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CRISPR B ¥ # B < ¢ (CRISPR AgBio Congress) f # #ir &€ & 7 7
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A T w2 €455 7 3 & H ¥ (clustered, regularly interspaced,
short palindromic repeats, CRISPR) % #p if 3 jlF1 & Jig % 3t 28 #2484 B 42
Mz Lot > Tpgs ERERT hS o MFE 2R TRP F L
iFRBRP T L 22 A o 2 5K CRISPRE %4 £+ ¢ 2020 #
By § Pkt CRISPR 2 2 &5 & FHE > <~ ¢ PHRUEF LN
#F3tE* CRISPR Hjir1 L 5 a5 P R+ A H AFIHI fad B ¥
7o d 2 COVID-19 A # ¥ > $1 K CRISPR R £4 $+ g 1
2023 & Bk MPREFER N E X v pAZTF ERE Bay b E
CRISPR /74 & &-diw  Hie v hde Kb > <~ ¢ CAEFBHFE >
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PE.i% Ew (Biotechnology Regulatory Services, BRS) Subray Hegde - = /%
LT FI L AR P i * 2 MBS 0 FE 4T



1) £2®

FRHET AP 1P E B T# (The Coordinated Framework
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(EPA) ¢ivf Fxr1E¢F > p 1984 A HiFix: £ o 4 USDA
APHIS § # 5 M4 T + b *& (plant pest risk, PPA) 3= ; FDA { § &
P E ol 23 ) EPA § 'E‘ Fr BRE A %ﬁ.ﬁ}%i BB Z b G
HAFA FISR BRI frd g ¥ 0 1 R R

A EREFERFFE
FDAé‘ r“’u*ﬁ“’i’#ﬁ%? FEAF LS 2 B §
?’—ﬂﬁ'r ‘}'}}".E‘a?i%%ﬁi*ﬁ.*ﬁjg?#%&kzﬁﬁlf%gi’q‘
o ¢%% AFFFPLERL 2RI HEZ P TVER
FA oo FE R A& @A FDA 515 Ty 4 &
FFER IantBlotechnologyConsultatlon Program) | - # &2k 7]
KRR CR ErASFEYE > 57 Efx"'ﬂr*ifa 74 FDA 3R 2 A
&{?%££N&‘4ﬁ%? §§'ﬂ %éﬁiaw&iim&
%o@%ﬁiﬁiéi&%?@?#}FDAI@Aﬁ%@ﬁﬁﬂﬂ
(A "F Lir@")@’ﬁf FDA iz A &k & a&££/f%¢ﬁlb’§¢"
33 fr'E' ’%——"z A FDA L R HAF L efgfitd 8 fra =
%‘%‘-’#Bfﬁ#ﬁ poR o R RS FDA F R TR E S g iR

/ o

it

-\-\4:

X L2

r

K ok
H“ “”\t y <‘Ek-
\—\w B

El
=l
(P
T8
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%] & g & 4 A F14E (intentional genomic alterations in animals) 2. & &
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(Office of Pesticide Programs, OPP) & iz » 2 44 = B & « A 7|1 42 4
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2020 # 57 18 p USDA =2 i3 £ BN 2 s 73 % 340 3%
4 (7 Code of Federal Regulations part 340, 7 CRF part 340) » i & %
% % >8] | (SECURE rule) » # 4 # & ¥ £ 54 (Sustainable) - &
A4 i (Ecological) ~ & - 3= {4 (Consistent) ~ & 2 - 4+ (Uniform) - ;‘i
# = (Responsible) ~  »x 5 (Efficient) & % & - "% >R[], 34 -

A 7 € (unlikely) = Z 4e4= T 4= 854 AL FlafE 2 $= (genome edlted
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- (Uniform) £ 7 = (Responsible) ~ 3 »x & (Efficient) & i & -
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. Infinite Enzymes
Agrivida Com Simplot Potato G )
o Toolgen Potato Improved Product om
Improved Digestion ; : . :
forFad Reduced Browning Quality and Disease Enzyme for potential
Resistance detoxification

Norfolk Tomato
Enhanced Nutrition

/ Suntory Flowers
Zeakal Soybean 3 Limited
Increased Oil and : Chrysanthemum
Protein > Altered Flower
Color
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= (Plant Pest RISk Assessment, PPRA) ; % fr b *& - ¥ 37H A #
B39 F 0 3K BRS & f% F* 32 4 47 (problem formulatlon) e AR
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®2023 £ 6 "I HRERAEA R L LFwP o T Wl E 4302
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® 2024 & 9 % FEE55 1KLL A fo Hfieid LAk o

Hegde i = % Bigdt 378 ? ﬁj_i—? IR i e 340 LR (modernized
340rule) ; » USDA = z + /i i % % (World Trade Organization , WTO)
AR R AT 0 A A %@%gw RFET L MEREP L AL E
o HEFREY P IS )I‘IFLA e 340 P EHE 0 BEEF A PP
e AT B fE

(3) 4 £

RECHRASE SELEFRR T AEEERL I 0
HAALB M P 2 A R E TR r?ﬁ'%ﬁ'ﬁd BRI o Pt s L d
& B (Health Canada, HC) ~ & %4 % A& (Canadian Food Inspection

Agency, CFIA) 2 % 3 2 5 i % 2 & (Environment and Climate Change
Canada, ECCC) r,,j*ﬁ e B 1% G mﬁﬁ—;ﬁ }ifﬁ,’}%.b]-gﬁ"? R R
P L ‘T’?;TE‘«J{;}‘]"} , fnv,g BHEAN D c B HBRAHOBEEP A
ﬁtfﬁéﬁ%ﬁayé RHILEE S

R T A FlmiE A &7 o F§ v o) > HC #9¢ %‘Tﬁ/ﬁr‘%mi
£ 177 "\lﬁa u#”érf;péyél —\?E;gqjq\ G R ENEE s Bt A
e N AL N ﬁi%?rﬁtaﬁw%,f Fa
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?ﬁé%ﬁﬁf £ V| 33E N FTRB TS A ik A S T 2 iR 1
FIRTH 2 P B ATAIT B2 B A -
4) &5 #

% @ B 7 4 4 i (biotechnology) 472 2 &% ¥ 4 5127 %
R~ 2k A v HFE > pai®d GM A S4B 2 ’&.f"
PHRALIAARE AL o B F BIA 2018 42k GM A
et g B Al 2 7% > 2019 EA2AFV GM v E48E ;2021
E L1 ETBRASEL M TS CGM 25k chn B4 8 3F T 2 L e
Vool 2024 1% 31 pREGCGMIF 2rmi¥NET %ﬂfif,vﬂ*ﬂ" H %

Zﬁq%ﬁﬁwk?%%}fm’?lfs«;"‘é’ K%Ffi‘fﬁ%o Y- 35 Pfﬁg
T A 2 PR 1Y PG BTG h D R AR
TR BRFAERLTE

(5) P 13:£

fP 4323 2021 & o F H {3 ir@ T 7f;€j_ F (new breeding techniques,
NBT) #7242 A &hE g 425 > FHA S L5 TR BF FATEL (new
combmatlon of genetic material) ; 25 5¢ > # fﬁﬁm GM & & » 3Tt ix
2o AP AN E P iq“bl T (indels) ~ ¥ H AL ® 3% ~ &
= F1 % # (allele replacements) % » % ¥ 2 4.% GMO £ ¢ 425 ° [P 2
I RE B AEA 0§ 48 B¢ bR I TIER S ALD £ OMO i AE
BT E E g{% #+ (conventional séed regulations) 2_ ;2 4L > ¥ 7
TR A ER R ARG RS GMO B RE F A
B oo

6) =&

S92 AR M RRSF % 2L | § (Comissio
Técnica Nacional de Biosseguranca, CTNBi0) »>* 2018 & 1 » =2 % T4 &
% #8£]*7 (Precision Breeding Innovation, PBI) ; A& &3 = H 425 2 F 3R > H
S TAFIMIER S  EEAER B %T % % (case-by-case) = ;' A &
BT qﬁ 3 ,ngﬁ_kr] (transgenes) » T ¢ 21 4.2 GMO 2 2. % 4485 -
PBI ~ 7] J3F 5 v A~ APy 22 A 9% 7 au 4R 5 24
GMO » # 3t¥=» T_i*3% % (Site-Directed Mutagenesis) - % i A
% (Oligonucleotide Directed Mutagenesis, ODM) ~ RNA + #£ - :)Fa:% EALE
(Viral Vector) A &A% - 2 A2 5 pH s WRSF7 2 2 E 1 > e
FEAX AR Z RAFH L EFR o Py B REFARE o
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1% 2018 & 11 CRISPR H #7132 B 47 5 28 Fl iR 2 o & ~ 2022 # -~
E\ih %W+f%7éﬂ%¢%i\W€s% % H i v BE-K
fRX T RBAEBERZATFIRIEYE > ¥ P T EIN T o

(7)@%»@1%@1?\

ELEFR g EWRAFo BHREFRELT T2 B2 %

l’»”'HV-%H WL 2018 E o {ATE YT AT A S22 KB

t&;}; P B GARREPREL T 3 4pi 0 T8 TR 3AA FlmiE

R EAL S GMO > AL Bt HTT L A S TTE B oo E L PR

b‘—i“’ﬂiéi@q%f RS FATA A ST E RSB G ““ﬂgfrav

T BRI A SO GARR G A RRARSNE F > AR E L ¥
AHAEFRIE 2IRAT AL o

(8) =& H

:qu* 'Ef??};tzﬁ,p. 4 ,fﬁ,figi»%a\rg T EAE R > NI E %ﬂ | E A%
IV ITE Y R ALY 2 ng::ﬁwﬁg ER R EReAY _?Ef—‘?’sf‘ 2021 &+
zts-E BPHEREEZL AL 237 0] 2022 # 10 * %*z;’i”z‘%?” At
,gi }n ST (Bt egoplant) B ¥ fEtE 4 & 5 7 &4 Fiof Ry 2 2 F
(Bt corn) >+ 2003 & {1 B fate pF 4 & o ﬁwi 13;%@ oE 0 3 2021 & B A

I 607 2F o

EEFTH ST BT R AL ST E AT 42 (genetically

engineered, GE) 2 {8 4 78 % & $ k7 (plant breeding innovations, PBI)
A2 ARG HET ~EBRESE  F T - REERIHE L
EEER-FRAFRR;AES ;ﬁﬂ e £ (new combination) » G4 *
SDN-1 ~ SDN-2 ~ F /& £ 7] # 7 (cisgenesis) ~ N /R & 7] # 7
(intragenesis) % #:z&‘f’a‘; oo R A SRR IRAT (transgene) v RIAR & b
GMO ; 2 SDN-3 & HjiFrini @ % 2 -2 B R A F] » Bl 5 GMO - H ¥4
P HATHT A B 2§ T AL Bk 2023 5 4o A 7

=

9 p &

pAaZzzz AFid 2 58 g et s v s A F (science-
based)_‘“ piv s 3 2022 F 97 %87 3317 GMO 74 2 S & iT 8 &

* ik 198 BUFERL2TFET RPN AEL A > 7 EX U 2
¥ty 2 22 PRl PAFE R ERAELADGM ITY o ¥
-2 % P AR REERAAFATIREL S EEA4IRE 0 B
2020 # = %P%‘#g%l » 2R rj@iﬁ%‘r%“ﬂt A ¥ a‘*“‘fﬁ;@’“ﬁ
GM & %% 5 1;%;2—%&’?‘\% PREIE B ST & ep et A &
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ﬁﬁ?%q%ﬁ°ﬂﬁﬂﬁééﬁﬂ%ﬁ%%~ﬁﬁ g IR
Fl’i% o—\g 3—] B %ﬁﬁJ?ér‘lﬁnﬁé*r; #H’-ﬁ”'ﬂmf&gﬁ_&L o &
?éﬂpmdemmmwm&aﬁ‘iﬁﬁ@%%O

(10) * KA FI%iBESF 2L R ‘GFR
PR R 20228 10 oF TR E AR HRiERE ST 2T
tam GR), » £8 A HRATFIZ AFRERE S 0 DR ERT A
ii&%@$$£¢$ ﬁ&%ﬁé%ﬂ#%ﬁ@“ﬁ&%%oﬂﬁ%
4 {@?K#%gf’r '1? ™ I"% %_Lﬁ?" % ’ F I$;JHE §F§§,1 o

Q) #R>FHET 2 ZmR

BRFLE S IR G NE R ATRES 2 2R g
MR 20228 50 25 p o F Ui i@ e (O B 5 48) 2 % (Genetic
technology (Precision Breeding) Bill) ; ## & # % v A& N2 54 ~ &4 2
Himd 8 &3 2 %R RAEF - L2%r THETHA P
(precision bred organism, PBO) ; 4; ‘JH;%ES 8 I N 4 HoF (modern
biotechnology) AA 2 ~fgd @ l—’ H % 2 & (end product) 7= ¥ 12 3% i

S5 fa g (traditional breeding) = p 2R i 4% (natural processes) % & m

1 o AP ER ML oL “,f BRAT (transgene) ek F B 4E
o3 e R A T2 4~ (cisgenic plants) o gt & endE 2L AT -
PBO # 4> if * GMO £ ¢ 2 R > j}éﬁi?ﬁfmﬁffa IS ST
J& kb (notification system) ~ FL»t 1 & 348 PBO 474 & -2 &2 357 42
E\&%%lﬂﬁaﬁm%} fhbe 4 AgAL2 2 A8k 0 2023 & 37 27
PERLE 2 D@ (HWE T 48) 2 2023 (Genetic Technology
(Precision Breeding) Act 2023) -

(12) % B

BB > ﬁ RHAF MBS Pz R Kt a 2 25k 0 &
PiTrt 2% ﬂfzf‘j-fﬁaﬁﬁﬂ RLECE IS W\FFE@ A N
T B m—-*z 2 BB F A AEL 02022 £ 7 7 m,”"izgzﬂ PR % i
(European Parliamentary Research Service, EPRS) % % " £ Fl % BT~ &7
2l 8 & a8 kP ;R AT IRL 0 £33 CRISPR Hjise 44 4 2L 7|48
¢?@Wsﬁﬁﬁﬁkm&%’iﬁﬁﬁ%*%%iﬁﬁéiii%
P AR EEZEF AR 2 wERFL A ¢ (European
Commission, EC) 2022 & 4~7 * 32 " muir@ A 5B IF4 F o4 2 2 20
(Legislation for plants produced by certain new genomic techniques) ;| & %&
BEIREH oM 2F 0 2 REEEE o v 2300 2L 5 f 2
W% 219 i+ o H P o> 5 79% wAR s IR T RCE G GMO 2 AR g
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>t ¥e T3 % (targeted mutagenesis) 2 F= Jk 2K Fl 4k 75 (cisgenesis) 472 fE
P 6l% v AR LNEERFRY GMO 2REFFH YT ZFEF R
z?_\_rﬂfﬁifﬁiﬁi o B A E 7 A

He 'ng%jiffh' ﬁéﬁl’ %&%\E.T?/ZJ’E»“&E*M{?\@" C-
528/16 > 7~ 3 AreruE B - 2018 £ 7 % 25 p % g /% Fx (European Court of
Justice, ECJ)&qL C-528/16 % 2. ¥|&-d4p 4y » & ¥pH & 4 2001/18/EC -
2001 & 1 fg T *v?éilgzhkr]é}@"f Fir Flo 2 B3 EPFX 2R F &
o BHjTd 4 p% 2 2 £ 2001/18/EC ¥ GMO %’aﬁ R o
(ERE: Eilﬁsz_vr %@é 4 %%ﬁ hEE A8 T (|n vitro random mutagene5|s)
I F AR E 2 qﬁvﬁf‘l ARG BER CREFREMEIER N FR > K2
Bz I REFR 2 I‘mﬁ*ﬁ(*‘? i+ Sl C-688/21) » 20232 * 7 p ECJ |
Acdpdl  BEW A RPITCREL AT B TR E T
DEHATFIWi R E - RZFEEE > FARIPREF A ZT 2R &
& Flt Y T g Y 2 4 2001/18/EC 2 & ¢ (Court of Justice of
the European Union 2023) o pt 272 T XA 5 7318 1T P 7 F 2 5
B3 % AT 1 ¢ (Euroseeds) g ) Hp 7&@ Z.om £ 3 ECJ #8834
BHMEE GMO 2 2% > T go = 3k 2 % (Friends of the Earth
Europe) | % B 44 ﬂj@*ﬁaa@‘ai » Fuzk %‘fr * A & E4clF GMO &7 ¢
#] o ECY st 22 B {2 Rz e £ 2% C-528/16 ch)jd-» 1 2
EC &g & W#ir TEATFMAEHE R A o

3. FldBR AT (65 T fE2 AIAT AT R0

FRHEATGREREF P AP EEFT R Fiid B4 T ?
AR o AP A Fs? “RERELER TR SAERB KT 7 Iﬂ]}}zﬁr—]ﬁnﬁ
1 E R TEF AR MR 0 b4l Tz e ps (Site-
Directed Nuclease, SDN) & & i = fis ~ 4 =iz ~ F i 40fs ~ "UH|fe 5 1
ii’?FJiﬁb@%%*ﬁ‘?i%ﬁf?ﬁﬁ%%ﬁgﬂwgm
3 PR L T RS A M) e

PR RS TRV AL IRE SR AERN AR EEFER
B SHRFEE X BB S IFR AT ATEM 0 F B IR
5 - CRISPR AgBio = ¢ #5-7 % ATA| 2 & & 4 &~ 3 H B RTHIFZ
et Fvk o AE(FE BEAEIE o
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(1) Cas9 14 #h erig & © 3 * R A Clo051 % fk v 22 piggyback i# v i&
F82 Fl % iEs

. ;iig : Jack Crawford
¢ H i~ : Demeetra AgBio, Inc. # {7 &
Transposagen = & 2_ 2 F] o = & * & ﬁ & 23 46 4 (Johnson &
Johnson) = % {44 1 Poseida therapeutics 2 & @Léﬁ%)ﬁ’* £ f4& 3 Hera
BioLabs ; B ¥4fsfcé& = 4 F g * & P T 454 2. Demeetra AgBio
= & 5 @ Transposagen = # 3L 4 ¥ 4% Lonza America, Inc. & BE o
Demeetra AgBio = & f & wo & 2> & 5 fa P HE L5 { 8 2%F >
?%fﬁ?‘a‘:ﬂéﬂii%fﬁﬂ l”*ﬁ»woﬁﬁl—*—lﬂ’;\*““*f—t’\qﬁn
EASZFF TR L 52 ?ﬁ ¥* pd $i¥ (freedom to operate,
FTO) & Ji#fE > % - A 7 & £ 3 ﬁ:& £ TAL-CLOVER -~ CLOVERX #
iz Cas-CLOVER Hjir » 1 fgﬁ pigg yBac e F R AT RS 2
Bg o FIH P pifF 2L CasO v 0 TR E L fE¥ % 7 I3t Corteva = ¢
TPl EHLA R IES %o

Cas-CLOVER 3 Cas9 i 4F 3—v 2 Clo051 i 47 3+ fk & 2 4F & BER
%8 > @ Clo051 % kit p & % TALEN £ Fl4%iEF* 2. TAL-CLOVER %
Pipaps 7 i 22 CLOVERX - #- Cas9 7 Clo051 g & 12 52 Cas-CLOVER -
FREE B 7 Cas9 ¥ i f1543 PAM B 7| {5 {2 5 e+ =7 it ~ Clo051 3
B, NAF L R NP F B BRI T 2
(staggered cut) ~ ¥ i3 & AL T H A SR S B o

# 7 £ Jack Crawford 4 #1 > Cas-CLOVER #f & # & * ** 7 &2
CRISPR-Cas 4f £ #84p* » AR { & ~ e {15~ Lpr =7 5
EPRIGRAE B - EH AT L] OGR D RAFIAE 0 L E
EAHFL Fla kg BERABHESSFIRE R TR P
R EREE ﬁ#‘%#‘ﬂﬁ%’°ﬂ$‘## LR
ﬁgb?eﬁ FCiF (7 o 38— # ¥ Cas-CLOVER 4 & f?%i‘*“ﬁ’" |4 b5
#& = 7 iy ¢ piggyBac > ¥ £ # Cas-CLOVER Wﬁ &1 fﬁ-ﬁi\‘ LRV
iﬁﬁqwahﬂﬁ%ﬁ’%4%@%&%%%W%ﬁﬁﬁﬁﬁmﬁq
Ry v ,T}bz ¢ A ¥ *h keh Cas-CLOVER 4F & #2571 (R 3) -
RSN E A RAFZ AP

AN
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PriggyBac™ Transposon piggyBac™ Transposase

>
¢

“Ccut”
CARGO

Paste

CARGO

Footprint-Freed®™ Gene Editing with Excision-Only piggyBac Transposase

Scarless
Removal ‘ ,
Y

GENOMIC DNA

ORIGINAL GENOMIC DNA

B 3. Cas-CLOVER 47 & & Cas9 B & g 22 TALEN Z 8R4
e vE MMge 48 2 g ft o ¥ W i@ % piggyBac # - fF -V 8 A S
A TFREP B K$ o

(2) 5 1452 AT iEH 2 H Bie 3 jF 3
¢ 5 :Yiping Qi
¢ Hir ARSI -FREIPETERIR BRI
AFERFZABEAFIREFEY 20 L3 2 @4 > FHRP
74 TP pefr 4 Casl2a &2 nCasQ Yiping Qi ##2 /i Zigt 374 2>
PR T AR 0 2 HRRD AT R ERT 2 Sie ,:r@ p;ﬁnéz?
{4 fRiE * R *%ﬁ“iﬁﬁéﬂﬁﬁﬁrﬁwwpi°

nCas9 7= 3 ¥% /4 » i3 4F v Cas9DI10A i %2 *=fs (deaminate) % 7t
qswjﬁré'b s »rv% |3 (Uracil DNA glycosylase inhibitor, UGI) ¥ 4 = #& 2
SniE* 2_ %2 e gk 7L HaiE 48 (Cytosine Base Editors, CBES) ; Cas9D10A i#
2 Bf]t H %o ps (adenosine deaminase) R Hﬁa AR TR 6 A
(Adenlne Base Editors, ABES) - #7 3 BIFFE * 2 Aj58 2 4 s £ &
CBE~ABE» £ ¥ » k&~ §iv% f'F«JP' BLRH T 2k AR - BXE
&0 A7 BB S 2 ASAIYL130F-CBE iF % -k fsfe§ 3ok F148 » 8224
fErxF B > Tty MIeR g 2 o ABEBe 1E* At oRAE2 “ﬁniﬁ.*ﬁ: X B
3 e TAMAETAH IR B2 el % o nCas9 1 & )f%’*
3T dk 7k il (base editing) > d&k ZL B F TR AL F 2 A FlG RN
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(CRISPR2.0) » ¥ i¢ B - B Hpe2 7 ¥ g{gg%:«g}ﬂ&gig T_i 8L 1T
oo E T H - PR E 2 P 0 (Rees and Liu 2018) o ¢t Hjir & AT AR
BEFRFOBGIRLS > FREFHARFFE - BPHREH2
AF 1 fEF T EEBL TCFRpart 340> 2 5 Bk A % FE P& 2 (7
bMEIERG G R BT A SN SRR RITEG R o

CRISPR R 75 3% 12a (CRISPR associated protein 12a, Casl2a  #
CRISPR from Prevotella and Francisella 1, Cpfl) 5 # * >t P~ Cas9 2. #_
Fiipafpr 0 B 43 28D 3 T & tracerRNA ~ a7 R BE L L 457 1
(staggered cut) % BB > ¥ 3% B A FlSIEE® 2 F o Yiping Qi &7
TR Er T BT 0 RS B AR #F R Casl2a &
PN R MR S BB ¢33 %I WL (chromosome
rearrangement) e 5 5 & - 4% 4 5 MbCasl2a ~ LbCas12a §* %8 - /4 %] %
FERAS 12 154 ¢ REY 5 B AT BT #oRfEE 2 A H AT
FEEFBwe? 2710372 DNASAHPF > E3 325 - 1 R
Exrmie? 2750 B 2 DNASTARER a2 4 MERR G
¥ LbCasl2a ¢ »tztie T 1 PAM 8 TTV i€ {7 i -

TL AT BN A FGREA SRR AL b A FRiEA £ A
2. H FETE Wﬁ?\'ﬁ'—%%] S FET AR TR R IR 4
Uﬁ%’%?ﬁﬁ%ﬁéﬂaﬁigﬁ’ﬁpf?@?%{@—ﬁp%
e pfi M2 B Fl AR T ek o

(3) % # Hoik (Prime-Editing) fos #7 R vt r1 Spds -k A E e pFult

L 2
L 2

#% : Bing Yang
LA F R SRR S VA €S

CRISPR/Cas A # Fivd & % {4 £ {2 /¢4 7 7 (Board Institute) #
FREFR AT RERLES L F R DATRG > o IR
CRISPR2.0 ek & ¥adE 3 12 2 4 fL 5 CRISPR 3.0 th ML ki | » -
FERME FEHcH I F B 2 - o TARGE | L %HIE
ﬁ%%ﬁ?%@%@ﬁﬁ%%&’@ﬁﬁﬂﬁﬁﬁﬁﬁﬂ?iiﬁpﬁ
HR o E MR sl 5 0 v 2 B4 0 Bing Yang R B Y AL
B PR RN P EFURR T o T FUE AT S el R AT AE
Mt Ao ke S HEMTT BT NI L R F S BRIT
Fo oo

"L E IR % 7 RNA/FG 47 &4 RNP) > d B4R ¢ 25
DNA H i %77 o Cas9 & &~ g 47 (reverse transcriptase, RT) g & » £ &
A %HiEE 5] RNA (pegRNA) | 48 & @ = o pegRNA 1 5728 5 ¥ 2 %
& 351 RNA (guide RNA) & 71 5 3 =3 Bl¥x 77 2 DNA H g7 3
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BEnT — W3R~ T EF AT £ 2513 (primer) B 7] 0 11 % i

ZREB R ATFMAST A RNA B 7] o L %iEa RNP 2 5|48 e 7 1>

B e 5,3?1&(.—: (B 4) :

A = 7 5 3 DNA > 3] ;

B. pegRNA ch 3’ =5 T L #1485 7| 3 43¢ &

C.RT % #-peg RNA 2 3°:4 & 71| F #4x % DNA T 32 & o At r 2 iy ;

D. s g% DNA = % =% i 4 chDNA A 7] § &2 375 4 & + 7 DNA & 7
Al @ b e i3 4R TE R

E. 4R ie § o UATF o s 2 DNA ARSI IF S Hi - BRS¢
SlRenB ) o

A ER A FRER {5 B 7 4 0 E T R
Kt TRE | kg A 1T 12 AR # (AUT ; ALC; ALG AU
TOA..2) > AFBERAT IR 2RFEFXRT 27 bdp L2l B
o @ 2hde SDN-1 K% 5 %E487; % indel - DNA A 7] 1% 5 % 28 3 4t 5%
R R RETE L QP2 MBS o R0 W Y N g R AR
i&ﬁﬂ%ﬁ}%‘éﬁﬁﬂ b TR TR ER 4 455 4 (Anzalone et al. 2019) o

AR B e 2 BT E R EE TR @R AR
¥ 1+ (Bacterial blight of rice, BB) -k % > #* 5 ¢ Xanthomonas oryzae pv.
oryzae (X00) 31 % » R FEX T 0 g~ FF 80% hA LA > A2
dfet £ AFA T 2 - 0 dY 3 BB B o R f MRS
+ k= fFE BB T okfEhh F] o A& d 3 Xoo # 4 REHEEE T B S
(Transcription Activator Like effectors, TALES) I -k f&lm® £ & 5 ~ L)
AFEAPM 9 T FH koo

T AEB PR RIGR R0 2 - & FrdU R g (Susceptibility, S) 2 #] SWEET
I ("EMA ) - § TALE &2 TFIly5 5 & pF € fxd= ot S A7 5 § TFIly5
FIR 74 A f3k 5 xab P oo P g drdl SAFIA IR Ft B L E %
B3 2 TRIlYS A %12 Bak Ak > @ 252 i 2 xab ¥ Fdfpth o ¥ -
vk & faeds Fitr AL 7] (Resistance, R) 2 #1 ¢ 4 TALEs £ 44 {7 % fiit A 7]
(Executor R gene) z fx#>+ 55 & » RIfads g (7% o Ft BFR A S5
{&#- Executor R gene 4t » TALES 3% & K 7| & FlExd (Bglt 4 ) >
A E i BB 2tk o AT 0 B MY B Fup KT 2
Kl E S BE BRI FERERS LRI T E e
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‘ Nicking of PAM strand Hybridization of primer-binding e Reverse transcription bul:g
site to PAM strand

° Hybridization of DNA strands and flap cleavage ° Ligation and mismatch repair
/3' c5'
5 3 3' 5" X ___3' 5" 3
TR L {111 LT 1
3’ 5’ 3° T 5' 3" TIT 11 5
l3'ﬂap cleavage OR l 5'flap cleavage OR
§' 3' §' 3' 5! 3' 5' 3'
IR L L I LT
3" 5 3 TTT 111 5' 3 5 3' 5'

x Edit is removed X Edit is removed
Bl 4 L fg2 (v BT AR

(4) AF a3 WL 1 4

¢ 3+ : Holger Puchta

o Hir i ({REFHAFRIERESI S LK

A8 M B RS MR A BT SR A A A
é]«’kr’f”ﬁ%fr;fikflj é”;}‘t’{& S 3 E > i%‘#ﬁéﬁ?ﬁiﬁu
B SPUIL R E 2EF S AT T o 5 W USRS R
?‘*ry¢gg@f§@4¢#qm,%,,gﬁ”@t 23 IR N Y S A R T A
Waiame 44 e IB{"‘ﬁi’)@% WY ﬁmg\ux 7_— Kérf 7 e
%géﬁaé’@mﬁmﬁd4%45@ﬁ&¢ﬁ SRR A
Cl

A ME R blde ARFE S BT B3 A SRS o
’}l"‘%;\:o

B
B
"

s=up |}
tar e =8

zw Wimma v i€ F L DNA %74 18 ehts o 0 @ A FlhiEH

AEHE T A 23K 3RiR DNA e %A Kk 0 W Rt MRS F BT
E\'JFLT; :E'; BEEAL 4 BT w2 F 3] o Flot o A FmER T K0
BEAE A L L S AR LR B L L
AR MBI TR R 331%\’ii S EAF - A
Blra A Fdy (B 5) £ 4 vda » o - HF I AFE
o DT REE R é@w»&,ﬁ%@?@?ﬁﬁﬁ’ﬁa%
R




A EE A d BB FIRAE RS > B2 F AL A AHBIR
%;

B. ¥ if 2 ¢ PAPTn 2 BATF] > AFRLZ A BTN T RIELS R $
Kjﬁﬁ?

C. B2 d B?P &R 70 5 73 2 24 e e A s
VAR KA AR S AT o R F R AT

D. #-% d #~s "'JE PR E ATRE S o Pl 4 R A B
[[JESE 10 I I

E.4efpZd P RAFIZRERLZE o
SR L F WA R G o R TR T T P Rk

¢ 1 Meiogenix = @ T * AFMELIEEL I ML B2 F 14 2 §

T A SHET R ATL RSB XS ik & % 6] (ROnspies et

al. 2021) -

Creating Breaking
genetic linkage genetic linkage
) )
= B =
Translocation —= .
< <
I © ¥ U
RIS AFGEL A ELI ML ev L3 S AT g o

C)ETERERAFIZAFRETHFAEREZL L2 g
¢ 4 A2 4 (Yunde Zhao)
¢ Hix ! TR I FHfliGh T Fww 2 2587 L RE
R KERE S EEFERD A Ty 22 (Plant
Physiology) | & % - @*“éﬂ iR Y AL B A R B
oo EA Y LA 4T HEEmo g %ﬁrﬁyﬁﬁﬁﬁv%z*“
2022 & 4 5Jﬂ(PudﬂaetaLZOZZ)’;nf?LLJ.:Fﬁﬁé‘%-ﬁ ¥ e
A F B g T B 2 AT g o o & TR K = il
ﬂgﬂ,gﬂgg:;\mw¢4\mg\?%Pﬁéﬂ”*ﬁﬁﬁf
TR o SET L RAFIZ AFRIETES o LB LW
GMO HRE F#H R £ &8 TN - AR r 3 E¥ GERE - i+
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%%%Mixﬁfﬁﬁﬁﬁ*%%ﬂﬁgﬂﬁ»gﬂw\ﬁ%é~&
Bl ﬁi;‘ﬁﬁuﬁﬁ"]“f R TFIE Lk o B /"l e TN e e 7 N R 2
TIPS A T IR i ]

A gcsedn 0 A FURIER AT R Pl AE R T PEREE | B3
o B EHBARFa Iy > 27 N Fmart A AT/
»PHE S BBERE o ATFIE # - 1 izig (epigenetic modification)
i T o TARsU It e H A (programmable nucleases) | v $HE 4 T
ﬁﬁ%?& PRBL D TR SR R a2
Moo g ZRIRZPR o i TR 2 R IEE R LR AT
(transgene-free) z_ ‘m¥®s 2 fe fk = % o

%m%ﬁﬁ%ﬁ%;ﬁﬁﬁWﬁs%ﬁ[WAﬁWmP@»ﬁ#m
P ood NES B e B R RS IR K R 2 E’xﬂ%ﬁ/z .
R FREHEE - fg B4 (lipofection) ~ B 4 FHEZ 0 25 H R
i B
A AFIERZ - RE B T2 AFRETRY 2 B35S 0 I

PR BED wmrp o F I A EE ew4p LA T

FTRBPIESIAFIALIPFEIF G AL é@\wﬂ & F

EREEEZFE A= %’Uf*" (trisomy) # %72 - & i 4% 7k (breakage-

fusion bridge cycling) 2] & > #f 4c {8 F F SRR R RN > R )

ag¢§@@§§é%£#7Fﬂ%§%ﬁo
B. o 2 WHH 2 | AL P e BEFT IR A f P AR F R EE

E%ﬁ%@ﬂﬁw’riﬁéh7ﬁ?%ﬁﬁ R4 ek 4 F A

kR EASER c FERATHES AL Stk M2 &

AR e b o ﬁﬁkﬁ?ﬁﬂﬂﬂipﬂhﬁﬁﬁﬁ

14 R TR LEER LTS oo
Q%@@%:%&ﬂ%ﬁﬁwawvFWA%#%@@@WGNWE

5 5 %8 (liposome) » &% ¢ = fi# (Polyethylene glycol, PEG) %l es =

e AR iR me o JaF P R e 2 A o
D. B4 iz : %A F BT 22 AFAFIFEAHATH? - &

RS YRR FRE RS e o @ AT 22 TR

ﬁ”ﬁ%%ﬂ@%ﬁﬁéqﬁﬁﬁ*’”ﬁﬂﬁﬂﬁw‘w S

oo ET 7 —,E'—\i\“%gff-i']’\-ﬂ‘ ooy o2 B ‘]\/};ﬂél——_‘]\ fe (NU“-

segregants, NS) -

Motpfofgais » BLRmel 4 LR ? 3 AN
D - (Agrobacterium rhizogenes) fe & T Bz 172 (Cut-dip-
bUdding)i“gﬁG\;ﬁi‘f"o EPEFEEERANT2ZRER S 0 F FZt"
ﬂ%ﬁﬁﬁiﬁé%ﬁm@%mhga’ %éﬂ%ﬁgdﬁxﬁ%m

21

“?‘f% ot

gﬁi

™

'

- A=

f



FWEAZ AT X LR BRI T R S HER o
Mg RS e e o AR KR REUR -
- A A G oA pkE (Kanamycin) 2 A R R 0 F e 2w 3
SRRl EJ%? THRERF AT AR AR NT 3 (L e &

e

i (positive selection) -

AT LABEd 2 ;xgﬁ » R F R RS R BlAcE L SR
#-v (green fluorescent protein, GFP) ~ ¥z ¢ ¥ & F=v mCherry > # 12 &
A E N T P fe SR u,;;r%,lcp@wfuﬁ@ A2 Kk o m EdES R
b,%m%#ﬁﬁﬁﬂﬂ’ﬂﬁibm 3 & E AR AR X DI E AR D
T‘f;\lé’ulj«&rift—')ai%{—,ﬁ“ gi*ihé”ﬁ?:%%igg\'l’%ﬁ‘_’?ﬁ =
FROLLERRIEENG fﬁﬁi@?#ﬁﬁ%r%iﬁ»é B R ILP R engEd
WP T i o T o AR R @Irmi&i% TF BLRIZ X RS F
A %] & ¥k (Betalain) RUBY A %) > 7 3 #3048 47» CRERRNE R 0
PEE D d o R T B AT R FESE AR P K2 ET EE R

HErHFR - AFTE?P ZEEE  FUERP RS > HE
ik 4 & =i s feiefi s = BR A0 B & L2 4 Iﬂ,’_x/ﬁir‘ﬁ{ﬁg 5 oo Af
FORMIAL P F UL & F 2 Mak A FIHEA L RUBY 41 -
ERGET LRt R G es Y BMER i d o % RUBY IFL &
E R BV L E &Uﬂm*w’%aﬁﬁﬂ%i3ﬁﬁﬁ

RpF R A AR TR I N T HBESF TP A EAH
Fhed ERIT o VLAY 41{1 » fE R s g (B 6) -
RUBY B7 R & H© it » ¥ 300 ,EJIﬁf;: F]F g Blde DR

REHEE A FEEIY o 2 AP LI EEL Y
¥ (Heetal. 2020)

N

T

NN —

e
_H>.
@?}
N'«:‘Q-
]

Qe 1-\\'

.\.

YUC4:RUBY . YUC4 RUBY 4 > . d YUC4:RUBY

DR5:eGFP

B16. % 7fFde 2 & =i {8 RUBY 2 g 78 $h 2t g 1§ 3—.3« AL A o

V& bR 2K F] (Transgene free) 2 A Fliniite 4+ 2 & > 3%+ 7

b
<}
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WETEALER GMO 2 RE F 2 €& T AR - ALK A B BB
i S

A. E!_x Flim iR T it i‘%"'f#ﬂ o~ EFERE D B4cie ¥ RUBY ~ GFP
FEERARABATIRETY 22 FRAPH > CFETET F
%J TR F I EEREE R BHELRRATF -

B. “F % & F]# £ CRISPR % %t (Transgene killer CRISPR system » TKC) :
Wonob R AT g A g s (self-eliminated) [ 3t o Bido#-2L F g E (T #
BERRREAN T AN e AR 2T RAT] 0 A F T E e (F
* 2 1Ak 3 (ribonuclease) A F] o #E A E O~ TO &7 A Flh
EITH > e RS RSP EAHAE L 2w /Plmie 54 5 22
PARIPES REEE THE AT o Pl kb e B mi2 RN
F AR RAFZFFRTENTLIAS (B 7)c 2 Rokig* -
T4 BPERATFREL YA BETRENETHE KRB
LRk 2 RRE TR TR ?J“,f-f—l “Hik AL T2 B 48 (Molecular Plant
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(6) AFGIBH AL BATZ SIAERF KETRL | $2 EF7E
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* H i w3k &~ & (Clemson University) » &+ ¥ & & & ¥
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Multigene editing for reduced-immunogenicity

Biolistic gene deliver Virus-mediated in planta gene deliver PEG-mediated gene

3 weeks after dellver to grotoglast
. m ’ ,

bombardment
Dec. 28, 2020

(regeneration
medium)

Petlole cross-sections undor ﬂuomcont mlcroscopo

Protoplast under fluorescent

RO A pril 18,2022 microscog

Callus sections undor fluomcont microscope

Auto-fluorescence Overlay

Bl 9 A FlimiER n]f;fi\r]ug

Un-Infiltrated plant Infiltrated plant
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(1) Pairwise g iJ 3 FEFE 2R FVNE {HERFLFFEFAEHE

L 2
2

;iig : Aaron Hummel ~ Dan Jenkins
H i~ . Pairwise Plants, LLC # % 2 # B &li E ~ 2R 2 FF i
Pairwise B 3RE A E Rt e o i FREFHRZT -0 BFHF B
FORAFERREE > TR SPAE AR FREE aﬂrrvm%fr
BIRE2HOP » KA ERF 2 rHFRF - B FEV 3
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AAE X PR L A2 WA R E Y v (The Centers for Disease
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AEEN T EEAE RER2DAPRPLESY

Conscious™ Greens § & & * A FlG B s K F F 3 4L 2 B} 7 "'z gt
A VNS = S c A S vi » Dan Jenkins i = /i % PalrW|se -
Conscious™ Greens i jj’ ¥ & H-nfrdz © » 2022 & B 9% iR
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DAZE 6 F R S v ARE 3 FRR S TR FEE
Conscious™ Greens #7## ~ kb vk i i 2L - ¥ 4}3 1% iy %"’ + B L P H A
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%0 7 R - DanJenkins 3 x4 0y > AL F] Enﬁ}i Wiam» B B 3
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ConsciousTM Greens d s ¥ 2B ER > 22 R FREI K EI
PR FSAAES K A N F A hR S F (sinigrin) ,,d »+ﬁ4

(myrosmase) kg B AL g pRF B fia (allyl isothiocyanate) &4z 7 - ¢ f#

m&ﬁfi’5$w%ﬁ»aﬁqﬁﬁ,adﬁizzg4aﬁ; m

(B 10) o 7 5F B Fj 2 2 Pl B30 > SiE 1 éﬂ@% e 17 B K

26



SRR RAT R 2

A}%\T"}é-&j‘f

Ko 2022 ExkEGFERYE -

A (B> R ek P E4 Ffé%%ﬁ‘? n

3 AEE T AR f@‘}tjﬁw (Karlson et al. 2022) - =3¢ B8 * 5 B 4 ~g % =
FE & AR KeE " My kvk > B8

2
g

)
. L i N

o 1 S i % o .
; L.
Lo s myrosinase NN [ meutralph (A 0”
T N
Mo *J\u H.O0 ; oM ; ‘1’ allyl isothiocyanate
(oo

HSO,

[ I thiohydroximate-O-sulfate

n ~
1 ~o

(A)

AO1 A02 AO03 A09 BO4 BO5 BO7

® 11 % W3 17 BAERRA

®] 10 Conscious™ Greens = #r#| % & B
Py ﬁ;‘)"ﬁ Fld &2 K Fpvd | 7] leﬁﬂ‘%ﬁ:}iﬁf\’ P\-:"H}‘fnﬁ
T = o
® WiAE LivATF|HNIEL T
Foy 2B~ E S ?T?:ié%"ﬁ?:’ﬁﬁfﬂi

L 17
S 1 TR2

FRAECE | Tk I A
ﬁﬁzm%%%%ﬂﬁ%’ﬂ@?%ﬁﬁaﬁw?ﬁou4+éw

¥

W TER A A B2 A L AR T FEA2 0 Mz iR T AT of
F 44‘\16#—Ei%‘4ti 24;}'_%'5 o

s ]

s

RS P i P

=T /44

27



g 8 o Y

Pairwise “u 4 8% & fEAr BT S ik B on g A RLIAR A 0 K
W Frendl F) s k3R g,,q‘j_’]f A BREAE S RRRRES % < ] 10
F- ko R HEENL G e HES DA 5 (B 12) -

Design Build Test w High efficlency
Prolein engineering Oplimized gene expression Human cell platform and novel l!(mmU
Computational protelr Custom protein purifications In vitro profiling tools for the trait
design DNA/RNA synthesis Directed avolution
Molecular blology Proprietary plasmid vector Rapid soybean dssay "'V”"”('

Cell blology pipeline Plant models
Blochemistry State-ol-the-art QC Nexi gen sequencing
Machine leamina (future) Visual reporters
10 weeks
Learn

lterative prototyping to optimize CRISPR editing tools

B 12 Pariwise i& * & &A@ Horte = Poid 3 AR R A

Pairwise 7= » it LA F)WhiE1 & 2 FPF S 5L 4 > &7 @
CRISPR/Cas9 sc { 7 M #H &= A AFIE 7] o & i\r’v’ﬂCRISPR/CaSQ
T FER e T 5-NGG-3’ PAM A 7] it 7 2] DNA § &£ 7341 » # 7 BIf
RAFT AT RRIE PV RES T HF m}% 7| ek %“ﬁ;ﬁ;}i
o B e el FIE P R 3 Bk Ao Casl2a {7 fh il B kg g pe
(reverse transcriptase, RT) » ** guide RNA ¥} 7 ix RT F #4452 ¥ &
71 5 % DNA 4 Casl2a *» :;Z,'J%“ » #p 7 e RNA B 722 DNA 3 4 32 & f’f;%
G FEENDE AR P e BFRATIRNREL DY
E 71 o Pairwise fis K & r Taf g B (REDRAW) , > 2 12 CRISPR e
RNA 7% 2. DNA P~ % 2L ] (RNA Encoded DNA Replacement of Alleles
with CRISPR) #j# - REDRAW K,% TR s » A TR L G B
*b 5 7wt CRISPR/Cas9 ¥ » il B 7 ames g 10 & » & i 9‘&% T A
= 7 ¥ (Kim et al. 2022) -
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X B Bk ot 3 A4 2 HEL GG { SR endE A
o S 2 AT L F (Ronspies et al. 2021) -

il 14 CRISPR/Cas FHT R AT 2

Creating Breaking Controlling
genetic linkage genetic linkage recombination landscape
Crossover rate Crossover rate
| | ; i
Crossover = 7 —
> < | 2 < | 4 <4
g o N
Crossover rate Crossover rate
| | | | I | I | |
NS AEH RER A X = =
© [} =
Inversion > sl R Pial — | R = -
© ©
1 z|l 5|1 f t ¢z |t
> g -k - -
9 9 i g
(&) (6]
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SREE SR LE Y T AR

(3) Syngenta 14 & Flia B i B E S M RALTESH T/

*
*

#-F 1 Tim Kelliher
H = ApE4)ar7 w (Syngenta Innovation Center) %4~ {4k 2 Bl
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7 #CH 2 48 (Doubled Haploid, DH) = fa i 2 i 2 K 7 f& %
ﬁim'ﬁ‘ﬁ B4t DH 23 24 k3 &3 (homozygote) % ¢ % » + £ 15
pRaFS k(inbredling) o k@ 5K 2 £ 2 1% » W LB G d - &
MEw s FERg A g 2 R Aoking RS A
DH & » T AR A & 7 50 X "N T o # F R 57 A8+ ads
7 % o Fa W+ H 2483 Y44 (Haploid inducer, HI) 22 B {5 B85 2 15
vERER

~BEFPEATAZ FlLEBHABES 2 51k L2078 4
a3+ o A @i $ 0 2007~2014 & F o A FIRHFE R D 2K A TR v

HAH Atk F e E P 5 2 7] MATRILINEAL (MATL) »
MATL AFlA4 2 HIE iP5 R 2855 PHRAS ML A 252 i8> 7
FEF A APHELS B2 FL H B4k - 2016 A4 FREH B £ 4
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BT P D CenH3 A Fl4 4 RiF5 2 & Hl» 225 g%
P2 QAR A SAFAL LG ARSI K P HL A
*@*?éﬁlmwwwwﬂHﬁPWﬁ FT G B BT T mee
B3 # (cyto-swapping) ; > (6T ¥ & E 71\_@5@@:7 J“T%P
ﬂ&“mﬁe?ﬁj@]i}# (B® 15) - },’H)’ﬁlﬁl}z}]} MR T ‘?\‘irﬁﬁ 1
(Kelliher et al. 2019) - CenH3 # gz H 2t H 4]~ R * %“ﬁ v E
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My B4 CRISPR sz g * 3 Mt » H g8 B 2 Tg
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wild type mat/ Fl maternal

inducer haploid
Bl 15 H 2 4834 ¥4 (inducer) 2 p 4277 4 3] (wild type) 322 7 & 5232 F £ (F1)
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(4) Yield10 4 & T Fp 2 MR 4F 3 2 7 R

L 2
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#F * Meghna Malik
¥ i~ @ Yieldl0 FiFL =
Yield10 Bioscience = # *+ 2017 # 4 Metabolix = & 4& d12& = >
Metabolix 3 2 4= |+ % L B ¥z L 7 %= fe fin (Polyhydroxyalkanoates » PHA)
P A2 L5 Yieldl0 Kigr v 2 & PHA S 2 it ik 5 rid R ie
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B > 2019~2021&.3g.ﬁn Bk ¢ RHPFEIRFEFEAE ST
SRR B R CBFEIRESAE > 2 E P4 ?Eéi)ﬁ‘%%ﬁﬂ LT 4 A7
Koo T E3902 5 % AT RIAEIT R A S 0 T IR EE T
ﬁ’*}% GMO % ’g,zLFL F‘??"Fﬁ %5 Yle|d10 $- 2de e 2 A
r‘—’,e. o
Yield10 z. 2 F]1# A& 4 1 7@\»" % 3.0 (Gene Ranking Atrtificial
Intelligence Network » GRAIN) » # & % @ Frenfl FiE 7 37ene & 0 EE
Frenf ik o bl4oiz o P4 2T itg»&cyfé«r Wz % 10% 2. C3020 E’_J] ’]}
g 211 B = K’}t"’*‘;v'J g4 ¥+ ¢ i GRAINS3.O &:Em % » P EAA
PR 10 BRRAFEIN F EOAT] FEHY I BAFEFL
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Yield10 & 7 #ci & & & 3 F 7 B4 > ¢ 35 C3007 5 :¥pe fed fis
#¢ i p+ (Acetyl-CoA carboxylase ACC) & = =2 A i F]+ BADC > i#
= \“fﬁ—*ﬁiﬂﬁ—l 7.2~945 27 ; @ % PR AW HIFF 2 K e
FEifa+ AN ERS 43% - *# A% USDA K 8 & Rk fizn e
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TA R F EA# (Am | Regulated?) | 425 FEin A, P\?#@ Y g
& USDA i ;% * 22 SECURE rule > & Fxr-r',&‘i {~ - T BADC # 7]
TiiE s 7 3 RILE S o 2% 3% BADC kR A T (FiB2 5 % o
4_ "2 —%Pu;]»& it % 4. (Regulatory Status Review, RSR) | 25 » 5% 4 b *&
R R LR T B -

Yield10  ie— # 4a$ 224 3.0 (GRAIN3.0) | 3+ 4 » B & (¥4 4 10
A T2 AT AL MIIEH R § R %0 BR% - €A%
BRESG s H314 H g2 “fri;';*e—; EP=2 I ¥ - TR L Yk
BT E 5 RATS N R F R RFLTR 2 T
C3019~C3022 & & 4= Fip|3g -

Multi-site field tests of E3902 in spring 2022 and Contra-season

Seed scale up of E3902 (Argentina)

United States
o

Gulf of
.. Mexico

= Evaluation of growth and agronomics of E3902 in US field
trials

= E3902 is Yield10’s first spring variety in pre-commercial
stage

* Non-regulated status obtained in Argentina

§ Novtitiakota, Moaai idaho i sphing * Non-regulated status obtained in Chile

= Arizona, Georgia in the fall (contra-season)

gﬂYieIle ‘ BIOSCIENCE
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A AR 50T ¢ PRy B fp e Bunge &> # &£ i~ T %"4 ?ﬁﬂb HE
* 22 Chevron = @ & i » ¥ ¢ & 3 & = Bunge Chevron Ag Renewables =
7 (%] 18) o d ** CoverCressTM 8 F11 48 ~ 7 ik &l v & % ~ 24 iy
B E M Tt 2 27 USDA ~ FDA - EPAﬁ‘Eﬁ‘ﬁiﬁ,gFa v 1Y %aﬁ‘ff’ fa’
E 2o % PME G E T oo FE Y 2023~2024 &£ ik T w BRI
2026~2027 & + # o

—=H
W)
|l
A
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Planting
Piggyback trip into lightly
disturbed soil / residue cover

Budding
Buds form mid-spring
at the tip of the plant

Rosette

Large rosette
established mid-winter

oCT MAR

Seedling
Cotyledons emerge
less than a week after
emergence

Bolting

Bolting begins in early spring
and temperatures warm and
day length increases

Pod Set
Pod set completed

APR MAY

Flowering

Each plant produces
multiple flower sub-stems
in late spring

B 17 CoverCress™ #1442 4 2 22457 3 B

Maturity

The crop turns a golden
color and begins to dry
down at maturity

The CoverCress™ seed technology delivers value across the entire supply chain from production to end customers.

ccl

Secures contract with
end-use customers

Farmer
Plants CoverCress seed
with proven agronomy in

Grain Handler

Collects, conditions.
and stores the

October CoverCress grain

ccl Farmer

Provides CaverCress™ Grows CoverCress crop
seed to farmers for through the winter,
contract grain production harvests in mid to late
May, and delivers grain
directly from the field to
collection point; the
Farmer is paid at delivery

-===-~._ Crush

Feed

Grain Handler
Delivers CoverCress

grain to end-use
customers

@B 18 CoverCressTM i g 4a & ¥ .37 3 B

Customer
Renewable Fuel Customer

Customers receive
CoverCress grain for crushing
inte oil for renewable diesel
and sustainable aviation fuel
and into high protein meal for
animal feed

Chicken Feed Customer
Producers receive CoverCress
grain, in whole grain form, to

be used as an energy-dense
ingredient in the feed pellet
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(6) Tropic Biosciences /2 GEIGS® H sk * **#F (¥4 ¥ f&

L 2
2

#F © BJHaun
¥ i+ : Tropic Biosciences 77 ## & i =

’

£ 4 F 414 o 7 (Tropic Biosciences) *t 2016 # 3 B ¥ 7 = -

FHER R g & E K FRIERE ‘Jzi EE B Eié
m‘i R RERET %ﬁﬁiﬁ@g%%m# s
T RTE EFIRF ¥R AT A HE AR EAREET Tl’FEJ{L
2o PRBEE C ALIE 8,000 F £ & o utfpAgiE 140 2 P HNZE F 3
o & 12 2 ¢ 42 BASF ~ Genus % BritishSugar -

BJ Haun =% :{#,;1 s 2R A vt 2022~2050 & T iaa £ XA G i
2% A FFRFL AT L FELF BB blde D ¥ LiE 63% - A
P 53 iE 44% ~ EE%}?’{Q"- 28% > FEHP T E AT (T B3 g
xE oo NPEH ﬁ}r‘]%’]iﬁ-_;}i;{ﬁf J’ﬂ_}_‘@’}} %’\ﬁ;j}-;,,"“%ﬁzﬂiézj b Ao
RO 96 F =+ mE G *HAAFIZ GM ivf EpF 15 £ { £ 3
;%“f Ao 3 _Qx;ﬂm xF,fﬂg";JLt DerE s R B~ ft’i%“%/ R A Y.
A F iR AR v £ 2 A3 RNA > -]} 3 RNA (SRNA) £ 2
I BiERP A AFLR S AR EAMES 2 %*‘%n pL o R
MR R £ sk P B cnzk GMO #7155 (8] 19) » Paw Eom
mff;t_;_{.}]% FE R AR lpﬁﬁ‘z-a-vrvi‘é}ﬁ’ 3 E; x“&cétv Fl s BRRN
S vt aH{ERR B A 2 ek (F20). 2P ASEEA 1A
IR
A. 2016~2017 &A= » FgF [ et F] 2 wer |~ THROGEIZ R 2 v

rE 0 2022 EA2 e i fTe PRS0 RN 2025 45w B H- o
B.2017~2018 # /% [ Eiksd b2 £ E | &2 Trd| % Ak 2 4

El
C. 2019 # 4=~ % [ &t a;fﬁqz%i% ¥k 4 (Troplcal Race 4, TR4) z 4 & |

2 et d Efmpm 4 B, > e fo B > 33 2024~2025 =

Fooo
D. e v BRG] > ¢ 45 Tatfetip , 2 T« 22, % 3

2025~2026 & *+ # o

SIS T A F%hiES E A T2 ¢ (gene editing induced gene
silencing, GEIiGS® | » 12 CRISPR Hjtr#-i FIR 2L 5 g B 7 | Shig 5 7
T A F 432 A 7] (fine-tune gene) | o T EEAERD TR N ITH N 4 S
‘Ifei ‘\"‘}I‘ﬁﬁi % mMRNA 2_ sSRNA & 7] o X Y2 2 F14& BLsRNA i »
e 2 MRNA BEURARE G Bt miF AT R0 0 R aniE
#ﬂﬁ e il m L E 2t R BT e o

—+=

B ‘amw |+

4

#
&
-t

>
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R m GEIGS® ‘E pz & DN
BioCompute i & 2. 4 4 73
2 PR E | B ME LB

SR4E> RNA B RSB0

B2l # 2 Rt B8 GEIGS-
» B T 2 %ﬂ%ﬁﬁ.;l?;ﬁ

R

kb - R S Y Mg * 2 GEIGS & 71 - GEIGS-BioCompute
:Jiﬁfj-'ég’i?fl%#vféiﬁ'f"?#é ABE S R N FE ﬁ*‘% BN LB

R SRR CAEBEER - H TR
https.//www.gelgs.com/ B o GEIGS® #HjirT o7ngr = #rd o @ & iF4F
B4 A3 Ik ~ & Genus Ple = @ & (FiFds 2 & 14k

BritishSugar = # & ¥ # # ;::;];;3, EX T % Ptk o

%o @ 3 2021 & + USDA-APHIS #% %
Z2_ % S ey it ;ﬁ;u (M H L2 Y ,f@ 7 L

BHPZE &

73 i R ii—L

r1 GEIGS® i 4%
AR EERLE AR R
# 9.7 7 CRF part340 2. & ¢ -
"%E.«J o

4
G

-

\'—':\.‘» )

GEiGS": Editing non-coding genes to fine-tune gene activity OR to target exogenous genes of pests or pathogens

Endogenous Gene Targets

Or 1g11nl Target Gene

New Target Gene

plicns I

NC Gene \

Exogenous Gene Targets

Or 1gm'11 Target Gene

DNA l NC Gend
\ CRISPR

lx.__- A “CRISPR i ! )(----
o= | P o
mRNA Reduected ‘_ mRNA RLdllLLtLd |,
sRNA ¢ mRNA sRNA < \_‘ L dpacal
Reduced / & 8 L
no protein S |

MIOBF Ly pgar

2. GEIGS® Hjtr7r & [l

Tropic Products Pipeline and Innovation for Challenging Traits & Crops

Reduced Caffeine

Increased Solubility

Extended Shelf-Life

Reduced Browning

Panama Disease (TR4)
Resistance

Black Sigatoka Disease
Resistance

Rice Blast Resistance

Yield Increase

[ ) N N N N N
o o o o o o o
N = = = = = =
= o w0 co ~ ~ (]

@20%&% 3 *”'7?‘]'?}/\‘

Gene Editing  Gene Silencing
2022-25 2025 x
2022-25 2025
. ®
2022-24 2024 M
* Non-Transgenicin markets
2022-24 2024 where GE £ GMO
‘ 2021-24 2025 é Target multiple homologous
genes (i.e., dominant)
2021-24 2025 é Directly target endogenous
& exogenous genes
2021-24 2025
ik Gene targets known (or
PEE T more easily identified)
Ay Py = )@» z F 5 QLE_J%IJ

3
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https://www.geigs.com/

(MNAmfora 22 ¥ KRB 39 781 2

L 2
2

;iig : Michael Lassner
H = : Amfora > @ £ 5 5

Amfora = 23t 2016 & = = » 2019 & = # £2 Corteva Agriscience ~
Broad Institute % % CRISPR/Cas9 #£% & JIFE >0/ 7 fop £ @ *
B e F T BB R 42 % 3¢ (Ultra-High Protein, UHP) < &
2020~2021 # R = Spruce Capital ~ Leaps by Bayer - Commonwealth
Scientific Industrial Research Organization % 7 :£ 1,100 § ¥ ~ - £ ®+ &
s & 4 B € (United Soybean Board) 7= *+ 2021 £33 100 § ¥ ~ > # &
AkASTEFHLERL  RAERA L BRELS FH 230

Michael Lassner 45 1 » 22k A v 54+ £ - E”I% FE R *E‘
8% >RAERTIES o T 2050 F 2k E 4 AT REW 2020& -
0%~ 2 i 2R o fella s KR~ E 8L hd & \\
BEARGE 9 FZE 008 ~ A REL A ﬂ‘#ﬁﬁﬂﬂ s T4 l”&-‘%ﬁ%
i > TR 2030 £ GRRKCT i 530 BE A o - Mk B ATE 2 R
Tlsz4 v ) (Dry Matter Basis, DMB) $ & 35%; " % 3¢ ~ & (High-
Protein Soy) | ¥ i 42~45% - Amfora > @ &2 L S R X W~ 28 & L R
¢ L1ERFE2 UHP ~ & > NAFREHIFAET Sl hEH 5 3o F
2 M4EAR TG 2 A2 b FZ 2R HA1T50% > 2472 &
Febe™ BRk MR E F Mo PR RRMGEHARS B RHE R (Soy
protein concentrate, SPC) > s P 5 & 3o o *TIL{F * W H A2 <
& SPC k% 7 e B R n UHP < B jcffs PP g » 4o
FEEL > T Bev 1\4 2 S GERH 0 R e R el AT

LI f7 SPC %w_m 50%2 F o gt vk > UHP * 2 5 4o {E 30 > 2 A& 2
AMbE AN BT HE CFHEE MR

HOP @24 ST S ?&%ﬁﬁf@# A E e P S )
g L ko 2o s T %3 Y 8 = C4 (NUCLEAR FACTOR Y
SUBUNIT C4, NF-YC4) ; - NF-YC4 d H - Fﬁ@f%ﬂé’%ﬁi » VRS A
FRFg~ DA EF F (vielddrag) R % > &3F F AT TR o
Amfora .r;i? we a <& Ling Li —Li:ri,jiﬁtrg ,vgﬁigﬁ? » Y iE NF-
YCA R M2 gk F b AL 0 T RASH SRR Fd L
Qi -~ OConner EFRTS BT AR E NF-YCAATFF Uk B AT 3
vz E o R B_U] $miE2. NF-YC4 A F]>» ¥ Ui 2+ F9 7 & 3
4\:618%, EEAEF A BAEBREVRS 9 2 £ 15%
Fopw UHP x e AL 4 5 3FFE
A Fwgx- & %> ¢ &iEd < B & AMFUHP101 -~ AMFUHP102 >
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v Z £ 4 %5 50% % 49%’Ewm7fi}§f¢”g
o ﬂ*;@<4m¢%§%l 32%27é&ﬁ%§ﬁﬁ
B. A S A FIRIES - KA S MERTBRLC L 45% § 3
Feizmfis 10% 3y T2 @pthe 7 AT RAEHR
AN -2 S L S ii@?i%mﬂﬂé&iﬁéﬁﬁﬂ% ?
C.H=fASIHL EVHI FTZENLA0% P LR BRI
PR ’ﬂ:lé’k.}i 35 F 7 B4 F 20~25% > I 60~65% -
Amfora 3= > % UHP & 492 3v H 2 £ 5] 63.4% 1 pF > ¥ 4
;émw R :tw«ﬂ Rk A EAER &‘p‘#%ﬁé%ﬁlp A2 SR o
, k}}&l—‘r'g ‘rﬁn—v?ﬁ"l‘ﬂ%\'ﬂ'\“ﬂ ﬁ)§4t mfa#}w"/ﬁl’
%%%K§Fﬁ‘ e AKE SR A BAEL

E o

(8) BioConsortia ¢ BT FEIFEE T § FW T 22 F ¥

. ;iiﬁ : Damian Curtis
¢ H i~ ! BioConsortia & = # 3~ 2 L FREIN 4 iz
BioConsortia = @ *t 2014 & £ 2 » IR0 F WA > PR 5 E

FERIESF A L2 A FEE VR4 5 R E (Biofertilizer) ~ £ 4~
s L (Biopesticide) ~ 2 4~ §1;#% (Biostimulants) ~ #& 3+ &J2 > 11 3% § (T4~
Z Rl H SN GBS £ WGBS MBS AR s E RS EE
A @7 DamianCurtis dp 1 » JiF e 2 A3 B0 £ @ % IV § @ o~ e
s B RUSAIIEHR > AN 6000 mEA AL AILIRR
%W#‘i%%%‘iﬁﬂﬁﬁg%**ﬁ%ﬁ%%’W“if%
£ Z (Compound Annual Growth Rate, CAGR)i£ 11.4% 12 + - BloConsortla
FF B g R AT BN BRE Y RET R SEE 0 st 2 s
PEHEVHERLIRTY AR AR B ERAF I fRR
@ RE s T3 FFRARNER o

d 3 E s AFIET AR 2 R EL A T oI ARy
MEiMcA 3 8% » pfg et fied 2 fFena 3 18% 5 30 A FH A =
SHMEB B L T ApE A o Tt BioConsortia #7457 Tigprpcs $ &

Al

¥ (Advanced Microbial Selection, AMS™) | i fg = j2 » i &7 % fcdfp &
1o~ AFIGIEPITE B A R R P RET R i Lkl
HE > ETERTRLE L BB E SRR A PE R G EE LA
Tl A e Ik > E7 N ERGPF &t 2 ks P EE (53:] 21) -

AELEERAE HIBEKAFATMIREP ATIRLE G 2 A TR

;IJ o
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wﬁi#ﬁg’@?*N-
CEhB s AT 2 BAER
'ﬁ%ﬁiﬂﬁiﬁi%ﬁg

‘En\«
\\-

p =+ BioConsortia = i# ¥
POWER™ & + R JZ $LjiF » 7 ad23t %5
EaE ARG Bp o BRMAT T R
BEFETE o
A 30 3T R Ho

E%ﬁ%ﬁ%ﬁﬁﬁﬁ*%iﬁ?’—ﬂﬁﬁﬁ’ﬁﬁﬁﬁﬁiﬁ
B A r%‘raﬁr/};ﬁ,ﬁﬁ?ﬁ%ag%f%‘r,nggf SERRES LB
AR R A R B R A TP M B ot Rk
ET OB G R (B 22) o u//f Ptk E R NE T iE '}L,,,,ﬂl A
EVHRERR - VHERATEE - REARREZAR £ 2
P T
GENE PRO™ £ 47 2 ¥ fE-T 1

hoeficd  HE S R BN A T iR S B LR {2 T
;,?gﬁggﬁuaﬁﬁg?ﬁﬂﬁﬁoﬂ%ﬂﬁ&&uzkﬁﬁg_
(homologous recombination) = 3% :#-74 &% % Fﬂ%\: gf#fﬁli Gy el
F B (AMS library) | » {8 F 7 fa REEPMEFA SR T
(bioassay) - GENE PRO™ 4> 47 ;i 47 L 34 ﬁ 2 #WB'JW*"T H ATz #
fe (T F 0 B F LTI - A 48 (microbiome) ~ £ “']AH'% ~ fe i
B35 E AMS™ Jife s 2 Bchp 0 EE B G P RAEE O B
H A T B % JIPEE B2 F 3R S B #ooT o A F SR
e B (intrageneric) dcd A FIA Y 0 P BBES AT TELZ R
EFAA

FEH AR B N FRH G AP EE > RME AT 3R
S RGgE R ZFRT RN MEAAFY AT R i RV E
AR o ot TR SR LB A Lkl E AR IREf I o BOXHE
Hed ¥ x e * 3 N-POWER™ B+ IR H A BT s Fe s F
oA 2 B4 EMES o i N-POWER™EUE 2 33 5o B 259 )
TR EEF 535 R /Ew AT o GENEPRO™ jifzp o B * »*
Bt FEF LS TR NET AR N B R ERRATE S
Bl FIL RE R 2 pd

/\

5*“1?1
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@) 21 BioConsortia 2. " i&Fffic 2 47 &% | A2 2 7 £ B

""" RECRUIT & ENRICH
o * i, . BENEFICIAL MICROBES

REINOCULATION
(AFTER 1ST ROUND)

.
e w2 %
e ISOLATION OF MICROBES
ORIGINAL 3 u n
SOIL SAMPLE X FROM “BEST” PLANT

Completed under stressed or

A o . unstressed conditions .
o ;-"01 'k\.- -'.-', >
Siden ) =
., . '. .,
MICROBIOME FROM " - .
BEST PLANT e / \ ]
MOVED TO AN /t\
NEXT ROUND oo’
PLANT PHENOTYPE SELECTION
& MICROBIOME TRANSFER

BENEFICIAL MICROBES ARE EVOLVED, LEADING TO IMPROVED TARGET FUNCTIONALITY AT EACH ROUND

MOST PLANTS SURVIVE
AND THRIVE DESPITE THE
STRESS INTRODUCED

™
AROUND HALF THE ' ' ' '

PLANTS SURVIVE ROUND 3
%mcmmomz
MOST PLANTS ARE KILLED FROM THE BEST PLANTS

BY THE STRESSOR
5 OUT OF 1,000 MIGHT SURVIVE ROUND 2

' ' ' G TRANSFER MICROBIOME FROM

THE FEW SURVIVING PLANTS
ROUND 1

Il 22 1% e 4 6T i %5 U RIE N E P2 S FHE

5. M EHAFNiEL e ® SRR B2

CRISPR AgBio + ¢ P & >t fad A FlhiB2 ol 4 -2 A £ 1 >
T e RA R ATMEAE &4 QEARR Y AT T A 72 4
ﬁﬁ%?ﬁﬁ%ﬁi’H%ﬁ%ﬁ%%ﬁ%iﬁﬁéiﬁi’%@ﬁr

CHAFA P I RN ERLEPBHRTEFT A SR 2GS
* A %ﬁmFﬂﬂ%%TmW%L@EOCMWaﬁ“*g;ﬁ%ﬁ’ﬁ
;cmwmws@?%ﬁ# ALl AR HJHEL > L F B 2R AT
FofBFTE LT AR XA T RBTFAENERL fF2 - c B pD

PLEL L HF AN ﬂ%ﬁﬁ~ﬁ£ﬂ&m%k%¢ﬁﬁ%ﬁ&%@
w\@«mmw7’ﬂ? THE R TS 0 MIEGP AR Fie 3
%&@?Aé*éqﬁﬁéw*ﬂﬁFﬂmvw%ii%’ﬁﬁgﬁi
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B FAFIMEA KD RO T 2 RS FpR e

(1) Corteva 2. A Fl¥aiE 2 -F 8 2 LI 5%+ %

4 P BN E 3 Wendy Srnic 4 % 456 K FliEd A £ R
€26 % o memm@*’gﬂ%ﬁﬁﬁgiﬁﬁﬁﬂfﬁﬁiqw
Z f’?" v Ae b 2 A FIRE R R 2 A A & bgtE i > 2 2020 £ 1 12 'F#ﬂ}_z&r”]

TEERH LI F 2~ B2 AFHnfFoe pfEc 2 { &
@,a{ﬁﬁ*ﬁméawao%a’wﬂpﬁﬁﬁﬂimﬁ’apﬁ
IASI B ER VR FITEER LT R ¢ 45
A 2 BT R CBERESFr>DAFHETA B4~ pd TFHE

(Freedom to Operate, FTO) -

B. 7% % 7k ¢ AF|iEH i ~ CRISPR 3 17 i o~ BRFX & 6 ~ &
mﬁi‘4#AW?ﬂH%o
CASRRTR TS RZE 9 FERIE - 2 FRRFITE

Corteva % B A FlshiE v 2 PR > P FLFCTHREL  FFE &
?W%»ww%m%@fﬁar”ﬂ’aﬁﬂv e 3¥‘*E‘M“ﬁ
3 I

*z&ﬂﬁnﬁﬁm”uﬁﬁfvﬂﬁﬁ@mﬁ%ﬁi ﬁ f%%%ﬁ T o Hi5
# CRISPR/Cas & 4| Mf 3248 | R &H s R £ & b TP T ERFAE o BE
T8 A B o Corteva ¥ 28 FlmiE® 3£ zﬁ,m/é] oo Mr‘};ﬂ TEE S A
BB TAL g FT 3 (Social license) ; = 6 0 ¢ 45 1 A SH R K dvE 2
AR E S ARHE PN A ggpa g Kiﬁjiiiﬁ

Farxo|> o o CortevaF F# E 24 5 £4upm &k 0 B 6 AFMIE
B hAFEEEN BB R T %ﬁ@&‘ﬁ@%ﬂﬁ@”?ﬁﬁ
- R AT > FLRAT IR Eup Rk R Iﬁ"
ek oo ¥ & i3 g > Corteva 2 R LR 2 A£G TR T IR
(International Crops Research Institute for the Seml-Arld Tropics,
ICRISAT) ~ + 7235~ & (Kenyatta University) ~ 2 R § 7 2 L &' 2+ F
(Pennsylvania State University) ~ # & & "% ¥ % % (Unlted States Agency for
International Development, USAID) & iT# % » ¥ = & X b & £
(Striga) #e5 # 2 2§ o e F G2 B RAEH T LER AT
oy B4 8 o 3k B4 2L ] Low Germination Stimulant 1 (LGS1) 7|
s Wt Tib i £ ) Ay (strigolactone) | ,;r% Ao EaELDHE £
BReE T F A o P LATEENG Bt e A RS F 22 N4 %

(2)Corteva g 4 p F 122 5P L3 & 7 A FliBHpw
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(3)

Stephen Gasior ** A=t + ¢ iz 1 4 4 » 7= §_Corteva e 3 3%
ii%A’ﬂggﬁﬁﬁ%E,iiﬁﬁﬁiza P T
A ER & ~ T ® A& (showing integrity)
B. E ER‘E; MR
C.EHR > F’“ ¥t
D. 50 FA X s BX iz A2 7 -

2P

Corteva #_% — RIF&EH#-f FTh @ % A FHEHFTL L2 B* 2
NP HRAFIESLERSE BN PEFRBE FEeRr T4
S P eE B (Coalition for responsible gene editing in agriculture) | #tda #-
2 TR ¥R FiEe &% AT %GB e (Framework for responsible
gene editing use in agriculture) ; - ¢t %E—IE PR RE AL RAIT PR

F1 A FISdER * R 2 4550 0 o (Verified) A FlmiBsi 5 ¥ X ¥
'f]i’#afﬁé—*&ﬁ’»ﬁ EZRANZ dpslirachig s > ApM X F 7 A BEILY 5
HS’?EL:& ﬁ [ iﬁiﬁ-f"r**/r« °

P ERrLA R kp 2 BF R~ R e B~ PR R A 7]
ﬁuﬁ:}ﬁuﬂﬂ’z&* GNP SPRHEE MG F o FITTER 0 BE LS
2EPAGREREIAE AR T ESApN P ROS TR~ F T
T B l"*—fﬁ »Fi &4 R g% Tl NF 2R T 2 A RF TR ¢
%% TL\}%'EJ :}éifﬁ%éﬁﬁéﬁ’*ﬁﬂ“b‘é%fﬂ%% » EARE
B2 T~ EIETE o B hgE %{gﬁ*ﬁ@p}%mﬁw— Y iE
BN RS mRRT . g‘w:xgto;fgrﬁquﬁ ;}grﬁg VA G c‘,\,
(Center for Food Integrity) & =k https.//foodmtequty.orq/ (Coalition for
Responsible Gene Editing in Agriculture 2022) -

SRPEY CEXAEREEATGRIEG 2]
3%?%6@5$ﬂ%%?%M%M@$Eﬁ¢*ﬂ%ﬁ
Fr Rk Rmc AR N HAR LA LA G
N1EE CREEECREF - ?P%ﬁ%%,ﬁ&$%¢ﬁi
E?Ztkrjgﬂﬁ' s F L AR CHERE T%%(USSOY)b'v
> CRIS PRAgBlO«%rFP a g P o 7L Charlie Aot 4 3 2 % |/ <
\/ﬁp S R TR ﬂsbi R 7 F A T REA
o Bipdl o ITEXBRBE R 0 7K COVID 19 < 7ni7 >
fﬁixi g R TR E S f@éﬂﬂ'u A]‘E"ar.pl%%éﬁrgxi
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https://foodintegrity.org/

HEMELRZaw § Aaiie s 7E2FFE 2 0058 Kk (Selfa et
al. 2021) -

2021 # a Hp P B E RS Eﬁé@ﬁPXﬁ%d%ﬂ%é
(consumer acceptance) s JEF 4 & - hd 2 R AP F oA RS KT

FZﬁﬂﬁﬁﬁ%ﬂ%%k?i#ﬁmi*aw%ﬁ&ﬁ&’ﬁm%&
Ao s a4 2o F e i (Millennials) - 72 & 5 Hp T iE F 4 de Hjie2
FHELG EARFLUPE - XAHY 1 V0§ Fis A e jgd
%ﬁﬁié%%w%%ﬂ’ﬂﬂ*u4@£*ﬁ&#%ﬁ#%éi;ﬁ
i = e (51%) = ﬁméhﬁi%ﬂﬁié%%w%%ﬁ%%ﬁ*o
- HFALAABRZLEITERINTL S RL AT S EFE
® .51 % Sjegrist and Hartmann (2020) = 3 = ;I% » A7 B b B T
E B A TR P 2 et R X 42 H S 2 R REET
%’%mﬁﬂﬁA4§ﬁf%m%%ﬁ{ﬁ%ﬂ%’é%LAﬁ%w_
FRREARE B HITEHF B iﬁ\céﬂ%%zi1?%:4ﬁ%%

=

.;\.\

Dgp e BRI f A SKEFT AL LT R R B A
?§2W§@3%%%¢E%~C{E R FLE D A F RS
BEE T Ly c ZE LT R d B A REALDL/ ) 6 e
@’Th%%iﬁﬁwhii,ﬁ%ﬂﬁkgéf&IhWﬁ’ FE Y
FEF2Z %G BN HIR2 0 RS B A HE R
%ﬁﬁ?oﬁﬂmﬁkﬁﬁﬁﬁiaiﬁiﬁi*ﬁi%ﬁ’ﬁ%@é
BARY R B o R g2V ERSH AR L2 52
RatfMiparaide JpHes%hitnoEgipipe Lenit
LFF 5 %2 AR RPE RS G B FRATDRE R R %
RIS X RIPSREABRMIHEE R B AR RIS LR
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(A) 25K ¥ ¢ X2 BE#hZG

a. Kellogg's corn flake i & & %

EN
a bioengineered food ingredient | (&) 25

)
b. Guerrero ¥ % » A 248 531 > @ 2 QRcode > #4518 & »

Kt http3'//querrerotortiIIas.com/bloenmneered-food-lnformatlon/ )
MR T4 8 G ' This product contains bioengineered food
ingredient ; (1] 26) -

c. Doritos . X # 2t & &K 7 QR code » #F 4 16 & » 2. 4 5
https://smartlabel.pepsico.info/028400516310-0009-en-US/index.html 4
F ik BE 3 it 3 (B 27) -

T e —

(ﬂd\

4 7 @ T Contains

Ingremenls Milled corn, sugar, malt flavor, contains
2% or less of salt
Vitamins and Minerals: Iron (ferric phosphate)

, vitamin Bs (pyrids ide),
vitamin B2 (l iboflavin), vitamin B4 (thiamin
hydrochloride), folic acid, vitamin Da, vitamin B2

Ingredientes: Maiz molido, aziicar, sabor malta,
contiene 2% o menos de sal

Vitaminas y Minerales: Hierro (fosfato férrico)
niacinamida, vitamina Bs (clorhidrato de piridoxina),
vitamina Bz (riboflavina), vitamina B4 (clorhidrato de
tiamina), acido folico, vitamina Da, vitamina By2

Distributed by Kellogg Sale: s Co.
Distribuido por K eliogg S ales Co.
8. 49016

®,T™, 92021 Kol ollogg NA Co.

Contains a bioengineered food ingredient
Contiene un con

Questions or Comments?
W, wiskelloggs.com
@ cALL1-800-962-1413
(SE HABLA ESPANOL)
uuuuuuuuuuuuuuuuuuuuuuuuuuuuu

BIOENGINEERED FOOD
INFORMATION

ne | Bioengineered Food Information

THIS PRODUCT CONTAINS BIOENGINEERED FOOD INGREDIENTS.
ESTE PRODUCTO CONTIENE INGREDIENTES ELABORADDS MEDIANTE BIOINGENIERIA.

B 26 35K 7 e & QRcode@‘**'ﬂ‘#wﬁagﬂﬁv%

Doritos

Doritos, Cool Ranch Flavored, Tortilla Chips

Net Wt § 1/4 OZ (262.2 g), Bag

ﬁﬁews@

= ke
£
"—B
XD

NG o

3

'950.0

028400516310

https://smartlabel.pepsico. info/028400516310 OOOQ-en-US/index.htmI

B 27 23 # ¢ %4474 QRcode i 2 7 1 & H1 TG
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https://guerrerotortillas.com/bioengineered-food-information/
https://smartlabel.pepsico.info/028400516310-0009-en-US/index.html

(B) 2 ¥k ¢ %2 BE#HE

a. Albers 2. 3} ¥ # %F#Ev;%— " Bioengineered Food ; (] 28) -

b. Ducan Hines % 3} #8 @ kP47 QR code o #Fdn (s~ 2o
B oA https://smartlabel.labelinsiqht.com/product/12172579/nutrition » e
Fﬁ’—r—'r BE %ﬂri‘; TG (B 29) -

(C) /\ —7 ;“—\ BE ;}%E%
123 2 3o X MBERFHBRp 221422 K o
(D) # = 2 BE & & %1

a2 A gl & BEST
b. 2+ ¢ £ 6t USDA 3 B4 #E %

ETTRS

O™

FEtetk3 (B 32) -

med
YE] LO“

CORN MEAL

B28rAkzApr1ta dhi

Duncan Hines

Dolly Parton's Sweet Cornbread & Muffin Mix

NET WT 16 OZ (454g)

644209122318

https://smartlabel. Iabelinsight.com/product/12172579/nutrition

B 2923k ¢ #HE7F QRcodesd 1 #F 11 & 1 e i3 0
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FROST SENSITIVE

70-80 DAYS

Sow after last

chance of

spring frast

Abundant, i
2 ¥ i : ¢+ Polination occurs by i for best kel
Trcicuih " | £ e DoTRnoRR
classic, sweet /.
corn flavor.
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selection 5
from a

F32 2 Kb+ ¢ B2 F Pokaihr

C.Hi 2 BE#B2AS
a. Tortilla Land & & # 44 4L 2. ¢ %47 T Contains bioengineered food
ingredients ;| (B 33) c S A &3 2 A L) F 0 B XA 5 AN

(canola oil) » d **] & & & BE S 7 6 jnid o BT i Flig
GM 7 =i @ & {7 p 3 47T -

(\x

o

@

~



b. Starbust & 41~ (7 #}) ¢ %%+ B
é%?GMﬂ¥§ﬂﬁ$’ﬂ&ﬁ

c. Ralphs 44§zt ¢ % + & # 4%+ I Contains a bioengineered food
ingredient | - %ﬁzﬁﬁ' RAle g2 PSR GM + 2 F4h5E -

@%&5%%ﬂ?%%§§i%lﬁ%§$ﬁ

THIS PRODUCT MAY HAVE COME IN CONTACT WITH ONE OR.

MORE CF THE FOLLOWING KNOWN ALLERGENS: PEANUTS,

TREE NUTS, MILK, EGG, SO, WHEAT, FISH, SHELLFISH,
SESAME

AND
“GONTAINS A BIOENDINEERED INQREDIENT™




ERNE E i

() 2=FFE T 5 EBFE A3 AIRT rﬁ&jﬁﬁﬁﬁ’miiﬁiﬁ
R Ay ppraop 370 B> AL #HInE CRISPR ©

A 7\1’\13&’&;’ * ':;i”

JE’aﬁiﬁpﬁaﬁéﬁm%ﬁw%%ﬁ%ﬁlg,L@ﬁ@m
L1243 CRISPR 44 2F o R X Rl A FIF B e fe ko 2 g
Tl B s ¢ s geRiEd 30 £ FF LAY 0 RPN S 2
¥ +E ‘L%~'§i€$;€F#’“W%%$¢ﬁ * 3 )
EH T F }'}#5-3 Tde b o R dE kAL s A kv HF R
}i i - BB 4
(:)ﬂ‘wﬂﬁgﬂ‘aéﬂi@]&%%frﬁd mﬁ*ﬂ’mﬁﬁ*‘”ﬁ T &
fodeir > 7 fad %"iﬁﬁi;‘i AE ,;.Jar)a Yield10 ;& » = 7 # = 8+
@ Bz g dl 0 » 3 Demeetra 443+ Cas-CLOVER #:m:;démwﬁ A o
AREAF LG LRI SR F RO T > TR BRI A
FoRAEATAPM P E T R RBERESS P AT
DR BRI LATE FALE M R o
YRtk ERARR 2 B ES ";}7’,,‘5'3;‘13?}%‘?;55{*@?%, Glde s AprE o P
FlP T AEEEVEY WA EOEFE =8 1F > CORTEVA = 7 03 #&
mmab W%E’A%E% Er R B H T EF e ARE
FH et £ 0T 5 g szj—ﬁ b 0 EIRT T fRAPRE & TR 0 fpde
REFE oI d2Pgeivk o
(Vf) Vo A g B 4*&'552,2-;{'% 7B Eyrnpl (4 3 P BER O
R, LG i ?ﬁ;w\-‘—: B AR 'P”"' /i » %R g ?ﬁf@”ﬁ;%
5 oo aExd g Kﬁﬁﬂ&ﬁp”mkuxﬁ’ﬁﬁwﬁj?% ¢
7 Pk o

I

(

58



10.

11.

12,

£ T FHR

Anzalone AV, PB Randolph, JR Davis, AA Sousa, LW Koblan, JM. Levy,
P J Chen, C Wilson, GA Newby, A Raguram, DR Liu (2019) Search-and-
replace genome editing without double-strand breaks or donor DNA.
https://doi.org/10.1038/s41586-019-1711-4.

Coalition for Responsible Gene Editing in Agriculture (2022) A framework
for responsible use of gene editing in agriculture. Version 1. 26pp.

Court of Justice of the European Union (2023) Techniques of genetic
modification: the Court specifies the status of in vitro random mutagenesis
having regard to the GMO Directive. Judgment of the Court in Case C-
688/21.

He YB, T Zhang, H Sun, HD Zhanl and YD Zhao (2020) A reporter for
noninvasively monitoring gene expression and plant transformation.
Horticultural research 7:152-158.

Karlson D, JP Mojica, TJ Poorten, SJ Lawit, SJ, RD Chauhan, GM Pham, P
Marri, SL Guffy, JM Fear (2022) Targeted mutagenesis of the multicopy
myrosinase gene family in allotetraploid Brassica juncea reduces pungency
in fresh leaves across environments. 11:2494-2514.

Kelliher T, D Starr, XJ Sul, GZ Tang, ZY Chen, J Carter, PE Wittich, SJ
Dong, J Green, E Burch, J McCuiston, WN Gu, YJ Sun, T Strebe, J Roberts,
NJ. Bate, QD Que (2019) One-step genome editing of elite crop germplasm
during haploid induction. Nature Biotechnology 37:287-292.

Kim YB, EB Piercel, M Brown, BA Peterson, D Sanford, JF, D Nicholl, ES
Pedro, GM Reynolds, JE Hunt, DG Schwark, S Jali, N Graham, Z Cesarz,
TA Chapman, JM Watts, AW Hummel (2022) A novel mechanistic
framework for precise sequence replacement using reverse transcriptase and
diverse CRISPR-Cas systems. doi:
https://doi.org/10.1101/2022.12.13.520319

Molecular Plant Shanghai Editorial Office (2018) Programmed Self-
Elimination of the CRISPR/Cas9 Construct Greatly Accelerates the
Isolation of Edited and Transgene-Free Rice Plants. 11:1210-1213.

Puchta H, J Jiang, K Wang, YD Zhao (2022) Updates on gene editing and
its applications. 188:1725-1730.

Rees HA and DR Liu (2018) Base editing: precision chemistry on the
genome and transcriptome of living cells. Nat Rev Genet. 19: 770-788.
Roénspies M, A. Dorn, P Schindele, H. Puchta (2021) CRISPR—Cas-
mediated chromosome engineering for crop improvement and synthetic
biology. 7:566-573.

Selfa T, S Lindberg, C Bain (2021) Governing gene editing in agriculture
and food in the United States: Tensions, contestations, and realignments.
Elem Sci Anth. 9: 1-14.

59


https://doi.org/10.1038/s41586-019-1711-4
https://doi.org/10.1101/2022.12.13.520319

13. Siegrist M and C Hartmann (2020) Consumer acceptance of novel food
technologies. Nature Food. 1:343-350.

60



61




62




Sth ANNUAL

(SCRISPR AgBio

February 14-16, 2023
)

3
m
L
0
(o)
<
m

Transformation & Regeneration

For many crops or plants, the lack of an efficient This workshop will set out to:
transformation system for genetic modification is the
single biggest factor prohibiting research to elucidate
mechanisms for increased yield and improved quality.

« Discuss efforts to develop flexible and highly efficient
transformation systems with broad applications

Considering this, effective plant transformation remains « Explore how advancements in transformation

the most sought-after technology for functional genomics approaches combined with improvements in vector
and crop genetic improvement, especially for introducing design allow you to increase frequency and improve
specific new traits and to modify or recombine already quality of gene insertion events

existing traits. Thus, the ability to effectively transform

and regenerate is a major hurdle in progressing gene « Assess the use of alternate selectable markers for
editing applications within the ag bio field. recalcitrant crops

Today, transformation to produce genetically engineered + Discuss how to transform uncooperative crops for
crops is the fastest and most widely adopted technology regeneration and transformation via tissue culture
in agriculture. The rapidly increasing number of media optimization

sequenced plant genomes and information from « Uncover how single cell regeneration reduces time to
functional genomics data to understand gene function, market?

together with novel gene cloning and tissue culture
methods, is further accelerating crop improvement and
trait development. Despite the success, transformation
remains a bottleneck because many plant species and Workshop Leaders: Yunde Zhao

crop genotypes are recalcitrant to established tissue Professor Cell &
culture and regeneration conditions, or they show poor Developmental Biology

P University of
transformability. California, San Diego

Workshop B 1.00pm-4.00pm

CRISPR Mediated Chromosome Engineering: A
New Frontier for Plant Breeding

3

3
The advent of genome editing techniques has enabled This workshop will set out to: -
precise genome manipulation and in turn revolutionized d 8 4
plant breeding. Until recently, the main focus of ° D;\scuss recent bre.okth.rou.ghs Im t:\se ﬁzk::fi tial m
researchers has been to simply knock-in or knock-out <l r°|'."°§°me.e'€2'"ge"g'9fmlp ﬂtnb C':i. eir potenticl a
single genes, or to induce single base changes, but G O T e O i
constant improvements of this technology have enabled « Understand how such approaches can shape plant -
more ambitious applications that aim to improve plant chromosomes in a directed manner, based on plant -
productivity or other desirable traits. breeding needs. c

(7]

One long-standing aim has been the induction of
targeted chromosomal rearrangements (crossovers,

inversions, or translocations). The feasibility of this . Sergei Svitashev
technique has the potential to transform plant breeding, Workshop Leaders; Pringipqllnvestigutor
because natural rearrangements, like inversions, for Corteva

example, typically present obstacles to the breeding
process. In this way, genetic linkages between traits :
could be altered to combine or separate favorable and —
deleterious genes, respectively. y

@ @ +1617 455 4188 @ info@hansonwade.com ...

@ www.crispr-agbio-conference.com hansonwade
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Conference Day One (JCRISPR Aggie
Wednesday, February 15

2.00 PANEL DISCUSSION: Assessing the Evolving Global Regulatory Landscape for Genome Editing in
Agriculture: Is a “Science based & Product Focused” approach possible?

Guidelines for the implementation of genome edited crops are evolving rapidly at a global scale. As both national
and international guidelines threaten to impact trading opportunities and thus commercial potential, it is vital for
stakeholders in the space to stay updated and understand where guidelines are likely to move in the near future.
As such this panel will set out to cover topics including:

» What does a product focused approach to regulatory guideline development look like

+ Why should guidelines regulate the product not the process

« Current USDA guidelines concerning ‘non-GMO’ status and how this is expected to evolve

- Standpoints across the international landscape, including Europe, Asia & South America

« Understanding the regulatory framework for gene edited microbes and microbiome products

« How does the evolving regulatory landscape at a global scale influence the ability to trade commodity crops
across borders?

e s Subray Hedge Dan Jenkins Jim Dunwell
g Keith Matthews Director - Head of Regulatory Professor of Plant
< Attorney at Law Biotechnology & Government Biotechnology

Regulatory Services Affairs

Improving & Implementing Gene Discovery Tools for Better Target Validation & Identification

3.00 Yield10 Trait Development: Target Discovery to Crop Improvement

Meghna Malik . Multi-l\"lgx editing of genes bcsefj on synthetic biology approaches to increase
Senior Director seed oil in Camelina, the E3902 line
/ « The unmet need - identifying new gene targets for seed oil increases - GRAIN
and the C3019-C3022 gene targets
« Future strategies for combinatorial editing to further increase seed oil content

4.00 Gene editing & Crop Breeding to Develop High Protein Soybeans
Amfora is developing two categories of soybeans with increased protein content.

Michael Lassner « Amfora’s core technology is using gene editing to drive increased expression
a Chief Scientific of NF-YC4, which results in a phenotype of increased protein at the expense of
Officer carbohydrates.

We are using a combination of unique germplasm, modern genomics-based crop
breeding and new breeding technologies to develop and commercialize valuable
products for food and aquaculture applications.

4.30 Creating Consumer Value Using CRISPR: New Products Made Via Highly

23 Ryan Rapp Multiplexed Editing
Chief Technology

Officer + Better upderstor.\ding consumer Y,rf:its
airw » Leveraging multiplexed gene editing
«» casl2a - opportunities and challenges of use

dd This conference is of great interest because it covers the newest topics and the
regulatory status related to CRISPR Cas 9 technology. | was especially excited
for the opportunity to interact with leaders in the field and the potential for
collaborations pp

@ @ +1617 455 4188 @ info@hansonwade.com .--

@ www.crispr-agbio-conference.com hansonwade
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Conference Day Two (fCRISPRAgBi0
Thursday, February 16

February 14-16, 2023

Suﬁhcn Gasilor
Scientist 8.50 Chair's Opening Remarks

eva

Leveraging Genome Editing Tools to Develop Disease resistance Traitsin Crops

2 9.00 Prime Editing Enables New Strategies to Engineer Rice Resistance
Bing Yang Against Bacterial Blight

Professor z A < ; ; .
+ Establishment of high-efficiency prime editing system in plants

+ Implementation of new strategies to engineer disease resistance

Development of Disease Resistance Traits by Gene-Editing-induced-
_— Gene-Silencing (GEIGS®)
aun

Head of Business « This talk willintroduce our Gene-Editing-induced-Gene-Silencing (GEIGS®)
Development platform and provide example applications for both disease resistance and
quality trait development in plants,
« Recent progress from our efforts to develop disease and insect resistance traitsin
avariety of crops will be presented

Evaluating & Detecting the Presence of CRISPR Off-Target Effects in Plants

11.00 Off-target Effects of Multiplexed Genome Editing & Base Editingin
Plants

« Multiplexed CRISPR-Cas12a can lead to chromosomal rearrangements

+ Cytosine base editors have varied levels of guide-RNA independent off-target
effects in the genome, not in the transcriptome

+ Adene base editors may have guide-RNA independent off-target effects in both
genomes and transcriptomes in plants

Yiping Qi
Associate Professor

Leveraging Genome Editing Technology to Unlock Product Development of Niche & Novel Crops

11.30 Crafting Reduced-Immunogenicity Wheat & Peanut Lines for Sensitive
Individuals Deploying New breeding techniques
Sachin Rustgi + Development of reducing -immunogenicity peanut and wheat genotypes
Associate Professor - using diversity analysis, conventional cross-breeding, and the genome editing
Molecular Breeding approach,
' Conventional biolistic and novel virus-mediated gene delivery methods.
Uncover the study of the genetic regulation of the accumulation of immunogenic
proteins in wheat and peanut seeds.
12.00 CoverCress - A Novel Rotational Oliseed Winter Crop with Canola-Like
Composition that Helps Sequester Carbon & Prevent Soil Erosion

+ Novel h cover crop concept - why it matters for agriculture, environment, and
Tim Ulmasov eas P P Yt o 9 v

: farm economy
g%if;thmgy » Domestication of a weed (field pennycress) into a profitable row crop expected
to be grown on millions of acres achieved in record time (<10 years) using CRISPR
and other advanced genetic tools
» CoverCress is a great model crop for improvement due to its features and genetic
proximity to Arabidopsis and canola

@ @ +1617 4554188 @ info@hansonwade.com .--

@ www.crispr-agbio-conference.com hansonwade
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