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Supplementary Tables 1 – 2 

 

 

Supplementary Table 1: gRNA target sequences and primers used for genotyping 
	

target	 gRNA	target	sequence	(5ʹ-3ʹ)	 strand	 forward	primer	(5ʹ-3ʹ)	 reverse	primer	(5ʹ-3ʹ)	 product	size	

adamtsl2	exon	1	 GGCTGGAAGTGATCACATAC	 +	 GCTTCAGACAGTGTCTCTCCTG	 GCTTCAGACAGTGTCTCTCCTG	 206	bp	

adamtsl2	exon	13	 AGAGGTCAGATGCTCAGATG	 +	 CAGCTAAATGTGGTCGCAAG	 GGTCCCCACTCGGATGCT	 151	bp	

duox	exon	23	 GTCATCTACGCCATCTCCGC	 +	 ACCGGAGTCAATTTTCCCTTG	 ACTTACAGATGCATCTTTCC	 210	bp	

duoxa	exon	2	 GTATTCCCGGTAGAATGAAG	 +	 GCTTTAGTTCTCGCCTGTGG	 TCACCGATCTGCCACGTATT	 178	bp	

nkx2.4b	exon	1	 GTTCGAGCCGTACCAAGCCG	 -	 GAGCCATAACGCGTACCACA	 GTATCTCGGCTCCGGGTTC	 169	bp	

nkx2.4b	exon	2	 AGCACGCGCCGTTTCCTGCG	 -	 AAAGTCTCCAGGTTTATGGG	 CGCTCCAGCTCGTATACCT	 152	bp	

pax2a	exon	2	 GGCGGTGTGAACCAGCTAGG	 +	 TGTGTCTGTGTTGTTGTATCCC	 TGGCTGACCCGTAGTTGTCT	 167	bp	

tshr	exon	4	 GCTGACATTCATCCACCCAG	 +	 GGAACACACGAAAGCTGACAT	 AACAGTGATTTTGCTCACAGATAC	 85	bp	

tshr	exon	10	 GATCATAGGTGTCTCTGAAG	 -	 GAACCTGGCATCGACTTGAG	 GTTTCACCGAAACCCATGTT	 128	bp	

	

	

	

	

Supplementary Table 2: Primers used for PCR-based approach of RNA probe preparation 
	

target	 GenBank	Accession	 forward	primer	(5ʹ-3ʹ)	 reverse	primer	(5ʹ-3ʹ)	 probe	size	

adamtsl2	 XM_021476679	 AAGAAAACAACAACCGGTAAAGAC	 CTGTAAAACACTCACAACCTCCAC	 857	bp	

nkx2.4b	 NM_131589	 TTTCTCAGTGAGCGATATTTTGAG	 CGTATACAATTCACGTCAAAGAGG	 1058	bp	

slc5a5	 NM_001089391	 TTTGTATGGCTTCAAGTTCCTGTA	 TGTTTTCTCTGTGAAATGGTGATT	 906	bp	

tg	 NM_001329865	 TAATTGTAGTGACGGCCAGTTTTA	 TTTTCTCCTTGTAGCTGAAGAGGT	 796	bp	

tshb	 NM_181494	 TCCAGACAGACATCCTCATACACT	 TGAACCCTATTAAAACCACACCTT	 857	bp	
	

Note: A sequence containing the T3 polymerase promoter was added to the 5’ end of each reverse 
primer sequence in order to obtain a PCR product that could be used to generate an antisense probe 
during in vitro transcription. Therefore, the final design of the reverse primers used in this study was 
as follows:  5’ GGATCCAATTAACCCTCACTAAAGGGAA(N)24 3’ with N representing the 24 
nucleotides of the gene-specific reverse primer. The bases of the T3 polymerase promoter become 
double-stranded promoter sequence during the PCR reaction. 

	

  



Supplementary Figures 1 – 10 

 

 

 

 
 

Supplementary Figure 1: Quantification of fluorescence signal intensity in live 

transgenic Tg(tg:nlsEGFP) zebrafish larvae at 6 dpf. Transgenic zebrafish were treated 

from 52 hpf onwards with 30 mg/L phenylthiourea (PTU) or 5.0 µg/L thyroxine (T4). 

Fluorescent reporter signal intensities were analysed in untreated controls (Ct) and treated fish 

by epifluorescence microscopy. Results are shown as means±S.E.M. (N=7-9). Asterisks 

denote significant differences between treatment means (** P < 0.01, Student t-test). 

 

 

  



 
 

Supplementary Figure 2: Phenotypic spectrum of pax2a and nkx2.4b crispants. (A) 

Epifluorescence live imaging of Tg(tg:nlsEGFP) zebrafish larvae injected with Cas9 protein 



and sgRNAs targeting pax2a or nkx2.4b (exon 1 and exon 2), respectively. Ventral views of 

the thyroid region (anterior to the right) are shown for non-injected control fish and four 

different crispants displaying hypoplasia of variable severity. Images were aquired at 55 hpf, 

80 hpf, and 6 dpf. (B) Whole-mount immunofluorescence staining of Tg(tg:nlsEGFP) 

zebrafish for EGFP and colloidal T4 at 6 dpf. Ventral views of the thyroid region (anterior to 

the right) are shown for non-injected control fish and four different crispants displaying 

hypoplasia of variable severity. Scale bars: 50 µM. 

 

 

  



 
 

Supplementary Figure 3: Thyroid anlage specification is not perturbed in pax2a 

crispants. (A,B) Whole-mount in situ hybridization for the early thyroid marker nkx2.4b in 

non-injected control embryos and pax2a crispants. Thyroidal nkx2.4b expression (arrow) was 

not different between experimental groups at 28 hpf. Panel A shows dorsal views of stained 

specimen (anterior is to the top). Panel B shows lateral views (anterior is to the right). (C) 

Loss of thyroid marker expression in later stage pax2a crispants. Whole-mount in situ 



hybridization for the thyroid differentiation marker tg in non-injected control embryos and 

pax2a crispants at 55 hpf. In contrast to the strong tg staining in the compact and slightly 

ovoid thyroid primordium of control embryos, half of the pax2a crispants showed either a 

complete absence of detectable tg staining (data not shown) or presented thyroid primordia of 

greatly reduced size. Ventral views are shown (anterior is to the top). (D) pax2a crispants 

display strongly reduced immunoreactivity to a pax2a antibody. Whole-mount 

immunofluorescence staining of pax2a (magenta) was performed on non-injected control 

embryos and pax2a crispants at 24 hpf using a pax2a antibody directed against an epitope 

located C-terminal to the sgRNA target site. Approximately half of the pax2a crispants 

(53.7%; N=79/147) displayed a strongly reduced pax2a immunofluorescence signal. Lateral 

views are shown (anterior is to the right). Arrowheads: mid-hindbrain boundary; arrows: 

thyroid anlage; asterisks: otic vesicle. Scale bars: 100 µm.  

 

  



 
 

Supplementary Figure 4: Phenotypic spectrum of duox and duoxa crispants. (A) 

Epifluorescence live imaging of Tg(tg:nlsEGFP) zebrafish larvae injected with Cas9 protein 

and sgRNAs targeting duox or duoxa, respectively. Ventral views of the thyroid region 

(anterior to the right) are shown for non-injected control fish and four crispants. Images were 

aquired at 55 hpf, 80 hpf, and 6 dpf. No deviation from control thyroid morphology was 



evident in duox and duoxa crispants at 55 and 80 hpf. By 6 dpf, hyperplastic thyroid 

enlargement (goiter) was detectable in many duox and duoxa crispants. (B) Whole-mount 

immunofluorescence staining of Tg(tg:nlsEGFP) zebrafish for EGFP and colloidal T4 at 6 

dpf. Ventral views of the thyroid region (anterior to the right) are shown for non-injected 

control fish and different crispants displaying hypothyroidism (decreased T4 staining) that 

was often but not always associated with a hyperplastic thyroid enlargement. Scale bars: 50 

µm. 

 

  



 
 

Supplementary Figure 5: Phenotypic spectrum of tshr crispants. (A) Epifluorescence live 

imaging of Tg(tg:nlsEGFP) zebrafish larvae injected with Cas9 protein and sgRNAs targeting 

exon 4 or exon 10 of tshr, respectively. Ventral views of the thyroid region (anterior to the 

right) are shown for non-injected control fish and four crispants. Images were aquired at 55 

hpf, 80 hpf, and 6 dpf. No deviation from control thyroid morphology was evident in tshr 

crispants at 55 and 80 hpf. By 6 dpf, thyroids of tshr crispants had an atrophic/hypoplastic 

appearance and displayed a greatly reduced GFP reporter signal. (B) Whole-mount 

immunofluorescence staining of Tg(tg:nlsEGFP) zebrafish for EGFP and colloidal T4 at 6 

dpf. Ventral views of the thyroid region (anterior to the right) are shown for non-injected 



control fish and different tshr crispants displaying hypothyroidism (decreased T4 staining), 

variable thyroid hypoplasia and reduced GFP expression. Scale bars: 50 µm. 

 

 

 

 

  



 

 
 

 

Supplementary Figure 6: Illumina HiSeq analyses of nkx2.4b, duoxa and tshr crispants. 

Distribution of allelic variants as determined by Illumina HiSeq analysis of individual 

crispants revealed high mutagenesis efficiency in larvae presenting thyroid dysgenesis (target: 

exon 1 of nkx2.4b, exon 2 of nkx2.4b), thyroid hypoplasia and decreased T4 content (target: 

exon 10 of tshr) and hypothyroidism/hyperplastic thyroid enlargement (target: duoxa). The 

percentage of WT alleles (no variant call), in-frame indels, or frameshift indels is shown for N 

= 4-6 larvae per phenotypic category (median values with interquartile range).  

 

  



 

 

Supplementary Figure 7: Full length gel for the cropped gel image shown in Figure 7B. 

Polyacrylamide gel for PCR amplicons of wild-type fish (single PCR product of 178 bp), 

heterozygous carriers of the duoxa Δ11 allele (main PCR products of 178 and 167 bp) and 

homozygous carriers of the duoxa Δ11 allele (PCR product of 167 bp). DNA molecular size 

markers are shown in lane 1 and 13, wild-type sample in lane 2, heterozygous duoxa mutants 

in lane 3, 4, 5 and 10, homozygous duoxa mutants in lanes 6-9 and negative controls (H2O) in 

lane 11 and 12. Additional slow-migrating heteroduplex bands can be seen in PCR samples of 

heterozygous duoxa mutant fish (lanes 3,4,5,10). 

  



 
 

Supplementary Figure 8: Characterization of adamtsl2 crispants. (A) adamtsl2 mRNA is 

expressed at high levels in the zebrafish thyroid primordium (arrow) as demonstrated by 

whole-mount in situ hybridization. Lateral and frontal views of 55 hpf embryos stained with 

an adamtsl2-specific riboprobe are shown. (B) Zebrafish adamtsl2 genomic locus on 

chromosome 5 with sequences for exon 1 and exon 13. Underlined sequences are target sites 



for sgRNA-ex1 and sgRNA-ex13, respectively. PAM sequences are highlighted in yellow and 

the boxed sequence in exon 1 is the BclI restriction enzyme recognition site. (C) Thyroid 

phenotyping of adamtsl2 crispants did not reveal alteration in thyroid morphogenesis or 

thyroid function. Results shown are from an injection experiment with sgRNA-ex13 and 

similar results were obtained with sgRNA-ex1. Epifluorescence live imaging of 

Tg(tg:nlsEGFP) zebrafish at 55 hpf, 80 hpf, and 6 dpf. Ventral views of the head region and 

3-fold magnified views of the thyroid region (GFP channel only) are shown for non-injected 

controls and adamtsl2 crispants. Whole-mount immunofluorescence (IF) staining of 6 dpf 

Tg(tg:nlsEGFP) zebrafish for EGFP (thyroid cells) and thyroxine (colloidal T4). Ventral 

views of the head region (anterior is to the top) and 3-fold magnified views of the thyroid 

region (GFP, T4) are shown. Scale bars: 100 µm. (D) Polyacrylamide gel electrophoresis 

(PAGE) of PCR amplicons generated with primers spanning the target site of sgRNA-ex1. 

Upper panel shows a gel for PCR amplicons of WT larvae (single PCR product of 206 bp) and 

adamtsl2 crispants (multiple slow-migrating heteroduplex bands). Lower panel shows a gel 

for PCR amplicons digested with BclI. Note complete digestion of PCR amplicons from WT 

larvae resulting in two restriction fragments of 111bp and 95 bp, respectively. Images of full-

length gels are shown in Supplementary Figure 9A,B. (E) PAGE analysis of PCR amplicons 

generated with primers spanning the target site of sgRNA-ex13. Gel showing PCR amplicons 

of non-injected WT larvae (single PCR product of 151 bp) and adamtsl2 crispants (multiple 

slow-migrating heteroduplex bands in most samples).	 Full-length gel is shown in 

Supplementary Figure 9C. 

 

 

  



 
 

Supplementary Figure 9: Full length gels for the cropped gels shown in Supplementary 

Figure 8. (A) Full length gel for the cropped gel shown in the upper panel of Supplementary 

Figure 8D. (B) Full length gel for the cropped gel shown in the lower panel of Supplementary 

Figure 8D. (C) Full length gel for the cropped gel shown in Supplementary Figure 8E. 



 
 

Supplementary Figure 10: Brightfield micrographs of crispants and germline mutant 

fish (A) Brightfield microscopy of control larvae and crispants displaying a thyroid phenotype 

after injection of gRNAs targetting pax2a, duox and tshr. Lateral views (anterior to the left) of 

6 dpf old fish are shown. Arrows highlight defective brain development in pax2a crispants. 

(B) Brightfield microscopy of WT larvae and homozygous carriers of the duoxa Δ11 allele. 

Lateral views (anterior to the left) of 5 dpf old larvae (pigment-less casper fish) are shown. 
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Allele frequencies of individual F0 crispants as analysed by CrispRVariants. 

 

Data of HiSeq sequencing of zebrafish mutagenesis experiments were analysed by 

CrispRVariants
26,45

. For each target locus, variant allele plots and barplots are presented for 

individual zebrafish categorized by phenotype. Only variants with a frequency of ≥ 5% in at 

least one zebrafish were considered. 

Variant allele plots show on the left the alignment of each variant to the reference genome 

(top line) with the sgRNA sequence and the 3’ PAM indicated by boxes. The cut site is 

indicated by a vertical line. The gene scheme on the top shows the binding site of the sgRNA 

(in red) in relation to known Ensemble transcripts. Within the alignment, deletions and 

insertions are indicated by ´-` and by symbols, respectively, with the corresponding insert 

sequence explained below the plot. Deletions, insertions, single nucleotide variants and 

chimeric reads are indicated by D, I, SNV, or ‘other’ respectively. Each variant is further 

characterized by its size and by the position of the most upstream base in relation to the cut 

site. For example, a 4 bp deletion starting at -4 bases upstream of the cut site would be -4:4D. 

The right panel of the variant allele plots shows the frequency (in read counts) of each variant 

for individual zebrafish with the top line indicating the total number of derived sequences. 

Color codes on the right represent the relative frequencies in percentages of each variant. 

Barplots show the relative frequencies (x-axis) of no variant alleles, frameshift indels, inframe 

indels, single nucleotide variants, and chimeric reads for individual zebrafish (Y-axis) as 

indicated by color codes. The number of different alleles (variants) and the total number of 

sequences for each individual zebrafish are shown to the right of the barplots. 
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Hiseq sequencing data tables and reads statistic. 
	

A)	
	 e)	 	  

B)	 	 nkx2.4b	
ex1	 	

       
i)	 h)
	

f)	
a)	

	

po
ol
	1
	

ba
rc
od

e	
1	 27634	

311923	
b)	

	
290449	

g)	
c)	

	 10%	
284435	

d)	
	

6014	
	
A) Scheme representing the organisation of the data tables: a) Raw number of total reads 

pairs generated during Hiseq sequencing experiment. b) Number of sequences 
extracted from the raw data and used for analysis. c) Number of sequences 
successfully mapped on the genomic regions of interest. d) Number sequences 
unsuccessfully mapped on the genomic regions of interest. e) Genomic region of 
interest. f) Number of mapped reads corresponding to the genomic region of interest in 
(e). g) Proportion of a specific genomic region mapped reads on the total of Hiseq 
sequencing run reads. h) Barcode library reference for a specific set of samples. i) 
Hiseq sequencing run reference. 

B) This example coming from the 1st barcode library generated and used in the first run 
of NGS experiment illustrates how one can read the data tables presented here. This 
NGS run generated 311923 reads, among those, 290449 could be used for analysis. 
Analysis showed that 284435 reads were mapped on the different regions of interest 
while 6014 could not be mapped. Out of those 284435 mapped reads 27634 could be 
mapped on the nkx2.4b exon1 targeted region. This number represents around 10% of 
the mapped reads from this experiment. 

 
Important note on the analysis:  
 

1) Note that the number of mapped reads reported in the following tables might be 
slightly higher than the total number of reads reported in CrispRVariant plots (first 
row). This is due to CrispRVariant analyses that excludes reads that do not fully span 
the target window used to summarize mutations for a given amplicon. 

2) Note that the sum of the mapped reads might be slightly lower that the total number of 
mapped reads. This is due to off-target reads that could be mapped on the genome of 
the zebrafish but not on any of our genomic regions of interest. 
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NGS ORF alignments 
	
	
	
	
	
	
	
pax2a	exon	2	HiSeq	sequencing	most	frequent	alleles	alignment:	
	
a) ref rna: ATG|GAT|ATT|CAC|TGC|AAA|GCA|GAC|CCC|TTC|TCG|GCG|ATG|CAC|CGG|CAC|GGC|GGT|GTG|AAC|CAG|CTA|GGA|GGG|GTG|TTT|GTG|AAT|GGC|AGA|CCC|CTA|CCT|GAC|GTG|GTC|AGG|CAA| 
   ref aa:   M   D   I   H   C   K   A   D   P   F   S   A   M   H   R   H   G   G   V   N   Q   L   G   G   V   F   V   N   G   R   P   L   P   D   V   V   R   Q    
1) mut rna: ATG|GAT|ATT|CAC|TGC|AAA|GCA|GAC|CCC|TTC|TCG|GCG|ATG|CAC|CGG|CAC|GGC|GGT|GTG|AAC|CAG|GAG|GGG|TGT|TTG|TGA 
   mut aa:   M   D   I   H   C   K   A   D   P   F   S   A   M   H   R   H   G   G   V   N   Q   E   G   C   L   * 
2) mut rna: ATG|GAT|ATT|CAC|TGC|AAA|GCA|GAC|CCC|TTC|TCG|GCG|ATG|CAC|CGG|CAC|GGC|GGT|GTG|AAC|CAG|GGG|TGT|TTG|TGA 
   mut aa :  M   D   I   H   C   K   A   D   P   F   S   A   M   H   R   H   G   G   V   N   Q   G   C   L   * 
3) mut rna: ATG|GAT|ATT|CAC|TGC|AAA|GCA|GAC|CCC|TTC|TCG|GCG|ATG|CAC|CGG|CAC|GGC|GGT|GTG|AAC|CAG|CTT|AGG|AGG|GGT|GTT|TGT|GAA|TGG|CAG|ACC|CCT|ACC|TGA 
   mut aa :  M   D   I   H   C   K   A   D   P   F   S   A   M   H   R   H   G   G   V   N   Q   L   R   R   G   V   C   E   W   Q   T   P   T   * 
	

a) Reference	transcript	(ENSDARG00000028148).	
1) Deletion	of	4nt	(AGCT).	Occurrence:	14-50%.		
2) Deletion	of	7nt	(CAGCTAGG).	Occurrence:	1-13%.	
3) Insertion	of	1nt	(T).	Occurrence:	1-6%.	

	
	 	



	
	
tshr	exon	4	HiSeq	sequencing	most	frequent	alleles	alignment:	
	
a) ref rna:...AAG|CTG|ACA|TTC|ATC|CAC|CCA|GAG|GCT|TTT|AAG|AAT|CTC|CCT|AAT|TTA|CAG|TAT|CTA|GGA|TTA|TTC|AAC| ...  
   ref aa:  ...K   L   T   F   I   H   P   E   A   F   K   N   L   P   N   L   Q   Y   L   G   L   F   N   ... 
1) mut rna:...AAG|CTG|ACA|TTC|ATC|CAG|AGG|CTT|TTA|AGA|ATC|TCC|CTA|ATT|TAC|AGT|ATC|TAG 
   mut aa:  ...K   L   T   F   I   Q   R   L   L   R   I   S   L   I   Y   S   I   * 
2) mut rna:...AAG|CTG|ACA|TTC|ATC|AGA|GGC|TTT|TAA 
   mut aa: ... K   L   T   F   I   R   G   F   * 
3) mut rna:...AAG|CTG|ACA|TTC|ATC|CAC|CAT|TTA|AGA|ATC|TCC|CTA|ATT|TAC|AGT|ATC|TAG 
   mut aa: ... K   L   T   F   I   H   H   L   R   I   S   L   I   Y   S   I   * 
	

a) Reference	transcript	(ENSDARG00000037195).	
1) Deletion	of	4nt	(CCAC).	Occurrence:	6.6-44.6%.	
2) Deletion	of	5nt	(CCACC).	Occurrence:	1.6-35%.	
3) Deletion	of	7nt	(CCAGAGG).	Occurrence:	0-37.8%.	

	

tshr	exon	10	HiSeq	sequencing	most	frequent	alleles	alignment:		
	
a) ref rna:... TTG|AGT|GAT|AAC|CTC|TTC|AGA|GAC|ACC|TAT|GAT|CAC|CAG|GAG|TTT|TTC|GGC|AAC|GGA|CAT|TAT|CCC|ACT|TAT|TTT|GAC|AGA|CAT|GCA|GAT|GAG|AAC|ATG|GGT|TTC|GGT... 
   ref aa: ...  L   S   D   N   L   F   R   D   T   Y   D   H   Q   E   F   F   G   N   G   H   Y   P   T   Y   F   D   R   H   A   D   E   N   M   G   F   G ... 
1) mut rna:... TTG|AGT|GAT|AAC|CTC|   |AGA|GAC|ACC|TAT|GAT|CAC|CAG|GAG|TTT|TTC|GGC|AAC|GGA|CAT|TAT|CCC|ACT|TAT|TTT|GAC|AGA|CAT|GCA|GAT|GAG|AAC|ATG|GGT|TTC|GGT... 
   mut aa: ...  L   S   D   N   L       R   D   T   Y   D   H   Q   E   F   F   G   N   G   H   Y   P   T   Y   F   D   R   H   A   D   E   N   M   G   F   G ... 
2) mut rna:... TTG|AGT|GAT|AAC|CTA|TGA 
   mut aa: ...  L   S   D   N   L   * 
3) mut rna:... TTG|AGT|GAT|AAC|CAG|AGA|CAC|CTA|TGA 
   mut aa: ...  L   S   D   N   Q   R   H   L   * 
4) mut rna:... TTG|AGT|GAT|AAC|CTC|TTA|TCA|CTC|AGA|GAC|ACC|TAT|GAT|AAC|CAG|AGA|CAC|CTA|TGA 
   mut aa: ...  L   S   D   N   L   L   S   L   R   D   T   Y   D   N   Q   R   H   L   * 
5) mut rna:... TTG|AGT|GAT|AAC|CTC|TTG|ATC|ACC|AGG|AGT|TTT|TCG|GCA|ACG|GAC|ATT|ATC|CCA|CTT|ATT|TTG|ACA|GAC|ATG|CAG|ATG|AGA|ACA|TGG|GTT|TCG|GTG|AAA|CAC|TGA 
   mut aa: ...  L   S   D   N   L   L   I   T   R   S   F   S   A   T   D   I   I   P   L   I   L   T   D   M   Q   M   R   T   W   V   S   V   K   H   * 
 

a) Reference	transcript	(ENSDARG00000037195).	
1) Deletion	of	3nt	(TCT),	no	frameshift	induced.	Occurrence:	1.4-16.7%.	
2) Deletion	of	14nt	(ACCTCTTCAGAGAC).	Occurrence:	0.8-15%.	
3) Deletion	of	5nt	(CTCTT).	Occurrence:	0.6-14.2%.	
4) Insertion	of	25nt	(ATCACTCAGAGACACCTATGATAAC).	Occurrence:	0-32.2%.	
5) Deletion	of	12nt	(TCAGAGACACCTA).	Occurrence:	0.1-34.4%	

	 	



duox	exon	23	HiSeq	sequencing	most	frequent	alleles	alignment:		
	
a) ref rna:...GTC|ATC|TAC|GCC|ATC|TCC|GCC|GGC|CTC|GCT|TTG|GAA|AGA|TGC|ATC|TAT|TAT|GGT|TTA|CAG|GCT|CAC|TCC|AGT|GGC|ATC|CCA|GAG|ACC|TCT|ATG|GTG|GGT|GTG|TTG|GTG|TCT|CGT 
   ref aa: ... V   I   Y   A   I   S   A   G   L   A   L   E   R   C   I   Y   Y   G   L   Q   A   H   S   S   G   I   P   E   T   S   M   V   G   V   L   V   S   R    
   ref rna:   GGC|TCA|GCG|GCC|GCC|ATT|TCG|TTC|CTG|TTC|CCC|TAC|ATG|CTG|CTG|ACT|GTG|TGC|CGA|AAC| ... 
   ref aa:     G   S   A   A   A   I   S   F   L   F   P   Y   M   L   L   T   V   C   R   N   ... 
1) mut rna:   GTC|ATC|TAC|GCC|GGC|           |CTC|GCT|TTG|GAA|AGA|TGC|ATC|TAT|TAT|GGT|TTA|CAG|GCT|CAC|TCC|AGT|GGC|ATC|CCA|GAG|ACC|TCT|ATG|GTG|GGT|GTG|TTG|GTG|TCT|CGT 
   mut aa:     V   I   Y   A   G               L   A   L   E   R   C   I   Y   Y   G   L   Q   A   H   S   S   G   I   P   E   T   S   M   V   G   V   L   V   S   R    
   mut rna:   GGC|TCA|GCG|GCC|GCC|ATT|TCG|TTC|CTG|TTC|CCC|TAC|ATG|CTG|CTG|ACT|GTG|TGC|CGA|AAC| ... 
   mut aa:     G   S   A   A   A   I   S   F   L   F   P   Y   M   L   L   T   V   C   R   N   ... 
2) mut rna:...GTC|ATC|TAC|GCC|ATC|TCG|CTT|TGG|AAA|GAT|GCA|TCT|ATT|ATG|GTT|TAC|AGG|CTC|ACT|CCA|GTG|GCA|TCC|CAG|AGA|CCT|CTA|TGG|TGG|GTG|TGT|TGG|TGT|CTC|GTG|GCT|CAG|CGG 
   mut aa: ... V   I   Y   A   I   S   L   W   K   D   A   S   I   M   V   Y   R   L   T   P   V   A   S   Q   R   P   L   W   W   V   C   W   C   L   V   A   Q   R    
   mut rna:   CCG|CCA|TTT|CGT|TCC|TGT|TCC|CCT|ACA|TGC|TGC|TGA 
   mut aa:     P   P   F   R   S   C   S   P   T   C   C   * 
3) mut rna:...GTC|ATC|TAC|GCC|ATC|TCG|CCG|GCC|TCG|CTT|TGG|AAA|GAT|GCA|TCT|ATT|ATG|GTT|TAC|AGG|CTC|ACT|CCA|GTG|GCA|TCC|CAG|AGA|CCT|CTA|TGG|TGG|GTG|TGT|TGG|TGT|CTC|GTG 
   mut aa: ... V   I   Y   A   I   S   P   A   S   L   W   K   D   A   S   I   M   V   Y   R   L   T   P   V   A   S   Q   R   P   L   W   W   V   C   W   C   L   V    
   mut rna:   GCT|CAG|CGG|CCG|CCA|TTT|CGT|TCC|TGT|TCC|CCT|ACA|TGC|TGC|TGA 
   mut aa:     A   Q   R   P   P   F   R   S   C   S   P   T   C   C   * 
 

a) Reference	transcript	(ENSDARG00000062632)	
1) Deletion	of	9nt	(CGCCATCTC),	no	frameshift	induced.	Occurrence:	18-61.9%.	
2) Deletion	of	10nt	(CTCCGCCGGC).	Occurrence:	1.5-18.4%	
3) Deletion	of	1nt	(C).	Occurrence:	0-18%	

	
Duoxa	(duox2)	exon	2	HiSeq	sequencing	most	frequent	alleles	alignment:	
	
a) ref rna:...GTC|AGT|TTC|CTC|TTC|ATT|CTA|CCG|GGA|ATA|CGT|GGC|AGA|TCG|AGA|TGG|TTT|TGG|ATG|TTC|CGG|ATA|TTC|ATT|AGC|TTA|TTT|ATT|GGA|GTT|GTT|TTA|GTT|GTG|CTT|AAT| ... 
   ref aa: ... V   S   F   L   F   I   L   P   G   I   R   G   R   S   R   W   F   W   M   F   R   I   F   I   S   L   F   I   G   V   V   L   V   V   L   N   ... 
1) mut rna:...GTC|AGT|TTC|CTC|TTC|TAC|CGG|GAA|TAC|GTG|GCA|GAT|CGA|GAT|GGT|TTT|GGA|TGT|TCC|GGA|TAT|TCA|TTA|GCT|TAT|TTA|TTG|GAG|TTG|TTT|TAG 
   mut aa: ... V   S   F   L   F   Y   R   E   Y   V   A   D   R   D   G   F   G   C   S   G   Y   S   L   A   Y   L   L   E   L   F   * 
2) mut rna:...GTC|AGT|TTC|CTC|TAC|CGG|GAA|TAC|GTG|GCA|GAT|CGA|GAT|GGT|TTT|GGA|TGT|TCC|GGA|TAT|TCA|TTA|GCT|TAT|TTA|TTG|GAG|TTG|TTT|TAG 
   mut aa: ... V   S   F   L   Y   R   E   Y   V   A   D   R   D   G   F   G   C   S   G   Y   S   L   A   Y   L   L   E   L   F   * 
3) mut rna:...GTC|AGT|TTC|CTC|   |ATT|CTA|CCG|GGA|ATA|CGT|GGC|AGA|TCG|AGA|TGG|TTT|TGG|ATG|TTC|CGG|ATA|TTC|ATT|AGC|TTA|TTT|ATT|GGA|GTT|GTT|TTA|GTT|GTG|CTT|AAT| ... 
   mut aa: ... V   S   F   L       I   L   P   G   I   R   G   R   S   R   W   F   W   M   F   R   I   F   I   S   L   F   I   G   V   V   L   V   V   L   N   ... 
4) mut rna:...GTC|AGT|TTC|CTC|TTC|TAT|TCT|ACC|GGG|AAT|ACG|TGG|CAG|ATC|GAG|ATG|GTT|TTG|GAT|GTT|CCG|GAT|ATT|CAT|TAG 
   mut aa: ... V   S   F   L   F   Y   S   T   G   N   T   W   Q   I   E   M   V   L   D   V   P   D   I   H   * 
5) mut rna:...GTC|AGT|TTC|CTC|CTT|   |CTA|CCG|GGA|ATA|CGT|GGC|AGA|TCG|AGA|TGG|TTT|TGG|ATG|TTC|CGG|ATA|TTC|ATT|AGC|TTA|TTT|ATT|GGA|GTT|GTT|TTA|GTT|GTG|CTT|AAT| ... 
   mut aa: ... V   S   F   L   L       L   P   G   I   R   G   R   S   R   W   F   W   M   F   R   I   F   I   S   L   F   I   G   V   V   L   V   V   L   N   ... 
 

a) Reference	transcript	(ENSDARG00000078962)	
1) Deletion	of	4nt	(GAAT).	Occurrence:	9.9-43.4%.	
2) Deletion	of	7nt	(AGAATGA).	Occurrence:	0.6-22.2%.	
3) Deletion	of	3nt	(GAA),	no	frameshift	induced.	Occurrence:	4.4-22.1%	
4) Insertion	of	1nt	(T).	Occurrence:	0-21.1%.	
5) Deletion	of	3nt	(ATG),	no	frameshift	induced.	Occurrence:	0-24.4%.	

	 	



nkx2.4b	exon	1	HiSeq	sequencing	most	frequent	alleles	alignment:		
	
a) Ref rna:... GGC|GCC|ACG|GCC|ACG|GCT|TGG|TAC|GGC|TCG|AAC|CCG|GAG|CCG|AGA|TAC|CCA|ACA|ATC|TCC|AGG|TTT|ATG|GGT|CCC|TCG|GCG|GGC|ATG|AAC|ATG|GGC|ACG|TTA|CCG|GGA|ATG|GAC|GCC|AGT... 
   ref aa: ...  G   A   T   A   T   A   W   Y   G   S   N   P   E   P   R   Y   P   T   I   S   R   F   M   G   P   S   A   G   M   N   M   G   T   L   P   G   M   D   A   S ... 
1) mut rna:... GGC|GCC|ACG|GCC|ACG|GTA|CGG|CTC|GAA|CCC|GGA|GCC|GAG|ATA|CCC|AAC|AAT|CTC|CAG|GTT|TAT|GGG|TCC|CTC|GGC|GGG|CAT|GAA|CAT|GGG|CAC|GTT|ACC|GGG|AAT|GGA|CGC|CAG|TAA 
   mut aa: ...  G   A   T   A   T   V   R   L   E   P   G   A   E   I   P   N   N   L   Q   V   Y   G   S   L   G   G   H   E   H   G   H   V   T   G   N   G   R   Q   * 
2) mut rna:... GCC|ACG|GCC|ACG|GCT|CGA|ACC|CGG|AGC|CGA|GAT|ACC|CAA|CAA|TCT|CCA|GGT|TTA|TGG|GTC|CCT|CGG|CGG|GCA|TGA 
   mut aa: ...  A   T   A   T   A   R   T   R   S   R   D   T   Q   Q   S   P   G   L   W   V   P   R   R   A   * 
3) mut rna:... AGA|AAC|GGC|GCC|ACG|GTA|CGG|CTC|GAA|CCC|GGA|GCC|GAG|ATA|CCC|AAC|AAT|CTC|CAG|GTT|TAT|GGG|TCC|CTC|GGC|GGG|CAT|GAA|CAT|GGG|CAC|GTT|ACC|GGG|AAT|GGA|CGC|CAG|TAA 
   mut aa: ...  R   N   G   A   T   V   R   L   E   P   G   A   E   I   P   N   N   L   Q   V   Y   G   S   L   G   G   H   E   H   G   H   V   T   G   N   G   R   Q   * 
4) mut rna:... AGA|AAC|GGC|GCC|ACG|GCT|CGA|ACC|CGG|AGC|CGA|GAT|ACC|CAA|CAA|TCT|CCA|GGT|TTA|TGG|GTC|CCT|CGG|CGG|GCA|TGA 
   mut aa: ...  R   N   G   A   T   A   R   T   R   S   R   D   T   Q   Q   S   P   G   L   W   V   P   R   R   A   * 
 

a) Reference	transcript	(ENSDARG00000104107).	
1) Deletion	of	5nt	(GGCTT).	Occurrence:	6-32.9%.	
2) Deletion	of	10nt	(ACGGCTTGGT).	Occurrence:	1-20%.	
3) Deletion	of	11nt	(GGCCACGGCTT).	Occurrence:	0-28.7%.	
4) Deletion	of	16nt	(ACGGCCACGGCTTGGT).	Occurrence:	2-27.7%.	

	
nkx2.4b	exon	2	HiSeq	sequencing		most	frequent	alleles	alignment:		
 
a) ref rna:... CAC|GCG|GCG|CCG|CGC|AGG|AAA|CGG|CGC|GTG|CTT|TTC|TCC|CAA|GCG|CAG|GTA|TAC|GAG|CTG|GAG|CGC|CGC|TTC|AAG|CAG|CAA|AAA|TAC|CTG|TCG|GCC|CCG|GAG|AGG|GAA|CAT|TTG|GCC|AGC| 
   ref aa: ...  H   A   A   P   R   R   K   R   R   V   L   F   S   Q   A   Q   V   Y   E   L   E   R   R   F   K   Q   Q   K   Y   L   S   A   P   E   R   E   H   L   A   S 
   ref rna:    ATG|ATC|CAT|CTA|ACC|CCG|ACG|CAG|GTC|AAG|ATC|TGG|TTC|CAG|AAC|CAC|AGG|TAC|AAA|ATG|AAG|CGG|GAG|GCG|AAG|GAT|AAA|GCG|TCC|CAG|CAG|CAG| ... 
   ref aa:      M   I   H   L   T   P   T   Q   V   K   I   W   F   Q   N   H   R   Y   K   M   K   R   E   A   K   D   K   A   S   Q   Q   Q   ... 
1) mut rna:... CAC|GCG|GCG|CGT|GCT|TTT|CTC|CCA|AGC|GCA|GGT|ATA|CGA|GCT|GGA|GCG|CCG|CTT|CAA|GCA|GCA|AAA|ATA|CCT|GTC|GGC|CCC|GGA|GAG|GGA|ACA|TTT|GGC|CAG|CAT|GAT|CCA|TCT|AAC|CCC| 
   mut aa: ...  H   A   A   R   A   F   L   P   S   A   G   I   R   A   G   A   P   L   Q   A   A   K   I   P   V   G   P   G   E   G   T   F   G   Q   H   D   P   S   N   P 
   mut rna:    GAC|GCA|GGT|CAA|GAT|CTG|GTT|CCA|GAA|CCA|CAG|GTA|CAA|AAT|GAA|GCG|GGA|GGC|GAA|GGA|TAA 
   mut aa:      D   A   G   Q   D   L   V   P   E   P   Q   V   Q   N   E   A   G   G   E   G   * 
2) mut rna:... CAC|GCG|GCG|CCG|CGC|AAG|GAA|ACG|GCG|CGT|GCT|TTT|CTC|CCA|AGC|GCA|GGT|ATA|CGA|GCT|GGA|GCG|CCG|CTT|CAA|GCA|GCA|AAA|ATA|CCT|GTC|GGC|CCC|GGA|GAG|GGA|ACA|TTT|GGC|CAG| 
   mut aa: ...  H   A   A   P   R   K   E   T   A   R   A   F   L   P   S   A   G   I   R   A   G   A   P   L   Q   A   A   K   I   P   V   G   P   G   E   G   T   F   G   Q 
   mut rna:    CAT|GAT|CCA|TCT|AAC|CCC|GAC|GCA|GGT|CAA|GAT|CTG|GTT|CCA|GAA|CCA|CAG|GTA|CAA|AAT|GAA|GCG|GGA|GGC|GAA|GGA|TAA 
   mut aa:      H   D   P   S   N   P   D   A   G   Q   D   L   V   P   E   P   Q   V   Q   N   E   A   G   G   E   G   * 
3) mut rna:... CAC|GCG|GCG|CCG|TGC|TTT|TCT|CCC|AAG|CGC|AGG|TAT|ACG|AGC|TGG|AGC|GCC|GCT|TCA|AGC|AGC|AAA|AAT|ACC|TGT|CGG|CCC|CGG|AGA|GGG|AAC|ATT|TGG|CCA|GCA|TGA 
   mut aa: ...  H   A   A   P   C   F   S   P   K   R   R   Y   T   S   W   S   A   A   S   S   S   K   N   T   C   R   P   R   R   G   N   I   W   P   A   * 
 

a) Reference	transcript	(ENSDARG00000104107).	
1) Deletion	of	17nt	(CGGCGCCGCGCAGGAAA).	Occurrence:	8.6-26.7%	
2) Insertion	of	1nt	(T).	Occurrence:	2.4-12.5%	
3) Deletion	of	16nt	(CGCGCAGGAAACGGCG).	Occurrence:	1-37%	

 
 
 
 


