
Quantitative RT-PCR Platform for Transcript Profiling of C-N Metabolism 

Related Genes in Durum Wheat: Study under a Future Climate Change 

Scenario  
Rosa Morcuende1,*, Rubén Vicente1, Rafael Martínez-Carrasco1, Björn Usadel2, Svetla 

Kostadinova1,3 and Pilar Pérez1 

1Institute of Natural Resources and Agrobiology of Salamanca, CSIC, Cordel de Merinas 40–52, Salamanca, 37008 Spain; 2Institute for Biology 1, RWTH Aachen University, 

Aachen, D-52062 Germany; 3Present address: Department of Agrochemistry and Soil Science, Agricultural University, 12 Mendeleev Street, Plovdiv, 4004 Bulgaria. 

*Corresponding author: rosa.morcuende@irnasa.csic.es 

OPTIMIZATION OF THE qRT-PCR PLATFORM  
 

Identification of genes associated with C and N metabolism in durum 

wheat and validation of specific primer pairs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessment of expression stability of the reference genes in durum 

wheat 

 

 

A CASE STUDY OF DURUM WHEAT GROWN IN FIELD CHAMBERS IN ELEVATED 

[CO2] AND HIGH TEMPERATURE AT DIFFERENT LEVELS OF N SUPPLY 
 

Experimental setup 

CONCLUSIONS This study shows that long-term exposure to elevated CO2 concentrations led to a decline of photosynthetic capacity and nitrogen compounds, in special 

the CO2 fixing protein Rubisco, which was exacerbated in nitrogen deficient plants. These changes were associated with a repression of genes involved in photosynthesis 

and nitrogen assimilation.  

High temperatures triggered a similar pattern of changes to those described for elevated CO2, although photosynthesis was not inhibited.  

Thus, under the future scenario of climate change the extent to which carbon fixation capacity and nitrogen assimilation are down-regulated will depend upon the nitrogen 

supply. 

In addition, the developed platform is a pioneering tool for this plant species, which has enabled us to disclose a series of candidate genes that are differentially expressed in 

response to future climate change and can also be used to investigate wheat responses to other relevant abiotic stress factors. 
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INTRODUCTION AND OBJECTIVES Climate change is a major challenge to global food supply, thus is important understanding the mechanisms of crop responses to 

future environmental conditions. To achieve this goal, we developed a qRT-PCR platform for the expression analysis of more than a hundred C and N metabolism genes in 

durum wheat, based on available bread wheat genes and the identification of orthologs of known genes in other species. Additionally, we investigated the effect of elevated 

CO2 and temperature on primary metabolism of durum wheat grown in field chambers at two levels of N supply by combining transcript level analysis, using the qRT-PCR 

platform, with biochemical and physiological parameters in flag leaves at anthesis (Plant and Cell Physiology, 2015, 56(8):1556-1573). 

Fig. 2 Expression levels of the 

reference genes in 96 cDNA leaf 

samples of durum wheat plants 

from three different experiments, 

which included different 

developmental stages, CO2 

concentrations, temperatures and 

levels of N supply.  

The ADP-rybosylation factor had 

strong expression stability, and was 

selected for the accurate 

quantification and normalization of 

the gene expression data.  

Fig. 1 Flowchart of 

the gene 

identification, primer 

design and protocol 

for qRT-PCR followed 

in this study.  

We have developed a 

primer platform for 

studying the 

expression of 125 

genes in leaves and 

38 in roots encoding 

key proteins for light 

reactions, central 

metabolism, cell wall 

synthesis and stress. 

Physiological, biochemical and gene expression analysis 

Fig. 3 Schematic representation of the 

experimental setup. Durum wheat (Triticum 

durum Desf. cv. Regallo) plants were grown 

in field chambers under ambient (A, 370 

µmol mol-1) or elevated (E, 700 µmol mol-1) 

[CO2], ambient (I) or ambient + 4º C (F) 

temperature, and low (L) or high (H) N 

supply. Flag leaves were harvested at the 

growth stage of anthesis for gene expression 

analysis and the evaluation of other 

physiological and biochemical parameters. 

 

Fig. 4 Hierarchically clustered heat map of physiological, biochemical and transcript 

changes in durum wheat flag leaves at anthesis. For details, see Fig. 3. 

Elevated CO2 down-regulated the 

photosynthetic capacity and led to 

a decrease of N compounds and 

transcripts for C and N 

metabolism.  

High temperatures increased 

stomatal conductance, and thus 

did not inhibit photosynthesis, 

even though Rubisco protein and 

activity, soluble protein, leaf N, and 

gene expression for C fixation and 

N assimilation were down-

regulated. 
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