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SUMMARY

(9% 2oH)

[ . Title of research project
Development of an integrated Portable DNA analysis microsystem for on-site verification

of Korean cow originality

IT. Objective of research project

The ultimate goal of this research is the development of an integrated portable DNA
analysis microsystem for on-site verification of Korean cow (HANWOO) originality. This
microsystem enables the HANWOO verification from imported beef cattle with high speed
and accuracy in manner of portability by excavating the HANWOO-specific DNA markers.
Based on this system, it can be achieved that the illegal distribution of HANWOO market
and zoonosis epidemic such as BSE (bovine spongiform encephalopathy) is prevented in
advance, and safety and quality of beef cattle is assured, providing the public with
qualified HANWOO bheef cattle.

M. Contents and scope of research project

> The selection of HANWOO-specific DNA markers and its optimization

> The development of a sample pre-treatment microdevice for DNA extraction from
HANWOO

> The development of a software for analysis of HANWOO SNP profiles on a microarray
platform

» The manufacture of the micro PCR reactor and DNA microarray chip for verification of
HANWOO

> The development of an integrated microsystem including the sample pre-treatment, PCR,
and DNA microarray

> The development of the portable fluorescence detection system for on-site genetic
analysis

Based on above contents and scope, the fully integrated microsystem which consists of a
sample pre—treatment microdevice for DNA extraction, a micro PCR reactor for DNA
ampification, a DNA microarray chip for SNP analysis, and a miniaturized optics for
fluorescence detection can be achieved, offering the portable genetic analysis microsystem
latform, which can be applied to the application of HANWOO verification from imported
beef cattle.

IV. Results of research project
» Development of eleven HANWOO-specific DNA markers (99.6% fidelity for HANWOO

verification, 97.7% fidelity for imported beef cattle verification)



> Development of the micro CE chip for DNA separation

> Development of the integrated PCR-CE chip for DNA amplification, separation, and
detection

> Development of the integrated PCR-microarray chip for DNA amplification, separation,
and detection

> Development of the rotary DNA extraction chip

» Development of the portable fluorescence scanner for DNA detection

> Development of the miniaturized genetic analyzer for operation of the PCR-CE
(microarray) chips

» Development of the S/W for automation and detection of the PCR-CE (microarray) chips
> Development of the fully integrated microsystem for genetic analysis consisting of the
portable genetic analyzer, the portable fluorescence scanner, and the PCR-CE (microarray)
chips

» Evaluation of the integrated microsystem with genotyping of HANWOO/imported beef

cattle samples

V. Product of research project and plans for practical use

The integrated microsystem developed in this project provides the fast and accurate
analysis tools for heef cattle verification with high speed and efficiency (a few microliter of
samples, and 80 min of process time). Moreover, the peripheral instrumentation and
detection optics for operation of the microdevice were miniaturized to enhance the
portability. In addition, the eleven HANWOO-specific DNA markers are developed,
decreasing the number of conventional ones (40770 markers). As a result, successful
genotyping of HANWOO/imported beef cattle samples was performed on a fully integrated
portable microsystem.

> Patent pending: 5 cases

> Paper published: 7 cases of SCI, 1 case of non—-SCI

» Commercialization: 1 case (HANWOO/imported beef cattle verification kit)

» Technical implementation: 2 cases (a portable genetic analyzer and a portable
fluorescence scanner)

> Application to other research projects: development of an integrated microsystem for

human SNP/STR genotyping and respiratory infection diagnosis
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(1) wlelazzFoe # AzS 9% fabrication ¥4 # 23 2 prototype?] DNA ZF
2 e ax A

DNA AAg, £% Z &g, £4& 3 53 As 93 71820 ¥+ microfluidic
chip A2 A4S A3} 4 in. borofloat dlo]HE o] g3l o rmlolaz S v
Fet FHE Cxlstdeh AA S ok ¥ 9¢9F vk WA wpolA R 9oy A
25 9l 4914 gl ol vZAAgd A2l F (amorphous silicon, a-Si)& 200 nm 77

2 835752 (CVD, chemical vapour deposition)& ©]&3] 23t} o] & Y E#HX
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2EE 237 FYsta, vpo]az sfjge] e viaa &8, UVE w33le] YEYAREE
sfed sttt o] & UVel =3d XEHALEE FouUil, =%9 a-Si J8H& RIE
(reactive ion etching) W& o] &3} Ztoluit}, o] & =49 f J8dS EAHIHF)S ol &
st Adg Folf] wolaR PR A3 F UmA a-Si F5 RIE & 1A glojEth

A= AAS 93 WS sputtering B2 o] €3 20 nm Tid} 200 nm Pt 082 ¢£xF oz
&
k-

o hid= e FYS WRoE TEHAAEE Yy i, 4 (AQualreswl)E o] &3}
o =9 Pt 98 IUo gEydsith vpxjatoz umlolzz g o]} A= o]
£ glass—glass fusion bonding & ©]&3% vacuum furnace oAl &, 7& Xﬂ"—} < v

79 g,

(1) CVD 200nm a-Si (1) Sputter 20nm Ti & 200nm Pt
(2) Pattern photoresist (2) Pattern photoresist
L
(3) Etch a-Si (RIE) (3) Etch Ti/Pt (Aguaresia)
BN BN NN e s e
(4) Etch glass (HF) (4) Strip photoresist

Electrode

- —

(5) Strip photoresist & a-Si Microchannel
L |_Z
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9, A= ¥ vwlo]az Ado] E3E microfluidic chip FAB & #

olgf ¥ 11 o]& A AZH Prototype?] microfluidic chipg& HojEt) YA L9
PCR 2&A, +ZFH 44 £8E 9% micro-CE (vfo]Z = Z 7|95, micro capillary
electrophoresis) 5°] A& 4 in, wafer 99 EF EFHY A& EH5S 4= 9t} PCR
Hke-o] 2% AAS 3 RTD (resistance temperature detection) d=ro] &o] low o]
9ol 253 heatergs HA4 3k, PCR ¥&& #3435t RTD 7@31— d
type) S 24 7kE-H 279 ATFo=E 4 mA 9 ¢AS ARE SHFE & 9 279
AF02E 2% ] ub2 Agwstel o)g Hebs AT A &
th. RTD A=993% PCR wH&7] 998 45 459 3]3% F-2e wo2A PCR wF
<714 2= tﬂﬂg LabVIEWA| 28l o2 25 = 24 R A
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A8 PCR 71419 A$ &% ramping rate’} 3°C/s 21 A Hl&l, 449 PCR-CE chip& 7}
sl 5°C/s o " wE AFS HoFoRA 149 DNA 4]0
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for micro-valvesjiica
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RTD  Micro-PCR
electrodes chamber

Micro-valves
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ol¢} t o], oA FAEE 2HE& 93 microvalve Al Z=Elo] ol sAle] 34
ojof 3t} PDMS(polydimethylsiloxane) membranes o3l AFo] ZHIH 7H
membrane©] $1E THEHA FAAEe] e, tHo] ZE A9 PDMS membranco] ¥

[e]

A Aol w8lE dElE o] &3] micro-valve systeme TE3FATh wE HF 2 gt

H
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e S LabVIEW X agde B8 %3t sodvh. wma Holxe 27 o]
micro-valveZ £937] 98 A 1671715 Abgo] 7h53 &dwmol=
okl om, ofF ofy 19 120 YER AT

Cross-section View
Valve closed

Pneumatic
chamber

Fluidie
channel

Valve open

LabVIEWTM
Programming

2% 12. Microfluidic deviceel] ¢]& %+ Micro-valve A28 FA T

A9t 2ol FAH Protypte?] PCR-CE vlo]laAZ fulo] A& o] &3l HAE(F)A 1
Ad oz Aed s BmXRAA TE AFESt] £ dojy=A 439 T Micro PCR
kg9l A5 ¥FE X A}

& xAstr] s, WA CE &% o] &3ty &9 g9 v ghg b=
of Ao w HolA e =A EA33lvt ofel 19 133 o] 1AA o= Add ¢
SNP <¢l1x}+= 7-plex allele-specific PCRS %3t product® #4392, MDH2+E PCR wh
<29 control peak °]™, SRY & ¢ 7 (FadAr AA), Z18]al SNPI, § 3, 6, 7
peak> TGOl A HHARIET} w5 —% BA Q1A ot} whEbA] gh-oll A= 5719 peako]
g wre Rz b gstejof sk, Folpo s ¥ HIEE peako] WA Hojof gt} of
g 1 139 o] sk dA A= control peak W U™ FAoAE maled S UERE
SRY peak ¢  y2A HAc} 3FX|F SNPI, 8, 3, 6, 7 =+ product’} =& &lgo =
A g AEQLE E F JATh RE R el A= SNP productdll A 475 9] =2 Rl
o] peaks HYowA ol FHEE profiles A& F7F AT

AyA oz 1xpd%d AAH micro PCR-CE chip¥} o]o] & 23 microvalve A 28 %
Helso] g or st Aes & F U 53] Micro CE9 4% 7I& CE 7171 &

AR AP BANGE 68 ofdlz 29024 HelAel CE 4] AR} ool
1 &
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(a) HANWOO (female) (b) HANWOO (male)

S0 S0000
5 20000 5 40000
k= MDH2 E
¥ g ?
2 300001 2 300001 MDH2
: i
£ 200001 S 2004 SRY
=R LUUCTE = 10NN
0 T T T 0 T T T T T
0 100 200 300 400 0 100 200 300 400 500 600
Time /s Time ! s
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a9 13, vrelaz A7|dE H (Micro-CE) oAl 3% FA|AA 770 tid AZ 74
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NIzl ShA AR B2l gk Abd A ARl BA R 22U R

gy AFgE I 9 AlES Molecular Device Aol A 71kl Genepix 42000 T}, Genepix 4200
< 2NFAe e FF GFE AFsvteE Aoy, dEe AlaEe] AV}

AX Fst7= &olskA @tk Holrh, e 2 AFeA 895 E specol W] EA

over-spec¥ © 9l & A|Eo| T},

CCDE 7|vto & & Wide-field % AvA4 A% I d5 $57F wE1 A~ +

dol bk vk =79 FAEvF oy A A wA g

e

o= FAANITE HAZay)d AFeA L BAEHAY AET =2 A7) PMTE AME
3l7] flall A= Laserg 7IHbo =2 gk W& A0y &5 A7 RE=A] F 9 8lt) Stage scan
WAoo oA AHR FABEA I SolUtA] &3 staged strokeo] FFE A7 o]
Wk dxlo] sixwt Al o] AlojE e He3dk Avl(driver, encoder o)CJ 597} AA
AGE7E odrhs @3o] Atk Beam scan WAL wEIL A EUF Jhsdtivhe AR o] A
v 209 9E A umB FAT 77 oE . FAFEA Y AAVE ofgukE ©io] 9t
2 Ao 2899 Hd 3mm x Smm=E FAGH] HNEE 23 beam scan A9
7HeAd e 1A R Brlsj ] = shalth
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Al2"le] fdmi= o9} #rt}l. Laser B2 F3}A]7]:= dichroic mirrorE Ay 2
scannerE &3 beam 2703 At 27 H beam< 5% g Al (Relay optics)E % 8¢
Wl &g S e o Eﬂ?gﬂﬂioﬂ AAFstA Aot WEY s JdFe d=dlze FARTA 2

3l 22 scannerZ 74 2\ Mol drp. I3 g2 whALAl 7]+= dichroic mirrors 9Hal
Atel @3E collecting lensE E3}9] pinholed AXHA AEFV]IEZ o] A HAtrl o7
pinholed ZFAP AL Eoje = FABE AANFTE IS oA noise A EHE 71A

H
5o, BRF ENE BN 95 3HUT 2SS 7

R - R W
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mirror scanner
O»
v
: ) optics
Collecting
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5 on—.
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635nm
laser Objective

PMT lens

29 15 2 AFAAE 9% dRds A 2" VidE

&3 dye’} Cyb (absorption : 620 ~ 640nm / emission : 650 ~ 670nm)=Z ZAAH o=
Fo =1L 63BnmE FARF R A A HHo] AmW o] A4S laser® ZAAH AT H A3}

[e]
2 A3 E 318 E 9 Blue Sky Research A2l 635nm diode laser(103mmx24mmx15mm)7}
A3tet 42y FPoE HAEALH, ol A& gas laserd] =7]9 1/100 59 A7|E df-¢
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2k 2 4= vk ®3F Control voltages o] &3}
fiber-coupled W2l o2 F37F &80 FAXHSE =

o] laser =82 0720mW7HA] 24731,
.?4

= AAe 7 AL gk

18 16. 635 nm Fiber-coupled laser module (&) ¥ 4 234 AA (%)

|= s ’\sﬂﬂe Ak 7 2449 FALS FAFSAl(Relay optics)e] Zol& Huis
AAsEE Aotk ol eiAE FAFTAY &S HEFolof vt HA A|xHle] Z
350mm oW & AA S s FABSGA L Aol Hf 200mmeo]stE ZA s 2
ol = £3° scan angles A% ZEE A3}l Inverted typelZ AAE dlojof 3tn
tube lensEoll A &= Abole] A t A 30mm o] ¥ Y == AAsto]of vt ZEMAX e}
T g8 A=A S/WE o]g3le] A ZAolrl 150mm¢e! 111 ®l&& 7FR diffraction

THABA AAE SB53GTE Al AJE Tube lens® tube length ®F
180mmd A& WS of FAFGAC A #FA AAV HAvkE AS & Ak
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1119 wig = AAE FABSAZ A& A Scanning mirrore] Abo] == 9mmeol At & 7}
A oF gt} Scanning mirror?] AFO| 27} F4E scanning X7 oA A Au) A B A

79 HxFE dWEAGmm x 3mm)e mAg F3F S d53E Aolm=E FHA 01
frame/sec A%2] 4 E%F 9=E3}E scanning mirrorE AA AT o] GSI AR 6230H =4
S MAAZ}FOH mirror o] 12mmeo]al 200Hz9] scanning £5E 7[xBuzE B Q7o g
stohar o 4l

Cy5E AFg317] w o excitation 3742 635nm+= ¥HAFA] 7] 3L emission 3321 6507670nm
+ F¥Al7] &= Dichroic mirrorE AA3lofof Sk} excitation IS 6207640nmet &3
emission I 650 7 670nme wW= HE3}7] 93 excitation filter?} emission filter A
ARgEFofof st} 2 Ao JbF A3 Semrock ARl LEF635 - Laser fluorescence filter set
& At

U, 22bd % M5 TS
(1) Yx=2l8 =l PCR 37] 93 PCR W-37]
H R vo]l AR EFolY AolA DNAE 288 & e EQU]H}OV\ 7HHL

12pd = A ALE prototyped] PCR-CE chipl 258 PCR ¥H&S &&Z o= Aojd}
7] 98] vhola = AE9] dimension ¥ Zo] & 1yl AA PCR-CE B3@¥&S
Lo AN F A= chips AAAS AL A&t 71 PCR-CE chip®] 7 CE el
DNA 3= 93 Y92 LPA (linear polyacrylamide) gel®] PCR chamber?] < 3}oj
Wh3gsto] A= DNAE #1714 Hste @3 so] dayArt. wepa Ajzo] AA A
PCR-CE chip® 7% CE channel®} PCR chamber A}e]e] 7+A-S S, 2122 dimension
2 o FA AAFz AzZEIY. AlsA AAlY PCR-CE chip® 7% micro PCR
chamber®] &#o] 960 nLZA 1 uL7}F A HA &=} ol= 7]£¢ PCR ¥--&o] 20 uLd
A1 100 L Atele] F-3E 7RRivkE Ag ke w BEAnjgdel A 74l o] vhs

g Aoy, t]&o] &L thermal massZ ¢18] &0 2 DNA typing © 7Fsd Aoz B

2 189 Mol A3} 7ol DNA =Z& 93 PCR chamber7} ¢lom, whg Zofo]
HEAE F7] 918 PDMS micro valveZ} A5 o] Qo) ®d RTD 2 =A4S 93¢
i =29 FAAE EY387] 938 CE separation channel T4 5o git) o]& A A

vtol| A2 tnlol A= chip holder o 9% 3Fal, pneumatic lines %3] micro valve®
A71A HaL, RTD probeE o] &3] AA7-&329 Addrt. AMZol F4¥ PCR ¥
thermal cycling profile®} CE oA e &2 #AE& 17 199 YeElH AT

of ¢} Tl&o], 19 203 o] 7|Ee Eel¥o] ¥ LabVIEWE o] &3 &3t S/Wrt
ol 2@ PCR W&, CE ®38 #AE& g wlo Hgdd + e 8 22agez /e
H A

oo J?L L)
L off it Il K
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(a) Tk Rl ID electrodes Sample: Vadve socess (b)

FAN
| - B/ 3

Cathode

-~ ) Waste
Polyimide heatcr;f

PCE chamber

I «CE separation channel
&

=== Channel heating area

Anode

¥
PDMS valves I

Vent

(c) Metal probes for RTD  Sample reservoir

Preumatic line

Cathode reservoir
Chip holder -
Securement -= Manifold glass
SCIewW

1
Polyimide heater Vent reservoir  Wasle reservoir

18] 18. 1st PCR-CE microdevice. (a) PCR-CE & 7|54

(6]

94 PCR-CE 7 AFA

2245 (b) vholZ® Ao

(a) (B) (1) Injection C (Floating)

a1

120 2 -
145 S (1000 V) Wi0V)
) 1001 95°C = A(Floating)
~ 16s i =
3 (i) Backbiasi
580 7 < .
g
(1] '|_ :
£ 60 S $(500V) W (500V)
'i _4 L._ A(2100Y)
4[]-
(111} Separation Cv)
20

150 200 2350 300
Time /s S (Floating) : W (Floating)

fowt DAGOY

13 19. (a) Micro PCR-CE tnfo] 28] PCR thermal cycling profile, (b) $Z% DNA

& 9% Micro CEAlE A A d7|ds @A
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Temperature (C)
B8 &858 38
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% 20. Micro pump, PCR, CE ¥kg 9] A&3+E 98k LabVIEW S/W 7|

PCR-CE vwlolzzZ Aol A2 A%53} operation S/W 7Lz HolAe 3¢ DNA =Z3}
271 7l A A g, DNA 5% AdaA 9 DNA 233 AAES $3 H}O]ELED]H}O]Z\J} =
aﬁﬁm]gqq:aq_qégﬁﬁDM&E@ﬂ-ﬂﬂ&1ﬂlﬂiﬂml & Alztstar AA
DNA A Z& o83 H2E st FEHS ol &

DNA 233 &8 ¥ol7] 94, ﬂﬂﬂiiﬁiﬂ “%O]éﬁi%ﬂ1i%%f§ﬂﬁ_§§ﬂ
9 flow= 2% AxT Hd 70% ole §%3&S VHAEE 3T e bk
7 vl F9 AAP FEAFE FA4 A3 AT 1.95 mL 9 =&

l> ml

=

== control unit

ey Glass /] Micropump
P _’ ~w—\alve actuation channel : = ah & f"' = ""\
' Displacement chamber > CGP*UIE

\ reglon f
= P

—-——

» Gelinlet

o032 H= Sample HX{ 2|
AAE olo|3 2 Axt

1% 210 DNA 285 913 vpojaz g Alxe] 74 3 DNA A 2] who]laz &axf
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Sol-Gel 2O 2 A E| DNA ==l ojo|3 2

Micro Silica Beads AXIOMe ==l ol B=

% 22, Sol-gel ez AE vrolmazsd O A= € o]&

S| o] &3 DNA 3 ¢
+&
(2) N 2="l Jig AA 2 Az
12 AAE G 2AUE 93 JigeE AL 712490 Aes HRE & ¢ A=

[ 3e]
frame A7 9 AZ-S YHEIAT.

315mm

94mm 235mm

19 230 Al=E jig A 9 oAlE

(3) Dye =& 27l g A9
b #d A, 23 Al 2H 2 A= AA

AA #e AHE Fa 1xdXe] ARgo]l A HAW FH Dyedd Cyb (absorption @ 620 ~
640nm / emission : 650 T 670nm) el F71AQ

g9l dyeo] Ab&2 9l
W=7l =2 probed] 7WEE AREH<= dyeé] F7F 1) ojR= FL2

o

g Al E A

X

b
N
>

St
63onme] fiber-coupled laser module %r& ARE3H7IEZ ZAAS Y. &3 AJA"HY A
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excitation 3¢l 635nmE WFARAl 7] 3L emission 371 6507670nmi= F3HA] 7] Dichroic
mirrorE A28, BF emission FH WA 650 T 670nmS w2 HE3L7] $13F Semrock
AFe] LF635 - Laser fluorescence filter sets 173} ).
(L}) Diode laserz= <13+ WhAL g A A

2 A 2" YR Ay o]r] dwiEel] WA FAE g50] HA| golol steEdlE #7-3tal
1% 24 9153 o] mirrorg #HoluY RRAMG Yol BA5H S 4 5 AT dukz
E Abgete 38 AV e A laserd] #F AHERo] FAMES VFORE £2nm FEL
2 393 sharp 317] widol WABFA-S AFE3HE widefield @AW Aol AFE% 3= excitation
filterE AFE3HA &=t add] dxrgd o] S EAYE AL mirror AR laser Ho] A&
Al AolmE | diode laserd 4 AFHE o] broad a4 emission filterE Xy AZHAvt
= Aox AR F vt diode laser®] W AHERS SAHSE A 5957660nm=E
emission filter 3 2AFEHS 650 ~ 670nmE FYITE= AL & F gk wEkA

d A=
excitation filterE A X3} A] 178 24 QLEZH¥ o] WAL AGE e sHA Al ASH T

-

* Mirror + Mirror
* Laser : 16mW * Laser : 16mW
*+ Gain : 0.5 + Gain : 0.5

19 24, Excitation filter 7} §1& o (1) F 53 A3 excitation filter 7} 9l& W 253
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10 100
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0 To
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|
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Z1¥] 25. Diode laser W3 A EZ =4S 23 vixAGA A7 At
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o 3AdE MF A&
(1) AZ AAHg dnpo]2E o] &3k sh¢ AE A (L§ 28 29 LA A)

2ol A& dA e vutolze] B¢ wio]ARHEZE o] {3t FAlsES & AR A
stoz DNA 283 €S =9 F A%t 28y PCR-CE ¥+ PCR-Microarray device 2}
AA 7] YA 23 AF3 e microdevice® 7Ero] E7FH AT &, V|Ed =
micropump® ©]§ 2% 7] PCR-Microarray ¢ micropump®t &4 f#4o] oldv= A%
S 7FA A A wEkA] 2AFER (SPE)S o83 DNA AHAA DNA X, DNA A&,
DNA &&9¢ HA4& 25 A&33te], micropumpE o= WEFo= AMEE 7] HEdA
g Hupo]~E ek givt.

obeff 1@ 283 o] HE 1
Rr reservoirE 7FX| 3L v}l Z; reservoire] 92 % o] 21+ microchannels- %3}
‘jrg‘jr o F o] Shaft o 3dHE & + U= motorel]l AZAAA AP HdAe wiol2=
o]A~E T g @] 1600RPM o ==3lH RsZH-E DNA AZo] &8} 3 sol-gel
Chamberoﬂ zZ A} A9 1600RPM 2.2 Ryt Rgel %Wl |HE FHUA e AL
o] Ag wio vzl ST 2000 RPMo| ZE3hH RWoll e Ao Zeuse}
sol-gel chamberZ A t7}AA] DNAS 9 & E4EES % ] A% 2500 RPMe] a3l
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22 d o A Al2tE PCR-CE chipg $3A2"3 AAAZ]7] 93, PCR chamber2}
micro valve 9] A& A3 2nd PCR-CE chip& 7WE3HTh ol& YAz AAd=
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PCR-CE microdevice®} ©]'s3 a3 HE7] ¥ laptop) (b) () Y
ksl o] &3 FAX FHA (o) A T o]sd HF HEV
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AL FAAAE 19 368 2

5k-9-o) 4= MDH2 control signal® 4712] SNP wl#A7} B Hy. A9 FH-FoA =
10719] SNPo| Al 5 signal o] ##Eth PCR-CE Ao} vpzt7A 2 57101312 SNP 7]
FoAE 5, o]l E FUTFE BETS F ATt JA] 7]£9 PCR +47]7]& o] &3}
A7 FEAN S o] & BN wmEA E4o] 7 stA R, PCR-CE vheo|a =T
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H-go 2 FXo] 7hesitte S 93 A 71E Al 173Y A% 28 5E #4
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LY 37, whelAam ofEle] 3 AellM AAEA e A& AA A& 43 7 4

npo]2 R of#lo] & o] &3 SNP FHA4 A BAE 9 S
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%= aldehyde 3*¥3} streptav1d1n Eﬂq% o]-&3lo] wlolm=Z ool HE AZ3HT 5'-amine
I 5-hiotine. @ F2lH T2 HE F ¥ wAS I Cy-5 F3Fo] FA4¥ PCR productE A
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kel g At} Streptavidind} biotin®] 73t affinityE ©]83}9] backgroundE o]l A
3} &S TolaA o 17-1, 2401 2= H 2] FL aldehyde ¥ 9] signal WU} v
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TAE T2 HO amine”] 9 U9 W morphologyol] wE} T ES 4 = TR HO
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HF(1/2) treated aldehyde surface

control

e ® o o 8 o °

HF(1/5) treated aldehyde surface HF(1/10) treated aldehyde surface

control control

1y 39, HE =g4o] Xgd

(2) PCR product ¢} ZZHeo] Z43}
ohA Fye HAsd 349 A =4 =
o WE A3 58S HAESYU PCR product® @A sto] o]lF7Fehs @ 7pet
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oY 40, % 3 &8 A 25°C, 2€: 37° A 60°C)

DNA wlo]l= =z ojdo] F 24 3Ao|A aldehyde ¥ o 5'-amine ZZHE ofFo|s}al
background signal& Z°]7] 98 Z=ZH7} 114¥ EH-E blocking 3+ E]r Ay 2 g ol A
60°Coll A &3 a&o] 7 =doy viddgd AddE %015’— BAsts ZrHo R
signale o] 34} blocking W ¥ Eﬂ#ﬁ% Fslgt. 2287 3AE FTHLS (0.029% SDSE
A28 3Fal 2 mg/ml sodium borohydride, 1M ethanol amine, 1M glycines 15%7F 3] & 8} %
th. DW A3 & dzxd F g9 M E%—‘ﬂ M EZFH PCR %% AZE +9]8kal 60°C

Nl &8 vkE-g AASUT Al FF WA B njAded AL HolR o), &
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A A 2071 nucleotided]] A4 A LS o3t &A% = A F919 PCR product
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# signal®] 7S HYS & 4 o (RFU 2530—3242), CCS = Positive control ©]t}.
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43 208 4983
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A A7} H 3L biotin o] =ejuA Avk ¥l @ F-F9 biotinell ¥ #o] FEAH streptavidin
& WHEAIA Y FFE st e, F Ewrt UVl =&5Hal A4d3s pH %719 ‘ﬂfﬂ
ol A Hi= AL o]&s] dry AEI9F PBS solution 704 dHE Y-S F3tct dHyd 3 =
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42
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AAE7] 98l streptavidin
SNP 241e] 7hsselet o 42

S SNP #2445 93 dl' Heol biotin Z2HE
o ddsy, Y H 7wk qAH =2

& do P

develop

Dry condition

PBS solution

Real-time monitoring of rolling circle amplification (RCA) using plasmonic structure

RIE Ion milling NPremoval

1. 100 nm diameter
2. 50 nm thickness

3. 220 nm lattice constant Al: Aunanostructures (150 nm/ 40 nm)
A2: Au nanostructures (100 nnv 40 nm)
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820 } {
— 800
g
= 780
£
2 760 {
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680 L
660 T T T T T T
A1 A2 B1 B2 c1 c2
Nanopattern

J. Nanosci. Nanotechnol.9,1374 (2009)
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Biotinylated Ab in PBS

2% 45, B E Y-S o] &3 Streptavidin W Biotin-Antibody LA
22 = A5 AT S
(1) SNP 482 <l PCR product®} Z=H ol &/d3t A3t 9 SNP who]aZ ofgo] F &
A& AT A= SNP #4]d A3he £ehol= W& # 43} 3t3 PCR product®t Z2H

o

o] 4% =S of&ske] e & EFFIhe] A¥e vwolam ofgo] oA Td sHATH
19} #Zo] Fdd DNA H £4 7|s& o835t ¢ AZ9 &2 Hs 2&s AT 4¥8=
23kt B A& &S Fo)]7] 9814 E non-specific binding& 0]al ¥4 ZZHo|
Aeirgdoel =2 2748 FHsta ARAEE Fole Aol Aasith eyl A dAolA 34
DNA F &3t vb& =02 ofds] njdedel Aty v Alzrde] £A8S ¥l oY
g EARE alAs] feE S 2nE Q- Aad S5E 9% A5 FHsdy
Uh &48 &k HA% 5 ugn 22 H A

<2l A% HAES=s S-amine”]7F A 8E 22X 1A E aldehyde el & AZ
(34) g o] gslo] AL, 37°C, 40°C, 45°C, 50°C, 55°C, 60°ColA 24175k e abolr)
LAY e whge] A9 63, 2171 ZEHO] W[ FolA Ao = gpote] Tl HUL EAF3}
SR7) wolA SR wEold A 2171 TRHC spot Al77F RS & F AT (1
46). 55°C ool e H2 Z2H spote] FHo] =050l 43t ¥ HA 2EE 50°CE
AAgstdvr 3718 & FFol ek 50°C E4% v A 2Y @ﬂ el ditolvt d#
A7) "ol A HAZA e &3 &S HAT (28 47). Control Y-8 multiplex PCR 43 A
template®] 7} glo] @ &= 63 LR H ] W] Eo]4 H]'OO] el HAH o= ZrH
Ade] wAE T3 g 7 oy otdrnh
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LY L

(W) a3t 228 A
Multiplex PCR& & 7d-F single PCR3} 2] o2 7] 54 FdA SFo] L3 Loj
Uz gtonz 7b7be] @M} single PCR productite] &3 wH8-& F3 mytme ZzH

7]
& HAAsaA & AE ZZHE DNA vlol=z Heo| A3} multiplex PCR product
of =dttld na g IF HE AAE IS £ JogE ggdy. B FE THS 9
A2k 10719] SNP vFAE single PCRE S&3&taL o] & vlolaz ofgo] o] nAd Jo=
gAele 54 2 H 53 wgEle] nIER o] dEHE ZR2HYS HAEseT

46



0
W

TRPTWE N
p oL AT T
m . Mﬂ%mﬂ@:fﬂo
: 2 Trraw g
: : I -
Eqﬂﬁ]ﬁoﬂ
EEXOATMH"O,
o M2 7
‘IU,IUQ,OI‘._IEJ%E]
ol WS TN
™ %oa@:l
) ] @;m B
- ) P ET T
: H _ Colyuﬂ
8 N CR = R
: ¢ zoHilw
oy mgﬂnu]
2 s HEZP o
® AT BTET
oy T o D = 1
ﬂﬁﬂul ™ ~
W woAE o T
3 i i
S ,IOCOZO ,.JI‘O
i) o) -
n S ﬂr%iii@i
: ; A o £ U o
g ! o= o wmEE
2 s O OEC =
: 3 S BSTruna
© o N o
s Evrenid
= o T i
7 MLTEOEZ#MUMH
o Ezaﬂ%E =
ﬁzoﬂm-{otﬂ@
T o o o
= m &oﬂ%C Vﬂ«mau
= 3 APANHMH@_,L%@
2 T 0 - N
- : R
2 g 0w _bwe
- T T oE 0l - w
D%A%ﬂw%
= o R e
5w AFLET

47



110 dilution

g
2 Y A
F s -
Jie = < / f) N
- - ]

LTI

e
W

I‘I r
H FH V2
& H £ H <

s _# Nanoparticle conjugated with
o 48 ™ W Anti Cy5 Ab Texas Red

L. Fixed probe 2 Je

5T id
‘] ﬁ Anti Cy5 Ab Texas Red =
p—

2% 50, @ Alad SEFE A% g Cyb-FA AFA A whg AR
ufol=mE o]d o] A AL aldehydeZ 72 F FWHo| 5 -amine”] 7} #2419 T2 HE 11
22 MO 5'HG amine”|7F £dfol= ZWe alAo] HEE Jwvto] FHOZFE A
oA @k PCR 349 Alae 43 ¥8s 37 d dxgE sto ddridow
AAIZITEH Gd7tete] 3 wdko] O E et aigy ZEH Aitelil Z=H ek A3t
PCR product¥to] 5'@whe] Cybell oa] &% fZol ol FolAA €rh xZzn e el
PCR productt} multiplex PCR & & ojz AlZ o] SEgko] @8 A 7ZE= "Holx A
ol 24 dke & ooln] A3k Cy5-PCR product-Z 2 HE & 349] labeling® A
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¥ 4
% & i
FANY : Fail S
I 1% AuNPs - anti r 1X AgNP -anti
P Cy5 Ab Texas Red /Jg Cy5 Ab Texas Red

19 51. anti Cy5 Ab-Texas Red, Y= AF-anti Cy5-Texas Red conjugate 715 &3
qdY Ns T

UegdA F2ol= £4(20 nm, AgNP, AuNP)3} anti Cy5 &#|-Texas RedE w8 3l U}
YA -anti Cyb Ab-Texas Red HFTAE wtso] &A43 wkg ZzHe 433k PCR
product?] Cy5E detectiondlo] A|1do] S71E-S <133} control ‘ﬂ}% e anti Cyb &
A-Texas RedE H7IE A% 54 2B AAAS A1 S7HE BAAR B354 &
< ZE2H spotd] FF Alide] AE HAW 5 Hx=AA & Yyl anti Cyb A
-Texas Red AHAAE Agls A5 v]Eeold A3t glo A ZrHol g Al
o] Z7}§he gl Al A7 wkgol w3

gel =4

R 735
Lz ZZE Ho A

4 NS TS ¢ ® o2 BHoz PCR #3 Al dUTP-Cy5¢t dCTP-bioting # 713}
o biotin¥} Cy57} random3}#] labeling® PCR productE ¥t} Cy5 random labeling® A
5o AG &A% v F FIF wkgo] Hadk YA JEA e gy F7F vhgo] BashA
931 PCR 8 § 9oj7 PCR producti= ©|v] SZFd 3 A|2dS HF5aL glo] 7]&9]
primer-Cy5& ©]&3}o] &3 PCR productet wlwste] 4wjztsF Z713dch (L9 52).
dUTP-Cy5% ©]-&3}lo] multiplex PCRS G833 &4 3} W88 433 23} background
ﬁ%fﬂ FF AJade] e zrHAA HE HAv. o= AR dUTP-Cybe] ¥k A<
&% optimizations F3] Al1d FES {3 & & HHow xHE—”; g
QF/]F/} @VE}LE} Biotin®| labeling® PCR product® &43} ¥k8 & Streptavidin—CyBS&]r Ll
& 3t ¥R AsE =5 Q—Etﬂ probee] W3} AFs PCR product?] Ape]l=
£0] backbone®l| labeling® ©] %1i= biotinoll Z7]7} & streptavidine] Z3s}l7]7}F &0]3}A]
S Aoz B} Single PCR productfﬁ A9} 22 multiplex PCR productE A}-&3}o]

K

(ol &2 H o ¥o —W
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A3k 3 Ast 71 st viaske] Ald st zholzk glelal AdAd el "eolx= Aol 9l
At

Biotin-dUTP

Cy5-dCTP

(spot E intensity ¥] i7)

[ [ CySprimer [ Cy5dUTP [ biotin-dCTP |
| sample [ control | sample [ control | sample [ control |
17-1_| 12085 | 14.67 | 51895 | 156 | 18839 | 53

Z1¥] 52. Biotin, Cy57} random3}7] labeling® PCR productE ©]-&3% &3} wk-§ F4
DNA 92 A1 ¢k¢]l Propidium iodide (PI), POPO-3& o]&3}lo] o]F7lete] SA3le T2 H
s Mer oz HEIaA YT olE2 dukd oz DNA ¥ H stainingel ARSI &
Aoz 7] 4753 o] dye’t 23S 33l DNAC] ZASsA Hd s Azrdo] 20730
8] F7Fstulan gk} Pllex/em 48%/570nm)¢F POPO-3(ex/em 534/570nm)-S o] &3l &3}

s staining A4S AAH FF FEFS AE 39T POPO-39 49 & ZZHA 3§
F A

&

k-

adol A ugka PIo] A$ BA sz Ho| Muedgon ool Fu yjEe] HEHo| n]

g dF NEE ves AT, PIE ol &3t ¥F labelings 31 22 PCR product #
I

% (primer-Cy5) Propidium iodide

POPO-3

s
fo
-
e
i
s
(dt
o
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>
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f
A
o
w
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do] H 4 A= PCR productE boiling3dle] @ 7oz HA A7)
o] WAske] @l The ’E}ﬂoﬂ/ﬂ i”ﬂ Hhg-& 2]538“:}. ol#f gt &3 kg
= A

]_

A TAE wE A7 @S ° %JJEJS} Xqﬂlj/] Jﬂrxéféa Hﬂxﬂf\]ﬂi A s A
2 gZoan dAzte 4 7hsdk DNA wio]lA2 ofdo] A& g sharxl s
(7} Urea H7}E &3k A& £4% w8 HA%5

Aol EAE WSS 3] 98] DNAS] Tm#ks Y3 il denatuationd ¥ Urea,
formamide® ¥ =¥ = H7bste] HA9 whg w2 & HASATH AEFE urea®t formamide ¥
= o 1/100.2 3439 boilingdhx] @il AL &A43) wkeS gt A8 4
3} formamides= spote] M} Fo| wiE HF tzHo] digh MEdo] FQlx A kol A
kA grhal FaE Al UreaE o]&381e] A20A A3 WS dtaiAl 39k Ureadl &
L7F Fol A= H]E—O]@ Aztol FE1 3 AV FT7F sk oL F 6M Urea®] 7
¢ H|EolA Aol YEhA] &%kaL spotd] FF AR =4 54 HATh

o M

Gmtru
wi b:ullng 1 100mM urea+5X 55C S00mM urea+5¥, 55C

1M urea+5% SSC 2M urea+5X S5C I wrea+5¥ S5C BM urea+5¥ S5C

() ¢ A=
A EE AESS lﬂo}ci H2A3lE DNA &4 =4S ntgoz A4 3¢ A= SNP 743 4
S sy}, gel® DNA wlo]laz ofde] =7AL 1 29} 7u),
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DNA Ot0|3 2 of8f|lo] & =A

M Aldehyde surface

Blocking solution Sodium borohydride

4= A HMHe gls

438 54 H 6M Urea(5X SSC) H{TH 0|8 1/10 3|4

245 eg 25 o2

=43} BtE At 1hr

B 2.8 FEE o] &ste] SHE DNA vhola=® of#o] ¥ =4
AT ERE AR E9m s HEe 6 Bad 12719 nA Folq 1H vpAT 3

g A gy, 12709 vV B EQlE A vgheER FEEY stuY v 2 3719
X2 HE YARestar vpA Z4Z+e] single PCR product (L8 55)9} Multiplex PCR product
(717 56)8 ol &atel @ MThy vl AT Z2ng Austdrh e A AR 3
e Z=H7E 25 glo] A Hgh-¢] Agolx= 12719 v el A iEE%‘_ FBE &9
T 5 A

1% 55. single PCR product® o438 n7 % 22H Ald
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o= Azte ZREZE G e AP ZrHZ PaE I, 254 NC(negative
contro) ¥} W3} H]Eo]a WkE& Holi= spotd} W P AIdS Hols ZRHES
Aleatar vbA 7 s 22HE HEte] HFH o violar ofgo] e nAdd zz2H

= MAsA).
kg Al Zol U3k Urea v %

S S FLolA 1A

EAE} w-g Melg LRBE o] &30 yea TEEE AZS /102

5 A= v Eol4] ukgo g QoA [ 7
W, 99, 12Wel A spoto]l SRIEAO U urea FE=7F FobAFE HEol4 BkE spotE FFAIF F
oJE3l A EZEH gpotd] FF Alrdo] FUHEES #AFET 4 Ak vk A 12719 2R H
A spoto] FelEojol it 6MO| wreadl A E 4H spote <l g 4= §UQIvk o] FE xZz B A d

wAE Sl dE E ¢ ot qgdan (2™ o).

M wres




1 LIy
| Hlmo|th, 7o AzxE AN Ay Zfol:= A x| 2 Ao
Kl o

FLfe AR T AL ASE PE AL GenePix A7

Solution

219 58. Dry’d el 9}l solutionHl 3 ®we] G4 AE vl

A =
obA] Fge wiola R ofglo] BW A% ¥ A3 vk £ =1, o 93
1EE& SNP #4448 DNA violaz of#flol& Al stuA solv. Add d735 s PCR
product®] AAe A wiA 2 AL S5 wEoR A AL FulE Aswe A3He
2748 gdFgoy 1E 1EL] 2428 uPLT AadHe W= 3o 84z B8 93

T8 dhg 719 A Ho
A2 ojdo] FF tntol~
h 4% ®kg =71 49
g volume ¥ AE 34 vl& gy A9 AN gyd £ v§ =7
2] HAH glo] 6M2 urea’} #H7F¥ hybridization buffer= A1=& 1/102 3|4
s 9 BHE ARoA W a#y §3F vwhola R tlnfo] 2ol A
product®] volume ¥ ®¥+& F7r9 A ¢FBmm X3mm)C.E HE vH& volume ¥ FA v]& A
Aol "3yt ¥k volumes 20ul, 10ul, 2ul”7} ¥ %% hybridization bufferZ =2 1/10
sl ste] AelA IAzEESE wREskath @R Alido]l WERW spote] AlaEe wRE
volume©] 2ulg W Alzrdo] Zol=Q o, 2ul9 volumes F FTHS HojFr|om =39
b 10ulell A Awkal o2 g3 Alde] A glo] whEolw FE7l glernE whE volume

< 10ul® AT § Hnte]22 5B dojzl PCR product®] volumeo| 2ule]il tH}o]
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>
=

£ ¥kS volume©| 10ul® 7|2 1/10 34 v &L 1/6%2 &3t oo YWE ureas ©™
HeR

¢ =A% AY sad sk

N2

&

ZF o}, w8

23} hybridization buffer® 1/5=% 3|43} ¥k-$

ol oA &A% wheE& e 1 2dy w Alzko] S EFE E43 280 7
)

&

At A FAY 5 UGEL, 0min MO R WS
o. 1

=

)

Probe T&% ¢ wfo]am=z ofge] mwWol| AAE probe §E7} EolEFE S48
Z7} 8 Aoz o AdA probe HRol wE EA3 WSS 339l 5 -amine”] 7t
F probetr 100uM, 50uM, 10uM®] F =¥ =Z aldehyde T Ho| A3t 3¢ H| 3¢
ek &3 aee vusidvh A9 2 probe §=7F 7P =& 100uMe] A-¢ 9
do] 7b wkekal, 50uM¥ 10uMell Al vlS2dt g3 Al2de B oy, 50uMe A
Foll A MDH20A 33 Alzrde] 7h =7 vhskar Al A elA] 50uMe] Ad A o
ol 12449 probe T & H0uME A A &S T}

=

> > e
oty

T e
B [

e ok
o
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ro

. probe Fxol| W&

Urea 5% 2tg 9 probe HAsh h-¢/u ¢ #d & 84 B2 12719 vbA FellA 1
WowARE geld A 9, 12719 wAYE 25 EelE A v g2 FEdrh ghe] vt
A G 34 7 ZzZHE YR8k a Multiplex PCR productE ©]-&3le] &h--/u] 3¢ s
of A3tk zzrE MYtz 39 urea =0 W probe?] 99 HE A= HuE
S8l v EelA wheS HolE: spotdt W HF AdE Mol Z2HES ASa v
o slue] 2 HE Mulgle] HEAH o R violaw oo Heof| mgE T2 HE HAF A

.525"" | 5.45M 5.75M

1% 62. urea = WE 49| probe AlH]

e

6M
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ret

18 63. AEE probed] ™3k ure

AP Ao A yrea TEE 6MZ TS oy 34 vjg @ vk volumed 271 W
32 urea &% AMAHO] L3t Aol &3 vHEE 3 913l DNA®] Tm#t-&
233 denatuations HFT ureas S48 W o HUlste] A db Ajpet w28 FHaux
urea 5 5=H 288 vt AYE probeo] thaE] 5M, 5.25M, 5.45M, 5.75M ¥ 6M urea

Zr = Z hybridization buffer® 1/5% 34 3}aL Ao A 1A 759 vFE-3S3 T urea &
AR o), H]?S]-o A=

z‘z‘:}T% ?5}0 /\ﬂ*’—oﬂ}\ﬂ u]/qEﬂxq moo] Zo] =S ol

]o

o2

o 010_0|L
2 N

bl off

1o 2 N

o ™
N

N
-|-'

=

= =
& gpotd] i Aado]l HAo #ZAFES Fe g F o ddr). 3 AMZ o
A

]— I N
Hkg-o glar, gk AlEol A @ Alzido] M ¥ 545M ureas =E

=
o Mo @ b
2
> =g
r

O

T
e ofl

2
lo
rlot
oX,
r}L
-3
>
H
»
(¢}
=
(¢}
=}
=
.
[N}
(e
[a»)
b

9l
]

R

st sk A

ZS
“=YA-anti Cyd Ab A

&

o i op
lo
N
B
mlm
o
_&
rx R

gzol= g GAE vk sl v
FAE Wil AYYY B4% xdow wg:@} W ¥ mznst 499 PCR products)

CyhE detectiondte] A 2do] Z718ES 2139 th Control ¥H& thn ti Cy5 A -Texas
Red®} Y=Y A-anti Cyb Ab HEA = H7lsk 4§ nEolq A9 ] R HAA
¢l Ald S7HE Btk o= F}F FUE A = FEE 9 AHEE e
EE S EARCR=

Jo 8
X
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With AuNP conjugates With AgNP conjugates

With Anti Ab-TexasRed | “
y r

:
[ & & ™=
@
I

MDH2 SNP1

rot

2% 64 FF Ald FEFE 99 Cyh-3A

)

U g A Cy5-aAl A EHA 27

(2) AA8E DNA vholzzolelo] 7|k gt rlo] 28 ol §3te] T1F SNP #44 EAEA
BB AEE olgsie] A4S DNA 48 A0 B9 4F SNP 4% 49¢ &
B39tk AR 9H DNA wlolw ofso] A& ¥ 33}

=

DNA Ojo|3 2 of3|o] & =A

BH Aldehyde surface
Blocking solution Sodium borohydride
Probe =& 10uM probe
HE A2 Azl eE
=438 5| BT  5.5M urea(5X SSC) buffer 1/5 3|
A= HEZ volume 10ul
243t gtg 25 a4
=243} BhE A2t 1hr
E 3 39ddS 98 DNA wlola2 ofgo] 3 =7

gHd £4% vk 27108 VWeR 39 AFe] wio]AR ofyo] Avtel A 1M F-2] micro
CE 3 Z¥%& vl 4 s3lvh S99 vpo]2& offo] 0 2 43 vhs £ & EY=
5k-9-/0) 3k SNP F4dAx A 48 AASA Y micro CER Ayt 3-$of A4 MDH29I A
peako] 1 Aar, v 3o = MDH2, SNP1, SNP2, SNP3, SNP4, SNP6, SNP7, SNP9,
SNP10, SNP11¢]4 peake] vEbwtth DNA wmlel=zz o]#ole} ulams] B A} d-9o]A=

MDH22] spot®te] 1% 13, H]3- A Zo| A= SNP3, SNP5, SNP8S A< "Pﬂx] spot
o Al &Fo] FAHAUTE micro CE H ZAye &3t DNA wlo]az o] Ais A
T AT (9 65).
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= o slo
s i - b8
z z
£ 3000 £ 3000
5 MDH2 s
5 &
3 b
£ 2000 § 2000
= 2
o ®
Z S
5 =
2 1000 2 1000
0 T 0
0 100 200 300 400 0
Time /s
70000 "3t
3 60000 mH|ES
<
2 50000
wn
c
2 40000
£
& 30000
c
@
# 20000
@
g
2 J J J J
i
o - - J
ST LG L. LI L . L A LA
&S TS %‘g

14
i)
(o))
a1
[-4 (]
o
o

185 AE3te] CE Aol vholaz ofgo] A3t Wil

SNP3¢] 4+ AdEE 2 probe A HANE E7313L spots &l & 4 gtk SNP32
probe?] A& wAZ} Bed Ao WEo] olF ALF A 117] probeE ol §sle] of
2 ghp/H gt WS 913 DNA vwhol=® ofylo] APE Wit ¢ AME= HWS,
HW6, v)3-% AZ 2= IBC11, IBC61E o] 8319 o# AZo| ula] Add DNA wpo]aZ o
dol A SAd FA8 v 279 AN L FFYL A

‘ HW3 IBC61

Relative fluorescence intensity
g 8 8 8 ¥ %
—
z
=
[ )

Relative flucrescence intersi

g

HW6

8

8

MDH2

Retative flurescence intersity

Redative flucrescence intersity

100 200 00 400

Timels

8?
1 6 11
4
5 7 10
i
.
i
o 100 200 300 400 o 100 20 300 400
.
. ; - .
i

29 66. 3¢/ --(HW/IBC) A& 9] microCE 23¢9 DNA wtolA= ofdo] A} ujw



Probe Sequence

MDH2 TTTTTTTTTTTTTTTCACCAACGGGCTGTTCTTCA
SNP1 TTTTTTTTTTTTTTTCAGAACACAGCGAACTCTCA
SNP2 TTTTTTTTTTTTTTTGGATGGTAAAGCTTGTTTATTAA
SNP3 TTTTTTTTTTTTTTTGACCCAGCCCCTGATGAACC
SNP4 TTTTTTTTTTTTTTTAGAGCTGCTCCAGCCCCTAG
SNP5 TTTTTTTTTTTTTTTACCCCAGGTGCAGAGGCA
SNP6 TTTTTTTTTTTTTTTGTGCCGGGCCTCCTCTAG
SNP7 TTTTTTTTTTTTTTTGGAGACTGTTTCAGTACAATAC
SNP8 TTTTTTTTTTTTTTTCCTTCCAGTGAATATCCAGGA
SNP9 TTTTTTTTTTTTTTTCAGAGCCTGAAGAGGGGC

SNP10 TTTTTTTTTTTTTTTGTACAAAGCTAGCCAATACCA

fp

¥ 4. 338 DNA vlol=a= ofgo] HE& 93 probe A4

Micro CE ZA3} vlao| A% CE Z¥ peakell W83} spotl A7} whe]la=z of#o] FHof A
At ol2H HAsE 117] probeE AT DNA wlo]az o d o]
AA Tk

AN
(3) &S ¢ FHAA B4E 93 A= PCRAA-DNA microarray 3 tiubo]l A A2k (A

H 4 st DNA wholamZol#o] 3 Az} H &4 2485 o] &3t AlAF< AAS PCR
AA-DNA who] A2 of#o] F3F tnfo]zo A &37] 93l & ATsArt &3 vnfol~

9] PCR &Aool A =83te] dojzl PCR product(on-chip PCR product)Z o]&3te] Alxd
Aol EAE WHeS Sl S AdE FUg d3F ~quz BAdtomn B AL

g
9% 2 34%E SNP 542 AEsgr

3. (A2A ) EAE(F) ZAFar WAL
> HEFEE gg A ¥
7h 1A R Al A&
(1) 33X SNP marker2] 41
Oh F&EU A8 wgedo] =gk A FFAES 9% SNP A A K

Baylor College of Medicine (BCM)®] Human Genome Sequencing Centerdptjsms
20043 9¥€27¢ 3X bovine genome sequences & 713t +=4], bovine sequencing®] A}
25 Hereford ¢4e A7|A 9SS template (reference)® 3}¢] Holstein, Angus,
Brahman, Limousin¥} Jersey #<%& 7|4 <43 vwsdldS o 15267719 SNPE =3}
Ak (GE 5.
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No. Reads No. Q20
No. Reads ] No. Reads . .
that hit the bases in the No. high
Breed sequenced and that passed .
reference o passed map | quality SNPs
tested map criteria o
genome criteria reads
Holstein 164,332 99,773 28,368 25,443 574 11,945
Angus 30,912 16,828 5,619 4,935,230 2,499
Brahman 2,304 1,177 203 224,035 320
Limousin 3,840 2,052 940 840,176 503
Jersey 1920 794 0 0

Brahman¥} Limousin &
A UL E ol &
base?l 10471 primerE 443} gu g ¢
2% PCRAME &
245l % Aol 7.7kbe] SNPE

2450l ol gt

# 5. BCM¢& A¥#=7¢ dzZFd SNP

7144

3t primer %L%

< Hereford 73}
A 2e A 7h-d, PCR

712

Qo] FrtA o2 3971 SNP7F wEFH o
> 30% zFol7F vERY 1071 Yol sl F71Ael ABI SNaPSHOP 248 931e] A

w5 )l Limousind 3¢
S 9UIAME +4 &

=

(1) 35 SNP markere A4

gl
Allele frequency”}

ofee} 2.

KNP 7+7} 2459
e 3te] 204719 SNPEo] ¥HA L v},

RIETAC 578 =

o el 82371 SNP &
STEL= A7]7F > 200

ZE£ 59 2459 Hereford @ Limousin

A7 EE v

thate] 7474 vHE

=Y

A3 weEgdoziy we 14712] SNP marker3 oA 3--9-¢F
=& ‘K SNP marker'e] AW¥-&
Ao 2 12 genotypings A8} Primer sequence (3% 6) ¢ PCR %7

Sshe] Fgoh ulas

& PCR &%

e W

MES Abo
Fo- ZF7E 10
E

e o o RS
!

| ~
mmmoEm s oER

0o o~ & 4
| |

== = e
[ R =)
|
oo

ttgtgtogogctectgottgcacag
caggcaaccactgcaaatgatg
ctcgctaccctttgettetge
tggcaacccactccactgttet
googagtatttgecctttctagagg
cgaatgtacggggtgactgtg
acctctgactggtgtetecac
tgccctectagtgactagacattce
ccgccgattgtttttgttttcac
attgctttctggagggcatcte
gattgggctggtegattcttty
gcaagagccaacatcegtteta
ttgtggcctectgttatgttgage
ataattgcctgccactgtcacc

P - C
!

Tkl MM R
p AT T TR DD I

e et el
=N =D
|
Jdx ==

tcgactetttgtgacececatge
cccactctaggccggaagceat
cctgcatagaaatgcagaggct
aggagtgcccacctecaccta
tcogcgaagagtcggacacgac
togggttgecttecacetactg
cagtatitcagagatgtctcagtg
tcctctgaagatagaaatgtgaac
actggagoacgttgogtcectta
atgacagaaccgggcagacata
otgogtcaatggactggaagaggy
agatgtggtatctgaccgtgge
tgagtttggaagtocticcttca

gggaggtggggtcttagctct

¥ 6. X SNP marker 4¥-% PCR primer sequence
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direct sequencing 3}¢] &<13 9t} Hereforde} 3H-¢-
}ME o ELEJ 3071 2] SNP
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95T 15 min 2X Multiplex premix 12.5 b
95T 20 sec Genomic DNA 2.0
61C 40 sec|X 35 cyvcles PrimerF (10 pmole/l) | 1.0 £
72C 1 min Primer R (10 pmole/ul) | 1.0 £
72C 3 min DW 8.5
10C oo Total 25.0

)
o4

#® 7. PCR =7

Genotyping 23, 12719] SNP markerzol4 1, 2, 3, 6, 7, 8 SNP marker? allele
frequence”} -3¢} B g0 A 050 o] o= 2ol E HolE Aol FRIHATE (& 8).

Shiks ;q_lfl;:::l | Genotype | fri(illlifcy il ;Iﬂ(;l-]:)ﬂfl | Genotype | frgtilll(:el:cy

G/C || G/F |[BiR (& T (B | leap || e c T
sxe1 | ws10% 10 o0 o0 1.00 o | sxe7 | ®s10% 10 o 0 100 0 |
Hg$-10 5 0 2 8 0.10 0.90 W Ehe- 10 §- 0 1 9 0.05 0.95

G/G G/A A/A G A T/T T/G G/G T G
sxez | ws10% 10 0 o0  1.00 o0 | sxes | ®s10% 10 0 0 100 0 |
H 310 F 0 2 8 0.10 0.90 W3- 10 F 1 0 9 0.10 0.90
ee or ¢t f | L AA_AG_ GG A __G_|

SNP 3 $ 10 F 10 0 0 1.00 0 SNP 9 510 F 3 0 I 0.30 0.70
H g 10 F 0 5 5 0.25 0.75 H 310 F 0 5 5 0.25 0.75

T | B/ GG T c/c ¢/T T/T C F
SNP 4 $ 10 F "0 0 o0 1.00 0 |s~eio 510 F "0 o o 100 o |
H g 10 F 6 3 i 075 | 025 W3¢ 10 7 7 3 0 0.85 0.15

c/C C/A  A/A C A/A A/G G/G A G
sxes | we10% 10 o0 o0 100 o |sseur| ws10% 10 o0 o 1.00 0 |
v ghg- 10 F 9 0 1 0.90 0.10 Hs-10 F 9 0 1 0.90 0.10

G/G G/A A/A G A TAE | E/C | CAE T ¢
sxee | ws10% 10 0 o0  1.00 o0 |sxeiz| ®s10% 10 0 0  1.00 0 |
H g 10 F 0 4 6 0.20 0.80 Hgs-10 F T 5 0 0.85 0.15

3 8 FH SNP marker 21¥-& 938k 12 genotyping 23 A

(Genotyped} allele frequency)

(2) %X SNP marker® 23} genotyping

S5 SNP marker 6709 thafA, 3¢ 405, U 4057 (A A=A 8%, TF4F &85,
vl 54k [F4H 8%, ml=Ak [4h]] 8+, “]3*& [ZF&FA] 8F)F g o Z 22} genotyping
S AAEG Y. Genotyping 23l A 67FA SNP marker®] allele frequency”} %3¢} W3k
Fol A ‘069 (SNP 3)o]/%e] #tol& Hels gelskltt (& 9, 10)
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e | Hlge 23 u] g5 e |ugte e | HjEe e | Hjge
1 Cc/C T/T 1 G/G A/A 1 C/C | T/T 1 1 c/c T/T 1 [/T G/G
2 C/C T/T 2 G/G ASA 2 C/C | T/T 2 2 c/C T/T o [/T G/T
3 c/C T/T 3 G/G AfA 3 Cc/C | C/T 3 3 c/c T/T 3 [/T G/G
4 C/C T/ 4 G/G A/A 4 C/C | C/T 4 4 c/c T/T 4 [/T G/T
a5 c/C C/T E G/G A/G F c/C | C/C F E c/C C/T E T/T G/G
[:] C/C C/T [ G/G AlG 6 C/C | C/T 6 [ c/C C/T ] T/T | G/G
T Cc/C ! i G/G A/A T C/C | TS T T c/C ! 7 T/T | G/G
g C/C | T/ 3 G/G AlA 8 Cc/C | C/T 8 B8 c/C| T/T 3 T/T | G/G
9 c/C C/ 9 9 C/C| TS 9 9 c/c T 9 T/T | G/G
10 C/C T/T 10 10 C/C | T/T 10 10 c/c T/T 10 T/T G/G
11 c/C| T/T 11 11 C/C | T/T 11 11 c/c| T/T T T/T | G/G
12 c/C T/T 12 12 C/C | T/T 12 12 c/C T/T 1] T/T | T/T
13 c/C C/T 13 13 c/C | C/T 13 13 c/c C/T 13 T/T G/G
14 C/C T/T 14 14 C/C | T/T 14 14 c/C T/T 14 T/T G/G
15 c/C T/T 15 15 C/C | C/T 15 15 c/C T/T 15 T/T G/G
16 C/C T/T 16 16 c/C | Cc/C 16 16 c/C T/T 16 T/T | T/T
| K C/C C/T 17 iki C/C | C/T 17 17 CJ/C T/T 1 T/T G/ T
18 C/C T/T 18 18 C/C | T/T 18 18 c/c T/T 18 T/T G/T
19 C/C T/T 19 19 C/C | T/T 19 19 C/C C/C 19 T/T GG
20 C/C T/T 20 20 Cc/C | C/T 20 20 c/c T/T 20 T/T G/G
21 C/C C/T 21 21 C/C | C/C 21 21 C/C T/T 21 T/T G/G
22 C/C T/T 22 22 C/C | T/T 22 22 c/C T/T 22 T/T G/T
3 C/C T/T 3 3 C/C | T/T 3 3 C/C T/T 3 T/T G/G
24 C/C T/T 24 24 C/C | T/T 24 24 c/c T/T 24 T/T G/T
25 Cc/C 25 23 C/C 23 25 Cc/C 25 T/T
26 c/cC 28 26 c/C 26 26 c/c 26 T/T
27 C/C 27 27 Cc/C 27 27 c/C 2T T/T
28 c/cC 28 28 c/C 28 28 c/c 28 T/T
29 C/C 29 29 C/C 29 29 c/C 29 T/T
30 c/cC 30 30 c/C 30 30 c/c 30 T/T
1 C/C 1 1 C/C 1 1 c/C 1 [/T
2 C/C 2 2 C/C 2 2 c/C 2 [/T
3 c/C 3 3 c/C 3 3 c/C 3 [/T
34 CJ/C 34 34 Cc/C 34 34 c/C 34 T/T
35 C/C 33 34 c/C 33 33 c/C 33 T/T
36 c/C 36 36 c/C 36 36 c/c 36 TI/T
37 C/C 3T 37 c/C 37 3T C/C 37 T/T
38 Cc/C 38 38 c/C 38 38 c/c 38 T/T
39 C/C 39 39 c/C 39 39 c/C 39 T/T
40 c/C 40 40 c/C 40 40 c/c 40 T/T

¥ 9. 27 genotyping 23 (4AHAH F57)

No. of Animal ‘ Genotype

Allele
frequency

(e | lear | anar @ T

SNP 1 240 F 40 0 0 1.00 0
B 540 0 11 29 0.14 0.86
Saaiic AR I
SNP 2 P40 F 40 0 0 1.00 0
H]ghe-40 F+ 0 11 29 0.14 0.86
wie | @ | avar | @ Tp
SNP 3 P40 F T4 0 0 100 0
B gk$- 40 F 4 17 19 0.31 0.69
G/G G/A A/A @ A
sNp6 | @$40% 40 o0 0 1.00 0
H g 40 F 1 11 28 0.16 0.84
c/c ¢/T T/T C T
sxe7 | @40 40 0 0 1.00 0
B g$- 40 + 1 9 30 0.14 0.86
TP D6 G | T G
SNP 8 @240% 40 0 0 1.00 0

6 10 24 o278 N0.T3

3 10. Genotyped} allele frequency
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(3) $-3 SNP marker®] BLAST 714

A¥E SNP markerE9 homology search® AAI3}7] $8le] SNP & X33t & 601
basepair®] FAA VA LE WWEoE vx FHASAHE AY (NCBDOlA A==
BLAST #A4g F83tdtt. o1 23, SNP marker ‘1'# 27} 83 chromosome®| ¢ %3}l 8]

+ ‘astroactin 2’9} ¥ homologyE 7}l
Aﬂi thQO] /\}\g
Zt}t. SNP marker ‘6’3 ‘2] 49,

b el

AttE AEo ysta
=7] wjFo] SNP marker 2'E ‘H=

25 39H chromosome?®]

SNP marker ‘1’3 27}
SNP marker’ el 4] #] &] A]
HAA e YA A= YgE fHd

- , = —
A9} homology S WEFW 7] wliEoll ‘HE SNP marker = A™3MA At (3 11)
[1: #F 8% SNP marker
SNPs Sequences producing significant alignments: Features flanking this part of subject sequence:
Bos taurus chromosome 8 genomic contig,
E reference assembly (based on Btau_4.0) Sl
Bos taurus chromosome 8 genomic contig,
& reference assembly (based on Btau_4.0) slalax Snastrakaciind
3 Bos taurus chromosome 25 genomic contig, |881750bp at 5' side! similar to UDP-GalNAc!polvpeptid
reference assembly (based on Btau_4.0) e N-acetvlgalactosaminylt...
289805 bp at 5' side: ATPase, Na+/K + transporting, alp
6 Bos taurus chromosome 3 genomic contig, [hal polvpeptide
reference assembly (based on Btau_4.0) 34187 bp at 3' side: similar to Uncharacterized protein C
lorfl61 homolog
Bos taurus chromosome 14 genomic contig, e i 2
(i reference assembly (based on Btau_4.0) 85357 bp at 5' shjet proenkephalin
262900 bp at 5' side: similar to endonuclease reverse tra
8 Bos taurus chromosome 3 genomic contig, [nscriptase
reference assembly (based on Btau_4.0) 311449 bp at 3' side! similar to endonuclease reverse tra
nscriptase

T 11, ¥2 HAd9 3% SNP marker® BLAST A A}
<& SNP markerE AH-S 938 3¢ F 9% F 0FE oLy, vih 2 A
o] o} A& sheo] HdH AEAHS Fol7] 93 19072 59 24 H 3 s ek f
shel B Fol7] Y3k F7HAQ] EolAQl SNP A4 A}

i:,

th 2 d Al

A7 Aol e d%el 4
al

FA M= el of A olv

A7 g

(1) A% 5719 SNP markerE ©]-&3% PCR &4 # 43}
(7F) H% SNP marker?] allele specific PCR (AS PCR)
HE Mdd 5709 SNP markerE o] §3lo] 399 F¢-5 37

W Eoldow wh3-3l= allele specific primerE TAQ 3Fgit) dHfoA] Eoldow w3}
+= allele specific primerE t] A}l gk = = FI5

of A &=

T’ allele specific primer?)

B ] we] AL&skR rgkeh

1=

5
O A~ O
Ads T+

%ol =, heterozygotedt genotypes 7}X| il
Eo] ‘1" SNP markerdl A 9%
AT PCR AHE

]
o] AT, B9 BolAQ ¢

C’ allele specific primer?] %ol 3¢ 40%F ol9d % FU$ 11% (heterozygote)ol A
PCR 4tEo] YeRY7] ool -9-wheg Eold o=z wsl=d o wo| S}t 22 Hyo=
A 470¢] SNP markere] st 9% Eo| allele specific primerE T A2l vt (%



11).

»Allele specific PCR2] =72 1xWW % genotyping Aol AF&3F 273 5dglr). ASPo| AF
&3 template= 3% 3579 U-F% 3579 genomic DNA©|Y negative control®+ 59
A& v x3he] primerges ARE-3Ho] multlplex PCR =35 H43sdvt. 49
I FAFAARE Fojdom PCR 4b=o] Helow, gh¢olA= PCR AHEo] HolA &Sk
(ZL% 67).

O

Jl

P 1 (T type): 185 bp SNP 3 (T type) : 250 bp a
B B, 9% $9% 29¢ DW - 2 o9 29 29% 29Y DW
2 1 2 3 —_—1 2 1 - 3

1 3 3

T

SNP 6 (A type): 278 bp SNP 7 (T type) : 304 bp
! #e B B 392 9% 293 DW #3 w3 B 9% 292 $US DW
1 2 3 1k 2 3 . - 1 2 3 A 2 3
— -—

SNP 8 (G type) : 219 bp

B B B 9% 293 29 DW
s 5 s TR

1Y 67. 2 SNP markers9] ASP Z3}. Lane 1: Molecular size marker 1000 bp ladder
(Solgent, Korea), lane 2~7: PCR products, lane &: negative control

(1}) Sex determination gene 3 house keeping gene?] PCR

B J)Ed A= Y chromosome E9°] #4491 SRY (Sex-determining Region Y)& o] &3}
of &9 A¥7tA wds] ¥ £ JEE AR HAY. SRYY primer 974 ES =g HX

3t 3k PCRO A+ oF-5 &7 9319 housekeeping A A (Malate dehydrogenase 2,
MDH2)E control band® AF&&9th Primere] A7149S v SHAESAN AE (NCBDY
S A5 o] 9+ Malate dehydrogenase 2 Q7|4 €S 7]%Z = 100 basepair® 2 A9 0™ (3F
12), PCR =712 1AW X genotyping Al ¢ 5 d 3tk SRYel| st 2Ade s Ay HAE

2 A3 th % gl Aoz el £999 ¢ 35F 158 ¢4, 258 i
2 uesivh =5 MDH2el uldh AP g9, 9 ZF o =74 PCR AbEe] <)

Ak (28 68).

65



SRY : 122bp MDH2: 100 bp

#¢ 8¢ B2 292 29 24LDW B B4 B 29429 2ULDW
1 2 a9 1 2 A 1 2 3 1 2 3

b oop el 6

TTTTI

218 68. Sex detemination gene ¥} house keeping gene2] PCR A3}, SRY (%), MDH2

(£). Lane 1: Molecular size marker 1000 bp ladder (Solgent, Korea), lane 2~7: PCR
products, lane 8. negative control
Forword primer Reverse primer

size| SNP

Name Sequence (5’ -3’ ) Name Sequence (5° -37 )
304 7 7_F_304 |gggtgggcacactttacaccaa 7_R(T)_3 |tgactccctgaggactggataagt A™
278 6 6_F(A)_3 |ccatggttactctttecttteccecA 6_R 278 |Tgggttgccticcacctactg
250 3 3_F_250 |tgtgtattcaatggacactgggt 3_R(T)_2 |[tttcctattatgaacaaaggttttttggtA
219 8 8 _F(G)_1 |cagatatatatgaaatacagatatatttccG 8_R-219 |Agagaataagatggagacaggaag
185 1 1_F_185 |gccctgatcectgtggacactg 1_R(T)_1 |cctttttgcttataaaaatgatactcatA

Forword primer(5’ -3’ ) Reverse primer(5° -3’ )

size| gene

Name Sequence Name Sequence
122 SRY SRY_1F |Cgaagacgaaagktggctct®”® SRY_1R |tgtgcctcctcaaagaatgg
100{MDH2 | MDH2_F_1 |ggggcctctggaggaatigg MDH2_R_1 |ctccgggegtgtgagcegata

¥ 12. Primer sequence (Yellow color: Allele specific primer).

G: SNP point. *x ki G or T

(t}h) SNP marker®] multiplex-PCR

Single PCR= #2138t 57} SNP marker, SRY Z1#]3l MDH2E X 3%38}l+= multiplex-PCR-&
33350 th. Muliplex-PCR9] ZA 3+ genotyping 2 ¥¢F ¢3-S 3¢l 319 t}h. Genotyping §F
Aol o] Fhg-of A= SNP markere] t]3 PCR ’\}E—S— Holx ¢ Hkd £
PCR AH=o] #&F AT} W3k sex determination A% SRY$} house keeping 4X}°J
MDH2% of/¢s= 2L7]o|A PCR &g &2 & 4 3ddrh /\E%u@ljr% 18 692 e
on, Ay FAL i 139 A A

66
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300bp|== "=304bp:SNP7
==278bp: SNP6

==250bp:SNP3

==219bp: SNP38

200 bp|==
==185bp:SNP1

==122bp: SRY
100 bp|== ==]00bp: MDH2

18 69. Multiplex-PCR2] ol 7|9} A& Ax} o PCR product (1), multiplex PCR
A3} (2). Lane 1: Molecular size marker 1000 bp ladder (Solgent, Korea), lane 2: %2

-9 lane 3: F4 3¢ lane 48 &4 FU9, lane 5 FA FYF

Primername g::ll(;le/uﬂ
7_F_304 15 ul
6_F(A)_3 2
3_F_250 20
8_F(G)_1 20 1
1. F_185 15 4
SRY_IF 2 ud
MDH2_F_1 1
7_R(T)_3 15 1
95C 15 min 2X Multiplex premix [12.5 £ 6_R_278 2
95T 20 sec Genomic DNA 2.0 uf 3_R(T)_2 20 il
61T 40 sec |X 38 cycles Primer mix 3.0 10 8_R-219 20 it
72T 1 min 1 R(T)_1 15
72T 3 min D.W. 7.5 1 SRY_1R 24l
10C = Total 25.0 £ MDH2 R_1 1
DW 150

¥ 13. 339 Multiplex PCR A3} x4

9= oo A= o Ao HoRt}
Ao, AdE 5719 viARE % 2 a9 Ao ta "WolxA Eold SNP v
07 oldem 9 ° B2 o MAE of&dte] WEH S EolaAl dTh
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el
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el
i1 af i
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e bl A i T R A R Al Il Rl B [ =1 ) W [ 50 B e R
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PCR product 7=+ (& 1274) -9~ (%) (601F) T4 (%) (3834%F)
12 0.0 14.3
11 0.0 234
10 0.0 21.4
9 0.0 154
8 0.0 7.0
7 0.0 8.6
6 0.0 47
5 0.2 2.6
4 45 1.0
3 149 1.0
2 37.0 0.5
1 43.5 0.0

¥ 17. 71 A3 mass array 239 A4 &4

e 12712 marker FolA B® AASS, 57 o]dte] PCR AHzo] e}
AW =, 67 ooz e o%Oﬂt FUTE B3 A v olEA 4
9.8%6°] -9 W && JHAA Hu
5, AAFll A AEEE MC kit (4]
9o Qe A9 2ol dFS
=y
P marker?] multiple allele specific PCR primer T *}¢1
SNP markerE ©o|&3to] 3kt F9-¢5 Wdetr] fdste], Y -FolA vt Eo
+ allele specific primerE T AR 33T A& S0 52956° SNP markerol A
- 121el ‘A’ allele specific primerd] 7 -$-olE 9% 76%° 4 PCR 4t=o] veht
, Tl A= 4%l A%t PCR AbEo] UERUAl €tk (8 17). 28 Wi ez ywA 10719
SNP markere] 3t 9% Eo] allele specific primerE U A<13F9 0 & 12719 markerel
gk primerg<- 100 ~ 300 bp (basepair) AF¢|o] PCR At&EE0] wE Oixl‘zi AZsFA T (F
18). T AF21 gt allele specific PCR primerE2] -% PCR product?] intensity® il#3le] Hk-&-
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Size Conc.
SNP No. Order name seq.
(bp) (pmole/rxn)
300 50056 12-F *=(A) tgacagttccttttggtatgtttcGAttA 10
12-R cttecttggtggetcagataaag
970 57586 11-F atgttaggggatgagaacactcaAtA %0
11-R (A) cgtggaagcagaaaggaaaaaaac
_ 10-F (A) gccactgtttgcttatcagaaaGaT
250 7963 10-R ccggagtttgetectggage 20
09-F (A) tcattgtcctagtgtacaattctg AAccA
230 49078 09-R gtgctcggecttatttatggte 20
9210 20572 08-F (A) actacagtgagaagcccgtgtg AcCA 3
08-R tatttggctgeactgggtcttg
07-F gtecttggectetetgecttt
190 7081 07-R (A) goatttgggagttctggggatg ACggT 0
175 56027 06-F (A) ggcagtggaattctgggcagaaCgA 3
06-R agaacaaaacccaaactcacttee
160 93765 05-F (A) atctggttttggggccec AT 10
B-R gaagatacccactgcatcgceag
04-F acgccectggectggteee
14 15562 2
0 596 04-R (A) ccagtagtctttgtgcagcagg AtA
03-F (A) gaggaggaggaacaccatcaagACagT
130 07585 03-R gttttatgaagaataactggeccg 0
02-F (A) tggtaatgatgagagctccaggtGeT
15 49615 02-R aagttctcectgtetcagttttte 7
100 MDH, 01-F ggggcectetggaggaattgg 9
01-R ctcegggegtotgagcegata

it 18. Multiple allele specific PCR primer

(v}) #<& SNP markerel] tg PCR =7 # 43}
Single PCR& &84 dolxl Z42+e] primerEs ¥4 Y]

sttt

Z &33sle] Multiplex PCRS %13}

o

’

L
HHHE
L LR

2 70. Mutiple allele specific PCR Z23. M: 1 kb ladder, 1: 7|54t 9%, 20 354
1

A
AL 1, 3 ZFA U 2 4 3 1, 5 3 2 60 3% 3, 7: NTC (non template control)

BN
T
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FAF 3F (= 17, T4 2
WP sle] 39% agarose geldolA 3Heldhd
2,000 o] e ¢ =W FHFE ARSI 3
A Ay Yol A upgrade ¥ SNP markerE
MEE /A A HAPH O] e/ ol Slo] EE AAR O
gkaLal gk},
(v Ad¥ SNP A4 markere2] 228 A%

AEE 1271 SNP markerEol et o] HAd Z2HE A e} o|AS o83
ALY -sAT7| Bl A A= 7zl it

P}
o
10
HU
é
=
=2
o
=
o,
o
[62]
=
o
S
=
o
-
O
=
it

o}, 3AEE MR A&
(1) ¢/ Sde 59
(7h) #H A 3t¥ multiplex PCR = NP marker?] ®¥2 3l
22d % 8 AR S/ 5—017‘—1‘{ 127H4 SNP marker% HE Adslo
multiple PCR 272 A3
g Flstaxt v =Yg ¢ v
x3ty o] ) T HEEEEd A YdoEzRY g% 1,427l:|‘, TUF
SNP marker® # 4 3% multiple allele specific PCR £71-8 o] &3} Q’ ‘ﬂﬁ}?i‘:]r.

)
C mlo
s
ofo
roi
—
N
::‘4
w

H
2
o)
(ol

T A= AT A=

aaad | @5 | mas A as B ATa g
i F 1,420 7 wlF 13 437
% 99.5% 0.5% % 2.9% 97.1%

E 19, @9k e wEE Ay

S F2s7] ek, F7ME sHFAEAF LA ¢ 1,037F genomic DNAZ
THEEFE A YA FH 1,125 4237 AlRE o o]5S hA S E multiple
allele specific PCRS Z 33} 3% agarose gel’tol A &elstit). 2ad = Aoz 127
o] marker FolA 7lEgS TR AAHJACH, 57 olste] PCR AHEo] vEhs Aol
T2 W =Y, 671 o]l R U Aglde FYTE wlHskA dv (8 19, 20, 19
71).

o 2

T AR a5 AR

Faas | a AT A A T AT

i F 1,033 4 wlF 19 1,093

% 99.6% 0.4% % 1.7% 98.3%
F 20, F$9 RS WEg Ay
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- Eample No, TR A

ehad =193
2k =194
ehat-195
@44 196
o4 -197
etAd-198
o4 -199
eF 24 200
kAt 201
et =202
ot -203
et -204

2 a ¥ a6 a & o n HE

o
LT -

SO NHUNG W™ 5 5 456 789 nunn®

; - T -

o 1 { 0830 I [ ¥
W 10831 e
L2 ' 10632 W
o «l (RALEY ] | =y
o 5 10634 ] A
oy 4 o6 M) 84
Lk ' 1 QGO FRIES
il L 1 (e | W)
ke g 1 G870 FIETE
o 10 I G | B )52
5 11 ] 0472 Ied | b5
ok 13 { o677 FIEAE -

oo} o] gk 2464F B FYF 1,062FE o]&ste] A8 Ay, s A me ¢
FHEC] 99.6%0)3 FY A FES] A Hey BHEo] JTT7%E S HEFTE FAFA
() st Foll A vl 74

o HHYE S FgRlsty] gk, tddt F& FHNTgw AN wyrdoeERy g F
¢l &9 107, &A% 97 ¢ 5% 1079 a9l Ik 28Rl 550 3k genomic DNAE
At FHE 12719 markerE ©]-&3Fe] multiple allele specific PCR Wi o 2 vlw £ 3}
Ak (2" 72).

74



¥z A5 678 n| 1.3z24567¢8 910

BRI mETEEEE TR
1 oL 1 =0

= 25 i ol i = i 1 31 HES
) 5o 2 22 a2 I oo 2 a2 HBR
3 = Gl 3 S ol2 3 == al 3 H=3 Hj&h2
4 =21 I 4 =S4 52 4 E2a4 I 4 Hara  HBL
5 285 s 5 RS B 5 E25 2 5 F4s5  H@2
6 @26 g 6 326 e 6 =26 se
7 =287 e 7 327 sie 7 ERT e
8 @28 se s zos ne 8 =98 sie
9 =29 sie s =me9 se 9 =89 sie
10 2210 e 10 =210 ae
Qo = , N . .
a9 72, 37 2 S 2gele] thdk Mutiple allele specific PCR 4 3}
20 == & O 1T X0 o) o + 1 + ot
e ER F9 9w AL AL MCIR A= EY/EP, EY/E, E’/e 2 E'/E

21 gL
genotypeo] EA] 3t} wkd 399 MCIR §AA A% E/e 2 e/e 9 genotypes 714
Q7] wEo], = = Sk F9rr Mgz ddd ¢ o9l
o}, 3R %F 1270 9] marker She- o] FHAAE 7HAI s AL
gel= ATt [13] (& 21).

il
>
ol
o
o
H
(ld
u
32
o
g

No. of Genotype Allele

S mimals PP PE Pl EE Ele e EE e

Hanwoo 235 = = = = 20 215 0.000 0043 0957
Jgju Black cattle 201 = 43 12 68 78 - 0.137 0639 0.224
Korean Brindle cattle 17 - - - 4 13 - 0.000 0618 0382
Holstein 110 105 1 1 = 1# 2% 0964 0.009 0.027
Angus 10 10 = B - = - 1.000 0,000 0.000
HanwooxHolstein F; 48 - - 48 - = - 0.500 0,000 0.500
HanwooxAngus F, 4 = = 4 - = - 0.500 0,000 0.500

Numbers in parentheses indicate the munbers of allele or animal detected.
* showed red coat color with white spots but not black hairs.

(T
o

E 21 & FEEANA MCIR 3129 Fd24 (genotype) 2 tH A (allele)
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Laser Power Control

O532nm 00 %

(0635 nm 00%

Sensor Gain ¢ 5
0.0 25

% Aol S/W % outpower X3 BE

oy 73, 9
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D
T
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ra

o EHgH/q u]/ﬂsﬂ;@o] E_E_

ZdolAl AA G A4S THx

A 23 o). Galvano-mirrore] 2 =,

B3t Sy Es AT ag A2fA YdEANEE FAH KEIe
0.

galvano-mirrorE  over-scandle A4
2|

T-ol A scanning mirror® AF&3F galvano-mirrore] 7
=] o]
- AN

(v oft rE
A

i

Ol
L
s

to o2 O

C 1=
nonlinear-sampling 3= 448 F3Fo] A4S Hdste g ES MEsksih

-Step 1 -
Waveform Sisi
Generation ] g -Step1-

Nonlinear

sampling for Over-scan
r.

-_. LT3} B ] | G —
S m—. "y _ Driver Board & !. @
S/W & DAQ board Galvano-Mirror

-Step 2 - = S/W & DAQ b. d Driver Board &
oar -
Position Signal Galvano-Mirror

Waveform Generation

oY 74 1A AH 85 5 g 59 v (F), Over-scan $- nonlinear samping %

B9 (%

WolEo| = W2 A galvano-mirrore] AA A AKE driver-board= 5 H
onz EAAGAE 252 A & o], 5 ROI(Region Of Interest)Z=70 A]o]
F71g o2 A/l (analogue input) channel-8- A}-&3fofF 3u}
. Over-scan ¥ nonlinear-sampling-2- 3Fi= #2)2 F714 ¢l channele] & 2.3}
stvbe Aol JARE o] WAL HAje] AA YAARE g&st= Zlo] of
olu] X & %3]A nonlinear-samplingS $13 =29 %Lfrg fFrE3dlo] o] &3+

7P Al g AFEE gl Wolth wepA f8 7 AgkA ol
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@ F 9B 2 24
3=

S/W 7ldbe] 1=

ol
)

P = =z
= = e «— A
oMM F7F B AoE A= vE

. W& S/WE 74 =l =)

module ] EHOHHE F7HA 1 S/W JEgle] ni2 AbgE 4 Stk ol dvh Laser
control W82l A% @A AAHA 635nm laser ¥RF oy} 2xbd o] a1y H Al 9= dye F7)
2 Q3 J\]Z:Eﬂoﬂ laserﬂ F7HE A§ vz AR E ¢ JdEE F714 4 laser controle] 7HE

SR E 2A LAY 7142 Dyeo| wE emission filterE motorized filter wheel-S ©] 838}

WA 7Fs sHEE AA AT Serial 41 ©]-&3F motorized filter wheel®] &5 testal] W
Utk FUE AadE B2 g dE Aads Ad AouR oleA, 4% Be d¢
T2 54 Ao Aol 270 dAd 2 woe] WAgdd U vk ojul= 23 HHe 9
AE WA Fojof 3t o]F PZT stageE ©|&3to] A7 Sl50f Fojof gt} upelA
PZT stage®] control HE-& ZAdA oW PZT stage 75Z2HE B3-S uf d3E= A

Laser Power Control Filter Set
[1]wfo 532
[2]58275
[3]wfo 635
[4] Null
[5] Null

[ 6] Null

Z Position : 0.00 um Top 200

% ? ‘Buttum‘ -200

0532nm 00%

0635 nm 0.0%

218l 75, Serial 5412 o] &3 motorized filter wheel®] 7% test

E°] CCD %9 FHe=Z widefield B3 #AWAHS Adool FH=HIL Uvh =&
PMTE 7|vte® 3 w23 3 dAv4d Hus 37k "dojdth stx% CCDE AM&8h=
wide-field®] 4-¢ X7l whEal Ajag o] hHstE 5 B AHE AL ATk Al
2 ¥ Al Y wERe] ukd CCDE 7Iwhe® & 3 HE AA

BRI A 4=8)o] Fojof g Ao|t}, wEbA] CCD image Grabol 7}He3dh #d-& A3l o
W, CCD¢ frame grabberE ©o|&3fo] S/We AR E HIFHo =2  testdH U}
Galvano—mirrorE ©]&3% A7 W2 A4 Uni scan¥ Bi scan®2 g 4 2t} Uni scan

L =]

< x% galvano-mirror’} 9458 & df x7F FUekE W S8, x7F AAde WEel|A] g
z dbgkol A ut G A-S 5 WA ot} Bi scand A¢ 45S & u x7F Sl W
W ool El x7F Hadle] Y AP E Eolei WHdAME F4S 53 #H2loth Bi
scan?] 4§ wWE I 50| It AINY E5EL xI TUEIE WA, ArEe It
Ak Wkl A F59 GAolnE x5 galvano-mirrore] FEAolu darg]Fe] A fHEo|
upebA] A2 center’l WA &S 5 oA x7] & Aol AR} Wk Uni scan® 74
T EFEYN AFE BT g oA 59 JFolnm 2] & AL oA &) g
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M RE BAE F39 Uni Scan¥ Bi Scan¢] 7bedl®=% 243ttt Y 209 9&
AR FAo] pixel FE FTIHAZIA HEA QAo ANEE FEAE T A I &
£ pixeld F7F S7HHHE 94 85 SEF =#HAA Ao 2xpdEdd 33 4E A7 B
Aat @ sampleo] Z2AHW pixelFol WE VS F HA Y pixel FE ZASA A
uetbA pixel FE AAA 7] 918k pixel Foll wWE EE= WA VhestEE skt A4
9] contrast® ZA3}7] $13]4] white leveld} black levels AAET 4 = AdS vdddA
t}. black levele] white levele V& & 9E=E dug5S TN, dEd= v Lo uf
2 Qs W B = )% Td o]— 1th 12hd Eol = 3mm x 3mm® 89 de] ZAH YA
9 microchip 7]# % ¢ ¥ probed] WHOo® 1 FAFY] FolE Fr 917 Wil
7Hede B Rkt S/WE A AT B9 noise EiHE #18te] wY SAH GG o

&= Tz dAnAde A

& Adoj oA PGAS average dHE 7] %S F7FEFSiT) o]
o]

2]
2l 3D imaging®] 753l =2 optical sectioning 4% 2Hd 3% th.

(X7 R G B e [0.0,0.0.8)

M Vs Cuboring & Mergieg Suling

(1) E%ﬁﬂﬁ tﬂgjxj, H}O]ﬂioﬁ’ﬂo] A I EE A BA @ A" FHA 3
b A BA #H A st

ALAF-ol A 1xpd ol AAA FAZSAY] 4% Fmme SAHLG S AL, FidS
et Hujsk FeA e Aozt FA Z =
3mm, 352 5um, AHE 32 635nm 670nm= 2 A H Stk

Bk AAAAR FAGGA L ol 2ok

79



£A71 A3} ofgfel #Zo] 3mm x 3mme =

7l
£

2 el o

Aol A

A

Ak =

£
j=
]
~
~Ru
£
j=
]
10
o
~

j|

k<)

fveel

Nro
J@-O

=K
—

;OO
H
Ar
ilin
o

\._A.uﬂo

alo

°f

=
=

Galvano—meter

A~ H] oo
=

A TERE A

Al

Fo}. Galvano-meter?]

G

o] 7Fs

0

galvano—meter®]

A o A = average

2
7] 4]

ojy

}\o],

%

T3l

th wpebA] ARQIFHE galvano-meterol] 9 E A A

o] 7}8] ofat

70

ExUp
= =

AL

3|

T

&atA =

7l
£

=
=

shivh. Al

Z1A A}, weEbA 512 x 512 pixel

alo

6T
o
ur

ojy
wAO

pase)

1 41+= 700 x 512 pixel ©

3|

71 4l

(o3
1=

[e]
e

%

3|

/ sec o]t}

80



FUH

=4

% 94 74

R4

o

a9 79 MR
(th S/W 24

=4 9498 3mm x 3mm, Y2 o] A4S 512 x 512 pixel, average 9% 5, 74
A 85 5 Alade] A9 g FJad wevl FAAo R AAo] w7y wiol, 1xdEel] &
gk Bxbek 22 adg AMg e ool utoja] I EHA AT

| Laser Power | 0 [~ Average T r sccumulate | 1
o] N N !
Image level
| Black Level | White level ) )
0 [ 83 Sean On ‘
I g T S i |

1 80, AREAF HOlel uhe ZRod 7

Laser powerE Z43lE £dtol= nl2A], AlHe] EAd we w95 243 ¢+ v =
Aol AEgel olmAlE 53 F I gyt o[ AE AAtd & 3Tk Average 71T

d wol= ol wi-¢ &dA ot S A o] 2]
A ol A E dE ¢ AT Accumulation 7] G& ARESIH AETL oFS A¢ AT E 7
ATt AT background w=o]&7F o] FEHAUE =AW o|n| =
contrast® XA@dte= 7| wolth ol =ntE XA Y A REE S8 black E white
levels ZA3}H o|n| A2 background noiseE Z}©38}A Y saturation levels Z&A3[A 4™
3 ol A E W F= AUrk. =4 on/off BlEO R whoF A Fo] HES FYEH sy Ao
Zyrh e Oﬂ HEU Y. Display paneloll A& SAHE o|vu|X & HAgF=d AA o|n|A &
Bitmap @29 o|n|A = A% L Be] 7|7} 73tk Display panel oAl Q&% wpeAE
=ty 1§l 813 o] Wyl A

™ backgroun

o3

B
H ¥

=4 o

0

81



# Array Scanner Image Viewsr

' LpA THJ‘\AEK
'k

& Al Nanoscope Systen
Laser _Sensor

[ PMT Gain o
<

Laser Power [

| »|
Bl =
Image Acq. seting

" Average B

 sccumelate [ 1
il v

image level

Black Level | White level
ram | L
S On
L ) L J
Y Y
Display panel Control panel

A

19 8l 49 olnAe AR B =¥ E

= BE Az
o
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ojA e #H9E x4, Galvano—meterJ ARQls AQE 19, PMTY gaing =4, 479 ZE
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g3 2~ FrEel Bk AR £15V, 15V, +65V, +3.3VE F 670t} o5 220V A
e EodM AFVE ARgEA A7 dld dehs eyt dubzlo . ALgS
power supply® ol &8 % F X9t ZFz}e] power supply: 7]|EA o= HFHa 77 qbE
F A Aol b 27 olmE HA 3719 power supplyE AR EjoFdltlE A Eo]
o} Power supply 37019 FAl= ¢¥td o=z Fustr] dHgsitta & 5 gl7] o
ol- &3t AX power supplyE AlZeRdvh 3 Tl o] Al =ERG
DAQ board HA] FH& A &5 AA ol WA A v} NIAY ushbE A €3t= DAQ
boardE AF&3Fa g F 290 W9 control board®t GAAIE 4 A= H 3] 2 pin-outs A
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g3 A7 9 control HE|
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F

el 75 Hste THEa, =ESCAA 94 of

AEAATE £33 93 Uz 59 9 A5E wopsolA v mESR dFaE
FF 2Mv= 52 e 2dstr] AR AlolAE AEselal, Y AlES A Ee] tie
gz 2w AAA717] 9 Al LHA R ALY HEAoR FllE dd 27
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@ Foe 4% AF Az9 §34 BA Onjelzete] B (1A A7)

S
F.e] PCR-CE ¥ PCR-microarray chip¥} %34

o] o}gle} e B3I A A Alxa"go g syl (EAAE AL AG A S
ALAF- A& FJx). 33 AESA) 289 AEFd = PCR-Microarray chipe 3L A] 7]
3L HkeS AlgE 4 9= chip holder plateE A2 &ttt A A s dde] X3}

R
L =
glol, laptopd S/W wto =z wkg 4 AZo| 7hgdlesE Ass A A,
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PCR-Microarray device

i Portable
genetic analyzer

Laptop -
(automation by LabVIEW)

Portable
fluorescence scanner

{b} ) High-voliage
Preumatic pump
L4
Power supplies ™
v., Wl

power supplies
o

10¢em
Control board
'
PC commumicatio _
connector (RS-232) Solenoid valves
1% 87. PCR-Microarray 9 #ul% 42 Avtr] 2 g370%7)9 9428 7%

o ATANA AL FOE A4 BY BG sl ARA LG 3% TRE ¥
FAR BHS A% )R BABORA AL AT AL FH 0% £Y DAL U
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A E 71E A== T3 vlo]laARA2H H] 31
THE LA .
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Multiple-X™ HW Kit (2t - H|8I2)

@
e Multiple=x™ HW Kit, Cat. No. SCM75-K096
Q % #A. EI"_E'_" THES (Contents)
:u; 5 -l 2% Multiple-X™ PCR Smart mix

Frimer mix {freezing—dried]
Multiple—x™ HW standard marker
EcoDye™ DNA Staining Solution

Multiple-X™ HW Kit 24 44

500 bp —
400 bp —

300 bp

270 bp
250 bp
230 bp
210bp
190 bp
175bp
160 bp
145 bp 12708 PCR band Z0A

130bp 7 014109 HBHD
15bp 6/ band Ol 0]™ BIBHRHE,

Con. (MDI12) 578 band OI5HH #28 X
Hog THESH |}

300 bp —

200 bp —

RERARRRANAN

100 bp —

(1) olsd FF2AMY (YA FZAAHZ(F))
59 DNA #2418 PCR-Microarray % $t]vlo] 2o A microarray® d33A% 2 2o o
5= A% FFAY Ves YeAIIZAARZA(G)A A AEEknh ol e HEo], A7

o] FFAlad B4 S/W md FAd 7|&AA 7 7hE s

Diode laser (635 nm)E AH&38HH Ab&&-2o] Al vh& 34¢] laser= wA7F 7he 3ttt 3
x 3 mm o thHEd A7 dOoE IFE microarray tha A o] 7Hsdt) tlEo], 325 x 24 x
85 cm o AdulaAT el 7|7 A3l Ao zA laptopel GZEF] oJuAME AF

=
EE 9E 5EAS A3 QI microarray A W oluEl, R AEFC] o] &

2 20] 73} =
= v &o] Thestnz, A&A FaFrht dEgez EAAt FEE
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Laser wavelength 635nm (Customizable)
Emission wavelength 630~670nm (Customizable)
Field of view 3x3mm

Frame rate 1 frame/sec

19 89 Agstd dEAd

(2) o] &d FAA FAFA (Umssd A Ag2(F))

PCR-microarray chip® T%& A= micropumpE Y3 pump 2 solenoid valve,
thermal cyclingS $13F 2% AA circuit ¥ heating, cooling &3 %o L3I} g &of,
PCR-CE %= 7}e3tA k7] &, 71955 913 high-voltage powersupply 7} 2 23}t}. ©]
Hek BE AX7F 21 x 10 x 24 em AV E A oled FAA 4 AA 7 A

71 PCR-CE %:+= PCR-microarray B} 9 FAA #4A 282 DNA F& AA, 5=, &

g, d& 5 o @AV 2o 173979 11 247)7ke] dadie, nEHo 2w thak AJof
S ol &FozA HIAHAZA AT Y&, oy GAE AX= FeY LA TR F
ATh SHAIRE 2 AgHA A JiEE olEwd FAdA £47A 9 PCR-microarray chipg ©|
g3k, 2 oA 2 a9 A< x7glo] LabVIEW S/W=E AEsteuz F3u 474 349
Ao 2 Aol Theaty, QWA e WiAAA F = FES 7R A vk

High-voltage
power supplies

4
24 cm

Pneumatic pump
3

Power supplies  “wom

PC communicatio
connector (R5-232)

29 90, 2359 o] 5Y FUA AR



@
o
%
o
Ho
2
D)
g
i

S EERER

3

W ATHA AR wolABEAAHE A3t B s #4o] Thed olFd FAA 4
ZAolth, shARE, HAA AFHE fsIA= FH 8ol o)A o] AFEA FsHA <l whEskal b
gk iy Ho] a7t By Aolgh AlmAT. olF s F A= west ¥ e TR
He| kel Aagk Aolrt o]ef tlEo], wholARH, FFAA, FILFARZ oA e 2
A9 AadlEs T8 0RmE s Y AadleR T B YA sk Vwme] Zod A
o2 Al dn oy g AFstEA L] AR st Ay H ol A s B Ay A 2
vpo] AR A AT Y] FHA ZTA e A o] gt sy EgE B oW vhEAl VS AT A A
g3} gHkE o] o] Folxok & AFFo R ALF
3. Efdtel &8 AE
7Fo 1z 7 E A (SNP) 2 @l s whE /314 (STR) +4

VoAl A JigE FAA B4 g S3F vlol AR A AHS -9 /1] $H9 DNARA]
2rk ool HE A A R fdEAe R R ks DNA #4240 ol&d + ot
fygdow 27 dd97|tbdA (single nucleotide polymorphism, SNP) 3 @< ukE5-4
A (short tandem repeat) #41el ©]-&d + Uvh ANAFZEZAE o F At FHA 4
kel #gk Arb oS @] o] e glom L A RS S oS gy
oA At 53] dAHfubE 7 A o8 STR markerE Ao #4024 &
HHES Azt HoA HAA Al Sl 2 Az el 7 Bol ARgEAL 9o
o ¢ 7] vhd A (Single nucleotide polymorphism, SNP)& 1 x}olo] o] &f <& 3] F-2H
A Bk opvgy A o 544 5A4E vErdva ¢H A o] %S SNP Bl B

A7 A Ea vk AR STR £4HE 2-3471e] = E2AH S (Polymerase Chain
Reaction, PCR)°ll €]+ STR 44 FZ3 2AA7]9% (Capillary Electrophoreisis, CE)el
olgk 8l E, SNP9 7Z-5o+= PCRel 9% BA Fd4 F3%F iy Fdx4 #4d8& A%
single-base extension (SBE), vx|@o 2 H7|9d% dolA £y FAHS AXA HAr)k o
g AA 7= kel £ An|eh vk gl AEE ARESHY] Wil B]&o] Bo| £
AAZEe] 4 A7Re 23k "ok mdk B4 gv) 9] bulkiness® A3 7 AENES
E3o] ofH < Z AAHe HA AEFedAe s T HES AL o ' WA 9
ol dojxl AEEFEHO A& WA A el e HW #d {4
(Point-of-care testing, POCT) Sol% $AE Hola v}, wela], o]t
Aol A Fax Ae] 7bed nm S, aFEe] A =L STR/SNP a4 &
"ol @7 gom #Heo]x (Lab-on-a—-chip) T mAEIFEAA~E (micro total
analysis system)<- ©]e]dt Q59 sHo= 7|E Lar rh wepa] B AFIA A AT
3 microfabrication 7]&S o] &3 43 PCR ¥&7]& #ud F4 % PCR whgo o]&H+&=
NEZFE A48 o v&s AEAZ 2% ofYg v 28 9729 thermal massel 23|
7bestAl sk ig PCRe 3 o A 3 vk ®3k HAstd vtol=
71He g Fe N3bg @sAE Fodv wEkA, o)F
ojA~E olggtrtd, HEHAGoA ] utE DNA A3 = STR
SRR t 1o} HEof, AAl oty SNP #4& & + U=
Az BAET BAAZTH v AAwE=E oA e Point-of-Care (POC) ¢ =

o,



23 AAI7F RT-PCR (reverse transcriptase—polymerae chain reaction) o2 M
AFgA el AHE TAAL & gloge) Arsdn),

# 9lar, extension (E)-locus”}
¢+ melanocytedl A A A

sERlE ROE O

[e]

@]
T
oo
T
il

(eumelanin) ¥ 522 (Pheomelanin) 0.2 © 24 A 2 gl
> Mountjoy TE Robbins A= E-locus®l ZAAA o o st
melanocyte-stimulating hormone receptor (MC1-R) A7} €743 vtE AS 9390

[14].
» Kriegesmann ¢4
SwissE¥} Saler &

2 o] E-locusd| €A3t= MCI-R 3 A2l SNPE o]-&3}9 Brown
THIE ATE Bk [15].

-
o o

s

Bl

(e}

2. A ek wpolaE FAA| A~

» UC Berkeley (7)) ¢] Mathies grouplA] 23 3% PCR-CE microchipg ©]-&3le] W9
o AZES gFoz ¥4 [16]

» UC Berkeley (7]=r) 2] Mathies group®l A 43 3}¥ PCR-CE microchip © ™3] X 33}%)
o Plug gel& ©]&3F PCR product®] AA#Ao] A& Ao EA [12]

» UC Berkeley (7]=r) 2] Mathies group®l|X] sigle base resolution ©2.%& PCR % DNA
sequencing ©| 73k % wholmaE T nlo]AE A [17]

» UC Berkeley (7]=1) 2] Mathies groupoll# ®Wtte] ¥8 AHA, PCR, |71+ sfvte] H
ol 5] 7}538F microsystemel w3 H.ar [18]

» UC Berkeley (7]3F) 9] Mathies groupolx] @Y A E FZdA] PCR ©] 7}s3 emulsion
droplet 7]%5©] E3te Alxgle disl] X [19]

» UC Berkeley (7]=7) 2] Mathies groupoll 4] 213 57139 HYTe vhs Aeks 93 vp
olm Al 2elo s 1 [20]

» UC Berkeley (7]=F) ¢ Mathies groupols] @A A E5Fo ] F42 AF 2 ¥40] 7s
gk @A Hlol tha] ®oal [21]
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» UC Berkeley (7]=F) ¢ Mathies groupoll Al ®est =9 AA, PCR, #8714 7153 %
Sl z~dlol ik B [22]

» UC Berkeley (7]3) ¢] Mathies group®lA] Hydrogel microarray S ©]-&3F @9 7| vhs A
(SNP) ¢] #41e i3k Bl [23]

» UC Berkeley (7<) 2] Luke Lee groupolA %< PCR W-2 microchipel 2 &3}
real-timeS.2 #F4o] 7}5d ZPFES /MY [24]

> University of Virginia (7]=) 9] Landers groupol A 3 A= Z ¥ DNA profile ©] ¥4 9]
7Hedt B9 E vholaEYntol A E i [25]

» University of Virginia (v]3) ¢] Landers groupolA] Z&W vlo]mzE S o] &3 D
=3 PCR € Al&gle] oigh xan [26]

» University of Virginia (7]=r) €] Landers groupell A vlo]l= E%’i o] DNA F=3 PCR
& S SRR E4 0] b gk vho]l AR A~ H EH?'SJ [27]

» University of Virginia (7]=7) €] Landers group®|A] ® < :‘%Q% sk AE AA L A
AAF PCR ©] 7}5 3k vho]a @A~ dle] thgh Bl [28]

> Royal Institute of Technology (249 =1) 2] Helene groupd®l A microwelloll A Al ¥4 73
Aol PCRe] 7}& 38t microdeviceol t3l] .31 [29]

» California Institute of Technology (7<) 2] Ismagilov group®l| 4] digital PCR ©¢| 7} 3k
3L &S microchip o w3 ®.31 [30]

» California Institute of Technology (¥]=F) 2] Ismagilov group®lA digital PCR& ©]-&3}¢]
3L 8& UYF bioassay o thal] Har [31]

Z,
o>
!

.

A2 SRR R Fo A

s}

o

> OlFEAdS o83 g DNA T3S 3% microsysteme] gk 53 (Texas A & M
University System) [32]

> Nanoliter size2] droplet& PCR reactor® AM£3t 3188 PCR vlolZ=ZA~" (Digital
Biosystems ™) [33]

> o] A28 E 2 RTD &EA0jaxte] 2932 DNA % 2 ¥ A28 (Affymetrix )
[34]

» AEAAE F S PCRE o]&3 DNA FT=, AEAl&dd uigh wlolaz A 2H
(University of Michigan) [35]

> Glass capillary ol A1 ¢ 114 PCR w¥+&7]7]

(A ¥# Light Cycler Real Time PCR, 3A} ROCHE (w]#))

> AT IN ] Microwelloll 41 9] digital PCR

(A Z™ LabChip® Systems, &4} Caliper LifeSciences (7] =)

> 96 well-plate Z#E 2 4-color systemol| A ¢ t}5 PCR #4

(A% StepOnePlus™ Real-time PCR, 3 A} Applied Biosystems (7] )

> A 6714 A4 target AE7SEH, 43 & FLEL A o] &

(A Z™ GeneXpert® System, 3 A} Cepheid (7]35))
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