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Fig. S5. Spearman rank correlation analysis of the association between the mRNA expression level
of each marker gene in the gallbladder and liver of the Sox17*" embryos at 17.5 dpc

(A) The fold change in the five genes (also see Figure 2C, D) in the Sox17*" gallbladder (gb) and liver
relative to the wild-type, in the mild and severe liver phenotypes. The expression levels of the wild-type
are defined as 1 (gray horizontal lines) and the mean values of the levels of all Sox17*" samples (i.e., mild
+ severe) are indicated by the dotted horizontal lines. Olfm4 is significantly up-regulated in the Sox17*"
gallbladder both in the mild and severe samples, while Abcb4 is significantly up-regulated only in the
severe samples (*p<0.05, **p<0.01). (B) Olfm4 mRNA levels in the gallbladder (y-axis) show a
significant positive correlation with the expression levels of Cxcl10 (the severe phenotype samples only)
and Serphinel (all samples only) in the liver (hepatic inflammation markers; x-axis). (C) In the Sox17*"
gallbladders, Pkhdl (which encodes the ciliary protein fibrocystin) levels (x-axis) show a positive
correlation with Olfm4 mRNA levels in both the severe phenotype and all samples (y-axis), in contrast to
its significant negative correlation with Abcb4 mRNA levels in all samples (y-axis). Each solid (severe
phenotype) and open (mild phenotype) circle indicates samples from each embryo with and without
gross-anatomical hepatic lesions, respectively.
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Fig. S6. Infiltration of fetal myeloid-like cells into the mesenchymal region of Sox17* gallbladders
at 17.5 dpc in vivo

(A) The gPCR analyses of wild-type and Sox17*" gallbladders at 17.5 dpc, showing the expression levels
of three fetal myeloid cell markers (Tall, KIfl and Prdx3) that are selected in the GO term ‘myeloid cell
differentiation’ (see Figure 2). Each solid (severe phenotype) or open (mild phenotype) circle indicates
the gallbladder sample from each embryo with or without gross-anatomical hepatic lesions, respectively.
Despite hepatic lesions, all of these three markers show the tendencies of increased expression in Sox17*"
gallbladders (*p<0.05). (B) Spearman rank correlation analysis showing that Tall mRNA levels (x-axis?
have a significant positive correlation with the expression levels of KIfl and Prdx3 in the Sox17™"
gallbladders. (C) Immunofluorescence images (green) using anti-Grl (lymphocyte antigen 6 complex,
locus G; Ly-6G) and anti-F4/80 (adhesion G protein-coupled receptor E1, Adgrel) antibodies, two fetal
myeloid cell markers. Both Grl-positive cells (arrowheads) and F4/80-positive large spherical cells
(arrows) are frequently found in the surrounding mesenchyme, especially in the region facing to the fetal
liver parenchyma in the Sox17"" embryos. In contrast, the F4/80-positive small reticular cells with long
and slender cytoplasmic processes are seen throughout the surrounding mesenchyme of both wild-type
and Sox17"" gallbladders (note the absence of either Grl- or F4/80-positive cells within the epithelial
layers of the Sox17*" gallbladder). Scale bar: 50 um.
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Fig. S7. Biliary atresia-like phenotypes in the biliary tract of Pdx1-cre/Sox1 embryos

(A) The DBA and HE staining images of the serial sections at the levels of gallbladder (gb), cystic duct
(cd), common hepatic duct (chd) and common bile duct (cb) of the Sox17"®"* (normal) and
Pdx1-cre/Sox17"" embryos with or without gross-anatomical hepatic lesions (severe and mild
phenotypes). The DBA-positive decidual cells (arrowhead) and their debris (asterisk) are frequently in the
fetal gallbladder and extrahepatic bile ducts of Pdx1-cre/Sox17""* embryos. In the severe case,
common hepatic- and common bile ducts are completely closed. (B) The gPCR analysis of the 15.5-dpc
Sox1711°% and Pdx1-cre/Sox17"¥ M gallbladders, showing that the expression levels of Shh appear to
be down-regulated in Pdx1-cre/Sox17""* embryos, albeit with no significant differences (possibly due
to the sample variation of the shortening gallbladder/cystic duct). The number inside the bar indicates the
sample number used. chd, common bile duct; cd, cystic duct; chd, common hepatic duct. Scale bar: 100
um.
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wi Shh +/- Shh -/-

Fig. S8. Gross anatomical phenotypes of the livers of Shh-mutant embryos

(A, B) The external morphology of the whole embryo (wild-type, Shh*’ or Shh™", A) and its liver attached
to the digestive tract (caudal view, B) at 14.5 dpc. The Shh” embryo showed not only severe
malformation of the head and limbs (A) but also growth retardation of the liver. Scale bar: 100 pum.
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Fig. S9. Ki67-positive indices in the gallbladder primordia of wild-type, Shh*" and Shh” embryos
The anti-Ki67 staining images of the transverse sections of the gallbladder region in the wild-type, Shh*"
and Shh™ embryos at 14.5 dpc. The quantitative data of the Ki67-positive index shows the same levels
between the Shh™ and normal (Shh*" and wildtype) samples. Scale bar: 100 um.
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MATERIALS AND METHODS

Histology, lectin histochemistry, immunohistochemistry, and whole-mount in situ hybridization

For section immunohistochemistry, the sections or whole-mount samples were incubated in primary
antibody: mouse anti-SMA (1/500 dilution; Sigma), rabbit anti-SOX9 (1/250 dilution; see Kidokoro et al.,
2005), goat anti-SOX17 (1/200 dilution; R&D systems), rabbit anti-E-cadherin (1/200 dilution; Cell
Signaling Technology), mouse anti-ZO1 (1/100 dilution; Invitrogen), rat anti-Grl (1/500 dilution;
BioLegend), and rat anti-F4/80 (1/100 dilution; BMA Biomedicals) in Tris-buffered blocking solution
(TNB) for 12 h at 4°C. The secondary antibody was horseradish peroxidase (HRP)-conjugated goat
anti-mouse IgG (Zymed Laboratories, San Francisco, CA, USA), biotin-conjugated secondary antibody in
combination with an ABC Kit (Vector Laboratories), or secondary antibodies conjugated with
Alexa-488/594 for light or fluorescence microscopy. They were diluted 1/400 in TNB and incubated 2 h
at room temperature.

For whole-mount immunohistochemistry, samples were incubated in primary antibody (diluted 1/500 in
TNB) for 2 days at room temperature, washed with PBS-T for 1 day, and incubated in secondary antibody
(diluted 1/500 in TNB) for 2 days. For DBA lectin staining, the samples were incubated with
Rhodamine-labeled DBA lectin (10 pug/mL) for 12 h at 4°C.

For fluorescent observation, the samples were counterstained with DAPI, and observed under an Olympus
fluorescent microscope (BX51N-34-FL2), stereomicroscope (SZX16 plus U-LH100HG) systems, and the
Leica TCS SP8 confocal laser microscope (Leica Microsystems GmbH). For whole-mount
anti-SMA-stained samples, 1um thick z-stack images were acquired by the confocal laser microscope,
and 10 images were combined to obtain the 3D images.

Whole-mount in situ hybridization was performed as described by Hiramatsu et al. (2009). RNA probes
targeting Sox17 (Kanai et al., 1996), Shh, Ihh (Echelard et al., 1993), Ptch (Motoyama et al., 1998), Glil
(Liu et al., 1998), and Sox4 (MGC, Clone ID: 5708894) were used for the present study. The stained
samples were cryosectioned serially (7—15 pum in thickness).

RNA extraction, microarray, and gPCR analyses

The Sox17"" and wild-type gallbladders at 15.5 dpc were used for microarray expression analysis
according to the method developed by Huang et al. (2007, 2009). The sample number was 50 from each
genotype, and the ratio of male to female was 1:1. The total RNA from all samples was purified using the
QIAGEN RNeasy Micro Kit according to the protocols in the GeneChip 3’ IVT Express kit (Affymetrix).
Fragmented RNA was hybridized to mouse genome 430 2.0 arrays (Affymetrix), and chips were washed
and stained using the Fluidics Station 450 (Affymetrix). The arrays were scanned using the GeneChip
scanner 3000 (Affymetrix), and the output was collected by GeneChip Operating Software or Expression
Console (Affymetrix). Data were normalized and further analyzed by the RMA method using AltAnalyze
software (Emig et al., 2010; http://www.altanalyze.org/). On unsupervised clustering, DAVID was used
(http://david.abcc.ncifcrf.gov/). The microarray data have been deposited in the Gene Expression
Omnibus of NCBI (accession number: GSE 74576).

The Gene Set Enrichment Analysis (GSEA) was carried out using the methods of Subramanian et al.
(2005) as implemented in the software provided by the Broad Institute (http://www.broad.mit.edu/gsea/).
For qPCR analysis, total RNA was reverse-transcribed using random primers and the Superscript-I11
cDNA synthesis kit (Invitrogen). Specific primers and fluorogenic probes for Sox17 (Mm00488363_m1),
Shh (Mm00436528 m1), Glil (Mm00494645 m1), Gli2 (Mm01293111 m1l), Gli3 (Mm00492345 ml),
Hhip (Mm00469580_m1), Sox9 (Mm00448840_m1), Sox4 (Mm00486320_m1), Abcb4 (Mm00435630_m1),
Olfm4  (Mm01320260_m1), Pkhdl (Mm00467739_ml), Cxcl10 (Mm00445235_ml), Serpine
(Mm00435860), Tall (Mm01187033 _m1l), KIfl (Mm00516096 _m1), Prdx3 (Mm00545848 m1), and
Gapdh (Tagman control reagents) were purchased from Applied Biosystems. PCR was performed using
the Applied Biosystems Step One Real Time PCR System. The expression levels are presented as the
expression levels of each marker gene relative to Gapdh expression (mean + standard error).
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