
PRZYRÓWNANIE DO GENOMU 
REFERENCYJNEGO

Analiza danych NGS

Wykład 5

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.



READS MAPPING

After the data is cleaned up, the next step is to align, the reads to a reference genome if 
it is available or conduct de novo assembly. 

Most NGS applications require reads mapping to a reference genome prior to 
conducting further analysis. 
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READS MAPPING
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Detekcja polimorfizmów genetycznych ✓

RNA-Seq: profilowanie transkryptomu ✓

Chip-Seq: Interakcje na linii białko-DNA ✓

Methyl-Seq: Epigenomika i metylacja DNA ✓

Metagenomika ✓

Poznawanie nowych genomów X

(de novo genome assembly)
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READS MAPPING

After the data is cleaned up, the next step is to align, the reads to a reference 
genome if it is available or conduct de novo assembly. 

Most NGS applications require reads mapping to a reference genome prior to 
conducting further analysis. 

The purpose of this mapping process is to locate origins of the reads in the 
genome.

Simultaneous mapping of millions of NGS reads, sometimes very short, to a 
genome is not trivial. A challenge comes from the fact that any particular genome 
from which NGS reads are derived deviates from the reference genome at many 
sites because of polymorphisms and mutation. Sequencing errors are often 
indistinguishable from true sequence deviations.
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PIPELINE
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GGTGGGAAAAA

GGGACTGATTCC

GGGAACCTTTCT
GAACCTTTCTTC

GAAAAAATTTCA

ACTGGTGGGAA

TGGGAAAAATT
CCTTTCTTCGGA

GAGAACCTTTCT

AAAGGGAACCT

AGAGAGATTTG
GACTGATTCCGA

…ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTTTGGAGCGGGACTGATTCCGAGAGAGA… 

Genom referencyjny

ACTGGTGGGAA AAAGGGAACCT
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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



• Czym jest? 
• Czy jest dostępny dla każdego gatunku? 
• Skąd go pobrać? 
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GENOM REFRENCYJNY
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POPULARNE PRZEGLĄDARKI GENOMOWE
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UCSCEnsemblNCBI



GENOME
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GENOME
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GENOME
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GENOME

ANALIZA DANYCH NGS  2024/2025 MAGDA MIELCZAREK



NCBI DOWNLOAD
FTP (FILE TRANSFER PROTOCOL)
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ENSEMBL
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 Ensembl

 EnsemblGenomes

 EnsemblFungi

 EnsemblMetazoa

 EnsemblProtists

 EnsemblBacteria

 EnsemblPlants



ENSEMBL
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Downloads→ FTP Download

FTP (File Transfer Protocol)



ENSEMBL
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Downloads → Download data via FTP



ENSEMBL

ANALIZA DANYCH NGS  2024/2025 MAGDA MIELCZAREK

Masked and unmasked genome sequences associated with the 

assembly (contigs, chromosomes etc.)

Coordinate-system string: coord_system:version:name:start:end:strand 
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UCSC
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FASTA
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Prosty i popularny → czytelny dla wielu programów do analizy bioinformatycznej

Zapis  sekwencji kwasów nukleinowych oraz białek

>gi|52693750|dbj|AB175071.1

ATGACCAACTTTCGAAAAACCCATCCATTAATAAAAATTCTTAACAACTCATTCATCGAC 

CATCAAACATTTCATCATGATGAAATTTCGGGTCCCTTCTAGGATTGTGCCTAGTAATC

Identyfikator 

sekwencji
Sekwencja



FASTA
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https://antropocene.it/



FASTA
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https://www.medianauka.pl/



FASTA
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www.inaturalist.org



PRZYRÓWNANIE DO GENOMU REFERENCYJNEGO

KROKI:

1. Obróbka genomu referencyjnego/odczytów

 „(…) computational strategy known as ‘indexing’ to speed up the mapping 

algorithms. Like the index at the end of a book, an index of a large DNA sequence 

allows one to rapidly find shorter sequences embedded within it.” (Trapnell and 

Salzberg 2009, doi:10.1038/nbt0509-455).

 Jedna operacja na 1 genom referencyjny

2. (właściwe) Przyrównanie do genomu referencyjnego
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PRZYRÓWNANIE DO GENOMU REFERENCYJNEGO

ALGORYTMY:

1. Tablica z haszowaniem:

 „Hash table on the set of input reads” 

 „Hash table on the reference genome”

2. Transformata Burrowsa-Wheelera (BWT)
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BURROWS-WHEELER TRANSFORM

To increase speed and reduce demands on computational resources, a novel approach is 

developed on the basis of Burrows-Wheeler transform and suffix trees (or arrays). BWT 

achieves better reference genome compression to enable more efficient indexing and faster 

searching.

The human genome indexed with BWT only takes 2-3 GB of computer memory, whereas the 

spaced-seed indexing approach can take over 50 GB memory. Through the use of BWT and 

suffix trees (or arrays), the run time needed for aligning million of reads to a large and 

complex genome, like the human genome, is cut from hours to minutes. 

Xinkun Wang. Next Generation Sequencing Data Analysis. 2016, CRC PRESS 
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PROGRAM BWA
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bio-bwa.sourceforge.net/
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PROGRAM BWA
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PROGRAM BWA
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bio-bwa.sourceforge.net/
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READ GROUPS
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https://gatk.broadinstitute.org/hc/en-us/articles/360035890671-Read-groups



READ GROUPS

@LH00124:42:223YYTLT3:1:1101:1832:1032 1:N:0:TCTGTTGG+CCATTCGA

ANTAGTGATTTGAGGTCTATGGTGAAAAAGAAAATATCTTCACATGAAAACTAGACAGACTGTTTCTGAG

AAACTGCTTTGTGATGTATTCATTCATCTCACATACGTAAGCATTTCTTCTTATTGACCAGATTGGAAACTCTG

TTCTTGT

+

-#-FFFF--FF-FFF-FFFFFFFFFFF-FFFFFFFFFFFFFFFFFFFFFFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFF5FFFFFFF-

FFFFFFFFFFFFFFFFFFF-FFFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF-FFF

@RG\tID:223YYTLT3_1\tPL:ILLUMINA\tPU:223YYTLT3.1\tSM:wgs_S9188Nr2\tLB:unknown
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https://gatk.broadinstitute.org/hc/en-us/articles/360035890671-Read-groups



READ GROUPS

@LH00124:42:223YYTLT3:1:1101:1832:1032 1:N:0:TCTGTTGG+CCATTCGA

ANTAGTGATTTGAGGTCTATGGTGAAAAAGAAAATATCTTCACATGAAAACTAGACAGACTGTTTCTGAG

AAACTGCTTTGTGATGTATTCATTCATCTCACATACGTAAGCATTTCTTCTTATTGACCAGATTGGAAACTCTG

TTCTTGT

+

-#-FFFF--FF-FFF-FFFFFFFFFFF-FFFFFFFFFFFFFFFFFFFFFFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFF5FFFFFFF-

FFFFFFFFFFFFFFFFFFF-FFFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF-FFF

@RG\tID:223YYTLT3_1\tPL:ILLUMINA\tPU:223YYTLT3.1\tSM:wgs_S9188Nr2\tLB:unknown
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https://gatk.broadinstitute.org/hc/en-us/articles/360035890671-Read-groups



PROGRAM BWA MEM & READ GROUPS
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bio-bwa.sourceforge.net/

MAGDA MIELCZAREK



SAM (SEQUENCE ALIGNMENT/MAP FORMAT)

header section

alignment section

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



SAM/BAM
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SAM/BAM
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CIGAR - PRZYKŁAD
samtools view -F 4 S2709Nr12.merged.bam | grep A00788:260:HV32JDMXX:2:1271:13313:3286
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Nie wszystkie odczyty muszą przyrównać się do genomu referencyjnego jak również 

jeden odczyt może zostać przyrównany do kilku miejsc w genomie.



CIGAR - PRZYKŁAD
samtools view -F 4 S2709Nr12.merged.bam | grep A00788:260:HV32JDMXX:2:1271:13313:3286

A00788:260:HV32JDMXX:2:1271:13313:3286 177   1    145   60 151M =    5438  5260

CTGGACATAAAAGAGGAATTAGCATGTGCACTCTTCAGATATAAATGCCATCAGTATTTTCCTATTAAAATGAAGCTTGTTTTCATCTCAGTGGAAATCTGTGGCTAAAGTACAACAATAGTAAT

GATAATGGTGAGGCTGTTGTACTTCA   FFFFFFFFF,:FFF:FFFFFFFFFFFF:FFFFFFFFFFF:F:FF,FF:FFFFFF:FFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

FFFFFFFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFF    NM:i:0 MD:Z:151    AS:i:151    XS:i:20 MQ:i:60 MC:Z:33S118M    ms:i:5563 

RG:Z:S2709Nr12.trimm.rg2.fixmate.srt.markdup

A00788:260:HV32JDMXX:2:1271:13313:3286 2145  1    1    60

116H35M   =    145   295  GCTTAATTTTTGTCATTTCTCACCCCTGCTCTTGA  FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF   NM:i:0 MD:Z:35 

MC:Z:151M    AS:i:35XS:i:19 SA:Z:1,5438 ,33S118M,60,0;   RG:Z:S2709Nr12.trimm.rg2.fixmate.srt.markdup

A00788:260:HV32JDMXX:2:1271:13313:3286 113   1    5438  60 33S118M   =    145   -

5260 TCAAGAGCAGGGGTGAGAAATGACAAAAATTAAGCACATAATCACGCTCAACTATATGGAAATCAGATGATAACACACATCCTTACTCATGCCTGATTTTAAGAAAATGAAGTTACT

GCTGTCTGCAGTGATGAAAATCAACCACCTTAAC FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:F    NM:i:0 MD:Z:118   AS:i:118 XS:i:20 SA:Z:1,1,+,116S35M,60,0;    MQ:i:60 

MC:Z:151M ms:i:5405  RG:Z:S2709Nr12.trimm.rg2.fixmate.srt.markdup
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Nie wszystkie odczyty muszą przyrównać się do genomu referencyjnego jak również 

jeden odczyt może zostać przyrównany do kilku miejsc w genomie.c



CIGAR - PRZYKŁAD
samtools view -F 4 S2709Nr12.merged.bam | grep A00788:260:HV32JDMXX:2:1271:13313:3286

A00788:260:HV32JDMXX:2:1271:13313:3286 177   1    145   60 151M =    5438  5260

CTGGACATAAAAGAGGAATTAGCATGTGCACTCTTCAGATATAAATGCCATCAGTATTTTCCTATTAAAATGAAGCTTGTTTTCATCTCAGTGGAAATCTGTGGCTAAAGTACAACAATAGTAAT

GATAATGGTGAGGCTGTTGTACTTCA   FFFFFFFFF,:FFF:FFFFFFFFFFFF:FFFFFFFFFFF:F:FF,FF:FFFFFF:FFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

FFFFFFFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFF    NM:i:0 MD:Z:151    AS:i:151    XS:i:20 MQ:i:60 MC:Z:33S118M    ms:i:5563 

RG:Z:S2709Nr12.trimm.rg2.fixmate.srt.markdup

A00788:260:HV32JDMXX:2:1271:13313:3286 2145  1    1    60

116H35M   =    145   295  GCTTAATTTTTGTCATTTCTCACCCCTGCTCTTGA  FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF   NM:i:0 MD:Z:35 

MC:Z:151M    AS:i:35XS:i:19 SA:Z:1,5438 ,33S118M,60,0;   RG:Z:S2709Nr12.trimm.rg2.fixmate.srt.markdup

A00788:260:HV32JDMXX:2:1271:13313:3286 113   1    5438  60 33S118M   =    145   -

5260 TCAAGAGCAGGGGTGAGAAATGACAAAAATTAAGCACATAATCACGCTCAACTATATGGAAATCAGATGATAACACACATCCTTACTCATGCCTGATTTTAAGAAAATGAAGTTACT

GCTGTCTGCAGTGATGAAAATCAACCACCTTAAC FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF:F    NM:i:0 MD:Z:118   AS:i:118 XS:i:20 SA:Z:1,1,+,116S35M,60,0;    MQ:i:60 

MC:Z:151M ms:i:5405  RG:Z:S2709Nr12.trimm.rg2.fixmate.srt.markdup
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Nie wszystkie odczyty muszą przyrównać się do genomu referencyjnego jak również 

jeden odczyt może zostać przyrównany do kilku miejsc w genomie.c



FLAG - WYJAŚNIENIE
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POST-ALIGNMENT PROCESSING
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http://www.htslib.org/workflow/

http://www.htslib.org/
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POST-ALIGNMENT PROCESSING
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http://www.htslib.org/
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POST-ALIGNMENT PROCESSING - PRZYKŁAD

samtools view

samtools merge

samtools fixmate

samtools sort 

samtools markdup

samtools index 

samtools flagstat

samtools depth

ANALIZA DANYCH NGS  2024/2025 MAGDA MIELCZAREK



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools view



FORMAT BAM

Binary Alignment/Map Format:
• binarny odpowiednik formatu SAM
• zajmuje mniej pamięci dysku (stanowi ok. 27% oryginalnego pliku w formacie SAM)

Unikamy zapisywania plików w formacie SAM! Tworzymy od razu BAM!

Uwaga! 
• „For example, mapping 8.5 TB of FASTQ files would require about 140 TB of storage for 
temporary files, while the final mapped files measure only 9.9 TB.” 
(https://doi.org/10.1093/bioinformatics/btad028)

Obsługa BAM poprzez narzędzie samtools view!
• samtools view file.bam | head
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https://doi.org/10.1093/bioinformatics/btad028


POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools merge



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools fixmate



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools sort



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools markdup



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools index



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools flagstat



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools flagstat



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools flagstat



POST-ALIGNMENT PROCESSING - PRZYKŁAD
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samtools depth
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Reference genome

Sample 2

Sample 1

POKRYCIE

http://software.broadinstitute.org/software/igv/
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• Technical errors and coverage in sequencing data

• PCR duplicates

POKRYCIE

Navin, N.E. Cancer genomics: one cell at 

a time. Genome Biol 15, 452 (2014). 

https://doi.org/10.1186/s13059-014-

0452-9

MAGDA MIELCZAREK
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Obliczenie pokrycia (po przyrównaniu)

• Skrypt własny

• coverage = (read count * read length) / total genome size.

• Samtools depth

• computes the read depth at each position or region

• samtools depth [options] [in1.sam|in1.bam|in1.cram [in2.sam|in2.bam|in2.cram] [...]]

• Bedtools

•bedtools coverage tool computes both the depth and breadth of coverage of features

•bedtools coverage / coverageBed

Średnie pokrycie genomu

POKRYCIE

MAGDA MIELCZAREK
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