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Polymerase Chain Reaction
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equipment, and to Dr. G. E, Deacon and 'ho
captain and officers of R.R. D.«m.y 1T for thei
part in making tho observations.
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~—MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A Structure for Deoxyribose Nucleic Acid

E wish to suggwst o structure for the selt

of deoxyribose nucleic acid (D.N.A.). This
structurs has novel features which are of considerablo

A structure for nucleic scid has already been
proposed by Pauling and Corey'. They kindly made
thelr manuscript available (0
publication. odel
Twined cbains, with tho phosphates near the flbre
axis, and the bases on the aum-m- In our opinion,
thia structure is_unsatisfac two. roasons :
1l| \hw believe that the mblcull \"IW'! gives the
is the salt, not the free acid. Without

i the structury togother, ospocially s the
negatively charged phosphatos near the axis will

repel each other. (2) Some of the van dar Waals
distances appear 1o be too small.

Another three-chain structuro has also been sug.
gosted by Fraser (in the pross). In his modal the
phosphates are on the outside and the bases on_tho
osids, linked togothar by hydrogen borcle.  Thie
structure a8 deseribed i r ill-defined, and for
this reason we shall not comment
on

We wish to put forward
- | radically difforent structure for
the salt of deoxyriboss nucloic
acid. This structure has two
7 helical chains each coiled round
\ the same axis (soe di We
have mads the usual che

1/ assumptions, namely, that oacl
ehain consists of phosphato m

of
near
‘standard configuration’,

e roughly perpend

e Berriml B t0 the batstid buso. "Thare

737

residue on each chain every 3-4 A. in the z-direc
We have sssumed an angle of 36° between

the outside, cations have casy access to them.
structurs is an open one, and its water content
in rathor high At lowor watar contents wo would
expeot the basss to Lt o that the strusture could
become more comy
Tha novel foaters, of he struckure fa the manner
in which the two chains are held together by the
purine and pyvimidine bases. The planes of the base
o parpendieuler to "the fibro axie: Thoy aro
Sogoibor in pairs, & singlo bass from ons shaia. boing
hy\ln-unu -bonded to  single base from tho other
by side with identical

purine position 6 to

pyrimidine position 6.

T it is assumod that the bases only ccour in the
structure in tho most plausible tautomerio forms
(that is, with the keto rathor than the enol oon
figurations) it is found that only specifio pairs of
bases can bond togother. These pairs aro : adenine
(purine) with thymine (py , and guanine
(purine) with cytosine (pyrimidine).

In other wonds, if an adenine forms one member of

roaning and o
single chain Ao ot appear

way. However, if only !p"ulh' pains of bases onn
formed, it follows that if the soquence of
et . g, St abe, seqicnce on the other
chain is automatioally determis

s boon + that the ratio

ymine, and the ratio

of guanine to eytosine, are always very close to unity
for deoxyribose mucleio acid.

Tt is probably impossible to build this strusture
with a riboso sugar in place of the deoxyribose, as
the extra oxygen atom would make too closo & van
dor Waals contact,

Tho proviously published X-ray data* an decxy
iboss ueleie asid aro in
of our struet
nn\pﬂuMe vmh the —xp«."mm data, but it must

constant advice ml “riicia, cspecialy on. inter-
atomio distances. We have also been stimulated by
 knowledgo of the general nature of the unpublish
exporimental rosults and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their oo-workors
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King’s College, London. One of us (J. D.
sided by a followship from
for Infantile Paraly

. W.) has been
the National Foundation

. D. Warsox
R O S
ical Rescarch Council Unit for the
Study of the Molooular Struature of
Biological S,
Cavendish thﬂrn'ory Carmbridge
April 2.
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Molecular Structure of Deox)
Nucleic Acids

WaiLE the biological properties of deoxypentose
nueleic  acid -"xw  molecular structure con-
taining great oo my diffraction studies
cribi e (o An ibery’) show the basio molcoulac
Sunfiguriion bas greas shmpliely.
thin communiontin 0 describe
me of tho emrvmrm‘] idence for the po
masiootido ohain, Sonfguration betng. bailoa),” aod
existing in e form whan in the asturel state. A
fuller sccount of the work will ba published shortly.
ructure of deoxypentose mucleio acid is the
same in all species (although the nitrogen base ratios
sher Nwmmb.m in. nucleopeotein, extrsoted or in
e. The samo linear group
pack togathor parallel

o Palynsiestido chaina

in different ways (0 givo
yetalline material. In

diffmetion_photograph consists of o

1
no
detormined largely by the reguias specing of micleo-
tides along the chain, and the other by tho longe

spacings of tho chain configuration. 'The sequenco oo of
different nitrogon bases along the chain is not mads

talline deoxypontoss mueleio acid
(structure ' in the following communication by
% a fibro disgram ae shown

4 Astbary mggesied that the
A, roflezion eorreesoadsy to the inie

April 25, 1953 wou 171

Vig. 1. Fibee dlagn

the innermost maxima of each Bessol
the origin. The angle this line makes wit
is roughly equal to the angle between an eloment of
the helix and the helix axia. Tf a unit ropeata n times
along the helix thore will be & meridional reflexion
(J,) on the nth layer o halioal configuration
-bands on this fundamental freque
being to Feproduce the intensit mw.bmum
0 around the new orig
ng to C in Fig. 2,
oy analyws in physioal torms some
of the efects o the shape and sizo of the ropest unit
o¢ nueleo s the diffraction pattern. First, if the
Bisolootide oonsista of & unit having iroular syrametry
about an axis parallel to the halix axia, the whole
diffraation pattern is modified by the form factor of
the nusleotids. Seoond, If the nuleotide consists of
& serios of p radius ot right-angles to the
helix Axia, tho phases of radiation scattcsod by the
elioes of different diamed
point a . Summation of the corresponding
Bomct Runctions g inforosment. for the inner-

S

Tt has not escaped Our notice that the specific
pairing we have postulated

immediately suggests a

Gontiniious helix gives n»e-rmnfk\)ri lirios nl...u 5
corresponding to the helix pif int

tribution along the nth Iayer € Proport
10 the squar of J, the nth ordor Basol Rinetion
A stright line may be drswn approximataly through

po_smble 00py1ng mechanism for the genetxc ma,temal

Watson & Crick, Nature, April 1953,




Enzymic synthesis of deoxyribonucleic acid (1956)
_Nobel Prize in Physiology or Medicine 1959

Arthur Kornberg compared DNA to a tape
recording of instructions that can be copied
over and over

How do cells make these near-perfect copies?

Polymerase Chain Reaction




DNA polymerase

Can synthesise only in the 5" to 3’
direction

Needs:
1. ssDNA (single strand) as a
template

2. 3’-OH group to add new
nucleotides to

Phosphate Base

Polymerase Chain Reaction

Polymerase

DNA polymerase

3= 5
exonuclease
domain




“Sometimes a good idea comes to you when you are not
looking for it ... such a revolution came to me one Friday
night in April, 1983, as | gripped the steering wheel of my
car and snaked along a moonlit mountain road into
northern California’s redwood country. That was how |
strumbled across a process that could make unlimited
copies of genes”

Polymerase Chain Reaction



Kary Mullis

Nobel Prize in Chemistry (1993)
for creating polymerase chain reaction (PCR)

Questionable opinions about:

e Link between AIDS and HIV
 Human-made global warming
* Astrology

Surf lover

Polymerase Chain Reaction

DANCING NAKED
in the MIllD Fi€LD

WINNER OF THE NOBEL PRIZE IN CHEMISTRY

KaRY MULLIS

“Kary Mullis, perhaps the weirdest human ever to win the Nobel Prize in Chemistry,
[has written] a chatty, rambling, funny, iconoclastic tour through the wonderland
that is [his] mind ~THE WASHINGTON POST




K. Mullis was working as DNA chemist for the
synthesis of oligonucleotide probes

“Like a “FIND” sequence in a computer
search, a short string of nucleotides in a
synthetic molecule might be able to define
a position along a very much longer natural
DNA molecule”

—> Primers: synthetic DNA oligonucleotides (15—
30 bp) designed to bind to sequences that flank
the region of interest in the template DNA

Polymerase Chain Reaction




DNA replication occurs

: .
BRI . L
“ Ll LLLLLLLLL
If | could locate a thousand sequences out 3 *s

of billions with one short piece of DNA, |

Primers bind DNA

could use another short piece to narrow the e
search” _
Primers
—> ‘Forward’ primer : binds to the 3' end of ; ,ﬁ St
the antisense DNA strand v 5
—> ‘Reverse’ primer: binds to the sense DNA . .
strand ) T
Ll
3 5t
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DNA with sequence of interest

5 3

——
LL __________T_Lr First cycle Second cycle . Third cycle - \
e - ¥ . N EEEEEREEEREEEEES 20 to 30 cycles
AT 8 5 bl LLLLLLLLLLL V{4
NA polymerase HEHHH AR . Not only could | make a
’ PN NN NS illions of copies

zillion copies, but they would
always be the same size ...

I DD S

il

LT

5 11:: ) Ty 5
3 A -

Denature and anneal primers 'ﬂ'r'l'I"HTl‘ﬂ'r'* " 4 s . % : . . .
T SRR T | 2 = This simple technique would
w7 . = = make as many copies as |
&L & v SR LLERRLY - =
T ’ FHEHHH U — = =  wanted of any DNA
el bl LLLLLLL L —— o s
ST T H =
TR [ = = sequence | chose”
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PCR: a series of temperature cycles enable the replication of DNA segments, making it
possible to generate millions of copies of a target DNA region

PCR setup: PCR

- Template DNA

- DNA polymerase AENARERNANNNN
- Primers
- Deoxynucleoside triphosphates

(dNTPs) IEEEEEEEEEERER]
- Magnesium ion d-L e L
- Buffer

Polymerase Chain Reaction




Main steps in PCR

1. DENATURATION g xmmx 5

- 94-98°C for 1-3 minutes 5 §
|

- Separate the double-stranded NA e tenatiogd by heating

.
template DNA into single strands C%W%W 5
IGC
I'c

- Long and/or GC-rich DNA targets may ACK B o
benefit from a prolonged incubation GOGABTBTCE - +vose - o

and/or a higher temperature S,Mlluﬂl[[wmmlﬂulllws

Polymerase Chain Reaction




Main steps in PCR

2. PRIMERS ANNEALING

9)
- Provide the 3’-OH starting point for ”””””””””IIIHI &« \
3|

DNA synthesis
Annealing temperature: 50 - 65°C 6& 1 . T \y
determined by the melting 1 i
temperature (T, ) of the selected L’ 5'
primers for PCR amplification. [TTT1
3

T, depends on: primers length, GC / AT
content and salt concentration (Na*)

Polymerase Chain Reaction




Main steps in PCR

3. EXTENSION
Temperature: 75-80°C

Thomas D. Brock, 1969 - discovery of

Thermus aquaticus from the hot springs of
Yellowston national park

- thermostable Taqg DNA polymerase

Polymerase Chain Reaction




Main steps in PCR

3. EXTENSION
Temperature: 75-80°C

dNTPs

Primer 5'=> 3’ polymerase activity of the
DNA polymerase incorporates
dNTPs and synthesizes the
daughter strands

Template New DNA DNA
DNA strand polymerase

Polymerase Chain Reaction




CYCLING

Steps 1 - 3 are repeated 25-35 times
Nonspecific bands start to appear with
numbers of cycles higher than 45
Accumulation of by-products and depletion
of reaction components = lower PCR
efficiency

Low cycle numbers for unbiased
amplification (next-generation sequencing)
and accurate replication of target DNA
(cloning)

Polymerase Chain Reaction

log (DNA copy)

Exponential

Cycle number

Plateau




PCR applications

Cloning DNA
fragments of
interest

expression:

Polymerase Chain Reaction

Mutagenesis

Sequencing




Genotyping

Detect sequence variations in alleles

in specific cells or organisms:

* Primers designed to flank regions
of interest

* Presence / absence of an
amplicon = genetic variations

Polymerase Chain Reaction

1. 2 3:
Homozygote Homozygote Heterozygote
Wild type Mutant Wt / Mutant

DNA
ladder




Genotyping

Detect sequence variations in alleles

in specific cells or organisms:

* Primers designed to flank regions
of interest

* Presence / absence of an
amplicon = genetic variations

Polymerase Chain Reaction

\ \
:{ P1(S) (R) P2 ;_l

F1

y
Selfing

VA \‘12‘{ \‘,t:‘{ VEVRVE "R
Generation of la.ie F2 population
Extraction of DNA from tissue of each individual
Genotyping using polymorphic primers

Agarose gel electrophoresis of PCR products




THANK YOU!



