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1. DNA 1%

DNA= 3714 AR o2 FAE at B34 otk AR
AEe 5erdel TJLAlg) B ¢ A (deoxyribose) o™ FHA
£ ALE TR A7), A AL Qakelt) U1 FE @
7ol o}Hld (adenine ; A) % Fobd (guanine ; G)©] 1.2H
g2ju]d G7lol= El9l(thymine ; T) 3} Alo]&A1(cytocine ;
O ol Aok ZHzte] 578 2 E = (nucleotide) = F71, A4k}
Fog P gk A KA A o)F W 739
ZeR 2 QEE A FAYY FEYLEE Bor T
Aslo] ek TS E el LEIT Ao ME vk ¥
o2 FBtAM M2z @71 Aol FAATCE o]F
olA Qlth 24zt Al A9t T FHY 4 A 3
G Ce Al MY Fadgtor A 3 AR VS

7FedtA & & Aol

WA HA TE ARzl Aol e @717 FeIA & &
A=t DNAZF A2 ARAQ Q7] %oz o]RojAgrh=
B0z A FHRRI} shte AEelA 2 AEE 77
2 3 AdlelA o AldiE g 8s] A2 F 4 gith DNA
9] o zkg FxE DA ZHEl)T ARE) ofpulAl
A g& vehdch. DNAY o} YA T+2& JAE 3] 9
8 o)) T slto g B P 4 F3 Ak Y
o met AEE T/ FEAQ 7igte] Pt dubEe
2 whlAoA 20709 ofn|Ae HAE £ Qe AH
Q= Al NS @717 el B d opn ks s sk
code’} "tk 22 Al 718 FEHQLE]EE F=(codon) @]
2} 3t3 574 ohulxAks veh=dl Al JHe] V)= 6470
9] Azzto] 753k o)™ 64702 =L genetic codedt
oL £ QAR £ 9YE 2o B2 Quze )
Al AFE-S A/3317] A8 Fash A DNAY 6714

ettt FA Ak DAl opm| Ak AYEE 3
she A&7 RNAE HAk= HAIT A48 mRNACA
= JEEF 3149 3 UTR, Ad#9 5 UTR,
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2. RNA

DNA¥ AAHtranscription) 38-& $8 $AE= mRNA
o] F3o] ). RNAE 3 7}=o g &3l DNAKT of
< Eohslth. DNAZYE RNAS FAMAL 784l (intia-
tion), A3 (elongation), %7 (termination) & Al QAE T
A5 7jAl= RNA S2E49 AApE A7 He §22
DNAY ZAgA gA oz A=) AL Al2 5919 47
A e zER9e Jdi2A T2 TE (promoter) 2F FET}
Elementzl 23 $23 7EHQHE AP AF 4
of 9lon dxlyo g RNAFHEAE sty Z2RE 9
AREE slo] At 7HAE E3ech Elements 8%
g AALe A2 YXE Asta WAL NG RiRe] dEE
o)Ath AR E RNASTEAE 5 -3 3o g Al
2313 QlE RNAAKS | 2B FEHQEITE £apzor 2
A7k, RNA 288471 DNA $8& wa} o) 53114
£ @ DNA ¥9)= 3 DNAQ 9718 sh =& AA
A BojeE YEFEUE =S HY]s #& o]Eth HAL
7177} Avzhd F 71 DNAE ME BA] 3379 o)F
UATZE A3 207t AAke] sl 2st
= AAY f34 2do EAlshs 24 Hterminator) 7 A
AERQ X137} gt} FARAES RNAFT TR ) Adsio
DNAF¥ 3} RNAARE Q) A%s &8k wteth 1 2%
RNA7} DNAS RNAZZ 42 RE £ Ho FApao]
FAa,

3. f8 oA TE N

o] fazks off] F579 DNAZE @A AL
Axle] 9J& ZAg) AARIAHE DNAA B3 w2
QEE G71MEL A4stn QAIgH F-9ell et A8
ZAGuA B3 S P43t DNAZS REHE B2 F
o] zA Ao 51 helix—loop—helix (HLH) ZE]
B leucine zipper, zinc finger$-& T3} ol HE|E
E Bo] fEHLHE QMG FE E FYle Y F

F9 AL Qb YER)E T AIE elld DA A
gt 23 g AQs Aok ARIA F 7P i
o) F %29] shH= hemeobox (Hox) f-3AkItl, o #3
Aol &) $353 He w@Ae 60710 op| At g o]F
o}XE IEZ conserved sequenceE ZETh o] 9L
DNAS] o}Z U 729 major groovedtold Agskd a-
helixE 443t} v widz) Agstel RNA F8adrt
AR} A1E BE Q4] & = RS SFA Bk HoxAl
AASL HFA 2N ARHe] F48 das 2Ashe
A%e =g PRz e Fedty. TNz 24
off Bl sk 24k JAE AlQe] @do|th 3AES
YellA gase] Sxlo g4 guide B2 F/7Y <
o] 3)]2Eo] DNAY| A= A& FIAFo2A tE
Z4 @A So] DNAY] A2 Z3tA ke Aake] ik
A AA HEg g} HME FFFAA 3]AE0] DNAC]
Agsh= Yol Bodehs GRS F53} sk /4 A
E do7} B QPP wak 54 2 K90l DNA
o) A E Fa #17 FEo] Yehhet] T2RE F9
oM =2 wjA3} @ F4rt A o A AR Axpt
ojZo] 7| Y=, girE-o vAsh= Alo|EAR Fo}
o] 152 Ao 9l CpG island & Edl= F-$leliM
Jojudtt, ofgo A tiA] AdF 2 fragile X mental retarda-
tion 1 gene (FMR1) 8] B84 sk A8t v 499 2%
7} o] 2 AF WM}t @A wjZojti0 A} ojFof huld
& 253} 8A] g JEE 297t gojA Win gA S
B33} sh= A&t dol M2 4 o] %3t RNAE 1
T o] #4E RNA &lolyd ol gtk thd dAlelA
= poly adenyl! tailo] mRNA¢] &7} Ho] AEAZ ojF &
o= mRNAZL 38 Hej2 541 9 5 A & FA 2
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gl oo}z wolshs elo] Yasich o2 913le] RNA
o HZULEHEES Axsn wMAS TS T Y= ofv)x
AHg QIA] B4 9l oldlE] Bab2A g RNA(RNA) 7}
982 3 Pk (RNAE S719) Jeaehe 71X T gl
8% 8O ohu| A} ATk o] HRE-S ofu]oP—tRNA
%4 TA7h Zop3to) t(RNAY OhE % 9he mRNAMA
o Q= Al Ale) Q719 ARH o T HE o]Fo] AFH= A
A 7] Hdo| EABtTE 0|9k 22 mRNAY Al 7)g) &
7149 % 4¥%k(triplet) & FE(codon) 0|2} 3H tRNAC]
EAQsh= ARAQ A |7IMLEE el F=(anticodon)
olg} slt} o]F UAG, UGA, UAAS Al 7Y =L £4
FEolth, W AUG ZEL 34 Mg Ajxeh=d] 1)
AZNE HlE] Qo] A o] Y= wE] 2 I—tRNA (me-
thionyl—tRNA) & A% 3¢ 3t} AUG 25| mRNA Al

Start Termination

Regulatory Regulatory
sequences ‘ Exon ¢ sequences

Intron Exon
Transcription
P

‘ Addition of 5'cap

DNA

$ Cleavage & polyadenylation
m’Gppp - AAAA
) R RNA splicing
wGpp N . /A
‘ Transport fo cytoplasm

mGprp I AAAA

Protein

Fig. 2. Sequence of events involved in gene expression.
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] BAYEs AR aR Qg R 2HL 3
o B FARNSoN fARke) dag Hlsi=d F
3ho) ghch 8t QIzk A H7) Y BAo) o)Folx]
A B A7l wE ks A7t Hoich HEe] Az
F2AAAT} o19A W= Yt ATEL gL
7149 olalE B3 W wek Aoje) Walyde] A & 5

N AE dol FA =}
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(R o

g MES ofF R A2 BY

ol w2l A3 ) rofsks e TR BAE
o] HuE ik Q178 o 9Ae] A3 AEFS wl¢ A
w3 2231 laminar radial 722 Hoj QoM 6502
olFfX|=t 7+ T2 7] B Feoh AdA GRS ol
= 53 & A3 AEE A SickFig. 3). 47k o
HRO] Al 71HE0] HFAU #4719 AATF He #4 2
Aellx A == Zlel ulsl tiv e wjolr| weelA A7EA
Xe HEFAA X8 dAARME 71 AAEHA Aok A7
AZES HAFHQ olF3 A7 AT A-s Ado] ¢
g3t diy] 715 S8l G570)7] bl I3F5AA #e
Ae] Agke 1%8 tie 7)5 Zolell FAE A= v 2
g 4o 4 Stk A7) Zube] tide) Ay F& A7
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Fig. 3. Normal development of the cerebral cortex. A : Section through the developing primate forebrain showing distribution pat-
tern of radial glial processes that span fetal cerebral wall from the ventricle to the pial surface. B : Enlargement ofthe boxed
areain (A) to illustrate how neurons migrate from their birth place in the ventricular zone across the intermediate zone fo their
final destingtion at the interface between the marginal zone and the developing cortical plafe. C:Neuroblasts use the surface
of elongated radial glial fibers as a guide during their migration. From Rakic P(1972), Mode of cell migration to the

superficial layers of fetal monkey neocortex. J.
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Fig. 4. The normat cerebral cortex is a highly organized structure, and its six layers are shown on the left(1-6). In contrast, the lissence-
phalic brain is composed of only four layers. Adapted from Dobyns WB, Reiner O, Carrozzo R, Ledbetter DH(1993), Lissence-
phaly : a human brain malformation associated with deletion of the LiIST gene located at chromosome 17p13. JAMA 270 :
2838-2842 ; copyright [copyright sign] 1993, American Medical Association.

AF7E AS0E ¥ AR HA FollA A= FAL
BHE AA EF 03 o]E3lo] o= (cortical plate) & &
A& Eich AAMEE radial glial cellS o]-&38le] o]E3}
Al Aok AFAHET} olF Al 7P WA AR Ax M
AEeA REk e 7HE Ul A" AE7 7P 235
AxIeHAl Hof =4 Sl & progenitor celld] 2+ FE2
Az A4go] e HEY columnd FAsA Bk VA
AEZo] 27| ARE FA HH A X5 AFA R
oz}, YA e AR AAFAEEAE AIYAE
o]_Er}“ %q_ll—l:ﬁ).

AFAE o]F Al FA7F 4714 =9 lissencephaly, &%
ol 39 o] 7EA] T Felit A7) 3, olFH AEA
el FAP} A7 skggolut AA T a9 5 Yo

Lissencephaly (Fig. 4) & t¥] 3)2e] F8o] gloixe= 3
ofojt}. o)A ARFNEL] 27]9] o) FA| wjFol el
07 A7} e Adelr 67] ol e e o)™
Aol i) d S0 47) 9 EAsA Aok, ti=4d
sofl FAZE A71HEA As AARA 9 AR Aozt A
stA "ok 179 GAazelN FAxp} dAs 1 LiS1olet 3
H =Yk o] fRtelA ] mlAlAAe] 9o lissenceph-
aly7} YERFTHY | LIS1-83 A= plate—activating factor

o)1=
=

(PAF) —acetylhydrolase 2= &4 9] regulatory subunit
£ encodedl= FAHARA o] Ghe= A HE QoA A
ez 9lgS sk 2¥ e 2142 (phospholipids) 215
A 7. & LIS1eAe] 7)5& AZAE Ede &
25t AT E AE QFoE sk Zo B F21 ti
A 7P BEEE EAET o] ARk Eddelrt V™
PAFS] Za7)350] 44sle] BekZal thslol Azgua
9] AgAgedol GeEiAA Atk o] AR ARBAE 1173 HEY
& AlFshe AEEAY ol AARS] wsE 7A@
o} AR HERE-S AsliMe ASHQ AEZFH ] Al
dol ot MEZZ Y o2 ARFMEI HdH o7 o]
3= Ag ajiskA 2ok 28y obg) LiIS1e] o9 7Y
Aloll F2]Q1 ZIQ1A), diHFd Aol A3 olFel Bash
ZQ1A] ofE FFAQA Y| A BAshe g7 3
of Hash AR Fol thgt FAE YHsER| g

5 TAVE A A B4 ol WA HE AL
A7} ¥R AAAE o5 AFAES EstE #Es)
A=t reeler #-A2te] EAWolE 9} AMoA Y la-
minar pattern®] o[& gtk AdEQl WM E 7P
ol A" ARAMEIL 71€8 ABHEE AVHA o]F3t
¥ “inside—out”patterng YERN= Aol v|3] reeler -4
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Fig. 5. The normal pattern of cortical development is shown on the left. The cerebral cortex develops into six layers, with the earliest-
born neurons lying in the deepest layers and the late-bom neurons migrating fo more superficial layers. In the cerebral cortex
of the reeler mutant, this pattern is reversed. The protein that is mutated in this disorder is normally secreted into the extracellular
space and is believed to act as a signal to migrating neurons. Adapted from Alberts B, Bray D, Lewis J, Raff M, Roberts K, Watson
J(1994), Molecular Biology of the Cell, New York : Garland Publishing, p.1111.

Ak 2do)7} Qe A oA e olF o] HAHY ok
(Fig. 5). reeler -§-331= reelin 90A-S FAdsh=d] A4
et oA reeline AAAES AL AAE I 0]FE Al
Z3 o 19 w59 k2 A dok reelin® ov]:Ar
ZE AZAE F9 NE 8 matrixE FH|He @A g
ofa]iat Tz} vig- FARSH o] wlAle zleky QlE Al
ZAME9 leading edge TR} AF3Io] 4173 AR o]
AE7F 24g o|FAZE 7h Urhe A2E BeEA A
AAEY olFL sk 9&2 a1 I, reelin o}

¥, ¥l A AE olF de] AR &L stk

o|% Zo] AAMEE glial shaftS w}e} reelin TR} gt
g w7hA] did Fd 538 3 olFshtl i Hele
glial ERAM Fojx| v} o]52 A €0 1™ v

die dEw dselES B3 A¥a dHE s 9o

AR AlETHA0) ¥9] ofg] BRoA HAFEY o5
o FQl NAAT] NEF Fo] ATZo] 0|5 WET
2340] H= ABALI AL ARE AR gt ofal
2579 gdely A8 SAo} Lehlm sl Se)
shebgolsl, e Zeluo]el 7 HA FAHolLPID g
Foll 2 AZke wdgols) A 9 47} 9ok

1. WA Q1RKTranscriptional factor)

ARl Aol 10570 A 2] KA ded 2
% 13857} 50774104 3 == Aoz geiA gtk
3l A= fAQA} #53 she A EE 7| o
g g A7l B9 Fv 4F A QAES 2] v 2

g2 A7) Bl 9 fA QREL Bo] AFAGEAY
FEAE g w A& ABA LA 2y] Erf AET
Zu A5 AX dea s 2353 ks ® OE 79 44
AREL 47 AZY A Ao Sk 3 W% @k ol
T3 AP BXAZ] H8 #BA sk 24 F AL QA
7} ok AR ellM AE8H AJre] 7|23 55 DNA
FRE RNA, 1283 @9A71A] 44 = Zojtt {f2A4}
BHE ol BE F9 o8 DAl 2E E 471 e
1% AR GAle] 2-o] B FAAAT oA ojd
giAloA RNAZ AL S she Rolo) oH e
ZAE& A} 2Rl 3t s DAl E RNAVE 53
RNAZ} 531 & UleA] AR o]F3te] Mol Q75
£ @l AL she dART} 230 o] Fojx| A Hrt. A
== RNA 4 ¥ opel X|& HEE dhld 34 okl o
& vIAA Aok =23, 9" AL phsphorylation#
glycosylation 5<] H#712Q1 71-e] 23] wigo] A7), =
A 71-0] o]d 2] Z dAPpRY o]FoINER 1 F o
o A o] E47F 4714 =Y Waardenburg syndrome,
Prader—Willi syndrome, fragile X syndrome ¢ A1737%
AlgA Aol fak & 4= 9tk fAUAte] HAF 2HL A
AL 7RA] E 598t 7htol Sle TERE F-9jol do
gt} of7]el= Z2RE 919 DNAMEF o] ¥-9]o 2
k= RN F 7] 8471 Fofdith MARIARE
DNAANEE A8t 1 F4jol ZstA Ashes dzd
ol FaelAre) JAL AP ARE @ T o)de) AR
Aol sl 24 PrhFig. 6). LR e T e 247
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Specific gene
regulatory proteins

Regulatory ; "

General franscription
factors

" /

RNA polymerase i

RNA transcript

sequence
Spacer DNA
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Fig. 6. The regulation of transcription from DNA into RNA transcripts is a tightly controlled process. Transcription factors bind o DNA
sequences within a regulatory region termed the promoter and determine the amount of transcription that occurs from the
gene in question. In the figure, one of the nucleotide sequences is shown (TATA box) . A number of transcription factors bind to
this site and to each other. Only then is the transcription enzyme RNA polymerase allowed access to the DNA and is transcription.

AJNALZ H-E 9
atA do.
FAAaLe] A

A XNEEF tE T2 @] A%
AL FF5 T oA 2 T 98
oJg} F79) AL ARESY 71%50] Al
AR F7F API7IRE st A AIFPIE stk dARIAF AL

2 AXE B T8 A3 g3 2BE =g AE
T2 AEE AARIZE wEA EABIAA HARI
A UZ FY2 F 5] FX KRR FAE TiAl
TR i) A8 EF A AX Yol ddY A% 77
& skE ABAY B4 dig vkgo= HAL Iz} CREB
£ 43 Ik 1 S B A Yo 223 A5E 2
A} DA cyclic AMP A FEstT o] RS AZE Al
¥ BoA WRE Agsls 43 ok 5 A3 A9 =
Ao] gAo] Aststd S22 AE el cyclic AMP7}
AAE T BAD cyclic AMPE %A} 912} CREBS #4413}
N7l Ba71AE JiAlg) @493 € CREBS & U= v}
2 o)ty fadAte] 22 RE R & Fo| FF
RE|E NGl Afsle] A 54 A AEelA HQ
2 = 9AE 4514 == Zolh CREB @ Al
A A Fo AA MEo)A WIAsHA EHEEZF CREB @9
Ao} CREB] A4S $isto] odh g T =
Ho7} Sl A9 o8] F57e] 71l 3L mAA €t
AAZ CREB—‘EJ& HAs B33 s FAJAL] =

=t}
2

Ho]7} 31 744 Rubinstein—TaybigF7o] Jeht=t] o]
RE *J%’éﬂxﬂ A FA G2 FARAZ Al adt

AFEES] 3007 Foll 89 Wsz v v PUA|A 2
A we] RS RATP. tiRe] Tk A4 717
719 ebd 4 Stk CREBE A Aol 23 Az S
B P ] DA ofe) FRY e »
B3 sk FALA FAE A5 27 He A ARl

~ Growth factors Ca+

Kinases
activated

Fig. 7. Growth factors send signals from the surface of a neuron
into the cell. Two molecules of a growth factor are shown
binding to their receptor. The receptors are transmem-
brane tyrosine kinase receptors that become phosphoryla-
fed after binding to a variety of growth factors. In thelr
phosphorylated state, the receptors attract other signaling
profeins. The newly formed complex of proteins activates
several kinase pathways, one of which is shown here. In
this pathway, franscription factors are phosphorylated,
move into the nucleus, and initiate the transcription of
genes that are needed by the neuron at that moment.
The mRNA messages are fransported back into the cyto-
plasm and franslated into proteins, such as the ion chan-
nels shown. In this example, increased intracellular levels
of the second messenger, Ca++, result from the increased
production of ion channels.

Azl o] GuAe) AR FRA ABY /1Yo o)
% gk

2. 4% AR

QuE oz el Hske B XA Sest ALY 7
% Alololis ATl AT gtk Tt PR 4 B
U9 YA W H PP AT Wl R o
Y B R S 5 Qe o)F B 42 29
AAAANYE AFAES A, 23, o)l Qo] o 2
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Fig. 8 The brain grows dramatically over the first decade of life. The increase in brain size is due primarily to an increase in the number
and the complexity of neuronal processes rather than to an increase in the fotal number of neurons.

go] S 7FsAdel disl 5 & 47t itk AA 24 A
FHE] 6A7HA] ofs el Hi a5EE AX = (Fig. 8)
2] A HESS FYAFE A4 sk ZEol7] o
Fo o] z17] W3k AEE A7 AEL] Al ot AL
oy, 1 Mtk A% @ dzke] ¥ dAT AL A
WAE GAEIRA ddo] A1 T dTeolES 7} S}
steA vebA Gk & A3 AR AA A F83H
T AR HE ] 2 BES 4 90 AALE A A
RE F1 g F JE 7R W F28E & ok
w5l dheko) nix|uk dA|ofA] o Y MEAR] g3 A Al
29| tgrt A 9P old BE el A
A7 Bl sA ek A AL A A 24 wjo
Al Aol M7} =9 progenitor?) $7} 27} a4 H=w”
o]# QAL o)A fibroblast growth factor (FGF)+ A%
249 27] @A 8493 BFY. FGRY) &3hs i 9
Aol FANTE 94 Z71E et 33 5EA
37} o] FAAFE v 942 BHZo} Flste] npg-A
9} QIzF Alojell= 1,000 i A=) TAAL xjo)7t vzt
A2 APl olg] T/ TRFoA dix Fz2e) &
HAL A=Y glo] FGFE £23 44 At € 5
AAFO, =R AGe] 43 1A= neutrophin?!H NGF,

BDNF, NT-3, Z12l3 NT-4¢} 7} 57} gt o)z

S50 23 AAAN ALY gt Bl 9% FE= A
o7 oA YoPY. dde A FEE dH= A AE
9 AEAS B4 sl HE =9 A7 AR AEL ME
7l Arh} 219S AF EHuvk] w20 2% A7 A
oA 2| B o3k AR Al AT A7 AEe] 37
AES W7 S Bk A7 AEelA B " ok A=

T2 A7 AZES] 718 B3 gt 51 0)7i0] Fitele]
N AEAS F4A o] Aghe FhEM AT AP
327} /WA HEA A7 AR 433 AES 35 &
o} #29] A75 F3l neurotrophin®] H3F AV MR o}
Vgt 2l ol gl A s 2] HE o] B Rc?, =
neurotrophine 3% 217 M3} HEE A R)sh= A1A Al
F 2Fox Hadk ¥ Roloh o A AxpEe] AX
o] Agtsh= A7 F8a71 el =) B HEAE
& A% B Ak AT 248 A¥A duAz A
T 9o 5 ATE AGshe TR 9 tE o gos
ZH Ao, 2 AR ARE-E F4Alol A T &
£3] B2 A% AA dimerE A 52 3 (Fig. 7).
Dimers 5=8A41¢] Fuld Gdo] F#3] 23l 28-S st
TE gE A% Y Euld 99 oifE 9y
QA& Hol= ¢l kinaseS XFSIT Yok A ki-
nasel= X U 9] 848 zAUsA 90, e
gaR o] Qiakshs A AAME, ER2E, 181 A4 e §
Ao| AEA aAE UYehls 7H) T3 7[dolgtn &
T QA gl A A A% % H AT A 3
& E3 AlE oA AT Y= ul$ wEA AES At
A =13 ghalAle) Qaksl & QAksl Fo) AlE) A,
B3}, S48 2gshs 7MY 5938 71A F9 shvo]r] o
Bl A Qla} dhe @A) B ol A% Ag 3
29 oe 2 FogA vl I AelE /L

A,
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GENETIC CONTROL MECHANISM AND MOLECULAR
BASIS OF NEURODEVELOPMENT

Yoosook Joung, M.D.
Department of Psychiatry, Samsung Medical Center, Medical School Sungkyunkwan Unversity, Seoul

There has been an enormous progress in understanding of how genes contribute to both normal and abnormal
development. Also many laboratory works are exploring the intricacies of how to develop in the human central
nervous system. Understanding the mechanisms of cortical development gives essential insight into the pathogene-
sis of many genetic and acqured developmental psychiatric disorders, including autism, schizophrenia, and learning
disorder. Genes have been implicated in an ever-increasing number of disorders. Advance in genetics have begun
to clarify the molecular basis of not only single-gene disorders, but also more complex phenotypes.

KEY WORDS : Genetic control - Neurodevelopment - Molecular genetics.




