Supplemental Information

Gene Allele name | Phenotype Recessivity Penetr Mole?ular Reference
name -ance Lesion
i Mutations resulting in the absence of TRN maker
Lack of PLM, AVM, and Mitani et al.,
lin-32 u909 PVM labeling recessive 58% 1993
Lack of PLM, AVM, and
cdk-4 u948 PVM labeling recessive 88% QI18*
35%
u947; u972 Degeneration of TRNs recessive (u947) | A513T
mec-4 -
Driscoll and
u951 Degeneration of TRNs dominant 65% A713T Chalfie, 1991
mec-10 | ul025 Degeneration of TRNs recessive 10% G312R
ii | Mutations resulting in the expression of TRN markers in extra cells
Expression of TRN Wu et al., 2001
egl-46 | u945 marker in FLPs recessive 65%
Expression of TRN Wu et al., 2001
egl-44 u965 marker in FLPs recessive 79%
u920; u949; | Expression of TRN 90% Jia et al., 1996
pag-3 u961 marker in BDUs recessive (u920)
Expression of TRN Feng et al.,
egl-13 u964 marker in A/PQRs recessive 68% H389Y 2013
iii | Mutations resulting in developmental defects in AVM/PVM
PVM is mispositioned Harris et al.,
egl-20 | u999 anteriorly recessive 82% V92D 1996
Ventral guidance defects Hedgecock et
unc-6 ul018 for AVM neurites recessive 61% C346Y al., 1990

Table S1. Mutations that affect the expression pattern of TRN marker or the development of the postembryonic
AVM and PVM cells. References indicate that similar mutant phenotypes for the gene were previously reported.
cdk-4 was not previously known to affect TRN development. Although they each have the same underlying defect,
u947 and u972 were independently isolated. These two alleles and mec-10(u1025) identify novel changes that cause
TRN degeneration.




Gene .. Penet- | Molecular Reference
Allele name Recessivity .
name rance Lesion
A Mutations that shorten all TRN neurites
u910 dominant 100% P356L
u911 dominant P171S
mec-7 u955 dominant A352T
u956 dominant P358L
u957 dominant P171L
u958 dominant (G244S
unc-51 ul000 recessive 80% E188K Du and Chalfie, 2001
B Mutations that shorten the PLM-PN
mec-7 ul020 recessive G348
ul019 dominant G354E
mec-12 u950 recessive S140F
ul016 recessive E97K
ul021 recessive G144S
u9ls recessive 95% R165Stop Zheng et al., 2015a
dsh-1 u952 recessive G512R
u953 recessive R103Stop
u914 recessive 98% R570Stop Zheng et al., 2016
ul003 recessive
tiam-1 ul004 recessive R420Stop
ul005 recessive Q846Stop
ul0i2 recessive Q266Stop
egl-5 u918; u966 recessive 100% Zheng et al., 2015b
mua-3 u973 recessive 45% C2191Y
sup-26 u916 recessive 81% G95Stop
C Mutations that result in an ectopic ALM-PN
mec-12 u917 recessive 38% V2601
mec-7 ul0l7 recessive 83% L377F
tha-7 ul0l5 recessive 79% G92D
D Mutations that shorten PLM-AN and elongate PLM-PN
90% Hilliard and Bargmann,
lin-44 u905; u906; u907; u959 recessive (u905) 2006; Zheng et al., 2015a
75% Hilliard and Bargmann,
lin-17 u919; u960; u962; u963 recessive u919) 2006; Zheng et al., 2015a
E Mutations that shorten both PLM-AN and PLM-PN
mec-15 | ul008 | recessive | 83% | Q194Stop
F Mutations that shorten ALM-AN and PLM-AN
Du and Chalfie, 2001;
unc-73 u908 recessive 85% E1212K Zheng et al., 2016
u9l3 recessive 90% Q261Stop Hekimi and Kershaw, 1993
unc-53 u912; u946, u967; u968;
u969; u970; u971; u974 recessive
kip-11 ul024 recessive 79% Q53Stop
G Mutations that shorten ALM-AN but not PLM-AN
unc-23 | ul022 | recessive | 82% | Q132Stop

Table S2 Mutations that cause neurite outgrowth or guidance defects in TRNs. References indicate that the similar
mutant phenotypes for the gene were either previously reported or we extensively characterized the mutants

elsewhere.




Gene Allele TRN morphology
tha-1 okl123 Normal
tha-1 okl135 Normal
tha-1 or346 Normal
tha-1 or594 Normal
tha-2 sb51 Normal
tha-2 sb25 Normal
tha-5 tm4200 Normal
tha-7 gk787939 Ectopic ALM-PN
tha-7 ul015 Ectopic ALM-PN
tha-8 tm4359 Normal
tha-9 okl858 Normal
ben-1 el880 Normal
thb-1 gk207 Normal
thb-2 11623 Normal
thb-2 gki30 Normal
thb-4 sal27 Normal
thb-4 okl461 Normal
thb-6 tm2004 Normal

Table S3. Loss-of-function alleles of a and 3 tubulin genes (other than mec-12 and mec-7) and their effects on TRN
morphology.



Gene name | Mutation Structural function Corpus Callosum Reference
ISL Tubulin folding hypoplastic CC Jansen et al., 2011
E55K Lumen-facing loop partial ACC Morris-Rosendahl et al., 2008
T56M Lumen-facing loop complete ACC Bahi-Buisson et al., 2014
L70S GTP binding complete ACC Cushion et al., 2013
P72S Intradimer interaction hypoplastic CC Bahi-Buisson et al., 2014
Lo2v Lumen-facing loop complete ACC Kumar et al., 2010
N101S GTP binding complete ACC Bahi-Buisson et al., 2014
E113K Lateral interaction Normal Bahi-Buisson et al., 2014
R123C Lateral interaction Normal Bahi-Buisson et al., 2014
V137D Tubulin folding partial ACC Kumar et al., 2010
S158L Tubulin folding complete ACC Bahi-Buisson et al., 2014
Y161H Lateral interaction hypoplastic CC Poirier et al., 2013
1188L Tubulin folding partial ACC Poirier et al., 2007
Y210C Intradimer interaction hypoplastic CC Jansen et al., 2011
R214H Intradimer interaction complete ACC Bahi-Buisson et al., 2014
D218Y Intradimer interaction complete ACC Kumar et al., 2010
1219V Intradimer interaction partial ACC Oegema et al., 2015
V235L Tubulin folding hypoplastic CC Poirier et al., 2013
1238V Tubulin folding complete ACC Fallet-Bianco et al., 2008
D249H | Longitudinal interaction complete ACC Poirier et al., 2007
P263T MAP binding complete ACC Fallet-Bianco et al., 2008
R264H MAP binding complete ACC Bahi-Buisson et al., 2014
R264C MAP binding Normal Poirier et al., 2007
TUBAIA A270T Tubulin folding complete ACC Kumar et al., 2010
L286F Lateral interaction complete ACC Fallet-Bianco et al., 2008
V303G Tubulin folding partial ACC Lecourtois et al. 2010
R320H Tubulin folding partial ACC Bahi-Buisson et al., 2014
K326N | Longitudinal interaction complete ACC Bahi-Buisson et al., 2014
N329S | Longitudinal interaction complete ACC Kumar et al., 2010
A333V | Longitudinal interaction hypoplastic CC Cushion et al., 2013
V3531 Longitudinal interaction partial ACC Bahi-Buisson et al., 2014
G366R Lumen-facing loop partial ACC Okumura et al. 2013
A369T Lumen-facing loop hypoplastic CC Bahi-Buisson et al., 2014
V371E Lumen-facing loop complete ACC Bahi-Buisson et al., 2014
M377V Tubulin folding partial ACC Kumar et al., 2010
A387V MAP binding hypoplastic CC Romaniello et al., 2012
R390C MAP binding complete ACC Kumar et al., 2010
R390H MAP binding partial ACC Zanni et al. 2013
D39%6Y MAP binding partial ACC Bahi-Buisson et al., 2014
L397P MAP binding partial ACC Bahi-Buisson et al., 2008
R402L MAP binding mild hypoplastic CC Sohal et al., 2012
R402C MAP binding normal Kumar et al., 2010
R402H MAP binding normal Kumar et al., 2010
V409A MAP binding complete ACC Bahi-Buisson et al., 2014
V4091 MAP binding hypoplastic CC Bahi-Buisson et al., 2014
S419L MAP binding partial ACC Poirier et al., 2007
R422H MAP binding partial ACC Kumar et al., 2010




R422C MAP binding hypoplastic CC Bahi-Buisson et al., 2008
M425K MAP binding complete ACC Kumar et al., 2010
E429Q MAP binding complete ACC Bahi-Buisson et al., 2014
G436R MAP binding hypoplastic CC Bahi-Buisson et al., 2008
GI3A Tubulin folding normal Oegema et al., 2015
GI98R GTP binding complete ACC Cushion et al., 2013
L117P Tubulin folding normal Guerrini et al., 2012
G140A GTP binding complete ACC Romaniello et al., 2012
P171T GTP binding partial ACC Bahi-Buisson et al., 2014
S172P GTP binding complete ACC Jaglin et al., 2009
P173L GTP binding complete ACC Bahi-Buisson et al., 2014
1202T Tubulin folding partial ACC Bahi-Buisson et al., 2014
L207P Tubulin folding complete ACC Cushion et al., 2013
1210T Tubulin folding partial ACC Jaglin et al., 2009
L228P Tubulin folding complete ACC Jaglin et al., 2009
TUBB2B C239F Intradimer interaction complete ACC Bahi-Buisson et al., 2014
R241H Intradimer interaction normal Bahi-Buisson et al., 2014
A248T Intradimer interaction normal Bahi-Buisson et al., 2014
D249H Intradimer interaction complete ACC Bahi-Buisson et al., 2014
N256S Intradimer interaction hypoplastic CC Guerrini et al., 2012
F265L Tubulin folding partial ACC Jaglin et al., 2009
S278G Lateral interaction partial ACC Bahi-Buisson et al., 2014
T312M Tubulin folding hypoplastic CC Jaglin et al., 2009
G369V Lumen-facing loop partial ACC Bahi-Buisson et al., 2014
R380S MAP binding complete ACC Cushion et al., 2013
R380C MAP binding complete ACC Cushion et al., 2013
R380L MAP binding complete ACC Amrom et al., 2014
D417N MAP binding normal Guerrini et al., 2012
R46G Intradimer interaction hypoplastic CC Bahi-Buisson et al., 2014
R62Q Tubulin folding normal Tischfield et al., 2010
G71R Tubulin folding partial ACC Whitman et al., 2016
G82R Tubulin folding partial ACC Poirier et al., 2010
G98S Longitudinal interaction hypoplastic CC Whitman et al., 2016
T178M GTP binding complete ACC Poirier et al., 2010
E205K Tubulin folding hypoplastic CC Poirier et al., 2010
R262C MAP binding partial ACC Tischfield et al., 2010
R262H MAP binding partial ACC Tischfield et al., 2010
TUBB3 E288K Lateral interaction hypoplastic CC Oegema et al., 2015
A302T MAP binding partial ACC Tischfield et al., 2010
A302V MAP binding hypoplastic CC Poirier et al., 2010
M323V Intradimer interaction partial ACC Poirier et al., 2010
P357L Tubulin folding normal Oegema et al., 2015
R380C MAP binding partial ACC Tischfield et al., 2010
M388V MAP binding complete ACC Poirier et al., 2010
E410K MAP binding partial ACC Tischfield et al., 2010
D417N MAP binding partial ACC Tischfield et al., 2010
D417H MAP binding N/A Tischfield et al., 2010




Table S4. Missense mutations in human o and 3 tubulins that caused neurological disorders in heterozygous patients.
51 TUBAIA, 24 TUBB2B, and 19 TUBB3B mutations are listed. The mutated amino acids were mapped to the
structural domains of o/ heterodimer and their potential structural functions were assigned according to Tischfield
et al. (2011). Residues located in the interior of the structure were generally assigned to the category of “tubulin
folding.” Effects on the corpus callosum (CC) were used as an indicator of defects in axon growth and guidance.
These phenotypes were extracted from the cited literature. ACC stands for agenesis of the corpus callosum.
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Figure S1. Gene structures for mec-12, mec-7, and tba-7 and the molecular lesions in various putative null
alleles. u1026, ul027, and ul 028 were created using CRISPR/Cas9-mediated genome editing and guide
RNAs designed to target exon 2 of mec-12. Frameshift-causing deletions were identified by genotyping.
The tm5083 mutation deletes part of exon 3 and intron 3 of mec-12 and also causes a frameshift.

mec-7(0k2152)
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Figure S2. The loss of MEC-7 causes PLM-AN branching defects. (A) In the wild-type animals, PLM-
AN extends beyond the vulva (asterisk) and sends out a synaptic branch at a position posterior to the
vulva; the branch extends to reach the ventral nerve cord. (B-C) PLM-AN is slightly shorter in mec-7
(0k2152[f) animals, although it still extends beyond the vulva (triangle). However, PLM-AN fails to form
a synaptic branch (B) or could not fully extend the branch at the correct position (C).
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Figure S3. mec-12 alleles that specifically affect touch sensitivity or synaptic vesicle transport. (A)
Anterior touch response (out of five stimuli) of the mec-12 alleles. (B) Percentage of PLM cells showing
transport defects or mistargeting of the presynaptic marker RAB-3::GFP. (C) Immunofluorescent
intensity of staining using anti-acetylated c-tubulin antibodies. (D) Fluorescent intensity of RFP
expressed from the transgene ulsi34/mec-17p::RFP] crossed into the mec-12 mutants. Arbitrary units
were used in C and D. (E) The length of the PLM-PN in some mec-12 mutants. Asterisks indicate
significant differences (p < 0.01) from the wild type animals.
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Figure S4. mec-7(neo) and mec-12(neo), tha-7(If), and kip-7(lf) mutants have increased resistance to
colchicine. (A) Anterior touch response of adult animals grown on plate containing different
concentrations of colchicine from the first larval (L1) stage. (B) The normalized length of PLM-PN of
adults grown on plates with colchicine from the L1 stage. PLM-PN lengths of animals treated with 0.06
mM colchicine (9.0 for wild type, 13.3 for u278, 10.0 for u/017, 10.1 for u917, 11.0 for ul015, and 10.5
for tm2143) were used to set as the reference for the normalization. Asterisks indicate the differences
among the means were statistically significant in ANOVA tests (one asterisk indicates p < 0.05 and two
for p <0.01).
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Figure S5. Sequence alignment of MEC-7 with human TUBB3 and TUBB2B (A) and alignment between
MEC-12 and TUBAT1A (B). Regions predicted to be a-helices (H1 to H12) or B-strands (B1 to B10) by
the o/ tubulin dimer structure (1jff.pdb; Nogales et al. 1998) were labeled. Amino acids that were
changed in mec-7 or mec-12 antimorphs and neomorphs were labeled in red and blue, respectively.



tba-7::GFP
tba-7p (1.2kb) unc-54 3’UTR

BN B EeRTT—

B ALM AVM PLM
i
tba-7::GFP - :f‘:‘
mec-17p:: =
RFP
merge .

L
C E} ALM-PN

2

> _**

)

g6

3

g4

(o]

]

s 2]

3

2 0= L S
WT tba-7(u1015)

mec-17p::tha-7(+) - - +

Figure S6. TBA-7 is expressed and acts cell-autonomously in the TRNs. (A) A schematic representation
of the tha-7::GFP reporter, containing a 1.2 kb promoter and the entire coding region. (B) The expression
of tha-7::GFP in the TRNs, which are also labeled by mec-17p::RFP. Arrows point to the cell bodies of
TRNs. The posterior intestine also showed strong GFP signal (the rightmost panel). (C) The length of
ALM-PN in thba-7(ul1015 If) mutants that carried a rescuing array that expressed wild-type tba-7 in the
TRNs specifically.
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Figure S7. Touch sensitivity, presynaptic vesicle localization, tubulin acetylation level, and protein
expression level of tha-7(uil015 lf) and kip-7(tm2143 If) mutants. No significant differences between these
mutants and wild type were found.
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Figure S8. Moderate shortening of ALM-AN and PLM-AN in klp-11/ul024 (Q53%*) If] mutants. In (B),
arrows point to the ends of the anterior neurites, and triangles indicate the position of the vulva. ALM-AN
did not extend as far as the procorpus of the pharynx and PLM-AN failed to reach the vulva in kip-11
mutants.
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MEC-12 EGEFSEAREDLAALEKDYEEVGVDSMEDNG-EE—--——-~ GDEY 450

TBA-4 EGEFTEAREDLAALEKDYEEVGADSNEGL-EED------— GEEY 448

TBA-1 EGEFTEAREDLAALEKDYEEVGADSNEGGNEEE----—-~ GEEY 454

TBA-2 EGEFTEAREDLAALEKDYEEVGADSNEGGEE-E------- GEEY 448

khkkk Khkk k-kkkkkkk k. ok
B v
TUBAL3 MRECLSIHIGQAGIQIGDACWELYCLEHGIQPNGVVLDTQQDQLENAKMEHTNASFDTFF 60
TUBAS MRECISVHVGQAGVQIGNACWELFCLEHGIQADGTFDAQ-—---—~- ASKINDDDSFTTFF 53
TUBA3C MRECISIHVGQAGVQIGNACWELYCLEHGIQPDGQMPSD-—---—- KTIGGGDDSFNTFF 53
TUBA3D MRECISIHVGQAGVQIGNACWELYCLEHGIQPDGQMPSD-—---—- KTIGGGDDSFNTFF 53
TUBA3E MRECISIHVGQAGVQIGNACWELYCLEHGIQPDGQMPSD-—-~--—- KTIGGGDDSFNTFF 53
TUBA4A MRECISVHVGQAGVQMGNACWELYCLEHGIQPDGQMPSD-—~~-—-~ KTIGGGDDSFTTFF 53
TUBA1A MRECISIHVGQAGVQIGNACWELYCLEHGIQPDGQMPSD-—--——- KTIGGGDDSFNTFF 53
TUBALB MRECISIHVGQAGVQIGNACWELYCLEHGIQPDGQMPSD-—-~-——- KTIGGGDDSFNTFF 53
TUBALC MRECISIHVGQAGVQIGNACWELYCLEHGIQPDGQMPSD-—-~--—- KTIGGGDDSFNTFF 53
hhkk skekokkkk:kok:kkkkk:kkkkkk .k L ke kkk

TUBAL3 EEAEFLEAREDLAALERDYEEVAQSF---——--—--—- 446

TUBAS EEGEFSEAREDLAALEKDYEEVGTDSFEEENE - -GEEF 449

TUBA3C EEGEFSEAREDLAALEKDYEEVGVDSVEAEAEEG-EEY 450

TUBA3D EEGEFSEAREDLAALEKDYEEVGVDSVEAEAEEG-EEY 450

TUBA3E EEGEFSEAREDLAALEKDCEEVGVDSVEAEAEEG-EAY 450

TUBA4A EEGEFSEAREDMAALEKDYEEVGIDSYEDEDEGEE - -- 448

TUBA1A EEGEFSEAREDMAALEKDYEEVGVDSVEGEGEEEGEEY 451

TUBA1B EEGEFSEAREDMAALEKDYEEVGVDSVEGEGEEEGEEY 451

TUBALC EEGEFSEAREDMAALEKDYEEVGADSADGE--DEGEEY 449

*k kk kkkkkokkkk .k Kkkk

Figure S9. Sequence alignment of all C. elegans a-tubulin proteins (A) and all human a-tubulin proteins
(B). Only the N-terminal and C-terminal sequences were shown. The arrow points to Q31 residue.
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