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Fastq



The output of a DNA sequencer is a list of DNA reads

Each read comes with its name and quality (i.e. how sure we are that each
base called by the sequencer is correct)

fastq format: 4 lines for each read (see next slide)



@HISEQ1:83:BO6F9ABXX:1:1101:13:21 1:N:0:ACTTGA
CCGGTGTAAGCTTAGGCCTTTGACATGTGAACGATAAGGTCAACG
+
CCCFFFFFHHHHHJJJIJJJJITIJJJIIIJIIJIIIIIIIJIHIJIJTT

version conversion
llumina >= 1.8 | ASCII (BQ + 33)
Sanger




Raw Data

Decimal  Binary
0 00000000
1 00000001
2 00000010
3 00000011
4 00000100
5 00000101
& 00000110
7 00000111
& 00001000
9 00001001
10 0001010
1 00001011
12 00001100
13 00001101
14 0001110
15 00001111
16 00010000
7 00010001
8 00010010
19 00010011

20 00010100
21 00010101
22 oo010110
23 ooot0111
214 00011000
25 00011001
26 00011010
2 ooot1011
28 00011100
2 00011101
0 00011110
a1 oo
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Decimal - Binary - Octal - Hex — ASCII
Conversion Chart

Binary

00100000
00100001
00100010
00100011
00100100
00100101
00100110
00100111
00101000
00101001
00101010
00101011
00101100
0101101
00101110
00101111
00110000
00110001
00110010
00110011
00110100
00110101
00110110
00110111
00111000
00111001
00111010
00111011
00111100
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01000000
01000001
01000010
01000011
01000100
01000101
01000110
01000111
01001000
01001001
01001010
01001011
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01001111
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Binary  Octal
01100000 140
01100001 141
01100010 142
01100011 143
01100100 144
01100101 145
0110010 125
01100111 147
01101000 150
01101001 151
01101010 152
o101011 183
01101100 158
oto1101 155
01101110 156
o011 187
01110000 160
01110001 181
01110010 162
01110011 163
01110100 164
01110101 165
01110110 165
oot 167
01111000 170
o101 171
o111010 172
oo 173
o100 174
ott1101 175
o110 176
oM 17
Danskt Weiman
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Phred values

Phred Quality ~ Probability of Base Call Q-score
Score Incorrect Based Call  Accuracy

10 1in 10 90% Q10

20 1in 100 99% Q20

30 1in 1000 99.9% Q30

40 1in 10000 99.99% Q40

error probability = —5

1070

Example
In the previous slide, a base associated with quality 'J’ has Phred quality

score ASCII(J)-33 = 74 - 33 = 41. The probability that this base is incorrect is
1/(10*/1%) ~ 0.00008



SAM format



The SAM and BAM formats

A DNA aligner takes as input an indexed genome and a fastq file and
produces a SAM or BAM file

A SAM file contains, for every aligned read, the information relative to the
alignment. SAM is a text format: you can visualize and read it.



The SAM and BAM formats

BAM is the binary version of SAM. In a BAM file, information is "packed” and
cannot be directly visualized. As a result, BAM files are much smaller than
SAM.

Using samtools we can (among other things), convert SAM < BAM



Inside the SAM/BAM file

@SQ SN:Chr1 LN:500000
@SQ SN:Chr2 LN:500000
@SQ SN:Chr3 LN:500000
@SQ SN:Chr4 LN:500000
@PG ID:bwa PN:bwa VN:0.6.1-r104

ILLUMINA-BA4A85_0078:6:10:15480:18085#0 73  Chr1 4 25 100M = 4 0
GGCGAGACTACCAGTTCTTAGATTCGTCAAGATTGGTCTTAATCAGTTTCCACTCTACACCTCAA
ATTGTCCACATGGTCGGGTGTCCAGAGTGCCCCAA

ffifffffdfffefcifdfffcficif ff fifd"ceece eefedfdfffeefdf fdae\edaabbee”dc_"YaBBBBBBBBBBBBBBBB
BBBB XTA:U NM:i:5 SM:i:25 AM:i:0 X0:i:1 X1::0 XM:i:5 XO:i:0 XG:i:0
MD:Z:15G24C35A0A16T5

ILLUMINA-BA4A85_0078:6:10:15480:18085#0 133 Chr1 4 0 * = 4 0
GGCGAGACTACCAGTTCTTAGATTCGTCAAGATTGGTCTTAATCAGTTTCCACTCTACACCTCAA
ATTGTCCACATGGTCGGGTGTCCAGAGTGCCCCAA

ffifffffdfffefcifdfffcficif \ff fifd"ceece eefedfdfffeefdf fdae\edaabbee”’dc_"YaBBBBBBBBBBBBBBBB
BBBB



Columns

Col Field Type Brief description

1 QNAME String  Query template NAME
2 FLAG Iut bitwise FLAG
3 RNAME String  Reference sequence NAME
4  POS Int 1-based leftmost mapping POSition
5 MAPQ Int MAPping Quality
6 CIGAR String  CIGAR string
7 RNEXT  String  Rel name of the mate/next segment
& PNEXT Int Position of the mate /mext segment
9 TLEN Int observed Template LENgth

10 SEQ String  segment SEQuence

11 QUAL String  ASCII of Phred-scaled base QUALity+33

10



Bit

Description

(<1
(x2
(e
(&
(10
(200
]
(ee80
0100
0200
(A 00

template having multiple segments in sequencing

each segment properly aligned according to the aligner
segment unmapped

next segment in the template unmapped

SEQ being reverse complemented

SEQ of the next segment in the template being reversed
the first segment in the template

the last segment in the template

secondary alignment

not passing quality controls

PCR or optical duplicate
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http://broadinstitute.github.io/picard/explain-flags.html
Flag: 163

Switch to mate

Explanation:
¥ read paired
v

read mapped in proper pair
read unmapped

mate unmapped

read reverse strand

mate reverse strand

first in pair

second in pair

not primary alignment

read fails platform/vendor quality checks
read is PCR or optical duplicate
supplementary alignment
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After the quality string, there are other info. In particular, the
field NM:i tells us the number of mismatches of the alignment
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BWA

BWA (Burrows-Wheeler aligner) is one of the most accurate and fast DNA
aligners. We will use the algorithm BWA-MEM (the newest and more
optimized for reads of length > 70)

Index construction

bwa index genome.fa

Alignment

bwa mem genome.fa reads.fastqg -o alignment.sam

14



View alignment at single base level




The result of an alignment can be visualized using graphical tools such as
tablet

Before using tablet, we must convert the SAM file to BAM and the BAM file
must be sorted and indexed.

Indexing is needed to speed-up the retrieval of alignments overlapping a
specific genome position

15



SAM to BAM conversion

To convert SAM to BAM, we use samtools:

samtools view -b -S alignment.sam > alignment.bam

Flag -S means that input is SAM. Flag -b means that output must be BAM.
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Samtools and Tablet

Sorting and indexing bam files

samtools sort alignment.bam -o sorted.bam
samtools index sorted.bam

Visualize

e Type “tablet”in the terminal and a interactive program starts.
e Open assembly — select the sorted bam and fasta files

e Selecting color schemes — variants we can visualize errors and SNPs

17



SNP calling




We can call SNPs using samtools/bcftools:

samtools mpileup —-g —-f genome.fa sorted.bam | bcftools
call -cv > calls.vcf

samtools part

e -g tells it to output into bef format (binary)

o -ftells it that the next argument is going to be the reference genome file
bcftools part

o -v tells to output vcf file (ASCII, readable) rather than bcf (binary)
e -c tells to do SNP calling
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VCF format

VCF header

Body

##fileformat=VCFv4.0 L y header lines
##fileDate=20100707
##source=VCFtools
##reference=NCBI36

Optional header lines (meta-data

##INFO=<ID=AA,Number=1, Type=String,Description="Ancestral Alle}£"> about the annotations in the VCF body)
##FORMAT=<I|

##FORMAT=<I| nteger,Descriptiol e Quality (phred score)">

##FORMAT=<I| loat,Description= oods for RR,RA,AA genotypes (R=ref,A=alt)">

##ALT=<I
##INFO=<

EL,Description="Deletion">
VTYPE, Number=1, Type=String, Descripti
END, Number=1, Type=Integer,Description="End position of the variant">

~"Type of structural variant">

##INFO=<I .
#CHROM POS ID  REF ALT  QUAL FILTER INFO FORMAT  SAWPLEL SAM%EZ/ (e Bl
1 1. A . GT:DP 1/2:13 /0729
1 2 rsl H2; AA=T 6T:6Q 0]1:100 2/2:Z0
1 5 A . 6T:GQ 10:77  1/1:9
1 100 T SVTYPE-DEL;END=300  GT:GQ:DP /1:12:3 0/0:20  Alternate alleles (GT>0 is

h an index to the ALT column)
g Ot t
Deletion™ g\ p R o G Phased data (G and C above

Large SV are on the same chromosome)
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Exercise session: NCBI database

We will now analyze real data from the NCBI (National Center for
Biotechnology Information) database:

e https://www.ncbi.nlm.nih.gov/

20


https://www.ncbi.nlm.nih.gov/

Exercise session: NCBI database

We will now analyze real data from the NCBI (National Center for
Biotechnology Information) database:

e https://www.ncbi.nlm.nih.gov/
In detail, we will:

1. Use the NCBI Genome Data Viewer to navigate the Saccharomyces
cerevisiae (baker’s yeast) genome

2. Use BLAST to align single reads

3. Use bwa + samtools + bcftools to find SNPs in a (big) read set

20
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1. NCBI Genome Data Viewer

Exercise 1: BLAST alignment

1.

Go to https:
//www.ncbi.nlm.nih.gov/genome/?term=Saccharomyces%

20cerevisiae[Organism] &cmd=DetailsSearch

Click on NCBI Genome Data Viewer (top right corner)

3. Click on BLAST — Tools — New BLAST (menu on the left)

Search the sequence CAAAGATCTGAAATTTGAACATCTTGAAAACA
(copy-paste in the box “Enter accession number(s), gi(s), or FASTA
sequence(s)” and click the “BLAST” blue button)

Open the result (link below “Sequences producing significant
alignments”)

Repeat after adding mismatches and/or removing/adding bases to the
sequence
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2. SNP calling

Exercise 2: SNP calling on yeast genome

1. Download and unpack Saccharomyces cerevisiae (baker’s yeast)
genome:
ftp://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/000/146/045/GCF_000146045.2_R64/GCF_

000146045.2_R64_genomic.fna.gz

2. Download and unpack reads:

ftp://ftp.sra.ebi.ac.uk/voll/fastq/SRR319/002/SRR3195492/SRR3195492_1.fastqg.gz

3. Run bwa and samtools to find SNPs (use also tablet to visualize them)
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