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COMPOSITIONS AND RELATED METHODS FOR MODULATING ENDOSYMBIONTS 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Application No. 62/463,451, filed on February 

24, 2017, and U.S. Provisional Application No. 62/583,990, filed on November 9, 2017, the contents of 5 

which are hereby incorporated herein by reference in their entireties.   

 

BACKGROUND 

 

Invertebrate organisms (e.g., insects, mollusks, or nematodes) are pervasive in the human 10 

environment.  In some instances, invertebrates serve beneficial roles, such as nematodes or arthropods 

utilized in agriculture for pollination efforts and pest control or in commerce for the production of 

commercial products (e.g., honey or silk).  In other instances, invertebrates can be detrimental, including 

some species of mollusks (e.g., snails and slugs), nematodes, or insects that can be serious crop pests 

or carriers of disease.  Thus, there is need in the art for methods and compositions to modulate the 15 

fitness of invertebrates that are important in agriculture, commerce, or public health. 

 

SUMMARY  

Disclosed herein are compositions and methods for modulating the fitness of invertebrates, 

including insects, nematodes, or mollusks, by altering the interactions between the host and one or more 20 

microorganisms resident in the host.   

In one example, provided herein is a method for decreasing the fitness of an insect, the method 

including delivering to the insect an effective amount of a polynucleotide that includes a dsRNA that 

decreases expression of an insect bacteriocyte regulatory gene or an insect immunoregulatory gene in 

the insect relative to an insect that has not been administered the dsRNA.  25 

In one aspect, the present disclosure refers to a method for decreasing the fitness of an insect of 

the order Hemiptera, the method comprising delivering to the insect an effective amount of a 

polynucleotide comprising a dsRNA that decreases expression of an insect bacteriocyte regulatory gene 

or an insect immunoregulatory gene in the insect relative to an insect that has not been administered the 

dsRNA, wherein the gene encodes a protein selected from the group consisting of a protein from the 30 

bacteriocyte-specific cysteine rich proteins BCR family, a protein from the secreted proteins SP family, 

BicD (Protein bicaudal D), Cact (cactus), DIF (Dorsal related immunity factor), Toll (Toll Interacting 

Protein), and imd (immune deficiency protein). 

In some examples, the gene encodes a protein from the bacteriocyte-specific cysteine rich 

proteins BCR family, a protein from the secreted proteins SP family, BicD (Protein bicaudal D), Cact 35 

(cactus), DIF (Dorsal related immunity factor), Toll (Toll Interacting Protein), or imd (immune deficiency 

protein).  In some examples, the gene encodes a protein having at least 30%, 35%, 40%, 45%, 50%, 

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% amino acid sequence identity to a protein 

listed in Table 5, Table 8, or Table 9.  In some examples, the gene encodes a functional homolog of a 

protein listed in Table 5, Table 8, or Table 9.  For example, the gene may encode a cactus-like protein in 40 

aphids (e.g., any one of the proteins described by GenBank Accession Nos: XP_022175228.1, 

XP_016656687.1, NP_001156668.1, XP_008179071.1, or XP_016656686.1, the associated amino acid 

and nucleotide sequences of which are incorporated by reference). 

In some examples, the dsRNA is complementary to 10 to 30 nucleotides of the gene in the insect 

(e.g., 10 to 30 nucleotides, 12 to 28 nucleotides, 14 to 26 nucleotides, 16 to 24 nucleotides, 14 to 22 45 

nucleotides, or 18 to 20 nucleotides).  In some examples, the dsRNA is complementary to 10, 11, 12, 13, 

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides of the gene in the insect.  

In some examples, the entire length of the dsRNA is complementary to the gene.  In alternative 

examples, only a portion of the dsRNA is complementary to the gene.  
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In some examples, the method is effective to decrease expression of the gene in the insect, e.g., 

by about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% or greater 

relative to an insect that has not been administered the polynucleotide.  In some examples, the method is 

effective to decrease expression of the gene in the insect, e.g., by about 10%, 20%, 30%, 40%, 50%, 

60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, or 99% or greater as compared to a reference level (e.g., 5 

as compared to expression of one or more control genes (e.g., a housekeeping gene), expression of the 

same gene in a different sample (e.g., one or more control samples), or expression of the same gene in 

the same sample at one or more earlier time points).   

In some examples, the method is effective to decrease expression of the gene in the insect, e.g., 

by about 1.5x, 1.75x, 2x, 3x, 4x, 5x, 6x, 7x, 8x, 9x, 10x, 25x, 50x, 75x, or 100x fold less relative to an 10 

insect that has not been administered the polynucleotide.  In some examples, the method is effective to 

decrease expression of the gene in the insect, e.g., by about 1.5x, 1.75x, 2x, 3x, 4x, 5x, 6x, 7x, 8x, 9x, 

10x, 25x, 50x, 75x, or 100x fold less as compared to a reference level (e.g., as compared to expression of 

one or more control genes (e.g., a housekeeping gene), expression of the same gene in a different 

sample (e.g., one or more control samples), or expression of the same gene in the same sample at one 15 

or more earlier time points).   

In some examples, the method is effective to inhibit expression of the gene in the insect or to 

decrease expression of the gene to an undetectable level.   

In some examples, the method is effective to decrease the level, diversity, or metabolism of one 

or more microorganisms resident in the insect relative to an insect that has not been delivered the 20 

polynucleotide.  In some examples, the method is effective to decrease the level, diversity, or metabolism 

of one or more microorganisms resident in the insect, e.g., by about 1.5x, 1.75x, 2x, 3x, 4x, 5x, 6x, 7x, 8x, 

9x, 10x, 25x, 50x, 75x, or 100x fold less relative to an insect that has not been delivered the 

polynucleotide.  In some examples, the method is effective to decrease the level, diversity, or metabolism 

of one or more microorganisms resident in the insect, e.g., by about 10%, 20%, 30%, 40%, 50%, 60%, 25 

70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% less relative to an insect that has not been 

delivered the polynucleotide.  In certain examples, the one or more microorganisms is a Buchnera spp.  

In some examples, the method is effective to decrease the fitness of the insect relative to an 

insect that has not been delivered the polynucleotide.  In some examples, the method is effective to 

decrease the fitness of the insect, e.g., by about 1.5x, 1.75x, 2x, 3x, 4x, 5x, 6x, 7x, 8x, 9x, 10x, 25x, 50x, 30 

75x, or 100x fold less relative to an insect that has not been delivered the polynucleotide.  In some 

examples, the method is effective to decrease the fitness of the insect, e.g., by about 10%, 20%, 30%, 

40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% less relative to an insect that has 

not been delivered the polynucleotide.   

In some examples, the polynucleotide is delivered in a composition formulated for delivery to 35 

insects.  In some examples, the delivery includes delivering the polynucleotide to at least one habitat 

where the insect pest grows, lives, reproduces, feeds, or infests.  In some examples, the delivery 

comprises spraying the antimicrobial peptide on an agricultural crop.  In some examples, the 

polynucleotide is delivered as an insect comestible composition for ingestion by the insect.  
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In some examples, the polynucleotide is formulated with an agriculturally acceptable carrier as a 

liquid, a solid, an aerosol, a paste, a gel, or a gas composition.  

In some examples, the insect is an aphid.  

In another aspect, the present disclosure refers to a composition comprising a polynucleotide 
comprising a dsRNA formulated for delivery to an insect of the order Hemiptera, wherein the dsRNA is 5 
complementary to 15 to 30 nucleotides of an insect bacteriocyte regulatory gene or an insect 
immunoregulatory gene, wherein the gene encodes a protein selected from the group consisting of a 
protein from the bacteriocyte-specific cysteine rich proteins BCR family, a protein from the secreted 
proteins SP family, BicD (Protein bicaudal D), Cact (cactus), DIF (Dorsal related immunity factor), Toll 
(Toll Interacting Protein), and imd (immune deficiency protein).  Provided herein is a composition 10 
including a polynucleotide that includes a dsRNA formulated for delivery to an insect, wherein the dsRNA 
is complementary to 15 to 30 nucleotides of an insect bacteriocyte regulatory gene or an insect 
immunoregulatory gene.  In some examples, the gene encodes a protein selected from the group 
consisting of a protein from the bacteriocyte-specific cysteine rich proteins BCR family, a protein from the 
secreted proteins SP family, BicD (Protein bicaudal D), Cact (cactus), DIF (Dorsal related immunity 15 
factor), Toll (Toll Interacting Protein), and imd (immune deficiency protein).  In some examples, the gene 
encodes a protein having at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 95%, or 100% amino acid sequence identity to a protein listed in Table 5, Table 8, or Table 9.  In 
some examples, the gene encodes a functional homolog of a protein listed in Table 5, Table 8, or Table 
9.  For example, the gene may encode a cactus-like protein in aphids (e.g., any one of the proteins 20 
described by GenBank Accession Nos: XP_022175228.1, XP_016656687.1, NP_001156668.1, 
XP_008179071.1, or XP_016656686.1, the associated amino acid and nucleotide sequences of which 
are incorporated by reference).  In some examples, the dsRNA is complementary to 10 to 30 nucleotides 
of the gene in the insect (e.g., 10 to 30 nucleotides, 12 to 28 nucleotides, 14 to 26 nucleotides, 16 to 24 
nucleotides, 14 to 22 nucleotides, or 18 to 20 nucleotides).  In some examples, the dsRNA is 25 
complementary to 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 
nucleotides of the gene in the insect.  In some examples, the entire length of the dsRNA is 
complementary to the gene.  In alternative examples, only a portion of the dsRNA is complementary to 
the gene.  

In a further aspect, the present disclosure refers to a plant comprising a topical application of the 30 

compositions described herein. 

In yet another aspect, the present disclosure refers to a transgenic plant cell having in its genome 

a recombinant DNA construct, wherein the recombinant DNA construct comprises a heterologous 

promoter operably linked to a DNA encoding a RNA comprising at least one double-stranded RNA region, 

at least one strand of which comprises a nucleotide sequence that is complementary to 15 to 30 35 

nucleotides of an insect bacteriocyte regulatory gene or an insect immunoregulatory gene, wherein the 

insect is of the order Hemiptera and wherein the gene encodes a protein selected from the group 

consisting of a protein from the bacteriocyte-specific cysteine rich proteins BCR family, a protein from the 

secreted proteins SP family, BicD (Protein bicaudal D), Cact (cactus), DIF (Dorsal related immunity 

factor), Toll (Toll Interacting Protein), and imd (immune deficiency protein). Provided herein is a 40 

transgenic plant cell having in its genome a recombinant DNA construct, wherein the recombinant DNA 

construct includes a heterologous promoter operably linked to a DNA encoding a RNA including at least 

one double-stranded RNA region, at least one strand of which includes a nucleotide sequence that is 

complementary to 15 to 30 nucleotides of an insect bacteriocyte regulatory gene or an insect 

immunoregulatory gene.  In some examples, the gene encodes a protein selected from the group 45 

consisting of a protein from the bacteriocyte-specific cysteine rich proteins BCR family, a protein from the 

secreted proteins SP family, BicD (Protein bicaudal D), Cact (cactus), DIF (Dorsal related immunity 

factor), Toll (Toll Interacting Protein), and imd (immune deficiency protein).  In some examples, the gene 

encodes a protein having at least 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 

90%, 95%, or 100% amino acid sequence identity to a protein listed in Table 5, Table 8, or Table 9.  In 50 

some examples, the gene encodes a functional homolog of a protein listed in Table 5, Table 8, or Table 

9.  For example, the gene may encode a cactus-like protein in aphids (e.g., any one of the proteins 

described by GenBank Accession Nos: XP_022175228.1, XP_016656687.1, NP_001156668.1, 

XP_008179071.1, or XP_016656686.1, the associated amino acid and nucleotide sequences of which 

are incorporated by reference).  In some examples, the dsRNA is complementary to 10 to 30 nucleotides 55 

of the gene in the insect (e.g., 10 to  
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30 nucleotides, 12 to 28 nucleotides, 14 to 26 nucleotides, 16 to 24 nucleotides, 14 to 22 nucleotides, or 

18 to 20 nucleotides).  In some examples, the dsRNA is complementary to 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides of the gene in the insect.  In some 

examples, the entire length of the dsRNA is complementary to the gene.  In alternative examples, only a 

portion of the dsRNA is complementary to the gene.  5 

In yet another example, provided herein are compositions that include a modulating agent (e.g., a 

polypeptide (e.g., antibody, bacteriocin, antimicrobial peptide, or bacteriocyte regulatory peptide), a 

nucleic acid (e.g., DNA, RNA (e.g., mRNA, gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), 

CRISPR nucleic acid), a small molecule (e.g., prostaglandin), or a combination thereof) that modulates 

(e.g., increases or decreases) the fitness of an invertebrate host (e.g., insect, mollusk, or nematode), 10 

wherein the modulating agent alters interactions between the host and one or more microorganisms 

resident in the host.  

In some examples, the modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, 

antimicrobial peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, 

gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., 15 

prostaglandin), or a combination thereof) targets one or more host pathways that mediate interactions 

between the host and the one or more microorganisms resident in the host (e.g., host-microbiota 

interactions).  In certain examples, the targeting (e.g., upregulation, downregulation, or inhibition) of the 

one or more host pathways alters the level, diversity, or function of the one or more microorganisms 

resident in the host in comparison to a host organism to which the modulating agent has not been 20 

administered.  In certain examples, the targeting (e.g., upregulation, downregulation, or inhibition) of the 

one or more host pathways increases the level, diversity, or function of the one or more microorganisms 

resident in the host in comparison to a host organism to which the modulating agent has not been 

administered.  In alternative examples, the targeting (e.g., upregulation, downregulation, or inhibition) of 

the one or more host pathways decreases the level, diversity, or function of the one or more 25 

microorganisms resident in the host in comparison to a host organism to which the modulating agent has 

not been administered.   

In some examples, the host pathway is a pathway that regulates bacteriocyte function or 

development.  In some examples, the targeting of bacteriocyte function or development may increase 

and/or decrease the level, diversity, and/or function of one or more microorganisms resident in the 30 

bacteriocyte in comparison to a host organism to which the modulating agent has not been administered.  

In certain examples, the targeting of bacteriocyte function or development decreases the level, diversity, 

or function of one or more microorganisms resident in the bacteriocyte (e.g., a bacteriocyte of an aphid) in 

comparison to a host organism to which the modulating agent has not been administered.  In certain 

examples, the targeting of bacteriocyte function or development increases the level, diversity, or function 35 

of one or more microorganisms resident in the bacteriocyte (e.g., a bacteriocyte of an aphid) in 

comparison to a host organism to which the modulating agent has not been administered. 

In some examples, the host pathway is a pathway that regulates the host’s immune system.  For 

example, in some examples, the modulating agent activates an immune response against the one or 

more microorganisms resident in the host, thereby decreasing the level, diversity, and/or function of the  40 
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one or more microorganisms in comparison to a host organism to which the modulating agent has not 

been administered.  Alternatively, in some examples, the modulating agent suppresses an immune 

response against the one or more microorganisms resident in the host, thereby increasing the level, 

diversity, and/or function of the one or more microorganisms in comparison to a host organism to which 

the modulating agent has not been administered. 5 

In some examples, the modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, 

antimicrobial peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, 

gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., 

prostaglandin), or a combination thereof) targets one or more host pathways by altering gene expression 

in the host in comparison to a host organism to which the modulating agent has not been administered.  10 

For example, the modulating agent may increase and/or decrease gene expression in the host in 

comparison to a host organism to which the modulating agent has not been administered.  In some 

examples, the modulating agent alters expression of a gene that encodes a protein listed in Table 3, 

Table 4, Table 5, Table 7, Table 8, or Table 9 in comparison to a host organism to which the modulating 

agent has not been administered.  In some examples, the modulating agent decreases expression of a 15 

gene that encodes a protein listed in Table 3, Table 4, Table 5, Table 7, Table 8, or Table 9 in 

comparison to a host organism to which the modulating agent has not been administered.  In some 

examples, the modulating agent decreases expression of a gene that encodes a protein listed in Table 3, 

Table 4, Table 5, Table 7, Table 8, or Table 9 in comparison to a host organism to which the modulating 

agent has not been administered.  In some examples, the gene encodes a bacteriocyte regulatory 20 

peptide.  For example, the bacteriocyte regulatory peptide may be one listed in Table 5 or Table 8 (e.g., 

BCR1).  In some examples, the gene encodes an immune system component.  For example, the immune 

system component may be one listed in Table 9.  In some examples, the modulating agent targets a 

polypeptide in the host.  In some examples, the polypeptide is an enzyme or cell receptor.  In some 

examples, the modulating agent increases and/or decreases enzyme activity in comparison to a host 25 

organism to which the modulating agent has not been administered.  In some examples, the modulating 

agent increases and/or decreases cell receptor signaling in comparison to a host organism to which the 

modulating agent has not been administered.  In some examples, the host protein is one listed in Table 4, 

Table 5, Table 8, or Table 9.   

The modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, antimicrobial peptide, or 30 

bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, gRNA, or inhibitory RNA 

(e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., prostaglandin), or a 

combination thereof) may additionally or alternatively target one or more microbial pathways that mediate 

interactions between the host and one or more microorganisms resident in the host.  In some examples, 

the modulating agent alters gene expression in one or more microorganisms resident in the host in 35 

comparison to a host organism to which the modulating agent has not been administered.  For example, 

the modulating agent may increase and/or decrease gene expression in the one or more microorganisms 

in comparison to a host organism to which the modulating agent has not been administered.  In some 

examples, the modulating agent alters (e.g., increases or decreases) the expression of a gene that 

encodes a protein listed in Table 3 or Table 7 in comparison to a host organism  40 
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to which the modulating agent has not been administered.  In some examples, the modulating agent 

targets (e.g., binds, antagonizes, and/or agonizes) a polypeptide in one or more microorganisms resident 

in the host (e.g., a protein listed in Table 3 or Table 7).   

In some examples, the one or more microorganisms resident in the host is an endosymbiotic 

microorganism.  In some examples, the one or more microorganisms is resident in the host’s gut.  In 5 

some examples, the one or more microorganisms is resident in a bacteriocyte in the host.  In some 

examples, the one or more microorganisms resident in the host is a fungus or bacterium.  In some 

examples, the bacterium resident in the host is at least one selected from the group consisting of 

Candidatus spp, Buchenera spp, Blattabacterium spp, Baumania spp, Wigglesworthia spp, Wolbachia 

spp, Rickettsia spp, Orientia spp, Sodalis spp, Burkholderia spp, Cupriavidus spp, Frankia spp, 10 

Snirhizobium spp, Streptococcus spp, Wolinella spp, Xylella spp, Erwinia spp, Agrobacterium spp, 

Bacillus spp, Paenibacillus spp, Streptomyces spp, Micrococcus spp, Corynebacterium spp, Acetobacter 

spp, Cyanobacteria spp, Salmonella spp, Rhodococcus spp, Pseudomonas spp, Lactobacillus spp, 

Enterococcus spp, Alcaligenes spp, Klebsiella spp, Paenibacillus spp, Arthrobacter spp, Corynebacterium 

spp, Brevibacterium spp, Thermus spp, Pseudomonas spp, Clostridium spp, and Escherichia spp.  In 15 

some examples, the fungus resident in the host is at least one selected from the group consisting of 

Candida, Metschnikowia, Debaromyces, Starmerella, Pichia, Cryptococcus, Pseudozyma, 

Symbiotaphrina bucneri, Symbiotaphrina kochii, Scheffersomyces shehatae, Scheffersomyces stipites, 

Cryptococcus, Trichosporon, Amylostereum areolatum, Epichloe spp, Pichia pinus, Hansenula capsulate, 

Daldinia decipien, Ceratocytis spp, Ophiostoma spp, and Attamyces bromatificus.  In some examples, the 20 

modulating agent alters the growth, division, viability, metabolism, and/or longevity of the microorganism 

resident in the host.  In some examples, the modulating agent decreases the growth, division, viability, 

metabolism, and/or longevity of the one or more microorganisms.  In some examples, the modulating 

agent increases the growth, division, viability, metabolism, and/or longevity of the one or more 

microorganisms.   25 

In some examples, the modulating agent is a polypeptide (e.g., antibody, bacteriocin, 

antimicrobial peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, 

gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., 

prostaglandin), or any combination thereof.  

In some examples, the modulating agent is a nucleic acid.  The nucleic acid may be a DNA 30 

molecule, a RNA molecule (e.g., double-stranded RNA (dsRNA) or single-stranded RNA (ssRNA)), or a 

hybrid DNA-RNA molecule.  In some examples, the RNA is a messenger RNA (mRNA), a guide RNA 

(gRNA), or an inhibitory RNA.  In some examples, the inhibitory RNA is RNAi, shRNA, or miRNA.  In 

some examples, the nucleic acid encodes a polypeptide.  In some examples, the nucleic acid is an 

expression vector encoding a polypeptide.  In some examples, the nucleic acid is a CRISPR nucleic acid. 35 

In some examples, the modulating agent is a small molecule.  In some examples, the small 

molecule is an agonist, antagonist, inhibitor, or an activator of a component of a host immune system 

pathway or bacteriocyte regulatory pathway.  In some examples, the small molecule is prostaglandin. 
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In some examples, the modulating agent is a polypeptide.  In some examples, the polypeptide is 

an antibody or an antibody fragment.  For example, the antibody or antibody fragment may be an agonist 

or antagonist of an enzyme in the host (e.g., an immune system or bacteriocyte-regulatory enzyme) or in 

the microorganism resident in the host, including any of the proteins listed in Table 5, Table 7, Table 8, or 

Table 9.  5 

In some examples, the modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, 

antimicrobial peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, 

gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., 

prostaglandin), or a combination thereof) modulates the host’s fitness by increasing or decreasing the 

host’s susceptibility to a pesticide (e.g., a pesticide listed in Table 11).  In some examples, the pesticide is 10 

a bactericide or fungicide.  In some examples, the pesticide is an insecticide, molluscicide, or nematicide.   

In some examples, the composition includes a plurality (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 

than 10) of different modulating agents (e.g., a polypeptide (e.g., antibody, bacteriocin, antimicrobial 

peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, gRNA, or 

inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., 15 

prostaglandin), or a combination thereof).  In some examples, the composition includes a modulating 

agent and a pesticide (e.g., a pesticide listed in Table 11).  In some examples, the pesticide is a 

bactericide or fungicide.  In some examples, the pesticide is an insecticide, molluscicide, or nematicide.  

In some examples, the composition includes a modulating agent and an agent that increases crop 

growth. 20 

In some examples, the modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, 

antimicrobial peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, 

gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., 

prostaglandin), or a combination thereof) is linked to a second moiety.  In some examples, the second 

moiety is selected from the group consisting of a modulating agent, peptide nucleic acid, cell penetrating 25 

peptide (CPP), and targeting domain.  In some examples, the modulating agent includes a linker.  In 

some examples, the linker is a cleavable linker.  In some examples, the CPP is any one listed in Table 

10.   

In some examples, the composition further includes a carrier.  In some examples, the carrier is an 

agriculturally acceptable carrier.  In some examples, the composition further includes a host bait, a sticky 30 

agent, or a combination thereof.  In some examples, the host bait is a comestible agent.  In some 

examples, the host bait is a chemoattractant.  

In some examples, the composition is at a dose effective to modulate host fitness.  In some 

examples, the composition is at a dose effective to increase host fitness.  In alternative examples, the 

composition is at a dose effective to decrease host fitness.  In some examples, host fitness is measured 35 

by survival, lifespan, reproduction, or metabolism of the host.   

In some examples, the composition is formulated for delivery to a microorganism inhabiting the 

gut of the host.  In some examples, the composition is formulated for delivery to a microorganism 

inhabiting a bacteriocyte of the host.  In some examples, the composition is formulated for delivery to  
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a plant.  In some examples, the composition is formulated for use in a host feeding station.  In some 

examples, the composition is formulated as a liquid, a powder, granules, or nanoparticles.  In some 

examples, the composition is formulated as one selected from the group consisting of a liposome, 

polymer, bacteria secreting peptide, and synthetic nanocapsule.  In some examples, the synthetic 

nanocapsule delivers the composition to a target site in the host.  In some examples, the target site is the 5 

gut of the host.  In some examples, the target site is a bacteriocyte in the host. 

In another example, provided herein are plants including any of the previous compositions (e.g., a 

modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, antimicrobial peptide, or bacteriocyte 

regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, gRNA, or inhibitory RNA (e.g., RNAi, 

shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., prostaglandin), or a combination 10 

thereof)).  In some examples, the plant includes a nucleic acid integrated into the plant genome, wherein 

the nucleic acid encodes any of the previous modulating agents (e.g., a polypeptide (e.g., an antibody, a 

bacteriocin (e.g., colA), an antimicrobial peptide, a bacteriocyte regulatory peptide, a nucleic acid, or a 

small molecule).  The modulating agent may be non-endogenous to the plant.  In some examples, the 

plant further includes a comestible agent for invertebrates (e.g., insect, mollusk, or nematode), wherein 15 

the comestible agent produces and/or carries the modulating agent.  In some examples, the comestible 

agent includes one or more components of the plant.  In some examples, the one or more components of 

the plant includes a root, stem, leaf, flower, sap, bark, wood, spine, pollen, nectar, seed, fruit, or any 

combination thereof.  For example, in some examples, the plant produces a modulating agent that the 

insect ingests by eating one or more components of the plant.  20 

In yet another example, provided herein are hosts including any of the previous compositions 

(e.g., a modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, antimicrobial peptide, or 

bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, gRNA, or inhibitory RNA 

(e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., prostaglandin), or a 

combination thereof)).  The host may be an invertebrate (e.g., insect, mollusk, or nematode).  In some 25 

examples, the invertebrate is an insect.  In some examples, the insect is a bacteriocyte-containing insect.  

For example, in certain examples, the bacteriocyte-containing insect may be an aphid (e.g., a corn leaf 

aphid or green peach aphid).  In further examples, the insect is a beetle, weevil, fly, aphid, whitefly, 

leafhopper, scale, moth, butterfly, grasshopper, cricket, thrip, or mite.  In other examples, the invertebrate 

is a mollusk.  In some examples, the mollusk is a species belonging to Veronicellidae, Ampullariidae, 30 

Achatinidae, Helicidae, Hydromiidae, Planobidae, Lymnaeidae, Urocyclidae, Bradybaenidae, 

Agriolimacidae, Arionidae, or Milacidae.  In another example, the invertebrate may be a nematode.  In 

some examples, the nematode is a species belonging to Criconematidae, Belonolaimidae, Hoplolaimidae, 

Heteroderidae, Longidoridae, Pratylenchidae, Trichodoridae, or Anguinidae. 

In another example, provided herein is a system for modulating (e.g., increasing or decreasing) a 35 

host’s fitness.  The system includes a modulating agent (e.g., a polypeptide (e.g., antibody, bacteriocin, 

antimicrobial peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, 

gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g.,  
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prostaglandin), or a combination thereof) that alters interactions between the host and one or more 

microorganisms resident in the host, wherein the system is effective to modulate (e.g., increasing or 

decreasing) the host’s fitness, and wherein the host is an invertebrate (e.g., insect (e.g., an aphid), 

mollusk, or nematode).  In some examples, the modulating agent of the system is any of the previous 

compositions.  In some examples, the modulating agent is formulated as a powder.  In some examples, 5 

the modulating agent is formulated as a solvent.  In some examples, the modulating agent is formulated 

as a concentrate.  In some examples, the modulating agent is formulated as a diluent.  In some 

examples, the modulating agent is prepared for delivery by combining any of the previous compositions 

with a carrier.   

In another example, provided herein are methods of modulating a host-microbiota interaction that 10 

includes delivering any of the compositions described herein (e.g., a modulating agent (e.g., a 

polypeptide (e.g., antibody, bacteriocin, antimicrobial peptide, or bacteriocyte regulatory peptide), a 

nucleic acid (e.g., DNA, RNA (e.g., mRNA, gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), 

CRISPR nucleic acid), a small molecule (e.g., prostaglandin), or a combination thereof))to the host, 

wherein the modulating agent modulates one or more interactions between the host and one or more 15 

microorganisms resident in the host.  

In another example, provided herein are methods of modulating the fitness of an invertebrate 

host (e.g., insect (e.g., an aphid), mollusk, or nematode), wherein the method includes delivering any of 

the compositions described herein (e.g., a modulating agent (e.g., a polypeptide (e.g., antibody, 

bacteriocin, antimicrobial peptide, or bacteriocyte regulatory peptide), a nucleic acid (e.g., DNA, RNA 20 

(e.g., mRNA, gRNA, or inhibitory RNA (e.g., RNAi, shRNA, miRNA)), CRISPR nucleic acid), a small 

molecule (e.g., prostaglandin), or a combination thereof))to the host and wherein the modulating agent 

alters interactions between the host and one or more microorganisms resident in the host.   

In some examples of any of the above methods, the one or more microorganisms resident in the 

host may be a fungus or bacterium.  In some examples, the one or more microorganisms is an 25 

endosymbiotic microorganism.  In some examples, the one or more microorganisms is resident in the 

host’s gut.  In some examples, the one or more microorganisms is resident in a bacteriocyte in the host.  

In some examples, the one or more microorganisms are required for host fitness or host survival.  

In some examples of any of the above methods, the modulating agent may target one or more 

host pathways that mediate interactions between the host and the one or more microorganisms.  In some 30 

examples, the host pathway is a pathway that regulates insect (e.g., an aphid) bacteriocyte function or 

development.  In some examples, the targeting of the host bacteriocyte function or development 

decreases the level, diversity, and/or function of one or more microorganisms resident in the bacteriocyte.  

Alternatively, the targeting of the host bacteriocyte function or development increases the level, diversity, 

and/or function of one or more microorganisms resident in the bacteriocyte.  In some examples, the host 35 

pathway is a pathway that regulates the host’s immune system.  

 In some examples, the modulating agent activates an immune response against the one or more 

microorganisms resident in the host, thereby decreasing the level, diversity, and/or function of the one or 

more microorganisms.  In some examples, the modulating agent suppresses an immune  
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response against the one or more microorganisms resident in the host, thereby increasing the level, 

diversity, and/or function of the one or more microorganisms. 

In some examples, the modulating agent targets one or more microbial pathways that mediate 

interactions between the host and the one or more microorganisms.  

 In some examples, the delivering step includes providing the modulating agent at a dose and 5 

time sufficient to effect the one or more microorganisms, thereby modulating microbial diversity in the 

host.  In some examples, the delivering step includes topical application of any of the previous 

compositions to a plant.  In some examples, the delivering step includes providing the modulating agent 

through a genetically modified, engineered, or transgenic plant (e.g., any of the plants described herein).  

In other examples, the delivering step includes providing the modulating agent to the host as a comestible 10 

agent for invertebrates (e.g., insect, mollusk, or nematode).  In further examples, the delivering step 

includes providing a host carrying the modulating agent.  In some examples, the host carrying the 

modulating agent can transmit the modulating agent to one or more additional hosts. 

Also provided herein are screening assays to identify a modulating agent that modulates (e.g., 

increases or decreases) the fitness of a host.  The screening assay may include the steps of (a) exposing 15 

a microorganism that can be resident in the host to one or more candidate modulating agents and (b) 

identifying a modulating agent that increases or decreases the fitness of the host.  In some examples, the 

modulating agent is a microorganism resident in the host.  In some examples, the microorganism is a 

bacterium.  In some examples, the bacterium, when resident in the host, increases host fitness.  

Alternatively, the bacterium, when resident in the host, decreases host fitness.  In some examples, the 20 

modulating agent is any of the modulating agents described herein (e.g., a modulating agent (e.g., a 

polypeptide (e.g., antibody, bacteriocin, antimicrobial peptide, or bacteriocyte regulatory peptide (e.g., 

Coleoptericin A), a nucleic acid (e.g., DNA, RNA (e.g., mRNA, gRNA, or inhibitory RNA (e.g., RNAi, 

shRNA, miRNA)), CRISPR nucleic acid), a small molecule (e.g., prostaglandin), or a combination 

thereof)).  In some examples, the modulating agent is provided by a genetically modified phage or 25 

bacteria.  In some examples, the host’s fitness is modulated by modulating the host microbiota. 

 

Definitions  

As used herein, the term “bacteriocyte” refers to a specialized cell found in invertebrates, e.g., 

insects, nematodes, or mollusks, where intracellular bacteria reside with symbiotic bacterial properties.  In 30 

some instances, the bacteriocyte may be clustered with other bacteriocytes to form a bacteriome.   

As used herein, the term “effective amount” refers to an amount of a modulating agent (e.g., a 

polypeptide, nucleic acid, small molecule, or combinations thereof) or composition including said agent 

sufficient to effect the recited result, e.g., to increase or decrease the fitness of a host organism (e.g., 

insect, nematode, or mollusk); to reach a target level (e.g., a predetermined or threshold level) of a 35 

modulating agent concentration inside a target host; to reach a target level (e.g., a predetermined or 

threshold level) of a modulating agent concentration inside a target host gut; to reach a target level (e.g., 

a predetermined or threshold level) of a modulating agent concentration inside a target host bacteriocyte; 

to modulate the level, or an activity, of one or more microorganisms (e.g., endosymbiont) in the target 

host. 40 
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CLAIMS 

 
1.  A method for decreasing the fitness of an insect of the order Hemiptera, the method comprising 

delivering to the insect an effective amount of a polynucleotide comprising a dsRNA that decreases 

expression of an insect bacteriocyte regulatory gene or an insect immunoregulatory gene in the insect 

relative to an insect that has not been administered the dsRNA, wherein the gene encodes a protein 

selected from the group consisting of a protein from the bacteriocyte-specific cysteine rich proteins BCR 

family, a protein from the secreted proteins SP family, BicD (Protein bicaudal D), Cact (cactus), DIF 

(Dorsal related immunity factor), Toll (Toll Interacting Protein), and imd (immune deficiency protein). 

 

2.  The method of claim 1, wherein the gene encodes a protein listed in Table 5, Table 8, or Table 9. 

 

3.  The method of claim 1 or 2, wherein the dsRNA is complementary to 10 to 30 nucleotides of the 

gene in the insect.  

 

4.  The method of any one of claims 1-3, wherein the method is effective to inhibit expression of the 

gene in the insect.  

 

5.  The method of any one of claims 1-4, wherein the method is effective to decrease the level, 

diversity, or metabolism of one or more microorganisms resident in the insect relative to an insect that 

has not been delivered the agent.  

 

6.  The method of claim 5, wherein the one or more microorganisms is a Buchnera spp.  

 

7.  The method of any one of claims 1-6, wherein the polynucleotide is delivered in a composition 

formulated for delivery to insects.  

 

8.  The method of any one of claims 1-7, wherein the delivery comprises delivering the polynucleotide 

to at least one habitat where the insect pest grows, lives, reproduces, feeds, or infests.  

 

9.  The method of any one of claims 1-8, wherein the delivery comprises spraying the polynucleotide 

on an agricultural crop. 

 

10.  The method of any one of claims 1-9, wherein the polynucleotide is delivered as an insect 

comestible composition for ingestion by the insect.  

 

11.  The method of any one of claims 1-10, wherein the polynucleotide is formulated with an 

agriculturally acceptable carrier as a liquid, a solid, an aerosol, a paste, a gel, or a gas composition.  

 

12.  The method of any one of claims 1-11, wherein the insect is an aphid.  
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13.  A composition comprising a polynucleotide comprising a dsRNA formulated for delivery to an 

insect of the order Hemiptera, wherein the dsRNA is complementary to 15 to 30 nucleotides of an insect 

bacteriocyte regulatory gene or an insect immunoregulatory gene, wherein the gene encodes a protein 

selected from the group consisting of a protein from the bacteriocyte-specific cysteine rich proteins BCR 

family, a protein from the secreted proteins SP family, BicD (Protein bicaudal D), Cact (cactus), DIF 

(Dorsal related immunity factor), Toll (Toll Interacting Protein), and imd (immune deficiency protein). 

 

14.  The composition of claim 13, wherein the gene encodes a protein listed in Table 5, Table 8, or 

Table 9. 

 

15.  A plant comprising a topical application of the composition of claim 13 or 14. 

 

16. A transgenic plant cell having in its genome a recombinant DNA construct, wherein the 

recombinant DNA construct comprises a heterologous promoter operably linked to a DNA encoding a 

RNA comprising at least one double-stranded RNA region, at least one strand of which comprises a 

nucleotide sequence that is complementary to 15 to 30 nucleotides of an insect bacteriocyte regulatory 

gene or an insect immunoregulatory gene, wherein the insect is of the order Hemiptera and wherein the 

gene encodes a protein selected from the group consisting of a protein from the bacteriocyte-specific 

cysteine rich proteins BCR family, a protein from the secreted proteins SP family, BicD (Protein bicaudal 

D), Cact (cactus), DIF (Dorsal related immunity factor), Toll (Toll Interacting Protein), and imd (immune 

deficiency protein). 

 

17.  The transgenic plant of claim 16, wherein the gene encodes a protein listed in Table 5, Table 8, 

or Table 9. 

 

18. The method of claim 1, wherein the gene is a Bcr1 gene, a Bcr4 gene, an ApGLNT1 gene, or a 

Cact gene.  

 

19.  The method of claim 18, where the dsRNA is delivered as a PNA.   

 


