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Course Over Four Sessions: 

1.!Background, sample preparation, sequencing 
types 

2.!Alignments, QC, and data processing  

3.!Algorithms for DNA-Seq, RNA-Seq, ChIP-Seq,  

4.!Metagenomics, clinical genomics, data 
visualization and integration with other 
databases 



Class #1:  

Background, Library Preparation, Sequencing 
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Since DNA defines the biochemical recipe for the genesis of 

organisms, sequencing allows us to create molecular portraits 
of development and disease at single-base resolution. 
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Thomas Keane, 2010 

Estimated August 2010 production: 

~20,000 Gb 



But, there are many options: 
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Sequencing Technologies 

1.! “Old School” dye-terminator 

sequencing (Sanger).  300-1000bp 



Sequencing Technologies 

1.! “Old School” dye-terminator sequencing 
(Sanger).  300-1000bp 

2.! “New School” methods 
a.! Emulsion PCR Pyrosequencing 

b.! Solid-phase amplification sequencing by 
synthesis (clonal or single molecule) 

c.! Sequencing by ligation 

d.! Single-molecular, real-time (SMRT) 
sequencing 

e.! Post-light sequencing 
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Support Oligonucleotide Ligation Detection (SOLiD) R$)9W$'<%=>@>%
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Essentially,  

7 million  
very small 

pH meters Purushothaman et al, 2005 
IonTorrent, Inc. 



J82+%\/8).0'#%+8(%38'"0B(%(0B'2$(%

0.%50"($<%85-%)+B(%J''0'%
•! S$F\+8("5*%

–!a8**"5*%()'85-%-$4+8("5*%.'0#%"520#4/$)$%

$O)$5("05%

–!a$8-"5*%()'85-%-$4+8("5*%.'0#%03$'F$O)$5("05%

•! S8'W%LB2/$0)"-$(%

•! \0/I#$'8($%$''0'(%D@>F[%)0%@>FeG%

•! \/8).0'#F(4$2"."2%$''0'(%

–! N//B#"58%#0'$%/"W$/I%)0%+83$%$''0'%8.)$'%fYQ%

–!\H]FC8($-%#$)+0-(%#"((%YHF%85-%T!F'"2+%'$*"05(%



J''0'%]8)$(%8'$%8%.B52)"05%0.%HI2/$%



J82+%\/8).0'#%"(%(/"*+)/I%-"..$'$5)<%85-%

(0%"5)'"5"2%$''0'(%8'$%-"..$'$5)%

SeQC Consortium 



H/B()$'%%

8#4/"."28)"05%

FKUV:QKK$

a"5$8'"9$%SLT%

]$8-%@%

FKUV:QKK$

K$AB$52$%@()%()'85-%%

]$8-%=%

FKUV:QKK$

K$AB$52$%=5-%()'85-%%

FKUV:QKK$

a"5$8'"9$%SLT%

FKUV:QKK$

K)'85-%'$F(I5)+$("(%%

(;9$

4*9$

L/H$

4*9$

\8"'$-FJ5-%K$AB$52"5*%

`%N//B#"58<%N52,%



K8#4/$%N5-$O"5*%
C"B5"$>"#.5,0*A,"#)/.A,")#*$#/#)*$8,"#>2/$$",9#("65>*$8#>%)0D)/.A,"#

-.2801$43/;96*49$H1;.+/$

E/)"6#%$#A/*("6#"$6#A(%>"))#

b%C8($%

"5-$O%

-1D*1/4./+$86393430$

F50%./0"6#A(%>"))*$8#%@#*$6"G*$8#("/6#

;./+01$615H;$

FKUV:QKK$

K$AB$52$%*$50#"2%SLT%%

85.61H$615H;$

=5-%()'85-%%

(I5)+$("(%%

FKUV:QKK$

K$AB$52$%=5-%()'85-%

FKUV:QKK$

K$AB$52$%)+$%)8*%%K$AB$52$%"5-$O%%

05%(8#$%()'85-%

`%N//B#"58<%N52,%



N//B#"58%"(%2B''$5)/I%)+$%#0()%

20##05%($AB$52$'<%(0%U$%U"//%")%

.0'%0B'%$O8#4/$(,%

g0U$3$'<%U$%U"//%B($%85%8/"*5$'%

)+8)%+8(%28482")I%)0%U0'W%05%8//%

(I()$#(,%









S8)8%!I4$(%
Technology Raw Data Primary Data Data Formats 

CE (Sanger)Sequencing 

by Synthesis Chain 
termination, electrophoretic 

separation with fluorescent 
detection"

Binary files; one / sample 
AB1, SCF common "

ESD, ZTR, RCF, SRF, 
fasta, quality values, others!

454 Sequencing by 

SynthesisPyrosequenicng, 
multiple rounds of light 

detection"

Binary and text files; one 
group / plate section, "

“flow space,” SFF, fasta, 
quality values, SRF"

Illumina GA Sequencing 

by Synthesis Reversible 
terminators, multiple 

rounds of fluorescent 
detection 

Binary and text files; one 
group / plate section, "

fasta, fastq, quality values, 
SRF 

SOLiD Sequencing by 

Ligation Dibase encoding, 
multiple rounds of 

extension and fluorescent 
detection 

CSFasta 

>Myseq1 
G012310223… 

Binary and text files; one 
group / plate section, "

“color space,” csfasta, 
quality values, SRF 

from Todd Smith,  

@ Geospiza, Inc 
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Many Options for Alignment - 2009 



Many Options for Alignment - 2010 

Li et al, 2010 



Many Options for Alignment - 2010 

Trapnell and Salzberg, 2010 



Burrows-Wheeler Transformation (BWT) 

Burrows M, Wheeler DJ. “A Block Sorting Lossless Data Compression Algorithm.” Technical Report 124. Palo 

Alto, CA: Digital Equipment Corporation; 1994.  

http://bio-bwa.sourceforge.net/ 

Li H. and Durbin R. “Fast and accurate short read alignment with Burrows-Wheeler transform.” (2009) 

Bioinformatics, 25, 1754-60. 

•!First discovered in 1983 by Wheeler at AT&T Bell Labs 

•! Used for compression in 1994.  

•! First implemented for aligners with “Bowtie”  
Ben Langmead, Cole Trapnell, Mihai Pop, 

and Steven Salzberg 

•!Allows for fast searching with a small memory footprint 



Burrows-Wheeler Transformation (BWT) 

agcagcagact 
agcagcagact$ 
gcagcagact$a 
cagcagact$ag 
agcagact$agc 
gcagact$agca 
cagact$agcag 
agact$agcagc 
gact$agcagca 
act$agcagcag 
ct$agcagcaga 
t$agcagcagac 
$agcagcagact 

$agcagcagact 

act$agcagcag 

agact$agcagc 

agcagact$agc 

agcagcagact$ 

cagact$agcag 

cagcagact$ag 

ct$agcagcaga 

gact$agcagca 

gcagact$agca 

gcagcagact$a 

t$agcagcagac 



Quality Scores 
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Understanding FASTQ 
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Understanding Quality Scores 
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Understanding Quality Scores 
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Phred-Based Base Quality 
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Let’s Try it with some data 



Open a Terminal 

Look in Spotlight 
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