Supplementary Table 4. Variant SNP discovery, filtering and Mapping.

	Step
	Tool / Version
	Details 

	Variant Discovery 
	Freebayes v1.0.2-16
	Conditions:  1min-base-quality 10, 2min-supporting-allele-qsum 10, 3read-mismatch-limit 3, 4min-coverage 5, 5no-indels, 6min-alternate-count 4, 7exclude-unobserved-genotypes, 8genotype-qualities, 9ploidy 2 or 4, 10no-mnps, 11nocomplex
 12mismatch-base-quality threshold 10

	Variant Filtering
	GBS-specific rule set
	Conditions: read count per locus exceeding 8, genotypes observed in at least 10% of samples, and minimum allele frequency exceeding 5%. 

	Genetic mapping
	JoinMap5
	Data analysis: bases transcription to <lmxll>, <hkxhk>, and <nnxnp> segregation; frequency and chi-square analysis (X2) according to the Mendelian expectation ratio (1:2:1, 1:1); similarity test of loci and individuals; grouping analysis by independence LOD 8, regression mapping by Kosambi’s mapping function with recombination frequency <0.4; genotype probabilities with -Log10(P)>2; maximum neighbouring markers of 5.



(1) Minimum base quality of 10 
This filter removes individual bases (nucleotides) with a Phred quality score below 10 from the analysis. A score of 10 indicates a 1 in 10 chance of the base being called incorrectly, which translates to a 90% accuracy. This ensures that only high-quality reads are used for variant calling.

(2) Minimum supporting allele quality sum of 10
This filter calculates the sum of the quality scores for all bases that support a non-reference allele at a specific position. If the sum is less than 10, the variant is discarded. This helps eliminate false positives caused by sequencing errors.

(3) Read mismatch limit of 3
Reads with more than three mismatches against the reference sequence are discarded. This filter is useful for removing low-quality reads or reads that have been incorrectly aligned.

(4) Minimum coverage of 5
Each variant or locus must have a read coverage of at least 5x. Coverage refers to the number of times a specific position in the genome has been sequenced. Low coverage can lead to unreliable variant calls, so this filter increases confidence in the results.




(5) No indels 
This filter excludes all insertions and deletions (indels) from the analysis. It's used when the primary goal is to focus exclusively on single nucleotide variants (SNVs) and avoid the complexity that indels can add.

(6) Minimum alternate count of 4
This filter requires a non-reference allele to appear at least four times in the reads to be considered a true variant. It's a way to prevent low-quality bases or sequencing errors from being mistaken for genuine genetic variants.

(7) Exclude-unobserved-genotypes
This filter removes genotypes that were not observed in any of the samples from the final results. It helps to clean up the dataset and focus the analysis on the real, present genotypes in the studied population.

(8) Genotype-qualities
This filter applies a quality threshold to the complete genotype call, not just individual bases. It evaluates the probability that the genotype call (e.g., homozygous reference, heterozygous, etc.) is correct.

(9)  Ploidy of 2 or 4.
This parameter specifies the ploidy of the species being analyzed. Ploidy is the number of complete sets of chromosomes in a cell. For tetraploid (4n) species, ploidy is 4. This setting is crucial for the software to make accurate genotype calls.

(10) No MNPs.
This excludes Multiple Nucleotide Polymorphisms (MNPs). An MNP is a variant where two or more adjacent nucleotides have changed. This filter is used to simplify the analysis and focus on SNVs and other single-point variants.

(11) No complex variants.
This filter excludes variants that are a combination of different genetic changes (e.g., an insertion and an SNV at the same locus). This is done to avoid the complexity and ambiguity that these variants can introduce into the analysis.

(12) Mismatch base quality threshold of 10.
Similar to min-base-quality, but this filter specifically targets bases that do not match the reference sequence. It discards reads where mismatching bases have a quality score below 10, which reduces the chance of sequencing errors being called as variants.


