CRDS-FY2018-SP-08

RERFE-EMEERROEIK (55238)

~BREZEBRN. EE7OCAMTDOHEICKS.
EmBKBEMOGRE HFt ] R EEE~

STRATEGIC PROPOSAL

Building strong foundations for the transformative
research in next generation breeding &
bioproduction (Part 2)

-Research to build up the foundation and technologies that facilitate
effective breeding and production process management for high quality,
sustainable, and accelerated production in aquaculture and animal

7@\%/&//\\45//\% N%

CCRDs ) B REsiEsm TR > 5 —

’ Center for Research and Development Strategy, Japan Science and Technology Agency
JSTI



IRFREES > 2 — (CRDS) l&. EDBZERMM A/ N—2 3 VEBERICET DA, D
REZPIUNGINGICII DO TIT ORI VIRV D—DC. XERFEEFHBELT D
E AR EARERRERE UST) IcB L TCWL&E T,

CRDS (& BT F 2 AR OIEE (IFH) e EE O 0. ERNDOERHE PEER
HEEBEZ T TEEERDFOFFIRPERIIFE EONFEZELC T, MHIR T OR—
TV 2B L&, [EEE T OR—T )L 1. SBEE L CERNICEBG N EMERRAE
DEEEP, BERA A/ N—=2 3 VEER EOEERBICOVWTDREZL EHIHDLEL
CHERUEEPEENRENED LU AR LET,

RGBT, B4R OIREEOIRE 21 C5 <. TS DEICK 2 CHRRY
IFEARFICIS A 2 Z ENBETT, IR T OR—Y IV IDEOBERIIRITER SN, BER
A/ NRN=2 3V DOERBPHRNGREDERICHFS T 5 EZHFLTVET,

ISIGGERIE. TR T YA M ETE RSV,
http://www.jst.go.jp/crds/




HRE T O0R—)L
REREE - EMEEEROBIR £28 2% OKTBE) »H

I8 T14792)—

ARG 7 0 RN —F T D TEMAERE] L3, AW M. Y. Biis EoAEE v,
IR 72 B0 OB, MERRMEAA. db. “MMBIRFE. SRR L) 26 B AT v R (B,
B SEZRGE) & U, @ IME O ES AR R 2 BRIEY (BB JRER (BRRL. 3841,
EIEG, M) —n7p ) L UTAEET 2 2 L a4ad, A7 0 R —¥ /13, 2Rp972 B,
ERET 1 e AMGEEAT O 120 ORI iR AIHIZ F T, BARRIZRATGET —~ o Fefete ik
fil7e CICBT 0 REARET DD TH D, 7B RN—FIAERICHTZ Y | FFEOE RO
g, RBESNDIERL EOEWLOWMAY Mill, @8 Ok&E) . Ol (1Eh) @ 3575
HENTNE 1~3 e LTHEILTHRNTLIE L L, B2 TIIKSEIHFLZPLL LT
RO, ~7aly v EOERBYZ WE ., FRpilE-CrtE o B2k L TERERTHEZR K
BIEDFEHEZ AT,

mnE L RO MO R T ESE57012iE, FHEOBUR TIIRIUL, &k, @ik
BhEL MHRTE, AR E WS Te AR EEZA T 2mEORINAVHATH S, £AET Y
AZDOBLRD B IE, MRBRBE AR O EFEHNR OB WETERC | Bl SRS b EEY OB A
i T RPEWEFTRIEFIEOHFES RO b D, ZORBUIIELEDY B IRZ 5 & LI
FERAFEZAT O ZENARAIRTH D03, FEEIWT RN KUTT A T7F A 7 VinkL | fHE
FHICEES D A=A 2 A R VRE WD &N BEE T DRI E 2 E 5 RE RER & 72 -
T,

D& IR EFTHT 2720 OHIE & LT, RIS 7 0 RN—F L TIEET /VAERITE T 54
FHTA, ATENA 0 =X LMK 72 & O FEBENFFERCR DO PEREM ~DRFIE Lo, PEREM A PEBLY D
S UNT DA A=A LFEW @B, ERMEAIHONNE, fFEREEREL R ORI Bfed
ZLERRET D, TOROITEY T~ & BARR R MIFER SR A L IR T,

ARRE 1 BAE, ShEC R SR BRI

(1) PEETMZ 5 L LT T OHEEC X DB inE R L OV 2 MK

(2) 77 NEREFH L= BRETIERE, FRPED A =X LMifH

PEEENM O RHEEICH -V | FER TR ORI REFEIIFIRO L IICTA 7HA 7 VDOES
KA BBIFIANR—ADIAZZRAEATHE A N TH D, ZOMELRL, BEEZNET 57290
OB E LT, FEEBWICIT BB 0 I8, BUE T ORISR (RIS & et
Do ZAUT KV HARAIMIEA FBL, BREICE T 2 WM 2 50E L, A Co® B SRR O
I, RIRAT 2 A DO A RS 5, F7o. I A A B, H R Loodh LR —
Iz —EHWCEERIYOT ) LMERE REICEEG L, 7 MERICE S BRETEORMFE,
EEAEITH, ZNCE W HFRAEZ XS 28I T ORESS, BE TRITEO SR ELOHES
AR L L. 2hERM R BROEBICHEKNT 2,

TR 2 ERET mE A (FE. #AE) BRYCR AR
(1) fakhBA%
(2) 178 A 77 = X ARUHERE | AT o0 B %

CRDS-FY2018-SP-08 EHRAFEARZRMIRERE HRREERE Y 52—



HRE T O0R—)L
REREE - EMEEEROBIR £28 2% OKTBE) »H

(3) =a—hKNVvatnrurIgI v 7IREA 7V T 007

R (1) ~ (3) OWFERRICL Y, SERMFIEOMIG R ZHE, 8 1 ORI
RAEMEH ORESS, AEYOEWEL, EET 0 20ORNE, FREErEn BB e R X
T 5, FRBARICBW T, HICRBERE =T, SEIROM EEWo7zZ LT TIEER
<. FEBEATREZR IR ORI, FEMA 2 ERITEIZ LT 5 2 & THREEH IR~k LIC L Hi5Y
DK &b a0 -k E BT, T8I A =X L2 L TERTER OB RIS A T, BYil, Sk
72 EOfTE), B LB ) U DA T = X MR EIT O, BHEA T = X AEE O BITIE S
DAEYEFE~OISHICERET 2 TH Y . BlEA T = X LRI A N L ASLRRKICE D TED
BN A, BRI B £ 5 Animal Welfare 2 ER T A2 ERFEELZIETH. Lo
FHATLEETHS, £/2, =a— NV vatarue s I I IS 7Y T 1 v TSR
ZiE U, B, H22WVITRIEOHAIR, HERORBEREDRER OB KT TRELH O
295, ZAUT XD Frgen ST rTRE e RIRE IR & flkh & L7 AEBEVE OB, X 0 2hiy7e min
BEEMDOEFEIZEIRT D,

ZIH OWFEBIFEREEOZBITICNE, (EROET VAYSCHEEBY AR E OB E LT, wEy)
REMEET IV E LT EEEEIE, £ L CEOREOIZEICANT TGN L, Kbt % BN 7 e
PSS EHET HZ ENRMETH D, L LATRORE R, AX—Z, ax b pEDE
Kno, lx ORFFEE A7 —/LTZ O X 5 eI iR I D fHEe 2 &3S ISP EE 72k T
b, ZOHORENCET DB LIXEHEMICH 0 . Hx eBn - SR — X2 H L7
DO BT ORPEZ RTINS 5 Z L BNREEIC 2> TV 5D,

WFFERRZE 2 DRI HERE S 2 72 DITIE, PEEBW ORI E R A T & LT, TR, 5
T8 URFZEIC LB 7o A 2 5550 UG T LIFZE LS OB DN L EA T R TH D, T LTI OHLSEE
ZuaYx/ MIlO—@BEO L O LT, BEFMICEHARER bDO LT 572DI11F,. TOMEEHE
RRINZRGSEEPE~ L ORI O— A2 MFEHFEITE LT D 2 & TRERIIC B ST RTRE i
TaVAT AOWELRETZENEETHD,

Z DX 9 RAEIE ARSI OB 1 pE B O R B S R TE OB RSt B A B g
T LT TR, BN O TIEE CEEOTMEELFE, ~—F T 47, Mg &
DERRIRN I T T RERT HANMORER, =R == A0~y F U 7D LE R0 5 %,
Z DI OKREFEF I D IEWRE & et 2 - AM B, MO E L THLEETH D,

CRDS-FY2018-SP-08 EHRAFEARZRMIRERE HRREERE Y 52—



STRATEGIC PROPOSAL
Building strong foundations for the transformative research in next generation breeding & bioproduction (Part 2)

Executive Summary

What is bioproduction?

Bioproduction is a research field which covers the whole process of that living organisms
produce various types of products, such as materials for food, pharmaceutical products,
biofuels, biological tools, bio-plastics. Extraction and purification processes are needed in
certain types of products, while the living organisms themselves are often used as they are.

Breeding and production process management are the key points in the research field.

Why bioproduction is important for us?

The bioproducts mentioned above are made from low cost materials, such as light, CO2,
inorganic salts, starch, and feed crops. Certain products can be produced by bioproduction
with far lower cost than by chemical synthesis. Not only cost effective, bioproduction is
regarded as environment friendly and more sustainable. Here we propose research strategies
to promote the bioproduction research, particularly to build up the guiding principle for
effective breeding and production process management in a systematic way. As the research
background, current issues and relevant industries vary among the types of organisms used,
our proposals are divided into three parts. The first one argues the bioproduction by
microorganisms and cultured cells, the second is for fishery and animal husbandry, and the

third part refers to agriculture (mainly plants).

Background and present state

In our long history, humans have benefitted from aquaculture and livestock. In the light of
recent environmental pollution and decreasing natural fish stocks, the liability for these
industries have been increasingly intensified. Research and technological development are
expected to contribute for the improvement of sustainability, quality, and economic efficiency
in aquaculture and animal husbandry. From the aspect of breeding, larger, fast growing,
highly feed efficient, and disease/parasites tolerant/resistant varieties have to be established,
to meet these goals. Research in production management could contribute to develop
environmentally friendly, highly efficient feeding stuff and management methodology to
bring higher quality and lower mortality. Such research and development have to be done
with using actual farm animals/fishes, not only on model organisms like mice and zebra

fishes.

Current Issues

In general, above mentioned farm animals/fishes have longer life cycle than model
organisms commonly used in labs, meaning longer time is required to establish a new variety
by breeding, as generation turn over takes longer duration. In addition, these animals
require more space to rear and higher cost of feeding, resulting in increasing the difficulties

to conduct research on real farm animals/fishes.
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Proposed research strategy
To meet the immediate demand to advance the breeding and production process

management, here we propose following two research strategies.

Theme 1: To accelerate the breeding speed and efficiency in real farm animals/fishes

(1) To advance reproduction related technologies, such as surrogate parent, in vitro culture
of gametes, techniques for preserving gametes and fertilised eggs, aiming to shorten
breeding time in farm animals/fishes.

(2) To advance the breeding methodology by applying genomic information and uncovering
the genomic/molecular mechanisms underlying desired traits. Such effort would promote
the development of advanced methods for the prediction of traits based on genomic

information.

Theme 2: Research and development on state-of-the-art technology in production process
management

(1) Development of cost effective and environmentally friendly feeding stuff. It is
important to minimise the left-over feeding stuff in aquaculture to prevent water pollution.
(2) Promotion of basic and applied research on mechanisms that affect animal behaviour to
develop technologies that enable effective control on farm animals/fishes. For example,
uncovering the mechanisms that stimulate eating behaviour might contribute to improve
feeding efficiency and to shorten the culturing duration. It is inevitably important to
develop applicable technologies to real farm animals/fishes, in an industrial scale.

(3) To develop efficient feeding technology by taking advantages from nutritional
programming. This technology takes advantage from the naturally existing metabolic
plasticity which has narrow opening window and could affect the metabolic characteristics
of whole life of animals. The technology could open a new door to establish sustainable and

environmentally friendly feeding methodology.

The above-mentioned research strategy could be only effective when a proper translational
research system is implemented. Appropriate model organisms have to be set to conduct any
research activities, with enhancing the accumulated knowledge based on model organisms in
experimental labs.

With the considerably longer life cycle and larger rearing space and high cost feeding stuff
required, at this moment, it is getting more and more difficult to conduct the truly
translational research by each single laboratory. To conquer these difficulties, we would
strongly recommend to establish an integrative research centre for basic and translational
research, where rearing and culturing facility for livestock/fishes, various analytical
instruments are provided for the research community. In order to maintain such integrative
research centre in an economically sustainable way, it is crucial to actively apply the research

outcomes onto the commercial production and to pass-on the profit from the industry to
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research activity.

Such an integrative translational research hub could also promote the communication
between various types of stakeholders who are related to basic research, commercial
production including food processing, marketing, and intellectual properties. Such
communication would facilitate to build up a strong foundation of aquaculture and livestock

research and development.
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AW T S & 2o TS % PESEEN) TR L C b 2225 -l 2 52 IS S WMETANC B 0 L RS
FREEL LCEICHRIA VDN ZENEWT BT I 7 CHEEIM 2658 & U Rrseiciif
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ThY, ZNHOEMITFEERRL TAFLLTL, T4 T7HA 7 A0EBNWZ &5 ) LRl
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T, BRI ORAT, BB 1O in vitro£FE, T DHOEF R ENIHNZR S O L2,
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Kenta Kishimotoa, Youhei Washiob, Yasutoshi Yoshiura, et al.” Production of a breed of
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The Bioeconomy to 2030 (201942 H 25 R 7 7 & X)
https://www.oecd.org/futures/long-termtechnologicalsocietalchallenges/42837897.pdf
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TeRkBb b2, ZOWREIT) ZE T, AE TCOHMNELS | ARRFAFTAR-RALET 5~
razlt, mHE, AAR—ATEERREEL D, T BT I 7B 2583 &2 hnd 5
HH0L LTRSS, Fz, BHIBECE LTI, A & B IZB W AL ORI E I
Bbs foxl3 LWHOBETEZ /v 77U N2 LT, HHEARDIFEIZISUTHlH ORI X
DL RVIEE B CHEEM B T RMEDND Z LR OMNIENTEY 2, ZOBHROHAR
7 7 7 TCOISHIZIT T2 b7l T 5,

in vitro{fEAINZ B 1T DEURFAE L L TE, N —& 72 2K S a6 A5 (Primordial
Germ Cell; PGC) <CASHENMIN R ML, JRIRARML) 28R, 5% 35 2 & TR 04
PEZAT DM TON T WD, BT VB Th 5~ 7 ATl PGC 7 b I 12 BEAT D DA
72579, ES Mo N T£HEMH: (Induced Pluripotent Stem; iPS) #ifu 5 PGC DML %
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ThHLEEZOLND BEL TY Y ORA TIHEFEOZERIK T 2% T BT 5 I R4,
FET LR A IR ECEGIENT L, 5 E Al THET52 & OBIEICHE LT-ZBROE VS
mn B DM Z kT RS BTV TN D,

Fo. ZNDOEMIKICHE RS, &7 AMERICE S EREEE 2 BIICIET 5 EWo B
BRCHEETHD, FFT, in vitro (BRI 1T 2 BUE T EPEFIESHNL 3T, vk THEEAL
O A 2 U TABEAEFED T vt A& S TICHER BIKAITH Z LR ATREIC 2 0 | S B O
Firka<mbEdsZ EnMRFEND,

(2) 77 KERENM L BREFIERTE, AHEO A I =X L fiEY

PEEBOT ) MERENE L, 7 MERITES SR, MWt WEZR EOREOERE
THIFIERIIC LD | 5, £ OROFEZ 727 B TOmBERE L FIEICT 5, 7z,
ARE % BT 28T ORFE BAAT L TTV, TR EIZET 2,

B MM BEOH E R 58 HBEITEA TH LN KEGESTHFOL O THEE SNDHD
E. KAEUE, @SRRI, mERE, MtE, MEEREWwolcbORd 5, KR, EMED
KAUE, @RE & VS TR BEITEREONEN R, HMAREREEREL 5 0L < ThilTET,
FEEROEZ TRIT 272D OFEGEIK, RREENKG REE B HLIToTEY,
BLUP (Best Linear Unbiased Prediction) & FEIIIL5 5% MAEEH 7 & & nIZEH L8 1is
FIZRRE D ES VY (BFEMMD) [CES K FENINETICHE SN TETWD, /AT =—DT 7
VT A= FEECTHWLNTZOE BLUPETHY , ZOREE LT, HfiithA XET
DR 2 BRI A0, RAREL S RIBIZAR T L 72 RBEAIHIC A LT D,

AR TR Y — 7 2o —DBRIC L D v —F v A0 ax MET 2% T, 77 LES
HHRIZESS FEBFEHING LI TETWD, v— I —T VX MBKEORKEE LT, U
ANAEGIETH D Y VARV AFARITEWINEEZ G T 5 7 ADRRHENTND 9, ik
BLUP {E(27 /7 MG & fLIA A58 B & 72 GBLUP (Genomic Best Linear Unbiased Prediction)
EIIERE TR SI2E W TS E 2 8T 5 FiEE LTABROIEHAMIIR S TS, —F, 8l
TELMBEICBWTIL, GBLUP EO KB/ AW 2 HER 3 2 W 5eRH e, 20
R R ROBND (4 —1 H2H),
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TIT IR 22 B TEEHL R 2 REVKEEGTRORCD | Ak D&l & W o 7o RIEEAAE T T 5 9,
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s & L TRRZHAWOMZELITON TR Y, a7, B ER £ O8N L&D TRH OIS
EIR0 D D E AIEATHIERBEZIT O LERH D, £lo, FIARMBEDOZL A3, LAENENE
& U CRMESM AR 2 ZRT 5, 2L THEE MY, BlsEe &
ZRWTAEERUIRI SN, ZH0bERZ N7 LRKOBEEZ R B 5N 500 ERT
H%,

AT, SRR REREZ TR LTND I L & T Ok & ZEIZANERT 2230 O fE
ThD, TEBEPERSNIZY TXOHETH, FROBIFOHOFEZRNES ¥ L
(C & DKRDIENDPIFRDOFELGI S TR E | AEORESREML 2> TS, RITHERDAT
B A N = A LR &L BRE T EREIBR R S R R R . KETG YD D IR e AR pE T 1
ABAREICEETH D,

(2) 1TENA =X NfREIHERE SR D BE %

ITEN A I = XA L CIERNR OB RICIN A T, BIH, =l Eof78E), BEE L7282 v
U D AT = A LREAEAT D, BHEA T = X LPREO TR TILPE LB O WA D A FETFIERR R 21T
Vo EBEEIA U ARERICE D E A E, ITFEEE A E 5 Animal Welfare % 5817 5 fi
BEEZ T 5,

FRIC, SERBIETIEDPHENL L TV D HEENDIRVWKEST CHETH H, HIlAITEIMIT, FH
Zil UCARE, HEFRETHD Z LIZEN DTN, FINOMmE CHERERS &V, EEE, =7
U DFEEITER L T, FHEIRICEHERBERR T ~OERPERL TWD Z EBHLNITR-
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SOWBIEN BT 25 LWV o7c Z RS TWD 8, KRB EIEROFENZ W FAEIC
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RIRIEDBHARITKAT LR W N LETEIBRFE & W O BEIRCTHEETh H, B DI — XL LTI
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L —1. DNA X RNA ORERZIFENE 705 ATP 28WIE L LEsl Snb Z ERmbn T
B, EORAN=ZALIREOLSAHTH o7z, IF, 2D ATP BREENTT 7/ ¥ oS 1L,
BCTT T ) R RS REPNZRE LEBRITEZFHET 2 2 AL o7 9, SFHICIE
DA ALNIELSIESNTIFEL TS Z ERHALMNE Zpotzi=d, T AEFIH L=kt
B 72 E~DISHAB IS,

SREOFEF L LTCE, a3 @EEPIic Ui LI =y 7 2R L, AR SICEE LT L
TLEI EV o ERFETOND, ZNOITEEMICHEZ KFT 2 &S AEE LRI 2GR
BThd, ZORKRE LT, I—FA4 N EOWMNBRNEWRODLZ ERHLNE RS, £
DX E U CARBERILOMEr, £ D K5 Z2filicxt U TR Rt 2 BT 2 & Vo 7o fatn
IThinTns

ZDEHIT, BRSCEER I MBS 7T, BUVWER EOLEY SRy EER

SNHET HITEY, TEEO A B =X LR, GIETEET o AOKE - BERICAITHL EH
2 OND, BIHROKER, AERE FIF B L 0o 288120012 T, Animal Welfare (ZHLE L
7o ARV ADDIRWEEREHIEOREE W) R THLEETH D,

(3) =a—hKVvaFrnrulIgI 7@ A 77007

B, HDWVITIRIEOHT RN, MR ORBEREDRER OEI LT TREZ LN
%ﬁ%ﬁ%%ﬁ%@f%gﬁ%@ﬂ&Lti@&@%%\i@ﬂ@%ﬁm%gﬁ%®iﬁuﬁﬁ
T 5,

A, B, &2 WIFIRECH AR, HEROFRBRREICL > T2y =T 1 v 7 12l
AU, REBOFEICHREREELZMETZENHLNIRY 205D, KEENT TIIFEC
REREOBANODHENED SN TEBY,, 22— ) vatrrualII v 7IREA 7 v
T4 TR EEHRIND, KEOLE TITHERAMICARE LTV TR EDFREFE DA R EMEL
ST D E VO BIGNE BTN D, il ZIXTR#EZ M RAEN RO —fTh 5 DHA ORZ
fARLCEIH &2 L7=% 7 Cld. DHA ARz bé%ﬁﬁ{ﬁ%ﬁ@%fﬁﬁiﬁiﬁ Lol BERETYH
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Uo7 g o TR EHEEST 5 2 & T, Rl RINEIRA R E LT, X0 2R E el %
EFETDHZLICHEBT 2 Z LR END,
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AU 7 K — L CIRET R AT ) b1V, & B _EHEEREELTO (1) ~ (3)
DA Tk,

(1) KREHESBIZIT DI, G UIFEHEE 2 3G L7pFgEBRd 7' m 77 AERSE

2 — 3 TR L DT, KEESE TERIR L 72 D EEHMOFICITZEDOETE 2 A MR KRE
< B LREWE Vo SRR MEE R T D, 2T, BURER B ZHRE T
ATHAZUAGTEOT 70T 4 7132 E LT, BEEER208 & ST OMFZER S D K
IZR & LT BIEADB B D, Z DT DI I T 2 AT IR O B B S,
RS 225l 2 52 12 < < RO BRI DO L7 53, BT VEMORTERROE
EFWITEB T DERE, B UNT OfEIA &\ o T BT OREIE UAFZE A R S, 15T D
WD, ZDX D RERDEFEDOKEED OIS B &7, TR 2 5
KEpoTnbEEZLND,

BURZFTE U, Zh=Rmy 7 3, W8 LIFE 2 et 5120%, 2 — 1 T2 ko, £903E
DA =T F Tk & o T IKBRER EDFFITI T 5 E A SRS i o0 B B 2 BRI TS L.
KIGT DR T 0 7T AaEHT 5 e ERTH D, TORE, FEEBMOT A 7HA 7
EEE LR T 707 4 U 7B FRRITIT 25 2 L0, ARSI D EBRE 2@ Y12 R
T 72O OFHIEEDORIF, FEAMARI S D 2D D Z ENEETH D,

(2) WHE— 2 27 DA (AMBER. EEFEEEOMRE, IR )

IKEEPESY B C ORI L e R OMERE, FHEERELR D 72D O KRB B ORA12ITE
NS OMEFFE DN LB TH Y | HFROHE BINE L TEND ZHERF LT 5 DITRRFEII A K
TV, SRITET VAW E T EEHETE & G LIFIE CHFegRE 2 0T 5 Z L 3 TH
%o FEWE UL CIEFEBRA OAMERMERE & EENRIEH (FEEAE, a7 o7, 8l
HFIH 2 L) ZWilmCITX 5 2 & DR R 7o ZEB R I IXEE Ch 5, MATI7A4 7
A T A B RIR DI T o D7, BRIEHEM OmB b 25 25 &, ORI TEHEEIC
BB B 2 R & U CRRImIsA 2 4500 LR R LS B s ko b s (K4 — 1), OB
HETHZ L LT, EROHIEOFEED LT HDOTIERL, AIETRATZEEHMICKIT S
FEWE. KBS LTI ORI 7o et B R O FEMRT 72 PEEAIT X 0 fERIICIX B AT REZ2 AFSE = =
AT MESE A BT VEN D S, F KGO TRl & AR EBSR O TRREN R A X
o B RERORANRE 26T 2 ANMOBREHSEEFEE L W OB THLARTH S,
FER. KESE TR E SNEREZED D /LT = — T, KESB O TR 225
Nofima (/ Vv = —H& b - 3 - KERIAMIEIT) 2B W T, B, BHEEORIIHEE LT,
~—TT 7, LER EIZBT HuERIEe. REGEL ISR E Lica T 1 7%
ToTHEY, INT =B LHFNORERFEER ) Lo TND,

FKRGHESFTIEL T, TOMYEIKIIEE CH S, HRMICEWVIHMEZ 2T, 420
AN RER TH D AL, TOWMEEFAS LI LIERAELTEY, A—A N7 U 7 T3
L ORELRED TWAGYU | & L CPEIERE SN, TOEERITLIICONEOMFAERS
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MmO TN >

CRDS-FY2018-SP-08 EIZMERFKEARFRMIREEE AR 72—



18

HRE T O0R—)L
REREE - EMEEEROBIR £28 2% OKTBE) »H

K& ERS>TWS, A%KETHER, MlgHaEe L B2 50500, FEEOMEREL S
T LI EBICEE < A, WFERCR 2 U ISR UM T 27201 b L B B EE AL MR
Wz B2 2N ESRT D ODFHINEEN D,

O XD IR a v AT DA 0 AMER, EE R R HREE B R OHE
KT EML ZENEETH D,

(3) ELSI/RRI ~®H v #H A~
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[FIEEIZ ASC (Aquaculture Stewardship Council : KPEESEE HIFHES) RAEHENR T b
L L2225, GESETE 2000 FRFTEICHIT 5 OIE (EEEVESRER) OFEMR2IEE)IC
X Y Animal Welfare DN K& < H K LTW5D, OIE [ZiXbNE LR L TRY ., BMKE
BIZEVEEZ LI [T~y o V7 =7 OB 2 FITHH LB E RS AER ST
o —H. TNUHOIFENIN TN LM ZHIE LI2b DO TH Y, bAEICEBW TTAEFEE
B RE»0IcES L, ZROOEENL DR HANEANDL THL Z EREfHIN TS,
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RIZBICTeizid, B EBOSEIX Y v OB TR OND K 57 GPS IZ X 2 EFEHES, —
HOMBTITON D BBANIAEDOJHOAINFIERBE L Wl Z ENEETH D, 5%ITKE
FEEILBWTRRSDREEEE X, TOREIM LD 2T ¢ THEL D TS
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FAERBEE JONIDAD=Z L
{ mELmrens | )
N | 5
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dii-anb il (S ~ AR
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FTIE. 4—1— (1) RO (2) Tilh7o, EEEWICIT 2R EmRICm T =7 7 v
T4 7 RO T 2 v AT MO 2 RAIHAT 5, 7272 L, BRRICE T VAEMAFRICE
D ATEE 7e EOMIEI 4T\, YR T OVEY THEE T R E IR L | EEEEIM & X BRITIT
NXJLE B LR fRIC L, HETALERS D (K4 —2), IR a v AT ALEND
L oo, PLAM., SEEMEAFEWLORRD b D, BIZERRMGHEIT. FFFEIE, = A MEIE
B2 EAOFRE~ OB KR E < . RIS L L EETH D L EZ DN EEESY A x5 L
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DFEFINE, BHEDOA D= A NREFEL O THBDO L ZANZNWEEZ NSO, £
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1 2. EASNOEIR

AW 7 1 IR — YU B 5 4 B o E NS ORFZEBIFE O Bhm (2010 4ELUE~) Z5E#ET 5,

(s OB ZEHEERISR . 7 7 T 4 7]
O St

- USDA CKEEBH)
(kZBPELH) Animal Production and Protection

USDA 4z F O#F5EFT. ARS (Agricultural Research service) (ZEWTEEINAHEZE T vy
=27 I (National Project) HEO—2>Th 5, % 1H L’C;’%ﬁ@é?ﬂ’(io D, LFD 4 D7
7T LN D,
#101 : &HEWAE (2016 =T 4900 15 R/v)

> BHEMWOAREN, EFENFEON R OEMEALO R

> EMOS ) NEROBE, &R &SRR

> RO SERNE K& DA

#103 : Bt (2016 #=T%5 700 5 K/v)
> NAFT 4 TR PUEWEMNMNE, ASHERYYE, FEREEER, FFE R, BSE 7 L
#104 : BRIE- A THE BT (2016 4T 2200 7 FL)

> AR OEEEARRS
>  ERERMEF
> b7V, FofoREEER

#106 : (2016 =5 2800 /7 Kv)
> BB, 7 LY —)VBEE
firl kA %

>
> KPEEWEA
> FHRCAIRERAEET AT A
> BV b
AFRI (Agriculture and Food Research Initiative)
2014 BB SN K S IEM B OMIEERE 7 v = 7 b, 2018 FFITH T 5 TR
AfE RNV THY | 2017 FITITEMAFE, KERIE DB T D10 L3 & L TEFE 40 OBF%E
TarT s (BEE1570 7 KV) BAX— K LT\,

QBN

EU 2kD7 L —ATU—2 7177 AT Horizon2020 TiE, 3 DO, 1) 5L
72-F}% (Excellent Science) |, 2) [PE¥ YV —%— > 7 (Industrial Leadership) |, 3) [f:%
AUFEEE (Social Challenges) | 233 1T HHTEY . 2D H b 3) [+H2H)FRE(Social Challenges) )
IZBWTKEEMED T —< AR Y EIF 5 TW5, 2019 4 2 A R} T Horizon2020 OHH
FZFNT ZAVE TR SNTRGERE 7 7 77 203424 100 BLEIC 5, 2017 4F 10
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H121% Horizon2020 O D 3 4 (2018~2020) DOIEFEAFERE SN TRV . iR E

L7-BgEigk & L CIILL IR H 5,

(KBEZGHI-BEHEESLM) Sustainable Food Securit;

2018 FEIZ A & — b L7c, Fifie rTRE 72 RUBHEFE | SR R IRBEIZ BE T 2 BFERY 2R JEfEI T db 5,
2018 FE DO PHBIIT 2 (& 1875 T r—n1, MIENFIZZILIZDOI-273, 1) ARBRORT ¥
NERRBGIEH L, miE TREREMSHKEOEER LM LT 528, 2) RBRE, KJUELH)
(XS ATREZR AR PE . HE. 3) BFJEIC B e A v 7 7 O, 4) MER-T-EEW . &
Wo e R EREEEE o TV D,

(ZKPE) Sustainable European aquaculture 4.0: nutrition and breeding

2018 FEIT A Z — b LT /KEEZR AT JEREIN T 5, 2018 FE DT HHMIL 1800 7~ —wm, Fifi
AIREME, TRMECEEI R R D) | KRB OB 2 B L7 A ~— NEHL, e 2L
HE VS TMFZEENENE D IAEN TV S,

@/ N x—

(/& PE) HAVBRUK2

TFREE N OKEMBHETH D /vy = —NEi+ 5 KRB RENIE T 0 7T L Th D,
HIFEIE 2016 A~2025 FEO T ETHEE SN TE Y . TRESIFELER 18 M (118 4500 77 / v
Vrx—7u—x) Thd, 7’077 AIEBENENOEETOIGH, H2EE TE 5L T
EULRERER LD LE72>TND,

@

(KPEE) Aquatic 10-100-1,000 Genomics Program

HRE AL OKEYEHECH 5 TENEMT 5, EFEEOENNRYT ) I 7 AX— A5
T/ b ThDH, FEMRTEBEIIAHE, o7y T 10 FEOBEAICE N T
F ABERAEFEEL, 100 MEOME T2 ) AxfiEgmc L, 1,000 EEOAR TN I A 7 Y
N—AT =X EBGT 5 #BEEL TV,
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SIP (Cross-ministerial Strategic Innovation Promotion Program)

YR AR AR PE SE RIS A

SIP H—H7m =2 F& LT 2013 FEEICBAAR S 4172, B 2013 4REE~2018 4REE, 2018 4F
EYRIZ23{EMATH D, BEUEL —KRNIC, BAROBE ), REERA~— MNREET L
R0, BrEMBHTE 2 I K D BMKEM O @AM Eb 2 32832 Z LI kY | BREEFEE O
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5725,

> A =3 AR S

> o) OEREIC L D el e g2
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BRIRA) S0 U x 7 NSRS

JEMOKPESE RMPEE OB IRALICINT T, BAEES O =— X2 B FE 2 7o HAf B s O HELE
BRFE AT O R EE B FEE ORI CRMOKEESE D AFENER E -« & m B = 2 AT
HOFRBABRET Y27 b, 2019 FEO FRMREAIL 31 EMA T, FHEIFLLTD 3 o0 bk
%o

> Bl = — xR

> JLEER SRS

> ROEEHIGREEMRE T e Y 27 R
2018 A= FEHE S CIIES = — XRhG IR FE 53612 CL AKBED ISR D285, A ERIci+ 27
nYx=Z MRRIRER TV 5D,

BRI BREURBEE

DIE D BAKPESE BALEENFHEINCHERE, BT 572010, BMOKER & Ol <ok
[EPE S & D=L, BIGOAEREOT R 5 M B2 ARRICT 2HE 2 AR L, FETH2 %2 H
By 7nyxs b, LFO5o0Tayxy Minbibd,

> HuUEEERE e = 7 B
Lt =R/ A
BERRE7r Y =7 b
NLFREARRRERAE T Y =7 b
BT BAZS i R M St e
OO, IR e Y =7 b, RERERL T oY 27 MBI EHIC 1) KEE, 2)
JME HUBEY), 3) B fEE. 4) Bel. 5) &, 6) ¥ 7) KEED T OO
ERIT N TEY KEESEICRBIT 2 B, AEENICE T 2RI STV b,

Y V V VY

- SCHBFTA
Ju—3V COE u /7 A
[V v~ 7 niy & ORERFY:OEEBE TR

R %Y — R DAEM R AMBERE KD -0, EERAIC il U7 205 BFEL s O TR % B
N HR, EESFNOH 5 RKFES D EHET L 2 B E T 5 FE, TR KFKENICHT
NETH O (21 52 COE 7’1 /' F L) T [/ v~ 7 ao f3aaiipE L ERAeile ) ([8E
S, TS IFAREMZETIEE X Fix . [ a— L COE) OSSR ES N, [V a~vrar
E OB FOEBEEM LIS 71 77 L)% 2008 FE~2012 AT T TES Nz, X
BRMEITAN 12EHATH 5, FFERELE LTIk 1) SESERhIEHiE s, MR, 2) A
FRARLBRSE & AT EEREE. 3) AERER~ORERN, BRECRAANBRSE, JRIR RO BB & T8
IEWENT, 4) KEREORTE, FEEm N & OBEEMERFIH. N L—3 e ) 7 ¢ FIEOBFE,
5) U AT M K O A AFA b s 3R
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ERERUT R R T

e A= B IR A DR EL At v BE AL

WECEAE IR OLETEN): FEge) e G 12 M 72 HOr R AL PE RN BR 2SO, MBEEER IR, BB R 2R G
WIZAEBR T 5 72 OWFFERR 7' 0 ¥ = 7 b, BT 2011 £ ~2020 4 (k) TH O, ZiE
RREIT 1 AR 5 MR, BUE, 1) HEIARROLIMEIEAIA, 2) EWEIRAERE O
R FHRIE, 3) 7~ a Ol RIS 5 OB, © 3 >OMENETH TH
D

JST-ERATO

EERREE oY ) A7 ey =7 b

CYIARH =T A PN I EEETNERE LT, ATEMIO Lo B NI % i -
PSR L, SREMERICESL 7 AIEHSEZAO /T L2 HE LY ey =7 b, HIH
1% 2011 HEE~2017 FFE T, XERFITN 4B TH D, 1) ~ v A EFEHIRMENT 7 v—7"
2) VAEFE TR 7 V—7 3) VLRI AR 7 v —7 4) R v ) MENT
TN—TD 4 DDMFETN—TINbT2 %,

N RSy S A a= /A N

B T8 T7 zmEr ] &V o T LB Y 7 T A DEECITE 25| S 2 97 F TOAEMERN
DAH=ALEAZEE L7y o7 b, BRI 2012 HE~2017 4 T, BREITH 12
BHTHL, 1) Al rREERN 7 v —7 2) Bl bRk R ity 7 v—>7 . 3) #Eix
FIAFA L T AT 4T AR T N—T 4) ZR T T NERIBERNT 7 Vv—7", 5) @ik
Rtk B BE AN 27— 6) ALFIRER AN 7V —T" T) A A= 77— 8)
B TENRNT 7 NV —T D 8 DD T N—T W72 %,

IR, ) R—=Y g 2aV AT AR 0T T 5
[ZOOKFEA ) N—a v« T3y AT LOREE

FEEMA X7 RRKREL, HIOKE L EHICEHEOMRICET 2 HEL T vy =7 Mt
W2k, BARA ) RXR—= g o ma v AT AR E G RAIE EBRT S5 2 2 BET, T rr T
LD—2L LT, 2017 FEICERIER L @R FOIFEHFENEIN Sz, BIRE 2017 FE~
2021 FJE,

ZIRHI TR SN/ N~ 7 a i A~ | OFEEFRMEHMNZX—A L L, Hilgko B iR &
HE UEEL - BEEICT T, FEECICREER KB ES ATRE & T D IR EFE, Ho 785
VAT AORBEICEEA, BIEEL LTOT L—2 ZAL—|Z8IT 5,

KEHSAEESE

PREROBRBEAAVIZ XIS 2 T 2 BB PEBAR ORI |
ARAZANEFEIRPBIHR T —~ [Epfge v e/t D FEHL ) FHBICIVT 2018 LV B
WLTET 0 7T LT D, SBOIFN QBN HEWTFERMNNS RIA TN S8t 2 37
B OBFEIRZ R, BEEIC L O RWEBHERE, BRI LR WKERE, A A
/N7 DI RRE SRR L B BN BRFE 7 & OBLR N GWFFERIRE 21TV, REZ @ LI BB D
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LOER, Fii-7r R EEAIH ., R OHMEER~DOEREZ B89, 2018 FEB/E CIIRAREE
HEPEY AT I, R EEIEY AT A, FEBIRSCHREO B ST 5 7T OO T —~ 03 KD
IAFINLTWED,

BEIT BRI 2

T 31T DEMB - EEA S AT L Ol |

EfE % B2 C PGC X° GSC F1 CHRET 2 Mlfin B A2 368 A = X AZHEH L, in vivo O
fifMT & & BT In vitro CEUBFPEAMBREZ HHT 2 Z L2 AR LT e Y =7 b, WFZEHIH
1% 2013 E~2017 4EE, By PEREIT 12 (% 5720 FHTH S, FHHEIEFZET—~E LT, 1)
BB TF-PEAE S 2T A DOHIEEZ 505 . 2) in vitro TRMBETFREALZ BT S, © 2HANHT
HILTUWN D,

MWEA~Z F T Lo dfed 5 RIM & U TOMERE]

M 25l fgE - A RBUM [HEA~7 [T Ay & LTI X, MO A MRGET 2 & & b, i~
DYEIRZ DBGED T T HALD A T =X LD 208 U= MO ER % B LI
BY =7 b, WHFEEIRIL 2017 FEE~2021 L, By TAERAIT 11 18 4460 T TH 5, FHHEMITE
T LT, 1) BIREREEARY FT A 2) ROWERKREMEART BT A 3) REEH
K EWERART T A O3HAMNKITLN TS,

MEAR -1 > T 7V T 1 OREEE

B 23R S D WERIZ IV T, SREREC A RE 2 IRFE T D R e sepk B TR 1 > 7
TVT 4] MEDA N =X L2MiF, BEETLIZ LALLM e =2 |,
AL 2018 4F~2022 4 Bl oy TERHIX 11 /8 8150 T TH 5, stEiMfET —~ & LT 1)
AT ITIVT A OFEE, 2) AT 7VT 4 DFR, 3) AT 7 VT ¢ OEfiE, O 3EHAMN
T HNTWD,

S XAk

1) KEEBEEZF oY =7 b (Animal Production and Protection) (201942 H 26 A7
7 & A) https://www.ars.usda.gov/animal-production-and-protection/

2) KEEHA AFRI (20194:2 H 26 7 7 & X)
https://mifa.usda.gov/program/agriculture-and-food-research-initiative-afri

3) CKEEEBYA  AFRILICKT 2460 LAFZESHE (201942 H 26 BT 27 & X)
https://nifa.usda.gov/announcement/usda-invests-157-million-research-improve-livesto
ck-and-aquaculture

4) Horizon2020 2018-2020 R EFHFFEIE T (201942 H 26 HT 7 & X)
http://ec.europa.eu/research/participants/data/ref/h2020/wp/2018-2020/main/h2020-wp
1820-food_en.pdf

5) /U =— HAVBRUK2 (201942 H 26 H7 7 & X)
https://www.forskningsradet.no/no/Utlysning/HAVBRUK?2/1254008828787
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6) Aquatic 10-100-1,000 Genomics Program

7)  Yingjie Liu, Pao Xu, Junmin Xu, et al. “China is initiating the Aquatic 10-100-1,000
Genomics Program” SCIENCE CHINA Life Sciences, 60, 3: 329-332(2017)
doi.org/10.1007/s11427-016-0273-9

8) SIP [HAEMAKPE LRSI AFJEBHFGFE (201942 A 26 HT 7 & X)
https://www8.cao.go.jp/cstp/gaiyo/sip/keikaku/9_nougyou.pdf

9) SIP [TA~— b/3A A PESE - BRI WFJEPAERTE (20194E2 7 25 A7 7 & X)
https://www8.cao.go.jp/cstp/gaiyo/sip/keikaku2/7_smartbio.pdf

10) BAMKERINSH PHURBISE CE 278 K4 (201942 A 26 HT 7 £ R)
http://www.affrc.maff.go.jp/docs/research_fund.htm

11) 77—/ L COE 7 u /' Z A [/ a~ 7 al X O®REREOEBEEE DL
(2019 42 H 26 H7 7 & A) https://www.flku.jp/gcoe/

12) SCERHEE NG IRt B @ k) (2019482 A 26 A7 7 & A)
http://www.mext.go.jp/a_menu/kaihatu/kaiyou/gaiyou/1343279.htm

13) JST-ERATO [ikafett—t' s/ A7 vy =7 b (201942 H 26 HT 7k X)
http://www.jst.go.jp/erato/saitou/
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