and nitrogen accumulation during the grain filling period 
were estimated using a bi-linear model. Considering both experiments, grain weight at 
maturity ranged from 27 to 42 mg per grain. Variations in final grain weight were mainly 
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associated to the cultivar effect. Kcha was the cultivar with the heaviest grains (37.6 mg) 
and Bman with the lowest ones (28.8 mg). There was no effect of the soil N level at sowing 
on grain weight in any experiment (p> 0.10); nevertheless, the addition of N at anthesis 
significantly increased grain weight (p< 0.05) in all cultivars (from 34.6 to 36.9 mg). Vari-
ations in grain weight were explained by changes in grain filling rate (R2= 0.73, p< 0.01) 
more than by the duration of the period between anthesis and physiological maturity 
(p> 0.10). The cultivars with the most contrasting grain filling rate were Kcha and Bman 
(0.089 and 0.120 mg °Cd-1, respectively). The absolute content of N in the grain (mg N per 
grain) at maturity was modified by the genotypes and by the different N levels at sowing 
and at anthesis (p< 0.05), but not by the sowing dates (p> 0.10). Similar to that observed 
in grain weight, the differences between treatments in the absolute content of N in the 
grain were associated with variations in the rate of N accumulation during the grain fill-
ing period (R2= 0.90, p<0.001). The strong relationship between the absolute content of 
N in the grain and the grain weight during the grain filling period (R2= 0.98, p< 0.001) 
evidenced the slight variation in N concentration into the grains during most of the grain 
filling period. The dilution curve of the C:N ratio during grain filling, considering the 
grain weight as “x” axis, showed two phases. A first phase, that represented only 10% of 
the final grain weight, in which the N accumulation was highest than the C accumulation 
(i.e. low biological nitrogen use efficiency at the grain level), and a second phase (much 
longer than the first one as represented from 10 to 100% of the final grain weight) in 
which the C:N ratio stabilized. The breakpoint around 10% of the final grain weight (i.e. 
end of the lag phase) demonstrates that the N concentration in grains is stabilized very 
early during the grain filling period. The treatments (cultivars, sowing date, N level at 
sowing, N level at anthesis) modified the final C:N ratio in the grain (i.e. GNC) but did 
not modified the shape of the dynamic of the C:N relationship. In conclusion, increases 
in the nitrogen supply (source) in post-anthesis improved grain weight, suggesting a co-
limitation source - sink during this phase. The final grain weight and the absolute content 
of N in the grain depended on the rate of dry matter or N accumulation, having a strong 
parallelism between them. During the grain filling period, the C:N relationship in the 
grain was constant after the end of the lag phase. Thus, the final GNC in the grain was 
determined in an early phase of the post-anthesis period.
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Kazakhstan is a world bread wheat producer and exporter due to the grain quality and 
high protein content. There are three major steps in breeding for improved grain qual-
ity. (1) Identification of wheat class based on grain hardness, color and growth habit. 
(2) Evaluation of dough handling properties (by alveograph, farinograph, etc.) and their 
comparison with predictions of bread quality based on grain hardness, protein content 
and sedimentation test; (3) Final selection of genotypes based on the objectives of the 
breeding program and combination of grain yield with grain quality, including techno-
logical and nutriotional aspects.

Comparative analysis of Kazakhstan varieties classified by hardness in state trials and 
breeding programs showed differentiation and additional soft type to hard and medi-
um wheat classes. To evaluate the genetic potential of grain quality of bread wheat one 
analyzes a composition of gluten proteins - gliadin and glutenin. Prevalent subunits in 
commercial and perspective cvs were following: 2* (A1) - 68% and 61%; 7+9 (B1) - 86% 
and 90%; 5+10 (D1) - 46% and 57%; 2+12 (D1) - 44% and 33%, respectively. Rare sub-
unit 5.5+10 was observed in the grain of three cultivars - Akmola 3, Tselinnaya 24 and 
Tselinogradka.

Grain protein content in Kazakhstan spring wheat varies between 11, 4 and 19, 8 percent 
generally depending on genetic (34%), environment factors (∼46%), and GxE interac-
tions (∼20%).In general, only 28-75% of Kazakhstan commercial spring wheat varieties 
are formed stable strong (17-40%) and value (11-35%) bread wheats by the state standard, 
depending on genetic make-up and on external factors associated mainly with the crop 
productivity.

Environment is one of the major factors affecting negatively both grain yield and quality 
attributes in Kazakhstan. At high temperature (>320C) for long periods (>36h) are formed 
shriveled grain, reduced milling quality, decreases protein (excessive gliadin content) and 
breadmaking qualities, while at high humidity environment there are pre-harvest sprout-
ing increase and enzymatic activity decrease.

There is an inverse relationship between grain yield and protein content. Consequently, 
breeders must find a way to increase one without affecting the other for concrete end use 
wheat class. The basic approaches for quality improvement are 1) understanding effects 
of GxE interactions on the expression of quality traits; 2) understanding genetic control 
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and diversity associated with quality traits; 3) emphasis on improving specific genotypic 
quality traits (hardness, gluten strength and extensibility, micronutrient content); 4) in-
tensified use of Marker-Assisted Selection (MAS) to screen for genes or alleles affecting 
quality traits etс.

Development of healthy food is one of the main priorities of the modern plant growing. 
Bread and bakery products, as basic inexpensive, readily available, and day-to-day product, 
are a source of necessary nutrients. The studies on determination and searching for wheat 
accessions with high content of iron and zinc as a base of biofortification production 
for mass consumption have been started under the framework of the national program 
(spring, winter wheat, wild relatives etc). It was revealed the trend in higher content of 
iron and zinc in more low-grade flour on whiteness (r =-0.80 and -0.91 – for the samples 
from Kazakhstan. The significant correlations were determined between content of Zn 
and Fe (r=0.76); Zn and P (r=0.71); Fe and P (r=0.62); S and gliadin (r=0.54); Zn and 
protein (r=0.64)/ It is important to study the iron and zinc contents in crop plant and im-
prove it by genetic means. The quantitative trait loci (QTLs) analysis suggested that genes 
determining the Fe, Zn, S, K, and Ca content located on the following chromosomes of 
the CS-SQ1 map: Fe – chr 2A (LOD 2.7); Zn – chr 3B (LOD 2.5); S – chr 7A (LOD 2.5); 
K- chr 4D (LOD 2.6); Ca – chr 4A (LOD 7.3). Genetic mapping of the existing variation 
in Fe and Zn content, GPC, hardness, and other traits will allow marker-assisted breeding 
to exploit the available natural variation in crop plants. The molecular analyses of grain 
quality based on variation of specific grain quality genes, such as Gpc, PinA, PinB, Amy 
and etc is underway.
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Hardiness of wheat grain is known to have a significant influence on end-use quality, 
especially milling and baking traits. Grain hardness is not a clearly defined characteristic. 
The complexity of anatomy, structure and mechanical properties of individual parts of 
grain as well as the different principles on which hardness testing is based result in a con-
siderable variation in obtained results. A consequence of this fact is the variation in the 
degree to which hardness testing results are linked with specific indexes of technological 
quality of wheat grain. However, it is commonly accepted that grain hardness, irrespec-
tive of the method applied in its determination, has a significant effect on its technologi-
cal properties, especially manifested in easy sifting and middlings or semolina sizing, the 
degree of starch damage during milling, water intake of produced dough, susceptibil-
ity to amylolytic enzymes, improved fermentability and, as a consequence, better baking 
properties of flour and quality of bread. The aim of the study was to estimate cultivars 
and advanced breeding lines bred in Poland in terms of grain hardness measured by four 
different physical methods. Grain hardness and its technological parameters were tested 
on 50 winter wheat cultivars and advanced breeding lines from the experiment carried 
out in 2007 at Choryń (DANKO Plant Breeding Ltd.). The grain hardness at uniform 
moisture content adjusted to 13.5% was tested using four methods: (1) in a single-step 
Brabender hardness testing machine torque (MS) was determined, corresponding to the 
maximum peak of graph in BU, as well as WHI according to Greenaway (1969); (2) us-
ing the Quadrumat-Junior mill and a ZBPP sifting machine fitted with 105 μm opening 
sieves particle size index (PSI) values were determined according to Stenvert (1974) with 
modification of Obuchowski and Bushuk (1980); (3) using the Near Infrared Transmit-
tance (NIT) technique (InfratecTM 1241 Grain Analyzer, FOSS, Denmark) the relative 
degree of hardness was evaluated; (4) starch damage (in %) occurring under standard 
laboratory milling conditions in a Quadrumat Junior mill was determined in Chopin 
SD-Matic apparatus, according to the AACC 76-30A method. In addition, for genotypes 
that were highly differentiated in grain hardness the level of starch damage and puroin-
doline content were analysed. Some differences in results of grain hardness testing indi-
cate that the methods are based on various principles and evaluate different features of 
grain. It was found that wheat genotypes bred in Poland do not vary considerably in grain 
hardness and puroindoline content. Regardless of grain hardness, grain of studied wheat 
genotypes milled under standard conditions yield flour with very similar starch damage 
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levels. It suggests that it is easier to change the starch damage degree by changing milling 
conditions instead of selecting a specific wheat variety.
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from MNiSW (Poland). 
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Traditional wheat varieties are still grown in the Canary Islands. The morphological char-
acterization of 50 accessions of local bread and durum wheat cultivars showed a great 
variability for the studied traits. High plant height, a significant grain yield and the use 
of straw for livestock explain the preference of farmers for traditional cultivars instead of 
modern varieties. Preliminary quality analysis of 39 local accessions revealed test weight, 
protein content and falling number values within the official quality boundaries for both 
bread and durum wheat. Other traits, such as SDS-sedimentation, grain vitreousness and 
dough rheological properties highlight the potential of some of the studied varieties for 
manufacturing quality products contributing to the conservation of the cereal agro-eco-
systems of the islands.
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Fifty nine durum wheat genotypes preserved in national gene bank of Iran consisted of 
Iranian local durum wheat and some local/improved varieties from other countries along 
with four improved varieties as check (two bread wheat, Virinak and Soisson, and two 
durum wheat, Zardak and Dena) were evaluated for several morphological and quality 
traits such as seed weight, plant height, seed per spike, grain yield, protein content, SDS-
sedimentation, Gluten index, HMW-glutenin subunits, etc… The material were planted 
in two rows of 2.5m long in a non replicated observation trial during 2008-09 cropping 
season at Seed and Plant Improvement Institute, Karaj, Iran. The checks were repeated 
every 10 genotypes, interval. Descriptive and cluster analysis using UGPMA method was 
performed for the recorded traits. Molecular analysis for quality traits were studied using 
SDS-PAGE methods and also conventional procedure. The results showed a vast genetic 
variability among the genotypes for majority of the traits. For example grain yield ranged 
from 180 to 521.1 g per plot (0.6m2), a differences of 22 days was observed among the 
genotypes for days to heading ranging from 180 to 202 days. In quality parameters such 
as protein content as an important trait, a range of 12.5 % to 14.7% was observed. SDS 
sedimentation varied 55 ml among the genotypes from 15 to 70 ml. The overall results 
indicated an outstanding performance some of the genotypes for grain yield capacity, 
lodging resistance, early maturity, seed plumpness, higher protein content, higher glu-
ten index and SDS-sedimentation, which could be used for specific breeding/direct use 
purposes. The molecular studies of storage protein using SDS-PAGE showed some novel 
markers in high molecular weight (HMW) glutenin subunit in the electrophoresis profile 
of some genotypes. The study revealed a new band around GluA1x with lower molecular 
weight compared to GluA1x’s band (null, 1 2*) which could be a variant of this locus. As 
this locus was found in two Iranian landrace Germplasm, it was labeled as GluA1-IR. 
Besides, in 4 genotypes 7*+8* as new bands with more mobility compared to 7+8 were 
also found. Further evaluation is in the pipeline to study the relationship of these bands 
with other quality traits of durum wheat. 

Key Word: Durum Wheat, quality, HMW-GS, Genetic variability
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The micronutrients zinc and iron are important for human health for which widespread 
deficiency occurs in many regions of the world including South Asia. Breeding efforts for 
enriching wheat grains with more zinc and iron are in progress in India, Pakistan and 
CIMMYT (International Maize and Wheat Improvement Centre). Further knowledge on 
genotype x environment interaction of these nutrients in the grain is expected to contrib-
ute to better understand the magnitude of this interaction and the potential identifica-
tion of more stable genotypes for this trait. Elite lines from CIMMYT were evaluated in a 
multilocation trial in the Eastern Gangetic Plains (EGP) of India to determine genotype x 
environment (GE) interactions for agronomic and nutrient traits. Agronomic (yield and 
days to heading) data were available for 14 environments, while zinc and iron concentra-
tion of grains for 10 environments. Soil and meteorological data of each of the locations 
were also used. GE was significant for all the four traits. Locations showed contrasting 
response to grain iron and zinc. Compared to iron, zinc showed greater variation across 
locations. Maximum temperature was the major determinant for the four traits. zinc con-
tent in 30-60 cm soil depth was also a significant determinant for grain zinc as well as iron 
concentration. The results suggest that the GE was substantial for grain iron and zinc and 
established varieties of eastern Gangetic plains India are not inferior to the CIMMYT 
germplasm tested. Hence, greater efforts taking care of GE interactions are needed to 
breed iron and zinc rich wheat lines.



504

Utilization of old wheat varieties in flour  
biofortification 

Baboev S.K.1, Usmanov R.M1., Chinnikulov B.1,  
Morgounov A.I2

1 Institute of Genetics & PEB ASUz, 111226, p/o Yuokory-yuz, Tashkent, Uzbekistan, 
2 CIMMYT, PO Box 39, Emek 06511, Ankara, Turkey

Biofortification allows utilization of such varieties of wheat which are characterized by 
high content of important microelements promoting reduction of some diseases con-
nected with their deficiency. Research objective included monitoring of wild and cul-
tivated forms of wheat in iron and zinc content in grain, definition of some biochemi-
cal indicators of flour and selection of perspective accessions as initial forms for further 
breeding works. In Uzbekistan different local varieties of wheat adapted for conditions of 
different regions have been cultivated for a long time and are still being grown now. There 
is a high probability that the populations characterized by the high content of iron and 
zinc remained among the local varieties. 

For the purpose of search and selection of such old varieties collection expedition was 
conducted in the mountains and remote regions like Samarkand, Kashkadarya and Sur-
khandarya. Additional attention was given to varieties with good baking properties. The 
first expedition was organized in July 2007. Surveys were conducted with the population 
of mountain areas and remote regions for the collection of wheat samples of old varie-
ties with high quality which used at households. We collected 12 varieties about ½ kg of 
grain of each variety and we got 10 samples from the collection of Samarkand University 
collected from Pamir mountains. Twenty samples (12 old varieties and 8 commercial) 
were analyzed for defining the content of microelements by the neytron-actiation ana-
lyzes method.

It is revealed that some old varieties like Kizil-shark, Kora-kiltik, Grekkum and local 
commercial varieties Mars and Sanzar-8 demonstrated high quantity of iron. Rather 
high content of Fe was also revealed in samples Kizil-shark and Yakkabog obtained from 
mountain areas of Yakkabag area of Kashkadarya region and in Emir variety developed 
by the Institute of Genetics and Experimental Plant biology of AS RUz.

For zinc content varieties Kora-kiltik, Grekkum, Mars, Okbugdoj “Muslimka” and Has-
an-Orif were selected demonstrating this microelement ranging from 31 mg/kg to 39 mg/
kg. Varieties Yakkabog, Krasnovodopadsky, Ravi, Emir (Fergana) had Zn content in grain 
around 28÷29 mg/kg. The germplasm from collection СIММYТ characterized by very 
high content of zinc in grain. 

Varieties Kora-kiltik, Grekkum and Mars were characterized by high content of iron, and zinc. 
Varieties - Kizil-shark and Sanzar-8 had high content of iron but rather low content of zinc. 
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The correlation factor between Fe and Zn content in grain has 0.23 for all entries stud-
ied. For some varieties we defined Fe and Zn content in bran. It was considerably higher 
than content in grain. We screened some released, perspective, old and foreign samples 
of wheat on the content of microelements in grains and identified potential parents for 
crossing for biofortification purpose.

In 2008 the expedition was conducted to Khorezm region where wheat is grown at high 
salinity of soil. On this zone the old varieties are not found. Collected varieties were 
mainly from Russian origin. Anyway we analyzed these varieties. We found genotype dif-
ference between them in content of iron. We should point that the varieties cultivated in 
Tashkent region had less content of iron than the varieties cultivated in moutain areas like 
Surkhandarya and Kashkadarya, Andijan and Samarkand regions. The content of zinc 
was not shown in different areas in varieties like Kora kiltik, Kizil-shark, Mars, Samar-
kand and Emir. The varieties Muslimka, Ulugbek, Grekkum, Kora kiltik had sometimes a 
bit more and a little less of zinc content.
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Grain protein content (GPC) is one of the most important characters which contribute to the 
end-use wheat quality, determining the economic and nutritional value of a bread wheat crop. 
The selection of genotypes with high efficiency of nitrogen utilization and high GPC is one 
of the objectives that are currently being taken in most wheat breeding programs. However, a 
high influence of the environment and the existence of a negative correlation between grain 
yield and GPC have slowed the improvement of GPC by traditional breeding.

Gpc-B1 allele for high GPC was originally identified in wild emmer wheat Triticum tur-
gidum ssp. Dicoccoides (DIC), mapped as a single mendelian locus and cloned (Uauy et 
al., 2006). Gpc-B1 showed to be a NAC transcription factor (NAM1) that plays important 
roles in development processes such as leaf senescence.

To evaluate the effect of this gene in locally adapted Argentinean germplasm, Gpc-B1 
allele from DIC was introduced in two different cultivars, named ProINTA Granar and 
ProINTA Oasis, through artificial crosses with “Glupro” cultivar and molecular marker 
assisted selection. 

The lines were sown in completed randomized trials during 2008 and 2009. Phenology, 
chlorophyll content and spike weight were evaluated during the crop cycle. After harvest, 
protein content, grain yield, yield components and thousand-kernel weight (TKW) were 
also analyzed. To study a possible relation between Gpc-B1, flowering and senescence we 
cut the spikes of some plants before anthesis and measured chlorophyll in flag leaves. 

The results showed that the Gpc-B1 accelerates the senescence a few days. In positive and 
negative plants, those without spike showed the same pattern than the plants with spike 
but the senescence was delayed even more. The protein content increased, on average, 1% 
and most of the yield components and TKW decreased. The yield per m2 was no affected, 
even, one of the isogenic lines carrying the Gpc-B1 increased the yield compared to the 
negative line. The number of spikes per m2 and number of grains per spike were signifi-
cantly higher in positive lines; this could explain the non reduction in yield.

These analyzes showed that the effect of Gpc-B1 depends mainly on the genetic back-
ground and the incorporation of GPC in Argentinean bread wheat genotypes would im-
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prove the industrial quality. Actually we are studying the expression of Gpc-B1 and the 
effect of this gene on different biochemical parameters.
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One of the key characteristics of wheat starch is the bimodal distribution of starch granule 
size that underlies the definition of ‘A’ (>10 µm) and “B” (<10 µm) granule populations. 
There are several lines of evidence that indicate that there is genetic control of starch 
granule initiation and development. Firstly, the differences in starch granule number per 
amyloplast that are evident between rice, oats, maize and wheat. Secondly, the tight regu-
lation of granule initiation over the course of endosperm development in wheat and bar-
ley. Thirdly, the wide variation in A to B granule ratios in wheat (Stoddardt et al., 1999). 
Differences between species in starch granule size distribution, granule morphology, and 
granule packing are critical to functionality of starch but little is known about the genetic 
basis for these differences.

The aim of this work was to isolate genes responsible for starch granule initiation during 
early development of wheat caryopsis. Two genetic lines of winter wheat with diverse 
starch A granule content (58.3 % versus 47.5 % of total granule content) were grown in 
controlled environment. Total RNA from developing (10 days post-anthesis) caryopses 
was extracted with RNEasy Plant Mini kit (Qiagen). Dynabeads mRNA Purification kit 
(Invitrogen) was used for mRNA isolation which subsequently served as template for 
cDNA synthesis with RevertAid First Strand cDNA Synthesis Kit (Fermentas). cDNA-
AFLP protocol (Bachem et al., 1996) was applied and differentially expressed fragments 
were isolated, cloned and sequenced. The resulting sequences were screened for homolo-
gies at NCBI gene bank using BLASTx.

Twenty primer combinations were applied for selective amplification in cDNA-AFLP and 
260 AFLP fragments generated with 13 fragments obtained per primer combination on 
average. 13 differentially expressed fragments were identified by comparing cDNA-AFLP 
profiles of wheat lines with high and low A granule content. The length of the fragments 
varied from 400 to 1100 bp. BLAST searches revealed that most of the genes identified 
belong to the regulatory gene class, while two novel genes with no homology to NCBI gene 
bank database were obtained. The homologies included calnexin (NP_001150317.1), cal-
reticulin-like protein (AAW02798.1), eukaryotic initiation factor 4A (NP_001151064.1), 
poly(A) binding protein (NP_001053248.1), protein phosphatase 2A regulatory subunit A 
(NP_001105839.1), transposase related protein w-gary1 (CAJ32532.1), delta 1-pyrroline-
5-carboxylate synthetase (AAX35536.1), membrane associated protein (XP_002535895.1), 
hypothetical rice protein (BAD82234.1) and beta-amylase 1 (AAR18251.1). The results  
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of this work and further validation of isolated genes’ role in starch granule synthesis control 
will provide the basis for the development of DNA marker tools in wheat breeding for en-
hanced starch content.
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Improvement of northern style Chinese steamed bread (CSB) quality is an important 
breeding objective in China, and a repeatable and accuracy evaluation procedure is 
crucial for breeding program. To select a better scoring system and to understand the 
association between subjective and objective parameters of northern style CSB quality, 
25 wheat genotypes were grown at four locations in 2002 season in spring-sown wheat 
zones. With water addition determined by gluten strength and grain hardiness, these 
genotypes were examined for their suitability of steamed bread evaluated by the Bread 
Research Institute of Australia Limited (BRI) method. The texture of northern style CSB 
was also evaluated by a Texture Analyzer TA-XT2i and by trained panelists using the na-
tional standard method GB/T17320-1998. The color was measured by a Minolta CR-310 
colormeter. Stress Relaxation (SR) in BRI scoring system had significant and positive cor-
relation with volume, specific volume, springiness, and total score of northern style CSB 
from the national standard method (r=0.60-0.72). SR is recommended as a major param-
eter in evaluating steamed bread quality. With a relatively lower score, the BRI total score 
was significantly and positively correlated with total score from the national standard 
method (r=0.66). The BRI method can distinguish the small difference among steamed 
bread quality made from flours with different gluten strength. It is more objective and 
convenient, so it can be used to evaluate the steamed bread quality. Stress relaxation from 
the texture analyzer can be used to evaluate northern style steamed bread quality, since 
it is closely associated with CSB springness. An improved method was proposed for the 
evaluation of northern style CSB quality of common wheat cultivar, based on methodolo-
gies used in the BRI quality scoring system and Chinese national standard for northern 
style CSB.
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Compared to the large effort spend developing Brazilian bread wheat cultivars, relatively 
a few soft wheat cultivars for cookie flour were released in this country in the last years. 
The main reason for this fact is the participation of the cookie and cracker flour, which 
makes 14 % of the Brazilian wheat flour market share. Nevertheless, the Brazilian cookie 
industry is expanding. The cookie production growth rate is increasing at an average 
rate of 2.5 % per year, from 2002 to 2008. Cookie production raised 4.1 % in 2008. In 
addition, Brazilians ate 5.6 kg of cookie per person in 2002. In the year 2008 Brazil-
ians consumed 6.1 kg of cookie per person per year. Considering this consistent growing 
cookie market, some wheat growers, along with the soft wheat milling operations are still 
demanding soft wheat cultivars. The objective of this study was to propose a model to 
predict wheat cultivars with improved manufacturing quality for the cookie industry and 
still productive for the growers. A data base originally with 1674 entries was formed with 
field and milling quality lab parameters from the year 2000 to 2008 crop seasons. The field 
date was obtained from trials that were established at the Fundação Agrária de Pesquisa 
Agropecuária in Guarapuava, Paraná, Brazil. The soil at the site was a Humic Xanthic 
Hapludox. Grains representing each plot (for the Solvent retention capacity – SRC) and 
each cultivar (for others analyses) were tempered (AACC method 26-10) and milled to 
straight-grade flour on an Agromatic AG AQC 109 Mill, from 2000 to 2005 and on a Lab-
oratory Mill Quadrumat Senior - Brabender, from 2006 to 2008. Falling Number (FN) 
was measured using a Falling Number 1800 Perten (AACC method 56-81B). Alvegraph 
analysis (Chopin MA95, AACC method 54-30) was used to determine strength (W), 
tenacity (P), dough extensibility (L) and P/L ratio. Gluten analysis (Glutomatic Perten, 
Centrifuge 2015 Perten, and Glutork 2020 Perten, AACC method 38-12) was used to 
determine wet (WG) and dry gluten (DG) content. Farinograph analysis (Farinograph-E 
Brabender, AACC method 54-21) was used to determine water absorption (ABS), dough 
development time (DDT), stability (STA), tolerance index (TIN). Solvent retention ca-
pacity – SRC of flour was measured according to the AACC method 56-11, modified by 
Guttieri et al., 2001 using four solvents: water SRC (WAT); sodium carbonate SRC (SOC); 
sucrose SRC (SUC) and latic acid SRC (LAc). The first issue faced to build a model was the 
field yield limitations of the Brazilian soft wheat genotypes. All the entries which yielded 
(produced) less than the average of bread wheat genotypes were discharged from the data 
base. 920 wheat genotypes were discharged because they yielded less that the bread wheat 
genotypes (4390 kg ha-1). 751 wheat genotypes remained to build the model. Consider-
ing that the field problems were solved, the second issue was to select variables that were 
relevant (important) for the cookie industry. The critical specifications of 14 commer-
cial cookie flours were compared and it was determined that the variables ABS showed  
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in 14 out of 41 specifications (34.1%), W showed in 13 out of 41 specifications (31.7%), 
GU showed in 11 out of 41 specifications (26.8 %), P showed in two out of 41 specifications 
(4.9%) and finale L showed in two out of 41 specifications (4.9%). Using the frequency 
percentages as model coefficients it was proposed a Brazilian Cookie Wheat Score Model 
(BCWS Model): BCWS=ABS*0.341+W*0.317+WG *0.268+P*0.049+L*0.025. However, 
not all wheat genotypes (entries) have the full set of values for the model variables and 
they were discharged. From the 751 wheat entries, only 309 had the full set of data for the 
selected variables with critical specifications. In other to propose a solid score interval, 
soft wheat entries which had an ABS, W and GU values out of the critical specification 
were discharged to avoid wheat genotypes without cookie manufacturing properties. The 
maximum specification superior limit (SSLmax) for ABS was 61 %. 231 entries had lower 
ABS values and remained in the model. For the W variable the specification inferior limit 
(SIL) was 80 Joules (x 10-4) and the specification superior limit (SSL) was 160 Joules (x 
10-4). 63 wheat entries were within this interval and they stayed in the model. Finally for 
WG content (%) the SIL was 26 % and the SSL was 33 %. More 28 wheat entries were 
discharged and 35 remained to run the model. The BCWS Model was finally run using 
these 28 wheat entries. The ideal score, proposed by this research, for a wheat genotype to 
be classified as cookie wheat for the Brazilian market is within the optimum interval from 
56.1 to 83.0. To validate this model and its proposed interval, 277 wheat entries from the 
2008 crop year were tested, using the following premise (conditions): 1st – wheat geno-
types which yielded less than the average of bread wheat genotypes were discharged; 2nd 
- wheat genotypes without the full set of values for the model variables were discharged. 
20 wheat genotypes, out of 277, were within the optimum interval and were proposed 
as wheat genotypes to produce cookie flour. 75 % of the selected genotypes were known 
soft wheat cultivars and 25 % were weak bread wheat cultivars. The validation results 
indicated that, using the BCWS Model, along with theirs premises (conditions) a wheat 
breeder have 75 % chance to find a potential cultivar with acceptable cookie functionality 
from a set of experimental lines. The current challenge is run the proposed model with 
the coming year data in order to find to a more robust (solid) interval which can improve 
the prediction. 
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Seed storage proteins (gliadins and glutenins) play a key role in the determination of 
dough and bread making quality in common wheat (Triticum aestivum L.). This is due 
to the interaction between high and low molecular weight glutenins and gliadins, via 
complex inter- and intra- molecular bondings. Different roles can be attributed to the 
glutenins. The high molecular weight glutenins (HMWGs) form the polypeptide net-
work responsible for the visco-elastic properties of dough and the low molecular weight 
glutenin subunits (LMWGs) function as chain extenders or terminators according to the 
number of cysteine residues available for disulfide bonding. LMWGs functioning as ex-
tenders are thought to increase the polymer size and confer dough strength and, in op-
position, LMWGs functioning as chain terminators will decrease polymer size and dough 
strength. In contrast with HMWGs subunits, resolution of LMWGs and scoring of alleles 
by protein or molecular analysis is difficult due to the large number of expressed subunits 
and coding genes. For these reasons the role of individual LMWGs in the determination 
of wheat quality is less clear. A similar situation can be considered in the case of gliadins, 
complex protein patterns and complex genetics (multigene families and a close associa-
tion between Gli-1 and Glu-3 loci) complicates the determination of gliadins role in dough 
formation. In this work we studied the effect of clusters Glu-A3/Gli-A1 and Glu-D3/Gli-
D1 in bread making quality parameters using 20 F4-6 families generated from the cross 
ProINTA Guazú x ProINTA Oasis, both cultivars carrying identical HMWGs subunits 
composition and presence of 1BL/1RS wheat-rye translocation, but differing in Glu-A3 
and Glu-D3 LMWGs subunits and Gli-A1 and Gli-D1 gliadins patterns. Seeds from 136 
F2 plants were scored by SDS-PAGE and A-PAGE and 20 families divided in four groups 
carrying homozygous parental or recombinant Glu-A3/Gli-A1 and Glu-D3/Gli-D1 gene 
clusters were selected. No recombination events in-between gene clusters were observed. 
Partial seed from F4, F5 and F6 selected families was used to determine bread making 
quality parameters protein content (PC), Zeleny sedimentation test (ZT) and mixograph 
developmental time (MDT) using standard protocols. Successive ANOVAs showed, in 
the case of PC, only a highly significant effect of year (P<0.0001) and no significant effects 
of Glu-A3/Gli-A1, Glu-D3/Gli-D1 gene clusters or interactions. ZT and MDT variation 
was significantly affected by year (P<0.0001) and Glu-D3/Gli-D1 gene cluster (P<0.0001), 
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and no significant effect of Glu-A3/Gli-A1 cluster was observed (P=0.9 and P=0.2, re-
spectively). In Glu-D3/Gli-D1 gene cluster, LSD analysis showed consistently a significant 
and positive effect of ProINTA Guazú vs. ProINTA Oasis locus in quality parameters 
ZT (48.17s vs. 43.13s) and MDT (5.6min vs. 4.06min). In MDT a significant interac-
tion effect Glu-D3/Gli-D1 x year was also observed (P<0.0001) however independently 
of the year, MDT values from families carrying ProINTA Guazú Glu-D3/Gli-D1 cluster 
were consistently higher than MDT values from ProINTA Oasis. Further efforts are be-
ing carried out in order to precisely determine if observed differences in dough strength 
are caused by a favorable effect of ProINTA Guazú proteins or by a detrimental effect of 
ProINTA Oasis’. 
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Bread Wheat is the staple food in 43 countries and is accounted as food for at least 35% of 
world population. In Iran, More than 90% of produced wheat is used for bread making and 
30% of the produced breads are wasted due to low quality. Landraces carry superior traits 
which could be used in breeding programs for improvement of different traits. To identify the 
sources of quality traits, 5000 bread wheat landraces with the Iranian origin were evaluated for 
important quality traits, and 49 landraces with superior quality traits were selected for further 
studies. These selected bread wheat landraces were studied for determination of High Mo-
lecular Weight Glutenin sub-units and their relationship with quality traits for incorporation 
in breeding bread wheat cultivars with desirable quality. Variation in protein content ranged 
from 11.2% to 13.55%, and SDS sedimentation volume varied between 40 and 60 milliliters. 
High Molecular Weight Glutenin patterns in these landraces showed that for Glu-A1 locus, 
the frequency of null allele was more than sub-units 1 and 2*. Allelic variation for Glu-B1 
locus was also considerable as sub-units 7, 7+8, 6+8, 14+15, 7+9, 17+18, 13+16 and 20 were 
observed. The highest and lowest frequency belonged to sub-units 7+8 (56%), 20 and 13+16 
(2%), respectively. For Glu-D1, sub-units 2+12 (74%) were of higher frequency in comparison 
with sub-units 5+10 (14%). In this locus, the rare sub-units 2***+12 with frequency of 2% were 
also observed. Scoring of germplasm based on electrophoresis patterns using Payne method 
revealed that the scores vary between 4 and 8. Based on this scoring, lines 1587, 1590 and 
1591 were determined of higher scores. Classification of landraces based on electrophoresis 
patterns and Jaccard similarity criteria showed that when the dendrogram was cut at 1.2 simi-
larity region, the landraces were grouped in three clusters. Forty landraces with cv. Chamran, 
as check, were grouped in the first cluster. Line 1587 on its own was grouped alone. Grouping 
of landraces based on quality traits and similarity in Euclidian distance also determined three 
distinct clusters, as 4 and 10 landraces were grouped in clusters 2 and 3, respectively. There 
was no similarity between grouping pattern based on High Molecular Weight Glutenin sub-
units and quality traits. It is concluded that variation in quality traits and High Molecular 
Weight Glutenin sub-units in bread wheat landraces are potential sources to be incorporated 
in bread wheat breeding programs for improving baking quality. 

Keywords: Bread Wheat, Land races, Baking quality, Quality traits, Higher Molecular 
Glutenin Weight, 
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Flour b* colour in flour is an important wheat quality characteristic for end-product use 
in noodle, bread and pasta production. QTL analysis using bi-parental mapping popula-
tions and phenotyping in several environments has consistently identified loci on chro-
mosomes 3A, 3B, 7A and 7B controlling flour b* colour variation in Australian germ-
plasm. Moreover, phenotypic evaluation and QTL analysis has shown that flour b* colour 
is correlated with xanthophyll accumulation, providing a biochemical basis to increase 
our knowledge of the control of flour b* colour variation. The xanthophyll biochemical 
pathway is comprised of around nine major gene groups and associated enzymes involved 
in the synthesis of various xanthophyll or carotenoid components. Therefore, genes of the 
pathway and their alleles are candidates for identifying the genetic control of flour b* 
colour. In this regard, the phytoene synthase gene Psy1 (which controls the conversion of 
geranylgeranyl pyrophosphate to phytoene) has been shown to be co-located with QTL 
for flour b* colour variation on chromosomes 7A in Chinese and Canadian wheat varie-
ties. Analysis of three bi-parental mapping populations showed a significant proportion 
of variation is controlled by QTL on chromosomes 7A and 3A (15-36% and 10-21%, 
respectively) for flour b* colour in Australian wheat genotypes.. Partial gene sequences of 
~1000bp were used to characterise Psy-A1 alleles on chromosome 7A in 30 selected Aus-
tralian cultivars and breeding lines, distinguishing genotypes with white flour (b* value 
range 7.2-8.4) from those with creamy-yellow flour (b* value range 8.6-14.3). At least 
five Psy-A1 alleles (Psy-A1a, Psy-A1c, Psy-A1e, Psy-A1p and Psy-A1s) were identified. In 
one population, the Psy-A1p and Psy-A1s alleles co-located with QTL on chromosome 
7A, but in two other populations the Psy-A1a and Psy-A1p alleles flanked the 7A QTL. 
Therefore, it appears that the Psy-A1s allele and other genes involved directly or indi-
rectly in the biosynthetic pathway are responsible for controlling flour b* colour on 7A 
in some Australian genotypes. Phylogenetic studies show that the Psy-A1s allele is more 
closely related to sequences from A. speltoides (B genome diploid progenitor) whereas 
all other known Psy-A1 alleles cluster with T. urartu (A genome diploid progenitor). We 
have adopted a combined bioinformatics-phylogenetics-comparative genomics approach 
to identify genes encoding other enzymes of the xanthophyll pathway, and screened these 
using transcript profiling and deletion bin mapping to determine other candidate genes 
controlling a significant proportion of phenotypic variation for flour b* colour QTL on 
chromosome 7A and chromosome 3A in Australian genotypes.
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Wheat (Triticum aestivum 2n=6x=AABBDD) is widely grown and consumed throughout 
the world. It is used for a variety of products like flat bread, raised bread, pasta, biscuits 
etc. Each product has specific quality requirement determined by the wheat proteins 
quality. Durum wheat (AABB) quality for example is more suited for pasta making. Three 
classes of bread wheat hard, medium and soft are used for preparation of leavened bread, 
flat bread and biscuits/pastries respectively. Bread wheat originated from natural inter-
crossing between domesticated tetraploid wheat, T. turgidum (AABB) and its diploid wild 
relative Aegilops tauschii (DD) between 8000 to 10, 000 years ago. After this event in the 
Fertile Crescent wheat spread to the different parts of the world. This event is considered 
to have taken place only once, thus the genetic diversity available in the present day wheat 
is very limited. Synthetic hexaploid wheat (SHW) recreated from intercrossing between 
the tetraploid and diploid wheats have the potential to increase the genetic diversity of 
present day wheat. The SHW and their derivatives have been shown to be a source of new 
resistances or tolerances to abiotic and biotic stresses. However, there is limited informa-
tion on the bread making quality of primary synthetics and synthetic backcross derived 
lines (SBLs). Recently, a large number of SBLs have been generated by crossing SHWs 
with commercial cultivars and advanced breeding lines in diverse genetic backgrounds 
at CIMMYT, Mexico, DPI-Victoria, Australia and ICARDA, Syria. We report the results 
from the evaluation of these SBLs for end use quality, in particular, bread making quality 
by dough strength and storage protein profile. 
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Lipoxygenase (LOX) activity is an important factor determining the color of flour and 
end-use products of wheat. In the present study, quantitative trait loci (QTLs) for LOX 
activity in wheat were mapped using 71 doubled haploid (DH) lines derived from a cross 
of Zhongyou 9507 × CA9632 and SSR markers. The DH lines and their parents were grown 
in Beijing and Anyang during 2006-07 and 2007-08 cropping seasons, providing data 
for four environments. The LOX activity was determined by measuring the conjugated 
diene absorption at 234 nm with an UV-visible spectrophotometer. Two QTLs QLpx.
caas.1AL and QLpx.caas.4B were identified on chromosomes 1AL and 4B, closely linked 
to SSR loci Xwmc312 and Xgwm251, respectively. They explained 13.4-25.2% and 14.3-
27.0% of phenotypic variance, respectively, across four environments. The SSR markers 
Xgwm251 and Xwmc312, closely linked to the QTLs, showed highly significant (P < 0.01) 
association with LOX activity in a test of 198 Chinese wheat cultivars and advanced lines. 
A multiplexed SSR marker combination Xgwm251/Xwmc312 was established to test these 
wheat cultivars and advanced lines. The results suggested that the marker combination 
Xgwm251/Xwmc312 is efficient and reliable for evaluating LOX activity and can be used 
in marker-assisted selection (MAS) for improving the quality of noodle and other wheat-
based products. 
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With quality being an extremely complex character, wheat breeding for bread-making 
quality has put more emphasis on the overall effect (bread) of the selection rather than on 
individual parameters. As a result, values of some of the parameters were decreased, but 
this did not have a negative effect on the final outcome.

This study examined changes with time in two bread-making quality related parameters 
using a set of 6 winter wheat cultivars, including a native population (Banatka), an old 
introduced cultivar (Bezostaya 1) and four cultivars (Sava, Balkan, Pobeda, Simonida) 
released during past 50 years in Serbian winter wheat breeding activities. These culti-
vars were evaluated in a 4-yr study (2005-2008). Two different levels of agronomic inputs 
were applied: (i) low nitrogen (N45); (ii) conventional nitrogen (N110), representing the 
standard agronomic condition applied by farmers in Serbia and where genotypes could 
express their bread-making quality potential. Protein content (PC) (N × 5.7, db) of whole 
meal was determined according to the Kjeldahl analysis by ICC method 105/2. The bread 
loaf volume (LV) (ml/100 g flour) was measured by rape seed (Brassica napus L.) volume 
displacement.

Increases in bread-making quality of cultivars from different breeding periods were ana-
lyzed by linear regression. Genetic gains were estimated by several means per cultivar: the 
grand mean, mean per low N and mean per high N level. Our objective was to estimate 
the rates of change in bread-making quality and its components, as a result of placing 
emphasis primary on improving grain yield in winter wheat breeding programs. 

Protein content at low N rate ranged from 11.8% for cv. Simonida, released in 2003, to 
14.4% for cv. Banatka, an old native population, with average PC of 12.8%. The mean 
PC at high N rate was 13.9%, with range from 13.5% (Balkan, Simonida) to 14, 8% for 
cv. Banatka. Difference between the mean values obtained at different fertilization levels 
was 1.1%. Mean PC across four growing seasons and two N treatments was 13.4%, with 
significant difference between the average values of the cultivars, ranging from 12.7 to 14.6%. The average 
rate of decrease in PC per year of release, estimated from the slope, was 0.02% year-1. The 
relative annual decrease in PC of wheat cultivars over 50 years was 0.21%. It was 0.04% 
year-1 or 0.3% at the low level of N input, and 0.02 year-1 or 0.13% at the high level of N 
input. Older cultivars, selected at extensive agro-ecological conditions expressed lower 
reactions at reduced N nutrition. 
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The mean value of LV at low N rate was 1231ml; LV ranged from 1050 ml for cv. Sava, an 
old Serbian cultivar, to 1340 ml for cv. Bezostaya 1, an old introduced cultivar. The mean 
LV at high N rate was 1300 ml, LV ranged from 1105 for cv. Banatka to 1415 ml for cv. 
Balkan. Mean difference between the two fertilization levels was 69 ml. Mean LV across 
four growing seasons and two N treatments was 1266 ml, with significant difference between 
the average values of the cultivars, ranging from 1088 to 1363 ml. The average rate of increase in 
LV per year of release, estimated from the slope, was 3.96 ml year-1. The relative annual 
genetic gains in LV of wheat cultivars over 50 years were 0.31%. It was 3.43ml year-1 or 
0.28% at the low level of N input, and 4.47ml year-1 or 0.34% at the high level of N input. 
Newer cultivars, selected at intensive agricultural practice expressed higher positive reac-
tions at increased N nutrition. 

The results suggested that modern cultivars have better N use efficiency. Also, it can be 
concluded that even protein content decreased, changes in protein qualitative composi-
tion, along with the balancing of other parameters, resulted in the overall improvement 
of quality. 
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Huseinov B.¹, Makhkamov M.¹, Muminjanov H.²,  
Garkava-Gustavsson L.¹, Merker A.¹, Johansson E.¹

¹ Swedish University of Agricultural Sciences (SLU), SLU Box 101 SE-230 53, Alnarp, Sweden
² Tajik Agrarian University (TAU), 146, Rudaki ave., 734017, Dushanbe, Republic of Tajikistan 
E-mail Address of presenting author: bahromiddin@gmail.com 

Historically, wheat is the most important food crop for Tajikistan, and have a main role 
for national food security programs. Wheat production and yield has been increased dur-
ing the last 20 years mainly by increasing the area for production of the crop. Accord-
ing to tentative data from the Ministry of Agriculture, over the 1300, 000 tons of cere-
als were produced in 2009, and among them nearly 1100, 000 tons or 84% were wheat, 
which is the highest result in whole history of Tajik wheat production. Wheat breeding 
in Tajikistan focuses mainly on increasing yield, breeding resistant varieties to biotic and 
abiotic stresses as well as improving the bread making qualities. Until now, only limited 
emphasis has been invested on the breeding goal related to improving baking qualities of 
Tajik wheat varieties. 

Protein content and composition play a crucial role for baking qualities of wheat and both 
factors depends on a number of factors, among which genotype and climatic conditions 
are the main ones. In the present study, protein composition of 22 varieties and lines from 
the Tajik National Breeding programs, were defined with SDS-PAGE in collaboration 
with the Faculty of Landscape Planning, Horticulture and Agricultural Sciences at SLU in 
Alnarp, Sweden. Seeds were collected during the summer 2009 from three breeding loca-
tions and 11 seeds from each entry were tested. Preliminary results show heterogeneity 
in several lines and varieties. Proteins like 1 and 2* from Glu-A1, 14+15 and 17+18 from 
Glu-B1 and 5+10 from Glu-D1 have been found to correlate to higher gluten strength as 
compared to other alternatives in a number of previous investigations. Some lines and 
varieties containing those subunits were found in the Tajik wheat material, which thereby 
can be used in breeding for increased gluten strength in the material, while other subu-
nits can be used if weaker gluten strength is required for Tajik wheat. 
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Low-molecular-weight glutenin subunit (LMW-GS) composition in common wheat is 
one of the critical determinants of gluten properties. However, the nomenclature of Glu-3 
encoding LMW-GSs has not been consistent among laboratories, due to the complexity 
of the LMW-GSs and the distinct separation methods used by different researchers. It is 
very important to unify the nomenclature systems in current use, to facilitate the sharing 
of information about the effects of individual LMW-GS on gluten properties. We there-
fore shared cultivars having various Glu-A3, Glu-B3 and Glu-D3 alleles from various 
countries. Using 1D SDS-PAGE, 2D and MS analyses, we found differences in nomencla-
ture particularly for Glu-A3 and Glu-B3, including new Glu-3 alleles. For 1D SDS-PAGE, 
various running conditions were compared to identify these alleles efficiently. We pro-
pose a new list of standard cultivars representing Glu-3 alleles and standard SDS-PAGE 
methods to identify them.
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The new microelement rich purple-grain bread 
wheat variety and its effects on the postprandial 
blood glucose of different persons 

Li Xing-pu, Lan Su-que, Zhang Yelun, Song Guangyao, 
Ma Huijuan
1 Institute of Cereal and Oil Crops of Hebei Academy of Agriculture and Forestry Sciences; 
Hebei Crop Genetic Breeding Laboratory; Shijiazhuang 050031; China
2 Hebei General Hospital, Shijiazhuang 050051, China)
E-mail Address of presenting author: lixingpu@126.com

The new microelement rich purple-grain bread wheat (Jizi 439) was developed by authors. 
Its content of trivalent organic chromium was 1.916mg/kg, magnesium was 1424.0mg/
kg, and selenium was 91.0-203.95ug/kg. To study its effects on the postprandial blood 
glucose of different people, two studies was conducted. First, three different food with 
equal weight, made from two black-grain bread wheats, Jizi 439 and Chu 20, and one 
mixed white bread wheat sample, were eaten by ten healthy young volunteers, respectively. 
And blood glucose of each person was mensurated in an hour after the meal. The result 
indicated that Jizi 439 can lead to the least blood glucose increment among these young, 
94.2% less than the mixed white bread wheat sample, and that glycemic index of Jizi 439 
was 74.66, and 19.7% lower than that of the mixed one (92.94). Second, after ten diabetics 
ate equal weight food made from Jizi 439 and common white grain wheat, respectively, 
the average of blood glucose increment of diabetics within 1 hour were 2.455mmol/L and 
7.88mmol/L, respectively. Therefore, purple-grain bread wheat Jizi 439 is an ideal wheat 
variety for making foods used by diabetics. 

Key word: Triticum aestivum L.; purple -grain; microelement; bread wheat; Glycemic 
Index



524

Interaction effects of environmental conditions 
and genetical background on amount and size 
distribution of polymeric proteins in wheat 
cultivars

Malik, A.H1, Prieto-Linde, M.L1, Kuktaite, R1,  
Andersson, A1, Johansson, E1

1 Department of Agriculture-Farming Systems, Technology and Product Quality, Faculty 
of Landscape Planning, Horticulture and Agricultural Sciences, The Swedish University of 
Agricultural Sciences, SE-23053, Alnarp, Sweden
E-mail Address of presenting author: Ali.Malik@ltj.slu.se

The importance of wheat as a staple food crop is quite well known and understood. The 
quality of wheat is influenced by the storage proteins. The amount and size distribution 
of polymeric proteins in wheat grain is largely influenced by the interaction of geneti-
cal background and environmental conditions. Temperature and nitrogen fertilizer are 
among the most important environmental factors influencing wheat protein composi-
tion. Specific protein composition and grain maturation time are factors related to ge-
netical background that influence amount and size distribution of polymeric proteins in 
wheat. In our study four spring wheat cultivars were grown in the green house, having 
different genetic composition of proteins. Two of the cultivars contained the high mo-
lecular weight glutenin subunits 5+10, while the other two contained 2+12. Four different 
nitrogen regimes were applied to create differences in nitrogen application at anthesis and 
spike formation. Two temperature levels, low and high were used. The results showed the 
importance of interactions among cultivars, nitrogen and temperature for creating differ-
ences in amount and size distribution of polymeric proteins at maturity. The shift in order 
to end up with high versus low %UPP at maturity happened early during grain matura-
tion e.g. between 4 and 8 days after anthesis. Influences of cultivars on %UPP was found 
early during the grain maturation period while influence of temperature and nitrogen 
regimes was seen much later during the grain maturation period. The results will help in 
understanding the relationship between quality parameters of wheat flour and how these 
are influenced by different environmental and genetical factors.



525

Variability in grain quality characteristics  
and glutenin subunit composition of durum 
wheat landraces from the Mediterranean basin

Roberto J. Peña1, Dolors Villegas2, Ruyman Nazco2, 
Karim Ammar1, Jose Crossa1, Conxita Royo2

1 International Maize and Wheat Improvement Center (CIMMYT), Apdo. Postal 6-641, 
06600, Mexico DF, Mexico 
2 IRTA, Cereal Breeding, IRTA, Rovira Roure, 191, 25198 Lleida, Spain
E-mail address of presenting author: j.crossa@cgiar.org

Durum wheat is an especially important cereal crop around the Mediterranean basin, 
providing the preferred raw grain for a wide range of staples foods. Since the late 60s, 
most of the local varieties and numerous landrace types have been displaced by the high-
er yielding, improved semi-dwarfs. Characterizing a representative number of Mediter-
ranean landraces can help identifying unused or under-used sources of variability for 
traits important to industrial processing quality. In the present study, 173 genotypes from 
23 countries were evaluated for quality attributes during 3 crop cycles (2007, 2008, 2009) 
at Lleida-Spain, using an unreplicated design with replicated checks. The genotypes in-
cluded head-row purified lines from 155 landraces and 18 modern cultivars grown in 
the region. They were evaluated for thousand kernel weight, test weight, protein content, 
gluten strength (SDS-sedimentation volume), yellow color (concentration of yellow pig-
ments in the grain) and a Quality Index was determined through a formula integrating 
all these parameters. In addition, each genotype was characterized by SDS-PAGE for its 
high and low molecular weight glutenin subunit composition at 5 loci, namely Glu-A1, 
Glu-B1, Glu-A3, Glu-B3, and Glu-B2. The landrace types were characterized by higher 
average kernel weight (with a wider range of values) and slightly lower average test weight 
than the modern cultivars, suggesting that the use of landraces as sources of increased 
grain size should be accompanied by cautious selection for acceptable test weight. In 
spite of significantly higher average protein content, the landraces exhibited substantially 
lower average gluten strength than modern cultivars. Also, modern cultivars showed a 
significantly higher average pigment concentration in their grain than landraces. Logi-
cally, this resulted in an average quality index higher for modern cultivars. However, it 
is important to note that a good number of landraces (36%) were at least as good as the 
best modern cultivars in terms of their integrated quality index, which would make them 
viable, from a quality stand-point, in part of the European market. These landraces with 
overall suitable quality were from 17 of the 23 countries represented, including the major 
durum producers/users. Landraces with the highest pigment concentration (comparable 
to that of modern cultivars) tended to originate from the northern shore of the Mediter-
ranean (frequently from Spain), and the Middle East (frequently, Jordan). However, none 
could be considered as sources of especially high pigment concentration, and their use 
in breeding would be dependent on whether or not they possess novel alleles that could 
interact with or replace favorably those present in modern germplasm (not addressed in 
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this study). In terms of gluten strength, the major factor related to the lower average for 
landraces was the maintenance of a number of weak types (about 20%) which have been 
completely eliminated from the modern cultivars. On the other hand, about 30% of the 
landraces had sedimentation volumes comparable to the best modern cultivar. Variation 
in gluten strength among the landraces was unrelated to the presence of a non-null allele 
at Glu-A1, present in 33.5% of the landraces compared to 0% in the modern cultivars, 
and the average sedimentation volume was the same for each allelic group (1, 1’, 2* versus 
null) among the landraces. In addition, all the modern cultivars had a higher average 
strength in spite of expressing the null allele at this locus. The locus Glu-B1 was by far the 
most variable in terms of alleles expressed. However, the allelic frequencies were highly 
uneven. The 3 alleles, namely 6+8, 7+8 and 20, which were the only ones present in the 
modern cultivars tested, also represented the majority in among the landraces (76%). 
An additional 15 allelic variants could be distinguished among the remaining 24% of 
the landraces, but most at very low frequencies, often represented by a single genotype. 
At Glu-A3, 75% of the landraces could be classified into allelic groups, with allele “a” 
(33%) dominating an allele “c” being the least frequent (1.2%). The allele “d” (14%) group 
was associated with the highest average sedimentation volume followed by the allele “a” 
group. Only 42% of the landraces could be assigned to allelic groups at Glu-B3, with 
group “a” being by far the most frequent and associated with stronger gluten, and other 
4 groups representing less than 5%. Finally, 2 allelic groups were identified at locus Glu-
B2, in relatively even proportion, with group “a” showing a slightly higher average gluten 
strength than group “b”. Because of the relative rareness of some of the alleles present in 
landraces and absent in modern cultivars, their effect on gluten strength and potential 
usefulness in breeding programs cannot be determined unless they are studied in appro-
priate near-isogenic backgrounds. 
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Dough mixing properties are important in determining wheat processing and end-use 
quality. Breeding for improved dough mixing properties is increasingly important in the 
context of reduced use of Nitrogen fertilizer, climate changes and increased consumer 
requirements.

The Reomixer, manufactured by Reologen i Lund AB, is a convenient mixograph type 
device that conforms at large to the AACC Mixograph standard, and the mixing curves 
produced agree well with the results of the classical pen recording National Mixograph 
(Bohlin 2007). The software provided by the manufacturing company allows for deter-
mining 13 mixing parameters describing specific characteristics of the mixing curve, 
plus three integrating (IHTP = integrated height to peak, area below and area within the 
mixing curve) and one calculated parameter (BV = estimated bread volume). Reomixer 
mixing parameters were shown to be useful for predicting bread volume, but, beyond 
their correlation with bread volume, mixing properties are themselves important breed-
ing objectives. 

First problem that appeared in using the Reomixer in our breeding program was the con-
densation of the large quantity of information, expressed in the large number of mixing 
parameters without significant loss of information, while maintaining distinct informa-
tion about parameters that might be under different genetic control. 

Our data demonstrated that:
 	Different dough mixing properties showed differences for relative influences of geno-

type and environment, 
 	There were differences in reproducibility among parameters and 
 	Correlations between parameters varied (average R² of all values involving each pa-

rameter varied from 14 to over 32%). 

Based on three criteria of suitability for breeding (reproducibility, genotype share to vari-
ation, and amount of information about overall variation of mixing parameters), and 
considering also the correlations among mixing parameters, we concluded that the most 
useful dough mixing parameters would be „initial slope”, „peak time”, „peak height”, 
„width at the end of the mixing curve” and „breakdown”. These parameters had better 
ranking for the three criteria and were less correlated between themselves than other 
parameters.
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Second problem that had to be solved for an efficient use of the Reomixer in our breeding 
program was the selection of the most appropriate environment for selection. Using data 
from yield trials performed with or without irrigation and with or without Nitrogen fer-
tilizer, we found that both Genotypes and Environments significantly influenced the vari-
ation of most dough mixing parameters. Interactions between genotypes and fertilization 
and between genotypes and water availability were significant for all parameters, being 
especially large for parameters where average effects of N fertilization or water availability 
were less significant (“peak height” and “initial slope” respectively).

There were large genetic differences in cultivar response to insufficient nitrogen. The neg-
ative influence of insufficient Nitrogen availability on mixing parameters was smaller in 
the genotypes with the best mixing parameters, and very strong in the weak gluten ones, 
therefore offering hopes of selecting genotypes more tolerant to the effect of deficient N 
nutrition on bread quality. For “organic agriculture”, where lower soil fertility cannot be 
corrected by applying mineral fertilizers, exploiting the observed interactions of geno-
types with N fertilization and identification of genotypes that are less affected by a lower 
N availability may become very important. Based on these results the decision was made 
to analyze grain samples from plots grown both with and without Nitrogen fertilizer.

The Reomixer proved to be efficient in characterizing dough mixing properties of breed-
ing material, beginning from the grains harvested from head-rows, as only a small quan-
tity of flour is required for the test. It proved to be efficient I detecting variation in bread-
making quality between closely related lines.



529
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Sodium dodecyl sulphate (SDS) sedimentation was evaluated as a singular quality test to 
discard high numbers of poor quality genotypes in the early generations of a wheat breed-
ing program. By using a simple, reliable quality test a more effective way to out-select 
the poorest quality lines would be possible. High numbers of genotypes are carried from 
generation to generation in the early generations of wheat breeding programs, only to 
be discarded in the advanced generations due to their inability to reach the strict quality 
standards. 

A singular quality test needs to be able to discriminate between closely related lines 
without having a negative effect on other desirable traits in the consecutive generations 
via indirect selection. Nine intermediate hard red wheat elite lines and two checks were 
evaluated for three consecutive years over eight localities, while seven F4 populations 
and two hard red wheat checks were evaluated at three locations. These localities were all 
situated in the Eastern Free State. Results indicated that the SDS sedimentation test does 
have value in early generations where wide SDS sedimentation variation exist to enable 
the breeder to remove the poorest quality lines, but its value as a singular test in closely 
related lines, where the variation is small is limited and a combined selection approach 
should rather be followed.
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The unique visco-elastic properties of the gluten protein permit the use of wheat to man-
ufacture diverse food types, such as breads, biscuits and pasta. However, the quality at-
tributes required to prepare one type of wheat-based food may not be suitable to prepare 
a different one. One of the main factors determining the end-use of wheat is the gluten 
protein quality. Gluten visco-elastic properties may vary significantly from one genotype 
to another, depending on the amount and composition of the glutenins and the gliadins, 
the main protein fractions of gluten. The glutenins (or polymeric protein) contribute 
mainly with the elasticity while the gliadins (or monomeric proteins) contribute mainly 
with the viscosity of the visco-elastic dough. There are several allelic variations at each of 
the individual Glu- and Gli- loci controlling the gluten proteins, and therefore different 
allelic combinations render different dough visco-elastic properties. At CIMMYT wheat 
improvement aims to improve concomitantly yield, resistance to main diseases and end-
use quality. At present nearly 20% of the elite lines under high yielding (around 8 tons/ha) 
environment possess strong gluten with good extensibility, meaning good bred making 
quality. The possibility of enhancing the quality in high-yielding lines has been possible 
due to the use of parents combining glutenin subunits contributing to enhanced strength 
and extensibility. However, the positive quality effects of individual High- and/or Low-
Molecular Weight Glutenin (HMWG and LMWG, respectively) subunits observed in 
a genotype with a given Glu-1/Glu-3 subunit combination may not be seen in another 
genotype showing different Glu-1/Glu-3 subunit combination. Therefore, it is necessary 
to determine what HMWG and LMWG subunits, and in which combinations, permit a 
more efficient strategy to enhance gluten quality in high yielding wheat germplasm.

The present study examined the contribution to gluten quality-related parameters of the 
HMWG subunits 5+10 and 2+12 and of the LMWG subunits Glu-B3b, Glu-B3g, and 
Glu-B3h when present in different Glu-1/Glu-3 subunit combinations. Recombinant in-
bred lines (F5 and F6) originating from three crosses involving a common female par-
ent (Avocet) and the cultivars Attila, Pavon, Pastor, and Tonichi, were grown under  
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irrigation in Ciudad Obregon, Sonora, Mexico during the 2005-2006 crop season. Flour 
samples were used to evaluate the parameters SDS-sedimentation, dough development 
time in the mixograph, and dough strength (W) and tenacity/extensibility ratio (P/L) in 
the alveograph. Differences in most quality parameters were observed within genotypic 
groups and between genotypic groups. In most of the cases dough development time 
and dough strength (W) were larger in genotypes possessing Glu-D1 subunit 5+10 in-
stead of 2+12. Genotypes possessing Glu-B3b generally showed better extensibility than 
those possessing Glu-B3g. Some genotypes of the cross Avocet x Pastor showing similar 
dough strength, possessed less dough extensibility when combining 5+10 and Glu-B3g 
than when Glu-B3g was combined with 2+12. Within the cross Avocet x Tonichi, geno-
types possessing Glu-B3b showed slightly larger gluten strength than when Glu-B3h was 
present. In the cross Avocet x Attila, there were no differences in strength or extensibil-
ity between genotypes possessing either Glu-B3b or Glu-B3h. The results indicate that 
selecting for HMWG 2+12 could benefit dough extensibility without sacrificing dough 
strength. In addition, selecting for Glu-B3b or Glu-B3h is more beneficial than selecting 
for Glu-B3g to improve dough extensibility. Glutenin subunit composition plays an im-
portant but only partial role in the definition of dough visco-elasticity. Therefore, other 
factors such as the distribution of polymeric and monomeric proteins and differences 
in other compositional traits deserve further attention when breeding for high end-use 
quality in high yielding wheat.
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Introduction

Wheat is one of the primary grains consumed by humans and is grown around the world in 
diverse environments, from cool rain-fed to hot dry-land areas. Then productivity and qual-
ity vary considerably as a result of environmental conditions during grain fill. Quality milling 
and dough properties, baking performance of wheat are mainly determined by the structure 
and quantity of gluten proteins and strongly dependent on genotype, weather conditions and 
growing conditions ( soil, nitrogen fertilization, crop protections, crop rotation).

The aim of this study was to evaluate the influence of variety and different production 
technology of cultivars on quality of winter wheat grains.

Methods

A field experiment was conducted in Experimental Station, Osiny, Poland in cereal crop 
rotation. The four winter wheat cultivars Bogatka, Tonacja, Satyna i Kris were used in the 
investigations. All cultivars are frequently used in bakers manufacturing in Poland. Each 
cultivars was grown on three production technology: intensive technology, integrated 
technology, low cost technology. Characterization of technology: Intensive technology 
–sowing rate - 4.5mln grains/ha, optimal sowing term, Fertilization- 180kg N/ha, P-80kg/
ha, K-100kg. Term of nitrogen application: 60kg/ha – start vegetation + 60kg/ha – shoot-
ing + 60kg/ha – start heading. Growth regulator – Moddus- 0, 3l/ha in tillering phase + 0, 
3l/ha in shooting phase. Plant protection measures – harrowing, herbicide- autumn term 
and spring term, fungicide – in shooting phase - Tilt plus (1, 0l/ha) + Unix (0, 7kg/ha), in 
flag leaves phase - Olimpus (1, 8l/ha) + Artea (0, 4l/ha). Integrated technology –sowing 
rate - 5.0mln grains/ha, optimal sowing term, Fertilization- 140kg N/ha, P and K- de-
pending on nutrient resources of soil. Term of nitrogen application: 50 kg/ha – start veg-
etation + 50 kg/ha – shooting + 40 kg/ha – start heading. Growth regulator – depending 
on weather conditions. Plant protection measures – harrowing, herbicide and fungicide 
after weed and diseases infestation threshold. Low cost technology - sowing rate - 5.5mln 
grains/ha, optimal sowing term, Fertilization- 90kg N/ha, P-50kg/ha, K-80kg/ha. Term 
of nitrogen application: 50kg/ha – start vegetation + 40kg/ha – shooting. Plant protection 
measurements – harrowing, herbicide- autumn term, fungicide – in shooting phase - Tilt 
Plus (1, 0l/ha), in flag leaves phase Artea (0, 4l/ha). Grain samples from each plot were 
harvested in full maturity, milled and analyzed separately. 
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Results

In intensive technology the Kris cultivar had the biggest falling number – 430s, the Bogat-
ka cv. – 379s, Tonacja cv. -311s and the Satyna cv. – 307s. In integrated technology the 
Kris cv. had the falling number – 416s, Bogatka cv. -315s, Tonacja cv.– 303s, Satyna cv. – 
314s. In low cost technology the all cultivars had the lowest falling numbers. In intensive 
technology the amount of gluten was 31%, and in integrated technology it was lower and 
amount – 29%, in low cost technology the gluten content was the lower and amount – 22, 
4%. The flowness of gluten is depended on technology production. In intensive technol-
ogy was 5, 8mm, in integrated – 7, 7mm and in low cost technology -7, 4mm. The lowest 
flowness of gluten had the Kris cv., and the highest Satyna cv.

Conclusions

The best quality had the winter wheat seeds cultivated in intensive and integrated produc-
tion technology, the worst those cultivated in low cost production technology. 
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Tocols exist in eight different forms, four tocopherols and four tocotrienols. Both the 
tocopherols and tocotrienols occur in alpha, beta, gamma and delta forms, determined 
by the number and location of methyl groups on the chromanol ring. Each form has 
slightly different biological activity. They are fat-soluble antioxidants but also seem to 
have many other functions in the body. They prevent neurodegeneration, take part in 
the induction of immune responses, and they have anticancer and cholesterol lowering 
effects. The recommended dietary allowance of vitamin E is 15 mg of 2R-α-tocopherol 
per day. In plants, tocols protect lipids from oxidation in photosynthetic membranes and 
seeds. Although the content of tocols in cereals is much lower than in vegetable oils and 
products derived from them, the amount of tocols obtained from cereals is important, 
because they are consumed at high levels. Very little is known about the bioavailability of 
tocols from grains and grain products. However, the bioavailability of α-tocopherol from 
wheat bread was found to be very high, being 99.6%±11.3%. Although there are plenty 
of data on average tocol composition in wheat, very little is known about the natural va-
riation within and among different wheat types, cultivars, and genotypes and the effects 
of agronomic and environmental conditions on tocol composition. One objective of the 
HEALTHGRAIN (HG) project was to determine the extent to which tocol amount and 
composition varied in wheat and to identify sources of variation suitable for exploitation 
by plant breeders.

Based on results of the genetic diversity screen, two wheat varieties were selected for 
crossing. These were Mv-Toborzó, which is a Hungarian wheat variety with good bread-
making properties and low tocol content, and a German variety Tommi, which has high 
tocol content. An F2 population of Mv-Toborzó/Tommi was harvested in 2008 August 
and 50-300 seeds were collected from each of 200 plants. Leaves were also collected from 
each plant for DNA analysis. The number of plants from which the quality of the DNA 
and the quantity of the seeds were appropriate (>5g) was 140. The contents of tocols 
(tocopherols and tocotrienols) were determined by normal-phase HPLC according to 
the method of Lampi et al (2008). This showed variation in total tocol content between 
49.47 and 30.12 ug/g. This range was slightly smaller than that identified during the HG 
diversity screen, but included the difference between Mv Toborzó and Tommi. The rang-
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es of beta-tocotrienol (15.58-31.31 μg/g) and alfa-tocopherol (7.61-13.96 µg/g) were the 
highest, but there was also a variation in the contents of alpha-tocotrienol (5.85-2.93 
μg/g) and beta-tocopherol (5.52-2.81 μg/g). The 140 F2 lines of the crosses were used for 
bulk segregant analysis after their tocol content were measured. Preliminary studies with 
AFLP markers were carried out on ten lines with low tocol contents and six with high 
tocol contents, using a Li Cor 1300 DNA analyser. Bulks of these two groups and the 
parent lines were tested with 8x8=64 primer combinations. Based on the polymorphism 
found, 28 primer combinations were selected and the 10+6 individual lines of the bulk 
were tested with these. The individual lines showed polymorphisms with 13 primer com-
binations, of which 4 correlated significantly with total tocol content. Three of this four 
primer combinations represented 96% of the variance of the tocol content according to 
multiple regression analyses.

The six most significant primer combinations were selected to test the 140 individual 
lines. 25 polymorphic alleles were found, of which 5 were identical with the alleles that 
had been identified during the preliminary studies. In this case four alleles of 2 primer 
combinations together represented 16% of the variance of the total tocol content. Based 
on hierarchical cluster analysis the TCAT505 marker allele showed stronger linkage with 
GAGA205, and the TCAT285 marker allele with TGTC330. These results indicate that it 
is probable that at least two loci have significant effects on tocol content in this popula-
tion. Correlations between heading date, plant height and other agronomic properties of 
the plants with tocol content were also studied.
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Durum wheat (Triticum turgidum L. ssp. Durum Desf.) is mainly used in pasta produc-
tion for their grain quality attributes. Gluten strength, grain protein content and yel-
low color are important quality traits. Carotenoid pigment content is the most important 
determinant of semolina yellow color. The main objectives of this work were to map 
quantitative trait loci (QTL) and to detect epistatic QTL effects for grain protein content 
(GPC), gluten strength (measured by SDS test), yellow color (CIE b*) and carotenoid 
pigment content (CPC). A population of 93 recombinant inbred lines (RILs) was gener-
ated by single seed descent from the cross between the line UC1113 (intermediate pasta 
quality) and the var. Kofa (excellent pasta quality). The RILs, the parental lines and eight 
Argentinean varieties were evaluated during two consecutive growing seasons (2006/07 
and 2007/08) in three locations of Argentina. A randomized complete block design with 
three replications was used. QTL mapping was performed using the genetic map re-
ported by Zhang et al., (2008). Heritability was calculated using the GENES software. 
Principal QTL effects were detected for each environment using the CIM method with 
Windows QTL-Cartographer version 2.0. Epistatic (QQ) effects and QTL × environ-
ment (QE) interactions were identified using QTLNetwork version 2.0. The effect of the 
environment was strong, affecting all the quality traits considered, as was shown by the 
ANOVA test. However, high heritability values (≥ 94%) were obtained for SDS, CIE b* 
and CPC. GPC showed slighty lower values (70-86%). QTL affecting color traits were 
mostly located on chromosomes 4AL, 5AS, 5BL, 6AL, 7AS, 7AL, 7BS, and 7BL. A new 
QTL for CPC and CIE b* was identified on the short arm of chromosome 7A that show 
significant principal and epistatic effect (7AS x 6BL). No QE and QQE (QTL x QTL x 
environment) interactions were detected for CIE b* and CPC. On the other hand, QTLs 
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for SDS were identified mainly on 1BL, 6AL, 6BL and 7AS. SDS was strongly associ-
ated with the Glu-B1 locus on 1BL chromosome. The main QTLs for GPC were located 
on 3BS, 5AS and 7BL chromosome. 7BL GPC QTL showed an overlapping position 
with 7BL CPC QTL. Digenic QTL x QTL and enviromental interaction (QE and QQE) 
effects were identified affecting GPC. The QTLs identified in the present study will be 
useful to understand the genetic basis of the traits under study and to improve durum 
wheat cultivars with better quality characteristics for pasta making.
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Wheat baking quality is determined by functional properties of flour biochemical compo-
nents and their interactions. It is not possible to specify baking quality only by one factor, 
becose all partial components of baking quality are important. There are many analytical 
methods for prediction of wheat baking quality, whereas single methods are based mainly 
on single components of baking quality. SRC profile as a simple method concerning more 
partial components of baking quality has potential for prediction of wheat baking qual-
ity. In this work, we tested suitability of SRC profile for wheat breeding. Results showed 
very good suitability of SRC profile for wheat breeding, mainly due to its simplicity, low 
instrumental and sample requirements and good relation to final baking quality.
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Storage proteins are convenient biochemical markers for identification and registration 
of wheat varieties, analysis of their purity. In common wheat (Triticum aestivum L.) alco-
hol-soluble proteins, gliadins, are encoded by the six major loci Gli-A1, Gli-B1, Gli-D1, 
Gli-A2, Gli-B2 and Gli-D2 located at the distal ends of the short arms of homoeologous 
group 1 and 6 chromosomes (Payne 1987). Loci encoding high-molecular-weight gluten-
in subunits (HMW GS), Glu-A1, Glu-B1, Glu-D1, are located on the long arms of homoe-
ologous group 1 chromosomes (Payne et al., 1987). These loci are highly polymorphic 
(McIntosh et al. 1998). Investigation of genotypes at storage protein loci permits tracing 
the history of breeding in different countries. In particular, gliadin diversity was analyzed 
in collections of common wheat varieties from different countries of the world: Russia 
(Chernakov and Metakovsky 1994), France (Metakovsky and Branlard 1998), Italy (Me-
takovsky et al. 1994), England (Chernakov and Metakovsky 1994), Spain (Metakovsky 
et al. 2000) etc. The objective of this study was to analyze variation at the major storage 
protein loci of homoeologous group 1 chromosome in winter common wheat varieties of 
Ukrainian breeding and to compare allele frequencies in groups of varieties developed in 
different periods of time.

One hundred and ninety six varieties of Ukrainian breeding of the main breeding centers 
(developed from the 1950s till 2008) were analyzed. Of them 119 varieties were developed 
in the Steppe zone (the Institute of Breeding and Genetics UAAS, Odessa), 77 were devel-
oped in the V.M. Remeslo Myronivka Institute of Wheat UAAS and the Institute of Plant 
Physiology and Genetics NASU (the Forest-Steppe zone) in different periods of time. From 
10 to 100 single seeds of each variety were analyzed. Acid polyacrylamide gel electrophore-
sis of gliadins was performed by the modified procedure of Kozub and Sozinov (2000). 
Electrophoresis of HMW GS was carried out by the procedure of Laemmli (1970) in 10% 
resolving gel. Gliadin alleles were identified using the catalogue of Metakovsky (1991) and 
its supplements (Metakovsky and Branlard 1998, Metakovsky et al. 2000). HMW GS al-
leles were identified by the catalogue of Payne and Lawrence (1983). In the total group of 
varieties, the highest number of alleles (9) was detected at the Gli-A1 locus; 8 alleles were 
detected at Gli-B1 and 7 at Gli-D1. At the HMW GS loci variation was lower: 6 alleles the 
Glu-B1 locus and 3 alleles at Glu-A1 and Glu-D1. The predominant alleles are Gli-A1b (with 
the frequency of 48, 5%), Gli-B1b (65 %), the alleles ‘b’ (41%) and ‘g’ (29%) and Gli-D1, ‘a’ 
(41%) and ‘b’(53%) at Glu-A1, ‘c’ (53%) and ‘b’ (36%) at Glu-B1 and Glu-D1d (95%). These 
alleles are associated with high bread-making quality (Payne et al. 1984; Sozinov 1985).
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Ukraine has two geographical-climatic zones of wheat cultivation – the Steppe (the south-
ern zone) and the Forest Steppe (the more northern zone). Differences in frequencies of 
predominant allele in groups of varieties developed in different zones were revealed at the 
three Gli-1 loci as well as Glu-B1. In the Steppe varieties, the allele ‘b’ (66%) dominates at 
the Gli-A1 locus, whereas in the Forest-Steppe three alleles, ‘b’, ‘f ’ and ‘o’, dominate with 
similar frequencies. On the contrary, there is one predominant allele at the Gli-D1 locus 
in the Forest-Steppe varieties (‘b’, 65%), and 3 alleles (‘b’, ‘g’, and ‘j’) occur with the similar 
high frequencies among the Steppe varieties. A special feature of the Forest-Steppe varie-
ties is the high occurrence of varieties with the wheat-rye 1BL/1RS translocation (Gli-
B1l) (39%). The Forest-Steppe varieties differ from the Steppe group by the significantly 
higher frequency of the allele Glu-B1c and the lower frequency of Glu-B1b. The compari-
son of groups of varieties developed in different periods of breeding (before 1996 and 
since 1996) revealed significant changes in allele frequencies. The Steppe varieties show 
the substantial increase in the frequency of the alleles Gli-A1g, Gli-B1e, Gli-D1g, Glu-
B1b* (the allele from Odesskaya krasnokolosaya associated with extra high bread-making 
quality) as well as the decrease in the frequencies of Glu-B1c, and Gli-D1b. Of interest is 
the appearance of varieties with the wheat-rye 1AL/1RS translocation, whose marker is 
a specific secalin block designated as Gli-A1w (Expromt, Kolumbia, Zolotokolosa, Vesn-
yanka, Smuglyanka, and Monolog) in the Forest-Steppe group. We also detected the first 
Steppe variety with the 1AL/1RS translocation. In the Forest-Steppe group, the frequency 
of 1BL/1RS translocation shows the tendency for increasing (from 30 to 44%) despite its 
well-known deleterious effect on grain quality (for example, Finn et al. 1994). The Forest-
Steppe varieties of the last decade also show the increased frequency of the allele Gli-D1b, 
and the decrease in the frequency of the allele ‘g’, as opposed to the Steppe varieties. The 
change of allele frequencies and involvement of new alleles may reflect changes in the 
breeding process due to change of climatic conditions and field management factors. 



541

Phenolic acid content in grains of winter wheat 
(Triticum aestivum) and spelt (Triticum spelta)

Jerzy Zuchowski, Anna Stochmal, Wieslaw Oleszek

Department of Biochemistry and Crop Quality, Institute of Soil Science and Plant Cultiva-
tion, State Research Institute, ul. Czartoryskich 8, 24-100 Pulawy, Poland
E-mail Address of presenting author: asf@iung.pulawy.pl 

In recent years there is an increasing interest in the presence of grain components other 
than protein, carbohydrates or fiber. So called secondary metabolites that show health-
beneficial effects are of importance in nutrition. There are number of structurally diver-
gent groups of compounds of interest in respect. One of the are plant phenolics, which 
show antioxidant activity.

It is well know that wheat grain contain several classes of secondary metabolites including: 
tocopherols, carotenoids, phytosterols, flavonoids, lignans and phenolic acids. Among 
them, the last group occurs in the highest amounts, and it contributes significantly to the 
antioxidant properties of wheat grain products. Free phenolic acids represent only a small 
part of the compounds and the others exist mainly as soluble and insoluble esters. 

The aim of present work was to compare the concentration of phenolic acids in grains of 
three varieties of organically grown winter wheat (Bogatka, Legenda, Rywalka), and in 
spelt (Triticum spelta). 

Powdered wheat/spelt samples were subjected to alkaline hydrolysis (4M NaOH), fol-
lowed by the ethyl acetate extraction. After evaporation of the organic solvent, the phe-
nolic acid content in the wheat extracts was determined by UPLC. The Acquity ultra-per-
formance liquid chromatograph (Waters) consisting of binary solvent manager, sample 
manager, photodiode array (PDA) and Triple Quadruple mass detectors, and Empower 
Pro 2.0 software was used. The profiling was performed on a 50 mm × 2.1 mm i.d., 1.7 
μm, UPLC BEH C18 column (Waters) utilizing a gradient elution profile and a mobile 
phase consisting of 0.1% acetic acid in water (solvent A) and 40% MeCN (solvent B). The 
column was maintained at 50 °C, and the flow rate was kept constant at 0.35 mL/min. The 
injection volume was 5 μL.

Five phenolic acids: p-coumaric, ferulic, p-hydroxybenzoic, sinapic, and vanillic acid 
were detected in all analyzed cultivars of wheat and in spelt. Ferulic acid turned out to 
be the main component of all cultivars, while other phenolics were present in consider-
ably lower amounts. Their concentration may be ordered as follows: ferulic >> sinapic > 
p-coumaric > vanillic > p-hydroxybenzoic acid. The examined wheat cultivars, as well as 
spelt, differed significantly in respect of concentration of particular compounds. Ferulic 
content (mg/g wheat grain was 499, 478, 527 and 570 for var. Bogatka, Legenda, Rywalka 
and Spelt, respectively. Synapic acid content ranged between 18 and 37 mg/g, coumaric 
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acid between 16 and 21 mg/g, vanillic acid between 10 and 12 mg/g and p-hydroxyben-
zoic acids between 7 and 10 mg/g. 

Bibliography

Zuchowski J., Kapusta I., Szajwaj B., Jonczyk K., Oleszek W.: Phenolic acid content of 
organic and conventionally grown winter wheat. Cereal Research Communication., 2009, 
37: 189-197.

Żuchowski J., Kapusta I., Szwaj B., Oleszek W.: Phenolic acid content in spring wheat 
(Triticum aestivum) grain. Acta Bioch. Pol., 2009, 56 (suppl. 2): 27-28



543

Grain quality of spring wheat cultivars depending 
on production technology 

Alicja Sułek

Institute of Soil Science and Plant Cultivation-National Research Institute in Pulawy, Po-
land, Czartoryskich 8 st, 24-100 Pulawy
E-mail Address of presenting author: sulek@iung.pulawy.pl

Wheat is a basic trade cereal both in Poland and on the world. That is why this commer-
cial grain must have suitable quality properties. Milling and baking industry require the 
good quality of wheat and this force the producers to look for a new production technol-
ogy as a result of which are obtained high and good quality yields. Such production tech-
nology should be economic profitable and is not harmful to natural environment. 

In intensive technology are used high amounts of fertilizers and high amounts of crop 
protection which cause degradation of natural environment. Crop protection is applied 
preventively before appearance of dangerous pathogens. Integrated production technol-
ogy is more friendly for environment because it is applied after passing a harmful thresh-
old and minimizes bad influence of agriculture on the natural environment. 

The aim of this study was to evaluate the influence of intensive and integrated technology 
on quality properties of spring wheat grains.

Methods

A field experiment was conducted in 2008-2009 in Experimental Station, Osiny, which 
belongs to Institute of Soil Science and Plant Cultivation – State Research Institute in Pu-
lawy. In 75% cereal crop rotation by two type of technology: A – integrated, B- intensive 
were cultivated spring wheat (following cultivars: Nawra, Bombona, Raweta). The level 
of intensity of technology is assigned by production measures expenditure (fertilizers, 
crop protection). In intensive technology were applied higher fertilization of nitrogen 
(N) (30-40kg/ha), phosphorus (P) (20-30kg/ha), potassium (K) (20-50kg/ha) and higher 
doses of fungicides plus Amistar. The grains were harvested in full maturity. In obtained 
grains were determined: wet gluten content (%), the falling number (s) and the flowness 
of gluten (mm).

Results

Ihe investigated technologies had a significant influence on a yield and quality of spring 
wheat cultivars. Spring wheat cultivated in intensive technology had by 0, 6t/ha a higher 
yield. Grains of studied spring wheat cultivars from intensive technology were character-
ized by the higher wet gluten content in comparison to grains from integrated technology. 
The Nawra cultivar showed increase of gluten content by 9%, Bombona cv. by 11% and 
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Raweta cv. by 10%. Grains of investigated cultivars from both technologies were charac-
terized by the high falling number which bears the low amylolytic enzymes activity. 

Grains of Nawra and Bombona cultivars showed the higher falling number in intensive 
technology, whereas grains of the Raweta cultivar in integrated technology. The studied 
production technologies in a small degree had the effect on gluten quality formulated by 
its flowness. The Nawra and Bombona cultivars did not show a change in the flowness of 
gluten under the influence of studied production technologies, whereas the Raweta culti-
var had more beneficial value of this property in intensive technology.

Conclusions

1. The evaluated production technologies distinguished a yield and quality of studied 
spring wheat grains.

2. The higher content of gluten was in grains of the studied spring wheat cultivated in 
intensive technology.

3. Production technologies had no influence on gluten quality formulated by its flowness 
in Nawra and Bombona cultivars
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Grain hardiness and protein content are important traits influencing on end-use quality 
of wheat. Performance of these traits is dependent both on genetical and environmental 
factors. Thus, the aim of the study was to evaluate of advanced winter wheat breeding 
lines bred in Poland in respect of grain hardiness and protein content. Twenty seven 
breeding lines were tested in a series of field experiments conducted in four localities on 
two levels of nitrogen fertilization: 90 and 140 kg ha-1. The localities differed in soil type 
and temperature and total precipitation during vegetation season 2007/2008. in each ex-
periment. In each locality experiments were carried out in randomized complete block 
design with four replications. After harvesting the relative degree of hardness and pro-
tein content was evaluated using the Near Infrared Transmittance (NIT) technique (In-
fratecTM 1241 Grain Analyzer, FOSS, Denmark). Statistical analysis of a series of trials 
permitted to obtain information on the behaviour of individual lines in various environ-
mental conditions including assessment of stability and adaptability. Additional infor-
mation about the sensitivity of lines to environments was determined by the regression 
and correlation analyses. The data were processed using the computer program SERGEN 
based on the methods developed by Kaczmarek (1986) and Caliński et al. (1987, 1996). 
In these methods GE interaction effect related to each genotype (measured by the value 
of the relevant F-statistic) is the measure of stability and the regression of the GE interac-
tion effects on the observed environmental means (measured by the value of the relevant 
F-statistic) is the measure of adaptability. The F-statistic for GE interaction as the measure 
of stability can be traced back to the methods originally introduced by Caliński (1960) 
and independently by Wricke (1962), whereas the F-statistic for the regression consid-
ered as the measure of adaptability is related to the concept of Finlay and Wilkinson 
(1963) and Eberhard and Russel (1966). In the present paper the results of hypotheses 
testing concerning the means of grain hardiness and protein content and their interac-
tions with environments permitted to distinguish group of genotypes especially interest-
ing for breeders, i.e. with hard grains and high protein content. In that group significant 
positive main effects and non-significant GE interactions were obtained by three lines 
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for both traits. Besides, group of lines with highly significant main effect for grain hardi-
ness and positive but non-significant main effect for protein content was found. Correla-
tions between grain hardiness and protein content were positive and highly significant 
in all environments. F-statistic values for GE interaction were, generally, insignificant (at 
P<0.05) for most of the studied lines. Interestingly, all lines with hard grains appeared to 
be stable over environments. Proposed approach both experimental and statistical seems 
to be helpful for breeders in selection of wheat genotypes with desirable traits and good 
adaptability to environmental conditions. 
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Protein content of cultivated wheat (Triticum aestivum L.) is an important trait for 
the nutritional value of the grain and for the end –use qulity of the food. In this study, 
quantitative trait loci (QTLs) analyses for grain protein and flour protein content and the 
genetic correlation between them were studied, using a set of 168 doubled haploid lines 
(DHLs) was developed from a cross between two Chinese wheat cultivars and a genetic 
linkage map was constructed with 324 SSR or EST-SSR markers. 

QTL with additive effects and additive × environment (AE) interaction

For grain protein content, four QTL with significant additive effects were mapped to 
chromosomes 3A, 3B, 5D, and 6D (Table 1; Fig. 2). These QTL explained from 3.09% to 
8.40% of the phenotypic variance. The QGpc3A had the most significant effect, accounting 
for 8.40% of the phenotypic variance.. The total additive QTL detected for grain protein 
content accounted for 18.25% of the phenotypic variance. Two additive effects were 
involved in AE interaction (Table 1; Fig. 2), which explained 3.64% and 5.63% of the 
phenotypic variance, respectively. The general contribution of all the three AE effects on 
grain protein content was 9.27%.

For flour protein content, four QTL were detected were located on chromosomes 3A, 5D, 
6D, and 7D (Table 1; Fig. 2). All the four QTL were identified with significant additive 
effects. The part of the phenotypic variation (PVE) explained by these QTL ranged from 
1.55% to 15.11%. The strongest QTL on chromosome 3A explained up to 15.11% of the 
variation of the trait. The total additive QTL detected for flour protein content accounted 
for 30.98% of the phenotypic variance. One additive effect was involved in AE interaction 
(Table 1; Fig. 2).

QTL with epistasis effects and epistasis × environment (AAE) interaction

For grain protein content, two pairs of epistatic effects were identified (Table 2; Fig. 2). 
One pair of epistasis QTL QGpc2B/QGpc4A had the largest effect, which contributed 
grain protein content of 0.38% and accounted for 14.12% of the phenotypic variance. Two 
pairs of epistatic effects both increased grain protein content and explained 24.00% of the 
phenotypic variance. Two pairs of epistatic effects were non-main-effect QTL.
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Five pairs of epistatic effects were identified for flour protein content (Table 2; Fig. 2). These 
QTL had corresponding contributions ranging from 1.51% to 5.07%. One pair of epistasis 
occurring between the loci QFpc5A-1/QFpc5B had the largest effect, which contributed 
flour protein content of 0.17% and accounted for 5.07% of the phenotypic variance. All 
the five pairs of epistatic effects increased flour protein content, and explained 10.12% of 
the phenotypic variance. All the epistatic effects were non-main-effect QTL. No QTL was 
detected in AAE interaction for both grain protein content and flour protein content.

The flour protein content is lower by 0.9-1.9% than grain protein content at about the 70% 
flour extraction.As flour is our staple food, flour protein content is more important than 
grain protein content. Of the 15 QTL obtained in this study, three additive QTL and one 
pair of epistatic QTL were identified both in grain protein and flour protein, which were 
considered more ‘stable’ for protein content than those QTL detected only grain protein 
or only identified for flour protein. The information could be useful for manipulating the 
QTL for protein content by marker-assisted selection in wheat breeding programs.

Keywords doubled haploid (DH) • protein content • quantitative trait loci (QTL) • wheat 
(Triticum aestivum L.)
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The starchy endosperm is the largest tissue of the mature wheat grain, accounting for over 
80 % of the grain mass, and it is also the most important tissue from the point of view of 
wheat grain processing quality. The mature wheat endosperm is formed by cells packed 
with starch and protein, mainly gluten proteins, and clear quantitative and qualitative gra-
dients exist across the seed for both classes of storage compounds [1, 2, 3]. Consequently, 
it is possible to isolate high protein flour fractions derived from cells of the outer layers of 
the starchy endosperm, and low protein flour fractions from cells of the central part of the 
endosperm. Furthermore, these fractions also differ in gluten protein composition, with 
the low protein sub-aleurone cells being rich in gliadins and the protein-poor central en-
dosperm cells being rich in the high molecular weight (HMW) subunits of glutenin. The 
functional properties of the gluten proteins depend on their amount and composition but 
also on their assembly into polymers, which in turn depends on the specific distributions 
of gluten proteins within the endosperm and their segregation during deposition. 

Determination of the locations and trafficking of individual gluten proteins in develop-
ing wheat grain has been limited in the past by the complexity of the protein mixture 
with a high degree of sequence similarity between some components making it diffi-
cult to develop monospecific antibodies. We have overcome this limitation by producing 
transgenic wheat lines expressing C-terminal epitope tagged gluten proteins which can be 
located in the cells of the developing grain using highly specific, commercial antibodies 
against the tags. 

Immunolocalisation studies carried out on developing grains from these transgenic lines 
[3] and their crosses, confirmed the presence of differential patterns of deposition in the 
endosperm tissue for the main sub–classes of gluten proteins, with HMW subunits being 
particularly abundant in the inner layer of the endosperm and less abundant in the suba-
leurone layer, which is rich instead in gliadins and LMW glutenin subunits. Furthermore, 
our studies suggest that segregation of gluten proteins both between and within protein 
bodies occurs. This segregation could reflect a different mechanism of trafficking for the 
three main classes of gluten proteins and therefore a different ontogenesis of the protein 
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bodies, which could form either by direct accumulation of glutenin in the ER, or by ac-
cumulation in the vacuole after trafficking via the Golgi. It is also possible, however, that 
both types of route are followed by all three classes of gluten proteins and that the segre-
gation observed at the protein bodies level is the result of compartmentalization within 
the same organelle. Being able to unequivocally follow, in vivo, and in the same tissue, the 
patterns of deposition of gliadins and glutenin subunits will allow us to answer this ques-
tion and to understand the importance, if any, played by segregation in deposition on the 
mechanism of glutenin polymers assembly and therefore gluten quality.
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Grain protein content is one of the main factors affecting end – use quality of wheat (Triti-
cum aestivum L.). This trait is highly influenced by environmental conditions, making it 
difficult to characterize and identify genetic resources with higher grain protein content 
and, consequently, limiting the knowledge on the gene/s involved in the control of this at-
tribute. In spite of this, efforts have been made and cultivars and lines have been reported as 
potential sources of genes controlling this trait. One example is the Chinese Spring (Hope 
7B) chromosome substitution line, in which the chromosome 7B of cultivar Chinese Spring 
(CS) has been replaced by its homologous from the wheat cultivar Hope. Phenotypic char-
acterization of this line revealed an increased percentage of grain protein content compared 
to the control CS (Lewis et al 1998). The objective of our research is to map the genetic bases 
underlying the control of high protein content, present in chromosome 7B of cultivar Hope 
and identify linked molecular markers which may be potential tools for marker -assisted 
selection. A set of 93 recombinant substitution lines, for chromosome 7B, developed at John 
Innes Centre, UK (kindly supplied by Dr J. Snape) was used as mapping population. Lines 
were grown in a field trial carried out in Castelar (Argentina), under a completely rand-
omized design, with five replications. Nitrogen content in grain was determined by Kjeldhal 
analysis: A factor of 5.71 was applied to convert the nitrogen value into protein, which was 
expressed as percentage. Leaf samples were collected from parental lines and population to 
perform DNA isolation suitable for molecular marker analysis. Parental lines were screened 
with public SSR and ESTs markers reported on chromosome 7B (http://wheat.pw.usda.
gov/GG2/index.shtml). Polymorphic markers were used to analyze the population, and 
the map was constructed using the MapMaker programme. QTL mapping was performed 
with MapMaker/QTl programme. As a preliminary result of our studies we could identify 
a QTL on the centromeric region of the short arm of chromosome 7B. The QTL is flanked 
by Xgwm112 and Xgwm400 loci, covering 23cM approximately, and explained 12.7% of 
the phenotypic variation in this experiment. Currently, a new field experiment is being 
evaluated in order to confirm these results. It is expected that this research may contribute 
to the identification of a genetic factor which might be an alternative source to the recently 
isolated gene Gpc-B1, present in T. dococcoides (Uauy et al 2006)., in breeding programmes 
aimed to improve grain protein content in wheat.
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Wheat end-product quality is determined by a complex group of traits including dough 
visco-elastic characteristics and bread-making properties. Quantitative trait locus (QTL) 
mapping and analysis were conducted for endosperm texture and polymeric proteins, 
dough mixing strength and bread-making properties in a population of 139 (MN98550 
x MN99394) recombinant inbred lines that was evaluated at three environments in 2006. 
Based on the genetic map of 534 loci, eleven chromosome regions were associated with 
endosperm polymeric proteins, explaining 4.2-46% of the phenotypic variation. Forty-
three QTL were identified for 10 dough-mixing strength and bread-making properties. 
Major QTL clusters were associated with the low-molecular weight glutenin gene Glu-A3, 
the two high-molecular weight glutenin genes Glu-B1 and Glu-D1, and a region on chro-
mosome 6D. Alleles at these QTL clusters have previously been proven useful for wheat 
quality except for the 6D QTL cluster. 
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Micronutrient malnutrition arising from zinc (Zn) and iron (Fe) deficiency has emerged 
as a serious health concern worldwide. Genetic enhancement of crops with elevated levels 
of these micronutrients is one of the most cost effective ways of solving global micronutri-
ent malnutrition problem. The HarvestPlus Challenge Program (http://www.harvestplus.
org) of the Consultative Group on International Agricultural Research (CGIAR) sup-
ports breeding of bio-fortified cultivars with enhanced levels of micronutrients in major 
staples, including wheat (Triticum aestivum L.). Development and dissemination of high 
Zn and Fe containing high-yielding, disease-resistant wheat varieties by CIMMYT and 
South Asian NARS partners is initially targeted for the Indo-Gangetic plains, a region 
with high population density and high micronutrient malnutrition.

The most promising sources for grain Zn and Fe concentrations are wild relatives, primi-
tive wheats and landraces. Synthetic hexaploids were developed at CIMMYT by crossing 
Aegilops taushii and high Zn and Fe containing accessions of T. dicoccom. Current breed-
ing efforts at CIMMYT have focused in transferring genes governing increased Zn and 
Fe from T. spelta and T. dicoccom based synthetics, land races and other reported high 
Zn and Fe sources to high yielding elite wheat backgrounds. Limited backcross (BC1 
and BC2) populations of between 400 to 800 plants with elite materials and subsequent 
F2 (1200–2400 plants) and F3-F4 (400–800 plants) are grown and plants with desired 
agronomic features selected. A total of 3732 BC1 derived F4 and BC2 derived F3 lines 
were grown in Cd. Obregon, Mexico during 2008-09 with checks in soil enriched with Zn 
fertilizer. We retained 1300 F5 and F4 lines after selection for agronomic characteristics 
and resistance to leaf and stem rust. These lines were analyzed for grain Zn/Fe concentra-
tions, and evaluated for agronomic characteristics and resistance to leaf and yellow rust 
in El Batan and Toluca, Mexico, respectively during 2009 summer season. More than 600 
promising F6/F5 lines, with +1 standard deviation higher Zn/Fe concentrations over the 
mean and desirable agronomic characteristics and disease resistance, are under yield tests 
in replicated trials in Cd. Obregon, Mexico during 2009-2010 crop season in Zn enriched 
soil. In addition, 5–10 heads were harvested from each of the selected line and 4795 F6/
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F5 head-rows of were also planted in Zn enriched soil to obtain homogenous advanced 
generation derivatives. Based on the yield performance, disease resistance and high grain 
Zn/Fe concentrations, head-rows of the outstanding lines will be promoted for advanced 
yield trials and further testing in target countries. A similar strategy, however restricted 
to BC1, is being followed in developing new breeding populations that involve additional 
high Zn and Fe sources. 
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Gliadins are conserved seed storage proteins in wheat and related Triticeae species.  
Although classical genetic and biochemical investigations have shown that the genes re-
sided in Gli-1 and Gli-2 loci encode gliadins, systematic information on the genomic 
organization, recombination, expression and functional characteristics of gliadin genes is 
still lacking. We have used genomic and proteomic approaches to study the gliadin genes 
in two elite bread wheat varieties Xiaoyan 54 and Xiaoyan 81. The BAC clones harboring 
different types of gliadin sequences have been identified, several of which are being se-
quenced to aid our understanding of the genomic organization of gliadin genes in bread 
wheat. A panel of mutants missing the expression of different types of gliadin proteins has 
been identified via the use of mass spectrometry. These deletion mutants are being em-
ployed in proteomic experiments to establish the relationships between gliadin genes and 
their products accumulated in the seeds. A backcrossing program has also been initiated 
to purify the genetic background of the deletion mutants, which will make them useful 
for further studies of the effects of gliadins on the processing quality and yield potential 
of bread wheat.
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Wheat end-use product quality is highly influenced by the composition and quantity 
of high- and lowmolecular-weight glutenin subunits (HMW-GS and LMW-GS). In the 
present study, 224 Chinese wheat cultivars and advanced lines were characterised for the 
HMW-GS and LMW-GS with allele-specific PCR markers and sodium-dodecylsulfate 
polyacrylamide gel electrophoresis (SDS-PAGE). The results showed that 56 cultivars 
(25.0%) carried the allele Glu-D1-1d (Dx5), while 80 cultivars (35.7%) with the allele Glu-
B1-2a (By8) produced a 527-bp specific band. Fourteen genotypes (6.3%) with the allele 
Glu-B1e (Bx20) yielded a 701-bp amplicon with the marker Mar and a 753-bp specific 
PCR fragment with the marker ZSBy9aF1/R3. Glu-B1h (Bx14+By15) was present in only 
1 genotype, and 2 cultivars contained the allele Glu-B1f (Bx13+By16) identified with the 
marker ZSBy9F2/R2. Four genotypes (1.8%) with the allele Glu-B1-1d (Bx6) gave 695-bp 
and 830-bp bands, and 5 genotypes (2.2%) with the allele Glu-B1i Bx17+By18) amplified 
a 659-bp fragment using the marker Bx. One hundred and six cultivars (47.3%) had the 
allele Glu-B1-2b (By9), amplifying a 663-bp fragment with the marker ZSBy9aF1/R3; 34 
genotypes (15.8%) contained the allele Glu-B3d, generating a 662-bp PCR fragment with 
the marker gluB3d. Fifteen cultivars (7.0%) with the allele Glu-B3b yielded 1570-bp and 
750-bp PCR amplicons with the markers gluB3b and gluB3bef, respectively. The allele 
Glu-B3h was found in 7 cultivars, generating a 1022-bp PCR fragment with the marker 
gluB3h. The genotypes detected by SDS-PAGE were mostly consistent with those identi-
fied by molecular markers, confirming the utility of the molecular markers. The informa-
tion for the HMW-GS and LMW-GS in Chinese wheat cultivars will be useful in wheat 
breeding programs.
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