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What mutations does wheat hide?

Abstract

Introduction
We humans are diploid organisms. This means we have 
two copies of each gene – one from our mother and one 
from our father. These copies are called alleles. Some 
organisms, like male bees for example, have only one copy. 
Others, like many plants, have more than two copies of 
their genes, they are polyploids – some have four (they are 
called tetraploid), some have six (hexaploid), and so on. 
When there are many copies of a gene, mutations in the 
DNA often stay hidden. This is because the other copies 
of the gene hide the mutation effect so we can’t see it. 

An example of a polyploid organism is wheat, which has 
been a major food source since the dawn of agriculture. 
Nowadays, we use it for the production of pasta, bread, and 
cake, amongst other tasty things. We have been cultivating 
it for thousands of years and the cultivated species are 
tetraploid and hexaploid. Over the years, some of the wheat 
genes have mutated, but these mutations have stayed hidden 
because of the multiple copies of each gene. What are these 
hidden mutations in our wheat? Can we use these mutations 
for research or to breed better varieties of this important 
food source? These are the questions we wanted to answer.

Wheat is one of the most widely grown crops in the world 
and it provides us with 20% of calories and proteins. We 
have farmed this plant since the dawn of agriculture many 
thousands of years ago. Our cultivated wheat species have 
more than two copies of every gene, making it a polyploid 
plant. When there are many copies of each gene it’s harder 
for mutations (changes in sequence of DNA) to reveal 
themselves because the other copies hide the effects of the 

mutations, i.e. the plants carry these mutated genes but 
they look the same as the original wild varieties. We wanted 
to discover the mutations hidden in wheat plants, so we 
sequenced and cataloged more than 10 million mutations in 
2735 mutant plants. We hope that this database of mutations 
in cultivated wheat will help researchers and breeders to 
study what different genes do and help them improve wheat 
varieties.

Figure 1:
A) Wheat field in France. There are thousands of varieties of wheat,

developed over the ten thousand years humans have been growing it.
b) Wheat is ground into wheat flour, the basis of breads, pasta,

cakes and lots of other foods.

Source: A) Myrabella on Wikimedia Commons;
b) Ranveig on Wikimedia Commons
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methods

Please see
Figure 3 on Page 3

Whole genome sequencing is a useful tool to map out a 
species’ genes, but since tetra- and hexaploid wheats 
have rather large genomes it would be very expensive to 
sequence multiple plants entirely. This is why we wanted to 
try something else. We wanted to use only certain parts of 
the DNA. Here’s what we did. 

1. First, we induced mutations (made mutations 
happen by adding a chemical) in tetra- and hexaploid wheat 
and let them reproduce. We then kept their seeds (Fig.3).

2. We extracted the DNA from the offspring (a total of 
2735 mutant plants).

3. We cut the DNA with some enzymes (like little 
enzyme scissors!). We caught the small bits of DNA we 
wanted by binding them to specific molecules which only 
‘stick’ to those parts of the DNA.

4. We captured the genes using a DNA capture-array.

5. We sequenced all of the captured genes. We 
captured and sequenced only certain parts of the caught 
genome - those which encode proteins, i.e. the parts of the 
DNA which have instructions for making the tiny molecular 
“machines” (enzymes) and building blocks that keep cells 
running.

6. Finally, we developed software to locate, analyze 
and make sure of any mutations (we used plants without 
induced mutations as control cases, i.e. to provide a 
comparison).

What do we mean when we say 'mutant' wheat?
Although we often think of a 'mutant' as something monstrous or strange, mutations are in fact a normal and natural 
process in all living organisms. When an organism's genetic code (DNA) is copied or repaired un-frequent errors occur 
that are called mutations. These mutations can have negative effects, but they also allow organisms to become different 
to one another and to evolve new traits. In our experiment, we used a chemical to increase the number of mutations. 
This allowed us to have a large number of different genes so we could study what they do in the plant. 
Here are some examples of 'mutant' wheat plants:

Figure 2:
A tiny change in the DNA can cause big changes in the plant. Here we can see three wheat varieties and their ‘mutant’ 
varieties, which have resulted in each plant displaying different characteristics to the wild varieties they descend from. 

A) The plant carrying the mutant genes has become taller than the wild type
b) The mutant plant has multiple spikes so it can produce more seeds 

c) The mutant plant is ‘lazier’ than its wild counterpart and doesn’t produce any flowers.

A) b) c)
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results
We found:

1. More than 10 million mutations in the plants, Figure 
4 shows the average mutations per tetra - and hexaploid 
plants.

2. Our method showed low error rate - we didn’t find 
many “fake” mutations.

3. Even the original plants had some mutations of their 
own compared to an example wheat genome.

4. On average, we identified 24 mutations in each 
wheat gene that we predict will alter its function.

5. As a test case, we identified many mutations that 
affect starch synthesis and flowering.

Seeds

Induce mutations

1st generation
of mutants
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of mutants

DNA
extracted from
2nd generation

Seeds collected  from
the 2nd generation
for distribution
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Why did we develop two generations 
of mutant wheat?

How many mutations on average are there per tetra- and hexaploid plants?

Figure 3:
The process of developing and growing 
the mutant wheat plants. We created two 
generations of mutant wheat to explore the 
mutations hidden in the DNA. We used DNA 
from generation two seeds to sequence and 
analyze the mutations.

Figure 4:
Average mutations per tetra- and hexaploid plants.
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Discussion
Our tetraploid and hexaploid mutant populations can be 
used for a number of different purposes. Researchers can 
take advantage of the tetraploid populations because they 
have fewer copies of the genes and thus researchers can 
more easily produce mutants with changes we can see. On 
the other hand, bread wheat (the most widely grown type 
of wheat), is hexaploid so breeders can use the hexaploid 
mutant populations to develop new varieties. However, 
hexaploid wheat has six copies of every gene, so to reveal 
hidden effects we may need to combine mutants in all six 
copies together, which takes more time than working with 
tetraploid wheat which only has four copies. 

Nevertheless, breeders can use these mutations to improve 

the nutritional value of wheat – they can increase the 
amount of minerals or protein in each plant, or increase the 
number of plants that will grow in a given area. Or they 
could improve the ability of wheat to adapt to a changing 
environment (which will become increasingly important as 
climate change continues).

We found many mutations in genes which are responsible 
for starch synthesis and flowering. The effects of individual 
mutations in one of these genes were negligible compared to 
those where a plant had mutations in all (four or six) copies 
of the gene. This shows us that individual mutations found 
in wheat have a very limited effect on the plant, compared to 
the effect of combining mutations across all copies

conclusion
We owe wheat a lot. It is the most nutritious grain and 
contributes to about 20% of the total calories and proteins 
worldwide. Wheat is vital for good health, as it’s a good 

source of fibre, vitamins and minerals. Better understanding 
of wheat’s genome and diversity could perhaps improve 
yield and help feed the hungry world

Glossary of Key Terms
Allele – another form of a given gene.
capture-array (analysis) – a method used to select for a subset of genes within a more complex sample.
Diploid – diploid organisms have two copies of their genes, for example, humans, rice, and barley.
DNA – is a molecule that contains all of the genetic information that makes up any and every living organism. It is like a recipe, or 
instruction manual, to build a living thing and defines which proteins exist in an organism and what they do.
enzymes – Protein molecules in cells which work as catalysts (speed up reactions or processes). Enzymes speed up chemical 
reactions in living organisms, but do not get used up in the process. Enzymes that cut DNA are called nucleases.
Gene expression – the process by which the cell reads the information written in the genes. This is how the code that is in the 
genes becomes a physical reality in a living organism. Genes are first transcribed to mRNA (see mRNA), then mRNA is translated to 
proteins.
Genome – The DNA molecules in a cell or organism, including all of its genes.
Hexaploid – hexaploid organisms have six copies of their genes.
Induced mutations – mutations can occur naturally but also scientists can induce them by applying different chemicals or radiation. 
This alters the DNA molecules.
mrNA – messenger RNA - acts as a ‘dictionary’ for the information written in the genes (DNA). mRNA is translated to proteins (a 
step in gene expression, see gene expression) - the product of the gene.
mutation – a change in the sequence of DNA.
Polyploid – a polyploid species has more than two copies of every gene.
Sequencing (DNA sequencing) - the process of determining the precise order of the building blocks of DNA.
Starch synthesis –  a process where plants produce starch, which they use to store energy.
Tetraploid – tetraploid organisms have four copies of their genes.
Transcription -the first step of gene expression (see gene expression) – genes are transcribed to mRNA (see mRNA), and mRNA is 
translated to proteins.
Wheat – widely cultivated grass species, used for the production of bread, pasta, beer, cake, biscuits and many other foods.
Whole genome sequencing – see sequencing.
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What are polyploid organisms?

Why do mutations in polyploid organisms usually stay hidden?

Why did we sequence some parts of the DNA instead of the entire genome of the mutant 
plants?

Why is tetraploid wheat more suitable for genetic research than hexaploid wheat?

check your understanding
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