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Abstract

Chemosensory proteins (CSPs) are small globular proteins with hydrophobic binding
pockets that have a role in detection of chemicals, regulation of development and growth
and host seeking behaviour and feeding of arthropods. Here, we show that a CSP has
evolved to modulate plant immune responses. Firstly, we found that the green peach aphid
Myzus persicae CSP Mp10, which is delivered into the cytoplasm of plant cells, suppresses
the reactive oxygen species (ROS) bursts to both aphid and bacterial elicitors in Arabidopsis
thaliana and Nicotiana benthamiana. Aphid RNA interference studies demonstrated that
Mp10 modulates the first layer of the plant defence response, specifically the BAK1 pathway.
We identified Mp10 homologs in diverse plant-sucking insect species, including aphids,
whiteflies, psyllids and leafhoppers, but not in other insect species, including blood-feeding
hemipteran insects. We found that Mp10 homologs from other splant-sucking insect species
are also capable of suppressing plant ROS. Together, these data and phylogenetic analyses
provides evidence that an ancestral Mp10-like sequence acquired plant ROS suppression

activity before the divergence of plant-sucking insect species over 250 million years ago.
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Significance

Aphids, whiteflies, psyllids, leafhoppers and planthoppers are plant-sucking insects of the
order Hemiptera that cause dramatic crop losses via direct feeding damage and vectoring of
plant pathogens. Chemosensory proteins (CSPs) regulate behavioural and developmental
processes in arthropods. Here we show that the CSP Mp10 of the green peach aphid Myzus
persicae is an effector that suppresses plant reactive oxygen species (ROS) bursts and the
first layer of plant defence responses. Surprisingly, Mp10 homologs are present in diverse
plant-feeding hemipteran species, but not blood-feeding ones. An ancestral Mp10-like
sequence most likely acquired ROS suppression activity before the divergence of plant-

sucking insect species 250 million years ago.
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Introduction

Chemosensory proteins (CSPs) are soluble and stable proteins consisting of 6 alpha-
helices stabilized by two disulphide bonds and a central channel with the capacity to bind
small hydrophobic molecules, such as plant volatiles and insect pheromones (1, 2). These
proteins are often highly expressed in the olfactory and gustatory organs of insects in which
they play a role in the sensing of the external environment by carrying volatiles and
pheromones to neurons of chemosensilla, leading to downstream behavioural and
developmental processes (3, 4). For example, CSPs expressed in antenna regulate the
transition from solitary to migratory phases of migratory locusts (5), female host-seeking

behaviour of tsetse flies (6) and nest mate recognition of ants (2).

However, CSPs are also found in tissues that do not have chemosensory functions.
For example, CSPs regulate embryo development in honey bees (7), limb regeneration in
cockroaches (8) and immune protection against insecticides (9). Three CSPs are expressed
in the midgut of the lepidopteran insect Spodoptera litura, and are differentially expressed in
response to diets and bind non-volatile chemicals typically found in plants (10). A CSP highly
abundant in the lumen of mouthparts that is evenly distributed along the length of the
proboscis of Helicoverpa species does not seem involved in chemodetection at all, but acts
as a lubricant to facilitate acquisition of sugar solution from plants via sucking (11), though
orthologous proteins in the proboscis of four other lepidopterans bind the plant compound R3-
carotene (12). Interestingly, the same CSPs are also highly expressed in the eyes of the
lepidopterans and bind visual pigments abundant in eyes that are related to [3-carotene (12).
CSPs may therefore be expressed in multiple tissues where they regulate a variety of

processes in insects often, but not always, upon binding small molecules.

Aphids have about 10 CSP genes, and similar numbers were identified in related
plant-sucking insects of the order Hemiptera, such as the whitefly Bemisia tabaci and psyllid

Diaphorina citri (13—16). Aphid CSPs were previously known as OS-D-like proteins (17). OS-
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D1 and OS-D2 transcripts and proteins were detected in antennae, legs and heads
suggesting a chemosensory role (17). However, OS-D2 did not bind any of 28 compounds,
including (E)-R-farnesene and related repellents and several other volatile plant compounds
(17). Unexpectedly, a screen developed for identification of virulence proteins (effectors) in
the saliva of the green peach aphid Myzus persicae identified OS-D2, named Mp10 in the
screen, as a suppressor of the plant reactive oxygen species (ROS) burst, which is part of
the plant defence response (18). Mp10/0OS-D2 (henceforth referred to as Mp10) also
modulates other plant defence responses (19). Moreover, the protein was detected in the
cytoplasm of plant mesophyll cells adjacent to sucking-sucking mouthparts (stylets) of
aphids, indicating that the aphid stylets deposit Mp10 into these cells during navigation to the
plant vascular tissue for long-term feeding (20). Taken together, these data suggest a role of
Mp10 in plants. However, so far, there is no evidence that CSPs have functions beyond

arthropods. Hence, we investigated the role of Mp10 further.

Here we show that the M. persicae CSP Mp10 modulates the first layer of the plant
defence response that is induced to aphid attack. This ROS burst suppression activity is
shared among orthologous proteins of Mp10 in diverse plant-feeding hemipteran insects,
including aphids and whiteflies (Sternorrhyncha) and leafhoppers (Auchenorrhyncha) (21). It
is likely that an ancestral Mp10-like sequence acquired activity to suppress plant immunity

before the divergence of plant-feeding hemipterans.
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Results

Mp10 blocks plant ROS bursts

Plant defence responses are induced upon detection of pathogen or pest elicitors,
such as pathogen/microbe-associated molecular patterns (PAMPs/MAMPS), by cell-surface
receptors (22, 23). For example, the 22-amino acid sequence of the conserved N-terminal
part of bacterial flagellin (flg22) is a well-characterized PAMP that binds the plant cell-
surface receptor flagellin-sensitive 2 (FLS2) leading to interaction with the co-receptor
BRASSINOSTEROID INSENSTIVE 1-associated receptor kinase 1 (BAK1) and initiation of
plant defence responses, including a ROS burst, in Arabidopsis thaliana and Nicotiana
benthamiana (24). Elicitors identified in whole extracts of aphids also induce defence
responses, including ROS bursts, in a BAK1-dependent manner (25, 26). Hence, we first
investigated if Mp10 suppresses ROS burst induced to flg22 and aphid elicitors in A. thaliana
and N. benthamiana, which are readily colonized by M. persicae clone O (27). Efforts to
stably express Mp10 in A. thaliana were unsuccessful, perhaps because high concentrations
of Mp10 are toxic to plants, in agreement with this protein inducing severe chlorosis and
plant defence responses (18, 19). However, we found that GFP and GFP-Mp10 can
transiently be produced in N. benthamiana leaves via Agrobacterium-mediated infiltration
(18). Here we show that this method allows the transient production of these three proteins
in A. thaliana leaves (Supplementary file, Fig. 1). GFP-Mp10 suppressed the ROS burst to
both aphid elicitors and flg22 in A. thaliana and N. benthamiana, whereas GFP alone did not
(Fig. 1; Supplementary file, Fig. 2). Therefore, Mp10 supresses ROS bursts to diverse

elicitors in at least two distantly related plant species.
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Mp10 is required for M. persicae colonisation of Arabidopsis in a BAK1-dependent

manner

Given that BAK1 is required for the flg22-mediated ROS burst (24, 29) and is involved
in plant defence to aphids (25, 26), we determined if Mp10 acts in the BAK1 pathway during
aphid feeding. Transgenic plants producing double-stranded (ds)RNA corresponding to M.
persicae Mp10 (dsMp10) were generated for knock down of Mp10 expression in M. persicae
by plant-mediated RNA interference (RNAI) (30, 31) in both A. thaliana Col-0 wild type (WT)
and bakl mutant backgrounds, alongside dsGFP and dsRack1 transgenic plants as controls
(30, 31). Rackl is an essential regulator of many cellular functions (32). The expression
levels of Mp10 and Rackl were similarly reduced by about 40% in the RNAi aphids on the
dsRNA WT and bakl plants compared to the dsGFP-exposed aphids (Fig. 2 B, C). On the
dsRNA WT plants, Rack1-RNAi and Mp10-RNAi aphids produced about 20% less progeny
compared to dsGFP-exposed aphids (Fig. 2A). On the dsRNA bak1 plants however, the
Mp10-RNAI aphids produced similar levels of progeny compared to the dsGFP-exposed
aphids, and only the Rack1-RNAi aphids had a reduced fecundity of about 20%, similar to
that of Rack1-RNAI aphids on WT Col-0 plants (Fig. 3A). Aphid survival rates were not
different among the treatments on the dsSRNA WT and bak1 plants (Supplementary file, Fig.
3). The fecundity of Mp10-RNAi aphids is therefore reduced on dsMp10 WT but not on
dsMp10 bak1l plants, suggesting that Mp10 acts in the BAK1 signalling pathway. In contrast,
Rack1-RNAi aphids had reduced fecundity on both WT and bak1 plants, in agreement with
Rack1 being involved in the regulation of cell proliferation, growth and movement in animals

and having no known roles in plant-insect interactions (32).
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Mp10 homologs with ROS burst suppression activity are conserved across sap-

feeding hemipteran insects

CSPs are conserved across arthropods, raising the possibility that other plant-feeding
hemipterans utilise immune-suppressive CSPs like Mp10. To determine if other hemipteran
insects also have Mp10 orthologues we conducted phylogenetic analysis of CSPs among
insect species (Supplementary file, Table 4A). CSPs were identified in the publically
available genomes of the plant-feeding hemipterans A. pisum (pea aphid), Diuraphis noxia
(Russian wheat aphid), Nilaparvata lugens (rice brown planthopper) and the blood-feeding
hemipterans Cimex lectularius (the bedbug) and Rhodnius prolixus (the kissing bug)
(Supplementary file, Table 4B). To increase taxonomic breadth, we also identified CSPs in
the transcriptome of Aphis gossypii (cotton/melon aphid) and generated de novo
transcriptome assemblies from RNA-seq data of the plant-feeding hemipterans Brevicoryne
brassicae (cabbage aphid), Macrosteles quadrilineatus (Aster leafhopper), Circulifer tenellus
(beet leafhopper), Dalbulus maidis (corn leafhopper) and Bemisia tabaci (tobacco whitefly)
(Supplementary file, Tables 2-4). We identified between 4 and 16 (mean = 8.8) CSPs per
species. Phylogenetic analysis of all identified CSP sequences showed strong support for a
plant-feeder specific ‘Mp10/CSP4 clade’, with putative Mp10 orthologue proteins present in
all analyzed plant-feeding species, but not in blood-feeding species (Fig. 3, Supplementary
file, Fig. 4 and 5A However, the blood-feeding hemipteran insects show a CSP clade

expansion that was not seen in the plant-feeding hemipterans (Fig. 3A).

Assays to test PTI-suppression activities of GFP fusions of the Mp10/CSP4
orthologues found in A. pisum, A. gossypii, B. tabaci, D. maidis and C. tenellus showed that
all suppressed the flg22-induced ROS burst in N. benthamiana (Fig. 4A; Supplementary file,
Fig 6). We also showed that Mp10 and it's homologs can supress flg22-induced cytoplasmic
calcium bursts- another marker of PTI- (Fig. 4B; Supplementary file, Fig 6). These activity
assays together with the phylogenetic analyses suggest that Mp10/CSP4 acquired

immunosuppressive activity before the divergence of plant-feeding species of the
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paraphyletic suborders Sternorrhyncha (aphids and whiteflies) and Auchenorrhyncha

(leafhoppers).

Discussion

CSPs are known to regulate behavioural and developmental processes in arthropods.
Our findings extend the known functions of CSPs to include the modulation of process in
entirely different organisms that are not animals, i.e. in plants. We have demonstrated that
proteins belonging to the Mp10 clade from diverse plant feeding hemipteran insects have
evolved the ability to act as effector proteins that suppress plant immunity through the
suppression of ROS bursts. Strikingly, Mp10 is conserved across two paraphyletic suborders
of Hemiptera that diverged over 250 million years ago (21), but absent in blood-feeding
hemipteran insects, indicating a key role for this CSP in plant feeding. It is therefore likely
that an ancestral CSP4 evolved to suppress plant immunity before the divergence of

hemipteran herbivores into two paraphyletic suborders

Importantly, we also demonstrate that Mp10/CSP4 implements its immunosuppressive
activity in plants, during aphid feeding, in the plant BAK1 pathway. BAK1 regulates the first
layer of the plant defence response and is required for induction of ROS bursts to many
pathogens and pests, including aphids (24, 25, 35, 36). We previously detected Mp10 in the
cytoplasm and chloroplasts of mesophyll cells located adjacently to aphid piercing-sucking
mouthparts (stylets) in aphid feeding sites of leaves (20). Mesophyll cells locate directly
below the leaf epidermis and cuticle and are probed by the aphid in the early stages of aphid
feeding during navigation of its stylets to the vascular bundle phloem sieve cells, where
aphid establish long-term feeding sites (37, 38). Each probe by the aphid involves the
delivery of saliva (39). Taken together, these data indicate that Mp10 suppresses ROS
bursts in the BAK1-mediated plant defence pathway during the early stages of aphid feeding

when these insects introduce saliva into mesophyll cells.
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We confirmed earlier reports that overproduction of Mp10 in leaves induces chlorosis
(18). It was previously found that the Mp10-induced chlorosis response is dependent on
SGT1 (18), a ubiquitin-ligase associated protein that is required for effector-triggered
immunity (ETI) (40), which involves recognition of pathogen/pest effectors or effector
activities by plant cytoplasmic NBS-LRR resistance proteins leading to cell death or other
cellular responses that limit pathogen or pest colonization (41). SGT1 is also required for the
induction of chlorosis elicited by the jasmonate isoleucine (JA-lle) analogue coronatine
(produced by the plant-pathogenic Pseudomonas species) (42) and the regulation of JA
precursor accumulation in chloroplasts upon wounding and herbivory (43). It remains to be
seen if Mp10 induces ETI and alters JA accumulation, and if these plant processes and the
chlorosis induction are biologically relevant in the context of the aphid-plant interaction,
because Mp10 is introduced into a few mesophyll cells and does not seem to move away

from the aphid feeding site (20).

We did not find CSP4 clade members in the blood-feeding hemipteran insects R.
prolixus and C. lectularius. However, another CSP clade has expanded specifically in these
insects (Fig. 6A). As well, mosquito D7 salivary proteins, which are related to OBPs, prevent
collagen-mediated platelet activation and blood clotting in animal host (47-49). The D7
salivary family have expanded in all blood-feeding Diptera, including Culicinae (Culex and
Aedes families) and Anopheline mosquitoes, sand fly (Psychodidae) and Culicoides (Family
Ceratopogonodae), but are nonetheless quite diverse in sequence (48) that is in line with
CSPs and OBPs being prone to birth-and-death evolution and purifying selection (13, 49,
50). Given these attributes and observations that effector genes of plant pathogens are
usually fast evolving (51-53), it is surprising that the CSP4 clade has remained conserved in
herbivorous hemipteran insects that diverged more than 250 million years ago. Hence, it is

highly likely that CSP4 plays a fundamental role in mediating insect-plant interactions.
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Materials and Methods

Bioinformatics and phylogenetic analyses To identify M. persicae CSPs, published pea
and cotton/melon aphid CSPs (13, 14) were BLASTP searched against the GPA clone O
genome database. Hits with e<10° were reciprocally BlastP searched against the A. pisum
genome, and those with an annotated CSP as the top hit were kept for further analysis.
CSPs were also identified in the sequenced genomes of A. pisum (pea aphid), D. noxia
(Russian wheat aphid), N. lugens (rice brown planthopper), C. lectularius (the bedbug) and
R. prolixus (the kissing bug). We sequenced the transcriptomes of B. brassicae (cabbage
aphid), C. tenellus (beet leafhopper), D. maidis (corn leafhopper), M. quadrilliniatus (aster
leafhopper) and B. tabaci (tobacco whitefly) using RNAseq (NCBI SRA PRINA318847-
PRJNA318851). Coding sequences (CDS) were predicted from the de novo assembled
transcriptomes and CSPs were identified in all sets of predicted protein sequences based on
reciprocal best blast hits to the annotated set of M. persicae CSPs. Annotated CSP
sequences from the genome and transcriptome data were aligned and phylogenetic analysis
was carried out using this alignment. Full details of the bioinformatics and phylogeneic

analysis carried out can be found in SI Appendix, Materials and Methods.

Cloning To generate constructs that produce double-stranded RNA, entire coding regions of
Mp10 were introduced into the binary silencing plasmid pJawohl8-RNAi by Gateway cloning
technology as described previously (30). For production of N-terminal GFP-fusions, coding
regions of Mp10 and other CSPs without sequences corresponding to signal peptides were
cloned into the binary plasmid pB7WGF2 using Gateway technology (54). All constructs
were introduced into Agrobacterium tumefaciens strain GV3101 containing the helper

plasmid pMPOORK.
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Transgenic A. thaliana lines A. thaliana (Col-0) dsGFP and dsRackl lines generated in
Pitino et al. 2011 (30) were used. These lines were crossed with A. thaliana (Col-0) bak1-5
lines as described previously (25, 29). The pJawohI8-RNAi constructs for dsMp10 were
transformed into A. thaliana ecotype Col-0 and the bak1-5 mutant using the floral dip
method, homozygous lines were selected as previously described (30) and then screened

for their ability to silence the aphid target genes.

Plant leaf infiltration and ROS assays Preparation of agrobacterium for agroinfiltration was
carried out as previously described (18). Each construct was infiltrated into the youngest fully
expanded leaves of N. benthamiana at 4-5 weeks of age, or the leaves of 5-week old
Arabidopsis. Leaf discs were harvested 2 (N. benthamiana) or 3 (A. thaliana) days after
infiltration and used in ROS burst assays. Measurements of ROS bursts to 100 nM of the
peptide flg22 (QRLSTGSRINSAKDDAAGLQIA;(55); Peptron) and M. persicae-derived

extract was carried out as previously described (18, 25).

M. persicae survival and fecundity assays Whole plant survival and fecundity assays
were carried out as previously described (56). Each experiment included 5 plants per
genotype, and the experiment was repeated on different days to generate data from four
independent biological replicates. Five adult aphids from each plant genotype were
harvested at the end of the experiment for RNA extraction and use in quantitative real-time

PCR analysis.

Quantitative real-time PCR analysis RNA extraction, cDNA synthesis and qRT-PCR on
aphid samples was carried out as previously described (30). Each sample was represented
by the gene of interest and three reference genes (L27, B-tubulin and Actin). Primers are
listed in Supplementary Table 5. Mean C; values for each sample-primer pair were
calculated from 2 or 3 technical replicates, then converted to relative expression values

using (efficiency of primer pair)°¢t (57). The geometric mean of the relative expression
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values of the reference genes was calculated to produce a normalization factor unique to
each sample (58). This normalisation factor was then used to calculate the relative
expression values for each gene of interest in each sample. For display of data, mean
expression values were rescaled such that aphids fed on dsGFP plants represented a value

of 1.

Statistical analysis All statistical analyses were conducted using Genstat 16 statistical
package (VSNi Ltd, Hemel Hempstead, UK). Aphid survival and fecundity assays were
analysed by classical linear regression analysis using a Poisson distribution within a
generalised linear model (GLM). ROS burst assays and gRT-PCR data were also analysed
within a GLM using normal distribution. Means were compared by calculating Student’s t-

probabilities within the GLM.
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Figure Legends

Figure 1: Mp10 suppresses elicitor-induced ROS bursts in A. thaliana and N.

benthamiana.

Total ROS bursts were measured as relative light units (RLU) in luminol-based assays of A.

thaliana (A, B) and N. benthamiana (C, D) leaves upon elicitation with flg22 (A, C) or aphid

extract (B, D). The leaves transiently produced GFP-tagged Mp10 (GFP-Mp10) alongside a

GFP control (Figure S1). Bars show mean + SE of total RLUs measured over periods of 0-60

minutes (flg22), 0-320 minutes (N. benthamiana, aphid extract) or 0-600 minutes (A.
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thaliana, aphid extract) of three (A, B, C) or two (D) independent experiments (n=8 per
experiment). Asterisks indicate significant differences to the GFP treatment (Student's t-

probability calculated within GLM at P <0.05).

Figure 2: Knock down of Mp10 expression reduces aphid reproduction on A. thaliana
wild type, but not on bak1-5 mutants.

(A, B) Relative expression levels of Mp10 and MpRackl genes in M. persicae reared on (A)
A. thaliana Col-0 or (B) bak1-5 mutants plants stably expressing double-stranded (ds) GFP
(dsGFP), Rackl (dsRackl) or Mp10 (dsMp10). Gene expression levels were measured by
guantitative reverse transcriptase PCR (qRT-PCR) using specific primers for each aphid
gene. Bars show the means + SE of normalized gene expression levels relative to the
dsGFP control, which was set at 1, of three independent biological replicates (n=5 aphids
per repeat). Asterisks indicate significant downregulation of gene expression compared to
the aphids on dsGFP plants (Student's t-probabilities calculated within GLM at P <0.05). (C)
Fecundity assays of aphids reared on dsRNA transgenic A. thaliana wild type and bak1-5
plants as shown in A, B. Bars represent the mean number of nymphs per plant produced +
SE in 4 independent experiments (n=5 plants per experiment). Asterisks indicate significant
difference compared to dsGFP control aphids (Student's t-probabilities calculated within

GLM at P<0.05).

Figure 3: Mp10 homologs are present in diverse plant-feeding insects species of the
order Hemiptera and group together as a monophyletic clade.

(A) Maximum likelihood phylogenetic tree of CSPs in insect species of the order Hemiptera.
Species names at the branches of the tree are colour coded as shown in the upper left
legend with species for which whole genome sequence is available shown in bold texts. The

20
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tree is arbitrarily rooted at the mid-point, circles on braches indicate SH-like support values
greater than 0.8. The Mp10 / CSP4 clade lacking homologs from blood-feeding hemipterans
is highlighted with a grey background. The clade with CSPs shared among blood-feeding
hemipterans only is also highlighted with a grey background. (B) Alignment of the
Mp10/CSP4 amino acid sequences of diverse plant-feeding hemipterans. The four cysteines
characteristic of CSP proteins are also conserved (highlighted in red). Alignment was

created using Clustal Omega (59).

Figure 4: Mp10 homologs from diverse plant-feeding hemipteran species have ROS-
and Ca?*- burst suppression activities. (A)Total ROS bursts were measured as relative
light units (RLU) in luminol-based assays of N. benthamiana leaf discs upon elicitation with
flg22. (B) cytosolic calcium bursts measured as RLU using transgenic N. benthamiana leaf
discs expressing the calcium reporter agueaorin. The leaves transiently produced the GFP-
tagged homologs of Mp10 from A. gossypii (Ag10), A. pisum (Apl10), B. tabaci (Bt10), C.
tenellus (Ct10) and D. maidis (Dm10) alongside a GFP control. Bars show mean + SE of
total RLUs measured over periods of 60 (A) or 30mins (B) minutes after flg22 exposure in
three independent experiments (n=8 (A) or n=12 (B) per experiment). Asterisks indicate
significant differences to the GFP treatment (Student's t-probability calculated within GLM at

P <0.05).

Supporting Information Captions

Figure S1: Detection of GFP and GFP-Mp10 proteins in agroinfiltrated A. thaliana
leaves. The upper panel shows a western blot of protein extracts from four 5 mm diameter
leaf discs harvested at 4 days post agroinfiltration from leaves used for ROS assays in

Figure 1 A and B. GFP and GFP-tagged Mp10 and MpOS-D1 were detected with antibodies
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to GFP (arrows at right). The lines at left of the blot indicate the locations of marker proteins
in molecular weights (kDa). Protein loading was visualised using Ponceau S solution

(loading control in the lower panel).

Figure S2: Representative graphs showing Mp10 suppression of elicitor-induced ROS
bursts in A. thaliana and N. benthamiana leaves. Flg22 (A, C) or aphid extract (B, D)
were applied to A. thaliana (A, B) or N. benthamiana (C, D) leaf disks at time point 0. The y-
axes show the average ROS bursts in 8 leaf disks measured as relative light units (RLU) in
luminol-based assays over 0-60 min (A, C), 0-600 min (B) and 0-320 min (C). The leaves

transiently produced GFP-tagged Mp10 (GFP-Mp10) alongside a GFP control.

Figure S3: Knock down of Mp10 expression did not affect aphid survival rates on A.
thaliana wild type and bak1-5 mutants. Bars represent the mean number of nymphs alive
(out of 5) at the end of the experiment (on day 14, when the final nymph count took place) +
SE in 4 independent experiments (n=5 plants per genotype in each experiment). Asterisks
indicate significant difference to dsGFP control (Student's t-probabilities calculated within

GLM at P<0.05).

Figure S4: CSPs of the three aphid species M. persicae, A. pisum and A. gossypii
cluster into 10 distinct clades including one that contains all Mp10 homologs. Amino
acid sequences of CSPs identified in each aphid species were aligned and this alignment
was used for generating the phylogenetic tree at left. Conserved cysteines across the CSPs

are highlighted in red.
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Figure S5: Alignment of CSPs used for building the phylogenetic tree shown in 6A.
Amino acid sequences of CSPs identified in available sequence data of insect species in the
order Hemiptera were aligned and this alignment was used for generating the phylogenetic
trees at left in this figure and for the one shown in Fig. 6A. Conserved cysteines across the

CSPs are highlighted in red. The Mp10/CSP4 and clade is highlighted in grey background.

Figure S6: Detection of GFP and GFP fusions of Mp10 homologs from various insect
species in agroinfiltrated N. benthamiana leaves. The upper panel shows a western blot
of protein extracts from two 10 mm diameter leaf discs harvested at 2 days post
agroinfiltration from leaves used for ROS assays in Figure 7. The GFP-tagged CSPs were
detected with antibodies to GFP (arrows at right). The lines at left of the blot indicate the
locations of marker proteins in molecular weights (kDa). Protein loading was visualised using
Ponceau S solution (loading control in the lower panel). Abbreviations: Mp, Myzus persicae;
Ag, Aphis gossypii; Ap, Acyrthosiphon. pisum; Bt, Bemisia tabaci; Ct, Circulifer tenellus; Dm,

Dalbulus maidis.

Table S1: Blast search statistics for discovery of CSP proteins encoded in the M.

persicae clone G006 and O genomes. Query sequence IDs as described in Gu et al

(2013(14)).

Table S2: Sequencing statistics of transcriptomes for five insect species in the order

Hemiptera

Table S3: Assembly statistics of transcriptome data for five insect species of the

order Hemiptera
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Table S4: CSP annotation. (A) Summary of hemipteran genomes and transcriptomes
searched for CSP sequences. (B) CSP domain annotation for species with sequenced
genomes based on hmmer3 searches for PF03392.10. (C) CSPs identified in species with
transcriptome data only based on reciprocal best blast hits to M. persciae CSPs. (D)

summary of filtered CSP sequences retained for phylogenetic analysis.

Table S5: qRT-PCR primers used in study
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Figure 1: Mp10 suppresses elicitor-induced ROS bursts in A. thaliana and N. benthamiana.

Total ROS bursts were measured as relative light units (RLU) in luminol-based assays of A.
thaliana (A, B) and N. benthamiana (C, D) leaves upon elicitation with flg22 (A, C) or aphid extract
(B, D). The leaves transiently produced GFP-tagged Mp10 (GFP-Mp10) alongside a GFP control
(Figure S1). Bars show mean * SE of total RLUs measured over periods of 0-60 minutes (flg22),
0-320 minutes (N. benthamiana, aphid extract) or 0-600 minutes (A. thaliana, aphid extract) of
three (A, B, C) or two (D) independent experiments (n=8 per experiment). Asterisks indicate
significant differences to the GFP treatment (Student's t-probability calculated within GLM at P
<0.05).
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Figure 2: Knock down of Mp10 expression reduces aphid reproduction
on A. thaliana wild type, but not on bak1-5 mutants.

(A, B) Relative expression levels of Mp10, MpOS-D1 and MpRack1 genes in M. persicae reared on
(A) A. thaliana Col-0 or (B) bak1-5 mutants plants stably expressing double-stranded (ds) GFP
(dsGFP), Rack1 (dsRack1), MpOS-D1 (dsMpOS-D1) or Mp10 (dsMp10). Gene expression levels
were measured by quantitative reverse transcriptase PCR (QRT-PCR) using specific primers for
each aphid gene. Bars show the means = SE of normalized gene expression levels relative to the
dsGFP control, which was set at 1, of three independent biological replicates (n=5 aphids per
repeat). Asterisks indicate significant downregulation of gene expression compared to the aphids
on dsGFP plants (Student's t-probabilities calculated within GLM at P <0.05). (C) Fecundity assays
of aphids reared on dsRNA transgenic A. thaliana wild type and bak1-5 plants as shown in A, B.
Bars represent the mean number of nymphs per plant produced + SE in 4 independent
experiments (n=5 plants per experiment). Asterisks indicate significant difference compared to
dsGFP control aphids (Student's t-probabilities calculated within GLM at P<0.05).
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Figure 3: Mp10 homologs are present in diverse plant-feeding insects species of
the order Hemiptera and group together as a monophyletic clade.

(A) Maximum likelihood phylogenetic tree of CSPs in insect species of the order
Hemiptera. Species names at the branches of the tree are colour coded as shown in
the upper left legend with species for which whole genome sequence is available
shown in bold texts. The tree is arbitrarily rooted at the mid-point, circles on braches
indicate SH-like support values greater than 0.8. The Mp10 / CSP4 clade lacking
homologs from blood-feeding hemipterans is highlighted with a grey background. The
clade with CSPs shared among blood-feeding hemipterans only is also highlighted with
a grey background. (B) Alignment of the Mp10/CSP4 amino acid sequences of diverse
plant-feeding hemipterans. The four cysteines characteristic of CSP proteins are also
conserved (highlighted in red). Alignment was created using Clustal Omega (58).
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Figure 4: Mp10 homologs from diverse plant-feeding hemipteran species have ROS-
and Ca2+- burst suppression activities.

(A) Total ROS bursts were measured as relative light units (RLU) in luminol-based assays of
N. benthamiana leaf discs upon elicitation with flg22. (B) Cytosolic calcium bursts measured
as RLU using transgenic N. benthamiana leaf discs expressing the calcium reporter aequorin.
The leaves transiently produced the GFP-tagged homologs of Mp10 from A. gossypii (Ag10),
A. pisum (Ap10), B. tabaci (Bt10), C. tenellus (Ct10) and D. maidis (Dm10) alongside a GFP
control. Bars show mean + SE of total RLUs measured over periods of 60 (A) or 30 (B)
minutes after flg22 exposure in three independent experiments (n=8 (A) or n=12 (B) per
experiment). Asterisks indicate significant differences to the GFP treatment (Student's t-
probability calculated within GLM at P <0.05).
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Figure S1: Detection of GFP and GFP-Mp10 proteins in agroinfiltrated A. thaliana
leaves.

The upper panel shows a western blot of protein extracts from four 5 mm diameter leaf
discs harvested at 4 days post agroinfiltration from leaves used for ROS assays in
Figure 1 A and B. GFP and GFP-tagged Mp10 and MpOS-D1 were detected with
antibodies to GFP (arrows at right). The lines at left of the blot indicate the locations of
marker proteins in molecular weights (kDa). Protein loading was visualised using
Ponceau S solution (loading control in the lower panel).
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Figure S2: Representative graphs showing Mp10 suppression of elicitor-
induced ROS bursts in A. thaliana and N. benthamiana leaves.

FIg22 (A, C) or aphid extract (B, D) were applied to A. thaliana (A, B) or N.
benthamiana (C, D) leaf disks at time point 0. The y-axes show the average ROS
bursts in 8 leaf disks measured as relative light units (RLU) in luminol-based assays
over 0-60 min (A, C), 0-600 min (B) and 0-320 min (C). The leaves transiently
produced GFP-tagged Mp10 (GFP-Mp10) alongside a GFP control.
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Figure S3: Knock down of Mp10 expression did not affect aphid survival
rates on A. thaliana wild type and bak7-5 mutants.

Bars represent the mean number of nymphs alive (out of 5) at the end of the
experiment (on day 14, when the final nymph count took place) + SE in 4
independent experiments (n=5 plants per genotype in each experiment). Asterisks
indicate significant difference to dsGFP control (Student's t-probabilities
calculated within GLM at P<0.05).
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Figure S4: CSPs of the three aphid species M. persicae, A. pisum and A.
gossypii cluster into 10 distinct clades including one that contains all
Mp10 homologs.

Amino acid sequences of CSPs identified in each aphid species were aligned
and this alignment was used for generating the phylogenetic tree at left.
Conserved cysteines across the CSPs are highlighted in red.
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~CLVQAEDDYV---FDESVDIDSVIKNDATLNSYLKCFFNTG-ACS-SRAERVEG ~KISHVFST-VCGOCS PROKQLLEEVLTIFVTR-~RPDDWEKLLEMY -DPENKYTA~
-ICIADE-EYD-RLFDPDIDVDAVLDNDRVLNAYMACFFDEG-PCA-ERPRLVES- ~KIREVLES-TCGRCNERERQRLEYVLNKFIER--RPEDWERILEIY-DEEKAFRG-
-GLTSPVEHI-DYQ-KVFE-EIDPDLILDNERLLRAYLRCFFDEG-PCN-VEQQAVED- ~HISTVLET-VCGECSERQRGIFEHSLNKF I PA--HGEDWAHMLRT ¥~ DPDGS YRP -
~CRPDSDEEA-FYY-KVFE-EIDVDVILDNERLLRSYLSCFFDEAR-PCS-SHAARVKE. ~SIPEVMS5-VCGRCNDEKQKATYKHALNKFIPT - -HKEDWDHMLRIY-DPEGEYWP -
~IVQVEX-HLL-KYLT-SVNLMNILTNKR T MAMYMKCLLRR G- P05~ PE IRDFRR ~LLPRFLEH-LOSYCNEQESESLRI IFQFVESR--RPEEWKQLEDVY -DPKR INTD-
-LOOT SWF-QRLS-VIQVEDVLNNKRILNKYLGCLLKRT-VCA-PEARDFRI. ~LLPSILRA-PCTNCTERQRTSLEKVFGEVHEL - - HPHEWQO IMSMY - DPKSEHOE -~
=PQKTRDFAK=RAL=YRLE =K IDVDEMLNNNRIMTNYVECFVGKG=ACS=FEARDFRE=. =LIFELTAT=ACGDCTPNORKIIKKIFLFMYFE==RSSDWEVLOERY = DFNRKFEA==
~AQRTPDPAK-RAL-HRLE -KIDVDTHLENNRIMTNY TKCFVGKG-PC5 - PEARDFRE~ ~LIPKLTAT-ACGLCTENQRI T IRKIFLEMYTE - -RNNDWKLLQDTF - DPKHKYEE—
~AQKTRDPAK-RAL-YRLE-KIDIDMMLNNNRIMTNY VECFVGKG-PCS-PEARDFKE. -LIPELTAT-ACGDCTPNOKKIIKKIFLFMYNE--RNSDWQLMOETF -DPKRKFEE.
KPEELPKTMK - EAL- KRME -AVDVEXVLNNDRILTNYLKCFLNKG- PCT-SEAKKVEK- ~FIALLVES-RCVECDPKQRKIIKKSHOVVKTK--KPREYQELIKLY-DPKGTQIA-
~QNIQEELK-KFL-STLE-KIDIDQILNNHRLMSNNVKCFLNEG-PCT-AQLREMKE-. ~MLPALVED-SCASCTKEQKNITEKSMEAIQAR--RPNEYKQVSKFF-DPEGKYQK~
—-REEIQ-RYM-SHHME-FINIDOQMLNNTRLMSNNVECFLNEG- PCT-AHLREMEE: ~MVPMLVED-SCESCTEEQR LMMEFANDAVEAR--RPNDYERLSEKFF-DPEGKYER
VHQEELK~-KFL VDIDGTLNNNRLMSNNVKCFLNEG-PCT-GULREMKE ~MVPMLVED-SCSSCNREQRNMMEKAMDAMKAR--RPNEYEQISEFF-DPEGKYER~
~ADDEIKDFP-AYM-KRFE-KLNVEQVLNNDRVLASELKCFLNEG-PCV-QQSRDLKR ~VIPVIANN-SCNGCTEKQKTTIEKTLNFLRTK - -KPDEWARLVEIY-DPTGTKLN -
~ADDETKDE P-AYM-KRFD-KLNVEQVLNNDRVLASHLKCFLNE G- POV-0QSRDLKR~ ~VIPVIANN-GCNGLTERQMTTIEKSLNFLRTK--XPVEWARLVET Y -DPSGTKLN~
—-SADPELRDFF-AYM-KRFD-RLNVEQVLNNDRVLASELKCFLNEG-PCV-QQSRDLER- ~VIPVIANN-GCHGCIERQMTTIKKSLNFLRTK --KPTEWARLVKIY -DPSGTKLN-~
SADEEIKDFF=AYM=KRFD=KLNVEQVLENDRVLASELECFLNEG=FCV=00SRDLKR. =VIPVIANN=GCHGCTERQMTTIKKSLNFLRTE==XPVEWARLVNIY =DPSGTEL ==
~~~~CAKVPE-KSS-ALLD-PKELDKALTDAKMRDEYVRCFLEKG-VCT-PAATEIKR- ~ILPTALSD-NHCSKCSQQORAGSREVIQYLMDE --QPEMWEQVSTKY -DPEGLHEK -~
~-=-PMPROQ-DGEQDRROEQ-QKYAVDRFTTGLVGNSKIRENYLNCFLONG-PCS-PEASNIKR- ~MVPEAIQN-ECAHCTELORKVIEKMMCY LNNH--QPDILKEVAAKF -DENGE YMK -
--PMPRQRIDGEQNHRQEQ-QKYAVDRFTTGLVGNPI IRENYLNCFLONG- PCS - PEANNIKPG ~MVPEAIQN-ECAHCTELQRKVIEKMMCY LNNH--QPDILKEVARKF - DPNGE¥YMK~
==PMPEQRIDGGONRRQEQ-QKYAVDHF TTGLVGNPKIRENYLNCFLDNG-PCS-PEAKNIKPG ~MVPEAIQN-ECEHCTELQRKVIEKMMCYLNNH--QFPDILKEVARKF -DPNGEYMEK-
--PMPEQRIDGGQNRRQEQ-QKFAVDHFTTGLVGNPK I RQNY LNCFLONG- POS - PEAKNIKPG ~MVPDAIQN-DCAHC TELQRKVIEKMMCY LNNH--QPDILKEVAAKF - DPNGEYME~
~AAPAED-KYT-DKYD-NINVDDILGEKRLLESYLTCLLDKS-PCT-PEGEELKR: ~LLPDALET-ACSKCTEKQKEGAARIVERVTAE -~ YPTEWKEL SAKW-DPTGEYWA -
LCLADD=-QYT=SK¥D=-NIDLDKILDSKRLVENYVQCLLGTK=-GCP~-PEGLELKR =ILFDALKT=-QCSKCTCVQROGAVRKAIQRLOKD =~ YPDEWKLLLDKW=DARKRESLA =
~GEYD-QYT-SKYD-NTDLDXTLDSKRLVSNYVQCLLGTK-GCP-PEGLELKR: ~ILPDALET-QCSKCTCVOROGAVKATORLOKD -~ YPDEWKLLLUKW-DAKRES LA~
S$SYGEE-DLE-KKYA-DFDIEAVLNSKRLVTNYVNCLTDEG-ACS - PEGKDLKK-, ~NIPTVLOT-LCEKCTPSOTDKAVMY IRRLEKD--YPEEWKILLEKW-DPKGEY TR~
=TRAQQR=GYT=5SKY¥D=NIDLDKILSSKRLVNNY VOCLV DK K= PCP=PEGQELKK= =ALPDAIKT=KCAKCSETQXDKATKVIRKMOKD == YPOEWKVVTDKW = DF TGNLMR=
~AHAQQR-AYT-NKYD-NIDLDKILSSKRLVNNYVQCLVDKEK-PCP-PEGQELKE: ~VLPDAIKS-RCAKCSEAQKDEKATKVIRKMQKD - - YPQEWK IMMDKW - DFNGMLMR -
POEDAVAASGP-RYT-TKYD-HIDIDQVLGSKRLVNSYVOCLLDKE-PCT-PEGAELRE ~ILPDALKT-QCVRCNATQRNAALKVVDRLORD -~ YDKEWKQLLDXW-DPEREYFQ -
PQKDAAVVNGP -AY T- TK¥D-NIDIDOVLASKRLVNS ¥ VICLLOKK~-PCT- PEGAELRE ~ILPDALKT-QCTKCNATORNAALK VVDRLORD - - Y DKEWKQLLDKW-DPKREYFQ -
PORDAAVVNGF-AYT-TEYD-NIDIDOVLGSKRLVNSYVOCLLDEK-PCT-PEGAELRE- ~ILPDALKT-QCTKCNTTORNAALKEVVDRLORD - - YDKEWKMLLDEW-DPEREYFQ -
POEDAVAASGT-AYT-TRYD-HIDIDQVLASKRLVNS Y VCLLOKK-PCT- PEGAELRK~ ~ILPDALKT-QCAKCNATOKNAALKVVDRLORD -~ Y DEEWKDLLDKR-DPKREQF Q-
POKDAVAASGP-AYT-TRYD-HIDVDOVLASKRLVNSYVOCLLOKK-PCT-PEGAELRE. ~ILPDALKT-QCAKCNATORNAALEVVDRLOKD -~ YDAEWKQLLDEW-DPEREEFQ -
====RAKEVT=TY T=DK¥D=KIDVDAILNNERVLERY I DCLMDRA=RCT=FPDGTELKK=: =YIFEALE T=ECAKCTDAQKRFAGKVMSFLLLN==KRNYWNQLLGKY =-DPNGKFRE =
~ITPDATRT-ECAKCNPEQKKHVGKVLEYLFHN - - RENYWDDLLAKF - DPDKSLRE-
~IVPDAIQT-ECAKCNERQRKQAGKVLAHLLOY -~ KPEYWNOLVEKF -DPNNI¥LK~
~IVPDAIQT-ECAKCNERQREQAGKVLAELLQY - -KPEYWKMLVQKF - DPNNVYLR-
=IVPDAIQT-ECARCNDRORKOAGKVLAELLQY --KPEYWNMLVEKF - DFNNVY LR~
~IVPDAIQT-ECAKCNERQREQAGKVLAELLQY - - KPEYWNMLVEKF - DPNNVYLE -
~ILPDALKT-NCGKCTDAQKLKTEK IMKFLIKN--RSIDFDRLTAKY -DPSGEY KK~
=VLPDALKT-DCSKCTAVQKDRSEKVIKFLIKN - ~RSKDFDNLTAKY -DPSGEYKK =
~VLPDALET-DCSKCTEVQXDRSEKVIKFLIKN--RSSDPDRLTAKY -DPSGEYEK—
~VLPDALET-DCSKCTEVQRDRSERVIKFLIKN--RSTDFDRLTARY -DPSGEYRE—
=LLPDAIQS~-NCSKCSEKQRSASVKVMRHLROS -=RERDWNRLLDKY -DFQGDRERE~:
~TLPDALRT-GCSKCTDEQRAATDKVIKEVREH - -KARDWERLVNKY - DPRGEFRS -
~TLPDALRT-GCSKCTERQKIATDEVIKEVREH - -KSRDWERLVNKY -DPKGEFRS -
—~ILPDALRT-GCKKCTSTQEVOAERVLRELYRQ - -RRNDWNRLKAKY -DPSGQY¥SR-
~TLPDALAT-GCTRCSDNORTOTEKV IRHLSKN--RFRDWARLKSKY -DFRGEY 5K~
~TLPDALAT-GCNKCSERQRSQTERVLRELIKN--RSRDWARLKGKY -DPTGEYSK—
~ATPDALET-GCTKCSDKQRAGAQRKVIEWLVOK - - XPELWKEVVDKY -DPSGEYTK -~
~HIRDALET-GCKKCSQRQREGADKVFRELIKN-~KFKEFDALEKKY -DPEGSFRA~
~HLPDALRT-HESKOSERQKEPSDEV IEELTDN--KPEEPAALEKKY -DPEGT YRR~
=AIPDALQT-ACSKCSARQRAGTEKVIRFLIDK~-~RPNLYRELEQEY~DPEGIFRQ~
-AVPDALKT-ACSKCSREQREGTERVTRFLISK--KPNLFAELERKY -DPQGVFRQ -
~ALFDALAT-ACSKCTEEQRVGTERVIKYLIEK--KPTEYSELEEKY-DPQGNYKR~
~ALPDALAT- ACAKCSEAQKAGTEKVIRFLIEK--RPEEYALLEKKY-DPEGIYRD-
~ALPDALAT-ACEKCSEKQKEGTEKVMKFLIEK--XPTEFAELEKKY-DPQGTYRQ~
=ILPDALET=ACSKCSDROKAGTORVFEFLLEK==KPDAFEELAKKY = DPRGMY KA =
~VLPDALSN-KCAKCTERQRSGSEKVIRELIDN - -KPEMAAKLEAKY - DPKGTYRE -
~WLPEAIEN-KCADCSERQKMGSEKIIKFLFEK - -XKNDMWEQLEQKY -DPQGLYRQ-
~WLPEATEN-KCENCSEKQKIGSEKIIKFLIEK=-=XNDMWKQLEQKY -DPQGLYKQ~:
~WLPEAVEN-KCEDCSERQRIGSEKIIKFLFEK - -KNDMWKQLEEKY -DFRGLYRQ-
=VLPDALKT-ECGGCSDEQKEGARKIFKFLLDN==KQQEWANLEERY-DFTGIYES~
~VLPDALET-ECGGCSDRQREGAKKIFEFLLDN --KQOEWANLEERY-DPTGI¥ES
~YLPDATET-ECGGCSERQREGSKKVFEFLIEK --KPEEWRALEGKY -DPSGSYRA~
~VLPDAIAT-ECGGESDRQREGAKKIFEFLIEK - -KPEEWKALEGKY - DPSGSYKA-
~TIPDALAT-TCAKCSAKOKTAREKVIKYLYFN--KRDKFDELAKIY-DPESNYLN-
~KLPDALKT-ACARCS PROKQGLEKVLEFLMNS - - KPNDFKELERI Y - DPQGEYRK -
-ALPDALON-ECTRCTLEQRLGSERVIKFLLEK - - KPNDFHLLEKTY - DPNGEYRK -
~NLPDALQT-ACERCSERQRQGSERVLEF ILDH--KPEDYLALEEMY - DPDKKYRE -
VOFGAS-TYT-TQYD-NIDLDETLNNDRYVY TKY FOCLTGK D-(0 T~ PDGEELKE ~TLPDALYT-GCAKCTEKOKAGAEKVLRFVTEN~-~KPDHYKQVEATY ~DPKG T YRO~
VAFARE-KYT-TKYD-NIDLDVVLNNERLY KKYFQCLTNAG-RCP-PDGRELKA- ~SLPDALAT-NCAKCSKRQREGSEKVINF IVEK - -KPKDFEKLEELY - DFDGVYRE -
===-ALAAE-RYT-TRYD-NIDLDEILRNQRLNIVMEEDKRREK-RRP-SETLEENRRQHWDDALPEALAT-GCNKCTPEQRSGSEKVIRYLINN-~KPRDYAVLERI ¥~ DPSGTYKKKR
~EAEGAE-EYT-TEYD-NIDLDEILRNQRLYENYFDCLRNQG-KCT-PDGRELKE-————-| ALPDALAT-GCAKCSERQRKGSEKVIKELIEN--KSEDFKVLEKLY-DPEGVYRK-—
~VANGAE-TYT-DKFD-NIDVDEILONQRLYKSYFDCLKNEG-KCT-PDGRELKE- —ALPDALAN-GCAKCSERQRKSSEKVIKHLIEN--KPEDFEVLEKL Y -DFEGEYRE~
VVYGAE-TYS-SALE-DIDVDAVLENQRLFKRYVOCLTNE G- SCT- PDQEDLKD ~VLPEILAT-DCAKCSKKLRALFEKVAKYTVDN - -KPEDFKKLQKLY - DPDGVYES -
VVYGAE-TYS-SALE-DIDVDAVLENQRLFEKRYVDCLTNEG-SCT-PDOKYLKD. ~VLPEILAT-DCAKCSKKLRALFEKVAKYTVDN--KPEDFKKLQKLY-DPDGVYES~,
CATSST-Q¥T-TKYD-NIDVEVIMENQRLYRKY FDCLTDRG-ROT-PDAKELKD ~SLPDALAT-GESHCTERQRVGSERVIKY LLDK -~ RPADFAVLERI F - DPKGLFKS -
== =VA-AYT-TRYD-NVDLDE TLEHORL Y KKY FDCLVNKG-KCT-PDGRELKD ~ATPDALAT- ACSKCNEKQORAGSERVIREMMEN - - HPADYDALEKLY -DPSGTYRK -
-ACSATS=-TYS=TS8¥D=-NLDLDEILNNSRLY TRYFQCLTNKA=RCT-PDGKELKA======VLPDALAT-GCARCNEKQKLGSEKVIRFLLEN=-~KPRDFEELEEMY-DPNGTYRE =
CAWAAS-TYT-TEYD-NIDLDE ILNNPRVYKKYFDCLAYNT-KCT-PDGKELRE. ~VLPDALKT-GCSRCNEKQRAGAEKVIKFLLEK--RRADFNILEEKY-DPSGTYRE -
~CRWARS-TYT-TKYD-NIDLDEILKNPRIYKKYFOCLAHYN I-QCT-PDGKELRD- ~ILPDALK - ACSKCTERQRVGSEKVFKY LLDN -~ KRDDYEVLERQF ~DPTG I YRK -
--------- CAWAAS-TYT-TEYD-NIDLDEILENPRVYKKYFDCLAHDA-KCT-PDGRELRD-—-—- -1 LPDALET-GCSKCNEKQRMGAEKVFKFLLEN -~ KRADFDT LEGKF -DPSGIYRK -~
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VSPTTDGRRTTRETS-SYP-TRYD-FIDIEAVMNNERT [ KILFNCVMNEG-PET-REGLELKR:
VTPTNDGRETIRETS-SYP-TRYD-YIDIEAVMNNERI I KILFNCVMSRG-PCT-REGLELKR
VSPTTDGRETTRETS-5YP-TRYD-FIDIEAVMNNERT IKILFRCVMNOG-FCT-REGLELKR:
VSPTTDGRETTRETS-SYP-TRYD-FIDIEAVMNNERL [ KILFNCVMNQG-PCT-REGLELKR-
~FTLAQE-KYS-TKYE-NFDEDKVLNNDSLLTSY INCLLOEG-NCT-EEGQALKR~
FTLAEE=-KYT=TKFD-NFDVDKVLNNDRILTSY IKCLLDQG=NCT~-NEGRELKE.
~FTLAEE-KYT-TKFD-NFDVDKVLENNRI LTS Y TKCLLDEG-NCT-MEGRELRE-.
—FTLAEE-EYT-TRFD-NFDVDRVLNNNRILTSY IRCLLDEG-NCT-HEGRELRE~
CHAQDS=-KYT=5K¥D=-NIDIDKILEKNDRVLSQY TKCLMGEG=SCT=-QEGRELKR:
AAARNT-SYT-NKFD-5IDVDEILNNDRILESY IRCLMDEG-5CT-SEGRELKE
ASWAAN-SYT-NEFD-SIDVDRILENDRILTQY TKCLLEEG- SCT-NEGRELKE:
LAVSQE-TYT-SQ¥D-NINVDSILANERIVRQYVKCLLOQT-RCN-NEGKTLKE.
-AVLSAE-VYT-SKYD-NIDVDKILENDRILTQY IKCLMEEG-NCT-NEGRELKE.
CIEAGE-VYT-SKYD-NIDVDKILTNDRILSQY IKCLMDEG-NCT-NDGEELK--
~CRADEP-SYP-TSWD-NVNIDEVLGHERLVONYAKCLLERG-SCS-PEGTELRE.
=VATARE-KYT-TKYD-SVNVDQIIGNNRLFSNY I KCLLOQG-GCT-PEAEELKS-
SALPQD-KYT-TKYD-HINVEETLNNERTLFN5YYKCLMG-G-KCT-PDGLELRT
LPSPAS-TYT-TRFD-NVNLDQVISNDRLLESYFNCLMDRG-KCT-AEGEELKE.
AVPVPAS-TYT-TKFD-5VNLDQVLENERLLRS YFNCLMDRG-RCT-AEGEELKR:
-KPAEKR-QVT-TEYD-NIDLDE ILNNQRLFDNY YRCLLG-G-KCT-PDGOELRE-
~GELYKD-RYT-TKFD-KIDLDEALNNQRLFESYLKCLMG- D-KC5-PDGYELRE-.
LANPAD-KYT-TK¥D-NIDLDEVLSNQRLFDS¥FKCLMG-G-KCT-PDGQELRD
=AAPEES=-0YT-TKYD-NINLDEILTHNERLFDSYFKCLMG=G=KCT-PDGLTLRE=
~ESTEES-TYT-NKYD-NIDLGKILTNDRLF LNYFKCLMDE H-TC5~-PDGAELKE-.
VQTAPA-KYT-TRYD-HVNIDDILNNDRLVTSYFRCLMETG-KCT-PEGDEIKR:
=VQTAPA-KYT=-TKYD-NVNIDDILNNDRLVASYFKCLMETG-KCT-PEGEEIKR=
~VOAAPA-KYT-TKYD-NVNIDDILNNDRLVASYFRCLMETG-KCT-FPEGEEIKR-
===LAVFSF=AYT=TKYD-NVNLDEIISNERLFS5 Y YNCLMDTG= ACS~FPDGAELKE-.
~LAVPSP-AYT-TEYD-NVNLDEITSNERLF &5 Y ¥NCLMDAG-ACS - PDGAELKE -
SVLTSF-AYT-TKYD-NVDLDEILSNDRLFTF YYRCLMDOG- PCS-PDARELKE-
~SVLTSP-AYT- TKYD-NVDLDEITANDRLF TNY ¥ KCLMDTG- ACS - PDGAELKE -
~GMPQDT-TYP-TT¥D-DVNVDDILHNDRLFNRY FICLTKKE-GCT-PEGKLLAA-
-ATLAAN-TYT-TKFD-NIDVDAVLRNERVYKTY INCLTNKG-KC5-PEGRELKD
CSLAAD-RYN-TKYD-HLDLDOILNNERTYKKYLECLIRRG-KCT-PDARDLRD
YCLTAS-TYT-TKYD-NIDLDEILNNERI YEKYYNCLLNRG-RCT-FDGHELKE

Figure S5: Alignment of CSPs used for building the phylogenetic tree shown in 6A.

Amino acid sequences of CSPs identified in available sequence data of insect species in
the order Hemiptera were aligned and this alignment was used for generating the
phylogenetic trees at left in this figure and for the one shown in Fig. 6A. Conserved
cysteines across the CSPs are highlighted in red. The Mp10/CSP4 and clade is

highlighted in grey background.
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Figure S6: Detection of GFP and GFP fusions of Mp10 homologs from
various insect species in agroinfiltrated N. benthamiana leaves.

The upper panel shows a western blot of protein extracts from two 10 mm
diameter leaf discs harvested at 2 days post agroinfiltration from leaves used for
ROS assays in Figure 7. The GFP-tagged CSPs were detected with antibodies to
GFP (arrows at right). The lines at left of the blot indicate the locations of marker
proteins in molecular weights (kDa). Protein loading was visualised using
Ponceau S solution (loading control in the lower panel). Abbreviations: Mp, Myzus
persicae; Ag, Aphis gossypii; Ap, Acyrthosiphon. pisum; Bt, Bemisia tabaci; Ct,
Circulifer tenellus; Dm, Dalbulus maidis.
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