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The Human Genome Project:
Should we do it?

Service, R. F. (2001). The human genome: Objection #1: big biology is L
Science, 291(5507), 1182.

— Not hypothesis driven.
— Fishing expedition or stamp collecting.

— Eliminate funds from investigator initiated science.

Vogel, G. (2001). The human genome: Objection #2: why sequence the
Science, 291(5507), 1184.

— Limit sequencing to 1.5% of genome that codes proteins.
— Do not sequence intergenic regions “genetic wastelands”.

— Do not sequence repeated regions (centromeres, telomeres and
heterochromatin).

Service, R. F. (2001). The human genome: Objection #3: impossible to ¢
Science, 291(5507), 1186.

— Technology of the time permitted 500 bp per day per person.

— Move from radioactively labeled sequencing to fluorescent sequencing
permitted complete automation up to 1 gigabyte per year.
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Genome Sizes

Human Genome
Mouse Genome

Fruit Fly Genome

Nematode Genome

Yeast Genome

E. coli Genome

~3,000,000,000 bp

~160,000,000 bp

]

~100,000,000 bp

[

~135,000,000 bp

[

~5,000,000 bp Courtesy

Eric Green




‘o~
1 |

-..FHHE uﬂ -
(NN .| B

.U (N
i it

Q.
©
—
O
-
O
-
(<)
O
O
——
55
&
-
©
=
-
L
@
K -
-




fﬁﬁ# “._-_-- = — . - o = o - o

ce========"—= Human
Genome
(~3000 Mb)

=

1T

L!

l!
Human Chromosome
(~130 Mb)

YAC
(~0.5-1.0 Mb)

BAC
(~0.1-0.2 Mb)
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Eric Green




Clone-Based Physical Mapping
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http://www.nhgri.nih.gov/

Sequence-Ready BAC Contig Map
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Subclone Construction

BAC DNA

l, Prepare Multiple Copies

<

Randomly Fragment

l Subclone Fragments
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Shotgun Sequencing Strategy

BAC
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Clone-Based Shotgun Sequencing
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Whole-Genome Shotgun Sequencing
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Whole Genome Shotgun versus Clone Sequencing

1997

Let's sequence
the human
genome with the
shotgun strategy

That is
impossible, and a
bad idea anyway

Phil Green

Gene Myers

Thanks to Seraf m Batzoglou



Hierarchical Sequencing Vs.
o Whole Genome Shotgun Sequencing

Generate and align

Fragment and sequence
l large BAC or 1 clones i st

entire me

Fragment and sequence
a subset of the clones

(from Gibson & Muse, A Primer of Genome Science)

© Gibson & Muse A Primer of Genome Science


http://www.sinauer.com/genomics/

M13mp18 Sequencing Vector

http:/ / www.mikeblaber.org/oldwine /bch5425 /lect33 /lect33.htm

Insert 1 kb Human
DNA Segment

M 13 Circular DNA

With LacZ gene
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DNA Synthesis by DNA polymerases
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DNA Sequencing by Chain Termination
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Analyzing Fluorescent DNA Sequencing Data

CTGGG TC

Computer
Analysm

Courtesy
Eric Green



Fluorescent DNA Sequencing Results
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Seguence Assembly

(a) Sequence reads
Read 1 [CACATACACATGG
Read 2 TCAATGGGGCTAA
Read 3 AGCACGGACTTGTCACATACACATG
Read 4 ACACATGGAAATA |
Read 5 GGGCTAATGATTGTCAC]
Read 6 TGATTGTCACATA|
Read 7 ATTCATGAAGCACGGA
Read 8 GTCACATACACATGATCAATGGGG

lUse computer to assemble sequence reads

(b) 7 ATTCATGAAGCACGGA
3/AGCACGGACTTGTCACATACACATG]
8 GTCACATACACATGATCAATGGGG |
2 TCAATGGGGCTAA
5|GGGCTAATGATTGTCAC]
6 TGATTGTCACATA |
1[CACATACACATGG
4 ACACATGGAAATA

lAssembled sequence

Contig

('l] ATTCATGAAGCACGGACTTGTCACATACACATGATCAATGGGGCTAATGATTGTCACATACACATGGAAATA

Courtesy
Eric Green




February, 2001 Draft Sequence

FAE
HUMAN
GENOME

&1 AMERICAN ASSOC |\|:--\xull :Iu;‘pmm:n-.lu OF SCIENCE
1

International Human Genome Venter et al. (2001) Courtesy
Sequencing Consortium (2001) Eric Green
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The genome finishers

Dedicated scientists are working hard to close the gaps, fix the errors and finally complete the
human genome sequence. Elie Dolgin looks at how close they are.

H[ti i

Courtesy
Eric Green




Shotgun Sequencing Strategy

BAC
- A L I - — “working Draﬂ’,
“Finishing” = —— l — =  Sequence
Finished _
Sequence .. ...



Polymerase Chain Reaction Overview:
Exponential Amplification of DNA

© Doug Brutlag 2016



PCR Requirements

DNA

*Need to know at least the beginning and end of DNA sequence
*These flanking regions have to be unique to strand interested in
amplifying

*Region of interest can be present in as little as one copy
*Enough DNA in 0.1 microliter of human saliva to use PCR

DNA Polymerase Enzyme

*DNA polymerase from Thermus aquaticus--Y ellowstone
*Alternatives: Thermococcus litoralis, Pyrococcus furiosus

Thermocycler

© Doug Brutlag 2016



PCR Applications

Forensics
*assessment/reassessment of crimes
*13 FBI CODIS markers
Archaeology
*determine gene sequences of ancient organisms
* Neandertals
* Denisovans
* Otzi
rethinking the past, human origins
Molecular Biology
*Cloning genes
*Sequencing genes
*Finishing genome sequences
* Amplification of DNA or RNA
*Medicine
*Diagnostics for inherited disease
*Diagnostics for gene expression
*Diagnostics for epigenetics

© Doug Brutlag 2016



October, 2004 Publication

Finishing the euchromatic sequence of
the human genome

e nabigna Muman (e g Sequm ang Comortium®

structoes i buman physioiogy, 43 well as
ng Lons

Current genome sequence

[

naturejobs think Finland

International Human Genome Courtesy
Sequencing Consortium (2004) Eric Green




Duplications and Deletions
in the Human Genome
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Figure 4 Segmental duplications across the genome. a, Segmental duplications and
sequence gaps across the genome. Segmental duplications are indicated below the
chromosomes in blue (length =10 kb and sequence identity =95%). Large duplications
are shown to appraximate scale; smaller ones ame indicated as ticks. Sequence 0dps are
indicated above the chromosomes in red. Large gaps (=300 kb) are shown to
approximate scale; smaller gaps are indicated as ticks with those that are 50 kb or smaller
shown as shorter ticks. Unfinished clones are indicated as black ticks. b, Percentage of
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Single Nucleotide Polymorphisms (SNPs) and Short

Insertion /Deletions in The Human Genome

Eosne Hoindel

12 13 14 15 168 17 18 189 20 21 22

a 10 11
Chromosome

B
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illumina’

[llumina Solexa Sequencing Technology

Sequencing-By-Synthesis Demo

VA
7/

Prepare genomic DNA sample

Randomly fragment genomic DNA and ligate
adapters to both ends of the fragments
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http://www.illumina.com/pages.ilmn?ID=203

illumina’

[llumina Solexa Sequencing Technology

Sequencing-By-Synthesis Demo

Adapter
DMA fragment

Dense lawn of primers

Attach DNA to surface

Bind single stranded fragments randomly to
the inside surface of the flow cell channels.

+ PREV NEXT =+
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illumina’

[llumina Solexa Sequencing Technology

Sequencing-By-Synthesis Demo

- f'“’f_ _-Hx“a

Bridge amplification
Add unlabeled nucleotides and enzyme fo
initiate solid-phase bridge amplification,

+ PREV NEXT =
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illumina’

[llumina Solexa Sequencing Technology

Seguencing-By-Synthesis Demo

Attached terminus
Free terminus

Fragments become

double stranded

+ PREV NEXT =

© Doug Brutlag 2016


http://www.illumina.com/pages.ilmn?ID=203
http://www.illumina.com/

illumina’

[llumina Solexa Sequencing Technology

Seqguencing-By-Synthesis Demo

S ___"HH

Aftached

Denature the double
stranded molecules

+ PREV NEXT -
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illumina’

[llumina Solexa Sequencing Technology

Sequencing-By-Synthesis Demo

Clusters

Completion of amplification

On completion, several million dense clusters
of double stranded DNA are generated in each
channel of the flow cell,

+ PREV NEXT =
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lrfiina [llumina Solexa Sequencing Technology

‘.
: | Seguencing-By-Synthesis Demo
.
'| - ©
o | N
1"
/ ) Q
LT

First chemistry cycle:
determine first base

To initiate the first sequencing cycle, add all
four labeled reversible terminators, pimers and
DMNA polymerase enzyme to the flow cell,

+ PREV NEXT =
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lrfiina [llumina Solexa Sequencing Technology

)

Sequencing-By-Synthesis Demo

¢ " . v
: Vo o ==

Image of first chemistry cycle  Before initiating

Afler laser excitation, caplure the image of the next chemistry cycle

emitted fluorescence from each clusteronthe  Tha blocked 3' terminus and the fluorophore

Illﬂw {:E“ HEﬂl.'.lrd thE IdEF‘ItIl!.I' ':l' thE‘ fmﬁt |:IE|5E-' fmm E‘ﬂﬂh ||‘|m‘pﬂrated baﬁe are mmml
for each cluster
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illumina’

[llumina Solexa Sequencing Technology

Seguencing-By-Synthesis Demo

« : (T
. | Second Chemistry Cycle:
il determine second base

To initiate the next sequencing cycle, add all
four labeled reversible terminators and
enzyme to the flow cell,

_ = = = —

" Laser

+ PREV NEXT =
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lrfiina [llumina Solexa Sequencing Technology

)

Sequencing-By-Synthesis Demo

:

Image of second chemistry cycle

is captured by the instrument

After laser excitation, collect the image data as
before. Record the identity of the second base
for each cluster

+ PREV NEXT =
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lrfiina [llumina Solexa Sequencing Technology

2
Seguencing-By-Synthesis Demo
.
||
\ Ul Ol O ON u
. Y0 Ygu Yoo Y90 Yuu
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
= l |
GCTGA Sequence read over multiple
LR 3
chemistry cycles
Repeal cycles of sequencing to determine
the sequence of bases in a given fragment
a single base at a time
+ PREV NEXT =
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PACIFIC
BIOSCIENCES™

Pacific Biosciences SMRT Sequencing
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PACIFIC
BIOSCIENCES™

Pacific Biosciences SMRT Sequencing

SMRT" Cell
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@ PACIFIC
BIOSCIENCES”

Pacific Biosciences Sequencing

1
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Figure 6. ZMW with DNA polymerase and Figure 4. Detection volume

phospholinked nucleotides Attenuated light from the excitation beam

Phospholinked nucleotides are added into the
ZMW at the high concentrations required for

proper enzyme functioning.

penetrates only the lower 20-30 nm of each
waveguide, creating a detection volume of
20 zeptoliters (10 liters).



Circular Templates Gives Redundant
Sequencing and Accuracy
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ion torrent
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lon Torrent Sequencing

,
’et' ze oleaiee | lON tOrrEnt
g {5 A % O X +.-_.__5_w

fastest next-gen workflow
10X more throughput

4 fastest-selling sequencer
all in six months

Combating Superbug...more >

lon Torrent long read accuracy,
download app note & data...more >

View more lon News...go >
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ion torrent
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lon Torrent Sequencing
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lon Torrent Sequencing

ion torrent
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[on Torrent Promises $1,000 Genome

http:/ /uk.reuters.com/article/2012/01/10/us-dna-reader-idUKTRE8090B820120110

Insight: New DNA reader to bring promise

g Recommend [ Be the first of your friends to recommend this.

By Sharon Begley
NEW YORK | Tue Jan 10, 2012 7:06pm GMT

(Reuters) - After years of predictions that the
"$1,000 genome" - a read-out of a person's
complete genetic information for about the cost of a
dental crown - was just around the corner, a U.S.
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Quotes

Amgen Inc
AMGN.0

$69.14

v 008 w-0.12%

Life Technologies Corp
LIFE.Q

$46.90

¥ <015 = -0.32%

company is announcing Tuesday that it has achieved =000 es

that milestone and taken the technology several
steps ahead.

Pfizer Inc
PFE.N

$21.84
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[llumina Announces $1,000 Genome
J.P. Morgan Tech Show 1-16-2014

llumina

APPLICATIONS SYSTEMS CLINICAL

Systems / HiSeq X Ten

SERVICES

Contact Us Mylllumina Tools~

SCIENCE SUPPORT

COMPANY Search O

Subscribe | ™ O @ | Follow us: i
| Select Language

System

The HiSeq X Ten is a set of ten ultra-high-throughput sequencers, purpose-built for large-scale human whole-genome sequencing.

HAVE QUESTIONS ABOUT THE HISEQ X TEN? CONTACT A SALES REPRESENTATIVE »

The First $1000 Genome

Discover how HiSeqg X Ten breaks the
$1000 genome barrier for human whole-
genome sequencing.

Learn more »

Population Scale Studies

Learn how the HiSeq X Ten can benefit

communities by enabling them to ﬁ i
sequence their entire population. = 2
Read blog post » . .

COMPARE SEQUENCING PLATFORMS )
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Cost per Genome
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X % Moore's Law
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National Human Genome
Research Institute

genome.gov/sequencingcosts
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Cost per Raw Megabase of DNA Sequence
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The Human Genome
How fast is the cost going down?

® 2006:$% 50 million == > NOURE LAP( YOURE
® 2008: $500,000
* 2009: $50,000
* 2010: $20,000
e 2011: $5,000

°* 2012: $4,000

* 2013: $3,000

* 2014 $1,400

* 2015 $1,000

“The locket contains a strand of my DNA.” Thanks to Seraf m Bmzogl ou



