)

KIMBFPAFPETRIBTHE-FALF
§ 4 ﬂ

=X %

T DNAZ B~ L 8 2 ok 45 [ T

T DNAH jiFe? & FiF 78
T+ R & pFid 4 F s (Polymerase Chain Reaction, PCR)

‘+ DNAz_5 (DNA sequencing) /\,Yf
T A ¥ % g% % (Site-directed mutagenesis)#t it ’

‘+ DNA= 3 fe (322 ) F Ji(DNA hybridization) il

e

ERE I FRAFLFPHEY ;;Li.\

‘@ ] T AEDNA

T DNA® 4~ 2 @ < 4 : (1) %8 (plasmid) DNA ; (2)#% ¢ %2 (chromosomal) DNA -
HA ¥ A -

T OFHL w@EAL MBS d BERBKRDNAR R o TR A D
S 2 gp AR A F R BT B R AEDb) -

T FHMDNAE F p A4 lenin 4 > Vv R AR I ApEA > A Kt kel T
HIHB FLwE P LR

T O AASEATSRY S e 0 FHDNAT ALY Riad 148 (vector) 2 i 78 % € e
DNAr 2 % J4F € ing-o Fr2 * o Fpt > FHDNAGH & £ F 4 5§ o
FRNE L& P

THDNARLK R 3 % 2
AT e
R A e im e RE h A .
R e ST A A R -

- B % % ¢ 4DNA -

- A F FTERNA -

. B i FREDNA -
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E_ coll CELL

0 ] ADNA K B

T FPFHDNAS 2 s o B e
k& 1473 124 (alkaline lysis) 2 & %
(boiling method) -

T k& 1% 2.2 (alkaline lysis)
% I E A G edZ T AEDNA{r 4 ¢
HDNA> & & f g mw % _Ei B
,!& ) _F_ de N fj’;,_ ’ff’*ﬁ; I% |. ~DNA
w4 5 E%DNA o
# ‘i NaOHZz SDSA 3 » & i# 3=
i T2 DNAS » £ i ? fo o
% FADNAL + &@ {eid i i & o
w4 ¢ WDNAR] & 2 = 24 R
M BSDS-Kr A A4f &4 > 7 ¥ 4
TR e 4 2 !ﬁ; o S5
® bR r g en AR 0 L
B Ops - UK 1‘

sodium dodecyl sulfate (SDS;+ = =

iz

PRECIPITATE
CONTA\N\NG
CHHOMO

AR

http://bioinfo2010.wordpress.com/

shows the plasmad
DNA and
chromosomal DNA

BB RS R e A2
addifion of NaOH
causes l'le.l.lﬂl’\].l‘ﬂl'inll of
plasmid DIVA and
chromosomal DINA

Acid addition
neutralizes the base
and I Tom renatures
the DNA and plasmid

The chromosomal DA
canght within the SDS/
lipids is pellet down in
ceirifuge and rthe plasmid
DINA is found m the
lysate.

Hl

& 7% (boiling method) # # 5 42 DNA

Bacterial chromesome Sphaeroplast

@)
O % e) Lysozyme O
(0Xe) + EDTA
5] 8 D58 SUCroSe e)
’ ©)
Plasmid
Intact cell <
membrane
Disrupted
cell wall
boiling lTriu:n *-100
Plasmid O 3_/
e /__ﬁ
”
Cleared Centrifuge ’ - O\_..\_\
lysate Fth
* 0
e1l axtract
Large DNA
Ir:ggmenls =—Call debris

C(RA )R R FRET
K% 24 H T e B e
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HOME ONA EXTRACTION VIRTUAL LA |
DNA EXTRACTION VIRTUAL LAB

DHNA is extracted from human cells for a variety of reasons. With a pure sample of DNA you can test a newborn for a genetic disease,
analyze forensic evidence, or study a gene involved in cancer. Try this virtual laboratory to perform a cheek swab and extract DNA from
human cells

start lab)})

Try It Yourself!

HOW TO EXTRACT DA FROM ANYTHING LIVING

tOEBHH o A RO R g NEGATIVE ELECTROGE
@A BEDNAR B8 0 W i A DNA R £
2 ERACL 0 R A A
DNAZ it gt o

T XM E A E 4 agarose s A RS 1
LA EFRENIERNEY A G
L prtr e DNA 7 B> AT HRE
T g SRS BE 0 F [T DNA
A3 g iR BB

EREAF AR AT B

-
Sy

5

#

. . Add DNA Sample onto
Ao @ MY agarose sk B i
T3 G Heht ] o it ] shDNA # Iﬂ!:::-r:'d:f:::n?m W posTIVE EtccTRODE
Bhd FkR AR Hid F07 ko
Hoi = § A3 1t DNA marker s v e
o * K ? Exposedon Film

T Pk AP gL ¢ 4 ethidium =]
bromide (EtBr) % ¢ - EtBr § 4 » {2 m -l -
Fadk A ¢ 0 U hAPR S RIPER T 20ty - ‘"‘:..:\
b gk E ks 0 R EBracd @ T UnderlY
Rk kA FUREPRGEE . gh DN s
Copyright 2008 MolecularSation.com e  Vislble

http://www.molecularstation.com/agarose-gel-electrophoresis/
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B . | e gl — e )

| HOME

GEL ELECTROPHORESIS VIRTUAL LAB

Have you ever wondered how scientists wark with finy molecules that Ihey can see? Here's your chance 1a fry it yourselff Sort and measure
DNAsirands by running your own gel electrophores)s expeniment,

& halding o small plastic fube with some clear liquid i it.
“Vou've been told that the liguid conteine DNA strands of several dif ferent lengths.
“aur job is to figure cut what thosefengtis are, How will you do it

tPress FORWARD fo cantinus’)

DNAZ i # 5 :

M 1 2 3 4
© Circular form
— Linear form
<> > Coiled form
Supercoiled
oo W
— form

2O-O# My ¢ ™ LHF BG4 F

QT AR AT B B EDNAY BT AN 2 B % 9
(A) #DNAY £+ #3 chf £ e 12 ® o

(B) 4 +DNA # £ hE B

(C) #DNA # £ ch1f 7| 3¢ 5

(D) #-DNA % f b chve e e 127 3 it

(E) #DNA # 5

”

[ER
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£ 2 DNA# #(Recombinant DNA technology)
= A& 7)1 4%;:} ¥ 1 42(Genetic engineering)

Key element of biotechnoloy : use recombinant DNA methods to move a gene
from any organism to any other organism.

Proc. Nat, Acad, Sei, USA
Vol. 70, No. 11, pp. 3240-3244, November 1973

Construction of Biologically Functional Bacterial Plasmids In Vitro

(R factor/restriction enzyme/transfi ionjfend lease/antibiotic resistance)

STANLEY N. COHEN* ANNIE C. Y. CHANG*, HERBERT W. BOYER{, AND ROBERT B. HELLINGT
in 94305; and { Department of Microbiology,

Umvemty ol Cahi'urmu nt San Franclscu, Sn.n Frsnmmu. Cnllf 94122

Communicated by Norman Davidson, July 18, 1973

ABSTRACT  The construction of new plasmid DNA EcoRI-generated fragments have been inserted into appro-

species :iy ;" vitro j"i?i"g of m;'li""";:']‘d‘;““d";: priately-treated E. coli by transformation (7) and have been

generat ragments of separate plasm s descr] 8 - . . .

Newly constructed plasmids that are inserted into Esch- ahowrr to form 'bluloglcally fum‘:tlonal replicons that possess

erichia coli by trnnsformltmn are shown to be bio- genetic pmpert,les. and nucleotide base sequences of both

logically functi H that j genetic pro- parent DNA species.

perties and nucleotide “base seqllermﬂu from both of the

parent DNA molecules. Functional plasmids can be ob- _ MATERIALS AND METHODS =
E. coli strain W1485 containing the R8F1010 plasmid, which

tained by iation of end ed frag- i
ments of larger replicons, as well as by j Jnlmns of plasmid carries resistance to streptomyecin and sulfonamide, was

DNA molecules of entirely different origins. obtained from 8. Falkow. Other bacterial strains and R
. e . factors and procedures for DNA isolation, electron microscopy,
Controlled shearing of antibiotic resistance (R) factor DNA

leads to formation of plasmid DNA segments that can be and t.:fan:qfc!rrr:am:?n“oflf coli by pla.smt::l"D N"A Ea;ve ]3een ‘

£ mDNAZ 2

Restriction enzyme
recognition sequence
- ~ o

Dra 5 EEENGA AT T C B 3 "\,

3 IS C T TAAG I s N
Restriction enzyme p 4 N o L
cuts the DNA # % £ 2DNAA T chi fE & & i 4

14 p 27 e e i&f‘;»\- PV AT
% - =% P >DNAS 3
LG AATT CE—— )
—— L g G M— 2 DNAZ £ i AR K AL R ¥
Sticky end DNA#: & f— A=
AATTC —
Addition of a DNA e-
fragment from CTTAA
another source; DNA fragment produced by
fragments stick the same restriction enzyme
together by
base pairing
-

NG AATT CHEEN G AATT CH
aec TTAA GEEEENC TTAA G
One possible combination

DMA ligase
seals the strands

w
I ] I
I | I

Recombinant DNA molecule
Copyright 2 Pearson Education, Inc., publishing as Benjamin Summings.
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Restriction enzymes split DNA into specific fragments

Restriction enzymes (restriction endonucleases, RE): recognize specific
base sequences in double strand DNA and cleave, at specific places, both
strands of a duplex containing the recognized sequences.

1. Restriction enzymes are found in prokaryotes. Their biological role is to
cleave foreign DNA.

2. The recognized sequence is “palindromic (:x < )”. Greek means “running
back again”.
e.g. Radar; Do geese see God? ! /& g -k &k p & b i ks kg i1

Cleavage site

1 Sac Il (from Streptomyces achromogenes)

5 C—C—GC—G—G 3
] ] i 0| ! !
F G—G—E~ G —=C—C 5"
T

Cleavage site Symmetry axis

3. The pattern of fragment that DNA be cleaved by several RE
can serve as a fingerprint of a DNA molecule (RE map)

VL i fd A

» o st pEr 4 5 Type |~ Type 1122 Type 1= #F -
> Type 122 Type lII'3 4= ke p¥ £ 5 endonuclease £ methylase /& 12 o

> Type I'UH17F § € 8 5> Bl BEAEFF = § ~1000 bpens 7] » Type Il
RIF €+ 2 B4R - § 24~26 bpensk 71 -

>TY[) 1124 ]ﬁ4 > B g_%—— H*?i]*‘ﬁ—"’f"”f—\lmﬂ]: ﬁ;‘)f;. Flei= % o - W
FE EEADNAL # T ed~8 g 28 » T a0 AR R F|p andE gk b
*7 4 B L% %2 DNA -

> B - fE U EE A FER - 4 LDNAR F b B R T 2 € 2 3
fmpFp e PDNA F]L wpF DNA ez 2= § @ 47 JLi > fs
restriction-modification system -

> A lpdlmpEr FACIERRE - BarlglpEE o T ¥ 7;1’;,’)\2#'?]15‘?*
CECAE R ERE GEEEE LE I T

» P AR LR *?g @u A2 ~ A F]iE 75 (cloning)fv 2 ] Bl 2 4 #‘r
(gene mapping) -

12
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| b £

> UFIpE ek LR R KRR P A B e LR R TR LA
HFh - BRAFABANBLDE - BFA K 2B BFA
Bep A i S BEA o FAGG RS TR EGER AP A
AP 3 KE\I#'H’TEA’\ -&'E_'r,'j,t%; WA B o

>RFIEE LT RN M BFAF A TRERLT o
blhe s A 3Ep A J 4A1K F)(Streptomyces achromogenes )< 43
HIpFAk 4 B & & A Sacl{r Sacll -

PER-2FAAR LA e AN ke k0 B OEFERR AT
FIpE LR Z BE R 208 o
B 4e ] pFHInC I feHind IT A1 &4 %) % p i =f 5 7 (Haemophilus
influenzae) scfeds iF 4] Btk o

E  Escherichia (/&) Quiz: F# P * 4| pFHindlIIl £
G4 erk 4 g B o (124)
co coli (8) (94 &3 4]
,‘ 1H:
R RYI13 (&%) 2.in:
FAER b F T 3.d :
g 4.0

13
Type |l restriction endonuclease
EcoRl cleavage
P v ! v _P__ __vP__ __pP__ __P__ __pr__ __OH

s s s s s s s s

| b — e — |

T s A A T T c T

A 1 C T T A A G A

| St ——j————F———+ ——— 4~ I

HO ™ S ~p— S ~p— s ~p— s ~p s \V/'S \IJ/'S'\P/ 5'\|}
Cohesive end | siaggered
(Sticky end) cleavage
, Recessed 3'-1 Aron 1 5 -phosphale .
S groap ey 7 group Htension (protruding; overhang)
P _r.__ _oi r.__ _r.__ _Pr.__ _P.__ _P.__ _Pr__ O
s s E S = = s =3
| | | | | | | |
T (i; A A I I [ I
A [ T T A C N
I | | | | | | |
/S\ /S\ /S\ /5\ /S\ /S\ /S\ /S\
HO P P P TP P P HO P P

g T T~ s T = - = - T s T T s T T s T Tt s T
i e —— e — — e — — — ]
T e T A A ! T
A P < A A T T <o A
| ~———t———————F———+ —— — &~ |
E P s __ = = = =

Blunt cnd l

cleavage

o . _P v _OE 1= _ _ T O
T s T s T T s T T s T Ts 7 Ts T Ts T Ts T
| | | | | | | |
1 < 1 1 N N < 1
A < A A i i < A
| | | | | | I I
s s s s 5 s s s
o T B e B B ke 1O T R R R S
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TABLE 31 Recognition sequences of some restriction endonucleases

Enzyme
EcoRI

BamHI
Pstl
Sau3Al
Pvull
Hpal
Haelll

Notl

Recognition site Type of cut end
GIA-A-T-T-C 5" phosphate extension
C—T-T—-A—-ATG
GlG—A-T-C-C 5" phosphate extension
C—C—T-A-GTG
C—T—G—C—AlG 3’ hydroxyl extension
GTA—C—G-T-C
IG—A-T-C 5" phosphate extension
C—-T—-A—-GT
C—A-GlC-T-G Blunt end
G-T-CTG—A—-C
G-T-TIA-A-C Blunt end
C—A-ATT-T-G
G-GlC-C Blunt end
C—C1G—G
GlC—-G-G-C—C—G-C 5" phosphate extension

C—G—C—C—G—G—C1C

Arrows denote cleavage sites.

DNA:# £ 1% #

START ANIMATION

STICKY ENDS

PLASMID
DNA
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DNA i 32 %

o 35

3 _5, S

(T4, T7ligase) [ £ cafligase)
ATP NAD

-

5 e—
37—

All ATP and NAD-dependent ligases ]l 1] [Al

appear to join DNA in a similar way
utilize a different nucleotide energy

source to catalyze the reaction.

¢ = DNAF # (4'36"):

e v )

¥ eeeﬁ-e
oke] S EeEeEERS

€l & : ARgLIlSC
2 0 Lo e L2 ) Q@Qs

3

Y DR WS
D > [

%

B - okt

17

AFE I e 2

O A& gep 248 DNA(H]
Yok § & 2 7))

U 4= g 248 5DNA &
3 ?*ﬂ

O 4 & 2 FDNAH A, 7
% 1wy

} £ ZDNA

A 7]:% 7 (gene cloning)

Gene forpesi
resistance o h treals
@ various applications St

inserted into

Eorati) © solation of plasmid DNA o e
~ and DNA containing gene of interast
@J == of interest
© Gene inserted
Bacterial Plasmid \ into plasmid
chromosome
Recombinant DNA Gena o
i) DNA of
blac chromosome
eplumm put into ( k}
bacterial cell

Recombinant
e

© Cells cloned with gene of interest
© Identification of desired clone

Copies of protein

5 | Human growth
| stunted growth

Protein diuo bloodclots  on protein

in heart attack theraj

research  Gene used to alter bacteria
ongene  for
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i 78 {* 48 (cloning vector)

xgti\-ﬁmnil—l

4 AftlAsm o RDNAT M A a e P e A o

v EGE S E - B UEE 0 R EDNAY B T o

B P eaEe s T U kPl RERAE eDNAEE S S D e ¢ AT
b % ADNAEF © 545~ 1 Rt -

Clal
EcoRl Hindil

= T_ =
E‘E::—E“’E‘G%
£5E32858a8
A7

pBR322

— lac promoter

Figure 4.3 The PBR322, the ions of 11 vector
unique rastriction sites that can be usod to insert foreign DNA.
The i of the two. i genes (Amp’ = ampicillin

resistance; Tet" = tetracycline resistance) and the origin of replication
{or) are also shown. Numbers refer to distances in kilobase pairs (kb)
from the EcoRl site.

Clone a foreign DNA into the Pstl site
of pBR322

1. Cut the vector to generate the
sticky ends

2. Cut foreign DNA with Pstl also —
compatible ends

3. Combine vector and foreign DNA
with DNA ligase to seal sticky ends

4. Now transform the plasmid into E.
coli

Figure 4.4 Cloning foreign DNA using the Pstl site of pBR322,
Cut both the plasmid and the insert (yellow) with Pstl, then [oin them
o through thas sticky ands with DNA ligase. Next, transform bacteria
Trangtorm with tha recombinant DNA and sereen for tetracytline-resistant,
ampicllin-sensitive cells. Tha recombinant plasmid no longer confers
ampicilin resistanca because tha forsign DNA intarrupts that
resistance gena (olug).

20
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Bacterial Transformation

“Traditional method involves incubating bacterial cells in concentrated
calcium salt solution
# The solution makes the cell membrane leaky, permeable to the
plasmid DNA
TNewer method uses high voltage to drive the DNA into the cells in
process called electroporation

Screening Transformants

TTransformation produces bacteria with:
# Religated plasmid
# Religated insert
# Recombinants
“Identify the recombinants using the antibiotic resistance (Fig. 4.4)
# Grow cells with tetracycline so only cells with plasmid grow, not
foreign DNA only.
# Next, grow copies of the original colonies with ampicillin which kills
cells with plasmid including foreign DNA.

21

Screening With Replica Plating

T Replica plating transfers clone copies

(@) - from original tetracycline plate to a plate
containing ampicillin.

\ “+A sterile velvet (= #3 %) transfer tool can
be used to transfer copies of the original
colonies

2T N

T Desired colonies are those that do NOT
grow on the new ampicillin plate.

Original Replica

Figure 4.5 Screening bacteria by replica plating. (a) The replica
plating process. Touch a velvet-covarad clrcular tool to the surface of
(b} the first dish containing colonies of bacteria. Cells from each of thase
F_\—\\ //r———\_\ colonies stick to the valvet and can be transferred to the replica plate
[t T ; 6’_-:?:\3 in the same posltions relative to each other. (b) Screaning for inserts in
\\g o= = the pBR322 ampicllin rasistance gene by replica plating: The ariginal
I plate contains tetracycline, se all colonies containing pBR322 will
Original (tetracycline) Reglicai(ampidiiin) arow. The replica plate contains ampicillin, so colonies bearing
pBA322 with inserts In the ampicillin resistance dene will not grow
(these colonies are depicted by dotted circles). The correspanding
colonles fram the original plate can then be picked

Plasmid cloning#: & (4°24”): 22

2012/2/3

11



Vectors for cloning large pieces of DNA

TABLE37 Insert capacities of some commonly used vector systems

Vector system Host cell Insert capacity (kb)
Plasmid E. coli 0.1-10
Bacteriophage A ME. coli 10-20
Cosmid E. coli 35-45
Fosmid E. coli 3545
Bacteriophage P'1 E. coli 80-100
BAC E. coli 50-300
P1 bacteriophage-derived E. coli 100-300
artificial chromosome
Yeast artificial chromosome Yeast 100-2,000
Human artificial chromosome  Cultured human cells 2,000

Fosmids are similar to cosmids but are based on the bacterial F-plasmid. The cloning vector is
limited, as a host (usually E. coli) can only contain one fosmid molecule. Low copy number offers
higher stability than comparable high copy number cosmids.

23

LYY SEEE N T L)

Use of reverse transcriptase to make cDNA of a eukaryotic gene

fI* F s & R

F 48 7]

A gt im e > 2TRNA

T % i mRNA

TR HE45RT B % cDNA
(complementary DNA)

T PCR*% + #§3# B 248
3 F]cDNA

TOLF A SR B
i1k %)

CELL NUCLEUS

DNA of
eukaryotic
gene

Exon Intron

RNA
primary
transcript

mRMA

Exon Intron Exon

¢ @ Transcription

© RNA splicing
’ (removes introns)

(——

=]

C

K

TEST TUBE

Reverse tra nscriptas&

p__

cDNA strand

N

X

© Isolation of mMRNA
| from cell and addition

of reverse transcriptase;
i synthesis of DNA strand

@ Degradation of RNA

N

©® Synthesis of second
¥ DNA strand

selbibregpio 0

(no introns)

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

_—_._—-:':3/
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R & pri 48 & i (Polymerase Chain Reaction, PCR)

T 4 Kary Mullis3 /7 » £+71993& & &7 G P W R -

T PCRi @ DNALZH ¢ « 44 » 3 RIZ L 434 7DNA S 53 =44 b3k
3 - % B 513 (forward primer)fe & % 515 (reverse primer) » i H £22 $j4
8 % p EDNA 4 fe 43k & (annealing) s - §1* DNAX & fis(DNA
polymerase) ' B fRDNA:3 % 4 u] i 5 ficis (template) % & & &7 DNA -

~ PCRiAZL & A & = 4 205
1.% 427 fis(denaturation): 2 & ;8 92°C-957C i B % #-}r DNAA &

2.3 4 pedtAk & (annealing) 1 31+ 22 B % Hi4r DNARLE 4 e $4(40°C-527C)
3.4 & F s(extension): #f & 4§ FIDNAR & s i€ % 1) s & @ & % #7e0DNA%
(727C)

T A RIERT > DNAM S m s 4e o B - — BDNAS + £ €453k 1T
PCR 25 » 78/ DNA A & fick-§ #1120 = 10° B & & -

T ?‘/%EZPCR DNA@ = Bg#é:ﬁ’fﬂ'_rf’lfﬂ%

Forir b A ADNASE B » £ RARE DA S Ang o
TR (AR § P R AR )
LESRARE RS B
& MgZ+ (05'25mM) _'r,’«;il_ i .
25

& & pri 4 & & (Polymerase Chain Reaction, PCR)

T - S DNAR S fFG o iE% R R E37°C > A B A LR ¢ BURDNAR & pF
e o A fmt B R gl F(Thermus aquaticus) @ 4 #t ) % iDNAK & ff £
(Taq DNA polymerase) £.95C » # #43.¢0X % g (half life) & i£404 & > =7 ix
PCR#g ivig * o

T TaqR & fFrch »ai®* B R 572C 0 BiBE AT > & 247 & = 2000-4000 1 +%
Fae(nucleotides) » o *TaqR & A4 g > RPCRLEIFE LA # it o

T TaqR & prak £.3'32 5’5 vh =2 5% 4 (exonuclease) i 14 » Fla 2DNAS = pFil 3
¥t (proofreading) siart it » Taq® & s £ ~ DNAPF » &5 — B Ph3R ¥ & Ff ¥
SWE % T % i 1/6000 1 £ 3 ik -

T PCRépfjiee Jif o L8> 1 H{wFF 1 g o bl
#DNAR 7 thA 45
® 5 R A
AT TR
@il o2 e
*AFNEREER
®RF 2 S SRk

26
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Cyele 1 primors to form
By et n o

ey - with anels of
malseides target sequencs

Cyele
e <
4
molecules 3
. e r
Wiolds 8
'2 X

K & pFid 4) £ i (Polymerase Chain Reaction, PCR)

5 a
¥ Trraet
A=l *eatence
Genamic ONA Ll 5
-
urathon:
Heal brisfly
(7Y ale DA

The 30 mid of escth
primor

PCR

Learn.Genetics~

GENETIC SCIENCE LEARNING CENTER

EnEspafiol | About Us |Feedback |

BLESSOM PLANS

TEACHER RESOURCES

HoME FOR VIRTUAL LA

PCR VIRTUAL LAB

PCR is @ refatively simple and inexpensive tool that you can use to facus in on @ segment of DNA and copy
it billions af times over PCR is used every day 1o diagnose diseases, Identlly bacteria and viruses. match
criminals to crime scenes, and In many other ways. Step up fo Ihe vilual lab bench and see how itworks!

PCR# i i%:

41 PCR#t #e#-DNAA + # 5 2. 7 4 B

Approximate number of molecules amplified

2.5 x 108 107 5 x 105 5 x 109 5 x

5 x 107 2.5 x 10% 105 104

103

2012/2/3
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PCRF i i i

DNA template 0.1 ~1ug
Primers 0.1-1.0 uM each
dNTPs 0.2 mM each
KCI 50 mM

Buffer MgCI2 1.5mM
Tris-HCI (pH 8.4) 10 mM
Taq polymerase 2.5 Unit
Total volume 50 or 100 pL

AR 1S SPCR¥* 2 F it » E ¥4 A - DNAR 7| % ch7 | » 2 70 65 2 ML) 2 F o

PCRIg & ¥ 3% %

94°C 5 min

94°C  1min

55C 1min 25~ 30 cycles
72°C  1min

72°C  5min

4C o

PCRE A& R 2
T 4o dard B R R DNAS 3t

# $PCRA 7 » % {UDNAZ 2 4 B E4p§ £ endzdoh B > 1F% 2 % 2§
"t {PCReA E o £GC3 £50% 7 T pF » B R % T 295 CHR1~344 -
PERY ¥ AT F O F GCervt B3 4r iR g 2 o

# i F94~95CF1~24 4T v #-75 DNAL 3 > 4wk GC7 £iF5 » 7 #pF
F#® 14~54 48 « & 4 4 » 10-15%glycerol - 10%DMSO - 5% formamide
E 7% 0% 108 DNAA 8 > ie gt 273 % ch@) 17 % 8¢ #r4|Taq DNA polymerase
X50% 725 o

T Primert & 8

® - Bk 313 & HORDNAZE £ R B (annealing temperature;Ta) « % #.51 %
A 3% LR B (melting temperature; Tm)it5 °C o @ igif & B4 5 3055-75 C
2o dekrg ) PARAS 0 R DAL AR BT EHRF AL R
B H1-27TC -

& F2iFsl 37 E N2 Tatp LAREE Cret (Faw ¢ BEPCRehA ) 7 10
BARRRM AR F 3 A S Bk -

Ta('C) = 2(A+T) + 4(G+C)

2012/2/3
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513 (primer)zk 3 v 3, £ 78

13 KR Y 51825 kk A& o
GC7 £ 9 1:40-60% -
45 3-8 chgg AL 5 GIC -
WA T AL - B o
- FJg? 03l 3 BAZ T I4  LES pARREE
A5 & primer dimer s
FATR AL P A - s

326 RREEFELEC UL o
LA FFERERSFIHAAES]

B %73 ¥ 25 mismatch -

SJ"PS*’!\’!—‘

=
i
CQ
o

Bl

“+ Design the primer pairs, 15-mer for each, to amplify the gene
sequence below with PCR? It needs to indicate the 5’- and 3’-end of
each primer.

5-GCGTTGACGGTATCAAAACGTTAT... ... TTTACCTGGTGGGCTGTTCTAATC-3’
Ans:

5’ - GCGTTGACGGTATCAAAACGTTAT... .. TTTACCTGGTGGGCTGTTCTAATC- 3’

37 - CGCAACTGCCATAGTTTTGCAATA... .. AAATGGACCACCCGACAAGATTAG- 5’

4

5’ - GCGTTGACGGTATCAAAACGTTAT.. .. TTTACCTGGTGGGCTGTTCTAATC- 3’
€ ....ACCCGACAAGATTAG- 5’

5’ - GCGTTGACGGTATCA.....~>
3’ - CGCAACTGCCATAGTTTTGCAATA... .. AAATGGACCACCCGACAAGATTAG- 5’
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DNA polymerases i #

Thermostable polymerase f&#F % % > - 4% # * Taq polymerase >
e Pretger s Afragment enf B2 D gl > T RH B ER -

TABLE |

Fidelity Comparison of Thermostable DNA Polymerases
Using a faclOZ-Based Fidelity Assay+

Thermostable DNA polymerase  Error rate*  Percentage (%) of mutated PCR products®
* Pfu DNA polymerase 1.3 x 10+ 2.6

Taq DNA polymerase 8.0x 10+ 16.0

Vent,® DNA polymerase 2.8 x10* 5.6

Deep Vent,® DNA polymerase 2.7 x 10 5.4

Tf1 DNA polymerase 8.3 % 10 16.6

Tbr DNA polymerase 9.5 x 10* 19.0

UITma™ DNA polymerase 55.3 = 10*  110.6*

+ Fidelity is measured using a2 PCR-based forward mutation assay based on the lac/ target gene.’
* The error rate equals mutation frequency per base pair per duplication.
© The percentage of mutated PCR products after amplification of a 1-kb target sequence for

20 effective cycles.

“ Some PCR products will exhibit more than one error,

A

F (31)# 4~PCR (Reverse Transcription PCR; RT-PCR)

> B AR F HeRT U RNA G HE
B & = 3 48 DNA
(complementary DNA;
CDNA) » 37T % {1
PCReAR I %k + & 343 &
E.CDNA -

» RT-PCRAE_p = &4 *} (in
Vitro) L% 2k F1 4 R E AR
2~ o T R %
42 P #icehRNA

» RT-PCRA i & * »tif &
T e B2 2 HRRIRNAZ
ELE U

Reverse transcription

RT - PCR

5;@7 Cells or tissue

Isolate total RNA or mRNA

—

\=
Anneal anchored oligo (dT) primers,
random nonamers or specific primer.

MRNA 0 AAAAA
G)TTTTT

C
First strand synthesis. (A

MRNA & AAAAL
cDNA L TTTTT

First cycle PCR

Amplify by PCR

2 (0:38):
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F #4-PCR& & % — %CcDNAR * 31 3 6%

AAAAAAA 3 mRNA

Oligo(d

aatn 3k TTTTTTT 5 cDNA
5 AAAAAAA 3' mRNA

NERESIF ;
: — cDNA

5%

EEES |5 2 AAAAAAA 3' mRNA

3 | M— | - L ]...l  — CDNA
FEs|+

TR & fFid 4 5 (Real-time PCR ; * PCR)

T Real-time PCR~ #- % 8 T % £ frd &) & f@(Quanutatlve real time
polymerase chain reaction > #§ - qRT-PCREvg-PCR) 4 - %8 &+ DNA
WHF P o AR RE ZPCRFER S AP LE 2 o

T - aPCREF S - F s 5 = E D4 {e o PlF A $ 5 end-pointsiPCR
AY 0 B E NG HEAPCRATE A ﬁ P RIER - SRR R RER
PCRF 5> R HRAPUR AL FEFLIEFEFS -

T+ wEPCRAA N RITS 3 B & 2L
1. $tPCRF Jig @ i — B 5Tk nAd $r il & 17 T o (0P 1 2e ™ 5 o
2. % %frppa‘;.g,ﬁ IPCRAZ # g e Akl » e h—- KV B PG 7|2 743

EengEgt > T RN R R FESEEESEBEEENEA T
? A SR R

T wEEPCRY * ¥ LiF4 5 =4 ¢
% DNA & 4 #|(SYBR Green 1)
® < 3% #-(hybridization probe)

#® -k f24% £+ (hydrolysis probe » ~ fLTagMan probe)

g-PCR Probe # % :
g-PCR # % :
(FIFFE R4 > 5rp (7 2 4R)
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SYBR Green |

WQQ P

s'l'B'BErlr'l I

W WS O R

HIZHE ¢ SYBHGH=S |
RN D BT
i 111 08T 1601 1 W L]

YU Commn | MIRCHZS
S - S BN PR
EaN

322 #F ¢-(hybridization probe)

5

b ﬁﬂ

N O g GRS
m}ﬂlﬂlﬂmﬂlﬂmM P

LUESR e

amnealing
5 R
1_;1W ERE . BREEsED
| ENE . BT EHLEE
R READUEAE
LTI LU L A
4
Uy DNA SESEN | TR - WS
h ket L
L L
4
e o
ﬂ;‘ Rﬁr e
LEEIL I I?llﬂllﬂltlll ILEEES T RS

P L LT Tl
A R A

-k f##% £-(hydrolysis probe) (* #£TagMan probe)

W W b

S
wmnun ane

A UR AL e

n ‘,. " A .
RIS G
Uhis WS | N

J

Eli!lﬂil'iﬂ'ﬂm

* G
> - U CEED - yRaRiow
Fa g1, ﬁ Otl AR PR S
AR

fluorescence intensity

Intact Probe Cleaved Probe
IJm'- Hu'-
Wavotonath Wrvalongtiy

BEN® 5 10 15 20 25 30 45

see
{&#7i PCR
T EPCR

109 ,

0.8 21

a4 i

0.4

0.2

0 0-|I.-lllnll

1]

PCR cycles
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TE - Wk PCeri 38 . . .
¥k %{z‘,;t Ty e 5; Bk 10 10 100 EH
%Jﬁ%/? S m’li-—}-“i/ii%» ?!"447
(B R b e AL p Ju V}i {m% =R
(Threshold)B?f B P e TR
B s Ct x'_si(ThreshoId Cycle) o

TP HEDNAA= 4k B 87 H CLie = &
o pEDNAS AR kR AR R
ﬁ“»’ém{ﬁ-zi“']é/ﬂ R >
HCtiEm4x ] 5 F 2 P {=DNA4= 4.
ERARM » HCHEPAXL o

[

EN| JEE pmm >
TR A S AR 5 CtiE 2 TN ERRE

Hoedrdedn kR > WE- BB
A (standard curve) » 1395 0t 1%
Wl R - 7l HECtiEde g
HAcdplk B > £ g2 o

Y

VFERFr»FIFH TP [2FF] HE8 1
il B @ g 77 B kRSDNAZ &A= % > 240 € 2DNA -
P g’fﬂ] —5\0
1. @3 el 22 \u*mJDNAo*ﬂ-F EfpEZ (@) k p R 5
AH2(AA)(b)E 24 2 (1A)

2. 1% PCREMAIFH P IEAFIFF > R Q)71 * ehpsd LfL5 e
(14) (D) eftiB B crscR Y > R G P2 (14)

3. i kb *%&ﬂﬁvfﬁi%ﬁww CHB A P L - (22)

4. b€ wDNAEAY - FR (@i P RAFf- P4 F4
5?2 (14) (b)7s- &Mﬁ*‘ f ¥ Mﬁ? £ 2DNA? (1~)

2%

1. (a)  (b)
2. (a)  (b)
3. ;
4. (a) » (b)
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DNA z_& (DNA sequencing)
T 419774 o § A EDNATA = % F Laks & 0k o
1. ¢4 i < £A Maxam& W. Gilberts# - &7 1B HE S A f2dk A - F 2502 -
2. d F.Sangers B I kenfEd § PHmEAZ > 1Y B2 F P HBASLEE Y

2’',.3’-dideoxy analog
0 00 00 0
Vo N
o N N e

2', 3'-Dideoxy analog

Nobel prize in Chemistry (1980)

& FDNAGEE = end ok o sem de

T ieA B2 > DNARE @ e 2 % 5% LA~ EDNAR £ > p 5 = %
B PR R FRR ¥ Sangersh A S ik e

'DNAFE 7] »

Strategy of the chain-termination
method for sequencing DNA

/,-DNA to be sequenced

53—} GAATTCGCTAATGC————
L CTTAA

9
I

Primer

DNA polymerase |
Labeled dATP, dTTP,
dCTP, dGTP

Dideoxy analog of dATP

3 ——GAATTCGCTAATGC——
5" —CTTAAGCGATTA
+
3 ——GAATTCGCTAATGC——
5'—CTTAAGCGA

New DNA strands are separated
and electrophoresed

(&) Primer extension reaction:

Figure 5.18 The Sanger dideoxy method of DNA sequencing.

(a) The primer extension (replication) reaction. A primer, 21 nt long In
1his case, is hybridized to the single-stranded DNA 1o be sequenced,
than mixed with the Klenow fragment of DNA polymarass and dNTRs
1o aliow replication, One dideoxy NTP is ngluded to terminate
replieation after certain bases; in this cass, ddTTP is used, and it has
caused termination a1 the sacend pasition whers dTTP was called far,
fb) Products of the four reactions (oms), In each case, the template
strand |s shawn at the tap, with the varous products undecneath.
Each preduct bagins with the 21-nt primer and has one or mere
nuclestides added to the 3"-and. Tha last nucleatide s always a

— # TACTATGOOAGA ————————— f—
¢ e —— ddA GdC ddG ddT
21-base primer —_— 3 — T
Replication with adTTP g_— — c
- - L
== - &
—74 TACTATGCCAGA — = — g
(26 bases) it S5 — A
— — T
T
{b) Produsts of the four reactions — ™= = £
— G
Products of ddA rin Products of ddC xh =— G
= o 4 — A
Template: TACTATGCCAGA . Tamplale: ____ TACTATGOCAGA —_= 2
@22 (28)______ ATGATA® == o
(25) ATGOD (32) ATGATACGGT@® ~—
a7 ATGATE) - = deduce
Fr of el -
ducts of ddG Prod 1 =
o xn roducts of ¢dT rxn =._—_ Template sequence
Template: TACTATGCCAGA . Tamplate: TACTATGCCAGA _-_l 3-TACTATGCCAGA-5'
24— A (23) =
(29} ATGATACH (26) ATGAD =T
(30) ATGATA (31) —— ATGATA
(33) —— ATGATACGGTCE =

(¢} Electrophoresis of the products:

didéoxy nucfiaotide (calor) that terminatad the chain, The total length
of each product is givan In parentheses at the left énd of the fragmaent
Thus, fragments ranging fram 22 to 33 nt long are produced.

() Electrophioresis af the products, The products of the four reactions
are loaded into parallel lanes of a high-resolution electrophoresais gel
and electrophgresed to separate them according to size. By starting
at the bottom and finding the shortest fragment {22 nt in the A lane),
than the next shortast (23 nt in the T lane}, and so forth, one can resd
the sequence of the product DNA. Of course, this is the complemant
of the tempiate strand,
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M DNAZ A 45 # 1t )

s p# %R nR T EE 2 1 Sanger L tht i > #AddNTP
LAl ko T B

Primer
3 ~Template of
— unknown sequence
—_—— B
— - _ — Dye-labeled segments
DNA = applied to a capillary
DNA polymerase, iarat = | geland subjected to
four dNTPs, migration | _ | alactrophoresis
four ddNTPs E
—a % =
s =
—_— — . ~ = &
|‘h,4/-,’ —  lLaserbeam . |
lpemtum Detector | Laser
—_— Dye-labeled l
B gments of DNA,
copied from

template with

q

ik l I

CCTGT TTGAT GGTGGTTCCGAAATECGG
Computer-generated result after
bands migrate past detector

) Maxam-Gilbert DNA sequencing method
DNA abeled at one
end with 32p

Base modification

Release or displacement
of reacted bases

(L)

FEpGPpCRTRGPCP TRAPGRGP TRPGPCPCRGRARPGRC
(<) G S G < < <

**p

FpGpCpTR

FEpGpCpTPGPCPTRAP

FpGpCpTpGpCpTRpAPGP

FoGpCPpTPGPCPTRAPGPRGPR TR

FPpGpCpTPpGPCP TRPAPGPGP TPpGpCPCP

FEpGpCPTPCPCPTpAPGPGPTPGPCPCPGPAR

EnGPCPTPGPRCP TRAPGPGP TPGPCPCPpGPpARGPC

Figure 5.21 Maxam—Gilbert sequencing. (a) The chain cleavage
reaction. This reaction, specific for guanines, begins with an enc-
labaled DMNA fragment (6-end label denoted by purple dot in this
example). Guanines (red) are methylated with a mild dimethyl sulfate
(DMS) treatment that mett on ge one guanine per DA
strand. Then the methylated DNA is treated with piperidine, which first
removes the methyvlated base and then breaks the DNA strand at the
apurinic site. This leaves a 3-phosphate on the nucleotide that
preceded the guanine nucleotide. (b) The fragments created by chain
cleavage at guanines. At top is a 5-end-labeled DMNA fragment, with the
positions of the Gs indicated just below. At bottom are all the passible
fragments produced by cleavage at guanines in this DNAL Note that
they do not end in guanine because the guanines that led to chain
cleavage were lost. For this reason. the first fragment is just phosphate.
(Source: From Meaxdim and Gilbert, Methods in Enmrmology 656:5000, 1980,
Copyriaht 1880 Academic Frass, Orlando, FL. Beprinted with parmission.)
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Figure 4A.4 Sequencing an oligenucleotide by the

Maxam-Gilbert method

MM Sample DNA

SATTGAC

Preparation of homogeneous
single-strand DNA
AGCCY

@ Addition of 2P as 5’ phosphate

*ATTGAC[TTAGCC

e
G reaction

v

A reaction,
with some

o Cleavage at specific nucleotides

T reaction, |C reaction
with some

“ATTGACTTAGCC “ATTGACT TAGCC *ATTGACTTAGCC *ATTGACTTAGCC

“ATTGACTTA ATTGACTTA “ATTGACTTAGH *ATTGACTTAGC

“ATT ‘ATTGACTT ATTIGACTTAG “ATTGACTTAG
“ATTG

“ATT

Fragment

length e Fladioau}ography

(bases)

By
o Electrophoresis

ATTGACT “ATTGA

Whole

= = 13
oligonucleotide —~ 12| me—
10

iNRROONG O

e Read

sequence

Chemicals used for Maxam-Gilbert sequencing method

Chemical used | Chemical used Chemical used
Base specificity for for altered base for strand
base alteration removal cleavage
G Dimethylsulphate Piperidine Piperidine
A+G Acid Acid Piperidine
C+T Hydrazine Piperidine Piperidine
Hydrazine + L L
@ alkali Piperidine Piperidine
A>C Alkali Piperidine Piperidine

2012/2/3

23



E mips R (pyrosequencing) 4 it

> Sanger- j chdrBL L 33k B A e 4 RGE 0 & S F R 5T E 31,0000
PR 7 0 FI T R g § enDNAG L o ie Bk B G R TE R e
PR IR AT R R

> $DNAR 7| & 45 & il ¥ L3 A S L A8 > e b3 5 A3
51 (%P > LAF ERFE P Rl DNAKRE A T B F emand
LR P A ST R T R R -

> bl ETRA A T BEAE Y o S o R #op Rk s BT
& & R E - PR S Al 14 (single nucleotide polymorphism; SNP)p* »
REfERE AL at BB L BPHRPEEFAIISTTE o

> hipfA R T > Sanger <2 A E B £ i cDNAR 7 A 47 I o B
78 B e & FERL T4 (pyrosequencing) Hoie o B_p F Bif £3FE P 0
FDNAR 7] A 45 H ji o

» Pyrosequencing#t #=8_37# i ehDNA A 51| & +7 $ j#(next generation
sequencing technology) > # 4*¥t&@3|® & & & ¢"DNAR 7|k i (7 % i
£~ B AR (99%H FE) frd AL & A 4 BT o

> H R Rt siSanger iz o Gl B4 F Rl kBT A
DNAZ = pF > iz ? ¢ & 4 e piph L B(PPi)2 #14 > i s #-PPif i =
ATP » ATPE ia_i¢ ¥ sk fi#(luciferase)z ) 4 # ;4 s (bioluminescence) -
ded kg B g4 R ik (luminometer) R {8 0 33 L DNAF 7 o

> AP R 45 D HDNASE S 4 47 B R8T LA - DNAR S g 7 3 %
(Pt A H ko F e ol Pl X R )~ 7 206 a7 F R0 T
PR REEF S REA IS -

e FIF S HEH AP B R A20-30B M 2t 0 f
HRT ] F L T RGP A R R - Bl
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Pyrosequencing#t ek & # 8 2 o LA4eT !

1 - BEHBEEOT A S oEADNARTI S & > Ris 4 » fFiR & 3 (¢ 35DNA
polymerase - ATP sulfurylase - Luciferase# Apyrase){r£ # & & (¢ #
Adenosine-5’-phosphosulfate (APS) 4rLuciferin) -

2. tF J5¥ 4o r - fBANTP » £ & 4 it feDNAKHR 7™ — Bdk et > 71 ¢
BDNA R & pFcnie® T o ec P51 s o b pEfRR - B4 S LR
fis (PPi) -

3. GATPEifik i frenie® T > 4 & PP 1 frAPSH & 25 2 ATP 5 b ks
it T o 2 LPATPA T frb kR B EFF LK F FFAZT R
koo W CCDE G f v i - B R g ipld > % g MRl {rdp ™
fie chik F S vt o

4. F e i ¢ FadNTPoR § ot R ATP teApyraseshit* T 4 4 i {3 o
der ¥ - fBANTP > & B8 (7 5 2~44 B F Ji > 3958 (7 et @ ]+ 3 B~ '
7 PDNAR 7|3 5 o :

i Pyrosequencing enzyme reactions
¥ =0
( [\_ ‘ Ternplate strand H:0
0 / \
N / '\
Growing strand”~ CH, AT dxir B dXMP 2P
o, .0 HH IE
P — H (DNAJy (DNAJgy1 + PP

¢
OH H DNA polvmerase

o f 0 TP syl
i Adenosine-5"-phosphosulfate -
0 |‘ J I L / Adenosine-5"-phosphosul fate
0 /

o CH GiC H:0
l|1 ‘|) "U \‘ ATP I.\\- = AMP 4+ 2P
y B H H v AMP 4+ 2
| ||\/ \/[I ' Luciferin — \pyTase
™

O =P=0-1-0
OH H

a o ) y,
Oxyluciferin -

Pyrophosphate

Light
Phosphodiester bond formation and release of i

pyrophosphate during the incorporation of a
nucleotide at the end of a growing DNA strand. Nucleotide determination
Apyrase is an ATP diphosphohydrolase. It
catalyses the removal of the gamma phosphate
from ATP and the beta phosphate from ADP.
The phosphate from AMP is not removed.
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A . . q
Template strand DNA sequence determination by pyrosequencing
ATCGTCAGATTCGGGGGC
ATAGC
Primer
B
Round Deoxynucleotide* Signal Round Deoxynucleotide® Signal
1 dTTr 9 dTIP I
2 dATPoS + 10 dATPaS ++
3 dcTr = 1 dCTP =
4 dGTP + 12 dGTP +
5 dTTP + 13 dTTP -
3 dATPoS = 14 dATPaS =
7 dCTP + 15 dCTP e+
8 dGTP = 16 dGTP +
*Apyrase is added after each round.
C
S-mer {
4-mer {
Light 5 .
intensity Fmer {

1-mer

2-mer {
{

BRI R A

2 %) % 2k % % (site-directed mutagenesis)# i+

T IR %L £ < 8 7Michael
Smith## > & &2 PCR% P  Kary
Mullis %1993 % + | & H#% F
i H R

THAFRET S pEBEA S E
A2 o ATBRFFLN 0 RE
Bheng 4 o Fad pARK A
FE32RATRE  SAYE
WRE - d REBRLP L Pl
LA AR R e
oo REERE LG LA
B2k kR

T ABRRLLS R B OE P
fao tizir- BAFTL RS
HRAEFFDORE D AT R
RATFALR Lheho f1s 3 4
MU fLs “FreifilET o

{—[D]:[[ ATTGGC
AAACCG
G

W13+ strand  (M13 3 3%)
)

target gene
ATTGGC
AAACCG

5T q 3 OH

Oligonucleotide I‘»]in‘matchcd nucleotide

(DNA polymerase)
dNTPs

Synthesized
_~"strand
L

l T4 DNA ligase
Transform E. colf

i Produce M13 plaques

TN

[—ATTGGC\J [ CTTGGC ]
~

s

~.
“M13 + strand
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Tyrosine
yT
14

05

(a) Denature

- N
& &\
(cHy
S

Phenylalanine

Transforms. Doas ot
trarsform

Figure 5.25 PCR-based site-directed mutagenesis. Begin with a
plasmid containing & gena with a TAC tyrosing codon that is fo be
afterad 10 2 TTC phenylalanine codon. Thus, the A-T palr (Blue) In the
original mus: b changed to a T-4 pair. This plasmid was Isoiated
from a norrial steain of £ cof that methylates the &'s of GATD
saguences, The methyl groups are Indicatad n yetlow. (a) Heat tha
plasmid to saparate its strands. The strands of the oflginal plasmid ars
intertwined, so they don't complatsly saparate. They are shown hare
sapéarating complstely for simplicity’s sake, [B) Annesl mutagenic
primersthat contain the TTC codon, o its revarse somplament, GAAL

(e PCR (fow
rounds with
Plu polymerzsa)

Tha altered base 0 sach primer 5 indcated 1 red, (¢} Perform afaw
rounds of PCH (about aight) with tha mm_ﬂganu. arumers 1o amplity the
plasmid with its alterad codon. Uss a & neat-st

polymerass, such a5 Biy polvmatage, to minimize mistakas in copying
the plasmid. [d) Treat the DNA I the PCR reaction with Bggl to digest
1he methyisted wild-type DMNA. Because the PCR product was made
in witre, i is not mathylated and ks not cut. Finally, transform E colf
cully with the treated DA In principds, only the mutatsd DN survives
to transform. Chack this by sequencing the plasmid DNA from several
clones.

DNA? 3 et (32.2)

FISH (Fluorescent In Situ Hybridizatio e

Gene

[ENNNNENE
DNAase ~
& {random cut) l"“ - ’

5 J&(DNA hybridization)

¥ kw2 DNA# &
ﬁd hybrldlzatlon g AR
4 ¢ @ﬁ b2 F] % DNA

Fixod Cells >
(on sfides) L

[ERRRRN

\ HRRRERRRRNN
|

TRANSLATION I {

Denstuaton ™,
L 75°C)

Hybridization
(on slides)

[ ,L’f -8

ily =l Antibodies anti-Dig (or Avidin}
'f 4 ~ linked with a fluaraphor
W
<
! i1
EpifluorescentMicroscopy

3 The gene is located

Denaturation

L)
')( \acw +dATP + 4GTP (Formamid 42°C)
NiCK _I

LU L)L
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3 * % BLj# (Southern blot)

T d ® ® 5 REdwin Southern
ZFP o Fpt & 45 Southern o) AN &
b|0t > @ /E'Iﬁid 52‘ 'EE ?_‘ /;1( A e I ;Elvll
etk d o 73 ARG

DNA R £ o

TR enpk el AR K Rl -
BRHE AL PRS0 7T =—==
FAA/ I FRNAR B LS A —
= & 2L;% (Northern blot) - #* 12 ==
Wplde T 2fad> & ==
gLz (Western blot) -

[Em [Ewm)
M R AN o
WEEE N

£

KEHDNA

T
JusrRting

Southern blot # % :

Hiain

Northern blot #: % : =i

= 3-20

g * & 2L;Z (Western blot)

() ELECTHOTRAMSFER ) ANTIBGDY DETECTION

Ipcubate with .
Al Y and thian wash Bxaass A,

_ Irsubiate with apaymis nked
SOE-polvactylEamics gel ] :
o, ¢ ?zlﬁ?::;rane Aby () and then wash excess Ak,
=heat el PHon aiEtivants cohar naasTicn

HaL& Cell Lysate

DEVELOPMENT

EOS-PAGE Wastern Biot
- s & . - " . E a s (S
— A
— | subst raEte
— —
—
— ——

Chemilumin eseent Detection of COKT
BioRad Bulletin 2032

Western blot # % :
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