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Abstract—Intraspecific genetic variation in two species of calliphorid blowfly, Lucilia sericata and Lucilia
cuprina, was studied by random amplified polymorphic DNA (RAPD) analysis and mitochondrial DNA
(mtDNA) sequencing. These species are economically important facultative ectoparasites of sheep. Numerical
analysis of RAPD fragment data was used to investigate genetic variation in L. sericata across Europe and in
both L. sericata and L. cuprina worldwide. No evidence of genetic isolation within L. sericata was observed,
despite the geographic separation of the populations studied. This finding was supported by a lack of variation
in mtDNA sequences from a corresponding global sample of L. sericata. For L. cuprina distinct patterns of
genetic variation, possibly related to geographical isolation, were detected in the RAPD data and the mtDNA
sequences. However, while relationships between groups of L. cuprina defined by the two molecular methods
were largely in agreement, at least one conflicting result was obtained. The significance of such conflict is
explored. © 1997 Elsevier Science Ltd

Introduction

The blowflies Lucilia cuprina Wiedmann and Lucilia sericata Miegen (Diptera: Calli-
phoridae) are facultative ectoparasites. Their larvae infest and feed on the living tissues
of warm blooded vertebrates (Hall and Wall, 1994). Economically, they are most
important as pests of domesticated sheep, although a range of other wild and domestic
animals, and occasionally humans, may also be attacked (Zumpt, 1965).

Previous work has suggested that L. sericata may have been Palaearctic in origin,
while L. cuprina may have originated from the Afrotropical or Oriental regions (Aubertin,
1933; Stevens and Wall, 1996). However, as a result of natural patterns of movement
and artificial dispersal by humans and livestock in the last few hundred years, both
species are now found in temperate and sub-tropical habitats worldwide. During this
distribution, populations of the two species may have experienced numerous genetic
bottlenecks and periods of isolation and it might be expected that geographically
isolated populations would be genetically distinct. Analysis of patterns of genetic
variation may help to trace the evolutionary history and pattern of dispersal of these two
species.

The existence of strains of L. sericata differing in their response to sheep wool has
been proposed (Crombie, 1944; Cragg, 1950). In laboratory bioassays, L. sericata from
Denmark were found to be less attracted to and less likely to oviposit on sheep wool
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TABLE 1. CODE, ORIGIN AND YEAR OF COLLECTION OF SPECIMENS OF LUCILIA SERICATA AND LUCILIA CUPRINA CHAR-
ACTERIZED BY RAPD ANALYSIS. (Country codes: AU, Australia; DK, Denmark; FR, France; GM, Germany; HG, Hungary; KY, Kenya;
NZ, New Zealand; SG, Senegal; SP, Spain; UG, Uganda; UK, United Kindom; US, United States of America; ZB, Zimbabwe)

European samples—L. sericata
UK-UBC-13
UK-UBC-15
UK-UBC-17
UK-Uckfield-A
UK-York
UK-Edinburgh-C
FR-Agon-A
SP-Nerja
DK-Hilerod-A
GM-Celle-C
GM-Busum-D
HG-Budapest

Worldwide samples—L. cuprina
AU-Canberra-1
AU-Canberra-2
AU-Canberra-3
AU-Perth-c1
AU-Townsville-1
AU-Townsville-2
AU-Townsville-3
NZ-Blenheim
NZ-Dorie-c1
NZ-Leeston
NZ-Bulls
NZ-Kaikohe
US-0ahu-1
US-0ahu-2
US-0ahu-3
SG-Dakar-1
SG-Dakar-2
SG-Dakar-3
KY-Nairobi-11
KY-Nairobi-12
KY-Nairobi-15
UG-Tororo

Worldwide samples—L. sericata
AU-Perth-s1
AU-Perth-s2
AU-Perth-s3
NZ-Dorie-st
NZ-Dorie-s2
NZ-Kaiwaka
NZ-Gisborne
NZ-Rotorua
US-Sacramento-1
US-Sacramento-2
US-Sacramento-3
US-LA-1
US-LA-2
ZB-Harare-1
ZB-Harare-2
ZB-Harare-3
UK-CVL
UK-Uckfield
UK-Bristol
UK-Edinburgh-1
UK-Edinburgh-2
FR-Agon-1
FR-Agon-2
DK-Hilerod

University of Bristol colony, since 1990

Uckfield, East Sussex, 1994

University of York, 1994

St Boswell’s, Edinburgh, Scotland, 1994
Nerja, Andalucia, Spain, 1994

Hilerod, Sjelland, Denmark, 1994

Celle, Niedersachsen, Germany, 1994

Bisum, Schleswig Holstein, Germany, 1994
Budapest, Hungary, 1994

Canberra, ACT, Australia, 1995

Serpentine, Perth, Western Australia, 1995
Townsville, Queensland, Australia, 1994

South Island, New Zealand, 1994

North Island, New Zealand, 1994

Hawaii, U.S.A., 1994

Dakar, Senegal, 1994

Nairobi, Kenya, 1994

Tororo, Uganda, 1994

Glendalough, Perth, Western Australia, 1995

South Island, New Zealand, 1994

North Island, New Zealand, 1994

Sacramento, northern California, U.S.A., 1994

Los Angeles, southern California, U.S.A., 1994
Harare, Zimbabwe, 1994

Grange Farm, Central Vet. Lab., Surrey, 1993
Uckfield, East Sussex, 1994

Wrington, Bristol, 1994

St Boswell’s, Edinburgh, Scotland, 1994

Agon-Coutanville, Normandy, France, 1994

Hilerod, Sjelland, Denmark, 1994
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Cluster analysis of European L. sericata

All samples produced distinct RAPD electrophoretic types using nine primers (OPE-3,
4,7,9,11,12,14,18,19). British flies (UK-) formed a distinct cluster, grouped together
at the 60% level (Fig. 2). Within this cluster Bristol colony flies (UK-UBC 1-13, UK-
UBC 1-15, UK-UBC 1-17) were greater than 93% similar. The relationship of these
colony flies to other wild flies from southern England has been explored more fully in a
separate study (Stevens and Wall, 1995).

Flies from central and eastern Europe (GM-Celle-C, GM-Busum-D, HG-Budapest
and DK-Hilerod-A) grouped together at the 62% level, being slightly more similar to
each other than British flies. German flies (GM) showed a high degree of similarity to
each other (82%), while flies from France (FR-Agon-A) and Spain (SP-Nerja) showed
a high level of dissimilarity from others in this analysis.

Cluster analysis of worldwide L. sericata and L. cuprina

The RAPD analysis of samples of L. sericata and L. cuprina collected worldwide (Fig.
3) unambiguously separated the flies of each species into two major clusters which
were only 14% similar, with few RAPD fragments common to the two species with the
nine OPE primers used.

Within L. sericata groupings of flies from Britain and Australasia were apparent, sepa-
rated at the 40% level. However, overall the level of definition within L. sericata was not
good, the degree of relatedness within subgroups being only slightly less than that
between subgroups. For example, while Australasian L. sericata were separated from a
group of European, African and American flies at the 48% level, the minimum within
group similarity (for Australasian L. sericata) was only 51%. Overall, the L. sericata
studied appeared as a group of relatively heterogeneous, but undifferentiated species by
RAPD analysis.

Within the L. cuprina some distinct subdivision was apparent (Fig. 3). In particular
flies from Oahu, Hawaii were well separated from other L. cuprina at the 34% level.
Australasian L. cuprina displayed some apparent separation from African flies, the
majority being only 55% similar, while L. cuprina from Canberra, Australia (AU-Can-
berra-) formed a further group, being at most only 45% similar to other L. cuprina.
Nevertheless, for the most part the majority of L. cuprina, as with the L. sericata, appear
from the RAPD analysis to represent a largely heterogeneous, but again, undifferentiated
species (Fig. 3).

Analysis of linkage disequilibrium

Initial linkage disequilibrium tests on the European L. sericata RAPD data showed
significant linkage in 39 of the 40 primer combinations. However, removal of any two of
the three flies from the inbred Bristol University colony (UK-UBC 1-13, 15 or 17)
reduced the number of combinations of primers which exhibited significant departures
(P <0.01) from random mixing to 4 out of 40.

Tests for linkage disequilibrium within the global data were performed using all data
and three sub-groupings. Sub-groups were selected with reference to the groupings
identified in the numerical analysis (Fig. 3). Analysis of all flies (n=46) showed sig-
nificant linkage in all 40 primer combinations. Such a result, combining RAPD results
from two separate species, is not unexpected, but was performed to provide a baseline
for the subsequent linkage tests of the subgroups. Analysis of L. sericata only (24 flies)
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FIG. 2. DENDROGRAM SHOWING RELATIONSHIPS BETWEEN 12 EUROPEAN SPECIMENS OF LUC/LIA SERICATA BASED ON
RAPD DATA FROM NINE RANDOM PRIMERS. Similarity values were calculated using the Jaccard coefficient. UPGMA clustering.
(Country codes: DK, Denmark; FR, France; GM, Germany; HG, Hungary; SP, Spain; UK, United Kingdom.)

gave non-significant linkage in 20% of primer combinations, while analysis of L. cuprina
only (22 flies) gave non-significant linkage in only 2.5% of primer combinations. Lucilia
cuprina was then subdivided further by removing the three Hawaiian flies (US-0ahu-),
which were well separated from the majority of L. cuprina in the RAPD based numerical
analysis (Fig. 3). Non-significant linkage was detected in 43% of primer combinations
for this subgroup.

mtDNA sequences

As described, a mitochondrial DNA fragment which included parts of the small rRNA
(128) gene and the non-conserved control, or AT-rich, region was targeted. However,
analysis of the first, conserved part of the fragment within the 12S gene yielded
sequence data variable enough to distinguish between and within L. cuprina and L.
sericata for a subsample of the flies characterized by RAPD analysis (Table 2). The
results presented in this study are thus based on sequence data (271 bases) from this
first part of the mtDNA fragment (Table 3).

The degree of variation observed in the mtDNA sequences of individual flies varied
according to species. All L. sericata were identical, while three different sequences were
obtained from L. cuprina, although the majority were of a single sequence type (Table 3).
Lucilia sericata and the majority of L. cuprina differed by two nucleotides out of 271
sequenced and were 99% homologous. For L. cuprina, the majority of flies differed from
Hawaiian L. cuprina by three nucleotides (98% homology) and from the Townsville
(Australia) L. cuprina by only one nucleotide (99% homology). The Townsville and
Hawaiian L. cuprina each differed from L. sericata by only one nucleotide, and from each
other by two nucleotides. Lucilia cuprina and L. sericata were 75 and 74% homologous
to the published Drosophila yakuba sequence (Clary and Wolstenholme, 1985).

Cluster analysis of mtDNA sequences

The cluster analysis of L. cuprina and L. sericata mtDNA sequences (Fig. 4) showed L.
sericata and Hawaiian L. cuprina to be the most closely related of the five mtDNA types
detected. In turn, these two appeared closely related to Townsville L. cuprina, while all
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FIG. 3. DENDROGRAM OF RELATIONSHIPS BETWEEN LUC/LIA CUPRINA (22 SPECIMENS) AND LUC/LIA SERICATA (24 SPE-
CIMENS) COLLECTED WORLDWIDE, BASED ON RAPD DATA FROM NINE RANDOM PRIMERS. Similarity values were calculated
using the Jaccard coefficient; UPGMA clustering. (Country codes: AU, Australia; DK, Denmark; FR, France; GM, Germany; HG,
Hungary; KY, Kenya; NZ, New Zealand; SG, Senegal; SP, Spain; UG, Uganda; UK, United Kindom; US, United States of America; ZB,

Zimbabwe.)
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TABLE 2. SAMPLES OF LUCILIA CUPRINA AND LUCILIA SERICATA FOR WHICH
MITOCHONDRIAL SEQUENCE DATA WAS OBTAINED. All flies were also char-
acterized by RAPD analysis and full details of each specimen are given in Table 1.
(Country codes: AU, Australia; NZ, New Zealand; UG, Uganda; UK, United Kindom;
US, United States of America)

L. cuprina AU-Canberra-1
AU-Canberra-3
AU-Perth-c1
NZ-Blenheim
UG-Tororo

L. cuprina—Hawaii US-Oahu-1
US-0ahu-2
US-0Oahu-3

L. cuprina—Townsville AU-Townsville-3

L. sericata UK-Bristol
UK-Uckfield
NZ-Rotorua
US-Sacramento-1
US-Sacramento-2

three types appear to be derived from the majority-type L. cuprina. Further support for
these relationships was provided by the bootstrap values, which despite the limited
number of informative nuclotides were above 55%. All Lucilia were well separated from
the D. yakuba outgroup.

Discussion

Given the different evolutionary characteristics associated with different parts of the
genome (Hoelzel and Dover, 1991), the use of complementary molecular techniques
can be valuable in determining evolutionary relationships (e.g. Weller et al, 1994:
Walker et al, 1995). In the present study, conclusions drawn from RAPD analysis were
supported by mtDNA sequence data.

Initial analysis of the RAPD data from European L. sericata suggested that intra-spe-
cific divisions may exist. However, while British L. sericata were separated from German,
Hungarian and Danish flies, and flies from France and Spain also appeared distinct, the
numbez of non-random associations between alleles at different loci, which could
indicate the existence of barriers to gene flow, was of only borderline significance.
Numerical analysis of the worldwide RAPD data for L. sericata, while separating British
and Australasian flies, identified no clear subgroupings within the species. This finding
was confirmed by linkage disequilibrium analysis of the L. sericata RAPD data, in which
a large proportion (20%) of primer combinations failed to evidence linkage.

The findings of the present study are in general agreement with the conclusions of
most other molecular-based studies of variability in L. sericata. A RAPD study of L. ser-
icata from across the Netherlands by van der Leij (1995) detected no significant genetic
differences between populations of L. sericata collected from a range of sources
including sheep, carrion and as larvae from commercial angling stores. Sperling et al.
(1994), using restriction fragment analysis (RFLP), reported finding no differences
among five L. sericata from Vancouver, Canada. In contrast, however, RFLP analysis of
L. sericata from New Zealand has yielded a number of different restriction patterns (D.
Gleeson, personal communication). In addition, parsimony analysis of RFLP data
(Gleeson, 1995a) indicated differences between L. sericata from Australia and L. sericata
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TABLE 3. MITOCHONDRIAL DNA SEQUENCE DATA FOR LUCILIA CUPRINA AND LUCILIA SERICATA COLLECTED
WORLDWIDE; DETAILS OF SPECIMENS INCLUDED ARE GIVEN IN TABLE 2. The Drosophila yakuba sequence is from Clary and
Wostenholme (1985), from which the nucleotide identification numbers are taken (i.e. 14651, 14701, etc.). Insertions are represented
by ‘|" and the appropriate character, deletions by ‘1".

Drosophila yakuba 5TTTAA CTTCAATTAT TATTTTATAA
L. sericata .CA.G .C.AA. A .

L. cuprina sA:@ 0 sy ez i omE s .C.AA . A ..
L. cuprina

—Townsville LALG .C.AA. A ..

L. cuprina

—Hawaii A G el e e .C.AA. . A..
14651 AATAATTTAA ATATAAAATT TCACTTAATA TATTTAATTT TATTTTTAAA
sericata s ATT A 50 Toxsgrwn €5 s mi Bovevs s Taws #3635 4w AT
cuprina LTT AL L. T. ... ... €. vsmun - VR Mo 5 5 5 8 5 5 AT
Towns. CLATT AL L T o C. v A T. .. ... AT
Hawaii CLATT AL L Towess gpk sz ma Ay o5 a4 Tswmas w538 a7 AT

14701 TAAATCAATT TAA|TTCATAC T|AAAAAAATT TATTTGTATT ATTGGTATAA
sericata AT o A s 4y e Nl R € 8 s rr .
cuprina AT . A, .. .. sow wliie v an Taomew oBa s sswmmen 2533w c w e v won
Towns. AT. . A. .. .. LCo oo LA C I
Hawaii AT owBAs 5 5 % 5 €z P mm wBy s3 00 @ s i B C 0B % e o
14751 CCGCGACTGC TGGCACCAAT TTGGTCAATA CTTTTTAATA TTGCTATTTC
sericala s wowoa Giisas wwswss A sAGE s w e c i@ FAY AN L
cuprina . .. .. Bosus woasass A A B s v w C G = s s mew 0 e %
Towns. . .. .. G. ... . ..... A LALCL L L C .G. AL
Hawaii . . . .. G:zsn wwawss A . CALCL L Cc : 48 5 AL
14801 TAAATTTCTT TAATTAATAA TATTAATTAC TGCGAATAAA TAATTTATAA
sericata G053 C4  maw o w s EEEE B ES B EEEE WE 'R C RN A. AAAT .. T
cuprina el n n siGin  wowe o n 6 o % 08 % BB ARG E§ B WG v s By oa v s A. AAAT .. T
Towns. - 8’ B "t Vet RS L i, GRS L Y A. AAAT..T
Hawaii w @y € e sy rawELs | ST FEs Bl GG Y Nl o A.  AAAT .. T
14851 TATATTTATT TTTTAAATAA ATATAAATTC ACACAAAAAT TTAC3

sericata .TAT . A.TAA AA.A. . TA.. TAT.C.TA.A. A .ATTT.CA .ATA

cuprina . TAT . A. TAA AA.A. .TA.. TAT.C.TA.A,A ATTT.CA ,ATA

Towns. .TAT . A.TAA AA.A. . TA.. TAT.C.TA.A. A . ATTT.CA .ATA

Hawaii .TGT.A.TAA AA.A.  TA.. TAT.C.TA.A.A . ATTT.CA .ATA

from New Zealand/South Africa/Canada, although the cladogram was largely unre-
solved with generally low bootstrap values. The significance of these conflicting
assessments of genetic variation within L. sericata is at present unknown and it remains
to be seen how the RFLP variation reported in L. sericata from New Zealand relates to
the approximately equal levels of genetic heterogeneity detected by RAPD analysis in
the current study. As this study has shown, the detection of genetic variation alone is
generally of limited value in evolutionary studies, rather it is the pattern of variation
which is most informative.

For L. cuprina, the RAPD data were somewhat different. Numerical analysis showed
that the majority grouped together at approximately equivalent levels, however,
Hawaiian flies appeared well separated from other L. cuprina. The significance of this
subgrouping is underlined by the results of the linkage disequilibrium analysis of L.
cuprina RAPD data. When all L. cuprina are analysed together, significant linkage was
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Kimura 2-parameter distance, Neighbour-joining method
rLucilia cuprina

I—Lucilia sericata

Lucilia cuprina - Hawaii

Lucilia cuprina - Townsville

% Drosophila yakuba

1 I ! ! ] N A !
0 0.01 0.02 0.33

Kimura distance

FIG. 4. NEIGHBOUR-JOINING TREE OF RELATIONSHIPS BETWEEN THE FOUR MTDNA TYPES OBTAINED FROM LUCILIA
CUPRINA AND LUCILIA SERICATA IN THIS STUDY (SEE TABLE 3). Genetic distances were calculated using the nucleotide sub-
stitution model of Kimura (1980). Bootstrap values (Majority rule consensus, 100 replicates) are given at the nodes. The tree is rooted
on the outgroup, Drosophila yakuba, which was included for comparative purposes.

obtained in 98% of primer combinations suggesting population substructuring.
However, when RAPD data for Hawaiian flies are removed from the analysis, 43% of
tests for linkage are non-significant indicating no genetic substructuring within the
majority type of L. cuprina found worldwide, but suggesting significant association
between loci within Hawaiian L. cuprina.

The utility of RAPD analysis is still much in debate for a variety of reasons (Hadrys et
al., 1992; Black, 1993). Firstly, RAPD polymorphisms serve as dominant genetic markers
which do not lend themselves readily to the calculation of gene frequencies with respect
to the Hardy-Weinberg rule and Nei's standard genetic distance (Lynch and Milligan,
1994). Thus, the choice and power of suitable phylogenetic methods is limited,
prompting the use of a phenetic distance measure (Jaccard's coefficient) in the current
study. Furthermore, in common with a number of recent studies (Levi et a/,, 1993; Smith
et al, 1994), the work reported here indicates that a range of other factors can com-
plicate the use and interpretation of RAPD fragment patterns. Certain random primers
are inappropriate for the analysis of Lucilia DNA as they identify so much variation
between closely related flies that they are of little use in broader numerical analyses. The
extremely A+T rich, non-conserved, repetitive regions found in the genome of many
insects (Meyer, 1994) appear to cause a high degree of variability and a large number of
possibly similarly sized amplification products with primers annealing in or around such
regions; the significance of co-migration of non-homologous fragments in relation to
phylogenetic analysis is discussed by Smith et a/. (1994). A broad preliminary screening
of primers is thus essential for each new taxonomic group to be studied. Again, in
common with a number of previous studies (reviewed by Black, 1993), results obtained
between runs using different sources of reagents and reaction conditions (e.g. ambient
temperature) also proved variable. For example, stocks of materials which changed
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