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Fig. S1. Integrity of genomic DNA extracted from a single worker of R. metallica,
resulting library used for genome sequencing, and read performance and hifi read length
distributions. A) Genomic DNA extracted using the MagAttract HMW DNA kit (Qiagen). B)
Size distribution of final library used for genome sequencing using half a SMRT Cell 8M on a
PacBio Sequel II. and integrity measured using a Fragment Analyzer (Agilent). C) Plot
showing insert length versus high-quality read length of raw reads. D) Length distribution of
high-quality circular consensus (hifi) reads.
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Fig. S4. Phylogeny of R. metallica aculeatoxins and homologues showing distribution of
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estimated by bootstrapping. Nodes with a bootstrap value less than 50% are collapsed into
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Fig. S5. Density of transposable elements in the different aculeatoxin contigs of R.
metallica. Transposable elements present in contig 2 (left column), contig 7 (middle column),
and contig 27 (right column). The different rows show TE densities for regions of 100,000 bp
(upper row), 50,000 bp (middle row), and 25,000 bp (lower row). Aculeatoxin clusters are
marked with grey bars. Solid red line is the contig mean. Scattered line is the contig mean plus

two standard deviations.
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Fig. S7. Distribution of the different TEs on contig 7. For each family, density is estimated
as coverage (bp) per non-overlapping sliding window of 500 bp. Each plot shows unique repeat
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Fig. S9. Structural validation of the Tcl/Mariner-1 transposable element family. Output
from TE-Aid, visualising the Tc1/Mariner-1 family residing in the aculeatoxin cluster on contig
2. A) Fragment and divergence plot of all Tc1/Mariner-1 insertions in the R. metallica genome
assembly. Horizontal lines are genomic hits relative to the consensus sequence. Position on the
y-axis represents divergence from the consensus sequence of Tcl/Mariner-1. B) Sequence
coverage of genomic hits from BLAST relative to the position along the consensus sequence.
C) Self alignment dot-plot of the consensus sequence, showing that the family is likely an old,
miniature inverted repeat element. D) Putative ORFs and corresponding peptides located in the
consensus sequence. Arrows represent micro-homologies and repetitive DNA from the self-
alignment dot-plot in (C).
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Fig. S10. Structural validation of the DNA/Sola transposable element family. Output from
TE-Aid, visualising the DNA/Sola family residing in the aculeatoxin cluster on contig 2. Lack

of full-sequence insertions and structural features suggests DNA/Sola is not a true transposable
element. A) Fragment and divergence plot of all DNA/Sola insertions in the R. metallica
genome assembly. Horizontal lines are genomic hits relative to the consensus sequence.
Position on the y-axis represents divergence from the consensus sequence of Tcl/Mariner-1.
B) Sequence coverage of genomic hits from BLAST relative to the position along the
consensus sequence. C) Self alignment dot-plot of the consensus sequence. D) Putative ORFs
and corresponding peptides located in the consensus sequence. Arrows represent micro-
homologies and repetitive DNA from the self-alignment dot-plot in (c).
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Fig. S11. Structural variation among R. metallica ectatotoxin paralogs and their alleles
according to sequence similarity. Pairwise blastp-based clustering analysis of all mature R.
metallica aculeatoxin amino acid sequences reveals next to no clustering of allelic variants.
Colours indicate contig placement (blue=2, red=7, magenta=27, others=black), while
aculeatoxins mapping to the same locus have the same symbol.
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Fig. S12. Structural variation among R. metallica ectatotoxin paralogs and their alleles
according to protein language model embeddings. Principal component analysis of
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Fig. S13. Toxin allelic variants differ in activity in mouse dorsal root ganglion model of
potential to cause vertebrate pain. A) Representative pseudo-colour images illustrating
intracellular calcium ion concentration, [Ca2+]i in DRG neurons (left to right) before Rm1la (1
uM), after Rmla (1 uM), and after KCl (30 mM) addition. B) time course of individual DRG
neuron responses to Rmla (1 uM). Each trace represents an individual neuron, and the red trace
represents the average response; K+, 30 mM KCl (positive control) (representative of three
independent experiments). C) histogram showing number of neurons that respond or do not
respond (sum of three independent experiments). Each row after is the equivalent for (top to
bottom) Rm1b (D-F), Rmlc (G-I), Rm2a (J-L), Rm3a (M-O), Rm4a (P-R) and Rm5a (S-U).
All traces and histograms are representative of 3 independent experiments.
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MYRTX-Th3a_QIP03402.1__ A2 MEVLEFLFIAVI IVGLSGSLTWASP I ANABABABABAAABEAYVABAYVABEA - -
MYRTX-Th3c__A2 MEVFEFLFIAVI IVGLSGSLTWASPLANMABNABABAMAAABNAL ABAEPEA- -
MYRTX-Th3b__A2 MEVPEFFFIAVI IVGLSGSLTWASPLAMARABEABAMAAABA - ---------
MW317033.1-ECTX1-Rmdb_translation MBIPEFLLIAIIVVGFSGSLTWAHPLA I ABPEABEA I ABABEAFABABAEA - -
MW317032.1-ECTX1-Rm4a_translation MEIPEFLLIAIIVVGLSGSLTWAHPLA I ABPEAEA | ABRABAFABABABRA - -
MW317030.1-ECTX1-Rm3e_translation MBI PEFLLIAIIVVGLSGSLTWAHPLA I ABIPNABAVABABAFABABABABEP
MW317028.1-ECTX1-Rm3c_translation MEIPEFLLIAIIVVGLSGSLTWAHPLA I ABPNABAVABABEAFABABAEABP
MW317025.1-ECTX1-Rm2a_translation MHEIPEFLLIAIIVVGLSGSLTWAHPLA I ANPHEHAI ABEA I ABAF ANABEAEAEP
MW317022.1-ECTX1-Rm1a_translation MEIPEFLLIAIIVVGLSGSLTWAHSSAITANPEHAI ABEA I ABAFANABABABEP
MW317023.1-ECTX1-Rm1b_translation MEIPEFLLIAIIVVGLSGSLTWAHSSAIANPEHAI ABEA | ABAFANABABABP
MYRTX-Th3a_QIP03492.1__A2 VLP--ALPLLAGLMSLPFLQHBILT-NG

MYRTX-Th3c__A2 IAPIVALLLLSGLFSLPFLHHEILT-NGTM----- HHEG

MYRTX-Tb3b__ A2 IAPILALPLLGGMMSLPFLHHEILT-GGEILTGGHEPHHEG
MW317033.1-ECTX1-Rm4b_translation FPPLLLLAGLFSLPALQHY IEHTNWING

MW317032.1-ECTX1-Rm4a_translation FPPLLLLAGLFSLPALQHY IEHTHEHWING

MW317030.1-ECTX1-Rm3e_translation VLPLLPLMLGMMTLPF I HEAA-HEG

MW317028.1-ECTX1-Rm3c_translation ILPVLPLMLGMMTLPF I YEAATHEG

MW317025.1-ECTX1-Rm2a_translation IAPIVALLAFSLFSSLPFLHYYVTHTTEEP

MW317022.1-ECTX1-Rm1a_translation VAP IVAMAGLGLFAAAVAGLE--WL SHEEYVG

MW317023.1-ECTX1-Rm1b_translation VAP IMAMAGLGLFAAAVAGME--WL ANEYG

MYRTX-Th12a_QJP03498.1__B1 Ml | VEL T FAMIATLMVAVANGEA--LSPAVLASLA---G

MYRTX-Th15a_QJP03496.1__ B1 MELITIFAMIATLMVTVTNGEA | -LTABQLEA | | BRHG

MYRTX-Th15b_QJP03497.1__B1 MBI VEL I TIFAMIATLMYTYTNGEAVF LTPEC | EAN | BRHG

MYRTX-Th14a_QJP03495,1__ B1 MEVEL T FTMMATLVEEYANGEP-- | PPNAVESLO---G
MW317118.1-ECTX1-Rm59b_translation MET--LIISTAIITMAAMAVLTSARBFPEA | FPAALASLA-- - GEER
MW317117.1-ECTX1-Rm59a_translation MET--L1ISTAIIMAAMAVLTSABPEA | PPAALASLA-- - CERE
WMW317116.1-ECTX1-Rm58b_translation METLELIISIA] IMAAMAYVL TS ABIPEA INSVLLASLY---GEETHGHE
MW317115.1-ECTX1-Rm58a_translation METLEL IS AT ITMAAMAVLTSABPEA | SPAALASLT---GERNEGHEH
MW317114.1-ECTX1-Rm5S7d_translation NMEMMMLT IS | AML IMTMAS | VLATPEA HSHA BSLQ---GH
MW317113.1-ECTX1-Rm57b_translation METMMLT IS | AMLMMTMASLY LARPEALBAREY | ASLOQ---GOQGM-GH
MW317112.1-ECTX1-Rm57c_translation METMMLT IS | AMLMMTMASLYLTIRIPEALBPEA | ATLO---GQSM-GH
MW317111.1-ECTX1-Rm57a_translation METIMLTIS | AMLMMTMASL YV LARPEALEPEY | ATMQ - - -GQNM-GH

Fig. S14. Sequence alignment of putative orthologs from R. metallica and T.
bicarinatum. A) Alignment of clade 2 ectatotoxins (ECTX) and subfamily A2 myrmicitoxins
(MYRTX) from R. metallica and T. bicarinatum, respectively. The alignment is wrapped so
that the second line starts at the mature peptide region. B) Alignment of ECTX clade 4 and
MYRTX subfamily B1 from R. metallica and T. bicarinatum, respectively. Amino acid
backgrounds are coloured according to charge, with acidic residues in red and basic residues
in blue.



