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Assessment of the universality and utility of a set
of conserved mitochondrial COIl primers in insects
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Absiract

A set of mitochondrial COl primers has been studied by
genomic PCR and many primer combinations shown to
work universally well across Insecta. They are able to
amplify various amplicons with different variability
which enables the selection of a particular amplicon
as a suitable DNA marker for a project. The potential
uszefulness of different amplicons is examined, with
analysis on publizshed study cases employing these
regions. With respect to their variability, amplicons
LIEAS/UEAG, UEA7/UEAS and UEAS/UEAB could be
useful for low- to mid-level phylogenetic analysis, i.e.
from species, genus o perhaps family level depending
on taxa invalved. UEAS/UEASG will be too conserved for
infraspecific studies. Amplicons UEA3/UEA4 and
UEAS/UEA10 would be better suited to low-level phyla-
genetic investigatlons, such as analysis of relation-
ships among closely related species and population
genetic studies. However, these guidelines should not
be over-generalized for the reasons given. Amplifica-
tion conditions of various primer combinations, and
general problems in the use of conserved PCR primers
are discussed.

Keywords: mtDNA, cytochrome oxidase |, versatile
and degenerate primers, polymerase chain reaclion,
nuclear mitechondrial-like sequences, evoluticnary
PCR contamination.

Introduction

Mitochondrial DNA (mtDMNA) is now commenly
employed as a molecular marker in phylogenetic and
population genetic studies of metazoan animals. The
identification of conserved PCR primers (Kacher et al,
1988; Simon, 1921; Simon et af, 1994) have prormoted
its use in evoluticnary studies in the past decade.
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It encourages researchers with little background of
malecular biology to study phylogenetic and popula-
tion genetic guestions at the molecuwlar level. This
speeds up data collection and so increases knowledge
of the molecular evolution of miDNA sequences.,

Originally, primers were designed in conserved
mitechondrial regions in order to be able to directly
izsolate homologous regions fram other organisms by
PCR, without going through the cloning process which
is technically demanding and laborious. However,
regions amplified by such primers (called amplicons)
may or may not be useful for a given project, depending
an a number of factors such as the level of their
variability and the particular research objectives.
Also, parts of an amplicon may have different varia-
bility, and 50 studying the unsuitable part may lead to
the failure of a project and a waste of resources. Not
everyone is aware of this and it is not uncommeon for an
amplicon to be used simply because of primer avail-
ability. It is therefore necessary to refine the design of
primers so that the usefulness of an amplicon can be
easily assessead,

Recently, Lunt &t al. (1998) have carried out a
comparative analysis of the mitechondrial gene for
the subunit | of eytochrome oxidase (COl) in nine
insect species, including two orthopterans (a grass-
hopper and a lacust), six dipterans (three fruitflies, twa
mosquitees and a blowfly) and one hymenopteran
{honeybee). They showed that different regions of the
COIl gene evolve at different rates, and may .thus be
suited for different applications. Accordingly, ten PCR
primers have been designed to enable the amplifica-
tion of regions of different variability. Here, we report
the detailed study of these primers, plus three new
degenerate primers, in ten invertebrate species, cov-
ering seven insect erders which represent the main
givisions of the class Insecta, and one arachnid order,

Results
Amplifiability of mitochondrial CO! primers in insecis

Information on the thirteen SOl primers studied here
are given in Table 1, and their relative location and
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Table 1. Infarmation on thirteen insact mitochondrial GO primers, Nomenclatura of these primars (standard names) follows tha standard
glven by Simon ef &, (1994), that Iz, using a trinaminal eyatem of 'gans nams-DNA strand-nuclectide position of the ¥ beza'. TY =tRMAY"
gene, ©1 =G0 gene, TL2 =tRNA™[UUR} gene; | =coding strand, M= ron-coding atrand; numbers following the letters J or N refer to the
nucleotlde position of the @ base of primars with respect to the 0. yakuba miDNA ganeme (Clary & Wolstenhalme, 1985); d = degenarata
primar, Thus, primer UEA2 has a standard name ‘B4-J-1763', which mians that i is on the coding atrand of the COI gene with its 3’ base
sorresponding to nucleatide pesition 1763 on the 0. yakuéea mitechondrial ganema. The fellowing ambiguous gyrnholz in eequences are
used: B =A/G, Y =0T, M= A/, Wm AT, N=A/CGT, Nicknames (in parenthesas attar the commeon names) have been used to facilltata

the ramemberirg &f indivlduat primers.

Gamman name Standard name

Slze (bases)

Saquence (5 to 37

UEAT {Brent) TY-N-1438 26
UEATd [Helen) TY-MN-1433d 26
UEAR {Alizon) C1-N-1844 26
UEAZd (Maddy) C1-N-1843d 23
UEA3 (Gof) C1=J-1763 24
{JEA4 (Douda) C1-N-2087 24
UEA4d [Diane} C1=N-2096d 25
LEAS {Dave) C1-J-2050 24
LEAG {Mic) C1-N-2285d 20
UEAT {Xing) Cin)-2368 24
LEAR [Ingar) Cri-N-2735 24
LEAD [Stevel L4-J-a2753 26
LIE&T0 {Pat) TL2=M=3014 B3

GAATAATTCCOATAAATAGATTTACA
GAAWAATTCCYATAAWTARATTTACA
TCAAGATAAAGRAGGATAAACAGTTG
AMWARWGGWGGATAWACWGTTCA
TATAGCATTCCCACAAATAAATAA
AATTTCGGTCAGTTAATAATATAG
GANGTATTWARRTTTCARTCWGTTA
AGTTTTAGCAGRAGCAATTACTAT
TTAATWOCWG TWGEGNACNGCAATRATTAT
TACAGTTGGAATAGACGTTGATAC
AABAATGTTGAGGGAAAAATETTA
GTAAACCTAACATTTTTTGCTCAACA
TGCAATGCACTAATCTGCCATATTA

UEAB UEA10

UEAG

UEA2d UEA4d

Figure 1. Relstiva logation and directionality of the thirteen mitochondrial GOl primers studied hers. Pratein-coding regions are shown as filled baxes and tRNA-
coding regions as thin apan boxes. The Drosophila gene order |5 used. Refar to Table 1 for names, exact positions, sizes and sequences of primers. Defailed

description can be found in Lunt st2f. (1996).

directionality shown in Fig. 1 {for more detail, see Lunt
et al., 1996). There are thirty-one possible combina-
tions of these primers leading to PCR products from
some 30 bp to 1630 bp (Table 2}, Only those yielding
products larger than 200 bp are examined in detail
here. Although it is possible to amplify almaost the
whole mitochondrial genome (- 18 kb in general) with
some other primer combinations (2.9. UEAS/UEAR),
such PCRs require special conditions and thus have
not been considered here. In total, twenty-four primer

combinations were tested by PCR in ten invertebrate
species, including an arachnid species {a domestic
spider) and ning insect species from seven orders
(Thyzanura, Odonata, Orthoptera, Hemlptera, Coleop-
tera, Diptera and Hymenaptera). The insects studied
cover the main divisions of Insecta, with two primitive
wingless inzects (silverfish and firabrat), a primitive
winged insect (damselfly) and six other winged
insects {two grasshoppers, an aphid, a fruitfly, a
beetle and a bee), Both blank DNA extraction contrals

Figure 2. PCA amplification from genomic DNA of ten invertebrate specles with various primar combinations, (A-L) PCR amplification with various primer
sombinations (as indicated on individual phote) In eight insect species, They have the same order on each phato: first and last lanes (except € for the laet lana),
123 DNA size lacder (BRL, the first band from the bottom 13 123 bp, the next up is 246 bp, the third 369 bp, and so on); lane 2, Lepisma saccharing {silverfish);
lane 3, Thermobia domesticz (firebrat); lane 4, Calopteryx splendens (damselily); lane 5, Sehistocerca grégaria (locust); lane B, Chorthipous paraliefus
{gragshapper); lane 7, Dresephila melancgaster (frditfly); 1ane 8, Carabus vidaceous (beetlel; lane 9, Somous lapidariue (hee), lana 10, PCR negative control.
{M} PCR amplification in the pea aphld Acyrthosiphon pisum. Lanes 1and 12, 123 DNA ladder, lanas 2-10, primer sombinations UEAIMEANQ, 5/1G, 7710, 0110,
5/6, 518, 7/8, 3/4d, 3/6, regpectivaly; lans 11, FCR negative control. (N} PGR amplifisation In the splder Teganaria demesticus. Lanas 1 and 8, 123 DNA ladder;
lanes 2-7, primer combinations 5/5, 58, 7/8, 910, 344, 3/8, respectively; lane 8, PCR negative contral with primers /10,
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Table 2. Approximate sizes of amplicons ast-

Frimer wEAT HEAd UEAS UEAS UEAT LEAS mated for 0, yakuba, Sizes are glven In bage pairs
UEA2 A0 480 130 [bp), which may differ in different inzsecis, particu=
UEAZd 4&0 480 120 larly for amplleons tnvolving primers WEAT, UEA1Td
UEA4 700 700 870 50 and UEA10,

UEA4d 00 oo 370 50

UEAG 1010 1010 &80 3560 L]

LIEAR 1350 1350 1020 8§90 420 20

LEA1D 1830 1630 1300 a7a ag 310

and negative PCR controls have been carried out,
along with normal experiments to check against cross
contamination.

The results of PCR amplification are shown in Fig. 2.
Primers UEA3, UEAdd and UEASUEA10 appear to
work universally across the class Insecta, covering a
divergence scale of more than 350 million years
(Pearse ef af., 1987). All possibie combinations among
them (Table 2) amplify well in all insects tested {(with
odd exceptions, for example, in the pea aphid), produ-
cing a single specific band (Figs 2A=2J, Fig. 3). UEA4
does not amplify well in the meadow grasshopper, a
Bombus bee and a beetle. UEAT1 and UEA1d do not
work satisfactorily in general, and may even fail o
amplify in combination with the clogest primer UEAZd
in several species (the expected product is about 460
bp, Fig. 2K). Only a few primer combinations (UEAS/
UEAB, UEAS/UEAS, UEAT/AUEAS and UEAS/UEATQ) can
successfully amplify in the spider (Fig. 2N}, This is not
surprising, considering that these primers have been
designed for insects, and the insect-arachnid split
accurred more than 400 million years ago (Pearse of
al., 1987). The pea aphid appears to be somewhat
different from all other insects tested, in that some
universally working primers, such as UEAS/UEAS do
not amplify in this erganism.

To check whether any contamination has been
involved, PCR products of one of the most universally
working combinations UEA3/UEAS have been directly
sequenced (Lunt et al., 1996). The terminal sequences
obtained confirmed that they are COI sequences and
taxon-specific. Other results also indicate that no
cross-contaminationr has occcurred, For example,
UEAS/UEA1Q, ancther apparently universally working
primer combination, has amplified a band in the bee
and the spider with & size much larger than in other
insects studied (Figs 2J and 2N). Now the intergenic
region between GOl and the tRNA'® genes is excep-
tionally large in some beetles (C. Stauffer and J.
zalian, personal communications}, and this observa-
tion suggests that this region in these invertebrates
may also contain an insertion compared to that in
Drasophila.

Amplification conditions of COf primers

This study involves the test of the universality of many
primer combinations in a very diverse group of insects
(in¢luding a non-insect invertebrate), so various PCR
conditions have been tried. H showed that optimal
amplification conditions, which are critical far a given
pair of primers to amplify effectively in an organism,
are primer-specific and taxon-specific. Of course, DNA
quality will also affect the performance of PCR. In our
hands, DNA extracted fram fresh samples, cryopre-
saerved samples and most absolute alcohal-preserved
samples all amplify well. Annealing temperature,
primer concentration and cycle profile are the first
three factors which need to be adjusted in the event of
failure. For example, in the case of pea aphid, no
product was observed at 45°C after forty-five cycles
for UEA3/UEAAd and UEAS/UEAEB; specific product was
produced at 40°C (Fig. 2M).

The employment of degenerate prl'mers (such as
UEA1d, UEAZd and UEA4d and UEAS) has dramatically
Increased the amplifiability in 2 wider range of organ-
isms. In general, one should use a much higher
concentration of such primers in PCR, because their
effective concentration for & given template is in
inverse propertion fo their degeneracy. We have also
noticed that, when there is no product or the yield is
very law, the employment of the ‘Touchdown' program-
ing technique (Don ef a/,, 1991), or both low annealing

and extension temperatures, are sometimes helpful.

However, even some otherwise universally working
primers may fail to amplify in certain organisms {(e.g.
UEA3/UEAS in pea aphid).

The following are some suggestions on PCR ¢ycling
parameters for the GOl primers studied here, which
may be used as a rough guide when trying them in
different species. Following an initjal denaturation at
84*C for 4 min, run thirty-five o forty-five cycles of PCR
with 40 s of denaturation at 95°C, 1 min of annealing at
the temperature described below, and 40 & to 1.5 min of
extension at 72°C. The suggested annealing tempera-
tures are as follows:

48-50°C for UEAS/UEAS, UEAI/UEATD, UEAS/UEAS,
UEAS/UEAND, UEAT/UEATD and LUEAS/UEATD;

© 1997 Blackwell Science Lid, Insect Molecular Blology B: 143150



45-50°C for UEAT/UEAS;

40-80°C for LUEAZ/UEA4, UEAS/UEA4d and UEAZ/
LIEAg;

40-45°C  for UEA1d/UEAZ2d, UEA1d/UEA4d and
UEAS/UEAB, with an extension temperature at 65—
68°C.,

The above parameters are far use in a Perkin-Elmer
DNA Thermal Cycler 480,

Discussion
Universality of these conserved CO primers

As seen clearly from Fig. 3, rany primer combinations
amplify well in a diverse group of insects, from primi-
tive wingless insects to various winged insecta. Their
universality and potential usefulness are obvious.
However, although insects tested here cover the main
divisions of the class Insecta they include only nine
different species, and a species (the pea aphid) difficult
fo amplify was observed even for some well-working
primers. Therefore more exceptions will certainly be
found when more taxa are examined. Note thata single
nucleotide substitution on a target at the position
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equivalent to the ¥ base of a primer will stop that
primer from amplifying. Although primers are
designed at the most conserved regions based on
available data, there is no way to ensure that the
sequence is conserved in all ingect species,

Two primers, UEA1 and UEA1d, do not amplify well

. ininsects, although their sequences appear to be well

conserved among grasshoppetrs, fruitflies, mosguitoes
and the honeybee. The reasons for this are unknown. A
noticeable feature of these primers is that they contain
a relatively low perceniage of G +C nucleotides, This
could be partly responsible for their unsatisfactory
amplification. In addition, there are at least three
other possible explanations,  First, nuclectide
sequence of these primers are not conserved in other
insects. Second, ag these primers lie in the tRNAY'
gene of a tRNA cluster upstream of COI gene, trans-
position of tANAY" gene may have occurred in some
lineages and thereby prevent the expected amplifica-
tlon. Third, stable secondary siructure may be farmed
by the {RNA-coding DNA sequences and thus affect
amplification, Although all three explanations are pos-
sible, & closer analysis of the data obtained suggests

Figure 3. Universality of CQI primers In Insecta.
Phylogeny of Insect arders is atter Kristenzen (1981),
Adtlck fndicates succasstul emplification of a primer

Primer combinations 2 g 2 E % =2 .% =3 FE: g%%
g oI AV
5 S
[fﬁfgg;:g;gﬂ INIAA AT A AT
I8 Thmm o vivvvdddiaidy
Copmiens 1 7Y S TSI
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that the first two are not the primary factors. In the
honeyhes the order of tRNA genes in this region has
been rearranged; however, the direction of transcrip-
tion of tRNAY" gene is the same as in other insects
studied (Crozier & Crozier, 1993). Therefare, at least
for the fruitfly Drosophila melanogaster, the meadow
grasshopper Chorthippus paralielus and perhaps aiso
the desert locust Schistocerca gregaria and Bombus
bee studied here, tRNAY" has not been transposed 10
another region (see Szymura ef al, 1996), and the
conserved status of primer UEA1 should enable a
succesaful PCR amplification in these organisms. In
addition, primer UEA1d is a degeneraie form of UEA1
with sequences weil matched to the above-mentionad
species. However, they tailed to amplify in fruitfly and
the Bormbus bee, and did not amplify zatisfactorily in
grasshoppers. We think thatthe third explanation—that
is the formation of stable secondary structure— is more
likely to be responsible for the failure. Such stable
secondary structure could prevent effective annealing
of primers to the ternplate targets and extension Dy
polymerage, thereby blocking polymerse chain reac-
tion in the very initial stages.

Choice of canserved primers for a research project

Differences in variability exist through the insect COI
gens, owing to different functional constraints for
different regions (Lunt et 2/, 1996). Therefore different
combinations of these COI primers ¢an amplify regions
showing different variability. Primers may be chosen
with regard to one's particular research questions and
objectives. Although it is perhaps unlikely that the
patterns of variation observed by Lunt et al. (1996) will
always be maintained at other taxgnomic levels or in
other insect species, they can $erve as an important
reference for assessing the |ikely usefulness of indivi-
dual amplicons. The mostconserved part, for instance,
will almost certainly remain highly conserved at lower
taxonomic level, thus will be less wseful for population
genetic analyses. Here we give a brief dis¢ussion on
the potential usefulness of different amplicons in
insects, with summaries on published study cases
employing them.

Amplicons UEAS/UEAE, UEAT/UIEAS and UEAS/
UEAS. Amplicon UEAS/UEAG caorresponds 1o the most
conserved part of insect GOl gene, and will probably be
unsuitable for intraspecific analysis or phylogenetic
inference armong closely related species. Amplicons
UEAT7/UEAS and UEAS/UEAS are also very conserved.
These three regions could be useful for low- o mid-
level phylogenetic analysis, such as for the inference
of phylogenetic relationships among species, genera
and perhaps families.

Pedersen (1996) has used a COl segment corre-
sponding to amplican UEAS/UEAG to atudy the phylo-
genetic relationships of the cuckoa bumblebees
{Psithyrus) and the true bumblebees (Bombus),
belonging to two genera of the hymenapteran subfam-
ily Bombinag. He has shown that the cuckoo bumble-
bees form a monophyletic group, whereas the true
bumblebees are paraphyletic with some species
grouping with the cuckoo burmblebees. The author
noticed that the accumulation of third codon position
iransversions had not reached saturation, and thus
concluded that the cladogenetic changes are probably
relatively recent. Although such explanation may be
true, it is also possible that the observed non-satura-
tion is due to the highly conserved status of this COI
region. It is not surprising to seé that na intraspecific
variation has been detected by this marker.

With a region corresponding to armplicon UEA7/
LEAS, Juan et al. (19995) were able to infer the phylo-
geny of darking beetle spacies and deduce their
colonization history in the Canary Islands, which has
occurred within the past 20 millien years. In contrast,
the use of this regian in the study of the phylogenetic
relationshipe of fifteen coleopteran families proved
unsuccessful, because the high variability of this
region has magked the deeper phylogenetic signals
{Howland & Hewitt, 1295). Itappears that for Coleoptera
this region could be informative at species or genus
levels, but will be too variable for resclving phylo-
genetic relationships at the family level or above,

A compound study using COI and COIl sequences
has been carried out by Sperling & Hickey (1994) in the
investigation of miDNA variation in the pest spruce
budworm species complex. The sequence used
extends from about 100 bp downstream of the primer
UEAS5 in GOl to the end of COIl gene. The distribution
pattern of variable sites across the GOl sequence
revealed in their data generally agrees with the
pattern deduced from Lunt & af. {1998). From their
data, it is also evident that, at the taxonomic level
studied, the third codon positions of COl are more
variable than GO, though its amina acid sequence is
more conserved. Thus the COI region sequenced
possessas a higher percentage of variable sites than
the COIl gene,

Amplicons UEAS/UEA4 (or UEA4d) and UEAZ
UEATS. These amplicons cover the mast variable
parts of the COl gene. In view of their variability, they
cauld be useful for addressing low-level phylogenetic
questions, such as relationships between closely-
related species and population genetic studies. Funk
etal. {1995) have carried out a phylegenetic study ofthe
chrysomelid feaf beetle genus Opfiraella, using a 420
bp GOI region comprlsing the entire arnplican UEA3/
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UEA4. Their data indicate that the COl region employed
is apparently appropriate for both inter- and intra-
specific analysis, trees recovered from these data are
largely congruent with those produced from other
mtDNA and atlozyme/morphology data, In Chorthippus
grasshoppers, amplicon UEAR/UEA4 appears to be
able to resclve interspecific phylogenstic relation-
ships, but is not variable enough to give a good
resolution of the phylogeography of C. parafieius (D.
H. Lunt, personal communication).

Part of the amplicon UEAS/UEA10, together with the
sequence of tRNA'™ (UUR) and COIl genes, have been
grmployed in the phylogenetic studies of the lepidop-
teran genera Greya (Brown eral, 1994) and Heliconius
+ Eueides (Brower, 1984). As data for these three
mitochondrial genes were analysed together, and
involve only a shart COl sequence (some 200 bp}, we
do not evaluate here the effectivensss of the COI
region used,

Other amplicens. Amplicon UEAWUEA1D may be
suitable for several different purposes. It contains
mare than 80% of the COI gene, including regions of
different variability defined by amplicons mentioned
abave. Once it has been amplified, other internal
primers can be used for sequencing. Amplicons
UEAS/UEA1D and UEAT/UEAID may be similarly
employed.

The evantual usefulness of these regions depends
heavily on the taxa studied and thair biology. A DNA
region with a sufficient level of variability in one
species may fail to resalve similar phylogenetic gues-
tions in another species. Also, the utility of a DNA
region in evolutionary studies depends on a number
ot factars. We have only considered one of them (the
relative variahility), therefore the above discussion
should not be over-generalized. For example, hetero-
genous substitution rate in a sequance will affect the
performance of some tree-making algerithms, thus
decreasing the usefulness of otherwise a highly vari-
able DNA region. The COl gene appears to have such a
rate heterogeneity among regions ai both the nuglea-
tide and amino acid sequence levels (Lunt & al., 1996).
vet, at amino acid sequence level, COl is under strong
tunctional constraints {e.g. Nigro ef al., 1891; Howland
& Hewitt, 1995). A direct consequence of this is that
when the DNA sequence s too variable to be phylo-
genetically useful, the corresponding aming acid
sequence also has little value, as is the casge in the
study of Howland & Hewitt mentioned above. Recent
data indicate that heterogenaus gubstitution rate from
site to site may exist within a given GOl region (Spicer,
1905). Spicer has employed a 408 bp COI segment
corresponding roughly to the amplicon UEA3/UEAA as
well as the entire COll gene and a 418 bp COI

{3 1997 Blackwell Selence Lid, insect Malacular Bialogy 6: 143-150
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sequehce, to study the phylogenetic relationships of
the Drosophila buzzatii species complex. He found that
although they have a comparable overall variability,
the power of recovering the best estimate of the
phylogeny by these three regions is quite different,
with the GOl segment being the worst The author
related such results to rate heterogeneity, for which
the COI region used appears to be the most pro-
nounced. Although such ohservations need 1o he
surther examined in depth in both Dresophifa and
other insects, they highlight complications in using &
DMA region in phylogenetic analyses. It will be particu-
larly interesting to see if other COl segments perform
in the same way, and whether the phencrmenon is
affected by divergence levels.

Conserved primers: i use or hot fo use

Although PCR using conserved mitoshondrial primers
is straightforward, it aiso poses a potential problem,
that of contamination by unwanted targets from various
sources, This includes technical contamination, i.e.
contamination introducsd by humans during experi-
mental manupulation, and evalutionary contamination,
resulting from mitochondrial-like sequences in the
nuclear genome of animals (for review, see Zhang &
Hewitt, 1996). Nuclear COHike sequences have been
observed in several animals Including insects, and can
be coamplified with the intended mitochondrial target
in PCR using conserved primers.

In view of this, there is need for careful and realistic
use of conserved PCR primers. Apart from including
negative controls at different stages of manupulation
{i.e. DNA extraction and PCRY}, further efforts can be
made to minimize various kindg of contamination. One
well-known pracedure in laboratories i= to separate
DNA extraction area, PCR area and post-PCR working
area, and avoid inter-area transter of materials. The
use of filtertips during PCR set-up is also maost helpful.
Anocther effective way to minimize contamination is to
use specific primers instead of conserved primers.
Therefore, after the first sequence data have been
obtained from an organism by PCR with conserved
primers, their authenticity should be checked by pre-
liminary phylogenetic analysis. Then taxon-specific or
target-specific primers can be designed to specifically
amplify one's target.

Experimental procedures

Invertebrate samples

The following ning insect taxa were used to test the thirteen
primers listed in Table 1, viz! Lepisma saccharina (silvertish,
Apterygota, order Thysanura), Thermobia domeastica (firabrat,
Apterygota, order Thysanura), Calapteryx splandens (damsel-
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fly, Fterygota, order Odonata), Sefristocerca gregaria (looust,
Pterygota, order Crthoptera), Chorthippus paralleius (grass-
hopper, Flerygota, order Orthoptara), Acyrihosiohon pisum
(aphid, Plerygota, order Homoptera), Drosophifa melanoga-
ster (fruitily, Pterygota, order Diptera), Carabus vidaceous
{beetla, Pterygota, order Coleoptera) and Bombus /apidarius
(bee, Pterygota, order Hymenoptera). A nen-ingect inverte-
brate, the domasticspider Tagenarfa domesticus (an arachnid)
was included for comparison.

Total DNA exiraction and PCR amplification

Total DNA, was isolated trom individual insects (except for the
pea aphids, where several individuals from a single colony
were pooled together) using 2 phenel/chloroform  based
extraction method (Zhang ef g/, 1995). Where possible, only
head or legs were used for DNA extraction to avoid any
contamination fram food or symbionts. PCR amplification was
carried out as deseribad in Lunt & al {1996), with various
anneallng/extension temperatures for different primer combi-
nations and for different organisms, Some 5-50 ng of genomlc
DA was ysed in a 50 ul reaction. Amplified products were
checked on conventional agarpse gels of appropriate concen-
fratlons.
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