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Tab. 1

®1 BTHERGHN S

Species used for constructing phylogenetic trees

F# K Gene Wy Fh 4 Fx Species & 1D Protein ID F[KGene Yy Fh 4 % Species B AHID Protein ID
ACSL1 Homo sapiens XP_016863376.1 ACSL4a Oncorhynchus mykiss XP_021417381.1
ACSL3 Homo sapiens NP_001341087.1 ACSL4b Oncorhynchus mykiss XP_036846061.1
ACSL4 Homo sapiens NP_001305438.1 ACSLS Oncorhynchus mykiss XP_036802493.1
ACSLS Homo sapiens NP_057318.2 ACSL6a Oncorhynchus mykiss XP_021479764.1
ACSL6 Homo sapiens NP_056071.2 ACSL6b Oncorhynchus mykiss XP 021473183.2
ACSLI Mus musculus NP_001289092.1 ACSLI Trachinotus ovatus —
ACSL3 Mus musculus NP_001028778.2 ACSL3 Trachinotus ovatus —
ACSL4 Mus musculus NP_997508.1 ACSL4 Trachinotus ovatus —
ACSLS Mus musculus NP_082252.1 ACSLS Trachinotus ovatus —
ACSL6 Mus musculus NP_659072.3 ACSL6 Trachinotus ovatus —
ACSLI Gallus gallus NP_001012596.1 ACSLI Salmo salar XP_014050982.1
ACSL3 Gallus gallus XP 015132518.2 ACSL3 Salmo salar XP_045559891.1
ACSL4 Gallus gallus XP_420317.3 ACSL4 Salmo salar XP_013992926.1
ACSLS5 Gallus gallus NP_001026408.2 ACSLS Salmo salar XP 014014165.2
ACSL6 Gallus gallus XP_015149562.2 ACSLI Oryzias latipes XP_004073594.1
ACSLIa Oncorhynchus mykiss XP_036789272.1 ACSL3 Oryzias latipes XP_004075516.1
ACSLI1b Oncorhynchus mykiss XP 036825834.1 ACSL4 Oryzias latipes XP_020562387.1
ACSL2a Oncorhynchus mykiss XP_036791737.1 ACSL3 Oreochromis niloticus XP_025754202.1
ACSL2b Oncorhynchus mykiss XP_036835646.1 ACSL4 Oreochromis niloticus XP_025753702.1
ACSL3a Oncorhynchus mykiss XP 036820741.1 ACSLS Oreochromis niloticus XP_025765403.1
ACSL3b Oncorhynchus mykiss XP_036822467.1

T B ITE AR R TR R G E R 2)

Note: The genes of all species in the table are used to construct phylogenetic trees (Fig. 2)

%2 BT qRT-PCR H4FEIS4FF
Tab. 2 Primer sequences for qRT-PCR analysis

TSR
SR 51 B
Gene Sequence (5'—3") Anneahngc

temperature ('C)

EF-aF  GTATTACCATTGACATTGC 55

EF-aR  CTGAGAAGTACCAGTGAT

ACSLla F TCGAGAACATCTACATCCGCAG 55

ACSLIa R CTTCAGTCCAGCTTCTTTCCCT

ACSLIb F CCTCTCCACAAACACCCTCC 60

ACSL1b R CTCGTACATGGTCTTGGCGT

ACSL2F TATCCGGGGTCACAGTGTCT 60

ACSL2R GGAGAACAGGAACACAGCGA

ACSL3a F CCTGCCATACCTGTTGCTGA 57

ACSL3a R AGTCGAAGTGAGGAAAGCGG

ACSL3b F CATCACTTTCCTGCCCTGGT 60

ACSL3b R GCATCTCATCCTCCTCGCTC

ACSL4a F GGAGCTACACACCTGGTCAC 57

ACSL4a R GGAGCCGCTGGTGTACATAA

ACSL4b F CCAGCAGCCACGTAATACCA 60

ACSL4b R CATGGCAAGAGACTGTGGGT

ACSL5S F GAGCGTCTTTGTACCCGTT 55

ACSL5 R TCAGGGCTTTCATGTCGTCT

ACSL6 F CAAGAGGAAAGGGCTGGAGG 60

ACSL6 R GGGTGGTGTATGTGCATCC
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1
0.691
1

B WIFACSLIE R Z 1K 72 R G sEAL

Phylogenetic tree of ACSL gene family members in the selected species
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Fig.2 Motif (A) and domain (B) of the ACSL gene family in Gymnocypris przewalskii
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Fig. 3 Gene structure of ACSL family in Gymnocypris przewalskii
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Fig. 4 Distribution of ACSL gene on chromosomes in Gymnocypris przewalskii
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Tab.3 Physical and chemical properties of ACSL gene family members in Gymnocypris przewalskii

HH CDS K-iF FAERME HFhE  BERSES REHES SKETIME  AREMRS RaEs
(d};e ne  CDS len thxkb ) Number of  Molecular Theoretical Aliphatic  Grand average of  Instability Subcellular
g P) amino acid weight (kD) isoelectric point index hydropathicity index localization

ACSLla 2094 697 77.81 8.43 91.81 -0.133 34.47 Cell membrane
ACSL1b 2094 697 77.85 8.29 87.30 -0.219 34.30 Cell membrane
ACSL2 2148 715 79.25 7.12 94.21 —-0.046 42.64 Cytoplasm
ACSL3a 1923 640 71.77 9.23 90.59 -0.159 47.83 Peroxisome
ACSL3b 2172 723 80.51 8.13 88.30 -0.189 36.40 Peroxisome
ACSL4a 2121 706 78.26 7.90 84.76 —0.188 33.05 Peroxisome
ACSL4b 2037 678 74.74 5.96 83.24 -0.207 34.90 Peroxisome
ACSLS5 2046 681 75.50 8.06 96.84 -0.060 29.26 Cell membrane
ACSL6 2505 834 93.12 8.36 92.24 -0.181 38.45 Cell membrane
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GENOMIC ANALYSIS OF THE ACSL GENE FAMILY IN THE GYMNOCYPRIS
PRZEWALSKII AND ITS RESPONSE TO SALINE-ALKALI STRESS

ZHANG Yu-Jing"’, CUI Yan-Rong"’, YAN Lu-Yang’, ZHANG Luo-Dan"’, WANG Tong-Gang"’,
WEI Shu-Jin’, WEI Fu-Lei', YU Lu-Xian’ and LIANG Jian’
(1. College of Eco-Environmental Engineering, Qinghai University, Xining 810016, China; 2. State Key Laboratory of Plateau

Ecology and Agriculture, Qinghai University, Xining 810016, China; 3. The Rescue and Rehabilitation Center of Naked
Carps in Qinghai Lake, Xining 810016, China)

Abstract: This study delves into the significance of the long-chain acyl-CoA synthetase (4ACSL) gene family in Gymno-
cypris przewalskii under saline-alkaline stress, conducting bioinformatics analysis on the genome date and exploring
saline-alkaline responses through gene expression detection. The results showed that nine ACSL gene family members
encoding proteins ranging from 640 to 834 amino acids. Despite notable differences in gene structure, motif and
domain analysis showcased a high level of conservation among these members. Chromosome mapping revealed the
dispersion of ACSL gene family members across nine chromosomes (Chr8, 13, 15, 40, 41, 48, 64, 82, and 87), all
encoding hydrophilic properties. Except for ACSL2 and ACSL3a, the rest are stable proteins. The product of ACSL4b is
an acidic protein, while all others are basic. Subcellular localization prediction results indicated that ACSL?2 is localized
to the cytoplasm, ACSL3a, ACSL3b, ACSL4a, and ACSL4bD to the peroxisome, and the rest to the cell membrane. qRT-
PCR analysis revealed tissue-specific expression patterns of ACSL genes in Gymnocypris przewalskii, with ACSL3b,
ACSL4b, and ACSL5 being highly expressed in the kidney, while ACSL3a, ACSL4a, and ACSL5 exhibited elevated
expression in the intestine. Under saline-alkali stress, high level expression of ACSL2, ACSL3a, and ACSL6 was
detected in the gill, and transcription of ACSLIa, ACSL2, ACSL3a, and ACSL5 were markedly up-regulated in the
kidney. In the intestine, expressions of ACSL3b and ACSL6 were prominently up-regulated. These findings highlight
the ACSL gene family in Gymnocypris przewalskii contributes to multiple physiological functions under saline-alkaline
stress, including energy supply through lipid metabolism, maintenance of osmotic balance, and immune regulation.
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