Polar Biol (2012) 35:919-929
DOI 10.1007/s00300-011-1139-2

ORIGINAL PAPER

Widespread amplification of amplified fragment length
polymorphisms (AFLPs) in marine Antarctic animals

J. I. Hoffman - M. S. Clark - W. Amos - L. S. Peck

Received: 12 October 2011 / Revised: 18 November 2011 / Accepted: 23 November 2011 / Published online: 20 December 2011

© Springer-Verlag 2011

Abstract Although recent years have witnessed a rapid
growth in the number of genetic studies of Antarctic organ-
isms, relatively few studies have so far used nuclear mark-
ers, possibly due to the perceived cost and difficulty of
isolating markers such as microsatellites. However, an
often overlooked alternative is to use amplified fragment
length polymorphisms (AFLPs), a versatile and low-cost
method capable of generating large numbers of predomi-
nantly nuclear loci in virtually any organism. We conducted
a literature review of population genetic studies of Antarc-
tic organisms, finding that fewer than 10% used AFLPs.
Moreover, a strong taxonomic bias was found, with studies
employing mitochondrial DNA or microsatellites focussing
predominantly on animals, while those using AFLPs were
mostly of plants or lower organisms. Consequently, we
explored the extent to which AFLPs amplify across a range
of Antarctic marine animal taxa by genotyping eight indi-
viduals each of twelve different species, ranging from echi-
noderms through soft corals to pelagic fish, at four selective
primer combinations. AFLPs readily amplified across all of
the taxa, generating between 32 and 84 loci per species,
with on average 56.5% of these being polymorphic. In gen-
eral, levels of polymorphism bore little relationship with
expectations based on larger populations of broadcast-
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spawning species being more variable, though we did find a
tentative positive correlation between the number of AFLP
bands amplified and a measure of effective population size.
Our study lends further support for the utility and ease of
use of AFLPs and their suitability for studies of Antarctic
species across a wide range of taxa.
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Introduction

Antarctica provides an important setting for population
genetic studies, not only because of its complex biogeogra-
phy but also because it comprises an unrivalled natural lab-
oratory for studying the effects of climate change (Clarke
2000; Meredith and King 2005). Consequently, with
increasing ease of access to Antarctica itself and the
Sub-Antarctic islands, molecular studies have proliferated
(Rogers 2007). So far, the majority of these studies have
used mitochondrial DNA (mtDNA), probably reflecting the
convenience of this marker together with its utility for
reconstructing deep phylogenetic histories (Ballard and
Whitlock 2004). Moreover, this trend appears set to con-
tinue thanks to substantial investment into initiatives such
as the Polar Barcode of Life (PolarBOL) project (http://
www.polarbarcoding.org). However, although barcoding
will undoubtedly bring important insights into the diversity
and phylogeography of Antarctic organisms, it is based on
effectively a single marker, making data from other geno-
mic regions desirable. Thus, if the marker used for barcod-
ing comes under selection, has an unusual mutation profile
or is driven by some other factor that is non-representative
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of the rest of the genome, a misleading picture could result
(e.g. Dasmahapatra et al. 2010).

Recently, Held and Leese (2007) identified an urgent
need for the development and application of nuclear mark-
ers for studying Antarctic marine organisms. However,
they placed a firm emphasis on microsatellites and largely
dismissed alternative classes of genetic marker that could
also offer benefits. Microsatellites are powerful markers,
being both codominant and often highly polymorphic
(Ellegren 2004). However, they are relatively costly and
time-consuming to develop (Zane et al. 2002), can only
conveniently be screened in modest numbers (Slate et al.
2009) and are prone to genotyping errors caused by null
alleles, allelic dropout and human error (Bonin et al. 2004;
Hoffman and Amos 2005). A further issue is that microsat-
ellites are often selected on the basis of high polymorphism
in the focal species, thereby creating the potential for ascer-
tainment bias (Brandstrom and Ellegren 2008) in that levels
of variability are likely to be lower when the same marker
is used on non-focal species. The net result of these effects
can be a distorted picture of how genetic diversity is distrib-
uted and which species are most variable, though these
problems may be reduced as increasing numbers of studies
use next-generation sequencing to obtain a relatively unbi-
ased picture.

Amplified fragment length polymorphisms (AFLPs)
offer an alternative but often overlooked class of predomi-
nantly nuclear marker. AFLP loci are generated through the
polymerase chain reaction (PCR) amplification of a random
but reproducible set of genomic fragments (Vos et al.
1995). The protocols are relatively simple and are capable
of generating hundreds of loci at modest cost and with a
short start-up time (Mueller and Wolfenbarger 1999;
Bensch and Akesson 2005). AFLPs have been used widely
for a variety of applications from the determination of pop-
ulation genetic structure through linkage mapping and par-
entage analysis to phylogenetic analysis. The development,
modes of application, advantages and disadvantages of
these markers have been thoroughly reviewed elsewhere
(Savelkoul et al. 1999; Mueller and Wolfenbarger 1999;
Gerber et al. 2000; Bensch and Akesson 2005; Bonin et al.
2007; Meudt and Clarke 2007).

As with all genetic markers, AFLPs have their down-
sides, the greatest of these probably being their unidomi-
nant inheritance which makes them less attractive for
applications such as parentage analysis (Bensch and
Akesson 2005; Bonin et al. 2007). Another potential down-
side is the possibility of inadvertently amplifying non-spe-
cific DNA, such as that from gut endosymbionts (Dyer and
Leonard 2000; Vorwerk and Forneck 2007). However, this
issue can generally be controlled by careful tissue selection
(e.g. the foot muscle of molluscs) or by scoring only loci
known to originate from the host. The third main issue
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concerns homoplasy. With large numbers of essentially
arbitrarily sized bands, one can seldom be sure that any
given band originates from a unique locus. The size of this
problem is unclear, but several studies suggest that it can be
minimized by avoiding scoring small fragments that tend to
show greater homoplasy (Vekemans et al. 2002), by not
scoring too many fragments per primer combination
(Caballero et al. 2008), or by applying a relatively simple
protocol for detecting homoplasious fragments (O’Hanlon
and Peakall 2000). Moreover, for many analyses the pri-
mary consequence seems to involve a minor loss of statisti-
cal power (see Caballero et al. 2008 for details).

Putting aside these drawbacks, AFLPs offer a number of
clear advantages over and above their reduced development
time and the number of informative bands they generate.
For example, other classes of marker can be biased in the
genomic regions they target. Most obviously, mitochon-
drial markers only track female lineages, but even microsat-
ellites may be non-random. For example, microsatellite
development tends to favour loci with higher levels of
polymorphism, and these may derive preferentially from
regions of the genome experiencing balancing selection
(Huang and Yu 2003; Santucci et al. 2007), while dinucleo-
tide repeats rarely occur in translated coding regions due to
the frameshifts they would cause (Li et al. 2004) so may
preferentially derive from gene-poor regions. In contrast,
AFLPs are likely to embrace sites distributed throughout
the genome (Vekemans et al. 2002). In combination with
the possibility of screening many hundreds rather than tens
of loci, this makes AFLPs well suited to genome-wide anal-
yses. One attractive possibility is the detecting of genomic
regions under selection, for example, as a consequence of
environmental gradients (e.g. Bonin etal. 2006; Nunes
etal. 2011 ) or even potentially climate change (e.g. Jump
etal. 2006). A second is unbiased assessment of genetic
diversity, not only at the species level (Milot et al. 2007)
but also for populations (Mariette et al. 2002; Hoffman
etal. 2009) and even individuals (Dasmahapatra et al.
2007). Despite this, AFLP variability has not previously
been explored in the context of interspecific life-history
variation or within an Antarctic context. One hypothesis
amenable to testing is that broadcast-spawning species,
which tend to have greater dispersal capacities, larger popu-
lation sizes and greater local abundance, should harbour
more genetic diversity than otherwise equivalent brooding
species.

Here, we explore the usefulness of AFLPs for population
genetic studies of Antarctic marine organisms by applying
a standard laboratory protocol to amplify AFLPs in twelve
different species, chosen to represent a wide variety of Ant-
arctic marine animal taxa from echinoderms through soft
corals to pelagic fish. We also use AFLPs to quantify levels
of intraspecific diversity and then present a preliminary test
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of the hypothesis that levels of diversity correlate with life-
history predictors of effective population size.

Materials and methods
Survey of Antarctic genetic studies

Bensch and Akesson (2005) previously identified a general
trend in which, although AFLPs are applied widely to
plants, bacteria and fungi, they are less often applied to ani-
mals. To determine whether the same bias could also apply
to studies of Antarctic organisms, we conducted ISI Web of
Science searches in June 2011 using ‘Mitochondria* AND
Antarctic*’, ‘(plastid* OR chloroplast*) AND Antarctic*’,
‘Microsatellite* AND Antarctic*’, ‘Tandem repeat™ AND
Antarctic*’, “VNTR* AND Antarctic*’ and ‘AFLP* AND
Antarctic*’ as search terms in the ‘Topic’ field. Although
these terms are unlikely to recover every genetic study of
an Antarctic organism, the recovered data set is large and,
we believe, unbiased.

Tissue sample collection and DNA extraction

Eight specimens each of twelve different species were col-
lected from South Cove and Hangar Cove at Rothera Point
on Adelaide Island, Antarctica (Table 1, Fig. 1). Samples
were collected by SCUBA divers during the austral sum-
mer of 2009 from the shallow sublittoral zone and stored in
95% ethanol at room temperature. Total genomic DNA was
extracted from a small piece of each specimen using the
Qiagen DNeasy tissue extraction kit following the manu-
facturer’s recommended protocols.

AFLP genotyping

The AFLP protocol was adapted from Vos et al. (1995) and
is described in detail by Dasmahapatra etal. (2009).
Briefly, 100400 ng of genomic DNA was first digested
using Taql (SU in a 10 pl volume at 65°C for 2 h) and then
with EcoRI (5U in a 20 pl volume at 37°C for 2 h). Tagl
and EcoRI and adapters (Table 3) were then ligated onto
the digested DNA using T4 DNA ligase (1U in a 50 pl vol-
ume at 37°C for 3 h) and the resulting products diluted ten-
fold in 10 mM Tris HCL and EDTA (0.1 mM, Ph 8.0). For
the pre-amplification, 5 pl of ligation mix was added to a
50 ul PCR containing Tris—HCI (10 mM, pH 8.3), MgCl,
(1.5 mM), KCI (50 mM), dNTPs (0.2 mM), Taq polymerase
(1U) and 50 ng each of the Tagl-C and EcoRI-A pre-amplifi-
cation primers (Table 3). Following 30 pre-amplification
cycles (30 s at 94°C, 60 s at 50°C and 60 s at 72°C), the
products were diluted by a factor of ten with 10 mM Tris
HCL and EDTA (0.1 mM, Ph 8.0). For the selective ampli-

fication, 2.5 pl of the diluted pre-amplification product was
added to a 12.5 pl reaction containing Tris—HC1 (10 mM,
pH 8.3), MgCl, (1.5 mM), KCI (50 mM), dATPs, dTTP
amd dGTP (0.2 mM each), dCTP (0.04 mM), o«**P-dCTP,
Taq polymerase (0.2U), Tagl selective primer (30 ng) and
EcoRlI selective primer (5 ng). Samples were then subjected
to 13 selective amplification cycles (30 s at 94°C, 60 s at
65°C, reducing by 0.7°C each cycle, and 60 s at 72°C), fol-
lowed by a further 23 cycles (30 s at 94°C, 60 s at 56°C and
60 s at 72°C). PCR products were resolved by electrophore-
sis on standard 6% polyacrylamide sequencing gels and
detected by autoradiography. Exposed X-ray films were
assessed and if required, a second exposure was made for
an adjusted time period. Gels were scored by eye, and
genotypes were entered manually into a Microsoft excel
spreadsheet. The following four different selective primer
combinations were employed: Taql-CTG & EcoRI-AGC,
Tagl-CAG & EcoRI-AGC, Tagl-CGA & EcoRI-AGC and
Taql-CAC & EcoRI-AGC (see Table2 for primer
sequences). Scoring was conducted by a highly experienced
observer, and although the genotyping error rate was not
directly quantified, three previous studies using exactly the
same protocol in the same laboratory all obtained low error
rates (0.008-0.021 per reaction, Hoffman etal. 2010,
2011a, b). Finally, we quantified for each species the total
number of loci that PCR amplified and the proportion of
these loci that were polymorphic.

Data analysis

Genetic diversity among AFLP markers may be reflected in
several different ways, of which we considered three. First,
there is the number of bands amplified, which might be
expected to reflect genome size, all other things being
equal. Deviations from this expectation may be caused by
differences in base composition or the presence of repetitive
DNA, though these should tend to be revealed much more
in some enzyme/selective primer combinations than others.
Second, there is the proportion of polymorphic bands,
which probably relates to the underlying SNP density in the
sequences that are amplified. Third, one might consider the
heterozygosity of the bands themselves. Consequently, all
three response variables were calculated within the pro-
gram AFLPSURV (Vekemans et al. 2002) and analysed
using general linear models (GLMs) within R (IThaka and
Gentleman 1996). The following three categorical predictor
variables were fitted together in each of the GLMs: (i) life-
history strategy (with brooders coded as 1, mixed strate-
gists as 2 and broadcasters as 3); (ii) mobility (coded as
1 = sessile and 2 = mobile); and (iii) abundance (coded on a
scale of 1-4 with 1 =present and 4 = highly abundant).
Using standard deletion-testing procedures (Crawley 2002),
each term was then progressively dropped from models
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Table 2 Adapter and primer sequences used for AFLP analysis

Adapter/primer Sequence (5'-3")

Taql adapter GACGATGAGTCCTGAC
CGGTCAGGACTCAT

EcoRI adapter AATTGGTACGCAGTCTAC
CTCGTAGACTGCGTACC

Tagql pre-selective primer GATGAGTCCTGACCGAC

EcoRI pre-selective primer GACTGCGTACCAATTCA

Tagql selective primers GATGAGTCCTGACCGACTG
GATGAGTCCTGACCGACAG
GATGAGTCCTGACCGACGA
GATGAGTCCTGACCGACAC

EcoRI selective primer GACTGCGTACCAATTCAGC

unless doing so significantly reduced the amount of devi-
ance explained (deviance is analogous to sums of squares in
standard regression analysis). The change in deviance
between full and reduced models was distributed as 3 with
degrees of freedom equal to the difference in degrees of
freedom between the models with and without the term in
question. Finally, we attempted to summarize all of the pre-

dictors in a single composite measure that embraces life-
history strategy, abundance and mobility by simply
summing the scores above for each species. We then con-
structed three final GLMs of diversity fitting this measure
as a categorical predictor variable.

Results

Given that many Antarctic marine organisms derive from
taxa that are poorly characterized genetically, we would
expect them to be prime candidates for using AFLPs. We
therefore conducted a bibliographic survey of Antarctic
population genetic and phylogenetic studies, recovering a
total of 334 records (see ‘“Materials and methods” for
details). The majority of these studies employed mitochon-
drial/plastid DNA sequencing (n =239, 71.6%) or micro-
satellites (n = 72, 21.6%), whereas only 6.9% (n = 23) used
AFLPs (Fig.2). By examining the titles, abstracts and
where necessary the paper itself, each record was then
broadly classified into taxonomic groupings. A strong bias
was detected, with the majority of studies using mtDNA or
microsatellites being of animals (n =192, 97.0% and
n =65, 90.3%, respectively) whereas the reverse was true
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Fig. 2 Results of Web of Knowledge search (see “Materials and meth-
ods” for details) for a mitochondrial DNA (n = 198), b microsatellites
(n=172), ¢ plastid DNA (n =41) and d AFLPs (n = 23)

for plastids and AFLPs (only seven AFLP-based studies
were of animal taxa, 30.4%).

To demonstrate the potential broad utility of AFLP
markers for studying Antarctic marine animals, we geno-
typed twelve species representing 7 phyla and 10 classes
(Table 1) at four different selective AFLP primer combina-
tions (Table 2). Summary statistics including the total num-
ber of bands that could be reliably scored and the
proportion of these that were polymorphic within each

species are shown in Table 3. AFLPs successfully ampli-
fied in all twelve species, although the total number of loci
generated varied considerably, from 32 in Liothyrella uva
to 84 in Parborlasia corrugatus. The proportion of loci that
were polymorphic was also highly variable, ranging from
19.3% in Harpagifer antarcticus to 80.7% in Alcyonium
antarcticum, but with a moderately high average of 56.5%.
Neither of these genetic traits seemed to relate obviously to
life-history characteristics (Fig. 3).

In general, one might expect measures of variability to
increase with species abundance, with broader rather than
narrower dispersal and with greater rather than less mobil-
ity. To test these assumptions, we constructed GLMs of the
number of loci amplified, the proportion of polymorphic
loci and expected heterozygosity (Hj), fitting as predictor
variables in each of the models life-history strategy, abun-
dance and mobility. The only statistically significant trends
detected were a weak negative relationship between the
number of loci amplified and life-history strategy
()(2 =4.56, df =2, P=0.010) and a positive relationship
between the number of loci amplified and mobility
(}(2 =9.15,df=1, P=0.002). The former is contrary to our
a priori expectations and would suggest that brooders and
mixed strategists harbour greater diversity than pure broad-
cast spawners. No relationships were found between life-
history characteristics and the proportion of polymorphic
loci. Since our life-history scoring was crude and different
species could reach the same effective population size in
different ways (e.g. a large sessile population versus a small
mobile one), we next tried combining the trait scores into a
single measure that would be expected to correlate with
effective population size. For this, we simply summed the
individual trait scores for each species. The resulting
composite score was found to positively correlate with the
number of bands scored (Fig.4, XZ =3.03, df=5,
P =0.009) but again not with the proportion of polymorphic

Table 3 Summary statistics for

Total number
of loci amplified

Number of
monomorphic loci

Number of
polymorphic loci

Percentage of
polymorphic loci

. . . Speci
AFLP amplification of eight pecies
individuals each of twelve
different Antarctic marine taxa g .
Sterechinus neumayeri 64

Odontaster meridionalis 66
Ophionotus victoriae 81
Nacella concinna® 64

Margarella antarctica® 81

Yoldia eightsi 58
Laternula elliptica 51
Liothyrella uva 32

Alcyonium antarcticum 57
Parborlasia corrugatus 84

Barrukia cristata 64
4 Data from Hoffman et al.

(2010), ® Hoffman et al. (2011a) Harpagifer antarcticus 57

41 23 64.1
47 19 71.2
44 37 543
38 26 594
56 25 69.1
23 35 39.7
15 36 294
15 17 46.9
46 11 80.7
54 30 64.3
51 13 79.7
11 46 19.3
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Fig. 3 Summary of genetic and life-history traits for twelve Antarctic
marine animal taxa

loci. However, this relationship is not particularly strong,
and it is entirely possible that it could be a type I error due
to the number of tests we conducted.

Discussion

The results presented here suggest that AFLPs have not
been widely applied to Antarctic organisms, in which a
clear need for nuclear markers has been identified (Held
2006) and where genomic information is usually lacking.
However, all twelve of the different Antarctic marine ani-
mal species tested here for AFLP amplification yielded
polymorphic banding profiles, suggesting that AFLPs
should work well for most taxa. We also present prelimi-
nary and counter-intuitive evidence that genetic diversity,
as reflected by the number of loci amplifying, may be
higher in brooding or mixed strategy species than pure
broadcast spawners.

100
pr [ |
] o u
5 80
o m—
o e
E(L 60 4 iy - -
S ® -
@ o
o
E
3 40 -
[ ]
20 T T T T T T
4 5 6 7 8 9

Life-history score

Fig. 4 Relationship between life-history score (a composite of life-
history strategy, abundance and mobility, see ‘“Materials and methods”
for details) and the number of AFLP loci amplified, summarized for
twelve Antarctic marine animal taxa. Black squares indicate broadcast
spawners, grey circles mixed brooding and spawning strategists, while
the white diamond indicates a single brooding species

The need for nuclear markers

Antarctic organisms have evolved in extreme isolation and
therefore tend to be genetically highly divergent from com-
parable temperate or tropical species. Moreover, there are
no model Antarctic species and whole genome sequencing
has not yet reached the stage where it is economically via-
ble to apply it routinely to new non-model eukartyotic spe-
cies. Consequently, those wishing to study Antarctic
species are for the moment restricted to the use of single
markers (mtDNA or plastid DNA), small panels of markers
(i.e. microsatellites) or, for much wider genomic coverage,
anonymous markers such as AFLPs. The latter are easy to
use and are perhaps the only system offering accessible
genome-wide coverage at low cost. For example, the cur-
rent work was conducted in a standard molecular laboratory
and at a cost of around £500. We used direct incorporation
of radio-labelled nucleotides, which can be highly cost-
effective for small-scale studies, but fluorescent AFLP
genotyping is not much more expensive and offers greater
efficiency for medium and large-scale projects.

AFLP amplification and levels of polymorphism

In this particular study, our protocol successfully amplified
polymorphic AFLP profiles in all twelve species, demon-
strating the utility of the method for a broad range of taxa
and with no special optimization. Given the logistic diffi-
culties associated with sampling Antarctic organisms, we
analysed only modest sample sizes of each species obtained
from a single location. For AFLP studies, small sample
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sizes are not necessarily problematic because the number of
bands scored per individual is large, but increasing both the
number of samples and the geographic range of sampling
would allow refinement of our current estimates. However,
we can none the less ask questions about whether genetic
diversity correlates with what we know about population
size and population structure. A priori expectations would
be that variability should increase from brooders, where
dispersal is limited, through mixed strategists to broadcast-
ers, which have the potential for very large population
sizes. In practice we find that no correlation exists and that,
if anything, brooders seem to have the most variability. Per-
haps the most convincing trend we identified was a general
positive relationship between the number of bands ampli-
fied and a composite measure based on life history, popula-
tion size and mobility. All things being equal, the number
of AFLP loci amplified should tend to correlate with the
amount of DNA in the genome. Several complicating fac-
tors would undermine this relationship, most obviously fac-
tors such as base composition and the presence of repetitive
sequences that influence the number of times a restriction
enzyme cuts. On the other hand, if a given species shows
higher band numbers across several different restriction
enzymes and primer combinations, the larger genome
explanation would seem more likely.

Brooding species appearing to exhibit higher levels of
polymorphism than broadcasters contradicts our initial
expectations, but is consistent with a previous meta-anal-
ysis of over a hundred studies in which F;; was found to
be higher in free-spawning planktotrophic species than in
brooding species (Addison and Hart 2005). A number of
possible explanations can be put forward. First, all of the
species examined have potentially huge population sizes
in which genetic drift will operate extremely slowly. This
is likely to be especially true for Antarctic species that
have long generation times, slow growth and deferred
maturity (Peck et al. 2006). Current measures may there-
fore reflect evolutionary events that happened literally
millions of generation ago, predating changes in the ocean
currents and temperature and even, perhaps, some specia-
tion events. Second, many believe that mutation rate is
selected to generate the right balance of novelty versus
disruption (Metzgar and Wills 2000; Giraud et al. 2001;
Mgller and Cuervo 2003; Amos 2009). If so, species and
taxa with long-term extremely large populations might
evolve greatly reduced mutation rates to compensate, and
the relative stability of the marine environment would
only help this. It would be interesting to measure mutation
rates directly to see whether this is so. Finally, the speci-
mens were collected from sites that are shallower than
20 m depth, many of which will only be a few 100 years
old, having recently emerged following glacial retreat
(Golledge etal. 2010). This raises the possibility that
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founder effects could potentially have influenced our
results.

The importance of quality control

As outlined in the introduction, AFLPs offer both advanta-
ges and disadvantages. A full account of these lies beyond
the scope of this paper, but details can be obtained from a
number of thorough reviews (e.g. Mueller and Wolfenbar-
ger 1999; Savelkoul et al. 1999; Gerber et al. 2000; Bensch
and Akesson 2005; Bonin et al. 2007; Meudt and Clarke
2007). However, an important caveat to the use of AFLPs is
that, although these markers are in principle easy to
amplify, to generate high-quality data sets requires careful
quality control throughout the genotyping workflow. This is
partly because AFLPs can be sensitive to DNA quality,
although DNA concentration seems less critical (Bensch
and Akesson 2005). Another problem can arise if certain
bands do not amplify consistently across batches, although
this can be compensated for by randomizing the order of
the samples with respect to the groups or populations under
comparison (Bensch and Akesson 2005). Finally, although
parentage analyses indicate reasonably consistent Mende-
lian segregation (e.g. Huang et al. 2007), the unidominant
nature of AFLPs makes it difficult to evaluate deviations
from Hardy—Weinberg equilibrium, a key step in the qual-
ity control process for codominant markers such as micro-
satellites. As with other markers including microsatellites
(Hoffman and Amos 2005), it is therefore strongly recom-
mended that data quality be evaluated by replicating a ran-
domly selected subset of samples from scratch (Bonin et al.
2004).

Emerging genomic approaches

The recent emergence of next-generation sequencing
approaches capable of generating many millions of bases of
sequence data (e.g. Margulies etal. 2005) has made it
increasingly feasible to identify large numbers of putative
genetic markers. For example, protocols now exist to
develop assays for tens to hundreds of single nucleotide
polymorphisms (SNPs) based on the in silico mining of
transcriptome libraries (Vera etal. 2008). However,
although these and related approaches are capable of gener-
ating similar marker densities to AFLPs, they also have
drawbacks. For example, to develop a transcriptome typi-
cally requires animals to be sacrificed (although see Hoff-
man 2011), which may not be appropriate for every species.
Moreover, sequence assembly and SNP genotyping usually
need to be outsourced due to the prohibitive cost of the
hardware required. Finally, SNPs themselves have various
analytical drawbacks, for instance being prone to ascertain-
ment bias when derived from small panels of individuals
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(Brumfield et al. 2003; Morin et al. 2004; Helyar et al.
2011). We therefore feel it is unclear when AFLPs will be
replaced by other techniques, not least because these alter-
natives have a long way yet to come down in price before
they are affordable by most graduate students and in many
developing countries.

Conclusions

AFLPs offer an under exploited resource that seems particu-
larly applicable to the study of Antarctic species. Thus,
although it appears inevitable that approaches based on next-
generation sequencing will become increasingly prominent
as prices continue to fall, AFLPs will likely remain an inex-
pensive and technologically simple technique for the genetic
analysis of polar organisms for some time to come.
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