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Genome wide association studies (GWAS) identify genetic loci associated with quantitative traits in genomic selec-
tion. Although several studies have compared performance of various algorithms, no study compares them in olive
flounder Paralichthys olivaceus. This study compared the GWAS results of four mixed linear model (MLM) algo-
rithms and one Fixed and random model Circulating Probability Unification (FarmCPU) algorithm in olive flounder.
Considering gender and genetic association matrices as fixed and random effects, the MLM had stable performance
without inflation for A . (genomic inflation factor) of -log, P. The FarmCPU algorithm had some appropriate A . of
-log, P, and an upward tail was identified in quantile-quantile plots. Therefore, the models were suitable for detecting
genetic variants associated with olive flounder growth traits. Moreover, significant genotypes appeared several times
at chromosome 22, around which quantitative trait loci are expected to exist. Finally, in both models, some of the
most genetic variants were found in genes related to growth traits, confirming their reliability. These results will be
helpful when applied to the genomic selection of olive flounder growth traits in the future.
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Table 1. Summary statistics for growth traits in olive flounder Paralichthys olivaceus

Body weight (g) Total length (cm) Condition factor
Month 11 18 22 1 18 22 11 18 22
Count 451 451 451 451 451 451 451 451 451
Mean 601.90 1413.86  2190.49 36.55 48.83 53.87 12.24 11.93 13.66
SD 96.96 324.75 591.06 1.88 3.68 4.30 0.73 0.81 1.28
Minimum 358 660 990 30.0 39.2 425 10.2 10.0 11.0
Maximum 897 2231 3742 425 57.2 63.5 14.9 14.6 19.6
Range 539 1571 2752 12.5 22.0 21.0 4.7 4.6 8.6

SD, Standard deviation.
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Fig. 1. P-values distribution of quantile-quantile (Q-Q) plots of the five models for nine quantitative traits in olive flounder Paralichthys oli-
vaceus. BW_11, 11 months body weight (A); BW_18, 18 months body weight (B); BW_22, 22 months body weight (C); TL_11, 11 months
total length (D); TL 18, 18 months total length (E); TL 22, 22 months total length (F); CF 11, 11 months condition factor (G); CF 18,
18 months condition factor (H); CF_22, 22 months condition factor (I); M1, mixed linear model (MLM) corrected for gender as a fixed
effect; M2, MLM corrected for gender and top 10 principal components (PC) as fixed effects, M3, MLM corrected for gender and genetic
relationship matrix (GRM) as fixed and random effects, respectively; M4, MLM corrected for sex and top 10 PCs as fixed effects and GRM
as random effects; M5, Fixed and random model Circulating Probability Unification (FarmCPU). X-axis indicates expected distribution of
-log P based on chi-square distribution while y-axis indicates observed. Red line means 1:1 line of expected vs. observed -log, P. Numbers
next to model in legend indicate A . for each model.
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Table 2. The number of significant SNPs identified by suggested thresholds in olive flounder Paralichthys olivaceus

Body weight Total length Condition factor
Model Total SNPs
Month 1 18 22 1 18 22 1 18 22
1 504 80 66 241 107 105 80 48 25 1256
2 63 49 17 22 50 41 49 53 37 381
Suggestive
(log, P>3.5) 3 65 24 15 30 17 22 12 15 8 208
4 3 1 0 3 3 2 3 5 2 22
5 10 46 28 149 18 12 75 70 49 457
1 16 0 0 2 0 0 0 0 0 18
2 0 1 0 0 0 1 0 1 0 3
Bonferroni
(log, P>5.92) 3 1 0 0 0 0 0 0 0 0 1
4 0 0 0 0 0 0 0 0 0 0
5 1 1 0 4 0 0 0 0 0 6

SNP, Single nucleotide polymorphism.



416

Ho

—log;gP-value

—log,,P-value

1203 4 85 6 7 & 9 161 1z 13 14 15 16 17 1819 20 21 22 25 24
Chromosome

©
Model 5 BW_18

001 12 13 14 15 16 17 1819 20 21 22 2% 24

Chromosome

(D)
Model 5 TL_11

8

— logypP-value

o 1 2 3 4 5

— logyyP-value

6

1 2 3 4 El

0

W1 1z 13 14 15 16 17 1819 20 21 22 23 24

Chromosome

12 3 a4 s & 7 8 9 101 12 13 14 15 16 17 1819 20 21 22 23 24

Chromosome

Fig. 2. Manhattan plot showing the genome-wide significant loci associated with growth traits of olive flounder Paralichthys olivaceus.

Model 3 BW_11, 11 months body weight for mixed linear model (MLM) corrected for gender and genetic relationship matrix (GRM) as

fixed and random effects, respectively (A); Model 5 BW 11, 11 months body weight for Fixed and random model Circulating Probability
Unification (FarmCPU) (B); Model 5 BW_18, 18 months body weight for FarmCPU (C); Model 5 TL 11, 11 months total length for Farm-
CPU (D); X-axis indicates the 24 chromosomes while y-axis indicates -log, P. The green dash indicates Bonferroni (-log ,P>5.92) threshold.

The blue dash indicates suggestive (-log, P>3.5) threshold.
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Table 3. Significant SNPs associated with growth traits using Bonferroni correction in olive flounder Paralichthys olivaceus

Trait Chromosome Position (bp) Name P-value
Model 3 BW_11 22 13593447 AX-604936826 1.12e-06
BW_11 22 12779405 AX-605207160 8.13e-10
BW_18 9 7830374 AX-605017214 5.53e-07
22 12779405 AX-605207160 7.50e-07
Model 5
10 80893 AX-604993421 7.80e-07
T 1 30162663 AX-604983128 1.05e-06
20 8517150 AX-604977869 1.12e-06

SNP, Single nucleotide polymorphism;BW 11, 11 months body weight; BW 18, 18 months body weight; TL 11, 11 months total length.
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