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This talk

• Canter through some of our work on aphid 

communities: their natural enemies and 

their bacterial symbionts

• Talk about where we have used barcode 

techniques and how they might be used 

more in the future
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Christine Müller & Frank van Veen

Annual summary food webs



Parasitoids and hyperparasitoids

Predators
(scaled for aphid body size and predator 

consumption)

Pathogens

Frank van Veen, Christine Müller

Richard Cooke, Judy Pell
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Pea Aphid and its natural enemies 

Acyrthosiphon pisum:

pea aphid

Aphidius ervi (& eadyi): braconid wasps

Erynia neoaphidis:

entomopathogenic 

fungus



Susceptibility to A. ervi 
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Susceptibility to A. eadyi 
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Susceptibility to E. neoaphidis 

-80
-60
-40
-20

0
20
40

2
1

B
2

3

1
9

2
4

2
6

B
2

8

2
5

D
1

8

2
9

2
7 3

1
6

1
4

1
8

1
2 8

1
5

1
7 5

1
3 4 6

2
2 2 9

2
0

1
0 1

2
3 7

Clone

S
u
sc

ep
ti

b
il

it
y

Julia Ferrari





Fungus resistance

correlated with host plant

0

20

40

60

80

100

9
9

/0
7

9
9

/0
5

9
9

/0
1

9
8

/1
4

9
8

/1
6

9
8

/0
8

9
9

/0
6

9
9

/0
4

9
9

/0
2

9
9

/0
3

9
8

/1
5

9
9

/0
8

Clone

9
9

/0
9

9
9

/1
0

9
9

/1
1

9
9

/1
2

9
9

/1
3

9
9

/1
4

9
9

/1
5

9
9

/1
6

9
9

/1
7

9
9

/1
8

9
9

/1
9

9
9

/2
0

0%

0

20

40

60

80

100

S
u

sc
ep

ti
b

il
it

y
 t

o

E
. 
n
eo

a
p

h
id

is
(%

)

Clone

From Trifolium pratenseFrom Lotus uliginosus

All have the

symbiont Regiella

Julia Ferrari



Aphid Secondary Symbionts
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Aphid symbionts

• Primary symbiont
– Buchnera aphidicola

• Secondary symbionts
– Hamiltonella defensa

– Regiella insecticola

– Serratia symbiotica

– X type

– Rickettsia

– Spiroplasma

– Rickettsiella

– [Arsenophonus, Wolbachia]
Lang JM, Darling AE, Eisen JA (2013)  PLoS ONE 8(4): e62510

Transmission?
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Aphidius ervi

(Ichneumonoidea:

Braconidae)

Aphelinus abdominalis

(Chalcidoidea:

Aphelinidae)
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Symbionts and natural enemies

• Secondary symbionts important in defence 

against parasitoids and fungi

– Hamiltonella; & phage delivery (Moran, 

Hunter, Oliver labs)

• Different symbiont species protect against 

the same natural enemy

• Specialist defence within symbiont species
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Population structure

• Ancestral state reconstruction

– Colonisation of Lotus/Ononis more likely with 

Hamiltonella

– Trifolium with Regiella (one clade)

– X-type acquisition more likely if already have 

Hamiltonella

• Major clade ages 0.1 - 0.5 Myr

– Older than pea aphid host races

Lee Henry
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NG Sequencing

• Pea aphid primers 

good

• Few new candidate 

endosymbionts

• Microbiome 

correlated with 

relatedness & ecology

Lee Henry
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Conclusions

• We didn’t know as much about aphids as 

we thought!

– And possibly many other eukaryote systems

• Secondary symbionts provide a reservoir of 

adaptations that can be sampled by aphids

– A horizontal gene pool 

– Parallels with plasmids and bacteria

• Alternative defence systems



Barcodes 1

• Aphid natural enemy community structure

– Bulk of this work done before barcodes

– Would it have affected food web metrics?

– Experiments that didn’t work

• Future

– Robotic, cheap high-throughput barcoding



Barcodes 2

• Pea aphid-symbiont community structure

– Below barcode resolution; multilocus sequence 

typing (MLST) required

• Aphid-symbiont community structure

– With aphids in UK we could have done it 

without barcodes but would have been much

more difficult 



An old hobby horse

• Barcoding [etc.] will 

render obsolete many 

taxonomy craft skills

• But a barcode bin code 

or even a name of 

limited use

• Taxonomy needs to 

reinvent as the science 

of biodiversity 

informatics



Thanks to the 

Barcode

Conference


