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SNP 

• single nucleotide polymorphisms 
• max. four alleles (ATCG) - but usually biallelic 
 

• codominant – homozygotes (e.g. AA, TT) 
                     x heterozygotes (e.g. AT) 
 

• usually 1,000s – 10,000s (... up to tens of millions) 
 

• substitution changes -> evolutionary models, coalescent simulations 
• non-anonymous 
• (un)linked ?! 
 
 

 



SNP 



How to get to SNP data 

• With or without reference 



How to get to SNP data 

• using high-throughput sequencing (HTS, NGS) 
• A) With reference – whole genome resequencing / sub-sampling a genome (target 
enrichment / RADseq) 



How to get to SNP data 

• B) ... or without reference  
•  de-novo assembly of a “pseudo-reference” (e.g. RAD loci) 



RAD sequencing 

• restriction site associated DNA sequencing 



RAD sequencing 

• restriction site associated DNA sequencing – pileup of reads 

• double-digest RAD seq 



How to get to SNP data 

• With reference 

•... and filter the variants / do variant recalibration 



Files involved 

• FASTQ 

•... and filter the variants / do variant recalibration 

• SAM/BAM 

• VCF 



Files involved 



Read trimming, Quality check 

• e.g. Trimmomatic, fastx toolkit 
•  manipulating FASTQ files 
 

• quality filtering 
• quality trimming 



FASTQ 

• = fasta with qualities 
• 1 read = 4 lines 



Read mapping 

• e.g. BWA, Bowtie, Stampy 
• unlike Sanger, we do not know the read’s origin           
(no primers, just “random” DNA fragments ) 
 
 
 
 
 
 
 

for each read:  
• determine it’s likely origin 
• how likely it is we have correctly identified its origin 
• not necessary to get exact alignmnet (later step – 
realignment around indels) 



SAM/BAM 

• reads mapped to a reference 



SAM/BAM 

• reads mapped to a reference 

• visualization in IGV – 
two individuals 



Variant calling 

• GATK, Samtools, FreeBayes  
• likelihood-based models  - Genotype likelihoods -> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• in any calling – large number of false positives and false 
negatives => filtering/variant recalibration 
 

• paradigm: do not filter until VCF is produced, then 
apply filtration 



Variant calling - GATK 

• GATK best practice (human data) 
• https://software.broadinstitute.org/gatk/best-practices/bp_3step.php?case=GermShortWGS 



VCF 

• “golden standard” for SNP data 
• SNPs = rows, columns = info on SNPs and individual genotypes  



VCF 

• “golden standard” for SNP data 
• SNPs = rows, columns = info on SNPs and individual genotypes  



VCF 

• “golden standard” for SNP data 
• SNPs = rows, columns = info on SNPs and individual genotypes  



VCF 

• here: first two SNPs for two individuals 

• 1 – chromosome/scaffold 
• 2 – position at chr./scaff. 
• 3 ... often not used 
• 4 – reference base 
• 5 – alternative (non-ref) base 
• 6 – SNP quality score (is the site variant?) 
• 7 – filter field (PASS  or filter name) 
• 8 – “INFO field” – info on the SNP over all samples 
• 9 – “FORMAT field” – definition of fields in next columns 
• 10, ... - info on genotypes of each individual 

1    2   3  4  5  6      7         8                        9                  10                      11      



VCF 



VCF 
• genotypes 

• 1/1   = homozygote ALT 
• 1/0   = heterozygote 
• 0/0   = homozygote REF 
• ./.     = missing data 



VCF – not only SNPs !! 

• N. B. in an unfiltered VCF you may also see (not topic for today) 
 
 

multiallelic SNPs 
scaffold_1   128556   .    C   G,T     3139.27       PASS 
 
 
insertions 
scaffold_1   128556   .    G   GGGACCCT    3139.27       PASS 
 
 
deletions 
scaffold_1   128556   .    CTG   C     3139.27       PASS 
 
 
phased genotypes 
scaffold_1   128556   .    C   G     3139.27       PASS . 
GT:AD:DP:GQ:PL  1|0:0,34:34:99:1412,102,0  1|1:0,74:74:99:3077,223,0 
 



Today’s tasks 

• understand structure of the VCF 
• explore the SNPs in entire VCF  
• visualize genetic structure of a real dataset of a 
diploid plant in a multi-sample VCF (171 indivs 
from 64 pops, ~ 10,000 SNPs) 
     - PCA, K-means clustering, distances, 
AMOVA, isolation by distance 
 

• ... and answer the questions on the way 

Arabidopsis arenosa 



Allele frequency spectrum 

            0                    1                2                3    



Allele frequency spectrum 

• effect of errors 



Allele frequency spectrum 

• biological interpretations 
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