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Lecture 7:

Sequencing strategies
BAC to BAC Run vs. Whole Genome Shotgun

Course 485

Introduction to Genomics
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Challenges

1) We can not sequence the entire genome at
once.

Any ideas why?
Technological limitations?
Natural limitations?

2) What is after the sequences obtained.

Genome assembly?
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Review

Across sequencing methodologies, what do

we need to sequence a fragment/piece of
DNA?

1. Enough identical copies of the DNA fragment.

2. Primers.
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Review

Across sequencing methodologies, what do

we need to sequence a fragment/piece of
DNA?

1. Enough identical copies of the DNA fragment.
Why?

What sequencing technology does not require many
copies of DNA fragment?

2. Primers.

Why?

What sequencing technology does not require primers?
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Review

How can we get enough copies of an
identical DNA fragment?

1. Molecular cloning.

2. PCR.
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Review

How can we get enough copies of an
identical DNA fragment?

1. Molecular cloning.

2. PCR.

What is the most important requirement for PCR?
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Sequencing strategies

!

Hierarchical
(BAC to BAC)
sequencing

}

Whole genome
shotgun (WGS)
sequencing
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What is hierarchical?

hi-er-ar-chi-cal | hi(s)'rarkok(9)l |

adjective

of the nature of a hierarchy; arranged in order of rank:
the hierarchical bureaucracy of a local authority.
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Hierarchical sequencing

1. Genome

2. Genome
fragmentation

3. Cloning genome
fragments into
multiple BAC clones

4. Single BAC clone
fragmentation

5. Cloning each BAC
clone fragment into a
sequencing vector
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Hierarchical sequencing

Genomic DNA

BAC library

Organized

Mapped large e — — — — el

clone contigs

BAC to be

sequenced

Shotgun ~r - ;\’:‘F~r 5

clones NSl ™l T~

Shotgun .. .ACCGTAAATGGGCTGATCATGCTTAAA

sequence TGATCATGCTTAAACCCTGTGCATCCTACTG. . .
Assembly - ..ACCGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG. . .
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Hierarchical sequencing

1. Genome

Where do we get the genome from?

How many copies of the genome are in the
sample extraction tube?

Can we sequence the genome directly from the
extraction tube?
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Hierarchical sequencing

2. Genome fragmentation

How can we fragment a genome?
What are restriction enzymes?

Can we predict/estimate the number of restriction
sites in an unknown genome?
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2. Genome fragmentation

Hierarchical sequencing
%AT = 40%

Let’'s assume that a genome is 1Mb in size and a %GC of
60%. How many EcoRI sites are likely to be in the genome?

Genome size =
0.3 0.2 0.2 0.2 0.2 0.3
1Mb = 1x10°bp = 1,000,000bp

o3 GIAATTC
-03 CTTAAG

P(A)
P(T)
P(GAATTC) = 0.3x0.2x0.2x0.2x0.2x0.3 = 0.000144

# of bp to find GAATTC = 1/0.000144 = 6944Dbp

# of GAATTC in 1Mb genome = 1000,000/6944 = 144 i
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Hierarchical sequencing

2. Genome fragmentation

Complete vs. partial digestion
Which approach is better and why?

Partial digestion
with 4 bp cutter
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Hierarchical sequencing

2. Genome fragmentation

Using multiple different restriction enzymes
why?
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Hierarchical sequencing

2. Genome fragmentation

What is the size of the needed
DNA fragment?

Clone number

120

100

80

60 |

40

20

Research article

0 - 26 51- 76- 10+ 126- 15+ 176 200- 300
25 50 75 100 125 150 175 200 300 400

Insert size (kb)

Construction of a 7-fold BAC library and cytogenetic mapping of 10
genes in the giant panda (Ailuropoda melanoleuca)
Wei Liut!, Yonghui Zhao'!, Zhaoliang Liu!, Ying Zhang!, Zhengxing Lian?
and Ning Li*!

Cut DNA into large
pieces (-40-80 kb)

N\

B

l Clone into BAC vectors
Array and screen with
¥ taxon-specific marker

OO

Shotgun sequence
selected clones

000

Assemble large taxon-
specific fragments

—
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Hierarchical sequencing

3. Cloning genome fragments into multiple BAC clones

What is a BAC?

Bacterial Artificial Chromosome
Insert size 150-350Kb

Used for physical mapping

and hierarchical sequencing. ~ 4

VVVVVV

More stable and easy to
manipulate.
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Hierarchical sequencing

3. Cloning genome fragments into multiple BAC clones

What is a BAC clone
library?

Xhol (6,601)

Hindlll (6,620)

EcoRl (6,628)

BamHI (6,650)

Xbal (6,658)

Sstl / EcolCRI (6,668)
7,182)

RIK(891)

Megabase-sized DNA
embedded in LMP agarose plugs

Partially digest the DNA
with BamHI
Select for the restricted
fragments of 100-300 kb
on a pulsed-field gel

Steps 16-38, 3 d
pCLD04541
(27.6 kb)

/x (A)
Steps 1-15, 8 h Eaml
Phosphatase
T4 DNA ligase
Steps 39-44, 10 h
B
Notl 8
Notl
B

DH10B by electroporation

Plate on selective medium

Transform ligate into E. coli
Steps 45-48, 1d

Characterize the recombinant
Steps 49-65, 3-nd clones

Array white recombinant clones
in microtiter plates

An ordered BIBAC library
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Hierarchical sequencing

3. Cloning genome fragments into multiple BAC clones

Let's assume that a genome is 1Gb in size. How many
clones of an average 120Kb fragments are needed to
achieve 5 fold coverage of the genome?

Genome size =1Gb = 1x109bp =1,000,000,000bp

Average insert size = 120Kb = 120x103bp = 120,000bp
Coverage = 5X

Genome size x Coverage (X)

N= Average insert size

9 9
_1x10°bp x5 _  5x10°bp = 41.666 clones

N
120x10%bp  120x10°bp

—
—
Z/
/



LULLLEALLALENLRANEANLE L1 eLeteeL

Hierarchical sequencing

3. Cloning genome fragments into multiple BAC clones

What are the benefits of BAC clones?

 Allows the mapping
of the unknown
fragments to specific
locations of the
chromosome.

* This can greatly
affect the genome
assembly (later).

" I
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Y 402
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Hierarchical sequencing

3. Cloning genome fragments into multiple BAC clones

Do we need all BAC clones generated?

« Remove redundant
clones.

e Select minimal set of
overlapping clones
covering the whole-
genome

Original genome

Highly redundant BAC library

G G b &G b a» -
Gl G & Gl G &G @&
Co ol cCoO o = &D

BAC subset for sequencing
™l ™ e ™ ™ el ™S Nl

i
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Hierarchical sequencing

4. Single BAC clone-insert fragmentation

Fragmentation of BAC clone-insert by shotgun

Do you what a shotgun is?

-
BAC clone insert (~100kb)

Random fragments (~4-10kb)
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Hierarchical sequencing

4. Single BAC clone-insert fragmentation

Aldeehani double trap-Olympic gold medal athlete
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Hierarchical sequencing

4. Single BAC clone-insert fragmentation

Shotgun!
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Hierarchical sequencing

4. Single BAC clone-insert fragmentation

How is the shotgun fragmentation is achieved?

-
BAC clone insert (~100kb)

Random fragments (~4-10kb)
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Hierarchical sequencing

5. Cloning each BAC clone fragment into a sequencing vector

What is a sequencing vector?

Why are we cloning smaller fragments?

« Smaller than BACs

« Smaller insert size

pUC18/19

2686 bp

 Known sequence
flanking the multiple
cloning site (MCS)
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Hierarchical sequencing

5. Cloning each BAC clone fragment into a sequencing vector

How many clones do you need?
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Hierarchical sequencing

5. Cloning each BAC clone fragment into a sequencing vector

Is there an easier
way to amplify the
random fragments
and have known
flanking sequences
for sequencing
primers?

Template bNA ST
2y« g 2r S 1
Shotgun DNA  — * 7 i
fragmentation | m R
Sanger method < > NGS method
@ Cloning and bacterial transformation @ Adapter ligation into DNA fragments
. Clone DNA fragments DNA library
rrrrrrrrrrrrrr
- i [T
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Hierarchical sequencing

How do we get enough copies of DNA to start
sequencing?

Now:

1) Performing PCR using primers of known
sequences.

2) Adding synthetic adapters of known
sequence to act as primers

In the past:
cloning the DNA fragment to vectors (plasmids
or Bacterial Artificial Chromosomes (BAC)).

—
—
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Hierarchical sequencing

5. Cloning each BAC clone fragment into a sequencing vector

a Roche/454, Life/APG, Polonator
Emulsion PCR

One DNA molecule per bead. Clonal amplification to thousands of copies occurs in microreactors in an emulsion

PCR Break
emulsion

amplification

Primer, template,

Template
dissociation

dNTPs and polymerase

b Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation
DNA (5 g)

Template
dNTPs

and
polymerase

Bridge amplification

d Helicos BioSciences: two-pass sequencing
Single molecule: template immobilized

Billions of primed, single-molecule templates

100-200 million beads

Chemically cross-

linked to a glass slide

¢ Helicos BioSciences: one-pass sequencing
Single molecule: primer immobilized

-

N

"

ﬂ
i
~

Billions of primed, single-molecule templates

e Pacific Biosciences, Life/ Visigen, LI-COR Biosciences
Single molecule: polymerase immobilized i

Thousands of primed, single-molecule templates

@ APPLICATIONS OF NEXT-GENERATION SEQUENCING

Sequencing technologies —
the next generation

Michael L. Metzker**

Abstract | Demand has never been greater for revolutionary technologies that deliver
fast, inexpensive and accurate genome information. This challenge has catalysed the
development of next-generation sequencing (NGS) technologies. The inexpensive
production of large volumes of sequence data is the primary advantage over conventional
methods. Here, | present a technical review of template preparation, sequencing and
imaging, genome alignment and assembly approaches, and recent advances in current
and near-term commercially available NGS instruments. | also outline the broad range of
applications for NGS technologies, in addition to providing guidelines for platform
selection to address biological questions of interest.

Q



LULLLEALLALENLRANEANLE L1 eLeteeL

Hierarchical sequencing

What are the requirements to sequence any
fragment of DNA?

1) Enough copies of the DNA fragment

2) Primers corresponding to known locations
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Hierarchical sequencing

Using the known sequences
of the vector as primers or
the synthetic adapters,
sequence the ends of the
unknown fragment

(a) (b)

Sheer DNA into small \ Cut DNA into large

pieces (-3 kb) pieces (-40-80 kb)
N\

Construct clone library l l Clone into BAC vectors

S8== 000
v O00

Randomly sequence

clone library Array and screen with
Y taxon-specific marker
Pawed ends Paired ends Y
i ; e [ors SO000 O
— ©: 0303 co!
:‘ ) S B
Assemble | Shotgun sequence
3 selected clo
Y Y
Cony | e Q000
—
Paired end seque Y Ty Wy Ay
Contig —G— —_G— Assemble large taxon-
— specific fragments
Paired end seque —— e P g
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Hierarchical sequencing

When do you use
single-end sequencing?

When do you use
paired-end sequencing?

Single-end reads

e e, [eference
sequence

Paired-end reads

S e e e s reference
sequence

sequenced  unknown  sequenced
fragment sequence fragment
SN =

| |
200 - 1000bp

'
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Hierarchical sequencing

Do the sequences of the ends always overlap?

> e
300bp —EEEEE————— 250 b 400 bp
-— —
Q Overla Q
P No Overlap
Overlaps
—————
: ‘ : Reference

-y



LULLLEALLALENLRANEANLE L1 eLeteeL

Hierarchical sequencing

6. Sequencing ends of the DNA fragment

The end-sequences of the random fragments overlap to
give a complete sequence.

: Reference Genome Sequence
e — | e
I —r

-~
‘ 35bp identiﬁedl 330- 430 bp unknown sequence ‘ 35bp identified |
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Whole-genome shotgun sequencing

1. Genome

2. Genome shotgun
fragmentation
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Whole-genome shotgun sequencing

1. Genome

2. Genome shotgun
fragmentation
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p
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5 High Low

5 accuracy Clone-by-clone WGS accuracy

j Easy to Hard to

j assemble e assemble
giComputatlonal (7 ¢ /*‘ll /, :" - 1Computational
5 Demand — (- e wE = Demand

2 Very SIOW ‘ ....TATGCGATGCGTATTTCGTAAA. ... FaSt

ﬁ Laborious \E?-::"‘"‘"EE: o high

5 o e ——= === throughput
= High cost : Low cost

/ | / Reference Sequence

ﬁ Requires uimiim| Requires
j mapping mapping Z
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Disclaimer

Figures, photos, and graphs in my lectures are
collected using google searches. | do not claim to have
personally produced the material (except for some). |
do cite only articles or books used. | thank all owners of
the visual aid that | use and apologize for not citing
each individual item. If anybody finds the inclusion of
their material in my lectures a violation of their copy
rights, please contact me via email.

hhalhaddad@gmail.com
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