BN E Chinese Journal of Zoology 2025, 60(1): 45 ~ 58

PR AMRMHZER G T /NE
A A R T Py 2 P 2 AT

iEHY HEH? EEEY HE4? HFAF?
HEkE?Y THY =20 BE?

© MR EmRIEERE ME 210023; @ MM BBl A2BE fat 210037

WE: FERMEKEEYER, REMFBHRARU I EZR R . ISR B 1 52 12 m/NE R 4
12 (Pomacea canaliculata) Sy A FIY B BB R T o PR ITIR A T /NE AR A 8 1) e S P2 ML
AT FR A 3 s AN 2 5 B & AT /NE AR AR I IR 20 23U =il (36 °C)H FMIRIE (10 °C) i
1848 h J5, FERFFRIAEOCLERE= YA, SXREA (25 C) B, SiEMNE T H3RA 446 N2
SRR EERIAN 233 Fh 2 AR IR NG T IRE H 288 N ZE R RAEFE A 119 FhE R AW s
ZRRIBFER MBI R R . NEFUS i % Rgusigh B, RIS MMM AR P450 &
H R EREET, NEKR. REAER. &R, 8 SR ol R EEZEZL, Whew
M =R RE R AR . BhAh, I LR R B SRR A AR AN BV B AR AE DG B, DA
R IR FE T B X /N E AR AR I AR BRI RE A . BEATLIZ IR 6 AT 2O0E i PCR B, FERILE
PBEHFHER T G5 BT, VR I8 2 51D/ NE AR A R P TR R 1) A 8 SO A A 4
T2, /INE AR 73 0500 T R 42 G I AU R 3 I AN L R IR 7 R P 5 S R 1 B LS B ER B IR AR AL
KGRI NEARAFIR, IR PR R ARIGHH

HE2HES: Q955  XHARIREG: A XEHT: 0250-3263 (2025) 01-045-14

Integrated Transcriptomic and M etabolomic Responsesin the
Hepatopancreas of an Invasive Apple Snail Under Temperature Stress

CHU Hai-Yan” YANG Hai-Yun® CHANG Ting-Ting” SHEN Wen-Jia”
JING Mu-Zi® LIN You-Fu® NING Kuo” LIHong” CHEN Lian®"
@ College of Life Sciences, Nanjing Normal University, Nanjing 210023;

@ College of Life Sciences, Nanjing Forestry University, Nanjing 210037, China

Abstract: [Objectives] Temperature is an important factor that affects the growth, development, and

metabolism of aquatic organisms. Temperature tolerance significantly affects the survival and expansion of the

HETE EFRARFIFEETHE (No.32170434), 2024 {EILHE T A AERF S B A FRITE (No. SICX24_0633);
* JINE#, E-mail: chenlian 2004@163.com;
FE—EENE M, &, BEERA; BERJT: 4 TAEEY; E-mail: chuhaiyan0222@163.com.

Wk H#A: 2024-06-03, & HH: 2024-09-11 DOI: 10.13859/j.¢jz.202424137  CSTR: 32109.14.¢jz.24137



e 46

M Fa & Chinese Journal of Zoology

60 %

invasive Apple Snail Pomacea canaliculata. [M ethods] Transcriptome sequencing and metabolomic analysis
were used to examine the alterations in the hepatopancreas of P. canaliculata exposed to high (36 C) and low
(10 C) temperature stress for 48 h. After cleaning the raw sequencing data, we identified differentially
expressed genes by |log,FoldChange| > 1 and P < 0.05. Gene ontology (GO) annotation and pathway
enrichment analysis were then performed on the differentially expressed genes. Significantly changed
metabolites were identified by variable important in projection > 1, P < 0.05, and [log,FoldChange| > 1.5.
Kyoto encyclopedia of genes and genomes (KEGG) was used to search for the metabolic pathways of
significantly changed metabolites. The Pearson correlation coefficient was used to analyze the correlation
between differentially expressed genes and significantly changed metabolites. [Results] Compared to the
control group, the high-temperature group had 446 genes and 233 metabolites with differential expression,
while the low-temperature group had 288 genes and 119 metabolites exhibiting differential expression. The
majority of genes and metabolites were upregulated in pathways related to amino acids, lipid transport, and
immune system processes (Fig. 1), while they were downregulated in lipid acid and cytochrome P450
pathways during high-temperature stress (Fig. 2). Under low-temperature stress, significant changes were
observed in alanine, aspartate, glutamate, fumaric acid, and alpha-ketoglutaric acid (Figs. 3, 4), which are
involved in the energy production of the TCA cycle. Furthermore, several genes enriched in the drug
metabolism pathway and heat shock proteins were found to mitigate the effects on their physiological
processes. Finally, the expression patterns of these differentially expressed genes in the quantitative real-time
PCR analyses were similar to those obtained by RNA-seq, indicating the accuracy and reliability of the
RNA-Seq results (Fig. 6). [Conclusion] Acute temperature stress can induce immune stress and energy
metabolism processes in the hepatopancreas of P canaliculata. P. canaliculata rapidly adapts to
environmental temperature changes by regulating amino acid metabolism and increasing the content of
unsaturated fatty acids.
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Tablel Nucleotide sequencesof primer in quantitative real-time PCR
FH 4 FK Gene ID FEHHiR Gene description 51475\ Primer sequence (5-3")
LOC112553680 B HmEA F: GAAGTGGAGGACGAGGAGGT
Cartilage matrix protein-like R: CGGTGGGCTTAGTGAGGTT
LOC112557039 & [ Roadkill F: AGATGGTCCAACGCCTGTC
Protein roadkill R: GGAGTCAACCCCTGGTAGAAC
LOC112568024 PAREEA 70 F: CGACTTGGGCACAACCTAC
Heat shock protein 70 R: TCTTCGCAGCGTCTCCTAC
LOC112565731 AN F: TCTTCCTGTCCTACGCCATCG
Aminopeptidase R: GGATCGGTAGCATTCTGAGTCAAC
LOC112556679 YA LR P450 F: AGATGGTCCAACGCCTGTC
Cytochrome P450 R: GGAGTCAACCCCTGGTAGAAC
f-actin F: TCACCATTGGCAACGAGAGAT
R: TCTCGTGAATACCAGCCGACT
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Table2 Quality control analysisof transcriptome sequencing for Pomacea canaliculata
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Group and sample number Number of reads Size of clean reads (Gb) GC content (%) (%) (%)
i 2L 1 43301 194 6.11 4751 97.69 93.54
High-t 1
1gh-temperature 2 42507 156 5.91 47.93 97.69 93.57
3 45127 050 6.37 47.98 97.66 93.49
R 1 47089 430 6.50 4935 97.50 93.20
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2 47 172 468 6.42 4772 96.94 91.87
3 50 638 808 7.05 48.14 97.73 93.72
X e 2H 1 41 672 824 6.24 47.41 97.61 93.41
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ontro 45767 470 6.52 48.35 97.64 93.4
3 45611 594 6.48 48.48 97.60 93.35

Q20. JFiHEfH = 20 WBEET B 0L Q30. i H = 30 MBS L E Lt
Q20 and Q30 indicate percentages of bases with the quality value > 20 and the quality value > 30.
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principal component, indicating differences between groups, and tol is the score value for the orthogonal component, indicating differences within

groups.
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