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Fig. S1. Generation of mutant alleles at the zebrafish alx3 locus. alx3 mutations
were induced by CRISPR/Cas9 mutagenesis targeted to the second exon of the alx3
locus. alx3“w?'13 allele contains a net insertion of 13 nt (magenta letters) which is

predicted to cause a frameshift and a premature stop (red letters).
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alx1; alx3/+ x
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Fig. S2. alx1 and alx3 are required for hyaloid vascular patterning. Embryos

derived from WT (A) or alx1; alx3/+ (B — E) parents were first scored for the
presence of misshapen eyes and stained for alkaline phosphatase to visualize hyaloid
vasculature that surrounds the lens at 5 dpf. A: Normal hyaloid pattern in WT (6/6), B:
Reduced hyaloid network formation in embryo with normally shaped eyes (5/6), C:
Embryos with mildly misshapen eyes and disorganized hyaloid pattern (5/6). D-E:
Embryos with severely misshapen eyes and disorganized (D; 2/5) or no hyaloid

vasculature (E; 2/5 lens).
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Fig. S3. Differentially expressed genes in alx1;alx3/+ mutants relative to
wildtype siblings. A heat map (A) and volcano plot diagram (B) of differentially
expressed genes in alx1;alx3/+ mutants relative to wildtype siblings (see Figure 6 for

details).
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carboxylic acid metabolic process
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serine-type peptidase activity

0.0/ | ||| I T SR TTTN N IIIIIIIII||||||‘

Ranked List Metric

Running Enrichment Score

0 5000 10000 15000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

serine hydrolase activity
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serine—type endopeptidase activity
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monooxygenase activity
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fatty acid metabolic process
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carboxylic acid catabolic process

2-

2

3 1

=

3 “ | Il

3 o T o g i

H|
—1

Running Enrichment Score

0 5000 10000 15000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

Ranked List Metric

Running Enrichment Score

1.01

0.51

o
o

|
o
o

I
—
o

|
—
(63

o
o

|
©
—

|
o
(V)

|
o
w

|
©
~

NcRNA processing

ISONT

5000 10000 15000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m




Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

small molecule catabolic process
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organic acid catabolic process
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endopeptidase activity
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monocarboxylic acid metabolic process
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structural constituent of ribosome

00 | "'"'""IIIII|||IH||‘|“‘|‘|||||

Ranked List Metric

0.0

Running Enrichment Score
S
N

0 5000 10000 15000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

Ranked List Metric

Running Enrichment Score

I
o
w

|
o
N

carbohydrate metabolic process

0 5000 10000 15000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
9
m




Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

ribosome

0.4

00 H‘ .

Ranked List Metric

©
—

| | |
© o o o
w M = O

Running Enrichment Score

|
o
N

0 5000 10000 15000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information
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steroid hydroxylase activity
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NcRNA metabolic process
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ribosome biogenesis
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oxidoreductase activity
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Fig. S4. Enrichment plots of Gene set enrichment analysis (GSEA) of differentially
expressed genes in alx1;alx3 mutants. Running score plot and pre-ranked list of top

25 suppressed GSEA terms shown in Figure 5C.
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brain development
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transcription regulator complex
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plasma membrane bounded cell projection morphogenesis
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regulation of trans—synaptic signaling

1.0

0.0

Ranked List Metric

0.4

0.21

Running Enrichment Score

0.0 +—

0 5000 10000 15000 20000
Position in the Ranked List of Genes

c
O
)
©
£
| -
O
£
>
|-
©
=
c
J]
£
@
Q
Q
S
n
[ ]
c
o
Q
@)
>
o
)
Q
[oa]




Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

regionalization

1.0+
> i
: |
% 00 I|||||||III|I||||m......... I LT ||||"H“|
e}
H\ ||
T

~1.01

Running Enrichment Score

0 5000 10000 15000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
9
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

central nervous system neuron differentiation
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hindbrain development
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Fig. S5. Enrichment plots of Gene set enrichment analysis (GSEA) of differentially
expressed genes in alx1;alx3 mutants. Running score plot and pre-ranked list of top 25

activated GSEA terms shown in Figure 5D.

c
O
)
©
£
| -
O
£
>
|-
©
=
c
J]
£
@
Q
Q
S
n
[ ]
c
o
Q
@)
>
o
)
Q
[oa]



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

alx1-/- alx3 CRISPant  alx1-/~;alx3 CRISPant

alx1-/- alx3 CRISPant alx1-/- -alx3 CRISPant

ANC

Ventral Cartilage

04
=z
<
)
(@)}
R
=
©
O
o
5
>
N Phenotypic percentage = Death
| N I ———— - = Severe toxicity
| Mild toxicity
50% | with normal ANC
‘ Mild toxicity
| 171 507 - with malformed ANC
0% ! e i1 - WT o = Malformed ANC
Uninjected alx3 sgRNP-injected Normal

Biology Open ¢ Supplementary information



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

Fig. S6. alx1; aIx3CR phenocopy alx1; alx3 double mutants. Embryos derived from
Tg(sox10:kaede) embryos or alx14"2016; Tg(sox10:kaede) were injected with alx3
CRISPR/Cas9 and fixed at 4 dpf. Embryos were dissected, and flat-mounted in order to
image the anterior neurocranium (ANC) and ventral pharyngeal cartilage. alx1; alx3CR
developed with midline cleft (arrowhead in G), with the lateral elements (asterisks in G)
separated due to the missing median element. | — P: Dissected flat-mount Alcian Blue-
stained cartilage in larvae of different genotypes, anterior to the left. I: WT embryo with
normal paired trabeculae (tr) and a normal ANC. O: alx71; alx3CR with defective trabeculae
fusion (asterisks) and depleted ethmoid plate. Q: Percentage of embryos displaying
malformed anterior neurocranium (ANC) phenotype in larvae of different genotypes. All

embryos are shown with anterior to the left. Scale bar: 100um.
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lens development in camera—type eye
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microtubule cytoskeleton organization
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DNA helicase activity
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Fig. S7. Enrichment plots of Gene set enrichment analysis (GSEA) of differentially
expressed genes in alx1;alx3 crispants. Running score plot and pre-ranked list of all

suppressed GSEA terms shown in alx1;alx3 crispants.
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circadian regulation of gene expression
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cellular response to xenobiotic stimulus
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regulation of circadian rhythm

uoijewuojul Auejuswsalddng . uadQ Abojoig

|
20000

Position in the Ranked List of Genes

10000

2.5

2.01

0.5- m
0.0- | ||| | (I

© < N

n o 0
n_u o o (@]

*~— ~—

OLIBIN 1517 PaXuUEY

<
o

91005 1uswyoLug Buluuny



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

receptor regulator activity

3 4

2 2
©
=
: . ||\
5 o M
§ O i II|.I|I..I".".||I|| L T T Treappm— LLUNINIR N N | I“" |
g llu
;.

—2 -

Running Enrichment Score

0 10000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

circadian rhythm

2-

o

©

=

B 1 |

: I

E 111

g 0 T

g ° - ST |||‘
_1-
0.6

o "

(@) 1

(&) 1

@ |

£ .

< 1

O 1

c I

wo.2 |

(@) 1

[ 1

£ :

[

T LA -
0.0 T ks

0 10000 20000
Position in the Ranked List of Genes

c
O
)
((0)
£
| -
O
£
>
|-
©
+
c
J]
£
@
Q
Q
S
n
[ ]
c
o
Q
@)
>
o
)
Q
[oa]



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

incorporation or reduction of molecular oxygen, reduced flavin or flavop

2.01
1.51

1.0

05 Hl
0.0 |I|||| I O T T

—0.51

Ranked List Metric

0.6+

0.4-

0.21

Running Enrichment Score

0.0

0 10000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

xenobiotic metabolic process

2.01
1.5+
1.01

0.51

0.0- Hl ||I|||| T

Ranked List Metric

0.61

0.4

0.21

Running Enrichment Score

0.01

0 10000 20000
Position in the Ranked List of Genes

C
o
)

©

e

| -
qg
£

>

| -

©
+

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m




Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

chemical homeostasis

(@)

s 1

(O]

=

g [T

X O i II|I|.-III.||||--- e L

Lsc% M| |I|I|| ||| |||| H“ ‘l
0.4+

o
w

©
—

Running Enrichment Score
o
N

o
o

0 10000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
9
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

photoperiodism

—_ —_ N N
o o o o

Ranked List Metric

o
o

0.0- |H ‘ ||| |1 :

o o
BN (o)}

o
N

Running Enrichment Score

o
o

0 10000 20000
Position in the Ranked List of Genes

C
9o
)

((0)

£

| -
kS
£
>
|-
©

-+

C

0}

£
Q

Q

Q

-]
n

[ ]

C

@

Q
@)

>

(®))]
Re)
9
@



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

entrainment of circadian clock

- - N N
o o o o

Ranked List Metric

o
o

o
o

o
(ol

o
o

Running Enrichment Score
o o
[\ ~

o
o

0 10000 20000
Position in the Ranked List of Genes

C
9o
)

((0)

£

| -
kS
£
>
|-
©

-+

C

0}

£
Q

Q

Q

-]
n

[ ]

C

@

Q
@)

>

(®))]
Re)
9
@



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

serine-type peptidase activity

3
2.
o
©
= 14
g O_ “”"l | |II|I III"II ME T o cmm e . — T
g oy
G
o -1
_o-
o) :
S 0.4 !
N :
b= |
() 1
E 1
c 1
L 0.2 :
[ 1
L I
> :
c
g 0.0- (T
2 | N

0 10000 20000
Position in the Ranked List of Genes

c
O
)
©
£
| -
O
£
>
|-
©
=
c
J]
£
@
Q
Q
S
n
[ ]
c
o
Q
@)
>
o
)
Q
[oa]



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

serine hydrolase activity

3
2.
o
©
= 14
g O_ “”"l | |II|I III"II ME T o cmm e . — T
g oy
G
o -1
_o-
o) :
S 0.4 !
N :
b= |
() 1
E 1
c 1
L 0.2 :
[ 1
L I
> :
c
g 0.0- (T
2 | N

0 10000 20000
Position in the Ranked List of Genes

c
O
)
©
£
| -
O
£
>
|-
©
=
c
J]
£
@
Q
Q
S
n
[ ]
c
o
Q
@)
>
o
)
Q
[oa]



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

entrainment of circadian clock by photoperiod

- - N N
o o o o

Ranked List Metric

o
o

o
o

o
(ol

o
o))

o
\V)

Running Enrichment Score
o
N

o
o

0 10000 20000
Position in the Ranked List of Genes

C
o
)

©

e

| -
NS
£

>

| -

©
+

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

serine—type endopeptidase activity

2-
o
@
= 1
E \"l | I"I T T T -
g ° Ty
3
£ -1
_9.

0.4

Running Enrichment Score
o
N

0 10000 20000
Position in the Ranked List of Genes

c
O
)
©
£
| -
O
£
>
|-
©
=
c
J]
£
@
Q
Q
S
n
[ ]
c
o
Q
@)
>
o
)
Q
[oa]




Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

steroid hydroxylase activity

0- | Hl‘ || I”l ”“ [ T

Ranked List Metric

o o
IN o))

Running Enrichment Score
o
N

l‘;; N N

o
o

0 10000 20000
Position in the Ranked List of Genes

c
O
)
((0)
£
| -
O
£
>
|-
©
+
c
J]
£
@
Q
Q
S
n
[ ]
c
o
Q
@)
>
o
)
Q
[oa]



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

steroid metabolic process

1.01

|||||
0.0- “l""”"”" I TN

Ranked List Metric

Running Enrichment Score

0 10000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

Immune response

2-

.Q
©
= 1
-
E |
_Clg 0- I.I|||.|||||| (I - —— e LI ”“l""m"”lll‘“
©
o

—1 -

Running Enrichment Score

0 10000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
9
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

uoijewuojul Auejuswsalddng . uadQ Abojoig

20000

10000
Position in the Ranked List of Genes

response to drug
it

[ ]
FrO
o 1 o ;v 9 u © < N o
Al ~— — (@] o 0_ o o o o
OLII9IA 1SI7] paxuey GLOOW juswydnu3g @C_CCDW_



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

organic hydroxy compound metabolic process

1.01

0.51

0.0 |‘|‘|‘I|I||I|I“||||||||| (1] TR -

Ranked List Metric

Running Enrichment Score

0 10000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
q(_)
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m




Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

oxidoreductase activity

] ||| || |II|II|I.||||| BULON om v oo meeee
0

Ranked List Metric

Running Enrichment Score

0 10000 20000
Position in the Ranked List of Genes

C
o
)

((v]

e

| -
NS
£

P

| -

©
)

C

()

£
9

Q

Q.

>
(7p]

[ )

C

()

Q
@)

>

(9))
Re)
2
m



Biology Open (2022): doi:10.1242/bi0.059189: Supplementary information

rhythmic process

Ranked List Metric

i |H|““| ||||I||| ”ll | IHomuwn o
0

|
—h
1

© o o ©
D W A~ o

o
—h

Running Enrichment Score

RNEVINIRS 10NN

o
o

0 10000 20000
Position in the Ranked List of Genes

Fig. S8. Enrichment plots of Gene set enrichment analysis (GSEA) of differentially
expressed genes in alx1;alx3 crispants. Running score plot and pre-ranked list of all

activated GSEA terms.
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Table S1. Differentially expressed genes in alx1;alx3 mutants.
All differentially expressed genes with multiple-testing adjusted p-value smaller than or equal to

0.05 in 5dpf alx1;alx3 mutants when compared to age-matched alx “*2°'6 siblings.

Click here to download Table S1

Table S2. Gene set enrichment analysis (GSEA) of differentially expressed genes in
alx1;alx3 mutants.

All enriched GO terms with multiple-testing adjusted p-value smaller than or equal to 0.05 from all
differentially expressed genes in 5dpf alx1;alx3 mutants when compared to age-matched alx

uw2016 giblings.

Click here to download Table S2

Table S$3. Differentially expressed genes in alx1;alx3 crispants. All differentially
expressed genes with multiple-testing adjusted p-value smaller than or equal to 0.05 in 3dpf

alx1;alx3 crispants when compared to age-matched wildtype embryos.

Click here to download Table S3

Table S4. Gene set enrichment analysis (GSEA) of differentially expressed genes in

alx1;alx3 crispants.

All enriched GO terms with multiple-testing adjusted p-value smaller than or equal to 0.05 from all

differentially expressed genes in alx1;alx3 crispants when compared to age-matched wildtype.

Click here to download Table S4
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