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772V 1T DX 0T DY NYNANM NPLINT MNWT NPTAT NN 2°pNRY 09D ,0°27 0°13n MyOwan
0112 DPOM° LY CMIATINT PR Y2 70 7Y .02 C3»n 0w wildlike inbred strains2inonn owIn
7012 .C57-y DBA 130 "oopom" 772w 31 1721 092 7T RWNA 9%y ORNWT VR RY 191 798 2WIN
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:(exploratory behavior) "2 020" NIATaNg 237 2w pnag (1.1

TTIAVT LT3N WO MIATINAD ORI RO NPT TORWT IWRD MIATINTT PR POW TPAINRT 01N
WO AVIN YW (MMD 2w RN XYY L1 5w TYRN0D DIPR) C0APRT MIRN2 NIDINM ANTAYN2
MATINT D37 73D TN 0257 MATINT "NAT NP 0°020 (unrestrained locomotor behavior)
man oepw mnonn By ooann pnna ((Open Field exploratory behavior) 'anann noopn'
Eilam & Golani, 1989; Golani, 1992, 1993; Tchernichovski et al., 1995, ) a¥ina nManann2
QMRY 7121 (1996, 1998; Drai et al., 2000, 2001; Kafkafi et al., 2001; Lipkind (in press)
TIRP -TANRT AR YW N7 00 HY orDp (fixed action pattern) '12p 72w DAT N1 PN
Golani et al., 1999 ; ) 79p2 nN2wn 2w n 27 1290 XN 101 IR (Lorenz, 1941) yimb
Sw (collective variables) 091w D2nwnn 22 70 X7 MATINIIW My %y 191 (Powers, 1976
.(Golani, 1992, 1999 ; Kelso, 1995) r°ni

1971 manwn X1 L,(key variable) nnon manwn o X1p31 — (collective variable) *010°w Jinwn
W 0 WA DAY L0000 DIY WA NRMWI RHNTY MK "D nawn™ 1h 20723wn 0OnR 22Inwnw
DR INRY DW WOWTT MIATT ID0R NX NAXAXA IWYRYY M7 9w aYung 95 DR NTavwn nRne
MYUNT IRV M2 M2 "Dma" aYENa 0N0n W pAw 0 L,IYuna DOnnwaw
TINWNT W NP0 NMYCaR NP2PNM T 19INA L2772 79173 KO PNPPTOT NN 2R 70 YW NPIWORT
,0°D1DX MIAMW 1°2 72V PAD MYIDT NIXTY TINWA 72°2077 IWRD O3 (Wana NIOR 77 71pn2) "0nwi
.2"121 72vnT NP7 717 701D

D72 70717 PW RN ,NMINTING2 2POINCW D°NWM NPIAN WD YXAND pnnn qwnna
N1 I MATINAT "INRA" 2OMBW 2NN OY N1pon npon Mo L(Reverse Engineering)
IPIRD MATINTT SR DR DTN I0 OWH LIRXY MATINAT -T0R DN W v XN
2°992 W MYEARA (P 2W NPVRO2I0 N1PMTW MNTATN 2°7A02) I 710 TV 22OVR1AN
VAN NP O Novan d ,aonn YW Umwelt -7 D127 D010 N020RMAIR 0TAT L0000
MdDPWH YR IW NIAATIY 12200 IR 77720 7 777 19w (von Uexkull, 1932; Kull, 1998) 7orin Hw
IR MINITR NPT NRRA KT LRD IR 172 DYV TRXY RO 0K 12,7000 S0 (N1PR°19) NIPTIILIR MoN
2 RNPRY MIEM Nraana L(Golani, 1999) myvia n1aL MALYY U037 DWW NPWVP 0 MM
T 5w 2P 7Y NAD) MIATINAN W 00902 2°Inwn B 2ap? DOV awnnw 19N 002w
2570 "M9°0"Y NPT VORI DR POA? 921 MIATINT N1PIAN CLAWIR 1IN MATY (D007 AT P92
.M2PIY NIPMIATINT NIann

D°1DRM 191N O°PT21,27 PN OROXIVID KV YT WY 'Aanng NpR' NIATING DATw TIva
191 (10°177 77712 712YW pina 95 70) 7o 2w (activity) M2ODi PIAD 990 172 220Yn O MATANT
19 113 .19 170°191 YN0 TN YW AM0IT DY YT POon WK 10912 MPYDI NPXMI9MD Yw TN



nOM2Y (NPT 5-2) ©°IXp "0 *dwna (NI LN DY TWIP) NALP M0°1 NI2°202 0°DTWI D°IPNHN
DW TAAT AP NIAN I NS QP2 PYITN NIPNAR 11 990 7772 72111 DO1INIT 0K PRIDTIN
TOMIT NPANTA RINMA YD Dwanwn L5wn? 0°120Y np*7aa L(Lipkind, in press) 1 2
-2 NPNXOP RNAAT IRT) o MO ARY TNIWA MAAT 4 DW AT A%p 2°Y21n 00010 10 Yw nuwn
N212°2 Y2DY 173 RIT T 19INA 221N MOORD v7nn 17aK (0.2, W anaT axp oy McPhee, 2003
D027 CNNRT PUAYY T2yn MW 2°31 Pa (discrimination) 7IN27N WD NINTINTT DY TIN00
MR VT PAIPRINIDWD D WPRN CMINN D02 AWCIT OO NRR LIRXYOWD  MATINN2
DO P2 TN PROXIVID HYa DR V9% MIATINGT PWw ap°vixa od 1Ry L, (Neuroscience)
no915 1 w17 .Open Field test 1130 M223P1 M0°1 M2IYna M1 77 ARAW 90 WO MATING2
"2 NP’ NINTING 0372 "D0RYP"T 0UN1PI 0°7TR7 N2V 0°O0 DYTTA MINCD ANWRI2Y WRI2
Crawley, 1997,2000; Rogers, 1999; Tarantino, 2000; Bohannon, 2002; Bradley, 2002; )
TPADOMV0Y APRmANA 112 AR 'D1D aY AW MNP 1INTaYna 37ava nona L(Flint, 2003
’SEE - a Strategy for Exploring Exploration® 77121077 7nN9 2°28-70 N 0I2°NIR 2w DOY1%°a pm
(Drai & 0»n °%va namana pne 2w qpnn 290 aanw (Drai & Golani, 2001; Kafkafi, 2003)
anmd 710107 .Golani, 2001; Drai et al., 2001; Kafkafi, 2003; Kafkafi & Lipkind, in press)
DINVIRA N WO P2 7712 NI (Wolfram, 1999) Mathematica 9@ 3907 N2°202
TR 7272 PNNRT Y YRann 1 100 myenra L(http:/www.tau.ac.il/~ilan99/see/help/-x)
TIDW DOVRIANA 2°2pN2 .02 MATINAT DRNWT 00 °9¥2 W (phenotyping) Matang 11PoK 9910

AT 712V 003X 779K 2OTTRR PRI .0°O0I 2O MIATING 2777 NARD YW N oY 71017 M1 YW A2an0m

21210 pnng L1.2

X772 PN 27 neab 190w (Mus musculus) 772917 02092 12N 700 WICWn Mapya
%121 @°20Y P2 297 SVIAT AT D272 MNNRT D2IWTA DOREHAT MIAPY 0927 PR PN TR
Nadeau & Taylor, 1984; Silver, 1995; Beck et al., 2000;Bradley, 2002; Bohannon, ) 27X
112 °DOWIDY OLIX YT DW NIMXY NMND MN2avem mMon L,(2002; Guénet & Bonhomme, 2003
T2 VTNT YT QIR NPINORW MIvA PPV TA? 708w PR NMWYN 7500 70 Mapya 7avn
(Eppig & Paigen, 2000) '0137 LP™MI9'2 MRTPNAT IR? wpannm K27 25wn -'0uon uped'
2 22101 2292107 270N DONTA VTR AR 02121 N20RAW 277 VTN 1911 095 1R’ NIaona
OROZIVID KV IPA V9 WRwn 'MW 'DOMWND'T 1°2 YT 2NN 72VNAY DX 0 .02 NP IS MNoN
:0°720¥2 DOIOINNY YT TIARN? MIRNNT .20
,(http://aretha.jax.org/pub-cgi/phenome/mpdcgi?rtn=docs/home) -MPD
(http://www.informatics.jax.org/) -MGI
.(http://www.ncbi.nlm.nih.gov/genome/guide/mouse/) NCBI 2 2nx2 19



Koide et al., ) ©v792 92 >125¥ 531 9952 72 NP0 9¥ 7222 1P AP°2 Tpnn 0P 797 112 TN
.(2000; Guénet & Bonhomme, 2003

XMY Opon ,anhY 1PYOY NP0 X9 0920 DMWY R 127 R 77aVAN 120V YW PN
7011 MIDPIN NPT L,A0MI MR NAD) D°INDR NP2 apon (DRP10n 15N TTAY PRI 2pY) 0D
MT2vnn 020V S 277 WP 0°7120Y2 A0 219007 2Py ORNY DYDIND WA A 77020 W
RINW TOWDT 72°077 ,PXPY0 XY HW NI5°1 HI0Pa KT AWAINAW DO YOI (22N 212 N
YANWNHI 31 229NN AI2Y T L1 DAY PAD 0°°0°02 MTIWOT CNWD 0220V WIT KD 7230
73 .(Silver, 1995; Koide et al., 2000; McPhee 2003 ) 2°*Ma7ina 20w a7 13 798 90 (7o
TP IN0I YR WK 01 NTIPIR TN WO 7729R 1292 2O1WA 2PN MIREINT YW 9910 1130 9apo
DMWY TIN27 1003 .0ONW D037 12 ARNWT? NN P00 NRTD 0 NTIPI .2°NMANT 2217 IR NwnD
A0 77 7P N2 P2AR D771 73100 D 2707 TV 27 1990K IR 20377 IRWD 010 NTIPID WRww 700 17
(Silver, 1995) n>Mpni NOYALI TN IR AXMNY 772907 037 937 201 MPR INTAY 12T 7T .0T% MR
7290 772977 237 YW NI "N1PWORT NOYAR A7 TIR) DI NTIPID wWAD NP 7720 771°12 X0
o) (Guénet, 2003) Q7RI °12 D8R WRA 72772 7911 77297 0112 DOV MNWAY KT NOHON
TARIRAW N2 ,07R °127 702 AR TYWAY 2OWPAR WK DTN WRwn 12370 QPR NP0
0277 37,790 2WN MO R2Y,N10271 .MIATINGA 12172 TWRD TR ,0°02097 W 127 I1 ROT N 0RNan
AWNAT MIPAWR 19X W NI CNINR PN XY TNTA 120 DINTINAT DROXIVID NN LI0RY 2192
NP (NPIPAT N1 AR DY) MWK 17 92 MDD NRROH NI MNONM 77102 IR "
.(Whalsten et al., 2003)

120 0PN 01 R0 TV 2772VAn CIN 'NPan 1208 BW 027 7 P2 72790 O DXV i IR
MR 798 MYRY .12 37 PRI (commensal species) DTX? MTMY2 "Nw 11 ,XNT 19 MW WK 'N°an
79PN2) mw 10,000-3 *1997 790w 00T ,0TRT °12 DV AT PR W nomwna M0 a? P17 19N
WK (172 DW PRIYY 0 ,11127 ORI MIXIRT NNARIAY 9% TIV2) 7797 200 IR (N°NUR0In
T ARY NI MIRYPAT MINNONT 2PY WD AT SNIATANT 7197 .Vap "W 292 1900 0IR CIa
121307 79K NN0D NIMPRRY NI WY DONIPR WD TIX TR IREIND MR Wwh o°onna
X7 (mouse) M2AIR2 M2y owa Mpn .(Silver, 1995) ovn uY 0°101M7 D27 °12DY YW OPMAN
YN (mys) PNV 717 2902 R 2A0ANT QW Y Avewn WR mush-2 NPATIY 79°H2 9P0I02
P79 'RIP7Y 1902 AN ANWRI? D51 20V ,23R N2V .01 NI NPT IR YA 1Y (mus)

:'R9-"02 2109 N

ARVY NIM APIRM ,INPNY AN 2VM THNA :PIRD HY PN PIvwa RV DI Y
290 TY RNV DNINA DN YaND Y3 .p7wn Y32 0% DIRNLA NOR .NNVINM VANM

Q12 N1 0N NIYONA OR P2 AW TIT NP3 OR P2, QTIRT DR MY 'Noan 120y

ARY27 DP9PRAY OB CMYAYA PINA DN 710 MRY 39w L(Silver, 1995) non?w 993 X
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TR W ARPLR0D02Y AIN0PYA 2127221 2PWR 1TX WK D20V YW 201w 2P0 2D MNENI°
PYAYR OLIX PR NRD 17307 WR NPT 720V YW 2w Pra-onm oon 114-0 177300 00wn Jonna L
M. m. A 77203 Pwn? 70 ,Mus musculus PR7 DR M20MY 7292 71 M2 4 9 2007Nwnd
M. m. domesticus 717 AwWYAY W YR PIRD CATIR 1D ANIMRY TV 2WAN VIV praetextus
RN INOWH WAIW NP2 YW qwInn 90N 900 QTR 12090 12 708 1R L(Boursot et al., 1993)
20 2 TN .o 71907 PYIPAY 12 22170 QTR YW NS DAN 0°°0 0°720Y P17 WRD NP0
ENU-2 v w1 av 72772 mM5YS 2198 2°190nM 7727 27782 71w 9D 20X1n 77202 51209 11090
WX1AW 9P 0»v1 2Mpnnn L(Bohannon, 2002) n1RApR n1xwa nXOwn2 (ethylnitrosourea)
T72VAN ST NP2 AW T72VNT 2720V DR IP°0NR00 oM MNP L PARIRIAT XY MNINART 2°wa
DOYLPAR 22745 09°0D MNT LI 71 2ORIM M. m. musculus-y M. m. domesticus 227 3N 17T
M. m. 32 DNKRT Q0 YW 21T QY0P 0°9°01 Q1KY LYNDY ANY 7T 119N 027 017 W2 2NpRY
Xwu2 noou axmph) (Wade et al., 2002) ,(CAST 52 W 770292 RW 03 MX1PRW) castaneus
Mouse -79077 HW NINPRT RO PUYY PRI 37287 572031 'NPaT 120 DWW R0 0
.(http://www.informatics.jax.org/silver/ :1nX2 7v°91m¥ Genetics / Silver, 1995
'N°277 925Y' KW 127 3T 1202 ' DYPA' MIATANG 03T DR NNWADY PUORY NN NRT 92 KD
MIATINTT IRV DR XN 27 W 0T 0N ,372807 0 -0, Mus musculus domesticus

1277 77 9w 077 2WINT TIN2 NO0M° DXNRIXNAY 0207 IR LT 7,003 7720 CIN RONT Y0

:JPRA0 ORI Mvn 1.3

Mus musculus -'n°27 125V W 727 112 20707 DPPA' MATING 03T SW 71ann 7aR (R
domesticus

D77 46 MYXNRA ,02W2 NP2 DPRITA LTIV O 1D0R? 127 T 12 Nwad axnwn (2
T ARNWT DW 187 ORN? XN L('MIYR'- P92 VIO IRT) UNTAVN WNDBW 2 MATIN
727°2 99 DY 2017 YW MXIaph MXapna MY 0nxy 127 012 772VH0 03 DRNWT RO
BabiaRbbrhish

71277 DIT°P 1D 02°20 NIATANAT DR DORIRA WK DMLRP 2nwn R wwn (3
2992 19IN2 7T MATINT 237 YW NONINRA

JIND NTIAY AWAT1 L0000 72V 090 NINAn 1IN YTV MATINGT MNt wnw pron (7
NAT2 3T DRXY 0°7TA0 D02 1T VIR NIATINT NR2% "D09a TR Dw 90w T2
DTINAN OW 3259 7M1 7302 22WORNT (27N NAPRY NIDN) 771V N30

INTAYNI WMDY 23777 DW 21w 02117 12 (phenotyping) HanAm 1IN MK Nna (7
DWW D°90 MINCDY N7V VY907 PARNAT NOA0N2 ,'anna N7PR' NIATINT OATa

IV OYTAY PARIPRIDI0D ,NPMIATINT PM0IA A DI IPA PN 2OWITI
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TV TR M L2

mean v 2.1

JDBA/2] SJL/J BALB/cByJ ,A/J :372vn >3t 797wy M7% 10729102 YXIAW Ipnn NIA0n3
oo»w wx  FVB/NJ- ,CAST/Ei ,C57BL/6]J ,CZECHII/Ei ,129S1/SvimJ ,C3H/Hel
(http://aretha.jax.org/pub- 10P'x MT2yR2w MPD-71 2w 77737 0 29 Tpnn? nXmng ooarm nx1aph
72RO MINA DR T25W ATAWA DR WA wn .cgi/phenome/mpdegi?rtn=docs/pristrains)
-2 DN DT SW AN DR vIOnT owan o3 R Beck et al., 2000) oaw
X1 7292 WD WY 20312 Momenn amavn mxnw 75 (http:/www.nature.com/ng/mouse/
SN MIATING M237 DWW 217 DOVIRTIRID

997 0°725Y 12 w37 9377 702 ,(2002 9197 TR1N2D ,IRI1) D701 2OMOWR IWIPW1A 1WONT 020207
NP2 710 o3 wdw WK C57 311 NP0 M2°0n 20010 10 1 wead unanw CAST 1 uyn?) 1 nxiap
(TR 922 0°720v 6 - 00120Y 18 570 AT 112 P72 19 DY MINWT 212°X MDD DYDY 1A RN
oot 017 FVB-1 SJIL . BALB ,AJ 201177 .0°707 0715 ,0°120Y 124 — m9I8w 772917 °120Y 90 10
019 995 7772 ohawm wR (Wade, 2002) nipabh moxmin amR R 2°Rwa (Albino) 001pa%
wildlike- -5 o mwmn o1 an CAST-1 CZECHII o017 ,(Wahlsten, 2003) 2°9va 891 ooupw
DT 03 AR ,mMM7T 70-2) o "ovk" (Davisson, 1996) 'onnv' o0ara 92172 .inbred strains
117 NP0 aNIRIDA o1 N3°1 7 172w L (http://jaxmice.jax.org/info/wild.html 10p'x NM72yN2 Y70
9OUNT YW A7AT KD OYUN YOn ARXIND MTTIRA I Pt 7wt anvuid "oonann''n 72vnn
719X 70K DX IR NXONIY M. m. musculus 727 712 X177 CZECHII 717 Mpn .(Wahlsten, 2003)
2T 7ATAN IRA PI01 WK M. m. castaneus 1271 1712 1pn CAST-112°K1 791K 771

DOIW2 2WNI AT T MR 10°37 TR 72 9720 190KRI RPN NYIOINR IR WRIAW MTIN
TR 922 Y0 M. m. domesticus-112 V21T WYY IR M. m. preatexstus -11191 MA7IR 112 MATIR
DORXRYT 077 17210 727 37 0120V .(Silver, 1995) 79970011 NP AR ,AD1R LIP°10R 1190017 1A
15-1 2721 12 °720¥ 14 9077 70 7921w "0 pa™i 00120V SW DO NI VAN L2WD PWRY NT
702 WL PWRIT MNTAT NPT 77021 .MAPIT NXIAP T AT 79901 KD YO 2mM0 NRDH .Ml
SRINT ,7I0°37 2°3 NIMAR L,7720A5 212 D910 710737 2120V 992 12 O°RIN2 NCIw 923 MITA 1MW 9ap°
11N Nnan 02X L,(McPhee, 2003) 9277 °1209 2w DPLINIRG 12 1WA TAR 0 M2APYIY 12M LIpmN
TWRIT 177 9720 PAY D12 MR DWW PRY AR CNRRw "D7pn' D2 5720V 1501 YW NN
0°720¥ .0P'x MTavnn 07 03 ,0°901 C57BL/6J 23316 1m718 727 17 2120y 219°%) 9°2pna awb
,0°720¥7 92 .77729n7 2T OV YXIAW 717 72172 20w 212787 21T DYOWI NPY72Y NP0 W R
myw 12) 7197 "nian 2 (0% AR TY QORI aNIRA PRI ,0°7208 154 9377 70,020 31 A7avn 01

,(Nowak, 1999) o120y77 Hw M7°ya NIRD Xow Twa nikoa a2 awh (i nww 12-1 MR
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QYW 70w N ,22°C -3 W aMeIonta ,21792 0000 2-4,0°°1077I00 2°120Y Y21922 100K
12937 nva Maw ~10-11 5w 93 ,219°%7 270 N5 2»vaws YW N2anon Nopn

:2°1NIT MOR 2.2

SW 712132 (77°77 7°P) 1917 NV 020 00 250 S 02 ARNY 37°T ANl 22N MOR TNED
T19¥ TR MILP 3T R ANITA AT N°°1a% 720077 .2°RNn 2T 02 ,PVC -n 1wy 0000 60
VAN TR L,NOM0PR AN MR A AT YW VAN OPUORD DY DPORITIY Myowa? oray
DA 07 1Y ROW D °10°17 ORIN DR INAY W10 DY 01 (D W) N90n0 NPy ,ao1x0
IYAXI 77T NPT O O 071197 DONTAT I9R PIOw ROR MIATINGT DROXIND 002 Hw 220
NPIBPNW 1R 791 (MW 791 AR) DWW 20T 02120V 0987 TWORY NIn DY L P2 MOKR YaxNa
29 ARWH 77172 TRY N2V 95 77T DR DAY N12°01A N9 A0 7719 2°207 .72°200 NTIRD YW
WY DN DODT32 MR VIR TR D0 NMINDNT OV NI OTX DY 37T MR By .Tnn
WA mRhEn 7PN M 40W IR NI CNw MVEARA TR 0T .(cues) NIRYANT 2100
(Noldus, ethovision = 2wnna 7Y NIONY YT 12V 17T 717 1997 H¥n P17 17PN APl
1P 799 P YW LW NYXAN 72°PYa NININ ARCTI2 M12% nupa? 2001; Spink et al, 2001)
W AWOITT DR MARING NP0 XP 1T YT YW AT Mnd DapD 10l ar 192 L, "72107 100"
*¥ap .(Bohannon, 2000) 'high throughput' X>7w na%In %y 2»NINTING 0°17222 PInT NP
oV DIp°n L, (70370 1907) AT OPTIN (DOYIOM AW 22w NI 099701 [0 1O YW 1vhod
W NPAnN PRI WK LTI NINAT 25 0¥ Ty yapw amoaTd 23 LY X v opon X Y
2¥ NWITI RO 20N 1 AT2 37 920D NO0N° aI23 X7 I 0n00I0 1-5 9Y NI naavna
TOIXY 191,020 W92 DURXMINGY AT DOIXR O 2°NYY WK DONWH YN 922372 1T Nan
D1RINPYY MXIRD NPT NAD MINON W0 QWS WORT 220 2OPNTA 01N DA
T 772YR °17) 0°720V7 90 .omrnar 00 Sy nRm 2002 nw T77nn2 M9PN 150n2 MY 0°120V7
%777 92 0199 ,TWINT NTRD2 11X 0°120Y5 (NIW 710 TV O°RIN NI 0% NITYA ANINA M (72
77°T9 03729977 DRI LM NYOWT YR 572,077 932 NWRIT 120V 710,070 w120 90w WA
(79X M1 NYIW) 10217 01T TRY 771 TIN2 72197 AnNaW 7701 770 P00 N0OP N2 vEIa
TXON qWn LA9Y0N A2V NOTVRY MIPTY 77017 RODIPT TRY Naw 20-2 737 2¥n2 IRWIT 12090
OROXIVID? W2 N2 TNNA T 7O MO PRt nom IR AT qwn .025v7 mpT 30-5 yap:
noPN WP ,MIAR NPARDT MDA 1D ,0°720¥5W K37 NO0M 772°0 LJAT2 MIATINAST SW NInnonma
NIATINAN 72701 DR 79972 NaRIn KD R (Abrahams & Show, 1992) (transient) 77¥p N2x»nn
797 qwn o7 Y (Koide et al., 2000) 73777 TM02 WKW 2P0 DOIRD V1210 PWYRY 2000
923 1Ivp AYVOWN H¥A 1991 AT TWh? 02 AT O MYANDAT JATY 0°13°0:7 NR 2°I9Wn 1R TR
0"70 YW X 32 (session) "10°12 2P 11X 45,000) ¥7UR2 WY PRIR HOKI D20V 901 LIWORS

T12%Y WY 172V 2NN 720V 01N OV (2P MTOTA 19R 6.5-7 N1 190K
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011010 1Y MW 2.3

NWRIT TV 025w InTavna anndw SEE NIon NwEnRa 2PNWRD 272 112 2°%ap 9

-RITWT OYVR) MIRYY (movesegments) TYAN OYLPY (7OXVIAND) N0 apn Lapona' on
TOP% oM 'MIA™ AN NP9 L,0°02% O M aYIng NP 19 nRY L(lingering segments
MIRXIN X3P 191 791 NOYAY DPRIMPY ,NPYAT NI PRI MY O¥AP) 09D VTN AP NRN 770

.("721 YN 20130 190N L0120V W NALNAT MPYOT PR ,DONW 00773

DW NI DR TV T T .NRNM0N 1R PIT-R2 N0 70T TYan 90 ponnaa npbna (2.3.1
TR 932 37070 Hw NaR"T VR 2202 MIRTY 011 0°°P 12 DANAY A0 DR 193 T7°7R0 N3wn
T1TAY %01 OR LATTA0 Y N 27 PNV JAN0AY 100 T 2A007 YW XYY 002 N 17X 77030
NIRZIN 92p7 9211 ®Y 07X 277 MIIPHR NIRKIN 221 207R°0I0° PN 77777 K0 NITY2 117218 DR
T TIPR2 L0 A0 1IN0 D2 RDY LN DKW KPR NIV I7°TA0 DR YEAY %01 0K 70 9D maw
952 77°17 AW DR NAXANA TINAW 11997 7012 .0°I0R°0I0 1-2 DY DTV M0°1T NOWH DW RIPIIN
TP ,TINT T DY ammaw oY nuw v "72137 19" 2wen 7 By m Mope™s nn1 van
JXP 2PV LYPT WY DIPMA NTPTAY A0NNA ,AN2 MPPT NN YPOR 1A 92 manwn 3onn ndhhsw
Mapw M7°77 DY 1°2 ,77837 Q1P NINAR TR 200" DWW 1w (70w MinaT 25) M2 annTa
25 5w Mana T ORI WO 2Wen .Nraw 1/25-2 uncuio 1-3 Sw o annh 7y e
950N MATAI TP NTAW PN WRD QX VIN DOWATNA PR DMWY PR LI 2M0N0I0
NPIPI WR (PN SV ANWRIT NITALT) NPYAY DINTID DT PR IDIN2 2wnD N1 XY Nvya
P72 DYDY °YR) IR 772V AW pROn SN0 MYYOY AoMNn 191,171 21aRY aYunn n7aonb
21037 DR "MPIR" W1 19 9¥ (T 7TA% DONWRY DOINRT 22770 292 191 PN MO HW 20020 17
19721 °1°12 AR 'D1D HW INTAYA QY 37D MW NTAVAD YXAW °2pn PN .0Nwn 2wy
77%2 DTN N2WNRT ONRWO WK DOMNNIRIR CIW 1INAN 2°921p7 0U0HLD 2 ANIAPK 1901
Locally Weighted Scatter :0;7 2201987 .(Hen et al., submitted) 7R 2»wp 0¥ non 00X
Repeated Running Medians(RRM) -1 (Cleveland, 1977) plot Smoothing (LOWESS)

.(Tukey, 1977)

972N, MNWT NPT WIRWT MY IR DOPTI2 TWRD (Mana 00 By nhoo xviio .2.3.2

XY 700 POAW RO AT RXAn MYnwn (CNwaT-27) PHRTIN-0UR' NPAY aui nemows 201ew
NN INL WO 9 927 ,0°912°77 DRT MRTY 1001 .MTAR N2 BYRY NINN0N NN 1207
N2 DR M22pNn T3 T2°T2 12K DPOM NI NN MPapNn TNl NI DD
NWNT DY AP X022V TN NI 1D Wnn IR0 1700 9911 09912907 YW NN iy .noon
°012°777 12 A0 VTR I3 LT DY awhn axon? av max P2 Mvapnnw N xn "

NP1 NYD .0°017°7 1w P2 NMIRAW 191 NOOMY 19111 INYOIT MITN WK N1ITAT 0TV IR 7O WK
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W PR .DONWA D912 DONORNAT DWW 2°A01 (D°LIKAD) DOYLPAY MATINGT A% DR POono
M 01 2212°7 °IW MNT? 1N ¥nwn L,(NPNW2T-17) NOH9RTIN-2 N NMAYONT N22pNn 0020y
OYAN OVIND DI VAR NWA NN NATNAT DR PYND I IO oI A R¥PW TN
mMYan R L0 Mnn Ty (DuPmn avRY) 0 mMeann aYun SYupd 0TI (movesegments)
DOIPDIRD PR DOLIAAD NP0 NIMIANT MMTIRT 7297 .A00 M 7R Sy XU 002 nOnoopnn
(Drai nmpn 1°2 92vn0 NMND 207737 77K DOYLR L0 NI IY1INY NP0 00717 0PN D Navna
VN30 .AYIIN SVIAI0 OPRY DI 21T (lingering segments) WITWT 0Ini01 et al., 2000)
072 NOOROPAT MR MWK (N IR TAR) TVIN OYVR IR (0OR MIAR) NULRIM TRY DAY 910
noMY TUR PR SV N2YN2 DIMDIRA YR YN VLR NIDMIT MNTTNY 7251 .A00 TWH Dnnn X0
,(grooming) "0ow"7 MNYW NWOAT 1A NMINTINT MWAIND 79K 2OY0PA 19 M L0 AN avuny
(stretch attend) nvnanm (rearing) NMOPTIN NMP2ON (scanning movements) 7°70 MYIN
10-571 M2YA37 NP2 2°90 W P17 T2 2w apy .(Drai et al., 2000; Drai et al., 2001)
YaP1 L0717 T2m2 T9R NYIIRn 172772 1300 X9 9wk BALB-Y AJ 00312 1n2 70w 000nouIo
10-21 M2MIT NMITIRY IR 2°20 0°720Y NN N 7123 TV R¥NI KD OR 90010 03 A 7w
NI 9272 VIIN VIR0 PIDYY MYAWA PR 1971 2TAY MIVP MIINT NIDMW ThIwh 22UnouI0
nNMBa (77w 0°WR°LI0 3-2 7 77PR2) NOIYAT MY DING NN 02PN 905,090 19N LI9R
NIATINTT DR PPMY 1001 PR0IAN0N NRD .MIP0R PO0I? WP AW 19 231 MIRYINT MYAwN 237 MR
T PXVIAND IR NN NIRIAIW MW NIRRT 72972 IN0IW DWI MR N1295707 M2AdWT DX 7977
Drai et al., ) 221X°0R3 *3w 5w 57w 0¥ Expectation Maximization (EM) an»oxa %y nonol

(2000

MINNaY A2 2MTP 2PN OR¥A 9D %Y i(homebase) '0°02'2 oA 'mimay axvinan (2.3.3

a7 DM .12 P D01 NITAMY 12 AW AT NI ATV PR X IWIN §2°207 Mownw
MATINAT 7327 AR DR NN 01 NTIPID AT 21PN DR 12p% 101 .(homebase) '0°02'D 273
NP1 5WNY D ATV DIAYH MYAYR WO T 2P AW L MIATINAT MIYXARD AY0RD AT INRD LIING
ayeh 7y qwnd (homebase) 00271 KXW 730 yupd M7 (Excursions) 'mina'> on»nib
Eilam & Golani, 1989; Tchernichovski et al., 1995; Drai et al., ) 2R DINN 7Y AWRIA
7w31 X ,(Drai et al., 2001) '2n7%7 nPPR' MIATING 2w °0°0277 71212 2°oMw M7 2°725Y (2000
TR TINANT 0°920V2 ,MATINAN DY DOYNAR N22T MYON0TTR 75°) N2 70 0902 avp MITINaY
DANIAIRT MDD PN MR DMANTNAPK 70 DY T A10N Orp 21727 TR WY oYY a2
NMIATINT RWNI? 220N Nn 02990 00772 27T 7712V 138 1991 MRV M¥D PUIY NI opoww
%W 3.6 P02 (Incursions) 19912 "M’ 2w 22772 MR ,IMINT NIPYA NNAITT MRANT L'0°02'
TYNNT W ApLRrPa DR WRR DY M3 M2 NP2 0°77H 037 T 01 207711 NIRXINT

"Mmana"n YW MnneNa 0AT ,0°m°M0n MMPpRY NIDTYI) 20NN 0MWLAINP A 02 202
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DORWII 20w 27 Y70 9921 XY 17 77ava .(Tchernichovski et al., 1995, 1998) (7121 7717 mowa
TP PTEA PO RYYW KW N21TH IR L M¥YA CNOTWW N0 MPUTAn) TR 0P 0702 DY 9K

TP 791

"Mmnpa"? MATINT Y noon apon (Incursions) 57T PR 0P ook mma v 2.3.4

QORI 173D DY A1 121 IR MIATINAT DWW R 700 YRR NIATINTY P00 RO DIw
,IVIINT D DY DT 77237 MW PY TIN0T MR 1OV, 0IRIVIKR 1IN 717 77 2O 17 2°R11 9
0°°1 VAW RO NNADTIDAN 1) SWLAINP PIZR DR IR MO 777237 PR DIAK 1AW TN IR 1K)
N3N T 772 0AA IN PY MTANA YT 2°UIN MIND [LW IIIND 2PN 20707 099321 0020
197 (221 201 MT2IM 0°720Y NIND 097521 21 SHYa N2 T ATV 120n HW N2 A58 nMvwa
"2 97277 11907 A0 7PN ANIRD 199K 7R DOIITR 1WA MINW 739970 NIPNIATING MIDNY 77377 7020
D°I7 CIW P2 T DAY WY P TNIRY AYENT -RANTY ,00IRAN TR 7 002 7Y WY 000
ST 122 AW IR
1T 10T 12 70T R 12 DI230 NYPARA Y2 NOTIWNA PR QMR CIW P2 707977 1IR122
T12Y Yap1 T A0 .00 LI0 15-5 1192 vaw MW A0 312p% 01 22 2anN2 0OYXIanT 0pnna
TV T 19IN2 A0 nyvapw M2 (Lipkind, in press) Smynwn 1912 1772 972007 MW MY
DORXANT DV NY NAWI9P MYapnna MRXINT SW P0aR X029 WYY 79037 HW N12vupeaI0a
AR LWITWT SDINADT VNN SVINAD? MNTINGT PV NU2OVR AR ARIPR NMYaAL awvab aar v ova
TR 0P ORY 1712V 710w A0 2P aR2 1Y "90°" 020V 72w TIT RIAY X7 WRanan SNKRT N0
v mwenkdy (Lipkind, in press) NTayna nmo a1 20n anAPKR A0 MR YW 1D i
70°197 DI YN AX00 NNTAN TOON? MR 1001 SLIADDY PR CLINADY MIATINTT W PRLIA
T°X 197 9K DURWIIA D1WOR D°D011 DANIIDR DIWOW NIT? ORTI 1107 RN T 7777 1991 2wnG
NPWY 151 TN DPMIW NMIPNAP2 DIXNET XIT O NAKRD PN A0 NYapAw NvuLana el

JINDDN NMINONM Y1217 NMWYY NPWIR

D°INWwn HW 0O1IN1 SX2P 20X MINWS 2P 220V VIR OTD N 00N Y7 vxap .2.3.5

oM 727 aMWI -8 2°X3P JTOY OYAT DYRIMPY SOTY PAIR LN1YAT DTN PR A0 2OUIW
NP1 A0 .0°UPIP DOINWA MR WIDOMAY DOWIA D°TTA TN NDVWT PR DTV Dwnwn
MPXAN R T YRR WY DWW NINTINAT T77R2 MIRXIN 200w yap SEE n1own mvenRa 9aph
NAXYA ROW 99D MATING PON0AY SR WANWAY T YT DU RYn 712090 TPRhn DW N9
M2a7 MIRXIN MY P07 1IN MW 93P 0°°1°27 °2°%702 MI2NYn HY AnNh 10 Nwn 20772

JATA W PXP1DD DOMIPA PW 0020 bP JInn

;N0 712’1 0V WYD 2NN (2.4
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SW INTAVA QY S0IVIRY TINX TWD MW 02PNN ANTIAL DN 0VOMWV0 29932 277 Ww 2pY
TTIAV YD WA ARY 2°AR-7N NYIOINR OW DOYINN P ApPL0OWu0Y RPN d1n1a ARy '9110

N1H9D NPT 0212 VIR RN NN ARPL0W00Y 772NN 2IPR0 NIV M7 03 NI D M0 .

95072 0PN 020V I 90 AWYNY (DKM 2N 212X T3 MNP TR Mopn? ohanan  2.4.1

2071 120Y MY TTAT TV LN 0w P7van 9"y L(batch 2101 007 TYINA 1T NXIAP 9I) D0TYIN
TR OR2 772317 707 ¥ ¥0DWwn 019787 1T O 012 ORT AYKRWA NORWI WY ND0INA , 7T T VXN
R? D% 7ATW 7300 DR 21727 9722 079087 119 W KDY L0701 1T 09720V $apY 1001 10 vawn
L0V PR MNWT 20w I 0w D7INT 117 PWRIT 97N 1000000 29T 1w NWIT 3DWH
SITA DAY A0 MNW 2°37 SW DR 1037 "W DTN .00 SYRIMNA 27372 27pn 0011 P2 209720
L0710 1w P2 PRI 9720 PR IPTAIW 22TTAN 92w IR MIRXINT LT NP 952 2wh 010NN
MX1P NNV TARY NP 739F 20INANTA AN 001 DO 219XN C1ATA DA MNWT 207,107
YXI2 M7 19IND L0237 PN20Y MY T ATAVAN O MY 17,0000 2270 mrw (batches) 00120y
C57 7250¥) NP2 NXIAP NRNWT 0T DY YYD 1200 772910 0 127 7T DRNWS N9pnY jnan
IRW v 770 197 a7 MR C57 17 0072087 (22019 16 510 — 927 120y 212°%Y D°apna SRy
IN°1 7991 03720V MXI2P SNW P2 TMYAYR 2720 PRY IRIT MIRXINT L(2°019 18 3"n0 — 372vnn on

MW NIDIPNA MAIRY NN 1INV’ 772V 27 027 1T DR INWi?

no910 M) vYNd T ROW 0°120Y 2w i BALB 12 :p2wrnn 002°v0 XD 09020y nvnwn .2.4.2

IRW 2090 NPON LAYIN SVINXD 5-1 MO 7K 03720V CIWHW T72NT TOXVIAN0 INR? Lvn 1-n Mo v
VM LAYIN PVINAD 2w 27 1907 SHYA DT 19 PTIA AT0 MINDY2 AT MPYD (20317 9on) 00120V
QORI AW 7MY D92 1ATINA KD AWYALY 2100 D770 YW 2P2WIAN PR 0120V CIw DR UInwaD
q0IT7 QX MYRWH W1 02 WK 7982 UYRY °7TAN 902 VXA JuAwnn .anow 1T NXIAP TN 170K
1IAR' 771 (3.4 P92 12 772) I 20ana0 T9on",(MRINT 2w 3.1 P92 1 771) ‘M’ :om Mo

.(3.1 P92 3 771) 71 Mo

5w 27 T90n VXA avs XY W7 T aMay Teana :FDR PPN Mg nRnwna nvva .2.4.3

(multiple comparisons problem) M21wAm MRNWIT NPV NIMYNA 7312 77PH2 .0700°HYLD D°IMAN
nvaw (o N0n ML) NWRIT N0AR MYLIT TV NYUAR L OL0WU0 12N DOV WRIW NN DKM
mynawnn o = 0.05 5w 7Y 0°Y21P OX L7311 K7 WRD 0ORT NIWWIT DR MIAT? MNAN0TT AR awyn?
TR NMYL? "12°077 TR 127 DOV IR .MIRNWAIN 5%-2 TN IRXIN 22P7 020X AR YXINNIAW RO
TWRD DX L,NWWETN 5 MINTY 209X URY 0 ,(MRMwa 100 X) 2°m2n100 Doyxan oX 07N 1l
95 "MW ,0°NNIT SV SRYD 27 W 11T MIRNWIT YW 277 1719017 40N AT PR .Mnog 10

~woxn Bonferoni 117°n .M0°17 qwna 00 W Qponn CNNI TNR D27 SW 19102 12WN 27T
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RITW 1193 ,°W¥n K92 917 12 WIWAW AW 72 93 PN IR ,M2NT MRNWTT DOV 0¥ MTTANT
PN (70721 17w ARV IM122) 2R 1R 0297377 IWRD 03 2°9720 RIXND NP1 DR TIRD wUonn
Y¥2H M2°077 DY 1YWY 2IPNRa LNAR MR MAAT DOV DR 9IPNY 701 21207 12 Sw FDR -1
NPT NPRANT NN 5Y 09WH 101 UR (Boneferoni nwea mwvw 953) NWRI 0N NAR NIYY 12°OK
NW3 M2 770D PR TTRM TN 20 7337 NIWORD 1T WA IRIT 2120 1112 .N10ANT 70 AR
2Y 079M ¥ NN O3 78 (Benjamini et al., 2001) 20 7m23 7% N5ya 175 ,Boneferoni

http://www.math.tau.ac.il/%7Eroee/index.htm :FDR-71 now

WRYAN P2 727 PRY TIWWAT NIN2 QWY (22NNIT Y NPNATID0II 22117 12 11900 nwnwn .2.4.4

IwRd one way ANOVA) 110 71 ANOVA 721 v 21w NIAINaT 27722 (9°01137) 22110
oY ,IX12P7 ANIRD DWW 22312 MRIRW IR LT INIRKA 09920V 7apY 700 1001 .77 992 (17 30 wpen
X2 mupont .(P-value < 10°°) an1a owp P-value 37w 122pni 0°anana 932 .0Mpa APYon a0
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5. Summary

A fundamental question in Ethology is whether behavior has a structure. In recent
years, a new research approach to answer this question has been developed in our
laboratory. With the use of advanced statistical tools we designed algorithms (computer
programs) that analyze locomotor behavior based on records of the location of the animal
as a function of time. These records are the basis for an objective algorithmic definition of
basic behavior patterns, which are used for investigating more complex behaviors such as
exploratory behavior.

In the last few decades, the mouse has become the main research model in different
fields including psychopharmacology, behavioral neuroscience and behavioral genetics.
The origin of almost all laboratory mouse strains is the wild strain of the ‘house mouse’,
Mus musculus domesticus, and all have gone through a massive domestication process
that led to changes in their behavior. Although there is a substantial amount of research on
the subject of domestication, a detailed phenotyping of the different strains regarding these
behavior changes has never been performed, and there is little information on this subject
in the literature or databases. At the same time, in striking contrast to the vast research
existing on exploratory behavior of laboratory strains, there is hardly any basic research on
this behavior in wild strains of the ‘house mouse’.

In recent years, there is a growing interest in wild mouse strains due to the
discovery that the group of laboratory mouse strains has low genetic variance, and the
need to increase this variance for genetic research such as QTL (Quantitative Trait Loci)
analysis; these tests look for correspondence between genotype and phenotype in traits
that are usually influenced by many genes, such as behavioral traits. Increasing the genetic
variance is achieved by creating new laboratory mouse strains, which are derived from
wild strains and are named ‘wildlike inbred strains’. Heretofore, no elaborate behavioral
research has been done on these new strains and there exists no detailed comparison
between them and classic laboratory mouse strains such as DBA and C57. At the same
time there is a lack of information and high quality tools that are needed for phenotyping
behavior and distinguishing between strains.

The focus of this study is exploratory behavior as it is expressed in the ‘Open
Field’ test. The exploratory behavior of the wild strain of the ‘house mouse’, Mus
musculus domesticus, was compared to 10 laboratory strains that are included in the

group of mouse strains recommended for research by Jackson’s laboratories MPD (Mouse
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Phenome Database). Two of the strains, CZECHII/Ei and CAST/Ei, are recent
derivatives of different wild strains of Mus musculus and are defined as ‘wildlike inbred
strains’; four of the strains, A/J ,BALB/cByJ ,SJL/J and FVB/NJ, are albino and carry the
same albino mutation; the other four strains are DBA/2J ,C3H/HeJ ,129S1/SvimJ and
C57BL/6J. Each mouse was released for 30 minutes to a 2.5-meter diameter arena, and
information on its location was recorded using a 25y, sampling rate; all mice were naive
males, 10-11 weeks of age. Behavior was examined using 46 different behavior measures
(endpoints), most of them developed in our laboratory, and by employing two main
graphic displays. The first display included box plots of the result values for each strain,
presented for each endpoint separately and put in order according to the level of activity
characterizing each strain. Activity or distance traveled is the basic behavior endpoint in
open field tests. Ordering by activity level reveals not only the relations between strains
with regard to a specific endpoint, but also the qualitative correlation between that specific
endpoint and the animal’s activity, i.e.,the information added by that endpoint to that
offered by the activity measure. The second display presents a group-clustering test of the
different strains, thus offering information on the behavioral distance between strains in
each endpoint.

In describing the behavior of the wild strain we also examine the changes that may
have been caused to that behavior by the domestication process, using the continuum:
Wild strain — wild like inbred strains — inbred strains. This study also provides an
opportunity to test and improve the discriminative power of our phenotyping tools.

Our results are counterintuitive to the widely held view that the wild strain is
extreme in its behavior. As far as open field behavior is concerned, there is not even one
endpoint (including both classical endpoints such as ‘activity’ and new endpoints
developed in our laboratory), in which the wild strain reveals extreme behavior. In
addition, there is no endpoint in which the wild strain was found to have extreme
variability in the measured values. There were always other strains that surpassed its
variance in spite of the fact that each laboratory strain is considered to consist of
genetically identical individuals. An examination of genetic variance, based on heredity
values taken from a previous study, confirmed that the wild strain has a significantly
higher genetic variance when compared to laboratory strains. This examination
furthermore revealed that the strain CAST/Ei has also a high genetic variance in
comparison to other laboratory strains. This finding challenges the claim that this strain is

genetically pure.
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The results show that the endpoints which are beeing used by us serve as a
powerful discriminative tool, offering a taxonomy based on behavior. This is true in spite
of the sometimes-high correlation between few of the endpoints. This tool can be used in
different tests where there is a need for distinguishing between strains, such as QTL
analysis and other genetic tests in which behavioral changes occur due to an induction of
random mutations. In addition, this study reveals many characteristics distinctive to a
specific strain or group of strains. For example, the strain CZECHII is the only strain that
performs a ‘bound’ movement pattern; the FVB strain was found to be extreme in many
endpoints despite being a member of the albino strains group which are considered to be
relatively inactive and it performed the highest activity and highest percentage of arena
coverage among all other tested strains; though relatively active in the center of the arena,
the wild strain and the wild-like inbred strains revealed significant preference to the wall
area. All strains except those with very low activity (AJ and BALB) were found to have
very low intra-strain variance in the pattern of movement’s speed (Inter minima Intervals);
this low variance was maintained even when looking separately at this pattern in the center
of the arena or in its periphery.

In addition, results prove that the traditional arbitrary distinction between wall
areas and center areas in the arena is incorrect for most of the strains examined in this
study. A 2.5 meters diameter arena, which is significantly larger than what is usually used,
was found to be too small for at least half of the strains examined, limiting the expression
of the full behavior potential of the animal. Similarly, a 30 minutes session was found to
be too short for some strains, both in terms of the stabilization and development of the
behavior since they were introduced to the arena. In most studies in this field the behavior
is being tested, however, for only 5 minutes. BALB and AJ, for example, had a very long
adjustment period and their behavior was expressed only toward the end of the session. All
the above factors reduce the quality of the data and the ability to discriminate between
strains.

This study enhanced the knowledge and the understanding of mouse behavior, both
at the technical and the ethological level. A basis for understanding behavior was founded,
by using a variety of strains that together unfold within a multidimensional space of
behavior in which each strain occupies a unique region. This basis allows for further
examination of these strains, focusing on the relevant endpoints in their behavior, and

offering a powerful reference point for examining other strains in the future.
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