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In terms of the subset of rapidly evolving genes that we identified that were exclusively 

upregulated in TFs (TFa and/or TFp, and no other cell types, table S7 Notes), examples included 

Ecdysone-inducible gene E1 (ImpE1), smooth (sm), and Cytoplasmic linker protein 190 (CLIP-

190), each of which exhibited positive selection in the D. sechellia branch (table S7). ImpE1 has 

been linked to cell rearrangements during morphogenesis (Natzle, et al. 1988), sm is a nuclear 

ribonucleoprotein involved in diverse roles including muscle functions (Draper, et al. 2009), 

neuronal and chemosensory processes (Layalle, et al. 2005), and CLIP-190 proteins coordinate 

binding between actins and microtubules (Lantz and Miller 1998), and may affect intracellular 

transport (Sanghavi, et al. 2012). Taken together, the rapidly evolving genes upregulated in TF 

cell types are involved in multiple cellular processes likely required for TF morphogenesis, and 

thus adaptive changes observed in these genes (fig. 4) may contribute to the proximate mechanisms 

underlying the rapid evolutionary divergence in ovariole numbers in Drosophila.  

 

Genes downregulated in the BULKSG soma cells versus germ cells (table S7) 

In terms of genes upregulated in the germ cells (and thus downregulated in the soma), the 

top ten genes with the highest degree of upregulation are shown in table S5. The genes exhibited 

elevated tau values ranging from 0.880 to 0.975, indicating a tendency of narrow transcription 

breadth (and several very narrow, with tau values above 0.950) for these genes, potentially 

reflecting high specialization to germ cell functions. Further, 8 of the 10 genes were largely 

uncharacterized genes (annotations as “CG number” only in table S5) based on available 

annotation from DAVID (Huang da, et al. 2009) and FlyBase (Gramates, et al. 2022). The two 

relatively well characterized genes no long nerve cord (nolo) and orientation disruptor (ord) play 

roles in the nerve cord, extracellular matrix, and meiosis (Huang da, et al. 2009). As the evidence 

to date suggests that somatic cells, rather than germ cells, are the principal regulators of ovariole 

number, we did not focus further on this particular genes of very highly and positively upregulated 

germ cell genes, and instead focused in the main text on the genes upregulated in somatic cells and 

with variable expression across larval ovary stages in tables 3 and 4.  

 

BULKSG for three stages of larval ovary development 
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We also identified genes from the BULKSG dataset with respect to the data for three stages 

of larval ovary soma development (early, mid or late). The 30 genes with the highest degree of 

upregulation (log2 change) in one stage (versus the other two) and that also exhibited rapid 

evolution (M0 dN /dS>0.20) are provided in table S6 (given the three types of comparisons, we 

included the top 30 genes, rather than ten as in tables 2, table S5). These genes were utilized in 

conjunction with sc-RNA (SINGLEC) in table 3. 

 

Supplementary Results For The Three-Species Hawaiian Drosophila Clade 

 Table S10 contains the dN/dS results for the Hawaiian Drosophila orthologs of the 27 

SIGNALC genes identified in table 1 from the melanogaster subgroup (Kumar, et al. 2020), and 

are described in the main text. Here, we note that six of the 27 studied genes of interest from the 

melanogaster subgroup (from table 1) had high confidence orthologs (reciprocal BLASTX) 

identified between D. melanogaster-D. grimshawi but not among all three species of D. murphyi-

D. sproati-D. grimshawi. This may reflect rapid evolution of these genes in Hawaiian Drosophila, 

gene loss from the genome, and/or genes missing from the annotation (or lacking a complete CDS 

that were removed), although the latter has been largely mitigated given the high BUSCO scores 

from each genome (see the Supplementary Methods section above). Nonetheless, the data in table 

S10 infers rapid evolution of many of the SIGNALC genes (table S10), including positive 

selection, in the Hawaiian taxa (for those that had high confidence orthologs). 

The ovariole related genes identified from the SINGLEC dataset in fig. 4 (and fig. S4, table 

S7), are less apt to share functions in Hawaiian Drosophila (than SIGNALC) given the fast 

evolution of gene expression of reproductive genes, including in Drosophila (Ranz, et al. 2003; 

Whittle and Extavour 2019). Thus, we excluded analyses of dN/dS and branch-site positive 

selection for this group pending future data on sc-RNA sequence or bulk-RNA seq of those cell 

types in D. grimshawi or other closely related Hawaiian taxa. Nonetheless, as cited in the main 

text, the genes that were highly upregulated in the D. melanogaster TF and SH cells (fig. 4, fig. 

S4, N values therein), were found to have the lowest frequency of high confidence ortholog gene 

sets identified in Hawaiian Drosophila among the nine cell types. The genes without orthologs 

included those from the D. grimshawi-D. melanogaster genome contrast (44.6% of all studied 
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genes in fig. 4without Hawaiian orthologs were from this class) and from the genome contrasts 

among the three Hawaiian species (55.4% of all studied genes without Hawaiian orthologs were 

from this class, fig. S6). This pattern suggests that the genes upregulated in the TF and SH cells 

(in D. melanogaster) as a group have evolved rapidly across the studied Drosophila species 

making orthologs unrecognizable, and/or have more commonly exhibited gene gains and losses, 

than genes from other cell types (Tautz and Domazet-Loso 2011; Tautz, et al. 2013), as described 

in the main text. 
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