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INFORMATION PAPER No. 1

The pros and cons of using AFLP and SSR for
genotyping in the KT context

The purpose of this short paper is to set out, for the benefit of KT-supported scientists, the issues surrounding the two most commonly used PCR-based genotyping platforms for plants, namely AFLP (amplified fragment length polymorphism) and SSR (simple sequence repeats, also referred to as microsatellites). 

AFLP profiles consist of a set of DNA fragments generated by cutting DNA with a pair of restriction enzymes in a way which allows the user to specifically PCR amplify only those fragments which have been cut at one end by one of the enzymes, and at the other end by the other enzyme. (Note that the sequence targeted for cutting by a restriction enzyme is referred to as a “restriction site”. So these fragments have a different restriction site at each end.) Because plant genomes are so large, the number of such fragments present after the enzyme treatment (but before the PCR) is very large. For practical reasons, therefore, a subset of these fragments has to be created, and this is done by adjusting the combination of primers used in the PCR.  If the genome sequence of two plants differs for any one (or more) of these restriction sites, then their AFLP profiles will differ from one another's – that is, one will include a particular band(s) which is not present in the other. An illustrative animation of the AFLP process is available at http://www.keygene.com/keygene/techs-apps/FLASH3.php.

SSRs are repeating sequences of 2-6 base pairs of DNA (e.g., CACACACA .. or ATGATGATGATG ...), which are amplified by priming the PCR at each end of the repetitive sequence. It is the number of repeat units present at a particular genomic site which is assayed by the PCR, and this number can be quite variable between individuals. The primers used to amplify an SSR are typically highly specific – that is, unlike an AFLP primer pair, which amplifies many fragments simultaneously, they are designed to amplify only one DNA fragment.  Thus, an ideal SSR profile consists of only one band, but in practice, and particularly when separated by vertical denaturing PAGE (vPAGE), the profiles are often multi-banded – but usually, all the products in the profile are related to a single genomic target. An illustration of the critical steps in the SSR procedure is given [in the companion powperpoint].
In what follows, the relevant contrasting properties of AFLP and SSRs are considered separately under these four headings:

1. Information content

2. Practicality

3. Robustness

4. Scalability

Information content

AFLPs

An AFLP profile consists of a slew of DNA fragments, each of which in principle (although essentially never in practice) can vary from one accession to another. Typically, of the 50 or so fragments which are visualized as bands on a vPAGE separation, a handful at best is variable (polymorphic), with all the rest being common to all accessions (monomorphic). Each polymorphic fragment is generated from a distinct locus, so one can expect to be able genotype, from a single PCR, more than a single locus. Because the assay can only tell whether a polymorphic fragment is there or not in a particular template, there is no reliable way to distinguish between homo- and heterozgygotes. An AFLP locus is restricted to two forms (alleles): present or absent. This means that in say an F2 population derived from a cross between two homozygous accessions (AA x aa), the expected segregation ratio is 3 present (AA or Aa) to 1 absent (aa). However, in a BC (backcross: Aa x aa), the ratio is 1:1 (Aa vs aa), which is also the expectation for RILs (recombinant inbred populations – these are made by crossing AA with aa, and then selfing many times) (1 AA vs 1 aa). 

AFLP is often used for assessing genetic diversity in populations or germplasm collections. It is quite efficient for this purpose, as it can assay so many loci simultaneously. Its disadvantages in this context are (1) that the loci it identifies are (usually) not mapped, so the extent to which the genome has been scanned remains unknown; and (2) that fragments which are taken to be monomorphic (based on equal electrophoretic mobility) may in fact not be derived from the same locus at all; the effect of this “homoplasy” is to underestimate diversity.

SSRs

SSRs are (most commonly) single locus assays – one PCR gives the genotype at one locus. There are ways around this restriction, in particular, including within the PCR two (or more) sets of primers, but this adds complexity and can be practically awkward. The information content of the profile is higher than for AFLP, because the assay can identify more than two alleles at a locus, and thus can distinguish homo- from heterozygotes. So in a cross AA x BB, the AA, AB and BB progeny can be differentiated, leading to a 1:2:1 ratio in an F2 (1:1 in both BC and RILs). Sometimes the assay can be dominant, this occurs when one allele is “null” (no PCR product) – but this situation is relatively uncommon. Most genetic maps in plants at present rely on SSRs, so using pre-existing SSR assays has the major advantage that genetic location of the assay is known in advance. This allows the experience of other labs to be exploited, and also gives the wherewithal to say something meaningful about how good the coverage of the genome has been. One can even take advantage of SSRs derived from a closely related species (which AFLP cannot), at least for SSRs present within genes.

Practicality

Although AFLP and SSR are both PCR based, their ease of use is quite different. An SSR assay is a standard PCR, in which the user adds to the basic reaction a defined pair of primers and the template DNA (which is a dilute solution of the DNA prepared from the plant, or an FTA disc), runs the PCR, and electrophoreses the result. The electrophoresis platform, at its simplest, is an agarose gel stained with ethidium bromide, with better resolution (which may not be necessary) achievable using horizontal PAGE (hPAGE)/ethidium bromide or vPAGE/silver staining. But for AFLP, a rather complex series of steps is necessary to proceed from the DNA extracted from the plant to a template suitable for the PCR. FTA extraction is not suited for this (as far as we know). DNA solutions have to be carefully purified, quantified, treated with restriction enzymes, ligated to synthetic DNA molecules (an enzyme driven reaction), PCR amplified and finally diluted. And the final reactions require vPAGE / silver staining for visualization. 

Note also that vPAGE requires a high voltage (1500V or more) supply, and quite delicate gel apparatus; and needs silver staining, which is also a rather clumsy (and costly) process.

Importantly, SSR reactions can only be undertaken if the primers are pre-existing – that is, someone has to have developed them. This is much less of a restriction than it used to be. If one wanted to score variation at 100 SSR loci, one would need a supply of 200 primers. AFLPs are more accessible – the primers are not in any way specific to the species being studied. And although the template preparation is fiddly, once it has been done once, enough template should be at hand for a very large number of experiments.

Robustness

The robustness of a PCR is all about how repeatable it is, both from day to day within a single laboratory, and between different operators working in different laboratories. The relative complexity of AFLP means that it is far less robust than SSR, although within a laboratory, AFLP tends to be fairly dependable. Staining in ethidium bromide is essentially fool-proof, but silver staining can be unreliable.

Scalability

Scalability refers to the practicality and cost of running the same assay over many samples – so, for example, a mapping exercise may typically work from a population size of 100 or so (100 samples for each assay), while a marker assisted breeding programme may deal in thousands (or more) of individual plants. 

The practicality of AFLP is highly constrained at every step: (1) sample preparation - as mentioned above, the process of template acquisition is multi-step; (2) gel preparation – the assay relies on vPAGE, and these gels are harder to prepare than either AGE or hPAGE; (3) sample loading – AGE and hPAGE gels are readily adapted to multi-channel pipetting; this can be done in vPAGE, but it is much trickier; (4) sample visualization – AFLP gels require silver staining, a multi-step procedure.

From a cost point of view:

Template preparation per individual plant: very expensive for AFLP, but becomes cheap where a large number of assays are needed from each DNA sample. 

PCR consumables: SSR can be more costly if large numbers of primers need to be synthesized. Most effectively managed in the KT environment using a centralized system, where primers are synthesized once and then sent out as aliquots to users (like the cowpea ones). Otherwise AFLP and SSR are not different.

Equipment AFLP requires much more expensive electrophoresis equipment: gel tanks, power packs

Staining consumables AFLP cannot compete, as silver staining is far more costly than ethidium bromide.

Summary Table: AFLP vs SSRs

	
	Information content
	Practicality
	Robustness
	Scalability
	Cost per assay
	Set up cost and maintenance

	SSR
	High per locus

low multiplex 
	Very simple
	Very high
	Good
	Low if large numbers of individuals are to be screened with a small number of assays
	Relatively low

	AFLP
	Low per locus

high multiplex
	Fiddly
	Moderate between labs
	Poor
	Low if small numbers of individuals are to be screened with a large number of assays
	Relatively high


Applications of SSRs vs AFLPs

Mapping: SSRs (where assays are available) are better than AFLP where information content is important (eg in F2 populations, but not in RILs, and only to some degree in BC populations). AFLPs tend not to be suitable if you want to compare your data with maps made in other labs, whereas SSRs tend to be highly transferable between labs.

Diversity: AFLPs are good for this, because of their high multiplex nature (many loci per assay).

MAS: AFLPs are a really poor choice here. But they can offer a useful means of deriving SCAR type markers.

Robert Koebner
February 2010
The EMS horizontal PAGE system

The Trust has supplied labs gel plates and consumables required to use the hPAGE system with the gel units supplied for agarose gel electrophoresis.  The resolution of the small fragments of DNA typically used as markers for MAS is better on polyacrylamide than on agarose gels.  The KT hPAGE system overcomes the problems of vertical non-denaturing PAGE which requires a relatively expensive apparatus and is less easy to use than the horizontal system.  Non-denaturing PAGE does not have the high resolution of large sequencing gels, but these require a high voltage power pack and silver staining to visualise the separated DNA.  As discussed above by Robert Koebner this system is not well suited to routine analysis during MAS. 
A video has been prepared which shows how to cast and run the gels for horizontal polyacrylamide gel electrophoresis (hPAGE).  
Go to: http://www.youtube.com/watch?v=XlWlbM6NojE (for part 1 of 2)
Go to: http://www.youtube.com/watch?v=EVVDrUQduxg (for part 2 of 2)
Health & Safety

Vertical and horizontal PAGE require the use of chemicals that are classed as ‘Hazardous’. 

The physical and health hazards can be found by clicking here.
Silver nitrate used to stain gels in vertical PAGE is particularly hazardous.  It is  poisonous if swallowed or inhaled – specifically, it is corrosive to skin, eyes, mucous membranes and may cause blindness, gastroenteritis, shock, vertigo, coma and convulsions.  In addition, due to its potential for fire and explosion hazards, it is very difficult for the Trust to dispatch it to labs.   

Ethidium bromide used in hPAGE gel staining also is classed as a hazardous chemical.  However, it is used at a very low concentration and, with careful handling, potentially poses fewer health risks.  For small quantities it is less difficult to the Trust to dispatch to labs.  The Trust has provided some guidance on the use of ethidium bromide and it can be found in the KT Protocols manual or here.
The Material Safety Data Sheet provides information on the physical and health hazards of the chemical(s) in a product.  The Trust has provided copies of Material Safety Data Sheets for the chemicals it supplies in the red Health & Safety folder. A summary of these hazards is shown in the table below and can be found at:

For all chemicals classed as hazardous, careful consideration should be given to the mode of disposal.  Each university-institute should have its own policy.  
All lab personnel should familiarise themselves with the potential hazards of the chemicals. 
Janice Henderson
February 2010
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