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e Fd S dushet Aok Z@oltt B A= 3T ukg B golA FEY 24

| Vé St Glllesrne dreEe 133}01 2y 342 A% £ E 5

. ]- oA o]z ot HZ ol 7]¥dte] MCMC (Markov chain Monte Carlo)
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H3l7] 913 Lotka-Volterra 233 §AAF A} (gene transcription) FA-S AW3l7] 93 L1
retrotransposition 2 &0 A3ty I A} 943 24 A0S HYr)

Fogo: REZ-EEE 2y, vi2Iz A4 B F22 U, 32 AL, dEas daeE,
shet -3 23,
1. A&

3}s} H}% 23 (chemical reaction model) o|& F2 A3} HofollA F Y, 45 =2 &
Ab, aEE] 7 S AHWE] f5te] AMSEE R3O chemical kinetics 23 0]
£ 2. fA4% ‘jokoﬂlﬂh DNA HAL 542 24 (gene regulation) HAIA RNAS] A&
5= E¥3}elr] © ?FPOi /‘F&E‘f)r L5t ARjAA AZ BABAC T Ue TFE AbelolA T
T2 AW 95t AMETh o9} o] A m A5)st
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o]g3to] T 4 glom BOJHYPE Bt 2 AE AAHORE 1 & & Qi
2 ZpAFE B uk opuet AR e Fofolle AEE 4 9tk Lee T
=] A
A

o
S
1 eg,

ol

1o

5

B oAr o::: g
FF
k)
ﬂxﬂ
oz S
fPN
kel
_IZ
)
>
XN g
-
A

3
2003)= 318t vhs By o]835to] pEluket FAAE wstel] tht FH)

5 ( = A4S Akt =
239} Iy FAXNZE] S5 AL 2F BABA N FoIfdthe 7MY StllA I 35S 2P 3} sk
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2¥E A WA (ordinary differential equation; ODE)ol| &85 & ujAg Zof st Z 24|
FYL 01830 B4E FHUT. Kim (0102 AA 2B 9 ARE olgatel Ait Fol 3
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315 Bk Byo] 2 ALHE 38§ Hof 7k shvhe AW 4k B¥elth. Kermack®} McK-
endrick (1927)2 Ao gt 9 A8 IAS A3} 91319 SIR (susceptible-infected-recovered)
2Yg AT ol AA BHTEE Al Y JHez o] o]& 4 7 tAF (susceptible),

92 (infected), 3] B (recovered =+ removed) &2 FE3F & ol Az 2 Atgo] 749 of

ToRRE Ul FUT, IRTOE £AN2 o FHE DAL Y W LIS 0|83 4

3t A} 8F¢ith. Hwang 5 (2007)-2 SIR B¥S o]&3te] fejviete] defejote} ASFr=84E,

93 B9 Azo] A85t] Y AP ~Asch. we Amo] WEe AFHolers gl v

g A4 et HaAFHES ALt B4E FAE3E Ryug) Choi (2015)+ SIR 239] +
EAS 02 = Gillespie (1977) 7} A A3 Gillespie 412 &S o]-&3to] 2AH 23| T3 &
A HEE M By 25S AEsn I A%E felvet getelor Ao A8t SIR B
2 AW 4 S At sk BE 7 7180 He EYoE Bt et iR

e o

7}s3lt}. SIRS (susceptible-infected-recovered-susceptible) 232 3] E-Fo 2 Jol2 fA|7t
g | Aol Fol Zlo] ohdzt thAl 4 AlRte]l A o] %ol e ® o3 4 Qg
T 2sk= 23 o] SEIR (susceptible-exposed-infected-recovered) 282 ZrAtjAZolA i
2 o]53t= Alolof] A7) (exposed) S AXA 7ttial 7S 2ot} SIS (susceptible-infected-
susceptible) 292 A o2 HE 3 HF Ut} strjets oA Ao 2

ol9} Z+e WEA e oz AW M RFYE BF 3T vk B3PS o]R3lo] AP ¢ = 2

.,d
r_EL

I

tlo = O o mu Hy rx [d of ox m¥

= A=
=olth.

Ay}t Fofut Ay sl fof B Uk ofu e} thFst RofollA] &85 gl 318 vk 2y A3
H4AE B AFES A5 sF5e] AR Aol 7MY stollA vl BAEAE o]dste] HAaAFH
of 7]9ket 24 ¥ Eo] thiEe AR et rk 38 vk By S o]t RS IA} ke 59
=2 Qo] AAAolgtar 7HH3HA W 2 R o| AL B FAG = AR 42 Uy
= o838t 5 4 v AR Aok 2 A A A EAEE TEY S50l 23
2oz Atk /Mg Htbe BE4 (stochastic) 22 &2ty 7143k Zlo] Ho} HAg 4= 9t}
(Andersson3} Britton, 2000). &% 2 YS 7143 A 282 A=t ol HEd FE =
FE 7Hst SRl ZIete] BRYS 3T 4 Ay 2 AR AloF Foll Yty Hulex
FHo] E7bs o A7 HAT £ glo o] w wlo]X| <t HHS ALt B4E FAHE 4 Qi

B A7 BAL2 3 w3 2y 24 ol g Atolty. 7[EAH o R 3E g BEY £
do] FgEHolghs 7P o RRE EWste] S 7uksl B3 FAHZAE thREIA Sk Gille-
spieZ} A oksl B ol A uhHof oJsle] BEZ 3} W By S 53 A3 (Gillespie, 1977), &2

l‘kﬂ

F59 Y2 A& A7 uf23= A4 (continuous time Markov chain)< WEtia 714 sho)
Seiu B dolHEL oAl Azl wet RS 397} iRtk 187 ujRe] e
o el §eUT HlE B, e 2Adad ok G g 290l ded
48 ol8 AUSEFHOR B4E 24T 5 k. 2e} AvAom By
55 7P<]L 75‘—?* He=FHele o8] Aol m2A Fw ol a3ty Hste] wlo] A<t HHS
43t MCMCE ©]83 ZAPS 5ot 48 S48k sl A= ol gt wol x|t %
E3 BEAYR AAE AT oLt oAl Azl whet HEE A|SHA QL o] ol o83t
S5 =83l P F oA &Kot AAE Hol A7) it £ AFA
ZF ©] NAste] Aoz Ao g ReE A5k S Albetlth
A7 A A= = 2ok Al 2-8o & 35 uhE BE] Ao} g 8 W) the)
daich. 3ol AE SHEA AVd stolAl skt ihe malel 24o] tlajel etk 4ol e 7}
2 olg male] 73 23l tisio] AYeluA Ze] Wzel Wi B4 A3E ANSLA

l

ﬂJ[ rEL of oM.

oft
o
o
=%
T
i
)
fu
+
ol
B o
%



An estimation method for stochastic reaction model 815

Stk WA 5AoA R Ae] @Al skl wdtaAt Bk,

SEA Al Ztulzds :
HEE T 271 Xk & o AZe] 550 wet #WE X | ¥Mdle F5 1o AeFES AYshe
WS- (reaction) ol oJste] AA= o] A}, webA 318} wkg BYS S50 TE e Ao AYst
= RREEE 749l Itk 2yl F K4S whgo g FAF ] Ak & wf kA RS2 o] W3-
A aEEE ol F vt BHEE T F vl s 2AdA. =3 A4z w2 AEEs
hi(z)oll ¥lesto] WAZ Tk 7P % Al toll A kA vhgo] Ao =N FE0 Wl v
Aoz mHAT

X(t)=X({t=) + vy, — vk,
714 (t—)2 o1 Al F= vepdth AIF 74 AR kkgo] A & 5 Ri(t) ek & o

Ri(t) = Yi (/Ot hk(X(s))ds> (2.1)

£ WSSy o71A Vie S"FH xolg BEFA (Poison process)E W
hi(x)E 2ots FEHAAY rates YERATE o)A X ()= thad 22 A4S T

0)+ Y Ri(t)(vi, — vx) +ZYk (/ i (X > (Vi — k) (2.2)
k

A (2.1)€ 38 0SB o)A Krp A@How BT oF 5o A+ B 5 C9) 2ol BF
et ol kaA] Mol dolto =M F Ask B AA7L st 2¥en & Ce) 7Hxﬂ 7} 3
e ojulsich ol& Anlslsto] EAste] Wl WA RHo v Foz TAH] I Zzte] &
8 A1 As, . AyolEt T

oF Zo] zAAH

2.2. Lotka - Volterra 23

Lotka - Volterra 232 318 vkg B¥S AWsi=d QoA 7P tixdoz zols Ryo|rh
Lotka - Volterra 232 2}l AJefA oA 3] ARF-Z 2] 217Ee] Ho|Aed) AR E AA-S Y)Y
3to] AAE BPos —11:— QA D) AR L} A2} Tk AT AL-S Fote] 7 Fo] A 2aEAAH S A
wat7] s %oo]‘jr 3 AYE Aot X12 HolAEdA A AR} stal X E E AR
s7}. o] mEL A (2. ) Seje] s 32 2aE maol.

Ao

X 2 oxy, m(X,0) =01,
X1+ Xo 22Xy, ho(X,05) = 02X1X> (2.4)
Xo B0, hs(X,05) =05X
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= T 01, 02, 037F = o] Stk AA 2P £ FANA o] ¥4t
Eerh Ak B2y (24)004 A AL g4 xte] A 28-S dWske vk
o] AT AR S e E vHgola, npA e A2 2 AR e 4SS
U= whgolth ol& o] 7 WA wkgo] WASHA H 9 Azt JHA] shukel AR A skt
7F adElo] AR A 2707F AT AR 3 A= F ANA7E Fastal EA A 3 A
A7} F7kegte). Figure 2.1-2 Lotka - Volterra 23 ol ths}e] Gillespie €8] &S ©]-83te] 43S 1
Holth. X1} X298 27|1X= 742 10034 5022 shglem A t]’ﬂ' AR 5022 Skgint. el

7t ukSadse] FHS 6y = 1, 6, = 0.005, 05 = 0.6°.% B gtk 99| (a)7} £ 2 X, 7 X9 A
A A= (trajectory) s UeERACE FEZ 313} vhg By 5—54 W3l o ,\m nlzam o
HE weokr 7Pt A (2.1)3 o] Z+ HL——% H“@ Aee Zoks Q‘g—‘}’g% w2tk sH3l7)
ool A (2.4)9] ZF WREAEE AFTET (X, 0h), hz(X 92) ha(X,03)°l wgste] 2AYsA =
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Figure 2.1 Stochastic chemical reaction trajectory for Lotka-Volterra model. (X; (dotted line) and X
respectively) with initial population are X; of 100 and X3 of 50 and 6 = (1,0.005,0.6). Pannel (a) depicts the
true series of species occur in the continues time points and (b) The actual sequence of reaction species can be

observed on the discrete time points.
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Gillespie 418&

Step 1. & A @A FFH 28 X(t)et S o oju}e] BT hy(x), k=1,..., KS A3}

Step 2. AT T ho(x) = >, hi(x) S EFE dhe AFTEE exp(ho)E FH 54 w0 Lo
duf 74X A2 tE ST

Step 3. ] o7le] Mg Aher] olm e ol ANYAE 22U oju] T4 BEL AHIS
o BB =Z hi(x)/ho(x)Z STt

Step 4. Step 2014 F&H A7e] F Fo] HF AIZF Toll =28l 744 Step 29} Step 32 HE3l
t}.

-

WA Gillespie QueZ) DA PEFFE] THPARE APk FEA % w3 2y
SEYSE ¥ b REow FRA A WAL vl JojeuriAg Azkln T wAe ofu
g ol e ¢ F4E WEkn sgls] mEe] 54

g 24 "k o] we] By 3
p he(X,00) 8 7HATE B8 kA w2 g

< ol 25 7]'1174] Aok AA 3F AjFde] 0, 7] & o &E
= s}st ‘i‘l‘% 2o st =&+ thei Zo] Fo]Att (Boys &, 2008; Choi®?} Rempala, 2012;
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ho(m(s),ﬁ)ds), (3.1)

A Rgol A AT whge] B o] HTh Ea B (24)014 £ ulg) 2o] 247t 91
o Thea ol FAFIok S WALt o9t YA B4 gi()9] T Welw Dk,

hk(I,ek) = Hkgk(x) k=1.. .,K

|2 HE XL (3.1)2 th 2ol vkg AL o W2 Fo FElE HEE 4 ATt
n T K
(TT0nan (ot oo (= [ 3 tuantatonas)
i=1 0 k=1
11 I
0,* exp ( -0 g (m(s))ds)
11 k k o k

f[ Li (0] X), (3.2)

L(0]X)

R

of AolA rt FEE kWA W3]
FH PEGS Li(6:]X)E A2
1O

& 7 HH o= e thet 2

FE ek o2 RE 2 WGl tiE $AA =
Fe) 7bssl Atk ARAE o] LEPSE PuhrEel Fr
15 ggol iR Ah9E 2AAE 7 5 Ak,

):]
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L3t ol R| ok B o) 93 By 2R J1S55E o] YA BAZ ARABZE Fdlo]of =
ol 08wk el BEk STt AURRE o] 7] wie] 3 AARE= 3
B 3.2)% v} AR ZRZRE AFEZE O3 2 ukiz

Bl
(=
g_‘l
ot
U
o
30
T
o
kr
%
+

T

ak + 1, b + gk(a:(s))ds) L k=1,....K. (3.4)
0

<
£}
2
/\

Al (3.3)E At AY AFEEE (3.4) 2 B ) ARE (maximum posterrior estimator) Ei= AR
SL2 ERE FEo4 WD 2L AN A FH49 A Loy

ds9) A% ATk BT e £H A PES oS3k 2AHoE 741401 sty

AT = AR BHLZRNA DA kAR 9k o] 2 422 Uehjig AA A2 EHE Bee

H SV G FEE A3 g 2R 4o URE A% ot A4 A A9 2

o 3}o] SIR 23S A5yt ok7]._/] 7}7%

o
=

(=}
Q
x
—~
8
»
N
=

A% 228 B i ATHE 2ok
AR ST, el B S NS RGN e O Ao] 271580, Figure 2.29
oFE 17 (b)E Lo HA OEACE 33 WS RIS AXAY vpIE AHE G=r] fE
9% 39 (29 Yz Tl AFsHTh e AT Do) HE ALl 1Y (b3 2ol ol
Z 0] A|Zbo| At Fzo] Zs3tct. 27 (b)+ Gillespie €a18]ES 53 —7—6&% Lotka-Volterra &3
o AA AR 7k 49 AN Fo W3 gEs Zob A Ao FAE Aot} weka] #EE
AR Atolell Al X1 3 Xo7h AESHAl o] BA WEsigiA & & fith & 7\?—?——5’:2 BH B3 ATE 5
S o)At R eA 7R o7 AE A A 2 rp 9] e A4t FEo] £7F FHolof
st & AEEA 4 9 ZE3E dAshs FEo] FrhEojof ittt B AT o] E H%t
o] Boys & (2008)°l 2J3lo] AAE IS 7oz Jlo] AUjgoz kg ol AE F= A %
WHZ o] &3ttt Boys 5 (2008)-2 Lokka - Volterra 23 ©]§35to] o] A& Hlo| x| <t & Al
okslgict. aso] Alokst vhHe d%2] block updating method (Shephard$} Pitt, 1997; Liechty 2}
Roberts, 2001)& o]-&3}= uh ot}
3.2. Wlo]x|t WS o] &3 my 24
BolA e WS o8 24 27 ol
A5k DR Ak AT 1) AA AT
230 o] Lhrolzl Al 77kl Wet SYHoz
ol SHFE [5,5 + 1012} 39 o] 7319
#] 9lt}. Lotka - Volterra 232] AL o]
Fge] A AEAee 24uG. olst 2 ol B A F 54428 A9
o B W ST TH AA W 57 W) F0IA AR SholoF B A WA S
o & ri;et A r; & FE3] A3 AIGHEER random walk chain 2 ©]8-3t¢th. MCMC
simulation -Tl]—ﬂ °ﬂ/\i & A A9 S rﬁ}") o]z} & w] random walk chain W& ©]-&3F Metropolis-
Hastings ¢12]&-2 t}2-3} 2t}

{d

7

=
o

to] dolB 2} Figure 2.12] o2& 17 (b)) 2ol
A2 7F FEE ARl weEk GjAIE R vl O
2 F&3 9 Bo] FRE AEDL 2
2 AAL j+ 1XE 7 F2 27]7} Fo
A 9] A Sk A4 HHE e A

rzi ox,
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N
N =
™ 0
-2
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o flo & oy ¢
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oX
% ftlo

>

4 #

M N
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e 1

Step 1. A=1+r"/cE B4E 3= EOF TERY SYPHor T8 deE FE5L I AE
F3lt) o= yg]. g TR Y = 7"13 m) yE A4St} o] 7] A c= Metropolis - Hastings
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L e]Ze 244 (tunning constant) &S St} Ao Bx IS d= yo] Ex=
p(y) = exp(—=2A)1,(2X)

ol o] 7] I,(-)2 Bessel o]t} (Johnson2} Kotz, 1969).

Step 2. FEH Zt W39 &= XotF R E WEL o] uff otd XY Bpe p= {hi(z(f), 01)+
hi(z(j +1),01)} 2 Addct. 28]l Step 2004 A|AJE AlF RES o]§sto] Tz A& F
Zof] vt

(%)
exp(—2ACN) L, (X)) - /(7))

A= .
(m)
exp(—2A(M) I, (2A(™)) - "5 /({71

A7) A =1 4 r%’?)/c, A =14 TS)/CO] A}
TLEE uniform(0,1) 25 E TS FE3t0] o] Fho] Step 204 A4td SEHTY Z&

3. =
3% Step 1014 228 V2 N2 BRo2 Aty 234 4 AL e thAl o] g3

Step

ey

Gibbs &

EH

2
ro,
oz
i)
rlo
T
_E,
M
rlo

W B3R o2 318 vES R ollA 4

Ak AFAE 2] S FEY HEE A FEA &2 kY £E FE5= IAME Y Wolgt &

At} Choi®t Rempala (2012)+ 7z} WS- A =8 FE31=0] 9oJA Metropolis - Hastings &

112]& thAlo] uniformaization ¥ (Hobolth®} Stone, 2009; Rodrigue 5, 2008)S |83} Algo-
o

[}
rithm 29] Step 2914 AAE ¥y halo] B A ke FEo) Wale} SEe] WA AN A4 FE
e S AATAG o0l AN UL Boys 5 (2008)) Yy u Tk BAAAW S| 2 E

oo X

=
>
o
=

Eoimz ur}h B39 55 0g BYelA B A%e] & Wi 492 Holw k. =@ ®el
B3] AL Y B Btk AW o5 AT AR AL
N

‘?_

o N

21w Arfe W Axke] 7= Bl k.
Aol AL Boys 5 (2008)0] AE WEEe 23 Hesie] Ajdon dgA ATE
e Akl A 4 (33)0] AeE FADS wH e 2L F4 d4o A%

A},

ror (i

il

off
ﬂ”

o

oft

=

/T dRy(t) — 0% /Tgk(a:(s))ds =0, k=1,...,
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oRRE FAFL AL ANAL BRIAAZ Ry(T)% [T gi(@(s)dsS] FHTFES ok shed]
fOTgk(m(s))d83 Aoz =ee 113 u] AU Y HL auE o] L3l AT EE B4 o] L3}
o] e kS AArSth Ry (T)E A487] 1514 MCMC A A 29 35S o83t o33}
22 7V Fdiks AL
. (0 if 1=0
Ri(1)" = { akrfj) + (1= Q)R(T)"Y if >0
MCOMC 74 Foll A% E r)S 952 AAD A5AF neste] A5BLYA Hgsle Y 4
£E o438 F AT Adsgh. A AN 29 V3 A A -lA At BBE A%
Re(T) VY A% 332 AWl R(T)V9) 3332 A4 oz Adth B8 4% oF 273
dozA HEe| A 2AT 5 Aok o] Fhol 1ol 77k H2 AT el § B2 HeAE F
A Fm 0ol 71 5% BB Tt glelAA Ak

4.1. Lotka-Volterra 23]

oAl AR ARE o] &dto] B ATl 2t Sle WHE el vl 24 slske] Bt
H

$A Gillespie €318]5 WS o] 83}9] Lotka-Volterra 23 (2.4)5 A3t 3712 wh-gof Wk
e 747 01 =1, 62 = 0.005, 3 = 0.6 2 & I X1 3 Xo9 27| X]+= ZH2F 10037} 5022 3hitt
Z X1(0) = 100, X2(0) = 507F Ao}y, AA| &2 A2 T = 5022 3Gt} 7| EH O Z Gillespie &
&S Tt tolEE AdetH Figure 2.19] 1% 1% (a)9} 22 435 €A It 28 A
Al 4o olel 2 ALH QA ATt AA5 7t B 5= glrt. o & 5t B AITY AEgS F
st o} lE 19 (b)gt 22 AEE 45 & don o] Asrt AFH T 7HFsta o] B AF 2
= 23 A% —’F“gﬁ}ﬁ‘;}-

& drsl ML A &
bz =0.001S & 3}tk Matropolis-Hastings €1 8]&5S A% 24 J4=2 ¢ = IQOE b‘]—‘/{ir/]— =
Lol W03 S 15105 of Fhecl A1 500 Al U S00NRE AT 2l F
45 7590,
th2 Table 4.1 MCMC "ol o] gk 1,000} ¥Hs 43 A} 7hed] 9k 5001
23k zelth. A WA £2 7129 Boys 5 (2008)9] MCMC el mhg Aol F Wi 22 2

32
i
<]
ot
o

ol AAE el o8 Azelth. 27k MCMCLF MCMC22 EASSITh ASRza i %
A mEo WP BEAAE AL Aotk WAL Wl BT 54el 2 2ozl 9o B 4 9t
e Ao 24 AHE ATV BEAAES WZAYL W F AR PHo) AdHoz e wE

AHE Hol 3 vk Hop A 24 AAE At @ 5 ok

Table 4.1 Posterior means and standard deviation (in parenthesis) of MCMC simulation
for Lotka-Volterra model
01 02 03
MCMC1 1.043 (0.0206) 0.005 (0.0001) 0.621 (0.012)
MCMC2 1.038 (0.0065) 0.005 (0.00003) 0.612 (0.003)
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t}2 Figure 4.12 10009 ¢] ¥hEof w2 A =8 E Ueldcth Table 4.13} upd7ix| 1 91 & 18
MCMCL, ofeff & 2352 MCMC2E yepdth. zF 230X Wl §1 2 ARE A2 01, 03, 025
ERdTh 100012] REEO A RF 2008 o] & bAHo 7 £ Qe HEe Hola ok F W
o ¥lxE sH3l& w2l Table 4.1J1L wpR7bA ® MCMC29] ¥ o] B} okdAl AFE A|2éty
=3

¥ N orlo

1.2

_ L e VWY

0.8

e
° T T T T T T
0 200 400 600 800 1000
MCMC1
[=o]
®
© |
<
o
S
e T T T T T T
0 200 400 600 800 1000
MCMC2

Figure 4.1 Plots of traces of converged and thinned MCMC output of reaction constants for
Lotka - Volterra model

4.2. L1 retrotransposition 23

L1 retrotransposition 23 §Ax} AA HA L Aelr] Y3t nygow the 2L 47 vhg o
2 749 23 o|t} (Rempala 5, 2006).

NN 61T Prot RNA,
mRNA 2, ¢ (4.1)
0 0—3> T Prot

T Prot ba, 1]

(41)2 3749 Fo2 TA4so] ek BYelH NNO= EAR §2A DNA (gDNA), %)
ghlZ (TProt), W41 RNA (mRNA)Z o 7128 gDNAE 28 tolx] 9| 2717} A gheth
ARk webd A7 o) Ye el $3} 449 o 50 ek ¥ 5 gk

(4.1)oA A HA 732 mRNAS] AL YU+ Y522 TProtE SUA|E 3Fo] mRNA
AR A AR S-S PTrote] A7h A4S ekl whgoleh, F s ] WAl wge 7z
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017} B0} Atk AR tolAe] B2 AR X(1) = (mRNA(), TProt(t) & t — ool meh o4&
e syt

mRNAS} TProt2] &8 (degraduation)E YER & QEg-oltt. ZHZe] wh-goll&= ¥h& A4 61, 62, 63,

0103 03

—= 4.2
B.00" 94) (4.2)
o} Figure 4.22 Gillespie €12]52 ]85l 23 (4.1)S 73 Zlojtt. mRNAS} TProte] =
e BT 12 stdom HhS AR 0, = 0.575, 62 = 0.25, 65 = 6.25, 04 = 0.252 AR sFAT}

X(00) = (

Ao R FA AR T = 1,000 sirk. 27 %52 Aol mRNA9| =28 yehiv ofel
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Figure 4.2 Simulated path for gene transcription model using Gillespie algorithm with reaction constants of
6, = 0.575, 62 = 0.25, 03 = 6.25, 64 = 0.25 and initial values of mRNA=1, TProt=1.
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Table 4.2 Posterior means and standard deviation (in parenthesis) of MCMC simulation
for gene transcription model

01 02 03 04
MCMC1 0.4778 (0.0168) 0.2083 (0.0074) 5.5137 (0.2417) 0.2162 (0.0095)
MCMC2 0.4719 (0.0035) 0.2057 (0.0015) 5.4706 (0.0346) 0.2144 (0.0013)
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Figure 4.3 Plots of traces of converged and thinned MCMC output of parameter for gene trnascription model
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Abstract

This research deals with an estimation method for kinetic reaction model. The
kinetic reaction model is a model to explain spread or changing process based on in-
teraction between species on the Biochemical area. This model can be applied to a
model for disease spreading as well as a model for system Biology. In the search, we
assumed that the spread of species is stochastic and we construct the reaction model
based on stochastic movement. We utilized Gillespie algorithm in order to construct
likelihood function. We introduced a Bayesian estimation method using Markov chain
Monte Carlo methods that produces more stable results. We applied the Bayesian es-
timation method to the Lotka-Volterra model and gene transcription model and had

more stable estimation results.

Keywords: Gene transcription model, Gillespie algorithm, Lotka-Volterra model,
MCMC, stochastic kinetic reaction model.
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