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1.1 FRASR OBEEHFE R MR ICET T
FLR<HREZRLEZEOETOEIBWT, LHEERHNER/ZEOm
ERBRARVPEROE—NLIZIRD ETFRIEINTVWS, TORKOUAT T 7
F—ldEmMETH D, RE 60 KL LEEHE O LS TR MEEICERL TWY
LENDNTVS, FEIF, 1) BRERZHDRZVWEL2) EBo>TH &
FRZER P OHEREICKD HDHERBN, BLED, RHARMEV S LBEE
WKHEINDZD, QOL (EFEOE) OSMSBIEFICEERMESZ> T
%, @GR NETETEDTHA D EFHIETNS 21 EidzHA, BN
BT AALDELNETET®EEDS M, SMEED KL D 7ZRARZ WD
WWHEEL, PHITA0EVND ZERANEOREERETH 5.
AEEMESNEECERFLIEORNRIZRTFECERELSEDN,. K
LICRLZEL D CEBOBERFICRERFAIND TRET 5 EEFEA5NT
W5, FHOEEEE RERT) 222 b0V T35ZETHEBRETHN
TESL, MREWETAHILELOAETHS. LALAENSZOEEERZHE
HT2ZET, 1) MKDHLVWERNEZHELL., 2) RROELEZRED S
TR THZTD ZENTE, 3) TOERBFEYEZERENELEAEDR
BIERIEZHAE TS L DAEEIRD, TROBRIAZFHEIET SRIDEFERIZ
ZHL, BEEROHS ANCHL TOARERFZHETSI LT, TORK
EREXTHTHIENHFEINE, INIEOREN. $ENA 21 Lo
THEBRTHDEWAD, BEABESIEEDOL D BRARDOBEER (K
RBET) 2BAT 57201, EOXDRHFEERENE SN TN D O % KE

THAT %,



1.2 FEEsIEEETZRET 2720 O
1980 £FIT Bostein SIINC K D #EHAENT Z TR E LI RBEETFRE D

HOFEm (KT aFNrO—2FEERTNTHS) RSN TLER,

Huntington #EE[2]% cystic fibrosis [3]72 &< SADBEERBOER

BETHRINETHAEEINTER (El)., ZOFEORBHEIL., T oE T

REDREFRERTF VDN SRV HEE THOREFHER N TEDENTIEE

BELTEORREBEEFERADTET I EAARERACH D, TOEKEX 2

(ZRT s

1) BEEROBERRZED S,

2) HROEBERREVRCEPEMFTLEOFEICL> T, TOBRBEHROR
REBETFEBAAREE EOEDNBICH 2N ERET 5,

3) WEINZREELEBOFEHTEBGTFHEEZERL. TOEBICEE
THENSONDEMELTZRNTZT,

4) fREEETZE 1 D1 DEFMICHANRS ZEICk> T, BRERMIZERER
TZRET .

RO aFra— %, BLIORULELDICEORR S/ 2 EENH

—DEETRECL2BEHEREOHSIIBVWTEHEEELWRREHITTE

oo LONLREDEEREBESMTEREDLD RERKOBLCRT EBRERTFNE

MICHEER LU TRET 2 2RTFECHEREORS. {EROBEFHNFEET

DEFERT BTN OO DREANEZSNS (K3).



1) FREGFAERAFRET S (multigenic inheritance) .,

2) TNOBETWEMICHEMREMAT S (epistasis),

3) RRIEICEREBLGETFNRZDAEEMENH B (genetic heterogeneity).

4) BEE. APLVAEVSERERFAZCORECRESEET S
(environmental effects),

5) RREETZEITDICOHMDLDETRIELRY, HEIVWIIFRELTHZD
FEmdtEm < BERH S Ak Dide D< (incomplete penetrance) .

PlEDXIBRERN, RO aFhro— /EEsAWTEZRTFEGEERS

OPEHEBETZRIELLD LTHRICERZBEEL/Z>TNWS, I5ICHEE

& MR AE D S EE.

6) ZPETOEREQIMEMIT. RERMECHEHRE, HE2VWIE—BOENT
ORFEFRMICE > THEHH LT,

7) BHEERERED 2ROBME L TELMLE LR EXF LN,

BRECERMN, XVEMEECTFHEAZERE I SDOICL TNVWS,

1.3 EFI)INEMZERVDFIL

VLB ARz K D73 bABMER LRI BT 2 BEERBITO “HL X7
ZRRT A5 —DOHKEL T, BENETNEMEFRL TsIEEETZR
ELED ETHHANLZEINT WS, BMETINEAVWTEZRTEGIERERD
BRRITT 2 Z EOFRZUTIARS (K4).
[) 99 FeRUABREEZEINZETINVEMIEENITE —-THD, —



W ONE CBETFZRD.
I FERHEREORERTFZHRHBETLIENTES,
) ERHZEICKDERBZRREIERT L ENTES,
IV) Congenic R#< Transgenic Bz s, ABITT J LEBRIET B &

NTE5,
BYMETINZERVS I EICKDERRZIODEMIZ, 2O hEED ST L
NTE, ENZRFEHEHERBIBIOMEAEUEDS D VWIIRRT 2 Z &8
AlREL 725, BEARICIE, K3 THhWTZE MIBIFS genetic heterogeneity
OE (3) BETINEY TIEEMIZHE—THO., (1) environmental
&mm(4)ﬁﬁﬁ@?%ﬁﬁ?%z&(ﬂ)KiU%éﬁEﬂZé:&ﬁf
%. incomplete penetrance @& (5) ZERGIZEROIER (1D 1ZXD
SN EEDDIETHEIN, epistasis (2) &7/ LEBIEELEETIVE)
W (V) ZHWS Z&ICKD, BETFEMBOERAZET TSI LS, BiaTH
MEERZMT T2 EDAREERDS, SHIRMEIRELTEAR ERS
v MZBWTIIMEZBORLVEIET 2 2Ltk 0 WERENDIR L FiEiE
DEWMFEZEFES ZLBARELRS, ZOXDIKE FMERFEREEEEDR
RECFEZHALID ETH5E, BWET IV EFIHELERNEEICERT
HBHTENS, TNETE MREERSIEESCHKES SRK, HEBERIZIRE
WWHERILE GBLRZ) W< DD ETIVAHEESNTE TS,

1.4 BIEBRFEET Y b (SHR) EMEHZIET v ~ (SHRSP)



BEITIZ, BRMOBENEMET v RIS NTHWS (£2) [4).
1963 FHALBFEARLIE, MEMBZERE UBRIRMRRRICE D & MAREES
MEEDETFINEYEL TEHMEBRREE T v b (spontaneously
hypertensive rat : SHR) ZBAX L /z[5,6], SHR ZEEIMES v bd WKY

(Wistar Kyoto rat) KD RHEA/BES3 (X 5), MESICEEY 200 mmHg #i

i

ZOWHEMNMEZRT[7]. ZNETO SHR ZHAWEEHEZHHEICLD, 38
BPER OT0E, MBS BV 51 7 S BBIEDOTUE, A TE GO ME
RETUE, MESCHEDORERE, b MEARBESMERE SEUT AN D
DEFESNTNS[8,9], £/ SHR FMMOERREIMET v MIidzniiEs L
T, MEEFICHEVERE, LEXRED 2 REREEZHRET A0 511,
ErARBESIEECYT SNAEETNVEME L TERFTEASERIN TV S,
1974 FEFRFHFSIE. SHR OFEHR (A, B, C HR) OFTHKEHZELFHET S
HRDH s8R (A BR) OFTROSPERRZE TSI EITLD. & MNxzEH
DETFNEMEL TEE 1006 MEFZFRET S, METEHEES v b
(Stroke-prone SHR : SHRSP) Z#f L /z[10]. —7. SHR OHEZOHF T
EFRZIFEAE (10%LLTF) B B, C ERBMHEMA I, SHRSR
(Stroke-resistant SHR) &EFEINTW 5, SHRSP id, SHRSR IZHARF4E
ML 0BEMEEZREICHEL (K6), 220 mmHg % Z 2 5 HERIMTE % FF
FELZNS, DWITIIzZES (MM dH 5 W IZRESE) 1IT& D WKY © SHRSR
CHARNEMTRECTS (K7) [11-13]. ZOREFRETIVEMLRFE TN
ZEiE, MEPREICBITIECHEROEEREZRRTZ2HOTHD, I

&> TETINEMZE AV NET OB GERBITN AR &R 7.



1.5 SHRSP ZF|f L /= ¥

FNTH, ARSI ERECMETOETFINEY TH S SHRSP 2FHWNT,
TOBEERE (BILEEET. KMEFEETRE) Z2HHATL-O0EMKEICD
WTHHTZ (K8), FMic DWW TIIRER14-16]2RI Nz, ORPIC
SHRSP & E®MET v b WKY 2358 LT F2 #{2ERT 5, QF2 Rz
AWT “E#MENTT SREIN2BEENFRICI-> T RREGEFNELET S
REAKEEEZRET 5. EEHEFTOFEICDODVW TR, BICHAZINA 5. &
HEMEEREDORDIBLZRFEBEERBOSEIR. TOSWMHEEDOREIZ
L0 ZOR R THEFBITICX DRV AEN D REAEEIT 10~20 cM (E>F
BIVH > 100 BIOREERZTIHZ0 1 BIOMBBAIEZ 5 EHAETNSHE
BEELEFENHELTNDS) PBRATH D, #-5T. ROATFvTEL
TRI LR EORAERERERD DALy IV ZHEE-T 2, T
DAz ZY VRFEOHAZZNESI UL ETNVEHER NS ZEDHEKRD
FIRTHD, TOFMIODWTIHESETHHATS., A2y I RKEH
WT 1~2 M ETHREFRBEEERONE, @OHLEIRIaFro—-—=27
R EFIRRICT OEBNICEET 2 BHEBETEREL. OBKNICREERET
ZRIET 5,

AFRCBWTEERMBEZ D5 "HWHHEN OFEBIZIOWT, 254
LHBAZEMZ S (K9), BESy hEXWBI v hEERIIZEL, FH50/Z FL

HREZEZ S SICHHRE LT F2 #R2E#HT2, Zo&E F1 #HAITERS



v b (FO ) NoMFEREEEZ 1 £TOZTM< D, £ TOREKIIERE
IR —TH 5, Fl1 HROBEEFHN F2 HERNEZITHNNDBITH A Z
BR, ThbbERAKICBNT FO HRBROESZEY A 7 RIFEDZ L
72D, BREUT F2 HRITEENICEHKRERS, TTTHEET Y NHFEOD
FEREBETFEZZT#HNWE F2 RSy b OREBBE 2R BT
TR, TOLIRERBETFE2IVDROEERERET S 2 & EHR
ORMETH 2. BEEKICIIELY OREBEREENEL SDERRT Y 5 H
KU ZHR TELIBEY N —2RARTETOREEEREL, FETHE
HARES Y AL HRT L IETREFEORTENFRICETAINTVS M
EO5h ("EH” VBN EIMERMIFFRNICRET S5 LITRE, ZDELD
REMBETY MY ) LITOEVTI LK. RAOKBBETFEAT Y
—ZUTTEBEEZOND (ZOFEERT JLAXAFrEnDd), RRERLET
EFARTVBIREY—H— LOEMMNEMIKDONT, KEFEEOHEHORE
ERKVE 25 EHRINS., RABERY—HI—OFRTH OIS EW
T—RIICAVWSNBDRTA 7 OYF 51 b —h—EXiENBHDTH 5.
X407 514 hERT~EBBEEOEMRBVRLESITHO, &7/ LI
Do TEBIRBRRENIZVWEBISAS ML TW517,18], £/ B4 Dl
LRI METIREORUVESRZSZEENS Y (ZRENEW) 2o, kb
DRI BREHEBFTOIT—H—ELTHEL TS, BE., @0RLEFZEZZD
38, % Polymerase Chain Reaction (PCR) JEICTHRL., ETDENVWEER
WKENZE > THLENIZTS (K9).

AXTIE, b MEAEBESIFERIOHETOETIVEYTH S SHRSP

10



FRWT, BEEET (B2%), METEET (B35, BRELicET
ZEREET (B4E) OBBICHEGERHE (BICEEEFERLELESD)
BT DTEOHERZBNAL TS, ES5ETIE, AP v I RHOE

Ry v R SESNERRBEFOE MADATEIZ O TIRR TS,

11



BEinKET

~

~
SRR T

(wamm) (2r12)

@ @)

\_ J \_ J
EB=RTF B L. e : BiEH
- A BE M 5 I E =
RERF RENR

N\

£

DR

H1 BAR @mE. BZEd. OF2 eto) ~NOZRFORS

12



£1 ROV aFAIO-Z VY THBRAESNARER (199748 ARRE)

e (AR AR (D) MMER? REFES  cDNA#
Aarskog-ScotifE iz Aarskog-Scottsyndrome 305400 FGD1 U11690
RIERTRE achondroplasia 100800 FGFR3 M58051
IR KB AREE adenomatous polyposis coli 175100 APC M74088
BRAECA MO 4 — adrenoleukodystrophy, X-linked 300100 ALD 721878
TIVINA T —& Alzheimerdisease 104300 AD L40391
w7 o miE agammaglobulinemia, X-linked 300300 XLA $65927
R AR amyotrophic lateral sclerosis 105400 SOD1 K0006s
f: 30220 aniridia 106210 PAX6 M77844
T 0 R R BN L ERIAE ataxia talangiectasia 208900 ATM U26455
BRI ENEGRY basal cell nevus syndroma 109400 BCNS U59464
BloomfEa# Bloom syndrome 210800 BLM U3e817
AMETRA, FUREDR braast & ovarian cancer, sarly onset 113705 BRCA1 U14680
. FHARLER breast cancer, earlyonset 600185 BRCAZ2 U43746
FrTF 4T v -REER Chediac-Higashi syndrome 214500 CHS1 ue7615
HMaRR R 25 chondrodysplasiapunctata 302950 ARSE X83573
IR choroideramia 303100 CHM X78121
@I BT chronic granulomatous disease 306400 NCF1 M55067
FREERARRK congenital adrenal hyperplasia 201810 CYP21 M26856
E-Tek-bi3hd cystic fibrosis 219700 CFTR M28668
diastrophic dysplasia diastrophic dysplasia 222600 DTD Ut14528
DuchenneBIF R b7 4 ~ Duchenne musculardystrophy 310200 DMD M18533
Emery-Dreifuss B X b7 4 — Emery-Dreifuss muscular dystrophy 310300 STA X82434
FREFARE epidermoiytic palmoplantar keratoderma 144200 KRT9 X75015
SRR IR exostosas multiple type I 133701 EXT2 UB4511
HHEitHRER faciogenital dysplasia 305400 FGOY U11690
R{% FanconifE1g it Fanconi syndrome, renal 300009 CLCNS X919086
WSEXEER A fragile Xsyndrome 309550 FMR1 S65791
Frisdreich4&iRfE Friedreich ataxia 229300 FRDA U43747
ERBRETE gonadal dysgenesis 306100 SRY L0B063
J) 0~ LEF—RAKE glycerol kinase deficiency 307030 GK L13943
REESRIENRIEE heraditary multiple exostoses 133700 EXT1 $79639
BEEIERUR— 2 KIS heraditary non-polypasis colon cancer 120436 MLH1 u07418
REEFERUR—DERIBH heraditary non-poiyposiscolon cancer 120436 MSH2 u03g
hyperekplexia hyperakplexia 149400 GLRAZ X52009
EY rEmE (K932 DERI$2M%)  hypophophatemia 307800 PEX ZL
NIF2bIH Huntington disease 143100 HD L12392
NN UG Kallmann syndrome 308700 KAL M97252
BiEl miane lissancephaly 247200 KISt L1338s5
QTERAFGEE long QT syndrome, typa1 192500 KVLQT1 U40990
LowefE@R 3¢ Lowe syndromse 309000 OCRL M88162
Machado-Josephsz Machado-Joseph 109150 MJD1 $75313
TNT 7 ARG Marfan syndrome 154700 FBN1 L13923
MenkessE{ZEE Menkes syndroma 309400 MNK X69208
McLeodfE R & MclLeod syndrome 314850 XK 232684
SRS RESFE TR multipte endcrine neoplasia type1 131100 MEN1 Ug3236
BRSTRIRIEREE 2 AR multipie endcrine neoplasia type2A 171400 RET M57464
PERECA IO 4~ myotonic dystrophy 160900 DM L.19268
BHEE = A F— myotubular myopathy 1 310400 MTM1 u46024
HMERRIET R naurofibromatosis, type 1 162200 NF1 M89914
wEmnEon neurofibromatosis, type 2 101000 NF2 L11353
=TIy IE Nismann-Pick disease 257220 Izl
Norrief Norrie disease 310600 NDP X65882
IRE A ocular albinism 260350 0A1 248804
B#% obesity 164160 oB uU18915
B pancreatic carcinoma 260350 DPCa U44378
SRUBAR B polycystic kidnay disease, type 1 173900 PKD1 R96145
ZRUEBRAR2E polycystic kidney disease, type 2 173910 PKD2 us0928
HTEES A/ 0 —XRTADA progressive myoclonus epilepsy 254800 EMP1 u46692
AR RN retinitispigmentosa-3 312610 RP3 Xg7668
MR ARE retinoblastoma 180200 AB1 M15400
WERE AR spinal muscuiar atrophy 253300 SMA U18423
W1 B spinocersballar ataxia typs 1 164400 SCA1 X79204
WEh M T AE 2 B spinocerebetiar ataxia type 2 183090 SCA2 u70323
Thomsens% Thomsen disease 160800 CLC1 225884
Treacher CollinsfE&at Treacher collins syndrome 154500 TCOF1 U40847
SR tuberous sclerosis 191090 TSC X75621
Von Hippel-Lindausg Von Hippaei-Lindau disease 193300 VHL L15409
Waardenburgs Waardanburg syndrome 193500 PAX3 U02309
WernerfE&gt Waearner syndroma 277700 WRN L76937
Wilms 13% Wiims tumor 194070 WT1 X51630
Wilsongs Wilson diseasa 277900 WND R18562
Wiskott-AldrichZE 23 Wiskott-Aldrich syndrome 301000 WASP u12707

CZORDRY Y aFMoO—=vH3RO Y 3 F Leandidate®Fe), a) “Mendslian Inharitance in Man” TO;REHFDIDER,
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Q ZRTFREERBORKEBEGTRECHT ZHER )

1) BEOENEERLRTNEMET S (multigenic inheritance)
2) TNSREBRTFVEMEICHEERAT S (epistasis)
3) RKRIEICERARREBEFOE Y hEFKD (genetic heterogeneity) .

4) BE APV AREOCRERFNEOREICRES HETS

(environmental effects)

5) FREGTZEZAL T THRELZN, &5 WIIREFRRIE <
ZERFHAH1E S D < (incomplete penetrance)

X3 ZRTEEEREOREBRETFEIET 7= MER

15




(X VB ORI )

1) BERIZH—-/RIEXREL THRTE 5,
—> Genetic heterogeneity (3) 23730y,

2) MERNZEORERTZHIMHL ST,
— Environmental effects (4) ZH x5 M TES,

3) ERMRHMICEDERBFEREERTEZENTES,
— Incomplete penetrance (5) IZW L THHhEED 5,

4) CogenicR > TransgenicE)Y)/in &, ABMITY J L%
BETBHZENTES,
— Epistasis (2) Z#N$2 2 ENUETH 5,

53 OREAICH LTERIE A

M4 BEEFEFICBNTETIIVEMEZRATS ZEORA
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#2 BEESOLEETIVS Y FOBRMK

E R A4 R DEETORM® | TR

*SHR spontaneously hypertensive rat Wistar Kyoto = IME
WKY Wistar-Kyoto

*SHRSP stroke-prone SHR SHR fize

*DS Dahl salt-sensitive rat Sprague- BRI
DR Dabhl salt-resistant rat Dawley

*MHS Milan hypertensive rat Wistar B {5 ML
MNS Milan normotensive rat

*GH genetically hypertensive rat Wistar Otago &I E

*SBH Sabra hypertensive rat Sabra rat DOCA- g
SBN Sabra normotensive rat e ML

*LH Lyon hypertensive rat Sprague- =i
LN Lyon normotensive rat Dawley
LL Lyon low blood pressure rat

*EMERKEZTOI PO—IVEHKERL TS,

17




MOI/dSYHS
(cV ‘e 1 V)N/dSUHS
tV)O/dSYHS

(v v ‘e1y)
wz]/dSYHS
(1D ‘HD “4 “9)
wz[/YSYHS
IDN/JHS

N/JHS
IDN/AAM

N/ASIM
WZT/AAM

JOH/M

OIgS/M

7AW OISYHS "YHS S A

_ Aem.mm mv
vL6T
(s A)SL6T
dSYHS
(V)dHS Q‘@IHS | (= 9)
9961
¥HS
IL61
OL6I 6S6T
ASIM 0103 ATUn _ LS61
Y61
OAJOL AIU[} — — — — — — — —
961 8€6T

(epninisuy 191SIM ) Si1ey 19)ST M
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fXzarh B RMES MT B AFIE T v b (SHRSP)

Stroke-Prone Spontaneously Hypertensive Rat

Developmental Course of Blood Pressure in Stroke-prone SHR
b) and Stroke-resistant SHR

260y Blood Pressure
(mm Hg)

1P

1o
SHR (£, 5,)

(MG-ZO Ctsn)

Stroke-prane SHR (SHASP)

Stroke-resistant SHR  (SHASR)

o0C & 9

3
3
stroke=prone SHA (SHRSP) 9
swi-nluuu SHR  (SHRSR) g

E .10 ®B 2 % ¥ » W
Age(Weeks)

M6 a WMEHDSFESIMEERFET Y M (SHRSP) OEE b) SHRSP
ESHRSROD I F (Blood Pressure)

19




a)

7 a) MEFEHICKDIEELZSHRSP, b) SHRSPIZBIF 2
i (72) ERMEkiE CA)

20



(AfEtmmEE L5 v (SHRSP) )

SHRSPEIERIMMES v bWKYZAEE L T
P22 1ERT 5,

(getatkz o>y (10-20cM) )

T LAF Y > GEHEND
R Z MRIT2GER EOBIRY —
H—ZRNTRERRELGTIFET 2RE
R (10~20cM) ZIRTET B,

\
[:yvl:yﬁ%%<kmM>)

a2y IR 2ERURREERETH
FHET 3 EHASNDIEEZRD TN,

(it ET o

YAC, BAC/z EZFIA UiEmfEim oy
W EZER L., TOEBRICERET ZERN
B TEMEERAP2EBETEHEEET S,

(Rwi#ETORE )

B8 SHRSPZFMA U e AERM: & M EE AR T R E A~ O ¥kl

21



WKY
W/W —

o (D

SHRSP
— P/P

F1

F2

W/W PP W/P

]

W/P

Microsatellite Marker
Microsatallte W — (C A)15__
P — (CA)—

W/P

AN

FO

F1 F2

B9 T ORE
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2.1 FEEROIEECTFORGKTYESS
[BrY]

1983 4 Huntington #EEOHRRNBETIE MEARBEK FICRES N
TLR[2], AP ra - rEER0W TR OBEEREBOREEREG
THRIESN TS, ZOFENZRFERBOBITICHEHANGN, ZHET
B4 ZIUDHEFRFOL < OMFEEZED SHR ® SHRSP O &3 B mEETIL
Ef]% ZRAWEBRECHETICK D SLEREFOMRBET> TE/[19-30]. 1991
%, Hilbert 5[22]& Jacob 5[23IdMKfIC, SHRSP LIEHIMERES v k
THBH WKY 2XBLUTEHET 2Ty MRV TERBITZT0, 51 0RE
B LDT7 > FAT 2 REHEEFR (ACE) BT, REFIVEY (GH) #Eis
FETUBEBICEEREHEZRSEL TS, ZOREREHPETTINSEETF
DILBFICRRBETNEET DI LERTHDOTH > T INHEEFHEL
BIEBELGTTHLEEFEARVWIEICERNBETH S, L OWES I —
7% SHRSP & WKY #XELTH~ZF25y h2HKELT, BET—H—
& T OIMEME DB 21T > /2[24], ZOER. 8 1 A4 L0 Leukosianin
(LSN) Bf=FEEAL, Myosin light chain 2 (MYL2) BT EEAIC B W TR
HITEBR® ME SR OVEENRD 5z,

LA L722Y5 SHRSP BT 5 SIMEICIIEROBEBETNESLTH0,
Bl 1 0REFLEOBEMLERBEFIMIOBVN DONOEMEEETNEFEET
BEEZEND, INETHOLNTELETNENEA VW ZEMERRETDE
G, MEO—HMEZHHAT2—DOH 2N D0EMEEEEBLET OREK

ZROLDICTONTELDODONEELALETH >, K> TEMFETIE SHRSP 12

24



BIPBMEREICEEGETIEROEMERBEFEZRETS-H1T, F2 #4L
125 LERRELT, Ty MERAEEZEET 2 2EEY—H— 201 <v—Hh—)
EIMEE & OESEBT 2T/ (F JLAFY ),

(ZBAE & 5E]
EREMW)

BAPBREBEL T35 SHRSP/Izm & WKY/Izm & %#ZZE LT F1 i
REMEHEL, TOFL #HEREZS O F AR L T F2 #4 (& : 12508) % {EH
L7z F2 S5y MIEERESRA (RE 1 23-28T. B :60%. HRERHE : AM6:00
- PM6:00) FIZBWTEHELZ, F2 v NOBEEERAF—T 2K 10 TR
T BEAMNSAER 5 »y AlETIIRERR (SP Fk : MBRY) S/KEK
ZEHHEBRIEL (REAFNOIOHMZE 1 BREELD) ., 20k, &H
AWK DMENDEEZMI 57202, 7 Al (AR 1 FHET) 1%8
BAKEZHEKELTER T (RIEATHROZOHMZESE 2 BEELR).

1 3 7

F2 2w bOMERAR S, 8, 10, 13, 2088 (B 1 BE) &£6,7,8, 12
A (582 B I2i#EE (photo electric oscillometric tail-cuff method :
UR1000, UEDA) [Bllic&DREMNSBIELZ (K9), TRTOME (UNHE
M E : SBP) E4aTH (AM6:00- AM12:00) IZ3[EIEIEL., FO¥HE %M

JEfEi & L THWE,

25



F2 R D%/ L DNA #iH[32]

F2 Sv MIAERLIEHBITRTY-IVRETTERL., FEEHHELZ,
g YA Z2 TNM  (20mM Tris—HCl pH=7.5, 0.1M NaCl, 1.5mM MgClz) #2f#
BHTHRED I XL, @BOAE (3000 r.p.m., 10min) %, EHEZBTHS
—E TNM @#EER T, BOUEZTo7z. L% TNE (10mM Tris-HCI
pH=7.5, 0.1M NaCl, ImM EDTA) ZE&ERICEE L. 10% BT IVEREET U
7 I (SDS) AR (BB 0.3%) & 10mg/ml 711577 —+ K(Nacalai Tesque,
Inc., JAPAN) % 1/100 &£MA. 55CT—MBA1 > FaX— KLz, ERIZHE
Lietg, 7=/ =)= 0afRIVLIETS /L DNA ZHIH U7z, i U7z DNA
X TE (10mM Tris—HCl pH=7.5, ImM EDTAEBERIZIEM L /=&, 10ng/

uliZ722 XD WCEBKTRELTPCRRBAT > 7L — L THEA L,

BEY—H—

HEMBITICHAWSIEBEY - —Icid, ERZRHK TH S SHRSP/Izm &
WKY/Izm & ORITEEHNZH (BRKEREICX DB TES DNA HER
FDE ) REELRZTNERS 20, > TET, v NEREK LICERE
T3 67 HOBEBEY—I— (XM 70 F5AAbY—H—) BT
SHRSP/Izm & WKY/Izm OBEHZHRENZ (ZOEREZLZRBRREND),
TNo1 709771 %7—73-—-@5‘6%@ 400 f8id Resarch Genetics #h&
DAL, 320 DK 300 EIILARTH#RE Sz DNA BERFICEDWTEE
DNA GRREBIZX D EML 72[33-36], ANGNIZ 676 D170 F 51 b

I—H—0>5B 237 @AIZBWT SHRSP/Izm & WKY/Izm & OMIZEEHNZE

26



BNEFAELE (8 35%).

F2 HAOBEFRRE

SHRSP/Izm & WKY/Izm & QORMICEBENZRZRLEYA 70T I1
hY—H—D3% 201 EE2HANWT, F2 HHROBETREZRELEZ. BETFY
WEIZIE, F2 D5 /) LA DNA BT T —hELYA7O08F51 b —
A—%TI53143—E LT PCR KiE&fTW, €0 PCR EMEBLKIKETHEIC
Ko Tiro 7,

PCR RISIEUTORBEITI DTN, 470751 MERZBEIEL /=,

PCR RGN :
2 7 I DNA : 50ng
WA TSR —  HERIRE 0.5uM
dNTPs P BRRRE 125 uM
MgCl2 D BOIRE 1.5mM
PCR Buffer
Tag DNA polymerase : 0.5 unit

(Perkin Elmer Co., USA)

BEREKIITE2EZ 150l &L,

96well-plate (HYBAID, USA)IZ PCR Kb 15ul 2 AN, IXxI)VA 1)V
(Nacalai Tesque, Inc., JAPAN) Z2HRBIH®, U TOLRGETRLS®~,

PCR &4 :
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94C 3 min 1 [H]

94C 1min -~
55-65C 2min | 35[H
72°C 1.5 min -
72°C 5 min 1 [H

PCR K5, PCR EMZ 7.5% F£7/i3 9% 7 7 U7 I R4 )V (Nacalai
Tesque, Inc., JAPAN) TEKUKEIL, TF 2T ALTOA RTRELZEUV
W& (TOYOBO, JAPAN) K&k -> TEEFRZERELZ. 77 UJIT IR
TN BESIKE THRI AT RAREEY - —KDW TR, BE—r ¥ —

(ABI 377 DNA Sequencer : Applied Biosystems, USA) % W TERIL 7=,
21 RAMAEDO KBOPALS & N3.2U181 EALIZBIT 5 EMLFRIEEIZ RAMP
(randamly amplified microsatellite polymorphism) #%[37,38] 2L V1T

7‘-.
—o

A2 Ea2—F LK BB EMT

EREKRED 201 BOBEY—I—kBT2 F2 HHROBEREES &1,
Tv bERAKOECMKZER L (K 10). Dr. Eric Lander (Whitehead
Institute, USA) KD #:5%21F7- MAPMAKER/EXP 3.0 program [39] %
AWT, &Y —H—HOERZHE L.

F2 #RICBWTRIE LM EEZ, 201 HOBEY—T—I2L->T
WRESINLEBRRITEL> T SHRSP RER, WKY FEE, AFORO 3 I

ST T—TE BRSO (one-way ANOVA) Zfr-o 7=,
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interval mapping #7213 MAPMAKER/QTL program % f 7=,
ANOVA DOfRIT. RAKLOFBEY—T—CBT23MEEDEHBRERLT
VB DXL, interval mapping MHTIIEEET2 2 DO — T —HIZBWT
BIMEEETHNEOREMECEET SN EZRRETHEL, SERGETD
NEZRETSIENFRETH D, o T, interval mapping fBEHTIZE < —
A—BAN—LUTOERESE LOLTOEEEZRNT S I ENTE B, interval
mapping & TiX, ®MEBETSEOMEIIZ EDORBERS T 50 % H3
LEHEL LT Lod score ZAHNWTWS, Lod score &, ¥—h—&EHRE
BFOBRRIZBNT, 20O0NEELTWSEELEBEOHRE, < EBRT
HBELIEBEOHREHKL, TOLKRLUZER logio THELELDTH
%, 37205, Lod score = 3.0 &§2&, Y—hH—LREREGTFNERERT
HELERELEBELVD 1000 FORERT, I— A —ERBETVEEL
TR I EZBRLTWVS,

F 2 OO EICH T 2 &M ERETFOFEE (RD 13, JMP program
(SAS Inc., Cary, USA) ZFWT linear regression analysis (EH&OHT) 12

KOFEELZ,

(&R ]
AR

Fy hEREKLED 676 H OBEET—H—IZBNT SHRSP & WKY @
T LRCHIETAYA BV T I MEEBICBIT 2 ZHUMERDHER, 35 %

BE Q37676 ) O~ OY T I hMEEA SHRSP & WKY OMT
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SHEETR L, TNSBHMEERLESBO 201 BOBET—H—IckoT
ERENES Y FERAEOREBRER 11 KRLE, RREEKCBTET
—H R EEREEOESERS CEEDE, Ty MEREK (51~ 20 %
Rk, X MERER) % 201 HOBEGEY I —-ICXo T2 TRET S ZEMNT
&l Flm BRAEKICIBWTRARLLED I DU LEOY - —NEELE,
29@7*73‘“‘?&:‘3&::}30?63‘@%@1\ ROBENTNWSEEZAT 379 M (Z>F
BIVH), FEHTHE 9.4 cM THol=. INHEBET—H—DOEFEET 24
BEETT v MREMAKE 1891 cM 1IZh=0D, 2T S Yy MEREEDB L7 86%

ZHIN—LTWBZ LTS,

B ET ORR |

410 F2 HADOSES THE S NEMILEIC ST, SHRSP &E
B, WKY RER, ATORO3IEHOMIZ, ANOVA 12X TEEAKESR »p
<0.01 OREMEZRAT-TI—H—% 5T, pEKAN Lod score OFBEKIEES
EICRET B RBER R THERINTED . BRERATTLAN 14
16,401, AH%ED p<0.01 DHEEAMER. —BOICEDI TN BEEL DKL
RELTHS. CHEAHED BRASLEREICE ST 3 M 0BET 2R
HTHIETHD. COBRBTHECMECES LTV 3 REFIMRE =l
FABNES T BB TS S, T OB TN ICHEE L 72— —i3,
1. 3. 4. 9, 10, 13, 15 2@F LD 17TEOY—H—Tho7,

Rz, ANOVA 10k 0 EAEED 5 MRl L OREY —H — & &l

BT 2 IMEHAME & @ interval mapping AT O EZK 12 1L 7=,
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Lander & Kruglyak &, EF)VEMOF 2 ZH W QTL (Quantitative trait
locus : EREEBETENM) MITIZBWNT Lod score 2.8 Pl EZHBEKAEID
e L TW5a[40]. FHE, ZOFRBKEZAZTHRBIIE 1 #EK (K 12a)

+ DIMit2 FEEALERE (LOD score 5.6), 8 3 &k (K 12b) = D3Mghl6 JE
N3 fE (LOD score 3.1), %5 4 ek (M 12¢) & TRY1 BRFEALEEE (LOD
score 3.2). £ 10 ek (K 12d) L RR1023 EEALAEE (LOD score 4.6)

DAAFTH /2. TNETN 100: 1 OFEXRME LS L, IS 4 DD

BRBIC TN ENEMERBETFNEFET 5 SHRASN S,

(E%£]
FHATREBAERMEEORERRZMBRAT 52012, BEHET IS
v b SHRSP ZAWTZ O EBETFOBGHENT 21T o 7. £ DR, Lander
& Kruglyak 285 L TW% Lod score 2.8 LA E[40]DE B/KIEZ /-3 L
WEL, 3. 4. 10 REK LD 4 AFICRD LI,
BIRBECDODVWTIE, BRESMTH ZDOWFE T IV — T 41,42]
SHRSP LI3MOEMEETIVG v FEAWTEEHRTZITV. WInd5E
RA DS M U7z & ZEFE CEEAME S EHT 52 L amEL TN5S,
Gu 5ULlid, BEAFICL> TRUD TELEERET S Dahl AHEZ K
v bZAWT, Brown 5[42)13/MEEFKICEBEOEREER £+ FHH
(fawn-hooded hypertensive) v hZHWTIT>TW5, THENLEIL-
ERE () ZRTEEHMETIVI Y MRV T, BERUEBICE LEE

EFNEET 2 T EEFMEREY, INSEBICK > T ERIEINI®/MER
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FCEEFIZKD2DDONEDINILNERNWA, B 1REEK O DIMIit2 EAr
IIEEDEEA, SMEETIVI Y MOBEMEREICE L THERICEERERT
HdENZAD, £lo, ZORBIZIIEMERMEBLETEL T SA BEFIER
THIENHESINTNS[43-46], SA BEFIIHEH & SHR OFRICBWL
T WKY K0% 10 BREERBRENZVWEGTELTHEAINM4T], SA &
BT OEBEMBEEIIRZRELED, SA NENTRME—EMRME ST TR
LTWERAE, EAANTHEEBCEERBZIZLTVEEEZASNTNS
[48,49]. L2 U Ishinaga 5[50] 13, RADEFREHEL T\»5 WKY/Izm 12
BNTSA BEEFOETORIAEN SHR/Izm EFUTHBE I EERELTH
%o 7205 ZHUILENTHRE S NARICH W 5 N7z WKY & WKY/Izm 1T
B SBENERORVL] K5O THBZENAD, SA BETFHEME
BETHEIDRIREEN TRV, SEIOBEBICBT 2 5EMaBmTic L
STHLENIENETH A,

Katsuya 5[521ld SHR & WKY OF 2 2 WEBEMHRITZTW, B4
ikt OTRYl BEFEMELD 14 cM FHRIZFEET 5 NPY (Neuropeptide
Y) BETFEMASIESEHETEZEE2REL TS, NPY BaFIIEER
UXRTFRO—FT, BROFHCLMBEONMHICES L TnE EEbN TS
(53,54, B2 5, NPY BEFEMLDT—H—IZHBWT SHRSP & WKY @
ML RIMENTI N o T2, ZOEBAICB T HEEMTITERN A,
OFEBIAHEIC SHR., SHRSP OlMZMICEBNTHMERETFNEET 2 I &N
SN/ o /2. NPY BEFRENLEEHECTEL TSROV ES
hs,
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Clark 5[29]1%, XAFZITBW THEBEIRD 5N D3Mghl6 EAEED
BIHAY, FEERIC SHRSP/Glasgow & WKY/Glasgow @ F2 iIZH W THEIE
EEHTHILEHEL TS, ZOBEBICPNWTERLEECTNEET S Z
EIHENTHAIMN, WEIRHD F2 T MIBWTOA, ZOMEREME
EDEENRBDOONDIEVNIMBEEDT —FEZRLTHBD, RLDFBERE—K
LIZWHERTHH D, BERHZTOT. ZOEBIIBIT 2 5N G
N3,

Zv MEL O RER L TIIE EEHEHNR S NEEICIE, Hilbert 5. Jacob
5230, EROHEBEMT THENRD 5N TWB[22-25], ZOEEITIF
AEMEO—DOTHBT > EAF > I AEETHHETH S ACE BET
JINWVZTERT VMO IZERTY 2GR T 528ETH S PNMT
(Phenylethanolamine N-methyltransferase) B FNEET 5[556]. N5

BETFOEMNKTETNEYICBISEMNEEOMENTEE SN T 5[56-

581,

2.2 QTL(EMEEEERTEA OMFHIHERIZT DN T

b 2.1 UEBETOREEST Y ETOMHETE SITERTRED,
B/1. 3, 4RAEKLD QTLs (BMERETF) FEEAWITOBER (5518
) DIEME EEBEARD SN OIZHL, 10 BEAE LD QTL ITEHEA MR
D12 At (52 B OMmEMEERNEHEZRLZIETH S84, Schork

BMHVElwywyliVf&i?ﬁ%%?5l&ﬁi9f\m&@&5ﬁ
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ERE (READ) PEBORZIKHACH<ERTICL>THHINSEZ &
ZRLTW3B[59]. 725 QTLs OEENEMICKOEDL > TV O TIdR
WHEWIRHZS I L—alREZAVD I ETRRL TV, KFE
BZORFE—HTE2HDOTHD, Schork BAVRLTWS a3 L—Tar
MEZETNEYERNTERNICEALZHDOTHH 5,

QTLs OMFHEZEZEI DL ON DT RTEDIC. &l ()
BN THEDORERE (FE1, 3. 4. 10 #AMK) Eo QTLs AEIZ S X
LEEBOREE (LOD score) 2K 13 OF I 7ITRLE, KITREINE LD
TN ZTND QTLs d LOD score DKRE I ANEE () ITXo> TRKELE
BIBIENDNS, ZOHRT, bo EbMEIH L THRWEEZRL DI
B 1RAKO QTL T, 4£# 10 :B#KHC LOD score 5.6 THD, RP{EIL21%
Tho7e (TRHOLBF 2IBITBMEDTED 21%%2FE 1 REKED QTL TR
BATE2), LB LAELDIC, MO —Tn5 b8 1 REafk bicEE
BETOAEET EEMBTOBRVBE SN TN BH[41-46]. £HFRITBIT S
BREGDODETEANZ, BELHLE L REE LCEERRMEREFIEE
B LEERINDG,

BIREKD QIL 13, BREEZBEL TIEICHT2EZENRBD SN
DIZH LT, I, 4RBME LD QTLs [34£# 8-10 AR L MNERIREE
RS oTe (K13), F2 HRICHBWTIEHAR 5 Bl 5 EN LR LAY,
£ 20 B TIRIEME EANRD 5Na<a5, B, 3. 4RAKE QTLs
DOIMFEIH LU TR ZENRO 5 N5 4EE 8-12 #ipid, x> & F2 AR

BISMELFRFERE-FT S, Tab5 Z0RIICALSNSIMELEFIIIN
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5300 QTLs PBXILLBbOTH S I ENHRENG, £, ZH5 3D
D QILs It &>TF 2B 3 Z ORI MENMKOK 30% EHHATET (R?
fE 30%). ZAUIF 2B B BEREICERET 208D 40~60% & HeE S
NTVWBZEEERDE, TOIBD5ENS 8EELEI D3 DD QTLs T
MEATES Z LTk B,

%10 REMELEQTLIL, B1, 3. 4REAHELE QTLs EIRRVEHNOR
BEMICK>TH O TEEREEEZRLE (B 12: £ 12 » A#KE, LOD
score 4.5), R2{HIZ 18%TH V. F2RBIZMEDHHD 18% EHETE
BT LT3, 1) 8510 Rtk £ic QTL OEEIHER & Ny- 8 (100 :1 {2
XD 13, D7)V — T OESMET22-28]BL VA>TV v I Ty b E
- 72WF7E060] 25 b ERE\EAMBOME EFIIHh N2 BEFOEEINRE X
NTWBA, 2) SHRSP OIME EFIZE VRN SRD 54, 54 AL,
BIIEE A STE EREMRD 5NANA6L], H5EZBEE 10 BEk L
O QTL RAHEMICLZME ERANDIBRET. THDERERZIES
MEBEFTH B EHRIND,

l e |
=i
=
E=11113
-

]

1) 4D0REH4&, 1. 3. 4. 10 RAK EESICERERET (QTLs)
DEENREE N, 2) THh5 QTLs OMEIIHT 2 EITFEHCRIEAT
DEIBBRERFIZEOEFH TS END T &N, EBRWITEEHA I Nz,

T, AMBICBVWTHE NI > ZREBIZEET 2 W < DO MERE

BEETFICELTTBRSL TN &z, 2hs@Egicdidsa vz v I %k
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HAEERLZOEBZEMICHARD ZEI2K> T, SHRSP 285 51M/Fi8
GBI INS T 5,
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v hREAE BIEAn Bis (1%8HEK) DNA#H H
0 54 H 1 g
4 4 4

51 B 25 2 Bl
Tt Tt 1t 1 1] 1 1] 1 1]
Sw 8w 10w 13w 20w 6m 7m 8m 12m

t+: MERED W HEE, m: B

FERMN 55 1 B - SP &sh+ kK
55 2 Bzl - SP S+ AREL K (1R HEK)

K10 FAROFEFERAF—<
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4+ MSA DiMghz -+ D2Mgh2 3.3 = D3Mgh16 .
2.8 BME10 kRe1 p3ughs
22.0 2.1
D1Mghs a0
2.6 5 )
s o D1Rat17:TP1A35 ATCYP2A2S3 < p2Mit6 N3.2u181
4.5 L2 KAL 13.9 17.9
14.9 a9 i DzHox6 L4 TYNa chantpzmox1o oy
7 4 TiDltox2e TT 4 D2Mit7 1'5 9
7'6 TEN3.2u226 ' D3 Hox 16
3.2 FFurin o 4.4 3.8 ¥ox16 ., -
;3 ¥ Rep3d Arix 22 D3Mi 15
$3 T KBOPALS.2. oo 1.6 5% SCA p2Mgh1e paMghil 305 T BN pauicr71o B3MhS
g; w ILARG10 NTIPA LSN W12 yycp 16.2 ¢ ¢ & D3NN 1203Mgh 13 S1c12a 7y 1 p gy gy D3Mit14
9 i 2.0
Stx2 D2Mgh1z %; f D3M3h15 pg o s
2.5 .
3.6 T 03KV03,0, 010
+real. 20 .1 8.8 11 psos
10.0 i
25.2 < omghis D3Mit2
4.0 Z0gh1s oo 2.5 2.1
ég + . D1Mgh14 apRE1 4.9 pPS1e
5 DLMit14 YT D2Mit16 : ET3
Chromosome 1 Chromosome 2 Chromosome 3
++ D4Rat1l +305Mgh1 1.1 WRDGMGhLIGCA DGuit 10 06 Mo x 13
10.1
37.6 T D5Mh2
7.4
4+ pMITY .2
13.4 : - D6Mgh4
+ DaMit2 "
19.4 10 o5 15.3
+ w1 85 OoHitl - DeHghs
15.8 L
D5Mgh6
+ pamit1l 5.1 4 ' 15.4
1.4 5.1 1§ oMahil - D6 ML t4
1T Reg 3'0 <+ DSWox3 DSMit11
10.5 | 35 THostox2
SPR 20 TR osMits 2.0
15.9 .
52 1 mv;rt];] 14.8
. e D4 —— i
s yo HmMED 2.8 FEO6MES,
. CU om= OYP4AAL DSRirL
+4 DaMit19 8.9
3.3 T 0SMghs 5.7
4+ DaMghs
17.2 11.5
3T D4Mghll ¥ ANF 05Mgh 1S T D6Mi t5
Chromosome 4 Chromosome 5 Chromosome 6

K11 BR2#HARICBWTERESNZT v hE2REROERIK
Lo ERIORFIIT— I —MOEMZ2 > F IV
(cM : Kosambi's Unit) THL T35
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+ oMitie L acm DO Mt 1 4+ MoMrDs
7.5
1.2 -+ D8 Mg h 10 _—
1 p7Mghs :
3.9 oy T] DloMgh11
21 2.3 L 34 promite
24.7
27 T O7MitS s -+ GRP78
"7 ] D7Mghs ., THOMEL "7 Hpopoxd oM t2
*f - paMghs ++ D1oMghé
18.2
25.0 23.9
+t 07 Wox 27
44 NGFR
37.9 7.1
34 —~+ 07wox8 =k GHP3 ACE
5.2 * T &kpotox 18 23 ++ CA770
o5 T DloMghs
12.8 5 o T RR1023
) _ 3.1 1% DloMgh2
<+ D7Mit7 - D8 ox 22 DI Mi t6 1 42 preMghl
Chromosome 7 Chromosome 8 Chromosome 9 Chromosome 10
+ pramMghz 4 p12Mits = DL 3Mghe
18.2 5.6
2.5
-+ MUCASGP7
+ p12Mit2
L 01 3Mg h7
1.9 &
16.5 Lo F PLAZ 01 3Mghs
2.6 = Lamc 1
%1 6 paMitz
=+ D1@Mghl3 ' 6.9
2.1 [T D3N0xE Wyog
2.0 ;
-+ Renin
+ D12Mghs 5.6
7.9 3 s == V1b cappp
2'6 -+ D13Mg h4
12.6 2ot DLMgh3
3 HD13KY 03
6.6
<+ D11Mghe FF DL2Mits — BCL2A
Chromosome 11 Chromosome 12 Chromosome 13

K11 e
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9.8

19.8

17.9

1.
)}

SAPKC

ALBZA

Dl4Mgh3

D14Mit4

D14Mgh2

Chromosome 14

+1

—

27.9

1
T

13.3

4
1

DLEMGMAL ) oua ot

D18M1it8

D18Mit2

O18Wox7

Chromosome 18

1.7

el
w1 Lo
I
11

D15Mi t2

D15Mgh?

D15Mit3

D15Rat52

Clusterin
D1SMgh2

D15Ar b2

D15Mg h6

Chromosome 15

14.8

D19Mi t3

Dil9Wox3

Tat p)owoxs

D19Arb3
D159Ar b2

D19Mit7

D19Mgh3
D19Mit8

MPD

Chromosome 19

40

4
I

9.¢

4
1

s

F D1eMit3

+ D16Mgh4

~~ D16Wox10

Chromosome 16

29.5

25.7

22.2

1
T

D2oMghl

D18Mgh4H

D2eMghs

MHLL

Chromosome 20

+4 p17Mgh1
33.2

4+ TRKB1
9.6

+ D17Mit3
1.4

= DL7Mit4

Chromosome 17

< DXMit1

++ DXMit4

35.4

++ DXWox33

23.4

4+ DXMgh7
+5 DXWox3

5.0

Chromosome X



#* 3 RAROBEEHMEN (U LAFv2) 1T
EONZBEEY—T—

Number of '
Chr. Markers Map Length(cM)
1 27 (12) 155.6
2 10 (10) 168.4
3 28 (12) 133.1
4 12 (10) 126.1
5 16 (16) 124.3
6 10 (10) 125.0
7 6 (6) 83.1
8 5 (5 115.1
9 7 (5) 92.7
10 12 (7) 104.3
11 4 (4 63.1
12 4 (4 50.3
13 16 (7) 672
14 5 () 532
15 8 4 78.4
16 303 17.3
17 4 (4) 16.0
18 5 (5) 82.3
19 10 (10) 56.9
20 4 (4) 95.8
X 5 (5) 82.5
Total 201 (148) 1890.7

The number of markers used in QTL mapping is
listed for each chromosome. The number of
markers used in initial genome screening is also
listed in parentheses. The size of chromosomal
regions covered by typed markers is represented
in Kosambi's unit.
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LOD Score

()

6.0

10w

3.0 A

1.0 A

: /7~
DIMgh2 D1MghS Kal Furin D1Smulilsn  Rca01.20 D1Mghl3D1Mit14
Cyp2a2 D1Wox29 D1Mit2 Mtlpa - D1Mghl4
1
20cM

Chromosome 1

BJ12 P2 BIT 5, a) F1ERAMKR, b) B IRAMKR, o) F43AK,
d) 1 0REKRLELOSENEERLRTEM (QILs) O v ES T
) - 100 : 1 ZEXH
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(b)

LOD Score

4.0

3.5 -

3.0

2.5

2.0

1.5

1.0
054 5w -
_ \
0 LN ] I [T T OHIT ] I ‘
D3Mgh16 D3Mgh8 N3.2U181Scn2a Cat D3Mghs D3Ab219  Ps10 Ef3
D3MIt10 D3Mgh6  I1b Pmp D3Mit2
1
20 cM

Chromosome 3

K12 b)



4.0

LOD Scome

D4Mit9 D4Mit2 Tryl D4Mitll1Spr D4Mgh7 D4Mit19 D4Mghll
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(d)

6.0 4

5.0 1

3.0 -

LOD Scome

2.0 A

1.0 -

0 7 -
D10Smul D10Mit9 D10Mgh6  Ghp Ace RR1023D10Mghl
D10Mgh4
| —
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46



LOD Score

Early Developing Stage Late Salt-Loaded Stage
(% 1 B (585 2 Btf®)

| R | | I | i
Sw 8w 10w 13w 20w 6m 7Tm 8m 12m

M13 1. 3, 4, 10K EFoFMEEERT (QILs) [THiT3
LOD score ORFERYHERS
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3.1 KEHBEGETFORBHRIYESY
[E &)

EILEA A R R I B 5 X ERARAT TH5 LA S AL,
Riw. BF, BEBIREDOEEED 2 WITBRER & OBRER T O FIE %
SLICHESRTNS, £21) IhHARRTFEOERVEAOEE (IE
MHEDBESRVADBERERELRZD), 2) EEBTRELLTVEIE
HEORZER (BEMRERICKDMOEREZELZLLPTVERR) ORESIN
FTVLDONREINTNS[62-64], YA ERDaEET. WEFHREITBITS
EMERR ST O “REPEZE” 2RET 2BEEERR HEPEET) ©
GHEERBLTVS, BETOLS RMEPEEFEMALLS &, £ hRE
F)VE % RO RRIEAVE A AT N T B[65-68).

b MNEROEFIVEY TH S SHRSP id, SHR OHFR (A, B, C HR)
DHTHEFELZRETIEADOHZHSE (A BR) OTROHERIRNTET 2
Z &K ORI LA[10]. 1) SHRSP (A HR) i3M%ER2Z 100%RET S0
2L, SHRSR (B, C HHR) REMENH>THIEEASNERERIE LR
Wiill. 2) SHRSP W&FT I/ BAEEETALREEE525L, IFE
3B ED TS 2 VAME P REZBIICHE 2 5N 3131 E DM R,
SHRSP IZBWTHmMEREGT SI3HOKMEREEFZ O DAREZREL
Th3,

FFETIIE MUFEFHOETNVEM TH S SHRSP 2 AWV T "Nz
B 2RETHEETERETSEHKT, SHRSP & WKY ZxE LU TEE L
7= F2 R ERHR & LIZBEET 2T 2.
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(EBFR & H7ik]
EREY)
mIEREETFORGBET Y E T (2.1) OBICERLZ F2 #448 (8 : 125
L) ZAWFRICBT 2 ESBTICB W TOERICER L/,

fize R E

F2 Zv b, MERER &K 12 » Al X2 bNIVES —)VREET
CBWTERLEZ. Ty Mz BMEORMTYRL, EERER, 10%
TR B TEELZ, ARMFIRICIOMERORBEZRLZS Y b OMRK
ML, KIMEERTNGER2 5 RERICMT T 6 O A 2/ERIL . &K
BRI FIZB W TIKNES (MHMd 2 WITINEEE) REZHREL .

BEY——

HAMTH 5 SHRSP/Izm & WKY/Izm & DRICEBEGHZEINEFEL ZE
EX—H—D35 1258 (Tv MEL1~ 20 BREEBIVX EREKRDO TN
TORBEZMEL TW5) ZHNVWT, F2 BEROEBEFRZRE L, BE
FRIPEICIE, F2 #HRDT /)L DNAZT > T L—MNELBEY—I—%2T5
A< —& LT PCR KEETTW, £0D PCR EMEBELKIKETSEICL> TiT>

7‘:.-
—o

BT

50



R RENRD 5Nz F2 #HRIZBWT, 125 BHOBEY—H—I1c&L -
TRESN/EEME S &1 SHRSP FEE, WKY FEE, AFORO 3 2
2T, iRl 1:2:1 &Lk a2 REIC K D BB 2T 5 /=,

SHiZe F2 BRIy MRz, MEEE 125 HOBEIY—I—Itk-
TRESNLZBER ED—TERES BT (one-way ANOVA) %fro7., Fl

HARE F2 HRICBITNEED /M E FREICK VL,

(3R]

H F2 v b 1250k0 5 B WIRMFTRBLOEBEHREICID 9D S v
MZBWTHKETRELHR I Nz, TOIBTEROS Y MIKEEZE 2CO
Ty MIMEIL 2Dz, NS 9IIED F2 Tv MIBNWT 125 BHOBET—
H—ZRAWZHEES T ((PRE) ORFR. B2, 4. 9. 10 REKLED6D
DEEY—HI—ICBVWTHEREHEMNRBO 5N (ELH),

F1 #f & F2 R DOMERIITNEN 2.21£0.07 g £ 2.19+0.14 g TH
o7, F2 HRICBITIHMEEZED P HIT F1 HROSBLOBDERICKEREL
wU7z (F2#4%:0.019, n = 107 vs. F1 #4X : 0.005, n = 7, P<0.05), #t>
THERIL F1, F2 #RZ2EL T—BSBENICRESN TN S Z EAHEE S
h3, F2 HERICBITINERIZMEE (r = -0.065), #£E (r=0.109) &%
ERRHEBEIRD o NEN -, SHRELEEETFORBEKITYE T D
FZE (2.1) ORICMEMBEIEHEARBDONTBEY—T—EIKEE & DOMIZ
BEEBREHEIBED ONARN - /2. LEDOZ &3, AECIMEENEZENICIE

MEEBICEEZRZEZRMNWEVWD I EERBLTWVWS, £/ F2 #HRIZBW T
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ERFEENERSNZT Y PORERIIFREL RPN -2 T v MTHERTEER
miEZRLUZ (2.49£0.13 g, n = 9 vs. 2.17£0.10 g, n = 98, P<0.001).
ANOVA IZ X SINE R BB~ — 1 — & OE#EMBHT OFER, DAMIt9, D4AMgh?,
D4Mgh8 D 3 DD —A—VHEEEEHZRLZ (R6)., INHEBEBEY—A
— R P REC L SMERRE LOEBI/TICBNTHEEREBEZRLTY
7=B8, F2 #ATRIE S N2 EME & 138 B/RE#HNRO 57> .

(£%2]

MEEFEFHO “REFITEDPT I 2RETDEEF (KEFEE
) ZFRET 2T, FARTIRETINEMZR WBEHETNTHN,
AR RS2 OBEHEFTHRICBITOMERE LT, MEPREOERERS
KO (BRY) BE (CLATRMEERRITSIMEED XD ICEERF
FrCBEICFIATESHD) BNEELRVEWVNS ZENHITENE, TDRED
WAL 2 AR DOMAT %% W TESEET 21T > 72,

E91) MEPREIRD SNz F2 #HRICHBT 2 125 BOBEY—h—
ERWE P REICK2EEAN T ZIT o2, TORE. B2, 4. 9, 10 BE
KEDEDDBEY—H—ICBVWTHEREHENMNRBD 5N, 2) LR«
HEEIZSSDECHLNRHRREENRD 5NE SHRSP ZHNTH. K
I %2 AMERA L, IR DR IC K D INEEN LR T2 Z & 28HE L T569],
ThabbRIBHATRICEK D INERRIENHR I NS LFN 5, MR FAEZ 5
R Z L7z SHRSP TRIKEMEZOFER LAZRT. £/ F2 #HAIITBY

HERERME & OHBEBITO/BRENS I, MEEIZTNSBE SITHRRMEE
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MBRDONIZM oIz, o THEFRECBIZ2ENREL L THKEEZAL
Ty FERAEFEOEBY — I — EOEBEMIT 21T > /2R, DAMIt9,
D4Mgh7. DAMgh8 @ 3 2D —H—NEEBREHZRL/Z, N5 2 fE
DESBFTOFRRIL, T v ME 4 RBE EITHMEREGT &350 OfMzs o 3E
b2 EETF MEPRET) WEETSHILERRLTHS,

INETIRRLDOMIZS 2 DD ) —T7H, SHRSP ZHWTHKEFER
FTEMBATHDICEHEBIT 2B 73> TWB[67,68], Rubattu 5 [67]1F
SHRSP & SHR 23X L TER L= F2 2 AW TEEAR D 5 Mas R AFE T
ZHETOERSZEREEIL., REFTREZRBET I EETZHE 1 REAHK LIZ,
BICHRAEZNMBITIBETEE 4. SREKLIITYES T LT, Jeffs 5[68]
3 SHRSP & WKY @ F2 TP RERERICL S RBATNEIICL>TTE
DMEEORKEZZIRBEEL L, KB IR T 2 EAOM T ICBEET 5 8E
FEESRAEKFLEIITYES T L, BLAEED 3 DOEBEMITICBVWTAEN
R—BLEBRME SN TRV, TNTNORAWEERTFE, BLUVkKE
FEERNFBEELTELAREZOANEERDENVNIZILSZBDEEI LN,
WEFOBCHEFTICBITIZIENEED 2 WIEFHEEE (intermediate
phenotype) MWNZEETHE0NHONEEEDHIT, BROBITD TSRO
FHDOERNREZND,

()
SHRSP & WKY 23R U TIER L 7z F2 AR ZMRIT 125 MOBEY —7

— 2R W EEMAENT O R, D4AMIit9, D4AMgh7, DAMgh8 @ 3 DD —H—
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DHEE MEPITRDPLTIIHNT 2 —D0ERFE) CHBREHERLE,
INSBEY-—T—ROEESFIEEREENRBDOONT, Ko TIv g4
REME LI, 2.1 TYY EXTENEMEEET &I35] OREE H FAE I
b5EET MEPBRET) MFETEIHDEEISND,

3.2 MERMEETY /O—F
GLD)

ST (3.1) &> TNERBETIE 4 Rk HERICHEET S 2 &
PHEE SN, KOBKELTHUTO2BOAEZSNS, 1) Yz
v 7 RIS U CIME R EEEIRE X 5 Ik TV, 2) MBRMEET
77 O—F & LTEOEBESNCEET 2 MEPREORBRET £725 5
DETEBEFRIHL, TS BETHERCHNETRET THENEINE
LR EIOFIRIC L D RET B, MIE 1) OFRA, A2V Sy I RHEE
BITDHDIT2~44F, IHIY TPy 2 U EHEEEZ RO 5 -
DIZIRETHISHIIC2, SEMBETHD. o TaA2 TPy 7 RFIER
ETOHMIT, KOAFy TE L THBBHRETY 7O0—F 2755 7.

BTE, REEEOMBAREINTVNS Sy MEETREIE, Ehov
ADEATHRS E3 2 0ITDINOREBIRTH 5034,70,71], - T v E>
JENEREEERICB T SBEREETE Ty MRAK L TRIET S Z &l
hOTYADBEIC NS EEBETH D, Lo LA SEEQEERY /LT

OYx7 bORBICED, FAEAET Y MREKNE FOIYTADEORE
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FIHET 20NN >TETHWS (T b, TR, b NEOLBEETH
HAEHENTNWD) [(70-72], ZOLBEBERTFHRZFATHNI. FHRT5
Ty MR ETERBEGTEEH TS I EBAREERD. 18> TAHATIE
MERBETFAY Y ES TSN (3.1) v MEARAK LEBICHET S
Ebh RUARBELLSEMEGCTEZVWSDNELL, TNSBEEETO
v MREKETONEZHSNITTHLLEDIT, H%ﬁ@iﬁﬁ?&@%@ﬁ%&:o

WTHRET L7z,

(EBRAMEL & FE]

FATSV—RAI V-2 T

Mzeh BAETF DR & LT, Taurine transporter BfzF(Taut), tumor
necrosis factor feceptor BEF(Tnfn), GABA transporter #BxF(Gatl) and
glucose transporter-3 BEEF(GIutl) ZRAZ, ZNH 4 DOEMEFIE. LAE]
DEENS T Y bEARCEICHRET S EHEMEINDEFHDEWVIETT ADR
BEEXIDEHLE. TNHSEETFIIBITSBSSRY—H— (BEY—-H—) B
HKOEDDTY NI LAFATIV—DAZ V=22 T72F570 82—V O
B ZEK 14 12R77[35]. £7 Genebank IZBH SN T EEMET D cDNA K
Fle® LT, Ty MM S U7 total RNA 25> 7' L— & LT RT-PCR
(reverse transcription polymerase chain reaction) {7y, N1 T7UFAE
—2a AOTO—TERERTE. v NI LTA4T5)—[Bleths T
O—JWREDAZ)—=>F L, Positive 27 0—>2%EHT 5, FHLZD

O— > %% BB %E Sau3A TUIM#E., 79 A3 KU % — (pBluescript;
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Stratagene, USA) WA AND, TOTITAI KRR Y —TI514 T35 —%
fERR L. (CA)15 & B WIZ(GA)15 Oligomer # 70— L L THERA 7 ) —=>
Y45, Positive 752 O—> &R, TOFO—> &L —2 T2 A L THE
A EHD., REINZEERFZD LICEHRETFICBT2EEY-T—%
e T 5.,

BEHEBEGCTOYYEST
HERINCEFECTFCBIZIBEEY—I—Z2HWT, v MEZHR 8 R
# (SHRSP/Izm, WKY/Izm; Wistar Kyoto, SHR/kyo, DRY/Sankyo;
Donryu, OLETF; Otsuka Long-Evans Tokushima Fatty, LETO; Long-
Evans Tokushima Otsuka, WTC/Kyo; Wistar-derived tremor control,
BN/N; Brown-Norway) IZBWTEHMBRETo/2[74]. LRBRRBITENT
BREICENRD SNERRICHEDE, 3DOXEFHZHMA L TREERE
FORG@ET Y E T EITFo 7, SHRSP/Izm & WKY/Izm Z3EL U CTEE
INJz F2 #4% 125 €, SHR/kyo & DRY/Sankyo %3E L TEHEENLE
UM (BCL1 #4R) 87 L, WTC/Kyo & BN/N ZZH L THEE E 117z BC1
A 48 LB NT, BHEERTFRIBIIBEY—IT—0REHEEZREL .
BEI—I—BEIXUED PCR KingEHhzER7ICL 5T, DASmud OEEY—
#1—iZ touchdown PCR HEIZK DRI N/=[75], PCR EMIZ4 %7 7 UV
72 RFIVICKDERKB®R, TFPULTEYA FRAICKDERE TN,
ASMBICB O THE S M ERIZ & ) MAPMAKER/EXP 3.0 [39]2A b

TEETHNZIERLZ.
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(#2R]
Taurine transporter BEFIZBWTIE, HEINTWSZED cDNA A5
(Genebank M96601) @ 3’ 3EFHREEL (3° UTR) AICBWT 22 BID CA <
DIRUESIZRH L. o> TED (CA22 2% LIZ Taurine transporter &
ZF D SSR Y —h—%{ERL (87). BC1 R (WTC x BN) x BN iZHBWn
TRESNEBERICZLD, Sy MEARBFEIIYES T L (K 15,
D4Smul).

Tumor necrosis factor receptor EfxF, GABA transporter E{xF,
glucose transporter-3 BEFIZBIFSH SSRY—H—X, Ty MNTF /LT T
FU—RA -2 TBH5IEICK0HLLHAFESIN/Z, tumor necrosis
factor receptor = Fid BC1 X (WTC x BN) x BN IZBWTHRE TN/
BB %E D &IZ, GABA transporter BT BC1 #4% (SHRx DRY) x SHR
KBNWTRESNZBERZDEIILT, &vikIy ME4ARBKLEIITYE
> EN= (B 15, D4Smu2 & DASmus).

D4Smu4 (glucose transporter-3 B4EF® SSR ¥ —H—) i, LA
ENL8DODTy MARRICBWTEBRIZENAN 272, L2TIv b ¥
AR O — N RIV[T61 % FAWT D4ASmud BNEDRERICH 5 ZIRE
L7z, DASmud IZPHWT positive BRI O—21d Ty MEARBED I O

— I NRIVEEEIT—BLT,

(%]
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EAFIZBNWTHZICHARBEINZ SSRI—H—Z2HANT, KEFEEFD
B/ Td % tumor necrosis factor receptor BEF & GABA transporter &
mFrEIy FEARBIKED DAMgh? & D4Mghll OFOEBIIT Y E> Y
L7z (K 15), ZOBRBMIMEPEETFORBHKT Y ES T (3.1) THhKZEHR
ZHEECHEENRDONTZEBEY AN HFETSEEE KT S. —F.
Taurine transporter BEFI3T DO & idA L id7ai/z Neuropeptide Y &
EZF (Npy) BB wE TSN, INHHERICKD. Iy ME4ARE
RET T AL 6 Rl &30 80 RHRERIC BN TZOMREENRD 515
ZEMNDNE, BERFITB T glucose transporter-3 B FOREHEKET v E
STRTERMD TN, 1) Ty b YUARMY O— )RV E RO
CEDEARBEEICEETSZE, 2) BHARCIOHSHIEINZT Y b,
YR, b MNEOLBERTFHER (K 15) 75, glucose transporter-3 JEx
T3 T v ME 4 REMR ED tumor necrosis factor receptor BEF & GABA
transporter BEFDHMICERET 5 Z LB RREIND,

Tumor necrosis factor (TNF) 134AERNICBWTHIBOTY R —3 2 %
BERTBHAT— KB TEEAREZREZLTO B EAMSNTNS,
TR E OMEEERMREICBWTKAN TNF ¥ 8780F LW E
ENROHENB[77], & 5IZI1E tumor necrosis factor receptor BEFD ./ v
770 RITRA (BBBEFOAZRBETEBRIEEMNIZEO ABRITENZL
TULESEEMET V) KBWT, MPREMRESRER (MCAO : HMADEIRIZSH
WTFROABIC L D IMEOFNZEIED - ATHMIEEREET))) ZABT

LZZEIED, PO TAICHNEBERMNEERETETHENDH
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GEWRHB5[78], LALOARIZ TNF 2 UIed T FIVEED X7 — RO B
ML ORIMAEEICB VW TEERREZRZLTVWE I EEZRRLTHD,
ERRICBIEREETYETOFEREHDETEZNE tumor necrosis
factor receptor B T1d SHRSP BT 2MEFBETFOEERBEHTH S &
WZ 5,

GABA transporter O >k EY —dMAORIMLIEE OREZHIHIT 2 &
WIOBEND B[79]. glucose transporter—3 ¥ neuron FEIITFEL TH
D, PRBIREZRLE SN2 Y MERIZENWT glucose transporter-3 1&
BFREBROLANAED LN, INERR LAPNRNORERTICE BRNEE
MCREEIT R > 72 RO AR LR IR F—Z2HEL TR EEZEA SN
TW3[B0]., TNHH|;EMNS GABA transporter &1 F = glucose
transporter-3 BT H £z SHRSP B 2MEFBLEFOERTHD &
NHRIND,

&) IR BT B EGEN 5 T OMRMIEE LN B E
DHEZTNTWS[81], SHRSP Tid, ¥V VU EEH5EZA DS LITXKDZDRKE
HREEEMAD I ENTESL ENDNTWB[82], fEt-> T, EFENIZHE W TH
TR OBE %2R L TWw5 Taurine transporter T2 SHRSPIZBIT 5
2 REICBE S L TWEOTREWAEEBZ 5N, L LIRS AR
BOTHZORREBMEHINTG, SR SRIFMERNPLETH L &

ERAOLND,

=
=i
OH
E={11t8
S
e
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Ty b YUR, EMEBRBEFHNEFALNEE#REETY 70—
FOFER, tumor necrosis factor receptor BI5F, GABA transporter &5
¥, glucose transporter—-3 BT RKEFBETFN T Y 2 TINZE 4 116
FLOEE (3.1) KEET DI LR INZ, TIN5 3 DDRELT DA
BROEEERHZEN S5, SHRSP KB I2MEdRECEERBHELST &
LTHRIZN S, SEINSEBET EMEPRIEE OEEORRERERIIHS »
ZENBM oM, T 57255 (SHRSP & WKY IZBWI3HEFEL LOH
B, HERSIORERE) 1TLD SHRSP BT 2MEHiELET & L TOHME
PR ENS,
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7% 5 Cosegregation of overt stroke with SSR markers on chromosome 2, 4, 9 and 10.

Marker Chromosome  Observed genotypes in apoplectic 9 F2 rats

Sp/sp sp/wky  wky/wky P
D2Mgh10 2 6 2 1 <0.01
D4Mgh7 4 6 2 1 <0.01
D4Mgh8 4 6 3 0 <0.01
D4Mit19 4 6 3 0 <0.01
D9Mit6 9 6 2 1 <0.01
NGFRR 10 6 3 0 <0.01

Observed genotype frequencies were tested against the expected frequency,
sp/sp:sp/wky:wky/wky=1:2:1 under the null hypothesis by the 2 test.
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% 6 Cosegregation of brain weights with the SSR markers on chromosome 4.

Marker Brain weights (g)
sp/sp sp/wky wky/wky F P

D4Mgh7 2.30£0.18  2.19+0.12 2.15+0.12  7.032  0.0014
(19) 47) (31)

D4Mit19 22740.17  2.19+£0.12  2.140.11 6907  0.0015
(26) (50) 28)

D4Mgh8 2.2940.18  2.19+0.11  2.16£0.12  5.849  0.0040
(20) (49 (28)

(), number of observations.
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41 FERHEECHTIBETORBEKIYES Y
(B8]

MEOIAVATO=ILS M) T US4 RAELRZEIEMELZ. BER
TERERTOMEBEMEAL THRET LR FHEOERETHDI EEASNTHY
%, B3 VAT O )VIEREBIIRBELIERE (KRR CRE) OFEKRRY
AT 70 —=—THB3ENWDIEN (FHTRHEFHLED)., 1949 FXKE
Framingham {Z B} % RERIDEEREBIC L > THID THL M T 17z[83],
¥ /= Multiple Risk Factor Intervention Trial (MRFIT) & &Zidh 2 KEzE
FWREICKSE, MPRIALVATO-IVEDO ERICHVRIETRS LR T 51
MARDENZDOD, HHABEEUTIIBWTIIALAFO—-IERTEED
CHEIZRECBRLRETEEND ‘T A—T7 2 ZEMWREINTZ, RUH
HECBWT, BOEMERCLZECRIALAFOIED LFEFEED
fARERTA, NEFDOECERIFIAVATO—IMENEZICEVHTD L AK
FTLTW2 ZE&bmRanNk84], KA L A7 O—)VILAE ORI Rz 5 O FhE
NE<RHHND EVDFERFARREO N DRREINTWNS[85,86],
SEAREIINEFRREICB T2V ATO-VORIOEEREZRBTSH
DTHO, TOEEEZASNICTEIEEBEERT I THHEELI5NB,

ENMEROETIINEM THS SHRSP 13, HREAFE FITB W THED)
¥ WKY &0 sIMF#aI LV ATFa— )V EOETARE SN TNS[87], EHf 5
(B8IIZZDERD—D& LT, #MiRREES,FTICHET 2L ATO— )L EER
DHOBEERDO—DTH AN VBT CEHRERR (MPD) OEHEETH

RH5N, THICED SHRSP OaALVAFO—LERMET LTS Z L &H
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HFLTW%, £abAFO0-VEFENMIRVWEREZEX SR, 0E
BEDERDMRNERICHEDCTNENIHREDDH 5[89], —F. SHRSP 1T
Sl - SaLAFa—-)VHFO®RZEART 5 & WKY LU TESITMmF
AVATO—IMED & (BIElE) &L, BRESHIRCHMESHKICET
FERATEE D 515[90,91], SHRSP 21T 2 BEEH MR T WKY 12
HAREN (LDL abLAFa—))) ZERODAAHLT EEENTIEL TS &N
SH|EDH D[92]. SHRSP OMEIZBTI2ERBILZBILLTWVEWN DR
BD2VWEBRCHEROEENRREN TS, Y EOMERIEL SHRSP 2NEE
MICIEER#HOREZ DS, TORERBOREINNE OEEE (BIIRE/L)
S 5ITIIMZE R BRERICBEEL TWaAREZRR L T3,

AFTIE SHRSP BT 2 EEAHREORBCHNRRZMAT L L&
Bz, TNOREAMARE CNNERERE S ORBRZHSNITT 2DIT,
SHRSP & WKY 2B L T F2 HRZER L TEROEEEE (UXREA. 7
REH. BEHES) ZREL. TNOREOECRIAZHBEMBITICKOREL
7z EHIC F2 HRZMREL T, TNSIRERE E2RANK L 168 EOER
R—HA—IZBILBEMEOEEBT 2T o (T LAF Y ),

(BB & HE]
EREWY)
SHRSP/Izm & WKY/Izm i3 SHR EEREBEETIVHEPIFES R, AF)
KOUBEALM, SHRSP/Izm # 1 L& WKY/Izm M 3 L& 5 Wik, WKY/Izm

M 1 L& SHRSP/Izm M 3VCZEREL T F1 #44R 60 IE (5728 L, £32 [L)
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ZHER L7, F1 ARG Z REHFSELL T F2 #{R 358 IT (57174 PT, £184 L)
Z{EZI L7z, SHRSP/Izm . WKY/Izm, F1 v b, F2 Jv MIEHEFRES
f (REE : 23-28C., {E : 60%. HHKM : AM6:00 - PM6:00) FiZBWT
FELZ. AR 1 38X TIIREFE (SP WMEl : MRS LKEKEH
HEREE, 0% HFC & (6% lard, 2% cholesterol, 0.5% cholic acid) #

2 BMER LT,

HEAE

2TOREIX SHRSP/Izm (56 &, 26 L), WKY/Izm (J'6 IE, 26
), F1 v k (528 &, $321[L), F2 Iw b (5174 L, 2184 L) TP
WTRIES Nz, mMEXMEE (photo electric oscillometric tail-cuff
method : UR1000, UEDA) IZX D RAEBM SRE L /=, L (NHEHIIME : SBP)
AT (AM6:00- AM12:00) IZ3EEIEL. TOEHZEMEMBE L THL
7z

It (& 1ml 13 HFC & &7%a7 (13 8 : Chow) & HFC &A% 2
B (15 8% : HFC) @ 2|, TNZh 6 Kefll (AM7:00 - PM2:00) O
BRICT—TFIVERER N ICBWTHEERIRE 0iTo 2. ROBELEB IR LML
# (3000 r.p.m., 20min) KXV MBEZLBEL. 4CRRBVWTHREL . 28
‘4 BLRICIER IV AT O—IUE (TO). ®REUTVEI1 RE (TG,
EmEEYRY NI —aLZAFO0—)VE (HDL-C), KEEBURSY > /{7 —2
LAFu0—)VE (LDL-C) ZBBREREICXIOBEIEL ., TC, TG iZHREH

HE (Ea74—F S CHO-N : —{b¥ER, TF—3IFLTG: HHMAT
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v A) BRAWTEREICELD, HDL-C, LDL-C RREREE (F¥—3F
LHDL-C: BfMATv I X, JLVATFAKNLDL: F—b¥ER) 2HAVWTE
BECKOREL .
S5 RRMBOMTEZERENBEEANREBEZELECRD, BEREEY RS >
X727 (VLDL: d<1.006) EEHEBURSY NI +EEEU RS 2N 7
(LDL+HDL: d>1.006) &/ B Lk, £ELTELDEF OV REHE
(ApoE) & &% Laurell #[93)IC¥EHL L 7= Rocket SEFBERIKENTE[94)I & 0
FBLZ, 727ZL ApoE id HDL BL U VLDL #7257 Ry > /X7 &L T
PEREDHEEINTHB YD, LDL+HDL 2B HICHFEET % ApoE 1 HDL Z iRk
TBH57HRY>/)NY (HDL-ApoE) DAETEL TWAE I EIIEEREET 5,
Zv MI1 5SEBIIBWTRIL L%, R 75—V T TERLZ,
g, Ol BER (FE) FBEERZREL. E8ZRE L.

4° 7 I DNA i

F2 #0757/ . DNA 3#H LS A (W 26me) 25 mERO DNA
AT v b (Dneasy 96 Tissue Kit : QIAGEN, USA) ZRWTHIE L7z,
BREBE 10ng/ ul 2725 X512 DNA 3> )V EFHEL T, PCR RIHAT >

TL—hrELTHEALE,

F2 it OBEETRRE
SHRSP/Izm & WKY/Izm & OMICEBENZMSFELZ B2E2.1F

EHELERETFORBET Y U T TEERRZTOL) BBEY—AI—0D
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5 168 fHZAWT F2 HEROBEFREZRE Lz, PCRIRINIE2E 2.1 &£
RICfTo7z. UTO2BEOEBEKIKENEZHAWT F2 HHROBETREREL
72

1) PCR #E%., TOEME 4% 7 H0O—RX5 ) FMC, USA ) F TESKIKE)
L. IFPULTOA RTRERU VIREEE (TOYOBO, JAPAN) IZ&-
TEETFRZRELZ.

2) 4%7HO—RAT )L THHIAAIEE/R PCR EMIL 6% 7 7 UIIVT IR
( Wako Junyaku Co., JAPAN ) ETERIKkE L. Hybond-N+ 102 A
7L > (Amersham, UK) EATIAHU RS AT 7— L7251 &KW T PCR
K CRWwWET 5147 — 0K KF% Terminal transferase ( Boehringer
Mannheim, Germany ) iZ& 0 [« 32P]dCTP ( Amersham, UK ) TY 1V
=TT\ LEdbDETO—TELTINA TV E—2a RIS (42T,
3 Wl ) &2fTo/k. RIBBKIEFryr—F Ny 77— (0.5M VBRI MU
LNy 77— pH 7.2, 7% SDS, 1mM EDTA ) ZRHW=, RISKTERA>T
L > Z&ERIZTT 2XSSC ( 0.3M NaCl, 30mM Na3Citrate ) / 0.1% SDS H1°C

U AWHEL, A= IPFTI5T7 4 — K OBGTRHERELT.

A2 Ea—F I KB

HAM (SHRSP/Izm & WKY/Izm) OB TRIE L/ZEEREICE L TE,
B LSl ARAREE (Chow, HFC) IZBWT Boferroni EIZLD
LB ETo 7.

F2 #HARIZBWTRIEINZHBEERECB VW TENTNOMRZER S DI
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HEMEZNTNOD F2 BB W THEIMENT (Correlation analysis) &7 7.
SHRSP & WKY O TZEMEERT 168 B (&2RAKERET D) O’
BY—H—&->T. Iv " ERBEOEGHRZER L, F2 HRIZBVWT
BisE LR OIEREICH LT, 168 HOBET—A—c LD RESNAR
mB% S 12 one-way ANOVA IZX DB ET o7 (5 L AF ¥ ),
BHENRD 5 N RAKIIB W TIE MAPMAKER/QTL program % F W T

interval mapping ¥ %2115 72,

(#R]

BRREICBT B EERE O LK

SHRSP B&WY WKY KBWTHIESINZEEREDO 7O T 71V Z2EKS
IRT . WS ONDIFEFEIZHWNT SHRSP & WKY BICEBRENRED 5
hiz, ETLEARFHEF (Chow) KBTS SHRSP omH#Ha L AFO—)b
fE (TC) E WKY IZHANTHHEE DITHRIETLTWZ (male: 72£5.3 vs.
100£7.0 mg/dl, P<0.05, female: 81+5.0 vs. 1156+3.5 mg/dl, P<0.01) (X
16a), [EEIC, SHRSP Tl HDL-C OEBREKT & 53 /z (male: 60
+4.1 vs. 87+7.2 mg/dl, P<0.001, female: 70+5.3 vs. 96+=4.4 mg/dl,
P<0.001), 7= HFC &&f (HFC) 12X SHRSP Tid WKY T AT TC,
LDL-C OJEER LANRD 5NN, MOLFPEID DS L ITERAR LFZ
~L7 (LDL-C, male: 20+5.4 vs. 44+3.2 mg/dl, P<0.001, female: 73+
11.7 vs. 97+2.6 mg/dl, P<0.001) (K16 a). & 5IZ SHRSP IZ WKY 2k

AR HDL BLNX VIDL OBR 7 REHO—FETH AIMH O apolipoprotein E
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(ApoE). %z HDL H® apolipoprotein E (HDL-ApoE) @448 HFC &
SMAIR TR 5N/ (W16 b). £/= SHRSP O+ TG {#id HFC B&R/#T
BTWKYXD D EBITEWEZERL /& (male: 103+18.7vs. 67+11.1 mg/dl,
P<0.05, female: 120+42.9 vs. 89+ 35.5 mg/dl, P<0.05) (K 16c¢), #HE (T
) FHEEWRERZ (Fat-Pad) 13 SHRSP 2% WKY ICHANEEZETF, H30
IFETHEmZRLZ (male: 3.00+0.20 vs. 4.00£0.60 mg/dl, P<0.01,
female: 2.83+£0.60 vs. 3.21+0.60 mg/dl, ns) .

DlEELEDHBDEL) BEEHEFT FIIBWT SHRSP 13 WKY Zl~{Ea L
AFo—)VinfE (& HDL 2L X FO—)VIE), & MU 7 U541 RIEB &
U apolipoprotein E D& TFZ/R L7z, & 51 2)HFC BAMIZEL D SHRSP
TRWKY XD bERLRCESIRILENR® 517z, £72 3) SHRSP i3 WKY

WZHEAIEIEBEE DK TRD 5 1z,

FRBEFRAT

RICEBRICBOTHRERENRD S NREICBEL T F2 #zxdRIC
MBI 2T, W< OLOREIZEAL THEERMEEEANRD b N (EFI),
TG & HDL-C OIcE B/ AOHMEE (0=-0.28, P=0.0002) A% (K 17a), TG
CHRE, JEEEEOMICERREDOHEE (0=0.34, P<0.0001) A% (& 17b)
RHLNIZ, ZOXI7efHF b7 )51 RMEELLF HDL-C & DiFE4HEE,
BHBWIIHE S DIEMBEAITE MNEZERPIZEN 5 b —BT 2HRVImE I NTY
%[95],

BRENWRE L TR #HRICBWTIEER & HFC #87## 0 TC,LDL-C
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DOMICEBIRADHHEEE (0=-0.34, P<0.0001) @D SN (K 17 ), T
HB SHRSP BT 5&EEN - 2LV AT O—I)LEIIHT2mFAI L A5F0—
VDERITBWT, EHHAKORE (BHHROS®D 5 WTERICEEST 5
HWT) B8R L TW S RIREMENRR S N7z, SHRSP TIidE ke & 32
ATEL THB D WKY IR TEEBIVEREZEOEADNHRE TN TN S8,

RBHEDTLEN T D —ERTH B AEESEZ 5N,

Bin T RER

168 DBEY—H—ICL>TIK>TRES N/ F2 #HAOBEHEZS &
Iy hERAKOEEMNZERELE (KB 18). EREKIIBITEZIT—T—
BEAN—ZINEIZRBEORIZRI0 KEED. Ty FEREAKE 1~ 20
BRAR, X EREAK) 2 TEEL TBD, FRABECBNWTHESEDSD
UEDR—=A—PNFELE. INSBEY—I—OFET 2RI TT v
FREAEE 1457 cM IZH720. 2 D07 —H—MIcHB T 2EHMIROEENT

WHEIATA0.0cM T, EFTBHE87cM THo7=.

£ L A5 00— )V eI Bl 5 B A5 T EEAT

. SHRSP OEERBMER (R, K3 L AFO—IVILE & KSH &g mE)
CEbBBETFEMERET 520, RERAFTF (Chow) BLW HFC &
AEFIBTIEROISEREERBE LAY ) LAF Y Y ET o, TOF
R, 6AFTORAEKERCBVTEROBERE S EHE R TRET E

(QTLs) OFENTRRENZ, TS QTLs 1 1) SHRSP IZHBWHMuFa L
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ATA—)VEDETICHEET S EETFEEL, 2) MFAVATFO—ILED LR
CBIET 2 EETED 2BEICD T 5N,

Ty MESHRAEMRK, 5B 16 RAKELORBBEVWEHERLZBEY——
BT IREFE LD ANOVA BFTO#EEE 11 ITRLE, F2 #HRIRBV
THESINEEEREICBVWTEGY—T—0EERICKX D SHRSP RE,
WKY FE, ATODIHIIHTTRATHASE, EB50RAEKRBERTY A
—IZPHBF B SHRSP YL LAMF ALV AT O—IMEDEKTICES L TWS Z &
BHND, TROEEPEMK LICEET S LHRBEINS QTLs &, SHRSP @
KIAVATO—IVIEICRID 2 BEFETHZ EEA 5D,

Mg F2 RO MPREMEICBITS interval mapping EHTOEEZEK 19
IZRY, Lander 5[40] MHEE L TW3 Lod score 2.8 DL EDHFBEKEZEZEE
DIFEFEIIBNTHEL TS, FEELORBERBEIE S NLERONE
BFBIIBWTHE U Lod score DE—F (FEH) ZRLTHBO, Thth
I DOBECTESEROIEEREICES L Tha LHREND,

&3 VAT 0 —)VIE RS 2 B AR T BT

F#RICZy b3, 7. 8, 16 RAMKEICHITS ANOVA BITORRE
£ 1LITRT, $5. 156 BAELIEIRRZD. IS 4 DOREHK EOBETE
/d SHRSP 7 LIV a L A7 0 —)VED L&, &I HFC B&mIC K 5 TC,
LDL-C D LRICEAELTWS I EMbN 5, 4 DORBEMRITHITS interval
mapping MRHTOER, EROIBEREICHBNWT Lod score 2.8 BLEDHEK

WA BT-LTW= (X 20),
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SHICERTNRER, Sy hES, 16 RAKLOBEFEIIMPIL X5
O—)VEBLTCMmF M) U517 REEEBICENHEBER & OF B/ EH
ZRLTWSRTHD. HESTICB T SEEEE TC, LDL-C (HFC) &
DEIOBFREIREHBEORRZHETEZI D & £, 16 REK LOBETEMN
MHPDOIVATFa—)VE, "N TUES1 FMEZFIET D & EBITERARD

HEEZHEH LU TS REEINRR I N,

[(E%:]

WA IILLAT, SHRSP & WKY Z33E0 U THEE U 72 /E D F2 Rz 41z
L7y ) LAF v &> T, SHRSP I amPEa L A5 0 — )V E DK
TERBLDEHZRTEERTEZ T Y bE 16 RAK LICRD., /28 F2 #A
DHERRIZLZHEE S REMK LT, H F2 EROAZHRICLIZHEET
Refafk EICERRICEET 2B ZRD[96]. APFETIH 1) mEHEERIC
X2MHPALVZATFO—JVED LH (RISEREIE) CHTEETEMES
SIZRKRT B I &, BXRU2) URER, YHREH. THEEN. EHEERE
MmA a3V A7 a0—)VELS O intermediate phenotype L7322 FEMEZMA
TEOFEMRBERTI2BIRD LT, KOEEEDEVWT —5H 5 WIEH
TERREREZGESZEZBME L,

v bERAK L 168 BOBEIY—H—Z2RAWET ) LAF v 2 DR,
&E 6 DORAKREHBEBICBW THEROIFERE S A RAEENED b/,
% 1312 6 DORAKEFICBT B interval mapping BHic k> TH SNz

A LOD score ZRU7, BiEIOEGBEMEST EFER. £ 5. 16 RAK L OESE
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BN TMHAVATFO—)VEORKT EEBEREHIER SN, IbikkZ
SEBOBETERMF HDL OV ATFO—-)VEQETEHEELBEHERL
oo BE., Ty ORIV ATO—IVOKEHAH HDL AL AT 00—V TH D
ENLEATH, ZOEHED QTLs M5 NDIEAITEL D SHRSP ITBWT
mH@® HDL AV AFO—)VEETIE, TR X0mF 0L A5Fa—)ViE
DETHERI>TWBEEEZENS,

SEFZICE3. 7. 8, 16 REK LD 4 DOEBSEEHEARICLD
MMAIVATA—)VMED ERFICHERREHRZRL 2. ZFEORRS 5 SHRSP
KBF2MHAERI VAT O—)VIEICED2BETFESL. SEHEARICXED
=3V AFO0—)VIEIC B D S BETF B OREEBELICEREL. THhTH
MOERABFICEDIMFOILVATO—I)EZRAHIL TNVEEEZEZI 5N,
IHICHEREN I X, B8, 16 RAK LELOBETERMLFI VAT OB
EMFRV TV LS REEEBICENHBERELSARREHRZRLTND
RMTH5. INFET SHR OfgFMRICBW TR > AU Y HRRICH T 5 7))
DA ORAAOEE, 25T AHTI—IVT I VRIS 2 BB 5 W O
BENREINTNSB[97], £/~ SHR KBWTHH N FU T4 RBLN
i SRS O LR B ME SN TW AT, SMEOEREHDES &, SHR
DHERTHS SHRSP IZBWTHEMMIROBEHRENFEL. EHHRC
BORAENZWVEBBHE. N U251 AP TERL, TNVEED
VIR IV AT O—)VED LEFITDRNSRIEENRERZ 5ND,
Z5Vo LIRERBBLIVIEHHBOREORR L2 SBET. Ty MES,
16 Jefafk b OEBERICHEEL TS LHERIEND,
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Bottger 5[98]id SHRiZa > hO—J)V5 v b BN D% 8 Yefalk i %
ALka>V oy 7% (SHRLx) 2/EMLUT, mHeo DL BL8 HDL2
AVATO-I)VEZHATT5EETENEDOE SREK LEBICHEEFTS I &
ZHRELTNWS, £5y bES, 16 BAKLESIZIZ, NI JTUEI1 RO
TASEERELTHSNTVWS 2 D0 )S—FEE#E hepatic lipase (Lipc) &
lipoprotein lipase (Lpl) BEFEANZNETNCEET 2 2 LHmEIN TN
5098], Lpl BRIIFE LU TEHEKICEELLFOAOI 7 O% VLDL
RFONI TS REMKABRL, KBESNBEEES ) 20—V 2]F
PRI LT\ %, Lipc BERIIFBTELE SN, FiZ IDL % HDL R FO
RNUZUEIA1 ROMKSRBIZERLTWS, 25 2D0U/—FEBETIE.
TOBERLVREE LOMEBEN S SHRSP 2B 25 ERERE OEERE
HMEBEFEIBAON, IORLMBHANVHREINS,

(w7

T LAF ¥ 2EBLTEE 6 DOFREMKLFEHIC, SHRSP OIFERH
REICHET S QTLs A D olz. TOWNITy MES, 16 RAK LD 2DD
QTLs i SHRSP om$a LV AFo0—IJ1EDQKTIZ, v +E3, 7. 8, 16
REELO4DO QTLs RIHF I L ATFO—IVED ERICEEL Tz, =5
ZH 8. 16 RAK LD QTLs BIEMEE S bHEHMFED 5N, F2 #RIcHT
2 HBEMRENT N 5 ® N5 BT B IEE R I B 57 2 LRI B I
DHRD D W ERICEBRTIRTFTH 2 LHERETND.
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4.2 SHRSP IZHB\T 2 e R & MzE e

EWFEOFERN SIZERD SHRSP 1BV 5 J5E i BE SN P FEE &
DEFZRERRTIEZEOT—FIIELNTVARN, LALEARS, Jeffs 5[68]
/2 SHRSP & WKY @ F2 THNFRBIIRFEZICK S RFTRREIMIC L > TTE
LREEORZTIZEEE L., MBI IR 2 MR OIS I BEE T 2
FRESRAKEICTYE YT Lk, ZOEBIIARRICB I MR L AT
O—)LEQETFICED 2 BETATY E2 VN8 5 REAK LOFE L FIE
EHELTHD, SHRSP B J2EERBMAEEKETREDORERERET & O
BERBT HMAE UTIERICHERREN,
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%8 SHRSP, WKY|ZBTAEEN - 1L A7 u—)LHFCO)AERRITEE D IME.

RE, IEEEL XV

Chow HFC
Trait Sex WKY/Izm SHRSP/Izm WKY/Izm SHRSP/Izm
Systoric BP  Male 145 (10.8) 224 (5.9) *** 142 (4.8) 222 (4.5) ***
(mmHg) Female 133 (7.8) 212 (13.8) *** 129 (4.5) 194 (7.9) ***
Heart Rate Male 387 (32.5) 361 (24.8) 360 (21.5) 379 (37.0)
(bpm) Female 411 (34.0) 383 (31.9) 425 (16.8) 398 (39.5)
Body Weight Male 308 (9.9) 251 (3.8) *** 319 (15.1) 273 (5.6) ***
(g) Female 194 (7.0) 165 (4.9) *** 215 (12.8) 182 (5.0) ***
TC Male 100 (7.0) 72 (8.3)* 122 (15.3) 193 (13.3) ***
(mg/dl) Female 115 (3.5) 81 (5.0) ** 359 (47.3) 436 (22.7) ***
HDL-C Male 87 (7.2) 60 (4.1) *** 78 (4.8) 70 (2.9) *
(mg/dl) Female 96 (4.4) 70 (5.3) *** 97 (6.7) 86 (5.3) **
LDL-C Male 9 (1.3) 6 (0.8) 20 (5.4) 44 (3.2) ***
(mg/dl) Female 10 (0.5) 7 (0.6) 73 (11.7) 97 (2.6) ***
TG Male 67 (11.1) 103 (18.7)* 36 (4.8) 68 (17.6) *
(mg/dl) Female 89 (35.5) 120 (42.9)* 52 (11.0) 63 (26.4)
ApoE Male 61 (5.7) 37 (4.9) *** 35 (4.3) 32 (2.0
(mg/dl) Female 80 (7.5) 60 (9.7) *** 35 24) 25 (4.0) **
HDL-ApoE  Male 44 (7.5) 25 (3.9) *** 26 (3.6) 24 (2.4)
(mg/dl) Female 60 (6.1) 46 (9.4) *** 26 (1.9) 16 (3.5) **
Heart Weight Male - - 2.95 (0.25) 3.99 (0.13) ***
/BW Female - - 3.03 (0.19) 4.37 (0.40) ***
Fat-Pad Male - - 4.00 (0.60) 3.00 (0.20) **
(2) Female - - 3.21 (0.60) 2.83 (0.60)

WKY vs. SHRSP; *P<.05, ** P<.01, ***P<.001, ANOVA followed by Boferroni correction
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(b)

70 A P<0.001
60 y l
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g 401 :
§ a0 1 7 7
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16 (b) SHRSP, WKY|Z B} 5 Ifn i apolipoprotein E (ApoE) & & D LLi
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£10 F2-R o BEHMK (') L AF ¥
V) KEbhEE’ET—T—

Number of
Chr. Markers Map Length(cM)
1 15 135.3
2 8 102.3
3 12 102.2
4 11 90.3
] 12 87.3
6 10 91.5
7 76.4
8 6 66.8
9 7 80.9
10 12 86.6
11 6 48.6
12 5 65.1
13 7 49.8
14 5 53.0
15 9 61.2
16 6 26.1
17 6 59.9
18 7 52.3
19 6 239
20 5 41.7
X 6 55.7
Total 168 1456.9

The number of markers used in QTL mapping
is listed for each chromosome. The size of
chromosomal regions covered by typed
markers is represented in Kosambi's unit.
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%13 SHRSPIZ BT IEBERHMEE ICEH 2 BN EE(x T BESr (QTLs)

Chromosome Nearest Marker Sex Trait LOD score

3 ET3 Male TC(HFC) 32
LDL-C(HFC) 4.1

ApoE(HFC) 59

HDL-ApoE(HFC) 5.9

Female HDL-C(Chow) 2.0

5 D5Mghl1 Male TC(Chow) 34
HDL-C(Chow) 3.5

Female TC(HFC) 3.2

HDL-C(HFC) 2.6

LDL-C(HFC) 2.9

HDL-ApoE(HFC) 2.5

7 D7Rat94 Male LDL-C(HFC) 24
ApoE(HFC) 3.1

HDL-ApoE(HFC) 3.1

Female TC(HFC) 5.1

HDL-C(HFC) 23

LDL-C(HFC) 4.6

ApoE(HFC) 2.8

HDL-ApoE(HFC) 4.1

8 D8Rat16 Male TC(Chow) 2.6
TG(Chow) 3.2

TG(HFC) 3.1

Fat-Pad 6.2

Female TC(HFC) 22

HDL-C(HFC) 24

Fat-Pad 4.0

15 D15Mit3 Male TC(Chow) 2.6
HDL-C(Chow) 3.5

Female TC(HFC) 4.5

HDL-C(HFC) 2.4

LDL-C(HFC) 39

ApoE(HFC) 2.6

HDL-ApoE(HFC) 53

16 D16Rat17 Male TC(HFC) 6.6
LDL-C(HFC) 59

ApoE(HFC) 9.3

HDL-ApoE(HFC) 10.6

Fat-Pad 3.9

Female LDL-C(HFC) 2.1

MAPMAKER/QTL% B\ /= fEfriz &k D, LOD score 2.0 L _E®DQTLs
DAz LI,
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P: 100

N1 : 50

N2 : 75

N3 : 87.5

N1z : 99.97

Congenic Strain
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IEWKY|ZE &b > TW <A, QTLERFEBITEEE S ——2FH U72E&R
TEDBEIN TS, QTLOYRAAKNEDANWKYIZR- 72 E (N2) iR
T, NeftRELERELTa Y=y Iy b ahks,
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#£14 BMFEHERICBT2I22 Y2y 7 EANEHA

Donor Recipient Chr. Segment Phenotype Author

BN/Cr SHR/Ola 1  DI1Mit3-Igf2 BP | Lezin et al, 1997{99]
SHRSP WKY D1Mit2-mD7mit206 BP 1 Frntz et al, 1998[100]
WKY SHRSP D1Wox34-mD7mit206  BP | Frntz et al, 1998

SHRSP WKY D1Mit3-D1Rat57 BP 1, NaBP 1 Iwai et al, 1998[101]
SHRSP WKY D1Wox29-D1Rat112 BP 1 Nabika et al, 1999[102]
SHRSP WKY D1Rat200-D1Rat57 BP 1, NaBP 1 Hubner et al, 1999{103]
WKY DS 2 D2N35-Nep NaBP | Deng et al, 1997[104]
DR/Ir DS/Ir 3  Edn3 NaBP | Cicila et al, 1999{105]
BN SHR 4  I16-Npy BP| Pravenic et al, 1999[106]
DR/Jr DS/Jr 7  D7Mitl1-D7Uial NaBP | Cicila et al, 1997[107]
BN-Lx SHR/Ola 8  D8Mit5-D8Mgh6 BP | Kren et al, 1997[108]
DR/Jr DS/Jx 9 NaBP | Rapp et al, 1998[109]
SHRSP/HD WKY/HD 10 RNMHCG-RATALDCAABP 1 Kreutz et al ,1995[60]
MNS DS/Ir D10Mcol-D10Mco6 NaBP | Dukhanina et al, 1997[110]
DS/Ji/Hsd DR/Jr/Hsd 13 D13Mitl-Renin NaBP 1 Lezin et al,1996[111]
DS/Jr/Hsd DR/J1/Hsd D13N1-Syt2 NaBP } Jiang et al, 1997{112]
DR/ DS/Jr D13M1Mit108-Syt2 NaBP | Zhang et al, 1997[113]
BN SHR 19 D19Rat57-D19Rat49 BP | Lezin et al,1999[114]
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P 100 100
N1 50 15
N2 25 ‘////// 3
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Ne 1.6
N7 0.8
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No 0.2
N10 0.1
N11 0.05
N12 0.03
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Zwv bk =
HEEH HInTRR EeH BE
ACE + (SHR¥*) nr - -
Sa + (SHR, DS, FH) nr - -/t
@ -adducin + (MHS) + (MHS) + —/+
11 B -hydroxylase + + (DR) nr nr

LAY IRRTY FORKERT ., SHRIFSHRSPH &, DS
(Dahl salt-sensitive rats), FH (fawn-hooded rats), MHS (Milan
hypertensive strain), DR (Dahl salt-resistent rats),

or e SREE
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Original Article

Mapping of Four Simple Sequence Repeat (SSR)
Markers on Rat Chromosome 4

Tomoji MASHIMO*!2, Toru NABIKA *?, Kazuhiro KITADA*3, Tadao SERIKAWA *3,
Chiho MATSUMOTO*!, Katsumi IKEDA *4, Yasuo NARA*3, Junichi MASUDA *2,
and Yukio YAMORI*!

We previously reported that several markers on rat chromosome (Chr) 4 cosegregated with the occurrence
of cerebral stroke and brain edema in stroke-prone spontaneously hypertensive rats (SHRSP). To obtain
insights into the positional candidate genes for stroke susceptibility in this region, we mapped four genes,
Taurine transporter (Tau), tumor necrosis factor receptor (Tnfr), GABA transporter (Gat?) and glucose
transporter-3 (G/ut3) genes, using newly developed simple sequence repeat (SSR) markers on rat Chr 4.
We isolated the SSRs for the genes either by screening a rat genomic library or by searching the GenBank
database. By linkage analysis using two sets of backcrosses, Gat? and Tnfr were mapped in the region
associated with stroke, while Taut was located distant from the region. The G/ut3 locus was also assigned
to rat Chr 4 using a rat x mouse hybrid clone panei. These results indicated that the Tnfr, Gat! and Glut3
genes were good positionai candidates for the stroke susceptibility in SHRSP, suggesting that further evai-
uation of these genes by functional studies could prove useful. (Hypertens Res 2000; 23: 47-50)

Key Words: stroke susceptibility, stroke-prone spontaneously hypertensive rat, candidate genes, simple
sequence repeat markers, comparative map

chromosome (Chr) 4 cosegregated with the occurrence of
I ducti cerebral stroke and brain edema (4). These markers did
ntroduction not cosegregate with blood pressure, suggesting that the
putative stroke susceptibility gene in this region was pres-
ent independent of hypertension. In this study, we map-
ped 4 genes on rat Chr 4 to make a comparative map be-

Although hypertension is a major risk factor for cerebral
stroke, other genetic and environmental factors, such as
abnormalities in lipid metabolisms, diabetes mellitus, die-
tary habits and cigarette smoking, are also stroke risk fac- tween the rat and the mouse or the human to obtain posi-

tors. Recently, genes related to stroke susceptibility have tional candidate genes for stroke susceptibility in this re-
been sought by linkage analysis in humans (/, 2) and in gion.

experimental animal models (3-6). Based on our study of
stroke-prone spontaneously hypertensive rats (SHRSP),
we previously reported that several markers on rat
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A List of Newly Developed Simple Sequence Repeat (SSR) Markers on Rat Chromsome 4.

Table 1.

Hypertens Res Vol. 23, No. 1 (2000)

PCR conditions

Product sizes

Accession

No.

Loci (gene symbols)

. Gene names
D4Smul (Tawr)

Primers

AllelesP

Ann.temp./MgCl,

(SSRs)?
223bp(CA),

WT>F=B

D=0=

S=

w

P:

60°C/1.5 mM

5" CGCTTTCCTGCCGTTTACTA 37
5 GCCCATGGGTTTTCTTTTTG 3’

AF128408 5" TTCGGGGAAAGGAACCACACTT Y

M96601

: Taurine transporter

D4Smu2 (Tnfr)

P=W=§=D=F=0=WT>B

65°C/1.5 mM

206bp(CA)a0

5" CGGAGACCTGAGAAGCCACAC Y
AF128409 5" GGCATGGTATTGGCATGGTAGA ¥’

: Tumor necrosis factor receptor

D4Smu3 (Gatl)

=B

=WT>D

(0]

F=

S=

P=W=

65°C/1.5 mM

147bp(CA )24

5" AGGTTTTTCACAAGGGGAGGG ¥
AF128410 5" TGCCCTGGTTTTCTTCATCATC 3’

: GABA transporter
D4Smu4d (Glut3)

=WT=B

(6]

F=

D=

S=

P:

TD63-58°C¢
1.5 mM

“Product sizes and numbers of repeats are based on sequenced plasmid clones or on the reference. *Genotyped rat strains are P, SHRSP/Izm; W, WKY/Izm; S,

SHR/kyo; D, DRY/Sankyo; F, OLETF; O, LETO; WT, WTC/Kyo; BN, BN/N. cTouchdown PCR: Annealing temperature was decreased from 63°C to 58°C by

0.5 degree at every cycle and then fixed at 58°C for 25 cycles.

156bp(GA)23

5" AACCCAGGGCCTTGCGCTTCTT 3

: Glucose transporter-3
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Methods

Library Screening

Genomic library screening was carried out as described
previously (7). Briefly, a rat genomic library constructed
in the cosmid vector pHC79 (8) was screened with cDNA
fragments amplified by reverse transcription-polymerase
chain reaction (RT-PCR) used as probes. Total RNA
from the rat brain was used in the RT-PCR. Positive cos-
mid clones were digested with Sau 3A and subcloned into
the pBluescript (Stratagene, La Jolla, CA). These plas-
mid libraries were then screened with 3?P-endlabeled
(CA)1s or (GA),s oligomers. Positive clones were picked
up, miniprepped and sequenced to identify simple se-
quence repeats (SSRs) and their flanking sequences.

Genotyping and Linkage Mapping

Polymorphisms of SSR markers were examined using 8
inbred strains of rats, SHRSP/Izm, Wistar Kyoto (WKY/
Izm), SHR/kyo, Donryu (DRY/Sankyo), Otsuka Long-
Evans Tokushima Fatty (OLETF), Long-Evans Tokushi-
ma Otsuka (LETO), Wistar-derived tremor control
(WTC/Kyo) and Brown-Norway (BN/N). SHRSP and
WKY rats were maintained in our institute as described
previously (9). OLETF and LETO rats were maintained
in the Tokushima Research Institute (J0), and other
strains except for DRY/Sankyo rats were maintained in
the Institute of Laboratory Animals, Faculty of Medicine,
Kyoto University. The animals were treated with
appropriate care, in accordance with the guideline for
animal experimentation issued by the Japan Association
for Laboratory Animal Science (11).

Three sets of intercrossed or backcrossed amimals, 125
progenies of F2 (SHRSP X WKY), 48 of (WTC X BN) X
BN and 87 of (SHR X DRY) X SHR, were genotyped
with SSR markers on Chr 4. The PCR conditions are
summarized in Table 1. D4Smu4 were amplified by touch-
down PCR (I2). The annealing temperature was de-
creased by 0.5 degree/cycle from 63°C to 58°C and then
fixed at 58°C for 25 cycles (Table 1). PCR products were
electrophoresed on either 7.5% polyacrylamide or 4%
agarose gels and visualized with ethidium bromide stain-
ing.  Genotype data were analyzed with the
MAPMAKER/EXP 3.0 program to make linkage maps
(13).

Results

Taurine transporter (Taur), tumor necrosis factor receptor
(Tnfr), GABA transporter (Gatl) and glucose transport-
er-3 (Glut3) genes were selected from the mouse and the
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. Human Mouse Human
F2 (SHRSPXWKY) (WTCxBN)xBN (SHRxDRY)xSHR (mouse) homologmap homologcytogenic
locus location location
—+ D4Mit9 + 16 -t D4Mghl IL6 T 5(17.0) 7p21-15
13.7 100 Cons (Ti6)
-T- D4Ce
—+ Dami2 P , TRYI 6(205)  7q32-gter
217 43.4 (Tryl)
22.9
4 DaMghis NPY 6 (22.0) Tpter-q22
—+ Iyl ;58 1 D4Kyo3 s4 T D4Mghlé (Npy) _
133 T Irvl Try2 D4Cepd 39 T
A pawn 3 L D_Q—4M1'L5’y A SPR 6(345)  2pla-12
“ T Dd4Rat34 B84 (Spr)
75 3 Reg T Moy 25.9
e o 106 | 7uc1r DASmul ( Taus) SLC646 6 (38.5) 3p25-21
37 21 1= Reg (Tauy)
B paming e | 4 oomin
42 T DaMghs Ampp Daicl] SLC6AI - 3p25-24
142 DaMenT™ 53 158 (Gatl)
R 1% -+ D4aMitl9 SLC243 6 (55.0) 12p13.3
g5 | MU 40+ pagies + DaSmu3 (Garn)  (Glutd)
— D4Mgh8* 10.7 132
gh -+ Eno2 D4Smu2 (Tnfr) _}_ TNFR 6 (571) 12p13
19.9 6.3 DdaMghll (Tnfr)
L— -+ Pthih DaMgh12
—+ D4Mghll PTHLH 6(73.0) 12p12-11
(Pthih)

Fig. 1. Linkage maps of rat chromosome 4. The left panel is the map for an F2 (SHRSPXWKY) cross of 125 progenies,
the center panel is for a backcross (WTCX BN)X BN of 48, and the right panel is for a backcross (SHRX DRY) X SHR of
87. Map distance is calculated by MAPMAKER/EXP 3.0 program and represented in Kosambi's unit. Human and mouse
homologous locations are indicated on the right. Markers in bold letters were newly developed in this study. Underlined

(4).

human chromosomal regions that were expected to be
homologous to rat Chr 4. A (CA),; repeat was found in
the 3 untranslated region (3’UTR) of the reported Taut
cDNA sequence (GenBank M96601). We accordingly de-
signed a SSR marker for the Tawr locus, as shown in
Table 1, and mapped it on rat Chr 4 by linkage analysis
using a (WTC X BN) X BN cross (Fig. 1, D4Smul).

Three SSRs for Tnfr, Gatl and Glut3 were newly iso-
lated through the screening of a rat genomic library. Tnafr
and Garl were mapped on Chr4 by linkage using
a (WTC XBN)XBN or a (SHRXDRY) X SHR cross
(Fig. 1, D4SmuZ2 and D4Smu3, respectively). D4Smu4, a
SSR for the Glur3 locus, was not polymorphic among the
eight strains examined in this study, so it was assigned to
rat Chr 4 using a rat X mouse hybrid clone panel (14).
Somatic hybrids positive for D4Smu4 were completely
concordant with the rat Chr 4 (data not shown).

Discussion

The present study showed that the Gatl and Tnfr loci
were located between D4Mgh7 and D4Mghll, which
were reported to link with stroke susceptibility (4), while
Taut was located near the Npy locus, substantially distant
from the region (Fig. 1). These results indicated that a

markers are mapped by more than two crosses. * Markers previously showed a significant linkage with stroke in SHRSP

wide region on rat Chr 4 was homologous to mouse Chr
6. Although Glut3 could not be mapped by linkage, we
concluded after considering the homology among rat,
mouse and human chromosomes that it is probably be-
tween Garl and Tnfr (Fig. 1).

Tumor necrosis factor (TNF) is known as a cytokine
that plays an important role in putative cascade-evoking
apoptosis. TNF levels were shown to increase in the pres-
ence of ischemic brain injury (I5). Further, in Tnfr-
knocked out mice, the brain damage caused by the mid-
dle cerebral artery occlusion (MCAQ) was significantly
greater than that in normal mice (16). The TNF signal,
therefore, may be one of the determinants of the neuro-
nal susceptibility to ischemia. The Tnfr locus mapped in
this study indicated that Tnfr is a good candidate as a
stroke susceptibility gene in SHRSP rats. Functional stud-
ies also implicated Garl and Glu3. Recent studies
showed that an inhibitor of the GABA transporter re-
duced the extent of ischemic injury (7). Glut3, known as
a neuron-specific glucose transporter, was also reported to
be increased in the rat brain after MCAO (18). The au-
thors argued that up-regulation of Glut3 levels in neurons
might spare metabolic energy during the postischemic de-
pression of cerebral blood flow.

Taurine was reported to protect neural cells from
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exotoxin-induced ischemia (I9). In SHRSP, dietary
taurine was shown to prevent cerebral stroke (20).
Although Taut was thought to be a good candidate as a
stroke susceptibility gene in SHRSP rats, it was mapped
distant from the stroke-linked markers on rat Chr 4.
Further study is necessary to evaluate whether Taur can
be a positional candidate or not.

The present study indicated that the Tnfr, Gail and
Glut3 genes were good positional candidates for stroke
susceptibility in SHRSP rats. Although we found no dif-
ference in the coding sequence of Tnfr between SHRSP/
Izm and WKY/Izm rats (data not shown), future studies
of these genes, including a comparison of the expression
levels as well as the sequence of them between the
SHRSP and the WKY rat, will allow further evaluation of
them as candidates for stroke susceptibility genes.
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