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Next Generation Sequencing (NGS)
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Sanger sequencing vs. HTS

[8)Vletagenomic Next-Generation

Conventional Sequencing

Testing (mNGS)

AH
~
-
v

NGS#
« W&

 Readsix<

gl
o}

>H
ko]

H X T
*IFIRZ

Long reads.
High accurate (>99.9%)

W

-\-él'::
o

Sanger Low-throughput

sequencing ~ 1000 bp Useful for individual gene Tlme-cqnsummg
. o Expensive
sequencing applications
NGS High-throughput. Short read length
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Metagenomic strategy for detecting SARS-CoV-2
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3 steps for genome sequencing

1. Library preparation

genomic DNA
l
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1 .

fragment gDNA
fill-in
add adapters

sequencing library

Library Preparation
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Xl AR (sequencing template)
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3 steps for genome sequencing

2. lllumina sequencing

HiSeq2000

. Ciuster Generation S cing Dy Syntheas ’ :
Cluster sequence library Sequencing by synthesis
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Different sequencing platforms

« Differences in platform can alter the length of reads generated, the
quality of reads, as well as the total number of reads sequenced per
run and the amount of time required to sequence the libraries.
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Benchtop Production-Scale

https://sapac.illumina.com/systems/sequencing-platforms.html



Different sequencing platforms

« The different platforms each use a different flow cell, which is a
glass surface coated with an arrangement of paired oligos that

are complementary to the adapters added to your template
molecules.

. illumina .
HiSeq 2500 (2 lane) HiSeq 3000/4000 NextSeq 500

« Depending on the Illlumina platform (MiSeq, HiSeq, NextSeq), the
number of lanes per flow cell, and the number of reads that can
be obtained per lane varies widely. You will need to decide on
how many reads you would like per sample (i.e. the sequencing
depth) and then based on the platform you choose calculate how
many total lanes you will require for your set of samples.



3 steps for genome sequencing

3. Analysis
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WFEE: Read(SEER)

Read: A short DNA fragment which is read out by sequencer.

— DNA sequence (fE)
— Quality information (IR E)

EEEN RS EEE— IR FEEFASTAS TV, St
R—Rg /9 fastq, fq=F

— FastQ is a FASTA file with quality information

Reads(*.fastq)
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FASTQISTULAB ML (read) 9417, 3509
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Phred Quality Scores

Cromatograma

Rl eues BT MWW\/\/\/M% .
2 tHFRPhred{E(Q-score),

— Phred is a program that assigns a quality Phred
score to each base in a sequence. s N
Formatos:
Qualidade YBAP

Seqiiéncia i :FASTA
CACATCCCCCTTT il 225 200 55 50) 58 . «PHD
oSCF

* Phred scores (Q) are logarithmically related
to the probability of an error (p):

— Q=-10log,, P, where Q is the phred score
and P is the probability that the base was

— FiEA ENI0R, Ui BHIZBEAE RN 0.1 -
10%; 20°41%; 3040.1%%:. ’

— A score of 20 is generally considered the 0.01 20
minimum acceptable score. 0.001 30

0.0001 40



Phred[REB/RISL T\

* To encode the quality scores as a single character, the scores
are mapped to the ASCII table

. Sangeriﬂﬂf?ﬁ'—ﬁlllumina%ﬁ— S (CASAVA 1.8+)5FASCIRE-330Y
miS/oz\(Phred+33), RE(EXIA/90-40,
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Quality score to character 1 | -
+33_ | ASCIl | 64 . =
2. - | Table @
Character to quality score : _—— ” : | - i:
ASCII -33 - T [ %
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— Paired-end (PE)

— Single-end (SE) ™ read paired [J] read paired

* 1.fastg * 2.fastq * fastq
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Paired-End Reads vs. Single-End Reads

* More bases from the insert compared to a single-end read -
up 2x as many!

* The expected distance between the reads of a pair provide
additional constraints around where the read pair can/should
align to a genome - the reads from a pair must align within
~300-400 bp of each other.

* The reads must align to the genome with the correct relative
orientation. For paired-end reads this is often refered to as:
forward-reverse (fr), innies or simply > &

Inner Distance

Insert Size

ﬁ
—
Fragment Length



Sequencing Types
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https://www.illumina.com/science/technology/next-generation-sequencing/plan-
experiments.html
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> BIY(Trimming) 2 Frill 42K 7 %1, Adapter-containing reads will fail to
align as the adapter does not match anything in the genome.
> i g (Filtering) 2 Bl T it & P Z A ER 741, Low quality stretches of
reads might contain too many sequencing errors and stop the read aligning to

the correct location in the genome.
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SHREREMNG - FastQC

. FastQCxEéEﬁﬁﬁ%ﬁﬁﬁﬁ‘]NG%&ﬁDﬁ%ﬁ?%ﬁ#, TSRS E. GCH
B, MWFKEEER.

http://www.bioinformatics.babraham.ac.uk/p
rojects/fastqc/

R FastQC =5 E=R =)
File Help
bad_sequence.txt | good_seq hart, et
@ Basic Statist ) _ )
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@ Per base sequence quality 3
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S e H
Per b GC tent T
er base en 24
Per sequence GC content |22 T =TT T L
-]
20 r-1
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http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

FastQC: Basic Statistics

Basic Statistics#y H R UG BRI ARG, GFEH T SR SO 4 . SO
- R EA S T7 X (Encoding). FEAIEE. PRl VIR ERF AL PRI E
M GCE &

Encoding: Phred33 or Phred64 (<1.8)

D Basic Statistics

Filename bad_sequence. txt

File type Conventional base calls
Encoding Illumina 1.5

Total Sequences 395288

Sequences flagged as poor quality ©
Sequence length 40

%GC 47



FastQC: Per base sequence quality

» Overview of the range of quality values across all bases at each position in the
FastQ file

o BRI RSB, BRI =R IR E R (S E),
B ot B R (B ) AR i B (AL ().

Per base sequence quality @Per base sequence quality

Quality scores across all bases (lllumina 1.5 encoding) Quality scores across all bases (Illumina 1.5 encoding)
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Sequence filtering

* Filtering parameters:

| 1 f. | 1 @ perb lit S

— t t er base sequence quality

Qu a I y I e r I n g Quality scores across all bases (Sanger / lllumina 1.8 encoding) I Z e
0 CIC I eI e '

e Overall mean quality L LITTIILT

* Local mean quality
— Size filtering

e Overall sequence size

* Remaining sequence size
after filtering Ty e




Per Base Sequence Content (MEIYRIEZHY)

«  Per Base Sequence Content!Z. 7~ &EAN7 & L bt 2H 1% b 43l
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Overrepresented sequences (

I EE2WAYFS)

« Overrepresented sequences . 7~ [F] — 2k read H 3L E50HE i = i 7 132 B 250 1190.1%

RIGETHE DL -

o XTI RFMALRIEN T SCELSSE, Bt aE
IR 3 AR v Sk & = I BN, 1X 0] e 3 0 3L K ZH DNATE 3 2 A PR it

W B

AN I TINEE- SN I
FEH

s

GATCGGAAGAGCACACGTCTGAACTCCAGTCACATCACGA 6276 6.276 TruSeq Adapter, Index 1 (100% over 40bp)
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTAC 6274 £.274 Illumina Single End PCR Primer 1 (100% over 40bp)
CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAG 6252 6.252000000000001 Illumina PCR Primer Index 1 (100% over 4B8bp)
CAAGCAGAAGACGGCATACGAGATACATCGGTGACTGGAG 6192 6.192 I1lumina PCR Primer Index 2 (100% over 46bp)

GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCT 6142 6.142 Illumina Paired End PCR Primer 2 (100% over 40bp)



Trimming adapters

« For whole genome shotgut sequencing library preps we
expect to see little adapter content in the reads.

 |f there is a significant up-turn in adapter content towards
the 3’ end, this may indicate the genomic DNA was over-
fragmented during libarary prep.
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-Trimmomatic

SHEFRALE

o Trimmomaticr] H TIL i S VIRR KR =4 BkFH], A
T 2 S Gy 41 55

o ML
http://www.usadellab.org/cms/uploads/supplementary/Trimm
omatic/Trimmomatic-0.38.zip

C HHTHS:
S java -jar Trimmomatic-0.38/trimmomatic-0.38.jar SE bad_seq.fqg
bad_output.fq ILLUMINACLIP:testAdapter.txt:2:30:10 LEADING:20
TRAILING:20 SLIDINGWINDOW:4:15 MINLEN:30

L

SEUHES R 11.4. 280ETLL I (P138)


http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomatic-0.38.zip
http://www.usadellab.org/cms/uploads/supplementary/Trimmomatic/Trimmomatic-0.38.zip

FIETNANIE -fastp

» Fastpse — sk A] LLXFNGSE 4 #E 17 ot = 4% /1 5 Fe A B D) R T A
, SEHLFastQC+Trimmomatic P K A A DA, H His T
VYR | SR

o MHk: http://opengene.org/fastp

« JiTARS:

S fastp --thread 2 --cut_right \

-i ./data/ERR1949188 1.fastq.gz \

-| data/ERR1949188 2.fastq.gz \

-0 ./qc_reads/fastp/ERR1949188 1.fastq.gz \

-0 ./qc_reads/fastp/ERR1949188 2.fastqg.gz \

--cut_window_size 4 --cut_mean_quality 20 --length_required 75




Trim or not trim?

 Signal/noise -> Preprocessing can remove low-quality
“noise”, and adapters but the cost is information loss.
— Some uniformly low-quality reads map uniquely to the genome.

— Trimming reads to remove lower quality ends can adversely

affect alignment, especially if aligning to the genome and the
read spans a splice site.

— Most aligners can take quality scores into consideration.

— Currently, we do not recommend preprocessing reads aside
from removing uniformly low quality samples.

 Debate: http://www.ecseq.com/support/ngs/trimming-
adapter-sequences-is-it-necessary

36


http://www.ecseq.com/support/ngs/trimming-adapter-sequences-is-it-necessary
http://www.ecseq.com/support/ngs/trimming-adapter-sequences-is-it-necessary
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