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Fig. S1. ExCa at different stages in wildtype, exc-4(rf), and exc-4(0) animals, and exc-4(0) rescue by integrated
multi-copy transgenes. Nomarski and CFP fluorescence micrographs highlighting the ExCa in (A) wildtype, (B)
exc-4(rf), and (C) exc-4(0) at late (~3-fold) embryonic, first larval (L1), and L4 stages. Note that although areas of lumen
enlargement (orange arrows) are seen in exc-4(rf), we cannot conclude that these represent bona-fide cysts (red arrows)
as seen in exc-4(0), and in many other ExCa mutants (Buechner et al., 1999; Fujita et al., 2003; Gobel et al., 2004; Tong
and Buechner, 2008; Mattingly and Buechner, 2011; Khan et al., 2013; Kolotuev et al., 2013; Armenti et al., 2014; Lant
et al., 2015; Grussendorf et al., 2016; Al-Hashimi et al., 2018; Yang et al., 2020; Abrams and Nance, 2021), or whether
these focal areas of lumen growth represent a failure to properly “resolve” varicosities/pearls (white arrows) seen during
normal ExCa tubulogenesis and in response to physiological stresses (Hahn-Windgassen and Van Gilst, 2009; Khan et
al., 2013; Kolotuev et al., 2013; Armenti et al., 2014). Scale bars = 10pum in embryo panels, and 50um in larval stage
panels. Quantifying the rescue of exc-4(0) outgrowth (D) and cystic (E) phenotypes by multi-copy integrated transgenes
expressing EXC-4::Venus (arls190) or EXC-4“2*7Y::Venus (vasls2).
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C. elegans {GST-44} T|P S ENI N[T IDWY]F TKNYKGQ V[P| VIPE[YLDDIFPETK] 106
GST-Q D. melanogaster {GstO3} V[P[YJH S V Y|T EWLV E[V]s P[LJLK V|P| I TAE[YLDDKYPENP[E| 103
proteins D. rerio {Gsto1} TINI D:jEILEKNPGLVP ITCE[YLDEVYPEKKIL| 101
H. sapiens {GSTO1} S - 1 R|I[Y|SMR F| IN[I EWE|[FKKNPFGLVP| ITCE[YLDEAYPGKKIL| 102
E. coli {SspA} V|- MT|L|E[S 1|E HV| QDL IDLINPNQS V[P| IIME[YLDERFPHPP|L| 88
Bacteria Y. pestis {SspA} V|- MT|L|E[S E QV| QDL IDLNPYRT V[P| I IME[YLDERFPHPP[L| 88
Algae & C. reinhardtii {A8IOK9} ! D - PAKNKL ME Y| AWL L E|A[S -[GIGK VIP| IVVHLEKQHP- -EPS 91
A. thaliana {DHAR1} 3 1[T] AlVGAPDH[L HL|T QWF|L DII|S PQGK VIP| IVGILEEKYP- -DPP 88
Plant K. nitens {AOA1Y1HW52} 3] ;|VGNPDII KL|I QWY|L E|A|N PAJGK VI|P| ITKKLEQDYP- -EPS 88
Choano- M. brevicolis {38968} 104 L RPD 1P|L E S|F|L K|L|TK/AIG S A[PIVMRCGDLVLTDSEDIVQ- - - - - - - - WVAAQQEQQAQSST 197
flagellates "\ S- fosetta{PTSG 07271} 5 TFH[T DWFMDMA P|A|G L V|P| IIDYLEKHTP-AEPD %
 A. queenslandica{AOA1X7VO0I6} 7 VL|T EWY[KK[LIN P|AG S V|P| ILEYLDETYPEPPLN 9
N. vectensis {A7S5C0} 9 STL C QSL ViDL LHF|P YRNFPTLTLDNGAEVLDDLDE I ERR - FEKLSETNQSIPKLACTNKDI[E 108
C. elegans (EXL-1) 4 SNNVHPEG VIK|T| QEFKNTGLRRMPGII]SAEESG “ETQTF- - - - - - - ETEDD|ILDFLEYLKPE 9
D. pulex {E9FUY4} 12 n KRYGA V[T VNL, IFHQR[GILRRVPSLEDGDQV- - - - IDNID- - - - - - - DIVSYLENKFPDN - RL[E 101
L. unguis {AOA1S31155) 25 | RID YGA V(T[T PD[F[KK[L|S SR - LPV[VVHGNEV- - - -LCDSD- - - - - - - DIVQYIDDNFPNP - DI 112
C. telleta {R7V193} 2] ,K _ G| IY[T[LVINMAK P[PADIFRK[L(S SR - LPV[VVHDSEI - - - -LSDPD- - - - - - - EMIQYIDEHEPFP - PM 109
T. adhaerens {56715} 3 l6ID Lvlﬂé E S|F[TK|L[GSNTVPVMQDGDVILTDSND - - - - - - - - - ISCYL[DEKYQP T - - KA[E] 87
S. purpuratus (AOA7M7PIB2) 92 AD IV|c[E IAE[YKK|I[LGNTP PP[VIEVDPNVQTDNALGKVIDDI IKAEHYL[ESVFQP - - - - K[L| 183
B. belcheri {AOA6P4ZZ49} 16 [GID V|T|T LFKALPSLGTKIPLEMIEGEEPITDVTE - - - - - - - MANYL[EKRLAP PMYPK|L| 105
C. intestinalis {CLIC1} 104 l6lc V|T|T PQIND[AJLGS VNP[P[VIL|I FNG - EMLTDNQK - - - - - - - CEDYI|EJAELYPPRYPRIL| 192
Metazoan 5 p_rerio {Clict) 8 IGIN| V(T|T E1LKD[L|APGAQPPFELYGT - EVKTDTNK - - - - - - - IEEFLE[ETLCPPKYPR]L| 9%
H. sapiens {CLIC1} 8 IGIN] V|T|T ETVQK|L|CP|GIGQL[P|FIL[LYGT - EVHTDTNK - - - - - - - IEEFL|E[AVLCP PRYPKIL| 9%
D. rerio {Clic4} 18 GIN| V|T|T IADLQN|L|A P|G|TH P|P[F[I[TFNG - EVKTDVNK - - - - - - - IEEYL|EDILCPPKYSKIL| 106
H. sapiens {CLIC4} 19 IGIN V|T|T IADLQN|L|A P|G|THP|P[F|I|TFNS - EVKTDVNK - - - - - - - IEEFL|EEVLCPPKYLKIL| 107
D. rerio {Clic5a} 12 IGIN| V|T|T IADLHN|L|AP|G|T P P|P[FJE[T FNG - EVRTDVNK - - - - - - - IEEFL[E[EMLAPPKYPKIL| 100
H. sapiens {CLIC5a} 16 IGIN| V|T|T IADLHN|L|A P|G|TH P[P|F|L|IT FNG - DVKTDVNK - - - - - - - IEEFLEETLTPEKYPKIL| 104
H. robusta {T1FN23} 10 6(G T|T[ELPEiS PJPKEVLDF SN|GKR FP[LVKVQKGVDGKGRD I SGLECDTVDE I EALIERFNCDDMR 110
C. gigas {K1R973} 21 Gls F(TV|QA] QT[FIKDKVQSKIFP[VV[IGTSG- -KNVNGQD - - - - - - - ISGIVYDNYDDVEKFF 118
D. melanogaster {Clic} 2 Glal T[LVDM P D) RTNFEATHPPI IDNG- -LAILENEK- - - - - - - IERHIMKNIPGG—YN 114
L C. elegans {EXC-4} 19 <IN IVK[EVINVIN; - - SEA[FKKNFL AQPPI IEEEKELTYTDNRE - - - - - - - IEGRIFHLAKEFNVP[L| 111
! $.G_CI vV TV . I KPp P L L
C. elegans {GST-44} 107 [L]P SDPYEKVQQKL[IJL E AF[Y]SGT S S PGFV]
GST-Q D. melanogaster {GstO3} 104 [LIPKDPLKRAQDKI[L[LE P Y[E[GIGNK - PG F|V|
proteins D. rerio {Gsto1} 102 ILlPFDPFERAQQRML|L ET] KFGGDS - IEMI
H. sapiens {GSTO1} 103 [L[PDDPYEKACQKMILEL TF[EGIGN S - 1|[SM T
Bacteria {E.ooli_(SspA) 89 MPVYPVARGESRLYMH] KPFLSDEF L|V|
Y. pestis {SspA} 8 MPVYPVARGS SRLMMH| ‘ TPEFMS EEF LX
Algae & C. reinhardtii {A8IOK9} 92 [LJQS SVP - AE[TGAKLIF|PNERA I[LJIGPAAEVADK - - - - - - - — - - - - - - - - L QGPLEG] QHLNGI
A. thaliana {DHAR1} 89 ILIKTPAEFAS S NI -SKDSNDGS - - - - - - - - - - - - - - - - GP|E|I|A] ERV N
Plant K. nitens {AOATYTHW52} 89 [L[VTPPEKAS|VG[SK|1 _SDDPQDGK - - <« - - - =« - oo GPFI Ile
Choano- M. brevicolis {38968} 198 |IJKS SEKA S QVGIG S[L[E PAAKN MNKDEGKEAELR 77777777777777777 EGP A
ﬂage”ates{s.rosetta{PTSGfO7271) 91 [LJTCTDV SMD) CKDIMSV NEEANKESKK 777777777777777 KVA HP L DHP R|A|
(— A. queenslandica {AOA1X7V0I6} 95 PPNNKEAEE|A TGQI NTDDSKDSEL ——————————————— WSMEECSDS F[A
N. vectensis {A7S5C0} 109 SFVNVGPGS YQK NY IKNRAQEGEE ——————————————— EGNQMFL|S ESPGLDP)
C. elegans (EXL-1) 9% RGDDEEAEN]| RQEARFVRIDVEHRDT - - - - - - -~ -~~~ — - ] @E [¥] EQETK[FL(I S DD V[IH[T
D. pulex {E9FUY4} 102 YDNPKADS Al FSRFCFYIKQISKDST- - - - - - oo-oo oo QRGS I[FLICENN L{T[H[L|
L. unguis {AOA1S31155} 113 RFNNQKAAE|A C[F|sKFS|F| BUSLEBT - 6 v v v mis o = i o o i GAKTE[FL|CCNE L[SHIL|
C. telleta {R7V193} 110 A]YDNAKAAE| [V[E SKFSFNVSNSSA 77777777777777777777 L] SSPHQFLICRDVPDHL
T. adhaerens {56715} 8 ETNDENCKS I|F|GIKIE[AATMK|- - -NKDSA- - - - - - - - - - - - LDGSLRQK[L[LDELRNENE[FE[S SRSN- - - - - - - - - - - - - .- . S[GID S LEH P
S. purpuratus (AOA7M7PIB2) 184 ENANPAAKK| I|E|S|KIFS]A L = CNQDKS - - - - - - - - - - KKEVL INRLRGE KDTSEDDE - - - - - - - - - - L S PGRC[EE/GDN F[T|L[A]
B. belcheri {AOA6P4ZZ49} 106 EPNNPEAAMA 1|F|QK]| - - -NNNKD- - -----ooo - DTERLQRAL|Y IS IRRLPDEIDDDTDENS - - PS ERK[FL|D|GINQL(T[H P
C. intestinalis {CLIC1} 193 [AJCKHSN SN TV 1|F|AIK] KREGMRKKJLDQA] LEPLDDEIDEGADDNEPQRS SRK[E[I|D|GIN TM|I[4]
Metazoan 5 p_rerio {Clict} 97 CNPESNT[A IVIE|S[K] MNDNL EK[GLLK A SSPLPDEIDENSADDV- 1SS TRS|FEDIGQE L{E|L|A|
H. sapiens {CLIC1} o7 LNPESNTA I[F[AK] LNDNL EK[GIL|LK A TSPLPEEVDETSAEDE - GVS QRK|FLD|GNE LIT|L|A|
D. rerio {Clic4} 107 RHPESNT[A 1|F|AIK| ANEALER[GLILKT CSPLPDEIDHNSMEEV-KAS TRMEFLD|G[E EMT|L{A
H. sapiens {CLIC4} 108 SPKHPESNT|A I|F|AK] ANEALER[GLILKT INSPLPDEIDENSMEDI - KF S TRK|EL[D|G|N EMT|L|A|
D. rerio {Clic5a} 101 KNKE SNT[A 1|F|AIKI ANASLEK|GILILK V| INSPLPDEIDAESTGEE - KS S NRK|YLD|G|NE L|E[L|A|
H. sapiens {CLIC5a} 105 KHRE SNTJA 1|Es[K] NNAALER|GE|TKA INTPLPEEIDANTCGED - KGS RRKELD|G[DE L{E[L|A|
H. robusta {T1FN23} M SRKESAAEATAEKT|F[EDLYMKFCQFLKSQNND - - - - - - - - - - - - - - PTS[I|IKV| ASNDG - - - - - - - - - - - - - .- - E TIGINNMAKIA|
C. gigas {K1R973} 14 ESINENCP RTQQANVASLKIFEDLYKN- - - - - - - FNLFLQNPSSDGKKELSDERNENSHLE - - - - - - - - - - - - - - _ MQET P[EL|TIG|P S L AY|A|
D. melanogaster {Clic} 15 FVQDKE VAT| YVRILKLMLJVKKDEAKN - - - - - - - oo .- ... NALLL SHLRKINDHL(S - - - - - - - - - - - -~ - - - ARNTR|EL[T|G|D TMC CF|
L_ C. elegans {EXC-4} 12 FEKDPSAEK RN| KLKVEFDKGKKEPSRVEDLPAQIKVHYNRVCEQ 77777777777777777 ERK S R]Y|L[L|GIN SMIIE Y|
.FS . .. .L G T
C. elegans {GST-44} 185 SDNFPGPGYPK[L] VAAASQSTE GSCK!EYMKGLP YFDYGL
GST-Q D. melanogaster {GstO3} 176 - - -FNESRFPK|I KADS VQSFYAT PEQHANEFMWRTRKAGNANYDLLA - - - - - -« -« —— — .
proteins D. rerio {Gsto1} 181 L 1 [IMF S TETYMVF[YKS YMEGSP -NYDYGL
H. sapiens {GSTO1} 181 L AAMKEDPnVSALLTs@K@WQGFL LYLQNSPEACDYGL
E. coli {SspA} 165 [EJ L TR[VF[ER] LA[SJLTEAEREMRLGRIS - - - - - - - - - -« - oo oo oo oo
Bacteria {Y.pestis(SspA) 165 | LK G| 'VF[ER] LA LTEAEREMHLKTMRS - - - - -« « « — « «© ...
Algae & C. reinhardtii {A8I0K9} 163 |L LHK LKALPEWQHVDYGTEA[TAGWERH I KHAAAGTGHH
A. thaliana {DHAR1} 158 | VHN| L F|S L[D|S[F YVISGWAPKVNP - - -« oo mi i
Plant K. nitens {AOATY1HW52} 158 [L IVH[E] AA[TET LEVKGWLUAHDGVKKQT - - - -« — « — — —
Choano- M. brevicolis {38968} 269 (L LR G IG F| M|I QHW%EKRDQQ ————————————————————————————————————————
flagellates{s' rosetta {PTSG_07271} 162 L AlQ A A F| TLHSWAQKHKQQTHNHHHDGHHKH 7777777777777777777777777777 230
— A. queenslandica {AOA1X7V0I6} 166 [L| LK Q| IVF| ILKGWA,KYRK 777777777777777777777777777777777777777777 220
N. vectensis {A7S5C0} 185 |L 1E S[YEE S|GR ID{E[VIH F[Y[ORQAGMDDAEAMRKSNQVRE - - - - - - - - - - - oo 253
C. elegans (EXL-1) 161 |L VL DY LIK AlG Y] I[VILHWHELKDTPRLSAKDRAKLVREE-PVFSFSV- - - - - -- - - 238
D. pulex {E9FUY4} 167 L IWAIYL|{F A|AY| I|VIL HWIDRPQLGQMAYDEHKKLIQEP - PKRHSFDVPAVAALVNLE - - - - - - - - 254
L. unguis {AOA1S31155} 179 |L L LIANAY| E[I[YHWASKPELPRLSKDAS IMYGPETVPRYTFDVPIKQINGHW- - - - - - - - - 266
C. telleta {R7V193} 176 |L D I LHT|AY| [E[V[YHWLiSKPELPRLTKEKAIFYSTESS PRYAMDVPKGVKLQ - - - 261
T. adhaerens {56715} 159 |L ID| L LIK A|G F| VI|AG] KHLNGN - - - - - o o o o o o o o o oo oo ool 215
S. purpuratus (AOA7M7PIB2) 262 |L, G| \4 LD AWK W ENTRE VVMEK S - - - - - - -« - o = o o o o oo o o e e oo oo e oo oo 318
B. belcheri {AOA6P42Z49} 192 L E| LWRYLINAAY| E[EV|CLTWKKHMDS SAQMSRGNAVHVAPKAS - - - - - - - - - - _ 263
C. intestinalis {CLIC1} 284 [ E| 1|Y[RIYL{E T S]F| DIE[EV]Y F[Y{AGRKPKARS SKH- - - - - - - - - - == - - - - - — - - 345
Metazoan 5 p_rerio{Clict} 184 |1 s LWRIYLID A[A Y| EE[EY VAIV[SSVVKALK - - - - - - - o oo oo oo
H. sapiens {CLIC1} 184 L T| v| IzLSNAY EEIMELAIYBQVAKALK - - - - - oo
D. rerio {Clic4} 104 L E 1 LINNAY| KIE|L|E I AlY|4D VAKR LVK
H. sapiens {CLIC4} 195 L D IWRIYL{TNAY| K|E V|E 1 AJY[S'DVAKRLTK
D. rerio {Clic5a} 188 [L| E| IVWR|Y LIQN|A Y| RIE[E|E L A[Y|QD VAKRLGK
H. sapiens {CLIC5a} 192 L D LWRIYLK N|AY| SIE[IELAY[ADVAKRLSRS - - - - - - - - oo oo oo ool 251
H. robusta {T1FN23} 182 L E IWN|YLKHAY| RIE|X[T]T Q)Y[NNKASCQPQVPLGKS TLMGEERTFS IPDQKMKAYDHDDY - - - - - - - - 270
C. gigas {K1R973} 193 |L K IWD[YME RG Y| QID|E|[VK H[Y[EMRAAGKG IKGRP TLQKQTYTMSVPKRVP TTTVNGGGDGEG SNGMDE 289
D. melanogaster {Clic} 182 L E LWR|Y] YH‘@_YQ QD|E|INH[Y[KLQQS - LKMKKHEELETPTFTTYIPIDISE- - - - - - - - -« - - - - - 260
L C. elegans {EXC-4} 198 [LHHIRT IGL S LLG[FD ILWA[¥[T]L TAY] QD|E|1HH|[Y[KEQMN - LFTNQRETLQSPTKTHTIPEKVLSDIRVKGLAPDVNVH- - - 290
L YL ..

C- termlnal region in Fig. 2A

Fig. S2. Full-length GST-Q and CLIC protein alignments. (A) CLUSTALW alignment (see Methods) of full-length GST-
Q proteins from C. elegans, Drosophila, zebrafish, and humans (brown), and CLICs from bacteria (orange), plants and algae
(blue), choanoflagellate (purple), and metazoan (black). N- and C-terminal regions shown in Fig. 2 of the main text are boxed

in red and green, respectively
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99

99 I: E. coli {SspA}
Y. pestis {SspA}

C. elegans {GST-44}
60 D. melanogaster {GstO3}
9 D. rerio {Gsto1}
H. sapiens {GSTO1}

% C. reinhardtii {A8IOK9}
9 A. thaliana {DHAR1}

~GST-Q proteins

]—Bacterial CLICs

Algae and plant CLICs

K. nitens {AOA1Y1HW52}_|
o[ M. brevicolis {38968} |- Choanoflagellate CLICs Metazoan CLICs
[ S rosetta {PTSG_07271}_| Common name Phylum  |Sub-phylum/Class|Basal Clade|C-term Cys?
— A. queenslandica {AOA1X7V0I6} | Sponge Porifera Desmospongiae Porifera Yes
— N. vectensis {A7S5C0} Sea anemone Cnidaria Anthozoa Cnidaria Yes
93 C. elegans (EXL-1) C. elegans Nematoda Chromadorea Yes
EI_E D. pulex {E9FUY4} Water flea Arthropoda Crustacea Bilateria Yes
99[ L. unguis {AOA1S3II55} Brachiopod Brachiopoda  |Linguliformea Yes
o8 C. telleta {R7V193} Segmented worm| Annelida Polychaeta Yes
o T. adhaerens {56715} T. adhaerens Placozoa - Placozoa No
S. purpuratus (AOA7M7PIB2) | Sea urchin Echinodermata|Echinoidea No
B. belcheri {AOA6P42249} Amphioxus Cephalochordata No
C. intestinalis {CLIC1} Ascidian Tunicata Yes
ss D. rerio {Clic1} Zebrafish Yes
o H. sapiens {CLICT} Human Yes
- Chordata
D. rerio {Clic4} Zebrafish Yes
H. sapiens {CLIC4} Human vertebrata Bilateria Yes
D. rerio {Clic5a} Zebrafish Yes
H. sapiens {CLIC5a} Human Yes
7 H. robusta {T1FN23} Leech Annelida Clitellata Yes
9 C. gigas {K1R973} Oyster Mollusca Bivalvia No
AIQE D. melanogaster {Clic} Fruit fly Arthropoda Insecta Yes
C. elegans {EXC-4} C. elegans Nematoda Chromadorea Yes

Fig. S3. Phylogenetic tree of GST-Q and CLIC proteins. Proteins from each major branch labelled in colors
as described in Fig. 2A and Supplemental Fig. S2. Accepted names, or Genbank/Uniprot identifiers, are noted
for each protein. The tree was rooted (not shown) to the full-length protein sequence of yeast Gtt2p (Choi et al.,

1998; Ma et al., 2009), a functionally divergent GST. The % branch support shown at each branch point.
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A) Ga mutations that do not genetically interact with exc-4(rf) B) ExCa outgrowth in double and triple Go. mutants

Control (arls198) &l g
Control (arls198)
eaexc-4(rf) 12y o
gsa-1(act) egl-30(act) ’

egl-30(act) HE:
Activated gl-30(act

Gayg Control (arls201)’

egl-30(act) exc-4(rf) aill

090a-1(0) $E

Goo . N
goa-1(0) exc-4(rf) gsa-1(0)* egl-30(rf)
oar310dr-3(0) 4y gsa-1(0)*; gpa-12(0)

Go egl-30(r); gpa-12(0) T

r T T T T T

0 1 2 3 4 5

gsa-1(0)* strains include the extrachromosomal array vasEx51, which
carries the gsa-1(+) genomic region, which rescues gsa-1(0) lethality,
and glt-3p::mScarlet, which marks the ExCa. Only mScarlet(-) animals
were scored in the results presented above.

G(li

G(li

Fig. S4. Further genetic studies of Ga-encoding genes. (A) an activating mutation in egl-30/Ga ,, or loss-of-function
mutations in goa-1/Ga,, odr-3/Ga , gpa-4/Ge; , or gpa-16/Ge; , do not cause outgrowth defects on their own, nor do they
display genetic interactions with exc-4(rf). (B) combining gsa-/ and eg/-30 activating mutations, or gsa-1(0) (rescued for
lethality by the extrachromosomal array vasEx51. See Supp. Methods), egl-30(rf) and
gpa-12(0) double- and triple-mutants do not cause ExCa outgrowth defects. Alleles used are listed below. For full genotypes
see Supplementary Table S1.

egl-30(act)= egl-30(ep271)  (Brundage et al., 1996)

gpa-16(ts) = gpa-16(it143)  (Bergmann et al., 2003)

gpa-4(0) = gpa-4(pk381) (Jansen et al., 1999)

odr-3(0) = odr-3(n1605) (Roayaie et al., 1998)

goa-1(0) = goa-1(sa734) (Robatzek and Thomas, 2000)
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A) rac-2/Rac does not regulate ExCa outgrowth

Control (arls198)
rac-2(0)

ced-10(CAAX)
ced-10(CAAX); rac-2(0)

ced-10(switch2)

ced-10(knu268)/+

ced-10(knu268)

ced-10(0)
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Fig. S5. Genetic analysis of rac-2/Rac and ced-10(knu268). (A) a large genomic deletion of the rac-2/Rac locus,

rac-2(0k326), on its own, or when combined with ced-10/Rac loss-of-function mutations, does not affect ExCa

outgrowth. B) a putative activated ced-10/Rac allele, ced-10(knu268) with a Pro* to Ser mutation (Norgaard et al.,

2018), is unexpectedly recessive for ExCa outgrowth defects. In addition, ced-10(knu268) and ced-10(0) mutants act in

the same manner when combined with exc-4(rf), raising questions as to whether ced- 10(knu268) acts as an activated

allele with respect to regulation of ExCa outgrowth.
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A) Cytoplasmic CFP intensity in control and ced-10(0) B) Cytoplasmic CFP intensity in control and mig-2 mutants
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Fig. S6. Cytoplasmic CFP levels in ced-10 and mig-2 mutants. (A) to ensure that the ced-10(0)) mutation did not
affect expression from the g/t-3p promoter, we compared overall CFP expression levels in regions-of-interest where
EXC-4::Venus levels were also measured (see Fig. 5B in main text) in control and ced-10(0)) mutants, and found that
loss of ced-10 does not significantly affect CFP expression. In contrast, mig-2 mutations (B) significantly decrease

CFP expression, indicating that these mutations may affect expression from the g/¢-3p promoter.

Table S1. Strains and genotypes.

Click here to download Table S1

Table S2. Primers. Restriction sites (underlined) and start/stop codons (bold) are shown in cDNA primers.

Click here to download Table S2

Table S3. gBlocks.

Click here to download Table S3
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Supplementary Materials and Methods

Plasmid construction

pAA1 —1tTi4348[SEC, MCS]. Plasmid pWZ109 (a gift from A. Pani, D. Matus, and B. Goldstein) contains a self-
excising cassette (SEC), for selection of CRISPR/Cas9-generated insertions (Dickinson et al., 2015), a TagBFP2

fluorescent reporter, and homology to the expression-permissive LG1 locus #7i4348 (Frokjaer-Jensen, 2015).

The TagBFP2 portion of pWZ109 was removed by Notl/Avrll digestion and replaced with annealed and
phosphorylated primers o0DS812 and oDS813, creating pAA1, which contains a multiple cloning site (MCS) and
the SEC flanked by homology to #7Ti4348.

PAAS — 1tTi4348[SEC, glt-3p::Venus]. Plasmid pDS242, encoding Venus flanked by the ExCa promoter glt-3p
and the unc-54 3’UTR (Shaye and Greenwald, 2015), was digested with Sphl and Apal and the glz-
3p::Venus::unc-54 3’ fragment from this digestion was cloned into Sphl/Apal digested pAA1, generating pAAS.

pAA14 — glt-3p::exc-4::Venus. The exc-4 cDNA was previously PCR amplified and Gateway cloned into
pDONR221 (Invitrogen) to make pDS323 (D. Shaye, unpublished). The exc-4 cDNA from pDS323 was PCR
amplified with oDS774 and oDS775. This PCR product was digested with Agel/Blpl and cloned into Agel/Blpl-
digested pDS242 to create pAA14.

PAAI1S — glt-3p:rexc-4%7Y::Venus. Using pAA14 as a template we performed two PCR reactions with primer
pairs oDS37/0AA6 and 0AA7/0DS40 to generate fragments with a 33bp overlap (bp 694-726 of exc-4 cDNA).
Primers 0oAA6 and 0AA7 change the sequence "TGT-CCC-GCC"7, encoding Cys*’-Pro-Ala, to
TAT-CCT-GCA, encoding Tyr?**’-Pro-Ala and a Pstl site. These fragments were used as templates in a second
round of PCR, with primers oDS37 and oDS40, to obtain a “fused” fragment that was digested with Agel and
BlpI and ligated into Agel/Blpl-digested pDS242, making pAAI1S.

PAA23 — NeoR-miniMos [glt-3p::Gibson::unc-54 3’UTR]. To avoid high levels of Rho GTPase expression, and
possible associated pleiotropies, we wanted to make single-copy transgenes carrying glt-3p-driven ced-10 and
mig-2 cDNAs. Plasmid pCFJ910 (a gift from Erik Jorgensen, Addgene plasmid # 44481), which contains a
neomycin-resistant (Neo®) “mini” Mos1 transposon used to generate randomly-inserted single-copy transgenes
(Frokjaer-Jensen et al., 2014), was digested with SnaBI and Stul, and the GeneBlock gAA3 (IDT) was introduced
via Gibson assembly (Gibson et al., 2009). The resulting plasmid, pAA23, encodes a Neo®-miniMos transposon
with a unique restriction site (Xmal) flanked by 50 to 60 bp of homology to the 5’ end of the glt-3 promoter and
the 3’ end of the unc-54 3’UTR. Thus, we can excise glt-3p-driven and unc-54 3’ UTR-containing constructs from
their original backbones and efficiently Gibson-clone them into Xmal-digested pAA23 to create Neo®-miniMos

constructs to generate Mos-mediated random single-copy transgene insertions.

PAA42 — NeoR-miniMos[glt-3p::FLAG::ced-10]. The ced-10 cDNA was PCR amplified with primers oDS1067
and oDS1068, adding an N-terminal FLAG in frame to ced-10. This PCR product was digested with Xmal and
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Notl and inserted into Agel/Notl-digested pDS242 to generate plasmid pJE13. This plasmid was then digested
with Sphl/Spel to release the glt-3p::FLAG::ced-10::unc-54 3’ UTR fragment, which was then Gibson cloned into
Xmal-digested pAA23 to generate pAA42.

PAAS4 — glt-3p::wrmScarlet-1::3xFLAG::ced-10. A C. elegans-optimized version of the red fluorescent
protein mScarlet-I (El Mouridi et al., 2017) was PCR amplified from plasmid pJE22 [glt-3p::wrmScrlit-1. D.
Shaye, J. Escudero, unpublished] with primers 0AA78 and 0AA79, which include >20bp of homology flanking
a unique BamHI site in plasmid pAA48 [glt-3p::3XFLAG::ced-10.D. Shaye, A. Arena, unpublished]. The PCR
product was Gibson cloned (Gibson et al., 2009) into BamHI-digested pAA48, resulting in plasmid pAAS54.

pJE24 — ttTi4348[FRT-HygroR::let-858-FRT/glt-3p::MCS::unc-54’3UTR]. Plasmid pAA1 (described above)
was digested with Kpnl, Nhel, and Mlul to remove the Self-excising cassette (SEC). Plasmid pIR98, which carries
a Hygromycin resistance (HygroR) cassette (Radman et al., 2013) was cut with Kpnl, Spel, and Xmal, and the
Kpnl/Spel fragment, carrying the HygroR cassette was excised. The Kpnl/Nhel backbone of pAA1 was ligated
to the Kpnl/Spel HygroR fragment from pIR98. The resulting plasmid was next cut with Xbal/Xmal, releasing a
233bp fragment between the #7i4348 “left” homology arm and the HygroR promoter, and with Nhel/Pstl,
releasing a 109bp fragment between the 3’UTR of the HygroR cassette and the “right” #7i4348 homology arm.
gBlocks gbDS1* and gbDS2*, encoding FRT sequences with homology to the 5’ and 3 ends of the HygroR
cassette respectively, were Gibson cloned into the digested plasmid, resulting in construct pAS117 (A. Socovich
and D. Shaye, unpublished), carrying a HygroR cassette that can be removed by FLP/FRT-mediated
recombination (Voutev and Hubbard, 2008). We found that the unc-54 3’UTR of the HygroR cassette interfered
with our ability to Gibson clone constructs of interest, which also carry the unc-54 3’UTR, into pAS117.
Therefore, we replaced the unc-54 3’UTR in pAS117 with the let-858 3’UTR by Gibson cloning gBlock gJES,
resulting in plasmid pJE24, which was used as a backbone to introduce constructs of interest into the #7i4348

site in LG1 via MosSCI (Frokjaer-Jensen, 2015).

pJE43 — ttTi4348[FRT-HygroR::let-858-FRT/glt-3p::exc-4::Venus]. Plasmid pAAl14 (described above) was
digested with Spel, Sphl, and Pvul to release the g/t-3p.:exc-4::Venus fragment, which was cloned into Spel/Sphl-
digested pJE24.

pJES1 — 1tTi4348[FRT-HygroR::let-858-FRT/glt-3p. :exc-4(opt)]. gbDS7 is a dSDNA gBlock encoding a codon-
optimized exc-4 cDNA with a synthetic intron was purchased from IDT and Gibson cloned into EcoRV+Nhel
digested pDS242 (glt-3p::Venus, described above). The resulting venus::exc-4(opt) plasmid, pJE48, was then
digested with Agel+NgoMIV, to release the venus sequence, and re-ligated to generate pJE5S0;

a plasmid encoding untagged glt-3p::exc-4(opt): :unc-54 3’UTR. This plasmid was then then digested with Spel,
Sphl, and Pvul to release the gl/t-3p. exc-4(opt) fragment, which was then ligated into Spel/Sphl-digested pJE24.

pAAT0 — tTi4348[FRT-HygroR::let-858-FRT/glt-3p::exc-4**"Y(opt)]. We used primers oDS1218 and
oDS1219 and the NEB QS5 site-directed mutagenesis kit on plasmid pJES0 to introduce the C237Y mutation
into exc-4(opt). The resulting plasmid was sequenced, and digested with Spel, Sphl, and Pvul to release the
glt-3p::exc-4“?37Y(opt) fragment, which was then ligated into Spel/Sphl-digested pJE24.
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