RERMBAEE(1999) M39% MM
Korean ] Vet Res(1999) 39(5) : 896~907

= okl =l Y A%H 54

A7 - gdul w905 d - BT - AT - WY A2t - ook

A Sist et AT APEE-
B oot AEEER° - AP T AL AR
(1999 94 309 AF)

Morphogenetical characteristics of Korean wild rat
(Rattus norvegicus)

Je-Kyung Seong, Young-min Yun, Ji-young Park, Seunghyun Oh, Seongil Do”*,
Hee-kyung Jin* , Byung-hwa Hyun**, Jungyo Suh®, Yangseok Oh*
Department of Laboratory Animal Medicine, Medical Research Center,

Yonsei University College of Medicine
Experimental Animal Center, College of Medicine, Hallym University*
Bioresource Program, KRIBB, KIST**

(Received Sep 30, 1999)

Abstract : The morphometrical characteristics such as external measurements and mandible
size assessment in mice and rats have to be highly heritable and sufficiently variable between
strains in order to calculate a strain specific profiles. The coat color of Korean wild rats were
observed and morphometric analysis of external measurements were carried out on Korean wild
rats compared to laboratory strains in order to clarify the genetic characteristics of Korean wild
rats and to establish background data as a domestication of Korean wild rats for new laboratory
strain. Korean wild rats were captured from Chunchon and Hoengsong. 4 inbred and 1 outbred
strains of rats were used in this study for the comparison of genetic characteristics of Korean
wild rats. Total body length, head length, tail length, hind foot length and ear length were measured
and then statistical analysis were carried out by discrimiant analysis. The coat color of Korean
wild rat showed golden white in ventral portion and dark agouti in dorsal portion. Korean wild
rats could be distinguished from the other laboratory strains distinctly by morphogenetical
analysis. There was significant variations among Korean wild rat compared to those of the other
laboratory strains of rat. This study may provide that Korean wild rats have a unique genetic
characterization compared to those of other inbred strains of rats based on morphogenetical
characteristics by external measurements.
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M B

A=E FEEFYY Mammalia 7}(class), Rodentia &
(order), Muridae H(family), Rattus 4(genus)o] 4ic).
Rattus 49} = 137%(species)o] Y= Aoz daiAd Qo
W Rattus norvegicus 9} Rattus rattus F7}A Y EAQ 2
o] It WA 4YFEEZ AHEHE RS E Norway rat,
brown rat F& A|ZHZE E&¥E kA9 Rattus nor-
vegicus & X Y3o] AEA RAA FASAD. 25
AAAR LR g8 AEHE F=9 g REL 19000 )
olfd &dd ¥R A¥AA FA=H ASLY §A
A Wol7} H& wo] I 18ez 2 Y93
o deE AYFEY §89 Fo] A EoYydA &
A AHEEHE =G E FHHQ Holg Fe 4¥F
B A% €840 dFHAt

AgE A=A AFHUTG 2 AW AT
Z4E Y8t GFE F43A A4yl AtE &
O g fARA Yo REs 244 % 9Y £F
Zolg WHEA N YHASY Fol da JFd #
4 B 9449 BEAE AT AX AT
Wilo] gtk ASEH AR FAYYPoRE KA
By g ojfstd YT EY AFE AEs: A2
ol &8k ol e A9 2444 2Hmajor
histocompatibility ; MHC)] RT1, ¥ 4¥& AR3t= RT2,
RT3 4| & o] §3te] AT & st A fA%A
ol kv,

olF Y FAFAH A7 UL FEY FAFQ W
ol & AEHAHY EFl W$ F4¥ A8/ € F
2 % FAEY Zo|, &2y 37 2% F F44
9 A7)¢ B¢ o] 4T AZFHA B L inbred ¥ o}
Y} F1 hybrid, congenic straino] M = 83t} =8 £
A4 E8H el RFLP(restriction fragment of length poly-
morphism) ol F-& A FAFAAY 2%
o2 &4 ATEAHE w37 o8& outbred colo-
ny Z4oE FAFARE Wgo] vl FE3}A o] &
% ')F' gl‘:}_u,s,ls.

FUME ABENYET 4 HERYAA &= of4
AX 7Y JYEYH EAd B 712AT7} o]FH
. 3 5(1972)& ¥ AHAMus musculus)®] 4 A
of #3to] A7E v A3, Z3 2(1976) EFAL kA

AR F 5&% (Apodemus agrarius coreae, Thomas), %
&3 (Microtus fortis pelliceus, Thomas)$} Y] Q- # (Cricetulus
riton nestor, Thomas)s] A4 HYo) B3] AT
on, 7(1982) ¥4 5EF (Apodemus agrarius coreae)
St &7 (Rattus rantus)®] FAH 59} §Ho) B3l B
FAH T H29) A3 (1992 = opgule2o
YPRA ) Bstd ZAFAT”. A F(1993)& Southem
blot ®e) o8] 3 ofAul-y29] 185 (DNAE £4
o, H 5(1994)& &3 ofgul 2o A XY g4
e 2718 Bla] ATFY ulsl AP

1(1986) VA FEH Y YA dHolo] #F3o
B¢, & 5(1988)2 §F ofAnte 29 XFI
oo Y Fefity EAE 71EY AYsEH
H A, 7 S(1991), & $(1992)3} = $(1993)
3o Hge TEH AAYH 547 444 9
HEA, TAE B, A 9 2 AT E 7Y
FRADE a8y MRy A HH EHE UYEE
£ g=g vad dFE e FE Ao th § Ko
ok R = (Rantus norvegicus)e] Yel A8 H EAE 80
¥ A7 Yk H2 QEJA Japanese wild brown
ratg AYFE3 o TEAE 4R 1avt 9l
e A,

€ A7 ¢33 oF R =(Korean wild rat; Rartus
norvegicus)st AU FEL A= FH{HYH EHE
Hl@dte] 3 Y HA=E N2 AYFER AL
A 712AF A8 F3A Z4E AgojA YL
fJP= oM BAE B3I, F JEZolE YHA
2oz B

N ¥ e

AUEE  ZYE 2HTH YHTAN 288 AF
150-250g =& o} B =(Rattus norvegicus) 73 10w}
o 43 10712l & HPFEZ A3 A= FA
Yoz xyson XYF EFLS me Lol
H&& &A% $89 F& §A8c Joness} Johnson
9] W (1965)% ©] 83 Ranus norvegicus & 0% 7
AE AYl AHSBHT (Table 1). FARE=S] Y&
AY ERQE ¢HURL JEFEFIA ASFA AF
123 @ A A< Fischer 344 rats(F344), Spontaneously
hypertensive rais(SHR), Wistar Bonn/Kobori rat{WBN), Wistar
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Table 1. Korean wild rats(Rattus norvegicus) used for genetic analysis

Sex No. of Animals Date of capturc Area

8 1994. 4. 1.~1994. 11. 7. Chunchon, Korea
Male

2 ” Hoensong, Korea

9 ” Chunchon, Korea
Female

1 ” Hoensong, Korea

Table 2. Inbred and outbred strains of laboratory rats used for genetic analysis

Rat strain Sources Introduced year Generation
Fischer 344 Charles River Co., Japan 1987 27
SHR Charles River Co., Japan 1988 22
WBN Shionoki Co, USA 1989 23
WKY Charles River Co., Japan 1992 8
Sprague Dawley KRICT, Korea 1988 32

Kyoto rats(WKY), 3 &7 A%< Sprague Dawley rats(SD)
¢} o) 11 8 ] ti(Table 2).

DM UG THE A YA 79 43 AR
He G e Y2 AEig BN E &9 g

HEe| YEASEE UY - THE A=E Marshall
(1981)3# o F(1988)¢] W& =3 v Zo|(ength
of head), 318 4 o](length of tail), B ]2 o|(total length
of body), 3@ o|(length of hind foot), F <] Zo](length
of e AZ8n AFL 2RAAN " (Fig 1). 234

AN 3 "
~ f :'i;‘.—w&—

Fig 1. Schematic diagram for measurements of external mor-
" phometry of rat.

#& O3 Po] o], me o], FF5 L], FLd
o, iZole & AAZdold Y v &2 FA3A o E
42§ B8 B4(discriminant function test)3}$] THTable 3).

EAEY 24 : AT YHAZ R Z3PARE
IBM 387|% FHFE o)A Scientific Analysis Software
(SAS)E o] 83t i ¥-4(discriminant function analysis)
A A FeAASHHA B4 F ALl
WE HEE B wede], FEAe], e, 1
Ao}, AZel9 #F & =W <(independent variable)E
3 opR=st e FELE T4 ¥4 (dependent
variable, response) 2 £4 3tk AR & oW d}@HH
9 FEAA) A9 JG(FED) &3 BEL
v 237 98 85 3<(classification function test) ¥4
£ A3 percent classified group& Lobr Gt AY
229 498 4B BAE A% AEuSRN
(canonical discriminant function analysis)& 3l LW
(canonical value) 13} 28 Z}7] X, Y& 2.2 & agx
€ 234

i

24 T ZYZA) ALEE B R RE
9 ¢F4L HAYoIg e HMFE N FFU 4
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Table 3. Values for measurements of external body size

t =

E A

2] 7 e](Head Length) HL
E%40|(Body Length) BL
2 Zo](Tai; Length) TL
Sz o)(Hind foot Length) HFL
# 4 ¢|(Ear Length) EL

(el del /% AA])x 100

(B A%l - Lol -mePe))/&F Aol x 100

(me)dol/F BAZol)x 100
(Fddol/& A4 )% 100
(AFol/B AAZel)x 100

Table 4. Body weight and external morphometry measurements of Korean wild rats(Rasus norvegicus)

Rat No. BW(g) TBL{cm) HL(cm) TL{cm) HFL{cm) EL{cm)
WR M1 205.20 39.50 5.00 17.30 3.80 1.60
WR M2 208.00 37.50 4.30 16.50 370 1.80
WR M3 215.80 3450 3.90 16.00 420 1.40
WR M4 17140 38.00 4.60 17.30 3.70 1.60
WR M5 298.60 40.00 490 18.50 3.60 1.30
WR Mé 254.00 42.00 5.00 18.50 3.80 1.50
WR M7 218.20 36.00 4.10 18.00 4.00 1.40
WR M8 259.00 39.90 440 18.60 3.60 120
WR M9 194.40 39.50 440 17.00 3.80 1.40
WR M10 166.00 35.40 410 16.50 3.70 120
WR F1 132.50 32.00 3.70 13.50 3.70 0.90
WR F2 115.40 34.10 4.00 15.20 340 1.40
WR F3 80.00 31.00 3.80 14.40 3.30 1.20
WR F4 138.70 32.50 3.20 15.30 350 1.30
WR F5 210.00 36.40 3.60 16.60 370 1.20
WR F6 203.70 38.00 4.20 18.00 370 1.20
WR F7 173.20 34.50 420 14.50 3.60 120
WR F8 137.00 34.00 4.00 16.50 350 1.10
WR F9 116.00 32.00 3.90 14.80 370 1.20
WR F10 145.00 36.00 3.9 16.40 3.60 1.20

WR: Korean wild rat, M : male rats, F: female rats, BW: body weight, TBL : total body length, HL: head length, TL: wil length, HFL: hindfoot

length, EL: ear length.

<l ¥4 (golden white)o) AT TE] H& opBe] & 7
A (dark agouti)o] A THwb). 7€ AP FE A=2 F344,

SD, SHR, WBN, WKY #=¢o 24¢& £ AN 84

(abino)o] 2 §&4 A7 2 AN
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B A% dole] HEfAHIE 27 : TYH §F opYA=
Y AF& F3l0] 166~298g, ¢ o] 80~210go1UTh &
2ol FH o] 16~18.6cm, g o] 135~18emP 2 &
AAZdoj= $A 0] 345-42cm, ¢ o] 31-38emB N F
o)A B Zojrt v A el mdols & AA
ol MFY Aold v|3te] B Aojg HolA] &t
thp ( 0.01). FgZolE F# o] 3.6~4.2cm, 7 o] 3.3~3,
7emo| Y 3, AA ol o] 1.2~1.8em, g0l 09~14
emZ 7§ 2HS) Aol 7t A A cHp < 0.01) (Table 4).

B ofAA=Y F GRZAole A et B
o] & ETHp (0.01)(Table 5). ¥= FH A= 7]&E4
AYEE =9 F344, SD, SHR, WBN, WKY R=E b

LY Z3 @3 P R=EE mReFolE F3H0] 17.1am,
A3lol 15.5em2 71EY AYFEH v EES Fdp
(0.01) (Table 6). &= kPR=E & AH Lol A
ng o] vl go] 30| 460, Ao 45602 71E9
HYEES v Fe yhd g do) vlgo] $30
133, gt3le] 123, L o] vl g o} F30] 113, ¢3lo]
116, AAZ ol 9 Hlgo] £R o] 43, 3ol 452 B, R
d, Adoje] uj&e {98A 3tHp (0.01) (Table 7).
ojfl AFo] ZALE 3 fA A=A vlE), me, AL
o)9] B & WA & 430 133, 46.0, 4.30) 1 30| 123,
456, 452 g ol Aolg RAoY E AsAold
W uEe 4 B FAF Aol Bolx ke

Table 5. Relative value of body weight and length of external morphometry measurements of Korean wild rats(Rattus norvegicus)

Rat No. BL(%) HL(%) TL(%) HFL(%) EL(%)
WR Ml 4354 12.65 43.79 9.62 405
WR M2 4453 11.46 44.00 9.86 480
WR M3 431 11.30 46.37 12.17 4.05
WR M4 4236 12,10 4552 9.73 421
WR M5 3829 14.36 47.34 13.82 6.38
WR M6 4246 12.61 4492 11.07 3.69
WR M7 34.09 13.63 52.27 1318 5.00
WR M8 39.50 15.50 45.00 13.50 5.00
WR M9 38.54 15.62 45.83 14.06 5.72
WR MI0 4027 14.35 45.37 12.96 5.55
WR F1 36.99 17.34 45.66 14.45 6.35
WR F2 4269 1348 4382 1516 423
WR F3 4450 9.89 45.60 1016 329
WR F4 4114 14.06 479 1354 5.72
WR F5 37.12 14.35 4851 13.86 5.44
WR F6 4157 11.05 4736 9.73 315
WR F7 4579 12.17 202 10.43 347
WR F8 39.70 11.76 4852 1029 323
WR F9 4156 12.18 4625 11.56 3.75
WR F10 4361 10.83 4555 10.00 3.33

WR: Korean wild rats, M: male rats, F: female rats, BL: body length, HL: head length, TL: tail length, HFL : hindfoot length, EL: ear length.

The data was shown as % value of total body length.
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{ 0.01) (Tables 6 % 7). A& FA%A2 AT F AR AN €49 2
B %ol 5714 A5 E 0|43 4 2 & S¥HEAE dobyy] HE BEENY P} §F opA

Table 6. Mean body weight and length of external morphometry measurements of 6 strains

Strain BW(g) TBL{cm) HL{cm) TL{cm) HFL{cm) EL{cm)
M 206.61+45.5 376126 47+11 17.1+1.1 3.8+02 14102
R F 145.1+38.3 34.0+21 39103 155+13 3.6+0.1 12101
M 2709+49.6 4091238 45102 202+17 41102 11101
Faid F 199.4+22.9 381x+19 42402 196+1.7 38+02 1.1+£0.1
M 406.6+53.3 478131 50103 24017 45+0.1 L1101
*P F 270.7+53.3 42.0%3.0 46103 213117 4.0+0.1 11101
M 3477+37.6 415+16 45103 19.7+0.8 40202 11101
SHR F 2241£12.0 382107 42402 186104 38101 11+0.1
M 331.6+329 43.6+12 47104 214+0.6 40102 11101
WEN F 24004212 399+13 45102 200108 37+01 1.0+0.1
M 280.7+54.1 409121 45103 199+09 39+0.1 11101
K F 126.11£16.6 382102 43101 184104 36+0.1 11301

WR.: Korean wild rats, M: male raws, F: female rats, BW: body weight, TBL: total body length, HL: head length, TL: tail length, HFL: hindfoot
length, EL: car length.

Table 7. Relative value of mean body weight and length of external morphometry measurements of 6 strains

Strain BW(g) HL{cm) TL{cm) HFL{cm) EL{cm)
M 40.61+3.6 133428 46.0+2.2 11319 43+1.0
R F 42.0+2.8 123420 45.61+2.0 116£19 45122
M 414120 112109 474130 10.0+1.9 26104
Fad F 374131 11.1+0.3 51.5+3.0 11.0+04 29+0.1
M 39.410.7 105104 50.210.5 94104 24101
* F 39.410.6 10.8+0.6 50.7+£0.5 9.6+08 26102
M 417110 109105 47.3+09 96+0.3 26101
SHR F 402112 11.0+05 482109 9.8+0.2 28101
M 402112 107109 491107 92104 25101
WBN
F 385108 112104 50.2+09 92102 25101
M 403114 110104 487115 9.6+0.2 27401
WK F 405114 11.3+0.3 48.1+14 9.410.1 29401

WR: Korean wild rats, M: male rass, F: fomale rats, BW : body weight, HL: head length, TL: tail length, HFL: hindfoot length, EL: car length.
The data was shown as % value of total body length,
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Table 8. Percent of classified group by "unknown male rat" of 6 strains derived from external morphometry

Percent of classified group

Original group
F344 sD SHR WBN WKY Total
WR 100 0 0 0 0 0 100
F344 0 100 0 0 0 0 100
SD 0 0 100 0 0 0 100
SHR 0 0 0 100 0 0 100
WBN 0 0 0 0 100 0 100
WKY 0 0 0 0 0 100 100
The data are shown as a percent.
Table 9. Percent of classified group by "unknown female rat” of 6 strains derived from external morphometry
Percent of classified group

Original group

’ F344 SD SHR WBN WKY Total
WR 100 0 0 0 0 0 100
F344 0 100 0 0 0 0 100
S$D . 0 0 90 0 0 0 100
SHR 0 0 0 100 0 0 100
WBN 0 0 0 0 100 0 100
WKY 0 0 0 0 0 100 100

The data are shown as a percent.

A= 9 AYFE A=9 d24 £FHUY. 49
TENE A= 4 ARTY §EHYE godse AA)
7t FEo] s oY F344 REo] YR SD Y=
2% B E At (Tables 8 & 9).

£ 5oy 574 EAFAE o) FERFA
T 13 28 47 XZ59 YE 02 FA39 43 Bd
AEE dol A7 2uAY HYF 4= 4 AFL
Z7) 2 49 Xy @3 of g H¥d
A FEHJD. &3 PR =E 249 A7 9=
of ¥gte] A EE7t = of YA BEIHA
oy dzFeR ALY AYFERE FEHUD. &
T oY= E 45 BRA 2 ARE YUY
(Figs 2 ¥ 3).

K
"]

3 FYR=Y 7| UYEES vzdo @2
FRAES] P FAYAA B L 2AY 49 @3
SFHAZE RH, § YRUlE )8 YHASHA
Y BEEHAAN 7Ee HYFEY dE 53¢ %
AE A2 YA

EYzARE B4R PHIgels 44 $¢o R gAF
9 54 A4¥ 4 AE /4 Wielth E A7
A BRE AT HPA=Y EH4L wjFL FFYo]
HY oA FFHL ok A& BHog FAR
¥ & wh(white belly)o] Tt =g 2o FEE RO
2 g8 frARE 157) AR o|F Y #4A &,
a(agouti), b(brown), c(albino), d(dilution), A(hooded), p(pink-
eyed yellow), r(red-eyed yellow)d] 2§02 =9 7Y
ol AFdETta LA YU £@ sd, wb - AAE of
A ¢l Rattus norvegicus 7+ 74X 1 Qe Ao 2 A 9l
AR VRS AR Z4 F& Z4S 9
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Fig 2. Graph of first versus second canonical variable for 6
strains of male rats derived from extemal morphometry.
W : Korean wild rats(Rattus norvegicus), F: First 344 rats.
D Sprague Dawley rats, H: Spontaneously hypertensive rats.
B : Wistar Bonn/kobori rats, K : Wistar kyoto rats.

won

T .
-4 -2 0 2 4 6

Fig 3. Graph of first versus second canonical variable for 6
strains of female rats derived from external morphometry.
W : Korean wild rats(Rattus norvegicus), F: First 344 rats.
D: Sprague Dawley rats, H : Spontancously hypertensive rats.
B : Wistar Bonn/kobori rats, K : Wistar kyoto rats.

eumelanin¥} ¢ 4-& wl = phacomelanin 44 9] =

e
2349 BXE Auge FHAE linkage group Vel &

A%e Ao AW v o PREE A7 52
< J& 74, MEL 4§ YehiE Aoz g8A
AT, BHAAE SH GMAN o] S4Bt linkage
group o] $1X 32 .21 brown locusE melanin 44
o] Ao A ZE 2A HHAY +4 FAAZ
¢aA AP . A FAAY BHAARE F 4ARY 23
22 E4F JYehioh AABBYY Ftde T4z
BT $X2 o9 M, A4bb g Bl EF
g ¥ 2 2A(cinnamonyg AY. C HAE 14 4
AA o) T8 linkage group Io] #2311 tyrosinase]
AAE et C= $49 kY FAAZ dilution
factors} & T4 & {9 4do] §1& %+ phacome-
lanin®} eymelaning] A H LPE J15A e Aoz
geA AL D RAAE 94 FAAZ dd YD AS
H42ge] §302 BAE EA de A2 ¢YA
A H G2 148 Ao 430 linkage group
Vo A3t RAAE B2 4AFF] FAS}Z
HY 9 ZAgde A7t AN FUdA £ b,
h B 3¢ B$oE 27 Sol@ spot P& UehdTH®,
P REAXE 14 Ao} &4 38}t linkage group I
of EAge A FAAolITh pp¥EL T AY HAY
3 740l EFY(pinkyE YEbA B r 3L Y
A FH9 7L FL FE Mk red) 22, F2
249 2Ag 33 4 (orange-yellow) .2 WA 7] £ A
o2 g2iA P B dFo)N B3 okdgEy B
o] B FAAYL F49 A7 FF9 FF0] of
Ao e Mol wjFL FFYo] 4 Y FL ¢
£ Mg Holy AOE Mo} AYA™BB/CCIDDY 0.2
22 5| 1] linkage group Iof] &4} 8}% pink-eyed yellows}
red-eyed yellowg 242 Awjdtes p &} r 3 A4E PPRR
Qd Aoz Aggr. 249 FAM £EE Ao
hooded¥ & Yel}A = H{AAE SHR, WKY$} F
344 & TR £ abino R=ME hYoE U A
Aed’ & 479 §34 PR=S F$olE HH Y
0.2 A=y ojn] fAAY o] ¢ albino =99
HujEY e Bele] ol Zloz AlgdT). o] ¥
A= ddAEE FH2YQ) A“ABBCCDDHHPPRR
9 fAZ Yoz IHAY T AFE vEAE 2
AMFAAE 238 F A& Ao Yo

£ 958do] R ASYAY d7c FEERY 7
39 =7t g9k A 8L 444 ol
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TREse 7 712AQ d7TEH e AgHY g
oA dFE e AR & 349 #3Q
Hol§ ZARIE HASFAHY A7 S, A E, BE
9 dojA% FAZ AF F& 2AEE YHAS
242 d72 it Green(1953)2 C3H vpg2¢ 1
o} A E-(subline)o A A Fo] W& F39 83 ol Ao
7} A4S B8 T McLarend} Michie(1954, 1955)%=
C3H npg-29 T8 nhg-2 2he] RN F33
2F 9 H3E 43T 249 44 Wolg HUqlo]
FAHA Rolgtzm FHHAG . B A7 Aol A
HE]do], 8ol nelde|, Hddoe] ¥ Aol A
g B WEEYAA @ FPUEE &Y AW
FEG vustd AFu &y medold Hl &L H
g vg), s A ol v &L FYA AM & 9
FZ0l9 FejAZ A A7} 48 £FY 7)E0
Ho @5 k4P AEFESE 7EY d=g o
€ ¥e+A%3 54& 7t a e Ae2 ArEY.
E¢ 2 AYd) ALF HYUFER=Y 740 EF &
do2A § JFdold Hol7t &5 op4R=S £
A9 Y= 219 & EYJo2E Alg g a8y @
T o QY=s} APFESE EY RE9 B3 B
Aolg B AF L FF oAA=I} APA B olA
AHEE Aol ol ofde PN HYAAE
Ao 2390 XY 3T oA YA Y9
Aol s} Al7le] whe} ok R=Q] FFYETL Zo)st A
A AFo] ARPYL sMeAe] Yo AFH & AA
Zole] ul&& AL BIEAE A7 K& genetic
marker2 27| o3& Ao $3dY. B 3 of4
A7t 71&9 AYFE v & g& 1Y HY,
A dold vl &2 £33 37 T dyw e 4
HEEO AP ALY A EadA vy EQe
& 7)o HEHAY WHE AL A2 ARHH®
AP4 WX 2 AE AXNEA AEE Aol vl
dtojol & oz AlmEL.

TRASE 4958 F8ole AR 2719 2
ol 7tAH AE Eo)H {AH v (genetic back-
ground)3} {7 7 (environmental system)& ¥4 3o i
29 22A A%Y E4& nd¥ F e 48
genetic marker2 o] £ €k Abgto] QM dpotE ] §
e AZAFEHA A7 gjdez 4AAF e
9 FAENL AT ol 480", dotE g ol §E

YERFAGHY BHE 2aA n4a™, 2 e
29 o}A™* AZF R recombinant 7}$-2*, congenic
o$2Y FolA AES I F YE FE8 P
2 &34

€ Aol A outbredq] SD =7} F S| ¥-Hoo] Y
ASGAHY FAHE o8¢ FeH3Y B0z AW
B3¢ Ad 222 FREY REEY ] Msdie
ol SD R=vt S AYFEFAA 200 o]
¥ A 2} of ¢ vfl(sister-brother mating)E E3 ¢33 54
ol Ax AN/ YEOZ ARET.

Palm(1975)2 R=& vl¢-29) g d4 AL EE o
g A% 71de] uj$- dedie gy gy Wolr}
An Agd 2Y8H A2 2HE MM 2ASH
A BEENL F4E ATYAY Fdo] RET2 F
oy & dFdA 71EY AUFE 4= ¢ fA4Y
EE g EFHCE o)EF BEENoR {5 7}
B

Atchley(1983)= #=9] &tobF, JotEd dEI & Y
HEHog ASg 27 ttFe Yty AZo] Y
=9 3% E4& M 2 wYggda #4442
o Atchley ef al (1985)& v}-9-29] dotF oA 147 £9)
o 94 e AZe AN sFo YA
#é=HE 29 polygenic A} HHGA ¥ 4
AaRd] #AE §R2JolFn FHAUY. Fest-
ing®} Roderick(1984)y2 3t} 2 & X ¥H 449 3
of AR AR B ANEdd ARD) dHF
Ao 2AY FHH Az (genetic distance) F& F
AT F33e ot @ TAAY Y4 £33 2
o] A FAHALE NALHATY. £ A7l o
& 2RA 2 HAZ e BEENY AAE YA E
o] YUY ZhAM AL E & AgHE o HHH 2
el 7118 E Tk AL E T

3 o AR =AM FEE F R o] Y /AR
A EAL TE AN A4 2 B ol @A
€ Ak g Ao F3ET. 1(1986) AL
L2 2|(Apodemus agrarius Pallas) 3 o} 44 57129
ey Ydo| N3 ol F¥o] Ykn B}
Aed 3 A=Y Y FARAA FAE ¢34
UM & A, J& W 9%, BF, &% 244
g X AFAGe] &3 kA R=ste WAFTFI} ¥
2% oz AgEHY & FAY kYA=9e W
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BAE FESH § Aoz 4290”2 F(1988)]
¥ ofAlnpg29] BE W F 7 Uols YHFA
43 EAo| TEA vht£4 A a2 Bag A
3} o] ¥ MYRER F J¥Po|g FHY4E L ol
¢ BEFARY FYoN 22F R=g e 4
-1 = 5

3 ok g =] Y FARHA EH L 2AE FH
¥ oMYREI AYPEE A= B, F gRd)7}
FefAtH o2 g 53E 23 ANeH o=
718 AYEER dE i3 BAE dE AZT #
AzRdeozA ALY /A7 gasta Asdn

d B

3 MR =S RAL wjER L FF Y] 4 ¥4,
FE5E A& okde 24E YT ¥ o4 4=
£ 71& AUEE R=EF AAY JRYols 3o}
F¢ o83 FHASHAA QTN BAHLE £9
A FEHATD. Jrdolg e o]¢E FHA
ZeAQ AFoA §3 A= & 71 ES HEF
B A% g & Rolg§ BR2Y &Y A=Y
T oEA $dERT 83 A= E dEEES A
=g ge 34, A% 548 2 Ao s Algdn
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