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. IS EER S EHEKE ( Real-time
quantitative PCR, RT-PCR/Q-PCR/RT-QPCR)

Il
>.

. #i &= E & 53 (Reporter gene assay)

I1l. #ZiEZEE T8 (RNA interference, RNAI)




. BIISE =R S HgEHERE (Q-PCR)
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- REMBEHEKREPCR)

« Q-PCRIRIE

« Q-PCRZER

+ Q-PCRREEEY

« TagMan Probe(##t)& SYBR Green(Z:id})
- ERRVERR/ 2R

o {{oj#E B Q-PCREGFR

» Q-PCRFEHA



ROlBEHERE
(Polymerase Chain Reaction, PCR)
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) Denaturation a1 54-96°C

) Annealing st -68°C

© Elongation sten727C https://upload.wikimedia.org




The Nobel Prize in Chemistry 1993

Photo from the Nobel Foundation
archive.

Kary B. Mullis

Prize share: 1/2

Photo from the Nobel Foundation
archive.

Michael Smith

Prize share: 1/2

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
mutagenesis and its
development for protein
studies.
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replication }ﬁ ;;'55‘“\: R N Aﬂ% ﬁﬂi

(DNA -> DNA)

DNA Polymerase

Pre-spliced, immature mRNA
DOV A o e [ e [ e [ e

Addition of 5" cap

transcri Pﬂon Polyadenylation of 3’ end

(DNA -> RNA)

RNA Polymerase| , . g e [ vcor [ oo [ ioccn oo »
WA RNA
Removwal of introns by splicing

translation 5 Cap Poly A tail 3
(RNA -> Protein) Spliced

Ribosome

https: / /commons.wikimedia.org/

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

https:/ /zh.wikipedia.org



{EERNA (MRNA) iz 4 B DNA (cDNA) B9 ifiiiE

W\ AAAAAAAA
+ reverse transcriptase ([ #i#f X)

TTTTTTTT

Y

Fragment the cDNA and M
sequence the DNA fragments W
M




Q-PCRZTER

One-Step

RT-gPCR

Reverse
transcription

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

Luna Universal Probe One-Step
RT-gPCR Kit (NEE #E3008)

& qPCR

Two-Step RS R DNA

AT-gPCRH

Reverse
transcription

LunaScript™ AT Luna Universal
SuperMix Kit gPCRH Master Mix
(NEB #E3010) (NEB #M3003)

Luna Universal Probe
qPCR Master Mix
(NEB #M3004)

© Copyright 2021 New England Biolabs. All Rights Reserved
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falE L%ﬁﬁHDNAmAﬁtTuﬁ(
XE/]E_m/mr_ ( B &95° (G
REARGCEZES - __Mimﬂl]"-“zﬂiﬁj
&

b EX-EEMHARED - SHEFIIE
MBI - FAILERERSIETE
BEURE (Tm) NEZRE (1R
514#Tmay5°C) -

c. fEE-1E70-72°CHf - DNAER & s
REMERERN @ SIYERLUSES
M100MEmER ERR S - ZRIFE
HEEPCRPMEIEFR/NE - %P
R R B FE R0 CIEAREMNEM

i—fn *H:iél:a i

https: / /www.youtube.com /watch2v=wBrNbbAIAFo

Denaturation

Primers and Probes

Annealing 15 'K‘t

REE e

Extension and
Release of Reporter

wu

dNTPs

3 Primers

5 Probes

} ¢ -

DNA Polymerase [Green

Reporter and
Quencher Dyes,

June 2020 Missouri Medicine 117(3)


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

Q-PCREEEH)

Buffer : Providing a
suitable chemical
environment for optimum
activity and stability of
the DNA polymerase
Mgel2: Essential cofactor
for DNA polymerase

An enzyme that
polymerizes new DNA
strands; heat-resistant

Taq polymerase is
especially common

The building blocks
from which the DNA
polymerase
synthesizes a new
DNA strand

Mix of dNTPs

two short DNA

sequences are
designed to bind 10
the start and end of

the DNA 1arget

Primers

short DNA sequence
consist of a fluorophore
covalently attached 1o
the 5’-end and @
quencher at the 3"-end

DNA template that
contains the DNA
large! region to

amplify

12
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https://www.youtube.com/watch?v=wUDysO8bFbA
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TagMan Probe(#:§t)8 SYBR Green(i)

. SEQ-PCR = —EEHHES T (HI41 TAQMAN®
B PCR EMIHITER -

#13 SYBR® GREENZ#l ) - H

- BEIEEREIBFRERIBIN - =Y

2]

=

ZLRRICE M 2B -

« HEAQ-PCRETERFEMRMA BN MERE R EEY]

)l |

IElE
(1) SYBR Green it
(2) TagMan Probe ###t




SYBR® Green | dye

(1) SYBR GREEN )

- ERTERR . EVH

DNAKI /N8 EIE S 2 1) Denaturation

MEER B RONE E €

JEIS5R TIIT v @ F
. A ERE MR - ——— e

25 1R (EtBr)3L Y e

(Acridine Orange) - ESYBR

GreenEiEA AR EESHEH 2) Primer annealing

B - X3
« SYBR GreenttTagMan 'FI The— s

ProbeEX=E - H&E 0]

PUR A S RIS B HIR

B K BERETagMan

Probeff) X EFHBEEE 3) Extension

L BT T LT LT T 1w
- ZAM - B2TagMan Probe#d S O e il il

ZARNY

6 - HIRF B R Z =M -

14



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

* Fluoresces at an increased intensity when bound

Minor Groove

15



(2) TagMan Probe #Rt

—iEKERIRET - AR - B

BEHSIRA=ECR (FAM) - 1
B B2 E B A 3 0m F = — {2 R

EIN SR EZEFEE (TAMRA ) -

HELESER N - RERGBEEES
B ERICRBSELERE - 1
IEEES=Y S RN =

= o I TE B PE ERBIYR & A RTRY
DNA#R - B8 LS NIm b B &

MERIRET R - RICREAZPH
DR - WEMEEZICER -

fEERZIBERAEE - B REEE T
B0 FRBEE - BEERY

BN - SRR = IEAHE -

TTTT™ TTTTTTT
AN NN NN NN
3) Extension 3
-L._./ :
TTTTTT T T 7T
AN NN NN NN
OT —
5 |N/to i—— \L
ey A TTTTTTTTTTIIITIT
/O‘ «\N/)
PO;" 2; A
& qf)

1) Denaturation

PR

SENENENEEREREEREER

2) Primer annealing / Probe hybridization

16



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

o .9

AGGCCTTGAGAGATAT  MGB

@ ﬂ (minor groove binder)
N\ ’
AGGCE&¥GAGAGATAT Lo

ThermoFish&sCTACACAGTCCGGAACTCTCTATAGCATCACAC

SCIENTIFLC


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

ThermoFisher
SCIENTIFIC

TaqMan® Probe SYBR® Green 1 Dye

Specificity * Highly specific * Less specific

® Probe Hybridization

Sensitivity * Very High ® Very High

No Probe is required
Screening tool

Flexibility ® Multiplex PCR
® SNP detection
® +/- 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 efficiency 100% £10%

18
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One-Step mRNA
RT-qPCA
Flevers: el
Volume/ reaction
Master mix 20 pl
Nuclease free water 12 pl
5x Qiagen OneStep RT-PCR buffer Sul
ANTP Mix (10 mM of each dNTP) I ul
Primer Forward (100 pmol/ul) 0.5 ul
Primer Reverse (100 pmol/ul) 0.5 ul
Qiagen OneStep RT-PCR Enzyme Mix 1.0 pl
Template RNA S5ul
Total 25 ul
Reaction mixture n|
Master mix Volume per one reactio
2X SYBR Green RT-PCR reaction mix 12.5 uL
Forward primer (10 uM) 1 uL
Reverse primer (10 uM) 1 uL
Nuclease-free H,O 9 uL
RNA template (1 pg to 100 ng total 1l
RNA) H
iScript reverse transcriptase for 0.5uL B
one-step RT-PCR
Final reactions volume 25ulL

e EETEThThEhHhhHHEEEEE— e eneemsseeenesmnmssmmsmg) 20 Alternative Medicine 2012(3):656025



'|S1'

mRNA

== —
Component ﬁj\ Fﬁ — }i Q/E(‘Jljl-lll:nefllcaction Final Concentration
Quantitect SYBR Green PCR 25 pL Ix @?@F&ms e
Master Mix - M\i:;r“
Primer F Variable 0.3 uM
Primer R Variable 0.3 uM
RNAse Free Water Variable
Template cDNA Variable <500 ng/reaction
Total Volume 50 pL

August 2018 Journal of Physics Conference Series 1073(3):032068

PCR MASTER MIX COMPONENTS

*Enzyme

*Buffer(s)

*Cofactor - Magnesium chloride (MgCl,), is the most common.
Sometimes MgSO, is used with particular enzymes.

*dNTP

*Primers

*Template DNA (if all samples will be uniform)
wuclease-free or PCR-grade water

2nd

=

i 20




One-Step

Reverse
franscriplion

transcription

Rewvarsa qPCR

I
|
|
I
|
|
|
Protocol [
Process Duration/temperature | f
. . ° [ armial
R den i 20minat30°C 1§ m,rmwlmml
iScript reverse transcriptase 4minat95°C | Stage 1 Stage 2 Stage 3
inactivation I | Reps:i_]Reps: Reps [1 ]
PCR cycling and detection (standard PCR cycle) : ‘ - :
Denaturation 10 secat 95°C I
; . 30secat61°C (data |
- Annealing/extension cllectiomstep). |
Repeated for (30 to 45 cycles) |
1 min at 95°C :
elt curve analysis (optional) 1 min at 55°C 1

10 sec at 55°C (80 cycle(s:;
increasing each by 0.5°
each cycle) I

e
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(1) ABI&#

Quantstudio systems

I3l 674

g https://vwvw.thermofisher.com/tw/zt/home/life—science/pcr/real—time—pcr/real—time-pcr—instruments/quantstudio-systems/models/quantstudi3;3-5.htmI

g https://www.thermofisher.com /tw /zt /home /life-science /pcr /real-time-pcr /real-time-pcr-instruments / quantstudio-systems /accessories.html



https://www.thermofisher.com/tw/zt/home/life-science/pcr/real-time-pcr/real-time-pcr-instruments/quantstudio-systems/models/quantstudio-3-5.html
https://www.thermofisher.com/tw/zt/home/life-science/pcr/real-time-pcr/real-time-pcr-instruments/quantstudio-systems/accessories.html
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https://youtu.be/K5flNp46wxo
https://www.youtube.com/watch?v=1uh2ZxZJtgs

1ETVER

&9.0°C

0:00:15

.
M : Reagents: SYBR® Green Reagents ‘ Analysis Settings ‘ Q_)/
Load plate file Run last t

¢| View Plate LayoutT View Well Table ]

Select Wells With: - Selectitem- v

E Show in Wells ¥ | View Legend
1 2 3 4 5 6 7 g 9 10 11 12
ARTIFICIA . ARTIFICIA . ARTIFICIA. ARTIFICIA & | ARTICIA, g = %
[Jeukv [Jenkv [eukv [eumv T“:;:, Eenkv = T";;’\; E]Tgﬁl:
A |751E8 751E7 751E6 751E5 751E4 751E3 4 754
Cr:697 Cr1093 Cr146 Cr18.16 Or Undete C1:25.03 Or Undete Or Undate

@ ARTIFICIA . ARTIFICIA. g ARTIFICIA . ARTIFICIA . ARTIFICIA . ARTIFICIA
TIFICIA. TIFICIA.

Elenkv [ cuikv ey [Henkv  [Henky [ crikv
- o e RS e e s 75.1
Or Lindate Cr: 1097 Cr: 1469 e Undats Cr2199 Cr:2507 Cr2672 Cr26.38
ARTIFICIA . ARTIFICIA . m ARTIFICIA , ARTIFICIA . . ARTIFICIA., ARTIFICIA
[ enkv [ cuikv GT";ICE Elenkv [Flenkv [enkv [Feukv  [5] cuikv
Create now experiment Open axnting experment C |751E8 751E7 751E6 751E5 751E4 751E3 751 7
Cr.651 Cr1079 Or Undete Cr:1791 Cr2182 Cr2499 Cr266 Cr2655
ES + ARTIFICIA . ARTIFICIA|, ARTIFICIA. ARTIFICIA. ARTIFICIA. ARTIFICIA. ARTIFICIA . ARTIFICIA
M\/ Mv b EHzxa EHzxa Hzxka Eaka BHaka Elaka EHazka  [Fzxa
‘1P |751E8 7.51E7 751E6 7.51E5 7.51E4 7.51E3 751 751
S Cr8.31 Cr: 1183  Cr: 1556 = Cr: 19 Cr.2382 Cr:27.28 / Cr:31.35 Cr3263
_. “ ARTIFICIA . ARTIFICIA § ARTIFICIA . ARTIFICIA g ARTIFICIA . ARTIFICIA. .
Elzxa  [Ezxa T;:SA Haxa [Hzxa DT;:::H Ezxa [ zxa
E |751E8 751E7 7%1E6 7.51E5 751E4 751E3 751 75.1
Cr.833  Cr118 ot Cr:19.08 < Cr:2366 = .~ Cr.31.82 Cr3271
1 Lindate Cr Undate

ARTIFICIA | ARTIFICIA . ARTIFICIA. ARTIFICIA g ARTIFICIA . g @
TIFICIA. TIFICIA... ARTIFICIA.

Hzxa [Ezxa Elzxa [Ezka Haa E}féx;\ Haa PR

F |751E8 7.51E7 7.51E6 751E5
= 2 = i 751E4 3 751 751
Cr-837 (Cr11.98 /CT1591 £ CT19.05 /i jndete C 2795/ or-tindate Cr Uindate
G
H
wells: [ 0 Unknown [5] 48 Standard [] 0 Negative Control 48 Empty

https: / /www.fishersci.se /shop /products/quantstudio-5-qpcr-system-1 /15731248



https://www.fishersci.se/shop/products/quantstudio-5-qpcr-system-1/15731248

%{}Zﬁﬁ*ﬁ 10-Log dynamic range sensitivity
Amplification Plot

0.001 i§\1
Amplification plots are displayed with the
ability to drill down to a subset of sample AMB HC ND e WF NG WH
wells. IR
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PCR cycle number
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7
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Baseline region
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Cr

CT = threshold cycle: the calculated fractional cycle number at which the
PCR product crosses a threshold of detection

185
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Gel
100
Threshold
of detection
101
i
1
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| -
ke
w
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m 1000 &
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o
€ pCF
Low Ct (high High Ct
copy #) (low copy #)
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Samples Raw Ct Delta Ct Delta Delta ct 27delta d A
GAPDH p53 |
Tumor cells 1 21.00 23.00 2.00| 3.93|=24-(F3)
Tumor cells 2 20.50 22.00 150 4.43
Tumor cells 3 20.60 22.50 1.90 4.03
Normal cells 1 20.00 26.00 6.00 0.07
Normal cells 2 20.50 26.20 5.70 -0.23
Normal cells 3 20.30 26.40 6.10 0.17
Avqg delta Ct 5.93 &D
ACt = C ttm‘gct — Ctigomna
AACt = ACt - ACt

Relative expression leve

(siRNA treated)

%KD = 100 x (1-272<)

[ = 2—.—'1'..&'['_"[

(siRNA nontreated )

29



(2) Bio-Rad%##t
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Rows: |12 v| Coumns: 3 v

Lood a Preset View: | <Seiect 3 proset View> v | | Sove 2 Preset . | | Manage Presets . |

Ampification Crat

RFU (18%))

Log Startng Quantey

GRS

M AN

e ARS EeRE INNTAC M D lieed eyt
poe A B Eo M INA Tl I Bagred dle  miian

e Tumiw Ba e ANACat 200 Banewd il el

Gene Bxpresson Chat v | | Gene Bxpresson Resuks Ged v]
Gene Dxpression Igl
T Data Sat QO Tapmt
of E = <
- 1-Actn Ao s
1L 1Beta L18ea O
g s 14L1Beta L1Bes 1
i 14L1Bets L1Bets 2%
140 1Bets 18> 313
@ u 1 141 1Bets L18as AT
o ] 140 1Bets L18t» S5
NG o 1L 1Beta L18eta B (Y
Target : :
e )

WelSelector =y
Vi Atn [V IL1Beta (V) Tbdin
Li213.1418 161721819 12

T O m m O O ™ »

https:/ /www.youtube.com /watch2v=wUDysO8bFbA
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4N/ %? 52 Q-PCREE R .;g:;. labclinics
(1) ZiEZEmE

« ERINEBCDNATLHITEYHE JEERIQ-PCRAYE: A 2
'/'f»%m g

: RNA%’TRNA@EE’\]B ﬁ#?F ﬁﬂl”i T:T:V@%j ﬁ*ﬁﬁm 3%\3E/J\
Hrg

- MWERETIES - 7@,@%%@!1&5%;515 RNase + 1#2HY
19 RNA W BFEFEAS RNase B8 & F

: EEI/p\’fEJEH %%En-rn:':'fﬁRNAﬁErHT 260$H280nm
( A260/280 ) ERIRCELCER1.8-2.0MFEA - MR
K - BloJgERIAEmm KISl ERHBE5H -




(2) 8 /REFRIS(ERE 0.:::o|abC|In|CS

I

- ERMBEE RO AIER/DEREEM - 1EMB/ DL BRI mE
=ERIESBEIRMY -

. Eﬁﬂ/_Q-PCRg%ﬁH%EEQQ?FE_E%%1}E_§E;E—1%§BDAlIEnfth
15 EE B R mn tHEI I & =18 e

[Component Volume/ reaction|

~Master mix 20 pl
Nuclease free water 12 pl
5x Qiagen OneStep RT-PCR buffer Sul
ANTP Mix (10 mM of each dNTP) 1l

| |Primer Forward (100 pmol/ul) 0.5 ul

Primer Reverse (100 pmol/ul 0.5 ul
Qiagen OneStep RT-PCR Enzyme Mix | 1.0 pl

_Template RNA Sul L
Total 25 ul




(3) =i 4R

» Q-PCRAIERs - &
- fERZEM1A

= TR HZR

(Ll

RN 5 o

= [
— &Rk = cDNARYBE1E ¥ I8 4H - Tl Diag;

%% labclinics
.o:o

IIZ= E 2Rl B RY

- THRE—ENEFNEEEEA  HoarEigls - IR
23 Em - %EHH/L,\E/Jﬁ:'_KEIDXEUDNA;E\

—— " Left Half RightHalf — _

T al\’7 8 9|01112
AQOOIOCDOO f*"""““*

NORT (if necessary) ——B£T O O O O O O O] NTC
wTe—— £ E0D0C L\L eleele

DO OOOOCUOLOOOO “
EQOQQOOCPDOOOO
Tolelo[ololelelele e]e
0000000000
HO\C)(J\C;CQ XCJO Pl

Control Experlmental Control Experimental

\_l_l |

Housekeeping Gene

34

Gene Being Tested



« WIRIEE BERREE oI L ELEIRcDNANBIZESE =
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EEmiREFEREEERE ZEIRBEENER -

(4) %‘é% H X .'.:.'. labclinics

Left Half Right Half _

Control Experlmental Control Experimental

35
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Q-PCR &R

More Specificity

More Sensitivity

Low template

Cost effective

Rapid

Read time

PCR

Genetic Education
Learn Genetics

— Gene expression

Disease diagnosis

Cancer genetics

Infectious studies

microRNA analysis

»
>

Genotyping

d Microbial load
testing

cfDNA detection

SNP analysis

Microarray 36
validation



Expression of Jagged1 by gPCR (arbitrary unit)

(1) BAREZEST-BINAEALESAREEMRERRIRES

0.35 -
] Normal

034 W Tumor

0.25 4
0.2 1
0.15 1
0.1 4

0.05 1

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Patient samples

37
World J Gastroenterol. Sep 21, 2019; 25(35): 5300-5309



(2) W5

= !l:@ *EA,.; ; ‘IJ % a) sample collection b) RNA extraction

@1

l ) Reverse transcription

AN

l d) RT-PCR amplification

DNA polymerase
primer probe
== & messmoeces
HITHIAS T —

l e) Results

A © positive n @ negative
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(RT-PCR) (nfE1RES)
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B BELESSAE B BERESSAE e MiEPEESHE
Al wHEHNINR A HRENESYE A mENNEE
12 fz By B RS 72 B2 *®BES: KRS 12 P SR 2Ry
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AERE  REE b Maoe ey FLaTicol
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(3)

o 122

g

Example: Determining percentage of

GMO food content

Determination of percent GMO food content
important for import / export regulations.

Labs use Real-Time PCR to measure amount of
transgenic versus wild-type DNA.

wt DNA
GMO DNA

International shipments
depend on results!

Abigayle French

40


https://slideplayer.com/user/15337722/
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(Reporter gene assay)
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B KR IR A

oA

replication

DNA-> RNA

(DNA -> DNA)
DNA Polymerase

DOV ONA

transcription EEE)
(DNA -> RNA)

RNA Polymerase

WA RNA

RNA Polymerase
Promoter

Promoter

I T I I S S S N I
ATGCGACTAGACG™

National Human Genome Research Institute

translation
(RNA -> Protein)
Ribosome

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

https: / /zh.wikipedia.org

45



B4 &+ (Promoter)

Promoter Transcription unit

5 ;- I'r ‘ 3’

ST - DNA 5

\__| Stdrt point
RNA polymerase

Proximal Core

control elements procpoter
¥= N
/\ Start of transcription ANA Poly(A) site
GC box CAAT box TATA box Inr Exon 1 Exon 2 Exon 3 |
DNA - o \ ’ i N o s e e— e . TE——
GGGCGG  GCCCAATCT i B I inton I nton B | ]
-100 -80 +1
H_/ H_J
5" untranslated 3" untranslated
region (leader) region (trailer)

£ 2012 Pearson Educaton nc

40

DOI:10.13140/RG.2.2.10102.34889
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€ >addgene

Enhancer .

Transcription Factors

RNA Polymerase |
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HERRSEE 2

promoter reporter gene
 BERESHEIBRHS —hl - —
MRLE)F S 4 RAI= l
%
. HEEFEZIEHE FDNARS! -
M EEEDNARIINRE - T N

o IEBERFOJPIARZINZENLY) - *
Xw %
eretproon e Y

https: / /www.youtube.com /watch2v=PD_6JU3NayE
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https://www.youtube.com/watch?v=PD_6JU3NayE

= RINBRSER

- B-BEERRBLES ( B-glucuronidase , GUS )
« B-FFiEERS ( B-galactosidase, LacZ)

o NuEWRESES (ALP)

« SBESD “Lﬁiiﬁ%’vw ( CAT)

. - BEEXEAS (GFP)
- BCRME (Iuciferase)

LUI'




WHAT ARE THE 4 MAIN QUALITIES OF A
GOOD REPORTER GENE?

1. EASILY OBSERVABLE

2. CAN TOLERATE ADDITIONS OF AMINO ACIDS TO THE N OR C TERMINUS
WITHOUT LOSING FUNCTION

3. IT'S EASY TO ASSAY ITS FUNCTION

4. ONLY FUNCTIONAL IN A PARTICULAR REGION OF THE CELL.
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(1) B-m=nzieiens (GUS)

GRREAT{ 251G - — — . ;1:,.-.‘,
e <AV o
(o] o-glucuronic o o M il
o \ acid / i
| t!~m
NH = ‘ P
p
X-Gluc) (5-bromo-4-chioro-3-indolyl-B-D-glucuronide)

B-glucuronidase
5,5'-dibromo-4, 4'-dichloro-indigo
(insoluble, colored)
Cl
)
Br
oxidation . Br
dimerization (o]
(o]
+ glucuronic
acid

Susan Jean Karcher

Seedling Root  Youngleaf OldLeaf Hydathode
/
, & ,

\

Beta-glucuronidase

37¢ o The GUS
+ X -Gluc X + 8+ Gluc —=— ho;ochcmbcal
- - staining assay

l I

Hydrolysis of the X-Gluc Dimerization of the Gluc
substrate by the 6US enzyme product by reaction with 02

doi: https://doi.org/10.1371 /journal.pone.0159875.9g004

-IAA +IAA

ﬁ\‘a‘.

\

'

Frontiers in Plant Science 6(295) - May 2015



Br

(a) NH
CHOoH ||
@ B-Galactosidase
OH >
Cl

Br
OH =

5-bromo-4-chloro-3-hydroxyindole

EEE (LacZ) o P

CH,0H ¢ o &
OH O OH Br N
& =<1
N Br
OH . (0] |

2/ Ezn:

I8
a5
c—
==

(ZNErE

Galactose 5,5'-dibromo-4,4'-dichloro-indigo
(dark blue)
(b) y/
R / &
Gt ... B
; ours .
Endogenous __| - .
promoter reporter gen p '
LacZ 9L/lacZ cell lysate
CH,0H Cl  Br | Cl Br H O Cl
HO o _o B-D-galactosidase HO R N Br
H H N N dimerization Br ﬂ
H OH 2 ca O
5-bromo-4-chloro-3-indolyl- H,0 5-bromo-4-chloro-3-hydroxyindol 5,5-dibromo-4,4’-dichloro-indigo
-D-galactopyranoside (Blue precipitate)
(X-gal) CH,0H
HO O OH
oH' H
& -
i OH

B-D-galactose
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(3) imtEwiELEs (ALP)

p-nitrophenyl phosphate (pNPP)

-
I

/‘,40 oH

\o" H,O P,

OPO,H, OH _LZ,

Alkaline Phosphatase

Phosphatase

.0 » +H,PO, oﬁ"

NO, NO,

p-nitrophenyl phosphate p-nitrophenol e ‘. ot

(Colorless in alkaline and acid (Colorless in acid medium, e
medium) yellow in alkaline medium) A




i Phosphatase :

of" o
p-ﬂhnphlnyl p-lmph-ltl (pNPP)
Substrate (Colorless) Product [‘I'-alu'ulnr}
B u Alkaline Phosphatase (ALP)
1) Bumrar 3) Enzyme (ALP}
l H,:z} pHPP (enzyme substrate ) /

.F— Ly
{obtain bazeline)

Absorbance (405 nm)

{(Colorkess) (Wellow calor)

2.5+
20~
1.5+
1.0+
0.5+
0.0+
0

-
[
£ -
-




(4) [EERILEEE®E (CAT)

X

CAT: -—
Chloramphenicol (CAM) .
acetyl transferase
CcAM: chloramphenicol (CAM)
Protein synthesis inhibitor
| acetylation by CAT Eavact conanng Bl
Loss inhibitor activity G- acetyiated CAM O ARCTOND
/ \_
Other reporter enzymes: I O eaper
B-galatosidase
luciferase
Migration I | —
LU | () Autoradiography
. LI P
Retativo
®) CAT activity 0

Figure 534 Using a reporter gene.

(2) Insert cat gene

into cells

lmmwm

(@) Emooln
(DIM)

} 2 torms ot acetytates cAm

- CAM



https://www.youtube.com/watch?v=eW3a-vXFZOI

0

il
? —CHj3
CAM
(CAM) H NH—C—CHCL q  WH—g—cHCl
s I
05 N ca—?n 0 0,N CH—CIH OH
CH2 . H2
Chloramphenicol éH 1, 3-piacetylchloramphenicol o—c —cH,
[l
0
4 v o
Chloramphenicol
acetyltransferase
CAT
(2) Cﬂs—ﬁ—S—COA ( ) (2) CoA —SH
- CoA
Acetyl-CoA
12 3 4
TLC
cheet I di-acetylated
e . [ chloramphemecal
L] ] 9P -l :[tl len ;".:';.:II}"I:\:".ULlI:
chloramphemco
E unacetylated
= * .' . ".__q'_'t'.lnr:l'.lmh-:lln:nl
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Vibrio (Milky Sea) Bioluminescence
— Leaf Fluorescence

Normalized Emission
o o o &
» o © o

e
N

0.0 ‘ ‘ :
400 450 500 550 600 650 700 750 800

Wavelength (nm)

LUCIFERIN - LUCIFERASE REACTION

Luciferin substrate — Oxyluciferin

+
+

/-\
Oxygen Luciferase Light

FLUORESCENCE REACTION

* Light is absorbed.
Emission
* Light emitted has

Excitation less energy than

Light light absorbed.

Intensity

DOI:
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http://dx.doi.org/10.1007/978-3-319-30648-3_69-1

DISCOVER
BIOLUMINESCENT ORGANISMS

Renilla reniformis ‘
Subsrate: Coelenterazine . Photinus pyralis .
Wavelength: 480 nm Subsrate: D-Luciferin
Wavelength: 560 nm

Cypridina noctiluca
Subsrate: Vargulin
Wavelength: 465 nm

Pyrophorus
plagiophthalamus

- Subsrate: D-Luciferin
Wavelength: 613 nm (red)

Gaussia princeps
Subsrate: Coelenterazine | .
Wavelength: 460 nm ‘




4 P RV = L
(5) B8 NXER (GFP)
Regulatory sequence to Reporter gene
be studied (e.g. encoding GFP or
(e.g. a gene’s promoter) luciferase)
DNA

Promoter  Reporter gene
[ e— mRNA

A reporter protein
Amount is easily measured
(e.g. GFP by fluorescence)

[

¥ Reporter mRNA
e——— ]

g Reporter protein

Substrate

or probe @ r\ ‘
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https://zh.wikipedia.org/

(6) EAZEDE (Luciferase)

Protein Protein
RNA Polymerase Transcription Factors . GAlmE ‘ e
e~ Activate : transcription Repress : no transcription
v > N
| | I B | | BE
Repoﬂer R Promoter egion - Lucferase reporter
Gene i |
| <
O O
Luciferase No Luciferase
mRNA |
Measurement of Measurement of
' i Luciferase Activity Luciferase Activity
-« Reporter M l
Protein Y- - R
' + Substrate _éf?éfffﬁ?

Light Signal = Luciferase Expression = Promoter Activity

Luciferin + O; + ATP e Oxyluciferin + CO; + AMP + PPi + LIGHT
Luciferase


https://www.youtube.com/watch?v=PD_6JU3NayE

"for the discovery and development of the green fluorescent

protein, GFP"

Photo: 1,
Henriksson/SCANPIX

Osamu Shimomura
® 1/3 of the prize
usa

Marine Biological
Laboratory (MBL)

Woods Hole, MA, USA;
Boston University Medical
School

Massachusetts, MA, USA

\ \R .

Photo: 1.
Henriksson/SCANPIX

Martin Chalfie
® 1/3 of the prize

USA

Columbia University
MNew York, NY, USA

Photo: LUCSD

Roger Y. Tsien

® 1/3 of the prize

usa

University of California
San Diego, CA, USA;

Howard Hughes Medical
Institute

2008F10H8H - M2 XK
Bl S ARSI ES -
HAREBXRTFHE - ZEBEREX
5] BRFENEEETRNERE
XS 2008F A BMIERE -
SE/EMN=-ARRE

3R LR =18 A=

-

At A NEI
V =t - L
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http://oldsue2008.blogspot.com/2008/12/2008-gfp.html



L3

5

Protein of Interest

5] | [

Promoter region Luciferase reporter

lTra nsfection

Protein
of Interast

transcription

| M Ey

Promaoterregion  Luciferase reporter

lAddition of
\ Cell Lysis Buffer

Cell Lysate

@
GOLDBIO **

Gold Biotechnology®

Cell Lysate
Transfer to

a Multiwell Plate
and Addition of

\ T Substrate

Measurement of
uciferase Activity

L
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TREATMENT

SRS

Appropriate  Firefly Luciferase

1se gene Promoter gene /
Transfection [ ]

Reporter vector

pave

Control va
Promoter Renilla Luciferase gene




EFNRBRMSIRA

il 2 o P, Q/(% - o

D-Luciferin

Firefly Luciferase + Coelenterazine

Mg* \ Renilla Luciferase
\,*

o Oxyluciferin Coelenteramide
O::Hs + PPi + AMP + CO, o-(O_OH
N
HO
Firefly coelenterazine Read results on

any luminometer

0@ Bioscience

cell
extracts Firefly luciferase  Renilla luciferase

Promoter activity = Firefly luciferase activity / Renilia luciferase activity
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(1) HHhEEREE

Signaling
Pathway

PN

Cis Element Repeats / Promoter 5° UTR

TF = Transcription Factor
CF = Cofactor



[ Reportergene | Minimal promoter [ ) B Enhancer candidates -ﬁh

ar
a Promoter reporter assay b Enhancer reporter assay _h—-—

h—_ —i—-—
(s . — =
[ —h—-—
— —h—-—

1 1 'I L] L] L] I

100

Reporter gene signal
fenhamcer activi

Heparter genre slgnal.
_ Ipmntar activity)



https://www.nature.com/nrg

Transfection > Stable cell line | > Dissemination of cell L-L reaction

v

Constitutive Promoter

LLugng coll ] 0/ Luciferase gene Imaging
;

Constitutive Luciferase gene
__Promoter (RepO/ter)

—
‘I

\
Establish for stable cell line

>

; luciferin
Dissemination :

'/.
'
J 4
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. MICRORNA ( MiRNA ) 245RNA - H##$%A3  UTR
hRYEEEEMREER - EEMRNABR GRS HIHIENZE -

VAN " oh o BEMIRNANTENNEFTE—ETRBHMEFIIE
( 2 ) 7] $EM | RNAEE *m HI TSR - LEULUSRABERRENMMEE -

PN

X

s

F L I AAAAAA

! !

Translational Suppression mRNA cleavage

d
endogenous
MRNA — reporter gene miRMA target e ~ miRNA target
translation on translation off
h [\ Ili
P AREN miRNA inhibitor
miRNA target > reporter gene miRNA target
(small molecule or
translation off antisense agent) translation on
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Methods Mol Biol. 2014;1095:135-46.



miRNA mimic

non-targeting control

~~"ND)

Reporter Vector

RISC
complex

Hybrid
RenSP-3UTR
Transcript

1.Transfect the GoClone 3'UTR construct into your cell line

Light output with
miRNA mimic Specific activity
= ofmiRNAon
Light output target UTR
with control
~ LightSignal

.............

.......................

...............

2. A constitutive promoter drives production of a hybrid RenSP-human 3'UTR transcript
3. Total luciferase output depends on the effect of the human 3'UTR on the hybrid transcripts stability and/or translation efficiency
4.Include a co-transfected synthetic miRNA or miRNA inhibitor to measure its impact on transcript stability and/or translation efficiency

5.Use optimized LightSwitch Luciferase Reagents to obtain maximun sensitivity and dynamic range




ssc-miR-133a-3p

o >

2 " ) N
¥ g | -ty

~

ssc-miR-133a-3p binding site

promoter

promoter A polyA
luciferase | ACTN4 3'UTR

WT ACTN4 3'UTR 5’ atcggGCGTGGGTCTCTGl I |I| ICch 3

ssc-miR-133a-3p 3’ GUCGACCAACUUC uu

MT ACTN4 3'UTR 5’ atcggGCGTGGGTCTCTG AAGCCCTecc 3/
C 5. mm pmrGLO-ACTNA 3UTR-W

Py pmirGLO-ACTN4 3'UTR-mt

2

g I

©

® 1.0- %, &

ot

2

O

2 e

o 0-51

=

©

()

o

0.0

mimics NC ssc-miR-133a-3p

luciferase

PROX1 3'UTR

™

WT PROX1 3'UTR 57

ssc-miR-338 3’

atgGATATGTTCTGAAATCG "G Taa 37

GUUGUUUUAGUGACUA w000

MT PROX1 3'UTR 5’ atgGATATGTTCTGAAATCGCCGTGTaa 3’

Relative luciferase activity

-
(4]
1

-
o
1

o
(&)
1

o
o

mm pmirGLO-PROX1 3UTR-wt
pMirGLO-PROX1 3UTR-mt

IT

T

mimics NC

ssc-miR-338
71

Front Genet. 2019 Aug 28;10:756.



Co activator
Ligand

(3) PiTEZZIaERE

.. Dexamethasone WAS Promoter Luciferase gene

> o it N
= s
. AS 'Promoter Luciferase gene
‘ - . =~ Glo
DO — Ve o BRE—EE(CKPGLASRIE  H
ol g P E2IEEENGALE UAS - —
& e @ % {88/ B RN FRILUC2P e
P a BEER (PGL4.35) -
s o I . BERESARRESEREA

- &15 ( PBIND-ERc ) Sl Rz 2%
i — - Z SRR Ee4S S ( PBIND-GR)
FIPFN26AS| B2 -
. FERE . mEAGRELmE . 7
© Promega



(4

60 Ge/

¥ v

— >

it o
Ba,

Jbo 9

=

o

“Galq.

) .

@ 2

=

L Galg_.

)

& I

et
+_

@0Bs,

|'Ir.°>9 {TJ

) FREBREHEER

Gald
—>> ém Il
. ;

Reporter gene (HIS3,URA3, LacZ)

A. Regular transeription of the reporter gene

] UAS E

Reporter gene (HIS3, URA3, LacZ)

B. One fusion protein only (Gal4-BD + Bait) - no transcription

S
[ UAS | Reporter gene (His3, URA3, LacZ)

C. One fusion protein only (Gal4-AD + Prey) - no transcription

—

53] UAS ! Reporter gene (His3, URA3, LacZ)|

D. Two fusion proteins with interacting Bait and Prey

HIS3 - growth on Sc-His + 3AT media
URA3 - growth on Sc-Ura media
_LacZ - colorimetric assay (blue/white)
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TCF binding site

l

Treatsmall molecule compounds

Firefly luciferase f=

l

Renilla luciferase =

Transfectinto cells

1
3

Transfer cells to wells

=

!

Measure luciferase activity

The final activity is
measured as firefly
luciferase activity
normalized by
internal Renilla
luciferase activity.

Relative TCF
transcription activity (%)

100
75
30
235

___#

Compound

Identify compounds to suppress
TCF transcriptional activity

March 2015

75

106(6)


https://www.researchgate.net/journal/1349-7006_Cancer_Science
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ERAE

« RNAIEIE
. HEBIRTRNAI
« RNAI# i

b <« RNAIBIFEFR




The RNAi mechanism
RNA interference (RNAI) is an important biological
mechanism in the regulation of gene expression.

RNAIREE

Double-stranded RNA
dsRNA (dsRNA) binds to the
protein Dicer ...

%EERNA ( dSRNA ) EERNase ”l%i]\j’é—i “Dicer ... which cleaves dsRNA
WE\DICGFFEEE i }§$21‘23ntd\:|:;|:§ SIRNAM into smaller fragments.
RNA -

SIRNAEE%%%RNAE%%E@ER%ﬁ%Eé#@ l QneoftthNAstrands
( RlSC ) E/‘J%% éj\jtZEQ@TE::\IIZ\\{M o is loaded into a RISC

complex...

...and links the complex
to the mRNA strand by
basepairing.

mRNA is cleaved and
destroyed. No protein
can be synthesized.

81
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st 5% 22 RNAI

2006 Nobel Prize in Medicine or Physiology
RNA Interference

NATURE | VOL 391 |19 FEBRUARY 1998 e B 15-1808 ZieE-3EM
Potent and specific
genetic interference by
double-stranded RNA in
Caenorhabditis elegans

Andrew Fire*, SiQun Xu*, Mary K. Montgomery*,
Steven A. Kostas*t, Samuel E. Driveri & Craig C. Mello}

A naturally occurring mechanism

Destruction of mRNA results in the post
transcriptional inhibition of gene expression
and the prevention of protein synthesis.




ENYIEE- 4R 2
o RNAISZYItHEIRNFERIRR 22 (Caenorhabditis elegans, C. elegans) -

o HEZFIEHERNA (dsRNA) MR ERRESHICEBFER KK
RNA (anti-sense RNA)B K10 -

Key experiments

Gene silencing
Fire and Mello injected RNA corresponding to a gene
important for muscle function in the worm C. elegans.

Single-stranded RNA (sense or antisense) had no
effect. But double-stranded RNA caused the worm to
twitch in a similar way to worms that lack a functional
gene for the muscle protein.

Antisense RNA Double-stranded RNA

i Sense RNA m m

\ \ \

B A = e B T e N ™

K

7,
/TN
No effect No effect Twitching




/N 18 RNA (small interfering RNAs, siRNAs)

dsRNA HEREREEENERNEEERRNRERER
/\F#E RNA (siRNA) - B o
52 @ BHE . 3 R shRNA [T )
= EImAY dsRNA B #0E ™
RNAi - 5 mRNA Ll l @icer’
FBHREE mMRNA W B i 4E .
R B R A4S 2OBERR - Sl I,

& \T\\
Formation of
RISC " élsc

SiRNA/mRNA-  * ISC>
complex 3 $ g 5
sliced , ,
mRNA ? ¥ e
“SILENCING”

https://www.gene-quantification.de /si-rna.html



INZZIRNA
(short hairpin RNA,
shRNA)

#2823% RNA (shRNA) 812 — (&I
#afE - IRABHEIN LAY SIRNA -
7 HEEE 2 mRNA DIEE R 58
MRNA R E @A S RIFIIEEN
TP EE

RNA pol T
promoter

DNA

Sense Loop Anti-sense
CHEEEE NN EEREEHEEHLTTTTT

BUBIELES 4:9:9:9:9.9:9.9.9:9:9.:9.9.9:0:9:0:0-0 NIk
EIEINES 4-9-4-9:9.4:8.9.9.9:.9.9.9:0:9.0.4.¢ 4E111

RNA pol III transcription

RNA ..IIIIIIIIIIIIIIHQ

-4 9:0:0:0.0:40.9:9:9.9.4.9:9:0:9:¢.¢. C T IR

. o
£
'. -

|

Nucl
i Extra-chromosomal

expression from plasmid,
or genomically integrated
expression from lentivirally

m @
microRNA-adapted shm \ delivered sequence

Microprocessor ﬂ Simple hairpin shRNA
(Drosha/DGCR8) R /
Exportin-5
Cytopl l
e . Dicer complex

Mature microRNA duplex ——

Mature microRNA (’\-b RISC
Catalytic mRNA cleavage and
gene silencing

https: / /horizondiscovery.com



IND F1Z B EE ( microRNA, miRNA)

NS TRV ES -
el B RNAPOIIN —
) D B 1 P —

8 E 4901 5103 AR Drosha W

BORNANT oI PeTRA N«
B L fth B R 25 3

Nucleus

Cytoplasm

m1RN A duplex

&\.

Mature miRNA l



http://dx.doi.org/10.3389/fneur.2015.00245

RNAI+H 8 % filg
1. siRNA{EE & Bk
A SiRNA

Virus, transposons, exogenous siRNA

l Dicer + TRBP

AR (asrng) wfflS (SHRNA )
_ni,—(zmt)

¥
“ird)

}

Target RNA .wqu"wm AAAAA
l\ P -
.

AAAAA
mRNA Degradation

RNA-induced
silencing complex

(RISC)

B miRNA
transcription
—~ pt
Pri-miRNA - Pre-miRNA
DGCRS8
osha

dsRBP Dicei
"\
T TefYer-Tree ‘1
Ol AAAAA
- s \

Y

Repression of translation

AAAAA
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Carlos Melendez-Pena



SR AR S sIRNATI LUEB{EE S s EE

EREL YA R

MR

g

( 50-95% )

- SIRNATERUE R R ZFREZET HAIB

SIRNARY B BT BURR IR EE /5

3°-U

sense >

5  ~-NNNNNNNNNNNNNNNNNNNUU-3"

< antisense
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S RNA aX a 19-nt dupllex region O GE”E‘ LIHL’.IU
1 2 345 6 7 8 91011 12 13 14 15 16 17 18 19
A U S e 2 ) ey
| a TTTT 7>
3-HO | - . b |P5

l-ﬁgh stabulnty of the 5° SS terminus Low stabiity of the 5° AS terminus

‘blocks incorporation of SS ' promotes incorporation of AS

into RISC. into RISC.

Suggestion: Suggestion:

GorCat5 end of SS. AU-richness at 5" end of AS,

Low stability in this region promotes RISC-AS-mediated clevage
of mRNA and might promote RISC-AS-complex release.
Suggestion:

U at position 10 of SS

== Sense strand (SS) === Antisense strand (AS)

1EEZ2FEGCEE (30-50% ) -
2. BABEE[C|X -
3. EREHENNE 3 EFEA -
4. EREHENAIE 19 BRFEA -
5. FERCRISERIMIE 19 EBRB G C -
6. EREZRINE 10 EFE U -
7. XEEUE 13 ERBG - ey
8. tERLEHERY 15-19 uE £ /VA 3 & A/US -



Table 2. Names and addresses of siRNA design computational soft wares

Soft wares

siDirect

SiDESIGN Center
siRNA Design Software
Block-iT RNAI Designer
siRNA Target Finder
RNAI explorer

Address

http://genomics.jp/sidirect/index.php?type=fc
dharmacon.gelifesciences.com/design-center
http://www.genscript.com/ssl-bin/app/rnai
https://rnaidesigner.invitrogen.com
http://www.ambion.com/techlib/misc/siRNA_finder.html

www.genelink.com/sirna/siRNAorder.asp

90

DOI:10.15171/apb.2017.072 Corpus ID: 25124047
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sE@miRNAEENAREGE

1. endogenous 2. miRNA mimic 3. antagomiR 4. miRNA sponge
miRNA
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https://www.researchgate.net/journal/Advances-in-Clinical-and-Experimental-Medicine-1899-5276

2. siRNA#E:Z SiRNA  jiiiii  dsRNA

Transient
duration

v
SIRNA I ======"

Enzymatic
complex
(RISC)

Separates siRNA
into single strands

Cleavage of
target mRNA

v
Gene silenced M\

p}én

e



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5702971/
https://www.youtube.com/watch?v=UuicPthdT70

3. shRNA#:

i
Ve

Transduction

Cytoplasm

Nucleus

/ mRNAs bearing
pre-shRNA complementarity
to siRNA

DCGRSE, Drosha

l..[__!_IIIIIIIIIIIIL.I"I

o —

Transfection

L T ™
siRNA

Springer 2010. 95-117p.
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RNAR T FeBEREEZLRE BE | B
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4. siRNAEFHEE
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RNA interference of HIV replication
Miguel Angel Martinez, Bonaventura Clotet and José A. Este

Double-stranded RN A-meadiated
interferonce (RNAI induces

safuence-spaecific post-transcriptional
gene silencing and has emerged as a

powerful tool to silence gene expressionin

multiple organisms. In mammalian cells,
duplexes of 21 nucleotide RMAS, known as

short-interfering RMAs (siRNAs), efficiently

inhibit gene expression. Recent research
demonstrates the general use of siRNAs to

specifically inhibit HIV-1 replication

by targeting viral or cellular genes.
Importantly. RMAi opens a new avenue
for gene-based therapeutics.
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Current Biology, Vol 12, 13011311, August &, 2002, £2002 Elsevier Science Ltd. All rights reserved.

Inhibition of Retroviral Pathogenesis
by RNA Interference

Short interfering RNA confers
intracellular antiviral
Immunity in human cells

Leonid Gitlin®+, Sveta Karelsky* & Raul Andino*

A lentivirus-based system to functionally silence genes

in primary mammalian cells, stem cells and transgenic
mice by RNA interference

'

Douglas A. Rubinson'*, Christopher P. Dillon"?*, Adam V. Kwiatkowski!, Claudia Sievers">%, Lili Yang?,
Johnny Kopinja®, Mingdi Zhang”, Michael T. McManus®2, Frank B. Gertler!, Martin L. Scott® & Luk Van Parijs'

*These authors contributed equally to this work.

Blocking oncogenes in malignant cells by RNA interference—
New hope for a highly specific cancer treatment?

A little more than one year after the first demaonstration that silencing of endogenous human genes is possible in cell
culture, the new toal of ANA interference (RMAI) enters the field of tumor therapy.
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Advantages of co-delivery of siRNA and
small molecule anticancer drug
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