Ky B AP PETREARTVE-B2F
2

-

T DNAZ B34 1t 22 3 3 A 45
T £ 2DNAH e A 78
+ B & a4 F is(Polymerase Chain Reaction, PCR)
+ DNA z_&& (DNA sequencing)

T A 7]z gk % (Site-directed mutagenesis) i

+ DNAZ 3 fe 3t (322 ) F i (DNA hybridization)

40 3] 1 DNA

T DNA¥ & 53 % 3F 1 (1) 4 ¢ 48 DNA (chromosomal
DNA) (Z)WﬁDNA (plasmid DNA) » 788 i 2303 %
];131 ﬁ*—‘i 4 ,{7: ¥ oo
T mg{,.mm,@ ¢ ARt @ 0 d R TR DNA
Ao FR P AT T EBI I T AL G
B (Bt 2 G RER)  mEFeE Y 2
FHDNAHA ] 2 #icp 2 - &> £ & W+ g A4
(base pair, bp) & #+ § ik A HHE8F -
T FADNAL 5 p FAF RN A > T A AR I pi
#ood -t RO FIRS IR F w e Y AR
T AL POEY 25 0 FHDNAY AR
(vector)* r43F 78 4 T FIDNAM 2 £ R T ehgn B o
Flgt o FHDNAGH G A A3 25 Fa- 42 £
Jt PP
T ML R REFADLFH R BB
1&3*{@_;_4%114»5&;‘?%{1‘1,4 qg,,ﬁg_ s e B
LA MRS S AL R o Bl R322z
pBR325 . 7T Bollvarﬂerodnguezﬁ A drgE f#m%‘”&*" ;
pUC18% pUC19 4 7+ % d University of California=m# %
L*ﬁ—_dv oo
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T lw iR & (7 * (conjugation) £ tn F @R @ Fen 22 - o
TRl A mFE Rl g A AE g e o R
DNAd — = @i 345 Fp o

T RFRE DD D Jﬁ{% e e fie i) (mating type) » 48 fm Fe
(donor cell)w F4k5 5 a8 > @ < 4 wre (reC|p|ent cel)id % B2 &

WSRO ?‘Wﬁ"DNA% & % gL (sex pI|US)

A5 R A 0% 'gvﬁ~§www1%ﬁ,
V)

T * B ﬁ(E- CO|i).'rf7f;fr 85 3 & v 73 (fertility factor » fj #£ 5 F
factor) » TF# #(F plasmid) » E A4 R > mF4 & (£ pF
BESOTH  FFMT b2 5 a3t w79 0 2 F UG o
g d R R RN10Y Bk A P p oL g WAL EE o FG F
g lme GALF w% | 7 SWMee L5 Fime o

T XM FR L VAR KRG a4 o blde D Had & dun
2 g ‘TTm—Tﬁ’Fﬁl*’H’ﬁnb ’ léﬁnb’f | * FE'rrJ‘“%j\,}ﬁl R
o FJyt $f¢gtm? j’fﬂ?];ﬂj\‘,m BEiTY { IJLL‘F! CEH PR E o

3

fm 4% & (bacterial conjugation) - & R
Chromosomal DNA F Plasmid 2 ¥ ﬁ;ﬁ—’iﬂ
(fertility plasmid)

2 ¢ BDNA Chromosomal DNA

1. &4 % *& (Donor
cell) 2 2 5=

(sex pilus) »
Donor(Fw¥#)
H L bR
im v (Reuplent : Vi
ceII) B b 5 —
f— Ao DNAF & p#

DNA Polymerase

34 B AR T > 15
» 3-8 SaDNAG 1 75
;w] = *g WP o

R | 48 Relaxasdme

Transferasome % V£ 48
4.5 B mie & 37
B e ]
R %
[ T A =
EER TR
#EFH - Old Donor New Donor

F Plasmid F Plasmid
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FHDNAS B~iR 2

TR BFRDNA I F M F B0k o L A e e e B
2w R 0 @ S A R 0 R e e b DNA
WA ko A f;ﬁ*%ﬁDNAfrﬁ B b
z“fhﬁa‘*-l%miﬂ ETHDNAL = 1\7 HismrFd2F5 &

ML B o EHMFRE AT ka Fsh it FHDNA -

5%

Lg% 5 fcfiimp o

2. 8L 8 A E]m‘gmf?g REg b o
3B v i A R
4.% “,% 2 ¢ WDNA -

5. # “ﬁ% F-9 FERNA-

6.5 i HHDNA -

E. coli CELL

0 ] FADNAE B

T EBFADNAGS E i f 0 B ¢ ih
g 1% A (alkaline lysis) 2 & # %
(boiling method) - e  RABEREmEAR

shows the plasmid
DNA and
chromosomal DNA

addition of NaOH
causes denaturation of
plasmid DINA and
chromosomal DNA

T &% 402 (alkaline lysis)

# I A Y g AL T DNA- 4 4
HDNA > &4 ¥ i 5 8
fio » £ '\ﬁxf*fri&xé i# H "% DNA
w4 2 5 EEDNA o

® 0 g F 4 (NaOH) % + = = A pipe
ﬁp(sodium dodecyl sulfate, SDS)#-

];]A,\ 2 7@ v ;rr;z DNA & |+
(denaturanon) E* a4 ? oo
% FTREDNApedg ? fote 7 1L IRAR R

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

The chromosomal DNA

: e 4niA s g % 2

Ao s MDNAR & 2 = 2 ‘ .o | PLasmiD caught within the SDS/
e oo Kt A4 28 & % = ¢ | DNA Lipids is pellet down in
” },T;v P M SDS K / = a *ﬂ o ¥ “,‘ ’| cetrifuge and the plasmid
o B TR A L 2 ‘% ° | i DNA is found in the

| lysate.
O FR R PRI 0 L
K—ML ff E\‘—ﬁu ?d&-_ﬂ Y SR e FRECI;‘ITATE

ﬁgﬁ-*ﬁ o CONTAI http://bioinfo2010.wordpress.com/
v R SRROMOSOMAL
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F i % (boiling method) % # & % DNA
. Sphaeroplast @ (2 )3 Al, R 2 Ik B0
Bacterial chromosome 7 AR &% 20 e B ehin n e
+o ZRr L g O
o oo o) Lysozyme (@)
O o +EDTA
O 8 25% SUCrose o
i O
Plasmid
Intact cell
membrane
Disrupted
cell wall
boiling | Triton X-100 (F ¢ = fF % A ¥ A p)
g O
Plasmid (@) 7
s /_;V
Cleared ‘———Cenmfuge , - O\/\
lysate =
” e}
Cell extract
DNA
h:rgg:‘ems ==—Coll debris
7

Learn.GenetiCS"' TEACHER RESOURCES
GENETIC SCIENCE LEARNING CENTER & LESSON PLANS
THE
ugﬁiﬁﬁm - En Espafiol |About Us |Feedback | |
- P =
HOME DNA EXTRACTION VIRTUAL LAB

DNA EXTRACTION VIRTUAL LAB

DMNA 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.

raction

starc lab))

Try It Yourselfl

HOW TO EXTRACT DNA FROM ANYTHING LIVING

2018/5/24


http://learn.genetics.utah.edu/content/labs/extraction/

T ﬁ%ﬁﬂﬁﬁfw}g s LA B PG A (T
ZR A~ BDNA R B8 0 A
DNA® gz 23 & %) » % 11 4P
ST B en T HDNAZ I FElE o

5% a9 T & £ d 5 #5 #E (agarose) e
AR E AR A% g da
2R o @ U4 pEr B DNA 7
B ATHRET 6 LYY B
FEELFODNAS T § AT T &
(positive electrode) = = 45 #+ -
BEERERLST A AT AT LS
#Eeft 1R o 5% ¢ agarose ik R
A i M= | > e+ o] ehDNA
PR AR RRR AR i o
F o0 & F B R A3 E 2 DNA
marker (DNA ladder; DNA standard)
AT F 0 4R R DNAR K s o) o
[ N B T SR LN - &
(ethidium bromide, EtBr)% ¢ » EtBr
§ g Pipkehig A P 0 L R e
PlfR L o i ALK bk s B
EtBr i+ L Loak A ;{ﬁ“_uﬁ
Bpifachiz} o

NEGATIVE ELECTRODE

DNA Bands

Plasmid
Vector are
ONA separated
By
Size
Add DNA Sample onto
Agarose Gel Lane #2
(DNA Ladder is in Lane #1) i STVEELECTRODE
- DNA Bands are
l Exposedon Film
ad
1kb [ \\' i
/ 500 bp ==—r—> i e,
D:" o wWop Under UV
inds to UghtDNAs
ONA -
Copyright 2008 Molecular Station.com . Visible

http://www.molecularstation.com/agarose-gel-electrophoresis/

Learn.Genetics™

GENETIC SCIENCE LEARNING CENTER

TEACHER RESOURCES

1 HOME GEL ELECTROPHORESIS VIRTUAL LAB |

GEL ELECTROPHORESIS VIRTUAL LAB

Have you ever how scientists work with tiny

thatthey can't see? Here's your chance to try it yourselfl Sort and measure

DNA strands by running your own gel electrophoresis experiment.

DNAM 8 7 % B & (3:26):

10

En Espafiol [About Us |[Feedback | | [earct]
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http://learn.genetics.utah.edu/content/labs/gel/
https://www.youtube.com/watch?v=dSQQ67oCHXs

© Circular form
Linear form
<> Coiled form
Supercoiled
oo
— form

ZO- Q& RFLF R H™ Tk AL TR F

QT AN AIL B F € B EDNAR fL b T A R 2 A Big 5 2

(A) #DNA R £ b #rF chf @ 4ed @ o
(B) #i 4t DNA ¥ g enk B

(C) #DNA Y Einf 7 e &

(D) #-DNA® g} e eigegbe 12 7 A 1L
(E) #-DNA* £ i57e

5

[E

11

# 22 DNAH #¥(Recombinant DNA technology)
= & 7)1 #%;:% @ 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

(¥ PR 344 5 Pefidr)

* D

Communicated by Norman Davidson, July 18, 1973

ABSTRACT  The construction of new plasmid DNA
species by in vitro joining of restriction endonuclease-
generated fragments of separate plasmids is described.
Newly constructed plasmids that are inserted into Esch-
erichia coli by transformation are shown to be bio-
logically functional replicons that possess genetic pro-
perties and nucleotide base sequences from both of the
parent DNA molecules. Functional plasmids ean be ob-
tained by iation of end 1! ated frag-
ments of larger replicons, as well as by joining of plasmid
DNA molecules of entirely different origins.

Controlled shearing of antibiotic resistance (R) factor DNA
leads to formation of plasmid DNA segmenis that can be

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

epartmen edicine, Stanford Univers School of Medicine, Sta
University of California at San Franciseo, 8an Francisco, Calif. 94122

5; and | Department of Microbiology,

FEcoRI-generated fragments have been inserted into appro-
priately-treated E. coli by transformation (7) and have been
shown to form biologically functional replicons that possess
genetic properties and nucleotide base sequences of both
parent DNA species.
MATERIALS AND METHODS

E. coli strain W1485 containing the R8F1010 plasmid, which
carries resistance to streptomycin and sulfonamide, was
obtained from 8. Falkow. Other bacterial strains and R
factors and procedures for DNA isolation, electron microscopy,
and transformation of E. coli by plasmid DNA have been

S = O\ T Ll D..DI "
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€ 2DNAz 4

Restriction enzyme
recognition segquence
-~ N )
e

. I 3
DMNA D GAATTC 3 "'

3’ INC T TAAG I s A\
Cate the DMA ™S W% & eDNAS + 3 B E & iE4
LN 27 pF j‘}‘@‘— EE O

- =% P9 SDNAAS S
L, AATT CE— -
'—C'{_f_; G 2.DNA & fix ;ji;;pg,u;;; - B

Sticky end

A
P DNA#: & -
AATTC
Addition of a DMNA G“G
fragment from CTTAaA
another source; DMNA fragment produced by
fragments stick the same restriction enzyme

together by
base pairing

L

G AATT CEN G AATT CH—.
s c TTAA GEEEENC TTAA G
One possible combination

DMNA ligase
seals the strands

L
I I I
I I I
Recombinant DNA molecule 13

Copyright @ Pearson Education, Inc, publishing as Benjamin CGumimings_

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 (i < )”. Greek means “running
back again”.
e.g. Radar; Do geese see God? } i ji %k % p i b fieg ks kg S
PR AR R T S oy 2. (i S

Cleavage site

! T L L F D ABRERE A
5" i C—C—G—C—G—G % J’K%i‘%’ki R E A AAF A
i i P e i i i B e W
3 G—G—CT+G—C—C 5
I
Cleavage site Symmetry axis  Sac Il (from Streptomyces achromogenes)

3. The pattern of fragment that DNA be cleaved by several RE
can serve as a fingerprint of a DNA molecule (RE map)
14
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P ﬁ& rﬂ%
» ¢ a4 pE A 5 Type |~ Type 1122 Type = % -
> Type 12 Type Il f# e P £ 5 endonuclease £ methylase s |+ o

> Type I"V41fF ¢ ST e B FESEFFE = 8 ~1000 bpshi 7| > Type Il
g b2 B BR3P = § 24~26 bpehs 71 o
e % > - ¥ FEk

T}er ||m:r[; ﬁgmgg bliy;ﬁ]': ; A‘mf’»ﬁ’x 7 B
B DNAY 4 T 4~8 Bk 4k » I a0 GiRAT R PN ehiE T gk b e 3
B 3EDNA o

> & - P A FER - F TDNAR Z | F 4e 7 3] 5 2 v 7 ¢ 3w
Fp e DNA> F]5 mF) DNA b esr 2 im 8 @ 47 JLit o f 5 '3
ig &% % ¥(restriction-modification system) o

> pdmFe VBN ET k- eI > Tk R F T R
g TH lé XS AFALF B BFEF I Hch B> p o
MR E R N ;ﬁ @ 1 4% (genetic engineering) ~ & %] :¥ 7 (gene
cloning){r 78 #] ®3# (gene mapping) 4 7 °

15

Kflﬁrl; ﬁzg. m‘:r, 7‘_:,

> s e L E R R R R A Seng LR Ry TR LD
F-BABRFAANRELOE-BFH K 2B BFAHIBR
WE LT A BFA o FABe Rl ETREGER AP AL P
P72 R e ek (S A o

> mﬁr“ﬁ’; ?ﬁ-m‘i B3N mz pxA Fr AR A TR L T o Bilde
: ln\é;p‘.ﬁ A ¢ 4hi 7 (Streptomyces achromogenes )< & '] s 4
/w5 4 & Sacl{rSacll -

>ER-ZFRENR SR o Al S FiERE k0 B AR
e bflh R Z BF A 248 o
B4 g prHINC I feHIind I A 24 ) % p o 7 R F' o R
(Haemophilus influenzae)scfrd i# 3] Fik -

£ FEscherichia (J§) Quiz: F3ip L4 pFHindlll &
& ”“rl* g & - (124)
co coli (&) (94541
, inid 1.H:
R RYI3 (&%) 2 in
I FA%R Bt SE Y B IR 3.d:
VIE B 4. 111 -

16
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Type |l restriction endonuclease
EcoRl cleavage

P P l I 14 4 I 4 P _OH

s ST S s s T s s 7 s
| A ————— I
; < & & I T <1 I
A = T T A A Gy A
| ~———t ] ———F ——— I
s s s s S oS oS S
HO ™ e e e e e i e TP
Cohesive end Staggered t
(Sticky end) cleav
., Recessed 3-hydroxyl
sroup /
P _OH T
s s s s
I | | I I | |
1 (_? A A 1 1 (
A < T T A A G
I | | | | | |
.5 - S .S 5. 5. -
HO ™ P e P P T T HO ™ T

4 o S S S S l 1 S C S S S T

s 7 T s T = = s 7 = = =)
| — A —— — — b — — — = — — — + 1
1 s ! ! A o < !
A < A A T T < A
I ~———— g ———— b ———+ —— — & 1
E S = E . .S

O T ~p—  p - I‘i_ e e o
Blunt-end l T Ei%,@%

cleavagge

ro__ I S . I o r I I - I _ ORI
T TS T T s Ts T s T TS T T s
I | 1 I I 1 | I
T < T T A A < T
A < A A T T < A
I | I | I | | I
O T S e e S ol e O T S ol e o R

h—pr=—0

. _OoH

TABLE 31 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 GIG—A-T-C—C 5" phosphate extension

C—C—-T-A-GTG
Pstl C—T-G—C-AlG 3’ hydroxyl extension
GTA—C—G-T-C
Sau3Al lG—A-T-C
C—T—A-GT
Pvull C—A—-GlC-T-G Blunt end
G—-T-CTG—A—-C
Hpal G-T-T{A-A—C Blunt end
C—A—-ATT-T-G
Haelll G—-GlCc—C Blunt end
C—CTG—-G

NotI GlC—G—G-C—C—G—C 5" phosphate extension

C—G—-C—C—G-GCTG

5" phosphate extension

Arrows denote cleavage sites.
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DNA:# £ i7#*
START ANIMATION
PLASMID
STICKY ENDS DNA
p y
CCTa

\DNA
FRAGMENT | 1 ASE ~"

DNA i 3% (% % 14

ATP NAD (T4, T7ligase) ATP
AMP
+PP;

(]
All ATP and NAD-dependent ligases @]

appear to join DNA in a similar way but ==m mm
utilize a different nucleotide energy @
source to catalyze the reaction. .

% 2 DNAZ * (0:57):

20

2018/5/24
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https://www.youtube.com/watch?v=FAMRQz7fOaE

# F):£ 7 (gene cloning)

e , . Bacterium Isolation of plasmid DNA
2R FE TR B e 3E ° and DNA containing gene 2?.':,{.?’,2‘.‘:'“'“9 P
O)—~ ofinterest
& g 8248 DNA(] @ @ Gene inserted
43L& A7) Bacterial Plasmid \"“° plasmid
chromosome
O f g 248 5DNA &
7 k 8 Recombinant DNA Gene of
Bk (plasmid) interest DNA of
O 3 & 2 DNA A5 5] ot (black) chromosome
R l bacterial cell
U &gz 7% £ 2DNA:s Recombinant g}) @
%A e bacterium
OBz 7 £ 2DNA O Cells cloned with gene of interest
EFANGE 0 F © Identification of desired clone
Af g A mie Copns of gene g Copies of protein
‘,";/ % w’ —
> 0 —
7 0
N
(T ==
inserted into |r..v, @ Various applications o % stunted growth
plants 2y 0 g o g
z Basic
Basic i p research
research  Gene used to alter bacteria Protein dissolves blood clots  on protein
ongene for cleaning up toxic waste in heart attack therapy
% 78 * 48 (cloning vector)
A i

@g" #4=85 > @ DNAT 11 &7 4
¥ 5 - Pk Upe e e 1 ’,L:;EF‘DNA B e

R %;%"I”*'ffﬁﬂ;‘ P E ok R E A E BDNAE T ¢ A3 we Y R AT
s} mDNAn—‘?. ““:h"ﬁ)\"l'?%ﬁ P o
Clal
EcoRI Hindlll

pBR322

Sall
Xmalll
Nrul
— lac promoter
puUCi18
the ions of 11 vector

Figure 4.3 The

i 3
unique restriction sites that can be used to insert foreign DNA.

The locations of the two antibiotic resistance genes (Amp’ = ampicillin

resistance; Tet" = tetracycline resistance) and the origin of replication

(ori) are also shown. Numbers refer to distances in kilobase pairs (kb) -

from the EcoRl site.

2018/5/24
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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 join them
through these sticky ends with DNA ligase. Next, transform bacteria
Tarsiom 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 (blue).

23

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. 5

2018/5/24
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Screening With Replica Plating

T Replica plating transfers clone copies

@ - from original tetracycline plate to a plate
containing ampicillin.
| T A sterile velvet (® #§.3%) transfer tool can
be used to transfer copies of the original

colonies
/\ - -
T Desired colonies are those that do NOT

=l i 5 ==—===5 grow on the new ampicillin plate.
Original 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

(b)
//—\ colonies stick to the velvet and can be transferred to the replica plate
@ i 2 m in the same positions relative to each other. (b) Screening for inserts in
&d/y the pBR322 ampicillin resistance gene by replica plating. The original

plate contains tetracycline, so all colonies containing pBR322 will

Original (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#: * (4:23): 25

Vectors for cloning large pieces of DNA

TABLE3.7 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 (3¢ 7" %8) E. coli 35-45
Fosmid E. coli 35-45
Bacteriophage P1 E. coli 80-100
BAC (Bacterial artificial chromosome) E. coli 50-300
P1 bacteriophage-derived E. coli 100-300
artificial chromosome
Yeast artificial chromosome (YAC) 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. -

2018/5/24
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http://www.youtube.com/watch?v=acKWdNj936o&NR=1

LY ERER AN X TS

Use of reverse transcriptase to make cDNA of a eukaryotic gene

Fiw F sy Wi CELL NUCLEUS S P
Eﬁ g@ﬂg;—f—;& _rﬂ R Exon Intron Exon Intron Exon
L, eukaryotic

TR Hme > 3ITRNA gene

-+ it MRNA ¢ @ Transcription
. Yol o = s RNA

THF R EE A primary
DNA (complementary transcript g::v‘;:fr:'tfg"n% )
DNA, cDNA) ANA Y

m

T PCR3 ~ 3 & ﬁ*@\

ek F]ehcDNA > | <

E N w 2 € Isolation of mRNA
TR AR AT B A\\ from cell and addition

_r!’! Z# i3 TEST TUBE of reverse transcriptase;

Reverse tra nscriptas& L 7 synthesis of DNA strand

cDNA strand ~ @) Degradation of RNA

S

© Synthesis of second
W DNA strand

selifaeigpo -
elhiens)  ———

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

o

T
T

F & pri 4 ¥ s (Polymerase Chain Reaction, PCR)

d Kary Mullis# p? » #1993 % & ® 1 0L - £ -
PCRil e DNA G ¢ ¥ % &4 - 1 RIZL adiahsf SDNA S B3 54 bl
- @ % 513 (forward prlmer)qfr,kT 513+ (reverse primer) » & # 272 14
mﬂf % B 1EDNA% 4 e $t3k & (annealing) i > 41* DNAX & ¥ (DNA
polymerase) ! p #DNAS 3% 4 &)t 4 Hi4F (template) k & & #7DNAK o
PCRiEA23 & & =& = & 3R ip:
134 % 4 F R (denaturation) @ 2 % 7§ 92°C-95°C# g% -3~ DNAA 3t
2.% /4 fe & (annealing) © # 315 &2 ¥ 9 448 DNA R 4 fie $1(40°C~52°C)
3.4t £ & Ji(extension) @ B-E R EDIDNAR S =it g s B @ & 37

DNA&L(72°C)

W E T s DNA A ol 4 - 3%+ > — BDNAS 3+ FE 453k (%

PCR 25z > 7R A-DNAA F fioi- ¢ 3 71225 =100 B A 3 o

B FPCRDNA¢ = i pr i cnF %
#orgr & A DNAGE B > £ RARE DS ARE o
% VA TR B (A% 5 PR R R AR )
RREPFOREE(G RS F 5 R)
#Mg?* (0.5~2.5 mM) ik B 28
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F & pr:d 4 & & (Polymerase Chain Reaction, PCR)

T - B DNAFR E FF g sai®® B R E37°C B B A JEnps € BORDNAR & pr
HE M o A hdt B hinF o EB#Ck 2 FA(Thermus aquaticus)® 4 d ) & eh
DNAZX%_& g#(Taq DNA polymerase) » #£95°C » H & a0 % ¥ (half life)£ :£40
Lhs o v BPCRig T * o

T Taq DNAR & fxchg »cie* g & 572°C> B & » &~ 457 & = 2000~4000

i+ 4 2 (nucleotides) - ¢ **Taq DNAR & fis % e 3> fiié PCR2 $ 17 (8 12
pdeit o

T Taq® & a4k £ 3'% 5= ¢h 7 % % (exonuclease) g 1+ » Fla & DNAL & pF iz
4t (proofreading) sh# it » Taq® & f5 & ¥ DNARF » &% - BHERY - PIH @
erky PEA ¥R 5 ¥ % 1£1/6000 -

T PCRenptiee B ids o+ 6B 1 £ F 81 5w f o+ blde
#DNAFE 7|4 45
W R A 1
HRFER P
wif @ -‘Iﬁﬁié@ g
wR TR E
KR G SR

29
F & pr:d 4 & & (Polymerase Chain Reaction, PCR)
/\(:?(L/_; : i Target
G;:;%:I%)NA 3 él“eﬂwn“
i P NS
5 ke e = E 3
© anneating: 3 i
ﬁ‘::::" < ?&Eﬁ?ﬁ;ﬂr’: Prln\er/.;
"lolozcul“ target sequence Q/
e %! !
- S -
G : - m / \ / \ N
) ’ 30

PCR#: # (4:37):
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http://www.youtube.com/watch?v=_YgXcJ4n-kQ&feature=related

Leal’n .G enetiCS“" TEACHER RESOURCES

GENETIC SCIENCE LEARNING CENTER & LESSON PLANS

THE
UNIVERSITY
uar UTAH™ En Espafiol | About Us |[Feedback | | [search
HOME ) PGR VIRTUAL LAS

PCR VIRTUAL LAB

PCR s a relatively simple and inexpensive tool that you can use to focus in on a segment of DNA and copy
it billions oftimes 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 ta the virtual 1ab bench and see how it works!

PCR 2

PCR 2 4 i*:

1% PCR#:#e#-DNA%A & 3% 2 7 i ]
Approximate number of molecules amplified

2.5 x 108 107 5 x 105 5 x 104 5 x 102
5 x 107 2.5 x 10% 105 104 103

PCR:F J i

DNA template 0.1 ~1ug
Primers 0.1-1.0 uM each
dNTPs 0.2 mM each
KCI 50 mM
Buffer < MgCl, 1.5mM
Tris-HCI (pH 8.4) 10 mM
Taq polymerase 2.5 Unit
Total volume 50 or 100 uL
AR LPCRE* 2K it - g FH 4 DNAR S| Ech7 b > 27 05 2 B0 B o

PCRiE & 77 3% 2

94°C  5min

94°C 1 min

55°C 1 min [ 25~ 30 cycles

72°C 1 min

72°C  5min

4°C 0 3

2018/5/24
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http://learn.genetics.utah.edu/content/labs/pcr/

PCRIf & %K &
T oA B R KL DNAL 3
% HPCRa = » #-EDNAZ » A B 4n %
PCR#12 # - £.GC% #£50% ™ T~ fF » 8
FHOR D GCent b 4o i b = o
% i F 94~95°Cie F1~24 4 ¥ #-3 B DNAS &t > 4% GC7 £i5 » V¥ ¥ T &
B 14504 o 5 Jﬁ 4v o~ 10-15% 4 2 (glycerol) ~ 10% = @ A 3¢ 7 (dimethyl

sulfoxide, DMSO) ~5%?" fig=(formamide) % ;4 ;% 1@ DNAZL 3t » 2 ) 573 7% e
@it &_¢ #r4|Taq DNA polymerase ¥ 50%:i# {4

S roits SN g Kl
R T A9 CHEHRFL-344 - RN

T Primerit & /8

% - dr koo 313 B HORDNAZE £ R & (annealing temperature;Ta) + % §_51 F f34é
B B (melting temperature; Tm)ig:5 °C o @ &8 & #4372 385575 °C2 fF - -&r%“f]:‘
TP HRA s R PA L DR BT iﬁﬂ‘%rs@ér B R KH1~-2°C-

® F20F5l5 or o Ta dp L4086 Cru (7 il § BFPCR ha F) 0 7Lk
R RILAIRE S S AR S B o

T,(°C) = 2(A+T) + 4(G+C)

T,, Calculator :

33
51 % (primern)z& - v 3 ¥ 78 ¢
1. 513 E R ¥ 518254 A £ -
2. GCz £ ¥ 1-40-60% -
3. B3 -k AL 5 G/IC -
4, FH 51 F AEA5 - g,,ifg o
5. F- FR? a3l FBAAV 34 > UhiEp piLE
A5 = primer dimer=nfi- =
6. W5 FHRAEL P RS - BB
7. —.xggl;;j; 55132 AL B REEH R E5CILE o
SEﬁ%ﬂﬁi’Mﬁﬂgjﬁﬂwl; - las)- TN
PEREHN R >TAH 0 FHF TG mismatch o
34
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https://tmcalculator.neb.com/

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... ...
Ans:

TTTACCTGGTGGGCTGTTCTAATC-3’

5’ -GCGTTGACGGTATCAAAACGTTAT.. ..TTTACCTGGTGGGCTGTTCTAATC-3’
3’ -CGCAACTGCCATAGTTTTGCAATA... ..AAATGGACCACCCGACAAGATTAG-5’

U

5’7 -GCGTTGACGGTATCAAAACGTTAT.. ..TTTACCTGGTGGGCTGTTCTAATC-3’

5’ -GCGTTGACGGTATCA....~>

€ ....ACCCGACAAGATTAG-5"

3’ -CGCAACTGCCATAGTTTTGCAATA.. ..AAATGGACCACCCGACAAGATTAG-5"'

35

DNA polymerases % #

Thermostable polymerase f&#8 % % >

- 45§ # * Taq polymerase >

e Ao s Sfragment shE B2 Tard > v RH B EE o

TaBLE |

Fidelity Comparison of Thermostable DNA
Using a laclOZ o-Based Fidelity Assay =

Polymerases

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

Taq DNA polymerase 80x10* 16.0

Vent,® DNA polymerase 2.8x10* 5.6

Deep Vent,®* DNA polymerase 2.7 x10* 5.4

Tf1 DNA polymerase 83 x10°* 16.6

Tbr DNA polymerase 9.5 x 10 19.0

UITma™ DNA polymerase 55.3 x10*  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.

36
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F (i1)# 4~PCR (Reverse Transcription PCR; RT-PCR)
> B AR F ey U RNA G Bicie RT - PCR
(template) £ & 3 4 DNA
(complementary DNA;
cDNA) » 7T % £ {]* PCR

“,,Ej,ﬂ Cells or tissue

Isolate total RNA or mRNA

I %~ E A i E CDNA - )
> RT-PCREL_p # Ll (in povsatarcrores g 4D pimers
VItro)BL % A ¥ 4 B SR e '
S E 2 - 0 T ORI TR fﬁ;}"'g- MRNA & s AAAAA
. GNT LT
E‘ gﬁmRNA ° First strand synthesis. (g)
> RT-PCRA £ g * >t g @ i ih RNA SRR
E/'; %fr".l z *ﬁ/?'JRNAg ,’E‘_ﬁji cDNA ——— ITTTTT
‘E‘_ PN ‘*% . irst cycle
Amplify by PCR
F #4PCRZ = % — "cDNA® * t131 3+ Jf;é_éﬁ
. 5' AAAAAAA 3' mRNA
Oligo(dT) 5| F
9 : TTTTTTT 5 ¢DNA
5' AAAAAAA 3' mRNA
HEERRS|F \ m
3 L cDNA
5%
BEHE |3 5 AAAAAAA 3' mRNA
3 - —] — l_|_1 — cDNA
FEREsS |5

Reverse transcription#- 5 (0:38) :
38
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http://www.youtube.com/watch?v=68zTyjeUsqY

¥Rk R L feid 4% 5 fs(Real-time PCR ; p¥PCR)

T Real-time PCR* #- 2 & Fpr & £ fisid 4 & & (Quantitative real time

polymerase chain reaction > # # gRT-PCR# g-PCR) » & - f& = DNA
W F Y o U H L H G RE APCRFEFRS A ZE DD F o

T - &aPCRi& (718 » F s % & £ 544 > BIF ehA F 5 end-pointshPCR
Af  FEMBRAPCRUATE A7 0 MI& k- R&EFFR3 FHEER

HFPCRE & » £ #-A 1§40 3
T Q"B*PCR&"&?\L%!IEJ_? A & e

S R SR

1. 4PCRF ¥ 0% — B (5T DA il 38 (7 T B (R 3 jegf™ K o

2. % g RIPCRAY chf L 44 > e h- BV M@ EAEFEFHEN
FEAOEL Y B ROTERRE 0 N SRR RS E N

VoA g R EL o
T wEPCRY * ¥ kiFéF =44
% DNA% & 4 #|(SYBR Green |)
# 322 47 #-(hybridization probe)

¥

% -k f24F &-(hydrolysis probe » * fzTagMan probe)

SYBR Green |

= (AN
3 & 7

AR NN g g gt
J

B¢ : Wi DNA 358

S|F858 + SYBRGreen |

WY ONA ESTES
aanan %%
J
"R B,
Ui i / -
DNA‘R%!
!

SYBRGreen 1 ] PCR &%)
&5 » SRR PCR
E=oR

2% #£ 4+ (hybridization probe)

313 H& >
| WE®
e il ey

R T — T

A AR gy gy g araSS

MM : W ONA 388

amnealing

0y S| AR A2 BRI FOMEY S

T RS ST ENESEE
. ML ST GRS
LT BB BEEDHERE
LTI (il | el !
V' 1
a 2 [‘QG‘} DNA WESTEI (THER « M5
1 HE RSB IR0 IRGY
FrEaou
(,“1\.0 =
B7E 4 B

(AL ] l?llﬂllﬂ'ﬂll RN « BT ENRRE

P PR PGP P P
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-k fa45 ¢-(hydrolysis probe) (~ f:TagMan probe)

a3 ﬁl;‘\:iwﬂzxs
L) OLLLLA LI

Bt : W ONA 358

oy g:iaﬂwusmnm
AR AANARTAT gy g gy gra$S
J

SIFLURKBESTHRRES

DNA B& il (TR » &
EKR RS WS HKAR -
EWE WAL E - HR
HZHER AR

ERER  SRERH2®
HEEPCREVR

fluorescence intensity

Cleaved Probe

TBIENE 5 10 15 20 25 30 45
{&#7 PCR
* pEPCR

104

PCR cycles

TH - Bthk PCeri
¥R ’é*ﬂfs FCX e
-'%;1‘5/? A 1_—-1-“ Viff
2 5 ense B i B AR 4.,“" T_h
(Threshold)B?é R Lpﬁmfﬁﬁz
# A % Ct ig(Threshold Cycle) o

T 0 EDNAAS b5k 2 2 3 Cig & £

Mo P HEDNASHR A R R AR
HFLEARS ETHRZREE
HCtig4x| 5 F 2. P {EDNA4= 4.
ERARM o HCtER4& X o

TR A ;lj;ﬁﬁ-f& 1 4 5 eCtiE 2
Hoe dode b B > T - R
A (standard curve) » 1245 ¢ &
B AT SCLE R B
Higedrb B > E 0282 P tho

Overview of gPCR (2:44) :

o o I

10" EH

TN BRRH

Y
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https://www.youtube.com/watch?v=1kvy17ugI4w

VFERFr»FIR g [2H4) ERE
FIr g B fedgs . 7R3 B RRGODNAE Sk > 2450 £ WDNA -

W g T IR AL -

1. 8 @1 Azt ® id 27 2IDNA « 3R S fEpE % £ (a) % § i &

252N (D)E L4EE P2 (1R)

2. 1% PCREIFKHH b R A FIPF > 3R (Q)#1i¢ * chpsd L4L5 w2
(142) (b) i R cnagg (2H F > o G P42 (14)

o REEPIRATIOEEAEL P FR IS AT LA - (24)

4. fiEHp € wDNABARY - R (@i s P IRA TP F 4L
P2 @A) ()R- SR A F AR kAF W E B DNA? (14)

¥

L @ ()
2. @ 10)
3. ;
4. (@) 10)

43

DNA z_5 (DNA sequencing)

T 219774 > 4 A ADNAT A 2 2 AAF £ Ik o

1. 7« FA MaxamZ W. Gilbert# .- 7 1EH P A fReg A cni- F 2 52 -
2.9 F.Sangers B & henfEd § P R Ak 0 1Y B F PR S LY

2 XDNAGR L £ ch% b > igd 42 I DNAER 7 o
TiEA B % o DNASRGE D 117 EB T A A #DNAR £ > B~

He g B _?;JF’K i * Sangern@ & > & o

2’,3’-dideoxy analog

0 0 0 '/o o\'/,o
\ \\ .,
P P eB
0 0 0 o\ _o._ |
"

2', 3'-Dideoxy analog

Nobel prize in Chemistry (1980)

Strategy of the chain-termination
method for sequencing DNA

Ve DNA to be sequenced

53— GAATTCGCTAATGC

51 CTTAA

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

2018/5/24

22



(a) Primer extension reaction:

(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 product begins with the 21-nt primer and has one or more
nucleotides added to the 3™-end. The last nucleotide is always a

/ a7 _—
= ACTATOGCACA ddA ddC ddG ddT
21-base primer —— , — T
Replication with ddTTP — —_— C
_] — T
== = G
— TACTATGCCAGA ———————— /— - = p— G
ATGAQD e — —_— c
(26 bases) = - — A
e — T
(b) Products of the four reactions: —_— e A
—— — G
Products of ddA rxn Products of ddC rxn - —iT
| —_Sp— ’ —_—
Template:___ TACTATGCCAGA___  Template: TACTATGCCAGA b= 5 A
@_—0 (28)______ ATGATA® =
(25) ATGQ (32) ATGATACGGT@® S
(27) — ATGATQ) = deduce
Py f Prodi f ddT Ean
roducts of ddG rxn roducts of ~n 5_—: Template sequence
Template: TACTATGCCAGA ___ Template: TACTATGCCAGA -! 3-TACTATGCCAGA-5
(4)— A = L
(29) —__ ATGATAC® (26) ATGAQ —
(30) ATGATACG® (31) — ATGATACGG@®
(33)— ATGATACGGTC@ =
Sanger method DNA #_& # 5 (3:00) :
Figure 5.18 The Sanger dideoxy hod of DNA dideoxy (color) that the chain. The total length

(c) Electrophoresis of the products:

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 into parallel lanes of a high-resolution electrophoresis gel
and electrophoresed to separate them according to size. By starting
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.

M ADNAZR$Ee pdeit T 0§
dNTPHEZ_t % Jr chd % o 4o B]#rm
Primer

L 3 _ Template of
— unknown sequence
____—— \
\\
— —
— —_
DNA polymerase,
four dNTPs,
four ddNTPs

g

——— A Dye-labeled
—® segments of DNA,
< copied from
< p template with
4 unk 1 sequence

DNA Sequencing # % (4:54) :

i B 2 B R A T2 0 Sanger ® A 07 jE 0 KA

l

- Dye-labeled segments
DNA == | applied to a capillary
" i == | geland subjected to
migration | == electrophoresis
a7 =
= N
L7 = | Laserbeam \
Detector ) Laser
20 | 30 ad

CCTGT TTGAT GGTGGTTCCGAAATCGG

Computer-generated result after
bands migrate past detector

46
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https://www.youtube.com/watch?v=vK-HlMaitnE
https://www.youtube.com/watch?v=ONGdehkB8jU

@) Maxam-Gilbert DNA sequencing method

DNA labeled at one
g i E 3 CH;

end with 32p

Base modification

Release or displacement
of reacted bases

Strand scission

(b)
FPpGPCPTPGPCP TPAPGPGP TPGPCPpCPpGPAPGPC
G <] [l <} a (=} G

az
ZpGpCpTe

FEpGpCpTpGPpCPTPAP

FpGpCpTpPGPCPTPAPGP
22pGpCPpTPGPCPTPAPGPGPTP
22pGpPCPTPGPCPTPAPGPGPTPGPCPCP
22pGpCpTPGPCPTPAPGPGPTPGPCPCPGPAP
FPpGpCPpTPGPCPTPAPGPGPTPGPCPCPGPAPGPC

Flgure s5.21 Maxam—Gilbert sequencing. (a) The chain cleavage

ion. This r ion, specific for guanines, begins with an end-
Iabeled DNA fragment (5-end label denoted by a purple dot in this
example). Guanines (red) are methylated with a mild dimethyl sulfate
(DMS) treatment that methylates on average one guanine per DNA
strand. Then the methylated DNA is treated with piperidine, which first
removes the methylated 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 DNA fragment, with the
positions of the Gs indicated just below. At bottom are all the possible
fragments produced by cleavage at guanines in this DNA. 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 Maxim and Gilbert, Methods in Enzymology 65:5000, 1980.
Copyright 1980 Academic Press, Orlando, FL. Reprinted with permission.)

Figure 4A.4 Sequencing an oligonucleotide by the

Maxam-Gilbert method

MMM Sample DNA

single-strand DNA

SATTGAC[TTAGCC®

"ATTGAC|TTAGCC

G reaction | A reaction, | T reaction, |C reaction
with some |with some
G cleavage | C cleavage
(underlined) (underlined)

"ATTGACTTAGCC “ATTGACTTAGCC “ATTGACTTAGCC *ATTGACTTAGCC
“ATTGACTTA “ATTGACTTA *ATTGACTITAGC “ATTGACTTAGC
“ATT “ATTGACTT ‘ATTGACITAG “ATTGACTTAG
“ATTG “ATTGACT “ATTGA
“ATT “ATTGAC

“ATTGA

A I
o Electrophoresis

Fragment
':"9"‘ © Radiocautography

Whole (basas)

oligonucleotide - B [ PR —_ ..
1 === |l
10 — |
0| - cm— <
8 — A
7 —— &
6 — y
: — = =
= = G
2 N mm— |
1 — 15

©@ Read

sequence

Preparation of homogeneous

e Addition of °?P as 5" phosphate

€ cleavage at specific nucleotides
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Chemicals used for Maxam-Gilbert sequencing method

Chemical used for Chemical used Chemical used
Base specificity : for altered base for strand
base alteration
removal cleavage
Dimethyl sulphate Piperidine L
G (Ff= 7 i) (R s & ) Piperidine
A+G Acid Acid Piperidine
C+T Hydrazine (5% % ) Piperidine Piperidine
© Hydrazine + Alkali Piperidine Piperidine
A>C Alkali (%) Piperidine Piperidine

49

E Bk ps 25 (pyrosequencing) s
>Sanger 2 chdF B L R A G a 4 R 0 F S E BT
71,000 i +*% ﬁ“ﬁfﬁ%)% o F)pt v B S DNAL G o 2 B
AELAEITRAESE S 2 A0 - TR AT B
> $DNAR 7| & 47 ch& Rl § 23 hA FAR K A%d - L A
FEAFLETLIEY > B F R AERE A BRI 5 DNA
PR RS BRYHREAEFIDFTA %f;'a Y,

l

> blde D R R A F LETAR R Y > i E e R ¥ op Rkd &

e+ L% & a0 R E - P AL ? 4] 14 (single nucleotide
polymorphism; SNP)p¥ » ® 7 $8 & & & vt B 4+
B HEYREERILSITTT o

LipfAiRT > Sanger™ 2 A % E B & if iDNAR 7| A 47
P o B ATH B e B L T (pyrosequencing) HoE o R AL
B EoiE LB p ez, DNAR 7] 4 45 3 ji o

50
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» Pyrosequencing # it _DNA & 7| eh=x £ & 7K H v (next
generation sequencing technology) » ¥ 4-¥&3| ¢ £ £ & ¢
DNAZ 7| # 5-i& 7 B i £ ~ B #Fi /& (99%H #2)fr & 4%
e AT PR

>H RIE 7 i kiSanger o GAlr AfEd CFE B2 el
kPl T EDNAE S pF > AR Y € & 2 hE ik A B (PPI)2 4
M g m B-PPifE 4 = ATP » ATPE 7% ¥ ;Lsﬁi?(luciferase)*;:
a1 4 4 4 5k (bioluminescence) - %z ! m& k5 B oL kiR
(Iuminometer) iplts o #F IIDNAR 7 o

V=g 1 -’%DNA:&%}% P AT EREF T A DNA“
;kﬂ,g Bk (Flt m ¥ kA F e dF ok Bl ERE)
79634 4 @ﬁﬁlﬁﬁ%’ Yﬂﬁ“u FpFiE T 7 AR 7 A 47 o

P TSR R A PE S AA-0RRHR
APl 2t o 3L FEEI T RO AL R

>
-—Pl,("o

51

Pyrosequencingtitreiizk & 4 28 2 fi AT

1 - BHEMDTRIFrHEDNABK R E > R iR E
(# 3:DNA polymerase ~ ATP sulfurylase Luuferaseli Apyrase)
fe® F R & (¢ 4 Adenosine-5-phosphosulfate (APS) 4
Luciferin) -

2. ek e Arr — JAANTP » £ v & 4% i feDNABCF c7™ — Bk AL
fedt o Bl ¢ &DNA F L fFcnie® T o ke 5|51 3 135y b pE R
- B A F eh &g (PPI) o

3. L ATPAEfk (* s chi®* & » 4 & chPPIv r‘zﬂfrAPS‘* £ 2353 ATP ;
f i ks enilit T o 4%\mATF”\?'/ﬂfrw kF LA 5 (L
k%> FFAAT LKL iFCCDEE & ¢Li1'7—1§§14— AR h
WR[E o B g MR fodp TR ke Ao 1t e

4. F Jk8 % ¢ FlaedNTPAes § «ns £ ATP e Apyrase Crd= ik
fa BEpAfafa)eni® s T g 4 "E R o

5.4 » ¥ — fEANTP » & R (7 % 2~4%5 B F i > 129508 7 o ]
T P FDNAR FIRL L

52
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Pyrosequencing enzyme reactions

o= P\:O Tcmplatc strand H,0
O %
Growing strand” dxTP ‘ dXMP + 2P
0y A H H
P A (DNA)+1 + PP
™o 0 DNA polymerase
o \P[W
N
o \pfl/ Adenosine-5-phosphosulfate
N
N A
(o H,0
? ? ° ATP MP +2P
[l I HH ‘ ' . AMP+2
—po— pﬁfo' H H \‘\ Luciferin Apyrase
| | OH H ™
oo
Pyrophosphate Oxyluciferin 4/
) ) Light
Phosphodiester bond formation and release of
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.

A . . .
Template strand DNA sequence determination by pyrosequencing
TATCCTCAGATTCGGGGGC
ATAGC
Primer
Round Deoxynucleotide* Signal Round Deoxynucleotide* Signal
1 dTTP - 9 dTTP +
2 dATPuS + 10 dATPoS ++
& dCTP 11 dCTP
4 dGTP + 12 dGTP +
5 dTTP + 13 dTTP -
6 dATPuS - 14 dATPoS -
7 dCTP + 15 dCTP b
8 dGTP = 16 dGTP +

*“Apyrase is added after each round.

S5-mer {
4-mer I
L

: ng!]t 3-mer
intensity {

2-mer

R e
{} 7777777 ‘ 77777777777777 | 77777777 }
A G T € T AA G CCCCC G
L ekpe 5 % (1:52): 54
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http://www.youtube.com/watch?v=nFfgWGFe0aA

2k ¥ 7 B % % (site-directed mutagenesis) it

T R ER %A £+ 45 RMichael
Smithz p? > s 22 PCR’;* P+ Kary
Mullis #1993 % % F EF#% L #
[ -3

M3 +strand (M13 %)

target gene ]

GGC
M A/."/[%.};CCC U‘M

3 OH

Oligonucleotide  Mismatched nucleotide

2% qa A < R T B
T Zél"] é@? —‘»—E’ B );?'i—g\‘ﬁq—g%' [Klenow fragment] (DNA polymerase)
)'g,) 4 o ]’}_7\1 § % %/é Z_ ’rﬁl ) ? % dNTPs Synthesized
"T _ R . /sh’and
theng 2 & Jpgd gk
FE0 2 RANRE BB + |
R om L HBYE A P T A x e T
R /AACCG
AR M) 28R
4, 2% ii_%‘ A ﬁ—é—‘flj,} A f\‘ fu lT4DNAIigase
Fo 4 L N L Transform E. coli
TRERELES RitE |
feo wizie- BATY ﬁ»*éfﬁ
E ,‘i E\‘ ;{—é_}_ _h—» rf’!; % s E, ryp r;g lProduceMlSplaques
BN E
T AG R 2> L4 ] S
B AL CF iR o
ATTGGC ] [ CTTGGC ]
\M13+st1'and/
it 2 fis (Tyrosine)
TAC ATG (o) Anneal
mutagenic
primers

ATG TAGC
(a) Denature

¥ o
(Phenylalanine)

1T¢c
AR
n + n

Transforms Does not
transform

»-
>
00

Figure 5.25 PCR-based site-directed mutagenesis. Begin witha
plasmid containing a gene with a TAC tyrosine cedon 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 plasmld was isolated
from

sequences, The methyl groups are indicated in yellow. (a) Heat the
plasmid to separate 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.

L<@QO

&

(c) PCR (few
rounds with
Pfu polymerase)

TTC
AAG
N

>+

»-
1
j20e)

The altered base in each primer is indicated in red. (¢) Perform a few
rounds of PCR (about gight) with the mutagemc prlmers to amplify the
plasmid with its altered codon. Use a

, such as Pfy polymerase, to minimize -nlstakes in copying
the piasmnd (d) Treat the DNA in the PCR reaction with Donl to digest

il |A. Because the PCR product was made

in vitro, |( is not memylated and is not cut. Finally, transform E. coli
cells with the treated DNA. In principle, only the mutated DNA survives
to transform. Check this by sequencing the plasmid DNA from several
clones.
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FISH (Fluorescent In Situ Hybridization)

2 )F Jis(DNA hybridization)

i+ & %22 DNA 4
;ﬁd hybridization & #2 »
G4 R %A )& DNA

\ Denatumlon Hybridization

\_ 75°0) I I (on slides)
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tibodies anti-Dig (or Avidin)

Gene Fixed Cells =3 ‘_. ®
T fonsigs s
‘ DNAase »
\  (randomcut) | >
\
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D|gduTP (or Biotin-dUTP) Denaturation
%( - dCTP + dATP + dGTP (Formamid 42°C)
NICK I
REREEEERREEERERERERRS
TRANSLATION | E E
Lol

A

Southern blot #+ % : (1:17)

Northern blot #- % : (1:35)

@ '?" linked with a fluorophor
EpifiuorescentMicroscopy
> The gene is located
3 & & BLi (Southern blot)
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https://www.youtube.com/watch?v=TOKhHy7rU18
http://www.youtube.com/watch?v=KfHZFyADnNg&feature=related

& * & Bk (Western blot)

(a) ELECTROTRANSFER {b) ANTIBODY DETECTION

Incubate with
Ab, (Y} and then wash excess Ab,

Electric
current

Incubate with enzyme-linked

SDS-polyacrylarmid I
polyacrylamidegs Ab, (Y) and then wash excess Ab,,

Porous

membrane S 3
sheet and then activate color reaction
HeLa Cell Lysate DEVELOPMENT
SDS-PAGE Western Blot

»
®

Add
substrate

[T -

Chemiluminescent Detection of COK?7
BioRad Bulletin 2032

Western blot , Southern blot , Northern blot , South western Blot - % (2:18) :
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https://www.youtube.com/watch?v=Pt_NaNExry8

