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~The Nobel Prize in
Chemistry 1993

Kary B. Mullis Michael Smith
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What is DNA (deoxyribonucleic acid)
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DNA replication
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PCR-Polymerase chain reaction
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@) Denaturation at 94-96°C
° Annealing at ~68°C
€) Elongationatca. 72°C ’ polymerase



— wanted gene

Ist cycle I P 35th cycle
template DNA —
4 copies 8copies 16 copies 32 copies 2 =68 billion copics
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PCR

(Cytoplasm) sk

(Plasma membrane) e
BE ‘
cC G Il U
IS Taq polymerase  Mix Buffer

DNA Sample Primers Nucleotides

Denaturation
@95’ C

\'; Annealing
. @50-60° C

Extension @ 72° C
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Mixture of
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Real time PCR

PCR * rt-PCR

PCR + Spectrofluorometry

2000 1

== NTC
1500 4 -1
Filters = :go
Spectrum 1,000
(nm) 2 1000- w= 10,000
Emission = . :%0630500
Spectra —~ — 1000,
f"‘—‘ -.____' -___; 500 A
Pure Dyes ~520 nm ~550 nm ~-610 nm
* FAM * JOE * ROX

* SYBR Green  VIC

45 20 25 30 35 403
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Fan B = {EH4%4PCR Real-time PCR
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Threshold
of detection

il ========
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1.000 E-3

fluorescent
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PCR cycles— Low Ct High Ct
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Quantitative PCR-gPCR
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DNA binding dye-SYBR Green

j_ _i. _i_ i. = Step 1: Reaction setup

The SYBR® Green | dye
fluoresces when bound to
double-stranded DNA.

@ O Step 2: Denaturation

] ° When the DNA is denatured,
the SYBR® Green | dye is
released and the fluorescence
is drastically reduced.

—_i—""f o Step 3: Polymerization
~ S During extension, pnmers

anneal and PCR product
® f_f is generated.

SYBR® Green | dye binds to the
double-stranded product,
resulting in a net increase in
flucrescence detected by the
instrument.

—E Step 4: Polymerization completed
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DNA binding dye-SYBR Green

o BEL: AERRING Rprobe - FIARBE - BRI -

o fREL: primer dimer KIFE—MHPCREM & ENR
A fmultiplex PCR
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Fluorescent probe-TagMan

RN | R = Reporter il —
Polymerization Q = Quencher
Forward
Primer Q Probe 9
E.E 3‘
3 &'
3
£ —
Reverse
Primer
Strand Displacement ?
E'E 3
3 5
5 3
o —
Cleavage
5’ m— b 3
> 5
3
o —
Polymerization
Completed 9
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Fluorescent probe-TagMan

o BEL : E—M&E - oJffiMultiplex PCR - &8 E
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B U 5% 1% B AR R A2

BB 100g 10g & 1 g im Ak G BREE R
900 mL ~ 90 mL & 9mL(=&3§) - (1)

Btk 10mL fw AR A ta @A e &0

135”(: s 3k 18~24 /B *

90 mL
|35 + sp4 18~24 g >
[ %% VRBG RESAssEE |
[35°C * 5% 18~24 /e 1

MREDV2ETRAL AN
TSA &%

l 35C > 3% 18~24 /]Bf * il
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Important factors in real-time PCR

EE. E Tannic acid

%olysaccharides  £DTA

Additives
and
inhibitors

DNA Primer &
polymerase probe
choice design

Composition
of DNA
template

components
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26.1.1. EH#&F#E
Bt A BB EFE TR ImL - RERSHYH L 15000
g3 gd R LFR  SBRBRSARERLET
AKimL REREGHEY > EANBIRES PEH 10 445
RfsoE  EAKE DNA Bk » EM-20C A %157 ¢
26.1.2. #H DNA %
HABANEHRLEHaE DNA R854 ki
BAERASERAR DNA- R DNAZRKEZCHREAX
1.5mL & .o » 15 k58 DNA Bk - EWN-20C 4 RIEF -
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Absorbance

1.8 -
1.4 5
1.2 -
1.0 -
0.8 -

0.4 -
0.2 -

DNA{&#&

2.6.3. DNA R & B TR & #|Ei
il ¥ 2 i DNA Bk AR @& 8T Rl § a8z i
#2710 2 260 nm & 280 nm = % # {4(0.D.)e 24 & 260 nm
% K4 & 50 ng/ul R # FE1E 800 Bp & 2 88 DNA & R & -DNA
B R B BA O.D.ag/O.Duagy Fo fl 15 F) BT » HL L7 1.7

Protein

Purity Ratios:
« 260/280= 1.7-2.0
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5|F R ETERE

2321, &R HEA 5| FRIEE

23211 BRUGHpAT RAEA KRR KR - MMS operon)

3] F F : 5-GGG ATA TTG TCC CCT GAA ACA G -3

3] F R :5-CGA GAATAAGCCGCGCATT-%

e P

5'«(FAM)- AGA GTA GTA GTT GTA GAG GCC GTG

CTT CCG AAA G -(BHQI1)-3
PCR 3 1 & 4 K -|» 78 bp

BRI

B R

#Hquencher

pbcylINFQITAMRA
SN~ SBITT/Dabeyl/NFQITAMRA
Yakima Yellow 526 nm 548 nm BHQ-1/Dabeyl/NFQITAMRA
HEX 535 nm 553 nm BHQ-1/Dabcyl/NFQTAMRA
Cy3 547 nm 563 nm BEHQ-2/Dabcyl/NFQ
TAMRA 555 nm 576 nm EHQ-2/Dabcyl/NFQ
ROX 575 nm 602 nm BHQ-2/NFQ
Texas Red 595 nm 615 nm BHQ-2/NFQ
Cyb 646 nm 662 nm BHQ-2/BHQ-3/NFQ
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5|F R ETERE

] A 4 | gk B 5 g A K] ¢

: : -
Fiby b Sl I

71 FF : 5-ACTCAACACAAGAAGAGATCGACAA-3'
5] FR ! 5-GATGAGCGGTTGATGTCCAA-3' S s

B-FAM 494 nm 520 nm BHQ-1/Dabcyl/NFRITAMRA
. 1 ..[T 1 520 nm 548 nm BHQ—‘I!DabcyI.fNFW
ﬁ i-l- P * 5 '(FﬁM)'CGCTC GCG CACGMCCGT—(TAMRA}-3 Yakima Yellow 526 nm 548 nm BHQ-1/DabcylNFQITAMRA
- i HEX 535 nm 553 nm BHQ-1/DabcylNFQTAMRA
PCR:E? rpﬁ' .&. 5&3 k d I‘ZD 7 hll' cy3 547 nm 563 nm BHQ-2/DabeylINFQ
TAMRA 555 nm 576 nm BHQ-2/DabcyliNFQ
E ﬁ ﬂ 4@ ﬂﬁ ﬁ JE3| ( fri“. &9 ﬁ A : tdh) ROX 575 nm 602 nm BHQ-2INFQ
Texas Red 595 nm 615 nm BHQ-2/NFQ
91 FF : 5-AAACATCTGCTTTTGAGCTTCCA-3' o 646 nm 662 nm BHQ-2/BHQ-3INFQ

7l FR : 5-CTCGAACAACAAACAATATCTCATCAG-3
= 4P S'-(FAM)-TGTCCCTTTTCCTGCCCCCGG-(TAMRA)-3'

| ] Effective absorbance range

PCRXS & &£ 30 K -]~74 bp BHQ-1 480-580 nm, Max= 534 nm
BHQ-2 550-650 nm, Max= 579 nm

% i%’ﬁ‘ﬁ ﬁﬂ%ﬁ{ﬁ%-’&@ : nﬂh] BHQ-3 620-730 nm, Max= 680 nm

5] FF : 5“TTGGCTTCGATATTTTCAGTATCT-3' i LR ®
NEQ 390-625 nm, Max= 522 nm

7] FR : S-ACGATTGCGTTAACTGGTGAT-3' (amra ) Ex= 555 nm, Em= 576 nm

£ 4P ! 5<(FAM)-CATTCGCGATTGACCTACCATCCA-(TAMRA)-3'

PCR 3% & & 45 X~ 139 bp
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B s 55 45 B sz e 1%

2.5. Real-time PCR 3" "

Applied Biosystems 7500 Real-Time PCR System 4& %] 3% %

SN S B i R e G L

SpM 5]+ R.. 2Rl

5 uM 4E 4t 15uL &2 513 2 34 Fritis

TagMan® Fasl Reagents Starler Klt .. 125 ul ;g B’:]j\ '%g? é\ﬁ‘% 6’\ Clﬁ?ﬁ

iz DNA 153{ 5.0 pL GBEY T ESTELEY o
2711, MR“ AT A R B BB A1

& 5 g B Fa
1. #F1k 95°C 20 sec
2. mAr M 95°C 15 sec
3. FhaE -2 R 52°¢ 40 sec
FERR2ESER3I g0 EBERE -
C(/‘\i/ gfﬁg ;JIE%}
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2.5. Real-time PCR% i ™
Applied Biosystems 7500 Real-Time PCR System4g %] X8 R 2.7-1.1. 85 K90 6 i £ 45 5] X B (1h) R & f& 1+

g BE(PC) B Fd (sec)
ST L B =) [ SN ENPNE, J { | 1 5 s = =
ST, o 2 SO | JT1 B o o :
11 E 2 RSO3 . 1 1] [ 320 - A (59 45)
TagMan® Fast Reagents Starter Kit.........c............12.5 uL FER2E FER3  HBTA0EBERRE -
WRDNAR S eSO pl
RE BN asmssasssis B 2.7.1.2. B X 30 8o X B (tdh) & B  f+
D T L. X 1\ i 22D ki ol
1. #E AL 95 20
& A2 313 2 ¥ES o IS 2. mAEHE 95 5
IDEF -3 EF 22 }\Wguﬁg 3864 - R | 60 25 |
ER A EKBBEN-20CE SRE S ATIOBEERE
FHY o TR FTEEE T o
2.7.1.3. B ¥ 303 5% A B (rh) R 5 4%
& B B E(°C) 8% B (sec)
1. #3514k 95 20
Tlh (thermolabile hemolysin) # @£ 4% » % 2. At 95 5
Tdh (thermostable direct hemolysin) %t |43 w % 3. Bk LR 54 30 |

H NI N ’ ’ é:%‘ T fE =
Trh (TDH related hemolysin)#g @ £t 4% - 2 o e

Q\/Q w O£ B A P
3 = 0 =
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bR % B% i 2 E Real-time PCR R E4S

Amplification Plot

'10 TN I W RN W RS W S
_;;—
1 //
o
/
MMS PC
y f;//
/ A ...
0.01 . i d
& s"‘\vf %\ /\/\/// 1
0.001{ | ' /
/ NC
0.0001
PR oot I\
0.00001
0.000001

mmmmmmmmmmmmmmmmmmmmmmmmm

0.0001

Leaged
{-AT g lc Mo M Hr B EH

1111111111111111111111111

Legend
[-A e M- Mo MeE HF Hc EH

A4 TREEL AEHNE FRES ralime PR Z S RREREE DEBRENEN |, . 4 = 5 &

ﬁuuﬁ%%ﬁ%
L N g FDA Taiwan Food and Drug Administration

29




ARR

i% S M E Real-time PCRZFE4S

Amplification Plot

Amplification Plot

2
Cycle

EsfiEsewlEa N )

Amplification Plot

7
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& V.
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\ i
s 0.01 1/} 7 E
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I '
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f
4 |
/ |
0001 : -
2 4 L] a 10 12 14 18 18 o 3 u x5 2
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f% ¢ sl E Multiplex PCRZ &% 4

2.3.2.1.1. B 90 i A8 48 %] Sk B (42 69 3L B © thermolabile hemolysin, #7h) 2.5.6. Multiplex PCR i ™
] F+F : L-TL, 5'-AAAGCGGATTATGCAGAAGCACTG-3' 1045415 mM {14 2 PCRE#18 &........ 5.0 pL
2| ¥R ! R-TL, $~GCTACTTTCTAGCATTTTCTCTGC-3' Tag DNA polymerase (2 U/uL)..................... 1.0 uLL
PCR3¥ 3 & 4 A /1»450 bp 2.5 MNEANTR covsmususasasnsassimiiis 8.0 uL
23212 B ¥ 3 i Hs A B " 10 UM 3] F L-TLoooooeeoeeeeeeeeen. 1.25 L
232121 4% & E * thermostable direct hemolysin (fd) ~ 10 UM 3] F R-TL.eeeoeoeeeeeeeeeesereseeeereen 1.25 uL
3| %F : VPTDH-L, 5-GTAAAGGTCTCTGACTTTTGGAC-3' = 10 pM F|-F VPTDH-L...ooooiiiiiniianieis 1.25 pL
3] R : VPTDH.R. 5-TGGAATAGAACCTTCATCTTCACC.3' ~ 10 pM 3] F VPTDH-R.......ccoccomsrrrrrrerrrrens 1.25 pL
PCR# #5 & # X /1270 bp - 10M 5] VPERHEL s 125 il
232122 # 693 B : thermostable related hemolysin (177) pl kR L2 L.
3| FF : VPTRELL, 5-TTGGCTTCGATATTITCAGTATCTS R DNA Moo 1.0 L
i8R RIS A ADA AR CATA TG AT IERELS RAEEBETF A . 275 L
PCRH 18 2 1 4 41500 bp MR oo coooncounmesssssmsess s 50.0 uL
2.7.2. Multiplex PCR f& #
PZ g B i
1. a8 94°C 35 min
2. 8H4 94°C 1 min
3. 348 60°C 1 min
4. % B 72°6 2 min
FH2E FHA R RITISBMBBRA -
5. B e 72°C 3 min Q) o &£ B R B
N C/’ DA Ewaﬁoo%nﬂg%mﬁmﬁ
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Real-time PCR

qPCR

Instruments
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Trouble Shooting
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0.01 7

0.001
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Amplification Plot

Master mix A
Master mix B

A Rn

16 18 20 22 24 26 28 30 32 34 36 38 40

Cycle Number

“ & B KM T
& | ERZENERERZE
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PCR inhibitors:

Hemoglobin, Urea, Heparin
Jrganic or phenolic compounds
Glycogen, Fats, Caf+
Tissue matrix effects
Laboratory items, powder, etc.

g

Gene 32 protein, Perfect Match, Tag Extender,

PCR enhancers:

DOMS0, Glycerol, BsA
Formamide, PEG, TMANC, TWMAC etc.
Special commercial enhancers:

E.Coli 55 DMA Binding

7

real-time PCR

efficiency
DNA S i DNA
degradation concentration
Tissue & PCR reaction
degradation components
unspecific Hardware:
PCR products PCR platform & cups
Lab management DNA dyes Cycle conditions

o B % & A -
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