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Abstract 

Novel complete laboratory system namely micro total analysis system (p,-T AS) or lab-on-a

chip for analysis without depending on laboratory facilities were developed for food safety and 

quality assurance based on DNA detection. The chip was composed of a reaction zone for DNA 

extraction and amplification and microcharmels for the inlet and the outlet of the reagents and sample. 

The volume of the reaction zone was about 7 ~1. Trapping of DNA was by magnetic field set at the 

fore part of the reaction zone. Rapid DNA extraction from food matrix was performed based on 

'chaotropic effect of silicon oxide resin trapped at chip's reaction zone, where DNA was 

simultaneously amplified using isothermal reaction with highly specific primers to six domains of 

each target gene simultaneously upon elution. Resulting fluorescence signals of the DNA was 

detected visually. All processes were completed within 60 min. The testing on this chip using 

pufferfish detection limit at 100 copies of DNA/reaction. No cross-reactivity was observed from the 

samples of other unrelated species. The chip reported here provided a rapid yet simple test model for 

major DNA analysis suitable for field monitoring due to the ease of operation without requirement of 

laboratory equipments. 
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'U'YI,h (Introduction) 

l'H'll'W llJtJYi~ lu tJ~ I'l fll~ 'fif'Utll'l1l'H)~l'lYW!~tJ'l u~~m'U 'l1lJ'll'l 'l1 ~ ~I'! 'fiil'U~ ~~\9I1lJbY'lJ1TUJru~~ 
co III q u CJ 

" 
tll'l1 UI'!~UU~'l u~iu1:] ~~1TUfll~~I'lJ'Wl111m~l'W i 'Wfll~~l~ 'l~11'l'Vl1 i 11'~'UnflfH~lJ11'Wm i11'mllJbYlrlUJ 

q ~ cu u . " . 
U~~vHJ~t1'W1W~tJ'lfl rufll'VH!~~fI'lllJ'tl~tJl'!.tltJmfl~ 'W !bY~tJ~ flll'l U~~fI'lllJlJU fI 'l i 'W tll'l11~ ~'l '~~lnl'! 

q . " 
'lJtJ'U!'lJI'l!~ tJ'l'l5UI'!U~~'tl~lllru!~tJ'l tJ~l'l!~tJ'l U~ 'iJ~~ 'llJ G'lflruflll'lllll'l ~~1'W YibY 'l~'W U~djmllJ'tl~tJl'!.tltJ 

q ~ '" 

!1I'W!~f!'!lIUbY1rlty(WHO, 2003) 

" fll~I'l~'l~ bYtJ'UU~~l!ml~ 11'flruflll'lfl 'lllJ'tl~ tJl'!.tltJ i U tll'l1 WW'W ~ l!lI'W~tJ'll'l~ 'l~'l11'l1~fl~l'W 
q d 

!~tJlJ ltJ'ln'Uflruflll'lu~~V'W1'l ~ 1tJ~!~tJ'l~tJ'l i 11"fi flruml'ltll~11'! 'fifi'ltJfll~ 'tl ~ ~!iJ'W 'Vll'lflltJflll'l 'VIl'l!flii 
q q 

I I 'JJ , 

'lJru~Yifl'WmltJtll 'iJtJ~l 'W n1 ~'lii~ll'l ~ ll'1'lfl !~tJ hfl 1'W ~'tlbY1~!flii'l1~ tJfl'WmltJ'VI1'l flltJflll'lYil'l'U i 'W tll'l11~ 
'" '" '" 

~'liil'l~~tJbY'lJflll'l ~ ~hum fll ~ 'VII'! bYtJ'U'VI H flltJ flll'lU ~~!fI ii Il'!tJ ~ 'llJii ~tJ ~ ltll'! ~'l~I'lJ 'W 1'~ fl1 ~ 'VII'! bYtJ'U!~'l 
q '" 

" IlJmfJ~lllfl~u Il'!m'Ql'I1~ 1'tl~~'W!W~~!gu!tJi'Wtll'l11~ (Lockley and Bardsley, 2000) 

tll'l11mu'l!lI'W 2 fl~lJ 'fiwi 1I'ltl~'Utll'l11~ U~~m'l11m'tln'tl bYl'\1f'U1I'ltl~'Um'l11~iufl~lJmfl 
q q cu III q 

1flHbY~l'l'IJtJ'l!9l'~~iifl'lllJbYlJ'U~ur ~~bY1111~tll'l ~'l~bYtJ'UtJ'lf1'tl~ ~fltJ'U'Vll'l!fI ii i 'W~ 'tll'tl~ ~u !W~~!S'WW 
'" '" . " . 

'fi~ltJ 'lJru~Yii 'Wtll'l11m'tl~ ~'tl tJ'lf1'tl ~ ~ fltJ'U!'l1 ~1'!!'W 'iJ~!'tl~tJu' 'tll'lllJfI 'lllJctl'U~tJ'W ~'tlU'U'U i 'W fllm'tl~ ~'tl 
'" '" '" 

I 'JJ 'JJ I 

U~~bY1~ !fliiYitJ~i 'W ~~'U'Uu'tln'tl '!!'W fI'lllJctl'U~tJ'W1u~ 'tlU'U'U11'l'l1lJl'!'Vl1 i 11'llJ!~ fl~ 1'tl~ ~'W tll~riYtJlJbYmtJ 
cu co cu III 

, 'tlotJ'W fll~I'l~'l~1!m1~M~ 'l111 'fitllfl~'W U~~!rltJtJ'lf1'tl~~fltJ'U'VI1'l!flii ,h'W 1lHU!'tl~ tJu'11 IlJWfl~~~~
u q 

I'l~ 'l~bYtJ'U 'fif\~~ii.wtJtJ~'l l'VIflUflfll~1'l ~ 'l~bYtJ'U '11~ IlJl~fl~~!s'WltJif bY1m ~ tl ~l!U'W fl1 ~ 'fiu~l'Wfll'l~~. 

(Chaumpluk,2003) 

"" ,('1 ~ c: i ~I '" .d ~ '1 IiLi C/ '" i 
flln!m1~'l1 ~lJ!~fl~I'!WWtJ U~l'W~llJ'WI'l'lfl~1'l'VH'l5tJlJ ~tJ'l ~lJtl'lflruflll'l 1!~~tJ'Wl'l~ltJ 'Wm'l11~ 

q d q 

" 
'fif'Um1lJbY'W i 'iJtJ~l'llllfl i 'W1:]'iJ ~1T'W(Lockley and Bardsley, 2000) fI'lllJU tJlJihhtJi11'fll~'tl~~~fll'l'fl1~ 

. " ~u,r fl1~l!fI~l~11'h fI fll~1'l ~'l'iJbYtJ'Ufll~ ~1'!!~tJ fll ~ I'l n'iJ'VI1'liJ~1'V1 tIlff1 bYl'l { fll~1'l ~ 'l~bYtJ'UfI 'lllJllIU'Vi tJ 

. " " I!~ 1!~~I'l~'l'iJbYtJ'U ~'tlu 'U'U-W'W 1i m~lJ!YJtJ 'lhtJfll~'tl f'U11~ 'l~'W1r l1'liJ!l'I~ 1~ IlJW fl~~!g'W!tJiilbY~m flll'lbY'l cu III III q q cu . ." 
~tJtJbYmtJ1'Wfll'l~~'W1!~ 'l 'fi~lfli11lJ!~fl~'l5iJl'!fl'W(Bauer, 2003) fll ~I'l ~ 'l ~ bYtJ'U'11Yi IlJWfl~~!Su!tJiJ~'l.. . 

d d Q.I dd (V ~ "I 9J
bY1lJ1~ tl!'l5tJlJ ltJ'lI'lH 1!~~!1l'W1'!'l5'W'l5'UtJflfll'l~'Vl1'lflruflll'lU~~tJ'Wl'l ~ltJ ! 'W tJ1'l1 n II'!. 


fl1~l'ln'iJbYtJ'U iJtJlJi ~!'VIfliJfI fl1~ !~lJ'tl~lJ1ru ml'!iJ'lfl~ ~mll'W 11'l i 'iJ 'l1 ~fl Il'!tJ'l1 ~flfll~'lJtJ'l 

'tlBfi~tIl~fll9f Il'1~!lJm~mllu fl'W~ 'fif'UfI'lllJbY'W i ~lJ1fl~f!1'! ~'l!'VIfliJfI m~~'W i 11'!fil'!fll~ !~lJ'tl~lllru~ 

!SWtJ1tJ'Ut1I'!'l ''tl ~lflfll) i~m1lJrtJU iu fll~111i11'~!SUWbY1tJ~flmtJ~'ltJtJfl l'I rtJlJbY'l!m1~M~!SWtJ 



i 'I I C/ ~ .1'" d d .dd ," 'I ~" 'I" .1 11("
!lJL"~" !'HlJ ll\lffllJ1'HH'VllJlJ)lJ1ru~m'Wm'VIlJtI~'l.HW !'Wl'ltl'WL)lJ(9l'W !'l11J1f)'\J'W!~ (Saiki et al., 1988) 

11 11 llU'U )~1J1Jfi'\lf) cil'JD)~ tlf)1'l1~dJ'W 2 )D U'lJ1J l~wl f)1) 1 ~tlDmw'\J'W 1~ L~f) lLfI) 1~..1~,,~,.JtJf)1)Ufjf)
ca ca 'U q 

'\J'Ul~~ L~'WW1'W ff'W llJ 1vH~l u,,~ f)1) 1 ~L'VIfl iJfl f)1) L~tI\lUff \I'\JtI\lllJL"f)'fILflljL1J'W ~tIL~tllJ Itl\llDcif)1))~1J. ... 
D~mru~L~'Wm~L~lJ~'W~\I'vh111'ffllJ1) tlfll'W 1ruD~lJ1ru ~L~'WLtI~L~lJ~'W 11 ~ \11 'Wul'i "~'l1 tJ1tlnm (real

time) 1~ 
" L'VIfliJ fl PCR 1~i'1Jf)1) tltllJi' 1JL1J'W 1~1J11'l )~1'W 1'W f)l'il'l) 11lL~m1 mtl'MiJ~ I'l) 11lf)1)D 'U'\JtI\I~'lffi'~ 

. " 
UD)Vl'W1if)))lJ 1'l)11l'l111tlf)1ffD~D'W~1tl IlJmf)"-nm~I'i''Wf)1) Ln~.f1iJu~ 1'l)11l'l11'lfiJ~'\JtI\lLi1mYI'l1 Lm~ 

q q q 'U 

" ., 0'.J '" 0'" I 'I" 11( " ?I I d I 11( dd

fl11lJU'VI'\JtI\lb1'1tl'Vl'Wli 9l'\I'Vf~1l'Wum11 !'M\ll'W !~LlJ'Wtltll\1~(Lockley and Bardsley, 2000) tltJ1\1 !)f)~f)1) 

Vl\llJ'W1Lm~D )~tJf)I'l'l. ~L'VIflijfll 'Wf)1)I'l) 11l1Lfl) 1~11tIl'H 1)1'WD) ~L 'VIfI'l 'VI tllj mJU'tltllJlf) L'VIfliJfl~1otil 'W. .. 

(Chaumpluk,2003) 
" . 

'W 11'l f)) )lJ'VI1\1L'VIfll'W I"fil'W 111111 U'W ci\I~"1m~f)l)l'l) 111 lJ fl 11lJ'l1"1f)'l1 "1 tllJlf)~'W\9l1t1~l\1Yi. . " 
"Yl!'lty l~un f)1) rWlJD~lJ1ru l~tltllfftlihfi'1Jij1fl~1 til'VI~L1J'W~'W~l'W (sequence-based amplification) 

(Compton, 1991) f)1)L~lJD~mru1l1f1f)1)~1"tI\I\9l1m\l (self-sustained replication) (GuateJli et al., 1990) 

f)1)L~lJD~lJ1ru l~tlf)1) 1~uijn~tJ1U'VI'W~ff1tJ~L~'Wm (strand displacement amplification) U"~f)1)L~lJ 

D~lJ1ru'Qru'l1iJlh~'W11JL~tl1(Walker et aI., 1992) l~tlf)1)~mJ11'W)~1J1J<I,h\l (Loop mediated isothennal 
" . . 

amplification) (Notomi, 2000) 'Wtlf1L'l1 i1 tl1l1f)U V\l'Vl1J';hlJ~~~ri''Wl~ f)1) l~lJD~mru iftyty1ru Yil1J'W~l~'U m 

" '\J'U1~ifwl l~un branched DNA amplification (bDNA) invader u,,~ rolling circle amplification 

(Lyamichev et al., 1999 U,,~ Lizardi et al., 1998) ~\ll'V1flijfll'Wf1~lJml\l~~l1J'Ul~f)1)l~lJU~mru~L~'Ult1 

I'l'l\l1J~nrudh'H mtl 

1l1f)f)1) LD~ tl1JLYitl1J'\jtl~,j'til fftl'Vl1\1L'V1fliJfl'Vl1J';h 'U tlf) 1l1f1L'VIfl iJfl PCR U~1 f)1) L~lJ D~mru~l~'W 

m~1t1'l1~f)f)1)~mJl111'L~lJu~mru~L~'Wmtlru 'l1 nih~'Wl1JL~tl11~tlf)1)~mJl1 'U )~1J1J'I11\1 (LAMP) lJ. .. 

fl11lJ~tI'Wl'i1\1 )~~1Jtlru 'l1 nil mmntlffltl~L~'Wlt11l1 mf)~tl1fi111'f)mm1J'W fflm~tl11J11~tl1,j'tI\I ~\lff1m)tl. .. .. 
D)~~f11'l1~1 'Wf)1) L~lJD~lJ1ru f))~iJ1fl~~m~\I~L~'Wmu"~tIl{1~'Wm1~1'W'l~fi1J~l f)~Liiltl\ln'W DijmtJ1 

LAMP tIlffmtl'W 19l',J DNA polymersase ~ljnllm)lJU'VI'W~ffltl~L~'W1t11'W~1 l~tlf)1) ~~f)fflt1~l~'Ult1L~lJ 
'I" .d"., 0' 1 I '1~ 0' 1 0 '1" 
!'\1'\1"l~tltlf)U"~U'VI'W'VI~1tlf)1)ff\lLfl)1~'l1ff1tl 'l1lJ f)1)!'lf !'Vl)LlJtI) 2-3 ~ 'VI 1 !'\1fl11lJm'Vll~11l1~ll\l'\JtI\I 

, , "f 
uijf)~ tJ1"l\l1J1f1 lllf)f111 L'VIflUfl PCR -nLfltlVll 1~()\l1000 rvi11'WnmYiU'tJ{Jf111 U1111'1'VI fliJflUL'\1111~Yi 1l~ loti 

L~lJU~lllru~ L~'W1t11l1 f1U'I1 J:i\l~n~L~'W1t1'l1" lf1'lfiJ~u'Wn'W L'J5'W~'Vl1J1'W til '111) f) 1) ~ tlru '11 niJL1J'W)~'U 11J. .. 
d.d 0 TM C/o'l" 1I(IO~" 'I""; "'I 
1~tl1'V1 65 C (BcaBest DNA polymerase) 11 \I 'VI 1 !'I1f)1)I'l) 11lfftl1J !lJ1l1LlJ'Wl'ltl\l !'M1fl)tI\llJtlfl11JfJlJ 

2 

http:ll\lffllJ1'HH'VllJlJ)lJ1ru~m'Wm'VIlJtI~'l.HW


• • • 

, v 

Vir-i1'UlJ1f)n~il11 'VlftlJftfl·mril'J1U\9I':l1~HH)'Ufl1'j ~fll(:;h)!!'uftvilj £.I l-Ji'bY U{l~'j l(Horisaka et al., 

2004 U~~ Parida, 2004) lfltlln1f)f)l'jlll!'Wtl~'Vl'j1'U~lfl'UlJ 1ft~lfll'Vl~'U~nru~~fl~ f)l'jI~lJU~lJlru R'il~ 

bYl1Jl'jt:lflflf1!11J'Ul'W'jllJfl{~l!'Vn~ 2-3 ~ ~nfJru '\1tJjJ:oml1 (annealing temperture) 'f)~I~t1~O''U!'IJ'U'\1 ~f) 

, 'Ui! 'il 'ilU'Uftru~~l:Ot11~~I'lJ'U1t'VlftlJft' 'U f)l'j\9l'j 1'il'fffl'U~ IV'Ulfl' 'U ~1!'\1 tifl~ ~111'Wfl lJ~~~ f)fl U{l~lJ~l~fl
• 'U 

v 

l'VlfYflflUU'j~'U TI ~11b1'ltl~'U TIU'j ~1'Vlffl 'Vl £.I 'lflJfl'IJfl~ lumY\Ol'J ft11lJI! ~'lJfl~bY1tl~'U TI f)~1t1I~U~~ i~r-!{l'UN 

'll'lJfl ~~nm1lJ'W~fllJ1'U~mJ~~lfl'UlJ1ft~1 fl i'Vl~fl~f)ri11(Chaumpluk, 2003) 

li1fl~ 'il1f1!'VlftlJ ft LAMP ItI'U l'VlftlJ ft~' 'I111lJ1f) u~~fl~' 'U 'lf1~I~lJ~'U 'lJfl~ f)l'jU 'j ~t1f)1'i' u~~i!'il'ilUtJ 
'U •• 

.oC:::Io 0 ..::::::. I a ~ ~ 

f) WiJ f1!'U f) tJ 1 I 'Vl ft tJ ftlJ1 \OW £.I fl fl I'W fl f)l 'j \91 'j 1 'il11ft 'j 1 ~ '\1 fll '\1l 'j 

' '1 91 '" _I "'9 ol<J91 919 1<J191 
tJflf)'il1f)'il~'lf1t1 !'11\91 'j 1'il'fffl'U'j~fl'Uft ru.f1l'W!!{l~m1lJlJ{lfl~.fW !tJ m'l1l'j'Vl1 !~l!lJ !tJ.f1l1~ft11lJ !lJ'W'j fllJ'VlN • 

" V~'lf1t1'ff~N 1fl f)lbY' tJ fl1'j, tJ fl1'j rUtJ ~il1tJ1\91f)'j 'jlJij,tJf)l'j\91'j1'il
'U 

v , 

rlmi''Uf)l'j\91 'j1'ilbYfl'UII~~~fl\911lJ llJmf)m!tJ i 'Ui! 'il 'ilUtJf)l'j~l'lJtJ 1IlJmf)~11fl~U bY ~,tJ 'jUffl~fl'11' 
q II q '\I 

" , 
:O'UO''U IlJm f)~1i11'l1lJ1t1 ~l'lJtJ11tJ~~'Il'U'Vi'ff1lJ1'jt:l\91'j 1'ilbYfl'Uli11'11lJ1t1~1~O'tJ I ~'W ~fllJ'l O'tJ lfltlf)l'j,~f)l'j. .

" I" <jI 

11fl~ U'ff ~Vift11lJ £.111ft ~tJ~ 1~ O'tJ l'VlftlJft Vi~I'lJ'U l~tJ'~'\1 ~f)f)l'j r1~ f)lni~tYtyty1ru r-i1'U f)l'j :oml1O'tJ'lJfl~ff 

I!~~ IlJmfl~~IVtJW 1'If'U SYBR Green ™ (Lipsky et al., 2001) 'I11flf)l'jci1tl'Vlflfl'W~~~ltJ'il1f)19111lJmfl~ 
I 'JI . , 

'lJfl~ ff-ff ~ci1tllUV~ llJl{l fJ~fltJ 'lJru:; :O'U1911O''U~tJ ~IVtJlfl(FRET) 1~ t11911:01J'Yinr-!{l~fl probe bY1lJ1'j t:lflflf)I!'U'U 

111'fl~''U!1I1f1'j~'ff~1~ 2 jJ~~l~O''U l~flmfftlf){lIf)f)l'jIU~t1tJ lftH'ff~l~ 'I11flUfimtl1 exonuclease 'lJfl~ 

lVtJ ICJflf 'If1 £.I , 11'hlm fJ~'lJfl~ ff~lft t1:O'U fl~O''U~hvtJ WI! 'ff~ ~U fif)~t11~1t1'\1 ~f)f)l'j l1fl~l!bY~(Clegg, 1992) fil'j 

a' ~ I eI 'jJ , ..::::::. 0' I 'jJ..::::::. <J'.c:t 0<::::10"::::::' 0 'jJ

u'j~t1f)\911lJmf)~ 'ff!'\1 mtJl'IJ1'ff'j~'U'U\91'j 1 'il11ft 'j1~'\1 'il~'lf1t1' '11 fil'j 11ft 'j1~'I1lJU 'j ~bY'Vl1i .f1l'Wu~~m'il'Vl1' '\1 fil'j.. '" 
o lIJ ~ I .dl 

v 
.c:t 'jJ 

\91'j 1 'il 'fffl'U'Vl1 ! fl ~1tI'IJ'U fl f)fl1t1 

tJ flf)'il1f)fil'j\91'j 1 'il'fffl'Ufil'j l~lJU~lJ1ru~IVtJWi tJ! UI!'U'U'lJfl~UjlJ1ru ~IVtJlfl1 tJur-itJ agarose gel 

I!{l:; fl1'j 11fl~I!'ff ~'IJ fl~ IlJI~ fJ{lfflrifl\91'j 1'il:O'U ~1t1'11~f)fil'j 'lJfl~ optical chemistry I!~1 '11 ~f)f)l'j :O'U19111!~~ 

'\11fl-ff~tYtuUm\! 'il1f)1911\91 'j1'il:O'U I U V~ llJmf)~~lvtJtfl!i1l'l1lJ1t1 'ff1lJ1'jt:lil1lJ 1U'j ~t1f)1'i'1~1 tJ fil'j\91'j1'il'fffl'U 
u u q q 

, " 
llJmf){l~lvtJ!fli tJ m'\1l'jI~mj~'U flf)'ff.f1l'W U~~m1lJU~ flflfl£.I i 'U m'\1l'jt!tJ'l I~ 1'U llJl{lf)~~IVtJ!fl. . 

1i11'l1lJltl1fl'l \9l'j 1'il'fffl'Uft11lJ'ff1lJ1'jt)i tJ fl1'j-ff ~r-i1tJ I 'Vh~l'IJ fl~ llJmfJ{l vh l~lfltlmfftl'l1~f)fil'j 

d do'" '1 _1"'''''''' 
hybridization 'lJfl~fllfltJlfll!'U'U'il11'W1~f)'U tlJI{lfJ{l binder (electronic biointerface) (Mascini, 2001)lJ!]f)'jtl1 

, v 

'Vl1~lftn'il~I-WlJujlJ1ru~'U~IVtJ!fl!i11'11lJ1t1I!'U1J~11'W1~(Saiki et. al., 1988 I!~~ Notomi et al. 2000) mtl1~ 
, , v 

fil'j :O'U1911 IlJmf)~~IVtJ WVh-WlJ~tJ nr-!~ , 11'fil'j I'll {l'IJfl~ f)'j~UbYl'VH~li 11'~fl~~I!U'j NtJ \911lJ~ltJ1tJ llJI{lf){l. . 
'lJfl~~ltV'UW\911lJ'I1~f)f)l'j redox current fIl'j\91'j1'ill~~~Vh 1~1~t1\91H'il1f)fil'jl~fil'j i'\1~11t1'U'lJfl~ 

m~u'ffl'VlYh Itl'Ur-!{l i 11''ff1lJ1'jt)il1lJ1fi1tJ1ruU~lJ1ru llJmfJ~I~ 'If1 £.11 11'f)l'j\91'j1'illtltJ lu1tJ~mJru~I~~ 
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v ,'" ., i 51"" ., 9 - 1 51 "" " 51!'Ylfl'Ufln:l peR U,,::: LAMP U,,::: mJf11'J'WY'lJ'U1 ~'U~lJf11'JfI1!'WtJf11'j\9l':i1\1'Yl1.:jf11':iU'W'Ylmm1 (Maeda et aI., 

2005) ,j'tJ~'\JtJ.:jf11'J\91'J1\11f1'Yl1.:j!f1ij i vJ~l (electrochemical detection) 'O:::'lhtJ\91'J1 \1'111~!g'U!tJu~1'U'J:::~'lJ 

11~lJ1ru,rtJtJlJ1fl if1' 

1'U f11'J\91'J 1'iJ1!m1:::"rf1Wfll'l<'1!m::: f111 lJ11 " tJfI.f1tJ1'U ell'l11'J 1lJ!"fl,,~!g'W1tJ!'lhl1lJ1tJ~'W'lJ1 'Uell'\11'J . . 

1'U'J11~!g'Uw \11 flfll'J11'U!ntJ'U '\J tJ.:j~.:j mr:i\91 ~!g'UltJ~!t1'U~ fI tJlJ1JU'U'UCJ5 '\1~tJ~!~'U ltJ~~tJ.:jf11'J 1'l'J 1\1bYtJ'lJ., 

v v 

l'U f11'J 19l.:j~'lfi'j bY1rlWtl1'11 'UfltJ'Yl1ifl'lbYI'l11M'i 'Yl mtl'U f1~1'\J tJ.:j 1"mJ'U f11'J" . 

~.:j~.:j~!~tJlJ 1tJ.:j1'l 'J .:jtl'lJfl1'W c1mlfll'\JtJ.:jft'U ri'1~11'J::: !'Ylfl'l 'Yl tJbi.:jtJtJ fl 

'iJ1flf11'J1!m1:::"rtlW'l11~~1'UlJ1'W'lJ'h '1.h:::! 'Ylfl'1J 'Ofl ~tJ'U 1'Ufl1':i~hti1'Uf11'J!~ tJ.:jflflU11'W f11'J" . . 
11'U!ntJ'Uf1'1tJbY1'J!f11J l:5tJ hfllm:::t1'U~'Ui ~.:jtl1\11fifl~'ULf1'\11fl1\91Q~'lJ!m:::m:::'lJ1'Ufll'J~1.:j'1 ''U~'W~1tl'U 
f11'Jf.li1\91 fll'Juntlwmvh Lf1'1f1 tJ!tl1 1 \11 bi1'Uf11'J\91'J1\1bYtJ'lJ ~Y'lJ'U 111i~ 'O:::'lf1tJ1M'f11'J 1!m1:::"r1J~'U'Yl'U()fl".:j

u ' ~ ~ 

", ,"
41tJ~'U 'J1f1!~11m:::vibY1rlWm lJ1:::bYlJ~tJ11'J :::1'Ylfl'1Jfl11lJbY1rlWtJ~1.:j~.:j 1m.:j f11 'Jii i ,*\1 flU~ .:j'\JtJ.:jfl11lJr'Yl1.:j

u u q cu 

:J1J1'Yltll 1lJmfl"~1JtJ~U~1lJ1'lJ'J fl!1f11hlJtl'lJ'U11'lfl'J 'JlJ 'Yl Nl'Ylfl 1'U 1"fji 'U f11'J\91 'J1 \11 ~tJl~lJ11~lJ1W~1~'U!tJ. .. .. 

o ., ",0: 51'" '1Y~1"1
f11'J'U1 electro chemical detection technology lm:::f11'JbY.:jlm1:::'I1 lJmfJ"flltJ'UltJtl1.:jtJ.:jlJ1 !'lfllJ'U'ltfi 

v , 

f1d'lJfllJ'lJ1flbY1'11 ~'lJf11'J1!m1:::"r'Vl.:j!~.:jflWfl1'Wu":::!~.:j11~ l,llW . _ !.wtJ'lhmlntlW'l11f1Wfl1'W !1":::fld1lJ 
q q u q 

9J oQ.J OCll ~"'I 
1'U'U fId1 lJ bY1f1 tyl'lllJfld1lJ bY1f1 ty'\J tJ.:j bY'U f11 bY.:j tJ tJfl(product 

champion) 
, v 

'iJ 1flflt) 'J::: l1J tJ'lJ Vi tl I'll 'U fI ~'U1'U '11 mtJ11'J :::1'Ylfl' 

_I 0: _I" "51 _I 0: _I 51 '" "'" ., _I ., "" 0

lJ 'J :::1f1'U f11 'JlJ 'U 'W'U11'\J11U":::lJ 'J :::!fI 'U f11 'J lJ'U fI 1tJ1\91 QfI'Ufi flU lJ 'J'W'U 11 fl'J 'J lJlJ I'm \91 tJ f11 'J fll'l1 'UflflWfl1'W 

ft'Uri'l!t1'U 11'J :::1~'Ul'i.:j~ 1'Ul~tJ.:j \11fl111fl 11i~1!'u'Uf11'J \1:::bi.:j I'mbi.:jl'm~tJf11'J bi.:jtJtJ fl Lf1' 11'J :::1'Ylfl'l 'YltJbi.:j,j'11 

tJtJfl~fllt1'UlJ"~l 67135 ~1'U'lJ1'Yl i'Utl 2547 1f1tJij,j'11'11tJlJlJ~i1 ,j'11fl~tJ.:j'l1tJlJlJ:::i11m:::11mtJ,j'11'11tJlJ.. 
'" "''::1 ,~ 51 ~.d 9 ~ ., ~ 51' _I "''' '51 '" 

lJ:::" f1f11lJ'UlJ"fI1'J1lJm 23000 m'U'lJ1'Yl lJwm'Yl'W'lJ !'UlJ\1\1'lJ'U lflUfl f11'JlJ'U'W'U1i'J:::'I111.:j'\J11'11tJlJlJ:::"cu u q q 
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" 'Ul~ri ";rU (l~mm.h !!~\1~lih..l tl~fi'lh~fHl'U'I1 ~f)~iihw 1'W lllf) 

tltlmJ1i~ 
JI , "1 

f) 1'J ~1!! 'W f)~'Wiill1'W'Wt~ 'lJ \11 f) m'J1~'lJ1{f11f) tl{u'W'U'W Vi 'W 5}1'W 'U tl ~ f) 1'J I VllJ1Jj III W~ I~'W Itl~1tJ 

tJfimtJl~ f) 19f1~ ~1'lJtl{1Hf I1I'W 'Vl1~I~tlf)1:YlflqJ i 'W m'J~ 'J 1\1 ,(;H)'U!!(l~ ~111'W f)1;'1'ltJ~'W i'Utl~#~ii911~ 1TI m'J 

~ (lfJ 91 'jJ ~ d d 9 'J) ~ cl ~ !'tJl ~~ I d0 I d

1Iml~'I1I~\11f)m'J'Wlf111'lJ'J'Utl~'lf'W~W'Wltl~1~ '1 lll!'lf \1~11l'Wm'J1Iml~'I1 ItJ'Vl'jj''W1;'1'1'W'Utl~~ltl'Wltl
'" 

.d 0 ... \I]:Ii I 0 "'" '" \I] I \I] '"I~tJ~H 'Vl1;'1'l'flqJ I~!!f) m'J'Vl1 Random Amplified Polymorphic DNA m'J11f1'Jl~'I1 !'lJ mUCU'VlI'Vl(l !(l'Vl 

"'" '" U(l~m'J1Iml~'I1 Amplified Fragment Length Polymorphism 

""l "':Ii" 1:Ii I ... '" I... i-II d "'::I "'i 
m'Jftf)1:I11'Utl~~'W~'U11'Ul1U~(l~~'W 1i1l1;'1'~ ~f111'lJ!!~f)~ l~'Vll~~'W 1i f)'J 'J'lJ 'W 'JlJ ~(l'lJm l"lCU'lJlJ1f). . '" 

Sang et at., (2001) mfftJf111'lJU~f)~1~'Vll~~'W~f)'J'JlJ l~m'Q~1~i'Wu'W~11l'W~'Vl'Jl'Utl~Ul~!!~1 1'tf'W Adh 

11I'Wlll{mf)tl{'Vl~1;'1'tl'U m'J I~lJ1Jj lllW~I~'W Itl h..l'lh~'U j I1W 'U tl~v'W ~ ~tllJtl'Uf)1'J1Iml~,.,y Restriction 

Profile 'l'11 iM''Utlf)f111lJ!!~f)~1~'Vl1~~1'WlJi'Will1U~(l~~1tl~1~i~ 

Blair et al., (2002) i~'I1~f)m'Jl~tJ1tl'Wl~lJtJjlllW~I~'WlVI~tJi~ilJ ImUCU'VlI'Vl(l imllll{f1If)tl{ 

:Ii "'" ... "'d d .d II] :Iii _ I dt 
~'JVlJ~'J1\11;'1'tl'U'U'Wl~'Utl~N(l~flWCV1~ltl'Wltl'Vl!~ 'W~lJ Polymorphism Information Content (PIC) IlJtl 

,him PIC llllmtJ'UlVitl'U'J1lJtl'W11l'W panel \1~1;'1'llJ1'JflU~'Utlf)'lfiJ~'Utl~1;'1'ltl~'W iill1i~ 
" f111lJ1:Yll~\1 \11f)m'Jffm-Jl~ ll..1lJ~I~'WIV i'Will1 'l'11 i '11'1 tlm1;'1'i 'W m'J~V'lJ'W llll {f1If1V{Yll i~lllf)~'W 

" . . 
U(l~ i 'W'Ul~'fl f ~~I11~ I tlm1;'1'i '11'1;'1'llll'J f1~'J1\11;'1'tl'Um~ 1~1 \11~ \1 ~(l ~ i tJl1~1U'W l11;'1''W i \1 i~ 

Yamanaka et at. (2004) i~I'Vlf1iJf1 SNP i'Wm'J~'J1\11;'1'tl'UltJ~v'W Waxy l~tJmfftJlll{f1If)tl{~11l'W 

derived cleaved amplified polymorphic sequence (dCAPS) l~tlm911U'l1t1~~lfi~iJ11'Vl4'W l~tJllil?i'v~ 

~hiJ'Wm'J~ 'J1\11Iml~,.,y~Wl'UiJ1f1~ I tl i 'Vl~ U(l~~'U il1;'1'llJ1'JfIlWf)~'W iill1~ii'fl11lJ!!~f)~1~~lfi~ \11f) 

" f)1'Jf)mtl~'Wtl~ 'Wtlf)\11f)-u \11f)f)1'Jfff11:n i'W'J~tl~'I1~~V~~'Uf111lJU\9I f)~H i 'W 'JtJ microRNA (miRNA) i'W. '" 
" 

.u'l1Um1'1tl f111lJU~f)~1~'Utl~ mRNA l'I1cil-ufitli'l1'lfi~11V'lJ'Wlf)1'J i 'W~1'WlJ'Utl~ill111~(l~1;'1'ltJ~'Wi (Wang 

et at, 2004) !!~i'W1J\1~-u'Wv~ lliii~i~tJl.u'tl!!~f)~l~l'\1cilifllli~ U~iif111lJl1l'W itJl~~f)1'J'Wl~I~'Wltl~ii 
ri1'W!~tl1iltl~tl'U mRNA t1'Wllli ~11I'WtJ'J~ ltl'lf11i'Wf)1'J~l!!'W f)~'W i.u'111~ 

and McCouch. 2000) 
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• •• 

111'U fl.!!L~tJ1n'Uii ~f1fl'l;llfl11lJU\9lfl9i1.!!'U fl.!!ti'U i 'U'VHn~lJ\9l n1fl.:] \)lfl i 'U~11 ~ltJ~'U ,ji'U fl~lJ~'UL~tJ.. . . 
, v 

'O~'V'ItJfl~ ifl.yh~tJfl';h indica specific deletion i 'U'V'Im~~\9l m1lJU\9lfl9i1·rW tJl'OL~'UUl~ ltJ'lftl9iflflll 

'" "~I ~ '" " "t "I I
1Lm1~'I1flWlJ'Uu~~m1lJU'YI'Ufl':]~ltJ'V'I'Uli (Ishikawa et al., 2002) 'YI1':]L~flfl L'Uflll\9ll1'O~tltJfl11lJU\9lfl\9l1.!!• 

, v 

'Uti.!! ~ltJ~'U ~.n~l'UlJ1;i11\11 'U l1flll~I'lJ'U 1L'YIflUfl flll m 1\)~tltJUtJflUtJ~ mh.!!~ 1tJ~1lJ1l t:l111'~l\9ltJ~ltJ 

'U tlfl\)lflflllm 1'0 ~tltJ flll \9ll.!!~'U,j flllU~U'U'UtI.:]1:1'ltJ~'U ,j'V'ltJ 11flll U l~n'Uflrum'V'l ~llJ1l t:l 

L~'U lfl'l1~tlfllli'tJl fl.!!m1~U~fl\9lGMOs l\9ltJ\9ll.!! L~tI!1:1'~lJfl11lJL~mt'U i,rnml1ff'U\'i/1u~~m'V'l~fl'l;lruL9f'!! 

tJ1fl flll\9ll1\)1:1'tltJ GMOs 1:1'1lJ1lt:l1111~1\9ltJflll \9ll1\)lLm l~,1~L~'U!tIUU~flU ~tllJ~ 1~\)lflm~tJ1'U flll 

~\9lUU l~'U limllJ 1 \9ltlL \) 1~ \).!!1 U~~'Uri1'U 'UtI.!!~Lg'UL tI~L~tJ1~tI.!! i 'Um ru'UtI.!!~11ih1tJ.!!1'U~L~ 'ULtI• 
L~tJ1~tI.!!L~'U 3581UlllJL\9lfl{ ti'U~L~tJ1~tI.!!ntJflllff.!!Lm1~,1Ufl 1l.n'U tItJ~ ti'U9i'1'U'YI1'U tJ1Ufi;1'U~ 

Q .c::i.d <jI Q.I 4.c:1 d 
hygromycin U~~ tJ'U 'YILfl tJ1'U tI.!! fltJ 1t:l flll1:1'~1:1'lJ li 1~!'\1 (l fl 

ff1'l1i'tJ i 'U l\9lt:l~tJ'W<Jf~\9lUlJl~'U lim llJ<JfU \9lt'U 'V'ItJ1Wl1~L~ 'UlIuJ'\11u~~ii ~m9itlflll ri.!!tltlfll~wl
•• u 

~1!'\1~tI,!!U~~~111'V'I\9l~\9lUulYr'UlimllJ L~tI.!!\)1fl!rJ'U9i''U\9ltl'UtI.!!1\9lt:l~tJtJ1'111l uUllUflfll~UtltJfl11 5000. . .. 
I t I JI I 

<JfU \9l .n~l'UlJ1flllUfiL~liff'U~1-viU'U~1tJtJ1'11n ~\9lUU lYr'U ~mllJ i 'UtJ~'I1ii ff1L~ '0 ~U i 'UtJ 111'U-vif-l1:1'lJ1'Ut! 

ll1mdltl.!!u~~i'Uf-l~\9lfitu~tJ1'111l ff1L~\)lU'I1mtJ<JfU\9l 1111,rl'YItJ~wLiYtlL~'UlJmh I~UtltJfl11 2000 ~1'U 
~ cu u 'U 

"I .;, "t ~ .d II) ~ '.1 '" " di '1 ~ '" co: ~ 
tll'YI t'Ut:l1!'\1~tI.!! uW'I11'Y1'V'1tJ !\9lUflflllU'U'UtI.!!~ltJ'V'I'Uli GT8 40-3-2 9f.!! tfll.!!1:1'll'!!\9lLtl'UmUl~fltltJ\9l1tJ 

u • 

358 lUlllJL\9ltl{ ~'U\9lltl'U'UtI.!! CP4 u~~ti'U epsps 'Utu~~i'U~111'V'l\9l 1If.1!'I11'11~fll~Uflflllu'U'UtI.!!'I1mtJ 

~ltJ~'U,j. L91'U BtU E176 MON 810 T25 GA21 ~.!!iilflH1:1'~l.!!'UtI.!!lUlllJL\9lfl{LtI'U 358 lUlllJL\9ltl{ 

PEPC U~~ CDPK lUlllJL\9ltl{ 358 lUlllJL\9ltl{ 358 lUl llJL\9ltl{ U~~ actin lUlllJL\9lfl{ \9l1lJt11~tJ U1:l~ 
v , v 

ii~1ti'Uv1.!!i'U~u Cry fA (b) 'I1~tI epsps 'I1~tI pat flll\9ll1\)~.!!*iu.n element Lmhii u1Y11flll\9ll1\) 

lLfll1~'" GMOs 'O~ 1~i'tJfluYrI'lJ'U1i,r~\9l'l1U11umfl(Miraglia et al., 2004) U{l~1:1'llJ1lfll,*~1.!!~.!!1~ 

mh.!!ll~~ 'O~'V'ItJ11l1tJ.!!1'U ri1'UI'll t1iu~\9l.!!lTI~iifl'nlJ~'!! tJ1flU1:l~L~'UflllYrI'JJ 'U1L~tI i '*1'U,rtI.!!ufi,j~flll 

l\9ltlL'Q 'V'I1~9i'tI.!! i ,*SltJ1 i 'U l U 'UtI'!!!'\1i:l')~9i'tI.!!L~tJ l'U tltu'l1 f)lJ~l i~1:1'~\9l1fl'l1~ fl fJ.!!'U1\9l flll9i tltJV\9l!~ tI1'*1'U.. . .. 
v 

'" 'U tlfl\)lfl'UflU\9ll1'O 
, v 

lLfll1~M9i'tI.!!tJ1fttJ certified reference materials(CRMs) 9f.!!iil1fl1U'V'I.!! iilJ1:lfi1fllltJwlllv1.!!i'Uri1'UlhtJ1.. 
v 

U1:l~1:1'lltJ'1.!!~.!!I~UtltJfl111J1:l~ 60 ~1'U1J1'Y1 ~'!!U'U~1'lJ'U11TIflll\9ll1\)1:1'tltJ i 'UlU<Jf\9lff1L~\)tI~1.!!~ltJtJ'U.. . 
v, , 

-W'U!1'U'U fl.!!lTI-viiil1tJ.!!1'U 1 \9l tJtJ1th~tJU1fl~1 til 'YI ~-viii lltJ.!!l'U 

~'U1,riifl11lJU\9lfl9i1.!! 'V'I~tllJL1:1'~lJ~1tl llJ !1:lfl1:l~Lg'U!tI~ if.!! !fll1~M~'U \)lflflll 1 fl1:l'U~'U~Lg'U!tI~ 1~\)lflflll. 
'YI\9l~tltJ~1tJ CRMs LtI'U llJmfl1:l~Lg'U!tI~i,*L~'U<Jf\9lmtJfllJtJ1flU1:l~!'YIflUfl1'Uflll\9ln\)U1:l~flllLvilJ. .. 
U~lJ1ru~tI1fttJ'I1~flflll Lflii 1 vHhL !{l~l~'U1tJtlru '11 f)lJL~tJ1'O~911tJi,rfl1l~ l!U'U flll\9ll1\) lLfll1~,1'UtI.!!. .. 

v 
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'iJ )~l'Ylftl~U i 'iJij~l.:Jii'iJ)~ ii'Vl fim'\"l)1~1~1!!lJ U iil 

~'hl'iJufll) ltlmrlumfl~u llJ 

~~lUlJ15.:J llJii'm..btmu1~ 1m.h~I'Vlft~~1IUUflUTIIPlJU11~tJl1r;1'flflU electrochemistry iilJ1i~ 
" fll)\91)111~ij1J~ltJTIu.fil11tJ1ljfll)ij~1.:J~ltJ'U 'U ijfl111fll1~'lhtJi11'fll )\91) 111~ij1J 1\91tl~1J't111~11~'U1 'iJ ltl!!~1 

cv ~ , 1$I 

• 
l.d .c::t 111. " 1,,~ J!.c::1 y 

• 
tJ.:JCl~'U'U\91 ij'U!!Cl~fl1 'lI111tJ'Vlfl 1) l1~l~tI 111 ~\911nh~1 'Vlft ~ijfl'Vll.:Jl1'U.:J ijfl~1tJ

" 
SI I I " , 

'U ijfl111flU1'Utl'ill111'U llft'Vll.:JYi ~hf1U1'Uij.:J fll)TIlPlJm1 U I~ ij.:Jfll)\91) 1'il11f1) l~l1t 'U ij'U lf1\91flU 1fl~u;i ij fll)Yi
• u 

1)1~1lJ1)tl\91)1'il1Iml~11Idij.:JJl'U'Uijfl11'ij.:JllBl1~fl1) ~1~tJflil Point of Care Diagnostics tl1tJ!fI~ij.:Jiiij~ 
d I ..c1 d Q.I ~ 9) ~Q.I Q,.I dt ~ 4::::1. ti'dol::t ',.r::S

)1~1)1 '\"Ifl'\"ll.:JltJ IW~lJ'U'U l~ICl fl ~.:JU 'U!!'U 1 1 'U lJfl1)1'iltJ!ICl~'\"IIPlJ'U11m ij.:JlJij1lm 1~11 'VllJ'U'U 1~tJij~1U 11.:J 

I~U~~'U1'il'Uij.:JUfl1~tJ~11Clfl l'Vlfl1 'U 1ClVl1~.:J~ ltli'1Jfl11lJ~'U11l!!Cl~~lm)tltJllJlt,*1Ufl1)~1N 

lfl~ ij.:Jiiij~.:Jfl ~111~tJfl1)~mhu 11'ij.:JllB11~fl1) 11 ~el11'ij.:J!!~1J111'mij ~1J 'U!!~'U 9111 'U U1~ 1~fl!Yi1 tl1J 11\91) 

Im~\91 n;im'Vlfl1u 1Clfh~1J1JlfI~ij.:JflCll'VH~1'ilClmfl l1~ij MICRO-ELECTRO-MECHANICAL-SYSTEMS• 
(MEMS) ~.:JllIUl'Vlfl1u 1Clv1'Uf11)~1N 1m.:J~1N~ii'U'Ul~)~W)1.:J 100 m1UllJm l11fi.:J 1000 

IlJ1fI) IlJ\91) l~tI~tJ1 l'YlflUfit 'U fll) ~11.:J1.:J 11 n1lJ'Vl1.:Jijl~ fl'Vl) ijUfl ff (Integrated Circuit 11 ~ijl~ tJfl~ijil 

IC) lJ11'* l'Ylfl1'U 1ClV~.:Jflcil11 '*1 Ufll)~11.:Jijllmru~11)~flij1Jtl1tJYiijii'U'Ul~)~~1J llJ1mIlJ\91)~~llJntl• 
In1J'Uij.:J!11Cl1'iJ~lJl\91)UijtJmfl1'U)~~1JllJ 1m~\91)11~ij'Ul1'U~\91) (=10-9 ~\91)) l~tJflil )~1J1J'Uij.:Jil1Cl 

l1Clmfl ()~~1JllJ 1m~\91) l~tJflililJ1mvlClij~fl l1~ij Microfluidics ~1)~~1JU11U~\91) l~tJtlil m1u. " 
" " vlClij~fl l1~ij Nanofluidics) Yiij~.:Jfl~11ii'U'U l~I'i'.:J!!~iJCl~llJ\91)'ilUfl )~~.:Jfi.:J IlJ1mllJ\91) )~1J1J llJ1m 

" 
vJClij~fl~.:JI~U fln ~mi1'U 'Uij.:J )~1J1J111 Cl\911lJYi ij l~tJiil'VlflufI1U fll) ~~tll)tl1J'Uij.:Jll1Cl 111~lJ1ruUijtJlJ1fl

" . " 
11J'UtlUll! l1Yi rllf1U1 )~1J1J'Uij.:J 111 Cl'ilClmflllJllIu lVltJ.:J II ~ ~ij~hu ijllmru~l.:J"l 111'I~flCl.:JlYilU'Ul!~Jlij.:Jfll)

q u u q q 

fll)ijijfl!!1J1J~l!\91fl~l.:J111m ~1J1J'Um~111 t1i 1'\"1) l~lriijll~m\91 )'lJij.:J l11Clii'Um~uijtJ t U )~~1J IlJ 1fI) ~\91) 

lJ'Uiirp,u~lJl1~~!I\91fl~ 1.:J ijij fllll I) 11~ tlflil rHl111flf11) vmhu (Scaling Effect) t U 1Clfl'Uij.:J llJ 1fI)vJ'Jij~fl 
" 'Uij.:J!11Cld'il~111Cl1'Ur;1'mH;u~11I'U'ir'U(Laminar Flow) llJ~H"lJtl'U !!H~.:J~h (Surface Tension) 'Uij.:J'lJij.:J!11Cld 

". " 
l1~ii rHlI1J'UtlVl.:JlJ1fl ~.:JUU11) lflUflnru-vi llJii1'U 'J~1J1Jllfl~~.:J!l~\91.:J 111'1'11 u i U1J1.:Jfli'.:J ~.:Jii fll)fhl1'U~ 

fl11lJl1lJ1tJ'Uij.:J)~1J1J llJ 1mvl'Jij~fl111'fl~l.:Jmtl1JfI'llJfi.:Jll) lflUfll)ru~.:J tl ~11 IlJl1JUlVltJ.:J 

" !!~ )~1J1Jvmh'U I YilU U 

" 
11 ~flfll)'Vl1.:JYJ iiflff'Utl.:J)~1J1J'Utl\lll1 Cll1•Clfl1f1UU ii l11ii tlU n1J) ~1J1J 'Utl\lll1Cl'iJ fl~IVl tI\l!!~ 
,jI, , 

l1)ltlUfll)ruYiiirHlU'U!!\91fl~ 1\l nUl'Wtl\l111flf11) Vij~hU (Scalling Effect) Yii~1 11 Ultlwl f11)m~ 11 ltJfI11lJ 

Y lI( Q J lilY I d. Q.I liI d d 
)ijU (Thermal Diffusion) 1'U)~1J1J'Utl\l mCll1Clmfllfl~'UU l~ijtJ1\l)1~1)1fldl Clfl1Jru~f11) I11Cltl'il~ltI'U. . 

!!1J1J.ff'UllJVl~lJtl'U (Laminar Flow) !!H~\l~b (Surface Tension Force) iiVlCllJ1fl'ilUln~l1)lflUflnrufll) 
" . 

I11Cltl1tJ!!H~\l~b l11\911lJYitl (Capillary Phenomena) !!Cl~fll) In~i'U~'Utl.:Jll)~~Yi~bVlu.:J (Electric 

'" ~I 3i 3i' liI d " 0 i 3i 3i _ I .,-
DoubleLayer l1)ij EDL) IlJ'U\91U 'Uij!!\91fl\91N'Utl.:J)~1J1J'Uij\l mCl~ClmflUltl\l'Vll 11I)1~llJ1)tl~)N~lJmru 

, jI jI I 

-vi IlJlfltJiilJ1ritlu'luYim~~1J IlJ1f1)llJ\91)U'U 'Utl\lmCld'il~111 Cl!!1J1JllI'Uiwutl\l 'illfl~l Reynolds Number 
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~'II'Yhtl'UBI'I)l-ffTW)~i,dN!lHI~mJ(Inertial Force) tl'U!lH'I1'l1~ (Viscous Force) 'Utl'l'Utl'liiHnr'W~l fr:h 
v v 

1500-2000 vh t11'~f)EJtu~f11)i'Vl'(1hhn~f11)fn'W(Turbulance) f)l'Jln~i'Wrl'Utl'l'lh~~ (EDL) u'Wvht11'f11).. . 
1'I1(1'UeJ'I'UeJ'II'lHn t 'W vi tll~'W II 'U'U Electrokinetic 1l1eJ'I ~ 1f)lf'W~1'Utl'l!l~'I iTf)~~ln~'lh~~lrltlUf11) -fflJNI:1'. 
ti'Ul:1'l)BI~f)11'1)im1 (Electrolyte) 1'lf'W til 1~'W¢l'W 'lh~~~ln~~'W~~1Uf.wti'UI:1''WllJivJ-M1~fltlV~'I'lh~~. . 

" I jJ i1 Iii, i1 

'Ii11'1)'I,J1lJtl'UiT'Wll(1~ N~mJ )~~~u'li11~V1tl'UiT'W fl'l iT'W ,j)~ ~~mit fill tl'U ~1~'Iln~I1J'Wi'W ~u'Ii11'1) 'Itl'W. . .. 
v ". 

,J1lJtl'W ~'Il~ Vf1':hi'W,j) ~ ~rl f11)VmY1'W ili I.wV'I!l1'l (1~'U'W l~'Utl'lvi tllvi 1U'WllI'lV'IUtl,j l:1'))fl~Vi'1'V11V'J tlf11)... . 

lin l~Wl 1Jty'\1lfl11lJili'U~~'VIi'Utl'l1:1'1)(Impurities) 1l(1~ 1Jty'\1lI~V1tl'UvJtl'ltllf11f1 (Gas Bubble) 

o ~I 'jJ.c::! ~ dt 'jJ~ 9J I ~ I ~ ... .1 .c::! 

~lllJ'W I'Itl'llJl'VIfl 'W fl f11) mtl'l (Filtration) l'Wtlll f)lJUJ'\1l 1'W) l~!llJ!l1'l tl'W fllfl'U 'W l~lJf)l'Ill(1~Yitl'ltllf11f1I'WV'I
u • 

vJtl'lI~V1tll~l'l1 t 11')~'U'U~'I)~'U'U ili l'l1 'I 1'WI'I llJ¢ltl'l f11)1Jty'l11~Vi'1'V11tJflf)tl VN'I1d'lfitlf11) (1~,j~lJlI'I )'Utl'l 

1:1'l'J1'11tlV1'1 ~'Ilil'W N(1~t 'W !l~'Utl'l f11) (1~ 1:1'1) lflm'W f11 )l'll,j~mV1(Reagent) 1l1'l'l11J1t1G'I f11)(1~(1'1'Utl'l 
" . . 

-fftyty1ruf11)1'I)1~<ij'Uflf)~1t1 fl'liT'W~'I~11~'W¢ltl'lUf11)~tllJiY (Labeling) ~~ f11)1'I)1~1~(Detection) ~U 
... 1 ~ ~ ~.c::1 ~ .c::1 'jI 'jJ I II) d GJ .c::1 

lJ)~ 1:1''VI'lifll'W '11 ) tllJ I 'VI fl'Wfl f11) 11'1) tllJfl11lJl'UlJ'U 'W 'Utl'll:1'l'J (Pre-concentration) tltlN!) f)1'I1lJ !'W 'Ul'l mru 

. " 
fl11lJl,JlJ,J'W'U tl'l ilJl(1f)mihmJ1t1t 'W 1:1'l'JI'll tl VN ili l.wtl'l'Wtlllitl,j~lJ 11'1 )(1~ (1'1 fl'l iT 'W ~'I ~ 11~'W¢ltl'lUI'VIfltJfl. 

dt .J GJ'jJ Q.I I ~ d 11] 
f11)IWf) (Separation) l'Wtl'VI~~l:1'llJ1)f1 !'lf1:1'l'J1'I1eJtlN'VI'I'I1lJ~f11))~I'l1tJlll'W!tl (Liquid Evaporation) ~~ 

jJ , I i1 I I i1 

In~~'W i~~ltJllitl,j~lJlm'U tl'l'Utl'll'l1 m(1~(1'1 I'W tl'l ~lf)BI'I) 1-ff1'W l1'W ~~11'l tl,j~lJ 11'1) 1l1lJ~'W tlVNlJ'I11f11(1 

fl'lJ'W ~'I ¢ltl'luf11muf)vitlll(1~'11 (1lJ. i''U 1:1'1) t 11'~ !l1'l'Ul'lfli'l ~l:1'llJ l'JfI t ~,j)~1t1'lfut'W~'W 1'1 tl'W f11) 11'1~VlJ 
9J9J ~ .dOQ.l.c::1dt &~ ... 1 

m1lJl'UlJ'U'W 'Utl'll:1'l'JlJ ty'\1l'VIl:1'lfltytlf1l )tl'l'l1'W 'Ifltlf11)lJ )~f)tl'U (Assembly) f11)'U)) ~ (Packaging) 1l(1~ 

Q.I .ckd I dt ~ lfI9J ~ I 

f11))1lJf)'W (Integration) 9f'llJN(1l'1tlm1lJl'lftlfltl !~ (Reliability) 'Utl'l)~'U'U f11)I'lftllJl'ltl (Interconnection) 

'Utl'l i 'I1m,J111(1~tltlf)~lm~ 'U'U¢ltl'll:1'llJ l'JfI 'VI 'W I'l tlll) 'Ifl'W~ 1:1' 'I i ~ iliUf)uf1!l(1~'VI'W'VI1'W I'l tll:1'fll'W111~lltllJ.. 
f11) t ~'I1'Wfllfll:1''W llJ 'U Nm ill¢ltl'lUf)l'J NU f1l~m~tl'l tl'W ilit11'tllf11f1I,J 1 (Air-tight) '11 ~tlU f)l'J <ij~11'1 ri1'W 

'Utl'l f11)1'1 )1~1~~1 til 11:1' 'I t 11'Um1lJl~V'II'I) '11:1'.. 'I 
. " " )~'U'U'Utl'll '11 (1 ~(1fllfll:1'llJ l)f1I:1'~N ~'W~1m'VIfltJfll~ tl1 tl'W tl'U f) 1)1:1'~N 1'1 ~ ))1lJ i tl91 fl'liT'W 

!l'VI'W ~9$i'lf)tl'W latl'l ~1 m1f11~f1f)f)':h 11'W 11U'lJ f11) t ~1'Wi'lllJtl{lJ1'V1~11 'VI 'Wlln1~'IUfltu I:1'lJ1T~'VI1'1111:1''I~.. . 
I I. jJ f 

~f)11~tl1~'II1J'W ~tJVlJ I'Wtl'l ~lm1f11~ f1f)f)':h Ni'll'l i~~1t1f)11 UI:1' fll'Wl1'W~1~ l'I1lJl~ tl'Uf11) lfli'itl'U 1 ,j)~ 'W.. 

~ .d.c:1 I ~ 
'I1)tl'VII)Vfn1 Plexiglas 'I1)tlPerspex !l(1~ Acrylic, PC (polycarbonate), PSU (polysulfone), PP 

_I "" 'JJ ~I '" d'l 'JJ'I
(polypropylene) lW~ PDMS (polydimethylsiloxane) lJf)l'lll(11 PMMA PC 1l(1~ PSU IlJ'W11:1'~'VI!'lf!'W 

'U'U1'Wf11)1:1'~1'111'U'U 1m'lI:1'~N~Um1lJ'I1'W1lJlf1l~'Wl1lf1EJ (LIGA Process) PDMS 1~'WElastomer 'lftJ~ 
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l1ci.:j~ ll1m~~ll1 f 'lJfll'j 1;1'~HU'IJ'lJl1 citJ~u ~ 11~.:jU~11\l~ ijiJt1Jl111~lnn'IJfll'jl1 ~1'i1'1ltJ.:j llU l1;1'~tU'l ~1~ 
1u'j~'IJ'IJ'IltJ.:j i ml\l(lillfl ~l¢illfl hl1~ l'lfU 'VltJ.:jf11 l1u HVH'l'VlVlUlJ "1 (1"1 thlJl1-tl1Ufln1;1'~H~11vHlll1r~. 

I I I a 
'j) c< «t c<1t] 'j) , It] 1 ~ «t 1 .,. c< , «t

1fl'j.:j1;1''jl.:j'Vllfl(l~lJ'Vl !~ l'Jj'lJ Diaphragm 'Il~.:j!lJ mulJl1'j~lJ m11(l1 I'j{'Jfl11 Shape Memory Alloy l1'j~ 

SMA ~.:jI~Ul1;1'~~1;1'llJntl\l~~n,j-jHI~lJ'Il~.:jlllJ Irl~1,rmllJ1~lJ1 m .:j1;1'1HH~fl\l~I,j~fJlJlI,j(l.:j1,j Iflrl. '" .. ~ 

fll'j 1,j~fJU ~11-jl.:j 1,j Hl'llij m.lWl1 fJiJ(I~(I.:jiTlJ \I~ flc1'IJlJl~1;1'i1 TVq;,j-j HU'IJ'IJI~lJflflfl f.:j 

'Il'IJ1lJ fll'j 1;1'1Hff1lJI'l1.:j'l1U 'j~'IJ'IJ 'Il~.:j 111 (I ~(lmflU 
~ 

U 8lfff.ll'Vl fllJfl1lJfll'j1;1'1 H 1.:j \I 'jBl~ fl'Vl'j~lJmY 
~ '1 'j)"""" ~ '" c< , 1 c< ~ 'j)
9$.:j !'Jj'9$(lfl~lJllJlJl1 (lflI 'j fJfl11 Silicon Microfabrication ~fJlJ 'IllJ \9l ~lJ fl n1;1''j

'j)
1.:j(l1~(llfJ~1fJfll'jQ lfJU1;1'.:j 

SI " I 

(Photolithography) l~lJ'tllJ\9l~UVi~lfit1JVivh1,rlflrl(l1~mfJ\9l1lJViI'j l~~flIl'IJ'lJWlI 1 Im~~ufJlJlJlfl1U 

iJ\I~,jlJ;;~'Il'IJ1lJfll'j1;1'1H¢i1fJl1;1'~,j'j~Ii1'Vl1'VlilllJ~{ ~l'i'tJ.:j8lfffJflnl1 ciml'lJ1J~lJ~,j (Molding) vh1,rl¢i 

l1U 1l1~~ijmllJ,,!.:jlJlfll~ fJfl11 LIGA ~lJl\llflillfJ llfJ~'jiTlJ ~II11(111 lithography, electroplating 1I(1~ 

moulding 8lfffJfll'j1~1I1;1'.:j~iJt-hc1.:j,,!.:j l'lflJ X -Ray lJl1;1'1Hl'ilJlI'IJ'IJ~ij (l1~mf.lll(l~ijHU.:j'll~.:j 1m.:j1;1'11.:j~ 
jI ,., tJ" 

l~ fJ'lJII(I~I'i.:jQ lflnWI~lJ ~ llJ 'j~.:j l1c1fl\llflUlJ~ .:jl1l11UII'IJ'IJij1,jl1 ri~~lJ 'j tJ¢i1fJfl n Ifl t1 ~'IJ ¢i1fJlyHh 1I"'1~.:j.. '" 

tl~rlll'IJ'lJ1111,j1~111lJlI1hl'IJ'IJ1lJfln l1ci ~~lJ ~,jl'ltJ1,j fln 1;1'1Hi ~.:j~ lJ HU.:j~ l~v'IJII(I~i.:jQ lflt!lJ1;1'llJl'j tl 

'jI ~ 'jI .c;:! .J d I IV ~ ~ IV 

1;1''jl.:j'llUrl1fJ'Il'IJ1lJfln~flIl'IJ'lJl1lJ.:jI'jVfl11 flnfl~lI'IJ'IJ(lfl (Deep Reactive Ion Etching l1'j~ DRlE) fllrW 

fll'j nrl ¢i1fJfl n,j~ 'Vl~'Jj'lJ 'II tJ.:j 11 'j ~ ~ I m ~ flln11,j fimfJl'Vll.:jlfl lJ'IJ"111 W~b lJ ~ fl \11 fl ij 
~ 

V.:j lJ 'Il'IJ1lJ fl n 1;1'1H 19f.:j 

_ I"" 1 '1 'j) d.1 _1 c< ~ '" c< 
U'jlJlW (Mass Production) ~v !'Jj'fIl'jQ~'IllJ~ulI'IJ'IJ(I~mVrl (Microinjection Moulding) 9$.:j8lrWfll'jQrl 

l'lm1;1'~fl~l1(1~lJll1 ml.,j'l1,j1lJlllill'IJ'IJ,j'j~u3585 fl'IJ¢i1fJlI 'j .:j~lJ 1;1'.:j l1 clfl\llmrlJ~.:jYi 11,rIVlJ(I.:jIl(l~
'U 

1I~.:j1'i1 ~.:jtl~rl ~~fl~ lflll'lJ1JII(I~,j'j~ fl'IJVrlltJlJ9f,j~1;1'lJ\!'jur 1I(1~I'Vl flUfl'll'IJ1lJ fl n ~UVlJlJlfl~ ~~1lJ 
~ 

iJ\I~UlJ;;tJ 'Il'IJ1lJfln Soft Lithography l~lJ'Il'IJ1lJflnml~~lJ~,j¢i1v PDMS 1l'lilllJ~{'lJUIlUII'IJ'IJ 

(Master) ~Yi l~lflci~fl~lJ 111l~ ~{ l1 ~~ fln ill l1lJ rl (l1rl mv¢i1vflw~m{ (Stamping)¢i1VIIUII'IJ'IJ~Yil \llfl 

oQ. " Q oQ. I I J ... 1 I ~ 
PDMS 1l'lmlJ~'j 'Il'IJ1lJfll'j soft lithography lJl1mtll'VlfllJfl l'Jj'lJ flnl1(1~'IllJ~UII'IJ'lJI'Vl fll'jl1(1~'IlU 

~,jIl'IJ'IJ1-tl1l'j.:j~.:j~~\9l1lJy]~ (Capillary Micromoulding) fll'jGl vm~ mfJlI'IJ'lJYilJ~!:llJH1;1' (Micrcontact 

'::1 'j)

Printing) lulJ\9lU 

t Q,I tI& ~ ~ Q.I 'jI

1U 'j ~'IJ'IJ 'Il~.:j I l1 (I \I (lillfllJ lJ 'II 'IJ1lJfll'j,j 'j ~ fl ~'IJ II (I~'IJ 'j 'j \I i1 Wcy] 9$.:j IlJlJ 'IllJ \9l ~lJ l1 (I fl~1 flfll 'j1;1''j H. . 
t!lJlJmllJ~lf1t1JtJ~l.:j t.:jll'l'j 1~'Il~.:jI l1(1 l'lflJ 1;1'nI'i1~~H l1~~1;1'n IfllJl'i~.:j~llJl.,j'lU(I~~~fl~ lfl9f,jfl"'lVn'IJ 

fll'j 1~~lJl'l~!:lt1Jt1J lW'Vll.:j BI~ fl'Vl'j~iJmYI.,j'lll(l~ ~tJfl \llfl 1lJ 1 m BI~ fl'Vl 'j ~UmY9f,j 1I1'l1~lJ'Il~.:j 1l1(1iJ!'If 
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• • 

0 

" " . 
tJN L¢ll~ tJ~ltJ U~V.:Jij 'j 1~ lU'Vmm~'~U'Vf:il1~ltJ ~.:J11'U Uru111!l1'~ 1ijiJ.:J~.:J!il'U Uru111VitTf)1~ml1".:J1H).:J111

u u 

a 0 $I ~ rI lI)Y 0 9il 
f)1'jtJtJf)UUUU~~'il1MJ.:Jf)1'j'Vll.:J1'U~1tJ~UlJ'Vl1!\Plt)'J (Design and Simulation) L~Qf)'U1lJl L'lflJlf) 

~ ~ cv ... .1"" fjJ 0 0 4C:i d 'jJ I d 

'lJ'U u 'il 'ilU'U9$tJ1"l\PlU1'j ~1'U f)1'j 'il1~tJ.:Jf)1'j 'Vll.:j1'U (Simulation Software) lJlJ1f)lJltJl1 mtJtJl1 eJ U\PllJ m'U 1'U• . ." 
uutJViUUf)UU1It ,rTI'll.mtl~l~tJ.:Jf)1'j Ll1~1'U'j~~U'il~fl1f1 L~ ~.:Jijf)1'j !~lJ~11lJTI'llJ1'jmQ'Vl1~~1'Uijt,r!Lri. 


•.1'" ... ""'I ~ 0 IlJ '" 0 0 ~ 
9fUl'l\PlU1'j'Vl L'lfm~U.:Jf)1'j Ll1~ (Computational Fluid Dynamics l1'jU CFD) f)1'j'il1~U.:Jf)1'j'Vl1.:J1'U~1tJ 

fleJlJ~1!\PleJ{'lf1tJvh t ,r!'j 1!.u'11'il'Vl q~f)'j'j lJf)1 'j L 11~ t 'U'VleJ'lJ'U WH~f) U~~ 'lf1tJt,r!'j 1\Pl 'j 1 'il TI'eJUf)1'jl1 1.:J1'U'lJ U.:J 

~hJL~rieJ'U~!'j1'il~TI'r1.:J 'il1.:J vh t ,r~~f)1'jTI'ru!i1tJmnu~~fi1 t ~~ltJ 
'" u 

'I IlJ .J .1 ~.., "'" ~ '" ...I 

L'U'j~UU'lJeJ.:J !l1~~~fl1f1l1'U.:J"l m'il'il~u'j~f)eJU~1tJ'VleJ 111Q~ ulJ 'l5eJ.:J \Pl1J:-1TI'lJ TI'1'UmtJ.:J 11m 

c:... ~ "".1 IlJ .J ~ ., ~..c'1 .% 'I '" 
!9$'U!9$t)'J "1 ~"1 f)1'jTI''j l.:J'l5u'lJ eJ n~UU'lJ eJ.:J L11~ ~~fl1f1l1 'U.:J"l \PltJ.:JmfW~11lJ ~UtJ1.:J~ f)9$.:J L'U!'j eJ.:JJ:-I~'lJeJ.:Jf)1'j 

. " . 
VtJ-ff1'U 1'VltJ1f1'1TI'\Pl{!ntJ1tluVi'U ~h flU! TI'lJ1T~'lJ eJ.:J 1TI'~ !1I'U ~'U !VieJ t,r'j~U11TI'llJ1'j tll'l1.:J1'U L~\Pl1lJ~tJ.:Jf)1'j 

$I I .docvd 9 lit tq'jJl~ 1 I d~o 'jJ,J
U~~tlf)\PleJ.:JTI'1'UtJ'j~ f)UU'VlTI'l~ru'VlTI'~ L'U 'j~UU'lJ U.:J Ll1 ~ 'il~fl1~ L~umm U'lJ 1tJ'lJ tJ.:J'Vl tJ'lJ'U l~mf)9$.:J'Vlll1'U 1'Vl 

" u q q 


I I jI " 


!'lftJlJ ltJ.:J-ff1'U~1.:J"l t'U'j~U11 u3611 tJf)~'il~!1I'U'VltJll~Viij'lJ'U1~1'l.:J!!I'1LlJ lmllJ\Pl'j'il'Um~11.:J'lJ'U1~'U1l'U 
" • a 

llJ\Pl'j ~'UtJ~tlUf)1'jt~.:J1'U l'lf'U t'U'j~uuYiijf)1'jUlJUUUTI''U1lJLl'lvh (Electrokinetic Pumping) 'il~~tJ.:Jf)1'j 

'VltJ~ijm1lJu~ulJ1f)f)",hVJ ~l\Pl tJ{l1~ tJl'l1mtJ.:J (Filter) III 'U -ff1'U bY 1f1t1J t 'U 'lf1.:J~'U 'lJ tJ.:J 'j ~U1I~ijf)1n'l1'lJ tJ.:J 

Ll1~l.u'l~'j~11U ijl'Imm'Vl~ufI~ihlJlt~ l'lf'U f)1'jTI'r1.:J~'Vl~'U (Sieve) 11~tJf)1'jTI'r1.:J'lftJ.:J~1mTI'1 (poles) 

!~m~tJ.:Jtl'U L~t,rtJ'Umfl~ij'lJ'U 1~1mUf)".l1'J 11 ~tJ'lftJ.:Ji1.:J 'j ~l1'.ll.:JlTI'l' l1m·h'U L tJ L~ 11~ tJf)1'j ltJ~tJ'U 
• U '" 

" 'Vlq~m'jlJf)1'jLl1~'il1mluui'U (Laminar Flow) LtJlll'UUUUf)1'U1'U (Turbulent flow) ~tJ.:JmfttJI'l1'lJ11.:J 

(Obstructor) f)1'j Ll1~l~Ut,r!fl~f)1'jf)1'UJ:-ITI'lJ'j~l1i1.:Jf)1'j L11~LlJ1m11rl'1 (Microvalve) dJ'U tJtJmru~'lf1tJ• 
" fl1UfIlJf)1'J L 11" t 'U 'Vl tJ~1tJf)1'J1l~!il~tJ'j~\Pltl'U u,j.:JtJtJmll'U TI'tJ.:J'lfU~ L~uri 'lfU~Passive U~~'lfU~ Active. '" 

~ • V I 

LlJ lm11rl'1'lfU~ Passive 11'U mfttJfl11lJ~'U YiU\Plf)~1.:J'j~l1i1.:J ~1'U 11.:J TI'U.:J'lJeJ.:J11rl'1lVitJ~1UfllJf)1'j ltl~i1~• 
I ", , 

L~~tJ.:Jijl!tJf)Y11!eJl\Pl tJ {lJl'li'Ulfl~tJ'U UI'1LlJ 1m11rl'1U1IU Active U'U mfttJutJm ru'li'Ulfl~tJ'U!VitJmUfllJ 

f)1'jl'l1.:J1'U ijtJ~l1mtJ'l5U~ L~llri pneumatic, thermopneumatic, thermomechanical, piezoelectric, 

electrostatic, electromagnetic, electrochemical, capillary force lll'U~'U 'lJtJ.:Jm~1t'U'j~UUTI'llJl'jtlLl1~1'U 

'VltJLtJ\Pl1lJ-ff1'U~1.:J"l L~mfttJ~lJ'lJ'U1~l~f)~!~tJf)i1 LlJ lm~lJ (Micropump) ;.:Jij~.:JIlUU'lfU~ Mechanical 
a • 

U~~ Non-mechanical LlJ lmulJll1111 Mechanical mfttJf)1'jTI'r1.:JUH~'U'illf)f)1'j!tJ~tJ'UUtJ~.:JtJ1lJ1\Pl'j'lJtJ.:J 
a a 

chamber t 'UillJ!lI'U f)1'jciltJ'Vl tJ~'Vl".:J .:Jl'U 'Vll.:J f)" L tJ-ff'lJtJ.:J L11 ~ l~tJ\Pl 'j.:J LlJ 1millJu1111 f)~ ijtJ~l1 mtJ'lfU~ 
'" '" 

~ " 
1Pl1UV1.:Jl'lf'U peristaltic, reciprocating, rotary pumps lll'U~'U LlJ 1 millJll1111 Non-mechanical U'UTI'llJl'jtl 

l~~tJ'U'lJU.:JL11~LtJ\PlllJ'VlU l~tJL~'~mfttJ'Vl~.:J.:J1'U'Vll.:Jf)~ '~ij-ff1'U t~"l l~~tJ'U L111 Ill'1mfttJ'Vl".:J.:J1'U~'U"l 
l'lf'U m .:J~.:J H1 f)1'j'lJ tJltJ1'l1'il1 f)'Vl".:J .:Jl'U fl11lJ rtJ'U IlH 'il1f)TI''U1lJ Ll'lvh 11 ~tJTI''U 1lJU~m ~ f) lll'U ~'U 
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• • 

fll1'fff1'1 '11 tI~ (Droplet) '\!'el\ll'\1"1'\J'U 1~1~f1~ihj1lJ1~1 i 'U1 :;f11J'U 11'U ~1l1 '11~ tlVnf1~1l11~'U -ff1'U 

'I1~\l'\Jtl\l1 :;UU~ ~ 11~'UtlUfll1 i ~\ll'U1J1\l mil 'I 191'tl\ltllrYmhii ~ (Nozzle) ~f11UfllJt{1t1 i vHh1~tI'ffllJ11t:li~• 

" tJf1~ml'1fll1 ~'fflJ i'U '.i:;f1UU Cl.fl1f1tr 'U tllrYtlf1 1'.i 1l'W ~'\Jtl\l'ffl'.i (Diffusion) 1'W'.i 1:; fll1 i'l1 Cl i'U '.i :;f1uuml1f1111'U 

" t "1
llUU~'U l1mVii~i 'U fll1 ~ 'fflJ'I11tll1mi 'U fll111'W~'\Jtl\l 'ff1'.i nU:;~'UmJtlU'.i:; tI:; Vi 'ff1'.i 'fftl\l'lfiJ~lJ l'ffW:r'fftl'U 

OJ 


iI I I JI • I 


f1\ltr'U1Vitl i 'I1'1f1~fll '.i ~'fflJVi11~ 1~1 ~ 'I I91'tl 'I tltlf1l1UU i 'I1'~Vi'UVi alJ ~'ff'\Jtl\l b'f1'.i '\Jtl 'I 'lfiJ ~ i '11'lJ1f1Vi M'I IlJ. 
'jI C"Io' .. I " 

Active tr'U tllrYtlfll'.if11'U t{1t1fll'.i'tJlJ'I11tlil1'W~'\J'U WI ~1 i 'U'\JUl:; Vi IlJ 1miJf1lCJW{lll1U Passive '\!'U '1.J~ 

-ff1'U i~"l ~1f1~tl'I.J~ tllrYtlf1 1'.i ll'W~'\Jtl\l'ff1'.i l~tlll HMicroreactor l11'UUf1-ff1'U '11 ~ 'I ~fflrity'\Jtl\l1:;1111~111'U 

U~l1Ul ~1f1~ tJ iimtll'Yll\l1fI ~ ~ i{f1}J Ul:; 1 1I'U '11 'llJ '111 tl 'lftl'I '\J'U 1~1~ f1~ 'ff1'.i lJ1 f1 f1 il'11 ~ 'I 'lfiJ~lJ1~ 'fflJtl'U fll1~ 
.c1 d, 0 i rp 0 v ~ It! rpd J rp ~ 
lJ'\J'U 1~IClf1'lf1t1'Yll 'I1fll'.i'U lf1111J'.i tl'Ulf1~ ~ ~1 '.i1'\J'U fll'.i m ~ 'illt1f1111J'.i tl'U 'fflJ11 'fflJtl flll '.il-ff1'U '.i~'I1 il\l 


If'U ~11m~tJ1lJ11l '.i 'i:! \l~'U ~\l111 i 'I1'ln~tJiif11 til It{'.i1~1~1lJ1f1~'Ut{':W 'U tlf1Ulf1ifV\l'lf':WtJ'.i~'I1 V~'ffn lf1~ 


UCl~~l i ~~1t1 llCl~ 'ffllJ1'.i t:l 'fff1\Il11'U '.i ~l1l111Ul1'\J'U l'U It{ 


IlJ lmlci'Ul9ftl{ (Microsensor) l11'U-ff1'UtJ'.i~f1tll1~rllrityi'Ufll'.i1l'.i1Ul~ (Detection) i'U'.i~UU 1'1f'U 


c:: rio QJ rp rp . c:: rio IVIV Q.J 

19f'Ul9ftl'.i'ffl'l1 '.iU1~f111lJl'\JlJ '\J'U '\Jtl\l'ffl'.iCl~ mtl (Concentration Sensor) 19f'U 19ftl1 'ffl'11'.iUll'.i1'il1~'Yll\l 

.c1 d clQ.I IV lr) c:: tlQ.I ~I ~ I 

'lf1.f11'W (Biosensor) 1"lf'UI9ftlJ1~tlll'.ilfll';i l'I1Cl(Flow Sensor) 19f'UI9ftl'.i1~f111lJllJ'Um~'I1'.itl~l\l (pH 

do'", ~I ~ iii '1 d o'd", .. I d 0' 
Sensor) 19f'UI9ftlJ'Yll\llf1lJ (Chemical Sensor) IlJ'Ull'U ~lJ Iml9f'Ul9ftl';if1lJlJ1f1lJ1t1'11"lt1'lf'U~ 1'lf'U 19f'UI9ftlJ 

.. '" 0' d 0' ~ 0' d 0' ~ ~I ~ 
11l1Ul"lflJfI tl'U ~f1llltlJ 19f'UI9ftlJll1111YJ CllJ1J1\l 19f'U19ftl';i llUUfl11lJ1l1'U'Yll'U IlJ'Ull'U 

-ff1'U fl1'.iIWf1 (Separation) l11'U'!'U lltl'U "l~Yllt1 i 'U 1 :;1111~ U:;U\ll1tl f1il'ffl'.i J'U11:l'U 'ffl'.i'lfiJ~ i~ 
tllrYm'YlfliJfI~l\l"l lJ1f1lJ1t1l'lf'U gas chromatography, liquid chromatography, capillary electrophoresis, 

~I ~ 
mass spectrometry, flow injection analysis llJ'Ull'U 

~tl~'\Jtl\l'.i~l1l1'\Jtl\ll '11 ClUCl.fl1f1~mJml1t1tJ';i~fll'.i It{lln 

, 
• OJ 

" 
1) '\J'U l~.yjl~f1"\l'\Jtl 'I ';i ~UU'lf1t1111 i '11'1 ';il'ffllJ1'.it:l'W f1'Wll tJ~~I'l\l'l11 tl111fll1 'Yl~"tl\llt{~ lt1 

2) '.ilf11\lf1ljjtl~~1l~1'U1'UlJ1f1l'W'.il:;tllrYtlfll'.i~il\P111UU Batch Fabrication f1~lt1fll'.i'fffl\lllJ1m 

UI~ f1'Yl '.i tl iJmr:]ftl 

3) i -M'Wi{\l\ll'UU tltlli! tl\l Ulf1fll'.i Vtl-ff1'U 

4) tJ'.i~'I1lJ~'ffl'.ilfl~ (Reagent) ~~'.ilf1111'W\lll":;"~~li~~lt1 
, " 

5) tJ'.i dY'YlTI.fl1'W'i:! \lf1 i1l'W tl\l Ulf1Cl~ fl1';itJ'Ul1J tl'U llCl~f111lJ~~'W m~'\Jtl\l ~tJ ii'l1~\ll'U 
, " 

6) 'ffllJ1'.it:li~i'U \ll'UVil'i'tl\lfl1'.i1l'.i1'il9'hl1l'U ~1'U1'UlJlf1 (High Throughput) 1~tltl1rYtlfll'.i'fffl\l 

'.i~l1l111l1U'\J'Ul'U (ParalleIProcessing) 

" " .J
7) Cl ~.u'U1l tl'U f1 1'.i 111 '11 'U 1'If'U .u'U 11 tl'U fl1 ';i 111~ tllJ 'ffl '.i 9f\l 'ffllJl ';i tl1111t{U 'U:]ftJ 

II 



---- -------------------~ 

I 

l"lJ"!.J 

(Lab-on-a-Chip) 9h.hYl'Vif'Uf11d\9ld1'il DNA 91t1LYl'Vif'Uf11d\9ld1'il itld~U l1JU~U lviBi~LYl'Vif'Uf11d\9ld1'il 

ltJ'ilQ'tI (Diagnostics) hfl'litJfl~l'1'1 f11drlflmB'1tll (Drug Screening) 'Vi~Bfnd\9ld1'il1fl'fffl1'WU1fl~mJ 

f11di~'11Ud~'U'U'UB'1l 'Vi~'il~fI1f1'ffl111dtli~l~iU'Vimtl'ffl'Ul l~uri. 
v , 

..:::::::t...:::::::t. Q.J I ~..:::::::t. Q.J ot!! 'J} .c1 

1) f11d\9ld1'il1U'ilQtI l'liU f11d\9ld1'il1U'ilQtJl'UB'1\9lUUBf)'fftllU'Vl (Point-of-Care) 

2) f11dri'ui11tJ1fmn hfl l'liU f11drlflmB'1tJ1 f11d'Vlfl'ffB'Util 

~ I dt ot!! 

3) f11dU'W'VltlU~~'ffl1ildill"l'U l'liU lfldB'1lJB\9ld1'ilU'U'U'Wf)'Wl 

. 
v v 

4) B\9l'ffl'Vi m dlJB1'Vild l'liU f11d 'Vlfl'ffB'Ufl11lJtI~Bfl.ntl'U Bl'Vild -·,hiJ 'ffld-W'I:J'Vi ~Bl9iBhfluU lUBU 

') ') "'''' I ,.;:II 'JI
5) l'Vlfl !U !~tI'li1f11'W l'liU Protein Chip, DNA chip, Cell chip luU\9lU 

.cil did:! ~ ~ cl 

6) 'Q\9l'fflrlmdlllfllJ l'liU lfldB'1lJB\9ld1'il1lfldl~rl'UUlfll~f) 


, v 
..:::::::t. 'J} I Q.J ..:::::::t. 0 ~ 

7) 'ff'1U1fl~BlJ l'liU f11d\9ld1'il1flfJillfl1'W'UB'1flU Ul'VidBBlf11ff 
v 

Fan et aL, (1999) 1~'fflij\9lUU1'Vll'1 imJiu f11dI9l1llJUf11diU ~t1t1Bm tll'fflJ\jdruiU91U1'fffJ'UUlfl 

l~f)~ijtlf)11 micro totalanalysis 'Vi~B J.l - TAS ifltlBlfltlf)1d'vhtlBmtll hybridization 'UU beads ~l1JU 

paramagnetic iu micro fluidic chip U~~\9ld1'il'ffB'U-fftytylill'illf) fluorescent probe U~~'W'Uf11dlnfl 

hybridization 'fflJ\jdrufl1t1iunmlJJ~lUlYi Anderson et aL, (2000) I~VlnJUl'ltfl'Qtlmruifltli~ 
,.;:II '" 'I 'JI tI 0' '" '" '" "I "'0.1 0.1 0' "" 

polycarbonate dlf11\J f1lu U 1'fffJU~~ BBf)U'Uti! 'Vi ~ mill 'fflllldtl 'ilflf11df)'U'ffld lfllJrl d B'Ul'llY'lBd'Vi mtl'liU fl 
, v , 

u~~ihlll i ~\9ld1'illlfldl~M HIV I 1f'ff ljlJl'i'1U~'fftlflUtlf)mfltJ1f1~Bf) yhtlBmtJ1l-WlJUjlllill~lgUlB U~~ 

l'llDBmtJ1 hybridization 1~'WrBlJ'1 tlU'UU'ltfl~t1mru~lgulB U'Ul1JuI'i1mh'1~~iUf11dBl'1B'1~t1U'U'U~ 

Blfltlf11d 11'U1'i1'UB'1l'W d'UU~~ 1'W dllJB{iU d~ 'Vi 11'1 f11d lnfltlBnjtil U~ ~ 'Vi ~f)f11dcilt1 'VlBfl'W~'1'11U d~rl11'1 
v 

ilJmfJm~B'1U'ff'1l1'1 reporter U~~ quencher 'fflllldtlBBf)U'U'U i'Wd'Ui MB~iU~D Taq man probe, Scorpion 
v 

probe U~~ Molecular beacon(Clegg, 1992) U~11 ilJmfJm~B'1U'ff'1m~hu'il~'li1t1'UtJ1t1 iBf11'ffiUf11Jl.Jl111 
Iii"" , 

t1d~tlf)I9i'l'ViB\9ld1'il'ffB'U ilJl~ f)~ 1~f)~1'1'U11'1lllf)~UU~f)~'Uli~U'VlU i U f11d 19l1llJU f11dl1'1Ul UB'1 'illf)f11d.. . 
, v 

-ff'1lfld l~M fluorophore 19iBlJ~fl tl'U~lgWBlid lf11~'1lll f)19l'1UUf11d1111111~ fJ~ljB'1U'ff'1 i U ~t1fluorophore 
'I 'JI 'JI <!/ tI '" 'I 'J) "" 'JI I I 11]0 I

III !'li'il~\9lB'1fff)'l:J1U~~ d'U !mf)flmllJmlll~'fflJU~~fllJfI1\9lB !U. 

UBf)'illf) ilJl~fJm~B'1U1:1''1iu~D fluorophore U~1 'ffldlfliJ'lJ1'1'litJfliUf)~lJ minor groove binder 

U~~ intercalator lrlBl1'U tl'U ~lgUlB'fflllld tl riB i Mlnflf11d ltl~tlUUtI~'1'U B'1 i lJl~f)~t.Jl1 t1rif11d\9ld1'il1fl'Vll'1. " , v 

f11t1f11'Wi UdDf11dljB'1U'ff'1U~~f11dl1J~tlUutlq'1'Vll'1lyJ~l (Saito et aL, 2004) 1:1'ldlfliJf)rilJUiJ~U'VlUiu" . . 
f11dVlnJUl~1f)11 fluorophore .u'1'1~Ulllf)f11dl1'U1'i1d~Wjl'1 ilJmfJ~~l1Ju DNA binder 'fflllldtlt.Jl111 

01 0''1 'JIll] 'JI"''1 "" 0' 0 I
Ud~~f)\9l!'li !flfl !Uf11d\9ld1'il1lfldl~'ViB1'Vild Chaumpluk, (2005a, 2005b, 2005c, 2006, 2007) Ud~'ff'U 

fl11lJLYll~'il iUf11dVlnJUlf11d\9ld1'il'ffB'U'Vll'1lfliJ I yJ~l (electro chemical basedbiosensor) i Uf11d\9ld1'il'ffB'U 

12 



.1 '" cl 1 ~ 't Q.I 0' ~ " IVfllJlJU'Iltl\l~!m,Htltllf) fl m~UtllU tll'l11 m[l~tlll11 JLY\9I1U[l~fllJ\9IJ 1 tltJ U 'Iltl\ll'l1tl i 'Il'l11~U f) avian 

influenza virus H5Nl U[l~fllJ\9IJ1'il~lgU!tllUtll'l11J l~(Jl,*l11![lf:J[lff~I~U minor groove binder lu~tJ 

llJ![lf)[l Hoechst 33258 ~'mf)1JffmJ19h11'!'i1U11fllJ~'U~1'1ltl\lllJI[lf)[l binder 'lf1tJm~l'i'ul11'lo~fllJ. " 

ItJ~tJUUtJ[l\lfltu LYlJ-U~'VI1\I iyjvh1~(JJ1lJU[l~ LYllJ1Jtll-'hlJ1tJJ~~f)191'1,*'lUfllJ\9IJ1'ill~U[l~~~U1 ~ - T AS 

ill ~\I t1~I1JU flf)'lftl\l 'Vl1\11U fllnh~tJf)191'J tJ UlJ'UfllJ\9IJ1t1LYtlUffUJt1J1tu luJ tJUUU 'l '\1l,ji11'IO~~U illf)1J 
q qJ U U " 

\llU1~tJitJ~fllJ~~Ul chamber array 'Il'Wl~I~f) rlll1fufllJtbtJ5mtJ1U[l~\9IJ1t1LYtlU U[l~~WJU1!'YlfliJfl . . ., 
microflow U'W matrix 111'ijtJJ~iY'Yl~fI1'Vil.w tll'lftllJ ltJ\IJ~uU r1\1'11lJ~l.ul HlI1tJtl'W lui] tltI-UUfllJLY~l\1• 

'l "'~.I· ° lJ]"" Jmatrix 'I1IU'W~lJUDD\9Il\1'l LYllJ1Jtl'VI11~\lltJ'IlU Foder et aL, 1993 


lJ]"'o 1"'1 0.<" cl 0.< "'Q l' 1'"
0.< 0

I~Ull1[lf)fllJ photolithography lJl '11 UfllJLY\llflJl~l1 microchip 'IlUl~![lf)LY1'11JD'Yl~LYtlD~!flUltl !~tJ '11 
., 

PDMS 11Juli1tllLY~U tlmnf)lLY~ PDMS 1I~1 Yang et aI., (2002) IILYfl\l 111'!'i1U11fllJ~WJUlfllH1J1t1LYtlD 
", 0.< lJ]'" d~ ", • "" ° 'l"'lJ]'"0 0.<

~1tJl1[lf)fllJ peR LYllJ1Jtl'Vl1I~D'W1LY~'YlI1JU polycarbonate plastic ~1m'l1Uf)U 'VIl '11 I~ microarray 

'IlUlm~f)~fl1tJlul1Ju microreactor Utlmlf) PDMS l![l~ polycarbonate U~11LY~~utJlJl,*llIu~tlf)m\l 
.cd "1" I ~Q.I ~ V Q.I QI Q.I I v'l ", . 

lJlf)'YlLY~ I~Uf) silicon 1I[l~ m~tlf)9f\ltl~I1JU1LYfl'l1[lf)(Manz et aL, 1991) 1LY~fl\lf)m1UlJ 'WJ~tJ~\9IU'il~tltJ 
q <:II q <u . ., 

'l 'W JtJJ~U lDI~tJ1 U~I 'YlflUfl microfabrication lui]'iltl-UU LYllJ1J trY], 'l11'10fl J~lJ1D illlJ1f)~U 11lflltlfllLY 
~ . 

1", .1"" .1 " 0 • ~I c>,"'. 'l'" dd ", "" 
'11 LYllJ1JtllJJ DlJJ~~f)\9IfllJ'Yll\11'W\9Il\1'l IlJU 2 II[!~ 3 111'111[l~'I11tJ '11 \llU 'Yl!f1 tJ I'll tl\l f)Df11Hl1DfllJfllJ 

., . . 
i '11 [l11 tJU\9I llJ '11 r:if) micro fluidic -vh ill~ltJ~U tb111'LYllJ1 Hrv11tJ 5fGtJl'Yi<i'DcMtlU '11~ tlLYllJ1J tlI'lftllJ 1(J\I 

tJ5mtJll1 ~tlO1)mJlJ~l\1'l 'I1mtJ'I1u~l.ul111tJtlUill 

do.< 1 t 0 dll}V"vQI 

J~DD\9I J 1t1'Yl'Vi~Ul U J~tJ~~tllJ1U tlf)tllm~LYllJ1Jtl'Yll peR DU 1LYfl'llUlfll[! f) 1~1I[l1tJ\I LYllJ1Jtl• 

\9IJ11)LYtlD~tllfl(Jf11Jl~'Yll\1lflijiyjYll1fltJ'l,* electrode'lu~tJ'Yltl\lfhl[!~~'4f) iridium tin oxide (Lee et aI., 

.1 "'l'" lJ] •.I}~ ", "" d .1 "1'" ",
2003)Utlf)'illf)fllJlJJ~~f)\9I 'I1fllJ\9IJ1'il'Vl1\1ll"fYilU[l1(J\llJJ1(J;11'WfllJlJJ~~f)\9I '11 laser technology 1'111 

lJ1~1lJ1'W fllJ\9IJ 1'il11flJ 1~M!'~tl'lf1(J111'LYllJ1J tl\9IJ1t1~~\9IllJ fftytyltu fluorescence ill\9l1lJJ~ (J~I1mtl~ \I 

(real time)1'Wi]1)~-UU fllJ~WJUlJ~DD fll J\9I J 1t111flJ l~M'Vi 1illlfl(JfllJ Ul~tJm ill\91 J1 t1~D~ tlltlij'llUlfl 

' 1" ~ a ~ I ~ " ~1l1tylJ1 'lHflJtl\llJtl\9lJ1t1'1lUl~l[lm'l1U laser - induce fluorescence tl[l~ mass spectrometry l1JtlUlJm~'Yl\l . ., 
fllJtJfmhu'yit1Ju electrochemical detector r1\1l'YlflUfl Laser induce fluorescence U[l~ mass spectrometry 

'Vi 1illilJ~l mYf) U[l~tlltlri \I rI[l~ tllJ[lfi 1 J 1lJ'lJtl\ltltJmill~~WJUl 'l11'ijlJ[lfil LY\lIO'W f)11~tI~tJtllJfD ill"q <uqJ 

mj,\llJ~~fllJ l~mJ ltJ\I'I1r:if)fllJ ~ltJ'l lu fllJl~mllJ~U'I1~tlu~m~rt\lf)1Jl~'Vll\1lflij i yjVhtll'il'Vil 111'fllJ 

\9IJ 1'ilLYtlDijfl11lJ11~ tlfll J\9I J 1'illJ If)~'W 1![l~f11J ~tltJm ill\91 J 1'ill~ij'IJU lfll~ f) 'Vi 1 111'[lfl'llU 1~ 1 fltJJ 1lJ'Iltl\l • 
lJ]"''''' 9 ", "'.;.

'I1fl\9lJ1t1LYtlDM l~flf111fllJ l'I1I'Vlfl'WfltlU (Belmont et aI., 1996 U[l~ Kounares, 1994)• ., .. 
fl11lJfll1'11U 1 'lu fllJ~WJU l'J!fl rll1 ~ tIlu ~ tJ ~ - TAS 'lui] 'il ~-UUijlJlf)~U 'l 'W ri1'W Vilf1(J1tlDfllJ 

., 
1IflJl~MII1tJ~lg'W!fl I'YlflUfl ~ - T AS V\lfl\ltl~DU~U~P'W'lJtl\lf11JU11'V1flUfl peR lJ1 'l,*!'WtJ\lu~tJfDfllJ'Vil 
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• I"""""" I ~I 1 'JI 0 '" IIJ 'JI I .1 1'JI ... I 'JI 'i "" 
lJ!jf1'Wl PCR fltJ1-!1!lJ\.J',)::UU l1'ffl111',)(Wl1t\.J\.J01',) L~-!l1V'U\.J 'If\911flV1-!l\.JflV('l-!l !~Vll Chang et a!. 1996 

t~\.Jf1~llmf1~D',)::'ffUml1l1~ht~~1 \.Ji1~~,r\.J ~WJ\.J101',)'Ufln::uu J...l - T AS rll11 fu O1',)\91n~~t~\.JtflmrYv 

O1',)flflf1ttuu1\.J!D micro fluidic channels (Obeid and Christopulos, 2003) ~',)fJ-!lfUflU-!ll\.J PCR '~l~v 

Df1~1 \.J 01',) flflf1ttUU ',)::utJi1~~vrllfity~1'i'fl-!l 1~fl11m::11~ ',)::1-!1 '~ttti ',)::rJ::n(l1 1 \.J O1'.ll11D Umm ~-!lm',) 
" flflf1ttUU 1 ,ri)\.Jnm1\.J'lfJ-!I a\.J"'] 

1\.Ji1~~,r\.J ~::Vluil',)::v::nm1 \.Jf1WVhDumrJl '~(I~('l-!l~lf1il 30 \.J1Yi l~rJ1J1-!1mruiJ01',)th 
... 1'J1 'JI IIJII ~I '" 1'J1l1(1f101',) l1fl11mfl\.J !1l11~::tlJ\.J laser l1',)fl electric heating elements III 'If (Chion et a!., 2001)\.Jflf1~1f1 

i1~~tJttfl-!l',)::rJ::n('lltt~1 ~D~fl~U\.Jl1~f1f1l'.l J...l - TAS fl1',)~::iJ01',)1~nl~-!ll1jflVl~-!I-!l1\.J~1 iJDjlll\91',) 
, " 

vl1flVl-!1Yit11111:: 'ff1l tVl ',) 1::11-!1 2 i1 ~~rJiJ v-m~ fll'i'\.J'YI\.J 01 ',) \91 ',) 1 ~11m1::11'~ fl vl1 fl Vl-!1 01',) flfl f1tt UUtt('l:: 01',). 

~I .d IIJ 'JI", '" 'i 0 '" • I "1 'JI 0 1 'JIPCR llJ\.J',)::tJU'YI L~',)Ufl111l\.JrJll !~tJtuVll::01',)\.Jl11(1f101',) multiplex llllJ',)::~f1\91 'If'Yll 11'ffl1ll',)() 

1tm l::11'~t~\.J!flt'lJl11lllrJ~l-!1'1fiJ~ hJVl~flll"'] fl\.J'~ tt~DUmrJl PCR ~iJt~fl\.J' 'U~1 \.J1\.J',) flU'ff~tJcjftJ~fl\.J 
" ~ll~\.Jl'i'fl-!l1~~w 11 iJiJ~H',)::~U 2-3 ',)flU\9111lDUmm 2 step l1jfl 3 step 'li'fl~lfl~tmililYh1,r01',)fJtlf1ttUU 

,," , 
J...l - TAS iJfl111lcjfu~m,Jtt(l::i ~Vl~-!I-!l1'W1l1f1~'W\9111l'D~1rJ ~-!lt1\.J111f1'ff1lll',)() 1~!DttUtJ01',)tVllJDjlllw 

ttutJt\.J~ 'licifU~tl\.J lll'YI~tt 'YI'W 01',) flflf1ttUtJ J...l - TAS ',) ::1JtJ 1 l1li~::.yh '~~lmt(l::iJD',)::iY'YI1iillVl~-!I~\.J 
" ,

',)11lI1-!1iJ~1i ~~lrJ~l(l-!l 

~lf1D',)::'fftJ O1',)W'Utl-!lfl w:: ~1~rJ1\.J O1',)\91',)1~U(I::1tfl',) 1::11'vl1flVHm'l1U ill.,rtl-!l DU,r~01',)1~rJ 

tm::'YI~'ffflUm11l',) flW::1'Y1mfl'1'ff\91{ ~W1('l-!l mflrll1111'Y1m~rJ tt(l::~lmDtt UU 01',) 1 ~uj01',)01',)\91',)1~. 
, " 

~ 

1tm1::"r~I~'WtflYi~ltiJ'W O1',)fl~1 \.J,rtl-!lDU,r~01',)~l-!l"'] 11-!1 i \.JD',):::t'YImt(l::~l-!1D ',)::: t'YIfl' U('l::~lf101',) 
~ d'o:r 3J .c1 d ~ ~ d' ~ Q.I &:! I d' I 


1tm1::11 !flH'ff',)l-!l'Utl-!l~!fl\.Jttll1',)tlO1',)\91',)1~1tm1::11 ~urJ::fl'f1~ 'If~lIVlqf1fl, 2547 ) VlU1101',)\91',)1~ 


'" " ~ • I 'i" 0 IIJ. 11 'JI'" .;, '" 1'JI1tm1::l1m111',)~:::t1J\.JlJ',)::: !rJ'If\.J~-!I~~11lf1\.Jl!lJ 'If\91tlU'ff\.Jtl-!ll1(1f101',) point of care \.J'Wfltl'ffllll',)() 'If 

" , 
m 1 ~ 'fftlU 1 \.J illfl 'ff\.J 111 flU 1\91 ()~U flU t Utl tl1111',) 'UW:::N ~ \91U(I:: 'YI ~ 'ffflU-Yi vl1N~ \91f)Wcy} 01',) \91 ',) 1~1tfl ',) 1::11'1\.J• 

',)::tJlJ J...l - T AS ~-!I\91tlU'ff\.J fl-!l~ flfl111l ~lt11\.J~-!lf1~11'~~ tclfl-!l ~ lf1 ~:::'lf1rJ i ,r~~ f1U flU ~1\.J1\.Jvl1tlVl-!1'~ 
'J1 ,~ .,j ~ 1'J1 'JI ~ i'JI d ... , 'JI 0 i 'JI'JI

lllf1 1'If-!ll'W-!l1rJ ('l~uty11l carry over l\.Jtl-!l~lf1t1J\.J',)::tJu 'lfU('l1'Y1-!1 'If'ff1',)tflllU(I::\911flV1-!l\.JflrJ'YI1 l1\91'WlJ'W 

~1 'ffllll',)()Vlf1Vll 111 'D1~\91',)1~1tml::11'1 \.Jillfl'ff\.Jllli \.J 1H-!l1'WN~\91 '~t11\.JtlVl-!1~ 1111~rllfity1\.J01',) 
" ~1'll\.J1li01',)\91',)1~ltfl',)1::11'vl1flVl-!1 i \.J!DtlUU J...l - T AS 1111~t1\.J~lt11\.Jl'i'fl-!l 1..rfl111lrllfityflU01',)'fffl~~ 

d "" 
!fl\.J W~1f1\911tlrJl-!1tl111l',) 

~ ~l'WllliJ-!I 'liiJ',)lfN1\.J 01',) 'fffl~~1~\.Jttl~1f1vl1flVl-!1ml1U~ 'ff1l\! ',) wi 'W!DUuu J...l DNA 
," , 

extractor lllrlfl\.JtUtl-!l~1f1m111',)iJtUtltll111',) (matrix) 2 !DUUU '~ttrl!DUUU 1i',)',)1l'lf1~.yjVlU1\.J1\91Q~U 
I • 'jI Q.I .c:S d ,: ~ 

m111',)-Yit11'W N('lN~\91'Y11-!101',) tf1fl\91 '.lU(I::',)DtlUU-YiiJtUtl
~ 

tl1111 ',) tt D ',)',)
~ 
D'D 01',) 'fff1~ ~ttl \.J!fl ~1f1t\.Jflm11l',) ~-!I 
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I 

"" ' '" dO" ,,'" cl '" 'I _I d....." " ml:IJltl'W~l-:J'I1'H)'ffl'fV1'Vl1 ! 'I1~ltJ'Wltll'ffV'ffflTVi ~'Wll1-:J(denaturant) ! 'W!lJ detergent 'Yl1~~tlfl11:IJI'IJ:IJ'IJ'W 

'lJtl-:Jtni1tl~ll\91f1~l-:Jn'W ntl'W ~ 11~ ~tl~lfl'W!tI'I1~tl\91f1\91~f1tl'W ~lfl'W!tI ~lm1c]$'W '11 ~ tJ silica 5-:Jlml~11''11~ tlf111 

'j) 0' Q.ldd ~ 'J} d~
\91f1\91~f1tl'W ~lV'ff1Hl~mV!!tlC'l f1tl~tlC'l f111'fff1~~ltl'W Itl 1l1f1!'W tltJ1'1111 IIU11U\91 tl-:J f1111:IJIC'lf1C'1'Ylltl'W chaotic'" . 

o ~~ Q.I ~ Q.I d d 'jJ Q a Q.I 0' 4 'jJ .J
'Vl1U~m (J1~'W!!Hf1tll'W tltJ1'1111 II rl~1ltl~ltl'WltJ~lm195'Wl11 tl silica 'ff -:J 1m 1~'I1'111 tl~ 1V1mrlflrl binder 'Yl 

SI 

ll'ff~-:Jf.!ru 'ff:IJ1J~I~'W paramagnetic ntl'W 1l~Url ~U~ tlV~lfl'WltJ1'W']'W \91 tJ'W V11v"l~f11t1f111 rl~ l~fi'tlfl 11:IJ 

'j) 'jJ a '\ .:k Q.ci 1 JI Q.I 

l'lJlJ'IJ'W'lJtJ-:Jlf1rltJ !'W1~tltl (Tengel et. ai., 2001 IIrl~ Nakama and Morishita, 2004)9l'-:J11H'I1m'W:lJf11l~tl:IJ 

Ufimtll~~ru'l1tJlJ 60 - 65 tJ-:Jfl'1195rll~V'ff li'WI~V1ntl1~tltll~:lJU~:IJ1W~lfl'WltJ (Notomi et aI., 2000) 
SI SI 

']'W\91tJ'Uf111'ffn~fi'-:Jf1~11ij'ff1:1J11mJl'11~f1f111 capturing process hw1~ microbeads ~h:IJntl flow channel 

(Endo et. ai. , 2005) :IJ1U1~~f1~1~1f1ffll1ftlf1111~:lJU~:IJ1ru 1~t1tJ1ftV~1fi'tllJ1f1ft1tJ1'Yl~I~'W'I1~f1~w:hiJ 

fId1:IJff1ti tyl1Jml'W fi'tl~ 2 11 lf1 f111 1m VtI!'YiVtl 
SI 

l'Ylfl1'W 1rlV~-:Jl'W!U branched DNA amplification (bDNA) invader amplification !!C'I~ rolling 

circle amplification (Lyamicher et.a!. , 1999 !!rl~ Lizardi et. a!. ,1998) lm-)1'Wtlf11l1f) PCR !!~1 f1111~:IJ~ 

lfl'Wltlf11t1'11 ~f)f111imJ11-HI~:lJU~:IJ1ru~lfl'WltJf11V~ru '11 tJlJ1~'W ltll~V11rWf111 imJ 11~V1 vm:IJ tJ{l-Hlf1~ 

l~tJ-:J f)11 '1 ~tlru'l1 f1lJ1~'Wltll~ V1~U1~:IJ1ru 60-65 tJ-:Jft'119l'rllClfV'ff 'fftJ~f1 ~'e)-:JntltJru '11 fI iJ'lJW~'ffn~~IS'WltJ 
q 'U q 'U 

d '1 0' .dd~ i "0 1 j,J.c:t I d,c:t 0' ~ 
11tJ-:Jfl11:IJ!QYl1~1111~1l-:J'IJ'e)-:JfJ Y111:IJtJ1 'Yl:IJt1-:J 6 Y111:IJtJ1 'Vl1 'I1:IJfl11:IJmYll~1111~1l-:J~-:Jf)11 Y19l'tn1 t1-:J 

:IJ1f)f)-)l 1000 IV;' llrl ~U l~ff'Yl TIfI1Y11 'W f111 l~lJU~:IJ1ru ~IS'WltI 1l1f1!!'11 ~ -:J~iJ~IS'WltJ'I1 mf1'Jj'lJ~u'W n'W 

mh-:Jli'W~Y1tl1'W~lfl'WltI~'ffn~ 1l1f)tn'l111 yh 111'5~ri1'W'lJtJ-:J1 ~V~nm~1~1 'Wufim(J1rl~rl-:J 111f)fI11~Uf)~ 

rl-:J:IJ1f) (111f)Uf)~ 3 i'11ml1J'W 20 - 25 'Wl~i) 1~'W~~1'W1'W 1:IJ!rlf)rl~lfl'WltJ~l~lJ1f1 iJu~:IJ1ru'ff-:Jf)-)l PCR. '" 
" I ,. 

hlutJVf)-)l 105 l'vh v'hl11'I'Ylflt1f1 LAMP iJU1~ftf)VfI1Y1'ff-:J 'WtJf)111f)ijf)11'1~'e)ru'l1f1iJVimVi Vi 60-65 tl-:Jfl'l
'" . '" 

" ~ 0' 31.:k , 1

~'W rl~fldl:IJ~lltl'W1'W f111 1\911 V:lJtlumru ~~f)l1ntltJW'I1 f1iJ~ln~fi'tlrl-:J 1~ 95-:Jtnl1'ff-:J~rl\91tJ'IJ'Wl~'lJtJ-:JtJ 
q .. qf q 

tJ', jJ 0 ~ 'jI Q.I Q.I ,J .c1 'jI ~ d Q o'.c:t d 
u3611 umru1'I1'ffl:1J11t1'Vl1 L~f)~'Yl~l~'IJ'Wllrl~:IJ\91'W'Vl'W\9l1rl-:J!!rl~I'WtJ-:J 111 mUlltltlf111\91111111ml~'I1~ltJ'W. '" 
Itli 'U tn'l111ri1'U I'll wmJtl'W f111\911 111 'fftJtl I QYll~11I'W11Vf111~-:Jvh1-Hfl11:IJ ~ 1111 'W 1'W f111\911')1l'fftltl~ Ifl'WltI 

u '" 

lfjl'11:1J1V'I1mmfj 1'I1:1J1V1UYI~tJ:IJ"1 n'W 'I1:IJ~1u ffl'11 ftlf111\91 1')1111f111~11''ffl:IJ1HI \91 1') 1l'fftJ'LI i~111f)fl11:IJ~'W 

,J i" OJ "" - I """""" '" '" 1'IJ tJ-:J \91 ~ f) tl'U 'ff11U1 ~ f1tJ tl yJ tl'ff!'~J\91 9l' -:J ~fI1V'11 rl-:J f111 1f1~lJ ~m Vl'111 tl ~ 111 f1 f111 11 tl-:JII'ff-:J 'IJ tJ-:J :IJ!rl fJrl 

'1 ' ,J ,J "" '1" OJ ~ binder tJ(J1-:J ~tl(J1-:J'I1'W-:J (Notomi et al.,2000, Chaumpluk, 2006) 9l'-:J1l~1'ff1:IJ 'I1f111\911')1l'fftltl'l1Mf111IY1:IJ 

" U~:IJ1ru~ lfl'WltJvh if1~lt1~'W hwi1j~1111'Wl'i'tl-:J tnftV 

l:IJlrlfJrl fluorophore ~-:JiJ11f11!!Y1-:JI~tJ-:J 1l1f1 l'VlfllJfI LAMP 11J'W l'VlfllJ fl1 mj f111W\9lJ'W 11'Ylflt1f1 
SI • 

o CLI ... I o'GJ 319 Q o'e::1 d Q.I Q 'jI I 1 .c:t.::g ..:::::.. 'jI 31 
'ffl'111tlf111lJ 1~~f1\91 !'l5 !'W f111\91111l11m1~'I1~1tI'Wltlmf1tn'l111 V-:JfI-:J:IJ'W tJVtl~ fI Hf111'W 11-:Jl1:IJ\91'W~lVf111 

WWl'Wlf111 \911 111'fftJtl\911:IJ'I1 ~f1f111~lflm)1-:J~-:J1 'Wlljf111 1~:lJU~:IJ1ru ~ lfl'W1tIf11vlljViClftn{ 1-H'ffl:IJ11t1 
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4 11] 'JI 'JI ".d '" .1 J'.;j ~ .d 'JI
~11'W'Wfl1'J !~~1tJ'I1 ~f)f)1'J'YI1'1 LAMP~'1iT'W J.l -T AS 'Yll~'W tl'WroJ'W 1'U'W 'W ~'11U'W 'J~lJlJ'VH)~'l.h~f)tllJ~1t1 

~h'W~n~~ !g'Wltl ~h'W 'U tJ1tJ!~ lJ'l11lJ1W~ Ig 'W! tl u,,~ ~h'W \91'J 1 ~ ~tllJ ~1lJn'W ~1'11 i'lJ fl1 'J ~n~~lg'Wl tl ~1f) 

tl1'111'J~11iJ'Wfl1'J 1 ~tJ~l'1 B'I\!'JW 1fl1'J ~n~~lg'Wltl (Chaumpluk, 2003) ll"~ tltlf)UlJlJfl1'Jfl1lJf:)lJf)1'J 1'11" 

1l"~~lJI'i1'Utl'l~lg'Wltl'1'W channel 19l1lJ~'l111lJlJ'Utl'l Endo et. aI., (2004) 11lJn'Wn~~'l1UlJlJ~iJ~I~'Wtlrl'W"l 
1l,,~'Vi1',rlJ1"l'Vl iI9l1lJ'I1~f)fl1'J ~lJI'i1'Utl'l ~lg'WltlnlJ resin beads tl tlf)lllJlJ'J~lJlJfl1'J I~lJ'l11lJ1W~ !g'WltlI9l1lJ 

mlf)f)1'J LAMP (Notomi et. aI., 2000) 1l"~19l'J1~~tllJfl11lJ~'W'Utl'lI9l~f)tl'W~1'J'l1'J~f)tllJvJtl~lvJl9l~If1''I11tl 

~1f)fl1'J11tl'lU~ '1'U tl'lllJmf)". binder 'I11tl ~1f)fl1'J I'l1~tJ'Wll 'l1"'1'Vll'l1vJ~llf1iJ 
" . " 

~'1ir'W fl1'J,h~~u~'1'Vll'l~hi'VltJ11lJI"f)" 1~mQ'W1~fl11lJ~"1~lJiJ1f1~1 tllmlU"~fl1'J lfl"'W~'W~ 
• • OJ 

lvilJ'l11lJ1W~lg'W!tlf1'1tJ~W '11 iJih~'W1lJI~tJ1 fl1HJ 1'I1~f) f)1'J electrochemical detection technology fl1'J 

LY"lfI'J1~MllJmfJ"~1'1 B'I~lrJ'W~lg'WlfllJ1 ~1lJ 1l"~1~1lJf1'1tJfl1'J'J1lJ'l15fi1V1 '1 'I1'tl~' 'W ~'l1 lab-on-a-chip ~~ 

fl"flfl11lJ~~~1lJ1'J t:l~ fltJtl~ 1 'l1rifl1'J19l'J1~f1'1tJ~lg'W!tl '1 'W 'J1Vfl1'J '1 mJ"l 'W tlf)~lf)rl'lrltl'~hlJnlJ 'J'l1UlJ'IJ 
.. OJ .. 

'" '" "'d , 4 '" "''I I ~I _ I '" '" "" 'JI '" '" '" l' _I di 
~ty" f)fJW f) \l~')j'1m~'J lJfl1'W" f)fJ W 1'W U '1lJ 1 f) U"~lll'Wfl1 ':ilJ 'J ~')j'l~lJ 'W 'W 'Ii '11 f)lJl9l 1 ~'WrJ1'Utl "11 'J ~I'Vlff9f" 

l~fllJ lV" t1lJfff)tlfIl'W '1 'W fl1'JU .u'l.u'W' 'WiY'Wfl1tl1'l11'J mh"t'lv'W~tll 'l1'1'W tl'W 1f119l 

Jt ~ 
2. 1'lUlll'eH (Main Body) 

.., ",,<=I 
2.1. dtf~'YI~(HHUi,'l~d1iflll (Materials and Methods) 

2.1.1. 1tf~'YImtM 

'" '"TItlJ~')j'~'~' 'W fl1'J'Vl~~fllJ lf1'~ 1f)fIlfli')j'11'Vlfll'W 1 "tifl1'J Y-li'iI9lW')j' lJ '1111 'Vl V1"V 

'Utl'Wun'W ~11 lf1'~1f) lJ1ii''Vll ~tl~ IlJ tl{U')j''W 1 ~cU ~ln~ 

~.c:1 0 ~ 

2.1.2. d1iflllml'U1Hll1'Y1~i,'IM 

1. fl1'Jtltlf1lllJlJ 1 flH~l'1 'J~lJlJU"~11'1UY-I'W fl1'J~~1" J.l -T AS ~1'11 i'lJfl1'J~n~~lg'W!tlU"~!~tlf) 

l~~~lrJ'W 1'l11f1'. 
tlflf1l1lJlJ lflH~~1'1'J~lJlJf1'1t11'l1'JUmlJ illustrator CS3 l~V'~r~'Wi1~l U'Vl'W 'lftl'l'Vll'lI~'W'Utl'l 

~ I cI.c:1 'jJ <r ~<JJ<JJ V.c::t
~1'J"~mV'Vl'll1lJ~ mmllJ lJ"'1 '1 'W~ "lJI'W f)fl1'VlvJ 11'111Y-l'Wfl1'J~'J 1'1 J.l-T AS ! ~Vfl1'J~lJfI'W'U tllJ" 'Utl~ 

~m i1V'Utl'l 1~~ LY'I! fI 'J l~M~1 '11 i'lJ fl1'J 11'1 'J~lJ lJ ~n~~ Ig'W Iml"~Ii1 tl f) 1~~~lrJ 'W I 'l11 f1' 'J ~W:i1'1 PDMS U"~I, I di 
Silicon tltl1'1 mW1'111 'W'I 

2. ~ 11U'W fl1'J~~l'111"~'Vl~~tllJ'J~ lJlJMicro fluidic 
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9J I .r:::::r..1 '~I tI 9J.r::::t. 
'ff'jNl!lJ'VnJ'VHl1mlr-l'WY'4~lJ negative W.ltH'Vlfl'Wfl photolithography ~\I'lJ'W silicon water '\J'UWl 3.4 

~ ... 3i " 
'W1 'WWl'W1'lJ'W photoresist SU-8 U~~m\lm)f)(Nakayama et all., 2006) 

" 3. ~'W'jLJmJtlHt'l~'Vl~'ffeJtI.. 

f11'jfi1liJ'Wf11'jl~mwimim~'W'ff1'jt'l~mtJ1'U'jLJ micro fluidic 1~tJ1~ 'l'imJeJ'W Y11111f) PVP derivative 
'" 

I jJ, SI , 

'Vl~'ffeJ'lJ f11'j 1 'I1t'l'\JeJ'I'ff1'jt'l~mtJ f11'jf19f1JUt'l~fl11lJ~'W1'U 'j eJ'lJ i ~tJ1~1l1f)~'W LJt'leJ~l'lfeJ-viij 

'ff1'jt'l~mtJ bromophenol blue 0.01 % lll'W1'i1~i~ mtJ'I1~'1~1'1'j~tJtJ'Vl~'ffeJ'lJ~1tJW1i1'WeJt'lUt'l~J1f)A'W 
~llJ~l~'lJ 

4. LJ'j ~ llJ 'W r-lt'l f11'j 'ff~1'1 'j ~'lJ'lJ 'ff n~~lgl.HeJ'lJ j 'ff'Vli• 
'Vl~'ffeJ'lJfl11lJ'ff1lJl'j(1 1'W f11'j 'ffn~~lg'WleJ i ~tJi1i f11'jl ~lJLJjlJ1ru~lg'Wlmil'W I'i1~ ':i111'ffeJtJ 1~tJ 

fi11iJ'Wf11'jn'lJ1'i1mh'l~1~111f)f11'jr-l'fflJ'j~'I111'1 matrix ~l'1n'W 2 matrixes 1~l1fi ~11'11~eJ'I1mj'11 1'W 

ti'~'j1ri1'W~~1'1n'W r-l~~nrucn~lg'UleJ~1~1l1lJlUtJf)1'W'ff'W1lJ1-Wvh~1tJ 2% TAE gel 

Q.I~d 99J~ , c:., ~ 9J QII , 

f11'j 'fff)~~m'Wm111f) matrix 'j 1lJ 1~tJ ~ 'lH'W eJeJ1'I11'j r-l'fflJ'j~'I111'1m1'\1t'l eJ'I11t'l~'U111 'W eJ~ 'j1'ff1'W 

~l'1n'W 'W'lJl1 f11'j1~'j~'lJ'lJf11'jl~lJLJjlJlru~lg'Wm~mm~~eJv'W lectin 1'W~11'\1~eJ'I 

5. f11'jfi11 iJ'W f11'j'j~'lJ'lJ!~eJlJ itJ'Il~eJri'1~lg'Wmri'j~'lJ'lJI~lJLJjlJltU
'" 

f)l':iri'l~lg'Wlm.u1~'j~t1tJl~lJLJj1J1ru vb i~tJf11'j1~l1H~'W111f)l1t'leJ~ii~tJ1 syring '\J'W1~ 
" ,

lJt'l~~~'j 'Vl~'ffeJ'lJ'\JeJ'If11'j i 'I1t'l'UeJ\I 'ff1'jt'l~t'l1t11T-Wl-WeJ{ 1 'W'u'WIl'Wfl1tJfllJfl111J1 ~1'UeJ'I ti'~ 'j 1f11'j i'l1t'lfl'l-vi • 
mU'W1'Vl '" 

d "" 1 I d cl dl 0 111 911 ~ cl ~.dFl I.d.~ 
m'Wm'lJ'Wr-l1'UeJ'I ferrous resin ~tJ~H f11'j'ff'l~m'Wml1'1'Vll ~~ ~~tJt'l~t'l1t1'ff1'jt'l~mtJ~m'Wm'Vl~HeJtJ'Vlr-l1

'" 
'\JeJ'I resin ~1tJlT-wl-weJ{'I1jeJJ1f)~'WLJt'l eJ~iJ1fl~m'ff u'ti1ri'l 'ff1'j t'l~mtl~lg'Wm~'1 f) ri11 i LJI~lJLJj1J1ru~lg'W 
m~1tJLJamtJ1 isothermal amplification 

6. ']~Y11~LJmurm'lJfJlJLJanj tJl1 'W'j~'lJ'lJ 

eJeJf)11'lJtll1t'l~']~Y11eJLJmrufl1'lJfllJti'~ 'j11l1t'l'UeJ'I'UeJ'I I'll t'l (microfluidic) i ~tJ1~i'ff~eJt'liJ!'u tIlJ 
q q q ~ 

f11'jfl1'lJfllJeJLJmru'\JeJ'I I'll t'l'ff11J1'j t11 ~'11'W1~~1tJi1eJ~1tJf)t'l1 f)mh'l~1tHIt'l~'j 1fl1t1f) ~'j111'ffeJ'lJ. . '" 

amplification (Notomi aI, 2000) 1'j1J111f)1'j'WWl'Wl'j~t1t1f11'jl'WlJLJ'jlJlru~m'WleJ111f)u'j~I~'WUty'l11 'Vl 

~LJmufi~tJ1~ syring '\J'W1~ 1 ml 

7. 'ff~1'1 'jLJu'lJ'lJUt'l~'Vl~ 'ffeJtJ 'j~'lJ'lJ!~lJLJjlJlru ~lg'WleJ
'" 

9J ~ .Q dcl ~ QI 

eJeJ f) I I tJ 'lJ I I t'l ~ 'ff'j 1'1 'jLJI I'lJ'lJ f) 1 'j l'WlJLJ 'j 1.1 1ru~leJ'W leJ'lJ 'W 'W 'W;Y 1'W '11 t'l f) f) 1'j'" isothermal DNA 
~ 

~ Q.I ~ .Q .cS d ... 1 d ~ ~ 
et 

o QI ... I 3J d y .Q " ... I d d" o.Q I I I

'ff1flW'\JeJ'Iu 'j~I'Vlff 1'W'Wf)1'j I'jlJ~'W 111f)f)1'j 1Iml~'I1u'j~I~'W'Vl~ eJ'I f)1'j~ll'W'Wf)1'jeJtJl\l1 'j \I~1'W f)1'jeJeJf11ltJll
" 

IIJ 0' "" 3i '" '" d '" _jJ IIJ 0' ~ 3i '1"- I .!'W'jllJeJ'j 1 ~tJf)1'j 'ff'lJfl'WtJ'W'Vl11l'WtJ'WIU1'l11J1tJ !'W'j 11Jm'Vl'll1lJ~ eJ eJf) !!tJll~1tJ tu'j 11m 1.1 Primer Explorer 

(Fujitsu, Japan) lw~1'ULJamtJ1LJ'j~f)eJ'lJ~1tJ 40 mM Tris pH 8.8 20 mM KCI 16mM MgS04 20 mM 
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d ~" (NH4)2S04 0.2% Tween 20 1.6 M Betaine 2.8 mM dNTP ml:::: 8 U. Bst DNA polymerase ~llJ'Vl'J::::1J n 

l~tI Notomi et ai.,( 2000) l~tlufimtl11.h::::m)u~,;ltIl~'JllJtJ{~rr'lJ ~U'J::::f)tJu~'w 10 pmole each 'UtJ~ 

F3B3 UC1:::: 40 pmole 'UtJ~ FIP 1IC1:::: BIP 'Vl~rr'tJ1Jrr'fl11::::~Ll1lJ1::::rr'lJh-.lf11'JulJ1Jfin1t11 ffmnfll1lJ'1'UtJ~ 
" Ufin1t11fll1lJ~1!~1::::1I(l::::01'J'Vl~rr'tJUtlU!i1tJ~ltJth~tJ1'111'J'il1~ (Notomi et ai, 2000) 

VhlJ tJ~!~tlltllJ O1'J~l llJ'W01 'J ii~1~m1lJ-N1flW~ tJ01'J m 1 'ilO1 'JU'W 'U tJ~l~tl ~u~ritJ1~!fi~j)iJlI~
u • <u 

!91'W O1'J~ 'Jl'ilO1 'JU'W'UtJ~ttlilrr'~uC1::::ttl!'I1iltJ~ 1~tI~l!lJ'Wf)U1 'W 'JUUUU!~tlltl'WtlUf11'J~ 'J l'ilO1'JU'W'UtJ~ 
<u 

" 
!.wtJum1Jmih 

'JJ.I o";d/ ~~.1b]"1 "' ....
8. O1'Jrr''J l~tlJUUU'il1(l tJ~!~ tJfl'f)fl1fll1lJ!lJ'W ~ lJ ! ~ 'Wf11'Jfl~!i:'ltJ m ::::lJlJf)1'J~'Jl'ilrr'tJU 

" , 
d/ 1 ~ '" '" '" I " b] • .I-~ '" fl'mn':i::::UU01Hl'Jd'ilrr'tJU 'W'J'il~U'W'Vl~'VltJ~U'W01'J~'Jl'ilfftJlJ~l'W ~Yff'j1!fllJ(Chaumpluk et al.,· 

" 2007) 1~tI~~'W1'JUU UU01'JIPl'Jl'ili!fl'J1::::",j U'W ~'W ii 1'W O1'JIPl'J l'il ffwumu 'Vl N !flij1~.yh1~tllPl'J ~ 'il1f)01'J
cu ot.3 u u 

.Id '" '" 1 1 '" d ""1 '" " !lJ(ltl'Wff1Yty1W'Vl1~LfllJfl1t1 'W lJ!(l~(l~LtJ'WLtJ~ltl !lJ!(l~C1 !fllJ(Kobayashi et al., 2004) L'W'Wfll1lJff1lJ1Hl 

1'W O1'J!~tJlJ lt1~tlu'J ::::uu J.l-TAS \9l'Jl'ilfftJUU'J::::!iJ'W~(l O1'J~~'W1i1i01 'J1Pl 'J l'ill ~U\9l'Jl 'ilfftJUfll1lJ!,j'lJ,j''W 

~!'\1lJ1::::fflJ1'W'J::::'I1';h~911~ 20-50 ~M 'UtJ~ ff1'Jm::::~'W~1~1f) groove binder 1'Wrr'1'JC1::::mtl PBS ~lLlJ'Wf11'J 
"" screen .... ~U1~lJ(l(lLlJ\9I'J "" 1~U1"'If ~ pseudo reference~1t1 carbon printed electrode ~'W~1 "" 2.63 "" AgCI2 llJ'W 

electrode lPl'Jl'ill~fftyty1u!~1t1'11~f)f)U linear sweep voltrammetry (LSV) ~lU DNA Chip Tester 

(Biodevice Technology, Japan) 

'fi'l'W01'J!~tJ~Uff ~ l~u1~llJl(l~(l lu"r!~tJ{(Chaumpluk et al., 2006) !m::::f)ULU~tI'WILU(l~'Vl1~Uff~ 

~'W!~tJ~ 'il1f)U 'J1f)U01'Jru ~(llfflJtJ'W 1'W1 Ul!lJUf)1'J ff~1~ IlJL~(lfll1lJ 11l'W'ul'fi'1 'WIL'W 1'Vl1~01'J\9I'Jl'il 

i!fl'J1::::",j O1'J!~tJlJ lt1~!,j'ltlU'J::::UU U(l::::m1lJ! 1J'W1U1~1'WO1'J1~~1'W \)1~ 1~tI!U1 UU!Yitlu,j'tJ~,j'tJ!fftl'UtJ~ 

!!~C1:::: IlJ!~(l fll1lJl1J'W 1 ul'fi''Vl1~!'VlfllJfl U'J::::ff'Vl1ifl1~U(l::::f)UU'J::::!iJ'W~(l'Vl1"lfl''JEl ]"fl'lfflPl{ ~~tJlJfl~!iltJf) 

IlJ !~(l~!'11lJ1:::: fflJ!~tJO1'J IPl 'J l'il fftJU 

tJ tJ flU UlJU (l:::: ff~l ~ tJ Uf) 'Jru-NTH i'u O1'J \91 'J 1 'il fftJU ffWW1U!! ~ tJ01'J \91 'J 1 'ill~ ~"f)1':i 'Vl~ rr'tJUU(l::::• u u 

tJumrumUfllJ01'Jlil~il~ 1 '"fftJ~fl ~tJ~ tlU IlJ!~(lf)1'J 1Pl'Jd'ilfftJUffWW1u!~fff)El11'fi'i 'W,j'tJ 8 
~ ~ u u 

10. ~~Yl1'J::::UUf)1'J\9I'Jl'ill~'Vl1"YJffmY1 lJ1UllUU J.l-TAS !~tJf)1'J!!rr'~~ ~(l 
,htJumruu(l:::: lm~ff~1,,~''fi''il1f),j'tJ 1) 5) 6) U(l:::: 9) lJ1Yl1f11'J'Vl~rr'tJu11lJ!~tJlPl'Jd'ill~~"f11'J. 

"" "''I1 1m1:::: '11 !'W J.l-T AS 'Vl1~f)1t1fl1~ 

I 'I~ f Q..I " ,.,'j) QJ~.q, .:!t 'I"'~ 

'I11f)ff1lJ1'Jtl'JllJffl'W !'I1'JllJffl'W'Vl~ 3 'J::::lJ1J!'U1~1t1f)'W !~u!'Vlfl'Wfl piping 'I1':itJf11'JtJtJf)lIUU !'\1!f)~f)1'J 

!~tJlJ lt1~tl'W l~tlIPlHfl1t11'Wt)1U!~tlltl'W 
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12. 'YI~bH)Ul1'j~lihJ~H'1'j~uuh.nrtJ'll1B,j~f)1'j 
'1~ ~ .1 ....... "I '1~ ... d... .1 

'YI~fftJUf)1'j !'If'l1'W'YI1'l11tJ'lu!jU\91f)1'j !~W!'lf matrix tIl111'i 'YI~fftJUf)U'j~UU j...l-TAS 'YI'Vi~'W1'\J'W 
v v 

r1'lfl11lJ i 1'\JtJ'll1Bfi~tl1 fl11lJ~11'Vi1~'\JtJ'll1Bfi~tl111'l~f)1'j'YI~fftJul~'l1'W 'il~ 'ltlUl'WtJtIl'l11'j l~tI\91'j 'l 

13. f)1'i11'j~1:iJ'Wf)1'j 1~'l1'W'il~ 'l1'W.f11f1ff'W1lJ hlJtlU.f11'Vi ~\91ff111 f)'j'jlJ 

11l'j~UU'YI~'ltJ'lmh'l~lt1i l1ff1~\911m~Olt1'Y1tJ~i~ f)1'j 1 ~'l1'W l~tI\91 'j 'lV'l Nl1'j~f)tJUf)1'j1'W 
'U 

2.2. ~ilm'i11lU 

2.2.1.1$11uil~m'jwtlllull$l1 

2.2.1.1. m'j~H)mnJ'lJlf1'j>1'h>1 Uil~lHU~Um'jil'~Hl$t1 j...l-TAS rill1~'lJfn'jil'flVl~h6UlijUil~fnl 

ij ij ml'lJ'lJ lijij fl1il'VI~ ltlU'tf1fI 
q 

f)1'j tJtJf)llUU 1m>1 -:;1>1 f)1'j11'lllH'W ff11'l911111'l~ f)1'j~'W 'j11 l~ lJ 'il1f)f)1'j 11>1UH'W f)1'j 'eH)f)UUU9111 ~>1 
'U 

v " v 

11 'j~ f) tJU 111 ~11 tI'Ii'W \91 tJ'W f)1 'j tJ tJ f)!! U U f)1 'j li1 tJ f) 1ff~•II 'l ~ 'Ii'W \91 tJ 'W f)1 'j ff11 >11'i1911J 1 ~ til 'W 'Ii'W ~ 'W ntJ 'W f)1 'j 

oxide resin l'W.yhtl~ff~. 
f)1'j~'il1'jW11~ silica ferrous oxide resin vhl,rlm>1ff11'l9111tJ~'lJ'Wm'f)f)1'j 111'l'\JtJ>1 fluidic 

)I JI " 

phase mf)f)';i1 stationary phase f)1'j tJtJf)UUU91111 'Wflf'lU~'l!lr'Wf)1'il1~tJtli,r'\JtJ'l i lmvitll'W'\JtJ'lHfflJViii~ 
cl ~I '.1 II] ~ J ~ ... "I "'II] "1.1 ~... 'I i ~.. ..I 

!tl'W!mu'Wff1'Wu'j~f)tJU !'VI'lH1'W !1 'Vi'jtJlJf)U oxide resin !~tI'\JW~'Y1 !'VI'l !u~1t1f)'W!I'l~'il'l!'il 'Vi1f)~tf)~f)1'i 

...... ... cl '" " .. ... I 0 i ~ "I ~ ".1 ~ "I ~ 
'ilU\911'\JtJ'l~!tl'W!tlU'W'Vi'WH1'\JtJ>1 oxide resin H'l~'lf)m1'Y11 'VIf)1'jtJtJf1!IUU !flHff'j1>1'lful'W'W !flHff'j1'lf)1'j 

'I ... ",cl "I ~ ".1'" II]~.I lr).I~ I ~ cl
flow '\JtJ'lff1'j'l~mtl !'Wf)1'jfff)~~ltJ'WltJ !flHff'j1'l'lfu'YItJtJf1!IUU !~u'j~f)tJU !u~1t1 'YIm'\J1'\J'W1~1'lf)(inlet) 

tJtJf)!!U'lJl,riil~'W~1'Wf!''W6f)m'l'\J'W1~ 50-200 IlJmtJ'W (1'i1tJV1'l~!lff~'l 100 IlJmtJ'W) ii'lftJ'lf'lJ1'i1tJV1'l 
'U 

I~~'l!!~ 1-5 'lftJ>1 (.f11'Vi~ l.) 'lftJ'lfuI'i1tJV1'lI~tJlJ~tJtl'W11l'W'YI1'l1~'WI~tl1 iiu~nw~'Vim~tI'l1'i191~tl'W11l'W 
u~ntl!l1Bfi~tI1 (reaction area) u~nwl1Bmtl111l'W'VitJ~'\J~:)f~tl'W 10-20 'YIU (~llff~'ll'W~l1ii 14 'YIU) 'j~tI~ 

" " &
0.8x 1.1 lC})''W ~llJ\91'j til 'ilVtJ'VI1 tJ'\Jtl1t11l1f)U 'il1f)U'W 'Vi tJ'il~ l~ tI>11'i1111 'W 'YI1'l l~tl1'illJ O'l'lftJ'l tJtJf) (outlet) C})''lii 1 

'lftJ'l Ylf!''YI1'lf)1'j I'VI 'l'\JtJ'lff1'j lfliil~lJ 111f)'lftJ'll.u'1 ri'lftJ >1 tJtJ f) ff1'ilflii~11llJ'\J tJ'l I 'VI 'l 'il ~0 f) H~f)~'W ~1t1ll'i 'l ~'W 
'U 'U 

l~tI\91H l1~lJ1m'\JtJ>1u~nwl1Bfi~tI1 11l'W 14 llJ lm~\p)'j 
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Flow direction 

200,,1.1 

1 em. 
f1l'V'l~ 1 lm'lff!l'l~Um'l~'.ilU1:l~lflU~'UtJ'Ilm ·HY!l'l 

.. 
Q.c:t.d .d 31 
1l\91'VllfW1'IJtl'l 

,jJ d ~ 

U'UlJ'I'Vltll'IJl 1.51"lftJ\91l11\91'.i 

1J~l1wuBmUl ~llJ1lJvitl~'IJ~I'i'Tjf~nlJ 14 'Vl1J ~llJ1lJvitl~'Vl1J<j$~nlJln~1i1lJ1J~l1ru<j$,j 
dd~ d Q.J d .oC!o 

'Vlll'WlJ'Vl'Vl1J\911 '.i~U~ 0.8 x 1.11"lflJ\91111\91'.i 

ltrlJ~llJff'UVf)j;IN 100 l11fl'.itllJ... 

ri1lJ~1i1lJ inlet ~~ tltlf)U1J 1J!~tllillJ'l1tl'l'Vll'll~lJ 'ffl'.i (l~mU1.ulri<j$,j 11(l~ri1lJ~1i1lJ outlet ~~li1lJ... 

ri1lJ~cil£J'ffn(l:;m£Jtltlf1 fflYif1J 1f1 H'ff~1'l~':jf)ri11~1lj'mnllll1 £J1J~ 1£J l~tJ,j'.i:; l£J'lflJllJ f11'.i l ~'11lJ llJ 

tllJlf1\911lJ~lJ~lJ l~l~tlf)i'ff~ ''Uf)1'.i~lJ'.i,j,illJ PDMS Icltl'l~lf) l~'11'U~1£J lJ'.ilf11()f) l1(l~l'Ylf1iJf1f11'.i~lJ
q ... ... 

.llI) I 0 ~I V 'I v '" "" 
'.ilJ Lll~lllJlJ\91tl'l L'IHfl'.itl'llltl'.ilf11U'W'I... 

• "" v 'i' ~ Vv v o! 
2.2.2. ml'U'Ufl1'Hl"n~H!l:;'fIVlil'8'U'l:;'U'U micro fluidic &Vltl !'1fJil'Vlil'~lfI'll:;'t'i PDMS 

v 1 
~ 

'" J..,:'I 'J}", 01~(lf)1HY'.iNU(l:;'Vl~'fftl1J'.i~1J1J micro fluidic ~£J 1'lf1'ff~'ff~lf1'.il:;Yi PDMS !1(l:;f11'.i'UlJ'.i,j l'.ill~lf)
q ... 

'J} "" 01 ~ .1 01 "" lI) v 1 'J} dll) 'J}v 
'ff'.il'l'Wll'W\91111'UlJ\91tllJ photolithography l~W'ff'.il'l!lJl11J1J~llJWmJllJf11'Vl~ L~U1J1J fI'.i'l'ff'.il'1'Vl L~ 

tllYilJ~~lJ ~1£J1,jmf1'.ill Adobe Illustrator CS™ U(l:;~(lf11'.ilht1J1J~tltlf) 1~ lflmJ 11J1cil£J(l'lVl~1l 1~ 
Vl~lll~tJl~mrf)llJf11'.i'ff~l'll1-JU1J1J~tJ1,j 

~(lf)1'.i~lJ'.i,jlfltl~lliJlJf1n l~£Jl~ photoresist SU-8 lf1~tl1J'ffU'U Ul'Vl(l'l1J'U silicon wafer (fl1'W~... 
'" d '" 'J) 'J} lI) V I " J. I "".14 dt 'J}

2a-b) fl1£JYi(l'lm'.itl1J'Yl~ruYi tJlJ~'1U(l:;m'ltJtlf)~1£J developer L~Ulll11J1J ! lJf11'.i'UtJ!lJ'lflJ"lf'll1J lJ\91lJ 'Vll-:J 

. " 
'lJtl'l<j$,j~~l'lJlJl~lJ 
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&1 J ~ C"J 'JJ Q.I I 

fll'Vii'l2 flT:i'll'U'.iU1l1JlJlJU silicon wafer 11lHllflfll'H1'ilU lf1i'l2a(CJI'lt1)Ul:l::;fI1t1lHl'lfl11\l1t111lJlJl:l'llJU 
" 

silicon wafer ~1t1'11~flfl1'j photolithography 11~TWrotU1v1m'i11'111~11l.jUlJlJ~U 2 b ('1111) 

iJ"~llJ\9I'j f)1'j'ff~l'1'lh.hJ'w silicon wafer 1l,,::;vll1,rll~.:JI'iJfl1fJll'1'tltu'\1fliJ 90 °c llC'l~JHlJ'Wm::;'ilf1 slide. .. 
'IJ'Wl~ 76x52 iJC'l~llJ\9I'j 1~tllJ~m1tlllC'l::;1,*tJBmfJ1 plasma 1~tll..r1'ff~ POMS ~i~~~~~n1JllH'W slide 

mh.:Jll'W1JffiJi'l'~~tJtYl11'illil'W ~'Ifl1i'l~ 3 

fI1'Vi~ 3 ~Uri11~~tU~VVfllllJlJirotU1~'W lh~flVlJ~1t1'lfv'Ifmn'jl:l~l:l1t1lJ~mU U5mtl1Ul:l~ 
'liV'I ci1fJ1:Yl'J l:l::; l:l1 tlV Vfl~l m::;lJ lJ 
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~ d 'JJ .1 J ., <) .,do '\ 31 '"Q,I

'll'lhHY'n:J'IJ'U'UllJ~f)mHY1'U'Vlfl'ffl':i"~ "1t1 t1HJf)1':i 11-:1'Vlfl'VlfllfW ')mH~ 'U ~lfl micromanipulator 
" . 

I , '1' 'I 31 '" 31 ''''.1 '" "I 31'" '" j
fI1'U'I1m)~'ff-:l'ffn"~mtl t~tlf)fl'Uf)1':i t'li-:ll'U~~Q~'ffl':i"::mtl BSA 3% L'lJl'ff'll'uU"~'Vl..:J t1'VlfHll'l1fllJ q C.. . .. 
1~'Un"l 24 i'11m 

..... '" cS2.2.4. nYitYfl1Jfl1'HmYl~Uel'Wlel 

tI~mrmh'H1mfnYl~18'Wm 
JI ", I , 

f)1 ':i \91 nmJ'U~ 'U jll'U llJm ~,,~ I~ 'Uwii 'Ii'U~W'U ..hYlr1tylj lJ ~1f) 'fftl~~ I~ 'U W~l f) fll'l11':i f)1 ':i I-WlJ 
,,, I" 

tljlJ1ru~1~'UW.yj 'fftl~1~~1 f)tll'l11 ':i,r 'U 1~v'\~'11 ~f)f)1':i ~1J ~1l!1J 1J f1 'fflJ 'II fl-:l~ 1~'U1m-w lJ tJjlJ1 rullrVll~9f'U~.. 

'JI " " , 

'\ 'Ufli' -:Iii 11!'U f)1':ifff)El1 ~~'U 111"~~flVtl~tl-:lfi'fl11lJn'Ufll':i 'fftl~~I~'U w~lfln1fltll'l11':i-vi11 VlJ '\.if... 

1~'UlJ1\91':ijll'U '\ '11' 'ff1lJ1':itltli'11 '\ ~tl1J1 m -:J'ff~1-:1 ~-T AS 

'~~~'U l1TIf)1':i~mlJ1~'fflJtl1JtI iimVlf)1':i'fftl~~I~ 'UltlI:Yl'11 i'1J tl1'l11':i 2 f) ~lJ 1~1l ri 1\91q~1Jtll'l11':i 
00 .1 '131 oJ <V '" .di 5'1 '" 

(agricultural produce) Im~tlTI11':i 'ffl1':i ~~u t'lil'Ufltll'l11':i'IJtln\91q~1Jtll'l11':i9$-:lIU'U ~ "~"\91'Vl1-:1f)1':i !f1El\91':i 

'Vl1J 111 m -:I 'ff~1-:1 'II tl-:l 19$ml'~ tl vi 'U tl-:l fi'tI ':i ~ f)tl1J 'II tl-:l Idtl tll'l11':i iJ-:I iifl 1 llJ 'fflJ1J':i ill 'ff1lJ1':i tl\91 ':i 1 ~ 'fftl tI.. ... 
, " 0' I d

tl-:lfi'tI':i~f)fl1J'Vl1-:1 lflii1 'U ':itl hh~'U 11"~~I~'U IV '~~lV 'IJru~-vi,\ 'UI'WV fll'l11':i uti ':i ':iU tl-:lflU':i~f)tltlm"l'U ~~ .. .. 


'1 oJ .1.1"1.1 '" "131 '" 0'0"131 .d 
t~Vl'UVtll'l11mu':i':iu tulJ1f)lJ~" t'I1f)1':i\91n~11ml~'I1'Vl1 t1Wlf1!'UV-:I'iJlf).. 

31 
tl-:lflu':i~f)fl1J'Vl1-:11fllJluM'U t u tlJl"f) "~W'UW'Vl ~~\91 ':i1'iJ'fftl1J t ~ ~~lJu':ilJ1ru 'U tlV"-:llm~~ ~lJ'IJ'U1~"~"-:I

0'.1 "'.1'" "1.1'1 "'0 '" "1 "'.1"" 31 '" . 
.Q Q.lClcl CI , 'JJ Y ~ 

I'Vlfl'U flf)1':i 'fff)~~W 'Ultl 'iJ 1f)tll '111 ':i lJfI 11lJlll 'Vll~l~ 1~ 'iJ-:I fI tl 'U 'II 1-:1 'ff.. -:I tll '111 ':i U':i ~ f) V1J ~1m'U tl fll'l11':i 

~ll\91f)~l-:1tl'U ~h'U m~1J1'U f)1':i llU ':i ':iU~~ 1-:1 tl'U ~-:I.yh '\ '11'1 vf)1'ffl 'U f)1':i 'fftl~~I~'U Itl~iifl rufll'Vliifl 11lJU U':i... . 
'" "1.1 "" '" '" 0 'I' "1310
~'U tu\Pl1lJl'Vlfl'Uflf)1':i'fff)~~W'Ultl t'U':i~'I111-:Jf)1':i'Vl\91"tl-:l t\91'U1 Chelex resin 1m:: ferrous oxide resin lJ1 

" . 
..1-:1'ffV-:llTI'lf1V'\ '11''ff1lJ1':i tl'l1 ~f1!~ V-:lm::1J1'U f)1':i 'fftl\911 \Pltlf)1':i '\~'ffl':i"~" 1{1'\ 'U f)cilJ organic• 

solvent ,,-:I U"~'I1~f1!~V-:lmllJliYV'I11m)'Ulfi\91'iJlf)uiimV1':i::'I111-:1 organic solvent tl1J PDMS 1~ 

~"f)1':i'Vl\91" tl-:l'Vl1J11'111f)~1tlVl-:1I1:l'U 1\91q~1Jtll'l11':i (agricultural products) f)1':i '\ ~ chelating resin 

~~'lf1V '\'I1'f)l':i'fftl\91~I~'Uwvh l~~lml"~ ':i 1\911~1f)11 iil'i''U'Vl'U~ ~lf)'":h ll~ii,jVliYV '\'Ul~tl-:lmllJV1f)~lV '\ 'U. 

I Q.I o'.d. 9 'JJ Q.I I Q.I 'J,J.c:I V I I

\91m\91tlU':i~'ff-:lfl 'IJru~'Vlf)1':i t'll''I1''f)f)1':i chaotropic ':i1lJf)1J silica ferrous oxide resin lllJ1J\91'U'Vl'U'ff-:lf)1111\91. . .. 

~::mlJ1:: 'fflJtl1J ~1tlV1-:1 'YJ f) matrix ~-:I 1\91q ~1J tl1'l11':i U"::~~\91 ilru ct111 U ':i t U I m ~iJ-:I" ~ lIty'l11'VlH l'Vlfll11'1'\ 'U 

. . " 
f)1':iUi'1JUjlJl\91 ':i ~1tlV1-:1~I~'UW-vi 1~l~mhl,j1~':i::1J1J 'U tl f)'iJ1f)ii f)1':i '\ ~11 ~f)f)1':i chaotropic iJ-:I'fftl~fI~tl-:l 

tl1Jn'l1 ~f) '\'U f)1':i 'fftl\91 ~I~'UW 'iJ 1f)~1 tl Vl-:1 tll'l11':i 1J'U nlJ1\91':i]1 'U 'II tl-:l -rjl1l1" 'ffl'ffl9$tl{I m 'U ~ 
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" 
~1l1 f'U fll'.i 'lJ f 'Uni,rrrllJ 1'.i tlm i t1 ~tl~mJ~ 'U! l'U U U 1 fl~ fll '.i 'lJ" ~ 'lJ ~mJ~hg U ttl 'illf1'.i:; 'U 'U i U 

nmtlU'.i1~t~1 ~,nhl1~flfll'.irril~~tgwtliwn1~ denaturation U'Vl'Ufll'.i~ltUUfl1'.iiW111:;'lJfl~ m~tlUH 

'VIl,:jfl1U.fl1'V'l f11llJftlU i U'.i'lJmul1 fiiJi U '.i:;~'U semi denatured 11lJt1'Ufl1'.idmJ'VI1,:jtfliiU"~ 111tlfll'.i... .. 

" u,,~ ~U\9ltlUfll'.irrt1~f1'.i~U1f1~flfl 

.c::l QJ " Q..I di d ~ ..d .c::! ~ 
2.2.4.1 fll'HYI 'HlllYl18£.11'1 fl8U fll'HHlYl 9f,:j tllu 'UU \9l tlU 'VI '.i 1lJ f1'.i ~ 'U1 Ufll '.i 'VI1,:j tfllJ U":; flltlfll'V'l t'Ul 

" Q.I ~ I i g)d d "I "Q..I .... I .... I I Q.I' V " " " ~1t1flUt'V'ltl'l11t1 11 ~ttlUttl !~ '.i'Ufll'.ilJ" ~lJ" tl t1'illfl matrix \9l1tl t1l,:j ~U \9ltlUl1,:j l1lJ~ i u~uih~ t1flil 

. " 
pretreatment N" fll'.i 'VI ~"tl,:j'V'l 'U i11~Vi!'l1lJ1 ~ rrlJt1'IJ\l11mh,:j ttl U ~,:j iJ 

" ." 
1. fll'.irril~'Uu-wu~puuvl!'rltl{fiNcitlU Viii~1iJ'UiJ,:jU1f1~ttlrr U"~f11llJftlU 95° C 

.% ... ,~ cl <!I,d", 0' IIJ IIJ 
l1lfHUtl matrix 'Utl,:j\9l1tltll,:jt'UU tlJ"~'V'l'l1'V1lJtl,:jfl'lJ'.i:;fltl'Utl~ !lJ l"rr tl~ !lJ h t'V'lfl\9l'\..! rr,:j lJ "" '" .. 

~~ri1u'Utl,:j1'Ul1U~11'liU tlJ~~~11 l1"~~1drrl'.i'l1U~~N"l i,rUfl~t'lJ~tlfltltlfl '\.h~';)tJV1,:j 100 iJ"~flflJ 

NrrlJil'lJ'uvltvltl{fil,:jcitlu~'lJ'.i:;fltl'U~1t1 100mM Tris HCl pH 8.0 O.lmM EDTA 2 N NaOH 'lJ~mm 

200 fll u11'lJulJ~~tlmiJiJ 95° C U1U 10 ulVi 'ilU~1tlVl,:jtn~fll'.it'lJ~t1Uu1l",:j'VINfl1t1fl1'V'l u11'lJ'U~i,r 
. " 

,,:;t~t1~ 1JUi,r\9lfl\9l:;fltlU U~1U Wi~'V'l1:;ri1U i rr111 ri~U\9ltlUrrt1~fl'.i~U1f1~flfl~tl111 
'U 

" ." 
2. fl1'.i rrt1~ 'U U~U~ lU 'U tl,:j 'VI ~ rruvl tvl tl { Viii~1iJ'U iJ,:j U 1f1 ~ ttl rr tgu 19f1f Vtl tI 1'lJ '.i ~u u,,~ rr1'.i" ~ 

u H~,:j ~1 l1lfl~1tlth,:j 1 ~'ill flnitl tt tl ~ ii ~~ ri1'\..! 'U tl,:j 1'lJ '.i ~ U rr,:j t'liu ri1u m1,:j ri1 U i ~ 'Utl,:j t9f" ~~\9l'r.. 
nimttl~\9l1 t~ul'i'u i,rUl~1tlVN 200 iJ"~flflJ 'U~iurr1'.i"~muuyJtvltl{~'lJ'.i~fltl'U~1t1 100 mM Tris 

,d", 

HCl pH 8.0 1 mM EDTA 300 mM NaCI 0.1% mercapto ethanol 200 I.d 'VIlJ 10 III proteinase K (> 600 

mAU/mL) tilJ1Ian~ul~ 56°C ttlUtd"l 15-30 ulVi ~Ui,r\9lfl\9l~fltlUU~Tt'hm'V'l1~ri1uirr1'lJrril~fl'.i~ 
ihfl~flfl~tl111 

,v , r 

fl1'.iUl~1tlVl,:jVi1~iU~U\9ltlW!'.ifllJ1t1U\9lfl\9l~fltlUVifl1llJt~1'.itl'U 14000 rpm '\.J1U 2 ulVi t;)ltl 

, 'j/ "jI 
t'VIflU flfll'.i rril~~tgu Vi~\PlJU l~U i Ufl f,:jiJ mfttl1~fl1'.i ~'U~tgUttl i U rrl'.i"~mtl i,rmiil'U matrix 

'U 

1 i'JI"''''' .d <!I .J~IIJ'JI~iresin !~t1 'l1f]rurrlJ'U\9l'Utl,:j silica resin 'VItfl"tl'U'UU ferrous oxide 9f,:jt1JU !~'VI,:j u~'lJ micro particle U":; 

" nanoparticle l11tliu~'lJ11,:j magnetite l11tl maghemite 

OJ ,: Q.I "ct' ~ Q.I' "9J 0iUfll'.irrfl~t'Utl,:j\9l'\..! (pretreatment) mfl'Ufll'.i'VIlmtl 1 flH rr'.i l,:jt9f" "'11 '.itl matrix \9l1tltll,:j~1mtH 

!1 <!I '" i'JI "" i'JI <!I i'JI IIJ 0',
'VINflltlfll'V'l ('U~ lJU "l""l) l1'.itlUH'Vll,:jtfllJ ('l1'Qrul11JlJ~,:j ''If strong detergents l1'.itl 'l1!tlU !9flJUtltl 
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• • 

I 

hh·~'W (proteinase K or protease) f)nvhmt.l1m-!l"(l'~l-!1't1tl-!l matrix vh(h1'm~ihflilBmJ"Cl~tJcifl£Jtltlf)~lf) 
I ClI d'~'1 " ~ .a 1 t .c:9. 9J 'jI ,

matrix ~'U~!'yJm·'VI !~~lf)'tI'W~tl'Wt!jf) Im~ I'iW "(l'"(l'l'j"Cl~mmmltl fl11lJl'tIlJ'tI'W'tItl-!l chaotropic ~-!I 1'Il"'W 

guanidinium chloride 'l11tl guadinidium thiocyanate ~~tl-!li'f)EJlf111l.J!~l.J'Ij''W1..1'~-!lln'Wf)'",h 2 M 1'W 
Q.I I c:., , 'j) 'jI .;. 'jI ?I iI y.d 

"(l'11"Cl~m£J~1tl£JN 'W'W'l1l.Jl£Jfl11lJ11 fl11lJI'tIlJ'tI'W l'j lJ~'W'tI tl-!l"(l'l1 chao tropic fI 1'j IlJ 'W fl11l.J!'tIlJ'tI'W'YI"(l' -!lml 
'" 

8 M LY1'l1i''U guadinidium chloride (mtl'h-l"(l'lJ 1:4) t!"Cl~ 5-7 M 'tIfl-!l guanidinium thiocyanate mtl'h-l"(l'lJ 

'jJ.d. Ij/ 'j) .J'1 Q.I t/fJ}.c:1 d
H"(l'lJ 1:4-5 t!"Cl~~tl-!llJfl11lH'tIlJ'tI'W'tItl-!l EOTA 5-15 mM 'Wtlf)~lf)'W 'Wu~lyJm~tl-!llJ reducing agent 'YI!!H 

I ~ ~ ~ d ~I
1'Il"'W OIT !~£Jfl11lJI'tIlJ'tI'W'YI!'l1l.Jl~"(l'lJllJ'W 0.1 mM OIT 

, v v 

f)"Cllf)f11'j "(l'n~~itg'WltlLY1'l1 i''Ul1if)wYi-WWJ'W lii mi'U'W ~'W ;T1'W f111'Vll1..1'1tJ'j~'W1'W1'l1tldl-!1 ~~I~£J'" .. 
"(l'fllywdN~'W!!H 'tItu~~m~iJ1flilBf) ~~lnflf11'jflm£J1'l1't1tl-!l "(l'l£J~'WlrJ'W single strand !!"Cl~tJ"Cl~tJritl£J 

tltlf)l.Jl~1f)1'l1tldN l1i~-!lf1ril1"(l'1l.Jl1tl1oMn'U f)l1"(l'n~~lg'Ww ~lf1'Y1f1!!'l1ci-!l 'YIf)'Il"ij~'tItl-!l matrix ~l9i'tl-!lf111 

"(l'n~ l~£Jlli1J~tl~ln~ !!"Cl~lrltl1ri 1'j~'W~-!llml~'" ~lg'WW~~~'U1'l1n'UI'j~'W~-!llfl'jl~'" 'tItu~~ltJ'j~'W 

~l-!1G1 ~~ ili~'U1'l1 vh1'I1'fI-!I!'l1fttltld1'W "(l'l1"Cl~"Cll£J Irltl~l'W"(l'l1"Cl~mm~lri'U~ntu~1J"(l''WllJ iyJyhsilica resin 
I '" '" 

d ~ Q.I Q.I lfJ 'jI'jI I d 'jI 'jI I a 
'YIllJ'W ferrous oxide ~~~f1f1f1~1 n~1£J"(l''\.JllJ!!lJ!'l1"Clf1 mll.J!'tIlJ'tI'W'tItl-!l"(l''\.JllJfl1'j~-!lml 100 emu/gFe 'l1'jtl 

1J saturate field strength ~-!lf111 200 kNm 'l11tl 2.7 kOe 'l11f1!1J'W NaFeB magnet 1Jrh BH max l.Jlf1f111 

200 kJIM3 'l11tl"(l''W llJ!!li~ln~~lf1 f11'j!'l1~ £J1'U l't1tl-!l i yJ~11'W ltJ!!U'U 1~"l f11'j~UI'l1't1tl-!l~!g'Wwn'UI'j~'W 

iI "" I 'JI 

f1nfff1EJ11'Wfli'-!liil~WWJ'Wl,J'W~tl'Wf1ntJ5u~f11'j~1'W inlet Vil~tltlf1!I'UuHvI-!I'l1lJ~ 5 'litl-!l 1~£J 
, ." 

!!~"Cl~'litl-!ll 'Wri1'W'tItl-!l inlet ~~'VllmrlVi~1£Jl~f.)tJ'j~"(l' -!lrlVi~ll'Vn~1'W,J'W1!'jf1f1n'Ul~lg'WW l'W'jtJ crude. '" 
jI ~ 1 I 

Q.I ..::ill( 9J Q.I gJ 'jI ad 4:1..:::. d'~ 

extract ~lf1't1'W~tl'W pretreatment 'VI !~ l.JlH"(l'lJ'j1lJf1'U"(l'11"Cl~m£J chaotropic l'tIlJ'tI'W'YIlJ"(l'1'j'j~1CJf9J'-!I!!"Cl~I'j 

~'W~-!llml~",l'W'ltJ ferrous oxide 1'j~'W~~~'U~lg'\.J!tl ~lf1J'WtJrimJ"(l'l'l"Cl~mm~lri'j~'U'U 1~£J1oMifl-!l 
'" '" 

'l1l.Jlm"Cl'tl (1) (fll'V'l~ 4)"(l'1'j"Cl~m£J~tJ'l~f1tl'U~1£J chaotropic agent "(l'111~hqf9f-!l!!"Cl~I'j~'W~-!llml~'" ~ 

Ig'W W~~f.)f1~'U l1'U'Wth'tltl-!l 1'l~'W ~-!I!ml~'" 'j~~'UtJ~l.Jltu~lg'Ww~'Wn'UtJ~l.Jltul'j~'W ~-!I!ml~'" ~-!l1'W'YI1-!1 
'" 

tJ5u~'l11f11oMI'l~'W 7-10 uL ~~~'U~lg'Ww1~ 1 ilJ1mf1i'lJ "(l'11"Cl~m£J~!g'W!tl'l1l.J Irltl~l'W"(l''\.JllJ!!li!'l1~f1 

1P11"(l''WllJ!!li!'l1~f1~~~'UI'j~'W 1"Cl'l1~ ferrous oxide ~-!l1J~lg'W Itl~'Utl~'U'W'U~nrui4''WH1 i 1~'U~nrutJ5f1~£J1 
• • v 

('U~ntu ~'Il"lJ~)ri1'WVil1Jli~lg'Ww~~1'l1"Cl~1'W'U~ntutJ5n~£Jltltlf1 i tJ !!"Cl~~f1tll~~tltlf)Vi outlet ,J'W~tl'W 

~tll.Jll~!!rif11niJN~lg'Ww~1£J1jyJ!'vJtl{ 1~£J1oMitl-!l'l1l.Jlm"Cl'tl (2) ~'W"(l'~m~ 1~£J1oMtJ~l.Jl~'lUyJlyJtl{ 200 

llJ 1mil~'j f11'jciN~lg'Ww'l11tlm{lg'Ww 1'W~'W~ 2 .Qvh 1~£Jf1n1oM"(l'11"Cl~m£J lW"Clf)tlgtl~ alkanol 80 % 

1Jm{'Utl'Wtld 2-3 m{'Utl'W 1Jlf1fttltld 0.1 M NaClll"Cl~ EDTA 0.1-2 mM l'WuyJlyJtl{ 5 mM Tris HCl1~£J 
'" '" 

W1il'Wtlm1J'W!!tl"Clf1tlgtl~~~~ bl~ ~lmi'\.J!ih 1'11'1!'I1'-!l1~£Jf11'l ~1'W mf11ft'I~l~itl-!l'l1l.J1m"Cl'tl (3) (itll1f11'l 
v • 

"(l'n~~!g'Wwfll£J1'W~tJI"(l'1~iY'W"Cl-!l (fll'V'lVi 4) 
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• • 

_I.c::It. v Q.I' Q a Q.c::),
• 

2.2.5. lJ"i::&tlUNilm'H'J"il'i"i::'U'UllflYlYl&8'1-H8'U'HI'YIli 

" ,
'VI~Hn)'Ufl11lJ'ffllJl'Hl 1'W fll 'j 'ffn~~&~'Ww fl~'U'W-W'W~1'W fll'j 'ffn~U{l~~ 'j1'fffl'U l~tlfll'j &~lJ1J~mtu 

~l~'Wmdj'W~1\9l'j1~'fffl'Ufjtum~~I~'Ww~I~I~tI~hiJ'Wf)1'jn'U~1mh-1~'~~1f)fll'jH'fflJ'j~l1il-1 matrix 

~l-1n'W 2 matrixes 1~uri ~1mi)fl-11mj'11 1'\.Jt)\9l'jTri1'W~~1.:Jn'W H~\9l.ntucrl~I~'Ww~l~tJlmlWf)'1'W 

'ff'UllJ1vHh~1t1 2% TAE gel 
" . 

matrix i1lJ l~tI'1~!'Uflfll'l11'j H'ffm~rdl.:Jtl1mi)fl.:JU{l~~11'1Wl\9l'jlri1'W 

~l.:Jn'U ~'Uil fll'jl~'j~'U'Ufll'jlvilJ1Hmtu~I~'WW~ll!~l~~fl~'W lectin 1'W~1mi)fl.:J fflm'jtl'ffn~~I~'WIfl 

1~'l'W'VIm~~'Ufll'j'tJ'WU{l~lrlfltJl~I~'WwmlvilJ'tJ~mtu~'U lectin ~~~'Uil'ffllJl'jmvilJ'tJ~mtu~I~'WImw.:J• 

fll'j'ffn~~!~'WW!ijfl1 ~l'ufltl1mi)fl.:J!1:l'Wl\9ltl~'Ul ~!1ml'i.:J~'U 30 U{l~!ijm'tJ~tI'U!Vitl'Un'U1TI 

~'W 1~1'W~1mh.:J~ih~~'U'tJ~lJltu~1~'W lflmf)f)il 0.05% ffl'11 1'U 1 'W'lf~fl1'UfllJ~ llili~I~'Wlflli1111mtl~~ 

hjfflm'jmvilJ'tJ~mtu~!g'U!fll~ 
I ", " " I 

'W1Vi• 
'tJf)~~~fl.:J'1~!1mmf)f)il 3.5 i'11lJ.:J ~'Uil1TIfll'j'ffn~~lg'Unl'U'W9f'tJi1t1{l~'j::tI~!1{l1{l.:Jl~ 7 !Vll 1~ 

'ffl'j lflm'W fll'j L1tl~~ !g'W!flUfl tlf)ilU(l~~ fflfi'tym ~'U1'W fll'j i.:J'I1lJ~{l~fll'j ~.:J~lft'V.:J 'tJ fi1T~fll'j 1~ 
!cifl.:J~lf)hj~111:l'W~fl.:J1~!fl~fl.:Jijflmrmi'W Ifl~fl.:Ji1'W\9lf)\9l~f)fl'W U{l~'ffl'j{l~mtl1~1~ 'jm{'Ufl'W ~iJtllJ'1~ 

l'Wfll'j'ffn~~!~'Ww l~tI~11'tJ 
gJ ,SI I 

mh.:J 1 'j~~ H{lfll'j'VI~ {lfl.:JiJ.:J~'U il 'I11mJ'W \9l fl'W fll'j 'ffn~ ~!~'WIfl1~!~lJ ~'W ~lmlJflfll'l11'jViufltlf)il 

'j~~'U 50 iJ{l~f)1lJ 'j~~'U'tJ~mtu~lg'Wwri1'W'I1i1.:J~~'ffUJ!{Ytll'tJ'\Jtu::'ffn~ l~tllfl'j.:J'ff11.:J PDMS 1)::~~ctl'U~
~ u ~ 

!~'Uw lft~~n'U1 fl'j .:J'ff11.:J vh lftfll'j'ffn~~!g'WIfl llili'tJ'j ::~'VI1jm~ 

LYl'111'U'j'tJ!!'U'Ufll'jtJlri.:J~lg'WIflri'j::'U'U ~.:J'tJ'j::f)fl'U~1t1 2 'j'tJU'U'U l~uri 
~ ~ ~ 

1. fll'j Dry DNA (l~mtllftfl~I'W~'tJ'ffl'j{l::mtlu~1ri.:J~.h'Wl'tJ~'U~!1tu~~fl.:Jfll'jl'11'tJfimtJ11'W~'tJ 

'ffl'.i{l~{llt1 

2. f)n!vilJ'tJ~mtu~I~'Ww l~tI\9lH l'tJiJ.:J'U~!1tu~li~!g'Ww,)'Ufi
~ 

!vilJ 'tJ~mtu~l~ 'WI fl ~ 'U i 1 fll'.itJn ~ 'U'U ~mcifl.:J 1):: !1:l'W fl'tJ 'ff'.i'.i fl~ flfll'j fll'W 1tu'tJ~m\9l 'j '\Jfl.:J 'ffl'j (l::mtl~• 
d .::191 Q.Jct .::::I d'1 31 fiji YQJQI 

W'WW'VI\9lfl.:Jfll'j'ff.:J\9lfl ~.:J'W'W fll'j{l~ lflfll'ff!'Wfll'.i{l~mtl~w'Ww 'W'ffl'.i{l~mtl~1t1'UvJ!'rJmum1'lf\9l1 

_I "'= ..:. _I'" '" cl v ''I- 1'1 i 0 'I V"" cl .d '" II] v 
L11'j{l~mtllJ!lmtllfll'jl~lJlJ'.imtu~Wwm'\Jl !lJ !'U'j~'U'U !~tI\9lH ~~'VI1 !l'I~&fl'WIfl'VI'fff)~ !~{l~mtlflflf)m 

li'tJjm\9l'j ~ 1~1'Ufll'jm'UfllJ1 ~~lt1f)';hu{l::mj'1 'Wfl11:: 1 ~.:Jl'W 1~~f)il. ~ 

fll'j 'VI ~ {l fl.:J ~ flm~.:J ri.:J Hl'W 'ffl'j {l ~m til 'W 'j::'U wV'l m ~fllJ 1 tI.:J U{l ~ ri .:J~hg'U! m ~1~'j:: 'UwvilJ'tJjmtu 
, " 

l~tI\9l'j.:Jfl1t1l1r:).:Jfll'.imf)~!g'WIfl'U'U resin lftUft.:J l~tll~{llJH1'W micro channel Vi'ff11.:J~'UU{l::Hl'W 

'ffl'j{l~mtl'tJ ~fl~tJ1!vilJ 'tJ~mtu~lg 'U!fl! ~1~'U~!1tu 'tJ amtil 

fll'j'VI~{lfl.:J'W'Uilfll'j Hl'W 'ffl 'j{l:: mtl~lg'Ww l~tI~~'tJ~m tll!vilJ'tJjmtu!~l~'j::'U'U 'fflm'.itl 

II] Vi '1 v _I 0' _I "'= '" i "''''.! I II] ~ V I

m'UfjlJ !~ !~tlfll'.i 'lf~lJmtufl1'UfjlJlJ!lmtil fl\9l !'WlJ\9l CJWil!:'lf1t1fl1'UfjlJfll'j !'\1{l'IJfl.:J'lJfl.:J !lW l'\Jl~ 
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lJ~1dunJfin~eJli~ ~ff1ri't1J~tl-1ri1Ultu111f11'j i'\1~'lJtl-1tJfimm i tJ'\1~~~-11UfflUt!~~ltJ'lJtl-1lJ~1dtu 

,jfin~tJ1'Wtl~ ~-1'\1lJ1tJ~-1\l~~tl-11 ~tJ~lJ1\9J'j'IJtl-1 i'\1~ 7-} 0 ilJ lm~\9J'j 1.,r1~lJ~1dtutJfimtJ1 u~li-1Hlnu 

fy:h 2-5 u1Vi 

I ," I" 

i11YlVi 4 1m-1 ft~l-1'IJ't)-1~hhh~ \I'j UVi~VJJU1,;'uum:'j :::1111 m'n'il-11UViu 'j::: f1't)11~1t1'\iU~wu 
" 

m'jftn~~h~um1~m·huft1':iCl:::Cl1t1~1-1"l 1'Ii'1ti11~I1Uluijfl~tl1H1U'}$'t)~f11'\1lJ1t1lCl'IJ 1-4 

11~muuijm til (11~I1Ul'YI11911) IlCl:::'}$'t)~rl1t1ft1':iCl:::Cl1t1't)'t)f1\11m:::1111 (i11Yl11U) ll":::Uft~-1 

f11'j~11~h~'UW11U!'j~U'U11~mIlUBfl~tIl lm~ft~1-1vi-1mh1'}$1t1'Mft1lJ1'jtlftn~~I~'Um 

llCl:::!'rilJU~lJ1Ul lYivY-1vft'j :::!lCl:::~mi1't)~ 

l~lJtJ~lJ1tu~1~Wtl!rltl1~~11'\1~'t)-111/U specimen illJf1lJ matrix fHl1-111/U.,r11 U~~'j~lJ1Jf11'jl~lJ,j~lJ1U!~ 
. . " 

I~UW'IJtl-1VU lectin 'lJU1~ 118 Ulf1~ltll'V1~Vi ~11'W1~l'im.llm~tl-11'Vh,ru (MacConnick et al., 1998) 
. " 

f-l'fl f)1'j 91 'jl\lfftllJ tJ 'j ~ ff'VI ~ fll'W (Uff~ -1~-1fll'W Vi 5) :If111111 U11 ff1lJ 1':i fI fff1~~l~UW\ll f11'lltltJ1-1~ 

I~U ltl1J1 f1 ~1!'\1 ~ tl-1 U~1~ tI-1 f11 'j tJ U 1 U 'j::: ~lJO.005% 1~ Uff~ -1 1111,1 U 111 'VI fI UfI f11 'j fff1~ ~1~U w.QiJ 

tJ'j~ff'VI~fll'W III1'i1':] 1)1 f1f)1'j fff1~~l~U wtJf1~~l~1U 11tl-1tJfi1T~f)1 'j U~~llff~-11111,1 U111~tlf)1'j ~mil 

'lJtl-11'j~U iY-11m1~11'1UlJ ~1dru tJfimtl1 (reaction area) ~!~Wtl~~lJtl~lJUI'j~UiJfll1lJff:::tl1~(illiJf11'jtJu 

'lJtl-11lJ!~f1~vlJ5-11nUf111tJ~lJ1tui'lJ 1~)U~:::iJtJ~lJ1rulJ1f1'Wtl~1):::I~lJtJ~lJ1ru l~tIl'VIflUfi PCR tltJH i 'j~~• 
, " I SI I 

'j:::~lJtJ~lJ1ru~l~umVi ftf1~l~~utlVf11J'lfU~U~:::tJ~lJ1ru matrix l~lJ~U ~-1,rU V-1f1-1 ~111/U Vi~tl-1ftf1fl l'Jj"U~.. 
!l~:::'j:::~lJtJ~lJ1ru 'lJtl-11.crtl matrix ff ':]ff~'\1~tl~lff~~ff1lJ1':ifl1 ~':]lUlJU ~tJl~l'itli tJ tl~l':]1 'j~~f11'j~~I~U.. . . 
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'jJ ~ "1"91 I 

fI 1 til 'VI fI 'U fI LAMP I fI fI 1 tII'lfW fl 
Q,I 

'U 

f1l'Vj~ 5 fll';i\ll'J11HYtJlJ'l.h::~Yl~fI1'Vli'Uf1l'HYnfl~h~'UltJ~1f) matrix ~1mh~ ifl[JfllH~lJ iHlJlW~ 

1~'UWt{1[Jl'Vi11lJtJ1~11'Vn::~tJ lectin li'U ifl[JlYl!'l'WfI peR l(l'U M 100 U1mnl itJlYl~lJ11lntJ11"'U 
1J1~ 14d' ..:td' ~ .4 i " 

1-16 Lfliln f1WUWfI1lJfllJlJ1f111":: f1m'UltJ~lf1 matrix (l1l'H"tl~ U matrix '1.111 100% 50% 20% 

10% 5% 2% 1% 0.5% 0.1% 0.05% 0.01% 0.005% 0.001% 0.0005% ll"::'ltflfl1lJfllJ"lJ (non 

template control)911lJii1~lJ 

'~m)fllIUUll(l::: ~f1.yhmJmwfl1UfllJ 5\P1';i l' 'VI (I'UtJ~'U~N''VI (I (microfluidic) lf1tJ 1 ~l'CYfltJ(liJl'WUlJ
4 4 q cu 

I 

'InH) mJmru~~fl ci11f1 1UfllJ'UtJ~' 'VI (I II ';i ~~'U \ ilnfl~ lflflltlfU'VIlJ'UillJ fl(l , flfi'1tJiJ' tJfl(l 'flmh~~ltJll(l:::
q 4 q 4 

1" ..,. • I i 1 " ~ '"I o'ct
';i1m~flfll';i 'lf~1'Ufl11'U'Ufllm1'U \PI';i1'ilfftJU~lJmtuQfI'CYl'J(I:::mtJ lfltJ 'If syring 'UlJlfl 1 mlllJ'U'VI(lfl 

'Q,jmWfl1UfllJ,j fin~m11,j~lll'U 2 ';i:::U11 i~llri 'Q,j mruflU i'Vi (I 'UtJ~'UtJ ~, 'VI (11 'U';i:::uu 1 Mlnfl 

" fl11lJ~lJ~'U litlu,j5n~m~l~"l 1'U,J'U\PItJ'U fll ';i\PI';i1'il ilm1:::r111(l:::'Q,jmwfl1UfllJ'Qtu 'VI tJil'UtJ~,jfimm 1'U 

~'U ~'U'Vlu 'htJ,jmwfI 1UfllJtJtu'VI .flil'CY11J1';ifll~ heat block ,ji'U,j';i::: tJfl\PI1~1 fI tJ~ltJ fll';ii~tllm:::~YlJ'U11'U 
q q q 'U q 

" " , 
fli'~U~~IU'Ufll';i~YlJ'UU:::UU fll';ifl1UfllJ'UtJ~' 'VI (I .yjij1m~ 'CYf1~tJci1~~ltJ ';i1fl1flfllm::: ijfl11lJl'HlJl:::'CYlJl~'U. .. 

'~~hl'\1 'U fll';i~YlJ 'U l'Q,jmrufl11JfllJ 'CY1';i(l:::mtJ1 'U l,j11UU micromanipulator tJci1~~ltJ l~tJ(lflfl11lJ 

HfI'V'Imfll 'Ufll':ifl1UfllJfll'J i 'VI (I'I.ItJ~ffl';i(l::mtJ~i~1 'U,jfimm lf1tlli1tJfl i ~1'CYf.!tl~illU tJlJ ~1lJtlU 1 (I'VI::: 
I I "1 

1 fI vm ftVfll ';i lfli1tJ'U il1'U tJ~ Ifl~V111tJ\PIil1 ~ ~1'U 11 vi'U tJ (I illijVlJ.yj ~f1y'j1~'U.yjij.. .. 

(m'V'l6) 
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---------- -- - --, 

d 1 " .1" 'l .1 • •
f1WfVl 6 lm 'H,.'n:j'\Jtl,r~1Jfl'jfl!fl1Ui'JlHnH'l~cntll'U~1J micromanipulator tltll'l'llt1 

.:::;"..::::. ' ... 1 d'... 1 j} Q.I I j.J 'j)QJ 

lJl'l'tltl'lU'Vl'Uf,1lJfI'Hl!lJ):;mlUfl1t1 1'l1!t'VI'U fI11'lxtll1=17.5x4 C)flJ. ~l'W)U syring fI11'l x tl11 

I d ~ C'I Q 'jI 1 "'I 
7x2.52 C)flJ. 1!C)f:;ntl'lL'l'llJ1'I1ntllJnfl 0.5 C)flJ. 1!'VI'Wntlfl 'I1ntlflQfltl1 fl11'lxL'l''1x'l1'W1=2.75x2.52xO,9 f1t1t1f1... 

Q.I r:') a 1 f Q.I Q.I do f Q.I Q.I do 'jI 

1'l1'Wtll'l'tl'W1f1 1.5 'I1'W 'WtlI'lL'l''1U'Vl'WU'lflU'I1ntlflQfltl1 tIl1 10 C)flJ. It'Vl'WtJ'IflU'I1ntlflQfltl1 fl11'1xtl11x\1'l = 

2.75x2.5x2.5 C)flJ . 
v • v 

fIl) 1~'I 1'W11''1r1UfI1) 1'11 n'tltl'l'tltl'l1'I1n lfltl1~111jjtlfl1UfJlJ!!) '1fl'WVi!nfl~'W 1'W '11 n tlflsyring 

lf1t1I'lHI'l'W 'VI'W'Utl'l'll'f1tltJmru 'll'f1":; 650 Ul'Vl (llh1lJl'l'W'VI'Wr111!)'1'11'W!m:;ri11'LYfI)
~ q, q, q, q, q, 

" . 
2.2.7. ~l!1,jU'U'UHi:1:;'YIV1iJt)'U1:;'U'UI.yh.J'uhnw~lijl!ltl

'II 

~1fltJ) :;!~'W llty 'I11~ ~hr1ty 'tI tl'ltJ):;! 'VI f1 fIl )tJ) :;tij 'W fl11 mY1r1ty 1 'W tJ):;!~ 'W fI11lJ ~11~'W i 'W fIl) 

~l!'W'W fIl)1'l )1'ill!fI )1:; 11'ff1'11 ftJmfl ~I'l L'l'1'11 m )lJtll'l11)~tJ ':h tJ ):;!~'W 1J ty'l11f1l)tJ'W'Utl'ltJ" 11Jmihi 'W 

tll'l1 n !~'W tJ) :;!~ 'W ~I'ltl'l fI1) ~l!'W 'W fIl) miN!j '1~1'W!rl tl'l 'il1mrl 'W tJ) :;!~ 'W ~ fit] 'I1lJl tlfl1tJfJ lJtll'l11)~l f1i!{ 
• v • 

~1!11'W fIl)U'Ir1tJ 1~U"'11!l9il:Jiil~ fIl)tJi]u~l 'W fIl)l'l) 1'ill!fI':i 1:; 11'Vi iitJ ):;ff'VITI m~)tl'l ftJ fl'lU'W !rtfl111' 

I'ltltJL'I''U tl'l!m:;!r1'W1tJl'lllJfl11lJl'ltl'lfll) 1'W fI1)U'Ir1tJ 1 ~ tJ):;fI1f1f1 ):;'VI) 1'1L'1'l1i1) ru -q'tl !ttl'lfl1) tJ'W'Utl'l 
v • 

!'WtltJml1mi11 i'Wtll'l11) fI1)~l!l1'WfI1)'tItl'llm '1f11)~'1!~lJ'il1f1 
• v 

fIl)!VilJtJ~lJlW~!~'W!tltl~tJ'W~'W~l'W'I1~flfI1) isothennal DNA amplification (Notomi et aI, 
" , • v 

2000) lf1t1 1 'W ~'W1'l'W !~lJ'il1f1f11)tltlfl1!tJtJ1~)!lJ tl{Vi L'l'llJ1)tll'l) 1'il fl1 )tJ'U'Utl'l !i'1tltJ" 111 mihlfltlfl1)ffml'W 
. v. 

v'WVi!~'Wv'Wj1lJ tl tlm!tJtJ l~) !lJtl{'il1f1V'W!'i11 'I1lJltlU'W ~~'W1):;UtJ fin !VilJtJ~lJlw1f1t1tJ) :;fltltJtJi]n~ til 
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" 
l-wmJmumih 

, " 
I-W tl'l \11 f)'I11 1 \1 L11~UJ 1'U f) 11 'Vl~ ~mJ vH'l f)1 'J11fI 'J 1::11'~ 'U tl vn'U f)11 II~~ 'I ffUJUJ 1ol~IU'Ultlll 'fl:: f) 11 

u IV u u 

mJ'flH'fl'tltl'lffUJUJ1Ol~lg'Ulm~tlf)1'J11f1 'J 1::11' 1'U f)1Hl'J1\111f1 'J 1::11'tlll11'JffUJUJ1Ol ~IU'U Im~1J~'UiJtlV,rtltJ 
u u u u cu 

fl111J~11tl'U ~~tl'lI~1J ,j~lJ1Ol ~UJUJ1OlI'li'lri'J::fi'U~~ 'J 1\1 ~tl'U 1~ vh111'~tl'l-WWl'Ul1TI f)1'J 1~1J,j~1J1Ol~IU'U 
U U '" 

Q, W W " 
ltl'Yll11lJ1::f)'U 'J::'U 'U~ 'J 1 \1'U 'U '1 

I , SI I I 'JI 

ll'fl:: I-Wtl'l \11f)f)1'J I'YllJ,j~lJ1ol~IU'Ultl'lJ'U m'JiJl~ tl'U 1 'tI,j Bn~ tJll1lfltl'eJ1'U 1fJ~ tlf)1'Jfl1IlJ'Uf)1'J tlV1'1 

, i II] I ~.J .,j '" " , " 
~ltJll'fl::~m-Wtl'l'U'U9f,j !~tJ !lJ~tl'llHW11fl'J tl'llJ tl 'U tlf)\11f)oU ~tl'lfl11lJ'U f)1'J ~m-w tl'll~tJ1~nm5'Uff'U 

fi'lJ'U 1fI'J '1f)1'J ~'11iitlf) 1~'J::'U'Uf)1'J l~lJ,j~lJ1Ol~lU'U!tl~1fJtlrul1flih::'U 1'Ul~fJ1 ~'1tlv'U'Ul1r;if)f)1'Jf)1'J
• OJ '" 

'tI~~mtJ~IU'Ultl (strand displacement) 'tIOl::ff'llfI'Jl::11' '11 j tll~lJ,j~1J1Ol ,jBmmfi'lmh1tl~'U'Uf)'fl1f)f)1'J 

-ff'11fl'J1::11'~ltJ1mj 'W~tllJ'l n'U n'Uf)1'J fi'U ~lmn1111'ml~ tltlf) 1 ~tJl1r;if)f)1'J f)1'J ff'11fl'J1::11'~IU'U!tl~1tJ 

'Qrul1fJih::'U1'Ul~tJ11'U,jBn~tJ1~11tl'U~tl'ltllfftJ1'W'JllJtl{l1r;if) 2 ~ ~11'W1::~tl 6 'U~!1Ol 1~!!n 1'W'JllJtl{ ~ 
" " 

'Utlf) (outer primer) 1I'fl::1'W'JllJtl{~1'U (inner primer) (Notomi et at, 2000) f)11-WWl'U11'Ufli''1oU~'1 1~ 
II] "'I VQ 0 I "" Q .J ~I Q _~ 0 W 

tltlml'U'U !'W 'J IlJtl 'J mlJfl11lJ\111'Wl::~tl'U'H1Ol'tltl'I tJ'U sagitoxin binding protein 9f'lllJ'U fJ'UllJ1l11J1tJ~ll1'J'U 

ItI'U~'UII'U'U 1'U f)1'J~'J1\1f)11,j'U 'tItl'l,j'fl1umil11'U tlll11'J 

f)l1ffm:lllrltl'l~'U 'W'U';11L11l1i''U,j'J::l'Vlft'1'VltJ Umu mihri1'U1l1ty~-u llJ11~,j'J:: lfJ'lftJlm::iJf)1'J 

W 0 'I ~~I W "" ~I "" i _I _I
'flf)'fltl'lJ'U1lJ1 !'lfllJ'U1~Q~'UllJ'U'lf'U~ Lagocephalus lunaris, L. inermis 1m:: L. spadiceus !~tJf)1'JlJ::lJ'U 

"" ,
iJmn~~'U ol ~'U'V11'1f)1'JHil~ 11'1\11f)ll'W,jm1!'fl::~'1,j'fl1 11'fl::\11f) lH'I1'Ullun,jtlll111't1'U1~I~f)11

" 
m::'U1'Uf)1mil~ 1l.ii'~f)1J l1jtliJf)l1~mltl'U vh111'mf)~tlf)1'Jfl1'UfllJ fhtl'U~1!'fll~m~1'WiTf)'11'U lW::. . '" 

l~tl'U1 'tIfi'lf)ci11Vh 1 11'\1::~tl'l~'J 1\1~tl'Uf)1'J,j'U 1'U'U~nrull'W,j 'fl1 ~'1l1 j tllH'I1'U 1 'U fl1f1~'U llJ ~'1It1'U 

'li'tl~ln~ fi'lJ'U ~'1iJfl11lJ~11t1'U~~tl'l-wWJ'U11TIf)n~ 'J 1\1 111'~llJ 1'J ()vh 1~~ 1tJ 'J1~1~1 l~tJ1l.i~tl'ltllfftJ 
m1lJ'lf1'U1tyf)1m'fl::1l.i~'1'Vn11'tl'l,jB,j~f)1'J l~tl'lhfJh1f)1'Jm1\1~llJn()1111~1'Ufl1f1~'U1lJ ol ~~11 

~tl'lf)1'J l~fJ~H 
" )I I 1 II 

fin ffmll1'U fli''IoU 1 ~-wWJ'U11TIf)1'J lYilJ,j~1J1Ol ~lu'Ultll1m 'W 1::1\11::\1'1~ tlu'fl1umil111'1 3 'lflJ~'U'U 

~'U]l'U'tItl'l~'Usagitoxin binding protein ~'11tl'U~'U~~1'11,j'J~'U~mi1n'UYi'l:lf)1'J'Vl~'fltl'l'W'U';h f)1'Jl~1tJlJ 
~1tlV1'1~IU'Ultl ~11J1'J()fl11lJ'Uf)1'J1~1~tJ1~!'d'tl matrix ,jm H~1J'fl'lnmi1tlV1'1,jl'll'yJtl{ ~,j'J::f)tl'U~1tJ 
100 roM Tris HCI pH 8.0 1 mM EDTA 300 roM NaCI Proteinase K (> 600 Au/mL) 1I'fl:: 0.1% mecapto 

ethanol l~tJ,j1J,jBmtJ1~ 56°C ltl'Unm 10 'Ull1 ntl'U~'Um~fJ'I ~1tJfl11lJl~1~'1~~ 3 'U111 th'U 

m::'U1'U f)1'J ~'UltI'U1 ,j~llJ~ 'J1fJ'I1'U ntl'U l1,r1if f)1'J'Vl~ ~tl'U,j Bn~ tJl1ritl 1 'W'J IlJ tl{~ ~11'W1::~tl~'U 'W'U';11 

II] " '1~_1 Qcl W .d~1 Qcl
!'W'JUJtl'J~llJn() !l1'JlJu'U'U~ltl'U!tlm'W1::~1 'tI'U1~'VlllJ'U H'flflOl'tltl'l~ltl'Ultl'tl'U1~ 180 nt f)1'J'Vl~~tl'U

'" '" , ",
m11J~11'W1::'tItl'l,jBn~tJ1 (specificity) n'Uf)1'J1YilJ,j~1J1ru~lu'Um\11m-Wtltl1l11'J 111tl'U,jm 9 'lflJ~ l~un 
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" . 
spadiceus I'vilu'U (flTWVi7) 

5 
tll':i 'Vl~HH)'Uf)11lJ'1'tJ u ,aj~m tJ1 Ifwi~~I~'Ultl~'Vl ':il'U ~1'U 1'Ui'U ~tJlI'U'U copy number ~ln 10 

10
4
1d 10

2 
10 5 II~~ 1 'J!fI '\AI'Ul1'J!fI''\AI':illJu111~~tJan~t!11~lJtJ~lllru~!~'U1tl ffl111':itl\9l':i11lffU'Un1':itJ'U 

tll ':itJ'U 'tJ tl~I'U utJ mY-n'U f)11lJ ff1lJ 1 ':i tl ! 'U tll':i l'\AIlJ tJ':i lllru flltl'Ul tl ! fI t!\9l ':i 1 ~ ffUU ~lnll tl'U flltl'U ltl LfI 

'tJu~tJmilf1l1hi'U1'i'1mh~ '~i'U':i~~'U 10 copy 'tJtl~~!~'UlU'~ (fl1'\A1~ 8) 

" " tll':i\9l':i1~tll':itJ'U 'tJu~1l1utJ mil f1Ilh '1 'U tll111':i 1fit! i ~I'U fJtlll11':il1 mn'lflJfI '\AI'U':i1 ffl111':itl ~ 111'U n 

~, G1 ~..:::r,.c:tcl c.r .::scl \1]" 

" . . 
lf1tJ1u '\AIl~ i 'Ul-utltlll11 ':i.yjiJn1':itJ'UII~~ 'l.i'\AIu~il\9li)rucyj'~I~'U1tl i 'U tll111':i.yj 'l.iiJ tll ':itJ'U 'tJU~l\9ltl~UtJ~l• 

fll'\AI~ 7 f11'j\9l'jl'HfO'Ufl11lJ~1!'Vn~'IJ'U.:J LVi{llJ'U{l'Uflnl~lJu~lJ1ru~h~'Um 1'cl'U 1-11 11J'U~';l'Udl':\~I~'Um~lfl 

,J'cll~Wb'iJ\9l ntc Ufffl.:J~1fl1'UfllJ~L,j)j~I~'Um 

il1Vi~ 8 fll'j\9l'j11lff'U'Ufl11lJL l'IJ'U.:\ufifi~[JlhJf)nl~lJU~lJ1ru~lg'Um 1'cl'U 1-11 11J'U~1'UdN~I~'Um~'Vl'jl'U 

~1'Ul'U'li\9l1l1fl 100,000,0005.:\ I 'li\9l\9l1lJcllfl'U ntc Ilff\9l':\~1fl1'UfllJ~L,j)j~lg'Um 
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. " 
fllVl-V; 9 fll'J91'J11lfftl'Ufll'J'lhl'\Jtl.:Ii'91 Q~'U1l1flUcnllfllih''UL'Um:n'H1'J'b'U~~1'1'1 ute llff~.:J9i'1f11'UfllJ~ 'liiJ~ 

19'Ultl 9i'1tldl.:Jf11'Ufll..1l1l'U~lg'Ultl~fflJ1l1flUcn~.:J 3 'b'U~ 

f111lJ ~ll'Yn::amdjfr-:l1lJ 11 

lh ~ ff'Vlli fl1Vl 

.,. ., 
f11'J~flfll'J~'lJ'lJf11'J91 'J11lfftl'lJ1'U U1l ~ u'U~'1-V;tl~'lJ'U-W'U jl'U f11'J 91 'J 11lfftl'lJ'lJ'U'H "fl f11'J '11 "fl 3 thU 

1~llri ~1'U i 'VHhrllj ~1'U f11'J ~'lJ\9i11fltJ'~1lJ!" fl" 1'lJ1rlfltl{lm:::~l'U f11'J 1'tJ~ tJ'UU'tJ".:J'Vll'lUff'lU'Uli1tl'l1l1f)• 

'tJ 'J 1f)!} f11 'J ruci ltJ'Vl tlfl~"'I '11'U '111 tI'YW lfflJ tI'U 1 fl mul,!f)1'J~f)fll'lJ'U~'U j 1 'U '\J tI'I ~ 'tJU'lJ'U f11'J ff~1'I llJ lfl " 

f111lJl~lJ i'tJ1~'Ull 'U1'Vll.:Jf11'J91 'J11l11f1'Jl:::11' f11'J l~mJ ltJ.:Jl,j'ln'lJ'J:::'lJ'lJ lm:::f111lJl1J'U 1 'tJ1~' 'Uf11'J '~.:Jl'U 

1l~.:J lflmmtJ'lJ!'Vi tJ'lJ,j'tI~,j'tlli1tJ'\JtI'Ill~"::: llJ lfl" f111lJl~ 'U 1'tJ1~'V1l.:J!'V1f1UfI 'tJ'J:::ff'Vllif1WUl,,:::f)l'J 

'tJ 'J:::1Dwm'V1l.:J!ft'Jfl~ff1ff91{ Vl ~tllJflfl l~tlf) llJ lfl"~!'I1lJ1::: fflJ~Wl'U11'tJ~I~ tlf11'J91 'J11lfftl'lJ 

"" , 'U f11'J 91 'J 11111fI 'J 1::: M~1 g'Um ",h'U ff1fl qJ~ "lfl'\J tI'I'tJ Bn~ tJ1'U tlf) 1l1f)f11 'J ffnfl ~ Ig'UltI f11'Jl'WlJ 

f11'J91 'J11l~qJqJ lW ~lg'Um'lJ'U9f'tJ l~tI\9lflff'Ul1lff~ 'tJ rl(tff1'l1i''lJf11'J11fl'j1:::M 11llJ ~ 'I 

.., . 
'tJ f)91f11'J 91 'J 1'il1U1l Qm-l"f1l'J'Vlflfftl'lJVitlv'lJ'U -W'U ;r1'U'UtI'I f) 1'J !,~lJ'tJ~ lJ1W 'tJ~lJ lW ~lglJ1t1~1tJ.. .. 


l'VlflUfI peR ff1lJ1'J tl91 'J11lfftl'U 1~1l1f)f11'J 111~lg'U1tI\9l1t1VN1'tJ1Wf)~1tJff'U1lJ 1 ~~1 f11'J1U 1lQm,m~'1 
., . 
~'U tI ~n'Jf11'J'W'J'I1~tI hi'W 'U Vlil91firucn~ [g'Um1'U'\JlJ 1flVifllfl'l11'1 '111 til 'U 'lJ1 '1m WtIl1l , -M'1 'W"'lJ~ 19'Ult1'111tI.. . ., ., 
tl1{lglJmlJ1~u-wtlVlJtJ'UVl" ,J'U91 tI'U!'I1ri1Ul1l'U fJ'tJff'J 'JfI~tlf11'J1U1lQtJvh1'I11nflfl11lJ~.:JtJ1flll":::Ii1tJnm 

J' 0 <jJ a. a''jI & a' .d. & 
'U tlfl1l1 f)'U 'V11l '11 f) l'J 91 'J 11l11fl 'J 1:::'1191 tl '1'W.:J 'W 1 tI'tJ m W1'W lJlJ 1 f)'\J'U. 
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~1VmlH"lJU~'lJtl~fll'Jl~lJ1HlJ1W~lgUttl1u'J~lJlJ LAMP ~Yi1~ ',j~lfi PCR vl11'11''J,julJlJ1Ufll'J. 
" . . ~ 

1U~ltV ~H'lfll'J91'J1~fftllJ'lJtl~ LAMP ih1~~huViYi1~',j~lfi PCR u~~~huViff1lJ1'J()Ul'I1~fifll'Jl~V1ilu 

lJ1i1lJ,j'J~Vfi~1~ • 
fll'Jl~lJ,j~lJ1W~lgUttl~1V11i LAMP 1~lJ',j~1V,j'J~i1'VlTIfl1Vi ,jBmV1~~lm1~M~~lI'UU',j'¥Jfi 

'" 4 1 ~ d ~ rle:J d d J.::t ~Q.I 

1U1'VlU~~ U'¥JfiflH'Vl1f1~fll'Jff~lm1~,\HUtlUltl'Vlm1'lJU'Vl~~monomer (lfi~ polymerization) substrate . 
1'}J '}J .14?l ... I 0 1 '}J '" I '" '" 

dNTP ~~\lfi ')j'~lUU~11u~Vu!lJ'U PPi ~~~Hfim1'Vl1 '\11fi~fll'Jff~fflJ'lJ1191~fitlU'\JU'lJ11'lJtl~UlJfiU!9WlJ 

'Vi h~tlffl~911U'\1~tl~'Vl~~tl~ Notomi et al.,(2000)'~~91~fitlUUlJfiill;VlJ'Vih~tlffl~91 lr1u~')j'il1u 

fl1'Jff~l~~t:yqJ1W~lgU ltl l~Vfl1'J 1~lJ,j~lJ1W~,j'J~fflJ~~~~'lf1V1'I1',jBfi~V11fi~fl11lJ~U U~~fl11lJ~U 

~~firl111~1~U'\1~fi1Ufll'J;1~,jBmm mh~''J~~fl11lJ~U!r1mi1u,j'J~m~'~lltUl~Ui'~ ~~hj'~ 
" " 

liitlfi 1 ~1:Y1'\1~lJfl1'J-WWJU1 1 Ufl~~il 

Utlfi~lfifl11lJ~U'lJtl~91~fitlUUlJfiih;VlJ'Vi h~tlffl~91uK1 fl1'J91'J1~1~~lgUltll~V91H ~~vl11'11'. 
~U1~-;)1fl1'J 1~lJ,j~lJ1W~lgUttl,j 'J~fflJfl11lJ1:Y1l~ ~mh~uVl~~~ 1m ~ fi1'J 1~fffifJ 1fl11lJlr1U 1,j'~1Ufl1'J 

liitlfi1~1ifll'J91'J1~1~~,jUlJlJYiW'1 l'ifU fll'Ju1~lgum~1~lJ,j~lJ1W'~~1v,jBmm LAMP lJ191'J1~fftllJ 

1~Vfl1'J1Wfi~1VffU llJ'~vt 1~~l~U11ifll'J~91tllJ191(),j'J~ff~fl1~91'J~,j 'J~l~U ff1lJ1'J tl91'J1~fftllJ UtllJ~lgU. 

~ '}J... '}J .,j ~ 1 d'''; II] '}J '}J <9 0 1 '}J OJ ,,; '"'" 

ttl ~~')j'~l~U ff'J1~fl11lJl')j'tllJU U~~fll'J91'J1~11m1~'\1'Vlm1~fftllJ ~~~1Vff1V911 ~~'Vl1 '\11lJU'VlUVlJ 

e%QI' 'J/O':::::,,:::::1 31 ..:9 '" Q.I

Utlfi~lfiUV~1~U111ifl1'J i'IfllJmfi~!'Jtl~uff~1u'J,j DNA binder lJ1,j'J~Vfi91 1'Wfl1'Jm1~fftllJffUJUJ1W ff1'J 
Q ou q u u 

I d' ... ... ... '1 '}J ,J?l' ,J '1 '}J 11Ufi~lJUff1lJ1'Jtl~lJ911filJ ~flHff'J1~ minor groove 9f~llJUff1U'\1U~'lJtl~ ~flHff'J1~ double helix U• 
llJl~fi~'lJtl~~lgUttl ~~JU'\11fifl1'Jl~lJ,j~lJ1W~lgU!tl~1m'VlflUflLAMP ,j'J~fflJ~~1:Y1l~~ vl11'\1'~. 

m1lJffU1~lJ1fi l~V'\1~fifll'J fi1'J1~~~1~~h~fll'Vl'J~(e1ectrode)l~fi"1 91'J1~1~m1lJYiHrYfi6'\1jtlfi1'J 1'\1~ 

'lJtl~f1'J~l1ff1~vt11U~1t1ci1~ 1U'J~lJlJ~lrlU ff1'J~~mVff1lJ1'Jtlvl1'~l~V91H 1~vih1tl'W''IJ':h~~~tI~ 

1'11'lfi~fl11~~~firl11vl11~ 2 'J,jUlJlJ '~wi fll'J1UUff~fflJ~UJUJ1W (~lgUltl) '\1jtl'J~lJlJU1~fll'Vl'J~ N1U 
" u u

" " .'Vl1~fl1'J,)lJ~1'IJtl~~lgUltl~~lJU~~.wU ~1'IJtl~Ul~fll 'Vl 'J~ vi~1U l,j~lgu mVi'~~lfi probe '\1 j tl~lfi~1tlci1~ 

tlci1~ 1~tlci1~'\1~ ~ 11~~ fl1'J 1~~1fim~~vl1,jBfi~millJ~lgU!m~ U~1ri~L1t:yt:y1W f1'JW '\1~~ '~lUUfl1'J,)lJ 

~1lJulfu ~1'IJtl~umfll'Vl'J~ ~~vl1 1'11'vll~lU '~~lVU~~'J1~1~1 91tllJffUtl~Yitl191tl,j'J~ff~tl'IJtl~fl1'J91'J1~• 
'" "1'" II] '}J ~I I 411fl'J1~'\1 U~fifJW~ point of care ~~luUtlm~~ 

" 
fi1'JfffifJ l~lfifi~' fifll'J91 'J1~~lgU!tl'VlN'VlqfJa 'YllJ-;)l fll 'J91 'J1 ~1~'Vl1~1 ~vt l1fl i:jtl~lJU.wu 5I1U 

fl11lJ~lJ~U1h~'\1-;)1~,jBfi~ vl1fli:j~vl1 1'11'lfi~11 Hlfl~tlU'lJtl~,j'J~~ (11 Hlfl~tlU ,~vt 1 voltage) ~~fi~U1'11' 
I ," 1 

,j'J~~lfliitlu',j1U1~~ 'J 1'W~fifJW~1~v1n'WillJVilfi~~u1U11lJ91191tl~ 11~~ci1U '~lllV 1~v,jfi~1U ,jBmm
• 
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meter 

1 'W 1~ ~ 'j,~YJ 1 1 rl'l '111 mvilJ rllfl 11lJ ~1~ ~fl{J' iJ t~ tl V'l~:: ~ u fl1 'j t iJ~ {J'WU iJ~ ~ 'tItl ~ fl'j::U ~ (A) 

tfirl~U ~ ~1'~YJ 1 '111 fl 1'11 m plot t~ 'W fl'j 1~~::' ~ fl 'j 1 ~ 'tI tl ~ fll fl 'j:: U~~ ~ tl\9l1lJ fl1 'j t vilJ 'tItl ~ 
UHtfl~tl'W '~YJl fl1'jtiJ~{J'WuiJ~~'tItl~iJ'j::~~lt~fl\9l'jtl'W1'WiJ~mtl11wI ~lm'j()'111 peak 'tItl~m::u~'\1~tl 

fll~~~rlL~.. . 
1 'W Yll~iJ 5u~ fll'j 1rlfll'j tiJ~ {JU ttiJ~ ~'tItl ~iJ'j:: ~'tItl~iJ5fijVltfl1j1 rl'l 11:: ¢ltl ~UliJ5fijvltfl1j~1-H 

" ,
iJ'j::~1J111~uUYl'Wr:h-vl¢ltl~fl1'j1rl 1U mW~t~'Wttl ~1vm1::iJ~fijvliJfl~fl1'j U\9I fll'i1t tlu iJ'j:: ~'tItl~~t~U ttl 

fl~~ fl1'j11~'I1Vrl~1'j~::mV~tg'Wttl~~U'Wflt~fllYI'jrl '~'!hv1-H~1111'j ()\9I'j1~~tlUfftytyltu (signals) ~tfirl 

~ lfl fl1'j, '\1 ~ 'tI tl ~ fl'j:: u ~,~YJ 1 (fl'Wtli tl ~ III ~ 1fl fl1'j iJ 'jlfl {] 'tI tl ~ ~ t~ 'W ttl fl 11lJ t,j' lJ,j' 'W 1rl'l) t~ 'W irlUfl ~~ 

~lt~'W¢ltl~m~vllJt~ fJmfl1jt'W'l ~.ijuI'i1tlU~t~'WltJU~d'if1Vfl 'j:: ~ 'W 1 -Htfirl fl1'j tiJ~v'WuiJ~ ~Yll~fftytylrum 

~~lJ-i1lJtl'WtlU~t~'Wttl 1l1flfl1'j\9l'j1~~tlU~u',h llJmfJ~~ttl'W DNA binder 1J1~'1fUrl1jfJtu~'lJU~mm::~'lJ 
v"; '" '" '" "" cl V 1v"'> _14 _I "L.I_~ "Iv"" 

~tlrlfl~tl~t'W tl~1l1fl~:: llU\9I1flUrlttl'WttlU~:: m::\9Iu 'I1tflrlfl1'j tlJ~V'WUlJ~ ~Yll~ LY'fl"ll Lrl rl • 
1'W fl1'jYlrl~tl~ u~::~m fl1'jYlrl~tl~~-Htl~iJ5U~fl1'j '~tflVYr9lJ'W l~iJuU U fl1'j\91 'j 11l1rl'lJlfl ntl'W~Ul1 

llJt~fJ~ Hoechst 33258 1-H'J51~fl1'jtiJ~v'WuiJ~~'tItl~fl11lJ~1~~fl6fl11~~~rl U~::1~fllm::U~ pulse t~tl 

t~lJ¢lu ~l~~rl mm:: ~lJ 1 'W fln Ul111 1 ~t~'W 1'i1.ijUtlU~it~'Wttlt~ tl fl n \91 'j 1~1rl Yll~tfl1j '~YJl lm~fl ~ . . ' 

Hoechst 33258 .ijul'i'JtlU~tg'WltJujntu AT rich domain 1'W~lV double strand DNA 1 'Wri1'W minor groove 
" " ,

U~ll:: hi.ijul'i1tlU ~lV RNA 'W tlfl1l1fli1iJ~ .ijuI'i1tlU~lV~t~U ltJff'W'l-vldJ'W single strand ,~,~~.yh1-H 

" iJ'j::~Yl1im~1 'W fl1'j .ijul'i1tlU primer '11~ tl probe '~~\9Il'lJ m~'hi1t~'W~~~ri~N~1 -Hfl1'j \9I':id1l1tm1:: 11'1j 

mllJt\l~l::t~l::ll~ irlV'tl.ijrlfftytylru~tfirl~lflfl1'jiJ'W'tItl~ RNA tm:: oligo DNA tltlfl 'iJ'~ 
~ Q.J Q.J' Q.J .0:::1 d 91 31.0:::1 d 4:lt. d. 

'W tlfl1l1fl'W fl1'j ~U\9I1'j ::'I111~ Hoechst 33258 flUrlttl'WltJ ~~ fl'j:: \91 'W 1 '11 rlttl'Wttltflrl fl1'j !iJ~vu uiJ~ ~ • 
flru ~lJU~YI1~ fl1vm~1'Wt~tl~iJ'j~ 11 '11 ~tltfirl fl1'j t~tl~U~~1 'W'J51~fl11lJ Vl1fl~'W~1 ~, iJ ,~u~~ 1l1fl fl1'j ~ml1. . 
~ 'J,I I d. Q.J Q.JQ,I.o:::Id 311~h::::Sd Q.JQ.I ~ Y 

tU tl~\9IU~U11 tlJ tl ~1'j~:: ~lV Hoechst 33258 ~U\9I1flUrl ttl 'W ttl ~~ fl'j::\91 'W '11 rlltJ'WltJ'j 1lJ\9I1flUtU'W fltlU . . 
.o:::Id d Q.J :t d ~ Q.J 1 4.o:::1d d Y Q,I Q.I 

'I11fllJrlttlUttlmfl fl1'j'j1lJ\9I1'W'Wfl~::V~'l5rlt~'W 'Wm1::YllJrlttl'WltJ'WtlV fl1HU\9I1't1tl~ Hoechst 33258 ~~ 
, " 

tfirl'~mfl.yh1-H1j free electrons 'I1Mm~tlmjmfl\9l1lJ t1jtlUl'iJ11~U'WYl'Wr:h'tltl~flt~fllY1'jrl ~~,~.. 
, 4 "I -11 v v "'> "I v 1 v 1 4"" "" cl '" '"0 "'>
m~~~rl'tltl~fl'j~U~Yl'Wl LlJ 'l5m~tl~ Lrl 'WYll~\9IH'tIllJ 'Wfll1::YllJrlttl'Wttlmfl fl1HU\9I1tflrllllfl free.. . 

I _ 14 _I cl v 
electrons ~rl~~ mfl1'HlJ~V'WUu~~m::U~flll~~rl~~rl1V 

fl 11lJ fflJYr 'W.fi'j::'I111~ fll 'j!iJ~V'WUiJ ~ ~ 'tI tl ~mllJ t,j'lJ oU'W 'tI tl ~ ~ t g 'W ttl~¢Itl~ fll 'j \91 'j 1 ~1rl tlU fll~~ ~rl 

'tItl~m~ufft~'W' iJ1 'W~mJtu~~lJfl1'j NflH'W ~!~'Wt~'W\9I'j ~ (m~~ 10) 
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nWl~ 10 i'I11lJ rl'lJ'WU li)":::l1 'h:l fll)" IU~[lUllU'1.:J'\Hl.:Ji'I11lJI;J lJ;JU'\J tl.:J~h~U1'fJ~ Wltl.:J fll)" \9l )" 1111fl tlUl'i 1~.:J "lfl 

'1Hl~m:::u1Y 

lrlfll~lJtI~mw ~1~Ultl~1[1t1 {jfl~ [11 LAMP lfl[l1~hl'HlJ tJ{~ ~l1'rn:::~tlVU fl11lJ~1IYl1:::'\JtJ.:J 
tI{jm[J1~l'In1mYh'lJtJ,:j LAMP 11'1:::fffW1nYl1 Ufll'jl~lJtI~mw~1~U1tl~1l1i'jtJfd1 peR ().:J 3-8 mH~fl{ 

I , " I 

~ "" '" '" '" '" II) ~1 ~ "'l 0 1~ I '" I IIJ ~'" ~ I 0
11JUfll'jIYllJ'j:::~11'ffruru1W 'Vl1'l'j1111111 t~ 11 'ff .:J'\J'Wll'1:::'V11 l1fl1'VltllU! ~lJfl11lJflfll'ltl.:JlllJ U[ll

U U <u 'V 

lritJ.:J 'il1flfll'j'WVlJU11~fln\9n1 'il~I~U ItJl1u~tI'ff1lJnfl1l11UU flU l~11mmtlll1111 i.:JI'l'j1'il1~
'II 

m1lJ~U 11~tJfll'jl~fl.:Jll'ff.:J 11~tJfll'jltl~tJUllt1'1.:J'Vl1.:JlflijlvJ~l fl~l,:j 1 'jfi~ 1U fll'j1l11UUfln1 U 1m.:Jfll'jif• 

~tI fll'jtl'j:::llJU ~'1'Vl1,:j'Vl ql:l~Yll1-:11 fll'jI'l'j1'il1I'lm1lJ~U1~U 'j :::l1l1fll 'jl'l 'j 11)lU1)1l m'lfl ~ llJl11lJ1:::'fflJ~ "l'~ 

IritJ.:J 'il1fl 'il:::l'i'tJ,:j'WI'lJU 1~1111111ff111 f 1111'lfll 'j~ I'lflilu 11 'ff ,:j~.:JltI U optical part ~ijfl11lJ ~.:J[l1fl '\JW:::I~[J'".ltlU 

fll'j 11,:j'j :::l1l1fll 'j I'l 'j 1 'il lU1)1l[I~'11U 'jtlll1111 fl1 'j1~ fll'j ItI~ [lU 11 tI M 'Vl1.:Jlfl iJ 1 vJ~ 111~1)::: 'ff1lJ 1'j fltJtJflll1111 
'II 

" 
1 ,rmh~fll'Vl'j~tJ~l1u~tll~ l1~fll'jl'l n1) 1~~1tJ11clflflnU1):::1'1 11,rfl1 'j'WVlJU 1~tlijfl11lJ~.:J [l1fliJ 1m ,:j'ff~1.:J

'II • 

.cScv'jl X aV .d X.:!lllJ"~ 1"... 1~~ ~ .c::sd 1.1] tJ' a' 
'Vl9fl19fflU'\JUll'1:::lJI'lUVJU'Vl\1.:J'\JU 1).:J t~mflfl 'l5lJ{)mml'jtl.:Jll'ff.:J1)lfl ~1fl'W1fl tl1Uflll'ltJ'j 

flnftfll:lllii'fl,:jI'i'UYll1-:11fll'jI'l'j11)'fftJUffruwlw 'il1fl~I~Ulfll11U <fi'1~tJ {~1tJf.:Jir UV l1umju~tI 
" . " u . 

'ff1lJn(l1'111~11.:Jfl11lHJ11flilu 260312315320 350nm 1~[lf.:Jir UV fl11lJ[l11flilu 312-350 1,r~'1~ 

lfl'j.:J'ff~l.:J'\JtJ.:J~tlllJri ,:j~'1~tlfll'jff.:Jlfll'l~'1fll'j l~tJ.:Jll'ff.:J tJ~l.:J1 'jfi~f,:jir UV fl11lJ[J11fl~U 312 '~t'h lt11~• 
tI 'j:::fltJlll~Ulfltfl,:jrifl.:J1'il'1~fll'j l~tJ.:J 11'ff.:Jm fl~ 'ff~11 '1:::I~U~U [llJllYl i11 '11[1 I~ tJ 1,r'j::: 1111 fll 'j'fftl~~I~U ItJ 

'II • 

'j :::1111 fll'j l~lJtI~mWll'1::: 'j:::11111'l'j 1'il 'fftJl1 1'1l.:J1U1~fllJ~tJ tlU fl ~1,:j ~fllri tJ.:J ~.:J 1~ 'ff~1.:/11 '1:::11m 1::: 11 
LLl1l1~l'1tJ,:j l~tJftfl'l-:l1fll'i'Vi1.:J1U ~l~U 1 tll~1U fll'jtlfl11~lJlfl'ff~. 1~ tJll1111 ~l'1tJ.:J ~1ll1'WU fll'j ll1i.:JI~U 

1.111111 ~1'1 tJ.:J ~ fl1ri (l.:J 'j :::11-:11.:J 'j::: 1111 'fftl~~1~U1tJll '1::: 'j::: 11 11 fll 'j I ~lJtI~ lJl W~I~U ItJ 

2.LL1111 ~ 1'1fl,:j~ fll ri tJ.:J 'j::: 11 -:11.:J 'j::: 1111 'fftl~~I~U ItJ 'j:::1111 fl1 'j l~lJtI~ lJ 1 W ~ I~U Iflll '1::: 'j::: 11111'l 'j 11)'fftJ1J 

1~[l1~lfliJlvJ.yh 
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l~tI1"*m)fltll'.i l~~~11 'ff ~ 

ll'lJ'lJ~li:l~~~ ~1.cr~~'.i~'M":h~'.i ~'lJ 'lJ 'ffti~~I~'Ul8llC1~'.i ~'lJ'lJfll'.i 1~lJ1.J~1J1UJ~ 1~'U l81'U'U'~~ 11l'U 

'.i~'lJ'lJm'lJfJ1J~l'u'U fl1'.i'W l~illVlilUJcvl~I~'Um~IPi'~~tll'.i 1Vl'.i 1'0 'ff~'lJ '1 thltlfllPi' lt1 'ff'U llJ '~vh 1~~IVl'.il'O'ff~'lJ 

f11llHht~'Olu tll'.il~lJ1J~lJ1UJ~I~'UL~ 

tll'.i'YI~ 'ff~'lJ ll'lJ'lJ ~li:l~~~~fl rill1~tI1"*ni~m'M1'.i ~1l'M tl~~ lli:l~'.i ~'lJ'lJ tll'.iL~lJ1J~lJ1UJ ~1~'Ul8V'U 
I .., .,. d ~ 1~ .d\') ~ 1 ~ 

lectin 'V'l'lJll tll'.iC1'fl~~lfl'Ul~~lt1tll'.i 'If chaotopic buffer l1i:1~ ferrous oxide IVlllJ'YI ~~'YI~i:I~~ 'U'U~ 1.4 

lli:l~tll'.i d~Yh'U~1~'Ul~1'U ~tJtll'.ii:l~mtl~lt1C1'l'.ii:l~mtlllfimtJ11~1JtJ~lJ1UJ~l~'Ul~1~tllVl '.i ~lVll1JI1'lJ'lJ~li:l~.:j 

if C1'llJ1HllVl'.il'O C1'~'lJtll'.iL~lJll~1J1UJ~I~'Ul8'~ l~fJlrlmll~illVlilUJcvl~I~'Ul~ 'llLltIfl~lt1C1''Ul1J '~vh ,~ 

C1'l'.ii:l~mtlllfim tllll i:I~~~fl~'Ut1fimtllYh'U'Yi~ microfluidic ,:J d ~~i:I f1'.i~'Y1 'lJ~ ~f11l1JC1'11Jl'.it:l1'U tll'.il~lJ 

1l~lJ1UJllC1~IVl'.il'OC1'~'lJ~L~'Um (.fl1'V'l~ 11) 

tl1'Yi~ 11 Hil~ii'w9'i'~it~'ULfldJw·mf1W'UtJ~~I~lHtJ 'U'Ul~ 180 ihflilltJ'1'Y1~'lJtJ':lfj'U lectin 
" 

J ~ V dG ~d ~ 
LCl'U M lJ1'.ifllfltJ'j'll'Ul~ 100 nt LCl'U I-II 'Olfl'lfltl ~l8'Ul8m'lJfJlJ1JlfllLCl~ ~ltJ'UltJ'Olfl matrix tll 

l'M~tJ'I50% 20% 10% 5% 2% 1% 0.5% 0.1 % 0.05% 0.0 I % llCl~'l[~m1JfJlJCl1J (non template control) 

~lmh~1J 

~ltJlh'l~lg'UltJ '1lf'ff'IJ'Ul~IVhn1JHClflW'lltJ.:j~lg'UltJ 'II'Ul~ 180 Ulf1ill tJ '1 'Vl~\VlllJih~1J 
" 

~cil~''.in~ lrlmhl'lJ'lJ~li:l ~~~ 2 lJ1'Y1~C1'~'lJ'YI1~Lf1iJ'~vh1~tlHl'U~il\VlilWcvl~L~'UL~i:I~ 'lJ'U tbmj'l 

'II~~ Ul~f11'Y1'.i~~iJC1'1'.ii:l~mtJ Hoechst 33258 ~~ 'V'l'lJ-)lfll anodic peak ~i~'~ 15 l'U1Vi~'M~~~C1'lJ 

~illVli)Wcvl~I~'UL~1ifllllll'.iN'U'.i~'M-)l~ 0.85 ~~ 1.22 IlA (fll SD=+0.12) tll'.if11'lJfJlJtll'.i~'fflJ'II~~ 

C1'l'.ii:l~mtl Hoechst 33258 ti'lJ~I~'Ulm'h '1~tJ1f1 'IIUJ~L~tJln'U1'Ull~ tll'.ill '.i~t1f1I'i''V'l'lJ-)l'M1f1'O~IPi'~~i~tll'.i. 
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I " I " 

fl11lJV'Itntl cH1J~tllH-wlJ;iu !!(1~V'll'111,r~U'Vlu'Utl'l;;hh-wlJ~ '1;iuumi-:w
• • OJ 

do' ~ dodd I ~ 
'U ru~ 'Vl~" tll1 'Vl~ ~tl1J!!1J1J 'ill" U'I1 ~1J 1J91 tllU U'I'Vl9111 'il ~U 1J 'illU lU ~!UU!U~lU 1 ~1J1J tll1!1 U'I!!~ 'I 

I 19J ~ dd Q.I~ ~I ~ c/
'Vj1J11 tln 'lf~11!1U'I!!~'1'VllJfJru~lJ1J91!lJU specific DNA minorgroove binder 1!fl11~'11 ~1lJ11m·mlJ 

I "" I 

binder !.u'lltJn1JtJ5n~Ul!YilJ1J~lJ1W~!~U!U l~fJ91H ~'1tTU 1 Ul'Jtlfl i''1VitJ5n~tntJ1~~1Jfll1lJbh~'il 'il~'Vj1J 
~ .. I~ .:::l 0 Q.I.c:S. Q.I 8 lS <) .d Q.I Q.I I .d. Q.I I Q.I 

tll1!'VjlJlJ1lJ1ru~!UU!UU9111'Vllflru 1~~1J >10 - 10 ~lJmtl" 'Vl1~~1J~'1tlml binder Wil1JUUtl1J 
OJ • OJ 

minorgroove DNA 'il~nu1,r!n~tll1cilU'VlU~'YH''1'11W·hUtll1!~U'I!!~ 'I !!~'1~'1mhliJfJru~lJ,r~~~llJl1() 

lJtJ'I!l1U~lU911!,jrilfl1U'I1"''1riU'I1JU UV illuminator'l1~tll!'\1ri'ln1!'U~!!~'1 UV 'I1~tJ black light ~iJe)lUl'il . . 
'Vl::::"::::~lU1~fJ PDMS 'Uru~Vi binder Vi!'rJufl~1~'il~ill!n~tll1!~tJ'I!!~'1 m1L1€h'lLLff\l"lJEh'ltl5mLl1Ltlu~\I 

... 
TlTVfYl 12 

.t11'Vj~ 12 tllH111\J'i.YtJ'lJllBiHfJl i~U~'illf1tll11~fl'llL'i.Y'I'lJU~1l'IJ'WUl1~'1fh!'u~lL'i.Y'I UV fl11lJ 

Ul1f1~U 312 nrn u,,::::n mcilU~lJ'm\'mUlJU'IJ~mU llBn~tJl11l1U'lJ1Vium::::w;iN 'lil~fl'llL'i.Y'I 

Photospectrometry 

..:9 ~ 9J 9J .q "9J.c:S. 9J.c:S. I ~ 9J Q.I 

tll1 fl'tlEl11lJ!~(1m'i.YllJ'Ul'191'W!!(1~1!m l~'I1'UtJ~!!"~'U tllbHJ'UtJ'I!!91"~ llJ!~ (1'Vl'l 3 , ~ ~(1~'191111'1 

~(1tll1!D~U1J!ViU'IJ hll~,,~i~'Vl~~tJ1J (91111'1~ 1) 'Vj1Jl1 llJ!~(1~ 3 tll1D1::::Umltll19111'il'i.YtJ1J• 
I ," 

~lUm'tltll1!~U'I!!~'11~tl1~ DNA binder !~U llJ!~"'V11'1!i1tJtlVi!'\1lJl~~lJVi'i.Y~'illtll1'1 3 llJ!~(1Vii~• 

" llJ!~ (1tll19111'il 'i.Ytl1J-fftytylW ~lUtll1!~tJ'I!!~'Iii 
~ ~ dO Q.I od I ~ .ds '191

1~1J1Jtll';) !'VjlJD 1lJ1ru~!tJ'W!U !!"~ 1 ~1J1J tll1 91 11'il'i.YtJ1J~()J()J1U! lJfll1lJ91tllU tJ'I 1 l1J1 'W!!(1~'lflU '11 tll1 
u u 

fl11JfJlJtll1''I1 "'UtJ'I'UtJ'I' 11(11UD5mUl illciu~tJ'W~bllflty'll ~ 1!t1'W ~tJ'Ifll1JfJlJtl91 ';)1 tll1 i '11(11,rfl'l~!!~ 

tJvl'11~ 

I 
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. " . 
1'l1'jl,:rYi,1 1m V'lHViV'IJ llJl~Hlf11'jI'l'j rHl'l~'IJ'U~'U!1'Uf11'j 'j 1lJ~thl'IJ'lJf11'j I'l'j 1~Vi~1.:)tl'U, 

hH~(l 1 llJl~(l 2 llJl~(l 3 

llJl~ (l'fftl~ll(l~ l~lJiJ~lJ1tu llJ 1~(l 'fftl~ l~lJ'lH lJ1 tull(l~ llJl~(l'fftl~ l~lJ'JJ~lJ1tu 
" 

l'vhir'U 1~fJl'l'j1~1~~1fJ11i 1'l'j11J1~'V11.:11fliilvJYh 

'JJf)~ 

- ~lfJ lli~tJ.:I~~ll'JJ(l.:l - \PI'j11J'fftJ'lJf)l'H~tJ.:IU'ff.:l 1~ 
., 

1m~ 'ff~1.:)~'JJlJ1f)irf) ~1m'tJ ~1tJ\PI11'JJC)1 

- ii~'U'Vl'Uf11'j~~u'JJ(l.:l~'JJ - f11'j~'j1\l'fftJ'lJiifl11lJ - ~tJ.:If11'jf11'j~~ll'JJ(l.:l~'JJ• 
i'IJcMtJ'U'JJ1'Uf)m~ utJtJw,h llJl~(l 2 

II) 'JI cl 
- ~'j11J'fftl'IJ ~~'j1~1'j1 - t~I'i''U'V1'Uf11'j\PI'j1\l• 

, 
tJ.:ItJ1f)• 

- t~nmt'Uf11'jlWf)~lg'UltJ - ~111J'U~tJ.:I~~1l'JJ(l.:l - lli'ff1lJ1'j(l\PI'j1\l1~ 

t'U'ff'U1lJ1vHht~lJ 40 'U1l1 1fl'j .:I'ff~N~'JJt11'jtJ~fu fft1,!t1,!ltu t 'Ul~.:I'JJ~lJ1tu 

- iifi1t~~lfJl~lJt'Uf)nlWf) electrode tJf1l~'U t 'U mW~~ll'JJ(l~~'JJ . 
cI'JI ""~lg'UltJ t'U'ff'U1lJ lyHh - lJ~'U'V1'U electrode l'WlJ• 

photospectrometer 

'" cl 0 II) 'JI 
33258 lm~~ltl'Ultl'V11 ~~V1f) 

lflJ1fJllf~ l1.:1 31.1it~~uUUUf)nl'~lJU~lJ1tu~it~'Umll"~'I1~1'VmlJtJ{1~fJ1i1'U u'j~ff'Yl~mw mllJ~1!W1~Ll"~ 
I )I I JI 

m1lJi 1'\Jtl.:luBn~fJ1l1~'Utl~i1m~UUf1l'nYilJU~lJ1w!~'Um'f1 ~.:I'!!'U U'j ~ff'Vl~mw m1lJ~1!W1~U(l~m1lJi 1 

'\Jtl~uBn~{J1~.:I i~ll~ f1~1~i1'U 

. . .. 
Q./ 0 _I If QJ ~ ~ _I.c:::r. .cS\J] 'II QJ t:::9: 

2.2.9. ~~'YIn)lJfl·Hl.!f11'Uf1lJfll~VI~1~1fH'rUlr1fl'll1 Hil~lJ~~llJU~~'U'U'YI !~'VH?llUl'\JU.. .. 
tltlf1l1'IJ'lJ11(l::: 'ff~l.:1f.J'JJf) 'jillrll 'VI f'IJ f)1'j \PI 'j 1 \l 'fftJ'IJ fft1,!t1,! 1tu l~tlf)n \PI'j 1\l1~ ~"f) WV1~'fftJ'IJ!m~ 

tJ'JJmrumUfllJf)1'HlI~lI~ t 11'fftJ~fl ~ tl.:l tl'IJ llJl~mf)1'j\PI nU'fftJ'lJffUlUl1tu ~ffmn1 ~t'U~tJ 8 t 'Uiluuu'U 
q q (J U q 

lm.:lf)1 'j 1~fl1l'u'U f)UtltJf)llU'IJ i~l11'j ~'IJ'lJf)1'j\PI 'j1\l1~'Vl1~YJ ~myt 'U ~'JJ'JJ BU~f)u l1J'U 'j~ U'IJ (micro total 

analysis) 1~£J'l.J11m .:I'ff~l.:1 'j :::'IJ'lJfl1'IJfJlJf.JUI'Yl tJlJ 1m .:I'ff~1.:1 'j :::'IJ'IJ\PI 'j 1\l'fftl'IJ l~tJ t ~11'Yl c).:I iill'U ~ll'ff.:l t 'U ~u 
.,. _ I 0' cl.d'l 'JI "'.,.,. 

LED 'VI'jtl f.JlJmtu'tJ'U1~mf)'Vl ~'VI11'ff~fJtufl1'W1~tJ1f)'IJ UV 'VI'jtJ black light 
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Q.t Gt " ,a d Q.I .c:::.. _I ~Q..Q
f11'jl"lWl'U l'jt'IJ 'lJf11'j 'Vl~nH)'IJ ~ 'U'IH! 8 l"l 'lJllf11'j l H'1.:JU'ff ,Hltl'H'U 'lffH 'il'U 'l1lfl'IJ 'j nWlJum tJl'il~ 

Y • 

l')i''lJf11'j11i''lJt,rtflA'n'IJU'l1~.:J tlllUrlU'ff.:J 'U tlfl'illflUll'H ~.:JtlllUrlU'ff.:J fll'j 'iltritl.:J 'illflm.:J~l'U'IJ'U l'Utl.:J'illfl 

"I IV ~ <it SlQ,I 1IJ 0' ~ ~ IV ~ .a 
rll'Uln.:J'lJtl.:J91l'lf'IJ ~'lflLYflmt'ilfl'ff ~"rl 9f.:Jl1J'U91lfl'U UV 'l1'jtl black light . 

f11'j LYl'j1 'ilfllllJ I~'U l11l~lrl tlrl 'illfll'ffrlU'l1~.:JtlllUrlU LY .:Jl"l'IJ':h t 'U Vltl.:J91" lrlii'l1 "tlrl LED i'UYi.. . • 

lrltl'W'lJll~'U'Vl'U'lJtl-:lH'l1~-:ltllIUrlU'ff-:l UV ~-:I 3 1l'H~-:I ')fUrl YiI~'UU'IJ'IJ'Wfl'Wlii'jlfl1~'U'Vl'U'ff-:lG-:I 6 'l15j'U. Y. . .. 
• 

I • • , 

9J 0 9J ' ... I..::::lSl I.:::S. d l.c:::l 

'IJ1'Vl U"t91tl-:l'Ull'IJ1'illfl911-:1lJ'jtl'Vlfl' 'lJWt'Vl91'U'Vl'U'lJtl-:l'l1"tlrl UV tltl'Vl 2500 'IJ1'Vl 'lJW~'Vl'IJtl.:J LED tltl'Vl... .. 
150-2001J1'Vl 

i1'il~U'U 1m-:lf11'j tl~l 'U 'j t'l11Hf11'j91'j l'il'fftl'IJ11fifi1 tI1l~U -:lULY -:I'IJ'U~1~11tl'lJi1 "tlrl LED lrltl~ Hl'U 

lJ1~i>ijtl l~'VlrlLYtl'IJf11'j1~-:ll'U'l1" tlrl LED LYll~ 'il ~11tl'IJf11'j91'j l'il11 fifi1 till'U 'l1"tlrl'Vlrl" tl-:l'IJ'Ulrl 200 III 

l"l'IJ11'ff1lJ1'j tH'I1'U -ffWW1W f11'j l~ tl-:lU LY -:I l¢lI'lf'Utl'U (f)1'W~ 13)
OJ OJ 

y • y 

mil-:l l'jn~ f11'j'VlrlLYtl'IJe-il'UYi'Ur'b PDMS l'U'j~tI~lil-:1 'illfl1l'H~-:ltllIUrlU'ff -:lYi~l-:1tl'U 'il~~1-:1 l11tldl-:1~'UI~-:I 

tl'IJf11'j9l'j 1 'il 'fftl'IJ l11 ~'l1" tlrl 11rl " tl-:l 

lI"tlt'1tl-:l'illfli 'U'j~'l11l-:1f11'jl1Wl'U l~ll~'U~tl-:l1oM'-:I'lJ11'j~lJ1W ~-:I1m -:lf11'j I~.:J l~i'm'IJ115~lJ1Wi 'U 
• y y 

.:JlrlYi 2 ~-:I'I1'UN"f11'j~ l1U'U f11'j i 'U ril'UU~-:lV-:l lll11'jlflU 
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o I "" 

lJ l'VI1 f11 'J 'VI fl1:Hl U'J 1lJ IVW 

1'I'J1'ilifl~H'lf11'J llml~l1'1-w J-l-T AS 'VIl.:J fmJfl1'W fJtJmillfld1JfPJ~fI1Wll'il~~llih,l f11'J I~V1,j'tl.:JtlUf11'J 

fl1UfjlJf11'J I'll (l'tltl.:J'tItl.:J I'll (l~fflln'Jtlfl1UfjlJf11'JI~lJl'i't,l f11'J'I1 ~fl'tltl.:JtJ~mVl'illf1 2 'lftl.:J channel mil.:J ~h 

~~!l1tl.:J'illfi f11'Jfl1UfjlJf11'J'Vil.:Jl'W 'tItl.:JtJ~m£J1fflln'Jtl 'Hf11'J ~1'W tJfimVl 1 channel ~1VfJtJmWfl1UfjlJ 
, J,/ • , 

Vi-W\lll'Wl~'W't'W,j'tl 6 lflu'~ljtl ~.:J'Vil'l1'fl11lJ1:hrity'tltl.:Jf11'J~1IlJ'Wf11'J~fI~fltl~'t'W priority Vi~1f111 
J' 0 Q.I d ... 1 & ~ <r Q.I ... I .d.d ~.ci .. I .c9 

'Wtlfl'illf1'W!l1~rl(lfflf1tytlflU'J~f11'J'I1'W.:Jfltl lf1Hf11'J'JU.:JUu'J~lntu.:J1fl'VI 2 ('VI!l1(ltltlfl u'J~lntu 60%) 'il.:J 

" " 
'Vi 11l1'v.:J l~fflln'JtlfllllJ'W flU' 'W1:h'WiJ1~ ~.:JU'W~.:J l~'lf~(ltlf11'JfllllJ'W f11'J 1 ~1I(l~'I11fll~i'1J.:jutJ'J~lnW 

. " 
1:h'W Vi'tllfliJlI~1 fI1fll1'il~ I~ .:JfllllJ'W flU 1~l'1'W Vi 

~ 
v 

_I "t 
• 

,
2.2.11. 11.:j'.i~'U'U'tI'U'.il.lUi,\~f.Hnltf)n!'lHlll~H)... 

0= "I ~ ... "" I ~~., =_14 "I~_I '1 ~ =_1= ...
flll'W'Wf11'Jlnl'W'tItl 2.3-2.8 'illfl'VIlJtlV l'tIlfl1VfI'WU'W'lfulflV1 1'lf'JUIIUU!I(l~ IflHff'Jl.:J'lfulfllJ 'VItltlflllUU ... .. 
111 Y 0 ~ .ci d ~ ... I~ .do d Q.IQ,I I 

!d 1I(l~flll'W'W f11 'J 'VI fl (l tl.:J 'J ~ iJU ffflfl flltl 'W Itl 'J ~ iJiJf11 'J I'W lJu 'J lntufl!tl 'W!tl 1I(l~ f11 'J fl 'J 1'ilfftlUffUJ UJl tu tlVl.:J 
u u 

I ... 

I'ItlI'W tl.:J 
. " . 

IUtl.:J 'illfll'i1 lm.:J ff~1.:J91tJ 1 ~i'iJf11 'J tltl flIl iJUU 'W ~'W ~1'W II 'W 1~ fl f11 'J 'Vi 1.:J 1'W hlJmh.:J1'i tllUtl.:J 'tItl.:J 

tJ ~fWV1~.:J Iflfl 'illfl f11 'J 11.:J Ilrl'W tJ 'J ~ ffU f11 'J ill'tI tl.:J~l~VII(l~ ~tJ~fl1:l1~1 I lJ'W fll 'J lnll tl'W'I1 Ulif!l~1 ''W 
iI j/ t r 

'Il'W\Pi''W l~~lllJ'W f11'J'VIfl fftlUIWfII II'i(l~ 'J~UiJ1 fl V, ~91tJ l~lJ'I1~.:J 'ill flU'W~.:J ~ 11lJ 'W f11'J I 9ftllJ lV.:Jl'itll Utl.:J f11'J 

l~tllJl'itll'lllJ~1~11.:Jllrl'W 

f11'J 14tllJ I'i m ~U iJf11 'Jfftlfl~ I g'Wltl 'J~iJiJf11'JI~lJtJ~InW~lg'W! tl I!(l ~ 'J ~UUI'I 'J1 'il fftliJbYUJUJltu ~ 
u u 

" 
Ig'W!tl ~lllJ'Wf11'Jfftlfl~tltiiJrl(l fl1'J-W\lll'W1'J~iJiJl'1.:J 3 ,j'1.:J\Pi''W lflmYl '11 i'iJ'J~iJiJf11'Jfftlfl ~lg'Wltltl1ffVvitl 

FEP 'tI'Wlfll-ff'W~1'WfJ''W6fl(l11 0.005 19f'W~llJm 14tllJl'itllflV'~iff~ POMS Itl'W1'i1tJ'J~ffl'WII(l~'VIflfftlU 
microfluidic channel 

micro fluidic channel 
"I iI jI 

f11'J1'I'J1'il fftlUf11'J I'll (l~lllJ 'W f11'J 1 flV' ~ulfl~'WtJ (ltlfll~tl!! (l~f11 'J 1riu ltltlfl 'illm~iJ1J~1IlJ 'W f11'J 

lflVf11'J '1~til9f1 'W 11'l'J I'il'W U~1:l'VIi Itl'W '11 ~fl f11'J'VIflfftlUliftl.:J \Pi''WI!fffl.:J' ,r1~'Wl1f11'J' ~'lftl.:J'tItl.:J 
microfluidic charnel ~lJ1f1fdl 3 lvil lJrl(ll'itlfl1'Ji'fl1:l1fffl1'W!lH~'Wfl1V''W'J~UU lflml1tl.:J'illfl PDMS !tl'W 

. ". 
iff flVi'11 V'WfI~lvm.:J~.:JU'W fll'J l~lJ'I11tl(lflll'J .:J~'W 'il~'Vil' l1'm .:J~'Wflflflfli'iJl,j'11tJ't'W 'J~UiJ1~ f11'J'VIflfftlU 

q q qJ <IJ 

" 
I'Utl.:J\Pi''W'WU11f11'Ji'fl1:l1'l1' micro fluidic charnel lJI'WV.:J 2 'lftl.:J ''W'VI1.:JtJ~,j~ 'il~'lf1V'l1' f11'JI~'W'tItl.:J 

ffl'J(l~mVtJ~mm''W'J~UU 'Vil1~~lmm~l'itl!'cttl.:J 
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ferrous oxide resin 

li1'l1i'1J'.i:::1J1Jf11'.i!li:lJU1lJ1ru~h~h..!w 1110 matrix 'tIV~ ferrous oxide resin H'Ii'~H't\'1 ~llJ1'.i(l~1'W 

JltJl~1~hJf11'.i!li:lJU1lJ1ru ~~l¢{Uti ~l'.i(1:::ml'J Tris Buffer 

f11'.iiJ~VI'J1'1i'~l'.i(1~mmryJ!,yJV{f11\1hJ'lfV~ test zone !'lhU1(11 2-4 lJ1Vi 'lf1tJl'1i'~!glJm~~1JI9i1mj 
. " . " 
Vi~1't1V~ ferrous oxide resin (1:::mm.u'1~llJufin1tJ1'1ilJ~VlJ~\l0~11 ~llJl'.i(l~1!'WlJf11'.il'imijv~l¢{hwl~ 

o Q.I Q.J <d d 
~1'I1'.i1Jfll';j~'.i111m:Utulru~WlJ!V

u u . " 
liTH i'1Jfl'.i~1J1lJ fll'.i !~V:lJ1'i VllJm\lufi1T~llJ9fUlil!~ 11 ~ iJij ~llJl'.itl~1!'WlJ f11'.i 1~tJ1 ~1fl'.i ~~~1~ 

9fU'.i1lJ 2 '.i~1J1J1JlJ9fU !~1'J1tilJl¢{ (fl1l'l~ 14.) 

fl1W~ 14 ~tJlI'lJ'lJ1fl';j \I~rN fll';j!~'fl:lJI'i'fl'tl'fl\l'li~,rtFltJ fiil'~fll'.i~lJ\!';jru'flrh\l~lt1!1 'lJ'lJUfJftTU 2 t)ftJ 

fll H11t11lJ f11'.i fi'~0 ~11'lf1 mi'fl1'Ii'f11'.i ~ '.i 1111!f1 '.i 1~11'1'i1mh~l'l ~ 'fl:lJtllJ11 mtJl'i1mjnyh'¢{~ ltJ~lJ 

9 v .d a 
f11'.imll1l1~ !Gjj UV source 'Vlfl11:lJtJl1f1(1lJ 365 nm 
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. ., 
'Vl~HH)Utl1';i' ~.:Jl'U'Vll ,:n1'v,nlfiiJ~tl1';i lmJ'~ matrix Vl'\1l';i 'Vl~ffVutiU';i:::UU J.l-TAS Vivr1JJ'Ul~'U 

., ., 
'Yi.:JfldllJld'Uv.:JtJfim til fldllJ~11'V'l1:::'Uv~tJfimtl111(1:::tl1';i'Vl~ffVU '~.:Jl'U \I~~ti1J!UVVl'\11';i l~tll'l';i.:J l~tI'~ 

tJfifi~tI1~tJ';i:::f)VU~dtl 40 mM Tris pH 8.8 20 mM KCl 16mM MgS04 20 mM (NH4)2S04 0,2% 

ITween 20 1.6 M Betaine 2,8 mM dNTP 11(1::: 8 U. Bst DNA polymerase "Jl'V'l';illJm " F3B3 Vtll~(I::: 5 probe 

1m::: FIB 1m::: BIP V~l~(I::: 40 pmole 1~tl1riffl';i11v.:J!!ff~ 500x !I(1:::m'Ul95,J Bst DNA polymerase 20 U 
SI SI, " 

tl1';i'Vl~ffVUIUV.:J~'Utiu matrix tJm1Jmih Im:::IUVtJmNfflJViijtJm1Jmihvu 5 % Im:::IUVtJ(ll... 

HfflJ~ lJ,jijtJm1Jmih 'V'lU1ltl1';i 'Vl~ffVU';i :::uu 1 ~tltJ';i:::dJ'U \11 f)tl1';i!!tlf)~hg'U m~l~\llf) outlet 'UV.:J chip 

Hl'U ff'UllJ'vl~l 1~1ItlU~lg'U!V~ll'V'll:::~ Vl'idVU1~~1~'U tJ(llumilm11J'U 11~ 'J,j'V'lU1ItlU~lg'U IV1'U 
. " . 

I'idv~l~Vi'J,jijtl1';itJ'U'UV~luvtJm1Jmih (fIl'V'lVi 15) 

• SI II I 

'" "" 91 ~ .1 ~ _~ "" .1 "''''.1 ~ _~ I
flll'fVl 15 fll';i'YlYltYtJUIUtJ-3rtU flU matrix uCllufllln (lClU 1) 1l"~IUtJuCllf-ltYlJ'YllJu,nufl!U1tJ~ 5 % (lClU2) IlCl~ 

l,itJU"1f-ltYlJ~i,jihJ"liJfllil1 (lClU3) '\IW~~lClU 4 ItlU ntc LL~~-l~1f111JYllJ~L~ij~iL3'ULtJ, 

" ,
';i:::~U 1 00 ~VtJtI (fIl'V'lVi 16) 
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mw~ 16 fll'jm11lffflUfl11lJ I 1'\Jfl'ltJan~ {J1i'Ufll'jlYilJtJ~lJlf.l.!~l~'UlflU'UitJ 'j 1{JC'I::l~tI~Il~Cl::1Cl'U11Jml1mh:j~ 

1~'Ulfl~Yl'jlU~1'U1'U'Ii~1l1f) 1,000,000 0'1 5 'l[~~llJftl~U ote llff~'11'i1fl11JfllJ~Ill]j~1~'Ulfl llC'1:: M llff~'1lJl{ 

d -=s d QI 

!'\1 'UUf:l1JfI!f) 'UW'll'fI! 11 'U 

yH'lf)1'j(P)'j111ffeJ1JU fffl'lL ,rll1lJ':h f)1'j L ~9511fflm'jf:lfl1!'W'U f)1'j (P)'.l1111!fIl 1::"r~1eJdl'li~11~ 'I !lit 

, "'_I' d ~ 'I _I'" "'''' ,
Limit of Detection (LOD) 11::'iJ:'1ndlf)1'.lYlflfff)1JUeJf)'ll'U 10 !Yll f)(P)llJ CJf'l LU'VlNu!)1J(P) f)1'.l'VlflffeJ1J U 

'.l::~1J 100 nmro !t1:'l'fI'IL,r!1JU~'1fff)VfI1Yl'tJeJ'I11If)1'.lml:: iflHff~l'l9511 !t1eJ~1l1f) ~itgU!tl 100 nf)l1tl 

~ I Q.I .:::t d 
!'VlV'lH'Vllf)1JflWU!eJ 3 pg/reaction 

• y 

f)1'.lfl1!'WUf)1'.l~mUf)~ i~11~m(p)'.l'tJeJ'I1:'I'l'.i(l::mtl rl1'!1i'1J1:'I'nfl~!g'\.J!eJ l1~m(p)'.l 200 DL iflVlUeJ 

CLJ I Q.I " V IjJ Q.I Y Y ~ 
eJl'I11'.l(P)1eJV1'l'tJUlfi 100 /-lg !m::1J'yJl~eJ'.i lJfI!'tJlfl1t1f)Ufl1t1f)1UlJfI iflVLU'tJU(P)eJUf)1'.l pre-treatment 11:: 

I ", I 

~lJHYi 55 f)~fl'l !tluldm 8 U1Yi 111mrU Ul~1f)dl'lil1uui,r9'lf)(p)~f)f)U !l(l::Ul',huiffYii~mYlfflJnlJ 

ferrous oxide 7 /-lL f)1'.lQfl1:'I'1'.l(l~mVl,rl~'.l~lJlJ i~ldm 2 '\.J1Yi 1:'I'UllJ!lli!'\1~f)~eJ~iUI''hU''l1J~!'\1UeJ 
. y • 

Q .... 1~~ QI Q.I \ri 9J IV Q.I.c:S d .::::t ~ I \'J. "G.I IjJ
lJ'.lldillU!)f)'Wl11::flf)11lJ ferrous oxide resin ld 'I1(l~1l1f)UU fI!eJU!tl'Vl\lf)(P)HeJ~lJU resin 11~ !fI'.llJf)1'.lm~ 

9J 0GJY"" ' ... 1' I ~ ... I~~ A 0i')l ')I
fl1V 70 % WYllUeJ(l !l(l~Yll L'I1!!'1Nfl1Vf)1'.lflf)t!Cj U(leJVtllf)1fl'YllUlJ'.lldillu!)f1'.lVl !YleJ'Vl'I '11 resin !l'l1~ 

!fleJlJffU'Vl ~hUU!tl~ffnfli~11::(l::mVeJeJf)m111f)lJ~11 ill l1~n~Vl~1V1:'I'1'.l(l::mvl1~mvl~i~iUf)1'.l !~lJ 

11~mill~ !UUm f)1'.l fll!ijU11 ~mVl!~lJl1~mill~lgU!mlh'l1mv!~lJ 11 If)f)1 '.l rilV1:'1'1 '.l (l::mvl1~mVl'tJU lfl 

20 /-lL ~11'.l::f)eJlJil1~1V 11'.l~f)eJlJ~1V 40 mM Tris pH 8 .8 20 mM KCl 16mM MgS04 20 mM 

'" "1')1(NH4)2S04 0.2% Tween 20 1.6 M Betaine 2.8 mM dNTP !t(l:: 8 U. Bst DNA polymerase (P)llJ'Vl'.l~'4 ld 

... i _I"''''''' _I ')I "1 '" '"i fit! Notomi et aI., ( 2000) !!(l~1:'I'1'.l1'.leJ~!lff'l SyberGreen 50x flVU!)f1'.lVllJ'.l::f)eJ1Jfl1V !Yl'.l!lJeJ'.lYlfflJ 'Vl 

_I ')I '" " "1 ')I",
u'.l~f)eJlJfl1V 10 pmole each 'tJeJ~ F3B3 1m:: 40 pmole 'tJeJ~ FIP U(l~ BIP ffl'.l(l~mV'Vl'l'l1lJfl11:: !fI'.llJf)1'.l 

QfI!,rl~'.l~1JlJ i flV i,r(l·l'.l (l~mv'I1 ~fI!fl~f)U~ lrlm,rl i 11~~11 (llV"lfl'tJeJ~Yi eJ~lJ~ldilll1~mtil ~lJ')1J~ 

eJill'l1il~ 63 eJ~fl'l (~~fI1YlYi 17.). .. 
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• • 

_I "" 1" """I ' OJ2.2.13. fll';i'U';i:::&'lJUfll';i 'U'I1Ull';i'l l'J.l.fl1tHlUl'lJ ';i1'lJfl'UiI1'W~Y1LY1't'im';i'lJ 

tJ l'j:::1J1JVl~H'ltl,:n)~VJ ~lVhhnlll'l!!m~dlVVltlI'l11if)1'j i ~~ l'U i ~WI'I 'j ~V~ ~U 'j::: tltl1Jtln i 'U.. 

~11J~ .ul'UhnJ ih!iltlUltlltl~fl <5'~l1ifl 'U'UVl'tJ~ 

1J~1JVl ivnlVlfl!l'Itl1 ihl'l~4'U lh:::!VlrY1Vl£J~lnfl 17/1 C)ftlV 8 .tl'U'U In:::H1J!Ol ""1'U11~1~ 
.. 

m~!Vl'W'1 ll~::: tltl~-W\Pll'Ultll'l""111m'jlJi11'11tJl mlJi.h:::lJ~ l'Uf)1'j""lll1'1 lh~!iJ'Utl1'ji~~l'U !!~~dl£JVltlfl 

m~ri1'U'1Jtl~!Vlfl i'U i~ti ifl£J l~<5'fltl1J'jlJtlrilJ~tl£J!rltli'U~ 21 i'U11f1lJ 2551 ll~~i'U~ 18 i1~mfllJ 2552• .. 
ifl£J!U'Uf)1'j1'l 'j11l1!f1'jl~Mf)1'jU'U '1Jtl~~\tg'U !tJ1l1tlVi'l5llfllllh-w'U ~tl'j'jlJ (35 S Promoter) ifl£J i ~tJl£Jl 

. .. 
L11!~1l~UYi-W\Pll'Ul~'U1l1f)im~f)1'ji'Ui] 2551 tl1'j1'l'j11lf)1'jU'U'1Jtl~ bovine species l'Umm'ji11'11 ifl£Ji~ . .. 
Ul£J1I'1'j1'ilL11!~'il'jU Yi-W\Pll'Ul~'U i 'Ui] 2551 !i'Un'U !!~~f)1'jI'l'jd'ilf)Wu'U'1Jtl~i.Jmtltllih '1 'Umm'jl'lllJ~lll'J.. 

,~ v ~ 

ifl£J i ~i.Jam£J1Yi-W\Pll'Ul~'U i 'U 'j 1£J~1'U fI i'~i'i 
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• • 

fll11lf111~11'~l~h-Hfll~Vfll1tJ1~~tlI'l1~uutJB1J~fll1'(;1'lJ\!1wmh:dlvu'W~tJ l~'W'(;1'l"lll~th~'-:) 

1~i'Uf111lJ'(;1''W1 llflVl-:)lJ1tl1'WiI~1l1J'W 1~vl1~tlfll11~~tJ'lf1u1,rfll11'l11~'(;1'1lJ1H)'¥hl~~lV 11~l~1 U~~flV. ~ 

1'WttJ~~tl'Vnl~ 
~Yh'WlJ1 iJfll11~m~v1,j'fl-:)nu Lab on chip 1'Wfll11lf)'jl~11''Vl1-:)ltl'l:ll'lm~~fJ11111UflVlJltl ri1'W 

..::k d .c:i c::: q_1 ~ ... 14 .c:i d ~ q q ... 1Q,I 

l1'W-:)lJm~l~ fll1'(;1'tl~~W'WlflU'W'll'lJ (Ji et al., 2007) fll1l~lJlJ1lJlru~lfl'Wlfl~1m'YIf1'Wf1 PCR U'W'll'lJ 

(Xiang et aI., 2007) 

" " . 
1'W fll'Jfftl'l:ll 1 'Wf1i'-:)ij 1f)'j-:) fll11~tJ1~ '(;1'Uf111lJtill~ ~1'W fll1TI\9lJ'W 11~UutJB1J~fll1Vh1lJfll1'(;1'nCf1 

~lg'Wlfl fll1lvilJtJ~lJlru~lg'Wlfl U~~fll1m 1~ffUJUJlru~lg'Wlfl 1'W1~UU l~V11'W 1tJ 1f)'j-:)'(;1'rl-:)~tJtill~ ~1tJ 
tI u <u ~ 

1~VTIWJ'Wl~ltl1'(;1'rtff-:)lf)'jl~..1 PDMS• 
" 

~1~tJtJ1~tlflU ltJ~1vvifl "ll'Wlrt 1 00x200 Ilm.1I1'Wl1-:)'lffl-:)ill'(;1'11~~mm,j'1 'lffl-:)U1nru~ltJBmUl 

H~~'lffl-:)~1l1tllU'(;1'11~::mV 1::UU l~l~fllJ lv-:)fll1'(;1'n~~lg'Ww lrtVfJ1ffv'if'W!l'W fll1~U~1"llfl-:)~lg'WW 1'W 

dd ~ Q.I 

fl11::'YIlJ 1tl~fl1:J.:J (high chaotopic salt) tlU ferrous oxide resin 

lrtVl1~tltll1 fll1'(;1'nrt~lg'WW~ltlfJ1l1111rtv1i' ferrous oxide resin '(;1'llJl1f:WhiJ'Wfll11rtV1i' 

l'YIf1iJf1fll1'(;1'nrt lrtv1i''(;1'11cJ1tlyJfltl~'WU1.:J (detergents) 11lJnU'(;1'11lf1iJ~f1flV ~U llJm fJ~~lil'Wlfl~.:JfJ1llfl~ 

1'W~tJ resin ff.:Jlf111::11' 1'W~tJ silica resin l1~fl ~tJ ferrous oxide resin l1~fl~1'WttJ glass resin (ilu::fftli 
I rI Q,J ~, rI 

'll'~lJ~f:]tl'l:l, 2543a, ilv::rYtlrt 'll'~lJ~f:]tl'l:l, 2543b, Giusti et aI., 1986, Weigand et. a!., 1992, Chaumpluk , 

2006, Chaumpluk , 2007) flVl.:J 11R~l11tl~hiJ'W fll11'l1lJ~'Wl'ltl'WlJlI'l1 ~1'W 1l::~ul11Il'Wm::U1'W fll1~ 
V.:JVltl 1i'nmu~~fJ11l1li'(;1'::rt1tl 1'Wfll1illlJ1tJ1~Vtll'l~.:Ju'W~tJ 

fll1l1 ~tlfll1'(;1'nrt1'W ri1'W"llfl.:J 111 ~U'W ~tJ~111J'W ~fl-:)l1 ~m~v.:Jm::u 1'W fll1 ~1i' organic extraction 

solvents ~1~1tl phenol phenol chloroform ~lIl'Wfl'W1'l11V~fli.:J1::uu~,jU~::~flfll11i'.:Jl'W 
1iI Q,I Q,I .d. d ~ qq 

Walsh, 'et al., (1991) 11V.:Jl'Wfll1 'll' chelating resin tlUfll1'(;1'tl~rtW'WWl~flfll11'l111l'YI1.:J'W1'l 

'" .t,J, 1'JJ ... ollJ'JJ' d'l ,J ..1
1'Y1Vli'l'l'(;1'1'l19$.:J'll'1U l1tll1'(;1'tlrt'YI1IrtflUl.:J11rtl11IrtV~rtfll1~.:J~1 organic extraction solvents 'Wfltl~ltl'W 

V.:JiJ inhibitor ~fJ1~~rtlJl"llru::'(;1'nrt~lg'W lflUflVtl11 1~~.:J tlri 11~fllJl1i'lIl'W1~1 'W fll1'(;1'nrt~lg'Wlfl~lmfttlrt 
dlt}i/ Q.I .cI ~ 1'JJ 0 

'YIlrt1l1tll1~tl!1'W'YI1.:Jflrt l11tl 'll'1'l11~'llH'Wtl1Jflfl~ (Willard et aI., 1998, Brinkmann, 1998, Tsuchimochi 

o d QJ lfI " ... I rI Q.I " Q.Iet al., 2002) 'YIl'Wfl.:JlrtV1tl'W Shawn et aI., (2005) IrtlJ1::~tll'll1~tlfll1 magnetic beads technology l"llltlU 

... d d .,j 1'JJ 0 '" ... d d?1 1 _I llJ 'JJ 
m::U1'Wfll1'(;1'tlrtrtlfl'WW1~fl l1'(;1'1lJ11t:lrtl1'W'Wfll1'(;1'tlrtrtlfl'WlflllJ'W routine 'W~lJ robotic processes Irt 

fJ1ffVl1~tlfll1 chaotropic agent 1'W t tJ guanidine thiocyanate l1~fl guanidine hydrochloride ~1lJnU silica 

.& 1IJiI~ d.d Q.I;:QJ 

ferrous oxide resin (Cox, 1968, Boom et aI., 1998)~.:J Irtmflm::UUfll1'(;1'tlrtrtW'Wlfl 2 1::uUl1~tl'W1'Wfll1 

Vi ~11rulilllJltJ1 ::Vtll'lnUl1 ~tlfll1~1.:Jl'WU'W~tJ. 
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, II II" 
"It d.... & "I .... "" 'JI "I 'JI 'JI 'JI '" 
LJJ centrifugal force (Cho et al., 2007) 'j~lJlJ'YI'V'IWJ'U1'lJ'U L'UflH'Ut'U'Utll'j L<Jj'fl11lJ!'lJlJ'lJ'U'lJfl.:JtfHHl 

, .... ') "1 '''I 'JI 0 d _I .... d d 
chaotopic ~.:J 'j1lJf)lJ ferrous oxide resin L~t:J LlJ L<Jj' magnetic lead 'ff1!'j1J1U 'j::;lJlJ'ff1lJ1'j()'fff)~~!fl'U!fl 

!!(l~l1rimJl11'~m11lJ'UlJ1nru'lJfl.:J reaction zone 

rl111~lJtll'j(l~mt:J~!~'U lfl! m~!~lJ111lJ 1ru~!~'U !flmil.:J~l V~fl!a fl.:J 1~111!!lJlJtllH'hl1 Bmv1~1.:J 
111~1f)~ih1t1.:J1'U 1~tl1~!'YIfliJfl PCR (Cheng et a!., 1996) 

SI 

1'U'j~lJ1J!afl.:J~1f)1~l1Bmm isothermal DNA amplification 'YI~!!'YI'Ul1Bmtl1 PCR ~.:Jtr'UhJ 
"I 'JI '0 '" 'JI "I _I "'''I 'JI 'JI '" 0 "I 'JI_I .... "1 ''JI "I 'JI..,j '" 

'j~lJlJ !<Jj'!!11(l.:Jtll!'U~fl11lJ'jfl'U L'U lu heat block 'YI L'tIfl11mfl'Ufl.:J'YI 'YI1 Ll1u'j~l1V~!!(l~ LlJ\9lfl.:J L<Jj'!mfl.:JlJfl 
., "t 
~cJrlJ~fl'U l1BmV1!'WlJ111lJ1ru ~!~'U tfl ~1Vt.! rul1 tJih ~'U1lJ!~lnU 'U flf) ~lf)~~ij ~~!~'U!1fl.:J ~1'U1'U l'V'l'j 

, I , , " 

llJfl{~1~ ~'ff~1.:Jfl11lJ~1!'V'I1~!l1i'iflf)·hpCR 1000-100000 !'vh !!(l~V.:J 111'111lJ1ru~!g'U!fl~!~lJ~'UlJ1f)f)'".h 
, , , " 

PCRlJ1f) !m~~rl1fi'ty1~~rul1tJiJ!~V1fl.:J~~ 63°C 1jlJl1Bmv11'U'j~v~nmfl'U{Y'U (Notomi et. al., 2000) 

vh111'!rlfl'\.J llJ111 ~lJ1~tllJ 9111 ~.:J'lf1t11'11''ff1lJ1'j m ~lJ111lJ1ru~!~'U !fllJ'U 91111 ~~1 Vf)11 

mh.:Jl'j~~ tll'jfffl'l;l1~~1'UlJ1ij!Yiv.:Jf)1'jihl1Bfi1V1 isothermal DNA Amplication lJ11~i1lJtl'U 
SI 

tllJ tll 'j !!Vfl ~i)\9lilru cyj'~1~'U!fl ~1V'ffmlJ loW ,yhlJ 'U 9f11!vhtr'U lli'V'llJ tllH'l1tiJ 'U fi ~m 'j lJ1J'U mlJ fI1 V1 'U 9f11 

!~V1lJ1fltrfl 
SI SI • 

tll'j'YI~(lfl.:J1 'Ufl ~.:JUvb111'!lf 'U 11tll 'j-w 111~flf)ntll'j!~lJ111lJ1ru~lg'U!fl~.:Jflri11lJ111'j~ vmi'1~ ~~. 
SI 

'lf1v1'11' tll'j~~tll'j'YI1.:J!'YIfl1 'U l(lvvhl ~~lV!!(l~ ijl1'j~iY'YITIfI1'V'1lJ1fl~'U 

rl111~lJtll'j\9l 'j1~5ty ty1ru~!g'U!fllJ'U9f11 ij~~'ff1TI\9ltll'j!Wfl~!g'U!fl~1V'ff'U llJ loW,yh (Obeid et a!., 

"I 'JI "', 'JI..,j "I 'JI
2003) tll'j L<Jj''ff1'j!'jfl.:J!!'ff.:J~1'Utll'j'ffLlfl'U~1V!mfl.:J (Matsubara et al., 2004) !!(l~tll'j L<Jj''j~lJlJtll'j 

• SI 

\9l 'j1~'fffllJ'YI1.:Jlflij loWvh 1 ~v1~9f11 'j 1lJtllJ'ffn (l~mv Hoechst 33258 'j~lJlJ~flri11ihl.:J~fl~!!(l~~fl!iYv 

!'If'U tll'j\9l'j1~'fffllJtll'j !Wfl~!~'U !fl~1V'ff'U1lJ l ~~l~fl.:Jfl1ftV fl(llfl'Yl1.:J loW~l ~.:Jl~'U tll'jl~lJfl11lJcJrlJ~fl'U 

1'11'tlm119f11 tll'j1~'ffn!1 fl.:J!!'ff .:Jl11fl\9l'j1~1~~1Vlfl~fl.:J ~1!~ 'UlPi'fl.:Jij detector \9l 'j1~'fffllJ fln!1fl.:JU'ff.:J 

mil.:J l 'j~~111flf)1'j \9l 'j 1~'fffllJli1'U!YiV.:J tll'j\9l 'j1~tll'j !l1~v'U U11 (l.:J!';.:Jflrufl1'V'1 LQ'V'I1::;tll'j!1 fl.:JU'ff.:J. 
• • SI 

'j~lJlJl'l'j1~1~~1V fluorescence ~~ ~~!~'U'j~lJlJViijfl11lJll1lJ1~'fflJVi'ff~ l'l.:J 1'U!!~(l~fl11lJcJrlJ~fl'U1'Ufln• 
flflfl!llJlJ~19f11 (l~ 'j::; v~n(l11'Uf)n\9l'j1~'fftllJ5tyty1ru!m~~lV~fltllHi1!iJ'U tll'j '\Jru~~tll'j\9l 'j1~ l~v 

11~flfln'YI1.:J!flijloW~1 tll'j!~fllJ 1v.:J1.:J~'j lm~~1\9l'j1~1~1'U'j11 electrode lJ'U9fl1 vh111'flWWI'lJ'U1'j11!!lJlJij 
OJ OJ 

SI 

m1lJcJrlJ~fl'U!!(l::;vh1'I1'1Pi''U'YI'U';11/mJ1v'ff.:J~'U 1 ~v ili ~1!~'U 
• OJ 

, I " "" 

'j ~lJlJtll'j'fftl~~!g'U!fl!!(l~l~lJ111lJ1ru ~!~'U!fl!!(l~\9l n~'fftllJ5U1UJ1ruVi-vrWJ'U 1~'U1'Ufl~.:Jij
u u 

SI. • 

~l!~'Ufl~.:J!!m Vi'j1lJllBmV1'fftl~ !~lJ1l1lJ1ru l~vi1i isothermal DNA Amplification !!(l~\9l'j1~'fftllJ 

5U1U11ru~fl!afl.:Jtl'UlJ'U9f1l1~V1 1~Vfl1ftv111lJ1\9l'j1'Utll'j!~lJ1l1lJ1t\HVlv.:J 14 ilJ1mi)\9l 'j lm~1<Nnm!Yiv.:J 
u u 


SI 


60 'U1~ (nlJ'YIfl'jj'U\9ltl'U). 
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<JI 
fl11~'U1H 

~ ., 1 _I 0 d i ., :.1 _I d d d d
1J'i)'iJiJ'U flHf)1'.i1J'.i~~iJmllJ~lL'.i'il 'Uf)1'.i'Vim'Ul'UltJl'U'U ~n'ilf)1'.i1J'U'Utl~mtl'UreJ ~m fHtl'ULtl. . 


'illf) 1fl m~-ueJ '.i~iJiJf)1'.i~ '.i 1'i1 hfl'UfJ.:jif~lJ1L{J'Ulll'U ff1'l1i'iJLl1~.f:H'l'l1rrf) i'U f)1'.i Li1fJf)~m'U 1'.i~iJiJf)1'.i 
" .

~n'ilf)1'.il1'U'UfJ~L{jfJl1mi1mihi'U fJl'H 1'.i L{J'U 1l1mlJl1'.i~ f)1j'f m~'Yl'.i1.:j~11il'.iW. 'l'Ul!,j1J'Yi 264/2545 11'llJ 

f)1'.ilhl1milmihmi'*L{J'U 1~tl~iJi'U eJ1'H 1'.i~iiv-lCl,j.:jf1iJ1,*L~fJ1'U~ 1'U~ 19 i''U11fllJ 2545 vhil1'f)1'.i• 
m 1'il1Lfl'.i 1~".yeJ1'H 1'.i ~ii1 fJf) 1~11'Uf\'1tJ1~tJ~iJl1Clli1mihL{J'U '.i ltJf) 1'.i~ ~lL{J'U cJ{ fJ.:jf11LU 'U f)1'.i~ llJf)t)'HlJ ltJ 

i 'U'Yll.:jl1 B,j~f)1'.i~ '.i1'il~fJiJ'Yll.:jf) ltJn 1'Vi Ll.i~llJl'.im~1Jf)1'.i11'U L¢l f) 1'.i~'.i 1'i1~fJiJ ri1'U i 'Ht1j~.:j*LU 'U Ll1~ 

f)1'.im1'il'Yll.:j;1Lflii L¢lUii nl'.i~'.i1'il'U'Ulf1UCl~ll1uiJiJ'UfJ.:j 111'.i~'U 1f1tJL'YlflUfl polyacryamide gel 

electrophoresis UCl~~ n'il~eJiJ'YllWli~lJ1'YltJl ~.:j~.:j~tl.:jL'YlflUflii~.:j.ueJ ~ltlfl i 'U f)1'.i~ '.i 1'il~fJiJi'Uv-l~~nWcv1 
. " 

Yiul1'.i~11111 'illf)1~tJ~iJL~lJ vh i11'111'.i~'ULiYtJ~fll'Vi UCl~fl11lJ11UCl~fl11lJUl.i'UeJl f)1'.i 1Lm l~".yiJ'U.w'U jl'U 

'UeJ.:j 1lJLClf)Cl~Lfl'ULfJ~ii Lff~ tJ'.i fll'Vi f) 'hu~111fJeJ1'H 1'.i 'il~ ~ l'U f)1 '.i U11 '.i '.i 11 n L l.i ii v-l Cl m ~ 'Yl iJ ~ eJnl '.i ~ '.i 1 'il ~.:jii. ~ . " 
iJ'YliJl'Ylfflf1ty mh~L'.in~U~~fJmii~~\PlI'U1L'YlflUfl polymerase chain reaction (peR) YifJ~iJ'U.w'Ujl'Uf)1'.i 

~'.i 1'ilV'Ui 'UiJ~m:u. 16S RNA U~¢l1fJ.utl~ ltlfli 'UL~tl.:j.ufJlJCl'lfU fll1m~l'll.:j tl'Ui 'Uu~Cl~l1'.i~L'Ylj'fUCl~ 
d ~ d"..J ~ 4 1..,j 

~ 

0 

'.i ltJCl~mtJfI'Yl Nl'Ylfl'Ufl'Yl~fJ.:j 'Vi.:j'VilLmtl.:jlJfJ fltJLQ 'Vi l~Lm fJ.:j thermocycler UCl~fl11lJ'lfl'U1tyf)1 '.i'UfJ.:j 

L~1'I1Ul~'Yll.:jL'YlflUfl Vi 1 i 11'f)1'.i~'.i1'il1f1m'YlflUflifVi 1 1¢lm'Vil~1 'U 11'fJ.:jl1B,j~f)1'.i ~iimllJ'W~fJlJLv11,f'U 
" 'Utlf)'illf)U u~iif)1'.i,j.:jf1iJ i ,*11'.i~f)1j'fm:;'Vl'.i1.:j~11i1'.iW ~'U f)1'.i,j.:jf1iJ i ,*'.i~L1J tJiJ~.:jmll11l.i~lm'.itlVil1¢l•. .

d d. ~ Q 

L\PIlJ'YlL'U fJ.:j 'ill f)'U 1flL'Ylfl'U fl UCl~ iJfl. fl Cllm 

" . 
f)WW l11BmtJ1Ll1 ~lUlJ lL~eJlJ1tJ.:j 'il~Vil i 11'f)1'.i11'.i~~f)~1 fl '.i .:j~~l.:jUCl~ nl'.iVi Hl'U'UfJ.:j~l1 Vi-IL¢l 

fJ ~ l~iil1 '.i~iY'Yl1jfll'W ~ fflf1tyL{J'U f)1 '.i \PI '.i 1 'iI ~~eJflfl~fJ~ tliJ 1\P1tJ11 '.i ~ ~.:jrlf)1 '.i \PI '.i 1'il. \PI fJiJ ~'U fJ.:j 'Hrrf) f)f) 1'.i 

• <JI 
pomt of care mlJ~fJ.:jf)1'.i 

lltJ~fff)~ 'lf~lJ'VifJf)1:l', 2543. GMOs ff1'l1i'iJ~11'.i~f)eJiJf)1'.i. reJf)~l'.il1'.i~f)fJiJf)1'.iiflJlJ'Ulm\PI'.if)1'.i 
LLCl~.umll'11 'U fI L~ tJ1tl1J f) 1'.i fl1iJfllJfl wn l'WUCl ~fl11lJl1 Cl fJfI.f)tJ'U fJ ~fJl'H1'.i'U fJ.:jl1 '.i~L'Ylj'fi'U. . 

2543. ISBN: 974-333-625-7. 
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~ Q.I e::f , rI ~ ~ rI ') ~ G'd.c:t 'j/ 9 
1J(J:;flfl~ 'lf~lJl'lqfl1J l'l.fl. 2543a "!'Ylfl'Wflfll';i11m1~'I1 GMOs" !';i~'WlJ'VH'W~l'lf(J~, '11'U1 9-20, t'W 

~ntyty1 ~'W'VI';i';i~ U":;11~(J';i ~lJl'ltU'lf(Jnll iJ';i';i\lnTIfln ~.1fllJ.1fl ~~ij~l9111~~Yr'Wi ~1'l11 

~11f1ij mJ1f1lJi'VI(J1fl1~91{U11nh:;L'VIfll'VI(J ISBN: 974-493-516-2. 

ll(J:;fffl~ 'lf~lJl'lqflrr l'l.fl. 2547 a. fl1';i~n~~l'W iJfI~lfl'W!'e:ltl{h~~1(J1l1fllJ:;":;flfl 1m:;fl1';i91';i11l 

lJ:;,,:; fl fl G MOs. 1'W'I1lr~ii'fl fliJ';i lJl95~11 ii1J~fl1 ';i ~1fl 'W wniJ fll';i i'iJ ';i fl~m1lJ11" fl~ fi(J'lIfl~ 

GMOs 

-Hfl~11ii1J~fll';ii~mm:;'VI~~fliJfl1'11n mU:;1'V1(J1f1'l~91{ ~W1"~mWlJ'I111'V1(J1"V ~1lJniJ 

1m ~fl1';i fl1(J'l~uf-.l'W11i'iJ1m~~~Nfl91~l'11m';ilJ (';i:;tl:;~ 2) 'I1ti'1 29-33.(ISBN 974-13. 
3159-2) 

C1.I ~,rI 'j/ ~ do c: Q.I ~ rI Q.I ~ 
ll(J:;flfl~ 'lf~lJ'Wq fl1J 'W. fl. 2547b. 1m~~';i1~l'l'W ,!1'W 'lIfl~~W'W WfliJfl1';i 11m1:;'I1. i 'W'I1'W ~~flfliJ';ilJ 

195~ 11 ii1J~fl1 ') ~lfl'W Lfl niJ fll ') i'iJ ';i fl~f111lJ11 "fl~fi(J'lI fl ~m'\11';i lJ fl ~ ~l'W],JlJi 'W fll')11m1:;11 

GMOs u":;fll';ii1m1:;"'195~~11'V1(J11lJmf}" -Hfl~11ii1J~flnl~mm:;'VI~~fliJm'l11';i f1tu:; 

i'VIV1fl1't:Y91{ llW1"~mWlJ'I111'V1V1"V ~1lJniJ1m~fll,) fl1(Ji~uf-.l'W11i'iJ1m ~'t:Y~1~. 
'" vfl91~l'11m,)lJ (';i:;(J:;'VI2) 'I1'W1 82-89.(ISBN 974-13-3159-2) • 
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