OMOWIENIE STANDARDOWYCH KROKOW

W ANALIZIE DANYCH NGS




POROWNANIE METOD

SANGER SEQ NEXT GENERATION SEQ

Separate reaction for the sequencing of
STRATEGY all exons of a single gene / any piece
of the genome

One single reaction for the simultaneus analysis
of different genes / whole genomes!

Cost-effective and efficient by simultaneus and

ADVANTAGE High reliability fast analysis Relatively cheap (0.001$/1000 bp)

Expensive (0.1$ / 1000 bp)

. ) .. Interpretation of the abundance of data
Time consuming due to limited

DISADVANTAGE ) i is challenging
automation and necessity of many )

) . High coverage needed for accuracy
different reactions
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KOSZT/CZAS SEKW. CALEGO GENOMU CZLOWIEKA

O Projekt poznania genomu cztowieka

~ 13 lat ~ 15 000 000 $
o Technologia NGS
~ kilka dni ~ 2000 $
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ANALIZA ZMIENNOSCI GENETYCZNEJ ZA POMOCA WGS
POPULARNE PLATFORMY

lHlumina

*~100-250 bp

Pacific Biosciences (PacBio)
= 10-25 kb

Oxford Nanopore Technologies

* 500 bp - 2.5 Mb

... | inne
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GLOWNE ZASTOSOWANIA NGS

Detekcja mutacji i polimorfizméw genetycznych
Poznawanie nowych genoméw (de novo genome assembly)
RNA-Seq: profilowanie transkryptomu

Chip-Seq: Interakcje na linii biatko-DNA

Methyl-Seq: Epigenomika i metylacja DNA
Metagenomika

o P s Lo b =

Xinkun Wang. Next Generation Sequencing Data Analysis. 2016, CRC PRESS
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ANALIZA ZMIENNOSCI GENETYCZNEJ ZA POMOCA 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 ZMIENNOSCI GENETYCZNEJ ZA POMOCA 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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Uproszczony schemat

PIPELINE ?

[ Kontrola jakosci }

Pipeline = tancuch przetwarzania danych
P P Y P ¥
Przyréwnanie do
Uproszczony schemat genomu
referencyjnego
$
Jedno z podstawowych zagadnien w analizie danych 4 \
NGS =2 przyréwnanie do genomu referencyjnego oraz Detekcja

detekcja mutacji/polimorfizméw polimorfizméw

T
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SUROWE DANE ?

[ Kontrola jakosci }

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG ‘
AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC .
Read 1 [ Przyréwnanie do
@@ @FFDFFGHGHHFDDDGHHHDDDDHIIIJIDDIIGDDIGDDGD! genomu
(...) '
referencyjnego
(S /
——
Detekcja

polimorfizmow

A8 /
Single-end l'
IR | Sens biologiczny |

Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK




SUROWE DANE

Read 1

Read 2

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

+
@@ @FFDFFGHGHHFDDDGHHHDDDDHI113IDDIIGDDJIGDDGD!
(..)

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

DD@FF@@FGHGHHO1DDGHHHDDDDHIIIJJIDINIGDDJGDDGDD

(..)

Paired-end

Read 1 Read 2

- .coeTem

Podstawy Bioinformatyki 2024/2025

¥

[ Kontrola jakosci

|

— %

N
Przyréwnanie do
genomu

S referencyjnego
- ‘ N
Detekcja
polimorfizmow
v

—
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@SRR988073.1.1 HWI-S5T833:124:6:1101:1412:2027 length=101 |

N A AT ACA T TG TGT T TG T TAGCCAC A A T T A TEA LA A TTETTCT TTAA T TACTTCCTGT GECAGH GT GTGACGCCT FOEAL AT EAAGTCGTT
+5RR588073.1.1 HWI-5T833:124:6:1101:1412:2027 length=101
#1=DDFFFHHHHHITFHIFHIJJJIITHITJIGGHGIJIJGGHIIJIJIIEIITHCHDHIJIDFEEDC>@AC¥-5; ;; ;AC<<AB<?33"'0A:>»@ ( (580884
@SRR988073.2.1 HWI-S5T833:124:6:1101:1335:2052 length=101

AL TTAC AT T T AR T TG TAGA A G TG CTTACATA R TTACGTTGEACAL D T TALGCGCACATGTTT GACARACTARAGAAGTTTTACCARLATGTCC
+5RR588073.2.1 HWI-5T833:124:6:1101:1335:2052 length=101
CCCFFFFFHHHHHJJGHHIJJIJHIJJJIJICGFHEGEGIDITIJIITIFEHDEHJI IDGBDHHIBEGBEGEG—RDECEHCACD; ?>»;>C. ;>6;;>@; 2;

e

BSRRS8807
GAACCAGCS
+5RERS8807
<@RFFFDFH
BSRRS8807
GATAGRGGSE
+SRRGS8807
??@DDD;D:
BSRR98807
GTTTRAGCAG
+SRRGS8807
CCCFFFFFH
BSRR98E07
AGCACRGGET
+SRRS8807
CCCFFFFFF]

ESRR988073.1.2 HWI-5T833:124:6:1101:1412:2027 length=101

CEHNTATGETGCAT T T T TGAT TGECARACTTGECGACAGATGCGAT TGAT TARATTGCCTCITGGCTCTCGTCGCCECCECCEAATARAGCACGTITTTATCTG
+5RR588073.1.2 HWI-S5T833:124:6:1101:1412:2027 length=101
BE@¥#4=BDH:CFHJJJJJJIIIIIIIIIIJIIIIIIIIIGGIJIIJGIIJIJFHITIJIIJIJIJHGHHHFFFFDDDDDDDDDEEDDDDDDE
@SER988073.2.2 HWI-S5T833:124:6:1101:1335:2052 length=101

ACATAGCRL A TG ETECT T TR GATTTTTTITTAT CAR LG TGTALL ATATTGTARCACGETTCGRAAGRAR AR TTGEGTCARRAGCTARTTE
+5RR588073.2.2 HWI-5T833:124:6:1101:1335:2052 length=101

CCCFFFFFHHHHGCGHIIIJJIJHIIIIIIIITIIIIIJIDHGT JJJJJIJIJIITIJJJIJHHHFFFFDEEEEDDDDEDDDDDDDDDDDE DDDDCDDDDDDDDD
@SRR988073.3.2 HWI-5T833:124:6:1101:12%8:2057 length=101

AGCTGCCICICIIGIACRAL A L TTA R TGRAGRA LT T TR TG G AR TATCT AR TR T TAGATATGARTARCTTGRATAGTTTCGAATTTTAAT CGGR
+5RR988073.3.2 HWI-5T833:124:6:1101:1298:2057 length=101
BCRFFFFFGDHHHJFHEGIEITIDHITIRFCHGIJEHIRIGIJJIJFHDFDGIITHIHIJJIIGIJIJIIIGG-HHGGHRCGHIEEEHHHFFEFFRCC; @D
@SRROBB0T3.4.2 HWI-S5T833:124:6:1101:1475:2065 length=101

CEGCCCCACCCACT CGACCCCAGGCCACCGCCAT CCCCGCAGGACAT COGGCGGCT CAT CGCAGTCCTTGT GGCTAATATTGACATTCCTAATCTGCGCETC
+5ER988073.4.2 HWI-5T833:124:6:1101:1475:20685 length=101
BE?DDFFBHFFFHIGBBHIGGGIGIJE8FFGBHGHIIJIGGHDDDCDCAR >3 >@8<—T : »>CO??BBCCACE ( : <«A?CCCCARA4>4EBC:BR(:34:: (&5>B
@SRR988073.5.2 HWI-5T833:124:6:1101:1456:20%4 length=101

AT A AT CGRCGTTCT T AT CAAGT TOGI CT GGG T GO GAGAT CGCAT GT GARCACCGAGT CCTICTCTTGCT T TARAAGGACCGECCACATACT GTGC
+5RR588073.5.2 HWI-5T833:124:6:1101:1456:2094 length=101
BC?DFFFFGHHHHIJIJJIIJJIIJIIJJIJIJIFHGIIJEGGIJIJIGIHHHHEFCEEEEEDDDDDES ACDDDDDDDDDDACDE DADDBEDDDDDDDDDDCDNCCC
@SRR988073.6.2 HWI-S5T833:124:6:1101:1424:2119 length=101

CEAATCCGARGAGT T TAGGCTCC T TCTCCCTAC TGO G T T TAGT CCCGAT TTCCAT GTGCICT ICT OGO CT CCT GUGAT GUGGECGCCAGTCTTTGT CAR
+5RR588073.6.2 HWI-5T833:124:6:1101:1424:2119 length=101
CCCFFFFFHGHHHHAIJJJJIJTJIJJIIJIIIIIIIIIIGTIJIIJJIITHHIFHT JJJJJJJIJHHHHHHFFFDDDDDDDD ? DDDDDDDDDDDDACCEDDCADE

e
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SRRP88073_R1.fastq

SRR?88073_R2.fastq




lane2_NoIndex_L002_R1_039.
lane2_NoIndex_L002_R1_044.
lane2_NoIndex_L002_R1_025.
lane2_NoIndex_L002_R1_008.
lane2_NoIndex_L002_R2_014.
lane2_NoIndex_L002_R2_046.
lane2_NoIndex_L002_R1_028.
lane2_NoIndex_L002_R1_024.
lane2_NoIndex_L002_R1_027.
lane2_NoIndex_L002_R1_058.
lane2_NoIndex_L002_R1_029.
lane2_NoIndex_L002_R1_015.
lane2_NoIndex_L002_R2_004.
lane2_NoIndex_L002_R1_052.
lane2_NoIndex_L002_R2_023.
lane2_NoIndex_L002_R1_040.
lane2_NoIndex_L002_R2_006.
lane2_NoIndex_L002_R1_054.
lane2_NoIndex_L002_R2_003.
lane2_NoIndex_L002_R1_006.
lane2_NoIndex_L002_R1_023.
lane2_NoIndex_L002_R2_045.
lane2_NoIndex_L002_R2_013.
lane2_NoIndex_L002_R1_030.
lane2_NoIndex_L002_R2_021.
lane2_NoIndex_L002_R1_003.

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
/
7
/
/
/
/
/
/
7
/
/
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SUROWE DANE

PRZECHOWYWANIE DANYCH

total 44G 1 genom
—IrW-rw--——— . . claw le 2014

-I'w-rw-——— 1 sx rda upwroclaw - le 2014
-rw-rw---- 1 szyda upwroclaw le 2014

-rw-rw-—--—-— 1 szyda upwroclaw le 2014
-rw-rw---- 1 szyda upwroclaw le 2014
-rw-rw---- 1 szyda upwroclaw le 2014
-rw-rw-—-—— 1 szyda upwroclaw le 2014
-rw-rw---- 1 szyda upwroclaw le 2014
—rw-rw--——— 1 szyda upwroclaw le 2014

HHEHRFRRFRFRFF-
o el R e R e e R el

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

AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC
+

@@ @FFDFFGHGHHFDDDGHHHDDDDHII1JIDDIIGDDJIGDDGD!
(..))

@EAS139:136:FC786V]:2:2184:15343:197393 1:Y:18:ATCACG

EAS139 the unigue instrument name
136 the run id
FCT06VJ the flowcell id
2 flowcell lane
2104 tile number within the flowcell lane
15343 |'x'-coordinate of the cluster within the tile
197393 |'y'-coordinate of the cluster within the tile
1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y Y if the read is filtered, N otherwise
18 0 when none of the control bits are on, otherwise it is an even number

ATCACG index sequence

Podstawy Bioinformatyki 2024/2025
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Q: —10 logIOP ‘

KODOWANIE JAKOSCI

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

AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC
+

@@ @FFDFFGHGHHFDDDGHHHDDDDHI113IDDIIGDDJIGDDGD!
(..)

Phred Quality Score Error Accuracy (1 - Error)
10 1/10 =10%

1/100 = 1%

1/1000 = 0.1%

1/10000 = 0.01%
/100000 = 0.001%

1/1000000 = 0.0001%

MAGDA MIELCZAREK




NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNG . e s s e s s s s s s s nsaassassnsasnnnsnnsss
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP
1" #$%8&" () *+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]" ~abcdefghijklmnopgrstuvwxyz{ |}~

-
—
—r
e
= _
Sy
(4°)
-
=,
=.
=}
(4~]
oo
=]
(=)
—_—
(d=]
Sl
=
=,
=

33 59 64 73 88 104 126
Bt ittt st s s 26...31....... 49 -
-5 (%] 9 40 L:/>1
..................................... Y
. D ittt s 40 =
—
=)
-
3
#ocococoocoococooooe Ao cocoooc s¥)cococooc 49........ 50 =
Bocococoocoococooooe 2Pcoaooo0oc 3. ..., s cocoocc 58 55
e 20,0000 1 40, 0o vv v ns 1 93
S - Sanger Phred+33, raw reads typically (@, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (@, 40)

N - Nanopore Phred+33, Duplex reads typically (@, 50)
E - ElemBio AVITI Phred+33, raw reads typically (@, 55)
P - PacBio Phred+33, HiFi reads typically (@, 93)




JAKOSE NUKLEOTYDOW [ Sorowebane |

¥

[ Kontrola jakosci }

@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG ‘
AGAAATGCCAGGCTAGATGAGTTACAATCTAGTATCAAGATAGGC . D

Read 1 [ Przyréwnanie do
@@@FFDFFGHGHHFDDDGHHHDDDDHIIIJJDDIIIGDDIGDDGD! genomu
(...) .

referencyjnego

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

Read 2 \ Ve N
DD@FF@@FGHGHH01DDGHHHDDDDHII1JJJIDIIGDDIGDDGDD Detekcja

(..)

polimorfizmow

Sy
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KONTROLA JAKOSCI —‘
T RR— [ Kontrola jukosci }
@ Basic Statistics s aross & Przy rownanie do
Per base sequence quality g enomu
; .

5 referencyjnego y
—
Detekcja
polimorfizmow

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

FASTQ C —> Kontrola jako$ci danych

—> Graficzne przedstawienie sekwencji

2 —> Tworzenie raportu
é% Babraham Bioinformatics —> Brak mozliwosci filtracji danych

Institute

About | People | Services | Projects | Training | Publications

FastQC

Function A quality control tool for high throughput sequence data.

The main functions of FastQC are

Import of data from BAM, SAM or FastQ files {(any variant)

Providing a quick overview to tell you in which areas there may be problems

Ssummary graphs and tables to quickly assess your data

Export of results to an HTML based permanent report

Offline operation to allow automated generation of reports without running the interactive application

Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK



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

FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant)
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data

Export of results to an HTML based permanent report
Offline operation to allow automated generation of reports without running the interactive appli

Documentation

A copy of the FastQC documentation is available for you to try before you buy (well download..).

Example Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated run
Small RNA with read-through adapter
Reduced Representation BS-Seq
PacBio

Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK



FASTQC

- PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAN
Providing a quick overview to t
Summary graphs and tables tc
Export of results to an HTML b
Offline operation to allow autor

Documentation

A copy of the FastQC documentation i

Example Reports

Good lllumina Data

Podstawy Bioinformatyki 2024/2025

Bad lllumina Data

Adapter dimer contaminated
Small RNA with read-through ¢
Reduced Representation BS-S
PacBio

454

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

Summary

@ Basic Statistics

@ Per base sequence quality

@ Per tile sequence guality

@ Per sequence quality scores

@ Per base sequence content

@ Per sequence GC content

@ Per base N content

@Sen uence Length Distribution

@Sen uence Duplication Levels

@ Overrepresented sequences

@Adanter Content

Summary

@ Basic Statistics

@ Per base sequence quality

@F‘er tile sequence quality

@ Per sequence quality scores

7

F b Y
'-,,\. .,.' Per base sequence content

| .f.'F’er sequence GC content

-

@ Per base N content

@Se{] uence Length Distribution

7

F N _ .
'-,,\. .,.'Sequence Duplication Levels

."-I-. .\\.
' Overrepresented sequences

L

@Adanter Content

MAGDA MIELCZAREK




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

BASIC STATISTICS

@Basic Statistics

Filename bad sequence

@Basic Statistics

Measure Value

Filename good_sequence_short.txt

File type Conventional base calls File type Conventional base calls

Encoding Illumina 1.5 Encoding Illumina 1.5

Total Sequences Total Sequences 10528

Seguences flagged as poor quality

Sequences fTlagged as poor quality

Sequence length

Sequence length

Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK



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

PER BASE SEQUENCE QUALITY

Quality scores across all bases (llumina 1.5 encoding) Quality scores across all bases (llumina 1.5 encoding)

!!-lll-lllllllllll.lllll..l..l=
TTI1TT1 TR THNT

1 23456 7 8 810 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 1 234567 8 810 12 14 16 18 20 22 24
Position in read (bp) Position in read (bp)
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

PER SEQUENCE QUALITY SCORES

Quality score distribution over all sequences Quality score distribution over all sequences

Average Quality per read Awverage Quality per read

234538 7 8 910 12 14 18 13 20 22 24 28 28 30 32 34 38 38 2 3 4 5 &8 7 8 9 1011 121314 1316 17 18 1% 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Mean Sequence Quality (Phred Score) Mean Sequence Quality (Phred Score)
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

PER BASE N CONTENT

N content across all bases M content across all bases

dahANEEREBE

1 23453567 8810 12 14 1l 15 20 22 24 2g 28 a2d 32 24 3G 38 40 1 2345678910 12 14 16 13 20 22 24 26 28 30 32 34 35 38 40
Position in read (bp) Position in read (bp)
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

SEQUENCE LENGTH DISTRIBUTION

Distribution of segquence lengths over all sequences Distribution of sequence lengths over all sequences

Seguence Length Sequence Length

40 40
Seguence Length (bp) Sequence Length (bp)
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

SEQUENCE DUPLICATION LEVELS

Percent of seqs remaining if deduplicated 94.81% Percent of segs remaining if deduplicated 69.11%

% Deduplicated seguences % Deduplicated sequences
% Total sequences % Total sequences

T T

7 2 G =10 =50 =100 =500 =1k =5k =10k 7 3 g =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level Sequence Duplication Level
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

SEQUENCE DUPLICATION LEVELS

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.

Fercent of seqs remaining if deduplicated 69.11%

% Deduplicated seguences
% Total sequences

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

FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant)
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data

Export of results to an HTML based permanent report
Offline operation to allow automated generation of reports without running the interactive appli

Documentation

A copy of the FastQC documentation is available for you to try before you buy (well download..).

Example Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated run
Small RNA with read-through adapter
Reduced Representation BS-Seq
PacBio
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant) o bttt
Providing a quick overview to tell you in which areas there may be prot
Summary graphs and tables to quickly assess your data @ Per base sequence quality
Export of results to an HTML based permanent report N
Offline operation to allow automated generation of reports without runn @ Per sequence quality scores

Documentation @ Per base sequence content

A copy of the FastQC documentation is available for you to try before you buy | @le

@ Per base N content

Example Reports
_ | )Sequence Length Distribution
Good lllumina Data -

Bad lllumina Data @ Sequence Duplication Levels
Adapter dimer contaminated run

Small RNA with read-through adapter @EWerrepregenle:j sequences
Reduced Representation BS-Seq

PacBio @Adapter Content
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

BASIC STATISTICS

@Basic Statistics

Filename

File type Conventional base calls
Encoding 5 er / Illumina 1.9
Total Sequences

Sequences flagged as poor quality

Sequence length

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

PER BASE SEQUENCE QUALITY

Quality scores across all bases [Sanger f lllumina 1.9 encoding)

0-3390 4200-4399 5200-5398 6200-6389

Fosition in read |bp|
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

PER SEQUENCE QUALITY SCORES

il Quality score distribution owver all sequences

Average Quality per read

4 5 <] 7

Mean Seguence Quality [(Phred Score)
Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK




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

SEQUENCE LENGTH DISTRIBUTION

Distribution of sequence lengths over all sequences
Segquence Length

16000
14000

12000

|000

G000

AQQ0

[
2000

10000

0-188 &00-798 1400-1599  2200-2399 4600-47859  5400-5599 6200-6359

Seguence Length [bp)
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EDYCJA SEKWENCII

> MOTYWACJA

Btedne dane mogqg prowadzi¢ do:
=wolniejszego dziatania oprogramowania
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Czyszczenie danych:
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@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG
AGAAATGCCAGGCTAGATGAGTTACAATCNAGTATCAAGATAGGC

+
@@ @FFDFFGHGHHFDDDGHHHDDDD44#$%&,344+400/01234
(..)

Quality scores across all bases (lllumina 1.5 enceding)

Fosition in read | bp
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@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG
GTTAGCGCGCGGCTAGATGAGTTACAATCNAGTATCAAGATAGGAAAAAA

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

(..)

Oryginalny odczyt = 51 bp

1. Homopolimery?
TTAGCGCGCGGCTAGATGAGTTACAATCNAGTATCAAGATAGG
2. Nieznane zasady?

TTAGCGCGCGGCTAGATGAGTTACAATC AGTATCAAGATAGG
3. Jakos§¢ ponizej 20?

TTAGCGCGCGGCTAGATGAGTTACAA

Sekwencja po czyszczeniv = 26 bp
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ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTTTGGAGCGGGACTGATTCCGAGAGAGA...
Genom referencyjny
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PRZYROWNANIE DO GENOMU
REFERENCYINEGO

ACTGGTGGGAA
ACTGGTGGGAA
GGTGGGAAAAA
TGGGAAAAAAT
GAAAAAATITCA
GGGACTGATICC
GACIGATTCCGA

ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTTTGGAGCGGGACTGATTCCGAGAGAGA... —

Genom referencyjny
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PRZYROWNANIE DO GENOMU " SwoweDane |
REFERENCYJNEGO ¥

Kontrola jukosci
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Przyréwnanie do

Table 1 The characteristics of suffix array-based alignment to the reference genome software

Indeximng  Output formats Supported platforms  O'perating system g enomvu
(]
_ - — — referencyjnego
Bootie Cenome NMhurmira, ABI Limx, Macimtosh,
SOLD Windows, Soleris
Bowtield Genorme Muming, 434, Ton Limux, Macintosh, Windows
Torrent / \
lhmmiza, 454, a
Ton Torrent Dete kC I a
[ (] / &
polimorfizmow

T

Podstawy Bioinformatyki 2024/2025 MAGDA MIELCZAREK




SAM (SEQUENCE ALIGNMENT/MAP FORMAT)

header section

VH:11.0
SHNichr20 LN:62435964
ID:1L1l PUISC 1 10 LBiSC 1 SMiNA12891
IDi1L2 PUISC 2 12 LBiSC 2 SMiNA12891
d 28833 29006 6945 99 chr20 28833 20 10M1D25M

== ]
Lh
)

H
G361 no

AGCTTAGCTAGCTACCTATATCTTGGTCTTGGCCG

NMi1i1tl RGi1Z1Ll

read 28701 28881 323b 147 chr20 28834 30 35M 28701 -168
A\ CCTATATCTTGGCCTTGGCCGATGCGGCCTTGCA )
MF11:1l8 RGeZ1L2

alignment section
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read 28833 29006 6945 99 chr20 28833 20 10M1D25M = 28993 155
AGCTTAGCTAGCTACCTATATCTTEETCTTEGECICE <<l 1<9/f gl g 22 p== A
MMii:l BEG1ZiLl

read_EB?ﬁl_EBBBl_EESD 147 chr20 28834 30 35M = ZB701 —-188 %
ACCTATATCTTGICCTTGECCGATGCGECCTTGCA <<<<<jp<<=<<Tj p<<<§ p <<=l Tl N SAM/BAM
MFi1i:l8 R3:Z:1L2

The alignment section consists of multiple TAB-delimited lines with each line describing an alignment. Each line is:

<QNAME> <FLAG> <RNAME> <P0OS> <MAPQ> <CIGAR> <MRNM> <MPOS> <ISIZE> <SEQ> <QUAL> \
[€TAG>1<VTYPE>1<VALUE> [...]]

Regular expression Description
[~ \tAn\r]+ Query pair NAME if paired; or Query NAME if unpaired 2
[0-9]+ bitwise FLAG (Section 2.2 2)
[~ \t\n\re=]+ Reference sequence NAME 2

[0-97+ 1-based leftimost POSition/coordinate of the clipped sequence

[0-97+ MAPping Quality (phred-scaled posterior probability that the mapping
position of this read is incorrect) 4

([0-9]+[MIDNSHP])+|\* extended CIGAR string
[~ \th\n\rel+ Mate Reference sequence NaMe; =" if the same as <RNAME> 3

[0-9]+ [0,229-1] 1-based lefimost Mate POGSition of the clipped sequence
-7[0-9]+ [-228 229] linferred Insert SIZE 2

[2CQLNACGTN.=]+|\* query SEQuence; “=" for a match to the reference; n/N/. for ambiguity;
cases are not maintained 87

[1—~]+]|\> [0,93] query QUALIty; asc11-33 gives the Phred base quality 87
[A-Z][A-Z0-9] TAG

[ARifZH) Value TYPE

[~\EAn\r]+ maich <vT¥PE=> (space allowed)
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HWI-1KL157:58:D2FVAACXX:2:2313:3871:71331 147 Chr1533794413 50 10IM =
33794252  -262
GCTCAGCTTTCTTCACAGTCCAACTCTCACATCCATACATGACCACTGGAAAAACCATAGCCTTGACTGGACGGACCT
TTGTTAGAGGTTGCTAAAGACTG

DBACCDDCDDDDCC>DECDDC(@);?3?3HAHGEJHHEFHDAF(@ CF=EDEEGDGG(@IGF@HEHGCGIIIIG
GDIHFGIIJIENJIGG?FHHHFDDDD@ @ @ NM:i:2 AS:i:91 XS:i:83 RG:Z:D2FVAACXX_2

(i | egr oo

VtAnhr]+ UUr-rw.r pair NAME if penred or Query NAME if unpaired 2

(0271 [bwise FLAG (Secton 222

Vt\n\ré=1+ - Reference sequence NAME 3

0,225-1] 1-based leftmost POSition/coordinate of the clipped sequence

MAPQ [[0-9]+ [0,28-1] |[MAPping Quality (phred-scaled posterior probability that the mapping
pﬂaiti::m of this read iIs incorrect) 4

CIGAR |([0-9]+[MIDNSHP])+|\* e:ﬂended CIGAR string
- [~ \t\n\rej]+ Mate Reference sequence NaMe; =" if the same as <RNAME> 3

[0,229-1] 1-based lefimost Mate POGSition of the clipped sequence

2T 0— 20 229] linferred Insert SIZE 8

SEQ [2CQLNACGTN.=]+|\* guery SEQuence; “=" for a match to the reference; n/N/. for ambiguity;
cases are not maintained 87

0 ! o [0,93] query QUALIty; asc11-33 gives the Phred base quality 87
eI A
vrvee(airze) | [valueTYPE

[“A\EAn\C ]+ - match <vTYPE> (space allowed)

SAM/BAM
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HWI-1KL157:58:D2FVAACXX:2:2313:3871:71331 147 Chr1533794413 50 10IM =
33794252  -262
GCTCAGCTTTCTTCACAGTCCAACTCTCACATCCATACATGACCACTGGAAAAACCATAGCCTTGACTGGACGGACCT
TTGTTAGAGGTTGCTAAAGACTG

DBACCDDCDDDDCC>DECDDC@);?3?3HAHGEJHHEFHDAF(@ CF=EDEEGDGG(Q@IGF@HEHGCGIIIIG
GDIHFGIIJIENJIGG?FHHHFDDDD@ @ @ NM:i:2 AS:i:91 XS:i:83 RG:Z:D2FVAACXX_2

SAM/BAM

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

Decoding SAM flags

Switch to mate | Toggle firstin peir / second in peir

Find SAM flag by property:
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https://broadinstitute.github.io/picard/explain-flags.html

HWI-1KL157:58:D2FVAACXX:2:2313:3871:71331 147 Chr1533794413 50 10IM =
33794252  -262
GCTCAGCTTTCTTCACAGTCCAACTCTCACATCCATACATGACCACTGGAAAAACCATAGCCTTGACTGGACGGACCT
TTGTTAGAGGTTGCTAAAGACTG

DBACCDDCDDDDCC>DECDDC(@);?3?3HAHGEJHHEFHDAF(@ CF=EDEEGDGG(@IGF@HEHGCGIIIIG
GDIHFGIIJIENJIGG?FHHHFDDDD@ @ @ NM:i:2 AS:i:91 XS:i:83 RG:Z:D2FVAACXX_2

(i | egr oo

VtAnhr]+ UUr-rw.r pair NAME if penred or Query NAME if unpaired 2

(0271 [bwise FLAG (Secton 222

Vt\n\ré=1+ - Reference sequence NAME 3

0,225-1] 1-based leftmost POSition/coordinate of the clipped sequence

MAPQ [[0-9]+ [0,28-1] |[MAPping Quality (phred-scaled posterior probability that the mapping
pﬂaiti::m of this read iIs incorrect) 4

CIGAR |([0-9]+[MIDNSHP])+|\* e:ﬂended CIGAR string
- [~ \t\n\rej]+ Mate Reference sequence NaMe; =" if the same as <RNAME> 3

[0,229-1] 1-based lefimost Mate POGSition of the clipped sequence

2T 0— 20 229] linferred Insert SIZE 8

SEQ [2CQLNACGTN.=]+|\* guery SEQuence; “=" for a match to the reference; n/N/. for ambiguity;
cases are not maintained 87

0 ! o [0,93] query QUALIty; asc11-33 gives the Phred base quality 87
eI A
vrvee(airze) | [valueTYPE

[“A\EAn\C ]+ - match <vTYPE> (space allowed)

SAM/BAM
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DETEKCJA POLIMORFIZMOW
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® Insertions/Deletions INDEL
® Copy Number Variations CNV
® Loss of Heterozygosity LOH
® Inversions INV
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DETEKCJA POLIMORFIZMOW S
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ACTGGTGGGGAAAAATTTCAAAAGGGAACCTTTCTT GGAGCGGGACTGATTCCGAGAGAGA... i

Genom referencyjny
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Table 3 The characteristics of SWP calling software Przy réwnu n ie d 0
Wame Inpwai formats  Oueput formats  Realignment  Recalibration  Single- Called varianis Oiperating sysiem

smle genomu

Atlas-SNP2 "C + SNPs Linux f °
GATE " + SNPs, InDels Linux re erency‘ nego

(UnifisdGenotyper)

| _ 8 J
SAaNools A ' SNPs, nDels Linux
[sarmtacls mpileun)
— —

A Ver ' ENPs, InDiels Linux, Macintosh,

Mo Detekcja
Text forrnat, Linux

[ [ / &
GLFv2 polimorfizmow
Pileapmpilenp  Text formnat, SMPs, InDels, CA  Linax, Macmtbosh, k /

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

This example shows (in order): a good simple SNP, a possible SNP that has been filtered out because its quality is
below 10, a site at which two alternate alleles are called, with one of them (T') being ancestral (possibly a reference
sequencing error), a site that is called monomorphic reference (i.e. with no alternate alleles), and a microsatellite with
two alternative alleles, one a deletion of 2 bases (T'C), and the other an insertion of one base (T'). Genotype data are
given for three samples, two of which are phased and the third unphased, with per sample genotype quality, depth
and haplotype qualities (the latter only for the phased samples) given as well as the genotypes. The microsatellite

calls are unphased.

#tfileformat=VCFv4.2

##tfileDate=20090805

#tsource=myImputationProgramV3.1
##reference=file:///seq/references/1000GenomesPilot-NCBI36.fasta

##tcontig=<ID=20,length=62435964,assembly=B36 ,md5=f126cdf8a6e0c7f379d618ff66beb2da,species="Homo sapiens",taxonomy=x>

##tphasing=partial

##INFO=<ID=NS,Number=1,Type=Integer ,Description="Number of Samples With Data">
## INFO=<ID=DP,Number=1,Type=Integer,Description="Total Depth">

## INFO=<ID=AF ,Number=A,Type=Float,Description="Allele Frequency">

## INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">

## INFO=<ID=DB,Number=0,Type=Flag,Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membership">
##FILTER=<ID=q10,Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50}, of samples have data">
##FORMAT=<ID=GT ,Number=1,Type=String,Description="Genotype">
##FORMAT=<ID=GQ ,Number=1,Type=Integer ,Description="Genotype Quality">
##FORMAT=<ID=DP ,Number=1,Type=Integer ,Description="Read Depth">
##FORMAT=<ID=HQ ,Number=2,Type=Integer ,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT

20 14370 rs6054257 G A 29 PASS NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ
20 17330 . T A 3 ql0 NS=3;DP=11;AF=0.017 GT:GQ:DP:HQ
20 1110696 rs6040355 A G,T 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ
20 1230237 . T a7 PASS NS=3;DP=13; AA=T GT:GQ:DP:HQ

20 1234567 microsatl GTC G,GTCT 50 PASS NS=3;DP=9; AA=G

GT:GQ:DP

NAOOOO1
010:48:1:51,51
010:49:3:58,50
112:21:6:23,27
010:54:7:56,60
0/1:35:4

(body)

NAQOOOZ

NAOOOO3

1/0:48:8:51,51 1/1:43:

011:3:5:65,3
211:2:0:18,2

0/0:41:
2/2:35:

0]10:48:4:51,51 0/0:61:

0/2:17:2

1/1:40:

polimorphisms



#(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

#tfileformat=VCFv4.2

##fileDate=20090805

#tsource=myImputationProgramV3.1
##reference=file:///seq/references/1000GenomesPilot-NCBI36.fasta
##tcontig=<ID=20,length=62435964,assembly=B36 ,md5=f126cdf8a6e0c7f379d618ff66beb2da,species="Homo sapiens",taxonomy=x>
##tphasing=partial

##INFO=<ID=NS,Number=1,Type=Integer ,Description="Number of Samples With Data">
## INFO=<ID=DP,Number=1,Type=Integer,Description="Total Depth">

## INFO=<ID=AF ,Number=A,Type=Float,Description="Allele Frequency">

## INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Allele">

## INFO=<ID=DB,Number=0,Type=Flag,Description="dbSNP membership, build 129">
##INFO=<ID=H2,Number=0,Type=Flag,Description="HapMap2 membership">
##FILTER=<ID=q10,Description="Quality below 10">
##FILTER=<ID=s50,Description="Less than 50}, of samples have data">
##FORMAT=<ID=GT ,Number=1,Type=String,Description="Genotype">

##FORMAT=<ID=GQ ,Number=1,Type=Integer ,Description="Genotype Quality">
##FORMAT=<ID=DP ,Number=1,Type=Integer ,Description="Read Depth">
##FORMAT=<ID=HQ ,Number=2,Type=Integer ,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NAOOOO1 NAQOOOZ NAOOOO3

20 14370 rs6054257 G A 29 PASS NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ 0/0:48:1:51,51 1/0:48:8:51,561 1/1:43:5:
20 17330 . T A 3 ql0 NS=3;DP=11;AF=0.017 GT:GQ:DP:HQ 0/0:49:3:58,50 0/1:3:5:65,3 0/0:41:3
20 1110696 rs6040355 A G,T 67 PASS NS=2;DP=10;AF=0.333,0.667; AA=T;DB GT:GQ:DP:HQ 1(2:21:6:23,27 2|1:2:0:18,2 2/2:35:4
20 1230237 . T . a7 PASS NS=3;DP=13; AA=T GT:GQ:DP:HQ 0|0:54:7:56,60 0/0:48:4:51,51 0/0:61:2
20 1234567 microsatl GTC G,GTCT 50 PASS NS=3;DP=9; AA=G GT:GQ:DP 0/1:35:4 0/2:17:2 1/1:40:3
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Variant Effect Predictor @ genomu

€ VEP for Human GRCh37

If you are looking for VEP for Human G refe re n CYI n eg o

g "

Name for this job (optional): Dete kCiu

Either paste data: | . pOIimOT'ﬁzm()W
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Category

Variants processed
Variants filtered out
Movel [ existing variants
Overlapped genes

Overlapped transcripts

5(83.3)/ 1 (16.7)
10
70

Cverlapped regulatory features 1

Results preview

Page: 10of 1

Show/hide columns

Uploaded variant

Location

Show: All variants

Consequences (all)

Uploaded variant

Consequence

1_160283_duplication
160282

1_ 160283 duplication
160282

1_160283_duplication
160282

1_160283_duplication
160282

1_182712_A/C
182712

1_182712_A/C

1_182712_A/C

1_182712_A/C
182712

1:160282-

1:160282-

1:160282-

1:160282-

&
duplication

duplication

duplication

duplication

1:182712-

1:182712-

upstream_gene variant

non_coding_transcript

exon variant,

upstream_gene_variant: 22%
intron_wvariant. 13%
non_coding_transcript_variant. 12%
feature_truncation: 11%
non_coding_transcript_exon_varial
frameshift_variant: 8%
MMD_transcript_variant. 7%
downstream_gene_variant. 7%
3_prime_UTRE_variant: 5%

Others

Impact Symbol

Coding consequences

frameshift_variant: 64%
stop_lost 14%
coding_sequence_variant: 14%
missense_variant 7%

Y Download

All:

VCF VEP TXT

BioMart: Variantsf Genes@

Feature type

MODIFIER ~ RMUB-

1100P

MODIFIER RP11-

intron_variant,

non_coding_franscript_variant

non_coding_transcript

exon_variant,

34P13.13

MODIFIER  RP11-

intron_wvariant.

non_coding_franscript_variant

non_coding_transcript

exon variant.

34P13.13

MODIFIER  RP11-

intron_wvariant,

non_coding_transcript_variant

downstream_gene variant

downstream_gene variant

downstream_gene_variant

34P13.9
MODIFIER  FO538757.1
MODIFIER  FO538757.1
MODERATE FO538757.2

MODIFIER  FO538757.1

Feature

ENSG00000222623

ENSG00000241860

ENSG00000241860

ENSG00000241559

ENSGO00000273457

ENSGO00000279457

ENSGO00000275528

ENSG00000279457

Transcript

Transcript

Transcript

Transcript

Transcript
Transcript
Transcript

Transcript

ENSTO00000410691

ENSTO00000466557

ENST000004591962

ENST00000496488

ENST00000623083

ENST00000623834

ENST00000624431

ENSTO00000624735

Biotype

snRMNA

lincRMA

lincRMA

lincRMNA

protein_coding
protein_coding
protein_coding

protein_coding
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|Reference |-r gi|224581838|ref NC_002125.1| v |ref|NC_CI]_2125.1|:E 414 G952 414 ?TE||Gn- i) @5- (eI REARRARNN §

- 70 bp

i TINN b 2 414 TI b I 414 TI0 hp 2413 T30 bp 2 314 T4l bhp IA1ATED bp 2414 TR bp 2 414 TH hp

Covarage

.

pllla N

C
T
L
T

TGGTTTATCCCTGC ATTTTATTTCAGE TCACSCT C TTATCG TGGETACAGCATCEGTCGGC TGLGTTACL
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SENS BIOLOGICZNY% MEDYCYNA PERSONALIZOWANA

doi: 10.2217/pme 14.34

The road from next-generation sequencing to personalized medicine

Manuel L. Gonzalez-Garay

Author information » Copyright and License information

See other articles in PMC that cite the published article.

Abstract

Go to: [+

Moving from a traditional medical model of treating pathologies to an individualized predictive and
preventive model of personalized medicine promises to reduce the healtheare cost on an overburdened and
overwhelmed system. Next-generation sequencing (NGS) has the potential to accelerate the early detection
of disorders and the identification of pharmacogenetics markers to customize treatments. This review
explains the historical facts that led to the development of NGS along with the strengths and weakness of
NGS. with a special emphasis on the analytical aspects used to process NGS data. There are solutions to 2
the steps necessary for performing NGS in the clinical context where the majority of them are very
efficient, but there are some crucial steps in the process that need immediate attention.

Keywords: CADD., functional prediction program, genomics, GWAVA, NGS, personalized medicine,
workflow management system

The current medical model focuses on the detection and treatment of pathologies. Treating disorders,
especially on advanced states. is very expensive for patients and society in general. Sereening for five of
the most common disorders in the USA (cardiovascular disorders. stroke. cancer. chronic obstructive
pulmonary disease and diabetes) could protect millionp of lives and reduce the healtheare deficit [1].
Tailoring drug therapies by practicing personali ine (PM) has the potential to improve treatment

of cancer and save lives by preventing drug-rel ! A new technology. next-generation

sequencing (NGS), has the potential to accelera detection of disorders and to detect

pharmacogenetics markers to customize treatments [2].
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Use of NGS to diagnose human disorders Goto (@

the major concerns of medical diagnosis is to identify genes and mutations responsible for human

» Early identification of causative mutations enables the early detection of a myriad of disorders.

living in an age of high healthcare cost. Early detection of genetic disorders, carrier status, genetic
predispositions for cancer and cardiovascular disease could potentially reduce the healtheare cost.

The first proof of conecept that the NGS technology could be used to detect genetic disorders was provided
by Shendure’s group on September 2009 [225]. A few months later. the same group reported the detection
of the first recessive disorder (Miller syndrome) detected by whole-exome sequencing (WES) [226]. These
two papers marked a new era where NGS became the preferred tool for rare Mendelian disease gene
identification. There are several excellent reviews that describe the exponential growth in disease gene
identification that started in 2010 [227-229]. Up to 27 February 2014, the number of genes with
phenotype-causing mutations has reached 3162 according to online Mendelian inheritance in man (OMIM)
Mgene map statistics [230]. In a recent review, Rabbani et al. estimated that from January 2010 to May
2012, over 100 causative genes in various Mendelian disorders have been identified by means of exome

sequencing [231].

WES is now a valid and standard diagnostic approach for the identification of molecular defects in patients
with suspected genetic disorders. This fact was demonstrated last year by a publication in the New England
Jowrnal of Medicine by the Medical Genetics Laboratory group of Baylor College of Medicine. The group
reported the WES sequencing of 250 probands referred by physician, 98% of the cases were billed to the
msurance. They reported a 25% molecular diagnostic rate (62 cases) [232]. In September 2013, the NIH
funded four groups to explore the use of NGS for newbom sereening [233]. With the cost per genome
getting close to the USS1000, it is becoming affordable to get sequenced at an early age. allowing for
reanalysis of our genetic information at multiple intervals during the life of a person (Figure 3). A recent
review outlines the approach, challenges. and benefits of such sereenmg for adult genetic disease risks [2].
published a proof of concept project aimed to evaluate the benefits of screening healthy

. Our pilot project demonstrated that when WES 1s combined with medical and family

1gs are substantial. In a cohort of 81 unrelated individuals. we identified 271 recessive risk
alleles (214"genes). 126 dominant risk alleles (101 genes) and three X-recessive risk alleles (three genes).
In addition. we linked personal disease histories with causative disease genes in 18 volunteers [234].
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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

Patients provided written informed consent for
WGS analysis.

Patient /~ ~ "\
management | sCaomn?)?g tcgrl.ll(gction
Cenomic tumor DNA was extracted from tumor and normal

advisory board | [0 ) (blood) samples using standardized protocols
o Review 7~ &) oA o and samples were submitted for WGS, which
scientist \ '/ was performed on an lllumina 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.
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Automated [
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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.

*glejok wielopostaciowy, migsak ,rak jajnika
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Abstract

Next-generation sequencing technologies have enabled a dramatic expansion of clinical
genetic testing both for inherited conditions and diseases such as cancer. Accurate variant
calling in NGS data is a critical step upon which virtually all downstream analysis and
interpretation processes rely. Just as NGS technologies have evolved considerably over the
past 10 years, so too have the software tools and approaches for detecting sequence variants in
clinical samples. In this review, I discuss the current best practices for variant calling in
clinical sequencing studies, with a particular emphasis on trio sequencing for inherited
disorders and somatic mutation detection in cancer patients. I describe the relative strengths
and weaknesses of panel, exome, and whole-genome sequencing for variant detection.
Recommended tools and strategies for calling variants of different classes are also provided,
along with guidance on variant review, validation, and benchmarking to ensure optimal
performance. Although NGS technologies are continually evolving, and new capabilities (such
as long-read single-molecule sequencing) are emerging, the “best practice” principles in this

review should be relevant to clinical variant calling in the long term.
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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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OPIS TESTU

' jest testem przesiewowym, nie jest testem
diagnostycznym. Jego dziatanie polega na izolowaniu cfDNA
(w tym zaréwno matczynego, jak i ptodowego DNA) z probki
krwi matki i wykonywaniu sekwencjonowania catego genomu
przy uzyciu technologii sekwencjonowania nowej generacji.

Unikalne odczyty kazdego chromosomu sg obliczane i

poréwnywane z _omalnq probka ‘kontrolnq stanowigca S REIRCEE T

punkt odniesienia. Dane sa analizowane przy uzyciu e
Trisomia 21 99,17%

zastrzezonych algorytmow bioinformatycznych BGI iocena jest = S—r T
sporzadzana tylko dla badanych warunkdw. Badania powinny — 99 9%
by¢ zawsze zamawiane przez wykwalifikowanego pracownika ———— T ;
stuzby zdrowia a wyniki omawiane z pacjentem. Badanie B

: . : : : : CNV
nie moze byc stosowane jako jedyna podstawa do diagnozy = AR

lub innej decyzji w sprawie leczenia cigzy. ldentyfikacja pici o P e e e

polega na izolowaniu DNA wolnego od komérek (w tym
zaréwno matczynego, jak i ptodowego DNA) z probki krwi
matki, a nastepnie molekularnych badan genetycznych w celu
okreslenia wzglednych ilosci chromosomu Y.

ZASTRZEZENIA

Test NIFTY Pro™ NIE jest testem diagnostycznym, wyniki sg przeznaczone do wykorzystania informacyjnego, dlatego nie mozna
wykluczy¢ wynikow fatszywie dodatnich i falszywie ujemnych. Wydajnos¢ “Inne ustalenia” nie zostata w petni zweryfikowana,

ale dane w ponizszej tabeli moga by¢ wykorzystane do celow lnformacyjnych W tym tescie wykryto 84 rodzaje zespotow del/

dup. Niektére z choréb na liscie zespotéw del/dup moga byé réwniez spowodowane przez inne czynniki genetyczne, NIFTY
ProTM tylko wykrywa i analizuje konkretny fragment zgodnie z autoryzowanymi bazami danych. Wykrywanie chromosomu Y
zawarte w niniejszym raporcie nie moze by¢ wykorzystywane do diagnozowania ptci ptodowej lub choréb zwigzanych z ptcig i
jest wykorzystywane wytacznie jako dodatkowe informacje do analizy referencyjnej. Potencjalne zrodta niedoktadnego wyniku
badania moga obejmowac miedzy innymi: mozaicyzm matki, ptodu i/lub tozyska, niska frakcje ptodowa, transfuzje krwi, operacje
przeszczepu, terapie komorkami macierzystymi, terapie heparyna i nieprawidtowy kariotyp biologicznych rodzicow lub surogatki.
Wynik badania jest specyficzny dla badanej probki i powinien by¢ zawsze interpretowany przez wykwalifikowanego specjaliste w
kontekscie danych klinicznych i rodzinnych.
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~Applying SNP profiles to drug choices”
® astma < gen ADRB2
® polimorfizmy punktowe a odpowiedz na leczenie albuterolem

® albuterol tagodzi objawy astmy tylko u niektérych chorych
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Let's focus on what happens
when scientists administer
the drug albuterol to the five
most common SNP profiles.
Albuterol helps people with
profiles B and E a great deal,
while people with profile D
were not helped at all.

In the future, a physician will
be able to determine a
patient's SNP profile, compare
it with known data, and

predict whether the patient
will respond to the drug

albuterol.

The physician can then
design the patient’s
treatment accordingly. This
will be a great improvement
over the trial-and-error
method physicians use
today.
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NGS TOOLS & PIPELINES

= Galaxy = o & ?

4 Y All Tools

Upload Galaxy is an open source, web-based platform for data intensive
search tools

y? biomedical research. If you are new to Galaxy start here or consult our

Get Data

LN Send Data . Nextflow

Kflows . rocess sayHello
kit Collection Opery P Y 1

input:
val cheers
AL GENERAL TEXT TO output:

Visualization stdout

enables scalable and reproducible scientific workflows using
software containers. It allows the adaptation of pipelines written in the most
A

= Filter and Sort echo $cheers common scripting languages.

Text Manipulatiq

Histories
}

Join, Subtract a Its fluent DSL simplifies the implementation and the deployment of complex

workflow { : e coa e ool flon e o e londe cnd clictoe

Datamash channel.of('Ciao*, 'Hello', 'Hola') | sayHello | vis P I I. e

}
Browse the 104 pipelines that are currently available as part of nf-core.

GENOMIC FILE MA

FASTA/FASTQ
FASTQ Quality Control

SAM/BAM
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