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Plenary Lectures

Time: 15:05-17:30, Saturday, August 6th, 2022
Venue: Convention Hall A, Plaza Verde, Numazu

15:05-15:10 Opening remark by Naruya Saitou, NIG

15:10-15:55 Professor Axel Meyer
University of Konstanz, Germany
Title: Genomics of parallel adaptations and sympatric speciation

The transition from ‘well-marked
varieties’ of a single species into
‘well-defined species’—especially
in the absence of geographic
barriers to gene flow (sympatric
speciation) —has puzzled |
evolutionary biologists ever since
Darwin. Gene flow is expected to
counteract the buildup of genome-
wide differentiation, the hallmark
of speciation and increases the
likelihood of the evolution of
irreversible reproductive barriers
(incompatibilities) that complete
the process of speciation. Theory
predicts that the genetic
architecture of divergently selected
traits can influence  whether
sympatric speciation occurs, but
empirical tests of this theory are
scant because comprehensive data are difficult to collect and synthesize across species, owing to
their unique biologies and evolutionary histories. Within a young species complex of Neotropical
cichlid fishes (Amphilophus spp.), we analyzed genomic divergence among populations and species
across several crater lakes in Nicaragua where repeatedly and parallel several species originated in
these isolated small lakes. Also, several adaptations such as hypertrophied lips, differences in
dentition, coloration and body shapes evolved convergently in theses lakes. By generating a new
genome assembly and re-sequencing 453 genomes, we uncovered the repeated genetic architecture
of traits, that have been suggested to be important for divergence. Species that differ in monogenic
or oligogenic traits that affect ecological performance and/or mate choice show remarkably
localized genomic differentiation. By contrast, differentiation among species that have diverged in
polygenic traits is genomically widespread and much higher overall, consistent with the evolution
of effective and stable genome-wide barriers to gene flow. Thus, we conclude that simple trait
architectures are not always as conducive to speciation with gene flow as previously suggested,
whereas polygenic architectures can promote rapid and stable speciation in sympatry.
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15:55-16:40 Professor Takashi Gojobori

Computational Bioscience Research Center (CBRC), King Abdullah University of Science and
Technology (KAUST), The Kingdom of Saudi Arabia (KSA)

and

Marine Open Innovation Institute (MaOI), Shimizu-ku, Shizuoka, Japan

Title: Comparative marine metagenomics of parallel adaptations and sympatric
speciation

Taking samples of the I

seawater at the Ofunato
Bay, Iwate, on the Pacific
Ocean side of Japan and
near Thuwal of the Red
Sea along Saudi Arabia for
more than five years, we
have conducted time-
series studies of
comparative marine
metagenomics with the
aim of monitoring
dynamic  changes  of
microbial diversities over

time to understand
evolutionary mechanisms
of environmental

adaptation for microbes in
these two sea regions of
the different environments.
As a result, we have
obtained a number of
interesting features in the
time-change of microbial
diversity, including clear
seasonal changes, particularly on the Pacific Ocean side of Japan. We have also observed that the
sea temperature is one of the critical parameters that strongly influence a pattern of microbial
diversity. Moreover, incorporating all the currently-available metagenomic data, including those
from two global expeditions, 7ara Oceans and Malaspina, which circumnavigated the oceans
sampled into our data, we constructed a so-called Global Ocean “gene” catalog database, which
contains about one billion non-redundant “genes.” Using this vast metagenomic database, we
evaluated the distribution of marine microbial “genes” in six primary biomes from an evolutionary
point of view. In the present lecture, I will discuss the evolutionary mechanisms for marine
microbial diversities, showing the overview of the outcome of our studies as well as the significance
of the “gene” catalogs for various utilities.

12



16:40-17:25 Professor Shinya Miyagishima
National Institute of Genetics, Japan

Title: Understanding the origin and evolution of photosynthetic eukaryotes
focusing on oxidative stress

Oxygen-evolving photosynthesis
was established in cyanobacteria
around three billion years ago and
was then introduced into
eukaryotes more than one billion
years ago by the establishment of
the chloroplast through
cyanobacterial endosymbiosis.
Subsequently, chloroplasts were
further integrated into several
eukaryotic lineages by secondary
endosymbiotic events of
eukaryotic algae into previously
non-photosynthetic ~ eukaryotes,
spreading photosynthetic ability to
diverse groups of organisms and
environments. Several evidences
suggest that these endosymbiotic
acquisition of chloroplasts by
eukaryotes occured through the
phagotrophic ingestion of
photosynthetic  prey, transient
retention, and ultimately obligate
retention of  photosynthetic
endosymbionts by  unicellular
eukaryotes. While photosynthesis
in the chloroplast converts light
energy into chemical potential and
provides photosynthetic products
to eukaryotic host cells, it also
generates reactive oxygen species that damage host cells. Therefore, algae and plants have evolved
various mechanisms to cope with the photosynthetic oxidative stress; these were probably
prerequisites for eukaryotes to acquire chloroplasts and photosynthetic life style. However, it has
not been addressed how such mechanisms evolved during the course of endosymbiotic acquisition
of chloroplasts. In this talk, I will introduce our recent results and discuss how the endosymbiotic
acquisition of chloroplasts progressed, focusing on photosynthetic oxidative stress.

17:25-17:30 Closing remark by Shigehiro Kuraku, NIG
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Evolutionary informatics in the era of sequence deta deluge
HIkf © 20224E8H6H (1)  10:00-12:00

Y 79y FaryRyyarvyi—IIB

WA HBREBE CERRNLRY?) « Al CREURY)

SURY I LDEE

More and more sequence data are becoming available in molecular evolutionary studies thanks to
the advanced sequencing technologies. To let researchers take full advantage of this "sequence data
deluge" to gain insights into the origins, background, and rules of the evolution of genes and
genomes, effective computational methods are strongly needed to overcome the computational cost
and resolve the intrinsic complexities of genome evolution. In this symposium, we will focus on the
frontiers of evolutionary informatics in the era of sequence data deluge.

sl E RS 4 Pl
10:00-10:30 Sudhir Kumar (Institute for Genomics and Evolutionary Medicine,

Temple University)
Accurate, efficient, and green computing in Big Data Phylogenetics

10:30-11:00 SAITOU Naruya* and Kirill KRYUKOV (National Institute of
Genetics)
External Edge Elimination (3E) methodfor phylogeny construction

11:00-11:30 Koichiro Tamura (Tokyo Metropolitan University)
Dating the origin and evolutionary history of pathogenic viruses from massive
sequences

11:30-12:00 Wataru Iwasaki (The University of Tokyo)
Evolutionary informatics for obtaining more knowledge from the sequence data
deluge
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13:00-13:30 Kazuharu Misawa (Yokohama City University)
MAFFT on python

13:30-14:00 Shigehiro Kurakul,2, John Rozewickil, Mitsutaka Kadotal, Osamu
Nishimural (IRIKEN BDR & 2NIG)

Fostering Users’ Literacy with Genome-wide Sequence Analysis Tools — Why Does a
Core Facility Run Web Servers?

14:00-14:30 Maria Anisimova (Institute of Applied Simulation,
School of Life Sciences and Facility Management, Zurich
University of Applied Sciences and Swiss Institute of
Bioinformatics)

Phylogenetics with indels

14:30-15:00 Kazutaka Katoh (Osaka University)
Off-plan use of technology
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1: Evolutionary Neurobiology Unit, Okinawa Institute of Science and Technology Graduate
University, Okinawa, Japan

2: Bioorganic Research Institute, Suntory Foundation for Life Sciences, Kyoto, Japan

3: College of Marine Sciences, National Sun Yat-Sen University, Taiwan
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IERRIEKRT? AT b

13:36-13:48 D-4% EFREDERAFICE T 5 ERER D B M ERHEITEIEHE
OBHEMR 2. IWAT7 U v T71,2. EHEE2. WEFHZHAT2
| BEREZARPRIZEHRFH /2. EREZRRERiHE MR

13:48-14:00 D-5% HEMHEEERD H 5T AR ¥ U XA MEREBEDEHR D%
OXIE 5% (EFAFARZER EGRFMER) . LE & (GARIKZ)

20224E8H5H (£2) 14:00-15:00
FBAFERE-1~E-5 (FER : WE LA - RROLE

14:00-14:12 E-14 The Open Fern Tree of Life: BICBHOREZFR ODOLY THEY
RifEicErT

OzZv¥ Y3 Il (RRRERZFAESEIRBIZMAREREMBIFEEFER) | Eric
Schuettpelz (Department of Botany, National Museum of Natural History,
Smithsonian Institution). Santiago Ramirez-Barahona (Universidad Nacional
Auténoma de México). &S (RRARZRZEEHMBESE B ZMAR EREMBEE
)

14:12-14:24 E-2@ YEV VU ORBBERRSEWICES I 5N ?

Ol XE (I SDNARRFERT) , E & (RILKRP) , KK Z— (REREDINR
=), BF(TTH) 2F (RERREREMTA) W e (RIEKT) , B B2 (KHE
BYKRP) , Bl EX ERIERS) | BE BT (BIEXZ - BIEXF)

14:24-14:36 E-3¢ RFEFmiE¥IShorea laevisiC & T2 HMlIARATREE & F/BICD
W<
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OZHZTN(FUMNK - BB), A ARTIEF (FUNK - ), BREFR(ERK - #RE), SRR
K - FriRiEREk), 28 (JIRCAS), BILEX GRIEKX - B), ETBEF (JUK - )

14:36-14:48 E-44 1 A4 - T DL FEE LA RO & RBRIBEA DB
OFHFEETF (MEMRERERXREFSELRZME LYY —) . HiZFz HBEHREXK
FRAFHREELRZME LY —) | FHEF BEMERERAEHREECRI T
vy —)

14:48-15:00 E-54 A rooted phylogeny resolves early bacterial evolution
OAdrian A. Davin (1,2), Gareth A. Coleman (3), Tara A. Mahendrarajah (4),
Lénard L. Szanthd (5,5), Anja Spang (4,7), Philip Hugenholtz (2), Gergely J.
Szolldsi (5,6,8), Tom A. Williams (3)

1 The University of Tokyo. 2 Australian Centre for Ecogenomics, The University
of Queensland, Australia. 3 School of Biological Sciences, University of Bristol,
UK. 4 Royal Netherlands Institute for Sea Research, Netherlands. 5 Department
of Biological Physics, E6tvds Lorand University, Hungary. 6 MTA-ELTE
Evolutionary Genomics Research Group, Hungary. 7 Uppsala University, Sweden.
8 Institute of Evolution, Centre for Ecological Research, Hungary.

20224E8H6H (+) 9:00-10:00

MIAFERF-1~F-5 (R : SR - BT

9:00-9:12 F-14 & NAPOBEC3EEFHREIMRIRKICH D 5 FEBIR & V1L ARRLIRFE
DIEHF

OBEF 1. Revathi Devi Sundaramoorthy 1. MEZEF2, 3./ 151
1ELECREMERR ASEEE 2HWEMRAFERARE LEERZHAR

9:12-9:24 F-2@ BEIWHEEET : BEFO-EHIR—EILZAAL cBERNETT
D FREE T AE

OXal 2AR1. BN #HE1. 8K BAl &F 1

1 RRARZF KPR B BR 2 I R T im A e B A H I

9:24-9:36 F-3¢ BHABREEIEFPSCAICRST 3 FMEERDIEDBAEIRY —
Ty b DSERE

Ofls BY MEMAXZREAFHRGELCRZMRE LY F—) ( BHET BEMREX
FRAZ - TERPHAR/MEMRARZRERT - HEeECRZMRE Y5 —)

9:36-9:48 F-44 Genetic differentiation and balancing selection signature
of olfactory receptor multigene family in human populations
OMuhammad Shoaib Akhtar,Department of Integrated Biosciences, Graduate
School of Frontier Sciences, The University of Tokyo
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Yoshihito Niimura, Department of Veterinary Sciences, Faculty of Agriculture,
University of Miyazaki, Japan

Kazushige Touhara, Department of Applied Biological Chemistry, Graduate
School of Agricultural and Life Sciences, The University of Tokyo, Japan
Amanda D. Melin, Department of Anthropology and Archaeology & Department
of Medical Genetics, University of Calgary, Canada

Shoji Kawamura, Department of Integrated Biosciences, Graduate School of
Frontier Sciences, The University of Tokyo, Japan

9:48-10:00 F-5¢ A5V YNV ERICE TS LEE Dgene flow

Ox)FBE(1), Kanthi Arum Widayati(2), Laurentia Henrieta Permita Sari Purba(2),
Xiaochan Yan(3), SH = (3), Bambang Suryobroto(2), F35#¥(1)

(AKX - BEEECRIZEMREY Y —. QRI—ILERIKZE. (3)RK - & MTEIELIH
wLvy—

202248 H6H (£) 10:00-11:00

HEEFERG-1~G-5 (FER « LA - JEANE )

10:00-10:12 G-1¢ FEREAMEZIC K 2 BEOERALICHE T2 ERFERFOBRE
DBt (University of Cambridge)

10:12-10:24 G-2@ 1 FAICHITZIER NV DBREAFIVLEBORERDOHEIL & B
FHIR & DEE
ORMA. WiEE. SAE. tEFEH (EiLEEFAEA)

10:24-10:36 G-3@ 1 Y F E M THEDEGFRIRE BEREYHEDLLE
OBXE (RERZEXRMFTEY Y —) « EEE (PBRERINTRZERKE
(OIST)) | {E@ER T (CHERZERMAFEBRAZF (OIST))

10:36-10:48 G-4¢ #HAREICEIT DB FREADES T L ELDEFRERD
Zh BE (EHIMS)

10:48-11:00 G-54 7V I K I 2 EYFE XD I &L
BIF-LIR 2 (BEEXRE SF%ER)

2022428 H6H (1) 11:00-12:00
MEAFERH-1~H-5 (FER © SR - W)
11:00-11:12 H-10 ¥ > JILEILEIRIC & 2 H'A DEFIEHME X /1 = X LD #ERH
OBFBN RBEHEEADARER HAERELYY—) BHREH2. FILET]
1RBHFEADPAFRRDACERTE L > 5 —EEERRDE, 2ABMAEADVARES
NhibEgEtE v 5 —FR
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11:12-11:24 H-24 Ploidy dynamics and the single cell gene-expression
analysis in the aphid host cells that harbor symbiotic bacteria
OFlEk1. EEFHR2

1 B EY)FINRT - BRI AR, 2EREY 2R eR

11:24-11:36 H-3€ 2 FELEREICED < BERNDERNZ R & BIFENZERO T
OREE (RBRZEFHEREZMER) | KEEL (RREERZRZHR) . FH
HR (RRRZRZERZEGRZMER - PRRZAl - T I T TV AHREETR)

11:36-11:48 H-4@ (RELEERZAWVCHEBHNANHTEZX X 58 - SRREXKE
DIRFR
BEH M7 (BEEXR BHRPVER)

11:48-12:00 H-5 Finding the cool in mutational hotspots: further analysis
of chloroplast genome diversity in Colocasia species and populations
Olbrar Ahmed: National Museum of Ethnology, Osaka, Japan; Alpha Genomics
Private Limited, Islamabad, Pakistan.

Etsuko Tabuchi: National Museum of Ethnology, Osaka, Japan

Peter J. Matthews: National Museum of Ethnology, Osaka, Japan

202248 H6H (1) 13:00-14:00

MPFER-1~1-5 (B  HATE AR - ZEK)
13:00-13:12 I-1 KES ZNIROREEHMS/ L EZDEAL
OmBlEZ. RILAE, BAR— (RRKAF)

13:12-13:24 1-2 > v - el B : HEABEO—ROZBERBIECREOE O SEH?
Rl A (RRKZE - E)

13:24-13:36 I-3 YT RORBICH T BFimt > —TRPV1 ORBENFIFIDIEH & B
1t

OB %123, ZEND1,2. BEEX4. KHEAE5. =XKEE123

1 £HEZRRT - HiREE. 2 £MERREEY Y —  BEAEY. 3 BEMRRZERKRE -
AR 4 WREILAD - BEWREL 5 BEKE - BFH

13:36-13:48 -4 3wy avIN\NIDEREES % - 5T HiREE
HARIR (BHERFEZER)

13:48-14:00 I-5 7Hh 23wy avNIIicE T3 ERERELDRBRELENER
WIEERRA 1. NIEET 2, ARKRET, HFFE1. OBRME—LRT.2
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I RAHUARFEFARBESRZELR, 2RRELKRFPEMBRATEY 5 —

202248 H6H (1) 14:00-15:00

MEFELRI-1~J-6 (R © AR - JRHIET)
14:00-14:12 J-1 REABICRE U LIBAY/ LR O MER
AE EF MAMAXERAZEGRFWRR)

14:12-14:24 J-2 Impacts of environments on Asian human population
history
Hie Lim KIM (Nanyang Technological University)

14:24-14:36 J-3 2RFTEECH7ZILT Y A LZAWCEEFRBEEADELICEZ SR
EDREE
OBAEF | BEXZ, BR—  KIREXXZ, 5FK : 5 BMEm

14:36-14:48 J-4 7€k = X7 7 (Quercus mongolicoides)DA# A kOA7 1 vV i&E
e
EARRB= (AHEXFBERFWAEERD

14:48-15:00 J-5 b5V RV YT h—LEINT—7 Ic & 2HREY DS R EHRE DR

R

Ot BE (WITEmFEMRE) « E4ARKF] (WITEmEEMEE) « B K212
(TITE SRR 2BRK - )

20224:8H7H (H) 10:00-11:12

HUEFRRK-1~K-6 (R : L - EHERT)

10:00-10:12 K-1 SiEORBE ICh Db ZREEL ~ OV~ ILZABHROFHFEET
OLHERF1. NEBEN2, PBILEA3. SEBEE4 =535, $)I|E6

| ERERER A Z AR BRI/ LSRN E, 288K - KA, 3BF - 46
HMEERISR Y4 — 48T P U FERK - IEREL 5EEA - TS, 658X -
i

10:12-10:24 K-2 HEZFEDIX5-68IEF Y 7 R ¥ —DEEHIHHHIE & &1L
ORI X (EZMRAREABCEMERN EotEERZMRt >y —) . HEE
(B ERAEANRCEAT £ ZmEE> 5 —)

10:24-10:36 K-3 %7 = / 7 VILtRNAGREBRDETT
OEREER—. BB, BA505, HER. =BG, EREE. BEARIESA. &)IFEKREER.
\L=REE
RRERKRFEMBZIICAERRIER
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10:36-10:48 K-4 Rii>— o TV A fiaAW=t M/ LB
BEANERE
ERARFEZRMERAEEGCEHE

10:48-11:00 K-5 A BFRIIE A DHIRAEE S RE
AEFEN

EVERERME Y —

11:00-11:12 K-6 @XM DEEEDNAICIE S SRR DEREDERENZIR YT
FH HL
BSUDL [CHERIRIEE S 2 —I 7 A

—RRAY—JH —E
() FREERIXY—EDEENRTT,

P-1 SV 2V RMEMBEICEET 2EMETFEDER
OF1% K1, Turgut Y. Akyol2, Johan Quilbe2, Stig U Andersen2, {&Ek 1E1E 1
15R4EK - BT - &£, 2A—T AK - D FELEY

P-2 YO SITERLCY NP OH-DT/ LER

OFBE—1. BERX1. BAH2. NEEY2.3. FHEZ23. @Fx—F12. &
BR1. =H=ZE5. AREE1.6

1—RMBIEANY VA =T oA/ R—=2 3 VEktE,. 25RBKE - BRI, b
BMAZKEMF. 4BMERESEFE. SEMAEKRZE. 6King Abdullah University

of Science and Technology

P-3 YATHTRONS I 1 7 —RIBEBRAOSH. B, BT

Ol H1. XE ZF2. EHE#3. FHER4. Paul E. Marek 5
1BRARZRZRAMBIZARIL. 2FRKRZEFE. SRBAREZRZRBEZMAERL. 4R
IFRERIZREREIBERFE. 5Virginia Tech

P-4 BAREL 7> 3BD2T/ LFET EEEFITIC & 5 Rt DEFEA

ORBERZX1. 842, KE&B¥23. FREz24. MEX—F12, EE®M]. £H=Z
5. AfRIEZE1,6. HEERE—]
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1—MRMBIEAR D AT oA/ R—> g VB, 28R BOKE - SBERMRZRAT. 338
BMRFKEMKFN. 43MAERESERZE. SEMEEKXZE. 6King Abdullah University
of Science and Technology

P-5 FX77NCE T PREZBREBLEFOSHREL LT ZDHESL
OXH=E®]. ILEHME2, EERF2. ATENA]
TRREMRAFEREKRT - TERZPHREL 2KRAZF - B R

P-6 BRREX Y X541 DY/ LRE EIGAICHE T i

Ofathl. AEEEF 2. FHE<3. MAX—F4, BEEXS. 5EEH/5. EHRE5. &
RIEZEE, BEE—5

1BRFEEOKEE - SEEFINIAZOPT. 288 BOKE - BRI (8 | & KFKEMRE
FT) « 3BRMEBIKE - BFERINARE (R BHRAXSEFE) . 453MEKE - BF
Az (R —fREHEEAN Y VAT oA/ R=y g V) | 5—REEEAY
Yo A—ToA I R— g i

P-7 BRI EDOEM G EAETEZFSER M | HHEPNZHOBIRE
OXRENM. RBFEL (BNZERAZHELEVZHE)

P-8 HAHBICHE T2 EYVNHICEDLZ /LI OVEIEEaEERE (UGT) BEFOELLER
DRI H

ONNEEET, FIFPAR2 3. HHREE2. AERHEHE]. ARERE2

| FLEBERFKRE BEFAAFREI. 2 LBERZRERREZMER. 3 Y E7 K
FEREZE

P-9 A7 R 5 — DT IC & 50 EFERTFRIMEIL IR O (L B2 EA
OfEBE. ATk, FRBE. KPhF. BEE. BFH BAR (IIBERKZEERR
1H=E)

P-10 Y43+ 7%Y/ 775 LY Ceratovacuna japonica ZRWE#HSMRUE
BHERDELHAE

OEEFAL.2. BAREKT,2. Chen-yo Chungl,3. BREFE4. EBEERC]

| ERAEYZRR. 2REMRRERKE. 3ABKRE, 4RBFEXZFE

P-11 MARRENGTRPATEBRNRA TS0 20 JIN) 7 kN DIEETR EHEEER R E(LE
2

OFE <nyl2. 2XEE123, FE X123,

1A3EHT - MR, 24 mEIERR Y Y — - REAEYFR. MK - £ERE
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P-12 Colocasia esculenta (taro) is polyphyletic: implications for evolution
and taxonomy

OP. J. Matthews!, M. A. Hossain2, D. Sookchaloem3, V. D. Nguyen?, S.-Y. Wong5, J. Jyloericas, E.

Tabuchi! and I. Ahmed!-¢

National Museum of Ethnology, Japan. 2Bangladesh Agricultural University, Bangladesh.
3Kasetsart University, Thailand. 4National Institute of Ecology & Biological Resources & Graduate
University of Science and Technology, Vietnam. SUniversiti Malaysia Sarawak, Malaysia. ¢Alpha
Genomics Ltd, Pakistan.

P-13 FREIMDGPCROEETIC L 2 A T2 ¥ DIEFRDERK

a=te BT, Fi BBX1,2,3. OJWIXIET 2,3

T REIRMIZKRE KEGEEFMER. 2RRALIKRE KREFREEZPHERL SKRAILZKX
% OCARINA

P-14 SEEGEDETIVEEELTORAI LAY T DT/ LEHR

OMAIO2H 1, RAEZE2, IARBRES, AFEEE4, 7V237 - FUJL2, EAZ
F2. REREF2. SEHA1 4. SABE. PRR—2. BHRE6. HXMA7

1 RBRXZEFID FEMPE, 2EILECFMRATBSRI R, SEMRFEYELT FEY
SHRUEMRER Y F — dRBREAZREZMER, SELETREMERT/ L - &L
R OCTERZFEREEZMA Y Y —BREFEOE. 7TEXA A EYEEYMES

P-15 v1/09 754 hZ2HAWEHEESADMBHEICH FEILEHLD/IN—S 27—
YaviRE

OXRMET. BREXE2, HWHE2

1R RZARERERBDZMAFRE. 2RI KRFRZREZHER

P-16 BIEHZHREL T EY 1 RT 1 v 7 ZHRIEDHEMEN DIREE
B B (EEXRFEZIEDZ)

P-17 #Y /AR JDRBETRIOD > b I VAR VAR EFEIN DT EGF
ONOER - NIFRE2 - EHEAS - AHFKE2 - EF2 23 - ZIEXE
1E8X - BT - WELED, 2RRK - EMERYT /L 3REK - B

P-18 N E LBRETEUBTHRBNELFHBHEDELESICE>TEIDERIES
Sh
Z)1BE (ERETRB A RMAFERAF)

P-19 Z7N\FavBDAXARICRS NIV BRREZHIHT 5 X—/I\—I—> DikEEL
1L
OEREMR], KEE—2. EA5EI3. BEEKN], BRREZ]
13K, 2&4EW. 3RIK
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P-20 YV EAF 4 =Y ABBHEREICH B> FOVES - BIOXHA=X L
OXIE ##E. Jeffrey Fawcett GBILZMAERRT HEBRETOT I L)

P-21 ¥ HlEOLRT/ LD SHSMC T SHEEHMNEEEFRIHELDIAHZ=X
L

OFEx BAl. BN #HE1. XE1 2R . &F F1

NERKZ - KEGARSE R TR

P-22 3w yavN\NIOKHTEICEDLS T/ LEE DR
OteBERR 1, 2. BIBHEE?2
1BRHERK - ERT. 278X - B - B

P-23 7/ —IV b h T DEBEGFHRRDOREIREDE(L EBBETFIC X SHSEDHEK & DE
=
OFRBEN. WHKEE RICKZARZREGRZHER)

P-24 E{tZELREZICR SN DML EHME

OFIIAEF2. KER3

TSHTK - EECREME RV Y — 2RBKR - E SBEKR - V—IvILYRTLTY
1Y

P-25 EROARTATAIV R : H%E - LSRR
ORNEAL, BKEN2, ZRFELE3. EFE—E]
IRRAKZARZREEZRAFTR 2RRKFZAZE - RERMARL 3EMKE - B

P-26 ME QA =R D& ZBE 7 + — /Ny VHIET S
OZ#HE (EMBDR) . &FEH (EBH - ®BX)

P-27 %) —EY A5 —I3HFHEYTIZERL

O=Lt #Bx1. tH 8%2. HE &N"3. TR FEXR4 &5l 55

1 | ENBZPEYEMPMAE. 2 RRKZFAZEREZRAMAREYRZEL. 3 RH
wEAF. 4 RRAZAZREEZRATEHIRZRENZEFK, 5 RRKZRZEERMN
RIEI R A R T in A B F E W

P-28 NTOY R LB/ O0—VREBI DR
RE RBE @SHMRAZEREXT)

P-29 ENBRAXY NS VRV VT =L SEREENIERNAVALILA
OrZREBEKX] BEIHEE1.2 H./ &A1
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1ENLEGZEMER ABELCHRE. 2REMAKRERAZE BELFEK

P-30 22 « EBEHEEE | PANJEPED I WE I RiFTHEHT O H
OmFR. BlF5 (RRRXZRZBHBEBEIMEZAHER)

P-31 (¥) HE#ila/kOY 7 ONotchtRiEGF HEMRM A Hh =X LDER
Capsaspora Notch like gene reveal - The origin of cell-cell contact sensing
HHiEE (BRIZLEXRE HERMMER £Mm A TALARZEEYR)

P-32 (%) Farriskfili cHRET S REFES]
OfHEEF (FERRKFXERBERZRMARREZER) | E2iE (REX - FRES).
et FERK - B)

P-33 (%) XBREOSEREIELICETSCGroELDEKEEE
AL AR (RIBRZAZEREBEFMRBEY D FRIZERERHRE

P-34 (%) REEIEHDHERIE
OXREKRT, FRER2, IWRRK3
TJEXRE, 28KE, 3LKE

P-35 (%) REBTRLRARFEISEHSTEOELTOER

OSHEA. FERE2

I RERZFE MTEEMIARE Y F —EYRZFER RIFREDE 2REKRF L MTERE
LR 5 —

P-36 (%) EB5F&HTO in vitro E{LREROLLEIC & 2 EE D FRFEFOHRE
OBIER, SILKEA2Z, KKWR3,4, mEHE—1,35

13RK - BEXL, 2K - BB, 38K - BERE, 4JSTS EHNS, 5K - EYEBE
WFeseE

P-37 (%) 3wy avNIoEJEREOMIZRFEICRKINEEFIIESELTVWSD
m?

O+ 1. BEX]1, 2

1#RILK - B3R - an 2#B3K - AaniEikt

P-38 () AV brv2avyavNNIEZDEHRERDOERSREERICEIDSIHDR
RIS REME (L DR (G E 38 D fFEA

OWAEXT. BEX1,2

1ESLK - B - Zan, 28K - AwEwiR Y 5 —
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P-39 () KAZHBVWITEYME =7 ICE T2 [ILERBEEEEFOEEERNT

OSFEREXT, BJI|—2, Jeanne Loue-Manifel3,4, #AH%EF5, HFNZEAKERG, MEZ:A
1, MTEET, ARV 7, Gwyneth Ingram3, FEEE—5,8, Justin Goodrich4,
AIRE 25, IBEAAT

13K - BeE, 2NAIST, 3ENS de Lyon, 4Edinburgh Univ., 5&K - Bttdn, GE:ME
Bi7K - BmAkE THEKX BT, SERERK-EBT

P-40 (%) 77V HES IV Y RIZEITBEXILLICED S FRERA
OFHERH]. MEFR]. PMRERT. APEE]2, RESEH]. ZBEEHA]
1 RATIERT EmEITFE

2: RRIEKRT BZERIMelsbrsth

P-41 (%) JVEVICKIIZBERANENESOEILE —REDREL & EELEDLLE
ho—

OWx mM&T. AHF M2, £IkH S/

1SR - B - £Y). 2RAK - B2 - £Y

P-42 (%) SARS-CoV-2&avEYOOFV1ILARICEFBFurin cleavage site®
B

OFE%. FRBY. Bk £ (RRKE ERZMRE B - RFHA Y XATLVAILX
FRET)

P-43 (%) BFEDIV YV EDHHE &L ERERDEER
OENE'. FRAMMF'. kRAB2 IEHEFHE. TRHEST
TBEARXZRER. CRREEREFEYY—. 3D« YaFIILT7x—o0OF

P-44 (2) 7779 LIBHCH T Btransformer&nF DR
OFXE GEAIE - &%) . ILRTEE GRAE - £Y) (. #EEE (5HAR - BF, &KX
- 4Y))

P-45 (%) EPuCov: a phylogeny-free evolutionary probability method for
testing neutrality at amino acid and nucleotide sites

(OYujia Cai !, Koichiro Tamura 2

I Department of Biological Sciences, Tokyo Metropolitan University

2 Research Center for Genomics and Bioinformatics, Tokyo Metropolitan University

P-46 (%) Y k1 EOERZEOEHA
OFBHER'. REBER#2 BNZZA. Wiluk Chacuttayapong'. SERAMF. NFEEKX
3, BRIEE. RN=B'. KiFHF
B ARZRER. HUBERFRERIBHRE M. SECEYZIARAT
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P-47 (%) HEEARY v YA NIESMELPT LN ?
OfOEH1. = 822, HiFH
1: RRKZ? KB REE BRI Z TR SinEmBF R, 2: BRI BYIRE PR

i

P-48 (%) Demography inference to understand behavioural divergence
in a migratory songbird blackcap

OJun Ishigohoka(Max Planck Institute for Evolutionary Biology)

Miriam Liedvogel (Max Planck Institute for Evolutionary Biology, Plén,
Germany, The Institute of Avian Research, Wilhelmshaven, Germany)

P-49 (%) BLFXMEERBULILYREBEDHIELIIFIIR
OIRKEF. HEFHE (FEHTRTEM)

P-50 (%) The Comprehensive Analysis of Structural Variant (SV) Profile
in Mycobacterium tuberculosis (MTB) Genome and Their Association with
Patient/Pathogen Phenotypes

OWittawin Worakitchanon1, Hideki Yanai2, Pundharika Piboonsiril,4, Boonchai
Chaiyasirinroje3, Nuanjan Wichukchinda4, Yosuke Omaeb, Prasit
Palittapongarnpim6,7, Katsushi Tokunagab, Surakameth Mahasirimongkol4 and
Akihiro FujimotoT

1Department of Human genetics, School of International Health, Graduate
School of Medicine, The University of Tokyo, Tokyo, Japan

2Fukujuji Hospital and Research Institute of Tuberculosis (RIT), Tokyo, Japan
3TB/HIV Research Foundation (THRF), Chiangrai, Thailand

4Medical Genetics Center, Medical Life Sciences Institute, Department of
Medical Sciences, Ministry of Public Health, Nonthaburi, Thailand

5Genome Medical Science Project, National Center for Global Health and
Medicine, Tokyo, Japan

6Center for Microbial Genomics, Department of Microbiology, Faculty of
Science, Mahidol University, Bangkok, Thailand

7National Science and Technology Development Agency, Pathumthani, Thailand
Department of Human Genetics, School of International Health, Graduate School
of Medicine, The University of Tokyo

P-51 (%) cisHlIEHItEIRKICE 7S SmadDFESEITIDERFHFH U WEEGEFRRD/INY—>
zEHHULEE
OWE [E(AbEERX - BRRERFR). BERESAUBEX - BFE) - 8RR TA0EE
X - BERERIFER, dUEEX - BREHIKIRIERF R 5TER)
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P-52 (%) ARMICRSN3REDOERNER & FTELICET 3R
OFEER1. mHEDFI. AMHER]. PEAERE2. RESEH. ZREEHA
IRRIEKRE E£aEBIZPkh. 268FKFE EFH

P-53 (%) \FEHZRc UV I A DERIRTUBTE K
OEBRE, TIKASEMN (RMKRZ EZMER £YFER)

P-54 (%) BFINEERADYT /LT —5 ZRAWcHAMEMRT

OBEMIEE 2, ZREAR2, MEFH3. EHF—3. H#/ L&1.2
TRREMRAZRERT? EaRZMRR ELFER. 2EILERFMERNR ANEETHR
=, SEURAEYE AR AERHEIIL—

P-55 (%) EEEEFDMRT1®D KX > i{t:ordered vs disordered domains
OFNIERT. MEF2, BEAMF3. MEEM-2. BEEN2. BLIEFoH,2. BRI, 2
SWEE, 2. FEHBEE], 2. FEEE]

TIEEXRE - B - 2 F4&Y. 2EBEXRE - RFE, 3ILBEXRZE - &

P-56 (¥) eIV REDLSICHBML. EELEN?-25/LBRICELZ1I—-FVTRH
EEE & BlfED &I~ DB E-
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Bacteria are the most diverse and abundant life forms on Earth,
and yet, some of the most basic questions regarding their
evolutionary history remain unanswered. In this work we use
phylogenetic reconciliations to address some of the most
important open questions on bacterial evolution, such as the
position of the phylogenetic root, the amount of Lateral Gene
Transfer (LGT) across their evolutionary history and whether we
can really talk about a tree of bacteria at all; the timing of bacterial
speciation, the importance of Candidate Phyla Radiation (CPR),
which have recently been proposed as a fourth domain of life; and
the nature of the Last Bacterial Common Ancestor (LBCA). Our
results support a root between the two major clades of
Terrabacteria (Cyanobacteria, Actinobacteria, Firmicutes, etc) and
Gracillicutes (Proteobacteria, Bacteroidetes, etc), which largely
corresponds to the classical division of bacteria between Gram-
positive and Gram-negative bacteria. CPR seems to be a diverse
clade within Terrabacteria but not the fourth domain of life. Our
analyses also suggest that it is possible to recover robust
phylogenies even in the presence of very frequent LGT and that
the LBCA was already a complex organism, with a fully-fledged
motility system and a double membrane.
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Olfactory receptor (OR) gene family is comprised of hundreds of
intact and disrupted genes in humans, many of which show copy
number variations (CNV). These intact/disrupted and CNV
polymorphisms lead to olfactory perceptual variation. However,
little is known about OR genetic variation in many human
populations. We used targeted capture and massive parallel
sequencing to examine genetic variation of OR genes for 410
Asians, Europeans, and Africans. The capture probes were
designed for 398 intact OR genes in the human reference genome
hg38, and 85 neutral references. Probes were also designed for
four unannotated and 99 ‘nearly-intact’ OR genes in hg38 and 53
chimpanzee OR genes in the Pantro3.0 genome database with no
orthologs in hg38. Our research revealed 134 OR genes as
segregating pseudogenes and CNVs in 176 OR genes. Principal
component analysis and genetic distance matrix, dA, showed OR
repertoire to be differentiated across study populations. Tajima’s D
suggested balancing selection to maintain allelic differences in OR
genes. These results also demonstrate that the targeted capture
by probes with diversity-oriented design is far more effective than
a whole-genome approach to reveal polymorphisms for the OR
multigene family.
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Ploidy dynamics and the single cell
gene-expression analysis in the aphid
host cells that harbor symbiotic

bacteria
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Aphids have evolved bacteriocytes or symbiotic host cells that
harbor the obligate mutualistic bacterium Buchnera aphidicola.
The cells have the pivotal role in nutritional symbiosis and exhibit
large size (100 um in diameter), therefore they have been
assumed to be polyploid. Here, we revealed the ploidy dynamics in
the bacteriocytes of the pea-aphid Acyrthosiphon pisum, which
were the hyper polyploidy ranging from 16- to 256-ploidy
throughout the lifecycle. During post-embryonic development of
viviparous females, the ploidy level of bacteriocytes increased
substantially, from 16-32 ploidy at first instar nymph to 128-256
ploidy in actively reproducing adults. Cell size were strongly
correlated to nuclear size, a proxy of ploidy level, suggesting that
cell enlargement by polyploidization can contribute nutritional
symbiosis between aphids and Buchnera. Then, in order to
investigate ploidy-dependent patterns of the gene expression in
aphid bacteriocytes, we established “micro-pick single nuclear
RNA-seq”. Single nucleus of bacteriome cells were isolated by a
specialized picking-up device and used for cDNA library
preparation. We successfully analyzed gene expression patterns at
the single bacteriocyte level. In this talk, we will discuss future
direction of the ploidy study in insects-bacteria endosymbiosis
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Finding the cool in mutational hotspots:
further analysis of chloroplast genome
diversity in Colocasia species and

populations
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Mutational hotspots in the intergenic regions of
chloroplast genomes have been useful for investigating
the phylogeography of taro (Colocasia esculenta)
populations. For the purposes of phylogeny
reconstruction among closely related taxa (species and
populations), can “cool” regions -- with some, but not too
much mutation -- be found within the mutational
hotspots? A recent study by Shahar et al. (2019, Nucleic
Acids Research 47:3344-3352) provided a first draft map
of transcription units (operons) in the chloroplast genome
of taro. Many intergenic regions and mutational hotspots
lie within transcription units (operons) and many lie
outside. We are now exploring whether or not there are
differences in the phylogenetic information provided by
transcribed and non-transcribed intergenic sequences
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Impacts of environments on Asian
human population history

Hie Lim KIM (Nanyang Technological University)
Human dispersal across entire Eurasia and further to the
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referencebtesty/ LAHMEA(diploid) D7/ LAZRAWS Z &N
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southernmost tip ofAmerica must have been challenging due to
the variety of environments, including, climates and pathogens,
along the way. The GenomeAsia 100K project has generated
large-scale whole-genome sequencing datasets of diverse
populations of Asian descendants, and we are allowed to study the
history of migration and adaptation of the populations. For
example, we compared the selection constraint between malaria
endemic and non-endemic populations and identified genes under
positive selection only in the endemic populations. We also
compared the populations living in between the Arctic and other
regions and detected several genes related to cold adaptation
such as energy production and lipid metabolisms. We also will
show an example of the impacts of sea-level changes on the
population history in Southeast Asia. The rapid sea-level rise
of120m during the Last Glacial Maximum might promote the
migration of the population living in Sundaland toward to continent
and we found evidence of SoutheastAsian ancestry in South Asia,
as a result of admixture, co-occurring with the rapid pulse of sea-
level rise.
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Colocasia esculenta (taro) is
polyphyletic: implications for evolution

and taxonomy
OP. J. Matthews!, M. A. Hossain2, D. Sookchaloem3, V. D. Nguyen®,

S.-Y. Wong?, J. Jyloericas, E. Tabuchi! and I. Ahmed!6

INational Museum of Ethnology, Japan. 2Bangladesh Agricultural
University, Bangladesh. 3Kasetsart University, Thailand. 4National
Institute of Ecology & Biological Resources & Graduate University of
Science and Technology, Vietnam. SUniversiti Malaysia Sarawak,
Malaysia. ®Alpha Genomics Ltd, Pakistan.

Complete chloroplast genome sequences were obtained for 19
samples (17 new) from six species of Colocasia (Araceae). The
analysis shows that C. esculenta is polyphyletic with respect to
the chloroplast genome.

Two lineages of C. esculenta (Clades 1 and II) form a
monophyletic group that includes cultivated taros commonly
known as var. esculenta (dasheen) and var. antiquorum (eddoe),
and a wide-spread, commensal wild form known as var.
aquatilis. A wild Clade III lineage of C. esculenta, also known
as var. aquatilis, belongs to a well-defined Clade III species
group that includes C. lihengiae, C. formosana and C.
spongifolia.

We offer alternative explanations for C. esculenta as a
polyphyletic taxon, and consider some initial implications for
the evolution and taxonomy of taro, and for plant breeding.
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EPuCov: a phylogeny-free evolutionary
probability method for testing
neutrality at amino acid and nucleotide
sites

OYujia Cai 1| Koichiro Tamura !> 2

1 Department of Biological Sciences, Tokyo Metropolitan University

2 Research Center for Genomics and Bioinformatics, Tokyo
Metropolitan University

A fundamental subject in evolutionary biology is to know how
changes in genotypes cause changes in phenotypes. In recent
years the genome-wide association studies (GWAS) have been
developed to solve this issue. However, as a nucleotide or amino
acid is fixed in population quickly by natural selection, the
applicability of the variation-dependent GWAS is limited. In
this context, the variation-independent evolutionary probability
(EP) method was developed by Li et al. (2016). However, the
EP method requires a guide phylogenetic tree, which is not
always reliably estimable. In this study, we propose a new
evolutionary probability method, named EPuCov (evolutionary
probability using the covariance), that does not require a guide
tree. Using computer simulations and empirical data analyses,
we found that the EPuCov method performs better in identifying
non-neutral amino acid substitutions, non-coding nucleotide
substitutions, and synonymous mutations with ten times faster
computation time than the original EP method. Our computer
program implements the EPuCov method in JAVA providing a
user-friendly graphical user interface.
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Demography inference to understand
behavioural divergence in a migratory
songbird blackcap

OJun Ishigohoka(Max Planck Institute for Evolutionary Biology)
Miriam Liedvogel (Max Planck Institute for Evolutionary Biology,
Pl6n, Germany,

The Institute of Avian Research, Wilhelmshaven, Germany)

Divergence of behavioural phenotypes plays an important role in structuring
animal populations. The Eurasian blackcap is a songbird species that exhibits
a wide range of phenotypes in seasonal migratory behaviour (e.g. orientation,
distance, timing, and propensity to migrate). As this variation in migratory
behaviour is population-specific, demographic history of these populations
provides crucial information to understand evolution of these migratory
phenotypes and their underlying genetic mechanisms. Here, we characterise
historical changes in size and isolation of blackcap populations with different
migratory phenotypes using two population genomic approaches: (i)
sequentially Markovian coalescent with MSMC2, and (i) genome-wide
genealogy with RELATE. Both approaches inferred qualitatively similar, yet
distinct demographies of blackcap populations. The historical changes in
relative cross-coalescent rate inferred by both methods suggest that
continental migrant populations split from other populations slowly, while
island resident populations split more abruptly. The inferred timings for these
population splits vary between the methods from ~10,000 to 100,000 years
ago. Additionally, we noticed initial parameter values for each method (ratio
between recombination and mutation rates in MSMC2 and number of
iterations of expectation maximisation in RELATE) result in systematic
differences in inferred demography. Using coalescent-based population
genomic simulations, we illustrate the effect of mismatch in population
parameters on demography inference. Our data suggest that demography
inference using population genomics provides essential insights in
behavioural divergence across populations in non-model species, albeit
optimisation of parameters to the focal species is crucial.
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The Comprehensive Analysis of Structural
Variant (SV) Profile in Mycobacterium
tuberculosis (MTB) Genome and Their
Association with Patient/Pathogen
Phenotypes
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In this study, we provide a comprehensive view of structural
variants (SVs) in Mycobacterium tuberculosis (MTB) genome and
investigate their associations with patients and bacterial
phenotypes. To explore a SV profile, we developed high accuracy
detection method and applied to a large dataset of short-read
whole-genome sequencing (WGS) from 1,960 clinical MTB isolates.
Remarkably, 1,227 SV positions were detected across genome
and 244 of novel SVs were in highly repetitive regions. We found
that 242 SVs were significantly associated with patient and
pathogen phenotypes.
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Genomic divergence of Drosophila
albomicans in Japan via migration

from Taiwan

OSultan LuleciogluT, Yoshitaka Ogawal, Koichiro
Tamural,2

1Dept. Biol. Sci., Tokyo Metropolitan Univ., 2RCGB, Tokyo
Metropolitan Univ.

Previous studies showed that Drosophila albomicans
population in Japan is predicted to originate from Taiwan.
Since Japan is northern to Taiwan and has a lower average
temperature than Taiwan, we hypothesized that the
genomic structure of the population in Japan underwent
natural selection to adapt to the colder climate during the
distribution expansion to Japan. To test this hypothesis,
we analyzed whole-genome sequences of 50 individual
flies each from natural populations of Taiwan and Japan
and conducted various statistical tests to compare the
populations. The results suggest that the Japan
population has recently diverged from the Taiwan
population, although possible candidate regions of
selection are still under investigation.

P-74 (%)

Buchnerl3lIEUD o Tc | AVAYIOLIED
HAEWMEOBRERR

OKBBA 1,2, ZLE 2. FERE 1,2

1 RRARZFAZREZRALNEYRZER, 2 EIINER
FENERZMHE IR

ZL DYV ULV, HIEEICHRES 2RO R ICHARE
ZRFEEL. BIIREIC & > TRERICEET 2HBEREERZS
Do —H. AVAVILYVEROYV I LG, MEMNMCHEERE
ZRIFTD5 LW EH20ECRIF DN FEMBEEICK DR
HIneh. FOROARIIEETH > fco AT TIF4EDH
KEAVAVILIEICOWT, HEMBEORRZ T o>/ D
ER. YRTRIPBIIROELE L IcEEOREICEAEREOBE
ZIREUfco X AR TIIBPEHOMEICE’L 2 RREE DR
ICHEMEIBELTH D, ENFICABEEOIRE &b ICIRIC
BRIN. BEHRNZOREERT S 2 & THEMENKIE
RIEESNZHEFIERI N, BEHREVN &IC. 16S rRNA
BLETFEINICED S RBEBITICELD., AYAYVILVEDOLER
HIFEC L ICEFTHD &, FleSEFTHRESNILEDY VA
VOHEEMEFELER S TWB I ENHEShER ST, BN
EXRELDVILAVETHANLGEERENEACEEINLTWS
O EFHBHIC, HIEARERESDAYAV IAVETEIRE
FOMEE DEBRNEARI > TSl ENRBRI N,

P-76 (%)

RIVFZIVT AKXy MEDRIZFBSIDOFREIC
RIFTREDEA

ORBANE], T2

CEPS R TN Py

RIFEHEE ICHWT, AR TIHEV2 DU EDOTUDE(LREA
HBWEEIC, TSR ->TE—DY L —RNIEESTh2ERIE
REFSIELTHASNTWS, INET. ERFEMHEEEDORRK
FolcH T 2BEBENMRIESNTELN, HEICAWE 71X
VN TF—IDBEBNREEINICEZZEEIIRBETH>fce 2T
KRR TIE. RE2EANREZ TH W\ FelsensteinBl40TUD E
FILRFHERIC, BbYIal—yary7OsS A& DET
T—EERL. RENBERO 7O S LICEDTILF ZILT
TAXY N ETofce B, BONETFAXYNT 5%
AWTRHEBEZHE L. BRROBR> TRIEREB > DDEE
BEEFAND I ET, FIAAY NEDNREFESIOFKEICEZS
HEZHESMI U, BITOER. REFVETRIFEIZHEE L/
FE. FPI7AXAXAY NEICIKS T RGBS OREEIFV I &N
ST 2 oo RAETREBHEE U BRORKEES | OFAERE
NIWFTINT A VAN TATSLAICEDERD, EICHREX
DEWTI—TEEBWTIL—TFD2DICahNZERNH SNz
e, ARERTHRET %,



P-77 (%)
T4 RNITHED VY RICEITS
collagen 6a6i&{LTF DHERERET

OXRHEMM 1. PRERT. REEH 1. ZBEHEA
1 RRIERZED IEI%K‘"

R7Z7VAD=ZKBICERTZHFTARI 7Yy RigZEnZh O
T U CHEISHEEREBE L E TSN TWS, B TH T
I NUTHOI Ty RIGBEBEEDRE Z > e ERHHI15000
FREBNRETHZ I ENS, BMEDETILEHESINT
WBHDD., ZOEFRMERDEGNAERICDWTKRIEREG
ROZ W, FE,. EHEGENFEZRVCREITN S, BEISHE
ICBEE U@ ERTINERER I/ (Nakamura et al.
2021)0 AMETIE. TS OBERBREETTO—DOTH S
collagen 6abEEFICER L. REGRFIBIGHEICS Z &
BEERTD, FT T8 76}30)/7 U v RHaplochromis
sauvagei ZRHWTRT-PCRZfTo>fc& RO, BEE
DEBORE CORBEIERI N, ?—Sb LEE\%IH situ/\-1 7'
FA1E—Y 3 v TV, REFHERICET2REREEZHER
foo TNSOHEBMBITICMA. AERTIEI I Y v KOBERMER
BEREFICITHEZBZ LT VILOSKEENHZ &, 400U LD
24/ AN AEEINTWEZ L IREBL, Ths07JILE
BENY T Uy ROBISKEICELT, EDLScniRanT
Wo lc DD EDFREBITR EDSERL L

P-79 (%)
RRKFHF ¥ VINAADHKICERT 554

BCPROBEEZFAIT S
OFJIl #Z. BN #E. K3 AR, Bk BA. #EH
=T KM HO BA BL BB B

I RRRFPAR BT RIRAI MR 2 SR e iR E iR A B
2B AR E RN AR 57—

HMTKBICELSTZ2XRIEEMEIHCandidate Phyla
Radiation(CPR) &, £@EDOHEICHOMEE & IZLTEH
EMEEORFHICR T Z2RAOARIERKGEE L GEES
nNTW3, CPRIZMEDSHMELEDIEUL LE HHDZIFER
HENICIETZHETH DRSS, ZOEHNEEMB BT/ A
HEEERELTWS, EBIC. —EBOCPRREFTIIEEICHE
LTWBHEINTHEIhTWS, LA L. 1F&AEDCPRRIEIZE
EHNTETHD., EOLSBEENFTYEREODON BELOH
ERBERNEDLSICHII VRSN TELOD, THZFDAY
IEBEEHELTWZDOHREFESMNTHR> TLERL, HL
BERAPHF v /IS ARDHKD A5 5/ LB ETL. $400
BOMBEDOAY T/ L7 TV / LAMAG) EBIEET &
T, TOEHECPRIESHZ ZEEFHSHICLZ, Th5D
MAGIE. ZhE THFEIEATWRWCPRARZ ST 104828
BE&H ZTO2THROSNRBEMEEZR > TLWD EHENSIh
feo RAEFKKTIE. THB5DMAGT—4¥ ZBWT L DM
IEDWTEANICBIT U BRICOVWTERET %,

P-78 (%)
VIR 7 VA MIEYELDRIZRTE Z DR
HENER

OFREZE2, 5lFEH 1,2
I RRAZARZ G REA BRI AR ERE MR E TR
2HRRARZ KRB EFABBARRRA T DIVBEREGEK

BEZEEYZZ. BEOBBICBLTZANRY v UR N - 1BA
WEBEBICHIET BV RSURAMEWSESZRHAELTWS, #
EMNCEB UETHRIZ. MBOEAN=ZILZHESML
e, EDLSBBRBETYTRIURANE{LIZDONEWSE
BRERIEASHTLTVWERWN, AR TIE. 16S rRNAEEF
BEH & EBRBEEZ DT T —4 X—XProkAtlasZ L T,
K2ABOMED DEBMBF AN, T OEBHEIT & R
BRMNS, HIEREEHMET BPastMLEBWTHERDE B
RIFEHEL., YIRFTUANDEREEH/Y—V 2B U,
BE. COBRBEHR/Y—VITENEN S ZMEWSBELSHE
WETR>TWD, TOESBITRTURANDEREBHITD
WTlE, BEZAB T FEOENYVIRIUYRNBHERITE
W, IEEHBAZCDED T2 & T HENICHEEET S
BFINHISND, BRIC, BREOREN VIR UMY ZE
BU. BEBRTPOED T 2 &T BEOMEYERERIBEIL
UIEDTIRBWEZSH. COXSICUTIHREERBEREZE
habt, YVIRXTUIANECLORENESSE2ERI o

P-80 (%)

BIEN\IVEITSDT/ LicH#S5hslL Oy
1IN ADERBRTEL

OftBR—1. FlSH2, EREE], H)I|E3

IRERE EEYPPMAFFA, 200EERTE  HIKRERN AR
Be. 3RBRE EFE

I

ETEMREICRREL. BES/LAICEHMAENZL NODACILAIF
AEEL hOYCILA (ERV) &EMENS, ERVIET/ AICERS
nrE"IA4ILZIE"THH., KDL MATAILADRERGEED
HEZHESNCTZDICERTH %, BRIZEILEOHE//\Y
ENVETSOERET/LAICEWTCERVOLE S/ LE T %
Tofco &7/ ARINS54007 2 /BULEDORFERET %
ERVOI>ARO—7 (env) BEEFICHEMNT 2EINEHERL .
R, AE/N\VTIE2DDenvU RO SN > Tc—A T,
NUETZTIHI121HDenv AREIES Nizo RIFMEITICK D/
BT SDenvid 720V —FICDEI N, TDS5, env-
Tacl &EDEURNYES T Denvid BEOMMAARE Y 1L A
(REV) menvIicERILTE D, O7EYDERVICHER Denv
W& >Tz. env-Tacl BAIC IEenvBIAD D1 )L A BEFHEE
L. NUET SR THRAFICREL LI EHRSIS i, &
AEICED, NIETSDERVATLFI v 7ICELLTED,
BEE, BECHEIEE NV ABRREEORBPICEET
HdENREBEI NI,



b MELZRE LI MERNERERFOM

FRRERR

OHEEBEN1. HAEK2, BAME3.4
IRRAZARZREZRMEREYRFAEL 2 AMED-PRIME 3
HRAZZa1—0O4 Y7 Y Iz AEEHFTERE 4 AMED-
CREST

BLFEEIEVECOTERRBANTHD, EIC2DDXHZ
ALIICERT S, 12iF FERERRICED 1 DELFERD
BLFZEOREARENERTZHD (SDE) . £5120F
ATSA4I 00 %FRFA Y AV ER > cmRNANHERES Z 1%
TT/LICBEBEASNEED (TOERE) THD, 5FE. KN
REELICHEST 2 MFENSDEEBREGFIEREEES N
BWHTVNBHDD, 2DDY A TOEREGCTFELT/LRT—
L TRRENICREL. £ bORBRELICERY 5 A8 Z AR5
LBz,

ZITAMETIE. £ 2EGFICOVWTOELEN 2T/ A
AT = TRREI B LI DEREGFEZMENICU X M
L. ENEBEANRDETIE—HZHRL .

ZOHER. BARTEEREN BV E NEENEREGTFERZ
SDREU483EF. YAORAB77IBFAE L, &5k, Ih&
THREGFEEZSNTW e IO RABEGFO—EN. £ MA
ROKBREICEWTBESNTWS Z & ZHEE LT,
SHRIBINSOEFREGCFRBICOVWTEES - BIREEOEEZ
BRICRIEL. Mz B0 BHDREBELRICEVNTE MFER
ICHEBET 2ARMBEC T ZRRI 2 TFTETH S,

P-83 (%)

—7 M) ORELICEDL B BIEEBDRER
OWA FEFEL, L oZH2. 1K KE3, KK B4, B8
mic2. TE oD 2, Bk EEZD. #E BEE6. N &K1
1TRREIKR B 2RRELIK - RRE. 37 Z LG EERAR
iR =tt - MK, 4=FEFR. SFLBEKR. 68X - &9
HE

P-82 (%)
Hox:&{zFLabial DFEEE -Hh X LV EBERESE
HE DE{L - TRUNEfE-
OXBWREL 2. HILE2, KAKAE2, EBERE] 2
1ERAS - BRI - AWRS. 2ERH - £ T0ER

FyNRRFAAALDIE BIEEDRAICHKET DEHRBEEIC
ARICRDABHAMEZRE T 5. AXLYVEHAMENISBS
DEFILDEBRREEZRD EEISNTVSD . REERBOERK
HWBXAZXLETRETH o lco FMRTIE, HEBRENEH
BUTEH., HEMEOHERICELZ Z EATRBEINTE
fo. HERBERICHET 2RRO#EE (M4b) IEB LT,
HHGECTFREBFIZRE B>l TDER. INHXTHOE
RICEWT, BREBRICEFBERRICINA. HLaEDH
RN PRI ICEES T 2% 2 &AM ERE S N T VWS Hoxi#E{E FLabial
OMAPFEMNFERZ R U fc, RNABEIC L D LabialB{mFDF
RefflLics 23, M4bRZEDORMEILHEMB TR SN
TEARL. BROBEPHEXROETHRE SN, S5IT,
RNAMEFEDBEGFRRBTELD. 7NV ERBPRERDRRIC
B 2EREED Labial DI TICH 2 Z EHHBAL, chsD
HERNM 5. MAFENICHRIRY DHoxErFLabialhd, HAEME
ZHIE - RUNICB D 2R Z RS T 52 & T IALYODE
REXATWBZ ENRBE NI,

BIEMER CIFBCHERDSHILNT—>D
B BT LRI VRIVT =4
T—5 AW IAREE

OFERA (FEA - K-8 . FABC ULV RK-B) | &
W (TEX - K- B

HROZTRUE, BBENSHTEORZRTRELINcES
nTWwd, LHL. BIKICKERNE > BRI ED &S HER
ZU> TRBUSNCONIFHOEETH D, AARTIE. £
T2BOHE. BABRS L UVEEREDOLY /LBERZAW S
FREERN S, BROBABEIREFENSKRELINIET
DEITHFZXFT DERZ/ . HLWT. MHLKEEZXEL
TWESEGEBEHASHCT . HEAOKREEDEWVREE
EHIBEERORBEOBVWREZAWLQTLET. £/ L18
RERWCERY/ LB, SNSRIV TN—LBIREERKEL
feo TOHR. HBEA2RES L CHBEEER2 REDO XKD
RNA-segic & D, WIFhOLBENICEWTH, NJTRT 7
HSEANZVEEGRT 271 YA LTHZTPHI DB
HERAREICE\WTENT S ENESMER ST, Tiew B
Ak ZyMBERICBIND & BETRAREEEZRYT
ZENRESNTWS, Lich' > T, BEYEISEASEDmRSIC
BVWKEEIRAEAONZYOXREZIFTTED. RELDIER
TEO M RENMIFISNIER. REEIEALIZZ &R
B,

RAMOLZHKEZHRII S E2HEOMBICIE. NBIR, KITTR
<. THIf, OEMARAIRTH D, REMOSHFEZFINT S
HEO—DIc. HWEROEENS D, fIZIE FEMOEBEIE.
FEEENTEGHNEEDIES D% H 2 —EDEHEMNICHIER
L. EEOELYTVWARKEZRET 22 & TCEFABPERTO
RHREDIFSDEHOREIMEAT DI EMMSNTWS, —A
T REHOZEICIEBEENSH D, BHEBPER TOELNE
BRI TR, REDS EPRERTEME & W > LIBEEENR
5D HHBEET B, ThETNOBEICEWIHEROBEBEI R
WRZRD/NY —VERELTWB UL H ZH. BEERDE
RIEBESHCHE>TH ST, RREBEZED/NY—VHELITER
HEVLELICK T ZRBEMOBEEROERIF DN > TWAR
Wo AAETIF., YawVauNIERREAWVWT, #LED12
DEBREFEERITCIBFTE., NSYAVVTN=—LT—%
ICEDKEBEFE—DOOFELRITCIBIRICELD., ZRTO
KRWEENICRTZ2EBBORREEED /Y — &5 L
feo TNOMADENERZD &Ic, BERTHET 28 - %
KRIBICDWTERYT %,



P-85 (%)

RS SHRILIFRDET | EERFOEH
OBHEA] - FHM2 - BES—3 - TRI24 - FHEE24
VHCEKS P AR, 28K BT I THR LY
5—, SELRFEYE NEHIRS, AR EORPHRH

RS LHALIZIRDIRT | EEREDES
BICEWTREEE S ZRRCIE—RNBRDEZ SN ? ZNET
RYEEHESZHFITEY TREILK HI2BERTHDIEINTEfc—
AT, BYTERENESINTEc, UM URERASIHEE, Y
BWITHRBORIPFMNRL ERRBIN, ZO—REISEENIE
FoTW3, ZO—REZBRRI D0 EDDAEREICENT
RHEHES ZHFAPRDRUEBES O ZHASNCT DI ETH
%o

Z2T, AR TIKEEREDI A IV VI EEICER Ui,
NEHERET ZLSICREL, ¥/L74 RSNPsERAWTHR
MRS L CEMEGENBRITET > fco TORR, IRITYA
NAEHTIEIREEHESZRAEIBDIEI N E, LD
EICHRE S RBOIFEET D ENESIICH - T

P-87 (%)
HHREARNARERE(L TERMNICE UISEIE
1H¥R & PRAEED 7 Bt

OFH B, FR &0, #)I &h1,2, 0N %12
12X - FREL. 281X - RRAEGRS

P-86 (%)
BBEOBICRE I B LFBREZTHECTORR

BRR
Omm&ELF. RFSH. “REHA
RRIFEXRTE £aETZbk

B4R, BRERICOMT 2XARCREMEZ. OFEBOKE
KN H T 2ZBRTHREVEZRET 5. —HREIR. FRICH
I BHEEPLSCC (MUMEREMET) THUEVEEZRE
TZIENRINTWD, UL L. INS5DEEREICEDLS
BERREZSRENEELTVZONERES M TN TV,
AARTIE. BEORE. KE. BREDHFFTICELTRNA-seq
I L DL ZRBREZRHEGCTFORRERE, FEETRHY
BT L TR Y 77 )L A (Polypterus senegalus) D#Elc & W\
TREREICLDIHKEPSCCORREITo 1z, TORHR. —3
DEEOEICEWT | /I BEMRZRAZRFILHETBHLERE
SREBGTPZOREEEGTORER. ELURYTFTILADH
&, ISHE. EHEICEWTSCCHAmLTWB AR RS N,
oo RUTZTFIRADOSH DHAFRHEZFED 1 DD, <D
HABICEBNICRIRT S L2 RET ZBREEBILOTRET
%o

P -88 (%)

Bac2Feature : REBEHRZFAL MEMD
FEHTEINC TSV

OmE E41, $h BRI MF K1, 28 3
1A A S AR R SR i RIS B

RNAT —)L RREHTld. 4@ I3EEIER &M% 425 DRNA
DODHOBEHEIATLEUVUTHED., [EHREMEIIDNAN, #eeldE
T IRVBAERELINTVLSEEEZSNTWS, UL
U. BHREHEENELDEDEBETEDLSICHBEL TS z0D
M EVWSHEBEEFRBATH D, B IE, MIENEGORR - &
BICEWTREULEEEICEAOES S, VR AZHEKROX
BARATELSERERRETofce ZORBR. UMRTF1LLUADHE
BEMERNANEENTEL L TE e ZDORNARNZI—-RT 3
DNAZFANRZ &, 22D 7AFT—9—%Z2H L. 2EBEDORNAZ &£ #H
HUTWBZEDPHIBAL . —ADRNARRIGRATERI N
SHRAIDIBIZEE G2 HEZz BT 65 —HDRNAIFHEEZ S
DHERINBWC ENRESHER STz, TRDE, FIEILER
DRTF. BEIBEORREOAEZESEEPENECTED., &
NIEE S ITEREMED ERNICHBUIBREERZIDIENT
=%, BE. BECOBEKPELCZOD. ZOERINENEDLS
BRETELLLTELLONCDVWTEBITLTWS, A&TIF. &
NETICBONBRESEBOABMEICDOVWT, BHLEL,.

FEEOEALIE. MEYDECZERT 2 L TEETH D, BREF
DHEYREDKEEBERARD I T MREOTELPEER
E. EFEE WS EED, MEMOREANDOBEIGICEDLSIC
BEELTVWBANCOWTOFEND B END. L L. 2D
HICIE16S rRNAY > 7Y QA VET TR OSNIEIIBERL, 5. ™
EYOREEZHE S Z2HENH D, ZOFRMPNOERITVEIIER
INTWERW, KT TIE. 13490BDMAEYD16S rRNAE
EFORFREBEFEOBERZAWVWT. FEORTENETEEZ
AR, RHEBERNSHEEME LI EZORERBITTZ %
HHWE U, ZORR. MEDICEVWT, HIERYESEPpHE I
BUT. 7/LARYPGCEE, EHEREMREFRBEMICREFESIND
TV EDDh o, KRic, 16S rRNABEFEHIH S RFE D
BRICESWIHEYOREZHEET 2N TS Y
'Bac2Feature; ZRH U co Bac2FeatureTld. 16S rRNA
i3l % phylogenetic placementU 7D 5 ic, BIIRERETE %1T
SZET. MEYOREZHET . EMOHENOREICDN
T. Bac2FeatureldF1H83.5%DIEETTFHTZ I &N TE
feo ESHIRIDINATZAVZANT, E NBEREEOKER
FARTWB, TNSDOHEEHRBEDOREAEICDODWTHERLI
(Y



P-89 (%)
FHYavYavNLICE B EREEREZD

REICHT ZERDOHR
OENHET. HFR1. ERE—H12
VRIIK - BREE - AWEE, 2HIA - EREREY Y —

NEEVICEWTRERETEENICKETZEEDNTVWS, 7
hyavIavNITRETTER REZI7ORFICER LTV
M 1980FRICHAR, HEDRFICAHELRE e, 207
FIEKSERMEDORE EICL 2 & ERIE ICIHERIELNE
BETHDIED D> TWE, 22T BRDFHY30¥3v
NIERDERUcEEOERZ TICKBREAZBEL. ERIC
LB ARBRZEOMAITE > TITL. EFHLANIILOERMED
MLEZER U, Efeo ARBROLCOHDERLBETIE, £
BolcBBNSAE TN RIEROHRDBI RSN, £
TARAR TR ERBRDVBRRAD A5 TETEHIZCZDREIIC
BAHREHSMCT 5. 61HRBEDARBRERAL &
UZZHhSHEILIcBE—ERTEZRAV. ERLERDORRDEI
. BER RRICBS>TAFEZAEL. ARBRFIOEER
EORBELBRUTc, ZDRER. ERLBOZEIEND SR
L2 X TOBRPREDELEZEC SN ABBIRCER
IE1EIE. 25 DREEEMT 5 EARBS N,

P-91 (%)

KA b L—ZMI & 3 FEEMICHKE LB
FRRE

O=HAF. KB—IE2

TREATRX - BREBRE. 2REFAX - BiERRE. REFK -
HEALRZEELY ¥ — REPFIEYE

EEMERICIE. EEOBETHILLTIICELRT 2F TG
EUHER. FEVERLZEREANMELTWBHINSEEICR
5%, XEEUEREF. FIEYLTRET 2MEANH ST
®, HEBYOEWHBTEZRICT 2EAR TOREEEEET
EETWDE, TR ZD&SHBHFIMEYICKE L I RBERE D
BUIER. FEBYICKFELBRVWTERILEFES LOANE
SHETRAE T HEHEASELLTVWBDIES S5, KRR THW
ZEABENRYARBROVILIRY AITF. 7ILIfzeFEET
BUNIL—REYYIHORIFEFELETERIFL—AN
MonTWws, L—REFIREOREICHEI BV, F14HHR
FRIFEBRIDERTT DD, ARBNIILIL—RDEG
BOH. FIHRIEHBEXTHRETES, 2K, BUXREGK
TH, RIFL—ADAD & DEERICREEFZRIDELH
%o TITARTEARZ2E (BL—ADARTETD) OBEAHE
bETBRREERZTo>lcE 2. AZXBVWThOL—XTH
BERREHIE L BERANRESNTce —A. XR2E (EL—RD
AZRVET D) EARXNEOEAEDLE TIEARREDOER G R
S5high >t

P-90 (%)
Evolution of gene expression for cold

acclimation in Drosophila albomicans
(OShikha Singh1, Tomohiko Kimural, Masafumi
Nozawal,2, Koichiro Tamural,2

1Dept. Biol. Sci., Tokyo Metropolitan Univ., 2RCGB, Tokyo
Metropolitan Univ.

Cold tolerance is a key determinant of temperature adaptation in
small ectotherms like Drosophila. A fruit fly species, Drosophila
albomicans, is of tropical origin but currently has a wide
geographic distribution to the Asian temperate regions and shows
higher cold tolerance than its closely related species belonging to
the Drosophila nasuta subgroup. It is plausible that the cold
tolerance was improved during the distribution expansion. The
previous study suggested that cold acclimation was responsible
for this improved cold tolerance. Therefore, changes in gene
expression likely improve the cold tolerance as the cold
acclimation response. In this study, we conducted high-throughput
mRNA sequencing (RNA-seq) to find the causative genes of cold
tolerance. We examined the differentially expressed genes (DEGs)
via cold acclimation for five strains from China, Taiwan, and Japan
that showed high cold tolerance. As a result, we found a tendency
that the DEGs are shared by multiple strains, although there was
no DEG shared by all five strains. We further analyzed the gene
ontology of the shared DEGs and found that these ontology terms
are associated with microtubule and extracellular, ion transporters,
membrane, metabolic processes, and binding activities. We
speculated that these characteristics might help maintain
membrane fluidity at low temperatures.
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Transcriptomic comparative analysis

of queen bees during lifestyle

transition

OVYuhang Jia (1), Takashi Makino(1)
1 Graduate School of Life Sciences, Tohoku University

The evolution of sociality is thought to be an important
event in evolutionary biology. Social insects are important
materials to study the evolution of sociality. Hymenoptera
(ants, bees, and wasps) is a well-known taxon, that
contains different species with distinct behavioral and
genetic phenotypes in the distinct levels of sociality.
Bumblebee, a type of primitive social insect, which the
queen shows distinct behaviors in different stages,
transits from solitary to social lifestyle. In corbiculated
bees, this pattern shows several times, from orchid bees
to bumblebees (Cardinal et al 2011). Previous studies
focus on the transcriptomic profiles of certain species
during the lifestyle transition, but there are no studies
comparing bee species with distinct lifestyles. More
comparative genomics studies have not been performed
yet. Here, using transcriptomic data of distinct species
with different stages, we investigated genes evolving
lifestyle transition and conserved genes across species
with similar lifestyles.
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Accurate, efficient, and green computing in
Big Data Phylogenetics

Sudhir Kumar
Institute for Genomics and Evolutionary
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External Edge Elimination (3E) method for
phylogeny construction

oSAITOU Naruya and Kirill KRYUKOV
National Institute of Genetics

Molecular evolutionary analyses require computationally
intensive steps such as selecting optimal substitution models,
inferring evolutionary trees, testing phylogenies by bootstrap
analysis, and estimating divergence times. With the rise of large
genomic data sets, phylogenomics is imposing a big carbon
footprint on the environment with consequences for the planet's
health. Fortunately, innovative methods and heuristics are
available to shrink the carbon footprint, presenting researchers
with opportunities to lower environmental costs and enable
greener evolutionary computing. I will highlight some
conceptual and technical advances that organically reduce
phylogenomics’ computational time and memory requirements.
I suggest that researchers choose methods, algorithms, and
software practices that demand fewer compute cycles and less
computer memory. These choices will diminish the carbon
footprint of computational molecular evolution and be aligned
with ecologically sound bioinformatic practices. These and
future developments of resource-thrifty and accurate methods
will amplify the impact of general strategies for greener
computing. Green computing will also enable greater scientific
rigor and encourage broader participation in big data analytics.

Saitou (2018, “Introduction to Evolutionary Genomics Second
Edition”, Springer) proposed External Edge Elimination method
(3E). The 3E method requires pairwise evolutionary distances.
We arbitrarily pick up one OTU x, and choose L (<< total
number of OTUs) smallest OTUs among D(i, x)’s (1< i <N),
and call this OTU set as “L-local.” The default value of L is 11
under the assumption of rough constancy of the evolutionary
rate, but we can use much larger L. EEL[x] (EE length for OTU
x) is computed applying the equation [D(i, x)+D(j, x)-D(, j)]/2
for all possible L(L—1)/2 pairs of OTUs that are members of the
set “L-local.” If the originally given distance matrix for N OTUs
is purely additive, the true and minimum EEL[x] should be
found if OTUs i and j are chosen from two OTU sets o and 3
that are separated by OTU x, respectively. See Saitou (2018) for
detailed algorithm. Kryukov made computer program for this
method, and we show results of computer simulation by
comparing UPGMA, NJ, and 3E.



Dating the origin and evolutionary history of
pathogenic viruses from massive sequences

Koichiro Tamura
Tokyo Metropolitan University

The pandemic of COVID-19 let us witness the cutting-edge
technologies for genomic and molecular phylogenetic analyses
of massive sequence data. Dating the origin and evolutionary
history of pathogenic strains was of critical importance to take
measures to prevent infection. The estimation of divergence
times between pathogenic viral strains has difficulties in two
ways compared to ordinary divergence time estimations for
extant organismal species. One is that the number of virus
sequences can be much larger than the number of species
sequences. Another is that viruses are sampled temporally,
whereas the sampling time is assumed to be the same among
extant species. For dating the divergence times between a large
number of virus sequences sampled temporally, we recently
improved the relative rate framework (RelTime), which is
algebraic and computationally much more efficient than other
current methods. In this symposium, we present a new approach
(RelTime with Dated Tips [RTDT]) to estimating pathogen
timetrees. In analyses of an extensive collection of computer-
simulated datasets, we found the accuracy of RTDT time
estimates and the coverage probabilities of their confidence
intervals (CIs) to be excellent. In analyses of empirical datasets,
RTDT produced dates similar to those reported in the literature.

Evolutionary informatics for
obtaining more knowledge from the
sequence data deluge

Wataru Iwasaki
The University of Tokyo
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More and more sequence data are becoming available in
molecular evolutionary studies thanks to the advanced
sequencing technologies. To let researchers take full advantage
of this "sequence data deluge" to gain insights into the origins,
background, and rules of the evolution of genes and genomes,
effective computational methods are strongly needed to
overcome the computational cost and resolve the intrinsic
complexities of genome evolution. In this presentation, I will
introduce our new methods to elucidate the evolution of genes
and genomes, namely, Graph Splitting (A multiple-alignment
free method for superfamily-scale phylogenetic tree
reconstruction), SonicParanoid (a fast, accurate, and easy
orthology inference method for large-scale comparative
genomics), and Mirage (An evolutionary genomics method for
estimation of ancestral gene-copy numbers by considering
different evolutionary patterns among gene families).
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MAFFT on python

OKazuharu Misawa (Yokohama City University)

Algorithms of multiple sequence alignment are widely
used in genome assembling. Python is one of the most
popular computer languages for genomics analysis. For
application of genome assembling, the algorithm
developed by MAFFT is ported in Python. In the
presentation, the dynamic scheduling algorithm will be
illustrated using Python scripts. The alignment algorithm
using Fast Fourier Transform (FFT) used in MAFFT will
be compared to dynamic programming using Python
scripts.

Phylogenetics with indels

Maria Anisimova,1,2 1Institute of Applied Simulation,
School of Life Sciences and Facility Management, Zurich
University of Applied Sciences (ZHAW),2Swiss Institute of
Bioinformatics (SIB)

Fostering Users’ Literacy with
Genome-wide Sequence Analysis Tools
- Why Does a Core Facility Run Web
Servers?

Shigehiro Kuraku1,2, John Rozewickil, Mitsutaka Kadotal,
Osamu Nishimural (1RIKEN BDR & 2NIG)

Sequence alignment and phylogeny reconstruction tasks are crucial in
genomics and molecular evolution. Changes between homologous
characters are typically modelled by a Markov substitution model. In
contrast, the dynamics of indels are not modelled explicitly, because the
computation of the marginal likelihood even under a most simple model
(e.g., TKF91) has exponential time complexity in the number of taxa.
But the failure to model indel evolution may lead to artificially short
alignments due to the biased indel placement, inconsistencies with
phylogenetic relationships. Equally, ignoring or incorrectly treating
indels has consequences for the accuracy of phylogeny reconstruction.
Luckily, the classical indel model TKF91 can be modified to describe
indel evolution on a phylogeny via a Poisson process, termed PIP
(Bouchard-Cote, Jordan, 2012). PIP allows us to compute the joint
marginal probability of an MSA and a tree in linear time. We developed
a 3D dynamic programming algorithm for progressive MSA inference
under PIP in polynomial time. Our MSA method is the first polynomial
time progressive aligner with a rigorous mathematical formulation of
indel evolution. In addition, maximum likelihood phylogeny
reconstruction under the PIP model can contribute to improved
accuracy, with a particularly large margin for small datasets.
Consequently, we suggest how to resolve the dependency between
inferences of MSAs and phylogeny by reconstructing them jointly
within the same likelihood framework under the PIP model.,

Off-plan use of technology

OKazutaka Katoh (Osaka University)

Cutting-edge biological studies are often sustained by continuous efforts
of so-called ‘core’ facilities that are taking care of on-site demands of
intricate techniques. For more than 10 years, we have run a core facility
in the Kobe RIKEN Campus, providing various solutions for DNA
analysis. Our primary mission is to deliver DNA sequencing results, and
we have also launched several original data repositories and analysis
tools. Online products of aour activity include aleaves for handy
sequence dataset preparation for phylogeny inference (Kuraku et al.,
Nuc. Acids. Res. 2013; https://aleaves.riken.jp/aleaves/), gVolante for
completeness assessment of genome and transcriptome assemblies
(Nishimura et al., Bioinformatics 2017; https://gvolante.riken.jp/), and
Squalomix for providing sequence data, similarity search opportunities,
and interactive genome browsers for shark and ray species (https://
transcriptome.riken.jp/squalomix/). Most recently, our input to the
improvement of the multiple sequence alignment program MAFFT led
to the development of a tool for efficiently visualizing bulky alignments.
This presentation will cover biological and technical topics from our
multi-faceted activity at the facility under the coherent policy to support
surrounding researchers by managing their expectations and fostering
literacy for DNA sequence-based life science studies.

We have been developing the MAFFT sequence alignment program for about
20 years. The number of MAFFT users has grown steadily. However, from
2019, along with the spread of SARS-CoV-2 infection, the number of users
increased even more rapidly. The MAFFT program speeds up Dynamic
Programming (DP) alignments by using a fast Fourier transform (FFT)
algorithm to compare amino acid or nucleotide sequences and quickly find
regions of high similarity in long sequences. After reporting this method in
paper in 2002, the usefulness of MAFFT has been gradually recognized.
However, MAFFT's popularity did not necessarily reflect the effectiveness of
the FFT algorithm, but rather the ability to process large numbers of
sequences and for aligning distantly related sequences. Accordingly, we were
surprised to find that MAFFT was often used in phylogenetic analyses to
explore the origin of SARS-CoV-2 and for comparisons between virus strains,
during the pandemic. Comparison of viral genomes was not a goal when
MAFFT was first developed. We analyzed the new use case, and confirmed
that the FFT-based method unexpectedly worked for virus genome
comparison. In this talk, some small modifications we made specially for the
GISAID team are discussed. Nonetheless the core calculation is essentially
based on the same 20 year-old idea.

This story could also be a lesson for future developments of computational
methods and their applications in science. It seems difficult or impossible to
predict what methods will be necessary to address urgent problems in the
real world. What we can do is to prepare in advance as wide a range of
methods as possible that may be useful in the future, and to use a
combination of available methods in an emergency situation. It is indeed
important to quickly build up a kind of pipeline for urgent analyses, but this is
impossible without the accumulation of various elemental technologies that
were already developed. Elemental technologies that may or may not be
useful alone can only be developed in an environment that is tolerant and
allows for deep and quiet study that is interesting scientifically, aside from
practical considerations.
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