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Stagnant, itinerant chromatin dynamics

BERRE

LBXFIOXF VBREHIERFRLSR

take.sugawara@icloud.com

E NI EDTFEYTEH EBRABEZIEVCEI S FRE(LINIEEETU MU —]EBEZED,
—ERDAEHAIECER TIE. Y FOX T EFOX P HREBOMBICEES NS TILEEIEEDT
EDHSNTVD. CNSDOREBEORIFENESIE IO F Y OEIEZYENICHKIL. T/ L LORE
EFZHIZANDFIRRE NICEIFICRIBE DT 5.5 EEELFEZTD L S FRBARFNIBEICKD
YERHIHND SN EET 7 0 N —PRIRILHECBEY 2 EHREEND D OEGTFEH R
HZDS UTEDK D ICRARBZ#IF ZESBDDNCOVTRIREROT I TH 2. KL FEHAT
OXF VERBZRRT DIt DHREERSS. pombeDEHDELFEZIMELY A LS T ABREZITD
feo#%ZRE_LIC/TET %spindle pole body (SPB, HIIMAICHER) H SEEGFEESE TOYIEHEEREZ 1%
AREBDIEFEE UCEENMTH S B FREFEMDBENSEEE™MZBE L. ERFTY MJU—]
BEBE T DT EHTRBEINDMEMEEFEENTIVITEFIVERAVERZITV. ZOL S
[EhEDER LT (stagnant) B OEBREZNERE I % (itinerant) ¥ B ZHEICREL LIz &5
IC. L&Estagnant/itineranty O~ F > EREDMRREHRIKTFIE Z /D MEARICH U TELT D
L O O F VEIREDEREBRZ{T o2 (B1). CNSOFTRERL S Bl Nfc o O F VEEE
FINFTHRESINTVD LS HEED FRMILHEBFRED FHHFLIAFIIRATHDEREEIND,
KEBECE LEDRREZBN U . REDHIBEET UV IDRREEGDE. J O F VEREH HEEET
DRI HERERHREIIC DV THER T Do

® [l
ARy Call divish
! A
D) mmsmmc s o RG R R G
R sing (U< Hham) (80 AR B 1 2y} (Zum<E )
sre ” ” ”~
st | ; | ! |
\ ~ - o~
his2 " ~ . r
5 - . .

E1 #EFhis2EsPEn&BRAMOBAREEENROERL

12



IO F UVHERLBEZE DR S HIE
#imelt

LEKRZOOXF VEEEIER LR
soya@hiroshima-u.ac.jp

#AY/ LIERIEEE D 1 RTDNAERSITIFE L BRTHNE I OX F YV EREEICIEHA T NEIE
TNTV 2 EFEDOREFBEREEDIRERMTIC K > T HEIES / LlFTopologically Associating
Domain b= RAAL Y AVF T~ RAA Y ERFND Y TIMbY 4 XD IO F VEFICHEIENT
WB T EDDD D TEC LD U ZDMIRISHIREDHED SEURE NTeDNAKTF Z TS 2 55ICE
DL fed —#iiam s’/ ADIEEFRZRZI TLDERFEREL,

—F TR X—Y Y T EAfiE— BN TOERNIE I O F Y DEZEESHIC L TE 5T HE
MRETHDAE—TEHIE (EILEGCEMEA) O T I —TOHEAD S X T VAV —LF TSSOV EED
KOUS VY LFEIEZERT CEDDOD D fc. TORFZEBR T —)UISHH THENMODEETH 2.

KEETIE, LEEDEZETVDREDR I VAV —LERELENZ IOV F UEBEDEZREL T D5
BEFIVICDVLWTIEBN T 2. TOHBIEC L > TELNU LD > TL BEETTVDIREDENZ I O F Vig
EOYENREUTPUT 4 Z@ALEVWEEZITVD.FR.ZOUFPUT 1 ZHEATEIHEETILES
BDIEDTEHSTERRICHE e /ONF UVHERY I 2 U—Y 3 VOFRAEICDOVTHIBNT %,

SEXH

Shinkai S, Nozaki T, Maeshima K, Togashi Y (2016) Dynaimic Nucleosome Movement Provides Structural
Information of Topological Chromatin Domains in Living Human Cells. PLoS Comput Biol 12(10):
e1005136.

14

15



RIREBEFR - 1 DFAA—I VI RMBEDORFEE
fREEMFRRNDINA

RS

i - £V AT LRREY 5 —
RA - - Y2
y.okada@riken.jp

EMBEODFANZXLDERS LCHEET IVEDOICE B TERRRZIESHFH LU
B FECROEELHEZEENICEHAIT DI ENERTH D ZDHICT I BIF. EVKREDH#EE-
R ERAE TR OMMIEES KOS FEIEZEHA T 5 h DEEMER ORI O Z{T o TE
1z(1-4),

ABECIE EEDHE 10 UR ZBHMEEE100 nm TDS A TRILA X—I VI ZRR U IEEE
HRERMER (4) & S U MIZE DR A8 CHRIFBAI DB —D FIRTA X—I VI ZRB U IcEE—D
FAX—IVIYRT LCOVT EICHBEYMFNIBAICET 2RMADBRZENT U BRI LW,

1 Uno S, et al., A spontaneously blinking fluorophore based on intramolecular spirocyclization for live-cell
super-resolution imaging. Nat Chem 6: 681-689, 2014

2 *Okada Y, Nakagawa S. Super-Resolution Imaging of Nuclear Bodies by STED Microscopy in Nuclear
Bodies and Noncoding RNAs (Nakagawa S, Hirose T ed), Methods in Molecular Biology 1262: 21-35,
2015

3 Takai A, et al., Expanded palette of Nano-lanterns for real-time multicolor luminescence imaging. Proc.
Natl. Acad. Sci. U S A. 112:4352-6. 2015

4 Hayashi S, *Okada Y. Ultrafast superresolution fluorescence imaging with spinning disk confocal
microscope optics. Mol. Biol. Cell., 26:1743-51, 2015

16

[Memo]

17



AN 1 BFA A—I 2V IHRDOBENEE
VIFINGERNDEH

LtHER

LSRR - £V AT LKLY S — QBIC. KBRAZFXRER - £t RiRl. KIRKZAZR -
BEMEH - WEEREZT0I 1O MRtV 5 —

masahiroueda@riken.jp, masahiroueda@fbs.osaka-u.ac.jp

M 5T X—I Y TEITER IR 1 D FOIRS BUVH 55 FERORETHIEEE)F T, 34
DOBEVHIRZEE 2 ENTEDRRICESMIEANICBVTH TEE - 5 FRIGERE T DILEHR
IR BLER T« X D FRAEERAORS - BRRINEEE EDEE/\S X 5 = EEM TR
BRITCE 2. ZDIEH ML)V TOEMISRSR ZEEN CEER L. ZOR/REZHEETIVET ST LD
AREE D TCE UD U ERBIERHICBVTUH T LB EELRBEFELLEDETCLEV.ZOERE
U T IHADBFRIUR 1 SEM R o IEIREC BV T, BARSRERMT & BISHRIT DTz O ZPIAIED
MNEBEESNGRRMEDOS BEHMICIE > TOREWT ENEIFEN D, DT XD FiED 5% Sl
AR FRIGR Y RT—J[CDVWTHRENICHIRZEIS T2 EHEHEE>TL D,

REHEA S HEADI DFAA—IVIDST—IBRICEDFTTOTOLRLTZEEL L. BHFE
BERM T CHFHEOKRESAZITITENTEDWHEY AT LOFEFEICHKII L. COBE 1 53F
AA—IVIRER. 1) BEIT + —HAREE. 2) BEIRAEIRIEAE. 3) WYL~ XBEENA 1 IUERHEE.
4) RS B BNREEEE. 5) BEVSRAIEEEZE L THD . OV E 1 —FIC Kb —EHIENTTREE 5o
TWVBIREDEETIE. 98N T — MBS N/CHlliaZz 1 D 1 DBEEMICERI L. SHizlCDLWTE
ECERZGDRTI DFAX—IVINARETH D MIBOBEERBET + — TS5 — =V TEOHWEF
BEFALTWVS, CNFTICCHOMAICHRE UTCECGFRBHDEE 1 3 FA X—IVIICHHLTS
b HEE ETOY I FIVEEDRTFZ 1 3 FUNIVTEENICHFITT 2 &N AREEEofc. 1 HE T
D B0OHHE. 105D FDT—F ZEUE CTED . SEIDRKRCTIF. COBEMEY X T LOBIE LEGFRHEE
DY IFINGEICHA UBERICOWVWTIBT LWL,

18

19



fHEEE I O RITFEEHIEOESICED < MEMEHBED
fEER

EEmE4° MEFE—EE**° ks

HRAZFAZREZRMAR ' FAY —THEaty5—° HEREMEN S
EYEZEHZORENS (BMath)*  CREST BRI EITHREEMAE °
kuri-tky@umin.net

MEHE(F EFLEZ S UHIRLEEIRENSG 2D WVIIREPREICBVWTE U DRER T EFOMED SF
FORAICK > THEIRDERBEZRESTE IBBRLEERSIND . RLEINE T . MEHFLEDBIET
DHMFRENEZ BT U RFHRIMGEDSLIRMARICK > TRESND VS IERDEHEFEED B4 D
fHREIEEZZ R GEVE U DEABNEE LD, BRROECANEDD BN S22 E LTHE
SDEIRBEZLRT B EZASHIC L TEc COMBIEREICE DV e BILA — bV bV ICKDEIE
EFIICKD MEMRMRTICHIFDMaftECEEL VDL EEBIC KL EBIC2/3RDN
ETTEHUTCTH LRI —)LAIBNEDN KRBT —5 D S5 BIEIEFEFE UEVERHESNc. COMEHRRD
FBREICH I DMIBEADER RN ZR & D NI ICIFBINEEIE S U T MIBEaIC L D&
ENREDTUE. E5ABE (C KD 2MROEEER /FEHESHCED . INHMEREBETEDK S (CE
WTWVDINRERNZED TVD (IBRS KRR —HR) .—75. MEHEBECRIBENEH T DELTZE
BASNICY B NEHIEHKIC K DRFET IV ZAV CE—BIE T TFRIEBIAZ{T o lc £ D HED
BERFZROETDELTFISAY—DEENHSHICE . Y VIRY D LTI CNSOHRICE
DEMEREICHVTHIREE S BT FESHEOEERBIEDKRS CHAVTNDIH . SEORED
SHTHEALIL,

SEN

1. Sugihara K, Nishiyama K, Fukuhara S, Uemura A, Arima S, Kobayashi R, Kshn-Luque A, Mochizuki N,
Suda T, Ogawa H, Kurihara H. Autonomy and non-autonomy of angiogenic cell movements revealed by
experiment-driven mathematical modeling. Cell Rep. 13(9):1814-1827, 2015.

2. Matsuya K, Yura F, Mada J, Kurihara H, Tokihiro T. A discrete mathematical model for angiogenesis.
SIAM J. Appl. Math. 76(6):2243-2259, 2016.

3. BHEE MR, ARXE, RRERHE, FhEE MEFLEOHETT IV BRICAMEIERRMRIGE
26(1): 105-123, 2016.

20

[Memo]



Dynamic chromatin movement in stimulated endothelial
cells suggested by interactome analysis

Youichiro Wada

Isotope Science Center, Laboratory for Systems Biology and Medicine, Research Center for Advanced
Science and Technology, The University of Tokyo, Japan

ywada-tky@umin.ac.jp

Since chronic inflammation of endothelial cell is the first stage of atherogenesis, we stimulated
endothelial cells using a representative inflammatory stimulant, tumor necrosis factor-alpha (TNFa),
and observed it regulates the induction and reduction of more than 500 genes in a orchestrated
time course manner. To obtain a comprehensive view of a single transcription cycle caused by
TNFa, we switched on transcription of five long human genes (>100 kbp) with TNFa and monitored
(using microarrays, RNA fluorescence in situ hybridization, and chromatin immunoprecipitation) the
appearance of nascent RNA, changes in binding of RNA polymerase Il (Pol 1) and two insulators
(the cohesin subunit RAD21 and the CCCTC-binding factor CTCF), and modifications of histone
H3. Activation triggers a wave of transcription that sweeps along the genes at approx. 3.1 kbp/
min; splicing occurs cotranscriptionally, a major checkpoint acts several kilobases downstream
of the transcription start site to regulate polymerase transit, and Pol Il tends to stall at cohesin/
CTCF binding sites. 3C data revealed transcription of one of the five big genes is accompanied
with smaller TNFa responsive genes on the same chromosome. These results suggested that
transcription of TNFa responsive genes is performed by a single transcription complex, which
provides a platform for both transcription and splicing. By identifying special proximity of TNFa
responsive genes by 3C-based technique and by proteomic approach combined with chromatin
immunoprecipitation, we are trying to elucidate the identity of transcription complex in TNFa

stimulated endothelial cells.

Keywords: endothelial cells, inflammation, insulator, RNA polymerase I
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MMCULIe—AT ZENSDBEFRDR Y bI—JICK 2T EDKSICLTYRT LORE M & FTEE 4D
UNRBELTVDDEBESH TREVMRET V2RV T 21— a3 v CIERRITH Sid EE
LI A F IO RDREEICIF. T/ LOERCKRSFVRIREAIEEHERFREZRLTVND T EHR
RSN BSE - RIFEIND SE(EX T BEDIRERAT —ILERH DI A F I I ADBHEVDEEDHE
EENTWVDZITHIARTIE KBEDATELRBRZANT. ZDELY 1 FZIRCHITDRIRER
EEGTFEDELZEE U ZOMINZR#ET U, 2] ENENBEZZNTNRIMURIE T CEfE
KERZIT D e FONICERIMMEARIC OVCBISNY — T VP IC KD RARERZRAEL. Y 707 LA
BAICK D CERIEFRIREDELZEER Ulc. & 5IC. HDEFIN DM EREDERF ., thDZEEIN D14 -
BEMZEEDRD [CELETE DN ZRBHICENT Ul CNSORRE BT FEST — 5 OBRIFRZRT L
LD BEFRRETOT 7 A ILOEL L FEAIMIEREDZ LR <EEZ LTWD—T. RAXEF
MEREDZE(L LT LHRUVERZREIED D fc. TDELY 1 F S I ADFHMIS R D S MiEREDE
BO—8EY / LAERICIRS T M AU EOEENRVEER T —IVEF DENSY 1 TS0 AR
TBRTENELLTREENC INSOBREMIZI T2 L —2 3 VORERIB A ZHRET DI EICKDE
IWELT A FZIADREREDNEDK S [CIEFETEDH. T U THRRIREER Z50iR T 5~ U DIRAER D
EDKSICARENZFHR T Do

SEXR

[1] Shingo Suzuki, Takaaki Horinouchi, Chikara Furusawa, Nature Communications 5:5792 (2014)
[2] Takaaki Horinouchi, et al., BMC Evo. Biol. 15:180 (2015)

[2] Kunihiko Kaneko, Chikara Furusawa, Tetsuya Yomo, Physical Review X, 5(1), 011014 (2015)
[3] Chikara Furusawa and Kunihiko Kaneko, Jour. Royal Soc. Interface, 12(109):20150482 (2015)
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The folding of epithelial cell sheets plays a crucial role in developing tissues and organs,
such as neural tubes, optic cups, and branches of lungs. While many efforts are devoted
to identifying the molecular machineries underlying epithelial folding, far less is understood
about how forces deform individual cells to sculpt the overall sheet morphology. Using a
simple mathematical model, we show that mechanical modulation at the basal-lateral as
well as the apical cell surface is capable of inducing fold formation. The different modulation
mechanisms sculpt epithelia into distinct fold morphology. The correspondence between the
modulation mechanisms and the resultant folded shape remains unchanged when subject to
mechanical perturbations from the surroundings, suggesting that these tissue-autonomous

folding mechanisms can robustly work in various environmental conditions.
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MEFFE TS MERRZRIAD T - R - Dk - BEAAZTVEH UVIMERD M SN D EE DT
NS MEFREICHNTCMERLZMBRIFRRIHROMERZ ZHFEIE ET. U-F-UBEERLCETREYPT
AEICK D EVDUBBHFZANEX D S MEZHREMT HRFHASHEL > (BEXH) . C
DEMITER)/ Y —V [EMERRZIESSMRER L UTEESNDD ZOAMEHIDWTIFTHELER
HZW.Z T AR TIFMEARZARD 1#lfah SHRERCH IS DES DM Z@EITT D LICK
b MEHFEICEH<BROBRABDEZAESHCLELS EEX . MERRMBROETILE U TIEHESN Y
hU Y O AR TMERE(CHEL U TS - R DIRR S FOEGFRIREEZ R I ¥ D X R EEMD
EHROARZHIZHMS- 12 BERMBROET )L E U TIF YD ARRIRRES MR DONIH3T 3 Z
LRRMREOETIVE LT XBRERAE LR HRBEROMDCKZ AWV 1 #liflah SEHliialc $(3 28
DEREHS . ITEE LT HERI A LS TAREEEZ AV T —ERBEOMEOEBEZ B D
FOREE(MS-1#iZ[C[ESYTO16%. NIH3T3{#fidd KUMDCKHEEICIFHoechst 3334272 L)
ERDA XTIV ITEDSBRBEU. ST BICRRBRDSEOELZRHT DT LK D, MIES)
2B U SRl D&EE P Persistence (BEN S AN 2 R I 181R) . TH"RENM (MSD) E £ %K
& RETHIMEDEWVE T U, ZDFER. MS-1HlladhDiiiaE s kiR U TERNIEEDES 275
& Fl2fiia LBV T HiaDES =TT U, 2 CICXEnES) Z ST R IGKRFEDRBIRAER
BEEREIZRCLTVND I ENRES NI AR CRESNICOmES CRHMSINSARMERIFED
HRREENSHRRICIE S B C T NEVER & U TMEMRRODIEENEEDEZONETY VI ZAL
7 70-FIEZOTHEM UV X o, AR THRES NICRRMBRISE OZES ICHVTE< D F
DRBC DV THREDIARBRZEN Lo

SEN
Sugihara K, et al. (2015) Cell Rep., 13(9):1814-27.
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B RIS ESICEE T D NS VRAIUT h—L-F/ Lh-TES /) LT—5ZER L. INZAL
EHEBETIVEBLCHUVWGEEXAZALZRET CEZBNE LTVSBIC. 7.558R0O~ (o0
TUAT—9H 5. EBEDKRZ.307EREO I OYF VIHEERBR T —5H 5. OV F UIBER(LZ
RHUTEL U LD S EBEIFDEIKbp TRE T D fcth. CNSDHRIE100kbpZ iz 2EXE
GFLICBRSN. 10kbpi2E D% < DEGFEHICHIF DEE X DX LEFICIF. KD SVEEBREEH
MEEEINT,

V=TIV VIBRUSATSU—ERIBBEER LD FECER X)V—T v D[ LEHES—75. #fzD
BEPEMEEORABFAREDFICI>TRESNTHD . BREPRBERE L LICEVCHIKIN G
2. ZT T . BT —5 DHEFNEIC KD ULVEEXNZILZHRIT DL ZENE LT MM
RBOFZEIORY Y IRUBIRETOYOYF Y RRiUEZ BB LT DRBEZIER LT,

REEOR Y MK > TERBZTRDONDAARZRV REGSHE T T —5 DBEZ{T o TLDH.
FRREDBBICHBVTE S NIBC DERRIME HHEERDTT O TV /1 F )\ — RIFR. o iREZERE
F.SHEMEDTICSATINTVS,
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BB REMRKDRLEANLRRTH DD ZTOHFUNILOEEICE L TIFFEL <BHASNTULL
WV HERTIFABEIC BT DRNA polymeraseh'DNA_EZBD ENSEEEIT SR ETILHE MCH
BRATEDEEZ ONTERD GEE. BBESNIZRNA polymerase (RNAPIEZSTEE T 70 MU
—[CDNADEDAFNTEHEENMTOND EVNS T 7 U MU—REH[TIDMRIBENTVWS. 77 hU—D
EREOREE, BHZEICE L TR RAMDOEHHHZ <. RNAPIODNA EOFEEHBP O F > DEEER
DEEZEICDVNTY /) LD A RISET7Z T 2EDH D AMKTIE. ChlA-PET[2]®RIEXY—4o
AZAVTIERTIEESNIED o L SEEDBREEDRER T — 5 ZTTIC A T ORIER T 21T o o

-EBRHSESNICENBEDERINT—F ETIC.ISAY YV IBFZET > CEERFORD BV E
bax 100 e

- KD FERISEERY T — 5 ETIC . KRBT — Y &I D EHTEBDRNA polymerase (RNAPI)DE
MWZEEZERBICANCI A TSI RZERT 2HIBEETIVEED I,

L—TRHRKICEE 59 HCTCFERAD21DChIA-PETT —% & TTIC ABIRIED BRI T H DR TFET )L DL
EEZEZTCI—RIAT7 IS LDOED SEBEEHE U,

SEGR

1. Cook PR. The organization of replication and transcription. Science. 1999. June 11;284(5421):1790-5.
2. Fullwood MJ, Han Y. Chromatin interaction analysis using paired-end tag sequencing. Curr. Protoc.
Mol. Biol. 2010;Chapter 21:21-25.
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REZHICHT DBEINLEFENDEED DEHNFME TH . —RIC. B UEGBRZR o oz
DE—RETICH oL LTHMBTECRESPHROEE BEFORRELEDRREHNAEL
[FE5DLLTENNENT VD COMEDRBEDIFS DENBERNEICSZ DHEBZIERT BICFIR
BEBCH S HIBOIR D VOB EKEE . MaRoICER U iRiRR DB EER & Z 111
FRURIVTEHAT D ENEETHDEEZSND. ESIC.BUEGBERER O KBEOERRE T
TORRICIF FRLEHEIRE CO e o THAKE & Z O BICIREEFRNG D C ENREBRENTSD.
CDRSBEBRRE FCORRMNEBEHHEDREFRZEND I ELERLRETH S, UN L. EFEAIT
[FIF5DEDH B HIBEFOTIINEEE UDEHRITERWN e RIFBEDIE S DE(CER ULIEHAIZEITS
[CIFTNEITH D, Llch > T B UEIGERZER o Icliie D & & ORIREOE(LBRRZEHAIT D1
HICIE EFEHAITIRE S THIRT LNV TEHAITE 2EHIRZAVS T EHRETH D,

ARARTIE. TS 1 F IO ADOSRERBRISZRRIT DI A FIIAY A M X—5—LIFEND
RETIAREIT =TI Y ERENDTINA ADBEZESEIC UTRET I\A AZFR U IRIEDER
RIETCTOXBEOD 1 #lstAlZ1T5 C & T Mt AM Ol ZIT 3 C L ZBMNE Ui ZDRR. 5
FEIRYA M X—5—TR BRED SHHEINCMIENEE L RZHH T 2/ DBICHERD P
I REICFHATEZDRHBOBRESND EVSBENRD SNcc—H. IYP -V VESEC LT I\A
AT IAFZIAYA bA—F—[CHER REULIGEHAZRTABEAD S o fco LD L, F14F=
IAYA MA=5—ZRVCEECEN YTV VDR TRE—FRET CHAlSNICHliBE ENTOD
RN R < REOKXEESHLDINE KIEDfc. CDOT EIE HIBNDREMIGE VS A TRIED
HBTEZTIRT D ULORBEOFRICAIT  ERRED TRIMEREV U CEHAID TE. h Ofif2Ic S
DA MVRADDIEVITCIETET INA ADIERZRET LT D,
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SHONTOY A T (FRIRE - EREY) Z 5 o T ERIC K DB E NS EE (BIZ (& RRIEHRE DR
@) DERE U TOIBIER (EFIEER) Z5Hii I 2 C L FRFNICHHANICHEELFBE Lo TL
BT EFBRIBE N CH(T 2 EEIBEXRDOTEIF. EBRIEFCHIFTDEN(ERBEBIER) KO B.IRED
F1DED D BFICRENSIBIE GRENBIER) HE U B 1cth. 8 U LIRB & 18D . AR (& FEFEREHIEZ D
DB TEONICERIKERAZ (SST) OFEZAVT. CORFIBTERZ I I D IcH D B ZHEET
DILEENET D,

SSTICHBIFDIT v EVR G EFREBMOBRICOVWTEL 2872, EFIREZHIFT DD ICHEIL
&84y (housekeeping heat) & Z NSt (excess heat) [CHBE L. & I(Cx U CClausius T &R Z 185
T B EICHDAMRTIE COFEZEMIETERICEA LU RRENBIERZSSTIC BT R RFIZ (excess
heat) [CFRHER DHICK D EEHIBIERICClausius N ER 28R U BAOF OREH DR CEREIEER
ZiHiis 5 L ZERH B MEREUVTCIE BNZRICHBIFBIY FOE—ITHET 2ED “lineage fitness”
EFRINBEHRATEERE TEHE TED T EHREND DI RENBIED LIRZRIBEENDIAR SR
[CBIFBlineage fitnessZERAIT DT EICKDEETED KD ICIED. & SIC EFFMIRIBEEICHNT
CDLERDERENDTcsd. CDBEICKH U TIF LEDFEZAVCREISEZ EEICFHEcEd I &
REND,

SEN

[1] Y. Sughiyama, T. J. Kobayashi, K. Tsumura and K. Aihara, Phys. Rev. E 91, 032120 (2015).
[2] Y. Sughiyama and T. J. Kobayashi, Phys. Rev. E 95, 012131 (2017).
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Successful identification of causal networks from a set of variables is an important task in many
fields of science and engineering ranging from neuroscience and climatology to economics and
sociology. For a long time, lots of efforts have been focused on how to predict causality from
observational time series. However, due to the transitivity of causation, most of the existing
causation detection methods cannot distinguish the direct and primary causal links from the indirect
ones, which leads to a dense and meaningless network especially when facing a large-scale
one. In this work, we articulate a novel framework called Partial Cross Mapping (PCM) which can
successfully distinguish direct causal relations from indirect links. This method combines the idea of
the causal delayed spectrum with partial correlation and characterizes the causal relation between
two variables by eliminating all the other indirect information flows. Benchmark network models and
several real-world network examples are used to demonstrate the effectiveness and show a broad
applicability of this method.We anticipate the Partial Cross Mapping method to be a powerful tool in

building direct causal networks.

[References]

[1] Ma, H., Aihara, K. & Chen, L. Detecting causality from nonlinear dynamics with short-term time series.
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[3] Takens, F. Detecting strange attractors in turbulence. In Dynamical systems and turbulence, Warwick
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[4] Zhao, J., Zhou, Y., Zhang, X. & Chen, L. Part mutual information for quantifying direct associations in
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EMDOFRE - RRBEICHNTC. SHEBOIEE (W e 5P ARES) [F. BlZEM T 2D HEE
RBEVICKDHBEEINTND . SHMBERORERNEZZ X DEEHFDU LD HENNZZE LN
BT DHEECEDI<BOHHD . ZDOLMEHZEZ R D57 FPHRROEEREF. CNE TICHEARIC
EHSNTE UD UL BB ULAICHT DMEREDNEDKL SIS 13U X 7%Z8 U TEHME-D
FRERIHICE 59 DO C DV TIE RIEREALRDE .

bbb EFEBOBRREETH HEDHELEMBREICER V. HEAAAXA—IVIZRBBLEUICE
BLHEETIVBAZEF SO E T EDORERMEICRED MENEHREBOBEAZEEL TV, YU R

BF ORERLAFCHBVTHRIND MHEET 28E LR EORRN—EICRIN SRR ZEEFIIEH
REME L. SRTERBICHITDMEEDODCEPEIE ZHNA X—I VT L . FENTCEIRZEEBET
UTe. CNSOFERICK D ERDIBXICHES T MARAIICA > Ll REERDRNCHF ST 5H
FRDEERZ DHIE L TND I ENESH LD ERZEENICHETT 21 DR PRI HREE D
RAPBVZRH U ESIC. SHMBEEZRIET 2HE VI 10— 3 VERCEANGEENERCH
T AMRILEDRAECKD  ERBADHRRE. fc & X IFHIBORD KL S EHEBRATRET DNICKET
DERIICEF VY ERZETUESE DT EDDD D e RIRA Y — Tl . INSORBEMEY =2 —Y
IVICKDBOSNERZRENICHER L EENEERER CRI < SMREEI T LAZRET .
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L DEYIMEEMEREDDEICH U THEMED S DEENZ1T S 8EN%ZR > TL\ D BERHMIZIC B L
T FEDMHIEND FREDOZEM AR Z R L THIINICY I FIVEELNILOFAREI DL 5N ZN
ZH E(TEFDFEIHETND. COIRDEVEE>TVWS Y I FIVGERDETIV VAT LELTRDELL
FEONTVDHDDO—DHHERIMRSE (Dictyostelium discoideum) T&H2.BIZ (& FESIMEBETH D
HESNCAMPH 56 VNI BREZEFRZEN UlcRasy VINTEDFEMHLIEENEENICANSNT
Eleo TSV DI ZE U TRl RD 21D MBI Z(L&E (Fold-change detection) [hVRIgE
NncWL3:(1) BENICERTHRNZR AR ST BIEF AT DEDIEIHEEE. DF b HlaFison
CAMPREICX T 2R3 EBDRBEDLL. [CK o TRF 2. (2) ZEMIC— R EHIRNCAMPEE %25 2
BRCRATY IHICELETEDE . TROY I FIVGBENEREZRIT D ZOBEOREREF AT v
TZALARDOBEDHICK > TRE D, ZEITHAIF—MBHIICEODNDET U VI DREHF THBHLEGI
(local excitation, global inhibition) ZBAWTC. 48 1 8LV 20MAZRDETIVEER L. ZLT
EFIVOHIBNENZEL CTHE 1 &£ 2 DR FIZELECIORATIIME2 ZHDV AT LAIKHEE 16
BEFICRDI L E ZBERUIC.ESICHE 1 L2ZARICHE DI ERIFS IMEREDGERICHLTH
EHROBRZE( LI ZRREIC T DTz WD D “Wave chemotaxis™Z{T SHifEIC&E > TERATH S S
ZEBbhofe.

Kamino K and Kondo Y, PLoS ONE 11(10): e0164674 (2016)
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EFDAEBOZ K [FRY 70—F IVISHIRER TEEEINTVD T ENDD > TE.TDK S
EEASDRE— MDD AERZELTVDEEZ SNDD. ZORFRIBIVEETHERDS . Z
CTHXIRYavYauNIEREETIVE UC. BRED D ABGFEE M UlRER 2 EY 1 K
[CHFEUEBER B LEZERIDETFERAIU—Z2V I Ul ZORR. a3 vV 3 ONITERR
EO_EEHEBICHVTRasEM LM O— ESroEM biila o O— Y hhEE T 2 S EVICZDME
LT B TR CRE TREZEEI DT ENDN DIt EDXNZALZELRFHITHEN L
FefER. SroiEIE(LHEAE T IINotchy I )UHNEME U, ZFNIC K o TSroiE M Lifiiah BB B baE
BETHIEDDD ol ESIC, NotchY T FIVIERIEHSY A b7+ ~Unpaired (Upd; IL-67REDO
) ORREFEL. CNHIEIEERNICIAK-STATRISZ5EML T 5 T & TRasiE blizoO—>
DRH-GREBEICEST DI ENDD olc. INSOHRIF. BE DDA REHRMNEEERZNT LT
Notch JF )L EJAK-STATY I F )L DFRINIEER L Z5 1SR T S THAIREDRRLEEN &
ZELTWK ZEZRELTWS,
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S AEENEDA Z Y F v RIVOAF Y NS Y RAR—F—Z 21 —OVICRIRSTEDHICLD . Z1—OVDHEE
EEHRHICLD IV MO—IVT DEHI(F T MY TRT 1 I X SEEE) DRI S N R RS ZRICBUL TRRMIC
ERLTETCVD AT DI TRT 1 I ZADBEIRIC KD FHRERE DO EENRIEDREIRDR L EEA TS, LD LIEH S,
CNSDREBNEDA F U F v RIVPA T NSV AR—5 —DORFEP L MICHENT A FENEDFHRERFOBIFCE
PRIFIRENDLAERE GBNTOL D ARADERPREICKD GBLFRIRZREICIY MO—)LF SEHFEEC
R R TREGF DAY Z DRITENEDEZRIC DUV T KOS BRITD I REIC S D & E X 5N B,

2013F(CYang5 D J IV—T LK o THMINIC &K > THEEDEIL T HLOV R X >(light, oxygen, voltage
domain)’& 5 D. 77 1)\ > /1 E(Neurospora crassa)fi 3k DVVDfc A IF < B 7% & ML ICF A U fe. Photo-
activatable Gald/UASY 2T LRSS NIz, Photo-activatable GALA/UASY 2T L Tld —EHMLEEZREE L
TeGALADDNAKES RAA >/, LOV RXA U %Z#FDVVD. Z U CEEEE LR FpESDIEREEME R XA &V F AIC
BESNIE ATEERF(GAVPO)ZALS. Y AT XY b & U TCALADIESESSI(GXUAS)ICTATAR w O A 758k
U ZOFRICRRS W EEFZRE L. BEZMIZICEA T 5.9 D&, GAVPOLAFK EIE. VWWDENLTE
EARIHKFIC —SIMEZRE I ZDRER. GALABED DS LICK D DNABEEENENMNU . SXUASICHES

%o RIC. GAVPODPESZEN U THEEEEE  aaro  noavro / /./
T e hGAVPO
HTATARY 52 LR FrosE?r & & L A

DEHEEMBEENZENSHEHTH2.58 (@)

BRI ADOFACHITFERSTESF g Ascr | (Gark)
B EEFRRERAICHET 2ENTLET -
HBIMCTHBDHZF COBGEFRIEDHRIES AT L7ZFAVD T & T MR MIaIC BT 2bHLHEERE R FDIRED
FHIROBEICDOVWTREIZ T oTe DTN LWL,

Flo DRTTISEIRICHT 2 E—HIADE IR EERIRS BB TIIIWES—FT I\ A RAZHANT . B—
MBI )L TN RIS DRI T o T SRS RO BRI > X DB A CRETE BT Lk TR
SHEBMIRIC B BE—MIL )L OISEE TR IR o . T DBDBIRIC KD FIR (F 5 15T A gk
(C DM SR . FBDS 1 SV I CRE T RIVERFT BN o . F e AR S =R
(RN D B o T AR5 AT DIE o TSI XIS S BTl T L— T —EFALZGAVPOD
SEH LRI DR R (T ol St BREDENS V) (U EEAV TSR HEGE BN BEL MM B EVVETHR
(ELDD BT s 1 S5 CRIEDHIIE RS U BIE T RIREE A THICRFS 2R RORT ST,
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@2 FERICIDEONDERIG. EFRREERITDOIITEELER CHDJEDIZHIP. R
DFHIEFE X RECTOHRFZEERICTODN TV . R BRSSP FEVFORSICKD  RERD
FREFRICED 20 F© MNEEEE(LZES SR I D FREEDNAESNTVDJAEE EFA A—JY
J7ZRAVT. EFEROMHIZ NS FOEREZRBRITT 2FEHAEEICED DDH D, UL UIEH S, TNSDIEER
ZEFREZ(CHRT T T BE(E BRI —H—ITKF L TE D BRI X IThNTI I o fe.

BLARARTOMRBEY REFZBITT2ENT MRFEEY—H—ZEHHE Ul B4 OMERE
ZERBIT DO HMIRE- MERRDERIEZT o lc. 2D Y —7—7%ZNuCyM(Nucleus, Cytosol,
Membrane) &&fH T e, Fle . B FEEDELZEZY—F HFRETN\A A VY —LARICERT S
ETARTICBVT Ml R E D FEMZRIF ICRETTREIC UTcBIC FSYRIY I ZY IV D AZEE
HUEBFRICSIT B0 FEEE B4 OfaERIZBEME Ulc. CNICK D BRSO OIS 15D,
CNBSDFAEICKDIEE-BREBOY I FINGECEDIKIZT 25—y 3 VOEBRIED Z EHEFS
ns.
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EYRXZDEECHBELEIRIVF—ZNED SEDRAATVNDBMDRAFN I RILF—F . EICTT
/Y 3UVB(ATP)ADEIRILF—U VEREEEVLSEICHIEN TERENEOS. KBRS
XIS ERLIEENICRIATN S 2D RN ERICEENT 2cHICIE THBATRRED R EN
TWBDENHD.—H. FEARMIEICIFATPHIFEAEZSENTULEL, UH L. HHEEHIEHERICHERN
ATPEEDREA T DR-ERAT —IL. (HHH BRFIFEAEDD D TULEL,

B2 MEIC EEHMIENATRPREZA A—I VI T 2IebDEN/INA F VT — ATeamZz s
Ufz(Imamura et al. 2009).5E. DY AT LZAVTHIIFEDV EDTH DT R h—Y RICHIF D
B4 DHFBADATPEIREZFANTc, ATeamZFHER U BB MILIEMIRIC Y IR b—Y R ZFEL T A—
IV I UIeET D ETRARAN—ETH R AR\ —E 3DEELLIFIFERCHIENATPEEDRA D
BED . 3077~ 2REEE THE T 2R FHEAEINC.ZEIT . HRIN—E3DFY—4'y hOUVEDT
B DHPANXTICEER Ufco PANXTIFHREREICBET 2RA AV F v Y RILTH D ARIN—EIICLD
BAYIRRIC &K > TEME USRS ICATPZRE T 5 ENMRESNTLDAERIPSIRNAY v o5 D
VICEK > TPANX 1 DESZIIFILIc&E T D 7R b—Y ABRRICH T DATRPEEDR D DRI NI
—7. PANX1ZRBEIFRT D& PR b—Y ZHRICHIF DATPEEDORMIZ LU LIRS N N
SDERIE. 7R b=V RICHVT HIEIFPANX T ZN U CREEN ICHIENATREEZ RS T B TVD
EZ2TIE LTV MEBAATPREENREA T 2 & IEORERINMET I 2. KB 7R h—Y R ZFE
UTcHIRE Tl R4 [CIEtR D I )L I— X DEEENME T T D ZNICH L. PANXT17ZBEE UHBRaICT
Rh—YRZFETDE T IV IA-REEDETHERESNED o fc. TiFDE 7R b—Y A UM
PANX17%38 U CHEENICHIINATPEEZETEE 2 2 & T RBORBRGZINZ RIBEHFDORED
RBEEMZ TVDEEZ SN,

Imamura et al. (2009) Proc. Natl. Acad. Sci. U.S.A. 106, p15651-15656.

63



P19

BHEHF—IR-ABMRUTRFAETIVICKDZEAIOIF /O
RFREIR U KIRRIEIE - EhRE - tEAEARR DEEAR

CRERHT 0 RAHEE ' AR BE—E teE' @R’
ILASIE ' #SiaEH ' SEHMFE' Zhao Yan' ##HE "2

| EARAZREZAAEIES FAEMSER
ELEAERRIORFVSA TFAF v I ADHEBMFHLE
awa@hiroshima-u.ac.jp

BIR(EADHBIATIE. £RICLT2mICHIEDDNAD, ER b PigLEY VNI B EEE UEEN
SBEZR T 2T ER10umEBEDORAICRERE LTIMENTNSD.Z LTI ORBHKFRL
TUo2E—DDOBELE LTNE > TV DD TR IFL IRAEREFR T —ILCTEMICERLTHED . ZN
RO TEHE ERIBEEEEV O iR EmER CUAROEREEEDHIEIN TN ZTTRYDT
I— T TREEFOBRNRUKENEE SBREBIC DOV T BRERBNETILERART—IN—ADEIRTZ
BULUATORSIEERZT O,

1) F—=H =@ K DEGFHIE & Z OB FEADZRFE S OREFROER

1~ 4BEEH SEBEIDRED 5155 RMREESE. & b/ LROI— REED2EDEEZ S5 . 55

HECERRE DEENRREIN TV & b/ LARDBERRERS DY/ ANSTHEZDELTDI I

FYV—=LRBWICDNT BHT—5 DIEFEHFERT 21TV, TORINSENEDMEZOELICHIT DIFRINER

IUFYV—LBRICODVNTERUC FRLBEEYEICBT DB FORIRE & T DBICTFEDOHFHFE

(IZHIRERE) DRERZERN TOBDEM & ZDEYEKREEZER Ul (BA S BH)
2)BBULETIVIC K DRI UF Y — LT - HHBECT DENRE - iEEEIE DER
X O UF Y — LFERESS EBHEECS D514 72 BRI B S O RUBIHREREAZFECE D BITKDE
KU KRR T U F Y — LEHENERVEIID B FHEPS/ ABSECBRETHEICDODVT. ERL
fzo (Zhao #AB)
3) DHEBOBER UMD HBLEROBFIIEER R
BEREYOFTROBEMLEREHBETH D DD REHRT Y U —Topologically associated domain
ERABE R D D REBORAREADBSE EEREC DT, VT My —YEENEHRZEN—X (T UICR

RMNBIFETINOYZ 10—y 3 VEBUTERLU. Z LU TS HBERADORERT Y U —RY

/)& —SPB(Spindle pole body)EDRAIBRIRIEM & ZORERZEZR Ul RTe REOEELER L

TERE D WD R T KR— 2T A )LEBDET ILEBEL MARREEFTEERDA NI LEER U,

(=N )
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RERSHEZOPTRAMEDS DEREZ EDEEZ SN TVD DRER T, (FHllaD HEEDH
AT £ bOX 7 EREDOHNEICH D RAE Y RIVRIE(SPB)DEFEICT S A5 — U REFKRK(T
OXP)FEY bOXT7 ERMAIOKE LICT S XY —TF B, e, SPBEEY hOX(HIEBDHIIN
BIREFNICHRR IO > TRHEEE T 2 ENRESTNTVD(BEEN#T. 2 ).

BREHARBEBERVT. £ FNOXP EFOXT OBEERITT 2HIC. T FOX T DOEHE U
T. SPB#EMRAF CH2Sid4-CFPZERIRS . —EFDT OX 7 ZiF# T D1 (C. TOX 7 H 580
FOEERNcsod2B L FERE(ClacOY E— hEEA Ltk ZAV . 5. B bOX7RFOX
T OEEZTHET BIcHIC. HEDEHFEVEE R SN BK/IMEZGar2-mCherry TR U e C Dk %Z
BVWT. EHROENEMBREZITVART—5Z FSvF U IEITL. Sid4-GFP. Sod2-GFP.
Gar2-mCherryDIEEHIDD 3 RTEZRZHIEIL U. ZNZENOEBEFROEOERRD SFH_R/ENW
(Mean Sqguare Displacement; MSD)Z&E T % & T HIERDBARBEZEEL LT,

=71V —Z(10%)1EH. B XK T IV I—RX(0.04%)1EMhiE EZFAWTCTEHRR - BT olc&ET 5.
Y hOXFZOMSDIFEZIVI—RICHERT AR I—RATEULLE T L. DT ENSEY hOX
7 DEEF HEN T IV I —RREICKET D EZRR Ulco—AT. T OX7OMSDIFE IV I—XR.
EJIO—RATHIFIFRUEERUC. £ FOX 7 DMSDIFATPREEZRITE L ETLEDICH LT,
T OX7 DOMSDIFATPREERIOHZEZEHHIC UDRIFEN D, INBEDTELS. FOXTEEY
OX7 DEIEF ZNZNHIZICHEENTND T ED DD DI, & SICREEEFIEMICHT RED
ZUVERBHOEFESH. £ bfOX7 ETOXATDMSDHIREVC EBHRBE UTc AREKRTIFINSD
EEDERICDOWVWTERULIZL,

SEER

1. Tran PT, et al. J. Cell Biol. 153, 397-411. (2001).
2. Kim KD, et. al. J. Cell Sci. 126, 5271-83. (2013).
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ZEADNAF ANER- ANERZBDO T BICEEOBRICHINTL 2. REHDNABIEDOEN T
B FHRIE EIC K > THERSNDHDNAZEH MG FHEELDNABBEDU EDTHD fEEENZEN
SAIFHISENFHE SN 2. EREMIC (S A AR S E B OIERR RS 8L & ODNAZE#E]
HDIEERED D > TV, LN LIEH 5, DNAZKEIMDISERIES ., SO F VERELMIaE R
BEDEHEIC DV TIE SKRIERALRNZWNEZTHEX(E.
1. DNAZ SHEIMOBRHEIR X 1§18 S et RS DRSE

2. DNAZZRSHEIRREBAIICBIF 20O F VBEiEm

LEZRICER U ERZEEDT.

5 MEEHAEICES T 25 VIO READNABISEAIEDICIERER L RN T + —H A EFE
N2BRERIEEFETE T DT ENLL SN TS FH2lF ERIBRZ SERIE CEBR R REIZRIL
TWLBRADS 1H R EFDNAZASHIRFERIICETE L T I 4 —H AEFM T D X A= X LIC DV TS Z
D AMFEIS DR E U TR U TER[1-3. & BIC. BIRIGEEME = AL B S S OB 1T
L), RADS1HEERT AT + —HADMBIE IOV F V DEEL BRI BEREN G D 2R U,

—73. DNABEICBVWC/OVF VBB EEFREZRC T HL(E EXA N YH2AD/NUT 2V R T
$2b MH2A.Z-2ICRELT. DNAZABEIRIEN CRIRRIGDERH SNDT L. ESICRADS 1D T+ —H
AERICRAS L TVWD I EZRELTWVS[4]. 2T T, DNABBIKENIEH2A.Z- 238 R N DFIH X H =
A LORRICEALU CRFEMARZUE URRZEDHER. BERRVWAIRZE2 &N TER,

INSOHRZS &ICAHEHEIRZ BEEE S HlE s o OV F VBB OBIEIC DV TRE L.
SEOMMRIBER RO AN Z GBI CANUZEHRZ T,

SENGR

[1] Shima H, et al., J Cell Sci., 2013

[2] Liu, NA, et al., FASEB J, 2015

[3] Okimoto S, et al., Genes Cells, 2015.

[4] Nishibuchi |, et al., Int J Radiat Oncol Biol Phys., 2014
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B FRIRHEEICE. TES LMERHIEO K S M EAEHIC K DFIFIEI TR EL. ZOVF UBiE.
XOUAY — LEERIENKELBED > TND T ENMEFDOEREEEMRICLDMRTHSNICTED
DOHOFRTHLET/ LiF&ERiTE UTHSN D TALENODNAREERIFEICER U TR ZED TL
&Y. TALENE. B DIFRFRIEHHERROESHE F (TALESY /(O BE) hE DDNASSHERE ZFIA U
TWET, TALEY V)INOBEDODNASEHHEL. DNASTHMBRZEN T 234ED7 I /BHh 5155 Y
E— MTALYU E— M D4EDODNABED S5 1 DZRENICRH I D EV DD T ¥ -5y e
BDNAESICHBT DR ITALU E— hZEHHFEDE DT & TENDES(CH D fcTALENZRE T D
TEDTEXT &I, TALEY VI JEFDNALHE T B EETHFEFNBEICHRODDFHMCIFHL
[FAERBLIK DRI/ MREREZ S UCHRETALEICEAL COFINZEY I 2 b—y 3V EYIEL
FHIFRBRZAVND T ET. TALEY VNI EODNAGHBIRORKRIEO LD EELET / LREZE
HMIBDEVSIHUWXAZZXLZERIELFE Ue(1)o

T BEBNICO/ONF UBSRCER I LAV —LIBEICEEZS5Z 59 F 70— T OMEDREEFIC
BEULTED. XIUAY—LDTUVFY TIVETAIVEFICHSIT DRI ZE L CTESHIHEICEEY
70U VEMHEESRPIN ORBEED FRHERE. E A Y v ROVFACTORAZ M EEICHTDY Y
EEICH T 2BEREMREAANZXL LA M YDOUT+—=)VT « VI ZBIFBHF +XOVHSP70
DOEBFRHEAROBNES. (CBAUTHMAZED TVE T CNSICHT IRREBBICOVNTHEHET
RELEY,

SEX

(1) Tochio, N., Umehara, K., Uewaki, J., Flechsig, H., Kondo, M., Dewa, T., Sakuma, T., Yamamoto, T.,
Saitoh, T., Togashi, Y., and Tate, S. "Non-RVD mutations that enhance the dynamics of the TAL repeat
array along the superhelical axis improve TALEN genome editing efficacy." Sci. Rep., 6, 37887 (2016).
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DNADERPEE L EEGFHEEE —RITOEGFEINEIDT TE L BROBIE PN R (CR
BULTWBEEZSNTLDEFE RANTEBNIGEELTWVWS Y/ LAREZRFE I dchromosome
conformation captureix(Hi-CIEE)[11ICK D &7/ A2EDEEEER(LT 2T ENBAICKEO TV
2, LD UEDS, NS OEMTEBEDD SEZERETET 2 EHE# UV RIS, X T0—T%ZD
IFOBILFEDS A TREZHIIED ERATRELBVTE D RERIEENLEZHFEZRO>TL
BTENEZ D,

ZITHRREY/ LA2EOBERVBHEZEET DD IC.HBOLHRERD IFDRER (2R
12.5Mb) ZXIRIC. #9 1 OOKbREFE TR FH U ICBEFED3DS 1 THEZ ZNENITL. =RITEER
ZRSyFVIICKDRE L 7O F VBEDNHIBEN 5SS VY LICTFNTVDDTIFEL B
DD PTVEBED D 2 fIFE. Hi-COKSFFEBIESNIBRCTIIRABELEOTULE S L LIED
5. BELFEORRINT -5 ZEENHBMITDET FRLELENDERABLEDZ IOV F VigiE"
MBI DT EZTREE UTco AREKR Tl CORRINDADED K S [CRABHDBECEEZIERT DF
MHDEBDDEBNALET,

[1] Mizuguchi et al. (2014) Nature, 516(7531), 432-435.
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RICHEERIFHIBRDFEBIEDETILE UTLKBAVLSNTWVS, UH U EHO - BEHIGEY 5 - AR
REDQFEVWDFZRET DBEEDRSIEBITERIE. 5 LLBREICBVTH T LB/ D IIEEL,

BRIGUAIL D RIDR - RIDILER CDHE - B EE UDFE LGV F (AR - 552 DR ODIRSE
WICEZDFEICDVWTHER U TE I RINICH U THEDEVRTIE. D FORMIEIT THLEED
BETERVHIC. ZBRD BB T 2D TH L EEICISH OEENFIKNG B (FI R 1F2 DD
FDUVA—ZEN U TOBEELED SNTVD)BEICE BECRLDBERZEEZERET DHENET D EH
FBEZERDOEN T S FESHRDER UCHRICBV TR CNREINHNEKETREEVEEZ 5N,
ARRTIFFCTED 2 DDHICDNTHERI Do

1. BHOEBERZASIMZF OBR(BHIZ . 70U Y EHEEBRPIN] BEBREMZFDPPlase RX 1Y
EBERERRFEVDEEEZEETT DWW RXAUDSED) & ZOBERICKD RINT DB ZEETF
DEZ (Pin1 OFITIERGDRREEDpSer/Thr-ProEF—JEEHIF DY VU E) EOBED Rt
SEMUBDMERRIC K D RINDEFREDZED D —H T RIGHMIERMRZZEZ 2 (LDPIN1DFITIE T
OY > @Dcis-transEHEH Y VN IBEICKEZSZ D) CENEESND,

2. WA OXRFU/HBEL ZOLTRH<ERPEERFELEOSFEDOHEEEM. I/ OYF VigE(DNA
HOAR) DD FDIELES). OV CIFHES L RIDDEREZZER T 59—/ T D FORESEREE PHEED'SH
DBEZRILE DT EDNBESNDRINY A T V[2]ICIKE U TBEEL 2D ANfcE 0 FHE
FIVE#E LT RIHEIEZ T U CREEICS A2 T « — RNy I DARERZRY .

SER

[1] M. Nakagawa, Y. Togashi, "An Analytical Framework for Studying Small-Number Effects in Catalytic
Reaction Networks: A Probability Generating Function Approach to Chemical Master Equations”, Front.
Physiol. 7, 89 (2016).

[2] Y. Togashi, V. Casagrande, "Spatiotemporal Patterns Enhanced by Intra- and Inter-molecular
Fluctuations in Arrays of Allosterically Regulated Enzymes", New J. Phys. 17, 033024 (2015).
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SHREYICOVCECFRREOMRBEEFERREUAY RELVETI—ICKDEREHEEICL DT
KRIESTNDH. N UL RIRE S E DBIEVIREEZ B D USNDMHIEIC ED L S ICHEL TV DO S+
[CEASHCTE > TOVIEWLBI R IEY D R DFELEHIDAERZAGETE TldNotchs 77 )L h238EEH TR
U CHIRREE LIV TRAEDEH L TVD T ENHSNTV S CORBRKDFES. HiahiREE
ROXZEHEZRIATHED MRELIHBEVDOUBERZIR L CEDDIEZEHE TSI EZE
TEUTWNS. COBRCERIBZRSHICT DD INETELFD/ v I 7D MOBEERIFEZE
DICIIRKERIC K o THAEEH ICERBEFD FORL WEFM DR RESINTEL U L.l
DENSOERFDFZE > CRECBMNERZBHEMRICEHEL. & SICACUARE E OB BHRZR
FCEDDNESHFTHASHTIFEL.

SE. NotchZJ7F)LICEIRY DEFHD FORENY 1 7= U RZAHIHICK > TATHICEE - HigE
L. B CHERRDMEZ 1Hlfa A X—J 2V JIC K o TEEEHAIZET o I BIL FRIRDIRENIFRHHIRE T
RS- FERS N B H DIFFRIVEHIBEORIAZ S BRSOV THEKT 2.
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BICIEREE &BIRED2EANFET 2. KRB DRI TIEBIRE (C XD BREENIRTDEM
BRIRE UL TRSN 2. COBRBENMIRITIE D TLD T EN SEDOABMEED N IICH UREE S
NTLBDTEFEVDEVWDERN SN TETC CORREICK U B S RSO ERFMN LR M
ZETIVELEET D ETERBED KL SUTRRNBEND T EHNMSNTVS[1]1. BDOAEBEED
HTRFL RO X CEFMRPEEHERICK > TESND. ENESIE. BONERBEIU XS5
BETIVTBRT DI ENTEDDTRELNEVSDHELZDENTH 5,

ZZCTHA(FZebrafishD#EBDEEER(LZRR L. ENZH LICHBDHEROBRICDVWTYZa
L—2avZ{Tolc. ZebrafishO#ATEHE I ERZEORNTMEETH I MREEDICHBOD
BIFHEHR (T I00 O | ERFCHAADRIEC FRIBED HIRT B, CORBEICIIBEREPELED D
b, BEL B ZDROERDAITIKFLTVDDTRIEVDEER e, £ T EIRICHABEDBEDMERUHEAER
TOBEERICEND D D TV B HRMHIC DOV TESF M SIREHEORIGICOVWTEHEETIILEEE L.
CDFEICK > TZebrafishTHEN DK SHEHADRIEICH SND L ILFRBENBIRTE . F e\
SA—YZEEZDETHDREDOHETESND L IBRBED/I\Y—VZBIRT DI EHTER.C
DFEETIVICK > T EBEOEFAICBLTHE DR REN Modeling. Remodeling. GrowthDRIHIC
KO EDKS [CHMMKENICHEHEIN TV DI ZERETT DT EDTIREE T DT,

SENM
[1] R HUISKES. If bone is the answer, then what is the question? Journal of Anatomy, 2000.
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[NESHMELRMREY — MCRER 7 EAIVETSHOMEIFRES Z I DT LT AL SORIICEN
SHRMDIEC B MEDRITICIFEE/IVA (Basal Body : BB)&Basal foot (Basal foot : BF) HifE
L. BFHBBICKH UL TCORIICEET 2K S (CBBOAAMHNEID CEHNH SN TS CDXKS1EBBD
—7A A& FEAMEZERNME (Planar Cell Polarity : PCP)&DBHEIC DV TDIRRIEEEATH DD, BB
BIEDEIT BT EEHFDEBTNTULIEVAMETIE. BBARAICSWVTARAIELU KEIL
T XDZXLEZDEYENEERZRASHICT BT EZBRL MIRBETOY Y AR E LR
(mouse trachea epithelial cells:MTEC)ZRWeS A T4 X—I 2V JE=RBFE U,

1. #1200nmICiE#E 9 2BBZ AR T dEffigiE. 2. SEME VS REIFHEICRSBBESBIEZ5RERT
B SN - BHARBER/IRICIZ TV AT A, 3. #B3SEDICD T 1 LY —Z AV RIRIFIEEIREE
ZEIBHOMTECICREE LI FILLWI Y TILDEY b7 v TE DI EICKD, BBOYAFZI %=
SRR REISRIECIRT 2 C EHTIREICED (EBFBROET Y Y IRBREDREH S, BBEIIERFRE
[C7T7O0—FF BT ENTEN. S SICEIBEICHIT 2SME LREHIRT EHILEAIICEHEE DR E18E
Hl|7z  EHATABEMER. B EETEMBE NEI ST 4 —[CKDBASNICT DT EHAEEICIED. BBES
BB IC BT MRS DRENC DOV TR ZET D ENTEr,

Flz. BBOAEM & EFBIZOBERZRTT DI DREREIRD BT v U RILDSA TA A =TI
JICDVTHERZEED D

Herawati, E., Taniguchi D., Kanoh H., Tateishi K., Ishihara S., Tsukita S. Multiciliated cell basal bodies
align in stereotypical patterns coordinated by the apical cytoskeleton. J. Cell Biol. 214, 571-586 (2016).
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Y YUREICHT BEEHMFRIF REMRIC—RNICHEREIND[/ — RITRET 5./ — RO#MIIC
FRET2~BUMOD / — RBEMAFDEZTHE D ZNSHIFEEID DEEZET DT & TKRNFEE
U EAIRRNSECFORRZFET 2. CORGEHE. [ELINE BFOME HEOEH LR
UCHRICAZ—ITH D HEONEMEEDEVNDES LTWVD CORSIEEDEVF. EDKSKK
HHEH TR DDN ? FhflcBld. Cfap53/CCDC 1] (flagellar associated protein 53; Coiled-Coil
Domain-Containing Protein 1)ISEBLTW%, Cfap53(d. £ MTBVWTAHRIIBRE LERMED
RERZS|ITRITELFE U CAESIN, BEfifgiEh SE X TREFSN TV S,

Clap53DFEIRI\G — VHEICK D Clapb3IF4IEIED / — R BADTE - BNE - INESL & ESNEHE
ZROMIRTRIELCLS T ENDh ofc. Fle. Cfap53D ./ v I 7D MR OURAZERUTc ET D KE
EPAIENI D EIER S N, & SICCFAPS3-Venus EHIET 2 RSV AY T Zw IR I ADMERICELD.
CFAP53-Venus(3#EAICEEYT 52 ENBESHICK o e, CNS DRI, D[ #ERR (Ciliopathy)
ZS|ERCTBEF LR TD D, Craps3I3HERERIET CH T LnERETI NI,

EER\NC &ICCfap53./ v U7 0 R IR TIF. / — ROMEEBHTR(CRDNDDICH L. KE L
R AR B ZE DR EEEN [F R DN TUVEV BEF MR S BEEATUPECRDBRICED. /v IT7D
rYORD/ — MEETIBEEENDRE N EEDHNEY 1 ZVDERENEVT EDHASHICE D,
—AT/vIT7 T MU ADTE LEMBEOMHEC EMNPEY 1 =V EEDNAHSHHEREIN T Z. 2D
R/ — FHELIE LRBETEABSY 1 Z VBEMLEHEVWD G D T EHREEN. ZDHHEM
[CI3Crap53h 5@ < B5 LTWLWBS T ENMBEASHICIE DTz,
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BEESHOBRBY CH DMV ZRV.EREBEICSITDELFHER Y hT—2I(GRNs) DIfFE
EED TEILIREEX TICHSHICETNTWVSGRNS[F RV DA 5 T+ U 24 DS HEEOMEZ k(S
DVTKLFHAT DI ENTED U LD S —RMIC HlHIR Yy hDO—o DEEEZNHAEDH TS
AFZTOREDBRICODVTRIFEAEDTD DTLREV. U= O0Jw I (LL)[FRYy NDO—0D#E
BEZDIAFTIIRAEZBERNIGERT DHUVBEER CH D, LLICKDE Ry RT—T[CKDIE
b HENZEREIRREIIFeedback vertex set(FVS) EIFIENDMHMDAFDE Y MMTKDRESTNS,

BOEGTFN BB N VHEDGRNSICLLZBERALIc &5 . &R/INDFVSDELFHIEIEDTH ol LL
[CKBDEFVSOHTRY NT—I2EDT A F I ADRESND. T T.5DDFVSELTF (Foxa.a,
Foxd, Neurogenin, Zic-r.b, Fgf9/16/20) &8V, TN SZEKBHITIRIELTc MIRE SR ZRE LT
2% 1 $EBRRRE Z L), 7 DD EBHHEMRBOMEICDVTIRT-PCREAVTHANZ. 2T (2° = 32&
D)DFVSEGRFDF V74 T DEHPEDEICDVTANER. 720N DDME#MD S ZES TR T
CEDTEe. COFERIFLLICGRNSDERBIFIRIEE T A F I ADEBRICBEVWTCTHERTH D EZER
LTW%,

Imai et al., Science 312: 1183-1187 (2006)

Satou & Imai, Proc. Jpn. Acad., Ser. B 91: 33-51 (2015)
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The methylation at the N-6 position of adenosine nucleotides in the 3’-UTR of messenger
RNA is widespread in the transcriptome yet specific to a subset of genes, for which the exact
function of this epitranscriptomic modification is unknown. We have identified m6A sites
within transcripts involved in the molecular oscillator of the circadian clock, bur the specific
role of these sites in the control of the circadian clock is unknown.

Here, we show that the 3'-UTR of an mRNA coding for a kinase essential for the circadian
clock function, as well as for the control of cellular metabolism, has one of the highest
methylation levels among clock-related transcripts. In a novel approach in m6A research,
we specifically blunted the methylation levels of this transcript in vivo by CRISPR-Cas9-
mediated deletion of a 43 nucleotides segment of the 3'-UTR. This non-coding mutation
was sufficient to cause a change in the circadian behaviour of the animal: the period of the
locomotor activity rhythm became longer. This phenotype was associated with an increase in

the expression of this kinase.
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For efficient information processing in the brain, neural circuit dynamics must be spatially and
temporally regulated with great precision. Although parvalbumin-positive (PV) interneurons
are known to control network synchrony, how their activity contributes to spatio-temporal
activity patterns remains unclear. We investigated this using in vivo two-photon Ca*
imaging from populations of neurons in mouse visual cortex with simultaneous optogenetic
inactivation of PV cells. As expected, network synchrony in visual cortex was locally
sustained by PV interneurons. But interestingly, the reliability of multineuronal activity during
visual stimulation was specifically disrupted by PV-cell suppression. Machine-learning based
decoding confirmed the importance of PV cells in population coding, and further correlation
analyses suggested the link between distance-dependent regulation of network synchrony by
PV cells and the underlying computation. Our study indicates that interneurons can control
the spatio-temporal dynamics of cortical information, and therefore are critical for building a

population code.

79



P35
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specification reveal evolutionary plasticity of amniote
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Highly ordered brain architectures in vertebrates consist of multiple neuron subtypes
with specific neuronal connection. However, the origin and evolutionary changes in the
regulatory mechanisms of neuronal specification remain unclear. Here we report divergent
mechanisms of neuron subtype specification in the developing reptilian and avian brains.
In the mammalian neocortex, transcription factors (TFs) Ctip2 and Satb2 are differentially
expressed in layer-specific neurons, while these TFs are simultaneously expressed in
reptilian and avian neurons. We demonstrate species-specific dependency in fate restrictions
of progenitors and the activity of cis-regulatory elements on Ctip2 locus, which account for
unique expression patterns of TFs in reptilian and avian brains. Furthermore, we identified
that expression patterns of TFs and neuronal connections are not strictly conserved among
amniotes. Our findings suggest that regulatory mechanisms of neuronal specification were
not tightly associated with specific neuronal characters in ancestral amniotes, and the
establishment of mammalian-specific regulatory elements provided novel neuronal subtypes

during neocortical evolution.
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The pluripotent state of the ES cells is regulated by a number of signaling molecules and
transcription factors. The interactions among these factors are not properly understood.
In this work, we develop an algorithm to reverse engineer transcription regulatory network
in terms of a Boolean network using steady state gene expression profile data. We apply
this algorithm to the system of mouse pluripotent ES cells, and obtain a set of candidate
networks underlying pluripotency maintenance. Subsequently, we studied the dynamical
properties including the fixed point and limit cycle attractors of these networks. In the
Boolean networks obtained, the pluripotent state has a large basin of attraction, implying
robustness to perturbations in the expression profile. Our study reveals the core set of
regulatory interactions which are implied in the maintaining the pluripotent state. Using our
model, we also make predictions for the hitherto unknown experimental perturbations. We

hope this study will yield some insight into the maintenance of pluripotency.
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