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Development of Micro—Arrayer and Scanner

for Spotting and Analysis of DNA Chips

Nam Soo Jeong

Department of Mechatronics Engineering, Graduate School,

Pukyong National University

Abstract

Biological science is being revolutionized by an availability of
much information in regards to a complete genome sequence for
many different organisms. Much effort is being devoted to
determine the sequences of many other organisms including
humans. To have these enormous amounts of data with the
recently developed advanced technology allows us to analyze
thousands of genes in parallel.

Especially, the researches of DNA(Deoxyribonucleic acid) have
been extensively increased. There are southern blotting using
connection hetween DNA and DNA, northern blotting using
connection between RNA(Ribonucleic acid) and DNA and PCR in
conventional gene analysis methods. However, by these methods,
because it i1s difficult to detect tens of genes at a time, works for
instant analysis such as disease diagnosis is time—consuming and

demand much human effort. To solve this problem, the development




of DNA chip system using micro—arrayer and DNA scanner is
deeply needed.

First, a micro—arrayer system developed in this thesis mainly for
manufacturing DNA includes three axis manipulator, pin , wash/dry
stage, well plate and slide glass, etc. The three—axis manipulator
is designed to automatically collect samples from 96 or 192 well
plates using up to 16 simultaneously moving pins and to deposit
them on a surface—modified slide class. Moreover, this system is
followed by a wash/dry operation in a clean stage. The cycle is
also repeated with a new set of samples. The developed system
can deposit ¢cDNA or oligonucleotides with spot intervals of 150um
and the spot size of 120pm, respectively.

Secondly, when the slides through micro—arrayer system are
hybridized with a probe containing two labeled tissue samples, the
development of DNA scanner system is required. A scanner system
developed in this thesis can digitize the excitation levels at the
characteristic wavelengths of two associate labels, respectively.
Moreover, the image processing algorithm for analysis of DNA chip
is also proposed in order to develop DNA scanner system in
advance. The developed DNA scanner system consists of two axis
manipulator, detection part and optical parts and is based on laser
fluorescent expression method. By the experimental results, our
development goal is that the developed micro—arrayer can
manufacture low—integrated DNA chip with 192 oligonucleotides/
em®. Moreover, the developed micro—arrayer can manufacture

oligonucleotides about ten times as large as our development goal.




The developed scanner system obtains a degree of expression of
fluorescent light of probe on DNA chip after hybridization with
CCD camera and analyze the information of the expression using
image processing algorithm. The effectiveness of the developed
scanner system is proven through the experiments using slide

glasses without and with microorganism.
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oFgith.
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Fig. 2.2 The schematic diagram of micro-solenoid

type micro-arrayer

t}. Photholithograph chip (oligonucleotide chip)
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Fig. 2.3 The schematic diagram of manufacturing
photholithograph chip

?}. Electronic DNA chip (oligonucleotide chip)

DNAZF (=) HstE Wi 44de o] 83te] chips] xWel de 574
Aol (1) A71Z BolM 2 A dete FAxE 2 wee W

Mo}, o9 e Y S o] 83 chipol ¥+ NanogenAlell A 7wt
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Hoda A= 10,0007H2] DNAZ oleld Aoz 24U 4 3= chip

0

| 7hetEo] Q) o] 7iwe] AHE o]k 2 electronic addressing
Wk olyel Hd71E o] 839 target DNAE 8l 5 Ao Ho
Yoz A3 ArE dE5T ¢ A= ol =3 H71A0 @
o] &3t A DNASH stite] ¢717F thE DNAE doj=d
T3 el vk obA74-A Nanogen chip®l AL &3 o] &
AARE Clinical Micro Sensorsghi 3| Atol| A= o5 7)oz
HALE A7) AzeA SHs e 7S Agsdt. webs 171
ol A ~Jf(laser scanner) WAl £02 E3 tid F A= A 7Y
g AHE AEsHAl bEd olelg DNA chipe o2 HSH =
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DNA chip?] dl#l& Fig. 24014 Rz

o

%2
rr

i)

],

rlo
o
ol
R

o
ml

AH
AN

=

I

Fig. 24 The example of electronic DNA chip

2) DNA chip®] $§ ¥of
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zzAeEgRy 932 DNA 4714 49S ntgo g 3o DNA chip
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3) 2] DNA chip ¥ micro—arrayer 47+ 5%

7b o] ATEE

DNA chip #Zt€ micro-arrayer " =3 f9 283 29 42 3
FEol F50] Ho o]&o7ta dv}. 7 HA micro-arrayergd A2t
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U ol A7EE

FHoll A= @A 202 micro-arrayer’} erE o] A=, vk HvE
oleHek(F)N A AF AR vAEE FAgte olFor 537 o 8
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2.2 Micro-Arrayer Al2=®2] 7|2 g @ S A
1) Micro—arrayer Al~¥12] 7] ¥ 9+

DNA chip® AZ#A L& Fig. 259 #o] =LA Al REOE o|A
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Fig. 2.5 Procedures of DNA typing using DNA chip

(1) Fig. 25 ()%} #°] WA micro-arrayer® ping ©|&3te AA=
cDNA =+ oligonucleotide probe: & 3-Zdoli} ALY SUAES
o]t labelling®l probe’t #7 1= well plate 14 probe® FEtt.

(2) F HAZ well plateol /] F%3F probeE Fig. 25 (h)9} Zo] slide

(3) WhAmoZ Fig. 25 (% 2ol ping MHFTh Pin AH Aol
AF AH, B A3 27b A4S 3 9E AASGES 5o pin
g A3 AAAEF Fh oldF HFL W B A slide

glassol] B2 49 DNA ARE chipdel2 Ho] =2 3t}

=

ProbeE AA7I7] $3F o] 4A2 AAE2 probed AAE HWol
A or AGA7aL, A%} probeitd] A wARkSS B A
[6]l. ®%E Ab8%:= membrane HE|S] A AE-& nitrocellulose 2t
charged nylon®] A%} micro-array # Zoll 2lej A 218 &34 (inherent

fluorescence)o] A& F8]& o] &35t Zo] o olt} [R].

7129 ¢DNA chip? £ A-7FolA A]%=3t oligonucleotide chipe] 7}
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A AolHL chipell €HE  FARH(full-length ORF) tjAlof
17-35merE A& #olt}. ¢cDNA chipolls= ZAol7F 71 ds-DNA(H T 1.0
kb)2] phosphate group®l poly—L-lysine®} ZAgsle] Fal2 fol 2+
o Ao ds-DNAYT AR & F89 9ol 7] "o A #
5ol AFEFA  probedt AFETE £ A= FHoluh AW
single-stranded oligonucleotide= HA A 2 poly-L-lysine® A%
JhsAde]l 222 probe’t BS + A= AR A sequence’} A
"d4g. o9} #2 FAIAHE dZsle] oligonucleotideE S A5 Al
probe} A3 F AA 71E9 poly-L-lysine®] coating® 2 slide
7 &7 glolA silylated® H-¢ slide® A8ttt o] 714 € Fig.
263 7ol silylate® 2] slideo] aldehyde groupe]l oA

amine
group< <1913 29 DNAS €4 imine bondE A= S
o] 88 Zlolth,
”- ‘f:;—‘ amag e DNA probes to be
smwenssdanss immobilized on the glass
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PEBEEED A EREN
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¢ 25 .40mm

- 76 20mm »
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Fig. 2.6 Schematic representation of the micro—arrayer
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Microarrayer EEE
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Stepping Motor Driver Tip Holder
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Mechanical Parts /" ___Conbrol Part O\,
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Clean Station

Fig. 2.8 Developed system configuration of micro-arrayer
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23 AojA 2 Aol dueF AA

Fig. 29+ ¢cDNA A X dlolg, 3% vy &Fd o5 5 dolg 1e
T RUEE dolEl olgA Al 7bA] Nue] sFE HAF vk W
A, Alzdlo] &HE7] Mol 96-well plate2] cDNA HlolE= 7] &)
AgEoizl delgel o fojAAY 48 F AFe] Ak Tz o
dolge $d3 A4S vy Fd& sy 48 249 A AT A5
¢} hybridization ©]% #41& dh=t] ARE-HoixIth ARRAPE 4 detiEE
S AR o]Fof 4 Als(detdE, A1 49)= 80CIBKCE Aozl
ot 80C196KCx detWHE o] 83 & daelFel wapay 914,
=

E
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/ Data Base }
‘\ Sever

. Step motor
‘ drive

Fig. 2.9 Flow chart of signals and data
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Fig. 2994, 24 3l 59 micro-arrayer= &2 A A A
Z#&ol 91X, w9 A, 271t A 1 27| A8 LTEAA
S8 wolERlt o] dlo]E &2 80CI9KCE Hul#]ir 80C196KC+=
o] HolEHES HUEH PCE Hujo A A A=) AHE RUEHY
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Fig. 2.10 Flowchart of micro-arraying procedure
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2.4 DNA Chip Micro—Arrayer A€o A4 2 34

1) A& A 2§ 80CI196KCe] st=4lo] & L EY 7

2 EEelA AR A= Alefrle) w9l ZEAIM = 80CI96KCE
o] &3t} B =FolA ARG IntelAle] 0CI96KCE A|o]§ Al
A 3o A3 WA YAE7F =2 microprocessore]th. whol AR EZ R
AlA 80CI196KCE 7HA11 F-d g A9 EAL 16HE ¥ 3 F
N XEZS @83t data SAlo] ZheetH, Bl JHel /O nE ¥
, 1% 29 Ax 5& F3lAM hardwareE controld 5 o] E

=wolA daw st AR mE SH S8 AT 5 o &

Table 2.1 Main characteristics of 80C196KC

Index Functions and features

- 8/16HIE dHiol¥ dF E 579 /O

- SHIE A4t 2 16x16B]E A4t

- 20709 JIHHPE A

- 1681 E 9] X% 1 E}o] B (Watchdog Timer)
- d) 7} 16HE AZESo] Elo]n

. (Software Timer)
SOCIBKC | + 702l 168 E E}o]l W -7}H (Timerl, Timer?2)

- Z 64K HiolE m &g
- a1 =¥ 715 (HSI/HSO)
Ho] 232utolE A A~H 9

2= 5 =
S a B USRS )|

Intel

1 O
T

~i
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Intel 80C196KCE= MCS-96¢] ahpzA Aoj A 2gle Ao Ay
Fot ALY 5o 93 vlolag Tz aolw Table 21014 X
Ao A AbgEo}7 Intel 80CI96KCe FLEAS 7heFs] el
ATt B A" E 2R FRAMAAA oldzZa N E Yy
of UAE Nz2 Had & 9 715H £ RS-232C 2 RS-485
%21, Ethernet FAlo] 7M53tes sl ZAEEHE 7ol sfmz

o oH2E A4 4AY B2t 9

~
=
ON
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oﬂi_ﬂ

PColl 4] "lojhA 80CI196KC =
3t LA Aok 7] wFo] 80CI96KCWol = micro-arrayers
AREE Aol sfrg 2 dxert desit =

g AYY X HEZol "dasta AADAJ] RUHAS AN &

Micro-arrayer+ = @4 HUH

offt
o
ol
)
2
o
frte)
rlo
O

o

Al2=glol A= 80C196KCE AH838t9tt. Photo 2.12 =Al A1 =gk 12bit
A/DZIHE, RS232C Al#l9 X E g3 F t]9] 8255APPI®}F 9]
%2l 4SRAMAMbyte)s HAstal e 80CIBKCHE=E HoAFr
Table 2214+ I/JO LEQ] 2% AZF 4HE BoF.

Photo 2.1. Developed 80C196KC micro controller board
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Table 2.2 Signal connection state of I/O port

Description Address
OFFFH
External Memory or 1/O
06000H
Internal ROM/OTPROM or External 5FFFH
Memory(Determined by EA) 2080H
. 207FH
Reserved. Must contain FFH.(Note 5)
205EH
205DH
PTS Vectors
2040H
203FH
Upper Interrupt Vectors
2030H
ROM/OTPROM S ity K 202FH
cetnty ey 2020H
) 201FH
Reserved. Must contain FFH.(Note 5)
201AH
Reserved. Must contain 20H.(Note 5) 2019H
CCB 2018H
) 2017H
Reserved. Must contain FFH.(Note 5)
2014H
2013H
Lower Interrupt Vectors
2000H
1FFFH
Port3 and Port4
1FFEH
1FFDH
External Memory
0200H
. 01FFH
488 Bytes Register RAM(Note 1)
0018H
0017H
CPU SFR's(Notes 1, 3, 4)
0000H
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2) 2Hl X E (Stepping motor) =&o] B
Micro-arrayer®] ¥ 54X 24 2HF 27t Abgdch 2HgR
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218 2H Y wEE HAaga] ARE zhe

23& B ATo|A Auts

wE meelue] AgE welFa 9l

2
2
2.
o
3
&
4
jab)
<
(@]
=
2,
=
ofo
d
>
)
i)
b
i
©

Table 2.3 Specifications of stepping motor and motor driver

Stepping motor Stepping motor driver
Contents Units Contents Units
Number of phases 2phase Maximum input
40kHz
Step angle 1.8° frequency
Input Voltage 12V Maximum voltage 46V
Current 0.4A Maximum current 6A
Holding torque 3.2kgf - cm

53], 2H3 2y =dolHe 3w 2HE RE =golw (L297)

2} dual bridge driver(L298), X &3] =(PC847, diod), 7|+ F3 ==
T, & A28 4 sl PCB boards Photo 2.2 4 X
Atk w3 micro-arrayere] F#HE €3 TE =dlo]H = Photo 2.3
off A Hojxt}
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Photo 2.2 Developed PCB board of stepping motor driver

Photo 2.3 Installed stepping motor driver in micro—arrayer
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3) 3% A vy Eely

Photo 2.4 The developed micro-arrayer

Photo 2.4 A, 7%= o micro-arrayer A ==8 2z} o x7]|
= ARF TE AL AR AT 27 9 AHE M P& o
AE 7HHo =2 Ags A E Fe=th Base platedl= 2709 96 well
plate7} &2t s[oj A F 192709 spotE 3 4 A3, HAES &Fefol=
28 X3 T T Edels F8a0t oY o AR 4

Faol A AHgSrlel goldtms TAYH A

L

rir
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4) Tip¥# Tip holder

Tip# tip holders micro-arrayer A|Z=&l2] 7jdte] Qlojr A 7| &
Fo shvtetar & o vk AA FY T probeE AT TS
sty MAA] SFAdE spote] A7I9F AAEIE A3, A FEIY probe &
Aol AT Akl AaQlol dAZN & ST F JEH dof &
t}. Fig 2.112 pin type tipe] EAE2Z A, tipe] 9Fdolrg I Ee
g A ¢ U AEES ol&dof gk B A spots

A7) AshM = 7} tipg e wol7b WA A H o F

Fig. 2.11 Schematic configuration of spotting pin and its tip

olef o] Fig 2.12% spotting®] dg]lE vEpd o2 ofuf 1gjsfol
& ZIAAR AA 2A0s A (DellA AH ()& HolHe +=1tol
7% olF7lI9 9 FAo] FauEofof v wek A (2)oA A (3L
2 &AE " EvE b™o] AEY 25 &Eel 9

A]

4

ok

ol A€
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Flee ol Ao gr#Eg rhsforyt st 18 HEAoR & W ]
Mo} tipo & chipg AFSotA iAol BojAnz vt tips
FAel spotting® = holok stH, olw Z4Zke] tipe] A3zl Tl

e

Spotting head

Liquid DNA
ptobe

Immobifized

M Silyiated glass

4 7
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y
Vel plate - RN K
f,//foozogagogozoc - )
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» | 1%
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Fig. 2.12 Spotting mechanism using the pen tip

DNA probeE w3 ¥oz F5% F AL=F tipd v &2
o1
—

Fig. 2129t o] FAd=lofofsti, dAT spote] JHE

S A st tip# tip holder® AE 7l&sto] FHel 93 &etold
o] o]lFojxE T3t THAvIEHE HE 5 A o= B4
spotting& ¢ XEAAE s 7=t 8-S stk Tipd € A H €4

WAo] 744 & Gee vjA o X AFolA AEH tipS Arrayithhd
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ChipMaker 4% AF&3tH o] 72 Photo 25904 YERe]A| 3, Table
24914 ChipMaker 49 5-/d& 7FeFsthAl vhepit

Mg
19 Hoyw 97
Telechem Internationat

Photo 2.5 The shape of ChipMaker 4 in the micro-arrayer

Table 2.4 The specification of ChipMaker 4

Contents Units
Catalog number CMP2
Spot diameter(gm) 120-130
Uptake volume( ) 0.25
Minimum spot spacing(gm) 120
Delivery volume(n ¢) 0.6
Maximum subgrid per pin(spots) 36x36
Density (spots./cif) 6,350
Maximum number of spots(lSrﬁmXTme) 82,944
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)

=3t Photo 26914 tip holder: % 32709] tipS @A

F L,
2 7oz aetold Aol golatieF stojof shal, tipo] doj=
dshA] Het=% whEojAjof gt}

Photo 2.6 Shape of tip holder in micro-arrayer
5 Z}E Z1AZA @ A7FA

Photo 27914, 7= o2 micro-arrayer A ~Elolx "= A] @ ]

ofA= FRAAAA A¥FA R dxv|E e Ad

Photo 2.7 The shape of clean station
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53], & dvelde TR sty Re2 Ao EA A #
AAZEE dEAZL F AxE stdvh webA silylated glasséb A
DNA probeZ A &g 96-wellS plate ZAAIZ FA 9} tip £ ol

= DNA probet}t o|E4& AAT AlH Zx|e oo ddd & 4
Zot fA4 FEE AT AFR7E dastoh AR AHES st A
$27F AlHe 34E APWEHEZ 98 5 3, o5 F8 AFHo 7t
otk Zst Eetag oz A Fste A HeEdhd AugsE F
Aol REEAI713 A A% goldte T Jr)

Photo 2.891A] slide glass®t 96-well platexs 7Fdr 23X & 48 7]
7ol o) HelskA A"o] 7Hsdttt ProbeE it
gdol gle T 259 F#%7F obF Fo3 4TS o wHdAN 25
T AAXE Fasta o dolHE F5IA JtE7Ie HE A

=

Photo 2.8 The shape of base plate
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2.5 DNA Chip Micro—Arrayer Al 2®29] %3 74
ZRade] A

Ak slol 21 DNA chip micro-arrayer Al29S £ @3ty 93
de AEEAHQ 249 BEYUHY 84 F VAR IA FE H
A F ot AEEZQ QAE micro-arrayer’/t 15 E w FE)

o]
229 RAEHES AT Adas 715 AN T dow, RUH
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offli
H‘SL'
e
AL

K
ull
M

#2 Fig. 21344

BojA= upeh o], g ol AlZEE 2o Heke HFAM =

A o] Erh 219l FeXE Avhe Apghtte] T2 AL E

T itk 222 DNA chips] A2twd 2747 25 @ 5 3l
&

gxgagdogz FART 3 3l ojudt ZAPL & Aoz

DNA Chip.

DNA Chip MicroA
DNA Chip Scanner
DNA Chip Analysis

Fig. 2.13 Login screen of integrated management software

for micro-arrayer
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Fig. 2.1401 A, Ap&217F @33k 2Agdo]l A& EE stax e A4
& AAsta, #stazt 3+ probeel HR 9 micro-arrayerg 2 st
v g ES A&t E=3 2HEo] ARH™ Ao JHE 2y
g et 2ol Ta7b WU ARgAtel A deFr] A% T 22O

S Fig. 2159 o] wa = ol AT}

o=

i
2010101

Fig. 2.14 The loading and saving screen of parameter
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2000101

Fig. 2.15 Login screen of integrated management software
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26 243 R 4%

1) 945 & o] &% 54 23

DeRisi 53 micro-arrayer 472 -+43% Stanford ™32 Brown
AAAELS 150 /W23 micro-arrayer’t UE 277 HE AE <
B et AxZ AFAIL arrayerE WHE 7 UEF 1 AAYPE A
£-9] software ArrayMaker7t*] ¥3t3jA Web #jo]X] Aol 45 7)
&3 vk [10]. Aol MGuidests Ezl& Aot EJ e 1F
A= arrayer® @A Fof AP Hag dH 9 software®
A TS JEd, IRLE HFEM ] software ScanAlyze(Stanford
Univ, M.Eisen #3%}), database software AMAD(Another Microarray
Database, Eisen #2}), dlol¥ &§X software Cluster Tree View
(Eisen A2} soft W ¥WAHE dA)olth. oJAEE EQ=E, 54 AA
9 358 T#d B9 Fig. 21634 #rh Eg 2 geddi RoAE
a4 9 A DNA scanning o] %o #olEdzl JRE 43
= odae #HAo|ty watA B A Fol A= micro-arrayer® Az A
ol AT AFolmZ A 9L B s ARt s, o =

o)
Folqe] AuAR: AS5H Age] NAFE B, spote] A7)

.
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i Data image processing
‘l - Griding

! Data management

T 7

Data mining
- Data visualization
- Clustermg

\
\
\

Data analyzing
- Common element sampling

- Estimating cascades of
transcriptional regulation

Fig. 2.16 The function of transcription informatics

dlo]E1 9] 3144 €] (image processing) 7]

$-A, transcription A g &= ¥ WHol = H MY spot dataE A7)

o] o] AES JH5H ¥ ABHOE WAZEY dojH Wekati
%ol Bastth tete spotol EF] GEA AYHA BEED spot
Aet oks XA spote] §1X ek AEsE obF AALE upFe]x ALt
A58 At BHAGE AEdow 2204 AFdD qas wa

£3lAt F, 96-well plated] YAE L3, 25 AsS AFFH
Photo 2.9+ 2 #| spotting3t micro-array®] 3 o 2A] = E
= 10700tk Tip# 3% vy Eeolele 44 g A ojite] 1

Or)l'
’U
o
—
o
~
=
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j17a)
a

lo
rl:(

=

1o — L. N

5 v doy #x #beolgl ~(Rhabdo virus)e] DNA chip&
o

qoz A9L sk AL ol 2E WPW A

s

Ir
)

96719} oligonucleotide® A A=At webs B A= 10719 A

{}

2 DNA chipS A3t oem, =3+ Table 25+ 2 A spotting®] 24

77 Boli= AYL ekl

Photo 2.9 Example of micro-arrayer printed

by developed arrayer

Table 2.5 Spotting specs of the developed micro-arrayer

Contents Units
Size [mnf] 0.01304
Velocity [spot/sec] 11
Integration ratio [EA/cr] 1,536

olelgr ARATCIA, A AeE Felol do) 2AE ey 8




—

QAT Ae] A7)k UR ZobA fetoww Awelr| AT, oo

= Zebso] ofg o FEw Qlato] Gt el £

ol2]§t o]-f & <¢l&te], Photo 210014 HolA= RAAHH AH
HAES Tips AMEsl9 2 HAES TipS AFEsIY dojznd d3s

Photo 2.11 A vteE} o] At}

Photo 2.10 Developed testing tip

i

Photo 2.11 Example of micro—-arrayer printed by testing tip

53] Photo 2.11914 a7t ®3 F&& gray level & W3t o]
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lo
iih)
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o
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!
o
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sl
o
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Z1o] Photo 2.129]t}.

-
5

Photo 2.12 The shape of an image after processing

‘

3714 Aol 7z} HE HA A7|E= Table 263 o] eI
Aol ghgol st E4E& AsfxE BAAHI didel F
a3ttt olujA g WAEY] AN WA VE2EAS ARE HFE, BE

Axp Ak, AWgh, S, A4, Ad% 59 delHE 53

o
N

Table 2.6 The number of pixels at each spot
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Table 2.7 Frequency distribution

pixel No. Frequency pixel No. Frequency
29 1 32 2
30 1 33 1
31 4 35 1

49 55 61 67 73 79

Ly

19 25 31 37 43

17 13

Fig. 2.17 Histogram result
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w3 AFEEE spot 2719 HAS L3 st Ay FEO H gk
B4 et ATUEESE 24 ol WAL F o3

;-
=55 (2.1)

gEWT Z 7t a b 73l £ FE HAe<Z<he dYa3 2

b
Ra<z=)= | Anar ©2)
of 8L a b FAIAY WAR Lok ¥ APIHe 4 2DS ol
29 AFLE THE Fig 2189 2t

HMUT s, @P=31.40417 EEEA=3.187076

0. 1400000000

0.1200000000

0.10C0000000

€.0800000000

0.0600000000

0.0400000000

G.0200000000

Fig. 2.18 Formality distribution curve
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Spot Z7]9l BA e WA spot A7) ®FE AV Ao agln Ha
as% Pan NAFse) WgwA Bastia ok GF BFME
A7)9) vl &2 spot A7|7F HEEAE Bt b B A
A} A}83% ChipMaker 45 71F 02 3dto] #Aded % X534 IO,
Ao AL 4 (23)-2HAA veEhfe]

S we=125 pm (2.3)
S mex =130 (2.4)

FRyA Hi HASF Qurt 318 A7 M 2L HMEE B
B, A JAF Qe T Yol 318 A HAF Qued T
g wol= 328 AM&stE A(2.6)3 #rh

o) A5 A%

Quw Qmn Qum (2.6)

A (26)NH Quin QxS T-3HH

_ Qw”(’s‘zm)z QS

O S.\: S
)
=% —28.5696 =28 27
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_ QM(%@‘“)Z 0,5

Q max S 2 — SZ
IEx
=-331*§1532'4 —34.6112=% (2:8)

A@2NA a, b2 FHE QunQ@uaZ F31 HEE W
Q i
HQ i 25Q )= | | " ) 20

A (2902 T Qumin Q@mx AlollM 9] 53 & Fdsirh ol &
Exceld FH&ES FaF+ ¢ NormdistE AHE3IH &3 #o]
T3 R o

@ 1in <Z<Q 1) =0.704922 (2.10)

AF7A e ANES THEI, Excel 20008 o8& ZFAE As)
W Table 2.8% %t}
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Table 2.8 The results of interval probability

Minimum diameter S e 120

Maximum diameter S max 130

Standard diameter S min 125
Maximum frequency pixel @ e 31,32
Minimum pixel & min 28.5696
Maximum pixel & max 346112
P(min.<=X<=max.) 0.70492

21(210)9) A= EAAQA Ao w B oo Ho) HA1 spot B
o] A g 70% ol B0ttt Aolnh o] Ao APE &
= tip 9Ae] obd Yoz 71EHE tipg AHEEddE H ¥59 o
e AHEshe ¢ E8tolE FARE QI wmo]=e detectordl] UE
dze] 79, 1E|n 2y gy JAFE Fol7] AT I F4=
A3 A Holert Bol WAHATE AL nHIHYE 70%es A=

Aegle] FE29E SR A5dvy dddd. 24923 dA 1o

1

o 9609 spotg FA3= A DNA chips A#Aee §E=He

2) AA Ax ulo]g 2 E o] &3 DNA chip Al A3

B =RoA Az o]z micro-arrayer® Y-7Zthen Ak} sf
Aut njPEstato A o] F FYw o}~ TS DNA chip AF
A z2AE A AFE fste] AREsiATE [41) AFEE pEEe

micro-arrayerZ ©]&3te] poly ‘L-lysine® ¥ ¥ slide glassol ¥ 3
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o] &= #le]H A(HIRRVIE F8& A7l H2EE o % =23

lo

60-65%, 65-70%° F AF+2 2y s or, olgg d3E BMS

~

o scan 9% E 3t DNA chip A # AElE 21 AT}

HIRRY HIRRV
| ———————— |
N Ml G N M1 G

(A) 60-65%

Fig. 2.19 Test that attach Rhabdo virus of flatfish to slide glass

that coat by Poly-L-lysine

Fig. 2193 7ol & 2L 60-65%Y w Hzo] 2 &= AL &
¢l & 4 9o micro—arrayer? E3 AHe= AAHoRE G5 A
S 4 F 9k gy, Fig. 2209 Fig. 2.212 poly-L-lysine® F & ¥
slide grass®} aminosilane 8 H slide glassol 22 THNV, VHSV,

HIRRV 7183 B-acting F23F HAE Aol

_58_




]}]].\TV VHSV I{[RRV B - actin

NMIG N MIGN MIG

IHNY  VHSYV HIRRV B - actin
r 1 f 1 1 1
NM1G NM1G NMIGI

THNV VHSV H]RRVB actin
NMIG NMlG NMIG

Fig. 2.20 Poly-L-lysine coating slide grass
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IHNV VHSV HIRRYV f -actin

N MIG NM1I1G N M1G

Fig. 2.21 Aminosilane coating slide glass
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274

2 dddME A7td  DNA  chipg  dA, AFsr] g
micro-arrayer®] st=dlof R X EH ol MEAAE rleEsi. A
d 5] o) A micro-arrayert F3AA ARE A5 AT F8F =74
B Al e ARV FaT adelda & F A& Aol wEkA
ol RANES FHAF7] HlM= A= /M@ tipH tip holder, &=
H 2H 223 80CI96KCE °| 83t 3% A Wiy EHIHE A
olgt= Azl Jide] aFE ol £ DNA chipe Azbstr] 98
A o=l @ PEo A= a4ty & 4 Qe clean station ¥ base
plateE A 2 A 23T

H =RolM 7jEtE o]z DNA chip micro-arrayer A|Z~€lo] A 2|

Ay Foll aEfetA 2P SAAA 29, F, 25, §5, T SOE
ddte] B2 AAE AHAeu #d A7EHR AH AFE sk
#E V1S % A7ARE B ATMY AR A% 4A4=A
< 2T 5 AT

o7 e ol micro-arrayers o] £3 AIAAANE £330 loret

2= A4 DNA chip Az
olx, Ay Axte] AZF Aol A
oF 10¥19] oligonucleotide® A& + U= A% A5 7HHE HAF
Aot kA 2 Aqte A sErs] o] 2 DNA chip micro—arrayer A] 2%l

e T4 TR ATAE TG T YFATHNA HYEHOR A

o 192709 oligonucleotided 2 &

W
e

micro—arrayer I Hixdx e &

f35h7)ol = Adds] 83 Al g &<ls & glslth =3 DNA
chip system-> micro-arrayert# oluel 23 H deolg & #5315 A

& DNA scanner®t afA] Lz asio] st ol FQstmz U3
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ol 4= DNA chip scanner 7}

e dudes

s5 WSt

slo] g oA

ar
A

:[L

..62_

nu}

=

S 9ate] wr=x] 2 TH A

g e ¥ 5 AL

-
T

o] gArald] A= DNA chip scanner 4

34



31 A4 o

B gdd = sEElo]d DNA chip scanner AlAHE 43817
A 7I1EAHQL dElgtn & £ de d¥AHE  dudH(image
d M= DNA
chip scanner A|Z~%l°] DNA chip 94 53 Fol 4 A3t
B R #3ld FAHeRE 7]&F Aoltd, DNA chip scanner?] 4
d& 1= (grid) el HHE] IR o|Fo|A glon, oA e
agEE 2e 9 g3 4o vESE Y. oAl wEk |, )
o] olmA)= od] e =g ool dm ztzhe I TE A
B agl=gta st o] A4A Rl AE ] micro-arrayeol VA= e 2

Aagm @ 5

Jm
ok

T
=

processing algorithm)& FAIsta1Ab iy,

~
vl
lo

ko
gh!

3

o

o
-

A
ok

(1) 25 MBg=(sub-grid)e Z7]= 2t}
(2) A8 -1e)=Atole] 7+A L A s},

(3) B (spot) 59| FAE 3 do mapdejel A gd

a8y 9ol @534 3} hybridization 2 AH S LdstE $ A
B A A Fgoz Qs &3S hybridizations # el

olel-g& AA Hw, fFEe] A= o] FAY Aei(ideal state)l

~




ol

spo] obu]7] wiel DNA chipel ¥4l glojd AEAo2 G4A
2l a7 9% vl o ofHE Aol FHojd. Hyd AETH 9
g 7Ea HEAGe e v AE daw A HEw Azt
Al B DNA chip ¥4 Al2&glo] A=A g% &8kl vt
25 A2l Al2=glR) ScanAlyzest ¢+3 25 A ] Al2="Ql AutoGeneo©l
iz Holetn & 4 v} [13] 53] ScanAlyzer AM&A7F &£o02
T 33 deo vyl E Yserdn s @dS 7HA 2 vk

aHpz B =FdAE, DNA chip 444 F5& AAstn ¢d

!

© probeES #7] $% el W (image processing technique) S
A grslarat gk
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3.2 44A 72 de R dugs 4

OAd d4A48E M 94 dAd Jez 5238d JAHlH
g dojorsttt. gAE QdHo"HE ¢ s photo
v gA4" gty AagE ol gste S HE F HAFHE
AU, otdr g E T dHE I dHolHE A/DES
Z B3 AFEHE dEsNof stoh EI MFHAN A dHolHE
dlojEe]-8& A/D W3t7|(frame grabber)®4] MeteorAlol]  AAAFEE
Meteor-1I ¢} ZLelHE AbEstol FAHolHE F5E + UEF
ach: L kiR

o
by
=
ok
a3

1) 19 o} 3H(Gray)

o] dolE(gray data)e FWzivete A2 ZwMgLs A4std
A olad Aol Y2 glor Y] srvtew JAE FHI 2
T2 GgAgd "ol ol&®ET AHAHPGAAY zZzhe AL
RGB(R:Red, G:Green, BBlue)d# o2 JA®ct RGB 232 Z3FH
s Ajagle] AAE bdEE] shA R, BE o ZelA o] o] A o
A ook w7 25 age] He 2452 45 dAV Ui A o
elgh o] WYl gAY dauFES AL&s7]de ogr] Wil

degds Wdony xdHs agejddoes Aoy, agoldd

W% = 0.299R +0.587G 4+ 0.114B (3.1
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2
S
5
Do
a
o)
ol
oy
o
N
)

R, G, B vl&22]/gel 1n}o]E(byte)¥
Ak 9 AS E¥ Ry BAWRG GAR ddHer 2 @& &
e ZAE B £ ded oA Qe o] GARe O% WzEy]
mZolt} o|HA Aitd WAEE R, G, BAE #HEd ZHzt Y3}
A Astd Weadx=E dyehA "k Fig 312 ol#d &S AA
Fdel A& A& JeEpATH

Fig. 3.1 Color image and gray image

2) |7 3 (Binary)

olZ g zelo] GAS A g(threshold)d] wet &3 Wog A
g % 7pA domwt 9AS Yrhie AL waTh dY g 7t g
soll N Wsh Qe B @ o)l Agel dgste EHA
o] FAaze 12 33 1 99 A9E 0
3 ghe AAgkelEta @k AAg A How ved tga 2
o},
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AN flz,y), gz y)= Z42h d4Ae o (z,y)d Y& sta
o] =azrs el t= A A G threshold) & YERATE o]l A S S
213 o] W2 @ & £k ded oS Alzd iAo A

SEREEEES

o[} e st

o]

A7l A% shihe] Wol AAZE ol 8t Aot
2 A" e FARE A%

Al gl HE Aelatertel s dolREs du. o] J4E

ojx1gtst= WHde 7 7bA WY O 2 histogramoll o ¥ AAg HA

HBI Hd E4ks ol & AAG dAdRe Abgstid [4][5).

9
w2
oX
o
H
o
X
S
lo
s
MN
l
U
2
ol

7t. histogram©ll 2]gk A Algk A A
Alzeello] A g2 o2 AAGS ZASE S+ A A AAZ

& AAste B 7 i Foll drbAow S AEIHRS ol &3 3




frequency

a|l &

o | O | 0|

, | .
01 2 3 4 5 6 T
image pixel intensity

Fig. 3.2 Histogram
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rlo
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Fig 32414 %= & & SlXel IS 7Hd A9
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g o % 9t B%
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flo
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Fig. 3.3 General form of histogram

gt PRolth mebd £F Qe WA BEI4S o W ol
sl SAETWS BT FAREACL dwe ge ddh Fig

34-372 o] MA AAGS 48 234E e

=
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Fig. 3.4 Original image(Cup) Fig. 3.5 Threshold 100

g 7HA7E Aok 3 Fell A
He Ahgssld dE 5
Fig. 38& F /o] AS& 7HHe saEas8s vl o

h=1
AEew FARES dAste e o
s
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Class 1

Class 0

1

Number of pixels |,

zlea M, Gray—-level
Fig. 3.8 Statistical meanings of biomodel histogram
o] 2] g Fig. 3.8 YEld 3| 2E1W S o] &3t ofgo] dAH +

Ag M g3w Figoll A k HERo|l AAzoz A=A He).

A A 5 N = 27: (3.4)
7t ceoledle) 98 : p, = (35)
Clasi)o) o1 %8 : = 37 p=alP (36)
Qaslo]l ot F2: 0= 3} p=1-uB=1-u 37
Clas{)®) B3k : M = Z'ﬁz o G) = %lz %]:)2 (3.8)
Class1®| B=5k: M, = iilz‘p(i/cl) = ﬁh% = ]11/[:&,(;3 (3.9)
M=%, (3.10)

Mp = Z‘zp RS ER R (3.11)
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M= wM,+oM, (3.12)
5 ZFd2(class)?ty #EAF2 g3 o] YeEdo] A1

os= 04R = w,My—M>+ w,(M,—M*
= wowl(Ml“Mo)2

[ MaX &) — M B)]?
o RAI1— X P] (3.13)

T Fesue] AARAE e o] oA,

o = ;.‘(i—M)% = @ + od (3.14)

_ %
& (3.15)

olujo] AA (k)= HH AAZo]l "L
th&ol veRHol Rl A XY, Fig. 39% Fig. 342 Ao #42 o] &3
AAZ AW 483 495 Jehyz 9.
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Fig. 3.9 Binary image using auto threshold method

2 A 2" A& histogramol & AAZ HdAHA Hd FAE o
&3 AAG AR A94F3E FHee] dA 2P AeA T2 4
FA7nE Yy £1& AYsdn. webs dA 2383w

2l zte] A -3 Meo] F Qs L3 Fig. 3102 B2 Al AEH A A}
43 o] ozt A AAE el Ao

Fig. 3.10 Display screen of binary images

- 72 -




3) 944 %4 (Erosion)

o] X3t TAE AR oI FE BE w=o|=E A A ol
Ao A #AE5H AAGAE A& EH QI wolzd i FHE
A dofAA Hug vy G FSE AAste d& TR 9]
#A4E AA F2y, o] dAE oF o AAHE A 7] ¥
3 M FEAYE Yty AL deh 2y WA E ST T

29 27 el wolz7t 9g A, FAUARA wolzg AANA

(erosion)v= RZ2A 9 7|& A%t T shfolnt. o @ A2 HIA A
gt B7F Fo3E& o B7F Adl 4H3] EFHESF 3t B Wl o
& Aoz Fogd  glow, olgd dr= 4 (3167} L FHo

2 Yepheld % 2t

ASB = {x | xtb€A, bEB}
= {x | BxcA} (3.16)

QuHon QU A% SW wEZAF 48 Ad UL AFHL,
43 By FF8 & (structuring element)® A A3t} &3 RZ22x 9
Ao AMEHE FFRQAEE Fig 3118 28 Ao glon B =%

oAl M AbgEo] W AJxEle P2 QA Fig. 3.11(a)°]th
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(c)

(b)

(a)

10

(e)

(d)

Fig. 3.11 Structuring elements

Aoz ey o

ke
=

B

Az A AL

3} 7o) Yol AT,

=

&,

2

(]

p=}

(3.17)

Wi, 7)

min[x(i+n, j+m—Si+n, j+m)]

=
=

s

LS A A=

A

A AA

T
T

3 #@cto]
pA

ol =g}

i Fig. 3129 <

o
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255 | 2bb | 255

255 | 255 (255

255 | 2bb | 255

Fig. 3.12 Mask for erosion operation

Fig. 3.13 The compared images between binary
and erosion images
b Fig. 3135 old9ds 94 Faw 2% Az wad - 3l
“Folct 919 Fig 31314 2 270°] Display Zoil

A AZd A= ol o] gdel Hola 2 EX

3

1
Jfu
o
20
i
rlo
o2

Ay

= ol 94

= A
S Oz

g A8 dolrh el T H& vusjRd ozto] FANUA HF




4) <474 3% (Dilation)
BAARLe Z2AxIE R 249 9z AL Fdste VE
B e AL AL FopAE aE YEdd. o] duEF
g olfE #SAUY Ty Zol Hode FHE AvL F
aodabel o)siA ZolA ojHhe Qe Ay E By Yol
B =R dF3AAS 9 Fig. 3143 #& upxa g AE-3HA

Fig. 3.14 Mask for dilation operation

Fig. 3.15% Fig. 3139 #AA4E A& 4#4E ved A= o
A3k 9 My RS A8 HE AAA dedo MEE ¥ud 5
Ve e orlolA Fadikel A#ARl Fig. 3.13¢9 nprtA|
2 std 2709 display F %o A= Aol FAHGEY Hol 28
Zo) ¢l Ho|l G4 WAL HEF Holth Zzte] T HS ulu R

of Rt wolzEd AE Wel EAshs
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Fig. 3.15 The compared images between binary

and dilation images

5) 94’4 AL (Closing)
B BEYN YN FLE AHE w028 AAT 7 A= AS
oFol A} A B 9th A wF o) AL w3 o] Zo) tlEl At AL H

oj= Fre A7IE JHAE FELS A3 dollE 7hsAdel dnh o

O
L
e

-

flo

g3 HEL dHeolHE Agsted AbE =AA & B9 o}
Heb A3 ARE ded walizh du 294 He

AR AAEHolste] HELS wolzz duste] AAs=E Wyl 4

ofN
2
>
>
oo
>
=




Aot} tiAt spotE FAIE uf spote] AV|E #FE AL viEl dx
7] Y&, AZEYO|A spot] H - HAWUHE HA FowW =
Aol &34 E FES wol2E Adst A dr

Fig 3.16% 499 wol=7t de G4 Hel Aolth 2o B

o) $2 Awtol ofzhe) mo]z7t QU= AL & Uk ow, oA T o

%o Fig. 3.17¢€ Fig. 3.16e A% A4bE A& 445 Yt 9

T
om 9=Atto] HEo| AAY AL o 4 )

_78_




Fig. 3.17 Image after closing operation

6) ¢4 (Labeling)

B oAz HEEFE gpote] A7), Y 283 spotEFHe ARE
o] &3t 3= Aolgtn & 4 it #HEFY L o]t spotES FHE
A= A A Aol [22][24](29].

o]zl Gell A A 498 epddolgte AAE T3 A
ztel BAE FAse e HAsE s ddoz Foulz, #
W) sojzl Zhzhe] o) dis) Aviv FHe 4, AA d4 5o &
A5 FASHY *—.ﬂ | #1gh AR E AFS S

8
i

HS
X

oldsh ¥ Aao] el B Foli M AW AYa G 9
W5e) grol FAW aibel MEz ohdd sol e e Ay
of Qre w UE WEw el Bk dud @ G4e o gt
2AE A0 A4F 5 A Qe 4B AQ saw FEHW
ol Ae A 94 GaelA gl BA 49 F shiue AN 2
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(a) Binary image (b) Labeling image

Fig. 3.18 Binary image and labeling image

Fig. 3182 999 AZ J4el iz &by e dFE RoFH
WA Fig. 3.18 () o3 8 Jdoz 74 Rl ghagho] 00 of
Ud 25591 staghe g o]Fojxl gadeltt o3t gAS sty
AHee dAE AHES AR & W3t 27 29N 9E +

W 4 S AFAH AL TR Gy B GPAN Yol
WEE b gAm FEE 99 Resk olRolAA =W SEd o
ofol WA A7), T4 FE, AFdo] & Fa e el A%
3 Bk guge) dAs ol ® Je s 9ol 255
Q Faghe WY SAYe FAsT o Py P sIWY FHO
2 o5 ¥ oA ARsae viwE 255 Hage dudas gAe

2 HHEg
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Fig. 3.19 Range labeling steps

Fig. 3.189] 41ztd #AFE& ehdFshd Fig. 3199 dAE =i
o] P ojA}, witr B =Fo|A i grassfire duEFES AHE3IA
t}. Grassfire d1g]F2 vt FA(grass)A] El(fire)o] HAU=
24 vstAl staE gy sy] giEd B3 o]Folvh. o] WY
2 A7) ZZE(recursive cal)& o] &3t 2E QIH 47 epdy 2 of
7hA @A BAERo FH AHINAE AUE AABIEA 2d Y st
B o o}

of dnE]lFE spotd] MFE ot A 2429 spotE S WA,
Aol @ ARE FA5sE 9¥8& dv 9714 M T
=4 ARAH o)AHE ol8ste] ©WH R spotdte] AHE Adste= A
olt}. Fig. 320& Fig. 3150 #AaS H&3k odilojr). 53] Fig.
320914 spote] 47021 AL ) b
ol t}.
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Fig. 3.20 Image after labeling operation

AollA 71&E =0l Fig. 3.208 F3 4709 spotoll oist Ha} w4
o] HEE o F Auh. T3 o wrddA AHARHYE AAY, T2
o] 92Z o A= = xFHo] Fig. 3213 #Zo] vehd
c}.
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EYTE Y )

T T T
FOCE Y S

Fig. 3.21 Information grid for observation points

-

) A5F =AY
w =2olAe spote] WA R ospot#e] ArlE FAste=H =AHS

Abgetnh #EH gk x7vlole o =4 HAe

Tak7] SlaA B
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- 1 _
T T/A IdA =
/ dA
A
yd A
- 1 A
1/ — T B ydfl =

M
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(3.18)

AREE YEE A@18E T

(3.19)




9 HolA o F dFol =HS FaY AMME A FAAS T
slob @tk A(319% AR S FneF ol 2 gkl
#5450 WHS Toha FAREE ool £US Tk
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33 Ausold JgA AuelEe) AZ

2 ddoliM =, AdHAN GaAE dugse wade Adssta

A}, DNA chip scanner A Z=dlo| #&317] 93 AAAZA USB 744
22 o] 83t ol#l9 Fig. 3232 APE A 2FPS o] §3te A

Fig. 3.23 Test measure model

A9 Fig. 323904, ¢ 7
Hol Q= AoR B & vk 5i 0BE %6 45 RAse] A
A

S3 2709 ANE T8 571 AR Ak wed B 29S E3

A& Aoty HFE fste] HlwA 7hAo] M kg USB7HletE
Abgsll o AEe 93 1A S Photo 3.13% #Zo] #4 Holxt}h o
71l A AbgE ozl USB 7hHiebst A5 23 Abolo] 7elE 0.5m= A
Ao A
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MR

Photo 3.1 The configuration of measurement system

ol gk HA Al 2dlej

N

g
Ae, B oATolA AReold A4AI TS o] 8T BEHA ¢

L I = S, S

o

EAH e e g

T

gt ¥ A7 Fig. 324004 YeER o]z
01

v

LA

SEE:

(¢) Binary image

(d) Erosion image
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(e) Dilation image (f) Closing image

(g) Labeling image (h) labeling image after pressing
Fig. 3.24 The recognition procedure of variation of observation

points in experimental apparatus

53], Fig. 324 (@)= Al /M9 EA7F A4 HUATGE AHES & & 3
T, (WeldE 2380 &L 748 Fo BEZHS QA A2FHZ g
Wo Qul =3 #E=HSeo x7|deolEe} HYst e e vlud
o|H ¢} 52 Fig. 3259 7ol Yehfolzit

e

ais

TR T R G
R RS G T
TR ) T 6 N

Fig. 3.25 An initial data and comparison data
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Fig. 3.252 % 77t #S5HEL2 y5 WIS 603AY 339l
o] WAo] oF 50008 dol= 2 Table 3.1&

st oF 06ecm¥ olFd A& & F Yvh F, Table 312 WA

o
112
4
30,
£
r ol
i\
jao)
il

=

Table 3.1 Pixel accuracy

Pixel numbers mm accuracy per pixel

1000 0.25

1500 0.2

2100 0.1667
2700 0.143
3100 0.136
3500 0.125
4000 0.119
4500 0.114
5000 0.111

over 6500 approximately 0.1

[

Table 3.1014 <& = Qlkeol #ddeld B#=3He 2 4H2(pixel

th

area)s AA st FFE AUEE FolA= AS & T doH, Fig.
x|

326+ oleid A3E Mjadzes detd xdE
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Pixel accuracy

mm accuracy
per pixel

0 1121(1)270031(1)3%4(00 4500 5000
Pixel numbers

Fig. 3.26 Pixel accuracy graph
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3444

ool Agkso]d g el gdxnElF2, USB 7 =HE o] &3}
o] Fig. 3239 Z2 Ald& AF EF & o] &3l Algs 23 47
Z A FZo /hEElojd DNA chip scanner® 9% d4xd dugd

o fE4E AT AF AT Avelch L wdolA el A%
A7 e FuelFol ARHOR gHolt s BASS B
Aol AEF  Aee BT

A

A 270=lo]d DNA scanner Al=¥1& F 7id#tE AHE3ta glomR
AEE Fdo  Fo] Jtsd WA BRE gAAES #35T 5 U
T AAaA AFeted adAolgtar & ¢ v B @

o]z Garaie] dae}ES DNA chip scanner 7oA 743 S Q3%
2 7 AE A FiRel 48 ARE o A =

o)

T

ko

Ac)
Juo R
ok

=

=

e
ol
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A 4%
DNA Chip Scanner 7]%

41 A

H 2 DNA chipS A#3L7] €3 A HA DA ZA micro-arrayer Al
~8g e AFARE 273 oA ZIsstAx, 339A = DNA chip
scanner Al 28§ A st ¢ Fo AFEAYN A dnEF
Mol tigt AFAAE A AEstArt. o3 AFEAFHES HES
2 3td, 2 @A+ DNA chipg #4lats Fo3% FA<Q DNA
chip scanner Al2¢] g 2 HA AAAE Jlsstux s 53 &
AR AGF Holx A, DNA chip &2 DNA micro-arrayer A 2%
1A AHssket A Ao Ve T8 ol AAL 9 JHH
2AE FAT M DNAE R utge wEZg 2 PP 4o v

AL ougterz, oy Y DNAE LAAEE A3 A &
Qs 7)o e (labelling)dttar Aol ¥ oAt DNA micro-array

chip2 SAEZ ]t Ao 299 d7et A4 49718 d=A ¢
=

flo

o
—
)

sl xEFH AT Aol e ZAas] Hrk
Jug e Folo b dAdAM A2 AZTEZ5H mRNAS F33
ERY

o o]5& o HArlreverse transcription)AZ W 747} thE A7
A71E Flsto] WA (Cybolvt 5 4(Cy3)& W cDNAE
Attt ol9t ol FAH T cDNAE EF3ste] hybridizationdh

2, g4el FARE Bl Aol thgd WA dE




Atk I8 PFHFoR EFEEHE RHAAHLEE WolEoly ol HARE
®23= Zo] DNA chip scanner A]Z~#lo]t}. DNA chip scanner A
2E SAEAY AW diste A A o)de fAx EEA

15 @4 & He ddoz HME5 DB Aadez Az b oy

e

o4

AdSe dHeAd = Avh ol DNA chip scanner A|Z®lE AREA
DNA micro-array chip2 3fivhe] ojnjx]2 AHglst=d BE 2¥ulk o]
del HAd(pixeD)s 7FHA, 1 & o] HdsnE &3 Hd A= FH
= 93 284 °lvA A e(image processing) Yol EastA
drt.

3 DNA chip®] FdAe] HdS A& Aoz e 7884
A AE WA delA fE FBW(aser induced fluorescence) T ©
Ak ol g W FolA, @A 7HE Bo] 2ol DNA chipd &
< dolA fd Fdolrt o WU FF o HESAI i
Hl 24w} Z (background)oll 9]t & S(noise)= b= Fdo] 7] o
woll 7Hg ®ol ol &HojAn e Wieltt. 181 FJFEH A8
e & pad-material®] 3443 3 Hel A7 S HAAE & Yot
= AAdx A JHA S T

T3 T BMSA A white light source® ©]| 83 3 fFady-S
o] &3t DNA chipS AZEst= AFS /IEsidnt. A white light
sources °]&% FF FEEL FFAvANAH AEHE WA=
neroband HH AAe] 7ttt goz Qlste] FFe] W=E wF7|vt
oAH AL FHE 7HAo] Seprk= @Eo] o] FFYo] H2 DNA
chip #&dyds & Ab&ol HA & Wiold =3 dA el A
= 90% oo Fa& A dsk: wedivt AhAE £ ode dHE A
71 ol Aog Hdur o),

obefoll A 7]%3k Table 412 A AlFd AHEE A= AFE

=il

—
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o 4% 2 54 sl v 24 @ Aol

-1 0

Table 4.1 Performances and characteristics of the open

market products

&34 Detection

R

Virtek DNA ChipReader™
PMT 4] | Genepix 4000B(AXON)

FMBIO III
CRBIO Ile

ArrayWoRx

CCD %4

Excitation

source®} F5F

Virtek DNA ChipReader™
Genepix 4000B(AXON)
FMBIO I1I

CRBIO Ile
White Light | ArrayWoRx

Laser

Dye9 2 7}5

/%

ArrayWoRx
r CRBIO Ile

Genepix 4000B(AXON)
Virtek DNA ChipReader ™

FMBIO III

1

ArrayWoRx
Virtek DNA ChipReader™

Genepix 4000B(AXON)
FMBIO III

CRBIO Ile

o

e

_94_




Table 4.2 Specification of developed DNA scanner

&34 Detection 2]

CCD %4

PMTe] 49?1 background
artifact®  $lof7] #43) CCD®W

SERE

% dz9} 2% wUFeolHE

0|83t panel ¥ A7 HH2

S AEEtA resolutiong =<

Excitation source)

= =
ST

Laser

. Wb 532nme}t 635nme)

. White light sourceZ o] &3}

7] $18l A= neroband ZE
7b s, dx el A
Azte] oJHE Aoz HAGE
H

=
agdle] #HolA % 5
HHHE AEF

ard

Dye9] u i 7}=

/7

Ho

. Cy3, Cy5 27H9] DyeE Ah&

s
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P

4.2 N =d9 e

DNA chipZ st4e] chipe® 7bsd @2 HRE 957 A3 §2
dAe] =R o2 probeEo] FoIdth. EF DNA sequence §XH.
7b goldell met 2 fJAE S gobd FAY wetA o AF
Hog man J&AsHA FEss MEE Wio] a7 5o

A olest HEWYPLE T2 #Holx % FFW(laser induced
fluorescence)©] A& o] &FHi glon, ® g WP T E AU 35
A AZF Yo zA CMS(Clinical Micro Sensors)oll A 733k o] vl
Qo] F4HAE S o] &3 A O F probet} targetdl]l ME9] fluor tag
glol #&o] 7Hs3trh

#

flo
N

1) AZ| A5 E o] &3 8
CMSo A 7HEd o

rlo
ot

FFol ofd AVNANZE o] &3}
hybridizatione &%t} o 7|4 = capture probelt target probecl
fluor tagS vlg Bolv& #AAol Ha §la, Holg&HFHE e istg
4 2HEHAE 5AYAA ddgH o=z 249 3 electron donors}
electron acceptor moietyE RNAS w2l A3 EAH YA FF ATA
71tk o3 7)ol target sequence’} hybridization®] 1S e} 182 ¢k
S wo] AxAAG £55 FH48o] hybridizations FE§tF. =3 o
M o 2 SBPM(Single Base Pair Mismatch)® %3 & & #Ho
2 7lE=H, Gt FERAA AES olF AT Fk] mismatch7}

QA AR AGATEE OF Aol7] Wtk o9A AAVRE

E=

T7F & o]+ dsDNA(double stranded DNA)2] 79~ base pairsE
o] stacking ¥©] mn-orbitalse F3 HAAEo] & ol 4 Qti=d]

ATt strp AAAGSES R AgS = 2207 = electron donor$t




acceptor AFole] A, Whgo] AFAA A, AxAdA], Wl g
3 donor$} acceptor?] widy A7|H AL A% 183l base 3H9

A
FrAFEE 5 F

2) dleolA 2 d By (Laser induced fluorescence)

A 7Hd @ol AFEH I gle Wol dHolA fE FRYS ol &F
AE WHelth ol2d F@el F2 Weol o|§HE olfrt FF
AL vta, vwF wj gl o3 FeE FHue ool I
Eolct. 1eji FFEF AHEo w22 pad-material®] F3Hg 7 F
Holl o S AT + due Aot BE2 dye® Cy3u Cyb

Abgste, olwl @ EHES excitation A717] flE FE
YHeNe(543nm), RHeNe(633nm) laser® Ah&3th. Cy3el F4at332

550nmo] 31 fluorescence emission 342 570nmeol™, Cy5¢ A4+ &

1o
o
i)
)1.

iy

47} 649nm, WEo] 670nme] th. Detection®] & confocal laser scanning
systeme|1} CCD o] olit 7Z}Zbg o] &3t scannergo| GSI
Lumonics, Axon, Virtek 52 Aol A @o] b} gloh 28y target
probed| fluor. tagS Eolt #4o] " Q3}3, scannerg°] PMT &&
317ke]l CCD 7hlets Abgate] Ao e® avtolr] wiel ©A ol
g ok Fig. 412 o)A ¥4 IS ARG AlAFe Y=

o)},
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Fig. 41 The
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4.3 DNA Chip Scanner A]2~® A4

B oAFoq stElelz DNA chip scanner Al2=#l9] A& =
&9 Z2E 7 AR A T

A7l M Fde 587 st FAAHA =] HES A
e 2% v EH oIy GA4E HES7 A% CCD camera, 9]
A tho] @ = (laser diode), %3 HE|(optical filter) T o& FAH X
ANadgg Aold 4 9l PICI6F877 wmlolaz  AEE#(micro
controller) ¥ CCD camera® WolEolxl JRE A, A3 E dole
H] o] 2~(database)3}st= "W AEEHZ FAHHY. Fig. 4.29 Fig.
43014 7erEo}d DNA chip scaner?] 71gFe @ A EE T A}

Tmage Avquisition Zoom Camera Target Object
LW, @

-~ o ‘ ¢

Muanitoring,

Control PC 2 Axis slide
System

l » B N e @
R5232C Control Signal

Micreprocessor, Motor
driver interface

Fig. 4.2 Schematic configuration of developed DNA chip scanner
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PICi9F877 ’r-—-———

€ Motar Drive J —

N Comea J e

sl DC Mokor Orive

Laser Dinde }

Fig. 4.3 The composition elements of DNA chip scanner

1) Alz="o] 71483 4
Fig. 44 /N2=lo]2 DNA chip scanner Al2=8§1¢] 7582
(BRI

Motor Driver / Cortrolier

Stepping Motor
GCo
— W’/
DC sotor
Slide giass
> o Encoder
Initig} Point— = = = = - £ i l’ - — ,1
@ Y )
¥-Axis
X-Axis

Fig. 4.4 Schematic diagram of DNA chip scanner
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[ —

Tk 2o A AEEolz HA DNA chip scanner Al2=®¥&
Photo 4.1914 HolFrk 53] /Mol A xgle A ddd3
HE%d 7 JLF 5t7] fste AEZH FEE 75 A" flo X
stk ek A Alzgle] F3E Hog A AAsy] st A
ZzAME 43 volaz ZzAME ol§Fo2A EAFe] F
g HAssAh

o

o

HEoA deolA ¢ g3 uel 3PS HAA7 7] 95
laser diode® Al&3lHth oluf AFEAS AFA7]7] Y3 laser=

YHeNe(543nm), RHeNe(633nm) laserE& Al&3st@ o, daxojzxl &

Fe AEste AAAA eape Mg s wol=g Fol7] AN %
StAE & AREtth AFEH oz FetdE = b2 670nm, 570nmE &
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I A 71E 2709 ndE R dEE A, F e ZEE Zhzhe] A4k o)
3 s S g8 Bs AdAid dREde] Faol o

oA AAE stz AHE REE A& DNA
chipell AHg-¥ dFEA9 FTHE(Cy3, Cyddl wet AFow A7}

olgl gt #etEEE T3 Azl o|uAE= CCD 7tvlgtE ol &3
CCD 7hdlgt= olmA| AIME Faf 9o & obg=a =
2 A3ste azbelth, a2y CCD hdlgtes 224 &xbe sjid= A
£ 7}x 31 913 DNA chip® JAMAlE doidoes |WiF fome olq)
Gabel AAEE Fol7l Ael & A=F FHeo] Fetolte JYL
FL JdoR o] g5k A A
Bazlo] 99 DNA chip 949 AANE 537 98 2& WU F
dolel & AdAsAt oW sidetel 2H S dASA FAE7] A
TN Eefole FEaE AR A7l FEA 2% Wy EdolH
A2t 2% oy &Edole = DNA chip?] €dol= 2828 &
Aol CCD 7hvigte] #9 $xE& ZAsx, DCRES Az g
58 AojHoxm wela 2 AEE2] Ao dugFoer RV #
== DNA chipg #HAAHSZ Ao CCD 7hdetrt dAA ez &
A & A=FH FAAT oFEA 5% 7tz J4 A DNA
chipe] o=z AydudolAm, A7da 44 98AAE AT =
ZEYAE Filo] EAHIF olulz]  ZFMA A XE o{(image
processing software) 2 A ¥ o] Ut} vpxlgto =z o]t Z+7be] o
e 85 il ¢ekde W d4e 48RS B A(calibration)dt= 4
%ol Hgastt.

il

ot
o
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7b 2% Aw vy & oy

CCD 7Hvl2te] a4 CCD 7hetrt 83t olvjA e AdxER
A 738 /s A A(pixeD? Felth A=) scanner A AFol A}
45o)7 CCD 7hHlehe 640%4809] 3/} = (resolution)& 7kt CCD
Flets E3te] FE5golx gAe 72 1255mm, AE 94mme] =2

718 AN BE, Alade 1 g4 AY|E 0.02mme A71E R4
Line scanning Aol A, @& 3o AdxdE HAstd 25 +
T fyEeelgE 1o F&dte AUEE FAT F Jlojok Fth 0
g B Ao A AHEHN 2% 5 wiyEdolH Y pitch +AZ
5mm(P), WfUE#HIHE FE37] A% DC R¥ H&E71e 7hEy]
1/10(R), A= (encoder)} H2F 1800 pulse(P)o|B2 2% 5 WU Ed|
olEl9] HAAUEE 1/3600mmelth T2jng B AfddE I FHawel
179 Z7)of Yo} 02mme] BAUEE AJ2gls Aojd 5 s 745
o} xich

tt. CCD 7hellete} o] A A AE)

4 AES Y8t 2o =4l 7442 Photo 429 Photo 4.3
3 ok 7)o A, opdE 1 JA} 2B E welEole= CCD 7hvlete}
dEAe #5HAe Sostd o st LA 47 A% 5 A

z opdEa AIZE gAER uE oA 1#¥  HE(image

grabber board)® T4 ¥z},
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Photo 4.2 CCD camera and optical filter

Photo 4.3 Frame grabber board

N

Table 432 & Al&goM AbEd F3EA(CCD 7hver, 1eH X
Atk ofed FEA =

al
~EES 083} 2e EASS nese duHo A

(1) dutd o2 CCD 7teh= A7t A= o] Z(noise)7} B A
A= A Fog A= Aol Fo F Az BT Fo| Wol
HE Aol Xk A& FFRE U AL 12E Ao FoKH

T =838t}

O
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(2) olu x| Yy HEE AgZ AYsiy Zgdvrert god

AesEt Be g Hashs ol s,

Table 4.3 System configuration of vision devices

Item Model Specification

» Imager : 1/3” IT DSP color CCD
* Horizental resolution 380TV lines
» Sensitivity: 0.5 lux at F1.4

CCD VO33C-CM » Video 0}1tputi 1Vp-—p 750hm composite
camera * S/N ratio(AGC off): More than 50dB
» Auto exposure: 1/50, 1/6071/100,000esc
* Smear effect 0.005%

- AWB: Aouto. 2800°K™8200°K

» Analog composite(CVBS) or
Y/C NTSC/PAL

» Analog composite RS-170/CCIR

Frame-
= Supports VCRs
grabber | Meteor—II . o
board = Square pixel or CCIR-601 digitization
ar

= Pixel jitter : 47 5ns
* Programmable gamma correction table
= RGB 888 or YUV 4:2:2 pixel formats

#® =EoA i Cy5E A3 DNA chips #A1#tete} AHgstRien] +

(o2

ol A7 Fdo FQPE st Cy30l sk A ~9S Walst] 4
toick o 7] A7)7] Y& FE  YHeNe(543nm),
RHeNe(633nm) #lol A& AgaAtt. AA7]olA, Cy3e F3%

x

dves &

o}
=

flo

550nmo} 2 fluorescence emission 332 570nmelH, Cybe A=

L

Jers of

oy

&7} 649nm, WEo] 670nme]tt. Photo 44 (a)9t (b)+&

N
gl
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scanner AlA&#H9] go]A tvlolex= XE(laser diode module)o] i,
Table 4.4%= 2 Aol q s olz AlagoA A8 #HolA ol
= AFAFSS e vk

(a) 633nm laser module (b) Installed laser module

Photo 4.4 Laser diode module

Table 4.4 Specification of laser module

Model 3LTIM-310 LM-6315GH
(3-Laser Ltd.) (Raynixs Ltd.)
Optical Power -3mW -10mW
Wavelength 532+5nm 635+5nm
Beam Diameter 1mm 5x2mm
Beam Divergence Z2mrad 0.5mrad
Dimension $12x58mm $16x100mm
Input Voltage DC 5V DC 24V
Operating Teperature 20-25C -10-45T
Housing Material Aluminum Aluminum
Remark Green Laser Red Laser
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th Laser?] HA 9% dA

DNA scanner Al2=g AAlo] glojx 7B a3 24 F9 stus,
DNA chipde] #HolA f2 F3iiel wet FF=24S BAAI7] 9
sto] A ALgE]d Folxe AHg 9 dAo] FAHUE Fagh
ool o]23 9 AAo et A 8AEL th2I #o] 8oy
od 4 St

(1) dlelA gle} wkap |3
(2) dolA ¥ F3 dY
(3) dolA ¥l Azt #A

E3|, E Ao #HeolA PFPL oA TlsHAN AYES F
stod Al s = ) S (background noise) g A A7 $Ete o]
A X HAs aFHo Y wety B Aol A sfEetaat &
= DNA scanner A Z2#lolA #olAel HA x5 AAs7] ¢354
ofefjet 22 F 7HA HHle A+E FHsA

B 33 EE ol &aA &2 45
Fig. 45% %33t He & Al&stA & 7iEs ol DNA scanner Al
2elol Al o)A o $jAd 5 e ot AFAddeld. 53] & A
S 9% HAo dolA fAE AL
Ak T3k ol Ao HA A= B = WEEHolx 2% Au
HEoIH (g olFex AT

T U4A HA

ol
l
O
ol
_&
_1
ich
Q.
i

N

10

24 ARee Are AAY
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(a) @°

(d) @°

Fig 45 Acquired images without optical filter

W 234y E ARRSE A

9] Fig. 459014 AF=eld A, FSHEE AMEHA M=
dol e HA AAE dAFozN MAZES AT F ASS EA
o} ey ol Adwto g = sfEstaAt b= DNA scanner A2

o] HA5s A7) 7= BFEEet. ageg AEstuzt e A
DNA scanner Al2glof A #lo] A2 Qx| F5 o] it 43S

Tt ol gt A3 ANELS Fig. 46904 RAA L, olzigt 4
2

A9tE AN dolHe] HAH A= 2% A juEdclE g (g
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(a) §)° (b) £°

(c) e (d) (°

Fig 4.6 Acquired images with optical filter

2) AojA +A4
PICI6FS77 A& vl=r wpolAazd] "H=aEdAAHMicrochip Technology
Co)ollA 7t Agolwla Fo] AUz Aejx" xiAgk H4shd J&E

HYEE )

o

e

7 2z Aoy} sPssh, 3 0MHzE 1ol Hx| F
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o
1
N

% 7Fsd A AFHdolr} 3 8Kx14 words 9] Zels #WEE 7HA
1 9lom 368x8 bytese] #}, 256x8 bytes?] EEPROM dloje] w=ag zt
Atk 16U E ZRE= L, SHIE 7H2H 242 & 37ie] 7B E 7R
9151 RA-REZMA B 5709] XEZ At 9tk Photo 455 £ AoA
AHE-E 017 PICI6FRS772 4@ Controller Boardg UeRiH, 7)ol 3A]
Hojx Fo e ot 7o) Rl aofEojd 4 Slrk

=t

(D Controller part(PIC16F877)
@ Motor drive part(LMD18200)

Photo 45 PCB controlled board using PIC16F877

NEZY Bus 2% M5 viuEdelele] 3ld $89o® DC REE A
sporns DC REQ £rwe Wik Alojsy] flske] LMDIS200(National
Semiconductor Ltd) RE Zglol® RES ¥3Fstar vk LMDI00S DC
REE TEel7] g e sto]B o] ksl 34, BBVHA] A8o] 7t
Tt & AT A A Raeldt il A&akqitt Fig. 479 Fig.
8 B ol sigste] ARSEO) PICI6RS77¢) pin telojidd 9 HE

W
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g7 B9 R ZefolH e dehdh B3k Table 45% PICIGFS77¢)

MCLRVPP

Raf AN
RAVANY
RAZANLVREF-
RAVANIVREF+
RAVFOUKE
RAFANASS
REMRIMANS
REFWRANG
REICNANT
Vo

VRE
OSCHCLKIN

RCETIHOSECOR
ROECCPE
RCYSCKSCL
RDOPEPD
ROGBSPL

(

i [
- [
- [
-~ [
-
e ]
e T

-

& AR kW Rk  fa

bl *

~— U

)
=

—

]

—— *

b=

PR

=

PIC16F877-20P

-
.——»Cls
e * 1
4—>Cl7
«— L1182
e * L

e (20

DUUWUUWUWULUUUUDUUUUUUWUWY

RBIPED
RBAPGC
RBs

RBY
RAMPGM
RE2

RB1
RB&INT
v

vs8
RDIPSPI
RD6PEPE
RDSPHPS
RD&PSPY
RCVRXDT
RCHTRACK
RCSSDO
RCISDASDA
ROAPSPI
RO2PSP2

Fig. 4.7 Pin diagram of PIC16F877

Fig. 4.8 Motor driver circuit
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Table 45 PIC16F877 specification

Index Functions and features

-1/ RISK CPU

-BHIE dlolH #% % 5719 /O

A AY 22VT BV

-9 x =1 g}o]v(Watchdog Timer)

Al N9 168 E AZEF S Elo]v]
PIC16F877 (Software Timer)

- 714 16H|E Elo]H(Timerl, Timer2)
-H o] 368K Hio]E vy

-16bit A/ 7+2E/ 10 bit PWM(CCP)
256K Hlo]E EEPROM

B4l 28(USART, 12C, SPD

§ zZ2ad shudoR ARRAA RoEa FAd oY 7HA] A A &
AYFE T G HolHE BHske 9ES v £ s =olY]
A3} RSZ32CE ol #3te HEE wkxg EAT ATE »ujo] 2% F+5 iy

EeflolE & Alojskes sdlx, ¥4 dolE = Hloleuo]Xell A oA =%

st

4) 22 EQo] +A4
DNA scanner?] 4~ Ego]= 853 448 A spotEol gk AR
2 g5stu AAshs B #AARE sols = A ke yaZdo] F
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Fig. 4.10 Function buttons for image processing
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Fig. 4.11 Display screen of position and area for spot estimation signal
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Fig. 4.18 Display screen of an acquisition image

using developed DNA chip scanner

Fig. 4.19 Binary image of an acquired image
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Fig. 4.21 Dilation image of an acquired image
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Fig. 4.22 Labeling image of an acquired image
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Fig. 4.23 The elimination image of space noises
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Fig. 4.24 The elimination image of length noises
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Fig. 427 An image display screen after eliminating noises
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