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HERVREERICK 5 EEDEERETF IV

BOR Bt A R §
PUNBRAS MERE  PUNTERS Wlkees s —

1 @UOHIC

HEPEALR S FHELICB TR Z0EM & L TORRERI RN R TH S5, Hlzichk:Li—
BORRERIFEHRLEFOIEHL v, LIL, CORRERBIIHUTERRERESELLZ L
Y, RMETRELAEDRGEL 225602005, EE, SFELECBWTROL I
Bl SN Twb. Wyckoff id rat & bovine @ ribonuclease DIEIZ & W #oHh D7 I /BB
BHFERFICELTWEZEE2RBRA L. Thbb, rat T ESTHFHD 7 I /A isoleucine, 55
T9FHDT I JBEA leucine TH A DIZxt L bovine TIZFNFN, valine & methionine 2% -
TWa, %8, ThHOT I/ BEMEEREEICBV GEWMB IS 5 ([15]). F7, Tsuki-
hara et al. 34 & BEH O ferredoxin THBOHEEZHE L T2 ([14]). S 5ICiF, BEHEIC
ERER PRI SELEFMEREDIME SN TS, Yanofsky et al. 1 tryptophan synthetase
A protein O 174 FH, FQ0FHOT7 I /BEZN LN, tyrosine 25 cysteine, glycine A
b glutamine ~ELE B L 5 VT HOREEN KD E D, FRCHFOEMTT? I /BEE
fLEEie JIEIBEPEDNENZERRA LA, 28, INH607 I 7 BEMIEZABECBY
TERWMEICS B ([16]). Ozeki et al. d tRNA O I N—JBOTERHL T 1 D OHEEERTH
BEDSRbNBAS, M T AHEIEEN TOXAHIRS L ) B LTRSS A Z L2 HE LT
% ([12)).

=7, TN RELCOZERIIBNTY, FHFICARZHHERZET, #nELIZEE )G
55 (BATEOME) £\ ) 2 £2° Darwin O FRFIKTUIK T2 8M & L TH 2 o@Fm 3T
w3 ().

ZITH, INLDOHRCOWTEMBEZNICERT 2. 2 0OHMETEE (BROHRIIT
FEACDHHETET I ) BEM P HBROEREN TH L4, LTFTEBVWTRIALEZIHEDTE
BTRELBHRT %) 2E 2, K4 DOBETRERTHARBLTD» O RRERBEFITATHRICTRK
ERFELD LT D, K4 ORRERBRTFIAELED, Thor TEHFET 5 & A EHROTE
L, HELRZY, BRI Lo TEHFIZSRE b DL T 5. Tht HENHEIEM (compensatory
interaction) & \9. TOLE, £ 5 OBETHE T ZRRERBETOEEIT LI B4°, b LHE
EY A E TORFLRNI RS ETHBMHEEERIC X 2 BLEBHECEHILMEI > Tnin
Trens. —F, EEFELEES ST O E RS AERIGEBBOER BT
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BELZEREL 2G5, 22T, BREBERTFORERLEHOBTzE L TZOHR T L
5.

2 HBEWABEERICE S ELEDET IV

2.1 E$HEFIL

EERRE (random mating) %3 5 AP OLERAEE 2, HAUIEHBN THL LTS, £
HOMEEIIRMERICAET N 75, § 1 OFEETFEICEARBET A L RREREMLT
Ao AT B LT 5. FBRIC, 852 OBEFEICHARBL - B L BRNESET By 2544
T5E95. INHD200BETFHEMOMALY ) OMAMZESL ¢ £55. F1OEETHT
RGBT A 2O RREFRBET Ay AT HRICEREEIMATK Y v 2BBTEZS
E 5. RIS, 82 OB FETOHAEREES B 25 RRERGET By IOAWKICE
RERFHAYD v 22RTECSL LTS, ARBKREIAEFTRO POV BAEORHICH & L
‘41B1, 44132, .42B1, 44232 @iﬁﬁi\fﬁ{% WM, ‘/Vlg, M"’él, I/‘;QQ }Z?—ZL Eﬁﬁ’ﬁ’(&;‘\(ﬁ&fC,E%ﬂg'lei'f/}:
LA QTICBVTVREDT, R=1—5p, f=1—s, 2 =1+sm EBE 59,
821, S99 + S19, S22 + S91 > 0 %1&%’9,_6 (@ﬁi’. S11 = 0 &ﬁ < ) 99 < 0, S99 = O, S$99 > 0 Gi%
neEn, EBMMHEERIC L 2HEMROWL, HE, FRILZRE~NOBIT2EL TS,

0 B CTOEMICBIT B AyBs, A2B1, A\ By, A/ B, oxtEEY X, XM X XM (=
1= X" - X3 - x{) e pamigets XV =0, X3 =0, XV =23 L5 5.

ERmRic L 0 X, XY, X Enea,

Wi XM

g = n n n
D WX W X§ 4+ Wi X T 4 W, XA

{599(1 = X{") + 521 X3 + 512X A

~(n)
= X"+ T

; (1)

{-—522‘/\'}“) - 321(1 — ‘Xén)) -+ 5‘12‘«\-;"')}4‘(-;")
14 s

& =Xy + : (2)

{—6‘22)&1”) + 521;\'51) — 512(1 — _X;(gn))}){gl)

— y(n)
é:’%{"fhj'% ZZ T, S(n) = 8221\—{12) - 521.}{;") - .5‘12){;5”) LB,
KIZ, MAEZ (BEAORI)ITEDY &, &, & EENTR,
G = &+ (&8s — &iéa), (4)

G =& — (&283 — &1&4), (5)



23

(3 =& — (&8s — §1&4) (6)

EBIETB. TIT, & =16 & & WERIKOMNE T 20 A, B, ORKHEILTH
5.
RINBEFUTEY Q1 @, G 1EERER,

m = G+ u(G+ G3) (7)
N2 = G+ u(Cq — C2) (8)
=G+ u(l = () (9)

EBAET D, ST, u=1-( - Q-G FHRBREMAILR OEHZ T 72D A B DM
XHHRETH 5.

TEREA IR IC X 2HEME(LTH D random sampling drift 12 & b X™ = (X, x{, x{M),
n=0,1,2,... E3RTHERERTHH, HEBHERD

v i « k-
pxnth ! Xt J X’(”“) X0 oxm -("
X 2N’ 2 2N’ oy | AT )
QJV'! i 3 IN—1— J k

(0<i,jki+j+hk<2N)THzOLNWBNVITHL L. ZTIT, py=1—-m—np—i 8
BRIGIK LRI R & BB ROVER % 20T 7240 A\ B, OHBIHEE TH 2. ZDEF V% Wright-
Fisher model with selection, mutation and recombination &9 ([1],[4]).

BB 2 BH T 5720 5], u, ¢, ¥ < 1, [Nsij|, Nu, Ne < +o00(i,j = 1,2) OFT
<NV T7EE XM n=0,1,2,... 2ESEHE L; %

3 82
L3:j§_::1$](éjk~’ )a 8’Lk
0
+H{[a2n(l = 21) + a2 22 + 01223]71 + 0(22 + T3) + V(2223 — 21 74) I
0

a2z — aai(l — 22) + @1223]T2 + 0(4 — T2) + (0174 — T273) O2a

0
H—a2r1 + a7 — ap(l = 23)]as + 0(rg — 23) + (2124 — 172173)}.—8;;’ (11)
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@%ﬁ%xw%iﬁm=x=mbMﬂ9tﬁéﬂm4mmﬂﬂs1mpbnhm+m+pz<U
Lo 3 KRB x(1),t >0 TEBTZ. 22T, 6;=1(i=)),6;=0(i#j) THY a;; =
4Ns; (1,J =1,2),0 =4Nu,y =4Nc, a3 = 1 -1 — 29— 13 E BV, ZOREPE AL, &
PENLEFTNVEHRETVEVS ([1LMALIT]D). HL, CoRPBECBVWTIIRMORME 4N i
R BE LT3,

FARIEIR, 2ERER, MAMZ, random sampling drift 12 & Y & DEMIIZEEIIC A8, 5
EET 5. x(0) =x = (21,72,23) BADHEHOT T AyBy PERMICEET 5 L TOEEFEDL
R E Ta(xy,20.23) &35 &, s~ 7BEDO—#KF (Dynkin O2A5K) £ h

L3T3(xy,72,23) +1 =10 (12)

T3(1,0,0) = 0 (13)
DK Y LD ([4],6).[7]). % dB, ZOREHGHEXD (13) BHOBEREMAITOWTIE (12) #75ER
THHILT S L LTRDOLNS ([13)]).
2.2 EHDLEWVWETI (independent loci model)
% n A TOERICBIT S 4y, B, OBETHEL YN, ZMW L35, ok

Y(") _ ‘X{n) + ‘X;n)’ (14)

Zm = x4 x§ (15)

DD D, TODBETEOME (v < +oo) WX, (Y, ZM) AU HERARLERDS
v, LPLLZDS, v = +oo ODERICBWTIE (Y™, Z0)) AL -MEERL L. 20
BifE % independent loci model &v»3 ([2],[3],[10],[11]). SHEFADOTF T X\ = Yy zm,
XM =ym(1 - zm), X =1 -ym)zm XM = (1Y) (1-2M) Thh, ARERIC
Ly ym zmgzheh,

 v(n) {(822 + 891 + Su)Z(") — 591 }Y(")(l - Y(")) .
F=y™ 4 T , (16)
’ NY () g Y7 — Z(n)
g= 2" 4 {(s22 + 5091 + 512) s12} 2" ) (17)

1+ s
C‘:’Z{‘ﬂﬁ‘é Z C’C‘\, S(") = 5221/(")Z(n) - 821}"'(”)(1 - Z(”)) - 812(1 - }r(n))Z(n) kja\/‘fl.
KiC, RRERICLY f, g 32hER,

p=f+ul-f) | (18)
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g=g+u(l—-g) (19)

EZALT A, random sampling drift [2& D) (Y, Z0W) n = 0,1,2,... i 2 KICHERER TH
D, HEBHERD

!

pym+h) — L gl _ J ~(n) (n)
( ,217\7, 4 . 2N . l ! 2 )
= onCip' (1 — p)?" an Cigf (1 — q)*N (20)

i,j=0,1,2,...,2N TH52bha<vVva7diit 5.
Isijl, w, % < 1, |Nsjj|, Nu < +00(i,j = 1,2) O F TNV I 7HEF (YW, Z) n =0,1,2,...
HBEAEHE Ly,

82 92

Ly =y(1—- ‘y)é‘y—g +2(1 - Z.)?
0
+{[~a2 + (a2 + ag + a12)z]y + 0}(1 — y)@
0

+H{[~ 12 + (22 + a2 + ap)ylz +0}(1 ~ 2) (21)

0z’
MEEE (y(0),2(0)) = (YO, ZO) = (9, 2) £F 5 [0,1]x[0,1] L. 2 KTCHHBRE (y(t), =(1)),t >
0 TEELY A ([2].[3],[10],[11]). S C THRMOHALZ AN AU EL T 5.

(¥(0), 2(0)) = (y,2) & BHISEHO T T AyBy PHERNCHEE T 5 T TOFWELEENZ Th(y, 2)
3 5%&, Dynkin DA LD

LTy, z)+1=0 (22)

Ty(1,1) =0 (23)
B LD,

Ll o#E T IV, independent loci model T sy = 0(awe = 0) DFAITHBIK b7 228k
ZERET IV (compensatory neutral mutation model) &IFEHh, HBIMMHEERIC X % #ELD T
REME 2 Z 859 5 72010 Kimura (2 X DR E N7z ([8],]9]). ThoofmTid, #EETVITHL
TIIIEE 7V OMATAIUEEL & Wright-Fisher model D€ F A0 H - ¥ Ia2ab—Ya rx v
T, independent loci model 1Zxf L CRIEEE T VORI E 2 HWTHEIISfTbhTwa, #
DO#F, independent loci model TIEHEE £ TICHMAS2L Y BELZ LI ICEINL. T4
bbb, 200BETEESTGHRL TS & EZITEBNHIERERICL 2 EMIE—BEL LA
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RWZ EDSHPICENRS, ML, TOBIFICBVTIE 2Nu=1 ¢ B%, EEEFVTRILELT
TEEH (c=0) PWEENTWVES,

BRI RRERE TV T AyBy OBISEER 4B, OFNREFE LW EEEINTWVS S,
BRI Lo TiE AyBy OHEIGEASERICHRIB LAV LdH DB L (522 <0), AyBy OIS
B AB OFNE LRZZ LB Lk (BITEIOME). %% (s2 > 0) % compen-
satory advantageous mutation model &EIERZ LI2T5. T, ThHDOEAEEZEAR, H)
MAREAERNC X B Lo M 2 2885 5. ke LTI, BIE T TONBHEF LR O M 723 Rk
7R ((12),(13) & L <& (22),(23)) OEAtfEMT ([13]) 2T 5. 4B, HHOLDIZLT
Tida=ap=an 2REL k = Qa2 EB<.

3 HESEHER

EFCHEROMEE A B, OXPHET 2 L LIEAHIREO T TO A,B, OTHEEH B
M 73(0,0,0) F721% T5(0,0) @ a, ag, 0, v WHEHEZEET L. HL, DTOKKTIEHEEIE
13(0,0,0) F 7213 T5(0,0) (RrRIOHALIE 4N H#4R), #llid o 252 Tw5h. 1T 0 =1,
gy = 0 (HLBIR TRV RE T V) OBAIZVA VAR o OB 5 T3(0,0,0) DAL
(7)) BEMZFRLZ (BL, 4Nc1000.0 i v = 400 Thbb, Ty(0,0) 2FHT3). K2
TH 7 = 0(524M8), am = 0 DPARXVA VAL a OIS T3(0,0,0) DZREFRK (0)
M ER L7, B3 Tk v = +00 (independent loci model), agy = 0 DA To(0,0) DZEK
BRRBEGEMEZR L. 61T, M4 THE, §=1,7=0 DHEAI T3(0,0,0) D axn EEHZIR
L7z, 72, IS Tid 6=1, 9 =+oc DEHAEIT T5(0,0) D agy WM EERL 7.

4 #EE

T TIRFIHOME (K1~ 5) oW TOEWFHEEELITS. 3, HBNhTRRERE
TV (age = 0) % EZ 5. K113 73(0,0,0), To(0,0) DHLAHEZ REFNEE5EZTVD. 4 =400
DHFEITIE a > 40 123 LTI T5(0,0) HE D IO REL 2NV BEEMICRFREFS LEZVWT
L2535 ([8),09]). —H, =0 OHAITHE T5(0,0,0) 13 a(A By, 4B DHEHR) oL
HIZEEIEEML 2O T, COREGEELRICHESLELZ L5 05s. MABRIT A B, 4,8,
DHAEEE A By, AyB; DHIATICEZTLE)DT, T3(0,0,0) 13 v oWMBEKTHS. M1
20<y<10Zx LT, T3(0,0,0) i vy =0 DPADFIETAMELIVHT Y RKEL DRV L
ZRLTWA, Thbb, HEINP L RRERIITE CEH L2 2 20BEFERUN T3 (&
CIHFH#E, B2, DE25FHROEELL2DOD7 I ) BEEN) #2875 ETREELRHRS
ERVEB T LGRS,

B2, 3WEhEN, 7 =0, 7= 400 OHADOFYEEH LM ORRERRELNE L 2
TV5, FHEEHELRFEIIEREREK (0) DRVERTH L, v=0 OHAEIL a <40 1ZxHL
TiE, 0>17%56i1FT50,0,0) 3HFHREL SRV, —F, 7= 400 DEHAE a < 40 5t
LTiE, T5(0,0) b I W KEL LoVl >5 TRIFTNIERS VI EW5Hh 5.

B4, 5@FRER, 7=0,7=+00 DHEOFHECHLEMD an BAERESZTWVS.
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Recombination Rate Dependency of T
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Mutation Rate Dependency of T (4Nc>>1, Alpha22=0)
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Alpha22 Dependency of T (4Nc>>1, 4Nu=1)

AlphaZl]ATpha: 0.3
95.00 KiphadZ/Alpha: 61

90,00 Ao e e e _;,_,«/,.,, Alpha22/Aipha: 0.0
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Alpha
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X 5:

FHEER OREHIE apn OBAIBEBTHSL. v =0 OBAE L = 22 = 0.1,0.5 (compensatory
advantageous mutation model) % 5iE, 73(0,0,0) 13 k = 0 (ILEYWrh 2SR E T IV) OYA
OIS AHL DAHY/RIELRD. L2L, k=~01 DA o O¥NEIEIZ L =0 DEED
fHL D BEIZHINT 5. L7220 > T, AyBy WAL THAERDE B UL HEL TRV LAY
G5B, v =4oc DA E > 0 (compensatory advantageous mutation model) T, T5(0,0)
o OWMEIRICEHITEINT 5. L2 > T, 2 00@ETEMICESET R WA (v = +o0)
12X, AyBy XHBEEARLRENH > TOMEITEZ DIT W L9 h 5.

a \SHEALDOPHERE A1 By, AyB) ODFEDREL G2 5H 5, AyBy OFRHEERFLRHIL o
DUWMEBTH B LR nDG, LaL, B1~5&0, THERERBEREZENITS o
0 TRZWSEDNGDE. Thbb, MR TYL DFEGRES - 725 5 ELTHET D 5
WZ eI A, ZOBZRIE, EEMPTERARET VIS LT Kimura ([8],[9]) X D g h
7o, CTOBRIT ayp # 0 OHFICDRI B L1005, ZOMRE LTIE, HEEHE~NOLE
fEFHETH, PREER®S 4.8 ~OEILRARTHE7:0L B EZONLD, ZOBROMH
HREREFHROBETH 5.
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ABSTRACT

A Stochastic Model for Evolution by Compensatory Interaction

Masaru Tizuka fand Masasuke Takefu
tDepartment of Mathematics, Kyushu Dental College, Kitakyushu 803, Japan
{Information Science Center, Kyushu Institute of Technology, lizuka 820, Japan

We consider two loci with alleles A; and As in the first locus, and B; and B in the second
locus, and assign relative fitness 1, 1 — s12, 1 — $31 and 1 + s99 respectively to the four gene
combination A, By, A1B,, AyBy, A3Bs (512, Sa1, S22+ S12, S22+ $21 > 0). Let u be the mutation
rate per locus per generation and assume that mutation occurs irreversibly from A; to A at the
first locus and from B; to B at the second locus. Let ¢ be the recombination rate between the
loci per generation. In a diploid population of size N, the average time until fixation of 4,8,
starting from the state in which the population consists exclusively of A;B; was investigated.
A case of 533 = 0 is the compensatory neutral mutation model proposed by Kimura ([8],[9]).
The effects of selective advantage or disadvantage of A, B», recombination and mutation on the
average time until fixation were discussed.



