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Abstract Analysis of the holocentric mitotic chromo-

somes of the peach-potato aphid, Myzus persicae (Sulzer),

from clones labelled 50, 51 and 70 revealed different

chromosome numbers, ranging from 12 to 14, even within

each embryo, in contrast to the standard karyotype of this

species (2n = 12). Chromosome length measurements,

combined with fluorescent in situ hybridization experi-

ments, showed that the observed chromosomal mosaicisms

are due to recurrent fragmentations of chromosomes X, 1

and 3. Contrary to what has generally been reported in the

literature, X chromosomes were frequently involved in

recurrent fragmentations, in particular at their telomeric

ends opposite to the nucleolar organizer region. Supernu-

merary B chromosomes have been also observed in clones

50 and 51. The three aphid clones showed recurrent fissions

of the same chromosomes in the same regions, thereby

suggesting that the M. persicae genome has fragile sites

that are at the basis of the observed changes in chromo-

some number. Experiments to induce males also revealed

that M. persicae clones 50, 51 and 70 are obligately par-

thenogenetic, arguing that the reproduction by apomictic

parthenogenesis favoured the stabilization and inheritance

of the observed chromosomal fragments.
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Introduction

Aphids (Hemiptera: Aphididae) are ancient insects (indeed

fossils go back to the Triassic, about 220–210 Myr)

(Grimaldi and Engel 2005) that have conquered most of the

world’s biomes, including the tropics and subarctic regions

(Loxdale 2009), whilst they infest a huge range of plants,

usually monophagously, although some species appear to

be polyphagous (Loxdale 2009).

Aphids reproduce primarily by apomictic parthenogen-

esis, a form of reproduction whereby adult females give

birth to female progeny in the absence of male fertilization

(Soumalainen et al. 1987). It has been frequently suggested

that no genetic recombination occurs in such parthenoge-

netic generations (Blackman 1985; Soumalainen et al.

1987); hence, it has been assumed that the offspring rep-

resent a ‘genetically identical’ clone (Dixon 1989). In view

of this assumed genetic identity, Janzen (1977) referred to

aphid species as a ‘superorganism’ or as a single ‘evolu-

tionary individual, able to exploit a much larger geographic

region and its resources (Loxdale 2008a).

Actually, aphid lineages within the same species can

differ in colour and size (Loxdale 2008b), intrinsic rate of

increase (Jenkins 1991), ovariole number (Dixon 1989),

reproductive modes (Loxdale 2008b), ability to transfer

pathogenic plant viruses (Terradot et al. 1999), and sus-

ceptibility/resistance to predators, parasites, pathogens and

pesticides (Losey et al. 1997; Devonshire et al. 1999;

Loxdale 2008b). This strongly suggests that clonality in

aphids has been overestimated, thereby making the
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evaluation of the true nature and reality of the clone

intriguing both empirically and conceptually (Loxdale

2008a, b, 2009).

In the last 15 years, a growing number of studies has

demonstrated that aphid asexual lineages are not true

clones, since their genome can rapidly mutate (as expected

since DNA is a very dynamic, rapidly mutating molecule;

Loxdale 2010a), and that these variations are selectable and

may affect some phenotypic traits, such as plant host

choice (Loxdale 2008a, b, 2009). As a result, the true

nature of the aphid clone, and indeed clones in general, is

not simply just one of semantics, but rather, concerns a

scientifically important re-appraisal, perhaps including

re-definition of the phenomenon (Martens et al. 2009).

Molecular analyses, such as random amplified poly-

morphic DNA (RAPDs) and amplified fragment length

polymorphism (AFLP), have provided unequivocal evi-

dence of mutational changes within aphid lineages, most of

which are due to somatic events, mainly affecting non-

coding regions, although some are in the germ line (e.g. De

Barro et al. 1995; Lushai et al. 1998; Loxdale and Lushai

2007; Vorwerk and Forneck 2007; Loxdale 2008a, b,

2010b). Similarly, intraclonal, intermorph RAPD-based

mutations have also been reported in clones of the grain

aphid, Sitobion avenae (F.) (Lushai et al. 1997), whilst both

Fenton et al. (1998) and Shufran et al. (2003) have also

revealed variations in the ribosomal intergenic spacer

(IGS) region of aphids. Lastly, Mandrioli et al. (1999a)

reported somatic recombination events between the

homologous nucleolar organizing regions (NORs) located

on the X chromosome supporting the presence of recom-

binational events in aphid clonal lineages.

The presence of genetic differences among clones is

potentially very important in worldwide attempts to control

aphid pests. This is because several studies have clearly

shown that cryptic sympatric speciation occurs in a wide

range of aphid species (Loxdale and Lushai 2007; Loxdale

2008a, 2010b), including evidence of rapid chromosomal

changes affecting host adaptation-speciation events, as, for

example, in the corn leaf aphid, Rhopalosiphum maidis

(Fitch) and in the global insecticide resistant pest, the

peach potato aphid, Myzus persicae (Sulzer) (Blackman

1987; Brown and Blackman 1988; Field and Blackman

2003).

In view of their impact in agriculture (in particular, in

terms of plant pathogenic virus transmission), aphids need

to be controlled by pesticides and/or using biological

control agents (see Van Emden and Harrington 2007).

However, in the absence of a thorough understating of the

genetics of aphid populations/clones, it is difficult to

properly evaluate the presence of transmissible and adap-

tive variations that may well make biological and chemical

controls less effective (Loxdale 2008b; Foster et al. 2007;

Fenton et al. 2010; van Toor et al. 2012, in press). In light

of this, in the present paper, we have investigated three

clones of Myzus persicae, analyzing their karyotypes in

detail using two chromosomal markers (an X-chromosome

specific Hind200 satellite and a subtelomeric repeat). We

provide evidence of cytogenetic changes at both at the

inter- and intra-clonal level, highlighting the extremely

dynamic nature of the aphid clone, even at the level of

karyotype.

Materials and methods

Specimens of M. persicae were obtained from the follow-

ing asexual lineages (=clones): 1, collected in Pisa (Central

Italy) on peach plants; 33H, a laboratory strain derived

from the US1L strain kindly provided by Alan Devonshire

(Rothamsted Research, Harpenden, UK); 50 and 51, both

collected in Salerno (South Italy) on tobacco plants; and

70, collected in Cosenza (South Italy) on peach plants.

Each population was established as a clone from a single

female aphid originally collected from the field and

thereafter maintained as a colony of parthenogenetic

females on pea (Pisum sativum) plants at 19 �C with a

light–dark regime of 16 h light and 8 h darkness.

Males were induced by exposing parthenogenetic

females to short photoperiods (8 h light: 16 h dark),

according to Crema (1979) at 18 �C.

Chromosome preparations were made from parthenoge-

netic females by spreading embryo cells and by squash

preparation of single embryos as reported by Mandrioli et al.

(1999b). C banding treatment was performed according to

the technique of Sumner (1972) and was followed by

staining with DAPI, according to Donlon and Magenis

(1983), and chromomycin A3 (CMA3), as described in

Schweizer (1976).

DNA extraction, following a standard phenol–chloro-

form protocol, whilst dot-blotting experiments were per-

formed as described in Mandrioli et al. (1999b).

PCR digoxigenin labelling of the subtelomeric repeat

was performed with a PCR DIG labelling kit according to

the Roche protocol using the specific oligonucleotide

primers MpR-F (50-TCAAAGTTCTCGTTCTCC-30) and

MpR-R (50-GTTTTAACAGAGTGCTGG-30), designed

according the subtelomeric repeat sequence available in the

literature (Spence et al. 1998). The reaction conditions

were 94 �C for 90 s (denaturation), a total of 25 cycles of

94 �C for 30 s, 51 �C for 30 s (annealing) and 72 �C for 30

s (extension), and with a final extension step at 72 �C for

7 min.

The Hind200 probe was isolated by digesting M. per-

sicae genomic DNA with the restriction enzyme HindIII at

37 �C for 16 h and eluting from the 1.2 % agarose gel the
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band corresponding to the Hind200 satellite monomers

(Genbank AF161255), according to Mandrioli et al.

(1999b). The eluted DNA was labelled using a random

priming DIG labelling kit according to the Roche Diag-

nostics (Mannheim, Germany) protocol.

Fluorescent in situ hybridization (FISH) was performed

as described by Mandrioli et al. (2011). FISH slides were

observed using a Zeiss Axioplan epifluorescence micro-

scope. Photographs of the fluorescent images were taken

using a CCD camera (Spot, Digital Instrument, Madison,

USA) and the Spot software supplied with the camera and

processed using Adobe Photoshop (Adobe Systems,

Mountain View, CA).

For each different karyotype observed in the three clonal

populations, measurements of chromosome length were

performed on 50 metaphases using the software Micro-

Measure, available at the Biology Department at Colorado

State University website (http://rydberg.biology.colostate.

edu/MicroMeasure).

Results

The standard karyotype of the aphid M. persicae, as

assessed by specimens of clone 1, comprised 12 chromo-

somes, including five pairs of autosomes and two X chro-

mosomes that can be easily identified since they are the

longest in the complement (Fig. 1).

The cytogenetic study of the M. persicae clones 50, 51

and 70 revealed, after propidium iodide staining, that these

three clones showed a strong mosaicism, both at the intra-

individual and inter-individual level. In particular, 80 % of

the metaphase plates observed in clone 50 consisted of 13

chromosomes whilst just 20 % showed the usual karyotype

of 12 chromosomes. Analysis of clone 70 showed that

70 % of the observed metaphases had 14 chromosomes,

21.5 % of which possessed 13 chromosomes, whilst 8.5 %

had the standard karyotype of 2n = 12. Lastly, clone 51

showed 78.5 % of the observed plates to have 13 chro-

mosomes and 21.5 % with the typical karyotype of 12

chromosomes.

With the aim of identifying the chromosomes involved

in the observed karyotype changes, we combined FISH

experiments, performed with a subtelomeric satellite DNA

that labelled all the M. persicae chromosome ends with the

exception of the rDNA telomere in each X chromosome

(Spence et al. 1998), with the micro-measurements of each

chromosome (Figs. 1, 2, 3, 4). This approach, previously

successfully used by Monti et al. (2012), revealed that the

mosaicism observed in clones 50, 51 and 70 is due to

chromosomal fragmentations, even if it was not possible to

clearly identify (at least in some clones) the actual chro-

mosomes involved in the various observed karyotypic

changes. In a standard karyotype stained using FISH to

show the subtelomeric satellite DNA, five pairs of auto-

somes were observed with both the telomeres labelled with

the subtelomeric probes and two X chromosomes with a

single labelled end (Fig. 1).

Specimens of M. persicae strain 50 showed metaphases

with 12 and 13 chromosomes. Interestingly, karyotypes with

13 chromosomes were due to the presence of a supernu-

merary chromosome with both the ends labelled after FISH

(Fig. 2). Similar to clone 50, metaphase plates of aphids of

clones 51 showed either 12 or 13 chromosomes. However,

50 % of the plates with 13 chromosomes had a fission to

have occurred at one X chromosome, of which 25 % was

due to fission of autosome 3 and 25 % to the presence of a

small chromosome with both the termini labelled after FISH

Fig. 1 FISH with the FITC-

labeled subtelomeric probe,

combined with the

micromeasure analysis of the

chromosome length, allowed the

identification of each twelve M.
persicae chromosome (stained

with propidium iodide) from

clone 1 (a) and the construction

of a corresponding karyogram

(b). Bar corresponds to 10 lm
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with the subtelomeric probe (Fig. 3a–c). Unexpectedly,

plates with fissions occurring at the X chromosome also

showed a deletion of a subtelomeric region on autosome 3

(Fig. 3a–c).

Analysis of the deleted X chromosome after hybridization

with the subtelomeric probe suggested that the deletion

probably occurred at the NOR bearing telomere and we

therefore performed CMA3 and silver staining to confirm

this hypothesis (Fig. 3d, e). Both staining approaches

showed that the X fragment did not contain the ribosomal

DNA genes so that the observed fission of the X chromosome

involved an interstitial region rather than the telomeric one

(Fig. 3f). Furthermore, the presence of heteromorphism in

terms of the size of the CMA3 stained-telomeres revealed

that the fission always occurred in the X chromosome pos-

sessing the smaller CMA3-positive telomere.

Specimens of clone 70 showed metaphases with chro-

mosome number ranging from 12 to 14. In about 70 % of

karyotypes comprising 13 chromosomes, fission was due to

a single break involving the X chromosome (Figs. 4a),

whereas 30 % of the observed plates showed fissions

occurring at autosome 3 (Fig. 4b). Metaphase plates com-

prising 14 chromosomes resulted from simultaneous frag-

mentations occurring on chromosomes 1 and 3 (25 % of

the observed varitypes) (Fig. 4c), or alternatively because

of fissions involving one X chromosome and one autosome

3 (75 % of the observed varitypes) (Fig. 4d). We never

observed plates with 13 chromosomes involving autosome

1 alone, suggesting that autosome 1 was not frequently

involved in such fissions.

In order to confirm the presence of B chromosomes in

M. persicae clones 50 and 51, a DAPI staining of C banded

chromosomes was performed, thereby revealing that in each

clone, a small supernumerary chromosome exists, highly

stained by DAPI and enriched in heterochromatin (Fig. 5).

The comparison of the hybridization pattern of the

subtelomeric satellite suggested a different amplification of

this repeated DNA in the analyzed clones. After FISH

experiments, some clones such as clone 70 (Fig. 6a) pre-

sented larger subtelomeric areas than others, as evident for

clone 51 (Fig. 6b). Dot-blot experiments with the subtel-

omeric probe confirmed this difference and showed that the

amount of subtelomeric satellite DNA was greater in

clones 50 and 70 than in clones 1 (used as control with

standard karyotype) and 51, respectively, revealing the

occurrence of clone-specific amplification of the subtelo-

meric regions of the chromosomes.

Differences among clones were not limited to the

presence of variant karyotypes, since rearrangements were

also observed upon comparing plates with the standard

2n = 12 chromosome number. Indeed, applying the FISH

approach using the Hind200 probe we showed that the X

chromosomes could have a different hybridization pattern

(Fig. 7). In particular, clones 33H (previously analysed by

Monti et al. 2012) (Fig. 7a), 51 (Fig. 7c), 70 (Fig. 7d) and

1 (Fig. 7e) showed four bands on the X chromosomes after

Fig. 2 As showed by FISH with the FITC-labeled subtelomeric

probe, M. persicae clone 50 presented unusual plates with 13

chromosomes (stained with propidium iodide) due to the presence of

a supernumerary chromosome, together with a deleted autosome 3

(indicated by the asterisk) (a) as evident in the corresponding

karyogram (b). Bar corresponds to 10 lm
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Hind200 hybridization, whereas clone 50 (Fig. 7b) showed

five bands, suggesting that a duplication of a Hind200 band

occurred. Interestingly, clones 1 and 33H presented a band

in a different position on the X chromosomes than clones

51 and 70, clearly indicating that an inversion event had

occurred (Fig. 7f).

Attempts at male induction revealed that M. persicae

clones 50, 51 and 70 were anholocyclic, since it was not

possible to produce the sexual morphs, contrary to the

situation obtained under the same experimental conditions

with the holocyclic M. persicae clone 1 used as a control,

and previously reported in Monti et al. (2012).

Discussion

Recent use of molecular and cytogenetic markers suggests

that the genome of aphids belonging to asexual lineages

Fig. 3 FISH with the FITC-labeled subtelomeric probe on propidium

iodide-stained chromosomes showed three different 2n = 13 karyo-

type variants in M. persicae clone 51 consisting of plates with a small

supernumerary chromosome with both the termini labelled after FISH

with the subtelomeric probe (a), metaphases with a fission occurred at

one autosome 3 (indicated by the asterisk) (b) and plates with a

fission of one X chromosome (c). Silver (d) and CMA3 staining

(e) indicate the fission at the X chromosome did not involved the

NOR bearing telomere of the X chromosomes but it is due to a

deletion of an intercalary portion of the X chromosome, as showed in

the corresponding karyogram (f). Arrows indicate the X chromo-

somes. Bar corresponds to 10 lm
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rapidly accumulate different kind of mutations (Loxdale

2008a, b, 2009, 2010b). In this respect, the presence of

chromosome polymorphisms can be extensive in aphids, as

reported in Trama maritime (Eastop), where specimens of

the same species had different karyotypes (inter-individual

polymorphisms) (Blackman et al. 2000), and in the

M. persicae clone 33H, where an extensive intraclonal

chromosomal mosaicism was observed (Monti et al. 2012).

Furthermore, differences due to recombination of the

ribosomal DNA genes between the two X chromosomes

were observed in diverse aphid species, showing that

karyotypic changes can occur rapidly within aphid popu-

lations (Mandrioli et al. 1999a, c).

Until now, studies of different M. persicae clones have

clearly demonstrated that this species not only comprises

different populations with standard 2n = 12 karyotypes,

but also several populations bearing different types of

genome recombination and/or variant karyotypes (both

involving chromosomal rearrangements and changes in

chromosome number) making M. persicae, as a whole, a

complex, but intriguing, aphid species (Lauritzen 1982;

Blackman 1987; Fenton et al. 1998; Spence and Blackman

Fig. 4 As showed by FISH with the FITC-labeled subtelomeric

probe, M. persicae clone 70 presented plates with chromosome

number ranging from 12 to 14. Karyotypes consisting of 13

chromosomes were due to a single fission involving a single X

chromosome (a) or a fission occurring at autosome 3 (b). Metaphase

plates consisting of 14 chromosomes resulted from simultaneous

fragmentations of chromosomes 1 and 3 (c) or of fissions involving

one X chromosome and one autosome 3 (d). Chromosomes have been

counterstained with propidium iodide. Bar corresponds to 10 lm
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1998; Loxdale 2007; Mandrioli et al. 1999b; Monti et al.

2012).

Analysis of mitotic metaphase chromosomes of

M. persicae clones 50, 51 and 70 revealed different chro-

mosome numbers and karyotypes, in contrast to the stan-

dard karyotype of this species (2n = 12). In particular, we

observed differences between embryos from different

individuals within the same asexual lineage, between single

embryos from the same individual, and also within each

embryo. Chromosome length measurements, combined

with FISH experiments, revealed that variant karyotypes

were due to recurrent fragmentations of the chromosomes

X, 1 and 3, supporting earlier molecular studies reporting

intraclonal genetic variations (Loxdale and Lushai 2003;

Lushai et al. 2003). These results can be explained by

considering that the holokinetic structure of aphid chro-

mosomes, combined with the apomictic mode of parthe-

nogenesis, facilitates the inheritance of chromosomal

rearrangements, since each fragment can be attached to

microtubules so that they can be inherited without the

constraint of homologous pairing typical of meiosis.

Our results confirm that autosomes 3 and, to a lesser

extent 1, are the chromosomes mostly involved in changes

in the M. persicae karyotype (Spence and Blackman 1998;

Monti et al. 2012) and support previous results also sug-

gesting that the two X chromosomes can be fragmented or

recombined (Monti et al. 2012). Furthermore, as observed

after both FISH experiments with the subtelomeric repeat

Fig. 5 DAPI staining of C banded chromosomes of the M. persicae
clone 50 (a, b) and 51 (c, d) evidenced that the small supernumerary

chromosome (indicated by the asterisk) is highly heterochromatic in

both the clones as typical for B chromosomes. Arrows indicate the X

chromosomes. Bar corresponds to 10 lm

Fig. 6 FISH experiments with the FITC-labeled subtelomeric probe

on propidium iodide-stained chromosomes evidenced a greater ampli-

fication level of subtelomeric repeat in clone 70 (a) when compared

with clone 51 (b). Densitometric analysis of the dot blot experiments

with the subtelomeric probe confirmed that the amount of subtelomeric

satellite DNA is greater in strains 50 and 70 than clones 1 and 51 (c).

Arrows indicate X chromosomes. Bar corresponds to 10 lm
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and Hind200 probes, X chromosomes bear duplications

and inversions (as observed comparing the Hind200

hybridization pattern in clones 51 and 70) and differential

amplification of heterochromatic regions (comparing the

subtelomeric repeat hybridization pattern in clones 1, 50,

51 and 70).

The X chromosome fragmentation observed in M. per-

sicae specimens of clone 70 occurred near a subtelomeric

heterochromatic band enriched in satellite DNAs and this

change is presumably unlikely to lead to any significant

phenotypic change and therefore could perhaps be descri-

bed as ‘selectively neutral’ (John 1983; Blackman et al.

2000). In contrast, the fragmentation of the X chromosome

observed in clone 51 involved euchromatic areas and may

well have a phenotypic effect.

Up until a few years ago, fragmentations associated with

the X chromosomes were considered rare in aphids not

only in natural populations (Khuda-Bukhsh and Pal 1985;

Hales 1989; Blackman et al. 2000), but also in X-ray

irradiated aphids (Khuda-Bukhsh and Pal 1985). The pre-

viously reported stability of the X chromosomes was

therefore only apparent and due to an inadequate coverage

of aphid populations and/or species studied at a cytogenetic

level, as also showed in aphids of the genus Trama

(Blackman et al. 2000).

In accordance with previous results (Monti et al. 2012),

the observed fragmentations of chromosomes 1 and 3

involved euchromatic areas and it would be interesting to

verify if they indeed affect some complex phenotypic

traits, such as plant host choice. Indeed, several papers

clearly indicate that chromosomal changes may affect host

preference, as reported in Sitobion, Rhopalosiphum and

Myzus aphids (Brown and Blackman 1988; De Barro

et al. 1995; Hales et al. 2000), and may well have effects

in aphid speciation events (Loxdale and Lushai 2007;

Loxdale 2010b).

Several chromosomal plates in both clones 50 and 51

possessed a small and heterochromatic chromosome

resembling a B chromosome. As reviewed in Camacho

(2005), B chromosomes are additional dispensable chro-

mosomes originated by A chromosomes showing a

remarkably higher heterochromatin storage compared with

A chromosomes. In view of the small length and large size

of the subtelomeric repeat cluster at the telomeres, auto-

somes 3 and 4 are the most probable candidates for the

origin of the observed B chromosome. Previous studies

have identified supernumerary B chromosomes in aphids of

the genus Euceraphis, derived from non-functional X

chromosomes showing a greater within-species stability in

size and number than typical B chromosomes (Blackman

1988). Our results therefore suggest for the first time that

aphid B could originate also from autosomes.

C banding, followed by DAPI staining, showed that in

both clones 50 and 51, B chromosomes are rapidly het-

erochromatinized, being highly enriched in heterochroma-

tin. B chromosomes are generally enriched in satellite

Fig. 7 FISH with the FITC-labelled Hind200 probe showed four

hybridization bands on the X chromosomes of clones 33H (a), 51 (c),

70 (d) and 1 (e) and five bands in clone 50 (b), as evident in the

comparison of the X hybridization pattern (f). Arrows indicate the X

chromosomes. Bar corresponds to 10 lm
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DNA and TEs and the accumulation of repeated DNA

seems to be a very common event in B chromosomes

differentiation. However, the occurrence of B chromo-

somes at an intra-clonal level in aphids argues that accu-

mulation of repetitive DNA is not the primary cause of B

chromosome differentiation. In particular, the rapid process

of heterochromatinization could primarily result from

epigenetic changes of the B chromosomes that are subse-

quently followed by structural modifications, including TE

invasion and repetitive DNA amplification. Perhaps the

chromosomal fragmentations presently seen, as suggested

for intraclonal, intramorph RAPD (genomic) polymor-

phisms in aphids (e.g. Loxdale 2008a, b), may be due to TE

effects, transposon rich ‘hotspots’ being known to cause

rearrangements, i.e. inversion polymorphisms in other

insects like Drosophila (Cáceres et al. 1999).

The idea that aphid populations are genetically stable on

time and space is therefore erroneous since aphid clones

are not genetically homogeneous as previously expected

and a single female lineage does not represent a single

evolutionary individual, as suggested by Janzen (1977),

and earlier argued against on the basis of purely molecular

biological data (Loxdale 2008a). On the contrary, as shown

here also from chromosomal data and changes, aphid

species seem to be the sum of populations that can have

different karyotypes that in turn can give diverse genetic/

ecological/evolutionary responses in relation to imposed

selective environmental forces.

Different studies suggest the presence of phenotypic

plasticity in aphids (e.g. Wool and Hales 1997). However,

in view of the presence of the large number of karyotypic

and genetic changes observed in aphids (Loxdale 2008a, b;

Monti et al. 2011, 2012) it is of interest to revisit these

results in order to verify the nature of the observed plas-

ticity in term of true plasticity (whatever this means exactly

at a genetic level; see Whitman and Agrawal 2009) versus

the sum of different non-plastic traits in different clones of

the same species.

Experiments of male induction revealed that M. persicae

clones 50, 51 and 70 are obligately parthenogenetic, sug-

gesting that reproduction by apomictic parthenogenesis

favours the stabilization and inheritance of the chromo-

somal fragments. Aphid populations bearing karyotype

rearrangements reproduce generally by obligate partheno-

genesis making their distribution limited to regions with

warm winters (e.g. Delmotte et al. 2001). At present, cli-

mate warming can influence aphid distribution so that

obligate parthenogenetic populations survive during winter

making them more common now that in the past. Taking

into account that chromosomal changes may well affect

plant host choice (Brown and Blackman 1988; De Barro

et al. 1995; Hales et al. 2000), it will be intriguing to

follow the aforementioned M. persicae clones in the field.

This will involve verifying whether karyotype variants

have effects over short temporal and spatial scales, as has

been found to be the case with M. persicae strains with

genetic/chromosomal variations related to insecticide

resistance (e.g. Fenton et al. 2010).
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