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INTRODUCTION 

Wheat genotypes are graded by their seed protein content (SPC) 

and their gluten quality. Besides yield protein content 

determines the market value of the harvest, therefore improving 

them is an important target of breeding programs. It is a general 

view that the SPC depends on genetic and environmental factors. 

The formation of the gluten matrix is contributed to low and high 

molecular weight glutenin subunits (LMW- and HMW-GSs). 

HMW- and LMW-GSs influence on dough quantity is a well-

studied research area, however little is known about the 

regulatory processes controlling the expression of these proteins. 

We do not know what turns on their expressions exclusively in 

the endosperm, what stops them and how they are fine-tuned, 

respectively. Our knowledge on the exact roles of their 5’-UTR 

regulatory elements are scarce and the interacting transcription 

factors (TFs) are largely unknown. Based on our present 

knowledge  the sulphur rich gliadins and LMW-GSs are 

epigenetically regulated, however HMW-GSs lack this control [1]. 

The published studies mainly were focusing on individual genes. 

However, to better understand the regulatory processes a 

comparative study of expressional dynamics and promoter motif 

patterns is necessary. 

Modern wheat breeding utilizes the benefits of plant genetics 

and more lately the high throughput genomics. While the quality 
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(or allelic composition) of the seed proteins is a well known 

target, the factors influencing their activity were overlooked [2]. 

Environmental effects are often realized via transcriptional 

regulators, therefore the measure of environmental exposure of 

the genotypes is also depends on genetic factors. By 

understanding these transcriptional regulators, our vision is to 

develop wheat genotypes with lower sensibility to 

environmental changes based on which the gap between the 

potential and expected yield can be narrowed. 

The aim of our study was to identify and compare the cis 

regulatory elements of the LMW and HMW-GSs; to identify their 

interacting factors; to analyse their expression dynamics based 

on cDNA libraries and microarray data and finally to construct 

models of their regulatory processes along to the principles of 

Werner and co-workers [3]. In order to achieve these aims the 

following tasks were carried out: 

1. Functional analysis of the promoter region of HMW-GS 

genes, comparing their polymorphisms to its expression and 

to the activity of interacting TFs and finally describe the 

regulatory logic and suggest target genes putatively 

connected the SPC quality and quantity. 

2. Phylogenetic study of promoters of HMW-GSs in Triticeae. 

Identification of possible functional consequences of the 

duplication event resulting in the x- and y-type HMW GS 
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paralogs. Provide selection strategies using wild type wheat 

progenitors. 

3. Functional analysis of the promoter region of LMW-GS 

genes, in order to relate their polymorphisms to their 

expression and to the activity of interacting TFs and finally, 

to describe the regulatory logic of their fine-tuning. 

4. To test and confirm our findings regarding the control of 

tissue specificity of HMW-GS genes in in-vitro conditions. 

METHODS 

The coding sequences of HMW- and LMW GSs alleles are highly 

similar. Measuring their expression level by microarray is 

unreliable due to a high rate of cross-hybridization. This is similar 

when transcription factors are compared. Genes belonging to 

the same TF family are conserved and microarray technology has 

its limit in their precise differentiation. During my PhD work, the 

first step was, therefore, to develop a new tool that has the 

sensitivity to pick up individual LMW-GS genes. There was also a 

demand to design a custom-made promoter profiler tool in 

order to explore and visualize the 5’-UTR regions of the genes. 

We created a software tool to detect promoter modules by 

measuring motive cluster occurrences and their significance. All 

together used 156 HMW-GS and 360 LMW-GS genes were used, 

from which 122 and 170 had a sufficient promoter length for the 

analyses (above 500 bp for HMW- and above 30 bp for LMW-

GSs). Promoter motives were collected from the Place and 
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PlantCare databases and from the literature. A new method of 

co-expressional network building was developed where 

expression data with co-occurrences of binding sites on the 

promoter regions were combined. The phylogenetic analysis 

involved 139 HMW-GS promoter sequences of the Triticeae. 

The functional characterization of the HMW-GS promoter was 

carried out using transient gene expression assays. Substitution 

and deletion mutants of the ABRE|CBF motif cluster were 

designed and used for the experiments. The isolation of PBF 

genes were carried out by nested PCR and subsequent cloning. 

RESULTS 

There were some distinctive differences identified in the 

promoter patterns of the x- and y-type HMW-GS genes.  

Based on these observations six cis regulatory modules were 

identified and were named as basal module and CRM1 to CRM5, 

respectively. 

In our in-vitro experiments we have demonstrated that the 

ABRE|CBF motive cluster of the CRM1 module has an important 

role in the tissue specificity of HMW-GS genes 

Based on our co-expressional network we identified six small 

regulatory networks (or gene programs). These programs 

consists of specific gene sub-networks and are labelled as ‘early’, 
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ABI3 related, ‘enhancer’, Glu1x , Glu1y and ABA/L1L related gene 

program. 

The two paralog HMW-GS genes are regulated in separate sub-

networks. 

The LMW-GSs genes clustered mostly in the sub-network of the 

HMW-GS genes with some special characteristics. 

The expression of LMW-GS genes follows two distinct dynamics: 

A significant part of the LMW GS genes follows a dynamics with 

a peak at middle phase of the seed development, while some 

other LMW GS types show less active but gradually increasing 

expression dynamics. 

The most influential gene program, the ‘enhancer’ program 

demonstrated varying timing between genotypes. TFs belonging 

to this subnetwork (PBF and SPA) have a key role in the variation 

of activity observed in the different genotypes. 

After isolation and sequencing of the 1000 bps long promoter of 

the PBF TFs of both Glenlea and Chinese Spring cultivars, 

significant differences were identified in the promoters of  their 

PBF-5A and 5B genes. 

Phylogenetic analysis of the HMW GS gene promoters 

represented conclusive evidence that the promoter of HMW-

GSs genes in hexaploid wheat did not changed during its 10 000 

years long cultivation. 
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The differences between the promoters of HMW-GS genes were 

formed gradually, possibly originating from the promoter of an 

ancient HMW glutenin gene. 

CONSEQUENCES 

Our new set of tools allowed us to thoroughly study the 

promoter sequences of the HMW and LMW GS genes and 

describe their modular structure. The binding site distribution 

greatly varied according to gene types via chromosomal location. 

These changes demonstrated differences in gene activity. 

The promoter polymorphisms in the case of LMW-GSs genes 

demonstrated a significant genetic effect on expression activity. 

However in the case of HMW-GSs genes, allelic variance are less 

characteristic, which suggests a heavy selective pressure. 

However the question remains open: what is causing the 

differences between the activity of genotypes? 

Our results suggest one possible answer. In summary, the 

emergence of variation identified in the promoter profiles 

precedes the evolution of hexaploid wheat, which suggests that 

breeding had no influence on the polymorphism of Glu-1 gene 

promoters and thereby on the amount of expressed HMW 

glutenin subunits. However, breeding could influence the 

expressed amount and the activity of the available transcription 

factors that are directly involved in the expression of Glu-1 genes.  
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The phylogenetic analysis of the HMW-GS genes of the Triticeae 

tribe verified this hypothesis. The high similarity of HMW-GS 

promoters between the hexaploid wheat and its wild relatives 

demonstrated that the promoter hardly changed. The turn-on of 

the ‘enhancer’ gene program varies between Glenlea and 

Chinese Spring. This delay in time can cause significant 

quantitative differences concerning the protein content of the 

grain. An important  member of the ‘enhancer’ gene program is 

the Prolamin Binding Factor (PBF). Inspecting its promoters of in 

the two genotypes demonstrated significant polymorphisms 

that can account for the varying expression dynamics.  

In addition, the topology of the phylogenetic tree demonstrated 

that the promoters of y-types genes are less diverse than that of 

the x-type genes. Numerous motives were lost from the 

promoter of y-types HMW-GS genes, that were present on the 

x/y hybrid promoters of Elymus, Dasopyrum and Leymus species. 

Therefore, it is likely that before the duplication event the 

ancient HMW-GS gene’s promoter was more similar in activity 

to x-type promoter as we know it today but closer to y-types 

genes in regards of its exposition to environmental effects. After 

duplication, the activity of x-types genes ‘stabilized’ and became 

less dependent on the environmental factors, while the y-type 

genes kept the role keeping the balance of N/C in the endosperm 

and its sensitivity to the environmental factors increased. 
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In summary, we conclude that (i) it is recommended to drive the 

x and y-types promoters closer to each other or to the described 

hybrid promoters when selecting progenitors for backcrossing, 

(ii) it is suggested to use selection markers based on the 

transcription factors interacting with the HMW-GS genes as a 

good quality trait associated marker. 
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