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=Abstract=

The molecular genetic techniques including recombinant DNA technology
play an important role in modem neuropsychiatric research and practice. The
basic concepts of molecular genetics and the clinical applications were re-
viewed in degenerative disorders including Alzheimer’s disease, schizophrenia,
mood disorders, and other neurological disorders.

The molecular genetic methods seem to have potential value in the follow-
ing applications ;

1. The complete mapping of human genomes

2. The localization and cloning of genes for the hereditary disorders

3. The diagnosis and predictability of risks for the single-gene controlled dis-
orders

4. The identification of gene products, and biochemical and physiological
basis for the genetic diseases

5. The development of preventive methods and therapeutic drugs

6. In the future, availability of gene-replacement therapy for the same dis-
orders

Key Words : Molecular genetics, Neuropsychiatric disorders, Diagnosis, Prevention,
Gene therapy.

¥ E =89 8xE 19939 39 259 MNHEY WINARZAIEI] F4b BT Ay 3
oA FEEHUS.

*The essential point of this paper was orally presented at the Monthly Meeting of Pusan-
Kyungnam subdivision, Korean Neuropsychiatric Association held on March 25, 1993.
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F2 HAAGe AU 7o FF A
Aogd Fge] FAHoZ B JF¥FE
W77 Qe 712 F 49 A
73 3} 8Hneuroscience)& & 8Hgenetics) ] T}
F 2ol o]27)171A] o] F AT Eole A
o] 239 FFo2 dAZSY, EARE
BHmolecular biology)el A& dHL =
A FARZ REH §AX AE=R, EE
O YR o)Fde ARE o8 # F A
£ A& AFs FAT gtA AFZNY
3 A3 Al FAREE #29 A
ol A A4 3] 2 (synaptic circuitry)F 37
t d9x8 A3 primary defect)®] %7,
Alzheimer® %14 X vl(senile dementia of
the Alzheimer’s type)°ll X1 4173 B 3} (neurodeg-
eneration)2] ¥<Uo] He ALA o)F& T
BEE FF4 742 @3A =HAT EAHF
AR 7 2 AdY JAnE FEFH F0
o]e] ZIXE AUH, olge FE U4
A 242 214712 oA 3E AFAFNE
Bolo] A2 Fo3% 9% 713 Aot

ARBRNAZR o JAA EAFATH A
Ao g e 9uE Adh. AA,
g8 Feo FAFU AAZANGN e 9
o] H¥ Ed9o] 3 A mutant genes)d] ¥
AL FAA—712E ZFD7]<E(gene-based
diagnostic techniques)?] ZHE °]F F
th. S, 3R 12 AG V<9 ¥
Fo NARNZN Y F40] Je FAAT
ZEEE Aol ofvd, 159 A E HIFE
& AgielA 1 A8 g {FAF &
(genetic vulnerability)& Zrollled ol &2
& glon, wtA FAdo] yYEhtr]H(pres-
ymptomatic) &2+] oA FA7} JHsa
th AR, AAZAZNY FHH 4£A) 9
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& & or, ol24 £ 9 EFF AEW
He AL 5 AE 74 AT

HA AARAZ A O 7MES
ez PA3 gy 7HE A F(family
study), 234 ol AF{twin study) L LA T
(adoption study)= A1 BN HUo=
A FAF 847 F8% 4EE T 7H5A
& NABIEY. o] =M ARE A7
ANF 9] FHA QAL FH37] YA
A fA8H JoE AR oy @47+ 2
#g nFsr] Ad, 4 A FAFA
ARBYEEE olgstr] AsiA old #F
718 Ad ) Ao Bo] AHgEHIL e 7]
B9l 71y s s Auraz g
th o] 7ML 20417] ol M= H A
T FEErE B3 d g HA ¢go
Y, FEAEF A (biobehavioral resear-
choll A33& vlAF3, FAZoRo] g
V&R 2R} F40) g H 71A Aole
AV L 493 £ F dde FAA F8
3o, =3 19893 ol EAMAEA 71y
e BAAES] 7123 A d
2 Xg %% ope, 3PF-F3 % behavioral
genetics)oll A F-3 A 42 o HAZFAHLY
WA JAdgee] i §338 Y= 4
g8 Z 5 AL Aolg*T.

22} e 712 iy
I. /XY 24 7= 7S

FRAARE AXE 3 o G4A Yo 3l
= DNAdl EF=Ho doh. a3Y A=
(translation)— 2, polypeptide /32 riboso-
mes®t G#FHo] XA oA Hojrpm,
DNAS} polypeptide Atole] AZ-2 RNAZ}
st A4 R7} DNAZ ¥H RNAZ, o
7oA E guideg oF3te YIS A
$48e] #4l(central dogma)>E FHATH
z3) o fAZ g FHE HHIZ
(alleles)ol 2+ g} ¥ Aol o3 FHHD
Sute PP A9 wgdS /K32 F(genoty-



AYE

pe)ol2t 38y, H &3 (phenotype)S 7H<L <
#F" F e 5AE ¥E=W

A. Genome {2 DNA 78

%4 AHregulator) £ol RNA =&
2ol el codedtE FAAE TFEFAUX
(structural gene)olth. ©}9] F& AbgelA 5
g~109te 2 FAHH, A7 1000~
200000 ©]4el & 71 (base pairs, °13} bp)

2

N, 1%

-

Wojoltk. DNA9 Al F8 3L &3
2.
1. unique sequences
2. highly repetitive sequences
3. moderately repetitive sequences
B. #dA 7=
197737 AAATAE KA S

polypeptide chain®] ©}v]x=4} sequence®l

o
3 codeS ¥ E3t= DNA 4o dHow

taittation ot
CAT BOX TATA BOX transcrniption
exon

Flanking
region

Primary RNA transcript

AR el BA FARE B2

dAZHLY olAlE ©] model2v FEX
o Azt 2 HFFEY BRE 7ER
At A exons®E E £ coding sequence
introns2 22| non-coding sequence® 7t
Zo] BoA M, fAAE £ 22 F8
3 33 93 flanking regions ¥ start®} stop
signalsE X g3t}

far & &2

=

C. T AHTranscription)

& split gene®] A} Foll 1A Y introns
ZMA 3, exonst AFEO SHF
messenger RNA 21§ wt=&Hl, °] 4A4&

=2 T —

RAN splicing®l 2+ &THFig. 1.)

1

o

D. 3=(Translation)

AMEA WA mRNAE transfer RNA(R-
NA)¢H st @z s=drt. RNA
A= @A 80709 nucleotides A o]t}.
chain Aol /Al Fole | —F Hchain-

End of
transcrphinn

37

Flanking
reqion

Introns excised,
exons spliced,
cap and tail added

Mature mRNA

Fig. 1. Transcription and processing of a 8 globin gene to from mature messenger RNA(Thompson

& Thompson, 1986).
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...............

——- 6 ribosome
YT
) polypeptide
tANA
7 V1 ¥
aa ”

Fig. 2. Diagram to represent translation of
mRNA into a polypeptide chain-
(Thompson & Thompson, 1986).

termination) codonol 2387 A7A] A&H
o] o}n]i At A}ole) peptide ZF o2 3 Al
#{chain elongation)°} ¥ w2HFig. 2.).

E. &¢1H0|(Mutation)

e e gddeld A gg 71d9]
31 chFig. 3.).
1. single base substitutions
2. deletioons
* 3. insertions

& 4429 coding sequence W 2iell A
ojUE ojw f3o EadelE FAA &
2o h§ FHYSP 9F S AYAY, F-
24 Axbe] Al (suppression)E THAL71%
g} olHF #+3 L thH 2o
1. chain termination mutations
2. splice mutations
3. mutations in regulatory sequences

F. gAHe] ojMlP=x

71 70 @A 1& 2.5X100,000,000 bp
o] DNAS ¥ @39, S93AQA o)F JAR
ok 15m Zololx, 7/ &L JAA 21
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Normal X
" I 1 ]
L L T LA aa § LErLa o
CATSTCA.}CCTEGTA:CC?:_
4
G T AMAG Tic S ACATICC T
Y v i 1 L
Substitution |} \ | . .
C A TIGC AICCTIGT AIC G A}
1)
ST ACGTIGGAICATIGOS T
H 1 1 1 L
Deletion R )
) ’ 1 ] 1
y e e
ATl :CAcicreirAcgcaei
I t
S T AL 16T GIGACAT GG T G
;“T' k] 1 ¥ 1
e‘,’
Insertion I'
T TJ‘r_—r 1|'r-r 7:1—1 Tglﬁ ll
CATIGTCIAC C}T G T{AC C
G T AIC AGI TG GiAC AIT G G
ST pigss: C !
|~ 1 ' H )
Q;

Fig. 3. Mechanisms. of mutation. There may
be substitution, deletion or insertion of
a base pairf{Thompson & Thompson,
1986).

@] 0.5X100,000,000 bp DNA 22 ¥
gatvl, BXH 3em FolTh

0. 5o &x MAMES
A. MA}xE(Transcriptional Regulation)

AARE F7ME dAE AAEAEA
(transcriptional activators)®2t F-20, JA
o AL AANBAAT H L GE 2
Ao Gl AcHTable 1). AAMH ez =3
e AAGYA T A G &
o} &= proenkephalino]™, °©l1¢] F3A}+= en-
kephalin 5 opiate peptides 3tsl] @A
t}, proto-oncogenes(cfos, cqun)E HB71F3A
oY, GERE, F44 B4, 9¥EF 2
kindling® E¥3He GFT A593 £ 4
A zZo] g8 FEHE enkephalin 2]
Z710) #AAG. AXNEFH 2Y F en
kephalin mRNAZ} 94 siule) A weo) 7}
"0} oA E Fitol SAMAM, cfosst cjun



W% A7AA Aole) ¥ FARAH g2

Table 1. Putative transcriptional factors in the brain(Roth & Ciaranello, 1991)

Name of gene Regulation

c-myc PMA, electroconvulsive shock, depolarization
c-fos PMA, electroconvulsive shock, depolarization
21/ 268 ECS, depolarization

c-jun PMA, electroconvulsive shock, depolarization
jun-B mitogen

jun-D mitogen

CREB cAMP

* PMA=phorbol-12, 13-myristate diacetate(an activator of protein kinase C) ; CREB=

cAMP response element binding protein.

2 & proto-oncogenes X 7} —57}5“4 c-
fosQ} c-un leucine zippers BN T Bz}t
NA leucine—F 53 99 43 7—‘}%—% 5
3 heterodimer2. 4 Z olFH BFPE
(dimeric complex)S A3 24 23},
°] complexx 1 T2 AP-1 binding site>. &
4& 7 coding +9 9Z 22 proenkephalin
gene F9lo A3} AP-1 site 5'-regu-
latory sequence®] o o]t}.

B. mRNA Splicing

H9 A3+ D, receptor mRNAE uHE
A<l HHsplicing)2 53 D, &4 9 ©&
FHQl DA% D,BE A4 gt} serotonin 1c(5-
HT1c)%} serotonin 2(5-HT,) 4~-&4] gt o}
Yzt Calcitonin-gene-related peptide (CGRP)
% neuropeptide transmittersE ¥ 33l o 7
02 AFAGEAEE 93 introns L ex-
ons¢t ClEo] AR 93] encode® T}

C. 81=% X (Posttranslational Modification)

splicing 9ol O & e EAF £=3
mRNA7} 38 f 5 =S o) o)
ol = 100 WA 20078 9] adenines’} mRNA 2
09 3 Fe H7MEE 332 polyadeny-
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lation?}, mRNA®] A3g s 5o Fa& #
A cappingS TS A IH oW
AL A=F RS 39, o Fe9 3
535 AAZA7E AedH A

1. phosphorylation : phosphate group®] p-
rotein kinase®] 28l 93| A serineolt th-
reonine®l| covalently 2&% = At} sero-
tonergic, adrenergic, dopaminergic receptors
¥.qt o}y 2} ion channel protein® ©}& A3
@ A% phosphorylationo] Y ojdt},

2. glycosylation : sugar residue’} T A 9]
asparagine residuecll 7} & Zo|t}h o
© AE 29 Fo] §9o dldo] ¥
(targeting) 3t=d F83 &S 3.

3. proteolysis : ¥ A2 degradation?] A
F2 A proteolysisE YOoAA ofm|:=AbS
) At-&-{reutilization) gt t}. ol &9 protein k-
inase C= trypsin® calpain® 2 Z# 3 cal-
cium-sensitive protease®ll 93] F Aoz
wadr

4. myristoylation : PlA| o2 T o
2] lipid moieties®] covalent addition®] A
P51, o]RAL myristoylation® palmitoyla-
tiono 2 <& Xt o] 3L guanine-nucle-
otide regulatory proteins(G proteins)ol] =& A
couplingS ZA3te= d FQ3
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5. palmitoylation : 5-HT,9} 5-HT1cE =&
3= G-protein-coupled receptors= ©] $)%]
o cysteineS 7FX™ palmitoylated & T}

6. anchoring-type modifications : P}x] 2t
2 oj" Yl AL phosphoinositidesE E3)
A} "ol R,

D. X E0| XA HZE(Brain Specific
Gene Expression)

Mo o3 EoldiA I FAAY=
Mol A" 3000071 2] mRNAS] i
o d#Hs, 5AAQ 82719 nucleotide ID
sequencesS 4T Ml Ao ofv|x
At sequencest= 3 —5°]3 mRNAS| cDNA
clones2 7}5% DNA sequencesZ H-El 3
="t H—5o]3 mRNAE & mRNAX
o B8R 9 =23, © A} AP Jo
W, 714 =24 2725 E mRNAE 297t
B 5000 nucleotides®]th. mRNAE ¥
(hind brain), 43X, "4 Al Fsti-oA
ZAHo 7 FRI

I. 22X Med 77|y
(Recombinant DNA Technology)

DNA markers®] Q7 Al #dE 7434
W AAe oz g °lr‘:— Z, Aga
ZA(restriction enzymes), F73 42 AHgenetic
probes) ¥ restriction-fragment-length polymor-
phisms©] t}.

A. Restriction Enzymes

AN FAR T WG M FolA F
23] restriction endonucleases2% 4# 3
Agare FA ATFAANY T 379
o Al aiE 5°]§ DNA sequencesE
-r-@-—] ERoz AN F 1, 7 AF

EAE BT ¥3 == FELEYE A
o, o] E4v 5T 79 E= DNA sequ-
ence’t YElUYE 2E X HolA DNAE =
2. o3 WS AN Are oY
AU w3HA A7 9 F(gel electrophoresis)
o g& Eadd. A 200349 &7}
&2 Z tHTable 2).

Table 2. Examples of restriction enzymes and their recognition sequences(Thompson

& Thompson, 1986)

Name Source Recognition Sequence
BamHl Bacillus amyloliguefaciens H G GATCC
CTTAG G
EcoRl Escherichia coli RY 13 G AATTC
CTTAA G
Haelll Haemophilus aegyphius GG CC
CC GG
Hindll Haemophilus influenzae Rd GTPy PuAC*
CAPu PyTG
Hindlll Haemophilus influenzae Rd A AGCTT
TTCGA A
Hpall Haemophilus parainfluenzae C CGG
GGC C

*Py=any pyrimidine ; Pu=any purine.
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B. Genetic Probes

A 2ARE ATEY 58 fHA
Eo]g FAE Zole DNA £+ RNAZA,
F7HA & o] Urh

1. genomic libraries2 FE & 424z}
g F71A9 BE ARG X A9 2
< genome?] ol F EE-S YEU= F4
2 £ 583 AFaLE DNAS H
getn 22 542 22 JiY HEH g
vector{plasmid\} bacteriophage) Akolol 7§ H
(recombinants)& THE oA ulHA EHFig. 4.).

2. complementary DNA(cDNA)] & A] Al(cl-
oned) ¥A5 AHEA L& 42} o] 7
Aol A cloned fragments 7% DNAZ H-E
BEojA= o] otz mRNA Atz 5
TS oj Ay, mRNA: bacteriophagett plas-
mid vector® AM&3lA & F(hosttl 2 T
¥}, endonucleases®ll <3 mRNAS] ZHth
3} double-stranded DNAS] 4 Foll Z 27}
Aeddz i34 it

=
=3

t \
SssS ==

Foreign DNA

Fig. 4. Construction of recombinant DNA

(Thompson & Thompson, 1986).
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C. Restriction Fragment Length Polymor-
phisms(RFLPs)

St Algasz FAH A:Ad B
3l AAH Aolg Role v I D-
NA sequences’} Atk mahA {12+ DNA®
28 u, o]y A4LEL RFLPs—F, Al
SELZ AAY DNA HHY ZHoloA
AP zpo]—-F Yo7t genetic mappings
$18iA E-o]3F RFLPs7} genetic markers2
ALEEY. A DNA Z2HF(EE library)
ol A 3 50| RFLPE Zohfi7] H&A
3t index %+ librarian®] A Hojof gt
£33 DNA B3l ik Sold wio) A
£ FHLAAT} ol 4§ FY. oA
Southern hybridisation(Southem blotting tech-
nique) 712 gFEM, I WPL oS
7 ZrhFig. 5.).

1. DNAE 3h4 T o8 Asa s 9
3 FHEE.

2. restriction fragments= gel electrophoresis
o o3 Fdrh

3. 1 tg gel2 39 nitrocellulose filter
of Qeji, AJIx DNA HFo] FHoly
o, dZAe At w3hH A DNA
Ao BA7F grEoizld,

4. AFA = HG3 WAlgoz IAAE
A2z 1w 3}E Thhybridized).

D. #8 A} X|x(Genetic Mapping)

T3 dAE ¢ A% ue 2Es A
A2 Penrose?] sib-pair W ® o, <13t

9] genome 2 4HAlE tandem-repetitive
minisatellite regiong® T 3}3, ol WYY
2 " ol(allelic variation) ™ &l ©H-%- polymo-
rphic3t™*, DNA polymorphism®} Z7H& <)
- E@AAY] AT FHAAEE Tt=ey)
= ] "o,

FAA ARE Bl
FRAS o=

&
2ozt dd. "%
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off thal 40070 ¢ polymorphic DNA markers”}
7152924, myoglobin gene, zeta-globin
pseudogene, insulin gene, hepatitis B virus$}
X-gene ¥919] tandem repeat ¥ =2 H-E
f %9 primary oligomeric sequences< sing-
le-copy probesE HZAFIEH AHEHUL
o, 37 A2 ¥4 (Fig. 6. Huntington

DNA

7

denaturation to
single-strand state

23, Duchenne °] 9 Y3 (muscular dystro-
phy), ©dEA 4A13F FHpolycystic kidney
diease), FEA A #F(cystic fibrosis) T
AAg g FAAY HXNE ol
55)

A Az JHdL Sturtevant’t 2
AL e QUAE et AR 4dH

fragments

S
V4 ™~

restriction / \
mzy/) ) ‘

agarose gel
electrophoresis
shows total DNA

E Py filter receives
blotting nitrocetiulose P single-stranded
paper towels 2 filter T yrit | relica of gel
oy
A
w—F | oy
e
7 salt solution Lt
autoradiograph
shows only the
filter — fragment hybridized
— ——— | with the probe
washing and
hybridization autoradiography
solution with
radioactive
probe

Fig. 5. The Southem blotting technique for analysis of DNA cleaved by restriction enzymes(Thomp-

son & Thompson, 1986).
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4,
A
2
o
o
S
o
2
lo,
He
2
o
2
o
it
o

d

8 AARAAEY AHEE F AL ¢ Nz A" 949 d4H $x7} »t
Drosophilacll A 578 ¢] 4 AZ2€ 7% Z ¢33 # Utk
2 :rL"é-?l FAA =g Hx2 e 2. 93 AT A Hel A
o2 A€y &7, genetic link- (disease genes)E clonedt& & =&l
age mapa M O 2 =52 €S o}.
3. A%l ¥A A AW E=
Pedigree
1 2 3 4
|
il 1 2
m T Proband
Autoradiogram
- > o> TS -l - TE- T
-— e - -
Unhnked allele
Linked allele
-1 -1 -2 W-1 -2 m-3 -3 #-2 1-4

Fig. 6. Restnction-fragment-length polymorphisms 1n linkage analysis of a three-generation pedig-

ree(grandparents, generation | ; parents, generation Il . and offspring, generation lll} Circles
and squares stand for females and males, respectively. Closed circles/squares denote illness.
whereas open circles/squares indicate health. Following Southem hybridisation with a suit-
able probe, the autoradiogram displays three pattems of restrichon fragments A two-band
pattemn 15 evident among the affected females(l-1, II-1, ll-3) There are two types of single-
band pattems. Unaffected males(l-2, IlI-1, 1I-2, I-4) present with a single upper band whereas
the one affected male(lll-2) has a single lower band. The overall pattem 1s consistent with an
X-linked inheritance whereby the linked allele(represented by the lower band) 1s present only
among the affected persons In contrast, the unlinked allele(represented by the upper band)
15 present in the unaffected males, as well as the females, females have two X chromo-
somes, and therefore those who are affected may carry both the hinked and unlinked
alleles(Baron & Rainer, 1988).
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A 71%E ZAAE.
6. 217+ A recombinationd] =&
371 AR §

tlo
A
-

V. X S8

A2 DNA 7]&d oz /ide I =
T QA AW A, o 2 X5 F
83 9gu)g Zep.

1. Ak : o33 cloned genes =& gene
probes®] ©] &2 thalassemia, sickle-cell dis-
ease, phenylketonuria, hemophilia % Lesch-
Nyhan 37 & F32 &2 7t53it

2. d¥4d ¥ o= I DNA markerst
glol DNA 248 F3A g4 A &7
B A A A2 alleles?] camiers Zohl =t A}
250, 244 AEL hemoglobinopathies
2 & gd—F3 Zol(single-gene disord-
ers) A 758ttt DNA markerse A3 B
AR #re fHdFd FoF =77}
2 5 Qg 33 4239 pre-clinical indi-
catorsZA] o] 3 A {o ALELE {FHA—
373 A58 g FAAZGY. vhA
20 2, Huntington® Z#A HH AZ=
L i FEE o WS TAAZ
& Ut

3. X & : recombinant DNAY & Al o A
gy 7198 5 Aok

1) 2 <F2]3Hmolecular pharmacology) :
FE&A 9 zHdN A EAL 5 4EY
ALst 4 7|#oe] afd $vd &
2 A1t

2) X B AFE(therapeutic products) : =l
anti-hemophilic factor VIl 2 erythropoietin
A2 cloning, insulin® ©E& XE hor-
mones® AJ2tgd F Ut

3) %A thXl(gene replacement) : Z2}
#2329 7+ 3 cloningS Z23¢Ue FAA
€ AA} L A fAAZ g 5 A
g Aolw, vE 4F dAo2 Yt Bh-
alassemia®] X|F.] beta globin A} A}
& 7bsAol ol dFH1 i
NBEATONS] EX RS 1T

N ZE DNA 71E& A3 8o A
£ B8 Fa glon, dAAlze AAARNF
AN FAH EFE FH3E do] ¢4
oFd FAo|t}, ofd W7t AFo g A g
o AZHAZE A,

1. RFLPsZ d# < (linkage studies)

2. 38 F329 cloning

3. mRNAY £A49] & H] {Fxz &
3 (gene expression) 9T

T3 FHA 9A] L FHY 4TS 99
7oz dAZGH,

1. F39 A7 H¥(random marker ap-
proach)

2. 38 {32 J4H(candidate gene ap-
proach)

3. 38 JAA HZH(candidate chromo-
somal approach)

4. F% 21A A ZH(tumor deletion appro-
ach)

linkage analysis®} &3€ A sdas FdH
9] Zeo] ZPARFLPs)S YehlE= ARE
AHg3to 24 FHE GAH AA e e
2 tHTable 3, Fig. 7.).

I. Edd Fol

A. Huntingtor™] & £H{Huntington’s Disease)

FEAMA  $A(autosomal dominant) ol
%l Huntington® Z#(¢]3} HD)-2 RFLPs
2 linkage analysis®l 23] <A X7}
2739 FHzx9 fAFAo} AAHo=
4p16.39 =219, G8 probe(locus D4S10)E
AHE-gE 715 Aol A positive linkageE 1.
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Table 3. Chromosomal localization and gene abnormalities in

disorders(Martin, 1989)

gojel ¥ab HAet

2}

rid

selected neuropsychiatric

Genetic classification and disease Chromosome Gene defect Comments on genetic heterogeneity

Autosomal dominant

Charcot-Mane-Tooth discase 102 Unknown Unknown

(type 1)

Huntington'’s disease 4p163 Unknown None demonstrated in over
50 pedigrees

Schizophrenia 5011-13 Unknown Strong evidence for non allelic
heterogeneity

Spinocerebeltar atrophy 6-centromere Unknown Unknown

Mamc-depressive illness 11p.Xp Unknown Evidence for non-allehic heterogenerty

Von Recklinghausen’s 17q-centromere  Unknown None demonstrated in over

neurofibromatosts (NFI)

Famihal amylodotic polyneuropathy 18g11 2—q121

Single-bp substitution .n MRNA
for transthyretin

25 pedigrees
Allelic heterogeneity

Myotonic dystiophy 19-centromere Unknown None demonstrated
Famihal Alzheimer’s disease 21q21 Unknown (not B-amyloid) Possible heterogeneity
Bilateral acoustic neurofibromatosss 22q Unknown Unknown

(NFIl}
Autosomal recessive
Gaucher s disease 1921 Amino acid substitution Allelic heterogeneity

n glucocerebrosidase

Friedreich’s ataxia 9p22-centromere  Unknown None found in 23 pedigrees
Ataxia-telangiectasia 11g22-23 Unknown None found in 31 tamilies
Wilson's disease 13q914-21 Unknown {not ceruloplasmin) Unknown
Gumz-gangliosidosis

Tay-Sachs disease (type 1) 15Q22—q25 Mutation in gene encoding a-chain Allelic heterogenerty

of hexosaminidase
Sandhoff disease (type 2) 5q13 Mutation in gene encoding B-chain Allelic heterogeneity
of hexosamimdase

X-linked recessive
Duchenne dystrophy Xp21 21 Absence of dystrophin Muiti-alielic heterogeneity
Becker dystrophy Xp21 21 Defect in dystrophin Multi- atielic heterogeneity
Pelizaeus-Merzbacher disease Xq21—q22 Defect in myelin proteotipid protein Unknown
Adrenoleukodystrophy Xq27-q28 Unknown Unknown
Lesch -Nyhan syndrome Xq27 HPRT deficiency, vanations Multi-al'elic heterogeneity
Erery-Dre tuss dystrophy Xq28 Unknown Unknown
Recessive with germinal chromosomal defect
Central neurofibromatasis 22q11-q13 Unknown Unknown
Retinoblastoma 13q14 Partially charactenzed Allelic heterogeneity
Meningioma 22q12 3—qter Unknown Unknown
Von Hippel-Lindau disease 3p Unknown Unknown

Mitochondnal diseases with maternal transmission
Mitochondnal myopathy
Leber's hereditary optic atrophy

Deletion in mitochondrial DNA
Amino acid substitution in

NADH dehydrogenase, subunit 4

Aon, FHY ML AFE2A C4H(locus
D4S43) 2 D4S95+= D4S10 2ol HD £4
zZboll o 7i7kgkth. HD -3 A= chromoso-
me 49 F3E 2 G8As HE nHH
7 9] (translocation)oll €] X3k, HDe DNA
ZE Abole] UHE dB/Ade 24 HDA
2 7FeA 4

}$+ presymptomatic testing™ -2
o]24 HDeo| W& AtA Zw), A

om,
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B. Alzheimer™| ZEHAlzheimers Disease)

AA F33t Alzheimer® 303} AD)
of FAA dAe] ofsiol] 3 AAH R
BI7F AR od, ol#d dFe 4guA ¢
4 Bl zA A 210 FAH, B(Ad)-
amyloid protein®l] ™3 ¢DNA &< clon-



EARE BEL AL FIE F 1K, 1993

EEZ R F TR IV T

Spinoceredetiar
Ataxia (OPCA 1)
Siakdosis
{Neuramidase
p 1 Deficiency)
Galactosemia
Frnedreich's Ataxia 1

Metachromaiic
Leukodystrophy—(1 form)

Tuberous Sclerosis

L
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Duchenne Muscular Dystrophy
Becker Muscutar Dystrophy

Metachromatc Leukodystrophy
Late intantie & Adult Forms

Pelizaeus-Merzbacher Disease
Y q Lesch-Nyhan Syndrome
Fragile X with Mental Retargation
2 Drertuss-Emery Muscutar Dystrophy
Adrenoleukodystrophy
Mamc Depressive Disease (1 Form)

Fig. 7. Chromosomal localization of genes causing
neuropsychiatric disorders(Martin, 1989). X
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ingS Hol& familial Alzheimer’s disease(FAD)
o e FAZY X E FE3A F}A.
FADE 712 ZHACA G4 21¢] A&
RFLPs £422 A 21q9] &9 (proximal
region)oll 41 DNA #] 3(D21S1/S11)°ll A#d
£ #9934 A 219 #¢Hiong arm)
o] td DNA probest Down Z3FT(°]3
DS) #=}7} neurofibrillary tangles(©] 3} NFT)
\} senile plaques (SP)¥'E ¥ 3§ 3= AD9) 4
A2t FFg BYHNG AA G T
Agoz HAasict. Tanzi T Goldga-
ber ¥ % ADS} DSIA amyloid plaques$]
FQ8 AEQ amyloid B proteins encoding
3= locust B A 2190 mappingEth 3t
Att. ©@7]7]Y(short-term memory)2} 7139
E 9 A 9] phosphorylation®], 7171 (lo-
ng-term memory)oll = B A Fgo] 3
A Aoz ¢HAEHY, Doebler 52 AD
o] ARG WAdo| AiYA/DHA FA
9 2%, Alz-50-F48 AN7A DU HT RNA
ekl A 5 B AAAARD A5 BE
23 BAEGRE 3}t FH Mani's
DS 8x}9] 50% 7}t 323 715 A 85 thypo-
thyroidism)e] 94 F4E Heoln, °&EF
16%e A Z3d dig Aol FAdol
23 gaAth

=
I, AAEYy
qARdge #2844 827k U
29 2gAd BAE A Bolth, W

o Y3 MzE gYFARET G5
/TH21 24 (multifactorial/polygenic  models) ©1
JTH). McGue 59 AAEEHE 238
ol o ) A(multifactorial threshold model}S F
A3ttt Risch®t Baron™-& +#2]&4(segr-
egation analysis) 23 Tzt 2 #32H H)
7ol Wziel tBo] A3 &Xd Bol 7]
g3t dYF ¥ H(single major locus)E
A EFA(mixed model)”E& FA3AA

o 9 $ANGE #A% WE B
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(high gene frequency) & -&°] Z2(low pe-
netrance) EAolztn stk KA AR
(genetic marker) A7 A McGuffin3} Sturt™
= HLA A93} 233 AAEEH ol #A
7F vk x 3193, Rudduck %' rheumat-
oid #49Q, 3WA3}F, T4 pyelonephritis
S3 #AAJE BA L 2 (complement factors)
Z FAEgy #AolA C3 F 8 ¥ (phenot-
ypes)®) ¥ X7} tt23 C3F fAAY 9x7}
oAt &t Knight 9 A4EE
He gd - 432 Zofrt ofs}, A7HH
o (autoimmune) ¥H3-9) ZAo] VT H o
FAA loci7t 45383 F3H HAE
ko So) FAEGHo 2 WAEE Aol
I 349t Alexander 5% ANEIAW S
fFAHo2 £A7) e AFElA 2nd trim—
esterdl] viral insultsE & Zdeln 3ch

T3 AAEEHY {3 A3 (genotype)
frololl A A %5 (pandysmaturation) ©]
2 B3+ 41735 T4 THneurointegrative de-
fect) 2.2 YEeERIT,

AARIY o] Hlol A fHA 849 ¥
o) 3t ZAE Wemer®d 3™ F A
NG —FARRE A4S 3 498 #
A Zol|(Table 4, Table 5} A ¥HE & Ut

59)

.

[e]

T

AR dad Q44 Hole ZA
Bddd 220 #3A g 23S
Do, AR (QAA 1-22)F @B
7FsAdel & EMA= 5q, 11q, 18q
19p2 339 P, Sherrington 5% )
5¢] &gtol]l i3 DNA polymorphism®] A4l
2o thd A3 @S BudEA,
oy AAEIWY A dd FAAI}
HWzds Hxz 4F3ie RHolzkx 3
t}. Bassett 9% AE 71¥ & Ad HAE
2y IR FGAA 5 segment(5qll.2-
5q13.3)8) R£3 AA 4 (partial trisomy)S X2
a8g e, Leppert 5%l 93] 5q13-15
2 5q15-22) YA e Aow Wi R
%48 % Z(adenomatous  polyposis coli),

=i
=



A% AR Bl ¥ gA%Y Q2

[

AAAA € 2 717 Jd3d EAH
ko] AbA|(deletion)= ©] &
MEQRLETZ 9 ABAE S AAFTL 3
At} Herrera Y% 5q7F AHAlE XA H
FAA 7182 Gardner FFTE B3I
t}. Kennedy 5% glucocorticoid 483 ol
& locus©] 71 = ¥, 5 lociol Al FAA 59
291 & Hproximal long arm)® 2 locicli Al €
9 AeHdistal long arm) S FAMElE OHEQA
2 ¥ (multipoint linkage analyses)’& %3l
A, ZAEEH Y A A 2AHE Al
A 3kdth. Chodirker B2 M=) 199
2H19p13)ell HF FH(fragile site) S B 7}
£& BudYn, BA d¥d {HAE
19p139) $1xjsk=2, Ba) C3 ool BA
2y F7Mgtd= Rudduck $%'9 B

o

r
N

L

e FAA 199 ol AAIRIH o
Hg AJARR.
A, A o]4A(aneuploidies) ¥ A4 ¥

gyHe] ATA, HAEEH FA I} o4
Boe 540 o B He AArdy
susceptibility locus7} 3 924 %] €] pseudoauto-
somal locusoll ¥ 7teAd LS AAsIY o
7, dAmato 5 FANEIHH} DXYS14
Atolol FAA AR/AE HI3AA AN
&4 9] pseudoautosomal 7Hd-E& X A5
. 23y Asherson §9& olgd ZAHE
LA F AR X 2 Y G445 59 W
ol AT{H HEAA PV -2 EHT-
umer¥ FIF N FolAM FNEIHI &
ARt AAZ0) RIY L TuFr)

[o

Table 4. Genetic disorders in which the increased risk for developing a schizophrenia-
like psychosis is established or at least very probable(Propping, 1983)

Condition

Reported findings

Klinefelter karyotype

The rate of schizophrenia-like psychoses is

probably increased by a factor of 3

XXX karyotype

The rate of schizophrenia-like psychoses is

probably increased by a factor of 3

18q or r(18) constitution

Moderate mental retardation, poor speech

development, psychotic episodes(schizophrenia-
like or of manic-depressive type) in childhood
or adulthood

Huntington’s chorea

Schizophrenia-like psychoses in the initial

phases of the disease

Acute intermittent porphyria

Various psychiatric symptoms including

schizophrenia are frequently reported

Porphyria variegata

One case report of schizophrenia-like psychosis,

serine loading produced psychotic sympto matology

Metachromatic leukodystrophy,
adult type

Numerous reports of psychoses presenting as
schizophrenia:cases were detected by chance

or by systematic screening of schizophrenics

Familial basal ganglia
calcification

Concordant schizophrenia-like psychosis in a
pair of identical twins, and familial occurrence
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Table 5. Genetic disorders in which an increased risk for developing a schizophrenia-
like psychosis is possible(Propping, 1983)

Condition Reported findings
Tumer{45,X0) or Noonan syndrome Several case reports with typical schizophrenia
XYY karyotype Severa) case reports with typical schizophrenia

Erythropoietic protoporphyria
Niemann-Pick’s disease, late type
Gaucher’s disease, adult type
Fabry disease

Single case with clinical diagnosis of schizophrenia

Case report of schizophrenia

Atypical psychosis in one family

Case report of a psychosis with characteristics of paranoid

schizophrenia

Amaurotic idiocy, late type(Kufs)

Congenital adrenal hyperplasia

Homocystinuria

Wilson’s disease

Hemochromatosis

Ichthyosis vulgaris(autosomal
dominant type)

Laurence-Moon-Biedl syndrome

ichthyosis

Case reports of schizophrenia-like or expansive psychoses
Three case reports of schizophrenic psychoses

Three case reports of schizophrenia

Several case reports of schizophrenia

Case report of a parancid psychosis

Two sibs with schizophrenia-like psychosis and

One case report and a familiar observation of

LMB syndrome with paranoid psychosis or

schizophrenia-like psychosis, respectively

G-6-PD deficiency

Two case reports of an acute paranoid psychosis

provoked by fava beans or typhoid fever, respectively

Phenylketonuria
Albinism

Several case reports of schizophrenia
Pedigree where five of six albino individuals has

schizophrenia

Kartagener’s syndrome
Ataxia, dominant type
Hyperasparaginemia

Four case reports of schizophrenia
Paranoid psychosis in a mother and two sons
Case report of chronic schizophrenia

m. 7|2&ol
F347eh @) WA A bipolar I dis-

order®} 8 $&F9 YL}l £33, F8
223 gx49 AFNHE FL $L239
N7l & 715 979 Z3e F53
2] o4 severity thresholdsE A'd o AA
(FRAAA) FHLAE ARG, $L&F0)

TE o
AzelN o BOUE AMIE AGaA
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#og 7}5A4E AAHEY. Risch 98 4
S/ Aoiel oF Mol A Xlinked gened
2tz 9. X—gaH AFEY A9, G-
6PD deficiency” ¥ Xg @A T &3 94

ATE °olEY loci7t X EAA S 949 B
o XS HAFH. Mendlewicz 572

X GaH 9 99 FHXq27)ol $1XF factor
IX genedll 3 probeE AHE3I 3, Mullan
I Murray™'& F54 B9 £X& 33



2%

o2 F=¥ o8 a9 AP 93 oy
3 HZF 3T %74 Zlfinal common pathway)ol 4
A3std ol Aueln sty

Suarez®} Reich™' &= g4 69 o 3 major
histocompatibility complex®} HE &l 4]
FHRA2} ol B #2313 HLA link-
age 7Md& XA 3P e, Kidd 7% Am-
ish 7HA1 8] &3 B}l & fH92 @
T G4H 69 thd human leukocyte a-
ntigen(HLA) 7918 92& B3u3dy, W-
eitkamp %= H2A 60 hd HLA-linked
genest &5 AXo HFE vIgn
=

Egeland5'¥& Amish 71419 RFLPs ¥
4 243 A 11 999 do) 2gFe
3 AAE e $4 5347 9%
gtia 39 o). Byerey BV'% |A4A 119
Debol]l e locusE FZTAANE] 2A
A&, dopamine(DA)Z  norepinephri-
ne(NE) &4 g vlE&—AF #loln
FAA 119 Fgel YX3}E tyrosine hydr-
oxylase(TH)= ¥4 o19] candidate gene
oy, FFAFNe F4A 1lpd) W &

RS
=

dwolgta 3k Hodgkinson %2 TH
T PR EAWH} 2&F9

FHIF L Btx 3t Detera-Wadleigh
£73e 29 Gehad $& AE ol

T2 locust insulin locus 39 A 11
o] el X YTt Moss S
TH(11p15)7F ¥4 2 7€} 7|8 Zof
9] candidate gene®Z MZEE 2 1]pd
AXNF AZ2F2 insulin **, B-globin, D11-
S12 2 cellular oncogene! Harvey-ras 1(HR-
AS1)#e] ARAE L Urids 7= AT
AlQ g A3 THE 2713 4 locidt 243
dZH YAty Busgen, TH A
Akl EAWo 7t AR UA S Y2AHY
ofe] Hele] Fa3® 1 syt TH B4
) 2382 BHZ3, ANAEAH, glucocort-
coidst} nerve growth factor 59 333 =
= hormonal factore) BEHET. proopio-

=4]
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TAZRA g BA 4AGH B2

melanocortin(POMC) gene'®'3} o]
o WEXE EAE encodingdte o &
s FFA Folel A= A
candidates 241, NE(3 a -receptor gene % 273
-receptor gene), DAD; ¥ D, =& &4
2}), corticosteroid =4, G protein subunit
(Gsa)o] #3A Fo] AFHT A, Sm-
ith 5% FRYES XTI B &9
&) ol tf g D, dopamine receptor gene vari-
antd J¥E Bt A Jorgensen
Riederer*' = 217229 3 2¥ 2Hneuronal ad-
hesion molecule)$! D2-protein®} 4343+ ¢4
(mature synapses)®] A ¥ D3-proteino] $-
23 249 FollAd R FiEe B
&7 A3 H&synaptic tumover)©)
7tEta 3.

1.
T

a
=
&)

V. 7|E} Zoj

A 7R REEFCHIMAY (Familial
Amyloidotic Polyneuropathy)

7FEAR T EA PR A A H(FAP)2 x4l
73, A% 2 A7l B-pleated protein poly-
mers?] A EF 2174 fr(amyloid fibrils) 7}
SFAEE FEAA 3 3NZ A, thyroxine
7} vitamin A(retinoic acid)oll ™3t tetrameric
56 kDa ¥ o]F T A<l protein transthy-
retin(prealbumin)ll 3} encodedt+ F 32}
o] | 180 single-bp mutationol] <] 3] A¥
E{h= 3

B. 78& AAA Z%Uinherited Nervous
System Tumors)

1. o 41723 5-F(Neurofibromatosis)

Schwann A E|A 7] hE= B4 FUq
HEA AR FrEINFL Fd A A3 o)
EA 98 7387 29Ad T2 28
< AYZ Yo} e dAFHoZ Bz
3AE 3= neurofibromatosis type I(NF-
I) == von Recklinghausen’s neurofibromatos-
is(VRNF)o] 11, & 32 FFA3A -E3)
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A 8 FHA7ZAE AW bilateral acoustic
neurofibromatosis(BANF) 2= &2+ NFIlo]
th. AZ2d9F= E4A 179 centromere T
AA  VRNFY RAHAE FH39,
17q12—+17q221 4} nerve growth factor recep-
tor gene°ll W&t linkage’} R 7% 3t
o}, NFll&= 3% 229 4250, NFI 2
NFII< meningioma gliomas ¥ 33 ¢ &
WA FF £2A7F ¥ A2 Hinn-
chs 5% RPN ABE/FE9]  transgenic
mouse model & A| A3} o}

2. CNS Tumors 2 Suppressor Oncogenes
1) %utol(Retinoblastoma) : & 2Fo}F
ANA FLFFA A= A 13q149014
DNAS] AV E<dwolo] g AgAxA

A4 Aofeltt.

2 ) Acoustic neurofibromas : G414 229)
NBEE 4

3 ) Meningioma : €414 229] DNA A

4') Von Hippel-Lindau disease : §4 A 3p
o} 2HA, FAA| 3p259] 13 A= RAF1 on-
cogene®l 972, €4 oncogeneolY FUd
A FARE] AR

C. Fragile-X Syndrome

X 92 A= Duchenne Zo]gSZ oL} f-
agile X-linked mental retardation(©]3} MR) %
IA Xlinked 229 o] FL3HY.
orgt X A= Gt A A A Fa
3 Xlinked A EolY, ARME AFol
AR e 4 FNHI schizotypal ¥
e A £35S BAYP. HAA
A9 10%, X-linked MR9 50% & =HA 8=
fragile-X syndrome2 X FMA Foeo] A9
ZHXq27.3)9l  hypochromic ragged-looking
¥ 2.9 (constriction site) 241, 3 &< (mito-
sis) B¢ A3HA LA 83 (chromatid
condensation)2] A#jol] <]}, o} 2|
Z(infantile autism)® Xq27 <k 919 #H
Aol AAHIE FRATH.

2 B

recombinant DNA technologyE X33t
24 F78E 7l du AEAHNIEH
AT 2 AAle) FQ83 9L stu YY)
A 2 FAEY 712 AEs ZHE
B, Alheimer# H&S X33 o7 ¥
P3N, BAREH, 71N, 7 o
2] A7ATAH Ao ddA &8 o
A 8 nEE T3t A¥ By

WS O #AHAA

ZAA 74x7F ok F ke
1. 917+ f-AAHgenome)d] H#HF =¥3}
(mapping)
2. FFAZAZ N FHAY localization
cloning
3. @Y FHA) o 28E Fold 9%
T Ay o=
4, FANEY 7B A" Zdo A3
&7 9 Ay 7xE AT
5. dHbd I xgefe] g
6. F7IHez2E Y Folod oIt FAHA
—th %] 2¥(gene-replacement therapy)
FAE L Bx fARHE, ABAHNGN, A
@, 4%, 37 A&

He
>
o
2
]

o JX
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