Nucleic acid &=

1.Nucleic acid extraction
(1) DNA extraction
2) RNA extraction

“"DNA isolation and purification”, Thermo Scientific, Co., Ltd



Nucleic acid extraction

- gDNA, plasmid DNA ... - Total RNA, transcriptome RNA,
mMRNA, miRNA, sequence specific
RNA, viral RNA ...



Nucleic acid extraction method
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High recovery
Low impurity : CHEE S
(HF= extraction time)

- Downstream experiments:
PCR & gPCR / Cloning / Sequencing / Transfection / Gene therapy / vaccine (/n vivo)

NGS, microarray ...



N

ucleic acid extraction method

- A FEE2 ARO[ YEtypet FOf| [Tt M EASHTE
. FE3H M| == downstream application?| Z1t0f| A IS O|XICE
h—_-::':f..:-i
="
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=3 *  DNAzol/Trizol e Kit Kit
« 771 E0H/detergent 2 2  Silica/membrane column £ = Magnetic bead
plate
* Require alcohol precipitation * Fast, convenient Scalable, flexible format
* Cost effect * Cost effect High quality prep
« 22 FF A[ZH30-60F) * Highyield & purity Sample typeOi| -0} E+X| @t =,
CtF St applicationOff & &

Manual automation

3. Merck Milipore, Estapor magnetic microsphere



Method of NA extraction

Organic reagent extraction-Trizol extraction

. Trizol :
. mixture of guanidine thioacyanate and phenol (UpPerjiaguecusphizse RNA
- Storage: 15~30C

- Sample preparation
- tissue sample : Tml of Trizol per 50-100mg tissue
- Cultured cell
Monolayered cell :
1. Wash cells twice with cold PBS
2. Use Tml of Trizol per 1 x 10°~107 cells in 10cm? of culture plate surface area
(= 3.9ml per 10cm round plate or 7.5ml per T75 flask).
- Suspension cell :
1. Cell harvest by centrifugation
2. lyse in Trizol using 1Tml per 5~10 x 10® animal, plant, yeast cells
EE= 1 x 107 bacterial cells

(lower) organic phase :
DNA & denatured
protein

* “molecular biology workflow solution”, Thermo Scientific
» ‘“user guide of Trizol”, Thermo Scientific (doc# MAN0016385)
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Trizol2 O| 273} tissue2EFEE{2] RNA ==

- https://www.thermofisher.com/kr/en/home/brands/product-brand/trizol.ntml
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Trou bIeshooting_TRizoI

Q A2 Trizol& 211 homogenizations ==
Sl|OfF SILIR?

= 02| =Zinsoluble material O] EL|C}. O{EA
[For RNA isolation only]

-5 B2 Mg M20|A incubation?t & A Ea|gtL|C}

OH=
FEAS

supernatantdt 2| Z2 pelletO] 20|H, supernatant= X735t 0|2 1Y 2 RIHgtL|Ct,

[For RNA and DNA isolation]
5 & 8k A2 EX 20z Fojg| 220| BOo| £EQICtHH,

- polypropylene meshE At&35+0| Zd2{&L|Ct

https://www.thermofisher.com/search/results?query=15596026&docTypes=FAQ&persona=DocSupport&linkin=true&icid=fl-bid-trizolfags




Troubleshooting_TRizol
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https://www.thermofisher.com/search/results?query=15596026&docTypes=FAQ&persona=DocSupport&linkin=true&icid=fl-bid-trizolfags




Trou bIeshooting_TRizoI

Q. RNAS H™2F N L| A260/A280 ratio?F =A LESLCE of OE}R?

A. Degraded RNA &, RNAZF I X|&H 260 nmOf|A{ 2] S& = gt2 T7+etL|Cf.

Q TRIzol ReagentE O|&73}0] total RNAE F=US M 71 O X 2l A260/A280 ratio= H0OHRI7tR?
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A. =2 A260/A280 ratio= B 2|9 =9 S ==Y SS 205K = s

de{Lt, 22 A260/A280 ratio (<1.7 for RNA)E FZ1E S0 20| JAU=S 40|, & 0| AH
AESH| MEStHA| L= AS o|o|ghL ..

- A260/A280 ratio
- 1.8 < > pure NA
- < 1.7 > contamination w/residual phenol, guanidine, other reagent...

https://www.thermofisher.com/search/results?query=15596026&docTypes=FAQ&persona=DocSupport&linkin=true&icid=fl-bid-trizolfags




Troubleshooting_TRizol
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https://www.thermofisher.com/search/results?query=15596026&docTypes=FAQ&persona=DocSupport&linkin=true&icid=fl-bid-trizolfags




PCR O| &

1. DNA replication?| 7|2 &2
2. Reverse Transcription

3. PCRe| 7|2 &z

https://www.ocf.berkeley.edu/~edy/genome/



DNA Replication

DNA Structure

Nucleotide
base pairs:

B Guanine
I Cytosine———

source : National cancelinstitute
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DNA structure video:
https://dnalc.cshl.edu/resources/3d/23-dna-unzip.html

Major

N
360°= one helical Sdove
turn
10.5 bp per turn =] Base Pair Tilt - 6°
Helix Pitch Minor
35.7A \Groove
, 34.3°
34.3° twist angle @ :] 3.4A Axial Rise
(rotation per residue)
v

t 2

Helix Diameter
20A

Figure 1.12 The DNA double helix in solution: structural parameters. The Watson—Crick double
helix is composed of about 10.5 base pairs per helical turn. Since 360° constitutes one helical turn,
there would be a 34.3° twist angle or rotation per residue between adjacent base pairs {see Table
1.4). The helix pitch or length per helical turn is 35.7 A. The axial rise or distance between two pla-
nar base pairs is 3.4 A. The base pair filt or deviation from the horizontal plane of the bases is
about -6°. The helix diameter or the width of the helix is about 20 A. Note the positions of the mi-

nor groove and the major groove.
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Polynucleotide
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Central Dogma of molecular biology

Replication(SAll) RNA Replication(RNA = A|) ?

Transcription Translation
(&AL (HA)
— —
—
Reverse Transcription
(H & A

DNAO|| A THEH &l 2 O| Direct translation

) General transfer sy Special transfer




Replication process

DNA S8EL

DNA

Mgt

oY 7t
= DNAtemplate: 5= Cl&f
= Primers: 532 F== &
= Taqpolymerase: &0 E&5
(Taq polymerase : Thermus aquaticus 2t= =& 0f| A= M| 2| DNA polymerase, 72°C7t £ H 2,
94°CO| M = - &t
= dNTP (dATP, dCTP, dGTP, dTTP): RN XIE 2dot= M E27tE =24 w2d QLE[E G| =
= MgCl*2: MgCl*>2 dNTPL} S A & "-d ot 2 2Ed, primer annealing 501 £+04



primer

Two most common
primers used in
reverse transcription

www.thermofisher.com/rtprimers



A AlReverse transcription

AT A= A reverse transcriptaseOl| 2|5 complementary DNA (cDNA)E & -dot= 1Hd
. Tt TIEF RNA single stranded RNAZ} cDNAZS| 2 1IH 0 Al Fdtemplate2L 2 At

. ¢cDNA= PCR amplification, cDNA library construction, RNA sequencing, -1 2| 1} 0f| A

templateE£ G

. XAt reverse transcriptaseE MEiSH= A2
. AE W low-abundance RNA2| SZ0| 52
- high yield2| full-length cDNA 220 52



Summary

- DNA replication
- HMZEE mitosis IHE & T
TS MZof ME 7| 2t &, ME StLi7t & 7Hel EMZ2z =&
AOtM 2ot S ot RN B E&
- Transcription
- DNAS| EH B 29| M E 7} RNA polymerase2t2| &0 2|5 RNA(E 3| mRNA)Z Mg
= 0t
T 752 DNAZRH ZAreEl 882+ RNAGY S=2H2 G782 ML
- RNA &4 0|F EXIE DNAE CHA| &= 7tE{2| DNAR Y S

- Reverse Transcription

- RNAZEH reverse transcriptase2t= 224212 280 2|5 cDNAE TtE& 1HE

- Primer &2 2] ALO[2] multiple amplification



PCR(Polymerase Chain Reaction)
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PCR: Chemical Components

Template DNA

. Target region= sequence= &1 R 0{OF &

= Taqg Polymerase

Primer
. Thermal stable DNA polymerase 2 1120 A & inactivation | X| %S

Nucleotides

= Primer Taq

sequence-specific, Forward & Reverse, 20-30 bases polymerase

= dNTPs(Deoxynucleotide triphosphates)

L DNA
AN ME2Q =2 H LE|E E7|(dATP, dTTP, dCTP, dGTP)

= MgCl,:

= enzyme cofactor. ANTP2} S K| E & 4}

L]
ot
P>
ok
0x
[0
|.|-|
0o

= primer annealing &0 2t



PCR O| &

1. DNA replication?| 7|2 &2
2. Reverse Transcription

3. PCRe 7| & &

https://www.ocf.berkeley.edu/~edy/genome/



Remind

- DNA replication
- HMMZEZ mitosis - T X
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- Transcription
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- Reverse Transcription
RNAZEH reverse transcriptase2t= 2212 2&0f 2[5 cDNAE RtE= 1M

Primer &£ 2| ALO|2] multiple amplification
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PCR: Chemical Components

= Template DNA

. Target region= sequence= &1 R 0{OF &

-

= Tag Polymerase

Primer
- Thermal stable DNA polymerase = 11 =0 A & inactivation | X| %=

Nucleotides

= Primer Taq

- sequence-specific, Forward & Reverse, 20-30 bases polymerase

= dNTPs(Deoxynucleotide triphosphates)

" DNA
XN SE ME2Q =2 HLLE|E E7|(dATP, dTTP, dCTP, cGTP)

= MgCl, :
= enzyme cofactor. dNTP2} S A| & @ dot0 2aZHd 2 £ 2.

= primer annealing &0 2t



PCR process

- 1EtAH| : DNA Denaturation Step
- DNA double strand 22| (92°C~95 °C)
.- 90°C~96°CE 7I'25l0 dsDNAE ssDNAE =2|

- 2EHA| . Annealing Step
- DNA Primer?} DNAO| Zgd= EHA
. 50°C~65°CO| A ZIZH, 30sec~1min

. 3THA : Extension Step
- DNA Polymerase0l 2|5 DNAS X7} LOjLt= THA|
.« 70°C~74°CO|M AlZH, 1min ~ 1Tmin 30sec

l 90°C

R s s 222222 2222222232
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l DNA SEE2 Joj2

DNA 284
S DNA 2884

ehg



1EFAH - DNA Denaturation Step

1. Denaturation of dsDNA template

100

Denaturation
(1 min)
- Temperature : 92~95°C
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Annealing
(1 min)
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25FA - Annealing Step

100 Denaturation
(1 min)
. . I \
2. Annealing of primers o . \
1 \
= Temperature : 50~65°C 8o} \ :
(&) \ I
. o L = H o o) P \ e
« Primer/| 828 A E2 Z=DNASE B0 T - - \ § B,
_ _ g’_ \ I
22X 0M = A E0| 2T LX[SHX| RIOtE 5 \ |
o o o o 60 - : I
- &, 9 &= mismatch/t L0 = template2f primer bindin \ :
p p g |
. H
> H| W™ =2 annealing temp. =2 50 | Eiveain
primer@} template?Zt2| H[E0|M ATt2 I & - R .
0 1 2 3 4 5 6

Time (mins)

13 Step 2 : annealing ;
3¢ L0 (LU 5
45 seconds 54 °C
forward and reverse
il

primers !!!



3ErA : Extension Step

3. Extension of dsDNA molecules

= Temperature : 70~74°C

100 .

Denaturation
(1 min)
o
= Holding Time : 0.5min ~ 3min o ;‘
%,0_ ‘\‘ S
T S+ A Bactivati Vo
= Tag polymerase &S 2factivation 0! Vo
double-stranded site (template + primer) 2I4l > extend ol ‘Am
(1 min)
1 2 3 4 5 6 7
Time (mins)
y L | | |
¥ Step3: i
N '~ Step 3 : extension a
NUAPRS v L LLLLLL U s -
~ | -, ., - 7 | ./
- | e . ,
- =Ny | 2 minutes 72 °C
5 e Y - | | ,
" T N = e
¥ gL


https://www.youtube.com/watch?v=2KoLnIwoZKU&feature=youtu.be

PCR process

wanted gene

ar

template DMNA

number of double strands
with the right |¢F'|g,|:||. ‘

The first 4 cycles of PCR in detail
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PCR process

« https://youtu.be/gubLAtn204s

« Osmosis Prime: http://osms.it/more



https://youtu.be/gubLAtn2o4s
http://osms.it/more

PCR O| 2

1. PCRO =&
(1) End-point PCR
2) Real-time PCR

https://www.ocf.berkeley.edu/~edy/genome/



Molecular analysis@| At

1865 1869 1937 1953 1969

1983 19972003 |

Watson & Crick
DNA double
helix structure

William Astbury Kary Mullis
X-ray diffraction invention of
pattern PCR

L

Gregor Mendel
observes

phenotypes

- Human genome
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Thermo Fisher Scientific, "DNA research milestones”



PCR_summary

" ‘ ' . mWnﬁmmﬂmWWWmmanmmﬂﬂm
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i W\ s primers !!!

(Andy Vierstracte 1999

Extension of dsDNA molecules

‘DNA polymerase binds to the annealed primers
and extends DNA at the 3’ end of the chain

Anneallng of primers
-Primers bind to their complementary sequences .7

PCR cycle

Denaturation of dsDNA template
-Double strand > Single strand DNA .-

%Wﬂb'ﬁ“ﬂbwwm% Step 1 : denarurag

1 minut 94 °C
Mmmﬂmﬂmmmmﬁﬂﬂﬂmmmmmmmmmnnmmmm



AlA NN workflow

Prepare the PCR mix
l cDNA &4

Perform the PCR
Read the plate

Analyze the results - l’?& :
i

@

i by
i~ |
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Real Time PCR
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- High sensitivity & precision
+ High throughput
- Multiplex analysis
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log (DNA copy)

gPCR system

- Thermal Block (PCR Block)

ok

2l Light source

oY

=50 = detection module
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Endpoint
PCR detection

Real-time PCR
quantification

Cycle number

<&
Three temperature zones

«—— lens

cap
PCR tube/vessel

Thermal block

sample



ePCR vs gPCR

- End-point PCR(= endpoint assay)
- £ cycleO| 2&F 2t2 =l Z(PCRO| Bt 2) PCR productl| SZH=2 4=

+ Real-time PCR(=gPCR)
- PCRO| ZE|= =0t AA|Zto 2 SENFEE DL EHEE = US

- PCR I}H ¢ 244|0|H =% 7t=

ePCR

litative analysis)

_ XA CH/AFCH A 2F
PCR product &4 & =0/ ST -
Gene expression

Genotyping SNP
H =
Pathogen & & miRNA & small RNA




Real time PCR

End point PCR

ePCR vs gPCR
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PCR plasticware

« Learn how to seal a Thermo Scientific PCR plate

. -

L earn how to sealia

- https://youtu.be/2500n6W5gU0

Thermo Scientific PCR plate™




Detection chemistry

1. SYBR Green

2. TagMan probe




Detection chemistry

- SYBR Green Dye Chemistry (Generic dye based)
- high specific, dsDNAO|| binding
. PCREN 50t ZHEl dyel| (PCR product?| S =X
- 2= dsDNAE &7 > non-specific reaction products A=
- M=ol ZAap 5™ Z 250 M &gt method setting0| 282

- TagMan® Chemistry (Probe based)
. HEIZE fluorogenic probeS AtE
- PCREZM ¢t =8 & 578 PCR productE 4=
- fluorogenic 5' nuclease assay

FPower SYBR™ Green
PCR Master Mix

XIW Ja)sep

rlui.
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SYBR Green

Double strand DNAO| Aot &= SEE2EM PCR SHL== 57

Minor Groove0] At
[IH Of| BF

==
PCR cycles 2t /4=l double stranded New copy?| binding

ot

dsDNAJ] 182 Yok > AKX 22 Dyes signal2 LHA|

0

Fluorescence intensity : dsDNA & Ef2| PCR product 4tz 2 LIEHE

TZHE Q= X %S : reduces assay setup & running costs

Sequence non-specific binding= ot7| {0 O/A| & 2AM 2X et
(false positive signals )

Melting Curve 24 : Nonspecificet 32 0 £ =0l

=Rols
N

Cell Signaling Technology BRIC webinar, £ & &



SYBR Green dye_summary

T 1. Denaturation ST UL

Template DNA TOOL DUDD

T - UL TUTE
m < ER NS TSNS TN TS TN

3. Polymerization 2. Primer annealing Armolificati
mplification

- dye’Zl 2= dsDNAO| ZgfotCl= Ho|AM §0|d0| CiA EORICE primer dimer2| 2|t
Ol 4 E0|MO2 AMAME| pCR AFE B = ZHZ0| 5| T/0f PR &I} AlSE AZS
pr|mer°| C| Xl S A|efe| EE 0| O2{gt H|E0|H 2l AH=0] I—PEH—f" A= t”7(|0H0

- DNA binding dye2| 7t%& & &2 melting curve =4 0| 715510 A3o| £E0[dZ =20
2 olCt= Z{0|C}



Detection chemistry

1. SYBR Green

2. TagMan probe




SYBR Green

Double strand DNAO| 2ot &= SEHY2ZM PCR SFtE== 548

Minor GrooveOf Zgt
- dsDNAO| 2= M{Of Tt &= YA > Ao &2 Dyes signal= LHA| &2
PCR cycles 2t ‘4 El double stranded New copy0i| binding
Fluorescence intensity : dsDNA &EH2| PCR product “H 42 2 LIEE
X 7t

probeE ERZE StX| %S : assay setup & running costs &

. Sequence non-specific binding= ot7| 20 O/N 2N 253t
(false positive signals Z)

ol

ok

Melting Curve 41 : Nonspecificet 5% 0 &

Cell Signaling Technology BRIC webinar, & &



®
Ta q M an P o b € 5’ end reporter fluorescent dye

- target DNA 7| ME0| &2 \ 3’ end quencher dye
- JH|&O0|L, 4= £0|d0| =Lt

R 1
- F 7K EE dye B p ‘
.- 5" YT - R Reporter dye _r‘rrlﬁar‘\
- 3" T - Q: Quencher dye -
oligonucleotide probe
- Probe= PCR#IS= X{ofiotEH Qe

. 3’ terminal blocked : polymeraseOf 2|5 TZX

fluorescence resonance energy transfer(FRET)

fo~

@ @
-+Te \(\ é)\ en?rgytransfer

external light energy




TagMan probe dye

Reporter dye Quencher dye

FAM DABCYL

JOE TAMRA

TET ROX
BHQ

Filters

Emission
Spectra

~S17 nm ~551 nm ~S80 nm ~&17 nm ~654 nm

Dyes Bt olibodoid Bl sl
FAM™ vIC*® ABY*® JUN® mp*

“Fluorescence emission spectra of different dyes used for multiplex gPCR"”, Thermo Fisher Scientific



TagMan® probe & & |

Probel| 7|2 & Ef Polymerizalion R « Repoaer
- FRET &2 E reporter dye2| fluorescence emitting0| =& ot i N i g e
quencher dye0j 2|3l X 5 m— o e— :

5 - [‘.

Primer site2| downstream £Z20f| probe annealing frooasse

. . " Strand displacement
- Tag DNA polymerase2| 5" nuclease activityOl| 2|5} probe P

HFAH I.Q."
cleavage =3 ¥ — Wy, a— ol

cleavage of the probe - SE—
- reporter dye2t quencher dye2| £2| > reporter dye signal2| & Cleavage W4/
7 I' -) "'\ ¢ N gb

Polymerization

- Target strand25 E probeX|7{ = primer extension = new Pokmadzaiion Wiz - —
strand completed ‘/?\: S U ._?
Zt cycleOtC}H Probe 25 reporter dye 2t &2 G — —* )
- A=l amplicon0] k2t fluorescence intensity 57t Vg p—.



Tag Polymerase Activity: 5'-Nuclease

3. Polymerization
R Q
| wrvlld
Q * T Y
I I 5, ,
Bl 5’ 3’ 5’

rrrrmm@

1. Denaturation & Annealing

2. Primer Extension & Probe Degradation *

mﬁu ﬁmmﬂmm




TagMan®0| & sot= &H
- Ask TagMan #13, Thermo Fisher Scientific

- https://youtu.be/LlyewnZ-tZ4

How TagMan®

Works



https://youtu.be/LlyewnZ-tZ4

TagMan®2| & &

[SE]

- probe 2f target®| Specific hybridization

. ProbeOf CtDH M7ZEO| reporter @& 2HHE 2L = US
. ot 7He| HtS tubeO Al & 7 O| & 2| sequenced CHBF amplification 7ts
- multiplex analysis

- Post-PCR processing0| 282 22 - assay labor & material cost 2 &

[Erd]

. Sequence® £ probeE 27| X|ZtsfioF &



Multiplex Assay

. TH PCR tube®tO| A StLt O| 49| primer-probe set?t mixtureZ2 A0 =Xi, PCR &= Sl= A

. ... S

TR Blue Gene Only
Blue Gene *
o T
Eﬁ Red Gene Only
uuuuuuuuuuuuuuuuuuu @ T

Red Gene m

Blue Gene vs. Red Gene is 3 vs. 5




Singleplex VS multiplex gPCR

- Singleplex vs duplex gqPCR, Thermo Fisher Scientific

- https://youtu.be/MDTY04uoVeg

Singleplex vs.

Duplex gPCR




SYBR vs TagMan probe_summary

SYBR Green TagMan Probe

Sensitivity + bt
Specificity + +++
Multiflex N/A ++

Melting Curve analysis bt N/A

Ease of primer&
probe design

e +

Cost effectiveness +++ +
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qPCR S&=0F

. A= HA} infectious disease research
human virus =

. MES =3 AA food pathogen detection
ot Hol| EMo= O # & 45

‘ XﬂOt/Ef A= &8 24M Pharmaceutical analysis & Qualification
SIHE/MAEEEM LA S B Mycoplasma, virus, 7|Et LE=E &4

- E7|MZEstem cell/& M Zcancer, tumor cell 7| & A3
- Stem cell &Ql, E7|MZ2| £33, FHX Z=Hgene regulation ST
- Cancer { R E2 HE 2 OrFAmarker Y

'::I

- FEFHH S Pharmacogenomics
- ADME & CYP target &= TIZE ZAL E{OFS] MF /AT HAL

ojn

Al 2 /520 HO| 2 M plant/agricultural biotechnology

Al
- S™X &3 X AL gene expression, genotyping, sequencing S



S=E4 Quantitation Assay

- JEEA Quantitation Assay (= real-time PCR assay)
- PCR ZE 32 & HLtnucleic acid(DNA, cDNA, RNA)2| &2 F8ot= A

. HLO 2 Absolute vs A LH7E &F Relative Quantitation
HOjdd . =452 0|85t target genel| HAYZ A LAt
S BT : = A Zreference samplel| FHA £ D& 7|22 target genel| HAUFEEE
Hlw 24

Reference sample : non-treated sample, control sample

_

Conc. control sample




S=E4 Quantitation Assay g

.+ PCR SZE0|M 4-gEl B2 DNA segment LAAL

- NTC (no template control) \

. templateE ZESIX| A2 A|EE amplification quality 25822 A&

- Nucleic acid target (=target template)
- S=0°}1X} 5t= DNA EE= RNA sequence

- Passive reference
. Internal reference2 Z-25l= dye
- HO|H &4 &2t Reporter dyel| A|12& H#ZT2IStL, well-to-well optical variationg 248
- ROX dye

+ Unknown
. O|X] 59| templateE 7tX| 21 U&= sample
. HEFSI X} SHE samples 2|0|



S=E4 Quantitation Assay

Amplification plot : cycle CHH| &AM =& e == & A

TTTTTTTTTTTTIT1T] '
* threshold2t & = LHEIL = & M 20| A 2] cycle ‘ \
« %| Z 2| DNA copy numberE Z&5t=0| AHS HN| 7
o Ct 2t & = templateQ| &2 B | Ct value /
. | | | /
-
o o
Zo| gutst 72 = |
HHS O 2 baseline®| 2 H AF0j A .| Threshold ‘ /
| T g Nso o5 , | /
0 - - - 1
1 2 3 4567 B 9MW0NMI23MWMIEBEITEUINEZINEETEIINDINEETTED O
/Baseline Cycles
« PCREFS 7| cyclel M T
« UIH O ZF 30| M 15cycle =
« A& NSO HE I A LIEFLEX] 25



S=E4 Quantitation Assay

[active reference]

- Endogenous control
- S O E target genel| HAYS Hlwe Mff, A|=0f e} gf0] A HEEK] = genel|
AL L2E sample AtM|0f| Z=2tEl gene 2= sequence
- housekeeping gene, maintenance gene, normalizer, reference gene, internal control geneO|2}
i E&
- B-actin, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), ribosomal RNA (rRNA), 7|Et
RNA S

oln

- Exogenous control
« 2 sample0f 1 A= =TS F7H5HE RNA EE= DNA
- internal positive control (IPC)2M &
- sample extractionO|Lt cDNAZHE Al Zdlgh ==

$O
rir
(O]
=R
0.
(©)
D)
@)
<<
M
D)
@)
-
3
Q.
=
Q)
(ol
@)
D)
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Phase of PCR

- Exponential phase

& « PCR component=0| &&5| EX5+0] Z

log [DNA]

¥ cycleOtCt H=H5| doubling2 £ ampliconO|
ddE= A7
* very precise and specific
#lof cycles .
 Linear phase
Exponential Linear Plateau . Component®| 0| [ & AZXIE|0] PCREISO]
| | HHS|(22) LolLte 22t

- Plateau phase
« PCR reactionO| YO{LtX| gt= 2t
* PCR product’l & O]l HIE[X] LW, o=

# of cycles %6H7|- A|7£||-(EEI _)Ik_E 9}'&%



https://www.ocf.berkeley.edu/~edy/genome/



Alc
=

4 workflow

Prepare the PCR mix

l

Perform the PCR

l

Read the plate

l

Analyze the results



Primer A| &t

- Web tool

NCBI : https://www.ncbi.nlm.nih.gov/

Primer3 : http://bioinfo.ut.ee/primer3-0.4.0/

Primerbank : https://pga.mgh.harvard.edu/primerbank/



https://www.ncbi.nlm.nih.gov/
http://bioinfo.ut.ee/primer3-0.4.0/
https://pga.mgh.harvard.edu/primerbank/

Primer A|&t

1. Target gene2| seq. AA (NCBI S5 O| X| B %)

(1) Nucleotide 9}E1|_._E|01|A1 tazget gene 2=, O mRNA/organism(AtE/F /Lt

_)OE A A X}I o|_|-7é‘)| —_<|5— (|

(2) Variant > CDS 22! & CHEl A 2 translationt| = 2292 €7|MQ 2 A} EE&= FASTA

(3) BLAST > nucleotide BLASTZ O|& > CDSO|A SAtet seq. 27| > BLAST :
variant S8 seq. ZM = SA}

LE = pick primer

(4) Web2| primer design tool0|A] S& seq 2 Z7| = submit

2. 2|53t F/R primer seq.2 HMZ AKX 0f 2|2
(1) 2|Z[2t prime= S0 A TE buffer EE= 3% SF0 =0 ArE



Primer A|ZF Al DAt
1. primer Z0[: 25 20~25mer, binding specificity =0|2{™ 30mer 0| &
2. N &t primer7| 2| annealingStA| & A seq. 4

* Self complementarity : score/t =2 5 dimer 4d=2E

3. GC ratio : 50% O|8te =

Lo
IT O

4. Tm (melting temp.):
- dsDNAZ} ssDNAZG E|= 29| 7tk
- TmO| =25 templateZ22 & 7} =Ct= 2|0

- annealing temp”t 2-3C ¥Oj0f A%t W& : F7t




NCBI BLASTS O[&¢t primer X%t

. https.//toptipbio.com/real-time-pcr-primer-blast/

- "How To Create Real-Time PCR Primers Using Primer-BLAST", Top Tip Bio

How To Create Real-Time PCR Primers Using Primer-BLAST

How To Designi{,

RT-PCR Prlmers A

Usmg Prlmer-BLAST

! "'/\ | f /\ﬁu 4

"'»-



https://toptipbio.com/real-time-pcr-primer-blast/

PCR mix =H|

PCR premix:
(Taq polymerase, dNTP, reaction buffer w/ MgCl2, loading dye)

Sample: 1~10ng DNA (1 EE= 5ul)

Primer(10pmol/ul) : Forward/Reverse

DW: variable
PCR premix 25Ul
total volume: 50ul DNA template(ang/ul) 1uL
Primer(zopmol/uL), F+R o.5ul/each
DW 23uL



PCR XA

holding DNA polymerase activation g5 C 10 mMin
Cycling(25-30 cycles) denaturation 95 C 15 sec
Annealing 60(55) C 30 sec
Extension 72 C 30 sec
holding Final extension(option) 72C 3 min

storage 4 C 00



O7t2 A7 HM7|FS
agarose gel
electrophoresis




HM7| Y& electrophoresis

EE)
+ DNA, RNALH EHH T2 DQ0| XM31S M1 U1, o X7|% HEfo] SOIA &2 St ol ufet 0|58 4 9
ct.

« DNA backbone®| phosphate group2 =& &EfO|A STSHE E|11 A2 7| E(electric field)0| SO|A &
M Ao M5 HFo=z Mz LCHE £E 2 0|SoHot.

[0|S0of &= njX|= 22
< DNA 2Xto| 27|7t 25 / Agarosel| 57t 25 L2[7 0|&
» A0l MO =25 HEA 0|5

IT =T T

% 50~150V. & 100V 15~25%

+ DNA ZE/7t=0f et O sHE7F CHEL,
+ & I: open circular DNA < linear DNA << supercoiled DNA

<« EtBr (Ethidium bromide)2| E7} 0| &, H7|¥ & F5 & running buffer?| d&21 0|24 =0 Uit S=&= Hef

Xl A O
2 = QUL



<

L 3

O] —1°
/ HO

Analyze

www.thermofisher.com/egel
(a) (b)

a9 12-2. ol7t2 29 ¥ Fx(a)s AL FAE W BEAAE FHAY F2(OD).

stetSSAMATEELNE, M7|F S| e, 2011, oSt S W

fol



HM7| Y& electrophoresis

(7|8 & &S 8 running buffer]
% TAE H{IH (TAE buffer: Tris base, Acetic acid, EDTA buffer)2t TBE {1 (Tris base, boric acid, EDTA buffer)& ®O| &

s 0| 2cation®| Tris(pH 11) : (-2l DNAS &3 ZO 2 0|SA|7|7| QI3 YMsto] et

0

<« OFM|E4tacetic acid(pH 4.3) : Tris baseZ 215t DNA H-d2 7| 2|5t 8= > buffer LHO| A Tris-acetate &/ (pH 8.0)

% &2~tBoric acid(pH 5.1)

+ DNA &3l 22 (DNase)2| Z&Acoenzymel| % O|2metal ion (Mg2)& M5t 242 =2 -d2tinactivation F=
ERLE MESE 2 ZF0 8010 U785 S DNA E=

o
=
S| Mgtz 2restriction enzyme X Z2|ct DNAS| T7|B5S dt= 82 DNAZF A7|E2 0|l5E &= A &=

=)



M7| Y= electrophoresis

[running buffer2| 41EH]

7+ TBEZ Cf ApC}
Buffering capacity O © : HAlZ2t dI|E=0 =l
DNA size * 15,000bp O| & « 1,000bp O| 5}
- DNA 3|20 = & - H|3+EDNA:SakE X2 3|48

Gel image O © : O IRt band



H7|Y s electrophoresis

< DNA size & Agrose & 2| M EH

RO A FE (% W/V) DNA®] R 9] (kb)
0.3 5 - 60
0.6 1 - 20
0.7 0.8 - 10
0.9 05 - 7
1.2 04 - 6
15 02 - 3
2.0 01 - 2

stetSSAMATEELNE, M7|F S| e, 2011, oSt S W



DNA ladder

10200 16 - 7lct DNAS| 37| & &0t 7| ?et 55
8,000 16
AU . DNAQ| 7|0 St= ladder MEASIO] ALE
4,000 40
2,961 60
Tkb DNA ladder : 0.5 ~ 10 Kb size range LH2| dsDNAZS| sizeE
2,000 48 T=ot= 820 AFE(0f: gDNA)
L = - dy/ds 22 Q0] =0l 272 OfL)

1,000 60

500 60
(bp)  (ng/4pe)




NREES

[ A]

electrophoresis

1. 100mlI2| 1X TAE(XE-= TBE) buffer@t LE agarose gel powderE A &Est0 1~15%2| gel =7t E|=F 200mL
APZF ZppA S0 SHECH

> pre-staining2| &% staining dye= &7H E=Cr.

2. AAt QIX|Of| A LR 7t 20| == W7HX] 20 =Ct.

3. O[X[ 22t B=(50~60°C)7HA| &-=20 M 4%l = gel casting

(1) gel trayOfl H&9| agarose gel2 7|Z7} M7|X| Y=E MM &0
@ Gel tray?l 20| £|=& ZF0 combs £2 2 =

rot

Ct.

:'cls_
3) GelO| 22 BO{X|X| %A Z=HS| comb= D M7 |BSsT+E2E FH4

4. Buffer= gel2 39| EoHAM & 1~2mm B f2 SE2es FIO|E
> L F o] 2o ™ pyffer2 QIst

X20]l ™ DNA O|s£ =7t BOlH



HM7| Y& electrophoresis

5. Loading dye2} DNA 43 0{ A loading sample &=H|3tC},

DNA (Tul) + 6X loading dye (Tul) + DW (2ul) > = 4ulL

< loading dyeZt?
% =3 DNAE running buffer2Et 2 =7t 2 OFA well 2H0f| & S0{7HX| =
« BHE E + AUs 22X L= IS - AA Ol
+ ARE FMAIF DNAZ} gel &0 OfC|77HA] Tl =X] =42

% dye 35 : DNA sizeOf| 2t MEH
HE2 D= EFBromophenol blue : 400-500bp2| linear DNA2}L M 7|F& Al H|=5HH O|&



HM7| Y& electrophoresis

6. Gel staining & illuminator0®| A band =€l

[Gel staining dye?2| T 7]
(1) EtBr
1) DNAS| &7| AO|Z 7[0jE= 8%
2) DNA 7|2} Z&dIH 7
3) UV illuminator
4) DNAZt 25 DNA s&7| =255 43t ¢
(2) SYBR
1) Minor Groove0f Zg}

2) dsDNA Off 22 [j0j|Tt Y-S 2Hatits



DNA ladder

. https://youtu.be/MhGp0ODY7i2g

- "Tips and Tricks for Successful DNA electrophoresis”, Thermo Scientific

How To Achieve Successful DNA Electrophoresis

Thermo Scientific™ DNA Ladders

Perfect migration for accurate sizing and quantification


https://youtu.be/MhGp0DY7i2g

H7|8 S electrophoresis

- https://youtu.be/vq759wKCCUQ

- "Agarose Gel Electrophoresis”, Bio-Rad Laboratories

Agarose Gel Electrophoresis
Biotechnology Explorer™



https://youtu.be/vq759wKCCUQ

