Supplementary Figures and legends
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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.
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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.
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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 gem2 using WISH), another two
pharyngeal endoderm derivatives, were unaffected in 3 dpf and 5 dpf mutants,
respectively. Scale bars: 100 um. (H) Immunohistochemical staining with thyroxine

K80X mutated

of sagittal sections of thyroid follicles in 1.5-month-old WT and hgfa
zebrafish (anterior is to the left). Scale bars: 100 pum. Source data are provided as a

Source data file.
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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
met?N Tg(rg:gfp) transgenic zebrafish embryos, detected by EdU staining. Bars, 50
pum. 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.
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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 foxel, 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(flkl: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. aal: aortic arch

arteries 1; HA: hypobranchial artery; T: thyroid. Scale bars: 50 pm.
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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 UO0126
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 (Cdhl) 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.
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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 /oxP site in the intron preceded exon 7 and the other
loxP site in the intron immediately downstream of exon 7. The Met"" 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.



"BUIDUAMNDIS JOBUBS A( USLJBIGIZ 9UA] P[IM UL PIJBILJLIOA SEM IPIIOJ[ONU UOIIRI)E JeY) S9JedIpul J[e-1m
‘Surouonbas 108ueg Aq soArquo ordAjousyd Ul pojeoIJLIdA SeM IPIOI[ONU JOUIIAJAI JBY[} SOIBIIPUI :JOI-ISBD

OUAVZIISATID<VSEED L0110 dATAATS ASNASSIN #8S09T°0 8895780 5) V 0165€8LS 7AYo

TVATE6ATO A {1<DS6LT0  T6IHLOT-TITHDIS ASNASSIN  1TITITO 8EFELLO \' D 006£01LS Iy

N10€€6dSV'd 'V<166L7°  T6I1HL0Z-TIZHDIS ASNASSIN  8T6TIT0 $61SLLO L V. 968€01LS Al

DUVIS6dULd 'V<199870 T 6IALOT-TITHDIS ASNASSIN  TL6V0T°0 T9LY06°0 L V  6T8€01LS Al

NAT1956dYLd {1<DL9870  T61HL0Z-TIZTHOIS ASNASSIA  ST8E0T0 9TTE06°0 \' D 8T8EOILS Iy

NTIDLS6SIHA ‘:D<D1£8C79  T61HL0T-T1ZHDIS ASNASSIN  €0L201°0 LS8T68°0 ) O ¥T8EOILS Al

dSVI96SIH'd ‘D<DI18872  T614L0Z-TITHOIS ASNASSIN  195580°0 €#1LS8°0 o) D pISEOILS Iy

VIVLITIHL d ‘D<V6190 I'pay- ATIAIS ASNASSIN  8L870€°0 60£768°0 9) VvV STS09¥SS Al

SAT6LNTD A fV<DGETD T9ITH-11THD'IS ASNASSIN  SEFOET'0 €EEEE]0 A% D L88€6TTS Al

SADSS0IDYV'd {L<DESTED 01 T1A0S-dATIAIS ASNASSIA - €SOTLT0 €LSTYLO L D 09€SS91S Iy
OUVZ6TATD A ‘'Y<DPyL 80 ¥'S16- ATIA'IS ASNASSIN ~ LO6LT0 €E€EETLO L D SEvIsEsy Al

dSVOLYTVA'd '¥<L60p12 ['PS61LSXd ASNASSIAN  8997S€°0  8€£96°0 A% L TTy9syey Iy

OUdETSNTD A SD<V89pT D T608-ATIAIS ASNASSIN  6ZF1TE0 €9LTL60 9) L €ILESETY IO
NATOESLANW d D<V88HT T608-ATAAIS ASNASSIN  IFLYIE0 €LTLL6O 9) L €69€8€Th Al

NATPOLAHA D D<I011T2  T°0IM0ST-ATAAIS ASNASSIN SLE0 €E£E€80L°0 9) V LLISYTTY #Iyo
SIHLEINTO A\ L<VIIYD  ['LOSET-ATIAIS ASNASSIN  [LF¥9LT°0  1SSL60 L VvV 1SIS0C1¥ Al

YHLIOIVIV A iV<DIOE?  1°LDSET-AANAIS ASNASSIN ~ ST90°0 9.8788°0 \' O 1¥080T1¥ Iy

SAT8ZEDYV'A ‘'¥<DE86?  1°0TN60Z-TT1ZHOIS ASNASSIN  £99991°0 $7S608°0 A D 89€L6L9€ Akl

NTIOFZENTO'd ©D<D0L6™  1°0ZN60Z-11THD:IS ASNASSIN T0 TIS96L0 ) D §SEL6L9E all

OUAV6ICIHL'd $D<D956™  1°0ZN60Z-11ZHDIS ASNASSIN  £9999T°0 €£TH08°0 9) D IYEL6LIE #Iyo

91/0 91/91 NIDESTASV A fW<D6SL™ €€00vzeEXd ASNASSIN  TT898T'0 96¥6€L°0 A D STHT961€ Al
91/0 001/0 x08SATd {1<v8€T 0 VADH QANIVD dOLS 1L8€8T0 +¥L686°0 \' L SLE0L9SIT Iy
91/0 09/C SAT6INSYd iD<1L6D VI1dZdlV ASNASSIN ~ 897Z+'0 9T0¥L8°0 o) V 6€ELLIST ALkl
NATSSTIAS d *1L<O¥9Ld (T 40 7) v LOND ASNASSIN  LY9L9%'0  68TIL8 0 Vv O 19vbEETl aue

YAL6YdSY A {1<DSH]0 ILAN ASNASSIN  S6£L87°0 971880 \4 D 96905901 1Yo

JJe-1m  JoI-9sed uoneynu owreu ouo3 UOT)BLIRA JeA 1M JeA JNW UONRIS)E QOUQIOJAI uonsod awoSwWoIyd

Anmue) 910810 Jo surddew o13ouag auiy 1 9qe [, Arejudwdddng



YHLYSEVTIV A :V<D0901 €IASIN dSNHSSIN ¥6CSEC0 I L D v86CTY6l SaIo
SATILIZTNTD d 'V<D6+90 LN ASNASSIN 9085TC°0  ¥89¥L6°0 v D 9LTSL061 SaIo
«01TIALd '¥<10£9 HCVIADANIVD dOLS SSLLEED CT16¥96°0 L VvV ¥8I8LOVI SaIyd
AHIL8£9DAV d :D<DET61 VIADTd HdSNASSIN - 981¥+'0  SL8ILO J D $000201¢ a0
VIVIOLATO A :D<DLITTD OT'TON  HSNHASSIN Sve0le’0 €1S0T8°0 J D vLEOYTLS LT1Yd
VIVI61 S d :D<19867 €OJYOTTHOID  HSNHSSIN 8S1€9C°0 6CECIL0 D L 06T89L0¢ (UECE)
AT TVA A 'V<DPH$ o €9AIOTTHOTD  HSNHASSIN SSL0CE0 6LEIVL0 v D 8YT8ILOE 01199
AT08TLAN A “V<DOHS™d COJYOTTHOID  HSNHSSIN TLSE0E0 CPBIEL0 v D PrT89L0¢ (UECE)
ASTOTIHL d {L<V #8572 ['6L9€8SLD  HASNHASSIN 0 €VILS80 L VvV  868E9EC 8145
VIVOZIYHL d tD<v8G5¢™d 1'CL9¥8CXd  HSNHASSIN 0 9¢€C080 e L 855960¥ L12
SATTIOAV'd 'V<DS9d  L'YINSS-ATNAIS ASNASSIN 0 ! L D L9lecor L1Yd
MHLETIAW' ©D<1890  L'FIN8S-AAMAIS  HASNASSIN 0 I D vV P91EC0r L1942
SATSINSV'd 'V<IGLD  L'YINSS-AAMAIS ASNASSIN 0 ! L VvV  LSIEC0V L1429
AHAYCITVA'D (1<D0LED  §LIT8T-TITHDTS  ASNASSIN  SHSHSHO  L99916°0 v D 006t68¢ L1Yd
NTOE8SATA ‘D<VLHT [1'6L5¥86110  ASNASSIN 6060640 C68CCL0 D VvV 8005606¢ SIgo
SATOLLAN A 'V<19€7 1'6LS¥86/1D  HSNHSSIN  €90C6%°0 10161L°0 v L L66v606¢ SIyo
AAS6TSIAL A SD<VI8GT0  T°01T98C-T1THDIS  ASNASSIA 0 LTLTLEO O VvV TCSYIBIS 1o
NSVZL8SATI ‘\L<v919T°  T8IVTIT-AANAIS ASNASSIN 0 ! L VvV 9T69SvEy PIYo
AAS9P60dd'd “\1<09€870  T'66¥8L010ZAVD  ASNASSIN 0 S€6IvL0 L D BevrivLly [CUt
Odd99rPNATd “D<LL6ETD TIdAID  ASNHSSIAN CTI9LLY'0 S0619L°0 J L 6L96LSTI o
NATrS6dHd d *V<12987° S TIN9L-TICHOIS  ASNASSIA SLEO ! v L C9GIS9LE 1142
uonenw Jweu duog UONBLIBA  JBA JM  JBA JNW UONRIO)E QOUJIOJAI uonsod swoswoIyd

Apuaey 9¢0010 Jo surddew o13ouds aury -z djqe L, Areyudwdddng



NSVPSCH 114 -V<LI$8 2 TAN ASNASSIN STr 0 1 vV L SLVSLO61 ST
NAT8ZTAHI d V<D189d 1'26087010ZdVD ASNASSIN 0 SPIOILO L D L0L6S8T STIYd
OUdISINTO A D<VLOPD €I TTNSTT-TIZHOIS ASNASSIN 0 €6ILL0 o) V TL1698TY 0TIy
OUdSSEIHL'd SD<VTLOI D TT TTINSTZ-TIZHODIS ASNASSIN 0 I ) V SL90€8TH 073y
IVAOELATId ‘D<V881T D ['EV6DT1S ASNASSIN  £L9999€°0 S0619L°0 ) L PLIOTETT 61440
VIVIOLATD'd {D<DLIITD 01'TON ASNASSIN 9¢°0 L0 0) O YLEIPTTS LTIYD
OUAVIOTATOd f¥<D9[9D ININ ASNASSIN  79€68Y°0 9TSOTL0 A O ILI0Z0L eIy
NATIL6PdYL d {1<D06¥1 D 1'8568Y010Z4dVD ASNASSIN 0 LL960L0 v D YIE0TOLY 1o
NSVZOSIAL d ‘V<Lv06°  TSI1ZZI110Z9VD ASNASSIN 0 LTLTLLO L' V 978£9981 1140
SADZOCIALd ‘D<VS06™  TSITTIT10Z9VO ASNASSIN 0 LTLTLLO D' L ST8£9981 11390
YASTYIATO A 'V<DbT610 TI119LT I-dATAAS ASNASSIN  €LTLLY'0 69L0EL™0 L D 9LLYOYT 81y
ASS6TV IV d (1<DE88™d 1'6L9€8SLD ASNASSIN 0 I L D LSTYIET 81y
VIVZ6TIHL d iO<VHLSD Virad ASNASSIN 870 ¥0LEOL0 o) L SLLYPEIS L34
OUd8PPIAS d SD<LTHEl D VNVOV ASNASSIN -~ 98140 1€269L°0 ) L 8£00£20S L3
YHL6PIAS d 'V<LSPID  L'6IN96I-ATIA'IS ASNASSIN 0 €I6£L°0 %L V 698716SS all
SATSELNSY A ‘V<1y17T0 T9ITH-11CHDIS ASNHASSIN 0 €Y0E16°0 v L T01€I€TS Iy
LANWZHYOUV d {1<DSTETD T'S8LOSYID ASNASSIN 0 I A D 595065t alQ
NSVEraTId SV<18T€12 T'S8LOSTED ASNASSIN 0 I L V 1595065t ALtk
«COENATA V<ISLITO  SPHLST-ATAAIS AANIVDO dOLS 0 I A L LSSIShhY Al
LAWC6ENAT SV<IPLITD  SHHLST-AANAIS ASNASSIN 0 I A L 98€Istiy all
VIVSSCIHL A ‘O<VESTTO  SHPALST-ATAAIS ASNASSIN 0 I D V S9SIEhhy #IYo
NSVLLSATI :D<VIET? 9'608-ATAAIS ASNASSIN 0 I 19) L TSIsveTy alQ
SAD001YdS d ‘1<v86T (LT 40 91) FINIIL ISNASSIN 0 +SI9¥8°0 L V 661LTT6€ 2UE
NTO66SATA :D<VS6T2 (LT 40 91) PINITIL ASNASSIN 0 80 19) V 961L776€ PIYo
AT10L6NTD'd :D<V0679 (LT 40 91) YTATIL ASNASSIN 0 5956980 19) V 161L7T6€ PIYo
SATL6NTD'd f¥<D68TD (LT 40 91) vINTIL HSNASSIN 0 9€9¢98°0 Vv D 061LTT6€ LR
YALSSPAHd d ‘V<LELETD ¥ TNLOT-ATIA'LS ASNASSIN 0 8960L8°0 L V 16S8YTHe alQ
NAT168£YASd {1<D991 1 ['€€S9L010Z9VD ASNASSIN  1¥6TSE€°0 €£€80L°0 v D 8TTLSYE #IYo
NT1D9650dd d *V<DL8L1™ YIADOHIV ASNASSIN 0 TTPOOL0 L D £80£6091 o
uoneynu oweu duo3 uonjerIeA JeA 1M JeA JNW UONBIO)EB QOUAIQJOI  uonsod woswoIyod

Apruey 09040 Jo surddew d13uds dur ¢ dqe L, Arejudwdjddng



Supplementary Table 4. Oligonucleotides used in this paper

Gene Primer ID Sequence (5'to 3")

tshbo tshba probe F TTAATGAAGGTTGCCGTGCC
tshba tshbo, probe R TCCTCGGGGTACAGATGATG
tg tg probe F GTACCACTTACCTGAAAACG
tg tg probe R TGCTTGGAGTCAGAGTGAAG
gem?2 gem?2 probe F CTACTACAATAGTGACTACC
gem?2 gem?2 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
foxel foxel probe F ATGCCTGTGGTTAAAGTGGA
foxel foxel probe R ACAAACCTGTCCATATTACC
met met probe F TGTGGTCATCGCAAGAGAAG
met met probe R AGTTCCCACAGCAAAACACC
hgfa hgfa probe F TGGACTGCCTCAGTGTTCAG
hefa hefa probe R AATGCTGACCACCCAACTTC




