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Abstract Gene edited crops can be classified as SDN-1,
SDN-2 and SDN-3 group depending on their mutation’s
range and the usage of donor DNA. The SDN-1 and SDN-2
crops, in particular, could be developed as 100% transgene-
free, which do not contain any DNA fragment of the vector
or guide RNA used for gene editing such as CRISPR Cas9
system. Therefore, there are no scientific methods available
for the detection of these crops and differentiation with the
one produced by conventional cross breeding techniques.
Additionally, it would be impossible to properly implement
the existing GMO regulation law, in particular, the national
legislation for “GMO labelling”. In this regard, Australia has
announced that SDN-1 crops will not be subjected to the
existing GMO regulation. Furthermore, Argentina and Brazil
have established a new policy that GE crops with no transgene
(100% transgene-free crops) should be exempted from the
scope of the GMO. In addition, Japan has also announced
that “an organism that has no remnants of inserted nucleic
acid processed extracellularly is not subjected to the Cartagena
Act”. It means that SDN-2 crops can also be exempted from
the scope of GMO. In this trend, in South Korea, I suggested
that gene edited crops with no remnants of inserted foreign
DNA fragments should be excluded from the existing GMO
regulation. Thus, I expect that diverse elite crop lines should
be developed by using advanced gene editing technologies.
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52 1314 3 9] 9 3 (European commission, EC)= (D A 14
o) 3 &} 3L A (Gene editing, GE) 7] & of| 3} &5} Zinc finger
nuclease (ZFN) 7] <z, (2 Oligonucleotide primerS ©]-83}o] &
o W o] & G133t oligonucleotide directed mutagenesis (ODM),
(@ Cis-genesis/Intragenesis, @ RNA2]= DNA H €3} 7]<
(RNA-dependent DNA methylation, RdDM), (& GMtjj &o]
nonGM 45 HE 3+ 7] £ (Grafting on GM rootstock),
Reverse breeding, (7) Agro-infilteration, (8 Synthetic genomics
5 87HA 7|&& $A31o] 4] E 4185 7] (New Plant Breeding
Techniques, NPBTs) = 1 5t1L & 7] sSoff th gt 4014 ¢l
B HIAE YESEA B2 Ol 1l B 2
e AA S 53 A-S B3 thLusser et al. 2011).
I3 FHAG 7S sHeR A AA %ﬂ— | A=
*Z7]eol ek b e A A 5 AP B A
19] 7§78 F oo Wit =27 st XIB”EI al gl
deu ol AEAISE7 &Y U S v wEA
A= 3L Qlo] th 50 =7k 52 o4 ZLof & ehd e
AAE Atz 554 ZstaL ek webA A&
ol Al7] & ZHEEol 7]1EY dAT GMO eHd e +f
Aol ket whelE A AR 2P o) H A = AE
2 AL I35k 9 th(Abbott 2015; Sprink et al. 2016a;
2016b; Duensing et al. 2018). HFH of] AU 2} T4 52 F214
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2 skl )l AeAlsgrlesd et FeEl

: g3 YR 342 aTstn oot
(Araki and Ishii 2015; Panella et al. 2015; Jung et al. 2018;
Eckerstorfer et al. 2019a).

£5] fAALE 7 4L A Dl Aolo] FEER WA
& of A|2A| e} 7] (TALEN), A|3A|t} 7] < (CRISPR-Cas9) 7}
A A2 7]sE50] A&ste] ZHson, % Hep &
£ A 0] QB ok R A o] S223L A 2L 7] LS o] At
2 A0 & A= ch(Hilsher et al. 2017; Lee 2018). 131} =+
7P 2 ARG A S P W A A 5 T 2,
ob= e}, Heta, AR B2 oot 28 W) 52 Yt
s70 o 2l Weo] RulElof AlWgA o] o] 2o, ¢
elubeb g n) 3 B ST 52 ok Zu]UAo] Qlof A
Aof auA5 0] Bekat ) A BA FATHEAA E &

CRISPR-Cas9 7] &< EQ5}o] THE 42 5 AR
Hl&F7e s T AEy) Bkl o2 4] 7] wwo
“dlo] @ oA A 2] A A7 2] LMO £-0] 2] A 2] ¢} 28 H 9o
A A 2] 5] o o 3t} FAFo] tHEASAC, 2015; Jouanin et al.
2018). U S ATHEN) R 2L AT R0
Pelele 2AEL o SE /2] A MY of ujet o
A4 H7he wotok gtk F4gsko] Mol the o] 9l
t}(Lawler, 2015; ECJ, 2018a; 2018b).

CRISPR-Cas9 7|42 D <]2ff DNA thf o] H Az o] o
oF Q1A] 9o} 100% transgene-free 3+ 2H= 9] 70| 7155}
(Sprink et al. 2015; Zhang et al. 2016), @5 % 2 3} 2] 2 o} 2
DNA & & o] ¥ o] (off-targets) & L 5}A] ¢Fal, ot Hd &

I} (pleiotropic effects) S E35}o] Qw312 & EE &
ol YA F= =9 JEo] sttt F4
(Hajiahmadi etal. 2019). wehA] o] 23t -4 2p % 2
Z0] ot | H oA Al “SAHAHYREO
U A8 9ol SlgelA) gtk e Bl 2%
=of ojw el 9|2l DNA T o] ‘ol 1A o 22 GMO #
AR 5 2R UL Ao BN LoT AFT B
UE o] A mahA S E S grk AL uhEA] 3 s

o of gttt

Lm{n X T
rlol‘_?‘io&
lrzzjgi_\lruﬁ

ON ox,

i:

31 1454 9]

Lusser 5(2011)°] &

ojstH MﬂEH ft

HAFA Q3] of] A|E7E HaLA o
AR @] AT ZN /|58 2
B A A LS 95te] oA ZFN-1, ZFN-2, ZFN-3 2 B
23519 E}(Table 1). ZFN-12 2 DNA &+ 1) 917 9] B
ol 5 §lslr] 9J5to] 424158 71 (repair template) S A}
|51%] ¢rom, H|AFEA A28 7] ZH(non-homologous end-
joining, NHEN& AHg3e] 5% ¥.9]0] o|571ere] det
(site-specific double strand breaks) 2 55} 5}L} &2 x| A
N A719 A EL AA S S A S oo yhHof ZFN-2
= £AFE7MGS 55 AE A 2 37] ZH(homology-directed
recombination, HDR)~ 0] &-3}o] E 7 2 3= 9% o A3}s}
A S 52 8 A 97100 A e S fu
E 2 G Zl otk ZFN-39] A $-ol = - AR o )2
AE A #AFF 7S o &sko] WA Zo]7h 71 DNA

SH-E E3E 2 5k= DNA T Atolof HeahA sk
7)ol
Hilscher 5-(2017)2 24 Hl, 34|t} AR A 7| &S 2%

25 5 QL AR BE AAS AN AT 2§47

Table 1 Classification of SDN crops for regulatory purposes (Hilscher et al., 2017)

ZFN crops classified by
Lusser et al., 2011

SDN crops classified by
Hilsher et al., 2017

ZFN-1/ No repair template, NHEJ, one or only a few base  Application of a SDN without donor DNA
SDN-1 pairs mutations or short deletions or insertions
ZFN-2/ Along with a repair template homologous to the target ~ Application of a SDN with donor DNA to introduce
SDN-2 area, changes to one or a few base pairs through small mutations (one or a few base pairs)
homologous recombination
The DNA stretch (up to several kilo base pairs long)  Application of a SDN with donor DNA to achieve the
ZFN-3/ is inserted into the plant genome at specific manner introduction of large stretches of exogenous DNA
SDN-3 through homologous recombination using a repair

template
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Table 2 Regulatory aspects on GE crops by country

Countries Regulatory status on NPBTs Key issue
Consultations on policy to eregulate certain techniques 27 GE crops have been exempted from GMO
USA .
(e.g., Am I regulated program for GE crops) regulation
Technical amendment by adding new schedule on  SDN-1 crops are no GMO
Australia existing legislation, Gene Technology Regulations
2001, GT Regulations.
Consultations with the existing legislations, Based on  Detailed decision process are under review
Canada
the novelty of products, not the means of development
Supplementary resolution adopted 2015 providing SDN-1, SDN-2, ODM are exempted from GMO
Argentina criteria for case-by-case decisions (Resolution No. regulation if an organism does not contain any
173/2015) transgene.
Supplementary resolution adopted in January 2018 SDN-1, SDN-2, ODM are exempted from GMO
Brazil (Normative Resolution No 16) regulation if an organism does not contain any
transgene.
Amendment on the definition and the scope of LMO  An organism that has no remnants of inserted nucleic
Japan in Cartagena Act acid processed extracellularly is not a subject to the
Cartagena Act.
EU No amendment First field trial of GE Camelina has been reported in

2018 under existing GMO regulation.

WY 7= 54 DNATH W 474 g5 A eslA Aest
+ site-directed nuclease (SDN) 7|& 2 A ©]&5& SDN-1,
SDN-2, SDN-3& H.235}¢lth. SDN-1-2 30§ ] DNA (donor
DNA)Z AHg-5}A] ¢F11 23E 2 5} DNA thd U of) k) &
= TR 2 A 7)o EARelE eSS g Aol
HEH of] SDN-2+= 5 o 4| DNAE AH8-5}o] st &2 T4 2
ol d7loll EA™olE FUgt ZoH, SDN-3&= ¥4
DNAE ARg-sto] vl d 27171 (53 7He 9712 143
% DNA ©H &= 7}5) 2] 2 DNAE 57 DNA ¢33 W 2 4+
3t Ao 2 B39 th(Table 1).

TR =712 RUANEA=S QHUEHA 5 S

OECD+= “AJ 58} 1A ZrA] 23} 2F ¥t (Working group
on Harmonization of Regulatory Oversight in Biotechnology)”-2
Ealo] ABALET| &2 AAE FES | AT A4
TFEo ko] A&HH Q] =& H L Aok LY =
7P R AEASF 7)ol Bt ol AR thE A, -2
2hg E29sto] W =7 52 oA A= o Y el
TFBHA X AE O e B R A Jle =27
&Jofof gttt Table 2+= 2019 2 of| 7} 2| F #3372} 2] &] o A]
Hue A% v, 35, 42, Bepd 53 et =2
=7 FAAR YA P HE A A 5 dE &
oF3t 71 o] tH(OECD 2019).

FHATHY LS = A EEe 2ATN e
AEASF7IER e AEE5E 7|59 ¥ ¢l Biosafety
Directives and Regulations (food/feed, env. release)(1990, 2001/
2003 7H)ell A 3to] FA A 2hE & Ihskal A%

bR A A o whekok ghttal HasGieh ey =
5 $UATHARES L $A4 DAL e H oo} 4
& WS7h mEE A% AT 08 2eT 4 ok 3
A}

2016; Duensing et al. 2018).

AAZ Gol A H 2= 2Pt w2 Qi AR
Camelina®] ZAA| Y ALZ 7}, CRISPR-Cas9 7| &= HH=
S SDN-1 Camelina (Morineau et al. 2017)= ZE W v S-37]
& & Whe A o] o] g ohal W3 5} ¢l th(Faure and Napier,
2018). 5 S AA A AHE 2] EEAFA| S -2 Rothamsted Research
of A =ef3tglom o] 7] ofu] 7] ethyl methane-
sulfonate (EMS) %] 2] (Kang et al. 2011), RNA 7} (RNAi)
(Nguyen et al. 2013) 5-9] 7]<zofl 95}of A 212 <14t
5o BAAPE 4T A W0l Jonz gl )&
wele] AAs 40l wat sAslodeh. 1 AnE AEd
=9 ACRE:= & +8 4% Camelina ol 715 =4
Mol AE WU 8§57 SR E A 4 ok A2 o
9lon], Zolulo] S qukels] 95ko] = <]ah CRISPR-Casd
+REA| 9] o] w3k DNA ©H oL} guide RNAZ} 2] F4kHE
A5FA] QF=rh AL shelshelrt, kel A 2] GMO
ot 7 2] W & (Part VI of the Environmental Protection Act,
1990)0f ©l8l o] = GMO7} ofujeh AR & sl st
(ACRE 2018).

T A 32 GMO SH- e H i A ¢l Office of
the Gene Technology Regulator (OGTR)7} S=34+5}Fo] &) ¥
(Gene Technology Act 2000, GT Act)2] 7§ A o £
Slato] dopy MBIl ot A g 4
7120 ME e Ao A S shelrh. 1o GTAxe] 4

M

o
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o) o] 85} Schedule 1A < GMO9]| 3 3a}tA] o= &
(Organisms that are not GMOs) 2] & & of] SDN-1 252 Z 3
SHES 191tk o] 4= SDN-1 42 0] HHALA = Shabe 4 &
o] 43 E<lulo] 48 A Y A Bl AL o]t v
o]l ODM, SDN-2, SDN-3%= Schedule 1B 2 GMO®]| 3| g5H=

A& (Organisms that are GMOs) 2] &-&-of] 32315} = 5 514
52:2] GMO QP 7] &= “process trigger” 2 A 57411
AFES %8 A)5H: “product trigger” Mk 31 A4S %
2.41519] gene technology®} GMOS]| Tt 01 o] 5| £
¥ GMOo] ZFHEI L A3} obd A5 B2 Aystol
Mg 714 5ol g uubt B2 0] 27} ol 18 AH T
T L E 5= A AH o]t OGTR 2018, OECD 2019).

EENEENER PESERER T TR
ol gl A= 54 movelty)o] %)= ¢lekw GMO 4]
Ao R B “product trigeer” $1%] & £4-31 A ol
27} %] shtoleh. whebd A7) &0l uh o] B A2
& 7140 448 A0l 2154H2 9] “noveltyo] e} 3
7HE 48 Ro)7) wol EA MH S AT Ba gl
CH(Table 2, Smyth 2017; OECD 2019).

ohzAE| el Hebae AR ASEI|E0 HiBe S
Sletol § el A WES] B2 A 4T Lok o2l
U= 2015 9], Normative Resolution No. 173/2015 (Whelan
and Lema 2015)& A| 4 sto] A ZA5F 7|2 -4/ H7t
AARA, S B7HEAL A o fo] 274 Foll wet
TA| A QA E & RS EE sl 12| Al FUPEALE
LA gtste] RS = fA GMO9] o 15 A4S 4= 9l
EE S o] E UAEE R O FAELY 2 =
gto] ZA 3}=7}2(Is there a new combination of genetic
material?), @ €282 A} (transgene) 2] =S UA|H o7
(temporarily) AF-&3}=712, @) transgene©| X|ZAEof &
51=71?, 52 A4 Q1 Aol ko] YES F4=NOoj wh2}
GMO At o & A4 stHA ot 5 5+ ofl w2k 2018
{68714 1270] A E 900 RS AR TA A S
2 A GMO A th Ao A A 2] 5 3} th(Eckerstorfer 2019b). ©]
+ o] SDN-19] sfgsh AL & 44 28 WA DNA
T 59 transgeneo] 2| FAb= ol ZHE 612 ¢Fok7] wj o]
oAth whekA] SDN-20]| 6= A5 = § A AShS 91sto] A
3 A& 23E o] H3k 92 DNA T & E3H6}A]
2 0 ¥ GMO At Aol A A| 2] 4=%= 31 th(Table 2, OECD
2018).

Hepdw of 2l B Lo} AR A AR O = AT 2018
1€ of| The Normative Resolution N°16& A| A, 2F% 35} 0
o] Z|Zlof] T-A3}o] CRISPR-Cas9 7| &5 =3t alofd =
e L4=x(waxy com)E HES 23} o]= SDN-1 A2 =&
GMOo| 3l gst] ¢kom 7]&2] GMO b #He] B & (Law
11.105/2005) 2] At ol A1 A 2] 513 e}, whebA] of =3 ¥
Upo} B 2} & SDN-1, SDN-2 18] i1 ODME “150] o] i 3t

g L

A %3 DNAS T 38l <) 9370} 4 o 9|2 DNA gl
(transgene)©] §1.2 GMO f A ol A A ] Fl th(Table 2,
OECD 2019; Eckerstorfer 2019b).

U2 A 2019 2 of “ Q) Fof| A AF ) B4ko] 2|
s FE SHA e AEAE ol b d oA
(Cartagena Protocol)2] A tAro] o} th(An organism that
has no remnants of inserted nucleic acid processed extracellularly
is not subject to the Cartagena Act)” 2} 11 & &] 3 4 X} 1.4 AY
=9 P A& FESFATE o= o= A E Lot Bt
A} AR H L1 o] W, SDN-19] 8} 5= A &4 2k GMO
o A Al &jgtetal BAIGE 359k ot tath & dE =
o= dlEjubel B ho] F fAA G A=A Wel
FAATS §Joto] AHE-3h-2-RHA| 9] o] H DNA T o] 35}
5] o] Q1] 9t} SDN-2 2Ha- T2 GMO A i Alofl A A ] H
)1l & 4= Q) th(Table 2, ‘To genome editing technologies users’,
(https://www.biodic.go.jp/bch/download/enome/genome
chirashi_english.pdf, leaflet 2 =).

hE 222014 e S/ A AP o2 “RA 7 FAS
7] 3 2 72(Cross-ministerial Strategic Innovation Promotion
Program, SIP)"& 3215} A “Al 4] £-5-%7] < (Establishment
of New Breeding Techniques)” L 2 A E & 7]3]5}0o] &3t
2 3} ‘High-GABA Eu} &, solanine-less 77 A}, t}4=2 W 5 ¢t
79 AR TS LS THOECD 2019). E3E,
2018 T E 2¢HA| SIP Z2 A E 7} A2 E o] F%- o] 59
4837 AAE Ao At

1] 9] 57/ (USDA) AR 7| & 23 A&
A5F 7150 &Jsto] A 4e AEEof Wit A = 719
GMO ¢t 22| ¥ (7 CFR part 340)°] w2} 4] 17 (Plant
Health)S 312 2 Qi o1#ko] X3 ol 22 AFatc). =
“plant pest 3} Q12 T 1 A4S FolH] Ei SubA 2
AFESEA] = g Al A A LJgtet o 7 o = ok 2
2 EdWo] AEES 233ttt D 5% DNA T 9 444

), @ g A7) A Fho] Yol Al EA|, B 4
Sagto] 7hse AF oA et kY] =, @ -4

o
N
i

o)

segregant).

o= 9] w5 AL2 201" £ § “Am I regulated (AIR)” 2
IS =Yool A EASE7|a = e AES0] GMO ¢t
7 3ke] ¥ (7 CFR part 340) 2] A T 4ol alj&-t=A] o] &
SHES T 4 UEE 5kl 2019 29 F A 71A] AIR Z
20 AR 1= 7671 0] §1 2 #(USDA-APHIS 2018),
ol & FAARA & o= 270 B A A
of| A A &= ik Kot 4| 4 0 2 K H 24712 SDN-19]| 3l
Fol= 25 = DNA A 33 75 AFE-81A] 9hskom, 4F
A 92 DNAZ} A& b SFHA] ek U 2] 372 A=
H - 3] Z=(plant pest) = §-3)] 52 (noxious weeds) QAFE U
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FEOFIL QA pF S LR A o A Al ] 5 Sl H(Waltz 2018;
OECD 2019).

Selete Eae o 4ol 5L ol S HALARE
of gt LA A E 55HA] 3}31 pom o

of Hojo} 21§ WIS BHYo] 1 g Ao
2 sjob5]9ic}, ofo] Azt Selifehe u wel of2
AE| A E 2F ARG Aol Y FHA 7 ZE S
Z] ST (100% free of transgene) ©] 52 GMO7} oY &=
goo) Holol 4 g w9l S NA Agelolop AL FAT

R

il

th AR TS FHER B RYAT BN
3o 4 011020 AN ABASF7| 45 F A RE
[e]

olu] S5 7|4 7ol AHgo] H4 o ASE stk %
AR LA 7| & = “off-target’ S A5 Ho|Z] &= A Z-2 A
A o] CRISPR-Cpfl 7] <& (Kim et al. 2017) 5©] R L& 17 Q)
th. 21931 7] 9 AR 7 S BEA 575 DNAS
2145t A2 = B o] F a gl o 7] 7 (base editing) 7]
&2 29 At FAXH A 7] & (Komor et al. 2016; Qin et
al.2019) 50 2L 7lE50] A% AL Ao A
ot mEbA 22 7lssol dE duioh g st
AU 5AL o710l AT e BAH o2 7] 57
2 o] x| gk & Al o] A] B33k Ao Sjufo] HAIZ Q] A7
H7HE 2T 5 A B 5 ok T8 st of

S 2293 22 QI EE oo} A g o2
5) 2

-

SRS T RS FHU,

SRS F0] DNAS] AL of o} Eelulo]e] 2
7)ol wha} SDN-1, SDN-2, $m32W€;§%@q_§a
SDN-13} SDN-2 2552 ol 5% #&317] 9lsto] A3t
S-HEA DNA ©@ 3 = guide RNA7Z}F A& 51A] o8& 100%
transgene-free 22 9] 7o) 7}5atth. whehA o] 52 7]&
O] Wil £F7 s ol 8stAY AA Aol A= A=
o] 7V 3 A Solth. T2l 7| 22] GMO ¥ o] ufeh
ol& AN A AES WS AY FAA o AT e
U8 ol 17} oWk ol 1 A3 14 21
=2 GMO Ao Al A &Jste = 53l
el e, G 56 1A 2
%01] {P%— SHA] = ALY 2HE2 GMO Aol A A
¢} = 2 5}o] SDN-12 E2 SDN-2 ZH2 & GMOo]| 3}
%) ore 4 QLS 5190t} o] 23 24 of net S-2lutet
£ Qe g AT 22 oA g $AATALEE GMO
AN A A L] et e T st} FHAALY 7| &5 o] &3 Tk

AL Ab

SAATAZLE g 27k @Y @ ABH OECD
Working group 3] o] 212 %5 ©] 4|23} 7] @ 2310 241 3
Ay gt el uo] ook RAE 271H Al

=gyt
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