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SUMMARY

Eukaryotic cells regulate 5' triphosphorylated (ppp-) RNAs to promote cellular functions and
prevent recognition by antiviral RNA sensors. For example, RNA capping enzymes possess
triphosphatase domains that remove the y phosphates of ppp-RNAs during RNA capping.
Members of the closely related PIR1 family of RNA polyphosphatases remove both the 3 and y
phosphates from ppp-RNAs. Here we show that C. elegans PIR-1 dephosphorylates ppp-RNAs
made by cellular RARPs and is required for the maturation of 26G-RNAs, Dicer-dependent small
RNAs that regulate thousands of genes during spermatogenesis and embryogenesis. PIR-1
also regulates the CSR-1 22G-RNA pathway and has critical functions in both somatic and
germline development. Our findings suggest that PIR-1 modulates both Dicer-dependent and -
independent Argonaute pathways, and provide insight into how cells and viruses use a

conserved RNA phosphatase to regulate and respond to ppp-RNA species.
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INTRODUCTION
Cells can modify and sense the phosphorylation status of RNA 5' ends to regulate gene
expression, control RNA stability, and mediate antiviral defense (Hornung et al., 2006; Kato et
al., 2006; Shatkin, 1976). For example, the eukaryotic RNA polymerase, Pol I, recruits a
capping enzyme that co-transcriptionally modifies the 5' end of its RNA products. A key
enzymatic modality in this capping enzyme is an RNA triphosphatase domain related to the
cysteine phosphatase superfamily of protein and RNA phosphatases (Deshpande et al., 1999;
Shatkin, 1976; Takagi et al., 1998; Yuan et al., 1998). After removing the y phosphate from
a nascent transcript, capping enzyme installs a guanine-nucleotide cap that masks the 5' end
from cellular nucleases and sensors that recognize RNAs made by viral polymerases (Shatkin,
1976). Cellular and viral homologs of the triphosphatase domain of capping enzymes include
the PIR-1 (Phosphatase that Interacts with RNA and Ribonucleoprotein Particle 1) family of
RNA polyphosphatases, which catalyze the removal of y and B phosphates from
triphosphorylated RNAs (ppp-RNA) in vitro (Deshpande et al., 1999; Takagi et al., 1998;
Yuan et al., 1998). However, the cellular functions and targets of PIR-1 are largely unknown.
The C. elegans PIR-1 homolog was identified as a binding partner of the RNA interference
(RNAI) factor, Dicer (Duchaine et al., 2006). RNAI plays important roles in regulating gene
expression and viral immunity in diverse organisms (Baulcombe, 2004; Hannon, 2002;
McCaffrey et al.,, 2002; Pal-Bhadra et al., 2002). Dicer encodes a multifunctional protein
with double-stranded (ds)RNA-binding motifs, a DExH/D helicase motif, and a bidentate RNase
[l domain (Macrae et al., 2006); Dicer is known to bind and then process dsRNA substrates
into short-interfering (si)RNAs or micro(mi)RNAs that guide Argonaute co-factors to mediate

genetic silencing (Bernstein et al.,, 2001; Grishok et al., 2001; Hannon, 2002). In vitro
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studies suggest that Dicer is not sensitive to the 5' phosphorylation status of its substrates
(Welker et al., 2011), raising the question of how and why Dicer associates with PIR-1.

In C. elegans, Dicer (DCR-1) functions in several small RNA pathways, including the
mMiRNA pathway and the endogenous (exo-) and exogenous (endo-) RNAI pathways triggered
by dsRNAs (Duchaine et al., 2006; Grishok et al., 2001; Welker et al., 2011). Upon
exposure to exogenous or viral dsRNAs, DCR-1 processes dsRNAs into short 23-nuclectide (nt)
duplex siRNAs with monophosphorylated 5' ends and 3' 2-nt overhangs (Ashe et al., 2013;
Coffman et al., 2017; Guo et al., 2013). These diced siRNAs are loaded onto the Argonaute
RDE-1 (Tabara et al., 1999), which cannot silence targets alone (Gu et al., 2009; Steiner et
al.,, 2009; Yigit et al., 2006). Instead, RDE-1 recruits cellular RNA-dependent RNA
Polymerase (RdRP) to generate/amplify the silencing signal (Pak and Fire, 2007; Yigit et al.,
2006). These RARPs prefer to initiate transcription at C residues located 5' of a purine on
template RNAs, and thus produce 22-nt products that contain a 5'-triphosphorylated (ppp-)G
residue, so called 22G-RNAs (Claycomb et al., 2009; Gu et al., 2012; Gu et al., 2009; Pak
and Fire, 2007; Yigit et al., 2006). 22G-RNAs are then loaded onto worm-specific Argonautes
(WAGOs) (Claycomb et al., 2009; Gu et al., 2009). Unlike other Argonautes, which usually
bind monophosphorylated (p-)RNA guides, WAGOs directly accommodate the ppp-RNA guides
synthesized by RdRP (Claycomb et al., 2009; Gu et al., 2009).

In addition to its key role in the exo-RNAi pathway, DCR-1 also functions in endogenous
small RNA pathways (Duchaine et al., 2006; Fire et al., 1998; Grishok et al., 2001; Ruby
et al.,, 2006; Welker et al., 2010). Several genes that function in non-essential endo-RNAI
pathways were identified as mutants with enhanced exo-RNAi (ERI mutants), perhaps because
these endo-RNAI pathways compete for downstream components that are limiting for robust

exo-RNAi (Duchaine et al., 2006; Fischer et al., 2011; Kennedy et al., 2004; Ruby et al.,
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2006; Simmer et al., 2003; Simmer et al., 2002; Yigit et al., 2006). The ERI genes and
their associated factors define two major endo-RNAI pathways both employing 26-nt antisense
RNAs usually starting with G, 26G-RNAs. The ERGO-1 Argonaute and two redundant
Argonautes, ALG-3 and ALG-4 (ALG-3/4), engage 26G-RNAs during embryogenesis and
spermatogenesis respectively, and like RDE-1 can trigger the biogenesis of the RARP-mediated
WAGO-dependent 22G-RNAs (Conine et al., 2010; Gent et al., 2010; Han et al., 2009;
Pavelec et al., 2009; Vasale et al., 2010; Welker et al., 2010; Zhang et al., 2011).
Interestingly, 26G-RNAs are RdRP products themselves, however unlike 22G-RNAs, 26G-
RNAs are monophosphorylated and are processed by Dicer in the context of the Dicer/ERI
protein complex (Duchaine et al., 2006; Thivierge et al., 2011). Precisely how 26G-RNAs
are processed by the Dicer/ERI complex and how 26G-RNAs acquire their 5 mono-
phosphorylated state are largely unknown.

The CSR-1 Argonaute, which has been proposed to promote or modulate rather than
silence germline gene expression (Claycomb et al., 2009; Gerson-Gurwitz et al., 2016;
Seth et al., 2013), engages 22G-RNAs targeting the majority of germline-expressed mRNAs,
including many spermatogenesis mRNAs that depend on the ALG-3/4 26G-RNA pathway
(Conine et al., 2010; Conine et al., 2013; Han et al., 2009). However, the vast majority of
mRNAs targeted by CSR-1 22G-RNAs are expressed outside of spermatogenesis (Claycomb
et al., 2009), and 26G-RNAs targeting these non-spermatogenesis CSR-1 targets have not
been identified. Thus, it is not known whether 26G-RNAs and Dicer regulate non-
spermatogenesis CSR-1 22G-RNAs.

Here we show that C. elegans PIR-1 is an RNA polyphosphatase required for germline
development and for endogenous small RNA pathways. pir-1 mutants exhibit a strong depletion

of 22G-RNA species that depend on ALG-3/4 for their amplification, but also exhibit a striking
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more than 2-fold reduction in nearly all CSR-1 pathway 22G-RNAs. Recombinant PIR-1, like its
vertebrate and viral homologs, removes y and 3 phosphates from ppp-RNAs. Catalytically dead
PIR-1 binds ppp-RNAs but not p-RNAs in vitro. Null and catalytically dead pir-1 mutants exhibit
dramatically delayed larval development and male and hermaphrodite infertility. PIR-1 copurifies
with the DCR-1/ERI complex and PIR-1 activity is essential to make ERI-dependent 26G-RNAs
that engage ALG-3/4. Our analyses suggest a model whereby 26G-RNAs are made in a unique
phased manner by successive rounds mRNA processing by the Dicer/ERI complex, and that
PIR-1 promotes this mechanism by removing a diphosphate group from the 5'-end of 26G-RNA
precursors, likely to facilitate loading into Argonautes. Our findings implicate PIR-1 as a
regulator of endogenous Argonaute pathways that process their small-RNA cofactors from

RdRP products.

RESULTS

C. elegans PIR-1is an RNA polyphosphatase

Previous studies have shown that vertebrate and viral homologs of PIR-1 have poly-
phosphatase activity that depends on a conserved cysteine in the catalytic motif HCXsRXG
(Figure 1A; Deshpande et al., 1999; Takagi et al., 1998; Yuan et al., 1998). To
characterize the enzymatic activity of C. elegans PIR-1, we purified recombinant wild-type (WT)
PIR-1 protein, as well as recombinant mutant PIR-1(C150S), in which the catalytic cysteine is
replaced with serine (Figure S1A). We then incubated ppp-RNAs with these recombinant
proteins, and assessed the 5' phosphorylation status of reaction products using Terminator®
exonuclease, which degrades 5' p-RNA but not diphosphorylated (pp-) or ppp-RNAs. WT PIR-1,
but not PIR-1(C150S), efficiently converted ppp-RNAs into substrates that were degraded by
Terminator exonuclease (Figure 1B). WT PIR-1 also dephosphorylated ppp-RNAs duplexed

with RNA or DNA (Figure 1C, Figure S1B and S1C). Notably, PIR-1(C150S), but not WT PIR-1
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protein, remained bound to ppp-RNA but not p-RNA substrates in electrophoretic mobility shift
assays (Figure 1D and S1C); this shift was indeed caused by PIR-1(C150S) instead of any
contaminations, as confirmed by the Western blot analysis (Figure 1E). This mobility shift was
detected using 50 mM Tris-Cl buffer (pH 8.0) but not when native protein gel buffer containing
25 mM Tris and 192 mM Glycine (pH 8.3) was used instead (Figure S1D), indicating that PIR-
1(C150S) binds ppp-RNA non-covalently. Thus, like its vertebrate and viral homologs PIR-1 is
an RNA polyphosphatase that converts ppp-RNA to p-RNA. Whereas WT PIR-1 rapidly
releases p-RNA products, the catalytically dead PIR-1(C150S) selectively binds and remains

bound to ppp-RNA substrates.

PIR-1 associates with the ERI complex

C. elegans PIR-1 was previously identified as a DCR-1-interacting protein (Duchaine et al.,
2006). To characterize PIR-1 complexes, we performed PIR-1 immunoprecipitation (IP) and
analyzed the immunoprecipitates using Multidimensional Protein ldentification Technology
(MudPIT; Schirmer et al., 2003). To facilitate the identification of proteins that specifically
interact with PIR-1, we rescued a pir-1(tm3198) null mutant with a pir-1::gfp transgene and
labeled the pir-1::gfp worms with light nitrogen (**N). In parallel, we labeled control WT worms
with heavy nitrogen (**N). We then mixed **N-labeled pir-1::gfp worms with an equal number of
*N-labeled control worms, prepared worm lysates, and immunoprecipitated PIR-1::GFP using
anti-GFP antibodies. We analyzed the GFP immunoprecipitates by MudPIT and identified
candidate PIR-1 interactors as proteins with a minimum of 10 spectral counts for **N-labeled
peptides and no spectral counts for *>N-labeled peptides. These studies revealed that PIR-1

interacts with the core proteins of the ERI complex (Table 1 and S1; Fischer et al., 2011;
Gabel and Ruvkun, 2008; Kennedy et al., 2004; Pavelec et al., 2009; Simmer et al.,

2002; Thivierge et al., 2011; Timmons, 2004; Zhang et al., 2011). Similar results were
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obtained using a pir-1::3xflag-rescued strain and FLAG IP (Table S1).

Using western blot analyses, we confirmed that DCR-1, DRH-3, RRF-3, ERI-1b, and RDE-8
interact with PIR-1 at all developmental stages (Figure 2A, 2B, S2A and S2B). PIR-1 did not
co-IP with ERI-1a (Figure 2A), an isoform of ERI-1 known to processes the 3' end of 5.8S rRNA
(Gabel and Ruvkun, 2008). Several Argonaute-dependent small RNA pathway factors that
are not part of the ERI complex, including the 3'-to-5" exonuclease MUT-7, the RdARPs RRF-1
and EGO-1, and the Argonautes CSR-1 and WAGOs, were not detected in PIR-1
immunoprecipitates (Figure 2A, 2B, S2A, S2B, Table 1 and Table S1). These Western blot
studies identified two PIR-1 isoforms, PIR-1a and PIR-1b, which differ in size by approximately
2 to 4 kDa on denaturing polyacrylamide gels (Figure 2 and S2). The molecular basis for this
mobility difference remains to be identified. Both isoforms were detected at all larval and adult
stages. However, only PIR-1b was detected in embryos, where it associated with several
components of the ERI complex (Figure 2B). The association of PIR-1b with the ERI complex
was confirmed by gel filtration chromatography in which PIR-1b associated with a >440-kDa
complex that included DCR-1, DRH-3, ERI-1b, and RDE-8 (Figure 2C). Genetic analyses
revealed that the interaction between PIR-1 and the ERI complex depends on DCR-1 and DRH-
3 but not on ERI-1 or RDE-4 (Figure S2B-D). As expected, reciprocal immunoprecipitation of
DRH-3 or DCR-1 pulled down PIR-1 (Figure S2E; Duchaine et al., 2006; Gu et al., 2009).
Interestingly, PIR-1a::GFP expression as detected by GFP IP appeared to depend on drh-3(+)

activity while PIR-1b::GFP expression required dcr-1(+) activity (Figure S2B and S2C).

PIR-1 is an essential protein broadly expressed in nucleus and cytoplasm
A previous study identified PIR-1 as a Dicer interactor and described a mutation, pir-
1(tm1496), which causes a fully penetrant larval lethal phenotype at the early L4 stage

(Duchaine et al., 2006). The tm1496 deletion also removes the promoter and part of the
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neighboring essential gene sec-5 (Figure 3A), perhaps contributing to the early L4 arrest
phenotype. To further explore the function of PIR-1 and its role in Dicer/ERI complexes, we
therefore generated a second deletion allele (tm3198) and a catalytic C150S mutant allele
(wgl000; Figure 3A). Both of these new alleles caused identical fully penetrant phenotypes.
Homozygotes matured to late larval and adult stages and were invariably sterile (Figure 3 and
see below). The tm3198 allele deletes the first intron and most of the second exon of pir-1
(Figure 3A), which is expected to shift the pir-1 open reading frame and cause premature
translation termination. As expected, reverse transcription and guantitative PCR (RT-gPCR)
analyses revealed that the tm3198 allele abolishes pir-1 mRNA expression but does not alter
the expression of the neighboring sec-5 mRNA (Figure S3A). Finally, the lethal phenotypes
associated with tm3198 were fully rescued by a single-copy pir-1::gfp fusion gene driven by the
pir-1 promoter and 3' UTR, indicating that the tm3198 phenotypes result from the loss of pir-1(+)
activity.

RT-gPCR analyses revealed that in adults with fully developed gonads and embryos, pir-1
MRNA levels are much higher than in larval stages (Figure S3B). Analysis of PIR-1::GFP
revealed nuclear and cytoplasmic staining in most germline and somatic cells (Figure
3B/S3C&D). In the germlines of L4-stage hermaphrodite worms (i.e., during spermatogenesis),
PIR-1::GFP was uniformly expressed at high levels in germ cells from the proliferative mitotic
zone to the meiotic mid-pachytene region (Figure 3B). PIR-1::GFP levels were reduced in germ
cells transitioning through diplotene and meiosis | and 1l (i.e., through the bend in the ovotestis),
and then increased again just before cells begin spermatogenesis. In adult hermaphrodites (i.e.,
during oogenesis), PIR-1::GFP was also highly expressed in the distal germline and reduced
through the bend in the ovotestis, but we did not detect PIR-1::GFP signal in maturing oocytes
nor in the embryonic germline. PIR-1::GFP was detected in most somatic nuclei throughout
development, exhibiting the highest level in the large polyploid nuclei of intestinal cells (Figure

9
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S30).

The majority of tm3198 homozygotes (62%) arrested as sterile adults (Figure S3E),
frequently with a protruding vulva and occasionally ruptured at the vulva (Figure 3C/S3F).
Approximately 21% of worms made deformed oocytes, but none made progeny (Figure S3F).
Approximately one quarter of tm3198 animals arrested as viable L4-like larvae that survived for
nearly a normal life span with apparently normal motility. Close examination of the germlines of
these L4-like arrested larvae revealed features typical of normal L4 germline including a mitotic
zone, a transition zone, an extended zone of meiotic nuclei undergoing pachytene, and a
spermatogenic zone including spermatocytes and spermatids (Figure 3D). A PGL-1::RFP
reporter was expressed in a WT pattern throughout the distal germline but not in the proximal
spermatogenic region of these arrested L4-like worms, suggesting that they transitioned
properly to spermatogenic gene expression (Figure 3E). We noticed that many dividing
spermatocytes in pir-1 germlines exhibited abnormal meiotic figures, indicative of DNA-bridging
(Figure 3F). Similar defects were previously described for mutants in ERI components. For
example, loss-of-function mutations in rrf-3, eri-1, and eri-3, and the helicase-domain mutant
dcr-1(mg375) have all been reported to cause similar DNA-bridging phenotypes when grown at

25°C (Figure 3F). These ERI pathway mutants all make defective spermatids (Conine et al.,
2010; Han et al., 2009; Simmer et al., 2002; Timmons, 2004). To summarize, pir-1 mutants

exhibit a spectrum of defects at larval and adult stages similar to, and in some respects, such as

the larval arrest and oogenesis defects, more severe than other Dicer-ERI complex co-factors.

PIR-1is not required for miRNA or piRNA biogenesis
We next explored how pir-1 mutations affect endogenous small RNA levels. To obtain large
numbers of pir-1 homozygotes, we used a strategy to select against heterozygotes in which pir-

1 is covered by the inversion balancer mnCl. Three redundant glutamate-gated chloride
10
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channels (AVR-14, AVR-15, and GLC-1) render C. elegans sensitive to the nematicidal drug
ivermectin (Dent et al., 2000). We crossed pir-1 into an avr-14(ad1302); avr-15(ad1051); glc-
1(pk54) triple mutant (avr3x) background, and balanced pir-1 with an mnC1 balancer that also
carries a rescuing avr-15(+) transgene (Supplementary Strain List). In the presence of
ivermectin, the pir-1/mnC1 heterozygotes (which express AVR-15) arrest as L1 larvae, but pir-1
homozygotes (which do not express AVR-15) grow to late larval stages and adulthood (see
Experimental Procedures; Dent et al., 2000; Duchaine et al., 2006). We grew synchronized
populations of pir-1 homozygous or control (avr3x or N2) worms to extract RNA and generate
small RNA libraries for high throughput sequencing. We noted that pir-1 mutants grew more
slowly, both in size and developmental landmarks (e.g., adult cuticle and vulval differentiation),
so we prepared samples from pir-1 mutants grown for 3 days or for 7 days to attain parity in
developmental stage with WT populations. To obtain a snapshot of all the different classes of
Argonaute-associated small RNAs, we pretreated the small RNA samples with Tobacco Acid
Pyrophosphatase (TAP) or with purified recombinant PIR-1 protein, both of which convert ppp-
RNAs to p-RNAs. This approach allowed us to simultaneously recover p-RNAs including 26G-
RNAs, miRNAs, and piRNA/21U-RNAs, and ppp-RNAs including 22G-RNAs.

Analysis of the small RNA sequencing data revealed that miRNA and piRNA species were
largely unaffected in pir-1 mutants (Figure 4A). Comparing small RNAs from temporally
matched pir-1 and control populations (i.e., pir-1 and avr3x on ivermectin for 3 days), we found
that pir-1(tm3198) expressed more miRNAs but fewer piRNAs and 22G-RNAs (when
normalized to total genome mapping reads, including all authentic small RNA species). These
findings are likely explained by the developmental delay of pir-1(tm3198) animals which causes
a relatively smaller germline-to-soma ratio in the 3-day old pir-1 worms: miRNAs are abundant
in the soma, whereas 21Us and most 22G-RNA species are abundant in the germline (Figure

4A). Consistent with this idea, in 7-day pir-1(tm3198) animals, which appear developmentally
11
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similar to 3 day WT or avr3x worms, piRNAs and miRNAs were increased to a similar level, and
in proportion to the corresponding decrease in 22G-RNA levels (Figure 4A). Moreover,
developmentally matched (7-day) pir-1 and control (3-day) avr3x worms expressed similar
levels of DCR-1 and PRG-1 proteins, factors required for generating miRNAs and binding
piRNAs respectively. These observations suggest that the biogenesis of miRNAs and 21Us is
temporally delayed in pir-1 mutants but is not likely to be directly regulated by PIR-1(+) activity
(Figure 4B). Indeed, when we normalized our small RNA data to piRNA levels, we observed
similar levels of miRNAs in control worms and developmentally matched pir-1 mutants, but 22G-
RNA levels were significantly lower in pir-1 worms (Figure 4C). Thus pir-1 mutants do not
exhibit defects in miRNA levels, consistent with our finding that the seam cell numbers (16 on
each side of the worm) and adult alae differentiation (hallmarks of miRNA function; are not

perturbed in pir-1 mutants.

PIR-1 is required for ERI pathway 26G- and 22G-RNAs

Among the most dramatically affected small RNA species in pir-1 mutants were 26G-RNAs that
depend on the ALG-3/4 Argonautes. These 26G-RNAs are templated from the mRNAs of 1683
target genes, including many genes that play critical roles during spermatogenesis (Table
S2; Conine et al., 2010). We found that 26G-RNAs were approximately 10-fold less abundant
in pir-1 mutants than in WT populations (normalized to 21U-RNA levels; one-tailed t-test, P <
0.005; Figure 4D and Figure S4A). Moreover, 22G-RNAs that are amplified downstream of
ALG-3/4 targeting (Conine et al., 2010) were also significantly lower in pir-1 mutants (~2.4-fold;
one-tailed t-test, P < 0.0029; Figure 4D and Figure S4B). ALG-3/4-independent WAGO 22G-
RNAs were not significantly downregulated in pir-1 mutants (one-tailed t-test, P < 0.109, or two-

tailed P <0.218, Figure 4D and Figure S4C; Conine et al., 2010; Han et al., 2009; Pavelec

et al., 2009).
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All CSR-1-bound 22G-RNAs are reduced in pir-1 mutants
The CSR-1 Argonaute engages 22G-RNAs targeting thousands of germline mRNAs. Roughly
11% (~423) of CSR-1 target genes are also targeted by the ALG-3/4-dependent ERI pathway
(Table S2; Conine et al., 2010). However, most CSR-1 target genes have no known upstream
Argonautes. We found that compared to WT worms, pir-1 mutants make significantly (~3-fold)
fewer 22G-RNAs for both categories of CSR-1 target genes (one-tailed t-test, P <0.034 and
0.033, respectively Figure 4D and Figure S4D). Moreover, we found that both classes of CSR-
1 22G-RNAs exhibit similar ratios of reads in the mutant to total reads in the mutant and WT
(mutant/[mutant+WT]), with the same medians and similar variances (Figure 4E), suggesting
that PIR-1 may regulate all CSR-1 targets.

Consistent with the idea that the catalytic activity of PIR-1 plays a role in the biogenesis of
germline small RNAs, we found that the pir-1(C150S) catalytic mutant exhibits the same

spectrum of small RNA changes observed in the null mutants (Figure S4E).

The ERI complex and 26G-RNAs copurify with nuclei

To examine whether nuclear localization of PIR-1 relates to its role in 22G-RNA biogenesis, we
examined whether the ERI complex and 22G-RNAs copurify with nuclei. To monitor the purity of
nuclear extracts we measured the enrichment of nucleoporin and depletion of tubulin (Figure
4F; see Extended Experimental Procedures). Western blot analyses revealed that PIR-1b but
not PIR-1a preferentially accumulated in nuclei (Figure 4F). PIR-1b, ERI-1b, and RDE-8 were
detected in input and PIR-1 IP samples from nuclear extracts; DCR-1 and DRH-3, however,
were only detected in the nuclear extracts after PIR-1 IP (Figure 4G). Moreover, PIR-1b, DCR-

1, DRH-3, ERI-1b, and RDE-8 were detected in the chromatin fractions, which enrich histone H3
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while completely depleting tubulin (Figure 4H). Taken together these findings suggest that PIR-
1b and other ERI components associate with nuclei and/or chromatin.

We also monitored small RNA levels in nuclear fractions. We found that 21Us were only
slightly enriched in the nuclear samples, while 26G-RNAs were significantly enriched (Wilcoxon
Signed Rank Test, one-tailed, P < 0.0001 for both species). In contrast, WAGO and CSR-1
22G-RNA species were significantly depleted from the nuclear fraction (Wilcoxon Signed Rank
Test, one-tailed, P < 0.0001 for each group of 22Gs; Figure S4F). We found that miRNAs were
neither enriched nor depleted. These findings suggest that 26G-RNAs are produced and/or

function in nuclei.

26G-RNAs are generated in a phased manner

26G-RNAs are unique among C. elegans small RNA species in that their biogenesis depends
on both RARP and Dicer. However, why they are longer than typical Dicer products and how
their 5' ends become mono- instead of triphosphorylated as is typical of other C. elegans RARP
products remains mysterious. To investigate the role of PIR-1 in 26G-RNA biogenesis we used
bioinformatics to analyze the distribution patterns of small RNAs associated with 26G-RNA
target sites. To do this we compiled a metagene analysis of all available ALG-3/4 and ERGO-1
26G-RNA target sequences centered on the 26G-RNA and including about 40-nt upstream and
downstream sequences. We then analyzed small RNAs mapping to this interval including both
antisense small RNAs (RdRP-derived) and sense small RNAs (from mRNA cleavage). The
frequency of each small RNA species was plotted according to its 5' nt position, and color-
coded according to its length (Figure 5 and Figure S5A). The position of the C-residue of the
MRNA corresponding to the 5' G of the antisense 26G-RNA was defined as —1. As expected, for
both ALG-3/4 and ERGO-1 26G-RNA pathways, the most abundant antisense species were
26G-RNAs located at the —1 position (Figure 5 and S5A). Interestingly, this analysis revealed
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additional phased 26G-RNA peaks located at approximately 23-nt intervals upstream and
downstream of —1 (Figure 5A and Figure S5A). Mirroring the central and phased 26G-RNAs,
we observed an identical distribution pattern of mRNA (i.e., sense-stranded) fragments that
likely correspond to Dicer products (Figure 5 and S5A). For the ALG-3/4 pathway, most of
these mMRNA fragments were 22 nucleotides long (sense 22mer-RNA) with their 5' ends at —23
and their 3' ends at -2, just upstream of the —1 C residue (Figure 5A and S5A). For the ERGO-
1 pathway the most abundant sense-stranded small RNAs were 19 nucleotides long, with 5'
ends at —23 and 3' ends at -5 (Figure 5B). These findings suggest that an associated
nucleolytic activity removes the —1 C residue (and a few additional nucleotides for ERGO-1
templates) after it templates 26G-RNA initiation (see Discussion). For both the ALG-3/4 and
ERGO-1 pathways, the sense RNA 5' ends align 3 nucleotides downstream of the 26G-RNA 3'
ends. Taken together, these findings suggest that the sense RNAs positioned at —23 in the
metagene analysis represent a signature of Dicer processing on duplex 26G-RNA precursors
(see Discussion).

The above analysis suggests that template mRNAs are processed stepwise by RdRP and
Dicer, with RdRP initiating at a C residue and then re-initiating recursively at the first available C
residue after each Dicer cleavage event. We further tested this idea by simulating 26G-RNA
biogenesis on a computer-generated transcriptome containing random RNA sequences and
26G-RNA densities similar to those in our data sets. Simulated 26G-RNAs were generated on
targets by initiating at a randomly selected C residue and then recursively at the first C residue
at least 23-nt upstream of the initial template C, propagating the 26G-RNA synthesis toward the
5' end of target MRNASs in a unidirectional manner. Strikingly, this simulation produced exactly
the same metagene pattern observed in our experimental data including the overall shape, the
symmetric phased distribution, the loss of phasing at distances greater than 40 nts, and other
minor details (Figure S5B-D). More details and findings of this simulation analysis are provided

15


https://doi.org/10.1101/2020.08.03.235143
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.03.235143. this version posted August 5, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

in the Supplementary Discussion with Figure S6.

pir-1 mutants exhibit defects in 26G-RNA maturation

We next utilized the 26G-RNA metagene sequence space described above to analyze pir-1
mutants. We found that both 26G-RNAs and the presumptive dicer-mediated sense 22mer-
RNA species (positioned at -23 in the metagene) were dramatically reduced in the pir-1 mutants
(Figure 6A). Interestingly, 26G-RNAs were disproportionately reduced (Figure 6B). The ratio
of 26G-RNAs to -23 22mer-RNAs was 31:1 for WT animals, 3:1 for the pir-1 null mutant and
11:1 for the pir-1(C150S). Phased 26G-RNAs were not detected. These finding suggest that
PIR-1 activity is required both for the processivity of the Dicer ERI complex and for the
maturation of antisense 26G-RNAs.

Since PIR-1 is an RNA phosphatase, one possible explanation for the above finding is that
dephosphorylation of the 26G-RNA precursors promote maturation. If so, we reasoned that the
26G-RNAs in animals expressing the PIR-1(C150S) catalytic mutant should exhibit an increase
in the relative amount of ppp-26G-RNA. To explore this possibility, we generated small RNA
sequencing libraries using a ligation-dependent method that requires a 5' monophosphate for
efficient cloning (Gu et al., 2011; Li et al., 2019). For each mutant and WT sample, we
prepared libraries with or without pretreating the RNA with recombinant PIR-1. As expected,
most (94%) 26G-RNAs in WT worms were recovered without PIR-1 digestion when normalized
to those with recombinant PIR-1 treatment, suggesting that these 26G-RNAs bear 5'
monophosphate. In contrast, we found that ~40% of 26G-RNAs present in the pir-1 mutants
were resistant to ligation-dependent cloning unless treated with recombinant PIR-1, suggesting
that they contain a 5' triphosphate group (Figure 6C and 6D). Taken together these findings
suggest that PIR-1 dephosphorylates 26G-RNA precursors and is required for efficient 26G-

RNA maturation by the Dicer ERI complex.
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DISCUSSION
Eukaryotic cells can sense and modify structural features of RNAs to regulate their stability and
functions, and to distinguish self- from viral-RNAs. For example, the Dicer protein binds dsRNAs
and processes them into duplexed siRNAs and miRNAs that engage Argonaute proteins to
mediate sequence-specific viral immunity and mRNA regulation. Conversely, the human RIG-I
protein, which contains a Dicer-related helicase domain, detects duplex ppp-RNAs produced by
viral RdARPs and then initiates a non-sequence specific cascade of secondary signals that
promote viral immunity (Hornung et al., 2006; Kato et al., 2006). Here we have shown that
the Dicer-interacting protein PIR-1, like its human and insect virus homologs, removes the 3 and
y phosphates from ppp-RNAs in vitro, generating 5' p-RNAs. In vivo, PIR-1 is required for fertility
and for the accumulation of 26G-RNAs antisense to hundreds of spermatogenesis mRNAs.
26G-RNAs are an enigmatic species of Dicer product best understood for their role in
spermatogenesis where along with their AGO-related Argonaute co-factors, ALG-3/4, they
promote spermatogenesis-specific gene regulation and epigenetic inheritance (Conine et al.,
2010; Conine et al., 2013; Han et al., 2009). During embryonic development 26G-RNAs
engage the Argonaute ERGO-1 to regulate a group of repetitive RNAs of unknown functions.
Mutations that inactivate the ERGO-1 pathway cause enhanced RNAi (ERI
phenotypes; Fischer et al.,, 2011; Gent et al., 2010; Han et al., 2009; Kennedy et al.,
2004; Simmer et al., 2002; Thivierge et al., 2011; Vasale et al., 2010; Zhang et al.,
2011). While our genetic studies only revealed a role for PIR-1 in the larval-stage ALG-3/4 26G-
RNA pathway, it is likely, as previously shown for other RNAi components including Dicer and

RDE-1 (Parrish and Fire, 2001; Tabara et al., 1999; Tabara et al., 2002), that the
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embryonic functions of PIR-1, including its possible function in the ERI pathway are rescued in

embryos of heterozygous mothers by maternally provided PIR-1(+) activity.

A model for 26G-RNA biogenesis

26G-RNAs are processed by Dicer from triphosphorylated duplex RNAs templated from
MRNAs by the cellular RARP, RRF-3. Our findings are consistent with a model in which 26G-
RNAs are generated in a phased manner along target mRNAs through the recursive re-initiation
by RRF-3 at the first available C nt 5' of successive Dicer-mediated cleavage events (Figure 7).
After each round of RdRP transcription, a 3'-5' exonuclease associated with the ERI complex,
possibly ERI-1b digests the mRNA, removing the transcription start site C residue (located at —1
in the Model Figure 7), to generate a dsRNA with a 1-nt recessed 3' end. Binding of the mRNA
3' OH within the PAZ domain of Dicer and engagement of the Dicer helicase domain could then
position the enzyme to generate the 5' end of an mRNA-derived 22mer-RNA (at —23 relative to
the initiator C residue) and a ppp-26G-RNA with a 3-nt 3' overhang (Figure 7; see also Welker
et al., 2011).

In vitro studies suggest that Dicer is not sensitive to the phosphorylation status of the
substrate 5' end (Welker et al., 2011; Zhang et al., 2002). Thus removal of the diphosphate
by PIR-1 could occur before or after Dicing (Figure 7). Indeed, we found that the levels of
sense-stranded 22-mer RNA fragments (presumptive Dicer products) and ppp-26G-RNAs were
increased in pir-1 mutants compared to WT worms. Thus, dicing still occurs in pir-1 mutants but
maturation into p-26G-RNAs appears to be reduced. Perhaps the transfer of the diced product
to the downstream ALG-3/4 Argonautes, whose AGO-clade homologs are known to prefer

mono-phosphorylated guide RNAs , occurs inefficiently when the diphosphate is not removed.

PIR-1 exhibits ppp-RNA-specific binding activity
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In vitro studies on PIR-1 revealed a surprising activity associated with the presumptive
catalytically dead C150S lesion. This mutation behaved like a strong loss of function allele,
causing small-RNA and developmental defects identical to those caused by a pir-1 null
mutation. However, we found that PIR-1(C150S) nevertheless bound specifically to ppp-RNAs
in our gel-shift assays. Structural studies on members of the cysteine phosphatase superfamily
to which PIR-1 belongs have shown that during catalysis the cysteine motif generates a
covalent cysteinyl-S-phosphate intermediate that is later hydrolyzed in a two-step reaction
(Sankhala et al., 2014; Takagi et al., 1998). The substitution of serine for cysteine in PIR-1
C150S replaces the reactive sulfhydrl group of cysteine with a hydroxyl group, preventing
formation of the covalent linkage. The finding that this catalytically dead protein retains its ppp-
RNA-specific binding activity suggests that substrate recognition is separable from catalysis in
PIR-1. Thus it is possible that PIR-1 utilizes its affinity for ppp-RNAs to recognize RRF-3
products and to help recruit Dicer and other ERI complex co-factors to the nascent duplex.

It is interesting to note that a baculovirus-encoded PIR-1 homolog, PTP, functions as a
virulence factor that promotes a fascinating behavioral change in infected host caterpillars
(Katsuma et al., 2012). Ingested virus spreads to the brain, and the infection eventually
causes the caterpillar to migrate to upper foliage, where the dying animal 'liquifies'—a process
thought to maximize dispersal of the virus (Katsuma et al., 2012). Interestingly, ptp null
mutants were partially defective in brain infectivity and behavioral modification, but PTP C119S
mutants supported both activities (Katsuma et al., 2012), suggesting that PTP provides a
purely structural capacity to promote virulence, e.g., through its interaction with viral capsid
protein (Katsuma et al., 2012). However, if PTP C119S selectively binds ppp-RNA—similar to
PIR-1 C150S—then it remains possible PTP C119S interacts with and promotes viral packaging

of cellular or viral ppp-RNAs that function as small-RNA cues that alter host behavior. This
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possibility is particularly intriguing as a growing number of reports have described the
modulation of neural and behavioral activity by small RNAs originating in other tissues

(Bharadwaj and Hall, 2017; Cai et al., 2018; Hou et al., 2019; Posner et al., 2019).

PIR-1is required for robust levels of CSR-1 22G-RNAs

We were surprised to find that pir-1 mutants exhibit significantly reduced levels of all CSR-1
22G-RNAs. The biogenesis of 22G-RNAs does not require Dicer. Instead 22G-RNAs appear to
be produced directly by the RARP EGO-1 and are then loaded, without further processing, as
ppp-RNAs onto their downstream Argonaute co-factors. It is therefore intriguing that CSR-1
22G-RNAs but not WAGO 22G-RNA levels were depleted in pir-1 mutants. The upstream
events in the WAGO 22G-RNA pathway differ from events involved in the CSR-1 pathway. For
example, WAGO 22G-RNA biogenesis is initiated by RDE-1 guided by an siRNA processed by
Dicer or by Piwi Argonaute (PRG-1) guided by a piRNA. When RDE-1 and PRG-1 bind target
mRNAs, they recruit cellular RdRPs that synthesizing WAGO 22G-RNAs (Ashe et al., 2012;
Bagijn et al., 2012; Grentzinger et al., 2012; Lee et al., 2012; Pak and Fire, 2007; Shen
et al., 2018; Shirayama et al., 2012; Yigit et al., 2006; Zhang et al., 2018). Whether an
upstream Argonaute functions in the CSR-1 pathway is unknown. Although 26G-RNAs have not
been detected for most CSR-1 targets, perhaps they are short lived, developmentally restricted,
for example to larvae, or are simply very low abundance, and have been missed. Further

investigation will be required to understand this connection between PIR-1 and CSR-1.

PIR-1 plays critical roles in larval development
A striking feature of the PIR-1 mutant phenotype is the dramatically slowed development of
homozygous larvae. pir-1 mutants take nearly twice as long as WT animals to reach adulthood,

and yet appear to behave like otherwise healthy WT larvae for the course of a nearly normal
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lifespan of 16 to 18 days. Other mutants that perturb 26 G-RNA pathways do not exhibit delayed
development phenotypes (Conine et al., 2010; Fischer et al., 2011; Gent et al., 2010; Han
et al., 2009; Kennedy et al., 2004; Pavelec et al., 2009; Simmer et al., 2002; Thivierge et
al., 2011; Timmons, 2004; Vasale et al., 2010; Zhang et al., 2011). Perhaps the presence
of cellular RARPs in C. elegans makes RNA phosphatase activity essential in order to ensure
that accumulating ppp-RNA products do not compromise RNA homeostasis or activate
heretofore unknown innate immunity mechanisms. Conceivably, the absence of PIR-1 activity
could trigger a diapause that is normally triggered only when an excessive cytoplasmic
accumulation of viral ppp-RNAs overwhelms the capacity of PIR-1 and Dicer mediated
immunity. If reversible, a diapause in response to ppp-RNA might allow animals to postpone
reproduction until after the viral infection is cleared. The role of PIR-1 in development and its

possible function in anti-viral immunity will require further investigation.

EXPERIMENTAL PROCEDURES
Worm Strains

The C. elegans Bristol N2 strain and its derivatives used in this study were cultured
essentially as described (Brenner, 1974). 10-25 ug/L Ivermectin was added to NGM plates for
selecting pir-1 homozygous worms. A list of strains was detailed in the Supplementary
Materials.
RNA Extraction, Cloning and Sequencing

RNA was extracted with TRI Reagent (MRC, Inc.), according to the manufacturer's protocol.
Nuclei were isolated from predominately L4 avr3x animals grown on ivermectin, as described in
Extended Experimental Procedures. After the second purification using a sucrose solution,

nuclear pellets were lysed with TRI Reagent (MRC) for RNA extraction. Cloning of small RNAs
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and read analysis were performed as described in the Extended Experimental Procedures.
Small RNA libraries were prepared essentially as described (Gu et al., 2011; Li et al., 2019).
Briefly, ~1 pg of total RNA was used for cloning small RNAs either via the conventional ligation-
based method or the one-pot cloning method; Tobacco Acid Pyrophosphatase (Epicentre,
discontinued) or recombinant PIR-1 was used to dephosphorylate ppp-RNAs for cloning ppp-
RNAs when needed while no such treatment was required for cloning p-RNAs. Libraries were
sequenced using lllumina NextSeq, HiSeq 4000, and Genome Analyzer Il
Bioinformatics

High-throughput sequencing reads were processed and mapped to C. elegans genome and
annotations (WormBase release WS215) using Bowtie 0.12.7 (Langmead et al., 2009) and
further analyzed using custom PERL scripts as deposited to GitHub at
https://github.com/guweifengucr/WGlab_small_RNA analysis. The Generic Genome
Browser was used to visualize the alignments (Stein et al., 2002).
Immunoprecipitation, Western blot, Proteomics Analysis, and PIR-1 Activity Assays

The IP and Western blot were performed as described previously (Gu et al., 2009). Total
RNAs were extracted from IP and input samples and cloned for small RNA analyses using the
above protocol. The MudPIT analysis for PIR-1 interactors was detailed in Extended
Experimental Procedures.

The PIR-1-mediated dephosphorylation and ppp-RNA binding assays were detailed in
Extended Experimental Procedures.
Microscopy

Imaging of live animals and tissues was detailed in Extended Experimental Procedures.
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FIGURE LEGEND

Figure 1. PIR-1 is an RNA polyphosphatase. A) The active site alignment of Baculovirus
phosphatase (BVP) and PIR-1 orthologs from C. elegans (C.e.), Drosophila (D.m.), and human
(H.s.), with an asterisk indicating the catalytic cysteine, and gray and black colors representing
partly and completely identical residues, respectively. B) Recombinant WT PIR-1 but not C150S
mutant protein converts in vitro transcribed 26-27 nt single-stranded ppp-RNAs to p-RNAs,
which are then destroyed by Terminator exonuclease. C) Single-stranded ppp-RNAs were
annealed with a complementary RNA or DNA oligo, digested with WT PIR-1, gel-purified to
remove the oligos, and digested with Terminator. D) C150S PIR-1 binds single-stranded ppp-
RNAs but not p-RNAs while WT PIR-1 binds neither of them stably. The result was resolved on
a 15% native PAGE gel and visualized with SYBR Gold RNA staining. E) SYBR Gold RNA
staining and Western blot analysis verify that C150S but not WT PIR-1 binds and co-migrates
with single-stranded ppp-RNAs, as resolved using a 15% native PAGE gel with SYBR Gold
RNA staining or using Western blot to detect His-tagged PIR-1, respectively. Arrows indicate the
positions of substrate/product RNAs, WT/C150S PIR-1, and PIR-1/RNA complexes. See also
Figure S1.

Figure 2. PIR-1 Interacts with the ERI Complex. A) Western blot analyses of proteins, as
indicated, in PIR-1 IP from pir-1::3xflag-rescued young adults and control N2 worms show that
PIR-1 exhibits two isoforms, PIR-1a and PIR-1b, and that PIR-1 interacts with DCR-1, DRH-3,
RDE-8, and ER1-1b. The * and ** indicate unspecified bands. B) Western blot analyses (left) of
proteins, as indicated, in PIR-1 IP from pir-1::3xflag-rescued worms across developmental
stages and from gravid N2 worms. The * in the tubulin panel indicates a signal caused by non-
specific binding of the secondary antibody to the heavy chain of anti-Flag antibody used in the
IP. Western blot analysis (right) of proteins in PIR-1 IP from single-copy pir-1::gfp-rescued
worms at gravid adult and embryo stages. Only PIR-1b is expressed in embryos. The * indicates
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an unspecified band. C) Gel filtration of total protein extracts from pir-1::3xflag-resucued adult
worms followed by Western blot analyses. Arrows indicate the size of fractions based on the
molecular weight standards. See also Figure S2, Table 1 and Table S1.

Figure 3. PIR-1 is essential for somatic and germline development. For all figures, 'D’,
distal; 'P', proximal; 'm.", mitosis; 't.z.", transition zone; and 'p.,, patchytene. All images use
hermaphrodites. A) Diagram of WT, tm1496, tm3198 and wg1000 pir-1 alleles. B) Diagram of
the transgene used for the rescue experiment and images of a fixed L4 germline from the
rescued strain stained with DAPI and anti-GFP. C) Images of a live pir-1 +/tm3198 worm and a
terminally arrested live tm3198/tm3198 worm grown at 20°C for 96 hours. Germlines highlighted
in yellow are partly concealed by intestine tissues. D) Images of the fixed DAPI-stained
germlines of a late L4 N2 worm and an arrested pir-1 (tm3198/tm3198) worm grown at 20°C. E)
Images of a live N2 L4 worm and a live arrested pir-1 mutant worm both expressing fluorescent
PGL-1::RFP, which marks P granules and is absent from germline cells differentiating into
sperms. F) Images of the proximal portions of fixed DAPI-stained L4 germlines from N2,
arrested pir-1 mutant, rrf-3 mutant, and pir-1 mutant rescued (resc.) with a single-copy pir-1::gfp
transgene. Compact round dots represent mature spermatid DNA. Red arrowheads point to
aberrant DNA bridges between dividing spermatocytes, which are absent from WT and rescued
pir-1 mutant worms. See also Figure S3.

Figure 4. PIR-1 is required for the biogenesis of 26G-RNAs and non-WAGO-bound 22G-
RNAs. A) Small RNAs from the pir-1(tm3198/tm3198) mutant and control avr3x were cloned
with TAP treatment, and normalized to the total reads of 22G-RNAs, miRNAs, 26G-RNAs, and
21U-RNAs. For each strain, the small RNA composition was calculated as the average of two
replicas. B) Western blot analyses indicate that the avr3x control and pir-1 mutant express
similar amount of DCR-1 and PRG-1, as normalized to tubulin. C) Comparison of 22G-RNAs

and miRNAs between the pir-1 mutant grown for 7 days and the avr3x at a similar
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developmental stage. 'RPM'": reads per million. The read number was normalized to the total
21U-RNA reads. The P values were calculated based on two replicas each of WT and pir-1
mutant samples using unpaired student's t-test (one-tailed for 22G-RNA and two-tailed for
miRNA). D) Total 26G-RNAs and/or 22G-RNAs derived from each small RNA pathway with the
'n' number of target genes were obtained as the averages of two replicas of avr3x or pir-1
mutant samples, normalized to total 21U-RNA reads, and used to calculate the one-tailed P
values of Student's t-test. Each positive or negative error bar represents one standard error. E)
For each gene, the ratio of 22G-RNAs in pir-1 (tm3198/tm3198) to total 22Gs in pir-1 and avr3x
was obtained, and then a histogram of these ratios was generated using 20 ratio bins. F)
Western blot analyses of proteins, as indicated, in total and nuclear extracts from pir-1::3xflag-
rescued young adults, with nucleoporin as a positive control for nuclear enrichment and tubulin
as a negative control. G) Western blot analyses of proteins, as indicated, in the PIR-1 IP from
total and nuclear extracts of pir-1::3xflag-rescued young adults with tubulin as a negative
control. H) Western blot analyses of potential chromatin-interacting proteins, as indicated, using
increasing amounts of purified chromatin from pir-1::3xflag-rescued young adults. AMA-1 (large
subunit of RNA polymerase IlI) and histone H3 were used as positive markers for chromatin
association with tubulin as a negative control. See also Figure S4 and Table S2.

Figure 5. Metagene analysis of small RNAs around 26G-RNA loci. In the ALG-3/4 (A, fog-2
male) and ERGO-1 (B, WT embryo) pathways, the position of each 26G-RNA is represented by
its very 5' G, defined as -1 using template mMRNA nt C; small RNA reads ("Y' axis) of various
sizes mapped to each position of the template -60 (59 nts upstream of -1) to 40 region ('X' axis)
are obtained for each 26G-RNA and accumulated for all 26G-RNAs. In both (A) and (B), top
panel represents sense RNAs derived from mRNAs with peak sizes at 22 and 19 nts
respectively; bottom represents antisense RNAs with peaks at 26 nts; dotted lines represent
potential degradation events for generating sense 19mer-RNAs from potential 22mer-RNAS in
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the ERGO-1 pathway. All coordinates are relative to mMRNA -1 C; read number is normalized to
total 21U-RNAs for germline expression and total miRNAs for somatic expression in the ALG3/4
and ERGO-1 pathways respectively. See also Figure S5.

Figure 6. Comparison of small RNAs in the ALG-3/4 pathway in WT and pir-1 mutants. A)
Only sense 22mer-RNAs at -23 and 26G-RNAs at -1 were displayed in the metagene analyses
(See Figure 5) of small RNAs around ALG-3/4 26G-RNA loci. The small RNAs were cloned
using TAP or recombinant PIR-1 treatment. To visually compare the 22mer-RNA/26G-RNA
ratio, the reads in the WT (blue) refers to the left 'Y' axis (blue) and those in the pir-1 null (red)
and catalytic (green) mutants refer to the right 'Y' axis (red and green), which is 1/200" of the
left "Y' axis. B) The ratios of the above 22mer-RNA to 26G-RNA were obtained for WT and pir-1
mutants using two replicas of each sample. C) Comparisons of p- and ppp-26G-RNAs in WT
and pir-1 catalytic mutants: p- and ppp-26G-RNAs were cloned together with recombinant PIR-1
treatment, which converts ppp-RNAs to p-RNAs for cloning; p-26G-RNAs alone were cloned
without recombinant PIR-1 treatment. D) Ratios of ppp-26G-RNA to p-26G-RNA in the WT and
pir-1 catalytic mutant. All P values (one-tailed for A, B and D; two-tailed for C) were obtained
using unpaired Student's t-test based on two replicas of each sample; each positive or negative
error bar represent one standard error; small RNA reads were normalized to total 21U-RNAs;
reads or ratios were averaged using two replicas. See also Figure S6.

Figure 7. Model of 26G-RNA biogenesis. Step l-iniating synthesis: RRF-3 (RdRP) utilizes
MRNAs as templates to synthesize precursor ppp-26G-RNAs, which could be a little bit longer
than 26 nts; Step 2-PIR-1 recruitment: PIR-1 recognizes/binds the triphosphate group and
recruits other factors including Dicer; Step 3-end processing: mRNA is processed to generate a
one-nt recessive 3' end lacking -1 C and PIR-1 removes a diphosphate group from precursor
26G-RNAs; Step 4-cleavage: Dicer cleaves the dsRNAs to generate duplex siRNAs composed
of 26G-RNAs with a 1-nt 5' overhang and 3-nt 3' overhang and sense 22mer-RNAs; Step 5-
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26G-RNA loading: 26G-RNAs are loaded to ALG-3/4; Step 1'-reinitiating synthesis: RRF-3
reinitiates using the first available template C nt in the 3' region of each 23nt-shortened mRNA
to synthesize a phased precursor 26G-RNA which is then processed via step 2-5 to generate
another mature 26G-RNA; the cycle continues until RRF-3 reaches the 5' end of template
MRNAs. Removal of the -1 C could occur after Dicing. The ERGO-1 pathway likely utilizes a
similar mechanism in which ERGO-1 binds 26G-RNAs and sense 22mer-RNAs are subjected to

degradation, generating a 19mer size peak.
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Figure 5
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Table 1. PIR-1 Interactors Identified in PIR-1::GFP IP Using Gravid Adult Worms

Protein Amino Acid Number Spectral Counts® Protein Coverage
PIR-1 233 202 42.9%
DCR-1 1845 137 31.2%
RRF-3 1780 68 18.0%
DRH-3 1119 59 23.1%
ERI-5 531 24 22.0
RDE-4 385 13 28.6

ERI-3 578 16 10.7

ERI-1° 582 7 12.7%

#The number of tandem mass spectra matching peptides derived from each protein
®The spectral count is less than 10.
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SUPPLEMENTARY STRAIN LIST
w064 avr-14(ad1302) I; pir-1(tm3198)/mnC1*[In[Psyr5::9fp, Pmyo-2::avr-15] dpy-
10(e128) unc-52(e444)] II; avr-15(ad1051) glc-1(pk54::Tcl) V
WO058 IN[Ppir-1::pir-1::gfp::3'UTRyi-1]; pir-1(tm3198) Il

W178 In [Ppir-1::pir-1::3xflag::3'UTRy.4]; pir-1(tm3198) I

W250 In [Ppir-1::pir-1::9fp::3'UTR pir.q]; pir-1(tm3198) II; rde-4(ne337) 1l
W251 In [Ppir-1::pir-1::gfp::3'UTR pi.q]; drh-3(ne4253) |; pir-1(tm3198) Il
W252 IN [Ppir-1::pir-1::9fp::3'UTR pir.q]; pir-1(tm3198)11; der-1(ok247) 11
W253 In [Ppir-1::pir-1::9fp::3'UTR pir.q]; pir-1(tm3198) II; eri-1 (mg366) 1V

W254 pirl(tm3198) II; unc-119(ed3) Ill; In[pir-1::gfp, Cb-unc-119(+)]; In[pgl-1::rfp,
Cb-unc-119(+)]

W255 pirl(tm3198) II; unc-119(ed3) IlI; In[pgl-1::rfp, Cb-unc-119(+)]

NL2099 rrf-3(pk1426) II
CB4108 |fog-2(q71)V

W180 avr-14(ad1302) I; pirl(wgl000)/mnC1*[In[Psy.s::9fp, Pmyoo::avr-15] dpy-
10(e128) unc-52(e444)] Il; avr-15(ad1051) glc-1(pk54::Tcl) V
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SUPPLEMENTARY DISCUSSION
Using a simulation model to recapitulate the biogenesis of 26G-RNAs

The symmetric distribution patterns of 26G-RNAs and sense 22mer-RNAs in our
analysis (Figure 5A) suggest that they are synthesized in a 'recursive’ mode, in which
any 26G-RNA can serve as an initiating 26G-RNA to generate another phased 26G-
RNA using template sequence at least 23 nts upstream. Each RNA, therefore, is
surrounded by another RNA either 23 nts upstream or downstream, unless this RNA is
mapped to the very 5' and 3' ends of templates.

However, this model seems incompatible with our observation that only two (at -24
and 23 positions in Figure 5) rather than multiple clusters of phased 26G-RNAs were
generated. Moreover, it is difficult to understand why the small RNA profile in the ALG-
3/4 pathway is much more obvious than that in the ERGO-1 pathway (Figure 5A vs.
5B). We propose that these phenomena are likely caused by different small RNA
densities and distribution patterns. To test this hypothesis, we designed a simulation
algorithm using parameters obtained from the experimental data. In each round of
simulation, one thousand of RNA molecules, each with a 1000-nt random sequence
containing 21% C (frequency in template mRNAs), are generated; 20 C's are randomly
selected as -1 C's and used to generate initial 26G-RNAs; if the -24 (23 nts upstream of
-1) is C, a phased 26G-RNA is generated; otherwise, the next available upstream
template C is selected; the next round of phased 26G-RNAs starting at -47 regions are
generated using the same rule and so on (Figure S5B). The selected C's for both the
initial 26G-RNAs and phased 26G-RNAs in the ALG-3/4 pathway are limited to the 5'

and 3' 10% of mRNAs since most ALG-3/4-bound 26G-RNAs are located there (Figure
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S4A). To achieve the best simulation result, each C could fail to generate a 26G-RNA at
30-40% rate, and if a failure occurs, next upstream C can serve as a template nt also
with a failure rate of 30-40%. This failure rate, the only parameter not obtained from the
experimental data, simply mimics RNA degradation or other competing processes, and
was determined based on the best fitting results. To minimize variations due to
randomization, we obtained the average results from 100 rounds of simulations.

Using these parameters, the simulation generates similar density of 26G-RNAs as
the experimental data in both ALG-3/4 and ERGO-1 pathways (Figure S5C&D). The
higher density of 26G-RNAs in the ERGO-1 pathway may simply reflect that each initial
26G-RNA can generate more phased 26G-RNAs since the template region is not limited
to mMRNA ends. The 26G-RNA distribution patterns in the simulation data share the
same details as those obtained from the experimental data, especially in the ALG-3/4
pathway; phased 26G-RNAs in the -24 regions form an obvious cluster while phased
26G-RNAs at -47 regions are barely observable, being buried in the background signals
(Figure S5C&D). The more obvious distribution pattern of 26G-RNAs in the ALG-3/4
pathway may reflect that 26G-RNA biogenesis process propagates less along template
MRNASs since they are restricted to the 5' and 3' ends, generating more phased 26G-
RNAs than other ‘out-of-phase” 26G-RNAs proportionally. The simulation control utilizes
the same parameters and algorithm but only allows for generating initial 26G-RNAs. As
expected, there are no phased 26G-RNA peaks. Although our simulation algorithm
perfectly recapitulates the overall distribution of 26G-RNAs, it fails to generate a

depletion of 26G-RNAs at the -2 position, as exhibited in the experimental data. We
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speculate that such depletion could represent a transcription initiation motif for the initial
26G-RNAs.

Phased 26G-RNAs are not caused by a higher frequency of nt C in the -24
template region

Phased 26G-RNAs may be artificially caused by a specific sequence motif. For
example, for any given C on template mRNASs, the 23-nt upstream and downstream
regions enrich C nts. This motif, if existing, generates more initial 26G-RNAs, which are
randomly selected and mistakenly assigned as 'phased’ in our analysis. To test this, we
examined the distribution of nt C's flanking any specified C's (designated as -1) on
template mMRNAs. This is basically a motif analysis, since each genomic C locus has a
weight 1 instead of the number of reads in the high-throughput data analysis which can
be considered as an expression analysis (Figure 5 and S5). Interestingly, nt C's
especially in the ALG-3/4 pathway exhibit a regular wave-like pattern with a 1-nt peak
followed by a 2-nt valley flanking the -1 C's, the major peak (Figure S6). However,
these flanking peaks and valleys are so tiny that the flanking C contents appear
constant at ~21%, suggesting that the template C distribution cannot generate a semi-
phased distribution pattern of 26G-RNAs.

We also performed a similar motif analysis only using template C's which generate
26G-RNAs in the experimental data. If a 26G-RNA locus is selected, it could represent
a phased 26G-RNA, meaning there is an initial 26G-RNA locus at the 23 position and
therefore the 23 position enriches C nts. By contrast, the -24 position won't enrich C nts
since for any give -1 C the biogenesis of phased 26G-RNAs at -24 just follows the

genomic C frequency, i.e., 21%. As expected, this motif analysis exhibits a sub-peak at
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the 23 position and no obvious sub-peak at -24 (Figure S6). Also consistent with our
hypothesis, motif analyses using the simulation data generated similar asymmetric
patterns and such patterns were dependent on allowing initial 26G-RNAs to generate
phased 26G-RNAs along the template RNAs from 3' to 5' (Figure S6). In conclusion,
this asymmetric motif pattern strengthens our model that RRF-3 synthesizes 26G-RNAs
using a 'recursive’ mode and moves along template RNAs from 3'to 5.

Alternatively the above motif analysis may suggest that RRF-3 prefers template C's
with an additional C at the 23 position, generating a sub-peak. However, this model
cannot explain the symmetric distribution pattern of phased 26G-RNA reads flanking the

initial 26G-RNAs (Figure 5 and S5).
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Extended Experimental Procedures
MudPIT Analysis

For the ™N/*N experiment, air-dried pellets were dissolved in 60 pl of 0.1%
RapiGest SF (Waters Corporations) in 50 mM ammonium bicarbonate. Proteins were
reduced with 5 mM Tris (2-carboxyethyl) phosphine hydrochloride (Sigma-Aldrich) and
alkylated with 10 mM iodoacetamide (Sigma-Aldrich). Proteins were digested for 18 hr
at 37°C with 0.5 ug trypsin (Promega). The digestion was stopped with 5% formic acid.
After 1 hr incubation at 37°C, debris was removed by centrifugation for 30 min at
18,000x g.

Protein and peptide identification and protein quantification were performed with
Integrated Proteomics Pipeline - P2 (Integrated Proteomics Applications
http://www.integratedproteomics.com/). Tandem mass spectra were extracted from raw
files using RawExtract 1.9.9.2 and were searched (both light and heavy) against the
WormBase database (WP236) with reversed sequences using ProLuCID. The search
space included all fully-tryptic peptide candidates. Carbamidomethylation (+57.02146)
of cysteine was considered as a static modification. Peptide candidates were filtered
using DTASelect, with the parameters -p 2 -y 1 --trypstat --pfp .01 -DM 10 --DB --dm -in.
Quantification was performed using Census.

Isolation of Nuclei and Chromatin

All steps were carried out on ice or at 4°C. The frozen worm pellets were
resuspended with 2 volumes of Buffer A (10 mM Tris-HCI pH 8.0, 250 mM sucrose, 10
mM MgCl,, 1 mM EGTA) without detergents and with protease and phosphatase

inhibitors (Roche protease and phosphatase inhibitor cocktail tablets and 1 mM PMSF).
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For inputs, a fraction of this worm suspension was briefly spun down and Buffer A was
replaced with 3 volumes of lysis buffer (25 mM HEPES-KOH pH 7.5, 150 mM KCI, 0.5%
NP-40, 0.1% Triton X-100, protease and phosphatase inhibitors) and crushed with a
metal douncer on ice with 100 strokes. Lysates were cleared by centrifugation at
10,000x g for 15 min. For nuclear isolation, worms were crushed with 30 strokes on ice
and debris was removed by centrifugation at 500x g for 1 min. This step was repeated,;
the supernatant was transferred to fresh tubes, and nuclei were collected by
centrifugation at 4,000x g for 5 min. Nuclear pellets were gently resuspended in at least
10 volumes of Buffer A with inhibitors. 1 ml of nuclear suspension was gently overlayed
over 10 ml of sucrose cushion solution (10 mM Tris-HCI pH 8.0, 1M sucrose, 10 mM
EDTA) in a 15 ml conical tube and the interphase was gently disrupted by swirling a
pipette tip to create a gradient (no more than 1 cm into the sucrose solution). These
tubes were centrifuged at 3,200x g for ~1.5 hr, until a uniform white pellet corresponding
to nuclei accumulated at the bottom of the tubes. The supernatant was aspirated and
nuclei were carefully resuspended in 10-volume Buffer A with inhibitors. A second
sucrose flotation step was carried out in 1.5 ml tubes by overlaying 150 pl of nuclei
suspension onto 1 ml of sucrose solution, again gently disrupting the interphase. The
tubes were spun at 20,000x g for 10 min, and the resulting pellets were resuspended in
10 volumes of lysis buffer with detergents and inhibitors (as above for inputs) and
crushed with a douncer with 150 strokes to completely disrupt nuclei. This suspension
was cleared at 8,000x g for 5 min and the supernatant was kept for protein
guantification and use as a nuclear extract for IP. Pure chromatin is gray when pelleted.

The presence of white patches indicates that intact nuclei remain. When this occurred,
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the pellet was resuspended in lysis buffer with detergent and crushed a further 100
times until the pellet was uniformly gray. The pellet was then washed once with 10 mM
Tris-HCI pH 7.5 with 0.1% Triton X-100 followed by twice with 10 mM Tris-HCI pH 7.5
(with 8,000x g centrifugations in between and the last one at 20,000x g for 5 min).
Pellets were weighed and resuspended in 9 volumes of SDS protein sample buffer with
DTT for a 1X final concentration so that the chromatin concentration was between
approximately 50-100 pg/pl.
Cloning, Expression and Purification of Recombinant PIR-1

Wild-type (WT) or mutant PIR-1 cDNA sequences lacking the first ATG was inserted
between the Ndel site and BamHI sites of pET-28a (Novagen) in fusion with the 6x
Histidine tag N-terminally. The resulting plasmid was transformed into BL21 (DE3) RIL
E. coli cells, which were grown in 1 liter of LB medium at 37°C to an ODgg of 0.4, and
induced for 4 hr with 1 mM IPTG at room temperature. Cells were pelleted at 5,000x g
for 10 min at 4°C and lysed by sonication in 25 ml of lysis/binding buffer (50 mM Tris-
HCIl pH 7.5, 700 mM NaCl, 5 mM B-mercaptoethanol, 5% glycerol, 15 mM imidazole,
0.01% NP-40). S100 fractions were prepared by ultracentrifugation at 100,000x g at 4°C
for 1 hr. In a 15 ml conical tube, 2 ml of HisPur beads (Thermo Scientific) were washed
3 times with the lysis/binding buffer and centrifuged at 3,000x g between washes. The
beads were mixed with the S100 supernatant, transferred to a 50 ml conical tube for
rotation at 4°C for 1 hr. Beads were transferred to an empty Poly-Prep chromatography
column (Bio-Rad) and washed at 4°C with at least 200 bead volumes of the lysis/binding
buffer. Elution was performed at 4°C with 500 ul of imidazole buffer per fraction (50 mM

Tris-HCI pH 7.5, 100 mM NaCl, 5 mM B-mercaptoethanol, 5% glycerol, 400 mM
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imidazole, 0.01% NP-40). Peak fractions were analyzed by 10% SDS-PAGE followed
by Coomassie Blue staining. Proteins were dialyzed using 50 mM Tris-HCI pH 7.5, 100
mM NaCl, 1 mM EDTA, 1 mM DTT, 50% glycerol, 0.01% Triton X-100.
PIR-1 Activity Assays

To examine the dephosphorylation activity of recombinant PIR-1, a 26-nt ppp-RNA1
(Ppp-GGAUCCUUGAAAUGGAACAUCUGAAU) was transcribed in vitro with T7 RNA
polymerase followed by gel-purification using 15% PAGE/6M urea (two bands of
desired size were co-purified). In FigurelB, 1 uM of ppp-RNA was co-digested with
~0.25 puM of recombinant WT or mutant PIR-1 and 0.25 U of Terminator exonuclease
(Epicentre) in 10 pl 1X PIR-1 reaction buffer containing 50 mM Tris-HCI (pH 8.0) and
0.1 M NaCl, 2 mM DTT, and 2 mM MgCl, at 30°C for 1 hr. The reaction was stopped by
adding formamide gel loading buffer I (Ambion), and run on a 15% PAGE/6 M urea with
0.5X TBE buffer. The RNA was visualized with UV light after staining with SYBR Gold
(Thermo Fisher Scientific).

The above in vitro transcription predominantly generates byproduct RNAs of much
bigger size likely due to template switching when T7 RNA polymerase runs off a
template. This prompted us to generate a precursor RNA ppp-GUCAUUCAG

AUGUUCCAUUUCAAGGAGGGUCGGCAUGGCAUCUCCACCUCCUCGCGGUCCGA

CCUGGGCUACUUCGGUAGGCUAAGGGAGAAG, which contains a Hepatitis delta

virus (HDV) ribozyme (underlined) to self-cleave the precursor, generating ppp-RNA2
co-transcriptionally  (ppp-GUCAUUCAGAUGUUCCAUUUCAAGGA; Schirer et al.
2002). In FigurelC, ppp-RNA2 alone, ppp-dsRNA generated using ppp-RNA2

annealed with an RNA oligo 5’OH-UUGAAAUGGAACAUCUGAAUGAC (the oligo is
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smaller than ppp-RNA2 and thus can be separated from ppp-RNA2 in gel purification)
and ppp-RNA/DNA hybrid generated using ppp-RNA2 annealed with a DNA oligo 5'OH-
TTGAAATGGAAC ATCTGAATGAC in 1X PIR-1 reaction buffer (the annealing rate is
close to 100% as shown in Figure S1B), digested with recombinant PIR-1 using the
above reaction condition, and gel-purified to obtain processed ppp-RNA2. Then these
processed RNAs were subjected to digestion with 0.05 U of Terminator in a 10 pl PIR-1
reaction buffer at 30°C for 30 minutes, resolved on a 15% PAGE/6M urea, and
visualized using SYBR Gold staining.

In the binding assay, recombinant PIR-1 (no Terminator) was incubated with ppp-
RNA1 (Figure 1D and 1E) or double stranded nucleic acids including ppp-RNA2/RNA
oligo or ppp-RNA2/DNA oligo (Figure S1C and S1D) using 1X PIR-1 reaction buffer at
20°C for 40 minutes. The reaction was resolved using a 10% native PAGE gel
containing 50 mM Tris-HCI (pH 8.0) at room temperature and visualized using SYBR
Gold staining.

Preparation of Tissues for Microscopy

For visualization of live animals, washed worms were mounted on slides with a 2%
agarose pad with M9 buffer containing 0.4% levamisole to paralyze the animals. For live
embryos, gravid adults were placed on the agarose pad and cut around the vulva with a
fine hypodermic needle. For preparation of tissues for DAPI staining and
immunofluorescence were carried out largely according to (Claycomb et al, 2009). For
gonad dissection 40 to 50 L4 to young adult worms were picked from plates and
washed extensively with 1x Egg Buffer (25 mM HEPES-NaOH pH 7.4, 118 mM NacCl, 2

mM EDTA, 0.5 mM EGTA, 0.1% Tween-20) to eliminate bacteria. Then the buffer was
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replaced with Egg Buffer containing 0.4 mM levamisole (15-30 ul) and transferred onto
an 18x18 mm coverslip. By cutting the animals with the tip of a fine hypodermic needle
at either the head below the pharynx or at the tail, gonads (and intestines) were
released. An equal volume of fixative solution (3.7% formaldehyde in 1x Egg Buffer
without Tween-20) was added and pipetted up and down to further extrude and
dissociate germline tissue from the rest of the animals. Fixation was allowed to occur for
5 min at room temperature. All but about 10 pl of solution were removed from the
coverslip. The coverslip was picked up by touching the drop at the center of a positively
charged slide (VWR VistaVision HistoBond) leaving a small corner of the coverslip
protruding from the edge of the slide. Excess solution was wicked away from the edge
of the coverslip using torn strips of absorbent filter paper to promote adherence of the
tissues to the slide. The sample was then freeze-cracked by placing it on a pre-cooled
aluminum block on dry-ice for at least 10 min and quickly flicking the coverslip from the
slide using the protruding corner. The slide was immediately dipped in cold (-20°C)
methanol in a Coplin jar for 1 min, and then transferred to 1X PBS buffer (10 mM
Phosphate pH 7.4, 137 mM NacCl, 2.7 mM KCI) containing 0.1% Tween-20 (PBST) at
room temperature. For DAPI staining only, the slide was washed in PBST for 10 min,
followed by another 10-min wash with PBST with 0.5 pg/ml DAPI, and a final 30-min
wash in PBST, all at room temperature. Slides were mounted by first removing excess
buffer from the slides without letting the sample dry completely and then inverting the
slide and touching the sample on a drop of 10 ul of Vectashield mounting medium

placed at the center of a 22x22 mm coverslip. Excess medium was removed by
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pressing the inverted mounted slide on a paper towel, and the edges were sealed with
transparent nail polish.

For immunofluorescence, the wash step after methanol was followed by 3x 10 min
washes in PBST, followed by a blocking step with 0.5% BSA in PBST. For this 100 pl of
the solution were added onto the worms and covered with a square Parafilm coverslip
to hold the liquid in the sample area. Slides were incubated in a humid chamber at room
temperature for at least 30 min. The Parafilm slides were removed by dipping the slide
in PBST. 100 pl of primary antibody diluted in blocking solution were placed on the
sample and covered with a Parafilm coverslip, and incubated in a humid chamber for 2
hr at room temperature or overnight at 4°C. After 3x 10-min washes in PBST at room
temperature the slide was incubated with secondary antibody as described for the
primary, followed by the wash steps with DAPI staining and mounting of the slide as
described above.

For enhancement of PIR-1::GFP signal, worms were incubated with a 1:100 dilution
of anti-GFP mouse monoclonal antibody (WAKO) overnight at 4°C. Secondary antibody
incubation was performed for 2 hr at room temperature with a 1:500 dilution of FITC-
conjugated donkey anti-mouse (Jackson). For histone H3 a rabbit polyclonal anti-H3
(Cell Signaling) was used at a 1:100 dilution and incubated overnight at 4°C, followed by
a 2-hour, room-temperature incubation with 1:500 TRITC-conjugated anti-rabbit
antibody (Jackson). Images were acquired with a Zeiss Axioplan 2 microscope using

Zeiss AxioVision software.
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SUPPLEMENTARY FIGURE LEGEND

Figure S1. C150 PIR-1 binds ppp-RNAs in double-stranded structures. Related to
Figure 1. A) The cleared lysates, flow-throughs and elution fractions during
recombinant Hisg-tagged PIR-1 purification were resolved on a 12% denaturing protein
PAGE gel and visualized with Coomassie Blue staining. B) Single-stranded ppp-RNAs
were annealed with a complementary RNA or DNA oligo, and resolved on a 15% native
PAGE gel to check the annealing efficiency. C) WT and C150S PIR-1 were incubated
with double-stranded nucleic acids including ppp-RNA/RNA oligo or ppp-RNA/DNA
oligo, and then resolved on a native 12% PAGE gel.

Figure S2. Analysis of PIR-1 isoforms and interacting proteins. Related to Table 1,
Table S1 and Figure 2. A) Western blot analyses of PIR-1 IP from pir-1::3xflag-rescued
young adult worms identified PIR-1-interacting proteins including DCR-1, RRF-3, DRH-3
and ERI-1b. B-D) Western blot analyses of PIR-1 IPs from WT (avr3x) and single-copy
pir-1::gfp-rescued young adults in dcr-1, eri-1, drh-3, and rde-4 mutant backgrounds.
Tubulin was used as a control. E) Western blot analyses of DRH-3 IP using N2 and pir-
1::3xflag-rescued young adult worms identified PIR-1 and DCR-1. Asterisks in panel A
and D mark unspecified bands.

Figure S3. Characterization of pir-1 mRNA, loss-of-function phenotypes and
expression patterns. Related to Figure 3. A) RT-gPCR analysis of pir-1 and sec-5
MRNA levels normalized to gpd-2 mRNA levels in the same samples. The fold changes
are calculated based on the RNA levels in the young adult (YA) N2 worms. The pir-1
mutants were counter-selected with ivermectin for five or seven days at 20 °C. B) RT-

gPCR analysis of pir-1 and muscle-specific unc-22 mRNA across developmental stages
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using N2 worms. 18S rRNA was used for normalization and the fold changes were
calculated based on the RNA levels in the mixed stage N2. C) Live rescued pir-1 mutant
larvae with an integrated pir-1::.gfp transgene which was introduced using
bombardment, reveal a nearly ubiquitous protein expression pattern. D) Images of live
non-integrated bombardment lines exhibit high PIR-1::GFP expression in only a few
somatic cells with both nuclear and cytoplasmic localization. E) Quantification of visible
phenotypes exhibited by 133 tm3198 homozygotes grown for seven days at 20 °C. F)
Images of live pir-1 mutant animals exhibiting major phenotypes scored in E).

Figure S4. Analyses of small RNAs in pir-1 null mutants. Related to Figure 4. A-D)
distribution of small RNAs along mRNA templates: each mRNA is evenly divided into 50
intervals from 5' to 3' ('X' axis); 22 or 26G-RNAs are assigned to each interval after
normalization to total 21U-RNAs; a cumulative number is first obtained for each interval
using all MRNAs and divided by the total mMRNA number to obtain the average ('Y' axis)
in WT (avr3x,blue) and pir-1 mutant (red). E) Total 26G-RNAs and/or 22G-RNAs
derived from the 'n' number of genes in each small RNA pathway in WT (avr3x) or pir-1
catalytic mutant were normalized to total 21U-RNAs for comparison. An enlarged figure
was shown for ALG-3/4 26G comparison. F) Box-and-whisker plot of small RNA
enrichment or depletion in nuclear extract vs. input extract. For each gene, a ratio of
small RNAs in the nuclear extract to those in the input was obtained, and then a box
and whisker plot was generated using the ratios for the indicated number of genes in
each small RNA group. * indicates significant changes from ratio 1 using Wilcoxon

signed-rank test.
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Figure S5. Metagene analysis of small RNAs around 26G-RNAs. Related to Figure
5 and see Supplementary Discussion. A) distribution of small RNAs in the ALG-3/4
pathway in L4-stage hermaphrodites: each 26G-RNA is represented by its very 5' G,
defined as -1 using a template mRNA C nt; small RNA reads ("Y' axis) of various sizes
mapped to each position of the -60 (59 nts upstream of -1) to 40 (40 nts downstream of
-1) region (‘X' axis) are obtained for each 26G-RNA after normalization to total 21U-
RNA reads, and accumulated for all 26G-RNAs. Top panel represents sense RNAs
derived from mRNAs and bottom represents antisense RNAs made by RdRPs. B) A
mathematical simulation scheme for modeling the distribution of 26G-RNAs with all
parameters based on the experimental data but a 40% failure rate of each template C
usage empirically determined for obtaining the best fit. C-D) distribution of 26G-RNA
reads around specified 26G-RNA loci in the ALG-3/4 pathway based on the
experimental and simulation data using the same method as in A); 'Y' axis represents
the ratio of the 26G-RNA reads at each position to those at mRNA -1; the simulation
control uses the same parameters but does not allow for generating phased 26G-RNAs.
Figure S6. Metagene analysis of 26G-RNA distribution. Related to Figure 6 and
see Supplementary Discussion. A-B) Analysis of C nt distribution around -1 C on
template RNAs. All the -1 C encoding the first nt of 26G-RNAs in the ALG-3/4 (A) and
ERGO-1 (B) pathways are selected from the experimental (blue) and simulation data
(red and black), and as a genome sequence control, all C's on template mRNAs are
selected (green). The positions of these C's are defined as -1, and the nt C frequency at
each upstream (-1 to -30) and downstream (1 to 30) position was obtained using the

selected loci. Unlike those metagene analyses in Figure 5 and S5, each C locus bears a
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weight of 1 instead of the RNA read number. The simulation data and control are the
same as those used in Figure S5. Dotted lines represent one-standard-error bars in the
experimental data, and those bars in the simulation data are too small to draw. On the

left part of the figures, the black lines are hidden underneath the read lines.
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Figure S1
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A) RT-qPCR of pir-1 mutants B) RT-qPCR across development
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Figure S4
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Figure S5
A) Metagene analysis of small RNAs mapped to ALG-3/4 targets
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Table S1. PIR-1-interacting proteins

PIR-1 Interactors identified in PIR-1::GFP IP Using Young Adult Worms

Protein Amino Acid Number Spectral Counts® Protein Coverage
PIR-1 233 142 35.9%
DCR-1 1845 118 22.8%
RRF-3 1780 54 17.9%
DRH-3 1119 50 24.8%
ERI-3 578 23 14.9%
RDE-4 385 15 17.1%
ERI-1 582 11 11.3%
ERI-5° 531 9 8.7%
PIR-1 Interactors identified in PIR-1::3xFlag IP Using Gravid Adult Worms

Protein Amino Acid Number Spectral Counts® Protein Coverage
PIR-1 233 12 22.3%
DCR-1 1845 27 9.0%
RRF-3 1780 15 6.1%

DRH-3 1119 19 7.1%
ERI-3° 578 2 5.7%

RDE-4° 385 8 15.1%

@The number of tandem mass spectra matching peptides derived from each protein
®The spectral count is less than 10.
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Table S2

The gene names are based on W

S$215 annotation

ALG-3/4 targets

CSR-1 and ALG-3/4 targets

CSR-1 not ALG-3/4 targets

Public name

Cosmid name

Public name

Cosmid name

Public name

Cosmid name

aagr-3
abt-1
abt-5
AC7.3
acdh-12
acdh-5
acdh-8
acl-9
aco-2
acs-10
acs-18
acs-19
acs-4
acs-6
act-1
act-2
act-3
agef-1
AH6.3
ahcy-1
aip-1
aipl-1
air-1
air-2
alh-11
alh-8
aman-2
ani-1
ani-2
ant-1.3
ant-1.4
apm-1
aqp-4
arf-1.2
arf-3
ari-1
arl-1
art-1
asb-1
atp-2

F40F9.6
C24F3.5
Y53C10A.9
AC7.3
EO04F6.5
C37A2.3
KO5F1.3
ZK40.1
F54H12.1
AH10.1
RO9E10.3
C36A4.9
F37C12.7
ZK1127.2
T04C12.6
T04C12.5
T04C12.4
Y6B3A.1
AHG6.3
KO02F2.2
F58E10.4
KO08F9.2
K07C11.2
B0207.4
F42G9.5
F13D12.4
F58H1.1
Y49E10.19
K10B2.5
KO01H12.2
TO1B11.4
F55A12.7
F40F9.9
B0336.2
F57H12.1
C27A12.8
F54C9.10
C15F1.6
F35G12.10
C34E10.6

acdh-12
aco-2
acs-19
acs-4
act-2
act-3
agef-1
aip-1

air-2
aman-2
ani-1
ani-2
arf-1.2
arf-3

ari-1

asb-1
atp-2
atp-5
B0238.9
B0303.3
B0336.3
B0491.5
bath-42
bir-1
bmk-1
bub-1
co8B11.9
CO8H9.2
C10C6.6
C14A4.11
C14B1.8
C14B9.10
C16C10.3
C18E9.4
C27F2.7
C28H8.4
C30B5.2
C30C11.4
C30H7.2
C32ES8.11

EO04F6.5
F54H12.1
C36A4.9
F37C12.7
T04C12.5
T04C12.4
Y6B3A.1
F58E10.4
B0207.4
F58H1.1
Y49E10.19
K10B2.5
B0336.2
F57H12.1
C27A12.8
F35G12.10
C34E10.6
C06H2.1
B0238.9
B0303.3
B0336.3
B0491.5
C50C3.8
T27F2.3
F23B12.8
R06C7.8
co8B11.9
C08H9.2
C10C6.6
C14A4.11
C14B1.8
C14B9.10
C16C10.3
C18E9.4
C27F2.7
C28H8.4
C30B5.2
C30C11.4
C30H7.2
C32E8.11

aak-1
aak-2
aakb-2
aars-2
aat-9
abce-1
abcf-1
abcf-2
abcf-3
abl-1
abts-1
acbp-5
acdh-13
acdh-3
acin-1
acl-11
acl-4
acl-6
aco-1
acs-11
acs-13
act-4
adm-2
adr-1
adr-2
age-1
agl-1
agt-1
agt-2
ain-2
aka-1
akt-1
aldo-2
alg-2
alh-1
alh-3
alh-9
alx-1
aly-2
aly-3

Page 1

PAR2.3
T01C8.1
Y47D3A.15
F28H1.3
Y53H1C.1
Y39E4B.1
F18E2.2
T27EQ.7
F42A10.1
M79.1
F52B5.1
T12D8.3
C28C12.9
KO6A5.6
C43E11.1
F28B3.9
F49H12.6
FO8F3.2
ZK455.1
F41C3.3
Y65B4BL.5
MO3F4.2
C04A11.4
H15N14.1
T20H4.4
B0334.8
RO6A4.8
Y62E10A.5
FO9E5.13
B0041.2
D1022.7
C12D8.10
FO1F1.12
TO7D3.7
F54D8.3
F36H1.6
FO1F1.6
R10E12.1
F23B2.6
M18.7

WAGO targets

Public name Cosmid name
21521 21521
aagr-1 D2096.3
aagr-3 F40F9.6
aat-3 F52H2.2
abt-1 C24F3.5
abt-5 Y53C10A.9
AC8.10 AC8.10
AC8.11 AC8.11
AC8.12 AC8.12
AC8.3 AC8.3
AC8.4 AC8.4
AC8.7 AC8.7
acc-4 T27E9.9
acdh-11 Y45F3A.3
acdh-2 C17C3.12
acdh-4 T10E9.9
acl-1 F59F4.4
acl-7 Y46G5A.21
acn-1 C42D8.5
acr-16 F25G6.3
acr-17 F53E10.2
acr-9 C40C9.2
acs-16 F47G6.2
acs-17 C46F4.2
acs-2 F28F8.2
acs-5 Y76A2B.3
add-2 F57F5.4
adm-4 ZK154.7
ads-1 Y50D7A.7
aex-5 F32A7.6
aex-6 Y87G2A.4
agr-1 F41G3.12
AH10.4 AH10.4
AH9.7 AH9.7
ahr-1 C41G7.5
ain-1 C06G1.4
akt-2 F28H6.1
alh-11 F42G9.5
alh-5 T0O8B1.3
alh-6 F56D12.1



https://doi.org/10.1101/2020.08.03.235143
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.03.235143. this version posted August 5, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

atp-3
atp-4
atp-5
B0025.5
B0034.4
B0205.10
B0207.1
B0207.11
B0207.7
B0207.9
B0218.5
B0218.7
B0238.9
B0244.9
B0252.5
B0261.5
B0261.6
B0273.1
B0280.11
B0280.17
B0303.3
B0336.3
B0361.11
B0379.2
B0379.7
B0393.4
B0432.11
B0491.5
B0495.7
B0496.1
B0496.6
B0524.2
bath-42
BE10.1
BE10.5
bir-1
bmk-1
bre-1
bre-3
bre-4
btb-2
bub-1

F27C1.7
TO5H4.12
COo6H2.1
B0025.5
B0034.4
B0205.10
B0207.1
B0207.11
B0207.7
B0207.9
B0218.5
B0218.7
B0238.9
B0244.9
B0252.5
B0261.5
B0261.6
B0273.1
B0280.11
B0280.17
B0303.3
B0336.3
B0361.11
B0379.2
B0379.7
B0393.4
B0432.11
B0491.5
B0495.7
B0496.1
B0496.6
B0524.2
C50C3.8
BE10.1
BE10.5
T27F2.3
F23B12.8
C53B4.7
B0464.4
Y73ETA.7
T25D10.5
R06C7.8

C01B10.44 C01B10.44

C32F10.8
C36ES8.1
C37C3.2
C48B6.3
C53D5.1
C56G2.1
C56G2.5
C56G2.7
capg-1
cash-1
cco-2
cecr-4
cdc-37
cdc-48.1
cdc-48.2
cdk-1
ced-12
ced-4
cee-1
cey-4
chc-1
cks-1
clic-1
cmd-1
cnx-1
cogc-2
cpn-1
cpna-3
crt-1
csc-1
csr-1
cul-1
cul-3
cup-2
cyc-1
cyk-4
czw-1
D1081.7
D2030.1
D2030.4
dad-1
daf-21
deps-1

Table S2
C32F10.8 |ama-1
C36ES8.1 amph-1
C37C3.2 amx-1
C48B6.3 ani-3
C53D5.1 ant-1.1
C56G2.1 aos-1
C56G2.5 apa-2
C56G2.7 apb-1
F29D11.2  |apb-3
K07C5.8 apc-10
Y37D8A.14 |apc-11
ZC518.3 apc-2
WO08F4.8 apd-3
CO06A1.1 ape-1
C41C4.8 apg-1
T05G5.3 aph-2
Y106G6E.5 |apn-1
C35D10.9 |app-1
F26F4.1 apr-1
Y39A1C.3 |apx-1
T20G5.1 ard-1
C09G4.3 arf-6
T05B11.3  |arl-5
T21H3.3 arp-1
ZK632.6 arr-1
C06G3.10 |arx-1
F43G9.9 arx-3
CO01F6.1 arx-4
Y38A10A.5 |arx-5
Y48E1B.12 |arx-6
F20D12.1 arx-7
D2045.6 asc-1
Y108G3AL.1|asd-1
F25D7.1 asfl-1
C54G4.8 asg-1
KO8E3.6 asna-1
F20D12.4  |asp-1
D1081.7 aspm-1
D2030.1 atad-3
D2030.4 atf-7
F57B10.10 |atg-16.1
C47ES8.5 atg-16.2
Y65B4BL.2 |atg-18
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F36A4.7
F58G6.1
R13G10.2
Y43F8C.14
T27E9.1
C08B6.9
T20B5.1
Y71H2B.10
R11A5.1
F15H10.3
F35G12.9
KO6H7.6
W09G10.4
F46F3.4
Y105E8A.9
ZC434.6
TO5H10.2
W03G9.4
K04G2.8
K08D9.3
F01G4.2
Y116A8C.12
ZK632.8
Y53F4B.22
F53H8.2
Y71F9AL.16
Y79H2A.6
Y6D11A.2
Y37D8A.1
C35D10.16
M01B12.3
Y53F4B.15
R74.5
C03D6.5
KO07A12.3
ZK637.5
Y39B6A.20
C45G3.1
F54B3.3
C07G2.2
FO2E8.5
KO06A1.5
F41E6.13

anc-1
apb-3
aph-1
aps-2
agp-10
agp-9
arl-13
asah-1
asb-2
asd-2
asg-2
asm-3
asha-2
asp-4
atf-5
atgp-1
B0001.3
B0001.5
B0001.6
B0024.13
B0024.3
B0035.16
B0205.12
B0205.5
B0205.8
B0207.5
B0212.3
B0238.12
B0250.2
B0250.4
B0261.8
B0272.3
B0281.4
B0281.5
B0284.3
B0286.1
B0286.3
B0303.14
B0303.2
B0303.7
B0348.5
B0361.3
B0361.4

ZK973.6
R11A5.1
VF36H2L.1
FO2E8.3
ZK1321.3
KO7A1.16
Y37E3.5
K11D2.2
FO2ES8.1
T21G5.5
C53B7.4
WO03G1.7
F47G3.2
R12H7.2
T04C10.4
F26D10.9
B0001.3
B0001.5
B0001.6
B0024.13
B0024.3
B0035.16
B0205.12
B0205.5
B0205.8
B0207.5
B0212.3
B0238.12
B0250.2
B0250.4
B0261.8
B0272.3
B0281.4
B0281.5
B0284.3
B0286.1
B0286.3
B0303.14
B0303.2
B0303.7
B0348.5
B0361.3
B0361.4
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C01B12.4
C01F6.2
CO01F6.9
C01G101
C01G10.14
C01G12.13
C01G12.3
C01G12.9
C01G5.3
C01H6.6
C02B10.6
C02F5.10
CO02F5.2
C02F5.5
C03B8.3
C03C10.2
C03C10.4
C03C11.1
C04C3.9
C04E6.5
C04G2.2
C04G2.5
c04G2.8
C04G2.9
C05B5.12
C05C12.1
C05C12.5
C05D2.3
CO06A1.3
C06A5.2
CO6A6.7
CO6A8.6
C06C3.10
C06C6.7
C06C6.8
C06C6.9
C06G4.4
CO7E3.4
C07H6.9
C08B11.9
C08B6.6
C08F11.10
CO8F8.6

C01B12.4
C01F6.2
CO01F6.9
C01G10.1
C01G10.14
C01G12.13
C01G12.3
C01G12.9
C01G5.3
C01H6.6
C02B10.6
C02F5.10
CO02F5.2
CO02F5.5
C03B8.3
C03C10.2
C03C10.4
C03C11.1
C04C3.9
C04E6.5
c04G2.2
C04G2.5
c04G2.8
Cc04G2.9
C05B5.12
C05C12.1
C05C12.5
co05D2.3
CO06A1.3
C06A5.2
CO6AG6.7
CO6A8.6
C06C3.10
C06C6.7
C06C6.8
C06C6.9
C06G4.4
CO7E3.4
C07H6.9
C08B11.9
C08B6.6
C08F11.10
CO08F8.6

dhc-1
dml-1
dnj-12
dnj-19
dnj-2
dnj-29
dnj-5
E01A2.6
E04A4.5
E04D5.1
ebp-2
ect-2
eel-1

eft-2

eft-3
egl-45
eif-1
eif-1.A
eif-3.D
eif-3.G
emo-1
enol-1
ero-1
F02A9.4
FO2E9.9
FO7H5.10
FO9F7.4
F10C5.2
F11A10.2
F13D12.5
F14B4.2
F14E5.2
F17C11.9
F19B6.1
F21D5.7
F23C8.6
F23H11.3
F25B4.5
F26H11.4
F32A11.1
F33G12.5
F35C11.5
F38A5.2

Table S2
T21E12.4 atg-3
Y54G2A.5 |atg-4.1
F39B2.10 atg-5
T05C3.5 atg-7
B0035.2 athp-1
Y63D3A.6 |atl-1
C04A2.7 atm-1
E01A2.6 atx-2
E04A4.5 atx-3
E04D5.1 ave-1
VW02B12L.3/B0001.2
T19E10.1 B0001.7
Y67D8C.5 |B0001.8
F25H5.4 B0019.2
F31E3.5 B0024.10
C27D111 B0024.11
T27F7.3 B0024.13
HO6H21.3 |B0025.4
R08D7.3 B0035.1
F22B5.2 B0035.11
F32D8.6 B0035.12
T21B10.2 B0035.15
Y105E8B.8 |B0035.3
F02A9.4 B0035.6
FO02E9.9 B0041.8
FO7H5.10 |B0205.1
FO9F7.4 B0205.11
F10C5.2 B0205.6
F11A10.2 B0205.9
F13D12.5 |B0207.6
F14B4.2 B0238.11
F14E5.2 B0250.5
F17C11.9 |B0261.1
F19B6.1 B0261.7
F21D5.7 B0273.3
F23C8.6 B0280.9
F23H11.3 |B0285.4
F25B4.5 B0303.15
F26H11.4 |B0303.4
F32A11.1 B0304.2
F33G12.5 |B0334.4
F35C11.5 |B0336.5
F38A5.2 B0361.2
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Y55F3AM.4
Y87G2A.3
Y71G12B.12
M7.5
C44B9.4
TO6E4.3
Y48G1BL.2
D2045.1
F28F8.6
M01G5.6
B0001.2
B0001.7
B0001.8
B0019.2
B0024.10
B0024.11
B0024.13
B0025.4
B0035.1
B0035.11
B0035.12
B0035.15
B0035.3
B0035.6
B0041.8
B0205.1
B0205.11
B0205.6
B0205.9
B0207.6
B0238.11
B0250.5
B0261.1
B0261.7
B0273.3
B0280.9
B0285.4
B0303.15
B0303.4
B0304.2
B0334.4
B0336.5
B0361.2

B0361.9
B0391.10
B0395.3
B0410.3
B0432.1
B0454.8
B0454.9
B0457 .4
B0462.5
B0495.7
B0511.11
B0511.14
B0513.6
B0545.4
B0554.7
B0563.6
B0564.2
B0564.7
bam-2
bath-1
bath-10
bath-13
bath-15
bath-19
bath-20
bath-21
bath-23
bath-24
bath-28
bath-29
bath-31
bath-34
bath-35
bath-39
bath-45
bath-5
bath-9
bbs-1
bbs-5
bca-2
bli-3
bra-1
bre-1

B0361.9
B0391.10
B0395.3
B0410.3
B0432.1
B0454.8
B0454.9
B0457.4
B0462.5
B0495.7
B0511.11
B0511.14
B0513.6
B0545.4
B0554.7
B0563.6
B0564.2
B0564.7
Y71F9AR.1
F59H6.9
Y49F6C.4
F40B1.1
C08C3.2
F59H6.1
B0047.1
F59H6.8
Y49F6C.5
B0047.3
F14D2.13
F14D2.4
F12E12.4
WO02A11.5
WO02A11.8
F25H9.4
F29C12.5
F59H6.11
Y49F6C.3
Y105E8A.5
R0O1H10.6
Y116A8C.28
F56C11.1
F54B11.6
C53B4.7
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C08H9.2
C09B9.2
C09B9.3
C09B9.4
C09D4.3
CO09F9.1
C09G5.7
C09H10.9
CO9H5.7
C10C6.3
C10C6.6
C10G111
C10G11.10
C10G11.9
C10H11.7
C12D8.9
C13C4.5
C14A4.11
C14A4.13
C14A4.8
C14A6.6
C14B1.8
C14B9.10
C14B9.2
C15A11.2
C15F1.5
C15H11.1
C15H11.13
C15H7.3
C15H7.4
C16A11.7
C16C10.13
C16C10.3
C16C8.18
C16D2.1
C16D9.5
C17D12.5
C17E4.1
C17F3.1
C17F3.3
C17G10.3
C17H12.3
C17H12.5

C08H9.2
C09B9.2
C09B9.3
C09B9.4
C09D4.3
CO09F9.1
C09G5.7
C09H10.9
CO9H5.7
C10C6.3
C10C6.6
C10G111
C10G11.10
C10G11.9
C10H11.7
C12D8.9
C13C4.5
C14A4.11
C14A4.13
C14A4.8
C14A6.6
C14B1.8
C14B9.10
C14B9.2
C15A11.2
C15F1.5
C15H11.1
C15H11.13
C15H7.3
C15H7.4
C16A11.7
C16C10.13
C16C10.3
C16C8.18
C16D2.1
C16D9.5
C17D12.5
C17E4.1
C17F3.1
C17F3.3
C17G10.3
C17H12.3
C17H12.5

F38E11.5
F41C3.4
F42A10.5
F42G9.1
F44E2.10
F44E7.4
F46B6.5
F46E10.10
F47G9.1
F52A8.5
F53A2.7
F54E12.2
F55C5.8
F56A8.3
F56C9.11
F56C9.6
F56H1.7
F57B10.3
F59A3.4
F59C6.5
F59E10.3
fars-3
fkb-2
fkb-6
frm-4
gei-8
gld-2
glh-4
glo-4
gly-10
gpd-1
gpd-4
gsk-3
gsp-1
H14E04.2
H19N07.1
hecd-1
hel-1
hgrs-1
hil-4
him-10
his-74
hmg-1.1

Table S2
F38E11.5 B0361.8
F41C3.4 B0365.1
F42A10.5 B0393.3
F42G9.1 B0432.10
F44E2.10 B0432.13
F44E7.4 B0432.6
F46B6.5 B0432.8
FA46E10.10 |B0464.2
F47G9.1 B0464.6
F52A8.5 B0464.9
F53A2.7 B0491.1
F54E12.2 B0491.6
F55C5.8 B0491.7
F56A8.3 B0495.5
F56C9.11 B0495.6
F56C9.6 B0495.8
F56H1.7 B0511.12
F57B10.3 B0511.6
F59A3.4 B0511.7
F59C6.5 B0513.2
F59E10.3 B0546.4
F22B5.9 baf-1
Y18D10A.19 bath-2
F31D4.3 bath-40
C24A11.8 bath-43
C14B9.6 bath-44
Z2C308.1 bcs-1
T12F5.3 BEOOO3N10.”
FO07C3.4 bec-1
Y45F10D.3 |bed-1
TO9F3.3 bed-2
F33H1.2 bet-2
Y18D10A.5 |bmy-1
F29F11.6 bra-2
H14E04.2 brc-1
H19N07.1 brc-2
C34D4.14 brd-1
C26D10.2 brf-1
C07G1.5 btb-19
C18G1.5 btb-20
R12B2.4 btb-6
W05B10.1 |btf-1
Y48B6A.14 |bub-3
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B0361.8
B0365.1
B0393.3
B0432.10
B0432.13
B0432.6
B0432.8
B0464.2
B0464.6
B0464.9
B0491.1
B0491.6
B0491.7
B0495.5
B0495.6
B0495.8
B0511.12
B0511.6
B0511.7
B0513.2
B0546.4
B0464.7
F52C6.11
Y105E8B.4
T16H12.5
C07D10.2
F54C9.6
BEOOO3N10.1
T19E7.3
Y39B6A.12
Y47D3B.9
F57C7.1
FO9ES5.17
F23H11.1
C36A4.8
TO7E3.5
K04C2.4
F45E12.2
F57C2.2
F57C2.1
F45C12.7
F15D4.1
Y54G9A.6

bre-2
btb-1
btb-10
btb-11
btb-12
btb-13
btb-3
btb-4
btb-6
btb-8
CO01A2.2
CO01A2.6
Cc01B12.8
Cc01B4.7
C01B9.1
CO01F6.2
C01G121
C01G5.9
C01H6.2
C02B8.1
C02B8.6
C02C6.3
C02D5.2
CO02F5.10
CO2F5.7
CO03A7.2
C03B8.1
C03B8.2
C03C10.7
C03D6.1
CO3E10.3
CO3H5.5
C04C3.4
C04E6.11
CO4E7.3
CO4E7.4
C04G2.10
C04G6.6
C05B5.4
C05D10.2
C05D11.13
C05D11.8
C05D12.3

Y39E4B.9
F40G9.4
KO2E7.9
M01D1.3
Z2C204.3
ZC204.11
B0047.2
F59H6.12
F45C12.7
F45C12.6
C01A2.2
CO01A2.6
Cc01B12.8
C01B4.7
C01B9.1
CO01F6.2
C01G121
C01G5.9
C01H6.2
C02B8.1
C02B8.6
C02C6.3
C02D5.2
C02F5.10
CO02F5.7
CO03A7.2
C03B8.1
C03B8.2
C03C10.7
C03D6.1
CO03E10.3
CO3H5.5
C04C3.4
C04E6.11
CO04E7.3
CO4E7.4
C04G2.10
C04G6.6
C05B5.4
C05D10.2
C05D11.13
C05D11.8
C05D12.3
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C18A3.7
C18E3.1
C18E9.2
C18E9.4
C18E9.8
C18H2.1
C18H2.5
C18H7.4
C18H7.7
C23G101
C24A11.1
C24D10.1
C24D10.2
C24H11.1
C24H11.2
C25A8.2
C25A8.5
C25D7.1
C25D7.16
C25G4.6
C25G4.8
C25H3.16
C25H3.7
C26B2.2
C26C6.6
C27B7.6
C27D6.3
C27D6.4
C27D8.1
C27D8.2
C27F2.6
C27F2.7
C28C12.1
C28C12.11
C28D4.4
C28D4.5
C28H8.4
C29E4.12
C29E4.14
C30A5.3
C30A5.4
C30B5.2
C30B5.5

C18A3.7
C18E3.1
C18E9.2
C18E9.4
C18E9.8
C18H2.1
C18H2.5
C18H7.4
C18H7.7
C23G10.1
C24A11.1
C24D10.1
C24D10.2
C24H11.1
C24H11.2
C25A8.2
C25A8.5
C25D7.1
C25D7.16
C25G4.6
C25G4.8
C25H3.16
C25H3.7
C26B2.2
C26C6.6
C27B7.6
C27D6.3
C27D6.4
C27D8.1
C27D8.2
C27F2.6
C27F2.7
C28C12.1
C28C12.11
C28D4.4
C28D4.5
C28H8.4
C29E4.12
C29E4.14
C30A5.3
C30A5.4
C30B5.2
C30B5.5

hmg-12
hsp-1
icd-1
idh-1
ife-1

ifg-1
ima-3
imp-2
inf-1
K02B12.3
KO7H8.3
K10H10.1
K12H4 .4
kars-1
kbp-2
kcc-1
kin-19
klp-19
klp-7
knl-1
knl-2
lab-1
Ibp-9
let-502
let-607
let-70
let-711
let-721
let-754
let-92
lin-61
Imn-1
Ist-1
MO1E5.4
M106.4
M176.2
M176.3
M18.8
marc-6
mdh-1
mel-32
mex-5
mic-4

Table S2
Y17G7A.1 byn-1
F26D10.3 C01A2.4
C56C10.8 |C01B10.9
F59B8.2 co1B12.2
F53A2.6 CO01F1.1
M110.4 CO1F1.6
F32E10.4 C01G10.8
TO5E11.5 C01G5.6
F57B9.6 C01G6.3
K02B12.3 C01G6.5
KO7H8.3 C01G8.1
K10H10.1 CO01H6.9
K12H4 .4 Cc02B10.4
T02G5.9 C02B10.5
F26F4.13 C02D5.4
R13A1.2 CO02F12.8
C03C10.1 C02F5.3
Y43F4B.6 CO2F5.6
K11D9.1 C02G6.1
CO02F5.1 C02G6.2
KO6A5.4 CO3H5.3
C03D6.6 Cc04C11.2
Y40B10A.1 |C04C3.3
C10H11.9 |CO04F5.8
F57B10.1 C05C10.2
M7.1 C05C10.3
F57B9.2 C05C10.5
C05D11.12 |C05C8.2
C29E4.8 C05C8.5
F38H4.9 C05C8.6
R0O6C7.7 C05D10.1
DY3.2 Cc05D111
T22A3.3 C05D11.10
MO1E5.4 co5D11.7
M106.4 C05D11.9
M176.2 C05D2.6
M176.3 CO06A5.1
M18.8 C0B6A5.3
F55A3.1 C06A5.8
F20H11.3 C06A6.2
C05D11.11 |C06A6.4
WO02A2.7 C06A8.2
C56G7.1 C06G4.1
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F57B9.5
C01A2.4
C01B10.9
co1B12.2
CO1F1.1
CO01F1.6
C01G10.8
C01G5.6
C01G6.3
C01G6.5
C01G8.1
C01H6.9
c02B10.4
C02B10.5
C02D5.4
CO02F12.8
C02F5.3
CO02F5.6
C02G6.1
C02G6.2
CO3H5.3
C04C11.2
C04C3.3
C04F5.8
C05C10.2
C05C10.3
C05C10.5
C05C8.2
C05C8.5
C05C8.6
C05D10.1
C05D11.1
C05D11.10
C05D11.7
C05D11.9
C05D2.6
CO6A5.1
C06A5.3
CO06A5.8
C06A6.2
CO06A6.4
CO06A8.2
C06G4.1

C05D2.8
CO05E4.12
C05G5.3
CO06A1.3
CO06A5.12
CO06A5.4
C06A6.5
CO06A8.3
C06B3.6
Cco6B3.7
co6B8.7
C06C3.10
C06C3.8
C06C6.6
CO6E1.1
CO6E4.5
CO6E7.2
C06G3.5
C06G8.3
C06H2.3
COo6H2.7
CO6H5.7
C07A9.9
C07D10.5
CO7E3.6
CO7E3.9
C07G3.8
C08A9.6
C08A9.8
C08A9.9
C08B6.8
CO8F11.7
C08G9.2
c09B8.4
CO9E7.4
CO9E7.5
CO9E7.9
CO9F5.1
C09G1.3
C09G1.5
C09G5.7
C09G9.1
C10A4.5

C05D2.8
C05E4.12
C05G5.3
CO06A1.3
C06A5.12
CO06A5.4
C06A6.5
CO06A8.3
C06B3.6
C06B3.7
Co06B8.7
C06C3.10
C06C3.8
C06C6.6
CO06E1.1
CO6EA4.5
CO6E7.2
C06G3.5
C06G8.3
C06H2.3
C06H2.7
CO6H5.7
C07A9.9
C07D10.5
CO7E3.6
CO7E3.9
C07G3.8
C08A9.6
C08A9.8
C08A9.9
C08B6.8
CO08F11.7
C08G9.2
C09B8.4
CO09E7.4
CO09E7.5
CO9E7.9
CO09F5.1
C09G1.3
C09G1.5
C09G5.7
C09G9.1
C10A4.5
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C30C11.4
C30G7.3
C30H6.8
C30H7.2
C31H1.1
C31H1.2
C31H1.5
C32C4.3
C32D5.4
C32D5.8
C32E12.1
C32E8.11
C32E8.4
C32F10.8
C33C12.4
C33F10.1
C33F10.11
C33F10.12
C33F10.8
C33H5.16
C34B2.10
C34B2.3
C34B2.4
C34C12.4
C34D4.2
C34D4.3
C34F11.1
C34F11.2
C34F11.3
C34F11.5
C34G6.3
C35A5.4
C35D10.8
C35E7.10
C35E7.9
C36ES8.1
C36F7.5
C36H8.1
C37C3.2
C37H5.3
C38C10.3
C38H2.2
C39H7.1

C30C11.4
C30G7.3
C30H6.8
C30H7.2
C31H1.1
C31H1.2
C31H1.5
C32C4.3
C32D5.4
C32D5.8
C32E12.1
C32E8.11
C32E8.4
C32F10.8
C33C12.4
C33F10.1
C33F10.11
C33F10.12
C33F10.8
C33H5.16
C34B2.10
C34B2.3
C34B2.4
C34C12.4
C34D4.2
C34D4.3
C34F11.1
C34F11.2
C34F11.3
C34F11.5
C34G6.3
C35A5.4
C35D10.8
C35E7.10
C35E7.9
C36ES8.1
C36F7.5
C36H8.1
C37C3.2
C37H5.3
C38C10.3
C38H2.2
C39H7.1

mnk-1
mop-25.2
ndc-80
ned-8
nmy-2
npp-19
nra-4
nsf-1
nuo-1
nuo-5
obr-4
oma-1
ostb-1
ostd-1
pabp-2
par-5
pas-1
pas-2
pas-3
pas-5
pas-6
pas-7
pbs-1
pbs-2
pbs-3
pbs-5
pbs-6
pbs-7
pdhk-2
pdi-3
pfn-1
pgam-5
pgk-1
pgl-1
pgl-3
plk-1
plk-2
pod-1
ppfr-1
pptr-2
pge-1
ptc-1
puf-6

Table S2

R166.5 C06H2.2
Y53C12A.4 |CO6H2.6
WO01B6.9 C07A9.2
F45H11.2 C07D8.6
F20G4.3 C0O7H6.2
RO6F6.5 CO07H6.4
C02E11.1 co8B11.3
H15N14.2 |C08B6.7
C09H10.3 |C08C3.4
Y45G12B.1 |CO8F8.9
C32F10.1 CO08H9.16
C09G9.6 C08H9.3
TO9A5.11 C09B8.5
MO01A10.3 |C09D4.4
C17E4.5 CO9E7.6
M117.2 CO9E7.7
C15H11.7 C09E9.1
D1054.2 C09G4 .4
Y110A7A.14 |C09G9.2
F25H2.9 C09H10.10
CD4.6 C09H10.7
ZK945.2 C10C5.1
K08D12.1 C10E2.6
C47B2.4 C10G11.6
Y38A8.2 C10G11.7
K05C4.1 C10H11.8
CO02F5.9 C11D2.4
F39H11.5 C11D2.7
ZK370.5 C11H1.3
H06001.1 C13B7.6
Y18D10A.20 |C13B9.3
R07G3.5 C13F10.4
TO3F1.3 C13F10.5
ZK381.4 C13F10.6
C18G1.4 C13F10.7
C14B9.4 C14A4.14
Y71F9B.7 C14A4.3
Y76A2B.1 C14B1.10
F16A11.3 C14B1.12
C13G3.3 C14B1.2
F52C9.8 C14B1.3
ZK675.1 C14B9.8
F18A11.1 C14C104
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C06H2.2
C06H2.6
CO07A9.2
C07D8.6
CO07H6.2
CO7H6.4
co8B11.3
C08B6.7
C08C3.4
CO08F8.9
C08H9.16
CO08H9.3
C09B8.5
C09D4.4
CO9E7.6
CO9E7.7
C09E9.1
C09G4.4
C09G9.2
C09H10.10
CO9H10.7
C10C5.1
C10E2.6
C10G11.6
C10G11.7
C10H11.8
C11D2.4
Cc11D2.7
C11H1.3
C13B7.6
C13B9.3
C13F10.4
C13F10.5
C13F10.6
C13F10.7
C14A4.14
C14A4.3
C14B1.10
C14B1.12
C14B1.2
C14B1.3
C14B9.8
C14C10.4

C10C6.7
C11D2.3
C11H1.7
C11H1.8
C13B9.2
C13F10.2
C14A6.3
C14B1.6
C14C10.6
C14C11.1
C14E2.2
C14E2.6
C15C6.1
C15C7.5
C15C8.7
C15F1.2
C15F1.5
C16C4.18
C16C8.14
C16C8.20
C16C8.21
C16C8.4
C16D6.2
C16H3.3
C17C3.1
C17C3.13
C17C3.15
C17C3.2
C17D12.7
C17E4.10
C17E7.12
C17F4.8
C17G1.5
C18B10.6
C18B2.4
C18D11.1
C18D4.6
C18G1.3
C18G1.6
C18G1.9
C18H2.1
C18H2.2
C23F12.3

C10C6.7
C11D2.3
C11H1.7
C11H1.8
C13B9.2
C13F10.2
C14A6.3
C14B1.6
C14C10.6
C14C11.1
C14E2.2
C14E2.6
C15C6.1
C15C7.5
C15C8.7
C15F1.2
C15F1.5
C16C4.18
C16C8.14
C16C8.20
C16C8.21
C16C8.4
C16D6.2
C16H3.3
C17C3.1
C17C3.13
C17C3.15
C17C3.2
C17D12.7
C17E4.10
C17E7.12
C17F4.8
C17G1.5
C18B10.6
C18B2.4
C18D11.1
C18D4.6
C18G1.3
C18G1.6
C18G1.9
C18H2.1
C18H2.2
C23F12.3
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C41G7.6
C41G7.9
C42C1.11
C42C1.3
C42C1.9
C43E11.5
C43G2.3
C44B7.10
C45B11.5
C45B11.8
C45B11.9
C46A5.1
C46H11.6
C47A4.3
C47A4.5
C47E12.10
C47E12.12
C47ES8.1
C47E8.11
C48B6.10
C48B6.3
C48E7.7
C49A1.2
C49A1.3
C49C8.1
C49D10.10
C50B8.1
C50C3.2
C50D2.3
C50E10.2
C50F2.5
C50F4.10
C50F4.14
C50F7.3
C51E3.10
C52E4.7
C53B4.2
C53D5.1
C53D6.10
C54D10.4
C54G4.2
C54G4.3
C54G4.7

C41G7.6
C41G7.9
C42C1.11
C42C1.3
C42C1.9
C43E11.5
C43G2.3
C44B7.10
C45B11.5
C45B11.8
C45B11.9
C46A5.1
C46H11.6
C47A4.3
C47A4.5
C47E12.10
C47E12.12
C47ES8.1
C47E8.11
C48B6.10
C48B6.3
C48E7.7
C49A1.2
C49A1.3
C49C8.1
C49D10.10
C50B8.1
C50C3.2
C50D2.3
C50E10.2
C50F2.5
C50F4.10
C50F4.14
C50F7.3
C51E3.10
C52E4.7
C53B4.2
C53D5.1
C53D6.10
C54D10.4
C54G4.2
C54G4.3
C54G4.7

puf-7
pup-2
pyp-1
R0O3D7.4
R05D3.2
R05G6.7
R06C7.1
R0O7G3.7
R09B3.2
R10E11.6
R11A8.7
R148.3
R186.3
rab-1
rab-11.1
rad-23
ran-1
rme-1
rpn-1
rpn-10
rpn-12
rpn-3
rpn-5
rpn-8
rpn-9
rpt-1
rpt-2
rpt-3
rpt-4
rpt-6
rsp-1
rsp-2
rsp-7
sar-1
sca-1
scc-1
sec-24.1
sec-24.2
sel-1
sel-9
set-2
sgt-1
skr-2

Table S2
B0273.2 C14C10.5
K10D2.2 C14C11.2
C47E12.4 C14F111
R03D7.4 C15C6.3
R05D3.2 C15H11.8
R05G6.7 C15H9.4
R06C7.1 C16A11.10
R07G3.7 C16A11.2
R09B3.2 C16A11.3
R10E11.6 C16A11.4
R11A8.7 C16A3.1
R148.3 C16A3.4
R186.3 C16A3.5
C39F7.4 C16A3.6
F53G12.1 C16C10.1
ZK20.3 C16C10.2
K01G5.4 C16C10.4
WO06H8.1 C16C10.8
T22D1.9 C16C2.4
B0205.3 C16C8.5
ZK20.5 C16E9.2
C30C11.2 C17E4.11
F10G7.8 C17E4.2
R12E2.3 C17E4.3
T06D8.8 C17E4.6
C52E4 .4 C17E7 .4
F29G9.5 C17E7.9
F23F12.6 C17G10.2
F23F1.8 C17G10.9
Y49E10.1 C17H12.13
W02B12.3 |C18A3.1
W02B12.2 |C18A3.3
D2089.1 C18A3.9
ZK180.4 C18E3.2
K11D9.2 C18E3.3
F10G7.4 C18E3.5
F12F6.6 C18F10.7
ZC518.2 C18H9.2
F45D3.5 C18H9.3
wo02D7.7 C23G10.7
C26E6.9 C23G10.8
RO5F9.10 C23H3.3
F46A9.4 C23H3.5
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C14C10.5
C14C11.2
C14F11.1
C15C6.3
C15H11.8
C15H9.4
C16A11.10
C16A11.2
C16A11.3
C16A11.4
C16A3.1
C16A3.4
C16A3.5
C16A3.6
C16C10.1
C16C10.2
C16C10.4
C16C10.8
C16C2.4
C16C8.5
C16E9.2
C17E4.11
C17E4.2
C17E4.3
C17E4.6
C17E7 .4
C17E7.9
C17G10.2
C17G10.9
C17H12.13
C18A3.1
C18A3.3
C18A3.9
C18E3.2
C18E3.3
C18E3.5
C18F10.7
C18H9.2
C18H9.3
C23G10.7
C23G10.8
C23H3.3
C23H3.5

C23F12.4
C23G10.1
C23G10.2
C23G10.5
C23H3.2
C23H4.3
C23H5.12
C24A1.2
C24A1.3
C24A8.5
C24A8.6
C24B54
C24D10.5
C24H10.1
C24H10.4
C24H12.1
C24H12.10
C24H12.11
C24H12.12
C24H12.2
C24H12.7
C25A11.1
C25A8.2
C25A8.5
C25D7.15
C25E10.8
C25F6.1
C25G4.7
C25G4.8
C25H3.11
C25H3.3
C26B9.1
C27A2.7
C27A2.8
C27B7.9
C27C12.1
C27C7.7
C27D6.4
C27D8.3
C27F2.1
C27F2.6
C27F2.8
C27H5.2

C23F12.4
C23G10.1
C23G10.2
C23G10.5
C23H3.2
C23H4.3
C23H5.12
C24A1.2
C24A1.3
C24A8.5
C24A8.6
C24B5.4
C24D10.5
C24H10.1
C24H10.4
C24H12.1
C24H12.10
C24H12.11
C24H12.12
C24H12.2
C24H12.7
C25A11.1
C25A8.2
C25A8.5
C25D7.15
C25E10.8
C25F6.1
C25G4.7
C25G4.8
C25H3.11
C25H3.3
C26B9.1
C27A2.7
C27A2.8
C27B7.9
C27C12.1
C27C7.7
C27D6.4
C27D8.3
C27F2.1
C27F2.6
C27F2.8
C27H5.2
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Table S2
C55A6.11 C55A6.11 shap-29 K02D10.5 C24D10.4 C24D10.4 C27H6.9 C27H6.9
C55A6.3 C55A6.3 spd-2 F32H2.3 C24D10.6 C24D10.6 C28A5.6 C28A5.6
C55A6.4 C55A6.4 spd-5 F56A3.4 C24F3.4 C24F3.4 C28C12.1 C28C12.1
C55A6.7 C55A6.7 spe-39 ZC404.3 C24H10.2 C24H10.2 C29E4.10 C29E4.10
C55B7.3 C55B7.3 spk-1 B0464.5 C24H12.4 C24H12.4 C29F7.6 C29F7.6
C55C3.3 C55C3.3 sqd-1 Y73B6BL.6 |[C25A1.12 C25A1.12 C29F9.1 C29F9.1
C55C3.4 C55C3.4 sqv-1 D2096.4 C25A1.13 C25A1.13 C29G2.1 C29G2.1
C55C3.6 C55C3.6 stam-1 C34G6.7 C25A1.16 C25A1.16 C29H12.2 C29H12.2
C56C10.6 C56C10.6 |syp-2 C24G6.1 C25A1.4 C25A1.4 C30A5.10 C30A5.10
C56G2.1 C56G2.1 syx-5 F55A11.2 C25A1.5 C25A1.5 C30B5.5 C30B5.5
C56G2.5 C56G2.5 syx-7 F36F2.4 C25A1.6 C25A1.6 C30F12.4 C30F12.4
C56G2.7 C56G2.7 TO1C3.9 TO1C3.9 C25D7.10 C25D7.10 C30F12.5 C30F12.5
capg-1 F29D11.2 T02G5.12 T02G5.12 C25G4.3 C25G4.3 C30F2.2 C30F2.2
cash-1 K07C5.8 TO2H6.11 TO2H6.11 C25H3.17 C25H3.17 C30G121 C30G121
catp-4 C01G12.8 |TO5E11.3 TO5E11.3 C25H3.4 C25H3.4 C30G7.3 C30G7.3
catp-7 Y59H11AR.2| TO5H4.6a TO5H4.6 C25H3.8 C25H3.8 C30H6.8 C30H6.8
cchl-1 T0O6D8.6 T08G11.1 T08G11.1 C26E6.12 C26E6.12 C31G121 C31G121
cco-1 F26E4.9 TO9ES8.3 TO9ES8.3 C26E6.3 C26E6.3 C31H5.4 C31H5.4
cco-2 Y37D8A.14 |T12A2.2 T12A2.2 C26E6.6 C26E6.6 C31H5.5 C31H5.5
ccr-4 ZC518.3 T12A2.8 T12A2.8 C26F1.3 C26F1.3 C32B5.6 C32B5.6
cdc-25.4 RO5H5.2 T12D8.6 T12D8.6 C27A12.2 C27A12.2 C32D5.12 C32D5.12
cdc-37 WO08F4.8 T14B4.3 T14B4.3 C27A12.6 C27A12.6 C32E12.1 C32E12.1

cdc-48.1 CO06A1.1 T14G10.5 T14G10.5 |C27A12.7 C27A12.7 |C32ES8.9 C32E8.9
cdc-48.2 C41C4.8 T19A6.1 T19A6.1 C27A2.1 C27A2.1 C32H11.4  C32H11.4

cdk-1 T05G5.3 T19B10.8  T19B10.8 |C27A7.5 C27A7.5 C32H11.7  C32H11.7
ced-12 Y106G6E.5 |T20F5.6 T20F5.6 C27A7.6 C27A7.6 C33A12.7 C33A12.7
ced-4 C35D10.9 |T22B11.5 T22B11.5 |C27B7.5 C27B7.5 C33B4.4 C33B4.4
cee-1 F26F4.1 T24B1.1 T24B1.1 C27C12.3 C27C12.3 |C33C12.11 (C33C12.11
ceh-48 C17H12.9 |T27E9.2 T27E9.2 C27D9.1 C27D9.1 C33C12.8 C33C12.8
cey-4 Y39A1C.3 |T27F7.4 T27F7.4 C27F2.4 C27F2.4 C33D9.13  C33D9.13
cgt-3 F59G1.1 T28C6.7 T28C6.7 C27H5.3 C27H5.3 C33D9.3 C33D9.3
chc-1 T20G5.1 tag-173 F27D4.5 C28A5.1 C28A5.1 C33D9.6 C33D9.6
cks-1 C09G4.3 tag-256 ZK637.3 C28A5.2 C28A5.2 C33E10.1 C33E10.1

clec-119 F47F6.5 tag-277 ZK652.3 C28C12.12 (C28C12.12 |C33E10.8 C33E10.8
clec-123 Y25C1A.1  |tag-335 C42C1.5 C28H8.1 C28H8.1 C34B2.9 C34B2.9
clec-142 K01C8.8 tag-353 F25D7.2 C28H8.3 C28H8.3 C34B4.5 C34B4.5

clec-151 F10F2.7 tat-3 Wo09D10.2 |C29A12.1  C29A12.1 |C34B7.1 C34B7.1

clec-153 F10F2.8 tba-1 F26E4.8 C29G2.2 C29G2.2 C34C12.1  C34C12.1
clec-175 R08C7.6 tba-2 C47B2.3 C29H12.5 C29H12.5 |C34C12.4 C34C124
clec-73 Y46C8AL.1 |tbb-1 K01G5.7 C30B5.4 C30B5.4 C34C12.5 C34C125
clec-79 F47C12.4  |tbb-2 C36E8.5 C30C11.1  C30C11.1  |C34C12.7 C34C12.7
clic-1 TO5B11.3  |tbc-2 ZK1248.10 |C30F12.2 C30F12.2 |C34C12.9 (C34C12.9
clpp-1 ZK970.2 tbc-3 F32B6.8 C30G12.6 C30G12.6 |C34C6.4 C34C6.4
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cmd-1
cnhx-1
cogc-2
cpb-2
cpn-1
cpna-3
cpt-1
crt-1
csc-1
csr-1
cth-2
cts-1
cul-1
cul-3
cup-2
cyc-1
cyc-2.2
cyk-4
cyn-2
cyn-5
czw-1
D1014.2
D1022.9
D1037.5
D1081.11
D1081.12
D1081.3
D1081.5
D1081.7
D1086.17
D2030.1
D2030.4
D2062.13
D2062.4
D2062.6
D2062.7
D2063.4
D2089.2
D2092.1
dad-1
daf-21
dct-9
deps-1

T21H3.3
ZK632.6
C06G3.10
C30B5.3
F43G9.9
CO1F6.1
Y46G5A.17
Y38A10A.5
Y48E1B.12
F20D12.1
ZK1127.10
T20G5.2
D2045.6
Y108G3AL.1
F25D7 .1
C54G4.8
ZC116.2
KO8E3.6
ZK520.5
F31C3.1
F20D12.4
D1014.2
D1022.9
D1037.5
D1081.11
D1081.12
D1081.3
D1081.5
D1081.7
D1086.17
D2030.1
D2030.4
D2062.13
D2062.4
D2062.6
D2062.7
D2063.4
D2089.2
D2092.1
F57B10.10
C47E8.5
WO3F11.3
Y65B4BL.2

tkt-1
tomm-40
top-2
tram-1
trap-1
trap-3
trap-4
tsn-1
uba-1
ubc-20
ubc-25
ubc-7
ubg-1
ubxn-3
ubxn-6
ucr-2.3
ufd-1
ufd-2
ufd-3
unc-108
unc-32
unc-50
unc-60
usp-14
vbh-1
vha-1
vha-14
vha-18
vha-9
vig-1

vpr-1
vps-32.1
WO02F12.5
WO07A8.2
W07G4.4
WO08E12.7
WO08F4.3
wee-1.3
wwp-1
xbx-6
Y105E8A.3
Y22D7AL.10
Y25C1A.5

Table S2
F01G10.1 C30H6.9
C18E9.6 C31C9.2
K12D12.1 C31E10.6
C24F3.1 C31H1.8
Y71F9AM.6 |C32A3.2
Y38F2AR.2 |C32D5.10
Y56A3A.21 |C32D5.11
F10G7.2 C32D5.3
C47E12.5 C32E8.5
F40G9.3 C33A12.1
F25H2.8 C33A12.3
F58A4.10 C33C12.10
F25B5.4 C33F10.4
F48A11.5 C33G3.6
HO6H21.6 C33H5.8
T24C4 1 C34B2.5
F19B6.2 C34B2.8
TO5H10.5 C34B7.2
C05C10.6 C34C12.8
F53F10.4 C34C6.2
ZK637.8 C34D4.10
TO7A5.2 C34E10.10
C38C3.5 C34E10.11
C13B4.2 C34E10.8
Y54E10A.9 |C34G6.1
R10E11.8 C34G6.5
F55H2.2 C35A5.8
F52E1.10 C35D10.13
ZK970.4 C35D10.7
F56D12.5 C35E7.1
F33D11.11 |C35E7.8
C56C10.3 C36A4.4
WO02F12.5 |C36B1.11
WO07A8.2 C37A5.7
W07G4.4 C37C3.9
WO08E12.7 |C37H5.5
WO08F4.3 C37H5.6
Y53C12A.1 |C38C10.2
Y65B4BR.4 |C38D4.4
F40F9.1 C39E9.12
Y105E8A.3 |C40H1.6
Y22D7AL.10|C41D11.3
Y25C1A.5 |C41D11.4
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C30H6.9
C31C9.2
C31E10.6
C31H1.8
C32A3.2
C32D5.10
C32D5.11
C32D5.3
C32E8.5
C33A12.1
C33A12.3
C33C12.10
C33F10.4
C33G3.6
C33H5.8
C34B2.5
C34B2.8
C34B7.2
C34C12.8
C34C6.2
C34D4.10
C34E10.10
C34E10.11
C34E10.8
C34G6.1
C34G6.5
C35A5.8
C35D10.13
C35D10.7
C35E7.1
C35E7.8
C36A4.4
C36B1.11
C37A5.7
C37C3.9
C37H5.5
C37H5.6
C38C10.2
C38D4.4
C39E9.12
C40H1.6
C41D11.3
C41D11.4

C34D10.1
C34F6.7
C35A5.7
C35B1.5
C35B8.3
C35D10.17
C35D10.5
C35D10.8
C35D6.4
C35E7.11
C35E7.2
C35E7.3
C35E7.6
C36A4.11
C36B1.14
C36B1.9
C36B7.6
C36C9.1
C36C9.6
C36E6.2
C36F7.2
C36F7.5
C37A2.6
C37A5.1
C38C3.10
C38C3.3
C38D4.1
C38D4.7
C38D4.9
C38D9.2
C39B10.3
C39F7.5
C40A11.6
C40A11.7
C40A11.8
C40H1.6
C41A3.1
C41C4.1
C41C4.3
C41D11.6
C41H7.4
C42C1.11
C43H6.1

C34D10.1
C34F6.7
C35A5.7
C35B1.5
C35B8.3
C35D10.17
C35D10.5
C35D10.8
C35D6.4
C35E7.11
C35E7.2
C35E7.3
C35E7.6
C36A4.11
C36B1.14
C36B1.9
C36B7.6
C36C9.1
C36C9.6
C36E6.2
C36F7.2
C36F7.5
C37A2.6
C37A5.1
C38C3.10
C38C3.3
C38D4.1
C38D4.7
C38D4.9
C38D9.2
C39B10.3
C39F7.5
C40A11.6
C40A11.7
C40A11.8
C40H1.6
C41A3.1
C41C4.1
C41C4.3
C41D11.6
C41H7.4
C42C1.11
C43H6.1
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Table S2

dhc-1 T21E12.4 Y25C1A.7 Y25C1A.7 |C41H7.3 C41H7.3 C43H6.4 C43H6.4
dlc-1 T26A5.9 Y37E3.11 Y37E3.11 C41H7.6 C41H7.6 C43H6.7 C43H6.7
dlc-6 Y106G6G.3 |Y38F2AR.9 Y38F2AR.9 |C42C1.13 C42C1.13 C43H8.2 C43H8.2
dml-1 Y54G2A.5 |Y39A1A.8 Y39A1A.8 C42C1.4 C42C1.4 C44B12.3 C44B12.3
dnj-12 F39B2.10 Y39E4A.3 Y39E4A.3 C42C1.8 C42C1.8 C44B12.6 C44B12.6
dnj-16 R74.4 Y39F10B.1 Y39F10B.1 |C43E11.9 C43E11.9 C44B7.11 C44B7.11
dnj-19 T05C3.5 Y39G10AR.1 Y39G10AR.1/C43H8.1 C43H8.1 C44B9.1 C44B9.1
dnj-2 B0035.2 Y39G10AR.8 Y39G10AR.8/C44B7.1 C44B7.1 C44C1.1 C44C11
dnj-20 T15H9.7 Y41D4A.4 Y41D4A.4 |C44B7.12 C44B7.12 C44C1.5 C44C1.5
dnj-28 Y54E10BL.4 |[Y41E3.10 Y41E3.10 C44B9.3 C44B9.3 C44C10.10 C44C10.10
dnj-29 Y63D3A.6 |Y41E3.7 Y41E3.7 C44C104 C44C104 C44C10.11 C44C10.11
dnj-5 CO04A2.7 Y41E3.8 Y41E3.8 C44E4 .1 C44E4 .1 C44C10.5 C44C10.5
dpf-3 KO02F2.1 Y45G12B.2 Y45G12B.2 |C44E4.4 C44E4 .4 C45B2.6 C45B2.6
dylt-3 TO5C12.5 Y47G6A.18 Y47G6A.18 |C44E4.7 C44E4.7 C45G3.4 C45G3.4

EO01A2.6 EO1A2.6 Y54E10A.3 Y54E10A.3 |C45G3.5 C45G3.5 C45G9.7 C45G9.7
EO3H12.5 EO3H12.5 |Y54F10AM.5 Y54F10AM.5/C45G9.5 C45G9.5 C45H4.14 C45H4.14
EO3H12.7 EO3H12.7 |Y54G2A.23 Y54G2A.23 |C46A5.5 C46A5.5 C46A5.4 C46A5.4
EO04A4.5 EO04A4.5 Y55B1AL.2 Y55B1AL.2 |C46A5.6 C46A5.6 C46A5.8 C46A5.8
E04D5.1 E04D5.1 Y56A3A.19 Y56A3A.19 |C46C11.1  C46C11.1 |C46C11.4 C46C11.4

ebp-2 VWO02B12L.3| YS57E12AL.1 YS57E12AL.1 |C46F11.3  C46F11.3 |C46C2.2 C46C2.2
ech-4 RO6F6.9 Y57E12AL.6 Y57E12AL.6 |C46H3.2 C46H3.2 C46C2.3 C46C2.3
ect-2 T19E10.1 Y57G11C.15 Y57G11C.15/C47A4.1 C47A41 C46E10.8 C46E10.8
eel-1 Y67D8C.5 |Y57G7A.10 Y57G7A.10 |C47B2.2 C47B2.2 C46F11.5  C46F11.5
eft-2 F25H5.4 Y60A3A.9 YG60A3A9 |C47D12.8 C47D12.8 |C46F11.6  C46F11.6
eft-3 F31E3.5 Y71FOAL.9 YT71FOAL.9 |C47E12.3 C47E12.3 |C46G7.3 C46G7.3
egl-45 C27D11.1  |Y71H2AM.1 Y71H2AM.1 |C47E12.7  CA7E12.7 |C46G7.5 C46G7.5
eif-1 T27F7.3 Y71H2AM.5 Y71H2AM.5 |CA7ES8.4 C47E8.4 C47C12.4 C47C12.4
eif-1.A HO6H21.3 |Y73B6BL.4 Y73B6BL.4 |C48A7.2 C48A7.2 C47D12.2  C47D12.2
eif-3.D R08D7.3 Y82E9BR.3 Y82E9BR.3 |C48B4.10 C48B4.10 |C47D12.4 C47D124
eif-3.G F22B5.2 2C262.3 2C262.3 C48B4.6 C48B4.6 C47E8.6 CA47ES8.6
elo-1 F56H11.4 |ZC395.10 ZC395.10 |C48B4.7 C48B4.7 C47F8.1 C47F8.1
elo-4 C40H1.4 ZK1307.8  ZK1307.8 |C48B4.8 C48B4.8 C48D1.1 C48D1.1
elo-7 F56H11.3  |ZK265.9 ZK265.9 C48E7.11  C48E7.11 |C48D1.9 C48D1.9
elo-8 Y47D3A.30 |ZK484.1 ZK484 .1 C48E7.2 C48E7.2 C49A9.10  C49A9.10
emo-1 F32D8.6 ZK512.5 ZK512.5 C49F5.6 C49F5.6 C49A9.4 C49A9.4
enol-1 T21B10.2 |ZK616.6 ZK616.6 C49H3.3 C49H3.3 C49C3.4 C49C3.4
ent-3 KO02E11.1 ZK669.4 ZK669.4 C49H3.6 C49H3.6 C49C3.5 C49C3.5
ero-1 Y105E8B.8 |ZK686.3 ZK686.3 C49H3.8 C49H3.8 C49C3.8 C49C3.8
exl-1 F26H11.5 |ZK858.6 ZK858.6 C49H3.9 C49H3.9 C49C8.3 C49C8.3
F01D5.8 F01D5.8 C50A2.2 C50A2.2 C49F8.2 C49F8.2
F01G10.5 F01G10.5 C50B6.3 C50B6.3 C49H3.4 C49H3.4
F02A9.4 F02A9.4 C50D2.5 C50D2.5 C50D2.10  C50D2.10
F02C9.1 F02C9.1 C50D2.7 C50D2.7 C50E3.12  C50E3.12
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F02C9.4
FO2E9.3
FO2E9.5
FO2E9.9
FO7A5.2
FO07D3.3
FO7E5.8
FO7F6.1
FO7H5.10
FO8A8.8
FO8F8.6
FO8H9.2
F09C12.8
FO9F7.4
F09G2.3
F10C1.3
F10C5.2
F10D11.3
F10D11.5
F10E9.2
F10G7.12
F11A10.2
F11A10.6
F11G11.14
F11G11.4
F11G11.9
F12A10.4
F13A7.1
F13A7.7
F13D12.5
F13D12.9
F13E9.5
F13G11.2
F13H10.8
F13H8.12
F13H8.8
F14B4.2
F14E5.2
F14F7.4
F14H8.8
F15B10.3
F15C11.2
F15H10.7

F02C9.4
FO2E9.3
FO02E9.5
FO2E9.9
FO7A5.2
FO7D3.3
FO7E5.8
FO7F6.1
FO7H5.10
FO8A8.8
FO8F8.6
FO8H9.2
F09C12.8
FO9F7.4
F09G2.3
F10C1.3
F10C5.2
F10D11.3
F10D11.5
F10E9.2
F10G7.12
F11A10.2
F11A10.6
F11G11.14
F11G11.4
F11G11.9
F12A10.4
F13A7.1
F13A7.7
F13D12.5
F13D12.9
F13E9.5
F13G11.2
F13H10.8
F13H8.12
F13H8.8
F14B4.2
F14E5.2
F14F7.4
F14H8.8
F15B10.3
F15C11.2
F15H10.7

Table S2

C50D2.8
C50D2.9
C50E3.11
C50E3.13
C50F2.2
C50F2.3
C50F7.4
C52B9.8
C52E12.1
C52E12.4
C53A5.17
C53A5.6
C53B4.4
C53D6.4
C54G4.9
C54G6.1
C55A6.1
C55A6.10
C55A6.9
C55B6.1
C55B7.11
C55C3.5
C56A3.4
C56A3.5
C56A3.6

C56E6.2
C56E6.9
C56G2.3
calu-1
cam-1
cap-1
cap-2
capg-2
car-1
catp-6
cbd-1
cblc-1
cbp-1
CC8.2
ccch-3
ccde-55
ccf-1

Page 11

C56C10.10

C50D2.8
C50D2.9
C50E3.11
C50E3.13
C50F2.2
C50F2.3
C50F7.4
C52B9.8
C52E12.1
C52E12.4
C53A5.17
C53A5.6
C53B4.4
C53D6.4
C54G4.9
C54G6.1
C55A6.1
C55A6.10
C55A6.9
C55B6.1
C55B7.11
C55C3.5
C56A3.4
C56A3.5
C56A3.6
C56C10.10
C56E6.2
C56E6.9
C56G2.3
MO3F4.7
C01G6.8
D2024.6
M106.5
F55C5.4
Y18D10A.17
wo08D2.5
H02112.1
ZK546.17
R10E11.1
CC8.2
W05B10.2
C16C10.6
Y56A3A.20

C50F4.12
C50F4.14
C50F7.1
C50F7.6
C52A10.2
C52A10.3
C52E12.6
C52E2.3
C52E2.8
C52G5.2
C53A5.13
C53A5.2
C53B4.3
C53D5.1
C53D5.5
C53D6.6
C54G6.2
C55A6.12
C55C3.3
C55C3.7
C55F2.1
C56A3.8
C56C10.12
C56G2.15
C56G2.3
C56G3.1
C56G3.2
C56G7.2
C56G7.3
cal-5
catp-1
CCs8.1
ccb-1
CD4.8
cdc-25.2
cdf-1
cdh-1
cdh-12
cdh-3
cdh-5
cdk-5
cdk-8
cdr-7

C50F4.12
C50F4.14
C50F7.1
C50F7.6
C52A10.2
C52A10.3
C52E12.6
C52E2.3
C52E2.8
C52G5.2
C53A5.13
C53A5.2
C53B4.3
C53D5.1
C53D5.5
C53D6.6
C54G6.2
C55A6.12
C55C3.3
C55C3.7
C55F2.1
C56A3.8
C56C10.12
C56G2.15
C56G2.3
C56G3.1
C56G3.2
C56G7.2
C56G7.3
C24H10.5
Y105E8A.12
CC8.1
T28F2.5
CD4.8
F16B4.8
C15B12.7
R10F2.1
Y71D11AA1
ZK112.7
F08B4.2
T27E9.3
F39H11.3
K01D12.13
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F16C3.4
F17C11.9
F17C8.7
F17E9.5
F18A12.1
F18A12.2
F18A12.4
F18A12.6
F18C12.4
F18C5.4
F19B6.1
F20D6.6
F20H11.4
F21C3.7
F21D5.7
F21F3.2
F21F3.3
F21H7.2
F21H7.5
F22B3.8
F22B8.7
F22D3.4
F22D6.9
F23B12.1
F23B12.5
F23B2.7
F23C8.5
F23C8.6
F23C8.7
F23C8.8
F23H11.3
F23H11.5
F25B3.4
F25B3.5
F25B4.5
F25B5.3
F25F2.1
F25H5.2
F25H5.7
F26A1.3
F26B1.1
F26B1.5
F26B1.8

F16C3.4
F17C11.9
F17C8.7
F17E9.5
F18A12.1
F18A12.2
F18A12.4
F18A12.6
F18C12.4
F18C5.4
F19B6.1
F20D6.6
F20H11.4
F21C3.7
F21D5.7
F21F3.2
F21F3.3
F21H7.2
F21H7.5
F22B3.8
F22B8.7
F22D3.4
F22D6.9
F23B12.1
F23B12.5
F23B2.7
F23C8.5
F23C8.6
F23C8.7
F23C8.8
F23H11.3
F23H11.5
F25B3.4
F25B3.5
F25B4.5
F25B5.3
F25F2.1
F25H5.2
F25H5.7
F26A1.3
F26B1.1
F26B1.5
F26B1.8

Table S2

cct-1
cct-2
cct-3
cct-4
cct-5
cct-7
cct-8
ccz-1
cdc-14
cdc-25.1
cdc-25.3
cdc-26
cdc-42
cdc-48.3
cdc-6
cdd-2
cdk-4
cdk-7
cdk-9
cdl-1
cdt-1
cdt-2
cdtl-7
CE7X 3.2
cec-1
ced-10
ced-2
ced-3
ced-5
ced-6
ced-9
ceh-21
ceh-38
ceh-44
cel-1
cep-1
cey-2
cey-3
cfim-1
cfim-2
cgef-1
cgh-1
chd-3
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T05C12.7
T21B10.7
F54A3.3
K01C8.10
C07G2.3
T10B5.5
Y55F3AR.3
F58G11.6
C17G10.4
KOBA5.7
ZK637.11
B0511.9
RO7G3.1
K04G2.3
C43E11.10
F49ES.4
F18H3.5
Y39G10AL.3
H25P06.2
RO6F6.1
Y54E10A.15
T01C3.1
B0285.1
CE7X_3.2
ZK1236.2
C09G12.8
Y41D4B.13
C48D1.2
CO2F4.1
F56D2.7
TO7C4.8
T26C11.6
F22D3.1
Y54F10AM.4
C03D6.3
F52B5.5
F46F11.2
MO1E11.5
F43G9.5
D1046.1
C14A11.3
CO7H6.5
T14G8.1

CE7X 3.1
ced-8
ceh-20
ceh-31
ceh-39
ceh-40
ceh-41
ceh-43
ces-2
cfz-2
chn-1
chs-2
chw-1
ckb-4
ckk-1
clec-119
clec-12
clec-125
clec-143
clec-157
clec-166
clec-171
clec-204
clec-238
clec-266
clec-29
clec-67
clec-69
clk-1
clp-3
clp-4
clp-6
cmk-1
cnb-1
coel-1
col-111
col-139
col-154
col-155
col-157
col-38
col-45
col-60

CE7X_3.1
FO8F1.5
F31E3.1
C33D12.1
T26C11.7
F17A2.5
T26C11.5
C28A5.4
ZK909.4
F27E11.3
T09B4.10
F48A11.1
F22E12.2
F22F7.5
CO5H8.1
FA7F6.5
T27F6.2
W09G10.6
ZK673.9
F26A1.12
F38A1.5
Y77E11A.9
Y46H3B.2
Y102A5C.17
C25B8.4
T25E12.9
F56D6.2
F56D6.15
ZC395.2
Y47H10A.1
Y39A3CL.5
Y77E11A.10
KO7A9.2
F55C10.1
C52B9.3
F29B9.9
F41F3.4
F55C10.2
F55C10.3
T11F9.9
F54C9.4
F53G12.7
F22D6.10
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Table S2

F26D2.10 F26D2.10 chin-1 BEOOO3N10.7col-71 Y49F6B.10
F26E4.12 F26E4.12 chk-1 Y39H10A.7 |col-85 T21B4.2
F26E4.5 F26E4.5 chk-2 Y60A3A.12 |col-97 ZK1010.7
F26F12.2 F26F12.2 chp-1 Y110A7A.13 |cog-2 F57B9.4
F26F4.2 F26F4.2 chs-1 T25G3.2 cor-1 R0O1H10.3
F26F4.8 F26F4.8 chtl-1 F35C8.7 cpi-1 K08B4.6
F26H11.4 F26H11.4 cids-1 CO02F5.4 cpin-1 F38E11.3
F27C1.3 F27C1.3 cin-4 ZK1127.7 cpn-4 F49D11.8
F27C8.5 F27C8.5 cir-1 F55F8.4 cps-6 C41D11.8
F27D4.1 F27D4.1 cit-1.1 F44B9.4 cpx-1 Y73E7A4
F27E5.3 F27E5.3 cit-1.2 F44B9.3 csb-1 F53H4.1
F28B3.6 F28B3.6 cka-1 C28D4.2 csp-1 Y48E1B.13
F28E10.4 F28E10.4 cki-2 TO5A6.2 csp-2 Y73B6BL.7
F28H1.5 F28H1.5 cku-70 Y47D3A.4 |csp-3 Y47H9C.6
F28H7.4 F28H7.4 cku-80 RO7E5.8 cst-1 F14H12.4
F28H7.6 F28H7.6 clec-87 C25A1.8 ctg-1 H06001.3
F29B9.11 F29B9.11 clec-88 K10B2.3 ctn-1 Y23H5A.5
F29B9.7 F29B9.7 clec-91 ZK858.3 cut-1 C47G2.1
F29D10.1 F29D10.1 clh-3 EO4F6.11 cutl-10 Y53H1B.1
F30A10.12 F30A10.12 clh-5 C07H4.2 cutl-14 B0511.5
F30F8.10 F30F8.10 clk-2 CO07H6.6 cutl-15 T21B10.6
F31E8.5 F31E8.5 clp-1 C06G4.2 cutl-2 Y53C12B.6
F32A11.1 F32A11.1 clpf-1 F59A2.4 cutl-7 F53B6.6
F32A11.3 F32A11.3 clr-1 F56D1.4 cwn-1 K10B4.6
F32B4.2 F32B4.2 cls-2 R107.6 cya-2 F59H6.7
F32B5.1 F32B5.1 clu-1 F55H2.6 cyn-10 B0252.4
F32B5.4 F32B5.4 cnk-1 R0O1H10.8 cyn-17 ZC250.1
F32B6.4 F32B6.4 cnt-1 Y17G7B.15 |cyp-25A4 C36A4.6
F32D1.2 F32D1.2 cnt-2 Y39A1A.15 |cyp-25A5 F42A6.4
F32D8.14 F32D8.14 cogc-1 Y54E10A.2 |cyp-33C11  Y49C4A.9
F32H2.7 F32H2.7 cogc-4 Y51H7C.6 |cyp-33C2 C45H4 .17
F33D11.12 F33D11.12 cogc-5 C43E11.11 |cyp-33C9 C50H11.15
F33D11.2 F33D11.2 cogc-6 K07C11.9 cyp-33E2 F42A9.5
F33D11.7 F33D11.7 coh-3 FO8H9.1 D1005.3 D1005.3
F33G12.5 F33G12.5 coh-4 Y45G5AM.8 |D1007.10 D1007.10
F34D10.8 F34D10.8 com-1 C44B9.5 D1014.4 D1014.4
F34D10.9 F34D10.9 cog-1 C24A11.9 D1022.4 D1022.4
F35C11.2 F35C11.2 cog-3 Y57G11C.11|D1025.1 D1025.1
F35C11.5 F35C11.5 coqg-4 TO3F1.2 D1025.10 D1025.10
F35C5.1 F35C5.1 cog-5 ZK652.9 D1025.2 D1025.2
F35E2.5 F35E2.5 coQg-8 C35D10.4 D1044 .1 D1044.1
F35E2.9 F35E2.9 cpar-1 F54C8.2 D1054.1 D1054 .1
F35G12.2 F35G12.2 cpb-3 B0414.5 D1069.4 D1069.4
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Table S2
F35H10.2 F35H10.2 cpf-1 F28C6.3 D1086.8 D1086.8
F35H8.1 F35H8.1 cpf-2 F56A8.6 D2005.3 D2005.3
F36A2.10 F36A2.10 cpg-2 B0280.5 D2013.3 D2013.3
F36A2.11 F36A2.11 cpg-3 R06C7.4 D2024.10 D2024.10
F36A2.12 F36A2.12 cpg-4 C10F3.1 D2030.12 D2030.12
F36A2.14 F36A2.14 cpg-8 K03B4.7 D2045.2 D2045.2
F36A2.7 F36A2.7 cpsf-1 Y76B12C.7 |D2045.8 D2045.8
F36A4.2 F36A4.2 cpsf-2 F09G2.4 D2045.9 D2045.9
F36A4.4 F36A4.4 cpsf-3 Y67H2A.1 D2096.10 D2096.10
F36D1.4 F36D1.4 cpsf-4 F11A10.8 D2096.11 D2096.11
F36D3.4 F36D3.4 cpt-2 RO7H5.2 D2096.5 D2096.5
F36D3.5 F36D3.5 cra-1 R13F6.10 daao-1 Y69A2AR.5
F36D3.8 F36D3.8 cri-3 F59A2.3 daf-16 R13H8.1
F36D4.1 F36D4.1 crml-1 K07G5.1 daf-2 Y55D5A.5
F36F12.7 F36F12.7 crn-1 Y47G6A.8 |daf-3 F25E2.5
F36G9.15 F36G9.15 crn-3 C14A4 .4 daf-6 F31F6.5
F36H1.3 F36H1.3 crn-5 C14A4.5 daf-7 B0412.2
F36H12.10 F36H12.10 csn-1 Y59A8A.1 daf-8 R05D11.1
F36H12.13 F36H12.13 csn-2 B0025.2 dapk-1 K12C11.4
F36H12.14 F36H12.14 csn-3 Y38C1AA.2 |dbr-1 C55B7.8
F36H12.3 F36H12.3 csn-4 Y55F3AM.15/DC2.3 DC2.3
F36H12.4 F36H12.4 csn-5 B0547.1 DC2.5 DC2.5
F36H12.5 F36H12.5 csn-6 Y67H2A.6 |dct-10 Y38H6C.5
F36H12.9 F36H12.9 csnk-1 Y106G6E.6 |dct-15 W08D2.3
F36H2.4 F36H2.4 cst-2 C24A8.4 dct-16 Y38H6C.1
F36H2.6 F36H2.6 ctl-1 Y54G11A.6 |dct-18 F58G1.4
F37A4.4 F37A4.4 ctl-3 Y54G11A.13|dgk-2 F46H6.2
F37A4.5 F37A4.5 cua-1 Y76A2A.2 dgk-4 F42A9.1
F37A8.1 F37A8.1 cuc-1 ZK652.11 dgn-1 T21B6.1
F37A8.2 F37A8.2 cul-2 ZK520.4 dgn-2 F56C3.6
F37C12.18 F37C12.18 cul-4 F45E12.3 dhcr-7 B0250.9
F37E3.3 F37E3.3 cul-5 ZK856.1 dhs-19 T11F9.11
F38A5.11 F38A5.11 cup-5 R13A5.1 dhs-4 TO5F1.10
F38A5.2 F38A5.2 cutc-1 ZK353.7 dlk-1 F33E2.2
F38A5.6 F38A5.6 cux-7 C07H6.8 dnj-24 WO03A5.7
F38E1.3 F38E1.3 cyb-1 2C168.4 dnj-26 Y39C12A.8
F38E11.5 F38E11.5 cyb-2.1 Y43E12A.1 |dnj-27 Y47H9C.5
F38H4 .4 F38H4.4 cyb-2.2 H31G24.4 |dnj-7 C55B6.2
F38H4.6 F38H4.6 cyb-3 TO6E6.2 dod-18 C54G4.6
F39E9.4 F39E9.4 cye-1 C37A2.4 dph-3 KO1H12.1
F40E3.5 F40E3.5 cyh-1 Y49F6B.1 dpy-10 T14B4.7
FAOF11.4  F40F11.4 cyk-1 F11H8.4  |dpy-31 R151.5
F40F9.3 F40F9.3 cyk-3 ZK328.1 dsh-1 C34F11.9
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Table S2
F40G12.10 F40G12.10 cyl-1
F40H6.1 F40H6.1 cyn-1
F41C3.4 F41C3.4 cyn-13
F41E6.1 F41E6.1 cyn-15
F41F3.1 F41F3.1 cyn-16
F41G3.5 F41G3.5 cyn-4
F41H10.5 F41H10.5 cyn-7
F42A10.5 F42A10.5 cyn-8
F42A9.3 F42A9.3 cyn-9
F42A9.7 F42A9.7 cyp-31A2
F42C5.5 F42C5.5 cyp-44A1
F42G4.2 F42G4.2 D1005.1
F42G4.6 F42G4.6 D1007.5
F42G8.8 F42G8.8 D1007.8
F42G8.9 F42G8.9 D1037.1
F42G9.1 F42G9.1 D1043.1
F43E2.7 F43E2.7 D1044.6
F43G9.1 F43G9.1 D1046.2
F43G9.2 F43G9.2 D1046.3
F44D12.6 F44D12.6 D1054.14
F44D12.8 F44D12.8 D1054.3
F44E2.10 F44E2.10 D1069.3
F44E5.1 F44E5.1 D1081.8
F44E7.3 F44E7.3 D2005.1
F44E7.4 FA44E7 .4 D2005.4
F44F4.10 F44F4.10 D2007.4
F44F4.3 F44F4.3 D2013.6
F44G3.7 F44G3.7 D2023.6
F44G4.5 F44G4.5 D2030.2
FA45E4.6 FA45E4.6 D2030.3
F45G2.4 F45G2.4 D2030.8
F46A8.6 FA6A8.6 D2063.3
F46A9.2 F46A9.2 D2085.4
F46B6.5 F46B6.5 D2085.5
F46C5.7 F46C5.7 D2092.5
F46E10.10 F46E10.10 D2096.12
F46E10.2 F46E10.2 D2096.8
F46F5.6 F46F5.6 dab-1
F47B3.4 F47B3.4 daf-18
F47B3.7 F47B3.7 daf-4
F47D12.7 F47D12.7 daf-5
F47G6.3 F47G6.3 dao-5
F47G9.1 F47G9.1 dap-3
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C52E4.6
Y49A3A.5
Y116A8C.34
Y87G2A.6
Y17G7B.9
F59E10.2
Y75B12B.2
D1009.2
T27D1.1
H02112.8
ZK177.5
D1005.1
D1007.5
D1007.8
D1037.1
D1043.1
D1044.6
D1046.2
D1046.3
D1054.14
D1054.3
D1069.3
D1081.8
D2005.1
D2005.4
D2007.4
D2013.6
D2023.6
D2030.2
D2030.3
D2030.8
D2063.3
D2085.4
D2085.5
D2092.5
D2096.12
D2096.8
M110.5
TO7A9.6
C05D2.1
WO01G7.1
C25A1.10
C14A4.2

duo-2 F29C4.5
duox-2 F53G12.3
dyf-13 C27H5.7
dyf-2 ZK520.3
dyf-3 C04C3.5
dys-1 F15D3.1
E_BE45912.2E_BE45912.2
E01G4.3 E01G4.3
EO02H9.1 EO02H9.1
EO02H9.2 EO02H9.2
EO02H9.3 EO02H9.3
EO02H9.9 EO2H9.9
E03G2.1 E03G2.1
EO3H4.11 EO3H4.11
EO03H4.8 EO3H4.8
eak-6 F10G8.4
eat-16 C16C2.2
eat-18 Y105E8A.7
ech-3 F43H9.1
EEED8.15 EEEDS8.15
EEEDS8.2 EEEDS8.2
EGAP2.2 EGAP2.2
EGAP798.1 EGAP798.1
egl-10 F28C1.2
egl-2 F16B3.1
egl-20 w08D2.1
egl-21 F01D4.4
egl-5 C08C3.1
egl-9 F22E12.4
egrh-3 Y94H6A.11
elc-1 Y82E9BR.15
elo-5 F41H10.7
elo-9 Y53F4B.2
eng-1 FO1F1.10
eor-2 C44H4.7
ercc-1 F10G8.7
eri-3 W09B6.3
eri-6 C41D11.1
eri-7 C41D11.7
eri-9 C26E6.7
ero-1 Y105E8B.8
erp-1 F35A5.8
eva-1 F32A7.3
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Table S2
F49C12.11 F49C12.11 dars-2 F10C2.6 exc-7 F35H8.5
F49C12.15 F49C12.15 daz-1 F56D1.7 exc-9 F20D12.5
F49F1.12 F49F1.12 DC2.8 DC2.8 FO01D5.10 F01D5.10
F52A8.5 F52A8.5 dcaf-1 ZK1251.9 FO1F1.3 FO1F1.3
F52F12.5 F52F12.5 dcap-1 Y55F3AM.12|F01G4.5 FO1G4.5
F52F12.8 F52F12.8 den-1 H38K22.2 F02C12.3 F02C12.3
F53A2.7 F53A2.7 der-1 K12H4.8 F02D10.6 F02D10.6
F53B2.5 F53B2.5 dcs-1 Y113G7A.9 |FO2E11.3 FO2E11.3
F53B6.4 F53B6.4 ddb-1 M18.5 FO2E11.4 FO2E11.4
F53B6.7 F53B6.7 ddl-2 Y48E1B.1 FO2H6.1 FO2H6.1
F53C3.1 F53C3.1 ddIl-3 Y54G11A.8 |FO2H6.2 FO2H6.2
F53F4.10 F53F4.10 ddx-19 TO7D4.4 FO2H6.4 FO2H6.4
F53F4.18 F53F4.18 ddx-23 FO1F1.7 FO2H6.71 FO2H6.71
F53G12.8 F53G12.8 dhfr-1 C36B1.7 FO7A11.1 FO7A11.1
F54B3.2 F54B3.2 dhod-1 W02D3.2 FO7A11.5 FO7A11.5
F54C1.8 F54C1.8 dhs-1 C01G8.3 FO7B7.1 FO7B7.1
F54C8.1 F54C8.1 dhs-13 F36H9.3 FO7B7.12 FO7B7.12
F54C8.7 F54C8.7 dhs-24 Y60A3A.10 |FO7B7.2 FO7B7.2
F54C9.14 F54C9.14 dhs-25 FO9E10.3 FO7B7.7 FO7B7.7
F54D1.1 F54D1.1 dhs-6 C17G10.8 |F0O7B7.8 FO7B7.8
F54E12.2 F54E12.2 die-1 C18D1.1 FO7ES5.9 FO7E5.9
F54H12.6 F54H12.6 dif-1 F49E8.5 F07G6.3 F07G6.3
F54H12.7 F54H12.7 din-1 FO7A11.6 FO7H5.13 FO7H5.13
F54H12.8 F54H12.8 div-1 R0O1H10.1 FO8A8.2 FO8A8.2
F54H5.2 F54H5.2 dkf-2 T25E12.4 FO8A8.5 FO8AS8.5
F54H5.5 F54H5.5 dli-1 C39E9.14 FO8A8.8 FO8A8.8
F55A11.11 F55A11.11 dna-2 F43G6.1 FO8B4.3 FO08B4.3
F55A11.6 F55A11.6 dnc-1 ZK593.5 FO8B6.1 F08B6.1
F55C5.1 F55C5.1 dnc-2 C28H8.12 F08B6.3 F08B6.3
F55C5.8 F55C5.8 dnc-4 C26B2.1 FO8F1.9 FO8F1.9
F55D12.6 F55D12.6 dnj-1 B0035.14 FO8F3.8 FO8F3.8
F55F8.7 F55F8.7 dnj-10 F22B7.5 FO8F3.9 FO8F3.9
F55H12.5 F55H12.5 dnj-11 F38A5.13 F08G12.1 F08G12.1
F56A11.6 F56A11.6 dnj-13 F54D5.8 F08G12.3 F08G12.3
F56A8.3 F56A8.3 dnj-14 K02G10.8 F08G2.4 F08G2.4
F56C9.11 F56C9.11 dnj-15 K08D10.2 F08G5.3 F08G5.3
F56C9.6 F56C9.6 dnj-17 TO3F6.2 F09C6.10 F09C6.10
F56D5.2 F56D5.2 dnj-22 T23B12.7 F09C8.2 F09C8.2
F56D6.12 F56D6.12 dnj-23 T24H10.3 FO9ES5.14 FO9ES5.14
F56D6.13 F56D6.13 dnj-25 WO07A8.3 FO9ES8.2 FO9ES8.2
F56D6.14 F56D6.14 dnj-30 Y71F9B.16 |FO9F7.6 FO9F7.6
F56F3.4 F56F3.4 dnj-9 F11G11.7 F09G2.1 F09G2.1
F56F4.3 F56F4.3 dog-1 F33H2.1 F10A3.17 F10A3.17
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F56H1.7
F57A8.6
F57B10.14
F57B10.3
F57B9.8
F57F4.1
F57H12.5
F58A6.5
F58A6.9
F58B4.7
F58D2.2
F58D5.7
F58E6.12
F58E6.5
F58F12.2
F58G1.3
F58H1.6
F59A1.15
F59A3.4
F59A3.8
F59A6.2
F59A6.4
F59A7.9
F59B2.15
F59B2.5
F59C6.3
F59C6.5
F59E10.3
fars-3
foxa-202
fce-1

fer-1

fkb-1
fkb-2
fkb-6

frk-1
frm-4
fut-1

fut-5
gecy-12
gdi-1
gei-8
glct-6

F56H1.7
F57A8.6
F57B10.14
F57B10.3
F57B9.8
F57F4.1
F57H12.5
F58A6.5
F58A6.9
F58B4.7
F58D2.2
F58D5.7
F58E6.12
F58E6.5
F58F12.2
F58G1.3
F58H1.6
F59A1.15
F59A3.4
F59A3.8
F59A6.2
F59A6.4
F59A7.9
F59B2.15
F59B2.5
F59C6.3
F59C6.5
F59E10.3
F22B5.9
T28C12.3
C04F12.10
F43G9.6
F36H1.1
Y18D10A.19
F31D4.3
T04B2.2
C24A11.8
KO8F8.3
TO5A7.10
F08B1.2
Y57G11C.10
C14B9.6
W07G9.2

Table S2

dpf-4
dpf-5
dpf-7
dph-1
dph-2
dpl-1
dpm-1
dpm-3
dpy-21
dpy-22
dpy-26
dpy-27
dpy-28
dpy-30
drh-1
drh-3
dro-1
drp-1
drsh-1
dsh-2
duo-1
dut-1
DY3.8
dyci-1
dyn-1
E01A2.1
EO1A2.2
EO1A2.4
EO1A2.5
EO1B7.1
EO2H1.1
EO2H1.5
EO2H1.6
EO2H1.8
EO2H4.6
eaf-1
ears-1
eat-20
eat-6
ebp-1
ebp-3
ech-2
ech-5
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FO1F1.5
R11E3.8
R11E3.7
C14B1.5
C09G5.2
T23G7.1
Y66H1A.2
F28D1.11
Y59A8B.1
FA7TA4.2
C25G4.5
R13G10.1
Y39A1B.3
ZK863.6
F15B10.2
D2005.5
F53A2.5
T12E12.4
F26E4.10
C27A2.6
F38B7.5
KO7A1.2
DY3.8
C17H12.1
C02C6.1
EO01A2.1
EO01A2.2
EO1A2.4
EO01A2.5
E01B7.1
EO02H1.1
EO2H1.5
EO2H1.6
EO02H1.8
EO02H4.6
D1007.16
ZC434.5
H30A04.1
B0365.3
Y59A8B.7
Y59A8B.9
F38H4.8
F56B3.5

F10C2.5
F10E7.2
F10E9.10
F10E9.2
F10E9.3
F10F2.2
F10G7.5
F10G8.9
F11A5.18
F11C11
F11C1.5
F11C1.7
F11C3.1
F11D11.12
F11D11.3
F11D5.1
F11F1.1
F12D9.2
F12E12.1
F12E12.11
F12E12.6
F13A2.4
F13A7.11
F13B9.1
F13C5.1
F13C5.2
F13H10.5
F13H10.9
F13H6.4
F13H6.5
F14B4.1
F14B6.2
F14D12.1
F14D2.5
F14D2.8
F14D7.1
F14F11.1
F14F4.1
F14F9.4
F14H3.2
F14H3.4
F15A4.2
F15B9.10

F10C2.5
F10E7.2
F10E9.10
F10E9.2
F10E9.3
F10F2.2
F10G7.5
F10G8.9
F11A5.18
F11C1.1
F11C1.5
F11C1.7
F11C3.1
F11D11.12
F11D11.3
F11D5.1
F11F1.1
F12D9.2
F12E12.1
F12E12.11
F12E12.6
F13A2.4
F13A7.11
F13B9.1
F13C5.1
F13C5.2
F13H10.5
F13H10.9
F13H6.4
F13H6.5
F14B4.1
F14B6.2
F14D12.1
F14D2.5
F14D2.8
F14D7.1
F14F11.1
F14F4.1
F14F9.4
F14H3.2
F14H3.4
F15A4.2
F15B9.10
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gld-2
glh-4
gln-2
glo-4
gly-10
gly-3
gly-9
gpd-1
gpd-4
gsk-3
gska-3
gsp-1
gsp-3
gsp-4
H04M03.1
HO5L14.1
HO6H21.9
HO8MO01.1
H12D21.2
H12D21.5
H14E04.2
H17B01.4
H19NO07.1
H20J04.1
H23L24.2
H27M09.5
H28016.1
H32C10.1
H34124.1
H38K22.6
H38K22.7
hecd-1
hel-1
hgrs-1
hil-4
him-10
his-45
his-70
his-74
hke-4.1
hmg-1.1
hmg-12
hsp-1

ZC308.1
T12F5.3
KO3H1.1
F07C3.4
Y45F10D.3
ZK688.8
Y47D3A.23
TO9F3.3
F33H1.2
Y18D10A.5
C36B1.10
F29F11.6
W09C3.6
TO3F1.5
HO04MO03.1
HO5L14.1
HO6H21.9
HO8MO01.1
H12D21.2
H12D21.5
H14E04.2
H17B01.4
H19NO07.1
H20J04.1
H23L24.2
H27M09.5
H28016.1
H32C10.1
H34124 .1
H38K22.6
H38K22.7
C34D4.14
C26D10.2
C07G1.5
C18G1.5
R12B2.4
B0035.10
EO3A3.4
W05B10.1
T28F3.3
Y48B6A.14
Y17G7A 1
F26D10.3

Table S2

ech-6
edc-3
eea-1
EEEDS8.12
EEEDS.3
efa-6
efk-1
efl-1
efl-2
eft-1
egal-1
egg-1
egg-2
egg-3
egg-4
egg-5
egl-18
egl-26
egl-27
egl-4
egl-6
ego-1
egrh-1
egrh-2
ehbp-1
ehs-1
eif-3.B
eif-3.C
eif-3.E
eif-3.F
eif-3.H
eif-3.1
eif-3.J
eif-3.K
eif-6
ekl-4
ekl-6
elb-1
elo-3
elpc-1
elpc-2
elpc-3
elpc-4
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T05G5.6
R05D11.8
T10G3.5
EEED8.12
EEEDS8.3
Y55D9A.1
F42A10.4
Y102A5C.18
Y48C3A.17
ZK328.2
C10G6.1
B0244.8
R0O1H2.3
F44F4.2
T21E3.1
R12E2.10
F55A8.1
C23H3.1
C04A2.3
F55A8.2
C46F4.1
F26A3.3
C27C12.2
Y55F3AM.7
F25B3.1
ZK1248.3
Y54E2A.11
T23D8.4
B0511.10
D2013.7
C41D11.2
Y74C10AR.1
Y40B1B.5
T16G1.11
C47B2.5
Y105E8A.17
T16G12.5
Y41C4A.10
D2024.3
Y110A7A.16
Y111B2A.17
ZK863.3
C26B2.6

F15D3.8
F15D4.4
F15D4.5
F15D4.6
F15G9.1
F16B12.4
F16B4.3
F16B4.5
F16B4.6
F16F9.4
F17A2.3
F17A9.4
F17C11.1
F17C11.11
F17C11.17
F18A11.2
F18A11.5
F18A12.7
F18E9.1
F18G5.6
F18H3.1
F19B2.6
F19B6.3
F19C6.2
F19C7.3
F19F10.12
F19G12.4
F19H6.5
F20B6.1
F20B6.5
F20B6.7
F20B6.9
F20D1.1
F20D6.10
F20G2.2
F20H11.6
F21C3.6
F21D5.4
F21D9.2
F21D9.8
F21F8.11
F21G4.5
F21H7.5

F15D3.8
F15D4.4
F15D4.5
F15D4.6
F15G9.1
F16B12.4
F16B4.3
F16B4.5
F16B4.6
F16F9.4
F17A2.3
F17A9.4
F17C11.1
F17C11.11
F17C11.17
F18A11.2
F18A11.5
F18A12.7
F18E9.1
F18G5.6
F18H3.1
F19B2.6
F19B6.3
F19C6.2
F19C7.3
F19F10.12
F19G12.4
F19H6.5
F20B6.1
F20B6.5
F20B6.7
F20B6.9
F20D1.1
F20D6.10
F20G2.2
F20H11.6
F21C3.6
F21D5.4
F21D9.2
F21D9.8
F21F8.11
F21G4.5
F21H7.5
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htas-1
icd-1

idh-1

ife-1

iff-1

ifg-1

ile-1
ima-3
immt-2
imp-2
inf-1

ire-1

isp-1

jun-1
K01C8.7
K01D12.15
K01D12.7
KO1H12.4
K02B12.3
K02B7.3
K02D7.1
K02F6.3
KO2F6.7
K03B4.6
KO3H1.12
KO3H1.9
K04C2.3
K04C2.8
K04H4.5
KO5F1.1
KO5F1.8
KO5F1.9
K06A1.2
KO06A5.3
K06B4.15
KO6H7.8
KO7A1.15
KO07A1.4
KO7A1.5
KO7F5.6
KO7H8.3
KO7H8.7
KO7H8.9

ZK1251.1
C56C10.8
F59B8.2
F53A2.6
T05G5.10
M110.4
KO7A1.8
F32E10.4
WO6H3.1
TO5E11.5
F57B9.6
C41C4.4
F42G8.12
T24H10.7
K01C8.7
K01D12.15
K01D12.7
KO1H12.4
K02B12.3
K02B7.3
K02D7.1
KO02F6.3
KO02F6.7
K03B4.6
KO3H1.12
KO3H1.9
K04C2.3
K04C2.8
K04H4.5
KO5F1.1
KO5F1.8
KO5F1.9
KO06A1.2
KO6AS5.3
K06B4.15
KO6H7.8
KO07A1.15
KO7A1.4
KO7A1.5
KO7F5.6
KO7H8.3
KO7H8.7
KO7H8.9

Table S2

emb-27
emb-30
emb-4
emb-5
emb-8
emr-1
ent-1
epc-1
epi-1
epn-1
eps-8
ergo-1
eri-1
eri-5
ess-2
esyt-2
etr-1
evl-14
evl-20
exc-4
exo-1
exo-3
exoc-7
exoc-8
exos-1
exos-2
exos-3
exos-4.1
exos-7
€exo0s-8
exos-9
FO1F1.1
FO1F1.15
FO1F1.2
FO1F1.9
F01G12.6
F01G4.3
F01G4.4
F01G4.6
FO2E8.4
F02E9.10
FO2E9.7
FO7A11.2
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F10B5.6
F54C8.3
Y80D3A.2
TO4A8.14
K10D2.6
M01D7.6
ZK809.4
Y111B2A.11
K08C7.3
T04C10.2
Y57G11C.24
R09A1.1
TO7A9.5
Y38F2AR.1
F42H10.7
T12A2.15
T01D1.2
H38K22.1
F22B5.1
Y105E8A.22
F45G2.3
R09B3.1
C43E11.8
Y105E8B.2
Y48A6B.5
Y73B6BL.3
F59C6.4
B0564.1
F31D4.1
F41G3.14
F37C12.13
FO1F1.1
FO1F1.15
FO1F1.2
FO1F1.9
F01G12.6
F01G4.3
F01G4.4
F01G4.6
FO2ES8.4
FO02E9.10
FO2E9.7
FO7A11.2

F22B5.6
F22B7.9
F22D6.8
F22D6.9
F22E12.1
F22E5.1
F22E5.13
F22F7.3
F22F7.7
F22G12.1
F22H10.1
F22H10.4
F22H10.5
F23A7.3
F23B12.4
F23C8.1
F23C8.3
F23C8.8
F23D12.1
F23D12.5
F23F1.10
F23F12.3
F23H11.7
F23H12.3
F25A2.1
F25B4.1
F25B4.4
F25B5.3
F25E2.1
F25E5.4
F25G6.1
F25H2.2
F26A3.4
F26D11.1
F26D11.12
F26D2.16
F26D2.3
F26E4.12
F26E4.2
F26E4.6
F26F2.8
F26F4.12
F27B3.5

F22B5.6
F22B7.9
F22D6.8
F22D6.9
F22E12.1
F22E5.1
F22E5.13
F22F7.3
F22F7.7
F22G12.1
F22H10.1
F22H10.4
F22H10.5
F23A7.3
F23B12.4
F23C8.1
F23C8.3
F23C8.8
F23D12.1
F23D12.5
F23F1.10
F23F12.3
F23H11.7
F23H12.3
F25A2.1
F25B4.1
F25B4.4
F25B5.3
F25E2.1
F25E5.4
F25G6.1
F25H2.2
F26A3.4
F26D11.1
F26D11.12
F26D2.16
F26D2.3
F26E4.12
F26E4.2
F26E4.6
F26F2.8
F26F4.12
F27B3.5
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K08A2.2
K08C9.2
K08D12.3
KO8E4.7
KO8E?7.4
K08F4.3
K08F4.5
KO8F8.5
K09B11.5
KO9E4.1
KO9F6.3
K09G1.2
K10B2.4
K10C9.7
K10D2.8
K10H10.1
K10H10.7
K11C4.1
K11C4.2
K11H12.8
K11H3.2
K12B6.2
K12H4 .4
kars-1
kbp-1
kbp-2
kce-1
kel-10
kin-14
kin-19
kin-21
kin-24
kin-26
kin-31
kin-5
klp-17
klp-19
klp-7
knl-1
knl-2
lab-1
lap-1
larp-5

K08A2.2
K08C9.2
K08D12.3
KO8E4.7
KO8E7.4
KO8F4.3
KO8F4.5
KO08F8.5
K09B11.5
KO9E4.1
KO09F6.3
K09G1.2
K10B2.4
K10C9.7
K10D2.8
K10H10.1
K10H10.7
K11C4.1
K11C4.2
K11H12.8
K11H3.2
K12B6.2
K12H4 .4
T02G5.9
R13F6.1
F26F4.13
R13A1.2
T16H12.6
F22D6.1
C03C10.1
Wwo8D2.8
KO7F5.4
T06C10.6
B0523.1
T13H10.1
Wo02B12.7
Y43F4B.6
K11D9.1
CO02F5.1
KO6A5.4
C03D6.6
ZK353.6
T12F5.5

Table S2

F07C6.4
FO7E5.5
FO7F6.4
FO7F6.8
F08B4.7
FO8D12.1
FO8F3.6
FO8F8.10
FO8F8.2
FO8F8.4
FO8F8.7
FO8F8.9
F08G5.1
FO9A5.4
FO09D1.1
FO9ES5.11
FO9ES5.2
FO9F7.3
FO9F7.7
F09G2.8
F09G2.9
F09G8.3
F10C2.4
F10D7.5
F10E7.11
F10E7.5
F10E9.11
F10E9.4
F10G7.10
F10G8.6
F11A10.5
F11A10.7
F11A3.2
F11E6.7
F11G11.5
F12F6.1
F12F6.7
F13A7.14
F13B12.1
F13B12.6
F13E6.1
F13E9.1
F13G3.10
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F07C6.4
FO7ES5.5
FO7F6.4
FO7F6.8
F08B4.7
FO8D12.1
FO8F3.6
FO8F8.10
FO8F8.2
FO8F8.4
FO8F8.7
FO8F8.9
F08G5.1
FO9A5.4
FO9D1.1
FO9ES5.11
FO9E5.2
FO9F7.3
FO9F7.7
F09G2.8
F09G2.9
F09G8.3
F10C2.4
F10D7.5
F10E7.11
F10E7.5
F10E9.11
F10E9.4
F10G7.10
F10G8.6
F11A10.5
F11A10.7
F11A3.2
F11E6.7
F11G11.5
F12F6.1
F12F6.7
F13A7.14
F13B12.1
F13B12.6
F13E6.1
F13E9.1
F13G3.10

F27B3.6
F27D4.4
F27D4.6
F28A10.2
F28B3.6
F28B4.1
F28C6.4
F28C6.8
F28E10.1
F28H6.2
F28H6.4
F28H6.6
F28H6.8
F28H7.8
F29B9.12
F29C6.1
F29D10.3
F30A10.1
F30F8.10
F31B9.1
F31B9.3
F31C3.6
F31D4.2
F31D4.5
F31D5.1
F31D5.4
F31D5.6
F31E8.4
F31E9.6
F31F6.1
F32B5.6
F32B6.9
F32D1.11
F32E10.9
F33A8.6
F33D11.12
F33D11.8
F33D4.6
F33E2.5
F33H2.8
F34D6.1
F34H10.3
F35B12.4

F27B3.6
F27D4.4
F27D4.6
F28A10.2
F28B3.6
F28B4.1
F28C6.4
F28C6.8
F28E10.1
F28H6.2
F28H6.4
F28H6.6
F28H6.8
F28H7.8
F29B9.12
F29C6.1
F29D10.3
F30A10.1
F30F8.10
F31B9.1
F31B9.3
F31C3.6
F31D4.2
F31D4.5
F31D5.1
F31D5.4
F31D5.6
F31E8.4
F31E9.6
F31F6.1
F32B5.6
F32B6.9
F32D1.11
F32E10.9
F33A8.6
F33D11.12
F33D11.8
F33D4.6
F33E2.5
F33H2.8
F34D6.1
F34H10.3
F35B12.4
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Ibp-9
let-502
let-607
let-70
let-711
let-721
let-754
let-767
let-92
lin-33
lin-61
Imn-1
Ipd-9
Ist-1
MO1E5.4
MO1H9.4
M02B1.4
M02G9.4
MO3E7.3
MO4F3.3
M04G7.2
MO05B5.3
MO05D6.1
MO05D6.3
M106.4
M110.7
M117.4
M176.2
M176.3
M176.4
M18.8
M28.9
M7.7
M70.1
M70.3
M88.3
marc-6
mboa-4
mca-3
mdh-1
mel-32
memb-2
mev-1

Y40B10A.1
C10H11.9
F57B10.1
M7.1
F57B9.2
C05D11.12
C29E4.8
C56G2.6
F38H4.9
H32C10.2
R0O6C7.7
DY3.2
T21C9.5
T22A3.3
MO1ES.4
MO1H9.4
M02B1.4
M02G9.4
MO3E7.3
MO4F3.3
M04G7.2
M05B5.3
M05D6.1
M05D6.3
M106.4
M110.7
M117.4
M176.2
M176.3
M176.4
M18.8
M28.9
M7.7
M70.1
M70.3
M88.3
F55A3.1
CO08F8.4
Y67D8C.10
F20H11.3
C05D11.11
MO3E7.5
TO7C4.7

Table S2

F13G3.6
F13G3.7
F13H10.3
F13H10.4
F13H6.3
F13H8.2
F14B4.3
F14D7.2
F14H3.3
F14H3.6
F15D3.6
F15D3.7
F16A11.2
F16D3.4
F16H11.3
F17A9.2
F17C11.10
F17C11.4
F17H10.1
F18A1.6
F18A1.8
F18C12.3
F18H3.4
F19B10.10
F19F10.11
F19F10.9
F20C5.3
F20D12.2
F20G4.2
F20H11.1
F20H11.6
F21A3.5
F21D5.1
F21D5.2
F21D5.5
F21D5.6
F21D5.8
F21F3.7
F21G4.4
F21G4.6
F21H12.1
F21H12.6
F22B3.4
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F13G3.6
F13G3.7
F13H10.3
F13H10.4
F13H6.3
F13H8.2
F14B4.3
F14D7.2
F14H3.3
F14H3.6
F15D3.6
F15D3.7
F16A11.2
F16D3.4
F16H11.3
F17A9.2
F17C11.10
F17C11.4
F17H10.1
F18A1.6
F18A1.8
F18C12.3
F18H3.4
F19B10.10
F19F10.11
F19F10.9
F20C5.3
F20D12.2
F20G4.2
F20H11.1
F20H11.6
F21A3.5
F21D5.1
F21D5.2
F21D5.5
F21D5.6
F21D5.8
F21F3.7
F21G4.4
F21G4.6
F21H12.1
F21H12.6
F22B3.4

F35B3.7
F35C12.3
F35C8.8
F35D11.3
F35E2.8
F35E2.9
F35F10.1
F35F10.11
F35F10.12
F35F11.2
F35G2.2
F35G2.3
F35H10.7
F35H12.1
F35H12.5
F36A2.3
F36A2.7
F36D1.1
F36D1.9
F36F12.1
F36F12.3
F36G3.2
F36H5.8
F36H9.5
F37D6.3
F37D6.4
F37H8.2
F37H8.3
F37H8.6
F37H8.7
F38B2.4
F38C2.7
F38E1.9
F38E11.9
F38E9.1
F38E9.4
F39B2.5
F39B2.7
F39B2.8
F39C12.1
F39F10.2
F39F10.4
F39G3.2

F35B3.7
F35C12.3
F35C8.8
F35D11.3
F35E2.8
F35E2.9
F35F10.1
F35F10.11
F35F10.12
F35F11.2
F356G2.2
F35G2.3
F35H10.7
F35H12.1
F35H12.5
F36A2.3
F36A2.7
F36D1.1
F36D1.9
F36F12.1
F36F12.3
F36G3.2
F36H5.8
F36H9.5
F37D6.3
F37D6.4
F37H8.2
F37H8.3
F37H8.6
F37H8.7
F38B2.4
F38C2.7
F38E1.9
F38E11.9
F38E9.1
F38E9.4
F39B2.5
F39B2.7
F39B2.8
F39C12.1
F39F10.2
F39F10.4
F39G3.2
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mex-5
mic-4
mnk-1
mop-25.2
mps-3
msd-1
msd-2
msd-3
msd-4
msp-10
msp-113
msp-142
msp-152
msp-19
msp-3
msp-33
msp-36
msp-38
msp-40
msp-45
msp-49
msp-50
msp-51
msp-53
msp-55
msp-56
msp-57
msp-59
msp-65
msp-76
msp-77
msp-78
msp-79
msp-81
mspn-1
ncr-2
ndc-80
nduf-6
ndx-2
ned-8
nhr-23
nhx-8
nipa-1

WO02A2.7
C56G7.1
R166.5
Y53C12A4
TOGA4.2
F44D12.3
F44D12.5
F44D12.7
C35D10.11
KO7F5.2
ZK354 .4
KO5F1.2
ZK546.6
F36H12.7
F26G1.7
RO5F9.8
Cc04G2.4
KO08F4.8
C33F10.9
F58A6.8
C34F11.6
C34F11.4
ZK354.5
R13H9.4
C09B9.6
KO7F5.3
R13H9.2
ZK354.11
ZK354 .1
ZK1251.6
F32B6.6
T13F2.11
T13F2.10
KO7F5.1
K04D7.2
F09G8.4
W01B6.9
F22D6.4
W02G9.1
F45H11.2
CO01H6.5
Y18D10A.6
Y53G8B.4

Table S2

F22D3.2
F22D3.5
F22D6.2
F22E5.17
F22F7.1
F22G12.4
F22G12.5
F23B12.7
F23D12.2
F23F1.5
F23F1.9
F23H11.4
F25B3.6
F25B4.6
F25B4.7
F25B5.2
F25D7.4
F25E5.1
F25G6.8
F25G6.9
F25H2.12
F25H2.4
F25H5.5
F25H5.6
F25H8.1
F25H8.2
F26A1.1
F26A1.13
F26A1.14
F26A3.1
F26A3.7
F26B1.2
F26E4.4
F26F4.5
F26G5.1
F26H11.6
F26H9.2
F26H9.4
F27B3.7
F27C1.6
F27C8.6
F27D4.7
F27D4.8
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F22D3.2
F22D3.5
F22D6.2
F22E5.17
F22F7.1
F22G12.4
F22G12.5
F23B12.7
F23D12.2
F23F1.5
F23F1.9
F23H11.4
F25B3.6
F25B4.6
F25B4.7
F25B5.2
F25D7.4
F25E5.1
F25G6.8
F25G6.9
F25H2.12
F25H2.4
F25H5.5
F25H5.6
F25H8.1
F25H8.2
F26A1.1
F26A1.13
F26A1.14
F26A3.1
F26A3.7
F26B1.2
F26E4.4
F26F4.5
F26G5.1
F26H11.6
F26H9.2
F26H9.4
F27B3.7
F27C1.6
F27C8.6
F27D4.7
F27D4.8

F40A3.5
F40A3.7
F40C5.1
F40C5.2
F40D4.13
F40D4.17
FA0E3.6
F40E3.7
F40F11.3
F40F12.9
FA0F4.7
F40F8.3
F40F9.5
F40G12.7
F40G9.17
F40G9.5
F40H3.6
F40H6.6
F41E7.3
F41G4.5
F41G4.7
F41H10.12
F41H10.2
F42E8.1
F42F12.3
F42G2.2
F42G2.6
F42G4.7
F42G9.4
F43C1.1
F43C1.5
F43C11.10
F43C11.6
F43G6.4
F43G6.5
F43G6.8
F44E2.6
F44E2.7
F44E5.1
F44E5.2
F44E5.3
F44F1.4
F44F1.6

F40A3.5
F40A3.7
F40C5.1
F40C5.2
F40D4.13
F40D4.17
FA0E3.6
F40E3.7
F40F11.3
F40F12.9
FA0F4.7
F40F8.3
F40F9.5
F40G12.7
F40G9.17
F40G9.5
F40H3.6
F40H6.6
F41E7.3
F41G4.5
F41G4.7
F41H10.12
F41H10.2
F42E8.1
F42F12.3
F42G2.2
F42G2.6
F42G4.7
F42G9.4
F43C1.1
F43C1.5
F43C11.10
F43C11.6
F43G6.4
F43G6.5
F43G6.8
F44E2.6
F44E2.7
F44E5.1
F44E5.2
F44E5.3
F44F1.4
FA44F1.6
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Table S2
nkb-2 C43F9.6 F28B3.1 F28B3.1 F44F4.3 F44F4.3
nip-4 F59C6.6 F28B3.10 F28B3.10 F44G4.3 F44G4.3
nmy-2 F20G4.3 F28B3.5 F28B3.5 F45C12.2 F45C12.2
npp-19 RO6F6.5 F28C1.3 F28C1.3 F45D11.5 F45D11.5
nra-2 TO5F1.1 F28C6.1 F28C6.1 F45D3.1 F45D3.1
nra-4 CO02E11.1 F28C6.2 F28C6.2 FA5E4.6 FA45E4.6
nsf-1 H15N14.2 F28D1.1 F28D1.1 F45F2.9 F45F2.9
nspa-1 H12D21.1 F28D9.4 F28D9.4 F45G2.10 F45G2.10
nspa-2 H12D21.12 F28F8.5 F28F8.5 F45G2.9 F45G2.9
nspa-3 ZC412.7 F29A7.6 F29A7.6 FA45H7.6 F45H7.6
nspa-4 H12D21.13 F29B9.1 F29B9.1 F46B6.12 F46B6.12
nspa-5 ZC412.6 F29B9.2 F29B9.2 F46B6.4 F46B6.4
nspa-6 H12D21.14 F29B9.5 F29B9.5 F46C3.6 F46C3.6
nspa-7 H12D21.15 F29C4.7 F29C4.7 F46C3.7 F46C3.7
nspa-8 WO6A7.5 F29G9.2 F29G9.2 F46E10.3 F46E10.3
nspd-1 ZK484.8 F30A10.3 F30A10.3 F46F11.7 F46F11.7
nspd-10 T27C10.7 F30B5.4 F30B5.4 F46F2.4 F46F2.4
nspd-2 KO7F5.5 F30F8.3 F30F8.3 F46F5.16 F46F5.16
nspd-3 C24D10.7 F30F8.9 F30F8.9 F46G10.2 F46G10.2
nspd-4 T23B7.1 F31A3.5 F31A3.5 F46H5.5 F46H5.5
nspd-5 F11G11.8 F31C3.2 F31C3.2 F47B10.1 F47B10.1
nspd-6 C24D10.8 F31C3.3 F31C3.3 F47B10.9 F47B10.9
nspd-7 Y43C5A.1 F31C3.4 F31C3.4 F47B7.1 F47B7.1
nspd-9 F26A1.10 F31C3.5 F31C3.5 F47B7.6 F47B7.6
nuo-1 CO09H10.3 F31E3.4 F31E3.4 FA47E1.1 FA47E1.1
nuo-5 Y45G12B.1 F31F6.1 F31F6.1 F47G3.3 F47G3.3
oac-23 F37C4.3 F31F6.2 F31F6.2 F47G4.2 F47G4.2
oac-50 T27E4.6 F32A7.5 F32A7.5 F47H4 .2 F47H4.2
oac-9 C48E7.8 F32B6.3 F32B6.3 F48A11.2 F48A11.2
obr-2 F14H8.1 F32D1.5 F32D1.5 F48B9.8 F48B9.8
obr-4 C32F10.1 F32D1.6 F32D1.6 FA8E3.6 F48E3.6
oma-1 C09G9.6 F32D1.7 F32D1.7 F48G7.2 F48G7.2
ostb-1 TO9A5.11 F32D8.4 F32D8.4 F48G7.4 F48G7.4
ostd-1 MO01A10.3 F32E10.5 F32E10.5 F49B2.6 F49B2.6
pab-1 Y106G6H.2 F33D11.10 F33D11.10 |F49B2.7 F49B2.7
pabp-2 C17E4.5 F33D11.9 F33D11.9 F49C5.3 F49C5.3
paf-1 W03G9.6 F33D4.5 F33D4.5 F49C5.4 F49C5.4
par-5 M117.2 F33D4.7 F33D4.7 F49E11.2 F49E11.2
pas-1 C15H11.7 F33D4.8 F33D4.8 F49E7.2 F49E7.2
pas-2 D1054.2 F33E11.2 F33E11.2 F49F1.7 F49F1.7
pas-3 Y110A7A.14 F33G12.2 F33G12.2 F49F1.8 F49F1.8
pas-4 C36B1.4 F33G12.3 F33G12.3 F49H12.5 F49H12.5
pas-5 F25H2.9 F33G12.6 F33G12.6 F52B11.5 F52B11.5
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Table S2
pas-6 CD4.6 F33G12.7 F33G12.7 F52C12.4 F52C12.4
pas-7 ZK945.2 F33H1.4 F33H1.4 F52C6.14 F52C6.14
pbs-1 K08D12.1 F33H2.3 F33H2.3 F52C6.2 F52C6.2
pbs-2 C47B2.4 F33H2.5 F33H2.5 F52C6.4 F52C6.4
pbs-3 Y38A8.2 F33H2.6 F33H2.6 F52C9.1 F52C9.1
pbs-5 K05C4.1 F34D10.2 F34D10.2 F52D2.5 F52D2.5
pbs-6 CO02F5.9 F34D10.4 F34D10.4 F52E1.9 F52E1.9
pbs-7 F39H11.5 F35D11.4 F35D11.4 F52F10.1 F52F10.1
pdhk-2 ZK370.5 F35D11.5 F35D11.5 F52F12.5 F52F12.5
pdi-1 C14B1.1 F35F11.1 F35F11.1 F52G3.3 F52G3.3
pdi-3 H06001.1 F35G12.11 F35G12.11 |F52H2.4 F52H2.4
pfn-1 Y18D10A.20 F35G12.12 F35G12.12 |F52H2.7 F52H2.7
pgam-5 R07G3.5 F35G12.4 F35G12.4 F53A2.9 F53A2.9
pgk-1 TO3F1.3 F35G2.1 F35G2.1 F53A3.7 F53A3.7
pgl-1 ZK381.4 F35H12.4 F35H12.4 F53B3.5 F53B3.5
pgl-3 C18G1.4 F36A2.13 F36A2.13 F53B6.7 F53B6.7
plk-1 C14B9.4 F36A2.2 F36A2.2 F53C11.5 F53C11.5
plk-2 Y71F9B.7 F36A2.9 F36A2.9 F53C3.6 F53C3.6
plp-1 F45E4.2 F36D3.1 F36D3.1 F53E10.5 F53E10.5
pod-1 Y76A2B.1 F36D4.2 F36D4.2 F53E4.1 F53E4.1
pod-2 W09B6.1 F36D4.5 F36D4.5 F53F4.4 F53F4.4
ppfr-1 F16A11.3 F36H12.2 F36H12.2 F53F8.3 F53F8.3
pph-2 C29E6.3 F37A4.2 F37A4.2 F53F8.6 F53F8.6
pptr-2 C13G3.3 F37C12.1 F37C12.1 F53G12.4 F53G12.4
pge-1 F52C9.8 F37C4.5 F37C4.5 F53G12.8 F53G12.8
prdx-3 RO7E5.2 F37D6.2 F37D6.2 F53G2.1 F53G2.1
ptc-1 ZK675.1 F37F2.2 F37F2.2 F53G2.2 F53G2.2
puf-6 F18A11.1 F38A1.8 F38A1.8 F53G2.3 F53G2.3
puf-7 B0273.2 F38A5.1 F38A5.1 F53H1.4 F53H1.4
pup-2 K10D2.2 F38A5.7 F38A5.7 F53H10.2 F53H10.2
pyk-1 F25H5.3 F38H4.10 F38H4.10 F53H2.1 F53H2.1
pyp-1 C47E12.4 F39B2.1 F39B2.1 F53H4.6 F53H4.6
R0O1H2.2 R0O1H2.2 F40E3.2 F40E3.2 F54B11.5 F54B11.5
R02D3.1 R02D3.1 F40F11.2 F40F11.2 F54B11.8 F54B11.8
R02D5.10 R02D5.10 F40F8.11 F40F8.11 F54B8.4 F54B8.4
R02D5.7 R02D5.7 F40F9.7 F40F9.7 F54C9.7 F54C9.7
RO2F2.5 RO2F2.5 F40G12.11 F40G12.11 |F54D10.3 F54D10.3
R03D7.4 R0O3D7.4 F41E6.9 F41E6.9 F54D10.4 F54D10.4
R03D7.5 R03D7.5 F41G3.6 F41G3.6 F54D11.3 F54D11.3
R03D7.8 R03D7.8 F41H10.3 F41H10.3 F54D5.15 F54D5.15
R04B5.1 R04B5.1 F42A6.5 F42A6.5 F54D5.7 F54D5.7
R04B5.11 R04B5.11 F42A8.3 F42A8.3 F54D7.2 F54D7.2
R0O4F11.2 RO4F11.2 F42A9.6 F42A9.6 F54F11.1 F54F11.1
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R05D11.5
R05D3.2
R05D3.5
R05D7.2
R05G6.7
RO5H5.4
RO5H5.5
R0O6A10.1
R06C7.1
RO7ES5.15
RO7E5.6
R07G3.7
RO8A2.1
R0O8A2.2
R0O8A2.3
R08C7.8
R0O9A1.2
R09B3.2
R09B3.3
R0O9E10.1
R102.10
R102.3
R10D12.10
R10E11.6
R10E4.3
R10E9.2
R10E9.3
R10F2.6
R11A8.7
R11A8.8
R11E3.1
R11F4.1
R12B2.3
R12C12.1
R13A1.3
R13A5.11
R13F6.5
R13G10.4
R13H9.6
R148.3
R148.7
R155.2
R186.3

R05D11.5
R05D3.2
R05D3.5
R05D7.2
R05G6.7
RO5H5.4
RO5H5.5
R0O6A10.1
R06C7.1
RO7E5.15
RO7ES5.6
R0O7G3.7
RO8A2.1
RO8A2.2
RO8A2.3
R08C7.8
RO9A1.2
R09B3.2
R09B3.3
RO9E10.1
R102.10
R102.3
R10D12.10
R10E11.6
R10E4.3
R10E9.2
R10E9.3
R10F2.6
R11A8.7
R11A8.8
R11E3.1
R11F4.1
R12B2.3
R12C12.1
R13A1.3
R13A5.11
R13F6.5
R13G10.4
R13H9.6
R148.3
R148.7
R155.2
R186.3

Table S2

F42C5.9
F42G9.6
F43C1.3
F43C1.6
F43G6.7
F43G9.12
F43G9.13
F43G9.3
F44B9.5
F44B9.8
F44E2.8
F44E2.9
F44E7.9
F44G4.1
F45C12.15
F45F2.10
F45G2.7
F45G2.8
F45H10.3
F45H11.3
F46B6.6
F46C5.9
F46F11.10
F46F11.6
F46F11.9
FA6H5.4
F47D12.9
F47G4.4
F48A11.4
F48C1.4
F48C1.6
F48ES8.2
FA8E8.4
FABES8.6
F49C12.9
F49D11.10
F49E8.1
F49ES8.2
F49E8.7
F52A8.1
F52B11.2
F52B5.2
F52B5.3
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F42C5.9
F42G9.6
F43C1.3
F43C1.6
F43G6.7
F43G9.12
F43G9.13
F43G9.3
F44B9.5
F44B9.8
F44E2.8
F44E2.9
F44E7.9
F44G4.1
F45C12.15
F45F2.10
F45G2.7
F45G2.8
F45H10.3
F45H11.3
F46B6.6
F46C5.9
F46F11.10
F46F11.6
F46F11.9
F46H5.4
F47D12.9
F47G4.4
F48A11.4
F48C1.4
F48C1.6
F48ES8.2
F48ES8.4
FA8ES8.6
F49C12.9
F49D11.10
F49E8.1
F49ES8.2
F49E8.7
F52A8.1
F52B11.2
F52B5.2
F52B5.3

F54F7.6
F54F7.7
F54G2.1
F54G2.2
F54H12.2
F54H12.5
F55A11.11
F55A11.6
F55A3.5
F55B11.6
F55C9.6
F55F8.9
F55G7.1
F55H2.5
F56A4.12
F56A6.4
F56A8.1
F56B3.3
F56B3.9
F56D1.1
F56D2.3
F56D5.3
F56F10.1
F56F11.2
F56G4.6
F56G4.7
F56H9.2
F57A10.2
F57A10.4
F57B10.5
F57B7.1
F57F5.1
F58A4.1
F58A4.14
F58D12.1
F58D12.5
F58D5.2
F58D5.3
F58D5.5
F58E1.13
F58E10.7
F58E2.3
F58G1.7

F54F7.6
F54F7.7
F54G2.1
F54G2.2
F54H12.2
F54H12.5
F55A11.11
F55A11.6
F55A3.5
F55B11.6
F55C9.6
F55F8.9
F55G7.1
F55H2.5
F56A4.12
F56A6.4
F56A8.1
F56B3.3
F56B3.9
F56D1.1
F56D2.3
F56D5.3
F56F10.1
F56F11.2
F56G4.6
F56G4.7
F56H9.2
F57A10.2
F57A10.4
F57B10.5
F57B7.1
F57F5.1
F58A4.1
F58A4.14
F58D12.1
F58D12.5
F58D5.2
F58D5.3
F58D5.5
F58E1.13
F58E10.7
F58E2.3
F58G1.7
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R53.4
rab-1
rab-11.1
rab-6.1
rad-23
ran-1
rbx-1
rer-1
ril-1
rmd-3
rmd-4
rmd-6
rme-1
rnh-1.1
rpl-25.2
rpn-1
rpn-10
rpn-12
rpn-3
rpn-5
rpn-8
rpn-9
rps-0
rps-10
rps-27
rps-29
rps-8
rpt-1
rpt-2
rpt-3
rpt-4
rpt-5
rpt-6
rsp-1
rsp-2
rsp-3
rsp-6
rsp-7
rsp-8
sams-4
sar-1
sax-7
sca-1

R53.4
C39F7.4
F53G12.1
F59B2.7
ZK20.3
K01G5.4
ZK287.5
F46C5.8
C53A5.1
B0491.3
F36H12.11
R13H9.1
WO6HS8.1
ZK1290.6
F52B5.6
T22D1.9
B0205.3
ZK20.5
C30C11.2
F10G7.8
R12E2.3
T06D8.8
B0393.1
D1007.6
F56E10.4
B0412.4
F42C5.8
C52E4.4
F29G9.5
F23F12.6
F23F1.8
F56H1.4
Y49E10.1
W02B12.3
W02B12.2
Y111B2A.18
C33H5.12
D2089.1
C18D11.4
CO6E7.3
ZK180.4
C18F3.2
K11D9.2

Table S2

F52C12.1
F52C12.2
F52C12.3
F52C9.3
F52C9.7
F52D10.2
F52D2.7
F52F12.7
F52G3.1
F52H2.1
F52H2.5
F52H3.2
F52H3.4
F53B1.2
F53B7.3
F53C11.4
F53E10.6
F53F1.2
F53F4.11
F53F4.12
F53F4.14
F53F4.16
F53F4.3
F53F8.5
F53H1.1
F53H1.3
F53H2.3
F54A3.2
F54A3.5
F54A3.6
F54A5.1
F54B3.1
F54C4.1
F54C4.3
F54C4.4
F54C8.4
F54C9.9
F54D10.5
F54D10.7
F54D11.2
F54D12.4
F54D12.5
F54D5.12
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F52C12.1
F52C12.2
F52C12.3
F52C9.3
F52C9.7
F52D10.2
F52D2.7
F52F12.7
F52G3.1
F52H2.1
F52H2.5
F52H3.2
F52H3.4
F53B1.2
F53B7.3
F53C11.4
F53E10.6
F53F1.2
F53F4.11
F53F4.12
F53F4.14
F53F4.16
F53F4.3
F53F8.5
F53H1.1
F53H1.3
F53H2.3
F54A3.2
F54A3.5
F54A3.6
F54A5.1
F54B3.1
F54C4.1
F54C4.3
F54C4.4
F54C8.4
F54C9.9
F54D10.5
F54D10.7
F54D11.2
F54D12.4
F54D12.5
F54D5.12

F58H1.3
F58H7.5
F59A1.10
F59A7.7
F59A7.9
F59B1.10
F59B2.5
F59B2.9
F59C12.3
F59C12.4
F59C6.2
F59D12.2
F59D6.1
F59E12.6
F59F4.1
F59H6.2
F59H6.3
faah-5
far-8
fars-2
fat-2
fbxa-10
fbxa-106
fbxa-107
fbxa-11
foxa-111
fbxa-112
fbxa-115
foxa-116
fbxa-118
fbxa-120
foxa-126
fbxa-13
fbxa-136
fbxa-138
fbxa-139
fbxa-148
fbxa-149
fbxa-150
fbxa-153
fbxa-154
fbxa-16
fbxa-166

F58H1.3
F58H7.5
F59A1.10
F59A7.7
F59A7.9
F59B1.10
F59B2.5
F59B2.9
F59C12.3
F59C12.4
F59C6.2
F59D12.2
F59D6.1
F59E12.6
F59F4.1
F59H6.2
F59H6.3
Y56A3A.5
KO02F3.3
YG60A3A.13
WO02A2.1
T12B5.3
Y59A8B.11
Y37H2A.4
T12B5.4
Y102A5C.14
Y102A5C.13
Y113G7B.3
Y113G7B.1
M162.8
C33E10.2
Y67A10A.5
Y22D7AR.11
C18D4.2
Y82E9BR.12
B0391.9
Y102A5C.9
Y38H6C.10
Y38H6C.11
B0391.5
B0391.6
Y73B3A.14
CO8E3.9
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scc-1
scl-23
scrm-5
scrm-7
scrm-8
sdhb-1
sdhd-1
sec-24.1
sec-24.2
sel-1
sel-10
sel-11
sel-9
set-2
sfxn-1.1
sfxn-1.2
sfxn-1.3
sfxn-1.4
sgt-1
skr-2
sma-1
smo-1
shap-29
snf-10
snf-2
snf-5
snf-7
snf-9
sod-1
sod-2
spd-2
spd-5
spe-10
spe-11
spe-17
spe-19
spe-26
spe-27
spe-29
spe-38
spe-39
spe-4
spe-41

F10G7.4
B0545.3
K08D10.8
Y50E8A.9
K08D10.7
F42A8.2
F33A8.5
F12F6.6
ZC518.2
F45D3.5
F55B12.3
F55A11.3
wWo2D7.7
C26E6.9
AHG6.2
F37H8.4
Y6E2A.9
C47D12.3
R0O5F9.10
F46A9.4
R31.1
K12C11.2
K02D10.5
Y32F6A.2
F55H12.1
Y46G5A.30
ZK1010.9
C49C3.1
C15F1.7
F10D11.1
F32H2.3
F56A3.4
AC3.10
F48C1.7
ZK617.3
Y113G7A.10
R10H10.2
CO6E7.6
F25H8.7
Y52B11A.1
ZC404.3
ZK524 .1
K01A11.4

Table S2

F54D5.14
F54D5.2
F54D5.9
F54D8.6
F54E7.8
F54F2.9
F55A11.4
F55A11.7
F55A12.10
F55A12.2
F55A12.5
F55A12.8
F55A3.2
F55A3.3
F55B12.4
F55C12.5
F55F10.1
F55F8.2
F55F8.3
F55F8.6
F55G1.5
F55G1.6
F55H2.7
F56A11.5
F56A8.4
F56A8.5
F56B3.11
F56B3.4
F56B3.8
F56C11.4
F56C11.5
F56C9.10
F56C9.3
F56D1.2
F56D1.3
F56D12.6
F56D2.2
F56D2.6
F56E10.1
F56F11.4
F56G4.4
F56H1.5
F57B10.4
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F54D5.14
F54D5.2
F54D5.9
F54D8.6
F54E7.8
F54F2.9
F55A11.4
F55A11.7
F55A12.10
F55A12.2
F55A12.5
F55A12.8
F55A3.2
F55A3.3
F55B12.4
F55C12.5
F55F10.1
F55F8.2
F55F8.3
F55F8.6
F55G1.5
F55G1.6
F55H2.7
F56A11.5
F56A8.4
F56A8.5
F56B3.11
F56B3.4
F56B3.8
F56C11.4
F56C11.5
F56C9.10
F56C9.3
F56D1.2
F56D1.3
F56D12.6
F56D2.2
F56D2.6
F56E10.1
F56F11.4
F56G4.4
F56H1.5
F57B10.4

fbxa-167
fbxa-168
fbxa-169
fbxa-170
fbxa-178
fbxa-179
fbxa-181
fbxa-184
fbxa-188
fbxa-192
foxa-194
fbxa-195
fbxa-2
fbxa-20
fbxa-208
fbxa-211
fbxa-216
fbxa-218
fbxa-224
fbxa-23
fbxa-24
fbxa-3
foxa-4
fbxa-40
foxa-42
fbxa-60
fbxa-61
foxa-63
fbxa-64
fbxa-65
fbxa-67
foxa-76
foxa-77
fbxa-79
fbxa-83
fbxa-90
fbxa-91
fbxa-92
fbxa-94
fbxa-97
fbxb-100
fbxb-101
foxb-103

C31C9.3
C31C9.4
C31C9.8
C36C9.3
F17A9.1
T14C1.3
F35E12.3
F45C12.8
F47H4.8
F57G4.8
M162.11
R09B5.1
T13F3.5
Y82E9BL.16
Y119D3B.4
Y37H2A.6
Y47H9C.10
Y49E10.17
ZK1290.9
T12B5.13
F54D10.2
TO8E11.7
F42G2.8
Y59E1A1
Y54F10BL.1
T12B5.10
Y119D3B.8
Y119D3B.7
T28A11.21
C17B7.11
T12B5.11
Y119D3B.22
Y119D3B.6
Y82E9BL.13
Y67A10A.4
Y102A5C.19
Y119D3B.18
Y119D3B.20
F28F8.8
C18B12.5
Y63D3A.2
Y63D3A.3
F53C3.2
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Table S2
spe-42 B0240.2 F57B10.8 F57B10.8 foxb-105 F08D12.8
spe-6 Y66D12A.20 F57B9.1 F57B9.1 foxb-106 F29A7 .1
spe-8 F53G12.6 F57C9.1 F57C9.1 fbxb-107 F29A7.2
spk-1 B0464.5 F57C9.7 F57C9.7 fbxb-108 FO08D12.6
sqd-1 Y73B6BL.6 F58A4.6 F58A4.6 foxb-11 F45C12.5
sqv-1 D2096.4 F58A4.9 F58A4.9 fbxb-119 B0462.3
srw-145 R10D12.17 F58B3.4 F58B3.4 fbxb-14 WO08F4.9
ssp-10 KO7F5.9 F58B3.6 F58B3.6 foxb-15 ZC204.7
ssp-11 T28H11.6 F58E10.1 F58E10.1 fbxb-16 ZC204.10
ssp-16 T27A3.3 F58E10.3 F58E10.3 foxb-17 F58E1.5
ssp-19 C55C2.2 F58G1.1 F58G1.1 fbxb-18 F58E1.8
ssp-31 ZK1225.6 F58G11.2 F58G11.2 fbxb-20 ZC204.9
ssp-32 F32B6.7 F58G11.3 F58G11.3 fbxb-21 ZC204.8
ssp-9 EO3H12.10 F58H1.5 F58H1.5 foxb-22 Y56A3A.10
ssq-1 KO7F5.11 F59A2.2 F59A2.2 foxb-24 Y56A3A.15
$sQ-2 T28H11.5 F59A2.6 F59A2.6 fbxb-25 F58E1.2
ssqg-4 T28H11.1 F59A3.2 F59A3.2 foxb-26 F58E1.3
sst-20 F54C1.9 F59A3.3 F59A3.3 fbxb-30 F45D11.13
stam-1 C34G6.7 F59A6.5 F59A6.5 foxb-34 WO08F4.2
stc-1 F54C9.2 F59B2.3 F59B2.3 foxb-39 M01D1.7
stdh-1 C06B3.4 F59D12.5 F59D12.5 foxb-40 M01D1.9
sulp-6 WO01B11.2 F59E12.1 F59E12.1 fbxb-45 M01D1.10
syp-2 C24G6.1 F59E12.9 F59E12.9 foxb-46 KO5F6.9
syx-5 F55A11.2 F59G1.8 F59G1.8 foxb-50 KO5F6.2
Syx-7 F36F2.4 faah-4 Y56A3A.12 |fbxb-51 KO5F6.3
TO1C3.5 TO1C3.5 farl-11 F10E7.8 fbxb-52 KO5F6.6
TO1C3.9 TO1C3.9 fars-1 T08B2.9 foxb-53 F36H5.5
T01D3.5 TO1D3.5 fat-4 T13F2.1 fbxb-54 KO5F6.7
TO1H3.5 TO1H3.5 fbf-1 H12113.4 fbxb-56 Y63D3A.10
T02B11.9 T02B11.9 fbf-2 F21H12.5 foxb-59 Y113G7B.8
TO2E1.7 TO2E1.7 foxa-114 Y113G7B.7 |fbxb-6 FO7E5.1
T02G5.12 T02G5.12 foxa-145 F48C1.2 fbxb-62 F55C9.8
TO2H6.11 TO02H6.11 foxa-197 T06C12.4 foxb-63 F55C9.13
TO3F6.6 TO3F6.6 fbxa-206 Y102A5C.1 |fbxb-64 C43D7.9
TO04A6.3 TO4A6.3 foxa-215 Y45F10C.3 |fbxb-67 F49B2.2
TO4A8.13 TO4A8.13 foxc-32 C32B5.10 foxb-69 F09C3.5
T04B2.7 T04B2.7 foxc-36 R07C3.2 foxb-7 Y20C6A.2
T04B2.8 T04B2.8 foxc-50 C17F4.5 foxb-71 F40F4 .1
TO4F3.3 TO4F3.3 fcd-2 Y41E3.9 foxb-72 H24009.2
TO5A7.6 TO5A7.6 fem-2 T19C3.8 foxb-77 Y17G9B.7
T05B4.14 TO5B4.14 fib-1 TO1C3.7 fbxb-78 EO04A4.1
T05C12.1 T05C12.1 figl-1 F32D1.1 foxb-8 F49B2.1
T05C12.3 T05C12.3 fipp-1 F32D1.9 fbxb-81 T17A3.3
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T05C12.9
TO5E11.3
TO5F1.5
TO5F1.8
T05G5.4
TO5H10.6
TO5H10.7
TO5H4.6a
T06C10.3
T06D8.9
TOGE4.5
TO7A5.5
TO7E3.2
TO7F10.1
T08B2.11
T08B2.12
T08B2.7
T08B6.4
T08B6.9
T08G11.1
T08G11.2
TO8H10.3
TO9A12.1
T09B4.1
T09B4.3
T09B4.8
TO9ES8.3
T10E9.4
T10E9.6
T11F8.4
T12A2.2
T12A2.8
T12D8.6
T13F2.12
T13F3.8
T14B4.3
T14G10.5
T14G10.8
T15B12.2
T16A1.2
T16A9.5
T16G12.7
T19A6.1

T05C12.9
TO5E11.3
TO5F1.5
TO5F1.8
T05G5.4
TO5H10.6
TO5H10.7
TO5H4.6
T06C10.3
T06D8.9
TOGE4.5
TO7AS5.5
TO7E3.2
TO7F10.1
T08B2.11
T08B2.12
T08B2.7
T08B6.4
T08B6.9
T08G11.1
T08G11.2
TO8H10.3
TO9A12.1
T09B4.1
T09B4.3
T09B4.8
TO9ES8.3
T10E9.4
T10E9.6
T11F8.4
T12A2.2
T12A2.8
T12D8.6
T13F2.12
T13F3.8
T14B4.3
T14G10.5
T14G10.8
T15B12.2
T16A1.2
T16A9.5
T16G12.7
T19A6.1

Table S2

fkh-3
fkh-4
fkh-7
flap-1
flh-1
flh-3
fli-1
fln-1
flt-1
fnci-1
fncm-1
fnta-1
fntb-1
fog-2
fox-1
frh-1
frl-1
ftr-1
fum-1
fzo-1
fzr-1
fzy-1
gad-1
gale-1
gap-2
gars-1
gck-1
gck-2
gck-4
gcl-1
gen-1
gcn-2
gcs-1
gei-11
gei-12
gei-14
gei-17
gei-6
gex-2
gex-3
gfi-2
gfi-4
gfl-1
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C29F7.4
C29F7.5
F26D12.1
F57B9.7
Y11D7A.12
Y11D7A.13
B0523.5
Y66H1B.2
ZK783.4
W02D3.10
F56A3.1
R02D3.5
F23B12.6
Y113G7B.5
TO7D1.4
F59G1.7
Y48G9A .4
Y113G7B.4
H14A12.2
ZK1248.14
ZK1307.6
ZK177.6
TO5H4.14
C47B2.6
ZK899.8
T10F2.1
T19A5.2
ZC404.9
C04A11.3
Y62E10A.16
Y48G9A.3
Y81G3A.3
F37B12.2
F32H2.1
F52D2.4
K01C8.5
W10D5.3
C05C8.4
F56A11.1
F28D1.10
K02A11.1
F45E4.10
M04B2.3

foxb-83
foxb-85
fbxb-86
fbxb-87
foxb-88
fbxb-90
foxb-91
fbxb-92
fbxb-93
fbxb-95
foxb-97
fbxb-98
fbxb-99
fbxc-14
fbxc-18
foxc-23
fbxc-25
fbxc-26
fbxc-28
fbxc-30
fbxc-39
foxc-40
fbxc-42
fbxc-45
foxc-47
foxc-52
fbxc-8
fer-1
ferl-1
fkb-5
fkb-8
flp-16
flr-4
fmo-3
fmo-5
fog-1
folt-1
fozi-1
frm-1
frm-10
fut-3
galt-1
gas-1

T17A3.6
R17.1
T27E9.8
C44B9.6
C33F10.13
F12E12.10
F12E12.8
F12E12.9
Y63D3A.9
C52E2.1
C52E2.6
C16C4.6
Y8A9A.5
C32B5.5
C32B5.14
Y48E1B.11
KO9F6.8
F58E1.12
R07C3.6
R07C3.15
F45D11.10
C32B5.1
F45D11.9
Y54G2A.22
M02B7.1
C46E10.4
F58H7.7
F43G9.6
TO5ES8.1
C50F2.6
Y18D10A.25
F15D4.8
F09B12.6
Y39A1A.19
H24K24.5
Y54E10A.4
C06H2.4
K01B6.1
ZK270.2
F25H9.5
F59E12.13
MO3F8.4
K09A9.5
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T19B10.8
T19D12.5
T20D3.5
T20F5.5
T20F5.6
T20H4.2
T21C12.4
T21C12.8
T21C9.4
T21E12.5
T21E3.2
T21G5.1
T21G5.4
T22A3.6
T22B11.1
T22B11.5
T22B3.2
T22B3.3
T22C1.8
T22C1.9
T22D1.4
T22D1.8
T22H9.3
T23B3.5
T23B7.2
T23F11.2
T23F6.3
T23G11.1
T24B1.1
T24H7.2
T25B9.4
T25B9.6
T25D3.4
T25E12.16
T26A8.1
T27A3.4
T27A3.5
T27C10.8
T27E7 1
T27E9.2
T27F6.1
T27F7.4
T28B8.6

T19B10.8
T19D12.5
T20D3.5
T20F5.5
T20F5.6
T20H4.2
T21C12.4
T21C12.8
T21C9.4
T21E12.5
T21E3.2
T21G5.1
T21G5.4
T22A3.6
T22B11.1
T22B11.5
T22B3.2
T22B3.3
T22C1.8
T22C1.9
T22D1.4
T22D1.8
T22H9.3
T23B3.5
T23B7.2
T23F11.2
T23F6.3
T23G11.1
T24B1.1
T24H7.2
T25B9.4
T25B9.6
T25D3.4
T25E12.16
T26A8.1
T27A3.4
T27A3.5
T27C10.8
T27E7 1
T27E9.2
T27F6.1
T27F7.4
T28B8.6

Table S2

gip-1
gip-2
git-1
gla-3
glb-1
gld-1
gld-3
gld-4
glh-1
glh-2
glh-3
gln-1
gln-5
gln-6
glrx-21
glrx-5
gls-1
gly-5
gly-7
gmn-1
gna-2
goa-1
gob-1
gon-14
gon-2
gon-4
gop-1
gop-2
gop-3
gos-28
gpb-1
gpc-2
gpdh-2
gpi-1
gpr-1
gpr-2
grk-1
gro-1
grp-1
gsp-2
gsr-1
gst-1
gsy-1
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H04J21.3
C45G3.3
F14F3.2
TO2E1.3
ZK637.13
T23G11.3
TO7F8.3
ZK858.1
T21G5.3
C55B7.1
B0414.6
C45B2.5
F26D10.10
C28D4.3
ZK121.1
Y49E10.2
C36B1.8
Y39E4B.12
Y46H3A.6
Y75B8A.17
T23G11.2
C26C6.2
H13N06.3
F44C4.4
TO1H8.5
K04D7.5
C34E10.3
C34E10.2
C34E10.1
FO8F8.8
F13D12.7
F08B6.2
K11H3.1
Y87G2A.8
F22B7.13
C38C10.4
F19C6.1
ZC395.6
KO6H7.4
F56C9.1
C46F11.2
R107.7
Y46G5A.31

gbh-1
gbh-2
gcy-18
gcy-23
gcy-28
gcy-8
dfi-3
glb-14
glb-18
glct-1
glit-1
glrx-22
glt-5
gly-12
gly-13
gly-2
gly-9
gon-1
gpa-1
gpa-4
gpa-9
gpb-2
grd-15
grk-2
grl-27
grl-31
gsa-1
gst-15
gst-16
gst-24
gst-30
gst-32
gst-37
gst-38
gst-43
gsto-3
gtl-1
gyg-1
HO01M10.1
H04D03.1
H04DO03.3
H04D03.4
H04J21.1

D2089.5
M05D6.7
ZK896.8
T26C12.4
TO1A4.1
C49H3.1
M163.4
F21A3.6
F52A8.4
TO9E11.1
F55D10.3
C07G1.8
Y53C12A.2
F48E3.1
B0416.6
C55B7.2
Y47D3A.23
F25H8.3
T19C4.6
TO7A9.7
F56H9.4
F52A8.2
Y87G2A.15
W02B3.2
F40C5.3
T24A6.19
RO6A10.2
F37B1.4
F37B1.5
F37B1.1
ZK546.11
Y53F4B.37
Y32G9A 1
F35E8.8
Y71F9AL.5
K10F12.4
C05C12.3
F56B6.4
HO01M10.1
H04D03.1
H04D03.3
H04D03.4
H04J21.1
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T28C6.5
T28C6.7
T28D9.3
T28F12.1
T28F4.3
T28H11.7
tag-141
tag-164
tag-173
tag-174
tag-189
tag-19
tag-191
tag-256
tag-277
tag-296
tag-300
tag-314
tag-335
tag-344
tag-347
tag-353
tag-76
tat-3
tba-1
tba-2
tbb-1
tbb-2
tbc-2
tbc-3
tet-1

tkt-1
toc-1
tom-1
tomm-40
top-2
tram-1
trap-1
trap-3
trap-4
try-6
try-7
tsn-1

T28C6.5
T28C6.7
T28D9.3
T28F12.1
T28F4.3
T28H11.7
C30H6.2
Y76A2A.1
F27D4.5
F54D8.2
TO4A8.12
C09G9.4
C53A54
ZK637.3
ZK652.3
F49D11.9
Y110A7A.12
F15H10.4
C42C1.5
B0511.4
C25G4.4
F25D7.2
ZK757.3
Wo09D10.2
F26E4.8
C47B2.3
K01G5.7
C36E8.5
ZK1248.10
F32B6.8
F25H2.11
F01G10.1
ZC395.3
MO01A10.2
C18E9.6
K12D12.1
C24F3.1
Y71F9AM.6
Y38F2AR.2
Y56A3A.21
F48A9.3
ZC581.6
F10G7.2

Table S2

gut-2
gyg-2
H02112.5
H04D03.2
H04M03.3
H05C05.1
H05C05.2
HO5L14.2

HO06104.3
H06001.2
H13N06.4
H14A12.3
H20J04.2
H20J04.3
H20J04.4
H20J04.6
H20J04.9
H21P03.2
H24K24 .4
H25P06.1
H27A22.1
H27M09.1
H27M09.3
H28016.2
H31G24.3
H34C03.2
H37N21.1
H43107.2
H43107.3
haf-2
haf-3
ham-1
har-1
hars-1
hcf-1
hcp-1
hcp-2
hcp-3
hcp-4
hcp-6
hda-1
hda-2
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HO6H21.11

T10G3.6
T25E12.5
HO02112.5
H04D03.2
H04MO03.3
H05C05.1
H05C05.2
HO5L14.2
HO6H21.11
H06104.3
H06001.2
H13N06.4
H14A12.3
H20J04.2
H20J04.3
H20J04 .4
H20J04.6
H20J04.9
H21P03.2
H24K24.4
H25P06.1
H27A22.1
H27M09.1
H27MO09.3
H28016.2
H31G24.3
H34C03.2
H37N21.1
H43107.2
H43107.3
FA3E2.4
F57A10.3
F53B2.6
C16C10.11
T11G6.1
C46A5.9
ZK1055.1
TOGE4.1
F58A4.3
TO3F1.9
Y110A7A.1
C53A5.3
co8B11.2

H05C05.2
H05C05.3
H05C05.4
HO06104.6
H10E21.4
H11L12.1
H12D21.10
H12D21.7
H14A12.5
H14E04.1
H14E04.3
H17B01.1
H22K11.2
H24K24.2
H24K24.3
H25P06.4
H28G03.2
H35N09.2
H36L18.2
H37A05.4
H37N21.1
H39E20.1
H40L08.1
H40L08.3
H42K12.3
haf-1
haf-4
haf-9
hap-1
hbl-1
hex-4
hid-1

hil-3

hil-8
him-18
his-1
his-10
his-14
his-18
his-24
his-26
his-28
his-31

H05C05.2
H05C05.3
H05C05.4
H06104.6
H10E21.4
H11L12.1
H12D21.10
H12D21.7
H14A12.5
H14E04.1
H14E04.3
H17B01.1
H22K11.2
H24K24.2
H24K24.3
H25P06.4
H28G03.2
H35N09.2
H36L18.2
H37A05.4
H37N21.1
H39E20.1
H40L08.1
H40L08.3
H42K12.3
C30H6.6
W04C9.1
ZK484.2
ZC395.7
F13D11.2
Y51F10.5
KO02E10.2
F22F1.1
TO5E8.2
TO4A8.15
T10C6.14
ZK131.4
ZK131.8
K06C4.10
M163.3
ZK131.1
K06C4.2
F17E9.12
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tsp-18
ttbk-2
ttm-1
ttr-12
ttr-9
twk-6
uba-1
ubc-18
ubc-20
ubc-24
ubc-25
ubc-7
ubg-1
ubxn-3
ubxn-6
ucr-2.3
ufd-1
ufd-2
ufd-3
unc-108
unc-32
unc-50
unc-60
usp-14
vbh-1
vha-1
vha-14
vha-18
vha-2
vha-8
vha-9
vig-1
vpr-1
vps-32.1
W01B6.2
W01B6.6
W01B6.8
W01C9.4
W01D2.3
WO02A2.8
wo02B12.12
Ww02B12.15
Wwo02D7.4

F59G1.2
F36H12.8
Y39E4A.2
F46B3.4
C33A12.15
F17C8.5
C47E12.5
RO1H2.6
F40G9.3
FA9E12.4
F25H2.8
F58A4.10
F25B5.4
F48A11.5
HO6H21.6
T24C41
F19B6.2
TO5H10.5
C05C10.6
F53F10.4
ZK637.8
TO7A5.2
C38C3.5
C13B4.2
Y54E10A.9
R10E11.8
F55H2.2
F52E1.10
R10E11.2
C17H12.14
ZK970.4
F56D12.5
F33D11.11
C56C10.3
W01B6.2
W01B6.6
W01B6.8
W01C9.4
Wo01D2.3
WO02A2.8
W02B12.12
Wo02B12.15
Wo02D7 .4

Table S2

hda-4
hdac-6
hel-308
hif-1
hil-5
him-1
him-14
him-17
him-19
him-3
him-5
him-6
hint-1
his-72
hib-1
hih-3
hmg-1.2
hmg-3
hmg-4
hmg-5
hmp-1
hmp-2
hmr-1
hmt-1
hoe-1
hpr-9
hrdl-1
hrp-1
hrp-2
hrpf-1
hrpf-2
hsb-1
hsp-4
hsp-6
hsp-60
hsr-9
htp-1
htp-2
htp-3
htz-1
hum-1
hum-2
hut-1
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C10E2.3
F41H10.6
Y55B1AL.3
F38A6.3
B0414.3
F28B3.7
ZK1127.11
TO9ES8.2
Y95B8A.11
ZK381.1
D1086.4
TO4A11.6
F21C3.3
Y49E10.6
T21H8.1
T24B8.6
F47D12.4
C32F10.5
T20B12.8
F45E4.9
R13H4.4
K05C4.6
W02B9.1
W09D6.6
EO04A4.4
Y39A1A.23
F26E4.11
FA2A6.7
F58D5.1
W02D3.11
Y73B6BL.33
KO8E7.2
F43E2.8
C37H5.8
Y22D7AL.5
TO5F1.6
F41H10.10
Y73B6BL.2
F57C9.5
R08C7.3
F29D10.4
F36D4.3
Y111B2A.20

his-35
his-37
his-38
his-4
his-5
his-50
his-60
his-67
his-71
hih-11
hih-30
hih-8
hmit-1.3
hnd-1
hot-4
hpl-1
hsp-16.1
hsp-16.11
hsp-16.48
hsp-16.49
hst-3.2
hum-4
ida-1
idi-1
ifc-1
ifd-2
iff-2
ifp-1
ifta-1
immt-1
ina-1
inft-1
ins-13
ins-17
ins-34
ins-5
inx-12
inx-13
inx-20
ire-1
irk-3
irx-1
islo-1

C50F4.13
C50F4.7
KO3A1.6
T10C6.11
F45F2.3
FO7B7.9
F55G1.11
T23D8.5
FA5E1.6
F58A4.7
w02C12.3
C02B8.4
MO1F1.5
C44C10.8
T12A2.16
KO08H2.6
T27E4.8
T27E4.2
T27E4.3
T27E4.9
F52B10.2
F46C3.3
B0244.2
KO6H7.9
F37B4.2
F25E2.4
F54C9.1
C43C3.1
C54G7.4
T14G11.3
F54G8.3
F58B6.2
C17C3.18
F56F3.6
F52B11.6
ZK84.3
ZK770.3
Y8G1A.2
T23H4.1
C41C4.4
K04G11.5
C36F7.1
F42G8.5
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W02D9.2
WO02F12.5
WO3A5.1
WO03B1.3
WO03B1.9
W03C9.1
W03C9.8
W03D8.1
W03D8.2
W03D8.3
W03D8.5
W03D8.9
WO03F11.4
W03G1.2
W03G9.5
WO04E12.4
W06D4.2
W06D4.3
WO07A8.2
W07G4.3
W07G4.4
WO08E12.7
WO8E3.4
WO08F4.3
W09C3.1
W09C3.2
W09C3.7
W09C3.8
W09D10.5
W09D6.4
W10C8.5
wee-1.3
wht-3

wht-5

wht-6
wwp-1
xbx-6
Y105C5A.26
Y105C5B.18
Y105E8A.27
Y105E8A.3
Y106G6D.3
Y106G6D.4

Table S2
W02D9.2 iars-1
WO02F12.5 iars-2
WO03A5.1 icl-1
WO03B1.3 icp-1
WO03B1.9 ife-3
W03C9.1 ife-4
W03C9.8 iffb-1
WO03D8.1 iftb-1
WO03D8.2 ify-1
W03D8.3 igcm-3
WO03D8.5 ikke-1
W03D8.9 ima-1
WO3F11.4 ima-2
W03G1.2 imb-1
W03G9.5 imb-2
WO04E12.4 imb-3
WO06D4.2 immp-2
WO06D4.3 inft-2
WO07A8.2 ing-3
WO07G4.3 inx-21
WO07G4 .4 inx-22
WO08E12.7 ipla-1
WO8E3.4 itsn-1
WO08F4.3 jac-1
W09C3.1 jamp-1
W09C3.2 JC8.5
W09C3.7 JC8.7
W09C3.8 jmjd-2
WO09D10.5 K01C8.6
WO09D6.4 K01D12.6
W10C8.5 K01G5.10
Y53C12A.1 K01G5.5
C16C10.12 K01G5.8
F19B6.4 K01G5.9
T26A5.1 K02B12.5
Y65B4BR .4 K02B12.7
F40F9.1 K02B2.1
Y105C5A.26 K02B2.3
Y105C5B.18 K02C4.3
Y105E8A.27 K02D10.1
Y105E8A.3 KO02F3.10
Y106G6D.3 KO02F3.12
Y106G6D.4 K02F3.2
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R11A8.6
C25A1.7
CO01F6.8
Y39G10AR.1
B0348.6
C05D9.5
Y54F10BM.2
K04G2.1
C27A2.3
T02C5.3
R107.4
T19B10.7
F26B1.3
F28B3.8
RO6A4.4
C53D5.6
Y55F3AM.8
F15B9.4
Y51H1A.4
Y47G6A.1
Y47G6A.2
MO3A1.6
Y116A8C.36
Y105C5B.21
R01B10.5
JC8.5
JC8.7
Y48B6A.11
K01C8.6
K01D12.6
K01G5.10
K01G5.5
K01G5.8
K01G5.9
K02B12.5
K02B12.7
K02B2.1
K02B2.3
K02C4.3
K02D10.1
KO02F3.10
KO02F3.12
KO02F3.2

ist-1

isw-1

ivd-1
JC8.4
jip-1
jmjc-1
KO1A11.1
KO1A11.3
KO01A6.6
K01B6.3
K01C8.2
K01D12.1
K01G12.3
K01G5.3
K02B12.2
K02B7.3
K02D10.2
K02D10.3
K02E10.1
K02E7.12
KO2E7.4
KO2E7.6
KO2E7.7
K02F6.1
KO2F6.7
K02F6.9
K03B8.4
K03D3.2
KO3E5.1
KO3E6.7
KO03H4.2
KO3H6.2
KO3H6.5
K04A8.10
K04B12.2
K04C1.3
K04C1.5
K04C2.3
K04C2.8
K04G11.3
K04G7.1
K05C4.11
K05C4.3

C54D1.3
F37A4.8
C02B10.1
JC8.4
F56D12.4
T28F2.4
KO1A11.1
K01A11.3
KO1A6.6
K01B6.3
K01C8.2
K01D12.1
K01G12.3
K01G5.3
K02B12.2
K02B7.3
K02D10.2
K02D10.3
KO02E10.1
KO2E7.12
KO2E7 .4
KO2E7.6
KO2E7.7
KO02F6.1
KO02F6.7
KO02F6.9
K03B8.4
K03D3.2
KO3ES.1
KO3EG6.7
KO3H4.2
KO3H6.2
KO3H6.5
K04A8.10
K04B12.2
K04C1.3
K04C1.5
K04C2.3
K04C2.8
K04G11.3
K04G7.1
K05C4.11
K05C4.3
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Y106G6H.13 Y106G6H.13

Y113G7C A1
Y116A8A.2
Y116A8A.4
Y116A8A.6
Y116A8A.7
Y116A8C.23
Y116A8C.24
Y116A8C.33
Y116A8C.38
Y116A8C.4
Y116F11B.8
Y18D10A.21
Y18H1A.15
Y1A5A 1
Y22D7AL.10
Y24D9B.1
Y25C1A.13
Y25C1A.5
Y25C1A.7
Y37D8A.10

Y37E11AL.1%

Y37E11AL.2
Y37E11B.10
Y37E3.11
Y37E3.19
Y37E3.4
Y37F4.1
Y37F4.5
Y38C1AA.7
Y38E10A.17
Y38F1A.1
Y38F1A.6
Y38F1A.7

Y113G7C A1
Y116A8A.2
Y116A8A.4
Y116A8A.6
Y116A8A.7
Y116A8C.23
Y116A8C.24
Y116A8C.33
Y116A8C.38
Y116A8C.4
Y116F11B.8
Y18D10A.21
Y18H1A.15
Y1A5A 1
Y22D7AL.10
Y24D9B.1
Y25C1A.13
Y25C1A.5
Y25C1A.7
Y37D8A.10

Y37E11AL.12

Y37E11AL.2
Y37E11B.10
Y37E3.11
Y37E3.19
Y37E3.4
Y37F4.1
Y37F4.5
Y38C1AA.7
Y38E10A.17
Y38F1A.1
Y38F1A.6
Y38F1A.7

Y38F2AR.10 Y38F2AR.10

Y38F2AR.9
Y38H6C.15
Y38HB8A.2
Y38HB8A.3
Y38H8A.4
Y39A1A.2
Y39A1A.8
Y39E4A.1

Y38F2AR.9
Y38H6C.15
Y38HB8A.2
Y38HB8A.3
Y38H8A.4
Y39A1A.2
Y39A1A.8

Y39E4A.1

Table S2

KO03A11.1
K03B4.1
K03B4.2
KO3H1.11
KO3H1.7
K04C1.2
K04C1.5
K04C2.2
K04F10.3
K04F10.7
K04G2.2
K04G2.6
K04G7.11
K05C4.2
K05C4.5
K05C4.7
KOG6AS.1
K06B9.2
KO6H7.3
KO6H7.7
KO7A1.1
KO07A1.10
KO7A1.9
KO07A12.1
KO7A12.2
KO7A12.4
KO7A12.7
K07B1.4
K07C5.3
K07C5.4
K07C5.6
KO7E8.7
KO7F5.14
KO7H8.1
KO7H8.10
KO7H8.2
KO8E3.4
KO8E3.5
KO08F11.5
KO08F4.1
KO8F4.2
KO8F8.1
KO08F9.4
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K03A11.1
K03B4.1
K03B4.2
KO3H1.11
KO3H1.7
K04C1.2
K04C1.5
K04C2.2
K04F10.3
K04F10.7
K04G2.2
K04G2.6
K04G7.11
K05C4.2
K05C4.5
K05C4.7
KO6A5.1
K06B9.2
KO6H7.3
KO6H7.7
KO7A1.1
K07A1.10
KO7A1.9
KO07A12.1
KO7A12.2
KO07A12.4
KO7A12.7
K07B1.4
K07C5.3
K07C5.4
K07C5.6
KO7E8.7
KO7F5.14
KO7H8.1
KO7H8.10
KO7H8.2
KO8E3.4
KO8E3.5
KO8F11.5
KO08F4.1
KO8F4.2
KO8F8.1
KO08F9.4

K05C4.8
K05C4.9
KO6A5.8
KO06A9.1
K06C4.1
KO7A1.3
KO7A12.5
KO07A9.3
K07B1.7
K07C5.13
K07D4.2
KO7E3.2
KO7F5.12
K07G5.6
KO08A2.1
KO08A2.4
K08B4.5
K08D10.1
K08D10.12
K08D12.6
KO8E3.10
KO8E4.6
KO8E7.5
KO08F11.1
KO8F11.2
K0O8H2.3
KO8H2.5
K09A11.1
K09A9.6
K09B11.10
K09B11.4
K09B11.5
K09D9.12
KO9E3.2
KO9E3.4
KO9E3.6
KO9E3.7
KO9E4.4
KO9E9.3
KO09F6.10
KO09F6.3
KO9F6.6
KO9F6.9

K05C4.8
K05C4.9
KO6A5.8
KO06A9.1
K06C4.1
KO7A1.3
KO7A12.5
KO7A9.3
KO7B1.7
K07C5.13
K07D4.2
KO7E3.2
KO7F5.12
K07G5.6
KO08A2.1
KO08A2.4
K08B4.5
K08D10.1
K08D10.12
K08D12.6
KO8E3.10
KO8E4.6
KO8E7.5
KO8F11.1
KO8F11.2
K08H2.3
KO08H2.5
K09A11.1
K09A9.6
K09B11.10
K09B11.4
K09B11.5
K09D9.12
KO9E3.2
KO9E3.4
KO9E3.6
KO9E3.7
KO9E4 .4
KO9E9.3
KO09F6.10
KO9F6.3
KO9F6.6
KO9F6.9
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Y39E4A.3  Y39E4A3
Y39E4B.11 Y39E4B.11
Y39E4B.13 Y39E4B.13
Y39F10B.1 Y39F10B.1
Y39G10AR.1 Y39G10AR.1
Y39G10AR.8 Y39G10AR.8
Y40H4A.2  Y40H4A.2
Y41C4A.18 Y41C4A.18
Y41C4A.7  Y41C4A7
Y41D4A.4 Y41D4A4
Y41E3.10  Y41E3.10
Y41E3.19  Y41E3.19
Y41E3.7 Y41E3.7
Y41E3.8 Y41E3.8
Y42H9AR.2 Y42H9AR.2
Y43C5A.4 Y43C5A.4
Y43C5B.3  Y43C5B.3
Y43F8A.2  Y43F8A.2
Y43F8C.5 Y43F8C.5
Y43F8C.9  Y43F8C.9
Y44A6D.5  Y44A6D.5
Y45F10B.3 Y45F10B.3
Y45F3A.1  Y45F3A.1
Y45G12B.2 Y45G12B.2
Y46G5A.14 Y46G5A.14
Y46G5A.22 Y46G5A.22
Y46H3D.1  Y46H3D.1
Y47D3A.13 Y47D3A.13
Y47D3A.5 Y47D3A.5
Y47D9A.5  Y47D9A.5
Y47G6A.13 Y47G6A.13
Y47G6A.18 Y47G6A.18
Y47G6A.26 Y47G6A.26
Y47G6A.3  Y47G6A.3
Y47H9B.2  Y47H9B.2
Y48B6A.5 Y48B6A.5
Y48G8AL.13 Y48G8AL.13
Y49E10.10 Y49E10.10
Y49E10.4  Y49E10.4
Y49F6B.8  Y49F6B.8
Y50E8A.10 Y50E8A.10
Y51A2B.4 Y51A2B.4
Y51B9A.3  Y51B9A.3

Table S2

KO8H10.2
KO9E4.2
KO9E4.3
KO09H9.2
K10C3.2
K10C3.4
K10C3.5
K10C8.3
K10D2.1
K10D2.5
K10E9.1
K11B4.1
K11D12.12
K11G12.6
K11H3.4
K12D12.5
K12H4.2
K12H4.3
K12H4.5
K12H6.2
K12H6.6
kbp-3
kbp-4
kbp-5
kca-1
kin-10
kin-18
kin-3
kin-4
klc-1
klc-2
kle-2
klp-10
klp-15
klp-16
klp-18
knl-3
ksr-2
kup-1
laf-1
lag-1
lam-1
larp-1
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K08H10.2
KO9E4.2
KO9E4.3
KO9H9.2
K10C3.2
K10C3.4
K10C3.5
K10C8.3
K10D2.1
K10D2.5
K10E9.1
K11B4.1
K11D12.12
K11G12.6
K11H3.4
K12D12.5
K12H4.2
K12H4.3
K12H4.5
K12H6.2
K12H6.6
F26H11.1
Y92C3B.1
C34B2.2
C10H11.10
T01G9.6
T17E9.1
B0205.7
C10C6.1
M7.2
C18C4.10
C29E4.2
C33H5.4
MO1E11.6
C41G7.2
C06G3.2
T10B5.6
F58D5.4
F10C2.2
Y71H2AM.19
K08B4.1
WO3F8.5

R144.7

KO9H11.11
KO9H9.1
KO09H9.5
KO9H9.7
K09H9.8
K10B3.5
K10C8.1
K10C8.2
K10C9.3
K10D2.8
K10D3.4
K10F12.6
K10G9.2
K11D2.1
K11D2.4
K11H12.1
K11H12.5
K11H12.9
K11H3.2
K12C11.6
K12C11.7
K12G11.6
K12H6.6
kal-1
kap-1
kel-1

kel-3
kel-8
ketn-1
kin-1
kin-14
kin-33
kif-1

kif-3
klp-11
klp-12
kip-20
kip-3
klp-6
kip-8

kqt-1
lact-3
lact-9

KO9H11.11
KO9H9.1
KO9H9.5
KO9H9.7
KO9H9.8
K10B3.5
K10C8.1
K10C8.2
K10C9.3
K10D2.8
K10D3.4
K10F12.6
K10G9.2
K11D2.1
K11D2.4
K11H12.1
K11H12.5
K11H12.9
K11H3.2
K12C11.6
K12C11.7
K12G11.6
K12H6.6
K03D10.1
FO8F8.3
C47D12.7
T27E9.4
W02G9.2
F54E2.3
ZK909.2
F22D6.1
DC2.7
F56F11.3
F54H5.4
F20C5.2
T01G1.1
Y50D7A.6
TO9AS.2
R144.1
C15C7.2
C25B8.1
M28.6
Y45F10D.11
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Y51B9A.5  Y51B9A.5
Y51H4A.13 Y51H4A.13
Y51H4A.935 Y51H4A.935
Y51H7C.9  Y51H7C.9
Y53C10A.10 Y53C10A.10
Y53C10A.15 Y53C10A.15
Y53C12A.7 Y53C12A.7
Y53F4A.2  Y53F4A.2
Y53F4B.11  Y53F4B.11
Y53F4B.24 Y53F4B.24
Y53F4B.36 Y53F4B.36
Y54E10A.3 Y54E10A.3

Y54E2A.5  Y54E2A.5
Y54E2A.7  YS54E2A7
Y54E5A.2  Y54EBA.2

Y54F10AM.5 Y54F10AM.5
Y54F10BM.3 Y54F10BM.3

Y54G2A.13
Y54G2A.15
Y54G2A.23
Y54G2A.4
Y55B1AL.2
Y55B1AR.4
Y56A3A.19
Y57A10B.7
Y57E12AL.1
Y57E12AL.6

Y54G2A.13
Y54G2A.15
Y54G2A.23
Y54G2A.4
Y55B1AL.2
Y55B1AR .4
Y56A3A.19
Y57A10B.7
Y57E12AL.1
Y57E12AL.6

Y57E12AM.1 Y57E12AM.A
Y57G11A.2 Y57G11A.2
Y57G11B.3 Y57G11B.3
Y57G11B.7 Y57G11B.7
Y57G11C.11:Y57G11C.11
Y57G11C.14 Y57G11C.14
Y57G11C.15 Y57G11C.15
Y57G11C.23 Y57G11C.23
Y57G11C.36 Y57G11C.36
Y57G11C.5 Y57G11C.5
Y57G11C.52 Y57G11C.52

Y57G11C.6
Y57G11C.8
Y57G7A.10
Y57G7A.5
Y57G7A.6

Y57G11C.6
Y57G11C.8
Y57G7A.10
Y57G7A.5
Y57G7A.6

B0

Table S2

lars-1
lat-1
ldb-1
lem-2
lem-3
let-19
let-363
let-418
let-49
let-526
let-60
let-716
let-765
let-858
let-99
letm-1
lex-1
lgg-2
lgg-3
Igl-1
lig-1
lig-4
lin-10
lin-23
lin-28
lin-3
lin-35
lin-37
lin-41
lin-49
lin-5
lin-53
lin-54
lin-59
lin-65
lin-66
lin-7
lin-8
lin-9
lit-1
Ipd-2
Ipd-3
Ipd-6
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R74.1
B0457.1
F58A3.1
WO01G7.5
F42H11.2
KO8F8.6
B0261.2
F26F12.7
Y54E5B.3
C01G8.9
ZK792.6
C16A3.3
F20H11.2
F33A8.1
KO8E7.3
F58G11.1
F11A10.1
ZK593.6
B0336.8
F56F10.4
C29A12.3
CO7H6.1
C09H6.2
K10B2.1
FO2E9.2
F36H1.4
C32F10.2
ZK418.4
C12C8.3
F42A9.2
TO9A5.10
KO7A1.12
JC8.6
T12F5.4
Y71G12B.9
B0513.1
Y54G11A.10
B0454.1
ZK637.7
WO6F12.1
C48E7.3
Y47G6A.23
KO9H9.6

lag-2
lam-2
lam-3
lars-2
Ibp-1
Ibp-3
Ibp-4
lec-1
let-756
let-805
lev-10
lev-11
Igc-10
lgc-25
Igc-29
Igc-30
lgc-33
Igc-40
lgc-53
lim-7
lim-9
lin-1
lin-15A
lin-15B
lin-2
lin-25
lin-31
lips-11
lips-12
lips-14
lips-15
lir-2
Inp-1
lon-8
Ipd-9
Ipl-1
Irp-2
Irx-1
Isd-1
M01B2.10
MO1ES5.1
MO1E5.2
MO1F1.4

Y73C8B.4
C54D1.5
T22A3.8
ZK524.3
F40F4.3
FAOF4.4
ZK742.5
WO9H1.6
C05D11.4
H19M22.2
Y105E8A.7
Y105E8B.1
Y73B6BL.26
RO3E1.3
Y45G5AL.2
F58H7.3
Y55F3BR.4
T24D8.1
T21F2.1
C04F1.3
F25H5.1
C37F5.1
ZK678.1
ZK662.4
F17E5.1
F56H9.5
K10G6.1
T13B5.5
T13B5.6
H17B01.3
Y38E10A.7
F18A1.4
CO05E11.1
Y59A8B.20
T21C9.5
ZC410.7
T21E3.3
TO04H1.6
T08D10.2
M01B2.10
MO1ES5.1
MO1ES.2
MO1F1.4
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Y59E9AL.6
Y59E9AR.2
Y59E9AR.8

Y59H11AM.4 Y59H11AM.4

YG60A3A.9
Y62F5A.10
Y65B4A.7
Y65B4A.9
Y66D12A.11
Y66D12A.3
Y67A6A.1
Y67D8B.5
Y67H2A.5

Y59E9AL.6
Y59E9AR.2
Y59E9AR.8

YG60A3A.9
Y62F5A.10
Y65B4A.7
Y65B4A.9
Y66D12A.11
Y66D12A.3
YG67ABA.1
Y67D8B.5
Y67H2A.5

Y69A2AR.18 Y69A2AR.18
Y69A2AR.19 Y69A2AR.19
Y69A2AR.23 Y69A2AR.23
Y69A2AR.32 Y69A2AR.32

YG9E1A.1
Y69E1A.2
YG69E1A.3
YG9E1A .4
Y69E1A.8
YG69F12A.1
Y6E2A.10
Y6E2A.8
Y71A12C.2
Y71F9AL.2
Y71F9AL.9
Y71G12A.4

YG69E1A.1
Y69E1A.2
YG69E1A.3
YG69E1A 4
Y69E1A.8
Y69F12A.1
YG6E2A.10
Y6E2A.8
Y71A12C.2
Y71F9AL.2
Y71F9AL.9
Y71G12A.4

Y71G12B.27 Y71G12B.27

Y71G12B.3

Y71G12B.3

Y71G12B.30 Y71G12B.30

Y71H2AM.1
Y71H2AM.5
Y73B6A.1
Y73B6BL.22
Y73B6BL.4
Y73F8A.12
Y73F8A.14
Y73F8A.15
Y75B7B.1
Y75B8A.23
Y76B12C.4

Y71H2AM.1
Y71H2AM.5
Y73B6A.1
Y73B6BL.22
Y73B6BL.4
Y73F8A.12
Y73F8A.14
Y73F8A.15
Y75B7B.1
Y75B8A.23
Y76B12C.4

Table S2

Ipd-7
Ipd-8
Ipin-1

Irp-2

Isl-1

Ism-1
Ism-3
Ism-7
Ism-8

Ist-2

Ist-3

Ist-4
Isy-12
Isy-22
MO1A10.1
M01B12.4
MO1E11.2
MO1E11.3
MO1E5.3
MO1F1.8
MO1F1.9
MO1H9.3
MO02B1.3
MO02B7.2
MO02B7.5
MO2B7.7
MO03C11.2
MO03C11.3
MO03C11.7
MO03C11.8
MO3F4.6
MO3F8.3
M04B2.2
MO04B2.4
MO4F3.5
MO05D6.2
MO05D6.6
M106.3
M106.8
M110.3
M116.5
M142.5
M142.8

Page 37

R13A5.12
R10H10.1
H37A05.1
T21E3.3
F52F12.4
F40F8.9
Y62E10A.12
ZK593.7
Y73B6BL.32
R160.7
Y37A1B.1
Y37A1B.2
R0O7B5.9
F27D4.2
MO1A10.1
M01B12.4
MO1E11.2
MO1E11.3
MO1ES.3
MO1F1.8
MO1F1.9
MO1H9.3
M02B1.3
M02B7.2
M02B7.5
M02B7.7
M03C11.2
M03C11.3
M03C11.7
M03C11.8
MO3F4.6
MO3F8.3
M04B2.2
M04B2.4
MO4F3.5
M05D6.2
M05D6.6
M106.3
M106.8
M110.3
M116.5
M142.5
M142.8

MO1F1.6
MO1F1.7
MO02B7.4
M02D8.3
MO2E1.1
MO2E1.3
MO2F4.1
MO3A1.8
M03B6.4
MO3F8.1
M04B2.6
M04C9.3
M04C9.4
MO4F3.2
MO4F3.4
MO05B5.1
M106.2
M116.2
M117.3
M117.6
M162.5
M163.1
M176.4
M57.1
M6.4
M70.4
M88.4
maa-1
mab-5
mai-1
math-1
math-15
math-17
math-27
math-31
math-34
math-4
math-43
math-44
math-48
math-5
math-6
math-7

MO1F1.6
MO1F1.7
M02B7.4
M02D8.3
MO2E1.1
MO2E1.3
MO2F4.1
MO3A1.8
M03B6.4
MO3F8.1
M04B2.6
M04C9.3
M04C9.4
MO4F3.2
MO4F3.4
M05B5.1
M106.2
M116.2
M117.3
M117.6
M162.5
M163.1
M176.4
M57.1
M6.4
M70.4
M88.4
C18D11.2
C08C3.3
K10B3.9
B0047.4
C16C4.5
C16C4.9
F36H5.2
F52C6.6
M01D1.2
CO08F1.5
Y108F1.4
Y16E11A.1
ZK250.6
C16C4.10
C16C4.11
C16C4.12
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Y81G3A 1
Y82E9BR.3
Y92H12A.2
Y95B8A .4
Y97E10AL.2
ZC155.2
ZC168.6
ZC190.7
ZC190.8
Z2C21.8
ZC250.5
2C262.1
2C262.3
ZC328.3
ZC376.8
ZC395.10
ZC395.4
ZC410.3
ZC412.10
ZC412.5
Z2C412.9
ZC434.8
ZCATT7.7
ZC581.2
ZC581.7
ZK1010.5
ZK1053.2
ZK1053.6
ZK1098.12
ZK1098.6
ZK1098.9
ZK1128.3
ZK1225.4
ZK1225.5
ZK1248.5
ZK1251.3
ZK1307.8
ZK131.11
ZK177.8
ZK265.3
ZK265.9
ZK353.4
ZK354.2

Y81G3A.1
Y82E9BR.3
Y92H12A.2
Y95B8A .4
Y97E10AL.2
ZC155.2
ZC168.6
ZC190.7
ZC190.8
2C21.8
Z2C250.5
2C262.1
2C262.3
ZC328.3
ZC376.8
ZC395.10
ZC395.4
ZC410.3
ZC412.10
ZC412.5
ZC412.9
ZCA434.8
ZCAT7.7
ZC581.2
ZC581.7
ZK1010.5
ZK1053.2
ZK1053.6
ZK1098.12
ZK1098.6
ZK1098.9
ZK1128.3
ZK1225.4
ZK1225.5
ZK1248.5
ZK1251.3
ZK1307.8
ZK131.11
ZK177.8
ZK265.3
ZK265.9
ZK353.4
ZK354.2

Table S2

M151.7
M28.5
M4.1
M57.2
M70.5
M88.2
M88.5
M88.7
mac-1
mag-1
magi-1
mai-2
mak-2
map-1
map-2
mars-1
mat-1
mat-2
mat-3
math-33
mau-2
max-2
mbd-2
mbk-2
mboa-2
mboa-6
mca-1
mcd-1
mcm-3
mcm-4
mcm-5
mcm-6
mcm-7
mdf-1
mdf-2
mdt-1.2
mdt-10
mdt-15
mdt-17
mdt-18
mdt-19
mdt-20
mdt-27
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M151.7
M28.5

M4.1

M57.2
M70.5
M88.2
M88.5
M88.7
Y48C3A.7
R09B3.5
KO01A6.2
B0546.1
C44C8.6
Y37E11AL.7
Y116A8A.9
F58B3.5
Y110A7A.17
W10C6.1
F10C5.1
H19N07.2
C09H6.3
Y38F1A.10
C27A12.10
F49E11.1
H19NO07.4
R155.1
W09C2.3
Y51H1A.6
C25D7.6
Y39G10AR.1
R10E4.4
ZK632.1
F32D1.10
C50F4.11
Y69A2AR.30
T23C6.1
TO9A5.6
R12B2.5
Y113G7B.18
C55B7.9
Y71H2B.6
Y104H12D.1
T18H9.6

math-9
mau-8
mca-2
mca-3
mce-1
mdI-1
mdt-19
mdt-20
mdt-31
mdt-8
mef-2
mes-1
mif-2
mig-6
mkk-4
mks-1
mksr-2
mlh-1
mip-1
mit-8
mitn-3
mitn-7
mitn-8
mmcm-1
mnp-1
moc-2
mod-5
mpk-2
mps-1
mpz-1
mrp-1
mrp-5
mrp-8
msp-49
msra-1
mtk-1
nac-1
nas-1
nas-12
nas-28
nas-36
nas-4
nas-9

C16C4.14
Y62E10A.8
R05C11.3
Y67D8C.10
D2030.5
RO3E9.1
Y71H2B.6
Y104H12D.1
F32H2.2
Y62F5A.1
W10D5.1
F54F7.5
C52E4.2
C37C3.6
F42G10.2
R148.1
Y38F2AL.2
T28A8.7
T04C9.4
WO08F4.6
W02B8.3
Y39D8B.1
Y39D8B.3
ZK1058.1
B0285.7
WO01A11.6
Y54E10BR.7
C04G6.1
C29F5.4
C52A11.4
F57C12.5
F14F4.3
Y75B8A.26
C34F11.6
F43E2.5
B0414.7
F31F6.6
F45G2.1
C24F3.3
F42A10.8
C26C6.3
C05D11.6
C37H5.9
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ZK354.3
ZK354.6
ZK354.7
ZK354.8
ZK354.9
ZK418.2
ZK484 .1
ZK484.5
ZK484.7
ZK507.1
ZK507.3
ZK512.10
ZK512.5
ZK512.8
ZK546.4
ZK593.9
ZK596.2
ZK616.6
ZK616.61
ZK616.7
ZK616.8
ZK622.1
ZK637.12
ZK637.15
ZK637.4
ZK666.2
ZK666.8
ZK669.4
ZK673.6
ZK686.3
ZK686.5
ZK688.10
ZK688.12
ZK795.2
ZK809.1
ZK829.4
ZK84.2
ZK849.1
ZK849.4
ZK849.5
ZK849.6
ZK858.6
ZK858.8

ZK354.3
ZK354.6
ZK354.7
ZK354.8
ZK354.9
ZK418.2
ZK484 .1
ZK484.5
ZK484.7
ZK507.1
ZK507.3
ZK512.10
ZK512.5
ZK512.8
ZK546.4
ZK593.9
ZK596.2
ZK616.6
ZK616.61
ZK616.7
ZK616.8
ZK622.1
ZK637.12
ZK637.15
ZK637.4
ZK666.2
ZK666.8
ZK669.4
ZK673.6
ZK686.3
ZK686.5
ZK688.10
ZK688.12
ZK795.2
ZK809.1
ZK829.4
ZK84.2
ZK849.1
ZK849.4
ZK849.5
ZK849.6
ZK858.6
ZK858.8

Table S2

mdt-28
mdt-30
mdt-4
mdt-6
mec-8
meg-1
meg-2
mei-1
mei-2
mek-2
mel-11
mel-28
mel-46
mel-47
men-1
mep-1
mes-2
mes-3
mes-4
mes-6
mesp-1
met-1
met-2
mett-10
mex-1
mex-3
mex-6
mfap-1
mif-3
mig-15
mig-2
mig-22
mig-23
mig-32
mig-5
mis-12
misc-1
mix-1
miz-1
micd-1
mit-10
mmi-1
mms-19
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WO1A8.1
F44B9.7
ZK546.13
Y57E12AL.5
F46A9.6
K02B9.1
K02B9.2
T01G9.5
F57B10.12
Y54E10BL.6
C06C3.1
C38D4.3
TO6A10.1
EEEDS8.1
Y48B6A.12
M04B2.1
ROGA4.7
F54C1.3
Y2H9A.1
C09G4.5
C28C12.2
C43E11.3
R05D3.11
ZK1128.2
WO03C9.7
F53G12.5
AHG6.5
F43G9.10
F13G3.9
ZC504 .4
C35C5.4
PAR2.4
RO7E4.4
F11A10.3
T05C12.6
Y47G6A.24
B0432.4
M106.1
R13.4
F35G12.1
CO9ES8.3
T20B12.6
C24G6.3

ndx-2
ndx-7
ndx-8
nekl-1
nekl-4
nep-1
nfm-1
nft-1
nhl-3
nhr-1
nhr-10
nhr-101
nhr-104
nhr-11
nhr-12
nhr-121
nhr-122
nhr-123
nhr-130
nhr-145
nhr-146
nhr-149
nhr-15
nhr-150
nhr-171
nhr-179
nhr-190
nhr-194
nhr-204
nhr-212
nhr-221
nhr-228
nhr-229
nhr-236
nhr-243
nhr-249
nhr-28
nhr-3
nhr-40
nhr-42
nhr-43
nhr-47
nhr-48

W02G9.1
C43E11.7
Y87G2A.14
Y39G10AR.3
D1044.8
ZK20.6
F42A10.2
Y56A3A.13
WO04H10.3
R09G11.2
B0280.8
H12C20.6
R11E3.5
ZC4101
R04B5.4
EO02H9.8
Y41D4B.9
MO2H5.7
T01G6.8
Y39B6A.47
Y41D4B.27
C03G6.12
F33E11.1
C06B8.1
C54F6.8
F16B4.11
F48G7.11
F59E11.8
R02C2.4
T01G6.6
T24A6.8
T27B7.6
Y116A8C.18
Y38F2AL.5
Y80D3A.4
ZK381.3
C11G6.4
HO01A20.1
T03G6.2
C33G8.6
C29E6.5
C24G6.4
ZK662.3
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ZK892.3
ZK892.5
ZK930.4
ZK930.7
ZK945.6
ZK945.7
ZK945.8
ZK970.8
ZK973.8

ZK892.3
ZK892.5
ZK930.4
ZK930.7
ZK945.6
ZK945.7
ZK945.8
ZK970.8
ZK973.8

Table S2

mnat-1
moc-3
mog-1
mog-4
mog-5
mom-2
mom-5
mon-2
mop-25.3
morc-1
mpk-1
mppa-1
mrck-1
mre-11
mrp-4
mrp-7
mrpl-41
mrps-5
mrt-2
msh-2
msh-5
msh-6
msi-1
mtm-1
mtm-5
mtm-6
mtm-9
mtr-4
mtx-1
mus-101
mus-81
mut-14
mut-16
mut-7
mvk-1
mys-1
mys-2
mys-3
mys-4
nars-1
nasp-1
nasp-2
nbet-1
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F53G2.7
F42G8.6
KO3H1.2
C04H5.6
EEED8.5
F38E1.7
T23D8.1
F11A10.4
T27C10.3
ZC155.3
F43C1.2
Y71G12B.24
K08B12.5
ZC302.1
F21G4.2
Y43F8C.12
B0432.3
E02A10.1
Y41C4A.14
H26D21.2
FO9ES8.3
Y47G6A.11
R10E9.1
Y110A7A.5
H28G03.6
F53A2.8
Y39H10A.3
wo8D2.7
F39B2.11
F37D6.1
C43E11.2
C14C11.6
B0379.3
ZK1098.8
Y42G9A .4
VC5.4
K03D10.3
R0O7B5.8
C34B7.4
F22D6.3
CO09H10.6
C50B6.2
Y59E9AL.7

nhr-57
nhr-58
nhr-59
nhr-61
nhr-64
nhr-65
nhr-8
nhr-81
nhr-84
nhr-87
nhr-88
nhr-90
nhr-94
nhr-95
nhr-98
nhx-2
nhx-8
nit-1
nkat-3
nip-12
nip-24
nlp-38
nip-40
noah-2
nph-1
npr-11
nra-4
nrf-6
nrx-1
nsy-4
oac-12
oac-55
oac-56
oac-59
obr-2
odr-1
00c-3
osm-1
osm-3
otpl-6
pab-2
pad-2
pah-1

T05B4.2
R11G11.2
T27B7.1
W01D2.2
C45E1.1
Y17D7A.3
F33D4.1
C47F8.8
T06C12.7
Y41D4B.7
KO08A2.5
ZK488.2
C12D5.8
Y39B6A.17
MO2H5.6
B0495.4
Y18D10A.6
ZK1058.6
R0O3A10.4
M01D7.5
F35B12.7
CO01A2.7
Y74C9A.2
F52B11.3
M28.7
C25G6.5
CO02E11.1
cosB11.4
C29A12.4
Y38F2AL.1
D2063.2
Y39H10A.2
Y67A10A.1
C42C1.7
F14H8.1
RO1E6.1
B0334.11
T27B1.1
M02B7.3
F45F2.6
F18H3.3
K10G9.3
KO8F8.4
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Table S2
nck-1 ZK470.5 pak-1 C09B8.7
ncl-1 ZK112.2 pan-1 M88.6
nduf-7 W10D5.2 par-2 F58B6.3
ndx-4 Y37HOA6 |pat-12 T17H7.4
ndx-9 F13H10.2 |pat-6 T21D12.4
nfi-1 ZK1290.4  |pcbd-1 T10B11.1
nfyc-1 F23F1.1 pcp-2 F23B2.12
ngp-1 T19A6.2 pcp-4 Y116F11B.3
nhl-2 F26F4.7 pde-1 T04D3.3
nhl-3 WO04H10.3 | pdfr-1 C13B9.4
nhr-100 C28D4.1 pdr-1 KO8E3.7
nhr-13 Y5H2B.2 pek-1 F46C3.1
nhr-154 C13C4.2 pept-3 F56F4.5
nhr-2 C32F10.6 |pes-1 T28H11.4
nhr-20 F43C1.4 pes-2.1 F56G4.2
nhr-256 ZK697.2 pes-2.2 F56G4.3
nhr-274 Y41D4B.21 |pes-4 Y119D3B.17
nhr-34 F58G6.5 pfn-3 KO3E6.6
nhr-4 F32B6.1 pgp-6 T21E8.1
nhr-46 C45E5.6 pgp-7 T21E8.2
nhr-49 K10C3.6 pha-1 Y48A6C.5
nhr-66 TO9A12.4  |pho-10 C05C10.1
nhr-70 Y51A2D.17 |pho-11 C05C10.4
nhr-86 Y40B10A.8 |pho-9 Y71H2AM.16
nkb-1 C17E4.9 pik-1 K09B11.1
nkcc-1 Y37A1C.1  |pir-1 T23G7.5
nlp-36 B0464.3 plc-2 Y75B12B.6
nmt-1 T17E9.2 plc-4 R05G6.8
nmy-1 F52B10.1 pli-1 K10F12.3
nol-1 WO7EB6.1 plx-2 K04B12.1
nol-10 F32E10.1 pmk-2 F42G8.3
nol-5 W01B11.3 |pmk-3 F42G8.4
nol-6 Y51H7C.11 |pnc-2 Y57G11C.47
nos-1 RO3D7.7 pgn-32 F29C12.1
nos-2 ZK1127 1 pqgn-52 MO1E11.4
nos-3 Y53C12B.3 |pgn-55 RO9E10.7
npl-4.1 F59E12.4  |pgn-65 T13H2.4
npl-4.2 F59E12.5 |pqn-80 Y111B2A.14
npp-1 KO7F5.13  |pgn-83 Y39E4B.3
npp-10 ZK328.5 pqn-92 Y75B8A.27
npp-11 F53F10.5 praf-3 D2096.2
npp-12 T23H2.1 prk-1 CO6ES8.3
npp-13 Y37E3.15 |prx-11 C47B2.8
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Table S2
npp-14 C03D6.4 prx-12 F08B12.2
npp-15 C29E4 .4 prx-13 F32A5.6
npp-17 F10G8.3 pry-1 C37A5.9
npp-18 Y43F4B.4 | pstk-1 Y49E10.22
npp-2 T01G9.4 ptc-3 Y110A2AL.8
npp-21 R07G3.3 ptr-13 K07C10.1
npp-22 B0240.4 ptr-15 TO7H8.6
npp-3 K12D12.2 |ptr-19 Y39A1B.2
npp-4 Y54E5A.4 | puf-4 M4.2
npp-5 FO7A11.3  |puf-9 W06B11.2
npp-6 F56A3.3 pup-3 F59A3.9
npp-7 T19B4.2 pvf-1 Y39A3CL.6
npp-8 Y41D4B.19 |pxd-1 C36ES8.3
npp-9 F59A2.1 pxn-1 ZK994.3
nra-3 C17G1.4 pyk-1 F25H5.3
nrd-1 D1007.7 pyk-2 ZK593.1
nrde-3 R04A9.2 R02C2.1 R02C2.1
nst-1 K01C8.9 R02C2.6 R02C2.6
nsy-1 F59A6.1 R02D5.1 R02D5.1
ntl-2 B0286.4 RO2E12.4 RO2E12.4
ntl-3 Y56A3A.1 |RO3E1.2 RO3E1.2
ntl-4 C49H3.5 RO3H10.1  RO3H10.1
nud-2 R11A5.2 RO3H10.6 RO3H10.6
nuo-2 T10E9.7 R04A9.3 R04A9.3
nurf-1 F26H11.2 |R04A9.5 R04A9.5
nxf-1 C15H11.3 |R04A9.7 R04A9.7
nxf-2 C15H11.6 |R04B3.1 R04B3.1
nxt-1 Y71F9AM.5 |R04B3.2 R04B3.2
obr-3 ZK1086.1 RO4E5.8 RO4E5.8
ocrl-1 C16C2.3 RO4E5.9 RO4E5.9
odr-4 Y102E9.1 R05A10.1 R05A10.1
oga-1 T20B5.3 R05C11.4 R05C11.4
ogt-1 K04G7.3 R05D3.3 R05D3.3
oma-2 ZC513.6 R05D7.3 R05D7.3
ooc-5 C18E9.11 R05G6.10 R05G6.10
oxi-1 Y39A1C.2 |R05G6.5 R05G6.5
paa-1 F48E8.5 R05G9.3 R05G9.3
pac-1 C04D8.1 RO5H11.1  RO5H11.1
pad-1 Y18D10A.13|R05H11.2  RO5H11.2
pam-1 F49E8.3 RO06A10.1 R06A10.1
pap-1 Y32F6A.3 |R06C1.4 R06C1.4
paqr-2 Y32H12A.5 |R06C7.6 R06C7.6
par-1 H39E23.1 R0O7B7.10 RO07B7.10
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Table S2
par-3 F54E7.3 RO7B7.5 RO7B7.5
par-6 T26E3.3 RO7E4.3 RO7E4.3
pars-1 T20H4.3 RO7E4.5 RO7E4.5
pars-2 T27F6.5 RO7E5.4 RO7E5.4
pat-3 ZK1058.2 RO7H5.11 RO7H5.11
patr-1 F43G6.9 RO7H5.9 RO7H5.9
pbrm-1 C26C6.1 RO8A2.7 R0O8A2.7
pbs-4 T20F5.2 R08B4.3 R08B4.3
pcaf-1 Y47G6A.6 |R08D7.5 R08D7.5
pccb-1 F52E4.1 RO8E3.3 RO8E3.3
pcf-11 R144.2 RO8F11.1 RO8F11.1
pch-2 F10B5.5 R0O9A1.2 R09A1.2
pcn-1 WO03D2.4 R0O9A1.3 R09A1.3
pct-1 C07G1.3 RO9H3.1 RO9H3.1
pdcd-2 RO7ES5.10 RO9H3.3 RO9H3.3
pde-2 R08D7.6 R102.1 R102.1
pde-3 EO1F3.1 R102.4 R102.4
pdk-1 H42K12.1 R107.2 R107.2
pdp-1 ZK973.3 R10D12.8 R10D12.8
pen-2 T28D6.9 R10E4.11 R10E4.11
pes-10 Y46G5A.27 |R10E4.7 R10E4.7
pes-9 R11H6.1 R10E4.9 R10E4.9
pfd-1 CO08F8.1 R10F2.5 R10F2.5
pfd-3 T06G6.9 R10F2.6 R10F2.6
pfd-4 B0035.4 R11.3 R11.3
pfd-6 F21C3.5 R119.1 R119.1
pfs-2 R06A4.9 R119.5 R119.5
phb-1 Y37E3.9 R11A5.3 R11A5.3
phb-2 T24H7 1 R11G1.2 R11G1.2
pie-1 Y49E10.14 |R11G1.7 R11G1.7
pif-1 Y18H1A.6 |R11G10.3 R11G10.3
pig-1 WO03G1.6 R12B2.2 R12B2.2
pink-1 EEEDS8.9 R12C12.7 R12C12.7
pir-1 T23G7.5 R12C12.8 R12C12.8
pis-1 T13F2.3 R13A1.10 R13A1.10
pisy-1 Y46G5A.5 |R13A5.9 R13A5.9
pkc-1 F57F5.5 R13H4.2 R13H4.2
pkc-3 FO9ES5.1 R13H4.5 R13H4.5
pld-1 C04G6.3 R144.3 R144.3
plk-3 F55G1.8 R148.5 R148.5
plst-1 Y104H12BR.|R151.1 R151.1
plx-1 Y55F3AL.1 |R151.10 R151.10
pme-1 Y71F9AL.18 |[R151.4 R151.4
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Table S2
pme-3 F20C5.1 R151.7 R151.7
pme-5 ZK1005.1 R166.3 R166.3
pmp-3 C54G10.3 |R186.1 R186.1
pmr-1 ZK256.1 rab-19 Y62E10A.9
pms-2 H12C20.2 |rab-6.2 T25G12.4
png-1 F56G4.5 rabx-5 Y39A1A.5
pnk-1 C10G11.5 |rac-2 K03D3.10
pnk-4 C42D8.3 rars-2 C29H12.1
pole-2 F08B4.5 rbc-1 F54E4.1
polg-1 Y57A10A.15 |rbc-2 Y54F10AM.1
polh-1 F53A3.2 rbg-2 T22C1.10
pop-1 W10C8.2 rbx-2 R10A10.2
pos-1 F52E1.1 rcn-1 F54E7.7
pot-2 F57C2.3 rga-2 Y53C10A.4
ppfr-2 D2092.2 rgs-9 ZC53.7
ppfr-4 Y71H2B.3  |rhr-2 B0240.1
ppgn-1 Y38F2AR.7 [rib-2 K01G5.6
pph-4.1 Y75B8A.30 |ric-4 Y22F5A.3
pph-4.2 Y49E10.3  |rme-6 F49E7 .1
pph-5 Y39B6A.2 |rnh-1.1 ZK1290.6
pph-6 C34C12.3 |mh-1.3 CO04F12.9
ppk-1 F55A12.3  |rnp-1 ZK863.7
ppk-2 Y48G9A.8 |rom-1 F26F4.3
pptr-1 Ww08G11.4 |rop-1 C12D8.11
ppw-1 C18E3.7 rpa-1 F18A1.5
ppw-2 Y110A7A.18 rpi-2 K08D12.2
pqn-20 C37A2.2 rpl-11.2 FO7D10.1
pqn-27 E01G4.4 rpl-20 E04A4.8
pgn-34 F35B3.5 rpl-22 C27A2.2
pgn-39 F48F7.4 rpl-34 C42C1.14
pgn-41 F53A3.4 rom-1 C01B7.6
pgn-45 F56F3.1 rps-4 Y43B11AR.4
pqn-47 F59B10.1 rrf-2 M01G12.12
pgn-59 R119.4 rsbp-1 T06D10.1
pqgn-82 Y39A3CR.7 |rskd-1 F55C5.7
pgn-85 Y43H11AL.3 |rsks-1 Y47D3A.16
pgn-87 Y57A10A.18 |rsp-3 Y111B2A.18
prdx-2 FO9ES5.15 scav-1 CO3F11.3
prdx-6 Y38C1AA.11|scav-5 R07B1.3
prg-2 C01G5.2 scl-27 ZK6.3
pri-1 F58A4.4 scpl-3 Y47D9A.2
prmt-1 Y113G7B.17|scrm-3 CO4E12.7
prmt-3 T23B5.1 scrm-4 F11A6.2
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Table S2
pro-1 R166.4 scrt-1 C55C2.1
pro-2 CO7E3.2 sdc-1 F52E10.1
pro-3 Y39B6A.14 |sdc-3 C25D7.3
prom-1 F26H9.1 sdz-10 F08D12.9
prp-17 F49D11.1 sdz-14 F14B6.1
prp-21 WO7E6.4 sdz-18 F45C12.11
prp-4 C36B1.5 sdz-24 KO7E8.3
prp-8 C50C3.6 sdz-25 M116.4
prpf-4 F22D6.5 sdz-26 R06A4.6
prx-19 F54F2.8 sdz-27 RO7H5.4
prx-2 ZK809.7 sdz-33 Y56A3A.14
psa-4 FO1G4.1 sdz-37 ZK673.10
psf-1 F25B5.7 sdz-4 C32B5.16
psr-1 F29B9.4 sdz-7 C49D10.11
pssy-2 T27E9.5 sec-22 F55A4 .1
pst-1 MO3F8.2 selb-1 C47B2.7
pst-2 F54E7.1 seld-1 Y45F10A.4
ptc-2 F21H12.4 |ser-3 KO02F2.6
ptp-2 F59G1.5 ser-5 F16D3.7
ptp-3 C09D8.1 sesn-1 Y74C9A.5
ptr-2 C32E8.8 set-18 T22A3.4
puf-11 Y73B6BL.38 |set-29 Y92H12BR.6
puf-12 ZK945.3 set-3 CO7A9.7
puf-3 Y45F10A.2 |set-8 F02D10.7
puf-5 F54C9.8 shk-1 ZK1321.2
puf-8 C30G12.7 |siah-1 Y37E11AR.2
pus-1 WO6H3.2 sig-7 F39H2.2
pxf-1 T14G10.2 |sin-3 FO02E9.4
pyc-1 D2023.2 sir-2.4 CO06A5.11
pyr-1 D2085.1 sknr-1 WO2H5.7
gars-1 Y41E3.4 skr-10 Y105C5B.13
R0O1H10.7 RO1H10.7 |skr-15 F54D10.1
R02D3.3 R02D3.3 skr-19 R12H7.3
R02D5.8 R02D5.8 skr-20 R12H7.5
RO2F2.1 RO2F2.1 skr-21 KO8H2.1
RO2F2.4 RO2F2.4 skr-3 F44G3.6
RO2F2.7 RO2F2.7 skr-7 Y47D7A1
RO2F2.9 RO2F2.9 skr-9 C52D10.7
R04D3.3 R04D3.3 slo-2 F08B12.3
R04F11.5 RO4F11.5 |sma-3 R13F6.9
R05D11.4 R05D11.4 |sma-9 TO5A10.1
R05D11.6 R05D11.6 |smg-1 C48B6.6
R05D11.7 RO05D11.7 |smg-7 Y73B6A.4
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R05D11.9 R05D11.9 smg-8 K04B12.3
R05D3.1 R05D3.1 smn-1 C41G7.1
R05D3.12 R05D3.12 sms-2 F53H8.4
RO5F9.1 RO5F9.1 snt-2 F42G9.7
R0O5F9.6 RO5F9.6 snt-3 Y75B7AL.3
R05G6.4 R05G6.4 sod-2 F10D11.1
R0O5H10.2 RO5H10.2 sod-4 F55H2.1
RO5H10.3 R05H10.3 |somi-1 M04G12.4
RO5H10.5 RO5H10.5 |sor-3 CO04E7.2
RO5H5.3 RO5H5.3 sox-4 C12D12.5
R0O6A4.2 R06A4.2 spd-3 H34C03.1
R06B9.3 R06B9.3 spe-15 F47G6.4
R06C1.2 R06C1.2 spe-41 KO01A11.4
R06C7.2 R06C7.2 sph-1 F42G8.11
R0O6C7.5 R06C7.5 spsb-1 Y46E12BL.4
RO6F6.12 RO6F6.12 sptl-1 C23H3.4
RO6F6.8 RO6F6.8 sqrd-1 FO2H6.5
RO7E5.1 RO7ES5.1 sqt-3 F23H12.4
RO7E5.11 RO7ES5.11 sra-35 B0304.8
RO7E5.13 RO7ES5.13 srab-11 C36C5.8
R08C7.2 R08C7.2 srbc-58 RO9E12.2
R08D7.1 R08D7.1 src-2 F49B2.5
R0O9A8.1 RO9A8.1 srd-32 T19H12.5
R0O9A8.2 R09A8.2 srd-42 R04D3.7
R0O9F10.3 RO9F10.3 srd-70 F48F5.4
RO9F10.8 RO9F10.8 sre-36 F13A7.13
R102.5 R102.5 sre-44 WO07G1.2
R107.5 R107.5 srg-34 Y51A2D.12
R10D12.12 R10D12.12 |srh-1 T11F9.18
R10D12.13 R10D12.13 |srh-16 F55C5.9
R10D12.14 R10D12.14 |srh-213 T22F3.5
R10E12.2 R10E12.2 srh-240 F37B4.13
R10H10.6 R10H10.6 srh-33 MO2H5.9
R10H10.7 R10H10.7 srh-8 K09D9.8
R119.3 R119.3 srh-87 H27D07.6
R11A5.4 R11A5.4 srh-88 C44C3.9
R11A5.7 R11A5.7 sri-16 F15H9.4
R11A8.2 R11A8.2 srp-2 CO5E4.1
R11A8.5 R11A8.5 srsx-13 C13D9.6
R11D1.1 R11D1.1 srsx-25 Y62E10A.4
R11D1.10 R11D1.10 srt-19 F47D2.1
R11H6.2 R11H6.2 srt-23 Y55F3C.2
R12C12.5 R12C12.5 |srt-43 F18E2.4
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R12C12.6 R12C12.6 srv-31 T13A10.9
R12E2.1 R12E2.1 srx-118 T21B4.12
R12E2.12 R12E2.12 srx-12 Y55F3AM.2
R12E2.2 R12E2.2 srx-7 C14C6.1
R144.10 R144.10 srz-64 Y57G7A.7
R144.12 R144.12 ssr-2 C14A11.7
R144.13 R144.13 sta-1 Y51H4A.17
R144.5 R144.5 stau-1 F55A4.5
R148.2 R148.2 stim-1 Y55B1BM.1
R148.4 R148.4 stn-1 F30A10.8
R151.2 R151.2 str-172 Y17G9A.5
R151.8 R151.8 str-211 CO02E7.13
R31.2 R31.2 str-214 C31A11.9
R53.5 R53.5 str-227 C07G3.3
R74.6 R74.6 str-68 Y73C8C.6
R74.7 R74.7 str-8 T23D5.11
R74.8 R74.8 sulp-8 ZK287.2
rab-10 T23H2.5 sur-5 KO03A1.5
rab-14 KO09A9.2 sur-7 F01G12.2
rab-18 Y92C3B.3 |swd-2.1 C33H5.6
rab-21 T01B7.3 syd-2 F59F5.6
rab-30 Y45F3A2  |syg-2 C26G2.1
rab-35 Y47D3A.25 |syx-3 F35C8.4
rab-5 F26H9.6 T01B6.1 T01B6.1
rab-7 W03C9.3 T01B6.3 T01B6.3
rab-8 D1037.4 TO1C8.5 T01C8.5
rabn-5 FO1F1.4 TO1D1.8 TO1D1.8
rabs-5 Y42H9AR.3 |T01D3.1 TO1D3.1
rad-26 C27B7.4 T01G5.8 T01G5.8
rad-50 TO4H1.4 TO1H10.8 TO1H10.8
rad-54 WO06D4.6 TO1H8.2 TO1H8.2
raga-1 T24F1.1 T02C1.1 T02C1.1
ragc-1 Y24F12A.2 |T02G5.1 T02G5.1
ran-2 C29E4.3 T02G5.14 T02G5.14
ran-3 C26D10.1 T02G6.5 T02G6.5
rap-2 C25D7.7 TO2H6.5 TO2H6.5
rars-1 F26F4.10 TO3D3.5 TO3D3.5
rba-1 KO7A1.11 TO3D8.6 TO3D8.6
rbc-2 Y54F10AM.1/ TO3F6.3 TO3F6.3
rbd-1 T23F6.4 TO3F6.9 TO3F6.9
rbg-3 B0393.2 T03G11.10 T03G11.10
rbr-2 ZK593.4 T03G6.3 T03G6.3
rcg-5 EO03A3.2 TO4A6.3 TO04A6.3
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rde-1
rde-2
rec-8
ref-1
rep-1
reps-1
ret-1
retr-1
rev-1
rfc-1
rfc-2
rfc-3
rfc-4
rfl-1
rfp-1
rga-1
rga-3
rga-4
rgl-1
rgr-1
rgs-7
rha-1
rha-2
rheb-1
rhi-1
rho-1
ric-8
rict-1
rig-4
ril-2
riok-1
riok-2
riok-3
rla-0
rla-1
rmd-1
rmd-2
rme-2
rme-4
rme-8
rmo-1
rnf-1
rnf-113
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K08H10.7
F21C3.4
WO02A2.6
TO1E8.2
Y67D2.1
Y39B6A.38
WO6A7.3
F44E2.2
ZK675.2
C54G10.2
F58F6.4
C39E9.13
F31E3.3
F11H8.1
R05D3.4
W02B12.8
KO9H11.3
Y75B7AL.4
F28B4.2
C38C10.5
F56B6.2
TO7D4.3
CO6E1.10
F54C8.5
F46H6.1
Y51H4A.3
Y69A2AR.2
F29C12.3
Y42H9B.2
C14C10.3
M01B12.5
Y105E8B.3
ZK632.3
F25H2.10
Y37E3.7
T05G5.7
C27H6.4
T11F8.3
F46F6.1
F18C12.2
F15D4.3
CO06A5.9
K01G5.1

T04B8.2
T04B8.5
T04D1.2
TO4F8.2
T04G9.1
TO5A12.4
TO5A7 .1
T05B9.2
TO5C3.6
TO5D4.3
TO5E11.6
TO5F1.13
TO5F1.7
T05G5.1
T05G5.4
TO5H4.10
T06D10.3
T07C12.12
TO7D1.2
TO7D3.3
TO7D4.2
TO7E3.2
TO7F10.3
TO7F10.5
TO7F10.6
TO7F8.1
TO8B1.4
T08B2.3
T08B2.4
T08B2.7
T08D2.2
T08D2.4
T08G5.7
TO8H10.4
TO8H4.2
TO9A12.2
TO9A5.15
TO9AS5.7
T09B9.4
TO9F3.4
TO9F5.12
T10B10.8
T10B11.2
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T04B8.2
T04B8.5
T04D1.2
TO4F8.2
T04G9.1
TO5A12.4
TO5A7 1
T05B9.2
T05C3.6
T05D4.3
TO5E11.6
TO5F1.13
TO5F1.7
T05G5.1
T05G5.4
TO5H4.10
T06D10.3
T07C12.12
T07D1.2
T07D3.3
T07D4.2
TO7E3.2
TO7F10.3
TO7F10.5
TO7F10.6
TO7F8.1
T08B1.4
T08B2.3
T08B2.4
T08B2.7
T08D2.2
T08D2.4
T08G5.7
TO8H10.4
TO8H4.2
TO9A12.2
TO9A5.15
TO9AS.7
T09B9.4
TO9F3.4
TO9F5.12
T10B10.8
T10B11.2
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rnf-5 C16C10.7 |T10B11.5 T10B11.5
rnp-2 K08D10.4 T10B5.4 T10B5.4
rnp-3 K08D10.3 T10C6.16 T10C6.16
rnp-5 KO02F3.11 T10E9.8 T10E9.8
rnp-6 Y47G6A.20 |T11F8.5 T11F8.5
rnp-7 K04G7.10 |T11F9.10 T11F9.10
rnp-8 R119.7 T11G6.7 T11G6.7
rnr-1 T23G5.1 T12D8.5 T12D8.5
rnr-2 C03C10.3 |T12D8.9 T12D8.9
rod-1 F55G1.4 T12G3.1 T12G3.1
rom-4 Y116A8C.16|T12G3.4 T12G3.4
rpa-2 MO4F3.1 T13C5.6 T13C5.6
rpa-3 F59A3.5 T13H5.3 T13H5.3
rpa-4 F59A3.6 T13H5.6 T13H5.6
rpb-11 W01G7.3 T14B4.5 T14B4.5
rpb-2 C26E6.4 T14E8.1 T14E8.1
rpb-3 C36B1.3 T14G10.8 T14G10.8
rpb-5 H27M09.2 |T14G8.2 T14G8.2
rpb-6 CO06A1.5 T14G8.3 T14G8.3
rpb-7 Y54E10BR.6/ T15B7.15 T15B7.15
rpb-8 F26F4.11 T15H9.6 T15H9.6
rpc-1 C42D4.8 T16G12.1 T16G12.1
rpl-10 F10B5.1 T16G12.4 T16G12.4
rpl-13 C32E8.2 T16G12.8 T16G12.8
rpl-24.2 C03D6.8 T16H12.1 T16H12.1
rpl-29 B0513.3 T16H12.13 T16H12.13
rpl-30 Y106G6H.3 |T16H12.2 T16H12.2
rpl-35 ZK652.4 T17A3.2 T17A3.2
rpl-5 F54C9.5 T17H7.7 TA7H7.7
rpl-9 R13A5.8 T19A6.4 T19A6.4
rpn-11 K07D4.3 T19B10.3 T19B10.3
rpn-2 C23G10.4 |T19B10.9 T19B10.9
rpn-6 F57B9.10 T19C3.2 T19C3.2
rpn-7 F49C12.8 T19C3.4 T19C3.4
rps-1 F56F3.5 T19C3.5 T19C3.5
rps-16 T01C3.6 T19C3.6 T19C3.6
rps-18 Y57G11C.16|T19D7.4 T19D7.4
rps-19 TO5F1.3 T20B3.1 T20B3.1
rps-2 C49H3.11 T20B6.2 T20B6.2
rps-23 F28D1.7 T20D3.2 T20D3.2
rps-3 C23G10.3 |T20D3.8 T20D3.8
rps-7 2C434.2 T20D4.12 T20D4.12
rrbs-1 C15H11.9 |T20D4.6 T20D4.6
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rrf-3 F10B5.7 T20F10.2 T20F10.2
rsa-2 Y48A6B.11 | T20F5.5 T20F5.5
rsd-6 F16D3.2 T20F7.1 T20F7.1
rskn-1 TO1H8.1 T20G5.10 T20G5.10
rsks-1 Y47D3A.16 | T20H12.1 T20H12.1
rsp-5 T28D9.2 T20H4.2 T20H4.2
rsr-1 F28D9.1 T21B4.15 T21B4.15
rsr-2 Y57A10A.19 |T21B4.17 T21B4.17
rsy-1 Y53H1A.1 T21C12.8 T21C12.8
rtel-1 F25H2.13 T22A3.6 T22A3.6
ruvb-1 C27H6.2 T22B11.3 T22B11.3
ruvb-2 T22D1.10 T22B2.2 T22B2.2
sago-2 F56A6.1 T22B2.5 T22B2.5
sams-3 CO6E7.1 T22B7.3 T22B7.3
san-1 2C328.4 T22B7.4 T22B7.4
sand-1 F41H10.11 |T22B7.8 T22B7.8
sap-1 H20J04.8 T22C1.8 T22C1.8
sap-49 Cco08B11.5 T22C8.3 T22C8.3
saps-1 C47G2.5 T22E7.1 T22E7.1
sars-1 C47E12.1 T22F3.12 T22F3.12
sars-2 W03B1.4 T22F7 1 T22F7.1
sas-4 F10E9.8 T22F7.3 T22F7.3
sas-5 F35B12.5 T22F7.4 T22F7.4
sas-6 Y45F10D.9 |T22F7.5 T22F7.5
sav-1 T10H10.3 T23E1.2 T23E1.2
sax-1 R11G1.4 T23E1.3 T23E1.3
sax-3 ZK377.2 T23G11.11  T23G11.11
scav-2 Y76A2B.6 | T23G11.6 T23G11.6
scc-3 F18E2.3 T23G5.6 T23G5.6
scd-1 H20J18.1 T24A6.1 T24A6.1
sco-1 CO01F1.2 T24A6.16 T24A6.16
scp-1 D2013.8 T24A6.17 T24A6.17
scpl-1 B0379.4 T24A6.2 T24A6.2
scpl-4 T21C9.12 T24A6.20 T24A6.20
sdha-2 C34B2.7 T24D5.6 T24D5.6
sdn-1 F57C7.3 T24E12.11  T24E12.11
sec-10 C33H5.9 T24E12.2 T24E12.2
sec-15 C28G1.3 T24F1.3 T24F1.3
sec-20 F40G9.1 T24H10.5 T24H10.5
sec-23 Y113G7A.3 |T25B2.4 T25B2.4
sec-3 F52E4.7 T25D1.1 T25D1.1
sec-5 T23G7.4 T25D3.3 T25D3.3
sec-6 FO9ES5.5 T25F10.6 T25F10.6
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sec-8 Y106G6H.7 |T26A8.1 T26A8.1
secs-1 D1054.13 |T26C11.9 T26C11.9
sek-1 R03G5.2 T26G10.4 T26G10.4
sel-12 F35H12.3 |T26H2.10 T26H2.10
sel-13 TO4A8.10 |T27A1.2 T27A1.2
sel-5 F35G12.3 |T27A3.1 T27A3.1
sel-8 C32A3.1 T27E9.6 T27E9.6
sem-2 C32E12.5 |T27F2.2 T27F2.2
sem-5 C14F5.5 T27F6.1 T27F6.1
sep-1 Y47G6A.12 |T27F6.10 T27F6.10
set-1 T26A5.7 T27F6.8 T27F6.8
set-14 RO6F6.4 T27F7.1 T27F7 1
set-16 T12D8.1 T28A11.2  T28A11.2
set-17 T21B10.5 |T28A8.8 T28A8.8
set-21 Y24D9A.2 |T28C6.10 T28C6.10
set-24 Y43F11A.5 |T28C6.3 T28C6.3
set-25 Y43F4B.3 | T28D6.4 T28D6.4
set-26 Y51H4A.12 | T28D6.6 T28D6.6
set-28 Y73B3B.2 | T28F4.6 T28F4.6
set-31 C15H11.5 |taf-11.1 F48D6.1
set-32 C41G7.4 taf-13 C14A4.10
set-4 C32D5.5 taf-3 C11G6.1
set-5 CA7ES8.8 tag-123 FO8F1.7
set-9 F15E6.1 tag-138 FO8A8.6
seu-1 Y73B6BL.5 |tag-163 MO1E11.7
sex-1 F44A6.2 tag-168 Y39A3CL.2
sfa-1 Y116A8C.32|tag-196 F41E6.6
sft-4 C54H2.5 tag-273 Y57G11A.1
sgo-1 C33H5.15 |tag-275 C34H3.1
sinh-1 Y57A10A.20 |tag-279 F18E9.5
sip-1 F43D9.4 tag-294 C54H2.3
sir-2.1 R11A8.4 tag-303 C52B11.2
skn-1 T19E7.2 tag-304 F53E2.1
skp-1 T27F2.1 tag-312 C33D12.6
skpt-1 F48E8.7 tag-320 B0403.4
skr-14 Y47D7A.8 |tag-341 ZK669.1
skr-17 C06A8.4 tag-53 F33C8.1
sli-1 MO02A10.3 |tag-68 F37D6.6
slr-2 Y59A8B.13 |tag-80 Y2C2A.1
sma-9 TO5A10.1 tap-1 C44H4.5
smc-3 Y47D3A.26 tat-2 HO6H21.10
smc-4 F35G12.8 |tax-6 CO02F4.2
smg-2 Y48G8AL.6 |tbc-10 R06B10.5
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smg-3
smg-4
smg-6
smg-9
smi-1
smk-1
smr-1
sms-3
smu-1
sha-2
snap-1
snb-1
snf-1
snfc-5
snr-1
snr-2
snr-3
snr-6
snx-3
snx-6
soc-2
sop-2
sop-3
sor-1
s0s-1
spas-1
spat-1
spat-2
spd-1
spdl-1
spg-7
sphk-1
spl-1
spn-4
spo-11
spr-1
spr-2
spr-4
spr-5
spsb-2
spt-4
spt-5
sptf-3

Page 52

Y73B6BL.18
F46B6.3
Y54F10AL.2
Y54E2A.2
Y39A3CR.1
FA1E6.4
Y71D11A.2
Y22D7AL.8
CC4.3
T13F2.7
D1014.3
T10H9.4
W03G9.1
RO7ES5.3
Y116A8C.42
WOB8E3.1
T28D9.10
Y49E10.15
Wo06D4.5
Y59A8B.22
AC7.2
C50E10.4
Y71F9B.10
ZK1236.3
T28F12.3
C24B5.2
F57C2.6
Y48A6B.13
Y34D9A .4
C06A8.5
Y47G6A.10
C34C6.5
Y66H1B.4
ZC404.8
TO5E11.4
D1014.8
C27B7.1
C09H6.1
Y40B1B.6
Y46E12BL.3
F54C4.2
KO8E4.1
Y40B1A.4

tbc-11
tbc-19
tbc-6
tbx-31
tcl-2
tig-2
tin-9.1
tir-1
toe-4
toh-1
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Y38F2AR.10 Y38F2AR.10
Y38F2AR.12 Y38F2AR.12

Y38H6C.14
Y38H6C.20
Y38H6C.9
Y38HB8A.5
Y38HB8A.7
Y39A1A.16
Y39A1A.22
Y39A1A.9
Y39A3CL.3
Y39A3CR.8
Y39B6A.37
Y39B6A.40
Y39B6A.41
Y39C12A.9
Y39E4B.6

Y38H6C.14
Y38H6C.20
Y38H6C.9
Y38H8A.5
Y38HB8A.7
Y39A1A.16
Y39A1A.22
Y39A1A.9
Y39A3CL.3
Y39A3CR.8
Y39B6A.37
Y39B6A.40
Y39B6A.41
Y39C12A.9
Y39E4B.6

Y39G10AL.1 Y39G10AL.1
Y39G10AR.1 Y39G10AR.1
Y39G10AR.1 Y39G10AR.1

Y39G8C.2
Y39H10A.6
Y40A1A.1
Y40B10A.2
Y40C5A.4
Y40D12A.1
Y41C4A.12
Y41C4A.13

Y39G8C.2
Y39H10A.6
Y40A1A1
Y40B10A.2
Y40C5A.4
Y40D12A1
Y41C4A.12
Y41C4A.13
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Table S2

tag-267
tag-276
tag-280
tag-281
tag-298
tag-307
tag-310
tag-315
tag-319
tag-322
tag-325
tag-333
tag-342
tag-345
tag-349
tag-51
tag-52
tag-63
tag-72
tag-77
tag-93
tam-1
tars-1
tat-1
tat-5
tbc-12
tbc-13
tbc-15
tbc-17
tbc-4
tbc-9
tbck-1
tbg-1
tbp-1
tbx-33
tbx-9
tcer-1
tdc-1
tdp-1
teg-1
teg-4
ten-1
tfg-1
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WO6E11.2
Y57A10A.9
F15A4.12
F15A4.11
CO01H6.7
ZK652.10
R10E4.2
ZK856.13
C30B5.1
C33H5.10
C38D4.5
C48G7.3
B0464.8
F55F8.5
Y73F8A.34
KO02F3.1
C02F12.4
Y47G6A.28
C25A1.3
C28C12.10
F25D1.1
F26G5.9
C47D12.6
Y49E10.11
F36H2.1
R11B5.1
FA5EG.3
Y48E1C.3
Y46G5A.1
T24D11.1
Y45F10A.6
C33F10.2
F58A4.8
T20B12.2
YG6A7A.8
TO7C4.6
ZK1127.9
K01C8.3
F44G4.4
Y47D3A.27
KO02F2.3
R13F6.4
Y63D3A.5

Y41C4A.8
Y41D4A.3
Y41D4A.8
Y41E3.22
Y41E3.6
Y42G9A A1
Y43B11AL.1
Y43C5B.3
Y43D4A.6
Y43F11AA1
Y43F11A4
Y43F4A1
Y43F4A.3
Y43F4B.9
Y43F8B.12
Y43F8C.5
Y43F8C.9
Y44A6B.3
Y44A6C.2
Y44A6D.3
Y44A6D.5
Y44E3A.1
Y45F10A.3
Y45F10C.1
Y45F10C.6
Y46C8AL.11
Y46G5A.18
Y46G5A.19
Y46G5A.34
Y46G5A.39
Y46G5A.7
Y46G5A.8
Y46H3C.6
Y47A7.2
Y47D3A.1
Y47D3A.20
Y47D3A.22
Y47D3B.11
Y47D7A.14
Y47D7A.16
Y47G6A.19
Y47G6A.27
Y47G6A.30
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Y41C4A.8
Y41D4A.3
Y41D4A.8
Y41E3.22
Y41E3.6
Y42G9A A1
Y43B11AL.1
Y43C5B.3
Y43D4A.6
Y43F11AA1
Y43F11A 4
Y43F4A.1
Y43F4A.3
Y43F4B.9
Y43F8B.12
Y43F8C.5
Y43F8C.9
Y44A6B.3
Y44A6C.2
Y44A6D.3
Y44A6D.5
Y44E3A1
Y45F10A.3
Y45F10C.1
Y45F10C.6
Y46C8AL.11
Y46G5A.18
Y46G5A.19
Y46G5A.34
Y46G5A.39
Y46G5A.7
Y46G5A.8
Y46H3C.6
Y47A7.2
Y47D3A1
Y47D3A.20
Y47D3A.22
Y47D3B.11
Y47D7A.14
Y47D7A.16
Y47G6A.19
Y47G6A.27
Y47G6A.30
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Table S2

tgt-1
thk-1
thoc-1
thoc-2
thoc-3
tim-1
tin-9.2
tIf-1
tli-1
tlk-1
tip-1
toca-1
toca-2
toe-1
toe-2
tol-1
top-1
top-3
tps-1
tpst-1
tpxI-1
tre-1
trm-1
trr-1
try-1
tsfm-1
tsg-101
tsp-12
tsr-1
ttb-1
tti-12
tti-4
ttr-53
ttx-7
tufm-1
tut-1
tut-2
uaf-1
uaf-2
ubc-12
ubc-13
ubc-14
ubc-16
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ZK829.6
Y43C5A.5
TO2H6.2
C16A3.8
F32H2.4
Y75B8A.22
B0564.1
F39H11.2
F25H2.1
CO07A9.3
T23G4.1
FO9E10.8
KO8E3.3
ZK430.1
C56E6.3
CO7F11.1
MO1ES.5
Y56A3A.27
ZK54.2
Y111B2A.15
Y39G10AR.1
F57B10.7
ZC376.5
C47D12.1
ZK546.15
F55C5.5
C09G12.9
T14G10.6
F53G2.6
WO03F9.5
D2013.9
ZK1128.6
T14G10.3
F13G3.5
Y71H2AM.23
F29C4.6
F29F11.3
Y92C3B.2
Y116A8C.35
R09B3.4
Y54G2A.31
Y87G2A.9

Y54E5B.4

Y47G6A.31 Y47G6A.31
Y47G6A.5 Y47G6A.5
Y47G6A.7  Y47G6A.7
Y47G7B.2 Y47G7B.2
Y47H10A.5 Y47H10A.5
Y47THO9B.2  Y47H9B.2
Y47H9C.15 Y47HO9C.15
Y47H9C.9 Y47H9C.9
Y48A5A.3  Y48A5A.3
Y48A6B.10 Y48A6B.10
Y48A6B.6  Y48A6B.6
Y48A6B.8  Y48A6B.8
Y48A6B.9  Y48A6B.9
Y48B6A.10 Y48B6A.10
Y48B6A.6  Y48B6A.6
Y48C3A.1  Y48C3A.1
Y48C3A.11 Y48C3A.11
Y48D7A.1  Y48D7A1
Y48G1A.2 Y48G1A.2
Y48G1BL.5 Y48G1BL.5
Y48G1BL.6 Y48G1BL.6
Y48G1BM.6 Y48G1BM.6
Y48G1BM.7 Y48G1BM.7
Y48G1BM.8 Y48G1BM.8
Y48G1BM.9 Y48G1BM.9
Y48G1C.5 Y48G1C.5
Y48G1C.6 Y48G1C.6
Y48G8AL.15 Y48G8AL.15
Y48G8AL.7 Y48G8AL.7
Y48G8AR.2 Y48G8AR.2
Y48GOA.6  Y48G9A.6
Y49A3A.3  Y49A3A.3
Y49E10.18 Y49E10.18
Y49E10.29 Y49E10.29
Y49E10.30 Y49E10.30
Y49G5B.1  Y49G5B.1
Y50D4A.5 Y50D4A.5
Y50D4C.6  Y50D4C.6
Y50D7A.1  Y50D7A.1
Y50D7A.3  Y50D7A.3
Y50D7A.5 Y50D7A.5
Y51A2A5  Y51A2A5
Y51A2A.6  Y51A2A.6
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ubc-3
ubc-6
ubc-9
ubh-4
ubxn-1
ubxn-2
ubxn-4
ucp-4
uda-1
uev-1
uev-3
ula-1
ulp-1
ulp-2
ulp-4
ulp-5
umps-1
unc-101
unc-116
unc-16
unc-26
unc-34
unc-37
unc-51
unc-59
unc-61
unc-62
unc-71
unc-73
unc-76
unc-84
unc-85
unc-94
ung-1
uri-1
uso-1
usp-33
usp-46
usp-48
utx-1
vab-1
vang-1
vars-1
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Y71G12B.15
D1022.1
F29B9.6
cos8B11.7
F23C8.4
Y94H6A.9
ZK353.8
K07B1.3
K08H10.4
F39B2.2
F26H9.7
C26EG6.8
T10F2.3
Y38A8.3
C41C4.6
KO02F2.4
TO7C4.1
K11D2.3
R05D3.7
ZK1098.10
JC8.10
Y50D4C.1
W02D3.9
YG0A3A.1
WO09C5.2
Y50E8A.4
T28F12.2
Y37D8A.13
F55C7.7
C01G10.11
F54B11.3
F10G7.3
CO0BAS5.7
Y56A3A.29
C55B7.5
K09B11.9
KO09A9.4
R10E11.3
F30A10.10
D2021.1
MO3A1.1
B0410.2
ZC513.4

Y51H1A.2
Y51H4A.1
Y51H4A.8
Y51H7C.12
Y51H7C.15
Y53C10A.5
Y53F4B.1
Y53F4B.10
Y53F4B.11
Y53F4B.12
Y53F4B.16
Y53F4B.17
Y53G8AL.1
Y53G8AM.8
Y53G8AR.1
Y53G8B.1
Y53G8B.3
Y54E10A.16
Y54E10A.17
Y54E10BR.1
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Y51H1A.2
Y51H4A.1
Y51H4A.8
Y51H7C.12
Y51H7C.15
Y53C10A.5
Y53F4B.1
Y53F4B.10
Y53F4B.11
Y53F4B.12
Y53F4B.16
Y53F4B.17
Y53G8AL.1
Y53G8AM.8
Y53G8AR.1
Y53G8B.1
Y53G8B.3
Y54E10A.16
Y54E10A.17
Y54E10BR.1

Y54E10BR.2 Y54E10BR.2

Y54E2A.1
Y54E2A.10
Y54E5A.2
Y54E5A.8

Y54E2A.1
Y54E2A.10
Y54E5A.2
Y54E5A.8

Y54F10BM.1 Y54F10BM.1
Y54F10BM.1 Y54F10BM.1
Y54F10BM.6 Y54F10BM.6
Y54F10BM.9 Y54F10BM.9
Y54G11A.1 Y54G11A.1

Y54G11A.14 Y54G11A.14

Y54G11B.1
Y54G2A.12
Y54G2A.16
Y54G2A.19
Y54G2A.20
Y54G2A.21
Y54G2A.29
Y54G2A.4

Y54G2A.40
Y54G2A.44
Y55B1BR.3
Y55B1BR.5

Y54G11B.1
Y54G2A.12
Y54G2A.16
Y54G2A.19
Y54G2A.20
Y54G2A.21
Y54G2A.29
Y54G2A.4

Y54G2A.40
Y54G2A.44
Y55B1BR.3
Y55B1BR.5



https://doi.org/10.1101/2020.08.03.235143
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.03.235143. this version posted August 5, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

Page 62

Table S2
vars-2 Y87G2A.5 |Y55B1BR.6 Y55B1BR.6
VF13D12L.1 VF13D12L.1 |Y55F3AM.10 Y55F3AM.10
VF13D12L.3 VF13D12L.3 |Y55F3AM.11 Y55F3AM.11
vha-11 Y38F2AL.3 |Y55F3AM.14 Y55F3AM.14
vha-12 F20B6.2 Y55F3BL.1  Y55F3BL.1
vha-13 Y49A3A.2 |Y55F3BR.1 Y55F3BR.1
vha-15 T14F9.1 Y55F3BR.10 Y55F3BR.10
vha-16 C30F8.2 Y55F3BR.2 Y55F3BR.2
vha-17 F49C12.13 |Y55F3C.10 Y55F3C.10
vha-19 Y55H10A.1 |Y55F3C.9 Y55F3C.9
vha-7 C26H9A.1 Y56A3A.18 Y56A3A.18
viln-1 C10H11.1 Y56A3A.2 Y56A3A.2
vit-1 KO9F5.2 Y56A3A.28 Y56A3A.28
vit-2 C42D8.2 Y56A3A.33 Y56A3A.33
vps-16 C05D11.2 |Y56A3A.36 Y56A3A.36
vps-18 Wo06B4.3 Y56A3A.7 Y56A3A.7
vps-2 Y46G5A.12 | Y57A10A.3 Y57A10A.3
vps-20 Y65B4A.3 |Y57A10A4 Y57A10A.4
vps-22 C27F2.5 Y57A10B.6 Y57A10B.6
vps-26 T20D3.7 Y57A10C.1 Y57A10C.1
vps-28 Y87G2A.10 |Y57A10C.10 Y57A10C.10
vps-33.1 B0303.9 Y57E12AR.1 Y57E12AR.1
vps-33.2 C56C10.1 Y57G11C.31 Y57G11C.31
vps-34 B0025.1 Y57G11C.33 Y57G11C.33
vps-35 F59G1.3 Y57G11C.36 Y57G11C.36
vps-36 F17C11.8 Y57G11C.38 Y57G11C.38
vps-37 CD4.4 Y57G11C.46 Y57G11C.46
vps-39 T08G5.5 Y57G11C.49 Y57G11C.49
vps-4 Y34D9A.10 |Y57G11C.5 Y57G11C.5
vps-45 C44C1.4 Y57G11C.56 Y57G11C.56
vps-51 B0414.8 Y57G7A.2 Y57G7A.2
vps-52 F08C6.3 Y57G7A.5 Y57G7A5
vps-53 T05G5.8 Y57G7A.6  Y57G7A.6
vps-54 T21C9.2 Y57G7A.8 Y57G7A.8
vrk-1 F28B12.3 Y58A7A.2 Y58AT7A.2
vti-1 Y57G11C.4 |Y58A7A.3  Y58AT7A.3
WO01A11.2 WO01A11.2 |Y58A7A4  Y58A7A4
WO01A8.4 WO01A8.4 Y58A7A.5 Y58A7A.5
WO01A8.5 WO01A8.5 Y59A8B.21 Y59A8B.21
Wo01D2.1 wo01D2.1 Y59C2A.3 Y59C2A.3
W01G7.4 WO01G7.4 Y60A3A.14 Y60A3A.14
WO02A11.1  WO02A11.1 |Y60A3A.16 YB0A3A.16
WO02B12.11 W02B12.11 |Y60A3A.24 YG60A3A.24
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Table S2
WO02D3.12 W02D3.12 |Y60A3A.25 YG60A3A.25
WO02D7.6 WO02D7.6 Y60A9.3 Y60A9.3
W02D9.3 W02D9.3 Y61A9LA.12 Y61A9LA.12
WO02F12.3 WO02F12.3 |Y61A9LA.3 YG61A9LA.3
W02G9.3 W02G9.3 Y61A9LA.4 Y61A9LA4
WO03A5.4 WO03A5.4 Y61A9LA.7 Y61A9LA.7
WO03A5.5 WO03A5.5 Y61A9LA.9 Y61A9LA.9
WO03A5.6 WO03A5.6 Y62E10A.20 Y62E10A.20
W03C9.5 W03C9.5 Y62F5A.9  Y62F5A.9
WO03F8.10 WO03F8.10 |Y62H9A.9 YG62H9A.9
WO03F8.3 WO03F8.3 Y65B4A.7 Y65B4A.7
WO03F8.4 WO03F8.4 Y65B4BL.4 Y65B4BL.4
WO03F9.1 WO03F9.1 Y65B4BL.7 Y65B4BL.7
WO03F9.10 WO03F9.10 |Y65B4BR.1 Y65B4BR.1
W03G9.2 W03G9.2 Y66D12A.1 Y66D12A.1
WO04A8.1 WO04A8.1 Y66D12A.14 Y66D12A.14
WO04B5.5 W04B5.5 Y66D12A.21 Y66D12A.21
W04C9.2 W04C9.2 Y66D12A.3 Y66D12A.3
W04D2.4 Wo04D2.4 Y67D8A.3 Y67D8A.3
Wo04D2.5 W04D2.5 Y67D8B.2 Y67D8B.2
W04D2.6 W04D2.6 Y67D8B.4 Y67D8B.4
W04G3.5 W04G3.5 Y67D8C.4 Y67D8C.4
WO5F2.3 WO05F2.3 Y67D8C.6  Y67D8C.6
WO05H9.2 WO05H9.2 Y67H2A.2  Y67H2A.2
W06B4.1 WO06B4.1 Y69A2AR.20 Y69A2AR.20
WO06E11.1  WO06E11.1 |YB69A2AR.31 Y69A2AR.31
WO06H3.3 WO06H3.3 Y6B3B.3 Y6B3B.3
WO07E11.1  WO07E11.1 |Y6D1A.2 Y6D1A.2
WO7E6.2 WO7E6.2 Y6G8.2 Y6G8.2
Wo08G11.3 WO08G11.3 |Y6G8.9 Y6G8.9
W09C3.4 W09C3.4 Y70C5A.3 Y70C5A.3
WO09C5.1 WO09C5.1 Y70G10A.3 Y70G10A.3
W09C5.7 W09C5.7 Y71A12B.10 Y71A12B.10
W09C5.8 W09C5.8 Y71A12B.11 Y71A12B.11
WO09D10.3 W09D10.3 |Y71A12B.12 Y71A12B.12
Wo09D10.4 WO09D10.4 |Y71A12B.15 Y71A12B.15
W09G3.6 W09G3.6 Y71A12B.17 Y71A12B.17
W10G11.20 W10G11.20 |Y71A12B.2 Y71A12B.2
wapl-1 R08C7.10 |Y71A12B.3 Y71A12B.3
wht-7 Y42G9A.6 |Y71F9AL.4 Y71F9AL.4
wip-1 R144.4 Y71F9B.13 Y71F9B.13
wnk-1 C46C2.1 Y71F9B.8  Y71F9B.8
wrm-1 B0336.1 Y71G10AL.1 Y71G10AL.1
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Y104H12D.2 Y104H12D.2
Y104H12D.3 Y104H12D.3

Table S2
wrn-1 F18C5.2 Y71G12B.11 Y71G12B.11
wsp-1 C07G1.4 Y71G12B.27 Y71G12B.27
wve-1 R06C1.3 Y71G12B.31 Y71G12B.31
xbp-1 R74.3 Y71G12B.35 Y71G12B.35
xnd-1 C05D2.5 Y71G12B.4 Y71G12B.4
xpa-1 K07G5.2 Y71G12B.5 Y71G12B.5
xpc-1 Y76B12C.2 |Y71G12B.6 Y71G12B.6
Xpo-1 ZK742.1 Y71H2AL.1  Y71H2AL.1
Xpo-2 Y48G1A.5 |Y71H2AL.2 Y71H2AL.2
xrn-1 Y39G8C.1 |Y71H2AM.10 Y71H2AM.10
xrn-2 Y48B6A.3 |Y71H2AM.11 Y71H2AM.11

Y71H2AM.12 Y71H2AM.12
Y71H2AM.13 Y71H2AM.13

Y105E8A.14
Y105E8A.19
Y105E8A.2

Y105E8A.20
Y105E8A.23
Y105E8A.24
Y105E8A.25
Y105E8A.29
Y105E8A.8

Y106G6D.7

Y105E8A.14
Y105E8A.19
Y105E8A.2

Y105E8A.20
Y105E8A.23
Y105E8A.24
Y105E8A.25
Y105E8A.29
Y105E8A.8

Y106G6D.7

Y71H2B.11  Y71H2B.11
Y71H2B.8  Y71H2B.8
Y73B3A.11 Y73B3A.11
Y73B3A.20 Y73B3A.20
Y73B3A.3  Y73B3A.3
Y73B3A.5 Y73B3A.5
Y73B3A.7  Y73B3A.7
Y73B3A.9  Y73B3A.9
Y73B3B.3  Y73B3B.3
Y73B6A.6  Y73B6A.6

Y106G6H.14 Y106G6H.14
Y106G6H.15 Y106G6H.15
Y106G6H.6 Y106G6H.6

Y106G6H.8 Y106G6H.8

Y108G3AL.2 Y108G3AL.2
Y108G3AL.7 Y108G3AL.7
Y10G11A.1 Y10G11A.1

Y10G11A.90 Y10G11A.90
Y110A2AL.12Y110A2AL.13
Y110A2AR.3 Y110A2AR.3
Y110A7A.15 Y110A7A.15

Y73B6BL.14 Y73B6BL.14
Y73B6BL.16 Y73B6BL.16
Y73B6BL.26¢Y73B6BL.264

Y110A7A.19
Y110A7A.4
Y110A7A.6
Y110A7A.8
Y111B2A.1
Y111B2A.12
Y111B2A.19
Y111B2A.2
Y111B2A.28
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Y110A7A.19
Y110A7A.4
Y110A7A.6
Y110A7A.8
Y111B2A.1
Y111B2A.12
Y111B2A.19
Y111B2A.2

Y111B2A.28

Y73B6BL.27
Y73B6BL.28
Y73B6BL.36
Y73C8C.3
Y73C8C.8
Y73E7A.3
Y73E7A.5
Y73E7A.8
Y73F8A.26
Y73F8A.32
Y73F8A.33
Y73F8A.35
Y74C9A.1
Y74C9A.3
Y75B7B.2
Y75B8A.16
Y75B8A.19

Y73B6BL.27
Y73B6BL.28
Y73B6BL.36
Y73C8C.3
Y73C8C.8
Y73E7A.3
Y73E7A.5
Y73E7A.8
Y73F8A.26
Y73F8A.32
Y73F8A.33
Y73F8A.35
Y74C9A.1
Y74C9A.3
Y75B7B.2
Y75B8A.16
Y75B8A.19
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Table S2

Y111B2A.3
Y111B2A.4

Y113G7B.24 Y113G7B.24

Y116A8C.13
Y116A8C.27
Y119C1B.4
Y119C1B.5
Y119D3B.11
Y119D3B.12
Y119D3B.16
Y14H12B.1
Y14H12B.2
Y17G7B.10
Y17G7B.13
Y17G7B.17
Y17G7B.18
Y17G7B.20
Y17G7B.21
Y17G7B.3
Y17G9B.9
Y18D10A.1
Y18D10A.11
Y18D10A.16
Y18D10A.9
Y18H1A.2
Y23H5A.3
Y23H5B.5
Y23H5B.6
Y24D9A.1
Y24D9A.8
Y24F12A 1
Y25C1A.6
Y25C1A.8
Y32B12B.2
Y32B12B.4
Y32G9A.8
Y32H12A.2
Y32H12A.4
Y32H12A.6
Y32H12A.7
Y32H12A.8
Y34B4A.8
Y34D9A.1
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Y111B2A.3
Y111B2A.4

Y116A8C.13
Y116A8C.27
Y119C1B.4
Y119C1B.5
Y119D3B.11
Y119D3B.12
Y119D3B.16
Y14H12B.1
Y14H12B.2
Y17G7B.10
Y17G7B.13
Y17G7B.17
Y17G7B.18
Y17G7B.20
Y17G7B.21
Y17G7B.3
Y17G9B.9
Y18D10A.1
Y18D10A.11
Y18D10A.16
Y18D10A.9
Y18H1A.2
Y23H5A.3
Y23H5B.5
Y23H5B.6
Y24D9A.1
Y24D9A.8
Y24F12A 1
Y25C1A.6
Y25C1A.8
Y32B12B.2
Y32B12B.4
Y32G9A.8
Y32H12A.2
Y32H12A.4
Y32H12A.6
Y32H12A.7
Y32H12A.8
Y34B4A.8
Y34D9A.1

Y75B8A.28
Y75B8A.31
Y75B8A.33
Y75D11A1
Y76A2B.2
Y76B12C.3
Y76B12C.8
Y77E11A.2
Y77TE11A.3
Y77TE11A.8
Y7A5A 1
Y7A5A.10
Y7A5A.6
Y7A9D.1
Y80D3A.9
Y81B9A.1
Y81G3A.4
Y82E9BL.19
Y82E9BL.5
Y82E9BR.1

Y75B8A.28
Y75B8A.31
Y75B8A.33
Y75D11A A1
Y76A2B.2
Y76B12C.3
Y76B12C.8
Y77E11A.2
Y77E11A.3
Y77E11A.8
Y7A5A 1
Y7A5A.10
Y7A5A.6
Y7A9D.1
Y80D3A.9
Y81B9A.1
Y81G3A.4
Y82E9BL.19
Y82E9BL.5
Y82E9BR.1

Y82E9BR.17 Y82E9BR.17

Y82E9BR.21

Y82E9BR.21

Y82E9BR.22 Y82E9BR.22

Y82E9BR .4
Y87G2A.16
Y87G2A17
Y87G2A.18
Y87G2A.19
Y87G2A.2

Y92H12A.2
Y92H12A.3

Y82E9BR 4
Y87G2A.16
Y87G2A.17
Y87G2A.18
Y87G2A.19
Y87G2A.2

Y92H12A.2
Y92H12A.3

Y92H12BL.5 Y92H12BL.5

Y94H6A.10
Y94H6A.12
Y94HGA.2
Y94HG6A.4
Y94HGA.7
Y95B8A.4
Y9C12A.1
YOD1A.1
Y9D1A.2
ZC116.1
ZC1231

Y94H6A.10
Y94HG6A.12
Y94HG6A.2
Y94H6A.4
Y94H6A.7
Y95B8A .4
Y9C12A.1
Y9D1A1
Y9D1A.2
ZC116.1
ZC1231
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Table S2
Y34F4.3 Y34F4.3 Z2C123.4 ZC123.4
Y35H6.1 Y35H6.1 Z2C15.1 ZC15.1
Y35H6.3 Y35H6.3 ZC15.10 ZC15.10
Y37A1B.17 Y37A1B.17 |ZC15.3 ZC15.3
Y37D8A.11 Y37D8A.11 |ZC155.4 ZC155.4
Y37D8A.18 Y37D8A.18 |ZC190.10 ZC190.10
Y37D8A.21 Y37D8A.21 [ZC190.8 ZC190.8
Y37D8A.22 Y37D8A.22 |ZC190.9 ZC190.9
Y37E11AM.2 Y37E11AM.2/ZC196.5 ZC196.5
Y37E11B.3 Y37E11B.3 |ZC204.14 ZC204.14
Y37E11B.5 Y37E11B.5 |ZC204.17 ZC204.17
Y37E3.1 Y37E3.1 ZC204.2 ZC204.2
Y37E3.10 Y37E3.10 ZC21.10 ZC21.10
Y37E3.8 Y37E3.8 Z2C239.20 ZC239.20
Y37H2A.1 Y37H2A 1 Z2C239.21 ZC239.21
Y37H2A.12 Y37H2A.12 |ZC239.6 ZC239.6
Y37H9A.3  Y37HOA.3 |ZC247.1 ZC247 1
Y38A10A.7 Y38A10A.7 |ZC250.4 ZC250.4
Y38C1AA.14 Y38C1AA.14|ZC317.6 ZC317.6
Y38C1BA.1 Y38C1BA.1 |ZC328.3 ZC328.3
Y38C9A.1 Y38C9A.1 Z2C328.5 ZC328.5
Y38E10A.22 Y38E10A.22|ZC373.5 ZC373.5
Y38E10A.6 Y38E10A.6 |ZC376.1 ZC376.1
Y38F2AR.3 Y38F2AR.3 |ZC404.1 ZC404 .1
Y38F2AR.6 Y38F2AR.6 |ZC411.1 ZC411 1
Y39A1A.1 Y39A1A.1 ZC416.1 ZC416.1
Y39A1A.12 Y39A1A.12 |ZC434.7 ZC434.7
Y39A1A.13 Y39A1A.13 |ZC504.3 ZC504.3
Y39A1A.14 Y39A1A.14 |ZC53.1 ZC53.1
Y39A1A.20 Y39A1A.20 |ZC53.6 ZC53.6
Y39A1A.21 Y39A1A.21 |ZC8.6 ZC8.6
Y39A1A.24 Y39A1A.24 |zeel-1 Y39G10AR.5
Y39A1A.3  Y39A1A.3 |zfp-1 F54F2.2
Y39A1A.6  Y39A1A6 |zig-5 Y48A6A.1
Y39A3CL.1 Y39A3CL.1 |zig-8 Y39E4B.8
Y39A3CL.7 Y39A3CL.7 |zip-2 KO02F3.4
Y39A3CR.3 Y39A3CR.3 |zip-3 W07G1.3
Y39A3CR.9 Y39A3CR.9 ZK1010.10 ZK1010.10
Y39B6A.10 Y39B6A.10 |ZK1010.4 ZK1010.4
Y39B6A.16 Y39B6A.16 |ZK105.3 ZK105.3
Y39B6A.33 Y39B6A.33 |ZK1053.3 ZK1053.3
Y39B6A.34 Y39B6A.34 |ZK1055.2 ZK1055.2
Y39B6A.36 Y39B6A.36 |ZK1055.5 ZK1055.5
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Table S2

Y39B6A.39 Y39B6A.39 |ZK1055.7  ZK1055.7
Y39B6A.43 Y39B6A.43 |ZK1058.3  ZK1058.3
Y39E4B.2 Y39E4B.2 |ZK1073.1 ZK1073.1
Y39E4B.5 Y39E4B.5 |ZK1098.11 ZK1098.11
Y39E4B.7 Y39E4B.7 |ZK1098.3  ZK1098.3
Y39G10AR.1 Y39G10AR.1|ZK1098.6 = ZK1098.6
Y39G10AR.2 Y39G10AR.2|ZK1098.7  ZK1098.7
Y39G10AR.2 Y39G10AR.2|ZK1128.1 ZK1128.1
Y39G10AR.7 Y39G10AR.7|ZK1128.4  ZK1128.4
Y39G10AR.9 Y39G10AR.9 ZK1128.7  ZK1128.7
Y40B1A.3  Y40B1A3 |ZK1193.2  ZK1193.2
Y41C4A.9 Y41C4A.9 |ZK12251 ZK1225.1
Y41D4A5 Y41D4A5 |ZK1236.9  ZK1236.9
Y41D4A.6  Y41D4A.6 |ZK1307.9  ZK1307.9
Y41D4B.11 Y41D4B.11 |ZK1320.11 ZK1320.11
Y41D4B.4 Y41D4B.4 |ZK154.4 ZK154.4
Y41E3.1 Y41E3.1 ZK185.2 ZK185.2
Y41E3.11 Y41E3.11 ZK218.8 ZK218.8
Y42A5A.5  Y42A5A5 |ZK228.1 ZK228.1
Y42H9AR.1 Y42H9AR.1 |ZK228.4 ZK228.4
Y42H9AR.4 Y42H9AR.4 |ZK250.2 ZK250.2
Y42H9B.3  Y42H9B.3 |ZK262.8 ZK262.8
Y43B11AR.3 Y43B11AR.3|ZK262.9 ZK262.9
Y43D4A.3  Y43D4A.3 |ZK287.4 ZK287.4
Y43D4A.4  Y43D4A4 |ZK337.1 ZK337.1
Y43E12A.3 Y43E12A.3 |ZK355.2 ZK355.2
Y43F4B.10 Y43F4B.10 |ZK402.2 ZK402.2
Y43F4B.5 Y43F4B.5 |ZK402.3 ZK402.3
Y43F4B.7  Y43F4B.7 |ZK402.5 ZK402.5
Y43H11AL.1 Y43H11AL.1|ZK418.7 ZK418.7
Y43H11AL.2 Y43H11AL.2|ZK470.2 ZK470.2
Y44E3A4  Y44E3A4 |ZK512.1 ZK512.1
Y44E3A6  Y44E3A6 |ZK5124 ZK512.4
Y44F5A.1  Y44F5A.1  |ZK550.5 ZK550.5
Y45F10D.4 Y45F10D.4 |ZK563.5 ZK563.5
Y45F10D.7 Y45F10D.7 |ZK616.3 ZK616.3
Y45F3A.9  Y45F3A.9 |ZK643.1 ZK643.1
Y45G12C.16 Y45G12C.16|ZK643.6 ZK643.6
Y45G5AL.1 Y45G5AL.1 |ZK652.8 ZK652.8
Y45G5AM.2 Y45G5AM.2 |ZK662.5 ZK662.5
Y45G5AM.9 Y45G5AM.9 |ZK666.1 ZK666.1
Y46E12BL.2 Y46E12BL.2 |ZK666.12  ZK666.12
Y46G5A.2 Y46G5A.2 |ZK666.4 ZK666.4
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Table S2

Y46G5A.4
Y46H3C.4
Y47A7 1
Y47D3A.14
Y47D3A.21
Y47D3A.28
Y47D3A.29
Y47D9A.1
Y47G6A.22
Y47G6A.25
Y47G6A.29
Y47G6A.4
Y47G6A.9
Y47H9C.7
Y48A6B.3
Y48A6C.4
Y48B6A.1
Y48B6A.13
Y48C3A.14
Y48C3A.18
Y48C3A.20
Y48E1A.1
Y48E1B.3
Y48E1B.5
Y48E1B.7
Y48E1C.1
Y48E1C.4
Y48G10A.1
Y48G10A.2
Y48G10A.4
Y48G1A4
Y48G1BL.1
Y48G1BL.4
Y48G1BM.1
Y48G1C.1
Y48G1C.10
Y48G1C.11
Y48G1C.12
Y48G1C.7
Y48G1C.8
Y48G1C.9
Y48G8AL.1

Y48G8AL.10 Y48G8AL.10
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Y46G5A.4
Y46H3C.4
Y47A7 1
Y47D3A.14
Y47D3A.21
Y47D3A.28
Y47D3A.29
Y47D9A.1
Y47G6A.22
Y47G6A.25
Y47G6A.29
Y47G6A.4
Y47G6A.9
Y47H9C.7
Y48A6B.3
Y48A6C.4
Y48B6A.1
Y48B6A.13
Y48C3A.14
Y48C3A.18
Y48C3A.20
Y48E1A.1
Y48E1B.3
Y48E1B.5
Y48E1B.7
Y48E1C.1
Y48E1C.4
Y48G10A.1
Y48G10A.2
Y48G10A.4
Y48G1A.4
Y48G1BL.1
Y48G1BL.4
Y48G1BM.1
Y48G1C.1
Y48G1C.10
Y48G1C.11
Y48G1C.12
Y48G1C.7
Y48G1C.8
Y48G1C.9
Y48G8AL.1

ZK669.7
ZK673.4
ZK673.5
ZK675.3
ZK678.3
ZK682.2
ZK686.6
ZK688.7
ZK742.6
ZK792.1
ZK792.4
ZK795.2
ZK809.9
ZK822.2
ZK836.3
ZK84 .4
ZK856.11
ZK856.14
ZK856.4
ZK856.5
ZK858.8
ZK892.6
ZK896.9
ZK909.3
ZK930.5
ZK930.6
ZK945 .4
ZK973.8
z00-1
ztf-13
ztf-17
ztf-20
ztf-25

ZK669.7
ZK673.4
ZK673.5
ZK675.3
ZK678.3
ZK682.2
ZK686.6
ZK688.7
ZK742.6
ZK792.1
ZK792.4
ZK795.2
ZK809.9
ZK822.2
ZK836.3
ZK84.4
ZK856.11
ZK856.14
ZK856.4
ZK856.5
ZK858.8
ZK892.6
ZK896.9
ZK909.3
ZK930.5
ZK930.6
ZK945.4
ZK973.8
Y105E8A.26
F52E4.8
TO9AS5.12
Y39B6A.46
Y6G8.3
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Table S2
Y48G8AL.5 Y48G8AL.5
Y48G8AL.9 Y48G8AL.9
Y49A3A.3  Y49A3A.3
Y49E10.28 Y49E10.28
Y49F6B.9 Y49F6B.9
Y49F6C.8 Y49F6C.8
Y4C6B.1 Y4C6B.1
Y50C1A.1 Y50C1A.1
Y50D4A.1 Y50D4A.1
Y50D4A.2 Y50D4A.2
Y50D4A.4 Y50D4A.4
Y50D4C.3 Y50D4C.3
Y50D4C.5 Y50D4C.5
Y50D7A.1 Y50D7A.1
Y50D7A.11 YS50D7A.11
Y50D7A.2 Y50D7A.2
Y50D7A.4 Y50D7A.4
Y50D7A.8 YS50D7A.8
Y50D7A.9 YS50D7A.9
Y51A2D.7 Y51A2D.7
Y51F10.10 Y51F10.10
Y51F10.2 Y51F10.2
Y51F10.4 Y51F10.4
Y51F10.6 Y51F10.6
Y51H1A.1 Y51H1A.1
Y51H1A.3  Y51H1A.3
Y51H4A.15 Y51H4A.15
Y51H7C.3  Y51H7C.3
Y51H7C.4 Y51H7C.4
Y51H7C.5 Y51H7C.5
Y52B11A.10 Y52B11A.10
Y52B11A.3 Y52B11A.3
Y52B11A.8 Y52B11A.8
Y52B11C.1 Y52B11C.1
Y52E8A.2 Y52E8A.2
Y53C12A.10 Y53C12A.10
Y53C12A.11 Y53C12A.11
Y53C12A.6 Y53C12A.6
Y53C12B.1 Y53C12B.1
Y53C12B.2 Y53C12B.2
Y53F4B.13 Y53F4B.13
Y53F4B.21 Y53F4B.21
Y53F4B.3 Y53F4B.3
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Table S2

Y53F4B.4
Y53F4B.9
Y53G8AL.2
Y53G8AR.2
Y53G8AR.6
Y53G8AR.8
Y53G8AR.9
Y53H1A.2
Y54E10A.10
Y54E10A.11
Y54E10A.12
Y54E10A.5
Y54E10A.7

Y53F4B.4
Y53F4B.9
Y53G8AL.2
Y53G8AR.2
Y53G8AR.6
Y53G8AR.8
Y53G8AR.9
Y53H1A.2
Y54E10A.10
Y54E10A.11
Y54E10A.12
Y54E10A.5
Y54E10A.7

Y54E10BR.2 Y54E10BR.2
Y54E10BR.3 Y54E10BR.3

Y54E5A.5

Y54E5A.5

Y54F10AR.2 Y54F10AR.2

Y54G11A.11

Y54G11A.11

Y54G11A.17 Y54G11A.17

Y54G11A.2
Y54G11A.3
Y54G2A.17
Y54G2A.18
Y54G2A.2
Y54G9A.5
Y54G9A.7
Y54H5A.1
Y55B1AL.1
Y55B1AR.2
Y55B1BR.2
Y55B1BR.4
Y55F3AM.1
Y55F3AM.6
Y55F3AM.9
Y55F3AR.1
Y55F3AR.2
Y55F3BL.2
Y55F3BR.8
Y56A3A.11
Y56A3A.16
Y56A3A.31
Y57A10A.13
Y57A10A.25
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Y54G11A.2
Y54G11A.3
Y54G2A17
Y54G2A.18
Y54G2A.2
Y54G9A.5
Y54G9A.7
Y54H5A.1
Y55B1AL.1
Y55B1AR.2
Y55B1BR.2
Y55B1BR.4
Y55F3AM.1
Y55F3AM.6
Y55F3AM.9
Y55F3AR.1
Y55F3AR.2
Y55F3BL.2
Y55F3BR.8
Y56A3A.11
Y56A3A.16
Y56A3A.31
Y57A10A.13
Y57A10A.25



https://doi.org/10.1101/2020.08.03.235143
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.08.03.235143. this version posted August 5, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. It is made available under a CC-BY-NC-ND 4.0 International license.

Table S2

Y57A10A.27 Y57A10A.27
Y57A10A.28 Y57A10A.28
Y57A10A.31 Y57A10A.31

Y57A10A.5
Y57A10A.8

Y57A10A.5
Y57A10A.8

Y57G11C.34 Y57G11C.34

Y57G11C.9
Y59A8A.3
Y59A8B.10
Y59A8B.12
Y59A8B.25
Y59A8B.6
Y59A8B.8
Y59C2A.2
Y59E9AL.36
YG60A3A.14
YG60A3A.19
YG61A9LA.10
Y62E10A.10
Y62E10A.13
Y62E10A.14
Y62E10A.17
Y62E10A.2
Y62F5A.12
Y63D3A.4
Y63D3A.7
Y63D3A.8
Y64H9A.1
YG65A5A.2
Y65B4A.1
Y65B4A .4
Y65B4A.6
Y65B4BL.3
Y65B4BR.5
Y65B4BR.8
Y66D12A.10
Y66D12A.15
Y66D12A.16
Y66D12A.19
Y66D12A.23
Y66D12A.5
Y66D12A.9
Y66H1A.4
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Y57G11C.9
Y59A8A.3
Y59A8B.10
Y59A8B.12
Y59A8B.25
Y59A8B.6
Y59A8B.8
Y59C2A.2
Y59E9AL.36
YG60A3A.14
Y60A3A.19
Y61A9LA.10
Y62E10A.10
Y62E10A.13
Y62E10A.14
Y62E10A.17
Y62E10A.2
Y62F5A.12
Y63D3A.4
Y63D3A.7
Y63D3A.8
Y64H9A.1
YG65A5A.2
Y65B4A.1
Y65B4A .4
Y65B4A.6
Y65B4BL.3
Y65B4BR.5
Y65B4BR.8
Y66D12A.10
Y66D12A.15
Y66D12A.16
Y66D12A.19
Y66D12A.23
Y66D12A.5
Y66D12A.9
Y66H1A.4
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Y67D8A.2 Y67D8A.2
Y67D8C.9 Y67D8C.9
Y67H2A.10 Y67H2A.10
Y69A2AR.1 Y69A2AR.1

Y69A2AR.17 Y69A2AR.17
Y69A2AR.28 Y69A2AR.28

Y69A2AR.3
Y69A2AR.6
Y69A2AR.7
Y69H2.7
Y6B3B.4
Y6D1A.1
Y71F9AL.12
Y71F9AL.14
Y71F9AL.17
Y71F9AR.3
Y71F9AR.4
Y71F9B.2

Y69A2AR.3
Y69A2AR.6
Y69A2AR.7
Y69H2.7
Y6B3B.4
Y6D1A.1
Y71F9AL.12
Y71FOAL.14
Y71FOAL.17
Y71F9AR.3
Y71FOAR.4
Y71F9B.2

Y71G10AR.1 Y71G10AR.1
Y71G10AR.4 Y71G10AR.4
Y71G12B.13 Y71G12B.13
Y71G12B.8 Y71G12B.8

Y71H10A.1  Y71H10A.1

Y71H2AM.17 Y71H2AM.17|
Y71H2AM.2 Y71H2AM.2
Y71H2AM.20 Y71H2AM.20
Y71H2AM.24 Y71H2AM.24

Y71H2AM.3
Y71H2AM.4
Y71H2AM.7
Y71H2AR.3
Y71H2B.2
Y73B3A.1
Y73B3A.10
Y73B3A.12
Y73B3A.16
Y73B3A.21
Y73B3A.4
Y73B3B.1
Y73B6BL.23
Y73B6BL.30
Y73E7A1
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Y71H2AM.7
Y71H2AR.3
Y71H2B.2
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Y73B3A.16
Y73B3A.21
Y73B3A.4
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Y73E7A.2
Y73E7A.6
Y73F8A.24
Y73F8A.25
Y74C10AL.2
Y74C9A.3
Y74C9A.4
Y75B12B.1
Y75B8A.14
Y75B8A.18
Y75B8A.24
Y75B8A.25
Y75B8A.7
Y76A2B.4
Y76A2B.5
Y76B12C.6
Y77TE11A1
Y77TE11A.6
Y79H2A.3

Y73E7A.2
Y73E7A.6
Y73F8A.24
Y73F8A.25
Y74C10AL.2
Y74C9A.3
Y74C9A.4
Y75B12B.1
Y75B8A.14
Y75B8A.18
Y75B8A.24
Y75B8A.25
Y75B8A.7
Y76A2B.4
Y76A2B.5
Y76B12C.6
Y77TE11A.1
Y77E11A.6
Y79H2A.3

Y82E9BR.14 Y82E9BR.14
Y82E9BR.18 Y82E9BR.18
Y82E9BR.19 Y82E9BR.19
Y82E9BR.2 Y82E9BR.2
Y87G2A.1  Y87G2AA1
Y87G2A.11 Y87G2A.11
Y92H12A.4 Y92H12A 4
Y92H12BM.1 Y92H12BM.1
Y92H12BR.3 Y92H12BR.3
Y92H12BR.8 Y92H12BR.8
Y94H6A.3  Y94HGA.3
Y94H6A.5  Y94HGA.5
Y95D11A.3 Y95D11A.3
Y97E10AL.3 Y97E10AL.3
Y97E10AR.3 YO97E10AR.3
Y97E10AR.4 YO7E10AR 4
Y97E10AR.6 YO7E10AR.6
Y97E10AR.7 YO7E10AR.7

ykt-6 B0361.10
ymel-1 M03C11.5
yop-1 Y71F9B.3
ZC123.3 ZC123.3
ZC13.1 ZC13.1
2C262.7 2C262.7
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2C262.8 2C262.8
ZC308.4 ZC308.4
ZC317.7 Z2C317.7
ZC373.5 ZC373.5
ZC376.6 ZC376.6
Z2C434.4 ZC434.4
ZC449.3 2C449.3
ZC477.3 ZC477.3
ZC506.1 ZC506.1
ZC513.5 ZC513.5
ZC84.3 Z2C84.3
zen-4 M03D4.1
zer-1 T24C4.6
zfp-3 WO05H7 .4
zhp-3 K02B12.8
zif-1 F59B2.6
zig-7 F54D7.4
zim-1 T07G12.6
zim-2 T07G12.10
zim-3 T07G12.11
Zip-4 Y44E3B.1
ZK1010.2 ZK1010.2
ZK1067.2 ZK1067.2
ZK1067.3 ZK1067.3
ZK1067.8 ZK1067.8
ZK1098.1 ZK1098.1
ZK1098.2 ZK1098.2
ZK1098.4 ZK1098.4
ZK1098.5 ZK1098.5
ZK1127.3 ZK1127.3
ZK1127 .4 ZK1127.4
ZK1127.5 ZK1127.5
ZK1128.4 ZK1128.4
ZK1236.1 ZK1236.1
ZK1248.11 ZK1248.11
ZK1248.13 ZK1248.13
ZK1248.15 ZK1248.15
ZK1248.7 ZK1248.7
ZK1320.9 ZK1320.9
ZK154.5 ZK154.5
ZK177 1 ZK177 1
ZK177.4 ZK177.4
ZK265.6 ZK265.6
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ZK353.9 ZK353.9
ZK370.8 ZK370.8
ZK418.5 ZK418.5
ZK418.8 ZK418.8
ZK418.9 ZK418.9
ZK430.7 ZK430.7
ZK507.6 ZK507.6
ZK512.2 ZK512.2
ZK524.4 ZK524 .4
ZK546.14  ZK546.14
ZK546.2 ZK546.2
ZK546.5 ZK546.5
ZK550.3 ZK550.3
ZK550.4 ZK550.4
ZK616.4 ZK616.4
ZK616.5 ZK616.5
ZK632.10  ZK632.10
ZK632.12  ZK632.12
ZK632.2 ZK632.2
ZK632.5 ZK632.5
ZK632.7 ZK632.7
ZK632.9 ZK632.9
ZK643.5 ZK643.5
ZK652.6 ZK652.6
ZK673.2 ZK673.2
ZK686.1 ZK686.1
ZK686.2 ZK686.2
ZK688.11 ZK688.11
ZK688.5 ZK688.5
ZK688.9 ZK688.9
ZK757.4 ZK757.4
ZK792.5 ZK792.5
ZK795.3 ZK795.3
ZK809.3 ZK809.3
ZK809.5 ZK809.5
ZK829.7 ZK829.7
ZK829.9 ZK829.9
ZK856.10  ZK856.10
ZK856.12  ZK856.12
ZK858.7 ZK858.7
ZK930.1 ZK930.1
ZK973.1 ZK973.1
ZK973.2 ZK973.2
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ztf-18 T24C4.7
ztf-3 C53D5.4
ztf-4 T10B11.3
ztf-6 WO0O6H12.1
ztf-7 F46B6.7
ztf-8 ZC395.8
ztf-9 ZK287.6
zwl-1 Y39G10AR.2
zyg-1 F59E12.2
zyg-11 co8B11.1
zyg-12 ZK546.1
zyg-8 Y79H2A.11
zyg-9 F22B5.7
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