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27th annual meeting of JSMB

The 2017 (27th) annual meeting of the Japanese Society for Mathematical Biology
Date: October 6 (Fri.)- 8(Sun.), 2017

Venue: Frontier Research in Applied Sciences Building, Hokkaido University(Map)

This annual meeting is organized by the cooperation of the members in Hokkaido
University and Tohoku University. The meeting is held in the campus of Hokkaido
university, which is located in Sapporo city on the most northern island in Japan. The
population size of Sapporo is about two millions and the climate is very mild and cool
on that season. Seven years have passed since the annual meeting was held in Hokkaido.

We hope many people attend this meeting and enjoy active and productive discussion.

Thank you.

Organizing committee of 27* annual meeting of JSMB

Takenori Takada

If you have any questions, please contact JSMB2017office[AT]gmail.com.



1. Schedule

October Central COOP
6th (Fri.) 930 [10:00 |11:00 12:00 13:00 14:00 15:00 |16:00 17:00 |18:00 Cafeteria
Lecture hall Game, Evolution Simulation, Med1 Applied math 1 Applied math 2 11:00-19:00
Seminarroom 1 Physiology, Others | S2 Adaptive dynamics S4 HEMRRS S6 X1b#1E Shop
Seminarroom 2 St B2, BEZHE | S3z2zU S5 E R S7 Complexity 9:00 ~19:00
Foyer 2F | Poster session (Odd number) |

7th (Sat)  [9:00 |10:00 |11:00 |12:00 |13:00 14:00 |15:00 |16:00 17:00 | 1830 [Cafeteria
Lecture hall Award lecture Epidemics S11 Viral infection | S13 Epi dynamics Banquet | 11:00-19:00
Seminarroom 1 Development, Cell SO T —REMEBETILY | General meeting| (Outside |Shop
Seminarroom 2 S8 YT /IR S10 New approaches | S12 Pattern campus) |9:00 —19:00
Foyer 2F | Poseter session (Even number) | |

|sth (sun)  |9:00 |10:00 |11:00 |12:00 |13:00 14:00 |15:00 | Coafeteria
Lecture hall 11:00-15:00
Seminarroom 1 Ecology 1 Ecology 2 Ecology 3 Shop
Seminarroom 2 S14 BIESHE S15 Deciphering Med2 | 10:00-16:00

Foyer 2F

Luncheon seminar




2. Map of the venue

First floor
N
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3. Instructions for Oral / Poster presentation

3.1 Oral presentation

Plenary speakers will be given 15 minutes for their presentation including

Q&A time. Speakers are required to prepare their own computers for
presentation.

3. 2 Poster presentation

Each poster is numbered, and put your poster to the designated place (the
same number board). Posters will be able to put from 10:00 on 6™, and should

be removed by 16:00 on 7. Please make sure your poster to fit the size; 84
cm wide by 119 cm tall or smaller.

The core time of poster sessions is as follows. Please stand in front of your
poster during the core time.

Odd-numbered: October 6™ 13:00-15:00
Even-numbered: October 7™ 12:00-14:00

4. Banquet Information
Date: 7th Oct 2017, 18:30-
Venue: Suntory's Garden -SORA

Web for the venue (in Japanese): http://www.comsen.jp/sora/
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5. Access

N
|G 1

Sapporo Station

Get off at Kita 12-jo Station, through Kita 13-jo gate, you can enter Hokkaido University and
you will get to Frontier Research building in about 14 minutes. From Sapporo Station on foot,
you will take approximately 20 minutes.
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LIEA

Keisuke Ejima'?

YRR AR FE RN AR 2 AT,  *Office of Energetics, The University of Alabama at Birmingham

ejimak@uab.edu, http://www.soph.uab.edu/energetics/personnel/keisuke ejima

Kermac & Mackendric D BJFZE 12 8 % 38 9~ 2 JEYWIE O HL T 7 LV UE1004E < 2R TH 72 B,
IREET NV EGOTZET IVOMRITRCEEOT — X ST DIL TV 5, Bl 2 13T T LV OfENT
TIE, & DEIYEN N AWNIZHEA Lepidemick 2 292 & 3K D D0 AT AFEI(R,) D
HHAZ@ U CEMEMICER LT, EALZBICAONIZendemic/2REET L EFEDH Z L3 H
B a LEMEMNT O 2 AW Cilin T 5. 2. 7 — X O TIEEBEORZHEE L |
B AR 5 F2(final size equation)?> B ISR AO N TR 2 NOE % THIT 25 Z LR T
X7 E L L TCOHAIORAR LT, ARMEEMNICOEBREHZH->TWD,

I INET, EHLONENI EETLORBITE N KV IXEFET —X Oy — e L
TORGIEDETT WVIZER LI A ED TE 72, EHI1C, ZOIETHEMBZIZILH ETH4
IEEEROIEETOIHRLE L TRZAD IR RD Z ERbhoTE TRy, BEMTIET
NDIGAE E U TIRmEFIZER LTWD, AT, ZNETOEO—HF & LT(1 )5
FETFNEBET — B MR EDETRE DT 7 F U RHEEN TR L | BIED RO O
EOTHDH(2)HIEFILRET VO—EREFENT D,

1. Kermack WO, McKendrick AG. Contributions to the mathematical theory of epidemics--1.
1927. Bulletin of mathematical biology. 1991;53(1-2):33-55.
2. Ejima K, Omori R, Aihara K, Nishiura H. Real-time investigation of measles epidemics

with estimate of vaccine efficacy. Int J Biol Sci. 2012;8(5):620-629.
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Stability analysis of structured epidemic models

EiEaS =3
Toshikazu Kuniya

FRFREEREEBE S AT DG WEEIT TR

tkuniya@port.kobe-u.ac.jp, https://sites.google.com/site/toshikazukuniya/

PERISCAE N, MLE 72 EOIKRT & O BB ZEE T HE(LRRET T VX, —KOBR
¥ n EHOEBES TR, WS TR0 27 A TRE I, 2D O EMMATIINE R
WEECTH 72, L LITFEOTE [1,2] 12k v AR EWEYYE T T VIS 2 Y]
7% Lyapunov BN EBERIND & X0 SRS LYLE T 7 VDL EVERRIT BT D
Ko7, AGEE CIL. ZEMEE(LZEMSISIKYYETE T /L [3]. FhntE k2% HSIR
JRYYEET T L [4,5], 2SR ELSIRIEYYETE T /L [6] 2k L. T84S 5 I T- 2 EVERAT OfE
RE2RIT5, BRIC, BAREFHBEETH D EATAER Ro &, BYYMEDOEEDH D
UM AR 2 BT D A& iR 00 IR T 22 TEME O BAFR I B T B AT RE R AR T D,

The stability analysis of structured epidemic models, which enable us to consider the
heterogeneity (sex, age, position etc.) of each individual, had been difficult in the past
decades. In recent studies [1,2], suitable Lyapunov functions for some structured
epidemic models were developed. After that, their analytical methods have been applied
to the analaysis of various structured epidemic models. In this talk, I introduce recent
results on the stability analysis for a space-structured multigroup SIS epidemic model
[3], an age-structured multigroup SIR epidemic model [4,5] and a space-structured SIR
epidemic model [6]. Specifically, I talk about the relation between the well-known
epidemiological threshold value Ro and the global asymptotic stability of each equilibria.

References

[1] H. Guo, M.Y. Li, Z. Shuai, Global stability of the endemic equilibrium of multigroup SIR
epidemic models, Canad. Appl. Math. Quart. 14 (2006) 259-284.

[2] P. Magal, C.C. McCluskey, G.F. Webb, Lyapunov functional and global asymptotic
stability for an infection-age model, Appl. Anal. 89 (2010) 1109-1140.

[3] T. Kuniya, Y. Muroya, Global stability of a multi-group SIS epidemic model for population
migration, Disc. Cont. Dyn. Syst. Series B, 19 (2014) 1105-1118.

[4] T. Kuniya, Global stability analysis with a discretization approach for an age-structured
multigroup SIR epidemic model, Nonlinear Anal. RWA 12 (2011) 2640-2655.

[5] T. Kuniya, J. Wang, H. Inaba, A multi-group SIR epidemic model with age structure, Disc.
Cont. Dyn. Syst. Series B 21 (2016) 3515-3550.

[6] T. Kuniya, J. Wang, Lyapunov functions and global stability for a spatially diffusive SIR
epidemic model, Appl. Anal. 96 (2017) 1935-1960.
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Tl - K, ILEEN?
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The University of Alabama at Birmingham

EHEERE © ZOIFEREORICY ) AT =2 21X U & T 54EMF0 - AfeviT — 4,
t FORKRT =2 ZIILOETHERFHNT —FBRIBELNDL LI TE. Zh
R, EEAY ISR DT VO - TR 2 e, ET ML DT —X
FREATEOMRIE (I BIERBEE > TWD . £z, ERGGHECAEDREEH T & BEAEY 7130 4
DOFMELTHRELTETWARRICAZITHNDD, 20X 5 RBURD Gl 2R 05 R
THENIZ O TNS.

Ky VAT U LTI, FICEREST, EFHEEOT — 2 T OBRICERIC AT D
BORE B O Z L Z R ORENT D, 7T —4% N 7 THATELERRE . AW
WMEHF &, BT CHEA TEIBEAEM T OBV OMRA LG LIEH LT 5 2 L IR T

770,

R A

BB S CIRR) 7 DT — 2 02 b ORI 72 EFE AT 18T 7o — #5223 B Ok b
~ v 7 OfE M

ek (R R) « EIHERI R OMIIE, KB, #BF

i AV (BE 2 OR) - BRIEESEIZ K H0ne Health, Ecohealthd itk

7 BPOLE (KB ER) © B - BRIEICR T 2 oFI
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T LT =B Db ORI IR FETE R AT e iR E O
Mk L~ > 7 OfE H
Batch-Learning Self-Organizing Map for efficient knowledge
discovery from big sequence data

Ay T E !

Takashi Abe!

CHTIER KR EEBE B AR AR T i o LAt

takaabe@ie.niigata-u.ac.jp, http://bioinfo.ie.niigata-u.ac.jp

BIZER L CWADILHEFHOEMFED 7 7 A EEEH )G AT OFEPIERIC K S &
TR & OFREE NI T 5 2 Lk, BaFOEEM FOERZERBETH 5,

Fex i, RECEDOMEDEI AT AT OICER ENT-HER L=2—F L%y NT—Z
D H MBI b~ >~ 7 (Self-Organizing Map, SOM) (ZFEH L7-, iREot OB IL., BEHEER
DAL 2 N RAN AT > TWDIAEITH Y . SOM [T RETHEHERFRICHOWT, PI-EHme H
CEDD (ACHMMET D) Z & A2HRERECHEIA IS, SOM 1 LFIEHERE O IBE M FH 22 78 %2
HEIZBRRE SN, IO EWHEL LTHLND X2 oT-, L% - BT « SBF0
J: IR RE CHEMERE RN T A5 0B TR L CE =2, WA OMATIIT5E E Vs 7

%ﬁ.Ew#%ﬁﬁ%z%kL/ﬁ%htMﬁﬁ%ﬂv 2 DOANTINAARAFT HED B > T,
FRIBEOLGAIZIE., EHROANNEFIKGFET D EICERR DD, —FH. 7/ LAESIOLEIZI.
FLC7 A*’z v MBI ED 7 N —78 ﬁﬁﬁbf%ﬂ’fﬁ@ﬁ%ﬁ#%%ﬁé EVREETHD,

Foxix, [FEHBRERFCT — 2 OANEFIEFE LWL 22T 5] L0 8H LWREAEA L
%*%%mﬂﬁﬁﬁﬁmv/7(%mhMMm@&MBBW)%%%L ) NECFIEAT S
LC&72 [1, 2], &6, WIHERESIZARELE 72D, K I 2L —X DI )R A—s—a
B:~&%E%Ltkﬁm%ﬁwﬂ &ﬁbm TREEZENIEADH5HHEN RSN TND,
Bl 21X, %@%®$%@®HH%ﬁ5/AEE(MKiSm)tTﬁﬁz%ﬂtmfm &
DAEYFER K OBYN 72 O EFRRT 5 Z LT ARARRICE XD, LrL, 42 DT 7 LAREHIIC
XA ) X7 LATF ROHBBEEIZRET 2 EME2NAE L TR Y ., BLSOMASZ O 2 35 L C.
— DO IME R 72 < THW B 2 AW T L Icr T AZ N ARER Z 2 RWH L=
(2], 7/ ABEEH) EICiE, Lﬁﬁﬁﬂﬂ“(%of%i%@%ﬁfﬁ’j 7 A4 (genome 31gnature)
DNFELTEY | BLSOMMNZE DS 7 LAEHOEMEE BT T D, THVET, s 7 Al
L FEE A 7o R oM (4], et SEE R %0<$%@lﬁ&/ﬁ+wﬁﬂm%%%ﬂﬂ
fﬁ@®ﬁ$%%i@ﬁ%éﬂt%&&/Amﬂ X9 5 R HEETE (6], $16%L@%
OfRtE (7], TCAEEY 2 BRI O@ERET X/ BAIZAE B Lo 7o AU < ERErEHEE
%ﬁkmwﬁﬁﬁ#/AMﬂ%ﬁ[ﬂ&kmwf%%ﬁofwé %@ﬁ%%a@f K
W7 ) T — 2 I D OZNERE 72 FaRE RS N 72 1 iR 0T DTG FIZ DWW Calam L7200,

Reference

1. Kanaya et al., Gene, 276, 89-99, 2001.

2. Abe et al., Genome Res., 13, 693-702, 2003.

3. Abe et al., J. Earth Sim., 6, 17-23, 2006.

4. TIwasaki et al., DNA Res., 18, 125-136, 2011

5. Iwasaki et al., Chromosome Res., 21, 461-474, 2013
6. Nakao et al., ISME J., 7, 1003-1015, 2013.

7. Nakao et al., BioMed Intl. Res., 2016, 3164624, 2016
8. Abe et al., DNA Res., 16, 287-298, 2009.
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Tosiya Sato'

R R R B B I FE AL 2l B 12 2 SR B IR IR 7

sato.tosiya.4e@kyoto-u.ac.jp, http://www.kbs.med.kyoto-u.ac.jp/

1. R &2

Biostatistics|/ X 19 AL AEY) 7, BFOMEBCRE L, YK Ibiometrics (ZEWHIES., &
AW LRI TCWE L, BIETHL Db LEbofET 2% XA AKE4AYES . H
B> 1% International Biometric Society (IBS) & W9 A TT, (L2 AIZIBSOYIRESEIX
R.A. Fisher T7,) ZOREFOHER TS L bR EE XS, BETIES, AREES. F
IRIFZEIZ 72 < TUER B 7 W iEl & 72 > TUWVE T, BiostatisticsITIZER A 72 < | G ERIC
X o TEFEHGHS. EER. BIRMETTE. ERETE. S A FEBETLIES
ERRBHANENTWNET,

2. [ERIEETH DOWIIE & B

P IE . BEIRAFIE Tl TRETG YT ER R B O JRIK 2y, T Z DEFS TN AVEE DOF
MEIEITE D0 L Vo R RERERRZWIZEN %< bz LRI R & JiE
O ZNTET —~D—2& LTWET, MatiIRRHEGR CIXERD 7 2 28 0 HiTi
HESKHRETNE, WNCT X MESITWRWRZEIZEAT 2 00381272 0 57,
Fx Lo VU TR TT N, EW1990F T AN D FIEmOSEEICHER L, IR T 7 K
FHRERRET N EICE > T WRHEGR 1T O L DICBERUENA SN >TEE L,
A TIHEF A 2 7 P EEIE L W o T [RUIRHEGR O FIEDRHEHY 7 P TEMTE 5 L 912k
0. FlHERICL HDEANT (Inverse Probability Weighting) fEATIC L D AEAGHA
RHEFR . KT — ZIEAT O FEGRA IR Coid 2 &R bnh £ LT,

HOVEDDOT —~IE, EREHFOHTEmEIEN LT, #EY - BROFEME L O LE
FeaEMT 52 LT, LENZETIINIIE L EBZHMICEIV DT 2 Z LITEE LW TR,
WFFERHE OSSR - Gk D & Z AT, 7T —F i D & ZAHITER, LnoBRE D
TLXO%, THET, ESRENIEN 2 E L BRI EPEH T X & R gRiR i & o BhE 2 F1 -~
TS 26 7ny=7 b (http//lwww.env.go.jp/chemi/sora/) . EEiAbFWE ~DIREE
EFMDOREREL OBEAZTHARDS [maF L7 (http://www.env.go.jp/chemi/ceh/) %
Fhi L CWET L, IFIEBEREIR O AWFIE 7 Vv — 7 L 3 A OFRIRRER 2 55 L T\ E T,

3. EEFMHEZOHET

20164E10H 726 A AREBEMIEBRFEMEEIC L D [AEMRHFERIEEE] MILEL, K
HRFERRARKREN2EOHAIZEIINE Lz, (http!//www.amed.go.jp/news/release_
20161004.html) FHEBKZFETIE, EZLMFERHCEIR ATl 2 Fe L, EFER T & 3
THMIERFHEDOR R 2 — 2 TEIRFFHEBR 2 — A I TEHEFE104 OEARFEEFSE (clinical
biostatistician) # B L £, EEKEIFIT. BRRBRICETAMEEBLOHEMETH Y .
KRFBECIEHEH R, BIRFEE, B, BT, mBl, EERMLAR - Z2%K, ala="F
— v a ye BRSO, RAEKFEESRMERE & ENEBR SRR v ¥ — TEEO KRR
BRICBED U e RN BAHMEZITWE T, KEFEBRAEDZ T AIULZ20184F4H M5 T, WEIXE
DEEDT=DDOH ) X =2F LMMEY, FICHET 2MEOa LT U VEVITEDNSHHT
T, BRREADE AT, EWRRT —Z YA 0 ZARHIRRBRICHEN S 5 R E S ANV E
L7 bR 2 BREWVLET,
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MRZEE 210 1 % One Health, Ecohealth OHEHE

T
BOMLEERYE  BRIESRERESE RERY i

2016 4 11 A 11 B, @RI THFERERMZ - A EMS OS R ERSHE B S,
One Health (—D>DfEHE) | ﬂ'fﬁ%ﬁ)#\: IENT D EMES] RIS T,

BRIEE IS X OEWERIC I 1T 250 H 5 WIXRME R R O 540 & R AR R &2 B L
L ETDFRERTH S, ?&5%' E. BORLENIGELHDLN, B AN DHE
RTCHIVUXEE DG L 72 %, One Health & & < ABRIGEEYYEICE L CIEEY & BREEF O

HEEL WHEIY O Tilim ST E o, ABERERIERYYE XA & FHEENMY & o) C el 70 i g
JETH Y, EAMERECEREESA > 7 R E VST EERERNE L&
EFND, TETIIAOREICEL T, EBFLEEFITMZ, BEY S E D TR
Ham S ATV D, DEV N -8 - RBIEOEE LD Y FIZHOWTHE XD One Heal th (21,
BREEPITEHEERY =L ERD,

— R RO ZE, HEEIC YTV HEEL RS> T 2001F, BHXDR, MSREH

BT D ROZEM, (270 - DEPIRE, BX Oty & —H - EERH - PRl
Hillk7e DI 2=/ —3 3 Th b, Ecoehalth [FAREL AT LDOHTO N E WS B
Wz, 2O XD BRIz mz 2705 L~ LTo#EE (trans—disciplinarity) % H¥5
TEXFThHD,

One Health X Ecohealth @ X 5 7@ EHIHE 2 FITIX RIXFLOERBER AR TH 5,
il 7e 51X, BHERRICEAT 2 ODRAT =7 RV F =52 B XAV EBREIZIX, &l
BIRENLEEDNGTH D,

ARG TIX, One Health, Ecohealth ®EEDO7=HIZ 2 E TRV MATEZA - BT

BIDHEHONT, VA7 RFORE, VA7 REITEOE RIIBET, SR G BEE L
T ANOME#L, 2 ML AR ELHmOER{LE £ ZICEBELEX DR FICET 2058 E
WZOWTIERIBUET D, FEBI 2> TW7E 2 & T, A%RREET L HREEY T L 0
L LDORBOWREMICOVWTEZ D E>nT L RNTFENTH D,
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An application of statistics in medicine and veterinary medicine

o Bt

Mitsunori Kayano
WIABERFTa—NLT Ta T 4 v At 2 —

kayano@obihiro.ac.jp, http://www.obihiro.ac.jp/~kayano/

EEEREEF ST Tl a2 THREFDP AV LR TV D, EESEEZFAIZE VT,
VDT, WRRBOEEDT =2 2 HOBEPEATHL LI THY, 4% M OEE
PRI TH A H, AREEKTIE, EESLHREZIBI HHMAOFMO S H, BREDLIZLD
AADTEIFCONWTORBZPNTLTFETH L, ZCOFFlEZ Aty a v OBRETH D,

BEHE TV BT TV ORA ~FT Te@EamOME L Lz,
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S2 Adaptive dynamics: future direction through
foundation

TfeE - RGHE KER)

{=HE# 5 : Adaptive Dynamics (%, (3 evolutionary game theory @
dynamical it (Z population dynamics O =& 2 72 Biga & LT 1990 44X
BHEPDORERFEREZZT CTE. G T, BREEORELFTLRT D
2RI TE & population dynamics % Flik 3 5 IR At e U7 MRy 7
BT 2 E@ERBEFOICHbRAALNT NS, L LR
5, “invasion-implies-substitution” principle @ &AL, (LAY A D E)RE
DET NMLIZEBWTA L H % inconsistency ORFEE, EKN—2 I 2L
— 3 LTBT B IE A OREEIF R & Replicator-Mutator 5 220 B4R
Pep L, Z ORI S OBIEIZ S ARERRE ZADES>TND. &6
(ZEETF O S OB R BT & 8 F 57, IBEZEM oMEE N ELK
SRR 5 2 DR BOFH & W o T2 Te R~ OB ER T 7' u—F 4
AT STV D, Ry AR Y o ATl Adaptive Dynamics O &2
WCOERIEDOREZBT L L b, MEREZITTI) L 2HNET S

- (EE

K& (R#8K)  [Fitness generating function & #AL % A D BED
consistency |

EEARA—ES (B R) MEER—2v I 21— g OEE LTo
Replicator-Mutator 52D & H |

ex RBE (¥AfFK)  [Adaptive Dynamics D #c it D ¥R IZ-DU T |
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Fitness generating function & #{EBJ AOEIRED consistency

Fitness generating function and biological consistency of evolutionary demographic model

KR, AL
Takuji Oba! and Jun Kigami?

L AU R Z R A B A e R, 2 U RS2 R B e i e

oba.takuji.72s@st.kyoto-u.ac.jp

Adaptive dynamics (AD) 134 ORBRILE D@ IGHE L 7 0 ¥ 2 %2 BEAHIZEIR 3 5 72012 Metz
et al. 3] LIZL > THERREUTONEZHBMETLTHD, KEHTT

(MUT): RHEEPEIZOWTD T VX LRERZ GRS 2 MR\ (BRER)

(COM): Bl & RMARMOB DS Z2ild 35, #EIGPEEEZ /ST A -2 UTELR

RE I 72 15 R (B 72 N B RE)
DZDODEEP S5, (MUT) IZXBRRERMD T v X LFEL, (COM)IT X 2 NG
DLEEALZMREY KT Z LT, REVPEMOECEEZFART DD AD DKL BHHATD
5. 22T, (COM) DAMEREIZE T B ER PR ZE 5D T W BIREITNIS S 2 P sl D/
ZEMERTER BAEIGE) 2 (EERBICBII2MEGEL LTHRS 28T, AOBROER
WEAFBICHAA TN T WS, LA URAEIGEDN Z OM#CHREBOEGE & UTHRIEET S & W
5 Z X, BEEMNIZIE—RORMZENNZ D NFRO RIS 5T 2 E Z 2 ITaLTHD,
FEHHLREIRTH S. Dercole & Rinaldi [2] 1&Z D FEFRD—D% “invasion implies substitution”
LIFY, fitness generating function (G B#) OFE FICBWTHIT 5 Z & ZGEH L 7.

T, BN ANOEIREZ GRS 2 AL H 5D consistency Z 72T HEDNRH B, T2
b, 2MEMOFD 2 DOREMEN’—HT 2L &, ZOERMIARENIZ 1RERE LTOANH)
BIZRES, LWVWHHDTHS. GEF LI, ZD consistency 2Tz T &> hfEX25d T
% 72812 Brown & Vincent [1] IZ& > TEAINZMETH 0, BFEL TV EILEMEZ KD &4
WEED —ER D72 D DIRERZ LK T 5.

AGHETIE, Brown & Vincent [1] 12 &% GBIDEHKZ B, “invasion implies substitution”
WREFEEIN D NOBRRIZE T B R L EtEc & > TIRE I WS ELEIRRIZBE T 25812 B W T, G
BAEIAI 72 U CE - E 2T 5. kI, “GEBDOAFLE" £\ 5 implicit 25D explicit 72
RO 1B g 2 a A O R DOFEE 4] 2N 5.

AL 22 NOEERIL U IX U IX consistency 2 RW2ETHEINT WS, LH LU consistency %
RNFZETINVTREMZNZED 6 LIIIRIF DL WS T TIIARL, RAHEIGEIZVE LS X
5 7= DAL ROMMPEMES I 2L —2a v ORES LIITEREEEADILITRD 5 5.
AEDRZIZIE, SHBROBLEE LT, LM AOEREL L TO consistency R\ HHET I &,
G BI# % H\\ 7= consistency DRl ik, £ U THEZIREINTWVWB WL D0DOREZHENTT 5.

References

[1] J.S. Brown and T.L. Vincent. A theory for the evolutionary game. Theoretical Population
Biology, 31(1):140 — 166, 1987.

[2] F. Dercole and S. Rinaldi. Analysis of evolutionary processes. Princeton Series in Theoretical
and Computational Biology. Princeton University Press, Princeton, New Jersey, 2008.

(3] J.A.J. Metz, S.A.H. Geritz, G. Meszéna, F.J.A. Jacobs, and J.S. van Heerwaarden. Adap-
tive dynamics, a geometrical study of the consequences of nearly faithful reproduction. In
SJ van Strien and SM Verduyn Lunel, editors, Stochastic and spatial structures of dynamical
systems, pages 183—-231. North Holland, Amsterdam, 1995.

[4] T. Oba and J. Kigami. Why does invasion imply substitution? - beyond the paradigm of
invasion fitness -. Preprint, 2017. 29
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BAER—22 32— 3 VDOEBERE L TO Replicator-Mutator 512
ANDEH

Derivation of replicator-mutator equation as a limit of individual-based simulations

EE R —ER L, FERE A 23, KR 23

Joe Yuichiro Wakano!, Tadahisa Funaki?® and Satoshi Yokoyama?
RLEREPNE S TNy S 2 IR il N o & e €Y e 2 1 S S 1B N £ I 2 1)

joe@meiji.ac.jp, http://joewakano.sakura.ne.jp/research/

Adaptive Dynamics (AD) OO RIZH 2 DL, HMEAKRI BN EMEE2 5, IR D7 —
LM EAERIZ L > THEENE HAREFIZ X > THERPEE L BT 2V IR LD 5, [FRFIZZE
R RMEERDIRAZRE DR U DS, BEEMEDOSANZEML TOLERRN—2AY Iab—va
VTHD, EBIZAD OFHEEMERT 720, ZDE>3RYIal—varPii{ifFbhTna,
YIalb—varvTIREAKRBIZERTH > T, S ETDHE LMY TSV, —H T, AD DHEfE
Tdh 5 canonical equation CE¥IEMEDFEHFEX) X evolutionary branching point (4L
I ;s TWE DAV BERC NI R T 2504 ik, EmNe Tl z->Tws (FH
EEMEOHES, ¥Iab—ra OBl k> TS E03H 5 FHI1Z1ERE)., Replicator-Mutator
FREARFRERN L MOIRAENTH 0, d P EER R EORMs AETRINT
W5, Replicator-Mutator HFERZ HEFAIZE X, AD OZFEFHNIIHREELL Z 2N TE 3B,
Replicator-Mutator HGFERIE, AAREA+ A RKEVWHBEDOY I ab—Yya VERZEMNT 2%
ZH6NTWBE—HT, [EREPERDOGEITIZEM DA & 5 R ITEERBAEHL-TL 3
ZeEHoNTWS, LEDZ RS, YIalb—ravilBU3ENMORMBE X, Yo
& D BEMITEWT, Replicator-Mutator AFERIZ 1T B E A DRFREIFEE DM TEMITE 5
MEIAGMTT S eid, AD ORI 25 2 2 HERRETH 5,

DY Iab—Ya VIFEFESILVITEETH S, ADDYIalb—YaryTHWOHNE VIV
a7 EPHOFEEE U Tk, 2B0EfE (EARE £28)) X, ENLERF Tl T & 72 Moran
FE, Wright — Fisher #8f2 (AU —E) REDH B, KAFEEKTIE, n AT — L% EE Wright —
Fisher #@f£IZEH U, @2 A7 —V > 27V Iy FOILTIE, ZTDIRS EE\ T Replicator-Mutator
HRERDOMTIZIFERITHBRTE D Z L 2R U BIEDOWEFEREZBNT 5, BAEIZIZZDX
F=U27V Iy I, EREE M, BREROMRE % ayy. Wright — Fisher f212 85135 1 X
A AT v 7% Replicator-Mutator HFERDREAL L U Tty &9 5& &, A M % HE
KIZRIXT & &, HBE a BFIEL T,

anr
ay — 0, t——)a, tmuM — oo
M

THEZ26N5, EIFRRICHRTESLIF, YIab—varyTofEk i OREME HERER
YM(t/ty) T2 & TOMEREOHMERE CEE., Nk E) Offilk, EOMBROE LT, 3t
3" % Replicator-Mutator FFERNDEN S5 6N BHIZINKRT 5 L WS HIKRTH 5,

FHERTIEH, AW La7EEO s IR, £ 2 6ESN 5 Replicator-Mutator AR (Z
NIE AD O REPERBRIZAVWCTE D L), ZZTHOVNLDEMZHNT 5, BHFEWN
FERNZIE D EVEADET, EOAT =Y 7Y Iy FDEKY, Replicator-Mutator 523
WIERIZFRF ORISR 2 & L. 5% 0 AD ORI DOFRE H MR EIZ oW THRETT 5,
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Adaptive Dynamics O&iTDFEREICDWT

Recent development of Adaptive Dynamics theory

flie KRB, GHikE
Akira Sasaki! and Hirosh Ito

LIRS R FBER S B R A Se R

sasaki_akira@soken.ac. jp

Z—v 4 VLA, AW OIS AL & BRI IZEL D D el A e Uik, BARTIK R AR R,
ERFENC & B R EETHEOEMBEFZET VR ERTH 72, T TRHERZSNEEED
H & TOHMMEEIRX, Fisher ® Fundamental Theorem % #B#l & U 7Z¥HHIRED S D & TD
HISERKIE (BOBEPE) O % <. SEREEIRC 72 Brig ik I$ 8B O BRI 2 1% 4251
PRBEDIIZEIZ RE T T Wz,

U U 1970 FEARBABEIZ 72 5 & Lande 5 2T & 4 2 B8N EEEFHGROBEAH O, —/T
HEAZ T O AME LT — L BERIZ D & DK IREEMDOHGRIMZEAEIEL . unbeatable strategy
(Hamilton), #EALHZE M (Maynard Smith), HURZEM: (Eshel) 7 £ D Adaptive Dynamics @
R waarEEnT, EHRMOERFHZMHEEHZEWTIER, LIXUIKHEEEHT 54
FOWEIZL > THENBENEDL S, ZOREMIZT — LWZRMHEER X, BERTEIKOE
THECEREZEE L, REEEEISEZ KT 582 AR S &5 AricE ERL
720, BRRWVEILE RS E 720, EEHEDY Iy MY A 2V EAENZD, REIEA
PINZIEST 22 e H D2 EDEEIZHS PR 572, 26 OHEERREIEN S AR
Adaptive Dynamics 72 52 5725 5,

Z @ Adaptive Dynamics IZBAES SELRFROIR LIZH B, T 2Tk, EHEVR P 1b o7
BORLD 3 DDFEIZDOWTHNT 5,

(1) BIEIZBWTAEY OIS ELZ RS R AT ey O KHEGRAKR, BENFEEEY
& Adaptive Dynamics 1, ZTDRER T 70 —FIZIZEWVWTHEN R WERIZD o 72, EHE
. BEKRFEIKOD &L TOERNEPEO S (BESAOZLIEL) ZED ANz &R EEZY:
(Oligomorphic Dynamics) Z#% U, /LR R R DOIPUR L E MR R E O FIIEEED )%
I EMET, = DHEALNZEEDBIESBEIROZEMITHINT 2 Z &%, BARLEKNBILE S
iz KR&E BT HZ &7 %m U7 (Sasaki and Dieckmann, JMB 2011),

(2) REEOELRMEPHEDOEFRDENC L > THEINT WSS, T VX LRIEPHAIZLS
HVHCHIHTE 2B FEOREEBFOHEELGFETH S, —KRe=y FEMANDOEDE
AAMEIZBE T, B — 3V (EEREOREDZEPFFDBINTE S HET L2k T 5
B#) DPIEERS (2D 7 —V AWM TR TOFEFEEIZDOVWTIE) THIIUX, HEERMEOFEDGE
ABIRBEIZHED AL T 208, BHE I —FNVD 7 =) TEBIZEADK D BRHNITERD = v FIig
IR CAREDOFDFEDIAMMIENT B Z &, 61T, EAWZER= v F IR ERE N >~
RZ2M8d 5 Z LA & AT 72 5 7z (Leimar et al., JTB 2013),

(3) HEOWILY. ZOHIIA, WEOMEKZHRIEIZ &5 BT 2003, EFHERIY 2R Bk %
LOTWVWB, nIRTDOENR ML — RA 712X >Tm kGt (m < n) Ol RIZHIF S 050,
LR S R DAL 2 E M & PUR e DY, #IHHE O Ic X > T L., ff2h s Z &
& o Tl 2 8 I AL R RIS DI ST E D B Z e 8% | R AHEISEICHIIISM %2 5
7TV aR e UTEAT S L TN 25T S 22 U7z (Ito and Sasaki, JTB 2016),
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S ACAUVETILOREEZTDIGH

FHH L KREW (Dept. Animal and Plant Sciences, The University
of Sheffield)

TERE SECEELEAOXRAREERZEH ST, ADBRRICTHES Bkl —E80
THEZONEAS-HEYORREE FEDEMELLOL. FRLAAN S FBEED
RAEHESETVS, T BERTLTVAREEDNSF. ERENMMETH o2,
ABEBTHoLYEVSAEZE S TVS, COBRBBELEEDRITAN_XLEZERL
BEYIH/ET B1-0I2E. EROCBUOERERLEELY ., T Y CHRITH T B LR,
ERMGEEEMRTI L. FEAMALOE IR LTE FOBBVLERRENED &
SIZELTZONDONTHOEBIBREL LD, FLTEDHMREEZSBHIZT 4 — KA
VOTRIENYPETES, TITEAVURSHATIE, £8F. HEPHEAH L RE
EOBITET>TVAIHAERELIBE., ACAUAERORIBELF TN EEDIT, vz
J7 70— avERAVNERCAURBICETAEELTS.

EEE
1. SIKREWR (70— KFKR) EFAREHLERENT 501 L RAEILEIRE
2. ARHBE (AKX PRE) OZa=T4 74 LA MJ—DEAICLKIHEMN

BRRGEHEE

3. BIBRIER MASHISAT4VL) REEMATOERERY I L—V 3
b

4. WO (H#MKX-EI) MHEICHESIEEFRE: T RENROERE
& F Al
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EHAREPRE D VA NV RENEIE

Evolutionary dynamics of virus driven by herd immunity

SEAATRN

Yuuya Tachiki'*?

e T =V RREBRE R AR, 2 B ACEITR B R RIS B
PIRIIPNE PN a2

1Depar‘[ment of Animal and Plant Sciences, The University of Sheffield, UK, 2JSPS Overseas
Research Fellowship, *Department of Biology, Kyushu University, Japan

tachikiyuuya@gmail.com

JRIEME T A L ARG T 5 & EARNTIL, EInE N B 2 0 #EREIC L > T
JERGZ XIS D, 18 FAS L AEBEE HARRER 23 &7 A L R (TG E N Bk 5
7-DICEL L, FURBEEBICE R ZZR L T, 07D, 7 A LV AOHELEEED X
B— PR L FOHEFEE R DA D = XL Z T 5 2 &%, SR OFAITRE
THNZ DN | @RV 7 T UBRREICEBRL 9 5, AR ClI. Z=Hitk1( 7
TUWIZER L, T—2X_X—2A LV EE LIEHUR S X7 BRSO 7 —
DT &, ZF DR — 2 B AETEVAERRTFR A T = X LZHOWTiEm T D,

ZFHIVEA N2 O PIIAFICEYIM CTEIE L, BESL < OBEFE T, BN
2D RN TITREISEIZ LD PURNEFRE SN T A NV ADHEEZ T 5, 14 > 7
NPT AN ATIT AT E A EDOBREHA(S T IVTF =) 2 X7 ORI PR &
L ks, HABG HITIFEAEELL TWD, FloEBENSHEL L ZERIZ
W\EICHIT LA NV A LEHAOPREE DL TWAEAIZIE, mEICEEIN-H
RIZ K DR XGENERT 72012, BEISEIZ L > T A NV ZADEEIEN T AT
mMilESNTLE D, Lo THABRBFRTIECL ORI ELTHZETUA L AD
WISE EAPHIREESND, L L—FH T, HABRMG FITERAMIRBNR O > 7 Vg OFE
ik & A~ DREZ I IS R THHIZD, ZOMIEZHERET HZ XU A LA
WZE S THMMIZEETH D, Lo THEERE & RIREA W23 52 BRIk D
TATERICIR D EZE 2 BND AR TIZ AT A 7L o A4 )L RZEBWT,
HAE G DL 2B ZEMICRB T AT o X b0 4 —7 L7 LT L, Bl
BT AELEE A ERELT S, 2O LT, b MEFICERB SN A RETEL Y
ANVARIZE 5 TOBREE & A7 LT, SRR LR EOE S DHABME 20
5 HEREIREBHET VL L, 2 b—3 3 ko THERYIE(LET 2 N LT,
ZOFER, b MEMICERE SN2 0ERE L FHE SN2 HURDO R X4 E O L -
THAEEFOSFEEENRS HEEND Z L 2T, £REEMALIUZ., Z0
OTILHRIE ., FIoRRDTA AT HOWNT Sigam L2V,
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Effective management and utilization for tropical forests with community
forestry programs.

YNy
Yuki Kubo

TINKFRFBE S AT D AEMBHAIT

yukikubo@kyudai.jp, http://yukikubo.com

A3 2=2FT 4474V A N =3, oI a2 =T 4 2 RICLTEHRNRERO T e —F T,
BHRNDOHIE T 2 2 =7 ¢~ - BF e REZ MG L, SR E MR, BIET 52 E L%
BMILFERNH S Z L 2l L TR TR R A Z MR L TS Z &2 HE LTV 5,

KIFRTIZ. AV XY TOF T T — gy, LTV % U EBOHENENESEA MK
BEIZBW TS AN a3 2= 474 VA M) —ORWIZONTHE D,

T T —va ICHW LA BRI B IS 2 723, Uy VEBOEAMARTIE,
ZOWHEA~DEIRLE TCRT INLT = NHWLND Z ENRLV, [T — 7 1T FE
F TIZ40 - 8O4FE, ITHFEIZ > CTRR SNTZRAETFT —7 TH10-20FERNEZ L I TW5H, 4R
(BT T T T = a VEEREDORRIC., MFRA R ELOME OE B R A EE L SRRk
DRI &% THI L, @Lt&%%m@é:k#ﬁ%f%é

A v RR T EFFTTE, BN 218 BRI/ 2720 A (Perhutani) &
7T T — /a/%ﬁmnxlz?4f%5mﬁﬁﬁﬁmﬁ(mmH)k@ﬁf&&i
MWEHE (PHBH) EREEN D/ N— b F—v y THIEZBAG L, Hillk=2 I = =7 ¢ MO BRARE
HAOSEZRE L CWDH,PHBHOHF O FEH Y AL LT 7 rn 7+ LA R — EFGR5
WndHd, 77074 VAN =377 07—y aORc2DOMO+#%E, a— 7Rl o
BEMEESICRIHTE 2 L2127 TH D, —RINITAN /NS BENRHIK E THAI
L VI OBEETIThN S, £7-. FIRSOBELOHBIE L, HREAEIMEELIC L > TH = KX
WNH—EDEEZ, Mo 2= 4~ TDH5HDTHD,

Foxix, 77075 LA R =R B O R, BB REENE & 72 & & o MR T
ETIVEAED | FE IR A2 R D 7=, ZTORE, (—) MEFPRRWCWNAN LI L&
ZATWHEE, REBFTH L b LI BEMEEEZHE T2 L 01025, (Z) EEKEN
EZDURITZBRENE XTI, THFTEFE RSB IS L TR Z 2B L, RO
fa— L Z BT ZENARTHD, SV ZEDRENTZ, M2 T, AT 5@ 2 A
b (E4) EFETELEIGOBGRN G, BIEXERO Y X7 2M2 D HikEx#EwT D,

Flo, RENRSNHE T Z o7 —2a TR LIS, LEEBED 72D O F BRSO ARG
B DA A BT, HUREROEIROMEIZ)GE U TANMEE SN D L 5 2Rz v,
HE WL - BEOHAEDLEICL 28 L EHIFIAEORRICOWTHEITL, a3a=T
4 T7F VAN —ICEKDHMERD [ 22 2] ~OREBRIZOWTHiins,
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Simulation in modeled ecosystem

HIRSR A REE

Yuya Miyazakil, and Shingo Iwami 2.3
A7 7 27 4 U L2 UM R RZFRE BLEbZele B 3JST S & 28T

ymiyazaki@clustium.com, https://www.clustium.com/

WEE, NLHEE (AD 215 AL 2 — s a NSRS R BRI O 72D 12Tk S D 017
S TETCWD,

A VTREENSBM LI n Y =2 7R L CURIBZE N TO AR DI I — a2l B TD,
2 DA O RLEDITE), EHEREDIREZEIIZONTHOUOMEBEEL TERLTE
X, BB OB A B E 5 2 5 ATHD, ZORABERER IS L T ARMICL D
ELATREEL TR, Fo, BAETIFLIIRMMITEHL TS, Fx ZZORENLH/LNDLT —4
EFFERHE RN THRETHD,

COFEHTIZEE LT NIV LOMEL | EEOHE O CHEALEEFNZ OV T EED
12, A5 HBOBRBICOWTERT D,

28




. Y e . 10H6H (&)
PURIILS03 ZZZAVETIVOERREZTDLA 11:15-12:45

Seminar Room 2

K

AL S BEFRE: T2 7 BEN O EHEE T A
An increase in gene flow by urbanization: predictions on population
structure of Aedes aegypti

AR Y, SEARIGHR 2, Anp2E 8, &)1 4, B REES
Ryo Yamaguchil, Yuuya Tachikiz, Takaaki Fun03, Noboru Minakawa* and Shingo Iwami’

AR SR TR, SRR A LA+ HE R,
SR FR B A 7 DA A BEEHE, A A I 7 BT T,
UM ICEE K 2RI B 5

ryamaguchi@tmu.ac. jp

T, ARZEGELEL ORMBNT 7 74 NV ADFITB LT v 7O ) 27 |2 &
NTWb, AREELE T 704N AOEATERIET 57200 Kb EERRRIT, ZHBA
B Z K DN IR > X A v~ T Aedes aegypti (X7 X —) Dz, Thhbbexry H—ar
Fr—A"TH D, LU, MZEE-CH0E, MnDE LWREIC L 0 ik ELeBiE, e b
BENCE Y X7 2 —DRBBEEENL., REMEOREE LR BT, EGmATO L
MTHLIHFHEEICEBNTET 7 A NAO TS Ll 2 NEECT 5, BliX, 7o 7T
I CORBRAOBAIT LT UIRBICER 2726 L, FBARIER 4 —2 B85
D3, ZA D ORBUELUI AN A0 72 B8 25 L CIRMATHIIRICEIE L, 2 OB AR b AZHE -
BIEA MRV KT ECEET D, "I F¥—ar ha— )LEMNT D012, BEMICBT S
BRI - BN X AT 7 AOTRNEBEIZ/R D0, AT X —EHOFRRYNICIH - 7218
WYY 73D TREECH D, Lo T RFZEMPICIE DI TeT — 2 05 O T,
EOITITRR e BRBEFEHVICT H701I00F, arvEFa—F v Ialb—rarickd
AR EI TS,

AETIE, TV T IANADEZLETHL 1Ry XA v~ OB - V8T
ZIANT 2R BB TFETNVERET 5, R, T 7MATHITH YD, 7= —DfERkxR >
T =1LV DEADBERSTWNDEL" 7o) B ICTENE~YA 78T T4 ML
Bl 7 —5 %, B LIEEAERFET VTV BTT 5, BRI, ffx—2v 121
—va Nl Lo T~ — T — 0L ZFHE L, TR E0MEE (eg. ~T HERE
ROEEFFRst) TEHNT — X ZHBT HNNT A —F =2 B> THELE, £
o, WEESINTEYIalb—a yEHNT, —Eoi kb2 0 BEIT 2o, Hr
TR BENKEBICEETHETORLRMREZEHAE L, 612, ZhoBURO N&r)7
BHAOBMRIZINAZ, 74 U EATHOFERT DA DERRICET 287 — % 2 E
THZEILEYD, Ry Z AT~ ORI 72 BARHI R FAEE T & A8 #E I3 O] 72 Ao
J— NREEDFREME ARG L T <,
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S4 [HEVRAT AMBERZOHRER : BRE - LK - B - T80
EIRE~DHENT 70 —F |

T . EE & duiEERT - HH)

EEERE 2 E TOMREFOREITIE, WRRBIGHRERSEROERMRIITS LT, Bidm
WEEST A THY, [BITFIUE) OXS7Z LR NLEMAH 7. LarL, EFEOT AT
LRI TIE, EER L A ROKET TV & OA N RIS, kO RN Z A S
TV TS, ZORR, MRFHFOHZOERIZH LT LFRRNRT 7 —F TR
BN L K9 & T 2B FIFRE NS IERT 2 L0 I2Ro TE 7z, REEH T VRT T ATIE, R
BT T —F T, &I - FLIE - EE - 1TE SOOIk E R E I, 3D
DMEBR U724 O HEIZ DWW T, ITHEO R 2 TR ETEL .

REHEBLOLEE (AT [TEFRM] BLOZA b

- ERErPE, )INE (EHREARY)  [15:15-15:35]

[ D JE A B PR L. — 2D =R (LB & R R BR e oD A BE —

Tinnitus-induced tonotopy reorganization — Efficient encoding principles and auditory system disorder

- AR (BTSRRI R aasE e 2 —)  [15:35-15:55]

MEE R ARRE RIS 1 D NERE 7 /b & A T )L —FUBE « AP & 8 B

Internal model and the free-energy principle in cultured neural networks: electrophysiology and learning theory
SR GROR TR, PR M (F8OaEarsesas) |, B KM GRTRS)
[15:55-16:15]

MBS E OBl REO TR OEZEN)

A unified theory of motor learning: an importance of prospective error

C AP RERER (Bl EATE) [16:15 -16:35])

MTENVT — 2 53HTIC B 1T Dt Saw € 7 /b~ — A RHT & AR Ze HERHIRIT & DBIFRIC DWW T
DRI L |

A theoretical consideration of the relation between computational model based analysis and conventional

statistical analyses
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—NENFSEREBELBERRRFORE -
Tinnitus-induced tonotopy reorganization
— Efficient encoding principles and auditory system disorder —

BT, P
Takashi TATENO! and Jun NISHIKAWA?
AbiE K2R 2Bt A A R

‘tateno@ist.hokudai.ac.jp, 2jun-nishikawa@ist.hokudai.ac.]jp

HERE L WA CHBIIEE 2t FORERERTH DA, TOMFITBIETH RBEZRENE . fEk,
TR KM RIZZFOTERENSH Y, BERFERIITER LW EEZ LN TEZ. L, T4,
KA R IR BT 3 U 7 AR R R A RTR B D L0 B S s S, & OBF ORI A3 AL T
5. Rz, BBOETAEM) E LT, HEEFEE L BRFERANC X 2 mMRISEFHI O S 12 &
D, A, EXMRARTEIEBROF R SREICEE L TE . Jang blE, HUEFHREAIR 5% T
HETEARFE ARG B ORI 203, FER R RO O P ) D EER BB IS T 126> T,
ZORFER K E BN 2 FEBFER A5 L7z[1]. £72, Yanagawa O, HEET L~ T R |28
VN CHETE BB O JE A HLX DS Bk L S 0 2 ERAE R A S L T D [2]. AIFRE T, BRBET
JVENY) O B 7R AR B & BETR AR R O B R AR B R RE AR D OEE 2 BT 1 D MR A DS & B
FEL TS, R, AETIE, MROHRERIIZESS by 7X Ul T 7a—F2 kb,
TETERRY R0 DAEEL D PRkEE 2 U CHER BB S B D £ A phB AR IR (2 38 1) 2 3 s ORI A5 Il &
JER L H R B D A 7 = X L ZHE—ANZEI 3 2 FIEmIC OV TR 5. R THE, £7,
R R OERRAET VB TERRITISH L2 Bz 55 (spectral receptive field)E 7 /L
[4] & TR BT VORSAAIHE - 7=

ARETITHE, FERBEHXZERTO2NEOLZT v o x v ANEIZ LT, BRESANZES
R MV S ETDH. £im, WED DR AREE OB & e b HA P A K (ZEEAT5
Ky CRELT, EREEIZBT H2MRETICEZH 5~ by 0 EEFRETDH. ZDEE, K
X, KR L HRRICE D 2 TOMBRAOABREERT. &7 M OBEREZBIL, BN
BB ORE DTS L TR Y, OB CldxEEEENE D LYo TWEILDET 5.
S AT EMRRRIRICIRB T D ERMES DI NIVN ET D, Fiz, AJISITRT5HHT) 0 DFE
HiIFMEL 10, S)ERLTDH. 20L&, MRRICHDL 2 A MEIRAEZIEL T, ZOHIKIO FIZ
I0; S)Z I KIbT HEMFHE K 2R Db E B 2 5. MEO-OHIZ, § & NITEWIZMAT
REHTHY, ZEBROERDGIHED EIETH L, HI1F v j OFSEEIE, AHT
¥ Ui DEFHEE OB E LT Gy () RYE, fMAREBATH KX G oA TESD. L
7ol o T, ANDOEEMNHEELE AR T v o FIVOMBRE DRI L > T, HAOFEITRE S
NHZ LD, AR TIE, £7, BEANOREEAZ(LSE TRER K&« HHL, Bk
B X OB A SRS AENT L72. RIS, KRR & HFRRCRORBICH B Z5% 1T, KR & RO
BRI BT DFEEITH K 4<K E Kb b Lz, 2D L&, K=KIKh THDH. KRDOEEETT
NELT, HOEE L Ky O T CRFMIREMR K 2R3 ML, St X 2 BRI %2 K
I REfE K OFER &I Lo, ZORER, My omEZEUIC®RIRT 5 2 & T, KIEREET
FOVENY) O LB & EVEIC IR T DR RNE D, —E O D BER RIS 1 4k T
¥ ARG UTE SRS R B - TR Y, FIEBEEMARE R R IZI WD T R TIiX 72V AEE
AR SN, F70, BHIRRICIEREEZEAT D L TRBEEMKOEARTIREL 2D L
TAEZ L, SR X O B ARG I IR AR ORI IR S RAF L T D RS D.

BEZCHER  [1] Jiang, C., et al., Hear Res, 2017. 347: p. 28-40; [2] Yanagawa, Y., et al., Hear Res, 2017.
351: p. 98-115; [3] Atick, J.J., Network-Computation in Neural Systems, 1991. 22(1-4): p. 4-44; [4] Zhao,
L. and L. Zhaoping, PLoS Comput Biol, 2011. 7(8): €1002123.
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EEMERBRICSTARMETILEBRIRILF—[RE
BRAEE L FEHER
Internal model and the free-energy principle in cultured neural networks:
electrophysiology and learning theory

BT Pk

Takuya Isomura
AL FTRR AR AR SEE  & —
takuya.isomura@riken.jp, https://sites.google.com/site/takuyaisomura/

I Z RN 70 Ul 20l L COAM R 23R Al REIC 72 DR 1T R 722 < BKRMEHTH 5, 1914
|\ZHelmholtz23E"E L 7= EE AR A HERR <0, 19904F1X 2 Dayan<°Hinton & 23 EE L 7= 2 5k O HERR
DM F2E 5 /L “Helmholtz machine” (2 X5 &, BIINEET LV HNRADOE A F I 7 X%
B L72MNET V) ZHWTHEGRZITH & SnTnd (NEBE T UGR) . Fristonl XM D EE
i CHHEZ X —FHE” L TIOBFX2REIE., EE) & S 0S5 s L TR0,
MRRIEENSC VT 7 AEA O b E B RV X —/MEOBLE N OFE—ICHH X 5 L &
BELTWD [1], L L., BEFOAY IR CIINEET LV OFEEBREOBLEIINEcCH Y | &
PR ERFEN H B VX —JFERICHE D IR CH D, £ 2 TARIFIE TR, BIERE
G727 v DRI E AR EMREIEME 2 VT, NEET VO EE 2 B L, K
DM REE LT, HERI IR AT A BARR L2 ERAE 5 & MRt R R 12 B RN
FIURNBR L7 5, ARSI OIS ZE N AT DERZIZH DB TG FIRE KRBT 5 X 91221k
THZEEBE L (74 MEFRDEE, 720583, Bimo TSl IcHRT xR
NX—ZR/MET D LISV T T ARMENR T H L TREDL I Lz L, HHT /L
X — RN EEEOMIRRIEEME O FE R L BEETHZ AR LT 2],

WIZ, EERAE R & OFEHED BT I 7St E 3 0T (ICA) o7 3 XA (28 H)) %
BI¥E L7z [3], REFEHANTI T —%2RTHEIODELE D HebbH| 2 i+ 5% L TWDH Z &
5. Fkx L Z & error-gated Hebbian rule (EGHR) & 4T 72, BEAFOICASE QI TR (o]
TR ER 2 ECTH Y AHFENIC Y TRV ERH LTS A, EGHRIZFEEED
PRI 2N o F T AFEREZ I L TV 50— VR ERO AL EHNTIITTEH720, 4
PR Th D, Fox ITEGHR DICAME DL E M 2 BPRFEATIC L 0 fgsd 2 L3z, AR
Wi FFEICH L THREANR MIICARRETH D Z L &R LT, FFIZ. MERTIEIZICAZ FAT
T 5 1= DIt S & 15 BIROBMNE U Th DML H D DIk L EHGRIZ 432 < O
AR HAVTE X . BRENIHMNICELT 256 THRKICHES CE 7=, X 5T, Friston®
EHRTL2HHZRAFX —OARZIEEINCHE Z &I12X Y EGHRA BHAEH TE 5 Z & &R
L7z, LA ED X S IZARWIZE TIE, B iR el M o2 RN | o rou X —FE L 55
HT lwERL, ERERLEOEHENSAERFZOICZY THY OB R LX—FEN I
P EH SN FEAEZRE L, D OERIT, MoOBERE L TOHBT RV —F
BOZYEZ RS RE LTV D,

2B 3R

[1] Friston KJ (2010) The Free-Energy Principle: a Unified Brain Theory?. Nat Rev Neurosci. 11(2):
127-138.

[2] Isomura T, Kotani K, Jimbo Y (2015) Cultured Cortical Neurons Can Perform Blind Source
Separation According to the Free-Energy Principle. PLoS Comput Biol. 11: ¢1004643.

[3] Isomura T, Toyoizumi T (2016) A Local Learning Rule for Independent Component Analysis. Sci
Rep. 6: 28073.
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A unified theory of motor learning: an importance of prospective error

R, SRR e, BRlE R’

Ken Takiyama', Masaya Hirashima? and Daichi Nozaki?
VHORUR LR RERE Lo iigele, EHomE i serins, Sl R8s A sEf
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T TR EEFEORTH R ES 2 EE L, HELERD 2 L TEES EEL TN, 2
D K9 70 EE) T ORI L CRL T OGBS TV D, 1. EEFR S OARITIE,
RS BRELOZAVITIHE IS 2 MRS & UIE 2 REF3 2 thiteBAE 23 B 4> > Tu> % (Smith, 2006,
PLoS Biol). 2. MEEN{ES DERIIANA Xk S TR Y | AR BB 2 SRRk
)8 (I8 5 (Kording, 2004, Nature), 3. S OMEMIC AT 2 EOMEL FE T 5
(Braun, 2009, Curr Biol), L7 L7223 5 | ARG 1 HD < FREHE T /L Tkl T & 2 HEUIGH2,
BIZESKETATITMMTET, WHRY THY ZNOLORFITMXT 2, T7bH, £<
O JEE) T E EBRORE R 2 — BT T & 2 HERAIHSH IR IR L2V (R D, AT
JeCIZIEH 7Y 7« 7 E T /L (Thoroughman, 2000, Nature)lZ #1722 — DD EEE M2 =TT
WVERET D, ITFOBREHEROME, BFETT LV TASNE LTHESHTWZBIED
TEEN RO AMER E ) (Gonzalez-Castro, 2011, PLoS Compt Biol)\Z 1z, FZEMI ST
RWR I BEIIS D THA D THI S EEFRZE, “Prospective error” (T X)), & /K<
EEFTEF O = o2 —a VERBF 5L L TWD Z & 23R S 372 (Popa, 2012, INs), Prospective
errorx AJJ&E LTHET 2 ET NV EZRELIEMAR, BRLET AV THIIN TV — 4L
W7o Dk 2 72815 1. short-term savings (Smith, 2006, PLoS Biol), 2. long-term savings (Zarahn,
2008, J Neurophysiol), 3. anterograde interference (Sing, 2009, PLoS Compt Biol), 4. spontaneous
recovery (Smith, 2006, PLoS Biol), 5. Bayesian adaptation (Burge, 2008, J Vision), 6. relevance of
error (Wei, 2008, J Neurophysiol), 7. structural learning (Braun, 2008, Curr Biol), ##£%E 7 /LI
M—BICHRTEDL Z L 2R LT, BMFETATIITRITE T, EET L TOLTHIT
EOEBMRPELWR ST, BEETNVOZAMITENEF A D, KETNLVDOHNHHOHE
& Prospective error 2MEB)FEIZE 2 DB LT FERICESEMREE L -, ZOME, EH)
FANTHILLT W A= FRIL S5 W7 A — IR CER R EEMEE L TV D
ZENRDbMNY, MBEETNAOTHINE LN L 2R L (X20), U EoHEHET 7 -
ITENFZBR OFE R IT [Prospective error] 2MEENFEICEBWTEHEREHIZR L TNWHZ L%
RIBLTWD, BIS, WEERRT AT 7 L7725 TWDBHER - EIER)ESE) S (Taylor et al.,
2014, INS) b £ 72, EET VIRV M —MICHPIITE L Z L 27T,

4 N

ést& Slow o BRETIL
Process  pLos Biol - Prospective error{k St

Result A

> ERNT B 55w

(Prospective error /N LY)

Result ¢ < B

Result B

Bayesian Structural ' 4 ‘
adaptation ; learning [E7/L| | ébqﬂuﬂ /)
Kording, 2004, SpLdll iy “ Braun, 2008 ; \r
Y ’ : . Curr Biol (Prospective error A Z L\
We"  A#B#C
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A theoretical consideration of the relation between computational model-
based analyses and conventional statistical analyses

Jr R ARER!
Knetaro Katahira'

4 B R R B A Fe R
katahira@lit.nagoya-u.ac.jp, https://sites.google.com/site/nagoyacbslab/

TEOERICH 5 DHBARSCHERE LTS LV TEBL, {THT— 2L FDET L
IRT A= HRET EEEHEE T D EM T T L — AT, DB, MR FEOITE)
TR a4 O Wy B CEERT AL R o0 d D, BILFEEETILL, XA XTI,
BHETANEZ THWOLNLINERNRET LV TH D, TDO—I5T, {1TENERECHRENE RS
AL L, ROiTEE TS50 2T ¢ v 7 BRSOR R e FE b ITE T —
ZIENTICBNTA THHEERREHZH > TS, ZNETIE, OO FEIIMSL L
HDOL L THbINDZENEoT-,

AGRFHTIX, 7 v FOBRPITENZHILFZEET VB Oa VAT ¢ v 7 Bl AW 7T
Z LIZHHIERI LARND, TS OFEOBRICOWTHRET 5, k58 %2 fvizt
TS — ARV TIEFE R, M EZE DT VDT A —Z B{TE & RS-, 8
RESTEBRBEON R 2T 5 ECEHEREE ZH 5, HigliirerIal—ra s
BLT, BEFEETNVDOERT A—EZRNED L ) ITENRIR O BRI AENE & BIfRT 5 T
DNWTHELET 5, BEMICIE, HAMOELFEET NV TIEE DBRBIKGFEN RN e ¥
AT 4w ZEFET NV EEMICR D L, BIO R EETAVOME L Z 2D
OIMEREEZD LT RD Z E2RT[2], £, THFEBAICHESNTWDET
NAR—=ZABE TR LT LT ) =L E] ONA T RETIUIZHDOWT S, MetET /v E
DORURIZOWVWTERB LN D, WEROETFNICHRS AN TE T —XIZ L VEET 5
T NERE LIZFHIZ OV THRBNT 53],

K& IpE 7 B0 AN BERE T NV EITENT — X OO HW D 5EANE, FIZE0ET IV
DARTE DZYHERR BN O G L 70D, £ 2T, X0 HEMAREEICIES BRI
FHENI RN END Z b H D, —H T, HERT T AL, RUEEYNC 72 SAURMBHER 72
AR RIE L 0 D7 RT A — 2 TF — 2 ORI E A EIRICER T2 TE, 5
WHETEHREE & TS E 21525 Z E N A[RE & 70 D, AR ClE, FHERTT /L & iz etT
TIVOBERR 72 BUR Z IS RET LB B L T Z &N, [TET — X OBFRICH HE
TEM BRI OV TIER 2 T2 ECHE R TR LD Z L 22T 5, ®EIL, TV
A— R EHT O FH R GRS R R S~ O3 AT REMECIR AU YWD T higim L72 0,

[1] Katahira, K., Yuki, S., & Okanoya, K. (2017). Model-based estimation of subjective values using
choice tasks with probabilistic feedback. Journal of Mathematical Psychology, 79, 29-43.

[2] Katahira, K. (2015). The relation between reinforcement learning parameters and the influence
of reinforcement history on choice behavior. Journal of Mathematical Psychology, 66, 59-69.

[3] Toyama, A., Katahira, K., & Ohira, H. (2017). A simple computational algorithm of model-based
choice preference. Cognitive, Affective, & Behavioral Neuroscience, in press.
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Modeling interaction between immune system and enterobacteria
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AE DFERE 7 - & SE T U X 7 OBAROERR
Modelling Obesity: Expolation of Obesity-Mortality Association
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Modelling Age-dependent Bone Formation and Resorption
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Modeling interaction between immune system and enterobacteria

VSN 1

Akane Hara', Yoh Iwasa’
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hara.akane32a@gmail.com

BN OIRESFOE CH L e hORERE . B MERNICEIET 2 IHENME &
X, AWICEELAE->TWA, T2& ZIXFEDOHBNMEN., 7 LvX—OHIZ b
STWDHIZ EDVRIBINTWND, 7 LV — T IEE 72 B 2 kt3 D50 PE R T D H3.
Z OBFISES 2 W 2 DMl & U CRIBEITETIR' 235 5, SEETHI X, FFE DO
WNHiE (7 e A NY DT LE) PEAT HEEER: EORBIEMIC L > THE I, &
SO X 9 72 REEWIIIGE ) DB - KRR E T O HIEETML 2 583 5%, —
T, HAEPETME OB X 2R ET S &L BET DIEPNME IS LT b X—THIFEIZ
L AGIERIENEZ 0 . IBRERIET D ZE03H DY MBI X EME T O 7
WLV RERISHHRND 72T TR, KiasE CORIEMETMREEIC LT LL
F—MHOHELR-TEEZOND,

TDXIMREREIGNMELENEDY H ) REW2DHE L LT %
% - BMERS ST T V) ZREE LT, REROHEET VT, Bx OITHZEICE
T D ARAETRIAE S B~V S—THEfE & TR 23 b3 2 R°% & &2, BN
12 X A HIEETHIE A~ Db 2 T 2R A M2 7=, E-ERMEEICRHT 2~ L
AN—THIRZ L D DR Z2E % 7,

BERET VO H ST LD &, XTI A= 2L ->T, () FITHHE?
T DY, (2) IBNME DS EOME CHEET 2846, (3) BPHIE 23 FER L 721k HE -
IEDE % & DARFEDIALH DL E THIHIEIZ L > THRRP R D56, O33N
bz, 2095 Q) DRWICEWTENME ST 2356 & —ERGFET 56
& Tk, 2REEM CHIBMETEOMEA K E S RS, LT LV —RIEDIREE &
) TRWERIZRIST D E&E2 615, (1), (2), Q)DREELZTHNTA—X
DEBRXEH LT L, 7 LIV —FIEZIRTET D BN & g iiha o 554 % fZ B
T 5,

1. Sakaguchi, S., Yamaguchi, T., Nomura, T., Ono, M., 2008. Regulatory T cells and
immune tolerance. Cell 133, 775-787, doi:10.1016/;.cell.2008.05.009.

2.  Furusawa, Y. et al. 2013. - Commensal microbe-derived butyrate induces the
differentiation of colonic regulatory T cells - 504, - 450.

3.  Arpaia, N. et al. 2013. Metabolites produced by commensal bacteria promote peripheral
regulatory T-cell generation. Nature 504, 451-5, doi:10.1038/naturel12726.

4. Nishio, J. et al. 2015. Requirement of full TCR repertoire for regulatory T cells to
maintain intestinal homeostasis. Proc Natl Acad Sci USA 112, 12770-5,
d0i:10.1073/pnas.1516617112.

5. Hara, A., Iwasa, Y., 2017. When is allergen immunotherapy effective? Journal of
Theoretical Biology 425, 23-42, do1:10.1016/;.jtb1.2017.04.030.
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JEGSAFZE CIlI il < MO B - B Y 27 OBMENER SN TE 72, HEx I BRI
33 % H T, Body Mass Index (BMI, kg/m*)I XA IA R & s FHES & 5 _BICHHINE S ez
O, I L LA b Tns, —F, BRDO ETOBMIOREAH W Db fiEfi s
NTE, BMBEEERBORIEY A7 E Y 27 OFRIKY L LTI ¢, ZEET
IXIRELC T ORI EbN S Z L 13b v Th 5, HlziE, HEAEKEBMI=18.5-25.0) &
D B R E(BMI=25.0-30.0)D ADIE ) MBI U 27 BNIRNZ ERbhoTW5D, ZTDOREEHIC
DWTIERZFEM DTN TWVD D, —DIiFE R GIERFR) ICBWTIEEKETH- T
H, WBEICHEWE TH > TEREBETHRENED Lz A E ., MEMICEEERE CHDI ARSI -
TWDHZEDRENTNDY, DFED | L0 IEREICIER &Y 27 234 5 72 Dicid, B
BT HREEZEET L ENLBETHL EEBE2 NS, KEOFMELE & DX LT
TIVEREL L, LV RTIZDDNDLDENRNT AR ERET LI ERKEBN TS D, £
F1XGrowth Mixiture Model *1Z & V) BMIDZ# % )49 5 Z & TBMIZE LY 27 O
&M 5,

1. Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths associated with
underweight, overweight, and obesity. Jama. 2005;293(15):1861-1867.

2. Stokes A, Preston SH. Revealing the burden of obesity using weight histories. Proc Natl
Acad Sci U S A. 2016;113(3):572-577.

3. Ram N, Grimm KJ. Growth Mixture Modeling: A Method for Identifying Differences in

Longitudinal Change Among Unobserved Groups. International journal of behavioral
development. 2009:;33(6):565-576.
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Masayuki Kakehashi'
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kakehashi@hiroshima-u.ac.jp

AHARNDORANZ L DT MO —EZ2T- 20 fiF (20154) TIX, —4FIK37 0 A0n
ATHELTWSD, Zut, BEEEE 1305 AN) D30%IEEEZ EDHTE Y, R TIE
MDABEINLE 2> TND, DAL T25E DOIRBRIEOMESR /I ERVEROFEFE L EE
THHIN, FHIZhEANDZ L —BEETHD, THIETIE. ZEREOREDL & O
WSS R N SHNCE D fLEN TS, LT, b9 —DODEEARGKOIEN, NAMD
5D, DAEFIINERLL, REICHELZGT 22 & T, DADNET LERITIREZ LA
LTESAELVAGFEREZEDLZLERDLNE LTS, FFICHATIX., DABZOZZRN
m@%Lﬁlk%@LfﬁW EMD . DAMZOZZ RN ESITEN I Y fhte BB i
»D— o&ﬁofwé

XWT“i%E% IORMNDHZEFEHAOLIICEZLNLTWD —FH T, NAKRD?
@ﬁﬂ IOWNWTIE, BMZBTTFIFE /NS, £, &iET AU A TIE, 40518
DM ﬁbfi HANARBZEHRT LV E T35 80N E LTS, 2

DZZEBL T, RUBEREHFRLZITHZ LR HARERZK ) ofEL KE<ERSND
Koo TE T,

DX P T, EOITITRIICE S BREORMZEE L ZZ DN T LT, M
PZIZONWTOANMEICET 2058 #Eﬁéﬂfmé Rz DAL, &b M. B2
TRRENTEDAVBE EMRZLUSNOEB TR D> TWD Z LNV LI BEDEFER
(BHDWITAEGFHM) 2T 22 LIckoTREND EEZBND, LML, HET SHIC
Wi TEEEIER X472 (RY)) Z2WUNCEETIMLEND D, (RENRAALT A
W U—REALNRAT A, LUV T ARLT A LI ar A TARDHD, J—RZA
DRAT AT, MZTRAINDIVDANIVEHTHLZ b, BXRARIN-NEE

LolWTAEFYRM AT 2 2 EBRMEIIRD, £, VT AN T AT, RURIZHIE
FTOLEMHEORALD S, $o <V LHIRT 2 EME DKW A DT 2 ’Cﬁ’)f))@*‘ixﬁz‘
(B2 el b > JI TS DTHERENDOIPADORE SOHMZEE L TLED) TLhb,

RN QY ®ﬁ@$%£%bt_k 72BNz EEEE LTS, 2, L
72 a N AT AT, M2EZ2TH5AN-bOFMMORE THEEICRKEELD ANEL
WRAICZENANEAEZOMBICR D AREEZIEHL TV D

AEDFEFTIE, ZNOHDNAAL T AZEE L THRAURD ®ﬁﬂwﬁﬁMﬁiétm®%ﬁﬁ
%%iﬁﬁﬁ%%»kbf%#&i& ERmP O TR ELEBB LT XV BEERET VIC
v, BARRZREIE LT, AR Té%ﬁh@?@ﬁﬁ 2SN T . LR A DB - 3
CROMDZ - #&ﬁ%@%%@xT kil EE Y L. DABRBZ oA CEYSmE
EETHNEOHFE) [ZHOWTHH LIz RICHOW TR~ 5,

IS EEZRFECERFRDO 1 >THY, Z<DOANOMIZEb-s TV, iz, %ZA%E<
LCHRATRHRLETZHLH Y, #EEMICEREE D Z bW, EETVICE D00 &
WUT, ok EL M FICHEST A2 2 HEELEW,

Be 2 (2012) EEGEMOBE GIRFI - KRB, HEREDEO L, W)

Tsunematsu M and Kakehashi M (2015) An Analysis of Mass Screening Strategies Using
a Mathematical Model: Comparison of Breast Cancer Screening in Japan and the
United States, Journal of Epidemiology 25: 162-171.
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Modelling Age-dependent Bone Formation and Resorption
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BHBRIEICBIT D EINTEN#EL 25 EERERN—STHY, FHAETIZ10005 ALLED
BABFEDHEH SN TWD Z D, EROmRILEER AT IS T 2 B S sl o 7=
OIZWATH D, BRI AR O 5 7208 & 12 L0 ARRE S HERF ST 5 23,
INEE OIE TR IE O E L, BEMERE R SEARERIZ L0 BRI ET 2 & 723
EEHHRIEEZRIET 5, BE, BHRIEOREELE UCTHMIEZ M S Mgz Em s 45
BEIENR—EONREEZ LT T a0, BRICEHRIENHIESNTND EiFWn 2200l
WTHD, 2o OFHEBITHT RGOS & &b, BEEX THT256 L IIHREM
WCREBZRSTHT Z ERERFICEETHD, TNETHRI A—T1E, B HRRE MR
DA T = AL THH9E2 B L., BEREBOHF -8R EE2 N L T 7= (PNAS, 2006;
Cell, 2008; Nat Med, 2011; PNAS, 201672 &) & DD, B DRI TR T IHIEMWNLICER T 5
HLOTIE o T2, BB CIIRREETOLERRICET2MAEANRR o TH D7D, KR
FIETHZFREICT DA N T T V—I3FE LN & BRBORIE THNE, TR -
TEHEDBRFE N IEFITHIFRF STV 5, R TlX, v 7 2% W TH N7 % Proof of Concept
StudylZ X W 2T A 7 a—ADOKAFEM TR Z 2 FEA s EEMIC TR LGB a5 A"
SN THRET B,

1. Negishi-Koga T, Shinohara M, Komatsu N, Bito H, Kodama T, Friedel RH, and
Takayanagi H. Suppression of bone formation by osteoclastic expression of semaphorin
4D. Nature Medicine, 17, 1473-1480, 2011.

2. Shinohara M, Koga T, Okamoto K, Sakaguchi S, Arai K, Yasuda H, Takai T, Kodama T,
Morio T, Geha RS, Kitamura D, Kurosaki T, Ellmeier W, and Takayanagi H. Tyrosine
Kinases Btk and Tec Regulate Osteoclast Differentiation by Linking RANK and ITAM
Signals. Cell, 132, 794-806, 2008.

3. Shinohara M, Terada Y, Iwamatsu A, Shinohara A, Mochizuki N, Higuchi M, Gotoh Y,
Thara S, Nagata S, Itoh H, Fukui Y, and Jessberger R. SWAP-70 is a
guanine-nucleotide-exchange factor that mediates signalling of membrane ruffling.
Nature, 416, 759-763, 2002.
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R S CRIUKR - TR - BERRER)  TREEOSUbELD < 7 v g LaE
1) )

i EY (EHEER - SO HERRFRERIEE > 2 — - HEEdR) TR
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AU REF LR LR, Fox B POERFEHRDIOER & L CE T oD, SUbEEIZ L - T,
& D HARDFEN D R R TS L2 @ e 7 iEH 2 . %o R oOEERIZERR ¢RET
5z kﬁf%ék%z%nfwéoik%ém#@%ﬁ%%@h%b%fkéﬂ bfsE
DL Z D 720I1i13FE (IHFHR=E) 681 - (o (FEE) 88 - AT EoFdRisEM
AN :XF%E%&OE%%%ﬂ mmuﬁ%éﬂfwézgﬂkéo%beME%m
MBI B RIEETH L0, FMBEBEEETCHEZD 95, Zo5HA, HFREEK=
A NTEGEL X9 &I EMBEERICANT TEET 2 OFEIELT LHBHETIER Y, £
T, i%@t@@i%ﬁ&#@m¢é®ik®;ok BThHLIPERRICT DD, &
RN T HET L TIZA ODAEERRAT—V5E 2 5, %1% VIR AR DO MER D 5 hﬁ
%xﬁ#é ECHEFE L, FB2HICiTA OF TR Lo TERSE L, B 3
AVE TIES L7 E R E O TBIEZ 1TV, %4@ LR HEAR AR AR 12 ﬁﬁf%ﬁ%%h#
5. ARO—A%Z 5 4 AT —VIZ }:“ODOE INEL 3 B AETE SRR S AL IZ 2 ETH D
MEFRNT LTz, SUBBIENE Z 5728 1%&%4%#Z%T%é@ _M%@@ﬁ%
HOATE R IE I i@k%ﬁfﬁwiﬁﬂwﬁi%l%k%4%%%0%$m%l
%@mkﬂbﬁé®%1@(ﬁéiﬁﬁ)%%% %4@(&Aﬁﬁ%)%%$ﬂiw%%
KL TCEDZEF I BHHH) ICEbLITHEERNPRATELINGTHDL, —F., HA4EIE
MFEE~OHEEY CII <, HHREANTHEDN TFOEFHEEREZA ESEDLAT—Y - 2D
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An Analogy and Application between Cumulative Cultural
Evolution and Economic Growth Theory

Kensuke ITO

Ph.D. student., Graduate School of Interdisciplinary Information Studies.,
The University of Tokyo.

knsk.3.ysmbtns@gmail.com, http://gcl-k-ito.tumblr.com/researches

In order to show the interdisciplinary possibilities of cultural evolution research, this presentation
introduces the author’s attempt for the application of economic growth theory to cumulative
cultural evolution. This is important because there are few existing studies investigating on
the issue even though both fields are sharing various concepts, such as macro-scale dynamics
resulting from micro-scale activities and the tendency of prediction or purpose-orientation.

This presentation specifically consists of two parts. First, by comparing model structure
of each theories, we clarify the advantage of this approach that it can trace the cumulative
path of cultural traits more dynamically while simplifying several major concepts on cultural
transmission and selection which have been discussed in previous researches. Then, we confirm
the outline of the author’s sample model. This model, despite strong simplifications, can derive
the following two main implications: (i) the amount of cultural stock converges to the steady-
state in almost all cases. (ii) only indirect policies would be effective to the amount of cultural
stock in the long run.
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Cumulative cultural evolution of scientific knowledge:
Behavioral laboratory experiments with human participants

PHEIEYTZ,  ZULEIES

Masanori Takezawa'!?, Masaki Suyama'-

Vb E R R SCAEIERE,  biE R B SR e o 2 —, SH AR LS
m.takezawa@let.hokudai.ac.jp

AL A EAGRR IS A RAVMEAR R O S siE s LTCERTH 51T, FRIT ARG oY T
LR OND, ERHERNSHRANEEESND T T, R REN BEAICEL L, [HAT
TRETE WL AULARET HH SR, 77200 bRt kix, B FEW I FEICEAR D
BBt EZ2onT0W5, R AM7ZEORULE BB I E TN ZENRTE200102 Z0/M
WIZXFT D RN 2RO L7202, TFE, ABOSMEEZRGRE LT, EBRENTHEIFM
BREMNCENL L WL BRT 2 HELT 2ITEERP LS IThbb Lok oTz, 29 L5
BRCIL. SINENES LT i-o8iin, sloshEicsEsnsg 2 &<, ot Exs
ENMEPAICHR SN D, £ LTEL OFERTIE, #iNAn s~ imESN LT
BRI L, MR E R DI EEERFETN AL SN TV Z 2R ENT WD, 7208,
2O LEFEROS L TE. HMEATHEY K USSR VB A ERTE S Rlio, &
DX D RBERINZ T, HEFRICHEHM L~ EF LT &) RBARREN NS T
72 (e.g., 1< F CTRSEIITHEDIERS . BEM A L 2 DRZROIER2 L), Zioxh L THx
X, BME N L EBREZB IR LN OB TIHRAD A D = X L% T 58 Z2 Bk L=,
Z LT, BERPEAARBA R MREZR T, BENICHELL 9 205 5 ZBRR 21
HL-, ZOMEIL, B AN ZNT T, EEE2 T2 ENEFICHNETH S =
ERMBNTND, EBRZEL T, HiOERBREE TEICON LR, HRFEIEEC
Ko TRERATEFERN 74N Z Y 7 E ., ELWERAIMENTWLS Z & T, Bgry ek
DNEFEANCENL L TS EFRB LN E o T,

43




s

v

10 H6H (&)
VERY YL 06 TALRILFROBIE 5 17:00-18:30

Seminar Room 1

Cultural Evolution in Archaeology: Reconstructing Cultural Dynamics in the Past

Kohei Tamura!

Frontier Research Institute for Interdisciplinary Sciences, Tohoku University, Japan

kohei.tamura@tohoku.ac.jp

Since the 1970s, scholars on cultural evolution have developed mathematical frameworks to describe
temporal changes in cultural diversity based on the framework of evolutionary biology. Using these
frameworks, recent studies on cultural evolution have attempted to infer the processes of cultural
transmission from empirical data on cultural dynamics ranging from decorative motifs on pottery to
baby names. Although there is a wide variety of cultural data, archaeological data can provide the most
direct access to cultural evolution in the past societies, allowing us to infer various aspects of the
nature of cultural transmission in humans, such as transmission biases and factors affecting patterns of
cultural changes. In fact, by adopting the concepts and methods of cultural evolution, a new branch of
archacology named “Evolutionary Archacology” emerged and have provided a better understanding of
cultural variation in archaeological data. Although evolutionary approaches in archaeology could have
various advantages, there remains several challenges and difficulties in this field including digitizing
data, constructing a database and how to deal with the nature of archaeological data. In this talk, I will
overview some recent attempts to overcome the above-mentioned issues in reconstructing cultural
evolution in the past. Examples include the development of a database and an application of geometric
morphometrics to cultural data.
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S7 Complexity at the intersection between ecology and
epidemiology

Organizer: Marko Jusup (Center of Mathematics for
Social Creativity, RIES Hokkaido University)

Purpose: Infectious pathogens and parasites cannot be studied in isolation of their
hosts because of complex mutual interactions at population and community levels.
Heretofore, population ecology yielded a plethora of models to study interactions at
the population level, but devising even a basic theory for the community level has
proven to be a much more difficult challenge. Recent advances in network science,
physiological energetics, and computational methods hold the promise of a new,
unifying way to understand the levels of biological organization---from individuals to
communities---with the potential for powerful applications in disease modeling. The
purpose of this symposium is to present some of the latest advances in this
research domain.

Speakers:
+ Yamir Moreno (University of Zaragoza, Spain) Modeling disease spreading in
complex networks (tentative)

+ Zhen Wang (Xi'an Polytechnical University, China) Statistical physics of
vaccination

* Yusuke Asai (Faculty of Social Medicine, Hokkaido University) Modeling
stochasticity in eco-epidemiological systems using random differential equations.

+ Nao Takashina (Okinawa Institute of Science and Technology) Spatially explicit
approach to derive various macroecological patterns of ecosystem
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Modeling disease spreading in complex networks

. 1,2
Yamir Moreno'?

'Institute for Biocomputation and Physics of Complex Systems (BIFI)
University of Zaragoza,
Edificio I + D, C/ Mariano Esquillor s/n
Campus Rio Ebro, Zaragoza 50018, Spain.
* Department of Theoretical Physics, Faculty of Sciences,
University of Zaragoza, Zaragoza 50009, Spain.
*Institute for Scientific Interchange, ISI Foundation, Turin, Italy

yamir.moreno@gmail.com, http://cosnet.bifi.es/~yamir

Modeling in a realistic manner disease spreading processes is a pressing challenge. In this talk, we
revise the latest advances in this area of research. We first revisit how to model disease contagion in
structured populations considering that the spreading process takes place on a single level (be it a
single population, a meta-population system or a network of contacts). Although these scenarios are
suited for a number of diseases, there are situations in which the interplay among the various scales
involved in the transmission of infectious diseases play a key role. To address the latter challenges, we
show that the recently developed framework of multilayer networks allows to study multi-scale
diseases, ranging from interacting diseases to new phenomena like disease localization. We discuss in
detail several recent works that have illustrated the importance of considering the multilayer nature of
many real systems, as their inherent interdependencies usually give raise to new phenomenology.
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Statistical physics of vaccination
Zhen Wang' and Yiling Wang?

'Northwestern Polytechnical University, Xi'an, China
“Shanxi Normal University, Linfen, China

nkzhenwang@l63.com

Historically, infectious diseases caused considerable damage to human societies, and they continue to
do so today. To help reduce their impact, mathematical models of disease transmission have been
studied to help understand disease dynamics and inform prevention strategies. Vaccination — one of the
most important preventive measures of modern times — is of great interest both theoretically and
empirically. And in contrast to traditional approaches, recent research increasingly explores the pivotal
implications of individual behavior and heterogeneous contact patterns in populations. Our report
reviews the developmental arc of theoretical epidemiology with emphasis on vaccination, as it led
from classical models assuming homogeneously mixing (mean-field) populations and ignoring human
behavior, to recent models that account for behavioral feedback and/or population spatial/social
structure. Many of the methods used originated in statistical physics, such as lattice and network
models, and their associated analytical frameworks. Similarly, the feedback loop between vaccinating
behavior and disease propagation forms a coupled nonlinear system with analogs in physics. We also
review the new paradigm of digital epidemiology, wherein sources of digital data such as online social
media are mined for high-resolution information on epidemiologically relevant individual behavior.
Armed with the tools and concepts of statistical physics, and further assisted by new sources of digital
data, models that capture nonlinear interactions between behavior and disease dynamics offer a novel
way of modeling real-world phenomena, and can help improve health outcomes. We conclude the
review by discussing open problems in the field and promising directions for future research.
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Modeling stochasticity in eco-epidemiological systems using
random differential equations

Yusuke Asai and Peter E. Kloeden

Graduate School of Medicine, Hokkaido University, Japan

Yusuke.asai@med.hokudai.ac.jp

Introduction:

Random ordinary differential equations (RODEs) are ordinary differential equations which have a
stochastic process in their vector field functions. RODEs have been used in a wide range of
applications such as biology, medicine, population dynamics and engineering and play an important
role in the theory of random dynamical systems, however, they have been long overshadowed by
stochastic differential equations (SDEs).

Background:

Gaussian noise is often assumed in modeling process by SDEs. On the other hand, we encounter many
applications in which such noise process is unrealistic because it is not bounded. In particular,
parameter values in biology and medicine are strictly positive/non-negative and models with
unbounded noise may lead undesirable results such as negative values or excessively large values.
Various kinds of noise processes can be implemented in RODEs and modeling approach by RODEs
and the corresponding numerical methods are introduced in this talk.

Method:

Both of RODEs and SDEs are applied to an epidemiological/biological system and their modeling
methods are compared. The numerical methods for RODEs are also introduced and numerical
simulation by both RODE and SDE models as well as several noise processes appeared in the models
is presented.

Results and Discussion:

In general, we cannot include all possible factors in the models, moreover, biological and medical data
cannot be obtained from ethical reasons. In those cases, we need to add noise and uncertain effects in
the models. Until now, SDEs are mainly used to build models with noise, however, we confirmed that
RODEs can be an alternative method to handle such uncertainty through this experimental study.
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Spatially explicit approach to derive various macroecological
patterns of ecosystem

Nao Takashina
Okinawa Institute of Science and Technology Graduate School, Japan

nao.takashina@gmail.com

Macroecological patterns, such as the species area relationship (SAR) and endemic area rela-
tionship (EAR), of ecosystems have been widely studied. These relationships are important not
only for understanding ecosystem structures but also for conservation practices. For the lat-
ter, using a spatially explicit model provides a greater benefit to ecosystem management since
conservationists are generally interested in “where” to put conservation/management effort. To
meet this motivation, we developed a spatially explicit ecological-community model using a
geometric approach combined with point processes. In the model, community patterns are de-
rived based on geometric distributions of each species and its individuals. From this model, the
well-documented tri-phasic curve in SAR can be recovered with random or clustering individual
patterns, suggesting a strong generality in ecosystems. We also show that EAR curves can be
derived by a rather simple manner. The model we developed has the potential to play a central
role in conservation practice.
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S8 Lyapunov functional methods and its applications

Organizers : Yoichi Enatsu (Tokyo University of Science), Toshikazu Kuniya (Kobe University)

TtERE : B4BORENE (Fin. 4R, UEKRE) 2ZE TS LTHRNELRIBELBRREETIVE, RO FE
X PBEHDPHER, BRIV —TOEHIPFERX G ETRE SN, BREEORIECERE LR TETFTERORTE LRI
ICI3RERBEED > TUO . LA LIEEL, McCluskey (2010) 22 FHE T3S < DHFRICE Y. SFEEHROKIHNFHE
REMZART 200U v 7/ TRBOFESREL., LV REAEESCBRLEETIVOBRANTEELEo7/z, F
B ROUADBER, Vv T/ 7BBOFEITEELEMAEIC., ChETORBRREPRBREBECSEOMRDOE

LETHEEE. TOMRES VRSV ADSNERARTHRET DL TH S,

Abstract : Structured epidemic models, which are suitable for considering the heterogeneity of each
individual (age, sex and position etc.), are usually written by partial differential equations, delay differential
equations and multi-group ordinary differential equations, and the stability analysis of their equilibria
representing the eradication or persistence of infectious disease had been difficult. However, recently, by
virtue of many studies typified by McCluskey (2010), the Lyapunov functional methods for the global
stability analysis of each equilibrium have been developed, and more variety of structured epidemic models
have been able to be analyzed. The purpose of this symposium is to share the knowledge about the

previous results, open problems and future works on the Lyapunov functional method.

Speakers:
1. Connell McCluskey (Wilfrid Laurier University)

Global dynamics for disease models that include immigration

2. Jinliang Wang (Heilongjiang University)
Mathematical analysis for a multi-group SEIR epidemic model

with age-dependent relapse

3. Kei Fushimi (Tokyo University of Science)

Global stability of an SEIS epidemic model with delays

4. Hongying Shu (Tongji University)

Viral infection dynamics: a global analysis
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Global dynamics for disease models that include immigration

Connell McCluskey
Wilfrid Laurier University, Waterloo, Canada

ccmcc8@gmail.com,
www.wlu.ca/academics/faculties/faculty-of-science/faculty-profiles/connell-mccluskey/index.html

Many disease transmission models exhibit a threshold behaviour based on the basic reproduction
number Ry.

o If Ry < 1, then there is a globally asymptotically stable disease-free equilibrium.
e If Ry > 1, then there is a globally asymptotically stable endemic equilibrium.

This phenomenon has been shown for many individual models that are based on ODEs as well
as systems with delay, age-structure and diffusion. A necessary condition for this phenomenon
to occur is that there is a disease-free equilibrium.

However, if a system includes immigration of infected individuals, then there is no disease-
free equilibrium, and therefore the basic reproduction number Ry does not exist. Let the level
of immigration of infected individuals be given by W. Then W = 0 is the case where there is
only immigration of healthy people. It is interesting to consider what happens as W increases
from 0. Two issues arise.

e How does the size of Ry affect the movement of the disease-free equilibrium as W increases
from 07 Does it move into the positive orthant or away from the positive orthant?

e How is the calculation that the endemic equilibrium was globally asymptotically stable
affected by W increasing from 07

Models that include immigration of infected individuals are important due to the high level
of contact between different cities, regions and countries in today’s world. Local eradication of
a disease does not lead to permanent eradication due to modern levels of travel.
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Mathematical analysis for a multi-group SEIR epidemic model
with age-dependent relapse

Jinliang Wang!, Min Guo' and Toshikazu Kuniya?

L School of Mathematical Science, Heilongjiang University, Harbin 150080, P.R. China
2 Graduate School of System Informatics, Kobe University, 1-1 Rokkodai-cho, Nada-ku, Kobe
657-8501, Japan

jinliangwang@hlju.edu.cn

We consider a multi-group SEIR epidemic model in which recovered population relapse
back to infectives depending on the time elapsed since the recovery. This leads to a hybrid
system for which we can determine the basic reproduction number Rg by the spectral radius
of the next generation matrix and prove the threshold behaviours. The key idea to prove the
global asymptotic stability of each equilibrium is the usage of the graph-theoretic approach to
construct suitable Lyapunov functionals. The necessary arguments, including the existence
of an endemic equilibrium, the asymptotic smoothness of the semi-flow, the uniform persistence
of the system and the existence of a global attractor are also addressed.
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Kei Fushimi'*, Yoichi Enatsu? and Emiko Ishiwata?

L Graduate School of Science, Tokyo University of Science, Japan
2 Department of Applied Mathematics, Tokyo University of Science, Japan

1416616Qed.tus.ac. jp

SEIS model is a compartmental model describing the flow that susceptible individuals become
infected after being exposed, and infected individuals recover without immunity. In this talk,
we consider the dynamics of the model with delay denoting an incubation time.

In [1, 2], global stability of equilibria is investigated by constructing suitable Lyapunov
functionals. To be specific, they mention that the desease-free equilibrium Ej is globally asymp-
totically stable if Ryp < 1, and the endemic equilibrium E* is global asymptotically stable if
Ry > 1, where Ry is the basic reproductive ratio.

However, in the proof of global stability of Ey, an additional condition is required to construct
Lyapunov functional under the condition that Ry <1 in [2]. We prove stability of Ey under an
another condition by constructing a new Lyapunov functional. Moreover, combining with the
result in [2, Theorem 2.2], we claim that any conditions are not necessary under Ry < 1 to prove
global asymptotical stability of Ej.

On the other hand, there are also some studies of discrete model (see, e.g., [3]). However,
there are few results for difference scheme preserving stability of equilibria for the continuous-
time model with delays. In this talk, we propose a discrete model that has the same equilibria as
the continuous SEIS model with distributed delays. We then prove the stability of the equilibria
using a discrete analogue of the Lyapunov functional.

References

[1] C.C. McCluskey, Complete global stability for an SIR epidemic model with delay-
Distributed or discrete, Nonlinear Analysis: Real World Applications 11 (2010) 55-59.

[2] C. Paulhus, X.S. Wang, Global stability analysis of a delayed susceptible-infected-
susceptible epidemic model, Journal of Biological Dynamics 9 (2015) 45-50.

[3] Y. Enatsu, Y. Nakata, Y. Muroya, Global stability for a class of discrete SIR epidemic
models, Mathematical Biosciences and Engineering 7 (2010) 347-361.
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Viral infection dynamics: a global analysis

Hongying Shu!, Yuming Chen? and Lin Wang?

L Department of Mathematics, Tongji University, China
2 Department of Mathematics, Wilfrid Laurier University, Canada
3 Department of Mathematics and Statistics, University of New Brunswick, Canada

hshu@tongji.edu.cn

Virus can disseminate between uninfected target cells via two modes, namely, the diffusion-
limited cell-free viral spread and the direct cell-to-cell transfer using virological synapses. To
examine how these two viral infection modes impact the viral dynamics, in this talk, we propose
and analyze a general viral infection model that incorporates these two viral infection modes.
It is shown that the numbers of secondly infected cells through the cell-free infection mode
and the cell-to-cell infection mode both contribute to the basic reproduction number. Under
some reasonable assumptions, the model exhibits a global threshold dynamics: the infection is
cleared out if the basic reproduction number is less than one and the infection persists if the
basic production number is larger than one. When the underlying assumptions are not satisfied,
oscillations via global Hopf bifurcation can be observed. Two-parameter bifurcation analyses are
carried out to explore the joint impacts on viral dynamics for the interplay between nonlinear
target-cell dynamics and intracellular delays and between the two infection modes.
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morishita@cdb.riken. jp

Quantifying global tissue deformation pattern is essential for understanding how organ-specific
morphologies are generated during development and regeneration. However, due to the difficulty in total
cell recoding for many vertebrate organs, little is known about their deformation dynamics. Against this
background, in our previous study, we proposed a statistical method to precisely reconstruct global
deformation patterns from positional data of only 1-10% labeled cells in the whole tissue with limited
resolutions [1,2]. We applied the method to data from chick hindlimb development and quantitatively
showed that the globally-aligned deformation anisotropy of local tissue pieces, not spatially-biased volume
growth through cell proliferation, has the greatest impact on limb shaping [3,4]. Here, we would like to ask
to what extent the pattern of physical tissue deformation observed in a specific species, i.e. chick limb
development, is similar to or different from the patterns of different species; in other words, how much
morphogenetic mechanisms (in particular at the tissue level) of homologous organs are conserved between
species? To approach to this issue, in this study, combining both the statistical method proposed previously
and recently-established technique for local gene induction by IR-LEGO system [5,6], we performed
quantitative analysis of tissue deformation dynamics for Xenopus laevis limb development. As a result, it
was shown that the global patterns of tissue growth and anisotropic tissue stretch/shrinkage were similar to
those in the chick case. We would also like to discuss how to measure the similarity from a theoretical
standpoint.

[1] Y. Morishita and T. Suzuki, “Bayesian inference of whole-organ deformation dynamics from limited
space-time point data”, J. Theor. Biol., 357: 74-85 (2014).

[2] Y. Morishita, K-I. Hironaka, S-W. Lee, T. Jin, and D. Ohtsuka, “Reconstructing 3D deformation
dynamics for curved epithelial sheet morphogenesis from positional data of sparsely-labeled cells”, Nat.
Commun., 8, 15 DOI: 10.1038/541467-017-00023-7 (2017).

[3] Y. Morishita, A. Kuroiwa, and T.Suzuki, “Quantitative analysis oftissue deformation dynamics reveals
three characteristic growth modes and globally-aligned anisotropic tissue deformation during chick
limb development”, Development , 142: 1672-1683 (2015)

[4] T. Suzuki and Y. Morishita, “A quantitative approach to understanding vertebrate limb morphogenesis
at the macroscopic tissue level”, Curr. Opin. Genet. Dev., 45: 108-114 (2017)

[5] A. Kawasumi-Kita, T. Hayashi, T. Kobayashi, C. Nagayama, S. Hayashi, Y. Kamei, Y. Morishita, T.
Takeuchi, K. Tamura, and H. Yokoyama, “Application of local gene induction by infrared
laser-mediated microscope and temperature stimulator to amphibian regeneration study”, Dev. Growth.
Differ., 57: 601-613 (2015)

[6] Y. Kamei et al., “Infrared laser—mediated gene induction in targeted single cells in vivo”, Nat. Methods,
6: 79-81 (2009)
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Distinct intracellular Ca>* dynamics regulate apical constriction and
differentially contribute to neural tube closure
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LUV TOMIKECTHY ., 77 FI AT OIERIIEGFT A2 Z EnmboN TS, L LI
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R HEATICHETH Y . Ca¥’ B v —R-GECOZ AW\ T=T A T I A A—2 0 TR NS Z D
BHEENTERICET L TWA Z ERH LN R o7, F7-E R EGIENT & A0 73
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D, MM Ca A TEIRSIHE OIEHER 7 Th 5 2 &, £ L TEELE DN Z — K FEL
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[1] Suzuki et al., Dev. Growth Differ., 54, 266-276, 2012.
[2] Suzuki et al., Development, 144, 1307-1316, 2017.
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Reconstruction of state space and its applications to point process data
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[1] N. H. Packard, J. P. Crutchfield, J. D. Farmer, and R. S. Shaw, Phys. Rev. Lett. 45, 712 (1980)
[2] F. Takens, Lect. Notes Math. 898, 366 (1981)

[3] T. Sauer, J. A. Yorke, and M. Casdagli, J. Stat. Phys. 65, 579 (1991)

[4] T. Sauer, Phys. Rev. Lett. 72, 3811 (1994)

[5]J. P. Huke and D. S. Broomhead, Nonlinearity 20, 2205 (2007)

[6] Y. Hirata and K. Aihara, J. Neurosci. Methods 183, 277 (2009)

[7]1 S. Suzuki, Y. Hiarta, and K. Aihara, Int. J. Bifurcat. Chaos 20, 3699 (2010)

[8] K. Iwayama, Y. Hirata, and K. Aihara, Phys. Lett. A 381, 257 (2017)

[9]Y. Hirata and K. Aihara, Physica A 391, 760 (2012)

[10] Y. Hirata, E. J. Lang, and K. Aihara, In d. N. Kasabov, Springer Handbook of
Bio-/Neuroinformatics, e, pp. 735-744, 2014.

[11] Y. Hirata, K. Iwayama, and K. Aihara, Phys. Rev. E 94, 042217 (2016)
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Modeling of oscillatory event in the movement of invertebrate animals

iWﬁ%“ fp KR!, R AR T
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[1] S. Fujie, H. Aonuma, I. Ito, A. Gelperin, and E. Ito, "The nitric oxide/cyclic GMP pathway in
the olfactory processing system of the terrestrial slug Limax marginatus," (in eng), Zoolog Sci,
vol. 19, no. 1, pp. 15-26, Jan 2002.

[2] T. Funato, D. Kurabayashi, M. Nara, and H. Aonuma, "Switching mechanism of sensor-motor
coordination through an oscillator network model," (in eng), IEEE Trans Syst Man Cybern B
Cybern, vol. 38, no. 3, pp. 764-70, Jun 2008.

[3] T. Funato, M. Nara, D. Kurabayashi, M. Ashikaga, and H. Aonuma, "A model for group-size-
dependent behaviour decisions in insects using an oscillator network," (in eng), J Exp Biol,
Research Support, Non-U.S. Gov't vol. 214, no. Pt 14, pp. 2426-34, Jul 15 2011.
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Hybrid dynamical systems and cellular systems analysis
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AMFZEiE M E 7+ (Imperial College London) & OIL[FEIFFETH Y . F7-JSPSEHF
#1THO5994D Bk & =2 1T 7= DT,

[1] A. Ideta, G. Tanaka, T. Takeuchi, and K. Aihara, , Journal of Nonlinear Science, vol.
18, no. 6, pp. 593-614 (2008)

[2] G. Tanaka, Y. Hirata, N. Bruchovsky, S. Goldenberg, and K. Aihara, Philosophical
Transactions of the Royal Society A, vol. 368, pp. 5029-5044 (2010)

[3] G. Tanaka and K. Aihara, Journal of Theoretical Biology, vol. 317, pp. 87-95 (2013)

[4] K. Inoue, H. Shinohara, M. Behar, N. Yumoto, G. Tanaka, A. Hoffmann, K. Aihara,

and M. Okada-Hatakeyama, npj Systems Biology and Applications, vol. 2, article no. 16024
(2016)

[5] G. Tanaka, K. Tsumoto, S. Tsuji, and K. Aihara, Physica D, vol. 237, pp. 2616-2627
(2008)

[6] G. Tanaka, S. Tsuji, and K. Aihara, Physics Letters A, vol. 373, no. 35, pp. 3134-3139
(2009)

[7] R. J. Tanaka, M. Ono, H. A. Harrington, PLoS one, vol. 6, no. 5, 19895 (2011)

[8] Elisa Dominguez-Hiittinger et al., Journal of Allergy and Clinical Immunology,
vol. 139, Issue 6, pp. 1861-1872 (2017)
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[1] 75 E)A etal. FEMBRIENTA K742, BEEFE:121(7), 1339—1388, 2011.
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YWPI-AIMR, Tohoku University, Japan
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Topological data analysis (TDA) provides data analysis methods using the idea of topology.
TDA characterizes data from a viewpoint of geometry. In this talk, I will focus on Persistent
homology (PH), which is an important tool for TDA, and it can summarize the shape of your
data effectively and quantitatively.

PH is based on the homology, and it characterize the shape and size of connected components,
holes(rings), voids(cavities) in the form of persistence diagrams. PH is applicable for various
kinds of geometric data such as point clouds and digital images (Fig. 1). In recent years
theoretical and computational researches for PH are active, and some applications appear such
as:

e Material sciences

— Amorphous solids
— Crazing process of glassy polymers

— Granular crystallization
e Mathematical Biology

— Viral evolution
e Informatics

— Sensor network

In this talk, I will introduce the mathematics, some applications, and computation software
of PH.

Point cloud

s Persistence
“"” diagrams |~

/
)%
H e

b %
e

A
Digital image

Figure 1: Persistence diagrams
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The dynamics of waves in excitable media

Hirokazu Ninomiya!

1School of Interdisciplinary Mathematical Sciences, Meiji University,
4-21-1 Nakano, Nakano-ku, Tokyo 164-8525, Japan

hirokazu.ninomiya@gmail.com, http://home.mims.meiji.ac.jp/~ninomiya/index-en.html

Pattern formation of reaction-diffusion system has been of interest for many years (see [1,2] and
references therein). Many interesting phenomena have been observed experimentally and numerically.
However, it is difficult to handle the dynamics of these phenomena mathematical rigorously. To
overcome this difficulty, we introduce a simple model of excitable system based on a free boundary
problem [3,4]. In this talk, I will explain the dynamics of solutions of this model. Especially, I will
characterize the dynamics in one dimensional case. Then I will explain the existence of traveling
waves in two dimensional excitable media (cf. [5]) and discuss the role of obstacles in the excitable
media. One of the roles of obstacles is spontaneous spiral formation depending on the geometry of
obstacle.

[1] J.J. Tyson and J.P. Keener: Singular perturbation theory of traveling waves in
excitable media (a review), Physica D 32 (1988), pp. 327 - 361.

[2] J.P. Keener and J.J. Tyson: Spiral waves in the Belousov-Zhabotinskii reaction,
Physica D 21 (1986), pp. 307 - 324.

[3] Y.-Y. Chen, Y. Kohsaka and H. Ninomiya: Traveling spots and traveling fingers in
singular limit problems of reaction-diffusion systems, Discrete and continuous
dynamical systems. Ser. B 19, Number 3 (2014), pp. 697 - 714

[4] H. Ninomiya and C.-H. Wu: Traveling curved waves in two dimensional excitable
media, SIAM J. Mathematical Analysis, Vol. 49, No. 2, (2017) pp. 777 - 817

[6] X.F. Chen and C. Gao: Well-posedness of a free boundary problem in the limit of
slow-diffusion fast-reaction systems. J. Partial Differ. Equ 19 (2006), pp. 48 - 79.
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Grzegorz Karch
Institute of Mathematics, University of Wroclaw, Poland

grzegorz.karchQuwr.edu.pl, http://www.math.uni.wroc.pl/~karch

Mathematical models of pattern formation arising in processes described by a system of a single
reaction-diffusion equation coupled with ordinary differential equations will be discussed. In such
models, a certain natural (autocatalysis) property of the system leads to the instability of all
inhomogeneous stationary solutions. In this talk, I will also explain that space inhomogeneous
solutions of these models become unbounded in either finite or infinite time, even if space
homogeneous solutions are bounded uniformly in time. These are results obtained jointly with
Anna Marciniak-Czochra from Heidelberg University and Kanako Suzuki from Ibaraki University.

e A. Marciniak-Czochra, G. Karch, K. Suzuki, Instability of Turing patterns in reaction-
diffusion-ODE systems. J. Math. Biol. 74 (2017), no. 3, 583-618.

e A. Marciniak-Czochra, G. Karch, K. Suzuki, J. Zienkiewicz, Diffusion-driven blowup of
nonnegative solutions to reaction-diffusion-ODE systems. Differential Integral Equations
29 (2016), no. 7-8, 715-730.

e A. Marciniak-Czochra, G. Karch, K. Suzuki, Unstable patterns in reaction-diffusion model
of early carcinogenesis. J. Math. Pures Appl. (9) 99 (2013), no. 5, 509-543.
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S11 Modeling studies about viral infection
dynamics within host

Organizer: Yusuke Kakizoe(Kyushu University)

Purpose of symposium: Since time course of viral infection is non-linear
phenomenon and varies drastically, it is difficult to analyze and understand.
Using mathematical model, we can estimate the pathogenecity of viruses,
evaluating the efficacy of anti-viral drugs, etc. In this symposium, we will
present recent modeling studies and combination studies of viral infection
experiments and mathematical model about HIV, Hepatitis C Virus (HCV),
and Hepatitis B Virus (HBV).

Speakers
1. Yusuke Kakizoe, Kyushu University, Japan

Intracellular dynamics of Hepatitis B Virus infection

2. Yoshiki Koizumi, Kanazawa University, Japan
The mechanism of mysterious cure with detectable HCV RNA at the end

of treatment

3. Kosaku Kitagawa, Kyushu University, Japan
A multiscale model of HCV infection can be reduced to ODE

4. Catherine Beauchemine, Ryerson University, Canada

Quantifying the relative contribution of free virus and cell-to-cell
transmission routes to the propagation of hepatitis C virus infections in vitro

5. Jun Nakabayashi, Yokohama City University, Japan
Position effect of the integration site of HIV provirus for the intracellular replication

dynamics
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Intracellular dynamics of Hepatitis B Virus (HBV) infection

Yusuke Kakizoe', Masashi Iwamoto®, Koichi Watashi?, Shingo [wami’™*

Systems Life Sciences, Graduate School of Kyushu University, Japan
*Department of Virology II, National Institute of Infectious Diseases
3Department of Biology, F ucully of Scicene, Kyushu University, Japan
*JST PRESTO

yusuke.purple5@gmail.com, http://bio-mathl0.biology.kyushu-u.ac.jp

Heptitis B virus (HBV) is widespread ifectious disease, majour cause of
hepatocellular carcinoma. So far, it is reported that over 240 million people are
chronic infected all over the world'. As many researchers efforts, effective
vaccine and some drugs against HBV has been available. Using these treatment,
viral load can be decreased under detection limit. However, it is known that if
we stop taking these drugs, the viral load goes up again. This is because
reservoirs exist in infected cells and replicate progeny viruses contmuously The
reservoir is thoghted that closed covertly circular DNA (cchNA) It is already
known that cccDNA is a trascription template for virus, remaining in infected
cells and produce HBV RNA. Therefore it is essential to eradicate cccDNA in
order to cure HBV infection.

To solve this problem, researchers investigated the viral replication process of
HBV and how to clear them™” . Although these studies gave us important insight
into HBV replication system it is poorly understood that the replication
dynamics of HBV, especially about the dynamics of cccDNA.

In this study, we conducted a viral infection experiment to quantify time course
of HBV infection. Specifically, we measured the time course of intracellular
HBV DNA and cccDNA in infected cells. Besides, we constructed a
mathematical model to capture this intracellular replication dynamics, and
analyzed the time course of HBV infection. This results gave us quantitative
understanding about viral dynamics such as half life of cccDNA and other
important features of HBV.

Rferences

1. Trépo, C., Chan, H. & Lok, A. Hepatitis B virus infection. Lancet 384,
2053- 2063 (2014).

2. Newbold, JE, Xin, H, Tencza, M& Sherman, G. The covalently closed
duplex form of the hepadnavirus genome exists in situ as a heterogeneous
population of viral minichromosomes. Journal of Virology (1995).

3. Revill, P. & Locarnini, S. Antiviral strategies to eliminate hepatitis
B virus covalently closed circular DNA (ccecDNA). Curr Opin Pharmacol 30,
144- 150 (2016).

4, Lucifora, J. & Protzer, U. Attacking hepatitis B virus cccDNA - The
holy grail to hepatitis B cure. J Hepatol 64, S41- S48 (2016).

67




100H7H (£)

SRS Y A ST Modeling studies about viral infection dynamics within 14:00-15:30

host Lecture Hall

The mechanism of mysterious cure with detectable HCV RNA at
the end of treatment

Yoshiki Koizumi', Alan S Perelson” and Shingo Iwami’

LSchool of Medicine, College of Medical, Pharmaceutical and Health Sciences, Kanazawa University,
Japan
*Theoretical Biology and Biophysics Group, Los Alamos National Laboratory, the United States of
America
*Department of Biology, Faculty of Sciences, Kyushu University, Japan

koizumi.yoshi@gmail.com

The development of direct-acting antiviral agent (DAAs) has led to the cure of hepatitis C virus
(HCV) infection, and combing double or triple DAAs become the gold standard for the treatment of
HCV. Although most of patients’ viral RNA in blood goes below the limit of detection at the end of
DAAs treatment (EOT), there are still some patients who have a detectable viral RNA at EOT and
never experience viral rebound after the treatment stops''. To explain this mysterious cure with
detectable HCV RNA at EOT, we apply the basic mathematical model of virus dynamics with
mutations. In this talk, we will discuss the possiblity of the detectable HCV RNA at EOT coming from
mutated virus with low fitness.

References
[1] Sidharthan, S. et al. “Utility of Hepatitis C Viral Load Monitoring on Direct-Acting
Antiviral Therapy.” Clinical Infectious Diseases 60.12 (2015): 1743-1751.
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A multiscale model of HCV infection can be reduced to ODE

Kousaku Kitagawal, Shinji Nakaoka®, Yusuke Asai’, Shingo Iwami™*

IGraduate School of Systems Life Sciences, Kyushu University, Japan.
2PRESTO, Japan Science and Technology Agency, Japan.
3Department of Hygiene, Graduate school of Medicine, Hokkaido University, Japan.
4Department of Biology, Faculty of Sciences, Kyushu University, Japan.

Hepatitis C Virus (HCV) infection is a world-wide health problem and the
antiviral therapy is improving day by day. Mathematical model is used to
analyze the effectiveness of antiviral treatment by describing virus infection
dynamics. In the basic model, virus infection can be described as some ordinary
differential equations (ODE). And more, multiscale model is improved from the
basic model by introducing the age of infected cells and considering HCV RNA
dynamics in infected cells. Then the multiscale model involves partial differential
equations (PDE). PDE model is usually more difficult to analyze than ODE model.
So we should transform the PDE to easier form. Then we considered to transform
the PDE to ODE.
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Quantifying the relative contribution of free virus and
cell-to-cell transmission routes to the propagation
of hepatitis C virus infections in vitro

Kenneth Blahutl, Jordan J. Feldz, Shingo [wami’ ’4, and Catherine A.A. Beauchemin'”

'Department of Physics, Ryerson University, Toronto, Canada
*Toronto Centre for Liver Disease, University Health Network, Sandra Rotman Centre for Global
Health, University of Toronto, Canada
3Department of Biology, Kyushu University, Japan
‘CREST and PRESTO, Japan Science and Technology Agency (JST), Saitama, Japan
’Interdisciplinary Theoretical and Mathematical Sciences (iTHES/iTHEMS) research group, RIKEN,
Japan

cbeaulryerson.ca, http://phymbie.physics.ryerson.ca/~cbeau/

Experiments have shown that hepatitis C virus (HCV) infections in vitro disseminate both distally via
the release and diffusion of cell-free virus through the medium, and locally via direct, cell-to-cell
transmission. To determine the relative contribution of each mode of infection to HCV dissemination,
we developed an agent-based model (ABM) that explicitly incorporates both distal and local modes of
infection. The ABM tracks the concentration of extracellular infectious virus in the supernatant and
the number of intracellular HCV RNA segments within each infected cell over the course of simulated
in vitro HCV infections. Experimental data for in vitro HCV infections conducted in the presence and
absence of free-virus neutralizing antibodies was used to validate the ABM and constrain the value of
its parameters. We found that direct, cell-to-cell infection accounts for 99% (93%-100%, 95% credible
region) of infection events, making it the dominant mode of HCV dissemination in vitro. Yet, when
infection via the free-virus route is blocked, a 57% reduction in the number of infection events at 72 h
post-infection is observed experimentally; a result consistent with that found by our ABM. Taken
together, these findings suggest that while HCV spread via cell-free virus contributes little to the total
number of infection events in vitro, it plays a critical role in enhancing cell-to-cell HCV dissemination
by providing access to distant, uninfected areas, away from the already established large infection foci.
This finding could have important implications for the efficacy of antiviral therapy, especially if the
mode of HCV dissemination in vitro differs significantly from that in vitro.
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Position effect of the integration site of HIV provirus for the
intracellular replication dynamics.

Jun Nakabayashi'

'Bioinformatics Laboratory, Advanced Medical Research Center, Yokohama City University,
Japan

nakabaya@yokohama-cu.ac.jp

The genome of retroviruses, including human immunodeficiency virus (HIV), is
inserted into the host chromatin. The integration site of HIV is frequently observed in
gene-dense regions and within transcriptionally active genes. Recently, both the chromosomal
locations and the transcriptional activities of thousands of individual proviruses simultaneously
addressed by using DNA barcoding technology [1]. Infectious pseudotype particles of HIV
with unique barcode of 20 nt in their genomes infect into Jurkat cells. The integration sites of
HIV proviruses are determined and their expressions are tracked. As a result, it is confirmed
that the provirus is sensitive to position effects.

I construct a mathematical model describing the intracellular replication process of
HIV based on the molecular biological findings. The relationship between viral gene product
and the expression level of viral gene is investigated by using this model. The distribution of
the gene expression level depending on the integration site favored by HIV is evaluated by an
evolutionary simulation. The evolutional scenario of HIV integration is presumed from the
comparison between the expression profile of genes near by the integration sites observed in
Jurkat cells and sample paths of the gene expression pattern from integrated HIV provirus

obtained from an evolutionary simulation.

Reference

Position effects influence HIV latency reversal.

Chen HC, Martinez JP, Zorita E, Meyerhans A, Filion GdJ.
Nat Struct Mol Biol. 2017 Jan;24(1):47-54.
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PDE methods for two-dimensional neural fields

Carlo R. Laing?

nstitute of Natural and Mathematical Sciences, Massey University, Private Bag 102-904
North Shore Mail Centre, Auckland, New Zealand

c.r.laing@massey.ac.nz , http://www.massey.ac.nz/~crlaing/

We consider neural field models in both one and two spatial dimensions and show how for
some coupling functions they can be transformed into equivalent partial differential equations
(PDEs). In one dimension we find snaking families of spatially-localised solutions, very similar
to those found in reversible fourth-order ordinary differential equations. In two dimensions we
analyse spatially-localised bump and ring solutions and show how they can be unstable with
respect to perturbations which break rotational symmetry, thus leading to the formation of
complex patterns. Finally, we consider spiral waves in a system with purely positive coupling
and a second slow variable. These waves are solutions of a PDE in two spatial dimensions, and
by numerically following these solutions as parameters are varied, we can determine regions of
parameter space in which stable spiral waves exist.
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Nonlocal models of biological pattern formation

Anna Marciniak-Czochra’ and Andro Mikelic’

"Institute of Applied Mathematics, Heidelberg University, Germany
*Institut Camille Jordan, University of Lyon, France

anna.marciniak@iwr.uni-heidelberg.de, http://biostruct.uni-hd.de

This talk is devoted to a problem of model reduction for a class of reaction-diffusion-ODE systems.
Such systems of equations arise, for example, in modeling of interactions between cellular processes
and diffusing growth factors. Taking into account different time and space scales of the underlying
processes leads to singularly perturbed problems. We focus on a shadow-type reduction for systems
with large diffusion. The reduction is shown to preserve pattern formation mechanisms. We present a
convergence proof using a well-prepared cut-off system and construction of barrier functions, and
comparison test functions. It leads to the L'-estimates proportional to the inverse of the diffusion
coefficient. The resulting models are discussed in the context of different mechanisms of pattern
formation: Turing patterns, dynamical spike patterns and stationary patterns with jump discontinuities.
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Spectral Convergence and Turing Patterns for Nonlocal
Diffusion Systems

Peter W. Bates! and Guangyu Zhao?

L Department of Mathematics, Michigan State University, Fast Lansing, USA
2 Department of Mathematics, Michigan State University, East Lansing, USA

bates@math.msu.edu, zhaogua5@math.msu.edu

Many physical and biological processes occur with long-range interaction, which oftentimes is
not negligible, giving rise to spatially nonlocal operator equations. These operators are diffusive-
like but are bounded rather than unbounded as is the case of the diffusion operator. This talk
presents our recent study on the spectra of a class of nonlocal diffusion operators on smoothly
bounded domains. It is shown that as the scaling parameter tends to zero, the spectra of such
nonlocal operators converge to the spectrum of a Laplace operator with Neumann boundary
condition. As an application, the established spectral convergence is utilized to investigate Tur-
ing patterns for nonlocal diffusion systems that involve the aforementioned nonlocal operators.
With the usual Turing conditions on the kinetic systems under consideration, we obtain nonlocal
diffusion driven instability for these systems as the scaling parameter approaches zero.
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TR - sk, VEIRE (s KRR E e

{=HE#R 5 . Epidemic models have been developed and improved in the process of
application to various phenomena in the real world. This symposium aims to share
and discuss our halfway achievements of applied studies using epidemic models for
various objects. In this session, we will present 6 topics related to the process of
decision making and evaluation of strategies, from the scale of experimental
designs to middle or large social issues including infectious disease epidemics and
non-infectious disease example such as lung cancer.

R

Ryota Matsuyama (Jtk[%): Exploring the cost effectiveness in transmission
experiments using ferret model

Hiroshi Nishiura (4t kX [=): Estimation of the number of HIV infected individuals in
Japan

Chan Yat-Hin (dtK[E): Reconstructing Ebola transmission in Nigeria and Sierra
Leone using a partially observed data

Takayuki Yamaguchi (At K[%): A differential equation model of lung cancer
incidence considering demographic data and smoking rates

Hyojung Lee (LK [%): Statistical determination of the end of Ebola outbreak in the
presence of sexual transmission

Lankeshwara Munashinghe (4t X [%): Deciphering the heterogeneous transmission
dynamics using contact data
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Exploring the cost effectiveness in transmission experiments
using ferret model

Ryota Matsuyama', Yusuke Asai', Hiroshi Nishiura'

'Graduate School of Medicine, Hokkaido University, Japan

rmatsu0618@gmail.com

Background

Ferret model has been used in transmission studies of Influenza A viruses because of their nature to
exhibit some human-like clinical symptoms including cough, sneezing and running nose. However,
the experimental design of transmission studies has often been brought up for discussions. The aim of
this study is to identify differences in transmissibility among experiment settings and evaluate the
statistical significance and power in the estimated transmissibility, considering the costs for
experiments.

Methods

Multiple transmission processes in ferret populations are simulated by employing a stochastic general
epidemic model which describes the state probability of each final state in each trail. The statistical
significance and power among different experimental settings were also calculated by the reproduction
number (R) estimated form the final size of each epidemic.

Results and Conclusions

The results of our simulation demonstrated that at least 16 ferret is needed to obtain significance to
show R>1. Under a condition that the total number of animals set as twenty (i.e., 10 for the control
group and 10 for the treatment group), we compared two experimental settings; 5 pairs of experiment
exposing one infectious individual to one susceptible individual (one-to-one experiment) and 2 pairs
of one-to-four experiments. Although the one-to-one showed significance and more power than the
one-to-four settings to demonstrate the estimated R is below 1, the opposite result was obtained to
demonstrate R is above 1. In comparisons between two groups, one-to-four experiments demonstrate
more power than one-to-one experiments to describe the significant difference. The appropriate design
should be chosen with considering the objectives of the experiment.
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Estimation of the number of HIV infected individuals in Japan

. Nt 1 1
Hiroshi Nishiura

'Graduate School of Medicine, Hokkaido University, Japan

nishiurah@med.hokudai.ac.jp

Background

Estimation of the HIV infected individuals is crucial for capturing the entire picture of the
epidemiology of HIV and AIDS. Since the transmission dynamics and surveillance system of
HIV/AIDS have varied with time, it has become difficult to estimate HIV prevalence without
highlighting those changes and time-dependent characteristics in the epidemiological dynamics. In
Japan, anti-retroviral therapy has been widely disseminated since 1997, a criterion to report AIDS
diagnoses has been revised since 1999, and reporting intervals of surveillance have varied with time.
Methods

Here we estimate the HIV infected individuals in Japan using a flexibly structured compartmental
model which can reasonably address the time-varying characteristics as well as time-varying infection
and diagnosis rates. Continuous time model is employed to overcome the revision in reporting interval.
Multi-state structure greatly helps adhering to a revision in reported AIDS cases. Maximum likelihood
method is employed.

Results

Whereas the yearly incidence was in an upward trend up to an interval from 2006 to 2011, the
maximum likelihood estimate of incidence was below 1200 infections per year in the latest time
interval. The proportion of undiagnosed HIV infections among total HIV infections (without AIDS)
was explicitly estimated.

Conclusions

It is likely that the HIV incidence has peaked out before 2010. Given small diagnostic coverage, there
is a need for action to diagnose their infections at an early stage.
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Reconstructing Ebola transmission in Nigeria and Sierra Leone
using a partially observed data

Yat Hin Chan, Hiroshi Nishiura

Graduate School of Medicine, Hokkaido University, Japan

cyh_1991@hotmail.com

Purpose:

The 2014-2016 Ebola virus disease (EVD) outbreak in West Africa was the largest and most complex
in the history, and has infected more than 27,500 people and killed more than 11,200. The outbreak
spread between countries from Guinea to Sierra Leone and Liberia, and then also to Nigeria and other
countries. Since there was no vaccine available during the epidemic, the control interventions mainly
relied on contact tracing and case isolation. Containment limited the outbreaks in Nigeria and Pujehun
district, Sierra Leone to 20 and 49 reported cases with high hospitalization rate, 100% and 90%,
respectively. These outbreaks represent the effects of control interventions as well as partially
observed clinical data and contact information for case patients. The data provides an opportunity to
reconstruct the transmission dynamics giving a better understanding of the epidemiological dynamics
and effectiveness of preventive measures. Even though the contact data gives most of the information
to reconstruct the transmission trees for the outbreaks, it is still difficult to complete the trees and
quantify the control measures with the missing information such as sources of infection, time of illness
onset and hospitalization.

Methods:

We develop a mathematical model that quantifies the effectiveness of case isolation, which reduces
reproduction number and shortens serial interval. We also use statistical imputation methods to replace
the missing information using incomplete clinical data. Distributions between time of exposure, illness
onset, hospitalization, death and recovery are estimated and used for replacement. The statistical
estimation is carried using Bayesian Markov chain Monte Carlo (MCMC) method.

Results:

The sources of infection and important time points including illness onset and hospitalization are
estimated, and consequently, the transmission trees are reconstructed. The model statistically evaluates
the basic reproduction number and unbiased serial interval distribution in the absence of interventions.

Discussion:

The transmission dynamics reconstruction is performed using partially observed surveillance data. The
control interventions are quantified statistically by the effectiveness of case isolation. Additionally, the
epidemiological dynamics also depends on the time from illness onset to isolation that is crucial to
reduce secondary transmissions.
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A differential equation model of lung cancer incidence considering
demographic data and smoking rates

Takayuki Yarnaguchi1 and Hiroshi Nishiura'

'Graduate School of Medicine, Hokkaido University, Japan

tyamaguchi@med.hokudai.ac.jp

It is known that smoking is a risk factor and relative risks of lung cancer death by smoking status has
been studied[1]. In Japan, smoking rate is decreasing; 82.3 % of male and 15.7 % of female are
smokers at 1965 and 29.7 % of male and 9.7 % of female are smokers at 2016. It is expected that lung
cancers caused by smoking will decrease, but number of lung cancer incidence is increasing due to
changes in age structure and disease structure.

To analyze such dynamics of lung cancer incidence, we define a differential equation model of lung
cancer incidence that takes account of smoking rates, fluctuation of population, and death and birth
rates. The model is similar to SIR model with age structure that is composed of three compartments:
never-smokers, smokers, and ex-smokers and describes change of prevalence of smoking.

Parameters of the model are fitted to time-series data by likelihood estimation. We show predictions of
lung cancer incidence in the future obtained by the model.

References

[1] Masahiko Ando et al. “Attributable and absolute risk of lung cancer death by smoking status:
Findings from the Japan collaborative cohort study”. In: International Journal of Cancer 105.2 (2003),
pp. 249-254.
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Statistical determination of the end of Ebola outbreak in the
presence of sexual transmission

Hyojung Lee', Hiroshi Nishiura'

'Graduate School of Medicine, Hokkaido University, Japan

hjleebiomath@gmail.com

Background

Most widespread outbreak of Ebola virus disease (EVD) was occurred in the West Africa since March
2014, mainly in the countries of Liberia, Sierra Leone, and Guinea. The end of outbreak should be
carefully declared due to the impact on economy and safety to the nation. According to World Health
Organization (WHO)’s criteria by the definition of zero Ebola cases, a country waited 42 days -
double the incubation period - to declare an offical end to the outbreak since the last confirmed case
tested negative for a second time. The WHO declared several times the end of the outbreak of EVD in
the three countries. After Liberia first declared the Ebola-free on 28 March, 2015, the Ebola virus has
re-emerged three times in Liberia. The WHO declared second Eobla-free in Sierra Leone and Guniea
since the first declaration on and 25 September and 16 November, 2015, respectively. The virus can
persist in tissues and bodily fluids of survivors for months. The risk of virus re-emerging posed by
persistence of the virus during convalescence. The sexual transmission influences on the end of
outbreak.

Methods

The stochastic dependence structure model is emploed for an application to the Ebola in Liberia,
Sierra Leone, and Guinea. We derive the probability of observing additional cases in the presence of
sexual transmission using serial interval. The potential of secondary transmission is defined by
offspring distribution.

Results

By using stochastic properties, the significant range for the declaration date gives the more reliable
results to take actions. Furthermore, we compare the numerical results with the actual declaration dates
of end of outbreak.

Conclusions

We investigate the impact of sexual transmission on the declaration of the end of outbreak Liberia,
Sierra Leone, and Guinea. We suggest the appropriate criteria to determine the end of outbreak
including asymptomatic infection.
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Deciphering the heterogeneous transmission dynamics using contact
data

Lankeshwara Munasinghe'

'Graduate School of Medicine, Hokkaido University, Japan

kottaramulla@gmail.com

Social contact patterns and directly transmitted infectious diseases are fundamentally linked. Therefore, it
is worthwhile to study the dynamics of heterogeneous social contact patterns to understand the impact of
person to person contacts on disease transmission. To transmit a disease from a person to another person,
the contact between them must be an effective contact. Thus, the definition of a social contact depends on
the disease under consideration. For example, an effective social contact for air borne infectious diseases
would be verbal conversation or simply staying in a closer proximity inside a vehicle, room, etc. In
contrast, sexually transmitted disease a social contact would be the sexual relationship (physical contact)
between individuals. Therefore, it is important to understand the effective social contacts to take
preventive and precautionary actions against a disease outbreak.

Contact patterns reflects the mixing patterns of people depending on different factors such as age, gender,
occupation, geographical location, interests, etc. Age-specific contact patterns have been extensively
studied by many researchers to accurately model the transmission of infectious diseases such as influenza
and sexually transmitted diseases. Age-specific mixing patterns are useful in estimating transmission
matrices that describe the mixing and the probability of infection between age groups. Most of the
previous researches have used the contact data collected from a sample population using self-reported
contact diaries.

In this work, we analyzed contact data collected from a sample population in Japan to understand their
age-specific contact patterns. Contact data of a weekday and a weekend were collected from 2271
individuals using internet based survey. The participants were given a questionnaire which captures key
information about the participants’ social contacts. In our study, we analyzed the features of a contact
such as age group, contact type (physical, non-physical), duration, location, gender, etc. Further, we
analyzed the age specific mixing patterns in working days (week days) and holidays (weekends) to
understand the effectiveness of implementing preventive actions such as school closures as a counter
measure against a disease outbreak.
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A hierarchical model of T-APC interaction

Shunsuke Teraguchi'

"Tohoku Medical Megabank Organization, Tohoku University, Japan

teraguchi@megabank.tohoku.ac.jp

The immune system protects host organisms by distinguishing between self and non-self antigens, and
eliminating non-self antigens only. However, discrimination is imperfect in a biological system and a
trade-off between sensitivity and specificity exists. While higher sensitivity is beneficial for quick and
robust response to foreign pathogens, it increases the risk of autoimmunity by mistakingly recognizing
self antigens as foreign. On the other hand, when the sensitivity is too low, many foreign pathogens
escape the notice of the immune system and the host suffers from immunosuppression.

We have analyzed this fundamental dilemma of the immune system with mathematical modeling. The
model consisted of three hierarchical layers, namely, 1) the probabilistic interaction between a T cell
and an antigen-presenting cell (APC), 2) the stochastic dynamics of T cells interacting with an APC,
and 3) the collective behavior of T cells, which, in turn, affects the interaction probability in the first
layer.

We found that, in this mathematical framework, there exists an allowed region where the immune
system is free from the risk of both autoimmunity and immunosuppression with the help of a
regulatory T-cell population. Remarkably, in the first approximation, the phase diagram of this system
is well parametrized by only two combinations of system parameters, and these particular
combinations of parameters correspond to the mean number of regulatory T cells per APC in particular
conditions.
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Mathematical modeling of T cell antigen discrimination

Masashi K. Kajita!, Kazuyuki Aihara'? and Tetsuya J. Kobayashi'

LInstitute of Industrial Science, The University of Tokyo, Japan
2 Department of Mathematical Informatics, Graduate School of Information Science and
Technology, The University of Tokyo, Japan

mkajita@sat.t.u-tokyo.ac.jp

Cells such as immune T cells make decisions based on the information coded by the presence
or absence, or by the concentration of the target antigens in the environment. To detect the
environmental information, cells recognize target antigens using cell surface receptors. However,
non-target antigens similar to the target antigens can be present in the environment. Although
the target antigens have high affinity for the receptors, non-target antigens also can have low
but non zero affinity. This low affinity enables the non-target antigens to bind to the receptors.
In order to selectively respond to the target antigens for receiving accurate environmental in-
formation, the cell must have some mechanisms to specifically discriminate the target antigens
from the non-target ones. Specificity amplification by multistep discriminatory reaction has
been proposed as a mechanism of the antigen discrimination. Although this mechanism can
partially explain the characteristics of the antigen discrimination, it cannot reproduce some im-
portant characteristics. In this study, we propose an antigen discrimination mechanism, which
can amplify specificity without multistep reaction. We also show that the mechanism can re-
produce the qualitative characteristics observed in recent bio-imaging. Finally, we discuss the
relationship between the nonlinear responsiveness of chemical reaction network and the antigen
discrimination, and experimental verification methods of the proposed mechanism.
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Theoretical analysis of thymic T cell development via interaction
with thymic epithelial cells

Kazumasa Kaneko', Ryo Yokota®, Taishin Akiyama® and Tetsuya J. Kobayashi®

'Graduate School of Engineering, The University of Tokyo, Japan
*Institute of Industrial Science, The University of Tokyo, Japan
3Center for Integrative Medical Sciences, RIKEN, Japan

kanekokazumasa2@gmail.com

T cell plays an essential role for an immune system of vertebrates. T cells are
developed in thymus via mutual interactions with thymic epithelial cells (TECs); TECs
induce cell death to dysfunctional T cell clones and promote proliferation and
differentiation of functional T cell clones whereas T cells promote maturation of TECs.
The thymic T cell development is a dynamic process since it is sensitive to disturbance
such as stress and drug. However, it is not clear how the T cell development recovers
from the disturbance, especially in harmony with the dynamics of TECs.

Here we constructed a mathematical model of T cell development incorporating
the interactions with TECs by employing experimental data on the recovery of the
population size of T cells in thymus after X-ray irradiation. The mathematical model
describes transient dynamics of the population size of the cells by ordinary differential
equations. The model suggests that the numbers of T cells in the early stage (CD4-/CD8-
Double Negative stage) and cortical TECs are controlled by a negative feedback
mechanism. The model also predicts that T cells proliferate only when the population
size is small in the middle stage of the differentiation (CD4+/CD8+ Double Positive
stage), and this prediction was confirmed by the Ki67 proliferation assay. Furthermore,
the model implies that T cells in the early stage promote the recovery of medullary TECs
although they reside in the different compartments.

We will discuss the theoretical properties of the mathematical model in relation to
the homeostasis of the thymus, and possible further experiment for verifications.
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Data analysis of single-cell transplantation using mathematcal
model of hematopoietic system with myloid bypass
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Hematopoietic system is maintained by hematopoietic stem cells (HSCs) with dual abilities of
long-term self-renewal and differentiation to all types of blood cells. Recently, myeloid-restricted
progenitors with long-term repopulating activity (MyRPs) were discovered by using a single-cell
transplantation system in mice, Moreover, direct diffrentiation from HSCs to MyRPs was observed in
a paired daughter cell assay. Due to the non-step cell division from HSCs to a myeloid lineage,
myeloid cells were repopulated faster than lymphoid cells after transplantation.

In this study, we investigated the dynamics of a hematopoietic system incorporating the novel
cell type that exclusively differentiated to myeloid lineages. In our mathematical model, HSCs have
two ways to produce functional blood cells: (i) both lymphoid cells and myeloid cells were produced
via conventional differentiation through multipotent progenitors, and (ii) only myeloid cells were
additionally produced via myeloid bypass through MyRPs. MyRPs were directly defferentiated from
HSCs. This is the first study of investigating hematopoiesis with MyRPs. Using this model and the
experimental data of a single-cell transplantation, we successfully reproduced the chimerism-dynamics
of blood cells in peripheral blood differentiated from a single HSC which was transplanted into
lethally irradiated mice. Moreover, we estimated differentiation rates, self-renewal rates and death
rates of all cell types that fitted the published data. Finally, we will discuss the importance of MyRPs
to reproduce myeloid cells and potential of mathematical model for understanding the differentiation
mechanism of HSCs.

87




Deciphering the mechanisms of infectious disease trans- 1018 H (H)

. . . 10:45-12:15
mission using multitudes of data Seminar Room 2

v URY L S15
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disease transmission using multitudes of data
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{18k 5 : Mathematical models have been developed to capture the status of ongoing
infectious disease pandemics and applied to predict the future trend of those events. In
general, epidemiological data have been used in such estimation process, however,
recent developments in big data analysis give us new insights of modeling techniques
using non-epidemiological data such as transportation data or environmental data. In
this symposium, we pick up 6 different infectious diseases which have different
transmission mechanisms and present new mathematical modeling approaches using

both of epidemiological and non-epidemiological data.

AT
Yusuke Asai (LK [%): Identifying the transmission route of influenza using human travel

and genomic data.

Baoyin Yuan (dtK[%): The infection risk assessing of dengue for Japanese travelers

visiting Southeast Asian countries

Yuko Hamaguchi (41t K [): The annual risk of TB infection with sero-prevalence

survey of interferon gamma release assay

Yohei Sakamoto (It K [=): Estimation of the effective reproduction number of HIV
in Japan

Andrei R. Akhmetzhanov (4t K [): Determining key factors in seasonality of the Lassa

haemorrhagic fever spread in Nigeria

Nao Yamamoto (4t K [): Tracking the geographic spread of Zika virus
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Identifying the transmission route of influenza using human travel
and genomic data

Yusuke Asai and Hiroshi Nishiura

Graduate School of Medicine, Hokkaido University, Japan

yusuke.asai@yahoo.de

Introduction

A huge outbreak of influenza A(HIN1) happened in 2009 and huge number of people world wide
were infected and died due to this pandemic event. The natural hosts of influenza viruses are wild
birds, however, the infection spreads mainly by human-to-human contact once the viruses are adopted
to humans. It is therefore important to clarify how the viruses spread during the outbreak in order to
develop health countermeasures. In this talk, the transmission route of influenza A(HINT1) in Japan
was identified using three different information, i.e., geographic distance, domestic transportation
network and genome information.

Methods

Firstly, we introduce the basic idea to calculate the difference between two virus genome sequences
and the phylogenetic distance between each pair of the viruses detected in 2009 in Japan is measured.
It was shown that there is a strong correlation between effective distance and the arrival time of virus
importation and secondly, the effective distances among cities are computed. As one can see in the
history of infectious disease such as plaque pandemic in 14™ century, geographic distance plays an
important role in the spread of infectious diseases. These three distances are independently estimated
and the probabilities are written in the form of likelihood functions.

Results

Each pair of transmission route was computed using the influenza importation cases from abroad and
the domestically transmitted case in each prefecture. The possible transmission trees were compared
by AIC and the most possible transmission route was identified.

Discussion

Recent development of big data analysis gives un new techniques in modelling the transmission route
ideintification and we confirmed that our approach using non-epidemiological data gave us more
plausible reslts than epidemiological data alone.

89




Deciphering the mechanisms of infectious disease trans- 1018 H (H)

. . . 10:45-12:15
mission using multitudes of data Seminar Room 2

v URY L S15

The infection risk assessing of dengue for Japanese travelers visiting

Southeast Asian countries

Baoyin Yuan' and Hiroshi Nishiura'
'Graduate School of Medicine, Hokkaido University, Japan

Baoyinyuan@outlook.com

Background

Dengue is becoming an increasing threat to non-endemic countries. Japan sees rising imported cases
of dengue fever every year according to the national surveillance system of infectious disease, and
there is the first confirmed domestic dengue outbreak in 2014 since 1945. Most of these imported
cases experience traveling to tropical regions particularly Southeast Asia countries where are endemic
to dengue fever. Because of the high asymptomatic rate and unreported symptomatic cases, the
number of currently reported infection cases have been seriously underestimated among all returned
travelers from abroad.

Methods

Based on well-collected datasets of annual Japanese travelers to major dengue endemic countries in
Southeast Asia and local seroprevalence of dengue virus, we estimate the force of infection of dengue
virus and the proportion parameter of the number of reported cases among all potential infected cases
in these countries respectively using maximum likelihood method. Here the serotype difference of
dengue virus is ignored for simplicity.

Results

Philippines, Indonesia and Vietnam have captured the top three countries with highest dengue
infection risk. Moreover, whereby the endemic force of infection, proportions of expected potential
dengue infections among total Japanese outbound travelers to these high-risk countries were explicitly
estimated.

Conclusions

Current reported number of dengue infection cases among returned travelers who have ever been to
dengue endemic countries are seriously underreported, given the high asymptomatic rate and
unreported symptomatic infections.
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Background

To evaluate the epidemiology of tuberculosis (TB) within a population, the annual risk of infection
with Mycobacterium tuberculosis is one of the essential indicators, where its natural history, however,
has been poorly understood. The national vaccination scheme of bacille Calmetteer-Guerin (BCG) in
developed countries has made estimating the annual risk of TB infection complex. As selo-prevalence
survey Tuberculin skin test (TST) has been widely used to assess prevalence of TB infection for
long-term, which distinguishes central memory T-cell responses and determine previous, dormant and
resolved infection; the TST, hence, be unable to identify whether infection occurs previously or
recently being affected by BCC. While, a whole-blood interferon gamma (INF-y) assay, which is
based on the presence of antigen-dependent immediate effector T-cells, detect active and current
infection. Although the TST response is longer lasting than the INF-y response, it is implied that both
of them wane their responses resulting into certain reversion. The study, therefore, aims to derive the
resent annual risk of TB infection taking account in the INF-y waning.

Methods

Catalytic model, which consider time and age-dependency and decay function reflecting INF-y
time-dependent waning, is employed to estimate the annual risk of TB infection with maximum
likelihood method. Observed data separately released by public health centers and the institutes in
Japan are collected; 1) laboratory confirmed data of INF-y assay among individuals, who are identified
as closely contacting to an active TB case infectious by active case finding around 2010, 2) the
national TST surveillance data conducting in 1948 and 1968 under the BCC-free era to compare and
analyze previous and recent trends.

Results and conclusion

Age-dependent annual risk of TB infection is derived with the recent trend from the catalytic model
considering anti-body decay kinetics. While the catalytic model does not explicitly model the
transmission mechanism between individuals, it simply describe the data to derive the recent annual
risk of TB infection equivalent to the force of infection, which leads us further to elaborate modelling
to capture the TB epidemiology.
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Background

In Japan, a total of 17,909 cases of HIV infection and 8,086 cases of AIDS have been reported
as the end of 2015 and 1,434 cases were newly diagnosed with HIV/AIDS in 2015. The
number of new diagnosed cases has leveled off since around 2007. This suggests that
prevention approaches and anti-retroviral therapy (ART) which was instituted since 1997 in
Japan might reduce HIV/AIDS incidence. Since the incubation period of HIV is so long, the
transmission rate changes in the age of infection, and as the rate of diagnosis increases, the
reported cases also increase, it has become difficult to estimate HIV/AIDS prevalence
precisely.

Method

We estimate the effective reproduction number of HIV in Japan in order to reflect the
above-mentioned time-dependent characteristics, objectively. Multi-state model is used to
divide to HIV diagnosed/undiagnosed compartments. Considering the change of the
transmission rate in the age of infection, McKendrick partial differential equation system is
employed.

Results

The effective reproduction number of HIV in Japan has been on a declining trend for several
years.

Conclusions

Early detection, immediate ART and present prevention effort could effect on HIV/AIDS
epidemics in Japan.
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Background

Lassa fever (LF) is a zoonotic disease widespread in West Africa, involving animal-to-human
and human-to-human transmissions. The natal multimammate mice, Mastomys natalensis,
has been considered as the natural reservoir host. Human infection occurs upon exposure to
rodent excreta and secreta, i.e., urine and saliva. Approximately 80% of infections are
estimated to remain asymptomatic, while a part of the remaining 20% experience clinically
severe symptoms. As the seasonal driver of the LF epidemic has yet to be identified, we
employ a mathematical model to analyze the datasets of human, rodent and climatological
variables, and capture the underlying transmission dynamics.

Methods

We analyze the surveillance-based incidence data of human cases in Nigeria, and moreover,
a mathematical model that describes the population dynamics of rodents. Weekly
epidemiological reports of both cases and deaths are used as the former data input, and the
rodent population dynamics rest on observation in Tanzania with a shift in peak timing due
to differential seasonal cyclical pattern in Nigeria. Using two pieces of the data, we
estimate the case fatality risk (CFR) and the rate of exposure from animal to human, both of
which are captured by a simple step function model.

Results

While the CFR is estimated to be high (4-fold) during the early stage of an epidemic, it is
lower during the course of the epidemic, perhaps reflecting improved awareness of human
host. Adjusting the impact of awareness on the interpretation of case data, mass action part
of the environmental exposure from animal to human is quantified using datasets. The
corresponding contact rate is explicitly estimated, taking into account the population
dynamics of rodents.

Discussion

Seasonal population dynamics of rodents are shown to regulate the cyclical pattern of the LF
epidemic. The estimated timing of high exposure from animal to human coincides with the
timing shortly before the start of rainy season and breeding season of rodents in Nigeria.
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Background

Since the 2015 Zika virus (ZIKV) epidemic in Brazil, ZIKV has spread worldwide and has remained
to be global public health concern. ZIKV infection is a vector-borne disease and is transmitted by
Aedes species of mosquito. In the case of epidemic in Brazil, dangue was first suspected but its
possibility was excluded based on molecular and serological diagnostic method. As the genomic
sequence of ZIKV has been reported from countries around the world, we aimed to use the dataset to
reconstruct the geographic transmission dynamics.

Objectives
To reconstruct the historical pathway of the evolution of ZIKV and to capture the characteristic factors
of pathway.

Methods/Principal findings

We analyzed sequence data of 183 isolates of ZIKV that were reported from a total of 22 countries;
Australia, Brazil, Cambodia, China, Colombia, Dominican Republic, Finland, France, Haiti, Honduras,
Italy, Jamaica, Japan, Mexico, Nicaragua, Panama, Peru, Philippine, Puerto Rico, Thailand, USA and
Venezuela. Most of the data was collected in North America mainly in the USA and Mexico. In order
to focus on the epidemic dynamics of the recent ZIKV epidemic, we limited the genome sequence to
2010 or later. Among 183 genome sequences, 163 of them were reported in 2016 and only 20 of them
were reported before 2015. We devised a simple model to reconstruct the geographic transmission
dynamics and here we report the preliminary results from our exercise.
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Many species choose one of alternative tactics at particular point in time during their life histories
(alternative life-history tactics). In salmonids, some juveniles undergo feeding migration to the ocean and
come back to their natal river after maturation (migrant), whereas others mature in their natal river without
migration (resident). There is a common trend throughout salmonid that larger individual becomes a
resident. This kind of decision making is explained in terms of the status-dependent-strategy model (SDS),
in which fitness functions of resident and migrant tactic are both functions of status (i.e., body size), and
the body size at which fitness functions of these tactics intersect each other is a threshold size at which
tactic should be employed changes.

Many classical examples of SDSs considers a static environment in which the distribution of status in
a population is stable. But status such as body size are perturbed due to both deterministic and stochastic
effects. In salmonid, a density dependence is well documented that average body size of juveniles is a
decreasing function of density of residents. Since larger individuals tend to be resident, this may form a
negative feedback between resident density and body size of juvenile. Here we incorporate the
density-dependent suppression of juvenile growth into the SDS, and explore the evolution of threshold trait
in terms of eco-evolutionary feedback.

In this talk, we demonstrate that the negative feedback between resident density and juvenile body
size can cause an instability of size distribution of juvenile, resulting in a fluctuation of the population
density of migrant type as well as stream population. We also consider the effect of climate change on the
average body size of juvenile, and investigate the ecological and evolutionary response to it. As a result,
change in the average size can cause phase transition from stable to unstable and vice versa. Evolutionary
response to the change can recover the state of population to the same state before environmental change,
but various type of dynamics emerged during evolutionary response.
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Molecular systems of biological phenomena have been actively studied recently. We aim to
combine molecular systems with evolution. Here, we focus on metabolism which is one of the
fundamental features of organism. Metabolic reactions form a large network (metabolic network) by
sharing their substrates and products, and produce useful substances for organisms with the help of
enzymes. Researchers have experimentally revealed structure of metabolic networks by changing
expression of genes which code for enzyme. According to a recent theoretical method, called the
structural sensitivity analysis (SSA), the dependence of reaction rates on enzyme expression levels is
determined from structural information of metabolic network. From the point of view of evolution,
change of characters of enzymes and of metabolic reactions are basis of evolution. However, theory of
evolution has not considered them sufficiently.

In this study, we introduce a general framework for discussing evolution based on metabolic
network by incorporating SSA into model of evolution. We assume a metabolic network which is in a
steady state and fitness function depends on both fluxes of metabolic reactions and enzyme expression
levels of the network. We also assume evolutionary traits are enzyme expression levels. Then, we can
show selection gradient includes three factors: (1) partial derivatives of fitness with respect to each
flux, (2) partial derivatives of fluxes with respect to each enzyme expression level, and (3) partial
derivatives of fitness with respect to each enzyme expression level. Especially, (2) are determined by
SSA. If some selection gradients are negative, some enzyme expression levels should decrease and
reactions catalyzed by the enzymes will disappear. We show how to determine necessary condition of
fitness function for sustaining a given metabolic network. This condition means which flux must be
beneficial to organism. As an example of application, we briefly introduce application of this analysis
to amino acid synthesis of free-living bacteria and endosymbiotic bacteria.

REFERENCES
[11Mochizuki, A. and Fiedler, B. Journal of theoretical biology 367 (2015): 189-202.
[2]Okada, T. and Mochizuki, A. Physical review letters 117.4 (2016): 048101.
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Naoki H et al., Multi-phasic bi-directional chemotactic responses of the growth cone. Scientific
Reports 6, 36256 (2016)
Naoki H, Revisiting chemoaffinity theory: Chemotactic implementation of topographic axonal
projection. bioRxiv 136291 (2017, preprint)
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Circadian rhythms orchestrate the timing of many physiological events. Mysteriously, the
period of the rhythm is stable to temperature although the underlying biochemical reactions usually
accelerate with temperature, a paradox that has remained unsolved for more than 60 years [1].
Experiments conducted over the last few decades in insects, mammals, and plants have demonstrated
that biological rhythms are governed by cyclical changes in gene expression. However, the topologies
of the regulatory network structures for these rhythms differ between species, suggesting that the
mechanisms for period stability with temperature are not conserved.

But is it true? We examined the mechanisms for period stability with temperature by
combining computational models with distinct network structures and experimental observations from
mammalian cell cultures (C6 glioma cells). Unexpectedly, we found that temperature-sensitive
amplitude of gene expression, which we call "temperature—amplitude coupling," can stabilize the
period with temperature in all models studied, despite differences in regulatory network structures [2].
Thus, the mechanisms for circadian period stability may be shared across species.

Through the analyses of computational models and observations of cultured cells above, the
amplitude of gene-protein dynamics is suggested to be essential for determining the period length. But,
because of the complexity of the models, the causality between the oscillator amplitude and the period
remains unclear. Thus, we have constructed simpler biochemical models for circadian rhythms and
then derived approximate period formulas wishing to clarify the role of the amplitude for the period.

This study is the collaboration with Shingo Gibo and Atsushi Mochizuki at RIKEN, and
Atsuko Fujioka, Satoshi Koinuma, and Yasufumi Shigeyoshi at Kindai University Faculty of
Medicine.

[1] Pittendrigh CS., 1954. On temperature independence in the clock system controlling emergence
time in Drosophila. Proc Natl Acad Sci USA. 40(10): 1018-29.

[2] Kurosawa G, Fujioka A, Koinuma S, Mochizuki A, Shigeyoshi Y., 2017. Temperature—amplitude
coupling for stable biological rhythms at different temperatures. PLoS Comput Biol. 13(6): €e1005501.
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Predicting regulation of circadian clock by RNA methylation
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Many biological systems consist of complex gene-regulatory networks. Recently, RNA
methylation attracts considerable attention because RNA methylation was found to affect various
biological systems. RNA methylation often destabilizes mRNA, suggesting RNA methylation must
change dynamics of mRNAs and proteins. This may indicate that gene-regulatory system is reflected
by metabolic system through RNA methylation because methylation substrates are components of
metabolic system. It is largely unclear how RNA methylation affect biological functions because of its
complexity.

Our collaborators reported that RNA methylation inhibition elongates circadian period [1].
Recently, they found that RNA methylation destabilizes mRNA of some enzymes responsible for
multiple clock protein modifications. They also found that overexpression of these enzymes activate
key reaction processes in gene-regulatory network, resulting in circadian period elongation (Fustin, et
al., submitted). However, it is unknown which reaction process is activated, causing period elongation.
In this study, we aim to reveal how does RNA methylation regulate circadian clock by using
mathematical model.

First, we investigated which reaction processes are activated by RNA methylation inhibition
through increasing enzymes. We analyzed period sensitivity of a published realistic model for
mammalian ciracadian clock [2] and found that period elongation occur only when rate-limiting and
inhibitor generating reaction is activated. This suggests that RNA methylation inhibition should
activate rate-limiting and inhibitor generating reaction. Indeed, this prediction was confirmed by
experiment (Fustin, et al., submitted).

Second, we considered how can fast reaction process elongate circadian period. Usually, it is
likely that increasing speed of reaction process shorten circadian period. To understand this, we
constructed simplified model for circadian clock and derivated the exact formula for period by using
Fourier analysis [3, 4]. According to period formula, to cause longer period with faster reaction speed,
it is necessary that nonlinearity of transcription factor waveform become larger. To validate this
prediction, we analyzed experimental data of protein dynamics by using generalized harmonic analysis,
which is more accurate frequency analysis method than Fourier analysis. The result of this analysis is
consistent with our prediction, suggesting that RNA methylation inhibition elongates circadian period
through increasing nonlinearity of transcription factor waveform.

This study is collaboration with Jean-Michel Fustin and Hitoshi Okamura at
Kyoto Universitiy.

[1] Fustin, JM. Doi, M., Yamaguchi, Y., Hida, H., Nishimura, S., Yoshida, M., Isagawa,
T., Morioka, MS., Kakeya, H., Manabe, 1., and Okamura, H., 2013.
RNA-Methylation-Dependent RNA Processing Controls the Speed of the Circadian Clock.
Cell, 155: 793-806.

[2] Zhou, M., Kim, JK., Eng, GWL., Forger, DB., and Virshup, DM., 2015. A Period2
Phosphoswitch Regulates and Temperature Compensates Circadian Period. Molecular
Cell, 60: 77-88.

[3] Panter, PF., 1965. Modulation, Noise, and Spectral Analysis, Applied to Information
Transmission (McGraw-Hill, New York) p viii.

[4] Forger, DB., 2011. Signal processing in cellular clocks, PNAS, 108: 4281-4285.
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[1] Yoshida, K., 2002. Long survival of “living fossils” with low taxonomic diversities in an evolving
food web. Paleobiology 28, 464-473.

[2] Yoshida, K., 2003. Dynamics of evolutionary patterns of clades in food web system model. Ecol.
Res. 18, 625-637.
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ST, MEREROE B ThLERERERESFET VML, 747V T
R TOMEMERDORAERERAEHIET, 2L T, ZNLODETANLELNLET
A2 RNT, MAEEOEREHIEZIT S, ZOF%EI%, FAEERICKLE =R ITE LS
BOFEBUZL o TEHEREINICR D EEZOND,

112




100H 6 H (&)

O%8% 3% 0-18 Tanaka, Toshitaro 12:30-12:45
Lecture Hall

The theoretical approach for pattern formations based on the
convolution kernels in the networks systems

Yoshitaro Tanaka*!, Shigeru Kondo?, Takashi Miura® and Shin-Ichiro Ei!

L Faculty of Science, Hokkaido University, Japan
2 Graduate School of Frontier Biosciences, Osaka University, Japan
3 Graduate School of Medical Sciences, Kyushu University, Japan

yoshitaro.tanaka@math.sci.hokudai.ac. jp,
http://www.math.sci.hokudai.ac.jp/~yoshitaro.tanaka/

In recent years, nonlocal evolution equations with convolution kernels have attracted attentions
in various fields, result from the integration of microscopic information such as a transition
possibility, molecular events, and signaling networks of living creatures. A nonlocal interaction
can be imposed as a convolution with a suitable kernel in the evolution equations. Nonlocal
interactions are useful to reproduce various patterns corresponding to such detailed microscopic
information. On the other hand, from the experiments principal factors, the local interactions
and diffusive properties can be detected. The results are often summarized as network systems.
From these backgrounds, we propose a new method that can derive the convolution kernels
from the arbitrary given network systems with diffusive properties. By this method, it is shown
that the mode of the instability near the equilibrium point in the pattern formations actually
corresponds to the obtained kernel shape. Further, we numerically demonstrate how patterns
are generated by the obtained kernel shape from a given network system.
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A three-dimensional vertex dynamics model for understanding the twisting phenomenon
of cylindrical cell tissue in Drosophila

ZUEHT B b RAGR BHEY 2 AR 3SR+ 2, b BRI 3 0By fitiG 2, Bkl e !
Takamichi Sushida'*, Akino Ookubo?, Mikiko Inaki?, Yasuhiro Inoue?, Kenji Matsuno?,
Masakazu Akiyama'

VAL R A5 T READTE AT,
2 RIRRFER BB AT R E R A I
SRR A VA - FRA ERL A ZERT

takamkichi.sushida@es.hokudai.ac.jp, http://mmcO1l.es.hokudai.ac.jp/~sushida/

A, 3P E W TIEO L8 D3 ik DI BRI & EIC IR L Tw
52 EDBHEMINTV S, AWZETIEY 2 7Y a U NNZ RO CRIZE S 42 724 IR 72 AH A
RICHER S %, ¥ a vy a 7N ROBEOIRE IR EPERICHE > 2 EA N LIIRTH 2
B3, TR S FCRIREHRE D 12 90 BEHRHE U CAAIENMATIRICEIZ T 5 2 L3 S n
T3 (1), RS, WIIRREIC R 1 2 TH (WO MIfER) OIRIBIEAIERNTRZIEIRTH D,
Z DIENTEDMH S 5 2 LI X > TRIGEENQEE T 2 Litllanik, L L, BEEDE
WA TH 5 2 EDBIEINT V2 2 &5, 2EDMEHT 2 BRI NP & 2 TSI O
BT THROI EDHEHI N, AHAROFEIZED X9 BffllEax A = XL k> TEEEE
DIRHHRDFHINDZ0EHOPICT 2L TH B,

FL®IC, ¥avya I NIROBREGICE T 2IREBIR 2 RS 572012, KEAKK S 034
BLZRIGN=T v VAT AF IV AETIN[2] #HME L THRBO ZRIGE TV EMBEL .
B DIRHRDE T3 2 Ll %2 OMIfd DL U ilE S, AN SR TH 2 2 L o3igg
INTRB I Do, REBRO=ZRICE T V2 HITH 5 FCREHR D RIS ¥ 5 720 DA IH
ZBML, WMHERCRIE S ¢, BUEEHEORE L LT, BBSAFRKERD IRz L b
2, M4 ORI EIRI D Icigh s 2 eI N, TDI 6, ik OflEREER D I
e, BRIBREDEHRI D I s 2 EHENITE 5.

RIZ, ¥ awyavNITMROBGBIRIET 2 iOREZHILL 72 =XILET VB VT, %5
BEPRREIRID ICign 2 - D DER Z KT 5. £9, 4 OMINEOTERH & B % [AlfK X
LA NEZEMT 52 &T, filaz@fliciat sl t2E25,. L, N"—Tv 7 RAET
VT AN ANAECMERED S N GAIHERE I 2/ 128M L TH, —DODTEM
ZIAT 2HOMHENRZ DHEF»2 5 Z ETHRINTLE ) 2w, ZRITET LV THELD
MfEZ sHIciz 2 HE2BEAL TOBEEEITIEEA SIRUNR Y, iE-5T, s offiflaoiz
IR Z RS 2D NI X > TIHEHAIN L DD TH 5 LHEMTE 5,

ARHTIE, ¥ a7 P a v N ROBREZ2EBT 2 =KTGN—T v 7 AF A4 F S 7 AETINVIC
BT, ¥avya v N RO T 5 BT DRED & 8 4 O Mg RE D 1, #iEedk
DIRIRFRHRI D 128N 5 72 O DITRIT D W TRR, = RICE 7IOVISEA I MRz fli$ 2
BIRD 85 X — 5 D3 %2 DN N AE DGR LI & D X ) 1K L T % 2 BUE IR
Y. 35U, IA LT TABETHONLFERT — 5 L =ZRILET NV TORRO L 217 ) FiE
Th5.

[1] Mikiko Inaki, Jingyang Liu, and Kenji Matsuno. Cell chirality: its origin and roles in left—
right asymmetric development. Phil. Trans. R. Soc. B, 371(1710):20150403, 2016.

[2] Hisao Honda, Masaharu Tanemura, and Tatsuzo Nagai. A three-dimensional vertex dynamics
cell model of space-filling polyhedra simulating cell behavior in a cell aggregate. Journal of
Theoretical Biology, 226(4):439-453, 2004.

114




O8ERK 0-20 SHREMRF

10046 H (4)
15:30-15:45
Lecture Hall

EYEFICE T B HEFAEET I

Basis of Self-organized Proportion Regulation Resulting from Local Contacts

=R NER T S I IPN

Mayuko Iwamoto! and Daishin Ueyama

VR R (B T TIYER, 2 UMK T

2

miwamoto@riko.shimane-u.ac. jp

Bex REYHEFICBWT, HIMOIERENLLZINT VS L W) BIEREIIBLH B, Hl
ZIE, 7VOERICB LT, EHET Y EZ ) THROT ) DAEBOLER ~ETHDH, 2D
B SR T ) DA ZEY L EMZESELTH, IERE TV O—BIEERIC KRB 2k
TIHDHRIZES L), £, BZX7VITEWL OhOEO Y 2 70835 0, EHNTKSY A
ZIWHEFET 57 ) OEEEIERDRBUCIG . THESI N WS, 0 X9 2RI, Mgk
Kild D prestalk & prespore %, 7 € D% Mz St AR RICR S N2 EEE— F, AR I
BU2@EEERTEOHENT L VDRI E, L 2L L TOEYOERICE T, #]
BINTWDE, ZNSDEKIFZ, EF DY A4 APEE, fHOBEL ED 7/ a— )L 2 E#R L3 mE
RICEME L TBIEINE L H DD, /T, 78— UL 2 EHRICEIL U CHEERN T X
NTL2HbMEIN TS,

D&)A AR ORI I A RGN B L T K§EETIX. S ARE oA
WKWIHEHT 20 TIERL, V=¥ —DREDEYEMICE VT, MENTOE— RO &R, fEfE
D JRPT i 2 PG 2 EO BT 2 L EZ SNSRI D A% LY FTic B € 7 )L % fEE
L. WG O L ZDJEHIC >0 TGERT 5. FrC, &EED? £ 2 T2EDRDLZE Al >
TN X HIC, FHY A X ED 70— IV RERIGE THEL2FAET 200> v 7L
BADZRNCOWTHERT S,
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Pattern selection in a biomechanical model for the growth of
walled cells

Laetitia Giraldi'*, Vincent Calvez?

VINRIA Sophia-Antipolis Research Center in Applied Mathematics and Informatics, France
2Research Center for Pure and Applied Mathematics (UMPA), Ecole Normal supérieur de
Lyon, France

laetitia.giraldi@inria.fr, https://www-sop.inria.fr/members/Laetitia.Giraldi/

In this talk, we analyze a model for the growth of three-dimensional walled cells. In this model
the biomechanical expansion of the cell is coupled with the geometry of its membrane. We
consider that the density of building material depends on the curvature of the cell wall, thus
yielding possible anisotropic growth. The dynamics of the axisymmetric cell wall is described
by a system of nonlinear PDE including a nonlinear convection-diffusion equation coupled with
a Poisson equation. We develop the linear stability analysis of the spherical symmetric con-
figuration in expansion. We identify three critical parameters that play a role in the possible
instability of the radially symmetric shape, namely the degree of nonlinearity of the coupling,
the effective diffusion of the building material, and the Poisson’s ratio of the cell wall. We
also investigate numerically pattern selection in the nonlinear regime. All the results are also
obtained for a simpler, but similar, two-dimensional model.
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Mathematical modelling of synaptic plasticity and memory
formation in the presence of epistemic parameter uncertainties

Don Kulasiri!

! Center for Advanced Computational Solutions (C-fACS), Lincoln University, Christchurch,
New Zealand

don.kulasiri@lincoln.ac.nz, http: http://www.lincoln.ac.nz/staff?StaffID=Kulasiri%20Don

We discuss the role and challenges of mathematical modelling of synaptic plasticity and the memory
formation and impairment. We briefly discuss a model of a synaptic protein, Ca2+/Calmodulin
dependent protein kinase II (CaMKII) as an example. CaMKII has complex state transitions and
facilitates the emergence of long term potentiation (LTP), which is highly correlated to memory
formation. Two of the state transitions are critical for LTP: (1) threonine 286 autophosphorylation of
CaMKII; and (2) binding to N-methyl-D-aspartate receptor (NMDAR) in the postsynaptic density
(PSD) to form CaMKII-NMDAR complex. Both of these state transitions retain the activity of
CaMKII when the induction signal disappears which is very important for the long-lasting
characteristics of LTP. Our model encapsulates the formation of CaMKII-NMDAR complex with the
full state transitions of CaMKII, including the autophosphorylation, based on ordinary differential
equations. We investigate the epistemic uncertainties of parameters of this model using global
sensitivity analysis (GSA). We show that the parameter sensitivities are dependent on the inputs, and
GSA would make us understand the sensitivities and the importance of the parameters. A thorough
phenomenological understanding of the relationships involved is essential to interpret the results of
GSA and hence for the possible model reduction.
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Analysis of integro-defference equation for range expansion of an invading
species in a 2-dimensional heterogeneous environment

J Ul R 5
Kohkichi Kawasaki

Al GRS AA

kkawasak@mail.doshisha.ac. jp

AYHHT L WHBRICR AL, Z D0z itk LT 7' 8 X R & 80 X 5 ROGHEEK
HERTEHE T LI N, ZOMRHTIC X > THMIARBIEDOWE L RSN T»5, —7,
BHO L) B HRIEL S R AEYIcow Ty, BaEs iRk 27U R S0, 1100
ZE[E CEREBE SR DY 2L I R A 22 55 T DR AV D 3R IE RHRE D S 11T 5 (Kawasaki
and Shigesada, 2007). AWFFETIF 2 KICZEMIC I\ TEREISAFE 2RI AN 22 54 D Al
TER D% B9y 7557 R CT L 72 IR 2 i 3 5.

By iR, Bt (x,y), M COMBBEESE ny(e,y) &£ L,

ntH(:E,y):/J k(u,v;x,y)F (u,n¢(u,v))dudv

ThHZ%, 22T, Fun) FFHAEEREETCu Il WTHEY L ORYBE%E T2, T4hbb, ulil
THDOHRFINNTH 5 LT 5. £z, k(u,v;z,y) TTEETEI (u,v) 256 (z,y) ITTHT %
MERFEETH 5, ZDSRADIRN TR OIE—RME, FiChr@ - AEOIRREDSZERIF I IR
BB TEEICE VT, BAEYBED X ) ICHMIERT 20, £/, ZOHKEEIZED L)
ICRTR=FIFT 2D WET 5.

Kawasaki, K. and Shigesada, N. (2007) An integrodifference model for biological invasions in a

periodically fragmented envrionment. Japan J. Indust. Appl. Math. 24: 3-15
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Two-dimensional Hydrodynamics of Microbial Rheotaxis

AR

Kenta Ishimoto'*?

R v 2 —, PR R AR B ST,
*Wolfson Centre for Mathematical Biology, Mathematical Institute, University of Oxford

ishimoto@kurims.kyoto-u.ac.jp, http://www.kurims.kyoto-u.ac.jp/~ishimoto/

DRI D > TR S K 912, MAEMOFITHIRNAD EIRIZID> THRS S DB N5,
Zo (IED) EFMEE XN LMWEIX, MEMOLGE., NP BRE L THEEcELZ L
WionoTE -, R, LR FOERMEIL, IVENTHE FRIIO Fmicmmn- Tk
DOFHENVIZLTWLAEELH Y, EMTFHICLEERIRTH D,

WA AERMED 1 RER 28I Lo, J&RE A B = X L (weather-vane
mechanism) ThH 5, (A7 A K77 R ED) BEmATIT TR SPIRICIE, Rk sv 7
WX DN Mbv, Zhn, bx o ERAHD LI ITHNAD Gz, EYomE 2%
AZD,

DA F I ADEBPIIRME Z RS T2 DIT, suitmerET LV EMEIN D HEEET L EH
ZToe THUE, REOHERY v FI2 K-> THOHEET /N TH Y | Fmd B o BECR
BEEZXDI ENTRRARIKE T OEYZRST Z LN TE S, BEmAITOsquirmer D iEE) 2 29k T
DHFRIIFEIHETEZD, ZTONFHRIT, —RITITREEEERIC LV IEREBICRD
ARG R EEREH AT I 5 2572, £ Z T, {KReynolds¥t ® Stokes /7 F2 & 55 i 2 5%
B L > THIERI R 21TV ZONFRE5 & EVOIREFIZL - T, WFERICIETL
EREERPFET D2 D000 | ZHUNEER BT DMk E RELT 5, (B DI
VO L0 B A Z 7286 S RI33WItIC 72 203, IEOERNEZ R EE RO
WE I NE LS RDLDODRERDEETHD, —FH., ADERMEZRTEESORE O
ZEMEIT, WA O & & HE ST M OB U TREEIZRY . KIAIZ X IE O E R
KHFT L LD,

L L, BERAHED~DB| EABIT DD K A 77— iE, WAL A~ DHEE[EN 932> 2 Rf
AT —n L0 b0 BFRNR2RITOIIFRDEA T I 7 ATHNTEDHEERT,
% 2T, BEZ X Bl L U722 ST RN O FIRCIR D squirmer® 7 V& 2. Z 02 Gt N
TOEFRMEDOER ZFHD Z &2 LT, squirmer® & V) O i 1327k 5t D Stokes HFEFATHEV
BF P CTRBLT D & MRIZ2ODMNTEIEL (GroursatBd %) TRIN D, WUIR%EM T %
ERTDHE, FORBREOBRWERFHFTREZEZEZ DL LN TESH, I HIT, Lorentz®FH
7€ i (reciprocal theorem) % FVN 5 = & T, Jeffrey-OnishiDf# % #& 1 L T, squirmer® iE &) 52
REE ZENTE, £/, 3L Dsquirmer & FIEEIZ 2R T DARZER 25 2 5 & fHZEHN
DX AF I 7 AP HamiltonfE L TERELTEX 5 Z &R0, F£7-. Hamiltonianh [GIZE X T
TZEMNTER, BT, KRE— ROHZDsquirmerz {72 & Z A, FHZEM O 73548 233
WRILOsquirmer® H D EFAPI L TWDH Z ERDNY (FHZEMO XA T I 7 ADx v AW
BIRRBE AR OLRITET MBI &SR N TND Z ERNbhoT, 7272, SR OHamiton# i 113
RILDOsquirmer TITRDOILTIE Y | 2IRICE T VAT B DO R FRERE AL TV D Z & D HIFF
TE 50, BEETIZIZORFIZbN->TELT, 5%OBETH D,

U bZzELdsn e, WMAEBERED A =20, (1) BRI TORERREEK, £Q2)
AT ~DFEF| . D2BPETHZ - THY . (DIZHOWTIE, ARIO2RILET A+ K<
AT IV A% L, QUIEREA D = X LA THMNAJRETH D, FERINFTFE X, kT
— NIZHEEL NI - 12BRIC, D LS ICEEBZ2 L E/L S EIVUZR WD, & WO BEETRE
DOFIEEIZ SN T b=,
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The analysis of stochastic Lotka-Volterra model in polluted
environment

Baogiang Cao, Xining Li*
School of Mathematics and Statistics, Ningxia University, Yinchuan, 750021, P.R. China.

Email: xnli89@163.com

Population systems often subject to both white noise and environment pollution, so a
stochastic non-autonomous omnivory Lotka-Volterra model in a polluted environment is
investigated in this paper. We establish the sufficient conditions for the existence of
positive periodic solution and prove it by constructing Lyapunov function. According to
Ito formula and the strong law of large numbers for martingales, we also discuss the
extinction of population. The sufficient conditions for almost sure exponential stability of
equilibrium point E*(0,0,0,S* T*) are obtained. Finally, we illustrate our results by some
examples with the help of computer simulation.
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Permanence of Lotka-Volterra equations with cyclic symmetry

4 VD

Ryusuke Kon
=N RS =L T

konr@cc.miyazaki-u.ac.jp, http://www.cc.miyazaki-u.ac.jp/konr/

1 [AIZHiER Leslie {741 7V Id & 2  DEEHFE T VT, ROESTHEAIC L DFRI N 5.
uy = spon(ur,ug, .o Un)Un, Ui = si_10i_1(ut, U2, .. U U1, T =2,3,...,7

I, 0(0,0,...,0) =1 £ 5, u i KOMAEETH 5. BAEMOMELZ I EIEST 2 &
V) EIRT, 1 HERINTH 5. T oRADOMNEZEE)L, HARAEER Ry = s152-- s, 23T
T LISEVEWIHIRED D £ T, Cushing (2006, 2009) IC X DI TER, 2L T, n <3
DOWHEZEFFIZIFHRRICHEINTL S, 0o OMFRED» 6, PRI ALE TH L,
R = {(u1,u2,...,up) : u; > 0} DEHFR AR X7 b7 774 73 E PRI, LaL,
ZOPHIE n<3DEEIIFIEL WYY, n=4D& ZITEMITIFIEL L RW I ERINTW»
%. %27, Cushing (2012) 1%, XD L) IHHERXD 7 7 Az HRTUL, ZoFMiEn>47T
BIELWEFREL TS,

(IRFE) : o = filu,uiv1), i=12,....n—1, o= fn(ui,uy),

iU, oML, FEROMER L i+ 1 ROMEE» O LEEL2Z T L2 BKRT 5. 7«
2L, ik, FLEROMEE L 1ROk o B L2 T 5.

COFPHEOERZIHS T 27012, A TIE, 1 IRIZHER Leslie 1751€ 7 )V O fEIE %
IELT % XD Lotka-Volterra TFEIZ D WTIIR S,

dz; - _
dtl:xi <1+jzlaijxj), z:1,2,...,n

ZIT, 191 A = (aij) 135 14708 (—co, —c1, —Cay ..., —Cpo1) £ BKEFTIITH S, n=2D
L&, ZoHBRRENFRLEHFEHRRTHD, n=3DLZE, May-Leonard 2 TH 5. FHFEADWHL
ZHE, n=4FTRBICHEIN T2 (Diekman and van Gils, 2009 ). ko (RE) 1&
co=c3=--=cp1 =0%BWT 3, KWL, ZDREDD LT, Lotka-Volterra SRR D IE
PR DZEN L N—2 2V A P EOBRETNR, n>5 DBAICE, BTN LETH > T
b, N—"FVRHDIBLILEERT.

&3

J. M. Cushing (2006), Nonlinear semelparous Leslie models, Mathematical Biosciences and
Engineering 3, pp.17-36

J. M. Cushing (2009), Three stage semelparous Leslie models, Journal of Mathematical
Biology 59 (1), pp.75-104

J. M. Cushing (2012), A dynamic dichotomy for a system of hierarchical difference equa-
tions, Journal of Difference Equations and Applications, 18 (1), pp.1-26

O. Diekmann and S. A. van Gils (2009), On the cyclic replicator equation and the dynamics
of semelparous populations, SIAM J. Appl. Dyn. Syst. 8, pp.1160-1189
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Symptotic behaviour of a class of resource competition biology
species system by a fractional brownian motion

Q. M. Zhang', M. Y¢?

School of Mathematics and Statistics, Ningxia University, Yinchuan, 750021, P.R. China.
* Department of Scientific Computing, Florida State University, Tallahassee, FL 32306-4120, U.S.

Email: 1, zhanggimin64@sina.com 2, mye@fsu.edu

We analyze the asymptotic behaviour of a biological system described by a stochastic competition
model with n species and k resources(i.e. chemostat model), in which the species mortality rates are
influenced by the fractional Brownian motion of extrinsic noise environment. By constructing a
Lyapunov functional, the persistence and extinction criteria are derived in the mean square sense.
Some examples are given to illustrate the effectiveness of the theoretical result.
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A mathematical model of multiple delayed feedback control
system of the gut microbiota

Yueping Dong!*, Yasuhiro Takeuchi' and Shinji Nakaoka?

L College of Science and Engineering, Aoyama Gakwin University, Japan
2JST PRESTO, Institute of Industrial Science, The University of Tokyo, Japan

dongyueping0531@gmail.com

Recent biological studies on the gut microbiota have revealed associations between imbalance
of microbial community composition and diverse types of disease development. Composition
change or reduced diversity of the gut microbiota has been identified by metagenomic samples
of the gut microbiota from patients of chronic inflammatory diseases. Not only artificial but also
natural antibiotics potentially regulate abnormal microbial species composition. In this paper,
we propose a novel mathematical model for a feedback control system of the gut microbiota: a
moderate amount of antibiotics injection as negative feedback regulator to abundances of mi-
crobial populations measured via metagenomic data with time delay. A class of autonomous
N-species Lotka—Volterra type competitive system with discrete delays, representing popula-
tion dynamics of the gut microbiota with delayed negative feedback via antibiotics injection, is
considered to quantitatively characterize effect of multiple delayed feedback regulations on the
microbial populations. Explicit formula for the corresponding characteristic equation evaluated
at the positive equilibrium of the main model is successfully derived. Analytic results as well
as numerical simulations are given for the two species case to quantitatively evaluate allowable
ranges of time delay for avoiding population oscillations.
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Exponential stability of strong solution for a stochastic
disturbance predator-prey system of three species with
age-structure

Liyu Chen*, Qimin Zhang
School of Mathematics and Statistics, Ningxia University, Yinchuan, 750021, P.R. China.

Email: nxchenliyu@163.com

This thesis first introduces stochastic disturbance factor into a model and has a
discussion of it on the basis of a predator-prey system of three species with age-structure
proposed by Zhixue Luo. Sufficient conditions of a stochastic disturbance predator-prey
system of three species with age-structure have been given and exponential stability of
strong solution has been proved according to Gronwall’s lemma and formula. The
conclusion is a further development of pertinent literature.
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Numerical solution of a fuzzy stochastic single-species
age-structure model in a polluted environment

Bingxin Zhao*, Qimin Zhang

School of Mathematics and Statistics, Ningxia University, Yinchuan, 750021, P.R. China.

Email: zhao_ bx@nxu.edu.cn

zhanggimin64@sina.com

This paper presents an investigation of a fuzzy stochastic single-species age-structure
model in a polluted environment. Both the fuzziness of the initial condition and the
stochastic disturbance of the environment are incorporated into the model. By using the
theory of fuzzy stochastic differential equation (FSDE) and the successive approximation,
the global existence and uniqueness of solutions of the model are proved. In addition, the
error estimation and stability of the numerical solutions are obtained. Furthermore,
making use of Euler—Maruyama (EM) method, the convergence of the EM numerical
approximation is established. Numerical simulations are carried out to verify the
theoretical results. Our results show that the technique of numerical solution of FSDE
can be used to estimate the evolution tendency of the population density in a polluted

environment.
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Do pathogens promote invasion ofvalien species?

KHZFEET, e E?
Kengo Nagata'”, Yoh Iwasa’
TUNREER SRS 2T AR, TN RSB AR P

1 L. . 2 - . ..
Kyushu Uni versity, grsa777 @ nmil.com~ Kyushu Uni versity, yohi wasa @yudai.jp

HAREMNIZIZS < ORI KENSEE L T 5, IR EICADFIC X - TERM -
IERKICHRBAE N, TR L OFFIC X ) ENOARIREICKRE e 52 w51
b %\, SR L RO B S IC DWW T, BT CIREBEFEB S PR ICOVWTERI TV S
DDORIZEAETH 572, % T TARMIZE TIIAERME & AR IR G S 2 0REAICER L 72,

ENICAER T 25k O ENICAARD A L 2 WEHERCHE - VALZ R ERFERIN
2B DL, TN DIFFEHRIIIKED B7e O FTHRMEICH RELEEL 52 256805
. EEEISRIEICE o T BV RG] ELTHRIEELS 2D DTHDELEF R D,
ZhiE, EINICERAT 200k, RIFHCOREAZ R bIAL Z LIk Wk e ois 2 f
FlicitED 2 0[HEMEDH 5 2 & # /R L TH D, disease-mediated invasion(DMID) & L THIS #L
TWw5,

AWFEcld, Hkffis v 7 a4 v Polypedates leucomystax & tEREA X F 7 74T
) Rhacophorus viridis DEiFICOWT, ¥ a7 IH T AL LFA XN H Raillietnema
rhacophori 735 2 5B Z R LEME T ML L 72, T A TIR, A - FEEICE L TiRR
DB Z 0, BREER I IEE PRI AFE TR LA T 2 LROE L 72, T OfE R,
FERAEERNICASRHENEAT 5 &, O RMEICEE 2 5 2 7\, QFERHEFNICH RO A 53
A @ISR EE LIERHE & kA @OARIED E S LTE R, v D 4
DORMAERICEDLRER P o7z, 2L T, ZNZNDOPHPREEOLELZM~2 Z L T,
AR E L COMBOELZFHEL 7z, % DfR. IR ORI RRE O @M% KO8R
HOFEPARNTH 5 2 &, TR L AR FEEFi D X 10 X o TR MEREFEE L
W EBbhr o,
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Basic reproduction number for epidemic models on a lattice space
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JEYLEET L TIL, WAITORELZHWT 572D 0FE L U CHEARBFAEERREZ WD Z LN
2N, T 6, Ry>1 THIUTRGYEFITIIE Z 528, Ry<l THIVIEIERITIIE = &
2V, EWVOBMERENM OGN TWD . ZORKEFAFERRINE, 72 5O ERICZK LT
T RTONEZMEEAT DA A MAOERCBOTHAR 21 ADRRYLES, F ORI
BWTHAEET 22KIEREOWFRE) L LTERIND (FEHE 2008).

FERBFAEELRDRKRDITIZONTIE, WS ODDOFERHILNATWD., 7oL 2L, Ry>1&W
D SRATIEGBE D 7R WM RN LIE &R D FJMFITFE LW SITHERTHIERZGEONDS.
BHHWIE, WRIRATHIZ > TRZRD D Z & HIK<ATHOIL TV % (Diekmann et al. 1990, van
den Driessche and Watmough 2002) .

INFETIE, BTZEM EOMA 2EYYEETT VIZRLTH, BEABFAEEN RO LN TE -

(Keeling 1999, Bauch 2005, Ringa and Bauch 2014). L/»L, T LVOEESNT A —F RN
<7en L, TOHEMFERBKIZ/R 720, O HFEEOEEENREE SNBEDICRS.
ZITE, BAEETEOM TERAED D D EAFAERERD T, TDNT A —HIKLF
PEIZ DUV TEERm L 72V,

ZE ik

[1] FRHEFF M. (2008) REUYE DEELE T /L. LR

[2] Diekmann, O., Heesterbeek, J.A.P., Metz, J.A.J. (1990) Journal of Mathematical Biology 28:
365-382.

[3] Van den Driessche, P., Watmough, J. (2002) Mathematical Biosciences 180: 29-48.

[4] Ringa, N., Bauch, C.T. (2014) Journal of Theoretical Biology 357: 150-159.

[5] Bauch, C.T. (2005) Mathematical Biosciences 198: 217-237.

[6] Keeling, M.J. (1999) Proceedings of the Royal Society B 266: 859-867.
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Epidemiological control based on R0 centraliy
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HERNOEB DM CHIET 2862 b DV 4 W A DR EIREL, HHIE O X 5 i A
ZRE2L—vavry b —2fE GOREEIA Y P 7 —2) &b OEEEF~DERHEOT
fTERE IR, T h T oM ERcoMMoEfR e | Bz -2 2 v b (74 V2K 70 R GAE )
O ERBEBEZI D ANFZZAF I 7 22H0RTIE. £ OBRESLHRIEE - PRk
XA CcE v, Lo L. SRSk, EHEEREEZbOA Y P T =2 Db & T,
I EDRREDIREE - WRZITI OBRDMRNTS 20282 01F, — MBI IZKNEE R HE &
BbihvT&/, 2o ThAZ, BHCIEE AL - Fral—vavary b 7—7fdEodb L
TOEFHEICE T, WMoEFBO [55vilfl] 2IETE 2 & &, REEOEREAERICE S
2 HARFEEMROIC, EDEM~DXRD EDRETF ST 5 2> D E RN 2 IEEE (RO FF.OtE) 2 5
W 28msRIEI G, ke, HlxiX, HEB~DOERROIKEIMNZ 27291 1F,
FEEIR K OFEIRFIHE ICNEZET T 2008 RETH Y, ZORRIT. FlFE 2 (L0 TR~
OXEE WL T, 1 IfSREOERSH L L (OF 0, FEFFIHZEOL D ICHET 2 2 & 23,
WHEBRAAE 1 TACHKRT 20 ERIFEOMENDZ) 2R RT LN TE S (Yashima
and Sasaki 2016, PLoS ONE 11, e0162406),

2T, ERERCE L - EEERAEA T 2 2 LI X Y RO OO EFT IR IC DWW T
WET 2, Bl 2. 18 FEERNICY 4 V2 OREGED ATRE R B O AL R D 2\ 13 AHKE P o F83E0)
i (i=12,,n) ABdHY, WM i BT DT AR T OENMIE~DRREE LB, RGO
THCR Ty, BEMIE» S DT A VAR TEERZp, VANARRTDOHERZS T 5, $7-.
FROLiA B I AL B 72 Y my; D 7 A M AR T 03B L. AL O BB LB N 0 G 2
ANZRFERRICHET /NS wE T 5, HfLioFENMildokEzN e LT, FHhrics T
G OBIZ, 2 2 TOTAVRRTEY, Db & CERFHICH 2 &35 L, BEYIHIcE
J2HEE~D Y A LR DOREEIZ

% = {ﬁ;livl pi — 5i}Vi + kain - Zmijvi: (i=12-,n), (D
*1

K%5oﬁﬂ@%<adwm=Lva&b\ﬁiwwév4»x@%%$@fﬁM:A+M@%ﬁ
BEEECTExbNE, T THMITOYANVZKTOMMEL a; = BiNp;/yvi — 6;« TALiDH D
BENC X 2 7 A VAR OREEm, =3 m; & 5 L AlTa; il & 33T MIEH
RSy B8 =y FER AR (0 # ) D3my; DATHNIC 72 B,

7 A N 2R OEGLEB BN 23, EALANORIER L Y b +2/hE v (e = maxmy; /maxa; < 1)
ELCTIRKERMEOEBHIEMEZIT) 2 ik, v 4 2 OYIABETHE ~ D KA DX 5K D 27 5
(RO i) ic oW U T o R %25 5,

RBRDa; #F23 4 Fi=1DD ROFLUER T OF—X—THrDIcH LT, 2HUT
DaDfEi% fFOUML( # 1)D RO Hithide A —4—TH 2 :

AR AR m; 2
oy OZQ_E_)=o@q (i # 1).

a —a;
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An SIR modeling with the pathogen population dynamics of disease transmission

BIESZIRES

Hiromi Seno
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Graduate School of Information Sciences, Tohoku University

seno@math.is.tohoku.ac. jp

In this work, we consider an SIR model of infectious disease transmission through the outside
environment of host individual, for example, like an aerial infection. The pathogen population
around the host population is assumed to be reproduced by the infective hosts themselves.
Furtherthe dispersal of pathogen individuals outside of the host is assumed to be passive, and
sufficiently fast outside of the host.

Susceptible individual becomes infective with the successful disease transmission, and then
comes to have an infectivity. Now we define the infectivity as the host state in which the
pathogen in the host reproduces itself and emigrates outside from the host body. Although
the immune system of host may decrease and eliminate the pathogen within the host body, we
assume that the host necessarily releases pathogens reproduced in the host body.

With these assumptions, we consider the following SIR model:

dsS
E = 7U(HSP)S
dl
E = O'(I‘QSP)S - p(HIP)I
dR
— = P)I
G
dP
€ =mS — kgSP — kiIP — kg RP — qP,

where S = S(t), I = I(t) and R = R(t) are respectively the susceptible, the infective and the
removed host population at time ¢ with S+ I + R = N at any time ¢. IV is the population size
of host, which is now assumed to be a constant independent of time. P = P(t) is the mean
density of dispersing pathogen population over the host population at time t. Parameters m,
Ks, K1, KR, and ¢ are positive constants.

In the above model,we give the probability of the host state transition from ‘susceptible’
to ‘infective’ with the immigration and the settlement of dispersing pathogen by o(kgP)At for
sufficiently short time interval [t,t + At] in the time scale of the host state transition. Similarly,
the probability of host state transition from ‘infective’ to ‘removed’ due to the recovery with
immunity or the death is given by p(k1P)At for sufficiently short time interval [¢,t 4+ At] in the
time scale of the host state transition.

The positive parameter € has the meaning that the representative time scale for the repro-
duction and dispersal of pathogen population is € when that for the host state transition is unity.
Since the reproduction and dispersal of pathogen population is now assumed to be the “fast”
process, we put € < 1. Applying the quasi stationary state approximation for the above model,
in the presentation, we show a flexibility of the above model to discuss the characteristics of
disease transmission with some different natures, including the basic reproduction number Ry.
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An age-structured epidemic model for demographic transition

FR%E F*L, 75k 15°F 2, Nicolas Bacaér?
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A 8E# (demographic transition) 1, ZEEZ A & D REDIEIZ\N 2 D N ] O JFE SL Y 75 F AR
HRADZEEEZ RS ANOZHERTH S, ANOEEHIE, FITHAET ORI X, ks
BREDZEAD#EILEF A BREE & 512, BOHAETZ S DMEE? S 0o mWlET %2 D
IR~ EDREFIEDY TIRGE] U, B U 7R IR DA Z HAEET 2 L WD A=A LITHE
HU7Z TG DIER SNTE (3, 4]. £ T, AWETIRALEERZ KB 2 e EE €
TNERET D, EAHRAI - REAROIEGENZ £ D SIAUEMBE(LEIYEX A F I 7 X
TILEULTENMbEE N, BPELESHENERZLI OO VWHAETZRT EIREI NS, ZDFH
B fRTE DR L LM, PUEORMAZERTHI LT, BREXAFIZADH L TAD
TR & B R Mh 2 MET T 5. —IRIARD I F R AR & FARRIZIEEHAEEREZ 72720
»5, EEOBIYEBHET VDL 512, BASFMAEPRRHZHAEZ RS 201 Tldel, &
BMEET 5 (1,2, 5]

W UDICEARY AT LORAHEYIME AR T L & d12, mEENAOS XOEHEDAOR YT
PFAET DR ME DL EM W UVIEA LB DMt 2 FHAEERIZ L > TEAMLL 2. ZORFAE
PERIEZ VY AR R E D L EMEOBIE (RAZM) TH-T, &9 LD HIFREHIE D
FERMAETIERNZ &id, HfliZ ODE €T NVOERD oRIEES NG, HFREOMRENE, H2 ik
BE SRE O RIRZEEVE IS 258 2 ROV TRIBIR T H 5. AR ORI RIZBAEDHAE D &
SR E DA CENIZN U CRBRINTH 5. §4bbix 37D MEI AR L T2 Rz
BWTH, @mHAENOMAERZED L, BYEEREL N5 L& > TRHAE T O FHRRED
Sk B AREME XD B Z L AR I Nz,
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A stochastic model of infectious disease spread:
Considering alternative realities

B IEZT, ERRET, fEkascim T

Masayuki Kakehashi', Shoko Kawano? and Miwako Tsunematsu’
VR R TER TR E e AR TR, PR R B E D

kakehashi@hiroshima-u.ac.jp

— LA EDOBFEDEN] T ORRYUE DWAT 2 ftib 35 T /L Tk, @Rk Emm 72T T L MVE
HAENnsZ s, TOHE, WITOREBIT., PIOWITIERN O E—27I2E D | on
THRETHETOHORBET-LV, TANDLORERBHIIEE I, L, E
BROFATEGIER RN & B 2 biv, I OMIBE R RIEE OB H D WVITIT i TR
DB LI KD ZORDOTATORMIIKREIENNELDZ ENEZLND, $T2. b
HREEWATOIER Lzt b, IMEM L~ (Bl ZIZFR O FARENL) THD EHEM T EITK
EXRELOEVRAHALNDIONEBETH D, AFETIE, A 7 FO/NER L)L TO
WATT — NSV THEE SNTZRIT/NT A X =S T, lERET ML DY I 2L —
VarvEiTol, WEMRMNLET VTR, BEOBHFERICEATHL I NI A X —PRE
INDHDT, PR EZGOERESMEZEZVLWNED 2260 T 5 2 Lid7u,
L L., MERHHITT L TlE, FUBESREOTTHL —EDIE6>ENAEL D, TORE,
HEOWATIZEEIZ L/ NRIZE E 727210 T, FAE D IT Lo & RIEITET A REM L H
SOl WVo T ERWLMNTRE NG LitZey, S5, IMEF L~V TATE L XD
ITHBEOSARIZ OV T B D Z LN TE 5,

T—% (AXLE) 1%, 200048 A1 H»nbH
201043 A3IH ETO2430 Do 58 (A

N#947 5 N) OHEE DS @S2 F TD134 s

. TEREHIS 2000 N\OfEH DA v 7 x — g
PR OIS CHRIAL) L IRBHEE O §

FETH D, FEROANEL D> TS,
BASHIZHK 2 1000 \IE E YL L= Z &
HEINTWD,

TP KLEICIDART A —%HE L, D class J of school

day: t+1
FERIZLESWTHERET V2R LT (FX Susceptible SeaD ]
T)o ZOB, kA (LEA) Tk 5 WiEE ’
I (FEROREAD) ERBINTICE X 2HEE 0D  Bxposedllateny Byl + D)
%\téaé (22T %)EE$E/‘] fd?:’E”}:/l/%ffLT < N %&lﬂ:l:ﬁ; Infected (Infectious) Iiy(t+1)
AL DOFNE LRI M 2 06 U] 22 g CIoE L7z & :

T, BT H VBl L Y A2 il |7 Cosetebereported -
N ¥ (N ) ij "'
("Monte Carlo back calculation’i£), Z DfEH, & - \

.,
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proliferation and chiral movement of cardiomyocytes
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AiElORZ (ISMB2016, JUMIRS:) T & U SCHFLEHAIIRIC 2 B 11 % DI 0 b — 7T s
CONWTHEKZLEY, ZOBIHICHELVWEREZITV, ZOERICESHT, BRI DV
— T DRI ONTEZDDEEZITV, B AL L VABRICHEE CE D X oIk o T,
IR DR O L — T RE~ T AL =T N THTF R > T\ 5,
SR IT~ T AZBT D LELV—T A, & <ITZEO TR
CED)DWRE Y FITHEAERKL S TN,
FUDICHMARAER LOF 2 —TRNH0 . TN ESAMIRNE
HESTCTELTFa—T7L&EZD, MBROERITE X2V, 3T
ZEREINZOAN D, ZAEREEFEE-7cv— M2 TZ Dy — |
DT % 5ealh 3~ 5 Vertex dynamicsz D< o7z, ZH&EHNWTT = —
TORERFEFETHL DT, ZORZATRMIBONHEZEZD
DN, DEBIEMIEIE., KRENZIEZT 2a—TOREHNTTF 2—7
DOFET NS EFET D, MIIZY 7 v 7 ZREBTIEI—EDHE
e oL RELTWDEINE, BRICE > THIEEIIMA F2—7
FEITERT D, ZOFF2—70 L TFmIIFEBEEL TW5,
AR ED LS BMEEDRONIET 2 — T BN —T T 50 EF T,
FTFa2—T75HEEIC, FERIZZH LD bOMEAOEBOMAREET 5 & 272 (2
DAE DIEYS TR~ B H O FEBRTHEN D), ZOFRMETEF 2 —7 132720 Tht
NN, 2 2T — 713X TN REETH L2000  MIOWWEIZ O X IV RFEEE T,
DR LTTER ZODOEMIEA B WIZHREEHEH T A LEERT 5 &) £ 7 L2 WH 28
AL (ZOMWEIFAETEZFER L2 LB 0 FZRTHEN O TWD),, T ORGE % Al HE5H O fHik 22
DOIE ERIFICATo CRHRE T e F a— 73K 1ITRT LI —7 L7,
feam - MDD LR P E DY O —TIEAUE, L TH DO OBEY & - 7 —{H
DHILDF T NVIATE ZZE 2 5 LI TE e, ZOF TARTEHRMIZLL2ONETNED L
ZARHATH D, HIKRDLEAIERFRITH 3 2 Nodal B3 713 2 Z TIHBIR L T2k )
Th b,
(1) H. Honda, T.Abe, T.Fujimori (2016) “Mechanism of cardiac looping of the embryonic

heart”. The 26" annual meeting of the Japanese Society for Mathematical Biology
(Ito campus, Kyushu University, September 7, 7C1-02-2)
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B DOFAEITB N T, 3T SRR RER RS R O 5, TEEZ kD 2 BN 72 EEIA 1%
W72 1 CThb, LinL, EOXIRNTE > TEEERFEENER SN TWD DI +5
[ZITFRfE STV 2RV, AR T, MIRRER OB OBMEEZ A 7 A A=Y v 70T —4
& A R|EE ST — A FUL O FEE A G DY D Z LT, ERNTO N EHEET D k%
W LT, Z 5%, MDCKESEMIID > A~ #igIIee~ 7 2 MRS 2 L
N ORI 2 HEE Uz, HEE Shic D e MEHOICIRIT L7 8 25, hofiz PRt
HBCFHRN— IV EIRA LTz, BT, ZON— IV IHESWEEFEL I 2 L—32 9 U E2ITH
L. RBOMBENITIHELERTE 2, OV EHEET Y V7 L, RIS
HINT A =B DR VAT T 4 v VIR LT RE R B EERE, PIERE IS 20t — B
B ER Y. SERRRM BT Z R o Te, BLEORERIT. ERROKF L —
N, FREO S Z T DRI 5 5 2 & amed 5,
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Origin of cell diversity: Expected number of fixed points in
Boolean networks
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In cell differentiation, cell identity is determined by a gene expression pattern, where a subset of genes
is constantly active. Therefore, genetic regulatory networks are expected to have ability to generate at
least as many gene expression patterns as the number of cell types. To clarify the mechanism
providing a sufficient number of gene expression patterns is important for discussing origin of
cell-type diversity. Boolean network model has been employed to describe gene regulatory dynamics,
where a fixed point in the state space corresponds to a gene expression pattern for cell identity.
Interestingly, the average number of fixed points in a randomly constructed Boolean network is only
one [1]. Thus, real gene regulatory systems would have special characteristics, which may be expected
to be effective network topology of regulations and effective regulatory functions for generating
various gene expression patterns.

In this study, we develop a theory to describe the expected number of fixed points in a
Boolean network under the restriction of network topology [2]. We assume that Boolean functions
assigned to every vertex are drawn from probability distributions that are not required to be uniform or
identical. Our theory does not require calculating the actual number of fixed points in a single
realization. Therefore, it can be applied to Boolean networks with any network topology and size.

Our main theorem is "The expected number of fixed points is one if a set of stochastically
neutral links is a feedback arc set." This indicates that controlling only network topology is irrelevant
to providing many fixed points even when Boolean functions are subjected to biases in favor of
on-state outputs and canalizing inputs, which are critical for order-chaos transition. Moreover, we
demonstrate that the expected number can be increased by the predominance of positive feedback in a
cycle. Thus, real gene regulatory systems showing a large plurality of fixed points would not only have
many topological cycles, but would also contain elaborate regulation rules that collectively compose
positive feedbacks.

REFERENCES
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Stochasticity Promotes Synchronized Gene Expression between
Cells in Somite Segmentation
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HZETDHHEND H[2]. L, WILHEHOEEIARIC wTiMW%@%wmﬁwm
ﬁo#ofw@w FHARE O 5REEAE R 2 RE L 72 WIRE T 7 /LTI Ol i R 3R
NEETH D720, BIRTHBEOREMET VEDOLDOELETLENRS S.

AAFFETIL, HesTOFHFRBALA « #& T 2RI ET /ML T 5 2 & T, HMlRREZHEVAH
HAEAZREET & HRBERFTE 2 AREMEZMEE L. Ak, Bin - RBIIMEROTH Y,
RO EI O R S AU D & HesTILMERI 2R BLA T H[3]. VA I FEEN 2R ETRE T
e LTERT S Z <, FHERBALS - %T%%4ﬂ&&bf%7wML B\ A AR A
TEHZE ALz, ZO/RE, SMREAERICEFEIT L &idhn &, L LEBED
FfFEN TR 2> &, £ LT%%L iofﬂ.ﬁ#ﬂﬂh%ﬁfﬁﬂt EN D DI [FEFRA]
EHRREETH D Z NI,

SE IR

[1] J. Lewis, "Autoinhibition with transcriptional delay: a simple mechanism for the zebrafish
somitogenesis oscillator," Curr Biol, vol. 13, no. 16, pp. 1398-408, Aug 19 2003.

[2] K. Horikawa, K. Ishimatsu, E. Yoshimoto, S. Kondo, and H. Takeda, "Noise-resistant and synchronized
oscillation of the segmentation clock," Nature, vol. 441, no. 7094, pp. 719-23, Jun 08 2006.

[3] Y. Masamizu et al., "Real-time imaging of the somite segmentation clock: revelation of unstable

oscillators in the individual presomitic mesoderm cells," Proc Natl Acad Sci U S 4, vol. 103, no. 5, pp.
1313-8, Jan 31 2006.
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Coordination of FGF and Wnt in the construction of omplex
spatiotemporal dynamics of simple epidemic models

AR GEID FT, EBEL ZHE

Hisako Taki gawa—Imamura1 , Katsumi Fumoto® , and Takashi Miura'
TUIN KRB 2R ERE, RBRK 2 K Bt e R A e

hisaima@anatl.med.kyushu-u.ac.jp, http://www.anatl.med.kyushu-u.ac.jp

REZIT, BMIEEHEENELS, BB/ 22V eI X — L2 Rd, DG
BCERIE, Wb TREFIZE LV RIEET D) EWOIWENLEEI N TREZN, &
I D) K U BAEEN D EREEERDO e =T L —fEEN O ITHIB SN2 IR E L
W ARBFFETIZ, MiDOFAEIZISIT 2 3T Rk 2 FERRBLEE & O 7 AAEEIZ L 0 Fi~,
T LF—EEN ED X ) ITHIE ST D T,

fiti FR DAFIETE R IE, BORETF AN TT F I T UliEE LTI NTX 7,

[ EROMERIZMNEE L 0 v E BT 2B AN, L ViR FGF v 7 v 25 T B
FVRIEETD] W0 d A= a0%, i b7 FGF AEICEKEICRIGTE 5 2 L 20
LLTWDEN, FRICHIESN TR, T2 T, ~ U ARIFHED R o i bRz %k
R % FGF10 i~ b U ZLi TR L, ED X 912 FGF10 ([ZJSE L TV D il 7=, T Dk
B i F 2> FGF10 BV JA B2 REP O FGF10 8 125 L CamE o Bt 5 = & D3 HER
T&72, EBHIZFGFI0 FiiEd MAP ¥ —BiEM% 2~/ & Z A, FGF10 REKFMEIZHA
DHETIZON TR T L TWe, UL EOERERAZME 2T, EROSEK A RBLT 553
ETNEME L, ETMIZEBWT EEOMBIZBIT 2RETLEDOESWE TIF5 &, /i
MERENEL R D 2 ERNDhotz, EDZ &N, MiDoNIEMERL. BABRICbES
FGF BEKRFHEOELIZ L > THIEI SN TV D Z EBRB Sz,

ERoEFT LI, BEOEILEHRATE S 5T, BROBLEHHFA T2V, £/, &
BOBRI: D EMPIRIE L LA 121, RWEIZ E RN R < 720 | [E XD EE
EFIETDH, T THIBERZER D ANTZETVEEEL, 7777 VE SN %
BT DOHFIEICHOWNTE 212, FGF & IO IR IC EE 2K & L TWnt3 4 54
TW5D, REESI O R AR 2 FGFI0MRIN~ b U Z L CREE T ABE, Wnt7 2= 2 b &R
4% & | Apical constriction D TLHE(ZLE 3 I R OMEHE S 7z, Z OFEBRFER 2B F 2 T,
Apical constriction|Z & 0 &M mWHIRE LR ZE 5 &3 556 MBI AR L E{b L T2
MEMATEELDZ %, ETNMCLORB L, 20O D, MiOREEBRE THIF
DI ET 22 D4 T Apical constrictionDVEMEN EFH 95 Z 12X V< BVl 3 A4 U 5 A
HEMEDSRIR X LT,
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Mathematical model of collective cell migrations based on cell polarity

FRUERT ™, ZUEHESE ', A A2, J7EK?

Masakazu Akiyama!, Takamichi Sushida!, Sumire Ishida? and Hisashi Haga?
131N o SR e < 10 I e | 81173 | S AN o N b X1 & S o

akiyama@es.hokudai.ac.jp http://www-mmc.es.hokudai.ac.jp/~masakazu/

FEFROMBIZNN S 2 \WCIZAERIC & > T, BiEAROBEZIZRL, Atz b -7’
BAETHICLTWwa, FlzE, MEERSE TR, Z20REREIC X Dke REFETHPEL % 2
EPMEINTV D (1], FRICHEIREE T, cyclic AMP X > THEMEZET 2 2 L2361 T
W3 A3, T ORFIRICREGES) S B8 I N5, - THEEZHET 26, HfkihEZ = Xoumic
192, ZoRLMEHORIEOK 2R TE 5. hoficik, €777 4> 2 OffHifhEs
EDEREIIRD 7 a2 ZI2EWT Y, Mo REsE) 3 S T 5 (2], BHIZ, MDCK A
faD R #EERL, A LEOBAMBICEWTY, 20 &) 2B R ST 5 [3][4).

2Ok ICHifattoEE)E, AL EZ CHBET 250036 D, EEES) & & o il
B2 K, PliER EOMBEIO T S 2 LYb 5, RS, [RIESESIER % 28
oBlgsns o, il - Mo BE) & WEEKOBROMICIE, EYEEZEZ M5 20
WL D D EDPEMTE L, L LENS, 20X KEEREANED L) A=A LI
L DBERINTOLEDDIITHTH 3.,

AGE T, MIEREORL Z2EBT— FRED L H I =RuE K O RILOBEFR O 7' 1 &
AT Sz BT 7eolc, hEo k) L& 00 LMo ZGER €t — 26l e L
TR, RIT, MlEESE - Mtka Lo X9 &, MilRickwe T LI LIEBIRIh 2 EH 2 R E T
VANEML 22, MIGEESINED X ) BWED SAIFEINE IOV TEELIT), KB,
FINBEET LV ZHOTING OMEIE— FPHBTE 5 L2RL, SHICHBIINE
BE— F3dH 5MOBEERZKOZ L2RT,

SE R

[1] Akihiko NAKAJIMA, et al., Rectified directional sensing in long-range cell migration, nature
communications (2014) 6367, pp. 1-14.

[2] Rei MAEDA, et al., Roles of single-minded in the left-right asymmetric development of the
Drosophila embryonic gut, Mechanics and Development (2007) 124, pp. 204-217.

[3] K. Doxzen, et al., Guidance of collective cell migration by substrate geometry, Integr Biol
(Camb), Number of 5s, 1026-35, 2013.

[4] M. Akiyama, et al., A mathematical model of collective cell migrations based on cell polarity,
Dev., Growth and Differ., in press 2017.
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The influence of time since introduction on the population growth
of introduced species and effective management measures

Hiroyuki Yokomizo'", Takenori Takada®, Keiichi Fukaya® and John G. Lambrinos*

LCenter for Health and Environmental Risk Research, National Institute for Environmental Studies,
Japan.
*Graduate School of Environmental Science, Hokkaido University, Japan
3The Institute of Statistical Mathematics, Japan
*Department of Horticulture, Oregon State University, USA

hiroyuki.yokomizo@nies.go.jp, http://www.nies.go.jp/risk_health/members/yokomizo/yokomizo.html

The demographic rates of introduced species change over time due to several demographic processes.
However, we have a poor understanding of the degree to which population growth of introduced
species changes after initial introduction, or how these changes affect management measures. We used
published matrix population models of introduced plant populations to describe relationships between
time since introduction and population growth. We did not find a significant relationship between
population growth rate and time since introduction!). However, elasticity to stasis increased while
elasticity to growth decreased with time since introduction'. Plant populations with the longest
history in an introduced range have elasticities that are broadly more similar to those that have been
reported for native species. These results suggest that we should take time since introduction into
accout in developing optimal management strategies.

124 ---0--- Stasis
""" 8- Fecundity
-—-4A--- Growth
Precision L5

Elasticity
Precision

o
0.0 e 8 ° A @ s alo

100 2(‘]0 3(‘)0 4(‘)0

Time since introduction (year)
Figure: Relationship between time since introduction and summed stasis (S), fecundity (F), and
growth (G) elasticities on population growth for introduced plant populations. Dashed, dotted and
dot-and-dash line indicates the Dirichlet regression lines for the elasticity of S, F and G, respectively.
Bold line shows “precision” of the Dirichlet distribution. The lower precision value indicates each
elasticity value deviates largely from its expected value with higher probability.

References
[1] Yokomizo H., T. Takada, K. Fukaya, and J.G. Lambrinos (2017) The influence of time since
introduction on the population growth of invasive species and the consequences for management.
Population Ecology 59, 89-97
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2EDZ VY LR AEZURBEEEFERRT Y 21—V EE
Optimal life schedule problem containing two-fold stochasticity: Adaptive strategies for
heterogeneity and variable environment

KIREE L, MK 2, kB3, N 4
Ryo Oizumi', Yuki Sugiyama?, Yohei Saito®, Tetsuya J. Kobayashi*

VST R - NI RIS AT, 234 UK SR Bl i o

ooizumi-ryou@ipss.go.jp

TR A AL D & BRI IRk 2 M AESEMEDFIET 5. DNA OZRIZ X AFEKED e bz &izid
Z 5N EY DFE TR AR L XV DO ARHEEMED S, EELCERBEAENIC X B2 HEM L X)L O A
EUFTEZTDAT—NVHELEETH D, HREREAHTRRE R E DN ARHEENDA 7%
SIRIZENDFRESITH D, EHELH & ONAAHEIEMEIZ L MR A7 20825265
NTW3., ZhIZEMROEANLZGEO—D L INT WS, —F, ERERDS 130k RKEE
BREROEEFEYORKNE 2D, BATHE2HBEEDBRVWEEZLNTWS. Hixoh
T-ERBE R ICBWTERLEDE A Z TS HIEZWL OPEET 25T, WaEimIE-D iz
AW BEAEIELE AT Y a— VI EIIREN T 7o —FD—2Thb. ZOT7 Ta—FldFr,
HEIEE TV &2 v U CTIEREED NI IR % Iy kAL & 5 r-MklE 70 & 0 A 15 5 & fEARTEB) A8 2 4
ODF5HBHEETHB. LrL, EREE2ZETNEETOMRKLE UEFHTE < FUREIC
BT WVWHEFERLDE, DR OHMRBRLKET S HPBERTHS.

—7, WERImE AW HESEN: 2B R L 2 EAREEIBO € 7V, H LR RN
LBETIUXT VX LWBITINCE T 2L < DR TIE, T ORHESEM I BRENEK %
BAIEEENPLIELONT VWS,

AAFE TIXAIAHETENE: 2 ER DS FF DR O FIRIBFRIZ B 1 DILHURE L U, HER GG
OB R RS E T 2R T S, IIZHDR D E T IV AN AR REENE 2 8L 72
KEE 2 1A, RERNREREE N CORMEEEL AT Y a— )L & O RN 5o I 0 E W\ %
WMLBHDO2EDTHB.
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The tradeoff between the number of dispersing offspring and their size
under disturbance

AT LT, B T, R
Shumpei Ujiyama', Mayuko Nakamaru' and Kazuki Tsuji*

BUR TR KT - AT YR, THRERK RN

ujiyama.s.aa@m.titech.ac.jp

AW ORI T BR R L OB A2 1T TV 5D, EROMIZETlE, BREERELIZAY O K
NDOGBHERET D EEZ LN TV, ZHIEERBE~DOSEN., WELIZ X 5 EMo /T
IR DO R E BT 54 TH D[], L LARKTIE, 7V EBLF T Y Linepithema
humile 732 E ORAFEIZ LIZ UIRR O DERIC, BEEE BT 2ICHEDL O THEL T TBER3
LHEMEHET D[2].

& 2 CHATHIZE[3.4]1 Cld. BEEEE SRS 2/ LIE LI KR & e R 20T 5
—J. BHEBEDBT 2T/ SR T RESEWT2MEMIZER L., b 2 DO ZEM %
WS HTHSHFETHEME L, ZMEEDRVESICOVWTTan =—_X— 2D ¥ A Xt
EET VAW TN 21TV, ZREERH 258 Ik e v 2 bbb o —Vx
VER=RAV I a b=y a VIR R T o7, FERIE. G/ S WERO YA KT
KO E O Q)R ELOZERHAL I NS W Sk, 5L T C 6 S EEE B B EEE 2 # &
DHLERNZIRD E otz

& 2 AT, FEATHSE CIXEERE & BB ECT 2 BT & HICRBUICEE ST
Wiz, L LEL DEW T, FHROVFA ZABR/NEWIEEFROEITZL R 5HERH Y, 1
BROBNEITRODIEE DS OREIZHL TRV, £ 2 TR TIX., 8lé o sEt
A RE— T & LRI D 112 AT £ IEEE ) Boikhs 2 2 s -1 8 A L, 4 L
L7z, =D HOHIKIZ, BloY A KT RKE VWD, NERTREEBEALCL2GETHD, 290
HOWK I/ NS pEEh, bbb e UNSRBATHD, FHELAAE UV CcZEM
EED IR WA OWTIIEIE T VN 21T o7 2 A, /NS han =—0DRERNIER
R WA THIZE L R DFER & 72 o 7223, /NS g a0 =— DB RN AR RIS,
DERBEOBROY A AN/NSLZODOTHRESBIEL|ENERN 7oz, 72, ¥ TET
JMZBWTHELZEAT L E, RO LI R E2o7, @ELOHEENELS RDIFERT
EHEED B CTIXTROBEN N TRAFIE 72D, OFEELOFRN K E < 251 8 T HROEn
ZVERBE BB ER E 72D, DLENG, FATHIIE & g LT, /NS WEROFE T E MR
BB T, LA HECE 2 OHENRKE L DI EEE~DOBFRBRE DK WENAF]
72Nz b,

2B iR

[1] Van Valen L. 1971. Evolution, 25(4): 591-598

[2] Holway DA. 1995. Conservation Biol. 9(6): 1634-1637

[3] Nakamaru M, Beppu Y, Tsuji K. 2007. J. Theor. Biol. 248(2): 288-300

[4] Nakamaru M. Takada T, Ohtsuki A, Suzuki SU, Miura K, Tsuji K. 2014. PloS ONE. 9(3): €91210
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Resource acquisition unit and population dynamics models

VAS-NISW/N
Masahiro Anazawa

FAL TR F LA EREE T %)L — 228

anazawa@tohtech.ac. jp

— iz, FEINCEIED T o NS B R OEAREEIEZ2 KRBT 2 €TV & U TR~ 2Rl o 5
BEABHELNG, HIZIX, 3T A MNOFAEFERE R ORERNLRET IV E LT, Beverton-Holt
model

Niyr = a/(14bNy)

BH5 (N AMEEREEY 1 X)), /2, A5V TVRERZIVTFANLE A5 TIVRIDH
MOFEAEHEZ S D2ETILE LT, Hassell model

Nipr = a/(1 4 bNy)*

Nl flibnsd, ZhoDAHREAZ, dLd BRI N EERBOBEMREHLRIIIRET S Z
LEHKE L TEAINZSDLELbNEA, Wikldk, Thoz2 X0 HEANLRIKENP OB T 2
A (BB FHEEH) 7N TE7, HlZXIX, Hassell model iX, 73w FARD 4 FHUZ IR D &
D _IEDHIZUT=D > THRMAT D EINET S Z & T, EEMEEROMEAEEED LS HERXE L
THEHETE2ZPbroTWS, LAL., KDEMIHEEZEZ LD TIZHL, =20y F
NOEAREEIRE % KT HFENE U T Hassell model 28 H U7241Z, TNEFTHEALEL TWVWARWVWE
S5THb, £Z T, Hhl. =20y FNOMEMKREEEIEZ R T HFERE LT, AR OERHES
7 5 Hassell model ZEH T 5 Z & kA7,

EEDPERZ D < D FEF HB%, AR —ZIZRBTE 203D 5 MNEDOEFTH L L LT,
ZOHBNEREEDSEHEFNT VX LIMEEEVRINS LIELZE Z A, Hassell model
ZENTEIENTE 2, 2, ARV —EIZHET 2 - EJREEZZ X 5 Z & T, Hassell model
D734 2 LT, Beverton-Holt model ¥ Ricker model 238515, ZOFEHRIL. b
B NWEZ BV TNEEDD, WA WA LHEEHHORHOENNED LS ITEL LD
MPIZDOWT, HLWAEEZGEZ 5D L bnd, HEHTIE, INSDOETIVOEBE LT, I
A X, RGBS T TV OEHADIERIZDOW T HiERT 5,
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The reason why sexual reproduction has been maintained.

Makoto Douge* and Yoh Iwasa

Department of biology, Mathematical Biology Laboratory.

Kyushu University, Japan

makotodouge@gmail.com

About forty years ago, Maynard Smith presented a concept of "Two-fold cost of sex".
G.C.Williams asserted that the diversity of offspring must be the cause (Lottery Hypothesis).
Maynard Smith investigated it by computer simulation (sib-competition model). He proved
that it was not able to surpass the two-fold cost of sex. After that many hypotheses have been
presented. However, the general answer has not been found yet. We partially revised the
sib-competition model and got the result that outweighed the two-fold cost, in addition we
also clarified that the responsible force of the sexual advantage was the number of offspring
of a sexual mother. Furthermore we investigated the more general cases as below. (1) In the
case when there are environmental factors (noises). (2) In the case when there are multiple
survivors in a patch. (3) In the case when the number of phenotype of the population was
decreased. From the result we think that the diversity of sexual type demands realistic
conditions for the maintenance of sex.

142




O5EH* 0-48 LA =

1048 H (H)
10:15-10:30
Seminar Room 1

HENARMEERIEI/RLTZONM—FRILEDD

BALF 2P RIZLHERA
Why is bidirectional sex change rare?

Mo I

Sachi Yamaguchi*' and Yoh Iwasa’

RN TG e AT SAIRCERE, PIUHIR B AR 2B,

sachi.dwarfmale@gmail.com

o TR T TR MRS T 5 & OB B, Z O 0TI RIS U D B
e~ & HED B~ DB EIHEIERT 5 5D bbb, L L—HHOMERE T % FANE &
foETH Y RFIHEERORET b A TOBBIBILH Th 5. Box 1, 28— LA
LD EV SN E . EREHET AR LEY (TR FT UL, TR RRTOL) O

A F I ADHBET AL > TEZ D,

T#T ATy, EATARNTIIVA—)L, AT uvZ—FYOELT5,

dar

— =cS.-d.T-bAT Testosterone
dt F T /

Social status

d_E = bAT - dEE Factor S¢ cypl9ala
dt
a“a._ LY

di  (1+gE)(1+hT?) Estradiol

Aromatase

(catalysis)

FARNRT B DAERERTERE LT, HAWHINZ ST ET SpEkELl, SIIBmiTH
LAFEEREOOT D, AU AN TERBETHIE, SPBHEL T A P AT BV RAHNE < (=2
F T OA— AL ABIE) R D | METHILES VIS, TR RATRY LRARFRD (A

kT A=V LAUL A EN),

MBS X 0 ABEALIZ 22 2122, Sp LUl LR L, =&
NTZOF—=NDLVEERT 0N, D EZATEBIZEAT
%o A Ofm T, MEECRPIPEERA S = 5, —J7 ., [EIR O HIAL A
K OBALIT D (S LV RERICED T 5, T A NT U4 —
NLULEH D E 2 AT, AIICEINT 5, AROmT, B
A MEER AN = 5, 47X OB (Bistability) i3 & D R BRI & ¢
\ZEE R OWNZE) Thbd,

Estradiol level

i it

(a) EEOHPHREDSBOSEIL T, ML HRET D L

PN MBI 72 D & BECHEER A 95, UL, thapyfifr
DHELS o T, IHILNVLIZR 728 LTH, REBIRED £ £ T,
ME~DOPERRHIIBLI S vy, T —FHHEsfRTH 5,

(b) fE R DFNRREDS L E DWED B S 5 &

RPN MEALIZ 72 D &0 BEICHERR A 95, F oAb Bz 23
7o T, LR To b & M~ oWt~ Bl S h 5,

TG MM TH 5,

BTG IAPERRR AL Z 51213, B (WL IE) S RWBEDR H 5,

143

10

fm

00 02 04 06 08 10

(a)

Social status factor (S;)

VB _, >

‘-A




OEE%ESR 0-49 @ik &

104 8H (H)
10:45-11:00
Seminar Room 1

BEMREZ L0 ITEEKBICONT

Physiological mechanism for temperature dependent sex determination

A R

Yoh Iwasa' and Sachi Yamaguchi®

U KRR FEGEER AR IEBE, MR F L%

il

yohiwasa@kyudai.jp, http://bio-mathl0.biology.kyushu-u.ac.jp/~iwasa/

NDOFALIRFEIC K - THERA R F 2R EMERE T HESCAEHIZIES BB D,
272D M (<D R
Nz <, KR &SR TE bz
) MELILTWD
CIBEICE o TEBEENERY . FOMISE~ORhESHEREZ X

Lze &3, IRERREE T2 O bH 5, KR THEC
7). AR CHEICE I CHEIC 225 9 MF B (%< DH R)
720 RN CHREICZe D FMF B (WA, U=, MBI TREI
DS BRI OV T
S>THe A L4 % Charnov-Bull G E & DL 47— LFT L OEE

il C I

Bz 11

o RFEPEIRIE

SR, THES PSR

Moo U ZHVWTEIESNTWND, Lo LB ’Db\’C@ﬁE HIBFFRIE 7R,

ARG T
JCHFEENREAKFET D256

\w%%&mﬁé%W%/®&4% v I ArEZ, £

(ZPE G5 DR DX

CEDX Y RIBEEIRENRE — U NN AN EEET S, T

TARNARTE L Aﬁ?nv& Y. ENRTZRA NIV =L ET D,

dT
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dE _

dr

bT
c+T

A

=y-d,T-

bT

c+T
dA ak

dt  (1+ gE)(1+hT)
S 2 yoa, b, dy dy, d, 7o 8 ISHERHEE x & & b
L OFHARIEAREE & & b 12l

A-d.E

__dA

[1] & TOEZRRIGHAE CEREEREY 2 RTIHAIC
(2] 1 OORSETNREKREEN D 256
a,b 72 X OIRFERIFMERIRN & ZITIIME BRSNS,
(3] B OIS TIRERTEMERSH D L &IT
PEIZ %béﬁfﬁhﬁ%féﬁﬁ< %ﬁi
mbwm*wﬁ?iﬂﬁﬂ\ Zik. MF BUAS,

—
Q
—

\ZAEPFEIT Fﬁbéﬁfi@ & 53 i SO D3
f”ﬁ‘i?? PEALER NG A I IE FM RS B9 5
(4] 2 TORIED Arrhenius = (exp[-B/x]
\ZERB) (2HE D &, FMF S0 MEM A B L
720N,

Estradiol level
0 1 2 3 4 5 6 7

[5] AERKGM Berthelot = (exp(Cx) 12kt _?o 3 t %
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BT %, Wiz

Cholesterol
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|
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4== Aromatase
(catalysis)
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HRTDLIRET D, ZDEE, FILE
WZEID oo 2= N BT 25EN D 5,

EL REARAMEIR E IS A U2,
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.0014

« PRI Berthelot TR RN Arrhenius 272 &, MEM B BLIL 5,

TDOZIENS, Tuvw A —ERZ A NI OA—ILOAK T vt ATB W TEIR TORERK
FHEZ I BIZEmD LM L0, 728 ZITBRIR AT T 14 >0 7, FR%E . 2 EKF

B7R EMRERFRNCAEL D Z ERHERI S LD,

144




- . . 10 H8H (H)
OFEHFK O0-50 HHEHZEXR 11:00-11:15

Seminar Room 1

T T R=y 7 ZAOWETRO T OIRE T ARG L Z OFRHT
The dynamics of aquaponics model system and yield prediction

S
Shigehide Iwata
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siwataO@kaiyodai.ac.jp

RREWR 2R E LTERT O, KENREBROMENR RO LD, L, RARER
ZEEE L THWAGAESXARREOLE) N CREZAEET 256, ka2 NI R
ERRVAEFERDALE LRV ZENLRBREPHEL D, BEMNICERZMGET 22T 4
ELTHLSMBIEHSNTWD FIEDKETE ZITEM, BETSZAFEMPEE TH L, —
J5C, A, BHUORET & B ICEIRERBER O L DG YL IIRN, Bk O &R &
LTHADIND, ZTORPTEM D 72, BIETIXMHT 2 RBEREZ N 2 BhEM%, &2
MRS CIT B AR LW ARBBRES e ST &z, LanL, ZAUTHEIM, KBRS
PO T 2 RBEIIMER SN TS, £ T, —OOMREK & L TEIH & KBS 2 [F
RFICAT 9 2 & CRlREREBEOWH 2 69 5715, Aquaponics, 23425 S NAFIED 72 ST
V%, AquaponicsiZAquaculture (ZKFEFEFH) & Hydroponics(UKHHAEE) D ZNZENLTF% & > T
EBNT-EFETH D, ZDT AT A TiE, Aquaculture Tt 3 2 S5 1 % Hydroponics D 3 A
TATIER L, KREEREZ T OMEWOEEBITI, ZOXIICTH I & CREENER
DRAZDIRLTHIENTEDEHFINTVD,

AFEFTIX, Aquaponics> AT MBS 5., MY OEIATEEIRE, ZhEA O EIRTFEIRE(EfE
(Z/XBiomassDENAE) A ET VU 7 UIBE LT ET VAT Lo RE2®mE T 2,

AFERTIE, MY —BHAOHEERZ RBEAZBEB L TR LLET ) V72T, £20D
BREA TS 5, S 72D M0%. MOV AT AEHEYDO VAT £E272< KICEFT S
KREHRETH D, BIAOK, MYOEEZ &0 L 52T LT ORBIHIRE & Foi 72 R &
RO ZEMTET, MBLXOMYORINEZ i K LT E 20T L72ERZWMET 5,
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Estimation of GPP using sun-induced fluorescence

AR, IIERRE Y, SEARTESE 2, NS 3, AR BEER 4,
MR 4, RHLESES, EPH2C, AR 7
Yuma Sakai!, Tomomichi Kato!, Katsuto Tsujimoto?, Hideki Kobayashi®, Kenlo
Nasahara*, Tomoko Akitsu*, Shohei Murayama®, Hibiki M Noda®, Hiroyuki Muraoka’

VI E R AR ZERE, 2 RACKRZERZEGE MRLAAFSERE, 3 MBrEmr o B Ferins,
L RMR A ERER, O PEEBARRR O SERT, O ENZERBEZEHT, T IR KA I S v & —

ysakai@cen.agr.hokudai.ac. jp,

Pt AE BB RITEARIZ L D, IREREHTATH S COy 2 KA SHINL TE D, KA DIFZER
o)A % EMECIEIR T 5 2 Lk, [koMiEko fEL M E Pl 5 ECHRHICEHETH S, EITL-
TR X N/ DK I NERIZRH SN0, I NG > T 3V F—D—Hik, 7
HE7 4 )Vae LTINS, BoR CTIHERBROKRERAT —)LIZBWT, #i &7 —&Hl
PRSI (GOSAT, GOME-2) IZ& 0, REGHIZHEF I N2 08 7 4 )VEDE (Sun-Induced
Fluorescence:SIF) & AERER A R (Gross primary production:GPP) & DR KA RN Z &
DOMPoTET WD, F72, SIF Ik, /EROREATRIE (NDVI ) TIXREETd - 72 L1 O bk
P, EEBMOEYONEBRIENES EMICFMTE 5720, WENZREEY UTAERBRNLERE
DOHREIZENT Z BRI N TWS, ZD &L S51ZSIF OFFAAREMEIEE £ 0. HEBIAIGHE
Ih, M EBHT—XEEL LERMINODDOHL, LLrL AT, ZOHHEINZSIFIZXS4
RERCA M RE DR, T — X AL TR L IC K B ERBRAHRED #EkEEDR EE2X 57
DOEMEN Y I 2L =2 a VETIVORKEPENT VD, BEIZ K- TN I 7z KO K
ME7ua 7 4 IZBWTHRER MBS ICHVwshEEAZEhd, ZLT, ROV
F—IFHE PR R AL BRI N KRB E NS, DF 0, KRNI NZT R XF—REEEBIC
B X N B HER ()¢ ORIICIZIZA T O X 5 2BHEASH 5,

¢p+¢f+¢n+¢d:1

2T, BRATO p b, fIFHEE, n 3B dIZZNSNDOEELZEKRL TW5, X5 SIF
& GPP (X aPAR(HAHRE N E) ZHONTUTDO LS ITRkD SN B,

SIF = ¢ x aPAR, GPP = ¢, x aPAR

DEY. ¢, ¢ DitizRDZZ L TSIF & GPP ODHEERE2HARL LA TES, 22T, I
ENTIDBIGIEAN L B N B KIGHE R E K, (0 € {p,f,d,n}) T D&,

K

b, TNETOMEDE I, BEUZEIOLRZBRN T2 ik s TSI NEZ NS
T CHEREEIE VAR EZIToTE R, LML, BATBHIINAEZT —X2HWZ/85 A —
ZEDHEE TN T WERW=H, HARFIZE T 2 HEAREHI AL TOBRBEZ Iz 4 5808
DO EZLZRD B Z L IZTE TR, FITCAMETIE, KEEDO TKY Y1 MB35 7
T IART =Tk o THBXNAT-X &2 HAWCTEEEZTWV, i X N3 36RO ERIEE X
SRR Z2 AR5,
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Stability analysis of ratio-dependent community dynamic model
of Batesian mimicry

IS NG EER R R el
Hayato Kato! and Takenori Takada?

Vb R BREE RN BT, il R i ERBR B R A ZE e
katoh@ees.hokudai.ac.jp

HREIHT HWRE OISO —2 L LTHREND D, BHERENGHBICEN DALY
HZ LR, RO FWVENEOETVREICENT-BELUED Z LA VL VS X
A Y RBFEREIC BT AR FRITE L DSV TE R, BTV & BIEROBEEREICIER LT
FOEHE Y %< 72\, Yamauchi (1993)i%, Huheey (1964)D 7> 5 HERE D Rh IR & E A A7)
CEREL, TF N EEEOBEBRETT L ARE L. Z 2 TlidYamauchi®E 7 /LD
26, BTNV EREREO R GTICEENRANE LIET VERY BIF 5. Zo#REIcET
%7 /UL, Haque (2009)(Z & %ratio-dependent predator-prey-€ 7 /L & & o w1 72 M85 2 A L
THRO., BESHREEE BEE) KFIREOR T2 E LI EARN T T LDO—DT
b, LIZN->T, ZOFTIVOIRDLENZHFICHMT L2 LITEETH 5,

Z DFET WZ-D T Yamauchi & HaquelZ X o TR & Hfilifig, & L CTRRD 525 BT
WL ONDOEENE E TR SN TN DD, REVEMNT & X e iR ST
ol T, ZOETIVOREMEMNT & RN 21T > 7= (X))

BREROBREIE N OB, 3

WL A
B ARLE P AR

0.5

1.0
ET VO B IREINR D% 15

. B2/ T7A=FEy MZBEITD, FRTOET VORI
(BT NREOBRFNAENZ1L LTND)

25 3R

Yamauchi, A. 1993. A population dynamic model of the Batesian mimicry. Researches on Population
Ecology, 35: 295-315.

Haque, M. 2009. Ratio-dependent predator-prey models of interacting populations. Bulletin of

mathematical biology, 71-2: 430-452.
Huheey, J. E. 1964. Studies of warning coloration and mimicry. IV. A mathematical model of

model-mimic frequencies. Ecology, 45-1: 185-188.
147




OEE%ESR 0-53 HERA=

104 8H (H)
11:45-12:00
Seminar Room 1

ZIRICEMRE I KEDEANICHEEN T VD ?

Are more diverse communities more resistant to invasion of exotic species?

LIRS
Toshiyuki Namba

PNTSRVINEENE S T e T S

tnamba@b.s.osakafu-u.ac. jp

FOEHRTHEIX L DLENPE D DT DOVTIE, BELETIVOMM» S B/N— b - A A H 1972
BITREN R B2 R U TS, WEZIZHRFP VTS (Namba 2015), & 0 EHEREEIX
FORETHDILELRHTHIRMELT, Fy— VAT b, EE MEKOAERES (The
Ecology of Invasions by Animals and Plants)] (Elton 1958) (23 1) %, Bl B8 IXEARLED
ZALU THIERIZ 2 D X3 <, RIBIZHLTH W FIFL<ASNTHS, L2L, TV b
VHEIT DL, BHEME BVE L CgialTh D, TV NV EEDEES X DT, [HE % RIS
L7z LTH, TNEBINZESRETH - T, EllITidR o],

T D, —EDOHANZ U720 > THEEZMAN T, £ JITHUSFERE» OBAZEEZIRAIE S
HERITZE A WL DD fTh T WA A, #4532 (Case 1990, 1991) 2&¥i## (Post and Pimm 1983,
Drake 1990) TOWRIZIROSNTE D, Bif & RO 5 &2 AL A ZHERE I D72 <, Bt
MEOMER L EBTLE LT (I (2002) ODfRFIZ2R).,

AIRFETIE, DEOWESE L LBONYIN 6752 T, MYMOREREFORS &, HYOWIH
A DI eI oT, RO DLWEEDN SHYIFEOZ WIFE & TRAGHIEZHEL, %
TITHr 7= 7shdpiE 2 EA L, WO LM L2 AT 2 M OBIRZ AR5, K, (1) BA
Tl DMERAEER IZHEFR X 115 rejection failure, (2) B AREAMZ AT U CREADIE Z 5 community
augmentation, (3) % AMAERS LT 1 X 72 ($EBIRDEKAE DM I 5 replacement (ZEH U
T, RALEMZHEOBREZ Z 5,

Case, T.J. (1990) Invasion resistance arises in strongly interacting species-rich model competition
communities. Proceedings of the National Acaddemy of Sciences, USA 87: 9610-9614.

Case T.J. (1991) Invasion resistance, species build-up and community collapse in metapopulation
models with interspecies competition. Biological Journal of the Linnean Society 42: 239-
266.

Drake J.A. (1990) The mechanics of community assembly and succession. Journal of Theoretical
Biology 147: 213-233.

Elton, C.S. (1958) The Ecology of Invasions by Animals and Plants. Methuen, London. JIIARE
WA - RIRSEAT - ZIBGRER, TIRIGOAREZ) | R4t

May R.M. (1972) Will a large complex system be stable? Nature 238: 413414.

PR =2 (2002) AEWIBIMEALER AR DR A TR, HAERZSEEREIX 220 50: 4-10.
http://www.esj-k.jp/assets/files/pdf/kaiho/no.50.pdf

Namba, T. (2015) Multi-faceted approaches toward unravelling complex ecological networks.
Population Ecology 57: 3-19. https://link.springer.com/content /pdf/10.1007

Post W.M. and Pimm S.L. (1983) Community assembly and food web stability. Mathematical
Biosciences 64: 169-192.
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Space promotes the coexistence of species: effective medium
approximation for rock-paper-scissors system

Kei-ichi Tainaka!, Kazunori Sato2, Genki Ichinose? and Takashi Nagatani?

'Graduate School of Science and Technology, Shizuoka University, Hamamatsu 432-8561, Japan
*Department of Mathematical and Systems Engineering, Shizuoka University, Hamamatsu,Japan
3Department of Mechanical Engineering, Shizuoka University, Hamamatsu 432-8561, Japan

tainaka.keiichi@shizuoka.ac.jp

Stochastic cellular automata for rock-paper-scissors (RPS) games are related to Lotka-Volterra model.
Simulations are usually performed by two methods: local and global interactions. It is well known that
the population dynamics with local interaction is stable, where all species coexist. In contrast, global
interaction leads to extinction. So far, theories such as mean-field theory and pair approximation have
been presented, but they never explained the stable dynamics in local simulation. In the present study,
we apply effective medium approximation (EMA) which has been developed in Physics. The effective
medium is determined in a self-consistent way. The EMA theory well predicts the stability of
population dynamics. Moreover, it fairly explains the aggregation of species observed in simulations.
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2D lattice neutral model for continent-island ecology

RWaALE ~, W H R — A
Hisaaki Nagase, Kei Tokita

St BRI W R

nagase@nagoya-u.jp, tokita@nagoya-u.jp

T TCOMDMEY 7 ) DA, FLCH, JHERE EDH - BRI E S TEHL vy Lwv) iz
Z REIZ B\ 72 Hubbell ©H 7 MG (1] 1%, FEIAAEE S A6 2 E R ISP 2 500 e WA AR T
TLDONEDELS>TWED, ZOHVEPIH I NGRF DTV 5, FHGOFEZHV
SRR ANIRNT (2] 23T — 5, 222 HRIICED 9 b Db ThHh, LERDY AL F 7
ARBIFELEME LEOE THBET 27-012h, BT TV (3] % £EDZEMBRE 7V DORGEED K D
5N%, & TR TIX, KEEICHMT 2 2 ¥ BEE & BBLCHY 3 2 D RPTFEZ L 7
TR THINIETNEEZ B,

HFAZBEERIC B VLT, X Y-SR O 4IRS X (R LIcHMS T %) WS RRETEE 0. B X
O (EHIBBICHYS T 2) AR m I X > THBEII L2 2 L DRI ARER» SRR INTED,
BA B, Bl BORAERICKEL S OMOBAZEBEL THERINBHEDO IS £/, 2
) LI EMSRRETRR BB ARD NI A= =2l U 1B 2 Z T T2 00EET 5 2 &
ZHWEL T, COEMETICEBIAETIVIETVOIRZEBOZFARTVE EZATHD, I
FTOY I 2L —vavofiRy o, BROBELERICE T 28 5 E e mEnn AR 2 43T
B, SR L OE S NAFHEDOLRRIE - FLIEIZOWTHENT 5130, FEGETVICE
VB BRI & TR L, A EOBRE 2T o o THis T 5,

References

[1] S. P. Hubbell, The Unified Neutral Theory of Biodiversity and Biogeography (Princeton
University Press, 2001).

[2] M. Vallade and B. Houchmandzadeh, Phys. Rev. E 68, 061902 (2003).

[3] Takeshi Oura and, Kei Tokita, Journal of Physics: Conference Series 454, 012038 (2013).
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Does the community with interspecific interactions look neutral?

A AL
Hisashi Ohtsuki®

SN S N S R S

ohtsuki_hisashi@soken.ac. jp

Hubbell! & 37 7LV CIEFHEICHIN 2 KAWL CHFi©h 2 LIKE S 4, ADFIIHER
MEDBEDLRMEZ FHLO T 5, —J5T May? DFRICRES NS 7 v ¥ LBEE T IVIZRER O
EWEIRICE D A, FBRMHEEAOWE» S BHEZREBO T L) LT 23RATH 2, BE
TIE%  DBEEBY A4 ZOBHELRET2DICH L., HiZECIIERY A ZOELZEZ 2720
Py PN T 2 HHEZES 2 LW TE, L > THILETILDIE ) DL ) HEHHEE O E
I LT3, CIRERMHEEHD D 2546, Hubbell DHFZEFNLIZED LI BIBIEZZT 2D
A0 ?
Z AR TIIRD oD EEZHS I T 5,

(i) EEFMHAER DD 2 HERPILICHZ 2 DI 5 5?2
(ii) FEEAHEAEH D & 2 T 2 har 2 e & XM BRI IR D 5725 5 70 ?

ETNTIETA AN ORFIHEL, YA ANy > 1 DA VBHERZRET S, A YHETIZ
—ERTHEMDIEETEN Z2 T TOEREMLHEREE 0 £ T %, RFTHSE CIIMEAERT
Gl A = (a;;) \CHED EMEMHAAEMPSEC TR D, BEEOHERBIET 5, FEEDHTIC X
DAEUZ-22SHICIE, JRFTREDS L CIE X Y HEOMEN T2 4T 5, 1751 A & L TEBITSI
a;j = const. ZHAUE, I DE 7 )LIE Hubbell DHINLE 7IVICHE IIHE T 5,

DLEDIREDD LTI alb—vav&iTolktt 25, aij & a; ICHHVCADMHBERSH % L &
(BEEEDB B AR OWE 2 FFORE) IR OBFHEIIP IR A 2 &30 oT, £/87 X b
Vw7 7= A7y 770 SR, MEMHAERO® 2 EELZ Pz 2R L XT 27201
IEERET R & L O OREE Dy Z W5 2 Ed#EYTld e <. MHRRYIC Shannon index
D1 *° Simpson index Dy & ZDRXFNIEOTEHWANT7 =<V A% B 7,

S 3R

1. Hubbell, S.P. (2001) ” The Unified Neutral Theory of Biodiversity and Biogeography” Prince-
ton University Press.

2. May, R.M. (1972) "Will a large complex system be stable?” Nature 238:413-414.
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Mutual-aid game [ZH(THHAADEI :
FHIL—ILEERY A ADFEEIZDONT
The evolution of cooperation in the mutual-aid game:
the effect of reputation and the group size

FOLBRER -2, RN
Mayuko Nakamaru'* and Hayato Shimura®

R LRSS - AR Lok, THOR LR AR S P LA i 7o

nakamaru.m.aa@m.titech.ac.jp, https://sites.google.com/site/mayukonakamarulab/

}\F'EEJffié@iﬁ&iﬁﬂ/~7°¢:k‘H51%%73(“&)50 LinL. BAF8iEa 2 R 8iem b i)
FATETERY OFBREREN D, TA—7CBT DT ER ST W, %:“@@ﬂﬁ
T LEERTE T IR R SR FIZB N T, k@Jl IRFMITBNT I —TIZBIT 5 W
NPMBES D DN E NI WIERITOIN TS, £ < OWFIE TITAILM 7 — A%ﬂ%‘/"@/\%’)
ZOT—=LTIE, IN—=T A N=P3REY~OREE (B HIOEE) kD, FKEHED
BRI F 2T b OB EBICHER S IND LW OIEHATH L, 2057 — Lo
& U TITHIERIRBEALIEBE 22 &3 D 5

L LA — DA DA AN — NV E b DT NN—T K FET D, 2, D —
/\0))( UN—=DTEDITMD A N=BWH N T DX RGETH D, BilE LTiL, #HIEHOLK

FAH A PR FRER EOMAKR TH L5, 2D L5 2Rz 5 F< bbb LETF—uELT
Mutual aid game3dH H[1], ZDOF — AL TlE, BT ¥ AIZEEE — NER, KD 0))( N
NP EE LR TEOZEEZNT 2N E I DHBT2E 0N b THD, =L xR
RBFEAITIMA L TWD A R —=NZERIFKUTR D | D X S —EED BT 2RI él?l
TlE. Mutual-aid gamelZ 3\ THh 1) D3R S 4L D KX TH A 5 7> ? Mutual-aid game 75:?5%
8 L 7=Sudgen (1986) TIITBEMGIZ DWW THENT 24T > T\ D, Z OIKIT [3258F OFFH2 B
WIRFIE, R I3 EmEmE 2T 5, Lo L. RRHISEORR BT 22, BRI O RV GEE &
B s e, EEFEOMH G R 2D, —J, fEHO R WIREEE 2350 o VR 2 B 1T 2
Mmolof it TOREEOFHIZIRVWEETHD] L[l LrL, THEEEOZD LS
RMEE NI ERE L TV ONZHO N TIEbMh b7, £ 2T, F'EJ%E%T@O)@W ZEA9
HHEERMFER]E S BIC LT, BIEO £ L5 2 MEE ) Mutual-aid gamelZ381F 5 /1 DL %
et S 0 OB —Y 2 b= ;v~ya/ciofﬁmto

FERITROBEY Th D, WP ECHNTLEITRDRMTZT TR, BRERPRH D &
?ﬂﬂ;q@%ﬁ%ﬁ“}%((ﬁ?“(%O’C%%ﬁﬁ‘@ﬂﬁ@‘é*ﬁi%ﬂ“bto 4% B MO E L OMFZE T
leading eight & ’FFiXAL 5 8 O@%ZEI%D]O)#E BLIEHETH D TROVFPHIOSZM8H 2 1R IEF 23 8)
F7ema BT Rho G E) | Rtk %LO)J-#I TR D (B 2D)) B TRV O
UL VTP 0% 65%%% T2 o TG AR R OFHIIRWNVEE TH D jJD?L
AR TIE TEOGFRH ORMEEFE BV OZEE 2T 720 138 oo 725
RRFEOHNIENEETHLZ L] BDUETHDLZ 2L, £ LT, Tk i%ﬂ%
7z L CWe, F72. Mutual-aid game TlX 7 /b— 7" A AN KEWVIT EWHIITENL LT L
D2 ERhm LTz, ZAUTALM S — A TOELS — AR TO—RI AR L3R D,

Mutual-aid gamelZ AEIED H L72HIEO—>TH Y | HIEIC L > TREMEREMICI T
HMIIPMEEEND A = XL Z AR LIRS B E X 5D,

235 STk
[1] Sugden R. 1986 The economics of rights, co-operation and welfare. New York: Basil
Blackwell.
[2] Ohtsuki H, Iwasa Y. 2004 How should we define goodness?--reputation dynamics in
indirect reciprocity. J. Theor. Biol. 231, 107-120.
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Centralization in self-organized reference networks

OHEEER 7", KRB, e KRB
Mariko Itol, Hisashi Ohtsuki' and Akira Sasaki'

SRAIFIE R B R I R e R
School of Advanced Sciences, SOKENDALI (The Graduate University for Advanced Studies)

ito_mariko@soken.ac.jp, https://sites.google.com/site/sokendaisasaki/home/members/m_ito

HEEEZITIOE MIBEERREZTHABRICLIZLIIMEOERAZBRT 5, ZOBREIRIC
Lo, EHNOEKEBADOERITAWVICEEEZ RIELA D, Z OFENEMNOEEACE
Medmo X0 EERERREICEST 208 9 0%, EHNOSREMRORE ICKEST 21,
AWFZE TR, EFICBWTEBAR LY EfER2ERRELZ LE D EZBMHETERAL L X2,
EO XD etz b oo BBEBPBAIET 20, EWH T EEMWE LT,

iR oIk L, TIEfEOARIEfE ARSI 2 IC T 2 B ERE] &, THTFOH
FEOTFRBRBFEICESSSRMTOEN ] 2IREL-F Yy NU—7 EOERBKT T V& %
L7z, 20Xy hI—=2ZIZBW Tk, BERREZITHY AETEHA, 2HREFRE AR 7 TF
T, T2, HEWENTENENELRD 6B WI CEMTEX DR 2o T0bHET 5, &
TANZZENZENT XA HEZONEIEE CHE A OEEOS B TORE R &I DL
ITHLDMEZID D, RENIEZE 2%, REOEMNE 2 b, & AT BE
TFOE#EEZ G EICBBMHTPOEERZFMLUET, TOFIERH 2BEZ FEl>7-56%0
FHFOZHRESRSD T VX NGBV HFZHLWSRHEFEL TS, ZOET LDV I 2 b —
varEiTy, BERELESHEHTORES 2+ L%OXy NU—J(HBLLI=2 R
BALR) DR A G~ T,

ZOREFR, HBLLSRERICEW T, FEAEEHNIHEONL 7+ r U —(ZOEANE
ZH LTV N)OEITMEADEINZH L THRE LY bRMICHENT 2 Z LR Eni, Z0
FERIZOWT, BIENIZLOBANRMR Y NI NTEMRTZXDEERNT 4 —~
), IAD T 1 U —& iR C& 2. Q)Y 7 0 U—H, ZNERMEHTHIZK D
LHEEERL, VIalb—va U ERELCHATE D Z 2R A L, 2 Ofiiri gt
B, VBT 4 a U —BNREICKR LIERICHENT 2 2 L, FEANIADO T 0T —
BHEEECX A EWIERMNEEAD R T —< 2 R L CHRIE L 153 B4 25 = Lok
KL TWDZ ERbholz, £/, ZHHAFLDY V7 2R T 500200 5 BIENMEVVE
CEBRMFAWEET 5 HENBELNTHHIFE) HEL LB BRSBTS E AR LY
BWENZ b oT-HFEEZSZRLTVWSL L NS, —RERICKT A ENSE ST,

S35 SR
[1] A.J. King, L. Cheng, S. D. Starke, and J. P. Myatt, Biol. Lett. 8, 197 (2012).
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Genealogies, ages, and frequencies of cultural traits: An
application of the theory of duality

Yutaka Kobayashi*', Joe Yuichiro Wakano® and Hisashi Ohtsuki’

'School of Economics and Management, Kochi University of Technology, Japan
*Meiji Institute for Advanced Study of Mathematical Sciences, Japan
3SOKENDAI (The Graduate University for Advanced Studies), Japan

kobayashi.yutaka@kochi-tech.ac.jp

Theoretical research on cultural evolution has continuously been improving our knowledge about how
culture accumulates on the scale of a population under the influences of demography, environments,
and transmission modes. To our knowledge, however, very few theoreticians considered the behavior
of a small sample and the information it bears about the history of the population and various
parameters of interest. One notable exception is Auguilar and Ghirlanda (2015), who investigated a
retrospective process simulating the cultural genealogy of a sample with respect to a single trait in a
continuous time model. Although this is a remarkable foray to a potentially new field of genealogical
research on culture, the did not formally show that their retrospective process has a forward-time
model as a dual counterpart. In the present study, we consider a model of many discrete cultural traits
independently transmitted. We apply the theory of duality to derive an ancestral process simulating the
genealogy of a sample of individuals for a particular trait. Our theory is potentially applicable to
diverse issues concerning cultural genealogies, but in this study we focus on predicting the ages,
frequencies, and the number of traits found in a sample. How old observed cultural traits are is, we
believe, a new problem in the theory of cultural evolution, although it is potentially very interesting
from practical as well as theoretical viewpoints. Studying the behavior of a sample of individuals from
a genealogical viewpoint is more data-oriented than studying the evolution of the entire population as
in most of previous studies. Thus, we believe our results will help bridging the gap between theoretical
and empirical research on cultural evolution in the future.
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A pipeline for monitoring of crop canopies based on 3D point cloud data

PRS2, FRES, DIERKANY, & HEEEE?
Koji Noshita!- 2, Wei Guo?®, Akito Kaga* and Hiroyoshi Iwata?

BRI IRBERE & & 25, RO R ARG R E A R AT JE R,
SRR RN A A B SRR RE AR AL AT, PR S o & —

noshita @mor phonetrics.jp htps://kgi. nos hit a. net

I, 3DZFE M A X ¥ 1 X°, LiIDAR, 2DE[#7)> 5 O3RITC MBI O — B bic L v, Bk
HHXMBEOREDOIESEEICOWNTOFERNBEZITHEOND LI TE=. ZT9H LT3
WL T REIE L S BE L FE XN ARG ORI IO T A ROESICL Vs D Z &N
%\, Structure from Motion (SfM) & U"Multi-view stereo (MVS) 2 X A 2DE{& 71> 5 D3R T
%ﬁ@ﬁﬁﬁﬂ4774/i%bk7477)%/7k?m?&bf%ﬁéﬂf%@,%ﬁ

B DOIDERET — ¥ NS TEX DR ER FE LM S S.

Nﬂ% TlE, SIMMUMVS/ASA o7 4 v &HIERAL, 7y L THE A AOPHIAEE T
=BV T ERI ol £, BBENT ETEREOET V UKV ABDOESWEED
Btz SRET — 2 I ORRIICERILT 2 FiEOmHF 28 2 f;ot HARXayalri g
VNG A MRS, 23HBIICT VAN ADAT AN UREEBZo7-. (1) 171
/%&)71@40&%?&0)@1%%W%L, Sﬂ\/I&UMVS/W’774’/ K D3RR E B 272
. BN AR LT, fEEdEEEICE Y (2) HiRm s mmIRo st (3) 8 Ohf
tlj%:k R0, AT (4) FEIRE 72 ITssE o LOREM (B, BEmfE, ERRke L)
ZEHT S, SMEUOMVSEZFIH U723 e HEZEIC LY, BEOSWERET — 221552 &
MNTET, =R —=F v TWLRnGE, EFEEICH LD 0 EZE L~V TOMAIM ATEE
H5D.
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Modeling hepatitis B virus entry and estimating the effect of entry inhibitor

AR M, JEbw 2, R REE

Tatsuya Kurusu!, Koichi Watashi? and Shingo Iwami**

TUMRZFEREBE > AT DA, CENCERASERTIEIT o A L A 5,
TUINKFBARTEBE LR, P BT R B < 2 231

b.c.kuruponllrml6@gmail.com, http://bio-mathl0.biology.kyushu-u.ac.jp/

BT 7 A /L A(HBV) D RGIAFEEZE . FFRN A7 2 iRz s i 24, ZOHBVO
RS TI T 7 F Nk > TUFEA LS Z ENTE D08, Y ITHIRN D 7 A VA &4
BRI 5 72D OFNRIFNT D7, Ziud, #HEGE ST dH 2 HBVDeeccDNADMENIZ E HIH
HESTUANAERAERT, £ ZNERRICHERT 2 Z ENFEFICEH LWL TH D,
L7 o THRIFERZRRET D 9 2 TIROWNIT T A VLV ADOHIEN~DRAZIZ 5 PPN EET
DO, HRNRAICER Lo ERENIRE T VTN ST,

Z ZCAMFZETIE, ETHBVOERMIEEEH~DE . WIEL, ER O S L 72 DeccDNA
DERDIODAT v FIZBTFDHUA N AR EEGEE L2 ERE LTERT — X OFHTIC L -
T, HBVOMIENRAICET 2 LWVBERE T VAR L, K37 A =X —DfEEHEE LTz,
RIZZFDET N EZTIC LR I 2 b—32 3 Ik » T, HBVDORERARLEZ k% 225 &
TIToT- & E DORBYPLIEERZFHE LT-, ZOEEERS I 2 L—3 g TIXHBVOMBE:S .
WTEIL. cceDNATERR(BH kgees Kings Keed) & CTIVENAE L, £ OEREREHET 5720
(VTS OILEN R BRI TH D &) Z LAV Lz, ABFE CHEE LR ATLE
FE LRGSR EMREROBRICL o T, 5% OF 7= 72HBVOR ABLERIBAR AT 2 & A3HIFE
TX 5,

thOpIasmx??A

& : HBV OHRN~DRABR 2R THE T T LV OHKE
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BEHSF /N BAOBECIF & BELZIZLY
BERBIIZEREN SN AHIV-1D Z4R1L EFRREETDEIEETIL
Mathematical model for the accerelation of HIV-1 diversification and

pathogenesis mutually driven by host protein APOBEC3F and
immune pressure

RRIEAY, SEAETRSM, RRRE, IS, A RE

Yusuke Ito'", Yuuya Tachiki®** 24,5

, Kei Sato™, Yoshio Koyanagi® and Shingo Iwami

DU RER B S AT BERBLERT, UN KRR R,
SEUBRE Y A VA + FEERETIRT, P H TR B CREST,
SBHE R IRBLEEH S X 7281

uks3tkwbft@gmail.com, http://bio-mathl0.biology.kyushu-u.ac.jp/member/first.html#ito
Keyword: HIVIRYLIE, JREEHETT, 5 54 v 7327 EAPOBEC3F, VA LA X /7 B Vif

HIV-1EBE O 2%, BE OB ERURFEIREEI T MEE SN 2 B8 08 ST
WA[1,2], TRIEEITOMEHEIZIT, 7 A L A BOEIN & o i o B 72 DNEl S h
D, REAMEZFERITFFE SN TW2RY, TFEZOREKO1>E LT, TAPOBEC3F
LD TUANARENDORE] [3]E THREINE] BOMHAEBEENRER I LTS,
APOBEC3FIZ UV A N AEME L EST HELEX NI Th DA, BEEFEWZ & IZHIV-1
2L ERET D Z ENEBRIZ LD FIES N TWAH[3]. L2>HAPOBEC3FIZ LV HBL
L7722 BRI OHIV-11X, JWRHEEIT 2R3 D AIREMEDN & 5 [3,5], SEATaF9E[2,4]D 0 R
AL L REISENHIV-12 37 BVl < B Lo A v AE R & Wil 35 — 5 T,
HIV-VUEYLE DR REEST DR EIZIRAE T 5 Z ENRB S5, T74b b, HIV-UEYLE
DOIRBEHEIT AR+ 5 7-D121Z. TAPOBEC3F] & [4yE 82 O fF 2 & & L7
REENMI D EEZBND,

T ZCARMGRIE., BT 2 FLaR 9 2 BER AR AL & E BT IC oW TTHE T 5, BAR
MIIZIX, APOBEC3FIZ XD U A VAL L EINE 2 ZE LT BEET VEMEE LT,
BRICARET L ClE, HIV-1HUR & EHARNEN T 5 Z L 2 RE L TWD, & L THEE
L7z T V&R LT, HIV-UEGEDRBEET 2 IR T2 2 LN T 72, 5%IFIHLHE
MREC L DERT — X 2925 2 & TREMARREEEIT A2 L T\,

2 = BEIN

[1] Gottlieb, G. S., Nickle, D. C., Jensen, M. A., 2004. Dual HIV-1 infection associated with rapid disease
progression (vol 363, pg 619, 2004). Lancet 363, 1166-1166.

[2] Itescu, S., Mathurwagh, U., Skovron, M. L., Brancato, L. J., Marmor, M., Zeleniuchjacquotte, A., Winchester, R.,
1992. HLA-B35 IS ASSOCIATED WITH ACCELERATED PROGRESSION TO AIDS. Journal of Acquired
Immune Deficiency Syndromes and Human Retrovirology 5, 37-45.

[3] Sato, K., Takeuchi, J. S., Misawa, N., [zumi, T., Kobayashi, T., Kimura, Y., Iwami, S., Takaori-Kondo, A., Hu,
W. S., Aihara, K., Ito, M., An, D. S., Pathak, V. K., Koyanagi, Y., 2014. APOBEC3D and APOBEC3F Potently
Promote HIV-1 Diversification and Evolution in Humanized Mouse Model. Plos Pathogens 10.

[4] Yang, O. O., Daar, E. S., Jamieson, B. D., Balamurugan, A., Smith, D. M., Pitt, J. A., Petropoulos, C. J., Richman,
D. D, Little, S. J., Brown, A. J. L., 2005. Human immunodeficiency virus type 1 clade B superinfection: Evidence
for differential immune containment of distinct clade B strains. Journal of Virology 79, 860-868.

[5] Regoes, R. R., Bonhoeffer, S., 2005. The HIV coreceptor switch: a population dynamical perspective. Trends in
Microbiology 13, 269-277.
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soluble DNAM-1 Dynamics M EIZ L 221 GVHD O RIE
¥ F

Suggesting the cause of acute GVHD by analyzing the dynamics of soluble DNAM-1(CD226)

TR, RS>
Yuki Goshima'”, Shinji Nakaoka®”

VR RS R, RN IR B AE(OST) X & 0T,
SRR A PE BT AR SR AT

l)ygoshimal021l@gmail.com

HIMBE U Nl & W o 7o MR EREICR T 2 ERIBEIEIT(EFEREEE
MepMEBEHE CTHL, FICEHITLLFRIETHFSRBFEDIELIEGELN R -
THREFCLESSTCOEKTFELLEZD, LNALIY LEBMICEL, EICH
A0 AM GVHD(Graft Versus Host Disease) ThHh dD, ZNIE%L< D
EmgMEBEEEZ T EEREFICRBWVWC, Frh— (Em@#MiEoR#sE) omn
Knrovex s b (BFE) OEICHBE, HEE, REXRBET L5 L THA
RRIENELDHZETHD, MIKMICIT GRADEI-4 £ CICHEEELNYE SN
TWT,GRADE4A Rixg b EERIERZET 52, R THBHEZICZOERKEZ 2
LizHa., A7 e REE5LTREZEMNTL2LEVILEIROLNLTWD,

ZPE GVHD ICB 5 L T WA MM T FEIC CDS MM & A ST & 7=,
EIYWVNoD T A=A ATLYEZ Y MEF)OMBEREET 200 L0 )
MR E XA THh o, LA L. DNAM-1(CD226) & W 5 CD8 [ 4
JaFEICHAT 20 FPAMBREFICEDL E VW) 2 LRGN TETWNT,
GVHD D N A F~w—F —L LT PHEINLTWD 1],

TAITHENIITEERE»PLOBHEABZICENMWICELEZT S22 LT, HAx D
i # DNAM-1(soluble DNAM-1=sDNAM-1) ® B E &N L W/, £ L TEER
R E & LT, BRIKABRMME P OKBE O sDNAM-1 O R E O ik KIEIZE B
L., BENMUFLOBRFTITAMEGHD ZRIELL TSR DLWV mx
B TwWi,

L2l 2OL)RMBHTEHEYORRKMBEUND T XTOT —F &2 TT
LES>Z2 & e, FNFEMWRELORTEZFMT DI ENTEholz, &
72, sDNAM-1 OEE R ME O 5 30pM UL E & &m W o2 2P GVHD Z % JE L 72 »
BESC, RBRYMDPOKKOBHER 30pM R THLIDICRIET D HEE D
AR,

T TAhHRBE, BrxXBEKRRBRTHEONZHN 70 4 5 O EFH O sDNAM-1 O #%
B2 Zfbxz 5B L (Mo FEXNET 1) 2HHLTCHAT S Z L T,
SFMBHLRXLORIGIZOWNWT 1 ODORMEHREZELZ W, £72. &M GVHD
FIE & sDNAM-1 O R EFR 2 B b & O BEIC DWW T H R X720,

[1] Soluble  DNAM-1, as a Predictive Biomarker for Acute
Graft-Versus—Host Disease.Kanaya et al/PLOS ONE 2016

158




O3EH K 0-64 Haeno, Hiroshi

10 H8H (H)
15:00-15:15
Seminar Room 2

R T — 20 0 EHEETILME : ENAERTETILZEHIIC

Personalized Management of Pancreatic Ductal Adenocarcinoma Patients through
Computational Modeling.

Hiroshi Haeno'*, Kimiyo N Yamamoto', Shinichi Yachidaz, Akira Nakamura3, Atsushi Niida4, Minoru Oshima’,

Subhajyoti De®, Lauren M Rosati’, Joseph M Herman’, Chrisitine A Iacobuzio-Donahue®.

1 Department of Biology, Kyushu University, Fukuoka, 819-0395, Japan.

2 Division of Cancer Genomics, National Cancer Center Research Institute, Tokyo, 104-0045, Japan.

3 Department of Radiation Oncology and Image-Applied Therapy, Kyoto University, Kyoto, 606-8507, Japan.

4 Laboratory of DNA Information Analysis, Human Genome Center, Institute of Medical Science, University of
Tokyo, Tokyo, 108-8639, Japan.

5 Department of Gastroenterological Surgery, Kagawa University, 761-0793, Kagawa, Japan.

6 Department of Biostatistics and Informatics, University of Colorado School of Medicine, CO, 80045, USA.

7 Department of Pathology, David M. Rubenstein Center for Pancreatic Cancer Research, and the Human
Oncology and Pathogenesis Program, Memorial Sloan-Kettering Cancer Center, NY, 10065, USA.

Email: haeno@kyushu-u.org

HBOR TEREENEBLTCOCKHERMTBRZHIEETILTRL. ZORE-RAUZRIVEES
ETHHAEM 2000 ERANLBREICERBLTE =, XN FTICHERENEO E2—4D 32—
DERWT. AAMRBARE - ERT DBENG, BBEECTBRE. REOPTEAMMEEEFTTS
BREET. NAO—EZHEEMICERTLIEZEELTHELTE . AFBETR BRT —%%
AW -EREERDEEETVRREZEN T S, BEREEZOGVRREE. EBED-OERIA
BRADHEAENATHY. 5 FEFED 5N EELEFENMBOTRRTHD. BFEDT / LHRETIE,
p16,p53 smad4 BIZFDEEINEREBEEDEFICEET HESNTHEY . NARHUIREICERLT
WHBEEFHEEFTFREDEEALBESN TS, SE. ChoDERFEEZEGLANOHAAMN
ERYTARFELHERTBREICLSIIaL—2arTBRTHILEHA . EROBRKRT —2EDLLE
MO EBET IV ORI ZIT ol REZITOETILERAVT EFDEGFEEDFHHEISHIE LT
REFARETIRET D

[1] Yamamoto et al. Personalized Management of Pancreatic Ductal Adenocarcinoma Patients
Through Computational Modeling. Cancer Res. in press
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BERAENTTORELXETA
FORRFETE", 2, RIRENAS, BFFIEER, BIEIER, E RS

UM KBRS AR, N KERER S 27 AR,
SEREHIRBUHE S = 200, U R R K7 KIS B8 SR
SHUN K2 K2 I B R e A R

Tsiwam @yushuw-uorg

B o BRI A SRR R & L CEERESH 2R LTS, EERE TR, BRI EF
e DT U ABMETZND Z & T, BEPHERF SNV TOVDN, ZO/NT AR, BRI
NEERZ LY, BEORBDNELL 2D L, BHERIEDIREIZ/R S, ZOXH7F K
BEBOERITENFEELIHICRE LSBT 2EEXLLNTWS, £ I T, BHREDSR
JETHISC R 2[RRI T AU AT A EWET H -0 OMBET VRN L 725,

B, BWINZ1T 5 Ml En g i, giachv . FHFEMaoFE Li2ix
RANKLZMFAET 5, RANKLIZ, #E MBI EOZRIARRANK EfEAT 5 2 LT, E
MmO o ETEMAL D > T F N EARET D, F12. BHAMIIZIRANKLOB &V ZHIKTH D
OPG% AT 5D, OPGIZRANKLO EDZFIKTH HRANK EH5HL L. RANK L U & @&Vl
PETCRANKLICHE ST 5 2 L1k W . RANKLOVEMEZINHE L, o b2+ 5,

OPGIIRANKLD ¥ & W Z 5k & L TRANKLOEDOSZFIKTH HRANK L4551 L. RANK X ¥
B EWEBAPE CRANKLIZHE AT 5 2 L1k V. RANKLOWEMEZMHId 5, OPGIX. HE#l
foFiBSAICER T2 2 Sl k0, g Mt a2 lET 5, 2F 0, BIFEMRICBIT 5
RANKLD3EH, & OPGDOFEADFAHNT L 22 X 0 | BRI BT 2 AE iR o455 b kS A3 )
B TWnWab,

AWFZE T, B M, e ia%. RANKLEEEE . OPGIEE DRI & . BRI & B
OB EZBE L-gEE#SE, TN o HEAREFEFEATRER L KBET L
ZRWTC, ENCHT2ERLEZHE LIZERT — % 0T #1T-7-, Bk, WwE
MREICES LTk, I FEET BRI~ — I —2xs S8, =T A0 6EELE &2
TAHZ IR LT,

AGRIECIX, BFELBOBHEET WVIZ L DERT — XTI L 258X 8B TR SV Tk
T 5 EEHIT, FHRESR EOFBEERBORE THA~OIEH & RBEIZOWTikim L7z,
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A mathematical model for the dynamics of microsporidiosis transmission in Orthoptera

ez, A 32

Hiroki Sato*, Hiromi Seno

SRR F BN R TR

Graduate School of Information Sciences, Tohoku University

hiroki.sato.pb5@dc.tohoku.ac. jp

BHUSEEMEYTH 2 b 3~y X 2R DRRIE Antonospora locustae 1%, 1 FEIHM A
<, OFELAED /NNy IO I AT FHITEGEL, BHEICHRLERZS SR ZT, EERGEL -
YIHIHOMERIZ BT, TEIOFEELS, HBVWHRKLOMRENBRIND, 72, HRIHOK
EVEIEL, BEERHZIET T 5 Z D%\, BEEDOREEPRWERIZPYE L TR E 7225, JE
JEAAER & R U T, FEINEE L < AT 5,

A. locustae \Z & DI+ HRE DO EHAREKIZ X, TEMLFE UT, RIVELEE S RIMEE, KE
ERHBE LT, HBVWENUZRBED DS, BRINELZEL L, RIEBAEY) A E 150 3 A IR
ZIRAT D Z T X DB o FARGT R, RIMRE L, WERMEY D INERE I ET S
ZEIZEDED S TABRTEREDZ L TH S, iz, EEERDOFEL & & HIZHFIZEEL
I X BROBELEH 5,

AT, FHEIZE D A locustae DIEE L2 5Ny ZOFEHENBANE DL D K5, B3R
BREDMAER SN TVWDE ZEDPHSNT WS, b7 XY A TOEAD NNy XEEREFIZE T 5 A.
locustae IZ X AWIAFHIRDOARHRERIL, BEHETIE1 %A T TH 50, BYEORITRIZIE, 5 %t
EOERERIZZ->TWS WS, I 61T, Ny ZEEREHIZE T 5 A. locustae 12 & BT HIFD
BREROE— 7RI, Ny ZEREEEOE -0 6 2 FENTHBIREINL LW D,

AWFEDHIE, BEREORMEZMAAALZHHET Y VL2 BMET VEMEL,
2, 2Ny ZAEAREEE S DR AE) & MR- HROERROMBICER URA S, /Ny ZEKREZ
BT M HREREER ORI DOWTERT 52 L TH 5,

o ( mEER

%#iﬂi!': - L] HBLIZELD
L/ fry
“‘\j*'ﬂi; Iﬁn’i’i%ﬁﬂ%

\\\ “\\>
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Data analysisi of Intestinal Microbiota and preparation for construction of
mathematical model

AR, thREIE?, PR
Noriyuki Suzuki'", Shinji Nakaoka” and Yasuhiro Takeuchi’®

' IR R R TR IER, CIST S 0T, HRUR B FE R i 2T,
RIS PN N e 25

norno.goone@gmail.com

e hOBNT7r—F (o7 s A7) i, B3 RXF—IaTbond, 28-IZE
BEEORESEZDEBN 77— b T 25X 912, B FOBNMEEILX. BFEOEKE
R EDOMEA RBERICE D ZFDONRT U ANEBL UIRRDREIEICHE L5252 LN RIB I T
W5, ERICE VIR 7 a—F O R (disbiosis) B Z 720 . FLAEMEORALETEL D
ME I T D Z LD, BN 7 e —FR3FN5 Z & CHREOHERIZZ D AREENRE 2 6
NTW5, SHE, BEERBRZ2EOBEN7r—FORENEZ DNDRECKT L, @EE
2 OEOBHE FAWIZIRENMTOITWD, EOBMIZE L TORIIEIIME ST
HHD0, BNMEE L RRKOBRICOWTIZIZ L NEmIICE SRR TH D, KR T
I, BB T AEIEOBRORILE L0 AT 5720, AT —FRXR—RITHFEI
TWAHER A R #ET — &, FRICHRIIO L OFIE L THONr LT\ 5, B Z & Ol # %
DORREZ AL T 52 LT, BECRRUCEIDMAEO L EZHRTH LN TE -, &6
IS EBERITCEBEMOR Yy NU—2 (FHAEER) 2HETL2Xxy NU—7 0O FiEEH
WHZ LT, MEFEOHEMEIE LD EELIC, BN e —F0REEZTHIT H2HHEET LO
REEE . BHMIT 21T Z & THEOHREZ TS,
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Optimal control application in the antiretroviral treatment of
HIV patients

Tunde Tajudeen Yusuf', Emmanuel Jesuyon Dansu*?

L2 Department of Mathematical Sciences, School of Sciences, Federal University of Technology,
Akure, Ondo State, Nigeria
2 Tohoku University, Sendai, Japan

*ejdansu@futa.edu.ng

The concepts of mathematical modelling and optimal control have evolved over the years to
become interdependent. In this study, a model which takes into consideration the interactions
among healthy CD4T T cells, infected CD4™ T cells, the Human Immunodeficiency Virus (HIV)
which causes AIDS and CDS8'T cells is examined. In this model of four coupled ordinary dif-
ferential equations, T is the concentration of uninfected CD4TT cells. T* is the concentration
of infected CD41T cells. V is the concentration of free infectious virus particles. In addition,
C represents the concentration of CD8'T cells which help in destroying infected CD41T cells.
Stability analysis is carried out using the principles of Jacobian matrix and evaluating the eigen-
values. Optimal control theory is applied to the model via the Langrangian function method
and the Pontryagin maximum principle to determine the best antiretroviral treatment for HIV
patients. The model is simulated numerically in order to investigate the dynamics of the vari-
ous components of the model. The results are very helpful in understanding the behaviour of
HIV/AIDS models at the cellular level.
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SIR model on a friendship network

BRDEA, B ER 2
Mitsuki Mori! and Masakazu Akiyama?

VAGHEIE RS2 R BB A B B I, 2 A KB R

lclannad_ef_sos@eis.hokudai.ac. jp» 2akiya.ma@es .hokudai.ac.jp

AP SEWZE T THEROZ YN ZFBRL TVRVWEIRFTELZIDILVIN, TD5b XX
WOLTELWERTH D LIFEZ RV, UL LT OBHERERIZZENEN > TVEREZ LA
LZEMTED. =T T4V I7ORBHTO 20X [7Fa3I] LWHIEFEIZZEDLY, X h—ELD
TrWERIT 4 ThA A=V EFKED-FHT, [5DX | WO SEERFD L RERLJEDL N
EWVWDIRNT 4 T A A=V ALDPRTIDINED LI BRIELEENE HERDRSIEN -
TV DNEFARD ZEMTENIX ALK EZFHL DI LIZL S THIDIDIEND 2 IEHB I &
MTELDOTIRRVDIEEZ, TOWEEZITS> L U,

sEiE 2 SRS I P Tirb vz 1 DHIZ THIABGRAR Y NV —2 DR THZ. A4 5bX
ERTEE, TDEADHTPIIHATHEZ DLW, ISICEXEMDORVAID BEWTHEZ 2N
%<, TRHIABR] 232y N7 =2 LCRETEZZEBBETH 7. FIABGRR Y b7 —2 1348
My NU—20—FETHY, 1L.AT—NT7V—M 2 ZAE—NT—)ILKE 3.7F7ZAX—M
Vo3 DDMEERFO MIZEINS LY.L TWARVWWS DB DWENDH 505, AWIFE Tl
ZDO3DODOMWEZM-T Ay NI =22 HABEBRAY NT—2THb292522HIZ [5bID
IRDD DR THD. Db DRBIZOWTIE, BIZIED DX DAELREMHADERIZHT S
Bk & Z DEROBHR I IIKEFET DI P52 bIDOWRE, BOND D E Sk EIE R BOERD
EINTVBRIZEPDDL ST, BARNARERIITONIZE DIFE 2L, SEDOHFZIZHNS Z A3
TELHDEEDo72. TZTO2DLILEL, ISHITHE VR T WEYYEDETIICE S X Ttz
HWDHDBZLIZUE TRy b7 —2 BIZHRT I 2ELZSIRETILTH .

UL 3 j&HD/ —FE kBHD/ — FOROEATDH 5.

' N
dS:;t(t) = —BS;(t)> Lirlk(t),
k=1
| N
dIZZt(t) = —Li(t) 4+ BS;(t) > Lixli(t),
k=1
LU A0)

S;(1), (1), Rij(t) ixZ T j HRE D/ FITB T 2 REYH, BYH, MEHE2RT. 2 v b
T—=21lBFB /) —RaeRXyFLRT A%DO—EHRDEMANDERZENSIR ETVITHS Z &
EL T ENENOENOENR D ZHABFRAY bV —2 8952 & T, EHO N EZA
SENIXEAF O D ERFATE D L1245,

ZDETNE XY T =22 FHWTRMEMIZAABERZRIL, ZO3 Yy T —=2% 5 b X125
HEFT, EOLIREMETRTIEBDDNSI LK B2 PERET L2 ERELTRY N7 —2 %5 W
THREDERBIZH > 72 RIFLURD F< Wo 7z, £2H 6 UDBERIELR D 672 WA (77 F v
FeEFE ML) ZHABT DI TRELIEDV SR RD I LHENDONZ. SOI AT S L,
FIABRIEA T =7 ) —A2 KD, ZTOBE L R 5 EKIZS I T 2 EfEREHR %2R L T
LEDZEWAEVEMADILIIRDEFZOND. SHEOREL LT, SbX L YYEE[H—
BT 2T ZID I, SO IARKOFFEEBVIAATZET NVEELZ LR, KL L THREDE
DIFEDEIBREDDEFARLZ L RHIFoN5.
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Mathematical modeling of intracellular signaling for radiation adaptive
response

AREBIERR", PN, BARKEE, MR
Yuya Hattori', Ritsuko Waranabe?, Daisuke Kurabayashi' and Akinari Yokoya®

O TR T, BRI T B JE A

hattori.yuya@irs.ctrl.titech.ac.jp

KA B DGR N E) ~5- 2 DEEE T 572012, ORI Sz, £Wats
T AT ED LI RISENED LI RAD XL TR DONZTHNDL Z LIZEETH
5. WA Z O FEZBR T, MBI E R 2 H 5 CO MK (FailRs) 32 &,
Z D% O ERRE AR 2 B U 72 BRI BN B S RIS 72 L & T4 % ik
SR ICS A NS ST W A[G. Olivierd, et al., 1984]. U i 2L, SRS 0O 11
Mt DB ENAE VR0 MFGE T 5. S BIT, HhibE o & 2 3554 5 FHai R & o &
WRREDTFET D, AR TIL, T35 ORI E DR « BRE A EN BN D A
=R LEMATHZEEZHBEL WD,

BERMFZE LV, RIS TR AN Y 7 ) o 72iE, PRKCa, p38 MAPK,
PLCO D= AMELKBRIGDRY T 4T 74— KXy I NREENTWNWDZ ERHLNIRY S
OHD. KM TIE, TORTT 477 44— K2y ZRIIKICE > T, R e s 2 o R -
MERFERBND EIEL, HHETNLVEHWT, NPT 477 40— K2y Z[EED T A
T DEMEE IR BT D .

PKCa, p38MAPK, PLCS DRV T 4 77 ¢ — Ry 7[RI HE H U7 B S s 2
ORNT 7>V o 72T AZR1LITRT. x4(t), x,(t), x3(t)i%, PKCa, p38 MAPK,
PLC 6 DIEME DRI ZRT. ZDO7 4 — RNy Z[EEA~O AT, HIZIZHHE S
MBEUR)THD. 74— KRy ZEENLOHINE, BBR~O#EISEy () & Lz, RKENT,
WL EZ 3 HMARLTEBY, #BOMSIL, 52 5MOEREIEKFELTWS., Z0F
T VDO N IIEAGRDS, TERMFTE D FEER T3 D AU 72 i s I I 2 O RERE] « BRI A & Xt
T 5.

TFVOEMERE LTE, K1E2HI, A< EOIEME 2 8 E Tk L2y e+
Tk, EHEZON/OFFO2ETE L7 — VT BT NERE L. K TIE, 200F
TIVENEIUZDOWT, BT VO A TIBREFERT — 2 2L, x,(b), x,(t), x3(t)DHE
HEENOR BRME OB L PRI FERIC OV THET 5.

p38 MAPK
%2 (t)
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Bio-sonnar strategy of bats during obstacle avoicdance flight
-Investigation by a mathematical simulation and demonstration with
autonomous mobile robot -

SRS, EAR, KA, REBLE", PERECRERS, VKSR, JREER, TREESET
T. Tsuji* ' Y. Yamada', K. Ohtani', H. Matsuura', K. Tto*, R. Kobayashi3, K. Kobayashi1 and S. Hiryu"4

TR, HEEOK, YRR, USTE & A5
'Doshisha University, ° Hosei University, °> Hiroshima University, *JST PREST

ayE VL, 1EESR (0, XiF&H) 2%2E8% (\HE) WO MEe#Eicls Y T —%2HNT
3 RIL TOLEMIER TV a—n b — g ), BEEYCE 2T 2 Mk & omi5e b4
FHREIETWD., ZoBEayE YL, FEHEOICEU ZZRTEZ RO B2 TR, Hof
M (FIZE D) ICko T, —~EOBEROKS CRATFTRERZEMOEIRIND. [HFHRHH
[REnictr v 7iIcko T, WEOERZRTRENEISSEDL7OIE, B 7044
LU TRMEER OSSR GRIC X AT R) OREINEE EE L HND.

MR 2 E TIZ, REZEMERITT 227 U BT O RS {TE ¥ — % b 2 MT
[EEYEREET VAR L, 2T LEED 13 2 ZEROB TR v s LT
HHEETEZ AW THERE F COMIEEZIT- TE 7. BAEMICIE, HEETEIIES OB
M & T T AEEY O H A~ o 7 mET 0 &%z, 2 Bovr v o 7k biEE
MIFEON BB REFHS L CHEBEEZITY. ZOME, avEsVEHT VI XLEEkOE Vv
T AT DA 5 2 &, EREMERENS END 2 ERH Lo 2o TE BT, FEiE
THWERBET LV E VI 2 b —vay ECHBELEZEZA, BEERCTRONIMMN I ARLE
MRRD 2252 LT, ave ) OfTEhEB LIt v v IRV EBMICES T2 L0
Motz. AMETIIEBIZ, »IVABEZ A 2 2 7ot 710 OB O itz >\ T, v
Ralb—yarEAWERFETY. £z, avEVNTI 3RTERTORY VU T DOFEEE
HET R, ZNH0R0 Fa—r~OiHERGRAS. (KRR BARINRS BafE
JP16H06542 CHrififaik) 35 X OVJST X & 231 JPMJPR14D8 DBk & 52 1 5t L 72)

b

— Driving — Pulse

Fig.1 Top views of the moving trajectory and pulse directions of the bat (a) and vehicle embedded with double-pulse
scanning system (b).

S SCHK : [1] Yamada et. al., Biomimetic and Biohybrid Systems, Vol. 9222, pp. 135-144, July 2015.
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Theoretical and computational exploration of alternative metabolic
pathways in a microbial community
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WA, T OBIs T2 e i OB BIZ L v | \BEETd (BRNCHEER L) ICHEET HHME % [H
ETEDEICR->»T&E, B FOBITIZ, 1000FIEE Wb d X7 T U T (BN
i) DWEMFLTWD, BAETROZEN SR OBEALHEEHIR 7 &) HE A& 512 X 54+
HABENC X o TIHENME OB IZRIEICEL L, BNHEEZEOERIT., BALKE K,
BERIG-CIEM ., e W oA KR LG L TWA Z ERHALNIRD S D, —J7.
PN I E AR ZERA R E <, ARBICB I 2MEREOEEDOIEFZENT LIV X —RIEIT K
WETHIENRBINTWD, EHisORMRE L EERIE L OBEIXZL < BN AHTH
%o IGPNANE R, MER S L I3BRE (BRNORER) LB OREEZ@ C-MAEER® »
NI =2 %L TEY, Xy NV —7 OB EERBOBEEMEZH LI T HDITEETH
Do

KRBT, BT =2 b FO THNME % ORSRYT — & 2 6512 U 7o BOERRHT 2 F2fi L
WD, AFERTIE, SMEFEENC X - TREBK D ZET D6 BERLIC X 2 REEOLAL &k
Bilk) &G, WRANT —Z Ot & 2 v MU — 7 BT &2 FEh Lo R R 2 G T 5, &0
D MAEBEEORH R Y U —ZIZEHR L, BRORBERBOFENNHT Ry hT—7
OHBEIZED LS REEAB T T O, BB LEE21T 9,
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Mathematical modeling of stem cell growth and differentiation
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BRI R D 2N L A HCHEEZ M) KT 2 LI Lo THEOE AT & L b,
KRN Lo Tofbiila z Ede, MO E & IERFR YA EfMEIZ =2 Fr—Ld
D EMEFERMHBOMFICBWNV MO CTEETHI EEZLNTWVWD, £/, Z0XKH 72
A D 3 2R DO HIEIC BN T = v F LM EN DU/ NRE N B 2R E 2 R &2 5
NTW5, LaL, B0 oZskXz6E 3 250 FEC= v T omEIC O W TERAZ
S, ARIFFETIE L < b oM E 2 6 Lo, SR oEE L ok a2 %
BT TEHHBETNVERET D,

PRI OB E A S, BRI B EA N SN ORISR OEELZIE T 5, =y FIEE DY
BOUWEY By REFEAL, ZOREICE > THMROSZEXZHE SN D, VY ik
B = FIC K o THEASN TS 5720, U A v FIBELIZROGILE It > T
AT %, %< OBV TNumbD HIEN RTE S B HAE O 3 ZHE 2R ET 5 Z L 23
SN TWVW5D, NumbDEEnDEMZIZ Y T FICk > TEICHIBIE NS 2, LOEIZSE T T
0N D2ETCEENTHZ & & LT, Ml Zic X DSORFM A IIn=20 R, E&HIaS 23 %1 #1752
WX o T2 o0@BMIRIZIEH L, BiBRHIRIOZIIE L L2, n=10FE, @R 1T IExI TRy
HIZL > T1HoORME 2 DOFTEEMILICSHE L, SOEITEETIORDOAMEZ 5, K
FITATBRHIIEN S DIZHH L TEL O ZETL O TH 52, Z 2 CTIHEMO =9Iz 2
DOFIBEMIEARIRFICAEN D Z & & L, [AERIC, n=00 K, ElaoIIRED L, W ICH]
BRAHIEAMN 4 opEEN D & LT, Bl LRzl o b=y FORFMICRKIEL, =vF
ESTHAELTNWDEEZ LIS, DL D IMlalE o AHERRE L OE#IC X 2B 8)
BT D70, FEFIILEIC & 2 M iaf ) 4 8 A L 72 (Murakawa and Togashi, Journal of
Theoretical Biology 374, 1-12, 2015), Z D X 9 72k > o A REHET VICE 5T, = v
T, MR, RIERAIEOFEZ EEMICGERT A N TEX D,

R 00 43 AR A & HE 9~ 5 40 TR o = » FOMEIZ SOV T, @ O A FIEERIZ L -
THANONLHEIICITRY BN D, =y FOoRMBAFICLD Y T FEA, =y F 0
ZE o AR oM IE A I S L OVRITBIAE I O HESELC & oD K 9 72 B % KT, BEEHEIC K
S TN R ZWMET D,
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An Analysis of the Network Composed of Cardiac Hypertrophy Factors
Using Feinberg’s Theory and its Application
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L RIGIZ BT 2 YE OIRE QWA L% 5l 4 2 WM AL TRISHE ARRA] L IFE
N5, oML, IREKZIREEFNC A AN LRIRGTFNE T 2556 H5M0, 205G, W
HOWRMZEDET BIEF T2 TEREEREE] (2GS 5 Sl U IR T 5.

SO E HFE R DD B EHPREBIZIUR $ 2 B 2 i#ir 4 2 Fik e UC, Feinberg 512 & -
THFEI N KIGA Yy N7 — 28 A H 5 [1)[2]. ZOBGmIE, (BRI E3 2 YER O
MHEMZER TS 2y T —2o DG L, KIGHEEGEAORBIIMEE %2 52, LA Bk E
REIZ2 B Z & 2 RGET BT Tzt 5 A TW5S. 23k Deficiency Zero Theorem (BAR, DZT
L&) LIFEN, RO deficiency &\ EDIEMNET, Kty b7 —2h weakly reversible
EWVHMEERTE, O MREE RO EMEOEM RO L DIZPERT 5 Z & 2 {RiFT 5
MAREMTH S, UL, DZT OFRMZI R WIGRIZN LT, BIFEERREEA QIR M
ZRAET 2 — IR RN FIEIXBRE DR BR O 52 65NTEH T, KEROBHELFETH 5.

AFE T, DZT OEMED—DTH % weak reversibility 27z T RWRKIEREZRNLE L, &
% DZT OB RERTR RIS B Z L IZ & > T, T DRGHE S FE D A3 IR
5 Z L ZGtHIT B FIE 2 RET 5.

9, DEREEK TRy MY =27 2GR T S 2 5 A KISHEE HFEAR [3)[4] 2xRE L,
weakly reversible 7% 2 DD RITHREL TN T2 Z 212X D, ZOMEIIEEAMED M )5
FRIR S 2 Z & 25EHHT 5. 612, ZOMITFEZIGET 2 Z 212X D, weakly reversible T
BWEDIEWT T ADRISRIIN UT, BOEE SREADOMEAIEEED FHRIZINRT 5 Z & %
FEHIY 5.

S 3R

[1] M. Feinberg, Lectures on chemical reaction networks, Math.Res.Cent.,U.Wisc.-Mad,
http://www.che.eng.ohio-state.edu/feinberg/LecturesOnReactionNetworks (1979)

[2] D. F. Anderson, Global asymptotic stability for a class of nonlinear chemical equations,
SIAM J.Appl.Math., Vol.68, No.5, pp. 1464-1476 (2008)

[3] A. Ito and K. Yamamoto, Mathematical approach to cardiac hypertrophy for spontaneously
hypertensive rats, Adv. Math. Sci. Appl., Vol. 23, pp. 1-33 (2013)

[4] /INRSAFD, GHERHA R, R A2, DB RBEEN 74 v » 7 — 2 25k 3 2 H 5 JifE XD Feinberg
HEGRZ& RO fRAT, H ARG B 22 2016 FEAES (2016)
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A mathematical model of immunological
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G R DOEE/AEREIT. B IR L TAERINCKIURE RO B L, ki b L=t
ICHE B AT 522 ThDH, — T, N E /I 2 B Sk LTix
&ﬂbﬁw ENHEETHD, ZOMEITREER LI TWD, % RITMRIC
BWTHRBURICRFLT 270 DGEMIEZZE LY VR ~EET 5, 2 OREC
HOPURICK LTSS LT X5 L0 #EE @&KTW@éhéﬁﬁ%%éfﬁ
EEMISELTLE S GEMENMRNA~BE L CLE o, HEPURZ KBTS 5%
PEERIC L > TREMZ RIEMHELSE D, 2 OGEERIT OV TITER & 7t 03 12
EINTWT, ZOOEDITHIENE T HIIRNE ST 2801 H 0 . =2 Tid. il
TR DOFUR~DOR BN 2 2 b — L $T5 2 RN TWS, L
73D HAEE T RIS 8D X D ITHRE R AEDIZHL « #HEFFIZES - LT D DT D0
TIEFEE LIS Do TR, ZORBEEZFIET D728, ARBFFETIIHRE S AT LD
YA — b~ b BT IIVEAERT D,
Fox X, DLRL, S RICBIT 2B - FEB OB OME 2 AT 2 HHE T VA IRE
L7200 ULovL. ZOFT WIS THIRIZE STV iRho i, ABFZE T
Z DT VICHIBEM: T A OFSEE 2 B L, M HEAR L LB O ﬁ#@ht%v
NWNEAER LT, ZOFT L TIEeEMia-om e THEOBEERNS S 0N
chronicity & V9 B2 EHIC K > T35, £72. A M A DX bW
BHMEIRCG LT B L LTCoREBLE 2D, ZOFTTLEHNT, HERD
FUIE & EARERE N0, HIAEME TR, YA N A 7 EOMEEFRCH AT
Ji e A SRPUR & OB BRI L > TED X D ITTERL - #ERF S D DOMNITHONT
WM d %,

BE W

[1] Kashimori et al. A quantitative measure for discriminating
between self and non-self antigens in immune response. BioSystems 100,
231-237 (2010)
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Mechanism of scaling law formation in retina vasculature -
modeling and experiment

Osamu lizuka!, Shotaro Kawamura!, Akiyoshi Uemura? and Takashi Miura?®

LSchool of Medicine, Kyushu University, Japan
2 Graduate School of Medicine, Nagoya City University, Japan
3 Graduate School of Medical Sciences, Kyushu University, Japan

Retina blood vessel has been extensively studied as a model system of vascular pattern formation[1].
During retina vasculature development, astroglia meshwork is established first. Then, endothe-
lial cells migrate on the astroglia cells to form network. Finally the vascular network undergo
remodeling by blood flow. Previous studies suggested some scaling law exists in this pattern
by box count measurement [2], but the relationship between pattern formation mechanism and
scaling remain to be elucidated.

At first, we focus on size distribution of islands generated by astroglia. According to the
biological observation, astrocyte meshwork is first generated around tightly packed Miiller glia
cells. We assume that Voronoi tessellation with exclusion volume, and obtained size distribu-
tion of meshwork by numerical simulation. We also obtained the shape astroglia meshwork by
immunohistochemistry and compared the predicted and observed distributions.

Next we concentrate on size distribution of endothelial network. Endothelial network is
generated by only partly using astroglia meshwork. When we count size and number of islands
formed by endothelial meshwork, we found linear relationship on tail of log-log plot (large island
region). Visualization of large islands revealed that the islands which shows scaling is mainly
around large arteries. It is known that capillaries around large vasculature disappears because
of high oxygen concentration and avascular zone is formed around arteries. We model this
situation by assuming that the islands around the arteries as one-dimensional lattice of equal
size, and capillaries disappear by a certain probability p. Then the size distribution should show
linearity on log-linear plot. Re-examination of size distribution is consistent with this theoretical
prediction.

Finally, we focus on diameter distribution of blood vessel segment. If we assume Murray’s
law [3] holds and arterial tree consist of repeated equal bifurcation, number and thickness of
vessel segment obeys scaling law (after the branches bifurcate, the number of segment doubles
while the diameter becomes 271/ 3). We experimentally measured the relationship in actual
retina arteries and show that experimentally observed power is close to theoretical prediction

(—~3).

References

[1] Ray F Gariano and Thomas W Gardner. Retinal angiogenesis in development and disease.
Nature, 438(7070):960-966, December 2004.

[2] F Family, B R Masters, and D E Platt. Fractal pattern formation in human retinal vessels.
Physica D: Nonlinear Phenomena, 53(9):98-103, 1989.

[3] C D Murray. The Physiological Principle of Minimum Work. I. The Vascular System and
the Cost of Blood Volume. Proceedings of the National Academy of Sciences of the United
States of America, 12(3):207-214, March 1926.
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Elimination of abnormal cells through cell-cell mechanical interaction
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R LD BEE R FFOMIBERZREEL . ATPRRSHEE LERNEZSEAL, O
DR S AL D L WO BN BRI N D, ZHUTMAES & FEXL, MRS 2 & 5@ S B o
N DT L aERLTND, By FDRERLEDREEA A —2 0 71 X DMz 8) OBIZE,
JVFIREEDFHANC L - T, ZOBABRITMILEER TR 21652 7T OinizEsz i U
NAFEDFHETZT T < | PJEBRBiRICIR T 2 N2 E O BB 2 7R T 5 iS22 T&
TW5, ZOHFRRMEPERRIT, R OO - Mlic Lo TIRSBIESND Z &
Mo ATBNDRE DN & o Tl 2 PRI 2 L@ DR A 1 = X L& LTI T % AT REE
DRI ND, AT, OV 7 = — X2 MEL Wbrxtgi Ll /e d) Bimian o
AU AE S 2, BN E REMROM O FRIMEER O X DR ATRENE, B &
OE DONRRNI 72 51k % . BT 2 ML D7) I 2 b—3 3 & (vertex dynamics
model) 12 &> TI~7, EFHIEE RFEHIEIL, HIERSFERT A—F OEWIZ L > T
T HZEE L, K0 EMARIZIE, BWElER»O 2 THRT 220, HLOWVITEOMER
ZE o OREE (DOF D BEMIER Y A XANED LR VIREE) ISHERFT 200, BNEIRSE
Y w HEBREI L B L. T ORIIRNIER « REMAOIERSI PN T A =2 HDH
IRIEF M & BE M OEER o (BBEIZR) HFEREBOZIC LT, E2IKET 50 E
oMW LTz, £, Y2 b—ya VORERELNTEROZYMEIZE L, 2L TIZ
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Analysis of the alpha and delta cell models
to clarify the paracrine mechanism in pancreatic islet cells
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BIE, HE CINEHEZ FHTE % 2 2 RETH 2HERIEICH 2 5 NIZELBEMLTws,
NETHEBRFOIFRRIEA Y A ) Y FWARICEZ DR EEZSNTE LD, B, IVvhay
AL HRERIH ORI 7 5 2 E DML 7, BRI AR 2 0§ 25 &, R &
WEY WY 2REZ S, BEOKE 2 ) MR S XN s, BEE oMz s sl
fie, oM, PP, cMiEoREMIE,SRRIND, ofildiEE2 T2 7 vh a2
L, BRI EZ N5 A4 v A v 2w 5, SHlldEYy v A8 F %, PPl
BRYRTF Pz, cfifdid 7 vy vy 20wd 2. BREMIEIE A IS e 2 316 L 72 O e L
7D T BETWNRB DY, AT pHIIEe o flildTcommEEL, 4R vid ol
DS WEIEIT 2, Ve b ZAZF 2L ) vidaflilds gD WER % HIHIS 5. PPl
HITHb I B AR Y R 7°F FIENIMCBI 2 EHIE 2 <, BEROM I We il O FH o HEL 20 #1 1
EH, B8XOBEMGIERZ LS, BB TAERNERZ b SN S, offiids 5
feig, &6 6 bG8 2 RE L, EHEMLIETWEICE » THREZKHZ2HoTws, K
TN THRDOED SN TE L gMlllETIER, HFEOMEDEDSNTI D27 a
e Es kO o MilIc R 2 M TR S HETWAIRICOVBTHIRNE 2 L2 HIEL T 5,

INATVEIRY S MAIF UV DRWANZRLZEL D, ZNETN16ERBLON 124
B OIERIGH Moy R Rl S 415 Watts €7V [1], Briant €7V [2] Ty T2l —va
YEIToT, offiidT TV CIIIREN, g o7 — P EBE X OCHIN Ca?t IR, /IMafkN Ca?t
REE, LB XONE Ca?t F v 2L 2 HU) PO MUNMEIN Ca? T IR 8O A4 4 VIREDERE L
T, SAMEE TV TIRBEENE X7 — P EEDERE L TEENTWS, Yol —va vy
T, DTS ZAWT, KRETVDA Ay avy 77 v A2 B LIS GEDILVEYD
TMNDEEERTAND 2L TA A VOB E LMBBRRIC O VLT 21T o 7%, 51, H% Dk
S FovE vkt z L D ST, fix oEfMlao € T v EAGbE BT T
WERREERT 5 2 L CHETIMEM 2 BT 2 PETH 5.
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A study on bifurcation analysis of a human atrial cell model
containing ion concentration as variables
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DK BN OB LIEE I L > TELAMNICHBEI N TV, HEoBRIEEIZ2 TS 70
iE, MERICHEE T 2L DY Vo7 (A 3 v F 2 2IV) IC k> THI &R SN 3 BRI AB
REQFENICHET 22 L ETH S, L, o Z2EMERBEOATHNS Z LIZRET
210, MldoELGEEZERME L BTV ZHAOCEBRAEITH 5. g TITO
HHREDIEENFENL % Gl U 72 BT TOVIZ S EARE I N TE D, BRLA BEABDIEAIN TS, I
TRAAVIREZERE L TEDETAPREINT VS, RELSEIIM DL E & K 2 7 —
WK EL B2 0 %2179 ECREL L2720 TEARL, MoZEFARKICHE->TIVwD
PEVY, ETMMELAKRICRT2RMbH S, 2 I TCAMETIE, InEFThHhEHhEEETLE
Holf@iradfrbnn oz MLEMIEE 7 V2O TREZZDOT IOV TREETL 7.

AWFZE T e M OVEIE TV & LT 21 2RO E M i tiliB & 4115 Courtmanche-
Ramirez-Nattel(CRN) €7V [1] Z 5. RETFNVIIIEEN, 77— P EBE LI L5204 4 Vi
JERERE L TEATY S, BEEARE L TIMENO Nat 2, KHEES X Ca?t B L,
/R Ca2t LD JAAGHIRN O Ca?t B X Ofi/MElk Ca?t fHfEBR N O Ca?t IS % %8
LTw3,

FUSENTY 7 b7 =7 AUTO %=\ THRBER Iy (ICBIT 2 2T 27> 7203, 20 % %
TIIENTTE Doz, 2 2 CIREEKZEIHREBOEVE[EICEE L T 2 L hy 70
5 &3 Fov /) — P R 2 B C & 7220 o BN E £ 0, A OEENI T 2 22 d2 o 72,
HREAKZETE L 20ZDEEDETIVCTAUTO IZ X BN T 22 WEIJ E LT, AUTO
WCEE L e BB DD AT L DR 20 TE TR LIRS 2. 2 Z TREAZAED
BRI I DO W THRZ DT, FIER I 28— OV A E LT S aL—savzfiofk
g, WITNOREZED 1.0 x 10%(ms) 5 L TH 2L LK) 72, —HBEEL V 1X 100ms FEEE
TIZIFEFRBIEL 22 L0 6, REMN EIREZHOREZA T — VB RESELZS>TWS
LD D, Iy R OV AR E L7256 15 1.0 x 109 (ms) #8388 L 7- B TR0 54
XD HRELELET Tt I ZEFENLE L 7285E13 2.6 x 108 (ms) B CHITE N KT 8
FERS0 L) ZRDBEHENTA RS Bot, ZOXIICERNFAL THEHIREBIEL 2\0»
7E, BEAEKZEOETVICIEEL ORERS S EEL NS,

AHETIEA A VIBEZEZHE LCEDE M OAEMMIIEE 7TV ORI 21T 7558, REAK
IR U D3 FEEE IS C I fENT 2179 L CRRE & 2> T3 221 ¢ L, R e H il
WDEL WA E, 2L ORMERD 2 2 E030h ot SHOMEE LT, BEESEZEY) 2t
[EE LD /T X Z DT H o2 79 2 &, oLt 71 %2 Ho» GREZHB O
IZOWTHRRT 2 Z LB IFons,
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Mathematical modeling of boundary formation by guidance molecules
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Possibilities of the Differential Energy in Morphology
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Kokyuroku (2017)

[3] Hisao Honda, Essence of Shape Formation of Animals, Forma, 27, S1 - S8 (2012)

[4] Mahim Misra Basile Audoly, ..., and Stanislav Y. Ahvartsman, Shape Transformations of Epithelial Shape Shells, Biophys-
ical Journal 110, 1670-1678 (2016)

[5] Nebojsa Murisic and et al., From Discrete to Continuum Models of Three-Dimensional Deformations in Epithelial Sheets,
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Spatial regularity control of phyllotactic pattern formed by feedback
dynamics between auxin and PIN1
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Mathematical model of pattern formation in Xylem vessel
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Numerical study on mechanisms of folding structure formation on epithelial tissue

MR, RS 2, AR
Itsuki Tateo!, Yasuhiro Inoue? and Taiji Adachi?

VEH R REBE LEMER YA 20Ty V=7 ) VT HK
PHHERRFE T A VA - A ERVEISE T

i.tateo@infront.kyoto-u.ac. jp

R IE, EeAeT 2 BRARIIcE T 5, BiE LML S R 2 RROBETHS. 4
dud, I OB BEEA KBTS S22 LT, ARG EONERIBIREZEKT . %
HONZIRAKNIZ, BHEOKEZRAAEEICRZ BT 2720, BHREFE IO THair b A
HiExRiD., BARESZLIZ, ZOHVEANEIX, AEEEROZELUZEPSTTVEENT
a0 TiER<, FHROMMEL S BEMIZIHVEEFNTERI NS, BHEHINTHOHT
ELUWEIRGTEIIR E 281 0 BARED, OB ENZFF LD LI IR INZDPIZDONT
I, REZRIZIZHS TR > TV, KR TIE, ZOHENRET D BAEKO J1Z0AEH
AL, ZRTREIT D BAEEDOBBREZIASZTEZ e 2HKE L, 3D X—F Y 7 RAET I
[ IZEDLKEMENEY I ab—yarEHVnERa 2175,

i HRURE D A A RE Tk, MIFEIGFEIZ L 0 R 2 MR T 5 BRIl — SR L, Miflds — b
WCHEHAEEREL S, 2O L5 By — b OEFIE, Mg & OMIEE O AR 5T,
PIZAFEIE T DD O b HFEN R ER2Z T 5, KEFED—DTHB Y a vy a v N
DOTESHNZ 1%, FHEZEE L EIEN 5 RE L fke oEEDRH 2720 2], BFEEOKEIZES EK
MY — M OEAERIZE T, BHEBIZEHEALELELEEEZ NS, LELEDLS, H
FROENERIIRKEL L, —AT, HFEE2HEET 5 ERMRIEREFCHELTWS Z 2 H
BRINTWD., 2078, FFFIIXEDVERL, BFEEEICIXmE G ROEN % i 5 5h
FHIEEP SERT 2 2 E 2605, ZIZT, 20X 2FAMEMM»SOERIZHT2HEFICER
L, 2D 0 BAEEDORIZG R BHBIZONWT, ZHII%Y Ialb—Ya v iEAVWER
WETo7Z., TOME, MiuEEclRET 2 BRI, mAZKELT2RMERT S Z T,
BORIEPE VD BAREDEU B ZEWRBRI N, FHIZ, YIalb—YaryhroRBIn
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Evolution of swarming behavior in preys by the avoidance of predators
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Numerical simulations with using tree-body structures
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The effects of predator-prey spatial distribution pattern and difference
between intra- and interspecific interaction scales on their population
dynamics

AKHAEFET, LA

Junpei Nagata'”, Atsushi Yamauchi'
AR A BRI IR v —

nagata@ecology.kyoto-u.ac.jp

D2 AL T v X D HRER AR Efi e TH Y . 22l oA AW BEAER I
Kea pBeBah b2 5 %5, HlzI1E, BNBSICBW LT ¥ L0400 L0 bEP A0 0I5 235
GRS R AHTEAH L, 2B OEAICBWTLEREE OBA N L0l b ko hfix
LTWAE2REITHELRLT RBDTEAD, 20X 5 Apzefsn & AWM E/ERICEET 5
HIEIE. BT NVCKSERTE T V72 EOBRIICZEM oAz 8 A Lz T2EMET V] %
ANWTELFRENTEZ, L, TIUDDOFRITEBROEN DA D2 5540 & ke S
W DG EIIREA IR LT TH D L, T D2/ oA EAREVER & OREBRIH SN T
W EICITBZRICBRANH H12H 9, F 2T, BRI OMERE B BEICHE O 22554 & A
YER & OBMR 224 53512 1%. D225 A0 2 2 THER DA 2 FEeHIEA L T&
REMETIV] WS L, BREREONRT A—F ERGICEEL TR - B2 L
NTEDH, ZTNETORIZEMET NV EZANEFRITIZE AN ERESICET 25D TH
LN, FRERBRICEERAMEMEERE LTHERH S, HBIZBWT, MaE ke
FOZERGAAITHEER 2B S, AR OFH AN EL 52X 51255, ZERSH N
HEE —HEEEEREIRICEZ 2282 I ERET LA HWTHLNIT 5 Z & BN
TOBEBITH D,

AWFTETIE, EERE O 1R — 1 iR R EARTEEIE 2 R 10 F I AES LR
FOEMSAAEEAL, ¥ IZEMET VAR L, WEEOEBREOEEE ML, 52
5 U7 il =R FEBR S AE D Mg =Ry AR I BB IR 42 ERE L=, WiBEIIe AT 4 v/
ET D AT L., HREDO K idtypel, 11, IVE BB L7-, ZEMoAi & LTk, 2FAMAIC
AT HAD ISR L 2FESHEE S o T D AD ZIES A WS, BIE TlEE
TV OFEIEAL OISR TR HE OZEM oMo & 25, £T-. BEOAEMBMAEERIC
BOWTIEHHEEEDOENBFDOAR T — NV EHBOA T — VBRI DGENH D590, F
Wt A r— VKR DB A — /L OHFE (e HAr—/vh) 28N L7, MEL
7o JEMET NVOEFIRELZ RS, BEESEE~DOZERM DA O BEEEZLRZT 5,
LEMEMEANT OFERN S | 22040 ORI DA EESCHERE D SUSZ b B3, 2 O IAFSM:
LT, Ml AR — VHDNHEEICREWVWLEN DL Z NN o, F12. 4
FIZHBEIN B DAL, DAICHBER W GE XY SEFEORELZZ T, HFEL
RT W ENDoTm, SHIT, HAICHEN R WA, HEEOETENMELS 74
LAV E 2FEIFEGF LT WD E RSNz, ERiEn, ZEMICOMM L WV DB
PHIEENIRY ZIE L <HETRECHNIEHDITE, 2HITEHFLLTWVWEEZ LD,

183




. . A7 X145 :10 6 H (&)
RRAY—HRKP-23 SHAREH 13:00-15:00

Foyer 2F

BYMDEFEERREBZEL-EFGREREOEZETIL

Epidemic model of seed-born disease on the network of crop seed
production and distribution
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Food-web complexity is stabilizing
in the presence of habitat complexity

Akihiko Mougi' and Michio Kondoh*?

'Faculty of Life and Environmental Science, Shimane University, Japan
Faculty of Science and Technology, Ryukoku University, Japan

mkondoh@rins.ryukoku.ac.jp, http://www.est.ryukoku.ac.jp/est/kondoh/index E.html

What allows diverse species coexisting in nature has been a central question in ecology, ever since the
theoretical prediction that a community with more species or interactions should be inherently less
stable. Studies have consistently demonstrated that spatial complexity and heterogeneity, a general
feature of natural ecosystems, promote species coexistence. Nevertheless, most previous studies were
of relatively simple systems and the question of what, if any, contribution spatial structure has to the
maintenance of complex food webs has been unexplored. Here, using a meta-community model of
food webs, we show that the two different kinds of ecological complexity, meta-community
complexity and food-web complexity, can interactively stabilize multi-species population dynamics.
Meta-community complexity, measured by the number of local food webs and their connectedness,
stabilizes as the spatial heterogeneity and resultant inter-food web immigration between local
populations elicits a self-regulating, negative-feedback mechanism. This stabilizing force is stronger
when the food web is more complex. More importantly, the meta-community complexity can reverse
the otherwise negative relationship between food-web complexity and stability into a positive one.
These findings imply that the stabilizing role of meta-community complexity should be more critical
in real, complex food webs in nature than expected from theory based on simpler systems.

Reference

A. Mougi and M. Kondoh (2016) Food-web complexity, meta-community complexity and
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using state-space models
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AR, U EEEOBEIMN S TIRE SN TWD, 8 OEREAENT 5 2 & i3hA<e
HARERICHEBZ G257 TR, YITRAFOREBREBICHEZELZ LT, % BIHKETH
W LD N TR BEREGRIEE NI T O TV D05, BARE) 72 5% & O IR 8 O LS 5B 0 FEA
FAT O IIT BN R B RN A 2 AR DL ENH S, Lo L., EEREEENXE SR
RETHDHIZD, HESCHBELEOBNT — 2N OHEET D Ly, #iEDTZHDET M
2L HDHMN, ZL OMFFET VIR T HMBEA L LT, B L TR\ b OB FE % 8 k5
ETERNWI b, BINREELARNBECTEZ 2ELDEECERWVWI L, ETNADNRT A—H
WCARMEFEEAZZEBTE RN EREIFT 5D (Tijima et al. 2016), Z 9 W o 728 S 2 ifR T 5
TEMTEDE L THAEN TS DOIMNIREERETT L TH D, REZEMET IVE H WS L
L CTiXTrenkel et al. (2000)<°, Yamamura et al. (2008). Iijima et al. (2013)7¢ E X FET 5,
OV EETNCBITDENENOHERFEESCTRNEE, 7 —X%2857-00ax ezl
L, ZHMICET VOREZFM L T E 0,

AAFZC I ZF OEFEE L LT, Yamamura et al. (2008)iC L 5 EF IOV TMCMCIZ L 5 >
S a2 L—3 g UEITV, 1993405 20054E £ TO Y o AR OHETE & . 20054EFE 5056 B 72
20064E7 52015 £ TO TP Z T/ o7~ R—F U ZA N EEZHNTEORELZ AL L, 2015
RSN R HEER R ST 5 2 & T, BT VDOBEICOWTO#EmEIT > T,
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HERGN =DM, HHWNEVERFEESUNIY —OFEEEFRIENEFR
TEDNENEZOND, AR TREIBEETLZAVTH VI EERLHEHD
HEFRE EREREDAICEY 5 2 AHREOHRIZOVTER D,
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Are releases of sterile insects to some areas effective for regional pest
eradication?
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UL d ik (Sterile Insect Technique; SIT)iE. A LAJIZ KEIEAE « RiE(b L7=akE %2 & 7=
eWER (LIT, AMER) 2, EHMICEIMIKREICKE T2 2 & T, hoER (LI,
BAER) OEFERZRAZGT T, BAEROEIMZHE L, &EICRMEICED L 5 BRIE
Th o, SIT & HWT-I4A R ORI FRFZE TIE, RESRHEDN AT 55512, Rk
RGNS 5T (BUF, BERX) Zx G o —HICRET 52 &8 H 5, Ziid, ~E
MOAEFEFARNRE SIVTWAEEIT, RN Z2 RS RIE < i35 &, 2 T4
BHICAREROGRPZ NS 20 BiEDEERWEBZ X ONLTDTHDH, £ 2T, £
P72 RAE AN K> T, £ HOMEAX OB AR ZRIE L, £ X5 eiRiEiEm =1 7
BRAZITHRL L TN Z & T, Il BEROIRMERZ O ST HHPIWMONDZ EBnH 5, L
DL, B XA ZE IR BRE T 2356, BT DI X O DR E O ADS | 1R 2 1
T HAEEMED N B D, AW TIE, —Rot RICELE S V- 8o A B 2 B 8 /i3 2 B4R
FA, BEAR RIEAADIENO IR DEER—ZET V& HNT, —EHOHBEA~DO AR H
Jcfia 2 U7 AR = U 7 PRI X DB AE D KIR Z2R M AIBE/NE D vk, 2 B a—
A al—3a T, AR, MEHLAERHD 5> H, —FLmoOAERM (LUT,
AR U T) L EOLABONEOAR (LI, Ny 77— U7) 12, —ERFFMI&
(C BB S D EARE LTz, BRitfEd G U 7 THA ROEEREA 0 R o 7o & & iR
ZRER LT R L IREIO RN G ORRMEI R Y 7 2Ny 7 57— ) T %1041
59, INEBDIKL, HEIZTXTOEBRM CTEHARORIMEERE BIE LTz, T DORER.
HERER Ko OVBP2E A A AT A A [ O EER D 208, B 2R oD RIBII 72 AR D pR A5 12 5 < P28
LTWD ZEWRENT, FRZ, BEFTAOSEBEN, HAEAZALY /L AEFA K
D HREWGA, BT 7 ~OEFAERDORAN - BEEDHEET D012, BN IER
WCHE LW Z R DT, —H, Ny 77— U T O (N)EEINEE 5 2 & THEMEARD
SOBAERDRAZEM L, BHERT Y 7T ~OBFERDRA « HBEHEZIHIT 252 &0
RBTHDHI EbRINT,
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On the front motion of a diffusive epidemic model with free
boundary

Yoichi Enatsu®*, Emiko Ishiwata! and Takeo Ushijima?

! Department of Applied Mathematics, Faculty of Science Division I, Tokyo University of
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2Department of Mathematics, Faculty of Science and Technology, Tokyo University of Science,
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yenatsu@rs.tus.ac. jp

Free boundary problems are recently used to model phenomena of biological invasion for species
such as migration into a new habitat (see, e.g., Du & Lin (2010) and references therein). These
ideas are also applied to epidemic models. For example, Kim et al. (2013) proposed an SIR epi-
demic model with free boundary to investigate the front motion of infected individuals spreading
into a region where disease is not prevalent. In this presentation, we consider a simple diffusive
epidemic model. Hosono & Ilyas (1995) and Kéllen (1984) proved the existence of traveling wave
solutions of the model. We extend the results in Kéllen (1984) to the model with free boundary,
namely we prove the existence of a semi wave solution. For free boundary problems, solutions
propagating with the same profile and the same speed are called semi wave solutions in some
literatures, e.g., Du & Lou (2015) and Kawai & Yamada (2016). We numerically observe the
semi wave and the front motion of this model with free boundary.
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Mosquito model for Wolbachia infection with hatching delays
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Zika virus is a mosquito-borne flavivirus transmitted by Aedes aegypti mosquitoes, giving rise to
global disease outbreak. Recently, it has been experimentally observed that symbiotic bacteria
called Wolbachia pipientis inside mosquitoes can prevent transmission of Zika virus. Motivated
by these experiments, Wolbachia-infected mosquitoes are released in Medellin, Colombia and it
is reported that they reduce vector competence for Zika virus (see Aliota et al. [1]). Wolbachia
is considered to have a key role to establish control strategies against Zika virus.

In order to study dynamical behavior of the population of the mosquitoes, Xue et al. [2]
formulated a system of ordinary differential equations and investigated stability of three equi-
libria; a disease-free equilibrium, a complete infection equilibrium and an endemic equilibrium.
However, for their model, it is assumed that the mosquitoes in egg stage become aquatic in-
stantly after hatching. In this presentation, we propose a system of delay differential equations
to investigate the effect of a time lag from the egg stage to the aquatic stage. We also establish
sufficient conditions under which each of the three equilibria is locally asymptotically stable.

References

[1] M.T. Aliota, S.A. Peinado, I.D. Velez and J.E. Osori, The wMel strain of Wolbachia reduces
transmission of Zika virus by Aedes aegypti, Scientific Reports 6 (2016) Article number:
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Insights from Fisher’s geometric model on the possibility of
speciation under different environmental scenarios
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Speciation often occurs as a result of ecologically-based divergent natural selection. Under
this process, natural selection acts in contrasting directions between environments and finally results in
reproductive isolation. Alternatively, under mutation-order speciation, populations diverge as
populations accumulate different mutations under similar selection pressures. There is growing
evidence in support of both ecological speciation and mutation-order speciation in nature, but how
different environmental scenarios affect the rate of species formation remains underexplored.

Our current study uses “Fisher’s geometric model”, which derives predictions about the fitness
effects of mutations using a simple model of optimizing selection on multiple traits, to explore
speciation in the face of environmental change. We find that genetic incompatibilities are likely to
accumulate in isolated populations adapting to different environments, as expected. In addition,
incompatibilities arise even in populations facing similar environments, particularly when the
environment changes rapidly and favors the accumulation of large-effect mutations. We also show that
our model can generate many of the major findings of speciation studies, including F1 or F2 fitness
reduction, heterosis and beneficial introgressions etc. In light of these results, we discuss how the
quality of reproductive isolation is affected by the manner in which populations diverge.
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I. IZLC®HIZ

ICFEWE DOV A7 FHlE, ZE TWE Z LI - BEIA I TE 2, —F T, o)
OWVEIZFIFFICRE SNTHEY A7 E2 250, L) ZEICHLELLBELAFZNT
BY ., TR EME OB AEEBICKT A LARBEICEEY 2o0b b,

2. HEEREOME
BAEEEIL., BEEOEHORANRIENEMD 2 OITHRFEDOSE ThhE ~ 72, & HHEEICT]
il S41% Loewe and Muischnek (1926)C, 51, HAMBIIKEO R LFETHML LS & L
oo ZODIKIAEBRH D E LT, x%DEEE L5 TREZECXA). ECx(B)ET 5, 4.
TNENDOIHKEMNA] [BlHDE LT,

1=[A)/ ECx(A)+[B]/ ECx(B)
NS5 E IR U THDLEEZLDTH D, ZiiTLoeweDINENM L FEEN TR D |
(LFWEDEBEITMTH ZDEZFNHNLN TS,
LoeweDMEMEIZTFEMEA D =X LN TRIT) b L<IE MEITWD | BB TIEARY Lo & —f
WZIEB 2B TWnD, —FH, HAEFERB T, LoeweDMEMEN DTN TWDHRER B L #H
BENTEY, ZOBAE, AEEA D =XLNERS . £ WE O CEMEAR A
MABRAETCTBYVEAREAPMT L LT LW EEZ DL ENEY, LnLARnb, AE
PERA D =X BBETNDE NI DI E I WHREEZER L, BHERMREER S IXM2, 2o
TIFEEALERSINTE LT, MEMENRK Y STo (Y SE7=720) = Loz >\ TliE
EAERRLITOW R, AR TIE, @R EFIC LB eT Va2 VT, MRS L
DNLORMIZ OV TRF 21T - 72,

3. BROEE

SRIIKEICL > THEMERED DD Y R 7N #HE L VWWE L ShCE iz, T4, A
ARER E W OBESNEA SN THEMENREES K PRIFRE L 720 | Bz 225 0 1A OB R M
BRICHEATWD, &RITKF T, Fx REERE (14 RE, IBTFEAE#EY & OIK)
ERWDHZEDRMBENT WD, AT e > THEMERET 20T A REICHLEDEHE
ZHNTEY, ZABNFIHATEELEMFENRD, FHTEREZHET 2 R TARY = —
Ta v EEINTWS, FlE. AN m— g 2L AKFICH DR SFH AR
HE, TOENOLEM~NETLEREHTE, WEENLOAEMEZHET I L ThEND,
INBITEBNCHE SND Z ENRZ WA, AL TIX, —HEOWME E L CET ML EITo 72,

4 FER

INEMENRRL O SEONE I T EDRERE (28 vs FIFFRER) 2 A0 TEDLLZ LN bhn
o7, Bz, FIFAFREETMEMENKD 2L L THREETIZIEFEAEDHEE/MY L7720
vt oT, INETEBEOEAETIIMEMENK D LT, BB OFFMEA
H=ARNTR DT HREFZEH DN, TNOPREREEICE SV THEHRLTWNWDHDOT
HIUE, RN EES TWD b EILR,

223 3Lk : Loewe and Muischnek. "Effect of combinations: mathematical basis of the problem" Arch.
Exp. Pathol. Pharmakol. 114: 313-326, 1926
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Evolution of cooperation with the multi-game dynamics in the social amoeba
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Ho oMz EEIcT 20 0, fiikIcRigZ 52 % & 9 i Tz Emic s Reons,
L2, WhiTEizirb R WEY D ZEDR A LT, oIz THh 2 EEZ SN T
%, ZIUTH D 6T, BRI FIFREYTHIITHBR SN DD E v REIX, BV
WCBWTHELRT—D—D2Th 5,

ZOMEIE, LT — 2B A PLICE S DR R INTERL, FEAEDIHEIX. 25—
SO ITEIOHEICIHEH LT 305, EWE—2o 0 T80 Az w3 b CldZv, #ilzid,
HHREPERS S Dictyostelium discoideum (T FEEFEIR E <7 02 X FBK L V) oD 1181 %
R EDBHSNT VS, FEEHRTIE. cAMP ICK)G L TEA L il %k cd 2 1
HIERZEHKT 5, 2EDOK 80% DMl M FHifgic ok L TRt ok 2 4/ T 20 D (I,
70 DML IMIIEAN &b LTI T % 5], —J5. w7 BT A MPETIE, £350MilEs?
o~ &b L., BEDORM T LE L TEAT2IBRT 52, 20K, 6113 cAMP Z43)
T35 ETCRBOHIIEZESEIY., HAVRITHOTIZRINLF—2H T, w70 A FNEREL
Tl 3, 2% b, WIMTEIORIEE friE iz znzn, M-l Wi, &2 viEsaT
S ZFDMOMIIICHINT 5, I61C, FTEEEHEI70T A MO EDL SICHHEY ) & LI
RLEBRRDIEET 2 2 LS TS [1, 4],

Brlx, FEREERE 70 A MERE ZNZNUAADY L V=7 =L THEEL, 22
D= LB T B ITEIDMELEIEE 2 R, DXk HIT, BEDS — L TOEEE % FIRF I
VDIV F T =LA F I 7 AEEINS 2], £T. WHOEEZ AL 72546, HRIgIE =
g (Wit 5,. FEAEERCEY S, v7/7ns A MERTHEY2) 2Z 20+ THo
oo SNSZDODMIRERIT LIcE 2 A, HIFMET T Y7y =0 (Z3KAR) ORI
DT EDBHELIIRo, T, WIOEEZEZRE L2568, Yy v 7y 7 —LICHEML
B DOREICR D 2 EDERTE R, L L. 205 E D ANHEEOEIKIC OWTE
258 BN T2 2 LR TH S, 22T, LEofREE b LI —Y 2V
FR—Z2ETFNVEHWZY I 2L —var2EML 72, ZOME. WIITEIMEERNICEIET %
Z EDVEEINT,

SE X

[1] O. M. Gilbert, K. R. Foster, N. J. Mehdiabadi, J. E. Strassmann, and D. C. Queller. High relatedness
maintains multicellular cooperation in a social amoeba by controlling cheater mutants. Proc. Natl.
Acad. Sci., 104(21):8913-8917, may 2007.

[2] K. Hashimoto. Unpredictability induced by unfocused games in evolutionary game dynamics. J.
Theor. Biol., 241(3):669-675, 2006.

[3] D. H. O'Day and A. Keszei. Signalling and sex in the social amoebozoans. Biol. Rev., 87(2):313-329,
2012.

[4] H. Shimizu, T. Morio, H. D. Shimizu, and H. Urushihara. A mutation in the cAMP signaling pathway
affects sexual development of Dictyostelium discoideum. Dev. Growth Differ., 39(2):227-234, 1997.

[5] J. E. Strassmann and D. C. Queller. Evolution of cooperation and control of cheating in a social
microbe. Proc. Natl. Acad. Sci., 108(Supplement_2):10855-10862, jun 2011.
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Evolution of adaptive and non-adaptive in population models
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AL VTR R KB O b A T2 b T e A THY . b Db E
PRV bOERIEMEISHEE S S5, BIE. < OEMERICZIB Y THES A, FEE SR o
DEEINTVDEDR, ZTNONREDE I RBERICESTEIERERZENDENELLS o T
720N,

WA 72 BRI B W I A ER ITE L OB W TIEEIL TH D | TRh2 IZ5EI LT
WS & ENTED, A ZFRATIIIREZR FIMERGFE LR NI E 2R L TWD 1], ZAuEEs,
WS RET DERPLT UL TlE e, BESERMEADRTIA—XTHDLI L%
RELTWA YIS,

e TAE&ﬁiEWA—X®%H%?w%¢%L\ﬁmt#ﬁmé%k%ﬁgﬁ%%&
Too BAEARITHIEA 22 ERED I W ER OBRIRICAA/E L, A L HISICBb 2 2 EnsloE
I REERFO L LTz, BREPRIZIET VX D=y TR0 L, RO EGF IR K & OF
RIS A TIRESND & LTz,

INHOYI 2 b—a COREE, WIS E FEES I RO 7 L — AN N T A —
HDENZEL>TAHELI DI ERHALNI -T2,

[1] Schluter, Dolph. The ecology of adaptive radiation. OUP Oxford, 2000.
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modeling of wavetrain pattern formation in seminiferous tubule
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K ik, B2 Ik 240 K9 Z & T wavetrain 32—V 2B L T\W\W5, KHEE
CIFHROFIZH VA D K R EROMETH 5, HME TIIEBROAT -V %N L1
D SKEFADEAHZ D, AT — Y D4ilE wavetrain D8R — Uil > TW5B, EHIHE
HIZEoTZONRZ—=2E—EHLZE L THHU wavetrain XX — U DBNE Z &6, HFEW
NEA—=VEPRI > TWE I EAREBIND, 2 TFHEEE UTIERA(VF /1 VIE) OSBRI
L5NTW3, [1]

BRI S FADMENRR =V 2 HET272ODETIVEESTZ, Fa—V) 2 IRE 288D
FHFRE 2 A G DE 2, 4 2O MIGMERGRD E TV T wavetrain /8 X — U DNHBTE /2,

Uy 0.6 —1 0.1 Uy dy 0 Uy u?
d| vy | | 15 -2 vy 0 dy ? | un 0 .
a | we | 0 01 || w |7 00 |a2| w | {o]|W
(%) 0.1 0.1 0 (%) 0 0 V2 0

% 7z, Swift-Hohenberg /212 feedback % I X 72 € 7 )V TH wavetrain N X — > 2 HETE /-,

e} — 9. 9t 3
{ %u = —u—2612u AU T TUF+ U —u 2)
EU = —U

IS DETIVION U THIBREWMNT 21T 572, BTV (1) TIEFEBARKIZ 2 D EAMHEIZITE
HPEND DD, IWHDOFIZ L D wavetrain XX — VAR SNz, ET IV (2) ITDWTEILA
RRIZRBEAETIXZ QR CTEEAFHEL TWD, 3IEEINA 5 & OETHEOMEHE
{FRZHHZ RS 25 7 DBUE, FIREMM 217> T 5,
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HANDKRERIZELZ LR LTED, ETIEHERIKDONT WS, AFETIE, BEORHE
BIROHGHENIZ X BROIBEEREZETNMEL, WIBEEREANDME, HIET 544
M ERE B R0 % PRz,

BYEDHEE OB Z BMEOREE RO IEMRARKE VLD . VDRI D2 B
EMOBHRPREVZEEWZ 550895, BUEOREEROWHIEMNE 2 L U, BHEOREEL
72 EOMAEE, OB LZL TORHEEE TRO XS ITED S,

Um(x) = ay — buz (1a)
UF($) = ap + bpzx (lb)

T LGNS U 72 & = ORI Uni(2) 250 Bh LD & X ZHEIZ T O WA EAD FEI ke 2
HIEAL LD & XEEEL X 5 &5 5, BARHORMEM-T & SHIENHAIT 5, $IEL RN
Y EOMFBREE LY B2 01043 25, BHEOWEERHERORIEN, LMWK E 57
Pelzsked B REMR Y U, BIEOHISE 2 (—1 <2< 1), ZEOWME ¢ (—-1<c<1) LT 5.
FLOWMED F v > 2 VIHGCHREEHVE U B D1, BVEOWME 2 5354 DRSSO RIS Uni (), Ur (2)
LHIZIELTAHFT, BLOWKE 2,c P ELLS BB ETH B, AL > TR HABENE
DBBE, KIET 2H A, HIEOWH av,ar 2 AEL UL 212, BHOBAT R TOHET
B> < ORI, AlEDEAMAIAE AR L, SO Ehs, LA
DK Z AR UT U7 b, B I B D 5 SR AT 5 © L ASEIET B B4 & RN X ¢
BOIHBKTHD EEZBND,

1.0 1.0

Bz R D B ITER
RT3 HE A (WMWY , W
Qo—wffﬂﬁwmmwwm M\\\\\

Mwmwwwmw”””” T 2

SR IR

1o 0 %0 20
B DFEORH (av) LRSI ORI (ar)

(a) (b)

I AN & > THEDHAIPEEEL NV D & E DFIEDMAN LD % ET IV COMIET 2E A, BIED
IRz, BYEITRD 2 W8/ ¢ DTV, HROVRES 2EG, A BEOR IR oo BITRD
LI ¢ DVEIE, (a) BYEOKISORIH TN L5589 281G, BYEORIER « OFHMHE, (b) LM
DFFIFDAX T B 2 EIE, BHEITKRD DHNE c DFIIMHE, NF A —=KiF by = 5.0,bp = 5.0,
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Mathematical Model to Decrease Number of Smoker using
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This paper aims to know the mathematical model, stability analysis and numerical simulation on the
mathematical model for the increasing the number of smokers with optimal tax-based control. Based
on the results of the literature study and observations, then to ease the process of modeling the case of
dissemination of a smoker, some assumptions are used to form a flow diagram (four
compartements). From the results of analysis, the mathematical models of XSIC has two equilibrium
points, namely the equilibrium point of non-smokers (E,) and the equilibrium point of epidemic (E£*).
The equilibrium point of non-smokers is stable if the value of the basic reproduction number (R,) with
the application of optimal tax (R,) is less than 1. The number of smokers will decrease and the
equilibrium point of epidemic is stable if Ro with Rv is more than 1 which means the number of
smokers is getting a lot.The result of numerical simulation by using the Maple Program shows that the
minimum rate of optimal tax (V,) is needed so that it prevents and controls increase number of
smokers.
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A Mathematical model to generate fractal structure in skull
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Skull consists of several bones, and thin soft tissue at intersections of these bones is called
suture tissue. The suture tissue starts winding posnatally, and sometimes forms complex fractal
structure. Although various measurements of fractal dimension in skull suture have been donel1],
how the structure is generated remains to be elucidated. We have formulated mathematical
models to reproduce very initial phase of this pattern formation process [2][3]. However, how
the fractal structure is generated as a final steady state is not known.

At first we studied the relationship between amplitude and wavenumber of fractal structure,
and found amplitude a; should be a power of wavenumber k?. Next, we defined the location
of suture as h(z) and consider the dynamics. At first we considered a simplified system which
combines growth of each wavenumber and additive noise:

oh

k represents convolution kernel that represents dispersion relation of the original system. 7
represents time and location dependent noise. We could obtain expected value of power spectrum
of steady state in this system, and if certain wavenumber range of the kernel is approximately
k=B, However, this system shows dynamic movement even when variance of h(z) reaches steady
state, which is different from actual dynamics observed in skull. Currently, we are analyzing a
model in which noise is location dependent only:

oh
5 = k@htnh). (2)

To confirm the theoretical prediction we measure fractal dimension of lambda suture. At
first we compare various measurement method which should capture the scaling in this model.
We compared divider method and box count method in suture trace sample and found that the
obtained dimension is similar. Therefore we use box count method because this is simple and
robust against error. Obtained values is more than 1, indicating the observed lambda sutures
are fractal structure. We will discuss the relationship between obtained value and prediction
from the model.
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% — d @ + 1— u —
ot~ Moz K(z) v
O<z<l1l, t>0, (1)
ov 0%v
E_dgﬁ—f—v(—a—ﬁvﬂ-’yu),
Uz (0,1) = ug(1,8) =0, v,(0,t) = v, (1,8) =0 (2)

BEARD. ZIZT, u(w, t) IHEEEOMEERBEEE, v(x,t) 1T EE OBERBEEE, di, dy 1 THEETR
BERLTED, B %M & U T, Neumann B5 5 (2) 2L THE A 5. AWK TIREREINE D
K(z) DWEMIZEFT 525G IO WTERMZ RS, IiiE & 220X, X [0,1] ND b 25
MTHATELNEY ODEBTRIETERVWES R K(2) 25278 &, IO RIS
EHBIZED LS RHEE G X0 EHRLDOBAMEDOHKTH 5.

K(z) R—ET,  UEOHIFEREE ML T U, ILERDMFAE U T B Z A KIRIIC 228
Thd I elE, s 1) O fiEZEHA T, V7 7 7EBEHWTRES. £72, K(z) 2Y9E
—RTH-oTH, d; =00 & EF, EOMFEEMBPFET L, FERIZ U TZ ORI RIBIICZL
ETHDI DN 5.

AW TR K(2) % Bl TR XS ITHEL, dy =0 D & ZIZZERIFEEMIPFEMAT S
GiEEBERD. d BIEDER & 5 & & ERINBORAE ORI G 2 558120\ THIHET A
THR-AER2HET 5.
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