
OMÓWIENIE STANDARDOWYCH KROKÓW 
W ANALIZIE DANYCH NGS

Wykład 4

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 Biologii (Wydział Biologii i Hodowli Zwierząt) na potrzeby dydaktyczne bez prawa do dalszego rozpowszechniania.



PORÓWNANIE METOD
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SANGER SEQ NEXT GENERATION SEQ

STRATEGY

Separate reaction for the sequencing of 

all exons of a single gene / any piece 

of the genome

One single reaction for the simultaneus analysis

of different genes / whole genomes!

ADVANTAGE High reliability
Cost-effective and efficient by simultaneus and 

fast analysis Relatively cheap (0.001$/1000 bp)

DISADVANTAGE

Expensive (0.1$ / 1000 bp)

Time consuming due to limited

automation and necessity of many

different reactions

Interpretation of the abundance of data 

is challenging

High coverage needed for accuracy



KOSZT/CZAS SEKW. CAŁEGO GENOMU CZŁOWIEKA

o Projekt poznania genomu człowieka

~ 13 lat ~ 15 000 000 $

o Technologia NGS

~ kilka dni ~ 2 000 $
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ANALIZA ZMIENNOŚCI GENETYCZNEJ ZA POMOCĄ WGS
POPULARNE PLATFORMY

Illumina

~100-250 bp

Pacific Biosciences (PacBio)

 10–25 kb

Oxford Nanopore Technologies

 500 bp - 2.5 Mb

… i inne
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GŁÓWNE ZASTOSOWANIA NGS

1. Detekcja mutacji i polimorfizmów genetycznych 

2. Poznawanie nowych genomów (de novo genome assembly)

3. RNA-Seq: profilowanie transkryptomu

4. Chip-Seq: Interakcje na linii białko-DNA

5. Methyl-Seq: Epigenomika i metylacja DNA

6. Metagenomika

Xinkun Wang. Next Generation Sequencing Data Analysis. 2016, CRC PRESS 
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ANALIZA ZMIENNOŚCI GENETYCZNEJ ZA POMOCĄ WGS

Detection of genomic variation among individuals of a population is among
the most frequent applications of next-generation sequencing (NGS). 

Locating genomic sequence variations that correlate with disease
predisposition or drug response, and esablishing a genotypic basis of various
phonotypes become common focuses of many NGS studies in biomedical and 
life sciences reserach. 

Besides variations carried through the germline for generations, NGS has also
been applied to identify de novo germline and somatic mutations, which occur
more frequently than previously expected and underlie numerous human
diseases including various types of cancer. 

Xinkun Wang. Next Generation Sequencing Data Analysis. 2016, CRC PRESS 
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ANALIZA ZMIENNOŚCI GENETYCZNEJ ZA POMOCĄ WGS

Detecting the various forms of genetic variations/mutations from NGS (…) is
not an easy task. The primary challange is to differentiate true sequence
variations/mutations from false positives caused by sequencing errors and 
artifacts generated in (…) sequnce alignment. 

It is, therefore, important to generate high-quality sequence data data before
performing data analysis. Equally important, sensitive and yet specific
variant/mutant calling algorithms are required to achieve high accuracy in 
genomic ariation and mutation discovery. 

Xinkun Wang. Next Generation Sequencing Data Analysis. 2016, CRC PRESS 
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Pipeline = łańcuch przetwarzania danych 

Uproszczony schemat

Jedno z podstawowych zagadnień w analizie danych 
NGS → przyrównanie do genomu referencyjnego oraz 
detekcja mutacji/polimorfizmów

Surowe Dane

Przyrównanie do 

genomu 

referencyjnego

Detekcja 

polimorfizmów

Kontrola jakości

Sens biologiczny

PIPELINE
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Uproszczony schemat
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SUROWE DANE

AGAAATG…

Read 1
Single-end

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG

AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC

+

@@@FFDFFGHGHHFDDDGHHHDDDDHIIIJJDDIIIGDDJGDDGD!

(…)

Read 1
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SUROWE DANE

AGAAATG…

Read 1

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG

AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC

+

@@@FFDFFGHGHHFDDDGHHHDDDDHIIIJJDDIIIGDDJGDDGD!

(…)

Read 1

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 2:N:0:ACAGTG

TTAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGCT

+

DD@FF@@FGHGHH01DDGHHHDDDDHIIIJJJDIIIGDDJGDDGDD

(…)

Read 2

... GGCTGAA

Read 2
Paired-end
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MAGDA MIELCZAREK

SRR988073_R1.fastq

SRR988073_R2.fastq
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PRZECHOWYWANIE DANYCH

+ dane dodatkowe

1 genom

SUROWE DANE
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http://en.wikipedia.org/wiki/FASTQ_format
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@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG

AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC

+

@@@FFDFFGHGHHFDDDGHHHDDDDHIIIJJDDIIIGDDJGDDGD!

(…)

www.illumina.com



KODOWANIE JAKOŚCI

MAGDA MIELCZAREK

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG

AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC

+

@@@FFDFFGHGHHFDDDGHHHDDDDHIIIJJDDIIIGDDJGDDGD!

(…)

Phred quality score
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JAKOŚĆ NUKLEOTYDÓW

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG

AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC

+

@@@FFDFFGHGHHFDDDGHHHDDDDHIIIJJDDIIIGDDJGDDGD!

(…)

Read 1

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 2:N:0:ACAGTG

TTAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGCT

+

DD@FF@@FGHGHH01DDGHHHDDDDHIIIJJJDIIIGDDJGDDGDD

(…)

Read 2
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KONTROLA JAKOŚCI
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FASTQC

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/

→ Kontrola jakości danych 

→ Graficzne przedstawienie sekwencji

→ Tworzenie raportu

→ Brak możliwości filtracji danych

Podstawy Bioinformatyki 2024/2025



FASTQC - PRZYKŁADY

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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FASTQC - PRZYKŁADY

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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BASIC STATISTICS

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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PER BASE SEQUENCE QUALITY

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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PER SEQUENCE QUALITY SCORES

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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PER BASE N CONTENT

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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SEQUENCE LENGTH DISTRIBUTION

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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SEQUENCE DUPLICATION LEVELS

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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SEQUENCE DUPLICATION LEVELS

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/

To cut down on the memory requirements for this module 

only sequences which first appear in the first 100,000 

sequences in each file are analysed, but this should be 

enough to get a good impression for the duplication 

levels in the whole file. 

Because the duplication detection requires an exact 

sequence match over the whole length of  the sequence, 

any reads over 75bp in length are truncated to 50bp for 

the purposes of  this analysis. Even so, longer reads are 

more likely to contain sequencing errors which will 

artificially increase the observed diversity and will tend 

to underrepresent highly duplicated sequences.
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FASTQC - PRZYKŁADY

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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FASTQC - PRZYKŁADY

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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BASIC STATISTICS

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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PER BASE SEQUENCE QUALITY

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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PER SEQUENCE QUALITY SCORES

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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SEQUENCE LENGTH DISTRIBUTION

MAGDA MIELCZAREK

www.bioinformatics.babraham.ac.uk/projects/fastqc/
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Błędne dane mogą prowadzić do:

▪wolniejszego działania oprogramowania

▪generowania słabej jakości/niewłaściwych wyników

Czyszczenie danych:

▪zwiększa średnią jakość sekwencji

▪daje lepsze rezultaty przyrównania

▪redukuje rozmiar danych 

Surowe Dane

Przyrównanie do 

genomu 

referencyjnego

Detekcja 

polimorfizmów

Kontrola jakości

Sens biologiczny

EDYCJA SEKWENCJI
→→→→→ MOTYWACJA
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EDYCJA SEKWENCJI
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@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG

AGAAATGCCAGGCTAGATGAGTTACAATCNAGTATCAAGATAGGC

+

@@@FFDFFGHGHHFDDDGHHHDDDD44#$%&‚344+400/01234

(…)



MAGDA MIELCZAREK

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG

GTTAGCGCGCGGCTAGATGAGTTACAATCNAGTATCAAGATAGGAAAAAA

+

@@@FFDFFGHHHFDDDGHHHDDDD44#$%&‚344+400/01234222211

(…)

Oryginalny odczyt = 51 bp

1. Homopolimery? 

TTAGCGCGCGGCTAGATGAGTTACAATCNAGTATCAAGATAGGAAAAAA

2. Nieznane zasady?

TTAGCGCGCGGCTAGATGAGTTACAATCNAGTATCAAGATAGGAAAAAA

3. Jakość poniżej 20?

TTAGCGCGCGGCTAGATGAGTTACAATCNAGTATCAAGATAGGAAAAAA

Sekwencja  po czyszczeniu = 26 bp
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Surowe Dane
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PRZYRÓWNANIE DO GENOMU 
REFERENCYJNEGO

GGTGGGAAAAA

GGGACTGATTCC

GGGAACCTTTCT
GAACCTTTCTTC

GAAAAAATTTCA

ACTGGTGGGAA

TGGGAAAAATT
CCTTTCTTCGGA

GAGAACCTTTCT

AAAGGGAACCT

AGAGAGATTTG
GACTGATTCCGA

…ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTTTGGAGCGGGACTGATTCCGAGAGAGA… 

Genom referencyjny

ACTGGTGGGAA AAAGGGAACCT
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GAGAACCTTTCT
AGAGAGATTTG

Surowe Dane

Przyrównanie do 

genomu 

referencyjnego
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Kontrola jakości

Sens biologiczny

PRZYRÓWNANIE DO GENOMU 
REFERENCYJNEGO

GGTGGGAAAAA

GGGACTGATTCC

GGGAACCTTTCT
GAACCTTTCTTT

GAAAAAATTTCA

ACTGGTGGGAA

TGGGAAAAAAT
CCTTTCTTTGGA

GAGAACCTTTCT

AAAGGGAACCT

AGAGAGATTTG
GACTGATTCCGA

…ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTTTGGAGCGGGACTGATTCCGAGAGAGA… 

GGTGGGAAAAA
GGGACTACTGA

GGGAACCTTTCC
GAACCTTTCCTC

GAAAAAATTTCA

ACTGGTGGGAA

TGGGAAAAAAT
CCTTTCCTCGGA

AAAGGGAACCT

GACTACTGATTC

ACTGGTGGGAA AAAGGGAACCT

ACTGGTGGGAA AAAGGGAACCT
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Genom referencyjny
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PRZYRÓWNANIE DO GENOMU 
REFERENCYJNEGO
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SAM (SEQUENCE ALIGNMENT/MAP FORMAT)

MAGDA MIELCZAREK

header section

alignment section

http://chagall.med.cornell.edu/NGScourse/SAM.pdf
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MAGDA MIELCZAREK

http://chagall.med.cornell.edu/NGScourse/SAM.pdf

SAM/BAM
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MAGDA MIELCZAREK

SAM/BAM

HWI-1KL157:58:D2FVAACXX:2:2313:3871:71331       147     Chr15 33794413        50      101M    =       
33794252        -262    
GCTCAGCTTTCTTCACAGTCCAACTCTCACATCCATACATGACCACTGGAAAAACCATAGCCTTGACTGGACGGACCT
TTGTTAGAGGTTGCTAAAGACTG 
DBACCDDCDDDDCC>DECDDC@;?3?3HAHGEJHHEFHDAF@CF=EDEEGDGG@IGF@HEHGCGIIIJIG
GDIHFGIJIJIEIIJIGG?FHHHFDDDD@@@ NM:i:2  AS:i:91 XS:i:83 RG:Z:D2FVAACXX_2
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MAGDA MIELCZAREK

SAM/BAM

HWI-1KL157:58:D2FVAACXX:2:2313:3871:71331       147     Chr15 33794413        50      101M    =       
33794252        -262    
GCTCAGCTTTCTTCACAGTCCAACTCTCACATCCATACATGACCACTGGAAAAACCATAGCCTTGACTGGACGGACCT
TTGTTAGAGGTTGCTAAAGACTG 
DBACCDDCDDDDCC>DECDDC@;?3?3HAHGEJHHEFHDAF@CF=EDEEGDGG@IGF@HEHGCGIIIJIG
GDIHFGIJIJIEIIJIGG?FHHHFDDDD@@@ NM:i:2  AS:i:91 XS:i:83 RG:Z:D2FVAACXX_2

https://broadinstitute.github.io/picard/explain-flags.html
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https://broadinstitute.github.io/picard/explain-flags.html
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SAM/BAM

HWI-1KL157:58:D2FVAACXX:2:2313:3871:71331       147     Chr15 33794413        50      101M    =       
33794252        -262    
GCTCAGCTTTCTTCACAGTCCAACTCTCACATCCATACATGACCACTGGAAAAACCATAGCCTTGACTGGACGGACCT
TTGTTAGAGGTTGCTAAAGACTG 
DBACCDDCDDDDCC>DECDDC@;?3?3HAHGEJHHEFHDAF@CF=EDEEGDGG@IGF@HEHGCGIIIJIG
GDIHFGIJIJIEIIJIGG?FHHHFDDDD@@@ NM:i:2  AS:i:91 XS:i:83 RG:Z:D2FVAACXX_2
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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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GAGAACCTTTCT
AGAGAGATTTG
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DETEKCJA POLIMORFIZMÓW

…ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTTTGGAGCGGGACTGATTCCGAGAGAGA… 

GGTGGGAAAAA
GGGACTACTGA

GGGAACCTTTCC
GAACCTTTCCTC

GAAAAAATTTCA

ACTGGTGGGAA

TGGGAAAAAAT
CCTTTCCTCGGA

AAAGGGAACCT

GACTACTGATTC

ACTGGTGGGAA AAAGGGAACCT

Genom referencyjny
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Surowe Dane
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Sens biologiczny

DETEKCJA POLIMORFIZMÓW → SNP
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MAGDA MIELCZAREK

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

Podstawy Bioinformatyki 2024/2025

header section

polimorphisms

(body)



#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

MAGDA MIELCZAREKPodstawy Bioinformatyki 2024/2025

VCF
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DETEKCJA POLIMORFIZMÓW → SNP

Homo sapiens
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SENS BIOLOGICZNY
→→→→→→FUNKCJONALNA ADNOTACJA

→ www.ensembl.org/Tools/VEP
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SENS BIOLOGICZNY
→→→→→→FUNKCJONALNA ADNOTACJA
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SENS BIOLOGICZNY
→→→→→→FUNKCJONALNA ADNOTACJA
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WIZUALIZACJA

Wizualizacja w programie IGV

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

Sample 2

Sample 1

IGV
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Reference genome

Sample 2

Sample 1

IGV
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SENS BIOLOGICZNY

→ www.ensembl.org/Tools/VEP

Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK

SENS BIOLOGICZNY→ MEDYCYNA PERSONALIZOWANA 
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SENS BIOLOGICZNY→ MEDYCYNA PERSONALIZOWANA 
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SENS BIOLOGICZNY→ PRECYZYJNA ONKOLOGIA



CEL

The 100,000 Genomes Project, a UK Government initiative conducted within the 
National Health Service (NHS) in England, aimed to establish standardized high-
throughput whole-genome sequencing (WGS) for patients with cancer and rare 
diseases via an automated, International Organization for Standardization-
accredited bioinformatics pipeline (providing clinically accredited variant calling and 
variant prioritization).

Genomics England, alongside NHS England, analyzed WGS data from 13,880 solid 
tumors spanning 33 cancer types, integrating genomic data with real-world treatment 
and outcome data, within a secure Research Environment. 

A longer-term objective was to accelerate the delivery of molecular testing, including 
WGS, in NHS clinical cancer care.
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JOURNEY OF THE PATIENT’S GENOME

Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK

Patients provided written informed consent for 
WGS analysis. 

DNA was extracted from tumor and normal 
(blood) samples using standardized protocols 
and samples were submitted for WGS, which 
was performed on an Illumina sequencer. 

An automated pipeline was constructed for 
sequence quality control, alignment, variant 
calling and interpretation, with results returned 
to the 13 NHS Genomic Medicine Centers for 
review.



WYNIKI

Incidence of somatic mutations in genes recommended for standard-of-care testing 
varied across cancer types

→ in glioblastoma multiforme, small variants were present in 94% of cases

→ sarcoma demonstrated the highest occurrence of actionable structural variants 
(13%). 

→ Homologous recombination deficiency was identified in 40% of high-grade 
serous ovarian cancer cases with 30% linked to pathogenic germline variants, 
highlighting the value of combined somatic and germline analysis. 

The linkage of WGS and longitudinal life course clinical data allowed the assessment 
of treatment outcomes for patients stratified according to pangenomic markers. 

*glejak wielopostaciowy, mięsak ,rak jajnika
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www.youtube.com/watch?v=C34dhHUWp0Y

SENS BIOLOGICZNY→ GENETIC COUNSELING
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Emphasis on trio sequencing 

for inherited disorders and 

somatic mutation detection in 

cancer patients

Strengths and weaknesses of:

- panel

- exome

- whole-genome sequencing 

for variant detection.

Recommended tools and 

strategies for calling variants 

of different classes 

The “best practice” principles 

in this review should be 

relevant to clinical variant 

calling in the long term.
MAGDA MIELCZAREK



BACKGROUND
NGS technologies enabled ambitious large-scale genomic sequencing efforts that 
have transformed our understanding of human health and disease, such The Cancer 
Genome Atlas, the Centers for Mendelian Genomics. 

They have also been widely adopted for clinical genetic testing: 

→ Targeted panels to interrogate medically relevant subsets of genes have become 
core components of precision oncology.

→ Whole-exome sequencing, which selectively targets the protein-coding regions of 
known genes, has become a frontline diagnostic tool for inherited disorders
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SENS BIOLOGICZNY→ BADANIA PRENATALNE
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„Applying SNP profiles to drug choices”

● astma  gen ADRB2

● polimorfizmy punktowe a odpowiedź na leczenie albuterolem

● albuterol łagodzi objawy astmy tylko u niektórych chorych
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NGS TOOLS & PIPELINES
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FORMATY DANYCH - PODSUMOWANIE

MAGDA MIELCZAREK

Surowe dane

Przyrównanie do 

genomu 

referencyjnego

Detekcja 

polimorfizmów

FASTQ

VCF

SAM/BAM

READS

& 

REF

Podstawy Bioinformatyki 2024/2025


	Slajd 1: Omówienie standardowych kroków w Analizie DANYCH NGS
	Slajd 2: Porównanie metod
	Slajd 3: KOSZT/CZAS SEKW. CAŁEGO GENOMU CZŁOWIEKA
	Slajd 4
	Slajd 5: Główne zastosowania NGS
	Slajd 6: Analiza zmienności genetycznej za pomocą WGS
	Slajd 7: Analiza zmienności genetycznej za pomocą WGS
	Slajd 8: PIPELINE
	Slajd 9: Surowe dane
	Slajd 10: Surowe dane
	Slajd 11
	Slajd 12
	Slajd 13: Surowe dane
	Slajd 14
	Slajd 15: Kodowanie jakości
	Slajd 16
	Slajd 17: Jakość NUKLEOTYDÓW
	Slajd 18: KONTROLA JAKOŚCI
	Slajd 19: FastQC
	Slajd 20: FASTQC - przykłady
	Slajd 21: FASTQC - przykłady
	Slajd 22: Basic statistics
	Slajd 23: Per base sequence quality
	Slajd 24: Per sequence quality scores
	Slajd 25: Per base N content
	Slajd 26: Sequence Length Distribution
	Slajd 27: Sequence Duplication Levels
	Slajd 28: Sequence Duplication Levels
	Slajd 29: FASTQC - przykłady
	Slajd 30: FASTQC - przykłady
	Slajd 31: Basic statistics
	Slajd 32: Per base sequence quality
	Slajd 33: Per sequence quality scores
	Slajd 34: Sequence Length Distribution
	Slajd 35: EDYCJA sekwencji      motywacja
	Slajd 36: EDYCJA sekwencji
	Slajd 37
	Slajd 38: Przyrównanie do genomu  referencyjnego
	Slajd 39: Przyrównanie do genomu  referencyjnego
	Slajd 40: Przyrównanie do genomu  referencyjnego
	Slajd 41: SAM (Sequence Alignment/Map Format)
	Slajd 42
	Slajd 43
	Slajd 44
	Slajd 45
	Slajd 46: Detekcja polimorfizmów
	Slajd 47: Detekcja polimorfizmów
	Slajd 48: Detekcja polimorfizmów  SNP
	Slajd 49
	Slajd 50
	Slajd 51: Detekcja polimorfizmów  SNP
	Slajd 52: Sens biologiczny      funkcjonalna Adnotacja
	Slajd 53: Sens biologiczny      funkcjonalna Adnotacja
	Slajd 54: Sens biologiczny      funkcjonalna Adnotacja
	Slajd 55: wizualizacja
	Slajd 56
	Slajd 57
	Slajd 58: Sens biologiczny
	Slajd 59
	Slajd 60
	Slajd 61: CEL
	Slajd 62: Journey of the patient’s genome
	Slajd 63: Wyniki
	Slajd 64
	Slajd 65
	Slajd 66: Background
	Slajd 67
	Slajd 68
	Slajd 69
	Slajd 70: NGS TOOLS & pipelines
	Slajd 71: Formaty danych - podsumowanie

