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Supplemental Table and Figures

Supplemental Table S1: Ant and Bee species formatted for EvoPrint analysis
Bee species (superfamily Apoidea)
Apidae – social bees

Ant species (superfamily Formicoidea)
Myrmicinae –

Bombus terrestrialis - Buff-tailed bumblebee
Bombus impatiens - Common eastern bumblebee
Habropoda laboriosa - Southeastern blueberry bee

Atta cephalotes – Leafcutter ant
Acromyrmex echinatior – Panama leaf-cutting ant
Wasmannia auropunctata - Little fire ant
Pogonomyrmex barbatus - Red harvester ant
Monomorium pharaonis - Pharaoh ant
Solenopsis invicta – Red fire ant
Vollenhovia emeryi – Japanese ant
Cardiocondyla obscurior – a tramp ant

Megachilidae

Formicinae

Apis mellifera - Western honey bee
Apis dorsata - Giant honey bee
Apis florea - Dwarf honey bee

Megachile rotundata - alfalfa leafcutter bee –
solitary

Lasius niger - Black garden ant
Ooceraea biroi - Army ant – colonial raider ant
Camponotus floridanus - Florida carpenter ants

Ponerinae
Harpegnathos saltator - Jerdon's jumping ant

Dolichoderinae
Linepithema humile - Argentine Ant
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Supplemental Figure 1. Ultra-conserved DNA in Drosophila vvl enhancers identified
in Ceratitis capitata and Musca domestica orthologous DNAs.
Three-way Ceratitis-Drosophila-Musca BLASTn alignments of CSBs within six different
in vivo tested Drosophila vvl enhancers. Drosophila sequences that are shared with
Ceratitis and Musca are shown in green. Red bases are shared only between Drosophila
and Ceratitis and blue text represent bases shared exclusively between Drosophila and
Musca. Yellow highlighted Ceratitis and Musca bases are not shared in Drosophila.
Flanking BLASTn designator numbers indicate genomic base positions.
Supplemental Figure 2. Ultra-conserved Drosophila, Ceratitis capitata and Musca
domestica sequences within the homothorax locus.
A) A 1,065bp EvoPrint of the D. melanogaster homothorax locus that includes 5’ nontranscribed sequence, its 5’ UTR, the first five codons of its encoded protein and 102bp of
the first intron. Capital letters represent bases in the D. melanogaster reference sequence
that are conserved in D. simulans, D. sechellia, D. yakuba, D. erecta, D. ananassae, D.
persimilis, D. grimshawi, D. mojavensis and D. virilis orthologous DNAs. Lower case
grey letters represent bases that are not conserved in one or more than one of the test
species. Drosophila CSBs that are shared with Ceratitis and Musca, as detected in figure
1, are shown in green. Red bases are shared only between Drosophila and Ceratitis and
blue text represent bases shared exclusively between Drosophlia and Musca. The
translation start codon is marked by an underlined ATG. B) BLASTn two and three-way
alignments of the ultra-conserved CSBs. Font color annotations are as in panel A. Yellow
highlighted bases in Ceratitis and Musca are not shared in Drosophila. Flanking BLASTn
designator numbers indicate genome base positions.
Supplemental Figure 3. Combined Ant and Bee EvoPrints identify ultraconserved Hymenoptera DNA
A) An Apis mellifera goosecoid (gsc) EvoPrint generated with four evolutionary
divergent bee genomes and then overlaid with a print that includes the four bee
genomes plus four divergent ant species. The Apis honeybee gsc DNA (1,701 bp)
includes 5’ non-coding, the first exon and intron sequences. All uppercase bases
(both black and red font) are conserved in bees and sequences that are conserved in
both bees and ants are denoted with red-font uppercase bases. Lowercase gray9

colored bases are not conserved in one or more of the bee test genomes. Bee test
genomes: Bombus terrestrialis, Bombus impatiens, Habropoda laboriosa and
Megachile rotundata. Ant test genomes: Linepithema humile, Monomorium
pharaonis, Wasmannia auropunctata and Atta cephalotes. B) EvoPrints of the ant
Wasmannia auropunctata castor (cas) gene locus. The 3,078 bp Wasmannia
genomic DNA includes cas 5’ non-coding, the first exon and flanking intron
genomic sequences. The initial Evoprint was generated with four evolutionary
divergent ants and then super-imposed with a print that included these four ants plus
four bee genomes. All uppercase bases (both black and red font) are conserved in
the ants Cerapachys biroi, Linepithema humile, Atta cephalotes and Vollenhovia
emeryi. Sequences that is conserved in both ants and bees (Apis florea, Bombus
impatiens, Habropoda laboriosa and Megachile rotundata) are shown as red colored
uppercase bases. Lowercase gray-colored bases are not conserved in one or more of
the ant test species. The translation initiation codon is underlined. The left flanking
vertical brown bar indicates an ant-specific conserved DNA cluster that is not found
in bees. Note, in the exon ORF most, but not all, of the conserved codons do not
have conserved wobble positions indicating that the cumulative evolutionary
divergence of the test species used to generate the EvoPrint afford near base pair
resolution of essential DNA.

Supplemental Figure 4. Conserved sequence clusters within the honeybee dscam2 gene
EvoPrinter analysis reveals Apis mellifera non-coding sequence elements that are conserved
in other bee species or only in a subset of species. A) Alignment data generated from oneon-one comparisons of a 2.8 kb sequence from the honeybee 16 kb dscam2 second intron.
For each species, the top three independent eBLAT alignment scores are listed. Scores
indicate the total number of bases within the reference sequence, the Apis mellifera dscam2
intron, that align with the test species genome. The test species; Apis dorsata, Apis florea,
Bombus terrestrialis, Bombus impatiens, Habropoda laboriosa and Megachile rotundata are
listed (L -> R) based on their highest alignment score in descending order. Website links to
individual eBLAT alignments and superimposed composite eBLATs are indicated in either
red or blue font colors. As indicated in the alignment scorecard by the blue selection buttons,
the top (highest scoring alignment) for each test species has been selected for EvoPrinting.
B) A color-coded relaxed EvoPrint of the 2.8 kb honeybee dscam2 second intron generated
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from the alignment data shown in panel A. Black uppercase letters indicate bases conserved
in all test species. Font colors represent sequences conserved in all species except for Apis
dorsata, Apis florea, Bombus terrestrialis, Bombus impatiens, Habropoda laboriosa
or Megachile rotundata. Gray lowercase nucleotides are not conserved in at least two of the
test species.
Supplemental Figure 5. Combined Ant and Bee EvoPrints identify ultraconserved Hymenoptera DNA
A) An Apis mellifera goosecoid (gsc) EvoPrint generated with four evolutionary
divergent bee genomes and then overlaid with a print that includes the four bee
genomes overlaid with an EvoPrint that includes four divergent ant species. The
Apis honeybee gsc DNA (1,701 bp) includes 5’ non-coding, the first exon and intron
sequences. All uppercase bases (both black and red font) are conserved in bees and
sequences that are conserved in both bees and ants are denoted with red-font
uppercase bases. Lowercase gray-colored bases are not conserved in one or more of
the bee test genomes. Bee test genomes: Bombus terrestrialis, Bombus impatiens,
Habropoda laboriosa and Megachile rotundata. Ant test genomes: Linepithema
humile, Monomorium pharaonis, Wasmannia auropunctata and Atta cephalotes. B)
EvoPrints of the ant Wasmannia auropunctata castor (cas) gene locus. The 3,078 bp
Wasmannia genomic DNA includes cas 5’ non-coding, the first exon and flanking
intron genomic sequences. The initial Evoprint was generated with four
evolutionary divergent ants and then super-imposed with a print that included these
four ants plus four bee genomes. All uppercase bases (both black and red font) are
conserved in the ants Cerapachys biroi, Linepithema humile, Atta cephalotes and
Vollenhovia emeryi. Sequences that is conserved in both ants and bees (Apis florea,
Bombus impatiens, Habropoda laboriosa and Megachile rotundata) are shown as
red colored uppercase bases. Lowercase gray-colored bases are not conserved in one
or more of the ant test species. The translation initiation codon is underlined. The
left flanking vertical brown bar indicates an ant-specific conserved DNA cluster that
is not found in bees. Note, in the exon ORF most, but not all, of the conserved
codons do not have conserved wobble positions indicating that the cumulative
evolutionary divergence of the test species used to generate the EvoPrint afford
nearu base pair resolution of essential DNA.
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Supplemental Figure 6. Side-by-side comparison of conserved sequences within ant
and bee homothorax loci identifies shared exon/intron architecture and speciesspecific conserved sequences.
EvoPrints of bee and ant genomic DNA that includes homothorax (hth) encoding an exon
isologous to the 2nd exon of Drosophila hth plus flanking intronic sequences. Blue and red
underlined regions are coding and non-coding sequences, respectively, and align with
homologous regions in the two panels. Black uppercase bases are conserved in all test
species and colored uppercase bases are conserved in all but one of four bee tests species
in panel A and all but one of three ant test species in panel B. A) Relaxed EvoPrint of Apis
mellifera genomic sequences (6.3kb; Group5:7,111,526-7,117,900). Vertical red bars
flanking the EvoPrint indicate conserved bee-specific sequences that are not found in ants.
Colored uppercase bases are conserved in all but one of the color-coded test species: Apis
florea, Habropoda laboriosa, Bombus terrestrialis and Bombus impatiens. B) Relaxed
EvoPrint of Cerapachys biroi genomic DNA (5.1kb; 6532628-6527517, Ooceraea biroi
isolate clonal line C1 chromosome 14, Obir_v5.4). The green vertical bar flanking the
EvoPrint indicates ant-specific conserved sequence that in absent in bees. Black uppercase
bases are conserved in all test ant species and colored uppercase bases are conserved in all
but one of the color-coded test species: Monomorium pharaonis, Atta cephalotes,
Vollenhovia emeryi, Acromyrmex echinatior, Lasius niger, Pogonomyrmex
barbatus, Wasmannia auropunctata, Cardiocondyla obscurior or Linepithema humile.
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