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Abstract
We describe the construction of amplification
primers designed to target a portion of the mitochondrial cytochrome b locus in a variety of molluscan taxa. Combinations of two sets of primers
successfully amplified cytochrome b from several
species of gastropods, bivalves, and cephalopods.
Sequence analysis of these amplified products revealed nucleotide diversity in small samples
within several of these taxa. We discuss the utility
of these primer sets for studies of intraspecific phylogeny in mollusks and potentially other invertebrates.

Introduction
We report here a set of ‘‘universal’’ primers for the
polymerase chain reaction (PCR) amplification of a
fragment of approximately 430 base pairs (bp) of
the mitochondrial cytochrome b locus (Cytb) developed as part of an ongoing study of deep-sea mol-
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lusks. With the growing popularity of sequence
data for studies of interspecific and intraspecific
phylogeny, the need for primer sets that target gene
regions appropriate for taxonomic resolution at
various levels is increasing (e.g., Folmer et al.,
1994; Cho et al., 1995; Palumbi, 1996). Our goal
was to develop primers useful at or below the species level in a variety of molluscan taxa.
It has been shown that the Cytb gene is accumulating nucleotide changes at a sufficient rate to resolve phylogenetic relationships among closely related species of snails (Collins et al., 1996; Reid et
al., 1996). We demonstrate here that sufficient variability exists within the Cytb locus for it to be useful in studies of intraspecific phylogeny. Although
the primers reported here were initially designed to
amplify Cytb in molluscan taxa, we have found that
they amplify a variable portion of the cytochrome b
locus from other invertebrate taxa as well.
Results and Discussion
We designed an original primer set from a CLUSTALW
(Higgins et al., 1996) alignment of published cytochrome b sequences from Artemia franciscana
(Perez et al., 1994), Cepaea nemoralis (Terrett et al.,
1996), Drosophila yakuba (Clary et al., 1984), Katharina tunicata (Boore and Brown, 1994), Mytilus
edulis (Hoffmann et al., 1992), Anopheles gambiae
(Beard et al., 1993), Ascaris suum (Okimoto et al.,
1992), and Apis mellifera (Crozier and Crozier,
1993). Two highly conserved regions of sequence
(Table 1) were identified by the computer program
PRIMEGEN (O’Hara and Venezia, 1991). Degenerate
oligonucleotides were designed to target these regions:
UCYTB144F (438): 58-TGA GSN CAR ATG TCN
TWY TG-38
UCYTB272R (826): 58-GCR AAN AGR AAR TAC
CAY TC-38
where degenerate positions are represented by the
following ambiguity codes:
N = A|C|G|T; R = A|G; S = C|G; W = A|T; Y
= C|T;
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Table 1. Conserved regions of the cytochrome b locus used to design degenerate oligonucleotide primers
UCYTB144F and UCYTB272R.*
Primer and taxa

Sequence
W
GA
. G
. A
. A
. A
. G
. A
. G
. A

UCYTB144F
Artemia franciscana
Cepaea nemoralis
Drosophila yakuba
Katharina tunicata
Mytilus edulis
Anopheles gambiae
Ascaris suum
Apis mellifera
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.
.
.
.
.
.
.

UCYTB272R
Artemia franciscana
Cepaea nemoralis
Drosophila yakuba
Katharina tunicata
Mytilus edulis†
Anopheles gambiae
Ascaris suum
Apis mellifera
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* The coding strands are shown in both instances.
†

The sequence for the UCYTB272R region in Mytilus edulis has not been published.

and numbers in parentheses refer to the position of
the 38 base in the Artemia franciscana sequence.
UCYTB144F and UCYTB272R were used to amplify a 430-bp fragment from several molluscan
taxa including Mercenaria mercenaria, Deminucula proxima, Mya arenaria, and Littorina littorea.
These fragments were cloned and sequenced, then
used to design a second set of oligonucleotide
primers:
UCYTB151F (458): 58-TGT GGR GCN ACY GTW
ATY ACT AA-38
UCYTB270R (820): 58-AAN AGG AAR TAY CAY
TCN GGY TG-38
where degenerate positions and numbers in parentheses are as above. This second set of primers, or
combinations of the two primer sets, ultimately
generated more consistent amplifications from a
greater variety of taxa than the original pair. Using
various combinations of the four primers, but in
particular UCYTB151F and UCYTB270R, we have
amplified, and in most cases sequenced, a fragment
of the Cytb gene from a variety of molluscan and in
some cases nonmolluscan taxa (Table 2).
To verify the amplified products as Cytb, a minimum of 200 bp was sequenced from most taxa and

compared with other sequences in GenBank (release 100.0). For example, a homology search with
the Loligo pealei fragment as a query sequence returned a highly significant match with a reported
Cytb sequence from a gastropod mollusk, Plicopurpura patula (Collins et al., 1996). Figure 1 shows a
block of amino acid sequence from L. pealei and
three other representative species with Artemia
franciscana included as a reference.
Our primary objective was to design primers that
would be useful for intraspecific comparisons. Figure 2 shows allelic variation uncovered within a

Figure 1. Inferred amino acid sequences from a portion
of the cytochrome b for several invertebrate taxa. The
Artemia franciscana sequence is included as a reference.
Question marks denote regions of undetermined sequence.
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Table 2. Thirteen species from three classes of mollusk and two classes of arthropod in which a combination
(indicated) of Cytb primers amplified a product of expected size.
Phylum
Mollusca

Athropoda

Class

Order

Bivalvia

Nuculoida

Cephalopoda

Solemyoida
Myoida
Veneroida
Teuthoidea

Gastropoda

Mesogastropoda

Malacostraca

Decapoda

Maxillopoda

Harpacticoida

Genus/species

Primer set

Yoldia limatula
Deminucula proxima
Solemya velum
Mya arenaria
Mercenaria mercenaria
Loligo pealei
Illex illecebrosus
Nautilus pompilius
Littorina littorea
Acmaea testudinalis
Penaeus duorarum
Penaeus aztecus
Microarthridion littorale

151F–272R*
144F–270R*
151F–270R*
144F–272R*
144F–272R*
151F–272R*
151F–272R*
151F–270R
144F–272R*
151F–272R*
151F–270R*
151F–270R*
151F–270R*

* Denotes a taxon in which direct sequencing was used to verify the amplified product as Cytb.

sample of seven individuals of the protobranch bivalve Deminucula proxima (Figure 2A) and 10 individuals of the long-finned squid Loligo pealei
(Figure 2B). All seven D. proxima individuals harbored unique haplotypes that were defined by mutations at nine nucleotide positions (Figure 2A). All
mutations were transitions, and all involved C-to-T
changes. Eight of the nine mutational events occurred at third positions, one mutation occurred at
the first position of a leucine codon, and all
changes were synonymous. Haplotype diversity
was also observed at the Cytb locus in a small
sample of long-finned squid (Loligo pealei; Figure
2B). Synonymous changes at two nucleotide positions defined three haplotypes within a sample of
10 individuals.
We have also observed intraspecific haplotype
diversity within small samples of other molluscan
taxa including short-finned squid (Illex illecebrosus) and tortoise-shell limpet (Acmaea testudinalis) (data not shown). However, no nucleotide
variation was observed within small samples (six
or seven individuals) of the spoon clam (Yoldia
limatula) or the veil clam (Solemya velum). Although not extensively tested, we have found that
our primers amplify this same region of Cytb from
a variety of nonmolluscan taxa including shrimp
(Penaeus duorarum and P. aztecus) and copepods
(Microarthridion littorale) (Table 2). Considerable
sequence variation has been observed across individuals of M. littorale (N. Schizas and J.M. Quattro,
unpublished data). In contrast, we have not observed any sequence variation within or between
samples of pink shrimp (P. duorarum) from South

Carolina and Florida (J.M. Quattro, unpublished
data).
We have designed a set of ‘‘universal’’ primers
that facilitates the amplification of a polymorphic
mitochondrial locus in a variety of molluscan taxa.
Surveys of sequence variation in several molluscan
species show the utility of these primers for population-level studies in at least some taxa. Our initial
work with nonmolluscan groups is promising and
suggests that these primer sets might show broad
use for population-level studies in diverse invertebrate taxa. Given the variety of taxa in which these
primers have been shown to work, and the amount
of sequence variability across individuals within
species, these primers show potential for broad
utility in systematic studies at or below the species
level.
Experimental Procedures
PCR amplification
Total DNA was isolated from fresh, frozen, or alcohol-preserved samples using a QIAamp Tissue kit
following instructions of the manufacturer (Qiagen). We typically used 5 µl (approximately 100 ng)
of DNA extract as template in a 50-µl PCR reaction.
For the squid species, 2.5 µl of purified DNA was
treated with 5 µl of GeneReleaser (Bioventures,
Inc.), and the resulting mixture was used for PCR
amplification. Each 50-µl reaction consisted of 5 µl
of 10× reaction buffer (100 mM Tris, pH 8.3; 25 mM
MgCl2; 500 mM KCl; 0.1% Triton X-100), 5 pmol of
forward and reverse primer, 200 µM each dNTP,
and 1 unit Taq DNA polymerase (Promega). Typi-
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