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Restriction-modification systems allow the
bacterium to distinguish self from non-self DNA

Restriction: bacterial endonucleases
cleave both strands of foreign DNA at
specific recognition sites

Modification: bacteria protect their own
DNA by adding a methyl group to the
recognition sites in their own DNA
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» Werner Arber, Hamilton Smith and Daniel
Nathans shared the 1978 Nobel prize for
Medicine and Physiology for their discovery
of restriction enzymes

Werner Arber Daniel Nathans Hamilton Smith

Werner Arber - discovered restriction enzymes

Daniel Nathans - pioneered the application of restriction for the
construction of genetic maps

Hamilton Smith - showed that restriction enzyme cuts DNA in the
middle of a specific sequence

www.bioalgorithms.info
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» the type of bacteria in which the enzyme is found
» the order in which the restriction enzyme was

identified and isolated.

EcoRI for example

R strain of E.coli bacteria * Escherichia coli Rl & %
| as it is was the first E. coli restriction enzyme to be
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discovered.
Table 13.1 Types of restriction endonucleases and their target sequences
Name of restriction systems Target sequence Type of DNA end
. | Bam HI (Bacillus amyloliquifaciens) GLGATCC 5 sticky end
2 | EcoRl (Escherichia coli) GLAATTC 5’ sticky end
3. | Hae Il (Haemophilus aegyticus) GGlGC Blunt ¢nd
4. | Sma I (Serratic marcescence) CCCLGGG Blunt end
5. | Pst I (Providentia stuartii) CTGCALG 3" sticky end
6. | Hind 111 (Haemophilus influenzae) ALAGCTT 5" sticky end
7. | Alu | (Arthrobacter luteus) AIGCT 5’ sticky end

Garima G
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Type |- multi-subunit, both endonuclease and methylase activities, cleave at
random up to 1000 bp from recognition sequence

Type lI- single subunit (most), cleave DNA within recognition sequence

Type llI- multi-subunit, endonuclease and methylase about 25 bp from
recognition sequence

Cleavage site Location of  methylase Examples Z¥DNAFE 7| a3 27 3R
Type | Random Endonuclease and EcoK | [ad S BRI S AR R |
Around 1000bp away from | methylase located on a EcoA | % = 3] -
iti - single protein molecule . o
recognition site glep CfrA | 517 2 2040 B 7 87 25 1) 2R 1= 4P

B % 51000 bprt b ;

Type Specific Endonuclease and EcoR | ; B
A L FET A H R R 5
Within the recognition site | methylase are separate BamH | > “—"L L i M r};] J,
entities Hind 11 Py R Er ke o AT AR o
B L «mj m:r}; ﬁf;r‘#f;f,;;'ﬂ >4 #7,
ks 3w b oo F H
Type llI Random Endonuclease and EcoP | i +ER €F AR
24-26 bp away from methylase located on a Hinf 111 ORI G4~ BB A
recognition site Slngle protein molecule EcoP15 | r}; I“ J ﬁ tr J’-'J 2R st L_F'uff'):}f- ]IJ

T A B AR A o

Type Il REs are widely used in molecular biology:
enzymes cleave, but do not modify, their specific recognition sites
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(1) the blunt ends-Hae Il g% = 53 @lunt end) -

Haelll is a restriction enzyme that searches the DNA molecule until it finds
this sequence of four nitrogen bases.

Onche the recognition site was found Haelll could go to work cutting (cleaving)
the DNA

These cuts produce what scientists call“blunt ends”

5’ TGACGGGTTCGAGGCCAG 3’
3’ ACTGCCCAAGGTCCGGTC 5’ \




(2) the sticky ends-EcoRl

5 (G AA T T C a—— 37 EcoRlI recognition site |
, , palindrome with an axis of
3 C— C T IﬁAG_ 5 Symmetry
§
5/ e GAATT' C e 37 EcoRI dimer binds sequence
37 C_T_TT A A:G 57 and catalyzes double-strand
% cleavage
Products have “stick

S o (5 AAT T o 37 @nds”: unpaired

3 CTTRA " G 5+ hydrogen bonds

nitrogen base
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> 3 T A H agaroseis f2 3 TAESE e i (B e i b 83142 .
1 pH % 1~ 32 2DNA fv RNA e1% j7) » /4 risagarose ¢ 1 & 4 - © ©
ARG 0 W F AT A 7+ ] 2 Rl A 50-20,000 bp 2. B 5 DNA
B o
Agarose (galacto
> O ETHRETRF LT ADNALS F e F AR B EE R RS
Ll mE AT AL = gk ® foea Ep Ak o
Pago /3 g BE g TRERRF SEADER % Agarose Sizeoflﬂnear
bo—dk@ 7 X EEPNDNAY B ) BB 8 EEd i log ) 0.3 5.0 - 60.
W ER SR SAPH 0 FI L EE - B R ER 0 T
sep 4DNA R £ A B o 51400.8% (W)L & i & A 420.5~10 Kb 0.6
FADNA o * ¢ merDNA S B % 7}311..?,3 S I D E I #\ft"—v\ e 0.7
DNA#* & = ] o 0.9
BT A VR DNAGH R e 2 B > HRNAG 4 ¢ i = 1.2
M A S B % aband Bk 7 ';—,? ﬂ’* R g7 2 #7 & 2 DNA 15
RE O VRGBT HRHLE D '
2.0



http://upload.wikimedia.org/wikipedia/commons/b/ba/Agarose.svg
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O Circular form

Linear form

<—><_> Coiled form

Supercoiled
form

—O—O%BRAMANRTEZRE B FERFE
QFINAERERARAGTHLEDNAR BATABRANZ kHikF ?
(A) #DNAK £ b #5588 @ 7 o 5 b o

(B) # #uDNA K £ t4 &

(C) 5% DNAK & &4 55l 2 8

(D) #%DNAR £ b 89 BBz ho st F 4L

(E) #%DNAR & 454
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25z 012 '-’ﬁl EZ Vision® DNA Dye

2 ES |:| |:| Eit ,=| J EZ-Vision® is a non-toxic, non-mutagenic DNA visualization dye that
eliminates hazardous ethidium bromide use in DNA gels and running
buffer.

=3 e n B «Fluorescent DNA dye supplied in convenient 6X loading buff
TR e ’T@l PE m%‘&%ﬁ DNA » Non-mutagenic and non-toxic alternative for ethidium brom
5 « Visualize DNA instantly with a standard UV transilluminator

'iﬁ }’{( agarose ) » Requires no post-electrophoresis staining or destaining

*Ethidium bromide ( EtBr ; 10 mg/ml)

*Restriction enzymes : Bgl |, Hind Il DNA loading dye (6x) S{&

*Restriction enzymes reaction buffer (10 x)
purified BSA 1mg/ml (100x)
*DNA ladder (50ng/ml)

» 0.25% bromophenol blue
» 0.25% xylene cyanol FF

*DNA loading dye (6x) » 30%4 @3 rroke

& Fk ethidium bromide

‘TAE buffer (1M Tris, 15mM EDTA, 125mM | jar 2z ( o5y ) 206750

sodium acetate, pH=7.8) #-121g Tris base, 10.25¢g sodium
«iff A (parafilm) acetate 2 18.6g EDTA/Z *+750ml Z
AR AR S Aok o R KEEEDAFIPH=7.8

su-k 2 FEREA 2 1000ml -

13

*RNase (10 mg/mil)

ethidium bromide use in DNA gels and running buffer.
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Ji Created with SnapGene®

(6019) Aarl - Bfual - BspMI Ball - Sfil (8)
. AccH5L (14)
(5995 ., 6017) Rvprimer3 Kpnl (18)
(5846) BsmBI EcoS3kl (23)
(5833) Spel Sacl (25)
Mhel (z7)
Brtl {31)
Bglll (85)
(5514} BstZ17I Bgll - Sfil (98)
(5398) Sacll — HindIII {104}
(53743 Pwul e e Mrel - Sgral (243)

(5360) Bsu3al BsrGI (670)

BbvCI (891)

Kasl {1127}
Marl {112&)
Sfol (1129)
PIUTT {1131}

BlpI (1134}

{49291 BstEIL
(49261 BSt¥] - Pstl
(4902) Motl

Dralll (1326}

pGL4.32[luc2P /NF-KB-RE/Hygro]

(4438) AlwMI 6048 bp Bpml {1560)

EcoRI (1829}

Fsel (1984)

(4396) Apall

(4285) Bcivl

{4082) Pcil

Psil (z105)

(3883 ., 3902) RWprimer4 Mfal (2134)

(3832) Sall

(38138) BstBI
(3742) Pmel
{37171 BssHII

BamHI {zzz7)

Stul (2e60)
Ayrll {2661)
nmnl (2744)

Bsaal (2592)




10x EcoRI buffer 2 ul
Double distilled water (DDW) 7 ul

——Lll: VAN

B B 25 B8 20U/pl EcoRl 1 pl
DNA (fRHILEFRED) 10 pl

(—) FRHIEELIZIDNAE R =R 20t

MARTJEIFIDNA(I0.5~1 pg) - EALSMIBELED -
tEEIDNAFTRRFIBHNE(SERERENEEER) - —(ERFIEEEMN
(L unit) EHRABESO pIH R EEED - fEF607#E - alt])El1ug DNA -
HUEEN R ERERE - HHEE/R5% (W) - WEtEBMAZ /D 10xEER
 FENERESYIHNRLREED X - BERNERESZMEIRENZRE(
€4 SEBREZEER) -

JIANEENZEBE/KEIRENRIERE - WXERREREFSHPLOERE
R2 ---[RHIfET)ZIDNAE &)

ERE DS B O ST - DUR/DEE /D ERIEMIME -

& R AIT CHGATE (REZA)ER20 8- 1N - (TR —/ )\ S5
A - BINEFETEBHEE )

W
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» 25X TAES ke * Z 4G KA1 = 1X TAE %J—B"O 375g agarose;z *+25ml1lx TAE % % ¥ (%
w = 1.5%¢53] 7} ) PR gt BB E S A IASC A HE B AR o R
[75mm > F = %4E ~ $245 (comb) o (l,%ﬁé’u,» A S T AXRG AT TESEAEAELTE - R o
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(:) H}al % 5/7-.'(
s BER R FEY T B O T o B E > IXTAES i R EEAY O E TP R ze
« T T — B A BB 2ulDNA loading dye (6x)¥THEA L o F ek B10plig r g pE i ek
R B R S A B A (well)? o L 22DNA loading dye # 4+ ¢DNA ladder (DNA
Wik Yoo s DNATR &~ o 2 SETHERE o
'@2 RIEER > HB MBI “ON”> & 27 BR100volt > %4> % 3 f &AL &AH - (DNAS

o

N

LT iR R A 9234 45 0 E Flbromophenol blue % A # T BRI R I8 LE D A

—_—

©
» BB R 3T OFF” ; #’."f TR e
o F P T4 B D > 1% ethidium bromides % > PR ALY (FPRREPRALALE
LRVE DI j’al’g?P‘HB G SLEN R JRE o BRECETEE o TR ?%%TEL?_: SRR X M

No.1T No.2 No.3
M : + i N . + PC M: DNA ladder

00O O OO O O - | KA PR BE T %

+: BRMRFIEE )R M
PC: positive control
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10x EcoRI buffer

= O HR 4= 38 = e
E'%EE *ﬁ - *I:I :T:t Double distilled water (DD
20U/l EcoRl

A e e DNA (7R¥ 7R R0)
» BT THEERBEN - .
EEIJB
No.1 No.2

> FEMME  PFRAINMRIEEERGADR - 2

#5 SRR 7N A BHDNAL)SERY K/

i

=+ . EEI00
> ll\n% o Eg/ﬂ<

> BUER - BRRPERENERN - RO mMNERRER - REZNT
B RNGERBRBiE: - JUBCEERNENANR...F -

> SIFRER : FF3IMEINTMER (480 - B - SR -
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R Eprig 48 F B (Polymerase Chain Reaction, pcr)

p e
AFHROP LR EY EREPCRIOA RN RILE FFivHjir dom p ek~ ¢ 3 BDNA > £ %

A

R

PCRAR

F & praa 4y & & ( Polymerase Chain Reaction, PCR ) #_% R Cetus= & K. B. Mullis*+1984 & #13¢  chi— fd 124

DNA s i o pb 3 jiri-— ij\#fr Z_iDNA » ¥2DNA polymerase iT* > A e S denaturation —annealing — e

z; F s & A5 2naig 3 & ¥4 > i R A 2 5 picogram ( pg, 101%g )mDNA » M3 3 4 1 microgram (ug,
EORER Uy e #;}i;}i Bt 2 35% FIE R g & 0 FetMullis > 1993 & g2 b i & fE o

PCRe R IZ » W& 41 * DNAK & F & (DNA polymerization) > £ 48 # i FDNAE = o 2 & ¢ 357 7 = 71%7“53? :

1. DNA#-4= 2 % 1+ (DNA template denaturation)

FI* B3R (- 5594 ~95°C) i¢ FEDNA% 2 » 7 F = 5 % DNA -
2.51 % mJﬁi & (primers annealing)

R R (- 25950~60°C) i€ £ 5 ¥DNAWHE & 7] 3 AT m&l+ g DNAfs_Jf);Jﬁi & o W pFH M DNAS ¥ it £ R
5l 3 ﬁ?j}é}if&ﬁDNAﬁ:’EI;m}a)ﬁ » A7 H X DNAR B %2 W E A L o
3.51 % g5 ©@ (primers extension)

BB RN B IDNAREEFF B § E (- RET72C) B E 3l 3 SR> kypDNAR A B3| > 2748 0 §
AL EDNA S B o

PCRF 7 #TE 47 Z BH I AF TS el M4 FFHRFAHRDOFHRIEMNL (50
1TDNASTI R » SRR RAHA 45 - FELE 2| F 4 F J‘/;%:ﬁ% G



The Nobel Prize in Chemistry 1993

Kary B. Mullis: for his
invention of the
polymerase chain
reaction (PCR)
method.

Michael Smith: for
his fundamental
contributions to the
establishment of
oligonucleotide-
based, site-directed
S — mutagenesis and its

Kary B. Mullis Michael Smith development for
protein studies.

Photo from the Nobel Foundation Photo from the Nobel Foundation

Prize share: 1/2 Prize share: 1/2
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) Denaturation a1 54-96°C
£} Annealing st -68°C

@ Elongation otca.72°C https://upload.wikimedia.org




HHREXA

REK A

DNA g & 75 %

PCRF 3% (0.2 ml)

Mg g (P20 ~ P200 pipetman » # = 220 pl ~ 200 pl)
& ¥ g § (15 ml)

v

Tag DNA polymerase

Tag polymerase buffer (10x)

dNTP ;2 £ ;% (% dNTP&k 2 5 2.5 mM)
& 4k
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1. =— 0.2 mlPCR RERE K F 7 A ThAREY % ik AN DNA &
BAERAM P o X & Taq polymerase £ 51k & A o BN NFTH RIEH
%o RAFHEEHRETELRSHY c THEEW 1.5ml 8. 4eE PCR
RERE > ENdE ol P o BREME PRES - 8 PCR R
X ET ENREBBARZ AT AT AKE oo

Template DNA 1 plo
dNTP mix (2.5 mM) 4 pl.
forward primer (10 pM) 4 pl (1 pl)e
reverse primer (10 pM) 4 pl (1 pl)e
Taq polymerase buffer (10 X) 5 ple
Taq polymerase 1 ple
dHO 31 pl (37 pl)e

total 50 !_I.LJ




2. AR BEMBBHRE )R A(B=)TF -

B — PCR % E /544
94°C
94°C
60°C
12C
12C
4C

5 min (3 min)«
30 sec«

30 sec » 25~ 30 cycles (20 cycles).

3 min J (1 min).
10 min (5 min)«

(o]

4.

B = PCR #2X3% %

AL 0 T START 4 > BPTs#4TRIE - RIEL F 2~3 /NBF o
RIEXE > BREELEITERDM o




Q-PCR |RIE

» B EERIBTEERE(pCr) BN -
> R AER - ZiEas A== S

520 25 56 2 FERR -
s AN TEENSN  MERBOET %5 T
> TLUEBARE D BRIPCREY) -

wit
Primer
TTTT RTHAOE AR R

Primer @eg*uﬁ 0 S A O T
I " romaro @ suss
1 e D 1 Bl Juoduind
Polymerase @& @ 0 L U e
i - OG -
| —
I 1 I Y O S S EmEi
= A A A WA
T Sl Ll Lal Jaf T8 “
-:Et;er:§|:’==‘ g

L) < g = Ry > ‘-.‘ Ll l ] | l l l |l i
1
|




Iyl

replication
(DNA -> DNA)

X FARNAZEf

transcription
(DNA -> RNA)
A Polymerase

WHNUHNH RNA
S

translation
(RNA -> Protein)|
osome

Pre-spliced, immature mRNA

s e [ e [ e [ e 5

|

s co [ e [ e D e I e

Addition of 5’ cap
Polyadenylation of 3’ end

| Removal of introns by splicing

5 Cap Poly A tail ¥
Spliced

O-0-0-0-0-0-0 Frrotein

https://zh.wikipedia.org

https://commons.wikim




{EERNA (mMRNA) 8%k S E % DNA (cDNA) BY itz

N N N

+ reverse transcriptase (fz 8 #EfE )
cDNA

Fragmentthe cONAand  ==3s.
L S —
sequence the DNA fragments =SS ==Z=

30

Mol Cell Proteomics. 2016 A



Q-PCR#ZBR

One-Step

RT-qPCR

Reverse

transcription & qPCR

Luna® Universal One-Step
RT-gPCR Kit (NEB #E3005)

Luna Universal Probe One-Step
RT-gPCR Kit (NEE #E3006)

Two-Step HHA .. BDHA )

RT-qPCR

Reverse
transcription

' LunaSeript™ RT Luna Universal
SuperMix Kit . gPCH Master Mix
(NEB #E3010) . (NEB #M3003)

| Luna Universal Probe
gPCR Master Mix
(NEB #M3004)

© Copyright 2021 New England Biolabs. All Rights Reserved




a. Bit-ERARIELERDONA TA1L s
ALEESE - WERE)BHEONAhE 4 |
118 - BRERDNARSE LUK penaturation
SHRSRE (BPRISC) - 1
RBAGCS RS - ALULME RS
s -

biEM - EEIBET  BREHA )
Es - AL E RS s e Zﬁﬁeiﬁ:g;é'f}b;‘
ARBRE (Tm ) EOEERE (R

24 TmAg5°C ) -

c. E/-£70-72°CHF - DNAR S
FEMEREN - SIMERMUSES ZIE {68
PI00EMBHERDE - MAEE | o
HEEPCRIPWIEIE IR/ - 5420 Release of Reporter
BEEHEERO CIEARENEM

TRMBEGS -

@ https://www.youtube.com/watch?v=wBrNbbA

IAEA

June 2020 Mis



https://www.youtube.com/watch?v=wBrNbbAIAFo

Q-PCR.

% &)

ESY)

Buffer : Providing a E
suitable chemical An enzyme that The building blocks
environment for opfimum polymerizes new DNA from which the DNA
activity and stability of strands; heat-resistant polymerase
the DNA polymerase Taq polymerase is synthesizes a new
Mgel2: Essential cofactor especially common DNA strand
. for DNA polymerase

two short DNA
sequences are
designed to bind 1o
the start and end of

the DNA 1arget

@ https://www.youtube.com/watch?

short DNA sequence
consist of a fluorophore
covalently attached to
the 5’-end and o
quencher at the 3"-end

DNA template that
contains the DNA
target! region fo

amplify



https://www.youtube.com/watch?v=wUDysO8bFbA

@
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TagMan Probe(#£t)8& SYBR Green(Zit)

» FEqg-PCR #BEIZ—E=ZEnF (AUl TagMan® #ZREf
SYBR® Greenzm} ) - FHRREHI PCR EYINIEE -

y PEZ B E AR S aa ) - BRSNSt
& -

» BiEMg-PCR ETERERIER S M8 BOMEERA
MEZ :

(1) SYBR Green #:itd

(2) TagMan Probe ###t




SYBR® Green | dye

(1) SYBR Green i

» BERERN . BTH
DNAE’\J%SZ/J\IHM%FE?F%E 1) Denaturation
MAS RS - R @ @ (iorscon matra)

i sTiT ¥ e

>  WolBUEREME SRR - 0 AR
2B (EtBr) 3L HY e 18
(Acridine Orange) - {HSYBR
GreenEESHREESHIE
o - 2) Primer annealing

» SYBR GreentbTagMan F F
ProbeEXE - ABYE > e6€
o] DR ERESEREIERE '
MW EFU R B
TagMan Probef &S
B ERENER -

» ZAM - BTagMan Probe 3) Extension

fth - HRERHT B R I N
- €] ) ) ¢




* A ‘'minor groove’-binding molecule specific to the minor
groove of double-stranded DNA

* Fluoresces at an increased intensity when bound

Minor Groove L{e



S LI 4 IV iEWIER § § § W N S 1Y
. / \1 LA Dl |

1) Denaturation Probe

> BEEKBRN  BERE .
BEEHESIHBENER (FAM) - —_ Mraeral @ § e
I B EEZE LR 3 Im MY = — (B2
Wl ( non-fluorescent
quencher ) ° 2) Primer annealing / Probe hybridization

b EERERT - RHREes Poyrerase @ hybridze g
S5 b R S —_

T T AN 2R R R = S5 5%

> BEAIBELE(SIEREMES A ‘
FIDNASERS - TiEIB5 RIFZIE 3) Extension €

74’37@’)’;?”%\%& ’ ?@ﬁﬁ%i%\ /1%_’?')1; °

> MEZBRGAE  ESELE
b EES THOEM - B &« ¢
SLAEIN - SR RMIRIE 2 ==
TEAR RS -




TagMan® Probe: TagMan® MGB/NFQ Probes

= Minor Groove Binder (MGB)
- Small molecule that fits snugly into minor groove of duplex DNA
- Stabilizes probe annealing

* Non-fluorescent Quencher (NFQ)

- “Dark” quencher acts as energy transfer acceptor that doesn’t emit a
detectable fluorescent signal

- MGB probe design uses a special algorithm in Primer Express®
Software

= Shorter probe length (13-25-mers)
(non-fluorescent quencher) NFQ

A
AGGCCTTGAGAGATAT MGB

Q ﬂ (minor groove binder)
rscc@aacagymar Life

ThermoFishGCTACACAGTCCGGAACTCTCTATAGCATCACAC

SCILENTIFILC

@ https://www.youtube.com/watch?v=0b


https://www.youtube.com/watch?v=ob3teCrpgxY

TaqMan® Probe SYBR® Green 1 Dye

@

Specificity =~ ° Highly specific * Less specific
® Probe Hybridization

Sensitivity ® Very High ® Very High
Flexibility ® Multiplex PCR ® No Probe is required
® SNP detection ® Screening tool

® +/- application

Optimization * Ready to use 20x primer/probe mix - * Need to optimize PCR program
no need to optimize * Need to check primer-dimer info

® Gold standard for MAQC ® Need to check PCR efficiency

®* PCR efficien ‘ 00% t10% " :




