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A 2 o] dadh
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1. 714 #H7t

D). A7y M.

7} 719 w7

o HAYAE AxA F AEE 9 V)5S 2= PPO Al AxA AL /FH FEE o] /A
A2 =43 Z=o] PPO Al AlxAl it Ad9d AFS 2HA Hol F2E WAlst=dl
ol&

obm:=A A A& Al glyphosate, glufosinate, A|Z2 313 A 21

o HIAXYA AZxA= d
Jom™ paraquate &4 FAE AE AES T3 IS

paraquat 7}

o HIAEHA A ZAQ glyphosate, glufosinate(obu]=ak A A&l A xA]) o A 24 &

ol F, S, WE, 44, Al ol FA AREEAL =

i)
fo ¢
ox
e
oty
N
N

o B7F td 7€ PPO Al AxA AFAY 74 FEL HEC A9 AZAES FoAD F
o] GM zh= 9] AxAl AP L= AHE 7hed 7 Fd

o GM FEo]| A5 = vAaA AzA+= 229%(glyphosate+glufosinate 5099$2] 43%) =

4%

e GM ZE Al&d A|lxA| AP FAE HE HFLS glyphosate 90%, glufosinate 10%

o)
U. 71=9 He

« ®W7F WEeY  PPO A ARA AYAH FAFELS
PPO(protoporphyrinogen IX oxidase) 7} PPO A A XA o] F7+3t

e PPO A AxA E7F3F PPO AR+ 334 dhe g oF(cyanobacteria, Y A41T) 9 hemY
B}y PPO &

* hemY B PPO FolA PPO Al Al zxA ol A
AzA V73 Fee] PPO @l o] ofn|i:
PPO)& FFsh= Ak 92)

o =7+st FEl¢ PPO @i Aot} PPO A
2R X3 AZ1 =703 el PPO(WH oY

1) #Fa AA AzA AL 2319% <. H]’ﬂ@’\é A zA|? Glyphosate AZA| wfE(‘12) 45.89%, Glufosinate 4.29$,
paraquat 6.8591$, HIAEA AZA) AZAL 56.99% FEE AA AZA A)FY 24.6% A
2) PPO A AzA NZ =3 129 7|& PPO A AZzA AA AL 12.4599%. 38 T2 Wt 94522 s, Diphenyl
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e Diphenyl ether A€l PPO A AxA9 5d HAAHAAE 6.8%, PyrimidindioneA <2
PPO Al AzA9 5d HF AAE 23%3)

7F. 9] &%
(1) ¥o] PPO FAAE ¥HEO] AxA AYAP JE /ME
e Syngenta® AME® 33 7]59 PPO A A %A (Butafenacil) AdAd &S /N g

e Butafenacil®] E}# 2 PPO(AEST PPO) ¢ ofujxAike

elo] WMo]d PPOZ /M L=2dA] AIFAL old

E3) o] of 1174 EA8H, 53] ££7172 20183~2020

© 19999 7] 71&EE AHEF GM FA] HAS o5& Acuron'” ©F L3RI, 2003
g .

271 AzA AE S =UT GM S5 dF A=

o 1Y Acurone A3} A L6 o= Acuron Z-& A|ZA Butafenacil ¢ A Zx3F
o &} Syngenta GMZFZAF AFF 9] 1 F-Fof] 713 RAo =z Aoy

e Syngenta® A AW AFAEE GM L4547 glen GM F AEZw L. ‘149
MonsantoZ#E £ Al5S &8&3 GM S557F AlaE A8 <

e Butafenacil(Syngenta) 20123 3w 1HW$ ols, ©E PPO A AZRAQA
Oxyfluorfen(Dow, DPE A% <kAl) mj&H 1.599$(Phillips McDougall) 4

o

ether(4.49$), Triazolinones(3%$), N—phenylphthalimides(1.79$), Pyrimidindione(l‘i.*ﬂi) 9]

3) oju|:=At A& A=A (glyphosate, glufosinate) 53 B AZE -1.4%

4) Li X, Volrath SL, Nicholl DBG, Chilcott CE, Johnson MA, Ward ER, Law MD (2003) Development of
Protoporphyrinogen Oxidase as an Efficient Selection Marker for Agrobacterium tumerfaciens—Mediated Transformation
of Maize Plant Physiol 133:736—747



<3 1-1> Syngenta®] AxA A4 A& PPO #H 53
TEHUS
(E94/ £33 AT W&
E3etsd)
e 71 &} &4 PPO—-13 PPO—-29]
Manipulation of DNA, olu|=AF Mg
US 5767373 . ) . .
(1995.6.6 / protoporphyrinogenoxidase o 9Jo] DNA AM<E=Z FA = chimeric gene
enzyme activity in e chimeric gene® A ZE3 WE 9} o] HEE
2015.06.16) ) )
eukaryotic organisms 2 A3 host cell
o A 2A WS 93] PPO—10] FHrphdd
1;] /\1 ;q]
o 3L} o] 4o otm|iit GIIAde] HEH
215 PPO—-1¢ DNA A
(A A Wy PPOABNA o A3 Fo,
T HA WP A Asre)
DNA Molecules encoding RGN _: ANEH, S54, 7, 3 =5
US 5939602 AV, A, B,
(1997.2.28/ , _ e W& PPO-10% TAY chimeric
2017.02.28, Drotoporphyrinogenoxidase o heet wg, o) Wy YAABe
and inhibitor—resistant _
D) mutant thereof FTAE
ePPO Al HAS 7HH
e 13 PPOQ] DNA ¥A17} 49ld A&,
Hgzd, AL} olse o
o thAE Al Al F2E xdst7] #%
o
e PPO—1 promoter DNA seq
US 6018105 = A= IFY, S5, A" ST
Promoters from Plant _ .
(1997.2.28 / ) ] o 33 DNAES ¥383t chimeric gened
9017.02.28) protoporphyrinogenoxidase 2 Az Y
e o« AZT MEE AAD AEALY o]
fEs AT 427
e 21E9] PPO-1 DNA ¢7]|¢} ofw|x=4t
US 6023012 DNA molecules encoding He s E, ) T AR AT 3 A3
(1998.3.30 / plant AT, HA ] ]
2018.03.30) protoporphyrinogenoxidase ® chimeric genest A=£% e, XHtZ:%
HEZE B3 AE sFAE, AxFH
HEAY} 2 FA
o AxA AYAP WY PPOE I H3t=
US 6084155 Herbicide—tolerant DNAE=}
(1998.6.22 / protoporphyrinogenoxidase(P — 3}i} o]Ate] olm|=4t x]gho] WAy
2018.06.22) ROTOX) genes - Ag: ANZN, S5, 2, F, 535
AR, A, W, s, AR PPO-1

DNA




echimeric gened} ©]2] =3 ¥ H
o FAAGH A|xA AT AE,

HEAE, T4 O Y

)

=y
2EFZ24,

e Probe : o} 71&t) PPO-1, PPO-2, &5
US 6177245 Manipulation of PPO—1, PPO—2, Yeast PPO—32]cDNA°A
(1998.5.1 / protoporphyrinogen oxidase ZHAWES PPO F-A == mRNAJ
2018.05.01) enzyme activity in Eo|xo g Agstes BRES ALE.
eukaryotic organisms e ProbeE o] &3t YA E2 PPO
FHAY mRNAE ol = Wy
. e FHHS HE, HExF, HE AEE
US 6288306 Methoqs of selecting plants, NE DA ZEE A E
(1998.1.29 / plar.lt tissue or plant cells . PPO A3 AaA WA PPO G A
2018.01.29, resistant to : , e, HEx, Az FAdds TAAA
T.D.) Pro,to_porphyrmogen oxidase FAASE A=, A=xd, HEAEY
mhibitor Ngevy 959 3248 34
o AXGgE S ™3t W AxA
AFgA Wd PPO7E A E AHEA =
Methods of controlling the — 21& FAte] AujA] o] PPO A3 A g
growth of undesired e PPO A&lA] AL
US 6282837 . . . . . L
vegetation with herbicide : aryluracil, a diphenylether, an oxidiazole,
(1998.11.19/ . -
2018.11.19. tolerant pl'ants or plant an '1m1c?e, a phenyl pyrazole, pyridine
D) seeds having altered derivative,
protoporphyrinogen oxidase 3—substituted—2—aryl—4,5,6,7 —tetrahydroi
activity ndazole, phenopylate, phenopylate]
O—phenylpyrrolidino—analog®piperidinocarb
amate analog
o HYPH AHalAl #FA PPO A4S 7H
A=A, AEXREH, AEFA
o A xA AP PPO T4+ HEF
US 6307129 Herbici.de tolerant plants, QAW E A A : E.coli hemG, B.subtilis
plant tissue or plant cells hemY gene.
(1998.11.12/ ) . . . )
2018.11.12, having altered e Chimeric DNA Ex2 JZARASH 2 &
.00 protoporphyrinogenoxidase ANEZZ AR 23} 2455
activity e Chimeric DNA #x}¢o] Aoz A xA|
AR AE, AERF, AETA AL B
o o] Wor AHikE A F AxA
Agd FUHE Aitste WH
o AXF= A4, daHeo=w JxE
US 6308458 Herbicide—Tolerant Plant Z-3+= Y
(2000.2.3 / and Methods of controlling  —PPO A& A4 W3 PPO DNA #A7}
2020.02.03, the growth of undesired AE FAAZ AEA, AE FA A6
T.D.) vegetation PPO A&iA] =g

-3 PPO DNA EA= wild—typed}




wal 2 shte] ofumat Agho] £

US 6808904 Herbicide—tolerant protox
(2000.12.5 / genes produced by DNA

15=4F
o AE TLE HA 27 o]Ae] PPO DNA
EAZRE sty Edwo] PPO
DNAEALE st Wi DNA
shufflingo] &

2020.12.05)

e Template & FH4& 3tvpe A Eola t&
shube A E 4.
— 2159 template= 3}1}e] ofwm =it

1 5}7} W& PPO =9 DNA

shuffling

[QR=S
AT

(2) PPO A xA A3A Zx HAHE o]&3 AA

) BFd B=F

44 94

g0l st A Fr 2= (Amaranthus

tuberculatus)® PPO

DPE A
FAAE

PPO  AxA AFAS
F=, 248 AS

A4+ Hol= bio type FE= PPO &4 ©@fd e ofnxgt 17471 245 0{(210 Gly)
a2 A AzxARY A% 58 Aslrt o] Hol NS A ", ld PPO FAAH(AF
A Bio—type® Amaranthus tuberculatus PPO F73A Aol o]&S EF(52WH3E US
7671254) % S8 e (LY =olths})s)

ol

o] PPO Wi/, Hol PPOS T3 A XA AFA

o ZF(Algae), W71AWN, Amaranthus tuberculatus(DPE A PPO A|xA]) Aoz PPOY
HolE sl FAAZIANE A|Z5As. FAAIAE S Z  imidazolinone, PPO A
AzA AN S FF &

o« 595 A7yt WEsA &a, AAdE 25 F6)

5) THE+=%: Patzoldt WL, Hager AG, McCormick JS, Tranel PJ (2006) A codon deletion confers resistance to herbicides

6)

inhibiting protoporphyrinogen oxidase PNAS 103(33):12329—12334)
EP 2,652,139, BASF 2011 &9, Plants having increased tolerance to herbicides
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(4) Cytochrome P450(CYP) o] &

o WHFO CYPE o]&3ty FAASIAZS A|23tar Saflufenacil, Butafenacil A4S 3Hel

Saflufenacil A4 SAALE AAsGT 2454 FZAAIAE A

o EUATFA Myxococcus xanthus® PPO(MxPPO) & o]&3ste] PPO A &jA] A3tA AR
A, FAAZA N g &S 52 YA

e MxPPOE Aciflufen(DPE A PPO AzAD T@stA A& we Aoz Hi Ho gl
MxPPO 2 zte] opdad s =3 dARS Hoax] AZA AgAo] = &ola}

_g_
I MxPPO {32 ME& A2 AFsdoyd 528 Bdo= 53 ALy}

« PPO Al AxA AFAH FdA= 1) Pl 49 hemY EFY PPO F3AE o] &3 A,
2 1

2) CytochromeP450 &4 o3& F3l PPO A ARAE HIA 7= 7]

e 1) W Ve FEAE FEA Aol ASH VIEd. 7Is dEl= PPO Al AlzxA
3l =73 %9 PPO FAAE o]&3l= 7|€=2 O PPO A Al ZxA|(acifurofen)ol] # 3t
q

8s A Z&(dezelth), @ 4= PPO ofrdt X&s F3f
Butafenacil A& PPO 7 (AAEH), @ AT PPOZH-E Pyrimidindione Al #|ZA)
9} DPE A%l AF4& zhe PPO M (ERE3E)

7) Sumitomo 20059, US 7563950

8) BASF 2011d, WO 2011/085221

9) =¥ 3s KR2004—-0024878

10) Jung HI, Kuk YI (2007) Resistance Mechanism Protoporphyrinogen Oxidase (PROTOX)
Inhibitor—resistant Transgenic Rice J. Plant Biol 50(5)586—594
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e 2) W 7]&& WA, #H9Y CytochromeP450 &dS %3+ PP

= O
712 SolAdo] AAHA skar, Azl A ZE&o] FPs FEole vgHE Ve ¢

BAse(F)9 71%L hemY B PPO FoA] P
Eo| =l Ax3 PPO Al A xA o] st Al AgJHLS 24 =

e 71 7|&EH Fo|He& PPO A AxA FolA ©YE chemical family, Diphenyl
ether(Fomesafen, Acifurofen), pyrimidindione(Saflufenacil, Butafenacil, Tiafenacil)®l] tj
St APAHS AT F Adve A FHola, FRAE 4dHAESQ] FATY PPO -] 7]

o H7t A 7L AEo] zta 9E hemY EFY Y PPO F3AE tido= DPE ¢ PD A
E A xA AdAHE Hole PPO FAAE 83l AxA AFAS Hoses 7|&Y

o A3 71& ZAA 7129 A5 fF Wo] PPOS %3 Butafenacil AdA 4 - E
F(AAE BH)E 3)y9st7] Y& Cyanobacteria®l PPOS &8sl A=A AFA 4
FAES NEstA =

o AT F PPO A AxA AIFA PPO §HAE  DPE(Fomesafen, Acifuofen) A%,
PD(Saflufenacil, Tiafenacil, Butafenacil) 5 3H<|g PPO Al AxA AFYS Z2te
Az 4

e PPOA AZA A FHAAZE FH3s7] ¥alA] Cyanobacteria® PPO FHAE tjio =z
gt x7F thekdl PPO Al A ZxA ] thslA] AdAS FED Aldle 2 7 g Vs

[e)
o] fd3t

o AT AE X}%% o]&3t E3 Al#|E%E Cyanobacteria®] strain®l Synechocystis PCC
£ FYG3t= F-1A7F PPO Al A=A aciﬂuorfen(Diphenyl ether A%

o =% 3] 3} Synechocystis PCC 68032 PPO §AAE Haslo] o] A
ds T3 FAALE 532 SLHASH(FHA AErrS A9 —Nippon Sodaiil),
748 Ygo] =ROoF BRuESiD

11) Synechocystis PCC 6803¢] PPO ## E3(PCC 68039 PPO olu|:eatmt FAA ALE9 80~85% AE5AS A PPO=
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u. 7le9 884

o B7F WY FRAE Aol Ao zZA WY AzA T PPOA AzA ik A
F4 GM AEs A2 F Ae. ARA AFY R} ARAE o] &3 AEA HAF
& = AL HESS TADse Ves T AAHeE Fx A

e 7} YA FH FHAEL FE @= FHEsAY Roundup Ready A2~ (Monsanto?]
glylphosate A 34 ZE)o|| stacking A1A 2 BHAE agFoz 3 £ 9S4 v&

g =2 control)

o AR GM FTA] ALHe A=A AIFA FHY 90% o4 glyphosate A& FHAE
©]-&3t Roundup Ready AlZ=®lo] ztA|etal . GM ZHE AjHfol A =AH-2  glyphosate
o] 242l o] 8§22 3 glyphosate A4 bio—type F=7F LA AAH ZA=Z
7= A

e Glyphosate©] A3}AS zZF= bio type FERE 24 o] 4 A d&(‘12d). DPE AEY
PPOA A ZA o AL HQl bio—type FE FE 6 o2 € A XA vls) Ze 9

* Glyphosate A& F&A PPOA AxA AL A&
2 FxE PAT AS As7A EHuR ﬂiﬂ ok 8
Pz

3 A
(glyphosate, Tiafenacil)el] 3t Wz} A PALS Hol= Fxe (e A2 A

Al z9] WA EAl= AZsiH, H BASEZE AAJSE AEZALY] w2 o
o FHRE U E AN Ao A Frejzle] 3/4 o]/do] glyphosate A& Fxol w3

i3 F2=2 Qe BA Al2"S v AY & mode of action
2t 28t 2 (Agrow no 679:5, 20143 149 8Y)

GM 4t HE(F, 54, f4, B3Hel AMANA Bgshe AxA A

=
S = =
Frzd FE3ohH, glyphosate®} Tiafenacil A& Fx7F TEHE A4 8

acifluorfen AP FHo: EFHIZ EP 1930434, Protoporphyrinogen oxidase having activity of imparting resistance
against acifluorfen and gene thereof, 20061 &<, =92l Nippon soda, =% Kato K, Tanaka R, Sano S, Tanaka A,
Hosaka H (2010) Identification of a gene essential for protoporphyrinogen IX oxidase activity in the cyanobacterium
Synechocystis sp. PCC 6803 PNAS 107(38):16649—16654.
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o 7} EH’S* A= @, = glyphosates) A& stacking HH GM ZE Aju) A of A
lyphosate X34 B} Fxol dis] ax5 o= WAV 7153

{1 o

)

N

N

1:12
N

o,

oQ

e 3H DPE AlE9 PPO AlzxAd AHIAHS Hol= bio—type Fx(6%F HI)7}
Tiafenacil(pyrimidindione A%< PPO A A xA) kAo wxt #A3FALS JeEbE A A
=z 3 oA A

4). 79 S4=

7b 71€d 74 74

« JlE i @AE 194 Ve 2 FAAY g1, 28A A3 PPO &, 39A AFA
PPOS FZAAET A=A thdoz A ez yend dA= 38A7 a9 4

e $A hemY type PPO(21E9 PPO type)E 7}11 9 29| cyanobacteria®
. L PPO Al AzA A4S FA3t= PPOFHAI} 28 FH HAS
A WS Fx9l PPO FAA fd #F9 %*é oARE st ofm|4l Wols: FHd
PPO 2F& ¥R

o AT el PPOO WolE fud $ AxA AFEE w21 A tiFoe R HAEs]
e 2=z328d A" FH3HS. PPO F-A7F ABH E colifl BT3 straing w7}

2 8%, :aw CFs PPO f304H B WolZh f0E ol¥ PPOE BAlS] 239y @
S A7) B A&sl ARAL HAT + AL

e A3TA PPOE @g&Fo=w H37] YA 1x2 thddt EZoZXHE AEgA 2 A
2 222 PPO Al AxAC AJAES 2= PPO F32ke] 238y AU 54 ofv]|i=4t

< saturated mutation 7]ES 3| olu|x=AF WHolA i HAH L S 3

. 5% A PPO FAAEL HE(HNIW, T 2 S50 FAABS] 4F o)A
o wd R ARA AFYS B dem vAos HE YolA wAY B FYst o
A2 Mol gAY AN B AP V1% Age] $Ed

¢ 1% RS 9% A2HES FRstgon AP PPO FH AU4F ARH0E HFuste
AzEst 0B 2aely SHE A29E ZFAS. o] AZWES ode] Syngentart AF
PPOE ol83te] AxA AFHS FR7] A8l AT A2URTh WED TAHQ) A2
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oz Htd

Y. tA 71=(39 71e)

- g APA A A%
9. PRl )

e 1 9] Cytochrome P450(CYP)<

e BAes A ggot nEolFa

Fde Hd 7heAel A=

W3l 2= V)

%7 59

o]&3 A=A A4

AzA Ao

[u

O

H 7]
=

2 19984 Syngenta’} 93 AxA AP 2= PPO 5359
A PPO Al Al xA o A3AHS 7}

&S PPO Al AxA A
els] PPO A AZxAAE A

+ Du Pont& $44 CYPE olgalel ofe) AzAd BgHez Ad4e AAE A4S
ZS AFsFS. FAAS A = HPPDA|, ALSA, ZA 114, PPOA, 2AA AxA A FA
Ao 25 vFAAsA o thn] A3dAdS YES12)

o. AR 7l

o AxA ~HEY WA BHE AYY Fx FTH, A2 9A 8 & 1817

e HE 27) AF =X 4F 27 A, PPO A A4 FA 270(Syngenta, FHH3HE)0]
AR Y 7le2 ddd

<# 1-2> AxA Agd 4 Mg A
A =xA oF A HE A AL | A 7 GM
2n | #] 48717 t]:] LA g8 | 3 (i !
(KAL) A He A 33 ks 5 At
Glyphosate CPh4 Monsant
71E ol o] = At 1674 HIE A
= (Gl\l/lofnsgntto) ! qJ—L ) 2 el A EPSPS . 0
ST S A 3] an
Al | Glilosinate | A | 06 bar/PAT , Bayer
(Bayer) Genetics
] Dicamba
Dicamba B2t~ | Monsant
B ) 1965 monooxyge B
N r 5} 0
= ave AL zA e A anseD
=] 2z & A—
7 2,4-D i 1945 WA g D
monooxyge ow
(Dow) YT eyt
nase
12) Ed¥HE US 2007/0214515,US 2008/0052797, US7705200
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(1) & 71«9 Z4 A=

B Glyphosate MS 90%, A3A F=x 24= =9 =471 20%/ha
D A7 E AAE e FHekslu DCC—3825% WA ~2HEHOA] 2 AAE HE
B Glufosinate MS 10% AFAH Fx 2%, 9 LA 7F 70%/ha
DA 2" EQ LS fFARSIY DCC—38257F WA 7AW A 1/2 +F Y
7] A oi¥] Glyphosate A4 /\]iEﬂJ?l Roundup Ready=A&4 Fx FA,
Glufosinate 34 A]2=®lQl LibertyLink=4%WA] v]EoA ZAAH H{ st

(2) &A1 A3A BB 7NNeds B8 =

e« 24-D AFA SHAAE HLS Enlist'™ A28 7} dicamba A4 TS A AxA=Z
glyphosate®} stacking Al&glo 2 7EdE 7|e2 d=xo2 Fx WA AHEHo| Fol
glyphosate®} &3¢ WAl Al aglom ARE-gH

o (2% ofAl B 2709 A FAE HE) HAAA A

@D glyphosate+2,4—D 2 glyphosate+dicamba, =5 A7} ¢tE+= &4 FZ27F 124 &

@ WA HE8e DCC-3825 ©EWA vs. EFWAN(2,4-D+gly)7F 23~30% A=A

DCC—3825+glyphosate &3 WAl 4% 2,4—D+glyphosate =% Dicamba+glyphosate2] H]

&0 48%~53% AHE

e Tiafenacil®} glufosinate ¢ AL vlwsd d=HAv &3 =5 Zﬂ(gene Stackmg) 25
T >~ 3
o —

[e)
=
Tiafenacile] =& AAHS ztu 9l (H

<% 1-3> AzA A4 92 BA7IeH B4 A=

- FAALA SE A AR e
o Cs oA ($/ha) Az ! Rz F?
Mosanto
Glyphosate 20 24 8
(Monsanto)
. Bayer
Glufosinate 70 2 0
(Bayer)
- Dow
2,4-D(&A14%) 8 14 1
(Dow)
Dicamba(&A] 9 Monsanto
11 5 1
) (BASF)
B 93 x
. . == o T u o _
Tiafenacil(7R &%) (= rae) 40 0
1: g AzAE A J=x &
2: g, F o] A ®x F, Glyphosate9t B ofAl E3A] WA/} HA] g= xS
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®

2.

g ALPPO Al AzAl AFY) 2749 34 A=

2%9 PPO AzxA AFH [FAA-AAE, FHEEFIFT A, Syngentas AE9
g %

PPO(hemY), 5F&3Hs-2 FAlT e PPO(hemY)

I[P £%7|7F2 Syngenta 18~213 74X (‘149 &9Y/5F 9% 7|F), #58F3s ~20374d
o4 ¥

Syngenta®] A %A (Butafenaci)e A% #i(0.19$) A% ¥iA SXRA3F A Z2A
(Tiafenacil) = <¥t+ Z}go AzA NANA 2~39% Fuj7t AR (AR AL FEYA]
it o). sF33bse] ddLe 71 2ol &A1¥ PD Al PPO A &A1 Safluofenaciloll
g E AFAHAS 2t A (GM ZE0 e 5 Jde 2332 gEY kA7 o5
=)

2gdolx

B} 71&S g A ZAQ PPO A AzA N AFAHS Fosts FZolx, AxA A
Aol A Safluofenacil, Tiafenacil ©] A/FE 29 & Ao E =3¢

Mg &2 hemY PPO #2845 tide=z PPO Al AxAe} Ao we 722 PPO
#A2 Q). AzA B Bz Az BAAF BY vkl 2FF(E Wo|E wj¢
=)

AgAd PPO AE(AZzALG 2 Ad=E)d mE a4 84 5 47

screening AlZ=®lo] FHE o] glojop FH(o] A|AFlS AESt=H AE7EE 1d o] ARbo]
a878).

Agd 1 34 gols el E  1xE  PPO  deletion mutant(£.  coli) @)
complementation 2%, 22=2 N 7|FAN A AFAH HF, 3AZE F, SFFoA A xA
A, ARG, AES AF T o FFE FUsior strE A 7Ixhe sido] 8
T2 ol &9)

uﬁii&

I T PPO = hemY E}Y9 §ARE 0|83 PPO Al AxA A A Fx 2A 9
o] g FHRAZE] E5 =Y & AFA(20149, 20159, PCT 24)
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5. A

-

¢ GM AL o183 YR o
o 88.6%7F AxA AR FAL FA)

E Al v g A xzAe} AP Fdo] MEEHE 71E9 F-AH stacking
5 s o] &3 Jx WAV 7teF

e B o e Ay Fx7F A ¢la, MS 90% A e glyphosatest £ ALg-
Al

AL8-E = glufosinated] BIS|AM = WA 71Z 0] 1/2 FFo)|2RE AlF FAEHE FE3] 713

e WHF V]&S B uf Syngentaldl 7|& olfle dAZAQ tEAL gl #HE. Syngentad
5357}F zﬂdi%Ol 2 A5 o] 7les 83w AFY SV M 99U Hy 22 AL
A FAA A xA9 IYAE bundleZ FAA AFF AYGS she waolmz #E7t 7}
ot #gd

2. A% Ho}

. AlIF AL

o AE HTA HA AFL 20129 7|Fo=Z 20119 B} 6.4% 2713 47,360 WY g2
Hi S, 20129 GM éx} A AL 18,495 wWiEl Glo] gdlom o= 20113dRTH

Q.

o AP 9% Fo ABE

S
“

S5, T, B3, Aud

2 of

w4 AEF 7o) Bl mek AxA R FAAY FBe)
&, webd] GM FA ASHE MAgY Az A% I
F8 Al F712Q g AHE 5 Ae

2). AZTER 2 EA

o AZA NRTFE W AY

e 2012 ZE HIZA A|A w2, AA AF REEE AZXAV 43.0%=2 7VE 2 A

o
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£E AR s, O Loz A=A 28.0%, A 26.3% 283 7)EF 2.7%
S Ao

S Others 2.7%
Fungicides 26.3% Herbicides 43.0%

Insecticides 28.0%

Total = $53.732 million
<2y 2-1> 20129 ¥ A& AH&
Z23] : Phillips McDougall—AgriService, November 2013
$m

24000 -
22000 - Herbicides
20000
18000
16000
14000
12000 4
10000
8000 -
6000 -
4000 -
2000 -

0

Insecticides

Fungicides i Sead

Others
B—a g ] -3 il — B —8—8 5 —=—18

200020012002 2003 2004 20052006 2007 2008 200920102011 2012
<19 2-2> A& BHEA AF FEE AG 5F
=] : Phillips McDougall—AgriService, November 2013

Tog2 A

o 2012 7|2 ZE g HIZEHE AZ2A AA AFS 20119EY 6.0% S7HgE 23,130

g E HUHEA, o
O 2+ glyphosated] ¥33 & FFe 714 Fsoz A%

rr

« GM FA A1F 20029 % o]F2 FE3

ol\

s Qe A9
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Others 10.1% Acetamides 9.0%

Ureas 1.7% Sulfonylureas 10.0%

Pyndines 5.1%
Triazines 5.3%

Phenoxy 4.0%

Imidazolinones 2 4%
Other ALS 5.2%

HPPD 5.3%

PPO Others 3.5%
PPO-Diphenyl Ethers 1.9%
Dinitroanilines 2.7%

i Q
Cychoex angg%gﬁaléiﬁ a9 Aryloxyphenoxypropionates 4. 7%

Bipyridyls 3.8%

Total = $23,130 million

Amino Acids
21.6%

<3¥ 2-3> AxA AvZA FFE A AFE(20124 71F)

Z3] : Phillips McDougall—AgriService, November 2013

e PPO—-Diphenyl Ethers, ALS—sulfonylureas 18] 1 cyclohexanedionesE A 2|3t & F

AzA< 2012de] A7t F7FFA 5. ALS—Others7k A&xA A4S F=3ta 9l
FIE HPPD, PPO—Other 5°] W=21 5

<3 2-1> 201249 AxA AF <=9

Acitive Sales . Launch .
Rank . Chemical Class Main Company
Ingredient ($m) Date
1 Galyphosate 4,575 Amino acid 1972 Monsanto
2 Paraquat 685 Bipyidyl 1962 Syngenta
3 2,4—D 640 Phenoxy 1945 Nufarm, Dow
4 Mesotrione 620 HPPD 2001 Syngenta
5 Metolachlor 605 Acetamide 1975 Syngenta
6 Acetochlor 560 Acetamide 1985 Monsanto
7 Atrazine 480 Triazine 1957 Syngenta
8 Glufosinate 420 Amino acid 1986 Bayer
9 Pinoxaden 360 Other 2006 Syngenta
10 Pendimethalin 345 Dinitroaniline 1976 BASF
ALS—Sulfonylure
11= Mesosulfuron 290 . 2002 Bayer
) ALS—Sulfonylure
11= Nicosulfuron 290 . 1991 DuPont, Syngenta
13 Clomazone 285 Other 1986 FMC
Aryloxypropionat
14 Fenoxaprop 270 . 1984 Bayer
15 Picloram 265 Pyridine 1963 Dow

Z3] : Phillips McDougall—AgriService, November 2013

o AxRA AEE A JARES EuEE, 34, S5
Ao Yehd. a8y 20129 &5, 3§ H}a}7 o5,

o) 7 ke

%, FAgA LTt AR
AL a3 AR

e 20093} 2010 A|xA AL glyphosated] IFa3 &4, 5 GM ZEI A xA)
o

Sk Ao] A FR3 JFS vHS. 20119 20129



2o 2 glyphosate®] 7}Zo] FFgol wtet A% 8ol &3t A=

Non-Crop 9.4%

Cereals 19.3%

Other crops 7.8%

Sunflower 2.1%
Sugarbeet 2.7%

Cotton 2.9% Maize 17.0%

Sugarcane 4.0%
Rape 4.0%

Rice 8.9% Fruit & Vegetables 10.9%
Soybean 11.0%

Total = $23,130 million
<a¥ 2-4> 2012 AxA FEE A AHE
Z23] : Phillips McDougall—AgriService, November 2013

= A4 AR wrgdsila, GCPFol o&) gFod g 7Zos EF
F& 353 R mE #8715 ofet &
<3t 2-2> FAE7|Fel wE 55 BF

Chemical Class Mode of action

Sulfonylureas Inhibition of acetolactate synthase
Imidazolinones

other ‘ALY’

Aryloxyphenoxypropionates Inhibition of acetyl CoA carboxylase
Cyclohexanediones

Triazines Inhibition of Photosynthesis at photosystem I
Ureas

Hydroxybenzonitriles

HPPD Inhibition of hydroxyphenyl pyruvate deoxygenase
PPO—Dipheny Ethers Inhibition of protoporphyrinogen oxidase
PPO—Others Inhibition of protoporphyrinogen oxidase
Dinitroznilines Microtubule assembly inhibition

Carbamates Inhibition of photosysthesis at photosystem I

Inhibition of mitosis / microtubule inhibition

Inhibition of lipid systhesis

Pyridazines Inhibition of photosysthesis at photosystem II
Inhibition of carotenoid biosynthesis

Acetamides Inhibition of cell division

Amino acids Inhibition of EPSP systhase
Inhibition of glutamine synthase

Bipyridyl Photosystem 1 electron diversion

Phenoxies Synthetic auxin action

Pyridines Synthetic auxin action

Microtubule assembly inhibition

Z3 : Phillips McDougall—AgriService, November 2013
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. PPO A AZXA AFTE 2 A

® PPO — Diphenyl Ethers

<3} 2-3> PPO - Diphenyl Ethers A% 5>

Growth
2007 2011 2012 (% or % p.a.)
lyr Syr
Diphenyl  Ether  Herbcides
320 452 444 -1.8 +6.8
($m)
—Share Herbicides (%) 1.7 2.1 1.9 n.a. n.a.

=4 : Phillips McDougall—AgriService, November 2013

$m
500 -

400 +

300 +

200 ~

1DD T T T T T 1
2007 2008 2009 2010 2011 2012

<71¥ 2-5> PPO - Diphenyl Ethers & 537 vj& Z3F

Z3] : Phillips McDougall—AgriService, November 2013

Rest
Lactofen 5.6% 54%
Fomesafen 37.2%

Aclonifen 18.0%

Oxyfluorfen 33.68%

Total = $444 million
<719 2—6> PPO - Diphenyl Ethers F& AE AF d&&
Z*] : Phillips McDougall—AgriService, November 2013
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<3 2—-4> PPO - Diphenyl Ethers A= &3}

Active Sales | Launch Application Company Brand Main Growt
Ingredient | 2012 | Date Rate | Timin Name Crops h
($m) (g/ha) g 2012/0
7 (%
p.a)
910— Soybean,
Fomesafen 165 1982 420 Post Syngenta Flex F&V, +14.2
Non—crop
F&V,
Plantation
crops,
Non—Fro
Oxyfluorfe 135— Pre, Dow
150 1976 Goal D, +8.4
n 2200 Post MAI
Peanuts,
Vine,
Pome
fruit
Sunflower
Bayer
. 2400— . Challen , F&V,
Aclonifen 80 1987 Pre CropScienc . +5.9
3000 ge Maize,
e
Potato
Sumitomo
p Chemical
re,
Lactofen <30 1984 125 Post Bayer Cobra Soybean —14.6
0s
CropScienc
e
) 200— United Soybean,
Acifluorfen | <30 1979 Post Blazer +4.6
300 Phosphorus Peanuts
. 750— Modow | Cereals,
Bifenox <10 1974 Pre MAI +9.9
1000 n Rape
Budapest
Ethoxyfen <10 1992 20—30 Post Chemical Buvirex Cereals —-19.7
Works
Total 444 +6.8

<] : Phillips McDougall—AgriService, November 2013
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® PPO - Others (Pyrimidinedione AE =3%)

<3 2-5> PPO - Others A& 7%

Growth
2007 2011 2012 (% or % p.a.)
lyr Syr
PPO Other Herbicides ($m) 284 689 800 +16.1 +23.0
—Share Herbicides (%) 1.5 3.2 3.5 n.a. n.a.

Z*] : Phillips McDougall—AgriService, November 2013

Sm
900 -

800 -
700 -
600 -
500 -
400 A
300 -

200 T
2007 2008 2009 2010 2011 2012

<71¥ 2-7> PPO - Others < 537 v 3

=4 : Phillips McDougall—AgriService, November 2013

Rest 21.9% Sulfentrazone 22 5%

Saflufenacil 10.0%

Flumioxazin 19 4%

Pyraclonil 12.5%

Carfentrazone 13.8%

Total = $800 million
<19y 2—-8> PPO - Others & A& A& A&

Z*] : Phillips McDougall—AgriService, November 2013
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<3 2-6> PPO - Others A=

1l o
Active Sales | Launc | Application | Compan | Brand Main Growt
Ingredient | 2012 | h Date | Rate | Timin y Name Crops h
($m) (8ha)| g 201207
(%
p-a)
. Sugarcane,
Sulfentrazone | 180 | 199 | 430 | CPV EMC | AUOT | o bean, | +32.0
Pre ity
Sunflower
Soybean,
50 Ppi Sumi Peanuts,
Flumioxazin | 155 | 1993 Pl 1 Sumitomo | 7" | Non-crop, | +28.1
100 Pre ya .
Vine,
Cotton
Cereals,
.. Non-crop,
Carfentrazone | 110 | 1997 | S | Pre rvc | AL Coton, | 453
450 Post y
Potato,
Vine, Rice
Pyraclonil 100 2009 Post Kzzzfiu Ippon Rice na
Maize,
Saflufenacil | 80 | 2000 | & | T BASF | Kixor | T na
125 Post Non-crop,
Orchards
Pentoxazone 50 1998 150- Pre, Kaken Wechse Rice +17.8
450 Post r
Ronst Rice, F&V,
Oxadiazon 40 1969 | 1600 | Pre Bayer Orr‘s @1 Cotton, +2.7
Vine
Maize,
Fluthiacet <30 1999 255 Post FMC Action | Soybeans, n.a
Cotton
300 Rice,
Oxadiargyl <30 1996 Ppi Bayer Raft Sunflower, -4.4
2800
F&V
F&V,
Pyraflufen- <30 1999 10-20 Pre, Nihon Ecopar Non.—crop, +14.9
ethyl Post Nohyaku t Rice,
Cotton
Cereals,
Perennial
. 75- Pre, .
Butafenacil <10 2001 Syngenta | Inspire crops, 0.0
150 Post
Tree nuts,
Turf
Flumiclorac- . Resour
<10 1994 30 Post Sumitomo Soybean 11.8
pentyl ce
Total 800 +23.0

Z* : Phillips McDougall—AgriService, November 2013
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U, GM(FrAz 1Y) JE 2ANY AZTFE 2 A

FANG S ARANS AT 22, AL, 9 5o FAZ AL
FAE vl A pae Fa axz AF, wole ouA, A
=]
=

o] ol

ol Ho
ox
f
iy
o
rr
P
> 8
oo,

2011 G 71 AA FARA(FE, A8, F4 X)) FEE 7809 22 TEE FAHH,
FAEC] 4509 282 AA Y 53%F AAFY. FAE FTAANFLE
2V w3, Aae 2 I ATE 17%, AR R 52 SA7) 4 2
A FE7F 30090 2l W= (DRAM) Hoh FE7F 953 am, 4% FAg9L 19

& ) FFol= o] oA

cB&B888384

=)
f 120
I a0
36
4 15 3 : :
L 8 & ® B & #i AEW
‘i F|
of & = 2 9o g = o o 7 E{_i?.éﬁiilﬁ
= Z2 & g E & ¢ & =2 o A H Fi i
A~ = gl & cf of AR
o} E
-
<9 2-9> F& =F7pd FAAY FE(2011d)
A oFd-e] TS 8% 2 A AR (FEEBAATD)

T7PERE w=o] 1209 ¥R A PRV 7P AP, T 909 €9, ZHE~ 369 @
ol

2 Folw a2 AlA AIZS 1% 9. A9 AT, T, 28, BHad IE)
o] EAAF FEE 20089 1809 22 AHAY 57% HIFS A Fo}t 20119 2929
Y E 65%2 FUHAS. olv T AALFoRZ FiE 87 FUsla dlFolu
AzA AL 7FF GM(Genetically Modified) Fx7} ¢l=, Betd Fo=z 3alE Q7]
R

TAY nYFgE A&HHoZ Fristd 1990 309 2y FEolA 20109 809 2=
S7h 20129 GM FA9] AA AEE 18,495 Himk gl Aow ZHAH. ol
non—GM WS Fa 7/ AzxA WY SA WiE&dS A
a9l

Y3 B RUES TFAE JIEE 5 GFF S48 TP

il
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CERL

o 71E &3 AE BeA FE(47,360 9w 2o)d v AW FE(65,855 Wk &
2)E et AA FE BoA AGE S8

o 2012 REE GM FA Ae WEW, AZA WAl 41.3%F A, FEA WA
o 11.4%% A% Yeix 0Fd LA GM FAE dA9) 47.3%F AAF

Heititide Tal " Stacked Gene
erbicide Toleran g
Varieties
At% AT 3%

Insect Resistant
11.4%

Total = $18,495 million
<I¥ 2-10> 20129 B&¥ GM A A& A&

<] : Phillips McDougall—AgriService, November 2013

o 20124 A FH AEFE GM FA 7+ AAFeE AHEHA 5. V7S ZE H
A AAFo] 1A A ANRE 7E&S we] 583531 9o, AA Y 43.8%F HHE Q)
. B opE e GM $A4 A EF mET fFASA 4REn A

Asia 11.5% Rest 1.5% USA 43.8%

Restof LATAM
31%

Argentina
14.2%

Brazil 19.6% Canada 6.3%

Total = $18,495 million
<9 2-11> 2012 AYE GM =2 A& HAH+&
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Z23] : Phillips McDougall—AgriService, November 2013

AW GM A AFS AWEE, S5 AAY 554%F HHL Lo YT
30.8%, 8 9.5% #02 AL WAL AS. FAS} FB £F GM AT AE
ou}, Be Aolzrt aviAe} 3R W Aste] FAHLL

Canola 3.9% Others 0.4% Maize 55 4%

Cotton 9.5%

Soybean 30.8%

Total = $18,495 million
<y 2-12> 20129 FEE GM T4 AF A/&
=4 : Phillips McDougall—AgriService, November 2013

—#— Herbicide tolerant —B—Insect resistant —i— Stacked trait

Acres (m.)

250 -

200

150

100 1

g_,_

1997
1988 »
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

<9 2-13> GM AzxA AFA L 2454 WA ZHEo A w3 A
Z* : Phillips McDougall—AgriService, November 2013

 A1AEY FAA WY Jgel B T4 Hoie fHA 0P A
Zol FWA GM A AL FYHAS. BA §F7)% 9EF T4
2891 HFEE ¥4 o-mo»} FAANY 7129 dew @Iz G
g & dE e 2ARYE. GM Aol WF Avgel AW EUE 2
2 GMOdl 109 Q7 HIAE %-sﬂ GM AE9 AL AF5T FF 4 BopA
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=

=

A

g AT AAY

GM ZHE AfefE AL 20113 19 6,000% haz, Auf7F A3 © 974d o]F 158 Z7}3}
Qom FFoE AEH ANF g AW, GM g A v, Hepd, of=zal
B, %, AUt F2 wolm, A =4l A WMol waAl Z7kste] 20119 GM
A% AMEA Y 509% MFS A

O

F894 Aue

0
3 3gstrt A7 s

[o=2)

3

of
o

&g ol g3t BA fAANE EYF GM 4199 A

O

=

it

v CalgeneAld] =4 E#A= GM ErFE(19944d) 7 o]% Monsanto, Syngenta,
DuPont & 9=3 7|19 TAS=Z /N, F&3sta A

1At Agst =10 FHo 2 suitk Au WHo] 10% o S7hstal &, GMAE ]
g el oy, s&F TUh T AFE A SO 1996-201097HA] 1493 57F
S5L 6479 2 F7IEkAE

GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996-2013)

20071 —@- Total Hectares

180 — =B Industrial
=4 Developing ._-J_i;f'%?r

B 27 Biotech Crop Countries

160 —
140 —
120 —
100 —
80 —
60 —
40 —

20 =1

= 1

: |
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

A record 18 million farmers, in 27 countries, planied 175.2 million hectares (433 million acres) in
2013, a sustained increase of 3% or 5 million hectares (12 million acres) over 2072,

Source; Clive James, 2013,

<3H 2-14> AR Fs A= AMEA SIS
. ISAAA Releases 2013 Report on Biotech Crops

20139 A asaE A= 27T e SUHo Auus so2 ydstd v=, B

13) 2 @22 (Genetically Modified crop), 4% 2-8H=(Biotech crop)elgtait
14) AZAADA, sAFE 55 =48 GM F(HF), S5, W3}, 7hsst 5
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2, Ax, Ay, setatol, otz egte sy, A%, $FHo] 5 =Y. 53 4
I

Lol AUARL 212] 5008 ke o SART, 20130l A e 2
MEe] WE gsstel ABIA4RL FFLE APHOE HFY Ao dgHm
-

<3} 2-7> 20133 AHFSt ZE AA A HA(F) : million hectares)#x
Rank | Country ) ‘Area Biotech Crops
(million hectares)
Maize, Soybean, cotton, canola, sugar beet,
1 USA* 70.1
alfalfa, papaya, squash

2 Brazil* 40.3 Soybean, maize, cotton

3 Argentina® 244 Soybean, maize, cotton

4 India* 11.0 Cotton

5 Canada* 10.8 Canola, maize, soybean, sugar beet

6 China* 40 Cotton, papaya, poplar, tomato, sweet

pepper

7 Paraguay* 3.6 soybean, maize, cotton

8 South Africa* 2.9 Maize, soybean, cotton

9 Pakistan* 2.8 Cotton

10 Uruguay* 5 Soybean, maize

11 Bolivia* 1.0 Soybean

12 Philippines* 0.8 Maize

13 Australia* 0.6 Cotton, canola

14 Burkina Faso* 0.5 Cotton

15 Myanmar* 0.3 Cotton

16 Spain* 0.1 Maize

17 Mexico* 0.1 Cotton, soybean

18 Colombia* 0.1 Cotton, maize

19 Sudan* 0.1 Cotton

20 Chile <0.1 Maize, soybean, canola

21 Honduras <0.1 Maize

22 Portugal <0.1 Maize

23 Cuba <0.1 Maize

24 Czech Republic <0.1 Maize

25 Costa Rica <0.1 Cotton, soybean

26 Romania <0.1 Maize

27 Slovakia <0.1 Maize

Total |175.2

* 19 biotech mega—counties growing 50,000 hectares, or more, of biotech crops

% Rounded off to the nearest hundred thousand
=] : Global Status of Commercialized Biotech/GM Crops: 2013
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<HE 2-8> AlA F& F7IFY WMEH(20109) (v oww ge)

<4 3 A+ T &Y =

1 Syngenta(Z= 9] 2~)* 8,878 11,641
2 Bayer CropScience(= ¥)* 8,136 46,784
3 BASF(S ) 5,342 85,162
4 Dow AgroSciences(¥]|=7)* 4,089 53,674
5 Monsanto (] =5)* 2,892 10,483
6 DuPont(¥] )* 2,486 31,505
7 Makhteshim-Agan(©] 2= 2} ) 2,180 2,362
8 Nufarm(&.) 2,003 2,169
9 W ER3SHAR) 1,599 22,584
10 FMC(7] %) 1,242 3,116
11 Arysta LifeScience(¥ ) 1,170 1,283
12 United Phosphorus(%1%) 1,078 1,149
13 Cheminova(%l v} =) 934 997
14 o| Al stEkak}d (4 ) 441 1,204
15 AEFHEE) 416 460

¢ FAA) AT A JA

Uzt atel 4 WE (5 woleEAERA AFEe B

=2 0 AA FA ] d9 B FF A9

8 =71 719E 20099 wiEL 7|+ 2 Monsanto, DuPont, Syngenta 5°] U=
59 F8S AHHEYA v|Fo] 4704 FLo] 2MAN 8, 295, A~ g dial3r) 7}

<E 2-9> AlA F& FAVIHY W=

&9 3 A+ et E
1 Monsanto 7,297
2 DuPont 4,641
3 Syngenta 2,564
4 Groupe Limagrain 1,252
5 Land O’ Lakes 1,100
6 KWS AG 997
7 Bayer CropScience 700
8 Sakata 635
9 DLF - Trifolium 491
10 Takii 385

=] : ETC Group, Who will control green economy, 2011.12.
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3. 7Z1€old 9 ALYt HF

D). Zl€°ld g 71d AA

o E U4 71E2 PPOAl vIAYA AxA A A 7VeE, Fo7IFezeE AxA
2 71del 2 4+ 5

e o] = AxA AIYAH AL g7 I 71YdeEZE  Monsanto, DuPont,
AgroScience, BASF S°| 7Aoo U

e

¥ o

O>'

yol & 4 91&

- GM ZA}

1971
|- Glyphosate M ZHd &
- Dicamba & & 7j&f

- GM FALALY =Y
-24-D M HE g
- Monsanto2} =

CME A} 29| (M 2HE A2
- Glyphosate & =2l
7 |- H=H mo|=z2tel ofgt

\*-"/\ -~
= ~ \
AgReliant Genetics
-RmHe HE AN | - Tiafenacil - - GM B R.5 Al
- Glufosinate M4t Z& - MHEd "W " - GM SR} 7{eh &=
- GM BAIALR 2Hf T - 2/OF02fol+KWS BEEAF
\ . 4 _
\_ P
| Syngenta BASF i
- GM ZXt Atg 2%t - AOIE GM EHZ ALY
- Isoxaflutole 25 7H g - |-mgeTh AR FtaA AZRAL

- PO M HE §7

II
J

- Saflufenacil Mzhd A3 HA

<% 3-1> Tiafenacil A&A
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7}. Monsanto

(1) 71971«

A8 1901

Y (Net Income): $14.86 billion(2013%)

82 22,000 worldwide

AF7RE ¢ More than 75 research and development and customer service labs in 12
countries around the world.

TFA

Monsanto Company

800 N. Lindbergh Blvd.

St.

Louis, MO 63167

(314) 694-1000

Monsanto= &% AW Fst Hoko] MF 3JJALE agricultural products, nutrition, consumer
products, Pharmaceuticals®} &8 AEZEES AF3 A APFs ZFE A1ZY U EA
AANA 7+ 2ol ZEE A %A Q) Roundup®S At on, 2x3]AF o) 7| &

Monsantos @22 E3 =2 thek REsn Q= =23 Ay %3d7goy, ¢34
garg A% A 19 9A9

=3} 3sl7)1d 2 Monsantox 1990
S Qs AlA Ho TRV

A S5 At ds At AwEe 2 4 7Y
doz A

Monsanto= 1994 19980l o|27|71A] FPFE] ¢F 1009 o ol2v HE
A RO Aas FAFALH, of 504 2 ol FHAMIFAE Fokd FAst
o] fofollM 7HE AFZHoE FASIAL e A F Y. TR T AjRES A
st FE FAE AR DeKalb9l Asgrows Q147 2005 AlAl 1] AMEFTA 7190 AlH|
Y2 (Seminis) & st AlA Hl F4 792 B AS

w3 MilleniumAbel 2.190 2o @els Hl&o] £285E %9, ook 2Zy Y
genomics FHBAE HAXFA ST o|F Gt Incyte®t= 2E genomicsol 3t FH
HAE, IBMASE Fa AETd AFEe A tE geomics ATE T3] HElA

MEele] 120 539l 109 9o o4& A7 ge] FAsI glom, 100079 Ao
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=

A L8 TG e 25% oI, 53] GMO FA Af&°] 80%° €3t

Aol GMO‘okll A S22 9. AxE A Z2AQD Roundup(SH=)'# gE=delw WS

AW GMZA}2] ‘Roundup Ready(FH=4 #t))'E 7| A2 FAufsle] 1459 F+3

Monsanto+= A}3AFE American Seeds Inc., NC+ Hybrid Inc., Seminis Inc.©] Jow, F

8 ZAAAEZ = BASF AG, Bayer CropScience, Syngenta’l &
Monsanto2] 20133 mjZ&HL 148.6 & 2o &3, 20129 the] 10% A9

<3} 3—-1> Monsanto® F8 AF33+

{in millions, except per share amounts)

Years ended Aug. 31 2011 % Change
2013 vs.

2012
______________________________________________________|

OPERATING RESULTS
Net Sales J : $ 11822
EBIT* ] 3, $ 27387

Net Income Attributable
fo Monsanto Company u A $ 1607

Diluted Eamings per Share? 3 ; $ 296

OTHER SELECTED DATA

Free Cash Flow®
Capital Expenditures
Depreciation and Amortization

Diluted Shares Qutstanding

Z] : 2013 annual report, www. monsanto.com

GM Z#E *3F38F Seeds and Genomics #°F9 201393 <& FHL 959 1,900%+
Holm, 2011dFE 2013d7HA] A AFELS Hd 17%2 Wl$ 2 43S Hola

o
=
<3 3—2> Annual sales of Seeds and genomics segment
(9 9k
Year Ended Aug. 31, Change
2012 vs. 2011
2011 2012 2013 2013 wvs. 2012 -
Corn seed and traits 4,805 5,814 6,596 13% 21%
Soybean seed and
. 1,542 1,771 1,653 7% 15%
traits
Cotton seed and traits 847 779 695 -11% -8%
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Vegetable seeds 895 851 821 -4% -5%

All other crops seeds

) 493 574 575 -% 16%
and traits

Total Net Sales 8,582 9,789 10,340 6% 14%

=

=

] : 2013 annual report, www. monsanto.com

(2) F8 AF 3%

Monsanto= theFsl Bal= o] Zx2 Fusl Y, Asgrow® Seeds, DeKALB® Seeds,
YieldGard® Insect Protected Corn, YieldGard® Rootworm, Bollgard® Insect Protected
Cotton, Herbicide Resistance, Roundup Ready® Soybeans, Roundup Ready® Corn,
Roundup Ready® Canola, Roundup Ready® Cotton 5°] <. Monsanto= 7]&dek 3}o|
Roundup Ready A5 T4 etolAA|(FX)olA 153F=x2] T2 3 Zofrith $6.50

o V&8s WA ST

Agricultural Seed Brands Vegetable Seed Brands

gw, c.%.‘e. C& DeRufer Seminis
W Tﬁm h’hm U:;.%l'g Weed Control Brands

P — $
MR TEN focopofinrss:s
Sewart & WéstBred WY e aoam R
GROUP Jro divan: & merrs =i
Roundup
Traits, Technologies & Partnering
Aicei EroN éé [ genuity § P e RT 5 EC A

'CORN STATES

Monsanto®] &4 =i+ =] 3y SHE, HdS] ¥ B2 &4 Abg, A8 3
SR, *ﬂ’&%‘ T AEF FEUNA FEE T O WY AdF Sd B Fx B

Monsanto®] 71/ S5 AW FEe] F 71A] R&D PathwayE FAF3t A+, SF
71y AHEst 7|&e B Eo] A3 AT Genomics, Elite Germplasm %5 7]& 71
£S5 T3t Monsantod] MZF H37|ed 7S Fxsted 715t A&
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R&D PHASE: SDISCOVERY § PHASE! § PHASEN § pHaseEm § pHasew | LauncH

SEED

Germplasm | i | soLpTo
FARMERS

<29 3-3> Monsanto®] R&D Pathway

Monsanto®] 2014 d R&D pipelineS dAst1 Yv AHFTS 71 =4 Yield and
Stress Pipeline(¥}2=2 9} &A1), Agronomic Traits, Value—Added Traits Al FEo =2

o] F 249 UF #HE /&L 72+ 217, 17719 ZzrAERZ AYPHD YL, o] = A%
A A FAo| B3 TZAE 47, Roundup A T3t TZAEE 4740] A Fo

Monsanto 71992l R&D pipelineo| 4] discovery$} 14 Ao A= early stage 7]&E/WE
S ANEY, 55 67, dF 44, 53 14, <y 14, 2 11 22 S5 o
T FA A7 AFEHA AdS

AEA o2 H™ Monsantod R&DE ;A& Crop Geneticso]™, £ 7]&& PPOA A ZA)
FPFd 7=, 7]& Ugk Needs7} £H Aoz Add

A
welA B g4 71E T3 model cropl@ 44, UEE Ao g ApRurS st Ao
nhg A g =23 A3 Jd =goz sl AE F e risk AAE A AFEE 5

o] AA=|ojoF &
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4« | L | B

CORN PROJECTS |

i

| =2 | 3 | ¢« |

T sorseaneeogecrs

T
HIGHER-YIELDING CORN' : NEXT-GEN HIGHERYEELDING SOVBEANS ¥ 3 » |
IELD & STRESS CORM I' VARIABLE RATE FIELDSCRIPTS FOR SOVBEANS. || MEEED
YIELD & STRESS CORM ' MULTIVARIET Y PLANTING FOR SOVBEANE b 3 | |
FIELDSCRIPTS® FOR COAN | i i INTACTA RRZ PRO™ SOVBEANS > ;! ¥ > > y
VARIABLE RATE FEATILITY FOR CORN IND-GEN INSECT FROTECTION L I D IR SO
MULTEHYBRID PLANTING FO% CORN | 3R0-GEN INSECT PROTECTION = » |
SMARTSTAX® PRO ¥ SOVBEAN CYST NEMATODE RESISTANCE" Iy b |
ATH.GEN BELOW. GROUND INSECT PROTECTION : | ROUNDUP READY 2 XTEND™ SOYBEANS® Ey=i== =)
$ I 1 ' L]
FRO-OEM ABOVE-GROUND INSECT PROTECTION | IR0-GEN HEREICIDETOLERANT SOYBEANS b b D
4TH.GEN ABOVEGROUND INSECT PROTECTION | 0 & | | ATH-GEH HERBICIDETOLERANT SCYBEANS 3 3y |
3R0-GEN HERBICIDETOLERANT CORN 5DA OMEGA-1 SOYBEANS > : oy ¥
1 ; T e
ATH-GEN HERBICIDE TOLERANT CORN : | VISTIVE® GOLD SOYBEANS ¥ > » > »
¢ : : bl it omavod - SN e e e
ROUNDUP HYBRIDIZATION FOR CORM | ;i AMNUAL GERMPLASM UPGRADES” > 3 ¥ » ? >
Bivnanorndpia st e s X | i - i ) .
ROUNDUP HYBRIDEATION FOR CORM 1 - | IND-GEN SOYBEAN CYST NEMATODE b= iy > [
t t t RESISTANCE* | | |
ANNUAL GERMPLATHM UPGRADES® ] T - i 1 1 1
= i ACCELEROM® SEED THEATMENT UPGRADES b > ¥ > b3 b
ANTHRACNOSE STALK ROTRESISTANT CORM® | e = ! !
| = b, — il IMPEOVED ROUNDUP XTEND™ DICAMBA 3 N =)
GOSES WILLRESISTANT CORN® FORMULATIONS 1 [
i i e - | 1 [
GRAY LEAF SPOT-RESISTANT CORN® WEMATICIDE SEED TREATMENT ¥ > M) 3

= Diacavary / L= Lavach

STALK ROT COMPLEX RESISTANT CORN® Fael of tha ¥t and-Strem BATF Colliborstion
Cosbontion

‘Part o Ihe Masnamess BASF
ACCELERON® SEED TREATMENT UPGRADES g‘:ﬂ:m Frirsdctoe eio Canets
HEMATICIDE SEED TREATMENT
1= Disvovary f L= kmmch
et ol e Voick- ot flowas ALF Codabientinn
“Dlarctos & Breping procuct
<~ 7 =
<21¥ 3—4> Monsantod] &4 2 giF =

(4) 71e°ld A&
7h) epeld s Y%
D 1990dFE 2007E7bA] FHE o]z Ak

e Up—Front fee <18 3-5> : $ 500,000(Aver.), 82%(cash)
* Royalty rate

$7 million plus

$3 to $7 million
5%

20%

$1 to $3 million __

25%
$100,000 to
$300,000
24%
$300,000 to
$750,000
20%
<1¥ 3-5> AFz B
@ U7y Zisold 71+
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mj=d thH] 5% (Aver.) 90% (P& A thH] 10% =] %)

___ $50,000 or less

A} R&D pipeline

Average economic terms of university—biotechnology



company deals

AN, oF

deoly, AH So=e FAolH, I tA At (deEw, A7AY,
A )

<3 3—3> Average economic terms of university-biotechnology company deals

Terms of agreement Pre 1980-1986 1987-1990 1991-1994 1995-present
Post commercial payments

Royalties 4% (n=25) 5.1% (n=43) 4.2% (n=62) 3.9% (n=24)
Minimum annual royalty $13,438 (n=8) $33,212 (n=22) $50,392 (n=134) $53,479 (n=11)
Sublicense revenue sharing 37.4% (n=9) 34.3% (n=17) 28.4% (n=27) 28.4% (n=14)
Pre-commercial payments

Upfront fee $20,085 (n=21) $40,655 (n=35) $48,649 (n=53) $87,942 (n=24)
Research payments $409,321 (n=14) $434.467 (n=22) $1,159,941 (n=31) $585,323 (n=18)
Maintenance fees (5 years)| $39,041 (n=8) $53,333 (n=15) $90,496 (n=22) $183,909 (n=11)
Milestone payments $16,250 (n=2) $324,359 (n=12) $445,017 (n=25) $1,585,679 (n=11)
Sublicense revenue sharing 46.6% (n=8) 27% (n=11) 23.4% (n=21) 254% (n=12)
Total number of deals n=40 n=170 m=110 n=45

Z3] : Value creation and sharing among universities, biotechnology and pharma, Nature Biotechnology, 2003

®

U

ZdE] 2% W4 Key variables impacting on royalty rates

Who pays development costs

A research organization perceived to be inexperienced will get a comparatively lower
rate

A royalty rate of a product depends on market size & Growth potential

A royalty rate of a product depends on degree of competition/Number of competitors

Monsanto?] oA

R&D A& : $980 million in 2008 $770 million in 2007 $700million in 2006

IPR&D "¢ : $164million in 2008

De Ruiter @ T = 7|9, vegetable seed 7199 $756 million(transaction cost $3million)
Marmot, S.A FE| &2} Fx38 A} $135million . (transaction cost $3million)

Collaboration
Hauzhong Agricultural University2009

Cellectis S.A.(French) 2009 meganuclease technology (upfront 3million euro+equity

investment 1 million euro+ milestones+royalty)

) eholds e
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1}. DuPont Pioneer

(1) 71471

o o= X FTAY Bo 2, kst AT AFS A3 sustainable solution &3}
71 Ysld FHsS HE stFoew, 704978 y&bell  agriculture, nutrition, electronics,
communications, safety and protection, home and construction, transportation and

apparel A|#FS A|F3al U

A 1802, explosives company.
o

(2008): $30.5 billion
291 : 60,000 worldwide

70k ¢ More than 75 research and development and customer service labs in 12

countries around the world.

2
Dupont : P.O. Box 80705. Wilmington, DE 19880-0705 US

The company’s corporate headquarters are located in Wilmington, Delaware.

Dupont Pioneer Hi—bred International : Pioneer Hi—Bred International, Inc., 1is
headquartered in Johnston, Iowa, U.S.A. The corporate address is:

7100 NW 62nd Avenue

PO Box 1000

Johnston, TA 50131—-1000 US.

Overview (dollars in millions) Operating earnings
2012 201 2010 (dollars in millions)
Segment sales $10,426 $9,166 $7,845
$2.500
Transfers 5 1 1
Net sales 10,421 9,165 7,844 i
Pretax operating income 1,669 1,566 1,326
Operating eamings 2,138 1,791 1,376
Research and developmant 1,074 1,0311 894"
Depreciation and amortization ki) 295 265
Equity in earnings of affiliates 30 58 59
Segment net assets 4,756 4975 5107
Affiliate net assets 389 330 289
Purchases of property, plant and equipment 432 420 360 210 M1 mz2

1 Includss impact of $50 payment relatad to @ Monear licensing agreement charged to R&D.
<29 3-6> DuPont Agriculture®] 2 AFAZ

<] @ 2013 annual report, www.dupont.com
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By Major Product Group By Major Industry

Com saeds 8%
Otherseeds 6% 3
Insecticides  12%
Herbicides 13% '

Seeds 70%

Chemicals 30%

Fungicides 6%

Soybean seeds 15%

By Region

North America® 51%
Latin America 19%
Europe** 21%

Asia Pacific 9%

“Includas U.S. and Canada
**Includes Europe, Middle East and Africa

<71%y 3-7> DuPont Agriculture W& &

Zx] @ 2013 annual report, www.dupont.com

e DuPont9 2012@% annual reportel] WEH, T4

Tt gejo)n, 2010 RE 2012d7HX
oliL U&. o] T FFF UF TA WEde

2 AA WEHY 63%E AT

(2) F8 AF 8%

* DuPont¥ A9 #oF T THHH EokE =
B, B 7le 19 Vigold U RRoRE

e Pioneerd] 7]&/h He

— Expertise in the agronomy + farm practice

— Marketing and Complex distribution
— Seed and gain value — chain knowledge
seed +trait

— Public private sector partnership

— Research collaboration :
— Regulation + Capacity

s 7]
industry leading A &< A= A Y

e Brand2% DuPont Oval® DuPont

solid surfaces; Kevlar®
Pioneerd] 21Ex}Y A=

3 Ak an

e DuPont Agriculture?]
T8 AF E AME: AFe

_42_

A AAE

DuPont Agriculture %°F 9l

high strength material,
© 2+ alfafa, canola, corn® protection product® FAFEFAS 9

1 © ™ rice, soybean, mustard, pearl millet, sorghum®= =

ok} 2012d wWiZE F
B3t 15.28% = v$- %

(2]
S

4BEA 2L vlolod HEBEANYE T2

Ho

oo

Fog Jhs FPeH, 7|9 A market driven & F YE

(The "DuPont Brand Trademarks"); Pioneer®

seeds, Teflon® fluoropolymers, films, fabric protectors, fibers, and dispersions; Corian

brand
®

and Tyvek® protective material©]

73 EofEZ+= Plant genetics, Biotechnology, Crop protection® =

= Seeds, Traits, Fungicides, Herbicides, Insecticides



<3 3—4> DuPont Agriculture A% o]& 33}

DuPont Principal Products

Major Markets

Major Raw Materials

Significant Competitors

Crop Protection www2 dupont com/Agricultura/en_US/

Cereal herbicides Production agriculture Acetaldoxima BASF
Corn herbicides Land and vegetation management Alpha picoline Bayer
Land management herbicides Seed treatment Chloromethyl bis {4-fluorophenyl) Dow Agrosciences
Rice herbicides methyl - silane Monsanto
Soybean herbicides Copper Syngenta
Sugarcane herbicides Isochromanane
Fungicides Manganese sulfate
Insecticides Methylbanzoic acid
Nematicides Nicaotinamide
Trifluoromethoxy aniline
DuPont Pioneer www.pioneer.com
Alfalfa seed Production agriculture Genes BASF
Canola seed Feed industry Germplasm Bayer
Corn seed Food industry Dow Agrosciences
Forage inoculant Energy industry Monsanto
Hybrid rice seed Syngenta

Millet seed
Mustard seed
Sorghum seed
Soybean seed
Sunflower seed
Wheat seed
Seed treatments

23] 1 2013 annual report, www.dupont.com
<3 3-5> AAF oA (HZ 43d7h)

DuPont Products/Services Innovation Markets Served

Demmacor® X-100 Seed treatment application for rice providing longer lasting insect U.S. rice market
control and yield improvement

Prequel® Herbicide Superior dry formulation SU blend containing multiple modes of action  U.S. com market

for burndown and residual weed control

PrecisionPac® Herbicides

Completely customized herbicide blends to meet individual growers”
weed control needs

Canada and U.S. cereals
market

Rynaxypyr® family of msect control
products—
Altacor®, Coragen®, Prevathon®,
Ferterra®, Premio®

Advanced insect control with an excellent environmental profile
that provides rapid, long-lasting plant protection

Global fruit, vegetable,
soybean, rice, and other major
broad acre crops

Picoxystrobin Fungicide— Disease management for specialty and broad acre crop production Americas and Europe markets
Aproach®, Acanto Prima®, Stinger® |cereals, soybean and corn)
Pioneer® brand corn hybrids Hybrids developed using the Pioneer proprietary Accelerated Yield Global corn market

Technology (AYT™) System

Pioneer® Optimum® AcreMax™
Family of products

Integrated and reduced refuge products for insect management

NA Corn

Pioneer® Optimum® AQUAMax™

Improved water access and utilization and deliver greater corn yields
in water-limited conditions

NA and France corn

Pioneer Premium Seed Treatment

Seed treatment offerings for comn and soybeans

NA corn and soybean

Pioneer® Brand Y and T Series soybeans

High yielding soybean varieties

U.S. and Brazil soybean

Pioneer® brand sunflowers with
DuPont™ ExpressSun® trait

Sunflowers with improved herbicide tolerance toward DuPont™
Express® herbicide

NA and Europe sunflower

Pioneer Protector™ canola seed

Canola hybrids featuring resistance to clubroot or sclerotinia disease

Canada canola

Pioneer® Biogene™ brand seed corn

Pioneer genetics sold under the Pioneer-owned second brand
of Biogene™

Argentina, Brazil and South
Africa corn

Pioneer FIT® Services

Planting maps, harvest maps and field-by-field plans for customer
operations through a variety of proprietary and complimentary Pioneer
FIT® services. Customers can work with their local Pioneer sales
professional to access a vanety of detailed reports for their operations

North America markets
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(3) R&D pipeline &3+

<3} 3—-6> DuPont Pioneer® Z&E™ R&D pipeline

& 715 E3 N 24

Herbicide Tolerance Multiple Mode early development
. New Modes of Action
Insect Resistance Coleopteran 111 early development
. New Modes of Action

o Insect Resistance Lepidopteran 111 early development
T Nitrogen Use Efficiency - early development
Stress Tolerance Drought Tolerance II early development

Optimum® Intrasect® Insect advanced

Insect Resistance Protection %— Agrisure development
Viptera Trait P
Insect Resistance Hemiptera/Stink Bug early development
Insect Resistance Lepidopteran early development
Insect Resistance Lepidopteran II early development
o= Disease Resistance Asian Soybean Rust early development
Increased Oil & Improved .

Feed Efficiency early development

.. . advanced

Herbicide Tolerance Multiple Mode development

H Herbicide Tolerance - early development

e DuPont9 44 EXx+= FE9 AxA L = WA
o

J
L= 2] o
B, S5 50, tiF 53, B 1o] /i S Ao g FAAHAF

e DuPont®] R&D2] 342 Crop Geneticso]H, ¥ 71&& PPOAl AxA AdFd 7%
71%0] et Needs7t 293 Aoz Hrhy

o wetA B A 71E 3 model cropl® S, UF
Aol npgrA gt w3 AFPE Ao E et A & Sle risk AAE A A

(4) 71&olAd AF
7H 2ol TE
@ 1990dH-E 20073d7tA] FHH ol Ak

e Up—Front fee <1¥ 3—-8> : $ 500,000(Aver.), 82%(cash)
e Royalty rate : }& i8] 5% (Aver.) 90% (mfZ&SHhH] 10% w|7H)

_44_
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$7 million plus
$3to §7 mll[lon

N

$300,000 to
$750,000

20%

___ $50,000 or less
20%

$1 to $3 million __
25%

$100,000 to
$300,000

24%

<1¥Y 3-8> Ag7 &

e

@ "Ystr)&el 7]&old 7]& : Average economic terms of university—biotechnology

company deals

o BT 499 AFIE Y, FH FolsE FAIM, 1 U AGN(AFF, ATAY, F
A, BEER, WA R 5ol FrkekE FAY

<3 3-7> Average economic terms of university-biotechnology company deals

Terms of agreement Pre 1980-1986 1987-1990 1991-1994 1995-—present

Post commercial payments

Royalties 4% (n= 25) 5.1% (n=43) 4.2% (n=62) 3.9% (n=24)
Minimum annual royalty $13,438(n=8) $33,212 (n=22) $50,392 (n=34) $53,479(n=11)
Sublicense revenue sharing 37.4% (n=9) 34.3% (n=17) 28.4% (n=27) 28.4% (n=14)
Pre-commercial payments

Upfrant fee $20,085 (n=21) $40,655 (n=35) $48,649 (n=53) $87,942 (n=24)
Research payments $409,321 (n=14) $434.467 (n=22) $1,169,941 (n=31) $585,323 (n=18)
Maintenance fees (5 years)| $39,041 (n=8) $53,333 (n=15) $90,496 (n=22) $183,909 (n=11)
Milestone payments $16,250 (n=2) $324,359 (n=12) $445 017 (n=25) $1,585,679 (n=11)
Sublicense revenue sharing 46.6% (n=18) 27% (n=11) 23.4% (n=21) 25.4% (n=12)
Total number of deals n=40 n=70 n=110 n=45

Z3] : Value creation and sharing among universities, biotechnology and pharma, Nature Biotechnology, 2003

@® Z49E] 24 W4 : Key variables impacting on royalty rates

e Who pays development costs

e A research organization perceived to be inexperienced will get a comparatively lower
rate

* A royalty rate of a product depends on market size & Growth potential

e A royalty rate of a product depends on degree of competition/Number of competitors
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@ DuPont®] o A]

* Pioneer paid Monsanto an one—time $38million fee for the license to use the gene

e 2008¥% R&D 4 QH]E @ $1,393 million

o AAIZIH ALF, Av], FA(ME&A E3) ¢ $2,033 million

e DuPonte] FAAE HH&L ETC Group, Who will control green economy, 2011.12.
Abg ol He 20099 A oF 469= |y, Monsanto®] AHj27F A o s i
Ko Al FAlVe =4S T8 A SR 44 g

@ AR Fof wgZixo] 3 FoAS AAAZ Badol lon, tA7IEd gk

@ 737%% Royalty @ o] Wjol] wel d2bd & oy, HFE 5% Welou, A& /(=
EAR TR, A7E, AR Ared Ao, dEw R, sedT v ¥eE ayd

Aurd ol wel g2 @ 4 9o}, Round—up 713 (Monsanto$} DuPonte]e] 7
o dgol 71E£89 10~20% AHEQ 3.8 Wul d~7.8 vl S
maximuml. 2 & 4 9o ol A xA 3t Y&o] EdH o] glom XA A3}

A A AUAE selslor @

@ R&D Funding @ 7]&7l@Akel 24E] AT AEe dode] A7=E%ds 4+

71} 118 AHg
o Audit : B T EAIE o]F WA
e V& BHE I 7I&AEY f84

o Al 3A sl Al ts W

. %Zg
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o Zleold R AHEE A=

MONSANTO F_

Monsanto2] A}g] 20}

23219

+ SHMHDES| AL (Seeds and Genomics + Agricultural Productivity)
» GM =2 A|ZE} Leader

Monsante?| 7|2 0| H|2 X|= Q2 2

« R&D X|Z= : $1,533 million in 2013 $1,517 million in 2012

« IPR&D 0} 2! : $164millionin 2008

+ De Ruiter YEZIE 7|2, vegetable seed 7|2 $756 million(transaction cost
$3million)

« Marmot, S.A |22} EX13] Al $135million . (transaction cost $3million)

7|& Needs

+ 201049 R&D pipe line : Yield & Stress Pipeline, Agronomic Traits, Value-
Added Traits

+ Insect-Protected + Round up Ready Yield Soybean £ Stacked trait 7|2 &
Hiss
+ 712018 7}4 2 Monsanto Z0ilH HA HAISI=S 8= 20| geld

* Monsanto®| "¢ 7|2 =471, 7|5 71X "7} 23 28

Dupont Group & Pioneer Hi-Bred2| 9j%]

cI1el R E A 0]
2 Sustainable developmentS S8 new market 72

+ M AP EOFR] S1A HOFL Agriculture & Nutrition, CFOAFHIOIM &2 44 7|0

+ S 3 HOFE Crop Genetics

=zo

F52 98 sUESET Y AL A

2 stETES ot M E &

Dupont?| 7|& 0|7 H|2 X|& A

+ 20084 = R&D 4:-2H| 2 : $1,393 million

« A7 o] 4, 2], EXHMEA ZH) : $2,033 million

« Pioneer paid Monsanto an one-time $38million fee for the license to use the
gene

7]% Needs

» Seeds, Traits, Fungicides, Herbicides, Insecticides

71E}

* Monsanto2| X771 FH o s X[ o] AF dilrle =70
A #E7EEH

o

so

+ Round-up 7|Z(Monsanto2} DuPont2| jeh)o = 38 =gt 2faio| J|g = X|&2
R 71E 2 W AR 2dE Ste e

<% 3-9> Monsanto ¥ DuPont 7|&o|# -5 =

« Monsanto?] 7% Roundup®E 7} gz HAdvir @ AExAE GEHT o)A HEA
o] 5. A AxAY TA AA FES AT Jdon, T3 AW ETE Foke] AF7
doz FHAAMIFAE AF HHE& 19 7I9¢

o 7] wEo] A 19E FAT] HEA FAIE A F o AS i FHoE=
O BA7NE AA, Q 8= =2 A 7l ME o] I

o 7lE9 midolM AxAY FE8AH BAETIL B Fag a1

« DuPont®] 7% Roundup®o] A7}olx w¥le] F&Ao] & AZAol7] wjiEe] wid 38
Ak Fe o] Vles g AEste dAFHoE &&sta Us

o o] @} DuPont= Algh Aetr] B ™ A=A 7]zl g Needs”?

* Monsanto®] 7|3 AAE7] M= AA 7s Bi B A BA= SdR7 Da3g

« AEZ S E PPOA HIAEGA A=A AFH FE 7ol 7lwold B A3kt HsiA <=
Monsanto(Z 8l & 743} DuPont(Ef 7|& H)9 A4 F=& o]l&3sld, 71y 7MAE
FojoF &

o olg]7] e TgFd AEC AE&L F Ae A 8 2 AxA EHY AAA ]
T3 AxA 7=y A, O Aol tdste] AR S SR of stal, @ 29
Edo] Yo gt &Eo] o]&=E F UojoF T

o IS o|FA JEE Ve 539 AL Fasta, Hsrted 2 3 uAA TheAdol

A AA =ojof 3

« EF 7} 7199 R&D pipeline HEE Fstod AF/RTEACNAN tE FE AHol o,
53 MY 27 9AY 7lEd Ug AE7F dQ3t #-d AES AFNE HFTEA A
o] HAZFo] Badt

e Monsanto 71999 R&D pipelined A discoverye} 14 ©Ao A& early stage 7]<7lt
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3
FAkl A77h o A=

DuPont®] early stage 71&/ld A&S AHEH, &5 51, diF 54, ¥ 17| /ML F
A Aoz A

welA B 4 71& T3 model cropl® 244, UF, HE 4oz Apue 3=
Aol vt st T3k Tkt 2 =9oz et A 4 A= risk AAE At 2
& 4 o, AR 7 vlEold Alv)el wet 2 2§ S
#23 Monsanto®} Dupont®] R&D pipelines E3le] F 719 A3 8 FEQ &
T, oF 2 W/ S HAS 17HA oY AEd td HAES Tt sdstat she
AdetA 2 AzA §F% 2 84S FRIGHE F gl ik =

d&stA Iy & F S AR ALRH

filo

AVEY, 854 67, WF 43, 23 14, 999 14, D 1A o2 9559 Y
SEEER

¢

=
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4. 71&€71X 3

1. Monsanto

7}

7b. 71€7HX) AER
<E 4-1> 7 HEE
(&9 -
=]
FE gs ,f,q & | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | ¥
T ER) 1000 | 161 | 352 | 577 | 841 | 1148 | 1504 | 21.91 | 2092 | 3595 | 42.84 | 5070 | 59.65 | 69.83 | 76.29
=97} 0478 | 077 | 1.68 | 276 | 402 | 549 | 719 | 1047 | 1430 | 1719 | 2048 | 2424 | 2852 | 3338 | 3647
EEoRe 0181 | 029 | 064 | 1.04 | 152 | 208 | 272 | 397 | 542 | 651 | 7.75 | 918 | 1080 | 12.64 | 13.81
W QA = 0059 | 010 | 021 | 034 | 050 | 068 | 089 | 130 | 1.77 | 213 | 254 | 301 | 354 | 414 | 452
FECERENN 039 | 086 | 142 | 206 | 282 | 369 | 537 | 734 | 882 | 1051 | 12.44 | 14.63 | 1713 | 18.71
2732 = (B) 015 | 033 | 054 | 078 | 1.06 | 139 | 203 | 278 | 333 | 397 | 470 | 553 | 648 | 7.08
JFEH A2 (C) 073 | 101 | 135 | 173 | 217 | 268 | 451 | 566 | 551 | 646 | 754 | 876 | 1015 | 9.40
SAREZZ (D) 026 | 058 | 095 | 138 | 188 | 247 | 359 | 491 | 590 | 7.03 | 832 | 979 | 11.46 | 12,51
52}@1 3% (B) 98,51
?ﬂ e ~s E
(F_ = ﬂg) 045 | -040 | -034 | 027 | 017 | 006 | -070 | 046 | 075 | 1.00 | 129 | 162 | 201 |102.38
B7HA%G) 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094
2A7HA H) 042 | -038 | -032 | -025 | -016 | -0.06 | -0.65 | -043 | 070 | 094 | 121 | 153 | 1.89 | 9640 | 99.99
(H=F x
A% 045(1) 24.16%
7] g7]—7<] (K)
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g Fa w@s AP0

1) 71<7kx %71 44

s 7l&7kA #7t 7]
71=9] 7HAE 7]
A, G714 tv d &, ne 71E AA

gulg

2) 71€9 AAF +9
e 714 E (Running royalty)9 A 71 2024 3~2037A7MA 2 AAZ FHE 1430

2 7R (17d ALE sta, =2 AESA 7d A28 7MY 3, Up front
fee('17~233)+= 1409 o 2o 2 71439 S)

3) W= +34

ol
N

ey
lo

o

i

2Rg Qo) WA BN A AuHE AF Y o
132

-
st

N

2]
FS AATAS. AA FL& FA 7|9 EZF Monsanto, DuPont,
Syngenta, Groupe Limagrain, Land O’ Lakes $°] <. &2} A& AdojA A
AL 27% ode HaeS AAsa 20133 wiEAo] 1489 6,100% =<
Monsantog H7IWA7 192 A5, E3 EXAGOZE HWEAHJ GM 2=
A AxA A St T AFeE Aotal AFHoE H AA AlGS FEA
For A8+, Mosantoo] AxA A GM S5 2 thF9 &g 2013

d annual report®} Phillips McDougall - AgriServiceE 82 Fa1dle] A4S

N
fo

7

rie

|&0] AE3 7] 71A] PFEHZE, U= HXZE, elite germplasmolA 9] €& €~
E, 599 9% "H2E T 2L A7t ARAHo] FEUFoJoF g 7]+ E(Running

royalty) 8] 2A Al7]|= 2024d~20373A7MAE AAH FHL 14302 7P (17
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<3 4—2> Monosanto A} 7%

‘g 2

Assumptions used by Monsanto

Phase Discovery Phase 1 Phase 2 Phase 3 Phase 4
Proof of Advanced
Early product Prelaunch
. concept development
o Gene/trait development(l i ] (Bulk seed
Description | . L (test gene . (efficacy in ]
identification . . ab or field . production
configurations ) elite
] testing) and approval)
in plants germplasm)
Duration
2—4 1-2 1-2 1-2 1-3
(years)
Average
probability
¢ 5% 25% 50% 75% 90%
0
success

= 3

=% : Monsanto
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(7} 1.1

Monsanto®] 2013 d% annual reportol] W=, GM ZAE XT3+ Seeds and Genomics #°F9 20133 W& AL 959 1,900
T goly, 2011WHE 201397FA] A AZEL HA 1722 vl 52 AAS Hola LS. o] T S5 UF 549 2013
3 jSHe ZF 659 9,600%F 2], 169 5,3009F Dol Estyar, 201089%H 20133@71A 597 A AF Z+ 12.53%, 3.36%
2 A3 S. T3 International Service for the Acquisition of Agri—Biotech Application® GM &9 281 & (Adoption rate)oll
2w Seget T T2 GM 2= AMYMES 2 86%, 93%E Ffrstal <. Global Industry AnalysisAte] &4 A1 A&
9.5%, T A& AFE 8%E F3t 2024dFH 20373A7A Y wiEHS A, 4 TAEE GM AHHEE 86% ¢t 93%E ©l&
3}l Monsanto] S49 5 GM FA wl2d S 53 7Zo] =39S
Monsanto GM &4 E2F W& = S5 T2 &9 x GM A8 H&(86%)
<3 4-3> Monsanto®] GM =244 =2 wj&d =34 2y
(9] o Ze))
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037
S5FFR 405.1
R 178.99 | 196.00 | 214.62 | 235.01 | 257.33 | 281.78 | 308.55 | 337.86 | 369.96 0 443.59 | 485.73 | 531.87 | 582.40
ARZE 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5% 9.5%
GM W& 86% 86% 86 % 86% 86% 86% 86% 86% 86% 86 % 86% 86% 86% 86%
GM 348.3
SFEFEA 153.93 | 168.56 | 184.57 | 202.10 | 221.30 | 242.33 | 265.35 | 290.56 | 318.16 9 381.48 | 417.72 | 457.41 | 500.86
W&o 3
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Monsanto GM 5 £A} wj&d = tiF A} & x GM & H]E(93%)

<3 4—4> Monsanto®] GM 5 w&H =4 2y
(el : o T

2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037

=N 3
q]uirégqx} 38.54 41.63 44.96 48.55 52.44 56.63 61.16 66.05 71.34 77.05 83.21 89.87 97.06 104.82

AR E 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%
GM H & 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93%
GM g5

Z =t 35.84 38.71 41.81 45.15 48.77 52.67 56.88 61.43 66.34 71.65 77.38 83.58 90.26 97.48

el %7

<3 4-5> Monsanto®] GM 44 9 tjF wj&d =34 23

(2e) : o] =)

2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037

£54FA | 153.93 | 168.56 | 184.57 | 202.10 | 221.30 | 242.33 | 265.35 | 290.56 | 318.16 | 348.39 | 381.48 | 417.72 | 457.41 | 500.86

A 35.84 38.71 41.81 45.15 48.77 52.67 56.88 61.43 66.34 71.65 77.38 83.58 90.26 97.48
g 37

GM Z#}

e 23 189.78 | 207.27 | 226.38 | 247.26 | 270.07 | 295.00 | 322.23 | 351.99 | 384.51 | 420.04 | 458.87 | 501.30 | 547.67 | 598.34
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(714 2.1

[SAAAZIE Y] GMZAE = A7) 8]&L Z2AY w29 AxA WAEZA= 85% BE&S x1Ag. 2 FH7lolA Monsantod] Seeds and

KX
Genomics F&%= AxA WA FA7F 85%5 Hrdtthal 7HAste] AxA AR S5 2 T A9 EdS v 2o] 4

(&9 ¢ o 2e)

2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037

=
G‘%{%ﬁ} 189.78 | 207.27 | 226.38 | 247.26 | 270.07 | 295.00 | 322.23 | 351.99 | 384.51 | 420.04 | 458.87 | 501.30 | 547.67 | 598.34
AzA WY | o
e 5% 85% 85% 85% 85% 85% | 85% 85% 85% 85% 85% 85% 85% 85%
AZA W8 | 161,31 | 176.18 | 192.42 | 210.17 | 22956 | 250.75 | 273.90 | 209.19 | 326.83 | 357.03 | 390.04 | 426.10 | 465.52 | 508.59
= A7 . : . . : . . . . : : . : .
A#E
(A F 9 1% 2% 3% 4% 5% 6% 8% 10% 11% 12% 13% 14% 15% 15%
MS)
AF
W (d$) | 1.61 3.52 5.77 8.41 | 11.48 | 15.04 | 21.91 | 29.92 | 35.95 | 42.84 | 50.70 | 59.65 | 69.83 | 76.29
=71& &y
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<E 4-7> F8 EQALA
(&9 - o &)
A F-
T s 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037
o] & 1 1.61 3.52 5.77 841 | 1148 | 1504 | 2191 | 2992 | 3595 | 4284 | 50.70 | 59.65 | 69.83 | 76.29
=97k 0478 | 0.77 1.68 2.76 4.02 5.49 719 | 1047 | 1430 | 1719 | 2048 | 2424 | 2852 | 3338 | 36.47
o] &%F0] 0523 | 0.84 1.84 3.02 440 6.00 787 | 1146 | 1565 | 1880 | 2240 | 2651 | 31.19 | 36.52 | 39.90
o] 0181 | 0.29 0.64 1.04 1.52 2.08 2.72 3.97 5.42 6.51 7.75 918 | 10.80 | 12.64 | 13.81
=9 0.004 | 0.01 0.01 0.02 0.03 0.05 0.06 0.09 0.12 0.14 0.17 0.20 0.24 0.28 0.31
xS gancl 0.049 | 0.08 0.17 0.28 0.41 0.56 0.73 1.07 1.46 1.75 2.09 247 291 3.40 3.72
F&AAF AZbE) | 0.001 | 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.03 0.04 0.04 0.05 0.06 0.07 0.08
FHole 0342 [ 055 1.20 1.97 2.88 3.93 5.14 749 | 1023 | 1229 | 14.65 | 17.34 | 2040 | 23.88 | 26.09
DAL 5 0.046 | 0.07 0.16 0.27 0.39 0.53 0.69 1.01 1.38 1.65 1.97 233 2.74 3.21 3.51
FALAH & 0.031 | 0.05 0.11 0.18 0.26 0.36 0.47 0.68 0.93 1.11 1.33 1.57 1.85 2.16 2.36
Rl 0.012 | 0.02 0.04 0.07 0.10 0.14 0.18 0.26 0.36 0.43 0.51 0.61 0.72 0.84 0.92
770l 9 0345 | 0.56 1.21 1.99 2.90 3.96 5.19 756 | 1032 | 1240 | 14.78 | 1749 | 2058 | 24.09 | 26.32
Eo]9 0.000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EdEd 0.000 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HAA 22
so)ol 0210 | 0.34 0.74 1.21 1.76 2.41 3.16 4.60 6.28 7.54 899 | 10.64 | 1252 | 14.65 | 16.01
HolA S 0.059 | 0.10 0.21 0.34 0.50 0.68 0.89 1.30 1.77 213 2.54 3.01 3.54 414 452
Z 710l 9 0.151 0.24 0.53 0.87 1.27 1.73 2.27 3.31 452 5.43 6.47 7.66 9.01 10.55 | 11.53
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1=
F I 23] _group29] ISt AE<Q 6.20%=

<X 4-8> =9, 7yEYE s FHEAHR X

FEY 45 s bl A&
groupl 0.07 groupl 0.111
group?2 0.062 group?2 0.097
group3 0.077 group3 0.095
AN group4 0.067 H] group4 0.096
groupb 0.066 groupb 0.097
groupb 0.076 groupb 0.105
group? 0.068 group? 0.106
groupl 0.091 groupl 0.131
group?2 0.078 group2 0.119
group3 0.077 group3 0.12
Eat=1 group4 0.077 H] group4 0.12
groupb 0.079 groupb 0.119
groupb 0.082 groupb 0.128
group? 0.089 group? 0.129
groupl 0.101 groupl 0.159
group?2 0.087 group?2 0.145
group3 0.084 group3 0.153
B2 (d) group4 0.086 H] group4 0.151
groupb 0.088 groupb 0.146
groupb 0.091 groupb 0.166
group? 0.094 group? 0.159
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<}{ 4-9> F4 AFPdFsE (AFAFARE &&
(&9 - o &)
T 2 2024 | 2025 | 2026 2027 | 2028 | 2029 | 2030 | 2031 2032 | 2033 | 2034 | 2035 | 2036 | 2037
Al Fd G o] (A) 0.39 0.86 1.42 2.06 2.82 3.69 5.37 7.34 8.82 1051 | 1244 | 1463 | 1713 | 18.71
74325 (B) 0.15 0.33 0.54 0.78 1.06 1.39 2.03 2.78 3.33 3.97 4.70 5.53 6.48 7.08
AHE A A Z(C) 0.73 1.01 1.35 1.73 217 2.68 451 5.66 5.51 6.46 7.54 8.76 10.15 9.40
=22 F7HD) 0.26 0.58 0.95 1.38 1.88 247 3.59 4.91 5.90 7.03 8.32 9.79 1146 | 1251
T2 3l (E) 98.51
AFdAFTEED) 045 | -040 | -034 | -027 | -017 | -0.06 | -0.70 | -0.46 0.75 1.00 1.29 1.62 2.01 | 102.38
A7 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
HAFsE AAN7FA | -042 | 038 | -032 | -025 | -016 | -006 | -0.65 | -0.43 0.70 0.94 1.21 1.53 1.89 96.40
A 7= &t 99.99

15) AFdFsE= AFFdold(A)+7t
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2. DuPont

7} 7167 e R

<3t 4-12> 7]E7HA] AbEsE
(9] : o g
A 5 _
FE o ME |0 2024 | 2005 | 202 | 2027 | 2028 | 2029 | 2080 | 2081 | 2082 | 2033 | 2034 | 2085 | 2086 | 2087 | ¥
=
oo 1 | 096 | 21 | 345 | 502 | 685 | 897 | 1306 | 17.82 | 214 | 2549 | 30.16 | 3546 | 4149 | 4531
o1& 97} 0748 | 072 | 157 | 258 | 375 | 512 | 671 | 977 | 1333 | 1601 | 19.07 | 2256 | 2652 | 31.03 | 33.89
B g 0111 | 011 | 023 | 038 | 056 | 076 | 1.00 | 145 | 198 | 238 | 283 | 335 | 394 | 461 | 503
AAH 5 0017 | 002 | 004 | 006 | 009 | 012 | 015 | 022 | 030 | 036 | 043 | 051 | 060 | 071 | 0.77
AFG L2 @A) 012 | 026 | 043 | 063 | 086 | 113 | 165 | 225 | 270 | 321 | 380 | 447 | 523 | 571
Z7H379 5 (B) 010 | 023 | 038 | 055 | 075 | 098 | 143 | 195 | 234 | 279 | 330 | 388 | 454 | 495
A2H A% (Q 009 | 064 | 086 | 111 | 141 | 174 | 290 | 366 | 363 | 426 | 498 | 579 | 671 | 633
SANESY (D) 016 | 034 | 057 | 082 | 112 | 147 | 214 | 292 | 351 | 418 | 495 | 582 | 681 | 7.43
Ex}@i 5% (B) 58.22
‘ﬁ =L ‘6 E
il 002 | -049 | 062 | 076 | -092 | 110 | 197 | 239 | 210 | 244 | 283 | 326 | 375 | 5512
A7HA%(G) 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 094 | 0.94
ity 002 | 046 | -058 | 071 | 087 | -1.04 | -1.85 | 225 | 198 | 230 | 266 | -3.07 | 353 | 51.90 | 3057
714719 = (]) 24.16%
7]g7}7<] K)
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(7} 1.1

DuPont9 2012d% annual reportd] WEW, 5% Eokol 20129 & XL 729 9,800% E&oly, 20103FE 2012@71#] <

Tt AAFES B 15.28%% Wi w2 S Hola UE. o] T St dF A wiEde 24 379 6,600% 232, 119 7,700

22 2008WRE 2012971A] 537 Az AFE 7 13.44%, 12.70% % AAFES. W3 International Service for the

Acquisition of Agri—Biotech Application® GM Z}E-9] A HE (Adoption rate)ol] WEw 2559 g5 49 GM FAE AHES

7} 86%, 93%E F3tal 3. Global Industry AnalysisAte] S A1 ARE 9.5%, F A& ARAE 8%=2 F4ste] 20243%F

Bl 2037971A1e] wjENE AFstal, 2 FAEEZ GM AEYHIE 86%9F 93%E )43t DuPontd] &9 tiF GM FA wW&
°

DuPont GM 244 4} nj&d =

Yo

2 22 WlEd x GM A= v]18(86%)

<3 4-13> DuPont® GM &44 Zx w2 F4 23}
(&9 @ o g8)

2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 2035 | 2036 | 2037

P 231.2
ﬂ;ﬁ%g"qx} 102.20 | 111.91 | 122.54 | 134.18 | 146.92 | 160.88 | 176.17 | 192.90 | 211.23 . 953.27 | 277.33 | 303.67 | 332.52
ZE 95% | 95% | 95% | 95% | 95% | 95% | 95% | 95% | 95% | 95% | 95% | 95% | 95% | 9.5%
GM M & 86% 86% 86% 86% 86% 86% 86% 86% 86% | 86% 86% 86% 86% 86%

GM 198.9
exzza | 8789 | 96.24 | 105.38 | 115.39 | 126.35 | 138.36 | 151.50 | 165.89 | 181.65 217.81 | 238.50 | 261.16 | 285.97
& =3 1




DuPont GM tF &AF & =

N5 =2 vj&d x GM A B]8(93%)

<3 4-14> DuPont® GM W5 wi&H =34 Az
(&9 1 o 29)
2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037
Wu{gzx} 27.44 29.64 32.01 34.57 37.34 40.32 43.55 47.03 50.80 54.86 59.25 63.99 69.11 74.64
ARZE 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%
GM H| & 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93% 93%
GM U %
Zz} 25.52 27.56 29.77 32.15 34.72 37.50 40.50 43.74 47.24 51.02 55.10 59.51 64.27 69.41
wEd 33
<} 4-15> DuPont®] GM &4 2 UF & F4 23
(&9 @ o 2e))
2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037
GM
S FFFA 87.89 96.24 105.38 | 115.39 | 126.35 | 138.36 | 151.50 | 165.89 | 181.65 | 198.91 | 217.81 | 238.50 | 261.16 | 285.97
e 33
GM O %
Z2} 25.52 27.56 29.77 32.15 34.72 37.50 40.50 43.74 47.24 51.02 55.10 59.51 64.27 69.41
e 33
uﬂG‘%I\/[qq%:};g 113.41 | 123.80 | 135.15 | 147.54 | 161.08 | 175.86 | 192.00 | 209.64 | 228.89 | 249.93 | 272.91 | 298.01 | 325.43 | 355.38
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(714 2.1

A R

ISAAA A28 GM 4Z F 44 Wge 270 gzwl Az WASAE 85% H&e A%, & B7hA DuPonts] %
AzA WA FA7} 85%F ARATIL AAs] AzA AFFD 855 R AT FA MERS e Lo BEHAE

(&9 o 29)

2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037

=
G‘%I%ﬁ} 113.41 | 123.80 | 135.15 | 147.54 | 161.08 | 175.86 | 192.00 | 209.64 | 228.89 | 249.93 | 272.91 | 298.01 | 325.43 | 355.38
A=A WA 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85% 85%
H]—% (] (o) 0 0 (0] 0 (o] 0 (o) (0] (] (] 0 (o]
A=A B 96.40 | 105.23 | 114.88 | 125.41 | 136.92 | 149.48 | 163.20 | 178.19 | 194.56 | 212.44 | 231.97 | 253.31 | 276.61 | 302.07
= A7} . . ) . ) ) ) . . . . ) ) )
AR
(AAF 2 1% 2% 3% 4% 5% 6% 8% 10% 11% 12% 13% 14% 15% 15%
MS)
A Z =}
Y (J$) | 0.96 2.10 3.45 5.02 6.85 8.97 13.06 | 17.82 | 21.40 | 25.49 | 30.16 | 35.46 | 41.49 | 45.31
=71 Ed
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<¥ 4-17> FH £4AAA
(&9 - o &)
A 5

TE s 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037
uf] & H 1 096 | 21 | 345 | 502 | 685 | 897 |13.06 | 17.82 | 214 | 2549 | 30.16 | 35.46 | 41.49 | 4531
o =7k 0748 | 072 | 157 | 258 | 375 | 512 | 671 | 9.77 | 1333 | 16.01 | 19.07 | 22.56 | 26.52 | 31.03 | 33.89
o & F o] 2 0252 | 024 | 053 | 087 | 127 | 1.73 | 226 | 329 | 449 | 539 | 642 | 760 | 894 | 1046 | 11.42
] 0111 | 011 | 023 | 038 | 056 | 076 | 1.00 | 145 | 198 | 238 | 283 | 335 | 394 | 461 | 503
e 0.004 | 000 | 001 | 001 | 002 | 003 | 004 | 005 | 007 | 0.09 | 010 | 012 | 014 | 017 | 0.18
27} 28] 0.041 | 004 | 009 | 014 | 021 | 028 | 037 | 054 | 073 | 088 | 1.05 | 1.24 | 145 | 1.70 | 1.86

T3 24t
JRi. 0.001 | 0.00 | 000 | 000 | 001 | 001 | 001 | 001 | 002 | 0.02 | 0.03 | 0.03 | 0.04 | 0.04 | 0.05
d o] 0151 | 014 | 032 | 052 | 076 | 1.03 | 135 | 197 | 269 | 323 | 385 | 455 | 535 | 626 | 6.84
FA L5 0.087 | 0.08 | 018 | 030 | 044 | 060 | 0.78 | 114 | 155 | 1.86 | 222 | 262 | 309 | 361 | 3.94
gdeHlg | 0031 | 003 | 007 | 011 | 016 | 021 | 028 | 040 | 055 | 0.66 | 0.79 | 093 | 1.10 | 1.29 | 1.40
=&H& 0.012 | 001 | 003 | 004 | 006 | 008 | 011 | 016 | 021 | 026 | 031 | 036 | 043 | 050 | 0.54
7o) 9 0195 | 019 | 041 | 067 | 098 | 134 | 1.75 | 255 | 347 | 417 | 497 | 588 | 691 | 8.09 | 884
EHo|9] 0 0.00 | 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
EdEd 0 0.00 | 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

H A A =

so)ol 0103 | 010 | 022 | 036 | 052 | 071 | 092 | 135 | 1.84 | 220 | 263 | 311 | 3.65 | 427 | 467
H AT 0.017 | 0.02 | 004 | 006 | 009 | 012 | 015 | 022 | 030 | 036 | 043 | 051 | 060 | 0.71 | 0.77
ZF71E0] 9 0.086 | 008 | 018 | 030 | 043 | 059 | 077 | 112 | 153 | 1.84 | 219 | 259 | 3.05 | 357 | 3.90
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23 group4 0.067 B33 (F) group4 0.096
groupb 0.066 groupb 0.097

groupb 0.076 groupb 0.105

group? 0.068 group? 0.106

groupl 0.091 groupl 0.131

group?2 0.078 group2 0.119

groupd 0.077 groupd 0.12

GaN= group4 0.077 H 237 (4) group4 0.12
groupb 0.079 groupb 0.119

groupb 0.082 groupb 0.128

group? 0.089 group? 0.129

groupl 0.101 groupl 0.159

group?2 0.087 group?2 0.145

group3 0.084 group3 0.153

B 42 () group4 0.086 B AR (F ) group4 0.151
groupd 0.088 groupb 0.146

groupb 0.091 groupb 0.166

group? 0.094 group? 0.159
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7 2 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 2032 | 2033 | 2034 | 2035 | 2036 | 2037
Al Aol 2 (A) 0.12 0.26 0.43 0.63 0.86 1.13 1.65 2.25 2.70 3.21 3.80 4.47 5.23 5.71
74375 (B) 0.10 0.23 0.38 0.55 0.75 0.98 1.43 1.95 2.34 2.79 3.30 3.88 4.54 4.95
AHE A A Z(C) 0.09 0.64 0.86 1.11 1.41 1.74 2.90 3.66 3.63 4.26 4.98 5.79 6.71 6.33
T AREFZHD) 0.16 0.34 0.57 0.82 1.12 1.47 214 2.92 3.51 418 4.95 5.82 6.81 7.43
T2t 34 (E) 58.22
AFdAFTEE1 002 | -049 | -062 | -076 | -092 | -110 | -1.97 | -239 | -210 | 244 | -283 | -326 | -3.75 | 55.12
A7 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
AFE5E AAZA | 002 | -046 | -058 | -071 | -087 | -1.04 | -185 | -225 | -198 | -230 | -2.66 | -3.07 | -353 | 51.90

AA7HA A 30.57

TS B -AEA AZO-LAARZHDN FAY 55E)
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SUMMARY

It was determined the value of PPO-inhibiting herbicide resistance trait, and

was developed a strategy for technology development through patent analysis.

Non-selective herbicide resistance trait was evaluated as having a value of
more than $ 2.5 billion.

Global agrochemical companies are pursuing the development of resistance trait
of PPO-inhibiting herbicides. Syngenta attempted to develop PPO-inhibiting
herbicide resistant PPO enzyme by modifying the target of the PPO-inhibiting
herbicide. BASF is developing enzymes which break down the PPO-inhibiting
herbicide.

Through the technology analysis, it was revealed that possibility to confer
herbicide resistance to plants through the modification of the target enzyme is
high. However, because of the presence of a patent from Syngenta using PPO
genes from plants, PPO genes originated from the other kingdom species,

cyanobacteria, were studied.

This research team secured the PPO-inhibiting herbicide resistance gene from

the resources, cyanobacteria, with hemY-type PPO, the same type as plant one.

It was found that cyanobacterial PPO genes were expressed normally in
Arabidopsis plants and could be utilized to develop non-selective herbicide
resistance trait for crops as the plants showed resistance against Tiafenacil, a

recently developed PPO-inhibiting herbicide.

It was developed the high throughput system screening herbicide resistance

PPO genes in vivo.
It was developed the technology for modeling 3D structure of PPO proteins,

and secured the technology to confer herbicide resistance through substitution

of amino acids to lower electrostatic interaction energy between chemical and
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protein.

Developed technology was utilized to screen herbicide resistance genetic

resources.
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