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Figure S1. Human iPSC motor neuron differentiation and FUS PAR-CLIP, Related to

Figure 1

(A) Schematic representation of the human iPSC motor neuron differentiation protocol and

time points of the analyses described in the main text. The asterisk marks analyses that

have been performed on FACS-purified motor neurons. (B) Single channels of the



immunostaining reported in Figure 1A, showing FUS localization (red) in FACS-purified
MNs (day 12+7). ISL1/2 (green) marks MNs and DAPI (blue) the nuclei. Scale bar: 10 um.
(C) Quantification of the fraction of nuclear and cytoplasmic FUS in FUSWT and FUSP525-
FACS-purified motor neurons (day 12+7) from immunofluorescence images. (D)
Cytoplasmic fractionation was performed in iPSC-derived MNs (day 12+3 of differentiation)
using a hypotonic lysis buffer (HEPES-KOH 10 mM, EDTA 0.1 mM, 0.5% (v/v) NP40, KCI
10 mM, DTT 1 mM and complete EDTA-free protease inhibitor cocktail) for 10 minutes on
ice. Supernatant was considered cytoplasmic extract, while pellet nuclei. The pellets were
washed using hypotonic buffer to completely clean the samples from the cytoplasmic
extract. Cell pellets were then resuspended in hypertonic lysis buffer (50 mM HEPES-KOH,
150 mM KCI, 2 mM EDTA, 1 mM NaF, 0.5% (v/v) NP40, 0.5 mM DTT and complete
EDTA-free protease inhibitor cocktail) and incubated for 15 minutes on ice. Western blot
analysis was performed as described in the main text using anti-ELAVL4 (1:1000, sc-
48421; Santa Cruz Biotechnology), anti-FUS (1:800, sc-47711; Santa Cruz Biotechnology),
anti-LAMIN B (1:250, sc-6216; Santa Cruz Biotechnology), anti-a-TUBULIN (1:10000,
T6199, Sigma-Aldrich) primary antibodies. (E) Upper panel, schematic representation of
the enhanced piggyBac transposable vector for doxycycline conditional expression of
FLAG-FUSWT (epB-Puro-TT-FLAG-FUSWT) and FLAG-FUSP?%L (epB-Puro-TT-FLAG-
FUSP52%L), F: FLAG tag; pA: polyadenylation signal; PuroR: puromycin resistance gene;
T2A: self-cleavage peptide; rtTA: TET transactivator protein gene; Pubc: human Ubiquitin
C constitutive promoter; TRE: TET responsive element; Dox: doxycycline. Triangles
represent terminal repeats of the transposon. Lower panel, doxycycline-dependent
expression of FLAG-FUSWT and FLAG-FUSP%%L in iPSCs, reveled by western blot using
an anti-FLAG antibody. GAPDH has been used as a loading control. (F) Representative
autoradiograph image of FUS-RNA complexes radiolabeled at RNA 5’ end and purified in
PAR-CLIP experiments, 2 lanes for each replicate, biological replicates = 2, for FLAG-
FUSWT and FLAG-FUSP525L ectopically expressed in MNs. (G) Cluster dendrogram
showing the correlation matrix between samples used for the PAR-CLIP. (H) Snapshot of
the IGV window showing the mapping of PAR-CLIP reads and transitions on two known
interactors of FUSWT, EWSR1 and FUS intron 7-8.
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Figure S2. Analysis of FUS PAR-CLIP data, Related to Figure 1

(A) GO word-cloud representation of terms enriched in FUSP®?5- 3'UTR-bound targets,
showing KEGG pathways using the FIDEA tool (D’Andrea et al., 2013). (B-C) Word cloud
generated by FIDEA representing GO Molecular Functions (B) and InterPro (C) terms
enriched in the set of FUSP52%- 3'UTR-bound targets with more than 10% of T-C transitions
in the 3UTR. The categories are represented with a character size proportional to the
statistical significance of their enrichment. (D) Fraction of FUS-bound mRNAs, with at least
one T-C transition in the PAR-CLIP analysis, that are differentially expressed (blue bars;
p<0.05) or not affected (orange bars; p>0.05) in FUSP®?5- MNs previously analyzed by
RNA-seq (De Santis et al., 2017). (E) Venn diagram showing the overlap between genes
identified as targets of FUSWT and FUSP52%L in human motor neurons (present work), as
targets of FUS in human brain cortex from control individuals (Lagier-Tourenne et al.,
2012), and as transcripts expressed in pure populations of human iPSC-derived motor
neurons (De Santis et al., 2017). Peaks of binding in human brain cortex were identified by
re-analysis of original data from Lagier-Tourenne et al. (2012), as described in De Santis
et al. (2017).
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Figure S3. FUS 3'UTR targets and analysis of miR-375 expression in HeLa, Related
to Figure 2

(A) Snapshot of the IGV window showing the mapping of PAR-CLIP T-C transitions on
ELAVL4, ELAVL2, ELAVL3 and PPP1R15A 3'UTRs in FUSWT, FUSP%?5L FLAG-FUSWT
and FLAG-FUSP%?L PAR-CLIP data sets. (B) Real time gqRT-PCR quantification of the
expression of miR-375, carried out as previously described (De Santis et al., 2017). HelLa
cells that ectopically express miR-375 using a doxycycline inducible piggyBac transposon
(epB-miR-375) have been used as positive control. Histogram bars represent the average
of a technical triplicate, relative to the HeLa epB-miR-375 - dox sample that was set as 1,
and error bars indicate the standard deviation. miR-375 was undetectable in untransfected
cells (HeLa). (C) Melting curves of real time qRT-PCR products. The green line refers to

the positive control (HeLa epB-miR-375 + dox), while red lines refer to untransfected cells.
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Figure S4. Analysis of cytoplasmic speckles containing GFP-ELAVL4 and RFP-
FUSP525L Related to Figure 3

(A) HelLa cells were stably transduced with the epB-Bsd-TT-GFP-ELAVL4 vector and
induced with doxycycline for 24h. Confocal images show the GFP signal and
immunostaining for the SGs marker PABP (red). DAPI (blue) marks nuclei. Scale bar: 20
pum. (B-C) Confocal images of HelLa cells stably transduced with the epB-Bsd-TT-GFP-
ELAVL4 vector and the epB-Puro-TT-RFP-FUSYT (B) or epB-Puro-TT-RFP-FUSP%2% (C)
vector and induced with doxycycline for 24h. Confocal images show the GFP and RFP
signals and immunostaining for the SGs marker PABP (white). DAPI (blue) marks nuclei.
Scale bar: 20 ym. (D-E) Representative images acquired with the confocal microscope
and with the BDB microscope of Hela cells expressing RFP-FUSP52%L (panel E) or GFP-
ELAVL4 (panel F). Scale bar: 10 uym. (F) Co-immunoprecipitation of RFP-FUSP52%- and
GFP-ELAVL4 from cytoplasmic extracts of HelLa cells. Immunoprecipitation was performed
using an anti-ELAVL4 antibody. In the western blot, RFP-FUSP5?°L and GFP-ELAVL4

bands were revealed with an anti-FLAG antibody.
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Figure S5. ELAVL4 is a neural gene enriched in the Hb9::GFP-positive motor neuron
population, Related to Figure 4

(A) Violin plot representing ELAVL4 expression levels in different human tissues from the
GTEx Portal (https://www.gtexportal.org/home/). Expression values are shown in TPM
(Transcripts Per Million), calculated from a gene model with isoforms collapsed to a single
gene. (B) Reads per kilobase per million mapped reads (RPKM) values for the indicated
genes from our previous RNA-seq analysis of sorted Hb9::GFP-positive (green bars) and -
negative (black bars) cells at day 12 of differentiation (De Santis et al., 2017) (*= false
discovery rate < 0.05; ***= false discovery rate < 0.001). (C) RNA levels of the indicated
genes by real time gRT-PCR in sorted Hb9::GFP-positive (green bars) and -negative
(black bars) cells at day 12 of differentiation. Histogram bars represent the average of 4
independent experiments and error bars indicate the standard deviation (Student’s t-test;
paired; two tails; *= p<0.05). (D) TUJ1 and ELAVL4 protein quantification by western blot
in sorted Hb9::GFP-positive and -negative cells at day 12 of differentiation. Right:
densitometric analysis of ELAVL4 bands, normalized for GAPDH. Histogram bars
represent the average of 3 independent experiments and error bars indicate the standard
deviation. (E) Immunostaining for ELAVL4 (green) and TUJ1 (red) in FUSWT and FUSP525-
mixed populations at 12+4 days of differentiation. DAPI (blue) stains nuclei. Scale bar: 20
um. (F) Immunostaining for ISL1/2 (green) and TUJ1 (red) in FUSWT and FUSP%25- mixed

populations at 12+4 days of differentiation. DAPI (blue) stains nuclei. Scale bar: 20 ym.
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Figure S6. ELAVLA4 localization in SGs and speckles, Related to Figure 4

(A) and (B): single channels of the immunostaining reported in Figure 5A’ and 5B’,
respectively, showing localization of ELAVL4 (green) and of the SG marker TIAR (red).
DAPI (blue) stains nuclei. (C) and (D): quantitative analyses, as in Figure 5, of ELAVL4
speckles and SGs in FUSW#2 (n=16 for Control; n=20 for Sodium Arsenite) and
FUSPS25L#2 (n=14 for Control; n=17 for Sodium Arsenite) MNs, derived from an
independent pair of isogenic FUS wild-type and mutant iPSCs (De Santis et al., 2017). In
all graphs the bars indicate the median with interquartile range. p values from Student’s t-

test (unpaired; two tails) are indicated.
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Figure S7. ELAVL4 and FUS shared targets, Related to Figure 4

(A) Venn diagram showing the overlap between genes identified as targets of FUSWT and
FUSP52% in the present work and ELAVL2, ELAVL3 and ELAVL4 (collectively, nELAVLS)
by Scheckel et al. (2016). In the Scheckel et al. dataset, which derives from CLIP-seq in
human brain samples, 95.5% of the reads were mapped in introns and 3'UTRs. Since we
were looking for those candidates that might mediate the interaction of ELAVL4 and FUS
in the cytoplasm, we have included in this analysis the 3'UTR nELAVLs targets and
mRNAs bound in the exons by FUSWT and FUSP%?°L, (B) Table showing the top 30
ELAVL4 mRNA targets identified by Tebaldi et al. (2018) in NSC-34 cells. Overlap with the
PAR-CLIP of the present work (exon bound mRNAs only) is indicated.



ELAVL4
pTDP-43 (pS409/410)

Figure S8. ELAVLA4 localization in sporadic and C9ORF72 ALS patients’ specimen,
Related to Figure 6

Immunohistochemistry on spinal cord samples from controls, sporadic ALS patients and
C90RF72 pateints. For double immunohistochemistry, sections were labeled with anti-
ELAVL4 (blue) and anti-pTDP-43 (pS409/410) (red). Characteristics of patients and

controls are reported in Table S3.
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Figure S9. Ubiquitous expression of most components of the FUS-positive
inclusions, Related to Figure 7

Violin plot representing expression levels of FUS (top), SQSTM1 (p62; middle) and
EIF4G1  (bottom) in different human tissues from the GTEx Portal
(https://www.gtexportal.org/home/). Expression values are shown in TPM (Transcripts Per

Million), calculated from a gene model with isoforms collapsed to a single gene.



Table S2. Characteristics of FUS patients and controls used for
immunohistochemistry of spinal cord sections, Related to Figure 5
Age at death Gender Site & pattern | Disease duration
of onset (months)
FUSRS21C (1) | 41 M bulbar 30
FUSRS21C (2) | 70 F limb 24
FUSRS21H 42 M limb 88
Age at death Gender Cause of death
Control 44 F Sepsis — Mast cell Leukemia




Table S3. Characteristics of controls and sporadic and C9ORF72 familial patients

used for immunohistochemistry of spinal cord sections, Related to Figure 6

Disease

Patient | Clinical | Family | Age of duration Gender ﬁh:::l 5 ag;aak C: plaque
iagnosis history onset di . . score
iagnosis amyloid tangles

(months)
106 control - 75 - Male A1 BO CO
108 control - 66 - Female A0 B1 CO
125 control - 77 - Female A1 B1 C1
7155 ALS N/A 53 30 Female A0 B1 CO
810 ALS N/A 63 32 Male A0 BO CO
8185 ALS N/A 73 23 Male A0 B1 CO
4071 ALS N/A 54 20 Male A0 B1 CO
12122 ALS N/A 77 21 Male A2 B2 C1
12154 ALS N/A 70 25 Female A0 B1 CO
13112 ALS N/A 77 87 Male A1 BO CO
1518 COALS N/A 78 14 Male A0 B1 CO
14119 COALS yes 69 45 Male A0 B1 CO
13006 COALS yes 64 57 Female A0 B1 CO




