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Tab.1 Primer sequences used in the present study

EIE7 2N

Primer name

B1FHI(5'-3")

Primer sequence (5'-3")

i

Purpose

TAATACGACTCACTATAGGCACCAACAAGG

aldh3a2a-target

GGTTGCAGTTTTAGAGCTAGAAATAGC

Gene editing

AAAAGCACCGACTCGGTGCCACTTTTTCA

oligo2 AGTTGATAACGGACTAGCCTTATTTTAACTT

GCTATTTCTAGCTCTAAAAC

Gene editing

TGTAAAACGACGGCCAGTAGTTGACTGGA

aldh3a2a-F ACGTTTGGAT

aldh3a2a-R

GTGTCTTATCATTGGGGCGTGGAACTA

kita-F AGTGCGTCTCAAGGTGTCAG
kita-R GCACTTGTCCATCAATCGGC
esflra-F AGACTACATTTGCTGCGCTA
esflra-R TTCGATCAAAACCCCGAGA

prpda-F TCAAGTGCCAGGACTCGTTC
prpda-R CTTACAGATGTCCAGCGCCA
raldh2-F GAGAGGTGAAGAACGACCCG
raldh2-R GGTTGTACGTGGGGAAGACC
raldh3-F TTATTAAACAGACTCGCCGAT
raldh3-R AATAATAGCTCCGCACACA

rarab-F CCTCACTTTTCGGACCTCCC

rarab-R AAGCTCTGTCAGCACTCTGTC
mitfa-F AGGGAATTATCCGTTACTCCA
mitfa-R CAAGTTCCTGAATACGGAGCA
tyrpla-F GCAGTCGACTTCAGTCACGA
tyrpla-R TAGTCCTCCACACTCTCGCA
ith-F ATGGAGCCAAACCTCTTCCG
ith-R TACGAACCATGAAACCCCCG
aox5-F GGAAGAATATCGCAAAGCTC
aox5-R GTAATTTCCTTGCGGCACT

kens3b-F ATCAAAGAAGCTGCCGGGAA
kens3b-R GCATTGTCCAAGTCGGCATC
Ipla-F TGGACCAGTGCAGCAAATCA
Ipla-R ACGCCATAGCAATTCACCCA
sed-F ATGGTGAGCAAGGGCGAG

sed-R TCAAGTAGTCGGGGATGTCG
B-actin-F AGGTCATCACCATTGGCAAT
B-actin-R GATGTCGACGTCACACTTCAT

Gene editing

Gene editing
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
qRT-PCR
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qRT-PCR
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qRT-PCR
qRT-PCR
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W A AUBE D RN 46 T 58 AR IR A IR H X LL s WT. WP A RUBE 161 5 aldh3a2a™”

. aldh3a2a 445 FEASR  ++4% P<0. 000 1,

(a) Design location of aldh3a2a gene knockout target; (b) Comparison of gene sequences between wild type zebrafish and homozygous mutant ;

(¢) Expression of aldh3a2a gene in homozygous mutant; (d) Comparison of amino acid numbers between wild type zebrafish and homozygous
mutant; WT. Wild-type zebrafish; aldh3a2a™". A homozygous mutant strain of zebrafish; **#%, P<0. 000 1.

B 1 aldh3a2a EEFHBRAESRAHEE

Fig. 1 Construction of homozygous families with aldh3a2a gene knockout
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(a) Global view and skin pigment distribution of wild—type zebrafish and aldh3a2a homozygous mutant; (b) Count of melanocytes and
xanthoxanthin cells and relative expression of pigment cell marker genes in zebrafish skin; (c¢) Liver tissue slices of wild type and mutant
zebrafish; (d) Body length, weight and liver length of wild type and mutant zebrafish; WT. Wild—type zebrafish; aldh3a2a™ . A homozygous
mutant strain of zebrafish; wf. Wild-type female zebrafish; wm. Wild-type male zebrafish; af. A homozygous mutant strain of female zebrafish;
am. A homozygous mutant strain of male zebrafish; ns. No significant difference; *. P<0. 05; **. P<0. 01; *** P<0.001; ****_ P<0. 000 1.

2 aldh3a2a REEH) &R ARINRBESHE

Fig.2 Chromatocyte and body fat characterization of aldh3a2a mutant

http://www.shhydxxb.com



322 SR C S N S SO 33 %

2.3 aldh3a2a FRANFF qPCRER D W, aldh3a2a 7375 VR FNEF A T BE £ )7 ik 7 i
WL AL AN B 24 054 NN L 7E AP EE T 2044 B FIESER A1 294 4 3

Y AR R AR Y R R A B S Rk, R P< TNIESEER(EI3),

0.05 llog, fold changel>1 i £ 22 5 FRIAHE A . 4521

N
L
4 & S
% =7
8 & o]
@ = 5
] P = g $
% % g N e
N Y < = a & A
) Y jod o
N @ a2 o oF
% *° o
% &
e
% %
&
%
»,
&, >
6 <
'900101 o @
S
06, o @
000, &
Widey o &S
o ® s
RS
1225611082 & o
<® :8 case: al3a2mal
< m control: Wim
= » logFC>0
zirsey T @ E3=] o log,FO<0
%
D
a%
» =
: -
9‘\“""’@ @ "%,
@
R
R
s *®
® ®
&,qm
A4
L §
G
c&,@
4
&
&
(a)
Cell cycle [ [ ] o
Oocyte meiosis [ ® 2. 1.5 151
p53 signaling pathway | ° ~ - "
Lysosome [ °
"~
Fanconi anemia pathway ° g-; s L0 @g g LOF
Sulfur relay system [ % Number E’%ﬁ %ﬁ;'ﬁ —l_
Homologous recombination [ ° o5 § H O EE 4
Basal transcription factors [ e > ®10 ;%zﬁ %‘ 0.5 £3 E 0.5F
DNA replication | ° =, @15 % 5 LR
RNA polymerase | . B P val ik ®
Base excision repair [ . vaiue = 0 * wand 0 + wand
Ribosome biogenesis in eukaryotes | o 12?1871 ¥ aldhla2a W aldh3a2a
RNA transport [ ) 80X 102 1.5 1.6
@lycosphingolipid biosynthesis—glob... [ L] . 4.0X10? * *%
Fatty acid elongation [ ° - Qe %g -
Nitrogen metabolism [ iy =8 1.0 | ®ZDS 1.0
Mucin type O-glycan biosynthesis | g- rS 2 rS2
Pyrimidine metabolism | ° ELL T ELg
Steroid hormone biosynthesis [ E-E 5 0.5 %":’: % 0.6
2 28 58
Progesterone-mediated oocyte matur. I: L) }g & 8
2 3 4 5 6 77 0 . , 0 . .
Enrichment Score W aldh3a2a” WI  aldh3a2a”
(b) ()

(a) BFEZEFILN; (b) KEGC & H 2 5 E M (¢) 225 18 F 3N qPCR 4558 WT. B4 KE 2 4 5 aldh3a2a ™. aldh3a2a 245 587 BETY
ffi3ns. TCILF S 3%, P<0. 0557, P<0. 01,
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WT. Wild-type Zebrafish; aldh3a2a™ . A homozygous mutant strain of zebrafish; ns. No significant difference; *. P<0. 05;%**. P<0. 01.
3 aldh3a2a FRANF 1 qPCR &R 5
Fig.3 Cross-linking analysis of aldh3a2a transcriptome sequencing and qPCR results
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Role of aldh3a2a on the body color formation in zebrafish

LU Peiyu"?, FENG Yidong"?, BAO Baolong'?

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghai 201306, China; 2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: This study investigated the significance of aldh3a2a in zebrafish pigment cell development and its
impact on aldehyde metabolism and liver health. Using CRISPR/Cas9 technology, we successfully generated
aldh3a2a knockout homozygous mutant lineages, resulting in reduced numbers of melanocytes,
xanthophores and iridophores, csflra, pnp4a and itk were downregulated, and key genes in the melanin
synthesis pathway, including mitfa, tyrplb and kita, were also downregulated. Transcriptome analysis
revealed changes in gene expression profiles, with downregulation of differential genes scd, [Ipla and aox5 in
the steroid biosynthesis pathway, indicating the critical role of aldh3a2a in steroid biosynthesis.
Transcriptomic analysis and qPCR combined study on the retinol metabolism pathway revealed that aldh3a2a
can regulate raldh2, rxrab and aox5, indicating its certain influence on the signaling transduction of
retinoic acid receptors. Additionally, aldh3a2a can regulate potassium channel protein kens3b, suggesting
its association with melanocyte function and potassium ion signaling. GO and KEGG enrichment analysis
found widespread effects on pathways such as the cell cycle, homologous recombination, RNA
degradation, =~ RNA transport, p53 signaling pathway, eukaryotic ribosome biogenesis, DNA
replication, base excision repair, aminoacyl-tRNA biosynthesis, cytoplasmic DNA sensing pathway,
steroid biosynthesis, mismatch repair, steroid hormone biosynthesis, and aldarate metabolism in the
mutant. Moreover, knockout of the aldh3a2a gene leads to significant accumulation of aldehydes in the
body, causing cytotoxicity and resulting in abnormal enlargement of the liver, appearance of vacuoles
within the liver, and characteristic weight gain, resembling symptoms of Sjogren—Larsson syndrome. This
reveals the role of aldh3a2a in zebrafish and its relevance to human genetic diseases, which will contribute
to a deeper understanding of its function and potential therapeutic targets in both zebrafish and humans.

Key words: aldh3a2a gene knockout; pigment cell; retinol metabolic pathway ; retinoic acid metabolism
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