
 
 
 New Technology  
 
 

 
 

DNA chips 
Use of genomics to make plants reveal all 

 
DNA chips are helping plant genomic research advance faster. The work undertaken on soft wheat led to the 
identification of genes giving information on the nitrogen status of the plant. Although this method is still only 
used in a laboratory environment, its actual application is not utopian and could offer many possible variations.  
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DNA chips are revolutionising our knowledge of the genetics of cultivated species. This technology, 
used for about ten years now in the field of medical research, is generating huge excitement within 
the scientific community. Applied to plants, it enables us to put a large quantity of genetic data onto 
a few square centimetres, in order to identify characteristics specific to a variety. Its principle is 
based on the sampling of plant tissue. Once ground and prepared, this sample is then applied to a 
nylon membrane or a glass slab.  
 
The use of optical techniques and special software then helps read all 
the genes of a plant and measure their level of activity. It is a real 
open book: for instance, wheat contains 30,000 genes. 
 
 A robot lays several thousand DNA 

fragments over a few square 
centimetres: this is the DNA chip.  
© Courtesy of Affymetrix 

Identifying the function of a particular gene 
© Courtesy of Affymetrix  

“A DNA chip uses the information contained in the messenger RNA”, 
explains Laurent Guerreiro, responsible for genomics at ARVALIS - Institut du végétal (figure 1). 

“One of its purposes is to convey genetic information from the nucleus to the cytoplasm, where it will 
be used. It shows how active the genes are. There is therefore a strong connection between a large 

quantity of messenger RNA and a visible symptom on the plant”, he 
adds. 

Consequently, once the potential function of this or that gene, or its level 
of activity have been identified, it is then possible to show, by 
comparison, whether under given circumstances the plant is suffering 
stress or not.  

“DNA chips make plants reveal all: they give us information on the health 
of the plant, its nutrition, its well being…” sums up Laurent Guerreiro. 

Similar to DNA from a 
, molecular point of view

messenger RNA (mRNA) 
conveys genetic 
information between the 
DNA and the cells. 
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Two extreme situations 
 
The initial concept is almost self-evident: environmental stress affects the way the plant functions. 
Logically, this effect is noticeable in the molecule long before signs of stress become visually 
apparent. The point of analysing the genetic data gathered was therefore to measure how the 
plant’s genes reacted in given circumstances, in order to then diagnose the state of the plant. 
 
“The first experiments on soft wheat focused on nitrogen fertilisation of soft wheat, a subject with 

ndeed, we found genes connected to the nitrogen satisfaction of the plant”, Laurent Guerreiro is 

m current methods, which interpret the nitrogen status from 

which we are very familiar”, explains Laurent Guerreiro. “We placed soft wheat in two types of 
extreme conditions, i.e. excessive nitrogen and lack of nitrogen, before comparing the behaviour 
of the 30 000 genes in both cases.” 
 
“I
happy to report. “The higher the nitrogen dosage becomes, the more those genes are active 
(figure 2). The lower the nitrogen input, the less active the genes are. We have shown that some 
genes react to the nitrogen dosage.”  

“This approach is radically different fro
the nitrogen dosage. Here we use the reasoning followed by the plant.”  
 
 Genetic data is based on plant samples 

taken in the field.  
Simpler techniques  Biotic or abiotic stress leads to molecular changes in the plant, 

including in the genes expression, before the phenotype 
becomes visually apparent. (fig. 2)
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If the concept works, ARVALIS – Institut du végétal would like to 
double-check the reliability of the tool. “In 2006, 17 ARVALIS - Institut 
du végétal sites all over France are taking part in this work. Each 
scientist involved will soon have to give his/her verdict on this 
technique.”  

“We have selected genes entirely connected to the needs of the 
plant. Regardless of variety, environment and development stage, 
they indicate the level of nitrogen satisfaction”, continues Laurent 
Guerreiro. “We are currently working on singling out one indicator 
gene and thus simplifying this method.” 

But already, around thirty genes having been identified, less 
expensive and simpler techniques can now be used, such as the 
PCR technique (Polymerase Chain Reaction; DNA replication 
technique which helps highlight the presence of a gene or mRNA). 
The technique is sufficiently conclusive to be used in other research 
fields (see insert).  

“And if we are able to identify a single reliable gene for all the 
varieties of a species, we will be able to devise field tests, using 
perhaps a strip type kit”, imagines Laurent Guerreiro. It would just be 
a case of obtaining leaf juice to test it on a strip whose colour would 
indicate the nitrogen status of the plant, or its level of resistance to 
disease. Does this still belong to the realm of dreams? The question 
startles the scientist: “You will no longer be saying that in five years 
time”. 

Biotic or abiotic stress leads to molecular 
changes in the plant, including in the genes 
expression, before the phenotype becomes 
visually apparent. (fig. 2) 
DNA used in fungicide protection  
In 2006, three ARVALIS – Institut du végétal trials are using DNA chips to help protect plants 
against leaf spot. The outcome is extremely important, as up to now, there are no reliable tools to 
assess the harm caused by a leaf spot attack. Genomics could help implement a targeted and more 
environmentally friendly treatment. 
"It is easy to imagine basing our decision on whether a treatment is absolutely necessary or not, on 
the information given by the plant itself.” The research logic is the same as for the first experiment: 
various plant samples are closely examined, some free from leaf spot, others increasingly diseased. 
DNA chips are helping search for a gene indicating whether the plant is under attack or not.  
Other fields could benefit from such innovation: irrigation is one of them. By identifying genes 
indicating drought induced stress, it will be possible to select varieties most suited to coping with 
lack of water.  
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