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DNA

A profound implication of the central dog-
ma is that nearly all the information necessary
to construct and operate a living thing is con-
tained in its DNA.? We call the complete com-
plement of DNA (and therefore the collection
of all the genes) in a particular species its
genome. That is why genome sequencing pro-
jects, which determine the exact sequence of
all the DNA in an organism, are so important.

Hunter, Lawrence. "Life and its molecules: A brief
introduction." Al Magazine 25.1 (2004): 9.
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Sanger sequencing

Sa nger Seq uenci ng Fred Sanger in episode 3 of PBS documentary “DNA” Not-so-high-throughput Sanger sequencing

1977-1990s

First practical method invented by Fred Sanger in
1977. Initially used to sequence shorter genomes,
e.g. viral genomes 10,000s of bases long.



Sanger sequencing

From "DNA" documentary, episode 3



Genomics technology

3rd-generation &

Sanger DNA . nd- :
Squencing DNA Microarrays | 2 2:”32;‘2: DNA single-molecule
J J DNA sequencing
1977-1990s Since mid-1990s Since ~2007 .
Since ~2010

Solexa lumina



Sequencing

No sequencing technology yet invented can read much
more than 10,000 nucleotides at a time with reasonable
cost, throughput, accuracy

Instead, there’s a vigorous race to see whose sequencer
can read “short” fragments of DNA (around 100s of
nucleotides) with best cost, throughput, accuracy

Decoding DNA With Semiconductors

By NICHOLAS WADE Company Unveils DNA Sequencing

Published: July 20, 2011 Device Meant to Be Portable,
Disposable and Cheap

Cost of Gene Sequencing Falls, Raising By ANDREW POLLACK

Hopes for Medical Advances Published: February 17, 2012

By JOHN MARKOFF .
Published: March 7, 2012 Source: nytimes.com



http://topics.nytimes.com/top/reference/timestopics/people/w/nicholas_wade/index.html?inline=nyt-per
http://topics.nytimes.com/top/reference/timestopics/people/m/john_markoff/index.html?inline=nyt-per
http://topics.nytimes.com/top/reference/timestopics/people/p/andrew_pollack/index.html?inline=nyt-per

Sequencing

Since 2005, many DNA sequencing instruments have been described and
released. They are based on a few different principles

Synthesis / ligation SMRT cell Nanopore

Sequencing by synthesis (“massively parallel sequencing”) provides
greatest throughput, and is the most prevalent today

Pictures: http://www.illumina.com/systems/miseq/technology.iimn, http://www.genengnews.com/gen-articles/third-generation-sequencing-debuts/3257/


http://www.illumina.com/systems/miseq/technology.ilmn
http://www.genengnews.com/gen-articles/third-generation-sequencing-debuts/3257/

DNA: double helix

A T

Base pairs [ <

Adenine Thymine

G C

— )

Guanine Cytosine

Sugar phosphate
backbone

http://ghr.nim.nih.gov/handbook/basics/dna

TCACACTGAGCGTGCTG



GTATGCACGCGATAG TATGTCGCAGTATCT CACCCTATGTCGCAG GAGACGCTGGAGCCG

Reads

Your genome

CGTCTGGGGGGTATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTG




GTATGCACGCGATAG TATGTCGCAGTATCT CACCCTATGTCGCAG GAGACGCTGGAGCCG
TAGCATTGCGAGACG GGTATGCACGCGATA TGGAGCCGGAGCACC CGCTGGAGCCGGAGC

Reads

Your genome

CGTCTGGGGGGTATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTG




GTATGCACGCGATAG TATGTCGCAGTATCT CACCCTATGTCGCAG GAGACGCTGGAGCCG
TAGCATTGCGAGACG GGTATGCACGCGATA TGGAGCCGGAGCACC CGCTGGAGCCGGAGC
TGTCTTTGATTCCTG CGCGATAGCATTGCG GCATTGCGAGACGCT CCTATGTCGCAGTAT

Reads

Your genome

CGTCTGGGGGGTATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTG




Reads

GTATGCACGCGATAG
TAGCATTGCGAGACG
TGTCTTTGATTCCTG
GACGCTGGAGCCGGA
TATCGCACCTACGTT
CACGGGAGCTCTCCA
GTATGCACGCGATAG
GCGAGACGCTGGAGC
CCTACGTTCAATATT
GACGCTGGAGCCGGA
TATCGCACCTACGTT
CACGGGAGCTCTCCA

Your genome

TATGTCGCAGTATCT
GGTATGCACGCGATA
CGCGATAGCATTGCG
GCACCCTATGTCGCA
CAATATTCGATCATG
TGCATTTGGTATTTT
ACCTACGTTCAATAT
CTATCACCCTATTAA
GCACCTACGTTCAAT
GCACCCTATGTCGCA
CAATATTCGATCATG
TGCATTTGGTATTTT

CACCCTATGTCGCAG
TGGAGCCGGAGCACC
GCATTGCGAGACGCT
GTATCTGTCTTTGAT
GATCACAGGTCTATC
CGTCTGGGGGGTATG
TATTTATCGCACCTA
CTGTCTTTGATTCCT
GTCTGGGGGGTATGC
GTATCTGTCTTTGAT
GATCACAGGTCTATC
CGTCTGGGGGGTATG

GAGACGCTGGAGCCG

CGCTGGAGCCGGAGC
CCTATGTCGCAGTAT
CCTCATCCTATTATT
ACCCTATTAACCACT
CACGCGATAGCATTG
CCACTCACGGGAGCT
ACTCACGGGAGCTCT
AGCCGGAGCACCCTA
CCTCATCCTATTATT
ACCCTATTAACCACT
CACGCGATAGCATTG

CGTCTGGGGGGTATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCTG



Reads

<« 100 nt —

Your genome

100,000,000 nt
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Double stranded Double stranded
DNA (double helix) = DNA (lego version)






Single stranded
templates







DNA polymerase

U U <k <U





















Input DNA

CCATAGTATATCTCGGCTCTAGGCCCTCATTTTTT
CCATAGTATATCTCGGCTCTAGGCCCTCATTTTTT
CCATAGTATATCTCGGCTCTAGGCCCTCATTTTTT
CCATAGTATATCTCGGCTCTAGGCCCTCATTTTTT

Cut into snippets

CCATAGTA TATCTCGG CTCTAGGCCCTC ATTTTIT
CCA TAGTATAT CTCGGCTCTAGGCCCTCA TTTTTT
CCATAGTAT ATCTCGGCTCTAG GCCCTCA TTTTTIT
CCATAG TATATCT CGGCTCTAGGCCCT CATTTTTT

\ Deposit on slide

Or>—-H>NN

More details: Accurate whole human genome sequencing using reversible
terminator chemistry. Nature. 2008 Nov 6;456(7218):53-9



Template
(billions of them!)




A . ' T DNA polymerase
e T T

“Terminator”

— e e Ty










Remove terminators



DNA polymerase

e e e
e e T





















Sequencing by synthesis

Cycle 1

Cycle 2

Cycle 3

Cycle 4

Cycle 5

Cycle 6




Sequencing by synthesis

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
complement complement complement complement complement complement

G A C C




Sequencing by synthesis

Actual lllumina HiSeq 3000 image

http://dnatech.genomecenter.ucdavis.edu/2015/05/07/first-hiseg-3000-data-download/


http://dnatech.genomecenter.ucdavis.edu/2015/05/07/first-hiseq-3000-data-download/

Sequencing by synthesis

Billions of templates on a slide
Massively parallel: photograph captures all templates simultaneously

Terminators are “speed bumps,” keeping reactions in sync







Cluster of clones




Ahead of schedule
Unterminated










Q=-10-logiep

/ \

Base quality Probability that
base call is incorrect

Q=10 — 1in 10 chance call is incorrect
Q=20—1in100
Q=30—1in 1,000



Call: orange (C)

Estimate p, probability incorrect:
non-orange light / total light

p=3green/9total=1/3
Q=-10log101/3 =4.77



A read in FASTQ format

Name
Sequence
(ignore)

Base qualities

@ERR194146.1 HSQ1008:141:DOCCBACXX:3:1308:20201:36071/1

ACATCTGGTTCCTACTTCAGGGCCATAAAGCCTAAATAGCCCACACGTTCCCCTTAAAT

+

?@@F FBF FDDHHBCEAFGEGIIDHGH@GDHHHGEHID@C ? GGDG@FHIGGH@FHBEG: G




FASTQ

Read 1

Name

Sequence

(placeholder)

Base qualities

Read 2

Name

Sequence

(placeholder)

Base qualities

Read 3

Name

Sequence

(placeholder)

Base qualities

Read 4

Name

Sequence

(placeholder)

Base qualities

Read 5

Name

Sequence

(placeholder)

Base qualities

CHENS __ reads — Example — bash — 104x25

$ head -20 SRA_HISE02000_FCl.shuffle.2M.1.fastq

@509.6.64.20524,149722
AGCTCTGGTGACCCATGGGCAGCTGCTAGGGAGCCTTCTCTCCACCCTGAAAATAGCTTCTGGCTEONTGGGTGAACTATGGAGAGAAAGCGTTTTATTAT
+

HHHHHHHGHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHI IHHIHFHHFHHHIHGEHHIIFIHBC#@: @9, ——541436D9 7 ; EA st
@509.4.62.19231,2763
GTTGATAAGCAAGCATCTCATTTTGTGCATATACCTGGTCTTTCGTATTCTGGCGTGAAGTCGCCONCTGAATGCCAGCAATCTCTTTTTGAGTCTCATT
+
HHHHHHHHHHHHHHEHHHHHHHHHHHHHHHHHHHHHHHDHHHHHHGHGHHHHHHHHHH=EF ?7DHE4#555= } ===GGHEGGECHGECE@<7<3@7F<A9@<
@509.6.47.3027.76579
CCTTTTCGACTAGAGACTGCCAAGTGCCAAAATATCCACTTGCAGATACTACAACAAGAGTGTTTCNAAACTGCTCAATCAAAAGAAATGTTCAACTCTT

+

HHHHHHHHHHHHHHHHHHH IHHHHHHHHHHHHHHHHHHEHGHHHHHHHHGHHHHHHHHHHEH ?HH4#554DDADDHHHHHH@GHHF GBBFFHFHFHEHHH

@509.2.7,2951.186312
AAAGATACAACATACCACAATCTTTGAGACACACCTAAGACAATAAGGCAGTGTTAAGAGGAAAATTAATAGCACTAAATGCCCACATCAAAAAGTTAGA
+
HHHHHHHHHHHHHHHHHHGHDHHHHHFHEHHHGHHGHHHHHHHHGHHHHHHEHEF<7<@=BBFFFGCFFE?<; @AFG=GA ; @D@D?FDFFB=B ; F=>AA@
@509.6.25.81082.148546
GGACACATTCAAACCATTGCATCCATCCTCTGCATTCAGAAAGATAGTCCAACAGAAAGATCTGGANTCAAGAGACCCAGCTGATTACCAATTCCAGTTT
+

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHTHHHHHHH THHHTHHHTHG#FFDCDD@@GGGHHFTHEGIFIETITIGIIGFGF

$




Base qualities

Bases and qualities line up:

AGCTCTGGTGACCCATGGGCAGCTGCTAGGGA

HHHHHHHHHHHHHHHGCGCS5FEFFFGHHHHHH

Base quality is ASCll-encoded version of Q=-101ogw p



ASCII
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Base qualities

Usual ASCIl encoding is “Phred+33":

take Q, rounded to integer, add 33, convert to character

def QtoPhred33(Q):
""" Turn Q into Phred+33 ASCII-encoded quality """
return chr(int(round(Q)) + 33)
X

(converts character to integer according to ASClI table)

def phred33ToQ(qual):
""" Turn Phred+33 ASCII-encoded quality into Q """
return ord(qual)-33
=

(converts integer to character according to ASClI table)



