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Fig. 1 Blue (a), albino blue (b) and white (c) discus fish
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Tab.1 Primer sequences of differentially expressed genes

519 51 (5'—3")

primers sequences (5'—3")

pnp : CTTGCTGACACCCTGAAGTG

: ATACATGTGGAAGCGACCCT

apod : AAACCCTGCCAGAGTCCAC

: ATCTGCCTGCTGGGAATCAT
crem : GATGACGTGCCAGTTTCCAG
: CCTGTAGGCCTTGAACTCCA
tcap : CAGAGACAGACAGCATTCGC
: TGTGGTGTCATCCACCTCTC
psmb8 AGAAACAACCAGCGCATCTC
: AGACCAGGACCCTGTTTGTC

tieg : GCGAGCAGTCTGTCTCTAGT

A m ® T o T ®m MW ™ g Bm
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Plate Skin ultrastructure of blue, albino blue and white discus fish

1. blue discus fish, 2. albino blue discus fish, 3. white discus fish; Me. melanophore, Ir. iridophore.
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Fig.2 Venn diagram (a) and statistical analysis (b) of differentially expressed genes in discus skin

BS, ABS and WS indicate blue, albino blue and white discus fish, respectively; the same below.
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Fig.3 GO functional annotation of differentially expressed genes in skins of blue and white discus fish

1. multicellular organismal process, 2. localization, 3. response to stimulus, 4. cellular component organization or biogenesis, 5. developmental process,
6. metabolic process, 7. biological regulation, 8. cellular process, 9. membrane, 10. organelle part, 11. protein-containing complex, 12. organelle, 13. cell
part, 14. membrane part, 15. molecular function regulator, 16. transcription regulator activity, 17. molecular transducer activity, 18. transporter activity,

19. catalytic activity, 20. binding.
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Fig.4 GO functional (a) and KEGG pathway (b) enrichment analysis of differentially
expressed genes in skins of blue and white discus fish

(a) 1. NADH dehydrogenase complex, 2. mitochondrial respiratory chain complex 1, 3. respiratory chain complex 1, 4. oxidoreductase complex, 5. res-
piratory chain complex, 6. purine nucleotide biosynthetic process, 7. actomyosin structure organization, 8. mitochondrial protein complex, 9. inner mito-
chondrial membrane protein complex, 10. electron transport chain, 11. respiratory electron transport chain, 12. purine-containing compound biosyn-
thetic process, 13. purine ribonucleotide biosynthetic process, 14. actin cytoskeleton organization, 15. organonitrogen compound biosynthetic process,
16. immune system process, 17. ribonucleotide biosynthetic process, 18. ribose phosphate biosynthetic process, 19. membrane protein complex, 20. actin
filament-based process; (b) 1. Parkinson disease, 2. oxidative phosphorylation, 3. thermogenesis, 4. cardiac muscle contraction, 5. non-alcoholic fatty
liver disease (NAFLD), 6. Huntington disease, 7. Alzheimer disease, 8. dilated cardiomyopathy (DCM), 9. hypertrophic cardiomyopathy (HCM), 10.
adrenergic signaling in cardiomyocytes, 11. retrograde endocannabinoid signaling, 12. arrhythmogenic right ventricular cardiomyopathy, 13. citrate cycle
(TCA cycle), 14. viral protein interaction with cytokine and cytokine receptor, 15. chemokine signaling pathway, 16. fatty acid degradation, 17. valine,

leucine and isoleucine degradation, 18. propanoate metabolism, 19. circadian rhythm-fly, 20. pyruvate metabolism.
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Fig. 5 GO functional annotation of differentially expressed genes in skins of albino blue and white discus fish

1. multicellular organismal process, 2. localization, 3. cellular component organization or biogenesis, 4. response to stimulus, 5. developmental process,

6. metabolic process, 7. biological regulation, 8. cellular process, 9. membrane, 10. organelle part, 11. protein-containing complex, 12. organelle, 13. cell

part, 14. membrane part, 15. molecular function regulator, 16. transcription regulator activity, 17. molecular transducer activity, 18. transporter activity,

19. catalytic activity, 20. binding.
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TRABEHETZEMMEEER, 6. EABMHARI, 7. ECM-ZAEAMEIEM, 8 AfwEiRi, 9. J-WAs BN (NAFLD), 10. B 4L,
1L AERER, 12 20 F 2R AR, 13 8T IE 20, 14, PBK-Akt {5 S, 15 HREMSH, 16. MERGSIE, 17. 4
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Fig. 6 GO functional (a) and KEGG pathway (b) enrichment analysis of differentially expressed genes in
skins of albino blue and white discus fish

(a) 1. collagen trimer, 2. insulin-like growth factor binding, 3. oxoacid metabolic process, 4.organic acid metabolic process, 5.small molecule metabolic
process, 6. carboxylic acid metabolic process, 7. extracellular matrix structural constituent, 8. growth factor binding, 9. cellular amino acid metabolic pro-
cess, 10. inner mitochondrial membrane protein complex, 11. organonitrogen compound biosynthetic process, 12. ossification, 13. alpha-amino acid
metabolic process, 14. nucleoside diphosphate metabolic process, 15. circadian regulation of gene expression, 16. circadian rhythm, 17. photoperiodism,
18. cation binding, 19. ADP metabolic process, 20. ribonucleoside diphosphate metabolic process; (b) 1. circadian rhythm-fly, 2. complement and coagu-
lation cascades, 3. pyrimidine metabolism, 4. glycine, serine and threonine metabolism, 5. viral protein interaction with cytokine and cytokine receptor, 6.
protein digestion and absorption, 7. ECM-receptor interaction, 8. oxidative phosphorylation, 9. non-alcoholic fatty liver disease (NAFLD), 10. circadian
rhythm, 11. thermogenesis, 12. cytokine-cytokine receptor interaction, 13. proteoglycans in cancer, 14. PI3K-Akt signaling pathway, 15.folate biosyn-

thesis, 16. Parkinson disease, 17. glutathione metabolism, 18. bladder cancer, 19. tyrosine metabolism, 20. arginine and proline metabolism.
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Exploration of candidate genes related to iridophore presenting blue skin in
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Abstract: The comparative transcriptomic analysis was performed on natural and albino blue discus with white
discus fish (Symphysodon haraldi) respectively to excavate genes related to iridophores in blue skin. It was found a
total of 2, 192 different expression genes (DEGs) in natural blue fish, including 1, 270 up-regulated and 922 down-
regulated genes. The DEGs were primarily enriched in purine nucleotide biosynthetic process, actomyosin struc-
ture organization, purine-containing compound biosynthetic process, oxidative phosphorylation, citrate cycle and
other functions. For the albino blue discus fish compared to white one, there were 1, 859 up-regulated and 1, 309
down-regulated DEGs. Similarly, the dominant enriched pathways of these genes were oxidative phosphorylation,
ribonucleoside diphosphate metabolic process, ADP metabolic process, cation binding, glycine, serine and threon-
ine metabolism and other functions. In order to further explore candidate genes participating in iridophores appear-
ing color, by comparing the database, a total of 32 and 38 DEGs were screened out in natural blue and albino blue
discus, respectively. It could be predicted that alkal2b, gpnmb, fhl2 and pka were associated with the development
of iridophores, and pgam, prtfdcl, pnp, sic23al, sic2a9, rab38, rdh10, psatl, and paics might attend guanine syn-
thesis and transportation in iridophores. This study might ground for in-depth analysis of the formation and regula-
tion mechanism of blue structural color in fish.
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