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Behavioral phenotyping of transgenic and Knockowt mice:
experimental design and evaluation of general health, sensory functions,
motor abilitics, and specific behavioral tesrs
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L. Introduction

Torgeied geor maraang reclarsloay fepresents a poTeLr-
Al new tool for biomedicn] Tersarch, Wien 1he aryeted
gene is expressed in the bran, e ehyvioeal phencorpe of
ihe mutsinl mice nay reveal penetic mechonisiig yndely .
bl ourmad hehaviors, and My increas: gy knowledpe of
Eentic §actors in aewropsychiateic disorders, Transseic
aeirg Hawe it 0o% gens, or an additianal COpY of an CAEsLng
geee, pdded w the gennme, Kaockopr muvae Bave E N Alaluieys
e deletion, such that no product of the muguaed Heoe s
syothesives] in the null ouksnis The methods e dewebinp-

Tl 4 0awgEs e 4 AL I T o)
inzr el Prodo.rih o
' Balishal on the Wedd Wil Weo an T Dipcembe o,

ing the murabun, sod Ireeding simcegics o ganerate nul!
nubios in dbe F2 and subsequent gERCrativms, arc oxem
sively deseritwal in this volime and elsswhone [17,54,74).
Approximately 100 diffzrcar EFDGS eapgessed in he
vertral neryous syelem have becn Targeted and phead e
i Inmsgenic and Eoockeuwl mice o date [4.11,52,54 1!,
Repocied lepavioral Phennuypes ibclude aherramt sl
reprindeciive, und parenigl beliaviorz, aggressica, bocdies
dhisorders, learning and NIy Grpairme|s, anxiely-ldk:
hehiviors, snd eltered TCAMKes W untde|resaants, an-
tipsychatics, ethanol, and Paychostinulany drugs of abse,
Experinwgatel dieigm js presently ling oplimized for dkar-
agh evaluation of Behgviomal phenalyping in arataor imnice,
This meview iz desicned o s0gResl peoecil methnds tha)
have been validated in ow laboratery and i e, Epacitic
preducols dor todividoal behavierd tasks can he o in
the uriginal poblications roficrenged throughout the o,
aru] In 2ewers] rocent roviews [1] J6,1%,20.34 35 53, 74],
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L The mke

Afier the routilion hes been soceessfally inbmwdpced,
@ e geoe product shown o Be comectly overes priewed
i abwent, the first cliimery, are mated with wildtmes nice.

& Mendelian disidbudon of B2 olfupdog is pradicted, The
dniin of mouse used e the coabrennic slem eells. for The
dzninr Bfasiolis, ood for e bresding, can greally affecr the
behoviaral phenniype. For exanple, some LM sahsinioe
itg. 1243 and I3 /5e)} have an incumplete or g sing
e vAllosam [42], and perform peody on leaming and
memoey ks {16,76]. Backpmund peacs shi ure rzn-
dimly cootriluied by sach peroagad strain ofien inleract
with 1he mataied gere of interest. cnepting False prosives
[LI516,26,76] Feor crample, bamon Alrbeimer's mutsm
fFamylodd precursor proteik uvermspezascd i CSTEG
ecler ouice produces grovioid plagees m othe biadn yod
ke Jearwingg aiod meenmy on e Morris witer taak [31).
v same oaisgemic mssrtion s VB AR mice did pot
i pligue: formatson and wos lethal a1 oo vooog as age
by Bedrsitg wnsl memmy lemling, Mo aingle siraio can aolve
all of the parentral tyeeding prjems. For soene HApeTi-
mnts, hresding into the 1295y ateain is 3 pood solutog
t-mify the huckground geoes by peing the .ome stroio Eor
be embryonic aren cells aod Lhe pemental beeeders [30].
Oc'er experiments heoelil from 2 congenic breeding sipt-
gy iobr CFTILA6), a standdnd, cootinercially available
chesl sain e shivws dotennediate vabuea oo st be-
awrioral phenodvpes. has beso characienssd on a larze
mmher of heleviomn] rashs el i5 a reasuribly pralifue
beeder |2 16,69].

Mumwbess ol ooimals fur dspdordined expedmenal de
SigDs unl Appnipiate stetistal dests e & mimimem of
MW=/ il motuaes. B =10+ /0 helenugreotes
od W= 10+ /L wdldope fitkensite contrels. TF pender
ofeel ia Aedecred. V= 10 of each gencder ond eacl) BT
Bpe 3% roqueired. Apes of |he apimals ane wpproximaey
wuivalent acruss genocypes in scoordance with the pacls
il the saperiment. For example, adplt mice are best 1ested
between apes 3 and 8 ronplhs; mgcd aroce bebsoen [2 aml
Ik meaohs; jovenile mice betwesn 2 und © wesks,

J Prellalvary observadnns

A cemies of carefully coodmcns! preliminary obserea-
Fon: ol peneral health, home cage hehavioes, SensuCy
iltica. angl mator funciicns is Grst conducted For ewch
murse 1 avoid spucious false powitives. If an animnl bas a
mupwr berlth problerm or . grosz amiler defect it wAll be
unable tor pevform many hehaviorsl tsks for meazoss ol
necesaacly specilic to the muttion, If an seimal §g blimd
o del, sTecific Isehuviorul tests can he desiglicd amauod
te sclsary adeficit. sush as olfactory lesmning rasks for
hlimf muice or woctle startle ek Qo deaf mice.

Our lsboratory developed a sct ol prelimioasy nhssre-
tons and nevroiogical refeges which we use to assess

gross defects in mocant mice [M1]. Ty st stes is likeosd
o "Eiving woor mouze o physicol exan.' The mowe s
weirhed, it baly trropersnene is taken. and 1he ilppoaranee
of ity Jur aod whaskers i3 Daced. 1ome caac lyvomotion.
BIOMHMing, mesting. sleeping, snd fghling pausms ame
meorded. Meurological reflewey are testeel in mach monLae.
These include cye hlink. car twiich, whisker twitch, and
riphrune rellex,

W'e nern cvalwite motor functions. Bacl mouse i tested
fur mrmal exgplomiery loconsotiin oo the Degiscno open
fuebd [56]. The mouse is ploced in the phorossl) ejnipped
autemaied open tield b for o 5 min e session during
which te Accicio softwace cillrulates ol distanee o
ver«4l, number of meessmens, hurgomntal BClavily, vertical
Lotivety, and cZOCE/prenmeter time. Each mowss i next
tected for medur coordinalion oo the Masile autcanated
weeelerating cokemud [3367] ‘The mowse s placed on L
cylinder and the specd of the evlinder pvuton s grahyud]y
ipgelerated frum 4 do 40 sevodulions gei it over & 5-nim
[erinl, Larency Les Gt from the matarod s rscorded, The
11l is approsdmoely & nghes, B bedsht (bt mice can CHE R
Gl aod lard on their foel without infery. Menramuosel e
stremdh da redned by Lhe wine hang s [G0]. The moees i
placcd ém & wize cage Mol and dbe Jid s genty waved i fie
ilic a0 the tnwse grops the wiree The lid §s then fomegd
upside: down, appmiximately B oincher above The sodfee o
§0fl hechling matcnial. | ateoer oo Tulf cnto the bedilipg ig
recarded, wil 3 o0 & cuf-odT lime. Gadl i mewsored wih
the Twdprint tos [3] The two hindpams ure dipped #i
black ink. The mouse i theo thzmefigtely placed oretg
white poper i a dezk waines fummel ajwesimorzly 12
It bmp. The ink f9 then wiped off e fest und e
patteeh aod pRebway «of the Black futpriots on e whie
PEpCE ate olvnlated,

Senzork [uoctions ane tbem asscswl, Vianal ahiliry iy
neqrursd n the visual eliff e eonducted i B box wiln
Ledge. The innee sedfaxe of the box jod Iedge are cowepod
with hlack amd white checkerboard contact |'aper which
emphazizes (e ledge deapotl. A& piece of clear Ples iz lus
fpuns 1he ledge o that there is o actusl drup oft, juar tie
viswsl uppeurance of a Gl Mool mice will slog o the
‘elpe’ and eaplore the plexiglas Auoe betore walking
Frward. Blind anige wili ma ses the appmamee of Lhe
edie imil wilt walk forwnrd across the plexiglas immeds-
wiely. Hearing i3 aascssed with the acoustic startle Ty [54L

e eeflexive Minch and eyehlink o & spdden Jood mrse
curmpriss the staenlird Roowslic sfurtle response. Ao audo.
mated slartle svatein is wsed to defiver the stale spmalus
oed measore fhe cosponse of the mowse. The IEoLseE s
Maved in a srmadl cylindrica?l mstinimg be witen o
souliichallennaring chirmber. Stinnalus fonce are viged ran-
deqly frmn 7)) 9B o 120 JB. 90 e duentica, i she
presence of Backgronod whin nejse @0 B o1, A etasdarnd
bateery f lunes beging af threshald sound Jevels of 72 ond
“1 dB, incluces moderarcly losd tones of 30 000 aud 1Y)
B, imd eode a1 ke loodest sewnd Jevels, 100, 115, and
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120 IR, whols hody dlioct amplide g aulumaticully
mrorded by the pressare riosdurer. Toctite sianle 5 inea-
sired by whode body Hineh AT (e 5 breet pu il of aic
ilelivered by the svsteen 1o an A0SR near shie face. A ypical
Setvsion lagts for abege 30 i, afer which e mogse is
rertned b the lnime Silge. Renze uf touch can he biilg ey
with %oq Frey hairs, mucle of rhin wirce which e used
2enlly wrch che fonpads, 1o mewade e cedlesive pwigh
Iy wwch, A sioyple offuctony rest cag be used, o8 lakency
O ioaie a0 odifreons pisoe of food. . @ pices of chepse
D S 0f peannr bniter, v grder the e ing clegg
R0 VAR T tirme speent SO o ievel udor ek i3
vanil'a extrac) paied g thet rcit cnae wol,

%, Specilic iehavieral fusks to pest discrete Hy pothrses

Targeted grne mocarion i desipmed Joe aloegs spocilig
hypothewes afing rhe behindorl role of Eene The ser ol
Specitle Lebavemal 1asks o be uged fid Behavioe] phepo-
Irping ie decigoef avpd Ihe hypothisis. Cenes Jor e
WECPlides i the hyparhlame mught be analysed ey gesry
1 fezding bebiavines, segoal behaviors. and sitess-sedazed
heliavioes Signalling peney Lxpreess] in the brppocanpns
Tuight b analyeed i 1ess b apatiod keamming and eIy,
ooy for seTamondn PERePLT Ul ypos might be annly e
T besn of agpression. Terding, aml mousse befuyioe, Tl
Yanb & symnlems: of fuman degmesgion. 4 fearargh
kpow ledae oF the bebaviapal literalore i requined o chiboe
tee oprimal cunsteflation of Belmion teas to oodress the
eriticiil by potheses,

In some gRse-, toals desivmed Jor any con be derecly
used for mice, Fer wiaaple, the Digisean autoneted ¥ e
Beld warcky cqually well fur rats and mice. uod the resi-
denl Sintrucler peocedure for HpElesive bebaviorz is appli-
cuble i males of hedf species, In some cuser, e eULp
menl ca br smudified foo ndee fen Sy by hiilding g
smaller sercon ul the g e apPpicatus Ror example, g
nkUaC rtBzt nnd @ mouse clevaiy Pl maze e diwe -
oo veisions of the fal redaned skt ral elpvaled fslyg
MRAZC. IR sope cuvee, Fe cyuipni=nt muse by chaoged 1
atvemuuedoe: the bebavinr of the noes, Fre rxamplz,
lighier weight levers wliaw dunooze o eoadoe 8 levey
oss Losk inoan cpcraan chanber ilceziatively, 2 Il I5E- ke
insert replaces the lever in an Spcnmt chamber o apepler.
Sle the aroskiping provese, beciuse mice send pg cxplore
dark Fole, gy eadily 1han wey pres leves. [n S
IS, OWne am) ral Beligviors gre oo dissineilyr, For
APk, savial inleracnpn s #aElly measuped bebgeen tu,
ral placerd together o a gew ERVIATOCAT, BUL mice el
PILMarily expione the newy cuviranment ruther hay IRt
Ing each ouer, Rara can Perlomn comiplex sperans gk
which agewear 4 be Jir boyond the alxifitics of mage,

Thi orticle prowvides g avervrEw OF several bebiyior]
Laske gt our lalymutory ang cthers have vilidare: for
rice. The waks deacribed i thiz seview repreaeny only a

small subast of ke anplicable Behaviing o availatie in
Lhe willer bnshqviomg Beuroicience literalure. The ragyder i
veferredd 1o gl mEny exvellenl cllapters jo s vqume
which dessribe mulriple wske in specific behaviarat de-
s i naseh greater el

Recause carh sk by i own lirmitations. it is begl 1
Eploy Joudriple tazk s for el beBaviorol dumuin of ine.
51 1 ikvoid falie nepugives, Fop vLALIple, & matation - 2
genes eaprossed Jradnly in (ke armyedaln ey pngdie
Perinmiange debcits o Frar-condivooed lracning Sjgk:
which require an intaer ainyrdah, Bar not op eralinl -
BARON learming fe.ks, whicls Frquire @ incace Riprpocam.
Bus. Wlen scasony or motoy Ueficils are diteped cluriig
the mliiningre ~orcen, the chower of the rmrltipale panky )4
hmited by the Plirsical difafility of tee gaiag, Enoui-
edgible Sehaveoral AW sCicelise o Aemerelly el
PR thiee gond ks for sach e of behovur relevan:
L each hrpnihesreed fooctiom of the Eene prodo:).

S Fegding

[23.32] Simdarg armounrs of 1ood are jmayided Ly the
ImyCligatie, Anber PP i cludlenge fear mome
g consumption of a Palatable food source ar iy
Tdreutnients duing & jeet seezion {17} A high caty.
hedrete leigh £ sourge, spch M8 Awetlned condead
milk, cunkic mazly, or a omenerially woiilakke T rwdzred
vhotwe déct. d9 prvided by Tlean towl cage. Tl e
Fliveed o the cage for ehe E2xed Urng period, Alhemative'y,
& twozlniee ixradipm invalvey Prosemiatenn of the s
dlict in g f=cond food MoppeT st [0 the slndan chiow in
an jdenbcal fiod bopper, or presenition of dext Irquid
snlirtiony i aepacaie water botiles, witached 1o the b
cage [3.70 Foud eor water sestirtion may be perfornoey js
special cHvnmatinga;, BL I sndy 2 meise Jhay repicleg
CNIREWINGHED ondy after ag overnight fagi, ar ax g I sdary
CERnpoocat of food o ouler reinfarcemen in learming opd
INEWLry taske,

2 earnjug g MAIRETY Ty

Mirms swim szks 1517 e Pwen stindardized g .
W spatial nasi o leamiog ;iod MEAHY in Mg
[15,71.76). Each MRS 8amDa 1o swiin in o elronlar puxa] ol
WAL bo hovate w euhmecwed hinden Placfic, The wyp
wevel is 30 om devp, nisincained 51 A0 wigth AQuanum
hesers, and chinges daily. Mim-taxie Crarvola white pain
i alded 4o ke (ke Witee wpaque amd fie Plaitam;
invirille o the mogze. A auroneited vdo Taking sap-
WA SysteT s wead o quantitile swim sprcd, 5wy
Fathwiy, labcrey bo seach |he rfutfoem. arnd ticr BLurd iy
el of |he four quadi sy of Be pool. Mice are eyeol ke
SWihnmers anad Toadrly diy theanselves gl ynd ot aticn
eemsrved fmom L pra] Welyle acditional drying ur lyear 5
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wsually nolL neccrsary. a sl eloth is availahis (o dry the
nice: and o hot plane is ovailahle oo Mlace undcr the cage, if
Jeerded. Dunnge trairing on e viaible plutfrin ack, the
Metfern §s eai-ed gbove the surlice of e Waler, o7 a
rrmitenl cug s anached o othe Platlorm o eslend alxve
the sucface nf 1he water. The Fuuse ia gendly gwided to the
plarformn by the experimenter and afowed Temain an the
Aaborm fur 30 = The mowse is then riced along the eclpe
of the poal, fwcing the weall, in one of lour rancleyoized
start Loculinne oquictistant asipnd e peritixeter, The rogse
Siven €00 5 40 swim to the visible rlattore aod 2l lwed
fo fesnxin on ke pladirm far 200 5 Lareney fu Hod the
deibe platforie oves fonr soccessive tials s ressorded
Hicz thal B0 pot swim 0 the vigihge Platlimm are noted,
end given furher guided traitn g by e experinenter. Any
Toilse That does not swin, god any Mok that only floals,
i5 eliminawsd from ihe cxperiment Mice thi lean to
Wvigale 10 s visjble plactacin ure them frained oo Lhe
hilien plutdinm task, The platform |- subrierged bebow the
ifuce of the warer, so thal e Irsngs canmab soe 1he
Yevelion of the phvtome. Fuch el beging with the moee
b gaved in 1l pool, facing the wall, in a difFercn
Aalranr on egch gl Mis) Acquisilivn Irsining on the
hidéem plarforn task consists ol tom or dhres blocks a day
of faler 1gals per Block — B 12 wgals Ter day, or these
w live comgerarive duys. Feaer nials per day may be ol
for mice thal leam eapidly. More days moy i needetd for
mie Lhat Leank slowly. Alber the UTQUILI NGO Curve Teaches
the perfirmnne: o lege basrully MI-20 5 Indtepey 1n i
the lnddden gl iforian), vhe prohe drial ix a@mindstercd. The
N iz setmoved Bronar he Pexal “The rrouse is placed in
the pool foe a singde 63 5 160l Time Epent jn the erained
qUalcamr, wiere dhe Platfurin waras TEviaosly locaed, js
eonpared 10 Hime spent in the other heee guzdrants, to
fOnCirh acguisilivo. If 1ine spenl in the indoed gogsdrase i
vigeificanily grexier sbhan Hme spent ineach of the other
Jratants. the mwillse haa lenmed the [oeation of the kidden
Fafimm ezUier then Tiaving Mearoed un effociive gesdieu]
wireh slmibegy. The prohe toal i geocrally ndiministezced a1
o endi 0 The Lest rining diy. Add#tionel ponhe triafs may
b admipistere on subcquent @Bvs, a5 a wensore of
Heatici. Additional fesicing by Precede  subseuent
prohe idals. Amothce approach is ol reversal leaming,
o which thz ewwrse is fetcained with the hidden Tlatfotrn
i imodter giendesnt, Prole el lesting 3% sjmilarle con-
date] after reverzal InIiDiikg,.

Cuerl and eyngtzxmal corditingiog i a fear-cimditioni ny
ek Brat mewsures meinony of &n wyorsive EXperence, an
the stioerli pecsent during  the  wwersove CXperenan
0.18,24.37.71,75]. A sizneland 1ootsheck shukls box. of g
pecialived antmated freeze iugitor and soflwame pack-
v, is weend 10 cominoe] foemshock Uelivery and to sreaeure
aslion ol Ireszing behayior, Freering. a sandard re-
P02 0 3 slden aversive atimulos. is defined s cenn.
iz behavioral finmobil ity SALCPL fOr respinition. ¢n day
L, the moaae ry Flaced in 8 cliamber ansd allowed t3 caplop:

for 2 min. The clamber i« #quare und illuminzled by
nelladl bowse ehting. Ao audinacy stirmiplus {00 dR while
natezh i+ shen presenced Hor 30 5, Cge frtshock, 0.5 ma. 2
& tharation, s thea delivered. The andma? e then Lefl sn che
eage lr Ak 5, then reormed 1005 holie CHEC. Chnodpye 2 1he
TS in retunsed to the sime Lesting clisrobee. The e
fpent in freezing bebavinr is meqgsued NVYEE A3 -mn
porid. Tetal nnmber of socanus SpCA in conigplee behae-
Hmu] oameshiiity s teflied, One hoor luler the mouse 1.
pleced D 1he sane teztiag chamder, bur e coites| has
Becn changed, The Erid four i pow covened ol plei-
Elaz, the sguane iy dividej by a jdeze of plexéglas 10 o
icengle-shnped chamber, o red chamber light iz vm, and an
oulor iz painted onty the chamber walls, £.p. wienille ur
lemen extrac. Freewing s quantitaisd foc 2 inin. Then the
aixfitory cue by presenced. Fricoing 2 quiantitarcd e Lhe
At 3 min- én the presence of the & g8 whife poee cwc,
The armase is then retummed o it bome caps. Tl
MWTONY % postased b meusieing frecqdng under o e
catdelions for sach mouse: comieEr, altercd concest, ynd
aeditory rue. Clambers e furcaughly cleansd after eh
st acasim,

Maze Jemoing and avoilimae ks e AN e hes oldee
leaming and memory tasts nsed jn rodenin, Passeve auxl
active avoidarce tesks measure methucy al an Bverjee
axpericice. - thnwgh sirnple avoidance of a legnrion in
which the averaive experisnee wecrmed [B44.57,67] A
ramnergially sveilatrle gaturniked UppRTARUS QOnsisls of
twall coleied chambess, one ligheed. one dark, Mice femd
W preter 4 «ick envioonmeent gud will jemmediacly =ncer
e durkeocd chamber. Paggive avaichnoe s a4 pwn oy
Gk O elay . the fesiving sevsann, She monse e Flaced 1
the lishred chamber For 10 s, The Uuor oo 3hie dark chomalser
ia then opened, and TLEACY 1o chier The dark charmber js
masoced 35 o coooad tar visua) abiluy snd rector auctiviry,
lmmcdiaiely aler the moure enrecs the dack yhamher, g
M3 mA, 1 5 fanmshook s delivered, The mouse remuing in
the <fark cormportenent for M) s afier o vock o allow
lomnaticn of e peziwivtion hepgesrn the durk compart-
mwnt ond the fooLhock. The mowse ic then refaeuel o the
heme cize. O day 2, the fseenrion oy aessainn, the srngse
i placed o the Tirhted sonparimment aad o door e
Opcred. Lalency o =gter the dak GO meoiil 2% -
surcd, with a 30 2 ciyg-off 1ime, The mMuuse s thep
reiemed 1o it home cage. An wdditionad EXpOsuce to dhe
alrgle foatskock oo iy 2, Malloped by latemey to cnter e
dark va day 3, con Iw gszd 6 cistaj ndditismal infrrmodan
UM acgprisitic gf passive avodiimes in mice wih appirent
Poc acguisition. For acive avoidance, nzing the ~ame
<hanber, with the sime Parametio, the Ise Mok move
ioo dhe appasite charmber mn gvoid resceiving Ji foolshook,
Litency Ju coter the pon-shocke? chanther is the measure
of learoing.

Spatial maxe Logks inclode fhe T-taze, ¥ mazz, riclind
marcs, and Baines maze |21 301,58), Avuisition of lacn-
iy of & Ferprorcer nver fepested inals proeddes he mss-




SR el leaming ang Klemry, The Hames nuge v g
circalar planiaee, 4 MRl v dumeer, in ik M
holes, cech & cm ip diumeter, are equrally spaced aropng

W podoc 1hcir nosey D heales, SRy to expluee dack
Mdes which sy leud g SR IR WAy feom
Lighited. apen fielg, e of the hiles leads I w duzk
enclused Inn Iooared Just Below the cirey Plaitosre, The
funeze i placed io the couter uf e Plarfonh umer 3 span
boe. The stan Box ju firted and 1he rmouse g wuided o 1he
EetApe Unnel whee i remainy e | min. Thea the mogge
i% placed luck i the start by gy allog) g sxplom Ups
Auzc. Whan the mopse §ods the cormeat hede CxLApes
inte LR ekt bog. Tie mungs is pllage| p refwin ir (e
Exgdpnt bow fir 1 min then wermved from the Doy ypd
Biven repeard |ryls io which ir i, Placed in e ooy ot
the plalfonn jud itllorwed g =5plowr fur § min pee Il

lewsite she waael Rale, distanis Iravelled, apd ‘nimhar g
EITOS O eoch aning Aoy (Roees prkes oo He joeorroct
hule) rovide the ez ol aeguisitiog,

The T-nwee i shuped |ike the Jperer T with either e
Leit or npht sem CHINGNIRE coReeqled Curs. Uloe Moy
led petlet or 4,05 ) AP waber is weed For food 4o Wilrer
minfurcennL, spectvely, o lood ap Waler restriched
T o vel¥. Ik e confinuggg retnfi mozrnane proce-
duie, the mrauge fs Plaved in fhe s1an g of the T, gl
Mexplore e mase gl obiain the reinforrcy. The O%ni5c
Mast then retzin g rhe sy box and chonue e QI
I the et Il e obdan the teinfurcee. Taclve trial:
BT Loy are conducied Jor IR I 1Y comspeHuee daxs,
ALQUISIIOL of [y peoccdige und chopew BUgiracy in this
ilizenation task s he Mewsures of proceday g levrm-
ing alnlitim.

[#8.84]. Fooel yor Wilho1 restricted mive gew hahitusied y e
sIperant chiariher g, shiped 12 prezx (b loyep For 1he fund
Caerall oo pelfec} vr waer {iho5 Ml tap wat=r) reinlimoer,
Terpertively. Mumber uf e 0 avquirg the bever res
sk is the simplest meage 0F leuming i maice, The e
crknplox DOR-nacching o pogifion rpgk TCQUITRS the mause
L LTI T Tinfovement fiwr pressing the DpMEite lever o
ther Rever § iz i the previoge igigf by the cirg lamp
afree the luver, g discriminar ye Fo= e 20 tank for mics
TEAUITEZ 1hE nause 1o pross tee lpver unly whien the g
lighe 15 illersingted 0 ohigin the winfurcemeant, ge 1o Irzas
e lever vy during e pesiod in whigh & wle % oo
ing. Mudifications of the 80 nperagne chamber B mjce
iy Jevers ar e smalfer aod more sengitive o he
Bk of the muwge Baw, and i nodule whicl subistfuies
the lewr Igr oy vg-puke into o dark frle, 20 obirniny e
TermEoivement

Muotor lzarning iy evilisled by jupeared daily Lesting on
thy oodinnd [an]. Eeductng iy laenay o Fall, crwer mECured
To-ing wezsiong, Frovides o Megmune of g ebiellar leaming,

1 LM Cranten £ Bran Hereaioh F05 [Ty P

<1 Famn SERIOITY forty

The twio methogs g AREEE ATHETA hal hive |ysp !
Well vafidawd ang SLindurdized five mie are: Bl tail ik !'
and hot plude ks (22,62 66] Tail Nick necie=prion gee. |
fures a gwnple spirad ellex i oy Butdzn, parniol sheongl i
chrpulus 4 Thotdeam is ysd W Apply & hent storulng o
the Wil Latency i flick e L3l st oF the path af e fich:
Beiim 35 Meignrag, The nhowsbeam ix Blned ooff &' ghe gl
i not Micke awity within 15 5 ry angig TisEe darnpe

Hor plase neciceplion 1 a simily bl whivh reyuins
higher beain cepeng, The 1ngse j5 el on e siwrfage ar
4 howslate which js Mesntained g 50 AL A plasiie fmyme

PFain NSOV 19 Tontslicek 15 dngaaed tr threshglg
WNalrsis 42 ¢ cougepl £ur proce [urey Ieyuinng o Focdaazg,
W aOE of R learning gl Niemary Bisis dediibeg

dveddance vhainher gne he motse jg olvarve fiw Finch.
ing. Funpiene, Bimning, ard wirclinting, Whey thess ha-
Bnviers are usereed e wwquepee §3 Temtinzbed, The e
Wurovy boping ity ¢a7s MA Gind procesds thiuegh 0
WA, OLPS mA, 1125 mA, and 11,15 WA, qud 045 A Elpl:
lobhacks ol ] 4 durition esch, Mos, Wik show hehs,
e eespnnues b the: Lowzp IBotshock lovels and Therslee:
o anig b ve fhe bigher foorshosts,

21, Anyie e-Felqred behavi ry

Lighr «s dupk explucation iy an eBuHogicully-ba.ed -
nroach-avojdiens: conflict tesd whick ;s Bersitive fo g
OlybC diug tregmegrs U416.18,45] Wige refer g ik,
Clklosal, sinall space geer g trphely lit, cpen, Targe s,
Mowever, mice are afun fiEghly cuplaratory, The lagdy e
dutk eoplemuting Lask repqesent, IrRuatictic conflje) pe

apen lield. The roogse o piaced dgpo 1he fiwge, Tighiea
conpartment of g Lwio-comipkirnmen; cheinber. The moag o
mcated by enilpres vhe wlievining small. dork. enzliged chap
her, thep SOErEs back inwr the lager, 3¢, upch Chamber
Mumiber of iransitinng Belwoen the pwr chantbears and 1im.
Spenr i eacly cltamber gre BUIDnIatiesl v reqoy ded through
& phutagsf| AlTayY acrois die ey lpr IEr%een the two zha,y,
Bers aver a single 1-min pogr aCariar. '
e vlevan MO: maee rack SINUGEIY moasg e g
oonblicy Boiwesn eplortion of o v ETUvireninenr qnd

sdditioal foclyr jx fha) the s0fare iy maige 1 e 1w
the e, The elevaied plus mppe i mothe slape 0f gy -
T pliemere 2TNE ape digk Ay Cholosied, wiile sy,
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Aleenele wms are ofen, i, am) withnul 2dges, The memas
& Flaced in the ceotee of the | apd allrvred oo explose (he
waer for 5 omin. Mumbers of Clitries b the open aces
werins number of sl am eaides, snd time SOETC 1 rthe
P AT Crius e 2 hisedd aimos, provide te reessoees ol
anvied¥-telaled belwvior,

The Digiscan vpen rield men-ure of cemtor Lime wimg
PUMEter lime gives o logs spegifie inensone nE anbs imbp-re-
Wezd dwehavicas. [noa b iy 7 apcik arem, mive will pnd
lit sy near the Waalls of the open Ield rather fha LI Lk
einter cedion Habitualion o Lhe newelty of 1he open Feld.
L2 reduieior af perinicler e aod increaze in the cenler
tine, i5 mesisacd hy recnmling schivitr in 5 min copgecn.
0 anlervads gves a [-b period, Beprated 1 B oot oer
wirl dire pives g furber gwegsare of Fabituition W ke
av=sins prpecdics of fic imavel open Hold, While the e
el test is nnt B sperific dop #nxicty-relaied beluvioms,
the CCATEC HIG puicariberey Proveicles some dndientionsg thyt
tn be sl 56 4 sturting podnt fer funlier terling oo the
M2 ~peaific i0Xicty-1elabsd fests,

T3 Dlepresriom rolarsd baftqvonr

The Pousolt swian 12sr i rsed o evalale " helumioral
SESREIr” 3 measure ol failune bo seek cicpe froo an
eeersive s, [63]. The M= is piced i g cx¥limler
A ceanperaiun: g waler and surithrminge belisyior i
shzeeverl aves o [0honin fest evdon. The waler iz agprosi-
mealy | Linches desp. such that e anamat canned balance
Al fert or tail. The water soefcs s approsirinely &
inches fmom the lop ol (he c¥linder. wuch that the anjmal
wmot jnmop ow. Redenis wild Eeocralty §ocn, Aningy
baed with ceviain drugs or Legions will Hap ~winninge
nd will @oar. Eloating time is considensd Ihe imeayee of
[0 RN behaviems, in ki the jm3ma)l bas slepped
wimming and ‘given up on linding an Coilpis rexife,
Flrating fime is decneged by iTearienn Wit imtidepoesean)
ragz. Amy eouse Dal loes ot z2wim nT flisal i §mzredi-
wly wniewed froan the witer, Al the et of the 12 aren
e st ther mowse 5 dried with o (ol and renemed Lo
i B cape,

45 Nedizophrenie relared heiaeie

Ceficils i prepulss  inhitition oo Cmman  in
whicoplienic palents anl may measwie wientrone] dyz-
nctrms dwl contbate o andiiory hallacinagens [27).
Frepulse iohibificr: s semsonimotor FwEny ceflex, simi-
brly quanuiated in rmice, Tt aml haimans [27.54] Bhen
th slartle suirpolusz 1o totfedineely precede] by o milder
sinndus, delivered Untiesfincedy befare rpe Aari]e samlos,
e ouse will (Fingh Iox. to e sturtle stimolos, Frepua)ve
nes ol M, B2, 01 0 dB ace andon ly prevented 166 mee-
hefors each ) A8 or 120 did s, leme. 'Wholz hodre
Finch omplaude is i avlomatically recorded. Ta aval.a-

#38 A BLTIE fensory cpdulins, | Pufl ol adr is used as the
Prograse. buliorr the acowsi or raciie starile strmalus.

4.7 Bovea! befacies

A wvariely of socil bekiviors cpg ke quanztaged b
vidiwtaping e mice ower 24 b penisxks Tk the Rar yape
[39). Dbservations duding the night are ronducged urier
red hght which does por Qs the mice. CGroup hiddling
while sleeping is ene chiracteristic of noems | moWse woatial
behiviar. Mest building cim be observed avel o I-h prericd
after placing w Westler cocton w[uare o otler necing
ronceeisl in e Hose of the pome cnac, Mepil of pes
Prvides o quamnitative mensoe of ae. bilding, Flghiina
et ber quanziited Trom g wideatiepes by cooning musber
and duralion of whacks,

The tohe resl for smcinl Jnmiozmees CAll be Wi o
evalnale sgpressive hebavives [39.40], Tan mims e places
i opmIziee erdy of a plexighes whe, % cm m diareter, 35
e Ity The nnge thirt advances Peyond the midpoin: 1
eorisiterd the deminaor male, The Mg i) acks aweay
frorn the nidpoint js vemsidezel the subordingte anyle,
Mice wre roingved mmedizlely alier searing, Fishting cles
Lot ssceer,

Lsalanon-indnced standand CEFRIETE Al Tesicerit-in
trsder tesung for appression in map mice s Soodmgred
Fokbing o establi-hed joefods [1549.53]. A At kierid
sichordinate w21 opponen male i, Flaced in U cage oF ihe
w5l male. The 1ed male bas heen singlr fwnued  lor
ApEEOsimLtely noe ennth, Attnels over o A M let ges-
Sivm B 1he cest e are somed Eor Lieacy 1o fsn asnck:,
nuenber of gttacks, number of hules, chasing, and raii-pat-
Llirig.

Al Seawil fhed reproducive Bl ines

Mowe sewual and parzat) bebaviars enm e ool
wiing stamnhrdized metfudy [12,55.65,77] Male syl
behavicr is guanticare by nhservarional wethods far Jazen-
eres and frequengies of MWhs, N0 rgissinns, and ejarnla-
Lnns, Fermale aesual behpvior iy quasiitoted by rrandurd-
e nbecrvirions rethid- far the lordusis response, ¥rez-
nawes and nymbBar of Eups deliverod prr Progaancy are
rieaate=y 0z reproduciive suegeee. Toactatinn cal he soppe?
iy am olrerver. Presence of tnilk £ ther stonch of the P
can he paceriined jo casm of carly postmical deqch. Fareneai
behaviues are measared by uuntieting remicyal of pups o
the nest aod sitioe with the Pup in the pear, Defure
REARING, inidnted mows: pips cmin wlrasonic vzl cirdanie
whicls aler he paren that 1he pup it oud of the oesr and
rigmers idricval behuvior Cfactory cuss are waed by e
Daenis tor iskendily rheir o PUFE. LQEI00Ng parengal
hehaviog: povider a aood exunele of the neod oo,
fersary ahilitics befere vondwering a specific real. I sen-
S0y abdlities ane ol estsd, the poecnl may ke deal or
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deEmie due o e Mutation, amt gefiies n Pparental
Relivions car he Dverinterprer| (9],

L Adilicriog ora EL

Cigad TEdiEms ace aviilabe o ABEDES TEEPOEIVILY (o
drugs of ahuse ig e, Relf-adwinisiraticn af Urups o
abues, including uleahpl, vosding, merphing, and Rivetine,
e mednered in price [i..t?,JH.IE,E';I.dEI_dh.SD,m]_ Thuyes
AT sel-adininistered tnvenously ar in the dricking -
b2 Corditioned piuce Preference quantila e phe CCwirging
bl s cregted by o+ dig tregtmen. Mueaswies of
Irledan e, ceprodence,  ane Wilhadrawes ] SFMPurps  are
quiagtialed by an ubserver, using sanclardiveal sooringe
Tucdnods,

& Concliesjons

[n the: apinig o fhis mthwir, the present eeehnokagy for
‘B genciion of muant Indve 15 meoa? waeful for mode fog,
the seruptaruy of SIngle geae mcation hegan hersdiiar:
disiges. [ehuviaral Ehemabes identiie for Tahsgenic
i knockent aize dhay Jeanl e impartimt peedical Brulirs-
loas, When she matating i, Heacgned tn mminic, the Bene fic
Mulatica in & hung hereditory diveuse, the nguse bk -
i) PheROtie can oy ve to eraluabe the I aay o (e
BRaTREL Ronica] A peng therspy ITeaneents [9.6.77 50,
Goluvioral POCHe Y pes Tevmilad in muacant miness wripdel
Wb this scrve as yonalijagve Wiigah: markers to Jest the
effivacy of polenar heitepennies,

Twi nuior problems ol i CIUTETY lrapseenic aqnd
Yok techinolioey Bt jts yscfutnoss to e muire gem-
eeal study of (ke e of ECee B0 noginal and pRaogmal
hehaviers. The ficst i the presence ol fie nucanon an gl
“ella. A poie sxpreseed in U brain My alan b exprasged
i many periphera MWITE. It B impossible to guiign o
beluvionl diflereace in |be AMILLANG memise B spegific:
hrain suucee ¢ Pathway, or cven v o MECVOas 5 bskem,
Tiszee specilip ‘cundiional’ Jmeckoge are bring mene-
el o solve this problem M35,36,47.72], amd gow other
VI 12 1R el The: socond is the rcsence uf {he
botatine fiom e andeg mipes of develnprcw. Guer
TChes Dy compensate turing developrient far le afi-
00 UL the deleied ReTH o tow jhe VWETCAQCaS:.dnn ol ghy
tanspore, Lugk of Belegviom] Plenorype ey he doe 1o

twoll by oo ar moge redondant senus, An observed befy-
wrdl pheonype may in fagt chivaciezize the ol of dhe
HLENSEL Y genc. ngr (e Lmzeasl miiaticn Tempe
rauly-selective iudygille’ LIMSZENics ore being rapcred
to bsfve this priblaan {36,47], und Sbe 0lheT feviews in Lhis
G T

IF evndiniugal and mdezihle mutiricng besogse brasihle,
s dikely thal she AT uTl Ko kaur lechonkogy

will beccene fhe peEmicre eenrch ool 1o further op
nnderslinding of the senctic bz of befwriur. Gene .
Loms Sty leplaci Phanmacntigical san, uch as drugs
0L wet e gelecipe ITREOTUAL AL IMUDrg R s il by VT
19T snbbvhes. Ceme muilncions Ihivy ol Tegelace desico of
Ml simEclTes or Padliviays to soedy fhe Funetians, of
ernincenous  megrochemiels Aard neunkmammical Fai--
ways. Behirriamy Blennoynng ek, s LN f ¢ vy
4 I MiZE W approsches 1 e STOWINE unporiniies of
the mucant srigze lehueslogy.
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