
 
Supplemental Methods  
 
Library preparation: Strand-specific and barcode indexed RNA-seq libraries were generated from 300ng total RNA for each sample. 
Poly-A enrichment and library prep was done using the KAPA mRNA Stranded library preparation kit (KK8421, Kapa Biosystems, 
Cape Town, South Africa), following the instructions of the manufacturer. Libraries were amplified with 12 cycles of PCR. The 
fragment size distribution of the libraries was verified via micro-capillary gel electrophoresis on a Bioanalyzer 2100 (Agilent, Santa 
Clara, CA).  The libraries were quantified by fluorometry on a Qubit fluorometer (LifeTechnologies, Carlsbad, CA) and pooled in 
equimolar ratios. The pool was quantified by qPCR with a Kapa Library Quant kit (Kapa Biosystems) and sequenced on 1 lane of an 
Illumina HiSeq 4000 (Illumina, San Diego, CA) with paired-end 150bp reads.  
 
RNAseq bioinformatics pipeline: It is important to note that the transcriptome data in Kim et al. [1] was not analyzed on fava separately 
as bacteriocyte versus body but instead included the host-plant treatment for alfalfa in the model as well. In turn, a standardized 
pipeline that compared just fava samples of A. pisum was used here for both A. pisum [1] and M. persicae, where raw RNAseq reads 
followed the code detailed in “Dataset_S9_RNAseq_Code” from Pers and Hansen [2]. First, sequenced RNA reads were quality-
checked with FASTQC v.0.11.9 [3], and adapters and low-quality reads were trimmed using Trimmomatic v.0.39 [4] with the following 
parameters: ILLUMINACLIP:combined.fna:2:30:10 LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:36. The 
trimmed reads were aligned using HISAT2 v.2.2.1 [5] against the chromosomal assemblies of clone AL4f for A. pisum [6] downloaded 
from NCBI on 7/2022 and M. persicae clone O v2 [7] downloaded on 6/2022 from Zenodo. The mapped reads for each gene were 
quantified as raw read counts using StringTie v.2.2.1 [8] using gff files annotated for each aphid species [6,7]. Differential expression of 
transcripts between bacteriocytes and body cells was determined in R/4.2.0 [9] using edgeR v.3.28.0 with the exact test [10]. 
 

Ortholog analysis: Orthologous clusters of proteins shared between A. pisum [6] and M. persicae [7] were identified using default 
settings in OrthoVenn2 [11] on 7/2022, which assigns orthologs based on OrthoMCL [12]. One-to-one orthologs were examined between 
A. pisum and M. persicae for Principal Components Analyses (PCA) (see below), and the enrichment of GO terms for orthologs was 
determined using OrthoVenn2, which tests for significance using the hypergeometric distribution [11]. All unshared protein clusters 
that were unique to A. pisum or M. persicae were examined further for differential gene expression analyses (see above). Proteins 
were annotated using NCBI annotations for A. pisum clone AL4f and by screening for matches to the NCBI nr database (downloaded 
on 06/2022) for M. persicae clone O v2 using DIAMOND v.2.0.13 [13] with an e value cutoff of 10e-10. 

Interspecies transcriptomics analysis pipeline: Similar to Georgiadou et al. [14] to compare patterns of gene expression between species 
without species-specific variation, specifically focusing on genes associated with symbiosis that are differentially expressed in the 
bacteriocyte compared to body tissues, we conducted comparative transcriptomics using PCA. Following Georgiadou et al. [14] we 



identified 1:1 orthologs between both aphid species (see above) and selected all orthologs that displayed significant differential gene 
expression within each aphid species for bacteriocytes compared to body tissue samples with an average logFC >0.5849 or logFC < -
0.5849. To allow comparison of the relative magnitude of changes in gene expression between A. pisum and M. persicae, orthologs for 
each species were ranked in descending order of absolute logFC and each gene was given a value of 100 divided by rank and then 
multiplied by the sign of the original logFC. These values were then input into PCA to highlight which orthologs in both A. pisum and 
M. persicae shared the most similar and dissimilar gene expression profiles in the bacteriocytes compared to body tissues. Pcord 
(version 4.25) [15] was used for PCA analysis using the correlation coefficients cross-products matrix and default settings as suggested 
in McCune & Mefford [16]. Similar to Korb et al. [17] we obtained the top 50 genes that contributed the most to each principal 
component axis (axes 1 and 2) by identifying orthologs with the top negative (e.g. 25 genes) and positive (e.g. 25 genes) correlations 
from the principal components output loading matrix. We then examined the annotations for each ortholog protein (see above) from 
these top 100 orthologs. To display a heatmap of the logFC for one-to-one orthologs SeqCode’s [18] HeatMapper was used with 
dendrogram clustering of ortholog LogFC with Z-score conversion within species. SeqCode Heatmapper calls the R heatmap.2 
function (gplots package) with the parameter distfun = dist, which by default adopts the Euclidean distance (method = "euclidean") for 
clustering [18]. Revigo [19] was used to visualize and summarize ortholog GO terms. 
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Supplemental Figure 1. Inter-species ortholog comparison of the top 70 one-to-one orthologs with the greatest variance in Log fold-change expression of 
bacteriocytes compared to body tissues for both M. persicae and A. pisum. The z-score (within species) of Log Fold Change (bacteriocyte vs body) is 
presented on the figure with the color legend. Each row represents a shared one-to-one ortholog between M. persicae and A. pisum. Ortholog gene 
names and their corresponding GO terms for both aphid species are presented to the right of each shared one-to-one ortholog. n/a indicates no GO term 
was annotated for that one-to-one ortholog pair. 
 



 

Supplemental Figure 2. Principal Component Analysis of uncorrected gene counts for both aphid species. Each point represents an independent sub-clone 
biological replicate (N=3; ~200 dissected and pooled aphid individuals from a species for each biological replicate/sub-clone) of either pooled bacteriocyte 
samples (Bac) or pooled body tissue samples without bacteriocytes (Bod). Acyrthosiphon pisum independent biological replicates/sub-clones are FB1, FB2, 
and FB3. Myzus persicae independent biological replicates/subclones are MP1, MP2, and MP3. The x-axis explains the most amount of variation in the 
data for both plots. 


