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Abstract 21 
Metazoan germ cells form intracellular germ granules, cytoplasmic RNA-protein condensates that contain a 22 
variety of RNAs and proteins essential for germline identity, maintenance, and fertility. P granules are a type of 23 
C. elegans germ granule proposed to be sites of mRNA repression. Proper P granule assembly is dependent on 24 
PGL-1 and its granule-forming protein relatives. Numerous RNA-binding proteins localize to P granules, like the 25 
eIF4E mRNA cap binding homolog, IFE-1. IFE-1 directly interacts with PGL-1 in vivo and in vitro. The molecular 26 
function of P granules remains enigmatic. Here, PGL-1 was molecularly dissected in vivo to determine protein 27 
regions required for P granule assembly, binding partner recruitment, and germ cell development. A specific 28 
region in the PGL-1 C-terminus was necessary and sufficient for IFE-1 recruitment to P granules and for fertility. 29 
IFE-1 RNA targets were identified, and reporters of top gene targets were repressed in the adult germline. This 30 
repression was dependent on PGL-1 and its IFE-1 binding peptide. These findings provide evidence that IFE-1 31 
and P granules are a factor and site of mRNA repression, respectively. This repression required IFE-1 assembly 32 
into P granules, supporting the model that RNA-protein condensate assembly is necessary for its biological and 33 
biochemical functions. 34 
 35 
Introduction 36 
Effective cellular function depends on organizing macromolecules into compartments to facilitate biochemistry. 37 
Biomolecular condensates are non-membrane bound compartments that include nucleoli, stress granules, and 38 
metazoan germ granules [1]. They assemble by liquid-liquid phase separation [1], a biophysical property driven 39 
by favorable intermolecular interactions that exceed those with the surrounding cytoplasm. Biomolecular 40 
condensation depends on proteins and other molecules with multiple interaction domains and/or intrinsically 41 
disordered regions (IDRs) [1-3]. Although many biomolecular condensates have been identified, their 42 
mechanisms of formation and necessity of condensation for their biological functions remain largely elusive. 43 
 44 
Germ granules are cytoplasmic RNA-protein condensates found in the metazoan germ cells [4, 5]. Although the 45 
specific composition of germ granules differs across species, they often recruit mRNA regulatory factors and 46 
regulate mRNAs post-transcriptionally to influence development and protect germ cells. In C. elegans, P 47 
granules are a type of germ granule required for proper germ cell development [4, 5]. They localize to the nuclear 48 
periphery for most of adult germ cell development [6, 7] and behave as phase-separated, liquid condensates [8]. 49 
By electron microscopy, P granules are electron-dense due to their high RNA content [9]. Numerous RNA-50 
binding and regulatory proteins localize to P granules [5] such as IFE-1, a germline specific eIF4E homolog 51 
involved in sperm regulation [10, 11] and oocyte maturation [12, 13]. eIF4E recognizes the 7-methylguanosine 52 
(m7G) 5’ cap on mRNAs and interacts with other proteins to regulate mRNA localization, storage, turnover, and 53 
both translational activation and repression [14]. The condensate assembly protein PGL-1 mediates the 54 
recruitment of IFE-1 to P granules, observed both in vivo [10, 11] and in vitro [6, 10]. During spermatogensis, it 55 
is speculated that IFE-1 is released from P granules into the cytoplasm where it may facilitate spermatogenesis 56 
[10]. Indeed, ife-1 null mutants are sterile at high temperatures primarily due to defects in sperm function [10-57 
12]. Others suggested that IFE-1 acts as a repressor of its target mRNAs when bound to PGL-1 [15], but the 58 
specific interaction between IFE-1 and PGL-1, IFE-1 target mRNA repression, and necessity of granule assembly 59 
for IFE-1 function remain undiscovered.   60 
 61 
In C. elegans, proper P granule assembly is dependent on the PGL family of granule-forming proteins, which 62 
include PGL-1 and PGL-3 [6, 7]. These proteins have similar sequences and functional redundance  [6, 16], 63 
although only PGL-1 binds to IFE-1 [10]. Both PGL-1 and PGL-3 are required for proper germ cell development 64 
[6]. Simultaneous genetic removal of these proteins leads to abnormal expression of spermatogenic and somatic 65 
mRNAs [17], resulting in sterility [6, 7]. These two PGL proteins can be divided into three distinct regions: (1) the 66 
N-terminal domain (Nt), (2) the dimerization domain (DD), and (3) the C-terminal region (Ct) with RGG repeats 67 
(RGG) (Fig. 1A). The structure of the Nt and DD domains have been resolved [18, 19], and dimerization of the 68 
Nt domain has been shown to be critical for P granule assembly [18, 20, 21]. Functional studies using a lambda 69 
peptide-stem loop system demonstrated that artificially tethering reporter mRNAs to PGL-1 recruited them to P 70 
granules and repressed their translation [18]. This repression required Nt domain dimerization, supporting the 71 
idea that condensate formation is necessary for mRNA regulation. However, this experimental system has two 72 
key limitations. First, the lambda peptide insertion is artificial and may not reflect endogenous PGL-1 interactions. 73 
Second, homozygous expression of lambda-tagged PGL-1 caused sterility [18], requiring experiments to be 74 
performed in heterozygous animals, further limiting physiological relevance. Moreover, Nt domain dimerization 75 
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may contribute to biochemical functions beyond condensate assembly. Therefore, additional studies are needed 76 
to directly test whether P granules are required for endogenous mRNA repression. 77 
 78 
To investigate the molecular mechanisms driving P granule assembly, genetic dissection of the PGL-1 protein 79 
was performed in vivo. Deletion of regions in PGL-1 Ct resulted in abnormal P granule formation and IFE-1 80 
localization. IFE-1-associated RNAs were identified, and high confidence target mRNA transcripts were 81 
repressed in the adult germline. This repression required IFE-1 recruitment to P granules. Together, these 82 
findings demonstrate that proper assembly of IFE-1 into P granules is necessary for its role in mRNA repression. 83 
The work advances our understanding of how a liquid RNA-protein condensate and germ granule assembly 84 
contributes to post-transcriptional gene regulation. 85 
 86 
Results 87 
The PGL-1 C-terminus influences P granule assembly. C. elegans PGL-1 is critical for proper P granule 88 
assembly [6, 7]. Prior studies identified multiple dimerization domains in PGL-1 [18, 19], with at least one required 89 
for P granule formation [18]. The C-terminal region of PGL-1 contains RGG repeats [7, 22], is predicted to be 90 
intrinsically disordered [19], and has patches of sequence conservation that suggest a potential role in recruiting 91 
or organizing proteins within granules (Fig. S1A). IFE-1 is a germline-specific eIF4E homolog involved in sperm 92 
regulation [10, 11, 13, 15] and oocyte maturation [12]. IFE-1 binds to the m7G 5’ cap of mRNAs [10, 23], localizes 93 
to P granules [10], and directly interacts with PGL-1 in vivo [10, 11] and in vitro [6, 10]. The specific PGL-1 protein 94 
regions required for IFE-1 interaction are unknown. 95 
 96 
A first goal was to determine the specific contributions of each PGL-1 region for P granule assembly and IFE-1 97 
recruitment. CRISPR/Cas-9 gene editing was used to insert a V5 epitope [24] and HaloTag (Halo, [25]) in pgl-1 98 
and a 3xFLAG tagged mScarlet fluorescent protein in ife-1 for straightforward imaging (Fig. 1A). These tagged 99 
proteins are referred to as PGL-1 and IFE-1 hereafter for clarity. The N-terminal domain (Nt), Dimerization 100 
Domain (DD), and C-terminal region (Ct) of pgl-1 (Fig. 1A) were deleted to test their involvement in assembly. 101 
Protein expression of all mutants was confirmed via immunoblots (Fig. 1B). Confocal microscopy assessed P 102 
granule assembly of the pgl-1 deletion mutants. Wildtype N2 served as a negative control, and IFE-1; PGL-1 103 
animals served as a positive control (Fig. 1C, S1B). The positive control animals showed robust PGL-1 granule 104 
and IFE-1 puncta formation (Fig. 1C-G) that colocalized with each other (Fig. 1H), as expected [6, 10]. In 105 
contrast, the removal of the PGL-1 Nt or DD domains disrupted P granule assembly (Fig. 1C), both in PGL-1 106 
granule quantity (Fig. 1D) and PGL-1 colocalization with IFE-1 (Fig. 1H). Deletion of the PGL-1 Ct region also 107 
caused a significant reduction in the number of PGL-1 granules and IFE-1 puncta (Fig. 1C-E) and affected IFE-108 
1 colocalization with PGL-1 (Fig. 1H). Surprisingly, the few remaining P granules were incredibly enlarged, with 109 
a few as large as germ cell nuclei (Fig. 1C,F). IFE-1 puncta numbers were decreased in both the DD domain 110 
and Ct region deletion mutants (Fig. 1C,E) but the overall puncta size were similar in all strains (Fig. 1C,G). Of 111 
note, removal of the PGL-1 Ct region did not cause enlargement of the IFE-1 puncta (Fig. 1C,G), implying 112 
abnormal IFE-1 recruitment. In sum, the imaging results suggested a requirement of the PGL-1 Ct region for 113 
proper PGL-1 granule assembly and IFE-1 co-factor recruitment.  114 
 115 
Fertility assays were used to determine whether the PGL-1 deletions affected germ cell development. While pgl-116 
1 null (bn101) mutants propagate under standard 20°C conditions (Fig. 2A, S1C), they exhibit a dramatic 25°C 117 
temperature-sensitive fertility defect [7] (Fig. 2B, S1D). Fertility defects with PGL-1 mutants may thus be 118 
attributable to a loss in PGL-1 protein function. At 20°C, both wildtype N2 and Halo-tagged PGL-1 were fully 119 
fertile (Fig. 2A, S1C), while removal of PGL-1 Nt, DD, and Ct regions caused decreased fertility (Fig. 2A). At 120 
25°C, wildtype N2 remained fertile, pgl-1 (bn101) null worms were sterile, and Halo-tagged PGL-1 showed a 121 
modest decrease in fertility (Fig. 2B, S1D), a result consistent with the effect of other large protein tags added 122 
to PGL-1 [18]. Others noted ife-1 null animals to be completely sterile at 25°C [12]. The fertility observed in these 123 
strains carrying a tagged ife-1 allele (Fig. 2B, S1D) suggested that the added tag did not grossly affect protein 124 
function. In contrast, all three PGL-1 deletion mutants exhibited near complete sterility at 25°C (Fig. 2B). 125 
Collectively, these results indicate that the PGL-1 Nt, DD, and Ct regions contribute to both P granule assembly 126 
and its biological function in germ cell development. Although functions have previously been assigned to the Nt 127 
and DD domains [18, 19], the biochemical role of the PGL-1 Ct region was unknown.  128 
 129 
A PGL-1 C-terminal region is required for IFE-1 recruitment and proper germ cell development. Yeast-130 
two-hybrid molecular genetics was used to screen for a potential function for the PGL-1 Ct. PGL-1 Ct was used 131 
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as bait and screened with a library of C. elegans protein coding regions to identify potential protein-binding 132 
partners (see Methods). Three protein candidates were identified as high-confidence interactors: M01E5.4, LYS-133 
7, and IFE-1. LYS-7 is a secreted lysozyme whose expression is induced upon pathogen infection [26]. Because 134 
LYS-7 is secreted, it is unlikely to function as a cytoplasmic P granule interactor. M01E5.4 is a human C2orf68 135 
homolog [27] and poorly characterized in worms. CRISPR/Cas9 was used to insert a 3xFLAG::mScarlet tag in 136 
the endogenous M01E5.4 locus (Fig. S2A). Despite confirming tagged M01E5.4 expression by immunoblot (Fig. 137 
S2B), confocal imaging did not reveal germline protein expression (Fig. S2C), implying that M01E5.4 does not 138 
interact with PGL-1 in the adult germline. IFE-1 is an established PGL-1 interactor [6, 10]. Given that IFE-1 139 
puncta formation is disrupted in PGL-1 Ct deletion mutants (Fig. 1C,E,H), a peptide region within PGL-1 Ct may 140 
directly bind IFE-1. 141 
 142 
The PGL-1 Ct region was further dissected in vivo to identify protein regions responsible for P granule assembly, 143 
IFE-1 interaction, and germ cell development. PGL Ct protein alignments showed patches of conservation (Fig. 144 
S1A). The Ct region was divided further into 3 roughly equal parts with boundaries in non-conserved regions, 145 
referred PGL-1 CtA, CtB, and CtC (Fig. S1A). CRISPR/Cas9 was employed to delete each of these regions in 146 
Halo-tagged PGL-1 mutants to test for P granule assembly and fertility. Immunoblots showed similar protein 147 
expression levels in PGL-1 and IFE-1 in all mutants (Fig. S2D). Imaging revealed that PGL-1 ΔCtA or ΔCtB 148 
deletion mutants had normal quantity and sized PGL-1 granules compared to PGL-1 wildtype controls (Fig. 149 
3A,B,D). In contrast, the PGL-1 ΔCtC deletion mutant had fewer granules (Fig. 3A,B) that were significantly 150 
larger than wild type (Fig. 3A,D), similar to those observed when the entire Ct region was deleted. These results 151 
suggest that PGL-1 CtC region functions in vivo to regulate P granule size and quantity. IFE-1 was also imaged 152 
to determine how the PGL-1 deletions affected protein partner recruitment. Wildtype and PGL-1ΔCtB deletion 153 
mutants formed IFE-1 puncta that colocalized with PGL-1 (Fig. 3A,C,F). In contrast, PGL-1ΔCtA deletion 154 
mutants lacked IFE-1 puncta that colocalized with PGL-1 (Fig. 3A,C,F), a phenotype resembling removal of the 155 
entire Ct region. While PGL-1 granule quantities were also decreased in PGL-1ΔCtC mutants (Fig. 3A,B), IFE-156 
1 puncta were still observed to colocalize with PGL-1 granules (Fig. 3A,F). The results support the PGL-1 CtA 157 
region being necessary for IFE-1 protein recruitment to P granules.  158 
 159 
Fertility assays were again employed to probe the requirements of each Ct region for germ cell development. At 160 
20°C, wild-type N2, Halo-tagged PGL-1, PGL-1ΔCtA, and PGL-1ΔCtB worms maintained high fertility while pgl-161 
1 (bn101) null, PGL-1ΔCt, and PGL-1ΔCtC worms showed less fertility (Fig. 3G). At 25°C, PGL-1ΔCtB worms 162 
were comparable to the Halo-tagged PGL-1 control (Fig. 3H), but PGL-1ΔCtA and PGL-1ΔCtC had significant 163 
fertility defects, albeit less significant than pgl-1 null or removal of the entire Ct region (Fig. 3H). In sum, PGL-1 164 
ΔCtA and ΔCtC mutants had defects in P granule formation and exhibited temperature-sensitive sterility. A 165 
simple explanation is that both IFE-1 recruitment to P granules and proper P granule morphology are separate 166 
functions of the PGL-1 C-terminus required for germ cell development. 167 
 168 
IFE-1 is an eIF4E homolog that recognizes the 7-methylguanosine 5’-cap (m7G) of mRNAs [14]. Prior studies 169 
used m7G beads to capture recombinant IFE-1 and test direct PGL-1 protein binding [10]. A similar in vitro 170 
recombinant protein binding assay was used to test PGL-1/IFE-1 protein interaction (see Methods). As expected 171 
and shown by others [6, 10, 23], m7G beads enriched for recombinant IFE-1 compared to mock bead negative 172 
controls (Fig. S3). Full length, recombinant PGL-1 co-eluted with enriched IFE-1 (Fig. S3, Lane 7), whereas 173 
recombinant PGL-3 did not show enrichment (Fig S3, lane 10), consistent with published studies [6, 10]. Prior 174 
work identified PGL-1 mutant R123E disrupted Nt domain dimerization [18], granule assembly in vitro [21]and in 175 
vivo [18], and animal fertility [18]. To test the role of PGL-1 granule assembly in IFE-1 binding, recombinant PGL-176 
1 R123E and IFE-1 pulldowns were performed with m7G and mock control beads. PGL-1 R123E binding was 177 
also observed (Fig. S3, Lane 9), similar to wildtype protein. Thus, PGL-1 Nt dimerization or granule assembly 178 
were not required for IFE-1 interaction. Finally, recombinant PGL-1ΔCtA protein was used to test the necessity 179 
of CtA for IFE-1 binding. The removal of CtA caused a loss of PGL-1 binding (Fig. S3, Lane 8). These results 180 
support that the PGL-1 CtA region is required for PGL-1/IFE-1 interaction in vitro. 181 
 182 
The PGL-1 CtA region restores granule formation and fertility when inserted into PGL-3. 183 
PGL-1 is partially redundant with PGL-3 [6], with a noted difference being that PGL-1 binds to IFE-1 while PGL-184 
3 does not [6, 10]. Given that PGL-1 ΔCtA mutants lost IFE-1 colocalization with PGL-1 (Fig. 3F), a question 185 
was whether the PGL-1 CtA peptide sequence alone was sufficient to restore function when inserted into PGL-186 
3. To test this, the PGL-1 CtA sequence was inserted into a homologous location in an endogenous, SNAP-187 
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tagged pgl-3 locus, generating a PGL-1/PGL-3 protein chimera (Fig. 4A). Worms were crossed to express this 188 
PGL-3/PGL-1 chimera with PGL-1ΔCtA and mScarlet-tagged IFE-1 to probe rescue of IFE-1 P granule 189 
localization and germ cell function. Strikingly, addition of the PGL-1 CtA to PGL-3 rescued IFE-1 localization to 190 
P granules in a PGL-1ΔCtA background (Fig. 4B). Granule quantity for PGL-1 and PGL-3 did not differ 191 
significantly across strains (Fig. 4C,E), although IFE-1 puncta were reduced in the PGL-1ΔCtA mutant (Fig. 4D). 192 
Puncta sizes were comparable among all mutants, with no significant differences (Fig. 4F-H). Fertility assays 193 
further confirmed functional rescue. At 20°C, all strains except the pgl-1 null mutant maintained full fertility (Fig. 194 
4I). At 25°C, fertility dropped to ~0% in the pgl-1 null strain and ~40% in the PGL-1ΔCtA background mutant 195 
(Fig. 4J). In contrast, the inclusion of the PGL-3/PGL-1 chimera restored fertility to near full-length control levels 196 
(~70%) (Fig. 4D). These results demonstrate that the PGL-1 CtA region is both necessary and sufficient to 197 
restore granule formation and fertility in pgl-1 mutant animals. 198 
 199 
IFE-1 binds primarily to germline and early embryo transcripts. As an eIF4E homolog, IFE-1 should bind to 200 
the 5’ cap of mRNAs to regulate target transcripts. Prior studies sequenced IFE-1 associated transcripts (RIP-201 
seq) [28]. To determine the targets and RNA footprint of IFE-1, enhanced cross-linking and immunoprecipitation 202 
(eCLIP, [29]) was performed by enriching for and determining the RNA fragments associated with FLAG-tagged 203 
IFE-1 (Fig. 5A, Fig. S4A,B, See Methods). This data was analyzed in two ways. First, IFE-1 targets were 204 
determined by comparing peak enrichment to input samples (see Methods).  883 RNAs were identified as IFE-205 
1 targets in this manner. tRNA was the most prevalent RNA identified (~83%), whereas protein coding mRNA 206 
was less abundant (4%) (Fig. S4C). Most targets were located on the X chromosome (~40%) (Fig. S4D), a 207 
surprising result given that the X chromosome is silenced in most of the adult germline [30-32]. Comparison of 208 
IFE-1 eCLIP targets to published RIP-seq results [28] revealed little overlap (Fig. S4E).   209 
 210 
The second eCLIP analysis strategy leveraged the functional knowledge that IFE-1 should specifically interact 211 
with the 5’ RNA cap. Therefore, true mRNA targets should have footprints at their 5’ ends. A ratio statistic was 212 
computed for every mRNA transcript by comparing enrichment in 20% of the 5’ end to the remainer of the 213 
transcript (see Methods). These ratios were ranked and filtered to remove small RNAs and other background. 214 
With this strategy, 982 transcripts represented the top 25% and used in downstream analyses (Supplementary 215 
Table 1). The targets represented genes from all chromosomes (Fig. S4F) and little overlap was observed when 216 
compared to previous studies [28] (Fig. S4G). This limited overlap may be due to methodology differences. As 217 
P granules contain dense concentrations of RNA, the use of sequencing methods without crosslinking or 5’ end 218 
enrichment may lead to identification of non-specific interactions. Regardless, highly ranked transcripts in this 219 
study’s eCLIP analysis were those found in the C. elegans early embryo and germline (Fig. 5B). Gene ontology 220 
analysis enriched for processes involved in RNA regulation and reproduction (Fig. 5C). Collectively, this analysis 221 
identifies IFE-1 target transcripts in the adult germline. 222 
 223 
Loss of IFE-1 recruitment to PGL-1 leads to derepression of IFE-1 mRNA targets under temperature 224 
stress. In the adult germline, IFE-1 is postulated to activate its mRNA target transcripts [28], but P granules are 225 
proposed to be sites of mRNA repression [9, 17, 18]. To directly clarify this discrepancy, top gene targets with 5’ 226 
UTR peaks (Fig. 5D) were modified by CRISPR/Cas9 to add a SNAP tag to their protein coding regions, 227 
generating protein expression reporters to genes B0281.5, tax-6, and ceh-39. B0281.5 encodes a homolog to 228 
the human potassium channel tetramerization domain containing 7 (KCTD7) with no known tissue specificity [33, 229 
34]. tax-6 encodes a calcineurin A subunit with expression detected in tail neurons and rays in male C. elegans 230 
[35]. ceh-39 is a homeobox gene is located on chromosome X, involved in neuronal development, and can be 231 
found in the nuclei of young embryos and in the later proximal germline [36]. The reporter worms were crossed 232 
with pgl-1 null, and Halo-tagged PGL-1 wildtype and mutant worms to probe the connection between reporter 233 
expression and IFE-1/PGL-1 assembly.  234 
 235 
Worms were propagated at 20°C or 25°C, the temperature associated with the pgl-1 null phenotype, followed by 236 
imaging to detect germline protein expression. SNAP-tagged proteins have been successfully used to visualize 237 
proteins in the C. elegans germline [18] with low background in wild-type N2 negative controls (Fig. 6A). PGL-1 238 
appeared as granules at the nuclear periphery in all Halo-tagged PGL-1 strains (Fig. 6A,C), consistent with prior 239 
observations (Fig. 1, Fig. 3). In CEH-39 reporter worms, no expression of SNAP-tagged CEH-39 could be 240 
observed with the reporter alone or with Halo-tagged PGL-1 at 20°C (Fig. 6A,B), while modest CEH-39 reporter 241 
expression could be detected in pgl-1 null worms at both 20°C and 25°C (Fig. 6A-D). Reporter worms with PGL-242 
1ΔCtA lacked CEH-39 expression at 20°C but had detectable expression at 25°C (Fig. 6A,C). In B0281.5 243 
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reporter worms, no expression of the reporter was detectable at 20°C in any of the genetic backgrounds tested 244 
(Fig. S5A,B). B0281.5 protein could be observed at 25°C in both pgl-1 null and PGL-1ΔCtA worms (Fig. S5C,D), 245 
albeit only quantifiably significant in the pgl-1 null worms (Fig. S5D). The low level of protein expression most 246 
likely made reporter quantitation challenging over background. SNAP-tagged TAX-6 protein could not be 247 
observed in the germline in any of the genetic backgrounds and temperatures tested (Fig. S6A-D), despite 248 
detectable protein expression in whole worm immunoblots (Fig. S6E). The lack of germline expression compared 249 
to the other reporters is unclear. tax-6 mRNA may be under additional levels of post-transcriptional gene 250 
regulation, such as by 3’UTR binding proteins [37] or small RNA regulation [38, 39]. It also may be challenging 251 
to quantify as a cytoplasmic protein, or it may be a false positive IFE-1 mRNA target. Regardless, the lack of 252 
detectable TAX-6 germline protein expression in pgl-1 null worms provides evidence that the observed protein 253 
expression of the CEH-39 and B0281.5 reporters is not merely an aberrant artifact due to sterile germlines. In 254 
sum, these findings support the model that IFE-1 represses its target transcripts. Some IFE-1 target genes were 255 
derepressed with the loss of PGL-1 binding, suggesting that IFE-1 recruitment to P granules is necessary for its 256 
repressive function in vivo (see Discussion).   257 
 258 
Discussion 259 
This study explored how the PGL-1 P granule assembly component interacts with the IFE-1, an eIF4E cap-260 
binding protein to promote C. elegans germ cell development. Using microscopy, biochemistry, and molecular 261 
genetic methods, the investigation made three key findings. First, it determined a previously uncharacterized 262 
role for the PGL-1 Ct region in IFE-1 recruitment and granule formation. Second, it determined direct RNA targets 263 
bound to IFE-1. Third, it provided direct evidence that IFE-1 associated mRNAs are repressed and that this 264 
repressive function is dependent on PGL-1 association. Together, these findings support a model where IFE-1 265 
is recruited to P granules by directly binding the PGL-1 C-terminus to repress its mRNA targets for germ cell 266 
development (Fig. 7). 267 
 268 
IFE-1 functions as a negative regulator in protein expression. eIF4E recognizes the m7G cap on the 5’ ends 269 
of mRNAs and plays a central role in regulating messenger ribonucleoproteins (mRNPs) localization, storage, 270 
turnover, translation, and mRNA repression [14]. As an activator, eIF4E assembles with the eIF4G scaffold 271 
protein to coordinate translation initiation of target transcripts. In metazoans, this eIF4E/eIF4G interaction is 272 
conserved and negatively regulated by 4E-binding proteins (4E-BPs), which can compete with eIF4G for a similar 273 
binding site of eIF4E [14]. In germ cells and embryos, specific 4E-BPs have been shown to block eIF4G binding 274 
in a similar manner [40-43]. This mode of translational repression by 4E-BPs is conserved across species, 275 
including Drosophila and mammals [44].  276 
 277 
PGL-1 was previously identified as 4E-BP that interacts with IFE-1 [7]. Other studies have proposed that IFE-1 278 
is a translational activator based on an increase in target gene expression in ife-1 null animals [28]. While IFE-1 279 
binds to m7G-capped mRNAs, consistent with a canonical role in promoting translation, the findings reported 280 
here suggest that IFE-1 assembly with PGL-1 causes target transcript repression, at least within developing 281 
adult germ cells. These two models are not mutually exclusive, as removal of the eIF4E bound to these 282 
transcripts would expose the mRNA 5’ end for turnover [45]. As observed in other systems [44], the 4E-BPs 283 
bound to IFE-1 may dictate its molecular function. How PGL-1 represses IFE-1 mRNA targets is not fully 284 
understood. 4E-BPs are classically translational repressors [14], but prior work noted that localizing transcripts 285 
to P granules causes mRNA turnover [18]. Alphafold3 [46] modeling predicts that PGL-1 CtA directly binds to 286 
IFE-1 opposite its m7G binding site (Fig. S7), similar to other 4E-BPs [47, 48]. PGL-1 may compete with eIF4G 287 
binding to balance translational repression and activation, respectively. Additional structural and biochemical 288 
studies will be necessary to clarify how IFE-1 assembles in P granules and represses its target transcripts. 289 
 290 
IFE-1 is expressed throughout all stages of germline development and required for spermatogenesis [10-13]. It 291 
directly associates with PGL-1 until the clearance of P granules in primary spermatocytes through spermatid 292 
budding [10]. The loss of P granules coincides with the transcriptional activation and translation of sperm-related 293 
transcripts [49]. P granules also play a key role in safeguarding germline identity by preventing the translation of 294 
transcripts associated with somatic cell fates [17, 50] and limiting the presence of sperm-specific mRNAs in adult 295 
hermaphrodites [49]. This work identified that IFE-1 primarily associates with early embryo genes in adult 296 
germline, and that IFE-1 localization to P granules correlated with gene target repression. A spectulation is that 297 
these genes should also be repressed in developing adult germ cells to permit proper gamete formation. Of note, 298 
ife-1 null mutants are sterile [11, 12] but PGL-1 ΔCtA mutants only partly sterile. IFE-1-associated transcripts 299 
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may be regulated independently of P granules through secondary repressive mechanisms. Further work 300 
investigating the regulation of IFE-1 target transcripts and the role of IFE-1 in spermatogenic animals will clarify 301 
how P granules function in germ cell development. 302 
 303 
P granules as sites for mRNA repression. Germ granules are specialized RNA-protein condensates in germ 304 
cells that regulate RNA fate, including storage, translation, and processing [4]. P granules localize on the 305 
cytoplasmic face of nuclear pore complexes [5]. The proximity likely enables germ granules to monitor nascent 306 
transcripts exiting the nucleus, as evidenced by the accumulation of these transcripts in perinuclear P granules 307 
[9]. Transcriptome profiling of germlines lacking P granule assembly components revealed widespread 308 
misregulation, including inappropriate expression of transcripts typically restricted to sperm or somatic lineages 309 
[49, 50]. These findings suggest that P granules play a crucial role in germ cell differentiation by repressing 310 
ectopic gene expression. How do P granules mediate such repression? Prior work showed that artificial tethering 311 
PGL-1 to reporter mRNA repressed its expression, and that this repression was dependent on PGL-1 Nt 312 
dimerization [18], a mutation that also affected P granule assembly [18]. While the study provided evidence for 313 
granule assembly being required for mRNA repression, concerns for the work included the artificiality of mRNA 314 
tethering, the sterility observed with PGL-1 tethering, and that molecular attributes other than granule assembly 315 
may be affected in protein dimer disruption. This current work determined that endogenous tethering of PGL-1 316 
to IFE-1 represses its associated transcripts, and it identified a PGL-1 mutant that affects IFE-1 assembly and 317 
its associated repression while maintain PGL granule formation. Thus, two lines of evidence now support P 318 
granules as sites of mRNA repression and the requirement of proper P granule assembly for this repression. 319 
The PGL-1 C-terminal tail is responsible for recruiting IFE-1. As dozens of mRNA-associated proteins have been 320 
identified in P granules [5], other binding proteins may be recruited by the PGL C-termini for mRNA repression. 321 
Removal of a separate PGL-1 C-terminal region caused aberrant granule formation and was at least partially 322 
attributable to PGL-1’s biological function. Regions in the C-terminus may associate with other factors that 323 
promote proper condensate formation. Future work should identify other binding partners that facilitate P 324 
granule’s assembly and repressive functions.   325 
 326 
P granules and RNA-protein condensate form and function. Thus far, many RNA-protein and germ granules 327 
have been observed to have phase separation properties. For example, Balbiani bodies are present in many 328 
animal species, including mammals [51, 52]. They form adjacent to the nucleus of primary oocytes and are 329 
composed of organelles, specific proteins, and RNAs. Drosophila melanogaster germ granules are electron 330 
dense, RNA-protein condensates that function as key hubs of RNA regulation and are essential for germline 331 
specification [53, 54]. Stress granules form in the cytoplasm in response to environmental stress, sequestering 332 
untranslated mRNAs [55] until they dissolve once the cellular stress is alleviated [56]. In these cases, 333 
condensates form stable, solid-like states that physically trap mRNAs, unsurprisingly repressing and storing them 334 
for later use. P granules were the first RNA-protein condensates reported to behave like liquid droplets [6, 10, 335 
11]. The function of liquid condensates is not intuitive, as an mRNA in liquid may diffuse out for protein 336 
expression. This work supports P granules as active biochemical hubs of mRNA regulation, where mRNA-337 
binding proteins that localize to P granules leads to repression of its targets. P granules are also well known 338 
germ granule hubs that interact with Z granules, SIMR foci, mutator foci, and other condensates for small RNA 339 
processing and post-transcriptional regulation [5]. As the biochemistry of P granules unfolds, these other granule 340 
players will likely function in collaborative roles with this liquid condensate to promote germ cell development. 341 
 342 
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 349 
Methods 350 
Nematode Strains and Maintenance. Nematodes were cultured on NGM plates (25 mM KPO4 pH 6.0, 5 mM 351 
NaCl, 1 mM CaCl2, 1 mM MgSO4, 2.5 mg/ml tryptone, 5 µg/ml cholesterol, 1.7% agar) with HB101 bacteria as 352 
food source as described previously [57]. All strains were grown from 15°C to 20°C. To synchronize populations 353 
at the first larval stage, worms were bleached and allowed to hatch overnight in M9 buffer using standard 354 
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protocols [58]. In temperature experiments, worms were exposed to specific temperatures as L4 larvae and 355 
allowed to propagate. F1 worms were collected, stained, and imaged as described below.  356 
 357 
The following strains were used in this study: 358 
 359 

Strain Name Description Genotype 
N2 wildtype  
SS579 pgl-1 null pgl-1(bn101) IV 
CDE78 Halo-tagged PGL-1 pgl-1 (ddc26 [pgl-1::V5::Halo]) IV 
CDE79 mScarlet-tagged IFE-1 ife-1 (ddc27 [ife-1::3xFLAG::mScarlet (introns)]) III 
CDE102 Halo-tagged PGL-1ΔCtA pgl-1 (ddc44 [pgl-1 del aa. 452-553::V5::Halo]) IV 
CDE103 Halo-tagged PGL-1ΔNt pgl-1 (ddc45 [pgl-1 del aa. 10-213::V5::Halo]) IV 
CDE104 Halo-tagged PGL-1ΔCt pgl-1 (ddc46 [pgl-1(del aa. 452-672)::V5::Halo]) IV 
CDE106 Halo-tagged PGL-1ΔCtC pgl-1 (ddc48 [pgl-1(del aa. 611-672)::V5::Halo]) IV 
CDE108 Halo-tagged PGL-1ΔDD pgl-1 (ddc50 [pgl-1(del aa. 214-451)::V5::Halo]) IV 
CDE100 Halo-tagged PGL-1RGG pgl-1 (ddc42 [pgl-1::V5::HaloOPT del. 673-730)] IV 
CDE129 Halo-tagged PGL-1ΔCtB pgl-1 (ddc67 [pgl-1(del aa. 554-610)::V5::Halo]) IV 
CDE130 mScarlet-tagged IFE-1; Halo-tagged 

PGL-1ΔCtA 
ife-1 (ddc27 [ife-1::3xFLAG::mScarlet (introns)]) III; pgl-1 (ddc44 [pgl-
1 del aa. 452-553::V5::HaloOPT]) IV 

CDE131 mScarlet-tagged IFE-1; Halo-tagged 
PGL-1 

ife-1 (ddc27 [ife-1::3xFLAG::mScarlet (introns)]) III; pgl-1 (ddc26 [pgl-
1::V5::Halo]) IV. 

CDE132 mScarlet-tagged IFE-1; Halo-tagged 
PGL-1ΔRGG 

ife-1 (ddc27 [ife-1::3xFLAG::mScarlet (introns)]) III; pgl-1 (ddc42 [pgl-
1::V5::Halo del aa. 673-730)] IV 

CDE133 mScarlet-tagged IFE-1; Halo-tagged 
PGL-1ΔCtB 

ife-1 (ddc27 [ife-1::3xFLAG::mScarlet (introns)]) III; pgl-1 (ddc67 [pgl-
1 (del aa. 554-610)::V5::Halo]) IV 

CDE134 mScarlet-tagged IFE-1; Halo-tagged 
PGL-1ΔNt 

ife-1 (ddc27 [ife-1::3xFLAG::mScarlet (introns)]) III, pgl-1 (ddc45 [pgl-
1 del aa. 10-213::V5::Halo]) IV 

CDE135 mScarlet-tagged IFE-1; Halo-tagged 
PGL-1ΔDD 

ife-1 (ddc27 [ife-1::3xFLAG::mScarlet (introns)]) III, pgl-1 (ddc50 [pgl-
1(del aa. 214-451)::V5::Halo]) IV 

CDE97 M01E5.4 null M01E5.4 (ddc39 [M01E5.4::mScarlet with 62 bp deletion]) I 
CDE98 mScarlet-tagged M01E5.4 M01E5.4 (ddc40 [M01E5.4::mScarlet]) I 
CDE150 SNAP-tagged PGL-3  pgl-3 (ddc74 [pgl-3::SNAP]) IV 
CDE169 SNAP-tagged PGL-3 with PGL-1 CtA pgl-3 (ddc79 [pgl-3 + PGL-1 CtA::SNAP] V 
CDE153 SNAP-tagged B0281.5 B0281.5 (ddc75 [B0281.5::SNAP::OLLAS) II 
CDE154 SNAP-tagged B0281.5; Halo-tagged 

PGL-1 
B0281.5 (ddc75 [B0281.5::SNAP::OLLAS) II.; pgl-1 (ddc26 [pgl-
1::V5::Halo]) IV. 

CDE155 SNAP-tagged B0281.5; Halo-tagged 
PGL-1ΔCtA 

B0281.5 (ddc75 [B0281.5::SNAP::OLLAS) II; pgl-1 (ddc44 [pgl-1 del 
452-553::V5::HaloOPT]) IV 

CDE163 SNAP-tagged B0281.5; pgl-1 null B0281.5 (ddc75 [B0281.5::SNAP::OLLAS) II; pgl-1(bn101) IV. 
CDE156 SNAP-tagged TAX-6 tax-6 (ddc78 [tax-6::SNAP OLLAS]) IV 
CDE157 SNAP-tagged TAX-6  Halo-tagged PGL-

1  
tax-6 (ddc78 [tax-6::SNAP OLLAS]) IV; pgl-1 (ddc26 [pgl-1::V5::Halo]) 
IV. 

CDE170 SNAP-tagged TAX-6  pgl-1 null  tax-6 (ddc78 [tax-6::SNAP OLLAS]) IV; pgl-1(bn101) IV 
CDE158 SNAP-tagged TAX-6  Halo-tagged PGL-

1ΔCtA 
 

CDE164 SNAP-tagged CEH-39 ceh-39 (ddc76 [ceh-39::SNAP::OLLAS] X 
CDE165 SNAP-tagged CEH-39; Halo-tagged 

PGL-1 
pgl-1 (ddc26 [pgl-1::V5::Halo]) IV; ceh-39 (ddc76 [ceh-
39::SNAP::OLLAS] X 

CDE167 Halo-tagged PGL-1ΔCtA; SNAP-tagged 
CEH-39 

pgl-1 (ddc44 [pgl-1 del aa. 452-553::V5::Halo]) IV, ceh-39 (ddc76 [ceh-
39::SNAP::OLLAS] X 

CDE168 PGL-1 null; SNAP-tagged CEH-39 pgl-1(bn101) IV; ceh-39 (ddc76 [ceh-39::SNAP::OLLAS] X 
 360 
Microscopy. Animal gonad dissection and imaging were performed as previously described [59]. Briefly, adult 361 
worms were collected into petri dishes containing M9 + 0.1% Tween-20 and 0.25 mM Levamisole. Gonads were 362 
extruded and collected into Eppendorf tubes with PBS-T (PBS + 0.1% Tween-20), washed three times to remove 363 
excess bacteria, fixed for 10 minutes with 1% paraformaldehyde + 0.1% Triton-X at room temperature, and 364 
incubated with combinations of anti-FLAG (M2 (mouse) (1:2000) Millipore-Sigma; Burlington, MA) for IFE-1 365 
visualization, 100 nM Halo Oregon Green (Promega) for PGL-1 visualization, and 1 µM SNAP 647-SiR 366 
(Promega) for SNAP visualization, then placed overnight in cold room with rotation. After the incubation period, 367 
samples were washed three more times with PBS-T and incubated with combinations of fluorophore-labeled 368 
secondary Alexa 555 donkey anti-mouse antibody (1:2000) (Invitrogen, Carlsbad, CA) and DAPI 0.5 µg/ml 369 
(1:2000) (Invitrogen, Carlsbad, CA) for one hour at room temperature with rotation. Stained gonads were 370 
mounted onto a slide with Vectashield (Vector Laboratories, Burlingame, CA) and imaged on a Zeiss 371 
AxioObserverZ1 modified by 3i (www.intelligent-imaging.com) for confocal microscopy with an image stack 372 
ranging from 60-100 slices. All images were analyzed by ImageJ/Fiji Bio-Formats plugins (National Institutes of 373 
Health) [60].  Within any set of comparable images, the image capture and scaling conditions are identical. The 374 
cyan/blue channel included a 405-emission filter, a green channel included a 488-emission filter, a red 560-375 
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emission filter, and red 647-emission filter. For each CRISPR modified animal, the distal gonad regions were 376 
imaged and analyzed. For each condition, a minimum of two biological replicates were performed. 377 
 378 
Image analysis. Extruded germlines were imaged using a Zeiss AxioObserverZ1 modified by 3i 379 
(www.intelligent-imaging.com) confocal microscope and saved as .sld files. Z-stack imaging was performed, and 380 
a 10-layer stack was generated using Fiji (ImageJ) to enhance granule visualization and quantification. The z-381 
projection of the stacked file was set to "max intensity," and the brightness and contrast of each channel was 382 
adjusted with designated maximum and minimum intensity levels to optimize contrast and ensure accurate 383 
granule detection. DAPI was used as a nuclear marker (blue channel), Halo-Oregon Green labeled PGL-1 (green 384 
channel), and mScarlet tagged IFE-1 (red channel). Individual channels were saved separately as PNG files, 385 
along with a merged image combining all three channels to facilitate the analysis of granule localization. Scale 386 
bars were added to figures containing merged channels. Granule and puncta quantification was performed by 387 
setting intensity thresholds to 3% for PGL-1 and 1.5% for IFE-1, respectively. A single round of image smoothing 388 
was applied, and granules were quantified within a defined rectangular region of interest (ROI) (coordinates: 389 
252, 1004, width: 154, height: 156). Particles smaller than 14 pixels were excluded from the analysis. 390 
 391 
Reporter Analysis. Ten-layer Z-stack images were imported into Fiji (ImageJ), and the JACoP plugin was used 392 
to quantify colocalization. A region of interest (ROI) was defined using the coordinates (X: 252, Y: 1004; width: 393 
154, height: 156). SNAP-tagged reporters were overlaid onto the DNA channel, and thresholds were manually 394 
adjusted to exclude background signal. Manders’ correlation coefficient was used to assess colocalization, as it 395 
focuses on co-occurrence by measuring the proportion of signal in one channel that overlaps with the signal in 396 
the other. This approach is particularly well-suited for evaluating colocalization because it does not rely on signal 397 
intensity correlation but instead captures spatial overlap between markers. 398 
 399 
CRISPR/Cas9 Gene Editing. A co-conversion CRISPR technique was implemented in our model following a 400 
protocol generated by the Fire lab [61]. Briefly, worms were injected with a target CRISPR-Cas-9 RNA (crRNA) 401 
or plasmid expressing a Cas9-scaffold with tandem target sequence RNA (sgRNA) to a gene of interest, a target 402 
crRNA to unc-58, a scaffolding tracrRNA, recombinant Cas9 protein, and a unc-58 repair DNA oligo that inserted 403 
a dominant mutation [62]. For large edits, such as fluorescent protein tag sequences, we generated double-404 
stranded DNA repair templates by amplifying Halo by polymerase chain reaction using specific oligos containing 405 
homology arms of approximately 50 base pairs (bp). For single-nucleotide modifications or deletions, we used 406 
single-stranded oligonucleotides containing homology arms of approximately 35 bp as repair templates. F1s 407 
displaying the co-injection marker phenotype underwent additionally screened by a combination of PCR without 408 
or with restriction enzyme digest to identify those with the repair of interest. F2s were PCR screened to identify 409 
homozygous alleles, and the PCR product sequenced to confirm proper repair. The transgenic strain was 410 
crossed to the N2 strain for two generations to remove potential off target mutations. All guide RNAs and oligos 411 
were obtained commercially. The primer sequences for crRNA and amplifying the repair template are listed 412 
below: 413 
 414 

Name Description [Targeted] or DNA oligonucleotide sequence 
crSA6 crRNA targeting pgl-1 [TCCTCCATAAGCTGAACTGG] 
crJK1 crRNA targeting ife-1 [AAATGGTCTGCTTTAGACGG] 
crSA36, 
crSA41 

crRNA targeting pgl-1 [CTTTCTGCCACTTGGTGTAT], [TCGTTAACCTTTTCTGGGAC] 

prSA631 pgl-1 CtA region deletion repair GTTGAATCACTGGAGAAGTGTTGTTTGTCCG 
CACAACAACAGCAAACAGTTAACGAGATC 

crSA34, 
crSA35  

crRNA targeting pgl-1 [AAGCGAGAAATTGTGGATTT], [GAGGAGACTAATGAATGGAT] 

prSA617 pgl-1 Nt domain deletion repair GAGACTAATGAATGGATCGGCAGGTTCAG 
ACACAATTTCTCGCTTGTTAGCCTCCATGTG 

crSA37, 
crSA81 

crRNA targeting pgl-1 [CTTTCTGCCACTTGGTGTAT], [ACCAGTTCAGCTTATGGAAG] 

prSA548 pgl-1 Ct Region deletion repair TGTTGAATCACTGGAGAAGTGTTGTTTGTC 
CAAGCCTATCCCTAACCCTCTCCTCG 

crSA42, 
crSA81 

crRNA targeting pgl-1 [AGAATCTTTGTCAGCAACTG], [ACCAGTTCAGCTTATGGAAG] 

prSA633 pgl-1 CtC region deletion repair GGCATGCAGCAGATAGATGAAGAGGAA 
AAGCCTATCCCTAACCCTCTCCTCG 

crSA36, 
crSA37 

crRNA targeting pgl-1 [GAGGAGACTAATGAATGGAT], [CTTTCTGCCACTTGGTGTAT] 

prSA616 pgl-1 DD domain deletion repair GATTTTTTTTTTCAATTTAGGTTGGATGG 
TCCGAAAGATACACCAAGTGGCAGAAAGAG 
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crSA41, 
crSA42 

crRNA targeting pgl-1 [TCGTTAACCTTTTCTGGGAC], [AGAATCTTTGTCAGCAACTG] 

prSA632 pgl-1 CtB region deletion repair CGATCCTGTCCCAGAAAAGGTTAA 
CGATACCACAGTTGCTGACAAAGATTCTACAC 

crSA39 crRNA targeting M01E5.4 [GATGATTCCGATGAAGACGT] 
crSA44 crRNA targeting M01E5.4 [CTGCTGACTACAAAGAGCAA] 
crSA5 crRNA targeting pgl-3 [ACGTCTGGAAGAGGCTCTTA] 
crSA59 crRNA targeting B0281.5 [TTTAATTTATCTGCTACATA] 
crSA63 crRNA targeting ceh-39 [attgctagcgcttTTAATAA] 
crSA60 crRNA targeting tax-6 [tatgactaTTAGCTATTTGA] 
crSA5 crRNA targeting pgl-3 [ACGTCTGGAAGaggctctta] 
crSA55 crRNA targeting pgl-3 [gctgcagtagagacggtggt] 
crSA61 crRNA targeting pgl-3 [tctggagaagagcagttcgt] 
crSA62 crRNA targeting pgl-3 [cattccggagaaactaaatg] 
crSA37 crRNA targeting Halo [TCGACGCTCGAGATTTCCGG] 
crSA7 crRNA targeting V5 [CCTCGGTCTAGATAGTACTt] 
crSA9 crRNA targeting V5 [GGGTTAGGGATAGGCTTaag] 
crSA13 crRNA targeting 3xFLAG [ACCGTCATGGTCTTTGTAGT] 

 415 
C. elegans immunoblots. Synchronized populations of C. elegans adult hermaphrodites were harvested, 416 
washed three times in PBS-T, and stored in -20°C with 5x SDS buffer (250 mM Tris pH 6.8, 25 mM EDTA pH 417 
8.0, 25% glycerol, 5% SDS, 500 mM beta-mercaptoethanol). The samples were then thawed, boiled for 10 418 
minutes at 90°C and loaded onto SDS-PAGE gels. Proteins were transferred to a PVDF membrane (BioRad, 419 
227 #1620264) using the BioRad TransBlot Turbo System (BioRad, #1704150). Membranes were blocked for 1 420 
hour at room temperature with PBS-T buffer containing 5% non-fat milk, incubated overnight with primary 421 
antibodies on rotation at 4°C, and incubated for 2 hours at room temperature with HRP-conjugated antibodies. 422 
The following antibodies or protein-HRP conjugates were used for this study: V5 (E9H8O) Mouse mAb #80076 423 
(1:1000) (Cell Signaling), GAPDH (D4C6R) Mouse mAb #97166 (1:5000) (Cell Signaling), SNAP/CLIP 424 
monoclonal (6F9) Rat Ab (1:1000)(ChromoTek), H3 (#9715) Rabbit Ab (1:1000)(Cell Signaling), β-Actin 425 
(8H10D10) Mouse mAb #3700 (1:1000)(Cell Signaling). 426 
 427 
Fertility assay. Fertility assays were conducted in incubators set to 20°C and 25°C. Populations were exposed 428 
to these temperatures from the L4 stage and allowed to propagate for one generation. F1 progeny were plated 429 
onto 24-well plates containing E. coli strain HB101 and returned to the respective incubators for four days. 430 
Fertility was assessed by scoring wells for larval growth, with only wells containing live progeny counted as 431 
fertile. All fertility experiments were repeated at least 2-3 times and reported as percent fertile (% fertile = n fertile/ 432 
n total). 433 
 434 
Yeast Two-Hybrid Screening. Yeast two-hybrid (Y2H) screening was performed by Hybrigenics Services 435 
(www.hybrigenics-services.com) using a LexA-based system to identify protein-protein interactions. A bait 436 
construct encoding C. elegans PGL-1 (aa 450-672) was cloned into a vector for expression in yeast and screened 437 
against C. elegans Mixed Stages cDNA library fused to a Gal4 activation domain. The screen was conducted 438 
under selective conditions using 3-amino-1,2,4-triazole (3-AT) to suppress background growth from leaky HIS3 439 
reporter expression. 83 million clones (10-fold the complexity of the library) were screened using a mating 440 
approach as previously described [63]. 260 His+ colonies were selected on a medium lacking tryptophan, leucine 441 
and histidine. The prey fragments of the positive clones were amplified by PCR and sequenced at their 5’ and 3’ 442 
junctions. Each identified prey clone was assigned a Predicted Biological Score (PBS, [64-66]) a statistical 443 
confidence score reflecting the likelihood of a true positive interaction. PBS scores ranged from A (highest 444 
confidence) to F (experimentally flagged artifact), based on the number and independence of prey fragments 445 
recovered, as well as empirical data from Hybrigenics' extensive internal interaction database (>9,000 screens). 446 
Interactions flagged as PBS E represent prey domains with high connectivity across unrelated baits, indicating 447 
potential biochemical promiscuity or common protein interaction motifs. Prey fragments were mapped and 448 
analyzed using the DomSight tool, which compares the selected interacting domains (SIDs) to annotated 449 
functional and structural domains. Only interactions with high PBS scores were considered for further analysis 450 
(Supplemental File 1). 451 
 452 
Further description of the confidence score: 453 
The PBS relies on two different levels of analysis. Firstly, a local score takes into account the redundancy and 454 
independency of prey fragments, as well as the distribution of reading frames and stop codons in overlapping 455 
fragments. Secondly, a global score takes into account the interactions found in all the screens performed at 456 
Hybrigenics using the same library. This global score represents the probability of an interaction being 457 
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nonspecific. For practical use, the scores were divided into four categories, from A (highest confidence) to D 458 
(lowest confidence). A fifth category (E) specifically flags interactions involving highly connected prey domains 459 
previously found several times in screens performed on libraries derived from the same organism. Finally, several 460 
of these highly connected domains have been confirmed as false-positives of the technique and are now tagged 461 
as F. The PBS scores have been shown to positively correlate with the biological significance of interactions [64, 462 
66].  463 
 464 
eCLIP library preparation and sequencing. Enhanced crosslink and immunoprecipitation (eCLIP) experiments 465 
were performed according to the published protocol [67], except that dsRNA ligation was not performed as IFE-466 
1 is a single-stranded RNA binding protein and that 250 U of RNase I (Ambion) was treated at 37°C for 10 467 
minutes with constant shaking at 1200 rpm prior to immunoprecipitation. Briefly, upon RNase I digestion, 2% of 468 
5 mg worm lysate was taken as inputs and the rest of the lysate was incubated with 100 µl of anti-FLAG magnetic 469 
beads (Sigma) with a final concentration of 1:5 dilution of wash buffer (20 mM Tris-HCl (pH 7.5), 10 mM MgCl2, 470 
5 mM NaCl, 0.2% Tween-20) for 1 hour. IP samples were washed once with high-salt wash buffer (50 mM Tris-471 
HCl (pH 7.5), 1 M NaCl, 1 mM EDTA, 0.1% SDS, 1% NP-40) and washed twice with the wash buffer. T4 PNK 472 
Minus reaction was performed on bead using T4 PNK Minus (NEB) at 37°C for 20 minutes with constant shaking 473 
at 1200 rpm, followed by 1x wash with high-salt wash buffer and 3x wash with wash buffer. IP samples were 474 
subjected to Fast AP (Thermo Scientific) reaction at 37°C for 10 minutes with constant shaking at 1200 rpm and 475 
PNK reaction with T4 PNK (NEB) at 37 ̊C for 20 minutes with constant shaking at 1200 rpm without removing 476 
the FastAP reaction mixture. Then, IP samples were washed 1x with high-salt wash buffer and 3x with wash 477 
buffer. 3’ RNA adapter (CLASHInvRiL19, Table S1) was ligated on bead using T4 RNA ligase (high-478 
concentration, NEB) at RT for 75 minutes on a rotator. IP samples were then washed 1x with wash buffer, 1x 479 
with high-salt wash buffer, and 2x with wash buffer. All input and IP samples were denatured using 4xNuPAGE™ 480 
sample buffer (Invitrogen) at 65°C for 10 minutes and resolved in NuPAGE™ 4-12% Bis-Tris gel (Invitrogen) at 481 
150 V for 75 minutes, followed by transfer to nitrocellulose membrane at 30 V for overnight. After confirming the 482 
position of IFE-1 protein by western blot using FLAG antibody (Sigma), regions above IFE-1 protein (up to ~250 483 
kDa) were excised for proteinase K (NEB) treatment at 37°C for 40 minutes with constant shaking at 1200 rpm. 484 
RNA was isolated from proteinase K treatment reaction using Zymo RNA clean & concentrator kit (Zymo 485 
Research). Upon RNA isolation, input samples were also treated with FastAP (Thermo Scientific) for 10 minutes 486 
and T4 PNK (NEB) for 20 minutes, both at 37 ̊C with constant shaking at 1200 rpm, followed by clean up using 487 
Zymo RNA clean & concentrator kit (Zymo Research). 3’ RNA adapter (CLASHInvRiL19, Table S1) was ligated 488 
to input samples after incubation at 65°C for 2 minutes using T4 RNA ligase (high-concentration, NEB) at RT for 489 
60 minutes with flicking every 15 minutes. Input samples were cleaned up using MyONE Silane beads 490 
(Invitrogen). Reverse transcription was performed for both IP and input samples after incubation at 65°C for 2 491 
minutes using an RT primer (InvAR17, Table S1) and then at 55 ̊C for 20 minutes using Superscript IV 492 
(Invitrogen). The reaction was cleaned up using ExoSAP-IT (Applied Biosystems) and MyONE Silane beads 493 
(Invitrogen). Then, 5’ DNA adapter (Invrand10_3Tr3, Table S1) was ligated after incubation at 70°C for 2 minutes 494 
and then at RT for overnight using T4 RNA ligase (high-concentration, NEB) and 5’ deadenylase (NEB). Samples 495 
were cleaned up using MyONE Silane beads (Invitrogen) and PCR amplified for 8 cycles (Input) and 13 cycles 496 
(IP) using Q5 High-Fidelity PCR master mix (NEB) and PCR forward and reverse primers with barcodes (Table 497 
S1). Libraries were purified using Ampure XP beads (Beckman Coulter) and quantified using the D1000 high 498 
sensitivity screen tape system (Agilent, La Jolla, CA) before pooling. Pooled library was sequenced on 499 
NextSeq2000 (Illumina, San Diego, CA) at center of bioinformatics and genomics (CGB) at Indiana University 500 
Bloomington using paired-end sequencing (2X101 bp). RNA visualization of eCLIP samples were performed as 501 
previously described [67]. 5% of IP samples were subjected to SDS-PAGE and transferred to nitrocellulose 502 
membrane. Detection of biotin-labeled RNA was performed using a Chemiluminescent Nucleic Acid Detection 503 
Module Kit (Thermo Scientific). Immunoblot of eCLIP samples were performed with 2% of input samples and 504 
2.5% of IP samples using antibodies against FLAG (Sigma). The immunoblot images without saturation were 505 
acquired using Image Lab software (version 6.1.0 build 7) on the Bio-Rad ChemiDoc imaging system.  506 
 507 
CLIP Sequencing Analysis. Fastq raw sequencing files were assessed for quality and filtered to remove 508 
adapters by fastp (v0.21.0) [68]. Barcodes were subsequently removed and reads deduplicated. Paired reads 509 
were merged with NGmerge (v0.03) [69]. Processed reads were mapped to the C. elegans genome using STAR 510 
(v2.7.10b) [70]. Custom perl scripts were used to identify RNA start sites and read coverage. Targets were 511 
identified using the CLIPPER software package [71]. For the 5’ ratio analysis, two ratio statistics were computed 512 
for each transcript in the C .elegans genome by dividing the reads in the IP samples by the paired input sample 513 
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for the first 20% of the transcript (5’ end) and the remaining 80% of the transcript body. The ratio statistics were 514 
then compared, using the coverage in the body to normalize for the relative depth of sequencing present in the 515 
sample to identify mRNAs that have a high ratio of 5’ reads. RNAs less than 300 base pairs, along with RNAs 516 
that had a ratio of ratios statistic of 1:1 were removed to minimize background and false positives. The ratio of 517 
ratios was calculated independently for both biological replicates and then averaged. Transcripts were then 518 
ranked by their ratio of ratios statistic, so that transcripts with high proportion of 5’ enrichment would emerge at 519 
the top of the list. Tissue enrichment and gene ontology analyses were performed using the Wormbase tool [72]. 520 
RNA type and chromosome distribution pie charts were generated in the R software package (v4.5.0).  521 
 522 
RNA visualization of IFE-1-bound RNAs. RNA visualization of eCLIP samples were performed as previously 523 
described [67]. 5% of IP samples were subjected to SDS-PAGE and transferred to nitrocellulose membrane. 524 
Detection of biotin-labeled RNA was performed using a Chemiluminescent Nucleic Acid Detection Module Kit 525 
(Thermo Scientific).  526 
 527 
Immunoblot of input and CLIP samples. Western blot of eCLIP samples were performed with 2% of input 528 
samples and 2.5% of IP samples using antibodies against FLAG (Sigma). The western blot images without 529 
saturation were acquired using Image Lab software (version 6.1.0 build 7) in the BIO-RAD ChemiDoc imaging 530 
system.  531 
 532 
Protein expression and purification. E. coli codon optimized sequences of six histidine, TEV cleavage site 533 
tagged IFE-1 and PGL-1 were commercially designed and ordered (Twist Biosciences). Halo and six histidine 534 
tagged PGL-3 was cloned from N2 wildtype and HaloTag strain cDNA with superscript IV (Invitrogen). These 535 
amplified constructs were inserted in a pET21a(+) protein expression vector (Novagen) with Gibson cloning  [73]. 536 
Sanger sequencing confirmed proper construct design and insertion. 537 
 538 
The protein expression plasmids were transformed into LOBSTR cells (Kerafast) and selected on 539 
Ampicillin/Chloramphenicol Luria Broth (LB) plates. Small LB cultures were grown in Ampicillin (50 µg/ml) and 540 
Chloramphenicol (25 µg/ml) overnight at 37°C with shaking (225 rpm). 1L LB cultures with Ampicillin (50 µg/ml) 541 
and Chloramphenicol (25 µg/ml) were grown at 37°C with shaking (225 rpm) until ~0.8 OD (A600), cooled for 542 
30–120 min, and induced with a final concentration of 0.1 mM IPTG. Cultures were then grown at 16°C with 543 
shaking (160 rpm) for 16–20 h, collected, frozen in liquid nitrogen, and stored at -80°C until use. Bacterial pellets 544 
were defrosted on ice and reconstituted in lysis buffer (20 mM Tris-HCl pH 8.0, 1M NaCl, 10 mM imidazole, 5 mM 545 
beta-mercaptoethanol (BME)) with protease inhibitors (cOmplete™ EDTA-free, Roche, Indianapolis, IN). 546 
Samples were lysed with a microfluidizer [74]. Lysed samples were centrifuged at low (3220 x g, 4 °C, 30 min), 547 
and the supernatant incubated with 1 ml NiNTA beads (Thermo Fisher Scientific, Waltham, MA) for 2 hours at 548 
4 °C with rotation. Sample supernatant was removed by gravity flow on a column, washed with 50 ml lysis buffer, 549 
and eluted using lysis buffer with increasing imidazole concentrations (20, 40, 60, 80, 100, 250 mM). Eluted 550 
samples were monitored via Bradford assay (Bio-Rad, Hercules, CA), and samples containing recombinant 551 
protein were dialyzed overnight in HN buffer (IFE-1: 20 mM HEPES pH 7, 100 mM NaCl, 1 mM DTT; PGL: 20 552 
mM HEPES pH 7, 500 mM NaCl, 1 mM DTT). The dialyzed samples were concentrated with a Vivaspin 3K or 553 
10K concentrator (Sartorius, Göttingen, Germany) for IFE-1 and PGL, respectively. SDS-PAGE gels and 554 
Coomassie staining were used to assess protein purity. Purified protein samples were frozen in liquid nitrogen 555 
and stored at -80°C until use. 556 
 557 
Protein binding assay. Purified His-tagged IFE-1 and PGL proteins were incubated with 7-methyl-guanosine-558 
5'-triphosphate (m7GTP)-agarose beads (Jena Bioscience and Creative BioMart) for 2 hours at 4 °C with gentle 559 
rotation. Following incubation, the mixtures were transferred to spin columns (Thermo Scientific) and washed 560 
five times with wash buffer (20 mM HEPES pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM DTT, 0.1% Tween-20) by 561 
centrifugation at 2000 x g for 1 minute at 4 °C. Bound proteins were eluted in 5X SDS sample buffer and analyzed 562 
by SDS-PAGE followed by Coomassie staining. Stained gels were imaged on a Bio-Rad ChemiDoc imaging 563 
system. 564 
 565 
Statistics. All statistical tests were performed using GraphPad Prism v.10.2.3 software. For comparison of two 566 
groups, significance was determined using an unpaired t-test. For comparison of three or more groups, 567 
significance was determined using a one-way ANOVA. In all figures, error bars represent 95% confidence 568 
intervals (CI). ‘ns’ indicates not significant; *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. 569 
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 570 
Alphafold3 modeling. The described protein sequences were submitted to the Alphafold3 [46] server, and the 571 
pTM and ipTM values for the generated model reported. Structure images were depicted by PyMOL (The PyMOL 572 
Molecular Graphics System, Version 3.0 Schrödinger, LLC). 573 
 574 
Data Availability. The C. elegans strains generated in this study have been deposited at the Caenorhabditis 575 
Genetics Center (CGC; https://cgc.umn.edu) or are available upon request. All plasmids are available upon 576 
request. All raw ChIP-seq sequencing data are available through the Gene Expression omnibus (GEO; Entry ID: 577 
GSE299469). 578 
  579 
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Figure captions 580 
Figure 1. Deletion of the PGL-1 C-terminal region disrupts normal granule formation. 581 
(A) Linear diagram of C. elegans PGL-1 and IFE-1. Nt, N-terminal domain (light purple); DD, dimerization 582 
domain, (light blue); Ct, C-terminus region (green); V5 and Halo tag (blue-magenta); RGG repeats (light yellow); 583 
IFE-1 (yellow); 3xFLAG and mScarlet tag (light red); intrinsically disordered region, IDR. Diagram not to scale. 584 
(B) Immunoblot probing PGL-1 and IFE-1 protein expression. Adult hermaphrodite lysates were separated by 585 
SDS-PAGE and probed with V5 to detect PGL-1, FLAG to detect IFE-1, and histone H3 (H3) antibodies. Strains 586 
expressed IFE-1::3xFLAG::mScarlet (IFE-1) with PGL-1::V5::Halo (PGL-1), PGL-1ΔNt::V5::Halo (PGL-1ΔNt), 587 
PGL-1ΔDD::V5::Halo (PGL-1ΔDD), PGL-1ΔCt::V5::Halo (PGL-1ΔCt). N2 wildtype, PGL-1 only, and IFE-1 only 588 
served as negative controls. (C) Confocal microscopy of adult hermaphrodite germlines. Strains imaged carried 589 
wild-type or mutant PGL-1 with 3xFLAG::mScarlet-tagged IFE-1. DNA, DAPI (cyan); PGL-1, Halo Oregon Green 590 
(green); IFE-1, αFLAG (red); and a merged panel. Representative images are 10-layer z-stack maximum 591 
intensity projections. Scale bar, white, 5 μm. (D-G) Confocal image analyses of PGL-1 granule and IFE-1 puncta. 592 
PGL-1 granule (D) and IFE-1 puncta (E) quantification. PGL-1 granule (F) and IFE-1 puncta (G) size 593 
quantification. (H) Correlation of IFE-1 puncta colocalizing with PGL-1 granules. Ordinary one-way ANOVA 594 
statistical test was used to compare data. ns, not significant; ***, p-value 0.001; ****, p-value <0.0001. 595 
 596 
Figure 2. PGL-1 deletion mutants exhibit fertility defects. 597 
Fertility of Halo-tagged PGL-1 wildtype and mutant hermaphrodites. Worms were plated individually, propagated 598 
at (A) 20°C or (B) 25°C, and scored for presence of larval progeny after 4 days. Results reported as the 599 
percentage of fertile animals relative to the total number tested in each experiment. Strains expressed IFE-600 
1::3xFLAG::mScarlet (IFE-1) with PGL-1::V5::Halo (PGL-1), PGL-1ΔNt::V5::Halo (PGL-1ΔNt), PGL-601 
1ΔDD::V5::Halo (PGL-1ΔDD), PGL-1ΔCt::V5::Halo (PGL-1ΔCt). The pgl-1 null mutant strain served as an assay 602 
control for infertility, while N2 served as a wildtype control. At 25 °C, fertility is significantly decreased in all pgl-603 
1 mutant strains. n = 3 independent experiments. *, p-value <0.05; **, p-value <0.01; ****, p-value <0.0001. 604 
 605 
Figure 3. Deletions within the PGL-1 C-terminal region disrupt formation and impair fertility. 606 
(A) Confocal microscopy of adult hermaphrodite germlines. Strains expressed IFE-1::3xFLAG::mScarlet (IFE-1) 607 
with PGL-1::V5::Halo (PGL-1), PGL-1ΔCt::V5::Halo (PGL-1ΔCt), PGL-1ΔCtA::V5::Halo (PGL-1ΔCtA), PGL-608 
1ΔCtB::V5::Halo (PGL-1ΔCtB), PGL-1ΔCtC::V5::Halo (PGL-1ΔCtC). DNA, DAPI (cyan); PGL-1, Halo Oregon 609 
Green (green); IFE-1, αFLAG (red); and a merged panel. Representative images are 10-layer z-stack maximum 610 
intensity projections. Scale bar, white, 5 μm. IFE-1; PGL-1 and IFE-1; PGL-1ΔCt images replicated from Figure 611 
1. (B-F) Confocal image analyses of PGL-1 granule and IFE-1 puncta. PGL-1 granule (B) and IFE-1 puncta (C) 612 
quantification. PGL-1 granule (D) and IFE-1 (E) puncta size quantification. Correlation of IFE-1 puncta 613 
colocalizing with PGL-1 granules (F). (G,H) Fertility of Halo-tagged PGL-1 wildtype and mutant hermaphrodites. 614 
Worms were plated individually, propagated at 20°C (G) or 25°C (H), and scored for presence of larval progeny 615 
after 4 days. Results reported as the percentage of fertile animals relative to the total number tested in each 616 
experiment. At 20°C, fertility is significantly reduced for pgl-1 null, PGL-1ΔCt, and PGL-1ΔCtC compared to Halo-617 
tagged PGL-1 animals. At 25°C, fertility was significantly impaired in all but PGL-1ΔCtB. n = 3 independent 618 
experiments. Ordinary one-way ANOVA statistical test was used to compare all data. ns, not significant; *, p-619 
value <0.05. **, p-value 0.01 ***, p-value 0.001. ****, p-value <0.0001.  620 
 621 
Figure 4. Addition of the PGL-1 CtA region to PGL-3 rescues IFE-1 localization to P granules and restores 622 
fertility. 623 
(A) Schematic representation of the PGL-1/PGL-3 chimera. Two dimerization domains (Nt and DD), intrinsically 624 
disordered regions (IDRs), RGG repeats, and tags are shown. The PGL-1ΔCtA is illustrated with a dashed line 625 
indicating deletion of the CtA region, while the PGL-3 + PGL-1 CtA depicts insertion of the PGL-1 CtA region 626 
(green) into the endogenous, homologous pgl-3 region. (B) Confocal microscopy of adult hermaphrodite 627 
germlines. Strains expressed IFE-1::3xFLAG::mScarlet (IFE-1) with PGL-1::V5::Halo (PGL-1) or PGL-628 
1ΔCtA::V5::Halo (PGL-1ΔCtA), and PGL-3::SNAP (PGL-3) or PGL-3::PGL-1 CtA::SNAP (PGL-3+CtA). N2 629 
served as a wildtype control.. All strains were stained and imaged by confocal microscopy. DNA, DAPI (cyan); 630 
PGL-1, Halo Oregon Green (green); IFE-1, αFLAG (red); PGL-3, SNAP 647-SiR (magenta); and a merged panel. 631 
Representative images are 10-layer z-stack maximum intensity projections. Scale bar (white) 5 μm. (C-E) 632 
Quantification of PGL-1 (C) and PGL-3 (E) granule, and IFE-1 puncta (D) quantity. (F-H) Granule and puncta 633 
size for PGL-1 (F), PGL-3 (H), and IFE-1 (G). (I,J) Fertility assays of hermaphrodites carrying the indicated 634 
genotypes. Worms were plated individually at 20°C (I) or 25°C (J) and scored for larval progeny after 4 days. 635 
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Results are expressed as the percentage of fertile animals relative to the total tested. At 25°C, fertility defects in 636 
PGL-1ΔCtA mutants (~40%) were rescued by the PGL-1/PGL-3 chimera (~70%), compared to infertility in pgl-1 637 
null animals (~0%). ns, not significant; *, p < 0.05; **, p < 0.01; ***, p < 0.001. 638 
 639 
Figure 5. IFE-1 binds transcripts involved in mRNA regulation and fertility.  640 
(A) IFE-1 eCLIP workflow. Synchronized young adult hermaphrodite worms expressing IFE-641 
1::3xFLAG::mScarlet (IFE-1::3xFLAG) were UV crosslinked, lysed, and IFE-1 immunoprecipitated with a FLAG 642 
antibody. Bound RNA was separated by SDS-PAGE, processed, and sequenced to identify IFE-1 targets and 643 
footprints. (B) Tissue enrichment analysis (TEA) performed on top 25% of IFE-1 ranked mRNA targets identified 644 
in 5’ ratio analysis. The early embryo and germline associated genes are highly enriched. (C) Gene ontology 645 
analysis (GO) performed on top 25% of IFE-1 ranked mRNA targets identified in 5’ ratio analysis. (D) Genome 646 
browser views of highly ranked mRNA transcript examples identified in 5’ ratio analysis. Transcripts B0281.5, 647 
ceh-39, and tax-6 shown. IP replicates in red, input replicates in grey. Red dotted box denotes 5’ untranslated 648 
region (UTR) with associated peaks.  649 
 650 
Figure 6. Germline CEH-39 protein expression increases when IFE-1 assembly into P granules is 651 
disrupted. 652 
Confocal microscopy images of adult hermaphrodite germlines. Strains expressed CEH-39::SNAP (CEH-39) 653 
with PGL-1::V5::Halo (PGL-1), PGL-1ΔCtA::V5::Halo (PGL-1ΔCtA), or pgl-1(bn101) (pgl-1 null). Adult germlines 654 
were imaged by confocal microscopy. DNA, DAPI, cyan; PGL-1, Halo Oregon Green, green; CEH-39, SNAP 655 
TMR, red; and a merged panel. White scale bar, 5 μm. All images and analyses performed on 10-layer z-stack 656 
maximum intensity projections. (A) Representative images of CEH-39 worms in PGL-1, PGL-1ΔCtA, and pgl-1 657 
null genetic backgrounds, propagated at 20°C. CEH-39 expression is observed only in the pgl-1 null (bn101) 658 
background, indicated by white arrows. (B) Quantification of CEH-39 signal colocalization with DNA at 20°C. (C) 659 
Representative images of the SNAP-tagged CEH-39 worms previously described, propagated at 25°C. White 660 
arrows highlight CEH-39 expression with PGL-1ΔCtA or pgl-1 null genetic backgrounds. (D) Quantification of 661 
CEH-39 colocalization with DNA at 25°C. ns, not significant; ****, p-value <0.0001. 662 
 663 
Figure 7. Model of IFE-1 assembly into P granules for mRNA target repression. 664 
(A) P granules assemble at the nuclear pore with PGL-1 and IFE-1 protein. For simplicity, PGL-1 is shown self-665 
dimerizing via its Nt (blue) and DD (pink) domains. IFE-1 (orange) localizes to P granules via direct binding to 666 
PGL-1 CtA (green) to repress its target mRNAs. (B) Removal of PGL-1 CtA prevents proper IFE-1 assembly into 667 
P granules, permitting target mRNA expression.   668 
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Supplemental Figure captions 669 
Figure S1. PGL-1 sequence alignments and additional imaging and fertility results. 670 
(A) Sequence alignment of PGL-1 and PGL-3 dimerization domain (DD; green), CtA (light blue), CtB (orange), 671 
CtC (yellow), and RGG (purple) regions in C. elegans (Ce), C. brenneri (Cbn), C. briggsae (Cbr), C. remanei 672 
(Cr). Alignment and conservation (cons.) determined by T-Coffee [75]. Starred (*) residue alignments are 673 
identical, while period (.) and colon (:) residues are similar. (B) Confocal microscopy images of adult N2 wildtype, 674 
PGL-1::V5::Halo (PGL-1), and IFE-1::3xFLAG::mScarlet (IFE-1) worms. DNA, DAPI, cyan; PGL-1, Halo Oregon 675 
Green, green; IFE-1, αFLAG, red; and a merged panel. All images represent 10-layer z-stack maximum intensity 676 
projections. White scale bar, 5 μm. (C-D) Fertility of N2 wildtype, pgl-1(bn101) (pgl-1 null), PGL-1, IFE-1, and 677 
IFE-1; PGL-1 worms. Worms were plated individually, propagated at 20°C (C) or 25°C (D), and scored for 678 
presence of larval progeny after 4 days. Results reported as the percentage of fertile animals relative to the total 679 
number tested in each experiment. n = 3 independent experiments. ns, not significant; **, p-value <0.01; ****, p-680 
value <0.0001. 681 
 682 
Figure S2. Analysis of M01E5.4 and protein expression of PGL-1 Ct mutants. 683 
(A) Linear diagram of C. elegans M01E5.4 (purple) tagged with 3xFLAG (grey) and mScarlet (green). (B) 684 
Immunoblot of 3xFLAG::mScarlet tagged M01E5.4 (MO1E5.4) adult hermaphrodites. Two tagged M01E5.4 685 
strains (“A” and “B”) and N2 wildtype worm samples were separated by SDS-PAGE and probed with FLAG and 686 
GAPDH antibodies. (C) Representative germline images of N2, M01E5.4, and IFE-1::3xFLAG::mScarlet (IFE-1) 687 
strains. DNA, DAPI, cyan; mScarlet, αFLAG, red; and a merged panel. All images represent 10-layer z-stack 688 
maximum intensity projections. Scale bar: 5 μm. (D) Immunoblot of adult hermaphrodite worm strains expressing 689 
IFE-1::3xFLAG::mScarlet (IFE-1) with PGL-1::V5::Halo (PGL-1), PGL-1ΔCt::V5::Halo (PGL-1ΔCt), PGL-690 
1ΔCtA::V5::Halo (PGL-1ΔCtA), PGL-1ΔCtB::V5::Halo (PGL-1ΔCtB), and PGL-1ΔCtC::V5::Halo (PGL-1ΔCtC). 691 
N2 wildtype, PGL-1 only, IFE-1 only strains were used as controls. Samples were separated by SDS-PAGE and 692 
probed with V5, FLAG, and histone H3 (H3) antibodies. 693 
 694 
Figure S3. Recombinant purified IFE-1 binds directly to PGL-1 CtA in vitro.  695 
Recombinant IFE-1 was incubated with recombinant PGL-1, PGL-1ΔCtA, PGL-1 R123E, or PGL-3::Halo (PGL-696 
3), and subjected to pulldown using either control beads or m7G agarose beads. Input and elution samples were 697 
analyzed by Coomassie-stained SDS-PAGE. Full length protein highlighted with red boxes. In the elution 698 
fraction, IFE-1 was retained on m7G beads, and co-precipitation was observed only with PGL-1 and PGL-1 699 
R123E, indicating a specific interaction between IFE-1 and these PGL-1 variants. 700 
 701 
Figure S4. Additional eCLIP-seq results.  702 
(A) Immunoblot analysis of eCLIP input and IP samples, probed with a FLAG antibody. (B) Immunoblot of IFE-703 
1 CLIP samples probed with streptavidin for biotin detection. Region above IFE-1::3xFLAG::mScarlet (~70-250 704 
kDa) was excised for downstream RNA isolation and sequencing. (C) RNA classification from the 883 RNAs 705 
identified as IFE-1 targets by CLIPPER analysis. (D) Chromosome distribution of 883 CLIPPER determined IFE-706 
1 targets. (E) Overlap between 883 CLIPPER determined IFE-1 targets and 493 IFE-1 transcript targets identified 707 
previously [28]. (F) Overlap between the 982 top 25%, 5’ ratio analyzed IFE-1 mRNA transcripts and transcripts 708 
identified by [28]. (G) Chromosome distribution of IFE-1 associated mRNAs identified in 5’ ratio analysis. 709 
 710 
Figure S5. Germline B0281.5 protein expression is increased in pgl-1 null (bn101) background at 711 
elevated temperatures. 712 
Confocal microscopy images of adult hermaphrodite germlines. Strains expressed B0281.5::SNAP (B0281.5) 713 
with PGL-1::V5::Halo (PGL-1), PGL-1ΔCtA::V5::Halo (PGL-1ΔCtA), or pgl-1(bn101) (pgl-1 null). Adult germlines 714 
were imaged by confocal microscopy. DNA, DAPI, cyan; PGL-1, Halo Oregon Green, green; B0281.5, SNAP 715 
TMR, red; and a merged panel. All images represent 10-layer z-stack maximum intensity projections. White 716 
scale bar, 5 μm. (A) Representative images of SNAP-tagged B0281.5 worms in PGL-1, PGL-1ΔCtA, and pgl-1 717 
null genetic backgrounds, propagated at 20°C. (B) Quantification of B0281.5 signal colocalization with DNA at 718 
20°C. (C) Representative images of the SNAP-tagged B0281.5 worms previously described, propagated at 25°C. 719 
White arrows highlight B0281.5 expression in PGL-1ΔCtA and pgl-1 null genetic backgrounds. Statistical 720 
significance was only observed in the pgl-1 null animals. (D) Quantification of B0281.5 colocalization with DNA 721 
at 25°C. ns, not significant; **, p-value <0.01. 722 
 723 
Figure S6. Germline TAX-6 protein expression is undetectable.  724 
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Confocal microscopy images of adult hermaphrodite germlines. Strains expressed TAX-6::SNAP (TAX-6) with 725 
PGL-1::V5::Halo (PGL-1), PGL-1ΔCtA::V5::Halo (PGL-1ΔCtA), or pgl-1(bn101) (pgl-1 null). Adult germlines were 726 
imaged by confocal microscopy. DNA, DAPI, cyan; PGL-1, Halo Oregon Green, green; TAX-6, SNAP TMR, red; 727 
and a merged panel. All images represent 10-layer z-stack maximum intensity projections. White scale bar, 5 728 
μm. (A) Representative images of SNAP-tagged TAX-6 expression at 20oC in PGL-1, PGL-1ΔCtA, and pgl-1 729 
null genetic backgrounds. (B) Quantification of TAX-6 colocalization with DNA at 20°C. (C) Representative 730 
images of SNAP-tagged TAX-6 mutants in PGL-1, PGL-1ΔCtA, and pgl-1 null (bn101) genetic backgrounds at 731 
25°C. No TAX-6 expression was observed. D) Quantification of TAX-6 colocalization with DNA at 25°C. No TAX-732 
6 expression was observed at either temperature. ns, not significant. (E) Immunoblot of N2 wildtype and TAX-6 733 
worms. Worm samples were separated by SDS-PAGE and probed with SNAP and actin antibodies. 734 
 735 
Figure S7. Alphafold3 prediction of the IFE-1 and PGL-1 CtA complex 736 
(A) Alphafold3 [46] predicted structure of the PGL-1 CtA peptide bound to IFE-1. IFE-1, grey; PGL-1 CtA, blue; 737 
GTP, orange. ipTM and pTM values reported for the assemblies of PGL-1 CtA and PGL-1 CtA secondary 738 
structured region only. Images by PyMOL. (B) Sequence alignment of PGL-1 and PGL-3 dimerization domain 739 
(DD; green), CtA (light blue), PGL-1 CtA secondary structure (dark blue), CtB (orange), CtC (yellow), and RGG 740 
(purple) regions in C. elegans (Ce), C. brenneri (Cbn), C. briggsae (Cbr), C. remanei (Cr). Alignment and 741 
conservation (cons.) determined by T-Coffee [75].  Starred (*) residue alignments are identical, while period (.) 742 
and colon (:) residues are similar.  743 
 744 
Table S1. eCLIP oligonucleotide reagents. 745 
 746 
Supplemental File 1. Yeast-two-hybrid interactors. 747 
 748 

749 
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Figure 3 
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Figure S7

B PGL-1  CtCPGL-1  CtBPGL-1  CtAPGL-1  DD PGL-1  RGG

PGL-1 CtA
Secondary structure only
ipTM = 0.88
pTM = 0.83

PGL-1 CtA
ipTM = 0.8
pTM = 0.74

CePGL-1         VDSFKKFVQGINS--KTHVTRIVESLEKCCLSDTPSGR--KSNV-QP--STSQ--QQDSAYTKEEMTTVHNTYSVNTKAQ
CePGL-3         VDSFKKFAQGLDS--KDHVNRIIESLEKSSSSEPS-------------------------ATAKQTTTSNGPTTVSTAAQ
CbnPGL-1        VDSFKKFVQGIDD--KVHSNRIIESVALSCKQESVSAQCSSSNVAQASTSQSSKKSNDISYTREELKTAHKTSNEGTKAQ
CbrPGL-1        MESFNKFSQGSDS--KDHIMRIVKSLELAGSIVTATPT--DS---QPSVSHST--KPDLSYTRETILDAQLTKAFNVKAD
CrPGL-1         IESFTKFLQGKDVKDQDHLKRIIDALEKSRT-------------------QET--KSNLEYSREEIKTK-MPSSSSAKAQ
cons            ::**.** ** :   : *  **:.::  .                                : :       .   .. *:

CePGL-1         VLNGLSDTNSSGLLVDSKDSLSLQEISCDEVDSSTLLSSSRNIGEGVTVKAVDPVPEKVNDAQQQ--QTVNEIEMASDAN
CePGL-3         VVT------------VEKMPFSRQTIPCEGTDLANVLNSAKIIGESVTVAAHDVIPEKLNAEK----------------N
CbnPGL-1        VLNGFNDSNLVGLL--AKDSTSLLEIPVDETDSATVLNSAKNIGDGVTAKASDPIQEKPTVHQQV----------SQSTT
CbrPGL-1        VLRGLNNSNSVGLLAEAKDSTSLLEIPVDETDSTRVLNTTKDIGNGVYVKAQDPIKEKPMDLPVIAHPENL-AQVDSSTS
CrPGL-1         VLHGLNTSAAAGLIV---PSLSLLEIPVDEVDSTSHLTTSKDIGQGVFVKAQDTVTEKQKEAPLVAQQTAFHHEPQTA-T
cons            *:                 . *   *. : .* :  *.::: **:.* . * * : **                     .

CePGL-1         QDTSSS-A-SPEVAPSFSTDGWD-SPTKSVALPPGMQQIDEEE-T------------------------TVADKDST-PQ
CePGL-3         DNTPST-A-SP---VQFSSDGWD-SPTKSVALPPKISTLEEEQEE------------------------DTTITKVS-PQ
CbnPGL-1        EK--PP-A-SP-IEECFSADGWD-SPSKSVALPPNS-VLDKEAGLHQ--ETPTA--DTTITPQPEEKS-EQKPNATAETP
CbrPGL-1        NETVSL---LS-TDARESTDGWEQSPTKSVALPVDAIV-EEEEYPTMREE-------EELSAIQNQQHSSTEKIETL-KS
CrPGL-1         LVPPSPNEESM-AAESISTDGWD-SPTKSVVLPLDDMILEEEERDALKPDSVNSHRSEETTPVPEQLPQETSERVTS-PP
cons                .            *:***: **:***.**      ::*                                      

CePGL-1         PQARAETAWGSGDATPMPLPAPTNQYKVSGFGEAKVAKGFGQFAPTSSAYGGGGG------RGGYGGGDRGGRG-----G
CePGL-3         PQERTGTAWGSGDATPVPLATPVNEYKVSGFGAAPVASGFGQFASSNGTSGRGSY------GG-GRGGDRGGRG-----A
CbnPGL-1        VGERSRTAWGSGDVTPAPLATPTNDYKVSGFGGATLAKGFGQFGSTGGGFGGGGGG---GGRGGYGGGDRGGYGGGSRGG
CbrPGL-1        PESRVKTSWGAGDVTPIPLATPTNEYKVSGFGGATLAKGFGTFGSSGGGFGGGGGG-YGGGRGG-GYGDRGGRG-----G
CrPGL-1         PGERSRTAWGDGDATPMILATPTNDYKVSGFGGAKLAKGFGTMGSTGGGFGGGGGGGSYGGRGGYGGGDRGGRG-----G
cons               *  *:** **.**  *.:*.*:******* * :*.*** :..:..  * *.        *    ***** *     .

CePGL-1         Y--GGDRG------G-RGGYGGGDRGGRGG-YG-GDRGRGGYGGR-GG------R----GG-------F
CePGL-3         Y--GGDRGRGGSGDG-SRGYRGGDRGGRGS-YGEGSRG--YQGGR-AG-FFGGSR----GG-------S
CbnPGL-1        Y-GGGDRG------GSRGGYGGGDRGGRGG-YGGGDRG--GYGQQRGGGYGGGDRGGSRGGYR---SNF
CbrPGL-1        GY--GDRG------S-RGGGYGGDRGGRGGGY-SGERG--GYGSQ-RGSY-GGPRG----GFRGG---V
CrPGL-1         GFGGGDRG------G-RGGYGGGDRGGRGGGYGGGDRG--GYGQR-GGYVAGGDRGG-RGGYRGGGGNF
cons                ****      .   *  ********. *  *.**    * :  *      *     *        

GTP
PGL-1 CtA

IFE-1
A
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Name Direction Sequence
3' RNA adapter (CLASHInvRiL19) /5Phos/rArGrArUrCrGrGrArArGrArGrCrArCrArCrGrUrC/iSpC3/3Bio/

RT primer (InvAR17) Reverse CAGACGTGTGCTCTTCCGA
5' DNA adapter (Invrand10_3Tr3) /5Phos/NNNNNNNNNNAGATCGGAAGAGCGTCGTGT/3SpC3/

PCR forward primer D501 Forward
AATGATACGGCGACCACCGAGATCTACACTATAGCCTACACTCTTTC
CCTACACGACGCTCTTCCGATCT

PCR forward primer D502 Forward
AATGATACGGCGACCACCGAGATCTACACATAGAGGCACACTCTTT
CCCTACACGACGCTCTTCCGATCT

PCR reverse primer D701 Reverse
CAAGCAGAAGACGGCATACGAGATCGAGTAATGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATC

PCR reverse primer D702 Reverse
CAAGCAGAAGACGGCATACGAGATTCTCCGGAGTGACTGGAGTTC
AGACGTGTGCTCTTCCGATC

Table S1. eCLIP oligonucleotide reagents. Oligos used for eCLIP
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Supplemental File 1. Yeast-two-hybrid interactors
Gene Name (Best Match) Start..Stop (nt)

Caenorhabditis elegans - M01E5.4 -1..1066 

Caenorhabditis elegans - M01E5.4 3..674
Caenorhabditis elegans - M01E5.4 3..662
Caenorhabditis elegans - M01E5.4 3..703
Caenorhabditis elegans - M01E5.4 3..674
Caenorhabditis elegans - M01E5.4 6..659
Caenorhabditis elegans - M01E5.4 6..659
Caenorhabditis elegans - M01E5.4 6..659

Caenorhabditis elegans - M01E5.4 9..905

Caenorhabditis elegans - M01E5.4 9..905

Caenorhabditis elegans - M01E5.4 9..905

Caenorhabditis elegans - M01E5.4 216..652
Caenorhabditis elegans - M01E5.4 216..652
Caenorhabditis elegans - M01E5.4 216..652
Caenorhabditis elegans - M01E5.4 216..652
Caenorhabditis elegans - M01E5.4 216..652
Caenorhabditis elegans - M01E5.4 216..652
Caenorhabditis elegans - M01E5.4 216..652

Caenorhabditis elegans - M01E5.4 234..1167

Caenorhabditis elegans - M01E5.4 420..1067

Caenorhabditis elegans - M01E5.4 430..679
Caenorhabditis elegans - M01E5.4 430..1166
Caenorhabditis elegans - M01E5.4 430..679
Caenorhabditis elegans - M01E5.4 430..1166
Caenorhabditis elegans - M01E5.4 430..679
Caenorhabditis elegans - M01E5.4 430..679
Caenorhabditis elegans - M01E5.4 430..1166

Caenorhabditis elegans - M01E5.4 447..1065

Caenorhabditis elegans - M01E5.4 451..1066
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1064
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 451..1065
Caenorhabditis elegans - M01E5.4 469..973
Caenorhabditis elegans - M01E5.4 469..973
Caenorhabditis elegans - M01E5.4 469..973
Caenorhabditis elegans - M01E5.4 469..973
Caenorhabditis elegans - M01E5.4 469..973
Caenorhabditis elegans - M01E5.4 470..1064
Caenorhabditis elegans - ife-1 51..811
Caenorhabditis elegans - ife-1 51..688
Caenorhabditis elegans - ife-1 55..806
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Caenorhabditis elegans - ife-1 55..806
Caenorhabditis elegans - ife-1 55..806
Caenorhabditis elegans - ife-1 55..806
Caenorhabditis elegans - ife-1 55..806
Caenorhabditis elegans - ife-1 57..640
Caenorhabditis elegans - ife-1 57..686
Caenorhabditis elegans - ife-1 57..640
Caenorhabditis elegans - ife-1 57..640
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..811
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 61..806
Caenorhabditis elegans - ife-1 61..739
Caenorhabditis elegans - ife-1 63..804
Caenorhabditis elegans - ife-1 63..804
Caenorhabditis elegans - ife-1 64..745
Caenorhabditis elegans - ife-1 64..671
Caenorhabditis elegans - ife-1 64..723
Caenorhabditis elegans - ife-1 64..723
Caenorhabditis elegans - ife-1 64..744
Caenorhabditis elegans - ife-1 64..723
Caenorhabditis elegans - ife-1 64..745
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..667
Caenorhabditis elegans - ife-1 66..666
Caenorhabditis elegans - ife-1 66..737
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..807
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..737
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..666
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..807
Caenorhabditis elegans - ife-1 66..805
Caenorhabditis elegans - ife-1 66..787
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Caenorhabditis elegans - ife-1 66..731
Caenorhabditis elegans - ife-1 66..731
Caenorhabditis elegans - ife-1 66..737
Caenorhabditis elegans - ife-1 66..806
Caenorhabditis elegans - ife-1 66..666
Caenorhabditis elegans - ife-1 66..806
Caenorhabditis elegans - ife-1 66..686
Caenorhabditis elegans - ife-1 66..787
Caenorhabditis elegans - ife-1 66..686
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 67..683
Caenorhabditis elegans - ife-1 69..791
Caenorhabditis elegans - ife-1 69..791
Caenorhabditis elegans - ife-1 69..791
Caenorhabditis elegans - ife-1 69..796
Caenorhabditis elegans - ife-1 69..697
Caenorhabditis elegans - ife-1 69..791
Caenorhabditis elegans - ife-1 69..727
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..787
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..688
Caenorhabditis elegans - ife-1 70..737
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..731
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..726
Caenorhabditis elegans - ife-1 70..689
Caenorhabditis elegans - ife-1 70..689
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 70..657
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..678
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 72..645
Caenorhabditis elegans - ife-1 75..666
Caenorhabditis elegans - ife-1 75..703
Caenorhabditis elegans - ife-1 75..666
Caenorhabditis elegans - ife-1 78..689
Caenorhabditis elegans - ife-1 101..728
Caenorhabditis elegans - ife-1 102..736
Caenorhabditis elegans - ife-1 131..727
Caenorhabditis elegans - ife-1 581..680
Caenorhabditis elegans - lys-7 9..806
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Caenorhabditis elegans - lys-7 12..807
Caenorhabditis elegans - lys-7 21..791
Caenorhabditis elegans - lys-7 21..791
Caenorhabditis elegans - lys-7 21..791
Caenorhabditis elegans - lys-7 21..791
Caenorhabditis elegans - lys-7 21..791
Caenorhabditis elegans - lys-7 21..791
Caenorhabditis elegans - lys-7 21..791
Caenorhabditis elegans - lys-7 51..804
Caenorhabditis elegans - lys-7 51..804
Caenorhabditis elegans - lys-7 72..806
Caenorhabditis elegans - lys-7 72..806
Caenorhabditis elegans - lys-7 78..745
Caenorhabditis elegans - lys-7 84..802
Caenorhabditis elegans - lys-7 117..804
Caenorhabditis elegans - lys-7 129..799
Caenorhabditis elegans - lys-7 141..804
Caenorhabditis elegans - lys-7 141..804
Caenorhabditis elegans - lys-7 141..804
Caenorhabditis elegans - lys-7 207..801
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