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INSECTS, DISEASE & AGRICULTURE LIVERPOOL
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Damaging life-stage present:
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Leybourne et al., 2024. Agronomy for Sustainable Development.



APHIDS: PERFECT DISEASE VECTORS IN v
AGRICULTURAL SYSTEMS LIVERPOOL

Virus strain (updated  Main vectors (average transmission efficiency
Virus species name, if applicable} >10%)

IBarle:f vellow dwarf virus BYDW-PAYV Rhopalosiphum padi, Sitobion avenage, Sitobion
(Tombusviridae, (Luteovirus miscanthi, Sitobion fragariae* Metapologhium
Luteovirus) pavhordei) dirhodum, Schizaphis graminum

BYDW-MaV 5. avenae, 5. fragoriae,” M. dirhodum, 5.
(Luteovirus graminum®
mavhardei}
BYDW-PAS Rhopalosiphum maidis,” R. padi,” 5. avenge,* M.
(Luteovirus dirhodum®
pashorder)
BYDW-GAN 5. graminum, 5. avenae
BYDW-COYY Wector not reported
ker-1l (Luteovirus R. padi
kerbihorder)
ker-11l (Luteovirus R. padi®
kertrihordei)
Cereal yellow dwarf CYDV-RPV R.padi, 5. graminum, 5. avenae®
virus [Solemoviridae,
Polerovirus)
CYDV-RPS R. padi®
Maize vellow dwarf virus MY DW-RIY R. maidis, R. padi, 5. graminum
ISolemoviridae,
Polerovirus)
Wheat yellow dwarf virus WYDV-GPV R. padi, 5. avenae, 5. graminum
(Solemoviridae, genus
unassigned)
Unassigned SGV S_graminum, R_ padi, 5. avenae, R. maidis®
(Solemoviridae)
Barley virus G BVG R. maidis
(Solemoviridae,
Polerowvirus)
Wheat leaf yellowing- WLYaV Wector not reported
associgted virus
ISolemoviridae,

Polerovirus)

Yellow dwarf viruses of significant
Importance in cereal systems

Brought in by winged aphids

Spread through crop by walking
aphids

Disease can reduce yield by 20-80%
>
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ARE ALL VECTOR POPULATIONS EQUAL? LIVERPOOL

Aphid species
e.g. R. padi

Main facultative
endosymbionts:

Genetic variation within population

Hamiltonella defensa
Regiella insecticola
Serratia symbiotica
Fukatsia symbiotica
Aresnophonus spp.
Rickettsia spp.
Ricketsiella spp.

» Spiroplasma spp.




ARE ALL VECTOR POPULATIONS EQUAL?

Aphid species
e.g. R. padi

Y

Genetic variation within population

Obligate endosymbiont present in all aphids
- e

Facultative endosymbiotic variation
within populations

[ -

Leybourne, 2024. Plant Pathology

H1: Non-essential endosymbionts alter vector feeding behaviour to indirectly increase virus transmission

Aphid clone 1

Aphid clone 2

H2: Endosymbiont-coupled transfer of B/CYDV via chaperonin
proteins

__Aphid clone 1 Aphid clone 2
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H3: Genetic variation in the aphid population and the presence of
vectoring alleles

Aphid clone 2
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Aphid clone 1
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barley yellow dwarf virus

PAV
R. padi S. avenae
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ELISA: Disease detection
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Virus acquisition 48 h: Virus transmission Six week: Incubation
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transmission |t == 9 <« --- transmission
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Mechanisms potentially underpinning variation

1: Genetic variation in
aphid populations
2: Genetic variation in the

aphid obligate #m
endosymbiont -

3: The presence of aphid - “ -
facultative endosymbionts L
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DIVERSITY INFLUENCES TRANSMISSION

A) s B) Vector diversity influences BYDV-PAV transmissionin
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Aphid genotype: Cladelll Cladell Cladell Cladell Cladel Cladel Cladel
Facultative endosymbiont: © Control & F.symbiotica & H. defensa  None

Leybourne, Whitehead, Will. 2024. Biology Letters
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» Two vector populations
« Same genotype
« Different endosymbiont

e Two virus variants:
« BYDV-PAV RO7
« BYDV-PAV York

Proportion of plants infected

0.501

RO7 [ York |

RP-2

RP-4 RP-2 RP-4
Aphid population

Endosymbiont Nane H. defensa



APHID DIVERSITY AND BYDV DIVERSITY LIVERPOOL

.ﬁ‘ A) Graphical representation of the EPG experimental setup

CPU and EPG
 Two vector populations Faraday B [ software
cage ] =
« Same genotype |
- Different endosymbiont EPG "
: p'[ob_e Datalogger
. . Insect +
e Two virus variants: silver glue -~ Gold or
silver wire
BYDV-PAV RO7 o /PN
« BYDV-PAV York probe \
- Differences in feeding Motal stond

behaviour?




APHID DIVERSITY AND BYDV DIVERSITY LIVERPOOL
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Next step: Virus status Virus status

* RNA-Sequencin
. J Population EF RP-2 EJ RP-4 Population BEF RP-2 EJ RP-4
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Variation in BYDV-PAV (RO7 variant) transmission
efficiency — genetically linked.

Virus variation an important aspect to consider

* Virus promotes phloem access and salivation but
mediated by endosymbiont

 RNA-Seq will help identify molecular drivers / dialogue
between symbiont-vector-virus-host
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