La infeccion natural mediante bacteriofagos (vectores) aumenta la
eficiencia de la transformacion e introduccién del DNA exdgeno
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Figure ¥2-7 Cloning in phage A. A nonessential central region of
The phage chromosome is discarded and the ends Ligated to random
ear muitimer {Ccnéﬂlcnzﬁe'}

15-kb fragments of donor DNA. A 1i
forms, whi d inte phage heads one monomer at a time . 3
by using an in vitro packaging system. (From J. D. Watson, g

M. Gilman, J. Witkowski, and M. Zoller, Recombinant DN, 2d ed.
Copyright © 1992 by Seientific American Books.) Screen iibrary by using nucleic acid probe,




Proteins Nul and A can
recognize the COS site,
directing the insertion of
the » DNA between them
into an empty head. The
filled head is then
attached to the tail,
forming a complete A
virion. The whole process
normally takes place in
the host cell. However,
to prepare the A virion
carrying recombinant A
DNA, the following in
vitro assembly system is
commonly used.

ADOMNA concatemer
P i s s s _|_
| | |

O3 COS COS

Filled head

Fackaging promoted by
proteins Mul and A

> N

Cnly filled head
may attach to the tail

Complete A wirion

The assembly process of the X virion.




Cloning in Bacterioph
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Phage A DNA concatenate

Cohesive ends {(Cos) 3 g';n;:;;.‘SNA

Genomic DNA cos site

T® Bg/i {Sau3A = compatible)

n  Partly cleave wit Linearize at Bg/il site.
Caosmid L2
Sau3lh_lsociate

35—45 kb fragments.

tet R

/L
oot e R TTITI aitind
cos sites  Genomic DNA § In vitro packaging recognizes two

cos sites that are 35—45 kb apart.

1 Infect E. colf.
Seiect for Tat resistance,

Recombinant cosmid .
E cofi celi

replicates as a plasmid.

Genomic PNA

Figure 12-8 Cloning by cosmids. The cosmid is cut at a Bglll site next to the cos site. Donor
genomic DNA is cut by using Sau3 A, which gives sticky ends compatibie with Bg/Il. A tandem array of
donor and vectar DNA results from mixing. Phage is packaged in vitro by eutting at the cos site. The
cosmid with insert recircularizes after it is in the bacterial cell. {From }. D. Watson, M. Gilman,

J. Witkowski, and M. Zoller, Recombinant DNA, 2d ed. Copyright © 1992 by Scientific American Books.)




Cozsmid

The cosmid vector is a combination of the plasmid vector and the COS =ite which allows the
target DINA to be inserted inte the 7 head. It has the following advantages:

« High transformation efficiency.
« The cosmid vector can carry up to 43 kb whereas plazmid and 7. phage vectors ate limited

to 23 kb
» &2 Ponyli rker
| g
Cleawe at pohyinker coE
; i W
a’np[ oRi
Cosmid
In vitro packaging
{b)
Target DNA Cleaved
casmid
g™ L e
+ — — HNN\
™ - "?‘ ’IT'
cos

cos

Figurs 5-A-6. Cloning by veing cosmid vectors. (a) In addition to amp”, ORL and polylinker
asin the plasmid vector, the cosmid vector also contains a COS site. (b) After cosmid
vectors are cleaved with restriction snzyme, they are ligated with DINA frapments. The
subzequent assembly and transformation steps are the same as cloning with 7. phages.




T7 promoter Sp6 promoter
Hindlil

} Cloning
strip

] Trabajando
Con
Gigantes:

~F

The BAC Vector

J

Figure 14-12  Structure of a bacterial artificial chromosome
(BAC), used for cloning large fragments of donor DNA. CM® is a
selectable marker for chloramphenicol resistance. orisS, repE, parA, and
parB are F genes for replication and regulation of copy number. cosN
is the cos site from A phage. HindIIl and BamH] are cloning sites at
which foreign DNA is inserted. The two promoters are for transcribing
the inserted fragment. The Noi/ sites are used for cutiing ooi the
inserted fragment.
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SCREENING DE GENOTECAS
Blisqueda de un Gene especifico.

+ Sondas de DNA Gendmico
-+ Sondas de cDNA
-Oligonucleotidos sintéticos
-Anticuerpos

Homologas, heterdlogas, degeneradas
marcadas con radiactividad o
quimioluminiscencia
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Figure 12-12  Finding the clore of interes
phage derivative Agtll is d wiii b ot i
been wished off the filter, the bound antibodies ure visunlized through Ginding of a adioactive
secondary antibody. (From J. D. Watson, M. Gilman, J. Witkowski, and M. Zoller, Recombinant DNA,
1992 by Scientific American Books.) .
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2d ed. Copyright ©
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_ Encwn cming

cridseguencs  Pha Mel G Trp Hir Lp dan

Pestitla mANA  UUU AUG GAA UGG CAU AAG AAU

roguEnce e GaG CAC AAA AAC
Besteric] eclonies carrylng Synthesizs 32 penibla DNA
diftsrent eDNA tagments aligonucisstices end meke
e redioactively lobeled

A

J
Hybridizotion of the correct
eligoracleotida 1o the cDNA

l Detection by outoradiogrophy

Figure 19-18, above

Cloning genes by use of a probe designed from a known amino acid
quence. Given the amino acid sequence, it is possible to synth |
lig leotides for the possible mRNA ces. The correct oligo
otide will hybridize to the appropriate cDNA that we wish to identil
is carried in the plasmid. Since the oligonuclcotide probe is radioacti
labelled, the hybrid DNA can be detected by autoradiography.

Evcorypotic <O AS

Proteins
Hind ko
mmroceiivicse

Ak TS —cenribochy 10
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Figure 19-20

immunoiogical screening of exproession
wectors o detect desired cucaryotic- -
bacterial hybrid proteins. Proteins pro-
ducesi by bacteria are transferred to ni-
troco lulose filters and treated with
chlorcform to make them permmcablce to
antibodies. An antibody specific for the
hybrid protein we swant o isolate is
radioactively labeled and added to the
fitter, specifically binding to.the correct
protein. The protein can then e de-
tected by autoradiography -
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FIGURE 7-5
Screening a library with a nucleic acid probe to find a
clone. Libraries are cypically screencd by spreading several
hundred thousand phages on 10 o 20 large agar plares
cavered with the hose bacterial culoure (lawn). Afrer the
phage plaques have grown ta visible size, nicrocellulosce
filcers are carefully laid onco che surface of the plates. Phage

icles from the plate adhere to che filter, crearing a
replicn an the filter of che patrern of plagues on the
plate. The filters are reated o strip off phage proteins and
bind the phage DNA o the filrer surface. The filter is
incubated in a solurtion containing a radioactively labeled
DNA or RNA probe complementary in sequence o a
portion of the gene being soughe. This hybridization
reaction is often carried our in sealed plastic bags. The
filters are carefully washed ro remove unbound probe,
leaving behind only the probe molecules tighcy bound o
complemenrary sequences within phage DNA. The locarion
af the bound probe is derermined by exposiog che filrers o
s-ray Wlm (aureradiography). The position is represented by a
spor of exposure on the film. By arienting the film with the
original agar plate, the phage plagque carrying che
complementary sequence can be idennfied and the desired
clone can be isolaced.
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adsarb to filter

Paal filtar from plate
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Filter
=
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Probe hybridized
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containing
complementary
sequence o

Place filter
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\"““ - Wash ol
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k\“——— Fick phage plagque

Isolate A DA

Clonad 7
DA

Purified A clone
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Genomic GMNA

Partial digest with SausA (BarH1- compatible) ﬁ

isolate 15-kb
fragments.

Y Biscard smaller f} R
Cleaves a subset and larger fragments i Ligate
of ail Sau3A sites K

Concatenate of many i

Left arm Righit arm recombinant A phages ]
i

W

R
Genomic DNA :  In vitro cleavage
15 ki 5, of concatermer
Package into phages.
1]
] . Library of
g genomic
Y ) [=TA7Y
I~ infect £. col.
i
- Plagues

Figure ¥2-7 Cloning in phage A. A nonessential central region of
the phage chromosome is discarded and the ends Ligated to random
15-kb fra 5nts of donor DNA. A linear muldmer {concaicnaie)
forms, which is then stuffed into phage heads ans mozomer al a time
by wsing an in vitro packaging system. (From J. . Watson,

M. Gilogamn, J. Witkowski, and M. Zolfer, Recombinant DNA, 2d ed,
Copyright @ 1992 by Seientific Amcrican Books.) . Screen library by using nucleic acid probe,




Cloning a Specific Gene

Eukaryotic DNA

i Cut with EcoRl; insert between
I A arms i s

Screen with
gene probe A

Adjacent X clone 2

Qverlapping # clones generated
by partial digestion

Figure 12-15 Chromosome walking. One recombinant phage obtained from a phage library made
by the partial EcoRI digest of a eukaryotic genome can be used to isolate another recombinant phage
containing a neighboring segment of cukaryotic DNA, as described in the text. (From J. D. Watson,

J. Tooze, and D. T. Kurtz, Recombinant DNA: A Short Course. Copyright © 1983 by W. H. Freeman

and Company.)
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Figure 2.16 Chromosome walking is accomplished by successive hybridizations between overlapping genomic
clones.
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SECUENCIACION DE DNA

METODOS: Método Quimico—=» Maxam y Gilbert (1977).

Método Enzimsatico=® Términacién de cadena mediante
didesoxi nucleotidos de Sanger (1977).

Método Quimico de Maxam y Gilbert

Referencia: Proc. Natl. Acad. Sci. USA 74: 560-564 (1977).
PURINAS (G y A) PIRIMIDINAS (T y C)
L 3 L 4
DMS Hidrazina Hidrazina + NaCl
L 3 L 4
N7 metilacién ~N? 20°C por 10 min
"4 a 3
pH 8.0 +i‘ormato Piperidina
pPH 2.0
3o L 3 L 3
20°C X 10 min 20°C X 60 min Hidrolisis
a ("4 [*4 b
+ Piperidina T+ C C
oL
Hidré6lisis en
< . |
<G G+ A
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Figure 4A8.4 Sequencing an oligonucleotide by the
Maxam-Gilbert method

Sample DNA

n Preparation of homoganaosus
single-strand DINA

€) Addition of **F as 5 phosphate

6 Cleavage at specific nucleotides

G reaction A reaction, |‘I" reaction, C reaction
with some | with some
G cleavage |C cleavage |
{underlined) (underlimned)

e Elnélrnphnrnsil
Fragment
length € Radicautography
{hﬂ“ﬂ: " L *
Whole

oligonuclectide — —

@- Read

sequUuence
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Dideoxy schemaltic

Primer Site Insert
L
Anneal Primer
Vector 5' Primer 3' Vector
CTCACAGTGT

Klenow Fragment DNA Polymerase |
dTTP
dCTP
= 9 GTP
S or P-d ATP

://”T’/J\l\

—_—
ddG TP dd ATP dd 1 TF ddCTP
G A C

Gal

I GAGATGTCAG- ddA

F— GAGA'IGTCA;M
P CAGATGTC- ddA
e GAGATGT- ddC
BN GAGATGAAT

N GAGATIdG

BAGAdGT

OPO4O40>P0ODP

rum ' ) 4
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Método de la terminacion de cadena mediante didesoxinucledtidos.

Sangery cols., Proc. Natl. Acad. Sci. USA 74: 5463-5467.

TABLA. Comparacion de las propiedades de las enzimas usadas en secuenciacion de DNA,

Enzima Procesividad Velocidad de Actividad Templado  Temperatura de
Incorporacion Exonucleasica Secuenciacion

Fragmento Klenow Baja 10-12 dNTP/seg 325 DNA rC

AMY Transcriptasa

Reversa Moderada 4 NTP/seg No DNA/RNA  42°C

Taq DNA polimerasa ~ Moderada >60 ANTP/seg deébil 325’ DNA 0°C-80°C

T DNA polimerasa

modificada Alta >300 NTP/seg y2¥ DNA 3rC

21



Secuenciacion de DNA

Deoxyribonucleoside

[ BAsE ]
g 2 2 . SASE
eTR-o—RTo—RTOo—{ o | BASE |
= o = a YW w W .
£ > O—P—O—P—O—P—0O—F

Dideoxyribonucleoside = 2
triphosphate (ddNTP) "
— et

Dideoxy-
) nucleotide
lacking a

3'-OH group

La adicién de un dideoxinucleosido trifosfato, que ho
tiene el grupo hidroxilo 3', termina la sintesis de DNA
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Secuenciacion de DNA
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Se realizan 4 reacciones separadas - Cada una contiene DNA molde,

polimerasa, los cuatro dNTPs, y uno de los cuatro dideoxi nucleotidos
(ddNTP)
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Secuenciacion de DNA

LG RNV C N G N A W N Al Tl O
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Ocasionalmente se incorpora un ddNTP y se detiene la
extension. Cada reaccion contendrd una coleccion de cadenas de
DNA de todas las longitudes posibles que acaben en la base que
lleva en ddNTP de esa reaccion
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Secuenciacion de DNA

SO TT

Las cadenas de DNA se separan mediante electroforesis segin
sus tamanos
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Secuenciacion de DNA
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wChain
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La secuencia de DNA puede determinarse leyendo el gel para
ver cual nucledtido termina la cadena en cada posicion sucesiva
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Método Sanger dideoxy
Reguerimientos

DNA
calidad
cantidad
Primer
Enzima
Capacidad de incorporar nucleétidos modificados
Estabilidad térmica
procesividad
Nucleétidos
marcaje
ratios

Buffer

Cada ddNTP esta marcado con un fluoroforo distinto

ddATP @ J4CT? 4dGTP @ 4dTTP
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Analizadores automadticos de fragmentos de
DNA (PE-ABD/Pharmacia)

Electroforesis gel/capilar
Excitacion por laser de fluorocromos
Deteccién CCD camara
- Coleccién automatica de datos e identificacién de alelos
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Py,
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Gel y cromatograma
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Secuenciacion Automdtica de DNA
Is really not-so automated/

Consider Source
i
Purify DNA
,%' .
Amplify DMA by PCR
"
Prepare Sequencing Template
-
Perform Fluorescent Sequencing Reaction

g
Electrophorese Dye-labeled Sampies

-
Anatyze Data
e
Compare Data
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Nuevas tecnologias de
secuenciacion de DNA

Mejora de la separacidn de los
productos de reaccion

Electroforesis capilar

e Magquinas de 96 capilares (ABI 3700 y Molecular
Dynamics MegaBace) disponibles

e Mds de 1000 columnas capilares por run con
deteccion por microscopia confocal

Mass-spectrometry

especialmente MALDI (matrix-assisted
laser desorption /ionization)

Single molecule DNA-sequencing
flow-cytometry
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Nuevas j'ec_:qolo ias de
secuenciacion de DNA

Mejora de reacciones y estrategias
de secuenciacion

Incremento de la procesividad del
enzima

Mejora de fluorocromos

Secuenciacion por
hibridacion a paneles de
oligonucleotidos de secuencia
conocida
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Steadily improving sequé};éi‘ﬁg tecmwmgy

Radicsciive polyscrylamide gel A8 377 polyacrylamide gef
1982 1687

1 suniday & runs/day

24 tamplate readsfrun %6 femplate reads/run

140 by low quality bpiread 500 bp high quality bp/read

2,400 bplday 238,000 bpfday

VERY labordmtensive

B
Foa
@

A 3730 capillary sequencer
AR 3708 caplilary sequencer 2002
2000

24 ransiday
12 runsfday 96 template reads/run
88 template readsirun 700 bp very high quality bplread
530 bp high quality bp/read 1,612,880 bpiday
575,800 bpiday alsa:
i H ” 3 Greatly increased sensitivity
670-feld increaselday since 1982 Works with dirtler fomplates
Conelics 211 -Bonowics Wiuch more automated

Biyorniectues 1, DNA Scytonting
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ABI PRISM@®& 3700 DNA Analyzer

= PRODUCTS

Geaneral Description

The ABI PRISM®® 3700 DNA Analyzer s a fully automated,
multi-capillary elaectrophorasis instrument designed for use in
production-scale DMNA analysis. It can automatically analyze
multiple runs of 926 samples, which enables 24-hour unattended
opaeration.

Key Features

- Production-scale throughput at up to 12 runs per day.
- Walkaway automation frees personnel to focus on otheaer
critical activities..
- Fragment analysis and sequeaencing applications provide
system workload flexibility.
- Single platform lowers operating costs
The ABI PRISM@E 3700 DNA Analyzer includes patanted technology licensed
from Hitachi, Ltd, as well as patented technology of Applied Biosyste ms
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Software
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& Copyright 2000 - 2002 Applied Blosystems, All Rights Resarved,

Automated DNA-sequencing instruments (DNA sequencers) can
sequence up to 384 DNA samples in a single batch (run) in up to 24

runs a day
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ABI Prism 3700 - Applied Biosystem

DNA Thermal Cycler
Perkin Elmer
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Chromosome 4

Human Genome Project
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Supercomputers Will Decipher How Genes Work— s
kenowledge will aid development af new applications to
solve energy and envirenmental challenges.

Living systems are complex and not well understood.

Computersimulations and models have been used to understand many complex systems, such as nuclear reactions and
global cmate, DOE has much experience in fielding problems of this computational magnitude.

BER and ASCR of the Office of Science have formed a strategic alliance in GTL 1o develop the computational and
mathematical capabilities 1o model lving systems on the scale and complexity of iving crganisms.

L0 will discover how microbial genes, profeins, and microbial communities work together and will apply that knowledge
to develop tools to solve enargy and environmental challenges.

- o




Tipos de secuencias del DNA eucarionte

Secuencias de copia Unica
Encontradas una vez en el genoma

DNA medianamente repetitivo
Encontrado de 10 a 1000 veces en el genoma
Puede variar de 100-300 bp a 5000 bp y puede estar

disperso en el genoma.

DNA altamente repetitivo

Secuencias mds abundantes

Encontradas de 100,000 a 1 millén de veces en el
genoma

Puede variar de unos pocos a varios cientos de bases
en longitud. Tiende a ordenarse como repeticiones en
tandem.
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Tarea a desarrollar:

¢, Cuantos picogramos de DNA contiene
una ceélula bacteriana?

¢, Cuantos picogramos de DNA contiene
una célula humana?

¢, Cudles son sus longitudes
respectivamente?
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Pyroseguencing

Demonstration Applicaticns

Principie

<
is sequencing by synthesis, a simple to use technique for
= of DNA Sequernces.

Principle of Pyrosegucaci

Pyrosequencing™
accurate and consistent analys

Step T
A sequencing primmer is hybridized to a single stranded, PCR amplified, DNA template.
and Incubated with the enzymes, DNA polyrmerase, ATP sutfurylase, Iuciferase and
apyrase, and the substrates, adenosine 5° phosphosulfate (APS) and luciferin

Step 2
The first of four deoxynuclsotice Hehosphates
(NTP) is added to the reaction.

polymerase catalyzes the |ncorporaflon of the
deaxynucleotide triphosphate into the DN FPoluymerase
strand, if it is complementary to the base in the SDMNAJL - ENTR ——————3 (DONA],, , PP
template strand. Each incorporation svent is 3

accompanied by release of pyrophosphate (PP

in & quantity equirmnolar to the amount of

incorporated nucleotide.

Step
ATP sulfurylase quantitatively converts PPi to B 3
ATP in the presence of adenosine 5° E= el FLE byt oz
hosphosuifate. This ATP drives the & e
iciferase-mediated conversion of luciferin to APS+PPi ATR f
osxayluciferin that generates visible light in Iucifarin oxgplucifesin i
amounts that are proportional to the amount of b
ATP. The light produced in the i ) L
luciferase-catalyzed reaction is detected by a e g%
charge coupled device (CCD) camera and seen T
as a peak in a pyrogram ™. Each light signat is e kight e
proportional to the number of nucicotides nucieatide incorporarion game ates light
incorporated. =mrn as & peak in the pyrogran i
Step 4
Apyrase, a nucleotide degrading enzyme, SNTERENEREL o L nE o AP - phosphate
continucusly degrades unincorporated dNTPs ;
and sxcess ATFP. VWhen degradation is AT RBMERER L D e L R v phesmabe

complete, another dNT P is added.

Step 5
Addition of dNTPs is performed orne at a time. It _ fbLElnatice, ==

should be noted that deoxyadenosine alfa-thio = e
triphosphate (AATPCOLS) is used as = substitute

for the natural deoxyadenosine triphosphate
(dATP) since it is efficiently used by the DMNA
polymérase, but not recagnized by the
luciferase.

As the process continues, the complamentary
DMNA strand is built up and the nucleotide

sequence is detenmined from the signal peak in 2
the pyrogram. ruclestide added
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Pyrosequencing system
DINA polymerase

TGCACCTTTAGACTGCGGCCG———
. CTGACCGGC——-

dANT V \..\____* PPi
A TF—.&'H{{:M'_]D
ATP

~ext base

L Light
Apyrase ‘_J/,

(wash)

Luciferase "1'
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Geanomic DMNA

BAC library

Crganized
mapped large
clone contigs

BAC to be
sequenced

Shotgun
clones

Shotgun
sequence

Assembly

Hierarchical shotgun sequencing

LACCGTAAATGEGECTEATCATGC TTARA
TEATCATGCTTAAACCCTETGCATCCTACTS. & .

CACCETAAATCGGCTGATCATGCTTAAACCCTGTGCATCOCTACTEG . . .
Nature Vol. 409 Feb. 2001.

HGP
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Hierarchical Shotgun Sequencing Method

Create Contig Map

Sequence Each Contig
with Shotgun Approach

PR T \'?"..—'—*-
\‘ Align Contig equences
GCATTTCGAGTTACCTGGACAACCAGTG GCTTGATTGGCCARTARTAGTATAT
CCAGTGGTRCTGRGEACGCARGAGECTTGA
GCATTTCGAGTTMCCTEGACAACCAGTEG TRCTGRGGACGCARGAGECTTGATTGGCCARTRATAGTRTAT

Generate Fiushed Sequence
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Whole Genome Shotgun Sequencing Method

= \7‘4{ Sequence Each Fragment
=/, ‘/_{ b with Shotgun Appioach
GCATTTCGAGTTRACCTGGACARCCAGTG GCTTGATTGGCCAATAARTAGTATAT

CCAGTGGTACTGAGGACGCARGAGGCTTGA

Align Contiguous Sequences
GCATTTCGAGTTRCC TS GACAACCAGTEGTACTERGGACGCARGAGGCTTATTGGCCARTRATRG TATAT

Generate Fiished Sequence
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Contig Scaffolding (ensamblaje)

Uso de algoritmos cemputacionales para ensamblaje
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Restriction
fragment
fingerprinting

Molecular weight
et exe ey T oI

5th lane
.I1 " ' 1]
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Shotgun Sequencing I :RANDOM PHASE

Sheared DNA:

Bac Clone: 1.0-2.0 kb

100-200 kb

Random

[ : *
Reads Sequencing

Templates:
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Shotgun Sequencing II: ASSEMBLY

H_'

R
Gap

Mis-Assembly
(Inverted)
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Shotgun Sequencing III: FINISHING

H_'

R
Gap

Mis-Assembly
(Inverted)
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Shotgun Sequencing III: FINISHING

H_'

R
Gap

Mis-Assembly
(Inverted)
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Shotgun Sequencing III: FINISHING

;Y_J

Mis-Assembly
(Inverted)
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Shotgun Sequencing III: FINISHING

High Accuracy Sequence:
< ] error/ 10,000 bases

S7



Whole Genome Shotgun Sequencing (Celera)

Sheared DNA:

\-\ﬂmle Genome: 1-2.0 kb

3,000 Mb

Random

[ : *
Reads Sequencing

Templates:

BCM-

Redundant HESC
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Whole Genome Shotgun Sequencing: Assembly

Mis-Assembly

Sequence
1 (Inverted)

Gap
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Whole Genome Shotgun Sequencing: Assembly

R
Gap
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PCR
Polymerase Chain Reaction

“.

Kary B. Mullis invento el PCR en
1983.
Gano el Premio Nobel de Quimica
en 1993.
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Kary Banks Mullis, Nobel Prize winning

Nobel Prize Winner for
Chemistry in 1993 and
inventor of PCR, a method for
detecting even the smallest
amount of DNA in ancient
materials. "Would | have
invented PCR if | hadn't taken
LSD? | seriously doubt it," he
says. "l could sit on a DNA
molecule and watch the
polymers go by. I learnt that
partly on psychedelic drugs."

chemist, was born on December 28, 1944, in

Lenoir, North Carolina.
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PCR

Amplificacion IN VITRO de
secuencias determinadas de ADN
basada en el uso de:

-Polimerasa

-Partidores
-dNTPs
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Primers

TN
(AN WTTNTTL

L

dGTP dcTP

i 0
lI DD

dTTP
0

30 ciclos
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CICLO 1

1? FASE: Desnaturalizacion

94°C

Primers
NN
AT

[]

S Lobos C - U de Chile

65



CICLO 1

2® FASE: Apareamiento

S Lobos C - U de Chile

50-65°C
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CICLO 1

3® FASE: Extension

72°C
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CICLO 1

3® FASE: Extension

72°C

R i
L] []

CRNNIN B NN NON NN NON AN L0 NENEEN

Primers
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CICLO 2

1? FASE: Desnaturalizacion

94°C

T TT I T T T T T T T T T

( NRNNIN 0 NN NONE NN NON NN (0 NI A

Primers

[ WTTETT]
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PCR

Fe - 1 copy

1 | dnTPs

cycle Taq pol

cycle?

20 more cycles

2,097 152 copies -

copyrght MW Ing 19596

l cycle3
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PCR Amplification of DNA Fragment

CYCLE NUMBER

MNUBMBER OF IMYUBLE-STRANDED

TAKGET MOLECULES

Bl - R R N L

LR ]

16

12

[E2]

128

236

312

1124

2044

LTS

g8192
16,58+
32,768
63,336
131,072
262 1+
574,258
1,048,576
209715
3,194, 34
8,388,408
16777216
3354432
67,108 464
134,217,728
268,435 356
536,870,212
1,473,741,824

Denglure DA somple
to separgie DNA sirands
[94°C, 5 nin)

.

Frimers bind 1o
DA strands
[30-65"C, 30 ¥)

Denclure I seporote
DN,:\ stronds Polymerase synthesizes
(34°C, 303) new DNA sironds
(65—75°C, 2-5 min}

\‘R

The PCR cycle 'The DMNA sample is heoted 1o separate the
A serands (iinal denaturation), and then the reacrion
mixgare groes thiough sepeated cycles of primer annealing,

IINA synthesis, and denaturation. The target sequence dou-

s in concenteation for cach cycle.
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PCR

Aplicaciones

-Obtener copias de una secuencia determinada

-Introducir modificaciones en la secuencia:
-Mutaciones
-Secuencias para enzimas de restriccion

-Elementos requladores

Ventajas
-Cantidad minima de DNA molde

-No es necesario DNA de calidad
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PCR

Inconvenientes

-Limitacion de tamafio

-Necesidad de conocer secuencias flanqueantes

Problemas

-Problemas de contaminacion

-Presencia de inhibidores

-Fallos por variacion genética en sitios de apareamiento
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Optimizacién

-Perfil de temperaturas
-Reactivos:

- DNA

* primers

PCR

* Buffer: pH, Cl,Mg, K

- Inhibidores
- dNTPs

* Taq polimerasa
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Montaje de Reacciones de PCR

Setting Up PCR Reactions

10X Buffer Taq DNA polymerase 10 pL

25mM MgCl, 4 L

10mM dNTPs mix 2 uL

Primer 1 ? (10pmoles/pL)
Primer 2 ? (10pmoles/pL)
DNA ng a ug
H,044 esteril ? llevar a Vt
Taq DNA polymerase 1-5 Unidades
Volumen Total 100 mL

Un oligonucledtido primer de 17 nucledtidos=17 mer, equivale a una
concentracion de 5 ng/pmol
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Especificidad PCR

Factores que afectan la especificidad en el PCR:
1.- Primers: Mal diseino. Se debe considerar longitud,
contenido G+C (no mayor a 50-60%), Tm>55°C y
posibilidad de formacion de dimeros de primers.

2.- Temperatura de apareamiento de los primers: Tm

Considerar Tm sobre 55°C y similar para ambos primers.

3.- Denaturacion incompleta: Falta de “Hot Start”
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T, =temperatura de fusion es la temperatura a la cual la %2 de las
moléculas complementarias se encuentran unidas

T, teorica = 4(G+C) + 2(A+T)
a una concentracion 1M NacCl

Siendo la T,, (temperatura de desnaturacion del duplex) un
parametro critico para PCR, se debe ser mas riguroso con el
calculo para este oligonucleotido. Por ejemplo, a una concentracion
determinada de Na* se debe aplicar la siguiente formula:

T_=81.5+ [(16.6) (I0g{ [Na*1/1.0+0.7[Na*})] +[0.41(%G+C)] -500
ID- P

Donde D es la longitud del duplex y P es el porcentaje de
apareamiento incorrecto. Para un buen resultado en la reaccion de
PCR se puede partir utilizando la T,,, calculada menos 5°C.
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Controles de especificidad en el PCR

1.- DNA + Primer 1 (Fw) + Primer 2 (Rev)  (+)
2.- DNA + Primer 1 (Fw) (-)
3.- DNA + Primer 2 (Rev) (-)
4.- DNA sin primers  (-)
5.- Primer 1 + Primer 2 sinDNA (-)

Contaminacién!!  mmm) PCR carry overll
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There are several parameters that need to be adjusted for |- ©
optimal PCR, such as MgCl,, dNTP, primers, and tem-
plate concentrations, as well as annealing temperature.

What are the recommended conditions for a standard
PCR reaction? @
[6)

he following conditions are a starting point. In a 100-pl reaction
volume add:

ternplate DNA, 10° to 10% target molecules {~1 ug human
genomic DNA, 10 ng yeast DNA, 1 ng £. coli DNA, or 1% of
an M13 plaque),

0.1 to 1 pM each primer,

50 to 200 pM each dNTP,

1to4 U of Tag DNA polymerase

20 mM Tris-HCI (pH 8.3). 1.5 mM MgCl,, 25-50 mM KCI.

A

Perform 25-35 cycles, 84°C for 30-60 s, 55°C for 30-60 s, 72°C
for 30-90 s.
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How do | design my PCR primers?

PCR primers are typically between 18 and 25 nucleotides having
40% to 60% GC. Gomplementarv seauences at the 3'end of the
primer pairs must be avoided to prevent primer-dimer formation.
Avoid more than 3 C's or G's at the 3'end. For highly degenerate
primers, it is preferable that the most unambiguous sequence be

at the 3'end. At least the last 3 bases adjacent to the 3'end need to
be correctly base paired to initiate PCR.
What is “hot start” PCR?

Hot start is a modification of PCR that decreases the tendency to
gt nonspectic PCR products. One of the reagents, usually Tag
What is the recommended concentration of MyCl, for PCR? DA polymerase, is left out of the initial denaturation. Then, the
tube is held at 80°C and the enzyme is added.

The MgCl, has to be optimized for each template and primer pair.
The final concentration varies between 1 and 2.5 mM. The pres-
ence of EDTA can inhibit amplification by chelating the magne-
sium lons. Excess nucleotides also bind magnesium and may

necessitate an increase in magnesium.
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D uee

...the T7 Promoter
Primer (Cat.# O5021) or
tha pUC/M13 Forward
Primar (Cat.# QS5601) to
saquence asliMA pro-
duced by the pGEMET
and pGEM®-T Easy

© Vectors.

Xl 19094 sl

|
Scal 1875 e ‘\2‘552
i f1 ori

r
AmP pGEM2-T -
Vector
fic’sle s12"2Y )

Figure 2. pGEME-T Vector circle map and sequence reference points.

pGEM®-T Vector Sequence reference polnts:
T7 RNA Polymerase transcription initiation site
SP& ANA Polymerase transcription inltiation site
T7 ANA Polymaerase pramoter (—17 1o +3)

‘SPE€ ANA Polymerase promoter (—17 to +3)

multiple cloning region

JacZ start codon

lae aperon sagquencas

lac operator

pB-lactamase coding region

phage 1 region

binding site of pUC/M13 Forward Sequencing Primear
binding site of pUC/M132 Revarse Sequenving Primer

T
1 1 start
a | 14
e |5
.
BstZ | 31
Neot a7
Sac il 48
| =]
ot | &2
Bs1Z | &2
Fsrl 73
Saill 75
Nae | Bz
Sac| 24
Bsix | 103
Msr | 112
126
T spPs
1
128
29843
124-143
10-113
165
28212981, 151-380
185-201
1322-2182
2365-2620
2941-2957
161177
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PGSEM®-T Vector

F7 Transcription Start

5 ... TATAS TACGAA CTCAS TATAG @EGOHEA ATTGGE SCCCU ACGTC GOATG CTCOC SGCCo
... ACATT ATEOCT GAGTG ATATC CCGEGST TAACC CEGGe

TERCAS COGTAC GAMIE COOEGO
T7 Framoter £ .. .. Tl L. }
Aoal =T E==1 0 HatZ |

COATG oS GGGATTS’(Cioan ir\aerr) ATCAC TARTG CGECC GOCTG CAGEST CEACD ALAINS
GSETAC COEOE CoCTA S TTAGTE ATCAC GOOCGEGE CGEGAC GTCCA GOTEE TATAC
i ———

=Tz Sac S | I L =rl ot | &l Noe |
aRrs | .
=RPE Transcription Stare
GEASA GOTOC CAACD CETTS GATGES ATAGES TTAAG TATTC TATAS TATCA CCTAA AT .. .3 =
COTOT CEAGO ATTGES GOAAD DIASGE TATOE AATS alAAD ATATC AcaAadT GGAaTTt TA .. . 57 &
| I— J 1 I L I SFE Proamoter £
mac 1 8arx L Rzl | =
PGEMP-T Easy Vactor
TF¥ Transcriptlon Start
5 ., . ToTes TACSEA COTOAS TATAG GACGESs ATTGE GOUCCE ACGTC GOATLE CTCOC GGCoE COaATo
2 . ACATT ATGOT GAGTS ATATC COGOT TAADC DEGGEEC TOCAG CERTAC GAEGEE oG GIETAC
T7 Promnotor Il | |
Aps 1 Aar il Seafi | == Too 1
GOCGGC CGCGGE SAATT CC;ATTS'(uln"ea Inaert) ATCAC TAMGETE AATTC GCGGEC CECoT GUACS®AR TCEAL
COCOG GO OTRAA GTTA STTAOTE ATCALC TTAAL CECCE GLGEEA TETo O ACGCTS
ot L L e e 1 peer
] 1 See | Spei Ecor | Eraret ==y ]
SPC Transorption Siart
CATAT GEGEA GASCT COCAA CGCET TGEAT QACATA GCTTE AGTAI FCTAT AGTGT CACCT AAAT .. X s
ETATA T CToEs SEGTT ROECA ACCTA CARTAT CEGAMNT TTATA ASATA TCACA FTEGEGATT 1A L L 5 -
| Il | ] SFPE Promoter
N | Sac Barx | 0

Flgure 1. The promoter and multipla cloning sequance of the PEEM2-T and pQEMT-T
Easy Vectars. The top strand of the saquence shown corraspands to the RMNA synthesirzred by

T7 AMNA Polymerase. The bottom strand cormasponds to tha RMA synthesized by SPS AMNA
Polymarass.
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TOPO TA Cloning Kit
Dual Promoter (Invitrogen)

Tag-amplified A
PCR Product

5
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Clonamiento de los productos PCR:
topoisomerasa

Para clonar los productos PCR, se
puede utilizar la DNA topoisomerasa,
una enzima que corta y enrolla-
desenrolla DNA en el curso de la
replicacion. La topoisomerasa separa
las hebras de DNA, permitiendo a la
hebra separada desenrollarse
alrededor del eje de la hebra no
separada. La enzima liga entonces los
extremos de la hebra separada y
desprendida de DNA.

Su funcionamiento se parece a la vez
a una enzima de restriccibn y una
ligasa. La topoisomerasa | del virus
Vaccinia reconoce la secuencia 5'-
(C/T)CCTT-3" en una hebra doble de
DNA, y se une de manera covalente a
un 3'-fosfato de la timina situado al
final de esta secuencia.

El sitio de reconocimiento de topoisomerasa |

51

CCCTTNN 3

3 —— GG GAANN e—— !

topo | al atarse la
timina
corta la secuencia

5 —— CCCTTNN 31

3 ——— (GGG AANN ————— 5 !

! desenrola el ADN

51

CCCTTNN

3 ——— (GG GAANN ——— '
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La secuencia de
reconocimiento de la
topoisomerasa se coloca en
cada extremo de un plasmido
linearizado. Cuando el vector es
mezclado con la topoisomerasa,
la enzima se une de manera
covalente al extremo 3'-fosfato
del extremo del vector. Esta
accion  protege al vector
linearizado de su degradacion
por exonucleasas y evita su
religado o recircularizacion. Se
obtiene asi un vector activado
por la topoisomerasa. Los
productos PCR que carecen de
extremo 5'-fosfato sirven de
sustrato de la enzima y son
unidos al vector por la
topoisomerasa en 5 minutos a
la temperatura ambiente.

e CCCTT
L Telele]

AGGG m——
T1ccc I

/
C A

— CCCTT
I GGGAA

AAGGG I | >
TTCCc I

@D
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pCR*2.1-TOPO"

8

= - _ — =
=o——=Lt—_= T R

MI3 2=C"Ex%F EEX=c-oo
e (=]
FSEE SR8 T SERESERS

@ Represents covalently bound topoisomerase |
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PCR Inverso

EB T-DMNA LE

C
t t

l Restriction Digestion

—

——
l S elf Ligation

—

1

Imnverse PCR amplified product

l

Cloning and seguaencing
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Base Substitution Mutagenesis by
PCR Overlap Extension Wiltigg e sequence

% ' Template ; N
DNA o>
l PCR with mutagenic primer l
[ ¥ -] ]
= ]

¥ g
%
WO% primers
5 Denature

3
prar— ' SRaanneai

lPCR with end primers

s e  Mutated DNA
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