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TECHNIQUES OF MOLECULAR BIOLOGY:
POLYMERASE CHAIN REACTION

Instruct: Dr. M. A. Srour

Course: Molecular Biology (BIOL 333)

Textbook:
Watson J, et al. (2014). Molecular Biology of the Gene, 7th ed.

Polymerase Chain Reaction (PCR)
HE T,y

0 PCR: in vitro amplification of a specific DNA region
flanked by known sequences

0 Specific DNA fragment(s) are enzymatically amplified
0 10%-fold amplification possible

0 Can detect single molecule

O Tolerates impure DNA

O Assay time < day
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PCR
I

o PCR Requirements:

O Heat-stable DNA polymerase

o Deoxynucleotides (dNTPs)

o Target DNA

o A pair of oligonucleotides (primers)
o Thermocycler

Taq Polymerase

Thermus aquaticus DNA polymerase
Thermophilic organism
Enzymes resistant to high temperatures

72-74°C optimum

o o o o O

HE T,y
O DNA Learning center at Cold Spring Harbor Lab:
https: //dnalc.cshl.edu /resources/animations /pcr.htm
|

0 Virtual labs for PCR & gel electrophoresis:
http://learn.genetics.utah.edu/content /labs /

O https://www.youtube.com /watch2v=matsiHSuoOw
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Figure 5-23 part 2
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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PCR Protocol

I
) &D oMix DNA, primers, dNTPs, Taq,
Aﬂ“@sﬁepgé‘d- buffer, Mg2*

I ek 0Program thermocycler for times and
4 lla,ke k PCR P ol temperatures

o gtS,
Q dyoroe 3-‘*1 oDenaturation 1.2 3 4 5 6 oouddh o

-> =
) oAnnealing 3t J.s-!'o*ssb nos
oThermal cycling: 30-35 cycles 200 ) %}? ‘)"’-

oAnalyze amplified DNA (amplicons) e 0 . g _
by agarose gel electrophoresis =m WY Jo

PCR: Thermal cycling
-—
[Step _______Temp |

O Time _____INotes _ |
N Initial 94-96°C 2-5 min one :‘L"b;"gi’;""
/M Denaturation M toke “Mﬂ{nm QAMWM
30-35 cycles:
Denaturation 94-96°C 0.5-2 min Longer: 1
&0 e denaturation, but
| enzyme &
template
Annealing  45-65°C 0.5-2 min Higher /shorter: 1
Pr"n’l’eV‘ oS <_/ &:’ ¢ s?taljf|C|ty, but | N
o 8 Bgoins & yie SEbaps o
Extension 72°C I /_fc’q-pTocessivi = 20 &bl!:f
~v 1kp Imin 150 nt/sec \ dsffc
&\b # € Binal extension  72°C 5 min 2‘403 Gl Y2 Mzyme
-~ - &\ KO'S
&0 enzype IS G0 Heans
N O dall e &S IS
1SS G S0z VO
Produ =
6(
oSV
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Stringency and Melting Temperature
HE T,y

O Melting Temperature (Tm) \&6 5:1“*; ” e
. OMmmer > 18~
- Temperature at which strands separate

. Can estimate T_ with formulas: **
" oxantl = grimev?

. BT ATCGEAT

O S‘Lm‘he’ric Oligonucleotides:=> 16-2Y4"
Ty— 2AA + T(;I+ 4G +C)  Dimple Nrfom Tm= QLQ:’?@M
v by 5 (__'Bﬂﬁzgﬂer I For @
O Effective Tm = 81.5 + 16.6log[Na*] + 0.41(%GC) -
0.65(600 /N) — 1.4(%mismatch)* |, An YUNG Yem %
oY \"»l)e’b Towe Z\SJ\SPUM %) tam;a{
NS ;swuf ok P

ATC 0‘7(1’

pr\nOf ~L\“/\ ‘-;7-9&}

Stringency and Melting Temperature
[

0 Stringency of a hybridization reaction: refers to the
primer cf"_w «— tolerance (or lack thereof) for mistakes in base

-\enphﬂey) lhybridizaﬁondm_ pairing 2" _,_m)_é‘.\t;o. - -
609 Epeuilie =Y igh stringency: low salt cong, high formamide, high —= =<y

5T Y e O3 ) temperature > require exact base pairing 5 eal

rRCEYY ey:m'&s 0 Low stringency: high salt conc, low formamide, low
&&‘s &D:é) QSO temperature>> more base pair mismatches can be
tolerated
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Design of Oligonucleotide Primers

[
'/‘ 95 . o Criteria for sele(c:gr;gfban o“f: oidp No internal complementarity ,§ ‘MP'J
‘-‘Sﬁo Unigueness ases ﬂ: ~5L e
6\1‘; > 55° \351'08,‘( sﬁaﬂb’ privet, Wie
S\ 0% GC composm,on AR s O
GC OINSYN (—-—ﬁc?’ cieh °“-'a"’ oy o I(i;('l? $22s
8 »S 2199 51 No internal complementarlt T-A
M > - No “primer dimers-~

1

o How to design an oligo?

O 594“'\68 X 4o Manual 5 $wp;
bay\ﬁ o Analyze sequence with computer software. Mplulzg"
534 @ Online software: NCBI/Primer BLAST; 3t , S S0l
available at: www.ncbi.nlm.nih.gov 5" 3 GeSu
, 323 oLl sw ) o
9D wud»‘;?"m <@\
ru, -bﬂ w5 L
2352’ SN 5| 00 ys.
\@5\)4' Q.ANL Wlsy
Types of PCR: RT-PCR
[
O lIsolation of RNA template, requires careful handling of RNA
templates
O Synthesis of cDNA using Oligo-dT, random hexamers or gene- _ s
specific primers, and reverse transcriptase at 37-42°C—3 @i-;: q’-) %poynm:tl
. O RT: Avian myeloblastosis virus (AMV) or Molony murine LS | b, _P%P’Ob
leukemia virus (MMLV) RT LS s o\
o R NA oY% e RNAse inhibiters are usually used tin cDNA synthesis rxn 5950%%

ol NA is further amplified using a normal PCR rxn using
>-;»>\ e .
@ g &> gene-specific primers

-
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Types of PCR: RT-PCR
.,y

0 Applications H-C
o Study of gene expression RQNA Vs —> SAQ&—CDJ:L
o Quantitation of mMRNA and viral RNA levels—> <
0 Detection of specific gene expression/ mRNA—> >23° Uhreogs |

/:I Detection of RNA viruses N‘RQ.A' A s-:\
N ANY
\2s
S
SWC
AT

Types of PCR: Nested PCR
.,y

0 Nested: 2 outer and 2 inner primers
0 Why nested PCR?

O Increase sensitivity and specificity
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Types of PCR: Multiplex PCRweust kwo pownis ofv-one

HE T,y
O It uses more than one pair of primers (multiplex)

0 Allows co-amplification of more than one fragment/ target in
one tube

O

Can involve the target and internal control fragments

O

Decreases the number of tubes per rxn per sample

O

Requires careful optimization of rxn and design of primers
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v OCRWodui' S Amplicor™
T o> inkernek contbral > 455 1y
J a}lﬂc\\fv ki aif b
alwoles wedded ysith, Muiplex
_ Types of PCR: Multiplex PCR—w¢ quoﬁwﬁsa‘?f&%

2pant
R1 <o R2
Humegre .
N HBC — F2 don orthssr VoSS
ARSI '
E.cdi

PCR using two

pairs of

primers

> The Law peoaduel Suedd
Two amplicons with be O‘«m«e#x'/\%{u
different sizes +o (ﬂLS’\'(ﬂgUle«wb

W\
th thwmct 8u/
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[ -

T =

Types of PCR:

Amplification Refractory Mutation System (ARMS)
HE T,y

0 ARMS is ideally suited for detection of point mutation
and small insertion/deletions

O It involves two primers> wt allele & mutant allele >>
two PCRs, one for each allele

O Multiplex ARMS
0 Advantages of ARMS

o Quick, inexpensive
0 Not suited for detection of unknown mutations Sl lelaol i Bl ke 13

STUDENTS-HUB.com Uploaded By: 0l & dlﬂ)


https://students-hub.com

3/12/2025

ARMS primers
N

O It is useful to increase the length of primers to about 30 nts.

O Primers usually include a mismatch close to the 3’end at
position -2 to -3, to improve specificity (but may decrease
yield)

O A second mismatch at nt -5 is sometimes included

0 The most discriminatory mismatch involves A:G/G:A

“’\(A.LO&*’Q’\ e lSamt \OUJC' L LD\S‘I"'V\.‘{C'JC(S C9{('C(.e£

2 whk >
W ced A
== ARMS PCR HoA (%2R,
o Al S i cke
[
Wild type B-globin gene Heos
sequence> BA mis
. 5 . CCtatggagCCacCa s @%gaagtctgccg ......... 3’
Gim.C - £/ conmors DAY Ry WE D wfe [ poliral )
AQ:d 3’ .......ggacacctcg%at%?: ................................. tcctettcagacgge..... 5’
Mutant B-globin gene sequence> Codon 6 Sl e D .
N S LWF NS
(éxslgu%f',f US oS8 n@ 10 mis e N“L‘A

5t .cctgtggagCcCaca L ggaagtctgccg ......... 3’
ACO[L —
' - £/ cormon 3 w ved—
Vallen < i = i 2 ™
3. %‘;t ................................. tcctecttcagacgge...... 5’
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ARMS results: 2 rxns per sample
HE I,y

Wt Mut——— C-S\’wi
Rxn Rxn two o
Sample # 1: Wt Hube
Homozygote
Sample # 2: Wt+Mut — —
Heterozygote
Sample # 3: Mut —
Homozygote
— Wt
m— mut
, [ _"\S’i\;& QA(;A_”]
©aded T Ly To R
Lobion ONYype 3 Vo s
A or PO‘A'L Q'J‘L(d
c”é\?‘“ hr}vo Q(qj‘*ﬂ Z_.u ws A\
Sk _OS & % 0

q~
ce Types of PCR: RFLP-PCR™ w“‘f’” Q%@ <
-ﬂ
O RFLP: Restriction Fragment Length Polymorphism

0 Allows detection of mutations that generate a new or delete
an existing restriction site

o0 Amplicons flanking the target mutation are amplified by
normal PCR and then digested using an appropriate Restriction
enzyme (RE)

0 RFLP-PCR increase the specificity of the first PCR
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Normal gene 260 R P"°J'“l'
Grymegisio g, > ore® Sk ix
e, . - No Cleavage e
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- DNA sequencing

DNA sequencing:

https://dnalc.cshl.edu /view /1547 9-Sanger-

method-of-DNA-sequencing-3D-animation-with-
narration.html
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DNA sequencing by Safger method

- ‘ Dideoxz chain termination method:

.

Covmig diasher bond & )
S\;\’J \ \?‘&_!;p.& a_‘)‘“ c'u‘ ‘;‘p Deoxyribonucleoside Didooxyrgbonucloosido
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stb QR 1] Polymnage 3L | e @ante)  Structure of
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DNA sequencing by

Dideoxy chain termination method
-—

5" TAGCTGACTC 3’
3'ATCGACTGAGTCAAGAACTATTGGGCTTAA ...

7.
DNA poly&aerase
+ dATP,dGTP, dCTP, dTTP
+ dd/(iTP in low concentration

STAGCTGACTCAG T Fowesh (abel —>
3ATCGACTGAGTCAAGAACTATTGGGCTT s

5’ TAGCTGACTCAGTTCTTG 3’
3'ATCGACTGAGTCAAGAACTATTGGGCTTAA ...
+

5’"TAGCTGACTCAGTTCTTGATAACCCG 3’
3'ATCGACTGAGTCAAGAACTATTGGGCTTAA ...

Figure 5-21a
Molecular Cell Biology, Sixth Edition
©2008 W.H. Freeman and(omod y

OWPNS co5 g B3> 2SS L\me; Qb Sle JuS ¢ YZ Y

C p
J:L/ <9-‘>332/o~u Lz S&lz,s o G I Erte C(:,Cpf
oratube “Fa"
3’@4‘ i€ we A N’ WJ"\&._;
po":"'od:":ddoc" Jmﬂ: QJ“QTQ’XO-'U& - M%’J ib‘f‘n‘-ld
sy
DNA sequ@ncmg by ép‘,e.ﬂ,

Dideoxy chain termination method
-—

a “template strand” b e
1 2305 6 8 910 12 12
Ky B A TGCGACTTACT)Y 11  e——
primer 10
5 (I GO 3 9 —> polgacrimde
Inucktehotide g M logowese &y
5 (I Ky bovond & ueleudi
the primer 5 hps
5" G 3 4
DNA synthesis ————» 3
substrates: ?
d@E dEE
[ATP BGIGTP] &
JED JGD ®

FIGURE 7-15 DNA sequencing by the chain-termination method. As described in the text,
chains of different length are synthesized in the presence of dideoxynucleotides. The length of the

STUDENTS-HUB.com Uploaded By: Ol ¢ OLTJS


https://students-hub.com

3/12/2025

SondSlable  Jov bube 4 Rlay Saln
Primer 5' == -
DNA . b Template 3’ 5
Se_quenCIng ; y DNA polymerase
Dideoxy chain + dNTPs (100 M)
termination = L A
method 20 e
- Usdﬂk.)
9~
+ ddATP +ddGTP dcTR dileed )
(1 M) (1 uM) M) Calle
e ¢ .
T €= —G —_T —cC
U= W S\@o ——A G T c d_.s
5 -y
E’ luresul " a . . , 15
etc. etc. etc. etc. ’ S Qus LA
J J J | dme oo
Denature and separate daughter strands by electrophoresis
003y WA Fogmed ST O daps
C ) ¢ s A Keceasy
JJJ gige APl Sy LAk sutnr g, %
0) .
\Dt,;}‘ o q:i‘;“?\b Qleﬁfo pho;fc%\s
) e
/,200 R00> p:_.fﬁJ P l oabas Pl R TN CINY
‘DAQJ_, F""' o ‘.-);‘ J_;'/If‘r:::”t: ::quence elecfrophore pis \W:’ Q;s
5 s S\ ey = \\“\ = > @pilesy
[« -~ Q’lﬁ o
f Dye-labeled segmen
Y)U-\O(Lﬂfuv“l( s '\\ DNA § a;pli:d to a‘c:asi"aryts 2 JV-O QJLS
\S/ C}__Uj(% kDNfA po;ymerase, migration : glet:cat::psltlt:'jee:itsedto fo ‘E‘o Cne CVJP
NTPs, o S— s
. four ddNTP = el oo
P adsw | e ‘ =
. \_—i / =
Sy | e H 3 — s
= " (P B | Foed
- q_'}“-',\\ Detector : (. Laser —, Lable ’
lDenature Pr—— - pa-.-mer’g’(id@y\f
B ek he ey O Qs
——n Dye-labeled Sih — - 0
D segments of DNA, i ! 5 . m%)\‘ LOUS]_S
&, et | A R Do s SN
4 unknown sequence 09”5 “ A‘ I K l l il ‘ . a‘;w"m“ 45-
. LN Oones | Mo ! A I
Lo, !0'—3'29— S { CCTGTTTGATGGTGGTTCCGAAAT AGG VO\qu 6 'H"e MCk
I ¢ QS' Computer-generated result after baak _/‘-éy\-‘()ﬂﬂ (5\/'4
Sy \5) L@p} [ W bc(_C)C QFO‘«O /:.Bbk:\l bands migrate past detector go .44,! -
- ,‘_ o — L) L/ - v
0™ el (R1y S : — -
' @& S (-\rgmd' M) % o (N
y Sor Gl A &> pyeledrde Sqtzgl\;?‘d
\ 1SS P : - - < RS
AxA0 & poNgee OMong Mo MgWm % smeQa= ol

Nbo\bk NS4

oo

STUDENTS-HUB.com

NS WY C ¢ Or Wl
s sSed @ 3

E‘J%(kaded By: Ol 2 dhi%


https://students-hub.com

gk +V,,;g‘&gg§f*

(a) Primer extension reaction:
—F TACTATGCCAGA ————— f—
21-base primer DNA
Replication with ddTTP Seq uenCi ng
— f TACTATGCCAGA —— f}—
(26 bases) ATGA“
(b) Products of the four reactions:
Products of ddA rxn Products of ddC rxn
Template: TACJATGCCAQY Template: TACTATGCCAGA ___
(22) 9 (28) ATGATA®
(25) ATGHD (32) ATGATACGGT@®
27 ATRATOD
Products of ddG rxn Products of ddT rxn
Template: TACTATGCCAGA — TACTATGCCAGA
(24 AT@® T}
(29) ATGATAC® (26) ATGAD
(30) ATGATACG® (31) ATGATACGG@)
(33) ATGATACGGTC@
50 -b 0 cm—3 agarode g ok Langb
DNA
sequencing
7 . o " W
w7 gilSsn SN Elechrophoresis
(c) Electrophoresis of the products:
— - \ = ddA ddC ddG ddT
50 o oslye ¥
_ CNA: 4 “ _r — T
JPMN 20 3 & ﬁ‘t(\f\"e os'y) —_— $
geho | tolegu —_— G
S o— C
[— Prme 1 L) —_
— A
Ju— G
— T
—_— A
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DNA sequence readout: by
Dideoxy chain termination method
2_-;.0“_. Tab AR e sy urserken

TNNNNAAT G - CAAT A GGG GA

YYGGT GGT

Ll AL

ATAGTGT A TAAATAG TYGG GTAAT ATGGT ATAG TGTTT TGTGTGAAATTGTTAT GOUTCA AATT ACA AA ATA

L i Mm lm L hdbihl l“ h

Mol I« I C 1l Biology, Sixth Edition
© 2008 W.H. Freeman and Company

DNA sequence readout: chromatogram

7o 50 70 e M
Helj

& | N #
Expnrt‘ bt | Net Fit T [smplea7orzs

10 20
NN N N N N N NGC TGC

40 50 60
ANTCCCC[NTGCCCGCCCAGG A 4G G AG AC CCAG T TG AC
0 [
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Applications of DNA sequencing

m DCR

o Study gene sequence & structure

o Allows genome sequencing, e.g. Human genome project
completed sequencing human genome in 2003

P4
osme, Aebip ¢3 '!}99 g)\S'ngLuS

“39‘"03‘ o ¢ Knowl@lSo
@EHID L@JOAP\rm)\/Obpr

arm PR

0 Detection of mutations (known & unknown}— ONA SQ‘KW‘C'\‘\%_
Con detechion o

( enaom-uh know)

Ol\}AS&‘W‘?’_3 q“'ss’-“ o:-,(\tvmﬁ-cwf wlswown )

O Sequencing ig'now bemg done using “DNA sequencing

machines” 6r “Sequenators” ujj
” 7
Ahesomecodars™ ik defechionit ince pehsio
\toa T —1 l'hul'ui’k be i di
GAG
"Hbs> Brme pof’ _y besause The primes
=
HbA>Hb< Gl "Hie 5kt ek PR dlepnl on. s
G__T— oao
Hoh 3Hbe & b3 WS %
‘3’___ \ Can fen-i '+ ”\OMH“'Q,
AAG
Detection of point mutations using DNA sequencing
[
Homozygous (reference)
A A A l‘ A C
L AOVY,
\'/\\ Homozygous (mutant)
— A T A A C A C
(T: g c A i l \ n
c o= c ,"‘_ TS i
A —“ Ap ,I ‘\’;‘ /\; \\’/ \ Y \ I, \r
T o =5 1 Heterozygous (mutant)
e ( A T A A Y AC
Al mmm Ap A
/T\ = Qi R 'I\\ 'I\\ Al l . n
A —_ A III \\\“ \/-\‘: \‘\“: \‘19 & \ Ill"fL
fier;%t: c(?lr?gr SZ:TJ;%Z‘:\; Automated sequencing read out
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Detection of point mutations
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3/12/2025

S 9@ Ay
Tou

So |
volme high,

Thevowmme, [ower
T e&Xbo
G & X50

dmoh. T

bescks

Mutant

¢ye GSY

Normal

Start codon Codon #6 (GAG}—

R S O S S T T O S N S S A A SRR
Start codon Codon #6 (GAG)

« T e s F o ?

';35'55’7’!_!‘!!:!3;“;!!

o/ g= GiSan *

R AT
== —AARAM=
M — (5 AN¥

ooty e

S e
G- A>Hbe
A-T>Xbs

le
Y 0/.9‘5105
e eC
?‘i [ 34 S
buk whew v
do “Muvdas '
V- oo liee
e Lanme
Codor

ow bwo
J\CG‘(‘“FL GV\A l,ll\a

Lﬁ)tuvt“al%

Upload%gcﬁg Sleye d\.z_b


https://students-hub.com

3/12/2025

- Chemical synthesis of DNA

Chemical synthesis of DNA oligos—» prinetes ses ssle

0 It allows the chemical synthesis of short, custom
designed segments of single-stranded DNA (ssDNA),
known as oligonucleotides

O Synthesis is performed on solid supports using
automated machines.

0 Precursors used for nucleotide addition are chemically
protected molecules called phosphoamidines
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Chemical synthesis of DNA oligos (cont’d)

0 In chemical synthesis, the DNA chain grows by addition
to the 5’ end of the molecule (3’ — 5’), while in vivo

polymerization is 5" — 3. efroruwv"wjfo Y

0 Synthesis of ssDNA molecules 10-100 b sesdl's’ng is
efficient and accurate
0 Molecules >100 nucleotides long are difficult to
synthesize in the quantity and with the accuracy
desirable for most molecular analysis_y <8 o docsuic
peh o
doo_ > 489
LS 0%
vV ®Rbys

Chemical synthesis of DNA oligos

5 |
O Method:

O The first nt is attached to silica support via its 3’-OH & is
protected at 5’-OH by an acid-labile Dimethoxytrityl (DMT)

group
0 The DMT is removed by washing with acid

O The next nt is activated with a Diisopropylamino group (MeQO),
which is oxidized with iodine to form phosphotriester linkage
(5'-3))

O The synthesis continues to the desired length

o The protecting groups are removed from P

o0 The oligo is separated from solid support & purified
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Chemical

s cn, 3 pm«ted
at 5" hydroxyl
H H Nu(leol ide
oMT —0

. —i at ; pomion ]
synthesis B e
Nudleoside H OH
- attached to H H H H
silica support Cyanoethyl
I protecting group H ? "
NC—(CH;. —o—v NC—(CH;); —0—F
Sl _IN IH '(CH)D CH N —CHI(CH,) o +
- ):
i Hy o [Base] - * i

om: Dilsopropylamino activating group

Blocking >

DMT: 4'4'-
dimethoxytrityl

Activation >

MeO:
diisopropylamino
group

Protection >

NIP3: Cyanoethyl
group

* o
() z
H H ()
H
,,m“" - H Next u(leollde
group removed L

3 ;
é (cn;) cu—u—cn(cn,;, R
Diisopvopylamine byproduct @b

@ Oxidation to|

form triester|

oMt
CHy o [Basey]

H H

Repeat steps (2) to (1) until all residues are added NC—(CH3) ; —O—P =m0

(5) Remove protecting groups from bases
() Remove cyanoethyl groups from phosphates
(@) Cleave chain from silica support H H
s gggggessPR0IAL0N0Y
Oligonucleotide chain

S eSS
DMT \SRso | ¢ JSsvoR) <fl b

Blocking >

DMT: 4'4'-
dimethoxytrityl

Activation >

MeO:
diisopropylamino
group

Protection >
NIP3: Cyanoethyl
group
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Nucleoside
protected
at 5" hydroxyl

Nucleoside
attached to
silica support

Protecting
group removed

Uploaded By: 0l & OLE%



https://students-hub.com

3/12/2025

Nucleotide

activated
DMT —O at 3' position

Cyanoethyl
protecting group O H

NC— (CH,), —O—P
(CH3),CH—N*—CH(CHs),
H

Diisopropylamino activating group

®

Next nucleotide
added

(CH3),CH—N—CH(CH 3),
H

Diisopropylamine byproduct

5

Oxidation to
o H form triester
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i
1
: DMT
i CHy o [Base,]
1
1
1 H H
! H H
1
1
i o W
! Repeat steps (2) to (4) until all residues are added NC—(CH;);—O—T=O
~
__________________________________________________ °
@ Remove protecting groups from bases |
CHy o [Base,]
@ Remove cyanoethyl groups from phosphates
@ Cleave chain from silica support H H H H
s Qg ggpgysdOIRIMRARNNTR 5
Oligonucleotide chain R k
@—*\°

A . '.
ﬂ%iﬂ-e digecHor me&ﬁeM.eS s
B

primerE—TF 3

Applications of chemically synthesized

ssDNA molecules
[

0 Custom designed oligonucleotides (oligos) or PCR
primers: used for amplification of a specific DNA
fragment using the PCR

0 Custom designed oligos harboring a mismatch for a
cloned DNA fragment>> a method called site-
directed mutagenesis

0 Custom designed oligos: used to introduce a
restriction site in a DNA fragment to facilitate cloning
or fo create various recombinant DNAs

O Probes
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