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Supplemental Figure 1. Dissection of SpAGS motifs. A, The construct design of SpAGS-GFP, including the
restriction enzyme sites used to prepare SpAGS mutants. B, The protein sequence of SpAGS. Predicted domains
are labeled based on NCBI blast results, and the sequence portions deleted for each N-terminal construct are
marked. The sequences for each GL motif used for deletion or swapping are indicated in orange. The internal

restriction enzyme sites for BbvCI and Bsml are shown in green.
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Supplemental Figure 2. Echinoderm AGS sequence alignment. All AGS are similar in the N-terminus with the
predicted conserved TPR motifs (blue) but are highly variable in the C-terminus with the predicted GL motifs

(yellow).

41


https://doi.org/10.1101/2024.06.30.601440
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.06.30.601440; this version posted October 15, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY 4.0 International license.

Supplemental Figure 3

A

|

50465 N [~ [~ [~ I~ ONONENOE
r/

5o [ [~ [~ [~ [~ ][] dinma

B

659aa

604aa

0jAGS
SbAGS
PpAGS| SP-QQRSSPEFMDDDDSFFDVLSRFQGKRMDEQRCSFNRMODKURERENDEDRDYPMKEE
PMAGS| SP-QQRSSPEFMDDDDSFFDVLSRFQGKRMDEQRCSFNRMQDKQRERENDEDRDYPMKEE
EtAGS| SSQKGGEPQEMLDDADNFFEALSRFQSNRMDEQRCSFGRMORKLQE--DEEANGLPEKEE
EpAGS§ —--KGGEPTQMLDDADNFFEALSRFQSNRMDEQRCSFGRLTKKLD---DDEENGLPEKEL
SpAGS| SARKGGEPIQMLDDADNFFEALSRFQSNRMDEQRCSFGRLQKKLA---DEEGNGLPEKEE
SgAGS| SARKGGEPTQMLDDADNFFEALSRFQSNRMDEQRCSFGRLQKKLA---DEEGNGLPEKEE
LvAGS| SARKGGEPTQMLDDADNFFEALSRFQSNRMDEQRCSFGRLQKKLA---DEEGNGLPEKEE
- * -

* Kk o * ok k kX ek oo ok s * %
. H sELLS H .

Single Channel Merge Vegetal cortical localization at 16~32-cell stage

SPAGS

SbAGS

*
(n=37)

4 (n=36)
3-
2
'I_

1.5

(n=62)

(Normalized to SpAGS)
mean intensity ratio

Embryos with vegetal
cortical localization
Vegetal cortex:Animal cortex

Supplemental Figure 3. SbAGS does not fully localize at the vegetal cortex. A, Design of 2XGFP-AGS
constructs that contain AGS orthologs from two different species tested in this study, namely, S. purpuratus (Sp;
sea urchin), and S. briareus (Sb; sea cucumber). TPR motifs are marked in blue, and GL motifs are in orange. B,
Alignment of GL1 motif sequences among echinoderms. C, Single Z-slice confocal images of sea urchin (Sp) or
sea cucumber (Sb) embryos at 16-cell stage showing localization of 2x-GFP-AGS. Embryos were injected with
0.2-0.3pg/ul stock of GFP-AGS mRNA and 0.25pug/ul stock of 2x-mCherry-EMTB mRNA. The white arrowhead
indicates vegetal cortical localization of GFP-AGS. D, Left graph, the number of embryos with vegetal cortical
localization of 2x-GFP-AGS in 16~32-cell embryos was scored and normalized to that of the control group
(SpAGS). Right graph, the ratio of the vegetal cortex-to-animal cortex mean intensity. Statistical analysis was
performed against the control (SpAGS) by #-test. n indicates the total number of embryos scored. * represents p-
value < 0.05. Each experiment was performed at least two independent times. Error bars represent standard error.

Scale bars=10pum.
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Supplemental Figure 4

SpAGS, EtAGS and PmAGS linker domain sequence alignment
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Supplemental Figure 4. The linker domain and GL2-GL3 regions are important for AGS localization and
function. A, Alignment of linker domain between echinoderms including sea urchin (SpAGS), pencil urchin
(EtAGS), and sea star (PmAGS). Bold letters represent the conserved core linker domain. The yellow, blue, or
green highlights indicate the CK1, Aurora, or CMGC/CDK phosphorylation sites predicted by GPS 6.0. The red
letters indicate PmAGS amino acids mutated to those of SpAGS to construct the PmAGS-SpLinker mutant. B,
Design of GFP-AGS mutant constructs tested in this study. TPR motifs are marked in blue, and GL motifs are in
orange. The brown section indicates the SpAGS sequence, and the red and grey boxes show the non-sea urchin
(non-SpAGS) introduced at the C-terminus. The dotted lines represent single amino acid mutations. C, Single z-
slice confocal images of sea urchin embryos at 8~16-cell stage showing localization of GFP-AGS-S389A mutant.
Embryos were injected with 0.3ug/ul stock of GFP-AGS mRNA and 0.25ug/ul stock of 2x-mCherry-EMTB
mRNA. The white arrowhead indicates vegetal cortical localization of GFP-AGS. D, % of the embryos with
vegetal cortical localization of GFP-AGS mutants (left) and the ratio of the vegetal cortex-to-animal cortex mean
intensity (right) in 16~32-cell embryos. Statistical analysis was performed against Full AGS by One-Way
ANOVA. E-F, Embryos were injected with 0.15ug/uL stock of GFP-AGS mRNAs and 0.75mM SpAGS MO.
The number of embryos forming micromeres (E) and developing to gastrula or pluteus stage (F) were scored, and
each of which was then normalized to that of the Full AGS. Statistical analysis was performed by One-Way
ANOVA. G, Design of GFP-AGS constructs tested in this study from S. purpuratus (Sp) and P. miniata (Pm).
TPR motifs are marked in blue, and GL motifs are in orange. The dotted lines represent single amino acid
mutations. H, Single Z-slice confocal images of sea urchin embryos at 8~16-cell stage showing localization of
GFP-AGS. Embryos were injected with 0.3pg/ul stock of GFP-AGS mRNAs and 0.25ug/ul stock of 2x-mCherry-
EMTB mRNA. The white arrowhead indicates vegetal cortical localization of GFP-AGS. 1, The number of
embryos with vegetal cortical localization of GFP-AGS mutants in 16~32-cell embryos was scored and
normalized to that of the SpAGS (left graph). Right graph shows the ratio of the vegetal cortex-to-animal cortex
mean intensity. Statistical analysis was performed against SpAGS by One-Way ANOVA. J-K, Embryos were
injected with 0.3pg/pl stock of GFP-AGS mRNAs and 0.75mM SpAGS MO. The number of embryos making
micromeres (J) and developing to gastrula or pluteus stage (K) were scored and normalized to that of the SpAGS.
Statistical analysis was performed by One-Way ANOVA. n indicates the total number of embryos scored. *
represents p-value<0.05, ** p-value < 0.01, and *** p-value < 0.001. Each experiment was performed at least two
independent times. Error bars represent standard error. Scale bars=10um.
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Supplemental Figure S5 GoLoco Domain sequence alignment
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Supplemental Figure 5. Alignment of C-terminus GoLoco domain sequences used for chimeric mutants.
Sea urchin S. purpuratus (SpAGS_GL), Drosophila (DmPins_GL), sea star P. miniata (PmAGS_GL), pencil
urchin E. tribuloides (EtAGS_GL), human H. sapiens LGN (HsLGN_GL) and human H. sapiens AGS3
(HsAGS3_GL). Bold letters indicate GoLoco motif sequences. The green highlight indicates additional serine
amino acid present uniquely in HSAGS3_ GL and mutated to Alanine in AGS_AGS3GL_3S/A mutant. The
highlighted amino acids between GL2 and GL3 and within GL3 are those mutated to match HSLGN_GL in
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AGS AGS3GL_GL2GL3 mutant.
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Supplemental Figure 6
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Supplemental Figure 6. Insc protein expression during embryonic development. A, Endogenous Insc protein
localization by immunofluorescence. Embryos were stained with three Insc antibodies (green) designed for
different Insc amino acid sequence sections. Embryos were stained with Gai antibody (magenta) and Hoechst dye
(blue). During the 16-cell stage, all antibodies show signal enriched at the vegetal pole. With #2 and #3
antibodies, some non-specific cortex signals were also observed around the entire embryo. B, Insc immunoblot
analysis. Embryos were collected at 0, 2, 4.5, 15, 24, 48, 72, and 96 hours post fertilization and subjected to
immunoblot with Insc #1 antibody. Actin (42kDa) was used as a loading control. The expected size of Insc is
53kDa. C, Peptide competition assay with Insc #1 antibody. The 24-hour lysate was used. Each experiment was
performed at least two independent times. Scale bars=10um.
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Supplemental Figure S7
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Supplemental Figure 7. SpAGS colocalizes with micromere-specific fate determinants. A, Embryos were co-
injected with 2x-mCherry-EMTB (0.5pg/ul stock) mRNA with or without GFP-AGS (0.5pg/pl stock) mRNA. B,
Embryos were co-injected with mCherry-NuMA (0.15pg/ul) mRNA with or without GFP-AGS (0.5ug/ul stock).
C, Embryos were co-injected with Vasa-GFP (1pg/ul stock) mRNA with or without AGS-mCherry (0.5pg/ul
stock) mRNA. The intensity of each signal, from one cortex to the other, was measured and plotted from point 1
to 2 on the corresponding graph (right) using ImageJ. White arrows indicate the cortical colocalization of each
construct. All images represent over 50% of the embryos observed (n=30 or larger) per group. Scale bars=20um.
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Supplemental Figure 8 Sea urchin SpDlg and sea star PmDIg sequence alignment
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Supplemental Figure 8. Sea urchin (SpDIg) and sea star (PmDIg) sequence alignment. Blue, yellow, and
green highlights indicate the PDZ, SH3, and GUK domains, respectively.
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Supplemental Figure 9 Sea urchin Splnsc, pencil urchin Etinsc and sea star Pminsc
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Supplemental Figure 9. Sea urchin (SpInsc), pencil urchin (EtInsc), and sea star (PmInsc) sequence

alignment. The blue highlight indicates the LBD domain.
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