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Molecular Diagnosis in Cancer

Soon Pal Suh, M.D. Ph.D.

Department of Clinical Pathology, Chonmam University Medical School, Kwangju, Korea

TF EARA7Eol o&e I AW
73 A9 BAPE T ABEI} FPe=z
ol8dE F U FAY ARdo[Awt A o
58 Il AN ‘routine’3}stY A}
g0 AAZ HEsles AL AFs ofHoh
7t 2HEAHQ] Ao M AFIHHE "R
AA T, G2 LASE dEFTS #od o
AAGAER A ADHA S uF
71 R g2 NEA 2NHes EA9g
(molecular medicine)?] HA A HEZ olsfst=
Aol WQdn, olF T3 AW ¥UF o
A 58 AFEA olHE + A,

FRANME 199032 FEH FTFILAHG
€ (PCR)3 ¥#F4AHFHFISH)S v £33 2
2 HEARFAEZIHS AA d3ATDe 831
L3 AR, HZo)| "YIA 2HIZ e
A=z 7i8el tigt oj&d Hoa AAH 3
o] glojr= o}z &3 EEo] ulo|g H
ol t},

matA 2 aoXME A AEHI
A= HA 7Y 2 53] 4y el HEHn

Qe ANIEE FHoE PESH, B
o wANA, A2 A, FA T B
71&stna ek

1. BXOS9 QA

18603 t] &4} Miescher’t 3¢ (nucleopro-
tein)g FElshe] I Aol AAAEZEYUES W
7 ‘nuclein'2. 2 WHE ol  HAM(nucleic
acid)@ g-ol7t d2l ALEEHA HIAUY. Averys
& 19408 el QA7 TS dAeE |944% 2
3 FRAARE o ATY DNAZ se ¢
ot} 1950d tholl = Franklin, Wilkins, Wat-
son @ Crick €°l &3 AR olgid +x
7} #9552, Kormbergd] €18 DNA polymerase
7F 2AFHA T 1960 ol &= mRNA7LE 19704
o= Temin® BaltimoreToll o3& JHALRA
(reverse transcriptase)7} 22t ¥AH 1L, Smith
Fo o3 AFelAe AT EA(restriction
endonuclease)?] ¥7 % DNA ligaseZl'd = of
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A 7ol olFo{AHY el Ax3 DNAAZE
2 driMg B4, A& (oncogene), YA
A AHtumor suppresspr gene), RNA 2 ribo-
zymesol gt ¢ Fol F F Ao o]FH
o},

$HH 1960 d tiol WA EA|E DNA probe
of 2]3} hybridizationZ]®¥e], Z=lxz 1975
£ Southern blote] ZtZ 7=} 1970 o
Zuto] §HA F&(genetic engineering)d
Aol A7|EYU, 19763 HZX9 engineering
3]AFQ! Genetech?7t DY EHAT ©] F&Hol DNA
O3 A (polymorphism)ol]l €8] « -thalassemia
(1976)% AAAEFHE(1978)0] 74z A eH
AT,

1980\ d tholl transgenic miceol €3l ‘super-
mouse’ 7t &AL, FAEEY ofsf] o
ol ddlA el FAH o FFolA €3]
AT DNAZIYHC 9% B3 ddd A§3te
TRAS cloned T3 M2 ARE EA H
T ‘functional cloning’Alth7t €HT}. ol
Hdge #Hdg ofFsy] A Ax2zM %
29l AN YA (ocation) L ‘gene-like’
DNAZZt oA ARAHA FAA F& o4&
‘positional cloning’®! 7}53tAl Hof, 1987 X
FAAANAM Duchenne 2°|94%¥F FdAE &
A% Aol 1 A oo]r) ‘Positional cloning’ 7]
Hol Ald B, AE(genome)dl A actual
distancesE HUT A SAHZE = JA HUAE
b, ¢l& ‘physical mapping’¢lg} 3}H, o]
pulsed field gel electrophoresis (PFGE), yeast
artificial chromosomes (YAC) % FISH %¢
<8 mappingZ|¥d o] )& A

Aldad BAFEF7PYEA  PCRe] 19854
Mullis'sol 23] A1, o] BE Wyo
MEHAT. o] 58 <A DNA B84 (DNAA
‘9] wWol)e] restriction fragment length poly-
morphism (RFLP) 2 VNTR (variable number
of tandem repeats) 5& ©|8&3td To| niH
HA, DNATHEAH L §3H Zo9 F2 A
2 IFH7] NS 9A] 19803 Eub
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o 1990 d T Euro] xWZ3 DNA vaccine®l Al
=535, olo] $A A B(gene therapy)e] A1)
7t A How, A3t DNAGZIMEE
A2 et DNAZA 7] Fo] &7HAT. 1988
of 71&x=o] 20059 ¥ EREZE AL ¥ ¢zt
ol AlEH 9e A FH2 2 2R model
organism®] W3 Human Genome Project
(HGP) 7} F5%3 At

m. OIH| SN 280t sAHBO|

B4 03zl AFAH2 4L F4AH 7]
oA chaAe FAe AR LA, 9%
FFANE FAA Wol7t B L AW =
243 & %'7154 2Hg Beol Ugol wd
AT W §AA4 wol: ge WIAAR

Age] $2¢ EAXNZ BEHD gou, 3
ot FFsto] glo] 27U ¥ ohg BA
o AYTE Uolhw, W) 2 AEFHE
e FAAAE F Ad A ADYS
ANG & Qe Aoz APdoh

1. CiCHAl REUAECEAM &

e FRARY Hold FHEAM, TdF9 A
AE E9¥ol7t SHHE goz Agdd. &
of wA e {HHAz FF, AL, Aujd
2 FEdWe] T O¥E FH4 dHelrl #¥
Hi, 94Rez AW 7Es 49 S =

3-8 e Ao ARG dHA U
ol¥@% 4o MFPL JAH FAF WHold w
&t ASEY, 2 dgigzd o7 gageln
(Fig. 1.

oj9} & A EFAE o83l 27 F
A WHolE dobd 4 gud, e figd
AE 7H At A oA 8183 H(chemopre-
ventative regimens) & Ug WHE ARg
< Ut
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Normal Colonic Epithelium

I
APC Gene Mutation
(5q)

4
Hyperproliferative Epithelium
I
Hypomethylation
of Genomic DNA

$
Early Adenoma

|
Kras Gene Mutation
(12q)
Intermediate Adenoma
l
Loss of DCC Gene
(18q)
Late Adenoma
|
Loss of pb3 Gene
(17p)
Colon Carcinoma
I
Other Genetic

Lesions?

Metastasis

Fig. 1. Colorectal carcinogenesis: the para-
digm for mutation driven multistage

tumor development.

2. ety Jo| EXIEX (molecular target)

Zoitolo| 7|H

| S

Hol

AA o Aol B 9 A4 target
o] XU EFAASG GAAFHA Fol
EHoitt, dFHAE HAAHYL AEXEH
#3t= proto-oncogene©] FAZH HEE,
AEAA AEEd 2 Adxd 75 -
t}. o|¢}= Y3 anti-oncogeneo|dti L&A
AAAFHAAY] 7T AL AETEE
o] 24 24%04, o] 7Tl AAdHY o
HE A7 Fo] FAH AFHA = AX
E-do] A4} Proto-oncogene® A3} 2
A FAAY] 7T FALE olg FAHAY T
45t Fefo Aol o3 LAs(Fig. 2).
G AL 454 Ed9d(genotoxic
carcinogen)®] WAl H I &£4d DNAY &
T 59 T @9 Aduh. o#HT VIFEY #
Ao AREol YE FALE Fo § A o N
o] THAoY FHHoE BEZ H$ proto-
oncogene ¥ YAAFHAL FHA WHole =

4 7hAsh ol WA BT

3. CiEteh QA oty @ e fAA

o] WAl P o] o] tHA EPEA
AP or AlH= Aol YA, 1 3
A 71-d&, 1) dALL proto-oncogened B
Hold FAF GAAFARY EQWF &
Azl 7ieiste, 2) HA% 4-5709 /FAA}
WHol7l wgtul o] s 3) FH3 Holg
357 e WESH EAHE FdAH AR,
OEg e AgAYd sME FHdtes B F
ojt},

t)A¢re] WAl oA K-rgs proto-oncogene
APCHH Aol EdWol7} 27|19 YguH, pb3
3 DCCH AFAAe] wol= vl =4 e
gt gy oz g 50%% 1cmeol’d4

& M#E(adenoma) Al rasF-R 2 EQHol7}

._17_
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REGULATED BY TUMOR
SUPPRESSOR GENES

NORMAL
PROTO-ONCOGENES —

N\

CELL GROWTH AND PROLIFERATION

LOSS OR MUTATION OF
TUMOR SUPPRESSOR GENES

CANCER

N

- ONCOGENES — ABNORMAL CELL GROWTH — NEOPLASIA
AND PROLIFERATION

Fig. 2. Interactions between cellular proto-oncogenes and tumor suppressor genes in normal

and neoplastic cells.

T & dAY 27]6 Hol:e ras 4
|2 B]Fo Reol of AR WHolrt gIf
o g HAd FrHoz2 #Hod3gu Yo
e} ¥E o] 70-80%<9] Wi LelA 17p 2 18q
o] allelic lossE& Holo], diF-Eo oA 17p
FAA dEo oste] pb3RAAe] Eddel st
UERd

-

r
M &

O

4. 7154 &

e
T =z

2o ) Sddole d=xF
oflzl F¥E BA FZ
DNA (constitutional DNA)SIME 275 ojo}
gt 2) 9ol {HAe] germline Fg-&
FE A4 g g2 1Ag 35 9 FE §4A
A AP M E dAE ol oF 33, AgAA o
4 Aol 3) HEUe EdWol fEAE
ekl eI dF=Hojof 3} 4) AAE
Al /F WA of 3o} 5) EAWolE o
H Aldie} Ax #FAHIZ, gRIAAME BFEY
Al ofok gtk 6) FYF FAALY SAWo
7V FF BASE UE FYAAE Yo
Fig=3
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NEH GFFES 2R AANA BE Ba
Hold, $U9d FFoIAY ohdd B ¢
O

Fol ozl A 5 o, vwH ofy o]
o, 281z MAAHd FHoE Yedn. gH
AT ARG dHEo] g 7MEY ¢
< Table 13 Zt} ol FAAke ¥olrl LAY
st 1 AN e Gy JieAdel w$-
FolXIt} 7tEHA hFF-ao oldd X £A
7V Aolx, olg ¢ T4

o Al 133 germline® & o]}

o BHNE FRY 4TS Bk

o
=

\

2 2

1) Yol EF

SrgotAEF L Aol Fete] wAlstE
4 o= RB AAFHAe] &
o g}, oF 40 e BRI
A 2} 9] Zdo] allelee]
RB+A A A o]xH3 AAE AW
= ol & ul ‘two-hit’ 7]l 9 gt}
Gl EF L thEdolH
A L] 60%= vl7MEA,
RB allele®] AAE
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2) Li-Fraumeni %

19699 Li ¢} Fraumenis AU A&l A]
HEZKE olgd 471=e] g NAATE
ol AAA
ggon oZoA & HEZ WARE GF /g ol

FRY, AR2ASE, HFSF % 9Y

stol A

d F3 ZALA ool ol @A

- B oo BASAY -

Ze AANA ANZL gFol AdAH, =T
AT oA EFE RRT. 53] 2
dolM e TAHE 4T FHRUY SA AME
A" dFe AT AY A FAF
&S BHEs] gAY o¥X
Li-FlaumeniF$ oA #AHE oo A4
FHAE F& pid3eg F5HL Y.

Felol e

Tumor suppressor genes assoclated with familial cancers

Tumor predisposition

Protein function

s

olAth. A%

Table 1.

Gene Location
APC 5q21
ATM 11g22-23
BRCAL1 17q21
BRCA2 13g12-13
hMLH1 3p21-23
hPMSI1 2q31-33
hPMS2 7q22
MSH2 2p22
NF1 17q11
NF2 22q12
plsIKeE 9p21
pleTEe Op21
P53 17pl3
RB1 13q14
WT1 11pl13
WT2 11p155
VHL 3p25

Adenomatous polyposis coli

Ataxia telangiectasia

Breast carcinoma, ovarian carcinoma

Breast carcinoma (female and male)

HNPCC

HNPCC

HNPCC

HNPCC, sporadic colorectal carcinoma

Neurofibrosarcoma, schwanoma, glioma,
pheochomocytoma

Vestibular schwanoma, meningioma

Melanoma?
Melanoma?

Rhabdomyosarcoma, breast carcinoma

Retinoblastoma, osteosarcoma

WAGR syndrome, nephroblastoma

Wilms' tumor, rhabdomyosarcoma
Von-Hippel-Lindau syndrome,
hemangioblastoma, renal cell carcinoma

Cytoplasmic protein,
function unknown
Mitogenic signal
transduction, mediator
of response to DNA
damage
Function unknown
Function unknown
DNA mismatch repair
DNA mismatch repair
DNA mismatch repair
DNA mismatch repair
Protein with anti-ras
activity
Cytoskeleton binding
protein
Cyclin~dependent
kinase 4 inhibitor
Cyclin—dependent
kinase 4 inhibitor
Nuclear transcription
factor, mediator of
cell cycle arrest and
DNA repair responses
Nuclear protein,
negative regulator of
cell-cycle progression
Nuclear franscription
factor
Function unknown
Membrane protein,
function unknown
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3) ARE Fs

P . O
s

ey #4438 FAP (familial
adenomatous polyposis coli)®} &S A, Lynch
ForolgtilE =25+ HNPCC (hereditary
nonpolyposis colorectal cancer)®] A FAP$t F
#ate] Jeld o gtk olE 4 23 dFH
FRAAES ojn] & dYA Un A o
et Aol F83% 9 ok APCH AR
v FMA 5q2lel A 8tH, FAPS}, A3
Apote] walo] B, oo SAMold] 9

3 FrdAREEo] B 84 s E .

PARE)!

y U aE

i

9

o =
¥ 5

Al E, 9, v A 2 54
of A7lo hEA YA ol )
k. 28y HNPCCE 2 gAolA o
yolunz HM7|7t A Foy, ol #
AdFo) 4= RER (replication error phenotype)

ol FAH BAPYE Bz @k

) 7t54 +8d R 2

A

skl oig AAA RA Bapel
5-10%6°1 4 JHRT} FZo) BRCAl ¥ BRCA2
S AR AZ Suete] lo] Hm, o9l
A 39 A+ FHRAE &A% BRCALl #
AR dagh BAE oA Bolsiu Sl
o $3d 7AEAS 2= sHAe 50%8 §
T FALE FA Rol: 1A 80-90%
oA BRCAl $34 Sd®o|2 b} o
S SAWol: x| $ugtel} vt ga
o ok 0%l A HolAw AstzAlY o shH
vt 7ty MEE A= ga2d 418 &
P daY ZEZAA Suge 4 AR
t 80-00%u HAg dadte] fig JAE:
30%o] Eaith A2y S/ dag E5E

—L
1
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A& 85%9 4]
BRCA2 3%

7+

4 Fud =84 2

T BEo] Hrh

A}

5 7154 FAF

o] WS TAF 8-12%AM AR
R fe Uehi, #d FAAE F2 94
A1,6 799 10 5o EATT 9p216-HA

+ MTS1 (CDKN 2, 52 CDK4DYA #+H A

e, Ao 75%0l M WolE o] vERET,

6) 4384 DNA 584y 53 (repair
deficiency syndrome)

DNASGE 7)Aol AolE RHol:= £ ZF3
xeroderma pigmentosum, Cockayne% ¢, tri-

chothiodystrophy, ataxia telangiectasia, Bloom

Z3% 37 9 Fanconidld Zo]t}

7 & A AFEE wole 71 w43
G A

cFd E@YH SR & 24 AdAel

T2 ARG ol FEE FI:FoE von Reck-
linghausen neurofibromatosis && A1¥

neurofibromatosis (NF 1), A 23  multiple
endocrine neoplasia (MEN 2), WAGRF3 T

(WilmsZ ¢}, aniridia, genitourimary malformation
2 mental retardation®l 5A), Denys-Drash%

~
Il

% #(intersexual disorders, nephropathy %
WilmsZ &o] 54), Beckwith-Weidemann3-%
T (macroglossia, organomeraly, hemihypertrophy,
2 t}4¥3 embryonal

N

neonatal hypoglycemia
tumors”F 5A)o] Qi
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PHYSICAL
N

CHEMICAL

SPONTANEOUS
/

GENOMIC DNA

DAMAGED DNA

'

NORMAL DNA REPAIR DEFICIENT DNA REPAIR

|

CORRECTION OF DEFECT

l
STABLE MUTATION

Fig. 3. DNA damage, mutation, and repair in cancer development. The DNA of the cellular
genome is subject to endogenous and environmentally induced structural damage that
can lead to errors in replication and the generation of stable DNA mutations. The
proper functioning of DNA repair processes ensures that damaged sites in the

genome are repaired prior to

DNA replication, whereas, faulty DNA repair

mechaniSms promote the generation of stable DNA mutations.

m &A#M0| d=H

1. & 0f

1) g9

DNA 97[A <ol ojw g ¥37 dojyes A
< 9ujgg. 7P dubEd WEe gUiAE,
HQ71F7E @7IANE R gr1Edold. A
RN A& g8t

2) EdWolY ¥F

H3te] Jd, & Astd 79 ol A%

(1) & &t 0](point mutation)
o e WHEE Gl S8 A

(2) ctd =HHHO0|(multiple mutation)
oMY HrAEFHE T T I oA 4

...21....

7180l B & A+

3) kA8 (wild type)

AAZAQ AEAE TAINE EA FAK
@9, phenotype)E Tt

2. HEQwo| HdwY

1) A9y (¢3AA g2 594 ollunknown
mutation] HZ&)

(1) Denaturing gradient gel electrophoresis
(DGGE), Temperature gradient gel elec-
trophoresis (TGGE)

<g2]> WMAAl(denaturant: urea, formamide)
9} x4 ¥EE ¥°|d DNAWS 74 domain
£ & EA melting temperature (Tm)ol A 2]
Ho}h 1 bpe] Aole TmE 1TeolA W¥EAZ
o} malA o] Y E o83 H7|FFelA
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£21¥ DNA 7199 olF49 Aold 93 &
Aol g} ofBHE FEFE 5 U
<H¥P> X332} 3= melting domain T

Z7tA7171 A8 & GC-rich sequence®d
PCR primer3-ol HF&A[#Hok v} (GC clamp).
A} 22 GC clampEd o83l R B &
Aol E DGGE &3] AT F UL

<FZ =Z7]> DGGES 333 A4 EAd
A Z7|&= 1,000 bp7hAlolth. EAAIMS
A BAel A7l 2 melting domaingeol e}
@A A 7k 50-1,000 bpe] B¢ 7.5-10A17Fe| T,

<ZFA€ EJ¥ol> sense strand P antisense
strand2 & ¥E°lZ heteroduplices ¥ GC
clampgE F#AIJE wW 100%° 2HsA A =
AWolE HEE F U

<HE&W> WA A" DNA fragments,
ethidium bromide (EtBr), silverd Y

<Q.C.> DGGEY TGGE B Aol AHAZ =

2E HHsfof 3. AE3HE A7t Qv

=

——

=

(2) Single-strand conformation polymorphism
(SSCP)

<> LA z=zsA  single-stranded
(ss) ¥|AL YRl 247xF Fdd,
ol g71xA, single nucleotide®] ®3}eol] ¢
3 wiFo{th ol WIS H7|GFAAA
Yoo} EdWHols} FAY S TEH.

<HY> 27]d SSCP= DNAEA ] A1-8-H
ey A RNA £4dE AHgdY. 533
A 23 FE&T DNAET RNA oA no}
H1H3] P At RNA-SSCPE DNA-SSCP$}
XAl in vitro transcription®]#ts ¥713 ¢
A7} desig,

<zd ZA7> AET AFHE 47 A% 43
49 =A7|E= 150-200 bpelw, ®op & il
B7S 98X RNA-SSCPE Al soF 3},

<HE Sdd¥ol> I -9 =77 200
bptiel HAel M FHALD F7IXd W

¥
H]

2
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3 (3dEo))e 80-90%7A SSCPel ¢ =
2% & U

<AZTA> 107] AZHEY EAslelA 1
MY B0 AEE A28 F U

<A&W> HWAA EAE DNA fragments,
EtBr, silverd™

<Q.C> B &3/} 23] Al olt}. Polyacry-
lamide =X, fragment size, gelt glycerol &
A Foll o EAAZH3-6AI7)0] WMIH.

(3) Heteroduplex analysis (HET)

<913]> Heteroduplicest °FAP T WHo] ¥

1ol EFS 484 2 reannealing Al A A
3, o]A o] homoduplices}t A71FE °lF
EUWOlE

= 1. 1.

ﬂ.
u}

T

Aol zpolzt e AHE ol83tH
AE&sle Wy ol

<AFP> A7FGeHY 2 ANEE 47
) A= polyacrylamide gel 4! special gel
matrices (MDE)E& AF&-3ljo} gt} 15% urea$]
EZAsNA Bty &85 =S AE F U

<EA A7|> oY AES AT A
g A FzZbel =7IE 200-600 bpeli, PCR
fragmentsol A B\ Wl HEL 900 bp7tA

=)
L1

Lt
=

80%7+2] o|t},
P23 &d

Hl7} 15 olstol® A&

<HEA> AAAY
Mol MIEolAY AME
& T+ gt

<A&%> EtBr, silverg™

<QC> #i z7te| Av|d wE M7]FF
Al ko] 14A] Zkoll A 30412 7+A] W3tz i,

&

(4) RNase A cleavage

<fg> o" AHdd Z=ZstA RNARNA
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1} RNA:DNA heteroduplicest®] mismatch:= <AZE EgdWol> olgFoz BE %3
RNaseel o3 wejddh. ¥3& E4d I EdWolE #2¥ 4 Yok 9% TG mis-

ZZ+-g denaturing gel electrophoresisoll <] 3]
A g,

<H& 1> purine bases®] QAo+
&= AHZ 37l 4. weEiA RNADNA
heteroduplicesoll A &=  30-40%¢] & <3 o]qlo]
HE&7Hs 38tk DNA sense

8]

——

=dHo

= o

4 antisense strands

4% B AEEL 70%7FA o o).
<HEA> AT AR7Z BRuxo] QA
=4

<&ZZt 471> ¥4 F A+ RNAY H{
A7]¥ 1,000 bp7hA et} ol BTy & Ak %7}

o BAME& AT GUol AT EoA
Eol&l Ezlol ol ‘high background =

RNA'DNA duplices®] E¢4A3 ¥l 2AE
o HAAH oz AF HA=F9 ofHRo] w &
Aol oy,

<F7E> ol HHE Y&
Hoz AFsA g

W vaA A

(5) Chemical cleavage method (CCM)

<{4 2> heteroduplicesW ¥ mispaired nucle-
otidest Maxam-Gilbert sequencingol*] A}-&
H e 93 WA} Hydroxylamine
< mispaired cytosine residues®} osmium
tetroxide® mispaired thymine residue$} 48
3tk DNADNA, DNA:RNA heteroduplicest
318 WE A (chemical modification site)
o} piperidineol €3} BB th TY senses}
antisense strands7} A EHo| AW ZE HE

dWeirt HEHo Ao

<HE> Y& o] ¥d 2 DNADNA hetero-
duplices®] 48 93 oHRAL}E DNA:

RNA heteroduplices®] #4-& Mz 2L
AT, 27 EdWHl allelesE thEFe] oA
DNAZ R¥ HE3s7] HAdfixe =S 2
H 9 fluorescence-labelled fragmentsoll <13}
e s FHAZE 5 AT

....23_

matches osmium tetroxideol <3 ™3 HA
ettt 28y sense$} antisense strandsE ¥
A3 EE F7Y H SddolE H=E
AT

<& 34> Fluorescence labelling$
o 10719 vlEdAWo] AlE backgroundol A 1
foldle] o] AXE HEE 4 Uth

<EA 37> 2 kb7FA CCMel 93] £4&
T AT

<AZ&¥> ¥ P-end-labeled fragment,
silver g4, fluorescence-labeled

<Q.C> CCMY 74 & 23L& SA4=49
AR-&olt}, mEtx AANE 32 @Al= fume hood
el A Al g)afjo} Fhr, A& 8ol A FHA o]
It Ax: gt 2E N3 B
dWlolE AEE F+ Y 2o A#ZI
2ol JhEstttes

A
P
T

o] &8}

B3,

=t

2
-
gl
£ d-{%
e

al,

Aol o,

(6) Enzyme mismatch cleavage (EMC)

<98 > Polymorphic DNAY o838 2 &4
Mol alleles®] PCRAE &2 renaturation B &
WA BA) 93] heteroduplices?’t A= =4,
o]+ bacteriophage T4 endonuclease VII &-&
T7 endonuclease 1 (bacteriophage resolvases)
Fo o3 EqB oA7A AR ¥4 27
€ ANFEIY.

<EA 37> EdWe
AE A AE s

<AZE EAW> A7l & EF AEsid
J71aAde 2T 14749 HEAdWelF 137
E A28 & vk ¢4H & 7o TAE ALE

1= 15 kb7tA 9 PCR

et

3l AE&ol 4 "olA = 11/14 AEHH
o|7} A& Ht.
<7A% 3% A> Bacteriophage resolvases”}

heterozygous AEjol]l -8z ook g} dH 4
28 ¢ de 9ol AR} oA *ﬂi-’r‘

T = Ll
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o] v} Fo 3 AAHA I+7F gl

<Z29> PCRol *P-labeled primerE AM-g&-
3ln], PCRAFEE resolvasesx# &3l ol ©f
A B A ol WMAZA polyacrylamide gel
Ax H7|FEFstd AVPAIHoE B}ESTT
silver 98 x 71530,

<QC> IATE RAE AHEEIY v B A
23] 59 A4 HAAdS Ao ¥ Homo-
zygous Sl AAlE EA AI(signalE
WA S & ez ozlg HANM ¢
Holg HEdle|H of8¥ DNAE A7Mel 59
of jtt}, FtH AR EAWHolE resolvased] ¢
3 QAAE7] olz9] DNAS 4% B3I 2
#Ach ole VAR E EHWO resolvase’t
wEolx DNAS HGE wadtry] wiEoljtt
Resolvase ARl gt AP E FR3.

(7) leavase fragment length polymomhism
(CFLP)

<> HTo 28 QYgoz v Jg
o] DNAZ}F ¥4 8 ¥ oAl ¥ d(refolding),
T2 2 A 1(folded), hairpin 2%¥9] 2x+Z7}
YA H ), Cleavase I endonuclease hairpin
loopd] 5’8 AT A ZduRolrt Qo
o] 2x+xEo] WslEo vIE CFLP %4%4$
B,

<EA Z=7|> 2 kb7tA] B4 o] 7M.

<Hze Ed¥e|, AE TA> <F7A AA
3l dF71 gloh

<AEY> YA HE&2E Py bioting
FRAAA oz, WAZA polyacrylamide
gel Aolx H7]QF3td CFLPEES BT
o}

<Q.C.> Capillary electrophoresis 2 fluore-
scein #& primere] A8-¥ W AF3I}t E
sty OIZE2HE ofAlY allelesE ¥ AHANY
T L3A AlgSofF B,

(8) Mutation detection by mismatch binding
proteins

19 & - 2000 -

<918]> E coli DNA mismatch 4174
(repair system)® Ul MutS @¥o]
mismatch® #AF7]E X33 = DNA A}
Baste AFS ol&3ld EQWOlE HEF

123

<HY> ofAYI AWl Fo allelesS
PCRZ ZZ3l ¥ reannealing ¥ EHA3A
A2 heteroduplices DNAE MutS @ b
SAA AriGTde A z2bo oFAY X
ojo] 2ol3) EQWolE Yol WHPOE ol
MutS ©¥o] JZ3H heteroduplex DNAT
exonuclease 37} HA e AS ol &
g Aolty. mEhd A MutS @l
mismatch® A FG7]o FAstH o] HHLE
solid-phase ¥4j°] 7153ttt

<AE Ed¥ol> MutS ¥ mismatchrt
o A2 g2 ¥& W34 (affinity)S YERAH,
A:C$} #Z2 mismatchol & & #3317 efe=nt.
T3 MutS 98 AFss 3-bp 971 24S ¥
g3l CFTRHFA AL heteroduplicesel ©d 4
7] AA& zr'¥: heterodeplices® .t © 7}E}A
BAgTh olgk 72 MutS B4 93 CFTR
AR GH42X 2 G551D EdMolE 43 F
°2 HEE & U A7l wHel W<
MutS Hro] 24 ¥ (MutS protection assay)g ©]
23 G-A 2 C-T g714st& A8 + A
o},

<A& 3IA> AZ7A L EA heterozygous
Ao Agr A7 HEFHAT. AAZU A+
= o}3F sy,

<HA&Y> ¥pE& PCR 229 gel mobility
shift 4o o) Ed¥MolE HAEdo. MutS
ol BAyel 7e #ile] REAH HHFELE
o83l AAUA=E Fri.

<QC> o] HAAYY AZYAPL 7[EHe=z
homoduplicese] 28} 8] 7 (background) &
heteroduplicesol %88 MutSe] Axel +
o Utk oo AT HEE Az o
7} #EHA A AR AAEARE 4S
F Ut wEtA AALA] AAFA WA HAR



- NEE e BASAAY -

Mol £Fs # AR KA wHslop 3

(9) Protein truncation test (PTT)

<> o] ¥He PCR, AA}transcription)
L A &(translation)d] ZFFoz o]Fo|A)
PCRA &S A % d39-3-2 FF(template)
o2 AMERIY, HE AEE A9 FFE 245
o FHFHoZ HESJdWHolE &3 = A
ET8Wol £ frameshift @Bl o3 3
8 stop codone A& vlAdL A A (pre-
mature stop)E oF7|sle] AZ AP vz
o} =717} Fopxiny.

<HE> AV 3H S mRNAS dAAE B
Bl AlZET, RT-PCRol 93 mt&oiz cDNA
AEE BAste] §AFd Audely Eda
ol & dv}. ol9k= €7 mutational
hotspot regionsS genomic DNAZ EE =
FAlA Al o8& 4 td.  Chain-
terminating mutationsS #|AHE 9] cloning ]
oj3) gotd & gUrh

<BA 270> 4-5 kb YA AL WAL 2 7
3to] 7153 PCRAME S ABAI 3T}

<HAZ SdWel> APC #3%&, BRCA1 ¢
AAFTHA 2 NF1 F21x9 #Ed A3
o A& dAed T ™A A9 80% o
4 183 NF19] 39 digF 70% Axold.

<HZF FA> AAAY Bt gl

<ASH> AAY HAAle SA BFol H
2| ojmate] EAol o] & 4 doen A
719EFo] d9E =225 7AYo
3 HEH.

<QLC> AHAAL =385 9% 538% A= &
881}, Truncated @ ¥ 7 nontruncated o4
e HIGFHANA olFY Aole {Uo=
wxsforstnt, ey Z2ntE 2y capillary
electrophoresisE ©o]-&3lw 44 ol gw4ds
TEY F U £ o] AL Bgd @A
E AAEBRE ZAA WE FHAIAETE AR

d
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(10) Allele-specific oligonucleotide (ASO)
hybridization on DNA chips

<g7> A7 W& 19X (high-density) 2
oligonucleotide arraysE @&l 7M. €
7S Y3 YE oligonucleotideE A A3
EHS o ZAAFHA, targeth®] 7} nucleotide
of 471¢] probe7} Mgz, wEA 1,000
nucleotides® EdWoly TIPS AEslr]
AN = 4,00009] probe’t HL3 HAY
nucleotide™ I ¥ oligonucleotided] hybridi-
zationdth ol€2A EAMuz = AAY
nucleotide”} array®ll hybridization®® o] A3}
E epifluorescence confocal scanning microscopy
of ¢ w==F|. FA AFESHAffymetrix,
Santa Clara, CA, USA) Ho] 4t}

<H¥> AAAZ surface-modified glass,
polypropylene X+ glass with small patches
of polyacrylamide ol &7i=o] gloh. HIV-1
clade B protease (pr) genee] A AEZAA}
of A4 HIV-1 DNAY RNAT® T39% T7 RNA
promoter sequence® X 3T YT ds DNA
amplicone.@ A 3HA}t o] PCR &L FFE
Aol HFAE RUTPEAINA T7 %= T3
RNA polymerase$} o] FArRT. 333240
F2td RNAT® goll o3 WAool x7to] H

o] & chipol hybridization AlA SdWo] §

A7l array9 ¥ probed , Z7] L HU|A

Dol g2 U

<AE EIW> PolA AT pr chipd
A5 4F HIV-19] sense ¥ antisense strands
E ZtZ} 981% % 99% FTolA EHHOlE
AEE 7 Yo

<HAZ TA> T8E AETACA g 7H
A Biye gloy of #HHE o|ul HFE3H
of glemz o9 diFd FAAIA Rzt Huw
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=

—

=

Roz AAZY. __
<HZY> o] Wiy HFs| FEFHT
e FAE A7) A FFELAE o &3
gt T/ AME d& F Uve HE 9
el A ZF sheln.

<Q.C> AA diF& AAMHAA BE FFol
glemz B HAY QCH A8 FAAHY
AP e gurA Q. HAME QC 274 mETH
GeneChip-Scanner (Affymetrix)& A}-&3l9 2

0.

t}. SSCP ¥ HET7F Ay FoA 7H4
stk HETY F Zd2 o8& WHy o
Nrg27e A7t 48 A &

ey dgdt £ WY T
A28 F Jxu, B4 & 9l
o @A77t AFHeolgte Aol TGGEW
DGGEE ol-&3% 100%°] A3 Hadd
olE HAEH F Urh wA SHEA IR
ol2 AZE&A TGGEY DGGEE AH8-djof
ok oy ol e T2 4R 4

=

—

ol &

[nimes 3

.

x.

% #5¢ o9 Haan, =
7}¢] PCR A &Enic}t #He wgz2714S AA
(1) 2 ¢ EHE of _@5}-.:“: Aolth, @A UIFEES HAMol A
Aoz A7|FFE o83 ol EE
A7l A A3 SHHe] HEE AT Ad 3le] olego] HwWE Aol R AHAF
AAMHEC dg a¢F 2 A& Table 294 & ol 238 & 4 U+ capillary electrophoresis
Table 2. Methods for detection of unknown point mutations
B . . Position
Maximum Detection limit . Potential for
Method fragment Dnitjg:lfable (minimal ratio of mutant [r)r%m standardizqtion nmgtion
size (kb) Ions to wild-type celis) & autornation= [t
Strand labeling;
DGGE Close to L . .
’ ?
TGGE 1 100%% : ethadtqn bronjlde Limited No
__________________________________________ orsiverstains _________________
Strand labeling; .
e s T siver sain_____-ed M
Strand labeling:
HET 1 80% 02 ethidium bromide Limited No
__________________________________________ or siiver stans _ _______________.
Strand labeling:
OCM 2 100% 0.1 ethidium bromide Limited Yes
__________________________________________ or siver stains
Depends on . Radiocactive
\ Mutations
electrophoretic . labeling of .
2
PTT resolution of s?enis(tj";gm ' translated proteins; Limited Yes
o _poeing_ SR®O®  poensains_________________
Fluorescence
stains;
Shm Donepem"ds C'%S; /t° ? epifiucrescence High Yes
y ° confocal scanning
Microscopy

RNAse A cleavage is not suited for screening purposes because the rate of detectable mutations is too low;
the application of enzyme mismatch cleavage of mismatch binding proteins requires additional experience.

* Standardization and automation may be improved by capillary electrophoresis.
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Hol R 2 Aojnt. AN AEIT FH
T 47 Aeds 5 7MA3 A= Bt DNA
chip7lsd =YL= o3 GHES g &0
g Aol

2) g3 A =99 (known mutation) =

(1) Naturally occurring or primer mediated
restriction fragment analysis

<g=]> DNAWS AFEA JAFAE AT
2ao o3 AHF o=z FHHAH Gy it
ZZtg A71G9TEAA #JAZ 5 UY (RFLP).
a2y AFEA ZFE FY7E Sl o
Hiito| x| 2] & AS 9o REFLPA &34
= SQUolE HEol E7H538tH, mismatched
primerE 83l ALHA AFEL 2BH
A€ WSl gA ATELE AHESH SdWH
o|l& HET.

<HF> o] A ‘mutant-enriched PCR'
< Wl FREY. |UiA e FAH=E v
AFEA A2 R Y (uncleavable restrictin site)
7} Ed¥old 93] vrEo]l ok A WA HA
FE 5] ofAE DNAE AFEAd 3] B3
o}, FY3% mismatch primerg ©]-83 F W
B YA FZHL2 o220z FHHol allelesdl
qFH= PCR AEW SZFT AJEL 53]
AHE-8& microtiter plateo] 4] horrizontal gel®
OlFANA A} BEF s W'HE 'microtiter
array diagonal gel electrophoresis (MADGE)’
U e

<AZE BdWol> RE FFH9 EdWolg
A&l M s

<AE TA> AEFHA AREL PG E
Aol alleleso] thdt PCRE Al3jstd 10°74 ¢
AN allelesl A § 7] FAWHo] ras alleles
& H&¥g 4 9. Mutant-enriched PCR&
g 2 HAIAY #AXe A EFdW
K-ras allelesg€ Ad3t=d 3 &3}

<A&2Y> YurA o F agarose gel A7|F %

_27_

3} ol didt EtBr §4¢] F2 o]-&HT}

<QC> AFE WAsy] At B4z
& HA zAoz zAFor dn, ARst o4
zeig BE WNESAEFH G712 244 9
ol FHATh

(2) ASO

<g2]> 20 bp hybridl ©¢Y nucleotide®
mispairing Tm& -5C ~ 75T #AAAIZT
olgJ3t Tme] A}o]: oligonucleotideo] <&
DNAW S ©4¥ nuclectide® 3l So|Fo 2
£ 3= &3

<A¥> ZR1F ¥l reverse dot-bloty <
g, ol TY 99 H=Z & oligonucleotides
E nAANA Fol 3 WY wHgoz I ©
PAoly} EHOE HET T Us WYY
YurA el Mr|gFel o3 FREHA ¥ =<
1 o] (electrophoretic variant)E& ZA&3l7] 93k
A& target sequence$t EAA7E ¥FH oligo-
nucleotide® hybridg #so] €% Tai7t 3
X 20% polyacrylamide geld o] &34 33
o7 HAFNGES AW o|FA A A
Tmol 4 oligonuclectide™ ®3H 1, A7
0t & A% oligonucleotide”t YERATE. $ist 2
2 yi8 ‘profiling of oligonucleotide dissocia-
tion gel electrophoresis (PODGE)'= %t} o
E S| Z-mutationg ¥¥st1 Y 7HAH
= o -antitrypsin gene®] =Z}-& biotinylated
primersE& ©]§-3t9 FE&t}t Eu-labeled match-
ing primertt mismatch primer7t &Alste &
AWl A hybridizationE 3 3c}. Streptavidin-
coated wellol A3 Fol EFAo|= A F
o AZE&Ho] Ak, ASO hybridization
DNA chip®] 712 €3It}

<ZAZ 34> dot-blotHLE 10789 oA
AEQA T e EREO] ras FARE He
g 4 dY. 9gAz=gE FUHATI7 AEsAME
PCR A& 9] cloning 2 24z ¢ Ed¥old A
BAH probeE ol&3 A4 clonesE
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screening 3} oF ¥t}

<A&EYH> YU PPEF primers o-£314
t}. Direct 32 reverse dot bloto] 4= avidin-
peroxidase conjugate”} biotinylated oligonu-
cleotide (probe)$t &7 Al8-E,

<Q.C.> ASOZHAY E-o|A4dL2 hybridization
ZZ9 A zAe] &e] Atk Solid-phase
AN Tmel] W& F71ZA Y 9IS hybridiza-
tion F<Hol tetramethylammonium chlorides
A7 st F43AE & YW Direct &
reverse dot blotoll Al signal intensity®] Al 39|
U 7HA3S giAsteld AV oligonucleotide )
TEE AA3] zAsfoF dd. 4 HAeY &
A I dEIE TFANAH ALY LF
& Ao gt

(3) Aliele-specific amplification (ASA)

<> PCRE F7HA wrgo=2 Z47t A3
gloF st=d, A WA A E oY 7]
Aol HEAQ 5 primerg A&, T WA
Br3oid e SF¥EolY oy Ade) dis) ArA
¢ 5 primerg AHE%U. PCRAE S 9A3
target F7IMET primerAtele] HA7F S
b APt M SJWo] DNAY oA E
DNAF 9| 8tuigto] FEZHA Hrl oo e
22 E 7122 ME GE 2749 Wo] A
¥ol 3}t v+ primerd 5 A mis-
matchZ 1§} primer elongation®] & R
7|23 Bl Yl o] & ‘amplification refractory
mutation system (ARMS)’, ‘allele-specific
PCR (ASPCR), ‘PCR amplification of specific
alleles (PASA) B+ ASAY &l 3t o
W2 mismatch?t primerth ol

=2

2 $] A] 81
mispair”} @A A] primer annealing-g 3 3l
e Ao 7123 RO, o|E ‘competitive
oligonucleotide priming (COP) %+ ‘color

complementation assay (CCA) @i %},
<¥¥> Tetraprimed PCRS A}&3E
ASAY, & 2/09 annealing 2= 479

I

=

_28_

primersE AM&3lE Wyezr 3 we PCRE
Mz & 2 9 alelesE 788 & Ut
PCR amplification of multiple specific alleles
(PAMSA)E2 & 7] 32 O & sty alleles
£ ZEZE Fo %S 3 WY yrgo HEBs=
AT ok tE WPeE ‘olF ARMSH'E
A},
<AZE
W e

.

B> AA3 BARA HEH
Z %9 mismatchesE HEEL F vl

<AZ %4> HomozygousY heterozygous
Aol B4 Fd4 dxn H7F ol
AWl AESF9 ofY MEY ul7F A
U, 290l alleled] AAZY £3¥& B
9 ALY Hol]Ae] X Aot}

<AE&YH> U 2AEH v,

<QC> 994 2 A&48 7Fsieol 8
Aolty. YA ZdAT}e= LEoly
extensionol]A] 7]¢lgtc). &} e dH S
E317] e AAEY EFEst 2 target
DNA%S A3 zAdor ot qH iz
o] ALE-& g3 ot}

=14
=

(4) Single nucleotide primer extension

<> o] W9 dle= ASAW Y FASE
v} oole EX AV BEdE ©d nucleotided] ¢
3 primere 3 #9¢ A& (extension)o] 1 7iz
F Fi U ol #F2 B/AFZ primer 3
} <133 target DNAS nucleotide?t FAH
94Y nucleotidest A2 AR FHY w@ Yo}
o] W& oY ‘minisequencing’ 2.2 <A
AT}, -
<¥3¥> Dideoxy sequencing®Hol 7]%x3 3}
o] My E 8ol gl Primer 3 €2 =9
H ol nucleotide®] upstreame] 9 X|8t3 Ut
EHo] nucleotidedl AXR.A Q! dideoxy nucle-
otide® A}83to] primer extension®] oAy
alleledll 4| Bt} S| alleled| A F7]d) F
P2 R2N=2
<HE &4

I
=

Hol B HE FA> A7) Wl
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2 BE M5 Y nuclectided] W E HAZE
g g o "E @A g AAESA RuE
Sra=3

<ZA&%> *P, °H 2 digoxigenin& nucleotide
o] HAAZE ALE-RiT)

<Q.C.> o] ¥ FANZ e A3zt A7
FE HAQ/Yel 7B R AFste AF s
AL 2}E 8 solid-phase #4919 (nonradio-

active automated solid-phase assay)e| A71F

I gl

(5) Oligonucleotide ligation assay (OLA)

<g32> 2719 primers’t 715§ 9¥dA o
EdWo] 99 DNAG7ZIAMEe] ARrHeo=
hybridize ®th. A WA primer 3’ €2 target

Table 3. Methods for detection of known point mutations
- (Detecti.on mit
Detectabie minimal ratio : thods Performance and
Method mutations mutant to s)ild—type Detection me quality assessment
cells

All base exchanges . . ' o .
Restriction et Without enrichment:  Electrophoresis; ethidum  Robust technique; Taq

" 0.05 bromide staining of polymerase ermors may
frag|||s_| I destroy recognition Mutant enriched: fagments; solid-phase  create false—positives in
analysis sequences for 107-107 fonmats possible mutant-enriched PCR

__________ restricton enzymes - PTEREERE TRETEEEES T
| dot bl
Direct and reverse o, on particuar
_ other solid—phase Depe_ as o
Without cloning: 0.1 f tsDNA chips) technical modifications;
ASO Al base exchanges Screening of electrophoresis; radioactive Taq DOMIBI&SB‘ Ty
cloned PCR , o create false positives in
4 .. labels; nonradioactive abels .
products: 10 ™-10 N ASO with cloned
(e.g. bictin, traoments
fluorochromes)

—— e B e e e e Ede ki e e e e b e e e e e A ke e e e e o aim m e m— m —m —— e

—_— e — = e e e e e e e e e e v me eew e wm e s M R e e e e

Electrophoresis; soluon Ralio ‘;'“mﬁ "
shese; radicadiive labels, Vid-ype

in a defined range to
avoid false results:
automation feasibie

. A b o — — m— o — — — — ——— —— — o e e e en e e e s m amm

nonradioactive

Single Solid-phase assays: : Ratio of m to
. . _ wildtype alleles must be
nuciectide radicactive labels, .
) All base exchanged ? o in a gefined range to
primer nonradicactive ) _
extension iabels ( dicoxigenin) avoid false results,
e s R0, TR aytomation feasible
Electrophoresis; capture of
bictinylated oligonucleotide
in solid-phase formats, Salt and enzyme
OLA All base exchanges ? - ) concentrations critical;
radicactive labels; . ) )
o automation feasible
nonradioactive

labels (e.g., fluorochromes)
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DNA<¢}t k3] Ajgit}, ut=2 AP F+ A
A primer 5 °] AT olw 2789} primer
= DNA ligaseol ¢l3) 3t =g A HA
primer 3" Eol*] mismatch’l 4oiv}H ligation
< Y4ojuA Fe=o.

<HA¥> A HA primerd 5 £ biotinyla-
tion Al713, ¥ WA primere 3 o Py
fluorochrome-S EAANA A7l BALE AP
= HYPE Wyo] &EAH.

<HdE FA> ZAHL=ZE RE 2 Holk
o g3 d7EIEe Uu-

<Q.C.> Ligation< salts =% ligase®t DNA
Atole] FXxHld] o E&EFTY, AFAHY A 1
FE saltdt AFE ligase’t AL£HUS u 2
AT DNA F29 BT g3 on, &
AR I QELE W E4nttt ARR-of F

o OLAY #5371 &7 S A

6) 22 & 2E

of oA 4 el Ao, AL J7I

ALolt} ARlIS ZAEse WHE Table 39
9xHo] gt B FY A2 & 3R
U d3dAe AEE7] d3iA= DNA chip?ls
o] 717 F& ¥Wyolvt, AT mutant-enriched
PCR¥ ##3l:= primer-mediated restriction
fragment analysis”t B2 oFA8E  allelesol A
Ao 9] allelesS AEst=d 7 3
sl g3l o] WhEe nuF 7iE3oE H
WA sln SR RAEE AL

V. A5 EXNRUEE
1. 8= & H3ANHE=ZE, 848 R

v QETA WY

dZA F49 EAFAEEH I1d& B ¥ T
MEQ clonality 9%, B 2 T AXA Z2A, ¢
A A A Z(chromosomal translocation) R 14
Z %9 (minimal residual disease) A& £=H
o] gto] Zt},

)
|
<
)
-

$
5— VvV FH D] ] C
£
5— V |D|] C
$
5— Vv [pJ] ¢ 3
$

NH; — VARIABLE | CONSTANT |

3’ GERMLINE
3’ DJ REARRANGEMENT
3’ VD] REARRANGEMENT
TRANSCRIPTION
AND SPLICING
- COOH

TRANSLATION

Fig. 4. Schematic diagram illustrating the sequential steps involved in immunoglobulin and

T-cell receptor gene rearrangements.
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) BAX d92z24d 2 TAXE 583405
A &} (receptor gene) AWl

BAEX HYSEFd ¥ TAlZ &A= A
& HEAA Y AAHAA AAGY. ol&
2 variable (V) 2 constant (C) 292 FA
B ojF VES7T 39 A da=H 9
o ABAdA olEe] ZiEAS FEA TR
He{H 4] DNA AvfE JALE ARG, 9
€ 7t AdEd o3 2o DNA Awg
o] doluA] ¥+ germline AH)E VEHE
A5 3E = exondll= V, diversity (D) E junc-
tional (J) £4o] UAx CHFHAE gzss= C
Aol Aok A #HA A¥EE Do J&E AL
o[8] DNA¥-He AAo] dAsld D& J7F &

o1lE D] Aujdo] dojdrt. A o9 2
Hl23k AQu 2 58 A% VEAS D] &
A3 A VD] Aol AT A SN
B33 dUVIMEY 24S F+E3E mRNA
o) gplicing®]l &sl VDJC Auido] fA4HT
olo} & VDJC mRNAE AEsle He==2
2 9 TAE FEAF HE0 8§ 9 V,
D J 2 Ce old7 2 AWEd 9% %
2 Z23E wEo] 47l & Fdd dF HE=E
& gAdTeAE e "HYdFE2Ed FH
&%

30, 6 ® 9717t Aok #H TAHESEA AwA
AHE 75-10070¢] V £4 R 270 A¥R S
DJC &E¥A7t ekFig. 4, 5).

IMMUNOGLOBULIN HEAVY CHAIN GENE

CHROMOSOME 14qg32
Semb L o [
e n=9

JH probe

I o
5° Vn i )‘ Dn
n=100-200 n=30

TCR BETACHAIN GENE
CHROMOSOME 7q34

L va [ (ol b oo [ b b e

n=75-100 Js: GROUP Js2 GROUP
AN /"
R

Jeiszz PROBE

Fig. 5. Schematic diagram of the immunoglobulin heavy chain .and the T-cell receptor £ chain
supergene families. To detect B-cell heavy-chain gene arrangements by Southern blot
analysis, a Ju probe, which recognizes heavy chain ] segments is used. To detect T-cell
receptor A gene. rearrangements, a Jmsz probe, which recognizes J segments in both the
Jp1 and Jm groups, is used.
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2) Southern blot%} B/T M X clonality 274 el 2 AN F AH AAY FZ2 AA BT
Y8ty AStEAZYE  EcoRl, Hindlll %
Southern blote clonalityZ Ao »j-¢ w713} BamH1l o] &3] o] &#Hu. BAE clonalitys
i SojFolt}. I A= DNAFZE, ATFEL A8 7] $13 probe=+ heavy chain JE&2S
A7, nylonWoE DNARAEE o|FAZ % A&t a9t « light chain®l JEAS <1438}
DNA probeE ©]|-§3 hybridization ¥ 3% % = Jx7t AR TAHE clonality® A7)
o oz AP AN Bz FHA A probe2E Jppe % CTe7t JEd olE2
18 kb
| >
GERMLINE
5 v H'D H J c -3 (LANE A)

Bl —JH PROBE

12 kb
< >

v Yy v D] REARRANGEMENT
LY Py C 3 (LANE B)

Bl —JH PROBE

21 kb
< >

VD] REARRANGEMENT

A RALE c v (LANE C)

BEl—JH PROBE

A B C

21 kb -

18 kb |

12 kb —
SOUTHERN BLOT

Fig. 6. Schematic diagram illustrating the Southern blot approach for detecting B-cell gene
‘rearrangements. Arrowheads identify restriction enzyme cleavage sites.
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VH PRIMER
-
| y | ' GERMLINE
SV i b——1J ¢ 3 (LANE A)
<<
¥ JH PRIMER
NO PCR PRODUCT
VH PRIMER
- |
| , VD] REARRANGEMENT
5—_V _|D|J ¢ 3 (LANES B AND C)
<
JH PRIMER A B C
: =
PCR PRODUCT = =
PCR GEL

GERMLINE POLYCLONAL MONOCLONAL

Fig. 7. Schematic diagram illustrating the PCR approach for detecting B-cell gene rearrangements.

27t £ B chaind ] % CE¥E A
Fig. 6= Southern blotE o] 83 BMAX #dx#
AMLE nelFa it

3) PCR# B/TA X clonality

HYS=28dF THXE FEA9 VEIE ¢
3313 DNAY 971 99 S 714 479
AGS2EUT THE F£3 g9 AR Y4
w2t Hojd |7iAES 7M.

Fig. 72 PCR< ©|-83% BAX clonality ¥4
o] MIAL =243 3 ReZ germline’ el o A

Vet JEA Alel7t A "EolA 3lef PCR
Bo| A7|Al govt VD] Aujde]l AT
92 Vu®t Ju consensus primero] 23 PCR
Zo| AUE =33l HAFE AL oF
23t clonalityg® ZHAMST o]} o] PCRE
o]- 2%} clonality A7} Southern blot®Eth £
o olf¥y, A% DNAZE ZHAWL 7hssta
FE23 i Ho] uolx Ho] A Ew|
ZAg o83 HAX 7Medits Aojth ¥
I ARE7 Holy 0.1% clonal 8ZA4 MXEL
& ZAEd ¢E &£ A 28y o] WY E
Southern blot® HlRA] FE3 AQvllE (D] A

2 ot oo

of

g
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M), A Az % Fd FE8A FA”R ¥
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Fig. 8. Schematic diagram showing the translocation of bcl-2 from chromosome 18 (shaded boxes)
to the heavy-chain gene (IgH) on chromosome 14 (open boxes) resulting in a bcl-2/IgH
fusion gene. For bcl-2, most breaks occur in either the mbr or mcr regions. Breakpoints
in the heavy-chain gene involve JH segments (arrowhead). The translocation may involve
mbr and JH breakpoints (middle panel) or mcr and JH breakpoints (lower panel).
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Fig. 9. Analysis for bcl-2/IgH gene rearrangements by PCR involves two separate primer
combination-mbr and JH primers (top) and mcr and JH primer (bottom).
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Fig. 10. Schematic diagram showing the translocation of the c-abl gene from chromosome 9

- (open boxes) to the BCR gene on chromosome 22 (shaded boxes) resulting in a

BCR/abl fusion gene. For c—-abl, most breaks occur between exon 1b and exon 2. The

majority of breaks in the BCR gene occur in the breakpoint cluster region (ber), and

a smaller number occur between exon 1 and exon 2. A t(9;22), which involves the

bcer region, results in a BCR/abl fusion gene, which is transcribed to a chimeric
BCR/abl mRNA and translated to a chimeric P210 protein.
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Fig. 11. Analysis for BCR/abl gene rearrangements by PCR using chimeric Bcr/abl mRNA as
a template. Using reverse transcriptase and a 3'-abl primer, a BCR/abl primer, a
BCR/abl complementary DNA (cDNA)strand is produced. The cDNA can then be
directly analyzed by PCR with 5'-bcr and 3'-abl primers, resulting in a BCR/abl PCR

product.
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