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1. 93} £ 2]22 (The King's Speech)

Ql. Where's Mr. Johnson?

a) It's 11 o'clock. (})/ Whato] cigt ch(time)
b) Maybe in upstairs. (Q)

c) Mr. Johnson is busy now. (X)/ Mr. Johnson %, Az EEsM| o2 i
Q2. When can you start?

a) You should go straight. (X)/ Howol cfh cig

b) I'll askz Shelly for it (x)/ Ao =R g2

c) Maybe this afterncon. (O)

Q3. What will 1 call you?

a) Please call me back at 3pm. (¥X)/ Z2 ohoj, d20) AEs5ix] &

b) Batie will be fine. (O)
c) In the moming. (X)/ A 29 AEsx ¢go.

rlo
L
ull

Q4. How about Batie?

a) The balls have being arranged on the shelf.

b) Gloves have being placed on the floor.

c) A man is reaching for the ball.

% d) A woman is trying to wear gloves.

a) The ball knocked down the pins.

1. Harry Potter and the Order of the Phoenix-Chapter. 1, 2

Q1. Harry listened to a jingle about Fruit ‘'n’ Bran brealfast cereal he
watched Mrs Figg, a batty cat-loving old lady from nearby Wisteria Walk,

amble slowly past.

a) since (X)/ BEAIY A2 ohHy 28,
b) during (X)/ SHAAF ®A, BMAAHEAA AHjel) 251,
c) while (Q)/ H&AF A}2], A A A4,

d) due to (X)/ FAAHESA A2 Y) &

)
)
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1. Abstract

ol AdofM= At AEoA F=E3t
o7A fAte] U FIFE wefshr]
AAES 2R ot Bxo] AME 71 BASkt. B2 A¥4Y sample DNA= X &2
YHAMAY heterozygous deletion¥& &I 4= Qo™ ol= {FAME AEZS] DNACIE=
| &lEnt. sHARE o MLPA®| probeZ=
Xot YAMAE FET & glo] olF &S| AT F7HEQl Ado] a7-Hh

33 sample> YEMAT 2= AL 7hsAgdo

2. Introduction

A

Unequal crossing-over

Fig 1. (A) Genomic distribution of CNV regions. (B) Change in copy number by homologous
recombination. (C) Replicative mechanisms for non-homologous structural change. (Reference)

Hastings, P. J.; Lupski, J. R.; Roseberg, S. M.; Ira, G. (2009). "Mechanisms of change
in gene copy number'. Nature Reviews Genetics. 10: 551-564.
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CNV (Copy number variation)
7t CNVs= genomedl] EFF7} vHEE= 4O R HE 2n9 FHE chromosome©]| 4
Sh= gene?| deletion, duplication 5° 23] Ew3o] FE+= WHolo|th(Fig 1A).
‘CNVE AA|zzel AN oA HE e 4= lom oF 734 W A7|et 2Aqitt o
CNVE YEety7|= 3y’ CNVE structural variation®] ¥€F5°2F chromosome
structure®] ®187F -t o|#fgt W3= DNA repaird oA 71 @o] yeh
o] @ homologous based?} non-homologous based mechanism®] #ogtcH(Fig
1B,C). ‘o]& QlIg] t}9] base pair’/t FFS TO™ gene expression®Hs7} FEHC}H’
Homologous based mechanism®ll 2J3l duplication® 9] genes copies= MZZ
715°olv4 4% 7152 YEW7I= 3 non-homologous based mechanismo] 2J3f
BE CNVeE AEE exon £2FE AASH = Tt 0|2 Qs CNVE AT HollA
WA 7+ genome AolE FASHATH AW} HHEH gened EHITS FESE T
disease phenotypeol®™ oigttt. CNVE YRFHO=E short repeatdt long repeatl =
TFEE o] AR o]F Afo] gl 7|0l flo] T loci §40 Wt &7 Short
repeat< % bi-nucleotide repeat¥ tri-nucleotide repeat® & FA% nucleotide
set7} HFEElo] Uel4™  huntington’s disease?t #L WS {HSH|E= St
Huntington’s diseaset huntintin proteing ¥33}5l= IT15 gene W CAG7} 363
o ®HEE 7% TASHH yolo] wet HzHdol F7kskes ol AR polymerase
slippage, template switching, fork switching®] <2l =33ttt Long repeat
gene A7} ¥HEE o] UYEyn E4 gene| Hdo| 721 ojxItt, o] of of
o EAQ! dE== AMY1 gene repeat°] o™ ol ©E 4 Zb= Qltol whet
Z}olE YERdHTE CNV detectione genome W complementary region®| ZA¥dh=
fluorescent probes ©|&5F= fluorescent in situ hybridization (FISH)&-°] ©]-&%
QAN HE 71&9 @ wEt =2 genomic resolutionS ZH= NGSE o]&3sHAY

whole genome shot-gun sequencing datas ©|-&%t EA4Ho| o] &=t}

rqllo ;Ou%

L}. DNA ligation
DNA ligation> F7§9] DNA fragment®] 5'-phosphate group¥ 3'-OHAIO]
phosphodiester bondE #Astoz2A Az ZAsH= HAAMO|thFig 2A). ‘°]+= DNA
ligaseol 9Ja] WASIH animal®] A% energy source® ATPZE, bacteria®l 7%
NADE o]&3tt}t. DNA ligaseE ©|-83t ligation= Al W DNA replication 4 &
single or double strand break repair#}?of| Iojsiy AHPA YoAE molecular
cloningA| insert DNAE vector?} Z3A17]7] $8] o]&Hr}. Ligations 4TAZ 2
Pe=d 7PHA ligation® F 7S DNA fragmento] DNA ligase?} Z3sH(Fig
2B).” 1 % ligasex= ATP (or NAD)®?} HFS-5}9] ligase? active site W lysineZ7]o]
AMPE AZAIZ] ligase-AMP intermediates Pt FAJE intermediate®] AMP
+ DNA fragment®] 5° end® ©]&3lo] DNA-adenylate complexE @/J%tct. o] w
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2 DNA fragment 3-OHQ| nucleophilic attacke] 93] AMP &+ W<FH
DNA fragment= phosphodiester bondE @45t A= AZAF}.

Ok
H
A

R
n

A. B.

DNA backbor Sticky End N |; DNA ligase

OCKE AT OCK
/AT e
Sticky End
inganon 1—'{»« n"ii ’
(4]
G

Recombinant DNA
AllA

TlITllc l
M M [T
Ti{T{jallal]C ANP

XXXX

W

Fig 2. (A) An overview of DNA ligation. (B) Enzymatic reation of DNA ligation.(Reference)
https://bitesizebio.com/1 0279/the-basics-how-does-dna-ligation-work/.

o}, Multiplex PCR
Multiplex PCR2 3FH9] PCR reaction E3dl th59] target sequences FEAT|&=
71€2 Z1ZF 2 sequence©] ZA3ISH= multiple primer pairg °]-&3HHFig 3). ©l&
B9 5 ¥ amplicon Zo] #}olof| met gel electrophoresisA] ©%3t band® +&
Fo] Yl amplicond] Zo|7} 5L AL 2429 primerE TE fluorescent dyes
0]-9-'3H HASE o274 FEHE 4= QIEE Sttt Multiplex PCR t<r9] templated
F2 SIHY] reaction tubeWlolA ePsEr] wiZo] o]-&EHE reagent?t A7+ Hofeh 4

= ™S 2= B3 42E9] amplicon©] internal control2 A8 reaction

failure 82 contamination®] 23] WAISl= false negative® QI 4= JUA it}

O,

multiplex PCR< mutation analysis, pathogen identification, gene deletion analysis
5ol o]&Htt. dA o]&EHi Q& multiplex PCR single template PCR reaction
7} multiple template PCR reaction®® ¥ Hrt}.’ Single template PCR reaction
2 549 templates ©]-85HH template W T4t regions multiple primer pairg
0|83} ZZA|7It}. multiple template PCR reactionS tH49] templated} primer
set EF o]&5f shQ] reaction tubeWollAl SFA7|= 7I€=E 9 primerg ©l&
5t7] w20l primer?t cross hybridizationo|4 H& template®] ZAeek= mis-priming2]
7Fs7de] EAgty. ‘Multiplex PCROIAS] primerAl&> 18-22bp2] primer Zolet
55-60C 9] Tmeke] 7} Aotttz FolA standard PCRE primer A&} L5t
SHAIYE multiple primer set& ©]&s5}7] W&o ZE primer/} Y3 annealing
temperature®|A ZEd ¢ UEF 3C~5C Ao]9] FAKSE annealing temperature®
ZYe 2 AZ sfjgoiofsity. ESE th9] primer”t Z2E9] template©l specificEat FA]00
A& primer dimerg B45HA L=F 725t primerEs AlZstoof St}
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Mulitiplex PCR

Strain A

Strain B

PSR P PR T

Strain C

PAD

Ak

—

Strain D

Fig 3. Mechanism of multiplex PCR. (Reference) https://www.mgmed.com/pcr

PCR additives
PCR additivex= PCR ®F&-9] specificity, $Z%, dB¥AHS =0|7] Hdll AFeEH= H7HAZ
secondary DNA structureE #438Fl= W43} non-specific primings |48lol= ¥H4]
o7 YHo]l IS 433ttt Secondary DNA structures FHASlole= ®HA2 target
DNA9] ZZ9 FAFA]7]al £Z0] 3= GC rich templated] A$olx= PCRo| APLHE=
oty olof gt o2& DMSO, betaine®] Att. ‘Non-specific primingS 43} sk=
HEA10] 742 non-specific amplificatione A8 ZE3F PCR reaction®] JPEE=
ot olof] thgt formamide §°] £ASt}. Formamider DNAQ] major2} minor groove©]
23 template 9 double helix7} %2 melting temperature©l|4] denaturation® ==
=3ttt Formamide®] A9 PCR additive2% AREE|ARF MLPA A] double strad
DNAE single strand DNAZ denaturation A]7]=H] ©]85}9] capillary electrophoresis&
& S| SIS it

Fluorescent dye (fluorophore)

Fluorescent dyer E4 IS S8 excitationAE]7 HH WS &3S = Q=
fluorescent chemical compound® 495nm%] W& S8 520nme S W&ok

fluorescein amidite (FAM)2} 649nme] ¥& &< 666nme] Y& ®W&EdH= cyanine5
(Cy5) S°] &A%ttt Fluorescent dyex= GFPSF o] Azl Fefx= EAskA|qt
aromatic group®|Y planar or cyclic molecule?t?] Z2%E & UATFHOZE A4
o}7|% $tr}. Fluorescent dyes fluid W tracertt 4 F+2E FM o= dyeZ® ol&

E A9 & macromolecule®} covalent bondE %3 marker (tag, reporter)® °|-&

EAY bioactive reagent (antibodies, peptides, nucleic acids)& °©]-&Hrt}.

1) MLPA (Multi Ligation-dependent Probe Amplification)

MLPAE multiplex PCR7[8t 7|&& 607]2] ™2 genomic DNA sequenceHoll4] deletion,
duplication¥t Z=2 CNVE A&3t7] flofl o8&t MLPAE s+ nucleotidextol: +HT
& lom 50-70nte] "l - sequence© A-&E]7] Whzo] 71&o CNV HA&= #3f ol8&=
FISHZ HET 4 Q= single gene aberrations A& < Qth. 8% opygl MLPA= 20ng@]
Zoako] DNARE P 4 9Jlom 7HdsHA ofg sample®] LociE FA0 metdr & Q=




Ok

2H

FHE Adrh. MLPA reaction2 7]€ multiplex PCR¥ 8] target sequence?]
hybridization& ©]%= MLPA probeZ ©|-&5}H single pair PCR primer ¥+ ©|-&3] PCR
reactione A&stcy MLPACY ©]&%+E probes F 709 oligonucleotide Q1 Left probe
oligonucleotide (LPO)?} right probe oligonucleotide (RPO)Z +4J=l0] 9J0™ o]52 PCR

primer sequence, hybridization sequence, stuffer sequence® Z=tHFig 4). PCR

primer sequence= PCR amplification A] PCR primer?} Z35l7] Yt sequence®
LPO2t RPO2] ¥ ol EA5hH H= probe®] LPO2F RPO= 217 5YURt sequenced A[dt.
Hybridization sequencex target sequence®] 2%3}7] Y3t probe? sequence® Z17}+9]
probeflth T2 sequenced ZH=tt’ Stuffer sequence: RPO2| hybridization sequence®}
primer sequence A0 ZA5H= sequence® probelltt thE Z0]9] sequenceE ©]-&3f
capillary electrophoresis A Zolo] wet E59 4 QIT=E 3t} o] 9I5| MLPA probeE
o] 8% A% single primer pairit ©]-83 Tt target sequences S Al & Yo
capillary electrophoresis& &9 Zold] wet 749 4+ JEE 3ty MLPA reactions
DNA denaturation, hybridization, ligation, PCR reaction, separation of amplicons,
data analysisttAlZ Z3FPHHFig 4). DNA denaturations double strand DNAOY]
probe7t 2gd 4 UYTE single strand® JA|7|= PO R 98TAA NgPHLE 1 T
probe mixture®t DNA sample2 $H4| 60C overnight incubationAl? probe”} target
sequence®| annealing®l+ hybridization IS Zdsic}t  HybridizationZgo] B4
sample Ligase-65% °©]&3l annealing® LPO%} RPOQ| ligations Zd3lct o|df ligase=
- specificol?] W&o LPOL} RPOES hybridizationo] ® 395 AYstal+ ligation©]
P=|R] o=t} o]& QlF] ligation®|A] 53t LPO or RPOE forward or reverse primer
% syl ti$t sequenceRt 7FA4 PCR reaction®l= SZ%]A] 2o} non-specific amplification &
HAJgtt Ligationo] 93] &AA 3149 prober= PCRS &3] SEZdch ol forward
primer9& fluorescent labelo] & %0] Qlo] analysisA] A#o] 7FsoteE sitt. SEH
amplicon< capillary electrophoresiss 92l double strand DNAE single strand DNAZ
denaturation 7= #HS g3ttt o] W] denaturation®] YEoH MIPEHEE Hofol=
formamide®t detection Al Zolo] Hi3t 7= &= ¢ S& Liz size standardE ¥ 3
7tsto] Zystct. Liz standards orange dyeZ labeling® EFEZE 35-500bp7HA] &
16709 sizeZ FAEOOH capillary electrophoresisA] 712802 23] sample?
peak A9} vlwste] ZZ9] fragment ZolE 7Fsd & J&EE 3Tk Denaturation®
single strand DNAE capillary electrophoresis©l 25l H2]=l=0] o] wj stuffer sequence®]
Zolo]| me} Eej=o] electropherograme 4743ttt AJd%E electropherogram-> reference
sample©| 93 intra-sample normalization® Z¥e} B]W 5t} probe ratios AHEokil
ol 53l samplec] dubt @2 CNVE ZH=A] £43%1} tF29] human gene diploid2
ZA3 sample®] 2 copiesEA & H9| ratio= 1.00|th BHH ratio?} 0.59 7% gene W
S copyTt Actke AL u|olr] wEo| heterozygous deletiong YWERHIL, ratio’t

1.59 #9ofl= heterozygous duplication oJu|gict.
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1 - Denaturation; 2 — Hybridization

PCR primer sequence

~
| —
Target DNA

3 — Ligation

~

Hybridization sequence
v v

——® < Stuffer sequence

N— —

4 — Amplification

PCR primer sequence —

'» - —
/

5 — Fragment separation and Data analysis

J

o

Fig 4. An overview of multiplex ligation-dependent probe amplification (MLPA) technology for

copy number detection. (Reference) https://bitesizebio.com/ 41396/mlpa/

3. Materials & Methods

HE. DNA Sample
ojfi Ago] o]&H

£8) B8R} She

DNA sample2 & 47FAZ2 37H2] WT control DNA2} MLPAS
u]2]9] sample DNA 17}E +g=]of 3L

. o] @§ control 1, 2, sample

DNAE 4 Az=22H §2E DNACH control 39 ¢ FolA F2E DNAE

o] &5t tHTable 2A).

AF. SALSA MLPA kit

o] MLPAASo| o]&% reagent= MRC-HollandAF9] A& o]&35}3ict. SALSA PCR
primer mix9 A% FAMO] 93] labeling® AL ©o]8&35}9°H probemix? A%

SALSA MLPA p036 subtelomeres mixE ©]&3dlc] 22429 AAAAL} X/Y AFAA L]
o]

p arm, q arm® subtelomeric regionF¥ CNVE &RIT 4 JAEE st tHTable 1).

SALSA MLPA kit

ingredients

SALSA MLPA buffer

KCl, EDTA, PEG-6000. pH8.5

SALSA Ligase-65

Glycerol, BRIJ, EDTA, Beta-Mercaptosthanol, KCI, Tris-HCI. pH 7.5,
Ligase—65 enzyme

Ligase buffer A

NAD (bacterial orgine). pH3.5

Ligase buffer B

Tris—HCI, nonionic detergents, l\/lgCIf pH8.5

SALSA PCR Primer
Mix

Synthetic oligonucleotides labeled by FAM

SALSA Polymerase

Glycerol, BRIJ, EDTA, DTT, KCI, Tris-HCl, Polymerase enzyme
(bacterial origin). pH 7.5

Probemix (p036)

Synthetic oligonucleotide, oligonucelotides purified from bacteria,
Tris—HCl

Table 1. (A) Reagents and ingredients in the SALSA MLPA kit. (Reference)
MRC-holland. MLPA general protocol.
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o}. DNA denaturation (£1d Z3)

2},

A3o] o]€%+E DNA sample©]| probe®] annealing®

sigle strand DNAZ denaturatione 25ttt Ao

o]&3] DNA denaturatione Z3J5ltHTable 2B).

DNA sample list Amount
Control DNA (1) Sul
Control DNA (2) 5ul
Control DNA (3) Sul
Sample DNA (unknown) 5ul

A.

2~
T

40
RS
L]
H
Im
ol
Ha
X

JEE HE DNA samples

o]-8¥ DNAE: 50-100ng/pl9]
SL7l HE2 ¥ volume 5pl2 W30} Z4219] PCR tubed] 5 31929 PCR 7|7|&

Temp Time
98T B5min
25T Forever

Table 2. (A) List of DNA samples used in MLPA. (B) Temperature set for DNA denaturation.

Hybridization reaction (1" %)

Denaturation® sample DNA®]| probe®] annealings |5l MLPA buffer, probe mix&

1.5u1 & E=510] hybridization mixtured ARFIE]

PCR tube ©f 3pl¥ 233 &

pipetting=

ow ol&
ol oA tH(Table 3A).

denaturationO]

k|
=71 etgy

PCR tube®x= PCR 7]7]2} water bathE ©]-&3} hybridization ﬂ@O}ﬁD}(Table 3B).

Contents Amount
MLPA buffer 1.5ul
Probe mix 1.5ul
Total 3ul
A.

Temp Time
95T Tmin
60C 6-20hr

B.

Table 3. (A) Composition of hybridization mix. (B) temperature set for DNA denaturation.

Ligation reaction (°]3} 4

Annealing®l probes<

)

ligation/\]ﬂﬂ A3l ligation-65 master mixs

sample DNAQ] 2%7} 54T o PCR tube st
571 £ sample PCR 71715

Cotents Amount
DW (ultrapure) 25ul
Ligase buffer A 3.0ul
Ligase buffer B 3.0ul
Ligase—65 enzyme 1.0ul
Total 32ul

o]

29 ligation reactione %3}

Temp Time
bAT pause
bAT 15min
98T 5min
20T forever

Azatol

T 32u1% BFo|SHTable 4A).
3PSt (Table 4B).
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Table 4. (A) Composition of ligation-65 master mix. (B) Temperature set for ligation.

PCR reaction

Ligation® probe sequenceE ZZA|7]7] Yol forward primero] FAMo] H&&H PCR
primer mix2} SALSA polymerase, DWE ©|-&5t] F 10419] PCR mixureE AlZ}oto]
ol oA 20C pausedt AEfS] PCR tubed] Z+Zt EF51%tHTable 5A). 1 &
PCR7|71& ©o|&std 5&FZ X3Pt 2™ PCR reactiono] ¢ & -20ToA Hysith
(Table 5B).

Temp Time
20C pause
Contents Amount 95°C 30
60°C 30s X34
DW (ultrapure) 7.5ul 72 60s
PCR primer mix 2.0ul 72 20min
SALSA polymerase 0.5ul .
Total 100l 15C forever
ota H Total Thr 30min
A. B.

Table 5. (A) Composition of PCR mixture. (B) PCR temperature set for PCR reaction.

. Denaturation

PCR reaction®] % amplicon< capillary electrophoresisg Z3¥sl7] 95l single strand
DNAZ denaturationA|7]= I8 AdP5}3ct o= Liz size strandard, formamideE AR
Sto] mixtureE AASIACH A= tubeo] PCR product®t o £5% & PCR7I7IE
o]-83] A& otAcHTable 6A,B).

Contents Amount
Formamide 9.0ul Temp Time
Liz standard 0.3ul 80C 15min
PCR product 1.0ul 4C 5min
Total 10.3ul 4C forever
A. B.

Table 6. (A) Reagents for amplicons denaturation. (B) Temperature set for denaturation.
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1}, Capillary electrophoresis

. ¢ 2XE =M

Denaturation®] &% single strand DNA2 &% detectionS sl plateo] 10ul%

loadingdf] Fuct. 1 &
dataBAS XPotH o ojuf

S ABI-35003% ABI-3130< ©]-8
ol Tl B

L9 capillary electrophoresis2}

Z519 ¢ Liz size standard®] peak A<}

H|wolo] Z} fragment®] ZA°|E 7Fs3%th. E3SE control DNA 1, 2, 3% intra-sample

normalization$t electropherogram<

= -
s =

ZA o3 CNVE

equivalent<1.25(Gaino.& AA3}o] Z3P3}9ct.

4. Results

oF. AZ MLPA result

4500
4,000
3,500-
3,000
2500
2,000
1,500+
1,000 |
500 J I

@

Adjust Ratio: 0.!

~

Peak Ratio

LLL]

e

A

100 200 400 500

300
Size (bps)

Fig 5. (A), (C) Electropherogram of control 1.

sample DNA9Q] electropherogram} H|wgho

A BEA3%tE, date 4 A] normal range= Loss{0.75<

3,000

2,000

1,000

il
!" l il

........
Eﬂaaﬁaaﬂaaﬁgdcm Ci Hﬁﬁﬁﬂ dﬁ%‘d Hhﬁﬁ%ﬁahﬁﬁxqw (PARD)

Adijust Ratip: 0.98

Peak Ratio

100 200

3
Size

2, respectly.

00 400
ibps)

(B), (D) Fragment

distribution of control 1, 2 according to peak ratio and size.

£9] MLPA A3} control 13 2+ probe7} 233t X fragment®| peak’} intra- sample

normalization®] peak®} SARE AL R
=9 AYAE THZA adjust ratios

normal range(0.75<equivalent<1.25W

-

1%
NEs
of

AtHFig 5A,C). ESt size®} probe ratios

te o

Sfsle A=

control 3% DNA sample® 7% electropherogram©]

St

=

g

Z¥zy 0.999}F 0.98°]H HE fragment”f
glo]st

% 9)9irKFig 5B.D). SHAIgH
HeA) ool AT AP
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. B MLPA result

5,000.
4500
4000
‘ 3,500

3,000} i ‘ |
2,500 | ‘

[ | | = il il
AN 1o00] ‘ | ‘ ‘ ‘
‘1 e A L I Wy ] ‘] ' ‘,,\’;‘l |“

S B BB ETE R CE RO S S E DR PR S
E. F.
as ] ot Rawg 1,001 au] et Rasg: 0.9 | s Adient Pt 1.00
F Ly F
[ m ms 00 1 w o wmam =" s o owe 2
H.
- Adpat Fats: 100
e | | | |
Dol Smprmrinasoareis Probe Name | Bin Size | MLPA- 190525 3
ol —E— 45 | Xpp (PARN)| 2966 0.517
a 46 | %q/Yq (PAR2) 480.8 0.534
o 0 b i) - foas

Fig 6. (A)-(D) Electropherograms for control 1, 2, 3 and sample DNA, respectively.
Flectropherogram. (E)-(F) Fragment distribution according to peak ratio and size,

(E)-(F) is control 1, 2, 3 respectively (C) MLPA results according to probe.

BZ%9] MLPA A3} control 1, 2, 39| probe’} 28 E 2E fragment® peak”} intra-sample
normalization®] peak®} FARE A& 2RIT 4 QtHFig 6A,B,C). ESH ©JE size?t probe
ratios B9l AdY IHZoA adjust ratios AESIRS W Z+2F 1.00, 0.99, 1.000|H 2=
fragment”} normal rangeHlo] &3i0E AL 1T & QAtHFig E.F,G). 3FAT DNA
sample®] 23} electropherogram®4 PAR1¥} PAR29] peak”} normalization® peak?]
Ao r HAEH g g & QUSItKFig 6D). ERF APE IHZolA adjust ratiow
002 UEHHAIRE PAR1Y} PAR29] siigsh= & Fo] 0.5 peak ratio®o] At Sl
A

—_

RS R 4 AROoH Z} probe ratio £E 53f ol= ZHF 0.517, 0.534 9 probe ratios
7= e 1 & QAKFig 6H).
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5. Discussion

MLPAE multiplex PCR7|5t 71&& T2 genomic DNA sequencetolld] CNVE AE3P7] 95)

o] 8Ht}. o]= st nucleotidezbol= #+ET 4= 9lom 50-70nte] "i-$- Z- sequence©]

A8%7] f&of single gene aberrations AEY 4 Utt. o|H AFHo|A= FAHE A A
F23% DNA Y CNVE QIgt AMA o4 AARIo 2 A fA vz J3kS motstr] 3t

MLPAE 3ottt MLPAE B3t £42 DNA denaturation, probe hybridization, probe
ligation, PCR reaction, denaturation, capillary electrophoresis?y-& E3f Z3§s}% o™
ol &) AF=H probe ZH219] peak ratio?} electropherogram, size?} probe ratio©] oigh
JHE7A] & 37HA] BE o]&sto] Aft Bxo] AiE R4St A9 MLPAZY} control
1, 2= probe’} A3t EE fragment?] peak”} intra-sample normalization®] peak®}
FARE AS E0lg 4= ATt E3ZE o]F sizell probe ratios & ol AAAAE IHZRE adjust
o Z+ZF 0.999} 0.98°]|H = fragment’} normal range Wol 38U+

AHFig 5A-D). WHd control 32} DNA sample?] 39 Liz size standard]
Z5 AR sampleZHE]= oJHSE peak® HEEA] %o} electropherogramo]
A Fol AREAo] E7IRE A ERIT 4= QUi ole #2 AWE F5f AXRA ZIH

MLPAMES AMAS 214 T3] o2 £of oludt A ZWT & gk AL sholstgt,
1 'I (0]

=

=

ratiogs AFESIA S
3]

He Wold 2 7] #2525 siE 4 A 7 WA control 39] 7% control 1, 29 A
intra-sample normalization= &3l sample DNA%} H|1s5l7] ¥3F DNAZ WTS Lepdch
wetd ZgHos MLPA7F o|Folfthd geneo] AsH= Z2+9] probe7t FE AEE oo
Stth, T3 MLPAZIOA Liz size standard®] peak’l el 235 B3l 27H4 7=
A B 4 3tk A WA= PCR reaction & denaturations X8sk= Iof4 amplicon©|
7= Fall 1 B3} capillary electrophoresisollA] AEE & & F3Zo] glo] ojHst
peak®™ YEIUA] QLS Zolgt F3olth. & WA= o MLPA°A AM&E DNA+= AE7F
Z2] 42 A 7] W&o protein WA 59 AACZ DNAZF HAEHO] probe’t 2 &

1o
HolA] ¢ T EE peak’t AEHA e 2FTHE UEZ= olH7] i A WA Ths
/o] A2l W]lojgta AZEY. £ YIAE sample DNAQ AH-2ol= 1A sampleZ ©f

probe@r= A3} control 32} TRRFIA| R Liz-size standard®] peak’l AEH AS B9 2714
7Fs/dS AAeE & Ak A ¥iA= control 39+ 5Y5HA PCR reaction & denaturations
Z18Yok= BYolA amplicon®] H7FE]A] &3l ojugt peake UERA] 49k Zolgk 5ot
T WA= sample DNAOA & FAAQ subtelomeric region®| deletion® ¥l 1 A}
oJH3t peak® HEEHA WS Zold FZHolth SHARF £ WA 7Hs/4de] HF sample
DNA7} 4 A2 RE =5 DNAC|Z] wiZo] 844 < MLPAA] MZE Hdsk=d Za%
F| 439 geneo]l ZIAEOIUE A S| Hiet probeZt HEE oI Ttk WA sample
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DNA E3t control 39t UEFHAE denaturation¥HOlA4] amplicon®] H7IEA] 9 Flo] AXAQ1
Qlojeky 7= ol 5] M= amplicone THA] E5519] denaturation®t samples
capillary electorphoresis A3s= AAHo] QI Hy AX9 Axpyl AlR]Ao] Qloug B
Z9] AE FrHHog EAsqt. B2 MLPAZT BZ9| control 1, 2, 3= probe”l A&3E
2E fragment® peak”’} intra-sample normalization®] peak?} FARFACH size@} probe
ratios 59 AHAAH I} Z|A adjust ratio’t ZZF 1.00, 0.99, 1.00°|H %= fragment”}
normal range Wof £3l%= AS QI 4 AAHFig A-C, E-G). °]& 53l BZ9 control
intra-sample normalizatione ©]&€3ll sample DNAS] CNVEE WHT 4 Q= [-ou|st
control¥dS 91 &4 Qltt Control ©]&5] DNA sample?] electropherogramE Y]
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1.21. 85
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A S Wtk 552 Y= stodg A A dYe=RY o 5= IEs s, &4H
AlA EQ7t 318E f7HA] ESols dEE okal, uld] dojd & Q= ARE IO 5 A
ek

AR A 55 A= 5 AR ARl A6 e RAo| R &440] oo EH
A7k olgt £A9] Wk wE Y9 574 HRE EHI= et E4S #Hlste] 417
goto] A-gSteS Sh=tl, ABHEE, serotonin, histamine &

uebs] ZAFA Ao o] EFE0] wi- 85 oAX 35t EHO] Aoz RHoA
e S5 Ae H9 wiZK(dorsal horn)o& AZAHO], ZgoA AHAE o]Fo] 5&
A5 A9 glutamate, substance P 52 ®H[AIXIH o|F Fdl ¥ Alol7HA] 55
IR YRS AdsiA Hok

S XA AY Al sE0] 542 WA AR AH 97l Wie of"rh w552
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Histamine H#
Serotonin Merve growth factor
Bradykinin TNF - -
Prostaglandins ~ Endothelins Pain treatment options:
ATP Interleukins Cox2 inhibitors
Opioids
[aE1-1. 859 71H]
1.2.2. 218 g3 Y
(D 71A4 549
@ Haffner
WA oReA0] W9t Flem FE Hold Aol FHE AR SHoll ZP gk W
AdLe A71E =4

nheAL WS Sof Lt WSS Mol of W ;S o} Lok § dels ARHS
St} = Ap9o] el hLvt WS AR SRk Morphine 5 AEA Soisl
uhAL SYo] mE} YRS f WSS A HolX YA 1S Lt

Lol A T 4 ek

Rat Tail

3

Tail Clip
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29 gEe MR F USE Holk ARk} £Re Hekih AEAY 395 9 2
Bl RgeA 232y @ 4 gtk A

A A=
R
AHAER(Hot plate test)> F2 F5AFA 0 2gok= ATAE AT of ARgsk= ®rolct
07\4 ke o - UV‘ELE A2 5 P Aol do| AW HAY, S
22EAY, EE g PYE St mehA AFERLS 55 H60E Ao AT Fo 3 5
Owroﬂ A& gRy SRS gAY 82 fi7iR]9] AZKsec)S SAo] A5 avs A3t

| HOT PLATE |

REGULATOR

[281-4.

@ 234

oRe-A wEjo] 9F2/3F 251-55C 9 whket g 9 F, kATt 289 o whgstko
WS Hjis 59 31 YIS sk= AFS =A3i)



I %+ RS Zuz

Dipping Mark

() A7l A=
@ FHA=H
w2 3oRks AEH(Tail-flick test> &
A9 AYARlo] = ARGHT AAEE
flol mkeA mElE Pl 189 39 vk

Heating Coil

Current

[a1-6. TB|X}I=2H(Tail-Flick test)?] A& Xx|]
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Heat Bource Times

- o |_{—Heat Intensity Control
Betore Tail Flick ‘@iﬁ LA :

I[=
After Taul Flick P ;

[2&1-7. BE|X}=2H(Tail-Flick test)]

(4) sfsta] A=

@ Writhing®
Writhing teste=phenylquinone, acetic acid 59 A=E(irritants)& FYTOZH 3I8H4 &
35S 7folo] AE a3E @RIsk= "hHoltt. phenylquinone, acetic acide TRAS] oA
B2 ks d), ol tigh BkeE wieAs 52 FEAWY JHEE & #s 5% 59
glo]d Al=E(writhing syndrome) ¥F3-& HOIt} writhing®] AAHRS-S 71202 A% 35
eIz,

7P 1.2.3. Indomethacin

Indomethacin H|AHZO|E FAFA(NSAIDs)Ol &3t LE, &5, 44, 9
o7 QR A ALY AT AYere® &3] AMGEH

Cyclooxygenaser § 7FA] @o] & A|ZES] 4AHECZ E o] QlEcyclooxygenase-1
(COX-D ¥5 w7/ &2 93] FEF+=cyclooxygenase-2(COX-2)7F Ut
COX-12Z = & UgAxE, 9 & 2 2 JF& 5o SAsHHEA ¢ A9 2o A&
ol F& IRE A= °“c}*4 7162 7HAAL Atk o]o] H|StCOX-2+= AT
7 Z8of ofste] FAHH F FSHEHNA 5= 27| AN AES T
IndomethacinArachidonic acidi*rﬂ = EZQUProstaglanding AAPAIsH= 49
COX-1TCOX-25 H|A"gHo= <Aste sid, XE, F9 a¥E dehdoh EI
phospholipase A}CE A & 4= 1, 5 ols= HAAZ & Slon, TAHZS}
BAlZ9] F4& AAaAZ 4= Stk

SHHCOX-17COX-25 H|A="Ho g2 AA|st7] wfjFol, COX-2 Ao o3t FAF
BIHE ofYHCOX-1 Alo] wE AT 59 FAEE Zo] Hth A Al FA&
o5= FE 4T Aol 2F A7 QoA S48 WAF dag, AW 44T EEAE
Ay BG4 BIE 5ol dojdrh F2RE9] Wrt 5] £71(35~50%) whHzoll d¥hAQl
HE ZEA=E I 2ol|x = Y=tk

AT Fol fHellA s FeEH BFolM90%7t B did Agstal 2A 0=

olN

o T

ﬂl

i)



ol

, FotellA=12-28A1710|t}. Fof &
1-2A17F Yol 3l 8 F sko] =23t pKae of4.50H wahA F/4doly ofiHg

Q.

Cell Membrane Phospholipids

Phospholipases < ~X-~ Steroids inhibit

h
HETEs € HPETEs et Arachidonic acid
lipoxygenases
Aspirin,
5-Lipoxygenase Cyclooxygenase | <€ -X~~ indomethacin
inhibit
5-HETE €——— 5-HPETE Prostaglandin G, (PGG;)
(chemotaxis)
Leukotriene By o | oukotriene Ay (LTA4)
(chemotaxis) :
Prostaglandin H, (PGH,)
Leukotriene C,4 (LTC,)

Vasoconstriction

i Leukotriene Dy (LTDy)

Increased 9 . Prostacyclin Thromboxane A,

permeability PGl TXA»
Leukotriene E; (LTE,) (Causes vasodilation, (Causes vasoconstriction,
inhibits platelet promotes platelet
aggregation) aggregation)
I 1
PGD, PGE; PGFy,
| |
Vasodilation

Potentiate edema

[d211-8. Arachidonic acid28E 2ZE GESXIXMEZEI0| MMilindomethacing] Z2ZA=]

II. Materials

(1) Alet - 0.9% saline
- - Indomethacin 5mg/10ml (in 1% tween80), 20m!
(2) ZHIE - FA|, analgesy meter, Xg, RYH, ST, pipette, tip,

- 20-30g %A OFRA, ICR A8, 658, 0IRAE Al
Q) s=22 %= 0.9% saline (i.p.)
TEH F0=2 Indomethacin bmg/kg (i.p.)

M. Methods

O vRAE IF1IHED) 30, 152764 Foid) 302 A2 et
A mElo] f4WO R HAE ot ERAE ST

® 71 29REAII0l1~227F H= AE(g/sec) o2 ZF uheAnitt AY AR E AEe
@ TEF1I(HZDNE0.9% salined, I72(XEA Fol)oll=Indomethacin(5mg/kg)E 74 W
Fojgttt. o|mfilndomethacin®]|Injection volume25mg/kg, 5mg/10mlo|=210ml/kg
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= 0.01ml/gelt.

20198fdE 1817] 32H 4%

SHe A R, glsed) AE FAUL, vheAst BEAY A 228 Ui 2700
o< L= <ol
IV. Results
. bX H= A3 hHo|H
Body Injection 2=(g/sec)
weight(g) | volume(ml) EoH 2= | N =ZE | 20 =F
T2 30.2 0.302 39.36 45.62 14.60 27.73
. :I—_rl 2 28.6 0.286 24.44 30.10 20.08 30.76
(Ch=) 29.4 0.294 23.92 15.68 34.29 16.06
iy - - 29.24 30.20 22.99 24.85
HEMER} - - 8.78 14.99 10.16 7.76
HZQXt - - 5.06 8.65 5.87 448
J9=9 29.7 0.297 4257 31.70 29.62 12.20
- 2 31.4 0.314 42.86 45.34 29.75 37.58
TSH E0D)
3 30.7 0.307 44.78 29.09 16.35 39.66
ot - - 43.40 40.22 25.24 30.92
HZEWX} - - 1.20 8.73 7.70 15.29
HZQXt - - 0.69 5.04 4.45 8.83
[H4-1. b= ©= A GHO|E H]
2
( <=:: e \‘\\\\ .
DEH F0i 2
’ e
\

[H4-2. 4%, 6X, 6 S& A CI0|E H]
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4.2. 4%, 5X, 6X S H¥ ol

Body Injection 213 (g/sec)

weight(g) | volume(ml) | F0H EZT | M\ =E | 2N &

4751 30.0 0.300 11.71 13.95 31.68 16.56

4%-2 28.4 0.284 14.74 12.50 16.17 31.99

4%-3 29.9 0.299 32.98 13.77 15.90 40.93

1= 52-1 30.2 0.302 39.36 45.62 14.60 27.73
(xR 552 28.6 0.286 24.44 29.29 20.08 30.76
= bA-=3 29.4 0.294 23.92 15.68 34.29 16.06
621 29.1 0.291 12.34 15.81 15.60 14.67

6482 31.2 0.312 16.88 13.07 13.83 15.85

643 28.5 0.285 13.76 15.43 11.81 15.32

ey - - 21.12 19.55 19.33 23.32
HZEHR - - 9.82 11.14 8.07 9.70
HEQRt - - 3.27 3.71 2.69 3.23
4751 31.3 0.313 14.49 16.41 32.43 43.94

425=2 28.0 0.280 14.98 32.07 15.85 14.03

4%-3 28.5 0.285 46.88 13.19 29.13 32.15

152 hA-1 29.7 0.297 42.57 31.70 29.62 15.52
(TISH| H2a=2 314 0.314 42.86 4534 29.75 37.58
ENR) hA-3 30.7 0.307 4478 43.63 16.35 39.66
621 28.8 0.288 15.43 15.43 15.24 14.83

6A-2 28.0 0.280 15.28 14.39 16.29 14.25

62-3 29.7 0.297 29.26 22.86 15.43 15.48

ot - - 29.61 24.50 22.23 24.90
HEER} - - 14.67 10.87 7.65 13.12
HEQRt - - 4.89 3.62 2.55 4.37

[34-1. 6= BE 4 HOIH- IE1(HED), IE2(TSH Fo0iZ) 2HZ]

AjZof wpe "ot Y= (53D

ra

t

>

ol

[234-2. 4%, 5%, 6X

Ofm
Ol

d CIOJE- AlZHfl M2 TWa &4 J2ioef BFE XY
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V.

Discussion

ol¥l Ao A=0.9% saline FoIst IZ1(HERDH AEAJIndomethacing Foist 1182

RASA FoDY AlRte] mE EEE SHsIAH. sE # IE &Y= analgesy

» 100

meterg ©l-&dF=Randall-Selitto®ol]l 23] SH=AT. wWetd F1IHE F7HHCE ZHF2
3% 58" wFwtem) 205 =35 F =
=302 531 54" wad#(eme FA(EE AN, olF vheirt §58 7le

dele AZHs)E S5t 2F A=(g/sec)s AASHAH.

Algz SFstAL, F2HE F7H ez 852 4
El

1. 5= H= 4o Cj0JEQ] oA A Zut

[E4-11THIH4-1]1995% @5 AF HolgE Y, EE ST A4 IF1(H=
ol 52 UetdE B4 dElol IF2(K1BA Fod)o] 52 YEtHe B4 dEET
A Yepgth & B9d0R A Folite] A o =2 gEoA 585k YEhio,
ojlzigt A31E B3 Indomethacin®] & s AT = A3

AZIEE Hws] B Fo] Hof IF2(REA Foid) =
22 29.24214.16019= 7H & 489 Aol HIAH 11 Ao]=30& F 10.02,
IAIZE & 2.252 HaF o5t viAT &7 ARl Fof2A12F Sofl= 11 Apol7} 6.07E
AlsHAl S7teke 42 Btk
7 - 82 AWEY, WA IF1HRD)Y] FS vReA1T aReA3S ARt whet ojw gt
AFAAL HolA ¥ I &AFol15~40g/sec] BT F WL HoA o] =HH AL,
QA2 1 EHZho]20~30g/sec BLOFE H 075 M9 Wl o] S
ARt 7R R ojwdt FRFEE HolXe Lot o E IF2(REA Foldh)e B¢
R A29F HRe-A3L Ao wEt PAT HYEE HolX ¥ EFRGEHT At =&

AL, vR219] Ae ABAE FostAsol= Alzke] Adof weh HAF S oA

F

~~

o]

K
2
o,

= Aot 7P WA, Indomethacing E4W FARRA] Qlo] FAPL bl&sio] AJEetnjection
volumes FoIstA] o gy AsA9l aiprt AA Uetgs 4 Atk Y analgesy
meterg &9 WAV 552 L= YEe 45t Holk €2 ¥ EARH. A
uhe20] gl e TSttt ofyi Bsol d¥e Thstie] et FsRkee] gkl
2 Qlad|, 98 & H|TA mYy} TAL wultog o4ES EAsqth 18ug kAt
3ol HE £40te] $Eo®E ST dgo Hldf ¥ w2 40N 5= HEUSL
oyl d&3] B 4 Qlth. ESH analgesy meter AAE UFE = d Q&5HK] 49E7] W&o
H =

Sl 3ol A 42 A Xle = A WA AF1H=E
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VI. Conclusion

AgrH oz s Ado] AYHAE A
23 gto] FRlg B, IFIHRDY 15

Indomethacin® A% a5 AT 5

)
of

o9 vh-A1AF o
b Adde EolA

oA 439 uFEA19]

geizte] vug £
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