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| Atg conjugation systems| Atg5, Atg1611
B Zebrafish fip200 locus 1 kbp C Zebrafish atg101 locus 1 kbp
exon 1 exon 2 exon 3 exon 4 exon 5 exon 2 exon 1

5-GATGAACACCTTCAGCACCAGGGATGGGCA-3’ Wild-type allele

5-CCGCTTTCCTGATGACCCTGTCC-3’ Wild-type allele

5-GATGAACACCTTCA - - - --- --- --- - GCA-3’ Mutated allele (-13 bp) 5’-CCGCTTATCCTGATGACCCTGTCC-B’ Mutated allele (+4 bp)
GTGG
D Zebrafish atg13 locus 1 kbp Zebrafish atg14 locus 1 kbp
exon 11 exon 10 exon 9 exon 8Iex0n 7 exlon 4 exon 5 exon 6
___________________ . [ [ — & —
5 TGGCATTACCTGTGATGGTGGGG-3 Wild-type allele 5.GCTGGGTGGAGGAGAAGAGTGGAAACCAGGGG-3 Wild-type allele ™
5-TGGCAT --- --- --- --- -GGGG-3 Mutated allele (-13 bp) 5-G------m-- iem mon oo oo --- - - GGG -3 Mutated allele (-28 bp)
F Zebrafish atg2a locus 1 kbp exon 6 Zebrafish atg2b locus 1 kbp
exon 5 exon 4 exon 3 exon 2 exon 1 exon 2 exon 1

5'-CATACAGGATGACCACCCTTGGG-3’ Wild-type allele

5-9-- --- --- --- -----CTTGGG-3" Mutated allele (-50 bp)
H Zebrafish atg9a locus 1 kbp
exon 3 exon 4 exon 5exon 6exon 7 exon 8 exon 9

1 —H -

5-CCGCCTGAGCTCGAGGATCTTGT-3’ Wild-type allele

5-CCG--- --- --- - AGGATCTTGT-3' Mutated allele (-10 bp)
J Zebrafish atg16/1 locus 1 kbp
exon 1 exon2exon3 exon4 exon5 exon 6

exon 7| exon 5 exon4 exon 3
[ |

5 AAACTCATCCCAGAACAGAGAGG 3 Wild-type allele
5'-AAACTCATCCCAGA - - - - - GAGG-3’ Mutated allele (-5 bp)

exon 1exon 2

Zebrafish atg9b locus 1 kbp
exon 3 exon 4 exon 5 exon 6

5-CCAATCGAGCCGTCAATCACACG-3 Wild-type allele
5-CCAA A AGCCGTCAATCACACG-3 Mutated allele (+14 bp)

CATCAATCACACGGGTC

Zebrafish atg5 locus 1 kbp
exon 3 exon 4 exon 5

exon 6

exon 1 exon 2

5'-GATGGCGGAGAAAGCCCAGGAGGCC-3’ Wild-type allele
5-GATGGCGGAGAAAGCCCA - - - -- CC-3 Mutated allele (-5 bp)

5-GAAATGTGGTTTGAACACGAGGG-3' Wild-type allele
5-GAAATGTGGTTTGAAC - GAGGG-3' Mutated allele (+4 bp)

CACACA

L
Primers for genotyping PCR

fip200-f, AGCTTTGCTCGTTCTGTGAGCG
fip200-r, CTGATAGGAAAGGGTGCAGTCG

atg101-f, CGCATTACAACAGTACCAGACATCCCCG
atg101-r, GGACGTGGACTGCGACTTCATAGACTTC

atg13-f, CTGGCCTGTACAAGGAAGGAAGTG
atg13-r, GGAAGATGATGGAGGGACTTACGCAG

atg14-f, AACCACCTATCACTCGGGCCGCTGGATCT
atg14-r, CCCAAACCTCTGATTGGCAGTGCAG

atg2a-f, TGTGCAAACATTTCCAGCCCCTCCAG
atg2a-r, CTCACTGGTTCTGTATTTGGGTCGGC

atg2b-f, GGTTCCAACTTGGAGAAAGCTTGGG
atg2b-r, CAACATCCATCAGCCCACTACATTTGCGC

atg9a-f, CGAGTGGAGTTTGAAGAGCGAGTAC
atg9a-r, GCTCTCGCTTGATCACCTCAGTGTAG

atg9b-f, CAGGCAATTCCTGTTTGTGGTCACG
atg9b-r, CATCAGGAAGGGTGACTTTGCTCC

atg1611-f, TGGAGGAGAAACTGCGCAAAACCACC
atg16l1-r, GTTAGTGACCTGGAGTCCTTCTCGTTC

atg5-f, GTCAGTTACCTGACACTAGTCACTG
atg5-r, TCGAAAGTGTCAAAGCTACTCCGC

vmp1-f, GCTCATCATTTGTACATGCGTGCGTG
vmp1-r, GCTCCAGCATCTCCTCGAATTCTTC

Figure S1 Generation of atg-deficient zebrafish using CRISPR/Cas9 system, Related to Figure 1

(A) A schematic model of the functional steps of Atg proteins during autophagy in vertebrates.

(B-L) Schematic representation of the Cas9-gRNA-targeted sites in the zebrafish loci for fip200 (B), atg101 (C), atg13 (D),
atg14 (E), atg2a (F), atg2b (G), atg9a (H), atg9b (1), atg1611 (J), and atg5 (K). The protospacer-adjacent motif (PAM)
sequence is shown in red. The targeted sites are underlined. Sequences for wild-type and mutated alleles are shown.
Primers for genotyping PCR of each line are shown (L).



Mouse atg101 locus 1 kbp Atg101™* | Atg101* | Atg101” Dead
exon 1 exon 2 exon 3 E14.5 5 15 ’ 0
Il —— E165 | 8 9 6 0
, E17.5 5 9 1 1
5-GCAGGTGGAGGAGGCCATGCTGG-3 Wild-type allele
5-GCAGGTGGAGGAGGCCATGCTGG-3 Mutated allele (+1 bp) E18.5 3 5 0 2
A P0.5 5 11 0 16
C 13.5 dpc 17.5 dpc

Atg1017 Atg101+ Atg1017

Eea\

Figure S2 Generation of Atg7101-deficient mice, Related to Figure 4

Atg101+

(A) Schematic representation of the Cas9-gRNA-targeted site in the mouse Atg707 locus. The PAM sequence is shown
in red. The targeted site is underlined. Sequences for wild-type and mutated alleles are shown.

(B) Survival rate of offspring from intercrosses of Atg7071* mice.

(C) External appearance of Atg7071*- and Atg101- mice at 13.5 dpc and 17.5 dpc.
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Figure S3 ATGS is dispensable for maturation of lamellar bodies in type Il pneumocytes in
mice, Related to Figure 4

(A) Immunohistochemistry of lungs from 17.5-dpc Atg5*~ and Atg5~ mice using anti-SPC antibody. Nuclear DNA was
stained with Hoechst33342. Scale bar, 20 ym and 2 um in the inset.

(B) Transmission electron microscopy of type Il pneumocytes from 17.5-dpc Atg5*~ and Atg57 mice. Magnified images
of the indicated regions are shown in the right panels. The average size (cross sectional area) of each lamellar body
was quantified (21 cells and 24 cells for Atg5*~ and Atg5” mice, respectively). The solid bars and boxes indicate the
median and interquartile range (25th to 75th percentile), respectively. The whiskers indicate the upper and lower
quartiles, and outliers are plotted individually. Scale bar, 1 ym and 400 nm in magnified panels. An unpaired two-tailed
Mann-Whitney’s U test was used to compare the two groups.
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Figure S4 Deletion of Fip200 in type Il pneumocytes did not disrupt lung morphogenesis and
type | pneumocyte differentiation in mice, Related to Figure 4

(A) External appearance of the lung of neonatal Fip200™**;SPC-Cre and Fip200™¥"x;SPC-Cre mice at 1 hour after birth.
(B) Immunohistochemistry of the lung of neonatal Fip200™**;SPC-Cre and Fip200™"x;SPC-Cre mice at 1 hour after
birth using anti-HOPX (a marker for type | pneumocytes) antibody. Nuclear DNA was stained with Hoechst33342. Scale
bar, 50 um and 5 ym in the insets. Arrows indicate nuclear staining of HOPX. Data are representative of at least two
mice of each genotype.

(C) Immunoblotting of SPB, p62, and HSP90 in the lung of Fip200**;SPC-Cre and Fip200™"x;SPC-Cre mice at 1 hour
after birth. An arrow indicates the mature form of SPB.
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