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10-2007-0100514 (@54 2 Ao ZAnlo| o8 F5/H E52 s H3 g% AAZE P
CR W) it vo] FF Fio] 7Fsd ¥ FF5 28E w7 AE 2 AN b5 PCRE ©|&
Sk B F5oE ol Al o2 Yol AAEE Fa Au FF 35T Al s AY
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TEo| 7bsd ¥ FE A v AE 9 AAZE o PCRE o83 B o] A i Bt
Ro g, I lol A AatEE 151 & APdsh= W] I3 A |
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2% (Auton, Brooks et al. 2015). (Zhang, Qin et al. 2004). (Poste 2001) (Nakagawa and
Fujita 2018) (Martincorena and Campbell 2015).
wF, oleld fuH Wol U9 EE THE 5. AF Bopld T 55 % AW, 44
9 Ezo B3 5ol glolA WS fET
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RT-PCR | | ‘Real Time PCR/TagMan ("91)

@2} dye rtPCR (*98) i . ;
HI'c®] FenDEL® (*13) .MGB TagMan ('0p) 'High Throughput rtPCR (*10)
*PNA Clamping("05)

(o) (i’
i '.z.-‘.g_...;—-‘I - / 'T?W'%y . _ddPCR('10)
I T ﬂa

% 2. qPCR 7|¥F F8 712 e Ad7).

~SHRAEH11)

19903 Zo] /WE¢HE qPCRE B, &%, AF, &4 T Odd ZokdA $8&8HL At
ke AgFAd B 2 AL A= VIR TES e 7IHe] AEE o

qPCR %%l —Zr& 37HA 7]%’-‘1‘{1 A (EEAY, HI5ol4, &FAR 5o AE)9 S5

& 2 2l , £3] PCR reaction volume<]
=55 % ]‘[‘E:]_L_ 0}93\0“4 DNA olguA =9 7:]630}"5 PFEEY AEoE A=
I AT BARWolE g}
1eat7] 91§ speciﬁcity SRl & 5 A&
PCR &Yl H7lste= quﬁil: *Zri PCRe] W¥FEAE ZoIAY =Zgo|w TholH
2 FA o Agste] AAHE= H
£o]4 PCR 4H&2 /‘3/‘3 5‘:—"5 i—"z% GC ‘ﬂ]% 3 5ol ax7zx FAo Tl &3 PCR &
&9 TAE aste &5 HIF 2=l ATH.
olgigt 2 EE+ DMSO (dimethylsulfoxide), WEFR] (betaine) F°] ATt 183, o
‘HotStart PCR” & #l8 @& 2=olA IAPH= whgS Adeta oA PCRe] z
HES st HEo|H FEH & e Ho“ﬂol O Bl
1% “HotStart PCR” WHoZE DNA %84 (DNA polymerase, DNAP) o] o
AdEFE FAE H7teke= WH [Biotechmques (1994) 16(6):1134-1137], DNA THELY &
97)
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_i.,
2
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o2 of
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e dAlsks @ 7ie SYawIEdeEel=q] I “IEH (aptamer)” & 3 7}8)
W [US/005693502A (1997) (Gold and Jayasena 1997); J. Mol. Biol. 271:100-111 (19
(Lin and Jayasena 1997); Nucleic Acids Research Supplement No.3: 309-310 (20
(Ikebukuro and Noma 2003)], =+ DNA FTdELS} S & AFdsdS AYH,
DNA FTgaxe] F4de JAsY, 5425 o9 PCR =M= OI%LH_E 34 5kA]
olystel DNA THEL: A S JASA Fe °lF 74 wEULEC|=E AFESto] A
Eo]d DNA 4= dAsk= W [J. Mol Biol. 264(2):268-278 (1996) (Dang and Jayasena
1996); US 8,043,816 B2 (2011) (Astatke, Chatterjee et al. 2011) [o] X i1 %

53 228 Zgtone SEE R4 AES SolFor A 9% Aew
7F 22 ZRHE AEShE ol AiEEHL Sl

SYBR green I =& SYTO9¢}t 2 DNA A3 JFAE AAIRE PCRo|l ARS8t S39 4



2 QA7 AEFoe vEcld 457 £% WASE Al L. cldd £AE A4
3t7] f18l 4 Mg Bold XZZH (target sequence specific probes)”} 7IEH. 74 3
E2HE Fiol @} TagMan ZE2H (dual labelled signaling hydrolysis probe) [P Natl
Acad Sci USA 88, 7276-280 (1991) (Holland, Abramson et al. 1991)]¢} A HIZ
(molecular beacons) [Methods. 25, 463-71 (2001) (Mhlanga and Malmberg 2001)], 2~&3]-&
X2 H (scorpion probes) [Nat Biotechnol. 17, 804-07 (1999) (Baner, Nilsson et al. 1998)],
LUX (light upon extension) Z2}o]™ [Nucleic acids research. 30, e37 (2002) (Nazarenko,
Lowe et al. 2002)], ¥ZEEFLE Zgtol¥ (Amplifluor primers) [BioTechniques. 26,
552-58 (1999) (Uehara, Nardone et al. 1999)] 5°] )+
=T, B2 WHo] fAAE AdYHor FFE7] 97 Fol=7F w2
g 2LEfo]= EZA (oligonucleotides blocker)E A3t ¥ )
P & ZEtoln g AMEStE WRHOoREE 3 = el @] Apole] o5 Tl
AS-PCR (allele specific PCR)S Al 02 3 ko] o] Hd s} o] F712) ¢
Hol] A E& It ARMS-PCR (amplification refractory mutation system PCR)}
W [Mol Cell Probes. 18. 349-352 (2004) (Jarry, Masson et al. 2004); Nucleic Acids
Res 17. 2503-2516 (1989) (Newton, Graham et al. 1989); Nat Biotechnol. 17. 804-807 (1999)
(Whitcombe, Theaker et al. 1999); Cytokine 71, 278-282 (2015) (Bergallo, Gambarino et al.
2015)]°] e,
HIZo= olE2P 9 IBAES EolHAE HaufA] FHEHE FASIEE F Y RECE &
g8 ZgfolHE AHEske WH < SeeGene AFe] DPO (dual-priming oligonucleotide) [J.
Am. Chem. Soc. 126, 4550-4556 (2004) (Sherrill, Marshall et al. 2004); Biomol. Detect.
Quantif. 1 3-7 (2014) (Reddington, Tuite et al. 2014); J. Clin. Microbiol. 49. 3154-3162
(2011) (Higgins, Beniprashad et al. 2011)]¢} Swift Biosciences®] myT 3Zz}o]H
(http:/ /www .swiftbiosci.com/technology/myt-primers) 7} 7]'44.
25 o|EAY E9E 93l F2(isothermal) PCR 9| 7ido] HALSH, 11 =& loop
mediated isothermal amplification (LAMP) <Nucleic acids research. 28, e63 (2000).
Analytical chemistry. 83, 1883 - 1889 (2011)>, rolling circle amplification (RCA) <Proc
Natl Acad Sci USA 92, 4641 - 4645 (1995), Nucleic acids research. 26, 5073 - 5078 (1998)>,
recombinase polymerase amplification (RPA) <Plos Biol. 4, 1115-1121 (2006)> Z1g]il
specific high-sensitivity enzymatic reporter unlocking (SHERLOCK) <Science. 356, 438 -
442 (2017)>°] Ao, primer® design &2 ¥H 49 EQMEAY B FHEEo] ¢AHS
A Xt w2 FEAS HolA Hsta Sl
ol¢ HEol, H2 Wo] fHAT%E at7] AsiM = o FRAY] SFLS AAHL, ¥
of FAAVF F2 FZE 4 9t WHOE primer & 5 oligonucleotides blockerE
designdbAut A&t WH Sol I JsEol eu S
A719 ofg] A 7|2 AH AS 58 ARMS PCR 7|& 982 I4 HoAUuR %3
E g2 WHO=  allele specific blocking oligonucleotidesE AH83t= WHO=E
allele-specific blocker PCR (asbPCR) <Mutat. Res .517 .209 -220 (2002), Am. ]. Clin.
Pathol. 127. 977 - 981 (2007)>,3 competitive allele-specific Tagman PCR (castPCR) assays
<Exp. Mol. Pathol. 92. 275 - 280 (2012), LifeTechnologies. (2014)>% o] 7'&4.
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o] 7Z]l&dA A8E+E blocking oligonucleotidest=  wild-type A3 %3
hybridization®] 7}5% AYE T4 = 0] allele specific primeret 28-S 53l wild type 3
Aol FF S o} background signale ZHAEAA EAROl ALY HES A FIAII=
7149,

oj¢} HjE] AS primerE AFESHA oA To] wild typed] SF S JAst =AW
olAIY HEE &olstAl ste WHOE peptide nucleic acid (PNA) clamping <Nucleic
Acids Res. 21. 5332-5336 (1993), Cancer Res. 65. 7276 -7282 (2005)>, DiaCarta’s
xeno-nucleicacids (XNA), (https://diacarta.com), 5" -phosphorothioate-modified DNA
blockersE A}-&3}+= BioceptAte] CEEselector assay <Cancer Res .72. 3198 (2012)>& A&
sh= W o] Al H.

=9 53t
dat= W
(COLD-PCR) (Nat. Med. 14. 579 - 584 (2008), Expert. Rev. Mol. Diagn. 11. 159 - 169
(2011)>2} ICE COLD-PCR assay <PLoS One 6. €25191 (2011), Nucleic Acids Res. 39.
e2-e2 (2011)>7} U

I 99 Aol WHOeE RNA oligonucelotidsE primer® Al-83l= Integrated DNA
Technologies AF2] RNAse H-dependent PCR (rhPCR) (BMC Biotechnol. 11. 80 (2011)>°]
.

d719] e e AA ol M ols JHE dEl AMgEE d3AEES hydrolys1s
signaling probes (TaqMan) ©|™ 7} 2] AHE-¥ = AS primer= ARMS primer<!

A Qiagen AFe] therascreen <PLoS One 7. e43842 (2012),>3 RocheAte] cobas (Br. J.
Cancer 107. 345 - 351 (2012)>¢} #o] A c2E 71 e 7dd el

a3y B A% ARMSE SNP d=Eole S22 #5S 7MY, oF 2d3} 2L Somatic
mutation AZ°lE ok FAE 7HAL A+

HIZoe dEAE 53] liquid biopsyE 9% blood AlE Wl EAsts F4F9
circulationg tumor (ct) DNAZ} B2 9] wild type cell free (cf) DNA <ol A% 0o 3l
= W2 v dHE 7led Aol 247 A+

e 50% Eds SATOER Vel R I Al HA o,
mult1plexi FRdste 7€ T A+

AA7MA AEE Fe Je W T U EHZFoE Agste JleEd ZEH U
(Hydroly51s Probes)E& AH&3ste WHOZ 7P HE Al TagMan probeg AME-3t= PCR

assay

r%

5 X743t blockers®| wild type 3ol hybridization 3+ ASEE& =

sy
S8 3= co-amplification at lowered denaturation temperature PCR

L



Forward @ -
Primer ® Probe
W A ¥

Reverse Legend
(&) Primer
® wve

Allele -' \MGB MGB B) @ FAM
1 /\\ Ve \
Lnua II il

Match Mismatch Q Reporter

A!lele @?\ MGB ) 2
A, -

m\_-/lMJ_LL N o

5

Match Mismatch

5
U
=

3 3. TagMan probe assay?] 2]

TagMan #4¥H-& PCR ®¥HgA Zgtolm et A &F dido] 2 E¥ (reporter)ot HA|
(quencher)7} ZA%H ZEHE AHEsH, 3 T8 dUA AD A E ol&F <Proc.
Natl. Acad. Sci. USA 88. 7276-7280(1991)>. =, X E|2} AX7F A H A& B5 =
HERE UEd duAZE A AAHE AuA o7k doju &3] A=A 7L
PCR 5% At=o] S7HE A %2 Fx7o] Z2ed® Z2B7} Taq DNA EE|Hgo]=29 5
-3 FEdolz 4ol os) ZeiETEA xH| Fo] AatE= dEd.
TagManTM ZZ2H & FFEDS sl AHEste] SNP HE T+ EAWo] £
& Aol oy o] WHME ZrH| SoE Fosty] A Fe Z=
stofok stm, o]2 QI8 Tm o] BAH = YrolxA] Ho| A7 o dd ZH
HYRA., ol FE3S7] Yl 17t MGB (Miner Groove Binder) ZEH XEE LNA
(Locked Nucleic Acid) Z2ZHE Ag3stojof st @3 o] 93 <Mol. Cell Probes, 17.
307-311 (2003), Nucleic Acids Res., 28. 655-661 (2000)>

qRT-PCRell AR8-3}7] 913 Thekgh EAWo] &4 /de] tigt A7 4849 S,
7180l W3 84 Ful, 123 SNPSF 22 Edwe] fFAzte] g 74 Stiwol
A A BRaurt o S

dE §4 o] S7Hd =dHolA (Ignatov, Miroshnikov et al. 1998), Hot start PCRell
o]-go] 7}5d A oA EAo] ¢FFt (cold sensitive) Ho]A (Kermekchiev, Tzekov et al.
2003) (Wu, Walsh et al. 2015) (Modeste, Mawby et al. 2019), reverse transcription PCR,
bisulfite PCR, error prone PCR 5ol ©]& 7}53t5 5 rNTP, hydrophobic base analogues
T oge 71He i o] &Aool FAE WolAl (Suzuki, Yoshida et al. 2000) (Ong,
Loakes et al. 2006) ) (Strerath, Gloeckner et al. 2007) (Loakes, Gallego et al. 2009)
(Schultz, Gochi et al. 2015) (Fa, Radeghieri et al. 2004) (Loakes, Gallego et al. 2009) [US
9267130B2 (2016) (Martin, Simpson et al. 2016)] US2012/0258501 A1l (Bauer, Myers et al.
2012). Elongation s&o] F7l¥ WHolA| (Yamagami, Ishino et al. 2014), ¥, E< 5 o
et Algol] 2EHE A&l 93 PCR A tial WS YelH = WolAl (Kermekchiev,
Kirilova et al. 2009)7} 71 =of ¢1&

ol HEol HHEA F2 =dnlo] 5o =Zfoire 3 wd Mde dX 9 dAE
T3 TYol FUE FTHEAVF HIH [PLos One. 9(5):€96640 (2014) (Drum,
Kranaster et al. 2014) (Raghunathan and Marx 2019) ; KR 10-2017-0088373 (2017) (¢|®¥ &

3L

)
N
N



2017); US 0034879A1 (2013) (Skiragaila, Tubeleviciute et al. 2013); WO 082449A2 (2015)
(Marx, drum et al. 2015); US 9,267,120 B2 (2016) (Reichert, Bauer et al. 2016); US
8,759,061 Bl (Marx, Summerer et al. 2014) Chembiochem 8 (4) 395-401 (2007) (Strerath,
Gloeckner et al. 2007).

ol ATA HiHE Wo] thd amino acid residuest primer®} template, 123l
incoming nucleotides®} T2 ZA¥}o] H& ALE FAHE amino acids residues /2
E AFHOE Holg FrstuA Ju = W AAE FRIYS. 53], K508W, R536K,
R587K, R660V E=AR A (Drum, Kranaster et al. 2014) € Mut_ADL ®HolA]| (FHo]F-<
N483K, E507K, S515N, K540G, A570E, D578G, V586G, 1614M) (Raghunathan and Marx
2019) 5 =& TRAL By, T3 BAE v wild type Taq? HIAT TG T4

=.

a8y ol ATFE A= polymerased] gk <A R o)A

goy, ¥ FEAHS VA= 4 el AFFHoA £E &

T = A= (CSR, spCSR, phage display) ¥ direct evolution ¥ #-&

A Az D A8 A" Fo] JNTEJAATE B A inhibitord] H7ME

49 A 3L noncanonical substrates 52 ©| & F U= 49

% (selection pressure) =-2 screening system®] AAo] FEAo] E&

2 golstA] Fsk7] Wi

J8BEE AEE targets 7IWIOE 3 WHolE B3 E4AE AEHste Aol FEA]

a4 AEe) Jhesds Eoled Wy F88H & A
ANE

Ee TFEAC 52 S 3R

=
=3
S
N
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L
9
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A
°ow E3] PCR 71& 714 4 A2 2837 million$ (¢F 3% 139¢) 22 A HF AF
E(CAGR) 9.1%=Z A A% 37%9 A AMES 7HAL e Aoz Budgi A&
(Molecular Diagnostics Market by Application (Infectious Disease (Hepatitis, HIV),
Oncology, Genetic Testing), Technology (PCR, DNA Sequencing & NGS), End User
(Hospital/ Academic Laboratory), Product & Service (Reagent, Software): Global Forecast
to 2023 Marketsandmarkets, 2018, 05)



» Application (T4 - USMS , %)

Infectious Diseases 42314 (55%) 5,947.4 (52%) 7.0%
Oncology 1,789.9 (23%) 3,146.4 (27%) 11.9%
Genetic Test 1,066.6 (14%) 1,659.5 (14%) 9.2%
Other Application 625.3 (8%) 78599 (7%) 48%
» Technology (B9 - USMS |, %)

PCR 2,837.2 (37%)

4,393.4 (38%)

INAAT 1,584.2 (21%) 23917 (21%)

DMA Sequencing 8 NGS 1,251.5 (16%) 2,098.3 (18%)
In Situ Hybridization 602.8 (8%) 8221 (7%)
DMNA Microarray 5447 (798) 788.0 (7%)
Other Technology B927 (12%) 1,045.8 (9%)

INAAT : Isothermal Nucleic Acid Amplication Technology

# Product & Service (EH2) - USMS$ , %)

Reagents & Kits 4 868.5 (64%) 7.640.2 (66%)

Instruments 2,327.5 (30%) 3,323.6 (29%)
Service & Software A17.1 (6%) 5794 (5%)

Marketsandmarkets (20184 05%®)

a9 4. AAANG 2 224 T Al 2 (Marketsandmarkets, 2018).
@) BA7IvdS

2 Auk Bof 487)%S HGSEL e 719 Roche Molecular System, Qiagen
Third Wave Molecular Diagnostics, Gen-Probe & !

o5 71 AAA 7E V|gos AVARZL A@ss Z2W 7gY ©, o
o A2 A 71E ML AFE FEEA Fe ol Ve
2 B9 ol Wt B A 7] NES ZA AR YA vt & 2 e 7
37 2 A

shel 2 4 AFe] AT 7ES diEsHFAdol dEFoln T dde) Wzt 7Y

14}8te] DNA 3147 AALE AAshe] Fasie, F2 SSR

2k 212
nAE 83 Ho”ﬁ% B3l HIZE AHl= T AAEIE s

H3F 719 S 2= VisionBioAl FEHEEL2: § throln o5 W2 f-Eugte] SNP +
Aol 7] AE F=E3o AAste WA 28 oF 50g (°F 2,300
H) AAANEE 23 5, %éﬂ S AFo dFolA DNAE FF 84 st WS A8E
PEL FHUFME/FTEAYAEH /TP EFFD7I€ARJVIT. TS BEASTT dT4/F
HH AT o d771He] AU



F 5 BARIGHA 7lEe] T 2 B4 Te &7 7Y
) & Z1E€s 71
Polymerase Chain Reaction (PCR) Roche Molecular System
Transcription Mediated Amplification
(TMA) Gen-Probe Inc.
Target Nucleic Acid Sequence Based . ) .
amplification |Amplification (NASBA) BioMerieux(organon Tekrika)
Strand Displacement Amplification  |Becton Dickinson Corp.
(SDA)
Rolling Circle Amplification (RCA) |Qiagen (Molecular Staging Inc.)
Probe Ligase Chain Reaction (LCR) Abbot Laboratories
lificati Cycling Probe Technology (CPT) ID Biomedical Corp.
AmpHHCAtion 1 vader Assay Third Wave Molecular Diagnostics
Sional branched DNA (bDNA)Technology |Bayer Diagnostic(Chiron)
1,‘02, H Hybrid Capture (HC) Assay Digene Corp.
amplitication Hybridization Protein Assay (HPA) |Gen-Probe Inc
AE ; ko] A BH (3-8 EAZH, 2012)
F o6 dER FT Y AT L E4H
71 v & 28
NE 50gs AFHMA  E4
D771 | L2 RS | e = wFE AA o
B 02 BEEQY R | ORI R
%)E A
g A 19 W FF A4
o -oF 2009 F ¥ FF AEE | 718
718 |48 < K
571 == VisionBio SSR w}A N & Rice variety identification
test
84/ A7 A FE5AA
At
[e) % =] =4 ~ - B
gazie S5 TENET ww g 500 B3 |2 5 we B wua
= AT e EI Y e IS b P
BL & FI3HHAA
(4) AAANA A
(& FF A/ - 7le s AAA4)
o dEo] & FF Rl B A4 Aol SAE oy, ZE sjel=e) FFL vE 1
Mol BT /1% Yol A AT
. QB AP FE SR PAE BEF AAALUOE Fulo) SNPs BEL FF A4 Fnt 7
o Qe



£ 7. 4R A FF A/ HEE A4 AL
EJ/HS EALL X 2yo| HA =0l
NATIONAL AGRICULTURE AND
26015547 2014015547 2014.01.30 ™3} 2 &9 EF 2 FOOD RESEARCH
ORGANIZATION
NATIONAL AGRICULTURE; FOOD

20189985 2008189985 2008.07.23

3
|0

el RESEARCH ORGANIZATION
TAKARA BIO INC

& E5 HEE Z2to|M(primer) X IZ4E JAPAN TOBACCO INC GENETIC
19106001 2007106001 2007.04.13 _ e

ol 8%t & 5 Ehguky ID KK

W EF AU vholaz AEelE v
09040226 1997040226 1997.02.25 (microsatellite) 2 2| EF 2] =& A ¥ MITSUI PETROCHEM IND LTD

iy

At A3 7]l 7P g T3 2AEA T FEF] Y
H 555 dsFer A R

ki

el SAE vkl o] F2 Az (A fFe DNAY EWLA, FE57H 3 Ao Taqg DNA

polymerase®} FrARRE THFEA /Y, T P84 S, hot start PCRo] 7153 &4, long PCRO]

7Fedt B4, AR ARl thiet o] SoiE a0 Jidel #3t 537} BikE.

HA71HL AEstabEo] 2 o83k taq polymerase ¢ &5 781! thermo Fisher, Life

Technology, Roche molecular system, Applied bio systems2] A7+ 3| oAl 2 =g

T2 HaS TASE 3 3AR A4 A FGRIF FE o] F e, 2015 o]FE= Al 5359

Be TR EE £HFS TR0l AY B Ju, TR EFY BelE AT P
A7k Qo #AA B FETRC UF A=A AulEo] A e Aow R,

JEe 4 AR TR B 0|88 AFol AVHAT Qov, FhHor 5 F
FALT Bl B AT ASS 71E ANES T AN AT S

dEe W Ay ZRAEe] FEFoR YR 0 AA FNE Fuse] 1 NS |
0% YR wYLMe] EF PAWOD SR UhAE ol §F FEWHE wATH YL
YEe FF A % FFHE YLTH oY (AS) Wol ME B FF 5 ¥ F
A BAZ BAE ZAAPE ohel 4R A A4 39 Fol AA, BFE A
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Lo E& WY B 9 A

b B4 N BE

e 2 A F4 7€ qRT-PCR (real time PCR)°|Tt}. qRT-PCR< singnalling probeZ
hydrolysis dual labeled probes (Y™ TagMan probe)E A& S = 5->3" exonuclease &
‘do] HgQsit}

* qRT-PCR ©llA4 &3 probed &3lE 93l 5->3" exonuclease /o] 751, o3 &4
2 Taq polymerase®} &2 family Aol &3t Poll Al &iof &4ttt

o WP FAAY FES A% qRT-PCRS #8l, 3 deho] HIFH Al AS (allele specific) Zz}
ol EE= ARMS (amplification refractory mutation system) Zz}o|HE Ap-&3t= PCR <
o] 7pg HuAHolw F&Z ot o] F¢ Zholw 3 H7] (base)o| WiA & wZzwEjX|

il 3T
o mgt dHolet oY e F UY FAAe SF &80 2AHY gE <ol vl
& Plud £ FRAS Yepith o, olgid FEAHS FE primers AHEE ¢ TE
dE& F+ primere] ®37F oJUA] ¥EE 3> 5 exonuclease’} /g0l glojof g},

3l

o 719 = 7 ¢ qRT-PCRE &4+ Taq DNA polymerase®} 22 family A 7
o] Eiaolth

* Taq Polymerase 3'->5 exonuclease &Ao] ZA3HA] IO = 3 mismatched ARMS =
<& AS PCR primer®] AA7} glem™ ZE3ZF Pfu polymerase?t &2 strand displacement 2
dol @13, t4l nick translation &4 (5->3" exonuclease &) o] Ut

o W2 gRT-PCRol| 7]&o] /NEEO™ oo thgst HEAY Taq DNA polymerase”} 7
o] ARSI ST

o 2y}, %2 Taq DNA polymerase & 7% 2 &4 59 AT &49 /gels B+
shal Akl o) &olsiAl AHEE 4 = W<€ DNA polymerase o 702
o3 w483t a7 A9 glth

o IHEZ YPHFHA (allele) (=& SNP, EARo])

A Jaof o] wlg Fasit

B3l ACq &2 ACt (ACt = Ct of mismatched primer - Ct of

matched primer)7} 6 o< UElll= B4, AACt (AACt = ACt of mutant Taq - ACt of

wild type Taq)7} 3 o4& YBtl= 3159 TEAHS Yl 4 JHE 5X= 33t

il

s TR & 9

rlr
Hir
rlo

4




U Jls M A=

rlo
o

g2 UJEIHAT 22 S4E 7HAE A9 AHEZ e A4 JNEE]
oty JelE=E 2 HAd A= wild type Taq DNA polymerase®} HI AT RHeE 34 &
e 7He N T4 Adstas sdd.

W ABELE GAROE Prlstel AT APA o] 5T M Ee MY AAE
3=

5"Flap 7% Q1A &5

Flap Endonuclease

3 mismatch FE S8

= Polymerase - e
' I o

v FenDEL®PCR B2 =

1% 5. Tag DNA polymerase 7' F=QH4

* Taq DNA polymerase= small fragment?l 5 nuclease domain (1-288 aa) ¥ large
fragment?] polymerase domain (289-832) (Stoffel fragment =2 KlenTaq)2 & U+ A4l

polymerase domain®lls= Palm, Finger, Thumb sub-domainso] o17te] 8L woko Fx

£ FA4st DNA olgd 7o & 29 + s 7x2E 45kl JH(Ollis, Brick et
al. 1985) (Kim, Eom et al. 1995) (Eom, Wang et al. 1996).
o 2 A Zad FEE GAs] s, 714 vdd 7= ddE 2d (=
E3)E FAta, Ao Fxo G4 dhE Yo #dd B WHolA ARE st
ATt
th2] Polymerase I 729] crystal structure 975 &3l primer, probe, NTP, ¥ Mg++
Y AE active site®] YAE LT ThYFT amino acid 7] tigk Hol AF7E AR
o}

|



FastA FME FHSE motif A (residues 605 -617)8% (Patel and Loeb 2000)
(Suzuki, Yoshida et al. 2000), O-helix (residues 659 - 671) ¥ (Suzuki, Yoshida et al.
2000), finger domain £ P a-helix residues (residues 704-707) %

et al. 2003), nucleotide binding pocket (residues 611-617) ¥} stearic gate ¥ amino acid
residues (615) ¥ Palm domain 2| third (- sheet (residues 597-609) 8<% (Ong, Loakes
et al. 2006), Motif C ¥ (Strerath, Gloeckner et al. 2007) 123 P’ domain (residues
704 - 717) ¥4 (Kermekchiev, Kirilova et al. 2009) ©] AT+ (3£ 8).

oj#d HRE EUE o|A7HA ®Ao] HA &2 99, 9= FEN domain, & A|A &2

9 (Kermekchiev, Tzekov

THEAY primer binding 95, 4 amino acids target= T=3tY T8 engineering

targetO. 2 AA 3t stz sk

3% 8. Tag DNA polymerase ¥Ho] 9] & &&

mutation point

(Important position sub—-domian or motif application references
remarked)
Circumvent {
. gnatov, 1999
S543N Thumb (Klentaq) template regions 45313} fignatov,
with a complex 1998 #243)
structure

1614K; (mutant53)

A608S,1614N;(mutant94) , _ incorporatedribonu 14461 - o000
1614N . L6141;(mutant265) MotifA (605-617) cleotidesatefficien #60]

A608D,E6150(mutant346) cy(1073fold)

i ; - {Patel, 2000
35 ROO5K K219E M236 ;Hogldlongerhalf—li
F73S,R205K, E, T,E eat97.5C
434D,A608V,(T8) increassingresistn %‘5‘8?";33‘;}
K540,D578,N583,M747(H15) ﬁcetot_h?inhibitors(
eparin

1614K(mutant53)
08D e e utantads)
, mutant .
LB05R,L606M,V607K,A608S,  MofifA P;%%_"'}g%) rate %%tf" 2001
L6091,5612R(Mutant212)
614N, L616D(mutant265)

higherrorrate(>20- {Tosaka, 2001

A597T,E615G,W604G(R),161 low fidelity (RNAP {Xia, 2002
4T(SFRs) activity) #227}

{Modeste, 2019
W706R,|707L,E708D ﬁ% {Wu, 2015
E626K,1638F,M6581,V810G,M codons543-824 8}%‘? Ssifaqsipti(v:% ) {Kermekchiev,

807L,E681G,Q690R, 5003 #271
{Davalieva, 2009
#120}
611-617: nucleotide .
A . enzymatic
E602V,AB08V,1614M,E615G(  Pinding pocket/the steric o niacic” of {Ong, 2006

gate residue E615. )
AAZ0) 597-609:third p-sheet of anfieense and . #224)
the polymerase palm P




Q782L,H784L  (LVL)

E708N (I, Q)

R660V(T), R487H, R536K,
R587K, K508Y, R660T,
R587!1 (K), R487V

E742R(A,E,K,Q,H),
(R, A, K, Y, H)
combination

A597T,W604R,L605Q,1614T,
E615G:SFR3

1614T:  AA40,
I614E,E615G:SFM19

A743

1614Y(E),E615G(A)
(SFM30, SFMO1, SFM18,
SFMO1, SFM18, SFM19)
I614E,E615G:SFM19
1614T,E615G:SFMO1
I614E,E615A:SFM30

19 positions
N483K, E507K, S515N,

QVH in Motif C
(Q782,V783, H784)

Pdomain

the amino acid of
interest with the
phosphate of the primer
backbone

N-end of motif 6 in
finger domain

IEFYNQ:1614,E615,F667,Y
671,N750,G754,
RMQVHE:R573,M747,Q75
4,VI783,

H784,E786.

template strand:
R728,R746,M747,Q754(fin
ger),A570,0578(palm),
N483, (thumb)

primer strand:

V586,(palm), E507,
S515, K540,  (thumb)
incoming

nucleoside-5"-O-triphosp

mismatch
discrimination
(15—fold)

Resistance to
PCR inhibitors

{Strerath, 2007
#102}

{Kermekchiev,

(blood and curde 2009 #24}

soil samples)

applications in

allele- and {Drum, 2014

methylation—specif #32}

ic amplification

elogation ability %?Taigén}i’
{Schultz, 2015
#210} {Fa,
2004 #2486}
{Xia, 2002
#227} {Ong,
2006 #224}

for incorporation
of modified
substrates

{Fa,2004+#246}

increasedmismatc

Ss e B ISR
, ut ' andreversetranscri
N483K.E507K,1614K,k540Y,v [614.H639,F667,K663,R65  iccactivity
586G(MUtRT) 9(finger).
inproximity to primer
strand:
V783,H784(palm)
both primer and template
strand
R573(palm)
£424G, E432G, E£602G, HESs ioakes, 2009
AB08vV, 1614M, M761T,
M775T)
Taq DNA polymerasex= family A &4 F3AY v, a3 FHAAAEY FH 9

rational design (&4 A7), <l

Taq polymeraseE % Al 3}‘34 Hlw 7

PCR 2Z 349l Ct (&
of gk HlwE

real-time PCR £3} ¥]a

sl AN
S P RS EPARSE
FEN domain linker, O helix, motif A%} %

A A5k

target specific mutation<

o

& mhol A

offl



&

gdo] MAE polymeraseE AWtz AxEsAY, 7|Zd Bud Woldyge F4
£ s AgstaA stk

L8 Al error prone PCR¥} Z-2 random mutatione 33 T compartmentalized self
replication (CSR), RACHITT, Domain exchange 9} #-&

skt

T8y olgd FA ARl the] WolA library X 9 A A FEAS & 84
o Aol A3FstA G2 AFoR SlHgion, 7] Bid $x]°f 707, 708, 660, 507, 536
o] Taq DNA polymeraset= Thd 3% @A4S BF3ta 9o, ol& 8% 49 1
7l& AFASEA A A AL e ecle] AT 4 Qlar, E=RE WHolA ] &Aool Haleh

o= 3 WHolA

WHS 53l engineering 3t}

9]

22 =2 7EAE HolA oAUt (data TIAA).

T3 2 domain F99l ™E random mutagenesisE FJFHOE FPta FEAC] E

HolAE AR”staal skt 28y ol H e AHE wi¢- wa&Z oo 3 Ao

HolAIE #FET 5 gl I olfr WHolAl Aol e Hd-3 Yt (selection
ol glo] oo WolAle] B9 FAo] AU, A& A= &40l =4 oY

ol O
-
22
£ g

(0]

mebA 4219Fe] Taq DNA polymerase 70o] Q%o oo FFstal 7ILE Taq DNA
polymerase% A2 AQAH o7 SRt ST

olfd =¥S T3 B e MAAAHS T MEA &UA# primer binding siteE FF

Holste] $-43 WHolAE o AWslaA sHon F HolHoZ BRI target I
& B8R FAQ site directed mutagenesisE Tt AA Aol G&ZHOE HolAE Al
Fstaa skt

(1) Site directed mutagenesis$} Taq DNA polymerase &0l A=}

Taq DNA polymerase A& plasmid pUC18 W 2] lac promoter 3tFoll HXAAH T
o] T EE 53 vector (pJR-Taq)= AHE3EATE ZF version®] &AW olA= 54
vector pJR-Taqe template® 3} site directed mutagenesis® T34, pET-28a 43
vectoroll 75 3t

HolE 13 ofr|iAbol] primers (3 8)= A&t  Site directed mutagenesisE &3l 3}7]
o o] thefet AWl Tage AZSHAT (100 7] EAHOIAE A &3t AP H7H9h.




3 9. EdRe] 291k AZtol|l AREE primer set
59 1 o] 7] ,8;'%% Sequence(5'-3") NEHE
G499R-F | tttgacgagctaagacttcccgecatcggce 8
G499 GAIR G499R-R | gcecgatggecgggaagtcttagcetcgtcaaa 9
K505A K505A-F | cccgecatcggegctacggagaagaccggce 10
K505A-R | gcecggtcttctccgtagegecgatggeggg 11
K505E K505E-F | cccgecatcggecgaaacggagaagaccggc 12
K505E-R | gccggtcttctecgtttcgecgatggeggg 13
K505S K505S-F | ccecgecateggcetctacggagaagaccggce 14
K505S-R | gceggtcttctccgtagagecgatggeggg 15
K505G K505G-F | cccgecatcggeggtacggagaagaccggce 16
K505G-R | gccggtcttctccgtaccgecgatggeggg 17
K505R K505R-F | cccgecatcggcagaacggagaagaccggc 18
K505 K505R-R | gccggtcttctecgttctgeccgatggeggg 19
K5O05F K505F-F | cccgecatcggcettcacggagaagaccggc 20
K505F-R | gceggtcttctccgtgaagecgatggeggg 21
K505 K505I-F ccecgecatcggcattacggagaagaccggc 22
K505I-R gccggtcttctecgtaatgecgatggeggg 23
K505L K505L-F | cccgccatcggecttacggagaagaccggce 24
K505L-R | gccggtcttctccgtaaggecgatggeggg 25
K505M K505M-F | cccgecatcggeatgacggagaagaccggc 26
K505M-R | gceggtcttctcegtcatgecgatggeggg 27
K505W K505W-F | cccgccatcggctggacggagaagaccggce 28
K505W-R | gceggtcttctcegtccagecgatggeggg 29
E507A ES07A-F | atcggcaagacggctaagaccggcaagcgc 30
ES507A-R | gcgcttgecggtcttagecgtcttgecgat 31
ES07K ES07K-F atcggcaagacgaagaagaccggcaagcgce 32
ES07K-R | gcgcttgecggtcttcttegtcttgecgat 33
E507S-F atcggcaagacgtctaagaccggcaagcgc 34
E507 ES075 E507S-R | gcgcttgecggtcttagacgtcttgecgat 35
507G E507G-F | atcggcaagacgggtaagaccggcaagcgc 36
E507G-R | gcgcttgecggtcttaccegtcttgecgat 37
£507Q E507Q-F | atcggcaagacgcagaagaccggcaagcgc 38
E507Q-R | gcgcttgecggtcttctgegtcttgecgat 39
K511A K511A-F | gagaagaccggcgctcgctccaccagegec 40
K511A-R | ggcgctggtggagcgagcegecggtcttcete 41
K511R K511R-F | gagaagaccggcagacgctccaccagcgcc 42
K511R-R | ggcgctggtggagcegtctgecggtcttctce 43
K511E-F gagaagaccggcgaacgctccaccagcgcec 44
K511E
K511E-R | ggcgctggtggagcegttcgecggtcttctce 45
K511 K511S K511S-F | gagaagaccggctctcgctccaccagegec 46
K511S-R | ggcgctggtggagcgagagcecggtcttctc 47
K511G K511G-F | gagaagaccggcggtcgctccaccagegec 48
K511G-R | ggcgctggtggagcgaccgecggtcttctc 49
K511V K511V-F | gagaagaccggcgttcgctccaccagegec 50
K511V-R | ggcgctggtggagcgaacgccggtcttctc 51
K511| K511I-F gagaagaccggcattcgctccaccagegcc 52
K511I-R ggcgctggtggagcgaatgccggtcettcte 53




K511L K511L-F gagaagaccggccttcgctccaccagcegcec 54
K511L-R | ggcgctggtggagcgaaggcecggtcttctce 55
K511M-F | gagaagaccggcatgcgctccaccagegcc 56

K511M
K511M-R | ggcgctggtggagcgcatgccggtcttctc 57
KS11F K511F-F | gagaagaccggcttccgctccaccagegec 58
K511F-R | ggcgctggtggagcggaagcecggtcttctc 59
K511y K511Y-F | gagaagaccggctatcgctccaccagcgcc 60
K511Y-R | ggcgctggtggagcgatagccggtcttctce 61
K511W-F | gagaagaccggctggcgctccaccagcegec 62

K511W
K511W-R | ggcgctggtggagcgccagecggtcttctc 63
R512A R512A-F | aagaccggcaaggcctccaccagcgccgec 64
R512A-R | ggcggcegcetggtggaggcecttgecggtctt 65
R512E R512E-F | aagaccggcaaggaatccaccagcgccgcc 66
R512E-R | ggcggcgcetggtggattecttgecggtcett 67
R512S-F | aagaccggcaagtcttccaccagcgccgec 68

R512S
R512S-R | ggcggcgctggtggaagacttgecggtctt 69
R512G-F | aagaccggcaagggttccaccagcgcecgec 70

R512G
R512G-R | ggcggcgcetggtggaacccttgecggtcett 71
R512K R512K-F | aagaccggcaagaagtccaccagcgccgcc 72
R512K-R | ggcggcgctggtggacttcttgecggtcett 73
R512F R512F-F aagaccggcaagttctccaccagcgecgcec 74
R512F-R | ggcggcgctggtggagaacttgccggtctt 75
R512 R512| R512I-F aagaccggcaagatttccaccagcgecgcec 76
R5121-R ggcggcgctggtggaaatcttgecggtctt 77
R512L R512L-F aagaccggcaagctttccaccagecgcecgec 78
R512L-R | ggcggcgctggtggaaagcttgecggtctt 79
R512M R512M-F | aagaccggcaagatgtccaccagcgccgcc 80
R512M-R | ggcggcgctggtggacatcttgecggtcett 81
R512V R512V-F | aagaccggcaaggtttccaccagcgecgcc 82
R512V-R | ggcggcgctggtggaaaccttgecggtcett 83
R512W R512W-F | aagaccggcaagtggtccaccagcgcecgec 84
R512W-R | ggcggcgctggtggaccacttgecggtctt 85
R512Y R512Y-F | aagaccggcaagtattccaccagegecgcec 86
R512Y-R | ggcggcgctggtggaatacttgccggtett 87
R512H R512H-F | aagaccggcaagcactccaccagcgccgcc 88
R512H-R | ggcggcgctggtggagtgcttgecggtctt 89
Pfu DNA polymeraseZ (Enzynomics, Korea) PCR 33+ & A& 4 Dpnl

Korea)7ml]l 3] Ah& A Elste] Wol=A] &2 template DNAE Al 3tal Wo

E. coli DH5a ° ¥4 st ¥o] plasmidE
99 714 E WHolE AVIAE &

Relel NY WolE Had

31 E plasmide & AL

ATh Vector®] Taq Frd=tole] o&
Wo] plasmidE Kpnl/BamHl ©.2 A@3ste] ¢k 13 kbel @S A1, o5 Kpil/ BamH
© 2 pJR-Tage A3t 1.3 kb 7} AAE ©H 38 kb 9 ligationdt™] E coli DH5a 9

SR 35T

g4 Agste] Z17ke] WolAE BPE vectorE AAFHAT.

(sequencing) s
MICERE: T

(Enzynomics,

1¥l plasmid&



(2) Tag DNA polymerase®] &S 913 vl

Taq DNA polymerase #&-2 9|3 vector 52 E coli MV1184 (ompT+)&-2 E. coli DH5a
(DE3) (ampTHoll =43te] ARESIATH Taq®l ©@uld WdAS 98l E cois LB (1%
tryptone, 0.5% yeast extract, 1% NaCl) v A4 37 TollAl 8AXF v st 2X YT
Hl A (1.6% tryptone, 1.0% yeast extract, 0.5% NaCl)oll Zuj} 1% HFsted 37 TelA
2 FE FAskATh Mg e] O.D. 600 gt 04 ~ 0.6 ° HUE #, 0.5 mM IPTGE A
7hako] of 4AIZt w) Fek it

HjoFo] 5 d WMiFAS deEo o] WzFe d4EE (10,000 x g 10 min, 4 C) 3}
o FAE IFstAnt. dad A= Fde 1/109 &5Y A [50 mM Tris-Cl (pH
8.0), 1 mM EDTA, 1 uM phenylmethylsulfonyl fluoride (PMSF)|E d&$ A4 & F 3
Folv WO R 23] WHES HWjAAES AAT F, MEFHY] 1/20~1/408 &5 A
A A st FnlskH.

Taq DNA polymerase®] ZHA Al Az

Hj el 100 mlol A SrRE #A dgd (AP A2)ZHE Taq DNA polymerasesS Z4 A g
o A dgde 2S99y r]E 0|83t (2 mm tip, amplitude 25 %, 9.9 s/3 s
3 £2)(10,000 x g 10 min, 4 C) 3t} F5AL 35

Al

=
=3 *J%Qﬂoﬂ RNaseE 50 ug/ml = =5 37}t 37 CTollA 308 W3 5, 75 TollA 20
1 dA g & AR (10000 x g, 10 min, 4 C) 3t 45 (4.0 ml)S 3|53t =

N

AA A RE FHIT o] ARE @M F HTFSE Taq DNA polymerase &4 Bl 23
A8t}

Taq DNA polymerase®] =% A A

45 L vitdols FrE A4 =Y oZRE Taq DNA polymeraseE =2 G A5
o A4 =Y (100 ml)S 234975 o] 83t (13 mm tip, amplitude 90 %, 5.5
s/9.9 s (on/off), 1 h) FAE 3 F LAE (10,000 x g 10 min, 4 C) o] AEAL

3 Fstath. A7) 5%7F H A streptomycin sulfateE H7}sle] 3048 5 wHlEE AAE

g (10,000 x g, 10 min, 4 C) 3t F5AS 3|53t

o] A& 75 CollA 2083t At thAl AEE FAEF (10,000 x g 10 min, 4 )3}

Aozl A& 045 um syringe filter(sartorius) 2 3t HATH o3} §Aof Tz ME&
3H X3%E 65% 7F =5 ammonium sulfateE FH7}5te] 4TColA 3 AZF AdS A=

S YAEF (10,000 x g, 10 min, 4 C)3te] 353kl 10 mle] ¢FH AR st

X



~

i

l-l |

HE FA9t (dialysis membrane, Spectra/Por, MWCO: 12-14 KDa)oll ¥ 11, 4 Le] ¢
AolA sk B4 st dS AAsH Ald®E 84S 045 um syringe

filter(sartorius) 2 ¢} ¥#3}le] FPLC [AKTA, UPC-900]2 “g A3}t

ZY A=vtEIH 3= DEAE sephacel (30 ml in XK26/20 column, GE healthcare), SP

sepharose (20 ml in XK16/20 column, GE healthcare), heparin sepharose (10 ml in HR16

column, GE healthcare)®] =2 2 2183} .

ojlw] AP HYPSE AlAe &FTH A (DEAE sephacel & heparin sepharose ZH)<}

2k B [20 mM HEPES(pH 6.9), 1 mM EDTA, 1 uM PMSF] (Q sepharose Z#)& A&

s, &8l= 1 M KCl°] & A9 B &5 AREst sz @ds &8st

zt A9 DAY Taq DNA polymerase 7} Z3HH &2 &8-S 33t VIVASPIN20

(MW:50,000) 0.2 AAHEAHS T3S 3t

o] qAFTAHL AW v TAEAIE AT AHF 5 A& FHseH, 4 2HA
oA 33 B3-S VIVASPIN20 (MW:50,00000.2 &= ¥ o3 ©@A9 939 &359 A

=2 B °F 15 mlZ 23] whEsto] A2 o3 &l

O oA 28-S AsiAE 10 WA 20 mle] Y @FAoF gaste] oy AR

AU, APl wel AHE §How Fafste] AFsiAn. £ Ao 2z

#H<E AA"Y Taq DNA polymerases= SDS-PAGE (12% polyacryl amide gel

ofj
1%

electrophoresis) ¢} Bradford assay reagent (SigmaAh)< AF-83+o] bovine serum albuming
FF DR st et Wlws i

ZAA 5& BAY Taq DNA polymeraser HZF§E 50 mM Tris-Cl (pH 8.0), 0.5 mM
EDTA, 1 uM PMSF, 4 mM KCl, 2 mM MgCI2,1mMDTT,50%glycerol A & ¢tZ o= &3t
sted -70°Coll Bapstr Aol A-g-shaith

ol Taq DNA polymerase &/32] H|nl

W

dFE dwAgS dAHSIA Do ofgfe] URE PCR (conventional PCR)MH O = G335t
F A719Fste ol
M 2R (19
Lambda phage DNA (10 pg, H}ol| 2UYohE template= AF&-3tH, ZF 10 pmol®] lambda-F
(5-GGTGCTTTATGACTCTGCCGC)¥#  lambda-R  (5- AGCGCCCTTCCTGGTATGC)E
primer = AF-&3+3l, PCR buffer [10 mM Tris-Cl (pH 9.0), 1.5 mM MgClI2, 40mM KCl, 0.6
M Methyl-a-D-glucopyranoside, 0.03% tween20, 3 mM dNTP]ollA] 94C (5&) %, 947C(30
Z)-55C (30%)-72TC (30%)E 30 3] WH&E WHg-3tal 72C (7 &) W& & T &3 DNA F
Z AHE(500 bp)ol M-S H7IFEToE FASATH

Taq DNA polymerase$} wild type Tag DNA polymerase®] &43-&
6



A 300ng

150ng

75ng

37.5ng

18.75ng

719 6. Taq WolA Zdum (A d)
A. Taq ¥olAE =AA| @uld A 59 SDS-PAGE

B. Taq WolAd wuldere] fe B4l ma &9l

(6) T4 20L& 93T Real time PCR
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(°13} BRAFE-T790M) A7 & EdWol A g DNAS ¢ @43t pTOP Blunt V2

(Enzynomics, Korea) ol 4tjste] A|zbste] tiadtol] FAdeS, vjekste] AAE plasmid

DNAE AgdasazZ Ao, HAF HFso] 2 x 107 copy/reaction®] HEZF 3t AL8313

=

* BRAF-V600E Hol 9 TERAE 13}~ 2 &) A Ak s glo| 5-
GGGACCCACTCCATCGAGATTTCT-3’; oAl z o] 5'-
AACTCTTCATAATGCTTGCTCTGATAG-3’; Ad z23 5-FAM -

CTGTGAGGTCTTCATGAAG - BHQI-3 & A& AR&3til. EGFR- T790M Wo|] 724

skelsty] YallAe A Zglolw 5-AGCCGAAGGGCATGAGCTGCA-3; 3d Zglo]w

5-AGTGTGGACAACCCCCACGTGTGC-3; A1d ZEH 5-FAM-

CGGTGGAGGTGAGGCAGATG-BHQ1-3' & AR&3taith. 53] AW =etolms 2+ 54 4

% %A BRAF-T790M 3 BRAF-V600E E<Ho|2 o] H
7F Wol Aot @A (matched) =W, B4 222 1 base’t EBES (mismatched) <)
A" AS (allele specific) primers®]Th. 7+ 3Z2to]® = 10 pmol/reaction TEZH = 20
pmol/reaction= A3} T

* BRAF-V600E TS 93 PCR2 95C(5&) ¥, 95T, 30% - 55C(1&)&E 503] ¥HEs}o
33t , EGFR-T790M TE& 9|3 PCRE 95T (5%E) ¥, 95C(30%) - 55T (40%)E 503
Eato] 3 stTh

« PCR 34 &4FEHL 10 mM Tris, pH 9.0, 1.5 mM MgCl,1mM dNTPs, 60mM KCl,
10mM (NHy):SOs)°l H =5 st AA F3 20 pl 7} H =53 CFX9% real-time PCR
detection system (Bio-Rad, Hercules, CA, USA)< At&3ted PCRe Tt oA AF
of et KC1Y =5 2t AY betaine 55 F7FekAW, &40 F7/ (wild type =&
=AWHolA Taq DNA polymerase)tt 1 <& 2E]sto /\]-%3]-9511:}. /HdE  DNA
polymerase®] Matched®} mismatched®] T4 ACt (ACt= Ct of mutant template - Ct

oy
filo
i
By

ot
())

e}
g
o
N

=

of wild type template) =& AACt (AACt = ACt of mutant Taq - ACt of wild type
Taq)® T3] H7haHch

2}. Taq DNA polymerase®] primer 2% 9 99| 3

1) A ¢ BeFo| ©E Taq DNA polymerase®] &3

o M 2 UHAH Taq DNA polymerases DEAE ZH AEZrtEIZHE HAA DA A Taq
A polymeraseS 23S 9% 89 AR VIVASPIN20 (MW:50,000) 0.2 o] }Z4< 423
ol &

o
S SDS-PAGE & ©iZd& gelstrh
e o] A Fol OmpT Wl E coi BL21 (DE3)(omp7)olA T&F Taq DNA



@

polymerase®] #3l7F YojubA] ofy3tH ot OmpT WolF7F otd E coi MV1184
(ompTHIA AT wild type Taq DNA polymerase’t HA Fol] dF Eafi7F ol
AT (L™ 7 A).

U3 A *63/\] E3| E coli MV1184 (ompT+)ollAl &3 ES07K ®Wol7} £3¥ Taq
DNA polymerases®| 84| #4 Fo oS B2 a7l dojde &AJsAT (ZLF 7 B).
= AA HAH A A Taq DNA polymerase®] &3+ Td EaFo wet W9 & UG
& Bon, E507K ®o]7F 23H Taq DNA polymerasesoll A T % gAstA Loyttt
) =2 X9 KCl9 2§ Tag DNA polymerase®] &3l A
’F71e 4] B#H Taq DNA polymerease®] &3l HAAA &, 5 DEAE 29 IAZvED
oo Al 53 Taq DNA polymeraseE ¢+5 % AE AR5t VIVASPIN20 (MW:50,000)

o2 oS st AHIAE FoA FASA Lolwt

o]# g taq DNA polymerase®] &3l @4do] g AL S 948 wilF, FAE E507K
Hol7} X3 Taq DNA polymerase®] DEAE sephacel AZPIE T2ty HATGA S £9&
SReFT o] B8 AE 50 ul (¢F 4 ug protein /ul) & ¢ A TS AE3= A (0
M KCl)3# 54 A © 100, 300, 500 mMe] KClo] & $FHAE AR83t VIVASPIN20
(MW:50,000, 50 ml &%)C2 AAfgHds ¢ Fo 2+ o3 APT9 FIdT =
KClo] & &5 AR 247 gsfste] =533t

7k AgTFe] 83 Taq DNA polymeraseE SDS-PAGEZ #<21% A3 0 mM KCI19| A2
ol Ho] of 33 KDa ¢ ¢F 60 KDa o ©id thlo] Aj=zo] A&, de DNA
polymerase”Z} w9 ZF4~3} At

134, 100 mM o]/de] KClo]l E3Hd k5 AE ARERE o] A9 v ATt A
o]7} iRtk ©]E Ho} Taq DNA polymerase &37F 5% KClol o8] A== A&
& 5 AATH(LH 7B).

ruE

DNA®°l| ©]3t Taq DNA polymerase®] &3l |

E507K Wo]7} X3 Taq DNA polymerase®] DEAE sephacel ZEZPIE ety A A TA <]
8S SRAT

o] B3 AE ¢F 50 ul (¢ 4 ug protein /ul)e] A5°] DEAE ZHIAZulE 18T ol A
Taq DNA polymerase’} &28]9 Fo o= +53% &8 (BP)< 20 F3] (100 ul) = &
43 & oAHdFAHE FPsAT SFY AZ VIVASPIN20 (MW:50,000)S AH&3te] of 23
A FYPZ dFN A 250 ulZ FHo] I3 AJRE SDS - PAGEZ whijE o] E3jE 32l



A. Desalting B. KCI (mM)
1] 1x 2x § ¥ 1] 100 300 500 no

wild type) W

|ES07K]
35

o
kDa)

C. DNA (ug)
M 0 04 20 10 50 C +BP

(ESO7K)

1% 7. Tag DNA polymerase®] SDS-PAGE A}xl.

E. coli MV1184 o4 &3t wild type Taq DNA polymerase®] &3l (F24 st &3
ol A7l @MA o(protein band), A& DEAE Z¥ AZnfEIHT] AHAFo|AH KOS
AAs7] Al FFHAE AHET S& wild type Taq BAIE EF (0, AFJAFE FIAA]; 1x,
13] o3} 2x, 23] o3; S £F Taq DNA polymerase)

E. coli MV1184 oA && 3 E507K ®o]7} 233 Taq DNA polymerase®] DEAE AH =
ZutEa s ZAFS KC F=7F 2+ 0, 100, 300, 500 mMe] EFE 4FY AS AH835he]
o327 3+ AlF 2] SDS-PAGE ARzl

E. coli MV1184 °l|A &3k E507K Wo|7} E3+H Taq DNA polymerase®] DEAE ZH =
ZotEI# 3 FAFe salmon sperm DNAE 0, 0.4, 2.0, 10, 50, ug< @@3}741/} DEAE 2
d ZzvtEay oA Taqol &8¥ °olF9 £359 E5BP)e % & F 459 AS
Abgste] oA Z(X8HE Al=e] SDS-PAGE AMxl, M, protein size marker; C, FA g Al @
BP, BPE &3 A&



I A3 s9AE BPE H|EH & A S+ Taq DNA polymerase®] #3f7F Loyt o}, BP
& = Aoyt ofy stk (L™ 7 Q).

o A--&3% BPE Bradford £ SDS PAGE oAl ©uido] Ao x3ts o] 9l &3
o, ALk (~50 ng/ul)ol T EFEH JATH ol2 fFFd = W Z3e AAJIAE T
ZAlo] @uido]7] B} DNASH 22 ko s FAo] HYth
ol# 7 Aol wel, 4718l E507K Weol7t EFE Taq DNA polymerase®| DEAE
sephacel ZZvlEIT] FAGA L £F 50 ulel ZF 04, 20, 10. =& 50 ug DNA
(salmon sperm nucleic acid, Sigma)E St FHIT AEE 7ot 3 ARFTBE
4 AR TP
I A3 20 ug ©1’e] DNAE A 2ld A@ o= Taq DNA polymerase 7} BPA 2] Ald
T-9} Zo] Taq DNA polymerase’} £33 5 A ofYstAth(2™ 7 Q).

ol wWHs] @il B E A (OmpT protease FAHEH =)o &3k Tag DNA polymerase®]
&4k (DNA) ©] 2= Zio|th

% ZU|FAIE Taq DNA polymerase®] &3l597} DNAQ]-Q Agto| T8 B9 =
Aestes F99 d#H Aws Yrlske w83 Aot

rr

Taq DNA polymerase®] &3l 9% 24

Hj ¥, AAE E507K WHol7} E3%E Taq DNA polymerase®] DEAE ZHIAEZvlETIHY &
AdA F53 ABR(EE %% °IHE &45d AS AHEStE ARFHo= AHTSE, ¢
4 AR 3]st ~10TANM &3 Zeli7F doAAurEs Atk (L™ 8).

2l H =S SDS-PAGEZ &Rlsil<= wWl & A ¥(large fragment)©] F 60 KDa®l 2H2
¥ (small fragment)©] 33 KDa Z7|{t+ (ZLH 8).

T Aol M71FYFH gelS Ft 7 dHS It ofpgt A EAET. 1
Ay, WEgd AP AAe SAsA ZIoy 60 KDa o] Taq polymerase]
N-terminal TS 2 33 KDa ©@¥o] C-terminal &2 2 Q1= om (Mg A4 A v

2%,

of



100
70

50
35
27
(kDa)

1% 8. Tag DNA polymerase®] &3l A&
SDS-PAGE ARz

1, 9 X 2. BE3fA 8T M, size marker

L, large fragment; S, small fragment

g EUZ B} H&3 HAQAE FA3tA} 33 KDag amino (N) TEHe] A48 &
Sttt 1 23 33 KDa 99| N 2&e] A do] RST-S-A d< FASATHILH 9).

S|

15t 2""

3 rd 4th 5th
T
: A

ﬁ

—_— \.\.w._*/'{\-ﬂ-

1% 9. 33 kDa fragment2] N-ZT amino acid A€ £4 23 (GC A3 redrawing)



o o]o] %83+ Taq DNA polymerase ‘32 A9 R512-S513,-T514-5515 ©|™ o] uwzt A
99 7F K511 3 R512 Abel= AAHAS (ZLEH 10).

MRGHLPLFEP KGRYLLYDGH HLAYRTEHAL EGLTTSRGEP VOAVYGRAKS
LLEALEEDGD AVIVYFDARA PSFRHEAYGG TEAGRAPTPE DFPROLALIE .
ELVDLLGLAR LEVPGYEADD VLASLAKEAE KEGVEVRILT ADEDLyorLs 1 heoretical
DRIEVLAPEG TLITPAVLIE KYGLEPDOVA DYRALTGDES DNLEGVEGIG  p|  / Mw:
EKTARELLEE WGSLEALLEN LDRLEPAIRE KILAMMDDLE LSWDLAKVET

DLPLEVDFAK REEPDRERLR AFLERLEFGS LLHEEGLLES PRALEEAPTP  9.68 /957326.94
PPEGAFVGEY LSREEPNVAD LLALAAARGG RVHRAPEPYE ALRDLEEARG

LLAKDLSVLA LREGLGLPPG DDPNLLAYLL DPSNTTPEGY ARRVGGEWTE

EAGERAALSE RLEANLWGRL EGEERLLVLY REVERPLSAV LAHMEATGVR

LDVAYLRALS LEVAEETARL EAEVFRLAGH PENLNSRDOL ERVLEDELGL

PATGETERTG KRSTSAAVLE ALREAHPIVE KILQYRELTE LESTYIDPLP

DLIHPRTGRL HTRENOTATA TGRLSSSDPN LONIPVRTPL GORIRRAFTA

EEGVLLYALD YSOTELRVLA HLSGDENLIR VEQEGRDIHT ETASVMEGYP

REAVDPLMRAR AAETINFGYL YGMSAHRLSQ ELAIPYEEAQ AFIERYFQSE P MW
PEVRAVIEKT LEEGRRRGYV ETLFGRRRTY POLEARVESY REAMBRAFN - oo/ aopos o4
MPYOGTAADL MELAMVELEP RLEEMGARML LOVHDELVLE APEERAEAVA - ;
RLAKEVHEGY YPLAVPLEVE VGIGEDVULSA KE

1% 10. Taqg DNA polymerase amino acids Al €3 &3l 9]

o Taq9 ©]&&< HA PI &2 °F 6.0 oy}, Eol3tAIE small fragment= PI %kol oA o
2 E2 Pl 726%3 A4tE BAFET SDS-PAGE dellA WA EatgFo] A=Y oH,
HIt = large fragment + SDS-PAGE’olA =4 SH AT

o ZHFAE EBIHAAA K511 R512+= AE5HE F7/HY positive charged amino acids®
TAEAeH, o]F F9 o}r|=4k2 positive charged7t ThF EA3t E2 Plgts B
o (Z2F™ 11).

Iso-electric point: pH 10.43

= = = ] L L1 1] ] w O pn | o “ = w =21 - . .
= [t} — o “ — — — e ] A — p ) ] A — = “ o et o
& = = o Lo — L] ] — L] — — Lo | I =) = £
a9 11 2R FHEHe] Pl A

45 & positive charged amino acidst= W&o 94 proteaseql OmpTY A=

o= 2 deA Aok

. OmpT-‘?] AaRe & dol e 709 amino acids residue®] (P6°A] P’6) negative
charged amino acid’} &A1& 7% protein®] OmpTell o3t Aoto] AA|stA A Ho] BH
a5 o] AT (Hritonenko and Stathopoulos 2007, Schechter and Berger 2012).



Wild type Taq DNA polymerase Rt} E507K WHo]7} Z3E Taq DNA polymerase’} T
S Z BaEdsd (28 7 B 2 O, °l& OmpT proteased] 7]1& Q12 F29] P5 x|
& &3t Taq DNA polymerase®] E507°] negative charged amino acid (glutamic acid, E)
of| Al positive charged amino acid (lysine, K) & vl 17| £ o & o AZIT}

< E507K WolA|l Taq ©¥ o] wild type Taq @l XRTE ES07KZE2] w®olo] <3| A
OmpToll tigk 71d 13t o] AR QAT AL E = positive charged amino acids residues
2 K511 3 R512 [P1(K) - PU(R)]9] peptide bond”} §Al OmpT proteasecl 2] Aot
Zo = Aol At (119 12).

Cleavage site

.
(P)6543211234

573 --PAIGKTEKTGKRSTSAAVLE--- 366 |

19 12. Taq DNA polymerase®] Ao 93] (cleavage site) 2 OmpT U2 9 (P).

2 59 KCloA ¢ Taq DNA polymerase w3l <A+ KClol &3 OmpT protease®]
Bl g el Az 4t

ES DNAY 93 Taq DNA polymerase®] &7} AA=HA=] (2" 7 C) °o|2 & o
OmpT7} Q14 (interaction) &-& H@3l= DNA polymerase F9/+= DNAS} ZAdsls 99
s & F deH,

B2 g 3] Taqg DNA polymerase A9 (511 2 512) ¥ 1 F¥HF9= DNA%}

AFste d9d= & F ATh
Taq DNA polymerase®] Tz} &3l F<
17F dojub= K511-R5129] F-91= Taq DNA polymerase®] Thumb domain®] Tipell 3

]
3= 22 a-helix TFEE JMAE Ha(487-496) €+ Hb(515-521) Alol2] loop H
(497~514) <toll =A ok (¥ 13 B 1¥ 14).

Mo
ol

oft

rr



Ha Loop Hb

Pol A

om 200

T.aguaticus AGHPF LERVLFDELGLPAIG
T.5p.Z05 AGHPF LERVLFDELRLPALG
T.maritima AGEPF VSRILFEKLGIKPRG
£ coli AGEEF LQTILFEKQGIKP-L
B.caldotenax AGQEF LGVILFEKLQLPVLK
G.stearothermophilus AGQEF LGTVLFDELQLPVLK

conserved less conserved conserved

713 13. Primer?} A$S 3} amino acids7t 3 5H DNA 8849 39
T. aquaticus, T. sp Z05, T. maritima, E. coli B. caldotenax, G. stearothermophilus °] DNA =
Faze] ¥ Fol Taq DNA THFEA9 loop ¥ (497~514)% 1 A FH9] Hlu

* Ha ¥ Hb+ family A DNA polymerases %ol &2 A3 (homology)s 7HA& HEH
(conserved) FHolm, ol WIS} loop W2 olERH AUFom 2 HE (less
conserved) ¥ ¥ o2 FA= Y}

o W FH|FAE o] FHol= negative amino acid7t A §13L positive charged amino
acidst ©<r7F Zg= A= 54l AU

* Taq DNA polymerase®] Thumb subdomain®| &3} Ha(487-496) ¢} Hb(515-521) Afo]
o] loop TEE primere] Y TA | EAstes AR 9FFH 2 (Kim, Eom et al
1995), o] 99 Tl sl & FAoA e AFoldels LB AA sk

o 1 olfE o] d9e] AT FAHA =2 HIAHIPA (highly disordered state)= Ho 78
&3t primer$t &2 7@ A FxF ARAZESE BFE| FHEkA K] Wil

o o] F99] FZF protein data base (PDB, https://www.rcsb.org/)ell S Taq DNA
polymerase?} DNA<| Ao ZAAFT=Z DB 3KIQ HEE 839 PyMOL
(https:/ /pymol.org/2/) T2 o= HWE3| A4y HYT

o 1 A3 o] loop TZ7} primer®] backbone #HE AL )
14).

o ol B U] DNAC] 93 Taq DNA polymerase®] &3 AAIe} A= o] S & B

T Aotk

o olgjd 723 EAF Taq DNA polymerase®] &3¢ SHC= & w, o] loop FHol
DNA (primer)2 &3 HH3 Addo] Aol FAHAT

* Primer ¢} interactiond}+= Taq DNA polymerase®] ©] loop F9l= PCRY EEAHS =9]

rr

Aoz 3

o

st (2

A, TRAEE st &4 WHolAle] il wi- Faj #4472 5 Ao
* ©] loop ¥ O}Uli’&% T8 WY (engineering) g goo] 2 e, 539
E Y9 EA3t= charged amino acid7} 1 2HQl Wy tido= Agd 4 o



e 1 o]ffE 53] positive charged amino acide primer®] backbone® phosphate®]
negative charge®} %7128 A3t (electrostatic interaction)®] 7Fs3oZ o529 Wol&
Taq DNA polymerase®| &4 W3}, 53] 724& UEWE polymerase® 549 W&
ZIgd + S AR FE HUT

19 14. Taq DNA polymerase®| loop 7%} DNASIS] U3 =

Taq DNA polymerase®] Thumb subdomain®| &=A3t= a-helix Ha(487-496, +&
A g9 a-helix, Hb(515-521, FE4 94) a-helix I (527-552, A4 9 4) 9}
(497~514, 7 FEX GG Ate], = o

Z}= Taq DNA polymerase2] ©o}F]

Loo
242 non charged amino acid Z7]) ¥4, 5\\‘

A
A Z7] 1A



w.

(1)

Taqg DNA polymerase Holx| o] &4 HF

K511A ®WolAl 2 R512A WHolA|Y &4 HAS

=2
o
r>~
X
.
of

8719 F2e wEtA loopdd Wl EAst= o8 olrxAt F
positive charged amino acid® T4% K511 R512& ®W&ste] £
A TFEAI dBE WolFo Aol e &lstaAt st
K5113 R512F Site directed mutagenesis '8 2 &4l non charged amino acid?!
alanine (A)E W73} K511A ¥ R512A Taq DNA polymerase HolA| & A &3t

o] WolA|E E coli BL21 (DE3)ollA] @3stal 2zt o] Taq DNA polymerases 7 A 51
4<E PCRE A& 43 A K511A WHolF9o A-¢ wild type Taq¥ ®lal 2 gk
2 A4S 7HA I Ao, R512A WHolF9 A9 Taqd &4 o] UEhtAl et

2 E of K511ET R512 $1%]9] positive charged amino acid?] arginine®] primer<}2]
g&e st e Aoz FAHHJH

K511A HolA 9] mateched 9 mismatched PCR F+&4 &2l

A 27 K511A Taq DNA polymeraseS H] 9t (SDS-PAGECIA 95% ©]/de| ¢=&x)2 A
A3k matched 9} mismatched PCR= <33} 5t

T3 F PCR Z7o|A K511A Taq DNA polymerase wild type Taqol W3] @A 3] &
TEEe EA

BRAF-V600OE [A$} T ¥7] F+&], EGFR-790M [C ¢} T €71 7E]S o E K511A W
o[Al o] F-mzujR] FEAS &

1 A3 K511A Taq DNA polymeraseE A}-83F real time PCRO|A] matched <}
mismatched| A &2 FE4S YERHAT (28 15).



BRAF EGFR

(V60OE) (T790Mm)
586 J ) _ © 2,16
Crtlat ' - ) Cycles
K511A
-15.18 1 -

e —

Cyels
Tyt ;

Mumber, ACt =Ct of mutant — Ct of wild type

60 mM KCl , no betatine

19 15. K511A Taq@t wild type Taqs AH&3F Real time PCR 2.

Template’= BRAF-V600E % EGFR-T790M¢] 44 DNA % #Ho] DNAE A-g3 474
4’} DNAE AHE% real time PCRe| Ct gkollA] ®1¢o] DNAE AF8-3 real time PCR] Ct
e W k. WT, wild type Taq DNA polymerases AH8-3. K511A, K511A ®©| Taq

rr

DNA polymeraseE A8 $

(3) Loop W VY| charged amino acid Ed™olA A2 9@ 1 &4

°] loop W9 ¥4 S charged amino acidQl G499, K505, E507, K508, K511, R512E A1€)
3t 2070 9] amino acidsl WHEA Q] amino acid ¥ &7 [A, G, S, K(orR), E]E x5}
to] WolAl S whEo] I A Wo] AL AEE &l

Z} WolAl= Zt primer set= AF8-3}o] site directed mutagenesis & A& 3T

HolAl= E coli BL21(DE3)E EdF2ste] njfstal = A sl o, o] =484 A&E A
g3t S APttt =HAE 7 Taqg DNA AISE Bradford assay® A #Fste] oF
600 ng® WMAS AZo T 2l (300 ng), 491 (150 ng), 16W1(75 ng) 328 (37.5 ng) 314
st PCR WH3-2 335t Hrtstdth (& 10).



1 A3} K505, K508, K511, R5129] positive charged amino acidE negative charged <l
glutamic acid2 HHRS W (K505E, K508E, K511E, R512E) polymerase &4¢] WER}A]
kot I8 22 positive charged amino acid® B3-S ™ Polymerase &4 o] oz
3] wl-¢- =Skt

o] E u, positive charged amino acid?l lysine (K)¥} arginine(R)°] &4l w-¢- F83F
FIYS &A= AU

ol#l gt &Ade] A£4-E positive charged amino acid”’} negative charged amino acid® B}
o] ©o] loop F17} DNA (primer)2] backbone®] phosphate®}] Ao] ofslg o= et
Aoz FAHAH.

o]} FIth= o] loop el +Y3 negative charged amino acid?l glutamic acid (E507) 7}
lysine(K)o2 MAHE WHolAls 2318 @49 Zarl Ay 238 B4e =ole 2=
glo] HAot.

T3 non charged amino acid?l G499%F positive charged amino acid®l arginine (R) &

HAA Ao A glo] =2 TS JUEhIG.

3 10. FAE Tl A=E Taq WHelAet 1 A4

5] 4 u)
Polymerase A« TF-E A s
1 4 8 16 32

WT O O @) @) O 0] +4++ nd
G499R O O O O O O +++ —
K505A X - nd
K505G 0] 0] X + +++
K505S X - nd
K505R ? ? nd
K505E X - nd
K5051 0] 0] 0 X +++ +++
K505L 0) 0] 0 X +++ +++
K505M 0) 0) 0 X +++ +++
K505W O X + nd
K505F @) ) 0] 0] X +4++ +++
E507A O O O O O X +++ nd
E507G O O O O O X +++ +
E507S O O O O O X +++ nd
E507K O O @) 0 O 0] +++ -
E507Q O O O O O O +++ —
K508A 0] 0] X + +++
K508G O O @) X ++ nd
K508S 0) 0) X ++ +++



K508R 0 0 0] 0 0 X +++ +
K508E X - nd
K511A 0] 0 0 X ++ +++
K511G X - nd
K511S O X + nd
K511R 0) 0] 0 0 X +++ ++
K511F X - nd
K5111 X - nd
K511L X - nd
K511M @) X + nd
K511Y X - nd
K511V ? - nd
K511W ? - nd
R512A X - nd
R512G X - nd
R512S X - nd
R512K @) @) 0 0 X +++ ++
R512E X - nd
R512F @) X + nd
R5121 0O X + nd
R512L o) X + nd
R512M ? ? nd
R512V X - nd
R512W 0] X + +++
R512Y O X + nd
R512H X - nd
A2 1/8 ol B AolA Ao UERHG B, +++ 1/2 o[ 1/8 w[RF 3[4 ZA o]
Bhd 9, ++ 1/2 mRt A Ao] Yehd A, + Ao Aol AEHA P 7

$, - 2 BN

A AACE & 7ot 1 AEE UERd. AACt = wild type (WT) Taqs AHE3H ACt
(ACt= Ct of mutant template - Ct of wild type template) - EA® ] Taq & A& ACL
A& BRAF-V600ES] ®Wo] RO = H7Igk I AACt 7F 199k 4%, - 19]%4 - 37|%E
& AT+ 3ol 6Nt A, 4+ 6 oY A, +++E EASAT nde Aol HA of
Y

(4) Taq DNA polymerase ¥1°]4] 9] real time PCRS] T4 HluL

o ZAAE 2] Wo] Tag DNA polymerase Foll &4 0] ++ o]%<l Ho] @uld Taq DNA
polymeraseZ 44| AN EE FEAY THYAHAEE IUS AF real time PCRS T3t



a0 A%E ® 109 TE
mutant Tagq, ACt= Ct of mutant template - Ct of wild type template) =

= AT
« A WHolAlE T

E507Q WolAlE o]dtt.

o HnF F& FEAC] 2

- R

L

A

HoOlA| (++

2Ao] gAY e WolA (- or +)

= K511R, R512K ©]%)
< Yehg= "HolA(+++H) &
K508S, K508R, K511A, R512W ©] i th.

Ao EAFAT TEAS AACt (AACt = ACt WT Taq - Ct of
Tt 1A

+ G499R, E507G, E507K,

o}
K505G, K505I, K505L, K505M, K505F,

e — K505G 507K
K5085 K511A R512K

BRAF-V600E
CWT GA99R K505G 507K
K508 - K511A R512K

EGFR-T790M

2% 16, 7 90 tjEA<

7t o] wulzol W

BRAR-V600E ®¥o] &A%
K505G, E507K, K508S, K511A, R512K
Templatei= BRAF-V600E ¥ EGFR-T790M9] A’ DNA % ®Ho|] DNAE

Sy

Hol Taq 52 784 #d< AT

E  coli BL21(DE3)
ANgE. WT, wild type Taq DNA polymerasE AF8&; G499R,
3 g3t= WMol Tag DNA polymerases Ab-&

g
FFRHE

o

real time PCR 2},
ZAAG AEZ AT

A3,



AH}E THZH O E Ed negative charged amino acid®] =3 WHolAE (K505E, K508E,
K511E, R512F) polymerase &4d¢] IA HAstH o™, o]9} {FASA negative charged
amino acid®] AAAl (E507G, E507K, E507Q) €42 HlwZ Eou FEAHL FHof AA
olystAY 238 & Syt

"5 A% positive charged amino acid?l K¢ Re 4% W4T 29 (K511R, R512K) Hf
i Aol FAEHGOH, o]50] dF FREALE SUFEHAG

7 WolAFelA Ee TEAS Rol: wWolA(K505G, K5051, K505L, K505M, K505F,
K508S, K511A, R512W) += non charged amino acidZ v} o] &= 2 E°|AUT

ojgg Az 5 = W, & L AT Wol 92 loop Wl negative amino acid
¢} &A= DNA backbone (primer)®] phosphate$} loopete] Aol Walsted Ao A
& z¥Y3te AR FEHI, ©] loop Woll positive charged amino acid®] &A= @2
3 primer®] g AS fFEste] AR Ao FA =S £ AR AN

oIoll

AA#H o2 o] loop Woll &A= positive charged amino acid® non-charged amino
acid2 WA 49 24L& HAZFOE A F& TEAS Holed =S Fv A

o2 gAHAH.

ah PR ol B B4 TEA BE wF

e
)
i,

2|
2
2
Y
WL
=
r

g
®

< Thumb domain®| Tipol alst= (Ha(487-496) Hb(515-521)
(Kim, Eom et al. 1995) (Li, Korolev et al. 1998)AF°]2] loop ¥ (497~514) (°lst F=
(loop) 94) (28 13 ¥ ¥ 14)° &= FHolth

o
5}
o
o
of
18

< negative charged amino acidsv= 79 $l2™, positive charged amino
acids7} o Qlo] &2 iso-electric point #t& UEIHE 999 54 7HxIth

=3 o] 49L matched®t mismatched®] TR0l H& E4AE 47 T sp. Z05 (A E
H3S 2) DNA polymeras (Z05)2] 749 loop ¥H°] Taqgt @A Al 7He] amino acids
(R501, L505 <} Q509) =to]7} Ath.

Taq DNA polymerase®] a-helix Ha ¢} Hb @ <> polymerase family A A #-¢- HE5
of oy HHHLE loop FH2 HEHO JA= FAW EolsAE K, R %
positive charged amino acid’} @o| &A43th

JHBg ol F%°] DNA 53| primeret A3 o] vl &olst=s X3td F9o= A2z
@

5 ©o] 492 DNA polymerase’} DNAZ} Z3HE FEjolA = a7t HA olY st A

L)

o
L.

:\_1‘



E< KA (200 mM) oldollAd< E3i7F HA oY st= A2 ol 9] DNA ¢ ZAF 3t
= Mf T2 d9dS AAskE Aotk

ojg]3t EAHL ols FH9 HFA Wolx primer®t DNA polymerase®] ZAE o] Witz
215 o 7}A

g4, 92 matched primer®} mismatched primer®] T4, methylation,
=

fidelity 59 &4E40] Wg 2 4 g Aotk
E3, B Ao B Aol ZthE &L Ao glo] A WA dodoln, o B

o] Wolo o FEF WolAl Taq (¥EZ K511A)°] 3’ matched 2+ mismatched PCR
FHo] primer 2% AH#H FHUS LA ST

A B PEHA AT o] A7MA| primer AFF #AH DNA polymerase FH =2
Hug Aol glom =3k ol A& &4 'HAo] | Zo] fle Folth

Holo] 93] 7]de] Eo]4dS =o|H 3 matched primero|A] mismatched primer 2T}
PCRo| © &&= 213511, nucleotide”} template?} FEEA B3| H7E o] 49
error &°] WolAA o, 7]F o] Eolg W1 withz G2l 7180 dNTPs ©] <]
rNTP, hydrophobic base analogues &< FA71d 52 WHYP7]Ao Apgo] &o] 3|A=

A, & error 0] =LA A Hoh

o] 2x goo TAHET Qe Ao ofuAto|A] TR ofm|wAlo o] WA Ed o]
FIZFH] FA amino acid (residue)s TFE oW x4to 2 WHAA &2 &4 W3y} o

—_

-
F 24 Aeg g F Uk
[e)

2=
F=4<s e obr4t (F7]) arginine (Arg =& R), histidine (His EE H), lysine (Lys
T+ K), B 54S g obr4k (7)) aspartic acid (Asp %+ D), glutamic acid
(Glu =& E) & T3 Ho] i g9l

ol FA9 oluite &l2Hh 9] phosphate backbone (FZ ¥=4-& W& oy

ha Ao s o] WAL primer 2% 58 WHIE

<, Taq DNA polymerase®| A= K505, E507, K508, K511, R512¢|A4] Ad8]=o]zl ofm| =4t

K

rr

family A¢] DNA polymerase“%]/\il% Taq DNA polymerase®] ©] FZ FHof 453}
Ao A A2 Z05 & AT ¢ (499~517) BHollA charged amino acid ¢! R501, K507,
K510, K513, R515 3k 11 o] & < o

+ FACNA FET gdF WMol T 53] F5Y WolF = G499R, K505G, K5051, K505L,
K505M, K505F, E507G, E507K, E507Q, K508A, K5085, K508R, Kb511A, K511R, R512K,
R512W o]H o]& F WHo|o FEA 0] & Wo|F+ positive charged amino acid’7} TH&
amino acid2 WHo]¥ K505G, K5051, K505L, K505M, K505F, K508A, K508S, K508R, K511A,
K511R, R512K, R512W o] Taqe]th.

ol s WMol7k PHA L ¥ ol f ofdls Lol 2T F 9

o

Aot



o] loop®l We] WolAY &3 Fx29°] B, DNA(primer) ¢ loop W4 amino acid®
3718 A7 (electrostatic interaction) A ol gt FEAo] AHE d& Aol
o] ¥4°] DNA binding FHUS At AL B Y doolA HAHES E coi Frefo
protease(OmpT)°ll oJ&l A= o] A= FHo] o] loop FHolH, o] Y2 DNA°| o3
Hebo] A Ho H& g3t DNA AdFIdS &It
°o]94S =HAE DNA polymerase®] WIS fal 7] JFHOE &Ao] o]FA|A
%+ Thumb domain®| Tipel 3% 3l= Ha(487-496) ¢+ Hb(515-521) (Kim, Eom et al. 199
5) (Li, Korolev et al. 1998) Atol¢] loop ¥ (497~514) o £3t= FolH (= 1), ©l
1= olrtE primer ¥ 99| backbone phosphate 9} A sl Ao E o FHe F9olth
DNA T&<= 93 primers®] A 992 3 matched 9} mismatchedE T#3t= E4F
MEst7] g Ed¥ele] 2 tide] 2 5 vk
2 AN FA oA Fr oYL AZL (3 matched 2+ mismatched PCR) T
o] T7td JE&9| A wig a3 A& AFTE Zoin.
o] @ A= charged 7‘]-7] < DNA 53| primer®t DNA polymerase®] ZA3e€S 2
Tl i, e EE o]F9 Wol= DNA, 53] primerd B4
9}9] AgEo] Wstgor FEA FVHEHAY 52 PCRE SFZA0] oA, 74

o

H
T

=

o

to

o] Bolido] Watd & Q= HH7F Ho] &FF Taq engineering®| 82 targeto] & Zl9]
=4 g

A AT EA) S8 Sl T 1
GAdA7IHE 4 (single nucleotide polymorphism) Ee AAE =AWl (somatic
mutation) ¢t 22 & HHFAAE HAEsH] A THEL AN Solx=E =<
PP AR AZo)] Family Aol &3 %%9} YEA DNA polymerases AH-83l= THE

Al
A ¥E-3 (DNA polymerase chain reaction, PCR) A g & 49| 7)do] HQ3slt}.
= A7 2HSoA <l & 5 ARl HEFAA Z2 SNPe| 75 Yol
SHisE 53 Taqg DNA polymerase MolAE th&F grRsl=t] A3-FstATh
I o)Al Tag DNA polymerases(e] K511A)= Zjolw 3 Woke] A7|7F 33 4
BA  (F-matched)¥d ®W& S (polymerization)o] W&stA dojym, HIGREZ
(3-mismatched)d W= F°] AHY F A9 & (discrimination)°] =thatd ST

.

o
)
e
(i,
-1
M
oX,
o
Hir
flo
ko
[
rr

ESERINE

i}

T

HAAE 4 (SNP genotyping) 2 A A&
o] SE&AF (d, FTE, MZF d4kA
% 53 oF A8 27]. dF ) Mdel A8 Thssit

EdWo] A= (somatic mutation detection) 7|
s )
d WG T AT d3NE T A =4, €9, B9, B 59 HA W ¥ol FdA



ojFo g HEstes WS Wl oJHU "9 okl TUH 1% olsty SHF
gk ' BOlE (specificity)E EAE 4 dojoF dtH, U
A 314 (robustness)©] $lofoF i

53], ofAE Ado Tk F2 S D =dHo] Add i 52 Sol=F HooF

=
8% olfE, 919 59 1A% vl APIEF, PR AT S04 e kol

o
2
~
@)
=3
rﬁ
il
o[N
I
o
4 L
[
o
A
v
o
A

151 719 A8 FrtEE A}%—s}% A% 7}

allele 75 913 5°] primer®} probe 52 At&3t= AL=E FAE |23t} st o
g A=7F dRlow, ol TlEo] At AEE de= v =ET olfe Vedo=E
g $m, RHEZ g AV} EAsH, =3 5] prober} primer designol @S =
3 v]go] 87H3I7] wEolth
AA7A ¥1E&F primer A8 55 1HT 7P HTZol g1 F&AQ HHe dE 8
o] Wo] Ao W& 3 "z FFE S Y FHAE 72 F JEF AS Zo]
H EE ARMS ZZto|HE AMEE A Ui FAAY FEAC] FHEHERE olE Hol
gstal .
shuo]l @717F 2R E = AS ZEto|HE AMEStE A =2 PCR A&
H FAAe Aol wen, F I o] Ar|7E Hl&
AS zgjolm Abgol Bls] thy FHAe TFEAE FolA AT PCR F3% &&0°] oA =
2 HIH3sHA A &34 (LOD; limit of detection)”} #|3h& o

nj2~uf X9} wj A o] FRAES £ E9Wo] DNA S8

°

]
o] MEe HE BolEE =olux I HoAE FHses =F
< P

R
o
of\
of\
fu)

ol
pi‘
30
)

< otvieits EA4s7] oH 9 HEE&A <] random mutagenesis% T
o

A AAT AEE T Aue FYaIz

4
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i
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»
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o},

ol ¢l AHZQI WHolAE FHEI]IF ojH T

FF libraryoll A AEE =AWl DNA THELE WA &4 A o] AstEaL o]

net AE RS IA AstEo] AYE ol &ol 2

aHez, -3 FEAO] =& DNA TEELL HoAE x| alA=s A &

49 WOl target (Y4, F91, amino acids)& FH3}a, o] F9o tis)] JFHo= thaFst

Hol A& A&ste] EMst= Aol 3 SdMolA 1 AF 7t e =olv AL o

A st

N Ao A FEFE Joop IS HIE o3 FAE TN AT F U= A

ool

B A A R loop Yol SASHE stuolde] ofmite] WolE i 7|Ee &

o]l EolAY, 71H Y BolAdE& Fdle Aol Ve Aot

JH8=E st AHFE ok 8o Bad, Y o= reverse transcription &4 7}

Hel= A, 5ol 71d& AHE3 polymerase A4S ©ol&
g

L
h
st A, @4E& SUAI= A = US FAH S E mismatched ©F matched 9] T4

of? F['EF

< E°|& A (methylation = F&3k= Z) o] 73 845 RS + e EUE 7
dstah

M Eael ohF BA 8 54 B}

Awaso] ook W 2 AA (SOPTE)

A% kite 96 well B912 TAHE AFTOR T2} e Lefolpl/ LM set Fol T

olo] wz} AFENS 9 Taq DNA polymerase®] g A4h, &, AAE g system
o] a3ty 13]o] 4 ~ 6 L & w3t o]F 3|Fate, 2 @AY A ZAYs AA

1-{}1,:,9] Zﬂﬁﬂ 7R B4 ARt A FRE A st (FF 108] o] Y] scale

ol el w}a} HHOlr, 244, APAZETLY 2 QC Sol B Y EEA (SOP 2 T
W ERaes 9 BYVE) 2 EF B AA@RNE 55«5 5284 53 39949

203] o]de] EdWolA 9 wild type Taqg DNA polymerase FAE &3l Alge] A3
EA2E Fgste] A MY A EFSH AFESATH
gk ol BEFF HAAAF HA 500 kit o] Ao Qg 4 (~10% unit/13]) ABiHs

s
TeE R P AL 29 17 o A3 wet Fasack



o AAF &£E& SDS PAGEE ¢F 90% o< fFrAstATH (19 18).

‘ Cultivation (= 4L) ‘ } Protein expression

Crude purification

Column chromatography

Enzyme quantification
and qualification

Antifreezing agent

19 17. Taq DNA polymerase 84 34 %,

s =
A [EEUENE. SRS B i
W
&850
w0 s
= i
I
”
e
00
,,,,,, = s
0
oo o Sl e e e
C 1800
0 D
e (kDa)
(s — R 100
2000 ' '

BIG . E = 7O

S

1% 18. Taq DNA polymerase A chromatography % A%,

A. DEAE sephacel column chromatography; B, SP sepharose column
chromatography; C, Heparin sepharose column chromatography. D. SDS
PAGE of purified Tag DNA polymerase.



MEE L (K511A) 2] A3 o] 84S &lstry] fall 2r7HA 9] 7122 542 glstitt

%, 1% AAST K511A Tag DNA polymeraseE 0 94 180 mM 7}A] KCl19] FE&

AAH o2 F7FstA K511A9] 24 ¥3tE wild type Taq@ HlulstA ATt (&

11),

Wild type Taq®] A9 %< KCl $EIAE Mnd 5 B4

7ol 2]8] matched©} mismatched 9] :rL% (discrimination)©] S = A&l AR
7}

3] EdWolA K511A% A9 SAFAE 9% KC 55 ¥

- ¢F 80 mM 7FA]  EGFR-T790M<| 7%~ 100 mM 74 X7} o, T A9 &
TEIF ST E FRAC AAL FEFE FEAH EoEUTH

T3 betaine (1.25 M) ©] #H7Fd ZAoA = K511A9] 4o =37 1 ZdlAH, KC19 &
T Wl H &FEe] BRAF-V60OE =9 -+ ¢F 100 mM ©]¢7hA  EGFR-T790M 9
749120 mM ©]47tA] dAE E& B4 & UrEMO*D}

ol#d AH=E E uw K511A =AWOIAE A8 matched®} mismatched PCR] & 9]
THEAE 23 A3 KC 2 betained] &% W9l target ¥ primer £ PCRe Z719]
wet e AS Aotk

3 11. K511A Taq DNA polymerase®| &4 3 F&/dol thek KCl1# betaine®| &

betaine (-) Add betaine (1.25 M)
polymeras
Ct value KCI (mM) KCl (mM)
e
60 80 100 60 80 100
Ct of Mt 18.38 18 16.3 17.7 17.56 17.04
BRAF wild type
Ct of Wt 25.54 26.62 28.57 22.68  22.97 23.92
(V600E) Taq
ACt 7.16 8.62 12.27 498 5.41 6.88

Ct of Mt 15.25 14.84  no signal 16.41 15.78 16.57
K511A Tag | Ct of Wt 31.52 33.36 no signal 29.64  30.68 no signal

ACt 16.27 18.52 nd 13.23 14.9 >16.57
polymeras Ct val KCI (mM) KCI (mM)
value
e 80 100 120 80 100 120
Ct of Mt | 1691 16.14 15.82 16.98  16.66 16.98
wild type
EGFR T Ct of Wt 19.9 20.64 21.14 1803 18.34 18.71
aq
(T790M) ACt 2.99 4.5 5.32 1.05 1.68 1.73

Ct of Mt 15.6 18.58  no signal | 16.19  16.02 16.08
K511A Tag | Ct of Wt | 2396  40.08 no signal | 2248 2394 25.78
ACt 8.36 21.5 nd 6.29 7.92 9.7
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FenDEL

K511A Taq WT-Taqg WT-Tag

1% 19. =Awo| Taq (K511A Taq) ¥ FenDEL 7149 & 79 kito] 2§

i
2
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ox
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RM13

rRM14

RM15

RMLG

WT-Taq, wild type Taq DNA polymerase; K511A Taq, K511A mutant version of Taq
DNA polymerase, 2} 3 unit & AH&3, & FF 78 marker (RM), & A E 7} w7

o tigt ¥+ genomic DNAE A8-3te] vl gt



o OiF HASIY FH3 K511A Taqe wild type Taq 3 vlwslte] Royth & FFAES $
g 33 7 <l RM5, RM6, RM7 #9198 739 AEE st (19 1

« wild type Taq®t AH&Z 7% 7ol wl-¢- °F&t31 oM, FenDEL 7&< &% 3% 2/
Tl FFHAT. 2YY IR AR S dyFHA dEol AAHA ol
At

o 34y K511A Taqs AHE3tal, FenDEL 71&S 43 4SS ddFdA dE0] dojuX
grol Aol AA Fd HAT (LE 19).

o UTEE AAF K511A Tagqe AHE3t 8719 FFS tido =2 (ZAE 7, ML,
A 3, W7, WS, g, 27, stolobn)el tis Z 127]
[A5x7 (35 cycles, ARn gk 0.3 ©]’)] 100% (96/96) LX|stA AA AT (%ﬁ—‘ﬂr A9

5 1

N
bl

~

N 2= Multiplex real-time PCR 21} M8 D28 I

1. &4

K

233 Ao W7 B ()

7k A v

o ATFH AN PCR (QPCR EE real-time PCR) 2 72
o7 wdHM Ayes TS ARE st =4

e IHEE bF Y thF(multiplex)® real-time PCR 2
gt Hloll oz &l

« o2 7§19 PCR AHE LdFodsHA & = AEAd 23] Hlal g @Eo)
7heetH, 3 AR FAE &83 ddo] ¥y 2 5 Qe viewer panel B tools 7}
A Zzado] d sttt

e real-time PCR #2419 end point® A3} #H¥He Z&3 K
(template)®] BEF 27/ (At templateZ} A8 F& HAE HAY ‘:’Lﬂb‘r 797%‘/]- < 7
), A8 el &A= PCRQ] inhibitor (o, @A, A&A =
SEAZ (signal) @ol A W 5 Utk

e J¥EE PCRE curve patterns A AR g X
(Quantification cycle, Cq E+& cycle threshold, Ct), =& Z% ¥ % signal &t Rn E+=
RFU) Tto 2 #HAGA #Ago Q{7 HAT 7ol =,

i Hﬂ m
B~
et
e
i)

o olo] W} AFETL =2 AAFFES 7] HiAE PCR 3 A A 52U2] monitoring©|
7bsdt PCR SF A4S E427F &Qlste] A4AQ0 PCRe s AFE Ao & 3
271 Ut

o TFE BAlo B35t dE A & real-time PCR  system2 T2 PCR S I &
239 o] SA0 FANFE vzt ek



o

aJYER g AR PCR 2HE sA EYUE A4E3] HoF= Zo] =g

o
Jo

x}7} t}9] real-time PCR ZA#ZHE Zt7 &3t A3 gk (4, Ct) & £, A
AehE 712 AL 2/ A ¥ =5 Ho] Hasih

T3 PCR T34 EA st HI5o]F PCR curve E HIAZAS PCR curve 2 A 59
TH 2 244 sdxdd wE DNA A= #HxolA EAYS= real time PCRE| A3}
#e st 2AASEE =9 davt o
ases, 7] z

L AA

82E 13ty A=A real-time PCR Z¥E tHA o2 Hrlsta
PN
T

e AgAel WA HHEE tf B TEY

i

BHe szgde A8z HolA, BAAw gk BAo] fo|A, B datao] A A

| do] dRE F JEFE Jdstaal sk T
On-line 7]¥F && stand-alonel.E 7}50o] @ 4 A= BA 2 viewer A€o 2 Jdst
A} SR

ARn, Ct valuegE TtHZA S E vludty A¥ ks EF & 4 Q& data analysis program

<= Mtz sl

On line analysis program - stand-alone®.& 7}5°] & &+ U&

3kl e, qPCR machines® 2 FE data®] A& HAE 2 43 244749 AT &<l

o] 4] program % PCR plot2] viewerE #2gl package systemo Z 7|t sfazl &1

o}

48 Z2092 FF 55T signalo]l tidk AE B0l 7Hest =% PCR 23 g (Ct,

ARn)e WHEES vwste] Fgd

Bag z2a3e 4709 probe] %
3

o1, & PCR curves

8D A48 B Hel e e P e AU ARt st
A ZRORe $F VN BAE, S4B ANA, FETE, o|PFAw, G, v
ARG Fo| BRG] Bgo] HAES Ao B Zeagow AT stk

gPCR plot =& 3071 (internal control 87l + 22 7l marker) u] S =2 96 well plat 7|22
26471 ¢] real time PCR ploto] EAHo] o]& IFEAsA & FUAES 7H‘?-_}3}°dt}
qPCR-2 well variation, DNA quality ¥ content, multiplex set ] ME 43S PCR M4 2
background signal A ©]& Aso= HASY AH}E BAHL & 91*‘5 48 Z=21
Fo= Estaa &

NE zzade] 74 8l 255
FFAze] AE A AN BT T HEE EUHE 734 A ol B I d¥<=



CHERA

Test Result =44

AFs B4 z2agfgo s &3
Be T4 2 59 real time PCR T

©
2718 (Mutiplex real time PCR Viewer Program) ©.= 4

13 203} #Zr

Real Time PCR
«  (Multiplex)

i

1
PCR
| Data File

|
¥

QR-Code 7|8t
Certificate &5l A HE

= PCR Data File
R - Interface
l v b
Plate Data | Chart & Signal Certificate Certificate
GUI Interface i Viewer Manager Verifier
K f
v L 4
Marker Sample | | Certificate | —
Table Finalizer i HE3H * " Certificates
! |
. |
v 4
Signal Analysis | | Marker Signal ¥ .
i Detect [
Al Algorithm etector (ﬁ "‘
Plate Data Analyzer Report or Certificate

19 20. Mutiplex real time PCR Viewer Program®| 774 %

gk & 73 (Mutiplex real time PCR Viewer
71 #8242+l real-time PCR &4 S 93

algorithm, quantity normalizing, ¥ &% 7|&x%

Program)-<

g
PR Nz =27 P YAG 9,
5o Ad 3% 5L o] FA

2 525

g, I




<} "t A A & 4 Ao
A EF Bl AMREHE FAA markerE 834 multiplex PCRE 4

i3zl F=1d 5

gt o]F EA3tE 2% (Mutiplex real time PCR Viewer Program)So2 @3}
=3

o] Z2IWL B FAAloA HE&d & WY Bz ados Wyl ojyz} thkdt Hofof
A Ag 753 REA 2807 WEo| Jls & Aol

7 o
N4E Mutiplex real time PCR Viewer Program-2 1% 20 ¥ 22 SW (Softwear) &
2 T
A71(2E 20)0 thEk Z7he] SW EE-2 PCR Data File Interface, Plate Data Analyzer,

Certificate Manger 5 3719 £5°o=2 FE AT
PCR Data File Interfacet= Real Time PCR 4|9 A&d A¥ HlolH Y (Excel 3)= &4
3le] sl PCR Awvlo] th3l dolg Zwo] waet AFE HolE S Viewer A ZHlo] ¢J&d}r)

A3 QA H o]~ BREo|Th
249 A T/ 42 Excel sde] 9l JRE o] 83| ABI CFX & Real Time PCR %
Hl o] /5 WEHsl= 7eS Fo3h

Well'¥ Signal Data Read : PCR #¥H| 2] F7% Data ZHo| wzt 54 Welloll g Al
Datag ¢]¢] PCR Viewer A28 U Fe|2 A3},

Plate Data Analyzer £%-& Plate @99 Al dlo]g ol tig 3 FA ¥ HF Signal &
e 93 AH8A Interaction W AE B HF B AH}E DBl A3t PCR Viewer
A=l e] dq] SW REEo|th,

PCR Data File Interface®l 2]3l Viewer A28l o & &3 32| Plate @9 AlE Hlo]H
of Z3dE 9670 Well AA|oll g+ Signal Chart®} Signal #4 A3 3tAE AAFOEH
Web BHe}-9-# g 3ol HA Plate A@ZA3 9 Sample ¥ #F #48 2A3E A &
A= stAS AF

Plate Data GUI Interface : Chart & Signal Viewerol &3] ZFEA|E Z} Wellell thd Signal
ChartE S<¢to® FRI3ta Marker HZE 57 #AHAS F4F & dv AHEA Interaction
715 Aot

Rice Sample Finalizer : 83%l Rice Marker HZ& #%8 Z =3 AR 4 AA|E
ZA HEY3le] AZE3H Rice Marker Seti} Rice Marker Tabled] S&2H Z5 B23 x5}
o A5t FF e AAHES st A T 3t FASE

Rice Marker Table : Z}Zte] & FFH Al X Rice Markeroll gt TableZA 2} FF2
Rice Markerv= &93tA R == DB3 HAU+=

Marker Signal Detector : 574 Welld 54 Dyedl tigt Al@ dHlolEE #4134 Rice
Marker < o5& #As= SW EEo|H.

Signal Analysis Al Algorithm : Well®] 9%|, A 52] ®& &

3t Rice Marker Slgnal A Al 7l&Ee AE&3te @3 34 2PpE3) Jhest s
o =M Rice Marker A& o5 #A O HAYRLE F4str] 913 SW EEo|th
Certificate Manager 552 ¢]2] PCR Data FileZ5-E i17]o] &3t Al
FAHA F2 Certificates 'TH35tal Certificate 23 AFE AT F A= 7]

o},



Certificate &3] : MF Ald AAA T2 A|FAHZHA 7]4HF Certificates W st= ZEZA,

AN AlE Data IFLZHEH st Ad AZHA 2 Certificate® W3 4 Ut} &3y

H Certificate DBl 5=5% 1, QR Z =7} 74 <AzHc].

Certificate Verifier : 2UEE G2 o] &3t B A 2HoA] T3 H Certificate®] QR I &
I~

E 251 AFozE E Aqulx A|2Hlo AZAES] T Certificate &3 o =20 A
AT 4+ At
B ZZ 739 PCR viewerd] 7A LA ¥ &

22 FHoE B oAAdA AV ZEoas 4ASA AT 19 @_ugur 2

real-time PCR  $% A4S dhe] o b5 s 78 (multi-panel view, 13 21-
EE < A B AZE 7 Jdoh EF real-time

PCR %—‘—T?:—‘wl A& dHe] panel °P°ﬂ 271 o]’ FEAIFH(multi-channel signal, 1% 21-Q) <
2 FEFAA vzt wfg &olsint.
333 A marker XA code #t (markers) 18] TAHZAINE panel Qtoll HAIE
(marker ¥ #AH3E, O9 21-Q) o2 FHFJAHAF AZA s Al AFATE S
T Ao A3 #AAH AFHEE A FF AZE 7 Atk BET markers (T oAl= 3* 96=
288 7N marker)E FAlol WHo] JHs SEE FHo| JhsEiT

Ee BFA e 1HEe 52 (4 0,1, 2 T -1, 29 22) 2 ZH(Resuts, 1Y

cycle 5= (Ct) &t (Ct value, 1% 21-®) ¥ signal (Rn or RFU value, 18 21-®) #<= A
A7 A-s] 24 JhesA oz A&syI BAo vHS FEANE 5 Ao

-

FF Aol o8] WAHE WA signalel T BHLFE Has T 5 e AR
A% G E (Al algorithm, 1Y 21-0)& A §Fo2 #HYe FEHL 30 T + Ak
Bere] oF He goFs gwre WMeleld o o]Fo] W & UEE FFLFSH

A

(quantity normalizing, 18 21-®) < H&Fo 2 AAH FEAHS T & 4 U
real time PCR 7]7]olA #A4¢ HBEE A oY A B (calling) 3

Y F UAEF st oA BRE A BHZzOfcs BYE
Row, FH3 AR HQo wt AR 24 data ¥ marker table FEE EWE 4
2 A== :r“‘q st ow, o2 719 panelE shute] HIFE 3ol
% PC

g %
Ao o A9 o AE AL Hwatrle] S ol Td s
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FenDEL® Rice 22 SNP Real-Time PCR Kit& AF&3I5Ath A3 kite T HEd=FH
g W) FF 244 diwg 2019 /HA) 9 227 SNP marker (RM, rice marker)E &
8l real-time PCR  kite]th &4 o AREEHE 2 Alss wHE) 4 = 18 7E
(GenoAidTM Rice Genomic DNA Purification Kit) & #A|&=H& ZEZEZ w2} DNAE
A sk ARE-3FA T

24§ real-time PCR #4] system & CFX-96 =& ABI7500= Ab&3tom, 7+ 4
of A3t kit A8 TH

stube]l AlEe] 871 PCR tube (well)oll PCRe] F3&& W29 kit o2 Ui
(internal control, IC) & 233l 307] (22709 SNP marker + 871¢] IC) ¢ PCR 53
o] st Az td Aldez AT 12712 ARE FA BT H$ 96 well PCR
systemlZ FA FHE F o™ 360 718 PCR FF 4ol AAPEHA At = 2034 o]
PCR 333 A& T2 IS o] &3 data FH, A, o]& o] &3 &4 AT

N

171

2 [N

|

3

U #A 71E4 9 Rn (RFU) ¥ Ct (Cq) #< =73

222 M kitS AH8-3 multiplex real time PCR =3Joll Al-8-3h=

o] & detection signal®] o] P A4 DNA F%, A7A9 SHE T & Y
gk PCR oA e HApel Ao thet FAd A7 7bsdrs #HAHo] &olstA ol F
o] AHoF gt}

oo we} EA7F PCRY A#AA 71& 3 AL B3
oh 2 22089 Rn B Cto] @ol AREE Aol JHE

d2 32 71F9 Rnoll Y3 H&g FAo] o]Fo] XA &2 AFTF (I
value ZFH)E Rn9 0.1 o|&olA 02 o]dog2 HAAN HZE

483 o] Fo] F& AU &  AJT (ZLH 22 B. signal value =4 F).

N
lo
<l
2

o3

Y

-

ks
pul

N



A. Signal value =% M

B. Signal value Z™ £

a8 22. Ct =

o
) Y

signal value (Rn) <
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o} Al algorithm®] & &

ot dle] PCR HIEo] Aad 2 v A Al1d =& Al algorithm & 3 #4]3}
of AAAILEH TSI AAHY Eol=E Fol=F JEstaat st
R _

2 95 A BAZE ) Al algorithm® A& #5%8 HAdd 4 A== A A
o
=

B. Al algorithm & &).

it
oo

A. Al Algorithm 0|

B. Al Algorithm &

719 23, Al Algorithm®] A& w& 2] Hgx /A



2}. Quantity normalizing®] % &

FE4 AR YH % 242 SUE 5 mek DNA
2= 9lth DNA Al2ee Hats A B AxE =20
NEFo] mE ghe] BAE HABE] By

=R =2 A LY

LR/RE HA3 5171913 algorithm %8| 7+

A. Quantity normalizing 0| & &

B. Quantity normalizing H-&

1% 24. Quantity normalizing®] & W& 4 A= 4.
tofF FF¢ & genomic DNAE P34 AgAE-1) 3 1/3(8=-2), 1/10 (¥
=-3), 1/30(=-4) 34 AmE Abgste] Al 9

=

gl

oo
>~

o2

o
S
&

NA

o] genomic DNA®] & (W]&]4 % 1/3, 1/10, 1/308] 43¢ genomic DNA Al &)<
1% 3 23 Quantity normalizinge P4 -&A = 134 9l 1/3 343 genomic

AHERE A Froll A= tiokR BEsk oY, 1/10, 1/309] 3143 genomic DNAE
AHESE Al ol A AASA XAt (¥ 24 A. Quantity normalizing 7|2 ).
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e 12]Y} Quantity normalizing= Z-&Al°l 1/10, 1/309] 343 genomic DNAE A&
APdTAME dokz A AET F UAses IAsAT (Z¥ 24 B, Quantity

normalizing %}-&).
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L
8 25 8 EE BN =2l 7P FQ §EI o,

- BNE ARE 7} o)A SYH o BeH=S YA

. AW DAY 24 A% 5 5% BEE TS

- BATYS BAA BYATL AA AE D AR FstEE s

- AEE B4 ARE % BAs 8498 4 Y

. B4 Ay =G AR By T+ Yok

- EF WA ARE 4 AN ABel AZAE 4 BV F YES FASATG (2
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38 53 7= M8 M EF A& kitel #+4

2 7l i #AAE 7] iEE 53 Tes AASk AYE st sk AR B
A E Tl FHZ EF qRT-PCR 71&(535F A10-1598398 2 {FenDEL7|€}) ¥ 1 X
2 71€2 STexS 71&(E3 &¢Y: Al 10-2019-0164776)S &-&3lo] AF o] H&3At
B Ao A 7] A 55 Teol B AAE S8 MEE FEA ¥ DNA polymerase
(£3]:10-2020-0064838), multiplex qRT-PCR ¥4 Z2 73 (53]: 10-2020-0052320) o 2
(#) genomic DNAR A, 2 AF HZ(53]:410-018457150000) 5 2 &3t &(H) FF T
BE AF Mo A-&si.

AFol A3 71€<Ql qRT-PCR 71&E2 BHA] PCR WHES AHEste] dgddd f38<
a1, st AgsHA £4 73 7lsolth

DNA polymerase®l| X1&=7} = EHS 718+ mismatched targetol g K-1& S7}
A A Keate TAAIZ O EHA mismatched target PCR S HUig AT o=E thygdFd
o T2 200 ~ 10,0008 o]4F ZUhA = Hze| 7]EolTh

2] Uil wat EFE FRAS AESA ™| Jheste Ve A0l B
71€ol® 3 mismatch 72485 S7HA1Z1 ®©] Taq Polymerase AH&Al F7FAQl &
TS RS F e v 5T 7lsolth

B gAle] Aol 712 @ AY(SNP) AA 2 Bkt 22 3 o 5o 73A wWole] B
AAH O Z AS 7hs 3t TagMan probe, EvaGreen, EtBR & TFY3$ conventional
PCR 3! Realtime PCRell #-&o] 7}sste] &Aool -3 7]so|th

_—

~or

Tag-DMAFolymerase 25
L - il g ATTIN Ll 0 3'-matched primer
3’-matched primer
15 3'-mismatched primer
E 5Texs PCR
Component X <10 3-mismatched primer
F:; M ACt-control
g 3 1 ACHSTex§
" NC
{:I I - T T T
0 10 20 cyce 30 40 50
LT TN 4ct S0 =252
i e i [ control 1353 35 by
3'-mismatched primer | ETexS 135 1158525
a9 26. AFH FenDEL 71& 9 784 0.
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©

SNP v 478 % primer probe set 773

THEEFTHYYY FFTEE 2719 SNPsE TAo= B @749 ZH 2 SNP HHE &
st mAE AT ol 4 450 FFolde 0] Jhssith
THEAEFTHYYY FF THES AFshe 2709 SNPsE FAHCE FeoA HWAFZEAE
(international rice genome project, IRGSP, https://rgp.dna.affrc.gojp/)olA &R v H7AE FR
5L SNP AEE &-gsto] nAE AAskalA st

71| HEFEAT FSE WS 209 FdHEtE FEEEYY AlE SNPs o ol& $ALS
= Y3t
Al Foll 483 Primer/probes?] set= 3719] SNPE 1 tube®llA] ©]F0A= multiplex PCR test7= 3}
o 8 test 7} sFtE T FEQ kit o= FASICH oF 500 FFolde] o] JHssith
tro] o] AP Fal, A5t EFFO wel primer/probe sete WA HAFY 2o FA43H4
on, HF A thd markers B primer/probes set2 3t7] & 133 Tt (probe FEH= H|AAIF.

® 13. HF 78" 2 FF 7% markers 3 primers/probe sets

Markers Primer/probes Sequence

GAPDH GAPDH-F AAGGCAGCTATCAAGTAAGTGT
GAPDH-R GTTTCCCCTCAGACTCCTCC

RM1 RM1-F CGAAGCAGCCTCATGGAG
RM1-R1 AACTCTGGGCACCATCAGTATT

RM2 RM2-F2 CTACAAACACTCCTAAGATGCCACATG
RM2-R2-4 ATGAGAGTTGCATCCTATAGGAGAG

RM3 RM3-F CTGGCCTGGGATGTTGAAC
RM3-R1 CCACATTGGTTGTGGAAGGTTAAG

RM4 RM4-F GCATGTGTTGGTTGTGAGTTGAT
RM4-R1 CATATCGTATCCATCTTATACTCTGA

RMS RM5-F CACATTTCGGTTATTGCAGGTGAT
RMb5-R GCAACATCGGACTGAAAGGT

RM6 RM6-F2 GAAGCTTCATCTTACATTTGGTTTCACTG
RM6-R4 AACAGTATGCTAATAACTCACTAAT
RM7-F GAGTAGTATCGGAGTATTAGCCGAT

RM7 RM7-R1 TCGGTCATCATGCCGAGATAG
RM7-P1-3 TCgTGTATCGGCTAATACTCCGATAC

RMS RM8-F6 GAAAGTTATTTTCATGTACAATTTGGA
RM8-R7 TAATTAGATATCATTAATCCAAACTC

RM9 RM9-F1 GAAAGTAAAATAGAGGAGGACATGAA
RM9-R2 CTCTTCTGATGATGGAGATCCATC

RM10 RM10-F GTTATGTGTCTTGTTGACATACTTTGA
RM10-R1 AGGCAAAGATAGCTTGAATGACCA

RM11 RM11-F3 TGTATGTGAAACTGATATGTAGGTCTCA
RM11-R3 AGTACATATGAGATCCCTTAGTGGT

RM12 RM12-F12 AGCGATCGATCGATtGATGCGCA
RM12-R4 GAGAAGACGAAGCAATGGAGG

RM13 RM13-F CTTTAGATGCTTGCAAGAGGGGA
RM13-R1 CCACCTGCTGTCAACAATTGTC

RM14 RM14-F AGCAGCTAATATGTACTCCATCTG
RM14-R1 GCTTCAGGTAAGACGTTTTAACTTTAGTC

RM15 RM15-F3 GGCTCGACGTCATAGCAACAACA




RM15-R1 TTTGATCACATCTAGTCAGAAGGTG
RM16 RM16-F GAGACGTTCCGGTTCGCC
RM16-R4 CTCGGTCTCACGCTGGTC
RM17 RM17-F TATATTGCATAATGGAAATGCAGTTAT
RM17-R1 GTCAGAGAAATCTGGTTGCTATGA
RM18 RM18-F2-3 GGAGGCCACCACCGAGGTTA
RM18-R2 AGGTCATGGCCTCAAGTAAGA
RM19 RM19-F2 CCTAAATAGGATAGGACATAACCTATAAC
RM19-R2 CGCTACTGCGTTTTCTTCTTCTTC
RM20 RM20-F AACAGCACTAGAATATGGAACCCT
RM20-R1 CATGATGCAAAGCCTGTTAGTACTC
RM21 RM21-F1 GGGTGAGGTTTTTCCATTGCTAC
RM21-R1 TAAGCTCAGTCCAACTGCTAAATG
RM22 RM22-F3 CATCGTCTTTGCTTGCCCATG
RM22-R1 CGATGACTGCAAATACTTTCGACATT

4, DNA A89 g1 9 == 9 7=

o AT S YeiAE AF AR AAH AR HR
o, old] me}, & ()] SshE PHetLE AAH ()=
We A s (19 2).

o7& W (DNAid-Rice DNA prep kit) & Uukziel o] vls] wj$ 71918 AZHE= 3719

solutionS HASHAl A elske wl-¢- g Wwolth

tA

S AFE AAYS FRE 9 T2
1 97k 50%°18h DNA A2 A%

)



NucleoSpin® Plant 11 procedure

DNAid-Rice GenoTech

hamoagenized o lysis buffer PL1 or
m,npf ' : lysis buffer PL2
optional homogenized
o : RNase A incubation sample } shlitiea: A
— g Solution B

. clarification of
= Iysate

{NucleoSpin® Filter) 3

S . Heating block
H binding 95°C 10min
- E> e Solution C
= washing {Color)

‘i

e & AZUS i wbelll S 5
2~3ulE PCRO| A

= elution

.l'-f | \H“n
|
fingerprint agsays ' hybridization

gerp ¥ PCR

cloning restriction analysis

71 E Kit TE HxH
0= R M 302
4.300€ b RS ~ 20002
=z SHER 7

a9 27. % DNA 5% %' (DNAid-Rice gDNA prep kit) 2} 71& ¥H(NucleoSpin)e] 1]l

e B LS 95t &3 DNAY §5%, <27} vl9- 583 82l F shielth. B33 DNA F=
AL A AR gET 5 °ui7] jZolth. I8 EE genomic DNA BAle IHEAHEEFE o
o] TAg DNAAN S F2 A AFst=s 7dstast stk

¥ g5 DNAid-Rice DNA prep kitS ©]-&dtd dww|(3hg, Wz} color W] (BX1F, &
°] genomic DNAE &3t &% 9 F=TS BV} sk 1 23 F34A00 243 DNA A&
(=% (OD. 260/280 15 ©]) 9} & (1 ng/ul °1’d))°] = F IS IRISAT ( 14).

A ¥ genome DNA F=°l& 24l& DNA F= kitE AH&sh= Zlo] Byldo|w o]& wlj¢- artoltk
T B4 kite] TAdolE DNA FEH4 (2,000~5,0008/prep kit)o] A7tolA (A5 HlFo] mj$-
=0 w2 DNA AR F24E& RASIAAE o E3lE 7HHstas AAH] F5 U 7do)
Z a8k

£ BAA &, &), W] 5314 real-time PCRO| 7153 7t 6}1 A0 DNA FEHS 73t
A (modified CTAB W). 7H&3 DNA F& R 7| WY oivl 7P a4 50%018 Zad
(20000 3}/prep) HWHo|T)

J
Y

o]
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FE 14. L3 & genomic DNA preparation o & FZA DNA 55 4 &=

O.D.
Number Rice Cultivars SolC treatment Concentration (ng/uL)
(260/280)
1 e - 109.389 1.73
2 + 41.645 1.71
3 - 137.656 1.71
Hl ;‘<_] =

4 e + 60.932 1.66
5 sz - 394.883 1.18
6 + 46.863 1.56
7 ST - 432.851 1.56
8 + 84.705 1.62

« o] WHe] o] ;AR FHL Solution C (Sol )] H7F ol Tt FF2| Hlol| ek A
g oA color WO M=rh £3HE 74 DNA £=7F Wl PCRY| A)7h dold-e Felstict
(3 14 SolC WA, ZBB= o3t TAHS /MAst s S AAstd 4L PR 7hs

i -
W _
A = ME= SXxE

o
ol
Jh
[l

-sol C

+sol C

GAPDH  NC

10%

19 28. Color H]¢] Solution C # 2] genomic DNA A
=23
A. A5 M= 9 real time PCR A%}

B. Sol C g9 W& PCR A3l 5 &<l Az}

o 53], color 9] 7% 71T DNA prep HOE HAG A5l color substance”} E48kaL =3 PCR
AsE oIz o9 sjavt BFA oy (Z™ 28, Sol C WA, wEkA HAEZE color
substance ¥ PCR Al &4 9] AAshH= W& A3

o OlF 3l 109F9] o)y TRt color FHAE W (cation or anion exchanger, active carbon,



polymers 5) 0.2 Aldste] H#9| a5 WFsh= 2A4E s (2™ 29 2 30).

o A} A= =Zof A7 PCRE] AAE slaste] HEs] AsA & = 2AE ATES < QU9
o (228 30).

o AET 24 Foll P BRHHME FAAAY 2A4E dFLE T AR [20% (W/V)] 5
stk (29 31).

| LILLELL ; .H....“. ;ii
; HEET
() category B I %
Jot
L
() category C
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"'§|: . '.:._.
ot
@cﬂegowﬂ’“_‘zﬁ_é_/v‘é,ﬁ_/#é,__ékg
HELE | B

j_al 29. /\ﬂl:x-"ﬂ —‘—7%—8— /\z]] )\J]Bﬂ /\]-c-l
4o T/ wet A, B, CE &R/t tEAH £AE ARt BI7HgE &S color PIE
AETEHE, IR R stolotn| & AREFE, JNEE kitS AR&SEe] HlamL B 7Ee
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13 30. color &%+
Z < u] I
HEEH o2 HWrgk W 5 BE kit AFEsle] AATHES H

O~@), color &

AR 4 AR 17

7vet

F=% DNAY HIARMAA, PCR IJAIL8Q B4, % 2 55 Ak, ¥H37)E Agxte] o3
A}, Algol| 2 HAE gRlsty] /ikd Wl M-S FRE AEe] /A T3 940t
JHEE A 35t oeFst W7HE F8 H92Q1 DNA preparation ©] 7FsdHe ER1staat 3H3

l

-

FE WER7MME 100%2] B yebd 3 AeAlA B EA DNA F2 34e &9
o AMY (2™ 32 5).
w ZledaA e e o Wt AR AdAol =, FHo| A 7] uHlE

prep kits tAIE = A= AAA DNA F= kits /1T & 5 AT
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5. FenDEL® Rice 22 SNP Real-Time PCR Kit%] T4
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71%<l FenDEL 7I8F 7|&3 & 7]& /AL AAE F3 RS

B4 (53159 10-2020-0064838), Al DNA preparation 7|

(T5HI: A 1018457150000) % multi plex qRT-PCR #4] progra
10-2020—0052320) 7]%o]th.

o AF TS fdl, ¥ EFEZ FE, primer setd] T4 AHFE probe design
B, &40 kA AL F HE O ANTP 2 buffer £24<S FHsA T (A% manualell

- A3} U]xﬂ/\]) .

s NF 0]”/] SNPsE 7% & 4 9+ HZ 9 primer probe set2 TA37] 918 thekst
%4 multiplex PCR®] 2 Al 23& Adstd HF AF 742 &4 stk

e Primer®} Probes & &%, &4 A& AFo] 74 =1 FHslgoH, 53 NHFH
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e FenDEL® Rice 22 SNP Real-Time PCR Kit= (&) F5=
BAE AoFe e vk

« 227§ SNP wAE o83 AF 2 AA HZ=E AFoln.

71e< AEstY HFTHoE 4AEAT 48 Tee 3
=

5

a8
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ol
ol
N
do
e
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o F/PIREHEEFA A )M A, AT AT A= SNP A E AHESHS

A E7F =0

. B8 B A% AFH FAAM0] AUEA %9 FenDEL® 71&E& FAOE Thad

558 2 8shsinh
e Real-time PCRo| B Q23 2 & A|F X3}l F7
o ZAAAola FEHOIH HHI BB ;L F
=18
=

DNA Purification Kit)& A3F o= F71H]&

}ma Aol gith

o] wj-¢- Zot.

Z A& 71E(GenoAid™ Rice Genomic
A

[€)
o H3 m=7 B FF BAHol Jhedt AEdd FF 4 2O ATFoR AR
A

o HYgAH AA] A=V} =T

¢ 96 well9] PCR SZ 34 4 AAHZAAE FAo HAFoZ A4 4 41 2/FE H4
st & 4 T

* Real-time PCR 7|58 HZA &4 W5 24 7bsste 440 o

¢ 22-plex qPCR SZHOJH AF&4 9 FF5 B4 234E THsH &AL & Ao

o EAMAFS] A4 9 DB #HE, AP wa FFAYAAI Qo A@A E B AL

a2
47 T4l ¥t
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2},

7]E (FenDEL® Rice 22 SNP Real-Time PCR Kit) 743 ® 3

st719] kit WE&E= 745 Atk (24" B AF 71+%)
- 249 AA 71E2E kit T4,
-5 x gPCRMix (600 ul) - &5,
870 €] OligoMix set (A~H) 2 250 ul, Zt set= THE color® A%
-y 2 2 7484
96 well PCR plate

OligoMix &4 &

Zk7e] OligoMixi IC(internal control)¢} 2 == 3F 2] SNP FIAE Al £4F 4 2

1

=5 q9kd.

xZgfolme} 2 H7E B3Eo] glom, £ o] &5 & real-time PCR 4] 7|Fol welA
TRHE OE S7Y 3F=24=2 FA4H AF

HHEAIRS B3l 820 AAE Hol& multiplex set (OligoMix) 2.2 T4 (3 14)

. Real time PCR ¢ %4

30p08] HE-g-<Ho] FHIE 96 well plateE AF-83t real-time PCRe 3 gttt

4 71719 T7E ‘Target WlwEs AA

ABI7500 £471E Abgst= 78+

Target 1 - FAM, Target 2 - JOE, Target 3 - TAMRA, Target 4 - Cy5, Quencher—= None

T o

o2 A

u.

CFX9% #4715 AM&3t= A5
FAM, JOE, Cal Red610, Quastr670
gHd PCR ¥+ =4S #15% &

Real-Time PCR &4 23 #4

7o E 58 TeAxY ¢ uE) FF AR A", o435t Real-Time PCR 7]
Z1ol A WE 2 xls =& xlsx F249] 3d& BEAFgoZAN v(A) FF W8 AHE &%
A de F A=F 74T

FeA e v 5 AA A", 2 real-time PCR 7171914 xIs E& xlsx 29
GdS HHHe $ A 2ol o8 FF w8 AAE IS F As

AAE T3 MLd Z2I39S 83



# 15. OligoMix % 54
RM1 Quasar670 Quasar670
A OligoMix RM20 JOE JOE
RM2 FAM FAM
RMI11 Quasar670 Quasar670
B  OligoMix RM4 JOE JOE
RM19 FAM FAM
RMS5 Quasar670 Quasar670
C  OligoMix RM9 JOE JOE
RM15 FAM FAM
RM13 Quasar670 Quasar670
D OligoMix RM7 JOE JOE
RM16 FAM FAM
RM6 Quasar670 Quasar670
E  OligoMix RMS8 JOE JOE
RM14 FAM FAM
RM10 Quasar670 Quasar670
F  OligoMix RM21 JOE JOE
RM3 FAM FAM
RM17 JOE JOE
G  OligoMix
RM22 FAM FAM
RM12 JOE JOE
H OligoMix
RM18 FAM FAM
¥ 16. FenDEL® Rice 22 SNP Real-Time PCR Kit ¢ PCR =71
Cycle step Temp Time Cycles
Initial Denaturation 95C 5 minutes 1
Denaturation 95C 30 seconds
Annealing/Extension™ 55C 40 seconds 0

* Data Collection



42 HE) S5 EE 7|1E HSe er8dd & d5 87t
1. N A=
7F N Al 2E

o ol ¥ o] 2F AF (W(B®) genomic DNA preparation kit ¥ FenDEL® Rice
22 SNP Real-Time PCR Kit)S 7Q2atict (2% 33).

K ENOTECH
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AT e B Y w b

% 33 JiEE AlF AR
A. ¥ (&) genomic DNA preparation kit ¥ FenDEL® Rice 22 SNP Real-Time PCR Kit

o AFEY wlFY (F 27 page) ¥4 (19 34)
e THE WEI 44 (¥ 35)
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Best Partner in Genomic Research & Business

FenDEL® H{('Y) E= miH 7|E

TESUSEEHIIANM JHLE SNP 02t @H|L-EIo| RXiX} Ho| A
H7|&(FenDEL®)O| HEE () EZ T 7|E
TESUSFHETIRC| 'HEs XIE HEtd TItoM 100% Hete B

HO - =i
2271 SNP OAE: 0|8et F& & WY HIAE
Real~Time PCR 7|Z& (ABI-7500 / BioRad-CFX96) & 7|E €= mj

)
Jm
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8
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o

>
Ml : 2P| UFUSHSED B2 H L, ZEE AIRIE 4 2= SNP o 0[]
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<A 71oE&> 1/1

BN AlF 1
<A FH> = () gDNA prep Kit

<AFEAG> A&, A7 59 FFAA qRT-PCRY A& 3 genomic DNA ZA| kit

<A FAZRI> 1" 33 A
<71EtAte> AAAdES e 3 kit, colord] Foll A87Hs¢ BRHA AF

<] 2 2> 432,000(2)

W AE 2

<A| &> FenDEL® Rice 22 SNP Real-Time PCR Kit
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B EaAE B3 3 37kAe) MR 7eg SR
oloubet ATAe] TEAHE HA LA Bk,

B < 1. b5 44T PCR 9 AlAE" (53] 10-2020-0052320)

« 7] 71¥% multiplex PCR 3 A &&2Q1 #|7F 7Hse PCR 23 #4 2 58 e
Al 2-E o]tk
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Kit
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setl / setll Real-time PCR Kit setl / setll Real-time PCR Kit
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Multiple-X™ Rice Kit PCR condition
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Dw

2X Multiplex PCR smart mix

)

To 250 p

125p8
3.0
5.0p8

95 °C 15min | X1

95 %C 20 sec

60 °C 40 sec I X 32
72°C 1 min

72°C . 3 min ‘ X1

10 °C w | X1
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\, / o T

5X qPCRMix 6.0
OligoMix(8Z) 1004
Template(gDNA) 3.0u
bDw To 30.0pf

85°C 2min X1
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g 40 sec X

ax o | X1
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w0 oo o~
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= 30|05
F=TI0|06
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8.555
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82.487
51.867
35.681
26.293
33.396
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16.61
38.208
10.839

b
23
213
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2.06
1.93
217
S AR
18
1.96
27

208

13 AEFO01 60.461

14 AlEE02 87.446 211
15 AESZE03 74.752 213
16 AEF04 61.608 21
17 HSZ05 92.667 186
18 AMEF06 81.708 212
19 Ajetajol 100.451 211
20 A 2ojo2 101.156 212
21 A 2ojo3 98782 212
2 A 2ojo4 8358 206
23 Aj2alos 111.014 216
24 A oj06 96.355 211
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5uf loading 92!
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5u€ loading 29!
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5uf loading 92!
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5uf loading 92!
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