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FWIRFMZZEL Tz B 1RG5 The< MiSeq Z2E D
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HEAERL . JARBREEEEAL OT 4 —~v L AE L
Tro ZOHFETIE, FATOAERKITT Iz — T a iR
FIAATNIRNTD | FATGEBREIEO LRI TK T
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DILHHEAL A (B A HEEE) L2 K-> THEE S DR
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BI—8B L Wiz, Fi2, FELELOZLICH LT, mH O
HENELLEREINZ Rig b 0 o7z, Lo
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EELWEREE T CIRUAZIRIFIICIRD EHOE M A BRI N
720 IHIT, VAT ~OREE LFIMATEI OIS A= —2 = b
DG T TEAL T D%, BT VEILRELIZGA D% E)
WZDWTHHTT 5,

A OH— 2R (1) 2EEE, B ERILKR
BT, Kt

OB UL
BEAF PHRTR

THE 0L, BRI PR AR L e DB 2 O AIFSE Sy B 1
BT, HHELEOGEEDOOE S THAS. M) R
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The origin of genes by means of conflicting multilevel
evolution
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WA E T, DEE RO R BEEOEE Y
—U DD, KEHBEELTO%ROEEMICKITS
BINE O EZ I TR AN RINTE. Lo Laen
B, ZILTZBRRE OB 7 — 720 DR miff ik o
BEURETDHITIE S VR0 L NG D. AT, KE
HEBEATE TORFEREO AN DY LB REZER F CoFE
GATNE = D ANEDYVOREEZZNZENEAL, Zh
SR I AL > CHWI 2 T iEa 1
5. DERETEEM S O ANEDLYO R, FifORE
HSEEZZ B L CERT D, FifmOEHEE LSO A
WEEHYD R, Paleobiology Database (28 &I TU5
Tl LA EHEERICE SN TRD . BRSO AN
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CEBLIFPERL TR -ERITTES LS5,
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In the modern cell, heredity is provided by a small number of
template DNA molecules, the gene. How did genes
originate? Here, we demonstrate the possibility that
gene—like molecules emerge in protocells because of
conflicting multilevel evolution. We extended a previous
model of protocells that contain replicating catalytic
molecules by incorporating strand complementarity.
Protocells are selected towards maximizing the catalytic
activity of intracellular molecules, whereas molecules tend to
evolve towards minimizing it. These conflicting evolutionary
tendencies induce spontaneous symmetry breaking between
complementary strands of molecules, whereby one strand
becomes the majority and serves as catalysts and templates,
whereas the other becomes the minority and functions only
as templates——-like genes. These gene-like molecules
substantially increase the evolutionary stability of protocells
by reducing an intragenomic conflict. Our results implicates
conflicting multilevel evolution in the origin of genetic

complexity after the first major evolutionary transition.
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Efficient inference of recombination hot regions in
bacterial genomes
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In eukaryotes, detailed surveys of recombination rates have
shown variation at multiple genomic scales and the presence
of “hotspots” of highly elevated recombination. In bacteria,
studies of recombination rate variation are less developed, in
part because there are few analysis methods. Here we focus
in particular on identifying “hot regions” of the genome
where DNA is transferred frequently between isolates. We
present a computationally efficient algorithm which for the
first time enables to explore recombination hot regions by
using more than 100 mutually recombining bacterial
genomes. We applied our approach to previously analysed
Escherichia coli genomes, and revealed that the new method
is highly correlated with the number of recombination events
affecting each site. We identified three recombination hot
regions in Campylobacter jejuni genome, which are enriched
for genes related to membrane proteins. Our approach and
its  implementation, which is  downloadable from
https://github.com/bioprojects/orderedPainting, will help
to develop a new phase of population genomic studies of
recombination in prokaryotes (Molecular Biology and
Evolution , 2014).
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(Protists shed light on the evolution of animal
multicellularity)
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How metazoans evolved from a unicellular ancestor? This is
one of the most important, yet unanswered questions in
evolutionary biology. We aim to elucidate the molecular
mechanisms that were responsible for the evolution of
metazoan multicellularity, both from a perspective of
genome/transcriptome informatics and that of molecular
biology and genetics. We use the recently—developed protist
models, filastereans and ichthyosporeans, the closest
relatives to the metazoans after choanoflagellates. The
genome of Capsaspora, a filasterean, has revealed that the
putative metazoan ancestor before achieving multicellularity
had a variety of “multicellularity-relevant” genes that were
later co—opted for constructing and maintaining the
multicellular system of animals. Similar notion has been
obtained from the choanoflagellate genomes. However,
choanoflagellates still deny functional analyses including
transgenesis despite a decade effort of several groups. We
have established the techniques for transforming Capsaspora
(although still needs an optimization) and the ichthyosporean
Creolimax cells. In the presentation, we first introduce our
organisms, and then show our recent advances in functional
analysis of the “multicellularity—relevant genes found in
protists”.
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Experimental analysis on isochore evolution by using
raw mutation data

OSatoshi Oota', Ryutaro Fukumura?, and Yoichi Gondo?

'Bioresource Information Division, RIKEN BioResource Center;
“Mutagenesis and Genomics Team, RIKEN BioResource Center

Importance of the genomic locations of conserved
noncoding sequences in gene regulation

OBabarinde Isaac Adeyemi“? and Saitou Naruya">?

National Institute of Genetics, Mishima; ?The Graduate
University for Advanced Studies, Mishima; *University of
Tokyo

In the isochore evolution, various analyses were attempted to
elucidate its enigmatic mechanism. So far, no clear conclusions were
obtained due to contradictory observations against the proposed
models.

Many molecular evolutionary studies primarily rely on accumulated
mutational and/or substitutional changes in genetic information.
This framework is especially powerful to analyze evolutionary
characteristics of homologous sequences that independently evolved
after their divergence: i.e., their genetic divergence is supposed to
directly reflect the real evolutionary process. However, in case of
the isochore evolution, this conventional framework often does not
work effectively: we have at least two kinds of issues to be
considered: (1) the evolutionary signal of interest might be eroded
by unknown evolutionary process; (2) we need to handle non—coding
regions, to which it is difficult to apply conventional evolutionary
models. Especially, (1) is a critical problem because subtle
information in non—coding sequences may be easily worn out even
during short—-term evolution.

Furthermore, we cannot conduct “evolutionary experiments” to
validate our models in the conventional framework. An ideal solution
would be to observe ongoing evolutionary process by experimentally
detecting and collecting raw mutations. Considering the extremely
low evolutionary rate, however, this solution is obviously
impractical.

Meanwhile, ENU mutagenesis can efficiently produce a rich data set
of raw mutations in any species; i.e., in a sense, we can
“accelerate” the evolutionary rate and mimic the evolution of the
mammalian genome. We analyzed collected raw ENU-induced
mutation data in the mouse and found two different mutation
pressures, which may explain the isochore evolution in the
mammalian genome.

Global discovery of Hominidae—specific unique
genomic elements in human genome

OMorteza Mahmoudi Saber and Naruya Saitou

Department of Biological Science, University of Tokyo

Functional studies have found the involvement of certain Conserved
Noncoding Sequences (CNSs) in the regulation of the closest gene.
On the other hand, reported cases of long range enhancer activities
and inter—chromosomal regulation suggest that the genomic location
might not be important. To test the importance of genomic location,
we extracted the CNSs conserved among chicken, human, mouse,
dog and cattle. We first show that the CNSs are under purifying
selection, and not just mutational cold spots. Next, we show that
genomic distribution of CNSs is not random and that the intergenic
ones are often found far away from protein—coding genes (gene
desert). The distribution pattern, ChIP-Seq and RNA-Seq data
exclude the possibility of the CNSs being unannotated genes. The
ChIP-Seq data show that the CNSs are more likely to be regulatory
element. If the genomic location of the CNSs is important, we would
expect to find a pattern in the expression of closest genes.
Otherwise, no unique expression pattern would be found. We report
a high concordance between the closest gene ontology term and
tissue expression level. Gene expression patterns suggest that CNSs
regulate nearby genes. Importantly, we show that genes with more
CNSs have more conserved expression. Our results therefore
suggest that the genomic locations of CNSs are important for their
regulatory function.
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Family Hominidae, which includes human beings and great apes, is
recognized for unique complex social behavior and intellectual
abilities. Despite the increasing genome data, however, the genomic
origin of its phenotypic uniqueness has remained elusive.
Clade—specific protein coding genes and highly conserved noncoding
sequences (HCNSs) are among the high—potential evolutionary
candidates being involved in driving clade—specific characters and
phenotypes. On this premise, we analyzed whole genome sequences
along with gene expression and orthology data retrieved from major
DNA databases to find Hominidae—specific (HS) protein coding
genes and HCNSs. We discovered that Down syndrome critical
region 4 is the only experimentally verified gene uniquely present in
Hominidae family. The evolution of DSCR4 which has no structural
homology to any known protein is estimated to have happened in
several steps through LTR/ERV1, LTR/ERVL retrotransposition,
and transversion. Using genomic distance as threshold for neutral
evolution, we identified 1,852 HS HCNSs. Polymorphism coverage
and derived allele frequency analysis of HS HCNSs showed that
these HCNSs are under purifying selection, indicating that they may
harbor important functions. In this study, HS HCNSs are shown to
be under accelerated evolution in Hominidae common ancestor,
overrepresented in promoters, untranslated regions and in close
proximity of genes involved in sensory perception of sound and
developmental process. They also showed a significantly lower
nucleosome occupancy probability. Low HS coding protein—coding
gene to HS regulatory HCNS ratio suggests regulation alteration of
existing protein—coding genes to have played a more significant role
in Hominidae evolution than emergence of novel genes.

HIFREESR R.Pabl 13, FFRELS O IEIE AR EEA FE A
DHF DNA 7Vavo—BiEitl, i%éhf:ﬂfﬁﬁ%%*f%%%
UIWr45 AP VT —BIGMHAE >, HLWRIORIRE S TH
5 (fE T, 5 RS Symp-8), ZOHIREEE &R FDFRERS
ZIFEZ A ’:J?SI/\'C%F?J#‘%B"J YRR UTZ, T DFER . R.Pabl
REaZIXFIZE—RBIRESNOT 7 =2 & AT WAL T DA
?/l/l\7/;<717— > (IEAfTESR) Lxt&rn> T, il BRAE A
EERELTIFET D28, ZOBB RO CHEE T
B LT A EKEABET D2, £ —F THLE
ZCR— & T BIZRFEN TODEAENHHT LB
SNz, EhO B IR YY 95 U Helicobacter pylori
D INZIE ., FESALLARTIC Pabl B RER R AME A SR
7223, T AU B KR E— RO T VT RRIZ B THEREAR 2
a1 hrgC ICEHRSN Tz, <L —ITI2BWTE, K
TOTHRANRD hrgC NET7UTHRICEBIZESN., TEEE
RObIELLIEN DA FRB R, v — e E Rl ROk
~EASNIZZERHEE SN, hrgC DAEMZIERICD
WTHBZRELIZN,

-135 -



EREICBTIEIDEEORBER DFEICDONT
OFENARHE, SFHTE A HEHE R ST
AR - STAEAE, 2HUR - AT

LTIV EER ST8Sia2lcAR|EANEDNDL—S
ST ADBBTOREMER

BRI 7L, SR SE T PR IERE, RAFES, b e MR
HLOAL, ORIz

SRR - SR, 24 K- R RE R H— SRR - R R
W Lk AT My

ENE R IZZMONTRY, FETOREDORD
SOVFHROBE KT ZE DL THEITF DD, ABFFE T, R
A2 DO RE B L OV I R BRI N E D L H 7
BRA AR IC S > THEZHIN THDO), EREFE AR M
DR JETOBB TR BN LH LN THIEEZER
LLTWA, EMERIFR AL QWD s T2 HEEd 5720
W2 BNETF U =D fEE AW~ A a7 L AT —H
DOFFFT ATV, 2FE M CRILEZEZ RO Al fEtE O b H A
B FRE L, EREF oo D —F N F 3R D
&Y T A T WL O DIERBAS T2 DWW T FERS
DB EEZ TR PCRPCRICKVFERLIZEZA,
KRTAPI -G T (77T X B 11-DIZB N T
Fr N D= bR TENCHRBAENFEICT RS> TNATD
EMRBAGNT 5T, KRTAPLI-UIKREETL T 27 5F
R LB ERER IR T BEES I ETHY, 2D
T B2 T 2FE M COERBOMELCEDEWIZEHRL TN
LAREME RSN T, BITE, ZORBLEELZ/EA LT
WAIEBLIREISEIR O 2 B OR EEHED TRY | Bim TR 8
BOZOELEBREZFALHCTEFETHD,

Helicobacter pyloriMbHETE T BT 7 D ANEHE
)

OPARRR I T LR AR R SRR, M T
IROIRAZ RACHIT, SRR S B AT SRR

T IVERIIHEB R R ICNLE T AR ED LR BETHY, v
TR ISR ST8SIa2lE, Mz W\ T 7 VIR L4 #%
HBEERVCTNVEE AR T BEEE THDH, TL T, RITT
JVER D R A TR A £ 35 45 1 (NCAM) (&, id
FERBIZ R W CEERERIZ RIZLT0D, T ST8Sia2k,
A RIVE, B BE, SRS, Ko EEW STkt
EHBEDOEEN RS, STSSia2idasa=4/— g fE /)
RSV ST BN LT B E ARG ENZ B - T
WAEEZHND,

oz 13, ST8Sia2 i in D7 mE—F —LH DO REL AL
WZOWT, BN A O Z R G fFNT 21T 75T, &
OFEF . ENERAICHBLZ 1D 0T —2—F AT,
MoOEAT LA BEICERN T v —F—IEEERT LS
(2, 7o —Z—DE10kb DO FAL 08 & x5 )
RHTS, TEHEDOERW T 0B —Z =272, BUAENEOT
TIANHLZ—FT T ~OBEOERIZIED H K& DM
T2 EDIRENTZ, ZRBOFRERIT, BUENEOT 7Y%
DL IR A28 SN B Z o722 LA RIBL CVA,

HEHRTS)7RADFMERKES S F EBA-1750
Fseg/ Cseg —BIM 1L

OZz NEEME", 2L, Hathairad Hananantachai?®.
Jintana Patarapotikul®, XF&/IA"

UK BB, wER K BRI SE AT

Helicobacter pylori(E"0 ) 1L E 2502 DFI VNS
RN TR 5720 B EIE EORFEBRAWITHTH
Do ZNEFIHL Tl EO RN 2175 28 C AL
DFEREIBIZENTED, WA IIT VT NORIKIZHEDIA
WD ER I L 72 e ) 248k D 58447 ) 1 PacBio 3 —
Iro P —IZ Ko T EL . 2T Genbank IZARBENTW5
ERVRERY ) LT —H AR T, FHT0RO R AT L
LRI EIToT,

INETOMFET, MRBITIZ AR N3 7 4 LA A& HE
ESTAHEM(Oki-a) BFIET AL, FTNOLAFJ~
7Y TICABND hpAsia2Z )V — AW LD AT
WS, BRI RRIIA Th oo, A RIOfENT T
Oki—a 7 /V—FE 8= VR DU MDA SN2 5T, &
blT HiSeq ¥ —7 P —TCHiA o777 & HOREE N
Z T LAORK D B IEMT AT - Tk B, K23 —/L—Oki—a 75 A
H—13, 2a—F =T ~A—ANZUT RO hpSahul L0753
I A3 VN2 LSRR E AL, Oki-a ASEEPERR I TlI2 VAl g
ML R I,

ERDOIRME~DRANCEE LAWK ATV T RO
EBA-1751%, FIZ7- 5D (Region [ - VI IZX /3 &4,
Region Il | &7 AN "R (Fseg & Cseg) DIFIENME S
TWD, 20D Fseg/ Cseg “ AN A FRIL LD, +
OHEALOBFRIZIALMIZEZN TR, FZTAZETIE
Fseg/ Cseg DAL EFI T 572012, ZDEIRETHK
EREEFAE LT, XA NBHREN- T T BE 1314 O KM i
MBI UZJE B DNA &2 VT, EBA—-1750 Region 11 & 111
DG FERCAN 2P E LT3 e, 3250 S s+ (7 UV) A3k
SNz, Fb% VT NCBI @ BLAST #iZR0 R st itz
1Tol=bZ A, FUo RV — YT D Plasmodium
reichenowi 1 Fseg t Cseg BeH| W & & Te T UNEH DL
WM, Fseg & Cseg T VIVRMINEIVENVMSLIZHEAEL
T EMRIBE T, 5T, BERNOGERE Sy T HLA &
EBA-175 7' F R ~DfE A TR EITo 7255 R, ehd HLA
TUVHEE LR RO A RSB IT RO EESN T
T AREME RENT,

-136 -



