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Abstract: Skull morphology is fundamental to biological evolution and species adaptation to their environment. For

aquaculture fish species, head size is also a critical economic trait linked to fillet yield and ornamental value. Therefore,
identifying the genetic loci controlling the catfish head size can provide target molecular markers and functional genes for
genetic selection and breeding. This study identifies quantitative trait nucleotides (QTNs) and genes associated with catfish
head size. It performs genotyping using a hybrid population derived from 10 catfish families, conducts genome-wide
association study (GWAS) with the efficient and robust mixed model-based Optim-GRAMMAR method, and compares the
results with those from the EMMAX method. Based on 206, 763 high-quality single nucleotide polymorphisms (SNPs)
obtained, the EMMAX method detects no significantly associated SNPs under the same conditions. In contrast, Optim-
GRAMMAR identifies 1, 6, and 1 SNPs associated with head length, head depth, and head width, respectively. Most of these
genes are involved in growth and development, cell proliferation, metabolic promotion, skeletal morphology, and feeding
regulation. Among these genes, slcl2a5a, slc7al0a, and Rab2a exert positive effects on growth and development in species
such as zebrafish. The QTNs and genes reported in this study enhance our understanding of the genetic architecture
underlying head size traits in catfish and will facilitate marker-assisted selection breeding in aquaculture of catfish.
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Fig. 1 Manhattan plots(A) and Q-Q plots(B) for head depth obtained with EMMAX and Optim-GRAMMAR
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Note: The horizontal line is genome-wide significance based on Bonferroni correction.
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Fig. 2 Manhattan (A) and Q-Q(B) plots for head width obtained with EMMAX and Optim-GRAMMAR.
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Fig. 3 Manhattan (A) and Q-Q (B) plots for head length obtained with EMMAX and Optim-GRAMMAR.
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Note: The horizontal line is genome-wide significance based on Bonferroni correction.
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Table 1 The SNPs associated with head size traits obtained from Optim-GRAMMAR
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