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A behavior-genetic approach to the brain.

Seiichiro Masui and Osamu Fujita (Institute of Psychology, University of Tsukuba, Ibaraki 305)

In recent years, search for understanding of physiological-chemical routes from genes to behavior

has developed. In this paper two basic methods for studying these routes were discussed: inbred

strains and selected lines. By using these animals which differ on behavioral phenotypes,

neurochemical or neurophyisiological correlates of behavior could be found. Such information is

expected to have implications for elucidating neural bases of behavioral variation. Once it has been

establised that a neurochemical measure is genetically determined, it is important to discribe the

mechanism of gene control. Some advantages of a behavior-genetic approach to the brain were also

discussed, and some principles and guidelines for conducting genetic research in inbred strains and

selected lines were offered:
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Table 1  Strategies for the study of the relationship between brain and behavior.
Type Independent valuable Dependent valuable
I Behavior Electrophysiological index
Biochemical index
I Intervation of brain Behavioral change
a) Drug
b) Legion
¢) Stimulation
I} Behavioral change Biochemical index
a) Environmental Electrophysiological index
treatment Morphological index
b) Development
v Behavioral variafion Drug effect
Biochemical index
Electropysiological index
Morphological index
vV Variation in brain system Behavioral trait

B 23T % B R 7 BRATHE o TV BATEIS M % FIRE
L, ZOEREZHOERLEEMNTS Z &2 H#
LLTWAE, Z0OF 4 TOMEBIIITEOER % MiE
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BT ATF LADERD) LO DA, TEREL

OERENFEREEZZ 505 (EH - g, 1983 b).
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T, HAHEENT A =7 LTI 5N B1T
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I REVERNIE, 7B gL LB 6%
b,

i ORIRRHEE

BIRZE L 1L, HLEFICBWTEEORHEEE
HEE-EREEIRL FN SR 2 RE T 5Tk X
PRAMBEL COWLZETHE. b LIDBEIE

fZICHEI TV, COFREEXICL-TED

HEICREREZ R TEAPS 2o TnE, #HiZ
BEFSARSZOBE 2R EERIE») THED LR
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MASNDZENEV. TR SRk T T
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HETH~N21)— 6)DFENH B 1) & 4) 2w
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BIZHER PR AFHEIIOWTIH~NS.
B 27 L OBIEHERERBTH70ICHNS
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{LEMEOERRPBHATER L TV HLEBRDE
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HELID. ZOL)LRFEITE, BIRTLOE
R BYsIROZRNOIBEL LD LT 2EHENE
%, BIUHEBCHBOMEOEZRENLITEL LS
ETHHENSHSD. 0%, [TEBHIERMEOED) %
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DROBEEHERLERT HIFREIRIL, HrEE
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BEOL P CHE - AMNEELEDDDHL. D5
B ORFFEIE, Broadhurst (1978) 12 & 1 3%, HEiIR
ROTHIZOWTOFMEY Ea—HFREhTnb,
T/, U AOERREOMBRILERN B L OHER
BERHERIZDOWTIE, Ingram & Cofrman (1980)
DIE 2 =5hb. LTIZBWTIE, EEORLI
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HeEZONRTEY, WEEZRE L CHESIHYE
(neuroregulator) & MHEiEN 5 Z &L B EHOED TH
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hormon), ¥ 7A¥ Y AP, TV FNT 4 VHRE
WY, AL DGEWREICOWTO= 2 —1a YAE
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INLDEADZ 2 — 1 VRIT, FNENERDY
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05, BRI —DEBE I TWS F—33
v, JNVTFRVFYYy, kautb=y, TEFNIY
v, Y—T 3 EEICOWT, FELEbENE
E% Table 2R L. ThodflEdThrILick
D, BEND=2 -T2 5 ADOMEERES 51213
BRI EHEETH I EATEL.
CICHITIEERRE L, TEERORRESD
LR LENEEOTRE L OMICHEEY RET I &
BTENL, ZOTEENZEDO= -0 REH

R KE LR
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it EIH

&

EHHTEIWREEINS, BB~ &S I2T78TR
BIZBWTEROKEVIER R RBINABWE C,
CHODWBICERERHTILIZE T, T8O
REALEINERRO ML EEZ SN D,
BECOL) URT, HR, RIRRBWOM
FELERNERPEAICRBEINTE Y, BBREVL
RAERCTHE SN TWES, L LS, 178
DAL ERITE DR RIZ, BETF»STH~OYE
BHOMHICE S ISR L oTidkv., hig,
—DDOEILERREIRED TEHOWE NS %%
FTALERRODH LBMOMENBLYFETICAE %
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Table 2 Biochemical indexes of five neurotransmitter systems.

Index DA neuron NA neuron 5-HT neuron  ACh neuron GABA neuron
Transmitter DA NA 5-HT - ACh GABA
concentration
Enzyme TH TH TPH CAT GAD
activity DBAH
Metabolites DOPAC MHPG 5-HIAA J— _

HVA MHPG-SO,

3-MT ‘
Uptake [BHIDA [BHINA [°*H]5.HT [®H]choline [*H]GABA

uptake uptake uptake uptake uptake
Turnover a .MPT a .MPT p-CPA Phosphoryl-  [C]D-glucose
rate etc. etc. etc. (d4) - choline
Recepter [3H]DA [*H]clonindine [*H]5.HT ["H]lQnB [®*H]GABA
binding [3H}spiperone [PH]WB4101 [3H]LSD [®H]dexetimide [3H ] muscimol

’ etc. ete. etc. ete. etc.

Immunohisto- TH staining TH staining TPH staining CAT staining . GAD stining
chemistry D B H staining

DA: dopamine, NA: noradrenaline, 5-HT: 5-hydroxytryptophan, ACh: acetycholine,

GABA: 7 -aminobutyric acid, TH: tyrosine hydroxylase, TPH: tryptophan hydroxylase,
CAT: choline acetyltransferase, GAD: glutamic acid decarboxylase,

DOPAC: 3, 4-dihydroxyphenylacetic acid, HVA: homovanillic acid,

MHPG: 3-methoxy-4-hydroxy-phenylglycol, 5-HIAA: 5-hydroxyindoleacetic acid,

a -MPT: @ -methyl-p-tyrosine, p:CPA: p-chlorophenylalanine, QNB: quinuclidiny! benzilate.
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kv, FODICE, STREFERPEEN
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BCRE, 3)EEWELEN - 9B T8, 4)
D TARBEOZEROR, sensitivity 7 LICER
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RIZ, HAHTEFEICRENERSALNL L &,
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LNBEDT, ZOEMH (connectivity) IZfTEITEE
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% (Lipp & Schwegler, 1982) . ZHiZix, =a—10
VIR, migration, WiZR OS5, WEORE, ¥
FTAEE, =a—8Y0RE EICEDbLLEEER
% &t (Van der Loos, 1976; Armstrong & Clarke,
1979; Innocent & Caminiti, 1980). JEEEZRY HiEdH
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EERAREITIE, HEE, MEEL LEOHE TR
HURETHLY, TRoO6ELNAFEHRIEES
TWa, LD CERNZAEITDETH 5.

Wi 27 b DFIRZER L RREEMIRML, £
DIfTE & DEFH Y BIR L7726 E LT, Schwegler &
Lipp OB %2 2H 17 & W B, k% 1%, Bignami
(1965) = & o THEBIIY (BB AR % RAZ & L CTi

BIREN/Z-RHARE RLA RS v P2 W, i
B O regio inferior (T J5EB) O SEAHE O #HIR g2k
ANYFTALTWBERBIMEATRHA R X D RLA
ROFHEWT L% R L7 (Schwegler & Lipp,
1983) . RICIE% i, HRATTAD T R#EEHW
THEBH A O] RE AR & BREHEDO K & SIZREOMM AT
HhHZ L, T/7Y AD heterogenic stock 12BNV T
b A U < REBYAY MBS & BIRBHEO K & XICAD
HEFH L L2 RH L, BE regio inferior M
HEARMATB AL C OB RS > F 7A LTV BE
HizE, 2B BHEEFIEN L ERL
(Schwegler -& Lipp, 1983). % 7=, connectivity ®
EEPFHIE, TN, hrvizzhzr bbb
THEEREELTWLLEEZLNLNT, 2%
ELEMIRE T A2 LIMETHA . T,
EALEMERETFHI ) E LTREENERY D X
OB EHTEAS.
CDBREOFE LT, T ADERRZREHA VS
Ries 67 V=T DWFESHIF SN S (Ross et al.,
1979; Reice et al., 1979; Baker et al., 1980; 1983:
Fink et al., 1981). k% i~ 7 X @ BALB/c] &
CBA/I1 ®DF v kBLEEE (WTa—- VT IVE
BOEHEEE) OFESEEREL, MOL#RBMT
BALB/c] #SCBA/] & D ZERICEHWIERERT I L
TR L7 BREEORKEIZ, BEEAOED
Ry, BESTOEROEROLLLPNHELD
TWREEZSNBEDT, Ful v KEBALEZEOH
K@ immunotitration (FIEHE) 12 & » THRE L 7>
LZh, BEFUHOERIBREANHETENER
PHELTWLEI Edbh ol RIC, Bon-BE
EEHDOHENBEDERY, —2a—0 BN IER
ENLEEEFTTFOROER LML TVWEDH,
HVidEE T SCHBAOBOER R L TV
DOPRRET H72012, REMBLENHEICL
TFudy VKBLBREF =2 -0 v 2B L,
Za—aroFEElE L. ZoOkE, BALB/CJ
X CBA/T X ) b BE &K F—1Iy=a—0
VRDBIGEH TH HRE — A0, BLUHRH—
TFHR =3I v o2 -0V ROBRHEHRTHSH A9
OFuY v ABBERER= 2 -0 Y BDHE N L,
FhNVTRLFY o a—aVROBHEHRTH S
FHMIIZEZEDOZWI LXbh oz, Thb—HED
WEh o, FEOMBLFEN S 7 A DM RO A
BEHIZI POV ENRD BT L, MO
BEIERALIC B AR OTEICERHENICHE LS 2
3BT L, MENICHRIEMNOFRICEELS 29
LI EMRENS, S5 1% 1E, BALB/cBy &
C57BL/6By & @ recombinant inbred % % F \» T
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(Vadasz et al., 1982), $ X UfBALB/c] & CBA/]
D F1RMIC L 5T (Vadasz et al., 1985) F 1 >
K EEEREEOREHN L MF LTS, 22T
WA LEZDOD 7V — TOMED, &b 5 ik
KOBIERSELTWAZLEEFRLTVAI LI
HHICET I LEBbIRE., Z0Z &3, EER
HERIZL VT TRAIBOD T EEIFH NI L &2
EbELLEELITRBICELEBEbIE. BEDOR
EHEBFNTEODEE LWERE, BED=2—
OYROAERETHIEETMRICLTSBY, fig
HEOBIDB I BT VR TV, ZOFEER.
5L 45 BOBRFNEE NS,

Bbhic

BEM - A0k (1983 a) AR L T2 X H IS, 1TH
BIEFE, BET»OITBHRIANOA I =X LEE
RLTWEH &ETH54 7L, ITBIOEG - #Le
WAL BRHITTWI B, 7DD
IZRHERIBZ LD TWS., AR TIHITEEREEK
IZoWTTRL, HIEDY A TO—EIZDWTHRN
T &RV, Thbh, BEFEFTBHRIALOM
KATETHHHB1EEY, —2—0r LV THERT
LEROFEIOWTHRE Az, T2ITHBRTE
729, LEEORHSE T NITERRERIE,
VRS LD FO—IITWERE L LTEN
FAIENTE, ZFOI LIS TITEE
(Molecular Ethology) & V9 FERRIZHRENICER TV
HEWVE LS. ZOB/HRIEBYICIFTHOTNT
FHTFLANVTHBLEILTHHOIZEI 2 0%
WhHTH5, MoEREE ORI, HWsH)
R EBRFEOHE,LRITEA LR RY, LB
OB B TWVBEPDEIIIAZ L. LL
Lh e, ITEHEESFE IAITEI~ OB HFF58 % H
ZEREDLEHIEEIH L. ARIIBVTIATE
FBEOER»SHZERSELDORIFDO-OTHAS.

L7225 T, FRBETR7 70 —-FI2B8WTH,
et &+ ATERE 2 LWhISGRED, L DRA
124k, TBI2 ISR T 5 D CERE 2 ME
Lo Twh, ZOEWRT, FTEREFENDS H—D
DRNTH A, THOFEG - #{brMELTHL
FHELTITBIOER - REEHERL LD LT5HA
BESBOFLNVDIFEIEA TS, ERLREL
s Bbhs.,
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