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2-10 WHHIRE
Fig. 2-10 Photograph of droplets mixting.

2.3.2 Rim B ESIRE
2.3.3.1 dERAMEIRB B ESIRIE

A SISV A AT I S VS A IN-VRR R T, BT RA— Bk
FT#EL SPE L8, K&K ATl BEEEERE, WHE 2-1 fix, K
FEAGIN ZAFURLEM DNA B PTR. BB HRIESATTESE, e,
WM 2-11 Fras: (a) WIHELER: (b) 4ABMEREEIE s — MRS 38
TG FF RN KD R, (o) HPBR/DMREETESTE—NER
ANINERTTHY, BMAFTERRNE: (DD TE, WRESEE /MR HEe
TG, MNAREPAANKANRFERERE; (o) HE/MNRREELHE MR
BITH, BREMASPRNE: (O &E, WEHEESTE= MRS
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(d)

& 2-11 ELRHHRETR. () WRNELER: (b) ERIBHENE
— AR BT, FEARBPIA KN RBBRRE: (o) HPE/MIBITEE
Zit S — AR IO, BN (D TG, HBHEER
AN AR TS, XA KANRF B (o) HE/MEHELT
B AR I TTR, BRI R A (D &JE, WiEELT
WM A BTN, 5B KN F R -

Fig. 2-11 The process of sequential droplet processing. (a) Droplets
generated in continuously; (b) a droplet splits into two droplets in different ratio in
the 1% droplet splitting unit; (c) and the small droplet was added into additional
solution in the 1% reagent addition unit; (d) this droplet then splits into two
droplets in different ratio in the 2" droplet splitting unit; (¢) and the small droplet
was added into additional solution in the 2™ reagent addition unit; (f) at last, the

droplet splits into two droplets in different ratio in the 3" droplet splitting unit.
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2.3.3.2 BT RO ELLIRE

R R RR R SERT AR, VRO 4B R R AR S AR R
B R T RBFERRA, FEAT R (B SPE LK+ H DNA)
WRNFER. B8R, XMREIETENETERA TSR SPE £k, &
ITRHEERIER SPE BIBEMN BT, W —HREERDRKABRSEHRET “T”
R RBERGN, TN PR S ING M RBES G
). WK 2-12 (b Fin, ZWIER, WP MRS RSN R LR
RI—M CEMD, BERms%, EREREBE. MR OHN, 4RE5
RN BV, T 2500 VB0 R &R I REER EAR D, WiE] 2-12 (o) B
e HR, WP BRI BN GRS, TUEL B RREE (=D
MEIETLT, T RIBERS AN MR . B4 BT A O REER B I
Hitk, ERBEHGHBRTSERSZETER®. WE 2-12 (D Fin, B
SERBBALIT B W BRI RN IR TE AL B 1, AR R IR E BB R
FERRIE T —MRE - REA TR, MERNESREERBHAN, HERHSH
B, AEAGWEWRRE, WE 2-12 (o). MEBEMHWETHERT, Bk
HEBRHEFASKERENSR .. DBHE RN, USRS RAHMRES, Hik
EEFHENES, WE 2-12 (a) FirR.

AKX EIR ARSI E EEER, MRS IR
BREMRML. MBRPOZIERNE “T” BORBEICABITRE. 7R
AEMEHEN RS HEBR B LT, BRI 70 B B T 75 B R RN, T4,
E TS TN DX VR BRI S2 BB 7 4 38 o A AR ST FH B8 F RST RREBR KD
B2 2mm. & Imm KA MRS RESER
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B 2-12 T35 FREERHEFTEE. (a) R BT, BEZRIEWITE M 2 513
AHFSTRANFMEET (ERZED;: (b-e) BHEE T HRERLHA LM
ERERIEATE: (b) ERGT, WERREARENAM; (o BRI
B, RERRIREI A MG () WRRINE, MERERETOMmINY; (e
T BRI A BT, BAERR SN VR -

Fig. 2-12 The track of superparamagnetic beads with magnetic field. (a) The
superparamagnetic beads distributed uniformly in the droplets before droplet
splitting, and went into the two daughter droplets when droplet split (without

magnetic field). (b- €) The movement of superparamagnetic beads under magnetic
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field by putting a magnet on the top-right side of the junction: (b) The
superparamagnetic beads aggregated to the right side of droplet under magnetic
force. (c) When droplet split, the superparamagnetic beads was attracted to the
droplet on the right side. (d) Reagent addition and the superpararﬁagnetic beads
uniform distribution in new droplet. (e) Another cycle of droplet split and the

superparamagnetic beads was attracted to the droplet on the right side.

2.3.4 FZEEHYIEREE ER

oI AT SV S R 2R, B A ARRL A BERE T,
BRAAL HSERSHE S ERRERAT & v SPE 25, fEREHmgRe
TS RS . RERUFFER . 2BUEE KRN E S S YL SPE 5
BEARENESE, TR —RE. ¥,

2.3.4.1 Z=BNRY 5]

R SR IETEE, #8208 AR A N R RIS A
ERBSIa) . ZERERIVRIE AT, & F SPE FERAIER 2-1 Fi7R.

MEFATUEE, BMEREEASH SPE LR FFEA | min Z£4. X
FEMBIFARLS H LH SPE ik, BB —ERMtH.

2342 FBLUES

BOR L= R K UGE T SR s o, W TR ARESE. &8
BT SPE KOV 7. H ARV @ BA S TR AR, AP
RV =K, BIR—44, PARBEREEALN 100 4. BHEH, EEE
MISRES 44 F 5 SPE KB RN 100 4~/
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& 2-1 WRHHREFHRE .
Table 2-1 The time for droplet processing.

B XA BATHTR A ()
sovlE BoANE BSUE
TR A - — IR T 10 10 10
BB B _RDE 17 15 17
BB B=ZRH 24 24 25
B=NRE 6 7 6
BV TR 57 56 .58

bk, BATKAR RN ERIE LT & mBE BRI TTE. B4
FIBE R (RERRMREAR) fhikEat s, REEWRIE L il a T oL
BRI NS (LE 2-13), REHITHET SPE k. JEFA 1
T BB N TBE R, SREREIC S, PR BRI, Wk 2-13 (b
Fim. WREETEemmmitie, A 1 B3k, EEHE2 NES
VACHE ISR, 4. BEERZ AR NEE, RIS BRI
AN, T 2-13 (o) Fim. SRJE I G BB I S8 B A 2 j2i4bhid
. KREE, SERFEA 3 SaaiE, R T IR TFeLEREENAN
AT, 25 S0 28 8 ARV AV b FF 4 SR B R 0o A [221 8 T AT AR A
AEEA BT, WAL ARERTAERPE, LI
B E A EAEAR BT
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B 2-13 EEEAMHERPTITE: () BWHERE AR, REEAL
WARRR FEHEAR UGERE s (b-6) WM A UK SEAE, (b) AW (FRBREA 1
WNIBE, FRMBIERERIC A A R/ B AR, Rk & — R
BIEE AR 1 A (o) FERBIFMAARNEE, £ RIS
BREV/INB; (&) HEBER (REREE 2) BANEE, HFRBIRERICAE
FRELEE IRV, RV L — RV B R SEAE A 2 BYlifh; (e
FEAC R R AR AR TS, BRI A B A BRI /N () RRsEW (%
BEA 3) MANIRIE, FFRBERERIC AR BRI, HREELT—&
FUR R T FE SRR A 3 f4iifh.

Fig. 2-13 Schematic (2) and photograph (b-f) of high throughput sample
purification. (a) Schematic of the droplet generation unit: different samples were

separated by oil phase. (b-f) Photograph of the droplet generation unit: (b) a red
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solution (represented sample 1) flowed into the channel, and red/black droplets
formed. These droplets would suffer from sequential droplet processing, and the
purification for sample 1 was performed; (c) The oil phase flowed into the channel,
and smaller droplets which only containing magnetic bead solution fornied; (d)a
blue solution (represented sample 2) flowed into the channel, and blue/black
droplets formed. These droplets would suffer from sequential droplet processing,
and the purification for sample 2 was performed; (e) The oil phase flowed into the
channel, and smaller droplets which only containing magnetic bead solution
formed; (f) a colorless solution (represenfed sample 3) flowed into the channel,
and colorless/black droplets formed. These droplets would suffer from sequential

droplet processing, and the purification for sample 3 was performed.

2.3.43 ZEELHE

TE% 81—/ SPE J7VEMZERUECRAT, K E F T B AIVRISIARE M A2
o, AEFRANYEI6RE I R R TR DNA JIIRE, 2RV DNA ZRULE.
R BT, REeEEAS BT MES DNA KR, BATMER—
BEITIEI g (1-2 /N & BVt STt BT W RO F IR U J2 (7K AHIEAT DNA
HIM5E . %% 1.00 ng/ul A-DNA (R T HEREZEWI) 1B SPE LR HIPRIE M
L EFEENE, ERNE 2-14@FTR. NEFTLUESY, B+ DNA K
FE% 0.52 ng/uL, ER¥ERRYE DNA W ERVIHIKEN 52%. %83 SPE &0
= IR RN AR — R, BER SR A/MEIES 888 20 B E SPE B
[t DNA B4t o 5 IF 7V R R 9848 DNA IR -5 FOR T R AR 2031
W LY 2B R B TR AR 5 DNA R ISR, RS T BEr=mE—
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5, EIWCRERRE — B, SRR SN AR LR, AT
P A TR R RO TR, 3R 22 Fm. (B MR HOR A5
SR IR AE — IR . A ERREERE, B W
M. AETR—B, HEERELE). |

% 2-2 W TR

Table 2-2 The mean areas of droplets.

B BRI R R NX

R E—A A BE=A BN B
R 8K 8 BK BN OBKX BN BN BN I
WO OB OWH OWE W W /B W &

[i]
507.0 320.7 193.7 253.3 118.3 447.6 317.7 188.3 420.9 154.9 439.9
iR
Wik, SPE %53 DNA [LbFIaniE 2-14 (b) FR, 46%DNA #EEE
H Rt N £E Tk
(a) 0.6 -
0.52 (b} %0
0.5 /;.
R S
204 3
g 230 4
3 0.3 §ﬂ::
= Hk20
%ﬁ 0.2 0.18 Y,
a) =
0.1 & 10 1
<«
d
0 : = g g 3
F it 1 Bk 2 . E
Zib E R & SPEALE

2-14 ZHEE DNA FIRE (a) KB4 (b).

Fig. 2-14 The DNA concentration (a) and percentage (b) in reservoirs.
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SPE id#2/5, 178 64> DNA W H7ZEFBIORITR & (B 3 ), MEHE
gadlE, BEETHHEERBRTCEIRN; %E TRAEKN DNA ST
AT, T N H A SRR BRI . BT LABR YTt 3 S & SRR A

23.4.4 ZGERE
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B2l LUB S v E R B, HREEE (RR) FAARQ)UHH:

1 1 R3rd SR
X 1+R2nd AR

RR:
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2.3.5 % B FEZE BN E & 7 2 BT &= DNA ERFRTIT A

W, 24 DNA 23 k3T T — S 0 ESHrin PCR F Ak
A3 DNA ZEBUH VERAZZERUR % 1 DNA, FE ZEFEA R0 PCR Y
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76 AR EMAERR T RN A KN

FEAE K DNA BB K/ B DNA marker #HT#%E . BB RLE 2-15 Fix, 5B
B T FHAR 236bp ROELIKIE, PiBAZEE A DNA B4R 7] AL T /5 42/ PCR 5

A
300 4
. 236bp
< P
200~ 34—
= Vs
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B (1) PCR =47 j\ K
& 100 ,2360p
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Fig. 2-15 Electropherograms from PCR products of droplet SPE for A -DNA.
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Fig. 2-16 Electropherograms from PCR products of droplet SPE for HBV

samples.
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3.1518

4 1983 4E2£ [E Mullis 2 A\ & AR AL RN (PCR) LISk, FILEIH
MR T A RS S, ZETEEEN, TRAERREX
BRA., EEARESE AT Y EPRS, RO T IREY
2 BRI RBE AR R R

PCR ™18 B 55 R MO T Ve S R B PR, (Rl — S5 BoR B ke,
A PCR AL AEAE— el i FUMBIRAB U RS RAREON, R/
BB RN, RMRE, BEAT 30~40 RIEFHAT 2~3 i &
B R NARIR, 80T & R AIRAKITEFELL, 2].

% FE{E PCR IR E . Sy M. BEEAFEES, BN
2 T R BRI, 1993 4F Northrup 8 WAERES Bz SH AL H
D%&Rﬁﬂ&ﬁ?%ﬁ%@ﬁﬁPﬂﬁﬂMﬂo5%%HRﬁMbEﬁﬁ
M RAE T, BHEFREERR T 2-10 . WG, RABMISREHES
M PCR 38 B 6 el M — N E IR (4-8]. £ /T PCR
B9, o2 R R e Ko A PCR &, EEREIRNEE, BABERLA
PCR FRIHIGAE, RFHbEERMEERER K. RIEEETHS PCR
R RBER, SHEBEFEIEARM. oER GRS MR,
Hoeh sk N OF A A A RS B R SR EERET R
FEFFAX[9, 10]8K Peltier # B TTAF[11-13]_EHEAT 5 A PCR (4 AR T T4,
MER N E, BERENMTER, B TRNOMRE, FE-TEBEEL
A T RNEHE], ERNERETHMEL. KRB
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B T A =0 F L 5 BN R GEHEAT ARV 4, 383 2 AR R 1
A, R PCR RNKIHIEINEZE, BRI R R RN . JEEA
ANATTEN AT LS BRI R, B RAREm AT HE Z[14-16]. FEAIRAXS
ST SN N AT BIE S F, POR RS SR P I R S0, TR A4
RN E, HMRS TERCE. BEERERRNNREENSINSE
EER, XTLELSINRERGENS R R ESNEX.

PAMathies R @20 2 A28 FO BT 53 404 VAR A n A B8 AR FE A R AR SR AL T
PCRM fr b, P8 3% 8 ) 41 38 1 4 o) vl B e SE L R IX. 1 ¥ B 4%
[17-21]. BFEMASAREEREE TN ARG, N EER, 7
SERNEER, BEENTPRESR, MEEE.

FEXFEA_ES A PCR &M in#a 07 RAFLE R Al B, BAVRE T —Fp A XS i fE
&R BRE PCR T & HIHIVE T i RAMIN T T ZHUE T 40 #38F
P T aAL HE EA FL SRR DR AR SR IR RIS R, MR T iUy
AR E AR R, XA 5 @R T B ER PCR ¥ 4R
BT PCR R 4B R, #18 PCR A M FEIMRERET L “—k
PEAER 7. B RS S B S R BRI ERE S EEH, RASE
[ESMHEERTTRALE PCR IR, HAL-DNA R EEE S PCR
FE RN, RAHT LIS DNA BA R,

3.2 SRIGERSY

321 4EE5E&%F

SC-1B Bl Bt R e Bt B R AT . BP-2B It &M &k
HENE BRI B R A T . PHO30A BUIEF /TN A _Fig—IER F N 8EE
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BEANE] . S5MEZILIE E Thermo Oriel A . FA1104 B FRFIE B LM
FRE . BEHESTHN (LIF) MMARSHEREAITHE. PCR X
2700 ¥ B 2 [E ABI /A 7]; UNIPOL-1202A RS HT B I HLIE B Vi FE R
BEEEIRAT . CK-250L BT ANUIE BNkt &% B AR . 1
FH B E A EERERAR,; KEKEENEEMNERERRRL .

3.2.2 ¥R 5

Sylgard® 184 EEM(PDMS)iRF &M B Dow Corning A # . SU-8 2005
Y62 B Microchem /A 8 « 3 FEEE R F 5t (Tris), EDTA, #iE& (Boric
acid) 90 B VLPRALEEAFS s GeneFinder™ AR DNA 765kt (F
—FAETRER 100 FEE WEEITH4EAF; EHE K. A-phage DNA,
DNA B4 &I PCR RFHM 8 IEEEWAR; ZIHES HBV) XK
F- 18 (PCR) 7%t 52 ERIARI &M B I EAYHE AT AT IRAT . DNA
marker (100 bp DNA ladder) 1 B RIREMRBHALF)ERAT .. BRERE
2R 42 (HPMC, 2%7K VA0S BE 4 4000cps)« B8 Z &ML KBl (PVP, MW 1 300
000)1 & Sigma-Aldrich A® . BHREKN B ZRFELEBANERLF. §
#Be. PtL00 W FEE AT . HZIL (BP212) 1B ILHBHER TR
HWRAT. NLBERES (FETERPTERD BREEMKEREER &
B R B TR U B S M AR AU o W BT K R R = KR o
WAEAEFRTIA 0.22 pm FLARKIIEIEILIE.

3.0.3 B B SRt SR B it 5 HIME
3.2.3.1 iREM K SRCEMES et

B I 2 TR0 F 3 B PCR ¥ 451 & e A At B 51
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BRAR, WEXAGHEASEH, EdFREREENETH. BIES R
WSS oyt e

B REHINE 3-1 Fis, EHA/ACERIEE (B4 1.6 mm),
SU-8 /2. PDMS . 48 A ERMILAIERIE (Pt100) B4, 4/
FiH 57 #R 5% 150 pm. [EFE 150 pm. & 4 mm. & 80 nm (Bl 10 nm KA1 70 nm
D ARG RHEAK 4 mm 582 mm BINFARK IR, TRERAR RS R P 3
BR—HF (B4 1 mm. K4 mm) BEX., ZEHEH EH—E&SA 5-10 pm
B SU-8 2005 i, 78 3640/ 5kiB R (RYBASE 0. Bl—Pusie (B
5 0.95 mm) it PDMS #iE7E SU-8 & k. & b —/Z Pt100 @it B AR
FEEAERR A —.

(b)

Pt100 ——

EAE ——

POMSEE —

SU-8kE

b R

TR T

B 3-1 |IEGAAEE: () AAEREE: b)) JHursEE.

Fig. 3-1 Perspective (a) and section (b) of heater/RTD chip.

AEFABMES S AHBEFNEESH, B ETREHR, B
BRELZAMER, B4 1.6 mm, FTERKEFEZ 0.3-0.4 mm.

3232 BESR SHEUHESE K EHIME




F=E FHEE PCR YL FEKERENA 85

VBB S R B 4 B . S A IR A 32 () P
T, EEAL/EKRRIEEEIE. SU-8 BAEIE. R ERNEA Pt100 K
s, BARSIVERFE . (1) /40 BEESHE: T KB BRI
&SRB (TPt 10 nm/70 nm), RFHSMA E—REMRZRR, 365
s nitdl. FHEATNEFRNS A BEES THARE L, ETRIMEZNT
e, B8, BEAK@G: 1HCVHNO;, 90°C)ZI&BER . A LR &
BEIEZIS: (2) SU-8 EHiIME: ZESWEGRM/SkamBaEF ERSIARL
—3 2 SU-8 2005 & (2000 %/4, 30 %), Bkt (65°C 15 %f, 95°C 15
Ak R 20 B, B (RIRTHAMD ERARZEEER, FET 170°C
HCAE R IREE 1 /N (3) % PDMS INTE SU-8 2 b, 8 A BRI L,
F3e T345 5 B T4 80 °C BL 1 /i (D &RJE, FIEBMELH Pt100
FENEZEAR A I — M. SR PR AR B S5, A TAMERE. HohbE
B A R EIERRINE 32 (b) Fiom: ZE— BB A ERRAITIITH—R
FIRIFL (ER 3 mm) 5, Bl mER S EARHEES —TARHE SR (TR
t, BEBTEEESATENMSE 03-0.4 mm F.

3.2.4 ™hE PCRIBEEHISKIE

TR ATV SRS BRI B B SR B R S YR AT, SR B
SRAERRTD (Pt100) FRFR{EAI100 H KM B i v8 . IR # HISR A Bk SE 1A
P (PWM) HEBRSIHEL, FFAVCHERSRRAEIAT RS Son#asR
F AR ), BEBETHRERN24V. FEMME, HEYEHPWMELR
ORI E E R 1 FEJE, PWMAR R 4ERHE B 1E 8 . BRI RE T, F1EPWM
Rk, FRESIRE DR RE . JEEREHREER, BRAE
ZHPWMAH . S SEHLE IO B kg Bl AR IR Th = 40 7 M 2564
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B 32 IEN R () MRS R (b) HIVERTER.
Fig. 3-2 Schematic of the heater/RTD chip (a) and the parallel chamber chip

(b) fabrication processes.
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BAIE S T 7 AL BEPL100 IR TDARHE B £k, AR 7EH B AT i
MR R EPWMB .

(1) Pt100 RTDARME HIZR TR : K540 FARPL100E TN 3 HEIPCR
(R AL, BL10°C [ FR# PCRALHIREE M30°CTFHZE100°C, JUEPLI00 =
BEL{E o % Y U B . ¥ BR-YELFEE 35 R 7% & Calendar Van-Dusen 7772, MIXT7
BaHENEERA. B KE.

(2) Hea B TAE R RO 72 - H5K B H e {5 (¥ 8 3w 4 A\ B85 50 uL PCR
5 REAI100 uLF #Iil FPCRE RS, B TFPCRAL, FM2imiBIL A K+
fE B3 BT FA LR . LA10 °C IRIBEHPCRALAIR B M30°CFE100°C, W&
o LR AR, A E BB TR £k

(3) PWMSEIE: MPTEPCREMHEFIA3.S L 1x PCREM
Fl6 pLi Wy eslis A PCRY- 44, B TSehnE i # e B B B T I
A RIPCRAS Fr 2 8], i EAAF M m TR, RERERED A
INHPCRZ St . JEHPWMIE, {#78HaiBIlE MR B AT R 2 TR
I TR (38 B B B IR B T R T L S, AR LR R R AT

32.5PCR ¥ 58&BX0TE

] \-DNA FIZ PR3 DNA HHAT S A PCR ¥ A4 o s sk o
WDNA E|¥EFIHIE R B4 5-GCACAAGTCCGACAACCCTG-3"M % [/ 5]
# 5'-TATTCGCATTCACCCTCAAGC-3', F=4E 236 bp K] B 4% /r Bt .HBV-DNA
B\ 5K E MY 5-GACTCGTGGTGGACTTCTCTCA-3" A 5|4
5- GAGGACAAACGGGCAACATACC-3', 774 229 bp B HFR A B[23]. 25
WLPCR RSEHE 1x PCR /9, 0.2 mM dNTP E&#), 0.5 uMIE. &
Y E|4), 80 units/mL Ex-Taqg DNA 4, 40 ng/mL A-DNA AR EL 2 pL il
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{7 DNA REUK, HrhZ g RIS F Z AF% 2 (HBV) R 1 (PCR)
Zt e BRI &I S R R BT, FM PCR UEN PSR, ¥
WA R 95°C TR 5 404, RIEHEAT 35 MER, SN (95°C) 30
. B (A-DNA 54°C, HBV-DNAS6°C) 30 #b. FEfe (72°C) 30 B, &
JEFE 72°C J 3B 10 438h. 5 PCR P #fI4&F 2 94°C A 100 #5,
WIEHEAT 30 MEDF, BFEEME94°C) 20 #5.3B K(A-DNA 54°C, HBV-DNA56
C) 20 #p. AR (72°C) 20, BJSTE 72°C JEIEH 200 #.
HHAPCR AR |

(1) PCRIWiliEYE: ¥Piranha ¥ (3: 1 H,SO4/H,0,) JIAPCR
B, R BIR B EIINE90°C 154380, BEJEF ZUUKHITIEYE, LUK
L7/

(2) PCRIx Mt R I AbHE: R B (PCRR M 2.5 mg/mL BSA
SEE1008H) MBhEELALE (PCREMIE FAIA0.25 mg/mLBSA $10.4% PVP)
FREE A R EXFPCR O b ) B T 3R T S3E A TSk A 2

(3) BAPCRY H: PCRIRMMMAIIAIZS pL K NEBAM6 pLy H,
HIERR AT HIE Y 1

PCRMIH — VKR REARE S, I BATHENEIGE S R R S L
K B HIBPMMAT A SPCRF=JHET T A sk 2 B AR I . DNATE A BTl
#50.5% HPMC-4000. 0.1%PVP. 6% ZE & . TBEZ MK 1 uM GeneFinder™
FetGRl. RMIZTE 4200 Viem, RAERIESH 3.5 cm.

(o]

33EREWIE

3.3.1EES SR RESE R it
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3.3.1.1 Bz F izt

o 1 L L B o EL AR RO % BT AR, SRR A
S B2 T AL o O T B A 4 VT e R 28 0 P
S EERAEPCREGN b, MR RA NIRRT, FmHE AR
RAHAE R, Y98 T4 B ) RIPCRYEFR A [A] . MathiesBFFH RITK
T 25 R £ B IPCR-CEMRIE B A[17.20], 45BN | R BEFe 2R 55
e T3 ORI, fEBOE R R T AU T B e . (B
T R £ A BT, ZUELLRAS KRR, Rk, FLAER
e WA, OSSR R R . BTGB, RS
s TR A R — R, — R LR T S A SRR, BT
35ty B 2R HOPCRUTS B BRA Tk, HELASCILAS F iy “—WKHEAR A R
TS S T, AR B R RS AT A R, B
AR PCR, TMEEMA, FAMAEMEL. BN FERNK
AT AR . OB EERI R M R SRR, e
B ARMO RS AT N T, MIRTSIHL “— Wi BB K.

AR BRI, TR A, B SR AR R
RS AL BLIT S A FOTAE RN DA I 2 . B EA SRt &
BT S A YR S B AR . PDMS A 4t 54838 M/EPDMS
SR AR L TR SIS M fE Pl . (R E (AT IPDMS £ WFENH, KiBERT 5
R, BTl RS AT, SERUNT —E (5-10 pm) SU-8
B 55 P AT L o I S A4 0 4 P B Pt 003 /TP CRIL R
ey o I, M FELEL B e LR FE 2 R AR, MRS
B2 P e (000 2 L o — A oL B o BEL-SLJE R 2

IR RS A 33 (a) BT
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3.3.1.2 Tt BEFIES B 891t

B HEWERRES - FE AR AWM AEE. B L, BEMET
PCR SIS AR (GEM B A & 5l i /b 38 5 A& 30l PCR kB, BB —
TERRESMS) M TRMESME. MRS S WA &R AT
PCR ¥"# . AZEH BAI MM/ PCR RNHL, AT RGN R dit, MR
5T PCR BT 5REMAL. R kR B oI E, B TL2ER. &
WEKS T DNA T REMME. BFEHEFNTEEEZR 03-0.4mm, 4
KT HABBIIEE, FAEE (EENEMRE) 5T H PCR M |4
HRRZZE/N, TRAET R EEDE MERTE, BORSCIRMEAT. SIVEG R pE
5| PCR ikl 3-3 (b) Fivw.

3-3 BREYE. () \BIESR; (b) BFERE A
Fig. 3-3 Photograph of the fabricated heater/RTD chip (a) and parallel
chambers chip (b).

3.3.2 SHIBERGHIST
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3.3.2.1 BIR ARG EARSHE

JowE R APCRE B ERHINEE, RINATRIHFRETRER
B, WE3-4 Fim. BHENERREGRERE. BIE. NE. ERSEHN
T R AR e T SR P TR r BRI A/ B R AR I P S
%Hﬁ%%ﬁﬂmooﬂ@ﬁﬂﬁ%éﬂﬁi@ CE#E). KEEZ TS IET 7 BmE
A BRE . B RSEITUSBAR AEiATE, HITPCREFMBIE.

B3-4 5 #I85 FPCR IR E R .
Fig. 3-4 Photograph of custom-built electrical circuit for chip-PCR

temperature control.

SEF C8051F350 B WL B HIFRE AT 24 bit BIEUHE MR TR HHE N
A, SERESIEE Y 100 sps, MG EIRA B APIAE K PWM SMEAWEE
ULN2003 #58]. H, S5EEEREgRs R EEmAI PR, £5—
s ERE PCR &N R B E R BARRE (RERE A3 PWM R
RS GEZERED. THEDR S, SRR ERLIREREN, RER
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RPN ETEMACAGEEFRE R DB EERREEERN, BERK
BEEE N IR IB TR R R RS v . RS, SWERERIES
WIRIREN, B RGEE 34 MR LS8 58 MR i ] (LH:NWJH??&); = E
BEGEEIREREN, BERGESETZ A 1HE IR R RS R,
B R G R SR ZR B P = S B AR BRIEAE A 4 i A IR fE e
HWFERTRERERN, B2 mni. EdREREENDR/IEEDE
KRR . R EM PWM {E, SEHIEA PCR KRS P iE & M6 .
BESHFHEANBEEAFERRE, BNTRE, £—EBE LBRET I
FRIREIEE, FHRREEE 5% M PCR {UAHY,

SRBERFRMH VCHRS . B 3-5 it 7mE, 5%
- JE PCR BB A PE-1RE TIE ML, TFE8 e IEEret . EE
MPWM1E. P& 1HATHEHAGNEE, y%’%24)ﬂ? PCR 1B¥H 4% 1
WE, RS ATREEMEAFNRE, BE— ﬁﬁﬁﬂ%uﬁlﬁ%@ﬂﬂféﬁ%

TEMPERATURE RS
100

S0

80

74 1

60 g

40

30

20 feeeereeeee-

16

0

$56.0

3-5 BrEHS B A



=% FEE PCR §HIGH T & WS 93

Fig. 3-5 Photograph of parameter window of the software.

FERE T GIRERT, MREPL00F H B TIE Lk, &RME3-67R.
R SRR S, H AL BoRPH00RT LA ME, IR HE B ILE B,
B3-724 SE R E B 5 B

0.67

009 7=372.32845+0.00286 R ~ 05 V=0.1232440.00617 ¥ e
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/ . /
a0 044 -

§ 03 /
60
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(a) Pt100 L {4k (b) Fo e iR th £R

FE13-6 Pt100FIH L B I TAE ML
Fig. 3-6 Working curves of Pt100 (a) and thermocouple (b).
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Fig. 3-7 Photograph of real-time temperature window of the software.

B ESH, W/NPCRIBE VR R 3. B3-8Pt100 MM 7 B
Zhthsk, E=MEEEET (54°C. 72°C. 94°C), Pt100E REEE Y
NF£03°C, HRIETHHPCR BRI

100 S T2
= 7

90
80 -
70 1
60 ) Pl

504

BE CO

TTTTTRECTY T

40 4

30

20 4

El3-8 A BI L E

Fig. 3-8 Photograph of temperature variation curve.

LEEIEE SR, FEEAH BB P00 S RIEZESR ) l—M, L
— VR AZE, W T X SRR R RO M R . PRk, e R
W TRV PWM B4, EECRINRER & SRFTE. B 2 BiiR
— (S BRI B, A PR PR P00 Wi B S b e A R P
BEXT O 3-0 Brm, HESRL:. [AIWiLk 4 BT B P00 AN (S
SORMRE . BRI ESS PWM (A EE R H 18 R R E <
+0.1°C.
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100
|

80

R CO)
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1400 1500 1600 1700 1800 1900
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& 3-9 Pt100 FH MBI E KR EZE A .

Fig. 3-9 The temperature difference between Pt100 and thermocouple.

3.3.22 PCR#EEEER

GHRSEENIAERER, FE—EREEZR. Bt L (B
# PCR AL ARRARIERD) BEME, BT FAEMBEEREX. iR
BT A A BIG, TERREN (R TARMRED X6 XA AR I E
5, HRFYX(EZEFEHE 05°CLER.

3.3.3 PCR Rt AYFRHE AL IR

W PCR § 147 B E 0MEIfE R, XM siE TR 582l DNA
A THENBSEROIE SR, FH, SICRRAERRTECET AL 6
HARTSH PCR IR . BB M REAMLEARFAESET IS8 PCR %
W, hnEs e OFEERFEER. M E SRR SEFTIRR
Bis A BE) . BT CEEEREBEMA PCR REAERT), UKFER
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£

¥

o BSA BREHANREHMLRS, @S5 DNA REMEHFE A
BEROWR M2 SRR PCR HIP G20 . PVP B4 A{E PCR “HE3R37)”,
HEHAMAE ARG SFR, EERR PCR Y WME. ATEHS, Bl
ST A /ZN AR L 2 U7 VESRAL RS PCR R SUMBA 982 ) PCR SR
FINA 0.25 mg/mL BSA 1 0.4% PVP (75771 HIRER, F 2.5 mg/mL BSA
N PCR RNVIMHHATIALEE (AR, XRPIERMBLE AL,
MTTR G S A PCR LR BB HE T BRI &4 .

334F PCRYBEELEXNE

T & AT SRR BORRT , SEFTATHE R A-DNA BT T & P AR .
¥ PCR RNt TREAE)E, MM 3.8 pL PCR RN FHF 6 ul ¥z
. JA3h PCRBEH, #A PCR RNATIAIZ 1 /M. REEHE, R
VR 7E B BT BOG S PRI AT PMMA 5 R KA B A . 1%
W 275 Y KA 100bp DNA ladder (400bp H B HIIKIE 16.7 pe/uL,
HERWIRER 83 pg/ul) HERSMBMAELHEZ 1000 £5. dEr, M 1 Sig
(S/N=80) M irtETH HALAR I RS, HAilIFR 4 0.4pg/uL (S/N=3), i## 2 PCR
PSR E, KIS E A 3-10 Bizn. LARHGER I EHIET PCR =4
W1 BORAN, XA —3t Fr BIET 5 2 IR BT # Y 8 RSD B/, RSD < 0.9 %

(236bp PCR 7=#1), 4l 3-11 Fizw.
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3-10 N FIFHREAE $H9 100bp DNA ladder FaIkE .
Fig. 3-10 Electropherograms from 100bp DNA ladder with different dilution
folds.
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Fig. 3-11 Electropherograms of PCR product for three runs.
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TEE TR 58 & PCR 1P G 3T 6 4~ A-DNA REARIFH
VI8, Ky -y g RanE 3-12 fiR, Hh—MnEwEET RS

HEAT BB IKA I o
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236-bp amplicon
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Fig. 3-12 Electropherograms of PCR products from A-DNA.

3.3.5 PCR # #&ik P & 72 ZFHfm 40 5 A R A

BJE, TG AT IIERA Z TR % DNA 9. Z 5% DNA A
FRUTRRE S i E#AT PCR U754, 6 N Z PR B FMEREAY = e

WKEERNE 3-13 FioR, #B3RB T MThiy 1,
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1500 4

229-bp HBV DNA
primeridimer amplicon

1 sample-1# Mk"
900 -
sample-2# B
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& 3-13 HBV-DNA 18 &5 5 e, yik B ik .

Fig. 3-13 Electropherograms of PCR products from HBV DNA samples.

3.4 R

BET —AETMRRETANEEE PCRY LG, S AL RS
5 R RE B ES  o YR R R BB B B BB/ SR R S E MR A
B, WRMRKERMBIRES. SRMBRIETE LRSS, W5EH
£ A-DNA R ZFF7% 5 DNA KEEARN T 5.
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WwmME 5582 PCR-CE Wil i RFEeIHE R A
413517

MRS BRAR— RS, FAREER. REF. BIHRRY
WA B A AT Al BRI, R, MRS A R
=R A E R R KRB E T £ R TR AR AT RN T & ERE
A, PSSR, TIRAKBRATHRNHRLZ 1]

=3 AR IR T B R 0 B R R R B R AR —, ERE
FER Rk (CE) HBWl[2]. S2RF PCR 36MMI[3]. ZR3T[4] Lk R AL F RN
[5]%, X CE HABIRE., MAR, TUREKBRABRIKERE,
B E AT AR BRI . S E R KRR, Mathies
PR R T A A vk R g, R BB IT . HERER A AOL
pepgse T 12 BRI A B R S B e]. BEJE, AT
B SRR, BB 96, JF BT BRI AV, AT
06 B MR ERE A B A BRI[7]. BE, MITREEREENE 384,
7 325 PRI T 384 4 5 &8 HE3D SATHR AR (8],

Yo 5 TR TE, INERLEIL/ZEEL. PCR Y. 4B/ M RS SR
AR RS A T RS L, A BEE A IR R B AL
EMmmmw%%ﬁﬁ&mﬁﬁﬁﬁﬁ%%ﬁﬁﬁtwL%Wi%mm$ﬁ
1 CE MITHThaLiLEERUR, AARHILT BFIEAM PCR-CE BHRE, 7t
S Rk B B BT I I 5.2 — o Landers B FUALE IR B L1

%&ﬁ&&%@ﬁ%&Tﬁﬁ%%ﬂ&ﬁMﬂﬁﬁﬁ\WWJMM%H%
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AR AR THABIE T 88 AN IO B8 /IR B (53R LL X PDMS TR
# PCR-CE ®HHRL[11], FATRBTE. SEEHERENER I,
BAATEREFER AN 10 735F.

SAEEREEA TR RER, AL BRI PORCE T
RET TREZMER, LRI THRESFSEE. SRR TH
R#. Ramsey BFFC/NA BT TEERL 4 I MLYEHI-PCR & 38 1 B8 i FRIK A
WHEA12], FFEEH BT E ARG HATY 8, EWT 4 MK
R A = R YRR . BRI BB WK SRR, TR — AR L PR
THESBEEZB W PKNF . Mathies BF5 A H WOE FEF B IKEIN
PCR-CE £ F (2, 13], KEM—MEEE PCR-CEHA RS, EGH
REEMT A PCR-CE BT, SR ITHE BH WA AR E AL RS
PDMS S 31 & . PCR 1k % K f vk 7> BB E , B fR] i 58 M R A ff 9 PCR
PRI, BAEER, EEHT. |

BIEXPCR. CERERTKEERREWHT, LNT HEE. RE,
R AR ST R, HE—DS R R 2 N ilE 2 Ak,
B REALPCR-CE 5 Fr Wik /IVE M BE K AR HIIT RRAE X H 2%, PCR
A R B LU AR . B, RE — R E R
FEEIS A PCR-CER SR H TR AT TR R —. Hit, TAITBHHIE
T E/HZ MPCRAMMEFICERIMIRIE T i RS0, S CEEIE K #E A H R AE
APCRX ik, PCRR MG BEATF=WHIMES Ik, TRWER R
HWERERYS, FLEILT LR, KRS AXREES . ZMPCR-FE5
CENSH IR, BETHAMEA, Sk—S i FHAE —ENE X,

4.2 KIGER 5
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421 E5EE

SC-1B B BHE B L R A B & A R AR . BP-2B RS M AL
SR BRI BB R AR . PHO30A BlES/ TR E LiE—ER 2 NEE
BT . 2AMSEZIFLE B Thermo Oriel A . FA1104 B i-FRFW B L
TR FEHI Ik B LR = BATHE. PCR 884X 2700 W B X E ABI
/7], UNIPOL-1202A BN BFEILENIE QYRR BB & HER R A,
CK-250L FA AT LU Bl ki & 0% bl o AR .. 7 RRE B RS
EFABFRAT; K RHABEEY AT MNEmSMEEL .

422 ¥R 5

Sylgard® 184 FEM I (PDMS) A& M B Dow Corning 2 &, SU-8 2005
7156 ZI B B Microchem 2 8] . =5 FFEL & 5 F 4t (Tris), EDTA, B (Boric
acid) ¥ B YeFRAL 2R GeneFinder™ A INMEE DNA #ItFek (A
—FETHRER 100 ZFF) WEEITEEEFEAT; EHEE K. A-phage DNA,
DNA F&T & HAL PCR WA B KIEREY 2 Z AP (HBV) #%8%
48 (PCR) 7958 BRIAFI &M B FEYILEEPRATT K HRAF . DNA

marker (100 bp DNA ladder) B RIREARBEALF)ERAR . BREFE
A4S (HPMC, 2% K BB0RE 2 4000 cps) B ZAFAL M 2B (PVP, MW 1300
000)3 & Sigma-Aldrich A& . BRAEKRM B 2FELFRAFTRAT. Ot
ZIBE (BP212) M EILRAHEMETHEAERAT . SHE. P100 MTEE
FLEAT . AMERER b ROEER KBS —EREM. RERRAI
HARFIR B AT, BT KV A S VOKECH] . VEREE FIRTEI A 0.22
wm FLARFIIEE L I -

423 5% 8 PCR-CE B R RFEE
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=188 PCR-CE ' A RA BRI E 4-1 s, BEHIREL R PCB
VE 2 E B R MR B R ORI AS (A e R L i R A SR AN B R R 5 AL BRAR T
Hh, HRESHHRITSEERAESRIZG; PCBEZBROAENRS
ERR, BARELEESNE; M BRIy ST TR, WEN
PCR P47 BRIk RO TR B2, W EGRE RA A sRARHAT T 2hit .

el popasspepe L
A

PRRFURA e

4-1 5B E PCR-CE REGr~EE.

Fig. 4-1 Schematic of high throughput PCR-CE system.

4.2.3.1 % PCR-F5% CE T Higit SHIE

28 PCR-CE R4S HOEAREE G . £t PCR-FES)] CE
SRR, ME 42 FiR. SHAERBESERENS A FEREM
BRI, MBS ET REERERESEN A,
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ACEXT I

< R

&l 4-2 =@ & PCR-CE SHEREE
Fig. 4-2 Schematic of the high throughput PCR-CE chip.

43, PCR-FEF CE i 475 WA AR I PCR-CE 7T, e Hud
% PCR 1 (EMERYKETROBERERE ). e S BB . BRAR Al + F VKA

R —A LR A B . RIEE R MR E SR, TFRK

R R, R M R IEE. REE, SHEE
/A, [IBE 160 pme +FRMGEEK 4.5 om, BHFIEEKEHRBIEK 0.5
mm, FEBIESE 90 um, BiE5 PCR MEREALIE S E 300 pm, B RiE
¥ 30 um. PCR ME 3 mm, HEAMER 2 mm.

43 PCR-BEF CE 6 - #E 7 B 4-3 FiR. B vH i R s e s
MR R, 2. B, B, 2B, B, T
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BEMB—HR 1.1 mm FAKE CFEHEED #1THE, 8T EBEEITEM
WHZE 0.3-0.4 mm.

o

&l 4-3 Zit PCR-F#71 CE it F il AEE .
Fig. 4-3 Schematic of fabrication process of the multiple chamber

PCR-parallel CE chip.

42.3.2 [E% CE f#ai{L By pi 2 & R 81 N E

B, REEHENENERERIIISERT RENDEEIRY, mE4-4
Fizs. BOEHR RIS REMES S, KRETREER (=35 mm). RAH
(450-650 nm &%) WEEE (<500 nm K, >500nm ZEHD MEMYE
(10X, N.A.0.25) B—FERLEMEREE S BERNRNE DL, Bk
BEFHREMFRFEERN, REBFA—BHENE, 2REaR. REE
B (=50 mm). MEIEH (52020 nm) FEAECCDENS i E#HATRI
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Kl4-4 ¥ REHEER (@) F b)) mxE.

Fig. 4-4 Schematic of optical system before (a) and after (b) adaption.

Fovk, ST SR B AR HEAT T B . e T —HenEl4-5HT R UPCBAR,, PCB
W E 1A AR AR, T 4 R i T PR e PR RN AR B P AR SR T
H B AR 1 RR AR AR ) B HY o

ECRBCERTE, AR A T FRKEESA CGRSHEE) EIT N
REEROM, TERN 2107107 MEARMER (FH10 mMEIREN
VAR ). 40 HARFCH10 mMEBRPE YR, 4R H280 Viem, Rl
BEEE 3 om. 5 LG AR EE 107 MBI AR TR B IE ) AL
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110 EEEMREZR ST REM R ANAH

4. FRLEA s b

PCB

g 1)

Bl4-5 BiRBEREE.

Fig. 4-5 Schematic of electrode adaption.

4.2.4 PCR-CE##EH B

(1) FERKFA
£t PCR-FEF) CE 5 7 H T BIE K KA 1M NaOH. 1x TBE &R
¥ 10 S0 5, 5 Bk 2 B (0.5% HPMC-4000, 0.1% PVP, 6% H EEE, | mM
GeneFinder™ 4}, 1x TBE M) MMANERMH, 4A A& PCR ik
WAEFFEESBERMATFEENZX O REJESBERMARS R
BE AN AR, 4 B PCR it F B RG4S ROE T T B .
FEHTRE S, FRAKSWMABE T, FEPERSATEEERHET
BEREREETRHE.
(2) PCR Jth i3 TH 4L 2R
¥ B4 PCR s 1x TBE ZrBiELEJLIKJE, I 2.5 mg/mL BSA 6 pL
A% 5-10 4f.
(3) PCR R ¥ HI% IR
¥ PCR JtbF BSA TR H, SN 4 uL PCR KM, FHE# 6 uL §
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HE AR I 4 uL 4 B IR 3 6 WL 5 it . PCR SN AL BT A F
25 uL PCR RN & 1x PCR &~ 0.2 mM dNTP. 0.5 mM E/R A5,

80 unit /mL Ex-Taq B84, 40 ng/mL A-DNA 5% 400 ng/mL PUC19 Bk 2 pL F=3
HY i AE A DNA Y. 5% 0.25 mg/mL BSA F1 0.4% PVP JiA PCR ‘&M@*
BT HBS A WA RE. AEFASIWFIIImE 4-1 Fios.

ZJFILE DNA HEEUEH Z 5P % (HBV) By 1 (PCR) FOLE B

PR T & Ak AR ) & B 54T . MTB-DNA.

EERK MR —E R D AR M.

* 4-1 LK FTABIMFS

Table 4-1 Primer sequences which used in this experiment.

HLA-B27 DNA E#EHX

5| Y75 Sequence (5'—>3’) PR

PUC-19[14] NALELRY TTGTAAAACGACGGCCAGTGAAT 304bp
FaEEILY| CCAATACGCAAACCGCCTCTCC

A-DNA Em5Y GCACAAGTCCGACAACCCTG 236bp
a5 TATTCGCATTCACCCTCAAGC

HBVDNA[15] EM5Y GACTCGTGGTGGACTTCTCTCA  229bp
anEIky GAGGACAAACGGGCAACATACC

MTB DNA[16] IERF|# CGTGAGGGCATCGAGGTGGC 245bp
R [R5 GCGTAGGCGTCGGTGACAAA

HLA-B27[17]  IEMEIY) GGGTCTCACACCCTCCAGAAT 235bp
RE54 CGGCGGTCCAGGAGCT

(4) %3 PCR &IV

1% %2 3t PCR-FE%1 CE 5 Jr PCR g — M T B RSk B IR I
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33 PCRIBIEFERF . EEAMHRENTEME (94°C) 100 ¥, 30 MEEMR
. T (94°C) 20 #. Bk (A-DNA. PUC19. HBV-DNA. MTB-DNA.
HLA-B27 DNA B KB B4 54 54 °C. 55°C. 56 °C. 55°C. 57 °C) 20 %
FEMR (72°C) 20 Fb, ESEEEMR (72°C) 200 B, |

J P8 0 PCR {CGHEAT 5 A PCR R BRMAEST BB, 1B 251 R TRAR 1 (94 °C)
5 43vkh, 30 ANERETEER:  ASfE (94°C) 30 #5. iB/K (A-DNA. PUC19. HBV,
MTB. HLA-B27 B KIRESHIH 54 °C. 55°C. 56 °C. 55 °C. 57 °C) 30
. 3R (72°C) 30 B, BEREMR (72°C) 10 238,

(5) BEHIrHK

PCR RNAHE, MSHEEFMA 10°M FAEE MR TBIERNE
i, K% PCR-FEFY CE &5 H BONBESI sk A B, 00 da 2 Bl A\ 590
HAT IR T o FRTKAC AR 55 375 Viem, BEFE 35 70, T EZR
240 V/em, #rillERE 3.5 cm.

LR ARG, B HBE (H,S04:30% H0,=3:1, & 30 7580, &L,
DEESMEM.

43 R 51HE

43.1 &3 PCR-B5%| CE & Figit

KRB FIR IS A2 e PCR-FEFY CE S it HRIREHARK
B RN TEE. SVETREEE PCR- CE A I 4-6 i, K REKE
B ROHERE R BLEEVE S PCR R, 8% T HERREEA, Hi4kT PCR-CE
Rt BIE R SR AR . K ik B S NIBE P My & PCR F
CE {40, TI7E PCR IS5 HBHEAT F= i Rk 2 /A -+ FRGBIE
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PCR Mi ¥ 4 M, i T & 2o BB KE -8, BEHEER
g, W% PCR MMEEZER . 5 PCR MR RIENRK S, NGV
IS e R B R B S 1 FEL YK, AT A F OB B R R AR
Vil T ARG T EMBE. & PCR-CE #LAR—MEHMT, LT S
W, BT EREERSE, BRTE A REE

B 4-6 MRS SE. (a) FEE PCRCE LA @ W LN
B-#1 PCR-CE 15 4); (b) % PCR-FEFI CE LS )7

Fig. 4-6 Photograph of the fabricated microfluidic chip. (a) High throughput
PCR-CE chip (non-integrated microheater/RTD chip and PCR-CE chip); (b)
multiple chamber PCR-parallel CE chip.
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432 B5E5 CE 4L R R REE

SRS Bk A T S RN BRI PR L2 5x10° M, W 4-7 FioR. KR
SMBNENS REXFET RK OO RGHATEEE, SEEE S mE 4-8
F7n. FERBEMIRRUAAE T, B JE I REF B uk AU 506 2 A R A B P 5
5x10° M, WE 4-9 Fin. HIRITEEREHITECE, BRMNBERSTH 2
ANES, EALHRET PCRY EHYRNTE. FHEHMDRERTH
RIGHBREFR MRS R, #MEE T RENRNREE.

Vo R e S L

y T y 1
20 40 60 80 100

WE ()

Bl 4-7 BERHIS R AR

Fig. 4-7 Electropherograms of fluorescein sodium before adaption.
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B 4-8 HEEEHIGER RS,
Fig. 4-8 Photograph of optical system after adaption.

BHE B
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O 5108 M
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SO SO
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] — 1x107° ™
o W pssopat "
1 ¥ T T 1
45 60 75 90 105

& 4-9 B RSOt R Ik Bl
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Fig. 4-9 Electropherograms of fluorescein sodium after adaption.

JE 5 I P B B S BR ST 1Y 0-4000 V ELRBIE, B BN 43 B
ITRE. Wl RE=MEE. FHASEE PCR-CE & RE#1T PCRY 1
PR BRI, BEGRNEEEERE (13 ), EiEEEERS
WO R TR E . £ 528 8 PCR-CE 15 A R A FATH 87T,
5 3 ST AR R M E PR K 4 B AR R M B B R AR R, FTSE R — R R B
8 SRR o R P S 7 I P VR ) FRLBSEAT TS, SR T 1 4 4 BIE Y,

BELRFE, SEERKmE 4-10 Fir.

B 4-10 e E Ry ERK.
Fig. 4-10 Photograph of electrode after adaption.

433 BE%| CE B4 &E
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M TS v, 15 F Bk PCR PR AR 357E T BE3R B A BLRI K
R AL, AT A vkt BT PR 4 A B . ZERIUS r PCR WL
TR AT SE T vk M e ] (O BB S MEEAT T % 8%, L DNA marker (100bp DNA
ladder, FH/KFEE 20 4%) ARMXTE:, 100bp. 200bp. 300bp- 4005p\ 500bp
1 600bp 6 > DNA B Bk i, ik 4R PCR PR AT 45 A o

e, BT P/ Ak e i R — B o DO I T PR K M TR B
Y, % P BRI I R )R] RSD<=4.40% (n=4), Z5RWE 4-11 Fros.

{a) ﬂsﬂcs1
S lmwme it
& o0 iéng | | _.uubf
= T .
400 5 ﬁ}é‘i . “xg.‘.}k...!w L\g\w
0 40 80 120 160
wfjE (ED
(b)
DNA _ 100bp 200bp 300bp 400bp 500bp 600bp
B

] 4-11 DNA marker FE51 3K E i (a) KIBIE ] HWERTTE RSD (b
Fig. 4-11 Electropherograms of parallel CE from DNA marker (a) and the

migration time differences of each peak across the four channels (b).

RS, 2ETEMBESRBITHIENEHERN. 8 Wi 1 oA, %
VKAEAT I 18] RSD<=1.25(n = 3), HEl 4-12 f7ss
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(a_) 2000 -

a0 | =Tk W TS

yicad

i
§ 10004 38— ek ;.,,,fuﬁd‘@w

g
= 5004 =Rk ww’u‘ e

ey

0 4‘0 Slg 120 6'3

BYE] (R0
(b)

DNA  100bp 200bp 300bp 400bp 500bp 600bp
HE -

B 4-12 1 SEE 3 XBIKEHE (a) KR E RSD (b,
Fig. 4-12 Electropherograms of channel 1 in three runs of operation and

migration time differences of each peak in three runs.

g b, JEE[E DR IBE £ YOBAT I I 8] — BB, ATKHE H i
A% DNA F BT B, W2 PCREYIHEETE. mEWHI
B, #BEgEERERA, AFT PCRYKEEERN, KRRETE
T A5 R e AL U X SO BRI AN S

4.3.4 715 PCR-CE
43.4.1 Bi&jE PCR-CE

AEFAEEE PCR-CE B RS ESE NAHMIR R PCR-CE #7t, HH
B B AR R OB MR R . Tk hmaBiE PCR-CE K
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iE, S2I6 RIS PCR-CE. W& 4-13 B, A-DNA 182|RIHIFEL PCR
1R CE Rl .

10+ o
iy Bk

Fegy)

M B
=

2. J L J\Jg P
n ¥ T ¥ T b H ) T 1 T i N H
0 50 100 150 200 250 300
iSRG

B 4-13 .-DNA #7538 PCR-CE HIKE R,
Fig. 4-13 Electropherogram of single PCR-CE for A-DNA.

4342 Hi@E PCR-CE

&snI ZAEHATRALE, BRAVEEEE PCR-CE HH RS Tirkm
PUC19 DNA fJ PCR ¥ #-CE &l 54 B % S NBIE I XT PCR HUHATRH
M, A PCR KRR ZRFHAT PCR ¥, RAMLSR/E M
R 1) B, A o T S5 P 7 8 = AT R B PRk 4 RS R« 4-14 T
PUANSE IS PCR =438 W AT 0, E W B R 4 B 1o i 8 PCR-CE A AT 1
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10000 ~

= channel-1
= 8000+
)
O
[
© ]
2 6000-channel-2
e
S
T 4000
@ channel-3
= 1
© 2000 4
&.
channel-4
T 1
0 40

&l 4-14 PUC19 DNA A =@ E PCR-CE k4R,
Fig. 4-14 Electropherograms from high throughput PCR-CE products of
PUC19 DNA.

4.3.5 52 PCR-CE it i 2 G 7 L PR G o By [z R

BEE 7 FEDM%BARMAEKE, PCR BAREER LK 5 IEBK S
N AT IRREZ K& F4R. AZEEDSTEREH DNA BRI, {ER
ZE B E PCR-CE 't & 4] A TR PR SERRAE A< Al o

4.3.5.1 ZHT¥%E DNA 8948

ZRIRT % %2 (Hepatitis Virus B, HBV) e & B2 P8 M AT 1 =
ZRE. REHA DEARWG TR, 2FFRAMLN A ZR RN ET
#[18]. HBVERGLINIEHIA LA G AR BT &, 90T Al & R b FFEE4L
FAFRE, B R BAN S WA X eI TR R R R R AR RERE
BEE Y. XASMWFS (ILFE4L-1) Y HEHEABV EREAS K18229 bpH B
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A SR RORE B Sk BHBV B 3% 1 ILERE R, HHBV-DNARREUCKA 24T
FREHEBVZERY H(PCR)TEE BRI ST RE W BT

¥ LSBT EE EPCR-CER SR 441, BAPCR-CEIELA#ERT1.2
NEF . EEVKIE B 14-15F7 7 IEI/I\HBVIZH'L&ﬁZIKi%E?%ﬁEIﬁW@M, JIE B
%8 EPCR-CEF & 75 H I3 93 2 kol o i) LR VE 75

2500 , product
. primer/dimer i
channel-1-pbsitive sample e

=

5 2000

3 primer/dimer

< channel-2 ppsitive sample Y AQPTOGUCT

Q 1500 4 ' : ~

o

8 y primer/dimer /| product,

& 1000 channel-3 positive sample =

z | ) product

= N it produc
- rimer/dimer i

% soe Jchannel-4 positive sample P N th

i< - i 1

0 30 60 90 120 150

Time{ s)

Kl4-15 HBVH A B BPCR-CE HKER.
Fig. 4-15 Electropherograms from high throughput PCR-CE products of
HBYV samples.

4.3.5.2 545 #FE DNA By

ERMHEESRERFRNFRE, TRLLSEHE, HUNEZIE
Z M. 2014 80 ERE, BHTFLBEHMEESBATHEMAGERIHIA. %
EHEFISEE . BE. ZREADRDERR, 2RVEEASHRES
BT, $E WHO &, SELAEF 800 HHmEI L, EHH 300 AL
Fi%. Bk, S0 XN T B AR 23R DA RM, FlhXE
sk R B KR, REHELEHE R KX AR EEEE. — R E
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mERAREZFEERR, MAEEFRFTEEK. Bii PCR P HHEAENAT
G PR 45 12T B DNA 1% 5E .
4%%?@PCR-BUUCETE:H‘?%%Ei&ﬁ%*%F%DNAE’J%W 2 SE By ar
HORE Sk PR B 5 FO AR, HDNARIRIK AL RATE (TB) MMy
(PCR) ZEARSME IR G H 88 Ut B 34T, AR BT AR 4 EE B AT
R SRR EE EPCR-CE LI 41, B/PCR-CEXELFER 1.2
NS ERPKIEEW4-16 7, SBAVEREARIRB RSh A, WO RA MR A
BHEAAREIF=4), iE B %58 B PCR-CE 2 48 75 Hum e p 1 I o 1 B F VB 7
DR EESEE R TR R RS HIE Y, KA FER XS
%, BIZWPCR-FRFICEDL F BB ER M AN . i mikis R 7 —&
NI, FTREMPCRY AR INTIWIFF . B AIBESH <, HEBRHMPCR
- BV G RAESE CGHER T “9REL” TLZD.

4000 - product

channel-

S 100 el-1 positive sample

@

s

@ channel-2 negative sample YN — .

@ 20004

P

g .

i channel-3 negative sample M

< 1000 ‘

-g channjel-4 negative sample

o i : .._/‘J‘w»wv«,f\...._wrm...__

T T 1
0 50 100 150 200
Time({ s)

B 4-16 S1%FEA BB E PCR-CE HikE R,
Fig. 4-16 Electropherograms from high throughput PCR-CE products of TB

samples.



#UE #ifE PCR-CE MNTH RANBWERNA 123

43.53 NEBPMEEFE (HLA) -B27 DNA B4

HLA HERANKEBHEEAMEMESE (MHC) WREFY), R
RS B A R4 A A B IR BN S R, T SN B RIS g
HLA-B27 £FEBET [ B MHC £H, AIRETHZARULERDAREE
M. 94%MOR B MM A BERIE HLA-B27, MIUE 9%MIERE ARE
HLA-B27[19]. X - FIRE ML 54 S 5mm et s, Hik
HLA-B27 HIRMZE SR B R PSR P B EEE X

IRIEHLA-B27EEE R FFIR 514, FEAsk BIRAR S & R HUR L,
HDNABBUTFREE BT . % I8 _ESUFT LR 8 B PCR-CER) SL 0 4 i
7, BEAPCR-CEMTREFEN 1.2/M0 . H AL EMA- 1757w, FHEEAY
BRI, TR AR MR B, FIE B i EPCR-CE
S & AT A TP AR A o

product
channel-1 positive sample

10000

=
C 8000+
-
©
2
2 60001 channel-2 negative sample
[75 S, oo
]
5 40004 product
E channel-3 positive sample ¥
o ) A
% 2000 - /i product
< channel-4 positive sample e
¥ ‘

0_

T T T T T T T T T T T T
0 20 . 40 60 30 100 120
Time( s)

El4-17 HLA-B27H£ A BB BPCR-CE HLIKE R
Fig. 4-17 Electropherograms from high throughput PCR-CE products of
HLA-B27 samples.



124 =B EMREZR T ARG R LN

B, ETHARESHNSEERRSNT RS S B THHEREK PCR-CE
KPR EER, TS LIRS ERFIERTER TR £, LI
RN REERRI T RRNEEH iR,

4.4 KEN

FEEEEPCRE P &M DRI B E T HEEPCR-CEN A RS,
] A B SEIL DU FEABPCRY ™ A0 sk 43 B /460 . 2 WPCR-FEBICED: A 45
g, X BRRERS, BOBRENSHFED, FRIIKATA-DNA
FMPUCI9MIPCR-CEZI T K [ FIPCRALEZEAT 2 77 & PCR= Y Mk I 75 22
MAZPCR-CERSE, LU T ELRFFEA S ZHFFETDNA, £ITEDNAK
HLA-B27 DNAKPRIE . End 24l

5% 3CHk
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DU A AT G, DRI S, AxaEm. BmEEKRIR
G FBRAFATHI, FHAEATIRARREARLAL., IR,

1. BREN T — MBI R IR T, AT SV IR AR R R
SR 10 R SRR IR R B R . X PR AR ZE RO R LA R L (I
B ESYE A, WH T MES SEhRAE M DNA HIZEfL.

2. RHAREAENSERBESHM PCR A EE PCR I IMF L. K
RS A B R KNESEREFTEEFH, EREEES, M
Rt BN AT SEI = @ E ) PCR P71,

3. 76 2 iR P& AR E R T 2 PCR-FEFI G Fr R EE, W
it SEIRLJO A~ DNA BEACHT PCR 7 38-FELIK A B8 /#0122 PCR- CE (S Fr RGEAA]
1 B F- 52 BRRE A HBV-DNA. TB-DNA 1 HLA-B27 DNA S54RI . B 314k 70T,
TERE LN, mBBEBNTRRNERLRT L.



