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Tab. 1

PCR Primers and targeting sequences for Dct genes in Cyprinus carpio var. color

34 sequence name

JF%1(5'-3") sequence (5'-3")

H1i& application

Dctl,Dct2-CDS-F
Dctl,Dct2-CDS-R
Dctl-exon2-F
Dctl-exon2-R
Dct2-exon2-F
Dct2-exon2-R
Dct1-RT-PCR-F
Dctl-RT-PCR-R
Dct2-RT-PCR-F

ATGAGGAGATCGATTGTGTTGG
TTACGCGTCCTCTGTGTATTT
TTCAATCAAGTGTGTCCCAAT
AAACCACCGTTTTGAAATCC
GGACACTTTAGCAATCGCAGA
GGCAGTGTTCACAGCAGCTC
AACGACGTCAGAAGCTGCCT
CCAGAGCGTTCCTGAAGCTGA
CAGGAACGCGCTGGAAGGAT

CDS ¥ 354

CDS ¥4 5|4y
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Det] $ 55 X ISR S | 9
Det2 $8 55 X ISR S | 9
Dct2 #8 55 X B0 IE S | 4
Det] DI6E R 7Y
Detl 936ERBY
Det2 DIt E B

Dct2-RT-PCR-R GCTGGTCCCGTTGAGGAACA Dct2 GE BT
f-actin-RT-PCR-F CTCTGTCTGGATCGGAGGTT TERNSTY

p-actin-RT-PCR-R
Target-Dcti-1
Target-Dct1-2
Target-Dct1-3
Target-Dct2-1

GACGATGGATGGTCCAGACT
CAGCACTGGCTGGGCCTGCT(+)
GATGACGTAATCAGGGTGGA(-)
TCCACCCTGATTACGTCATC(-)
ATCGCCACACAGCACTGGCT(+)
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Target-Dct2-2 GGCCGAGCTGTGACCAGCGC(+) Det2 BRI S
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Target-Dct12-2

CGCTGAGCTGCAGGAGTTCC(+)
GGAACTCCTGCAGCTCAGCG(-)

Dctl, Dct2 WRHE S,
Dctl, Dct2 W50 5
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Fig.2 Relative expression profiles of Dct/ and Dct2 genes in black
and white skin of “WB?” color pattern of Cyprinus carpio var. color
Different letters on the bar represent significant difference in

gene expression for the same gene between different types of
skin tissue (P<0.05).

.1 The alignment result of amino acid sequence for Dct between zebrafish and Cyprinus carpio var. color
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Fig. 3 Sequence mutation profiles (A) and monoclonal clone types (B) for different
knock-out patterns in Dct genes of Cyprinus carpio var. color
M1, M2 and M3 represent different knock-out individuals of Cyprinus carpio var. color.
In fig. B, target sequencs are marked in blue, and insertions are marked in red.
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Fig. 4 Phenotype of Dct mutated Cyprinus carpio var. color of the “WB” pattern
WT represents wild type “WB” fish and M1, M2 and M3 represent different Dct mutated “WB” individuals. A and B respectively
show the pigment pattern observation from dorsal and lateral direction, which show diminished black patch in Dct mutated Cyprinus
carpio var. color compared to wildtype. C and D display the melanocytes observation in stereomicroscope with magnification of 20

and 40, respectively. In D, the arrows aim at abnormal melanocytes, which tend to be punctate and non-dendritic, in Dct mutated Cyprinus
carpio var. color.
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Effect of Dct on pigmentation patterns in Oujiang color common carp

SI Zhouxuan, CHEN Honglin, XU Xidan, WANG Jun, WANG Chenghui

Key Laboratory of Freshwater Fisheries Germplasm Resources, Ministry of Agriculture and Rural Affairs; National
Demonstration Center for Experimental Fisheries Science Education; Shanghai Engineering Research Center of Aqua-
culture, Shanghai Ocean University, Shanghai 201306, China

Abstract: Pigmentation is a widespread phenomenon in vertebrates that enables vertebrates to adapt to their envi-
ronment. For example, it can improve concealment and prevent damage from ultraviolet light. Over 250 genes are
known to influence the process of melanin synthesis or the formation of pigmentation patterns. Among them, the
tyrosinase family genes encode the key enzyme that catalyzes melanogenesis. Dopachrome tautomerase (Dct) is a
tyrosinase family member and plays a role in catalyzing 5,6-dihydroxyindole (DHI) to 5,6-dihydroxyindole-2-
carboxylic acid (DHICA), which is an important substrate for melanin synthesis. However, the effect of Dct on
fish pigmentation patterns remains unclear. Common carp is an important aquatic species and there are many va-
rieties of this fish. Oujiang color common carp (Cyprinus carpio var. color) is one of these varieties and it has
obvious black patches on its skin, which make them a useful material for investigating the function of the Dct gene
during pigmentation formation in common carp. In addition, multiple gene copies are common in the Cyprinidae
due to additional genome duplication. The effects of Dct copies on Oujaing color carp during melanogenesis
remain unclear. The influence of Dctf on pigment pattern of black patches in the “WB” pattern of Oujiang color
common carp was investigated by cloning Dct genes and measuring their gene expression levels in black patches
and white skin tissue using an RT-PCR analysis. CRISPR/Cas9 gene editing technology was used to construct
highly mutated Dct “WB” individuals of Oujiang color common carp and the phenotypes of Dct mutated carps
were observed. This study showed that two Dct genes (Dctl and Dct2) were detected in Oujiang color common
carp. When their DNA sequences in the genome were compared, the results showed that Dct/ and Dct2 both had
CDS sequences that contained 1548 bp nucleotides and encoded 515 amino bases. The alignment results between
Dctl and Dct2 showed that they had 95.55% nucleotide sequence similarity and 94.95% similarity of amino acid
sequences. When they were compared to the Dct amino acid sequence in zebrafish, the results showed that Dct/
and Dct2 shared similarities of 86.16% and 85.51% in their nucleotide sequences and 88.16% and 86.80% in their
amino acid sequences, respectively. The gene expression results revealed that D¢t/ and Dct2 had different expres-
sion patterns in the black and white skin areas of the “WB” pattern Oujiang color common carp. Dct] expression
was significantly higher in the black patch region than in the white skin region (P<0.05). Meanwhile, Dct2 ex-
pression in the white skin areas was significantly higher than in the black patch areas (P<0.05). The observation of
Dct mutated phenotype showed that, the black patch regions were smaller on the Dct mutated fishes (mutated effi-
ciency>50%) and there were more non-dendritic like melanocytes appeared. In conclusion, this study showed that
Dctl and Dct2 may have similar functions during the synthesis of melanin because their amino acid sequences
were almost identical. However, the RT-PCR results indicated that Dct/ played a dominant role in melanogenesis
due to its relatively higher expression in black patch tissue. The CRISPR/Cas9 gene editing technology results for
Dct-mutated individuals revealed that the deficiency in Dct genes influenced the pigment pattern of black patches
and the morphology of melanocytes in oujiang color common carp. These results offer new insights into the func-
tional effects of Dct genes on pigmentation in common carp.
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