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Fig. 1 Manhattan and QQ plots of generalized linear regression model GWAS on sex reversal traits in Half-smooth Tongue sole
A.1PC,B.3PCs, C.5PCs
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Tab.1 QTN information associated with sex reversal trait detected in Cynoglossus semilaevis

Rtafk 78 SNPHES EMAHK LmAU¥  LmbsfER GmBUy  GlmARfER QTN #EN/% »
chromosome location SNPID gene name Lm effect Lm standard error Glm effect Glm standard error QTN heritability
4 9793913 M65579 Si:deky-193¢22.1 —0.3032 0.0466 -1.2138 0.1864 0.189 8.24E-09*
V4 8643646 M65437 DAPKI1 —0.4751 0.0735 —-1.9015 0.2942 0.198 1.01E-08*
V4 5833328 M65164 ADGRD2 —0.2998 0.0538 —1.1999 0.2155 0.240 4.06E-07*
V4 6676874 M65244 FBXLI17 —0.2540 0.0477 -1.0168 0.1910 0.236 1.08E-06*
V4 7256721 M65301 DMXLI 0.4827 0.0915 1.9322 0.3663 0.275 1.31E-06*
W 1218194 M63786 LOC103396896 0.5462 0.1067 2.1863 0.4270 0.275 2.40E-06*
V4 1633247 M64758 LOC103397473 —-0.4116 0.0879 —1.6475 0.3516 0.270 1.26E-05
z 9232660 M65511 G 0.3734 0.0811 1.4946 0.3245 0.275 1.70E-05
13 2140529 M40452 CD27 —0.9204 0.2006 —3.6840 0.8029 0.227 1.82E-05
V4 781540 M64676 MALTI —-0.2973 0.0657 —1.1902 0.2631 0.252 2.31E-05

T * IR K SNP 7 5 M 5 IR B 3 4 56 (P<2.838x10°).

Note: * represent that the SNP location is significantly correlate with sex reversal trait (P<2.838x10°°).
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Abstract: In genome-wide association analysis of discontinuous traits, when complex population stratification
exists in genomic data, the generalized linear model needs to consider hundreds of covariables at the same time,
which slows the calculation speed and presents abnormal solutions. This study aimed to transform the effect value
and heritability scale of significant loci in simple linear regression results into interpretable generalized linear re-
gression results. First, the eigenvectors solved by spectral decomposition of the kinship matrix were considered as
the principal components (PCs) to correct the population stratification in the discontinuous traits dataset. Then, a
new covariate was formed through the sum of the multiplications of each covariate, and its regression coefficient
of the principal component was computed using a linear regression model. The new covariate was used as the co-
variable of simple regression to carry out correlation tests for markers one by one. Finally, the generalized linear
model was used for regression analysis of candidate quantitative trait nucleotides (QTNs), and the effects and va-
riance were transformed into the generalized linear regression model scale. The genome-wide association analysis
of sex reversal traits in half-smooth tongue sole (Cynoglossus semilaevis) was conducted using the new method
and the generalized linear regression model with direct consideration of principal components: The results show
that the QTN detection efficiency of this method is higher, a total of 6 QTNs were detected, including 5 QTNs on
Z chromosome and 1 QTN on W chromosome. In addition, in terms of genome control, the genome control value
of the method in this study is the same as that of the generalized linear regression model which directly considers
PC, which is at an optimal level of 1.01. Therefore, the simple regression scaling transformation method based on
principal component analysis improved the detection power for QTN detection, while retaining the accuracy of
results, with fast and robust genome-wide association analysis of discontinuous traits. In addition, the QTNs de-
tected by the new method proposed in this study can provide theoretical guidance for the study of sex reversal
traits in half-smooth tongue soles.
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