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Reconstructing human history from ancient DNA

“Martin Sikora
(Centre for GeoGenetics, Natural History Museum of Denmark, University of Copenhagen)

Over the past decade, the advent of next-generation DNA sequencing technologies has enabled a revo-
lution in the field of paleogenomics - the study of the genomes of ancient organisms. The reconstruction
of the evolutionary history of our own species in particular has been transformed by a wealth of new data,
often yielding surprising and unexpected insights into our past.

In this talk I will discuss some of our recent results into human population history through analyses of
hundreds of ancient genomes, covering 45,000 years of human evolution from the Upper Paleolithic to the
Eurasian Bronze Age.

Key Reference:
Allentoft ME, Sikora M, et al. (2015) Population genomics of Bronze Age Eurasia. Nature 522 167-172.

The Genomic Tag Hypothesis for the Origin of tRNA and
Genomic RNA Replication in the RNA World

“Alan Weiner and Nancy Maizels
(Department of Biochemistry, University of Washington School of Medicine)

Following the discovery of catalytic RNA in 1982 by Tom Cech, Sid Altman, and Norm Pace, most mo-
lecular biologists concluded without hesitation that RNA (or something like RNA) was the first “living”
molecule on earth. The discovery of catalytic RNA liberated molecular biologists from asking whether
DNA (an informational molecule) or protein (a catalytic molecule) came first (the famous “chicken and
egg question”). Instead, RNA could be both catalytic and informational, and thus capable of both replica-
tion and evolution.

The more we learn about molecular biology and evolution, the more plausible this deceptively simple
scenario becomes; however, many difficult problems remain. Two of the most important problems are:
How did RNA first arise from prebiotic chemical reactions? And if RNA was the first “living” molecule ca-
pable of replication and evolution, how did protein synthesis evolve? In recent breakthroughs, Powner et
al. (1) and Becker et al. (2) may have solved the first problem by exploiting the power of what Szostak calls
“systems chemistry” (3). We originally addressed the second problem in 1987 with our “Genomic Tag Hy-
pothesis” for the origin of protein synthesis (4) and subsequently extended our model in 1999 (5).

The basic idea of the Genomic Tag Hypothesis is that tRNA first evolved as a 3' terminal structure on
linear RNA genomes that enabled the RNA replicase to copy the genomic template from the very 3' end.
Thus tRNA would have evolved initially to facilitate replication in the RNA World, and only later have
been adapted (or “exapted”) as the central component of protein synthesis in the emerging RNP (ribonu-
cleoprotein) World. As evidence for this hypothesis, we describe many “molecular fossils” - RNA viruses,
retroplasmids, retroviruses, and modern telomerase that can be arranged in a plausible line of Darwinian
“descent with modification.” As corollaries, we argue that (a) some RNA viruses are survivors from the
RNA World; (b) retroviruses and related pararetroviruses are survivors from a world in transition from
RNA to DNA genomes; (c) the CCA-adding enzyme (also known as tRNA nucleotidyltransferase) original-
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ly functioned as an RNA telomerase in the RNA World; and (d) modern DNA telomerase activity originat-
ed as abortive initiation by a retroelement reverse transcriptase repeatedly copying the 3' end of its genom-

1c RNA.

References:

1. Powner, Gerland, Sutherland (2009) Synthesis of activated pyrimidine ribonucleotides in prebiotically
plausible conditions. Nature 459, 239.

2. Becker, Thoma, Deutsch, Gehrke, Mayer, Zipse, Carell (2016) A high-yielding, strictly regioselective pre-
biotic purine nucleoside formation pathway. Science 352, 833.

3. Szostak (2009) Origins of life: Systems chemistry on early Earth. Nature 459, 171.

4. Weiner and Maizels (1987) 3' terminal tRNA-like structures tag genomic RNA molecules for replication:
Implications for the origin of protein synthesis. PNAS 84, 7383

5. Maizels and Weiner (1999) The genomic tag hypothesis: What molecular fossils tell us about the evolu-
tion of tRNA. Chapter 3, in The RNA World II, Gesteland, Cech, and Atkins, eds. Cold Spring Harbor

Press.
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Cell wall deficient (L-form) bacteria: from bacterial physiology to
the origins of life

Yoshikazu Kawai, Ling Juan Wu, Seoungjun Lee, Katia Mickiewicz and “Jeff Errington
(The Centre for Bacterial Cell Biology, Medical School, Newcastle University)

The peptidoglycan cell wall is a defining structure of the bacteria. It is the target for our best antibiotics
and fragments of the wall trigger powerful innate immune responses against infection. Surprisingly, many
bacteria can switch almost effortlessly into a cell wall deficient “L-form” state. These cells become com-
pletely resistant to many antibiotics and may be able to pass under the radar screen of our immune systems.
Studies of L-forms have provided surprising insights into various aspects of bacterial cell physiology and
biochemistry, as well as providing a model illuminating how the earliest true cells on the planet might have
proliferated. Recent studies have revealed that rapid growth of L-forms, as well as accurate chromosome
segregation and assembly of components of the division machinery, can occur in the absence of a cell wall,
provided that the L-forms are artificially constrained into a cylindrical shape of appropriate dimensions.

Key Reference:

Leaver et al. 2009 (Nature 457, 849-853); Mercier et al. 2013 (Cell 152, 997-1007); Errington 2013 (Open
Biology 3, 120143); Mercier et al. 2014 (eLife 04629); Kawai et al. 2015 (Current Biology 25, 1613-1618);
Mercier et al. 2016 (Nature Microbiology 1, 16091).
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7—9av7
WO : Ancestral States: Current Conceptions and Their Limitations

BEF - =% | 8127 H (1) 9:00-12:00  Room?7 (V4 6%5-fifi 4 B W64l i#3k%)
TEE Shawn McGlynn (Tokyo Institute of Technology)
fEAS® | English
EBE

Phylogenetics allows the possibility of inferring ancestral states. But how accurately this can be done

is a reflection of model assumptions and the breadth of data at hand. This workshop focusses on current

conceptions of ancestral states, with an emphasis - but not limited to - those states which occurred in

deep time. Example questions to be considered include: What are the appropriate tools to consider an-

cestral states in deep time? What are the central features of contemporary biology that can be traced to

their origin(s)? When can we be certain that enough data is present to justify a claim of ancestral status?

R

9:00-9:30

Estimation of evolutionary probability of current genomic state reveals nonneutral
evolution in human proteins

“Koichiro Tamura', Li Liu**, Maxwell Sanderford?, Vanessa E. Gray" and Sudhir Kumar®’
'Dept. Biol. Sci., Tokyo Metropolitan Univ., “Inst. Genom. Evol. Med., Temple Univ.,
‘Dept. Biomed. Info., Arizona State Univ., ‘Dept. Genom. Sci., Univ. Washington,

*Dept. Biol., Temple Univ.

9:30-9:55

Experimental evidence for thermophilic ancestral life
O .

~Satoshi Akanuma

Faculty of Hum. Sci., Waseda Univ.

9:55-10:20

The Evolution of Photosynthesis and the Rise of Oxygen

“Lewis M. Ward', James Hemp', Patrick Shih?, Jena Johnson', Joseph Kirschvink,
Woodward W. Fischer'

'California Institute of Technology, Division of Geological and Planetary Science,
*Lawrence Berkeley National Laboratory, Physical Sciences Division

10:20-10:30

Break

10:30-10:55

Carbon fixation pathway in the early evolution of life
“Masafumi Kameya
Earth-Life Sci. Inst., Tokyo Inst. Tech.

10:55-11:20

The evolution of Nitrogen Fixation Metabolism
“Manabu Nishizawa

Japan Agency for Marine-Earth Science and Technology

11:20-11:45

The origin of parasites and their roles in the evolution of early life forms
“Norikazu Ichihashi?
'Grad. Sch. Info. Sci. Tech., Osaka Univ., ?Grad. Sch. Fro. Sci., Osaka Univ.

11:45-12:00

Summary and group discussion.

34




P-01

P-02

P-03

P-04

P-05

P-06

P-07

P-08

P-09

P-10

P-11

RAG—RR—E

Repbase: a comprehensive database of eukaryotic repeat sequences

“Kenji Kojima'**, Weidong Bao', Oleksiy Kohany' ('Genetic Information Research Institute,
’Grad. Sch. Front. Sci., Univ. Tokyo, *Foundation for the Advancement of International Science,
‘Inst. Med. Sci., Univ. Tokyo)

A novel phylogenetic comparative method incorporating a flexible link between discrete and
continuous traits

©Yuki Haba', Nobuyuki Kutsukake® ('Dept. Ecology, Evolution and Environmental Biology,
Columbia University, “Department of Evolutionary Studies of Biosystems, SOKENDAI)

Poet Lord George Gordon Byron's poems analysis in parts of speech which leads contemporary
music lyrics in his impact and trace

“Jun Nishimura (7% A\)

Evolution of Life through viral diversity
“Tomohiro Mochizuki'? ('"ELSI (Earth-Life Science Institute), Tokyo Inst. Tech., 2JJAMSTEC)
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Genome-wide association study for flowering time in Lotus japonicus
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ONBITERENEL Y, ENENO M THISHE/LL
T ERBEROBRE D RL DLW, H—D 7T ) A LELHH
BoOFRE - AR ED X)L LS N D0 £
D AT = A LTG5 T\, filiE 51k, B - Sifs T
B OFEHD S, ML ITHEAL L7z 2FH O LR O # R0 -
HEACBEIZ DO W TR, T3, ANPERZEHIIL. 4
TR LR 2 AT o R 2 O LRI RE
B LD 85 — v st S 7o F 720 RNA-seq fif
PC k> CHEMCET 2#ET 2L, BHREOK

B %47 o 7 2RO BB CRBUR A 4 5 {5 T 13,

T YA L) b AEICE IGEEE R L
Lrb, Rl A& THREET 2 2B O IR O RIS EERR

GRBEAGFIET 5 2 LRSS N7z DLEOKRZEE 2.

7T 5L VIZBIAHAMEOML T T IO TESET
5o
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a7\ DRHEHEME [T ] D
BREROEL

CledRmE, BERGL AINEAC, A, M
VEUEENLEIIN - ARk 2R - AR RRAEAT

SEINRKE - BT eipE Rk - MERERE, CRERK -
B LN

BMSURRTHL a7 ) ICEMA 2l — A FOBHEET
bo SLBRH — A N OYURTTBIIHIC X 0 ZHET. EALIC
IRAENZ a7 ) OERRTE, BRI THR ] & v ) g
TTENCHHE L 220 Ve B 56E L. 2 2 TE S 7z
B VTR Y RERII LR b Wi AR
VIFNRYERFRTELEHMIIZEAEBLT, whllL
TEBRREBEIHEAL L T E 2D REHRE VG, ZZTHAR
WERT AR A RO a7 ) 2T, BRI —Z b
DT YA )T b= LN (RNA-seq) 217572, £ D
KR VTNV RUERICHED B RBETOTTYH, V7R
COREMETHET TN TN ) VORI
b 5T (GGPPAMEER) WIRAEM L 7V — T DART
FHLTWDLIERHLPII o720 S OFEFIIERNT
DA BREREICD VSN LA, IRENZR: 7V — T Tl3
BYVEOEGHABM LML L TE 22 LAVRIE S 7z,
GGPP A KB B n T O T AL 225, a7 1)ICB
35T VR ERERHOBLICONTELRET 5,

SURABICE T HREZEEOEL
ReA 3+
FRR - B - B

HAMRMIMLEWEE A LA I I 22— a v
IS E ISR L S N &2 KT 5. (&M os
HEBIZBWT, &% RILKEORA WL EA
M - BHIRRE - ¥ 227 - H— A b E o 2Bk & B R
2= FL. #HESHBRORSICEREREHEZHS 2 LA
LMICENTE 2, 20T, filfi Lo x ZYFERE R bs
BEENRERICKZOZEICH DL 2 LATRENTY
bo LML SEEFALKEDZHIZED X ) HEfsT
MG L. ENHRED L) RH#ELIRIEEZ FFODh, £
DOFANIAN R DLV, SRk AZ7 T+ +T) DT )
L SALEZRKBE T DT /57— 3 ¥ #4Twv, 4801
OILHZHERBETERAE L. MO NS v 22 ) 7
b — L IRHT « 5T SRARIRNT DRGSR %  OBUEZHIREE
T (ORs) 232 A (F7@ k) FRMICHEILTEBY, £
NSRS E TELL T, BRAEMERDE
B FO—IBIIRERACKZEDZRICH DS Z LHTRIE S
N7o LidofiEz2ET 2 <. AR RICB T 22
RO & ZDHALIZ OV TR L 72V,
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NGSERTiTEoh/=>07 ) DREBFRIIC
RIRY BEEFDOHEERRT

CRIRAOR . RIOWL EEFE WIEA
PRI - BT, 2 RARIE

FF a7 )ICH TR ERRAL
FIERCHHE X H=X L

DRNOSRT BERBR Tz ARREL =i
HIEK - BRI CHOK - R

BASURRTHL a7 I8V, RIS R
LR — A P Th b £D70, TEROMER IS
HAENICBWTEEAXRY N ThHo7oEZON S, &L
B fbicid. FE A v (JH) AR & LT <
ZEDVAHILNTBE Y, BiE~DJHLH I LR~ DML %
FET b, — KTy KBEGILICE D S JTHO T
ARTH Y, EEWHEELZITEA TRV, ZODIC
. = A N R VIR E O R ENT A R
b0 ZFZTET. AHEOTF 7Y HEOFAE RIS JHL
MEREIT o720 TOME. a7 ) OiKEETH 5 F
T 7)) (Cryptocercus punctulatus) O T, JNEEIEEE 23T &
ENize L7eh5 Ty T VIIBIT 5 EROMEIZIE,
JHANDOIREEOZEALNEETH S 2 LAVRB IR, R
2. a7 ) TEESEE RIS S JH O T itk iZ8
b7z, ) NEFIARBEE A OMEN il (R Ny
a7 Y Zootermopsis nevadensis) \ZB T, JHY 7 F v
RER R T ORI 217\ S IR Y — 7 v —
(NGS) % H v CTIPRLRF IR RIS 2 BIEZ T O
PR & AT,

B SHORICHEAMATh-BIREEOEIEHIE
Ot 4 A
ENEK - B

FRAMRRTH L 07 ) Tld, MEEOERIRAILLEL
THEIH ATV, BIHIRERFIIE, 7 — A — R4 k2
SHFEFH BT 50 T OBSIZIE, BUCEMEIC X 555
LD 7% T EF2TT% L BV D BRGH ARG
WL RRET 2 L ZZ DN T WD (FIZIE, A ALl
AT I3 4 R G 3 A R R ML 2 ), Y a7
VoA — A MR OXHE RV E 2 (JH) BRE
WCEDPESND Z EDHMONB A, BT & 2 85
{LARAE D A BIEEHE IO W CIERMTH 5o ABfFE T,
% v 7)) Hodotermopsis sjostedti \Z 3BT, + A DHiFE LSl
WA, W (7 — =) 25 A AWFERROMLE &
DEHIRHET Z200%, [OLE TICLELRBIM] &
(@A O JH DB | 12DV THEER - 50 2475 720
FOREE, WIFCAE A A D HROB . OMiFEA R R~
D5k Bike) £ COHMPSHFRICEMmMINDLI &, @
ARG = —DJHIREIMEL b 2R ENT. Th
&0 MEHER ORI AR AY, NIRRT R A LT
ZHHMMLZHEM L TV B 2 EAVRIBE Nz,

iz B R %2 AU zin vitro A TSR IBOEE
RENEE T
Bk - BT - A b ool

PRSP R I OATENE — ML 2 525, 2 0178 % 4
WY BEEZHML TV EHMERRTRONZTE O
HAGDLETHDLEEZOLNDL, b LEHTHIUL, #iM
Tk AT O FEBLR2 ARG & HARME R I 236 2 2 17 Bh il
HEHEOMAGDLER/NEREHETHITE L2 Lk
Vo Ak DOIFGE SV — 7 TR ATEI SO FE R 4T B G i
Wb AR B BRI VEICER L. 1
LR M OATE R EHEHIH & OBFRICOWTHIZ%E L T & 72,
Bz X, SRR 7 ) TIEEOBIRLNIC L EB oW IT
AR SN LDS, BOKEICES THITEIENE L. &
BN T S REMOWIITEIOWIIEA 7 Fi3 v
BHEEGF5A5 7 M8 3 VAR TR o B 4
TEZIEEST 22 MO TWE, 720 IYNTFOR
T — 7 — DRI IR T A BRI =X v & F 5
IUHEGT A HMMAETIE F—8 3 VIZPIESER
B EMEL, 79 3 VI3RS IH$ 5 2 &%
LNTWh, TOIHAERT I VI X 2EETE O HIH
e HMPEAR SRR AT BB O W o A LA b
TWLU MDD %,
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TEM SRS X A HW E A v o ol - % Hig 3 k¢,

A L2 AsD CTol) R WFZE B FE kg & LTl LoD dH
bo —Hy HETMAEY ML LCTHW 5L OF)
PEREE b A OATE - 447 & O OB IE % il
VLI ERLTLIAS TR AL, it
WAREER DAERE 7 I L2 #H 5 2 LI L v,
COREZERILT L7, A OB I KT 2 i 24
HEEF % in vitro THLA G D, A HWEEREICFMEL 72
N TACH R % B N C IR 3 % Ui (in vitro fUH
T4) O BEALZED TS, In vitrofGH T T
. BRA e GB) IR R 7 — % 7 & 0155 N HilE
FEORMERCH B DR 2 BMEERE L EY 22—k
Th, TNHEZHHEMICHAGHLE S Z LT, MR
DINT Y AEE NIRRT 4 — Ny 7 &% nllE L7z
NTACH R B MRS 5 2 E DS RE & 22 B0 AHENH TIE.

HE OO TINE TITHESE L 72 N TACHHREEE O BRG] 2 7R3
L LB, in vitro Gl LHEOFEHWREN: 2 5 % 72012
B%E L C & - B MO ERBARICOWTHHT 5,



T/ LERY A JIIVEHBRERBBERICHETS
REAFREDTEL

ORWIESE, MUK RHUE, AR
NHCK - - B

70 MHROBEEIA A LK SN T RCEE
BARYMTHY, EMEICITODNZITNER S RV, —
T PR ODNAOHEE Y 27 23T L H5EkET
3%l TOTPTHILINEOHETHBLS — %5
X4, BWHLS -2k o5 THELBBERBOZ M.
BB U2k E~NT, BILOENERD ) 5, Fx
. KIBEOBURY 7 A OB 4 7V &2 RPN B
L7888 A 7 VR ROME L EOTWE, ZORIE
RTIE, S THEY 4 7 VMRS R K L, BB E
ForiC % FOBUIRDNA DRI B S 5, BB A
7 VR GR IR BIEREME TR W & v ) B R RO — 5 T
NBWHEBR LTS — 23T 5L HMRTH 5. HigHT
WCAELABEHMIS 12k - T SRRIEIERY 2 A 55
IKRDNADEBRKMAE L 5, 0T, BAGEIC A 25
RS L2 TR H T, SHUIMIRRSHE R T X ) 8
B L CTL 2RSS D 5. AT —2 2 3 v 7 Tid,
DX RS A 7 VEERGR 2 R L 72 BRI DNA 5
T OMALEBRICOWTRASET W2 E 20,

NI TIT IR —LORBRENEIEBE
Eﬁﬁﬂ%\ﬁﬂﬁﬂk%Mﬁk%m%%{LEE

VHOK - B, 2 EAF - QBIiC

A OMELE X OHRIFOIBIEICIE, HERAE GBI ICA
THERTFBLOVATFALCOWTORFEEZ L YiEDL L
WEETHLHZH) . I TRIFIETIE, EGHTEBNIC
ALTOLHIRRICEN Lize Eard B A3 5HHR
Rk vV IV IR T 2GR L Vo /A
DR LT 5 ERRRTHE L BiMTH D, HTH, Bl
RRCBNTHOLNREEHZHS> TWE )RV —A1F, Z
DA Z ZMW & N2, ZFOREGEES X OREREIC
DV TIIARHEBE R T HAZL . EHoRES X OH#LoiH
FIIZZ DR Z L VIFICH S 2T A LENH B 725
Jo

AIF7e5FETld, M4 1283 L 72 recombinant 2 ) R —
LF UNTEEREEBRNFE % in vitro TIRAT A Z & T,
RYXRTF FEEEEEZ AT 530S 7=y ~ & AR
ST CHMBRT 22 LI L2 LT 5. F 7o,
Pk D3FAFE L 72 NP RCR DS, U R Y — AR S 5
W EAGORED X O LoMRICE s TERGY — LV E
HBABTHA) T LIZOVTARETHRG LV,

SN EERDBEIEK
RITS T3
B - QBIC

7B EMIARY B L O EED 2 SBR I Tw5, 2
NOIAEGL G THIPOEGEEDLIICLTEENLD
PERIEL7ZOIIE, EMOERKMTH LM%, 7 HX
ZMIPRIBTHE L, ToZEEe, WHREML 2
BRELTYWLOPHENTHL LEZONL, HHIZ, &
VRSNV EIRICERAENSL TR, HBEATH D
DNA OB HCHE R EL E HHELMDY 28 H. F
7oy WRRFEMTH B & VST EH L T H 03
LCEHET 52 &0, Mgt o sl v,
IWICEE LM Rod . AEHTIE, LY IV RS
TORBTOAXATH A, VRV —=LIZXD7 08
AN EZ YT, ENLOFERR, FUIL-TELS
K& 2 HART RO IG A 12 DWW TR %,

ERBENT T 7z RndERICRY
O)I4 AL, Romain Mercier, Jeff Errington

Centre for Bacteria Cell Biology, Newcastle Univ.

NZFYTRRTFFZY B VBRI EDNL WD, M
JBED AR & H ) 3B 1IN 7)) TORRBEEEB L O
SrE - BIRIZLEAT R TH ). hUInNsg 79 7ok
HIETHHECTH -7 EZOND, —H. NI TYTH
AN RE 2 M4 5 2 Diat oM e, 37 5 30 FE L Lajo
JRIAI Ze IR B TR o TR 2 LB E L e,
LM FETHRE - B L T llbh s, B
WZ B N T TIREOEHETICBEW T, Mz
JioTH L-form & FFIEN L IRBICELT A2 2T HO
WIS R 2 EBHMBENT WS, T L-form DI
. MEERZ L LanwZ & E—F LT, @7 T
T DYFIZ LI T D HANBEES L & 3 BB 47 T2 18
BLEE LRV,

BB iE Lform IZBT BMBARDGF X =X L& W]
LI BT LR HMICHIZE RV, g mf /M
AR OM RO AR ZLE L 5, BROWE KT LW
M RHRLTHD L EHOLN LIz, BEEEZ DR
BT BRI 22N 7 7 ) TN E A b L 728 % A
HZEIFTERVH, LformiZZD#RZMb7DDET
WA 2000 Ltz v,
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RESHA#HZE > ATHROBE
ORI
WK - HuBRA: dF 7

ATHOHI LR

g%%y%”\ﬁ%%ﬁﬂfﬁwmw\ﬁ%ﬁmK
(I

YHOKRE - TR, ST - S &5, PNEFF - ImPACT

I HERBRER B B G ED Fa kA L 2 o LEE
RSB 720, MINaHEREE N TSRS L, EaBg
PHHTAZLE3EETH L, TTH, HEHR 299
LAGL LW TH Y, AT RTORIBAME L i
M OMETH D, TARONHE 2 HEEY 5T
v b ) VIRED S R BN CHRE S ¢ 5 2 &
Ty =BV EIFEN D METE S, 203 =
TR VICHOHEREZ EET 520121389 Thidvn
Do FD2OIIE, TF VI TDH 5 FRE B Mo
WET, TRE D2 AL RITER S v, TREARIE
FIFMOTRSTH LB E AR L. ZO% L ) RER
DOIEAU e ) VIREAN LB ZEL SN D, ZhHMN
WEOSCLE R B R 2 TR L, BENTHIEET 2 L
THOHEEBL 2 ATWICHHT A2 L dilA b, TLT
DL BBRNT Ta—F 25, FIREMIER SN
MWEEZA A=V L, ED X9 RMEREIGERSE THEMIEAE
L7200 %HPT LA M=) =2 L TV E v,

Repbase IR % EZEBEF D LR
O/]\ %ﬁ%ﬁ] 1,234

U X Genetic Information Research Institute, 2HUK -
et i, EIBSR R IREIY [, UK - BERHF

WAED AL DRI X o T, ML OB R HE 7% o Bl
WBRE CHEAZED, D HMBEGO—DTHENTTY
TTTH, AT ENRTETVRY, 72, —FEEEL7-4
e HEHESELIETHETETVARY, ZOHTEL
Ty —EE L7248 7 2o 7 His S 10R DL E T 55
TLEH) L&, BN Mlass b CLE) 2 Lh
EZON5, ZITHRAIINSOMER EIRT 5720,
~ A 7N LEA & - 72 B EAEER L2, 2,
KIGH & FREORREZFHoF v o N — 2 HE 2
ML, ZCAKBRHEZMAESEL VAT LATH S, AE
BOF v o N—TOY X7 BERIER R 2L, K
WA ANT ERG LZIRETH A E LToiitE2 o
LR ARETEINSOWE LT, AT %R
O RBEDTCIZREN S 2 Bk LS5 5,

&IZATF SINE A Di2IR D&V FhEES| )
ELHEERZED

O 5 7
WK - Adw BT

Fax D7 N —T1219924E12 e b O FAEES] T — & X — R
Repbase (http:;//www.girinst.org/repbase/) &% A ¥ — }
L. BUE TR A 2B AW 2 515 51724000 2 B 2 %
FASEA OG5 %2 A L TWwb, BEREY O RERY 0%
BT ICHKT 5 72®. Repbase [3BRF 1T b g
B RBEMEYOEBHRNTOF—FRXR—AThH b, B
BRIV MM VAR VEDNA T Y ARV ¥
WWRBIEN, BICEHDOA—IS—T 73— - 7 L— %
LIFIEND 7NV — TGN T2, TEDT ) AL
LIV —=T ORI LD HHFOTNV—T
DFEZRITHERED R o TWD, T2 OHHELTEL
Helitron, Polinton, Crypton, Dada, ERV4 7z &% # L C,
Repbase 5515 & & Dk 2 BBEE R T D% Hiko—
Wi & AN b
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HERBRRFOPTHSINEL, AP EICR L HED
SINE7 7 3V =2 ICAELL Z L HMONT WS, &
D720% OSINEWE, —HOMEMAFEIZIEL TW2
bOD, ZORFNIIERYITHBE I L ICKELE LS T
W5, 7272 LBISLE L TSINE superfamily & i3 % 7
V=TTt B 2MEOSINETHLI2b b b3 H
R L 22 2 T %0 L LT OBMRELY)
BHEFOZENI OV T, BIZIESINE DL (e, SINE
RNADZEM, HEICK T 262 Fio % k4
GUREEARIBENTVWE 500, Fo72KHbhlcsh
TV, T TAEETIE, HIEEASTTW S 41O
SINE superfamily D458 2 88 L. SINE 238 ALY) 2 Jb
HY5IEIED L) REMNEEYD 5 DHNITOWTA
Ciam L72\vo BRICHOE B8 K -0 —#B 03 S B Ei 71
ELTHEMBICBW TEERZH LIS 2 Ll sh
TETWwb, ZOME%EZ¥FE 2. SINE superfamily ® 3t
AHECHNZ DAY S A DIl KT A5G4 T & 2 REEIC DWW T
HEFLV,
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~HEOL hOIL XY bOIEEEHEE~
RUES

JRRK - B R RL Y - franfi

AT 2R T 2 B G RER IS B OME R D 5 25,
T L ey BoSREEE#E multicopy single-stranded
DNA (msDNA) & (¥ 2 RNA-DNABE A RO & %
ToOMELLTHMONT WS, /2 MKET /4 ET
msDNA £ 5% 12 W 2 72 438 13 msDNA @ RNA & DNA %
3 — N9 % msr-msd L WG RERBET () 254 R0 0 %
ERLTEY, LirreHdhs—foL boxl s
FThBEEZONTE 7, L Ma yRoOSREEFII,
msDNA @ RNA & DNA @ [ @ 2", 5-phosphodiester # &
D EAT ) I L HETH 5,

INET, LFOYORBIZOWTRIILENIZR->TW
% o 72 B5, L 4 Salmonella Typhimurium® L+ 0 »
(retron-St85) %% Salmonella D 5 JEPEIZBI5 L Tw % 1] fig
ARG SN TV B, FL L. SN F TIC Vibrio cholerae
O1/0139 &Mk (2L T 1) O L b a 28Kk & %%
RRICHH I ERRBT DR EHRT D, KT —2
Yav TR L ey iR EEER OREE XOYE R
WIZB T LB & OBRIZOWTHIN T %,

1IBEY) V) K UTIRREE SR

~F B EEFOH /=L eIt~

ORF B 2, G NBHEE] Y Yingbiao Zhang'
AU, WS A AR (UERR) 2548 REP
KA BN WA R k—=
PHOKEBE - B, CRIER - SEERA, TR - B YR
N

GFEWFTHELNLHRER I, RO Y TIET T
DNAD) VY T AT VAEE & MAKSHT 5 12X > TDNA
UMY %o WIBREEFR . W URCAI 2 30k L 2 odikic A F vk s
OV L ABHITER & A o THIBMSAI R 2 MR L, XA F b /e
[HC ) DNA I L 7o 1 oo il BRAG i 5 13 4Bl 15 8 LIS
Lo THA MIIC B & O % il 3 2 FICN 2 8E T CTH 5,
TRECHER. HIRIEASIRHER (fold) T2 % half pipefi &
%49 % Pablfll BREEF @ (RPabl) A —/8—7 7 I ) —&FH L
(Ishikawa et al. 2005 Nucleic Acids Research; Miyazono, Watanabe
et al. 2007 NAR) , R.PabI-DNA 2t 54 f# AT 2> 5. R.Pabl 2332k AL
I JE A FVHREA D Y IS DNAZ ) a3 7 — ¥t &2 o 2
L & L7z (Miyazono et al. 2014 Nature Communications) o
Ll fh72 B 1%, Pabl OFIBRIEH OARERASZ O3EILY) h 1 Uik TH
% Z & &30 L7z (Fukuyo, Nakano et al. 2015 NAR), & 512,
M2 L0FRET 72 KGR THEB - FHRL, 2077 39 —ofl
MPEE, COBKRASGDHDAPY) 7—Eilthk, HDvidHAA b
DFOAPLY FX 7 L7 —EHEIC ko TRESTEZ L 2RL
7z (Zhang et al. #AiHEM )

Pabl 7 7 3 V) — 2D W T o T EAL R & 4T o 728 AL
Campylobacter BIZ MR L T &2 &, B BIEF L LTRRE
)T ENbhoT. ¥B Y HOPabl A E T 7 OG5 S NFHORE) &
MBS 5 2 &A% 72 (Kojima et al. 2015 BMC Genomics)
AHERTIE S HIT,
MBS R & V) BE& D —BALIZ DO WTE LT %,

COWRY Y I LEHIREE O R 2 H X 2 T,
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75 A2 FETEHOFERFHTA

ORI KBRS WHEM’, Celeste Brown’,

Eva Top’

VBB SR Sedin A AR TSR, PSR R AR
5%, *Department of Biological Sciences, University

of Idaho

FHH T A2 B3 2 kP DNA. T42bbH 7T A3 Fid,
AT ok EE CGEAIN . WM. WERHELR L) oM
KHEGTZepmon, BIaT L%y — Ve LTHUE
AR D DI > TWD, BT KHZIEOHIHE 7/
ATy — e LTOFIGEHIZIZ. 77 A3 FOEEE
DOFWHEARRTH 5. Mer efllFmTHREAL 7T AIF
OIEIAK F) T —oMBUHE) ML Twa Ik
Mo, 77 A NI EORIEMR 2 S L7z 2 & AVRE
BNz, 79 A I FIIBEEE OB SO
&P (Inc) BEICHEENT WD, 4 ld, AHIGHERER T
[ 75 A3 FOHAE L7248 FHNE O % Bk ] 1HE W DSFED
LNBEDPE)DEWRIET H720, Jefufkd 75 A3 FOll
R OB WT, £7 7 A3 FomEEEE Fill
TLFEEME L. Thbb, SRR 2 M
JE (wng 2 CAEED) /NSO Z 79 A3 FOmEE
R e Uize SREEMARAGUROT I A3 M. RfEF
WAMEUHO TS A 3 FEWEEL T, HEBEMOZHME
MPED o720 ZOREEIZ, 7 DML O AT T A
I FOBEEROFMCERTH L I L ERET 5,

INMFITAIWLERFRI L -TOFIFIY
BEFHIESRIWEMIAI2L =T 1—

O PR AR R
VIRTOK - ARG T

INAF T 4V AT A ASHIRES R e/t DNA 72
i, R EARY R H B I L Tv b
KTHbH, TE MBEONFY V-7 F MV V#RT
(TASBEIET) DINNA F 7 4 VABRICHE %8 %2 R2 L
TVRWHEMEDZ RSN TEY, EHSN TS, TAM
ZF L1, MBEDSRKIZE 2 A FICHES DT, 1FEAL
DA TTRIET L ABIETABEL THEL TS, T
BIETIXE0ROMEY, fMicEtkod s 5 vosr g (L
Ty pT&9 %) #a—FL, A#fz T3 pT 2 AT 55T
HES VNI HE (UF, pAL$2%) », Ti#fEFmRNA
R HWT vy FRE Y ARNAZ I— FLTW5,
TABZFOEEITIICE 5T, & SHHO [HEFRRG | %
FWEZTWDLEINICORZD, LLEBIREZEIE, K
WRKI2HRIET 2 A L1icAh % L 36 DTA#IET %
o, AT, N F 7404 L TAREETDOBERIC
DWT, KIGH %2 TR L7z R 2 5T 5. 2512,
CNE PN EHE A SR EN DN, F 7 4V AIZD
WTC, N F T4 NWVIEHBPHEALD [T EhoTWS
WHEMEAVRIE SN2 DT, i THET %,
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NF21O071INVARBOHDICLTEEZ
HEHTZ0H

O
HOK - BB

FYNRTAFADALIDUATEMED
BRZREZORE

KL
Uk - B

KIELDODNA 7 A Vv 2 3L O BFETIa L7 B (a1 %
L. HYOBMIIEBIICHHET 2 LMenTn5,
DRI HWTWANF 20 A LV AZRRZEE LT
5 2AR$BURDNA Y A WA TH Y. 80-180 kbp D7/ 4
FIZ100f8LL o & v Xy HEfnfE I —F§ 5, N¥a
YA NWVAEZOFEDEETH LT a v BREOILEES
J DRERD S, NF 2T AV ADBET- DD B 1EIFEEE
BEEPLSKFEBE LA [THERER S THEHEI LD
Mo TWh, K= ay 7Tk, NFraudf VAT
J A FICHEAET BiEERE T 7 OB G 2 /L. N
FauIANVAIPEEREQZZFA LT, ED LX) ICHE
EZHHL T ERKTILTETD b,

MEEBMBEEANICEOERRDM ZE<
CHNIBEA
WK -

J R R B N SE T AR N S A A W % AR & o THE
FBLTWw2RBHEELZCMLNTWD, 2O L) itdR
T3 ER M & A MY O o AR5 & L DSE A
47 FNC BV TR B 7 3L AEMAEM ATEIL L T 5 s
—HMTH L, EIADPHE DL, FXYNATEHI ALY
DR RV CTEERIE S N2 BRI EMR I3 Lo
WEZBRIDFAEL T & W) RIERB OBIG 2 5601 L 72,
Z OWIFSERME O 2 T OILEGRFE % RIH 5 720 IS5
W ZREA > T) v 7 - SRR - IR E B Z
ol TAhH, FXNATE N ALYORROIAEME &
[ 55 D A W I %66 2 F50 1 EH A 5 A S BRabsE p L A R A
FELTBY, ZNODH XL IARNOILARE &KL
BEBRDDLZETERPELEEZON, /20 fAE
BHIZE o TRHEBRLABEBRP L L 2B TH > THIE
MEOBE XD Y DPAEL ) LI ENEILESIN, S5ICH
TREWZ 12, BARICBWTIZ AR OB X 0b ) 138
WHEBTOAELTEY, ALHETIIAEL TV RV, &
OHHIZDOWTH kM L7z,

RBEEKENRIEBET S
CEERIEEREMDOSIHRE EEL

Onpilg
SR - B

Y L HREELTAER M aryo—H, BEEOHS
E BUEDY KA €D X ICE ORGP 7258 T8
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The preliminary report for the NGS
analyses of the Jomon genome from the
western part of the Japanese archipelago
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The dual structure model for peopling history of modern
Japanese has been proposed that the immigrants came to
north Kyushu in the Yayoi period (3,000 ~ 2,500 years
ago) and gradually admixed with the indigenous people,
Jomon. Our recent study based on computer simulation us-
ing genome-wide SNP data from modern Chinese and Hok-
kaido Ainu, however, estimated that the admixture between
the Jomon and the immigrants occurred 5 ~ 6,000 years
ago that was twice older than the estimates based on the
archaeological evidences, suggesting a possibility of gene
flow from the East Asian continent before the Yayoi culture
started.

To resolve the discrepancy, we started the whole genome
sequencing of the Jomon specimens by using the next gen-
eration sequencer (NGS) . The states of preservation of
DNAs from the specimens in the Japanese archipelago were
commonly even worse than those in Europe and America,
because of acid soils, and warm and high humid climate.
But, a couple of specimens showed >1.0 % mapping ratio.
Here we present the results of preliminary analyses, and
discuss about feasibility of the NGS analyses of the Jomon
remains from the western part of Japanese archipelago.
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Estimation of evolutionary probability of
current genomic state reveals nonneutral
evolution in human proteins

©Koichiro Tamura', Li Liu*’, Maxwell Sanderford”, Vanessa E. Gray*
and Sudhir Kumar®®

'Dept. Biol. Sci., Tokyo Metropolitan Univ., *Inst. Genom. Evol.
Med., Temple Univ., *Dept. Biomed. Info., Arizona State Univ.,
‘Dept. Genom. Sci., Univ. Washington, *Dept. Biol., Temple Univ.

Widespread sequencing efforts are revealing unprecedented
amount of genomic variation in populations. Such informa-
tion is routinely used to derive consensus reference sequences
and to infer positions subject to natural selection. Here, we
present a new molecular evolutionary method for estimat-
ing neutral evolutionary probabilities (EPs) of each amino
acid, or nucleotide state at a genomic position without using
intraspecific polymorphism data. Because EPs are derived
independently of population-level information, they serve as
null expectations that can be used to evaluate selective forces
on alleles at both polymorphic and monomorphic positions
in populations. We applied this method to coding sequences
in the human genome and produced a comprehensive evolu-
tionary variome reference for all human proteins. We found
that EPs accurately predict neutral and disease-associated
alleles. Through an analysis of discordance between allelic
EPs and their observed population frequencies, we discovered
thousands of novel candidate sites for nonneutral evolution
in human proteins. Many of these were validated in a joint
analysis of disease-associated variants and population data.
The EP method is also directly applicable to the analysis of
noncoding sequences and genomic analyses of nonmodel
species.
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Experimental evidence for thermophilic
ancestral life

©Satoshi Akanuma

Faculty of Hum. Sci., Waseda Univ.

The Evolution of Photosynthesis and the
Rise of Oxygen

©Lewis M. Ward', James Hemp', Patrick Shih? Jena
Johnson', Joseph Kirschvink!, Woodward W. Fischer'

'California Institute of Technology, Division of
Geological and Planetary Science, “Lawrence Berkeley
National Laboratory, Physical Sciences Division

The environmental temperature of the earliest life has been a
long-running controversy among evolutionary biologists. We tried to
approach this issue in a novel manner; computationally reconstruct-
ing ancestral amino acid sequences of a protein followed by experi-
mentally resurrecting the ancestral proteins. In some cases, ancestral
amino acid sequences can be inferred using a phylogenetic tree that
can be built by comparing the homologous amino acid sequences
of modern proteins. In addition, the inferred protein sequence can
be experimentally reconstructed by synthesizing and expressing the
gene encoding the inferred sequence. We computed and experimen-
tally resurrected several ancestral amino acid sequences of nucleoside
diphosphate kinases (NDKs) that might have been possessed by the
last common ancestors of archaea and bacteria, and by the universal
ancestor. Temperature-induced unfolding experiment showed that
all of the resurrected NDKs were extremely thermally stable. The
observation was robust to the uncertainties associated with the pre-
dictions of the ancestral sequences, to the topologies of the phylo-
genetic trees, and to the algorithm used to infer the ancestral amino
acid sequences (1,2). Thus, the ancestral organisms were most likely
thermophilic and flourished at very high temperatures.

(1) Akanuma et al., Proc. Natl. Acad. Sci. USA 110, 11067-11672 (2013)
(2) Akanuma et al., Evolution 69, 2954-2962 (2015)

Carbon fixation pathway in the early
evolution of life

“Masafumi Kameya

Earth-Life Sci. Inst., Tokyo Inst. Tech.

Oxygenic photosynthesis is one of the most important
innovations in the history of life on Earth, responsi-
ble for most primary productivity as well as providing
molecular oxygen for aerobic respiration. It is widely
accepted that Cyanobacteria invented oxygenic photo-
synthesis, and that this was a necessary precondition for
the rise of oxygen by "2.3 Gya, but it is debated whether
this occurred immediately following the evolution of
Cyanobacteria or whether they originated far earlier in
Archean time. To address this question, we have utilized
a combination of disparate approaches including geolog-
ical, geochemical, evolutionary, and biochemical analyses
bridging the ancient rock record and modern photo-
synthetic organisms. Taken together, results from these
investigations support a scenario in which Cyanobacteria
evolved oxygenic photosynthesis via a manganese-oxi-
dizing intermediate shortly before 2.3 Gya, triggering the
rapid oxygenation of the atmosphere.

The evolution of Nitrogen Fixation
Metabolism

©Manabu Nishizawa

Japan Agency for Marine-Earth Science and
Technology

Proto-metabolism, which provides key metabolites lead-
ing to the emergence of life, is one of the fundamental
questions of the origin-of-life problem. Especially, elu-
cidation of ancestral carbon fixation pathways, which
provided organic molecules from CO2, is necessary to
understand the origin and the early evolution of life.
However, neither their emergence nor evolutionary pro-
cesses have been yet clarified by experimental studies. In
this session, I will introduce approaches to infer ancestral
states of a carbon fixation pathway by coupling phyloge-
netic and biochemical analyses.
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Nitrogen is essential for life as it is a major element of protein
and nucleic acid. However, many of the living organisms cannot
assimilate N2, the most abundant nitrogen compound in the atmo-
sphere-hydrosphere. Primary production of marine ecosystem is thus
limited by the availability of fixed nitrogen ultimately originated
from nitrogen fixation, the process that converts N2 to ammonia,
catalyzed by a limited member of prokaryote that expresses nitroge-
nase enzyme with iron-molybdenum cofactor. Based on the phyloge-
netic analyses of nitrogenase sequences, two possible hypotheses for
the origin of nitrogen fixation have been proposed (LUCA origin
model and methanogen origin model). To constrain the time and
place of the onset of nitrogen fixation from biogeochemical and geo-
logical perspectives, our research team has determined physiological
properties and isotopic characteristics of nitrogen fixation by metha-
nogenic archaea commonly found in deep-sea hydrothermal environ-
ments (Nishizawa et al., 2014 GCA) - one of the most likely hatch-
ery for early life. The results demonstrate that hyperthermophilic
methanogens can assimilate N2 actively under simulated Archean
oceanic conditions (i.e., Mo-depleted and Fe-enriched conditions).
Further, ancient microbial ecosystems supported by nitrogen fixation
in hyperthermophilic methanogens are consistent with the nitrogen
isotopic records of the 3.5 billion-year-old hydrothermal deposits,
which also preserve chemical fossils of methanogenesis. These results
imply the emergence and function of diazotrophy, coupled with
methanogenesis in the early hydrothermal environments. This hy-
pothesis is testable through geochemical and geological studies that
aim to understand the global nitrogen cycling on the early earth.



The origin of parasites and their roles in
the evolution of early life forms

©Norikazu Ichihashi"?

'Grad. Sch. Info. Sci. Tech., Osaka Univ., *Grad. Sch.
Fro. Sci., Osaka Univ.

Parasites are ubiquitous in nature and play an important
role in the evolution of living things. To provide insights
into the origin of parasites, we reconstituted a simple
RNA replication system, which mimics a primitive life
form. We found that a parasitic RNA species emerged
in this system and selfishly replicated by using the RNA
polymerase produced by a host RNA. The parasite exter-
minates the host RNA in the usual bulk solution, where-
as the two RNA species continued to replicate showing
a typical host-parasite oscillation when encapsulated in
cell-like compartments. After a long cultivation, we ob-
served evolution of both the host and parasitic RNAs
and apparently they continued arms race. Comparison of
the host evolutions with or without parasite suggests that
the existence of parasite enhances the rate of evolution
and also changes the direction of evolution. Based on
these result, I believe that the origin of parasite might
date back to very early life-forms and parasite has been
playing an important role in host evolution.
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Patterns of archaic human introgression in
Southeast Asian populations

OTimothy Jinam, Naruya Saitou

Division of Population Genetics, National Institute of
Genetics

Recent genomic analyses have provided evidence for
admixture events between anatomically modern humans
and archaic humans. These studies have shown that all
non-African human populations carry some Neanderthal
ancestry. However, admixture with Denisovans, a sister
group of Neanderthals, was only detected in Papuans,
Melanesians and Australian Aboriginals. We estimated
archaic human introgression using genome-wide SNP
data in 14 Southeast Asian populations, including nine
Negrito groups from the Andaman Islands, Malaysia and
Philippines. We found that the Philippine Negritos carry
substantial proportions of Denisovan ancestry, particu-
larly in groups called the Aeta. A closer look at these in-
trogressed Denisovan regions showed differences between
the Aeta and Papuans. These results suggest multiple
episodes of archaic human admixture in the history of
human evolution.
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The landscape of realized homologous
recombination in pathogenic bacteria
OG5 12, Xavier Didelot’, Keith A Jolley*. /IMk—=5,
Martin C. J. Maiden®, Samuel K. Sheppard® and Daniel Falush®
" ENLIEASERFZE TR 45 0, 2 ARRKRF A A it v 5 —
’Dept. Infectious Dis. Epi., Imperial College London. *Dept.
Zoology, University of Oxford, *HITKRA T4 H V7 ) A,
“Institute of Life Science, Swansea Univ.

INFET, HLVEETIE BICHrERTOEERE
WAZ & o THEAMEN, denovolZEABENE Z & (2
REROERIZE Y, E#EMEFHBIIH L VWEm 2348
INHEIE)IFIBFEAERVWEEZLNTE T, EZADN
RNA-seq® ) KV =L T07 74 ¥ FOF— % HEMK
ENbe, INFTEZOLNTVWALDT L DHE
{5T-D5de novo \ZEFNTWALZENRHLNIT o0 L
ML, TORAEOBIIIIZE A LTH> TRV, I T,
BB T 23de novo \ZFEA: L 7= i OGS 2 g L. Z
o OHERIIOMOZEALEBISETHZ LT, 20l
HHEPIZT B 2Rl Aize £ LTy Saccharomyces cerevisiae
WCEDRBICBUT LB S, RO X 9 BB T D de novo
HEEDBFEDH L2 5720 (D) 1 UDICEHGCEHERED
T AEEH Y & (2) FOF 7 AU R 2R R
WEMT L, LT, Q) ORFEOMENRI D, Hwv
Ty (@) BERBIIG > 7T Vil E b, SOREICL D,
AR T D de novo A D B\IED — V2SO TH S TR >
720

Recombination enhances the adaptive potential of organisms
by allowing genetic variants to be tested on multiple genom-
ic backgrounds. Its distribution in the genome can provide
insight into the evolutionary forces that underlie traits such
as the emergence of pathogenicity. Here we examined land-
scapes of realized homologous recombination of 500 genomes
from ten bacterial species, and found all species have ‘hot’
regions with elevated rates relative to the genome average,
which is realized at population genetic level and indicates a
signature of selection. We examined the size, gene content
and chromosomal features associated with these regions and
the correlations between closely related species. The recombi-
nation landscape is variable and evolves rapidly. For example
in Salmonella, only short regions of around 1kb in length are
hot while in the closely related species Escherichia coli, some hot
regions exceed 100kb, spanning many genes. Genes with func-
tion related to the cell surface/membrane are often found in
recombination hot regions but E. cof7 is the only species where
genes annotated as “virulence associated” are consistently hot-
ter. There is also evidence that some genes with “housekeeping”
functions (e.g., ribosomal proteins) tend to be overrepresented
in cold regions (Mol. Bio. Evol,, 2015).
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Alanine to serine replacement at

Qg binding site of photosystem I
triggered photosynthesis efficiency and
phtoprotection.
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Photosystem I (PS I ) uses light-driven water oxidation to
uptake electrons toward the second plastoquinone (Qg) re-
duction. Plastoquinone is a quinone molecule involved in
electron and proton transfer process of oxygenic photosyn-
thesis. Qg accepts two electrons and two protons to form
QgHo. In this course, the potential energy of amino acid
site 264 (s264) binding Qg in psbA family lowered according
to the investigation. By reconstructing ancestral states of the
sequences, we found that this site was alanine at the root of
cyanobacterial tree, and was replaced by serine at early time
of diversification. We also found coevolution of fourteen
amino acid sites. Some are located around Qg binding sites.
Some belong to the oxygen-evolving complex. The others
are pheophytin D2 and cytochrome b559 binding sites on
the side-path for the photoprotection. The resultant set of
coevolution was conserved throughout the succeeding evo-
lutionary history. This implies that the s264's acquisition of
hydroxyl group increased the efficiency to facilitate and to
stabilize electron transfer and proton transfer. Coevolution
on the side-path may be related with the resistance to pho-
toinhibition.
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Functional mutations in spike glycoprotein
of Zaire ebolavirus associated with an
increase in infection efficiency

©“Mahoko Ueda, Yohei Kurosaki?, Taisuke Izumi’, Yosuke Nakano®, Olamide K.
Oloniniyi**, Jiro Yasuda™, Yoshio Koyanagi®, Kei Sato®, and So Nakagawa'’

"Micro/Nano Technology Center, Tokai Univ., “Instit. Tropical Medicine,
Nagasaki Univ., *Inst. Virus Research, Kyoto Univ., ‘Grad. Sch. Biomed.
Sciences & Prog. Nurturing Global Leaders, Nagasaki Univ., *Tokai Univ. Sch.
Medicine

Ebola virus (EBOV) is extremely virulent, and its glycopro-
tein is necessary for viral entry. EBOV may adapt to its new
host humans during outbreaks by acquiring mutations espe-
cially in glycoprotein, which allows EBOV to spread more effi-
ciently. To identify these evolutionary selected mutations and
examine their effects on viral infectivity, we adopted experi-
mental-phylogenetic-structural interdisciplinary approaches.
In evolutionary analysis of all available Zaire ebolavirus glyco-
protein sequences, we detected two codon sites under positive
selection, which are located near/within the region critical
for the host-viral membrane fusion, namely alanine-to-valine
and threonine-to-isoleucine mutations at 82 (A82V) and 544
(T5441) , respectively. The fine-scale transmission dynamics
of EBOV Makona variants that caused the 2014-2015 outbreak
revealed that A82V mutant was fixed in the population while
T5441 was not. Further pseudotype assays for the Makona
glycoprotein demonstrated that the A82V mutation caused a
small increase in viral infectivity compared with the T5441
mutation. These findings suggest that mutation fixation in
EBOV glycoprotein is closely associated

with their increased infectivity levels; the mutant with a mod-
erate increase in infectivity will fix. Our findings may contrib-
ute to predicting the potentially 43 causative mutations within
EBOV glycoprotein, resulting in increased virulence in future
outbreaks.
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GenomeSync and Genome Search Toolkit
OKirill Kryukov, Tadashi Imanishi
Tokai University School of Medicine

We present a database and a set of tools for analyzing metage-
nomics sequence datasets: GenomeSync is a continuously syn-
chronizing database of complete genome sequences. Currently
the database includes over 78,000 complete genomes, includ-
ing eukaryotes, bacteria and viruses. Over 2,800 genomes are
eukaryotic. The total size of sequence is about 1200 Gbp.
Although the genome sequences are obtained from public
databases, downloading such data and keeping it up-to-date
manually would be a challenging task. With GenomeSync the
synchronization occurs automatically (only new or updated
genomes are downloaded).

Genome Search Toolkit is a set of tools for conducting large-
scale homology searches and summarizing the results of such
searches. It includes tools for preparing the database, dividing
the search into subsets, submitting search jobs on a PC clus-
ter, merging and filtering the search output, and summarizing
search results in textual and visual forms. It supports incre-
mental search - automatic updating the search results after
adding new database genomes. Together these tools and data-
base allow users to perform detailed analysis of metagenomic
sequence datasets. We use these tools and database in various
projects ranging from contamination detection to diagnosis of
infectious diseases.
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Lineage dynamics of human influenza B
viruses in Japan

OXK#H3eA . Mayumbo Nyirenda?

"Research Center for Zoonosis Control, Hokkaido
University, 2Graduate School of Information Science
and Technology, Hokkaido University
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The prediction of the lineage dynamics of influenza B for the
next season is one of the biggest obstacles for constructing
an appropriate influenza trivalent vaccine. Here we construct
a parsimonious model describing the lineage dynamics while
taking into account seasonal fluctuation of transmissibility
and epidemiological interference. Using this model we esti-
mated the epidemiological and evolutional parameters with
the time-series data of the lineage specific isolates in Japan
from the 2010-2011 season to the 2014-2015 season. Estimated
basic reproduction number is similar between Victoria lineage
and Yamagata lineage. Meanwhile the duration for which the
acquired immunity is effective against the Yamagata infection
is shorter than Victoria, (424.1days, 29.0days). The reduction
rate of susceptibility due to immune cross reaction is 0.51
for the immunity obtained from the infection with Yamagata
against the infection with Victoria and 0.62 for the immunity
obtained from the infection with Victoria against the infection
with Yamagata. The estimation results regarding the duration
for the immunity suggests that this immunity may persist tem-
porarily and wane rapidly, which is consistent with the results
of phylogenetic analysis, Victoria lineage is under stronger se-
lection pressure due to host immunity, and the antigenicity of
Victoria changes faster than that of Yamagata.
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Repbase: a comprehensive database of
eukaryotic repeat sequences

“Kenji Kojima'***, Weidong Bao', Oleksiy Kohany'

'Genetic Information Research Institute, *Grad.
Sch. Front. Sci., Univ. Tokyo, *Foundation for the
Advancement of International Science, ‘Inst. Med. Sci.,

Univ. Tokyo

A novel phylogenetic comparative method
incorporating a flexible link between
discrete and continuous traits

“Yuki Haba', Nobuyuki Kutsukake’

'Dept. Ecology, Evolution and Environmental Biology,
Columbia University, *Department of Evolutionary
Studies of Biosystems, SOKENDAI

Repbase is a comprehensive collection of representative
repeat sequences in eukaryotic genomes. Since its first
development in 1992, Repbase has been serving as a
well-curated reference database fundamental for almost
all eukaryotic genome sequence analyses. Because most
of the repetitive sequences originated from various trans-
posons, Repbase is also a fundamental source for the
studies of transposons and their impact on the genome
evolution. Repbase can be accessed at http://www.girinst.

org/repbase/.

Poet Lord George Gordon Byron's poems
analysis in person of grammer which leads
contemporary music lyrics in his impact
and trace

“Jun Nishimura

A

In evolutionary studies analysing inter-specific variation
of traits, data often include both discrete and continuous
variables, interrelated with each other. Here, we devel-
oped a novel phylogenetic comparative method (PCM)
- a simulation-based PCM with approximate Bayesian
computation (ABC) - that enabled us to analyse a com-
plex evolutionary process. In this framework, trait simu-
lations on a phylogeny can incorporate various types of a
link such as non-linear relationship between discrete and
continuous traits. As an example, we analysed interspe-
cific variation in group size among 10 species of African
subterranean rodents that have social systems ranging
from solitary to eusocial. We successfully estimated (1)
the evolutionary probability function that links different
social states, (2) the ancestral state of sociality and group
size in African mole rats, and (3) the presence/absence of
directional selections on the branches leading to eusocial
species.This study is the first to provide a framework for
complex evolution with both discrete and continuous
traits, and it also demonstrates the flexibility of the simu-
lation-based approach in PCMs.

Evolution of Life through viral diversity
“Tomohiro Mochizuki"?

'ELSI (Earth-Life Science Institute), Tokyo Inst. Tech.,
’JAMSTEC

Poems which poets have created shows that words in-
stallation and arrangement is the result of progress with
evolution in imagination and inspiration and intuition. I
take up Lord George Gordon Byron's poems and its im-
pactroad to contemporary music lyrics in principle spirit
of poetry process. It can be analysis of person of gram-
mer and system of sentence, words arrangement,otherwise
words as vocaburary’s characteristics of poets’ spirits.
Byron’s poems can be defined as very philologic and
narrative and individualwith symbolization. This diver-
sity impacted very many contemporary music tuneswith
lyrics for example jazz or rock. This trace should be
analyzed by wordsarrangement and its reason which can
be poetic contents of each discendants ofByron spirit. [
address with its research.
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Viruses are the most abundant biological entity on this planet,
and are found from all three cellular domains; Archaea, Bac-
teria and Eukarya. When comparing the “virosphere” among
prokaryotes, bacterial viruses (bacteriophages) are significantly
dominated by head-tail structured viruses with double-strand-
ed (ds)DNA, and small population with other morphotypes or
genotypes including RNA viruses are also found. In contrast,
archaeal viruses show surprisingly diverse morphology, such
as lemon-shaped, bottle-shaped, coil-shaped, etc. Although,
the genotype of isolated archaeal viruses found so far are ex-
clusively limited to DNA. The current lack of archaeal RNA
virus is whether representing its true nature or not, is still an
open question. Nonetheless, the distinctive difference between
the bacterial and archaeal virosphere is ought to be a clear
reflection of the cellular evolution. Despite the enormous
amount of viral particles in the environment, due to the lack
of universal genes, viruses were often neglected from the dis-
cussion on origin and evolution of life. However the recent
analytical advance has given some insights on the historical re-
lation of different viral lineages infecting host cells of different
domains. Along with the various hyperthermophilic archaeal
viruses isolated by myself, this poster will present an introduc-
tion to origin and evolution of life studies in relation with the
viruses of the three domains.
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Ml 72 SERIHAT 2 47\ AP C 0 PIN O R 3% 0 2 5612
DWTHINT, AFEEKTIR, AW X 5 PINOHEED
ZREPEICOWTHIE T4 & &b IC, BiEomvwzE B L7
HEALA B = XD ONWTELERIT)
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TR OHBHI BV TR, 24E4E 0 [HEY 0% E & AL
OHILTHEHBMOR Y Zb Y 2HIc, [HEL VLA
WEBEOEYHIEALL TELTELDDTHL | 2L
o TOMNEIIMFAS24E, FRICE, TR 104EDOF-E IR
B TR 0257 < P20 E 0B R B SHH T
FLLMOPEDbNDE L) o2 dbDTH D, FNLURIIC
BT IBHI444E O AR O 2B 5 BB T [
DL R LD BT TEY ORI O VT O
WSERIR SN T2, PEETHEILOT Y LA 7% 2020 72
FIB0SEDBICHHEBW DR Y b D IZO W TLIFR S 4
IELTBY, HRZEFELED>TVWELEEZLND, &
ZCARWIZE TR, W44 4E OB 35 B WL L 72 %
Bl & PR R TG IS L L 2 R A A L. LR
WEAT o720 F720 BUFRIREEGICHEIL L 725 ED 9
By PH244EE, BXOCFR28EELLMEH I TwD
FALOHFRE A RHEL. BB oo L oiE e L
TREND T EYOIY o, FEERRBELHIOWT
DOFLRIZER L, EYWOLEBIZOVWTEDEHIIZTLDH
NTWE D, BRESEETORKEIT 572, TOREI
DWTHEEIT) .



BRLESYD SREREFDMOBEOSHME
CRNBCE ' - e - Al 2 AR - i —

D AR - A, CHOK - B CHOK -
R

WRAREI IR 4 0B O Hikh b H. ORI Rk
B EOERNREENMOENTVRL LD D% v,
29 L7 Eld IS A &R IS X 2WKE 2 2T TE
EEZ b5,

Higto @ 35 — 2 120d, HEIC X - TRZ 2{LEWAT
MY LTWAZEDRYSPITRhoTE, ZEEHICLET
< vatE WG Tk, £ oo HgitaFk s LOR
)= ALEWA AL SN B —T5 ., WIE R A SRR O 5
FETIZ, R AMEEWICIER S WIS 22 AR 27 b
VAR ENTWSE, TOAXRYZ MUVERSNEDIE, 5L
AWFRICBWTHBREREE LTRLV 74 Uil sh T
WLGHEREE —BLTBY., RV T4 VHEEROWTHENED
Hbo T2 BFAEWDO AT P VIILA RED S b #
HMTE, R {boOMBEZE) FHTHETDH S,

Z 9 Lot — kBB \RIET 5, ABFZETIE. Hik
BELEW~O, HEO RN LA OB 5120 W Tk

%o

AF*1) (Neophocaena phocaenoides) I
R S5N=-1EIRE D E5RN

PR REHEE S ANFRN HI—RE

Lﬁzﬁﬁ PEERK - BREEB. O HARBRFIK - B A dv ek
THH

BN VI7HOEBRRBIZHETH), MELZL T
WCEARAEPEZFICRON L. —T7, HRIEEBIZEARR
WCHRPETH 5. 40, FEBETRESNIZZF A
Neophocaena phocaenoides ® I ZH 2B B A3720 S
720T, WG LTI A 7 0CTIZE 2B B k-
7o

% OWFLHEOHEIERETH L, LT PR T v b
&, H L OMIZBIT 2 HEOFAMBET, FWRDGIT
BEE RIS IRAL BT & ML L THIN G 2
EDHIOND . ZDOARALHEDMBUL BRI 2 e LT
WHEEZOLND, EMLAHIZBEWTH, CTIRTHIK
LEDHEN SR FHBHROMPZMET 5 Z EHTE
%o

N7 ZIHOME L EZ SN LA MTIIBRED R S h
22EhH. NIV THIIMUOL ORI & [FARIZHEMR
W2 $Fo TWAEr 5. EILOBETHREZFHF> L9
o fel EDERINDL, ThED, A2 THIES
MBI, BHE ) O—BITH L TRIEREZ 5N 5,
o RAABOHMEBRETHI LT Ny U THITE
T BB OFEEBENHE TS b SN b,
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>O7 ) ERREEWZAFEREO
EZE0: Tabi: 3[4

CxBA L BB PHERUE AT LR KER
We, RN AgH—12

URTA - Bt T, B - JCM

a7 ) ENEAAY OBNIZIX. Verrucomicrobia [
RS A EIEAIRASH A RIS E$ % (Sato et al. 2014,
ISME ] 8; 1008-19) 4 ml$k 4 1%, [E M o fiF 3 4 5 %
ERAEDFEM 2 W 5 72012, 16S rRNA #z 1B 5
3D L 43T RARRNT & FISHIRAT 247 5 720 & DR R,
Verrucomicrobia "l B S EAE AW OBENO A% 53, Ml
B, MM, S5y u7 ) ol iz ok
LTz ZORAEEFEHMEOREEEIKF L, S BITHE
A AR B TV IR 2 1 AR R DS D o 720 AR
W T & By R RIS 5 R, KB S
BRBEH R OBLY] & ORI 2K L. BA A i B 3k 2R
R ERENIAAR TS 2 BRMHE & RIS R > 720 R
AR & D W b A R 2 & JEUAR AR W B3 A AR ) St
L. RITBENILERANO LD 2 M PL B L CiE & 72
TREMEDSE V. S BT, BEOFEAEYHIZB T, BN
WHEARD T ) 2 O—EHE EIRAEEY O ) 2K ER
HLCTBY ., BNEARoMBLL, BEREAERO S 4
HEALICH EBE S 2 CELWREYD 5,

RERICEH T ZIIBE O LE B e B2 A%
OfftliE 2, A
VHOK - B PHUK - RRA BRI A

HFLEHOMMB I AW E R A SR I T AVF -2 2
HERERTH Y. AL L 22 AR O LSRR 2 13 E
FERERNPA SN L, WBOBIERON 2 SR S5
MR CTH 0. SN S FEHT 2 I3 0 A B I I TR
(PCSA) EFIT B2 EMBENT WD, &2 T, M
PCSA DRI L b ERHEARMHIC B 2 WG O
PR AIIE 2 ST 52 L 2 HiE LIRNT 247>
72

Z ORGSR, FUEH O PCSAMHIL, BRI D & T4 X
WCHBILTREL R B E WS, SRMEL-AERBICBIT S —

e B SN Tzo T2 A T BTIIN; kg 0 PCSAfE A,

A 5 FRTIIME; © PCSAfEDY, Mo Rift e WL TR
WZ EDHERENTze A aFHE SMUF IS THE AT 4 K
SEDLIEHHEE T T, BELSCRAEZIZ) b
T Z LTWa ZEARmEnsz, 72, 4 & FFHITH
GHASBHEIES I 0 A A SR 2 2 b 20 2072, Ml
HFOBMHINIG & LB N5 WHETH, BHT5 2
KR TE B ERBENTe TRHEDORHIHEIT S EW
PCSAfHZ /R L7=fiid. #i = s B O FEIE IS & - 72 B

RITHATH S Z EAIRBEEI NIz,

|

e — s NSk
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Drosophila suzukii & |} 2 I E2Z D
HEL  REEICE S EREREZLORE

CRBENB R AR BRI BAE

VEAROK - BRI, CBERER - AW, AR - ARdriR
s —

a2 aNIOERRNLREIERED
EEDMEE R

KRB KIS A BRARGR
FNN&o &2

IV NEE: NI YN 7 NI D N R 2 i

* 7 b ¥ a Y a NI (Drosophila suzukii) (X7 F B D
HrlE R RILCDEINT A MED D B 720, BWREZICD
PEIPN ] BE 2 FE B ICHEAL L 7 BEINAE 2 R0, ERAETH
% D. subpulchrella & O FEYNE DILRELLE A & D. suzukii ®
PEINAE TR FE LM ORA S <. SRMISHIE Ll
BIORIBEIRE LCWDB I b hole, F7o. BEIEIER
ROBHIHEDOZR)Z#HTH HBERIC L > THlES N b 2 &
o, FOWEEAILZRTOMMEAZ RO v 7)) ¥ 7
Z5 2 B3 B R MGk L7zo AV 0B L TFEE Hvwic e
AT ORI BIZE S Tl e b OISR IR
BOXHEZHIBL TWD I MR TE 2 FEINE 2
e\ D, suzukii T3 MO IR S AR < EHIRIZZ > Tw
%o —Jiv D. subpulchrella TIEIMEDRIZZE X L TR %
T % 720 O$IROREE DS D. suzukii TIEMEDRIZIE D
T OBERE AL LW REEARIE Sz, SO X HICD.
suzukii TIEEVEZALISHE ) MED BEINE B OZALIC T
N2 CTHEMER R AR O ILHEALITE 2 5 T E 72 REMEDRIE
7z,

B4 FLUICEITBRBERROXA D=L
OB
RLL /7 N 7t N R 1175 N |

TERED LI ITHELL TE W) Z it #EL¥D
PCTEELRMEO—DTH b, £ OBMWIIFEMED R
BCMAHT & LCs, C ol @R &, Al o % etk
HHFICBHE AT CTH B v a7 Y a 7T ORER
BHBTEHETHY, FA T3y Y aIN\NIRZ0ERK
X ZNZNEFEOREIIA URIRIISET 5, L
L. Z OFFFRG 2RI o AL 2S & D & 9 Zpi ] i o
ZALICE DB SR SN0rFLELL bho TR, &
NEWSLPICT L7720, Aizblds oy avyyavnc
LR IFEICTER Ly REREZBEL 22 ATV 2 F 10T
LINETH e IR L 7ze ZOFEE. IS 4RI R R
WALV G D DF IS ENEILEPIITISE L7z,
S5 ZOIETE) ORI 53 5w AR A 1
LM T A 720, HREL EIIZE UTHEE) L TR~ TEHR
AR Z D REMIEE MR TH 5 T a v A b AR
FHHL., TOMBERRE Y — v 2L 7z, £0
R Va v AN U OGS S Y — 3R T & <
PTW 2205, MR R > Tniz, oM OENR
KFAEONER Y AT A O AS, PR 2 B0 AL
S5 LTWB00b Lk,

RIADREBLOREF? : RARCHITS
AVPR1ABIZFDHFiEL
OREIRADY | bR, A

B E 7 NI = /v = NI i NI 1 24 21 L7 e
& —. PELBREGERT - DY ST L EERsE
V—7

Y58 TNy (Silpha perforata) 13, F ADEEAFE D LA
FLY, HCHEBLREHFZ R T 2EM2D S
(7= v TRE) o REEDOF AL, BT A AW % B
fid s, COFWMMERET L E, BIRPBAELIILD S
DD, FAIY—F VT LI AR ORI ZM#IT TV
LEEZOND, —Ji, MOF AN R~ —F 7
LA ZAZIIRLTH, FRIEZFDARZWT RV, 2D
G, FWWIEARERNH L ETHAEL) HH —
EMMZR LW ET, FANFY—F V72 MHT 5 &
ICHBZETHHEL) o EDONEZDLERMI S0
2T 272012, FARAZ2IEDAZRZIIRL, —HDARAE
DRRENGET L7251, FEICRKRRERT Lo+
AEPIRLIZAADRT 84, RS E 5 EBRET-
Too FOMER, FAD2EHOERIE, MO F 2 D5
DEMNZ b & FMAELEE 5720 T OFERIIARFED F 2
WA ZNEATT B~ —F ¥ ZIIZMRERDEDH Y. kD
RBEBBOBFEIIh DS, Hoo~v—F 7243 L
TA A% B A2 RIET %,

122

% DFATHIR T, RTF FRVELTHENYTL Y
Y (AVP) EZDZHREDOTVEZ Y - N TV Y VTR
& 1A (AVPRIA) 1. HFLEHOHAATE) R RCE R H L
HiRE AR LTWDL I EDPRBENT WS, RIfET
1 BRA A BB & 5T, AVP B X IFAVPRIAGE
EYoa—71 v FHEBOEERNZIEL, TRk
W L7zo AVPTIE, FERFERIIE ST, & TFEH)
WMWK EFR U7 I 2 BESI 24 LTz, —7,
AVPRIAIZ B\ Tsliding window analysis (4 4 2 vs.
ZOMDFaR) 2l h ol TAH, A TFTAVPRIAD
G ¥ VX7 KT H B N K &ML 3 LV — 713,
EEF ORI RS, FOBREZ TV, ¥
72 A T3 aOMPNT, G28A. G29A. T808C M % Ml 7)s
ooz, FEIZ, T808C GREMLMNEE 3V — T IThiiE) X
2AD[ bAOENR TS LARICHELTBY, T
TLIVEFOAR L) b SEITFY. AIRTETT
LIV EFOREIZIZEAEWR 2o U Z &b,
I DOREAN & 0 AVPRIADZEAL L 72 0] ReE A3 7RI &
N7z,



BheDH<BHR? BUSUNIDTNRXI
ICH T BEFNTERRELHFBOBE

OfribE L L RRHIESES SOARENS W H—k

VKRR - ST, 2 BRAF - BSLL CEIER - B YUK -
At

RIS TS A MBI BT AR Ak o
WHITE Z WiHET 24D D Bo WiETENIH I L - TE
C2FIE 2 WY 720, TOBISHERZIHES L2
L v BEHSMMAETH LT A TN X I,
TR EARDREZITT LS bR T MOLF~G o0k

DEN TV S BEITE (tail-tugging) 2479 o AWFZETIE.

4VEDMERADY b > ROV N THR 2 85 5 R FIB R g
RS AT R R AT, SNBSS I ETE O

Ny — v, KRR TR, S0 au= — 2B L7k

138 [ D EAFE 2 FLfk L7z, oD aa = —DRKE)N
EITEDT72.5% 2 fToTV72bOD, §XTHOH—A MA
RO EATEY &2 4T > T W 2o WiEATENL. KRBT ORI X
0. SrETFH ORISR U CEBEETITb Nz, 720 U
EATENIATAEDD o & b X @ < B THEI TbNT
Wize INHORE? S WETEIC. FEEOWETIcE
A I ERES E MNE T A RERED D B 2 L s HEl S, R
WFZEld. Btk &c B0 2 Wi E T8 O 54 Wil Bl T
HY. BAEMO TR —NICBWTHE L ) IS
O CHBWHFVPAAT HWHEEEEZRL T b,

KEGE(LIC KB ERTEEL A T RNA DR
OHiFTFERE L WA — "
VBOKBE - SEHERAREZERE 2 BOKEE - A dr B REAT JE R

B EWIEZ0EMEHIT 27088 8E T4 v b
T—=2%NELTWS, L2L, BIHROMEREREETIOX
I IR MM GRS E L 72 3 E 2 M MR R EUG A Gy
2O LM TS L LI NG, £2T
Ferld, BERAEGIATLAEZANTIICHEL, 20V X
T L OEBIELE BT 5 2 & T Ao e
HoBME2AFL w5, ERANOZOIC. FT@EET
BBLRADOKSES WL B b ATHIZEIC T, BREERE D —
WOBIENEME D, HEOAR L7 BREERIC X )1
T HRNAZRELE L2 LA LI oE#EEERIE, Eito
HART DIAE 2 £:0 RNA OB RS IEFITE . o/
PRIV AY 7LD, ZROBEFENGL2EIETF
BRAOHEIIERIN TV RV, 22 TH4I1E, BV
Wl L7y oy HigRE 2 RO RNAOKESE L HiR
L7:e €LTCINETIT, 527 b= A0 REEROBIET %
FHORNAOH#EGE) %, FEBMELIC X Y 28512 R s
HT R LTze TOBICHM LR ZISH L, 3
TR ARG JH 72 4 C DR T- OB sEE ) 2 1 & &
HHALROMEEEZHIEL TS, 20—, ARSHE(E
T D—2%FDORNADHEALR Z AT 5,
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FE2 NI EORBRERNRIH ZEm L 7=
ribosome display D%

OFRTLE, B 5L
HOR - B - B - AT A VISR Ay

B 23T AHAE T B W E ik e e 7 & oI,
HEMDSEET 5 F TOBERZOHOMLIZB WV TATTK
THHEEZONLIZHEDLT, ZoRE L #{LIZon
TURERRBGEZ 1T - 72851k, BEEOMARY 2h T
TITZ2 v,

RIFIETIE, B v 7 HoRER - #fbx, EBRENTK
ATy FICHBLL, REREICH - CHET A2 L 2 HE
o REBREWNHENEICL > T WEEHEERT 28R

TFRET VI RBRHNDT AT T —OhHhBL#ER LT,

JERIE 5 >~ 7327 E % de novo ICBI T 5, D N7zRTF
FOBEHIZH A4 7 VBT LT 5 28T, By vy
He L TUELREAEZEZH LV,

RSN E LT MLy v B AR PURE

system % FJJfl L 72 Ribosome Display {275 H L 720 BIAE IS,

ETNE GBS V87 BRI TEBRROM 2 HIGL
T\/\é(}

AIRNABCHERI AT LOEHD
FERFAERENADFEISEL & SR

kMR
VBROK - BEfE L CBROK - BesEdrbag

HISEALIIEM O EE RO —DOTH bo EWITHE L &
REICHICEILTE, FR4 2R TCoRIPNZRELIX
FEDOGACNED D T D L) RIS 2 8 B
CEADDDEAI 2 Tk b, HHin bEy 25 4,
Bl ZEIEN % HCHBEARTHLERTE L0259 ? K
R TiE, COMWICEZ L7z, Hilie A\TRNAHC
BLY AT N e B OB CEBRNIEIL S &7, AV A
T AFMET E LTRSS —D2% a— FL7ZZRNA
TN EL EOFFE ST AR R R R & A
bE72bDOTH L, SNl FTBIGCTTR 72 &1 Hb

by RGpBERY Y RIHEWS L7252o05&M2 HEL,

RNABBKISZ#Y)E L2 ZORKRE £ETOLRNTH
BRI LA L. 2512, #{EL/ZRNAY /2 24121, &
5 LRSS 7 BoMELHE S NIRRT v 71
U7 R e 5 ERmBEESI N TV, UErS, 7oofe—
DOBEFLdb R wHAMZATHCHEREY A7 A4TH
B OBE~OBISMELEENZHT 5 L bh oz W
HRIHAE L 72TH A ) Fiam e HOEBEKS, 2oXH %k
BIAELEE) & b o THMEE LB CTHZET TV 20h b
LI\,

|

e — s NSk
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AIRNA#ERZRZAVTHREANTEEL
FEFOEIMELBRRZHRET S

ORTMAIE, B A —
Bk - AEdriE, CBOK - R

7/ LDNAZ 2 F=ATEILS AT L
OWA R g —
TBROK - R BOK - Ay

THEEMOERZFIH L CHIET 27 4 VA EOFAEMRIE,

KbTOEH O E & B EIF S %4 0 LT ALK
ERWBEINE > TELLENTVD, LA L, @Y% g
ET VDA BT & FEROEIL I HISBE T % FEBR I
BIR LN RZHEAA L B,

AWrge i, ATLRNABER % HALEBRET LV E LT,

AEREN T E L FAEROBIEIL RS 2R3 L2
Hbo NTRNABERITEMBEIR, HFERNA, F4E
KRNAD S 7% 5, fEFERNAIC T — F 37 RNA# 8 F %
P L F IR R CRIER S . 5 ERNA & FAEMAKRRNA K
MRS N7 RNABBBEZENGWEHEAST 5, BT - FE%K
RNA I o@FRETERPEA SN, —ElBT/rbh
HANBNLEFHRO 7O 2 TRHIKENTY — v 1 Y #LT %,
F 413 2o AT RNABHELR 2 SN X E A L TR
L. fg3 - FAEMRRNA 2 b S €72,

B (TR G & FAEROMAEDIRE T 2R L
HIETLIREOMZ BT LA FIZ A /AMB LA, T2
HEAL B O FCH & AT L 72852, R AR M & 38127 32 RNA
WIS HOERPEESNTVWEZ L, BHEOKE R
LHEAEMBRNADL BB T b L 2R L 72,

X B BRI 51 BN ORI
ORMELE T R, BB, TR, RARREZ
HCERK -

AV OHEALDOBEREEE N TIICHIT 5 2 L IEREEA 9 B
AL TR MAGHE THRBMWICHEILT 2V AT 0% DL
i, #EILL THEOEMD X DR DB725 9 he Frld
72 ARNA%R S oMLY AT L %D 57205 Z0EAL
WEEBIAE IR L7ze AW & AR IC DNAIC# R IERZ D 2
ENRBENPDL LN WEEZ, DNAZD - by A7 4
oL BT ERRATVE, ZNFETIZ, ALY/ 2 DNA
EEMBRIFCR 2 MA S HE T, DNA L phi29DNA A
R BEETFICE > CTDNAB S A 1] 32 2% L 720
COFRTIEEIKDNA 2 & IR DNA 2B IF S 1L % 720 1
JRIT L, THE] L LTREAEETH S, 2 2ICCrefl
iz BESR &\ ) DNA Z ISR 5 BEIRICHIIR 2 2R % 38
i, BURDNADSSEAICEMEND XH kb E L
720 L2 L. Creffl#ft 2 B 313 phi29DNA £ K % 3% © DNA
WERR % BLET 5 720, BB EERT 5I1C1E, 20
RLERN R 2 N 2 BN D o 720 413, EL TN TE
W&o T ZOMERRICHEEZ S OL R phi29DNAF
BEEHEE DL DTS L Rk AR e BRMBEEOBET 2
¥ 72DNA &, MK EIERR & Cre it 2 R # MlAA b
S, DNAZ S o 7286b s 2 7 2 OEES G TE 5,

FEXREAICL S EEFHERIRRMORE
ORI BEER, W, AR
WIBRA: - BeH A o1

AW DHEACTE NI DO LT MBI L, Jsi s 5
LEZOLN, REMLZERL LT ZRMHEHEL 25
BEA, 2) AELEBRHEEN 2 EMONT VW5, 4
O KN W S LR T, 45CORVERIET T
¥ ¥ Ru = Vil {x T grol @ Promoter, ORF & 1515 % i =
FmutHIZERDPEL, HERE - Sl BlgE I Nz,
CORICBWTHEHE R THEM L7258l D453 groL B
ARTHEL 2D, groL B R TIIA FL IR % &
ENHIHE R o720 RIFETIIgrolL BRIC K 2 HELLR
FEEEH & mutHZ8 5210 X 2 MR LAELRE I LD
OB 2 2N L 7zo mutH & groL 1B L. Bp4E
Al - BRMETOMAEHLESHEME L, 45C TOHH
P E & AL ER AT o 720 ZOFER, grol B RO EIRT
ENZEID 53, mutH 2 RAORFHME XA X ) A3
WA, mutHERIZE 2 @ERFIPHETH L Z LN
R E N7z, F7o, 45C 14 HMEAL 2 AT o 72k R 8tk
Ci D EIGEEA B L. EALRETI 2SR < 72 B Didgrol
CHAR RO mutHER AR TH 572, ko &
5 groL 28 5% & mutH 22 5% O MU HAE N ASHEAL e ST 2 7] 1 &
w5 EARBEI NI,
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ARFFETIE, 7/ LM/ INEALAST R D & BGE S 5 729128
Bl {51 % WIS O RSN IS HEE§ % Hifir O T - i
AFE % H & L. MAGE (Multiplex Automated Genome
Engineering) |2 & 2 BHHBE IR F~DF v & ¥ ZAERJ O
TV—AY 7 NVEROBAE R BT ARBH
MDS42 % Tl 6 I T AR Z 2BV, 1#EET
(trpC) DAE Y =7y PELTHHMWE T 2 EETER
BRIZS S N4 o 2o MDS424k D Lk TH 5 MG1655
WCTlEopClaxt 3 2 MAGEBAEIZ X D, ZRKEEZ02%
(2/921) W43 T &7z —F7. MGL655 ¥k Hi 3k T MAGE Al
WZBHE S 72 EcNR2FR TldopCZE ARk % 2.3% (7/299)
A L7z PhlEo 2 &5 RW5E 0 MAGE B /E Cl R T
PERERIE D BE T D B HTMDSA2 R TIINEETH 5 = LA
RSNz BUE, BEREMEALTREE LTV 5M|IET
Ny 775y v RefEo MDS42 /R 2 Bk R L, & —
7y bR DBIETHEHES L TMAGEIZ X 2 #1574
e A 4TS S L 2 MEthCTh %,



QB 7 7 —VRBFIIKTFT BHTEEIBTER OREL
RAHIT
NG DN~ = e

A RIAR D & I AEBARA & ZEW BN BRI AT 5 I,
MHEED LD BB PNRE LR LFIREE 25D TH
25 TOMMEIZEZ D 20DIIEERZNTZ OBITH
AT A ENEETH L, ZOBMBELBENTEEE T
55— BB IR O E AE E O E 2 D
AT AEMETLIETH D,

KA I KRIBE ST 254EHTHLERMERNANY 7Y
T 77 —=YQp (QB) DBIET MR QL DIEYH K
BOMICUEE LD VAT LEMELTVWD, 5FT
DEZIZBVT, QRDRNAY /) 4 # K4 5 RNA KR
BEOIO>O¥ T2=y M (FHT2=v M) BPRBEN
THRUSNIZHEOAKRGH I HEL 2 5% QB D
RNAY /) AERICHNTHDNA%Z B 722y O
JBELTF—OXRBHICEALZZRICBWT, QRHER
F7azy MURERGAC KGR ARIET e L b 2 & %
R L7ze RFERETIX. BRMEQR WIEY: L LA T KBTI
AT 5 ROV THIET 5,

ABEBIRTTEZHL L7777 (Setaria italica
(L.) P.Beauv.) OFEOHEREEEEF OB
I 7= %

O AR PR MR KHEEE L B
24 PR

VISR B RS A A BB AR 2 NN KA A W R B B
BBy S RUER RS A gE R, VE A LA v 4 —

FEARY O EE, BRWEH 22 AR OEIRTTL
AL L C & 720 77 (Setaria italica (L.) P.Beauv.) 1&. %
HOPTHRELMISE ., HITXHOTEATH 72 E R
LNTBY, FENIZLEDOTEHRTHLI VAL
TWwb, PTHHROBEIIFEFICZHTH Y. ALERD
WREZNL TCWEbDOTHAHH. F/z HE 7TIOF
I WY =7 T AN SN, BRI R IR R DS iR
ENoobh b, B, bhvbild, ZHLBOBED S
Hy 200 EICER L CHEIEFORMZRA TV S, 2
DOBEDH B, O e2id, HOWEIFIE IR T
% spikelet-tipped bristles £ WIHTEETH Y. Hik1#E(=
TXEEDOIEETH Y b ) O & DO BT 5 4
A7 (AT V) LWIHIBETHY., BEEIEETXED
BETHh Do Allid. SSR~—h—JFORMEA Y —27 2
Y=z A7z T (QTL-seq) IZX 2 #ET Oy LT
ZOWTHRE L, BAIEETFOR Y ARIOVTORER
USRS
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Genome-wide association study for
flowering time in Lotus japonicus
OFMESEL Stig U. Andersen’s JIETIEAT S, (EHESIE
pSIb 7

"R R BE AR - BRESEITSERE, “Department of
molecular biology and genetics, Aarhus university, *J&8#4E
ViR JEmT SEAEWRTE S A 7 2 F0, AL R R R A
FIF7ER

R B T, BIEDZ A I v 73k 2T0Y
REICEHDLLIEELEHETH D, FACHRIEICED % &
fRERIE, FICTEA XF A F R ETHRAICHL NS
NTETHEYN, MOMWITBWTHHHIHEITL TV 5,
I A TEHARTEBICIE L G545 5 < AR oK) <. [F
—5MEF TR L CHRT S & BB e & & 1R
b I EDNMLENTVYZ, RIFZETIE. FTHAEDI3R
RO BAER 2 BRI X D FHI L 720 Z ORR,
FEHLORERE L FAZHY o THRAEIRIASBIES % & v ) %
720 WICZ OBERIEHI R <. &7 7 2B
RNt 24T, BAER I OMN S IICHE T 5, O 0H
HRBERERF,

BEFEAICESAE-—HSEHIELEST

04 XFAFTEEKEO 2 RICHEMO SR
OFFE-IE L bR REES RS E HPE
WL EARBIRES, BT WK A2 R —
BEBI?, BRI, fEH Bk 2

"UTR, 2B - CSRS, P RBRKKFBE - THHEL ISR
Fhy CRIOKR - REHBE, O HOK - BEAERTTER

M2 AR bR % FFo “RACHEW 21 ) 1§ 2 & T,
Fx RBEANOBE A WEEIZ L TWb, ZORICHED
WZATFER] - N TEREEAD Y . JfnTEENZO—RE
EZbNTWwb, L2, BRICK2EETO 28—
2] & EHBE TR O L] o &b 5%
BEEPEDDPoTWRV, 22T BB IR OIEE
BRENCHEID L2 a4 X F X FAERERICB VLT Z 05RO
TR HE A 72, 72 B 1Z LC-QTOF/MS % i > 72 #8 # 11y
FRMTIZ X D 534ERR O 1335 O L RACHFEY O B 812K
L. BB TOZREEHS P Lz, 22T £k
HDFERNBIRT-% 7/ 2 BT & S8BT & M A5 b
B2 L THBBEERART 2B FEICL DR Lz,
EENTZ 6082 DEMIMEEFICIZ, EEKHTaY —%%
RO R WEHEET I L Ta -0 b 5 BEENE
TVEBEIZLGEN TV, T a¥—BZR0bH 5
WEHGRET TIRIRVEBIRN— R OBHAR SNz, s
OFERD S, BHEICX 2 [ € —5BAb] 25 RACH =Y
DOLEEMEEAAR L, BRE#EICETRICTS20ICK ) E
WCTH D EREE N,
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e —s NSk

gﬁﬁﬂﬁugiﬂtzg'ﬁ <KEY M XORFRHZEED

OpF RS TR SN
VK - Y AT BEEGRERE TR - BEERTERE

FLTVIAYY— I LY AR & B

HEBX v A X OEEIEERT

C“i{ﬁ”‘{mﬂﬁl\ FEAS I RV by RZAS, 3R 3E FREN
GRS, AT

PN KRR « ¥ AT DAEGRHEI - R ar R - AR g
S, TR K RSB SRR R B AR 7 4 — v FEEMEE

% —. 3K[E USGS National Wetlands Research Center. * #RA# A HI%E
ARG FE IR, SO KR b= e b AR R0 UK
RS Bt HLBEHE 23 ST 92 e BR B2 Bl 1) A 1 26 A P vl i

HEWYEHTIIER A ORI EE2RLIZLIER O,
GV IRAYE) < BAE T TIRERY 4 X DL 5 # 5Tt
LICKRESEETLZENMONTED ., BIZET—5
M HEMT A ZOFMWES OFEE RIS 5 2 L3kt
Bl 2 B¢ 2 L CEETH L, AFZETIE. PIEET
JER R L. ABOnE - IR - 3 2 7V oS %
R, BIETRHY I 2 L= 3 Y 2F0, £ A X0
JARIM B AT AR RIS 2 AR R T, EORER,
FHESEFICECEITEVWEZ2MILT A LI T
HVHS, PREOEEIIMIBITETSH S 2 Lavbhrolz,

F 72, HRETEAHEAM 2 LN A ZOIKTIZHBETE
TOEWHRERTEAYH L 00, B RSN A
ADEFHTEIHWITE o REHE R 7 — & b FHHNZE
BeE 252 L CTHETEZWRELD L2 Db o7,
E51C, v 3 BB T HECEH OIS B Ot A %
OB 2 B L R0, ZORHERIZOVTD
W35,

E=DYIVvREEA=ZI71YILD 24 B{ED
25 /) LSO

OMIFER—. EMEORAE, R
JeE R - Bt AR

X AFINEIHR WA BT 2 R ERTH 5,
X3 AF O3 D 9 % bald-cypress & pond-cypress (&
W7 AV AHEBCBNTHANEL->TED, BE
REFRBEIGEVWIED 2 00BN/ RE XK
W ENT &7, — . bald-cypressid %47 F 58 (SSR
FERT) IS &) I ¥ ¥y YIRREE 7a Y ¥ L DR T
W EDSRIE SN T W5, RAFFETIE. 24 H (bald-
cypress, pond-cypress) & & tr. 3#3 (Texas, Mississippi
River, Florida). 124 H 96 ik % H v, 47 BB A% T E D
RILECHNZ T s & 0. Mot (b O FEEE & 3 L 7z,
STRUCTURE 71 77 A2 X % SRS 2 5, X<
A FIL3 > O MM 7 v — 7 (Bald_Mississippi&Texas,
Bald_Florida, Pond_Florida) {2425 Z L AR E iz,
AMOVA Z WL OREZ 72 25, FHWIZIX
ZRER IR & 0 b @ EEREUE (For) 2R L7, 2
g, 2R TS DODOEMRTHETFH02% 2 518
RO EIZL B, F72 MLICEERNT S B SR T
T 729, Arlequin Jt UFBayescan 710 77 A & w7z
Fst @ outlier i # 47 - 72 & 2 A, Mk - ZHMTEh
ZNADO DBRER T S iz,

FXROLIVT ) LD SHDEOBMDEL
omaRtl vvaz F—1 72
NI RV K= 31| A O 5 1 = = 525/ 1y N 4 oy N

B =27 AW (Macaca fascicularis) \EHFE T 2 T2k L 504
FTAHIHERFLVTH L, 4 ¥ FHEINETSE- T ¥ A
BIZb 16 TAEASNZEEZLNLTBD, 25
OBEIER MV A v 7 LIFIEN D BE DT ) L DL RV
EDX)BHBELGZDIPIZOVTORWIIENSE 5,
AWFETIE. TNETOWIRIZE > THW 72240
EFE—V YN RABEDH =T A FNDET ) LG & VT
SR AR 24T 5 720 #92700 58D SNP 7 — % &
WTHEMOWEZTRE 2 A, B—DEFTDH LiEREN
WD EDo7. L7eho T RO AR E Tniwn
CEDPRBEENT, o, 7 AERICBWTHEOK
WSNP SR A e o 72 2 & AFES RN § 2 LR
BHEMOBEGVHKET VT OMEEL Y RED 722 b,
APV Ay Z R & 2 BRI FE 258 < B 7o 2 L AUR
BENTze A MHEARS b T AL HEAE IO W
T selective sweep 2S5 < iV TV B L ERE L2 &
A, R E % B FUEAS 10 P ITREE S Nz 5B I N
S OBERFIRDR bV Ay 2 RICE DD DOHOH, B
BIRICEZ2DDLOPZHOENITLTWLEITETH 5,
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FromPnE. FREY. MY, €L CERBMO=>
OEFYMTEIHER SN L EMHEHETH Y. & FeHHE
BESL I e SEWFEOMIEN S E LT XS
NTWDEFZDHH. FOHHEEIGPII L THER LICE
L2 zonTlid, #F07% v, Fex 38O o fmil
FEYOF > T AEILT 5720, LREPYWF K
SAV2MEDT ) AR, OBy Lk L
720 TOREE, OB O ) & LI Bl A IS
R L, SRR EIET 7 9 A ¥ — (Pharyngeal
Cluster) &% L7zo Paxl/9#@{Z T2 HL & L2400
BENT%3— I35 &L I08ET 7 7 A5 -,
OB OMZIEBIIR S LTV I EAVRIEE NS
1E THEBIY TS ORI b > Tw b Z T
Do TWb, 7/ LD &1, L ORER L [H
B ICH B ORI A L 22 E T2 L ), A#EEA
VERBEL LR OEL DAL L ELHL M
HoTETWDH, TNFETORBMITSHSNIRY D
D AP OMELY & EDBOMILD T F Y HITD
WTHT %,



Pou3f2 DIHEFLIEEIR O 5 FidiE 3 Rl fak(c
wEe52%

OfGEER—. MR, MEHMERHE
HOK - et

WELE T A0 3 —7 4 v Z RO 7 3 B
ASf U 72 ROERCY) (Bi—7 X 7 BRREECT. HPAAs) 7%
BERLTCwRZ e MENTWw 5, HPAAsOIF AL S ~
N7 B EAER, SEHIE, KBRS HEISEEEY S
A HAEANOMLIZF G L TE I EARBEIN TN D,
L2 L. FEBICHIZFHNOHPAAs L L E DD Y 12D
WTE YIS NTE ST, FICHEEWAIZRIE IR ET
FEAETTDILTOW R\ Poudf2/Brn-2 [ MR AITB W
THEBERE % R RE R T 725 FHEE) Y I C izl
DA Pou3f2D A —TF 4 ¥ FHFIRIHEH DO HPAAs # W& L
TWwado TNHHPAASH RITTHEZWIONITT 5720,
4 13 HPAAs % K 5 U 72 Pou3f2 % A3k D Poul3f2 & 18 % I
RICHARFMABZ =7 A AR Lz, BT & L,
Pou3f2INHPAAs RIHL D = 7 Z T I3 o iy B E o Al g
JREIBR AT LCH Y. S 51 Isotropic fractionator &
V) IR ERREIC & 0 HAAE B X Ok o AT Ehs
WAL TWDEZENRHLNE STz, ZORRIE, ELD
WML T Pou32 \IZHPAAs AHEA S5 2 & Ty WFLEIC IR
DRV S 726 SNz gtk 2 Rm2 L. HPAAs D)7
MNEHREZRTODOTH S,

HELYE - REORMEENIER - BXISHD
RAFMOELHEICEAD B BETFOMRE

AL, RS, BB, ITHIMESE
o N

BHEEI OIRAFMIIFEIC LD RELEL D, KEIEY
FERREFIRSRDEVIEAILASNL, T2, W
CAEOMICBWT b REmItke TH Y. R %
AT HMITHEMEVIRKEMER O EPASN TV,
[FREDMEINIHIE O OARIZBNTH A S, RIRES
AT AHIATEVIMBOMIAE L ViR AEFEMIREVE SN
bo —Jiv BEICIIIRIIRE ) & 1828 L 7-FEDSHFAE T 5 A5,
RAFE S DL L e RF DI OVWTIZH T Y FARDS
T, /2, R OMEG - BERIZE-T, ED
&9 RN OHEALDE Ui KREFEGHZAL L7200 b AW
Thb, T TABIZETIZ. 1. BEMNIIBT 5 RAGE
DA X B KTFHOERLMEH L, 2. WIS, WFLHE
& BHIZB W ORARE ) O - IR WHEL L 72k
Frfr L BT AT 2RI L. ZOBETAERHK T
W EPERRLEIEXHNE Lize &7 7 AW RE S
TV B IHFLE 21 A & 2480 % v, RMAET LS -
RROBRTIEDRINE Z 7B/ ET- ORI ET 72, K
BETIE, TNLOHKRLELRFETORE, KA LD
BEIZOWTOELREIT
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Drosophila subobscural_¥\13
fruitless ERADIER EEEFH)Y —IVDER
~TENERZEZEAHTHERERZRD

CHR R, A EHI, B, Lo
b o NI

AT ayYayNTORETI fruitless (fru) EFFIEN D
BIZFOBE P REITEOFEBO/-DICEE LM E % LT
WLIEPMOENT WS, —HT, YavyyauNT)gil
BB RETHOMBEEZ EART A A =X LIZDOWTIE
FEAEHEIHEA TRV, AT aryar L)y
THYW RS FA By ayVaynNTeiZFE LI RELK
AT 8) % 7R3 Drosophila subobscura (D. subobscura) % JI\ %
Z LTy REATE) ORI 2 & A A SRR ORI 2 H
FBLTW5bo D. subobscura \ 2BV 5 fru DFERE " <5 720
2. CRISPR/Cas9 ¥ A 7 A & W T fru BERARZ L 72,
C OEFRORETE) & BIEE LR, BRROEITMEC
LU TRETHZRI W ERbh o7z, T, ¥4
OYayyaonti3HE LSRR REFTEHZRTD.
subobscura \ZBNT b fru HRFATEOFEBUIH G- L Tw
52 EZRLTVD,

F~M1 O4v1k3Y HE Dictyostelium
discoideum DHMETEICEHE SR

OLEIFREAR, WA WS AN
HOK - Bess a3t

HEYR TR EMI DR SN OPEEELRFETH 5,
FAusy=FaY)h ik OREICHT Mo €T
WERE ENTWE, TOAEWDEFRRICIZ. 7R A
IIWVDEPICZODIKIEY A 2V 3H 5o ENELEOM
st L CFEAREZERT 2 EEN 2D L, w71
VA MEEET AU R DDOTH D, TEMEKIE KA
FCHEAT LT & FNEHZ TR O R
b Bl D RMAMRAET HF AT THAETIE, BT
HOLH%RMOEEN R DL EPHRESINTE), F 2
T FFERIIBT 0001 L EU D IOV THIZED % SN TE
720 —H. X278 YA MEKRHE—FOMBAEAN T &
0. BB LBRETEES. ZOREFIZEMOM
faza STVt L, HYOZANVF - 35, ¥
BT EEETHHMIBE ORIZEWIMRE D H L, Zodk
HEWVIMHZEEZ LI LN TEDL, TODOAEEERIL,
cAMP &) 7 F NV ERWTHERST S L) ikl
T 5o AfEE. TFTEERE~7O A NPHETL S
LERIRLTIZ, Fon oM T 26, v zuY
A2 N TOMBDHPHSF SN L IHZ, B E FZAEORTT 95
MFEd %0
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S — S NSk

FAOauTaINIOKBERE
RIRA b L ATt ORBEE DR

ORRIALIL . EIRTEERIE L wAE S
VEARK - BERLLL CEHRK - At v v —

FPHAEA B M RICHEITDEHRE
ST ICRIET D BIETFORFE

ORI AR B THIEE
PHRAEK - Ay, 2HUELK - BT

XA awYa v\ (Drosophila melanogaster) DRI
SN ORI E RS OREE R L 2
FSAVERET D, TOZEDPSIORER. 51D
BRI 2B IS B EEZ LN TVAY, TD L
) BB ENORERLTERICH D X = X LIETRRWTH
bo TITAHRIETIE, RHOKRMLIEBEEZ P L A
it P D B S AE NS DN TIRAT & 4T o 720 Atk B SRR I I3k
D DGRP25 %4 % T, ik & LB R ONF
 EBBOREIEZNE Lz, Zhb LG, Wk, fl
RO S 2 L OB 21T 5 72/ 8%, w{o
HPOMMILE & PO S & ORI B 7 B AT &
N7zo FTULEZOEEIERINCER L2 7= &
B RCREIE T OFHR & O BN A S, A b L RS
BEBEEO D 5 BET VAo 7. s o BfF
BTz, BRERICBT 2 HROE RO E T4 H K #E T
TdH b ebony |IZD\WT, BARFWIRAEIC X 0 5Bl %2 21k
ER7MEEE TR ML RN Z RS 2 58 % 47 720
NS DORERIZOWTIRET %,

FRICERZTHIRME LEVRBETRELIRES
BT F RO

R UE S NI R N SNIFN 17 S NI A Y 7 NN
HIHEA®
VKRR ) MR V7 — PEITR
SRR

YRR RN AR &4 R AEMFEICBWTRONLHRTHY, +
OBIZMHEBOHHIENFORERE LR MYy 7 O—DTH
%o MM OBIZTHRILBEITH 2 & T B %23
Bl9 % R 2 RE T2 2 LIIWRETH 525, Tk
B MEEZEARTEGLRT EORXPEETH S, bR
HTlk, haellotlcB Tl BE2ERLTEY.
ZO—FOMTIIMECL TSI L., LMt r bo
HERIMEDSAFAE S B0 AWIZETIE, MR OZ R 245 5
TAHEYA MM RERHCT, HEE BB MO R THE
WCHBHBEORL D ML MR TR =N WiRE
MR RERT 52 LT W R OBRWIEREHET S
ZEexHME L7z RNAseq & T, B & HERIME &
B OB % LR, Shamzdf#nre L
THRED A AT — F EORKSDBIZT T % doublesex
HIRF (dox) WG EY WM SN0 T Ddax DEGJE
W% PCRCHIFEI /LA, R RO TR 2 E
SDOPCRIEMHIGSNT=D T, dsx DZEREW) O W <2
B CORHIILER R BB AR RIIOVTHEET 5,

EERFIRA)T b—LERERVE
EENERRABOMBESRETFDRER

OFEEMERT . SAEET L ABIIHEZ S ML
RBINZ Y MR

PRURREEE, 2RBREER, CHEHIRAR,  HERBT

HEMPEAFA LT DICHERE 2 LE[A) - Abh
51 0BfRE. EIMEEINTH S, [FBAZLD ] 2T

2T ETRMEMEGIAEMO D, £ DIFEREDOEY

WCHOHND [FEICERTE] I, ThrHAEFICADR
WML LTEILLTE2EEZ 6N TS, b

ZeL72613, BICEREHET 50 FEWFAH A S =X

LEBITHZHMTIZ XA ME RS (W) 26k E L

T BBICERETHRME LRWRHEE ABIICER L 72,
20 AR LA A e S ORER, W E R B & B10 0L

EIWALSY ZHEHT L 00 758 (LRH) & vl

SRIEE G- 2 THIICERE Ly a— MR (SRi)

RV TE T £ 2 CREM OB TR 2 KM — 7

~ % — HiSeq 250012 & % RNA sequence (RNA Seq.) %

THIL, 5120 ¥Y—=4 Y AL ) R OG- O%

BT 24T o 720 FEBUTHBREDO RSNz # AL Ik

B E L) BROD > BB F ROV THET 5.
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BEMNIMRAZOEMRMTH Y. #5407 4E /T LU
BB TR S BROBIRKIREEDS, MR EARZ AP ER
DVEDTHLEEZLN TV, BEMBEAMAS YT
ar Ay raTay T FRIMITT vy b RN - b
B 2R Z2ALTBY.. RS XA OIS 72
LEZLNTWE, Lo T, ArvERIRFyaay
T F DEFBRTEEOMAI, Hi2mNE Y v b
ZHE D BIBHEALDETF VA — AL %0 D B, AR TIE,
2FEECTENENRHL TV 5 EETICBI 2 #n b % B
L. &S ICHRER OS5 FIBEEL O TTREVE 2 #R 5 72012,
RNA-seqZ W72 b T v A7) 7 b — AT 2475
72 RyEBR I, Frauw T FEEFNSOEFEOK
5000 ~ 8000 I > F 4 1D\ T LAl S B LR & |n) 3515 1
HKLDI (w=dn/ds) ZHEE L7ze ZOME, EOHKE
W22 200D 58100 DBEE TRV ZER, £
DOHPIIHEREEZ I Lo L3 5EED E B/RLY 53
DBV ETFN TV, LA L, FEAMEE CHE L TIED
BIREZFCOLBEETRIEEL 572, TNHOHE
. WO EEISD R B EHIPE R BRI X 5
L ERRET S,



HROBAY v E—KBICHITHBRED
BIEHYSME

WM AR AT B
WAL, BRI, SERIA Y TR
YRR - AR CIRERK - S IITSE L
THALK - B YBRERK - R

AR 2 EORRFEIE, RS L0 X ) R % A
B DNPICHET D, LdioT, EYMoEEOFEoH
L. AR IE U 72 R 047 S 3 & — o R AR A AL
EM ORI DR H3 % WREMED D %0 T2 1k, EICHEN
SR B B/ 7y E—% H VT, DS
FEREME & R AMEROATE). RIS A A OBIAG IS 5 2
A DB 2 B2 MITAI L2 HIYE L. WF%E
ZHOTVDE, 7y ¥—I12id, B~RorEz2H) £k
BERS+ 7Yy (LWS-1) 12 B R 7% 2 2o 0%
BETPHEHELTBY, SNOOZRIFARERICE - T
MR SN TWBZEARENT WS, SR % LA § IR
JEE o TWADIXAERMOEREOERTHL EEZD
NTWBH, EEMLEILIZIEES TR, £2T, i
WAARBIERS L2y y ¥ — WA LER 2504512, LWS-1
DR HAETHE L CBRE Y S U A BMORE T — 5 Of
REFAE L. ZOHE. BEPFORERLOHEGIZ W
138 X0 BRI RS R S T OB EE SR b5
LIEDRENT, SO NS, BRENXROHEEHEEIE
HOMIEWMMEZ T SR LTV B REE D R S 7z,

EFNAT 1y FOHAICKDELLHNERDER
OMEE= AL SLHRgES SR

VEEK - EA R CHK - R

T I TWIREAAT A A ET A NICIE, HoBIcE R
(form cyrus, f. polytes, f. theseus, f. romulus) DMFAET %o A
BICIIBRMICRBER & AR 2 7o 2B L. KR&E&H
B FFONRZE Y TININRL VREL TS Z L%
AEEN TS, L. MHEON=ZE Y 775131993
FICEE LI2BATETH 50 WWHLE D polytes DIMBERL T
FNDEHEBRFIUICE Y BS XA X 5 ik Tk
L L2 BEVED D B o & S T polytes DIMBERL O I 54 4 1
DR ETAET B L, EFVOEER. FHERAKRELL
TWbZEPmRENTz, LAL, FHICKLETVOES
BRI ZERIZ—BIER LTz, ZofRIE, s
polytes DS, NZF T 7 NER DN B & R 72

TERMED Y v a7 T r N HREL TR 2 IR %,

BEXey VX T T NI BB theseus R° romulus 72
EWVbNTEZ2A, REETIZWME TIE % polytes D—
EEASTY X 2 7 ANIERE L2 Dh, FOMALE N &
T 5,

129

HBUBIEZZFLIEZIDIEEALFN?
—EL T2 L—2a VKB A

OF 152 KER
WERHECEZE AT Rt B

VAR, MR O TR AL 5L R0 S IS Uik & A3t L 72 B A3 B L
DY - B THE SN, FEHEEDTVDE, 20X %
BIClE, MERETEHC X o TR RO @m0 % AT
MUy H-mBE~OBIEIME Sz E2 515, L
ML S, MEREIEFEICHOZMLET ERIThiT
Tl %o £ OWA MR O F 21 o Bfl)s 1 fl
DR~ L AT Do F 72, MR A AT D i< R
HOBHOPR 2 X L2y — 2 S ShTwy
%o AWFFETIX. MBI AL BRI DML % 385  Seth 2 3
WD, MR Z A Lzt Y Ea—F — - ¥
Ial—YarvEiTol, YIal—¥arTid,
JICHHT 2 25— M 2 OBABECTHIT L, &
DBRMFEZTERT A F VA EHE L. Y32l —Y 3
VORGSR, MRS (D) HisE. (2) Fomia. (3)
F i oBEoOPEkR,. (4) BAEBEORED 485 — oL
BIREAE S N7z BB BURAE O AW = & A 4
L& T Ial—Ya vy&2iTo kR, PR

DORAZMACORLEL, WIS LT, SCHCRE EE D 7 kA%

MR M 1% O EALBYRE 2 PUE 1 B 2 LRI S 7,

BEAREEREIR I F o 2HBIRE L
HFiEhW OlisELART

OfEEE, AGAHE RJEFEE. ARIRL WIeH T
RER. B

JIGFEER - A

WEEDE T ANV F —HEOR S LTS ORHE L
Ty FE LR OIS SN 5, DIEIEH S O
D 72 HWLHERF I MFE 25784 LSRRI O A 255t 1
B2, PR oML R PR % B <7z DI IEEIEBR L
AR THE LIC WIEE ZFD, S OLEMEGIBRO
BFLARVTOAAZ AL ELT, OB Va7
DZEHEMBME T 15T CTERE, DEILRIEICZEY
)& S PR BE T At EAEa A s T v
WZHH U7z EIEBOIE 2 R o FLE - S0, IR B0
Jih % FEO T A D 25 2 FHEAFAE T B0 2 A4 7 F > DR

ZIRAT L 7RSSR, B 2§ 5 PEVK IR (7)) >,

TN I VE, N Y )Y Y OEEDT0% UL EOFIK)
DEZIH, ATV TIEHEK808aa, 147laa & B> 72D
L. 7 A TId178aa &k 463aa. =7 bV TIE299aa k
527aa LIEFITH L o Tz F 7o, WARIHMERREZ

A3 % N2BHIO R S b B O TIEIEH ISR/ - oo

DB BT 2 a4 7 F 2 BRSSO L DAL, SEIEER
OB X0 LFMIHE O i % J0H1 9 2 B 72 2 ik 12
BIEL72bDTHLEER D,

|

e — s NSk



mMﬁIII

S — S NSk

E FOHSHIRHBEEDELICFS L
73/ BERORE

RS, BB RE L, THIEE
HALK - Be - Axdw

BARARERNLEEN#ERRZ R T BIETFHO
T/ L9414 ReiEs

OIS, WAL T
I - ARl eR

b b OEE AR RRIRRRE IS B DR RO
RIIL, HEALEWEICB T 2 REOMETH L, W Oh
DOBETTIE, b MERMICELZT I/ BEEISH A0
PAIRSRE D EILICEE TH o 72 2 EDRIB I N TV DA,

AFER IR SN TV, —, 20 L) RHam
ERHHRBE O RIBITRE IR & ORISR . R B OB
HEETICZOREEEFELTIL 0L EEZ N
%o G2 TRMREOMERETICEH L, METo
FEAIHRIC X ). & b ORSRRAREREDEILICE S L7:
THEM DB 57 IV BEROMN 2R AT, 3. WM
SO TORAIILEAN S, b D CHEEMICELLT 3
JEREEERENICER L Thon) b, fE o]
PRAEEEE 7 3 7 R O A LA IREZ ZE L. R B
K BORERT I /BEfzfig L2, tu b=
NEEREEE I D 2 B OB S, 2T
LIRS, NBEI T IV TV AR—F—Tdh 5 SLCISAL
2BVl b ORI TIEDEIRZ ZF - 251 S iz,
RIER TR, WRIEEME DAZERIE I E 2T I B
HEhe b O SNRIEEEOEIIZ S 2 BB BT 5,

R RHFICEIG LT/ —IV N ATERED
BEAEE CBSEET

OFi &, A. Cidiz Diaz’ L. M. Diaz’, K.
Janusevicius's AREJEE] ' HLINE— HAEE"

N NIRVAVA VAP NI R A - F S L7

BANEIIH T 70 AL BOEY M LAUbE &, S
FEF BB T A MEN L EICERRLCE . 20k
9 7% TN e AR IS OFRF T 0 4 NFEF THEA
TWABN, 7/ AT A4 FRFTC L > T, HARAERNICHERAY
AN E . TOBRBER & OBRE IO NI L%
EZHMON TR,

AFFFETIE. L,OOOA” /) 270y 7 PF—FR—2 %
0. MR O 202,504 A& IWT, IERFB oKL (H
AABRORET V7 OHKER, 77, a—a /8 77
VA, TAYAOHER) TOAET ) 5O SNP OBIEEEH L D
5 SNP I3t L T Wright's Fe 25 L. HARNERBIFEERNIC
AL L7 D E 2 47 o 720 T 720 17 217, 22F o4
ik 1D % SNP O F O3 H 5 55 O F 41 70 B gk
RNz ZORE. BARNEM & b BEEDSE A - 72 D1,
W7 V7 O248[ (Lo - A—F I VHiOXMF 20
HBl) THotzo INOHOHERE HARANER O SNPHIEE DI
RV, EHSLOMEA TSNP ZER L7, ZOMlo g
L RICR LT O BRI 21T > T b, 4id. HAANG
RN HEZRFOSNPOFET B2 NT a7 0y 7 &g L.
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The origin of genes by spontaneous
symmetry breaking

©“Nobuto Takeuchi'?, Kunihiko Kaneko', Paulien
Hogeweg?

YUK - A b, *Faculty of Science, Utrecht Univ.

IYRICTFHT TV, HmERPELEENLD
AN E P LR OA L AR STEAET D 2 LA
LNTWad, BATWRICE D, fElo—iid, LAEM
W Rickettsiella DJEGIZ X o THROTIDSFFRATIA & AR E 210
L72ERTH L 2 ERHLMZENTWD, Faild, 4E
AW & 2 R EZLB G ORI ) 720 S % o
TBYH, ZO—8 & LT Rickettsiella ™~ DR IEAL ) B AT
BT TIAYRBEH BT 21T>CT& 720 KET
. THHDT 7T A VRRET, OIS EITHE N
DU B W R0 Rickettsiella 7 4E 5 DAL, Rickettsiella AN
JRTED HBAERIZOWTHET 5. T 720 FBATWIZETIE,
Rickettsiella J& G2 X A ICiX, BEOWERIVE VD
WAL LTSI REEARIE SN TV 5, A RVE
> & Rickettsiella DK ENRE & OBIRZ W] S 12T 5 72012,
FE 7 PCRIFNT 2 47 o 72ROV T H T %0

A mathematical model of genetic evolution
under irregularly changing environments:
increases of dispensable genes and the
number of genes.

CHFNSL AL, EE

VR - BE - BORE - AT 4 T PR - SR AR AT, B -
BRIEN

Dynamics of gene essentiality and dispensability remains un-
clear while huge amount of genomic information has been
accumulated in this decade. Large scale gene knock-out stud-
ies and genome analyses showed the some genes are mostly
dispensable at least under the laboratory conditions in some
bacterial species, yeast and human cell lines. These results sug-
gest that dispensable genes are not rare. How these dispensable
genes can be generated in evolutionary process? Two distinct
mechanisms for this question are suggested. One is mutational
robustness, and the other is environmental change. As evi-
dence for the former, many redundant or backup genes are de-
tected using experimental and/or theoretical approaches. On
the other hand, there are few investigations for the later. To
verify whether the environmental change accelerates the accu-
mulation of dispensable genes, We developed a mathematical
model of an evolving population in randomly changing envi-
ronment. Each individual in the model has its own network
between genotype and phenotype which determines its fitness.
Our results show that frequent environmental change enhanc-
es generation of dispensable genes and increase of the number
of genes are stimulated. Furthermore, gene inactivation rather
than gene duplication is the initial step for rise of the number
of genes.
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The heredity of a modern cell is provided by a small num-
ber of non-catalytic template molecules, the gene. How did
genes originate? In the previous meeting, we demonstrated
the possibility that gene-like molecules emerge through
spontaneous symmetry breaking between the complemen-
tary strands of self-replicating molecules. In this meeting,
we present the mechanism of this symmetry breaking. We
investigated an individual-based model that assumes a pop-
ulation of protocells, each containing a population of rep-
licating catalytic molecules. Protocells are selected towards
maximizing the catalytic activities of intracellular mole-
cules, whereas molecules tend to evolve towards minimizing
it. Consequently, the catalytic activities of molecules evolve
so as to achieve a balance between these conflicting evo-
lutionary tendencies. As the mutation rate increases, this
balance shifts from one extreme where both strands are cat-
alytic to the other extreme where both strands are non-cat-
alytic. Between these extremes lie a symmetry-broken state,
in which only one strand is catalytic. This state achieves a
stable balance between the conflicting evolutionary tenden-
cies, because molecules having catalytic activity only in one
strand are more robust against mutations than those having
catalytic activity in both strands.
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Every Droplet tells a story...

..and ends in discovery.
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