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Conventional sequencing vs NGS
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Next generation seguencing
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fastq files

Label
Sequence
@FORJUSP@2AJIWD1
CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
+
AAAAAAAAAAAA:

:99@: : : : 22@@: : FFAAAAACCAA: : : : BB@@?A?
I

QO scores (as ASCII chars)

Each .fastq file covering
a 5 Mb genome at 50X
weights about 500 MB

Base=T,Q0=":"=25

Phred quality scores are logarithmically linked to error probabilities

Phred Quality Score | Probability of incorrect base call Base call accuracy

10
20
30
40
50

B0

1in10 90%

1in 100 99%

1in 1000 99.9%
1in 10,000 99.99%
1in 100,000 99.009%
1in 1,000,000 99.0000%

Phred quality score

Q=-10log,,P

from O to 93 using ASCII
characters 33 to 126
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.fastq files

CTCTTTTTTTAATCCACAC CATATTGCCCGTTGCAGTC ATG GCT
CTAAGGCGTTTTTTATTTGGTGATATTTTTTTCAATATCATGCAGCARACGOTGCA HTTGCCGTGTCTCGTTGCTC
AGCCCCAGGOG

HCGCHTTHGCHCCHCCHTTHCCHCCHC HTCHCC TTA
GACCCGCCACTOACCAGTGOG

CCDADC;
< BEEED<BEE :

...and so on
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Quality check

Label
Sequence
@FORIUSPO2AIWD1
CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
+
Output of NGS AAAAAAAAAAAA: :99@: : : : 22@@: : FFAAAAACCAA: : : : BBE@?A? Input for
sequencers $ guality check
Q scores (as ASCII chars)

Base=T,0=""'=25

fastq file

Sequencing errors would impact every following application

Unreliability of following results (and difficulty to detect the existence of problems!)
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Parameters to control

Phred score

GC content distribution over all sequences

Distribution of undetermined bases (N)

Distribution of nucleotides

Y + Length of the reads

Y& + Coverage

problems

Adoption of corrective actions is possible to minimize some of these
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Coverage (depth)

Reads mapped on a reference genome

File view Tracks Help
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Coverage assessment:

Total length sequenced in Mb / expected genome size (5 Mb)
Count of reads mapping on housekeeping genes (e.g. MLST)

* X % ¥
:EU_RL‘: Istituto Superiore di Sanita, Dep. of Food Safety, Nutrition and Veterinary Public Health o
*:’FE‘i* European Union and National Reference Laboratory for E. coli, Rome, Italy Y

5 Sy



Alignment (mapping)

Alignment of the sequencing reads on a reference sequence or on a database
of reference sequences
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ONAME FLAG RNAME POS MAPQ CIGAR
MEZUT:01383:01267 0 gad:3:EF547388 1285 0 113M1B8I4M
ME2UT:02555:01592 16 gad:+:CPOO1925 1123 0 27M1IZ248M33I4M
MEZUT:02231:01820 0 gad:5:CPO01846 87 1 138M
MEZUT:01603:00255 16 gad:5:CPO01846 359 1 31M
MEZUT:01345:02021 16 gad:5:CPO01846 683 1 176M
MEZUT:03320:02136 16 gad:5:CPO01846 1050 1 e6M1IZ8M
MEZUT:01475:02165 0 gad:5:BADDCOOOT 1 0 IMB1I47M1D1320M
MEZUT:01488:00709 i6 gad:5:BA000007 | 0 4M3IZ2ISSM1T149M:
MEZUT:01943:01152 i6 gad:5:BA0OOO0O7 13 i 196M1IS0OMITI0M

Possibility to directly inspect the
presence/absence of atarget
sequence and the presence of
SNPs at interesting positions by
opening the bam file with a
graphic viewer (e.g. IGV)

Possibility to convert the
output in a sam file (tabular) to
extract interesting info and
sequences
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Assembly

Short sequencing reads

fastq file

@HWI-ST700693:238:B0224ACXX:1:1101:1218:

NACACTTGCTTTGGTGACAGCGGGGCATCCTCAAGC
+

#1=DDDDDBEAFF?GEFGIIIIIIIIIIIIIITIIIFI

@HWI-ST700693:238:B0224ACXX:1:1101:1161:

NGATTTTGACCTCTCCAGTTTCCTCTTAACACTTTG
+

#1:BDFFFGEEEGIJJJIIJBIJIIIIIIIIIIIIIT

@BWI-ST700693:238:B0224ACXX:1:1101:1193:

NTATCCAGCCTGCGGTGCTACTTGGTGGAAGAGGAT
+

#1=DDFFFEGHGGJJFGHJJIJJJIEGECHEDFHCC?

@HWI-ST700693:238:B0224ACXX:1:1101:1440:

NTCAAGAATCCAAGTGGGGCCAGCATAATGTACGCT
-

#1=DDFFFHEGEDFDAEGIIFGIICGGHEGBFGEFDEI

@HWI-ST700693:238:B0224ACXX:1:1101:1367:

NATTAGAACAGATCGCTACTTCGCCCGAAGATACAT
+
#4BDFFFFHEEEEJGIJIJIIIJIIIIIIIIIIILI

@HWI-ST700693:238:B0224ACXX:1:1101:1395:

NTGGAAACGTTTTTAAACGCGGAGACAGCGTGGAGT
+

#1=DDFFFECFFEJJJIJIIJIIJIIIGGIFEIGIT

@HWI-ST700693:238:B0224ACXX:1:1101:1285:

NCTTTGCTGTATTGACCGTTTGTAGATTTGAATCTT
+

#4=DDFFFEBHEEHIGIJFEIJFGGGIGIBIJIJII

@HWI-ST700693:238:B0224ACXX:1:1101:1632:

NTCTATGAATGTTCAAGCGGTAGCTGAGGAGAGTCC
-

1982

1986

1989

1981

1983

1988

1994

1989

FastqSize = GenomeSize x Coverage x 2
At least 0.5 GB per genome

Partially assembled genome (contigs)

fasta file

>NODE_1 length 449 cov_4.835189

ATCTTTCGCGE CAGCTCCAGCCATTCGGAACCGTTCGCCAGAAAACGGGCGTAATC
GGGTAAGACATAGCGCGGTTTGTACGGCGCATGACCTTCAAACATATCGCAGATTACACT
TTCATCCAGCGCGCGGLGGGCT TCGGCAGGAAGCTGTGOGT AAGGCAGATTG CTGC
TTCCAGTGCCAGAAAATGGCGCTTCTGCTCCGGGCT AAGCACTGGGOCTGGTGACAATTTG
CTGGCAACGTTGTTGCAGTGCA CATGAGAAGTGGGCATCTTC CC ATGC
CGAAGGT GATGCGCCATTGT AAGAAGT TTCGTGATGTTCACTTTGATCCTGATGCGTT TG
CCACCACTGACGCATTCATTTGAAAGT GAATTATTTGAACCAGATCGCATTACAGTGATG
CARACTTGTAAGTAGATTTCCTTAATTGTGATGTGTATCGAAGTGTGTTGCGG
=NODE_2 length 309 cov_4,585084

ACTGGTCAGTGLGGLTATCCT T GRACAATGGCCGATTGRACGTCTGGCOGATAAGTTTGG
TCGACTGCTGGTGT TGCGTGTTCAGGTCTTTGTCGTCATTCTCOGCAGT ATCGCGATGCT
TAGCCAGGCGGCOATGECCCCAGCGTTATTCATCCTCGOTGCCOCTGGCTTTACGCTATA
TCCGGETGGCGAT GGCATGGGCT TGCGAGAAAGTTGAACATCATCAACTGGT GGCGATGAA
CCAGGCCTTACTGTTGAGCT ATACTGTGGGAAGT CTGCTTGGCCCOTCATTTACCGCTAT
GCTAATGCAGAATTTCTCCGATAATTTATTGTT

=>NODE_3 length 101 cov_3.348535
AGCGCATGAGCGCGTAGCGCCGUCGTTACGT GGTGCATCAGCATGATGTTGGLCGGAGAG
TACAGAGACT CCCCTTCATCCATGATGCCCTCTTTCACCAGCAGTTCTTCAATCATCACT
AGACC

=NODE_4 length_311 cov_3.510933

CATCAKCGCTAAAAGCCAGAT GACGCAGACCGCAAGCTTCCGATCGGCTGGRTCGTTCCG
GCGOGAACGGAAATGAGAARAGCTCART CACATATTGCCCATTAAGCGCCAAATCCCCTT
TCCATGAGT CGCGCGCTTCGCGATAGACT TCGCTTTGCAGCGT GAAACCAAGAAT ATCGC
AGTAGAARGCTTTGCTCACCGCATAATCCOT COCAATAATCOCAAT ATGGT GAACCTGTT
TTAAACCCAGCATAACGTCTCCTTTATTTGT TAACAGCACGTTACTCGCCCGGAAGCCGE
TCTGGCAAGT TATCCCGCCA AGGACTCGTA

>NODE_5 length_186 cov_4.973118
CGAAGETATAAGAARGCGRACCAGAAAGAAT GCCGGAGAACTTCATCAATTCATCACCTG
CATTGAGCAGA GCAGGTTCTCAATAACCGGT AATCCAGCCCCAACGTTGGTGTCAT
AGAGGAATTTACGCCGLGA CCGCCGCATAACGCAACTGATGOTAGT AATCCATEG
ACGAGGTGTTGGCC GTTCGGCGTGA

FastaSize for E. coli contigs
~5.5 MB
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What should be trimmed out?

o : Phred quality scores are logarithmically linked to error probabilities
Sequence
Phred Quality Score | Probability of incorrect base call  Base call accuracy
@FORJUSPO2AIWD1 10 1in 10 00%
CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT
20 1in 100 99%
:09@: : : : 22@@: : FFAAAAACCAA: :: :BB@@?A? | 4 1in 1000 99 9%
Q scores (as ASCII chars) 40 11n 10,000 99.99%
50 1in 100,000 99.990%
Base=T, 0=":'=25 60 1in 1,000,000 99.9909%

Low quality positions
Adaptors and barcodes

Very short sequencing reads

; Q\i,RI(’)/eé
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What should be trimmed out?

FASTQ positional and quality trimming (Galaxy Version 0.0.1)
Is this library mate-paired?
Single-end
FASTQ file

A | &1 | O || No fastgsanger dataset available.
FASTQ format with Sanger-scaled quality values (Galaxy fastgsanger datatype)

Maximum length trimming

-1
Trim reads longer then this value {useful for Ion Torrent); -1 for no trimming
Left-side trimming

0

Number of bases to trim from 5° {left) end

Right-side trimming

0

Number of bases to trim from 2" {right) end

Minimum Phred quality score for right-side trimming
0

Starting from 3' (right) end, bases with quality less than this value will be trimmed

Average Phred quality score for right-side trimming
0

Starting from 3' {right) end, bases will be trimmed one-by-one until the average read quality reaches this value

Minimum length filtering
-1

Reads shorter than given length will be discarded; -1 for no filtering

Istituto Superiore di Sanita, Dep. of Food Safety, Nutrition and Veterinary Public Health
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FastQC — quality check of aw data

@Per base sequence quality
Quality scores across all bases (Sanger / lllumina 1.9 encoding)
40
28
38

24 nnnnn TTITTT
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24

22

20

15

15 0 || == 4L L
14
12

12345¢7 88 2020 5058 B0-89 120-12% 170-179 220-229 270-279  320-328  370-379 420428 470-471
Fosition in read (bp)
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FastQC — quality check of aw data

@Per sequence quality scores

Quality score distribution over all sequences

250000 Average Quality per read

200000

150000

100000

30000

11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 28 28 30 31 32 33 24
Mean Sequence Quality (Phred Score)
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FastQC — quality check of raw data

aPer base sequence content

Sequence content across all bases
100
T

WC
a0 Yol
ECLE]

a0
70

&0

a0

40

30

20

10

1234567806 2029 5058 80-89 120128 170-17% 220-220 270279 320-329 370378 420-428 470-471
Position in read (bhp}
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FastQC — quality check of aw data

Per sequence GC content

GC distribution over all sequences

=lelalulel
5 count per read

Theoretical Distribution

80000
0000
50000
20000
40000
30000
20000

10000

02468 11 15 1% 23 27 31 35 3% 43 47 31 55 5% 63 g7 71 75 7% 83 87 81 85 B8
Mean GC content (%)
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FastQC — quality check of aw data
Sequence Length Distribution

Distribution of sequence lengths over all sequences

Seqguence Length
200000

175000
150000

123000

100000

75000

20000

25000

20-29 50-386 B0-89 120-129 1g0-189 200-209 240-249 280-288 320-329 360-369 400-409 440-449
Seqguence Length {bp)
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FastQC — quality check of aw data

@Sequence Duplication Levels

Percent of segs remaining if deduplicated $0.98%
140
% Deduplicated sequences

% Total sequences
g0

20
70

50

50
40
30
20

N

1 2 3 4 5 <] 7 g 2 =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level
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FastQC — quality check of raw data

Kmer Content

Log2 Obs/Exp

GAGGGCT
CCOCTAG
CCOTAGG

23000 COTAGGA
TAACC GG

20000

15000

10000

5000

|:| e T e ——— i

123456788 2020 5059 8089 120129 160-169 200-209 240-249 280-289 320-329 360-365
Position in read (bp)
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What should be trimmed out?

FASTQ positional and quality trimming (Galaxy Version 0.0.1)
Is this library mate-paired?
Single-end
FASTQ file

A | &1 | O || No fastgsanger dataset available.
FASTQ format with Sanger-scaled quality values (Galaxy fastgsanger datatype)

Maximum length trimming

-1
Trim reads longer then this value {useful for Ion Torrent); -1 for no trimming
Left-side trimming

0

Number of bases to trim from 5° {left) end

Right-side trimming

0

Number of bases to trim from 2" {right) end

Minimum Phred quality score for right-side trimming
0

Starting from 3' (right) end, bases with quality less than this value will be trimmed

Average Phred quality score for right-side trimming
0

Starting from 3' {right) end, bases will be trimmed one-by-one until the average read quality reaches this value

Minimum length filtering
-1

Reads shorter than given length will be discarded; -1 for no filtering

Istituto Superiore di Sanita, Dep. of Food Safety, Nutrition and Veterinary Public Health
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Before trimming

Quality scores across all bases (Sanger/ lllumina 1.2 enceding) Sequence content acrass all bases
40

100
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38 20
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24 80
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T 50
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18
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- 30
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10 50
8
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4
2 [}
12346567509 2000 5053 8083 120123 160-183 200-203 240240 280-280 320-320 3B0-353 400409 430
0

1234667 &0 20-20 50-58 §0-89 120-128 180-180 200-209 240-248 280-280 320-320 360-360 400-409 430 Position in read (bp)

After trimming

Quallty scores across all bases {Sanger{ llumina 1 9 encoding)
Sequence content across all bases

ACTETCARICSE

1I\I\I\I\H\I\I\III\IIlllLiL

0
1234567891519 3034 4549 60.64 7579 9094 110-114 130134 150154 170174 190194 210-214 230234 260-264 270-274 290-204
Position in read! (bs)

123456780 1519 30-34 4549 60-64 7579 90-94 110-114 130-134 150-154 170-174 190-194 210-214 230234 250254 270-274 290-204
Position in read (bp)
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