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[bookmark: _ygqmjeixdy3e]Comparing kallisto pseudoalignment and HISAT2 mapping-based quantification of reads to detect differential expression
We investigated whether exposure to two common neonicotinoid pesticides affects gene expression amplitude or alternative splicing in heads of bumblebee workers and queens. To identify differentially expressed transcripts, we first estimated read counts using the k-mer based probabilistic pseudoaligner kallisto. Kallisto has been cited ~1,000 times since publication in 2016, including to detect differential expression in many high profile biomedical studies (e.g., (Edfors et al. 2016; Mukherjee et al. 2017; Thul et al. 2017; Mumbach et al. 2017; Lachmann et al. 2018). Importantly, a comparative analysis of RNA-Seq quantification tools demonstrated that pseudoaligners such as kallisto have higher accuracy and consistency in transcript quantification than traditional aligners (Sahraeian et al. 2017). To detect differential expression based on kallisto estimated counts, we used DESeq2, one of the most widely used packages for such analyses (Love et al. 2014; cited >7,000 times). Unfortunately, DESeq2 cannot perform differential exon usage analysis. We thus asked the lead author of DESeq2, Dr. Michael Love what approach he recommends for differential exon usage (https://support.bioconductor.org/p/108576/). We followed his advice to use HISAT2/DEXSeq. Specifically, we used the splice-aware aligner HISAT2 (Kim et al. 2015) to align our data against the reference bumblebee genome. From the resulting SAM alignment files, we extracted exon-level read counts using HTSeq (Anders et al. 2015). We finally provided these counts to DEXSeq (Reyes et al. 2013) to detect differential exon usage.
As a measure of confidence to determine whether our differential expression amplitude results are robust to analytical approach, we performed a redundant analysis using gene-level read counts extracted using HTSeq from HISAT2-aligned SAM files. Similarly to the kallisto-based analysis, we used these counts as input for DESeq2 to identify differentially expressed genes. We compared findings of the two approaches at three levels: general trends of relative magnitudes of gene expression, specific genes identified, and Gene Ontology categories. For all three levels, we found that the kallisto- and HISAT2-based approaches gave highly similar results. We provide details for each comparison below.
Overall trends: Similar to the kallisto-based analysis, the HISAT2-based approach identified caste- and pesticide-specific effects of treatments, with clothianidin having stronger effects on gene expression amplitudes than imidacloprid. Furthermore, in response to clothianidin exposure, we find stronger effects on workers (n = 60 differentially expressed genes) than on queens (n = 18), in line with our kallisto-based analysis. The HISAT2-based approach found no effects of imidacloprid exposure on gene expression in either caste.
Specific Genes: 88% of the 17 genes identified as differentially expressed in clothianidin-exposed queens using the kallisto approach were also significant in the HISAT2-based analysis (see Euler Diagram in Supp. Fig. S4(A)). Similarly, 80% of the 55 genes identified as differentially expressed in clothianidin-exposed workers using the kallisto-based approach were also significant in the HISAT2-based analysis (see Euler Diagram in Supp. Fig. S4(B)).
Some of the genes detected as differentially expressed using the kallisto-based approach are explicitly mentioned in the Results or Discussion text. Here, for each of these genes, we indicate significance levels in the HISAT2-based analysis.


In the Results:
· The eight genes mentioned as being differentially expressed only after clothianidin exposure were detected using both approaches.
· However, one additional gene (LOC100644101) which was differentially expressed in workers in response to both pesticides in the kallisto-based analysis was only identified as significantly differentially expressed in clothianidin-exposed workers by the HISAT2-based approach. The effect of imidacloprid on this gene was marginally non-significant (BH adjusted p-value = 0.072) using the HISAT2-based approach.
In the Discussion: 
· Two of the genes mentioned by name (alanine-glyoxylate aminotransferase: LOC100650318 and alanine-glyoxylate aminotransferase: LOC100631088) were differentially expressed according to both approaches.
· Of the three putative cytochrome P450 genes discussed, two (LOC100652170; LOC100649441) were detected as differentially expressed by both approaches while one gene (LOC100648391) was identified as non-significant (BH adjusted p-value  = 0.176) by the HISAT2-based approach.
· Among the six genes we discuss as being affected by other pesticides in other studies, four were significant in both analyses, while the remaining two genes were marginally non-significant in the HISAT2-based analysis (calponin, BH adjusted p-value = 0.06; hexosaminidase D, BH adjusted p-value = 0.058).

Gene Ontology: Lastly, we compared Gene Ontology (GO) enrichment analyses obtained from the two analysis approaches. Because the relatively conservative topGO algorithm ‘weight01’ removes Gene Ontology terms in an analysis-specific manner to increase sensitivity and specificity, we instead performed these comparisons with the topGO ‘classic’ algorithm, which reports all Gene Ontology terms. For clothianidin-exposed queens, 48 GO terms were significant according to both approaches, representing 74% of the 65 terms identified in the kallisto-based analysis and 96% of the 50 terms identified in the HISAT2-based analysis (see Euler Diagram in Supp. Fig. S5(A)). Similarly, for clothianidin-exposed workers, 18 GO terms were significant according to both approaches, representing 69.2% of the 24 terms identified in the kallisto-based analysis and 48.6% of the 37 terms identified in the HISAT2-based analysis (see Euler Diagram in Supp. Fig. S5(B)).

[bookmark: _33161zjv6rvw]Supplemental Figures

Supp. Fig. S1. Experimental design for RNA-Seq pesticide exposure experiment. Twelve entire bumblebee colonies of controlled size (see Materials and Methods) were randomly assigned to either a control, clothianidin or imidacloprid treatment. On day 1, between one and four newly eclosed bumblebee workers were briefly taken from the colony, tagged for future identification and returned to the colony. We provided all colonies for all treatments with sucrose solution ad libitum. Six days later, colonies assigned a neonicotinoid treatment were exposed to either clothianidin- or imidacloprid-laced sucrose solution while control colonies remained on untreated sucrose solution. After four days of exposure, we collected the 10 day old workers, as well as the queen for each colony. Collected individuals were immediately transferred to individual cryotubes and snap frozen in liquid nitrogen.
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Supp. Fig. S2. Gene expression changes in amplitude and splicing in response to neonicotinoid insecticides. Euler diagram of the overlap among genes identified as significantly differentially expressed (DE) and/or alternatively spliced (splicing) in each caste (“Worker”; “Queen”) in response to one of two neonicotinoid treatments (“clothianidin” or “imidacloprid”).
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[bookmark: _GoBack]Supp. Fig. S3. Enrichment of Gene Ontology terms associated with genes differentially expressed in response to clothianidin exposure. Each bar represents the -log10 of p-value for a rank-based analysis (Kolmogorov-Smirnov test) for each GO term; in parentheses, we show the total number of annotated genes for each term. The vertical black line indicates a -log10(p) value equivalent to the p-value = 0.05 threshold of significance. Ontologies are colored in grey (molecular function), blue (cellular component) and orange (biological process).
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Supp. Fig. S4. High overlap of differentially expressed genes detected by DESeq2 using kallisto- and HISAT2-based approaches for each caste exposed to clothianidin. Euler diagram of significant (BH adjusted p-value < 0.05) differentially expressed genes identified using two independent approaches: 1) “kallisto”: Genes identified as differentially expressed by DESeq2 when using estimated counts generated by the pseudoaligner kallisto as input; and 2) “HISAT2-HTSeq”: Genes identified as differentially expressed by DESeq2 when using actual gene-level counts generated by the HISAT2-HTSeq pipeline as input. Euler diagrams represent the overlap in significant differentially expressed genes detected by each approach for (A) clothianidin-exposed queens and (B) clothianidin-exposed workers.
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Supp. Fig. S5. High overlap of enriched Gene Ontology terms detected by topGO using kallisto- and HISAT2-based approaches for each caste exposed to clothianidin. Euler diagrams of significant (p-value < 0.05) enriched Gene Ontology terms identified by two independent approaches: 1) “kallisto”: Gene Ontology enrichment analysis performed by topGO on differentially expressed genes identified by DESeq2 when using estimated counts generated by the pseudoaligner kallisto as input; and 2) “HISAT2-HTSeq”: Gene Ontology enrichment analysis performed by topGO on differentially expressed genes identified by DESeq2 when using actual gene-level counts generated by the HISAT2-HTSeq pipeline as input. Euler diagrams represent the overlap in enriched Gene Ontology terms detected by each approach for (A) clothianidin-exposed queens and (B) clothianidin-exposed workers.
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