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SUPPLEMENTAL METHODS

List of strains used in this study

AV106:

CAl1219:

CER414:

CWC14:

CWC16:

CWC17:

CWC(C109:

CWC22:

CWC39:

CWC40:

CWCA1:

CWC44:

CWCA45:

CWCA48:

CWC50:

CWC54:

CWC59:

CWC60:

spo-11(ok79) IV/nT1[unc-?(n754) let-?] (IV;V)

unc-119(ed3) Ill; ieSi21[sun-1p::sun-1::mRuby::sun-1 3’'UTR+Cbr-unc-119(+)] IV
pgl-1(cer70[pgl-1::mcherry]) IV

cep-1(gk138) Isl-1(tm4769) I/hT2[bli-4(e937)let-?(q782)qls48] (1;111)
Isl-1(tm4769) I/tmC18[dpy-5(tmis1200)] I; ced-4(n1162) Ili

Isl-1(tm4769) I/hT2[bli-4(e937)let-?(q782)qls48] (I;111); spo-11(ok79)
IV/nT1[unc-?(n754)let-?] (IV;V)

Isl-1(lim1) I/tmC18[dpy-5(tmls1200)] |

Isl-1(tm4769) I/tmC18[dpy-5(tmls1200)] |

Isl-1(lim1) I/tmC18[dpy-5(tmis1200)]l; ieSi21[sun-1p::sun-1::mRuby::sun-1
3’UTR+Cbr-unc-119(+)] IV

Isl-1(lim1) I/tmC18[dpy-5(tmls1200)] I; hpl-2(tm1489) III

Isl-1(lim1) I/tmC18[dpy-5(tmIs1200)] |; met-2(n4256) Ill

Isl-1(tm4769) I/tmC18[dpy-5(tmls1200)] I; hpl-2(tm1489) IlI

Isl-1(tm4769) I/tmC18[dpy-5(tmls1200)] |, met-2(n4256) Il
pgl-1(cer70[pgl-1::mcherry]) IV; wgls720[Isl-1::TY1::EGFP::3xFLAG+unc-119(+)]
?

Isl-1(syb3772[Isl-1::GFP]) I; pgl-1(cer70[pgl-1::mcherry]) IV

Isl-1(tm4769) I/tmC18[dpy-5(tmls1200)]l;ieSi21[sun-1p::sun-1::mRuby::sun-1
3’UTR+Cbr-unc-119(+)] IV

Isl-1(lim1) I/tmC18[dpy-5(tmls1200)] |; met-2(n4256) set-25(n5021) Il

Isl-1(lim1) I/tmC18[dpy-5(tmls1200)] I; hpl-1(tm1624) X
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CWC67: Isl-1(tm4769) I/tmC18[dpy-5(tmls1200)] I; hpl-1(tm1624) X

CWC70: Isl-1(lim1) I/tmC18[dpy-5(tmls1200)] I; let-418(n3536) V

CWC76: Isl-1(tm4769) I/tmC18[dpy-5(tmis1200)] I; met-2(n4256) set-25(n5021) Il
CWCO: plk-2(0k1936) Is-1(tm4769) I/hT2[bli-4(e937)let-?(q782)qls48] (I;1ll)
FR1469: Isl-1(tm4769) I/hT2[bli-4(e937)let-?(q782)qls48] (I;111)

FR1470: Isl-1(tm4769) I/hT2[bli-4(e937)let-?(q782)qls48] (I:11); let-418(n3536) V/
FR843: let-418(n3536) V

GW638: met-2(n4256) set-25(n5021) Il

MT13293: met-2(n4256) 11l

MT2547: ced-4(n1162) Il

OP720: unc-119(tm4063) lll; wgls720[Isl-1::TY1::EGFP::3xFLAG+unc-119(+)] ?
PFRAO: hpl-2(tm1489) IlI

PFR60: hpl-1(tm1624) X

PHX3772:  Isl-1(syb3772[lsl-1::GFP]) |
RB1583: plk-2(0k1936) |

VC172: cep-1(gk138) |

The loss-of-function allele Is/-1(lim1) of the strain CWC19: Is/-1(lim1) I/tmC18[dpy-
5(tmls1200)] | was generated by CRISPR/CAS9 system, using plK155 (Peft-3::Cas9::tbb-2 3'UTR)
and AF-ZF-827 oligonucleotide dpy-10 (cn64) CRISPR tools described in (Arribere et al. 2014
and Katic et al. 2015), respectively. Guide RNA was cloned from pMB70, a kind gift from Mike
Boxem (Department of Biology Utrecht University; Utrecht, The Netherlands) (Waaijers et al.
2013). We inserted two consecutive stop codons at the endogenous /s/-1 locus, 27 bp

downstream the translational initiation site (TIS). The repair template oligonucleotide used was
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prCW206:
aaaattttattttttacttcagATGTCAATTATTGATGACCGAACGGATTGATCTTAAGACGGCGAGGACTACG
AAGCTTCTATAACGgtattttatttcgattctta.
FR1469: [sl-1(tm4769) I/hT2[bli-4(e937)let-?(q782)qls48] (I;1ll) strain was generated from
FX04769: Isl-1(tm4769) 1/(+) I, which was provided by the National Bioresource Project, C.
elegans Gene Knockout Consortium; Tokyo, Japan (C. elegans Deletion Mutant Consortium
2012).

AV106 strain, spo-11(ok79) IV/nT1[unc-?(n754) let-?] (IV;V), was a kind gift from Anne
M. Villeneuve (Stanford University School of Medicine; Stanford CA, USA). CER414 strain, pgl-
1 (cer70[pgl-1::mcherry]) 1V, was kindly provided by Julian Ceron (C. elegans Core Facility-
IDIBELL; Barcelona, Spain). PHX3772: Isl-1(syb3772) is a CRISPR/Cas9 knock-in of GFP sequence
at the C-terminal in the endogenous site of /s/-1 gene, which was generated by SunyBiotech
Company (Fuzhou, China). All other strains used in this study were provided by or generated
using strains from the Caenorhabditis Genetics Center (CGC, University of Minnesota;

Minneapolis MN, USA) funded by the National Institutes of Health (NIH; Bethesda MD, USA).

LSL-1 domains prediction and protein alignments

Protein domains for LSL-1 full-length sequence were predicted by different bioinformatic tools:
ScanProsite, available online at https://prosite.expasy.org/scanprosite (de Castro et al. 2006);
SMART, at https://smart.embl.de (Schultz et al. 1998; Letunic et al. 2021); and Pfam, at
http://pfam.xfam.org (Sonnhammer et al. 1996; Mistry et al. 2021). LSY-2 was identified as the
closest homolog of LSL-1 by BLASTp analysis with C. elegans proteins. BLASTp is accessible
online at https://blast.ncbi.nim.nih.gov/Blast.cgi (Altschul et al. 1990; Boratyn et al. 2012).

ZFP57 was identified as the closest human ortholog of LSL-1 by the bioinformatic tools
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ALLIANCE, available through the platform https://www.alliancegenome.org (The Alliance of
Genome Resources Consortium et al. 2020), and PhylomeDB, at http://phylomedb.org
(Huerta-Cepas et al. 2007), using gene phylogenic trees predictions. Alignments between LSL-
1 and its orthologs were performed by BLASTp analysis, and similarity was calculated for the

sequence alignments displayed in the Supplemental Material, Figure S2.

List of antibodies used in this study

Primary antibodies: guinea pig a-HIM-8 1:100 was kindly provided by Abby F. Dernburg
(Phillips et al. 2005); rabbit a-HTP-3 1:200 was a gift from Monique Zetka (Goodyer et al. 2008);
and mouse a-Histone H3 Ser10-p (Upstate # 05-866) was used at 1:200.

All secondary antibodies were used at a concentration of 1:200: goat a-rabbit FITC
(Jackson ImmunoResearch # 111-095-003); donkey a-guinea pig FITC (Jackson

ImmunoResearch # 706-005-148); and goat a-mouse TRITC (Sigma Aldrich # T5393).

Immunofluorescence in adult hermaphrodite gonads

Worms were dissected (Crittenden et al. 1994) in 1x egg buffer [25mM HEPES-NaOH,
118mM NaCl, 48mM KCI, 2mM EDTA and 0.5mM EGTA], 0.1% Tween-20, 20mM NaNs (EBTA)
24 h post-L4 stage to extrude the gonads and then fixed with 2% formaldehyde for 5 min and
flash-frozen on positively charged slides placed on a metal block previously cooled in dry ice.
These were then permeabilized by freeze-cracking, postfixed in methanol at =20 °C for 1 min
and transferred to 1x phosphate-buffered saline, 0.1% Tween-20 (PBST) at room temperature.
Fixed samples were incubated at 4 °C overnight in the primary antibody dilution, washed 3 x
10 min in PBST, and then incubated with the secondary antibody at room temperature for 2 h.

Slides were washed 3 x 10 min in PBST, adding 2 ug/ml 2-(4-amidinophenyl)-1H-indole-6-
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carboxamidine (DAPI) for 2 min between the second and third washes. Finally, these were
mounted with Vectashield H-1000 antifade mounting medium (Vector Laboratories;
Burlingame CA, USA), stored at 4 °C, and imaged. To detect endogenous expression of /s/-
1::GFP and pgl-1::mCherry, 1-day adult hermaphrodites were fixed as described above and

washed 3 x 10 min in PBST, with DAPI added for 2 min between the second and third washes.

Germline mitotic region cytological analysis

To analyze the germline mitotic region, at least 20 gonads of each genotype were
immunostained using mouse a-Histone H3 Ser10-p antibody (PH3) and DAPI to counterstain
DNA. Total number of germ nuclei in the mitotic region was quantified between the distal tip
and the transition zone, defining the distal transition zone limit as the first germ cells row
where at least two nuclei showed the characteristic crescent shape (Crittenden et al. 2006).
The mitotic region length was measured in nuclei rows from the distal tip to the transition zone
limit, and the mitotic index was determined by the number of PH3-positive nuclei over the

total number of germ nuclei in the mitotic region (Maciejowski et al. 2006).

Fluorescence /n situ hybridization (FISH)

FISH probe hybridization was adapted from (Phillips et al. 2009). Briefly, worms were dissected
(Crittenden et al. 1994) 24 h post-L4 stage to extrude the gonads in EBTA, then fixed with 0.8%
ethyleneglycol bis(succinimidylsuccinate) (EGS) in dimethyl formamide for 2 min on positively
charged slides, and then incubated in a humid chamber at room temperature for 30 min. Slides
were then flash-frozen placed on a metal block previously cooled in dry ice. Next, these were
permeabilized by freeze-cracking, postfixed in methanol at -20°C for 1 min, and immediately

transfer to 2x saline-sodium citrate, 0.1% Tween-20 (2xSSCT) at room temperature. Slides were
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incubated in 2x egg buffer, 7.4% formaldehyde (EBF) for 5 min and then rinsed 3 x 5 min in
2xSSCT, adding 50% formamide in 2xSSCT dilution for 5 min between the second and third
washes. After the third 2xSSCT wash, slides were incubated in 50% formamide in 2xSSCT
dilution at 37 "C overnight prior to adding of FISH probe at 37 °C. DNA was denatured for 3 min
at 95 °C, and hybridization was carried out overnight at 37 °C in a dark humid chamber. After
hybridization, slides were again incubated 1 h in 50% formamide in 2xSSCT dilution at 37 °C
and washed in 2xSSCT for 10 min, adding 2 ug/ml DAPI for 2 min and finally washing in 2xSSCT
for at least 30 min. Slides were then mounted with Vectashield H-1000, stored in darkness at

4 °C, and imaged.

Acridine orange (AQ) staining

Adult hermaphrodite worms, 24-h post-L4-stage, were incubated for 1 h at room temperature
and darkness, in plates previously treated with 20ug/ml AO in M9. Then, worms were
transferred to clean plates to remove excess of AO, kept in darkness at room temperature for
2 h, and mounted in 2% agar slides. A minimum of 24 gonads per genotype were analyzed, and
each scoring experiment was performed with mutant strains and N2 running in parallel.
Number of apoptotic corpses per gonad arm was scored using a fluorescence microscope Leica
DM1000 LED. Data were pooled from multiple rounds of analyses, and statistical comparation
between genotypes was assessed using two-tailed Student’s t-test with Welch’s correction, p-

value £ 0.05.

RNA-seq data analysis
The quality of the reads was confirmed with FastQC, retrieved from

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/, and the reads were aligned to
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the C. elegans reference genome (version WS220) with TopHat (version 2.1.1)/Bowtie2
(version 2.2.8.0) (Langmead and Salzberg 2012; Kim et al. 2013) to obtain the .bam files. Read
count by gene was obtained by HTSeg-count (Anders et al. 2015), and differential gene
expression analyses Isl-1(tm4769) vs. wild-type, and Isl-1(lim1) vs. wild-type were performed
using DESeq2 package (Love et al. 2014). Read counts were normalized by estimating size
factors, and differential expression was tested against the negative binomial distribution using
the Wald test. Multiple test correction was performed via optimized false discovery rate (FDR)
approach to obtain an adjusted p-value (g-value) (Storey and Tibshirani 2003). Genes were
defined as differentially expressed genes (DEGs) with a g-value < 0.01 (minimum FDR) and -2
> fold change > 2 cutoff. Final lists of significant DEGs for each comparison were converted to
Excel sheets; processed lists together with DESeq2 raw data outcome are provided in File S1.
Tissue enrichment analysis for DEGs was performed separately for upregulated and
downregulated genes using the Wormbase tool T.E.A. (Angeles-Albores et al. 2016). Enriched
terms were found significant with an adj. p-value £ 0.05 obtained from the FDR correction using
the Benjamini—Hochberg algorithm; lists of these significant terms were converted to Excel
sheets for both Is/-1(tm4769) vs. wild-type and /s/-1(lim1) vs. wild-type comparisons and are
presented in File S2. Before uploading the DEGs to the T.E.A. resource, genes names were
updated to the last Wormbase release at the moment (WS276), using SimpleMine and Gene

Name Sanitizer tools available at: https://wormbase.org/tools.

Chromatin immunoprecipitation (ChlP), data processing, and analysis
ChlP-seq experiment was conducted by the modERN consortium (Kudron et al. 2018)
in young adult worms of the C. elegans strain OP720, which carry LSL-1::TY1::EGFP::3XFLAG

fusion protein (two biological replicates); IP was performed using an anti-GFP antibody.



169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

Sequencing data were aligned to the C. elegans reference genome (version WS245) using the
Burrows—Wheeler aligner (BWA) (Li and Durbin 2009). Regions significantly enriched in aligned
reads were peak-called using ChIP-seq pipeline SPP (Kharchenko et al. 2008). Peaks above an
irreproducibility discovery rate (IDR) of 0.1% were used to generate the final peaks set (Landt
et al. 2012). We uploaded the .bed optimal IDR thresholded peaks file, available in the modERN
website under the accession number ENCFF435YQE, to the Galaxy web platform using the
public server at https://usegalaxy.org to analyze the data (Afgan et al. 2016). ChIPseeker
R/bioconductor package (version 1.18.0) (Yu et al. 2015) was used to annotate the .bed file.
The nearest feature was used with promoter region defined as 2000 bp upstream of a gene,
and intergenic region defined as 5000 bp between genes. List of annotated genes bound by
LSL-1 was converted to Excel sheets and processed, noncoding RNA genes and genes targeted
by high-occupancy target (HOT) regions (black list) (Niu et al. 2011) were filtered to obtain the
final LSL-1 targeted gene list provided in File S3.

We searched for enriched motifs binding sites of LSL-1 using MEME-ChIP (version
4.11.2) web-based tool (Machanick and Bailey 2011). Input data for MEME-ChIP were
composed by central region of the binding sites of 200-bp, thus delimiting this central region
as 100 bp around its summit. This range has been reported (Niu et al. 2011) to be appropriate
for the majority of the enriched motifs for the transcription factors presented in Gerstein et al.
2010. The optimal IDR thresholded peaks (IDR 0.1%) obtained from the modERN consortium
were chosen for motif discovery. Most significant motifs found by MEME-ChIP were sorted by
their e-value, computed by the motif discovery software DREME (Bailey 2011) and MEME

(Bailey and Elkan 1994), and presented in Figure S9.
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Genome-wide LSL-1 binding profiles were visualized and aligned to the C. elegans
genome (version WS245) using the Integrated Genome Viewer (IGV) (Thorvaldsdottir et al.

2013).

Functional analysis

Cross comparison of our RNA-seq data and the LSL-1::TY1::EGFP::3XFLAG ChlP-seq
analysis showed a significant overlap for both /s/-1 mutant alleles. Prior to comparing RNA-seq
DEGs and ChIP-seq LSL-1 targeted gene lists, gene public names were updated to the last
Wormbase release at that time (WS276) using SimpleMine and Gene Name Sanitizer tools
available at: https://wormbase.org/tools. Statistical significance was assessed using cross
comparison contingency tables by chi-square test with Yates correction, calculated using
GraphPad QuickCalcs available at http://www.graphpad.com/quickcalcs/Contingencyl.cfm,
and presented in Table S2.

Gene ontology (GO) term functional analysis was performed in both /s/-1 mutant alleles
for downregulated genes bound by LSL-1 at their promoter region, using the database for
annotation, visualization, and integrated discovery (DAVID version 6.8) NIAID/NIH tool (Huang
et al. 2009). Significant GO terms (p-value < 0.05, unadjusted) are shown, once clustered for

most significant categories, in Figure 7B” and Figure S10 C.
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