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AstEdo] oe 2] Agdlold A3t Aok % 9

Ho| 21, 21455 (genetic drift) G HAE BatolA GA] A o] 1ok
A (genome) EH-H E3Fstal gt 7)5s ZHe AAAR v oj o gt} X

SoM 57 AXELETL Wb o2 Fslo| 2ettEo] aekeh RElS ARg-alolA]
SRS Atsle Alo] 7FssHAl HSith wheba] AdAlellE de] SR B,
AZE 71%5S 7K SARR Washe) el A7, 3 AskAe) gig A2 7

FE AlEYolA AyES As)staat gl

II. 29 3 AjEgoPd At

B oA oy ziske] A8 FollA Ede)e AdMEs sk EdRol-
kA48 2 dl(mutation—selection model)ol] thet A7+A3E AlskaAl Sl Hofbaver,
1985; Biirger, 1998; Gill, 2010a; 2010b). @344 (asexual reproduction)= 3F= B
Al(haploid) & &38F313, ] THpopulation)®] 7AG N BE Aldlell 24 d43}
A FARG 7Pdekdt -2l7b Alnket DNAZo| L A1) A Zojdl H]3)
M v #7110, 54 fdHgene)2] DNA dy-Ho] nppjojzs M2 758 2t
= AR "o 7PgE glof], Zo] Lol DNATE M2 7158 2+ 37 ¥
7] flake] wpoj Aok & DNA F-twhs Ao Botrh = tigwte] f4)
= oF 4647 Q7o o]FolA] il Hit FAA A7 1000 A71%8e]tHPlerce,
2009: 211). AA DNAE ¥l 79 wEdE=s AR e e + &
T, 5 1% -1E AT 7PgEsith

DNAM G Eddold] oaf upHrolxitiar 7Haiaih. &

AL Qs A T Aa, AL, seEA T Ed¥eld(mutagen)ol
o A F Atk AR A EAMelE 1Hsks RES

At e ®ell(coupled mutation-selection model)o]2tal F-Zm(Higgs, 19%4; Franz
and Peliti, 1997; Burger, 1998; Drossel, 2001), & o]¢lo] oJair LA T o] uf
g 7Fsd EdWolE 1gshs RS i ZdAWol-zdXe Rd(decoupled
mutation—selection model)o|2}aL I:‘r( e, 1997, Wagner, 199%). ¥ =For+=
Zrefe] Ardy fEjrdolta FEgh EdWol2= DNAY w2 H= 3t
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strdo] etk 2o Algdold Ax goF 9l i 11

stationary state)l] =2t
[N o o523 askd e dasaa i=Rxe] 3 o& 13
&=, X——.%% olds] P onRE Y sy Ae] dF Lokl yEe 97 dE %
© BE gdrdAEe] F Nl P YERIYL o2

= vr/\}*(quasmpemes )olgkal H-2rkFigen et al, 1933). AR Bl &S Z7}
NAM AAFELT ZA HEA HEFAAF HIEEEE= O oAl opld &
shelA] ar FEASH el Al frh 5, DNAZE 283 Q9d FRARE

-

SHAl v o] A ns L*XR-Y(error threshold)olgta F-Etf

0 0.001 0.002

[232] SeAFoln o2 DNAZO|(L)N SOl )] hE MU S (m),

[272]9] xF2 EdWol& pE Yeha, y52 AAPBSHI(order parameter)

12
N,
mu)

m(=1-2<d>/L)S ERE, <d>(= iopd-w% A A me w

av)

el wE HF A7 ok Selehd BRI AL <d>=003 mele] =, 3
el A REA A ek HE B Ae <d>=1/20]n me0o] €
o [R2E ARG TR 392 de, Sdvelge] oW 54% gt 7
4 o] ANPeNS mo] FAF 00 ol A% ® & vk DNAZe] Lo]

=
AojAe= vE g4 Weks AS & 5 slon, Lo] 73zt W Azl A
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(o3}

A2 o] (first-order phase transition)& dh= AoZ 4 A I tHFranz and Peliti,
1997). SeA ol dAZE peoll theh o] 28k vt 2k

1 Woy 1 RLY _
box In( W1)_ 12 In(e™)=*Fk

AA & 7 Aok vk WyWi 9] ghs 784171 DNAZ—:JO]E *7}/‘]7] UARE e
7b zHaste]l AA ARAES] EddoleRTE Aolx|7] wjite] DNAZO|E o=
Fog= S/ F QU doh deAPel e ARdy Fed B
A oY A wAstE AR B89 ealiEel EA7E SR1EUTHEigen et
al,, 1988, Baake and Gabriel, 2000).

KSAIEE ALtel7] f1ste] deA]&ol 4

1
23he Qe 2 $ol, 4eAF s

th o]/\

WHFAA SR Z7L opYE Aol =
S 1] G gl D}—FH]VH%W?%E
2 A geH AR S d=LY W] A g P 2ow, =LY
o] A&k Wi=l+rs)= oHPRT Erhal 7Pg3ht. o714 s& AEA9(selection
coefficient) 2} 21, B =RJAE= s=r(l-e ™ME =1, rS H)UA WS (asymmetric
parameter) 2}l SFATE =00 A A Y =7t th o] (Wo=Wr), r=00]H Hthgelt}
(Wo=Wo). Gertid A3 e] d=L 9 w9} A-&=E [l Aoz HeRld
th [Z"1]elA ROl gen g2 oM = 5 719 4874 A (fitness peak)o] St
2 AeEE 7HAE 482 (fitness valley)oll 2JsliA ] Tt

d=L3l A9-E oFe BE wEEQE =t X3 gERHAt So=(-1, -1, -, 1)
o f&HERE, G AAF S g BE 72U SE = Eddold 93 wt
AolRE well Aol o A8k MEE 7Ies 7MiM w2 ASEE Zerhal 7}
ettt mEba] OR8] SptAel] FASE Y EXTF A3ASES FEtelA SHE
w7 7he As Al A&shs RS 7ss 2 He KsE A E ok o
71 A7IAZIAL Ae A, $EI7F agshs o] LY DNATE ofd o R Y A=



Zskrdo] gk 2o Algdold Aa fof Wl 1 13

& 7152 M e SRS A ST 7] Slstkel MiAloiAoF & DNA
$Rhe AR HR Aol

Fet H3APEst UEPAGR v ¢ FE, A3 AR 107} o
Biad SoE e el A 1, 2 A8ARE 08 ARt 2] YA
A wse] opyy A FastE AEE AR fA] sletel, H@us

(extension parameter) E(=<d>/L) #& 1A4AI7]1L do WA 71 2135}
AZE tE ARteldnh FaE WSS AR dols geA el ek Hitsld
A <d>F AHE3ISITE &, o8] DNA Zojol| diste] TeAFoA] 2 = o
AsbE gy s 2R ER T3, GeH|gAAE S BYe $o skee
b Al ARk Antsisich

oJAFE= Holl Aol dsto] HFH AlEoldoR AR

55 Q9Fsto] Avfetaal sPH(Gill, 2010a; 2010b), L.okd ZAijsol djgh ol &
71 $lste] SheAlol] WY aEde vEA st ofle] 1
ok [93)e AgRdS ARgstelA JiAl7E Fakeh vt =0 W—"J,
oRAE Sof A& Wook tldf2zl Sl Ae% Wiel 2 wo], 7stt t&
BRIt [1715]19] x52 DNAZO] L Hehla, y52 X8R to] =gk log(t)
UERH, EAWelE p=0.001% FoUth o714 Tl AR g AldiE Sk
3lo141 DNAZ o] Lol of= A% ZHojzl Fol= e 1gfrt gk AAMds &
At y=o] sprlRE to] magho]lm e DNAZ] Lo| Zojo] u}, = A= 7
= 7] flste] vhojol & wEHSH =S et Skl whe, FIstA|zte] *
Hom 7t AS &+ 3
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(23] 232 AA¢rt Faste r=0¢ © DNAZO|(L)o] w& HSFAIZH).

[284]= A9Eds ARt AAlarE Fatehd Rt >0 wel, S
Wi>Wod o], spARE 5 Uehlin], Edels p=0001, ¥ E-01% ¥3
ok [ZR4]elA] vl W >0 wle]l DNAZo] Lo] o= A& o] AojAd
DNA Zol7} o] ZojArjebe Jsrzhe: o o F7kebA] il 79 AT s
7 A& & Ak 5, DNA Zol7h ope] ZojA|ehe vl ARE Qhel] X3}
7b o] FolXIths Stolrt. shAIRE ol2fRh XIstARke] AAI ghome] e [1H5)]
oA Bral Aol A7 Faked well e d/doltt [24lellA] Bt r
o] S7FEFE XspAto] sk AL B g Stk oKEe] BE wEHUE =0t
AgE dHFAA S0l AEE Wiol oRE e A= Woell Hlgte] Foidow =
S

& ASEE JHIW PISE, S92 Asbl 8 470 olfolltke A Edh /)

and Gabriel, 2000).
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1F ---r=0.1 i
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| - =10
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a34] 2FEEAA AA w7t FaAste r)0d © DNAZ|(L)o] whe ZISHAIZHY).

[135]= Senldi A Foll Ao [zt t& UeRY, EdRiols 1=0.001, AW
T E=0.1, v =012 =tk [2=b]elA] AAe iR T3k wje] zls)
AlZRe YehiH, AgRds feRde] At v Zobd A Stk [1El5lelA
l‘%i7} Ae ALES MAGTE ek wje] WsAThE YERhH, So] & 3 55

I dlo] JJr—% ‘%E‘rlﬁi, Zol ¥l R R A9E YeRd: v
S MAF N=10'S YR, 52 35 N=10"% Jekdch As7 ket
Lqu AlEH OIS 10008 Adstola] iyt iweAE Altsiatt [1E5]elA
DNAZo] Lo] 91ADNAZ](critical DNA length) o] Zolxw AA4=7} §a+et uj
o] AT JiAIFTE FaE wje] ZstAlzte =Y Hlojuba, DNAZo7F o 4
offe we} AgpHor FTkele S B ¢ Utk [AEbdA AgRdeA=
N=10'9 o] theF YADNAZO] L=80]ar, N=10"Y wjo] L.=160]n, e]x ol

E N=10'd woll tjzk JADNAZe] Le=120]3, N=10"d wle] L=20& % & 9
o aela JAleE Eoles o & QADNAZC] LeollA, 7hAll7 #3ked ujol

Aol MG e we] AsAto=RE Holty A4HoR F7e]

AR 2 B 5

ET?}\ .

tio



16 Al SHEs, Al A2E

log(t)
™
"~
N
e
e

a%s5] 2gndn Banddn AR47t (38
&o] T I Bl AYRYL o] ¥ BIL %aiﬂg—g— Uehdt},
Y2 B ARS N=10'S, F2 BIEN

Z
Of
=
B
&
~
o
ne
£
lo
-,
o
>
r\l

[R50 A tiAld 2 AiAl7E Fdkehy v r=0 o
ok [ZE5lel A WAzt ek wjef ZspAzte] AjAlrt Sk wef XIskAzte.
FH Hlolu o A F7IRE Fells, AR} el

frete wjo] aejazso] At sl tiAA bsg 7)1eTE T S
B 5 vk whepA JRAlrE Fakeb vt =09 wieh 2L HleEA AFA
o7 Z7lete AL & & Atk [ZBRNH t=10° A ¢l vl 5 e K E
HQEE A ARL)E 2D E AAG N=10'e19 18740]u] N=10"0]% 27
Mola, Felr e N=10"e1d 21700]% N=10"°]" 30701 AL & <= gtk w
2 Agnds) Eend 2Rl AAG7E 10008 S7keRd t=10°41d) ool nla

T = rEdleE=e] A )7 e o SRR el duERlskel [2d

N4 BOlFAR >0 Wl WA AT GHORAL FHE AL F

& wje] Axol], A7} ket Holli= DNAZ |7} UADNAZC] o]k Zojx|H,
DNAZ o7} Aojgel wpe} 1spajgte] A2 0w Srkshth= As & 5 St
AFEdo X JAFE 2GA7]AL B 1 HSIA7|E, vt e et
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A W% DNAZe] LolA A7t faa mel Qshige] Aas
Aoz e Yolhd A5 om k] A A2 B 4 Adlth A%
Wol A A5 FAE W] AgkAbol AT FAE W] AAOETE
P ofi= 4w Fh Tl MR Ee] FHF Fee 2u AFHen F
e Ae B otk £ AgRAA St g BE
WSS 100 F7HI719 =10 A ool vkl 4 gl
FL7E T 3 FAom, st 100u 7
steleke AahActo] B o4 At o v 4 9l
© 7P gt RUnde Agseln Agmdedst fiE AEL, &
DNAZo17}H QIADNAZO] ol oA A5 f88 W] Ashalko] a7t
7 W] Aoz E Holuhd DNAZlh Zoldlel wet A5How 57}
sof wlegwso] e /19718 2tk A5 wtRETE 100 o) AXE u]
g7} o Sk AskAIgel o oY aaahd g vk S Qe wa
QE|ES] A ATE F7HA Stk AL 9

B eRolAl WSS AR whel A 7 o7} BB ST 2
o A ARk FadET, o714 196ehs SR 2 o) gich shiskd, o
FA4 S0 2 AT Vsuth 3R, ARG AGH0R Zkste] weA] o
A Aeje] £day] uEolth @ DNAZOIZ} ol AE ol 1) Aol

r\l

rlr —u
4r
iy
i
o
ful
Iy
lo
BN
=
=
4

o 3
1o

T o
o A¥e A FEFHAAF Sooll Bkt Aul= Algte] =ddk AA7E S8
=d dele AIEG "84 27 Ae7]ES 01%, 1%, 10% 5 o' Aoz 3=
2] gpr| ko] ALl 27] wjiFol vk Gill, 2010a: 195).

AsjolzaaEo] A5E Adaly] skl 1eke BUS ALgsjeld AFE AR
oo SRS ANF Aol AT ANES Avug) oy Wsje 244
Zolq Beluolst AANES wle Beldol-AdaY wAS AL, W

GollM SN S sk wpAlE asidlt EdvolEs f7IAES skl
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T =0 well, = oFE So A& Wosk tEF3A Soe] A8k Weol 25 o
of, DNAZol7} ool wet zIsta|7te] Apaox Z7hatleh spAlvh HAl47F
ket iAW >0 wel, S W>Wed well, DNAZ |7} o]= A& o]} 4
o1z| DNAZ 7l ¥ Zojxdats dspr ik S71elA] kol Ao 443t 3k 7}
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12 el el AASE ey, e 10°~10°, dAZAgPES 10
'~10°, FHF5EL 10~10°, HF55E 10'~107]HLynch and Conery, 2003). &
Aol 8-S 1=0001 2 ==, AMAZF 7= DNA $47)% wjite] A4 Eadd
ol&& olnrt AR Art FaE AT A HFAR] AW ES AER
F 10°~10 o)W, AERE] G B0l &E ]9 AHgamete)F 10°~10 "oT}
(Plerce, 2009: 477). 217} Al EdwWolgrT} 22 718 7PAshd, fdabiol
7} B4 gEo] FastoA zshagte] FTeHAl ik

el ERo]2A DNAY wEdlQH = i) v f7IA8S aeleiilon,
L= o] H7HEE A(nsertion), 7wEUQEIE o] AAEE A2 (deletion)
oo A FTh AIRE ARdAl] HE EAlSHA] dkd A= FHRERE 7R
FHA} WHE|X]7] A, Aglelv Aol #do] xddE = AL A sh
hte] FEEQE =T 18] X9l el flohal Eoh vhE debd, s A=
& el ZRIOgo] 9As] vhEolA]7] flsiME sthusiute] Zead s=r) 43
23] el itk v R, F12] DNAZS 8538h= 2 "%Ktransformation) ]
u, arEE ke o] DNAZE &AA= A XS (transduction) o]y, Eem]=
(plasmid) ol ©JalA Tk Alare] DNAZF A% A& H3Hconjugation)?} 22 4
HA A DHhorizontal gene transfer)oll ]84, 22 o5 7Fsd DNA H71A1E]
Edl2ZE(transposon)©] DNAS] THE f1xo] Al omA, Aol s EAjeHA|
o NZ2e FAARE 7R FAA7F wheojd 4= glokPlerce, 2009). S ZiAIG
7b e wol Arle FRAN-ES AT AlEdeldoR AR Ak vl
oln] w7} HRom, ARt E3Kfounder effect)9t FH% HE(genetic bottleneck)

oo a7 ERoAE SFAIe B JEA EUE MRS FAAEE TR

o rlo
Fel

2 wrdMe ASAREER deAESs LHsisls, oMid o w R E Y ezt
7kl wet ASrt AeAoR Ak vl (nultiplicative landscape) o4 %=
Aol A AE AHES - DNAZ 7 YADNAZS] o) Al A7 f-8kst
W, DNAZ |7} AojHel whe} ZIgta|gte] A|pa o Frlegth=s 213} HoiHar)
100 ol AAAH vt o kst ek Wsprlito] O o A ethe

A - BAS Qe 5 YRkD webA 2 =l pokE AT Aze] de A
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2 TAHRE 7R fARE vRET) 9fste] viojAol 3 wEElE =S gt
S7Fgl wt Jspajgte] AeAom Frlsl)ol, e AL obre] 2 ASEE
7RI sitlets 71ES] AR o= A% olde] wEY QB =Tt uiojopt
o, 7 AjEE AR Rlske B7Fssithe Aojth dE EolA [T1Eb]ellA
DNAZo] Lo] $-2]7} AAksl o] ojifog oz ujof] apa|7ke] 22 &R AlS:
AeAow Frhethal 7Pk, digare] 9ol HA ZelA gk Azt oF 204
o]71ell 191d(~263x10"At)) 5t vk 5= gl FEUQE =S A /iL)E A
 N=10"2 wjol] tieF Agtwdol A= 4670, Bemdol e 497)olt) AS: 58 H]
A HE7E 108 S7FeE wloll vl = Qle wEElSE=e] Fo) g o=k 37 71
s, Blo g7 10025 AAE w2 HES A /g7t H o Sk @
Th= A 7Rbehd, AdAolA EA7Fset Aot vdidws 5= 7 vl 19
W Bt v e wEEQE =Y A A tiE 607l Eaketan, L Ho vl
Ho}p B8 U QE =T vojAof ahe EE AR Mshs Bt
o714 kst AL A §-e7t aeg do] LY DNAE A= 7o 7MiM =
& ASEE 7 FAAE H7) Slste] vhfoixIof & DNA F-twhs A gt A
oltt. dlE EoA FHAE 1000 G712 FAH o] e, MES AT H7
ete] 1 FellA] 30 E71ARE v Hrkar §F ool 927t AMksE DNAZo] L&
300] HH, & =olAe 30709 @7PEe] =Tl Aele AR ARk s
gk ool g AR U] 9710789 7] et v A gtk 7 sHA|RE o)
Sk 7P AARE 9 enk UmA] 970709 718 E Hlsek Sl &S Zhal vt
4 7ksAdol #2710l 1000719 718 FollX Ags] -2l7F k= 3071 v oA
MZE A2 & g & =io] aEgh 459 gErn E4 zom wepa A
w4 A g g A5 dojzivkes e @l Folof gtk
==(Gould) 7} 43713 Al (stasis) Al ekt of = dAlolA &S ARl w25
Held Wsh dojuth= w388 (punctuated equilibrium) 2@ AloFIAAINE F4:8
W B AEE ARl B ARE Skl Ao sk

d, & 7he) Aze A7} Bt o Alzle] Aurks B =R v 2

woll F2 AlZFsRl Al B A2 7 HeoAls AL FEHCR wUksT

1) o] A= FA shaAldl Farshr] fste] =i 24 ol
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CHolYH, 1990). 2eiest Hzlxow Wlalol Aj= }‘O] "3751‘;1{‘4% ArEXISHA]
X179 (phyletic gradualism)7} 2 v=r9] 272 & wjol] Rduth= 854
o7 7ol wraL B Atk sHAYk xlA 0w wshrt E] M’/P?i TEE T
of A} o s ofof skt XA WskE VA &= 31 5
H3elA] ohethis A4S war QJtkHyde, 2009). T3 A4l Wl oz Arst
7] o 950l ARIAl ol qtk olE EolA, FAFTHEHE Als Feto] v
G B Fheolgt VIS WAkl flete] dlskrase} slo|mm o)t slekad, |
Zoll= kS e A, FAF & o] w4 WS JoTA sk &4
5, 100C] slekad S Ave dadh 7IAE whaal Walehs A AAA 5= 2t
FaL Qv P ERY AR R Jskslr] ffste] ffelld AT 20 F9

ARk ZE ol Ago] glom esle A XWOH H?ﬂo}ﬂc‘ﬂ a2 At E
[e)

N

22 frdabes @2 AR skl whes AL 3EHoR Eﬂ*owr O dl=A,
o [e]

g @A) Aol EASHE Tk $5 Aol B3] W 504 710 £

) Hoo) QA AT ARAES] FARES MERAFeRA [Pt e
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A& (phylogenetic tree)E TH==d|, [Z86]oIA vt (node)= E-3Hspeciation) 7} &
ofur] He| et SeshH, mirjelx] A AEsks AAAZFAS] 4] (branch) 2
ol SRS UEbdT:. 28 d] Algel e TS rholA FEsE dojwrkd
nirle) sfdshs EEde] AT e Wokelof skt s o® WA oo
Aol A7 Ksh7b dojwirhd
TR FAAL] AT EAgoior S|, 1RvE Eeka g A

] el Slvh= Aol AL glek Rk ol B w=itellA] aof
S XISHAIZE Aol w2 TR oY dAAje] AWAZt H7] flate] 2kFo
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ABSTRACT

Summary and Discussion about the Recent
Simulation Result in the Evolution Model

Won—Pyong Gill(Pusan National University)

We have summarized and discussed the recent computer simulation
results in the mutation-selection model, which was designed to explain
the evolution theory. The evolution time for a haploid, asexual population
in the coupled and the decoupled mutation-selection model was calculated
for various DNA lengths, population sizes and asymmetric parameters, by
switching on an asymmetric sharply-peaked landscape. The evolution time
for a finite population with a positive asymmetric parameter was found
to be an exponentially increasing function of the DNA length whose rate
was relatively constant, even though the population size and asymmetric
parameter were varied with a fixed extension parameter. This suggests
that the evolution to a new allele, which is required by many mutations
whose number exceeds a certain limit, cannot be allowed, even though
the new allele has an extremely large selective advantage. In conclusion,
the evolution theory has no compelling evidence in spite of many efforts
to explain by using various mechanisms, such as mutation, selection, and
SO on.

Key Words: evolution time, mutation-selection model, simulation, sharply-peaked
landscape, biological evolution theory



