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Fig. 1 The expression of cal2 in the brain, heart, kidney, and gill tissues of grass carp under different concentrations of NaHCOj stress
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Fig. 3 Detection of editing efficiency of grass carp cal2 gene
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Fig. 5 The expression of cal2 in various tissues of wild-type and
chimeric grass carp
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Fig. 6 The death curve of wild-type and cal2 edited chimeric grass carp in different concentration gradient of NaHCO; solution
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Fig. 7 The survival analysis of wild-type and cal2 edited
chimeric grass carp in an 60 mmol/L NaHCOj alkaline water
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Fig. 8 The pathological change of the gill tissue in wild-type and

cal?2 edited chimeric grass carp in 60 mmol/L NaHCO; alkaline
water
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Fig. 9 The pathological change of the intestinal tissue in wild-

type and cal2 edited chimeric grass carp in 60 mmol/L NaHCO;
alkaline water
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LOSS OF CA12 GENE SIGNIFICANTLY ENHANCES THE TOLERANCE OF
GRASS CARP (CTENOPHARYNGODON IDELLA) TO
CARBONATE ALKALINITY STRESS

ZHANG Zi-Yu"?, LIU Hui-Min’, QUAN Rui’, XIAO Wu-Han’ and CAI Xiao-Lian’

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China; 2. Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan 430072, China; 3. College of Fisheries of Huazhong Agricultural University, Wuhan 430070, China)

Abstract: To explore the function of carbonic anhydrase 12 (cal?2) in grass carp (Ctenopharyngodon idella) response to
carbonate alkalinity stress, we subjected grass carp to alkalinity stress at different NaHCOj; concentration gradients (0,
20, 40, 60, 80, 100, 150 mmol/L), and systematically analyzed the expression level of cal2 in various tissues (brain,
heart, kidney, and gill) as well as the histopathological changes in gill and intestinal tissues. Compared with wild-type
grass carp, chimeric grass carp edited by CRISPR/Cas9 technology had higher survival rate at different alkalinity levels
and time points. Moreover, the expression levels of cal2 in the kidney and gill tissues were significantly downregu-
lated with increasing alkalinity. Under stimulation with 60 mM/L NaHCOs, gill and intestinal tissues of chimeric grass
carp showed adaptive morphology changes, with a significantly lower apoptosis rate than that of wild-type grass carp,
and the survival rate of chimeric grass carp was also higher under this condition. The study indicates that high alkali-
nity stress exerts adverse effects on grass carp, and the chimeric grass carp edited by CRISPR/Cas9 technology display
significantly higher survival rates in high-alkalinity water than wild-type grass carp. This suggests that the cal2 plays
an important regulatory role in grass carp under high-alkaline conditions, making it a critical target for grass carp adap-
tion to high-alkaline environments. Loss of cal2 function significantly enhances the alkalinity tolerance of grass carp,
providing a new strategy to improve the aquaculture rate in saline-alkali areas and expand the development space of the
fishery industry.

Key words: Gene editing; NaHCOj stress; Histopathology; Ctenopharyngodon idella


https://doi.org/10.1152/physrev.00050.2003
https://doi.org/10.1007/s11356-023-28083-x
https://doi.org/10.1007/s00360-011-0617-8

	1 材料与方法
	1.1 实验材料
	1.2 实验方法

	2 结果
	2.1 NaHCO3碱度胁迫显著抑制野生型草鱼肾和鳃组织ca12的表达
	2.2 ca12基因编辑效率的检测和ca12缺失嵌合体获得
	2.3 野生型和ca12嵌合体耐碱性能对比分析
	2.4 NaHCO3碱度胁迫对野生型和ca12嵌合体草鱼组织结构的影响

	3 讨论
	参考文献

