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Fig. S1. Developing the SynPro system. (A) Viability at 24 hpf of wild-type embryos injected with mRNA of commercially
available proteases: tobacco etch virus (TEV) protease (Addgene plasmid #8835), tobacco vein mottling virus (TVMV)
protease (Addgene plasmid #8832), enterokinase (Addgene plasmid #49048), and human rhinovirus 3C (HRV 3C)
protease (Addgene plasmid #78571). Developmental delays and loss of viability were observed in embryos injected
with TEV protease and HRV 3C protease. (B) Viability at 24 hpf of wild-type embryos injected with 50 pg of zebrafish
codon-optimized mRNA sequences of 15 potyviral proteases. In all conditions, more than 80% of embryos were viable
at 24 hpf. (C) Schematic of fluorescence reporter assay for protease cleavage, which is composed of three components:
Component 1 contains the cleavage site flanked by beta-Arrestin and mNeonGreen2(1-10); Component 2 is the codon-
optimized Potyviral protease (e.g. TEV protease recognizes the sequence ENLYFQS); and Component 3 is nuclear
histone 2b tagged with mCherry and fused with mNeonGreen2(11). See Methods for construct details. (D) Testing the
cleavage efficiency of TEV protease. (i) Co-expression of Components 1 and 3 does not exhibit mNeonGreen2
fluorescence, whereas (ii) co-expression of all 3 components leads to proteolytic cleavage, nuclear translocation, and
binding of mNeonGreen2(1-10) to mNeonGreen2(11) — leading to reconstitution of mNeonGreen2 fluorescence in the
nucleus. (E) Using the reporter assay in zebrafish embryos, six out of fifteen Potyviral proteases exhibited proteolytic
activity, based on reconstitution of nuclear mNeonGreen2 fluorescence (bottom row images). Scale bars, 100 um.
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Fig. S2. Vg1 prodomain processing does not promote secretion. (A) Fluorescence images of fixed Mvg? embryos
injected with 25 pg mRNA of sfGFP-tagged SynPro vg1, secTEVp-sfCherry-KDEL, and cyc at the indicated
combinations. sfGFP was inserted upstream of the vg1 mature domain. Scale bar, 20 um. (B) Anti-GFP non-reducing
immunoblot of Mvg1 embryos injected with the indicated constructs as in (A). Black arrowhead indicates the position
of uncleaved SynPro Vg1, open arrowhead indicates secTEVp-cleaved Vg1. 15 embryos at 3 hpf were loaded per well.
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Fig. S3. Non-cleavable Squint. Anti-GFP reducing immunoblot of Mvg? embryos injected with 50 pg mRNA of cyc-
SfGFP, cyc-NC-sfGFP (RRGRR — SQNTS), sqt-sfGFP or sqt-NC-sfGFP mRNA. Black arrowhead indicates the
position of full-length protein, open arrowhead indicates processed mature domain.
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Fig. S4. Localization of Vg1 and Nodal variants. (A) Immunofluorescence images of fixed Mvg?1 embryos injected with
50 pg mRNA of sqt prodomain (left) or cyc prodomain (right) fused to sfGFP-tagged mature vg7 domain; or injected
with 50 pg mRNA of (B) vg1-sfGFP (left), vg1 prodomain fused to sfGFP-tagged mature sqt domain (middle) or fused
to sfGFP-tagged mature cyc domain (right). Embryos were immunostained with antibodies against sfGFP and pSmad2.
(C) Fluorescence images of fixed Mvg1 embryos to verify secretion or localization in the ER of several Vg1 constructs.
sfCherry-KDEL was used to mark the ER compartment; whereas sfCherry-Smad2 was used to mark the inner leaflet
of the plasma membrane, cytoplasm, and nucleus (see Materials and Methods for construct details). Embryos were
injected with 50 pg mRNA per construct. Scale bars, 20 pm.
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Non-injected Mvg1 26
Wild-type Vg1 21
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Fig. 5. Vg1 mRNA rescue of Mvg1 embryos. Rescue percentage after 30 hpf of Mvg1 embryos injected with 50 pg of
vg1 mRNAs with the indicated mutations. Full or partial (with cyclopia) rescue percentages are respectively indicated
as bars that are blue or blue with orange edges.
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Fig. S6. Localization and activity of Vg1 and Nodal mature domains. (A) (Left to right) Immunofluorescence images of
fixed Mvg1 embryos injected with 50 pg mRNA of sfGFP-matVg1, sfGFP-matSqt, sfGFP-matCyc, or sfGFP-matVg1
and cyc. The observed fluorescence in the ER for matCyc and matSqt conditions may be a result of delayed or
inefficient release of the overexpressed proteins. Embryos were immunostained with antibodies against sfGFP and

pSmad?2. DAPI, nuclei. Scale bar, 20 pm.
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Fig. S7. ER retention of matCyc using BiP-binding features of matVg1. (A) Amino acid sequence alignment of the
mature domains of Vg1 (matVg1) and Cyc (matCyc) and mutant matCyc. Cysteines (red) and asparagines (blue) are
highlighted. (B) Difference charts of the BiP binding specificity scores (34) between wild-type and mutant matCyc
sequences along a sliding window of seven amino acids. Orange fills indicate the mutant matCyc (black line) score >
matCyc (blue line) score. Conversely, blue fills indicate matCyc score > mutant matCyc score. Note the gain of orange
fills in m1’, m2’, and m3’regions (arrows). (C) Fluorescence images of fixed Mvg1 embryos injected with 50 pg mMRNA
of sfGFP-tagged matCyc and sfGFP-tagged mutant matCyc(m1’, m2’, m3’). sfGFP was inserted upstream of the mature

cyc domain in all constructs. DAPI, nuclei. Scale bar, 20 pm.



Table S1. BiP Binding Specificity Scores of matVg1, matCyc, matVgl(m1, m2, m3), and matCyc(m1’, m2’, m3’)
sequences. These scores are visualized in Figure 4B-C and in Sl Appendix, Fig. S7.

matVgl matCyc
matVgl matCye (ml,m2,m3) | (ml',m2’,m3")

Window # | Sequence Score | Sequence Score | Sequence Score | Sequence Score
1 GPPVRSP -13 GPPVRSP -13
2 PPVRSPE 3 PPVRSPE 3
3 PVRSPEL 3 PVRSPEL 3
4 VRSPELQ 2 VRSPELQ 2
5 RSPELQR -7 RSPELQR -7
6 SPELQRT -18 SPELQRT -18
7 | SASYYLP -6 | PELQRTP 1| SASYYLP -6 | PELQRTP 1
8 | ASYYLPV 6 | ELQRTPL 16 | ASYYLPV 6 | ELQRTPL 16
9 | SYYLPVT -15 | LORTPLH -2 | SYYLPVT -15 | LORTPLH 2
10 | YYLPVTP -5 | QRTPLHK -7 | YYLPVTP -5 | QRTPLHK -7
11 | YLPVTPS 1 | RTPLHKS -1 | YLPVTPS 1 | RTPLHKS -1
12 | LPVTPSN 24 | TPLHKST -18 | LPVTPSN 24 | TPLHKST -18
13 | PVTPSNV -7 | PLHKSTT -11 | PVTPSNV -7 | PLHKSTT -11
14 | VTPSNVC 1 | LHKSTTC 5 | VTPSNVC 1 | LHKSTTC 5
15 | TPSNVCK -12 | HKSTTCR -4 | TPSNVCK -12 | HKSTTCR -4
16 | PSNVCKP -14 | KSTTCRR -9 | PSNVCKP -14 | KSTTCRR -9
17 | SNVCKPR -3 | STTCRRV -4 | SNVCKPR -3 | STTCRRV -4
18 | NVCKPRR -13 | TTCRRVD 2 | NVCKPRR -13 | TTCRRVD 2
19 | VCKPRRL 5 | TCRRVDM 0 | VCKPRRL 5 | TCRRVDM 0
20 | CKPRRLY 6 | CRRVDMH -7 | CKPRRLY 6 | CRRVDMH -7
21 | KPRRLYI -2 | RRVDMHV -7 | KPRRLYI -2 | RRVDMHV -7
22 | PRRLYID -5 | RVDMHVD -3 | PRRLYID -5 | RVDMHVD 3
23 | RRLYIDF 2 | VDMHVDF 0 | RRLYIDF 2 | VDMHVDF 0
24 | RLYIDFK -10 | DMHVDFN -15 | RLYIDFK -10 | DMHVDFN -15
25 | LYIDFKD 3 | MHVDFNQ 8 | LYIDFKD 3 | MHVDFNQ 8
26 | YIDFKDV -19 | HVDFNQI -3 | YIDFKDV -19 | HVDFNQI 3
27 | IDFKDVG -3 | VDFNQIG 10 | IDFKDVG -3 | VDFNQIG 10
28 | DFKDVGW -7 | DFNQIGW -11 | DFKDVGW -7 | DFNQIGW -11
29 | FKDVGWQ 8 | FNQIGWG 8 | FKDVGWQ 8 | FNQIGWG 8
30 | KDVGWQD 1 | NQIGWGS 1 | KDVGWQD 1 | NQIGWGS 1
31 | DVGWQDW -1 | QIGWGSW 2 | DVGWQDW -1 | QIGWGSW 2
32 | vGWQDWI 9 | IGWGSWI 1| vVGWQDWI 9 | IGWGSWI 1
33 | GWQDWII 11 | GWGSWIV 11 | GWQDWII 11 | GWGSWIV 11
34 | WODWITIA 0 | WGSWIVF 12 | WQDWIIA 0 | WGSWIVF 12
35 | QDWIIAP 5 | GSWIVFP 2 | ODWIIAP 5 | GSWIVFP 2
36 | DWIIAPQ 12 | SWIVFPK 9 | DWIIAPK 1| SWIVFPQ 20
37 | WITIAPQG -2 | WIVFPKK -12 | WIIAPKK -9 | WIVFPQG -5
38 | IIAPQGY -3 | IVFPKKY 1 | ITAPKKY -12 | IVFPQGY 10
39 | IAPQGYL 1 | VFPKKYN 21 | IAPKKYN 23 | VFPQGYL 3
40 | APQGYLA 26 | FPKKYNA 22 | APKKYNA -34 | FPQGYLA -14
41 | PQGYLAN -1 | PKKYNAY 3 | PKKYNAY 3 | POGYLAN -1
42 | QGYLANY -2 | KKYNAYR -5 | KKYNAYR -5 | QGYLANY 2
43 | GYLANYC -2 | KYNAYRC -14 | KYNAYRC -14 | GYLANYC 2
44 | YLANYCH -16 | YNAYRCE -7 | YNAYRCH -8 | YLANYCE -15
45 | LANYCHG -1 | NAYRCEG -7 | NAYRCHG -4 | LANYCEG -4
46 | ANYCHGE -11 | AYRCEGA -17 | AYRCHGE -6 | ANYCEGA 22
47 | NYCHGEC -2 | YRCEGAC -19 | YRCHGEC -14 | NYCEGAC -7
48 | YCHGECP -10 | RCEGACP -13 | RCHGECP -3 | YCEGACP -20
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