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STRATEGIC PROPOSAL
Building strong foundations for the transformative research in next generation breeding & bioproduction (Part 3)

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?

One of the important features of bioproduction is that these bioproducts are made from low
cost materials, such as light, COz2, 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 research in bioproduction, particularly to
create the methodology 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, our proposals are divided into 3 parts. The first part argues
the bioproduction by microorganisms and cultured cells, the second part is regarding the
fishery and livestock industry (animal part), and the third part refers to crop production

(plant part).

Aim and approach

The global human population is still rapidly expanding and the food demand to feed them is
getting higher and higher. In order to meet such high food demand, increasing cultivation and
breeding new varieties which promises high yield are, however, not an ideal solution, as
modern agriculture is confronted with the polluted soil system and the climate change. As
modern crops are designed to have high performance under the huge application of chemical
fertiliser, yield increase would not be accomplished without high dose of chemical fertiliser
which for sure worsen soil pollutions. In addition, in the future, the climate change would
highly possibly bring the environment in which high concentration of ambient COz and high
temperature are observed simultaneously. Although such conditions are highly influential for
crop growth and yield, unfortunately scientists do not have enough insight regarding the
biological effects of such double stress to the crop physiology.

Thus, the next generation crop design which could conquer the global challenges has to fulfil
following three conditions.
1. Lower environmental load.
2. Higher performance under the high concentration of COz and high temperature.
3. Higher yield.

CRDS- FY2019-SP-04 Center for Research and Development Strategy, Japan Science and Technology Agency
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Current status

The next generation crops should grow well without heavy application of chemical fertiliser
and show good performance under high concentration of CO2 and high temperature. As recent
research outcomes uncover that soil system conditions, crop physiology and microclimate in
the agri-ecosystems closely interacts each other, the next generation crops should be designed
to have good balance between them. For example, the amount and circulation of carbon (C),
nitrogen (N), and phosphate (P) in agricultural soil system including nutrient exchange
between crop root systems and surrounding microorganisms have been well described in
DNDC models. The yield of cereals and pulses can be calculated via the crop (yield) models,
where crop growth and its physiological response to various environmental cues including
soil nutrient availabilities are simulated. Microclimate models exhibit the interactions
between crop Moreover, physiological responses of crops such as photosynthetic activities,
respirations, and leaf N content, under various agricultural conditions are now examined.
Mass scale field transcriptome project provided an excellent model where gene expressions
were able to be predicted according to the climate conditions. Molecular genetics on model
plants uncovers genes contribute to efficient nutrients uptake. Now researchers have almost
all pieces of a jigsaw puzzles which should open a new door to design next generation high

yielding and environment friendly and climate change tolerant crops.

Challenges to be conquered.

Above mentioned various measurements and modelling attempts provide powerful clues to
design next generation crops; however, the linkage between the key components have
remained ambiguous. Particularly, genotype-environmental interaction (GXE) has not been
well examined, notably, the crop responses to the double stress of high concentration of CO2
and high temperature have remained almost untouched. To build up a comprehensive model
where GXE is fully considered, simultaneous data acquisition of all components in the same

environmental conditions should provide the crucial foundation.

List of proposed research targets

1. To establish a model which describes soil system substance (C, N, P) circulation and
exchange including crop GXE, scoping to decrease salt formation and greenhouse gas
emission.

2. To understand and model crop metabolism including crop GXE, particularly targeting the
double stress of high concentration of COz and high temperature.

3. To establish a comprehensive microclimate model in which crop GXE is fully considered,
especially targeting lowering the crop temperature.

4. To understand the changes in agri-ecosystem under the climate change, particularly

focusing crop disease and pests.
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A #iv (SRR WPZERESEE EfE)

e A CRAERZESFEN #d%)
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1 2. BIASNDIKR

(TS 72D #H 7]
< Climate Change, Agriculture and Food Security : CCAFS >

[EER R e ek 7 v — 7" (CGIAR) 3 8 20787 0 7T LT /KT 7 U W7 7 VA,
Rk, BT O7 ., M7 YT (L F) TO, EEOKEEERIRIC OV T Z BT 2,
R K DIRFNRAT A DOPEHEOFRRF R, R ORBEEBNA L S EH O - IETRIET
LVOBRFE /R (RE AgMIP) (2 LTV 5,

< Agricultural Model Intercomparison and Improvement: AgMIP >

BEETNOMALKREYLROTZDOEBE Y 0y =7 FREFET 2010 kB LT n 7
7 LT, BUETHA D CCAFS (RTH) FOEEHEZZD. 60 LLLEONIIEHEN S W, BHA
DI SN L TV D, 8 FREHO EEREDITINA A A0 —HEw . RIS,
B LB Y AR 12 OWHBENOREET VHEBREZ21To TW\D, K[UEEENC L DA H
DUILED TR E DR R R O TR H N BTV 5, EEERRBRRE  CKEREEA . CGIAR,
KIEEBRBHIE R 72 & 3 ko) 2 & e de i 217> T\ 2,

<RIPE >

AV U HKEIN « FAYIEENZET AR T 2 EEHE T 0 77 AT, 5 NEOKF
&L ZOOEBMIEAR N T — L Lo OGO M EE BT, BN 5 KT, WA, EEE
MBIILL T LB, AU A KE CK), =y 7 AR (), FUo WAL —KFE (), 4—
A NZUTENRY:, 200 2 VAR EEENE S, PR -~y 2 2T T 2 75
AT« FEBRBFFEIR, VT A V=T KFEAN—7 L—E CK), A U7 HINIRS: CR) . KERE
BERERERTH S,

9 SO BRI FERRE A 481, BEmIcix TIREDH K] 2 BT &0 5 s H A o G
VT n Y 27 N Th D, FH—HIE 2012~2016 @ 5 R T 2500 5 R (K 27 EM) .
H (2017~2022 ) |ZREEFRFTE LS., KERFENIELEE I > TEEE 4500 5 Fv (K
49 M) OTHETH D,

2019 4 1 HiZiE, XMERoMEIC X 0 IEEY 20% < EAIED, v ) B RE
Science FEIZHEF LT,

<4 per 1000>

HEAPOFEHMOBEZEBE 04% T HO LR SELZ LT, RAFD COz HE~ETEL XD &
T oI, DIV TIREBEREATLOT, HEPOFGEMPHEZ D LD Z LI, B
Ko THEESNTZREH D CO228, KV HERICIFRE ESND Z &2 D, 2015 FDH 21 [H]
REEEEAREE SR (COP21) THNYBENRIRS BRI, 77 AN EE LTt
ENTEBEA =TT 47,

k]
it rIRE R REAHEET D720 @RI 2O L, BAEELZY ONEL LR S5
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OORERATLTH D, 2018 FITIINHEMDRELEBT D, BRI RITERLR I TR ST,

<Farm Bill>
2018 4 12 HIZER & 7= Farm Bill ©, BEEOBREAMEB~OEHROE T 2%, Hi%
g4 =7 F 7 (OREI) 2#E% Si7-, 2018 A F441% 17.6 million USD (% 19 (&),

<KEFTvaFTATHTI—IZEbartrhALR— K>

20184 6 A, KEDF > a7 HT I —iF (2030 4F £ TITRE - BRI Z HE S HF
FH)T7 LA 7 A)— : Science Breakthrough to Advance Food and Agricultural research by
2030.] CETHaA LB ALR—NERELEL, ZOH T, 2030 FF TICBFET T HEL
LT, FRREZEF N5,

OEEl - JRHET AT LD I B2 0=k

QFsfe rIRE/R B2

@B R & i 72 R DU KIS TE DS AT A

Z D7D OSBRSS & L CiX, TRz b Tind,
NEWEPEIZ IV T, K0 B e IEEL O

- HEER ORIk

BIRENC SRR E O TR R

BEE FEOBBHEROSEE

FEEFEIIRIT DR (Av— ) B¥

N L FHEORRD L RO HGE AR

7= R ADHENE T T A F = — BT DB EDHE/]

[k ]

2017 4, Horizon2020 OFE#HZ T, 3/ AR OBFZERFE D=1 1 billion EUR (%) 1246
EM) Z2H&ETA5Z & 2PE L7-, Horizon 2020 TO HIEIZILLFD LB TH 5,
OFffe rrRE 72 23
@ & 0 fEEER 22 BBk O FR At
QR DL ERME - BRETE
OWFFEBHR G B S DK
O av AT LORE
© tHEO U E
D& E IR D4 & FH
@S MEA B~ i

Horizon2020 TITHONTWA KB T 0 =7 FEW < O8I 5,
<EH SR ER >
HAE . B0 FIET, SAMRBIEEREOIEHZ EH S, A A~ AFEEZ KRS,
ZOHMEPAESR—ATHHATED L1275,
TR 34T 6~8million EUR (¥ 7~10 {&M)
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<BEHTEROARN BINTaA o NIRRT TA) >

HiE . b~ A M X D2RBEEBIE L. [EAENESZ BIEd, THRORIEIT IR
WZER L, Rk s TEEERE S O kN R T D,

TH%E 4 T EUR (9 50 f8MLIN) % LRE L, #F7E#E O 50% £ T% Horizon2020 738}
3%, EUS EHU LD 5 DL EOWEFTOAFMIEE L, K O 50%I1XZEnOlE
DIFZEBIR &S TENR I b D LT 5D,

PERN (Pan European Rhizosphere resources Network)
W —a > 7 HFA =T 7 4 7, REBEMOINVF ¥y —aL 7 ar izl =T 3T5720H0
FEE,

[AA]
AARTIE, AEBICEET 72y FE LT, B, ISHBEBRCTUTO X 9 ik 17
TN 5

FEMERF T (A 0 = X L ORI S HARBI % £ ©)

SCEELFE BEEMPREAB A Hr e

<HEWDE CO2IHE > WMERES - AT Y —2 T M X DEE Y O & CO2 %
OFERIR] (2009-2013)

JST CREST,/ & & 2MF

<CO &P > P bRFEVLE B LI OWE A J1501k & AL PEMIE F O 7= 8 O 5%
HftoRlH (2011~2018)

<FHPERENE > BRETA BN X DAY OE I ORI &SI A T BRI oAl (2015~
2022)

< T 4=V R > T =)V RIZE T DA O A BIG O HIENC M 72 Rk RSB E T o Al
(2015~2020)

<AHH AL > IEFWE T & OB K 2 HHTA 7 R EEM RS B A FEBLT D 72 O O FAT AR
DA (2015~2020)

<bEwrTF—FREE> vyrT7r—2REAEROZDORMREBREFOAIN - K%L
(2013~2020)

PR TR ) A7y b (2008~2012)
BEIFERE TS ) AT e =7 M) (2018~2017)
I RS

JST ACCEL
e xy hT—27 > Ry NU—7 OS5 FHME L Z oIS HER (2014~2018)
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RIEREE - EMEEEBRORIR (F3E)

EMOKEELE BT m T MR TEMKESDBIZE T 5 KUEZ BTG O 72D O 5EE % |
(2006~)

ERTEERE KA ES 7 1 7T A (2011~2016)

LIEDOWIZERIR 7 v 7T Kb ARER L OBRIEZ TRIIRT,

Fom

CROS

HRE)—FTS -
BIG DATAY /IR EMETIL. BHESURYYTh— L, BBOMAR
-— [} RN Th— Lo T ARAE ) ETI)., TEOHERRET ILESIC
' e AARBESE, SO T—FMEBILY
e A EBIREI=5 115+ R - WO
2521*_*{'\5‘}'/ iﬁjn /Ial" %Eﬁﬁﬁﬁylﬁ-ﬁﬂﬂ,ﬁ—é‘%
L5 N _"")_'}-—,_tw'__-— -'"'"——-'--____.-'
ILERSS RO T h— WD F GRSz =
-7 Xﬁg{ 7;;T=ET)L O Rt ~ S
i cmmE oo aT s | IBHRGEERET T
‘£ ﬁEt!ﬁﬂﬁ:% (- P E- A E) S— LTS
|'F#’JLIQ!%, 1D e iker Ly Gitfted THEFN I 2T E—m_mim\\
/ fEMMEET L Al "ni: 2013-2020
| Ews F—agi e HEER
l — .ﬁ;;EﬁLE* ;DHQDE
EX 2008-2013 ‘:) ':’,_
|ﬁh®ﬁcozﬁ$%‘ mCO G CREST-2FhiCY /
VEamnrmER Gy 5 ﬁﬁwmiﬁrﬁn—h|ﬁﬁ-ﬁ411$lb#— ‘ ’
\\ COr 7+ ; o CREST-2&hi  H005-2010 20102017 .
N : .ﬁﬂiﬁﬁt FT e RERD BN e
SN FaezETL AIEEOEE: SR BCO,
S - BEAHERL - BEsA0nERE

-
- e == —

14 AHREAFKEEET SENRARFAR IOV b

HSEOXIM .NoF I
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18 3. HFIRAEDHA (50 FiR)

RN AT A
K ﬁ@?éw%“?# HZF0 O SN D IRIMRO —EE= I L, DO RLF—0
KEENCHE T D Z Lok, EN S SN-EAN KRB ~HT, KRB OREN EFJ

LDRNR LR LS, kﬁ%%%?é%%“?@ﬁﬁ\%% RUMALRFE, A X R
E=%EHR, 7u R8O TR RICEN D720, @WREHRERET 5, 29 L
T 5RUR Gy - PR L CIRERNIR T R L RS,

H IV H Tk

H AR CTOIERA PRI AR R 2 WS O SO BHNC L 2 20O M OMELRIZBE T 515
AT, 2004 FFICHIAT ST, BIE TR HDWVIIRLDZFHIBT 2 OMIaR &1 X - T
B oL G0AEY 2 BT AT, BT LWGSIXERIN G 5, a1z Ay
DERBE IR 2 ATHEMES & DRI T2 & O 28— Rl f & FROY, Bfn 7 2 VR
DA, VB, KGO, BETHBZED 7 F o OB ~OERELR PR U hT- b, BABRE
Tfﬁmbﬁwﬁ%%kofﬁ%?é%®%“—@ﬁ%kﬁ&

HATI, &fs A EM & A CTREAREE T 2720 0BHINED TNz, B
A TORAFREEI I Th TR, —J5, BSRBRIT ARSI EES . EsEO© < IXER
5 3 BRI 2E — R T 2 S L TR Y | Bs FHLAM X Y OB RBR A F e CTh 5, 4y

TR ER S L MR > A B G IOV T, EBCHE TR T 2 EIc BT 5%
T —v AT 5%, RSB RBR AL ETH S, AR TIRE S A 2 R
WO B RER IS O AR, W 2 ELL B 720, AR TORBREEIIH EVITHONT
W2 WDORBRTH 5,

ERRANCIE, IV EANTHREEZHUHEL TV D ZENZENOEIZEBW T, Bin Az EY o
[5G EER, PHBEFIC OV TOMBIZEHBINED N TWD, TAV D, 77V TABTF
HFH I EDORBIEEZ BT AEDOEL I NVE ~TEE L UL Ty, FESHEE
TOTHEIL, A AT HEEEEHUMEL TV D20, B a LA X AR OGRS L <
Bl STV b0, BIR TR XA OB AR E: OFF TN A S Th D=0, AR
ORFFEREEIIE R ESCH M 7 ¥ 7 B E OMFTEREE & o L FRFFIE A 8 U Clfn 1 F A e 2 Af ) O BF 4t
BB 2 i L TV DB % ), BRI FEFSE ORFZE R B E R O A & 22 5 DT, HAD
HOHMDOPWHIZ S DN - TEY | (AL ORERMLETH D,

PR A

HEICAEBRT A RRE EEAEWM T, Whw b h EofiE]) RHEFE (RULEEEM T, W
DDLHFX ) aDMH) O—FET, MHOROEKE, FIIREIZEAET L —HEOMAEY %3
P FARE L LERICAERT T2 AHOEAND TEPFOEHZESY 2RI L T EREmIC G L
—J7. fEEMEDD DIFRFILEME TS Z & THREORERE LT D, %E@MEGL#
WELRWSY 2R EDE L H LR B ROEALTNDE T — " 2% 2 7 —FHIRED L 912,
% < OO L WETE DO AET D, BREONMIT HEOME &2 ZITAFT HHEW
FEIZ K o CTRELSEEEZ T D, ESOTEA LT ) MMkl EIcL T, HEPIZART HHE
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W7 EOMAEMEDEFNA LN >oH b,

7 ) WU A RBEMEYT (Genome Wide Association Study: GWAS)

BEICEHERERICBWT, HEOIENFFED DNA v —H — L BET 5028 9 a2y
J BRI > THEFHAMICIIR D DN GWAS Th D, ZZTEH DNA~v—F— LT, AR
FeE O MFEIZEA 72 ) LR ORSIOMMIIRE R T, BARMIZIX, 7/ AP o—HiFEZ 5 (SNP)
~—H—NEFHIND, GWAS T 217 5 72 DITIX, WERET 7 MMERERT 7 LAHPICE
T DNA ~— B =0 F1ET 5 2 ERRiHEE 72D, &b NORBICBEH T D SNP ~— 7 —DORE
@&T@ﬁ%%ﬁbfbéi# SBHEBRECHILFHAIN WD, QTL T Cix, FEHT5F

BIZOWTENBEERMEL BT ALY, Zo#HiTabt ZRE (F2) 2REME LTI 2
72O, FEEOEEDZBIZONWT LRSI N TE T, £, #ITEDLEITKREMR 0D &) 8
K%, GWAS (ZEEFOM A 22 AL DIRIAVIBEIZOWT, I TtE &0 )
FEBR D %, 1EO GWAS fEHT CTIE, T 2 5l - B OECIE DIRIZ DWW THIRE R D A
HEATHZENEETH D,

AR ]

O & AROFEPINAFAET DA L - THBLZZ T 5 HHEZER 2R E L8, Wi
WS EZ W L. ZOWEIZHUES LT HETOMAENCR B, # B5E DALY HR O JE IR
WCEE-TLS %, T9 Lté%@qj IECRE 2729 b O, FEWICKER ) U RER MG
L. ROV IHD DO IRALKFEICED 22 TS WERERERH Y | EHERWEIEER O & 72
S TW5, ERROBENAG, REL, RETRNEEL LG L THEME L < B,

HRRL B
~ ABHEMCARRL Z B S, & ZICAER L CTEHEBE 21T 9 RS (RAY) . RRIHIT
W’—EFW)E%%:I/E LCT Rz EK L., HETH LM L, o bI3RE e %
BTHHORERE T2, b XHREDPEATHIERO—FETH D, £ < ORBIEITFED
*@’éﬁ@?% FHiid & LETE 2, BIEPOERRED @ WOAME T TIEIARKIE AT HH &
N5,

7R

T DIESCZE T2 K ORE M HARRKN I SN D Z &, &AL EFFEI 2 BB ATRE 22 S0l 7 703
EHEGFMELTVDLGE, FZOMENRRKE VRHIABEDZ < D, KRS E WIS AL E
MREL 720 RBOMEES L, ZD5, RO EOKGCKER ORI ENEINT 5, LK
FRENEHOEET TR, KIBENME T T2 Z 86N TW5, REEIIRESRMICKEL
W EZTDHN, TOESWITBEEMICRE > TN D,

AR RRL

YAR=AFEOKFETIE, @FIIMA FERZITRDBERDLEHY) 27 v 7V NEEEICRE S
NTWBH1, PEHICRAZ D, A FOFRENPHTIRILICT > 7 U BN FE S 5 R ISR SRS
SHbaINsE, TUTUVORENAFFITRY T T R ORBRBITCHDBBELT D720, IREL
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ﬁa<@of%zéao£w%ﬁﬁ%&éméo:@Eofw%ﬁ%FE%%ﬁjkwg b5 Sl

TRRFIC LD &, ARBRDER S ND A D=L LT, @iREE LA RAAR 272
k@m%y7/é&%ﬁﬁﬁT#é_&\&U\—Eé&énk7/7/ﬂ%%énfbiot
DIZT VT U FREBEEN TR oTLEY ZENRFETOLNTND, BEEORLWEHATEZL 25
NG TH DN AICEEIITHEEa e h ) T AT L2 A D 9 b ARBKIA 30%
UTThbd—EKITDOTN30% Tholo, ARMBLITEKICITEL H 2RV EFDIL TN DA,
HARD 2 AREITHITBW T, MLITEREZRD D [ZKRORERE ZHY . SRR =
A IS S TR 5720, BRFEICE > CUIEMETH 5,

Yuta (KIr FEHR S (Chromosome Segment Substitution Lines: CSSL)
HEHTDIBEICOWT, RERERZFFOTRH, HI2ILRHM A &R/M B LR, /T 52
LICR S TEMADBIBHI Ny 7 7T 7 REFFHR0 6 —H120 R B O h?%%ﬁ?éi
9ﬁﬁﬁV)HX(T.)%¢m?5o;@.fi ave VDT Ny 7 7T K (B
GG T AT A DEO—FETHDHAY T ADY ) bk iR+ 5 (RO Rz 39
%ﬁ@ﬁbkﬁ?%éo

Chrd Chr.2 Chr.d Ch 4 Chrs Cha Bl Chae 7 Chr.B Chr.p Sl 10 Chri1 Cha 12
SL-20 [
202 I
203 |
204
203
206
08
Fa il
b
#1
Fik
FiE
4
1%
216 ﬁ
HH !
Fal3

FrL]
Fr ol
E2E
el

Fli]

F2 ]

23T

33

4

ekl

Fail ] | |
23T

IR

bl

15 CSSLs ffl (REIEEY = TH A b TRREVERARATER 13 EFEOETELGHARRILY)

BUETIIAR % 2T G HHIC L 5 CSSLARMAFAEH SN TR Y | FFEDEIZOWTI O L
7= CSSL Atk & x4 QTL T2+ 2 Z & T, AHPEICED B FE, OWTITEIL T
ZREL, BRIZORTDRLDBIEATOHL TN D,

N7 A7 UT h—2I

DNA (1fk#% b >GAMIETHY . TAF LU R—RLIEINDHIC, U L IR FE
A LG LR, BEEHRIT 4 FEOELER S, 77= (A, I (D), v v (0),
7T = /wG>@ﬁ$ﬁ%(mﬂ)kaff¢5 WIS I TFERHRO 2R A, BB, AL T &
Clx G EAFERA L, BEOEMTY) v EZ A THAT 5725, DNA 20113155y 2 NN
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LT, B ZIMANC Lz —EHEAMEEE L5, ATV EIZSE T, DNA —EHELHEAD
26, —HO8 (1 A8 DNA) OAEERIE L THERAT 5, BIaERNSTEHE Iz 1 A8 DNA
2. MRS T 5 RNA $Ha AL, Szl (R A2 U7 ) ELTHERTAZ &
THEEHEHREZFHAT 5, ZORE, HEOFAITEARNIZ DNA FLORA LR LU TH L2, DNA
® AZIX RNA @ U BFHHOICHES T 5. EAMICEDOIZIZETOHIEO DNA 1X[H U DNA
HREBEH L THDN, WOERTO DNA F#REZf > TWDH I TiERy, £ 2T, Mlafic
fF1ET 5 RNA 22Tl L CTZ DORS & /AT T4, 2 ORFZE D TV B8R RO (F
TRV T ) ERTHRETLHZENRTEDL, WA NIV A2 YT h—LTHoH, WbD5H
KA DNA o — 7 o —RNERT DI T, TO T RA7 VT h—AEROBUGSNES
2720 RREFE LSS, SRS L OEWEET D I LN TEDL Lo TE T,

LiEZ)

VR & WA CERERES D8R0 2 &, ERETIILW TV OLE . A LKSE TEBREY
ERRET D0, B SR OB, BRI L 228, ZBOFH LKk
. IRREORE LMo 2 LN TSR0,

kD Hify

1940 FA2> 5 1960 FARUTHNT T, BALmEFE S 72 0 OEM O &S REERIZ A | L 7= Bl% %k
DOHify LIRS, FEOHEAMNER L ERT A 5 a0EREICH TS, ZEBILFEZEARHIC
L A EPHRIIERE TH DA, TITH, RO ZODOEMBEENRETARERE EDTWDHEEX
LTS, —DF 1904 FFIZ7 VU oY e ==L — LRy v al|ll Ko THERAI N/ —
N— e Ry vV alBlil D REFOEREZFHA LT V=T AETHY, b —DiF /) —~ 2 -
N—w—2778 1961 FIZHARO/NEEMFETH DB 10 5 & T AV I DOLIFET L /3—14 5
BT A ORI RN ZIUNE R, A CADFERICEII LT EThDH, —N— Ry v a
B X | ALFE I £ 2 Z R B O MG & ITREEAIC I B L7223, fEk R TRl 7 S el &
ST, FENEL RV FETCERLEZY, KEODEREZWINTE /o720, HEEN D L LTI
ERHEZ 2V, FEOMEMEEZ K LONIFEAETH Y . ALFIEEIOE AT TIIEY OBV 72
BT D o7, 2T EROE LEELS LTEMOELEZ FIF, fRE<ZET, &
D BERNRINCKE I EZ R ONT, VLA RIEE AR CE 5, MR 2L 2 B 3 2 Bk
W&’ % 2 Hivlz, BAROEEM/NE G, BAK 10 51, KRS CORMER% ., KE GHQ 2 HA
D DIBEEIRONEZIT S ZBICKEICRE LR O DO TH 5, BURDEH OB RIZ L 0 |
IR A X E BT, BB I E OF il TORERT 2 UL U U EMEER A RS E
BUKTHDZ EWNmENTZ, DXL VIEBOMEZF DM ALE L TH LT, ZDRIL
FUNRKRET L2 ETHE _MMOMENMA L, BEXLPMRS 2DEEZEX LTV,

AL DRMT

PR T ) MENTTIL, 1 FBEOEND T ) LDERITT 50N ERTH o723, Wb Lk
fUDNA > =7 o —=NERT L0 fH0, BREE, BIBHARL L8, HEC)OKR»L, AW
23 % 2 L <EHE DNA Z i U Totrd 2 FENRAH S e, Tha X277 ) NET
(ABZT 27 R) EFO, BAEMFEOZHETIEHSNA TN D,
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AN/ E CTH D U AR Y — L0/ 7 2=y h® RNA HHEEF] (16STRNA) 72 &, 7/ A
2B W THEAELS . EMFENICBWTREERE WL OO, AW LI e 2 bRz bh
HEHNE X —7y M UTHITT 5 2 EBE\0, BEPICHEET 5% < OMAEW T RN A A HE
RHLONEL . 9 LAY E HRIOICINE T 2 S ClA MY — L L e D, ITHETIE A
B0 ) LEATIZ L - T, & FOBNMEZEOFENEAL TS,

A KR — D
AEWNI AT HF 2k 2 IR D 7y 70, FHA B L AICKHLT D720 D50 T2 E A TN D,
_ne IZ. DNA, RNA Z|ZU & Loy 78 ;Mz ﬁ BHEEE, T X EEOIE
MRS DB T CTh D IRREMMEET 52 LR TE 5, . LSOy FIE. &
%@ﬁﬁ/iﬁﬂ_;ofiﬁéné@f\ﬁﬁ%(%5$74F)k@in\:@ﬁﬁ%%\
2T, R T 2 HIRN A X R — L Th b, AZRo—NTERESN 2B U720t
b L. OWHERZ T T A2 A A v T F~T 4 7 ATV IL>TW5D,

iﬁ’“ﬁm%f(Qm>

AR EHRE (BRUPE) LERE (ERPE) 2bo. BEWEEOH L LT
@\@%ﬁﬂw/bbﬂ%é\%#%é/%#ﬁw\Am)ﬁmm@\ﬁk%é&é_k#f%\
L IFHE—H L WVIIDE OB F OB L > TIRESNS, BUFEIZ, b FOHESLI AD
INED K DI L2 B TR INDIWE T, —RIZIE, BEEORAK EICHFET 22 < 0E
BT EREICE > TREINS LS TND

BREIEMNT 2720, ZOBMIFEIZEDL 2 8B ONEZRET 5 71E0, BN EEE T
J# (Quantitative Trait Loci) f#HT T, 1980 D, #x 27 v 75— &R T, BIETHLH
WHNTWD, QTL @Hrix, HIEE & ~—h —i# s OmEEmIric L v | FFEREICEET S
BA TN 2 HEET D HIET, BIEET 5 #ﬁ&é2+ﬁ%x@bf%%th1%l%%
9 —EHFERAL LT LI F2EMZ M8 &35 (PRSI B L > TEB 7~ —
71— & Do B a2 B 5 78 ﬁékb\%ﬁum%%%%ﬁﬁéﬁgﬁkéo

Bl 21X, IWENLL 2 DRIA QTL Z3RD HI121E, ZUELFE & 2TV ERFE & 23T &bt
7o F2 EHEBNTxIRET 5, Zokx, #HiFGbt s coEMAOBERIERIETETHIET
X CHIEMRREEZGDL Z ENTERVWED, QTLTHORERMZIEL G ENEETH S,
Bohiz QTL I2ED X 5 BT BNEET D), TOBLGTFNED L I 72 A =X L TRER

WZBD 2 DTN TR, BT LBl & 2 5 TROWBIAGFET D, Il Uik, 4
*@£f§<®mréﬁﬁ%ﬁﬁﬁén %’ﬁ%ﬁﬁ%ﬁ:fb@%%“&oﬁﬁokW%g

o — . EOERRE R EOAEBABTHZEICOWTIX, AT =X LMREIICE > Tl
ﬂ§<ﬁﬁénéo
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W 7 OR—FIVER X >~ /\—1

WEEEE (xHF R=
A0 RS

FE7rxO0— GATHYAI VR -BREFEIZ Y M)
FEZ7rO0— GATYAIVR -BREFIZ Y M)

) — 2 — 1 hKx FBE TJIo— (GATHATIVRA-BEREFI Y /201 9F38%F0
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