Can we use Molecular Biology methods to help naming Meconopses?    Part 2

by Prof. Adam Curtis
(Written up by P. Anderson)

The objectives of Professor Curtis’ work are:

1. 
To see if he can measure how alike DNA from two species or cultivars of Meconopsis DNA are and

2. 
If they are slightly different, is this reason to assign different names to each cultivar?

The measurement of the thermal stability of hybrids between the DNA strands from different species is a useful estimate of how closely related these species are. This is the basis of his experiments.
So how precisely is this done? It is done by ‘matching’ the DNA from one organism against another. In a living organism all the DNA is present in a double-stranded form and each strand is the complement of the other. Base pairing holds the strands together. By heating the DNA to 80-90oC the base-pairs are broken and the two strands of the DNA separate (this is called melting) to give single-stranded DNA. 

These two single strands can recombine perfectly when the DNA is cooled slowly again. However, if one strand of DNA comes from one organism and the other comes from a closely related, but not identical organism, the recombinant molecule will not be perfectly base-paired and some single-stranded regions will remain in an otherwise double-stranded molecule. (The double-stranded molecules formed from two different DNAs are termed hybrid DNAs) By virtue of the mismatched base pairs, hybrid DNA melts at a lower temperature than the perfectly-matched DNAs of either of the original organisms.

So the test for measuring the relatedness of Meconopsis cultivars involves mixing single-stranded DNAs from two cultivars, cooling them to allow double-stranded recombinant molecules to form and measuring how thermally stable the recombinants are. 

Professor Curtis outlined the methods he uses.

1.
Purification of DNA

He uses pollen that has been deep-frozen in liquid nitrogen. As the nitrogen evaporates, many pollen grains break open. One flower head yields a lot of pollen which is extracted to remove proteins etc and gives pure DNA. A single pollen grain yields a few million millionths of a gram of DNA. Professor Curtis uses 100,000 grains per sample.

The purified DNA is at low concentration with a yield of 2g or less.  This is too small an amount to use, so the DNA is amplified. This involves making many exact copies of parts of the DNA. This gives 100-1,000 fold amplification. The DNA is then stored in liquid nitrogen.

2.
Formation of hybrid DNA

Amplified DNA from two species or cultivars are heated separately until the DNAs melt (the strands come apart). The melted DNAs are mixed and the temperature is then lowered slowly to below 60oC which allows the DNA strands to reform double-stranded DNA if they can (the process is called recombination or hybridisation). 

3.
Measuring the thermal stability of DNA hybrids (which is an estimate of their relatedness)


The samples from 2 above are subjected to a process, which separates single-stranded from double-stranded DNA. The whole DNA, self or hybrid, is applied to hydroxylapatite (calcium phosphate) in small water-jacketed columns at 50oC. Single-stranded DNA does not bind to the column under the conditions used and passes through the column. The temperature is raised slowly in steps of 2-3oC at a time. At each temperature step, the columns are washed until no more DNA is eluted in the flow-through and the concentration of single-stranded DNA in the flow-through is measured optically. If DNA appears in the flow-through at a low temperature, the DNA hybrids will have contained a high proportion of mismatches and consequently the two DNAs are distantly related. However, if the single-stranded DNA appears at high temperatures the hybrid DNA contains fewer mismatches and the two DNAs will be more closely related. 

Results

One must be careful about interpreting results. Results may be ambiguous. For a variety of reasons, there may be minor differences, which are exaggerated during the analysis into apparently large differences.  Also, real differences may be obscured by the test system.
However, if some DNAs seem identical (especially unmixed controls)) and others different, then the experiments may be working at the right level of accuracy.

So far 12 Meconopsis are under test:

M. ‘Lingholm’


M. ‘Jimmy Bayne’

M. ‘Cecily Crewdson’

M. ‘Ascreavie’


M. ‘Slieve Donard’

M. ‘Bobby Masterton’

M.  grandis (true)

M. ‘Brian Conway’

M. ‘Mophead

M. ‘Maggie Sharp’

2 putative M. Branklyn derivatives

Tests have been carried out (once only) on the following pairs: M. ‘Cicely Crewdson’ and M. ‘Slieve Donard’ and between M. grandis and M. Lingholm’

And the following triplets: M. ‘Bobby Masterton’- M. ‘Maggie Sharp’ – and M. ‘Crarae’ and between M. ‘Mophead’ – M. ‘Brian Conway’ and M.’ Crarae’ have been tested pairwise. 

Conclusions up to February 2008, are:

1
All strain mixes are less alike in their DNA than any single strain’s own DNA is to itself. 

2.
M. ‘Mophead is rather distant from M. Crarae’ and also from M. ‘Brian Conway’.


M. ‘Crarae’ and M. ‘Brian Conway’ are fairly closely related.

3.
M. grandis and M. Lingholm are fairly closely related.

4.
M. ‘Bobby Masterton’ is not closely related to M. ‘Maggie Sharp’, but M. Crarae and M. ‘Maggie Sharp’ are fairly closely related.

5.
M. ‘Slieve Donard’ and M. ‘Cicely Crewdson’ are closely related.

Interim results suggest that the method seems to be working well, but it needs rather large amounts of pollen (because the method is based on optical methods not radioactive ones)

What next? 

1.
Professor Curtis would like to extend the work this season using pollen from native Himalayan collections and to larger amounts of Scottish grown material so that possible pairwise comparisons can be made.

2.
The work will be repeated on larger samples (i.e. more pollen per sample).

3.
Pollen from 10-12 flowers will be used.

4.
Analyses will include pollen from species that are known to be unrelated or distantly-related.

5.
Build up a network of results for more varieties especially Fertile Large Blue poppies.

6.
Introduce a quantitative measure of difference. 

Questions from the audience:

Q.
Can we send you pollen and if so how should we collect it?

A.
Yes. Collect the pollen just before it falls. Cut the anthers into a tube, air dry them with a desiccant and send them to Professor Curtis.

Q.
What primers are used for DNA amplification?

A.
The primers append 30 bases to the ends of DNA, with both fixed and degenerative regions within that sequence.

Q.
Presumably it is only repetitive DNA that is being analysed on the HAP columns?

A.
Yes.
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