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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%)
Barley vellow dwarf virus BYDW-PAYV Rhopalosiphum padi, Sitobion avenage, Sitobion
(Tombusviridae, (Luteovirus miscanthi, Sitobion fragariae* Metapologhium

sobork) o o gamim * Yellow dwarf viruses of significant
BYDW-MAV 5. avenae, 5. fragoriae,” M. dirhodum, 5. i m p O rtan Ce i n Ce re aI SySte m S
— « Brought in by winged aphids

BYDW-PAS Rhopalosiphum maidis,” R. padi,” 5. avenge,* M. -
i arbod « Spread through crop by walking
pashorder)
BYDW-GAW 5. grominum, 5. avenae h - d
BYDW-COYY Wector not reported a p I S
ker-1l (Luteovirus R. padi . -
* Disease can reduce yield by 20-80%
ker-11l (Luteovirus R. padi®
kertrihordei) . . . .
. fall h d
Cereal yellow dwarf CYDV-RPV R. padi, 5. graminum, 5. avenge® R al n a m I t I n C re as e VI ru S S re a'
virus [Solemoviridae,
Polerovirus)
CYDV-RPS R. padi®
Maize vellow dwarf virus MY DW-RIY R. maidis, R. padi, 5. graminum
\Solemovindae, '
L)
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)




MAIN YELLOW DWARF VIRUS VECTORS i TR
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Virus strain {updated  Main vectors (average transmission effidency

Virus species name, if applicable) =105}

Barley vellow dwarf virus BYDW-PAY Rhopalosiphum padi, Sitobion avenae, Sitobion
(Tombusviridaoe, (Luteovirus miscanthi, Sitobion frazariae.” Metapolophium
Luteovirus) pavhorder) dirhodum, Schizaphis graminum

BYDW-MMAN 5. avenae, 5. fraganoe,?® M. dirhodum, 5.
(Luteovirus graminum-
mavhorder)

 Variable transmission between vector species:

* R. padi: BYDV-PAV

°

M. dirhodum: BYDV-PAV, BYDV-MAV
« S. avenae: BYDV-MAYV, BYDV-PAV (inefficiently)



ARE ALL VECTOR POPULATIONS EQUAL? LIVERPOOL
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Main facultative
endosymbionts: m m

Genetic varlatlon within population

Aphid species
e.g. R. padi

 Hamiltonella defensa
« Regiella insecticola l

 Serratia symbiotica

* Fukatsia symbiotica % % %
* Aresnop.honus SPP. Obligate endosymbiont present in all aphids

* Rickettsia spp.

* Ricketsiella spp. + +
» Spiroplasma spp.
EC I C I

Facultative endosymbiotic variation
within populations




ARE ALL VECTOR POPULATIONS EQUAL? LIVERPOOL

Variable transmission efficiency within
an aphid species (R. padl) across
cereal crops

_ﬁ‘ Wheat  Barley Oats

CYDV-RPV: Nodata 32-100% 48-100%

yellow dwarf virus

Aphid clone 1

Aphid clone 2

v

Inefficient
vector

Highly efficien
vector

BYDV-PAV: 39-80% 0-100%  20-100% , Mechanisms
DONAVINE Tata 0.58% ! underpinning variability R S
' EEEEEEEEEY 2 in transmission
BYDV-PAS: Nodata No data No data : efficiency within a vector v
BYDV-GAV: Nodata No data 0-53% species
BYDV-SGV: Nodata No data 0% .,
MYDV-RMV: No data No data 0-73% *
WYDV-GPV: Nodata No data 0-91% ®

Leybourne, 2024. Plant Pathology



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

ELISA: Disease detection
R. padi S. avenae >
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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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APHID DIVERSITY AND BYDV: S AVENAE

. . v Julius Kiihn-Institut
No effect of vector diversity on BYDV-PAV Enictnpdaid o e
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Leybourne, Whitehead, Will. 2024. Biology Letters



APHID DIVERSITY AND BYDV: R. PADI LIVERPOOL
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APHID DIVERSITY AND BYDV: NEXT STEPS
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E) Growmg the R. padi — PAV dataset:
100 20 additional R. padi populations (8 analysed)
AIETEITORELS e « BYDV-PAV transmission data

diversity
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-  B. aphidicola strain
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-24 n= n=. n=24 n=23 n=24 n=24

T - T ™
00“\&0 Qg 3 g?) ?S) G?b ?y I I I

Control RP-30 RP-31 RP-33 RP-35 RP-37 RP-38 RP-44 RP-45
945 - Thursday Aphid Clone

Proportion of plants infected
o o
R 3

-

o

o
1

o
o
=3

n=

Aphid genotype: Cladelll Cladell Cladell Cladell Cladel Cladel Clade |

~l
[8)]
1

Buchnera strain; Clade | Clade |l Cladelll Cladel Clade | Clade | Clade |

Facultative endosymbiont: ¥ Control I F.symbiotica B H. defensa [ None

How do diverse vector life-history traits and
transmission rates interact to affect BYDV infection in
cereal crops?

Percentage of plants infected
N (&)
[9)} o

Katharine Preedy, Daniel Leybourne, Lawrence Bramham, Louise
McNamara, Maximilian Schughart

Endosymbiont I Control Il Uncharacterised



CONCLUSION

 Limited variation In transmission efficiency of BYDV-
PAV (JKI variant) in S. avenae — an inefficient vector.

 Variation in BYDV-PAV (JKI variant) transmission
efficiency in R. padi — potentially genetically linked.

« Growing the R. padi dataset — 20 new lines: 12 tested,
8 analysed, 8 starting next week!

UNIVERSITY OF

LIVERPOOL
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