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Live Cell Atlas Deciphering Dynamics of Biological Systems via Multi-Dimensional Analysis

Executive Summary

What is Live Cell Atlas?

The Live Cell Atlas (LCA) will be made up of comprehensive four-dimensional reference map
of cells, with a focus on dynamics of interactive networks between biomolecules and cells,
including cell-cell communications. It will contribute as a basis for wide range of life science
research, from basics to applied, such as understanding the fundamentals of biological events
and acceleration of drug discovery. This proposal covers the strategies to build the scientific
and technological foundations that are required to establish the LCA. The LCA project
focuses on the dynamics of the interaction networks of wide range of biomolecules that can be
found in a cell, however, the dynamics shall be analysed not only in a single cell manner, but
also in multicellular systems. The dynamics will be captured in a spatial, temporal, and
quantitative manner, contemplating to build up mathematical models that simulate the
behaviour of each molecule in the biological system. Deciphering the regulatory system of life
and the effort to build up mathematical models that could simulate the biological event with
following the uncovered regulatory system would strongly contribute for applied biology area,
such as streamlining drug discovery process, as well as to deepen our understanding of rules
of life as basic research. For example, it is thought that in the recent drug discovery scene,
the major bottlenecks of the clinical test are the insufficient efficacy and safety issues (severe
side effects and toxicity). Quantitative visualisation of biological process from the aspect of
human science could provide better understanding of clinical condition, which enables to
simulate the effects of the candidate drug on the biological target. Such work flow in the drug
discovery process would facilitate more streamlined and effective prediction of efficacy and

the side effects of the candidate drugs.

Background and present state

Any biological events consist of the dynamic changes of intra-cellular interactome, where the
networks of the various types of biomolecules that interact each other within a minute space
of a cell, and cell-cell interaction networks. The biomolecules can be categorised into several
levels following the canonical central dogma in molecular biology: like nucleic acids (DNA &
RNA), proteins, and metabolites. The interaction between these biomolecules occur in both
intra- and inter-cellular manner. Qualitative and static information, such as the list of
biomolecules involved in certain interaction networks and the nature of interactions, has
been relatively well collected; however, the dynamics of interactome and cell-cell interaction
have not been well described. This is partially because of that all the conventional analytical
methods have been invasive and brought critical damage to the living system; the molecular
consequences in living cells have been left almost untouched. In other words, knowledge
regarding truly “living” cell has been surprisingly limited, as majority of data have been

actually collected from dead cells.
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Challenges to be conquered

Here comes the “Live” Cell Atlas. In order to capture the dynamics of interactome and
cell-cell communication to decipher the living status of cells and multicellular system, the
changes in location and its quantity of the biomolecules and cells should be acquired in a time
course manner in living cell(s). The acquired data for LCA have at least four-dimensional
information: location (three dimensional), time, and quantity. As each element of LCA would
contain such four-dimensional information, whole LCA would have a structure of super
multidimensional data. It used to be very challenging to obtain such multidimensional data
at single cell level, however, recent dramatic advances in next generation sequencing
technology allowed us to quantify mRNA at single cell level. Moreover, the invention of
super-resolution microscopy has opened a new door for the quantification of protein dynamics
at the spatiotemporal resolution of 100 nm and millisecond order. Now that such state of art
analytical instruments are progressively advancing, to obtain above described
super-multidimensional data in (a) living cell(s) is becoming more and more feasible research
strategy. Development of new technologies to obtain multidimensional quantitative data of
cellular dynamics, however, is still a big issue. In addition, in order to integrate such
multidimensional big data in a sensible way, mathematical models have to be build up to

simulate the state of living cells.

List of proposed research targets

1) To develop new technologies for the comprehensive and quantitative analysis of

biomolcules in multi-cellular system at single cell level.
v' Technologies involved in the separation of cells following certain categorisation.

v' Technologies that allow to analyse the location and expression status of biomolecules

(such as RNAs) in intact living cells.

v' Proteome and metabolomes at single cell level

2) To develop technologies that enable to capture spatiotemporal distribution of

biomolecules/cells with high resolution.

v' To develop high-throughput in situ sequencing

v' Multi-channel probe technologies that facilitate the spatiotemporal analysis of
various proteins metabolites in a simultaneous manner.

v" Imaging technologies that allow to observe whole multi-cellular system at cellular
level resolution (wide view field and high resolution).

v" Development and improvement of imaging technologies required for long time live
imaging, such as observation of developmental process, for example, auto focusing

and cell tracking.
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3) Building up mathematical models that facilitate the understanding of dynamics of

biomolecules and cells, in a quantitative manner.

v" To build up integrative database to store and utilise the various omics and imaging

big data.

v" To develop integrative analytical technologies which facilitate to overarching omics
and imaging data.

v" To build up mathematical models to visualise the interaction networks of

biomolecules and cells in a quantitative manner.

The LCA would bring together wide variety of experts, such as imaging, omics, mathematical
modelling, medical science, and biological science in an integrative research environment,
where ideally, all the experts could work together under one roof. Such an integrative
research centre would promote speedy and effective technology development, as new
technological requirements arisen from medical/biological scientists could smoothly be passed
to imaging/omics experts. Participation and cooperation of analytical instruments industry to
such an integrative research centre would accelerate the development of cutting edge new

analytical instruments to worldwide market.

Above described integrative, comprehensive and quantitative analysis of living cells with
high resolution is now a kind of worldwide trend. For example, a US led cell biology project,
Human Cell Atlas (HCA) aims to catalogue all the human cells via gene expression data; the
type, status, and lineage of all the human cells in all the tissues and organs will be stated on
a reference map. status and of to build up a reference map of human cells. “Life time
initiative” led by EU Horizon 2020 (started March 2019), is another example of this direction.
The European initiative focuses on human cells during disease and will pursue to understand
how genomes function within cells, and how cells form tissues and dynamically remodel their
activities when tissues progress towards disease. This initiative also has an emphasis on the
integration of genomics and imaging aiming to deliver single cell level pathology.

Comparing to these oversea big projects, our proposal has a unique aspect which highlights
on imaging related technologies where researchers in Japan retain world class reputations.
By driving this project forward, Japan would strengthen its presence in bioscience research

at worldwide level.
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& UCHRT D72 DITIiE, BEREER T 2 EARRAL Th HHINIZHFET 5 DNA, RNA, %~
PRI EEDERSy T O M EER 2 AT L L T iudZe 5720, L L 2000 44 B O AT
B CIIMIREO S TERE T+ 5 Z L3 L o7z, 72& 2E, Yo —4F vy —id, &
K[IKEEIC L Db DOTHY . 1HIL L TOF ) LEHIfNTITEE L <. £72. mRNA OfE7EM)
RIUENTTHD N T A7 U7 b—=LENTIE DNA F v 72X 07T, 000 14
LAV DG RREIC LD FENTIZIREE Ch o 72, D7D, T b OfENTIZZEOMIa 2 £ D TT-
THEY, FHEMITZEMEOFHMEE 72> Tz, 2, v MU —Z T 2 BRSO
LOAEERS TS OFHANE, ERSORERE (in vitro) & H\W =3B I 2 5HIMEZ AW
Wiz, UL, FEEEOMIEN OARS T OREITRBEN CIIEH T 20 L-LOERETH
L ENMLNTEY (U144, in vitro TR L2 RISEBCHEE EHEOMEH N T,
AN OIREEZ S Mt 5 Z L IXTEX RV, ZD0, BRSNS FOMAEERR Y b U —27 OPFEIT
EMERZ2 b DI E EF 0 | ST K D MO DSOS & E &I TR, & 5 W35
LI T,

Loyl IHEOLLTFO L 5 ekl - BHE Lo BT OERICE D . 2 S OAERy 7-oM i
DOREERAFR Yy NV —27 OBNEE EBRINTHNT T2 Z L RAREICR D 2o d 5,

O A7 2ffiotER

WA — 2 o —ZFH L= 1A 2 7 2B o2 B R £ L, mRNA 0O
RN (R 2 A2 U7 h—AMHT) Tix, 2720 RNA 2R3 25 HiEe, 1 /lkg 4
BT 2 FIEOEWEICL D | a2 FEPEBE I TWD Y, 1THIEFICFEET 2 RNA I3
w7072, RNA ORLHIZfRHET 5 72 DITITHEE 21T 5O WER H H 53, BLFNZ X 0 HiE &I
ENET, TNDBARAL T AL M ERMICR T D ENH -T2, L, T4 DNA %
Wehy o —a— REESHT 5 2 L ¢ 1ilas o mRNA O & FE % ik E &I 5
W92 HFERBER SN2, T A7 U7 h—ARITLIAMC S  DNA B 5 o byt ds,
MR EfRa L T A= gy, BERXA MCREFOR 1 MROBEL IO ES ) AL
e 2 720 OO AN AT STV 5,

FLEEAEOMBNMNTCH D T e T 4 — AN TH IMPAQT ¥ (in vitro
proteome-assisted MRM for Protein Absolute QuanTification)® X 5 72 i CE B2
ST FAE DA R R AR L T D, MW OMRENIfNT 515 TH 5 A X R e — AT
WT S EREALOWFSERTE A HEAL TN D 72 £ Kx Z2BEIE 235 1T B MR AT Bt o B %S
DR ED 5TV 5,
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SATELT FS5R SREBITCTRBCERATLDEIAFTIOR

@ A A=V THIiOHRE

AR DRFZERITER 2 BST 28T & LTOA A —T > ZHiN b rHFEaal s LT
%o BIZIE, BREERMEE TIX, BT ONFERIE T X DR W IFREDRE T & 5 [HIfT
RA A2 280 10 nm O3 fREE CHAKR D T O EIHF RO TG TE 28T THh 5, STED
(Stimulated Emission Depletion) <> PALM (Photo Activation Localization Microscopy)
E WV o TG EIE L . PALM OJEil/e>7z 1 etk (n—h UV EB— 3 9k 1
2014 FED ) —~ L FE ZZH LT 5, STED X° PALM 138 W 22 M0 fRRE DS & 2 ST
R fEREIC R T D28, @G IEMEEED 1 B CTh 2 & LIRS Structured
Nlumination Microscopy ; SIM) TiX, Z£[#53f#6E T 100 nm, ¢/ fiFRE T 100 X U B
RF SRR A R L T D, F7o, BAHMREANMERIC L 2204 A=V U ZIELRBE SN TE
0. MBIND & Ry B % 10 nm~100 nm O3 fFRECRHIT 2 Z LS FRETH B 9,

SHICAA=V T HN—AL LIZIHBL VD b T A7 U7~ 27 28500 (in situ
sequencing) MBI INTW5, MY A ECcofMimozEMofmafE L= E, HEard
BTk X5 mRNA ORBEL 1ML VOS5 EE T 5 )7L LT MERFISHY
X seqFISHO &L W o I FIENHBE INTWD, £ T7~vrmltaHns Z & TRz 1
A=V T LHERL, T~ UBEDEOE RFEATENT Z L TIEROENA A=V Tk
MR D24 DA A =T T EBATHIHINDABE I N TN D,

AEHLERIZ KV IERIZA A=V T CEX o R A A=V 7T 5 HIEB RSN
TWb, REMBRFGEE LT, MBI LN 220052 Z L T& 5, E bR IE,
EREARZRBRT X ) TN a— g 8k S FE SFITHAK L 72 H TGN O K & E# L,
TaAl & ARk DB IT R 205D GHBANBELZ IR T S8, S OICIEEZ AN L - TiEnE
L7 0T at A THEEZET L L, MEANOE NS 12 L BeE Cmilc 3 ocBlg
5FETH S, Scale, CLARITY, SeeDB, CUBIC 7¢ & JFiEA B3 Sdv, BIfEH LR
W TWND, ZOHEEZHW TSR ZEIE L, MRRERE-OHRIEE 2 2N R o —1
22 1 AR L~V THE 2 THRIT T 2 Bl 328 L T, Z OB bER & 2 o — MIRIC
AL, 2ot 2 IG 3 26— FEMERIC LV . ~ 7 20RO "L T
TV, Jevr— MBMERZ AT~ U 2P DM 53 HCHIL O BB O EIRFfH A A —
T (TATA A= 7) BEFLTND,

@ EMFRICE T D Al EIFOEH L e T ) v 7

RN O3 v NV — 7 BhRE 2T 2 72 OIS IR IOIC 23 O I N AR5y 1 O B)
BT — X 2B URNT 95 Z E BB/ D, RO L 9 e Ftid, B L 7-iF9e5 038
8 TS LBl S 2 FE L, MieNo B E 324601 (< 0%E1
WHHETER SN 0F) ZBIT2ZETHIRL T\, IENEIGOND T —X
BHRBROA TNz, LA L, ALIC K 2 BT O RIZ K 0 M0 FER 5y 1 O E A3
A2 —HFTAREICR o7, Fio Al Z1EH Lom ARy M2 X 0 HIED B Ek28 ATEElS
720 | BERSEEOBRED S IEFIRN, MIBLEE . B AEATIC R 2 —#HOFH - TR A B E)
6T DV AT LD INTND D, ALK TEIZL Y o rHOMEEHEZHEE T 5
FHIRIFE BT TV, 72 & 213, AIRICB W TR v 37 8 CGEMIER S T) L3R (4
1) ORMOMBEZHEMFEEIZL Y THIT2MENERL WD, /o, A voBB Ry

HM&%EWM%E%QJvI
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FA4TELT F5R BRTHBHTRBEGIRATLOFAFTIIR

N =0 PO EEIRET D8 L T2 D BIn T2 ROT DW= R BEE T LV OREN e ST
W5,

ZOX O Al Htrom Ry MIROERICE Y | ERST Ry B U — 7 OEIREMRITIC
J5 Y 7T =2 OERCBELE T /LA AR R RIT R 0 oo b 5,

FRDOE A I T AR A=A L THINED T A T T A T A = AR O R
LW, —HTINEOHEMIEINCEL - R LEZLOTHY, ZnbiEifiaa L., i s
ZEEBRLELOTERY, LPLARRL, KRS DL 5 ITAEEROHIE > AT L O E B EfE
ZEETZOIIE, BEL I 7 AT L A A=V THIERA L. & SIS@EG 2R G 21T
5729 Z CHER M RAT 24T 9 ZERAARTH Y, 2O L9 e BTl Lz A A —
2 TEINRA I 7 ABAROBRBE N LI L 2D,

2) #tEp=——
Fﬁ%ﬁw%%:xbﬁﬁkL(&m 1HIOBHFE 2 A ME25{E Kb &bl Tng
BT 2 A R 2R3 5728 . BRI TOF 2Dl THZ N TH S, LIRIT

ﬁ%@HLiU%Kﬁn#¢Eéﬂé_k%§#okﬁ\ﬁ@ﬁ%%@%®9i1V~95Vﬁ
WL TRV, EYERECIKREEZ T IET 2 2 L3 o Tz, ITHEDRIFTE TR
T HJRE D 59%ITHNEARETH Y | 22%IF et (EEREWEHB LOFEEDOREE) ThoH L
DW|ENINTEY O, FEMESCRIERNE ORI TRNTAZRICB T 2ETH 5,

SO, FEANC L TRIROH 28, 2IROWEE, BERBWEHOTLEE., TRy
BEPNND Z EHLIEFBRFELZH L < LTWD, BIKRERZ FET 28R, IROH LB, HE
REWEROH e WBEEEIHE L, FEiEdT 52 LT, Al NoORBEXD Z ENTED, &
DIZITAIFEIERA OFS b ITFEOMBER TH Y . RS 1 L RFHORBRREHEE T 2 FiEBRRD B
TW5,

U T4 A LPCR (32{8M) Za—HoA kA U —(62{6M) AR S — A b — (62{iF M

D q

/(/‘ 7V

o

Z it waB) # A w S Z D 2L [eatiiih

PCRE#EE SR (T5(EM) EANIRE (5208

/

g s ali— ik

’6

— = Z T
ZDfih

EZ4.E$@WT%L$&T“6I&%% J%wv—#vh917
WRRBHET =0 7Y R T BEERRERER 2015 & b & IR

= ZH TR
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SATELT FS5R SREBITCTRBCERATLDEIAFTIOR

Fo, BREIKIE T A 70 A = ABEEROEERS NI LMER S D, T4 7 A =R
B CEBSH S I DO 2 b OIX L F M. EFHMEFE DA A — 0 VHERR TH D |
WHEDT A 7Y A T AFIRTB N TR E R EE 5D IR — 7 o — TR EFE O
FHIFERE T, BIEID 7 A 7 A = AR CITH R ENE & > T D, X 2-115 2014
FIZENTIRGES N2 T A 7 A = AR, RIEDO~—7 >y b =T DI TH 5, 2EE
TiI7e—H%A AR —=TY == 14%D T =T b > TWNBENB, U7 NVZ AL PCRIZT
AT7T 7 )aT—T 0% &5 =7 THYH, W —F o —i3 AL 4D T0%D
T THDHE, BNEOHIIITEAETEL T2, REIZBWTH, PCR BEEEE T
T NA TN 26%DY =T FioTnDHE D, ZNLIMNIMEHA A =T —ICHD LN TWH R L,
ENDT A 7 A T2 ARFFRICHE LT E D% XM L TWD Z il d,

2. #E - BHFOYR

1) 2y b=V DEENARILICEK SRIERTDER

AR D X S ICHFEDOBRE 2 A RN KL TW5D, ITFEOBRKFFEOFILORKDIZE A EITE
AR & EERRENSCHEEORAETH D,

ABEICBWT, Bz iXd 5% o7 BEROMAER Z BT 2 38oR 5425 2 12546, EEW
etk THIIE, FOWERNR Ry N7 IR L TEDL I BB E Lo T TRITHZ LT
TERV, —FTxy hT—I 0, EENICGERESNET MEIhTWiuE, ¥ Ialb—va v
MATREIC 72 0 | & X7 BRI BAEH OBEWHZ & 2 2 BCRIWEH O TR ATEEIZ 72 5,

WRAHFIRIEO R Y NU—7 OFEIC L DRBIRER v T — 7 ~OER L 2 U, HRE
REEN S EFIRIBICER SE D101k y F U —27 LD COBEREHIH-THIE, #iEz S st
HZENTEDD, YIalb—rvaryPNafgsry, AIEY—7 > NOGRMEZRET D2 LAval
BEIZ2 D Z ENBES NS,

2) N4 AT—h—0DRIH

AR EHRET D2 LIT X0 WHEREER), AWERICEE L WD AR 235 2 &
TENE, YN FEFRONSN A ~—D—L LTHATHZ N TE D, AEBRICBW T, K
RERAAT O BB CRFREANEA TE TWiUL, AI3E= X FOIRIIZ 2722030 | EEOTEE 0
I ATASR

BT, AT M 2 O TR TEERR A R 7 AT E . K4 7 AT — X [Ththo -
AA—V U TEBOT =2y NEffifTTHZ LT, A A=V T TN FI T AT —HD
HEEDNAREIC D Z ENB X DD, DA TITMEO AR —MERMonTEY A A=Y 7T —
Hinh, BIR ARG EHEECTE X, BEHoORUE L2 2 Mulic27223 %,

3) REDOEBROER LAEAEDEHESR

AWFZEBATE 20 U Tl L7 Bl HiEfma © &I LT, A, BREORBMIIEEZ1TH 2 &
T, KEOHEFFMHANER Z EPE S D, FIAE, BDACBWTHFERERITFES 2R TR
BHERND = THROILNEBERPFEL, FRDLHEE TS, MR EZ Y, 2IRB7R <72
DT EBEZV, MDA D =X LB L TiE, BADORE—PEISER T 2 00, I6FEICHE
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(B HET e DINED A J1 = X LD TR, ZEOFMIE OGN D 1 [l L~ TOAR
S DOEREE R 2 Z & T, HEOHMNER L, MFEICESIBETIEDORRBIZORNS Z
EMHEEESND,

4) FiRS A4 794 T ABELE#IEROEIH

ARFFERR R 2T D Z L1 k0, AEEEY AT 2 0EBNEMICE LA A—Y 7Bk
O R 7 AFEMEORBEN SN, INETENCGER L CTEX g A= T HIieA 7
AT DETRITIZE LA A=Y U T HEINENRRE S ND Z & T, FiflT A 71 = 2
FROANIC D72 D, FRZERDBENCRAD D 5 A A — 2 7R 2 % & LI il s 217
92 ET, MRE Y — RIS ORAIHDB IR TE 5,

2-3. HEHHTLOYR

1) EF5FHE. HiEROEENHEEERRY FT—VBFICLK2ERRROER
DTEMFRICRESIND LT, THE TOEWEMIEIIME L Oy IR E Y TRESR
B TFETH 72, Ll IEFOA I 7 AHEOMRIZ L0 ERICB T 2480 12 E&/
IR T2 Z E N AREIC R > C& T2, TNETONFEWR L D2 D4yFDEL . 437
AEHIC K DM ERT — 2 &, A A=V 7 AW ARSy 7o O REZZ R o AitE ) &
AN 5 2 & T, 1 MBEA TOEESFOMEERR Yy MU — 7 B EEMIZ AL
SH, TOFRy T —T DEEMZRBITNAREL 72D, B2, FAE - b - FAELE WD AT
GUIAERNI DB ORI K 0 e8RS, FE R AR N O ARGy F DR 5 BV sl S 4
52XV OEsE - BBE) - FEREZ LR Z D . S SHIZIFMREOMEERIC LY w7
(LIE 2 JE B) 72 B RE 2 o T M 2N B B S AU F 120k L T D, 2RO OMEERR Y U —
7 E AR LT D BRSO O 2 ODEROIELENCFR v b T — 7 ORI ZEA % E &
(ZRLR LIRS 5 2 & T, RBAE - bk - BAESOWFOMBIC S0 5,

2) AA=DT - AU REMDOER

BN IE, R L TEX A A=V U THIR, A7 AT, "M A AT r~T 47 A, ¥
RS2 @S LTCAFER 2 D 2 2 & TRVEWIIEICE LA A —2 0 T8N, A7 AH o
ERPWFRTED, RS, A A=V T =2 EMET L0, A A=V 7T —2DER
PO ENREE 725, ATFFRIZBWT, /A A=V VT —FExarta—4HF Ao AL LT
fENTT D Z CIIMAETH Y, AR ZEDDH LT, av Ea—FHP A U R TH LT ER
72 A A —2 o T HA S ERT 5,

3) MEMREIZK DI -LHENZF
ARFITBT HHIEHFE T, AW - B L T, GIREERE, BERT, mEly, L% o
A2 D, TNETRADDRpoTlz, HER, W, (b5 TERIGEHE 4D - EF
WRFEDPHEGHNIIIE AT O 2 & T, T2 & ZITLFNRFEEN O DEMBRO X v bU — 7 fiftf
(20 U7 EEIIAT AN S, CHETOBMET ) 7B A O Lz, b L U2 80E
TV T HEORFEENIRTE 5,
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BEg S nR—YIL
SATELT FSR SRTBH TR/ ERLRTLDIAFTIHIR

Bk K50, EEOHIE S AT KA BT T AL LERRIC AL 2 2 & TR - b
MifasRaE (GEEMERIZ I T DM ZaEFED /L) | 53 FE&H D WITHEE R Yy hU—27 D&
A F 7 AL LTOMBBENRES O AEMBG OB, 3 AFOREIT OBMEOTRL e & Ol
BRI SN A Ty RRRANIEHTR A A — 2 TR A X 7 AR ORI & 2 Wi, AIZEFZED
HERSCEFE L &L IS S A~ = —DRIHFIZS 2 D (K 2-2),

ERBEROIERE

>

B P~ Y
V.. H\

G54

A X

° 34 !
29 b7 — s DEE
OGRS

ci=t ARG - BhRE L
B AV A X

B 2-2. KEEE T OR—FILOBR
RS TRIOMAER R ¥ b7 — 27 OERRLRTLE, EMREOMIZHED 5 L AR, APRRFIEOME R B W
BUEADIEH, 2 bICRE R A A~ — 0 —OAIME %8 U TR - FREE~OHRRIC 582 5.
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BEg S nR—YIL
FA4TELT F5R BRTHBHTRBEGIRATLOFAFTIIR

3.

BN L5 RRE

WRD T A TH A T ZAFIIFFEDBBE TN TICER L, TOMREZERY 752 L3 E
IRRFFEAR 2 A VTl oTe, —J7 T, iy AT AMIINTEREE & ERASH ATV DD, FEA[HIIC
RERTSE R DMk « i - ERD TS0 R Yy N =7 VAT L E LTHRET D 2 L d, BizE
IS EB T 28 AT A& UTAEMEBBGET 2 2 L1374 794 = AR 5eO BEED
12ThH2D, LLBRL, ZHVECIEEHIRCHIT FIENRONTHY . ZOBEIX, EMERMT
o BHRERICE EE o T\, RO —7 v U THEOEIS, KA I 7 A8, A
A=V THEIRE IO AL O FEHBIZOERIZHE N, EMmE AT AE LTHEHMEEL, Z0H)
% PRI CE A2HBEET VO Z BT Z LA TIIRVWAE L eol-, ZREEKT D
72Oz, BB R AR, O BN EER R Y hU—27 OfANBETH S, BHRO
kola, A7 AT IR, MR - M ERMICAERD FIEREABISTE 2L 00, AR
L. B L CRT T 2720, ERDFOMBNORERRC, FE7ZRERE S ST 2 > T
Do TDORKFNT, A A=V 2 T HEWIT oM O RFZE AR TER G DD — 5 T, FRERE
HITHY ., £loA I 7 ARITICHARD IR T D E WO ETR S 5 (K 3-1), £ 2T, £
AT A E A A=Y TENE R EAAEICHES L, RREZEAICEE T DM - i - 4
B FHEERR Y NU—2 VAT K% ZWRICER (ZEARS X4 WoohE#) & LT, B
WFE, ATICK VAT L, EMY AT ARy NT—T DX A F I 7 AZHHPFICLY E&
I wIf b, BERET VLT 5,

AIPREA A=V T EIRERENT HZET
HRRAN - N TR STWDERS FOEBZHEEMICERATS

A

> A R—=T 2T D5 > A =0 ZADNFHE

v HEFRIEICINT D v HBFER) (CZED D FIFRZEUS
v EEMENMEN FEMIRESE VB TEER

v B TZEE DD F= RKsETEI R HE v'[El —PEEDET A

v BRI DAREEN DD v ZE[E I FEREIR LN

v ZRIDREN DD v B[l FEREIR LN

vV ICREBIRZES TE D

EEGLD

3. AA=—DUTEMEA ZH ARKMORAR E BT
MR ARET 5 2 & TR A2 R ZE M At A A T & 5.
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3—1. HRFHREAICEVT 1 MEEM TERS FFEZRE - EENICHETT SR
DA%

WFFEIEH : fHRR7 D O 1 sy BIEEERA . MRRPHIIAAL B O [F & Hilr. RNA 2o sILikEe
ZHERF LT aBME AR, T T4 — L4, AZRn—LA0E&El, AL, BEkIC L 52557 —
2 D EAS

AR 2 HERR T D a5 ORI T 2 RS AR RIS L D SR STl 0 . HIFE S AL RS L,
AR BEAERIZ X 0 fERk S HEE L T b, MIRFE AAERIZ Y T R =2 K& X7 DO
HAERIZEVITOI TV A2, 1 HBENAL TO mRNA ORBBUMNT (F 7 A7 U 7 b — LfRHT)
DAREIC /e T2 2 & T, 2T b O BAEH ZHFERICTH D Z E R AIREICR D Do dh D, FTt,
~ 7 ANENRRRC 35T 2 BEE R IR O R L) —PED 1ML L~V COMT AT b7 &, 14
Ja L~V CORBURNTIIFZRHEPSCA -T2 L 525, NT VAT VT F—AfITICB W TAKE
T IERRE I, AR & ORI ELEE S BB CH 5, FKkC oM EER 2T 579
ZiE, MR AAET D2 N0 RNA OFSBURAEAHERF L7 £ £ C 13 D HEE L Clgdr
L2RTHIER b7, oMoz BT 2356, MmN TOMERHRE R L TR TIRS
T HERN O EORERENT b MLETH S,

FMIIEE L 27 v — AL SNIZMEIIRTH - T, ARSI 258 MR R — T
RNZEBRIBN TS, TD7=8 1 AL THOLEHMIN %2 2 DAL ECTEREE & (R L 72
NHT—BERRT5 2 ERMNETHY, EMICHERLS T— X 2B T 570121k, AT ZH0N
7 BN & EBROHEME S MLETH D, AT (DNA, RNA), #2878, R
W (GHEE, 7 B, IBE. BERE) REDHGTNLRD, WhdbtELy M TV RTITED
SEREHE L TN ETOME, BLOBBHEORy NT—7 ThdZ ennb, X 7B
WE D 1ML~V TOMNT RS ETH D, T DD, 7 aT 4 — L0 A X R a— LD ERE,
1ffa L~ L TORASET ORI b EERRETH D,

3—2. HIRSLVEKRG FOREMAMETSRETAET SRMOFMSE

MR H @b & 7 MR HE in situ sequence AT, JATREF @0 iFREA A — 2 JHETR, KIRFH
A A=V T HE, e — Tk

WA — 2 = BT 2RI LA 2 7 AT Cid, kRIS b= 54 2 7 2 fifhTr
ZITHO Z LR LV, 2072, MRkY A LMK T mRNA BBU#HT 21T 5 in situ sequence
HIRDBRE SN TWD, ZDOFEX, Wb D in situ hybridization ZEHfHIZITH 2 & THEL
LT3, lEgREicibiz> T, &I in situ sequence #4179 72I2iE, mAR v ME&Z &
D EBROBENLE ALK 2 BEVRIT A MZEIZR D,

B BRI RO IRAT T~ 2 720121, & v 7 B ORI MG LE TH 5, # N
TETIIEN S R EFEICL DB FRETH Y | REWE TIE T ~ LA W25 HI
DATON TSN, BURTITMEEMEICRITTEBY, S6R257 e —7HINORBERLETH D,
HEARR N ORI I 1T B AR DA TE R Z S D T2 0I12iE, Wb 5 Google ¥~ 7D L 9
IR Z B LR D, THilE L~ L CTOZEM D iFRE CHIEE T X 2 LB\ fifReE A A —
VITHMLMLETH D,

F7o, REFRRE A FHT 5720103, Mild, MRk A £ Uiz £ RFFFEHA L 22 uid7e
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19 SATELT FS5R SREBITCTRBCERATLDEIAFTIOR

S, AT EEoOMBE REFFGHIT 256, BEAMT TREFICEHIIT 2 Z ENEEL
W, IR O 5y R AR & A AR AR O [RIRFEHI O 72 0121%, 2 Ml 4 [R]F I R iF
[FIRHHI™ 2 72 0 OAMRLBBIMEAT-C BB 7 4 — 0 AR PN BETH 5,

IS DI LB/ RFZER S MRREIL X — 7 b E T DAMBRIC LV EUNSRIET 2 Z &2
HETH D, FHEERTIE, I VB L-VLORHSMEE, @R THEL Do~ 43k
FOMIEL L ThiuE, BN ROA—F =D, £iz, ZERDHETIE, 5 InERIC
BV TITHME ) SERGR F OBERNBITO 7 o~ F  OREZELE T 57291213 100 nm
D pm LoV DS ERENS LI L 72 D, — T TR AR THIUTMIL O R & & D22 4R
REZFFHLAN 0, IR (310 mm) Z W52 55 H EHA 2 B BHRE BB ETH 5,

3—3. £ASF - HROBMRY FT—) OEEERICH T -HEETILOLIH

WFFRIEH - A bT — 2 _R—R b T U AF I 7 AT, AR 0 AT — X LIREEERE S
T — & & OFERRITEIN, BEET U o 7 H
FBROBIEEICLDZRBOA I I AT =LA A=V U TR K DS BORZEM AT — 4
B BRBRBRITT — A WNERSNDT-D, 2D OKEET — X 2 R_1F - ITHT 20 E07T —
B NR—ZANMINL 2D, BT —ZIZOWNWTIE, THIVET, FFREICL 0 EH D 2T S
TWelo, IRFICLDZREN, FBMNICERICE EEoTWe, 7 AT —F L OfAERE
Hro7=oliZ 2 b OEgRT — % % AL BRT8E 1 X > TRBE 5 7 — & BREVEUEHT IR O B %
DETHDH, ZNDDOT —F EMERNT, BORET b3 25 Z & T, oM. Milefox v
T — 2 OFEBRNLEAICORT HZENTE D, X, BEEEREORY NU—7 DE
BRI GBS AT S ECEEALARBECTH L, BASOMIE, BT S0ES
GIEHBEORFE L L TIRZADZENTEDINLTH D, T DIE SR MIaE O IRD
O, ZUNIBEOY VEBENIERIZEL T, BENICEESN TV, 2 b oW s T
Y ARG T ORIE D DENSOBITE VD, BN LB E XA FI 7 A%/ LD
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