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Estimation of the environmental temperatures at the early evolutionary periods by resur
rection of ancient proteins
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Zhnolze LHLEDS, TNHOHGRDIZEALIE., 7 FREMNTIC K D 2EYOILERLDOREED G+ CHET
S/ BBHRERHEE L, T SABREZHERLIZEDTH O, ERNICHEEE NIz O TIXEW (Bl 21X Galtier et al.
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FlX 75 CUL EIERTBIFE TH -1 EZ 5N % (Akanuma et al. 2013, PNAS, 110: 11067-1107 2 FOFEHR X,
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Evolution of the Earth’s environment: A view from sedimentary alkyl porphyrins
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Alkyl porphyrins are derivatives of chlorophylls that are formed in the surface of the Earth by photosynthesizers. Structural
changes associated with the diagenetic processes have been intensively studied during the last half a century. Now we know tt
some alkyl porphyrins are derived only from specific chlorophylls that are originated from a specific type of photosynthesizers.
Together with carbon and nitrogen isotopic compositions, such structural information provides a profound insight on the critical
evaluation of the surface water environment in the geological past. In this presentation, | will review the diagenetic alteration of
chlorophyll structures and review the current evidence.
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The close correlation between environmental change and evolution of metazoans: Genor
duplication and rapid adaptation
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The Neoproterozoic to Cambrian is one of the most exciting periods when Metazoa first appeared and quickly evolved. The
origin and early evolution of Metazoa are very attractive firstly because the events suddenly happened after very long calmnes
over 2000 m.y. since the emergence of eukaryotes, and proceeded very quickly, and secondly because appearance of new phy!
was limited to this period (Cambrian explosion). Recent paleontology, biomarker study and molecular biology suggested early
origin, especially of sponges and cnidarians, and cryptic evolution of the metazoans (e.g. Maloof et al., 2010; Love et al., 2010
Peterson et al., 2008: Sperling et al., 2010, Erwin et al., 2011). On the other hand, recent comprehensive study of multi-element
and multi-isotopic chemostratigraphies of drill core samples in Three Gorges, Tianping and Beidoushan areas revealed that red
condition and bioessential element contents of seawater such as P, €a, RO Mn, Mo, and Sr drastically changed from the
Neoproterozoic to the Early Cambrian. Sr isotope values display positive excursions at ca. 580, 570-550 and 540 Ma, indicatin
repeated high continental influxes at those times. P contents of carbonate minerals were very high until ca. 550 Ma, and the
decreased, suggesting the seawater was enriched in phosphorus before 550 Ma and then depleted due to oxidation of seawater
deposition of phosphorite. High nitrogen isotope values of organic matter and high Ca isotope values of carbonate rocks indicat
that seawater was depleted in j\Oand Ca contents until ca. 550 Ma, and then increased. Mo isotopes of black shale, and Fe
and Mn contents and REE patterns of carbonate rocks indicate that seawater became more oxic since ca. 550 Ma. In additic
the Mo contents of black shale increased in the Late Ediacaran and Early Cambrian, indicating Mo content of seawater increase
due to the oxidation of seawater. On the other hand, iron and manganese contents of carbonate rocks decreased, suggesting
iron and manganese contents of seawater decreased because of the oxidation of seawater.

Comparison of the geochemical evidence with biostratigraphy suggests that the emergence of Metazoan in the Early Ediacar:
was caused under the relatively less oxic and P-rich condition, whereas their diversification occurred under pxiantlO
Ca-rich condition. Especially, the transition from phosphorus-rich tg N@ch seawater possibly increased Redfield ratio, and
contributed to diversification of more actively mobile multicellular animals. In addition, the comparison of geochemical and pa-
leontological evidence indicates that the biological evolution occurred just after the environmental changes, especially the timin
of increase in nutrients, allowing a new insight of biological evolution of multicellular animals. The quick response of biological
evolution to the environments suggests that the fundamental innovation for biological functions was already established lon
before the environmental changes. The quick adaptation implies that early metazoans or a common ancestor have genomes
the functions before they acquired the functions, indicating genome duplication plays important role on the early evolution of
metazoans.

F—U— N Ak, BRI, TT 0 7 TR, R R IR S E), A B e A 2T TR, 7/ LR
Keywords: Biological evolution, paleoenvironmental change, Ediacaran, Nutrients of seawater, Evolution of Metazoa and Cam
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Reconstruction of the gene sets for the developmental signaling ligands in ancestral prc
tostome animals
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Recently, a draft genome sequence of the pearl oyster Pinctada fucata was reported, enabling to infer a possible evolutiona
scenario of the gene sets that are important for body plan formation in protostomes including both lophotrochozoans and ecdys
zoans. We report the results of phylogenetic character mapping carried out for the gene families that encode development
signaling ligands (Fgf, Hedgehog, PDGF/VEGF, TGF-b, and Wnt families) to reconstruct possible copy numbers of signaling
molecule-coding genes for hypothetical ancestral protostomes. Our reconstruction suggests that P. fucata retains the ances
protostome gene complement, providing further justifications for the use of this taxon as a model organism for developmenta
genomics research.
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Reconstruction of paleo genomic information of metazoan based on a microsyteny anal

ysis
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KPRl TIRIEESN TV ASBELEFIHTDS B, 5 G L TliA TWaEEFHLE. Ea P REOGIEREEZ 1T
TEHHEICED, HLVOWUEZFLICS WX BHERHE S T TS LW REIEZT, LD DH %, HEZICN
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A close relationship between global oceanic environmental changes and seafloor miner
deposition during the Phanerozoic
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Metal deposition on seafloor is strongly controlled by marine redox conditions. Fe-Mn and Mn oxide deposits are formed
under oxygenated oceans. In striking contrast, Cu and Zn-bearing sulfide deposits are stable under anoxic oceans. Seaflc
mineral deposits in turn are good indicators to redox conditions or redox changes of modern and ancient oceans.

There are numerous strata-bound ore deposits in the Japanese accretionary complexes. These deposits are mainly divided |
three types; umber (Fe-Mn), Mn-rich, and volcanogenic massive sulfide (VMS; Besshi-type). The Mn-rich deposits are further
divided into two subtypes that are associated with greenstone and NOT associated. Ages of these deposits provide us importz
constraints for a secular change of marine redox conditions over the past “360 Myr. Depositional ages of umber and Mn deposi
were previously determined by microfossils including radiolarians and conodonts. On the other hand, ages of the Besshi-typ
deposits are determined by Re-Os method (Nozaki et al., 2013). Oxide ore deposits such as umbers and Mn deposits were Ve
likely precipitated in the modern-style oxygenated deep-sea. In contrast, Mn carbonate and VMS deposits were precipitated i
the stagnant, O2-deficient deep-sea during the Triassic and Jurassic periods. Seafloor mineral deposition closely related to glol
oceanic environmental changes may give us a hint for exploring the causes of mass extinction, and further for elucidating thi
evolution of life.

Nozaki, T., Y. Kato, K. Suzuki (2013) Late Jurassic ocean anoxic event: evidence from voluminous sulphide deposition and
preservation in the Panthalassa. Scientific Reports, 3: 1889; doi:10.1038/srep01889.
Keywords: oceanic environmental change, seafloor mineral deposit, Japanese accretionary complexes, marine redox conditic
Phanerozoic
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Global paleogeography and life evolution: 2. Mesozoic
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The Mesozoic witnessed the Pangean breakup. Since the Triassic, the southern half of Gondwana successively rifted/separat
kicking out numbers of continents northward to form Laurasia, i.e., the northern half of Pangea, ca. 200 Ma. Multiple collisions
among the Russian platform, Kazakhstan, Siberia, N. China, S. China, Indochina, Tarim, and other minor continental block:
were completed mostly in the Triassic or in the Early Jurassic at the latest. Gondwana has started to be fragmented immediate
after its birth at 540Ma, except the collision of Laurentia at 430 Ma. The apparent supercontinent Pangea formed when Laurasi
came in shape by 200 Ma. Its disassembly began first by the opening of the central Atlantic domain induced by the eastwar
moving of Africa for ca. a few thousands of km. The birth of South Atlantic Ocean was delayed until ca. 120Ma, whereas
the opening of Northern Atlantic already started. The separation of S. America from Africa occurred ca. 120Ma. There was
a pulse period of Pacific superplume ca. 120-85Ma when the production rate of MORB was 150-300 % higher than the res
of the Mesozoic. Numbers of huge oceanic plateaus were formed in the Pacific domain, including the Caribbean plateau. Th
birth of Indian Ocean occurred at ca. 100-120Ma by the separation of India from Gondwana. It is composed of 4 distinct
oceanic lithospheres (separated by NS-trending major transform faults) behaved uniquely. The sea-level was kept relatively hig
according to such Mesozoic global tectonics; warm period without global glaciation but with oceanic anoxia and remarkable
production of oil, gas, and coal. The climate was generally dryer than the Cenozoic, with higher production of evaporites. The
mammalian diversification was triggered by the ca. 120Ma separation of the final bridge among Africa, S. America, and Laurasia
The appearance of the fox monkey in Madagascar, and of new-world monkeies in S. America, was likely connected to Indiar
migration and narrow arc bridge to S. America.

F—U— R, AR B RRE, SV 7T, R, it b
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Recent results of foraminiferal calcification

S
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Foraminifera, marine unicellular organism, have been thought as one of the major carbonate producer in ocean. Their ca
careous tests are commonly 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 calcareous test itself is interested by many foraminifer scientists. The knowledg
about the cytological process on carbonate precipitation has been described for couples of decade using by many legacy techn
ogy. Cellular regulations of ions uptake into calcareous tests from seawater are of great interest for broad fields of earth scien
Our recent studies showed the potential to understanding the biomineralization of foraminifera by the application of fluorescen
indicators. Recently, we visualize the spatial distributions of cytological calcium and pH in living cell at same time under several
pH conditions (7.5-8.1). Observed results show that foraminifera controls very detailed timing of pH variation and concentration
of calcium at any stage of chamber formation dynamically even ambient pH are varied. These observations results will help tc
consider how the geochemical compositions arranging on the foraminiferal test, sensitivity of pH proxy of boron and others.
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Left-right reversal in unicellular eukaryotes, planktonic foraminifera
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! Department of Biology, Shinshu University

Aquatic unicellular organisms are little motile and passively disperse in general. Holoplankton, which spend their entire life-
cycle floating in the water column, are likely carried by water flow and exposed to diverse conditions of environment. Their
morphology may vary over wide distribution ranges by phenotypic plasticity or allelic variation. Among these organisms, plank-
tonic foraminifera are an excellent system to examine diversity and evolution in cellular responses to the environment because «
two reasons: (1) occurrence in every ocean and (2) visible asymmetry in coiled shell. Both left- and right-coiled forms are often
found within single morphospecies. Their coiling direction has traditionally been thought to change phenotypically depending on
environmental factors, especially water temperature, based on coil-morph distributions but without statistical evidence. Molec:
ular phylogenetic studies have revealed that morphospecies often contain multiple cryptic species. The arguments on the ro
of temperature for coil reversal most probably confused cryptic species into single taxa. In the present study, we examined th
dependence of morph frequency on temperature by focusing on populations that are dimorphic for coiling direction and occu
across wide ranges of temperatu®oborotalia truncatulinoidescludes five genetically isolated species, and each of them is
dimorphic for coiling direction. The statistically meaningful regression analysis was possible in three species that are distributec
in global ranges. The results showed that morph frequency does not depend on water temperature in warm or cold seasons
on the annual mean temperature. Moreover, the geographic patterns of frequency variation among water masses in these spet
suggest that gene flow affects morph frequency. The majority exhibits the same coiling direction among populations that inhabi
water masses connected by ocean circulation system. In contrast, morph frequency greatly varies between unconnected wa
masses regardless of climatic conditions. The present results, therefore, reject temperature-dependence of coiling direction a
suggest the presence of genetic basis for coiling direction in planktonic foraminifera. Our study provides a base to explore the
evolution on left-right asymmetry in unicellular eukaryotes.

F—T— R AR, & E J1m), Bk, Bl =z ey
Keywords: left-right asymmetry, coiling direction, cryptic species, unicellular eukaryote
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Were marine microplankton in the Japan Sea geographically isolated during the Las
Glacial Maximum?

ARz > TEE 2
ISHITANI, Yoshiyuki'* ; TAKISHITA, Kiyotaka?
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1School of Geophysical and Earth Science, Glasgow Univefsiapan Agency for Marine-Earth Science and Technology

The Japan Sea is connected by three straights (the Soya, Tsugaru, and Tsushima Straights) to the Sea of Okhotsk and Pac
Ocean with the shallow sill depth (140 m). During the last glacial maximum (LGM: 23-19 kilo years before present), the sea-level
was decreased at least 120 m lower than today and the Japan Sea was almost isolated from surrounding seas. It is possible |
such geographic isolation reduced and/or impeded gene flow of marine organisms between the Japan Sea and surrounding s
Previous phylogeographic studies of coastal vertebrates (only whose larval stage is planktonic) have actually suggested that t
Japan Sea was closed during the LGM. However, there is no phylogeographic study with marine microplankton, which inhabif
the water column throughout their entire life cycle.

Radiolaria, the major marine planktonic protists, are passively transported in the pelagic ocean. Their geographic distributiot
would be easily affected by geographic changes through geological time. Moreover, their siliceous shells have been preserved
marine sediments and form a good fossil record. The sensitivity to geographic changes and well-preserved fossil record of Re
diolaria could allow us to elucidate a past geographic isolation of marine microplarildoropyle buetschljia morphospecies
of radiolarians analyzed in the present study, is found in the surface waters in the Pacific Ocean, whereas it has a characteris
distribution vertically ranged from the surface to deep layers in the Japan Sea. In addition, its fossil specimens are continuousl
observed in the Japan Sea before the LGM. Thereforbuetschliicould be a good model to study a link between geographic
isolation during the LGM and reproductive isolation of marine microplankton.

Heterogeneity of internal transcribed spacer regions of ribosomal DNA (ITS1 and ITS2) is observed in many eukaryotes (e.g.
vertebrates, dinoflagellates, and diatoms). The ITS1 and ITS2 regions are spliced out during the maturing process of ribosom
causing a nucleotide substitution rate higher than ribosomal DNA coding regions. Nevertheless, the ITS1 and ITS2 sequence
are functionally important for their splicing, because the premature transcript composed of 18S, 28S, 5.8S rRNA, ITS1, and ITS
2 is folded into a secondary structure followed by the self-splicing of ITS1 and ITS2. Based on the secondary structures of ITS]
and ITS2 sequences, compensatory base changes (CBCs: base changes occurring on both sides of a double-stranded por
and hemi-CBCs (HCBCs: base changes occurring on one side of a double-stranded portion) are often observed among close
related species. The correlation between CBCs and HCBCs in the ITS2 sequences likely reflects sexual compatibility amon
individuals of a closely related species. Thus, the CBCs/HCBCs correlation is a useful marker to infer whether geographically
isolated populations are reproducible.

We demonstrated that there is heterogeneity of the ITS2 sequences within an individuadietschliiand that all individuals
of L. buetschiliicollected from the surface to deep layers in the Japan Sea do not have a significant difference in the CBCs/HCBC:
of the ITS-2 sequences. Furthermore, the CBCs/HCBCs of the ITS-2 sequences do not show a significant difference between i
dividuals of the Japan Sea and Pacific Ocean. These findings suggédstitiatschliiin the Japan Sea and Pacific Ocean likely
forms a reproducible single population. Thus, the geological isolation during the LGM is unlikely effective for the reproductive
isolation of this radiolarian species.

Keywords: Japan Sea, Larcopyle buetschlii, Radiolaria, secondary deep-sea plankton
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Non-coding sequences conserved independently in four different mammalian orders
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BHEENYNC B (LN E E Nz IET— REA (CNS) . & 27378 a— R a+ O FEBFHEifE & %4 B
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EENSDT ) L EONERFANTZ, CNSOTERICIZZ /N7 Ea— %”Eﬁ@ﬁﬁkob*(@ 2 FRFE ORI % W iz
TRTCOI— FEEEREY 2V EEEE, aRYO 1 &HE 2BHRZT ERWVZEE, CNSOMEBIERFEICE > T
FHizoTEbh, BEEPL - BEL., BRI E - Do, ThHD CNSIIMFIEY / L2fkD 1.375.5%C
HH. KOMHENZEDODIEI KO ERICELTZE DX D ERIFEDEN -T2, CNSIE, Bl EREH T, BR

HefEmEHOLEI0E A O cX O EMFHEL T W, E N/ LA X7 ) LClE. IERMEZR CNSD 19
%l&T ) L EORIZSTANEICH 5 Toe TNHMFELED 4 HIEO CNSOZFHIMEH ORBINZ4: U2 HAICE > T
ATREMEN D %, BRI T CNSOED DR DX, BEHRFENOZEMEIC X 0BG FFEGRENC BT 2 LR ED Dz
T ERRET %, FEHD CNSIZHIRERICEE T 2B TOEMHICT TAZ—F 25T ENEZL ALNTZDT, ZEHD
MHEERD SR EMEMEICE S L TW05DhE LNs, T OWZEIZd TIZ Genome Biology and Evolution (Babarinde and
Saitou, 2013; vol. 5:2330?234R)¥E£ L 7=,
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Development for new hyphenated analytical technologies for paleogenomics research
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HIRATA, Takafumi*
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1School of Science, Kyoto University

Cytometry is the analytical technique, basically applied for quantitative analysis of cells and cell systems. In general, cytometry
measures optical properties of cells, and most often uses fluorescence to measure specific antigen molecules, intracellular ic
and DNA/RNA. Cells may be live or fixed, depending on the application, and individual cells can often be physically sorted.
? Other optical signals can be measured, including light scatter. The cytometry has blossomed to become the key technique
evaluate the nutritional status or to understand the elemental metabolism for animals. Several advantages can be derived by 1
cytometry, such as analysis speed, detection sensitivity, the ability to measure many parameters simultaneously, and the ability
sort individual cells (i.e., single cell spectroscopy). Recently, new generation cytometry utilizing the sensitive mass spectrometer
(i.e., mass cytometry) was described. With the mass cytometry, further sensitive detection of ions or proteins and higher capabilit
for the multiparameter analysis of individual adherent cells (e.g.,; Benfall et al., Science, 2011; Bodenmiller et al., Nature
Biotechnology, 2012). With the extensive number of information collected from cells or samples through the cytometry, reliable
and objective evaluation for the changes in biochemical functions could be achieved. This approach can also be applied t
understand the solar system evolution based on the numerous number of age data. In recent ten years, we have demonstr:
the unique study approach using the distribution pattern of sample ages based on the series of precise age data collected fr
large number of samples (i.e., age-cytometry) (e.g., Rino et al., PEPI, 2008; lizuka et al., Geology, 2008; lizuka et al., lizuka e
al., Chem. Geol., 2009; lizuka et al., GCA, 2010). The mass cytometry will become a powerful tool to promote the big-data
science for various research fields such as metallomics, medical sciences or the geochemistry. For elemental or isotopic analy
of trace- or ultratrace-elements, plasma ion source mass spectrometry (ICP-MS) has been widely employed because of its hi
analytical capabilities such as high-elemental sensitivities, minimal sample preparation procedures, high-analysis throughput
user-friendly operations (Bandura et al., Anal. Chem., 2009). With the laser ablation sample introduction technique, distributior
of both the elemental and isotopic data for trace- or ultratrace-elements can be successfully derived directly from large-size
solid samplesx*10cm). Despite the obvious success in obtaining elemental and isotopic data (age data), it should be noted tha
stable isotope ratio data for light elements (e.g., C and O) could not be derived by the present LA-ICPMS technique becaus
of serious contribution mass spectrometric interferences on C and O isotopes, which provides key information concerning thi
physico-chemical conditions for the sample formation. To overcome this, we would like to develop a new analytical technique to
measured the C isotopes, at a same time with elemental analysis using the LA-ICPMS technique. Newly developed spectrosco
technique combined to the LA-ICPMS technique can become a major analytical tool to expand the analytical capability for mas:s
cytomery for biochemical samples and geochemical samples through precise, reliable and uniform quality data. The analytice
technique develop here will promote the big-data science for various research fields including geochemistry and biochemistry.
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