KTIEBP 2FPETRIRT -3 2%
T DNAF B3 it 87 3 ik & 45 Il "ﬁ

T ¢ = DNAH e L F:E 7
T ® & pFid 4 & i (Polymerase Chain Reaction, PCR)

T DNA z_5 (DNA sequencing) AY,},
T A 7 g% % (Site-directed mutagenesis) it g
T DNAZ I fe$H(32 %)~ & (DNA hybridization) ﬁ

ERE Bk B p e ]
P #:2011£335p

] 7 1 DNA

T i (plasmid) Lw A% ¢ M et @ 0 J FRBKRDNAE S o AT
FERenS ) 2 P 2R AF R BT BRAHED) -

T FHDNAEF p A e 4 > P A AR 3 AR A - 5 Bob ke Tl
BIHW B e L]

T A2 S BEATOREY 26 0 FADNAK AR kGG AR (vector) i g L eh
DNA 2 4 4 2 ehdd F2 * o Flpt > FHDNAH K &4 3 4 5 & ch-
A &P

FRDNASL & hRIZZ %
CEE T o

B o e e BE T 9 o
B e R A fE e

: ﬁ’ﬁ: %4 ¢ $DNA -

- B HZRNA -

. 41t FAEDNA -
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E. cofi CELL

i 3] P DNAE B

T E5FHDNAS 2 (%5 » ok * e
g 1475 f2:# (alkaline lysis) % # 4 2
(boiling method) -

T #1473 f#:% (alkaline lysis)

® R E )Y ik AIL FHDNACS
HDNA » & & f RISl RIS
fi o B4 ~pe foig i@ 8 5 9 DNA
w4 & L ERDNA o

& w1 NaOHZz SDSA4 f# » * ¢ F-
52 DNAS . » £ s oo

® FHDNAAL F t¥ fois 4t R ik o -
A% ¢ RDNAR &2 = 210 R
i —';’:’—SDS-KJ' 17;;\.3,;? @ i 55— » ‘ PLASMID
TR A L2 K$ o ‘ f'“DNA

® b h e en g an TR T L Vo
LN $-H K o

Vo
sodium dodecyl sulfate (SDS; -+ = = A e faéh)

\

PRECIPITATE
CONTAINING
CHROMOSOMAL
DiNa

& % (boiling method) & # F 2 DNA

Bacterial chromosome

(@] OO 0 Lysozyme ©)
(@) + EDTA
O 8 25% sucrose @)
O
Plasmid

Intact cell -

membrana
Disrupted
cell wall

boiling | Triton X-100

Plasmid

3

~
Cleared Centrifuge , . O\_..\_\
lysate P
0
Cell extract

Large DNA

fragments =—Call debris

shows the plasmaid
DINA and
chromosomal DINA

BB BERE w3

addition of NaOH
causes denaturation of
plasmid DINA and
chromosomal DINA

Acid addition
neutralizes the base
and in twn renatures
the DNA and plasmid

The chromosomal DINA
canght within the SDS/
lipids is pellet down in
cetrifuge and the plasmid
DNA is found in the
lysate.
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DNA EXTRACTION VIRTUAL LAB

DNA is extracted from human cells for a variely 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

startc Iab))

Try It Yourself!

HOW TO EXTRACT DNA FROM ANYTHING LIVING

T R R R UGIEE S R o NEGATIVE ELECTRODE
T A4 BDNAYT B8 > v EDNAY & . fectc
2 FE Al R R BT
DNAz I fzit

T EEMT L4 agarose 4 #3211 o'
A A R B S S L sepanited
") pE e e DNA 5 B BT 388 By
T g e BE ¥ T 09 DNA _ Sie
A ER LS BB AR 1 OLECULARSTATION c

THBEERELT AL LT [AB AddDNA Sampleonto
AR o @ %Y agarose Gk B - AgaraseGel Lane 2
T g Mk ] HE = S I?NA b (ONALadderis i Lane #1) iPOSﬂNEEI.EC‘FROOE
BatFkRal? Bid 5572 F o
ek % T k9% 11 DNA marker @5 v 5| DAY
o ExposodonFllm

T OPps Y T gL ¢ 4 ethidium d
bromide (EtBr) % 4 - EtBr ¢ 4 » 1% 1b el ~-
LD R R X
Hoebsk £ ek > £ EtBracdi v 00bp - Under v

L E KA FE R PR
. L
Copyright 2008 Molecular Station.com ...\l

http://www.molecularstation.com/agarose-gel-electrophoresis/
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GEL ELECTROPHORESIS VIRTUAL LAB

Have you ever wondered how scientists work with tiny molecules thatthey can't see? Here's your chance to try it yourselfl Sort and measure
DMA strands by running your own gel electrophoresis experiment

DNAT /A 1

SO-O& W% Rk L ip
R £ o

Q:F SR fEAIE B F € L EDNAR S LT AP 2 A i F 7
(A) #DNAR B b ot enfg T 4e 0¥ e

(B) % 4+ DNA ¥ £ chk B

(C) #DNA Y Echf 7 ¢ %

(D) #-DNA ¥ £+ vz epegde 12 7 ALt

(E) #DNA# £ s57@




£ 22 DNAH #(Recombinant DNA technology)
= A ¥]1 4%;:f @ 1 #2(Genetic engineering)

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

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

Construction of Biologically Functional Bacterial Plasmids In Vitro

(R factor/restriction enzyme/transf ion/end lease/antibiotic resistance)

STANLEY N. COHEN*, ANNIE C. Y. CHANG*, HERBERT W. BOYER{, AND ROBERT B. HELIGT

5; and T Department of Microbiology,

* Department of Medicine, Stanford University School of Medicine, Stan 8 04303
University of California at Ban Francisco, S8an Francisco, Calif. 94122
Communicaled by Norman Davidson, July 18, 1973

ABSTRACT  The construction of new plasmid DNA EcoRI-generated fragments have been inserted into appro-
species by in vitro joining of restriction endonuclease- priately-treated E. coli by transformation (7) and have been
generated fragments of separate plasmids is described. shown to form biologically functional replicons that possess

Newly constructed plasmids that are inserted into Esch- . . .
erichia coli by transformation are shown to be bio- genetic properties and nucleotide base sequences of both

logically functional replicons that possess genetic pro- parent DNA species.

perties and nucleotide base sequences from both of the
parent DNA molecules. Functional plasmids can be ob- | MATERIALS AND METHODS
tained by iation of end 1 ed frag- E. coli strain W1485 containing the R8F1010 plasmid, which

ments of larger replicons, as well as by joining of plasmid carries resistance to streptomycin and sulfonamide, was
DNA molecules of entirely different origins. obtained from 8. Falkow. Other bacterial strains and R
factors and procedures for DNA isolation, electron microscopy,

Controlled shearing of antibiotic resistance (R) factor DNA . \ N
leads to formation of plasmid DNA segments that can be T}d transformation of E. colé by plasmid DNA have been

€ wDNAz Z 4

Restriction enzyme
recognition sequence
- . p )]

orna 5 EEEEEENG A AT T C I 3 'l\_\

3 NC T TAAG I s a
Restriction enzyme . N " q
cuts the DNA W £ eDNAL F A E B ¢
L p 27 s T‘f—f‘i‘»— EEIE U =
v - 2%+ T HDNAS
I G AA TT C— ,
T Gl Gl 2DNA 75 C SRR #s B
Sticky end DNAR & f— 4=
AATTC
Addition of a DNA e__e
fragment from CTTAA
another source; DMA fragment produced by
fragments stick the same restriction enzyme
together by
base pairing
w

NG AATT CEEE G AAT T CH
s c TTAA GEEEENC TTAA GEE

One possible combination

DMA ligase
@ seals the strands

w

I ] I

I I L
Recombinant DNA molecule

Copyright Pearson Education, Inc, publishing as Benjamin Gumimings_




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 (it < )". Greek means “running
back again”.
e.g. Radar; Do geese see God? } & i %-k k f j& b foiEg ks kg T

Cleavage site

i Sac Il (from Streptomyces achromogenes)
5' C C = C—G— G 3 N
: ") . .
3’ G G C4+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)

"L ﬁz& mf

> & aearEE L L Type | ~ Type 122 Type lll = #F -
> Type £ Type lII'T4] 5 I¢ ¥ £ 5 endonuclease£ methylase i 4 -

> Type I'UIiF ¢ SE4 > BlEE#EFH:3 = 8 ~1000 bpehs 7] » Type I
BI R &> BIEEAEIER 8 24~26 bpehf 7] -

>Type 11+ 41 ﬁq > B g‘g“ L *73’-']”’1"\’“';35—\.”7* ﬁ&ﬁ;)" g s - T
7 R DNA ¢ 3 2 ehd~ 8@&»@1;& Ry SN Tt !
7 3] B 81 % DNA -

> & - %ﬁ“i’#dﬁgﬁ\; «}’J;’:g%\‘._ ;}.3. irﬁDNAff- 5']ji‘ Lo 1) dp %’J Ve A §*7 %]
“m?ﬁﬂ e e DNA> & ;:3 ﬁ\ﬂﬁ DNA *+ dﬂj’%]l’:f’é‘ e W}tg %TL ) %6_;:3
restriction-modification system -

> 7 k’ﬁj“mr}_‘]‘ﬂ T o4h L 41 ET * F?'-gp" T’Lh’"’m’rli ﬁ#’% TR j\f‘;,'kﬁ“ﬂ‘é‘f:
BEATT 7 | > RHILAFRSA I ABHECIIEEF * 01 8
N EEY S5 Rt @1 # )i 78 (cloning) o & F @1 3% 4 47
(gene mapping) -
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U pE e b £
> UFIpE g R RROR A LR kg TR D LA
SE - BARFABpRP LA - BIA O FC B BT
PR Lad A BEA > FASe ks FRELHER AP A
A0 R e LA Y S E R o

POUFIEE LAEOT BN R BFAF T A AT RRLAT -
Blde o A dEp A ¢ LA fF(Streptomyces achromogenes )i & 51
FlpFa 4wl & & A SaclHr Sacll »

>ER- AR SR i Al S FRE 0 B SR
FIpF LR Z BF > 215 o
B4 L aFHINC I feHINd I B 2_s =) % g ik g v’Fj % f#(Haemophilus
influenzae) shcfrds 3] Ftk -

PP iz: S m L3 pEHIndIN £ 3 s
- Esclterichia (&) Quiz: -3 F i
: ol B2 ke (120) (94 # 3 %]
) } 1.H:
co coli () 2.in:
R RYI3 (&) 3.d:
IoHARR  EImed 4.1l
H:l
13
Restriction Endonucleases
Type Il restriction endonuclease EcoRI cleavage
P P l P P P P P P OH
\s/ \5/ \.5/ \5/ \S/ \S/ \5/ \S/
|” e an, F——+ |
Tl A A T T ol
A T I A G| A
R e e e e s
S =] 5 5 5 5 5 S
HO/ \p/ ‘\P/ \P/ \P/ \.p/ '\p/ '\P/ '\P
Cohesive end Staggered t
(Sticky end) cleavage
, Recessed 3'-hydroxyl  5'-phosphate
/’ group / group extension (protruding; overhang)
P P OH P P P P P P OH
\S/ \S/ \‘/ \5/ \5/ \5/ \S/ \S/
Z | | | | |
T (_", A A T T C T
C T T A A G A
_ | | | | | |
/5\ /‘J\. /b'\ /S'\ /5\ /5\ 5 s

HO P P P p p p Ho” p” p



P P P P l P P P P OH

i T T M T Mt Pt i T s

S S S S S S S <
| At 4~ |
T : (e T T A A C : T
A | C A A T i 1 G A
R e e e e
S S S S S S S S
HO// \‘P/’ \“P/’ \\P/' \‘P/’ \‘P’/ \‘P’/ \mpx' \mp
Blunt-end | Hind 11
cleavage
P\q/P\q/P\‘/P\‘/mI P\‘/P\‘/P\‘/P\‘/ml
| | | [ [ [ | |
T G T T A A C T
A C A A T T G A
| | [ [ [ [ | |
//:\\ /:“\ /,5\~ /S~\ /'S\~ /S~\ ,/:\\ /“‘x
HO P P P P HO P r P P
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TABLE 3.1 Recognition sequences of some restriction endonucleases

Enzyme Recognition site Type of cut end
EcoRI G{A—A-T-T—C 5" phosphate extension
C-T-T-A—-ATG
BamHI GLG-A-T—C-C 5" phosphate extension
C-C-T-A-GTG
Pstl C-T-G—C—-AlG 3" hydroxyl extension
GTAC-G-T-C
Sau3Al 1G-A-T-C 5’ phosphate extension
C-T—A—GT
Pyull C-A-GIC-T-C Blunt end
G-T-C1G—A—C
Hpal G—-T-T{A—-A—C Blunt end
C-A-ATT-T-G
Haelll G-GlC-C Blunt end
C-CT1G-G
Notl GlC—G-G-C—C-G—C 5" phosphate extension

C—GC-C-GGCTG

Arrows denote cleavage sites,
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START ANIMATION

PLASMID
STICKY ENDS DNA

DNA i #27% it % H54]

“

o

o
¥ HIB & ®. ®& F @ 3
[eKeKeFegege
€ 00 AD @ €0 0D B @D
5 e— B) A 0D €0 G0 A1 [0 [}
37— 57
ks 2 J2 2 S22 DN 12
(T4, T7ligase) | (£ coligase) 3 CEECERCERCERVNGI) ] 5
. ATP nap ¥ ¥
ATP NAD (T4, T7ligase) (£ caFligase)
AMP AMP
+PP ) ( - + NMN
57— =
HoX 3

37— s

All ATP and NAD-dependent ligases @] @J

appear to join DNA in a similar way but mam = . =s - s

utilize a different nucleotide energy Gl @D [T Gl @D [
(2 W,

source to catalyze the reaction.
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# 7% 5 (gene cloning)

1 T 5 . Bacterium Isolation of plasmid DNA
BJ’-‘ FIHE A Y ’3? ¢ #‘"E' : ° and DNA containing gene f}",‘,{:’,’;‘,','"'"“ gene
0 4 328 848 SHDNA(B] E— of interest
v p © Gene inserted
deik & 2 7)) Bacterial Plasmid \Into plasmid &
O g #48 DNAL & NGO ﬁ\
)| #\. il Recombinant DNA Gene of
(plasmid) w« interest DNA of
Qa ¥ rﬂDNAﬁ ’1, | (black) chromosome
o w ©Plasmid put into
A wme bacterial cell

O
EaRoaYT 2
s m&«

77 L=DNA® Rt
2 bacterium

f*ﬂ
ey
L e e 5 L

a 5?"1 7 £ 2DNA# © Cells cloned with gene ofinterest
SR la Idenification of desired clone
A Lt Copiea of protein
AT O
:;nl:med into @ Various applications stunted growth
’B::’I:"I/ Genn used altar bacteria Protein dissolves blood clots  on protein
ongene for cleaning up toxic waste in heart attack therapy
# 78 §* 4 (cloning vector)
fel i\ R g 2
o B AFflAcgl > @DNAT L g iimie ¥ 274 o
v EGFLHE- %Fim“\'#' frer i ML iREEDNAR B * .
R F Effhie o T % kil RE AL DNALE ¢ #H 1w ¢ R

=

b3 IDNAELE @ w@ NI .

Clal

EcoRl Hindill —
T S
L==
fa88885838
N\ |/ /427

Ioning
ite (MCS)

pBR322
— lac promoter
Figure 4.3 The plasmid pBR322, g the locations of 11 vector
unique restriction sites that can be used to insert foreign DNA.
The locations of thewmmm (Amp’ = ampicillin
Tet" = tet istance) and the origin of replication

(ori} 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 44 Cloning foreign DNA using the Pstl site of pBR322,
Cut both the plasmid and the insert yellow) with Pst, then jain them
= through these sticky ends with DNA ligase. Next, transform bacteria
Transtomn with the recombinant DNA and screen for tetracycline-resistant,

ampicillin-sensitive cells. The recombinant plasmid no longer confers
ampicillin resistance because the foreign DNA interrupts that
resistance gene (blu).

21

Bacterial Transformation

TTraditional 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
Tldentify 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. b



Screening With Replica Plating

N . . .
: TReplica plating transfers clone copies
@ - from original tetracycline plate to a plate
containing ampicillin.

} TA sterile velvet (% #§4%) transfer tool can
be used to transfer copies of the original
colonies

/\ . .
TDesired colonies are those that do NOT
= 5— ==—===5 grow on the new ampicillin plate.
Qriginal Replica

Figure 4.5 Screening bacteria by replica plating. (a) The replica
plating process. Touch a velvet-covered circular tool to the surface of
the first dish containing colonies of bacteria. Cells from each of these

colonies stick to the velvet and can be transferred to the replica plate
in the same positions relative to each other. (b) Screening for inserts in
the pBR322 ampicillin resistance gene by replica plating. The original

plate contains tetracycline, so all colonies containing pBR322 will

Ongmal (tetracycline) Replica (ampicillin) grow. The replica plate contains ampicillin, so colonies bearing
pBR322 with inserts in the ampicillin resistance gene will not grow
(these colonies are depicted by dotted circles). The corresponding
colonies from the original plate can then be picked.
Plasmid cloning#’ 5 : 23

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 35-45
Bacteriophage P1 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.
24



doip AR A F 0 B BB T
1 Use of reverse transcriptase to make cDNA of a eukaryotic gene
3 swi5 H] R
AN L CELL NUCLEUS

B 4% o F
2 4% AL F) DNAof EXonintron Exon Intron Exon
3 , eukaryotic
T A dimre > IRRNA gene
o5 * MRNA l @ Transcription
Tk efF 8 % cDNA RNA
(complementary DNA) LA DLy
p y transcript ® RNA splicing
T* PCR*% + Jh 3 & 248 ¥ (removes introns)
ik F]ecDNA mRNA
TR AL i AR \ — > < — /
hfk 7]

\ © Isolation of mRNA il

| from cell and addition

TEST TUBE of reverse transcriptase;
Reverse transcriptas& V synthesis of DNA strand

cDMNA strand ~ @) Degradation of RNA

s

© Synthesis of second
v DNA strand

elibicgmo
el ———

Gapyright @ Pearson Education, Ine., publishing as Benjamin Gummings.

R & pFi 4 & s (Polymerase Chain Reaction, PCR)

T J Kary Mullis# f? » #3+1993# 18 7 0§ f :
T PCRit @ DNAZEF ¢ ~ 453 > H RIZ L s i ODNA Y £5 2 %%
- Bw % 313 (forward primer){f- & % 513 (reverse primer) » i # 22 2 S+
H % p EDNAE 4 fe ¥4k & (annealing) s > §1* DNAK & f#(DNA
polymerase)Z p #DNA#3 354 B @5 #95 (template) & & = 37 DNAK ©
T PCRiEAZL & & = = < 303!
1.% 4 F Ji(denaturation): 12 % 18 92°C-95C # #7% fi-i= DNA A &
2.% 4 pe 4R & (annealing) 1 31 =+ & B 04 DNARLE 4 e $(40°C-52°C)
3.4 £ F Ji(extension):#4-F A 3 B TIDNAR & fF (t% ehp »GR A @ & = #7HDNA%
(727C)
T A Eaigit T > DNAM S e sl 4e - 1231 > - BDNAL + E 454k 1%
PCR 25=t » 7R A-DNA& A 5 fick- ¢ 3 11225 = 100 B A 3 o
T B ZXPCRDNA¢ = P ralden®) 2
@i & rDNASE B £ RAXE D FAxR -
WA TRAC(AR A R AR L)
®REPEOBAE(F RS KRR
#Mg?* (0.5-2.5mM):hg % o
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R & pFid 4 & s (Polymerase Chain Reaction, PCR)

T - R FDNAR L 5§ »eiv? E & £37°C » B 8 A %P § BURDNAR & %
SE L o XA fwl§ R i F(Thermus aquaticus) @ & 4y % rDNAR & fif
(Tag DNA polymerase) £.95°C # # i {402 % g (half life) & 2404 48 > ¢ 7 &
PCRE it * o

T Taq® & fiFnd suie? B R 372C » LEEART - & AT £ 42000-4000 # 1
H pe(nucleotides) » o **Taq® & i % <8 > @ PCRZ & (£{7 11 p 5 1v o

T TaqR & fiF ik £.3° 1 554 ¢+ it % (exonuclease) i {4 » 517 ADNAS & pFiz §
4t (proofreading) sh+ it > TaqB & fis & ¥ DNAPF » t& — B TR ¥ 4 30pe 4t
HE 7 % 12 1/6000 1 1 ik -

T PCRenftjiwe Bids * i 1 F{rF 1 ommy > blde
®DNAF 7| ek 47
B R F A AT
AT TR
e B P
SAFEMEER
RIS
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X & pei 4 5 & (Polymerase Chain Reaction, PCR)

— ) Target
T Cr ]sequenm
= E 5

Genomic DMA ES

& Annealing:

Cool 1o allow

Cycle 1 primers to form

yields hiyetrogen bond
e - with ends of

molscuies target sequence

DMNA polymerase

adds nuclectidss to

the 3" end of each tow ~ B

primer nucleo-
tides
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PCR VIRTUAL LAB

PCR is a relatively simple and inexpensive tool that you can use to focus in on a segment of DNA and copy
it billions of imes over. PCR is used every day to diagnose diseases, identify bacteria and viruses, match
criminals to crime scenes, and in Many other ways. Step up to the virtual 1ab bench and see how it works!

PCRY 4 i*:

F1* PCR&#H-DNAL + 33 2. 7 A B
Approximate number of molecules amplified

2.5 x 108 107 5 x 105 5 x 10% 5 x 102
5 x 107 2.5 x 10® 105 0% 103

PCR:1F Ji % i

DNA template 01~1ug
Primers 0.1-1.0 u M each
dNTPs 0.2 mM each
KCI 50 mM
Buffer MgC|2 1.5 mM
Tris-HCI (pH 8.4) 10 mM
Taq polymerase 2.5 Unit
Total volume 50 or 100 L
AR VN SPCRE ™ 2 F it g E & - DNAR 5| £ ch3 b o &30 5 % RBLE B K o

PCRE & %% &

94°C 5 min

94°C 1 min

55C 1min [ 25~ 30 cycles
72°C 1 min

72°C 5 min

Feupetics




PCRig & 773 %
T Akt R A RDNAS 4

HPCRA 3 » #-FuDNAR 2 A B E4p§ € & chdedny F > 157 3 2 246
"% (\PCRe1A £ « 6.GC 3 £50% 1 T ¥ » if B 2% % 495 FF fF 1~34 43 -
PE TR HOR L GOt G B e iE b 2 o

W F94~95C 7124 4T v 45 MDNAL 3 » 4o % GCZ £ 5 » ¥ #pF
BB 24~504 - & iff 4~ 10-15%glycerol ~ 10%DMSO -~ 5% formamide
75 0% e DNAA > (e gt 573 7% chgy] it % §_¢ #r4]Taq DNA polymerase
X50% S 1 o

T Primerit & %

g~ W N P

ol

- 4k 513 2 HORDNAZE 2 B B (annealing temperature; Ta)< G E5=
A,\ #t7 pa iR A& (melting temperature; Tm);i5 C » @ {/L)iﬁh'ﬁ—k %&55 75 C

LR ek B RAR 0 R AT A B O AL E RS AL R
B 51~27C -
F2 4515 5 2 Tadp £4¢i86 C it (7 i § B PPCR ehd %) - 7 11

BRI S A R i

T,.(C) = 2(A+T) + 4(G+C)

513 (primer)z% 2+ i 2, £ 78

L FERAF 518-25REAE -
.GC3 # 9 1:40-60% -
L B EF3-E ek A 2 G/IC o

VBRI A DA s

] n.:— };)'f%t’ 513 BA AT I Ui p RS

rimer dimer ;%
TR ALE PP RS BB
el St e 5 IE I R

I+ 3 d’rﬂ};ilj ’
F ¥+ 7 ¥ 12 5 mismatch -



T 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:

57 -GCGTTGACGGTATCAAAACGTTAT.. ..TTTACCTGGTGGGCTGTTCTAATC-3~
37 -CGCAACTGCCATAGTTTTGCAATA... ..AAATGGACCACCCGACAAGATTAG-5"

4

57 -GCGTTGACGGTATCAAAACGTTAT.. . TTTACCTGGTGGGCTGTTCTAATC-3~

37 -CGCAACTGCCATAGTTTTGCAATA.. ..AAATGGACCACCCGACAAGATTAG-5"

DNA polymerases:=ig #

Thermostable polymerase ## % % » - &% & * Taq polymerase »
g g T & i fragment shiE & 2 aplt > Y g H B xR -
TABLE |

Fidelity Comparison of Thermostable DNA Polymerases
Using a laclOZo-Based Fidelity Assay

Thermostable DNA polymerase  Error rate®  Percentage (%) of mutated PCR products©

* Pfu DNA polymerase 1.3 x10% 2.6
Taq DNA polymerase 8.0x 10* 16.0
Vent,® DNA polymerase 28x10* 5.6
Deep Vent,®* DNA polymerase 2.7 x10* 5.4
Tfl DNA polymerase 83 x10°* 16.6
Tbr DNA polymerase 9.5 % 10* 19.0
UITma™ DNA polymerase 553 x 10¢  110.6*

* Fidelity is measured using a 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.
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& (i1)#4xPCR (Reverse Transcription PCR; RT-PCR)
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VEFERF BT r [2FH#] 258K
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2. f1* PCREE K3 P A FIPF > R Q)97 * ehfisd L4L: @
(14) (b) te$tig B e o “ ﬁf% R ARE? (14)

3o kL PIRATIHEAEL P FB IS B M LH - (24)

4. L€ wDNAEARY > 3K (a)i & 4 Mﬂréwrwﬁmm LA
20?2 @A) (b)7s- Rz A g At k47 G E 2DNA? (14)

R

1. (& » (b)
2. (a) » (b)
3¢
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DNA z_F (DNA sequencing)
T &1977# > 5 S EDNATR 2 2§ LAk & Ik o
1.7 & X BA Maxam_%i’w. Gilberts m— &7 M E &4 fRaghen- 8 T 52 -

2. F.Sangers & & enffd § {22 0 {17 B3 F PR AR L)
i SDNAGRE & 0% b » &7 4L % I DNAS 71 -

T 15’6 'B;-” P DNA'FK‘)_‘:-‘«@*/;U.. 'J /}'iE};/i R,/’\ A \i}ﬁDNAu«F)\ ’ 7&'1" = ’:")
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Strategy of the chain-termination
method for sequencing DNA

~DNAto be sequenced

2',3"-dideoxy analog 53— GAATTCGCTAATGC—————

0 00 00 0 5'-CTTAA
e P\_\\ /:P\_\\. '/'P,\_\ i . Primer
0 0 0 0™\ 0/ DNA polymerase |
W A\ Labeled dATP, dTTP,
(\H H/'y dCTP, dGTP
H ] | o | Dideoxy analog of dATP
H 3 —GAATTCGCTAATGC-
2', ¥'-Dideoxy analog 5'—CTTAAGCGATTA
+

Nobel prize in Chemistry (1980) 3 ——GAATTCGCTAATGC————

5'—CTTAAGCGA

New DNA strands are separated
and electrophoresed



(a) Primer extension reaction:

(c) Electrophoresis of the products:

— TACTATGCCAGA —————— /—
ABETE ddA ddC ddG ddT
21-base primer —— 3 . T
Replication with ddTTP = — c
L —_] —
== p— G
—/ TAGTATGCCAGA ——————— /— | g — g
(26 bases) ATCAD T — A
= [
(D) Products of the four reactions: — — — é
Products of ddA rxn Produets of ddC rxn - —_—
| - ' —_
Template: TACTATGCCAGA . Template: ____ TACTATGCCAGA ___ — 5 A
(22 (28) ATGATA® =
(25) ATG@TB (32) ATGATACGGT@® —
(@7)— ATGA ——
= deduce
Products of ddG Products of ddT ]
roduets of 6dG mxn roducts o = - Template sequence
Template: TACTATGCCAGA . Template: %:TATGCCAGA — = 3-TACTATGCCAGA-5'
( A (23) A
(29) ATGATACE® (26) ATGAD) te
(30) ATGATACG® (31)—__ ATGATACGG@
(33) — ATGATACGGTCE =

Figure 5,18 The Sanger dideoxy method of DNA sequencing.

(a) The primer extension (replication) reaction. A primer, 21 nt long in
this case, is hybridized to the single-stranded DNA to be sequenced,
then mixed with the Klenow fragment of DNA polymerase and dNTPs
to allow replication. One dideoxy NTP is included to terminate
replication after certain bases; in this case, ddTTP is used, and it has
caused termination at the second position where dTTP was called for
(b) Products of the four reactions {rxns). In each case, the template
strand is shown at the top, with the various products underneath.
Each preduct begins with the 21-nt primer and has one or mare
nucleotides added to the 3"-end. The last nucleotide is always a

dideoxy nucleotide (color) that terminated the chain. The total length
of each product is given in parentheses at the left end of the fragment.
Thus, fragments ranging from 22 to 33 nt long are produced.

(c) Electrophoresis of the products. The products of the four reactions
are loaded inte paraliel lanes of a high-resolution electrophoresis gel
and electrophoresed to separate them according to size. By starting

3 at the bottom and finding the shortest fragment (22 nt in the A lane),

then the next shortest (23 nt in the T lane), and so forth, one can read
the sequence of the product DNA. Of course, this is the complement
of the template strand.

FEDNAZ A g8 p#o it 5 > p & T A hRILA e L0 Sanger A <= 2 o MAfBAdNTP

g b3 e hy ko 4o Bl

Primer
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— ———
DNA polymerase,
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four ddNTPs

= g

——e

l Denature
——a

Dye-labeled

|

1

Dye-labeled segments
applied to a capillary
gel and subjected to
electropharesis

DNA
migration

|

7

L

Detector

—

J,

segments of DNA,
copied from
template with

aul |

CCTGT TTGAT GGTGGTTCCGAAATCGG

Computer-generated result after
bands migrate past detector




(=) Maxam-Gilbert DNA sequencing method

DMNA labaled at one
end with 37p

Base modification 3_/ “_]—/,
z % E ; t 5
ﬁ

or Ten
of reacted bases ¥ = ] 27 ] :rf
T
(B)

FpGPpCp TPGPCRTRPAPGPRGPRTRGRCPCPGRPARGPC
(=] (=] G G (=] (=1 (=1

325
aopSPCPTPR

PGpCpTpGpCpTPpAR
FTpGpCpTRpGRCRTRARGE
PEpGpCPpTPGPCPTPAPGPGPTP
FEpGpCPpTRGRCRTRAPGPGRTRGRCPCE
FpGPCRTRPGPCPTRAPGPGPTPGPCRCPGPAR
FEnGpCpTpGPpCPp TRpAPGPGPTPRGRCPpCPpGRAPGPC

Figure S5.21 Maxam—Gilbert sequencing. (a) The chain cleavage
reaction. This reaction, specific for guanines, begins with an and-
labaled DMNA fragment (5-end label denoted by a purple dot in this
example). Guanines (red) are methylated with a mild dimethyl sulfate
(DMS) treatment that methyiates on average one guanine par DRNA
strand. Then the methylated DNA is treated with piperidine, which first
removes the mathylated base and then breaks the DNA strand at the
apurinic site. This leaves a 3'-phosphate on the nucleoticle that
precedad the guanine nucleotida. (b) The fragmeants created by chain
claavage at guanines. At top is a 5 -end-labealed DMNA fragment, with the
positions of the Ga indicated just balow. At bottom ara all the possible
fragments produced by cleavage at guanines in this DMNA. Mote that
theay do not end in guanine because the guanines that led to chain
cleavage were lost. For this reason, the first fragment is just phosphate.
(Sowrce: From Maxim and Gilbenrt, AMeffrods in Enzyrnology 65:5000, 18980,
Copyright 1980 Academic Prass, Orando. Fl. Reprinted with permission.)

Figure 4A.4 Sequencing an oligonucleotide by the

Maxam-Gilbert method
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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 + S L
C alkali Piperidine Piperidine
A>C Alkali Piperidine Piperidine
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Apyrase is an ATP diphosphohydrolase. It
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Figure 5.25 PCR-based site-directed mutagenesis. Begin witha
plasmid containing a gene with a TAC tyrosine coden that is to be
altered to a TTC phenylalanine codon. Thus, the A-T pair (blue) in the
original must be changed to a T-A pair. This plasmid was isolated
from ancrmal strain of £ coll that methyiates the A's of GATC

The methyl groups are indicated in yellow. (a) Heat the
plasmid to separats its strands. The strands of the original plasmid are
intertwined, so they don't completely separate, They are shown here
separating completely for simplicity’s sake. (b} Anneal mutagenic
primers that contain the TTC codon, or its reverse complement, GAA.

The altered base in each primer is indicated in red. (c) Perform a few
rounds of PCR (about gight) with the mutagenic primers to amplify the
plasmid with its altered codon. Use a faithfyl, heat-stable DNA

, such as to minimize mistakes in copying
the plasmid. (d) Treat the DNA in the PCR reaction with Donl to digest
the methylated wild-type DNA. Because the PCR product was made
in vitro, it is not methylated and is not cut. Finally, transform £, coff
cells with the treated DNA. In principle, only the mutated DNA survives
to transfarm. Check this by sequencing the plasmid DNA from several
clones.
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