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Estimation of the environmental condition at the early evolutionary periods by resurrec-
tion of ancient proteins
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Woesed; (1990, PNAS, 87: 4576-4579pMEHL L 72 16S/18S rRNACHED K Rfhhic X hud, B AEAMIE 3 DD R XA
>, i Archaea HEIEMF Bacteria EA%EY) Eukarya I, Hadflscz & D, HimlddH 20, ENZENHRMN
BECH 2 HHIE & ERAEMIIGIREETH O . 2EYORBOILEML (LUCA, F 4L Commonotel FEA TV S) DAL
B, B & E - EREYOBTH S EEZ 5N, 2EVOIGBEHAENFELZE T2 . ROEERMIZZD
THEHENED X S BEY TH > T TH %, T2EVOILEMACIIHIFARE TH -7z THS LW FiH Pace (1991,
Cell, 65: 531-533 )T X > TIREI NN, ZOMRICHKT B GREZ N1z, LM LENDL, TNHDEmRDIFEAL
. DTSRRI K O 2EYOILEHEOMIBD G+ CEHEYT I /K ZHEE L, T hbAEBIREZHEm Lz
EDTHH, FEIHEEE NIz D TIEE (121X Galtier et al. (1999, Science, 283:220-22Boussau et al. (2008,
Nature, 456:942-945) Groussin et al. (2013, Biol. Lett., 9: 20130608) L L. VitF. 70 FRfftic X 2 H/cER- D
72 BEANOHEE & F Ol O— R SMALEE T OFEERINRE T, BEDOEYOME RS B 12T
bbb KTk > TRz (BIZ X Gaucher et al. (2003, Nature, 425: 285-288)

X LAY R VEBFS—E (NDK) &, EidEEIRED 2 564 SMAEYI O NDK OZ MR E N 2t B
RV D, Z D728, HILESOHEE D S51EC L7z NDK OZMREN 5, ZD NDK Zfi-> Lot
BIREREZHET A LN TES, £ THRLE, HHEHEHEEY (LACA) & HIEME @AY (LBCA) D
FoTW\WieeEZABN% NDK O7 I/ BERYIZHEE L, B TEMTEIC K D18 T U458 NDK E{n 772 KIFE N
THIE L., 15 NDK OF5# & B IEZ B T 75> 7z, 87c L7 LACANDK, LBCANDK (&, &5 56 &2 ik
JENY 100° CEBZ B mOEEZH LTz, 5T, LACA & LBCA B FNZTNBIHAFEH TH -z eHEI Nz, %
7z. LACANDK & LBCA NDK DOfid#id X <L TH D, Commonoted NDK & [FAlkkAR T 2/ BEECY) 2> Tz & B
WffE iz &h 5, LACANDK & LBCA NDK Dfd%17H» 5 Commonote NDKDEIS Z{EHI LTz, ZDZAMEREX 90
CULETHD, TDNDK ZHi-> Iz 4oL (Commonote)d 75 CUL FICAER T 2 IFAFETH - 1= L EZ 5Nz
(Akanuma et al. 2013, PNAS, 110: 11067-11D72

F /2. LUCA/CommonotehM 5 # 75  LIXHEIRE TH - 1z L HEE LTz Boussad® (2008) 24 T 75\ L& HEE BEIF 24
FHTCTH > Iz LHEE L7z Groussin® (2013)DHEE DHHLD—DIE, HELOBIETOT I/ BHROZEILEHFRT 520 +F
e WD THERE L7z CommonoteDEFE DT 2 /R TH -7z, BA, FREOS R/ EZH VT
#1721 LACANDK . LBCANDK. % L T Commonote NDKD 7 2/ BglH | ZHEE L. BTN TEICK b ETLE
e NDK &5 172 KIGE N TR, BilziT-72, 250 LACANDK, LBCANDK., 75T Commonote NDKD
ZPEIRERZ VI NS 100°CLLETH D, LACA, LBCA, Commonotdd\W g NE., HFEE R LIGEIFBE TH >
e L HEE I NI,

DL EofERIE, drlFEHaEEs A (LACA) . HEIEMIEHEHEEY) (LBCA) e i (B) HERWTHO . 4o
RBOITEHE (LUCA/Commonoteyyt (H) UFEAE TH - 1 T L OFEERNTAHLE S 2 %, Tz, fH NDK OFEENG
D pHARIFEZ BIAEAEYID NDK L LT % 2 & T, #HEEYIOMBENEREEOHEE LA TV B DT, ZOFRHRICON
THEHNT %,
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Understanding the relationship between rise of oxygen and gene expression of cyanoba
terial antioxidant enzymes

JREH B b 1 EEORER 2 RS — 2 5 BT S — 3 L B 2
HARADA, Mariko!* ; FURUKAWA, Ryutard ; YOKOBORI, Shin-ich? ; TAJIKA, Eiichi® ; YAMAGISHI, Akihiko 2
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IThe University of Tokyo?Tokyo University of Pharmacy and Life Sciené@he University of Tokyo

Though free oxygen (§) was absent from the atmosphere during the first half of Earth’s 4.5-billion-year history, which is con-
sidered to have increased dramatically at the beginning and the end Proteraz@@(d~0.6 billion years ago, respectively).
Recent geochemical data suggest that such transitions to an oxic atmosphere were not unidirectional, but appear to have asst
ated with an overshoot and/or a downshoot of thd@els. Such dynamic changes in the redox conditions in the atmosphere
must have posed severe environmental stresses to life on Earth. However, how the changeslevitie &fected the biosphere
has been poorly understood. Answering this question is of fundamental importance in understanding Earth’s history.

Here we focused on the changes in the expression of genes encoding antioxidant enzymes of cyanobacteria through histo
Changes in environmentakb@evels must have affected the production of reactive oxygen species, which in turn affected antiox-
idant gene expression. Gene expression is regulated by the nucleotide sequence in the promoter regions. Thus we hypothesi.
that the ancestral promoter sequences of the antioxidant enzymes may reflect the environsriemédd @t the time the ancestor
existed. In this study, we resurrected the ancestral promoter sequences of the antioxidant enzymes, and discuss its relations
to the G evolution through time. In this presentation, we will first introduce recent models of the atmosphezi®ltion
through Earth’s history, then we will report our progress in resurrecting ancestral promoter sequences of cyanobacterial antiox
dant enzymes.

F—T— R KWL R b iR(LEER, 7 SN T T
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Dynamics of Proterozoic oceanic euxinia and its impact on the biosphere

JEIET A 15 DI 9 2
OZAKI, Kazumi'* ; TAJIKA, Eiichi?

VERRURS: RGUEWIILAT, 2 RGURS: KRBT i B Rl AR 72 Rt
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Proterozoic is characterized by substantial changes in the redox state of atmosphere and oceans at both ends of the eon
stasis between them. Accumulating geological/geochemical records demonstrate that the first major oxygenation of the Earth
surface at 2.45-2.22 billion years ago (Ga) (known as "Great Oxidation Event”) may have been followed by a subsequent droj
of atmospheric oxygen level at the end of the Lomagundi-Jatuli event (LJE) ("2.08-2.05 Ga). Such waxing and waning of
the oxygenation state of Earth’s surface would have caused substantial changes in oceanic chemical composition and wou
surely have impacted the biosphere. In this context, the evidence for strongly sulfidic (euxinic) oceanic environments in the
LJE aftermath in Gabon and Karelia are notable because their low molybdenum isotopic values (less tbarafd6.85
%o, respectively) imply widespread euxinia at that time. The spatiotemporal variation of euxinia should have played a crucial
role in Proterozoic biological and geochemical evolution not only because of its toxicity to eukaryotes but also because of its
fundamental role on bioessential trace metal availability in the ocean interior. However, the nature of oceanic biogeochemica
dynamics and its impact on the biosphere in the Proterozoic remains unclear.

To investigate the dynamics of oceanic biogeochemical response during the Paleoproterozoic eon, we improved upon th
CANOPS model, in which coupled C-N-O-P-S marine biogeochemical cycles and a series of redox reactions were adequatel
taken into account. We newly developed an open system modeling approach for marine sulfur cycling in which the oceanic sulfu
balance is explicitly evaluated.

In this study we show that a plausible cause and effect chain of events that is consistent with the geological records of the LJI
aftermath can be obtained when a dramatic decrease in atmospheric oxygen levet$D&RAL to <1%PAL; PAL=present
atmospheric level) is assumed: the deoxygenation of an atmosphere-ocean system stimulates the microbial sulfate reductic
resulting in a transitional ("20 Myr) expansion of euxinia until the ocean reaches a new steady state. A mass balance calculatic
of Mo also demonstrates that LJE aftermath is marked by an expansion of euxinia to ca. 9-40% of the whole seafloor. Under suc
conditions Mo levels would decrease to as low as ca. 2.0-6.5 nM where nitrogen fixation by Fe-Mo nitrogenase is very sensitive
to Mo concentration. We therefore suppose that waxing and waning of the atmospheric oxygenation state in the Paleoproterozo
could have affected evolution and diversification of the aerobic bacteria and/or eukaryotes through dynamic oceanic euxinia.

F—T— o FAEN, R LR CREE, I B SRE TV, —F 2=
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1/1



Japan Geoscience U1_1iog Meeting 2015 /0 d ,

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

BPT26-04 215104 FFR9:5 A 26 H 17:00-17:15

FPEDLT ¢ 7 A5 57 2T 7RI I 1 B R ENR LT
Nitrogen isotope chemostratigraphy from the Ediacaran to early Cambrian in South China
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The earth is only the planet where higher forms of life exist. The appearance and evolution of metazoans are the most importat
issue of the evolution of the earth and life, but the causes are still obscure. It is considered that increase in oxygen content ¢
atmosphere and seawater resulted in the evolution, but the evidence for correlation between the increase in the oxygen content ¢
biological evolution is poor. This study focuses on nitrogen that is one of the most important nutrients at present. Preservatiol
of continuous and fossiliferous strata from the Ediacaran to the Cambrian, South China is suitable for reconstruction of secula
change of compositions of seawater through the time. This study presents secular change of nitrogen cycle from the Ediacar:
to the Early Cambrian including shallow marine and deep-sea environments based on chemostratigraphies of organic nitroge
isotopes of shallow marine and deep-sea environments.

We obtained the nitrogen isotope ratios of organic nitrogen in black shales and carbonate rocks of drill core samples from thq
Shuijingtuo and Shipai Formations. The nitrogen isotope ratios gradually increase from -1 to +3 permil in Shuijingtuo Formation
whereas they are fluctuated between +2 and +4 permil in Shipai Formation. In addition, the variation of the nitrogen isotope ratio:
is not related with difference of lithology: carbonate rocks and black shale, respectively. In addition, no correlations between the
nitrogen isotope ratios and C/N ratios or total N contents are found. The results indicate that the variation in the nitrogen isotop
values is not artificial due to lithological change and secondary alteration but it was caused by environmental change in the Earl
Cambrian. The nitrogen isotope ratios gradually increase in the black shale of the upper Shuijingtuo Formation, suggestin
decrease of the nitrate content of the seawater. In other words, it shows that the nitrate-rich environment was terminated and bo
nitrate and phosphate started to be limited since the beginning of the Botomian, namely mid-Cambrian Series2 possibly due t
increasing primary productivity. Namely, modern-style marine nutrient cycle was established in the early Cambrian. The highel
primary productivity led to increase of the oxygen content of the atmosphere and ocean, promoting the Cambrian explosion.

Carbon isotope chemostratigraphy is often used for comparison among sections because of lack of key fossils in the Ediacars
However, it is well known that carbon isotope ratios of organic carbon were decoupled with those of carbonate carbon in the
Ediacaran. In addition, the inorganic carbon isotope chemostratigraphies are highly distinct between shallow marine and deep-s
environments in the Ediacaran. They make itimpossible to compare shallow water environments with and deep-sea environmer
based on the carbon isotope chemostratigraphies. In order to establish a new tool for the comparison, we analyzed nitrogen a
carbon isotope ratios of organic matter of Yuanling section, deposited in a deep-sea environment, in South China from Ediacara
to early Cambrian. The results show that the pattern of nitrogen isotope chemostratigraphy in Yuanling section is similar to tha
in the Three Gorges area, platform sediments, from the Ediacaran to the Early Cambrian, indicating the nitrogen isotope is usefi
to compare between the shallow marine and deep-sea sediments. The nitrogen isotope ratios of the deep-sea sediments in
Ediacaran are lower than those of the shallow marine sediments. The difference may be because pelagic environment was mc
enriched in nitrate than platform environments in photic zone.

F—U— PR T« T AT, ST RS, BRI, KRR, YL, Bk
Keywords: Ediacaran, Cambrian explosion, Nitrogen isotopes, Nutrients, Biological evolution, History of the earth
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Coupliﬁg of Imaging Mass Spectrometry and High Resolution U-Th-Pb Geochronology
on Carbonates for the Earth Genomics

PREH JEAE L S s
SAKATA, Shuhet ; HIRATA, Takafumi'*

VENIRCAE NS R
IKyoto University

Time-resolved elemental and isotopic data can provide key information about the time changes in the surface geochemic:
conditions of the Earth, and therefore, critical restriction for the origin and the evolutional sequence of the life on the Earth could
be evaluated. To obtain reliable and exclusive information from the samples, tremendous efforts have been made to improve bo
the analysis spatial resolution and the precision in the resulting ages. Especially for the young samples, correction of isotop
disequilibrium is still key issue to obtain reliable age data. Recently, we have developed new correction method for the initial
disequilibrium, and therefore, application range for the U-Th-Pb geochronology could be remarkably extended to the young
samples (e.g.<0.1 Ma). The U-Th-Pb age determinations have been widely applied for the U-Th-bearing mineral such as
zircon, monazite or apatite, which would have high closure temperatures for the U-Th-Pb decay series isotopes. Despite th
obvious success in obtaining reliable age data for these U-Th bearing minerals, age determination for other minerals of differer
closure temperature is highly desired. Many geologists are increasingly interested in processes in rocks that operate under t
lower temperatures. To achieve this, we have focused on the U-Th-Pb age determinations for carbonates. The in-situ U-Tt
Pb age determinations for carbonates have been retarded mainly due to very low U-contents in the carbonatesi@ggg).,
Moreover, system closure could be easily lost through the geological time. To measure precise Pb/U and Pb/Th isotope ratio fro
the carbonates, coupling of laser sampling and the high sensitivity ICPMS system was employed. Henc&?2&lbt#é*Pb,
206pp, 207pp, 208ppy and?38U signals were simultaneously measured using six high-sensitivity ion multipliers. This multiple
collector (MC) system provides much higher duty cycle over the traditional isotope ratio measurements. Sensitive in-situ U-
Th-Pb isotope ratio measurements can be made directly from the solid minerals using the present analytical technique. Despi
this, there still remains a problem of both the contamination of non-radiogenic Pb and the secondary loss of the radiogenic-Pt
which were the major source of the resulting age values. To overcome this, prior to the age determination analysis, element:
mapping or distribution feature of all U, Th and Pb isotopes were measured to evaluate the magnitude of the secondary loss
contamination of U, Th and Pb isotopes.

With the LA-ICPMS technique, elemental imaging analysis can be made from fairly large-sized samples3@.mm x
20 mm), and thus, the comprehensive information concerning the secondary distribution of the trace elements can be evaluat
from whole sample bodies. Combination of elemental imaging and the U-Th-Pb age determination, together with the correctior
technique for the initial disequilibrium, can provide precise and reliable age data from the carbonatets. The details of the
analytical procedure and the correction technique for the initial disequilibrium will be discussed in this presentation.

Keywords: U-Th-Pb dating, Multiple collector-ICPMS, Laser ablation, Elemental Imaging, Earth Genomics
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Genetic variation of gene expression pattern among echinoderm populations.

FIH 7
WADA, Hiroshi'*

LR A ER B R
LGraduate School of Life and Environmental Sciences, Univ of Tsukuba

We compared the gene expression patterns among local populations of Peronella japonica, a species of Japanese sand do
We detected siginificant variation for several genes among populations. | discuss the impact of these findings on the evolutionat
history of metazoans.

F—T— R BB, U =, SR, B 5T
Keywords: Echinoderm, sea urchin, population, gene expression
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Chemotaxonomy of plants by resistant macromolecular analysis in charred mesofossil
from the Cretaceous Futaba Group
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R I SR O AL R 2 W T 2 SR PUE FIEEY a fo e A E RSO U TG B O | b ok LA
YIHSROHEEE IO T ERR D72 SO TVWE EEZ LN TV, Fie. TNEOMKE /< — 3 YO KRR ES
EREE. BRE. BURIER AR BICX o> TRBINICZIET 2 2 LIS N TV D, Lieh> T, TNESDEDTTO0HE TS
T & CHREYIEN GG D T2 D DO Tz I FEDHNI DR SN 5, L LN S, FHCHAERDEERD K 5 it
BHEEROMREICB N TR, TNSDED R LIHNIES N TWB, AZETClE. {bamn O 0 M ks
Mz G T 5728, AdALOREYIEERE D S FEH LIt a oot 2171 - 7z

SRNI AR O =7 o7 OREERBRGE N B FEH LT b Ul NG 2 Dz, 504 Uiz N B & Hironoia fusiformis
*®° Archaefagacea futabengiss S FHEYI DIER K THRFZO/INLA, AR ORE T« > a— 1 - Mo/ bR E 16
AR Z O 21T 5 720 MARIE LT el R 2 G RIS Thlit %, b7z &l reflux LR L, X 5122 D5k % KOH/
AR =T IV VMUK EE T - 1o R E NIz % GCIMS Tft « R LTz, F7z. SPSSEfNE
RN 21T o oo REYIOFNPRHIC BV TRz X 5 HigEMKZ & Dbz FI)V—T1b T 27D 7 7 X 2—5%
Wrzfro Tz,

WEBERE DRI > & L Tn- TV v, AT 5V, RSV BRI UGEHFERKED LI E Nz, FEFERILKZERZY
TR A RBIXC MY TR A ROFELDOFEEARNEEN, RIS, TNSIFFNFNETHYIB X TR
DILERFHR—A— L LTHIENT WS, LM LENS, Bt otk h 5280 U 7))V / A FHKH
TNt THUSEBREDISE DRI EZBHI L TVWE T B RB LTS EEZ LN, TNLDRIMEAaREYID(E
PRI AMETH BT b oTee —J7. NUKDRIER I 5 & C6-C28D g+ K U C8-C28Dn-7" )L/
J =V T L LTHRHE N, ZhZENobaidEic s % b0 7 )V ) Ko i 7 )V 3 VBB DR i 7%
LI RIRITIC X - TEEMIC O LTz B8 2 5 A Z—0 i & > T ABARRIC & B 7V A U DKo Rtk RE B o IR &5
MOBVDALNDZ EDHLN IR o Tz, TRNTOREHBOEAFIEREHBDLAZEZ TR N—DD T T AR—
WS Nz, T HIC, Juniperuse[RFIE. #HREPIMEG L BRI EG B ZNZENIND T T A Z—Icmhi, FERE
WX CTHEEMRICIARR AR 2N D 5 T EHVRENTZ, TNEDRENS, TATIVEERO T IVLFIVIEE Z & kAR Ix
JEEL 7 HFRINIC AT L. B INCFMId % C & TIb Ay o paleolipidomicst &\ 2 % Bl 7L 20 IR MRS 5 1
LAEEMNH B T L BT 5,

F—U— R AL, 7VF)VIEE, M b, ik, Eoit e+, 228
Keywords: chemotaxonomy, alkyl lipid, plant fossil, Cretaceous, resistant macromolecule, multivariable analysis
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Foraminiferal psuedopodial observation during chamber formation
Foraminiferal psuedopodial observation during chamber formation

TOYOFUKU, Takashi* ; NAGAI, Yukiko! ; Y. MATSUO, Miki! ; OHNO, Yoshikazd ; FUJITA, Kazuhikd
TOYOFUKU, Takashi* ; NAGAI, Yukiko! ; Y. MATSUO, Miki! : OHNO, Yoshikazd ;: FUJITA, Kazuhikd&

LJAMSTEC,?University of Ryukyus
LJAMSTEC,?University of Ryukyus

Foraminifera, marine unicellular organism, have been considered as one of the major carbonate producer in ocean. The
calcareous tests are broadly utilized as paleo-environmental indicators in various studies of earth science because their tests h
been archived as numerous fossil in sediment for long time and various environmental information are brought by population
morphology and geochemical fingerprints. The knowledge about the cytological process on carbonate precipitation has been d
scribed for couples of decade using by OM, SEM and TEM. Foraminiferal management of shell formation from ambient seawate
are of great interest. Our study shows the potential to understanding the function of psuedopodial network for biomineralizatior
by optical microscope.

F—"7— R Foraminifera, Calcification
Keywords: Foraminifera, Calcification
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Comparative anatomy of molluscs

I R R 1+
SASAKI, Takenort*

LHREURARR BT YA
1The University Museum, The University of Tokyo

WARBSRT ¢ 75 Y DZRRIC K > TRHEOT 515, BUEAEZK S TO2MIKEITIE. (1) i fe dUIRD R
. (2) 8 stlze R BIRIATRICHR DR UG 2R 2. (3)i6td — T H 2 WIRAATRIC I3 D IR UG Z RF D H
Wity (4) A A 2 BUS o nTc “KEM. (B) ImEADR NS K> TERS NS LM, (6) EhiatTFicZtL

CHUEHL (7)iRICH DX S ICRL BoTeliigfil, O 7 DTS NAAHZ R T, (LA TRBEAIIERSNRVE
BRI HMNERENTED, TNEIELORTEMEZERL TS ERZENS D, RKETH 5 0EEMEL DL
B, TNHOKROREDR DI 2T % FTHREEZDEHRERROBREOLKRTH S5, & HIc, FABRREZ il
9 2 L FOMANRETH D, Aty a VORLFETHZHIRT /) LIHRANE DR > T,
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Molecular basis of shell formation and shell evolution in gastropods

T ST s R TR RS
SHIMIZU, Keisuké* ; ENDO, Kazuyoshi ; KUDOH, Tetsuhird

LUK « B, 2 BRGURS « BB, 2 =7 2 — K%
LUniversity of Kyoto,?The University of Tokyo?University of Exeter

7127 T RCETHNCAE S A IRAL U7 ars & U THRZ G U, BB RS RELDBRICE TERLT
o LML, BENDE 2T 5 DICHERE TH % OS2 AlRE & LB nERIGEZ Mt T NE TIC
FEAEITON TR, R TIIEYIOIEEKICEE LR AL T ¢ v VB FZHIHT S & THISGNE LT/
A VEBRERICE R Uiz Y HA DMRITH S 7Y A a7 451 (Nipponacmaea fuscoviridygD t 11 37 + 7 44 « X
)Yy —EIC BT LT/ A VD REEE TH B cyp26 DFEBURIT 217> T4 5R, HiRR & VB ORI T D%
BRI NIz, XIS, LF /A VIBORKRERN 21175 o T 5EH, B THEIT 2R A 4T ¢ v 7BIE 7D 1 DT
B % engrailedDFEEIDMIHIE N, HEAVNE L, AKIEDRE SHWEREBEABISRE SNz, TNHORE. LF /A
VBRSO FAENIHDOILREIE B 2 L3 T % engrailedz filffi 9% C & T, MAEINICIHIT % Hik &0 5 Friar Bl o
I BRI B Rz LTl e 2 RS %

F—TU—F: Bk, LF /A RS, WA
Keywords: Shell evolution, RA pathway, Mollusca
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A possible coordinate system in the 3D coiling of molluscan shells

S TR B TR ST 2
ENDO, Kazuyoshi* ; SHINGU, Akané ; SHIMIZU, Keisuké?

VHOR - B2 0K - M
!Dept. Earth & Planetary Sci., Univ. Toky®Div. Biol. Sci., Kyoto Univ.

A vast variety of forms have evolved in the molluscan shells since the Cambrian, all basing on the single and simple rules o
growth, or the logarithmic spiral. Yet the biological realities underlying this mathematical regularity remained elusive except that
the signal transduction protein Dpp has been demonstrated to be involved at least in the two-dimensional coiling of the shells
Here we show that another signal transduction protein is involved in the shell coiling, based on the results obtained from chemice
treatments of the embryos of the pond snail Lymnaea stagnalis. We argue that those two 'morphogens’ may form a coordinat
system, which grows like a moving frame of the theoretical 'growing tube’, enabling the mantle epithelial cells to form secretory
three-dimensionally coiled structures.
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Lymnaea stagnali® HiZIc 313 5 Wnt DR
Genetic mechanisms of shell growth and shell coiling

HOET B4 1 SR ST 2 i —fE !
SHINGU, Akané* ; SHIMIZU, Keisuké& ; ENDO, KazuyosHi

DROK - B, 2 50K - B
IFaculty of Science, University of TokydGraduate School of Science, Kyoto University

AEIYI O HRUIIREE /LS D LTI E N TV S et & LT D 9 <, HIBRERBEDOZED 7 1+ 204 itk
DOEFZEIGEEHLE U TN 5N T 5, HRPREOHEILZIHS NI 2 LTk, HtORAERKEICE T 55 RIER
M T EMTERY, BEHEOHRKEIC OV TR, BHERT TV DOV TIRERL RIIZEh A TE D, FEIC HRRE
IR 285 T8 EDEYIANERICOWTIIEFMIASNTE ST, ITHEICE> TR IRIMENEDONTE T, Z
DOHOEEZWIZEE LT, BB bmp2/4DtHEE (L 1T H % decapentaolegitdpp) DHL 5 T % Dpp 77 112D
TN D %, AEYITIE. baa 7+ 7HICEANSTER E 5 Hidir CHRIE D B S N2, Dppld B CHBL
TRHEETDLIDTHD ., WY HATEREARFRNC, T/ 7 I 04 TREAIESFRNCHEIT 2 Z EWVHISNTED (ljima
etal. , 2008) FIHIFEARE & ZIHRERE T D dppDFBIE HiR A E < T LICHET (Shimizu et al. , 2011) Dpp DEE LI
& HROBBIEKEIC DWW TES LT3 (Shimizuetal. , 2013L &5, dpphHBIEIC OWTEEZN 7D 1DOTH 3
TEMHIBNT NS, AWZETIE. Dpp &MiA TERERERY 7 FIAERTTH 2 Wnt 7 7 2V —ICHEH Uiz, BHHEEIYIC
BOT, HHEMEAICEEST % Bmp2/4lc i U, 1EAT 2RI > T Wnt DIREAEAN R 5N, Wnt & 7 F )L HEHE
JERRICEETH S T EMNTTICH SN TS (Niehrs, 2010) &0 Wnt & HFREROFIENC S O@E%E L THBDT
EEODEHEIL ., MEET 5 C &2t EHN E Uiz, WIgEMRlE LT, WIAEIIR e A IR H © Lymnaea stagnalis
(F—uv/SE/T7IHAL) 2RV, TOI%Z 5 DOFEAEERE (2 Ml « licil] - EERE - ~foa7 378 - XY
¥y —H) i, Wt OBHEHA inhibitors of Wnt response-1 (IWR-1) {24 6-bro- mumoindirubin-3 -oxime (BIO) %= %
RRAR RS T U CTHERERH S - IGEFERZTTU. L. stagnalisDFEBEZBIS Uiz, ORI D, L. stagnalisD¥EIc
BT, Wnt > 7 HILAHAFESNEEEE NG e BB ERISE C 2 & OOERNMHEIRO D IEFICHBE 1
BWT ENBIEENT, oo KW Wnt & 7 FIVMEEE N TR LS N B & RIFIERICEN T, PRICES T L
MU 7z, EHICRELL FICHEMHEENT ETLE S &t 2 XL TET., B2 B DA EROMEOIE D IEH
KR 5&LGhoT, UEDT NS, WntiZREZDEDICKELEEGLTOAAEEENREVEEZ END, FRC
HEAIC DOV T, NY Vv — I EE BTGB T HRPROEND S, @ EHELREL TS
IS LT Wt & 7 F VORISR E TH 2 [ REMEAVRE E N D,
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