
DETEKCJA POLIMORFIZMÓW Analiza danych NGS

Wykład 6

Niniejsze opracowanie zostało stworzone przez dr Magdę Mielczarek, pracownika Uniwersytetu Przyrodniczego we Wrocławiu w ramach wykonywania

obowiązków związanych z kształceniem studentów i jest przeznaczone dla studentów Bioinformatyki (Wydział Biologii i Hodowli Zwierząt) na potrzeby

dydaktyczne bez prawa do dalszego rozpowszechniania.
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DETEKCJA POLIMORFIZMÓW

● Single Nucleotide Polymorphisms SNP

● Insertions/Deletions INDEL

● Copy Number Variations CNV

● Loss of Heterozygosity LOH

● Inversions INV

● Translocations TRANS
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…ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTTTGGAGCGGGACTGATTCCGAGAGAGA… 

GGTGGGAAAAA
GGGACTACTGA

GGGAACCTTTCC
GAACCTTTCCTC

GAAAAAATTTCA

ACTGGTGGGAA

TGGGAAAAAAT
CCTTTCCTCGGA

AAAGGGAACCT

GACTACTGATTC

ACTGGTGGGAA AAAGGGAACCT

Genom referencyjny
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK

Mark Duplicates

„This tool locates and tags duplicate reads in a BAM 
or SAM file, where duplicate reads are defined 
as originating from a single fragment of DNA. 
Duplicates can arise during sample preparation 
e.g. library construction using PCR.”
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK
Base Quality Score Recalibration (BQSR)

„Base quality scores are per-base estimates of error 

emitted by the sequencing machines (…). For example, 

let's say the machine reads an A nucleotide, and assigns 

a quality score of Q20 in Phred-scale, that means it's 

99% sure it identified the base correctly. This may seem 

high, but it does mean that we can expect it to be wrong 

in one case out of 100; so if we have several billion 

base calls (we get ~90 billion in a 30x genome), at that 

rate the machine would make the wrong call in 900 

million bases -- which is a lot of bad bases. The quality 

score each base call gets is determined through some 

dark magic jealously guarded by the manufacturer of 

the sequencing machines.”
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK
Base Quality Score Recalibration (BQSR)

„(…) the scores are subject to various sources of systematic (nonrandom) technical error, 

leading to over- or under-estimated base quality scores in the data. Some of these errors are 

due to the physics or the chemistry of how the sequencing reaction works, (…) 

o manufacturing flaws in the equipment. (…). We apply machine learning to model these 

errors empirically and adjust the quality scores accordingly. For example (…) whenever we 

called two A nucleotides in a row, the next base we called had a 1% higher rate of error. 

So any base call that comes after AA in a read should have its quality score reduced by 1%. 

We do that over several different covariates (mainly sequence context and position in read, 

or cycle) in a way that is additive. So the same base may have its quality score increased for 

one reason and decreased for another.” 

Szczegóły → gatk.broadinstitute.org/hc/en-us/articles/360035890531
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK
Base Quality Score Recalibration (BQSR)
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK
SNP and InDel calling

HaplotypeCaller „is capable of calling SNPs and indels 

simultaneously via local de-novo assembly of 

haplotypes in an active region. In other words, whenever 

the program encounters a region showing signs of 

variation, it discards the existing mapping information 

and completely reassembles the reads in that region. 

This allows the HaplotypeCaller to be more accurate

when calling regions that are traditionally difficult to 

call, for example when they contain different types of 

variants close to each other.”

CombineGVCFs „combine per-sample gVCF files 

produced by HaplotypeCaller into a multi-sample 

gVCF file.”
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK
SNP and InDel calling
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DETEKCJA POLIMORFIZMÓW – PAKIET GATK
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DETEKCJA POLIMORFIZMÓW – SAMTOOLS
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DETEKCJA POLIMORFIZMÓW – SAMTOOLS

WGS/WES Mapping to Variant Calls

The standard workflow for working with DNA sequence data consists of three major steps:

• Mapping BWA

• Improvement GATK

• Variant Calling bcftools

• http://www.htslib.org/workflow/wgs-call.html
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SNP + INDELS
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The number of variants called in the 14 sugarcane germplasm accessions. a. Venn diagram

showing overlapping SNPs among five genome reference-based callers, Tassel, Stacks, Samtools,

GATK, and Freebayes. (…) c. Venn diagram showing overlapping short insertions or deletions

(InDels) among three reference-based callers, Samtools, GATK, and Freebayes
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header section

polimorphisms

(body)

VCF

https://samtools.github.io/hts-specs/VCFv4.2.pdf



#CHROM  POS     ID      REF     ALT     QUAL    FILTER  INFO    FORMAT     SAMPLE

Chr1    238          .        C          T           48        .        DP=8;VDB=4.789490e-02;RPB=-
1.551181e+00;AF1=0.5;AC1=1;DP4=4,1,3,0;MQ=44;FQ=51; PV4=1,1,0.16,0.41      
GT:PL:GQ        0/1:78,0,135:81

ANALIZA DANYCH NGS  2024/2025

VCF



#CHROM  POS     ID      REF     ALT     QUAL    FILTER  INFO    FORMAT     SAMPLE

Chr1    238          .        C          T           48        .        DP=8;VDB=4.789490e-02;RPB=-
1.551181e+00;AF1=0.5;AC1=1;DP4=4,1,3,0;MQ=44;FQ=51; PV4=1,1,0.16,0.41      
GT:PL:GQ        0/1:78,0,135:81

ANALIZA DANYCH NGS  2024/2025

VCF



#CHROM  POS     ID      REF     ALT     QUAL    FILTER  INFO    FORMAT     SAMPLE

Chr1    238          .        C          T           48        .        DP=8;VDB=4.789490e-02;RPB=-
1.551181e+00;AF1=0.5;AC1=1;DP4=4,1,3,0;MQ=44;FQ=51; PV4=1,1,0.16,0.41      
GT:PL:GQ        0/1:78,0,135:81

ANALIZA DANYCH NGS  2024/2025

VCF



#CHROM  POS     ID      REF     ALT     QUAL    FILTER  INFO    FORMAT     SAMPLE

Chr1    238          .        C          T           48        .        DP=8;VDB=4.789490e-02;RPB=-
1.551181e+00;AF1=0.5;AC1=1;DP4=4,1,3,0;MQ=44;FQ=51; PV4=1,1,0.16,0.41      
GT:PL:GQ        0/1:78,0,135:81

ANALIZA DANYCH NGS  2024/2025

VCF



SINGLE- AND MULTI-SAMPLE
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VARIANTS FILTERING
EXAMPLES

Removal of variants with 2 or more alternative alleles

Overall quality (QUAL)

Setting minimum and maximum read depths for filtering (DP)

 Set minimum number as 10 across all animals

 Set maximum as: median read depth + 3 * standard deviation read depth

Remove variants with the same basepair position

 If two variants have the same bp position both are removed

 Resolves issue with SNP and INDEL calls at same position

(…)
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VARIANTS FILTERING

Several universal filters applicable to most callers:

•Low-complexity (LC) filter: filtering variants overlapping with low-complexity regions (LCRs)

•Maximum depth (MD) filter: filtering sites covered by excessive number of reads. It should be

noted that different callers may define the depth differently. For example, Platypus

apparently only counts reads with unambiguous realignment. The read depth reported in the

Platypus VCF is noticeably smaller in comparison with other callers.

•Quality filter (QU): filtering sites with the reported variant quality below a threshold.

•others
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VARIANTS FILTERING
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DETEKCJA POLIMORFIZMÓW → SNP
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● min: 2 063 811 → 0.08% genomu

● max: 6 117 976 → 0.23% genomu

● sd: 663 223

Bos taurus

ANALIZA DANYCH NGS  2024/2025



ANALIZA DANYCH NGS  2024/2025

Reference genome

Sample 2

Sample 1

IGV

http://software.broadinstitute.org/software/igv/



DETEKCJA CNV



DETEKCJA POLIMORFIZMÓW → CNV

Rozmiar: bp - Mbp

ANALIZA DANYCH NGS  2024/2025



COPY NUMER VARIATION (CNV)

Zmienność liczby kopii obejmuje duplikacje i delecje dłuższe niż 1 000 pz (rożne 

definicje).

„Different types of CNVs and an 

example of genome-wide detection of 

CNVs. The plot illustrates deletion, 

duplication, and multiple segmental 

duplication of the "D" locus compared 

with the reference genome. Inversion of 

"C" and "D" loci is also illustrated.”

Yim et al. 2015
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COPY NUMBER VARIATION (CNV)

CNVs → gains and losses (insertions and deletions) of genomic sequence greater 

than 50 bp between two individuals of a species (Mills et al. 2011)

SNPs more frequent than CNVs

CNVs higher percentage of genomic sequence, greater effects, including the 

changing of gene structure and expression

Interrogation of the genome for both common and rare variations, including SNPs and 

CNVs, was proposed as an effective way to elucidate the causes of complex disease

and traits (Manolio et al. 2009)
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Mills et al. 2011



CNV → FENOTYP

CNVs:

•zmieniają strukturę i ekspresję genów 

•są związane z wieloma chorobami

•mogą wpływać pozytywnie na proces

adaptacji do zmieniającego się

środowiska

ANALIZA DANYCH NGS  2024/2025

Klopocki and Mundlos 2011. Copy-Number Variations, 

Noncoding Sequences, and Human Phenotypes. Annual 

Review of Genomics and Human Genetics.12:1, 53-72.



CNV →FENOTYP
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METODY DETEKCJI CNV

PEM/RP

Paired-end mapping

SR

Split-read

DOC/RD/RC

Depth of coverage/Read Depth/ 

Read Count

AS

Assembly- based

CB

Combinations of Methods
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METODY DETEKCJI CNV

PEM/RP

→ limited by the insert size

→ detects short CNVs

SR

→ applicable to the unique regions in 

the reference genome

DOC/RD/RC

→ detect larger CNVs in complex 

genomic region classes, which are 

difficult to detect using PEM and SR 

methods

AS

→overwhelming demand on 

computational resources

→ perform poorly for repeated

regionsCB

→ none of tools is able to detect the full spectrum of 

all types of CNVs with high sensitivity and specificityANALIZA DANYCH NGS  2024/2025
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WES



ANALIZA DANYCH NGS  2024/2025

Venn diagrams of the average of the number 
of truly detected CNV genes from the 5 tools, 
(a) amplified genes, (b) deleted genes.

Zare et al. 2017

Characteristics of the detected CNV regions 
by the 5 tools. (a) Size distributions of CNV 
segments, (b) Number of detected CNV segments



ZGODNOŚĆ PROGRAMÓW DO DETEKCJI CNV
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The overlapping consistency results. Fig shows the 

simulated data.

Zhao, L., Liu, H., Yuan, X. et al. Comparative study of  

whole exome sequencing-based copy number 

variation detection tools. BMC Bioinformatics 21, 97 

(2020). https://doi.org/10.1186/s12859-020-3421-1
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CNV PIPELINE
→→→ PRZYKŁAD OD THETA
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Mielczarek et al. 2019



# CNV

0

5000

10000

15000

20000

25000

n
u
m

b
e
r 

o
f 

C
N

V

animals

DUP DEL The min and max number

Duplications: 1 694 - 5 187

Deletions: 13 149 - 22 496 

The occupancy (%)

Duplications: 
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CNV LENGTH

The average length (bp)

Duplications: 7 254  - 8 843

Deletions: 4 233 - 7 154
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FORMATY DANYCH WYJŚCIOWYCH



FORMATY DANYCH WYJŚCIOWYCH:
PINDEL
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FORMATY DANYCH WYJŚCIOWYCH:
CNVNATOR
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FORMATY DANYCH WYJŚCIOWYCH:
LUMPY (VCF)
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LONG READS



LONG READS

The majority of known SVs are poorly assayed using currently dominant short-read 
sequencing technologies → evidence supporting an SV event are indirect (e.g. read 
depth, mismatch read pairs).

SVs can be detected using long-read sequencing technologies from Pacific Biosciences 
(PacBio) and Oxford Nanopore Technologies (ONT) → direct evidence.

Long-reads:

 better mappability in repetitive regions, further extending the part of the genome 
in which variation can be called reliably (+)

 poor quality (-).
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CONCLUSIONS

Nanopore sequencing is a rapidly developing technology in terms of both 
sequencing technology and data analysis. 

SV callers’ performance diverges between SV types → recommendations are 
tailored to the specific applications:

 For an initial analysis, we recommend minimap2 + Sniffles → high speed and 
relatively balanced performance calling both insertions and deletions. 

 For more detailed analysis, multiple tools and integrating their results for the best 
performance. 

 When a high-quality true set can be defined, a machine learning approach can be 
used to further improve the call set. 
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BAZY DANYCH CNV
PRZYKŁADY



BAZA DANYCH: DGV
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BAZA DANYCH: DGVA
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BAZA DANYCH: DGVA



BAZA DANYCH: EVA
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