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IO (f(u,v),9(u,v)) 1.
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LB, RIT, BEEES B HUNGEIE O 8 EAE R
(d,2%,d, T8) 12OWTIE, BEOEV SR SEVS
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= (u(0),u(Az),u(24z)...u(N)) (9)
7= (v(0),v(Ax),v(24A)...v(N)) (10)
ky = dy At/ Az?(—2,1,0,...,1) (11)
ky = dy At/ Az?(—2,1,0,...,1) (12)
L3BE, (7,8) IREIAD x & FHNT
@t + At) = @(t) + ko % @(t + At) (13)
T(t+ At) = T(t) + ky # 5t + At) (14)
LELZENTES, =(1,0,0..0) VB &
(€ k) Tt -+ At) = (1) (15)
(€= ko) % U(t+ At) = (1) (16)

Lid, Ky=¢—ky,Ky=¢—k, £ LTHlid% 7—"
IEML, [JEREEETIIEARAALTZEZOHITE
275 EWnwWH MEEHAWS &

i+ At) = [; () (17)
F(t+ At) = ; ) (18)

EWwWa ik, FEAS A G
FIVAEREETES, ZNh5
Y TEWE DT T

(0),5(0) Db i &1
IZFEEE TR, YT —

At 4+ At) = F ( ! ) cii(t) (19)

6@+4H%:f'1<A*>*ﬁ@) (20)

b, BRELIRT—REIEEVBEZIZSICRZ
LM, 7=V ZEBISIEFRFT 2 2 1XEsIcGHHE T
. At & 23MAREL LTHEENKEHRL WD T,
FHZ =Rt SR OBIER R TR 2 T 59,
3 (afRE D PLRIZ B U TIRIA B R D/IREEEE D -
7z flesfit L WO BUEFHH 4 77V DY —ZAa— N
RN XEDIRE RIS o2, B o & AR R
T 2O THNEILKRDORILHIEREN L & 7= 30 EHH
H5,

Z D& D BUEFE D A F — LR 2 Fi i S8
WCRZ50% LNERWA, RIZETFIVOHEMRIZEID,
fﬂi WEBARD =2 N E AN RZ—= VRO E T IV

ik, BEEOFETHE I EEMEIETOFE EHTL
50 £, Fl (;) . FL R EEIE T 5
LB A DKL At OfF & B 5 L BRI ER R L X
T, BWUNMEOFIZ WS w TR, BRI & o T
B At 48113 Fo! (i) DED BRI D, BT
RIOMEAERIZRWEEZ DT, KLl At DS F
DAfEE. ThoDNmERELEDLERZED (BAA
) LB, TSI, TDH—FNVDBREAFH
YNy NENZ T B e BRD T —F N Bl T2 E—
BB DOETIV([5] LIZFFAEDEDIZRE, ZOETIV
Tk, A=)V D7 — 1) T2 HH %R D dispersion
relation 1272 > TWA D, INd EEEOBEZE %
MR L THE L EEBEMIZOD2 DRI,

4. FOREENT

LR OBEF R TROBEH ZHEHTE/-L LT, &
LD &S ZEHEZRTO,N BARNIZIZED LS54
BEONRZ =22 BDH, ZRIET stripe, spot
WZRBDIFED KD RIGEDN, R EZMET 51T
HRET BB ETH D, PAN T L E MM, 599E
M fEeT, RREERIC O W THBIZHIHT 5,

4.1 WL EMRT

9. EOX D BREMETHRKN AR — VB E
% DIEET B 72 8 DRI L e VMR IZ D\ TR
5, R (1)(2) DFMgR%E (0,00 £ LT, EHEROAED
TRIEZ AT 5,

0 0?
1”—hu+ﬁw+d aZ (21)
v 0%v

ZIZT, f7HleRT v

v )’ Gu Gu , 0 dy

DRI Lo e VERRNTIZ. 2002-2004 412 8%, Oxford
® Centre for Mathematical Biology (2% i - T\
%3 HIZHIZD\W 2, 7277 Philip Maini & A% & (]
PE S TIERL, FLFE-TEZXLIEBLD -
DO THDOHTHEATWSE D BIZRAL RS TEL &
ST TV WS DMRIELW, Maini X ALY
MNOHWRERF T, DEEAROELPEIAICFEL o7
DT, ARTTIZRSNTVWTHRR SN T VRN
EHERTHDIZE THEZIZIL -T2, FDEERBLTD
X, M OMTIXIEIER VRS ENT VWSO E BN
P, EROBAEAISMY W Z 2 I3EN e FMANT
THBILTH5B, #EPNOEETLDOTIIRL, H
DHEID 7202 & % BREITB OIS B HHNEE R
BHBIENTEBLLES,




(55 2 [A] Fh & 5]

Turing /N X — 5

ZHWDE

gu:Au—kD 9

ot ek @)
LELZENTES,
T, ZO&DBEIEOSIREADMIL
u=wupe M sinkx (24)
DEIRIBIZ D, (23)ITRATE L
M= Au—k*Du (25)

L7225 DT, WATHIDIFE LR WEMA (1751X=0)
ZHWTAE kEDOBKRE

1
)\k = i(fu +9v _duk2 _dvk2)

b VAot a0t (o d)RPP (26)

DEIDIEHTEZENTE S,
ZIZ T, BT A—AN

fut9,<0 (27)
fugv - fvgu > 0 (28)
dy fu+dugy >0 (29)
(dvfu + dugv)2 - 4dudv (fugv - fvgu) > 0 (30)

EWVWSEMENTZLT WD L, WE0 Tl N\, <0 T,
HDWEOHPTIZ N, >0L705 (6] (ZDK DR
e R EEE DB % dispersion relation £\ ), &
B (27)-(30) Ziifi 72 35 E. REE DIELT D A DK
RU. MoBEsn W gEd 5 O THER & U TN
WERER I N5,

(27)-(30) D&M %=X, dy <d, BBETH
%, 61T, dy<d, THNIX (29),(30) I EBIIZ K
DD, ZDI L6, SRR DD Turing NLE
MEDEIZIZKRYTH B, Bl >T, 3B L
DR THIUENBT U BILHREBU 2 D372 < TH Turing
RLEEEEEDZEWTEDLVSHEND D07,
2 BRITIE S D LR REMNIRERBUZ A= D 5
HGHH-oT[Rl. BHEHTHDZ LITIFED D RN E A
bhad,

(27)-(30) D&M Z 723/ T A —ZDRFFDRME U
TiE, fu>0 (un'activator) DEE

(fU7fvyguvgv):(+77’+37) (31)
(fuva:guvgv):(+’+’_’_) (32)

DA H B, (31) DIFS % activator-inhibitor &,
(32) DIE > % substrate depletion & &\ 5%, (31) D

5 Z 1 5 D activator-inhibitor L WS EWVWHIEH &
& Turing @A YV T F NV OFwL [1] 121k7% <, Hans

FDERED, EEITIE u & v ORI 2 5 (32)
EWVSHAEDLELHRETH S, FEERIZIUE DB

BCHTL B2ETIVIE(32) 2flio T3,
INSDNRTA=EN6, ERINDEEDKER

QW:ﬂF¢ dudy(dy —d,)
kmax —dudv(fu_gv)+(du+dv)v _dudvagu
(33)
CUTCHBETZZENTESL (0], 7272, fu~d, B3
BRIIZ 2 CEHAIT 2 DIZHEE R DT, KoLtz & 5
KM 2 BOHEE DS NEIFELD, fu~ g, DRIG
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5133 TH5, UL UEBIZERI NS EEDRHE
XX 100pum A — X =72 DT, HLEREEBRDSE S
il & DDA AV NRERZ LB bh 5,
£ 72, WIRLEMEMTOMNHE LT, NEZ—2D
HEGRES AL B 2 N TE 5, AEDIEE X
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0 3
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— 41
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selection IZDWTHE R TA LD, =R I E
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% = fuu+ fov+qu? —cu® +d, Au (42)
0
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WD ZRILD Turing Rz & 2 5,
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1
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1
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EWSRIZLTHEL, ZIT
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REIAT D70
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7; :ag/\l +a1a3q1—f(a§+2a2(af+a§)) (48)
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spot FRIZD W T B [ERRDEN 247D &, THMRIX
2((]1 + Q% + ]-561 Amam)

a1 =0ag = a3 = 15¢ (53)
1

Y753, ZOMOBMIBLENEH S0, (51) 12 (53)
BRAL. EAMEIRTEI R 5% RD B 2

lg1| > V/3c1 Amaz /4 (54)

b, UL oT, spot fRi% ¢ B/NS VWIFIZAR
BEEN., @ "HLBMEEBAD L LTEILKRD,
VB /4 < 1] < VBe N /2 T U O
ENZ 7B DT, #IEAMEMTT T stripe, spot D &5 &
W27 o720 FEEDNE WX —BD stripe, 5% D H¥spot
W2 o720 5,

stripe-spot selection (Z DWW T, D KEEAHRMEIZ
& 2 EREEDFRET H B,

u— —u (55)
T——v (56)

WS, NEA—VvONEMEKIET 2EMEEZER D,
stripe 83X — VI KHEL THE U < stripe 8% — 72
M. spot XX —=VIFEA Y Y DRDNKX =245 T,
EMRNZRIRDNE = kD, TRHE g BMFEEL R
WIS A IE A (55)(56) TH 2L [H U XE AR

D BIZE WD, ZAEBRR—ATHET S & 32+
32 =36 fHDHEMAHETL %, e 2AVD L 65+62=
252 fHDIENHTL B, ZOME, =ZRTNN—=Vayv
£ %o T, stripespot £V H I SIZLEERNAX—V
PHTL B [12], #BRLE. ZD&57% THLU < Rnn
AR MEIED E D BEEEITFZ TN, FA
H Y% Mathematica fi\NT., I OFEEE D & 2 B
WZROHEBIENTEDZENHRAILL>TNWDE EE

Do

TL 2H, ZRIEDFAET 5 L EMEIT 572 2 KT
AP TL 2, A& — I R FE DY 8 I E
FHRERIZE KEBERTERD 21X TRDOT, ¢=0TlE
stripe 38X —>, q#0 Tl spot N X — TR 5B,

4.3 HEEEEICLD2EERBOERK

Diffusion-driven instability @ 3 (27)-(30) & 9.
dy <dy, LIRBBENDH BN, TOEPEFIZKE
WiEEE B2 D, BRI vwE e 2ZHVWT,
dy=€d, =1 R2GEEZEZ D, ZDLD5RGE,
AL EACHE T — 2R < 72 o THIED & 5 22554
PERRATIZME R 72\, E 7z, FEBRTEL R -2 58
WD sinky & IXRRD, Ty IUNEHFHI N LD BIE
Rizked, ZOXSRRTHR DD REFETH
5, ZOHETE, u VWEMIIZRIRIZEAL, v D
ZALDND B0 & ATt B4 (inner solution) &, u
DD BT 53 (outer solution) (2431} 2,
V2BV Td,=edy,=12TF5, ex0DL &,
outer solution @ % fd A%

0= f(u,v) (57)
0%v
Ozg(u,v)—i—@ (58)
& 725, inner solution DX E AN, uPRIRIZE
b3 BB IERH§ 5 721 BB A 5| ZIEIF L T

E=ax/e L ULTERT B L

32
0= J;u,vnag; (59)
v

L5,
T oIT. f(u,v) DIEKRENE &2 KD TR L

7fuu+fvvf2fu (u<*]-)
f(uvv): fuu+fvv (*1§u§1) (61)
—fuut fov+2f, (I1<u)

g(u,v) = guU+ gu¥ (62)
LgBHE, ENTNOHPFTIIMS Z 2B TES, Z
NSDREPBEIHTIBOMNI DR EES LY THE K
TBH5ILT. MOBKNZRIEEMSE ZENTES,
DEEIE

u(z) =2eVTul@=1/2)/c 4. 2fugv
D
+ » cosh <\/f>ux> sech ( qu) (63)
_ 2fugu D 5
v(z)= » (cosh( fum) sech( 2fu) _ 1)
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%% (p=—(fugo+ fogu)>0) [13]

ZDFHFEIE, REMHEE ED Turing /3% — > THEHE
PRS2 5612. ILERDIAVBE L SV FAT S
D RN ER S 2 DIz fib iz 148, £7-E5
Tid, B DO F A T Doublefoot & FEIE 5 % fE5E D
Ra—RY MU ATHEE EEEMIZE LR BV IEN
HET 5 Z EICEHL, IBBRBDENKREL, 5
IR R L THNIEZ D &L 5 7% mixed mode /18X —
VLS Z EERT DITfHio 72 [13),

5. E£MRADIGH

5.1 BWOEERK

Y OEIZIE, WEELASNSE Z DS, T
D& S BREOEEA =X LIZE LT, HL<Hh
5 Turing XX —>THB LWV EHPILTHNTE
729, 7, BEEOMTOMEG L LTHRbhTE
D, EWMZEENPEASZ Z 3D ho T,

Z D%, 1990 I Turing /S & — > W LFEHEDF
WWE>TATHIEO I NG 2 WS T L —2 A)b—
DY [16]'0, ATk Turing /8K — VIFFIE L7

8) Crampin X AJFFAAIEZEHIZ DS & 5 & Oxford 12\ 72
DT, HEPD HZ2BATHE5-72 (14 lFu & oD’
AN & TS A K WD A, Hah
P % - T u % inhibitor I U7z AZIF EH S B
EENEXo72&] EEoTWVWEDEHEZITWS), b
& % & Gillian ® 7 8D Doublefoot X 2 —X > b
DADETNEEIZTHRERERZITTDMEE
Wz EWE (HEDEIHBLU W20, Z0D%
ERADE ENZ LD RIBIZRoT WD), ZTDHE,
FKEDEHET=a—V =TV FIlB>THIBHICE
KJEMOET NV EHE->TWVWD,

) Z D fEHRRIZ B U T SCIRIIZ W > T — BRGNS H T
< B5®DiF J. Murray DX 7a D720, EiZRRT
BAIZE W72 L 72Dl Edinburgh @ Jonathan Bard
o756 LW, UL Bard &R QMR AT E
T, KA DD o T WD S HIZHRIE Murray 25
EEIN, bWOREEBERDORAD Gillian
Morriss-Kay #* 5 HE\ 7z (Gillian 237z % 7z ¥ Bard
EHIEU 2 EETE 5 72D TWA WA {E AN AR GE AN )
7)o DBITHEAH UGS [15] TH, HoTW3 5%
RO LZEMNMNT 2 U TASD EFEIX M =0 &1
BINT A=Ky &> TWT, Diffusion-driven
instability D272 LT W, # 1 XD S
HEREEDWEBE D DARRETTITE - T, H LI
ATV EWVWI LI RRAICRS>TLES>TWS, #Hil
MDHBTATTEENDONE, BHFEMIZET LV E
BlEd D NERBRDGENDHDE L VI RWHITH S,

O ZDRTHLNT WD DIE CIMA K& W 5 (b3 K
JB7EDN, activator IZ¥ 7253 FEI VR (1) TH B,
VRO E WS 272D TV T TV %
FAWEDEDR (Fr 7 oiza—Raehit s e L
27V THB), HRELTIA— NBFHRVT IV
R N TEIILEGREAD T 5 772Dz N X — v

WD, EWHIHIRREE o7, TOBRIZH DN
Bk DIFEFERE A DR TV F v F ¥ 7 XA O ERE
BROMXTH B (17, Z ORFIEHLEETHEDE
AW R BRI NV, Z DOROBIRIZRERST D
AN R LTI, BEHEETONRZ— VA EE
Fohsd, ZOHEETIE Turing R AMEN TV 5 FHEE DS
BELTW- 7250 5002 BEMIZATNS
W, ZOLSREEEEIIEYREOMETHED Z
NETIHEINT IR o7, BB HEEBREZH-
T EAE % < 7 (B A1 [14,13,19,20)),

F D%, AFEDKE DR T activator ¥ inhibitor
BB TN NROINS T, BERTI20FN
LS5 THTESMDRGM [21] X stripe-spot
selection (2B 5 {15 [22] 23 HH B R\ 72, K5
2012 R 72 5 T, FADFEERRITILENE S 7'V O A
PEFCIR 7R <. MIBE AT 2 M0 U O R AH AR
EERITIETEERIND Z 2 EBEERSLRL
7 [23]. ZhBk, 4 OMIEOIERFEEEET O
WZEO#ELZ, h—F2NVEZHWEZET IV HEADIHE
NEDIRIFS TS [

ZOMFE LI, FE XX — I Turing 2% AW
LZHNEGTERONG, FIZIE, NI TDORF SR —
v DWFRFNZAL % K ISHEHBCR D & 5 7258k € T IV S
cellular automata ® & 5 REEE T ILADERK L LT
2 73S BRI 72 o 72 [24]1%),

5.2 MUEREE

Fx OB D EKIL, A (RBOEL) oM
(Jewi) [mr-T, 1A (EBE)-248 (Bg, R
H) bR (D) k5L Tnw<, Z0ED
AEIIENOEE T THREINT WS DT TIEARL,
FFE DS IEIE DY 1 XD EEES A =X
LIPFHETBIENELS PO EDONTET,

FABHIBR D, VU EHEOMERE T IVORMDE D
I3 Edingburgh X0 D. Ede %% L T\ 5 [25]19),

W7z, BB OZOEENIXIZZ TR OGNS,

W zOARIZHTL B TX—AR—K—] HEEITERL
I —=RVEREMPEEZE Lz, HFEICE - T
W7z JST DO ¥y — NiZFhH HE, L 72,

RE S AT E L D AWVIC R 5D D
XH 72 1995 FEEHTH 5, KEFEL > 72RIXZ D
KO BREMOBNEMS T, Bz B2 Tt A
A= AXLDFIZ > TEDONIBETERN>72DT
B ZI2T o7, WREFHGL S OFEY 2 \» 5 E
BETCRIMfZBI>TH o> ThxEb o7z, Ltk
k& IR fRH T HMEEIZ R o TV 5,

B) 7 ¥ 72 F Z DL D referee & L= D7EHS, His-Hik
DOBMRDOE S & b, BHEOHIEZR MKz N T2 %
o TAEBOZTS VAT DRENNR =V 2BEL
TWT, THhRNER, EREBEEFR 7202 R X
TW5,

92002 FFIz—fE Ay b5~ KD Dundee DHELTR S
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Turing /N X — 9

LU 20X TRERENAX—VBEEHNTWS
DI TIERW, Turing /8 X — VI WBREE R D X
HZ XL TEHNT WD D% BRYIER L 720
¥ New York Medical College @ Stuart Newman T
» 5 [26)'),

ZDhE, BEEEREHWIZERKARMEED Stuart
Newman D27 ) — 712 k> TiThb7z [28), ZHidE
2 =7 b U IED RO R EEOBUNERTET#E & FW T
Tz, ZOHIZE > T, activator IZH7-5 0+
DIFERIZN L D) Z b7y FENTE /A inhibitor
ZHB 0T 3D E D RWBEMA RO > TWiaho
2o MANIZINSZZITT, HEFRLTY Y ADM
INEREEEREHWT, "X —VOIEZHIE LD,
activator DEMD —2%FE L 720 U7z 29,3019,
Stuart Newman D 27V — Fi3fiz ., L2 HIR
ERAY LN TRX =g i3 - SRR VAT A i {DPAR Sl A il
L &S & T2 ETF N EHKKZ LK [31], ZhiE2
ZRCTIREE S S S I EICHREN 5 X 5 2RI
o TH Y, — R Turing-Hopf 1% 2 B2 TIEE LRV
DTARGRIZRZA 205, Zhid. k=0EMECREAMHEIZ
BHBDHDEIBRVATLED EL[HoTHETES
(k=0T \NDEIHMIEIZZR DD T, BEFIZIE Turing 2
TIERW),

IEFIZ725 T, CRG Barcelona @ James Sharpe ©
WEoT, SHHEETIVEAWIAAEIRI T2 M
7210, BHIOMX TR, ThETHEMIZ, BT 5%

Db b, MREEEE S TB L%

) Z OIS THW SN T WS KR SR TIE—EROK
ISR R R CEEMOERZ LTV AIZR->TH
D, EEERHAAR—VIERERI IR\, 74T 7
WERP 7DD, BAMIZIZE > TWbl}THh
5, DHIZZDRIE Hans Othmer 512 & > TS
N [27). BEMIZELWET AL UBHVSONE LS
2oty YA TV ADWIRY ZEIEL TV ERETH
5LV RWHITH B,

OFH D 3% U 72 2000 4774212, Newman X AhS—
EIRIZRTNEZZ DD D, "R HTHER
HDE AR EDLBITTRTIIIEF>T
ANT, Bl TH O o7, RIIEBLEREALZDE
W, MHREDE ZARE S EolzhaRTHEZS,
M2 BUNCHZTNT, ®OIZEEZ B CTHEREL
TNZY LEDRETNE, BROBEGHD L Z A1E25R
HWT< g o7z] EHETMA T, DR
KHNEL T, FAEBIEM RV BRI B FTHES:
BTV, WERMEEIZAANL EBHETFIALBE
xS 5,

172002 4F 12 882 L 72 K212 Jonathan Bard IZf8/ ¥ 1T
kM E & WA H S (Bard 1T Terazy Japanese B
Kb EEDNEDLR), b LHEEMAEED T
RIZW A, KO 7 RO ERMZRIFEIHIZ 2> T
Optical CT % H4> THFE L THIL U7z, TR
SHARP ® MZ-80 #\WL»>Ta—F 4 VI DAF)I

FORIGOA TR =V PELLEINTELZETIV
T, BFEERTHEZEIINR—VIERPEE S, 20D
BWRRICE SR, ZORGTHRIEEIREZITS &, B3
DFIHEETIINZ =V DE U IRBREIVEL RS
BWEERNOEEBIIHETEZWL, VW50 TH
% [33], T HIT 24FEH%, FEPRIT activator & inhibitor
DEfEAZ ) —= VI THEL, ThH 3 AT
D HEAEM T Turing instability 234 U2 Z 2 2R 1L
72 (7] T35 ISl O LR & BUEEH A, B
W& CHlAGDLEMARBIZZN, ThTH £7ZAKY
225 D5 1h Turing R % HEAL L TV 5 2 Id 3R
Mh b,

5.3 E£. PE

ERPEOFHEICEALTSH, &5 5 Turing 73X —
VTHBLWVWIERVPBRINTEZ, ZOMHTERE
Wiz MflAGHOEZEMAEMEDI ENIT L L o720
Cheng-Ming Chuong iZ & {15 [34] TH 5%, %5
=7 M) KEOEBEEEREHAVWT, £EEDKH
BPECHBIE TR I NS Z L 2R Lz, £/, &
EFEHEERAZ2ERIZY 7 FALNF 20— KU
U — X% BRI TR EZTW, ET VLR
BOREIEIBZ 2R L),

2005 4E(Z 1%, Richard O. Prum 574, B O A
BEZ T TRAEDPBORH S L NFEES IZIER L
ETFINVTHERTES Z %R U7 3520, EARMIZIX
Gierer-Meinhardt & % N EMIE TE 6 & TR LN
EEESETE D, fiEME LD Turing /XX —> D2

EHIZDIF - FAD review[3] ZFHiA T HFEMIN
R— R AERAD LD TRt T (HRESD
HELNRVA), R VBIHNTHS, Z0OH7-HD
AR [32) 21,

WL TIbh R EAEFRTEBEV LM,
&% & Edelman L WO RFED T T WHEAEDIITTE -
tzdhb DT ILIEMBEL, EARANETEMEL
TEBLVWHIKUDS o7, RANFEHE TV
UTHEWHEEZ U TWBIRTIERWD, B0 f
D FELAEMEERBL TV, #EEDANEMAR
=474 FOLBIELDFEE LV ANRE WL
B3,

192 DEBEEBIZIT - 72 DDIEH KD Hang-Son
Jung TATH S, Lewis Wolpert 741 > D ANRDT
o CHGRMW A Z 2 13T E 20wy, [ aMfbBERo
TV VRN D B, FHUDRKFOLIET
HBHZEHHEAL THRAFZEME I NG, S THEE
IHEBOETH 5,

200Prum ¥ A LIRS ENG TR KFE TR oY v
RYTALATER2WLT, RRTHEL LEHE Lz, KA
BIXEEFE T, €T IVESIE Meinhardt 23E-> T
Wb, W26k TREOEERORABRIZEIHLTW
BWETE) L Ebh, KEOBHETIZZTARI LI
BVWOTIE, ERVWDIOIERALKEIZADIToNT
WY,
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WZET 5, UL, ALCETFIVEM - TERELN
R—VRBHATEBZ LS IR o2 WS HTEN (T
HTH 5,

5.4 M

o OISR 2 2% L TWB D, FEERRKTIXZ
FFRIC K E X DREDATWS, BYIOEDA %
B2, BERUCY A XOEPEMECIEA TS &

WCRZABZEeWHB, £, HNDOHEDIRE B
LKLUTH, T K> TIEEL W labyrinthine /8% — >
PRoNDE, 26D s, EORIR%E Turing /3
R— LA HED HMNIZFIET 5 [6].

B DETVHETRHETRESH LT, Ldo
Salazar-Ciudad X A2 & 2 BIRGE 2 Bk T 5851
3y N7 =7 DML N D —HDOIZELR D B (36,37,
IhiE, BERTB L CIEED Y 7P VR 2 & D
BEFRY N7 — 2 2o Mgz =Mz
D% —flitkE 45, KR TEEE, BEEZTFHRY b7 —

127 Y RLIERE AN @EKEERL, 2055
JARAREGE 2 B U 72 5 D 2 R HARIZER T, L WS BT
BETAY N =22z, ZOLDRPOA
Txv b =22 #ELXERGE. EHS X 2HED
ROFHPHEBELZEERLTWS, —Dif Hox B#IEF
DL, 1 DDBEETH 1 DOMEE RO T VD &
572% 0 4 (hierarchic), ® 5 —2I Turing /8 % —
D &S HREFKKNNR— VIR (emergent) ThH b, i
5D ERTIZ, #EAWIZIX emergent 77 ZAD A S =
AL HBL U, (2T 12 H N T hierarchic
IRANZALIZEEHED STV WS D57,
Z DS Bk AR AL O EFFEIC R > 2D
72793, Stuart Newman X ADVEFE % FEH U T Nature

THRNALZD UTHEAILR T2, WEOBEDIFET
WHEAL P2 T W HEE R & D AW TR B R D 5 R 1 E
PEDSHTENICHI T WA DI Uy # L W IHFLE Y C 1 H
HOBRELZDT ATV T 14T 4« DHEMPAEIZHT WY
5, ZD&57%, REOEADEBREZHELTWDHD
TlEWwWhir w5 I A 5 M T Turing R 7% f# - T
Wiz AE (BAEEDT) ITIFIERIZT Vo v 23d -
F221)_

W ZOFEOE 72 Z AR, ZOBBEEMD I —
THREETETWRWE ZATH D, Salazar-Ciudad
SARERWIZ EHOBRBAE 2 Z T TVRVDT
(FAEZITTHRWD) ETNEDBLRDFEN, TOD
%, WROEEARIN—X ALY, HROETHENREE
SAVDNEREIY NT—IRETHDLDNEETI
DR A E FIWCTRBEOHZ LT 255 [38][39]
Turing XX —VIZHELTWRY, 74T 72T T
HATWL OPEERARNY 275 r? VREH o LB
[OHMEIPBEL T NDE00, £ 54 UFHHIZ I
s & Ebhs,

5.5 kEhZE

o DIRIZRE D S BB & AR, %W’
FIRELGEDD D, =& Z 0TSO Mz
TW5a L, IFlisiEAHNI ﬁofméoﬁ®¢;iWﬁ
WAL L W IRRED [ HIFAET 205, FEHITHIZ X,
ZD &SR, BROELAZDRFEIXBEEYE EDOK
MRE7Z o 7205, 1998 4RI B rp & DS Hfa ARF D Hensen
node fHBEICHAELE X TWT, —EHAIZTHNE 4 A
W Z e ThEAEEZFEDHTE VWS FERZ U7 [40]
2006 £ Sk, ZORTOMIE IS 7 F L% 1
095 7212 Nodal & Lefty %% activator, inhibitor &
725 T\W5 Turing & AVWTWEHEE L7z [41], €
TV EBURKDEHBEHR I AME-T WD, FBL
M transient 12725 X DT EMBINTWE A, KTD
A = X LFESHIAD Turing SR — > TH 5.

X 5IZ20124E121F, LD Nodal & Lefty DHLEGR
B D7 % FEEITEHI U 725 SCh 7z [42), BTk D HEEL
%ﬁ@%’%?é*## 25 BEIZ > TWZD T,

WCHEEHOFERRZH - e B0 2H ATV,
morphogen D 4345 % AL U CHEB RS 2 GHEIT 5 &
1 T DO TRAT > 72D LRI 572D T, EEi%R
D AN7Z & FRAP THLEURE % R 72 721) T2 Science

DD, EARBIZE G WBEESIN, Zh
WATIR O & 5 ARG ORN P E RIZH B,

6. BBHYIC

LRz F-plofic s, Mioss»nk [43].
FEYI D FE [44][45]. b X [46]. BOHEE [47] 72 2.
B DOBIDH D, WAWARRIENRP ORI INT
WBESIZEL D06 Livendd, AW lo%EE)
LZEZTWL &, FEFEEHLVWZ IS LES,
FHWHIZIZRIFEBUSEA TV ZEZEZNWE-S,

F 7z, SIEREMEMEATICBI LT FERIXAT > Tz
MINEFTEBLALTZ AT =L TWVWERSTZN, 20D
BRTEHST—PoFHBR Lz, LTz K
BEAE DR E X A &P E DTN B X A REH L
TAREMKZ B,
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Quantification and optimizing the drug combination treatments against HCV

Yukino lkoma?, Yu

—Introduction

Problem Purpose
* How much amount of drug(s) should we need to achieve an antiviral effect? We would like to quantify antiviral
« In general, clinical trials need a lot of money, time, and human resource. effects of drug combinations and
+ How do we optimize drug combinations having high antiviral effects. evaluate them by the experimental-
« How do we optimize drug ions having low drug ; approach.

Many kinds of DDA has been and clinical inati of DAAs are ing!! What we have to do?
—HCV life cycle & Drugs —Model
Ater entry into the host cell, HCV IC=ym
= RNA is translated and processed Hill Function : £, = 50
i to functional proteins. HCV. RNA cu T ICso™ + D™

replicates inside the isolated
~ membrane compartments from fi: Fractionof m:

5 the ER, and assembles into vi
= particles on lipid droplets.

ICsy: Drug concentraton inhibiting 50% ofinfectionD: Drug concentration

5 ons] Hill function describes ponse curve” well
Pis inhibit the process
ing step, and NI, NNI,

1
Required concentration index : RCI = f5o(10'3 — 1)
NSSAI, Cl target HCV

RNA replication. IFNs fsot ge of ICso for each drug in
inhibit step(s) of viral
translation/replication. The critical doses of antiviral drugs required for 95% inhibition is RCI.
—Experiments —Data
[Evaluating HCV replication] HCV sub-genomic replicon : Genotype 1b, strain NN / 15 available drugs

Vo we =l HCV replcon caryi o
luciferase gene.

We cal
. events unaffected by drug(s).

[Hev sub-genomic replicon] b
1. Genotype 1b, strain NN
2. Genotype 2a, HCV JFH-1 o1 s w00
in Huh-7 cells. D/ICsy
— Results
1. Genotype 1b, strain NN
o} triple

- DCV inhibits viral replications for genotype2
- SOF&DCV is best candidate for genotype2

- Combinations including IFN-a show high-rank among double drug combina
 SOF(-based double drug combinations) effectively inhibit HCV viral replication

—Summary Contact =———
* Quantifying and Ranking anti-viral effect of drug combination therapy against hepatitis C virus Yukino Ikoma
- Our framework s able to give us basic evidences in preclinical settings before clinical trials Kyushu University, Japan
* We need to consider the anti-viral effects of drugs in vivo settings (e.g., integrating PK, PD, VD model) | | ikomayukino0a19@gmail.com
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20194 H

EMBO Workshop - Integrative Biology : From
Mbolecules to Ecosystems in Extreme Environ-
ments

April 22-25, Santiago, Chile

Workshop on Mathematical and Statistical
Aspects of Molecular Biology
April 25-26, Hinxton, United Kingdom

5H

9th World Congress on Plant Genomics and
Plant Sciences
May 8-9, Phuket, Thailand

7th Workshop on Biostatistics and Bioinfor-
matics
May 10-12, Atlanta, United States

Cell Science and Molecular Biology 2019
May 13-14, Kuala Lumpur, Malaysia

NSF-CBMS Conference : Mathematical
Mbolecular Bioscience and Biophysics
May 13-17, Alabama, United States

8th International Conference on Biodiversity
Conservation and Ecosystem Management
May 15-16, Singapore

CMPDS5 : The Fifth International Conference
on Computational and Mathematical Popula-

tion Dynamics
May 19-24, Florida, United States

EMBL Conference BioMalPar XV: Biology and
Pathology of the Malaria Parasite
May 28-30, Heidelberg, Germany

International Conference on Mathematical
Modeling and Analysis
May 28-31, Tallinn, Estonia

ICAMDS 2019 : International Conference on
Applied Mathematics and Data Science
May 29-31, Xi’an, China

6 H

Ecology & Evolution of Infectious Diseases
June 10-13, Princeton, United States

BIOMATH 2019 : International Conference
on Mathematical Methods and Models

in Biosciences

June 16-22, bedlewo, Poland

World Congress on Genomics & Bioinformat-
ics
June 20-21, Brisbane, Australia

Workshop on Mathematical Ecology : Model-
ing Structured Populations
June 27-28, Queen’s University, Canada

AMNS 2019 :

ence on Applications of Mathematics to Non-

Second International Confer-

linear Sciences
June 27-30, Pokhara, Nepal

7H

NTADES : New Trends in the Applications of
Differential Equations in Sciences
July 1-4, St. Constantine and Helena, Bulgaria
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IEEE CIBCB2019 : International Conference
on Computational Intelligence in Bioinformat-
ics and Computational Biology

July 9-11, Tuscany, Italy

7th International Conference and Workshop
on Basic and Applied Sciences
July 15-17, Johor Bahru, Malaysia

ICIAM 2019 : 9th international Congress on
Industrial and Applied Mathematics
July 15-19, Valencia, Spain

MMEE 2019 : Mathematical Models in
Ecology and Evolution
July 16-19, Lyon, France

12th European Biophysics Congress EBSA
July 20-24, Madrid, Spain

SMB 2019 : Society for Mathematical Biology
July 22-26, Montreal, Canada

8 H

Out-of-equilibrium Processes in Evolution and
Ecology
August 18-23, Oaxaca, Mexico

AMMCS 2019 : Applied Mathematics, Mod-
eling and Computational Science
August 18-23, Waterloo, Canada

ESEB 2019 : The 2019 Congress of the Euro-
pean Society for Evolutionary Biology
August 19-24, Turku, Finland

CJKI 2019
August 23-27, University of Science and Technology
Beijing, China

9H

12th Global Infections Conference
September 9-10, Singapore

EMBO Workshop - Network Inference in
Biology and Disease
September 10-13, Naples, Italy

Mathematical Modeling and Computational
Methods in Applied Sciences and Engineering
September 16-20, Olomouc, Czech Republic

CMSB 2019 : 17th International Conference
on Computational Methods in Systems Biol-

ogy
September 18-20, Trieste, Italy

ICNAAM 2019 : International Conference of
Numerical Analysis and Applied Mathematics
September 23-28 Rhodes, Greece

Conference on Complex Systems 2019
September 30-October 4, Singapore

10 B

4th Workshop on Virus Dynamics
October 21-23, Paris, France

BIT’s 9th Annual World Congress of Molecu-
lar & Cell Biology 2019
October 25-27, Singapore

118

ICSB 2019 : International Conference of Sys-
tems Biology
November 1-5, OIST, Okinawa

2nd International Conference on Microbiology
November 11-12, Istanbul, Turkey

2nd International Conference on Bacteriology
and infectious diseases
November 18-19, Bangkok, Thailand

2nd International Conference on Tropical and
Infectious Diseases
November 21-22, Bali, Indonesia

12 B

NOLTA 2019 : International Symposium on
Nonlinear Theory and Its Applications
December 2-6, Kuala Lumpur, Malaysia

EPIDEMICS?Y : Seventh International Confer-
ence on Infectious Disease Dynamics
December 3-6, Charleston, United States
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