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Interviews with scientists: 

Dr Cristobal Uauy on wheat genomics and yield 
Teaching Notes
Introduction and context
This video interview with Dr Cristobal Uauy of the John Innes Centre introduces students to contemporary genomics and food security.
Dr Cristobal Uauy is passionate about helping the world’s poorest farmers increase the amount of crops they get from their fields. He’s moved from South America to Norfolk to use the new understanding of the wheat genome to create higher yielding wheat varieties. In this video, he explains how his group may be on the verge of a breakthrough.


Teacher summary
http://intobiology.org.uk/advances-genetics-helping-increase-farmers-wheat-yields/
A 50% increase in the yields of the planet’s major crops will be needed to meet the needs of an increasing global population and its changing dietary habits. Wheat yield is determined by the grain’s length, width and hence mass. An increase in wheat yield can be achieved in a sustainable manner using genetics and science-based solutions to complement the traditional breeding that has been used until now.
Wheat yield is not controlled by a single gene, but by the interaction of many genes and the plant’s environment. By looking at the natural variation in wheat yield that exists in UK and worldwide varieties of wheat, scientists have begun to understand more about the genes controlling wheat yield. They have developed new investigative tools to help them understand which genes are expressed under which conditions, and what the genes under investigation actually do inside the wheat plant. These new tools are non-transgenic, using mutagenesis, which has been a pillar of plant breeding for the last 100-200 years. New, molecular technologies are used to sequence the genomes of the mutants, giving access not just to the variation that we see, but also to the actual variation in the DNA.

Many of the genes that control grain yield in wheat are controlling a very small percentage (five percent) of that variation in grain yield. For other crop species such as rice, barley or maize, the genes involved in the control of grain yield have been found to control a much larger percentage of variation. For these species, the effect of a single gene may increase grain yield variation size by twenty or thirty percent. Why does wheat only increase its yield variation by five percent?
Wheat is a polyploid, with three copies of every gene. A lot of the genes that are controlling the size of the grain are negative regulators, acting as molecular ‘brakes’ that stop the grain from growing. Crop species such as rice, barley and maize have only one copy of this gene and if this gene is removed the grain gets much bigger. In wheat, there are three copies of these ‘brakes’, so it is like having three brakes on at the same time. If one copy is removed, the grain yield variation is still 5%. If all three negative regulator genes are removed, will we see variation in grain yield increase to 30 percent?

Questions

1. By how much must global production of major crop plants be increased if the demands of an increasing world population are to be met?

50%

2. What determines a wheat plant’s final grain yield?

Many genes and the environment

3. How did plant breeders discover that many of the genes controlling yield are only controlling a very small percentage of the variation in grain yield?

They produced lines of wheat plants with and without a specific gene and found that variation in grain yield only increased by 5%

4. Give definitions for the following terms:

(a) non-transgenic

not genetically modified

(b) mutagenesis

Inducing mutation

5. Give the biological terms used to describe:

(a) the variation that we see

Phenotype

(b) the variation in the DNA

Genotype

6. Wheat is polyploid. What does this mean?

Many copies of every gene (in wheat’s case, 3)

7. What is the name given to many of the genes that are controlling the size of the wheat grain by acting as ‘molecular brakes’?

Negative regulators

8. How many sets of each type of ‘molecular brake’ gene will a wheat plant cell contain?

Three

9. Explain why there is greater grain yield variation in barley than in wheat.

Barley has one copy of each ‘molecular brake’ gene. If the gene is removed, the grain gets much bigger, resulting in greater variability in grain yield. Wheat has three copies of each ‘molecular brake’ gene. If one copy is removed, the remaining two copies exert an influence and variation in grain size (and hence yield) remains low.

10. What hypothesis do the scientists hope that they can test in the field?

That the removal of all three copies of a particular negative regulator gene will increase grain yield variation by 30-40%.
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