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Genetic diversity in the pea aphid Acyrthosiphon pisum was investigated by a restriction fragment
length polymorphism (RFLP) analysis of three maternally inherited genomes (mitochondrial DNA
and plasmids of the symbiotic bacteria Buchnera). Twenty-nine parthenogenetic clones of three
A. pisum biotypes, de®ned by their capacity to use the legume crops pea, alfalfa and red clover,
respectively, were analysed, and a total of 67 restriction sites was scored. No restriction site variation
in the mitochondrial genome was obtained, but length variation at two regions (the A + T-rich
region and ND3±ND5 region) was noted. One aphid clone bore a variant HindIII restriction site in
the Buchnera leucine plasmid (pAPEleu), and two clones were heteroplasmic for a 0.76-kb deletion in
the Buchnera tryptophan plasmid (pAPEtrp). Based on arthropod nucleotide substitution rates, it is
proposed that the crop-feeding biotypes of A. pisummay have diversi®ed within the last 100 000 years
and possibly much more recently, since the advent of agriculture.
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Introduction

A number of phytophagous insect species comprise
individuals with di�erent or overlapping plant ranges
(Diehl & Bush, 1984). Conspeci®cs that di�er in
performance on, or preference for, particular plants
are commonly described as di�erent `biotypes' (Diehl &
Bush, 1984), a term that is used widely in relation to
insect pests of agricultural crops. Elucidation of the
factors contributing to intraspeci®c di�erences in plant
range is central to both our understanding of the
evolution of plant a�liation in phytophagous insects
(Bernays & Graham, 1988) and the development of
e�ective pest management strategies (e.g. Birch et al.,
1994). From various studies, it has become apparent
that, although experience can in¯uence plant range (e.g.
Douglas, 1997), gene ¯ow between populations that
di�er in plant a�liation is often restricted (Hales et al.,
1997).
DNA-based techniques are increasingly being applied

to explore the genetic di�erences between insect bio-
types, sometimes resulting in the development of

biotype-speci®c molecular markers. These techniques
are proving particularly valuable for the study of aphids
(Hales et al., 1997 and references therein), a group
characterized by many instances of intraspeci®c varia-
tion in host plant a�liation (Blackman & Eastop, 1984)
and low levels of intraspeci®c genetic variation, at least
as revealed by allozymes (Hales et al., 1997). For
example, restriction analyses of mitochondrial DNA
(mtDNA) have revealed consistent di�erences between
greenbug Schizaphis graminum biotypes that use di�er-
ent sorghum cultivars (Powers et al., 1989) and between
Therioaphis trifolii biotypes (spotted clover or alfalfa
aphids) using di�erent legume crops (Sunnucks et al.,
1997a); di�erences in microsatellite pro®les have been
identi®ed in the English grain aphid Sitobion avenae
collected from wheat and cocksfoot (De Barro et al.,
1995; Sunnucks et al., 1997b); and variation in ribo-
somal spacers has been described for the large raspberry
aphid Amphorophora idaei infesting various raspberry
cultivars (Birch et al., 1994).
The purpose of this study was to explore the genetic

variation in Acyrthosiphon pisum, the pea aphid. This
species is restricted to legumes (Blackman & Eastop,
1984) and, in Europe, includes three crop-feeding bio-
types: the pea biotype, alfalfa biotype and clover biotype,
each of which performs poorly on the plant host of the*Correspondence. E-mail: lmb3@york.ac.uk
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other two biotypes (SandstroÈ m & Pettersson, 1994). The
pea biotype [also known as ssp. destructor (Blackman &
Eastop, 1984)] is an increasingly important pest of pea
crops in the UK and western Europe (K. F. A. Walters,
pers. comm.). Two lines of evidence suggest that these
biotypes may have a genetic basis. First, performance of
the three biotypes on pea, red clover and alfalfa is not
modi®ed by experience across multiple generations (Via,
1991a,b; T. L.Wilkinson &A. E. Douglas, unpubl. obs.).
Secondly, crossing experiments reveal at least partial pre-
and post-zygotic isolation between the biotypes (MuÈ ller,
1980). Gene ¯ow between these crop biotypes and
A. pisum populations using wild legumes is believed to
be low (A. F.G.Dixon, pers. comm.), but detailed studies
remain to be carried out.

There is one published molecular study of the genetic
diversity of A. pisum: a restriction fragment length
polymorphism (RFLP) analysis of mtDNA from 32
clones isolated from an alfalfa ®eld near Lansing, New
York, USA, in 1989 (Barrette et al., 1994). These aphids
exhibited minimal mtDNA restriction site variation, but
length variation at two sites, the A + T-rich region and
the ND3±ND5 region. However, the sampling design of
the study gives little information on the overall genetic
diversity of A. pisum. This is not only because just one
®eld was sampled, but also because a very few genotypes
are believed to have been introduced to North America
from Europe, the native range of this species (Blackman
& Eastop, 1984).

The study described here complements that of Bar-
rette et al. (1994), in that it examines the mtDNA
diversity of A. pisum of all three biotypes from Europe.
Technically, it di�ers from that of Barrette et al. (1994)
only in that the mtDNA was isolated by an alkali lysis
technique, which extracts all covalently closed circular
genomes of size <30±40 kb [as with Barrette et al.
(1994), this approach precludes confusion between the
mitochondrial genome and mitochondrial genes trans-
located to the nucleus; see Sunnucks & Hales (1996)].
The alkali lysis technique used here additionally extracts
two plasmids of the symbiotic bacterium Buchnera
that are consistently recovered in the alkali extracts of
A. pisum DNA (Birkle, 1997): pAPEleu, a 7.8-kb
plasmid bearing the genes leuA±D, with high sequence
similarity to the plasmid pRPE isolated from the aphid
Rhopalosiphum padi by Bracho et al. (1995); and
pAPEtrp, a plasmid bearing multiple tandem repeats
of the genes trpEG, ®rst described in the aphid
S. graminum by Lai et al. (1994). In A. pisum, the
plasmid bears 5±10 trpEG repeats, varying between
clones (Baumann et al., 1995). Both types of plasmids
from Buchnera are strictly maternally inherited and can
be used in parallel with mtDNA to explore the genetic
diversity of aphids (e.g. MartõÂ nez et al., 1996).

Materials and methods

Aphid clones

This study was conducted on cultures of 29 A pisum
clones, each isolated from a single aphid and maintained
on broad bean Vicia faba cv. The Sutton (on which all
A. pisum biotypes perform well) in an enclosed constant-
temperature room at 20°C with an 18-h light±6 h dark
cycle. Great care was taken to avoid cross-contamina-
tion of the cultures. Clone UY2 and all clones with a
TLW and LMB95 pre®x were isolated between 1993 and
1995 from crops of pea, broad bean, alfalfa and red
clover in North Yorkshire (Birkle, 1997; Wilkinson &
Douglas, 1998a). Clones OX2 and LL02 were from
long-term laboratory cultures, OX2 of unknown prov-
enance and LL02 derived from an alfalfa crop in France
during 1988. The pea aphids were assigned to biotypes
by the criteria of their provenance and their perfor-
mance on di�erent test plants (see Wilkinson & Doug-
las, 1998b). Twenty of the clones were of pea biotype
(UY2, OX2, LMB95/53, LMB96/1 and all TLW clones);
four were alfalfa biotype (LMB95/48, LMB95/51,
LMB95/52 and LL02); and ®ve were clover biotype
(LMB95/22, LMB95/23, LMB95/28, LMB95/30 and
LMB95/35). All clones were green except LL02,
LMB95/23 and LMB95/28, which were red.

DNA analysis

Circular DNA molecules were isolated by alkali lysis
extraction, as described by MartõÂ nez et al. (1992), except
that the alkali solution was adjusted to pH 12.25.
Restriction enzyme digestions were performed according
to the manufacturers' recommendations (New England
Biolabs; Promega), and the restriction fragments were
electrophoresed in horizontal 1±1.3% agarose gels. To
distinguish mtDNA from the bacterial plasmids
(pAPEleu and pAPEtrp), Southern blotting and hybrid-
izations were carried out with mtDNA- and plasmid-
speci®c probes, labelled with chemiluminescence by the
ECL direct nucleic acid labelling and detection system
(Amersham), according to the manufacturer's instruc-
tions. The probes were linearized mtDNA of A. pisum
clone UY2 (obtained by PstI digestion), a 7.5-kb EcoR1
fragment (p7.4E) of the leucine plasmid pRPE (Bracho
et al., 1995) and a 0.49-kb trpE fragment, obtained by
polymerase chain reaction (PCR) from A. pisum clone
UY2, using homologous 20-base primers designed to
amplify bases 827±1317 of the sequence given by Lai
et al. (1994).

The restriction analysis of mtDNA, pAPEleu and
pAPEtrp was conducted with 15 enzymes, chosen
according to the criterion that they consistently
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Fig. 1 Length variation in the DNA molecules extracted from Acyrthosiphon pisum by alkali lysis (mt, mtDNA; leu, plasmid

pAPEleu; trp, plasmid pAPEtrp). (a) The Buchnera plasmid pAPEtrp, as revealed by digestion with BglII, on a Southern blot of the
gel hybridized with trpE probe. Lane 1, molecular weight marker (kb); lane 2, clone UY2; lane 3, clone LMB95/53; lane 4, clone
TLW94/14. (b) The aphid mtDNA, as revealed by digestion with TaqI. The ®gure shows tone-inverted agarose gels. The aphid clone
and size classes of the mtDNA variable regions [A + T-rich region (1±3) and ND3±ND5 region (1±4)] are: lane 2, UY2 (1:4); lane 3,

LL02 (1:4); lane 4, OX2 (1:4); lane 5 TLW94/20 (2:2); lane 6, TLW94/18 (1:2 + 4); lane 7, TLW94/17 (2:2); lane 8, TLW94/16 (1:3);
lane 9, TLW94/14 (2:2) lane 10, TLW94/13 (2:1 + 2); lane 11, TLW94/12 (2:3); lane 12, TLW94/10 (1:3); lane 13, TLW94/9 (1:4);
lane 15, UY2 (1:4); 16, TLW94/8 (3:2). Reference clone UY2 appears twice. Lanes 1 and 14, molecular weight markers (kb), labelled

on the left.
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generated DNA fragments from A. pisum clone UY2
of su�cient size (>0.5 kb) for detection by ethidium
bromide staining (for details see Birkle, 1997). These
enzymes were: six-cutters (6-bp recognition sequences)
Ð BclI, BglII, BsrGI, BstBI, EcoRI, HindIII, NdeI,
PstI, SnaBI, XbaI; ®ve-cutters Ð DdeI, HinfI; and
four-cutters Ð DpnII, MspI and TaqI. The full
restriction analysis was carried out on all A. pisum
clones except clones LMB95/23, LMB95/30, LMB95/
35 and LMB95/48, which were scored for mtDNA
length variation with just TaqI.

Diversity indices of mtDNA size variation

The diversity of mtDNA length variants was considered
as three hierarchical components (Rand & Harrison,
1989): the diversity within clones resulting from hetero-
plasmy, Kb; within biotypes, Kc; and across the total
sample, Kt. Diversity values at each level were calculated
as K � 1 ±

P
xi

2, where xi is the frequency of the ith
size class averaged across all individuals, and these
estimates were apportioned to hierarchical components
Ci, Cip and Cpt corresponding to the levels of variation
Kb, Kc and Kt respectively. Heteroplasmic clones were
assigned to the size classes present, in proportion to their
relative abundance, as estimated visually from the
brightness of bands in agarose gels.

Results

The restriction analysis of DNA extracted from A. pisum
clone UY2 revealed 43 scorable mtDNA fragments and
a minimum of 45 restriction sites, allowing analysis of at
least approximately 1.3% of the mtDNA sequence.
There were also 24 scorable fragments from the bacterial
plasmid pAPEleu and a minimum of 27 restriction sites
scored, equivalent to at least 1.8% of its sequence. Only
six restriction enzymes digested the plasmid pAPEtrp.
BglII and EcoRI produced a single fragment product of
3.67 kb, which hybridized with the trpE probe (e.g.
Fig. 1a, lane 2), interpreted as the trpEG repeat unit (see
Introduction); and HinfI, TaqI, DpnII and DdeI pro-
duced multiple, small fragments that could not be fully
resolved.

Interclonal variation in restriction fragments was
small. For the bacterial plasmid pAPEleu, just one
variant restriction site was obtained, an additional
HindIII site in clone LL02 (data not shown). Restriction
fragment variation in pAPEtrp was limited to clones
TLW94/14 and LMB95/53, which produced two DNA
fragments, at 3.67 kb and 2.91 kb, when digested with
BglII and EcoRI. Both fragments hybridized strongly
with the trpE probe (e.g. Fig. 1a, lanes 3 and 4). The
smaller fragment is interpreted as evidence for a 0.76-kb

deletion in a proportion of the trpEG copies on the
plasmid in these two clones, and not as additional
restriction sites, for two reasons. First, no 0.76-kb
fragment was obtained, even after prolonged exposure
of autoradiographs (not shown) and, secondly, it is
most unlikely that BglII and EcoRI would generate
fragments of indistinguishable size. For the mtDNA, no
interclonal di�erences in the pattern of restriction
fragments were observed for any enzyme, but length
variation was apparent at two regions of the genome.
The concordant patterns of di�erences between aphid
clones in digestion pro®les generated by the various
restriction enzymes precluded either restriction site
variation or technical artifacts such as incomplete
restriction digestion. The two length-variable regions
were most readily displayed by digestion with TaqI (see
Fig. 1b), and the TaqI digestion pro®les were identical
in both the overall pattern and in the size classes of the
two variable regions with those reported by Barrette
et al. (1994), the A + T-rich region and the ND3±ND5
region [which Barrette et al. (1994) call regions 1 and 2
respectively]. Southern blot DNA probes speci®c to
gene regions of the mtDNA (ampli®ed out of pea aphid
clone UY2; see Birkle, 1997) revealed corresponding
positions of these genes within restriction fragments in
both this study and that of Barrette et al. (1994) (data
not shown). We have therefore interpreted the mtDNA
length variation obtained in the two studies as corre-
sponding.

The size classes for both length-variable regions of the
mtDNA were determined from the TaqI digests for all 29
A pisum clones. Three di�erent size classes were found at
the A + T-rich region (from 1, the smallest, to 3, the
largest, increasing in size by multiples of about 100 bp),
and four size classes were scored at the ND3±ND5 region
(increasing from 1 to 4, by multiples of about 200 bp). As
a result of this variation, the total size ofA. pisummtDNA
varied from 17.4 kb to 17.9 kb. The intermediate size
classes were most common. Excluding the minor hetero-
plasmic molecules (considered below), the most frequent
combination was 2:2 (A + T-rich region:ND3±ND5
region) found in 10 (34%) of the 29 aphid clones, giving
a mitochondrial molecule of about 17.6 kb.

All A. pisum clones were homoplasmic at the A + T-
rich region, i.e. each clone contained one detectable size
class at this region. Two clones were heteroplasmic at
the ND3±ND5 region, and each of these clones bore two
size variants, one of which (the major variant) was more
abundant than the minor variant (e.g. Fig. 1b, lanes 6
and 10). The size classes of the ND3±ND5 region in
these heteroplasmic clones were as follows (major±
minor variant, with estimated relative abundance in
parentheses): 2:4 (0.85:0.15) for clone TLW94/18 and
1:2 (0.55:0.45) for clone TLW94/13.
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The stability of the length-variable regions of mtDNA
was analysed in two pea aphid clones, OX2 and UY2, by
conducting a restriction analysis on DNA isolated from
the cultures 24 months after the initial study. In the
initial study, both of the clones could be assigned to
class 1 for the A + T-rich region and class 4 for the
ND3±ND5 region (see Fig. 1b, lanes 2 and 15 for UY2
and lane 4 for OX2). At the time of the second assay, the
mtDNA of clone UY2 was unchanged and that of clone
OX2 had decreased in size, as a result of a reduction at
the ND3±ND5 region by four size classes, to a size class
smaller than obtained for any A. pisum clone used in this
study, precluding the possibility of cross-contamination
between laboratory aphid cultures (data not shown).
The distribution of diversity inmtDNA length variants

is displayed in Table 1. Population structuring with
respect to biotype was not strong, accounting for 22%
of the diversity in the A + T-rich region and 23% of the
diversity in the ND3±ND5 region. It was also possible to
compare the frequency of mtDNA size classes between
the A. pisum clones studied here and those studied by
Barrette et al. (1994) (Table 2). For both studies, the
intermediate size classes of the ND3±ND5 region were
most common but, at the A + T-rich region, the aphids
used by Barrette et al. (1994) were dominated by size class
3, whereas size classes 1 and 2 were most prevalent in this
study. The di�erence between the frequency distributions
of size classes in the two studies was signi®cant at the
A + T-rich region (v22 � 37.2,P < 0.001) but not at the
ND3±ND5 region (v22 � 4.46, P > 0.1).

Discussion

This study has con®rmed and extended the RFLP
analysis of A. pisum mtDNA conducted by Barrette
et al. (1994) in two ways. First, the restriction patterns
obtained in the two studies are fully consistent, indicat-
ing no substantial genetic di�erences in the mitochon-
drial genomes of A. pisum in Europe (this study) and
North America (Barrette et al., 1994). Secondly, the
demonstration here of restriction site uniformity among
A. pisum of three biotypes suggests that the lack of
restriction variation obtained by Barrette et al. (1994)
was not a consequence of their limited sampling of the
A. pisum population in one alfalfa ®eld, but a re¯ection
of low genetic diversity in the mitochondrial genome of
crop-feeding forms of this species.
Taken together, the data sets of Barrette et al. (1994)

and this study indicate that the low genetic diversity
found by Barrette et al. (1994) is unlikely to be the result
of a bottleneck associated with the introduction of pea
aphids to the Americas. Instead, this study shows that
the maternal genomes of pea aphids in Europe and
North America share low mtDNA diversity. The most
plausible explanation is a population bottleneck(s) in the
recent evolutionary past, although alternative inter-
pretations, for example `selective sweeps' of successful
mtDNAs (e.g. Johnstone & Hurst, 1996), cannot be
excluded. Furthermore, if the evidence for limited gene
¯ow between the A. pisum biotypes is accepted (see
Introduction), then these data indicate that the biotypes

Table 1 Frequencies and hierarchical diversity indices of length variants in the mtDNA of Acyrthosiphon pisum clones,
grouped by biotype

Size class at A + T-rich region

Biotype (n) f(1) f(2) f(3) Kc Kt

Pea (20) 0.50 0.45 0.05 0.5450
Alfalfa (4) 0.25 0.75 0 0.3750
Clover (5) 0.80 0.20 0 0.3200
Mean value 0.4133

0.5303
Total (29) 0.517 0.448 0.034

Size class at ND3±ND5 region

Biotype (n) f(1) f(2) f(3) f(4) Kb Kc Kt

Pea (20) 0.03 0.52 0.25 0.21 0.0375 0.6285
Alfalfa (4) 0 0.75 0 0.25 0 0.3750
Clover (5) 0 0.80 0.20 0 0 0.3200
Mean value 0.0259 0.4412

0.5694
Total (29) 0.019 0.596 0.207 0.178

A + T-rich region: Cip = 0.7794; Cpt = 0.2206. ND3±ND5 region: Ci = 0.0455; Cip = 0.7293; Cpt = 0.2251.
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have diversi®ed comparatively recently, possibly after
(or during) population bottleneck(s). If the pairwise
sequence divergence in A. pisum mtDNA is 2.3% per
million years, as estimated for other closely related
arthropods with low absolute amounts of sequence
divergence (Brower, 1994), then the A. pisum biotypes
can be predicted to have diversi®ed within the last
100 000 years. This contrasts with an estimated diver-
gence time of 500 000 years for the plant-a�liated
biotypes of the aphids S. graminum (Powers et al.,
1989) and T. trifolii (Sunnucks et al., 1997a) using the
same divergence rate estimate. All these estimated
divergence times should, however, be treated with great
caution (for an example of the controversy surrounding
such use of molecular clocks, see Avise et al., 1994).

Plant a�liation of phytophagous insects can evolve
very rapidly, especially after the introduction of novel
plant species (e.g. Tabashnik, 1983). The possibility
cannot be excluded that the A. pisum biotypes have
evolved since the advent of agriculture, through special-
ization on monospeci®c stands of legume crops. An
association with agricultural practices would reduce the
estimated upper limit of biotype diversi®cation time by
at least an order of magnitude from 100 000 (see above)
to 10 000±8500 BPBP, the dates when beans and peas,
respectively, were ®rst cultivated in the Mediterranean
region (Vaughan & Geissler, 1997). Other agricultural
crops used by the pea aphid were ®rst cultivated more
recently.

The chief source of genetic variation identi®ed in this
study was length variation, scored in both the mtDNA

and bacterial plasmid pAPEtrp. Length variation,
through insertions/deletions of tandemly repeated se-
quences, has been reported in the mtDNA of a variety of
animals including aphids, especially in the non-coding,
control region (called the A + T-rich region in insects)
of the molecule (Rand & Harrison, 1989; MartõÂ nez
et al., 1996). The variation can be attributed to slippage
and mispairing of DNA strands across the tandem
repeats (Moritz et al., 1987). The variation at two
regions of A. pisum mtDNA studied here was entirely
consistent with the ®ndings of Barrette et al. (1994),
apart from the di�erence in frequency of the size classes
at the A + T-rich region (see Table 2). The signi®cance
of this di�erence is uncertain, because of the small
spatial scale of A. pisum sampled by Barrette et al.
(1994). The similarity in the distribution of length
variations at the ND3±ND5 region (Table 2) suggests
that there may be saturation, a maximal level of
variation, caused by a rapid transition rate between
the small number of size classes. The frequency of size
classes did not vary signi®cantly between biotypes
(Table 1). Further research is needed to establish
whether, as in some other animal species (e.g. Rand &
Harrison, 1989), length variation in mtDNA can con-
tribute to the study of A. pisum population structure.
The key issue limiting its usefulness may be the small
number of length variants, presumably maintained,
despite potentially high rates of transition between size
classes, through selection against large numbers of
repeats. The repeat number at the ND3±ND5 region
may shift at particularly high rates; this is suggested by
the several aphid clones that are heteroplasmic in this
region (this study; Barrette et al., 1994) and by the
apparent shift in size class in one clone over 2 years (this
study). (The possibility of contamination of this culture
by a `wild' aphid cannot, however, be excluded formally.)

The 0.76-kb deletion in a proportion of the trpEG
repeats of the pAPEtrp plasmid of two A. pisum clones
studied here (TLW94/14 and LMB95/53) parallels
recent ®ndings in other aphid species, such as the
Russian wheat aphid Diuraphis noxia, in which a
proportion of the trpEG repeats are non-functional
(i.e. pseudogenes), as a consequence of deletions or
multiple, non-synonymous point mutations (Lai et al.,
1996). Curiously, pea aphid clones TLW94/14 and
LMB95/53 not only share the same pAPEtrp restriction
pattern and plant a�liation (pea), but also have the
same mtDNA haplotype, albeit the most common (2:2),
raising the possibility that their pAPEtrp deletions had a
common origin. The ampli®cation of trpEG genes on
plasmids is believed to be of nutritional signi®cance to
the aphid (Lai et al., 1994), which derives the essential
amino acid tryptophan from its symbiotic bacteria
(Douglas & Prosser, 1992). TrpEG codes for anthranilate

Table 2 Distribution of mtDNA length variants in
Acyrthosiphon pisum clones in this study and in Barrette
et al. (1994) : size class (0) is included to accommodate a
ND3±ND5 length variant in Barrette et al. (1994) that was
one size class smaller than the smallest (1) in the present
study

Number of aphid clones

A + T-rich region ND3±ND5 region*

Size
class

This
study

Barrette
et al.
(1994)

Size
class

This
study

Barrette
et al.
(1994)

1 15 3 0 0 1
2 13 5 1 1 8
3 1 27 2 18 25

3 6 9
4 6 2

Total 29 35 Total 31 45

*Heteroplasmic clones are scored in both of the size
classes present.
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synthetase, the rate-limiting enzyme in tryptophan
synthesis, and therefore the silencing of some of the
trpEG copies could be indicative of relaxed selection
pressure for high tryptophan biosynthesis by the bacte-
ria, or even selection pressure against high rates of
tryptophan synthesis. In particular, Lai et al. (1996)
have linked the trpEG pseudogenes in the Buchnera from
D. noxia to the high nutritional quality of this insect's
diet. Acyrthosiphon pisum feeding from well-fertilized
crop legumes, with phloem sap of very high N:C ratio
(C. Awmack & A. E. Douglas, unpubl. results) may
similarly have a reduced requirement for tryptophan
biosynthesis. In other words, one could speculate that
the persistence of the trpEG deletion may re¯ect the
changing selection pressures on the aphid±bacterial
symbiosis in aphids using agricultural crops.
Our understanding of the evolutionary and ecological

determinants of both the trpEG pseudogenes and the
low mtDNA diversity in crop-feeding A. pisum would be
greatly enhanced by a parallel study of A. pisum clones
on non-crop legumes. If agriculture is shaping the
genetics of crop-feeding biotypes, then one might predict
greater genetic diversity, but lower frequency of trpEG
pseudogenes, in A. pisum populations using wild le-
gumes than in the crop biotypes of this species.
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