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* DNA structure

* DNA replication
* PCR

* RNA

* DNA separation

References:
* Bruce Alberts et al., Molecular Biology of the Cell (51" ed., 2007, Chs. 5-6)
« JC Giddings, “Unified Separation Science” (Wiley-Interscience, New York, 1991)
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Figure 4-9 Molecular Biology of the Cell (© Garland Science 2008)



Figure 4-1 Molecular Biology of the Cell (© Garland Science 2008)



Figure 4-2 Molecular Biology of the Cell (© Garland Science 2008)



Figure 4-72 Molecular Biology of the Cell (© Garland Science 2008)






Figure 4-3 Molecular Biology of the Cell (© Garland Science 2008)



Figure 4-4 Molecular Biology of the Cell (© Garland Science 2008)



Figure 4-5 Molecular Biology of the Cell (© Garland Science 2008)



DNA structure



Figure 4-6 Molecular Biology of the Cell (© Garland Science 2008)



DNA replication

Figure 4-8 Molecular Biology of the Cell (© Garland Science 2008)



DNA polymerase



DNA replication



Figure 4-10 Molecular Biology of the Cell (© Garland Science 2008)



Figure 4-11 Molecular Biology of the Cell (© Garland Science 2008)



1968



Polymerase Chain Reaction (PCR)

The Nobel Prize in Chemistry 1993: Kary B. Mullis, Michael Smith

95°C—DNA melting
55°C—primer annealing
72°C—extension



Polymerase Chain Reaction (PCR)-2

http://lwww.youtube.com/watch?v=eEcy9k_KsDI



RNA structure



RNA polymerase |



DNA separation

* Introduction to separation science

» Conventional gel electrophoresis

« Conventional pulsed-field gel electrophoresis
 Capillary electrophoresis

« Advanced DNA separation techniques
(On-chip electrophoresis and pulsed-field

electrophoresis, DNA prism, etc.)

References:
 JC Giddings, “Unified Separation Science” (Wiley-Interscience, New York, 1991)
 Electrophoresis (Journal)

Chia-Fu Chou@2010



The big column for separation...









Concentration (band) broadening by diffusion



Normalized Gaussian Profile
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Theoretical plates: N=X/H



Resolution R =— P (HX)"






Peak capacity: n_=L/w =L/40 (atRs=1)

the max number of separated peaks that can be fit (with adjacent peaks
at some specified Rs value) into the path length.

Theoretical plates: N=L/H









1bp=34A(02¢e)
Dia. =2 nm
1 helical pitch = 10 bp



Electrophoresis



Gel electrophoresis apparatus



Gel Electrophoresis (movie)



History

Walter Gilbert Frederick Sanger

* Year 1977

 Maxem and Gilbert — “Chemical Cleavage Protocol”
« Sanger — Dideoxy sequencing or chain termination
method.

* Gilbert and Sanger shared 1/2 Nobel Prize in 1980.

« Sanger method is used widely because of its practicality.



Maxem-Gilbert Sequencing
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Sanger Method

e Based on the use of ddNTP’s in addition to the
normal nucleotides found in DNA.

* ddNTP’s are same as NTP’s except they contain a
Hydrogen group on the 3’ carbon instead of —-OH

group.

* ddNTP’s when integrated into a sequence,
prevent the addition of further nucleotides.



Sanger Method (Cont.)

This is because a Phosphodiester bond can’t form
between ddNTP and the next incoming nucleotide.

Thus, DNA chain is terminated.
Automated Sequencer Method.

Human Genome Project (1990) by US Dept. of Energy
and National Institute of Health.



DNA sequencing—Sanger Method

DNA Sequencing



Sequencing Methods

Electrophoretic Methods:

> Slab Gel Electrophoresis

> Capillary (Array) Electrophoresis
» Microfabricated Capillary Arrays
> Free Solution Electrophoresis

Non-Electrophoretic Methods:
> Pyrosequencing

» Sequencing by Hybridization

> Massively Parallel Signature Sequencing
» MALDI-TOF Mass Spectrometry

> Single Molecule Methods



Capillary electrophoresis



Field flow fractionation (FFF)



NORMALIZED FLUORES CENCE INTENSITY

Capillary (Array) Electrophoresis
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NORMALIZED FLUORES CENCE INTENSITY

CE DNA Readout-> Least-square fitting

What is needed: optical spectrum of 4 channels vs. time
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Calibrated Coefficient:

.........

I(A1)=d11C4+d;4Cy+d34C3+dy 04
(Ag)=d5C1+dpCo+d3,Ca+d,C,
l(A3)=d3C1+dp3C,+d33C5+dy3C,
(A4)=d14C1+d54Cyd34C3+d 40y

l(A5)=d15C1+d25Co+d35C3+dy5C,
C4, Cy, C3 C4are the dye
(DNA) concentration



Agilent 2100 Bioanalyzer

Applied microfluidic lab-on-a-chip technology






Organism Genome size Size Status
relative to
human

HIV-1 9,750, 0.0003% complete 1985, Wain-Hobson,et.al.
Mycoplasma genitalium 580,070 0.0171% complete 1995, TIGR
Mycoplasma pneumoniae 816,394 0.0240% complete 1995, Univ. of Heidelberg
Lyme disease spirochete 946,000, 0.0278% complete 1997, TIGR
Methanococcus jannaschii 1,664,974 0.0490% complete 1996, TIGR
H. influenzae 1,830,137 0.0538% complete 1995, TIGR
Mycobacterium tuberculosis 4,397,000 0.1293% complete 1998, Sanger Centre
Escherichia coli 4,639,221| 0.1364% complete 1997,Univ. of Wisc. + others
Yeast, Baker's 12,067,280{ 0.3549% complete, 1996, Stanford Genome Center
C. elegans 100,000,000 3%| complete, 1999 Washington Univ. and Sanger Ctr.
Fruit fly 180,000,000 5% complete, 2000 European and US groups
Pufferfish, Japanese (Takifugu rubripes) 400,000,000 12% 90% complete, 2005
Rice 400,000,000 12%| complete, 2002 International Rice Genome Seq. Proj.
Pig 2,700,000,000 79% Mapping complete - sequencing mid stages
Rat 2,900,000,000 85% Draft assembly
Cattle 3,000,000,000 88% Begun in April, 2003, draft assembly
Mouse 3,000,000,000 88% Complete, 2002
Rabbit 3,000,000,000 88%
Human 3,400,000,000 1.0 Complete, 2001,2002,2003
Onion 18,000,000,000 5.3
Marbled lungfish 139,000,000,000 40.9
Fern 160,000,000,000 47.1
Amoeba proteus 290,000,000,000 85.3




Table 4-1 Molecular Biology of the Cell (© Garland Science 2008)



Human genome sequencing with CAE

Step 1: Shearing of DNA

The HydroShear takes up the sample containing long strands of source DNA.

The sample passes through a narrow tube where it is forced through a small aperture in a ruby,
and fragments are randomly snapped (sheared) as the DNA is stretched.

©Q

Short sheared fragments (2-4 kb) pass through and are collected for the next step.



Step 2: Insertion of Fragments into a Plasmid

LacZ gene produces -+— Sheared fragments
blue plgment

Recombinant
DNA

Hybidization + DNA ligase

A couple of thousand inserts

larg 1ence. Eac

different sheared fragment

Some of these
plasmids
take in a fragment




Step 3: Transformation

A cuvette for use in An electroporation machine:
the electroporation induces bacteria to open their
machine pores with an electric shock

In this machine, the plasmids are encouraged (not very gently!) to enter the
bacteria cells. Think of it as a bacterial torture chamber ;*)

Just one?




Step 4: Sub-Cloning the Sheared Fragment

. . Some of the colonies are blue and some are white,
An agar plate with many transformed colonies depending on whether they were successfully
transformed (white) or not (blue)

All the plates containing fragments of the original 150~200-
kb piece of DNA now are referred to as a "library."



Step 5: Colony Picking

Believe it or not, millions of copies of the DNA fragments are just not
enough; we need billions!

So each colony needs to be cultured again. This entails picking the
good colonies from the agar plates and transferring each one to a well
on a 384-well plate.

A 384-well culture stock plate.

Instead of taking a chance that a technician might go blind picking
colonies all day, we use a robot called the Genetix Q-Pix. JGI has four
pickers that operate 24 hours a day. The robots' imaging system can
discriminate between white and blue colonies. Each colony is put into a
separate well that contains 70 ul of a nutrient-rich liquid medium.

A technician loads plates into
the colony picking machine.

All together, JGI can produce 500 384-well plates in a day (but we average
240). That's 192,000 colonies! The plates are incubated for 18-20 hours at
37°C. After incubating, they can be stored at -80°C until they are ready for
production sequencing.



Step 6: Lysing the Cell

At this point, our plasmids are still trapped inside the bacterial cell. To
get to our original fragment, we need to isolate the plasmid from the
rest of the cell. This starts with the PlateMate Plus robot (shown
below). The robot takes 2 ul from the 384-well culture stock plate and
puts it onto a new 384-well plate. Each well on the new plate also
contains 8 ul of Amersham denature buffer.

The PlateMate Plus robot transfers colonies from
384-well stock plates to new 384-well plates for lysing.

The 384-well plates containing the denature buffer and bacteria from
the culture stock plate are placed in a thermal cycler at 95°C for five
minutes. At this point, the cells "lyse," meaning that their plasma
membrane breaks and the cellular contents spill out into solution.

Thermal cyclers heat up bacterial cells to break them open.



Step 7: Rolling-Circle Amplification

Now that the plasmid is free of the cell, we need to amplify (make many,
many copies of) just the fragment-containing pUC18 plasmid. This is achieved
by a reaction called rolling-circle amplification, or RCA. If you are familiar
with PCR (the polymerase chain reaction), then it may help you to know that
RCA is very similar. The end result of RCA will be millions of snowflake-like
structures, each containing several copies of the plasmid DNA.

New strands of DNA matching the DNA in the plasmid are formed in connected arcs as polymerase "rolls" around the circular plasmid (center ring).

To prepare the reaction, 10 1 of Amersham TempliPhi reagent is
added to each of the 384 wells containing only 2 ul of the plasmid.
The TemliPhi reagent consists of

*dNTPs (the four nucleotides, A, T, G, and C)

*phi29 polymerase (an enzyme that adds nucleotides to a strand of
DNA)

erandom primers (which give polymerase a place to start building)

The reaction is incubated for 18 hours at a constant 30°C.

An incubator is used for the RCA reaction.



Step 8: Sequencing Chemistry

Only 1 ul from the RCA reaction plate is transferred to a new 384-well plate
using the Robbins Twister robot.

The Robbins Twister robot transfers samples
from RCA reaction plates.

Cavro Dispensing
Robot



NORMALIZED FLUORES CENCE INTENSITY

Step 9: Capillary Array Electrophoresis
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Step 10: Assembly

Corta 310 1703 roads 113807 basos
Coag 503 1204 roads Y1700 Nses
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Assembling sequenced reads in Phrap.

Reads are aligned to form a "consensus read." Phrap scores for each base in the consensus are assigned
by using Phred scores for bases at that position sequencing chemistry read orientation depth of read



A Farewell to Sanger

After a decade of service, the Sanger sequencing line was shut down at
the DOE |Gl the week of October | 1,2010.This video was produced
in tribute to the people and the process who made sequencing

projects such as the Human Genome Project, the poplar tree and the
frog possible.



Cost: $Millions/genome
Time: months

l goal

Cost: $1,000/genome
Time: hours



Nature 358, 600 (1992)
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Nanofluidic DNA separation device with
entropic trapping array

SCIENCE VOL 288 (2000) 1026



Band launching and analysis of bands

SCIENCE VOL 288 (2000) 1026



Electric field dependence of the separation
of T2-T7 DNA mixture

=== 28,0 V/icm
—24.5V/icm
21.0 V/iecm

T2 (164 kbp)
T7 (37.9 kbp)

Resolution of separation:
R, = (AV/V) V(N/16)

AV/V: the fractional band
velocity difference between
two peaks.

At 21.0 V/cm (gray line), the theoretical plate number (N) was 4900 for the T2 peak
and 970 for the T7 peak, and the resolution was 1.95.
At 24.5 V/cm (black line), N = 8500 for the T2 peak and 3400 for the T7 peak, and the

resolution was 0.89.

At 28.0 V/cm, no separation was achieved (broken line).

SCIENCE VOL 288 (2000) 1026



Simultaneous separation of the Mono Cut Mix sample
(black line) and 5-kbp ladder sample (gray line) by the
entropic trap array, run at 80 V/cm.

Large molecules move faster!!

SCIENCE VOL 288 (2000) 1026



On-chip pulsed-field electrophoresis

Anal. Chem. 2001, 73, 6053-6056

Microscopic view of the pulsed hexagonal array



On-chip pulsed-field electrophoresis
(animation)



Device configuration of a pulsed
hexagonal array

Anal. Chem. 2001, 73, 6053-6056



Single-molecule images

Anal. Chem. 2001, 73, 6053-6056



A and T4 DNA separation

A and T4 DNA pulsed at 244 V and with period T = 1 s after
release from the entropic trap

Anal. Chem. 2001, 73, 6053-6056



DNA position as a function of time

A DNA

T4 DNA

Anal. Chem. 2001, 73, 6053-6056



DNA Prism

Asymmetric pulsed fields:
The direction of the net flow motion of the DNA is
angle-dependent.

Continuous separation of BAC/PAC mixture of 114, 158, and 209 kbp
fragments (Huang ef al., Nat. Biotech. 2001)



