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Genomics approaches have improved our understanding of developmental and regenerative
processes of multicellular organisms, at levels of regulatory networks involving various number of
genes. Currently, integrative trans-omics approaches are becoming crucial to discover novel
principles of gene regulation and cell differentiation. In this symposium, we invited speakers
exploring the overview of gene regulatory networks using various model systems (vertebrates,
invertebrates, and plants) for the massive data analysis (e.g. single-cell, time-course, and so on). On
the basis of their talks, we would like to discuss about the "predictability" of genotypes, phenotypes,
and evolution, as a next direction of the developmental biology.
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[S03-1]
Pruning developmental gene regulatory networks using linked self-organizing

maps

OKen Cho
(UC Irvine)

High-throughput sequencing datasets have become a valuable resource in building gene regulatory
networks (GRNs). However, integrating high dimensional data comprised of different data types
(RNA-seq, ChIP-seq and ATAC-seq) is challenging. Among these challenges is that a single ChIP-
seq or ATAC-seq dataset often uncovers tens of thousands of binding sites, and it is difficult to
assess which binding sites are functionally important. Here, we applied Self Organized Maps
(SOMs) for dimensional reduction to generate DNA-SOM (DNA regulatory regions) and RNA-
SOM (gene expression profiles). Then, RNA and chromatin clusters are linked to each other based
on genomic proximity, which could be interpreted as genes in one RNA-SOM cluster. Using the
linked-SOM, we identified likely active regulatory regions, which are chromatin regions
combinatorially bound by transcription factors (TFs), and validated their germ layer-specific
activity using reporter assays. Our analysis recovered both known and previously unsuspected TF-
DNA interactions, in addition to generating predictions for TF-TF interactions and missing TFs in
the GRN. Therefore, the linked SOM is a powerful approach in building GRNs based on high

dimensional genomic data sets.



[S03-2]
Genome-wide Measurement for Fluctuation of Gene Regulatory Networks in

Xenopus embryos
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(OYuuri Yasuoka
(RIKEN IMS)

Rewiring of gene regulatory networks (GRNSs) is one of the biggest driving force for evolution of
cell types and body plans. However, it has never been examined how GRN evolves dynamically in
short time-scale (e.g. individuals and species), which is important to understand constrained
evolution of GRNs, quantitatively and theoretically. Here we hypothesized that the fluctuation of
relationships between transcription factors and their target genes in individuals correlates to intra-
and inter-species variations of GRNs. To examine this “fluctuation-response theory” on GRN
evolution, we performed functional genomic analyses using Xenopus tropicalis embryos. In this
study, we focus on GRNs controlled by Otx2/5 transcription factors which play crucial roles for
head formation throughout early embryonic development. Single-embryo RNA-seq data
demonstrated that expression levels of weakly expressed genes are more fluctuated between siblings
and clutches. Furthermore, RNA-seq data of Otx2/5 knockdown embryos showed that expression
levels of clutch specific downstream genes are more fluctuated than those of reproducible
downstream genes between clutches. To examine how Otx2/5 binding patterns and genomic
sequences of cis-regulatory regions correlate with fluctuation of gene expression profiles, we also
performed ChIP-seq for Otx2/5 using embryos collected from the same clutch as used in RNA-seq
and genome re-sequencing of the parent frogs. Now we are integrating those data to find the source

of fluctuation of GRNs and the correlation between fluctuation and evolution of GRNSs.

Keywords:
Xenopus tropicalis, ChIP-seq, single-embryo RNA-seq, Otx2, GRN



[S03-3]
Comparative transcriptomic approaches toward understanding the evolution of

a drastic phenotypic plasticity of leaf in amphibious plants
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OHiroyuki Koga
(Univ. Tokyo)

Aquatic plants often show drastic phenotypic plasticity in leaf, which is called heterophylly. When
the plant submerged underwater, it forms quite different leaves from which is formed in the plants
on land. This peculiar trait has been studied using various aquatic plant species. However, the
molecular basis of differential modes of leaf development and the evolutionary trajectories of this
trait is largely remained to be understood. We are addressing these points using a novel model
aquatic plant, Callitriche. This genus has a notable biological background for the Evo-Devo study.
Namely, they have preferable features as laboratory plants for developmental study and include
species with various life types. Whereas some Callitriche species show drastic heterophylly, others
do not have such traits because of either ancestral state or secondary loss. As the plants had not been
subjected to molecular biological research and thus had lacked genomic information, comparative
transcriptomic analyses, as well as developmental analyses of leaves, were conducted to obtain the
primarily important gene set for heterophylly using a heterophyllous species. Furthermore,
interspecific comparisons of transcriptome profiles were also performed to address the evolutionary
modification of the gene regulatory system for the heterophylly. In this presentation, I would like to
introduce the overview of our research and discuss how this phenotypic plasticity is carried out in

those plant and has evolved in this lineage, from a developmental view.

Keywords:
Leaf development, Heterophylly, Phenotypic plasticity, Aquatic plant



[S03-4]
Regulatory cocktail for dopaminergic neurons in ascidian identified by single

cell transcriptomics
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(OTakeo Horie
(SMRC, Univ of Tsukuba)

Dopaminergic (DA) neurons mediate a variety of reward behavior in vertebrate. There are several
classes of DA neurons in vertebrate brain including midbrain DA neurons and hypothalamus.
Characterization of the molecular programs controlling differentiation of DA neurons is crucial for
understanding this important neuronal cell type. For this purpose, we sought to identify regulatory
genes for differentiation of DA neurons in the ascidian, Ciona intestinalis.

The CNS of the Ciona consists of 177 neurons that share a number of similarities with vertebrate
brains. Ciona larvae contains single cluster of DA neurons which located in ventral region of the
sensory vesicle. Here we perform whole embryos single cell RNA-seq assays to elucidate the
regulatory network underlying the specification of DA neurons. We identified the transcription
factor Ptfla is the most strongly expressed cell-specific transcription factor in DA neurons. Knock
down experiment of Ptfla results in loss of DA neurons, while misexpression of Ptfla results in the
appearance of supernumerary DA neurons. Photoreceptor cells and ependymal cells are the most
susceptible to transformation, and both cell types express high levels of Meis. Co-expression of
both Ptfla and Meis caused the wholesale transformation of the entire CNS into DA neurons. We
therefore suggest that the reiterative use of functional manipulations and single cell RNA-seq assays
is an effective means for the identification of regulatory cocktails underlying the specification of

specific cell identities.

Keywords:
ascidian, single cell RNA-seq



[S03-5]
The epigenetic basis for positional memory during Axolotl limb regeneration

FHBYONLBRBEICESTAMERLRDIES / L

O Akane Kawaguchi, Siegfried Schloissnig, Sergej Nowoshilow, Elly Tanaka
(IMP)

Axolotl limbs are great tissue regeneration models with a three major segments: upper arm, lower
arm and hand. When the axolotl limb is amputated at any position, the remaining limb tissue forms
a blastema which contains progenitor cells and re-forms a fully patterned limb. Blastema cells
maintain a positional identity of their proximo-distal origin. This phenomenon is called positional
memory. How axolotl limb cells maintain and blastema cells re-activate a positional memory during
regeneration at the chromatin level is elusive.

To reveal this question, we are investigating the HoxA and HoxD gene clusters which are well-
known for establishing proximo-distal and anterior-posterior identity during limb development.
HoxA and HoxD genes are expressed in spatio-temporal manner from the 3’ to the 5’end of the Hox
cluster, which is as known as Hox collinearity. One of our aims is to address the mechanisms of
epigenetic regulation of the axolotl HoxA and HoxD gene clusters in limb bud cells, mature limb
cells (in patterned segments) and the blastema.

To investigate the epigenome landscapes, we analyzed open chromatin status and RNA expressions
using ATAC-seq and RNA-seq from the three different limb segments as well as limb bud and
blastema. We find that, in mature limb segments, Transcription Start Site (TSS) of HoxA genes are
opened in a position-specific manner, while TSS of HoxD genes are opened in all three limb
segments. We are currently analyzing Hox gene knock out axolotls to test their function in limb

development and regeneration.

Keywords:

Limb regeneration, Positional memory, Epigenome regulation, Chromatin landscapes



[S03-6]
Testing the recapitulative pattern in vertebrate embryogenesis from the perspective of gene

regulation

EIZFHIEOEENS BT HEHBYREREICE TS REN/\E— DREE

(OMasahiro Uesakal, Shigeru Kuratanil, Hiroyuki Takeda2, Naoki Irie2
(RIKEN BDRI1, Univ. of Tokyo2)

Recapitulation is a hypothetical concept that assumes embryogenesis of an animal parallels its
evolutionary history, sequentially developing from more ancestral features to more derived ones.
Recent transcriptome-based studies have shown the conserved gene expression profiles at the mid-
developmental stages of vertebrate embryogenesis, rather than at the earliest stage. These results
refute the recapitulative pattern of gene expression throughout embryogenesis, but not during the
mid-to-late embryogenesis. In fact, a number of phenomena recognized as recapitulation are
enriched at later developmental stages. However, no molecular-level evidence has yet been
obtained. In this talk, by examining the evolutionary changes in gene regulation, we will show
molecular-based supports for the recapitulative pattern of gene regulatory activities in the mid-to-
late embryogenesis. In this study, we collected ATAC-seq data set from early-to-late embryos of
three vertebrate (mouse, chicken, and medaka). By estimating gene regulatory regions and their
evolutionary ages, we found that, from the mid-developmental stages onward, genomic regions tend
to become sequentially accessible in a similar order of their evolutionary ages, suggesting that
evolutionarily newer gene regulations tend to be activated sequentially at later stages. Although the
evolutionary mechanism underlying the recapitulation remains unknown, our findings indicate an

evolutionary bias of developmental changes being added toward later stages in embryogenesis.

Keywords:

Recapitulation, Parallelism, Gene regulatory evolution, ATAC-seq, Developmental hourglass model



<HHFT 'L 27>

R HETDHDMN

p=Ea

TRBNZHETE L 221 FUEZ 520 KIZFHE RO L DI L TS, AT OEEZZITTLE I

JeH ZEEAID ] BT 2910, vo—
JL « XA ¥ — )L (Pierre Bayard) & D T%%/u7?b\
TRVARIZDOWTHE A LEED HIE] Lo it
bR Z A FILOKICHLS b L, 1
b, FADNRICA-S TWEHL EEDa—F)
— T, Thd, [ZhxiEREA ] &
SoZLL FITLEoTHCE, WEZRD BITHK
WAL TETZDIFA AT — - ANV RIZLD
BN EES, TRIIHEEE L2 0 o722
WARIEEFEEZ2WEHICLTWDS, FATFLE
BT CLEIMBTE . B . 77 A,
fEHI<FHATLEY L2 AT,

B HETICEET

BRI A TH -V ETE L N
Ve M, AL =z ki, RITITBERK
WHENE, ~FREHAT%E L TEWIT Ry
DIEEND, RDIFE, HHTEDTEZLTH
b o & bR &, FMTBRZND D,
R &L WANWAREBENTE DT D672,

Tl HbDOThHIL, BEALLDHLOTH
. TORONEZTZTZHDIRL TWATET
TIFERFE L IXE 220, — TPt A 2SR
LLTEWEL ol a2 TEZH LT
DL, FIUIRERZOARDER OE R Z T
ICHY RS Z LicoTLE D, ZHTiHE
THEEEIIE AR (Lirn i, EoiczoR
FEOBFHEINRV S, FLTR, FORE X
TAT IR LB F Va7 < T2,
FIMHM I 2 TL 2DILFEE OG- EH
DO ThDH, TORFEIZE > THENTZ LWVAK
TH-oTh, FARFHDITE LW T,
HENBEBE S B0 ZF, BAVEICIXIBRE
WCHZ 252655, i< td TZOR
2B ERITRSRN] EWIHRFEY Y
Z O IR,

ARG — - DA

FADFRATZNEREL, ROWNE L FHlE 0F
KPR EAEH 2R Z L, 25 0k
LA EOA 2303 8 5 ST F CTHiH 28 TfT
STNDEIRBDREDOTHS, Wb,
FHE LR O TR L — 3 T
STWRIFIUZR LR, T LT, TARE
FEEBEICE S O, Z0fEE, ZoXR%
FEBITHATRWR] LWVWH ZERDTH
5, L22L, ZNTHHHEHWLDITHE AWV,
BONREERORBOZ L, FAREFICH
LIODITERRIERDOTHD, RELEE-
T, BRI OMRO L ZICER 5T
WDBDM, FIETRB DN -T2Z LT
KODETINDENBTE,

ZOVSEBEANLTHE, LnEFEEL
FEIT RIS, FORERETE L TR,
NWRZENEZ A, Ji Lt AREIZ L itA
TWARWDO TRV ETHEbES, 0
ATV E | B CHAWETIZE T 20
DTHA A9, HDHWIL, B rELTHLOE
EZDHZENTERNDOTHAH, FDOEN
T EWAREGE T LieH DA, TeEsE W
IRBRIZ, WbhiEb et oMLl &
DI=FE o720 (bR EVSRBE-R), BE
LLTUEZEZETIAD AEIZIEAD L=<
7w, LA, HiEFEE2 e v MM EmAWy
ZEERETHRLY, EAR, [OFWR
EREDaIa=r—ar LTHRMLT
BMLWEERSDTH S,

ZIUZDNTODOHE D O, A DHFIEH
FEBL ONFEWN, LW —RIGE TH D,
BNZH AR 2 TEHDOTIEZe, iBELT
WHDIFTHZ2eW, fe LAWK, EFFELFELT
Koz, BFEFA S EHEREOMAEMERTE,
ZIDNNVE U TEATRRZ < & Z i3 mmmn
N E D, FDOFEZNBIO S H



L. WIENELS RS, FSCENERLIE
NI F—0ETIEZ 5, BREDOFHELHM
W5 9 BT, BEOHTHFIZAH 7 OHF%E
D, HOOEGEBSR LZ0 72 8 LigD
TLEH, L»b, BFERENmA X
AWEEZI N2 N5, K< k<
BWTHD E, FAEFRICHEICHA TS A
FHIZH NS 6 LS, FEEZEWVWTWND 5 BiZ
Hor ORI KVIAATLE W, BRI TE
X7poTLE-TEWD BFZFRZES OO N
SEINEND Z ENB, WRIEN, £ 9
W PRI BN NVNIER DT LWV ) BN
T 5D,

B FEOME

Mz T, [RKZEFHEe] LW) ZENHE ITH
BHEINTHDEDOTIERWE DIER L H -
72o TERATORN . « o ] OEZOWD L5
W2, TES O 22 2B LT, Ehis
TR Z B LT2D) W) IRMFR D FEE T
IR LDV HONT NS, R THEVA
PRREL., 4L, aLviiark) LEET5
DX, BT 2T 220 R0 72 FikTE A
Vo ALV HTTENEITE, BATH
DEBEZNHDLDMNE o THITE., FHEIX
(T2 LT T B _R& B T) & L
THL2DEEHRD I BIIA TV hENT
W5,

ZHUZONWTONEDRUIZAR DD, TIE LW
E LWVWIOILOREEZLTHVELIONE D
MNeWnWH Z L ooz o\ T
E2NTHO T, U< o < \THERT 5 DR
ELL, ZRUT L THLITZD LY ITEZ
HRERDTHD] W) EREICHED M-
TWDD TR ?

FNNENIZERBESL LWVWARTHAD &, £
Nz aite NN A7 T L7- X 9 7o B %
T5EERLT. FHZFH TIELWADFH A
71 b ORZoMzH D EBIRL RN,
FIONHIZEEEI L TN, il &
LEHICE ST, TOROERIIMEE LTV
L7259, leblE, TNEGAID DI
DEBETHHO] RELEIANHTL B0
LA, B, TNEFTVE, £ B
ICEE DB AN TH DU L, SEBERIFE CTli/e
<, LB AEZTWDE ) BICHOR R I 2
DD, WEICEN TN ST DN T,
[HIVTHT RE TR oT2) ez

10

HF 2 b EiLzev, EEE, ILPIEAITZA &
D/ T—~HER] ORNENEBICEE S L
Pt < USRI, EDOHRRZHZEL Tz &
o NROIFRIZ LTz ZATRIL Z & 72,
72l 2E, A TFELERST=BORKEHE
W2 ELBROBRRTO /N [HER] 1%, < 0k
BRwmE 2 LT [RERRE/ NG TH D) &
IRHE LD, G S NS EZ e — L %
ZJH o7z, —JF, FUCEHTY®ICHZR
o, BERREEE ST, REENR
ELTAEE T, B, BUBRARNETA T4
F—ZFE o< H TR, ZREOETHA
MOEEREZ T2 o272 72D TH B, VDR,
FIHIOBELTHLELERY RWETINH D/INGRIZ
b b, il Et DNOER) i wn
2BV BTN OREEOEEEE LTI ol
DEZNZHY, BEEEL CEOEMIIE
BAETDH, LW KRR AE 2T
(T RHZE > TV 5, ZRUT—FEDA T 7
M. NN, b E b EEAAh
EZRE L NI EDIFEELNE DR,

B #DO-HDEY?

WL E S 2 BIC & > CZOfMBEEZE 2L TH K
I, ME [T~7T oA 1X, E=Y 7LD
KF¥ Zthdr, WHRESE=E N oEhz, 4V
T U DIESEDO NAEZHIWZH D & LTI
TSNS, ZOMEBEDO A vE—IF, K&
WYV UNE S, 2o+ XToLFER
HELBIZZEFENON ! | ICEBEIRTY
BN, E T, Z OB IR AT TEDS
NI DD, TADZH? FIn, D
e b T OB A EEIZHE L DR AR
DOEND (Wi=Thsbr) T ETRTIIRGITH
BCTE5s,

9. FE—Y 7N IRANEDTE, b LEN
EERSTZOMBEZET-700, Z OMEO
FEAADRELS TRV ELE NS 2 &
THERBETRIZ LTV THA I, [F
B, BONETHD Z & AERICHEE L,
FREN 72 F T OMEMERW A T FREICHE T T4
ETVDLHLPDLEMERAR—VIETF, /I
I ElE, WD o T FRENR T T DA
ICE L EZ BN TWRWI &2 5 Z Dk
Wz [ELWIRE | 72 8L IXE3bRNTHAH
I, BARICE THERRE2T57259,
2B, ZOEROEBIMEIZS HIZA
LoUUZBAT L, TH B OEBITR B D020
NERHANE ZZFZITENTH Y, S AMHEIG



RANEZRD D HDITITIRE REOM DR
My LT HITHR Lo T e
W) DONANBDNETH -T2, TARE RS
WEZEHSTZZ D THLI Ny, REE
FLlF, BHEMICFINEESNL,. BB S
AR T E B/ W, Fratld - T lfiE#l o
OEDIT/BERNDE] L) Z Lz DD
My R LW, TR mBLOR R E
DO REFRIEEL WO b DD TH
Do

RIZLT, £Ho0oicbod EEAICEE
WBRE] | 72 & L ERZ D)y, 0 &I
MR 7o 2 FEONA AL, AN Z A= Lviars
WERTEEICH D, T ZITEBAIMEZ & R
HLUTIZ22 (2509 Bl s, BAKEDRE
W IErBr] OEI DL FemEny), 2ot FA
W2 & > TOMEZ 223, Yz DARDETR
DThHhbd - TOREICEZTEN WL,
HR TR TVH AR,

e
N

B EROHE
BREANFAREZFLO)N, —IKENTZ T HDIT
SNFELDH, EZFEFTIToTHEFEIIR L
BEFELRNES NS> TWT B AITFHES
RO, D EbfEN R LT, ol
WCHDHETOAREFTeZ LY, #lchL T
BN EWnWH Z bk, BIELLWASHFIZEBW
TIRTCEWET L OEL & LD RAfRe, 72
& Z AT HER EORAEM DR BT R DT
DIZENFREDOR—ATESRE DR LZZ
ENRH D, EER, OLOOFELERZDHTD
W2 2 BRI O TR X 2 o T,
SFY | TRTOEWMA =MD EYFH I
FHEL N2 VWO THL, ABELCZ2OTH
Do

St

L EEITERHUSRH D, EnnD
EOoODAEYMTERSINA L, TN - T
B, EMEEICONTOHEMEI A T R
Do TLE S, 1990 FFECLIEK AT 7=
vavuYa UNRTHEIL. HOSCEROA X
—VEFoOTENTEBIZEE LT LENE DI
ote, WE, B MEBOETLELTOw
T ADGEENRRECZ EEE L TWD, £
BINS, RSB E WS Z &L, AnTFigd
KON LTI, EHEOLALEREE. &
HEBICE L TR mAH LEY L, FiEh

X702 B NEE - W TTWE R EIT AR B8,

SV ETENI M ERERICHAIAL Z &

11

BDERWREREZED EIIREL eV, SARESE
b, MEORMNE L TWDEDROTHD,

B HRETCEHETS

N LTEWEM IR WAEMSEENND LD
2. REFBERVCFEF MBI 5 2577
VW, FNTH, SETICHEEET A HEEH D
ST? RITRIT, Y aA A James Joyce D
[V > —X: Ulysses])] 1T TEiFEoHmh:
Stream of consciousness| TH > CTE N7~
AT 2 v¥®AT7: 0dysseal] OBEXE L & 72,
[ =% The Third Man] OFEY — « =—
T 4 A Holly Martins (j : Joseph Cotton) &
ZIHOF-o TV RITNE L ozl
BoTnih, FEICEFDOY—0DZ LNGE
AR S TWD, IHVWOTI 27201
BHANCHETe Z LT LT,

S5, IRFAZEZOHI CHRET 2L b
AR 2L, T b FNERALE RS DD,
7o & ZIFRFEEEAS L BExEHO
ML TIARZIEEZENTCWEEASY | L E
PNDOEN, ERAZLEIRAZTELTE
ZICEHTDHI LN, Ao TENDIZZ
nN7E, TR STk D EEHFEOMW =
2T VARZERT AN T, KADO—F
M7 LD OBy, X TED
DEZIRINIEN TEALEAL D> T EE
XI5, FETIIVANATHANWEZ 2 H
WZTBP0RBELEIE, T IFARIE
BN e EHIORKNIHEL E Th b,
TEDTENWTIEX] LDz &, R R
KR72 R BR T, e AATEERT REESIZOWN
TPV ITZ2V, B, FICED F TOHES
FTIERZONR, T EICLD EHRTAR
HFRLRZTWDOE, FHETIERLSZ
DEFTE Lo BH7RNA DD, ZEER 5 IXEZI
27 7 b, SbRTHIERRES D, LN
EHH 2D E, BOOmI LB R
TWAMANDFRIDFET D, 72bidek &
5. MERIZIE L TH RN, FHULE
DHNIWDZFEFHE TR, MAEOFEE] L
IBINDEFE72DTZ,

HATEWEARATHoTHRATWRVDIZ,
M AOERDZ LRz TVWHENE I,

HIARTHHSTHEY THIATE RWREIAR
TR, T, THE o7 EEERHA
TRV EWIIRIEL RV ED D BN,
(Ho7- 7 EHATHRWA] & [FHAET



CENTLESEAR] OEWIE IR TH
X kv, EBIZEOARZ FITED i
Te L2V, FTARTE 726, Wt THiZ
AT ERHDHE] ER5<IET, BET
HE U, TiEx v MEE TS < OBLE A
BRERIZBONDNDS, IoFEDZLETYH
BRWRY Rz EE2ENRTLEY, BFTIZ
A NIVOEHIRPE NN ST O RNFEES > TV
ol d5L, TREZZEDRVER
B CEBLEDLY NN LTS, ZNT
H TRAED T HICIEREE TR LY LB
DN TH AW, 25, [FIRFC, THfE] 7265 5%
ELTMBEES R -T2 LITFFH SN =D
W2, L)~ ER LY ETEDN] L)
S HEL, Ko 151, ABIZEICH O
LB A T OIRIEIC R > TR E 72V, £
OFEDNFIBIZE L LI N L END - o L
6L HMATHLEADBONR, FTAL BE
FARE GO, FARDIT DI
RERANILO X2 ThL, H—Te,
ZHIEH X o EEZTTTO,

ZOMDOETOEREZIEIZAND EWV) Z &
. ZOHOETOREHRIEIER] DOFIH &
LT Il LAfERRBlCH D & &5
i CiE7avy, 22O TR -2 T, BHLE
ELTHEDITHAVHE LT Db a2y
. rRFNBREEORE, BIRAR A4,
WA EN o —EOHRETRADNLD D
JH72<, EHREOWEIBWTHAT S T
WAITIBE R0 (e, KE#HEA A THRLA
27272\, WO THWHE DA DR H70BD 2
LN IR, T IV TENEZ O =
9 ERSTZG, ZERAD, HDOWIIEN
PLEDFIABNLIEZ 2D, TebiE, =D
A TZNETELFHATLZ EMRRN] O
ERICERZR0D, BFLL, HREL~=
27/ bER S, EORICE L TR
KEDLDEZAIFRV, I THKREICHEE
b LRV, b, BileZ EZNAKE

12

AT 2 L9127 D,

BREFERVD), T2 ELFATENSG LN
STEHL ZHMBLI-Z LT 63, &2To
NR=TDETOITEBRF Liz-> T, LIV 5
I LT B BT, WiRREE, 7=
ST= 3T THNENGMNDLAR LD, HDHVIT
ZNINEDADMEDETEREL D D, H
2T, Tr7a—X - 7 A0 [EEOF]
B2V EWEEER (MLAREENS), 20
o L) OfEFETOIX, OO
EIXHERETE 5, 295, FFED EFAITILE
WL ZRUTIMREIRE O B> TS 3
DR % R LI BARE T O H 5,
FOERBEREST DT, FOoRHFE2LET
Ml & TH, BT A Z & TH R,
L LAOEON OGP+ THD,
RS, FEEIHEARL LTHFEETHOTIX
. FNHEPMOEE L HEMEHRT 53
v NT—=T O—F BT, £ LT, KL,
e, BELINERLLY A T7OXy MU
— 7O THhD, BEILZ. AF—A—ARZE
DFxy bT—=7DOHTED L HIITAEBTHMN
EnWH kol

EWobiFc, EFTLL0ENLL 0%
T LT 5 ONEY, a2 ey
HTOICFNIMNZEEZ T 5, ZHUXERE
N, BBRESbETCHLEH L, HEEA-T2
Do H, BEIMET DDIXEED 350
T2 E7ew, o, TARILEEZHZTL
NHZORZT, RNFIZEeTHB52 0%
VW, FRETR LIt CTH- 2R G, R0 .
DAV KRIZIELDST=D7 - ST, Ton
DA STV D U2 h,

FIH 2 2020 429 H 15 A Facebook [EEHHIIZ
e 188 |\ THNEET



Constrained & Directional Evolution Newsletter Vol. 4 No. 6

& 4T 12020410 H 2 A

FEATHE - HT TR ZE T O/IK) & T~ A 0~ & 2l £ Ta B < KRBV
ELFE O~ (EEREE A8 &)

fm & :Constrained & Directional Evolution Newsletter fifE & B2 GRESEE W 155)

71 URL : http://constrained-evo.org/




