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Lepidopteran microsatellite DNA: redundant but

promising
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The development of microsatellite DNA markers for use
with butterflies and moths is extremely difficult for no
apparent reason. New findings demonstrate that many
lepidopteran microsatellite sequences exist in multiple
copies in the genome, and have similar or almost
identical flanking regions. These findings provide a
compelling explanation for the low efficiency of micro-
satellite isolation in Lepidoptera, and might also shed
light on the evolutionary dynamics of microsatellite
sequences in these insects and other organisms.

Microsatellites are short tandem repeat DNA sequences
with one to six nucleotides as the repeating unit. Owing to
their high level of polymorphism, reliability and reprodu-
cibility in PCR and genotyping, these sequences are the
most powerful nuclear DNA markers available in popu-
lation genetic and evolutionary studies, and have been
popular in diverse research fields for over a decade.
However, the isolation of MICROSATELLITE LocI (see Glos-
sary) for population genetic study in lepidopteran insects
is difficult and challenging [1]. Currently, there is no
convincing explanation of the reason for why this might be
so. New findings by Meglécz et al. [2] suggest an answer to
this conundrum, and might also shed light on the
evolutionary dynamics of microsatellite sequences.

Why are microsatellite loci difficult to isolate in
lepidopteran insects?

The abundance of microsatellite sequences varies con-
siderably from taxon to taxon, with some groups, such as
birds, having much lower frequencies in their genomes
compared with other organisms (e.g. microsatellite fre-
quencies in birds are more than three times lower than in
humans) [3]. In Lepidoptera, including the 20 or so
reported microsatellite studies of which I am aware, the
number of polymorphic microsatellite loci isolated is no
more than five per genomic library in 80% of cases
(reviewed in [4]), compared with the higher number of
loci characterized from other insects. For example,
whereas 75 loci have been obtained from the honeybee
Apis mellifera [5], only three loci were found in the clouded
Apollo butterfly Parnassius mnemosyne using an identical
experimental procedure [1,6]. It is also remarkable that
whereas a microsatellite cLONING EFFICIENCY of 14% was
achieved in the orthopteran migratory locust Locusta
migratoria, only a 2.5% cloning efficiency was possible in
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the lepidopteran cotton bollworm Helicoverpa armigera,
although both insects were studied in parallel in the same
laboratory using identical experimental methods [7,8].
Such differences might indicate a reduced frequency of
microsatellites in the lepidopteran genome.

The isolation of polymorphic microsatellite markers in
Lepidoptera is further complicated by the occurrence of
MICROSATELLITE DNA FAMILIES. In a recent paper, Meglécz et
al. [1] reported that microsatellite sequences with similar
or almost identical FLANKING REGIONS (thus existing as DNA
families) were observed in butterfly species, but not in an
aphid species that was examined in parallel with the use
of an identical protocol. This strengthens an earlier and
independent observation that >70% of microsatellite loci
cloned from the cotton bollworm have one or both flanking
regions that are formed of REPETITIVE DNA [7]. Thus, the
association of microsatellites with repetitive sequences in
the flanking regions appears to be a characteristic of
lepidopteran microsatellites [4]. In most current genetic
studies, only SINGLE-COPY MICROSATELLITES are used as
diagnostic markers for detecting polymorphisms. This
requires the flanking regions of microsatellites to be
unique sequences in the genome, thus enabling specific
primers to be designed. In turn, this enables the isolation
of a specific DNA segment by PCR. Microsatellite DNA
families are not suitable for use as genetic markers
because primers designed in the repetitive flanking
regions amplify simultaneously from multiple loci with

Glossary

Cloning efficiency: the proportion of the recombinant clones that contain the
target sequences (e.g. microsatellites) in a DNA library; that is, the percentage
of true positive clones in a library.

Flanking region: DNA sequences adjacent on either side of the target sequence
(e.g. a microsatellite).

Microsatellite DNA family: a group of microsatellite loci with similar or identical
flanking regions.

Microsatellite locus: a specific genomic region consisting of microsatellite DNA
and its flanking regions.

Mobile elements (formally known as transposable elements): sequences that
can move to different loci in the genome, such as retroelements and
retrosequences.

Repetitive DNA: nucleotide sequences, such as mobile elements, that occur
several times in the genome. The copy number of such sequences can vary
from a few to over a million. Individual copies do not have to be identical in
sequence, but they share high similarity.

Retroelements: one of the several types of mobile element; transpose by
retroposition with the help of the reverse transcriptase encoded in their
sequences.

Retrosequences: genomic sequences that have been derived from the reverse
transcription of RNA and then integrated into the genome; they do not encode
for reverse transcriptase.

Single-copy microsatellite: microsatellite loci the DNA sequences of which are
present only once (i.e. are unique) in the genome.
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similar sequences, thus confounding the data obtained.
This makes those microsatellite sequences with similar
flanking regions in lepidopteran genomes useless for
genetic analysis. Therefore, compared with other organ-
isms, such as the migratory locust, microsatellite DNA in
lepidopterans has two remarkable characteristics: (i) the
overall low frequency; and (ii) high sequence redundancy.
These characteristics provide an attractive explanation
for the unusually low efficiency of polymorphic micro-
satellite isolation in lepidopteran insects.

Redundancy and evolutionary dynamics of lepidopteran
microsatellites

Meglécz et al.’s observations prompt us to ask why so
many of the microsatellite sequences that occur in the
genomes of Lepidoptera are redundant, even though their
overall frequency is low. Two important points are worth
considering. The first is that microsatellites from a variety
of organisms [9-12] have recently been found to be
associated with MOBILE ELEMENTS, many of which are
RETROELEMENTS and RETROSEQUENCES. This results in micro-
satellites that have similar or nearly identical flanking
regions (similar to the situation observed in Lepidoptera
[2,7]) that share homology with the mobile elements.
Several authors have demonstrated that mobile elements
can be involved in the genesis and genomic spread of
microsatellites in organisms as diverse as primates [10]
(including humans [11]), fruit flies [12] and plants [9]. The
findings from lepidopteran microsatellites imply that
similar mechanisms might be functioning in these insects.
Because of insufficient data about mobile elements and
repetitive DNA in Lepidoptera, it is difficult to ascertain
the nature of the association of the observed repetitive
microsatellite flanking sequences with any mobile
elements. Nevertheless, Meglécz et al. were able to find
sequence similarities between some flanking regions and
certain retroviruses (such as the Drosophila retrovirus
Gypsy) 12].

The second point is that, although the proportion of
single-copy microsatellite sequences is lower in the
genomes of Lepidoptera than it is in the genomes of
other taxa (e.g. the migratory locust) [4], the percentage of
microsatellite loci with repetitive flanking regions is high
(e.g. >70% in the cotton bollworm, and 30% of all DNA
family loci) [2,4,7]. If mobile elements are involved in
lepidopteran microsatellite evolution, as is suggested for
other organisms [9-12], we can divide the evolutionary
dynamics of microsatellites into three sequential stages
(Figure 1): (i) genesis; (ii) propagation and dispersal; and
(iii) diversification. Thus, after a microsatellite is created
(e.g. it can be part of a mobile element; see [12]), it
multiplies and disperses in the genome via the transposi-
tion of mobile elements. This should lead to the presence of
many microsatellite DNA sections with identical flanking
regions in the genome. Divergence should then occur
among these sequences as mutations accumulate inde-
pendently. Given enough divergence time, DNA sequences
of the originally identical flanking regions will become
dissimilar, developing into single-copy microsatellite
sequences. Therefore, if high similarity of the flanking
regions exists among a group of microsatellite loci, and if
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Locus 1 TTTAACCCATAAGTT( GT),,ATGTGGGATCCGATTGTA

l Multiplication

(b)
Locus 1 TTTAACCCATAAGTT( GT),,ATGTGGGATCCGATTGTA
Locus 2 TTTAACCCATAAGTT( GT),,ATGTGGGATCCGATTGTA

1
2

Locus 3 TTTAACCCATAAGTT( GT),,ATGTGCGATCCGATTGTA
4

Locus TTTAACCCATAAGIT( GT) ;ATGTGGGATCCCATTGTA
l Mutation

(c)

Locus TCTAACTCATAGGTT( GT)g ATGTGAGATTCAATCGTG

1

Locus 2 TTTGICCCTTAAATC( GT),ATATGGTATCTGGITGCA

Locus 3 TTCAACACACAAGTT( GT),sGTGCTGGACTCGATTATA
4

Locus TGTAATCCGTAAGIT( GT) g ATGTAGAATCCGTTTGTA
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Figure 1. Hypothetical evolutionary dynamics of microsatellite DNA. Three
sequential stages are proposed for the genomic evolution of microsatellite
sequences, supposing that mobile elements are involved in their genomic
multiplication and spreading: (i) genesis, (ii) propagation and dispersal, and (iii)
diversification. After the formation of a microsatellite in a genomic region
[(a), shown as (GT)44 in blue at locus 1], it multiplies and disperses in the genome
via the transposition of mobile elements. This will lead to the presence of multiple
copies of microsatellites with identical flanking regions [(b), four copies shown] in
the genome. As mutations [(c), shown in green, blue, red and black] accumulate
independently at different loci, DNA sequences of the originally identical flanking
regions become dissimilar, eventually developing into unique, single-copy
microsatellite sequences.

relatively few microsatellites exist as single-copy sequences
in the genome, it would suggest a short divergence time,
indicating that these microsatellite sequences are at the
stage of propagation and dispersal. The characteristics of
microsatellites in Lepidoptera (i.e. low frequency in the
genome but high redundancy with relatively few existing as
single-copy sequences) imply that lepidopteran microsatel-
lites are in an early stage of evolution; that is, a large
proportion of these sequences have experienced recent
propagation or multiplication in the genome. Thus, the
flanking regions of microsatellites have not accumulated
many mutations and remain similar in sequence, resulting in
alow proportion of unique or diverged, single-copy sequences.

Future research

Given the unusual difficulty involved in their isolation,
lepidopteran microsatellites have been little studied
compared with, for example, those of hymenopterans [1],
and there is little analysis of their molecular evolution.
However, the striking characteristics of microsatellites in
these organisms suggest that they are a system of choice
for the in-depth study of the molecular evolution of
microsatellite sequences. Their overall low frequency in
the genome should simplify the analysis of their redun-
dancy and genomic organization; the low proportion of
single-copy microsatellite sequences provides an excellent
opportunity to study the genesis and evolutionary
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diversification of microsatellites. To do this, we first need to
know more about these short sequence repeats by isolating
more loci with enough genomic background information
(i.e. enough sequence information about the flanking
regions). We then need to characterize the repetitive
flanking regions, for example, their genomic abundance,
organization and any connection with mobile elements,
because data from other organisms consistently suggest the
coevolution of microsatellites with mobile elements. Phylo-
genetic-based analysis should then enable us to study the
molecular evolution of microsatellite DNA families, testing
the sequential hypothesis of evolutionary dynamics of
microsatellites proposed above. Because the association of
microsatellite with repetitive elements is not a sporadic
phenomenon, and has been reported in a broad range of
organisms (e.g. in plants [9,13], mammals [10,11] and fruit
flies [12]), the outcome of such studies should be of general
interest for understanding the molecular evolution of
microsatellite sequences.

Another direction for research is to develop new
methods for the efficient isolation of polymorphic micro-
satellite loci in these insects, taking into account the
characteristics of these microsatellites reported so far.
Such techniques will increase the efficiency in isolating
microsatellite markers for population genetic and evol-
utionary studies, which has been the major limiting factor
in the use of such markers in research.
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As reflected in the title of the recent
edited volume by Hanski and Gaggiotti,
the field of metapopulation biology has
™ roots in three related disciplines: ecology,
)/, genetics and evolutionary biology.

P Studies of the ecology of metapopulations
follow on from Levins’ classic model [1]
and were originally concerned with the
conditions that enable species in a sub-divided habitat
to persist in spite of frequent local extinctions.
Population-genetic studies of metapopulations

Genetics,

a 1tion of
Metapopulations
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originated largely with Wright’s discussion of how the
local extinction and recolonization of populations might
create a population structure favorable for ‘shifting
balance’ evolution [2], and were later developed further
with Slatkin’s population-genetic models of subdivided
populations that had been subject to local extinction
and recolonization [3]. The study of adaptive evolution
in metapopulations developed mainly from life-history
theory, particularly from how dispersal strategies
might evolve in unstable and patchy habitats [4].
These three approaches to the study of spatially
subdivided and locally ephemeral populations com-
bined to form the discipline of metapopulation biology
during the late 1980s, as it became clear that many
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