
Supplementary Figures and legends

Supplementary Figure 1. Cloning the pathogenic genes from three zebrafish lines

with abnormal thyroid morphology by the bulk segregant analysis (BSA).

Euclidean distance scores across the genome in the 018016 (A), 010036 (B), and



034060 (C) zebrafish line, respectively. For all panels, vertical dash lines delineated

chromosome edges, and chromosome widths represented the relative number of SNPs

on the chromosome. Windows:100,000bp. Steps:10,000bp.



Supplementary Figure 2. Mouse thyroid gland single-cell atlas showing that Hgf

was mainly expressed in fibroblasts. (A-D) Pdgfra was a specific marker for

fibroblasts, Cdh5 was a specific marker for endothelia cells. Hgf was mainly

expressed in the fibroblasts, followed by myeloid cells. There was almost no Hgf

expression of in endothelia cells.



Supplementary Figure 3. Mutant pharyngeal phenotype caused by hgfa/met is

restricted to thyroid. (A) Hgfa/met mutants presented normal thyroid primordium at

48 hpf embryos. Tg(tg:GFP) transgenic zebrafish lines used for analyzing the



morphology of thyroid primordium at 48 hpf and there was no difference between

wildtype and hgfa/met mutant embryos. (B-E) The overall larvae size was unaffected

in mutants at 5 dpf, including length (C), eye size (D), and ear size (E). Data are

shown as mean ± SEM, n=20 for WT, n=22 for mutants, statistical significance was

determined by two sided Student’s t test. (F-G) Ultimobranchial gland (marked by

calca using WISH) and parathyroid (marked by gcm2 using WISH), another two

pharyngeal endoderm derivatives, were unaffected in 3 dpf and 5 dpf mutants,

respectively. Scale bars: 100 μm. (H) Immunohistochemical staining with thyroxine

of sagittal sections of thyroid follicles in 1.5-month-old WT and hgfaK80X mutated

zebrafish (anterior is to the left). Scale bars: 100 μm. Source data are provided as a

Source data file.



Supplementary Figure 4. The effect of hgf/met deficiency on thyrocytes

proliferation in zebrafish larvae at 4 dpf. (A-B) Thyrocytes proliferation in WT and

metI284N Tg(tg:gfp) transgenic zebrafish embryos, detected by EdU staining. Bars, 50

μm. n.s, not significant. n=7 for each group, anterior is to the right. Data are presented

as the mean±SEM. Group comparisons were performed with two-sided Student’s t

test. Source data are provided as a Source data file.



Supplementary Figure 5. The deficiency of hgfa or met genes does not influence

the expression of thyroid transcription factors in thyroid primordium and

pharyngeal vessel development. (A) The expression of nkx2.4b and foxe1, two key

transcription factors involved in early thyroid development, did not showed

significant difference between the wildtype or homozygous mutant zebrafish embryos

at 2 dpf detected by WISH. (B) Tg(flk1:EGFP;tg:mCherry) double transgenic lines

used for analyzing the effect of deficiency in hgfa on thyroid and surrounding vessels

development. As detected, truncated hgfa mutation in zebrafish does not affect the

development of vessels surrounding the thyroid at 72 hpf embryos. aa1: aortic arch

arteries 1; HA: hypobranchial artery; T: thyroid. Scale bars: 50 μm.



Supplementary Figure 6. HGF/MET downregulates E-cadherin by activating

MAPK-snail in vitro. (A-D) HGF-induced cell migrating in TPC1 cells can be

blocked by MET knockdown or treatment with U0126. B, n=6 for each group; D, n=8

for group control and HGF, n=10 for group U0126 and U0126+HGF. (E-H) In TPC1

cells, HGF-induced cell scattering was blocked by MET knockdown and U0126

treatment. N=3 for each group. (I, J) By western blot, the effects of HGF-induced

increasing expression of Snail and decreased expression of E-cadherin (Cdh1) in

TPC1 cells were restored by MET knockdown (I) and MEK inhibitors (U0126) (J).

Snail, a well-known E-cadherin transcriptional repressor, is activated by MAPK

signaling pathway. **represents P<0.01, ***represents P<0.001. Data are presented

as the mean±SEM. Group comparisons were performed with two-sided Student’s t

test. Source data are provided as a Source data file.



Supplementary Figure 7. Generating a thyroid-specific Met knockout mouse

model. (A) Knocking out strategy of mouse Met. A floxed Met targeting vector was

constructed so that an upstream loxP site in the intron preceded exon 7 and the other

loxP site in the intron immediately downstream of exon 7. The Metfl/fl mice were

crossed with Pax8-Cre transgenic mice to generate thyroid-specific Met knockout

mice. (B-C) Routine genotyping of embryos was performed by PCR with tail DNA



using primers F1/R1. The expected sizes of the loxp allele and wild-type allele were

207 bp and 139 bp, respectively (B). Verification by Sanger sequencing (C). (D) To

determine Cre expression, Cre (F/R) primers were used, generating a 537 bp fragment.

(E) The thyroid-specific Met deletion were confirmed by primers F1/R2, generating a

298 bp fragment. (F) The size of effective cKO region is 1357 bp, verified by Sanger

sequencing. (G) The recombination efficiency was determined by qPCR. n=3,

***represents P<0.001. Data are presented as the mean±SEM. Group comparisons

were performed with two-sided Student’s t test. Source data are provided as a Source

data file.
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Gen
Supplementary Table 4. Oligonucleotides used in this paper

e Primer ID Sequence (5' to 3')
tshbα tshbα probe F TTAATGAAGGTTGCCGTGCC
tshbα tshbα probe R TCCTCGGGGTACAGATGATG
tg tg probe F GTACCACTTACCTGAAAACG
tg tg probe R TGCTTGGAGTCAGAGTGAAG
gcm2 gcm2 probe F CTACTACAATAGTGACTACC
gcm2 gcm2 probe R AATTTTTTATTCCTTTAAAAC
calca calca probe F ATGGTTATGTTGAAGATCTCC
calca calca probe R AGTGTCCATTCCCAGGGTTC
nis nis probe F ATGAGGTTTGGCAGAGGGATG
nis nis probe R AACCAGACCATAGTGCCACCC
tpo tpo probe F CTTGGACAGA GTTGAATCTC
tpo tpo probe R GCATCATCAGGCTGTTCTCT
nkx2.4b nkx2.4b probe F ATGTCCTTGAGCCCCAAACA
nkx2.4b nkx2.4b probe R TCCATTCCCGGTAACGTGC
foxe1 foxe1 probe F ATGCCTGTGGTTAAAGTGGA
foxe1 foxe1 probe R ACAAACCTGTCCATATTACC
met met probe F TGTGGTCATCGCAAGAGAAG
met met probe R AGTTCCCACAGCAAAACACC
hgfa hgfa probe F TGGACTGCCTCAGTGTTCAG
hgfa hgfa probe R AATGCTGACCACCCAACTTC


