Supporting information

Thyroid hormone disruptors interfere with molecular pathways of eye development and function in

zebrafish

*Baumann, Lisa"?; Segner, Helmut?; Ros, Albert’; Knapen, Dries*; Vergauwen, Lucia*’

*corresponding author (lisa.baumann@uni-heidelberg.de)



1. Cluster analysis with subsequent analysis of enriched GO classes

The list of all differentially expressed transcripts was used to perform a cluster analysis in MEV (k-means —
pearson correlation), resulting in 5 clusters. These 5 clusters were further analyzed in GOrilla. The transcript
list from one cluster was set as target list and compared to a background list, consisting of all transcripts
included in the 5 clusters to determine how the specific cluster is distinct from the remaining clusters in terms
of affected GO classes.

Each cluster and its most enriched GO classes are listed in the following.
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Fig. S1: cluster 1
(logFC = binary logarithm of the fold change)

Most enriched GOs for cluster 1 vs clusters 1-5:
proteolysis involved in cellular protein catabolic process
protein folding
tissue development
cell redox homeostasis
regeneration
positive regulation of cellular component organization

positive regulation of protein complex assembly
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Fig. S2: cluster 2
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(logFC = binary logarithm of the fold change)

Most enriched GOs for cluster 2 vs clusters 1-5:

RNA metabolic process
ncRNA metabolic process
nucleic acid metabolic process
tRNA metabolic process

cellular nitrogen compound metabolic process

regulation of metabolic process

regulation of macromolecule metabolic process

regulation of primary metabolic process
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Fig. S3: cluster 3

(logFC = binary logarithm of the fold change)

Most enriched GOs for cluster 3 vs clusters 1-5:

proteolysis

immune system process
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Fig. S4: cluster 4
(logFC = binary logarithm of the fold change)

Most enriched GOs for cluster 4 vs clusters 1-5:
hormone-mediated signaling pathway
steroid hormone mediated signaling pathway
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Fig. S5: cluster 5

(logFC = binary logarithm of the fold change)

Most enriched GOs for cluster 5 vs clusters 1-5:

sensory perception

neurological system process
sensory perception of light stimulus
visual perception

single-organism catabolic process
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2. Heat maps of selected GO classes resulting from cluster analysis
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A_15 P753496 keratin 5

A_15 P622666 keratin 5

A_15_P756206 keratin 5

A_15 9655951 ke.rat:l.n 5

A_15 P110790 keratin 5

A 15 P769456 keratin 5

A_15 P7i1886 keratin 17

A_15 D?ZEEDE grwth associated pmtel‘n 43

A 15 P508093 topoisomerase (DNA) IZ alpha

A_ 15 PI06T4 athepsin Ba

A_15 P15032 ignal transducer and activator of transcription 3 (acute-phase response factor)
A_15 E'133-1.3 /SNF related. matrix asscciated. actin dependent regulator of chromatin. subfamily a. member 4a
A 15_11'106?93 collagen. type I. alpha la

A_15 P132271; ‘cadherin 2. type 1. K-cadherin (neurcnal)

A 15_?103?05 |aldehyde dehydrogenase 1 family. member AZ

A_15 P107421 ‘heat shock 60 protein 1

A 15 P739616. icathepsin Ba

rowth associated protein 43

ignal traneducer and activator of transcription 3 (acute-phase responee factor)
athepsin Ba

A 15 “P104554 | jun B proto-cnocogens b

A 15_9663011 major wault protein

A 15 P105508 {major wault protein

A_15 9119-‘.15 (suppresscr of cytokine signaling 3a

A_15 P106046 insulinoma-associated la

A_15 P10803 eratin 17

A 15 P11487 “.3"-gcyclic nuelectide 3° phosphodiesterase

A_15 91?2521 ‘chemokine (C-X-C motif). receptor &b

A 15 P402355 |growth associated protein 43

Fig. S6: GO class regeneration from cluster 1
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A 15 2166156 interphotoreceptor retincid-binding protein

A_15_?160926:aerpin peptidase inhibitor. clade A (alpha-1 antiproteinase. antitrypsin). member 1

A 15 P116746 calpain 3a. (pd4)

A 15 Fi&21l calpain 3a. (p94)

A 15 PEZBEZl-EErmE (or cysteine) proteinase inhibitor. clade A (alpha-1 antiproteinase. antitrypsin). member 1. like
A 15 P150081 zgo:ll2Zas

A 15 P732628 merpin peptidase inhibitor. clade A (alpha-1 antiproteinase. antitrypsin). member 1

A _15 109240 cystatin C (amyloid angiopathy and cersbral hemorrhage)
A 15 _P660141 \cystatin ¢ (amyloid angicpathy and cerebral hemcrrhage)
A 15 _Plizaiz; cyatatin C (amyloid angicpathy and cerebral hemorrhage)
A_ 715 2113895 sonic hedgehog a

A 1 9116535:
A 15 P423586 zg
A_15 P207611; caapaae 7. apoptosis-related cysteine peptidase
A 15 P632306 sonic hedgehog a
A_15 2208059 ubiguitin-conjugating enzyme EZD 1b
A_15 p208671 | serpin peptidasge inhibitor. clade A (alpha-1 antiproteinase. antitrypsin). member 10a
A 15 P731331 zgo:66382
“P170501 elastase 2 like
15 P10BT13] ‘ubiquitin-like modifier activating enzyme 1
A 15 P171436 APHIE gamma secretase subunit
n_lﬁ_PE?l?U?'chac. cation transport regulator homolog 1 (E. celi)

1 |proteascme (prosocme. macropain) 268 subunit. ATPase. 6
-d:pepr_:l.dyl-peptldaae £l
|proteascme (proscme. macropain) 265 subunit. non-ATPase. lla
\proteascme (prosome. macropain) subunit. alpha type. 8
A1 PJUGTI"E% cathepa:'m Ba
a_15 2119578 leukotriene A4 hydrolase
A 15_P105802 .cathepsin A
A 15 P115494 CKDP dipeptidase 2 (metallopeptidase M20 family)
A 15_?106755 proteascme (proscme. macropain) subunit. beta type. 2
A_15 P105831 5UMO1 activating enzyme subunit 1
A 15 P121217 matrix metallopeptidase 2
A 15 P288206 lon peptidase 1. mitochondrial
A 15 Dl16563 ADMS metallopeptidase domain Ba
a_15 P622976 adhesion regulating molecule 1
A 15_P193011 pmteaacxme (proscme. macrepain) subunit. beta type. 7
A 15 P121089 zgc:92791
A 15_PE§-§9§E 'bone morphogenetic protein la
A _15 P742131 proteascme (prosome. macropain) subunit. beta type. 7
A 15 P630666 tumor protein ps3
A 15 _Bi07911 zgo:92139
A 15 DEE39EE proteascme (prosome. macropain) subunit, beta type.
A5 DEE2746 proteascme (proscme. macropain) subunit. beta type.
A 15 P657181 tumor protein ps3
A 15 _P1231333 serine carboxypeptidase 1
A T15 P:l:l-i-\ﬁ% imatrix metallopeptidase 14b (membrane-inserted)
1 "?39615 cathepam Ba
n__lﬁ__P:lElEBiE serpin peptidase inhibitor. clade F (alpha-Z antiplasmin. pigment epithelium derived factor). member 1
A_15 P102768 cathepsin H

“P140851 cathepsin La

jcathepsin La
i8i:busmi-57£23.1
cathepa:m E
Ecathepa:'m Ba
jcathepsin Sb. tandem duplicate 1
cath,epam K
cath.epaln c
matrix metallopeptidase 13a (collagenase 3)
imatrix metallopeptidase 9
proteascme (proscme. macropain) subunit. beta type. 4
‘nephrosin-like
‘cathepsin La
. 15 P103334 |legumain
15 P104273! ,caspase b
15 _P106778 | serpin peptidase inhibitor. clade B (owalbumin). member 1
A 15 P107779 establishment of sister chromatid cohesion N-acetyltransferase 2
15 TP110217| \proteascme (proscme. macropain) subunit. beta type. 1
A 15 _P110504 lenhancer of yellow 2 homolog (Droscphila)
A 15 _P110670 |si:dkey-21e2.15
A_15 2113799 chmtrjlpa:m.ogen Bl
A_15 “p117308| zgo:l136461
A 15_1’11?514 trypsin
A 15 _P118425 |proteasome (proscme. macropain) subunit. beta type. 4
R 15 P118532 carboxypeptidase A4

15 P118938 dipeptidyl-peptidase 3
A 15 £130321 8i:ch73-103b2.3
A 15 D138606 si:diey-21e2.10
P13B626 si:dkey-21e2.14
A 15 P138633 ai:d.k,ey—2lez.15
A 15 _P138636 si:dkey-21el.16
A_lﬁ_?:l»tESEﬁ_try‘pEin
A_15 P143486|8EC11 homolog A (5. cereviaiae)
A_15 “P153506 proteascme (proscme. macropain) subunit. alpha type.5
A 15 P1p2021 2gc:ll0239
A 15 D162301 six-cysteine containing astacin protease &
A 15 P189296 elastase 2 like
A _15 2189301 elastase 2
A 15 _P205871; chymotrypsin-like
A 15 9212996 lzgo:92041
A 15_PQ9064? LON peptidase N-terminal domain and ring finger 1. like
A_15 P579842 CHNDP dipeptidase 2 (metallopeptidase M20 family)
A 15 P599207 elastase 3 like
A 15 _PRI7956 carboxypeptidase A4
A 15 PESA135 elastase 2 like
A 15 Dﬁélﬁéﬁ.zgc:lltmig
A 15 DPEE6426 PE¥D and CARD domain containing
A 15 _PE70071 SEC11 hemolog A (5. cerevisiae)
PG‘MUSE Chj"thIj‘PElanE‘n Bl

s

73:":"

n 15 ?20326. ipeptidyl-peptidase 7
A 15 P742436  carboxypeptidase Bl (tissue)
A 15 P743366 | lequmain

Fig. S7: GO class proteolysis from cluster 3
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Fig. S8: GO class hormone-mediated signaling pathway from cluster 4
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A_15 P186131 phesphodiesterage 6H. cGMP-gpecific. ccne. gamma
A 15 Pe21401 phesphodiesterase 6H. cGMP-specific. cone. gamma
A_15 P658661 phosphodiesterase 6H. cGMP-specific. cone. gamma
n 15 P193916 G protein-coupled receptor kinase 7a
15 P104664 arrastin 3a. retinal |(K-arrestin)
1\ 15 P163936 arrestin 3a. retinal (X-arrestin)
A_15 PA20641 G protein-coupled receptor kinase Ja
A_15 ’Dllssiiuretmal pigment epithelium-specific protein 65a
3_15 152596 opain 1 |(cone pigments). short-wave-sensitive 1
A_15 “PT44086 ] crysr_all:m alpha A
A 15 PEEHO1E retinal G protein coupled recepter b
nﬁls P107823 crystallin. alpha &

2 5__1’-50573550;:5:11 1 (cone pigments). short-wave-sensitive 1
n 15 _T10Z875 pEr:lphEr:lll 2b (retinal degeneraticn. slow)
A 15 P108097 retinal G protein coupled receptor a
1\ 15 "-'175516 retinal & protein coupled receptor b
P111733 crystallin. alpha &
A. 15 _P121399 guanine nuclestide binding protein (G protein).
A_15_P198476 G protein-coupled receptor kinase 7a
n 15 _P631436 unc-119 homolog b (C. elegans)
15 PE5SEH16 une-119 hemoleg b (C. elegans)
1\ 15 P272896 guanine nuclectide binding protein (& protein).
A 15 PE57366 unc-119 homoleg b (C. elegans)
A _15 PE59361 | crystallin. alpha A
A 15 PEY5E51 2go:733ng
A_15 P509257 peripherin 2b (retinal degeneration. slow)
A 15 P162686 zgc:733sg
n 15 _P148761 guanine nuclectide binding protein (G protein).
A 15 P131096 unc-119 houwlag b (C. elegans)
A_15 ?750216 irhedopsin.
& 15 P508727 peripherin 2a iretinal degeneration. slow)
A 15 ®160441 rhodopsin. like
A 15 Pi3iesl| pEr:lpherln Za (retinal degeneraticn. slow)
A 15 P114026 phosphodiesterase 60. oGMP-specific. red. delta
A 15_?10095-‘ ADP-ribosylation factor-like 6
A_15 P452475 guanine nucleotide binding protein (G protein).
A 15 P205466 guanine nuclectide binding protein (G protein).
A 15 118926 ‘peripherin 2a (retinal degeneration. slow)
A_15 P112053 retinal outer segment membrane protein 1b
n 15 2751611 retinal cuter segment membrane protein 1b

A 15 P10R954 | ph.aaphnd:l.eateraae 6G. cGMP-gpecific. rod. gamma
A 15 5666916 iretinal outer segment membrane protein la
A_15 F107148 opsin 1 (ccne pigments). medium-wave-sensitive.
A 15 2100433 | lumican
A 15 _P111012>Dp51n 1 (cone pigments). long-wave-sensitive. 2
A 15 2117046 opsin 1 (ccne pigments). medium-wave-sensitive.
A 15 Pll!l‘.zs_opa:m 1 (ccne pigments). leng-wave-gensitive. 2
1\ 15 2132591 phosphodiesterase 6G. cGMP-specific. rod. gamma
A 15 P133806 retinal cuter segment membrane protein la
A 15 D153321 opain 1 (ccne pigments). medium-wave-sensitive.
A 15 P213761) ‘rhodopsin
A_15 P404370 zgo:llaizn
A 15 PE59106 | ‘phosphodieaterase 6G. cGMP-specific. red. gamma
A 15 P728776 rhodopsin
A 15 P737699 IhDdeElrl
n 15 747151 | rhodopsin
2757496 rhodopsin
1\ 15 2757506 | rhodopsin
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Fig. S9: GO class sensory perception from cluster 5
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A_15 P106438 nuclear receptor subfamily 1.
A 15 zii0ze0) nu{:lea_r receptor subfamily 1. group d. member 1
A 15 P104878 nuclear receptor subfamily 2.
A-15 1="|53.1EII:I1 ‘percxisome proliferator-activated receptor alpha a
A 15 PG27546 RAR-related crphan receptor A. paralog a

A 15 PEZ6031 nuciear receptor subfamily 2.
A 15 P113373| \thyroid hormone receptor alpha a
A_15 D1212?G thyreid hormone receptor beta
A 15 P131336 |nuclear receptor subfamily Z.
A 15 P1AT7316 nuc:lea.r receptor subfamily 1. group d. member 1
A 15 P191926 |RAR-related orphan receptor C b

alpha

alpha

alpha

alpha
alpha

2

1

1

transducing

transducing

transducing

transducing
transducing

group D. member 2b

group F. member &b

group F. member 1b

group E. member 3

activity polypeptida 2

activity polypeptide 2

activity polypeptide 2

activity polypeptide 1
activity polypeptide 1
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A _15 P108808 |pituitary tumer-transforming 1 interacting protein b
A 15 PE22551 pituitary tumer-transforming 1 interacting protein b
A 15 TP111364 (adencsine deaminase

nt
A 5 PEZRYTE | CX chemokine ligand 34b. duplicate 11
A71579572132 CX chemokine ligand 34b. duplicate 11

A5 _P209646 ‘histcne deacetylaae 1
A_15 2105831 SUMO1 activating enzyme subunit 1
A 15 P112942 h‘:akm:t Aldrich sy i hr ytopenia) b

121445 :mtexfernu Ieg'ulatorg factor 8

106641 tumor 8 factor I ily. member la

2740476 nuclecphosmin 1a (nucleolar phosphoprotein B23. numatrin)
187521 coronin. actin binding protein. 1A
113761 |transcription factor binding to IGEM enhancer 3a
A 15 _P657181 tumor protein p53
A 15" PE32626 ] ichemokine (C-X-C motif) ligand 1B8b
116643 Janus kinase 1
A 15 P106054 ras-related C3 botulinum toxin substrate 2 (rhe family. small GTP binding protein Racl)
A 157 P115709 | GAR:[ ribonuclecprotein homolog (yeast)
A 15 PE2A971|Spi-1 prote-oncogene a
A 15 0614727 {complement factor properdin
A 15 P572282 |Spi-1 prote-cncogene a
A 15 B771026 |8pi-1 proto-oncogene a
5 P102084 corcnin., actin binding protein. 1A
A .15 P625491 chemokine (C-C motif) ligand 34a. duplicate 4
A 15 P100937 Spi-1 prote-cncogene b
7209266 matrix metallopeptidase 13a (collagenase 3)
114154 matrix metallopeptidase 9
287086 |chemokine (C-X-C motif) ligand 18b
109600 jcomplement component 7b
2 15 P103825 Spi-1 proto-oncogene b
105312 | CD74 molecule. major hiatocumpat:lb:ll:lty complex. class II invariant chain b
114091 |src kinase associated phosphoprotein 2
A _15 P118478 cell division cycle asscciated ja
A 15 2118901 epoxide hydrolase 2. cytoplasmic
A 15 P1418931 CCAAT/enhancer binding protein (E;"EBP] alpha
151491 minichremoscme maintenance complex component
162251 tumor necresis factor (ligand) Euperfam:lly. member 12
A 15 P170636 CD74 molecule. major histocompatibility complex. class IT invariant chain a
A_15 P172921; ichemokine (C-X-C motif). receptor 4b
173611 tumor necrosis factor. alpha-induced protein 8-like za
334984 interleukin enhancer binding factor 2
A 15 PB2EYHE chemokine (C-C motif) ligand 3&b. duplicate 1

632346 negat:ve regulater of reactive oxygen species

632401 protein tyrosine phosphatase. non-receptor type 6

666426 PYD and CARD domain containing

A 15 P723876 CD74 molecule. major h:latocmwpat:lbﬂ:lty complex. class II invariant chain a
2 15 P733151|src kinase assocciated phesphoprotein 2

Fig. S10: GO class immune system process from cluster 3
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