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NGS Overview
and Terminology

- NGS workflow overview
~ Seguencing terminology & considerations
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Sequencing technologies :

lllumina (Solexa) now dominent
Official lllumina video
Another lllumina video
Broad Center GA Boot Camp

Many others

Comparison of NGS technologies (Liu et al., 2012)
http://www.hindawi.com/journals/bmri/2012/251364/



http://www.youtube.com/watch?v=45vNetkGspo&feature=player_detailpage
http://www.youtube.com/watch?v=77r5p8IBwJk
http://www.broadinstitute.org/scientific-community/science/platforms/genome-sequencing/broadillumina-genome-analyzer-boot-camp
http://www.hindawi.com/journals/bmri/2012/251364/

Read sequence terminology |::::

Fragment library (input DNA sample)

Library prep

Double-stranded or Y- adaptors added

——— Sequencing library
l DNA sequencing

N Barcode (6-12 bases) — so many

P samples can be run in one lane.
e e Data is demultiplexed.
Primers Reads (36—1000+ bases)

Adapter areas include primers, barcode
sequencing facility will have more information


https://wikis.utexas.edu/display/GSAF/Illumina+-+all+flavors
https://wikis.utexas.edu/display/GSAF/Illumina+-+all+flavors
https://wikis.utexas.edu/display/GSAF/Illumina+-+all+flavors

Types of lllumina sequencing | s::°

paired-end

—_—

independent reads

two inwardly oriented
reads separated by ~200 nt
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two outwardly oriented reads separated by ~3000 nt




Sequencing depth

No single answer to how much depth is adequate

Depends on:

genome size
prokaryotes i a few Kilobases
lower eukaryotes T some number of Megabases
higher eukaryotes i Gigabases
library fragment enrichment
e.g. ChlP-seq or RIP-seq
theoretical library complexity
genomic resquencing vs 4c
desired sensitivity
e.g. looking for rare mutations
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Library complexity is primarily | s2::
[ X )
% b ®
a function of experiment type
higher
_ complexity
less enrichment for
specific sequences _ 4 lower sequence duplication expected
genomic more sequencing depth required
MNase-seq
é and
exon capture Asequencing depth
Agenome size
RNA-seq
ChlIP-seq
MiRNA-seq higher sequence duplication expected
more enrichment for \ 4 less sequencing depth required
specific sequences
lower

complexity



Reads and Fragments 4

With paired-end sequencing, keep in mind the
distinction between

the library fragment that was sequenced
also called inserts

the sequence reads (R1 & R2) you receive
also called tags

There Is considerable confusion of terminology in this area!
Be sure you request depth in read pairs for paired-end sequencing

adapter library fragment (insert) adapter

U —
—_— e ——

R1 read R2 read



Single end vs Paired end

paired end (PE) reads can be mapped more reliably

especially against lower complexity genomic regions

when one member of a read pair does n
if its mate maps well

they also provide more bases around a locus
e.g. for analysis of polymorphisms

actual fragment sizes can be determined
from the alignment records foreachdual-ma ppi ng Aproper pai

they also help distinguish the true complexity of a library
by clarifying which fragments are duplicates

but PE reads are more expensive i and larger
more storage space and processing time required



Read vs fragment duplication

Consider the 4 fragments below
4 R1 reads (pink), 4 R2 reads (blue)

Duplication when only 1 end considered
Al, B1, C1 have identical sequences, D1 different
2 unique + 2 duplicates = 50% duplication rate
B2, C2, D2 have identical sequences, A2 different
2 unique + 2 duplicates = 50% duplication rate

Duplication when both ends considered

fragments B and C are duplicates (same external sequences)

3 unique + 1 duplicate = 25% duplication rate
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The FASTQ format




FASTQ files :

Nearly all sequencing data now delivered as FASTQ files
usually compressed to save space
(gzip6 ,dwith .gz file extension)
best practice: leave them that way!

3x to 6x space saving
most tools handle gzip6 &ASTQ

Paired-end sequencing data comes in 2 FASTQs

one each for R1 and R2 reads
Sample MyTubelD_L008 R1.fastq.gz
Sample MyTubelD_L008 R2.fastq.gz

order of reads is identical
aligners rely on this Aname order.



FASTQ format :

Text format for storing sequence and quality data

4 lines per sequence:
@read name
called base sequence (ACGTN)

always 56 to 306; wusually excludes 56
+

base quality scores encoded as text characters

FASTQ representation of a single, 50 base R1 sequence

ad

(@HWIST1097:97:DOWWOACXX:8:1101:2007:2085 1:N:0:ACTTGA

+

\’?@ @?DD;?;FF?HHBB+:ABECGHDHDCF4?FGIGACFDFH;FHEINIB9?

ATTCTCCAAGATTTGGCAAATGATGAGTACAATTATATGCCCCAATTTAC

~

J



http://en.wikipedia.org/wiki/FASTQ_format

FASTQ read names :

lllumina read names encode information about the
source cluster

uni que i1 dentifier (Af @alpment nan
sequencing machine name
lane number
flowcell grid coordinates
R1, R2 reads will have the same name

a space separates the name from extra read information:
end number (1 for R1, 2 for R2)
two qualtiy fields (N = not QC failed)
barcode sequence

@HWI ST1097:97:DOWWOACXX 8: 1101:2007:2085 1:N:0: ACTTGA
@HWI ST1097:97:DOWWOACXX 8: 1101:2007:2085 2:N:0: ACTTGA



(XY
e0o00
. XX
FASTQ quality scores
o0
o
http://www.asciitable.com/
Quality character !"#S$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJ
| | | | |
ASCII Value 33 43 53 63 73
Base Quality (Q) 0 10 20 30 40

Probability of Error = 10 -Q10

Base qualties expressed as Phred scores
log scaled, higher = better
20 = 1/10% = 1/100 errors, 30 = 1/10° = 1/1000 errors

In older FASTQ files, ASCII offsets may differ
modern Sanger format shown above
see for others


http://en.wikipedia.org/wiki/FASTQ_format

Multiple lanes t:

Sometimes the sequencing facility splits your sample across lanes

one submitted sample may be delivered as multiple FASTQ files
Lanel: Sample _MyTubelD L0O01 R1.fastq.gz, Sample MyTubelD L001 R2.fastq.gz
Lane8: Sample_MyTubelD L008 R1.fastq.gz, Sample MyTubelD L008 R2.fastq.gz

Yoursamplemaybere-r un t o At op off o reque:c

be careful with the file names!

if run in the same lane, the FASTQ file names will be the same
1strun: Sample MyTubelD_L003 R1l.fastq.gz
2" run : Sample_MyTubelD_L003_R1.fastg.gz

Best practice
keep original data in separate directories by date & project

process data from multiple lanes separately for as long as possible
e.g., through alignment, then merge the sorted BAMs

identical sequences from different lanes can be considered unique
(non-duplicates)



Data QC & preparation

~ QC of raw sequences with FastQC tool
. Dealing with adapters




Raw sequence quality control

Critical step! Garbage in = Garbage out

general sequence quality
base quality distributions
sequence duplication rate

trim 36 adapter seque
important for RNAseq

trim 36 bases with po
important for de novo assembly

other contaminents?
technical i samples sequenced on other lanes
biological T rRNA in RNAseq

Know your data

sequencing center pre-processing
56 bar code -fikdreadsdiltered QC
PE reads? relative orientations?

technology specfic issues?
e.g. PAR clip should produce CA T transitions




A.

3’ ddaAtdra@taminatieno n {::a

reads short compared to fragment size (no contamination)

~200 base library fragment

adapter adapter

50 base R1 read == €= 50 base R2 read

Reads |l ong compared to |1 brary

~100 base library fragment



FastQC -

Quality Assurance tool for FASTQ sequences

Can run as interactive tool or command line

Input:
FASTQ file(s)
run on both R1, R2 files

Output:

directory with html & text reports
fastgc_report.html
fastgc_data.txt



FastQC resources

FastQC website:

http://www.bioinformatics.babraham.ac.uk

FastQC report documentation:

http://www.bioinformatics.babraham.ac.uk/projects/fastgc/Help/3%20Analysis%20Modules/

Good lllumina dataset:

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good sequence short fastqc/fastgc report.html

Bad lllumina dataset:

http://www.bioinformatics.babraham.ac.uk/projects/fastgc/bad sequence fastgc/fastqc report.html

Real Yeast ChlP-seq dataset:

http://web.corral.tacc.utexas.edu/BiolTeam/yeast stuff/fSample Yeast LO05 R1.cat fastqc/fastgc report.html



http://www.bioinformatics.babraham.ac.uk/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3 Analysis Modules/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/good_sequence_short_fastqc/fastqc_report.html
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/bad_sequence_fastqc/fastqc_report.html
http://web.corral.tacc.utexas.edu/BioITeam/yeast_stuff/Sample_Yeast_L005_R1.cat_fastqc/fastqc_report.html

Most usefu_eports

Should I trim low quality bases?

Per-base sequence quality Report
based on all sequences

Do | need to remove adapter sequences?

Overrepresented sequences Report
based on 15t 200,000 sequences

How complex is my library?

Sequence duplication levels Report
estimate based on 15t 200,000 sequences




