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Supplementary Experimental Procedures

Plasmids

Zebrafish ottogi gene was isolated from 24 hpf zebrafish cDNA library, cloned into pGEM-T
easy vector and then subcloned into EcoRlI site in pCS2+ vector. Plasmids containing full-
length ORF or truncated forms of human OTTOGI or zebrafish ottogi were constructed in
pCS2+EGFP or pCS2+FLAG vector by PCR-based methods. Zebrafish frizzled8a, frizzled8b,
frizzled10, and bmprla genes were isolated from the 24 hpf zebrafish cDNA library and
subcloned to pCS2+MT. The fz8aAC, fz8a4N, fz8aACRD, fz8a N44A, fz8a N147A, fz8a
N44A/N147A constructs were made in pCS2+MT vector by PCR-based methods. Xenopus

fgfr-HA and Irp6-HA were kindly provided from Dr. Shinichi Aizawa (RIKEN, Japan).

Whole-mount in situ hybridization and paraffin section
Antisense digoxigenin-labeled RNA probes for pax6 (Macdonald et al., 1994), chd (Miller-

Bertoglio et al., 1997), gsc (Stachel et al., 1993), otx2 (Mori et al., 1994), bmp2 (Nguyen et



al., 1998), evel (Joly et al., 1993), hoxal (Alexandre et al., 1996), dha (Koos & Ho, 1998),
gatal (Gering et al., 1998), six3 (Kobayashi et al., 1998), spt/tbx16 (Amacher & Kimmel,
1998), tbx6 (Hug et al., 1997), tlc/sfrp5 (Houart et al., 2002), sox2 (Dee et al., 2008), wnt1l
(Makita et al., 1998), mixer/bon (Alexander & Stainier, 1999), shh (Krauss et al., 1993), zicl
(Grinblat et al., 1998), rx1 (Rojas- Mufioz et al., 2005), krox20 (Strahle et al., 1993), otg, and
gfp were synthesized using DIG-RNA labeling kit (Roche Applied Science) according to the
manufacturer’s instruction. Whole-mount in situ hybridization was performed as previously
described (Kim et al., 2008). For paraffin embedding, embryos were dehydrated with ethanol
for 5 min and then cleared three times for 10 min in xylene. Specimens in xylene were

embedded in paraffin and cut at 6 um thickness.

Membrane topology of OTG protein

For permeabilized immunofluorescence, cultured cells were fixed with 4 %
paraformaldehyde in PBS for 15 min and then permeabilized in 2 % BSA/0.05 %
saponin/PBS for 30 min at room temperature. For intact cell immunofluorescence, cells were
washed with ice cold PBS/BSA solution and then incubated with primary antibodies on ice

for 1 hinice cold BSA/PBS. The experiments were done with human PRRY.
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Supplementary table. Summary of injection experiment values.

chd gsc bmp2 evel otx2/hoxat paxé
Fig. 2 F 20/20, 100% | H 15/15, 100% | J 12/12, 100% L 10/10, 100% | N | 12/12,100% | P | 20/20, 100%
G 13/15,87% | | 14/15,93%| K 11112, 92% M 1112,92% | O 15/16,94% | Q 14/16, 87%
dha wnt8 - 30hpf LiCl - 24 hpf thx6 dkk1
Fig. 3 A 10/10, 100% | D 10/10, 100% | G 12/12, 100% J 10/10, 100% | L | 10/10, 100%
14/15,93% | E 18/20,90% | H 13/15, 86% K 18/20,90% | M 17/20, 85%
c 12/13,92% | F 17/20, 85% | | 14/15, 93%
six3 + hoxa1 spt
Fig. 4 A 12/12,100% | D 10/10, 100%
17/20,85% | E 18/20, 90%
16/18,89% | F 20/23, 87%
bmp4 tic/sfrps sox2 wnt11 mixer
Fig. S3 A 10/10, 100% | C 12/12,100% | E 10/10, 100% G 11/11, 100% | | 10/10, 100%
B 14/15,93% | D 13/15,86% | F 12/13, 92% H 12/12,100% | J 10/10, 100%
chd b-catenin inj vp16-tcf3 inj SB415286
Fig, S4 A 10/10, 100% | D 10/10, 100% | G 10/10, 100% J 10/10, 100%
8/10,80% | E 12/15,80% | H 14/18, 78% K 14/15, 93%
(o} 10/12,83% | F 13/14,93% | | 16/18, 89% 1 14/18, 78%
24 hpf 4ss 30 hpf zic/opl rx1+kx20
Fig. $6 A 20/20, 100% | D 10/10, 100% | G 15/15, 100% J 14/14, 100% | M | 12/12, 100%
B 23/25,92% | E 14/15,93%| H 14/16, 87% K 20/22,91% | N 15/16, 94%
C 22/23,96% | F 13/13,100% | | 10/15, 66% L 18/20,90% | O 20/22, 91%
Fig. §7 A 10/10, 100% | B 12/13,92%| C 12/14, 86% D 18/20, 90%
E 7/7,100% | F 8/10, 80% | G 6/10, 60% H 14/16, 87%
Fig. $10 A 13/13,100% | B 20/21,95%| C 22/24, 92%
D 10/10, 100% | E 12/13,92%| F 11/13, 85%
Fig. $15 A 12/12,100% | B 15/15, 100% | C 10/14, 71% D 11/15,73% | E 12/16,75% | F 15/16, 94%
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Supplementary information, Figure S1. Amino acid sequence comparison of vertebrate
OTG homologues

Zebrafish otg gene encodes a 245 amino acids-long polypeptide containing a transmembrane
domain (blue underline), a proline-rich domain (green underline), and a C-terminal PDZ-
binding motif (red underline). Amino acid sequence of the zebrafish Otg displays 48% and 51%
similarity to human/mouse and Xenopus homologues, respectively. Zebrafish and Xenopus
Otg lack a histidine-rich domain (red dotted underline) present in human and mouse

homologues.
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Supplementary information, Figure S2. Overexpression analysis of human, mouse, and
zebrafish OTG genes

(A-A”) Dorsal views of five-somite stage embryos injected human (A’) and zebrafish OTG
(A”). Enlargement of head region is prominent both in human and zebrafish OTG injected
embryos, compared to that of control embryo. Dorsal view, anterior is to the top.

(B-B”) Lateral views of 32 hpf embryos injected human (B”) and zebrafish OTG (B”).

(C-C”) Big head phenotype is also seen in mouse Otg injected embryos at 26 hpf.
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Supplementary information, Figure S3. Expression patterns of early markers in OTG-
overexpressed embryos

Expression of patterns of a ventral marker bmp4 (A, 10/10, 100%; B, 14/15, 93%), an
anterior neural plate marker tlc/sfrp5 (C, 12/12, 100%; D, 13/15, 86%), a pan-neural marker
sox2 (E, 10/10, 100%; F, 12/13, 92%), endoderm markers wnt1l (G, 11/11, 100%; H, 12/12,
100%) and mixer (I, 10/10, 100%; J, 10/10, 100%) in un-injected control (A, C, E, G, I) or
OTG mRNA-injected (B, D, F, H, J) embryos. (C, D and G-J) Embryos at the onset of
gastrulation (6 hpf), views from animal pole, dorsal on the right side. (A, B) Side view. (E-F)
Embryos at 3 somite stage (3 ss), dorsal views, anterior to the left. Note that the expression
domains of bmp4, tlc/sfrp5 and sox2 are expanded in OTG-overexpressed embryos whereas

those of wnt1l and mixer are not affected.



A control D

control (G 8 control
- P = e

1

B-catenin H VP16-tcf3

ol
\J

B-catenin+OTG | . VP16-tcf3+OTG

C wni8+OTG F

E

X

chd 4 hpf ectopiceye 30 hpf 30 hpf

J ettt K e ___ SB415286+0TG
¥y T —— i B & w,,»«‘

N 28 hpf

Supplementary information, Figure S4. OTG acts upstream of g-catenin and tcf3/hdl in
Whnt signaling pathway

(A-C) Top view, dorsal is to the right. Expression pattern of chd in control (A, 10/10, 100%),
wnt8 mRNA-injected (B, 8/10, 80%), or wnt8 and OTG mRNA-injected (C, 10/12, 83%)
embryo at sphere stage (4 hpf). Wnt8-induced ectopic expression of chd was inhibited by
OTG overexpression.

(D-F’*) Morphology and expression pattern of shh (insets) in control (D, 10/10, 100%; D’), -
catenin mRNA-injected (E, 12/15, 80%; E’), or S-catenin and OTG mRNA-injected (F, 13/14,
93%; F’) embryo at 30 hpf and 6 ss. OTG overexpression does not inhibit f-catenin-induced
ectopic eye formation or secondary axis formation marked by the ectopic expression of shh.
(G-1) Morphology of control (G, 10/10, 100%), VP16-tcf3 (a dominant negative form of tcf3)
mRNA-injected (H, 14/18, 78%), or VP16-tcf3 and OTG mRNA-injected (I, 16/18, 89%)
embryo at 30 hpf. OTG overexpression does not rescue VP16-tcf3-induced headless-like
phenotype.

(J-L) Morphology of control (J, 10/10, 100%), SB415286 treated (K, 14/15, 93%), or
SB415286 treated and OTG mRNA-injected embryo (L, 14/18, 78%) at 28 hpf. Injection of
OTG mRNA does not rescue SB415286-induced headless-like phenotype.
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Supplementary information, Figure S5. Expression profile of otg in zebrafish embryos
(A) Semi-quantitative RT-PCR analysis of zebrafish ottogi. p-actin is used as a loading
control. ottogi transcript is detected from 4-cell to the prim-5 stages (24 hpf).

(B-L) In situ hybridization of zebrafish otg at indicated stages. (B-F) otg is ubiquitously
expressed from early cleavage to 10-somite stages. (G) otg expression in brain region is
increased at late somitogenesis stage. (H) At 24 hpf, otg transcripts are detected in the brain
and proximal convoluted tubule (PCT, inset) of pronephros. (I) At 36 hpf, otg expression
persists in the brain and pronephric ducts. (J) Cross section of embryo at panel (I) shows that
otg transcripts are detected in anterior pronephric ducts (arrows) at 36 hpf. (K) otg transcripts
are detected in the brain, pharyngeal arch (PA), and PCT at 72 hpf. (L) In sagittal section of
adult brain, otg transcripts are detected in corpus cerebelli (CCe), dorsal thalamus (DT),
griseum centrale (GC), periventricular gray zone of optic tectum (PGZ, layers 1 and 2), and

torus longitudinalis (TL). TeO indicates tectum opticum.
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Supplementary information, Figure S6. Loss of otg function leads to a ventralized
phenotype.

(A-C) Morphology of control (A, 20/20, 100%), otg MO-injected (B, 23/25, 92%), or otg
and p53 MO-injected (C, 22/23, 96%) embryo at 24 hpf. Injection of otg MO causes a
ventralized phenotype (including small head/eye and expansion of ventral mesoderm) and co-
injection of p53 MO does not affect the ventralized phenotype of otg morphants. (D-F) GFP
expression at 4-somite stage embryos injected with indicated combinations of control MO,
otg MO, otg-GFP (otg MO-targeted) mRNA and otg-AN-GFP (otg MO non-targeted) mRNA.
Otg-GFP is robustly expressed in control MO-injected embryos (D, 10/10, 100%) but not in
otg MO-injected embryos (E, 14/15, 93%). Expression of Otg-AN-GFP is not affected by otg
MO (F, 13/13, 100%). (G-1) Morphology of 30 hpf embryos injected with otg MO alone (G,
15/15, 100%), or with human OTG mRNA (H, 14/16, 87%) or zebrafish otg mRNA (I, 10/15,
66%). otg MO-induced ventralized phenotype (including expansion of ICM and small head)
is rescued by OTG/otg mRNA co-injection. (J-L) Expression pattern of a presumptive eye
field marker zicl/opl in control (J, 14/14, 100%), OTG mRNA-injected (K, 20/22, 91%) or
otg MO-injected (L, 18/20, 90%) embryo at neural plate stage. Dorsal view, anterior is to the
left. Overexpression of OTG caused dramatic expansion of zicl/opl expression domain
whereas loss of otg function caused reduction. (M-O) Expression pattern of an eye field
marker rx1 and a hindbrain markers krox20 in control (M, 12/12, 100%), OTG mRNA-
injected (N, 15/16, 94%) or otg MO-injected (O, 20/22, 91%) embryo at 13-somite stage.
Dorsal view, anterior is to the left. Overexpression of OTG caused expansion of rx1
expression domain whereas loss of otg function caused reduction.
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Supplementary information, Figure S7. OTG inhibits reporter expression in TOPdGFP
transgenic zebrafish

Views from animal pole, dorsal is to the right. Patterns of GFP reporter expression in control
(A, 10/10, 100%), human OTG mRNA-injected (B, 12/13, 92%), zebrafish otg mMRNA-
injected (C, 12/14, 86%), or otg MO-injected (D, 18/20, 90%) embryo at shield stage (6 hpf).
E-H. OTG overexpression suppresses whereas otg knockdown enhances Wnt8-induced
reporter expression. TOPdGFP transgenic embryos were injected with indicated combination
of wnt8 (7/7, 100%), human OTG (8/10, 80%), zebrafish otg mRNAs (6/10, 60%) and
zebrafish otg morpholino (MO, 14/16, 87%). GFP reporter expression is examined by in situ
hybridization.
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Supplementary information, Figure S8. OTG does not affect subcellular localization of
Lrp6, Dvl1, Fz3, Fz10, Bmprl, and Fgfr
(A-J) Immunostaining of gastrula embryos (6 hpf) injected with indicated combinations (top
right corner) of mRNA. Subcellular localization of overexpressed proteins are examined by
anti-HA (A-B, K,L) or anti-Myc (C-J) immunostaining. Nuclei are counter-stained with
Hoechst 33342 (blue). OTG overexpression does not affect the subcellular localization of
Lrp6-HA (A, B), Myc-Dvll (C, D), Fz10-Myc (E-F), Fz3-Myc (G, H), Bmprl-Myc (1, J), or
Fgfr-HA (K, L) in zebrafish embryo.
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Supplementary information, Figure S9. OTG is distributed in perinuclear sites and the
plasma membrane

(A-B’’) Immunostaining of gastrula embryos injected with human OTG-GFP (A-A”) or
zebrafish otg-GFP (B-B”) mRNA. Nuclei are counter-stained with Hoechst 33342 (blue).
Human OTG-GFP and zebrafish Otg-GFP are mainly localized in perinuclear sites and the
plasma membrane. (C,D) Membrane topology assay of OTG proetins. C. Schematic
representation of differentially HA epitope-tagged OTG proteins (OTG-HA and HA-OTG,
respectively). D. OTG-HA or HA-OTG proteins were transiently expressed in the HEK293
cells. In intact cell immunofluorescence, the HA epitope was detected in the cell surface of
OTG-HA transfected cells, but it was hardly detected in HA-OTG transfected cells. However,
in permeabilized immunofluorescence, the HA epitope was detected in both OTG-HA and
HA-OTG cells. In the absence of membrane permeabilization, HA epitope was detected at the
cell surface only in OTG-HA transfected cells but not in HA-OTG transfected cells. However,
after detergent (Triton X-100) treatment of cells, HA was detected in both OTG-HA and HA-
OTG cells.
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Supplementary information, Figure S10. ER-restricted OTG (Otg-ER) retains its
activity

(A-F) Morphology (A-C, at 24 hpf) and expression pattern of a dorsal organizer marker chd
(D-F, 6 hpf; animal pole view, dorsal is to the right) of control (A, 13/13, 100%; D, 10/10,
100%), OTG mRNA-injected (B, 20/21, 95%; E, 12/13, 92%), or an ER-restricted OTG-ER
MRNA-injected (C, 22/24, 92%; F, 11/13, 85%) embryos. Similar to wild type OTG, OTG-

ER causes dorsalization and expansion of chd expression domain.
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Supplementary information, Figure S11. ER localization of OTG requires its amino-
terminal region

(A-E”) Immunostaining of COS-7 cells transfected with OTG wild type or various deletion
constructs. Overexpressed OTG proteins are visualized by anti-GFP immunostaining (green)
along with calreticulin (red). Nuclei are counter-stained with Hoechst 33342 (blue). OTG
TM-GFP (B-B"), OTG APRD-GFP (D-D"), and OTGAPBD-GFP (E-E") are localized in
similar patterns as wild type OTG-GFP. However, OTG ATM-GFP, lacking the

transmembrane domain located near N-terminus, is localized in the nucleus (C-C").
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Supplementary information, Figure S12. OTG restricts the distribution Fz8 to the ER in
mammalian cells

(A-B™). Immunostaining of COS-7 cells transfected for Fz8-Myc and ER-ECFP alone (A-A")
or with OTG (B-B"). Overexpressed Fz8-Myc (red) is visualized by anti-Myc
immunostaining. ER-ECFP (green) is used as an exogenous ER marker. Only a portion of
Fz8-Myc is localized in the ER in OTG un-transfected cells (A-A") whereas majority of Fz8-
Myc is localized in the ER in OTG transfected cells (B-B").
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Supplementary information, Figure S13. The N-terminus of Fz8 is required for OTG-
induced ER retention

(A-D™) Immunostaining of COS-7 cells transfected for indicated Fz8-Myc deletion construct
alone (A-A", C-C") or with OTG (B-B", D-D"). Overexpressed Fz8-myc proteins (green) are
visualized by anti-Myc immunostaining along with calreticulin (red). Nuclei are counter-

stained with Hoechst 33342 (blue). OTG induces ER retention of Fz8AC-Myc (B-B")
whereas OTG fails to do so for FZBAN-Myc (D-D").
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Supplementary information, Figure S14. The N-terminus of Fz8 is required for OTG-
induced change of Fz8 subcellular localization

(A) Co-immunoprecipitation of OTG-Flag with Fz2-Myc, Fz3-Myc, and Fz8-Myc after co-
transfection. (B-D’) Immunostaining of gastrula embryos injected with mRNA for indicated
fz8-myc deletion mutant alone (B, C, D) or with OTG mRNA (B’, C,” D’). Overexpressed
Fz8-myc proteins (green) are visualized by anti-Myc immunostaining. Nuclei are counter-
stained with Hoechst 33342 (blue). Subcellular distribution of FzZBAC-Myc and FzZ8ACRD-
Myc are affected upon co-expression of OTG. However, OTG fails to change the subcellular
distribution of FzZ8AN-Myc.
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Supplementary information, Figure S15. Effects of various OTG deletion mutants in
zebrafish development

(A-F) Morphology (at 36 hpf) of control embryo (A, 12/12, 100%) and embryos injected with
mRNA for indicated OTG deletion mutant. Overexpression of OTGAPBD-Flag results
enlarged head and shortened tail (F, 15/16, 94%) similar to wild type OTG (B, 15/15, 100%).
OTG TM-Flag (C, 10/14, 71%) and OTGAPRD-Flag (E, 12/16, 75%) lead to small head with
normal tail. OTGATM-Flag does not cause any discernible defect.

(G-L) Immunostaining of overexpressed Fz8-Myc (green) in shield stage embryos injected
with mRNA for fz8-myc alone (G) or with mRNA for indicated OTG-Flag deletion mutant.
Overexpressed Fz8-myc proteins (green) are visualized by anti-Myc immunostaining. Nuclei
are counter-stained with Hoechst 33342 (blue). Cell surface expression of Fz8-Myc is
affected by OTG-Flag (H) and OTGAPBD-Flag (L). However, OTG TM-Flag (1), OTGATM-

Flag (J), and OTGAPRD-Flag (K) do not affect the membrane localization of Fz8-Myc.
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