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known as a papilla. This has stopped the attack so

that the fungus cannot feed.  The papilla defence is

very important as a general defence giving durable

resistance to powdery mildew disease, and many

scientists are trying to understand why some cells

can form an effective papilla whilst other cells, even

very near neighbours, fail to do so. When whole

leaves or entire epidermis were extracted, the bulk

mRNA obviously contained information from

resistant cells mixed up with information from

susceptible cells.  The ability to carry out single cell

genetic analysis will help us define which genes

contribute to papilla defence and which genes are

switched on as a result of successful pathogen

infection. 

Examples are shown in Figure 1.3  where 20

different genes with known functions have been

spotted onto absorbent membranes, and the mixture

of cDNA made from the single cell extracts has been

radioactively labelled during the PCR reaction and

then washed over these spots.  The system has been

designed so that if the mixture contains mRNA

corresponding to a gene spot on the membrane, it

sticks to it. The greater the quantity of mRNA there

is in the mixture, the more that will stick, and the

darker the spot will be.  In Figure 1.3, it is obvious

that some mRNAs are present at only very low levels

in mixtures from healthy or attacked cells, some are

more, or less, abundant in papilla-containing

resistant cells, and some in infected cells.  This

proves that we can examine the expression of known

genes in single cells. In the future, more complicated

studies will examine thousands of genes and even

look for the activity of genes whose function is

unknown. With time, this approach will tell us a

huge amount about the genetic basis of resistance

and susceptibility, and help towards the goal of

producing plants with high levels of reliable

resistance that does not need the back-up of

fungicidal sprays.                               

Conclusions
We have shown here how potentially powerful single

cell genetic analysis can be in helping studies of

cellular activity and function.  Our examples draw on

research focused on understanding how plants make

and store sugars, and how they survive disease

attack.  Having proved the principles, we can apply

our methods to many other aspects of plant growth

and survival, harnessing new methodologies as they

evolve. 

Contact: tim.carver@bbsrc.ac.uk  or  joe.gallagher@bbsrc.ac.uk

Figure 1.3.  ‘Dot blots’ showing the activity of different genes in
extracts from single barley leaf epidermal cells that were healthy,
papilla-resistant or infected by the powdery mildew fungus. 20 genes
are spotted on the membranes, in the same positions ranging from 1a
to 10b. The darker the spot, the more active the gene. As examples,
the spot ringed in blue (4a) is a gene that has increased activity in
both resistant and infected cell compared to healthy; those in red (8a,
9a, 10a) are more active in resistant cells, and the one in green (6b)
is more active in infected cells.     
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