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Supplementary Fig. 1. Comparison of the number of genes, exons and genome
size (in Mb) in 12 arthropod genomes (based on EnsemblGenomes release 12).
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Supplementary Fig. 2. (a) Comparison of the number of genes and their average
length in 12 arthropod genomes (based on EnsemblGenomes release 12). (b)
Comparison of the number of exons and their average length in 12 arthropod

genomes (based on EnsemblGenomes release 12).
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Supplementary Fig. 3. (a) Comparison of the number of introns and their average
length in 12 arthropod genomes (based on EnsemblGenomes release 12). (b)
Comparison of the genome size and and average intron length in 12 arthropods
genomes (based on EnsemblGenomes release 12).
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representation in the current annotated assembly. (a): Nucmer alignments of all BACs
(x axis) to IscW annotated scaffolds (y axis). (b, ¢ and d): Individual BAC sequences

Annotated scaffolds were mapped to 45 sequenced BACs to assess the level of
represented in two or more IscW scaffolds (b),

Supplementary Fig. 4. BAC mapping to |. scapularis genome scaffolds.

BAC sequence does not align

significantly to any scaffold (b) and BAC sequence is represented by a single IscW

scaffold (c). All mappings are shown in Supplementary Table 4.
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Supplementary Fig. 5. Alignment of Ixodes scapularis Expressed Sequence Tag
(EST) and cDNA sequences to IscaW1 scaffolds. The I. scapularis EST set,
comprising 193,151 EST and cDNA sequences, was aligned to the IscaW1 scaffold
sequences and assembled. EST sequences were utilized to generate high quality
training sets and improve gene structures. ESTs assembled using PASA, were aligned
to the core scaffolds representing the annotated genome. ESTs were also used to
evaluate and capture potential genes in small contigs that were not initially included in
the annotated scaffolds. EST hits to small contigs that are not part of the annotated
scaffolds typically represent transcripts derived from transposable elements such as
non-LTR type elements, and do not contain an open reading frame.
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Supplementary Fig. 6. Functional analysis of the Ixodes scapularis IscaWl gene
models showing the gene ontology results for: (a) Biological Process (b) Cellular




Component and (c) Molecular Function categories. Multi-level pie charts show all
GO terms that exceed the cut-off value of 1,000 sequences. Numbers in parentheses
indicate the total number of sequences assigned to a specific GO term.
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Supplementary Fig. 7. Schematic showing the strategy employed for the
identification of all LTR retrotransposons in the genome of Ixodes scapularis. b.
Identification of LTR elements. b. Phylogenetic analysis. C. Identification of the number
of copies of each LTR retrotransposon. Circles indicate databases used for searches.
Rectangles indicate input/output files and. Programs used are written in bold beside
arrows. See Supplementary text for details. CCD = Conserved Domain Database, RT =
Retrotranscriptase; RH = Ribonuclease; INT = Integrase.
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Supplementary Fig. 8. New Ty3/gypsy lineages in the genome of Ixodes
scapularis. Phylogenetic relationships between the Ty3/gypsy retrotransposons of
Ixodes scapularis and insect genomes inferred by the NJ method and based on the
conserved domains of RT, RnaseH, and INT>!. Bootstrap values (1,000 replications)
supporting the clusters of each lineage of the Ty3/gypsy family are shown. Names of
Ty3/gypsy lineages are shown in capitals. Two new lineages (named Toxo and Squirrel;
indicated by asterisk) are supported by bootstrap values of 99%. The phylogeny
contains elements from Ixodes scapularis (red branches), Drosophila melanogaster,
Anopheles gambiae, Aedes aegypti, and Culex pipiens. Non-insect representative
elements in the phylogeny are the retrotransposons Ty3 from the yeast Saccharomyces
cerevisiae, Cyclops from the plant Vicia faba, and Cerl from the Nematoda
Caenorhabditis elegans.
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Supplementary Fig. 9. Ixodes scapularis gene orthology and homology across

Arthropoda. Orthologous and homologous relations between I. scapularis genes and

those from other sequenced arthropods were examined using orthologous groups

delineated across 87 arthropod species from www.OrthoDB.org® (release 8). About

30% of I. scapularis genes have recognizable orthologs in all or almost all of the

representative species selected from nine different arthropod lineages (green fractions,

at least 13 of the 14 species - single-copy or with duplications). A further ~30% of I.

scapularis genes are less widely conserved across Arthropoda (blue fractions, present

in 2-12 of the 14 species, or present in at least one of the 73 other arthropods). Of the

remaining |. scapularis genes with no identifiable orthology, about half exhibit homology

(e-value <1e-05) to genes from the other 86 arthropods or to other I. scapularis genes

(yellow fractions, homology to other arthropod genes or homology only to other genes in

the same genome). The two chelicerates show very similar fractions of genes that

currently have no significant homologs in other arthropod genomes,so-c al | ed fior phan
genes. The major fractions of the two chelice
the corresponding percentages of their total gene counts.
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Supplementary Fig. 10. The organization of the mitochondrial genome of Ixodes
scapularis (a), and comparison of mitochondrial gene arrangement between 1.
scapularis and other ticks and arthropods (b). (&) Genes are shown as boxes and
were drawn approximately to scale. Arrows indicate the orientation of transcription.
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Protein-coding and rRNA genes are abbreviated as atp6 and atp8 (for ATP synthase
subunits 6 and 8), cox1-3 (for cytochrome ¢ oxidase subunits 1-3), cob (for cytochrome
b), nad1-6 and 4L (for NADH dehydrogenase subunits 1-6 and 4L), and rrnL and rrnS
(for large and small rRNA subunits). tRNA genes are shown with the single-letter
abbreviations of their corresponding amino acids. The two tRNA genes for leucine are
L1 (anti-codon sequence UAG) and L,(UAA), and those for serine are S;(UCU) and
S2(UGA). CR is the abbreviation for the putative control region. (b) The circular
mitochondrial genomes are linearized at the 5' end of cox1 (for the purpose of
illustration). Genes and putative control regions (CR) are shown as boxes but were not
drawn to scale. Genes are transcribed from left to right except those underlined, which
are transcribed from right to left. Putative control regions are highlighted in black. Dark,
grey, shaded-boxes indicate genes that changed position relative to the putative
ancestor of arthropods. Pale, grey, shaded-boxes indicate genes that changed both
position and the orientation-of-transcription, relative to the putative ancestor of
arthropods.
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Supplementary Fig. 11. Introns in single-copy orthologs across 12 species. Introns
were mapped on to the protein sequence alignments of 524 Strict Single-Copy (SSC)
orthologs and 1,529 Relaxed Single-Copy (RSC) orthologs, allowing for small splice site
changes, and conserved regions with an intron in at least one species were identified by
requiring >30% amino acid identity in the aligned blocks flanking the intron position.
Between 32% and 52% of introns in each species are located in well-aligned core
regions of the ortholog alignments and therefore may be compared across the 12
species, and examining SSC or RSC sets does not affect the proportions of informative
introns. Abbreviations: NVECT, Nematostella vectensis; HSAPI, Homo sapiens;
MMUSC, Mus musculus; GGALL, Gallus gallus; DRERI, Danio rerio; ISCAP, Ixodes
scapularis; DPULE, Daphnia pulex; PHUMA, Pediculus humanus; NVITR, Nasonia
vitripennis; TCAST, Tribolium castaneum; AGAMB, Anopheles gambiae; DMELA,

Drosophila melanogaster.
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Supplementary Fig. 12. 12-species phylogeny based on the conservation of intron
positions. Euclidean distance matrices from presence/absence matrices for 4,621
Strict Single-Copy (SSC, a & b) and 13,459 Relaxed Single-Copy (RSC, ¢ & d) ortholog
intron positions were employed to construct phylogenetic trees using Unweighted Pair
Group Method with Arithmetic Mean (UPGMA, a & c¢) and Neighbor Joining (NJ, b & d)
algorithms. I. scapularis (ISCAP) consistently shows greater similarity to the outgroup



species (red), human, mouse, chicken, zebrafish and sea anemone, than to the
pancrustaceans (blue). Bootstrap values are indicated for the two nodes on each tree
with less than 100% support: the alternative topologies cluster PHUMA and NVITR
together and/or swap the positions of DRERI and GGALL. Unrooted radial trees are
presented at the lower left of each panel. Abbreviations: NVECT, Nematostella
vectensis; HSAPI, Homo sapiens; MMUSC, Mus musculus; GGALL, Gallus gallus;
DRERI, Danio rerio; ISCAP, Ixodes scapularis; DPULE, Daphnia pulex; PHUMA,
Pediculus humanus; NVITR, Nasonia vitripennis; TCAST, Tribolium castaneum;
AGAMB, Anopheles gambiae; DMELA, Drosophila melanogaster.
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Supplementary Fig. 13. Intron gain/loss estimates across the 12-species
phylogeny. Analysis of intron gain and loss across the 12-species phylogeny for the
Strict Single-Copy (SSC) and Relaxed Single-Copy (RSC) sets of orthologs using Dollo
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suite for maximum likelihood analysis of intron evolution in eukaryotes®. Data are
normalized by the maximum number of introns (always NVECT) in order to compare the
estimates from different sets using different methods. Normalization: Gained, Lost, or
Present Introns / Maximum number of Introns. NB: the scale for the normalized gain and
loss estimates (0.0-0.5) is double that of the normalized presence data (0.0-1.0).
Corresponding numbers are presented in Supplementary Table 9. Abbreviations:
NVECT, Nematostella vectensis; HSAPI, Homo sapiens; MMUSC, Mus musculus;
GGALL, Gallus gallus; DRERI, Danio rerio; ISCAP, Ixodes scapularis; DPULE, Daphnia
pulex; PHUMA, Pediculus humanus; NVITR, Nasonia vitripennis; TCAST, Tribolium
castaneum; AGAMB, Anopheles gambiae; DMELA, Drosophila melanogaster.
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Supplementary Fig. 14. Intron length distributions across 12 species. The length
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plotted: RSC All, all informative introns; RSC Shared, informative introns found in
ISCAP and DPULE and at least one non-arthropod and at least one insect. Boxes
indicate the median, 1% and 3" quartiles, and whiskers show up to 1.5 times the
interquartile range, box heights are proportional to the number of introns. I. scapularis
(ISCAP) introns are most similar to those of MMUSC and other vertebrates, and more
than an order of magnitude longer than pancrustacean introns. NVECT, HSAPI,
MMUSC, GGALL, DRERI, and ISCAP scale to 10,000 bp (green axis) while the
pancrustaceans scale to 1,000 bp (blue axis). The numbers, along with Wilcoxon test
results, are presented in Supplementary Table 10. Abbreviations: NVECT, Nematostella
vectensis; HSAPI, Homo sapiens; MMUSC, Mus musculus; GGALL, Gallus gallus;
DRERI, Danio rerio; ISCAP, Ixodes scapularis; DPULE, Daphnia pulex; PHUMA,
Pediculus humanus; NVITR, Nasonia vitripennis; TCAST, Tribolium castaneum;
AGAMB, Anopheles gambiae; DMELA, Drosophila melanogaster.
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Supplementary Fig. 15. Heme synthesis pathways and heme synthesis genes
identified in the Ixodes scapularis genome. Candidate heme synthesis genes
identified in the I. scapularis genome are shown in red. The VectorBase accession
numbers for each of the putative I. scapularis heme synthesis genes are listed in
Supplementary Table 20.
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Supplementary Fig. 16. Schematic representation of putative CPs and Vgs
detected in Ixodes scapularis genome compared to the confirmed counterparts
from Dermacentor variabilis. DUF1943: a domain of unknown function, LPD_N: lipid
binding domain, SP: signal peptide, vWD: von Willebrand type D domain. Arrows
represent the RXXR location while vertical solid lines represent the GL/ICG domain
location. Amino acid sequence shown represents the N-terminal sequence of the 2 CP
subunits starting directly downstream of the signal peptide and the RXXR cleavage
sites. Dash lines represent missing sequences. DvCP1 (ABD83654), DvVgl
(AAW78577), DvWg2 (ABW82681), IsCP1 (ISCW021709), IsCP2 (ISCW014675), IsCP3
(ISCW021710), IsCP4 (ISCW012424), IsCP5 (ISCW012423), IsCP6 (ISCW021704),
IsCP7 (ISCW021707), IsCP8 (ISCW021706), IsCP9 (ISCW021705), IsCP10
(ISCW024299), IsVgl (ISCW013727), IsVg2 (ISCW021228).
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Supplementary Fig. 17. Cytochrome P450 genes orthologous to the Halloween
genes that encode steroidogenic cytochrome P450s for hydroxylations of 20-
hydroxylecdysone. Blue font indicates the VectorBase accession number for the
corresponding predicted protein sequences identified in the I. scapularis genome. Solid
circles at branch points indicate bootstrapping support with higher than 70% in 1000
replication of the neighbor-joining tree. Insect genes in the orthologous group are from
Tribolium castaneum (Tcas), Drosophila melanogaster (Dmel), Apis mellifera (Amel),
and Daphnia pulex (Dpul).
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Supplementary Fig. 18. The mevalonate/farnesoic acid pathway in Ixodes
scapularis. Genes encoding enzymes highlighted in red were identified in the I.
scapularis genome. There is no evidence that putative I. scapularis methyl transferases
are involved in the synthesis of methyl farnesoate. There is no direct evidence for the
production of methyl farnesoate or juvenile hormone (JH) in ticks, and no evidence that
these compounds, when introduced exogenously, affect tick development and
reproduction.
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Supplementary Fig. 19. Recent gene expansion for farnesoic acid
methyltransferase/methyl transferase in the Ixodes scapularis genome showing
44 copies. Blue fonts are for the sequences found in the I. scapularis with the
frequency of the EST for each predicted gene in the parenthesis and bar graph on the
right column. Solid circles at the branching points are for bootstrapping supports with
higher than 70% in 1000 replications of the neighbor-joining tree. Insect genes in the
orthologous group are from Tribolium castaneum (Tc), Drosophila melanogaster (Dm),
Aedes aegypti (Aa), Helicoverpa armigera (Ha), Bombyx mori (Bm), and Eriocheir



sinensis (Es). The VectorBase accession for the predicted protein and corresponding
base-pair range of each gene on the I. scapularis scaffolds are; ISCW000145,
DS624614 (1302..5354); ISCW000146, DS624614 (9631..10170); ISCW000153,
DS763941 (182505..186413); ISCW000579, DS947122, (6316..11994); ISCW000581,
DS629339, (179176..194485), ISCW001490, DS706167, (10281..31698);
ISCW002306, DS932067, (897..5521); ISCW002935, DS768854, (735905..747194);
ISCW003340, DS779352, (21734..27575); ISCW003481, DS793841, (18669..25357);
ISCW004808, DS674354, (11645..16314); ISCW005290, DS970697, (84452..85469);
ISCW005302, DS629339, (117659..129013); ISCW005399, DS777710, (6901..10266);
ISCW005831, DS887498, (197112..207263); ISCW006025, DS954326,
(27895..30828); ISCW006197, DS748781, (26926..29875); ISCW006201, DS851612,
(37761..41988); ISCW006304, DS930042, (10717..12534); ISCW006899, DS690206,
(9184..9657); ISCW006900, DS741077, (829..13451); ISCW006924, DS872849,
(1313..1855); ISCW007168, DS789606, (16620..25257); ISCW007263, DS768854,
(719374..727853); ISCW007368, DS779352, (129774..133039); ISCW007369,
DS967436, (35953..41027); ISCW008032, DS652581, (3712..4362); ISCW008748,
DS748497, (1567..25229); ISCW010473, DS615618, (20473..34490); ISCW011169,
DS751725, (281571..300251); ISCW012621, DS638221, (12578..13060);
ISCW013074, DS781271, (1344..5551); ISCW013675, DS781271, (13943..14422);
ISCW014084, DS751647, (5328..26009); ISCW014478, DS880071, (28950..39043);
ISCW014552, DS977870, (16944..20120); ISCW015008, DS644550,
(414041..414787); ISCW015523, DS928935, (5815..7014); ISCW016046, DS972004,
(8558..19224); ISCW017567, DS746255, (64199..77852); ISCW018807, DS661924,
(43567..48537); ISCW018808, DS735014, (408..7677); ISCW019053, DS710865,
(6303..9071); ISCW019728, DS970447, (16214..18413); ISCW023392, DS802122,
(55507..58567); ISCW023772, DS938188, (37911..40070); ISCW023837, DS770764,
(14572..19070).



Supplementary Fig. 20. Phylogenetic relationships among gustatory (GRs) and
olfactory (ORs) receptors. Protein sequences from Ixodes scapularis (green), Daphnia
pulex (blue), Drosophila melanogaster (orange) and Anopheles gambiae (maroon).
Sugar and CO; receptors are highlighted in black. The insect olfactory receptors (grey)
include protein sequences of several species: D. melanogaster (Or), Tribolium
castaneum (Tc), Anopheles gambiae (Ag), Pediculus humanus (Ph), and Acyrthosiphon
pisum (Ap).
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Supplementary Fig. 21. Phylogenetic tree of the Ixodes scapularis lonotropic
Receptor (IR) and ionotropic glutamate receptor protein sequences (blue),
alongside their Drosophila melanogaster (red) orthologs. Different receptor
subfamilies of receptors are highlighted with black vertical lines. Protein sequences

sdi



were aligned with MUSCLE, and the tree was built with RAXML under the WAG model
of substitution with 1000 bootstrap replicates. Bootstrap values for each branch are
indicated on the tree. The scale bar represents the number of substitutions per site.
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Supplementary Fig. 22. In silico analysis of the (a) Toll and (b) IMD pathways in
the Ixodes scapularis genome. Gene identifiers were obtained from VectorBase
(www.vectorbase.org) and compared to the Toll and IMD pathways in Drosophila
melanogaster, Anopheles gambiae and Aedes aegypti mosquitoes. Gene identifiers
from I. scapularis are boxed. Red question marks indicate genes that were not identified
in the I. scapularis genome. Dagger marks represent sequences for which putative I.
scapularis homologues were uncovered but cannot be categorized as precise orthologs.
Asterisks indicate sequences for which putative I. scapularis homologues were
uncovered but cannot be categorized at the isoform level.
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Supplementary Fig. 23. In silico analysis of the (a) JAK/STAT and (b) anti-viral
RNAIi pathways in the |. scapularis genome. Gene identifiers were obtained from
VectorBase (www.vectorbase.org) and compared to the JAK/STAT and RNAI pathways
in Drosophila melanogaster, Anopheles gambiae and Aedes aegypti mosquitoes. Gene
identifiers from I. scapularis are boxed. Red question marks indicate genes that were
not identified in the I. scapularis genome.



Down in Early vs. Late Up in Early vs. Late
infections (63 proteins) infections (39 proteins)

Supplementary Fig. 24. Protein expression in early and late Anaplasma
phagocytophilum infection of Ixodes scapularis ISE6 cells. The Venn diagram
shows the number of proteins (in parenthesis) that are over- or under- represented in
early versus late infection (*indicates significant overlaps; p<10°).
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Supplemental Fig. 25. The Ixodes scapularis ligand-gated anion channel
(KR107244) expressed in Xenopus laevis oocytes was exposed in turn to a series
of neurotransmitter molecules that have been shown to activate invertebrate
ligand-gated anion channels. The transmitters were tested separately at 10* M on
oocytes (n=29, 7, 7, 6, 7, 6, 6 respectively). Only L-glutamate yielded a current. All

ot hers tested ( acamhoblutgitazitl (GABA), dogamihe) histarmine,
serotonin, tyramine) were without effect. Glycine, which like GABA activates ligand
gated anion channels in mammalian brain was also without effect (n=7). This selectivity
for L-glutamate led to the nomenclature IscaGIuCl1 for subunit KR107244.



Supplementary Tables

Supplementary Table 1. Cumulative effect of Ixodes scapularis IscaW1l assembly
intervention.

Assembly Settings A B C D

Input reads ~12,000,000 16,632,252 16,875,697 16,875,697
Software version CA31 CA4.0 CA4.0 CA4.0
Partial overlaps for trim

+ K-mer seed length 22 16 16 28 16 28
+ seed frequency default 50 50 1000 50 1000
threshold

+ error threshold 6% 6% 6% 6% 6% 6%
+ overlap length threshold 40 40 40 300 40 300
+ detect and trim chimer yes yes no no

Full overlaps for unitigs

+ K-mer seed length 22 22 14 14

+ seed frequency default default 8000 8000
threshold

+ initial error threshold 6% 6% 20% 20%

+ basecall correction yes yes no no

+ final error threshold 3% 3% 13% 13%

Contig building

+ assumed genome size default default default 1 Gbp

+ max error, unitig join 6% 6% 20% 20%

+ max error, gap close 6% 6% 12% 20%
Assembly Results A B C D

Contigs

+ number of contigs 600,000 843,837 474,816 570,640

+ max bases per contig 30,000 76,172 83,974 117,687

+ contig Nsg bases 1,900 1,943 3,116 2,942

+ mean bases per contig n/a 1,997 2,554 2,433

+ mean coverage 2.0 2.3 34 3.5

+ reads incorporated 30% 35% 37% 44%

+ total contig bases n/a 1,684,909,012 1,212,614,075 1,388,475,690
Scaffolds

+ number of scaffolds 500,000 680,216 327,135 369, 495

+ max span per scaffold 250,000 645,492 3,360,897 3,699,225

+ scaffold N5y span 2,200 2,535 22,441 51,551

+ mean span per scaffold n/a 3,209 4,606 4,774

+ total scaffold span 2,150,000,000 2,182, 541,146 1,506,734,076 1,763,920,678

Four assemblies of Ixodes scapularis. Columns A through D summarize four runs of the Celera
Assembler software. Assembly Settings. Partial overlaps are local alignments between read pairs.
Celera Assembler trimmed terminal basecalls of reads based on drop off patterns in the partial overlap
collection. Parameter changes during assemblies B and C were designed to enlarge the collection.
Assemblies C and D used the union of two collections. Full overlaps are pair-wise alignments that fully
cover at least two of the four read ends; they capture dovetail and containment relations. Parameter
changes during assemblies C and D were designed to enlarge the collection. Parameter changes during
assemblies C and D were designed to reduce sensitivity to high-coverage unitigs (genome size),
consensus differences in multiple sequence alignments (unitig join), and basecall differences between
trimmed sequences at contig ends (gap close). Assembly Results. In the Celera Assembler output,
contigs and scaffolds are redundant organizations of the same consensus sequence. Every contig
belongs to one scaffold and every scaffold spans one or more contigs. Contigs have positive read
coverage at every base. Scaffolds span gaps between contigs where gap size is derived from spanning



mate constraints. Scaffolds also span repetitive regions where a unitig consensus is placed as surrogate

for read coverage. Contig N50 is the number of bases of the smallest contig in the minimal set that covers
50% of the assemblyés total conti g badciretlseminitalaet f ol d N50

that covers 50% of the assemblybés total scaffold span.
in reads incorporated into contigs divided by total contig bases.



Supplementary Table 2. Size and distribution of DNA on Ixodes scapularis IscaW1l

scaffolds.

Scaffold Length No. Scaffolds Total No. Bases® % Genome in
Scaffolds

1Mbi 4 Mb 51 84,551,570 3.6%

100 kb 7 999 kb 2,914 743,132,618 32.1%

10 kb 7 99 kb 14,397 390,238,447 16.8%

<10kb 352,130 545,998,043 23.6%

Total 369,492 1,763,920,678 76%

Calculations are based on the genome size estimate of 2.31 Gb
®Basedontotalsc af f ol d s pan fSopplemeotdryiTabie 1.7 D 0



Supplementary Table 3. Ixodes scapularis genome annotation IscaW1 statistics

Transcription units - genes Ixodes Aedes aegypti Anopheles Drosophila Daphnia pulex Tetranychus
scapularis (AaeglLl.3) gambiae melanogaster (Ensembl urticae
(AgamP3.7) (FB2012_04) Genome 71) (Ensembl
Genomes 72)
Total number of protein coding 20,486 15,998 12,810 13,937 30,894 18,224
genes
Mean gene length (bp) 10,589 15,456 6,383 6,492 2,116 2,733
Median gene length (bp) 4,259 5,895 2,076 2,088 1,279 1,549
Shortest gene (bp) 95 105 111 117 150 99
Longest gene (bp) 242,297 428,674 365,622 395,988 114,502 104,962
Exons
Total number of exons 89,663 64,752 56,398 74,024 144,872 69,647
Number of mono-exonic genes 5,707 1,874 1,187 2,170 5,149 2,213
Max. no. exons/gene 81 41 67 82 83 55
Median exon length (bp) 219 231 232 246 154 179
Introns
Total number of introns 69,163 52,370 51,024 133,158 113,998 16,041
Percentage of genes with introns  72.10% 88.3% 90.8% 84.4% 83.3% 88%
Mean intron length (bp) 2,284 4,789 1,566 1,568 285 456
Median intron length (bp) 1, 599 145 96 103 76 96
Shortest intron (bp) 15 1 1 1 oM 1
Longest intron (bp) 54, 366 329,294 249,417 141,627 48,487 59,291
Coding sequences (CDS)
Mean CDS length (bp) 855 1,363 1,616 1,977 976 1,074
Median CDS length (bp) 594 1,053 11,191 1,404 702 807
Shortest CDS (bp) 95 81 78 20 150 63
Longest CDS (bp) 15,248 33,987 47,535 68,850 23,331 54,762
RNAs
Non coding RNAs 4,439 1,279 612 474 3,567 n/a
tRNAs 4,402 962 450 314 3,559 n/a
MiRNAS 51 84 121 n/a 7 n/a
rRNAs 8 233 41 160 1 n/a
Miscellaneous Statistics
Gene frequency (genes/kb) 1/70 1/82 1/22 1/12 1/6 1/5



Percentage of coding region in
genome

Av. Intergenic region (bp)®

Av. Intergenic region (bp)°
Intergenic regions GC content
Coding regions GC content
Total GC content

6%

80, 410
57,141
32%
56%
NA

NA, not available
%ten longest scaffolds
bglobal



Supplementary Table 4. Analysis of Ixodes scapularis Bacterial Artifical
Chromosomes (BACs) showing assembly completeness and mapping to IscaW1l
scaffolds.

BAC Name GenBank BAC Sequencing Assembly IscaWl GenBank
Accession Length  Center Status Scaffold Iscawl
(bp) Hits® Scaffold ID
ISG1-05A01 AC192414 117,688 Broad 1C 2 DS776359
DS810098
ISG1-33A01  AC192415 122,081 Broad 20P 3 DS818409
DS825617
DS768807
ISG1-36A01  AC192416 106,082 Broad 20P 1 DS694416
ISG1-40A01  AC192417 102,815 Broad 3UP 4 DS840034
DS872355
DS892014
DS682990
ISG1-41A01 AC192418 114,701 Broad 3UP 1 DS907939
ISG1-43A01 AC192419 113,880 Broad 20P multiple N/A
ISG1-45A01 AC192420 146,997 Broad 19 UP multiple N/A
ISG1-49A01 AC192421 137,442 Broad 7 UP 2 DS858616
DS746366
ISG1-51A01 AC192422 135,954 Broad 2 0P 1 DS752087
ISG1-53A01 AC192423 109,798 Broad 20P multiple N/A
ISG1-55A01 AC192424 145,462 Broad 5UP 1 DS732299
ISG1-60A01  AC192425 145,957 Broad 6 OP multiple N/A
ISG1-64A01  AC192426 117,608 Broad 4 UP 1 DS868627
ISG1-66A01  AC192427 98,661  Broad 1C 1 DS911446
ISG1-67A01  AC192428 109,864 Broad 30P multiple N/A
ISG1-68A01  AC192429 142,474 Broad 3UP multiple N/A
ISG1-48A01 AC192742 133,074 Broad 1C 1 DS780529
ISG1-54A01 AC192743 130,937 Broad 8 UP multiple N/A
ISG1-61A01 AC192744 115,169 Broad 2 0P multiple N/A
ISG1-02A01  AC200531 77,162  Broad 1C multiple N/A
ISG1-01F14  AC205630 95,257  JCVI 1C multiple N/A
ISG1-01P02  AC205631 108,728 JCVI 20P multiple N/A
ISG1-03K02  AC205632 26,509 JCvi 1C multiple N/A
ISG1-03P02  AC205633 97,928 JCVI 4 0P multiple N/A
ISG1-06P02 AC205634 112,417 JCVI 1C multiple N/A
ISG1-11P02  AC205635 104,824 JCVI 1C 1 DS800715
ISG1-12P02  AC205636 106,974 JCVI 6 OP 4 DS688082
DS708137
DS966567
DS826915
ISG1-14C07 AC205637 132,125 JcCvi 3 0P multiple N/A
ISG1-15P02  AC205638 100,378 JcVvi 1C multiple N/A
ISG1-16P02  AC205639 92,783  JCVI 4 OP multiple N/A
ISG1-22P02  AC205640 109,965 JcVvi 4 OP multiple N/A
ISG1-24P02  AC205641 179,341 Jcvi 1C multiple N/A
ISG1-27P02  AC205642 110,473 JcVi 1C 3 DS859588
DS928213
DS859588
ISG1-31P02  AC205643 128,247 JCVI 1C 1 DS891538
ISG1-37P02  AC205644 110,110 Jcvi 20P multiple N/A
ISG1-41M08 AC205645 120,605 JCVI 20P 2 DS712833



DS712833

ISG1-42P02  AC205646 122,242 JCVI 1C 1 DS840967
ISG1-43E15 AC205647 115,710 JcCvi 1C multiple N/A
ISG1-44P02  AC205648 126,904 JCVI 3 0P multiple N/A
ISG1-47P02  AC205649 112,049 JCvI 20P multiple N/A
ISG1-56P02  AC205650 107,316 JCVI 1C 1 DS636787
ISG1-58P02  AC205651 172,210 JCVI 20P 1 DS879425
ISG1-62P02  AC205652 50,437 JCVI 1C multiple N/A
ISG1-63P02  AC205653 108,041 JCVI 1C 3 DS976271
DS897480
DS981194
ISG1-69P02  AC205654 14,567 JCVI 1C multiple N/A

Broad, the Broad Institute of MIT/Harvard; JCVI, J. Craig Venter Institute; C, complete assembly of BAC
clone: BAC assembly sequence is complete and ungapped; OP, ordered pieces: the BAC assembly is
incomplete but the order of contigs comprising the BAC is known; UP, unordered pieces: the BAC
assembly is incomplete and the order of the pieces cannot be deduced basded on read mate pair
information; *numeric value indicating number of IscaW1 scaffolds that align to the assembled BAC clone;
multiple, 10 or more IscaW1 scaffolds align to the sequence of the assembled BAC clone.



Supplementary Table 5. Analysis of gene content of Ixodes scapularis BAC clones. The IscaW1 predicted protein
sequences were queried against the sequence of assembled BAC clones using BLASTX.

BAC Clone BAC Genbank Iscaw1l Hit coordinates on BAC % ID to Gene coverage  Protein name

GenBank length Protein Locus Gene 56 er36 end annotated (%BAC/Iscaw1)

Accession (bp) Tag length (bp) IscaW1 protein

AC205647 115,710 ISCWO001627 999 71,697 72,691 96.2 100 hypothetical protein
AC205650 107,316  ISCWO001662 1,595 40,314 41,908 100 100 voltage-gated potassium channel
AC205637 132,125 ISCW005308 1,139 1,261 2,400 95.18 99.82 conserved hypothetical protein
AC192428 109,864 ISCW005551 813 51,858 52,672 97.06 100 hypothetical protein
AC205642 110,473 ISCW007049 903 11,042 11,941 95.57 100 hypothetical protein
AC205646 122,242 ISCW007900 912 12,862 13,716 97.19 93.53 conserved hypothetical protein
AC192414 117,688 ISCW008378 1,017 104,265 105,120 96.85 84.17 hypothetical protein
AC205636 106,974 ISCW009194 1,776 104,329 106,149 95.28 100 leucine-rich transmembrane protein, putative
AC205645 120,605 ISCW009445 1,086 36,434 37,293 98.84 79.01 hypothetical protein
AC205637 132,125 ISCWO011925 1,182 99,621 100,799 97.88 99.83 hypothetical protein
AC205637 132,125 ISCW011924 909 101,454 102,362 97.14 100 hypothetical protein
AC192418 114,701 ISCW012420 1,188 101,002 102,058 95.84 87.96 polyprotein of retroviral origin
AC205636 106,974 ISCW013209 1,974 51,710 53,682 97.63 100 hypothetical protein
AC205648 126,904 ISCWO014746 1,401 75,055 76,459 96.59 99.86 hypothetical protein
AC205653 108,041  ISCW015369 753 94,678 95,428 98.93 99.73 hypothetical protein
AC192428 109,864 ISCW017315 1,113 48,937 49,821 97.3 79.78 hypothetical protein
AC192418 114,701  ISCW018410 1,799 76,283 78,081 98.78 100 conserved hypothetical protein
AC192422 135,954 ISCW019007 1,464 88,949 90,400 96.6 99.8 transmembrane protein C9orf46
AC192422 135,954 ISCW019010 1,083 16,384 17,471 99.17 100 conserved hypothetical protein
AC205645 120,605 ISCW019863 2,507 86,223 88,736 96.07 100 zinc finger protein, putative
AC205645 120,605 ISCW019864 4,307 89,682 93,981 95.79 99.72 zinc finger protein, putative
AC205635 104,824  ISCW019867 6,487 80,684 87,155 98.68 100 zinc finger protein, putative
AC205635 104,824  ISCW019869 1,182 52,935 54,101 97.29 100 zinc finger protein, putative
AC205635 104,824 ISCW019871 1,353 4,616 5,971 99.41 100 carbon-nitrogen hydrolase
AC205646 122,242 ISCW020015 945 111,615 112,559 100 100 hypothetical protein
AC192421 137,442 ISCW021499 843 18,199 19,056 96.5 99.88 hypothetical protein
AC192421 137,442  ISCWO021498 897 46,540 47,435 98.11 99.55 hypothetical protein
AC205640 109,965 ISCwW024821 1,090 6,451 7,539 99.45 100 hypothetical protein




Supplementary Table 6. Putative microRNA genes identified in the Ixodes scapularis genome. MicroRNA gene
predictions were consolidated from miRBase®®, miROrtho®!, and VectorBase'®?, resulting in a conservative set of 45
mMiRNAs. Family: assigned based on similarity to miRBase miRNAs. miRBase-ID, miROrtho-ID, VectorBase-ID: resource
specific gene identifiers. miRBase-Family: family identifier, if predicted. Chromosome, Start, End, Strand: location in the I.
scapularis genome or trace reads.

Family miRBase- miROrtho- VectorBase-ID miRBase-Family Scaffold Start (bp) End (bp) Strand
ID ID
bantam MI0012259 616211 NA MIPF0000153 DS612599 38772 38872 -
mir-133 MI0012266 NA NA MIPF0000029 DS613658 228744 228844 -
mir-7 MI0012282 615892 NA MIPF0000022 DS629750 8358 8437 -
mir-263 MI0012272 NA ISCW000811  MIPF0000122 DS633978 93542 93641 +
mir-263 NA 616209 ISCW000812 NA DS633978 112822 112905 +
mir-96 MI0012288 NA ISCW000813  MIPF0000072 DS633978 113211 113315 +
mir-279 MI0012274 615761 ISCWO000516  MIPF0000184 DS634011 38506 38597 +
mir-153 MI0012268 617851 NA MIPF0000050 DS642248 1296642 1296742 -
mir-219 MI0012270 NA ISCW002511  MIPF0000044 DS658596 21107 21207 -
mir-315 MI10012278 NA NA MIPF0000141 DS711462 57333 57433 +
mir-8 MI10012286 615572 ISCW005313 MIPF0000019 DS755496 12152 12245 -
mir-2001  MI0010250 616271 NA none DS758004 38911 38988 -
mir-2 MI0012276 NA NA MIPF0000049 DS799611 45157 45257 -
mir-2 MI0012277 616921 NA MIPF0000049 DS799611 45547 45647 -
mir-71 MI0012283 616923 NA MIPF0000278 DS799611 45689 45789 -
mir-184 MI0012269 NA NA MIPF0000059 DS803854 570 670 -
mir-1 MI0012261 NA ISCW019387  MIPF0000038 DS811420 416289 416380 +
mir-1905 NA 616494 NA NA DS833022 58235 58298 -
mir-124 MI0012265 NA ISCW009604  MIPF0000021 DS840700 85144 85244 +
none MI0015941 NA NA none DS841188 7191 7293 +
mir-137 MI0012267 617785 NA MIPF0000106 DS847994 158277 158377 -
mir-276 MI0016443 616110 NA none DS848078 34717 34803 -
mir-335 NA 618522 NA NA DS850031 1991 2088 +
mir-1993  MI0015940 NA NA none DS862055 102 182 +
mir-1175 NA 616890 NA NA DS874548 51760 51844 -
mir-750 MI0012284 616924 NA MIPF0000796 DS874548 52964 53064 -
mir-9 MI0012285 NA NA MIPF0000014 DS885551 436490 436590 +
mir-317 MI0012279 617989 NA MIPF0000144 DS891538 57423 57523 -
mir-iab-4 MI0016445 617926 NA MIPF0000151 DS891538 738905 739003 -
mir-iab-4 NA 617910 NA NA DS891538 738924 738992 +
mir-10 MI0012262 NA NA MIPF0000033 DS891538 2780812 2780883 +



mir-993
mir-67
mir-87
mir-375
mir-87
mir-12
mir-305
mir-275
mir-190
mir-125
mir-99
let-7
mir-29
mir-252

MI0012289
MI0012281
MI0012287
MI0012280
NA

MI0012264
MI0016444
MI0012273
NA

NA

MI0012263
MI0012260
MI0012275
MI0012271

617990
617852
NA
NA
617584
NA
616960
617124
616305
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
ISCW023847
ISCW023848
NA
NA
NA

MIPFO000698
MIPF0000293
MIPF0000152
MIPF0000114
NA

MIPF0000181
MIPF0000158
MIPF0000187
NA

NA

MIPF0000025
MIPFO000002
MIPFO000009
MIPF0000285

DS891538
DS911299
DS929532
DS929532
DS929532
DS942119
DS945001
DS945001
DS969850
DS978597
DS978597

3285820
1700291
41471
41471
41890
45739
228258
243239
171528
217027
252465

gnl|ti|1145246679 601
gnl|ti|1308393763 736
gnl|ti|1711070620 757

3285911
1700391
41571
41571
41991
45839
228352
243339
171624
217099
252565
700

831

857

+ 4+ 4+




Supplementary Table 7. Proportions of shared intron positions across 12 animal
species. Examining conservation of intron positions between ISCAP, DPULE and either
the five insects (PHUMA, NVITR, TCAST, AGAMB, DMELA) or the five non-arthropods
(NVECT, HSAPI, MMUSC, GGALL, DRERI) reveals that greater than 10 times more
intron positions are shared exclusively between at least one of the outgroup species
(Cnidaria or Vertebrata) and ISCAP, compared to DPULE (13.80% compared to
1.08%). Conversely, DPULE shares about 4 times more intron positions exclusively with
insects (2.34% compared to 0.58%). The percentages shown in Fig. B are the mean
values from the numbers of shared or unique positions out of the total number of intron
positions (4,621 SSC and 13,459 RSC) as detailed in the table. Abbreviations: NVECT,
Nematostella vectensis; HSAPI, Homo sapiens; MMUSC, Mus musculus; GGALL,
Gallus gallus; DRERI, Danio rerio; ISCAP, Ixodes scapularis; DPULE, Daphnia pulex;
PHUMA, Pediculus humanus; NVITR, Nasonia vitripennis; TCAST, Tribolium
castaneum; AGAMB, Anopheles gambiae; DMELA, Drosophila melanogaster.

Intron Positions SsSC RSC SSC% RSC% Mean%
OUT ONLY 656 1776 14.20 13.20 13.70
INS ONLY 128 403 2.77 2.99 2.88
OUT-ISCAP ONLY 659 1795 14.26 13.34 13.80
OUT-DPULE ONLY 47 155 1.02 1.15 1.08
INS-ISCAP ONLY 24 85 0.52 0.63 0.58
INS-DPULE ONLY 108 314 2.34 2.33 2.34
OUT-INS-ISCAP ONLY 330 1116 7.14 8.29 7.72
OUT-INS-DPULE ONLY 180 456 3.90 3.39 3.64
OUT-ISCAP-DPULE ONLY 68 180 1.47 1.34 1.40
INS-ISCAP-DPULE ONLY 27 52 0.58 0.39 0.49
ISCAP-DPULE ONLY 12 23 0.26 0.17 0.22
OUT-INS ONLY 239 646 5.17 4.80 4.99
OUT-INS-ISCAP-DPULE 432 1169 9.35 8.69 9.02
NVECT ONLY 476 1382 10.30 10.27 10.28
HSAPI ONLY 3 12 0.06 0.09 0.08
MMUSC ONLY 3 8 0.06 0.06 0.06
GGALL ONLY 37 124 0.80 0.92 0.86
DRERI ONLY 40 95 0.87 0.71 0.79
ISCAP ONLY 154 501 3.33 3.72 3.53
DPULE ONLY 502 1579 10.86 11.73 11.30
PHUMA ONLY 138 459 2.99 341 3.20
NVITR ONLY 136 431 2.94 3.20 3.07
TCAST ONLY 87 302 1.88 2.24 2.06
AGAMB ONLY 48 164 1.04 1.22 1.13
DMELA ONLY 87 232 1.88 1.72 1.80
Totals 4621 13459 100 100 100

OUT: at least one of 5 outgroup species, NVECT, HSAPI, MMUSC, GGALL, DRERI.
INS: at least one of 5 insect species, PHUMA, NVITR, TCAST, AGAMB, DMELA.
SSC: strict single-copy; RSC: relaxed single-copy.



Supplementary Table 8. Proportions of shared Ixodes scapularis intron positions.
Examining pairwise conservation of intron positions between ISCAP and each of the
other eleven species shows the greatest sharing with the non-arthropods (NVECT,
HSAPI, MMUSC, GGALL, DRERI): about 3 times more than with AGAMB and DMELA,
and about 1.5-1.8 times more than with DPULE, PHUMA, NVITR, and TCAST.
Abbreviations: NVECT, Nematostella vectensis; HSAPI, Homo sapiens; MMUSC, Mus
musculus; GGALL, Gallus gallus; DRERI, Danio rerio; ISCAP, Ixodes scapularis;
DPULE, Daphnia pulex; PHUMA, Pediculus humanus; NVITR, Nasonia vitripennis;
TCAST, Tribolium castaneum; AGAMB, Anopheles gambiae; DMELA, Drosophila
melanogaster.

ISCAP ALLSSC% ALLRSC% SHARED SHARED

SSC % RSC %
NVECT 29.86 30.07 35.01 35.67
HSAPI  31.84 32.3 33.13 33.82
MMUSC 31.83 32.03 33.12 33.54
GGALL 31.71 32.08 33.28 33.92
DRERI  31.84 32.18 33.43 33.94
DPULE 17.49 16.09 22.22 21.04
PHUMA 20.89 21.12 23.3 23.92
NVITR  19.5 19.92 21.79 22.57
TCAST 17.02 16.62 18.85 18.72
AGAMB 10.76 11.09 11.85 12.39
DMELA 10.31 10.85 11.57 12.25

SSC: strict single-copy, RSC: relaxed single-copy.
ALL: ISCAP-OTHER Shared / ISCAP-OTHER Total Intron Positions.
SHARED: ISCAP-OTHER Shared / ISCAP-OTHER Total Non-Unique Intron Positions.



Supplementary Table 9. Intron presence, gain, and loss estimates across the 12
animal species phylogeny. Intron presence, gain, and loss estimates across the
phylogeny for the strict (SSC) and relaxed (RSC) sets of orthologs using Dollo
Parsimony (DP) and Posterior Probability (PP) methods of the MALIN suite for
maximum likelihood analysis of intron evolution in eukaryotes®. The normalized
numbers and the species phylogeny with all named nodes are presented in
Supplementary Fig. 9. Abbreviations: NVECT, Nematostella vectensis; HSAPI, Homo
sapiens; MMUSC, Mus musculus; GGALL, Gallus gallus; DRERI, Danio rerio; ISCAP,
Ixodes scapularis; DPULE, Daphnia pulex; PHUMA, Pediculus humanus; NVITR,
Nasonia vitripennis; TCAST, Tribolium castaneum; AGAMB, Anopheles gambiae;
DMELA, Drosophila melanogaster.

SSC30: 4621 sites RSC30: 13459 sites
DP PP DP PP

Branch/Leaf present gain loss present gain loss present gain loss present gain loss
DMELA 506 87 165 506 94 242 1492 232 447 1492 236 743
Diptera 584 38 307 654 99 317 1707 125 834 2000 352 826
AGAMB 487 48 145 487 52 219 1420 164 451 1420 133 713
Diptera-Coleoptera 853 12 359 872 25 357 2416 52 1052 2473 110 1107
TCAST 768 87 172 768 105 209 2223 302 495 2223 362 612
Holometabola 1200 16 218 1203 0 175 3416 45 648 3470 O 486
NVITR 1053 136 283 1053 187 337 3011 431 836 3011 564 1023
Insecta 1402 62 127 1378 47 11 4019 181 358 3957 93 O
PHUMA 1118 138 422 1118 170 430 3284 459 1194 3284 562 1235
Pancrustacea 1467 108 659 1342 122 1051 4196 314 1795 3864 421 2727
DPULE 1376 502 593 1376 614 580 3928 1579 1847 3928 1911 1847
Arthropoda 2018 63 422 2271 86 302 5677 160 1043 6170 128 806
ISCAP 1706 154 466 1706 148 713 4921 501 1257 4921 524 1773
Coelomata 2377 279 0 2487 398 14 6560 866 O 6848 1205 112
DRERI 2392 40 20 2392 41 23 6581 95 65 6581 100 66
Vertebrata 2372 231 236 2374 183 295 6551 716 725 6547 593 894
GGALL 2334 37 44 2334 37 44 6552 124 82 6552 129 80
Tetrapoda 2341 3 34 2341 1 34 6510 15 56 6504 9 52
MMUSC 2337 3 4 2337 3 4 6380 8 112 6380 10 113
Mammalia 2338 0 3 2338 0 3 6484 2 28 6483 2 23
HSAPI 2336 3 5 2336 3 b5 6454 12 42 6454 12 41
Metazoa 2098 NA NA 2103 NA NA 5694 NA NA 5756 NA NA

NVECT 2574 476 0 2574 471 0 7076 13820 7076 13200




Supplementary Table 10. Comparisons of intron length distributions across 12
animal species. Comparison of intron lengths among the 12 species for the Strict
Single-Copy (SSC) and Relaxed Single-Copy (RSC) sets of orthologs. Intron counts,
their median and mean lengths, and the p-values from Wilcoxon tests that compare the
length distributions are presented for 1. all informative introns, 2. informative introns
found in ISCAP and DPULE and at least one non-arthropod and at least one insect, 3.
informative introns shared between ISCAP and each of the other species. The length
distributions are presented as boxplots in Supplementary Fig. 7 and the species for
which the shared site data are presented in Fig. 3C (main text) are indicated with an
asterisk (*). Abbreviations: P-Wilcox, paired Wilcoxon test; NVECT, Nematostella
vectensis; HSAPI, Homo sapiens; MMUSC, Mus musculus; GGALL, Gallus gallus;
DRERI, Danio rerio; ISCAP, Ixodes scapularis; DPULE, Daphnia pulex; PHUMA,
Pediculus humanus; NVITR, Nasonia vitripennis; TCAST, Tribolium castaneum;
AGAMB, Anopheles gambiae; DMELA, Drosophila melanogaster.

1. All: 4621 sites 2. Shared: 432 sites 3. ISCAP-shared
Count Median Mean Wilcox Count Median Mean Wilcox Count Median Mean P-Wilcox

SSC

NVECT 2574 404.0 635.0 <2.2e-16 371 421.0 684.8 <2.2e-16 1278 401.0 628.7 <2.20e-16
HSAPI 2336 1386.0 2998.1 6.60e-05 399 1474.0 3575.0 8.02e-03 1287 1385.0 3169.0 1.35e-05
MMUSC 2337 1128.0 2111.0 9.22e-02 401 1288.0 2550.0 6.14e-01 1287 1191.0 2257.0 6.23e-01
GGALL 2334 6655 14747 <2.2e-16 398 703.5 1473.0 1.43e-07 1281 685.0 1364.0 <2.20e-16
DRERI 2392 666.5 1548.1 <2.2e-16 407 861.0 1819.6 3.88e-05 1305 713.0 1589.0 1.98e-13
ISCAP 1706 12235 2053.3 NA 432 11945 2187.7 NA 1552 1205.5 2043.6 NA
DPULE 1376 66.0 915 <2.2e-16 432 66.0 99.7 <2.2e-16 539 66.0 94.9 <2.20e-16
PHUMA 1118 87.0 143.3 <2.2e-16 313  90.0 160.3 <2.2e-16 590 88.0 141.3 <2.20e-16
NVITR 1053 81.0 357.8 <2.2e-16 304 81.0 348.8 <2.2e-16 538 81.0 268.3 <2.20e-16
TCAST 768 51.0 435.6 <2.2e-16 246  50.0 436.2 <2.2e-16 421  50.0 357.1 <2.20e-16
AGAMB 487 78.0 539.7 <2.2e-16 146 77.0 557.4 <2.2e-16 236  78.0 534.7 <2.20e-16
DMELA 506 62.0 351.3 <2.2e-16 143 62.0 183.4 <2.2e-16 228 62.0 408.2 <2.20e-16

1. All: 13459 sites 2. Shared: 1169 sites 3. ISCAP-shared
Count Median Mean Wilcox Count Median Mean Wilcox Count Median Mean P-Wilcox

RSC

NVECT 7076 407.0 6459 <2.2e-16 976 426.5 662.6 <2.2e-16 3608 408.0 648.8 <2.20e-16
HSAPI* 6454 1483.0 3687.2 <2.2e-16 1060 1745.5 4723.6 7.93e-12 3674 1552.0 4042.0 <2.20e-16
MMUSC* 6380 1224.5 2743.9 3.26e-01 1050 1447.0 3751.0 3.68e-04 3620 1288.0 3052.5 1.98e-02
GGALL 6552 693.5 1700.0 <2.2e-16 1070 761.0 2217.1 2.10e-11 3680 727.0 1815.0 <2.20e-16
DRERI 6581 728.0 1787.0 <2.2e-16 1084 935.0 2204.0 1.81e-07 3701 785.0 1917.0 <2.20e-16
ISCAP* 4921 1213.0 2034.0 NA 1169 1204.0 2125.0 NA 4420 1188.0 1999.0 NA
DPULE* 3928 66.0 86.9 <2.2e-16 1169 67.0 89.2 <2.2e-16 1424 67.0 86.9 <2.20e-16
PHUMA* 3284 88.0 155.8 <2.2e-16 861 91.0 188.4 <2.2e-16 1733 89.0 163.3 <2.20e-16
NVITR* 3011 82.0 565.1 <2.2e-16 816 82.0 436.0 <2.2e-16 1580 82.0 419.2 <2.20e-16
TCAST 2223 51.0 459.9 <2.2e-16 628 50.0 374.4 <2.2e-16 1187 50.0 368.4 <2.20e-16
AGAMB 1420 80.5 473.8 <2.2e-16 408 81.0 628.9 <2.2e-16 703 80.0 574.6 <2.20e-16
DMELA* 1492 63.0 256.9 <2.2e-16 383 64.0 305.3 <2.2e-16 696 63.0 328.5 <2.20e-16




Supplementary Table 11. Summary of gene group counts using OrthoMCL
clustering of reciprocal best hit BLASTP.

Species 0Gene nGroup UDup Orthl OrDup OrGrp OrMisl
No. in Chelicerata

Ixodes scapularis 11817 8594 2079 7239 2499 7945 110
Tetranychus urticae 11194 6685 4000 5227 1967 5937 147
Dermacentor variabilis 41142 11157 31914 4076 5152 4865 1189
No. in Crustacea

Daphnia magna 38049 20334 20313 9092 8644 12354 5
Daphnia pulex 27825 14456 10784 10410 6631 11866 10
Pandalus latirostris 28999 13397 19164 5330 4505 7017 122
No. in Insecta

Acrythosiphon pisum 24954 9724 8848 6778 9328 8068 43
Drosophila melanogaster 11523 8449 2519 6925 2079 7627 38
Schistocerca gregaria 26797 14280 14667 6826 5304 8705 15
Tribolium castaneum 12523 8919 2119 7584 2820 8429 29
Nasonia vitripennis 18662 9605 7544 7480 3638 8259 23
No. in Vertebrate Outgroup Species

Homo sapiens 18820 11829 2310 8282 8228 11089 61
Danio rerio 19916 11777 3130 8139 8647 11171 84

oGene = number of genes with reciprocal best hits used by orthomcl.

nGroup = number of gene family groups (2+genes), orthology + species-unique.
OrGrp = count of ortho groups (nGroup = OrGrp + unique paralog groups).
UDup = species-unique duplicated paralog genes.

Orth1 = count of single ortho gene.

OrDup = count of duplicated ortho gene.

OrMis1 = groups missing gene all others have (ignoring human)

Data sources:

Chelicerata: Ixodes scapularis 2011, https://www.vectorbase.org/; Tetranychus urticae,
http://www.nature.com/nature/journal/v479/n7374/pdf/nature10640.pdf;

Dermacentor variabilis, http://www.ncbi.nlm.nih.gov/pubmed/20060044;

Crustacea: Daphnia pulex 2010,
http://arthropods.eugenes.org/EvidentialGene/daphnia/daphnia_genes2010/;

Daphnia magna 2011, pre-release gene set; Pandalus latirostris,
http://www.ncbi.nIm.nih.gov/pubmed/22016807;

Insecta: Acrythosiphon pisum 2011, http://arthropods.eugenes.org/EvidentialGene/pea_aphid2/genes-
bestof3/;

Drosophila melanogaster, NCBI RefSeq 2011; Locusta migratoria
http://www.ncbi.nlm.nih.gov/pubmed/21209894

Tribolium casteneum, UniProt 2011; Nasonia vitripennis 2012,
http://arthropods.eugenes.org/EvidentialGene/nasonia/;

Vertebrates: Homo sapiens, NCBI RefSeq 2011; Danio rerio, NCBI RefSeq 2011



http://www.vectorbase.org/
http://www.nature.com/nature/journal/v479/n7374/pdf/nature10640.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20060044
http://arthropods.eugenes.org/EvidentialGene/daphnia/daphnia_genes2010/
http://www.ncbi.nlm.nih.gov/pubmed/22016807
http://arthropods.eugenes.org/EvidentialGene/pea_aphid2/genes-bestof3/
http://arthropods.eugenes.org/EvidentialGene/pea_aphid2/genes-bestof3/
http://www.ncbi.nlm.nih.gov/pubmed/21209894
http://arthropods.eugenes.org/EvidentialGene/nasonia/

Supplementary Table 12. Summary of tandem repeats identified from an Ixodes
scapularis small insert genomic DNA library and FISH-based physical mapping to
ISE18 cell line chromosomes.

Clone ID Repeat Repeat Length(s) Copy Number(s) Hybridization Hybridization
Family (bp) in End-sequence Intensity Description
A-02 ISR-2 95 12.8 NC NC
A-03 - 21, 26,49 5.7,13.8,1.9 NS NS
A-07 ISR-3 376 25 S S
A-12 - 14, 48 21,2 NS NS
A-17 - 118 1.9 M S/D
A-22 - None (control) NA NS NS
B-01 - 35, 70 3.2,2.8 S D
B-08 ISR-2a 95 17.8 S S
B-11 - 4,4,12 40.3, 22, 12 w D
B-13 ISR-2¢c 97 15.9 S S
B-20 - 11, 25, 25, 39 2.4,32,9.1,4.2 S D
B-22 - None (control) NA NS NS
B-24 ISR-2b 96 10.5 S S
C-02 - 41, 83 7.4,3.7 NS NS
C-07 ISR-2¢c 97 13.3 S S
C-12 - 63 12 NS NS
C-13 - 26,31 2,2.6 M D
C-20 ISR-2a 95 131 NC NC
D-02 ISR-2¢c 97 13.8 NC NC
D-03 - 2,32 58.5, 2.3 w D
D-12 - 98 2 w D
D-19 ISR-3 386 2.1 NC NC
D-23 ISR-2b 96 174 S S
E-01 ISR-2a 95 14.4 NC NC
E-09 ISR-2a 95 12.7 NC NC
E-18 ISR-2d 99 12.9 S S
E-19 ISR-2a 95 3.7 NC NC
E-20 - 2 54.5 w D
E-21 - 196 9.1 M S/ID
E-23 - 36 5.1 w D
E-24 ISR-2d 99 12.3 S S
F-11 - 16, 33 21,21 NS NS
F-12 - 2,46 30, 5.3 w D
G-04 ISR-2d 99 13.8 S S
G-14 ISR-2a 95 12.8 NC NC
G-17 - 37,14 26,3 w D
G-20 ISR-3 385 2.9 S S
H-16 ISR-1 90, 179, 446 11.6,5.8,2 M S
H-18 - 44 3.4 NS NS
H-19 - 16, 243 21,27 M D
H-21 ISR-2d 99 13.6 S S
H-22 ISR-2a 95 15.8 NC NC
H-24 - 15, 17,17, 44, 59 9.9, 2.6, 2.4, 3.2, w D
25

I-01 - 40, 41, 41, 81 25,45,361.9 M D
I-06 ISR-2a 95 121 NC NC
[-22 ISR-2a 95 10.6 NC NC
I-24 ISR-2a 95 17 S S



J-02 - 14, 40 7.9,2 NS NS
J-08 - 22,42 27,2 NS NS
J-15 - 77 2 w D
K-01 ISR-2a 95 11 NC NC
K-02 ISR-2a 95, 284 6.1, 2 NC NC
K-05 ISR-2b 96 18.5 S S
K-13 - 2,40,32,2 31.5,1.9,25 M D
L-01 - 18 104 NS NS
L-10 ISR-2a 95 17.1 S S
L-23 - 13,17,29 1.9,95,2 NS NS
M-04 ISR-2a 95 16.7 S S
M-10 - 135 8.2 w D
M-16 ISR-2c 97 12.9 NC NC
M-17 ISR-2c 97 12.8 NC NC
M-19 ISR-2a 95 10.5 NC NC
M-21 ISR-2a 95 4.7 NC NC
M-23 - 2,21 495,24 M D
N-01 - 71 4.5 M D
N-07 ISR-2a 95 135 NC NC
N-11 ISR-2c 97 14.9 NC NC
N-17 - 6 16.7 M D
N-19 ISR-2a 95 15.3 NC NC
0-03 - 207, 413 8.4,4.2 S S/D
0-10 ISR-2a 95 15.2 NC NC
0-14 ISR-2d 99 10.9 S S
0-15 - 11, 32,32 2.8,3.8,36 NS NS
0-21 - 6,17,18, 78 8,3.4,138,2 S D
0-24 - 155 3.7 W D
P-03 - 27,53, 83 12.4,5925 w D
P-07 - 21 5 NS NS
P-14 ISR-2c 97 16.1 NC NC
Hybridization intensity: S=strong; M=moderate; W=weak; NS=no signal, NC=not conducted. Hybridization
descriptions: S=specific; D=dispersed; NS=no signal; N

indicates which of the tandem-repeat containing clones that were classified into ISR-1-3*" or that
contained different tandem repeats that remain unclassified (-).



Supplementary Table 13. Summary of transposable elements identified in the
Ixodes scapularis genome.

TE name Elements per family Copy Number Base pairs % Genome
Class |

LTR retrotransposons 41 29462 11383395 0.64
Gypsy 37 28997 11189309 0.63
Pao-Bel 4 465 194086 0.01
Non-LTR retrotransposons 530 606602 118212063 6.70
CR1 128 133579 26561455 1.50
I 43 49040 9402964 0.53
Jockey 2 6 3896 0.00
L1 171 201621 36843465 2.09
L2 65 57882 11639922 0.66
R1 7 430 61781 0.00
R4 2 1924 582360 0.03
Other Non-LTR 112 162120 33116220 1.88
Penelope

Penelope 132 94326 19113444 1.08
Class Il

DNA transposons 254 293281 54005181 3.06
hAT 52 32713 7362901 0.42
Merlin 3 652 160598 0.01
Mutator 10 397 99572 0.01
P 35 28807 4859952 0.28
PIF 30 38609 7054230 0.40
piggyBac 76 108314 21178514 1.20
Tclmariner 48 83789 13289414 0.75
MITEs 234 343838 87535895 4.96
m2bp 17 24668 6492577 0.37
m3bp 7 7033 1537791 0.09
m4bp 88 127330 31503909 1.78
m5bp 2 1225 414964 0.02
m6bp 3 7523 1738704 0.10
m7bp 3 7746 1198574 0.07
m8bp 22 56732 18130019 1.03
m9bp 2 4802 892191 0.05
mTA 90 106779 25627166 1.45
Unclassified 98 20073 5849509 0.33
Total 1289 1379140 294717617 16.69

This table represents a conservative estimation of the repeat content because we focused on manually
annotated TEs. Annotation of long TEs is especially difficult given the fragmented nature of the genome
assembly. Tandem repeats and satellite sequences are not included. TE copy numbers and base pairs
were obtained by running RepeatMasker version 3.2.9 with the Ixodes scapularis TE library (available for



download from the TEfam database at: http://tefam.biochem.vt.edu) and VectorBase
(https://www.vectorbase.org/).



http://tefam.biochem.vt.edu/

Supplementary Table 14. Summary of transposable elements identified in the
Ixodes scapularis coding sequence.

Class Total Families Total Bases Percent
Sequences Occupied Genome
Class |
L1 1,773 1,980 137,648,067 6.55
Ty3_gypsy 1,644 1,867 67,124,477 3.20
Penelope 290 328 18,329,691 0.87
Pao Bel 81 97 3,988,612 0.19
Rnase H 24 26 164,423 0.01
Class I
piggyBac 80 90 8,723,874 0.42
PIF 40 43 7,637,650 0.36
hAT 102 129 7,538,310 0.36
Mariner 74 91 6,280,194 0.30
P 54 58 6,054,528 0.29
Mutator 19 56 188,089 0.01
Merlin 3 3 160,327 0.01
Unclassified
(mostly fragments) 1,338 2,693 40,366,119 1.92
Total 5,522 7,461 304,204,361 14.49

A transposable element genomic search was devised by (1) doing Psiblast of the coding regions of
representatives of the diverse families of transposable elements against the non-redundant database
from NCBI; (2) constructing matrices from the alignments to be used by the tool rpsBLAST,; (3) by
retrieving genomic matches by rpsBLAST against this database that are larger than 500 nt and e value <
1e™, with additional 500 nt of flanking regions; (4) finding terminal repeats (direct and inverted) and
trimming the sequences accordingly (sequence without repeats are trimmed on their coding sequences);
(5) by clusterizing the data set of 7,461 elements that have 90% identity over 90% of its length to obtain
5,522 clusters of elements, then (6) comparing the consensus sequences by BLAST to several databases
and (7) finally running a program to classify these elements. The obtainied sequequences were compared
to the genome to identify the number of bases occupied by this representative set.



Supplementary Table 15. Summary of fluorescent in situ hybridization (FISH) to
Ixodes scapularis ISE18 cell line chromosome spreads using BAC clone probes.
Probes included only fully sequenced and assembled BAC clones from the 10X BAC
clone library. D=Dispersed signal, S=Specific signal; I=Inconsistent result.

Genbank BAC 10X BAC FISH
Accession Size(bp) Library Result
Plate/Well

AC192414 117688 5/A1

AC192415 122081 33/A1
AC192416 107486 36/A1
AC192417 102815 40/A1
AC192418 114701 41/A1
AC192419 113880 43/A1
AC192420 146997 45/A1
AC192421 137443 49/A1
AC192422 135954 51/A1
AC192423 109798 53/A1
AC192424 144952 55/A1
AC192425 145957 60/A1
AC192426 117608 64/A1
AC192427 98661 66/A1
AC192428 106828 67/A1
AC192429 136633 68/A1
AC192742 133074 48/A1
AC192743 130937 54/A1
AC192744 115169 61/A1
AC200531 77162 2/A1

AC205630 95257 1/F14

AC205631 108628 1/P2
AC205632 26509 3/K2
AC205633 97628 3/P2
AC205634 112417 6/P2
AC205635 104824 11/P2
AC205636 106471 12/P2
AC205637 131925 14/C7
AC205638 100378 15/P2
AC205639 92483 16/P2
AC205640 109665 22/P2
AC205641 179341 24/P2
AC205642 110473 27/P2
AC205643 128247 31/P2
AC205644 110010 37/P2
AC205645 120505 41/M8
AC205646 122242 42/P2
AC205647 115710 43/E15
AC205648 126704 44/P2
AC205649 111949 47/P2
AC205650 107316 56/P2
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AC205651
AC205652
AC205653
AC205654

172110
50437
108041
14567

58/P2
62/P2
63/P2
69/P2

— 000




Supplementary Table 16. Summary of protein domains identified in Ixodes scapularis sialome sequences.

Group Group Name Mol. Wt. Proposed Is Hs Bt Gg Aa Cq Ag Dm Ce At Function®
No.? (kDa) Gene No.”
3 Kunitz domain- Multiples 30 74 26 28 7 5 5 4 30 57 0 Anti-clotting
containing peptides  of 8
13b Selenoproteins 15 3 2 4 2 1 1 1 1 1 1 1 Presumed antioxidant
13b Alkyl hydroperoxide 28 3 6 23 8 5 6 6 6 10 4 11 Detoxification
reductase
8 Metalloproteases 55 3 34 108 71 38 9 14 10 19 8 0 Fibrinolytic
25b Dipeptidyl peptidase 60 2 7 7 8 3 9 8 10 1 0 Kininase
12b Defensin 6 2 8 13 29 12 4 1 2 0 0 Immunity
17b Cystatin 14 2 13 30 23 9 2 0 0 3 11 antiinflammatory,
immunosuppressor
17c Serpin 24 2 44 115 80 31 32 48 25 44 11 12 Serine protease
inhibitor
25a Serine proteases Various 2 133 293 154 77 392 448 321 283 12 0 Specificity unknown
17a TIL domain peptide 11 2 23 16 7 15 23 13 23 11 29 0 Unknown
25¢ Phospholipase A2 Truncated 1 2 2 2 2 5 1 1 1 0 0 Specificity unknown
13a Glutathione 25 1 8 15 7 4 3 4 5 4 10 8 Presumed antioxidant
peroxidase
26b Antigen 5 35 1 12 38 13 11 35 30 19 22 34 22 Unknown
26a Ixoderin 30 1 27 61 26 34 35 92 49 22 7 0 Immunity
12a GGY repeat family®  4.7-13 Various Unknown, possibly
families antimicrobial
18 Mucins® Various Various Unknown
families
10 Ixostatin 9-11 25 11 unknown
15 WC-10 family 9-11 21 4 Unknown
11 Lipocalins 18-24 20 40 Kratagonist
16 LPTS family 12-16 11 0 Unknown
4 Proline/Glycine rich 6-8 10 24 Unknown
peptides
7 9 and 7 kDa family 7-9 10 12 Unknown
6 5.3 kDa family 5.3 9 6 Antimicrobial
Basic tail 13-14 8 16 Anti-clotting
polypeptides
9 Ixodegrin (RGD <4 5 10 Probable platelet

containing peptides)

aggregation inhibitor



14 Anticlomplement 16 4 1 Anticomplement
Isac

19 1S6 family 9-12 4 2 Unknown
2 Basic tailless 10-11 3 included Unknown
polypeptides in group
1
20 12 kDa family 12 3 2 Unknown
5 18.7 kDa family 19 2 4 Unknown
12¢c Microplusin 13 2 15 Antimicrobial
21 26 kDa family 26 2 Unknown
23 Toxin like, may be 8-9 2 1 Unknown
related to IS6
24 SRAEL family 16-22 2 2 Unknown
25d Small ribonuclease 6 1 1 Unknown
22 30 kDa family 30 1 20 Unknown

aBased on®. The supplemental table can be obtained from http://exon.niaid.nih.gov/transcriptome/Ix_scapularis_sialome_2005/Sup-tables/Sup-
table-2.xls.

®Proteins that are >90% divergent in amino acid sequence.

‘Based on at least one member of a protein family that has been functionally analyzed.

dHeterogeneous family,with poor primary sequence conservation, but having GGY repeats.

°Heterogeneous family having in common solely over 10 N-acetyl-galactosylation sites.

Aa, Aedes aegypti; Ag, Anopheles gambiae; At, Arabidopsis thaliana; Bt, Bos taurus; Ce, Caenorhabditis elegans; Cq, Culex quinquefasciatus;
Dm, Drosophila melanogaster; Gg, Gallus gallus; Hs, Homo sapiens; Is, Ixodes scapularis.



Supplementary Table 17. List of putative immune-related genes identified in the
Ixodes scapularis genome.

Immune pathway Gene description l. scapular'ls Base pair range on Genbarjk

and gene supercontig # supercontig accession #

Toll Pathway

Dorsal Egsggon'c polarity 5612897 344,672-368,433 ISCW000140

Cactus NF-kappaB inhibitor ~ DS807313 89,019-110,525 ISCW019520
IkappaB DS789268 14,144-34,799 ISCW007030

Pelle serine-threonine DS633730 60,689-76,958 ISCW001463
protein kinase

Tube cyclin T-dependent ~ DS787602 500,517-518,860 ISCWO007160
kinase CDK9

MyD88 mydss DS831454 19,812-43,217 ISCW008802
toll DS894332 370,864-378,206 ISCW022740
toll DS795254 164,145-173,413 ISCWO007727
toll DS692880 318,809-322,642 ISCW018193
toll DS863226 213,685-217,374 ISCW020989

Tol toll DS795254 116,582-121,636 ISCWO007724
toll DS725696 4,704-5,021 ISCW017724*
toll DS795254 130,237-135,616 ISCWO007726*
toll DS695149 145,084-147,147 ISCW004495**
toll DS794567 257,906-260,571 ISCWO008289**
toll DS851201 446,328-461,671 ISCW020221**
spatzle alternatively oo, 40,7 58,310-78,232 ISCW022569

Spatzle spliced isoform
11.27

DS915052 406,105-422,910 ISCW022732

Sptzle 1B

Imd pathway

Caudal Eg)f‘eObox protein 35839652 4,771-4,947 ISCW008954
nuclear factor nf-

Relish kappa-B P105 DS737890 107,162-147,186 ISCW018935
subunit

IKK gamma protein kinase DS711115 74,892-92,974 ISCW003529
inhibitor of nuclear

IKK beta factor kappa-B DS684865 34,555-75,124 ISCW002130
kinase alpha

TAK1 tak1 DS956364 46,654-69,194 ISCW023496

TAB2 conserved . DS831661 125,422-146,802 ISCW009346
hypothetical protein

POSH conserved . DS980186 71,040-94,158 ISCW015192
hypothetical protein

Caspar regulator of the DS635599 608,153-631,045 ISCW015648

ubiquitin pathway



ubiquitin protein

Effete lgase DS734834 71,859-74,198 ISCW018551
Bendless :fgg:‘s“e'“” protein DS734517 102,190-115,886 ISCW006743
Uevla ubiquitin-conjugating  he7ee574 226,269-228,921 ISCW019147
enzyme
IAP2 inhibitor of apoptosis  hogs 4571 17,481-47,594 ISCW010694
protein 1 and 2
RNAI pathway
Dicer dicer-1 DS643033 158,526-187,719 ISCW000889
dicer-1 DS643033 191,838-226,069 ISCW000890
DS620030 375,533-385,847 ISCW015916
Argonaute translation initiation DS879840 1,146-17,131 ISCWO011768
9 factor 2C DS903494 161,089-164,329 ISCW022696
DS887784 612,740-615,223 ISCW021130
DS906490 52,601-76,044 ISCW013378
FMRP HyFMR DS662130 57,130-96,383 ISCW002912
VIG vasa intronic gene DS630348 7,046-19,031 ISCW000538
Tudor-SN grso':'(;f“dor domain 15947409 53 618-100,428 ISCW014289
Armitage Conserved _ DS771975 54,521-70,842 ISCW019555
hypothetical protein
Auberdine Cniwi protein DS692353 8,438-10,987 ISCW004464
9 Cniwi protein DS861388 229,689-253,854 ISCW011373
DS668332 17-18,383 ISCW002701
Rm62 g{&f}iﬁggﬁgm DS668332 27.837-64.710 ISCW002703
DS819551 52,974-68,087 ISCW009472
JAK/STAT
pathway
JAK Tyrosine protein DS636921 613,020-649,592 ISCW016158
(Hopscotch) kinase
STAT Stat3 DS736534 85,785-110,372 ISCW005692
Receptor protein
JAK receptor tyrosine DS672509 132,429-173,396  ISCWO016699
(Domeless)
phosphatase
PIAS Sumo ligase DS741077 191,455-212,512 ISCW005295
SOCS box SH2
SOCs domain-containing DS788896 252,388-253,269 ISCW019435

protein



Other immune-
related genes

AKkirin

Antimicrobial
peptides (AMPs)***

Caspases****

Defensins

Duox

Fibrinogen-related
proteins

Lysozymes

NADPH oxidase

Peptidoglycan
Recognition
Receptors (PGRPs)

Thio-ester
containing proteins
(TEPS)

Protective antigen
D48/subolesin

AMP

AMP
scapularisin
secreted salivary
gland peptide
microplusin
preprotein
microplusin
preprotein
caspase
caspase
caspase
caspase

preprodefensin
preprodefensin
preprodefensin
preprodefensin
defensin

dual oxidase 1

ixoderin precursor
ixoderin precursor
ixoderin precursor
ixoderin precursor
ixoderin precursor

lysozyme
lysozyme
lysozyme
C-type lysozyme

NADPH oxidase

PGRP
Ammonium
transporter
PGRP
PGRP

TEP

alpha-2
macroglobulin
alpha-2
macroglobulin
alpha-2
macroglobulin
conserved

DS936446

DS766801
DS858447
DS766801
DS766801

DS700881
DS683675

DS689930
DS923722
DS980848
DS896168

DS759251
DS664851
DS929532
DS633368
DS930883

DS798980

DS662660
DS929502
DS959741
DS860650
DS899572

DS613145
DS613145
DS844216
DS670557

DS690902

DS686855
DS861599
DS697694
DS904186

DS837598
DS790028
DS970697
DS716413
DS687147

DS779097

66,643-89,471

7,539-10,842
10,615-12,036
805-4,569
37,932-40,936

37,354-41,025
11,851-16,401

4,952-18,616

42,757-57,807
29,397-36,907
55,609-67,445

1,299-2,130
77,757-80,159
1,258-2,470
480-1,253
134,844-141,980

38,754-135,685

9,473-15,818
1,407-13,639
7,679-17,815
948-6,195
85,691-93,595

77,141-77,891
47,267-56,398
51,691-65,539
67,058-72,249

246,606-271,833

766-1,809

1-805
122,963-124,835
380,517-387,075

3,653-100,934
75,581-99,146
293,496-343,165
7,286-62,557
35,629-71,042

53,866-97,786

ISCW023283

ISCW005927
ISCW011162
ISCW005926
ISCW005928

ISCW004019
ISCW002113

ISCW003039
ISCW013172
ISCW015329
ISCW022545

ISCW024381
ISCWO016747
ISCW022594
ISCW024015
ISCW022102

ISCWO007865

ISCW002664
ISCW012248
ISCW013746
ISCW024686
ISCW022063

ISCW001646
ISCW001645
ISCW020680
ISCW017129

ISCW002630

ISCW024175
ISCW024689
ISCW004389
ISCW022212

ISCW020822
ISCW019887
ISCW023777
ISCW003923
ISCW003089

ISCW007141



hypothetical protein
alpha-2
macroglobulin

"Sequence only shows the Toll/Interleukin-1 receptor domain (TIR) but no leucine-rich repeats (LRRS).

“Sequence only shows LRRs but no TIR domain.

“AMPs include all the sequences uncovered as AMPs but
""These sequences represent caspases that share similarity with death related ced-3/Nedd2-like protein

(Dredd caspase).



Supplementary Table 18. Genes in the Ixodes scapularis genome with similarity to the enzymes involved in the
mevalonate/farnesyl PP and JH pathways in insects.

Top BLAST result

Enzyme Scaffold VectorBase Organism e-value
(bp range) Accession (GenBank Accession) Amino Acid Identity
Farnesyl-PP pathway
Acetoacetyl-CoA thiolase DS624476 ISCW016117 Dendroctonus ponderosae 4e-170
(15968-41821) (AF145001) (61%)
HMG-S* DS690902 ISCW002615 Nasonia vitripennis 9e-169
(31998-46779) (XP_003426942) (68%)
HMG-R" DS842351 ISCW009466 Pediculus humanus corporis 0.0
(4797-71147) (XP_002428525) (55%)
Mevalonate kinase DS735207 ISCW018716 Camponotus floridanus 4e-60
(298570-308399) (EFN64406) (35%)
Phosphomevalonate kinase DS881578 ISCW021370 Acromyrmex echinatior le-44
(239893-241993) (EGI169273) (42%)
Diphosphomevalonate decarboxylase DS921134 ISCW022273 Apis mellifera 7e-122
(457048-474172) (XP_001121619) (51%)
Isopentenyl diphosphate isomerase not found not found not found not found
Geranyl diphosphate synthase not found not found not found not found
Farnesyl diphosphate synthase DS834911 ISCW009264 Dendroctonus jeffreyi 2e-96
(53770-59211) (AAX78435) (47%)
JH Pathway
Farnesyl diphosphate pyrophosphatase not found not found not found not found
Farnesol oxidase DS838300 ISCW020246 Ceratosolen solmsi marchali 1le-99
(597086-612073) (XP_011505480) (60%)
Farnesal dehydrogenase not found not found not found not found
Methyltransferase DS624614 ISCW000145 Schistocerca gregaria 4e-18
(1302-5354) (ADV17350) (29%)
JH® epoxidase not found not found not found not found

% Hydroxymethylglutaryl-CoA synthase.
b Hydroxymethylglutaryl-CoA reductase.



¢ Juvenile hormone.



Supplementary Table 19. Putative Ixodes scapularis genes associated with
ecdysone synthesis and the ecdysone receptor.

Gene name VectorBase Scaffold Coordinates on
Accession Scaffold (bp)

CYP307A1 (Spook) ISCWO024795 DS931697 106..1604

CYP307B1 (SPOT)

CYP307A2 (Spookier) ISCW006980 DS782423 5612..12969
ND

CYP306A1 (Phantom)
CYP302A1 (Disembodied) ND

CYP315A1 (Shadow) ISCW021866 DS864024 44582..49687
CYP314A1 (Shade) ISCW021011 DS857608 115434..126481
ISCW001527 DS638370 30627..62

Ecdysone receptor ISCW003147 DS667471 104353..111170




Supplementary Table 20. Summary of Ixodes scapularis aminolevulinic acid
(ALA) synthesis, proto-heme synthesis and heme degradation pathways.

Enzyme Gene VectorBase  Scaffold Transcript Gene
Accession Evidence Identified in

GenBank REIS
Accession

ALA synthase hemA - - - +

Aminolevulic acid

synthase

Glutamyl-tRNA gltX ISCW018719 DS735207 Dv syn +

synthase” YP_001857605.1

Glutamyl-tRNA gtrA/hemA - - Dv ov -

reductase YP_002306262.1

Glutamate-1- hemL - - - +

semialdehyde 2,1-
aminotransferase

Aminolevulic acid hemB - - - +
dehydratase
Porphobilinogen hemC - - - +
deaminase
Uroprophyrinogen-Illl - hemD - - - +
synthase
Uroporphyrinogen hemE - - - +
decaroxylase
Corproporphyrinogen hemF ISCW010977 DS891848 - +
[l oxidase ISCW006377 DS752864 -

hemN - - - +
Protoporphyrinogen hemG ISCW023396 DS626813 Issyn +
IX oxidase NP_001167359

hemY - - - -
Ferrochelatase hemH ISCW016187 DS626813 Dv syn +

ZP_03286863.1

Heme oxygenase hemO - - Is syn -

XP_002711461
Biliverdin reductase - - -- -
Protoheme 1X cyoE ISCWO008907 DS846584 Ot syn -
farnesyl transferase XP_002411071.1

ALA, d-aminolevulinic acid; REIS, Rickettsia endosymbiont of Ixodes scaplarislo; syn, syngalnglion
transcriptome; ov, ovary transcriptome, Dv, Dermacentor variabilis; Is, |. scapularis; Ot, Ornithodorus
turicata; “peptide evidence (see supplemental text).



Supplementary Table 21. List of Ixodes scapularis hemoglobin digesting genes and gene annotations®

Function Gene name Vector base Scaffold Scaffold Gene Transcript | Length No.
accession no. coordinates length (bp) | Length (bp)| (AA) | Exons
(bp)
IscW_ISCW023880 | DS949737 152,273- 37954 1179 392 1
Cathepsin D (Aspartic - 190,227
protease) IscW_ISCW013185 | DS900056: | 10,899-23,895 12,996 963 320 8
Primary IscW_ISCW003823 | DS722875: | 17,354-32,869 15,515 1100 345 6
hemoglobin Cathepsin L d(CySte.'ge IscW_ISCW024899 | DS970886 | 4,733-5,116 5313 383 127 1
cleavage protease endopeptidase)
Cathepsin L (Cysteine
. IscW_ISCWO000076 | DS629804 | 3,735-4,818 1,083 300 99 2
protease endopeptidase)
Legumain (Aspartic IscW_ISCW015983 | DS621767 |  1,225-3,192 14,974 1968 446 1
endopeptidase) -
Secondary éaggggzg]ﬁgase) IscW_ISCW005981 | DS754946 | 9,428-18,454 9,026 672 223 5
hﬁgggg’be'” Cathepsin L (Cysteine IscW_ISCW024899 | DS970886 | 4,733-5,116 5313 383 127 1
9 protease endopeptidase) IscW_ISCW024213 | DS704563 4,637-6,606 9464 255 84 1
. Cathepsin C 169,868-
heTn?cr)g?c%in (Aminodipeptidase) IscW_ISCW003494 | DS694733 186,056 16,188 1,080 352 7
cleavage E:Earfggng‘ﬁgase) IscW_ISCWO005981 | DS754946 | 9,428-18,454 9,026 672 223 5
IscW_ISCW021184 | DS88627 | 64,978-83,896 18,918 1705 473 4
Final SCP (Serine IscW_ISCW006427 | DS752045 233-3,375 3,142 1125 374 2
hemoalobin carboxypeptidase) IscW_ISCW010371 | DS886430 | 77,615-100,122 22,507 1431 476 6
cle a\?ag . IscW_ISCW007492 | DS725233 346-7,634 7,288 1416 471 4
LAP (Leucine IscW_ISCW0023735 | DS967246 117,498- 24,177 1590 529 11
aminopeptidase) 141,675

'Legend: Hemoglobin is digested intracellularly in specialized lysosome (hemosomes, see Fig. 1D). The digestive pathway comprises four
major cleavage processes. 1) Primary digestion of the globin moieties into large fragments by the aspartic proteases Cathepsin D and
legumain, supported by the cysteine endopeptidase Cathepsin L; 2) digestion of the resulting large peptide fragments (8 -11 kDa) by the
endopeptidases Cathepsin B and Cathepsin L, resulting in intermediate size fragments (~ 51 7 kDa); 3) digestion of the intermediate size
fragments by Cathepsin C and B resulting in small fragments (~ 317 5 kDa); 4) digestion of the small peptide fragments by SCP and LAP,
liberating free amino acids and dipeptides. Free heme resulting from hemoglobinase activity is inactivated by forming large hematin-like
aggregates that accumulate inside the hemosomes*?.



https://www.vectorbase.org/Ixodes_scapularis/Location/View?db=core;g=ISCW013185;r=DS900056:10899-23895;t=ISCW013185-RA
https://www.vectorbase.org/Ixodes_scapularis/Location/View?db=core;g=ISCW003823;r=DS722875:17354-32869;t=ISCW003823-RA

Supplementary Table 22. Summary of Ixodes scapularis hemelipoglyco-carrier
protein (CP) and vitellogenin (Vg) gene annotations.

I. scapularis VectorBase Scaffold Scaffold Length Length  No.
Gene Accession Coordinates (bp) (AA) Exons
(bp)
Hemelipoglyco-carrier Protein Genes
CP1 ISCW021709 DS853155 640,093-674,357 4,934 1,556 25
cp2* ISCW014675 DS946795 23,797-86,142 4,554 1,517 24
cp 3t ISCW021710 DS853155 687,061-748,951 3,990 1,329 22
cp 4* ISCW012424 DS930868 97,596-131,023 3,978 1,325 20
cp st ISCW012423 DS930868 45,085-91,058 3,336 1,111 19
cpeé* ISCW021704 DS853155 567,881-571,678 1,440 480 8
cp7* ISCW021707 DS853155 617,028-622,418 845 265 4
cpsgt ISCW021706 DS853155 567,881-571,678 460 153 3
cpo* ISCW021705 DS853155 605,937-607,255 425 141 2
cp10* ISCW024299 DS725419 389-1,716 354 117 2
Vitellogenin Protein Genes
Vg1l ISCW013727 DS950603 16,225-44,518 4,935 1,644 26
Vg 2 ISCW021228 DS874548 255,397-286,108 5,811 1,936 22

AIncomplete gene model.



Supplementary Table 23. Putative cytchrome P450 genes in the Ixodes scapularis

genome.
CYP2 Clan® VB Accession® CYP3 Clan VB Accession CYP4 Clan VB Accession
CYP18C1 ISCW009830 CYP41A2 ISCW022948 CYP4W2 ISCW024589,
ISCW024427
CYP307A1 ISCW006980, CYP41B1 ISCW022672 CYP4W2- ABJB010319121
ISCW024795 del0bllb
CYP3001A1 ISCW002226 CYP41C1 ISCW022945
CYP3001A2 ISCWO008379 CYP41C2 ISCW022947 CYP4W3 ISCWO003279
CYP3001A3 ISCWO003457 CYP41C3 ISCW019880 CYP4W4 ISCW022701,
ISCW022702
CYP3001A4 ISCW004522 CYP41C4 EW786235.1, CYP4WS5 ABJB010639789.1
EW899917.1
CYP3001A5 ABJB010183741.1 CYP41C5 ISCW019198 CYP4W6 ISCW013762
CYP3001A6 ABJB010948131.1 CYP41C6vl ISCW024627 CYP4AW7 ISCW017084
CYP3001A7 ABJB010161347.1 CYP41C6v2 ISCW011029 CYP4DL1 ISCW022695
CYP3001B1 ISCW016425 CYP41C7 ISCW022987 CYP4DL2 ISCW022697
CYP3001B2 EW827166.1, CYP41C8 ISCW024413 CYP4DL3P ABJB010866300.1
EW827167.1
CYP3001B3 ISCW006203 CYP41C9 ISCW000510 CYP4DL4 ISCW007225
CYP3001B4 ISCW006204 CYP41C10 ISCW010134, CYP4DL4- ABJB011028851
ISCW024611 de3b
CYP3001B5 ISCW004521 CYP41C11 ISCW013318 CYP4DL5 EW922199.1
CYP3001B6 ISCW002182 CYP41C12 ISCW007389 CYP4DM1 ISCW022693
CYP3001B7 ISCW006219 CYP41C13 ISCW008554 CYP4DN1 ISCW024545
CYP3001B8 ISCW016424 CYP41C14 ISCW002138 CYP4DN2 ISCW022708
CYP3001B9 ABJB010987053.1 CYP41C15 ISCW003215 CYP4DP1 ISCW022706
CYP3001C1 ISCW022449 CYP41D1 ISCW008571 CYP4DP2 ABJB010524713.1
CYP3001C2 ISCW022451 CYP3004A1 ISCW018384 CYP4DQ1 DS865979,
DS895862,
DS714189
CYP3001D1 ISCW008112 CYP3004A2 ISCW018383 CYP4DR1 ISCW016620
CYP3001D2 ISCW013045 CYP3004A3 EW879600.1 CYP4DS1 ISCW005615
CYP3001D3 EW958870.1 CYP3004A4 EW959618.1 CYP4DS2 ISCW005544
CYP3001D4 ISCW024917 CYP3001B1 ISCW016424 CYP4DS3 ABJB010393473.1
CYP3001D5 ABJB010249968.1 CYP3004C1vl ISCW022652 CYP4DS4 ISCW002003
CYP3001E1 ISCW007349 CYP3004C1v2 EW883126.1 CYP4DS5 ISCW010787
CYP3001F1 ISCWO009779 CYP3004C2 ISCW022649 CYP4DS6 ISCW010786
CYP3001F2 ISCW006867 CYP3004C3P ISCW020210 CYP4DS7 ISCW010788
CYP3001G1 ISCW006936 CYP3004D1 ISCW001306, CYP4DS8 ISCW019906
ISCW001307
CYP3001G2 ISCW022148 CYP4DS9 ABJB010117553.1
CYP3001H1 ISCW005196 CYP3004D2 ISCW002936 CYP4DS10 ISCW002005
CYP3001H2 ABJB010355812.1 CYP3005A1 ISCW003160 CYP4DT1 ISCW016623
CYP3001J1 ISCW002317 CYP3005A2 DS799461.1 CYP319A3 ISCW022705
CYP3001K1 ISCW003266 CYP3005A3 ISCW004132 CYP319A4 DS764743
CYP3001L1 ISCW023771, CYP3005A4 ISCW007953 CYP319A5 ISCW022704
ISCW006380
CYP3001L2 ISCW012594 CYP3005A5 ISCW007954 CYP319A6v1 EW883950.1
CYP3001L3 ISCW018982 CYP3005A6 ISCW012000 CYP319A6v2 ISCW024808
CYP3001L4 ISCW015950 CYP3005A7 ISCW011997 CYP319A7 ISCW022703
CYP3001M1 ISCW017305 CYP3005A8 ISCW011996
CYP3001M2 ISCW017964 CYP3005A9 ISCW024674
CYP3001M3 ISCW017306 CYP3005A10 ISCW020282 Mito Clan




CYP3001M4
CYP3001N1

CYP3001N2
CYP3001N3

CYP3001N4
CYP3001P1
CYP3001P2
CYP3001P3
CYP3001Q1

CYP3001Q2

CYP3001Q3v1
CYP3001Q3v2

CYP3001R1

CYP3001R2

CYP3001S1
CYP3002A1
CYP3002A2
CYP3003A1
CYP3003A2
CYP3003A3
CYP3003A4
CYP3003A5

CYP3003A5-
delb
CYP3003A6

CYP3003A7
CYP3003A8P
CYP3003A9

DS798591
ISCW007262

ISCW002062
EW887890.1,
EW855831.1

ABJB010068877.1

ISCWO015055
ISCW015054
ISCW006806
ISCW012310

ISCWO009178

ISCWO014782

ABJB010212140.1

ISCW016133

ISCW005591

ISCW014295

ABJB010539647.1

ISCW024473
ISCW019785
ISCW019784
ISCW022069
ISCW022070
ISCW022071

ABJB010494977.1

ISCW022073

ISCW022075
ISCW022076
ISCW022077

CYP3005A11

CYP3005A12
CYP3005A13

CYP3005A14

CYP3005A15v1
CYP3005A15v2

CYP3005A16
CYP3005A17

CYP3005A18

CYP3005A19
CYP3005A20

CYP3005A21

CYP3006A1

CYP3006B1
CYP3006C1
CYP3006D1
CYP3006E1
CYP3006F1
CYP3006G1
CYP3006G2
CYP3006G3

CYP3006G4

CYP3006G5

CYP3006G6
CYP3006G7P
CYP3006H1
CYP3007A1
CYP3007A2

CYP3007A3
CYP3007A4
CYP3007A5
CYP3008A1v1
CYP3008A1v2
CYP3008A1v3
CYP3008A2
CYP3008A3
CYP3008B1
CYP3009A1
CYP3009A2
CYP3009A3
CYP3009A4
CYP3009A5
CYP3009A6

ISCW011028
ISCW024197,
ISCW008823
ISCW024701

ISCW001241
ISCW024274
ISCW024583
ISCW014319
ISCWO007367

ISCW004905

ISCW008019
ISCW001104,
ISCW001105
ISCW001103

ISCW005198

ISCW009640
ISCW012785
ISCW014588
ISCW001476
ISCW001473
ISCW007133
ISCW007134
EW786984.1,
EL516481

ISCW001622

ISCW016204,
ISCW016205

ISCW000235
DS949456.1
ISCW001075
ISCW017673
EW793223.1,
EW875640.1
ISCW014407
ISCW000434
EW886425.1
DS711134.1

ABJB010083687.1
ABJB010429442.1

ISCWO003335
ISCWO010505
DS884020
ISCWO016385
DS641118
ISCW016388
DS641118
ISCW016389
DS641118

CYP302A1 ISCW010580
CYP3012A1vl ISCWO001527
CYP3012A1v2 EW909080.1
CYP3012A1v3 ABJB010790473.1
CYP3012A1v4 EW834608.1
CYP3012A2 ABJB010381557
CYP3012A3 EW961943.1
CYP3012A4 ISCW008267
CYP314A1 ISCW021011
CYP315A1 ISCW021866,
ISCW021867
CYP20 clan
CYP20 ISCW015973,
ISCW015974



CYP3009A7 DS641118
CYP3009A8 ISCW016390
CYP3009A9 ISCW016392
CYP3009A9- DS641118
dellbl2b
CYP3009A10 ISCW016393
CYP3009A10- DS641118
de6b
CYP3009A11 DS641118
CYP3009A12 ISCW015064
CYP3009A13 ISCW013158
CYP3009A14 ISCW007317
CYP3009B1 ISCW007380
CYP3009B2 ISCW011357
CYP3009B3 ISCW023575
CYP3009C1 ISCW016395
CYP3009D1 ISCW015040
CYP3009D2v1 ISCW015041
CYP3009D2v2 ISCW009986
CYP3009D3 ISCW003934
CYP3009D4 DS641118
CYP3009D5P DS641118
CYP3009D6 ISCW016397
CYP3009D7 ISCW005328
CYP3009D8 EW899738.1,
EW899739.1
CYP3010A1 ISCW001418
CYP3010B1 ISCW010002,
ISCW010003
CYP3011A1 ISCW006560
CYP3011A2v1 EW797008.1,
EW883539.1
CYP3011A2v2 ISCW012810
CYP3011A3 ISCW009136

®The clans are higher level clades of genes. Ticks have five clans (including CYP20). The 2 clan has 68
entries with one possible allele (v2). P or i dexxx on the end of a name indicates a pseudogene. (de-
indicates detritus exon adjacent to a parent gene, the numbers 10b11b etc indicate the exons that are
present). The 2 clan has 2 pseudogenes, 1 variant and 65 genes. The 3 clan has 5 pseudogenes, 7
variants and 100 genes. The 4 clan has 3 pseudogenes, 1 variant and 33 genes. The mito clan has 3
variants and 7 genes. The 20 clan has only 1 gene. There are a total of 206 P450 genes. Halloween
genes are (CYP302A1 [disembodied gene (dib)], CYP307A1 [spook (spo)], CYP314A1 [shade (shd)],
CYP315A1 [shadow (sad)]). CYP18ALl in Drosophila melanogaster has 26 hydroxylase activity and is
essential for metamorphosis'®®. *VectorBase accession numbers include ISCW gene model numbers if
available, if there is no gene model, contig accessions ABJBO1LXXXXXXX.1 or scaffold accessions
DSXXXXXX or ESTs EWXXXXXX.1 are given.



Supplementary Table 24. Putative carboxylesterase genes Identified in the Ixodes
scapularis genome

Classification VectorBase ProteinA Ixodes Base Pair Range on
Accession Length scapularis Scaffold
Number Scaffold

Carboxylesterase/ ISCW012483 654 DS901690 148,125..169,517

AChE-like ISCW007849° 651 DS807640 41,806..55,016
ISCW020835* " 647 DS812474 15,574..21,604
ISCW020833° 640 DS818569 257,240..263,338
ISCW011400° 634 DS859680 251,048..253,591
ISCW011399° 632 DS859680 183,448..185,998
ISCW012339" ¢ 623 DS907147 57,074..98,844
ISCW020830* "¢ 620 DS818569 213,005..222,326
ISCW022870° 617 DS903315 33,354..35,307
ISCW001079 592 DS638237 347,645..356,732
ISCW003637° 586 DS727378 78,715..80,741
ISCW005431° 564 DS758735 7,074..13,075
ISCW022246° 558 DS921995 692,289..694,852
ISCW017638° 557 DS717196 297,489..301,318
ISCW006617° 556 DS737125 63,964..67,823
ISCW020819° 555 DS839663 26,717..48,021
ISCW022251° 547 DS921995 896,844..900,843
ISCW021541* © 542 DS889213 16,369..23,464
ISCW0222442 538 DS921995 665,765..669,060
ISCW013353 534 DS904610 25,924..28,794
ISCW020832° 524 DS818569 238,942..245,039
ISCW020825% © 518 DS818569 60,968..62,524
ISCW003278° 517 DS685100 11,465..21,610
ISCW001132° 504 DS639501 286,801..288,315
ISCW001748° 504 DS631740 5,492..7,006
ISCW010310° 500 DS819927 6,796..8,298
ISCW020821*° 499 DS839663 94,462..97,065
ISCW009205" 499 DS828756 4,652..6,151
ISCW006206* ° 499 DS770580 30,210..38,997
ISCW006896 494 DS789758 5,982..7,560
ISCW015340° 493 DS976673 38,037..39,518
ISCW004315° 483 DS694420 58,222..59,673
ISCW022252° 481 DS921995 912,311..927,215
ISCW019926 480 DS798293 1,550,582..1,572,844
ISCW024484 471 DS773540 719..2,131
ISCW024669 467 DS867945 499..1,899
ISCW007848? 464 DS807640 28,185..29,576
ISCW022036 461 DS926387 907,297..921,121
ISCW024395 460 DS750145 5,506..6,889
ISCW002384° 452 DS663061 396,472..397,830
ISCW010323 432 DS833783 42,994..59,925
ISCW006205° 425 DS770580 425..4,231
ISCW014784 421 DS945247 9,272..12,166
ISCW020826° 413 DS818569 102,860..112,799
ISCW021542* ¢ 388 DS889213 47,182..54,677
ISCW007846° 358 DS807640 11,151..12,224
ISCWO003776 356 DS731177 27,172..46,710
ISCW022253* 354 DS921995 933,635..943,599
ISCW020829° 348 DS818569 133,597..151,342




Carboxylesterase

Juvenile Hormone
Esterase

Pyrethroid-
Metabolizing
Carboxylesterase

ISCW015477
ISCWO001875
ISCW020818°
ISCW020837°
ISCW009994
ISCW022255°
ISCW020827°
ISCW011398°
ISCW001837°
ISCW023613°
ISCW020828°
ISCW022256°
ISCW021543?
ISCW022245°
ISCWO000833
ISCW015220
ISCW009289
ISCW020834°
ISCWO006376
ISCW022249°
ISCW024894
ISCW020831°
ISCW004947
ISCW022250°
ISCWO014233
ISCW007945°

ISCW019824

ISCWO016978
ISCW022078

ISCW014411
ISCWO014780
ISCW022961°
ISCW023610°
ISCW023611°
ISCW023612°
ISCW007946°
ISCW024448
ISCW001836°
ISCW022937
ISCW023615°

330
325
311
287
281
279
279
279
272
270
259
250
250
245
228
227
227
217
207
202
188
186
141
128
118
113

391

412
276

530
503
491
489
431
359
255
246
208
183
155

DS980614
DS671188
DS839663
DS812474
DS822211
DS921995
DS818569
DS859680
DS683640
DS963588
DS818569
DS921995
DS889213
DS921995
DS629490
DS974313
DS841411
DS818569
DS768980
DS921995
DS932732
DS818569
DS728330
DS921995
DS937587
DS788282

DS796655

DS654645
DS892946

DS971257
DS967860
DS939604
DS963588
DS963588
DS963588
DS788282
DS793560
DS683640
DS971562
DS963588

7,699..11,969
563,450..582,923
18,224..21,291
41,993..42,853
2,541..12,634
1,025,904..1,026,740
123,253..124,089
180,717..181,553
413,937..414,752
441,327..442,136
128,594..129,370
1,059,602..1,060,351
54,792..55,544
682,492..684,860
41,992..45,753
721..11,930
1,826..9,546
273,050..276,739
5,026..13,061
846,363..846,968
484..1,047
228,504..229,808
428..4,745
870,943..875,528
97..453
16,722..17,682

26,651..39,339

97,242..121,428
257,260..279,544

10,154..12,726
56,802..58,313
711,415..712,890
305,840..327,886
334,284..355,108
380,390..381,538
22,248..23,305
222..962
406,591..413,763
177,536..178,574
451,386..452,909

"Gene models ranked in order of descending amino acid length of conceptual protein.
®Denotes scaffold containing two or more carboxylesterase gene models.

®Denotes potentially complete gene model.

‘Denotes putative acetylcholinesterase; AChE, acetylcholinesterase.



Supplementary Table 25. Putative neuropeptide genes in Ixodes scapularis.

Neuropeptide Genes Scaffold Scaffold VectorBase
Coordinates (bp) Accession

Achatin-like (GFGE) DS940350 23019..23117 NA

AKH/corazonin-related peptide DS968442  24720..24893 NA

Allatostatin A DS971562  340315..339812 ISCW022939

Allatostatin B (myoinhibitory peptide) DS704057  214860..217973 ISCW017595

Allatostatin C DS617680 26756..26517 ISCW001803

Allatosattin CC DS614450 94160..93978 ISCW001408

Allatotropin DS723986  69897..74019 ISCW017791

Vasopressin/Oxytocin-like (inotocin)® DS955335  731..757 NA
DS655913  50489..50686 NA

Bursicon alpha DS725348  327154..329168 ISCW004617

Bursicon beta DS725348  334706..336760 ISCW004618

CAPA (Pyrokinin / periviscerokinin) DS798279  53447.57119 ISCW019582°

CCAP DS863512  155818..156096 ISCW010619

CCHamide-1* DS920188  4270..1925 ISCW013057
DS721341  944..1070

Corazonin DS968442  4830..8114 ISCW014429

Calcitonin-like diuretic hormone 1 DS849364  213812..229510 ISCW020490

Calcitonin-like diuretic hormone 2 DS833812  290964..308120 ISCW009341

Corticotropin-releasing factor-related DS951787 1112..1534 ISCW007845

diuretic hormone” DS793410  18053..18115

Eclosion hormone DS652454  187087..184932 ISCW001941

EFLamide DS945230 55463-66354 ISCW014582

Glycoprotein A2" DS850534  41653..41751 NCBI prediction
DS669550 1333..1046
DS957846  12481..12573

Glycoprotein B5 DS860962  49721..66736 ISCW010926

Insulin like peptide (ILP4) DS687889  56659..72302 ISCW002549

lon transport peptide DS934076  108540..97467 ISCW023228

Kinin DS680282  583..1410 ISCW024200*

Neuroparsin DS781496  23994..25192 NA

Orcokinin DS860349  8710..8450 ISCW010518*

Proctolin DS752645 23044..97988 ISCW005701*

PTTH-like DS624571  79215..96811 ISCW001809

RYamide DS762742  10487...40630 ISCW005825

SIFamide DS939604 10166..18491 ISCW022950

Short neuropeptide F? DS682464 1..104 ISCWO007409
DS800964  20299..20852

Sulfakinin DS674693 50707..50498 NA

Tachykinin® DS805407  18901..16589 ISCW008383
DS714254  229..80

Trissin DS706258  980-1054

Novel Putative Neuropeptide Genes®

FLVamide DS925401  117227..115863 NA

GTVamide-1* DS641015 1037..1 NA
DS726073 1037..1 NA
DS871441 73.5

GTVamide-2 DS873396  117488..117156 NA

IRLamide DS963481  1316..567 NA

LHFamide DS918990 378863..381517 ISCW012656

LHFa/AVFamide® DS918990 305627..305271 ISCW000205
DS647107  913..1149

LRFamide DS810236  227458..231328 ISCW019773°

PWGamide DS680282  715..1383 ISCW024200



QFTa/QFAa/QLTamide DS810352  3..1431 NA

QFAa/ HFAa/QLTamide® DS799148  921..19 NA
DS699187  1175..1 NA
QFAa/QVKamide DS658524  979..2 NA

*The gene likely spans multiple scaffolds (and multiple predictions)

*Possible allelic forms of two scaffolds.

“Predicted based on the repeated short peptides with C-terminal amidation canonical signals (GR or GK).
These peptides do not have homology with other known, insect neuropeptides.

“Predictions that need to be corrected for the reading frame.

NA=Not found in computationalannotation.



Supplementary Table 26. List of G protein-coupled receptors (GPCRs) identified in Ixodes scapularis.

GPCR GPCR GPCR I. scapularis I. scapularis Coordinates on VectorBase
class subclass family GPCR scaffold scaffold (bp) accession
(1) Class A-Rhod(opsin) receptor family
Amine receptors
Dopamine
GPRdop1* DS648196 133,404-134,681 ISCW001496
GPRdop2”* DS812273 247,251-248,624 ISCW008775
GPRdop3_1 DS715310 294,120-294,563 ISCW005105
GPRdop3_2 DS748057 13,854-13,963 ISCW006077
GPRdop3_3 DS978565 1,946-10,664 ISCW015254
GPRdop3_4 DS834842 11,072-11,233 ISCW008917
Muscarinic acetylcholine
mAChR1 DS660344 46,915-48,657 ISCW001961
MAChR2 DS968008 135,220-137,700 ISCW014424
Octopamine/Tyramine
GPRoal” DS729026 32,100-33,527 ISCW003835
GPRoa2" DS847958 146,790-147,929 ISCW008552
GPRtyr1* DS964012 103,184-104461 ISCW013655
GPRtyr2" DS728699 4690-5811 ISCW005195
Serotonin
GPR5ht1 DS756593 240,283-253,629 ISCW019072
GPR5ht2 DS883764 16,244-17,440 ISCW020906
GPR5ht3 DS666028 398,996-400,363 ISCW017050
GPR5ht4 DS756593 157,071-160,431 ISCW019070
Peptide receptors
ACP
ACP-R1* DS874502 36,974-42,229 ISCW011612+NEW
ACP-R2* DS635143; 68,533-69,052; ISCW001755+
DS675617; 21664-21,867; ISCW003272+
DS797600 569-1124 ISCW008018
ACP-R3" DS786800 296,857-297,402; ISCW019339+
441,895-445,805 ISCW019342
ACP-R4" DS679693; 139,339-139,860; ISCW017422+
DS621023 55,588-58,021 ISCW000658
ACP-R5 DS641985 30,478-31,447 ISCW000195
ACP-R6 DS908815 64,376-64,909 ISCW013251

Allatotropin



Allatostatin (A)

Allatostatin (B)

Allatostatin (C)

Bursicon

Capa/CAP,,/Periviscerokinin
Capa-R1*

CCAP

CCHamide-1

Corazonin

GPA2/GPB5

Inotocin

AT-R

Ast-A-R1
Ast-A-R2
Ast-A-R3
Ast-A-R4

Ast-B-R1
Ast-B-R2

Ast-C-R

Burs-R

Capa-R2
Capa-R3

CCAP-R1
CCAP-R2
CCAP-R3
CCAP-R4
CCHal-R
CRZ-R1"
CRZ-R2
LGR1-A
LGR1-B

IT-R1%
IT-R2%

DS978161

DS627425
DS616747
DS616747
DS946344

DS814451
DS814451

DS789528
DS641526

DS640702;
DS713265;
DS713265;
DS674949;
DS980147
DS902408
DS967049

DS642648
DS902282
DS713552
DS881571
DS955040
DS862522;
DS753205
DS743283
DS776412
DS670197

DS658583
DS811967

73,824-74,264

21,088-22,374

171,212-172,466
216,452-217,633
139,992-141,146

498,437-516,130
498,437-516,130

6,027-12,848
219,850-250,933

9,628-9,977;
1,470-1,694;
18-304;
1,541-1,674,
14,584-15,105
45-15,095
68,951-69,238

32,147-35,927
1,720-11,529
1,900-18,499
21,179-21,656
343,318-344,424
337,666-338,286;
99,573-100,052
73,952-74,512
12,445-14,686
19,910-20,201

333,292-352,021
34,737-35,711

ISCW015323+
ISCW015322

ISCW001334
ISCW016381
ISCW016382
ISCW014938

ISCWO008779-A
ISCW008779-B

ISCWO007666

ISCW015788

ISCWO000633+NEW+

ISCW015219

ISCW012018
ISCW014181

ISCW000563
ISCW013454
ISCW004135
ISCW011686
ISCW015075
ISCWO010571+
ISCW006212
ISCW005601
ISCWO007539
ISCW001983

ISCW016651
ISCW008700



Kinin

Myosuppressin

Proctolin

Pyrokinin

RYamide

SIFamide

IT-R3%

Kin-R1%*

Kin-R2

Kin-R3
Kin-R4

MS-R

Proct-R

PK-R*

RYa-R1
RYa-R2

SIFa-R

Short Neuropeptide F

Sulfakinin

Tachykinin

SNPF-R1
SNPF-R2

SK-R1
SK-R2
SK-R3
SK-R4
SK-R5
SK-R6
SK-R7

TK-R1

TK-R2

DS802003

DS915052

DS915052

DS915406
DS972284

DS710828

DS711613

DS929178

DS816975

DS816975

DS721695

DS646881
DS646881

DS748459
DS822900
DS909250
DS747369
DS671072
DS784565
DS648932

DS848485

DS969660

16,558-17,508

240,714-241,681,
53,234-53,339;
49,154-49,247,
45,556-45,826;
769,801-769,880;
803,104-803,316
62,791-63,588
15,019-15,848

131-1,127

287,447-289,213,;
289,343-291,511

1,062,985-1,063,966

121,888-122,667,;
34,779-35,090
9,435-9,878

449,641-450,381;
563,784-566,715

88,703-90,025
90,611-91,642

41,702-49,507
6,468-9,788
840,577-842,643
8,639-37,302
3,595-6,522
1,046-55,113
8,474-11,106

50,750-51,163;
102,898-133,431
233,259-233,744;

ISCWO007179

ISCW022730+
ISCW022728

ISCW022739

ISCW022222
ISCW015326

ISCW004636

ISCW017865+
ISCW017866

ISCW022759+
ABJB011125851

ISCW020603+
ISCW020601
ISCW020600

ISCW017837+
ISCW017839

ISCW000923
ISCW000924

ISCWO005570
ISCW009627
ISCW022781
ISCW005948
ISCW001892
ISCW007293
ISCW001201

ISCW010010+
ISCW010011
ISCW013545+



Trissin

Purine receptors

Adenosine

(Rhod)opsin receptors

Long

Unknown

Pteropsin

TK-R3
TK-R4
TK-R5
TK-R6
TK-R7
TK-R8
TK-R9
TK-R10

Trissin-R1
Trissin-R2

GPRads1
GPRads2
GPRads3

GPRopl_1
GPRopl_2
GPRopl_3
GPRopl_4
GPRop2_1
GPRop2_2
GPRop3

Orphan/Putative Class A GPCRs

GPRorpl1
GPRorp2
GPRorp3
GPRorp4
GPRorp5
GPRorp6
GPRorp7
GPRorp8
GPRorp9
GPRorp10
GPRorp11
GPRorp12
GPRorp13
GPRorp14

DS787613
DS966520
DS643864
DS765493
DS754151
DS641764
DS747089
DS649700

DS746403
DS812310

DS751891
DS857834
DS688131

DS655566
DS631721
DS955589
DS681879
DS727386
DS647038
DS748823

DS834336
DS928128
DS885437
DS854897
DS895157
DS810236
DS961247
DS694733
DS758491
DS799887
DS622494
DS794020
DS957018
DS819573

96,620-97,175
187,848-188,293
9,416-9,925
392,493-428,777
118,152-120,504
181,199-209,245
8,595-8,791
177,811-178,007
31,210-31,421

46,424-55,835
49,622-55,240

15-731
851,959-852,927
171,862-193,233

780-1051
363-641
190-451
565-876
14108-17853
58-387
19,086-19,376

4,245-8,992
52-732
65,156-92,934
42,286-78,035
172,724-173,425
58,185-65,642
253,289-254,266
137,237-138,349
336,265-339,216
152,872-154,406
210,268-238,098
20,137-20,862
374,567-374,881
1,022-9,833

ISCW013543
ISCW007598
ISCW013598
ISCW015892
ISCW006511
ISCWO005553
ISCWO000039
ISCWO006476
ISCW001766

ISCW006418
ISCW009718

ISCW006710
ISCW021342
ISCW002246

NEW
NEW
NEW
NEW
ISCW004568
NEW
ISCW005498

ISCW009595
ISCW011905
ISCW021283
ISCW020998
ISCW022377
ISCW019770
ISCW014455
ISCW003493
ISCW018984
ISCW007873
ISCW000432
ISCW007619
ISCW023266
ISCW008691



Calcitonin-like

GPRorp15
GPRorpl16
GPRorpl7
GPRorp18
GPRorp19
GPRorp20
GPRorp21*
GPRorp22
GPRorp23
GPRorp24
GPRorp25
GPRorp26
GPRorp27
GPRorp28
GPRorp29
GPRorp30
GPRorp31
GPRorp31
GPRorp32
GPRorp33
GPRorp34
GPRorp35
GPRorp36
GPRorp37
GPRorp38
GPRorp39
GPRorp40
GPRorp41
GPRorp42
GPRorp43

(2) Class B 1 Secretin receptor family
Diuretic hormone receptors

CT/DH-R1’
CT/DH-R2
CT/DH-R3
CT/DH-R4
CT/DH-R5

DS895157
DS727732
DS718929
DS695281
DS651746
DS849590
DS978744
DS664726
DS909250
DS951856
DS933420
DS626219
DS822291
DS847080
DS794029
DS957063
DS622115
DS734036
DS848412
DS673067
DS923672
DS825031
DS915257
DS708537
DS930058
DS755450
DS848412
DS673067
DS923672
DS825031

DS922272
DS687147
DS769661
DS711942
DS677381

130,408-130,773
6,810-7,274
48,953-50,059
139,310-140,419
89,066-90,402
246,992-248,101
75,826-92,419
6,762-7,730
807,932-809,260
59,174-59,443
12,704-13,765
6,965-8,056
20,914-22,134
82-553

116-365
1,197-1,356
720-804

1,535,022-1,543,165

15,099-15,401
5,821-6,303
7,604-8,503
28,068-29,836
2,800-28,037
221,842-297,739
108,838-109,239
72,170-87,450
15099-15401
5,821-6,303
7,604-8,503
28,068-29,836

17,085-30,991
107,053-141,306
26,884-146,275
10,647-69,312
25,745-78,149

ISCW022376
ISCW018171
ISCW004650
ISCW018273
ISCW015953
ISCW010126

ISCWO015218+NEW

ISCW002641
ISCW022779
ISCW013584
ISCW014824
ISCW000606
ISCW010179
NEW

NEW

NEW

NEW

ISCW018990
ISCW009648
ISCW002847
ISCW013090
ISCW009568
ISCW013383
ISCW018360
ISCW013211
ISCW006089
ISCW009648
ISCW002847
ISCW013090
ISCW009568

ISCW012970
ISCW003092
ISCW018841
ISCW004902
ISCW017538



Corticotropin-releasing hormone-like (CRF-like)

CRF/DH-R1* ~  DS783174 89,137-131,136 ISCW007036
CRF/DH-R2a"’  DS784114; 14,660-139,631; ISCW007612;
DS789666 100,614-100,769 ISCW007615
CRF/DH-R2b DS704079 5,933-78,153 ISCW017942
CRF/DH-R3 DS758074 212,330-212,392 NEW
214,835-214,983 NEW
221,884-221,950 ISCW019068
CRF/DH-R4 DS793456 1,543-38,369 ISCW019312
CRF/DH-R5 DS810171 300-480 NEW
Pigment dispersing factor receptor
PDF-R1 DS668046 445,965-498,626 ISCW017309
PDF-R2 DS668046 721,274-777,173 ISCWO017314
Orphan/ Putative Class B GPCRs
GPRorpl DS906776 30,788-78,611 ISCW012057
GPRorp2 DS909780 606,602-613,020 ISCW022534
GPRorp3 DS650442 28,460-36,150 ISCW016343
GPRorp4 DS650414 56,145-57,149 ISCW000074
GPRorp5 DS757053 175,008-192,421 ISCW005937
GPRorp7 DS929178 814,031-814,471 ISCW022757
GPRorp8 DS921316 47,452-59,327 ISCW012038
GPRorp9 DS714433 547,697-550,000 ISCW018246
GPRorp10 DS968865 1,339,830-1,340,321 ISCW023674
GPRorp11 DS968865 1,320,857-1,321,348 ISCW023671
GPRorp12 DS968865 1,338,700-1,339,191 ISCW023673
GPRorp13 DS646990 289,490-339,295 ISCW000464
GPRorpl4 DS806217 91,135-151,617 ISCW019673
GPRorp15 DS627544 239,378-248,563 ISCW001355
GPRorpl6 DS929508 189,207-239,610 ISCW012721
GPRorp17 DS756825 20,407-111,042 ISCW006717
GPRorp18 DS905169 68,799-70,697 ISCW022854
GPRorp19 DS885034 25,512-27,359 ISCW010897
GPRorp20 DS730006 701-1,822 ISCW004659
GPRorp21 DS674693 369,558-371,486 ISCW016899
GPRorp22 DS968865 1,272,426-1,274,804 ISCW023670
GPRorp23 DS958380 104-9,636 ISCW014021
GPRorp24 DS979492 46,128-46,284 ISCW015339
GPRorp25 DS788275 144-266 NEW

(3) Class C1 Metabotropic glutamate-like receptor family






