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Figure S1 The migratory defect is specific to the facial branchiomotor neurons, related to
Figure 1

Flat-mounts (A-C, G-L) and sections (D-F) through wildtype (A,D,G,)), Fat4” (B, H, K), DchsI
"(C,F,I,L) hindbrains whole-mounted for Isletl (A-I), and semaphorin 3A (J-L) at stage E11.5
(G-L), E13.5 (D-F) and E14.5 (A-C). In Fat4" and DchsI” hindbrains the FBM neurons fail to
undertake the lateral tangential migration below the ventricular surface (E) and finally take an
abnormal radial trajectory towards the pial surface to form a nucleus closer to the midline (F
compare with D, also compare A with B,C). The trigeminal and glossopharyngeal neurons are
indicated by black arrows in (G-I) and (J-L) respectively and migrate normally. The midline is
shown by a dashed line in (A-C, J-L). (M-O) Immunolabelling of the cranial axons in wildtype
(M), Fat4” (N) and DchsI” (O) E11.5 embryos also indicates that rhombomere and neuronal
identity are unaffected in Fat4” and DchsI” mutants. (P) shows in situ hybridisation of FjxI
expression within an E12.5 hindbrain; P is a flatmount view; P’ and P’’ are sections through r4
and r6 respectively. The area above the bracket in P’ shows the region of FBM medio-lateral
migration. (Q-U) show an in situ hybridization (Q,R) and Isletl(green)/Golgi(red)
immunostaining (T,U) of the FBM neurons at E12.5 in FjxI™* (T) and FjxI” (U) E12.5
embryos. (T”,U’) show the corresponding Rose plots of Golgi polarity within the FBM neurons.
fp, floor plate; FBM, facial branchiomotor neuron; m-1, medial-lateral; p, pial layer of hindbrain;
r, thombomere: V, V1,V2 subdivisions of the trigeminal nerve (t); v, ventricular layer of

hindbrain.






Figure S2. Mosaic disruption of Dchsl function indicates that Dchsl controls FBM
neuronal migration via PCP, related to Figure 3

(A-D) show the effect of different tamoxifen doses i.e. mosaicism on FBM (blue, Isletl
immunostaining) neuronal migration in a Dchs1”* (A) or Dchs1” background (B-D). (A’-D’ and
A’’-D’’) show higher power views also revealing Cre mosaicism (green) in a tomato background
(red) and Golgi (yellow) immunostaining respectively. Golgi polarity is quantified in the Rose
plots below. The dashed lines in (A-D) indicate the midline of the hindbrain to show the extent

of lateral migration.
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Figure S3. Fat4 and Dchs1 regulate PCP by both cell autonomous and non-cell autonomous
mechanisms, related to Figure 2
(A-G) Hoxa3“® inactivation of Fat4 and Dchsl expression within r5 and r6 in the

neuroepithelium. (H-N) Islet1®

inactivation of Fat4 and Dchsl expression within the FBM
neurons. (A-D and H-K) show Cre-inactivation: Cre activity and FBM neurons are indicated by
immunolabelling for -galactosidase (Red, A,B,H,I) and Isletl (Blue, A,C,H,J) antibody staining
respectively. (A, H) are low power views, (D, K), merged pictures of (B,C) and (I, J)
respectively. (E-G) and (L-N) in situ hybridisation of Islet] expression revealing impaired FBM
neuronal migration at E13.5 following Cre inactivation of Fat4 (F, M) or Dchs1 (G,N) within the

neuroepithelium (F,G) or FBM neurons (M,N). The midline is indicated by dashed lines. r4-r6,

rhombomeres 4-6

Supplemental Experimental Procedures

Mice

All mouse procedures were approved by University of Medicine and Dentistry, New Jersey,
USA, Institutional Animal Care and Use Committee or King’s College London, UK in
accordance with established guidelines for animal care. The day of the mouse plug was assigned
E0.5. The following mouse lines were used: Fat4 [S1], Dchsl [S2], Vangl2"? [S3],
Hoxa3™!(eoMoon 19471 [g]et] ™! 5¢¥ [S5] Gt(ROSA)26S0r™ 5 [S6], Gt(ROSA)26Sor™HACTE-
WTomato-EGFP)Lwe (o T/mG) [S7], Gt(ROSA)26Sor™ ERTIT 1 1S8]. The Dchs1™ allele and
Fat4""allele were made in the laboratories of Ken Irvine and Helen McNeill respectively. Dchsl
conditional embryos and Fat4 conditional embryos were generated by mating

Dchs17R26RM 412 o Fatd"R26RZ1%Z females with Islet1S¢" Dchsl (or Fat4)+/ " and



Hoxa3“ ™" Dchsl(or Fat4)”" males. Tamoxifen inducible mosaic embryos in heterozygous
background were generated by mating Dchs1”" R26™"™S line with Cre-ER™Dchs1"" line. For
mosaic embryos in the wildtype background Dchs1” R26™"™S animals were mated to Cre-

ER™Dchs1" mice. All tamoxifen (Sigma-Aldrich T5648) injections were performed at E10.5.

PCR genotyping

DNA was isolated using Direct PCR-Ear Lysis reagent (PeqLab) and genotyping was performed
by PCR using allele-specific primers. Genotyping of Fat4 and Dchsl mice was performed as
previously described [S2]. Genotyping of Vangl2"” mice was performed according to [S9]. The
following primers were used for genotyping the other lines: Fat4” (Fwd: 5
GAGTGCAACAAGATATGGTGGC3’, Rev: 5TACAGGGAACAAAGGTGCTGAG3’)
generating 2 products of 0.3kb for wt allele and 0.45kb for the flox allele; Dchs1™ (Fwd: 5°
CCCCCAGACATTCTCAGCCCTTCTTCTAZ’, Rev 5
CACAGGGCCAGCAGCTCATCCATTT 3’) giving a product of 0.67kb for Wt allele and
0.77kb for flox allele; R26RV" allele (Fwd, 5’AAGTCGCTCTGAGTTGTTAT3’, Rev,
5’"GGAGCGGGAGAAATGGATATG3’) generating product of 0.6kb; R26R™*** allele (Fwd: 5°
AAGTCGCTCTGAGTTGTTAT3’, Rev: 5° GCGAAGAGTTTGTCCTCAACC3’) giving
product of 0.3kb; mT/mG allele was detected wusing primers (Fwd: 5’
CTCTGCTGCCTCCTGGCTTCT3’, Rev: 5’TCA ATG GGCGGGGGTCGTT3’) which
generated product of  0.25kb for mT/mG allele and (Fwd, 5
CTCTGCTGCCTCCTGGCTTCT3’, Rev: 5> CGAGGCGGATCACAAGCAATA3J’) to detect a
product of 0.33kb for Wt allele. All the Cre lines were genotyped using primers (Fwd: 5’
CCTGGAAAATGCTTCTGTCCG3’, Rev: 5> CAGGGTGTTATAAGCAATCCC3’) giving a

product of 0.39kb. For each gene, amplification was performed for 35 cycles, annealing



temperatures were 57°C for Fat4 and 59°C for the remaining genes. The PCR products were

visualized on an 1.5% agarose gel.

Statistical and Image analysis

The significance of the Golgi apparatus polarisation within the FBM neurons was determined by
the Rayleigh test [S10]. A value of p<0.05 indicates a significant polarisation. To determine if
the distribution of the Golgi polarisation was significantly different between control and mutant
FBM neurons, the Mardia-Watson-Wheeler test [S10] was performed. A value of p <0.05
indicates a significant difference. To quantify levels of expression following immunolocalisation

of Fat4 and Dchs1, an ImagelJ line plot tool was used to measure pixel intensity.

Immunofluorescent staining and imaging

Hindbrains were fixed in 4% paraformaldehyde overnight and then washed five times with PBST
(PBS, 0.2%TritonX-100, 1%BSA) for 1 hour at room temperature. The hindbrains were blocked
with 5% donkey serum in PBST (PBST-serum) for 5 hours at room temperature, and then
incubated with primary antibodies in PBST-serum for two to three days at 4°C before washing
with PBST for 1 hour at room temperature, five times. Hindbrains were then incubated with
secondary antibodies in PBST-serum for two to three days at 4°C, and washed as for primary
antibodies, plus an additional 12 to 36-hour wash. Nuclei were counter-stained with Hoechst. For
Phalloidin staining, hindbrains were incubated in Alexa Fluor 647-Phalloidin (1 in 100 dilution,
Invitrogen) in PSBT-serum for three days at 4°C. Stained hindbrains were mounted in
Vectashield mounting medium (Vector Labs) and imaged using a Leica SP5 confocal
microscope. Primary antibodies used were rabbit anti-Dchs1 (1:200) and anti-Fat4 (1:200) [S11],
mouse anti-Islet]l(DSHB, 1:400), rabbit anti-Giantin (Abcam, ab24568, 1:1000), and chick anti-

beta-galactosidase (Abcam, ab9361, 1:400). Axon Neurofilament staining was carried out to



whole embryos as described by [S12] using antibody against neurofilament protein (gift from Dr.
Ivo Liebram, King’s College London). Golgi polarity was determined by analyzing the 3D
confocal stacks of the Islet]/Golgi immunostained FBM neurons so that for each cell the Golgi
and the corresponding nucleus could be identified. A line was drawn through the Golgi apparatus
to the base of the nucleus and the angle of this line relative to the midline of the hindbrain was

plotted in Rose plots.

The numbers of mutant embryos together with the corresponding controls, analysed for each
stage and study are as follows; Isletl expression and Golgi immunolocalisation: E12.5: Fat4,
n=3, Dchsl, n=3, Hox3"Fat4”" n=3, Islet] "Fat4”", n=4, Hoxa3"*Dchs1"", n=3, Islet1*Dchs1",
n=3, mT/mGDchslf/+, n=3 at each dose; mT/mGDchslf/f, n=3. Islet immunolocalisation alone:
Fat4”/Vangl2"""® E12.5, n=2, E13.5, n=3; Fat4, E11.5, n=3; Dchsl, E11.5, n=4; Phalloidin,

staining E12.5, Dchs1, n=3.

In situ hybridisation

Heads from E10.5-E14.5 embryos were fixed in 4% paraformaldehyde at 4°C overnight and then
dehydrated into methanol and stored at -20C. In situ hybridization was carried out according to
[S2] using the following probes: Rat Islet1(Addgene, 16238); Hoxbl [S13]; Tbx20 [S14]; Cadh-
8 [S15]; Sema3A [S16] ; EphA4 [S17]; Neogenin [S18]; Ret [S19] . The numbers of Fat4”" and
Dchs1”” embryos, together with the corresponding Fat4"*/Dchs1™* or Fat4"" /Dchs1™ embryos,
analysed for each probe are as follows: Isletl (Fat4: E11.5, n=3; E12.5, n=4; E13.5, n=3; E14.5,
n=2; Dchsl: E11.5, n=3; E12.5, n=7; E13.5, n=5; E14.5, n=2; Fat4'/'/Dchs1'/', E12.5, n=3; Fatd™
/Vangl2""™® E13.5, n=2). Hoxbl: E10.5, Fat4, n=2; Dchsl, n=2; EphA4: E10.5, Fat4, n=2;
Dchsl, n=2; Tbx20 E12.5, Fat4, n=2; Dchsl, n=2; Cadh-8 E12.5, Fat4, n=2; Dchsl, n=2;

Sema3A, E11.5: Fat4, n=2; Dchs1, n=2.



Quantitative PCR

RNA was isolated from E12.5 hindbrains using TRIzol Reagent (Invitrogen) according to
manufacturer’s instructions. c¢cDNA was made from 200 ng total RNA as a template using
Precision nanoScript Reverse Transcription Kit (Primer Design). QPCR for Dchsl mRNA
expression, and GAPDH as a control, was performed in triplicate using Precision real-time PCR
MasterMix with SYBR green by Primer Design as per manufacturer’s instructions using the
following primers: Dchs1Fwd 5’GGCCTGCCTCCTTTAGTCTC3’; Dchs1Rev,
5’TGTCAGCATCTGTGGCTGTT3’; GAPDHFwd, 5' AGGTCGGTGTGAACGGATTTG3';
GAPDHRev, 5TGTAGACCATGTAGTTGAGGTCA 3'. Quantitative PCR was performed and
analysed using a Qiagen Rotor-Gene Q machine and software package. Data was quantified

using the Delta-delta CT method.
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