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What?

Enzymes or enzymatic
complexes which cleave
inside DNA molecules
(Not 5" or 3" ends).

Three types: |, Il and Ill.

Sequence-specific.

Blunt or sticky ends
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Who?

The Nobel Prize in Physiology or Medicine 1978
Werner Arber, Daniel Nathans, Hamilton O. Smith

The Nobel Prize in Physiology or Medicine 1978
Nobel Prize Award Ceremony
Werner Arber

Daniel Nathans

Hamilton O. Smith

Werner Arber Daniel Nathans Hamilton O. Smith

The Nobel Prize in Physiology or Medicine 1978 was awarded jointly to Werner
Arber, Daniel Nathans and Hamilton O. Smith "for the discovery of restriction
enzymes and their application to problems of molecular genetics"

Photos: Copyright © The Nobel Foundation



Type II RE

TIIRE recognize a specific

sequence in the DNA and B'“"‘EY'“’S

cleave within. E> )
Hydrolysis of the ’

phosphodiester backbone. Sty Ends i i v
They only recognize double l i +
stranded DNA (dsDNA). L?ié'v";‘;%"pif'ﬁ?me’ | a4 ! ! !

© 2006 Encyclopadia Britann

Blunt or sticky ends.



Type II RE subtypes

I1S: Asymmetric recognition of a
site. Cleavage in the neighboring
20 bp of the specific sequence.

IIB: Cleaves DNA on both strands
at the ends of the specific
seguence.

IIE: Requires two sites for
recognition but cleaves only one
of them.

IIF: Requires two copies of the
recognition sequence, and
cleaves within both sites.

Type I1 Type 1IS Type I1B
v v \ MBS 4
—— — e— r—
4 EcoRV Fokl 4 Bcgl‘
Bgll Bsgl Bael
BamHI BspMIL Bpll
Type IIE Type IIF
v ¥
* ~ % v
Nael SHil NgoMIV
EcoRII SgrAl Cfr101

http://www.bris.ac.uk/biochemistry/halford/research.html
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Cleavage

S' prime overhanging ends

3" end

AAGCAGGATACG
TTCGTCCTATGCCTAG

S end

These are shapes of § overbangs [in the usual represertalion)

- Y~

You can rotate them 180 degrees
and they lock the same!
The 5'phosphate groups (in red) are exposed,
andthe 3" hydroxyl groups (in blus) are recessed.

3' prime overhanging ends
3" end
it

AAGCAGGATACGAGCT
TTCGTCCTATGC

5 end

These are shapes o ¥ overhangs (in the usual represertalion)

1

Youcanrotate themn 180 degrees
andthey lock the same!
The S'phosphate groups (inred) are recessed,
and the 3" hydroxyl groups (in blue) are exposed.

3 end
a7
AAGCAGGATACGCCC
TTCGTCCTATGCGGE

5" end

These are shapes of Hunt ended molecues (in the usual represertation)

You can rotate thern 180 degrees
and they look the same!
The 5'phosphate groups (in red) are flush
wihthe 3" hydrouyl groups (in blue).




Famous enzymes

Some restriction enzymes

(a) 4
EcoRI Escherichia s R e G| =6 s B
coli ® _—
e v e e ol i N G oni e e N 6=
t 5' overhang
{
Pstl Providencia 5 EEETEGCe A ST 3 =i
stuartii ® _—
Ee=A=Ce=T—C—5 —G » T
t 3’ overhang
{
Smal Serratia 5 BTG e e EtEeEE =66
marcescens ® —
e T e e e e =e—=6—6 =
t Blunt ends
(b) {
Haelll Haemophilus 5 EeEeR et ol 5 s
aegyptius ] i
B B s [
t Blunt ends
}
Hpall Haemophilus 5 B Gea E= ===
arainfluenzae ® —_—
# et s == =
t 5’ overhang




Practice!
e

GGATCC
CCTAGG

7 /. 5

l BamHl

5 3 5

G GATCC

CCTAG G
5 ¥

GAGGATCCCACCAGGGTTACAGGATAGGAGTCAGGATCCAGAGGACCTAGGATACCTC
CTCCTAGGGTGGTCCCAATGTCCTATCCTCAGTCCTAGGTCTCCTGGATCCTATGGAG

How many fragments are produced?
Which length does it (do they) have?




Practice!

M Avall Afal Bglll Accl Aval

200 bp, —
+«—— 157 bp.

«——— 81 bp.




Digestion

A "Typical” Restriction Digest

Restriction Enzyme 10 units is sufficient, generally 1ul is used

DA 1ug

10X MEBuffer 51X}

BSA Add to a final concentration of 100 pg/ml (1X) if necessary
Total Reaction Vaolume 50 pl

Incubation Time 1 hour*

Incubation Temperature Enzyme depen

* Can be decreased by using a Time-Saver Qualified enzyme.

Star activity in

|
Buffer some Cases!

» Use at a 1X concentration
« If required, add BSA to a final concentration of 100 pg/ml (1:100 dilution)

« Restriction enzymes that do not require BSA for optimal activity are not adversely affected if BSA is present in
the reaction



Digestion

enzyme L

Accl 50
Accll 5%
Acclll <5
Acyl <5
Aflll 50 SO | I Ia n
Agel 75%
Alul 100

Alw44]
Apal 100 |

enzymes and

Ase | 10*
Aval
Aval (HC) 19
Avall 75% I
Axyll 100 u e rS .
Ball 25
BamH|
BamH | (HC) 75
Bell 100*
Bgll 10%
Bglll 10%
Bgl Il (HC) M
What if | want to
Bsp12861 75
BssH Il
BssH Il (HC) S0 .
BstE Il
BsfE Il (HC) 2% CUt Wlth 2 (Or
BstX1 <5
Dral
Dra | (HC) 73 ?
EoOT07 100+ maore) enzymes
EcoR1 _ *
EcoR | (HC)
EcoR Il <5
EcoR V 10%
EcoR V (HC)
Ecol381
EcoT381 (HC) 150
Fok | 200+
Fspl 25
Haelll 100
Haelll 75

Hae lll (HC)



Double digestion

Suggested NEBuffers for Double Digestion

Xbal |Xhol |Xmal

Smal |Spel | Sphl

Sall

Patl Pwl |Secl | Sadl

Kpnl |Msel Meol Ndel NMhel |Notl

EcoR |EcoR | Hindl
v

Bam
fatll | Aurll | HI Bglll |Bsgl |Eagl

B

Find the best

]

4 |a 4 4

4

2]

HAatll

buffer that suits

your

EcoRl | 2

4

Al

seq

3 3

3

seq

5q

seq

seq [seq

EcoRl | 3

Bam |3
Hi

EcoRl |3

e

3

Bglll

4

4

4

seq

seq

EcoRl | EcoRl |seq  |EcoRl |EcoRl (seq | EcoRl | seq

EcoRl | 3 580 | s5eq

EcoRl | EcoRl | EcoRll | seq | EooRl | —

seq

1

1 EcoRl | BcoRl | EooRl 1 EcoRll | Ecofll | E

EcoRl | seq

£

combination of
enzymes with
DoubleDigest

2 3 4

2

4

EcoR |3

4

Hindl |2

1

sey |seg

2

Kpal

4

EcoRl | 2

Ecofl | 3

Neol

-

™

4
2

Nael

o

Nhel

Notl

EcoRl | 3

Ecofd | 3

z

)

Ecofl | 3

Pyul

Finder (NEB) or

seq | EcoRl |2

Sacll
Sall

ilars.

SIMi

saq

3

seq |seq

EcoRl | 3

s |4

4

Semal

Spel
Sphi

seq |EcoRM|2
EcoR | 2

EcoRl | 3

Xhol

Xmal

t-finder

JSS

//www.neb.com/tools-and-resources/interactive-tools/double-di

https
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Double-Digest Finder

Select 1st enzyme

EcoRl (|

Select 2nd enzyme

Pstl (|
=3

Enzyme Cat# Temp  Supplied NEBuffer Supplements % Activity in NEBuffer
SAM 11 21 31 CutSmart

EcoRl [7RW8 | RO101 | 37°C | NEBuffer EcoR no 25 | 100* |50 |50

Pstt  [7XWe] | RO140 | 37°C | NEBuffer 3.1 no 75 |75 | 100 |50°

Double Digest Recommendations for EcoRI + Pstl:

+ Digest in NEBuffer 3.1 at 37°C.
+ At least one enzyme has < 100% activily in this buffer, so additional units of enzyme and/or longer incubation
fime may be necessary.

+ EcoR! has a High Fidelity version EcoR|-HF™ (R3101)
Fstl has a High Fidelity version Pstl-HF™ (R3140)
High Fidelity (HF) Restriction Enzymes have been engineered for reduced star activity and have 100% activity in
CutSmart Buffer which may simplify your double digest.

+ * May exhibit star activity in this buffer.

Learn more about improvements to the NEB Restriction Enzyme Buffer System



What is it used for?

T7 Promoter

Donor
Plasmid

Amp

coRI
[

nsert {YGOI)
Mot

CMV Promaoter

Recipient

Flasmid

Amp

EcoRl
Digest Insert (YGOI)
EcoR1
Nedl CMV Promaoter
i LRl
Motl MNeo 0
Insert (YGOI)
Ligate Notl
e 4
CMY Fromaoter
/
Meo
EcoRlI
Digest Recipient
B T Plasmid Not Amp
Nl



What is it used for?

M Avall Afal Bglll Accl Aval

200 bp, —
+«—— 157 bp.

100bp. tT— e
- p.




PCR




What?

In vitro enzymatic reaction
for copying a particular
sequence of DNA

Doesn’t need high
guantities of DNA to work.

Lots and lots of
applications.

Detection, cloning,
seguencing...

CRML-CW G 24017475
DNA Amplification Using Polymerase Chain Reaclion

s Feaction mixiure containg target TARGET DA
A sequenceto e amplified,

two primers (P11, P2) an

heat-stable Tag pelymerase

Reastion mixture is heated
95°C o denaturs target
A, Subsequent cooling
to 37°C allows primers to

hybrdize tocomplementar
seqlences in target DMA

When heated to 72°C, Tag polymerase extends cormp
strands from primers

First synthesis eyele resu
in two copias of

 target OMA sequence

DEMATLRE
A

i iy N
HYBRIDZE

PRIMERS

EXTEMND
MEWS DA,
STRAMDS S

SECIMND CYCLE

Second synthesis eyole
resylts n four copies of

target DMA sequence

Source: ONA Sclence see Fig. 12,



heory behind

3'end of strand
|

0
5' end of strand
|
9
“0-P=0 0 (IIHZ
0 B— G | e

HoC 0=p-0"
0
newly

synthesized
strand

template

strand
R

9
;30

(e =T |

CH
Gnd of strandl C E G | 0 62
O IS
-0- P—O—P—O—P—O—CHZ 0=g_0
0
l—
pyrophosphate

incoming deoxyribonucleoside triphosphate 0=|':>_0‘
0
CH
i
O=I%’—O_
Q

S'end of strand
1998 GARLAND PUBLISHING

‘Wi dNTP bound
dNTP not bound

57 primer
3’template




Theory behind

template
strand ™.

rrrrtrrrtrrtrr it
TAACCOGTTC ATCG TAATCGGCT A

L | ICCGAI

. - ; h "flanking"®
ﬂanmg target region primer
primer ..

5 T 111713 ‘




Who?

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

The Nobel Prize in Chemistry 1993
Nobel Prize Award Ceremony

Kary B. Mullis

Michael Smith

a

Kary B. Mullis Michael Smith

The Nobel Prize in Chemistry 1993 was awarded "for contributions to the
developments of methods within DNA-based chemistry" jointly with one half to
Kary B. Mullis "for his invention of the polymerase chain reaction (PCR) method"
and with one half to Michael Smith "for his fundamental contributions to the
establishment of oligonucieotide-based, site-directed mutagenesis and its
development for protein studies".

Photos: Copyright © The Nobel Foundation



How does it work?

* http://www.youtube.com/watch?v=_YgXcJ4n-kQ
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Typical PCR reaction

Reactivo Concentracion | Concentracion
del stock reéaccion

Agua

MgCl, 25> mM 2,5 mM

Buffer 10X 1X

dNTPs 10 mM 0,2 mM

352-F 10 puM 0,3 uM

975-R 10 uM 0,3 uM

Tag polimerasa |5 U/pl 1,5U

Extracto crudo




Typical PCR reaction

PCR Condition using heat stable
polymerase (Taq polymerase)

95°C 95°C

72°C

Tm

x n (20-30)




Typical PCR reaction

Step 1: Denature template

100 i T 1 T T T T |
Step 3:
90 Primer
extension
_ 80F \
&
e 70
£
&
(D]
[a® 60
: I
=
50 Step 2:
Anneal primer
40 i [One " Cyclen
=t -
30 | | ! | | | |

0 2 4 6 8 10 12 14
Minutes




Tips and tricks

* Reagent concentrations - "less is usually better" (more specific)

— primers: final concentration 0.1-1.0 uM
— MgCl,: final concentration 1.0-4.0 mM (depends on Taq used)
— dNTPs: final concentration 0.2 mM each dNTP (depends on Taq used)

* Note: sensitive to repeated freeze/thaws
* Vortex or finger-flick reagents to mix well before use
* Annealing temperature and step times are important

* Hot starts improve reaction efficiency (fewer primer-dimers)

— Manual: add Taq to tubes in thermalcycler at 94°C (or MgCl, or dNTPs)
— TagStart Antibody (Clontech)
— FastStart Tag (Roche)

http://genome-lab.ucdavis.edu/Protocols/pcr_tips/pcr_tips _and tricks.htm
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Tips and tricks

e Always check program on Thermal Cycler

* Run negative control(s) to check for contamination

* Make a flow chart of what tried and in what order

* Run a positive control (a sample known to amplify well)

* Always run a ladder on gel (will indicate whether failed PCR or failed detection
system)

e Additives for fragments that are very long, G-C rich or prone to secondary
structure

— Glycerol, Formamide, NMP : Allow lower denaturing and annealing temperatures by a few
degrees.

— DMSO decreases incidence of secondary structure

http://genome-lab.ucdavis.edu/Protocols/pcr_tips/pcr_tips _and tricks.htm
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Primers
(53




Primers

double=stranded DNA

target DNA

denaturation: T = 94054
1= 30-603

primer annealing:

T = about 5°C below the lowest
Ty of the primers to be used

t= 30=603

l primer extension: T = T2°C
Lin min = equal to the number of kb
of the product to be amplified

doubled DNA

number of cyeles: Standard PCR reaction mixture;

max. 45 . -|
DMA: genomic DNA 4 = 20 np pL
plasmid DNA 4 - 10 pg pL™
Mg 1.5 nmol pL™
dNTP -mix: 0.2 nmol pL™' each nucleotide
primers: 0.4 pmel pl™ each primer

polvmerase: 40 mU pL”




Primers

e General Guidelines

http://www.premierbiosoft.com/tech notes/PCR Primer Design.html

e Always write the primer from 5" to 3’ (Reverse
complement on Rv)



http://www.premierbiosoft.com/tech_notes/PCR_Primer_Design.html
http://www.bioinformatics.org/sms/rev_comp.html
http://www.bioinformatics.org/sms/rev_comp.html

Primers

Primer3

| Home  Web Interface | Download | History |

Primer3 is a widely used program for designing PCR primers (PCR = "Polymerase Chain
Reaction"). PCR is an essential and ubiquitous tool in genetics and molecular biology. o_
Primer3 can also design hybridization probes and sequencing primers.

PCR is used for many different goals. Consequently, primer3 has many different input
parameters that you control and that tell primer3 exactly what characteristics make good SOURCEFORGE.NET*
primers for your goals.

Primer3 — the C code, the web interface, and the documentation -- are an open source,
community-development project hosted by ScurceForge.

COl — Homo sapiens



Primers

* For RT-PCR

Sutoprlms

-obel & Felix Kokocinski, DKFZ , 2003 - Elj#



In silico PCR amplification

Input primers in fasta format

Primer 1' s 3 C

Primer 2’ - 3 C
Migroorganism

Pseudomonas aeruginosa v

[] Include plasmids (if available)

Allow |0 v mismatches, butin| 1 + nucleotides in 3' end

Maximum length of bands
3000 nucleotides

: Degenerated nucleotides are allowed; A+T+G+C must be 10 or more.

Info

Amplify Reset

Suggestions are welcome

)




Primer-BLAST

 Two modules
— Generate candidate primers
* Primer 3

— Candidate checking

e Search against nucleotide databases. Looks for
specificity.

Feset page Save search parameters  Retrieve recent rezults

PCR Template
Enter accession, gi, or FASTA sequence (A refseq record is preferred) &) Clear Range
From To
Forward primer
Max. 50Kb @ Clear

Reverse primer

Or, upload FASTA file Browse_



Primer-BLAST

Primer Parameters
Use my own forward primer 7] _
(5°>3 on plus strand) | Llesr
Use my own reverse primer | " s
(5'>3' on minus strand) } L
Min Max
PCR pfﬂdl.lﬂl size |TU 1000
# of primers to return |5
Kin Opt Max Max Ty difference
Primer melting temperatures |5T.EI IEEI.IZI 63.0 3 9

(Tm)



Primer-BLAST

Exon/intron selection
Exon junction span

Exon junction match

Intron inclusion

Intron length range

A refseg mRMNA seguence as PCR template input is reguired for options in the section &
Mo preference v |

Exon at 5' =ide Exonat 3 side

Winimal number of bases that must anneal to exons at the 5° or 3° side of the junction &
|:| Primer pair must be separated by at least one intron on the correzponding genomic DMA &)

Min Max



Homo sapiens zinc finger protein 419
(ZNF419), transcript variant 5, mRNA

Exon 1 Exon2 Exon3d Exond Exon &
[ [ SR
273 32 442 2267



¥ Graphical view of primer pairs

) NM_001098494.4:1.2.3K (23Kbp) * | Find on Sequence: @D (=——xo: & Kook~ | 8 confire & 7+
SRS en A0 m E0 B0 P 0 [0 [IK (00 (AD [0 (A0 (S0 jED [0 [AOD [0 BK R0 | 2%

gnes - Exon
a0h | BXON S

e 3
eon2 [0
Genes
ZNF413
NP 0010319641
Primer pairs for MM 001093494.1
Prner |————=g
¥ Detailed primer reports
Primer pair 1
Sequence (5-3) Template strand ~ Length Start Stop Tm  GC% Self complementarity Self 3’ complementarity
Forward primer ~ CTGTGGCTGCAGACTTGCTTA Plus Pl 28 29 6088 5238 6.00 200
Reverse primer  CTCCATGCCAACAACCCAGAGA Minus 22 457 436 6253 5455 400 0.00

Product length 180
Exon junction 442443 (reverse primer) on template NM_001096494 1

Products on intended target
»1_001098434.1 Homo sapiens zinc finger protein 419 (ZNF419), transcript variant 5, mRNA




Search parameters and other details

Mumber of Blast hits analyzed 492848
Entrez query

Min total mismatches 2

Min 3' end mismatches 2
Defined 3' end region length 5
Mismatch threshold to ignore targets &
Misprimed product size dewviation 4000
Max number of Blast target sequences 50000
Blast E value 30000
Blast word size 7

Max candidate primer pairs 1000
Min PCR product size 70
Max PCR product size 1000
Min Primer size 15
Opt Primer size 20
Max Primer size 25
Min Tm 57
Opt Tm &0
Max Tm 63
Max Tm difference 3
Repeat filter AUTO
Low complexity filter Yes




OligoAnalyzer

OligoAnalyzer 3.1

Instructions | Definitions | Feedback

. Sequence # Bases Z[ Target Type | OpnA lzl Analyze
5'-AAG CCT CCT TAT TCG AGC CG
Oligo Conc  |0.25 uM Hairpin
Na™ Conc 50 mM Self-Dimer
Mg** Conc |0 mM Hetero-Dimer
3! dNTPs Conc |g mM NCBI Blast
TM Mismatch
‘ Clear Sequence ‘ | Add To Order | ‘ Default Settings ‘

Results | 5'mods | Internal Mods | 3'mods | Mixed Bases |

RESULTS . .
Dilution Resuspension

SEQUENCE:

5'- AAG CCT CCT TAT TCG AGC CG -3'

COMPLEMENT:

5'- CGG CTC GAA TAA GGA GGC TT -3'

LENGTH: 20

GC CONTENT: 55.0 %

MELT TEMP: 57.1 8C

MOLECULAR

WELGHT: 6053.0 g/mole

EXTINCTION .

COEFFICIENT: 184200 L/(molecm)

nmole/0D55,: 3.43

pa/0D;gq2 32.86

http://www.idtdna.com/analyzer/applications/oligoanalyzer/



Output of sir_graph (C) Created Fri Feb 15 22:28:22 2013
mfold_util 4.5

it of sir_graph (C) Created Fri Feb 15 22:28:22 2013
wFold_util 4.5

G’“
N
/ c
10 '
e T
\\/./
10 & T
; / @ 7
T ﬂ‘_c\ g g g G
c/ \ / & & ® /
i th*n N ¢ ¢
=g .
G ® S ® /
A T'_G . \ G
g T e e
G I T
/ / ) /
c \ T
[} 7
57 B o T G /\
/ N A £
T %
3 5 e %
20 / 2
-

dG = -1.975 zdodxyyddt]2wiooogjldipz_102822P_1

dG

-1.002 z4odxyyddtl2wiloog jldlpz_102822P_1

Structure Name Image AG (kcal.mole™) Tm (*C)

-1.58 45.1

37.6







THE RNA INSTITUTE
Sttt it The mfold Web Server

Pair 1: Primer

Left Primer 1: AAGCCTCCTTATTCGAGCCG
Start: 99 Length: 20bp Tm:599C GC:550% Anv. 00 End 0.0 TB:90 HP:00 3'Stab:5.5 Penalty: 0.105

Structure 1 Folding bases 1 to 20 of 13Apr06-16-38-16-8achee3ed2
dE=019 dH=-1670 d5=-2446 TpH=335°C

AR C
I G
GCCGRAGCTTRA™ C
10

Structure 2 Folding bases 1 to 20 of 13Apr06-16-38-16-8acbee3ed2
dG =047 dH=-2200 dS=-7245 Tm=3057C

10
ARAGC| CTT
oTC kN
GRG A
GCC-" CTT



>gi|251831106:5904-7445 Homo sapiens mitochondrion, complete
genome

ATGTTCGCCGACCGTTGACTATTCTCTACAAACCACAAAGACATTGGAACACTATACCTATTA
TTCGGCGCATGAGCTGGAGTCCTAGGCACAGCTCTAAGCCTCCTTATTCGAGCCGAGCTGGGC
CAGCCAGGCAACCTTCTAGGTAACGACCACATCTACAACGTTATCGTCACAGCCCATGCATTT
GTAATAATCTTCTTCATAGTAATACCCATCATAATCGGAGGCTTTGGCAACTGACTAGTTCCC
CTAATAATCGGTGCCCCCGATATGGCGTTTCCCCGCATAAACAACATAAGCTTCTGACTCTTA
CCTCCCTCTCTCCTACTCCTGCTCGCATCTGCTATAGTGGAGGCCGGAGCAGGAACAGGTTGA
ACAGTCTACCCTCCCTTAGCAGGGAACTACTCCCACCCTGGAGCCTCCGTAGACCTAACCATC
TTCTCCTTACACCTAGCAGGTGTCTCCTCTATCTTAGGGGCCATCAATTTCATCACAACAATT
ATCAATATAAAACCCCCTGCCATAACCCAATACCAAACGCCCCTCTTCGTCTGATCCGTCCTA
ATCACAGCAGTCCTACTTICTCCTATCTCTCCCAGTCCTAGCTGCTGGCATCACTATACTACTA
ACAGACCGCAACCTCAACACCACCTTCTTCGACCCCGCCGGAGGAGGAGACCCCATTCTATAC
CAACACCTATTCTGATTTTTCGGTCACCCTGAAGTTTATATTCTTATCCTACCAGGCTTCGGA
ATAATCTCCCATATTGTAACTTACTACTCCGGAAAAAAAGAACCATTTGGATACATAGGTATG
GTCTGAGCTATGATATCAATTGGCTTCCTAGGGTTTATCGTGTGAGCACACCATATATTTACA
GTAGGAATAGACGTAGACACACGAGCATATTTCACCTCCGCTACCATAATCATCGCTATCCCC
ACCGGCGTCAAAGTATTTAGCTGACTCGCCACACTCCACGGAAGCAATATGAAATGATCTGCT
GCAGTGCTCTGAGCCCTAGGATTCATCTTTCTTTTCACCGTAGGTGGCCTGACTGGCATTGTA
TTAGCAAACTCATCACTAGACATCGTACTACACGACACGTACTACGTTGTAGCCCACTTCCAC
TATGTCCTATCAATAGGAGCTGTATTTGCCATCATAGGAGGCTTCATTCACTGATTTCCCCTA
TTCTCAGGCTACACCCTAGACCAAACCTACGCCAAAATCCATTTCACTATCATATTCATCGGC
GTAAATCTAACTTTCTTCCCACAACACTTTCTCGGCCTATCCGGAATGCCCCGACGTTACTCG
GACTACCCCGATGCATACACCACATGAAACATCCTATCATCTGTAGGCTCATTCATTTCTCTA
ACAGCAGTAATATTAATAATTTTCATGATTTGAGAAGCCTTCGCTTCGAAGCGAAAAGTCCTA
ATAGTAGAAGAACCCTCCATAAACCTGGAGTGACTATATGGATGCCCCCCACCCTACCACACA
TTCGAAGAACCCGTATACATAAAATCTAGA



What ifs...

I’'m constrained to amplify ends in a sequence?
Want to add restriction sites for cloning?

| need to introduce a mutation on a sequence?

We are in an iGEM project?



Fusion PCR

4




Theory behind

U C A G
U | Phe Ser Tyr Cys u
Phe Ser Tyr Cys C
Leu Ser STOP STOP |A
Leu oer STOP  Trp G
C | Leu Pro His Arg U
Leu Pro His Arg c
Leu Pro Gin Arg A
Leu Pro Gin Arg G
Allle Thr Asn Ser U
lle Thr Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Arg G
G | Val Ala Asp  Gly U
Val Ala Asp Gly C
Val Ala Glu Gly A
\al Ala Glu Gly G




Theory behind

A
C
G
T
U
R
Y
K
M

[UPAC for DNA

adenosine G C (strong)
cytidine - AT (weak)
guanine CGT (not A)
thymidine AGT (not C)
uridine ACT (not )
G A (purine) ACG((notT)
T C (pyrimidine) ACGT (any)
G T (keto) gap

A C (amino)




Theory behind

tRNA
‘amlno acid chain

~‘-.—




Genes: ORF vs. CDS

* Gene: Molecular unit of D
heredity... Sequence that -1
origins a coding RNA or 33
NCRNA.

N A d v N I ¥ I I kel M d ! 7 el
! o] d 2 * N * H N S W Al ¥ 9]
* 7 d n 1 qd T S 0 4 H =) T *

€ LYYYLDLODOODLYYLLYYDYLILIYVOLYYODYDLVYOODYYLODODY-§
§-ATTTACAGGGGCATTAATTCTAATGATTGCTCATGGCTTAGCCT -8

e ORF: Nucleotidic T T S I I
sequence from a start Cen o r e s e s
codon to an end codon.
Potential CDS. - \ ;,/

5 [ == 3

Intron 1 Intron 2

* CDS: Actual sequence to —
be translated.

v
Final mRNA



What is it used for?

e Artificial constructs of
DNA.

e Directed mutations

* Bind protein domains,
peptidic chimaeras...
Playing LEGO with CDSs.

e Facilitar procesos de
clonacion y expresion de
proteinas.

unc-54 3' UTR

o}

of



What is it used for?

Yeast
Yeast 2002; 19: 141-149.
DOI: 10.1002 /yea.806

| - Yeast Functional Analysis Report

‘~ -~ Marker-fusion PCR for one-step mutagenesis
B of essential genes in yeast

Ana A Kitazono'?, Brian T. D. Tobe', Helen Katton!, Noam Diamant! and Stephen ). Kron'3#
! Center for Molecular Oncology. Unnersity of Chicago, Chicoge, IL 60637, USA

? Department of Molecular Genetics and Cell Biology, University of Chicaga, Chicago, IL 60637, USA

* Committee on Cancer Biology, University of Chicago, Chicage, IL 60637, USA

Journal of
Virological
Methods

Journal of Virological Methods 108 (2003) 67-74
www_elsevier.com/locate/jviromet

A rapid and convenient variant of fusion-PCR to construct chimeric
flaviviruses

Nathalie Charlier®, Richard Molenkamp b Pieter Leyssen® Anne-Mieke Vandamme®,
Erik De Clercq®, Peter Bredenbeek °, Johan Neyts**

2624-2636 Nucleic Acids Research, 2000, Vol 38, No. 8 Published online 12 April 2010

doi: 10.1093 {nar[ghql 79

In-Fusion BioBrick assembly and re-engineering
Sean C. Sleight*, Bryan A. Bartley, Jane A. Lieviant and Herbert M. Sauro

Department of Bioengineering, University of Washington, Seattle, WA 98195, USA



Add sequences at the ends

PCR primer
contains restriction
site sequence

Stop codon

_~

)
"

~-

Promoter/Ribosome
binding site/Start codon



Gene fusion
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Mutations

Tnproductivel I N

—-—
(— |
(— |
| -
—H 1 5
+
—H 1 3
| -
+ PCE with outer primers
|| 1
| |

Fene with desired mutation



Point mutations

; “Asyrmmetric” POCE.
Excess of thiz primer

50 ¥

Tse as a “megaprimer”

l for second PCE reaction

A —

P

Tene with desired mutation
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Abstract

Inverse fusion PCR cloning (IFPC) is an easy, PCR based three-step cloning method that allows the seamless and directional
insertion of PCR products into virtually all plasmids, this with a free choice of the insertion site. The PCR-derived inserts
contain a vector-complementary 5'-end that allows a fusion with the vector by an overlap extension PCR, and the resulting
amplified insert-vector fusions are then circularized by ligation prior transformation. A minimal amount of starting material
is needed and experimental steps are reduced. Untreated circular plasmid, or altematively bacteria containing the plasmid,
can be used as templates for the insertion, and clean-up of the insert fragment is not urgently required. The whole cloning
procedure can be performed within a minimal hands-on time and results in the generation of hundreds to ten-thousands of
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nverse Fusion PCR cloning

A
Primer design 5 - e——
9 ‘ [ —
Orientation : —————————
. —
Insert: of the vector ! —
homologous | B
overlap ' C
. 5‘ - I - 3‘
Vector: ;
3. -5
Insertion site

Deleted vector sequence after PFC

Inverse fusion PCR cloning

insert template

A
—

<

B
1. Insert-PCR

Primer A x B ® 2 / ] ( R
/ ¢ 2. Inverse fusion PCR I ! ’
—r—————y + _

— N
<= PrimerB x C 2.1 2.2 2.3

B
InsertPCR product

Template vector

Z N > e = R & .
4. Transformation 3. Ligation B

(Phosphorylation) 2.6 2.5 2.4



Design tips

There are lots of programs for primer design, but are very limited for this
family of techniques.

Primers in Fusion PCRs tend to be veeeeery looooong (40-60 pb). Don’t
panic!

Again, high complementarity at the 3’ end of the primer, and high GC% in
the last nucleotides of this end if possible.

Check carefully the formation of secondary structures and primer dimers
(avoid values < -5 Kcal/mol).

When adding restriction sites at the ends of the sequence, insert at least 4
nucleotides more at the end of the primer, so the RE activity is not impeded.
Consultar: http://goo.gl/zu9cz

Play with temperature gradients, Touchdown PCR, DMSO, betain or Two-
Step PCR when it’s inevitable to have horrible primers.



Design tips

* |fyou're intending to fuse protein domains, BE CAREFUL. Frame
shifts are an important issue if the primers are not properly

designed. Mind the frame!

 Some researchers add spacer residues between domains, to avoid
(more) folding errors in the final protein.

* Check first if your sequence has the restriction sites you want to
include. If so, change the sites in your primers to avoid innecesary
time and money consumption.

e |f you have a sequence visualization software, things flow easier:
Geneious, CLC Sequence Viewer, Sequencher, UGENE...

 More magic tricks! http://goo.gl/23cPXy
http://pcrworld.blogspot.com/



http://goo.gl/23cPX
http://pcrworld.blogspot.com/

