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Figure ST. The Dyf phenotype in osm-3-sg or xbx-1-sg animals. (A) The
dyefilling phenotype of four phasmid neurons (PHA/B/L/R) of WT, osm-
3-sg, and xbx-1-sg conditional mutants under a 100x objective lens. The
asterisk indicates a PQR neuron, which does not take up Dil in WT animals.
Bar, 5 pm. (B) The Dyf defects in osm-3-sg and xbx-1-sg conditional mutants
as observed under a fluorescence stereoscope. The head and the tail of the
ciliated sensory neurons are stained by the red fluorescent Dil dye in WT ani-
mals, whereas a dyefilling defect is observed in conditional mutant animals.
The asterisk indicates the transgenic marker. Non-hs, nonheat shock; hs, heat
shock. Bar, 50 pm.
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Figure S2. DLI-1 functions in C. elegans ciliated neurons. (A and B) Animals expressing Pdli-1::dli-1::GFP illustrate that DLI-1 does not enter the cilia (A)

but localizes in the cell body and dendrites of ciliated neurons (B, arrows). The broken outlines indicate the junctions between segments within ciliated neu
rons. (C) Aggregates of OSM-6::GFP (arrows) along the dendrite are observed in dli-T conditional mutant animals. Bar, 5 pm
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B sgRNA target PAM

. WT aggatattctccgtcaagtAGG
dyci-1-sg T1 mut. aagacatattgagacaggtCGG
| | | | | | |

WT agtgtacagacagcgtgcaCGG

dyci-1-sg T2 __— agclgtclcaalacclgctltgtlaCTlG
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WT gccatcgactgcgccacccAGG

dic-1-sg 12 o gcclatclgacltgclgcclacachAlG
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GFP::mDYCI-1

mDLC-1::GFP

Figure S3. GFP-tagged DYCI-1 and DLC-1 with synonymous mutations rescued ciliary phenotypes in the corresponding conditional mutants. (A) The retro-
grade movement of OSM-9::GFP in cilia of WT, dyci-1-sg, and dlc-1-sg conditional mutant animals. (fop) OSM-9::GFP localization. (bottom) Kymographs
and corresponding lines of the movement. Bars: (micrograph bar on top) 5 pm; (kymograph horizontal bar) 2 pm; (vertical bar) 5 s. (B) Synonymous muta-
tions (red) of the target sites in dyci-1 and dlc-1. (C) The localization of GFP-tagged DYCI-1 and DLC-1 with synonymous mutations in cilia of dyci-1-sg and
dlc-1-sg conditional mutant animals. Bar, 5 pm. m.s., middle segment; d.s., distal segment. The asterisks indicate the transition zone.
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Table S1.  C. elegans strains used in this study
Strain name Genotype Method
SP2101 ncl-1(e1865) unc-36(e251); osm-6(p811); mnls17[Posm-6::0sm-6::GFP; unc-36(+)] CGC
JT11069 xbx-1(ok279) CGC, a 1,600-bp deletion
CX3716 lin-15B(n765); kyls141[Posm-9::0sm-9::gfp; lin-15(+] CGC
GOU1348 casEx1605[Phsp-16.2::Cas9+PU6::che-3 sgRNA; Podr-1::dsRed; unc-76(+)]; mnls17 Micoinjection and cross with mnls17
GOU1411 casEx5520[Phsp-16.2::Cas9+PUé::lis-1-T1/2 sgRNA; Podr-1::dsRed; unc-76(+)]; mnls17 Microinjection and cross with mnls17
GOU1417 casEx5512[Phsp-16.2::Cas9+PUé6::dlc-1-T1/2 sgRNA; Podr-1::dsRed; unc-76(+)]; mnls17 Microinjection and cross with mnls17
GOU1418 casEx5514[Phsp-16.2::Cas9+PU6::dyci-1-T1/2 sgRNA; Podr-1::dsRed; unc-76(+)]; mnls17  Microinjection and cross with mnls17
GOU1419 casEx5513[Phsp-16.2::Cas9+PU6::dli-1-T1/2 sgRNA; Podr-1::dsRed; unc-76(+)]; mnls17 Microinjection and cross with mnls17
GOU1421 casEx5516[Phsp-16.2::Cas9+PUé::dylt-3 sgRNA; Podr-1::dsRed; unc-76(+)]; mnls17 Microinjection and cross with mnls17
GOU1422 casEx5517[Phsp-16.2::Cas9+PUé::dyrb-1 sgRNA; Podr-1::dsRed; unc-76(+)]; mnls17 Microinjection and cross with mnls17
GOU1423 casEx5534[Phsp-16.2::Cas9+PUéb::0sm-1-T1/2 sgRNA; Pegl-17::Myri-mCherry; Pegl-17:: Microinjection and cross with mnls17
mCherry::his-24]; mnls17
GOU1442 casls482[Phsp-16.2::Cas9+PUé6::dyci-1 sgRNA T1/2; Podr-1::dsRed (+)]; mnls17 Cross with mnls17
GOU1444 casEx1629[Phsp-16.2::Cas9+PUéb::che-11 sgRNA; Pegl-17::Myri-mCherry; Pegl-17:: Microinjection and cross with mnls17
mCherry::his-24]; mnls17
GOU1448 casEx1633[Pxbx-1::xbx-1::YFP; rol-6(su1006) (+)];casls482 Microinjection and cross with casls482
GOU1453 xbx-1(0k279); casEx1630[Pdyf-1::gfp::dyci-1; Pdyf-1::0sm-6::mCherry; rol-6(su1006) (+] Microinjection
GOU1461 casEx5524[Phsp-16.2::Cas9+PUéb::0sm-12-T1/2 sgRNA; Pegl-17::Myri-mCherry; Pegl-17::  Microinjection and cross with mnls17
mCherry::his-24]; mnls17
GOU1460 casEx1629[Phsp-16.2::Cas9+PUéb::xbx-1 sgRNA; Pegl-17::Myri-mCherry; Pegl-17::mCher- Microinjection
ry::his-24]; mnls17
GOU1463 casEx1629[Phsp-16.2::Cas9+PU6b::xbx-1 sgRNA; Pegl-17::Myri-mCherry; Pegl-17::mCher- Cross with casls487
ry::his-24]; casls487[Pdyf-1::Cas?; Podr-1::dsRed;unc-76(+)]; mnls17
GOU1464 casEx5544[Phsp-16.2::Cas9+PU6::0sm-3 sgRNA; Pdyf-1::0sm-6::mCherry; Pegl-17::Myri- Microinjection
mCherry; Pegl-17::mCherry::his-24]
GOU1465 casEx5535[Pdlc-1::dlc-1::GFP;Pdyf-1::0sm-6::mCherry; unc-76(+)] Microinjection
GOU1466 casEx5537[Pdylt-3::dyl+3::GFP;Pdyf-1::0sm-6::mCherry; unc-76(+)] Microinjection
GOU1467 casEx5527 [Pdyf-1::GFP::dyci-1;Pdyf-1::0sm-6::mCherry; rol-6(su1006) (+)] Microinjection
GOU1468 casEx5523[Pdyci-1::dyci-1::GFP; Pdyf-1::0sm-6::mCherry; rol-6(su1006) (+)] Microinjection
GOU1469 casEx5538[Pdli-1::dli-1::GFP; Pdyf-1::0sm-6::mCherry; unc-76(+)] Microinjection
GOU1470 casEx5547[Pdyf-1::GFP::dli-1; Pdyf-1::0sm-6::mCherry; unc-76(+)] Microinjection
GOU1471 casEx5548[Plis-1::lis-1::GFP; Pdyf-1::0sm-6::mCherry] Microinjection
GOU1472 casEx5549[Pdyf-1::GFP::lis-1; Pdyf-1::0sm-6::mCherry] Microinjection
GOU1473 casEx5540[Phsp-16.2::Cas9+PU6b::0sm-3 sgRNA; Pdyf-1::Cas9; Pegl-17::Myri-mCherry; Microinjection
Pegl-17::mCherry::his-24]; mnls17
GOU1474 casls482[Phsp-16.2::Cas9+PU6::dyci-1 sgRNA T1/2; Podr-1::dsRed (+)] Microinjection and integration
GOU1475 casls487[Pdyf-1::Cas9; Podr-1::dsRed; unc-76(+)] Microinjection and integration
GOU1568 casls509; kyls141 Cross with kyls141
GOU1570 casls482; casEx1642[Pdyf-1::gfp::mdyci-1; Pegl-17::Myri-mCherry; Pegl-17::mCherry:: Microinjection
his-24; rol-6(su1006) (+)]
GOU1571 casls509[Phsp-16.2::Cas9+PU6::dlc-1 sgRNA T1/2; Podr-1::dsRed; unc-76(+)]; Microinjection and integration
casEx1643[Pdlc-1::mdlc-1::GFP; Pegl-17::Myri-mCherry; Pegl-17::mCherry::his-24; rol-
6(su1006) (+)]
GOU1584 casls482; kyls141 Cross with kyls141

CGC, Caenorhabditis Genetics Center.

Table S2.  PCR products for construction of transgenic C. elegans

PCR product 5’ primer (5’ to 3') 3’ primer (5’ to 3') Template
Pdylt-3::dylt-3::GFP CAGCGTGAGTGAGAAGTTGGTCTAG  AAGGGCCCGTACGGCCGACTAGTAGG N, Genomic DNA
JcB



Table S3.  Plasmids for construction of transgenic C. elegans

Plasmid name

5’ primer (5’ to 3')

3’ primer (5’ to 3')

Notes

pDD162-Phsp-16.2::Cas9+ PU6::

dyci-1-TT sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

dyci-1-T2 sgRNA

pDD162-Phsp-16.2::Cas+ PU6::

dlc-1-T1 sgRNA

pDD162-Phsp-16.2::Cas?+ PU6::

dlc-1-T2 sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

dli-1-T1 sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

dli-1-T2 sgRNA

pDD162-Phsp-16.2::Cas9+ PUG::

dylt3 sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

dyrb-1 sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

lis-1-T1 sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

lis-1-T2 sgRNA

pDD162-Phsp-16.2::Cas+ PU6::

osm-3 sgRNA

pDD162-Phsp-16.2::Cas?+ PU6::

xbx-1 sgRNA

pDD162-Phsp-16.2::Cas9+ PUS::

che-3 sgRNA

pDD162-Phsp-16.2::Cas+ PU6::

che-11 sgRNA

pDD162-Phsp-16.2::Cas?+ PU6::

osm-1-T1 sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

osm-1-T2 sgRNA

pDD162-Phsp-16.2::Cas9+ PU6::

osm-12-T1 sgRNA

pDD162-Phsp-16.2::Cas9+ PUG::

osm-12-T2 sgRNA
pDONR-Pdyf-1::Cas?

pPD95.77-Pdyci-1::dyci-1::GFP
pPD95.77-Pdlc-1::dlc-1::GFP
pPD95.77-Pdli-1::dli-1::GFP
pPD95.77-Plis-1::lis-1::GFP
pDONR-Pdyf-1::GFP::dyci-1
pDONR-Pdyf-1::dli-1::GFP
pDONR-Pdyf-1::GFP::lis-1
pDONR-Pdlc-1::dlc-1::GFP

pDONR-Pdyf-1::GFP::dyci-1m"

pDONR-Pdyf-1::GFP::dyci-1mT1+mT2

pDONR-Pdlc-1::dlc-1™""::GFP

pDONR-Pdlc-1::dlc-1mT+m72;:GFP

GATATTCTCCGTCAAGTGTTTTAGAGCT
AGAAATAGC
TGTACAGACAGCGTGCAGTTTTAGAGCT
AGAAATAGC
ACCTGGCATTGCATCGTGTTTTAGAGCT
AGAAATAGC
CATCGACTGCGCCACCCGTTTTAGAGCT
AGAAATAGC
AGCAAATGCTGTGCTTCGTTTTAGAGCT
AGAAATAGC
TCGACAGACGAAGAAGTGTTTTAGAGCT
AGAAATAGC
CACAATTTCTGTGTGTCGTTTTAGAGCT
AGAAATAGC
CATGATTGCTCCAGACAGTTTTAGAGCT
AGAAATAGC
ACATGAGTTTGTCGGAGGTTTTAGAGCT
AGAAATAGC
GATATCAAGCCACTAGGGTTTTAGAGCT
AGAAATAGC
GGCACTGTGTTTGCCTAGTTTTAGAGCT
AGAAATAGC
CGAGTCATTTCGCATTGTTTTAGAGCTA
GAAATAGC
AGTCGGGATTTCCAATTGTTTTAGAGCT
AGAAATAGC
GTAGATTGGAGCCACGAGTTTTAGAGCT
AGAAATAGC
AGTTCCTCCGTACAATTGTTTTAGAGCT
AGAAATAGC
TGCCAGAAGAGGTGCCGTTTTAGAGCTA
GAAATAGC
ACTGATTTCGCTCAAGTGTTTTAGAGCT
AGAAATAGC
ATACCCTGTTCAATCGTGTTTTAGAGCT
AGAAATAGC
TGTAAGCTTGTCAAAATGGACAAAAAAT
ACAGCATCGG
GTACCGGTAGAAAAACGGTAGATTCTGC
AAGTTTGCGTG
AGTGACCTGTTCGTTCTCCCTTTGGAGC
CTCAATCGGTA
AGTGACCTGTTCGTTGTCAAATGGAACA
GTTTGTAGATCGGATTGAC
AGTGACCTGTTCGTTTGTTTGCACACAA
TATTTCTCACGACC
GATGAACTATACAAAATGTCAGAACTGA
GGAAACTCGAA
TGTAAGCTTGTCAAAATGCCACCAACTG
CGCAACCACTGG
GATGAACTATACAAAATGAGTTTGTCGG
AGAGGCAAAAAG
AGTGACCTGTTCGTTCTCCCTTTGGAGC
CTCAATCGGTA
ACCTGTCTCAATATGTCTTCGACCTCAT
TCGATGAAAG
GTACAAGCGGTTTGGACGCTGGAAAATT
CCAAGTCGAC
GTGTTGCACAATCTATTGCGTCCTGTTG
CATGTCATC
TATACAGTGCCATGTGGGGTTGTATTTC
TTGTCGAACT

CTTGACGGAGAATATCCTCAAGACATCTC
GCAATAGGAGG
GCACGCTGTCTGTACACTCAAGACATCTC
GCAATAGGAGG
CCGATGCAATGCCAGGTTGCAAGACATCTC
GCAATAGGAGG
GGTGGCGCAGTCGATGGCCAAGACATCTC
GCAATAGGAGG
AAGCACAGCATTTGCTGTCAAGACATCTC
GCAATAGGAGG
CTTCTTCGTCTGTCGAAGCAAGACATCTC
GCAATAGGAGG
ACACACAGAAATTGTGTACAAGACATCTC
GCAATAGGAGG
GTCTGGAGCAATCATGATCAAGACATCTC
GCAATAGGAGG
TCCGACAAACTCATGTTGCAAGACATCTC
GCAATAGGAGG
CTAGTGGCTTGATATCATCAAGACATCTC
GCAATAGGAGG
AGGCAAACACAGTGCCATCAAGACATCTC
GCAATAGGAGG
ATGCGAAATGACTCGTCAAGACATCTCGC
AATAGGAGG
TTGGAAATCCCGACTTCAAGACATCTCGC
AATAGGAGG
GTGGCTCCAATCTACTCCAAGACATCTCG
CAATAGGAGG
TTGTACGGAGGAACTTGCAAGACATCTCG
CAATAGGAGG
GCACCTCTTCTGGCAGACAAGACATCTCG
CAATAGGAGG
CTTGAGCGAAATCAGTTCCAAGACATCTC
GCAATAGGAGG
CCGATTGAACAGGGTATCCCAAGACATCTC
GCAATAGGAGG
GAAGAGTAATTGGACTTAGGCGTAGTCT
GGGACGT
TTCTTCTCCTTTACTCATGTTATAATTCT
CCGCTTCCTCATTCG
CCCTCCACCTCCGCCTCCACCTCCAGACT
TGAATAGCAGGATGGCGA
CCCTCCACCTCCGCCTCCACCTGCATCAC
TGTCCCGGGGTTGAGG
CCCTCCACCTCCGCCTCCACCACGGCATT
CCCAAACTTTGCAC
GAAGAGTAATTGGACCATGTTATAATTCT
CCGCTTCCTCA
CCCTCCACCTCCGCCTCCACCTGCATCAC
TGTCCCGGGGTTGAGG
GAAGAGTAATTGGACTCAACGGCATTCCC
AAACTTTGC
CCCTCCACCTCCGCCTCCACCTCCAGACT
TGAATAGCAGGATGGCGA
CATATTGAGACAGGTCGGTATTTCAACTG
AGCCAACAG
CCAAACCGCTTGTACTGATAACAAAGATT
CGGTAAGC
TAGATTGTGCAACACAAGCCCTCGAGAAA
TACAACAT
ACATGGCACTGTATAGTAGGAAGAAACTT
TGGAAGCTAC

PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from pDD162-Phsp-16.2::
Cas9+ PU6::Empty sgRNA
PCR from N,

PCR from N,
PCR from N,
PCR from N,
PCR from N,
PCR from N,
PCR from N,
PCR from N,
PCR from pDONR-Pdyf-1::GFP::
mdyci-1
PCR from pDONR-Pdyf-1::GFP::
dyci-1mT!

PCR from pDONR-Pdlc-1::dlc-1::
GFP

PCR from pDONR-Pdlc-1::dlc-
1mT1::GFP

Promoters are highlighted in bold.
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Table S4. Targets of CRISPR in C. elegans

Gene CRISPR-Cas9 targets (POM)
Target Sequence
dyci-1 T1 AGGATATTCTCCGTCAAGTAGG
T2 AGTGTACAGACAGCGTGCACGG
dle-1 T1 CAACCTGGCATTGCATCGTCGG
T2 GCCATCGACTGCGCCACCCAGG
dli-1 T1 ACAGCAAATGCTGTGCTTCCGG
T2 CTTCGACACACGAAGAAGTCGG
dylt3 T TACACAATTTCTGTGTGTCCGG
dyrb-1 T1 ATCATGATTGCTCCAGACAAGG
lis-1 T CAACATGAGTTTGTCGGAGAGG
T2 ATGATATCAAGCCACTAGGAGG
osm-3 T1 ATGGCACTGTGTTTGCCTATGG
xbx-1 T1 ACGAGTCATTTCGCATTTGG
che-3 T GAAGTCGGGATTTCCAATTTGG
osm-1 T CAAGTTCCTCCGTACAATTTGG
T2 TCTGCCAGAAGAGGTGCCTGG
che-11 T GAGTAGATTGGAGCCACGACGG
dyci-1 mT1 AAGACATATTGAGACAGGTCGG
mT2 AGCGTCCAAACCGCTTGTACTG
dle-1 mT1 CCACATGGCACTGTATAGTAGG
mT2 GCCATCGACTGCGCCACACAAG

Bold text indicates PAM sequences. Underlined text indicates synonymous muta-
tions of the CRISPR-Cas? targets for the rescue experiments. Sequences are 5’

to 3.

Table S5.  Primers for molecular analysis

Target gene 5’ sequence (5’ to 3') 3’ sequence (5’ to 3')

osm-3 CAAGGACTTCACGTTCGATGGAGC GTCAAAGAGTCAGGTCAAGGGC
xbx-1 CAGTATCAGAAGTTCGTCGT CACCAATACAAGTCTAAGCTAG
dyci-1 GGCAGAGCTGAAATCTCAGCGG CGCTCATCGTCAGTCTGGGTTCC
dlc-1 GGTTGACCGCAAGGCTGTGATCAA GCACACTGAAGATCCTACGCCACC
dli-1 GCACGTGGAGCACACGATATCC GCAGACGAACTTCTCCGAGGG

dylt3 TGCCATGACGGACCGGAAATACTTT ACTCATTGCCTTTACCGATTCTCGCC
dyrb-1 TCGTTCCTCCATTCACTGGCTGC ACGTGGAGGGACACTGTTCTAAGCA

lis-1

CTGCAAAAAATCTGAATTTCCTTTTTCAATCTC GATATTTCATCTCTTGAACCTTAATGAGCAGG

GFP: DY Cl

JCB

Video 1. IFT of GFP::DYCI-1. Transgenic C. elegans strain (GOU1467) expressing GFP+tagged DYCI-1 in cilia. Images were
taken using a time-lapse fluorescence microscope (Axio Observer Z1 microscope; Carl Zeiss) attached to a spinning disk confo-
cal scan head (CSU-X1 Spinning Disk Unit; Yokogawa Electric Corporation). Frames were taken continuously for 1.5 min. The
display rate was 7 frames per second.



DLC:=1:1GFP

Video 2. IFT of DLC-1::GFP. Transgenic C. elegans strain (GOU1465) expressing GFP-tagged DLC-1 in cilia. Images were
taken using a fime-lapse fluorescence microscope (Axio Observer Z1 microscope; Carl Zeiss) attached to a spinning disk confo-
cal scan head (CSUX1 Spinning Disk Unit; Yokogawa Electric Corporation). Frames were taken continuously for 1.5 min. The
display rate was 7 frames per second.

Video 3. IFT of DYLT-3::GFP. Transgenic C. elegans strain (GOU1466) expressing GFPtagged DYLT-3 in cilia. Images were
taken using a time-lapse fluorescence microscope (Axio Observer Z1 microscope; Carl Zeiss) attached to a spinning disk confo-
cal scan head (CSUX1 Spinning Disk Unit; Yokogawa Electric Corporation). Frames were taken continuously for 1.5 min. The
display rate was 7 frames per second.

Video 4. IFT of GFP:LIS-1. Transgenic C. elegans strain (GOU1472) expressing GFP-tagged LIS-1 in cilia. Images were taken
using a ftime-lapse fluorescence microscope (Axio Observer Z1 microscope; Carl Zeiss) attached to a spinning disk confocal
scan head (CSU-X1 Spinning Disk Unit; Yokogawa Electric Corporation). Frames were taken continuously for 1.5 min. The
display rate was 7 frames per second.
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