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Tab.2 Statistics of differential expression of mMRNA and IncRNA
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#5335 IncRNA 41 No. of DE IncRNAs 232 76 185 367
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Abstract

The leopard coral grouper (Plectropomus leopardus) exhibits captivating chromatic patterns

and boasts substantial nutritional content. This species garners significant consumer preference owing to
its aesthetic appeal and nutritional richness, thereby conferring considerable economic and aguacultural
significance. The seedling and intermediate breeding of the P. leopardus, much like many other groupers,
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undergoes a process involving the screening of fries and acclimatization to artificial feed. During this
process, repeated occurrences of growth differentiation among the same batch of fries, juveniles, and
fingerlings are observed, which constitutes one of the principal factors contributing to prolonged
cultivation cycles and impacting the economic efficiency of aquaculture. To address this issue, a majority
of grouper species undergo a “size grading” process during seedling cultivation, wherein fries are
segregated according to different size categories post-screening, thereby enhancing fry survival rates and
shortening the overall cultivation cycle. However, “size grading” effectiveness is not only significantly
influenced by human factors but also by inherent variations among fry themselves. Despite the
considerable influence of environmental factors on this phenomenon of growth differentiation, undefined
potential genetic factors remain. Yet, there is a noticeable absence of comprehensive research addressing
this pressing issue. However, the quality of growth traits serves as a critical indicator for evaluating the
economic value of fish aguaculture. Influenced by both genetic predispositions and environmental factors,
these traits warrant investigation into the genetic mechanisms and regulatory strategies governing
growth-related characteristics in farmed fish. Such research offers insights into variety improvement and
breeding practices within the field. Here, during the artificial breeding and intermediate rearing process of
P. leopardus, early juveniles exhibited relatively minor susceptibility to non-genetic effects such as water
temperature and quality changes, along with significantly differentiated growth and shorter intervals of
divergence. Consequently, we selected muscle tissues of individuals exhibiting differential divergence
within three consecutive time points of size screening for early juveniles (42, 70 and 91 days
post-hatching) for whole transcriptome sequencing, aiming to elucidate genetic mechanisms. The
expression profiles of INCRNAs and mRNAs were acquired, and a Weighted Gene Co-expression Network
Analysis (WGCNA) method was used to construct a co-expression network of growth differentiation
related INcRNAs and mRNAs. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analyses of differentially expressed genes within specific gene modules were
conducted to analyze the biological functions of the modules. Additionally, Cytoscape software was used
to construct a gene interaction networks to identify key candidate genes associated with growth
differential differentiation in P. leopardus. The results showed that a total of 6,252 differentially expressed
mRNAs and 367 differentially expressed IncRNAs were identified through gene differential expression
anaysis. Co-expression network analysis revealed three growth differentiation specific gene modules
(MEmagenta, MEgreenyellow, and MEblack). GO and KEGG analyses indicated that differentially
expressed genes in these specific modules were significantly enriched in biological processes related to
muscle protein formation, regulation of skeletal muscle tissue development, and axial tissue formation,
participating in metabolic pathways associated with growth differential differentiation such as proteasome,
cytoskeletal regulation by actin proteins, and inositol phosphate metabolism. High-weight and
high-connectivity IncRNAs and mRNAs were screened from the three specific modules to construct a
gene interaction network, revealing key genes associated with growth differentiation including psmde6,
nmtl, als2, brce3, kankl, adal2, at131, hdac3, as well as 20 IncRNA transcription factors such as
MSTRG.15660, MSTRG.8694, and MSTRG.1896. Wherein, Psmd6 in zebrafish is encoded by the Volvox
mutant, which regulates cellular function by degrading polyubiquitinated proteins, impacting the
proliferation of zebrafish lens epithelial cells and the differentiation of lens fiber cells. Mmtl is an
essential gene for mammalian development, serving as a major N-myristoyltransferase during early
embryogenesis. Als2 plays a significant role in normal muscle development, and mutations in this gene
can lead to autosomal recessive amyotrophic latera sclerosis and related disorders. The Brcce3, as a cell
cycle regulatory gene, participates in the generation of phosphorylated cyclin-dependent kinase activator
and biological processes such as cell proliferation. Kankl regulates actin polymerization, actin stress fiber
formation, and cell migration through RhoA signaling. Adal2 (Adam12) plays a crucial role in murine
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myogenesis and adipogenesis. Adaml12 synthesis sequence and amino acid sequence in zebrafish are
consistent with mammals and is strongly expressed in the cardiovascular system, erythroid progenitor
cells, brain, and jaw cartilage. Zebrafish with knocked out Adal2 genes exhibited reduced body size in
infancy without significant morphological defects. At131 (Atpl3al) plays a crucial role in stabilizing the
MAVS virus protein in mice. At131 knockout in mice resulted in issues such as growth retardation and
embryonic lethality. Hdac3 is essentia for liver formation in zebrafish, primarily by inhibiting the growth
differentiation factor 11 (Gdfll), which is a negative regulator of cell proliferation and a specific
transcription target of Hdac3. Adal2 and At131 knockout leads to defectsin growth in zebrafish and mice,
directly affecting body size and growth rate. Therefore, Adal2 and At131 are considered as important
candidate genes for further research on the molecular regulatory mechanisms of growth differentiation in
P. leopardus. This study provides insights into the molecular mechanisms underlying growth
differentiation in P. [eopardus.

Key words Plectropomus leopardus; Growth differentiation; WGCNA; Co-expression network
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