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Supplementary Figure 1. Ependymal multicilia contain ribosomal components and RNA (related to Fig. 1).

Day-10 mEPCs were used in the experiments. (a) Rpl4, Eif3f, and Eif3h were enriched in purified ependymal multicilia. Ependymal cilia were puri-
fied as illustrated in Figure 1a. Equal amount of total proteins from the indicated fractions was loaded in each lane for immunoblotting. Rspha4a
and Ift81 served as ciliary markers, whereas Tom20, Gapdh, and LaminB1 were used as markers to assess contaminations from the mitochondri-
on, cytosol, and nucleus, respectively. Band intensities relative to those of intact mEPCs were measured from three sets of independent immuno-
blotting results and are presented as mean + s.d. Two tailed student's t test: ns, no significance. (b) Confocal micrographs of AO-staining, imaged
at the plane of nuclei. mEPCs were fixed with 4% paraformaldehyde (PFA) at 4°C, treated with just PBS (mock) or 100 ug/ml RNase A in PBS for
30 min at 37°C, and subjected to AO staining. Note that only the red fluorescence for RNA was sensitive to RNase. (¢) Pyronin Y (PY) preferably
recognized RNA. mEPCs were fixed with 4% PFA, permeabilized with 0.5% Triton X-100, and treated PBS or RNase A as in (b). The cells were
then stained with PY and Hoest33342, a DNA-specific dye. Confocal imaging was performed at the plane of nuclei. Note that the RNase treatment
removed most fluorescent signals, leaving only weak DNA fluorescence in the nuclei. (d) Multicilia displayed prominent PY-staining. mEPCs treat-
ed as in (c) were stained with PY, followed by immunostaining to label Ac-tub. Note that the multiciliary PY signals were sensitive to the RNase
treatment. (e) Relative fluorescent intensities of ciliary PY. 40 multiciliated mEPCs were measured in each condition. For each cell, total ciliary fluo-
rescent intensity of PY was quantified and normalized to that of Ac-Tub. The bars and errors represent mean + s.d. Two tailed student's t test. (f)
Ependymal cilia contained 18S rRNA (arrows). mEPCs treated as shown were subjected to FISH to detect 18S rRNA. Ac-tub served as ciliary
marker. The framed area was magnified to show details.



Supplementary Fig. 2, Hao et al.
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Supplementary Figure 2. Detection of puromycylated peptides in ependymal multicilia and characterization of isolated ciliary
shafts (related to Fig. 3).

(a, b) Detection of protein translation-dependent Puro IF signals in multicilia. Day-10 mEPCs were pulse-labeled with Puro for 10 min
with or without CHX and then processed for confocal imaging (a). Mock-treated cells served as negative control. Rsph4a served as multi-
ciliary marker. Relative IF intensities of ciliary Puro (b) were pooled from three independent experiments. 100 multiciliated mEPCs were
measured in each experiment and condition. For each cell, the total ciliary IF intensity of Puro was normalized to that of Rsph4a. The
bars and errors in the violin plots represent mean + s.d. Two tailed student's t test. (¢, d) Characterization of isolated ciliary shafts. Ciliary
shafts prepared as illustrated in Figure 3g were immunostained for Ac-tub, Cep290, and Odf2 to visualize ciliary axoneme, TZ, and basal
body, respectively (c). Arrowheads point to the ciliary base. Statistical results (d), presented as mean + s.d., were fram three indepen-
dent experiments. 200 ciliary shafts were scored in each experiment and condition.



Supplementary Fig. 3, Hao et al.

a

Supplementary Figure 3. Multicilia degeneration in FMRP-depleted mEPCs is not due to cell death (related to Fig. 5).
mEPCs transfected with Fmr-i1 as in Figure 5a were fixed at day 12 and immunostained. Rsph4a, Odf2, Zo-1, and DAPI re-
spectively labeled cilia, basal bodies, tight junctions, and nuclei. Arrows point to the basal body cluster and nucleus of multicili-
ated cells. Note that axonemes were completely lost in several muticiliated cells.



Supplementary Fig. 4, Hao et al.
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Supplementary Figure 4. Ependymal multicilia locally synthesize a-tubulin but not Tom20 (related to Fig. 8e,f).

(a) Gapdh and Tom20 were rarely detected in multicilia. mEPCs at day 10 were immunostained to visualize Gapdh or Tom20. Ac-tub served
as ciliary marker. Nuclear DNA was counterstained with DAPI. The top and middle panels are top and side views of 3D-reconstructed whole
mEPCs. The bottom panels show respective top views for the ciliary region (above the yellow planes of the whole mEPCs). (b) Representa-
tive 3D-reconstructed images showing PLA signals from anti-a-tubF/anti-Puro and anti-Tom20F/anti-Puro pairs, respectively. Puro labeling
was performed for 10 min, followed by PLA. Hydin served as ciliary marker. The bottom panels of each set of images show side views of
PLA signals, software-generated color-coded PLA spots along the z-axis for statistical analyses’, and their merged image with the Hydin
channel. The corresponding top panels show top views for the ciliary region (above the yellow planes of the whole mEPCs). See Figure 8f
for quantification results.



Supplementary Table 1: List of 36 FMRP regulated ciliary mRNA candidates

Gene ID Gene GO class based on Function

- Symbol AmiGO 2
ENSMUSG00000000838 Fmrl ciliary shaft
ENSMUSG00000072235 Tubala axoneme o-Tubulin isoform
ENSMUSG00000045136 Tubb2b axoneme B-tubulin isoform
ENSMUSG00000062380 Tubb3 axoneme B-tubulin isoform
ENSMUSG00000062591 Tubb4a axoneme B-tubulin isoform
ENSMUST00000069614 Dcdc2a axoneme microtubule regulator?
ENSMUST00000033642 Dcx axoneme microtubule regulator®
ENSMUST00000151641 Ttl19 axoneme tubulin polyglutamylase*
ENSMUST00000030951 Ttll10 axoneme tubulin glycylase®
ENSMUSG00000021879 Dnah12 axoneme dynein arm subunit®
ENSMUSG00000042707 Dnalil axoneme dynein arm subunit®
ENSMUST00000058479 Drc7 axoneme dynein-docking subunit’
ENSMUST00000092684 Ttc25 axoneme dynein-docking subunit®
ENSMUSG00000006464 Bbsl axoneme IFT subunit’
ENSMUSGO00000016637 Ift27 axoneme IFT subunit’
ENSMUSGO00000017858 Ift52 axoneme IFT subunit’
ENSMUST00000135973 Armc9 ciliary tip ciliary stability!®
ENSMUST00000106227 Cepl31 ciliary transition zone multiciliary assembly!!
ENSMUST00000059319 Tmem17 ciliary transition zone Ciliary gate!?
ENSMUST00000135252 Cfap69 axoneme/motile cilium flagellum assembly!?
ENSMUSTO00000154516 Dnajbl13 axoneme axoneme formation'*
ENSMUST00000173867 Cct4 cilium
ENSMUST00000102729 Eps15 ciliary membrane
ENSMUST00000018711 Gabarap axoneme
ENSMUST00000147839 Iqce ciliary membrane
ENSMUST00000106407 Rabep2 axoneme
ENSMUST00000052521 Gas212 ciliary basal body
ENSMUST00000148350 Fbfl ciliary transition fiber
ENSMUST00000106591 Agbl4 ciliary basal body
ENSMUST00000110224 Ttll5 ciliary basal body
ENSMUST00000048309 Camsap2 ciliary basal body
ENSMUST00000038842 Ppplr32 ciliary basal body
ENSMUST00000028342 Ssnal ciliary basal body
ENSMUST00000094156 Fam183b ciliary basal body
ENSMUST00000037397 Cepl26 ciliary base
ENSMUST00000021287 Cfap52 ciliary basal body




Supplementary Table 2: List of primers for cloning

GCTCGTCC

5'-Sequence-3' Restriction
Plasmids
Forward Primer Reverse Primer Sites
pLV-GFP-RPS3 (Mus | GGACTCAGATCTCGAAT | GAAGCTTGAGCTCGATT Xho
0
musculus) GGCGGTGCAGATTTCC ATGCTGTAGGCACTGGC
pLV-GFP-RPL11 GGACTCAGATCTCGAAT | GAAGCTTGAGCTCGATT Xhol
0
(Mus musculus) GGCGCAAGATCAAG ATTTTCCAGGAAGGATG
. CATGGTGGCGACCGGAT
pLV-Centrinl-GFP | CCGTCAGATCCGCTAGC
AAAGGTTGGTCTTTTTC | NheI/Agel
(Mus musculus) ATGGCGTCCACCTTC
ATGAT
pcDNA3.0-18s rRNA ACCGAGCTCGGATCCTG
TCTAGATGCATGCTCGA Xho I/
(490-1489nt) (Mus TTATTGCTCAATCTCGG
GACCCACTCCCGAC BamH I
musculus) G
pLV-GFP-elF3d (Mus | GGACTCAGATCTCGAAT | GAAGCTTGAGCTCGATT Xhol
0
musculus) GGCGAAGTTCATGACA | AAGTTTCTTCCTCTTCCT
GAAGCTTGAGCTCGATT
pLV-GFP-elF3h (Mus | GGACTCAGATCTCGAAT
AATTATTGTATTCTTGAA Xho I
musculus) GGCGTCGCGCAAG
GAGCC
GAAGCTTGAGCTCGATC
pLV-GFP-elF3m GGACTCAGATCTCGAAT
AGGTATCTGAAAGACTC Xho I
(Mus musculus) GAGCGTCCCGGC
AAAAGG
GGACTCAGATCTCGAAT | GAAGCTTGAGCTCGATT
pLV-GFP-FMRP
GGAGGAGCTGGTGGTG | AGGGTACTCCATTCACC Xho I
(Mus musculus)
GA AGCG
CTCAAGCTTCGAATTCG | GTCGACTGCAGAATTTC
pLV-GFP-mtFMRP
TTCCAGCGGTAGAAATC | AAGACCGTGGCAGGAG EcoR 1
(Mus musculus)
ACCCAC CT
ATCTAGATCCGGTGGAT
pYrl.1-GFP-FMRP | GGTGGCGCTACCGGTAT
CTCGAGTTAGGGTACTC | AgeI/Xhol
(Mus musculus) GGTGAGCAAGGGC
CATTCACCA
pYrl.1-GFP- ATCTAGATCCGGTGGAT
GGTGGCGCTACCGGTAT
mtFMRP (Mus CTCGAGTCAAGACCGTG | AgeI/Xhol
GGTGAGCAAGGGC
musculus) GCAG
i ATCTAGATCCGGTGGAT
pYrl.1-Centrinl-GFP | AACCGTCAGATCCGCTA
CTCGAGTTACTTGTACA | Nhe I’Xho I
(Mus musculus) GCATGGCGTCCACCTTC




Supplementary Table 3: List of antibodies for immunoblotting (IB) and
immunofluorescence (IF)

Primary antibodies

Antigen Species Supplier Catalog Dilute
IB IF
Rsph4a rabbit home-made 1:1000 1:400
IFT81 rabbit Proteintech 11744-1-AP 1:1000
RPL4 rabbit Proteintech 11302-1-AP 1:1000
elF3d mouse Santa Cruz sc-271516 1:1000
elF3f rabbit Bethyl A303-005A 1:1000 1:200
elF3h rabbit Cell signaling 3413 1:1000 1:200
Tom20 rabbit Proteintech 11802-1-AP 1:1000 1:200
Gapdh rabbit Abcam ab181603 1:1000 1:200
LaminB1 rabbit Proteintech 12987-1-AP 1:1000
RPL10A rabbit Proteintech 16681-1-AP 1:200
RPL11 rabbit Proteintech 16277-1-AP 1:200
RPS3 rabbit Proteintech 11990-1-AP 1:200
Acetylated Tubulin mouse Sigma-Aldrich T6793 1:1000 1:1000
elF3b goat Santa Cruz sc-16377 1:200
elF3m rabbit home-made 1:200
elF4E rabbit Cell signaling 2067 1:200
elF4G rabbit Cell signaling 2498 1:200
Puromycin mouse Merk Millipore MABE343 1:200
Digoxigenin sheep Roche 11333089001 1:200
0df2 guinea pig home-made 1:200
Cep290 rabbit home-made 1:200
FMRP rabbit Abcam ab17722 1:1000 1:1000
Hydin guinea pig home-made 1:200
Cepl64 rabbit home-made 1:200
Zo-1 mouse ThermoFisher 33-9100 1:1000
GFP rabbit MBL International 598 1:1000
a-tubulin rabbit Proteintech 11224-1-AP 1:800
a-tubulin(C-terminal) rabbit Abcam ab15246 1:100
B-Tubulin rabbit Abcam ab155311 1:200
Secondary antibodies
Name Conjugates Species Supplier Catalog Dilute
anti-Mouse IgG .
(H+L) HRP goat ThermoFisher G-21040 1:1000
anti-Rabbit IgG .
(H+L) HRP goat ThermoFisher G-21234 1:1000
anti-Mouse IgG .
(H+L) Alexa Fluor 405 goat ThermoFisher A-31553 1:500




anti-Mouse IgG

Alexa Fluor 488 donkey ThermoFisher A-21202 1:1000
(H+L)
anti-Rabbit IgG .
Alexa Fluor 488 donkey ThermoFisher A-21206 1:1000
(H+L)
anti-Guinea Pig Jackson
Alexa Fluor 488 donkey 706-545-148 1:500
IgG (H+L) ImmunoResearch
anti-Rabbit IgG Jackson
Cy3 donkey 711-165-152 1:1000
(H+L) ImmunoResearch
anti-Guinea Pig Jackson
Cy3 donkey 706-165-148 1:1000
IgG (H+L) ImmunoResearch
anti-Goat IgG .
Alexa Fluor 546 donkey ThermoFisher A-11056 1:1000
(H+L)
anti-Sheep IgG .
Alexa Fluor 546 donkey ThermoFisher A-21098 1:1000
(H+L)
anti-Mouse IgG .
Alexa Fluor 647 donkey ThermoFisher A-31571 1:1000
(H+L)
anti-Rabbit IgG .
Alexa Fluor 647 goat ThermoFisher A-21245 1:1000
(H+L)
anti-Guinea Pig Jackson
Alexa Fluor 647 donkey 706-605-148 1:1000
IgG (H+L) ImmunoResearch
anti-Mouse IgG . ) .
PLA™" probe donkey Sigma-Aldrich DUO092004 1:5
(H+L)
anti-Rabbit IgG ] ) .
PLAP" probe donkey Sigma-Aldrich DUO092002 I:5

(H+L)




Supplementary Table 4: List of probes for smFISH

Ribo a-Tubulin smFISH Probe Mix

Target CDS of Tubala, Tubalb, Tubalc
Fluorophore Cy3

5'-Sequence-3' AATGGTCTTGTCACTTGGCA ATGTCGAGGTTTCTACGACA
GTTGAAGGAGTCATCTCCTC CCATCAAATCTGAGGGAAGC
CTCCTGTCTCACTGAAGAAG TGTCAGATCAACATTCAGGG
TTCCAGGTCTACGAACACTG AGATGACAGGGGCATAAGTG
GAACTTCATCGATGACCGTG ATGTATTTACCATGGCGAGG
CGAATCCTGTCCAGGACAAG CAGCATTGACATCTTTGGGA
GAAAACCAAGAAGCCCTGGA | CAGCAATGGCTGTGGTGTTG
GGGCTGGGTAAATGGAGAAC AACTTGTGATCTAGGCGAGC
AGGATGGAATTGTAGGGCTC ACGCTTGGCATACATCAGAT
AAGGCACAATCAGAGTGCTC CCACATACCAGTGCACAAAG

Ribo B-Tubulin smFISH Probe Mix

Target CDS of Tubb2a, Tubb2b
Fluorophore Cy3

5'-Sequence-3' CTGATCTTGCTGATGAGCAG ACATGCGGCCACGGAAAATG
TTCATGATGCGGTCTGGGTA AAGTAGCTGCTGTTCTTGTT
TGAGGGCATGACGCTGAAGG TCTTGACGTTGTTGGGGATC
ACTGAGAGGGTGGCATTATA CGAGGAGGGATGTCACACAC
TGACACCAGGTGGTTGAGAT ATGAAGGTGGCTGACATCTT
GAATGGCACCATGTTCACGG GAGATGCGCTTGAACAGCTC
TGGCATGAAGAAGTGCAGGC | CGTGTACCAGTGCAGGAAAG

GGCTGGTCAGAGGTGCAAAG AGGTCATTCATGTTGCTCTC
TCGAACATCTGCTGGGTCAG GTACTGCTGGTACTCAGACA
AGGCAGCCATCATGTTCTTG AGTGAGTGGGTCAGCTGGAA
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