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Interferon-alpha &
synthesized %
in strawberries

Pharmaceutical compound from plants
extracted, refined
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~/ (il crushed, [
freeze-dried | S

 Everything frum glwing genetically modified
plants to manufacturing pharmaceutical
products done inside factories completely
 sealed off from outside environment

(g for treating canine gingivitis
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<Production process for plant-based pharmaceuticals: Interferon-alpha
synthesized GM strawberries>
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- InnateTM 222 HHE o] 1At GM A= 201449 11€ vlEFHoA 44
el 52AS T F wSroA 2015 A2 Z 160 ha”l Aju|

- 24 Innate ZHAF= 1A innate ZHAo)| ofd ;M= A} 7] Zo] AdHo|E
AutEH, S Aol tigh AAd Fdo] F7F o= 2016 1€ 12¢ v =
FDA®} USDAA 2§ R Aujrt HF sdd £ 2017d =l 1=l 4 809
ha”} =l

- o] 24t Innate A= WA FAA T A 12 =g A ElAR] of Ao}
n}o] E (acrylamide) A8 A7 A E FA 7HR o EH, &H| A o] F
dol ALETsA S BT T5H st AW I/ A2 EREY A
2 AE3 Jd=(Kim et al. 2018).

282 A3 GM 2zt oFEeh5Al (aflatoxin) & AJAFshE %
GM & 7

-md A AAA S =2 1,600
i &=, A% RNA
olFet54 LS Adkst
AA Az TN 7|=s 3 2Lt T dds

- 7R 7€ T TALEN< 7|<€3 7|Hte= ste] 2010 &4 7h Calyxt
A= TALEN 7|&& 7|HEo 2 sto] 7dst 184k o 75 20181 Aju) A2
st 201930 & &4t A &feF FAHEQ] &4t ks AlEstr] Al
Z}(Calyxt 2019, Kleter et al. 2019).

)
o,
2
2
N
—|—l
N
_l_l
olr
=

B St obEgEA LEo® WAL
ZHd(RNA interference)”] =& ©] &3t +%0]9

=d= GM SFFoA AAHKim et al. 2018).

* TALEN: Transcription Activator—Like effect
FAATY AE R

- "o A= CRISPR, TALEN 5 FdxwA 71&S L3 thek
7N

rot
»
i
il
o

* CRISPR: Clustered Regularly Interspaced Short Palindromic Repeats
- AW Yol F=H ol SH(Pennsylvania State University)e] ZH =] oF
DuPont Pioneer 7ite] 25, 175 (Northern Leaf Blight) #] &4
T, 28 S (University of Florida)e] 34 /A EvtE, vl= F
FTHATAE(USDA-ARS) Y] 7He A3/ WEAE ti+ 52 CRISPR 7|

[¢)
A g3t £4
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- Calyxt Abe] 24k ofF
dE 3y}, ofo] 29} F

A7b5y A W, 2WEA @A, GEA A

Hoh (Iowa State University)<]

¥ A A 5 TALEN 7&S A 83t 4.

- Agrivida Aol AESEF SH S
Carolina State University)¢] U 3®

7 o F(North
&3 A7 Pl Meganuclease 71 &S

Q.
—1 O
<o|l=meo FMAWAE sEE Y s E(as of April 2019)>

LSDA response  Insti tution Plant Intended trait Technology
2019/4/19 lllinois State Univ. Pennycress “Undisclosed " CRISPR
2019/2/25 Max Planck Institute Nicotiana attenuate Modified nectar composition CRISPR
2019/2/8 Intrexon Lettuce “Undisclosed ™ “Undisclosed”
2018/9/27 Yield 10 Bioscience Camelina “Undisclosed” CRISPR
2018/8/6 linois State Univ. Pennycress “Undisclosed” CRISPR
2018/5/14 Univ. of Florida Tomato Fruits lacking the pedicel abscission zone CRISPR
2018/3/20 Calyxt, Inc. Wheat Nutritionally-Enhanced TALEN
2018/3/19 Benson Hill Biosystems Maize Increased yield “Undisclosed”
2018/116 DuPont Pioneer Maize Improved resistance to Northern leaf” blight CRISPR
2017/12/29 North Carolina State Univ. Tobacco Low levels of nicotine Meganuclease
2017/10/16 USDA ARS Soybean Drought and salt tolerance CRISPR
2017/9/25 Calyxt Alfalfa Nutritional quality TALEN
2017/8/29 Yield10 Bioscience Camelina sativa “Undisclosed ™ CRISPR
2017/417 Donald Danforth Plant Science Center Setaria viridis Delayed flowering time CRISPR
2016/12/2 Simplot Plant Sciences Potato Reduced PPOS protein TALEN
2016/9/15 Calyxt Potato PPO knock-out TALEN
2016/4/18 DuPont Pioneer Maize Waxy starch CRISPR
2016/413 Penn State Univ. White button mushroom  Anti-browning CRISPR
2016/2/11 Calyxt Wheat Resistance to powdery mildew TALEN
2015/11/30 Agrivida Maize Increased starch Meganuclease
2015/5/22 lowa State Univ. Rice Disease resistance TALEN
2015/5/20 Cellectis Plant Sciences Soybean High oleic acid TALEN
2014/8/28 Cellectis Plant Sciences Potato “Undisclosed " TALEN
2012/3/8 Dow AgroScience Maize Reduced phytate ZFN

© B WA S019), FAALA S 28

- YEAA =

3k A% % A9

F2 F7tAT 2 % Os AT BH AT} o
dAA| CRISPRE ©] &3 we} EnlE 183 TALENS ©]-83%
dAe et e

2olA 3 glom,
AA7 88

| = —_] = -
<dZo FMXwY &2 W s S(as of April 2019)>
Institution Plant Intended trait Technology
National Agriculture and Food Research Organization Rice Yield increase CRISPR
Univ. of Tsukuba Tomato Increase production of gamma amino butyric acid CRISPR
Osaka Univ. Potato Reduced level of steroidal glycoalkaloids TALEN

x Z2)0 BFRE 5(2019), SAARA

FAE9] /\LQ_Q_ st 9 A
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9 24, Alof B 3z A

I~
— T
e A% A N, AP elEE = 7 e 54 Ve Y AEe

- olazY ol BHA UASEES A
pentenyl diphosphate®] A4ko] =tjf 5}

-l A=A ES B AEAHRS A9 A S 2 B2 F UES &
T3k AT JYPYHEE 2

KAISTY o]’ddd e dide] XAt MESAE o] &35t X g o2 RE
4—12709] EtAR o] Fo|Z short—chain alkaneg A= A MIEYQIE A
st A

- 71Ed = 13-1771 9] ©AE o] Fo{ X long-chain alkane®] A§4HRto] X 1%

FENTHL FIEE 0| E AR FHREE] 0 15741 kA Hol HEIEE (X
ZHEY A)o] Fste SaAS JE TES

- Aggn sHA e g FEE dd AR ZES Wl B HFE &
HAdstd ALEFFoEZH HENTIEZE AY 1

- O RAA BERTIAE &d s o3 oA J1E

272 H¥ o7 HETIEE, XoliEl, of »~Eha
FHe 71 FEEAS H% A EolH o
Mkl Ad-E

A7t stale] o] WS acetolactate decarboxylase$} acetolactate syn—
thaseES #= T3& A 7] Klebsiella pneumoniae S ©]-&3F] 2,3—butanediol A8
Absk=d A

PET
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<HHE-GSH Y AN SXFE (14718)>

ufo] © o] oFE

(chel: ofel)

oA A 1,660 146.4 37.0 1,843.4
S 270 21.7 8.2 299.9
THFAAAET 70 7.8 29.1 106.9
TEXNEA 60 31.7 20.7 112.4
Th- 4] 70 4.1 19.2 93.3
HAEA] 5 510 41.1 28.4 579.5
ke 10 3.4 10.1 23.5
S A 1,440 45.9 284.1 1,770
2] 35 o] o b A 160 16.9 - 176.9
SaMA 7T+ 200 13.3 289.9 503.2
3| Ak 60 3.6 9.7 73.3
4 4,510 335.9 736.5 5,582.4

A4 R&D A A5 2383702 FAER U B3| REAE, S
A7), WEE RARXE BARZE AEARE o7 w2 yalsla

ARem, A 470 FAZE AA HA s 77.7% 5 AA

% FZALAERL O] RED HA| = 80710 E HA A9 34.9%= R&D FAF RS} v A =
FAYY AolokaA), 53] nlo] Q. olokE AA el tiek A 2] Sgo] ash Aoz drtd

<RHU-TW HY ATMY XAWR AF (14718)>

(591 20)

o] o obE  HAAZHE

Y| RFAIE 680 57 21 758
AR 318 43 13 374
FHFAAES 45 7 28 80
TE5H 40 15 22 77
T} 53] 6 1 2 9
HAEAH 259 21 31 311
Nk 4 3 4 11
KR R o 111 11 76 198
2] 2] o QHH % 106 19 - 125
Z w7 g5 119 17 273 409
3| kAL 5 17 4 10 31
Z3H) 1,705 198 480 2,383
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W HiO|2o|%E
o (F-AE) "14d~"18\d H
AR A B2 d8-S A HH 357
18.6%(31871), HAEAF 15.2%(25971)
- BT A B REH ASH e vFe o] oF 59% A EZ e Hlo] 2 9]
oFFo g HAl= Z2ATFAAV BE Aol o

oF 1,70571¢] HAE tjto=
A7} 39.9%(63071), nS55-
o A

57t vlo] @ o] ok

AR
2~ 0
=

,d
i)

- Hlo] o) ¢kF o] A7}t = A e FARAQ] FE2NEH, THFLH
F5, S SFFAR, AP HNME 62%(10671)F2 UERY Hlo] 2 ojoFE Ao

ZGH ol tgk A7 vl RS Ao Ay

4&ﬂg§u§¢
ELEES T A

37%
HYEHAAR
32%

LE. L e
15%

cheA
0%

SENEY
N SATMUBY
» ngy o= e %Eaﬂﬁ ™
<Hio|o|etZadH Ity x| (2Z)et AFH|(2EXR) FAY v|F (“14718)>

A XA A ((147°18)>

(EHE)

‘l‘ﬂ‘ﬁ/ﬂd«

2014

2015

2016

2017

Tl | HEAI 90 114 138 164 174 680
e 47 48 53 82 88 318
THFAET 5 13 10 13 4 45
TENSTH 12 6 9 6 7 40
oA - - 1 3 2 6

R 44 54 50 48 63 259
Nk 4 - - - - 4

O o R 21 16 20 31 23 111
2] o] ook A 13 16 25 27 25 106
Z el 2] 7] - 11 21 24 29 34 119
S G A 1 1 5 5 5 17

3 248 289 335 408 425 1,705
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- (A= A ) vlo] ook FofolA = AEHE 248~4257) W €9 A 7}
AQ[E 1 o, 1435 24874, 159 % 28974 0] 18 d =0l &= 42570 2 A 9]
70% ol’el AA A7t SIS

- (A= BEEA AFH 1R2) '143~18'd 5 d37F nlo] L o oFF Fof IA| o
EZtE AFH] FRE ZF 45109 dog ATHEHE 5409 9~1,2009 ¥ =

AFo] BxEFJ oW, sty EHREAFIAA 71 @ AFHE

# A1 Qe A FEE AT HEA, AR E AR, HASAR S0 = ek o vlo] 9.9
oREI Tste] 37 FAjollA Ak A7M] FETE A FYE A7) 1S 80%(3610% €)E
x}A] &+

=

<REAHE-VEY MR AU T

Ane (14718)>

WG 4 5 5 6 7 27
SHFAAET 1 2 1 2 1 7
TEXNETA 2 1 1 1 1 6
Uh- 4] - - 1 5 1 7
HA5X] 5 9 11 15 12 4 51
AHE 1 - - - - 1
SR 16 17 24 37 50 144
2] o] oFE b A 2 3 3 4 4 16
ZFaulA 715 2 2 7 4 5 20
3| Ak - - 3 2 6
A 54 68 96 113 120 451

W HYEE oYFE

(PA) '149~'189 AT 537 HAZ | FE ol 108719] FA S O 4

<
oAt B2 @S A w38}
21.7%(43%71), BARAR 10.6%(217) o2 A4
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(cHel: )
FAH/AE 2014 2015 2016 2017 2018 Z3HA
|G RFAE 7 8 16 15 11 57
eSS 6 7 8 9 13 43
FHFAA F 5 1 1 2 2 1 7
sEEH 5 1 2 2 5 15
T} - - - - 1 1
HAEZ R 2 4 5 4 6 21
k! 1 1 1 - 3
2SR 2 3 1 3 2 11
2] 3 2] oF QI A 4 1 7 3 4 19
FTAaMA 7Y 4 3 3 4 3 17
& FF A - 1 3 — - 4
Z3HA 31 30 48 43 46 198
(9= AREA AFH 75) 143~18d 533 AAE o) efE Eof A4
EAE AFH FEE F 33599 902 ATHE 5449 A~8269 d FE9
AEZATo] FAHNOH, R87|eH BFAFAA 71 B2 AFHE A

© AR Q] TR RN, BEAAAR, HABAR. 02 veston], AR
SleREsl ghlsle] 37l RAolA ALe Q] Furk AR T AR HR9] 695%(335.9°]
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(h9l: of2l)

FAR/A% 2014 2015 2016 2017 2018 Z3HA

817w W B Al 46.2 27.8 18.9 19.0 34.5 146.4
L 2.4 3.6 4.6 5.2 6.0 21.7
FTHFAAES 0.3 0.9 2.6 3.1 1.0 7.8
FTENETH 9.7 2.7 3.9 3.9 11.7 31.7
oH7-A] 0.0 0.0 0.0 0.0 4.1 4.1

R R 3.8 7.6 10.0 8.5 11.3 41.1
ek 0.0 1.2 1.0 1.2 0.0 3.4

O R R 6.9 17.5 4.8 9.0 7.6 45.9
21 E o] oFE bR A 4.8 1.2 5.2 2.5 3.2 16.9
FTaHA 7Y 4.0 2.7 0.9 2.4 3.2 13.3
3 S A 0.0 1.0 2.7 0.0 0.0 3.6
=7 78.2 66.1 54.4 54.7 82.6 335.9

(F-2) "14d~"18d H 5\t AASPEE A #oF 480719 HAE o=
o

- FAENAT) YR HYFAAAR] WF o) Fol 727%(3497) E UEh} A
S4E AT ARIBE AT HREAT} ol o FAT e Ao Bk
=]

<dol SATEDA rlel 7 M (ARK)2 o FH|(RER) BHY u|F (14718)>
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