
 

 Additional file 7. Results of comparative studies 

We found recurrent themes in the comparative analyses with previous studies analysing 

similar biological processes, but also different magnitude of overlap for genes that were 

differentially regulated in each study. 

Kocher et al. [8]. In this study the authors examined brain gene expression in virgin, mated 

and egg-laying honey bee queens using microarrays. The overlap of whole datasets between 

the two studies produced a set of 58 common genes that were differentially expressed 

(Additional file 2): this result was not statistically significant (hypergeometric test: 

representation factor: 1.0, P-value = 0.475). However, a gene ontology analysis on this small 

set of genes revealed that they were associated with 3 significantly overrepresented GO 

terms: response to other organism (P-value = 0.007, 4 genes), oxidation reduction (P-value = 

0.008, 8 genes) and antimicrobial humoral response (P-value = 0.019, 3 genes). 

When we performed an overlap of the gene lists for the mated vs. virgin comparison only, 

there was a set of 24 genes in common between the two studies (Additional file 3): again, 

this result was not statistically significant (hypergeometric test: representation factor: 0.9, 

P-value = 0.262). 

Kocher et al. [9]. Here the authors examined the effects of mating and instrumental 

insemination with saline or semen on gene expression in the brains of honey bee queens 

using microarrays. A set of 58 genes were significantly differentially expressed in both 

studies (Additional file 2): this is more than expected by chance (hypergeometric  test: 

representation factor: 1.7, P-value = 7.026-05). GO terms associated with the common genes 

and significantly overrepresented included: humoral immune response (P-value = 0.031, 3 

genes), lipid particle (P-value = 0.036, 5 genes) and transporter activity (P-value = 0.040, 9 

genes). 

 



 The overlap analysis between the gene lists from the two studies for the mated vs. 

virgin comparison identified 11 genes that were in common (Additional file 4): 

however, this result was not statistically significant (hypergeometric test: 

representation factor: 1.0, P-value = 0.482). 

Overall comparison with Kocher et al studies [8, 9]. In order to further characterize the 

major genes involved in the mating process and reproductive activation in the brain of 

honey bee queens, we identified those differentially expressed genes that were shared 

among whole datasets from this study, Kocher et al. [8] and Kocher et al. [9]. We found 15 

genes that were significantly differentially expressed across the 3 studies (Figure 4). Several 

of these genes are described in D. melanogaster and play an interesting role for relevant 

biological processes: Defensin (Def) for immune response [10], Desaturase 1 (desatl) for mating 

behaviour [11], Elongation factor 1a100E (EflalphalOOE) for GTPase activity, Epidermal stripes and 

patches (Esp) for negative regulation of female receptivity [12], Heat shock protein 83 (Hsp83) for 

oogenesis, sleep and response to heat [13-15], Kaz1-ORFB, lethal (2) essential for life (l(2)efl) for 

embryo development and response to heat, Myosin light chain 2 (Mlc2) for flight activity [16], 

Stretchin-Mlck (Strn-Mlck) involved in myosin light chain kinase activity [17], Odorant receptor 

13a (Or13a) for sensory perception of smell, Ejaculatory bulb protein III (Peblll) for response to 

virus [18] andyellow-h for melanin biosynthetic process [19].  

Nino et al. [20]. In this study brain transcriptomic profile was evaluated in virgin honey bee 

queens, CO2-treated and physically manipulated (i.e.  exposed to CO2 and sham- 

inseminated). There were 76 genes in common across the whole datasets from the two 

studies but this result was not statistically significant (hypergeometric test: representation 

factor: 1.0, P-value = 0.467). 



Shared genes belonged to 1 metabolic pathway and 8 GO terms that were significantly 

overrepresented (Additional file 2). Among these, GO terms of particular interest were 

response to stimulus (P-value = 002, 15 genes), regulation of response to stimulus (P-value = 

0.012, 3 genes), response to other organism (P-value = 0.002, 5 genes), immune response (P-

value = 0.004, 5 genes) and regulation of antimicrobial humoral response (P -value = 0.012, 3 

genes). 

We also performed an overlap analysis with Nino et al. [20] for genes that were specifically 

different between CO2-treated and virgin queens (Additional file 5). The analysis revealed 

that only 2 genes were shared across the two studies and this result was not statistically 

significant (hypergeometric test: representation factor: 1.1, P -value = 0.440). 

Brito et al. [21]. Finally, we considered the list of 20 candidate genes implicated in ovary 

activation that Brito et al. [21] tested in their QPCR study for response to double narcosis 

with carbon dioxide in queens and workers. Of these genes, 7 were significantly 

differentially expressed in at least one comparison across our three treatment groups (Figure 

5). Patterns of expression in 8-day-old queens were consistent for 5 genes across the two 

studies: take-out-like (JHBP1), phosphoinositide- dependent kinase (PDK1) and ovary activation candidate 

001 (OAC001) were up- regulated while myosin regulatory light chain 2 (Mlc-2) and SPARC were 

down-regulated in CO2-treated queens compared to virgin queens. Midway (Mid) and 

vitellogenin (Vit) had opposite trends instead: they were up-regulated in CO2-treated queens in 

our study and down-regulated in Brito et al. [21]. 
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