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Materials and Methods

Strains

C. elegans strains were cultured using standard methods (25, 26), and were
maintained at 20°C. Wild-type animals were Bristol variety N2. The following alleles
were crossed with gIs56 V (27), an integrated GFP transgene to mark the linker cell, and
him-8(e1489) IV or him-5(e1490) V (28) to increase the incidence of males:
LGI: dik-1(tm4024) (Japanese National BioResource Project), mtk-1(0ok1382) (C. elegans

Gene Knockout Consortium), fol-1(nr2033) (29)

LGIL: lin-29(n333) (30), rrf-3(pk1426) (14), nsy-1(ky397, ky542) (31)
LGII: pgn-41(ns294), tir-1(qd4) (32), mpk-1(kul) (33)

LGIV: pmk-1(km25) (34), pmk-3(0k169) (35, 36), juk-1(gk7) (37), kgb-1(km21) (34),
kgb-2(gk361) (C. elegans Gene Knockout Consortium)
LGV: rde-1(ne219) (16)

LGX: sek-1(agl; km4) (38, 39), jkk-1(km2) (40), mek-1(ks54) (41), mkk-4(ju91) (36)

Transgenic strains:

Transgene Constructs Reference

nsEx3131 pPMAS (pgn-41(2.5kb) pro::GFP) + unc-119(+) This work

nsEx1696- PMAS (pgn-41(2.5kb) pro::GFP) (20ng/ul) + pRF4 (30ng/ul)  This work

1698 + pSL1180 (50ng/ul)

nsEx2590 pEB18 (pgn-41(13kb) pro::GFP )+ unc-119(+) This work

nsEx903 3.5kb lin-29A pro::GFP + pRF4 €))

nsEx2584 pEB17 (sek-1pro::GFP) + unc-119(+) This work

qls56 lag-2 pro::GFP (27)

nsEx3081 mig-24pro::rde-1 cDNA::SL2::mCherry + lag-2p::mCherry Gift from
M. Kinet

nsEx3132, pEB21 (mig-24pro::;pgn-41 A cDNA) + lag-2pro::GFP This work

nsEx3168,

nsEx3204

nsEx3402, pEB38 (mig-24pro::pgn-41 B cDNA)+ lag-2pro::GFP This work

nskEx3403,

nsEx3381,

nsEx3404

nsEx3161, pEB26 (mig-24pro::pgn-41 C cDNA)+ lag-2pro::YFP This work

nskEx3166,

nsEx2916, lin-48pro::sek-1 cDNA::SL2:mCherry + pRF4 This work

nsEx2917,

nsEx2358 pEB16 (mig24pro::sek-1 cDNA::sek-1 3’ UTR) (25ng/ul) + This work

pRF4 (25ng/ul) + pSL1180 (50ng/ul)

nsEx2867, mig-24 pro:.sek-1 cDNA::SL2:mCherry + pSL1180 This work

nsEx2868

nsEx3191 pEB22 (mig-24pro::pgn-41 A cDNA::GFP)+ unc-119(+) This work

nsEx3192 pEB24 (mig-24pro::pgn-41 B cDNA::GFP)+ unc-119(+) This work

nsEx3134 - pEB28 (mig-24pro::.pgn-41 C cDNA::GFP) + unc-119(+) This work
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nsEx3394, pEB27 (mig-24pro::pgn-41 C exons 4 and 5) + lag- This work
nsEx3378, 2pro::YFP

nsEx3395

nsEx3379 pEB32 (mig-24pro::;pgn-41 C cDNA)+ lag-2pro::YFP This work

nsEx3380, pEB33 (mig-24pro::pgn-41 B N-terminus)+ /lag-2pro::YFP This work
nsEx3396

nsEx3420 pEB34 (mig-24pro::pgn-41 C ACC1-2)+ lag-2pro::YFP This work
nsEx3397, pEB35 (mig-24pro::pgn-41 C ACC3-4)+ lag-2pro::YFP This work
nskx3398,

nsEx3399

nsEx3400, pEB36 (mig-24pro::pgn-41 C ACC5-6)+ lag-2pro::YFP This work
nsEx3401

nsEx3384 pEB37 (cdh-3pro::;pgn-41 C) + lag-2pro::YFP This work
nsEx3385

nsEx3386

nsEx3405, pEB39 (mig-24pro::pgn-41 C Proline sub.)+ lag-2pro::YFP This work
nsEx3406

nsEx3407, pEB40 (mig-24pro::.pgn-41 C AM1-A27)+ lag-2pro::YFP This work
nsEx3408

nsEx3409, pEB41 (mig-24pro::;pgn-41 C AA80-VI8)+ lag-2pro::YFP This work
nsEx3410

nsEx3411 pEB42 (mig-24pro::pgn-41 C AQ417-R427)+ lag-2pro::YFP  This work
nsEx3412, pEB43 (mig-24pro::pgn-41 BAN-terminal CC domains 1)+ This work
nsEx3413, lag-2pro::YFP

nsEx3414

nsEx3415, pEB44 (mig-24pro::pgn-41 BAC-terminal CC domains 2)+ This work
nsEx3416 lag-2pro::YFP

RNA interference assay

RNAIi was performed by feeding (42-44). The OS2570 (rrf-3(pki1426) 11; him-
8(el489) 1V, qls56 V) strain was used for the screen. Bleached embryos from OS2570
gravid hermaphrodites were left in M9 overnight to synchronize at the L1 stage. 250
L1s, of which ~30% were male, were added to each RNAi plate. Animals were grown at
20-22°C, and scored 48 hours later, when they were approximately 2-4 h adults, using a
fluorescent dissecting scope (Leica). We used published clones from the Ahringer
feeding library (45, 46). Ofthe 16,757 library clones, only 16,208 clones were screened
as 549 failed to grow. In addition, 1,924 non-overlapping clones from the ORFeome-
based RNAL1 library (47) were scored. Combined, the libraries represent 89% of the
20,416 C. elegans protein coding sequences based on Wormbase curated version WS221.
For the genome-wide screen, 12-well RNAI1 plates were made by adding Isopropyl-beta-
D-1-thiogalactopyranoside (IPTG; Sigma-Aldrich; 1 mM final) and Carbenicillin
(Novagen; 25 ug/mL final) to standard NGM agar (26), and were used within 10 days of
pouring. Glycerol stocks of the RNAI clones were thawed and inoculated into 96 well
plates containing 225 ul LB with Ampicillin (50 ug/mL) using the PerkinElmer Life
Sciences MiniTrak V liquid handling robot. Cultures were grown overnight at 37°C
without shaking. The 12-well RNAI plates were then seeded with 175 ul of the overnight
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culture using a Perkin Elmer MultiProbe II HT EX liquid handling machine. At least two
hours after seeding, 250 synchronized L1s were added to each well. The empty RNAi
clone vector, L4440, was used as a negative control along with a GFP RNAI clone as a
positive control.

Generating pqn-41(ns294)

pgn-41(ns294) deletion mutant was isolated using published methods (48, 49).
The following primer pairs (5’ to 3’) were used for screening pgn-41: poison primer
GCAATCACAGGAGAAGAAGCTTCCG; inner primers,
CACATAAATCACCCTTTTCTATCCGCC and
CGATTTCCTCGTCATTTTCTACCGC; outer primers,
AACACCGCAGAGCCTTACGAC and GTAAGGCGCTTCGTGGTTGC. The strain
was backcrossed to N2 five times after isolation. The deletion spans a region from 145
bp upstream of exon 18 to 192 nucleotides downstream of the exon 18 start site.

Germline transformation

Germline transformation was carried out as described (50). For pgn-41 rescue
studies all plasmids were injected into pgn-41(ns294) 111; him-8(e1489) IV
hermaphrodites with /ag-2pro::YFP as a transformation marker (gift from Mihoko Kato
and Paul Sternberg, (57)). For GFP expression studies, all plasmids were injected into
unc-119(ed3) 111; him-8(el1489) IV hermaphrodites with unc-119(+) (52) as a
transformation marker, unless otherwise noted. Several transgenic lines containing the
pgqn-41(2.5 kb) pro::GFP construct were generated for this study having the genotypes:
unc-119(ed3) him-8(el1489); nsEx3131, him-5(el1490); nsEx2364 and him-5(el467);
nsEx1696-1698. All plasmids were injected at 50 ng/ul unless otherwise noted. pSL1180
is an empty cloning vector used to increase the DNA concentration of injection mixtures.

Plasmid Construction
All primers sequences written 5’ to 3’

Construct Description Notes

pRF4 rol-6(sul006) (50)

pMAS pqn-41(2.5kb) N2 genomic sequence was amplified using primers:
pro::GFP 5’-CTGACTCTAGAGCGGGGACAATGC and 5°-

ACAGTACCGGTAGCATTCCACTCCAG and
ligated into pPD95.75 (Andrew Fire) as an
Xbal/Agel fragment.

pEB16 mig-24pro::sek-1 sek-1 cDNA::sek-1 3’UTR was amplified from odlr-
cDNA::sek-1 3> UTR | 3p::sek-1 cDNA construct, gift from Kunihiro
Matsumoto (53), using 5°-
gtetetctagagGTACCcatcatggag and 5°-

ttttttt ACtA Gtaaaaaaaaatctttactcgage. This
Kpnl/Spel fragment was ligated into pPD95.79
(Andrew Fire) containing mig-24 promoter (gift
from Kiyoji Nishiwaki) between BamHI/Kpnl.

pEB17 4.6 kb sek-1pro::GFP | 4.6 kb of N2 genomic DNA was amplified using
primers 5’- ctaagagcatgctagaaacttatgagtgttctgtg and
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5’- gatttttcttaAcCGGtegctccatgatgtaag. The
amplicon was ligated into pPD95.75 (Andrew Fire)
as an Sphl/Agel fragment.

pEB18

pgn-41(13kb)
pro::GFP

N2 genomic sequence was amplified in sections
starting with the left most primer 5°-
ggcttetggtGCATGCggcttaccagagg-3’ containing
an Sphl site. The right most primer 5°-
gataaaatcgaC CGGtcgtccattc abolishes the stop
codon and contains an Agel site. The Sphl/Agel
fragment was ligated into pPD95,75.

pEB21

mig-24pro::pgn-41A
cDNA

pgn-41 cDNA was amplified in fragments from
cDNA libraries generated from N2 animals.
Endogenous restriction sites were used to ligate
amplicons. The mig-24 pro was cloned as an
Notl/Fsel fragment into the pSM vector (Cori
Bargmann).

pEB22

mig-24pro::pqn-41A
cDNA::GFP

pEB13 (pgn-41(2.5kb) pro::F53A3.4cDNA::GFP in
pPD95.75, Addgene) was digested with BglIl/Apal
to generate a fragment containing the last two pgn-
41 exons with the stop codon abolished in frame
with GFP —unc-54 3°’UTR. This was then ligated
into pEB21.

pEB24

mig-24pro::pgn-41B
cDNA::GFP

pEB13 (pgn-41(2.5kb) pro::F53A3.4cDNA::GFP in
pPD95.75, Addgene) was digested with BglIl/Apal
to generate a fragment containing the last two pgn-
41 exons with the stop codon abolished in frame
with GFP —unc-54 3°’UTR. This was then ligated
into pEB23.

pEB27

mig-24pro::pgn-41C
exons 4 and 5

The cDNA sequence was amplified as a Kpnl/BglII
fragment from pEB26 using primers
ccagCTCCAACcggtAATGGAACG and
CAGACGAATAAGATCTTGGCCATTCGGTC.
The amplicon was then ligated back into Kpnl/Bglll
digested pEB26.

pEB28

mig-24pro::pgn-41 C
cDNA::GFP

pEB13 (pgn-41(2.5kb) pro::F53A3.4cDNA::GFP in
pPD95.75, Addgene) was digested with BglIl/Apal
to generate a fragment containing the last two pgn-
41 exons with the stop codon abolished in frame
with GFP —unc-54 3°’UTR. This was then ligated
into pEB26.

pEB30

lag-2p::mCherry

An Agel/Spel fragment containing mCherry::unc-
54 3°UTR from the mig-24p::mCherry plasmid was
ligated into Agel/Spel digested lag-2p::YFP
plasmid (gift from Mihoko Kato and Paul
Sternberg, (51)).

pEB32

mig-24pro::pgn-41C

The cDNA C sequence was amplified as a
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cDNA Kpnl/BgllI fragment from pEB23 (mig-24pro::pgn-
41B cDNA). This was then ligated to Kpnl/BglII
digested pEBI19 (mig-24pro::F53A3.4 cDNA,
pPD95.75, Addgene) between the mig-24 promoter
and the second to last exon of pgn-41. This created
pEB26, which contains a Q66H mutation in the
cDNA. pEB32 contains the corrected WT cDNA
sequence, and behaves the same as pEB26.

pEB33 mig-24 pro::pgn- The cDNA sequence was amplified as a Nsil/Sacll
41BApolyQ fragment from pEB23 using primers
gtcGCTGGAGTGGAAtgcaTGTAAAAATTG and
cggaaattCCgCgGattgtc ACGATTGTTGATGTTGC
GAC. The amplicon was ligated into mig-24p::1-
4495 cDNA in pSM (Derived from pPD95.75,
Addgene) using Nsil/Sacll.

pEB34 mig-24 pro::pgn- The deletion in PQN-41C coiled-coil domains 1
41CA 33-139aa and 2 was generated using PCR splicing
(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html).

The amplicon was ligated into pEB26 as a

Kpnl/EcoRI fragment.
pEB35 mig-24 pro:.pgn- The deletion in PQN-41C coiled-coil domains 1
41CA 151-277aa and 2 was generated using PCR splicing

(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html).
The amplicon was ligated into pEB26 as a

Kpnl/EcoRI fragment.
pEB36 mig-24pro::;pqn-41CA | The deletion in PQN-41C coiled-coil domains 1
286-397aa and 2 was generated using PCR splicing

(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html).

The amplicon was ligated into pEB26 as a
Kpnl/EcoRI fragment.

pEB37 cdh-3pro::pgn-41C The cdh-3 promoter was amplified from N2
genomic DNA as a BamHI/Kpnl fragment using
primers gaagctttttggtagGgAtCctgtaatttttg and
gaacaacaacggTACcgagacctctaattgtttc. The
amplicon was ligated into pEB32.

pEB39 mig-24pro::;pqn-41C | Two proline substitutions were introduced into the
coiled coil defective middle of PQN-41 C coiled coil domains 2, 4, and 6
using a modified PCR splicing strategy. Using
pEB32 as the template, four PCR reactions were
performed using the following primer sets:
tggcgGTACCCATGGCGGCTGCAATAAATG
and
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CTGTTCTCTTTGCgGTTGTTGTgGTTGTTGTT
GCAG;
CTGCAACAACAACCACAACAACCGCAAAGA
GAACAG and
GTGCCTGCGCCTGTGgCTGAGCAgGTGCCTG
CTGTACCTG;
CAGGTACAGCAGGCACCTGCTCAGcCACAG
GCGCAGGCAC and
GAGCTTGAGCCTGGGgGGCTGCTGgGGCGG
CCTGTTGCTG;

CAGCAACAGGCCGCCcCAGCAGCCeCCCAG
GCTCAAGCTC and
CTCAGTTGGAATTCATCGTCCATTC. The
individual PCR reactions were gel extracted and
used as the template for a final round of PCR using
the first and last primers listed above. This
produced an amplicon flanked by Kpnl/EcoRI sites
that was then ligated back into pEB32.

pEB40

mig-24pro::pgn-41C
AM1-A27aa

The deletion in PQN-41C conserved domain was
generated using PCR splicing
(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html). The final amplicon was ligated
into pEB32 as a Kpnl/BgllI fragment.

pEB41

mig-24pro::pgn-41C
AA80-V98aa

The deletion in PQN-41C conserved domain was
generated using PCR splicing
(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html). The final amplicon was ligated
into pEB32 as a Kpnl/BglII fragment.

pEB42

mig-24pro::pgn-41C
AQ417-R427aa

The deletion in PQN-41C conserved domain was
generated using PCR splicing
(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html). The final amplicon was ligated
into pEB32 as a Bglll/EcoRI fragment.

pEB43

mig-24pro::pqn-41B
A263-440aa

The deletion in PQN-41B N terminal coiled coil
region 1 was generated using PCR splicing
(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html). The final amplicon was ligated
into pEB38 as an EcoRV/Nsil fragment.

pEB44

mig-24pro::pqn-41B
A683-892aa

The deletion in PQN-41B N terminal coiled coil
region 2 was generated using PCR splicing
(http://www.methods.info/Methods/Mutagenesis/P
CR_splicing.html). The final amplicon was ligated
into pEB38 as an EcoRV/Nisil fragment.

lin-48 pro::sek-1
cDNA::SL2:mCherry

lin-48 promoter was amplified from N2 genomic
DNA using primers 5-
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gaaaatatggcCGgCClttttgatgatg and 5°-
caatcagcgCTagccatacccgtgaate, and inserted into
pSM-SL2-mCherry vector (Cori Bargmann) as a
Fsel/Nhel fragment. sek-1 cDNA was amplified
from pEB16 using primers 5’-

aatggcgGTegacatct ATGGAGCGAAAAG and 5-
ATTCGGCggtaCCGATGCtcaTCGTCGCCAAAC,
and ligated into vector as a Sall/Kpnl fragment.

mig-24 pro::sek-1 The mig-24 promoter was amplified from mig-
cDNA::SL2:mCherry | 24p::mCherry construct using primers 5’-
GTCGACTCTAGAGGccggcctatcagttatc and 5°-
ctACCGGgctagccattttaataaaattgtgtaag. The
Fsel/Nhel fragment was then ligated into digested
lin-48pro::sek-1 cDNA::SL2-mCherry construct.

mig-24pro::rde-1 The mig-24 promoter was ligated into pSM-SL2-
cDNA::SL2::mCherry | mCherry vector as a BamHI/Kpnl fragment. The
rde-1 cDNA was amplified in fragments from
cDNA isolated from N2 animals. The full cDNA
was ligated as a Kpnl/Kpnl fragment. (gift from
Maxime Kinet).

1in-29(n333) sequencing

Genomic DNA was purified from /in-29(n333); qls56 him-5(e1490) animals.
Primer sets were designed within intronic sequences to amplify each exon including
splice donor/acceptor sites. In /in-29(n333) mutants, the splice acceptor of exon 5 was
found to have a G to A mutation at the conserved splice acceptor site.

pqn-41 transcripts

Structures of the pgn-41A and B transcripts were suggested by Wormbase
(www.wormbase.org) predictions and verified using RT PCR. pgn-41C structure was
suggested by RNAseq experiments (54, 55) and confirmed by PCR. All three transcripts
are trans-spliced to the SL1 spliced leader.

pqn-41C ectopic expression

pqn-41C was expressed in the distal tip cell using the mig-24 promoter (pEB32).
Expression in the anchor cell was induced using a cdh-3 promoter fragment (56) in
plasmid pEB37. In both cases defects in the presence of cells as well as egg-laying
defects were examined and none were found.

Cell Survival Assay

Late L4-stage males were defined by having maximal tail retraction completely to
the base of the tail taper. Two hours from this stage was defined as a zero-hour adult
male. Linker cell death was scored at various time points after this stage, and was
recorded if both fluorescence and DIC microscopy revealed either the complete absence
of a GFP-marked linker cell, or a linker cell with a corpse morphology characterized by
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cell rounding, cytoplasmic volume reduction, nuclear envelope breakdown, or large-scale
blebbing. Extra cells in the anterior pharynx were counted by DIC microscopy (57).

Scoring pqn-41 expression

0-2 hour adult /in-29 or sek-1 mutant males containing the nsEx3131 transgene
were scored for the presence of a GFP expressing linker cell in the cloacal region or
along the linker cell migration path. The fraction of animals expressing GFP was then
divided by the fraction of animals with surviving linker cells displayed in Fig. 4B.

Light microscopy

Linker cell death scoring and GFP expression patterns were analyzed by
conventional fluorescence microscopy using an Axioplan II compound microscope
(Zeiss) equipped with an AxioCam CCD camera (Zeiss). Images were acquired and
analyzed using AxioVision (Zeiss). Alternatively, images were acquired using
DeltaVision Image Restoration Microscope (Applied Precision) equipped with a
Photometrics CoolSnap CCD camera (Roper Scientific). Acquisition, deconvolution, and
analysis of DeltaVision images were performed with Softworx (Applied Precision).

Electron Microscopy

Two to three hour adult males of the genotype pgn-41(ns294) 111; qls56 him-
5(e1490) V with surviving linker cells were first imaged using an Axioplan II compound
microscope (Zeiss) to record the position of the linker cell. Animals were then fixed,
stained, embedded in resin, and serially sectioned using standard methods (58). Images
were taken with a FEI Technai G2 Spirit BioTwin transmission electron microscope with
a Gatan 4K X 4K digital camera.

Statisitcal methods
All comparisons employed chi-squared statistics.
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fig. S1. pgn-41 is not required for linker cell migration or C. elegans sex determination.
(A) Males of the indicated genotypes were assessed for linker cell migration defects.
Number of migration defective cells/total number of surviving linker cells (nhr-67, pgn-
41) or total animals observed (wild type). nhr-67(RNAI) is a positive control (57). (B)
Chromosomally XX animals of the genotype tra-2(ar221ts); xol-1(y9); mig-24
promoter::GFP (integrated transgene) were grown at 25° to promote male development
(59), and the proportion of animals with visible linker cells were examined at the
indicated time points (n>50 for each time point). The observed kinetics match those
previously described for XO males (8), indicating that the linker cell dies normally in
these masculinized XX hermaphrodites despite other morphological features, such as tail
structure, that do not fully transform to the male pattern. (C, D) Male and hermaphrodite
pqn-41(ns294) animals, respectively. Note full sexual differentiation of both tail soma
(black arrow), gonad (white arrow), and mating structures (asterisks). Scale bar, 50
microns. (E) Table showing a perfect correlation between gonadal and somatic sex in
pqn-41(ns294) mutants, indicative of no defects in sex determination.
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fig. S2. EM of surviving linker cell in Fig. 1D. (A) Enlargement of dashed box in Fig.
ID. ER, endoplasmic reticulum. Arrow points to where the outer nuclear membrane is
abnormally expanded. (B) Swollen and lightly staining mitochondria (arrows) in linker

cell shown in Fig. 1D. Asterisks, normal mitochondria in neighboring cell. Scale bars in
(A, B), 2 um.

11
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A MKPKKLQQGSDSAHTSDTESTKTCEKTAKKLPKTQKKLQKSKKTAKKRRDEE FRIFFPPPRVNPPTKTPFRLHNTNCEHRDW
TSDNLCLPKYASYQTGWRISHKSMKSLVLMDKRRAEWLKMHNLYRKSETRKATWT TERKGAKKLDEMPGNWRTSREKRNSLD
LQEFPIKIEQFPVKKREKTAKNINRKIAVLYVCFKRKTTTKNRYLRRPKTKNQRKIEFRRPKTSKNRIKLRLIKIRPRVRFIDRKL
IRRRECLVDPQNLISWIRRQEKAENLRIFQEKQKRLQEQQE DAEWEQLEAQRANSDDVIEDKSLKMEYLDIVKHKNRNIIVY
EKKGCETQGMEY LLVLESEFNEQQTVRYDRQNVDHICFRKMRDEKKETVEFVSSLPFYKPKPPKINYPTNAGEYEEQETELER
RRLEEEERDQNDKKLETEDRNHFKKNQKRRNLTKTYRNSTRRE TWRRRRGRNS TENSDSESSSEASEPPDDVITKEEPTDFS
EENLVKKEETCDDFEHKIEEDVKPDVYKLNINKMISPPSPPPKKGILLKKDTKKRGEKRVKTVQFKLTKRQKLAKLWKPPTH
QIRQILRAAADAKGYKIRSGRSRYNEKIRRLNHFNGQKLGFKSAPTRIDTFEKGIDVREQPIPFVEEFVLDDHALLTFASFD
DLKAYEEAYSLRQQDVIDEFWRHQCLKNIESFEKDDVERAEMRHE IEKLETEMRCQKMNENAE LDQENIESFETAGRQIENT
TKNTGDCAFETLEEYFSISADFEKNEELRAEEEQLETEMEHWERELEEMIDVIKREFSTENLMMRMLKNRHLLTMRLVVSGT
NQSSTDRENLLRKTKKLLEELKNLRTAAQNRLKTIDFDRNERMLYRLRNAKQKAAKRARKLVKNWKIKS AQNIKSGVLKINGHHY
INHDVVVKKWKVELKTEGNGESPRKVVRKAKETSGYWDFRWNFTKFAWKSDYLKRKQRFGKHSARRATAFGVKIEETHSETE
FEKLLSEYVEVEESDIQNQVSIDRKIDIITKIKTITLNDVRAKALIEMQKQIVEKAVDLMIKSRLDEAAREHQEWLQSDECKR
ENQLRQRQQNFFDLTSSSPATSSFVTTQVVVPRLTHLEERLIELGVEHEVVQHTQRLQSE FENYHHLQQQHNHQNFQQQQQG
NHDFVTPKAPQDKQKRKYTIKRICAL LNTAVASSSDQNGMKSPGSSAMENAAAAAQAAQAQAQATTPTPTVNLPDVVATAAAAA
TAQPSAAAAKRPASETPPNGLPKVPRHDEQQQQQNNAHS TYMGAREGF LAMNPSLAGHYFPAS SASTSGAPGAHSATTSGGA
GLIGISAATQAQLQAQQAAQAAAAAAAAAAAQATQSLYINTSVAPGAQAASAQGGGGGQVVAAQQSHQAATAEAIRLLQGLP
PFLTAGSGSAGIPYFSALSQQLNQLGAAAPGAPGTLNGLQFPANAALGPQLAGAALLAAVPGAQQQIKRPGRWSGMHVKIAT
DIOQNYKQSQEKKLPTOIQSTSSSSAAPASAPAPRAGAGAGATSSSAASSSTSTPSSSSHHKIKSSPPHHQKSAAPSAPPROVT
SAHAPPPPASSAPTVGAPRQGATPQAAPATTPATTSQHQQS IfIF SQF PPPQLSGGAA TAGNPOLIIUUE I NE A TREVA] TPk
[PYVRPPSAATQQQPVSVTSQASQQQUQQFQQIQQQRAAA T AAAAAAT SQQAPPAQASQATSAAQRIATSHGLQPAQVTOLVIQ
114QQYL 1 LQQQQGQQQQAEQQQQQQL QAQQVQQQL I AHLLEGGHQAQQAAPAVSVAQQRQQQVAAAAAAQQQHNAQLQNIMTL
|TJ\LQQQ~1£RGMAG AAASLPYQLQLAQAQAQAQAQQAPPT SQPSQAATPQQQQQLDL TRQMEAVAQVQQAHAQAQAQAQAQA
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fig. S3. PQN-41 is a polyglutamine-repeat protein. (A) PQN-41B sequence, all depicted
amino acids. PQN-41A, all amino acids except those that are surrounded by black box
outline. PQN-41C, amino acids highlighted in yellow. Glutamines are in red. (B)
Alignment of PQN-41C among the indicated related nematodes. Boxed amino acids,
highly conserved domains.
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fig. S4. The average inter-glutamine distance in PQN-41C is the second smallest in the
predicted C. elegans proteome. Plot of the number of predicted protein sequences in the
C. elegans genome containing a given average inter-Q distance. The number of proteins
with an average inter-Q distance between two consecutive powers of 1.1 was determined
using a custom perl script, and plotted. The log base of 1.1 was used to give the tightest
fit to the log-normal distribution.
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fig. SS5. PQN-41C is predicted to contain coiled-coil domains. (A) An analysis of coiled-
coil formation probability using the COILS algorithm (60), and a sliding window of 28
amino acids. (B) Annotation of predicted coiled-coil domains in the PQN-41C protein
sequence. Green boxes, predicted coiled-coil domains. Coil-breaking proline residues
are in red. Coil-breaking prolines introduced by in vitro mutagenesis (see text) and
targeted to the a and d sites within coils 2, 4, and 6 are in blue.
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fig. S6. Structure/function dissection of PQN-41. (A) Table showing the effects of
expressing wild-type and mutant versions of PQN-41C on linker cell survival in pgn-
41(ns294) mutants. *, significantly different from pgn-41(ns294), p<0.01. Numbers are
averages of the means = SD of two or more independent lines, except for CC1/2 deletion,
where only one line was obtained, and error is SEM. n>50 for each line. Yellow,
predicted coiled-coil. Gray, regions conserved in nematodes. Red, linker domains
between coiled coils. Coil-breaking Proline mutations are indicated in blue. CC, coiled
coil. CD, conserved domain. (B) Table showing the effects of expressing wild-type and
mutant versions of pgn-41A and B on linker cell survival in wild-type or pgn-41(ns294)
animals. Color codes are as in Fig. 2C. *, significantly different from pgn-41(ns294),
p<0.01. **  significantly different from wild type, p<0.01. Numbers are averages of the
means + SD of two or more independent lines, except for pgn-41B expression in wild
type where only one line was scored and error is SEM. n>50 for each line.
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fig. S7. PQN-41B is also predicted to contain coiled-coil domains. (A) An analysis of
coiled-coil formation probability of PQN-41B N-terminal sequences using the COILS
algorithm (60), and a sliding window of 28 amino acids. (B) Annotation of predicted
coiled-coil domains (Green) in the PQN-41B N-terminal protein sequence.
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fig. S8. A 2.5 kb pgn-41::GFP reporter is expressed nearly exclusively in the linker cell
as the cell begins to die. (A) Same as Fig. 3A except using the 2.5 kb pgn-41::GFP
reporter in Fig. 2A. (B) Same as (A) except fluorescence image only. Scale bars, 10 pm.
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fig. S9. Mutations in sek-1 block linker cell death. (A) Merged DIC and fluorescence
image showing linker cell (arrow) survival in a young adult male of the indicated
genotype. (B) Histogram depicting linker cell survival in the indicated strains. Number

within bars, exact percentages. Error bars, SEM. n=87 except for /in-29; sek-1 where
n=28.
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lin-29(n333)
fig. S10. Transcription of pgn-41, lin-29, and sek-1 in mutant backgrounds. (A)
Fluorescence image of a young adult male with a surviving linker cell (arrow). The 2.5
kb pgn-41::GFP reporter was used. (B,C) Merged DIC and fluorescence image of young
adult males of indicated genotypes and carrying indicated GFP transgenes. Scale bars, 5
pum. Expression of pgn-41 and sek-1 GFP reporters in wild-type animals is shown in the
main Figures 3 and 4; /in-29 GFP reporter in wild-type was previously reported (§).
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fig. S11. Electron micrograph of a surviving linker cell in a /in-29(n333) mutant.
Although some swelling of the ER is evident (white arrows), the nuclear envelope
remains generally intact and is not as severely dilated as in pgn-41(ns294) mutants. Note
that mild crenellation of the nucleus is evident. MT, mitochondria. nl, nucleolus.
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fig. S12. p400 and MED12 have polyglutamine tails. Graphs depict the fraction of amino
acids that are glutamine in a 200 amino-acid sliding window initiating at the amino acid
position indicated. (A) mouse p400. (B) mouse MED12. (C) C. elegans PQN-41B.
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fig. S13. Electron micrographs of cells in patients, mouse, and cell culture models of
polyQ disease demonstrating nuclear indentations. (A) Mouse model of Huntington’s
disease (HD) (67). Small arrows, nuclear indentations. (B) HD patient biopsy (62).
Arrow, nuclear indentation. (C) Mouse model of SCA17 (63). Arrow, nuclear
indentation. (D) DRPLA patient biopsy (64). Large arrows, nuclear indentation. (E) Cell
culture model of SCA7 (65). Arrows, nuclear indentation. Images obtained by
permission from the indicated references.
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table S1. The unfolded protein response (UPR) is not required for
linker cell death. Mutations in the indicated genes block the three
known pathways leading to the UPR. All strains contain g/s56, an
integrated GFP marker for the linker cell and /im-5(e1490).
Linker cell survival was scored 2-4 hours after the L4-adult
transition. In none of these strains was precocious linker cell
death observed.

% linker cell

Genotype survival n

ire-1(v33) 0 16
xbp-1(zcl2) 0 64
pek-1(0k275) 4 104
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table S2. p38 MAP kinase pathway kinases other than sek-/ do not affect linker cell
death. All strains contain g/s56, an integrated GFP marker for the linker cell and either
him-8(el489) or him-5(e1490). The mpk-1 allele was linked to the unc-32(el89)
mutation. Linker cell survival was scored 2-4 hours after the L4-adult transition. n>86 for

all strains.

Genotype

Process

% linker cell

survival
tol-1(nr2033) Innate immunity 1
p38 pathway kinases
nsy-1(ky397) Innate immunity, neuronal differentiation 1
nsy-1(ky542) Innate immunity, neuronal differentiation 2
sek-1(km4) Innate immunity, neuronal differentiation 20
sek-1(agl) Innate immunity, neuronal differentiation 49
pmk-1(km25) Innate immunity 1
pmk-3(0k169) Synaptic func;:g;,s I;:l:;(())rrlle;le regeneration, 6
Other MAPK pathway
kinases
mpk-1(kul) Ras signaling 0
mtk-1(0k1382) Unknown 0
Jkk-1(km2) Synaptic function, stress response 2
mek-1(ks54) Stress response 1
mbkk-4(ju91) Synaptic function 0
Jnk-1(gk7) Synaptic function, stress response 0
kgb-1(km21) Stress response, neuronal regeneration 4
kgb-2(gk361) Neuronal regeneration 2
dlk-1(tm4024) Synaptic function, neuronal regeneration 2
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