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Amborella (eukaryotes) uses only + strand of nuclear genome without overlapping!

Amborella Genome Database
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Magnolia uses + and — strands of chloroplast genome without overlapping
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Trichoplax (82 &9
without overlapping.

o=

Z) uses + and — strands of mitochondria genome
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Cyanobacterium also uses both strands without overlapping

~ Cyanobacterium

complete
genome

Arcession: NC_013771 Topology: circular; Length: 1,443 806 bp; CGenes: 1,241



DNA virus uses both strands and multiple frames!!!

Herpes simplex virus
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Frame shift mutation

Ethidiumbromide (EtBr): reagent used
for DNA detection. |t causes frame
shift mutation (carcinogen)!

Fig. 3. (a) Ethidium bromide; (b) the process of intercalation, illustrating the lengthening and

untwisting of the DNA helix.
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PCR

Polymerase Chain Reaction (PCR)

* A technique for the /n vitro amplification of specific DNA sequences by the
simultaneous primer extension of complementary strands of DNA (>10%).

* PCR method was devised and named by Mullis and colleagues at the Cetus
Corporation (Mullis and Faloona, 1987)

» The principle had been described in detail by Khorana et al. (Kleppe et al., 1971)
over a decade earlier.

« Kary Mullis received the Novel prize (1993).
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DNA polymerization: DNA polymerase extends a primer by using

a complementary strand as a template.
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2) PRIMER
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An example of a PCR method

Pre—denature Denature
100~| 95 C 95 C
Extend Final-extend
80 72 C 72 C
60
Temp.
C Anneal
40 55 C
Cycle 1 Cycle 2 e Cycle 30 Soak
‘ 4 C
0
Hold Cycle Hold

program program program



Denature
5 3 94 C
* Genomic
DNA
Denature
94 C
3 5 Anneal
, primers
1 ¢ ¢ . ca.50C
e e SN NE NN NN NN NN NN NN NN NEND
I Anneal 3 5
81 5’ primers
ca. 50 C

Synthesize

3 5’ Synthesize 5 New
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Denature
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New

1 strand
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Genomic DNA

l Denature 94 ¢ 5 ' 3

1 Anneal primers ca, 50 C

Y

o
5

i
Synthesize new strand 72 ¢

1st cycle Synthesize new strand 72 °C

2nd cycle

©® PCR-3D model.mp4

JERat RN
——
by

Swnthesize new strand 72 ¢

3rd cycle

35th cycle
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Taq. DNA Polymerase:

» Most commonly used DNA polymerase for PCR
Isolated from 7hermus aquaticus
Heat stable polymerase

* PCR technique put to practical use by finding of 7ag.

» The use of a heat stable enzyme has two major advantages:

1) replenishment after each heating step is not required, thus simplifying the process

2) the enzyme is active at high temperatures, where annealing of the oligonucleotide

primers is more specific and DNA synthesis more rapid.
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Reaction components

1) Thermophilic DNA polymerases

o Thermus aquaticus (7aq)

Thermus thermophilus ( Tth)
Bacillus stearothermophilus (Bst)

Pyrococcus furiosis (Pfu)
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Map of pCR®2.1  The map of the linearized vector, pCR®2.1, is shown below. The sequence of the multiple
cloning site is shown with a2 PCR product inserted by TA Cloning®. The arrow indicates the

start of transcription for the T7 RINA polymerase.

TA cloning

facZo ATG

M13 Reverse Primer__|

CAG GAA ACA GCT AIG AC
GTC CTT_TGT CGA TAC TG

BstX 1 EcoR1
I |
GTA ACG GCC GCC AGT GTG CTG GAA TTC GGC

Hind 1l Kplw | Sacl E]?aﬂ:f—li Spe |
| I

CAT TGC CGG CGG TCA CAC GAC CTT AAG CCG A

EcoR V Bt | Mot 1

I | | | —_—
AGA TAT CCA TCA CAC TGG CGG CCG CTC GAG CAT GCA TCT AGA GGG CCC AAT TCG|CCC TAT
TCT ATA GGT AGT GTG ACC GGC GGEC GAG CTC GTA CGT AGA TCT CCC GGBG TTA AGC |GGG ATA

T7 Fromoter

AGT GAG TCG TAT TA

\ TCA CTC AGC ATA AT

C AAT TCA
GTTA AGT

Aval
PaeR7 |
Xhol Nsi | Xbal

M13 Farward (-20) Primer

|
C ATG ATT ACG OCA AGC TTG GTA CCG AGC TCG GAT CCA CTA
GTAC TAA TGC GGET TCG AAC CAT GGG TCG AGC CTA GGT GAT

EcoR 1

|
TT 14 GCC GAA TTC TGC
PCR Product TT GG CTT AAG AGG

Apal v

M13 Forward (-40} Primer

CTG GOC GTC GTT TTA C{AA CIGT CGT GAC TGGE GRA AAC
GAC CGE CAG CAA AAT GTT GCA GCA CTG ACC CTT TTG

Note: The vector is modified at the unique EcoR I site during preparation of pCR®2.1. The
inserted PCR product is flanked on each side by EcoR I sites. The sequence included after

page 25 is the sequence for the closed circular (unmodified) pCR®2.1.

continued on next page



Reaction components

2) Deoxynucleotide Triphosphates

e Low dNTP concentrations minimize mispriming at nontarget sites
and reduce the likelihood of extending misincorporated
nucleotides (Innis et al. 1988)

dNTP

deoxyribonuclectide triphosphate

PCR= ?loiA= HE=
dNTP= &J|2 %=

| (=2 200mM/ul) dNTP s D} 2 Q8H0I, low concentration®l

(@]
gt (error)E &0 =L},



Reaction components

3)

Primers
Probability of presence of same
» Generally, use over 18 nucleotides nucleotide sequences
6 mer 1/48= 1 / 4X108
» Genome size of higher plants: 9 mer 1/4%= 1/ 2.6X10°
8 9 12 mer 1/42=1/1.7X107
5X108-6X10 15 mer 1/415= 1 / 1.1%X109
18 mer 1/48=1 / 6.9X1010
21 mer 1/421=1 [ 4.4X1012

» Check list for primer design:
1) Similar Tm values are recommended for two primers
2) Avoid self-complement sequences
3) Avoid primer dimer formation

Primer= S& DNA 722t2 &=0lH ol == key component O|Ct. Primer2| NS 1t ABHOZ
M5 LXISl= DNA =EAl primerdt QE/H HEtet 22t2 S5 = UA of == A 0ICH.
Primer= =2 18mer 0| &2 2 CIAC!I i M AtEot=0l, 1 O0ls= 23X S&8Me FIIE 0H

ol0d 18mer Ol &2 primer € &AHGIH 0| MEU S22 AZ0l genome &2 THE 20l =MHE

lsd=2 =200t oD MH=O0ICH Bt ™ Al=Sol SEXMIOF 109bp A, 12merl primerg &4
O === 26t= DNA 22 0120l genomelll =IJHE 22 0| primerdt €2 = U= sLEH
HIINEOl ZMHE JIsA0| 0 =0LKIAH &= A O0IC.



« PrimerE UXAIQ & [ SR8 Atet=2 L5t £ L

Primer= 18mer 0| &2 2.

PCROI At2& = & primer=2| annealing temp. € H2| H|=oltH LTHStLI.
Annealing temp.= 55C~ 68C QEE.

Self—complementary sequenceE T &E=0|H Ié Ct.

& primer2] SIIME0| AE2X0|HA d|mer FaedE=E A= 1

3’ end= triple hydrogen bondE &4s6l= &J|2 de3|g & (G &= Q)

LRz

&) degenerate primer: 2 &} IMZ0] A&06HAl 22 [Hl= degenerate codeE 0l=06t(4
o}

heterogeneous &t primerE Bt



M2 0LIGO - OLIGO

self-complementarity:
gxtensive search
and other options

C>JEINIEEl (no parameters)

Input sequence—RiliiE

Trom director

main file: not selected
output file: not selected

" Choose one of the four options “

quick self- and
inter- molecular
complementarit

MAIN SCREEN

Tind complementary
regions to the
oligonucleotide

Tind complementary
regions to the
COMPLEMENT of the
oligonucleotide

aG: graphics




M2 0LG0 - OLIGO

infomy

Esc abandon

Home move to pos. 1

End move to end
C>JeIREEel (no parameters) search « = move left or right

i Backspace Del delete
l start new sequence
nput sequence info Ctr1-C quit the PROGRAM

MAIN SCREEN

Tind complementary
main Tile: SHORT.SEQ regions to the
output file: not selected pligonucleotide
current pos. 41

find complementary
regions to the
COMPLEMENT of the

Enter sequence from keyboard: oligonucleotide
TGCATGCGCGCCCTTTAGCGAAAAGCCCTTTTGGATTAGA

aG: graphics




M2 0LIGO - OLIGO

search

i

Tength

main file: SHORT.SEQ

output file: not selected

DNA length: >33 nt., begin is pos. 1
oligo Tength: 18

Enter length of oligonucleotides to be analyzed:
18

Sort
nG

Trom keyboard choose fragment MAIN SCREEN

Tind complementary

oligonucleotide

self-complementarity:
gxtensive search
and other options

quick self- and
inter- molecular
complementarit

regions to the

Tind complementary

regions to the
COMPLEMENT of the
oligonucleotide

aG: graphics




M2 0LIGO - OLIGO

CGAAAAGCCCTTTTGGAT

_[5]x]|

SHORT.SEQ
n
ABDF(RS
Position
& Length
of fragm.
19 g
™ [*€] |
B2.2
I oG |
kcal/mol
-32.2
tH
kcal/mol}
-151.8 |
as (eu) |
-394.5 |
Mean aG
-33.60
nG scale
0.5/11ne
UeowL o
I Info




M2 OLIGO - OLIGO

SHORT. SEQ
n

any other key continue ABDFQRSTV
Position
& Length

of fragm.

19 e}

™m [“E] |
62.2

[ oG l

kcal/mol
-32.2

tH
kcal/molj
-151.8 |

Dimer formation:

TR

3' TAGGTTTTCCCGAAAAGC 5

Self-complementarity:
CGAAAAGC]

TAGGTTTTCC
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Reaction components

4)

Reaction buffer

e Mainly modified from Saiki et al. (1988)

 Low conc. of Mg**: reaction failed
High conc. of Mg**: mis—pairing
pseudo bands

Components of PCR buffer

Saiki et al. (1988): Suh lab:
Tris pH 8.4 10mM 20mM
KCI 50mM 50mM
MgCI2 1.5mM 1.5mM
gelatin 0.01% -
NP40 0.01% -
Tween—20 0.01% 0.001%




Reaction components

5) Template DNA

e General amount of template DNA: 10°-106 target molecules

1 ug of human DNA

10 ng of yeast DNA ] = 3X10° molecules of single copy gene
1 ng of £.co/f DNA

e Quantification of extracted DNA:
1) spectrophotometer: OD.g,
?2) spot test in agarose gel



An Ay, of 1.0 = 50 mg/ml concentration of DNA.

ECKnam Dy-e00 3 g e " Date: 16701795
WSTITUTE OF HOLECULAR MEDICINE 3 Time: 16:49
.| 1.c008 ! ] ; 4 ] EE: f

:  PBLUESCRIPT

UV-spec vs. Nanodrop



Gel electrophoresis

&2 Hl+Dye+DNA




An Example of band (spot) test

 Marker: PCR Marker
(Promega G3161)

— Marker concentration:
5 ul contains 30-40 ng of
each DNA fragments

— Sample DNA concentration:
6-8 ng/ul

" dilute to 1/10
- use 2 ul of DNA
for 100ul reaction

(1.2-1.6 nQ)



Thermal condition and cycle number

e.g. PCR amplification of ndhF gene in Magnoliaceae (Kim et al., 2001)

Pre—denaturation: 95 T 10 min (€& AmpliTaqg. Gold)

Denaturation: 9
Primer annealing: 5
Primer extension: 7/

N O On
ol eoNe)

1
1
1

S 3 3

in
in } 30 cycles
in

Final extension: 72C 7 min



An example of a PCR method

Pre—denature Denature
100~| 95 C 95 C
Extend Final-extend
80 72 C 72 C
60
Temp.
C Anneal
40 55 C
Cycle 1 Cycle 2 e Cycle 30 Soak
‘ 4 C
0
Hold Cycle Hold

program program program



Relative light absorbence at 260 nm
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Strand separation i single strands
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"Plateau Effect” in PCR Amplification

theoretical vield /

|

al yield

log 2 [product]

0 20 30 40
cycle number

Depending on reaction conditions and thermal cycling,
one or more of the following may influence plateau:

1) Utilization of substrates (dNTPs or primers)
2) Stability of reactants (ANTPs or enzymes)
3) End—product inhibition (pyrophosphate, duplex DNA)



Non—PCR amplitication

* Cloning

— PCR productJ} heterogenous & [H
2t2+0] AIJIAMLE s ZEGHH A cloning
O & Ret.

« RCA (Rolling circle amplificaion)




e Cloning

Map of pCR®2.1  The map of the linearized vector, pCR®2.1, is shown below. The sequence of the multiple
cloning site is shown with a2 PCR product inserted by TA Cloning®. The arrow indicates the

start of transcription for the T7 RINA polymerase.

1.
ol Hind 1l Kplm Sacl Elian'.f-li Spel
| |

M13 Reverse Primer | i
CAG GAA ACA GCT ATG ACIC ATG ATT ACG CCA AGC TTG GTA CUG AGC TCG GAT CCA CTA

GTC CTT TGT CGA TAC TGGTAC TAA TGC GGT TCG AAC CAT GGC TCG AGC CTA GGT GAT

BstX 1 EecoR1 EeoR 1
I | [
GTA ACG GCC GCC AGT GTG CTG GAA TTC GGC TT PCR Product [JA GCC GAA TTC TGC
CAT TGC CGG OGG TCA CAC GAC CTT AAG CCG Afl TT CGE CTT AAG ACG
Aval
PaeR7 |
EcoR V BsfX 1 Not 1 Xhol Nsil Xbal Apal v

I | | | | 0 TR T
AGA TAT CCA TCA CAC TGG CGG CCG CTC GAG CAT GCA TCT AGA GGG CCC AAT TCG|CCC TAT

TCT ATA GGT AGT GTG ACC GGC GGEC GAG CTC GTA CGT AGA TCT CCC GGBG TTA AGC |GGG ATA

T7 Fromoter M13 Forward {-20) Primer M13 Forward (-40} Primer
AGT GAG TCG TAT TACAAT TCA|CTG GOC GTC GTT TTA CAA CGT CGT GAC TGE GAA AAC
\ TCA OTC AGC ATA ATIGTTA AGT |GAC CGG CAG CAA AAT (TT GCA GCA CTG ACC CTT TTG

Note: The vector is modified at the unique EcoR I site during preparation of pCR®2.1. The
inserted PCR product is flanked on each side by EcoR I sites. The sequence included after

page 25 is the sequence for the closed circular (unmodified) pCR®2.1.

continued on next page
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« RCA (Rolling circle amplificaion)

used for small amount of template such as DNA in
herbarium sheets or even fossils.
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