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Nov. 8 th (Wed)
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Opening Address
Mini-Lecture
Gen Kurosawa (Theoretical Biology Laboratory, RIKEN and iTHEMS, RIKEN)
Toward the simplest theoretical model for circadian rhythms
Short break
Contributed Talk
Kazuhisa Nishi (School of Engineering, University of Hyogo)
Theory of genes network in reprogrraming of iPS cells
Machika Higashibeppu (Faculty of Science, Kyushu University)
Predicting bone mass dynamics under various gravity conditions
Short Break
Mitsuo Takase (LINFOPS Inc..)
Tumor-immune system analysis code situation, relationship with real states and its automatic control
Tsuyoshi Hirashima, Naoya Hino, Michiyuki Matsuda (Graduate School of Medicine, Kyoto University)
Cellular Potts Modeling for Mechanical Wave Propagation in Multicelular Movement
Nariyuki Nakagiri (School of Human Science and Environment, University of Hyogo)
Simulation and pattern formation for Bacillus subtilis natto on the lattice model : effects of environmental
conditions
Short Break
Mini-Lecture
Sohei Tasaki (Frontier Research Institute for Interdisciplinary Sciences, Tohoku University)

Morphologies of Bacillus subtilis communities responding to environmental variation



Nov. 9 th (Thu)
Contributed Talk
9:0079:20  Shinji Nakaoka (JST PRESTO, The University of Tokyo)
Analysis for composition change of the gut microbiota induced by viral infection
9:2079:40 Kai Mizuta, Hisashi Inaba (Graduate School of Mathematical Sciences, the University of Tokyo)
Homogeneous eigenvalue problem and its applications
9:40710:00 Kazunori Sato (Faculty of Engineering, Shizuoka University)
Basic reproduction numbers for epidemic models on lattice space
10:00710:10 Short Break
Mini-Symposium “Mathematical models in epidemiology - the current of young research in Japan”
Organizer Toshikazu Kuniya (Graduate School of System Informatics, Kobe University)
10:10710:15 Opening Address
10:15710:65 Ryosuke Omori (Research Center for Zoonosis Control, Hokkaido University)
Lessons from multi-strain SIR model and their application for prediction of Influenza epidemics
10:55711:00 Short Break
11:00711:40 Yukihiko Nakata (Shimane University)
Infection and reinfection dynamics in a heterogeneous susceptible population
11:40711:45 Short Break
11:45712:25 Youich Enatsu (Department of Applied Mathematics, Tokyo University of Science)

Transmission dynamics of mathematical models for vector-borne diseases

12:25713:30 Break for Lunch

Invited Talk
13:30714:30  Viggo Andreasen (Roskilde University, Denmark)
The dynamics of repeated epidemics
14:30714:40 Short Break
Invited Talk
14:40715:40  David Greenhalgh (University of Strathchclyde, UK)
Backward bifurcation, equilibrium and stability phenomena in a three-stage extended BRSV
epidemic model
15:40715:50  Short Break
Invited Talk
15:50716:50  Hisashi Inaba (Graduate School of Mathematical Sciences, the University of Tokyo)

An Age-Structured Epidemic Model for Demographic Transition



Nov 10 th (Fri)
Contributed Talk
9:50710:10  Yusuke Ito (Department of Biology, Kyushu University), Fabrizio Mammano (INSERM, France), Shingo Iwami
(Department of Biology, Kyushu University, PRESTO JST, CREST JST)
Identifying the number of target cell subpopulation in HIV-1 co-infection
10:10710:30  Shingo Iwami (Kyushu University & JST PRESTO,)
Mathematical modeling of virus dynamics and its application to data analysis
10:30710:50 Yusuke Kakizoe (Graduate School of Systems Life Sciences, Kyushu University)
Quantification of Hepatitis B Virus infection dynamics in cell culture model
10:50711:00 Short Break
11:00711:20 Kosaku Kitagawa (Graduate School of Systems Life Sciences, Kyushu University)
Analyzing clinical data of Direct-Acting-Antivirals treatment for Hepatitis C Virus patients
11:20711:40 Tatsuya Kurusu (Department of Biology, Fuculty of Sciences, Kyushu University)
Quantitative analysis of APOBEC to HIV-1 infection in vivo with linear mixed effects model
11:40712:00 Shoya Iwanami (Graduate School of Systems Life Sciences, Kyushu University)

Data analysis of single-cell transplantation using mathematical model of hematopoietic system with myeloid bypass

12:00713:00 Break for Lunch

13:00713:20 Akane Hara (Graduate School of Systems Life Sciences, Kyushu University) , Yoh Iwasa (Department of
Biology, Faculty of Sciences, Kyushu University)
Theoretical study of relationship between allergy and intestinal microbiome

13:20713:40 Mitsuaki Takaki (Faculty of Science, Kyushu University)

Mathematical modeling of cancer recurrence caused by premalignant lesions formed before the first treatment
13:40714:00 Hirotaka Kanazawa (Kyoto Prefectural University of Medicine, International Institute of Advanced Studies)

A relationship between differential energy and algebra in Morphogenesis
14:00714:10 Short Break
14:10714:30 Ryo Iwamoto (School of Science and Technology, Kwansei Gakuin Univ.)

Turing Patterns by Anistropic Diffusions
14:30714:50 Sho Shimbaba (School of Fundamental Science and Technology, Waseda University)

Insurance developed by Social Wasps

14:50715:00 Short Break



15:00715:20 Kanako Noda, Kenta Uemichi (Kwansei Gakuin University), Etsushi Nakaguchi (Tokyo Medical and Dental
University), Koichi Osaki (Kwansei Gakuin University)
A Lyapunov Function for Constant Equilibria to the Deneubourg Chemotaxis System
15:20715:40 Takaaki Aoki, Koichi Osaki (School of Science and Technology, Kwansei Gakuin Univ.,)
Codimension-two and -three bifurcations from uniform equilibria in a chemotaxis-growth system
15:40716:00 Ryusuke Kon (Faculty of Engineering, University of Miyazaki)
Dynamic dichotomy in high-dimensional semelparous Leslie matrix models

16:00716:05 Closing Address
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Toward the simplest theoretical model for circadian rhythms
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Gen Kurosawal:2
Theoretical Biology Laboratory, RIKEN!
interdisciplinary Theoretical and Mathematical Sciences Program GTHEMS), RIKEN?

Circadian rhythms govern the timing of many physiological events. Molecular studies of the
rhythms have progressed remarkably. How can we integrate our knowledge about the
mechanisms for the circadian rhythms at molecular scales and network scales? One possible
way 1s to construct a computational model, which incorporates all the known molecules for
the rhythms in our body. It should be ideal if such a complex model can precisely predict the
behaviors of our rhythms under various conditions. In our study, we have taken a different
approach.

Mysteriously, the period of the rhythm is robust to temperature although the underlying
biochemical reactions usually accelerate with temperature, a paradox that has remained
unsolved for more than 60 years [1]. In this presentation, I wish to mainly discuss our
results about this robustness of circadian period (so-called "temperature compensation”).
Based on mathematical analysis of simple models, we theoretically predicted that
sensitivity of amplitude to temperature is essential for temperature compensation, and we
tested experimentally its prediction using mammalian cultured cells [2]. This study was
done in the collaborations with Atsuko Fujioka (Kindai), Satoshi Koinuma (Kindai),

Benjamin Tu (UTSW), Atsushi Mochizuki (RIKEN), and Yasufumi Shigeyoshi (Kindai).

[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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Theory of genes network in reprogramming of iPS cells
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School of Engineering, University of Hyogo
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* tyusblkzhs@ares.eonet.ne.jp
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Predicting bone mass dynamics under various gravity conditions
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Machika Higashibeppu!, Shoya Iwanami?, Shinji Nakaoka34, Koji Noshita35, Masahiro
Shinohara®3 and Shingo Iwami?3
Department of Biology, School of Science, Kyushu University!
Graduate School of Systems Life Sciences, Kyushu University?
Precursory Research for Embryonic Science and Technology, Japan Science and
Technology Agency3
Institute of Industrial Science, The University of Tokyo4
Graduate School of Agricultural and Life Sciences, The University of Tokyo®
Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental University®

Faculty of Science, Kyushu University?’
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* siwami@kyushu-u.org



Tumor-immune system analysis code situation, relationship with real
states and its automatic control
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Cellular Potts Modeling for Mechanical Wave Propagation
in Multicellular Movement
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Tsuyoshi Hirashimal, Naoya Hino2, and Michiyuki Matsudal?
Dept. Pathology and Biology of Diseases, Grad. Sch. Medicine, Kyoto Univ.!
Lab. of Bioimaging and Cell Signaling, Grad. Sch. Biostudies, Kyoto Univ. 2
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* hirashima.tsuyoshi.2m@kyoto-u.ac.jp
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Pattern Formation of Colony in Bacillus subtilis natto by the Stochastic Processes

on the Square Lattice : The Effect of Environmental Conditions
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Nariyuki Nakagiri!, Shota Ito!, Shuhei Ebara! and Yukio Sakisaka2
School of Environmental and Human Science, University of Hyogo?!
Division of Early Childhood Care and Education, Nakamura Gakuen Junior
College?
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* nakagiri@shse.u-hyogo.ac.jp



REXHICHITIAEEOREARME
Morphologies of Bacillus subtilis communities

responding to environmental variation
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Sohei Tasaki”
Frontier Research Institute for Interdisciplinary Sciences (FRIS), Tohoku University

Graduate School of Science, Tohoku University

Bacterial communities exhibit a variety of growth morphologies in constructing robust
systems under different environmental conditions. We review the diverse morphologies of
Bacillus subtilis communities and their mechanisms of self-organization. B. subtilis uses
different cell types to suit environmental conditions and cell density [1,2]. The
subpopulation of each cell type exhibits various environment-sensitive properties.
Furthermore, division of labor among the subpopulations results in flexible development for
the community as a whole. We review how B. subtilis community morphologies and growth

strategies respond to environmental perturbations [3,4].

References

[1] Lopez, D., Vlamakis, H., Kolter, R. 2009. Generation of multiple cell types in
Bacillus subtilis. FEMS Microbiol. Rev. 33, 152-163.

[2] Cairns, L. S., Hobley, L., Stanley-Wall, N. R. 2014. Biofilm formation by Bacillus
subtilis: new insights into regulatory strategies and assembly mechanisms. Mol. Microbiol.
93, 587-598.

[3] Tasaki, S., Nakayama, M., Shoji, W. 2017. Self-organization of bacterial
communities against environmental pH variation: Controlled chemotactic motility arranges
cell population structures in biofilms. PLoS ONE 12, e0173195.

[4] Tasaki, S., Nakayama, M., Shoji, W. 2017. Morphologies of Bacillus subtilis
communities responding to environmental variation. Development, Growth &

Differentiation 59, 369-378.

* tasaki@tohoku.ac.jp
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Analysis for composition change of the gut microbiota induced by viral infection
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Shinji Nakaoka!
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Institute of Industrial Science, The University of Tokyo2?
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Homogeneous eigenvalue problem and its
applications
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Kai Mizuta and Hisashi Inaba
Graduate School of Mathematical Sciences, The University of Tokyo

MPEANE TOVRBYEE TR ED & 512, EFEOMERD L L C e %
B I35, ERERENF2ICKRE L, B2Vl Twanslx, %
D IR BAEFHBEIE—IR AR (homogeneous) B CTHR I b, T 2 T—IREIX
Bk, EHa izt LT, Blar) =aB(z) &5 &5 2BM B : X+—>X+
(X, 1 Banach Z2[t] X OIEfE#f) TH 5. B IFFNTT LY oA TRETIE AW
DT, MWHOMALDERIZ & > THAFEERZERTHI A TERV. L
7 U Jin and Thieme [1], Thieme [2] I, BEBIREIIER 2,01 = Fa,) 2BV
T, F OHBD P —IREAVAEHHE B TH B854, % OOMNLEE) 2 i $ 5 BE
& U T BD#ARZ FLHEE (cone spectral radius) 2%, —FEO AR AEELH L
UTHREST 52 & &R L7z,

RIFFETIE, TDT AT+ 7 &R HE T IVISEHT 2 2 t%%zé

THEGIR T TV TR EDS LT L B EMEAR TR WD %’Eﬁﬁ(ﬁﬁﬁ%
T)l/@ﬁ{ﬁi'%@i FHWsZ iFTERhWw., 22T iV\]ﬁ’E%“D Banach %2
DIEfEsE TR de/dt = ~Avr+ Bz %523 5. 22T, AIZLY IRV MNE
R EASRRIEE-ZR, Blda v "o Ma—kRARIERFZ L $ 5, A% TIE B
PHDNEVIER e T U T, I +eBWIEEAZEEZ 522 LIRET S, Zhid%<
DEYENE TV THENRINETHZ. $5 &, do/dt = —(A+L)z+ 1 (I+eB)x
LEZEES. 22T, ﬁ’i’éﬁ@iﬁ“@i <HIoNFRIRIEAROE R ZIRHS

X, EEAZE (I +eA) 1 (I +eB) 7S, —IRENRBIRMEARIERAZETH Y, TOH
AR MVEREDPERBAERE UTHRET 2 FHIS D, BYLEMFOD &
T, ZOXIBHEHNZYUTHEZ 2R, ERFEETVADICHZMHNT 2.
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Basic reproduction numbers for epidemic models on lattice space
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JRYIEE T VLTI, FATOR B2 HWT 5720 DL U CHRARFAER R 20D IENRZ.
Tbb, B> 1 THIITEIYERITITEZD2, B <1 THIUTBYYERITIZRI 20, SV)E
BEIREAONTND, ZORARFAEFER B IL, 172D RIFERIZH L CTE TR EE2 AT
HARANN DEEFIZIW TR | ADJEYE D, £ OB IR W CHAERE T2 2 IIEYLH
O L TERSND (FREE 2008).

FARBAFER R ORD IFIZONTIL, WO FERFIHINTND. 72E20E, /> 1 LWH%ME:
VRIRGSE D72V RN R L E LR DRI E LN ZEITEETIUT /R ML N5. HDHWE, kil
RATAN 2> T R ZRODHZEHIALFTHIL TS (Diekmann et al. 1990, van den Driessche and
Watmough 2002) .

ZHVETIZ, #FZEMROR Y N =228 Dbk 2 IR YYEE T VIS LT, EARHAFERD KD
HIVTET= (Keeling 1999, Bauch 2005, Trapman 2007, Llensa et al. 2014, Ringa and Bauch 2014). L)»
L, BT NVOEES/NTA=BNELI2HE, TOE M FIERBERITIR-T20, o HiEEOREEMEN R,
BESNBEDITD. Z2TlE, BARDE N FIEIZL > THOLIND 570 2 R B AE FEXUT 3 L CLb i iR
AERIRD.
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An age-structured epidemic model for
demographic transition

Hisashi Inaba*

During the 18" and 19*" centuries, the mortality rate in the developed coun-
tries of Europe and North America declined along with economic progress and
industrial development. The birth rate began to decline somewhat later, and in
the 20" century these countries experienced low mortality and low fertility rates
to an unprecedented extent, while the growth rates of their populations also
sharply declined. The change from “high-birth and high-death” to “high-birth
and low-death” and then to “low-birth and low-death” is called demographic
transition.

The well-known modernization hypothesis insists that the low fertility rate is
a result of individual adaptation to general modernized environments, as indus-
trialization, urbanization, educational standards, and families change. On the
other hand, diffusion theory for demographic transition assumes that innovative
cultural norms that lower the number of births could be transmitted from indi-
viduals with low fertility (infecteds) to traditional individuals with high fertility
(susceptibles).

In my talk, we develop an age-structured epidemic model to explain these
demographic transition dynamics based on the diffusion idea ([1] [2]). We as-
sume that the cultural norms leading to lower fertility are transmitted amongst
individuals in the same way as infectious diseases. We investigate the existence
of nontrivial exponential solutions, and then study the linearized system at the
exponential solutions using the idea of asynchronous exponential growth. We
extend the idea of the basic reproduction number to formulate the stability con-
dition for persistent solutions in homogeneous dynamical system. Demographic
transition can be understood as switching the population growth orbit from the
high-fertility to the low-fertility by the cultural transmission.
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Dynamics of HIV-1 co-infection in cell culture during cell-free-infection.
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HIV-1 mutations are rapidly accumulated through recombination events
which are largely caused by HIV-1 co-infection?. These accumulations in viral
population lead to the immune escape and high drug resistance, which causes
the rapid progress to AIDS"2. One possible mechanisms of HIV-1 co-infection is
driven by the different susceptibility of target cells, proposed by Q. Dang et al.,
Proc. Natl. Acad. Sci. USA 101:632-7". While the mechanism and qualification of
HIV-1 co-infection have been recently investigated experimentally and
theoretically’?, the dynamics in cell-free infection remains still unknown. In this
study, we construct ordinary differential equations considering the heterogeneity
of target cell subpopulation in cell culture during cell-free infection and
reproduced the cell culture experiment data. We found that about 70% of
(co-)infected cells are generated from the higher susceptible target cells.
Furthermore, the dynamics of HIV-1 coinfection revealed that within 45 minutes,
the half of all co-infected cells emerges.

References
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Mathematical modeling of virus dynamics and its application to data analysis
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Current in vitro studies of viral replication deliver detailed time courses of several virological
variables, like the amount of virus and the number of target cells, measured over several days of the
experiment. Each of these time points provides a snapshot of the virus infection kinetics and is brought
about by the complex interplay of target cell infection, viral production and death. It remains a challenge
to interpret this data quantitatively and reveal the kinetics of these underlying processes to understand
how the viral infection depends on these kinetic properties. In order to decompose the kinetics of virus
infection, we introduce a method to “quantitatively” describe the virus infection in in vitro cell cultures,

and discuss the potential of the combinational analyses with experimental and computational virology.
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Quantification of Hepatitis B Virus infection dynamics in cell culture model
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B RIAT L7 AL AHBV)IZ, R CTIHEZ 28 4 T 55 N DB R A S RF A AT 25 %5 |
FERZTENOHDLVANVATHS | INETIIAL X — T a7 T a /SOy A /LA
FENFRATEITNDD | AL APEBRIRITA0%A T D, MRIEDFEREL 72> TWD DI, YA
R P ’Eﬂ;ﬁfﬁﬁéﬁ;ﬁbﬂ\éﬁﬁﬁ%%*Eé‘é(CCCDNA)T‘%ék%thT%@ 2 HBV ZAERADD
MR H72DITIE, cccDNA RN GIRET2UNER DD, £ TARIFZE Tk, HEE
7»&‘74»%%%’%%%7~5’%ﬂ%\6$f HBV LA N D7 A L 245 BB e D & b A3

Il BARBIIZIL, cccDNA DIRFHIHERS 2 2 R A IC I E TE 2 325 R (Hep38.7-Tet) A BAFE L
cccDNA £ K OVEYAIAEAN HBV DNA BRI ZHIE L=, TL T, ﬁ%%mt%%ﬁ7~§7&
BHEET NV EiR /N RIBIZED T 4T 4 7T HE T, UAVAE BN RE A R AT 2 B A
BAHEE LT, HEE OFE R, 35178 8D F#IZ#E A 7= HBV DNA 73 cccDNA O£ B2 FF
S TEY, F72 cccDNA O EHIE 3.4 BIZETH T, A% I1T, AEBRRE O TR
FFGERIIZ cceDNA 28D ¢ (LB ORI AT/ o> T,

%75 3k
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Quantitative analysis of APOBEC to HIV-1 infection in vivo

with linear mixed effects model
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AR HIV-1 A TET AE L2 378D 1 > Ths A APOBEC REHSIILTWS, 20D

APOBEC % HIV-1 OB AV ANIZEIAE L, WG HECT A /LA RNA 0% iz
HlEE 2T 28I Ko TH- e BRI 35, HEEMCF172 APOBEC @ HIV-1 YL
BHEANZOWTOEBIMETIZIR 2 D7V —F IV ED LN TEZN, ERNICBITS
APOBEC OBEZNRIZ OV TOREIT 2V, AAFFETIE, FrZ, ‘MR DXL >E" 2B
HFBETHLMIPIRA DRET NVOT AT 47 % FAVT, HIV-1 e ME~ T A0 D557 5
BT — 2 E AT LT,
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Data analysis of single-cell transplantation using mathematical model of hematopoietic

system with myeloid 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, using a single—cell
transplantation system and mice expressing a fluorescent protein, myeloid-restricted progenitors with
long—term repopulating activity (MyRPs) were found. Moreover, by using paired daughter cell assay,

MyRPs were directly differentiated from HSCs.

In this study, we investigated hematopoietic system incorporating the novel insight that there
existed a cell type that exclusively differentiated to myeloid lineages, which is called myeloid bypass.
There were four cell population types in the model: (i) HSCs, (ii) MyRPs, (iii) progenitors and (iv)
differentiated cells and four lineages in differentiated cells: B cell, which is a lymphoid cell, erythrocyte,
platelet and neutrophil/monocyte, which are myeloid cells. All progenitors were produced after
transplantation of a single HSC without passing myeloid bypass. Myeloid progenitors were also produced
via myeloid bypass. This is the first study of investigating hematopoiesis with MyRPs. We estimated
some parameters which were growth rate and production rate. Finally, we found that myeloid bypass

plays an important role after transplantation.
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Modeling of interaction between immune system and gut microbiome.
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Immune system is tightly coupled with gut microbiome. Chlostridium sp., induce
regulatory T cells (Treg)' which are suppressor of exaggerated immune response such as
allergy”. On the other hand, Treg suppress immune response to gut microbiome’. Here
we developed a simple mathematical model describing their interaction, in order to
search for a therapy for allergy targeting gut microbiome. The model describes the
dynamical interaction between Th (helper T cells), Treg (regulatory T cells), and
Bacteria (microbiome activating regulatory T cells). Depending on parameter sets, the
model exhibits the following three cases: [1] always having allergy (extinction of gut
microbiome and very high Th level), [2] either having allergy or being healthy (positive
value of bacteria and T cells) depending on the initial condition, and [3] always being
healthy. We derived the condition for realizing the healthy state [3]. We also examined
effects of parameters on value of equilibrium points. Carrying capacity of bacteria and
Treg induction rate have strong effects, and bacteria reproduction rate is less effective
than others. These results suggest that carrying capacity and Treg induction rate will be

target of intervention.

1.  Furusawa, Y. et al., 2013. Commensal microbe-derived butyrate induces the differentiation of
colonic regulatory T cells. Nature 504, 446-50, doi:10.1038/nature12721.

2. Sakaguchi, S. et al., 2008. Regulatory T cells and immune tolerance. Cell 133, 775-787,
doi:10.1016/.cell.2008.05.009.

3. 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, doi:10.1073/pnas.1516617112.
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Mathematical modeling of cancer recurrence
caused by premalignant lesions formed before the first treatment
EARR" RIBE'
TN RSB B A 2 1
Mitsuaki Takakil and Hiroshi Haeno!

Department of Biology, Faculty of Science, Kyushu University!

Residual premalignant lesions after the first treatment such as surgery and chemotherapy are
considered to be a cause of cancer recurrence. A previous study showed that the presence of
premalignant lesions surrounding the primary tumor drives the high rate of local cancer recurrence”. If
cancerization requires m specific mutations in one cell, cells which have less than m mutations are still
not cancer cells but have higher risk of cancerization than normal cells. In this study, we constructed a
mathematical model of cancer recurrence caused by premalignant lesions in order to examine which
condition makes time to recurrence shorter (m=2 in this model). There are three populations in the
model: (i) normal cells with no mutation, (ii) premalignant cells with one mutation, and (iii) cancer cells
with two mutations. The total number of a healthy tissue is kept constant and there is a rare chance of
mutation every time cell divides. Once a cancer cell with two mutations arises, the population
proliferates exponentially, ignoring the number restriction. Under this assumption, we investigated the
dynamics of accumulating mutations by combining Moran process and branching process. As a result, we
derived analytical solutions for the probability distribution of the number of cancer cells over time, and
confirmed the accuracy by comparing them to the results from stochastic simulations. Finally, we found
that the second mutation rate, ,, has a greater effect on time to recurrence than growth rates of

premalignant cells and cancer cells, r; and r,, respectively.

1) Ryser, M. D., W. T. Lee, N. E. Ready, K. Z. Leder and J.Foo (2016). “Quantifying the Dynamics of Field Cancerization in

Tobacco—Related Head and Neck Cancer: A Multiscale Modeling Approach.” Cancer Res 76(24): 7078-70
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A relationship between differential geometrical energy and algebra in morphogenesis
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Abstract

bR DIEREIE R DO WFZE T 13 Foam BEFS Vertex € F A% V3 DI TH 2. AiFIRHRIC X > TRIRE N
LIREDEFIRAE, BFILEFIRBICE S £ TCOBNLENZTANZDIHL TW5 EEZS5NS. KFIZ Foam BEwT
VNI 2SR & 72 543, 24U Dirichlet T %)L ¥ — E(8) ZH\WTWw 2%, ROFFEIFHEANTH 5.

Proposition

Area(S) = / /D (n % g)duydus

1
ES) = 5 [[ (sl + lus|)duadus
D
£95.20LEIS=T"TdH5L % Jordan HiFE I’ ¢ R™ IR L THEIREERDEEER L D Area(S) =
E(S) D D 7.
Theorem(J.C.C. Nitsche, 1973)
PRl T @%Iﬁﬂgﬁ:/ kds D3 4m K D/INS W 51F, T TS 2 FIEBIEININE 13 72 72— D LT o,
r

L 73> CTHIAL S = S(u1, up) DI Z /M T 2 & Dirichlet =3 V¥ =23/ % 2IHZ[FEECTH D, PHEREE T
ZEIZLICED IR LT 2N ED X ) b DI EDDTH 5,

L2 L %436 & 2 CoR/NMITENIEHARICE T 2 LEMIIC & > TR S 13 RO EFIREO I & 1343 L b—
L, zoffiE LT, LEMIEREEZ OB 2T ) BHICER T I —E L RS 2w I E¥IFon s,
COREHODICT21DICRODIINF—BEZEAT S, WNRDOWEL V C R?, OV = S(uj,ug) CR?LT25L

Definition

e(S) = Epind + Evend

Elyina e / adS
ov

Fyena / BEKdS
ov

7e72 L KA S A7 ZAME, o & BIRHHIERZRT LT 5,
CITOIANE—REMIEMI R L ¥ — (D.G. TR F—) EIEAT 223, D.G. ZAAE—E Area(S) & E(S)
DRAfRIE Area(S) < e(S) < E(S) 2177,

JERETEIRIC B\ > TE Area(S) |ZHIIEHETE, =(S) IJTPRBEICED 2 LBAET 2 2 LA3CTE 5. ZHuT kD, TEREIZR
1% Area(S) ZZALI ¥ 2 MIIAMTEICEED 5 ¢, € @ LIEREZAL L L THIIEEKICBID % ¢; € U OILOFAEDLETH
5LEZLND. AFRTIILULED X ) ICHE L 7246 & x U BREWEZ RS ) 208 ) »paBHET D
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Turing Patterns by Anistropic Diffusions
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Insurance developed by Social Wasps
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I—YzVhyIal—yavzALT HEEEORKRNTEIICEITZ IR EF
BOBRRERIEL fco EVIIHRABUREEZE L. TNETNOURSEBZEHR L TEFEZEAT
W3, ZZTIHEFHRBHEESEETT D AXAX/NFD—FE, Hover wasp(F4:Liostenogaster
flavolineata)IC;EBE 9 %, COFEIF. BICRIE NS VWIENLZFE LR FKIEICERT 5,
FclCBRICE S Tef@tRiE. BOSROILEHFHIcBEZIED D TFBEEE L TXEED
ZECDIEILERT D BENDEGTFOERZEZINIFENSRUEILZDOFEIREZ T 2B DN,
—EDEETEZBICBRDIIENDN > TV BMEEEZENSROILICETICHR THEICKT

DIF LEBEDHRTRLREZ MRS T2 ODRRZEIT TVS EWSERD B 5, B EAL
BWRRTZEENTEATLE S LBE. BlIcWBFHRISERVITIEITETT %5, ULHU. FHE
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DRRRICTED ZEHHED, DL SEFIMIITEZ AFR TIERIRIITE?"E U fco RIRRVIT
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A Lyapunov Function for Constant Equilibria
to the Deneubourg Chemotaxis System
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We study the following three-components chemotaxis system with a linear degradation
term:

( Ou

azAu—xV~(uVU)+1—/m in 2 x (0, 00),
5%:Av—v+w in © x (0, 00),
(E) T%—Z):—w—i—u in  x (0, 00),
Jdu  Ov
5—5—0 OI]@(ZX(O,OO)7
(u(x,0) =up(x) >0, wv(x,0)=vy(x) >0, w(z,0)=wo(x)>0 in Q.

Here, € is a bounded domain in R? with smooth boundary 99, and 9/92 denotes the deriva-
tive with respect to the outer normal of 9€2. The system (E) was presented by Deneubourg
[1] for modeling the self-organized nest construction process of social insects of termites.
Then the unknown functions u(z,t), v(x,t) and w(z,t) are the density of worker insects, a
chemical substance and building materials of nest at the position x and time ¢, respectively.

Theorem. If x - max{ [, [uo(z)| dz, || /p}*/? is sufficiently small, then there exists a unique
global-in-time solution to (E). Under an additional largeness of p, there exists a global Lya-
punov functional for the constant equilibrium (1/p,1/p, 1/ ).
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Codimension-two and -three bifurcation from uniform equilibria
in a chemotaxis-growth system
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We study the bifurcation problem for a chemotaxis system with logistic
growth in a two-dimensional rectangular domain:

% =dAu — xV - (uVp) + au(l — pu) in Q x (0, 00),
(E) %:Ap_bp—}—cu IDQX(0,00),
ou Op
%_%_0 on 99 x (0, 0),
| u(2,0) = ug(r), p(r,0) = po(x) in €.

Here, Q C R? is a bounded domain with boundary 99, and 9/0n denotes
the derivative with respect to the outer normal of 9. The function wu(z,t)
is the population density of the chemotactic bacteria at position z € 2 and
time ¢ € [0,00), and v(z,t) is the concentration of chemical substance that
is produced by the individuals. au(l — pu) is a logistic saturating growth
function, where a and p are positive constants. The other coefficients b,
¢, d and x are also positive constants. The advection term —xV - (uVp)
corresponds to the chemotaxis of bacteria, and the coefficient y indicates the
intensity of the chemotaxis.

We apply the local bifurcation theorem by Ambrosetti and Prodi [1]
that does not require dimension-one degeneration of the linearized opera-
tor around trivial solutions.
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Dynamic dichotomy in high-dimensional semelparous Leslie matrix models
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1 [FIZFEM Leslie 17417 /W, BRBROIHNT—AEIZ 1 EUNEFEL 72\ EY O (KB B #EZ 50
T BDITHNEILTUWVA. Hoppensteadt and Keller (1976) <2 Bulmer (1977) 1%, 2D k57 1 [A]%%
FEAY Leslie {T4IFET V& HAWT, JEHIR ABSEMIIICKIEAET AN =X LE LN U2, E P
ST B ORI — BRI DO T, 1M 3 B 72 R I A DS Z B2V IR BEIC RIS
T, — 07, WL THLIFAHEDOEER Tl —HOFMmOEERENErLindl-n, R EOffIx
AR THDLITRGRWN DY) RIEA D ZHIRABIT K9 5. Cushing [1,2] 13HH8 L2 HED T
T, BT NVORITEn N 2 F21E 370, TEFH SRR ERDEEFUCT b7 24— a3, P
ARG EIRDEEFICT M7 2= FET D180 2 PRSI OZEE R LT, 20 2 Z3fE n=4
DEENUID LT/ EN Do TS [3] (2720, BB N AR E T T, n=4 DX
b 2 AUIKDSID [4]) . LL, n 235 BLEDEEITH, 20 2 B YSLIZ RV ODNIARB Th -
7o, AEEETIL, 7K n BEETHIUE, 20 2 55  n 2 5 LLEDLEIZHRY L2/l %
WET 5.
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