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ABSTRACT - Tomato is a widely distributed, cultivated, and commercialized vegetable crop. Recently, an
increasing trend has been observed in the consumption of transgenic crops with enhanced functional components.
However, consumer concerns regarding genotoxicity have been increasing. This study examined the genotoxicity of
transgenic tomato (LTT) using the CRISPR/Cas9 system through a bacterial reverse mutation assay, chromosomal
aberration assay, and mammalian micronucleus test. In the bacterial reverse mutation assay, LTT did not induce muta-
genicity in Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537, or Escherichia coli WP2uvrA, irre-
spective of the presence or absence of S9. LTT did not cause clastogenic or aneugenic chromosomal abnormalities
during metaphase in CHL cells. Moreover, LTT did not increase the frequency of micronucleated polychromatic
erythrocytes in the polychromatic erythrocytes. These findings can be used as a foundation to assess the genotoxicity
of transgenic crops using the CRISPR/Cas9 system in the future.
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2o vlg] Ee A a&A4S 7R AHoz s
B EHA AFEE L AT, 7] genetically modified
organism (GMO) W2 AMZL o8 FAE FA9=
Aate] dlSskA] gk fAeA HslE dod F e
HhHol| | CRISPR/Cas9 A]|2~H]S ©]&3F WHo|= AAF o
2 AT Qe Moot FARSE WA o o] FojX]
o, 9] FAAFe] ¥4 (Non-GMO)S. 2 7H-E T}, &
9]ellA= CRISPR/Cas9 A|2~€lS o] &3t 25 sjito] &
W5HA] o] Fo x| L T, AR A = Sanatech Seedz}
= AP 2Ef 298 %S 7H GABA ] St
d JHIEREES /fdste] 202139 AA AxE At
CRISPR/Cas9 A|2=8l-& o] &3t 2hEo] hfj=|ar UTHo. n
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71 GMO¢}t FLaHl THAISHA] %71= AA s8I, FAD2-
1A9} FAD2-1B #F3%e] 748 F3l §443 oleic acid
o] ® UFHE 593k= 5 CRISPR/Cas9 A2~
< o] &3t FEvid E At deiAl 8 Folth.
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Materials and Methods
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FAEA H7tl AMEE ERLE(S. hycopersicum L)
EntE 320 57250 %S CRISPR/Cas9 A =HS &
o] vhedt 22 o R §2 wAsIITHY. CRISPR/
Cas9 A|&®E o]g3ate] o]zl o] Aol Hoste
SISGRI +317F€] 3, 534 AP GolA] single guide RNA
(sgRNA)S A4 3N, GABAL A Aol #Hojste=
SIGAD2 -] g A A= JAo A sgRNAE ZH7}t 2}
ettt ZHe] sgRNAE 2= 288 #E <l pKALC
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binary VectorZ E=Y3+ T, Agrobacterium-mediated
transformation ¥'H-& AME3dle] AZFHE pKAICE 2
EAo] ALstH ). Kanamycin 2 zeatin®] X3 MS Hj
Ao A AtE ErtE A=A = PCR #4123 &3 T-DNA
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AAA PSY19] &4 &Aool S7lekAL, 2 A golx
el A B FH o] F7MF Y. $H, glutamateol] 2
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o A4 9 FAZFS SR golzAd GABA &
2ro| Ztzb Z7he A EntE(Zz) sgrl #1-6, sgrl
#2-49}F gad? #1-5 null AlE)E FREITH?,

9t o] FHANAE EnEES LMO2A R 3]7pi
2 LML233-659 AAA(SAE U S5 A74)00 A
2543°C, = 60-80% =718t A] Auatsict. dur o g
M2 &Ml ERRES] 4 AL red ripe stage
o] EnmtE[Ao] FHA Walr] Alzsia 7d $-9 109 ¥
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gato] £3gk F ARk AFHT A5S SA A
712 FA Aok -80°C WA - FAE dd & o
5 sAAxE FHAARY EvE FHAAxE
(Iyophilized transgenic tomato, LTT)& L3th FH542]
H7bll= LTTO "#57F5E5 7Ft ¥ Centrifuge 5430R
(Effendorff, Hamburg, Germany) 7171914 2,000 xg=Z 5%
7+ A4 BEsle] rheiers|a, sEF 299 AEE )2
= AANFAY. TS E | microwaveS A& 700 W
Z7100A 4027 Eitaiant 2R 845 A2 o
A AIZFERE A8 HASFRTE M6t 7t R
Aol ARE-sHiTH
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LTT &9 gho]xZaAg H|RS 7FRE| ol A &4
< 98ty 7]Eol B WHEE o]83ke] LTT 250 mge
0.01% BHT7} 37}E olHE 10 mLE 32300,
HPLCE ©|&3 7|5 48 42 Agilent 1260 HPLC
system (Hewlett-Packard, Waldbronn, Germany)< A}-8-3}
of o]de] BiE WS w FPslen, &uls
gradient 271 3tollA LR FA st ArhsATh AHS
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7F 100% 24 FAFAY. JIRE o= EEEZF
lutein, all-trans-f-carotene 2 all-frans-lycopene Carotenature
(Miinsingen, Switzerland)lA] ] 8FA3L, 450 nmollA] &
FBEE S489Y. 7+ FEEE I3 HEE A
violaxanthin, 11.1a%; chlorophyll b, 18.8%; lutein, 20.9%;
zeaxanthin, 25.8%; chlorophyll a, 26.8%; 13Z-B-carotene,
35.7%; all-trans-f-carotene, 38.4%; 9Z-B-carotene, 39.6%;
all-trans-lycopene, 52.6%%; 5Z-lycopene, 53.3%°]3lt}.

LTT 59 GABA EEAL ojdd Byd AU
S 838k AT, S, LTT 250 mgoll 70% ol g
<2 10 mLE 23 1087 zgﬂr A& 3Rk F&3)
Ak FE2EL ALolA 102 52t Centrifuge 5430R 7]7]
oA 5,700 xg= AT FAL, 45 1 mLE 022 um
dEE o#siint Azd —%% 2 oAk £41717191
Biochorm 30 plus ¢F]3=AF £297](Biochrom Ltd., Cambridge,
UK)2} Lithium accelerated Resin H-1649 Z+& (Biochrom Ltd.)
= AREste] 570 nmellX S8 EE SAsSlh

vt Ag o7 Ao AFANE HHF 3+ FH 2 (mean
+SD)E #7511, 157+] 2toli= Microsoft Excel 2019
software (Microsoft, Redmond, WA, USA)2] Student’s -
test® A8k

OPIESEHESAHOINY

A= EFEAH0] F2 o9 7= OECD Guidelines
o] w} RPslHem? S Q7 3572 Salmonella
typhimurium TA98, TA100, TA1535 ¥ TA1537 4/l +5
o EYER Q74 o5 Escherichia coli WP2 uvrAE
AHE AT, ol & T}—zr% Molecular Toxicology, Inc.
(Boone, NC, USA)IA ¢ 5 FAZ] 5 Achul st
RAE Aol AMESIATL S9 mix 2] i*é% 8 umol
MgCl,-6H,O, 33 pmol KCl, 5umol G-6-P, 4 umol NADPH,
4 umol NADH,
7.4) 2 50 uL S9 (Molecular Toxicology Inc., Boone, NC,
USA)O.Z St9om], 2418 S9 mixe D& A9 AHg
sttt MAEEAEAHE FEste 72 73 A
3l WHolYdA S EEZAR ALR-3F 2-aminoanthracene (2-
AA), benzo(o)pyrene (B[a]P), sodium azide (SA), 2-
nitrofluorene (2-NF), 4-nitroquinoline-1-oxide (4NQO), acridine
mutagen ICR 191 (ICR-191)= Sigma-Aldrich (St. Louis,
MO USAYNA Fufsti, SANEZLCZ2E B 57

£ AT LTTE sEHE Ha 7590 50, 150,

500 1500, 5000 pg/ml. FE2 HEAA direct plate
incorporation A|FHHS AA|5I T AEFFE master
plateZ5-E 20 mLe] 4A|4]=](2.5% Oxoid Nutrient Broth
No. 2)°l| %3l shaking incubator (37+2°C, 120 rpm)°l|A]
10 A1ZF Auj et on, Am s vzl #5F+= 600 nmel|
AN FREE A AHTE A= T AR AE

100 pmol sodium phosphate buffer (pH

W 7kA] PR AT 5 45+2°CE F-A|5H= heating
blockell 2-& A HFHo| 1UZ57E 43 top agarS 2 mL
A 7EFE vk, S9 mix 0.5 mL [HHAFEAA] B8 A
o= 0.5 mL9] sodium-phosphate buffer (pH 7.4)|&, o4l
&M 0.1 mL, LTT € 0.1 mLE
mixerZ 2-3%7+ Z1®3}o] minimal glucose agar plate|
o] ofe] WEko R 7ol I Ay 2 siith &
AUz BFSHT 0.1 mLE, NS 247t
FNzEd 89S T3 o= 7iste] AAESTh
87t Bt & top agar/t 2o® HIS FF o] 3782°C
oM 50+2417F Wi e § EFEAHo I elet HEhS
Fetow Al ANFAAUS 7 s Y 3
Vo RRE A

o thet 7l

E35H8laL =A] vortex
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IAHOJAA| S
AA A1 A O] FA L OECD guidelined] e} *
AT}, AAF o] Sure Bl =
lung (CHL)2 Al22E American Type Culture Collection
(Manassas, VA, USA)ollA ¢ sle] ARS8 TH(Cat. No.
CRL-1935). CHL M E+&
Sk minimum essential medium (Gibco, Grand Island, NY,
USA)E Al%z‘s}O% 37°C, CO, 5% Z71olA] wjekalitt. Al
2= uﬂ;,LZ_ ] ailEl—/\]ﬁ =L E Lﬁ]bﬁi ‘/]/\-10]_0:]
AR o, ok"l‘?llz:r“’ A Al A-8-(+89 mix)A]
o= Bla]PE, HAFHIAl H1AE(-S9 mix)Aol= 4NQO
£ AHgetth AR oA S 3 2F[LE-1: A
A AL, A7 A7 & -18A17F 3| E(6+S), LE-2: O]
AR A] HIAE, 6A17F A F -18A17F 3] E(6-S), 1w
30 OIARAAA HIA L, 24A17F A F -0A 7 3] 5(24-
S)2=E Lol Xlgﬂﬁlm‘ﬂr HiFAA 25 om® St AY
5x10* /0ol MEE 5 mLe] wigHol] oHF3te] oF 3 A7t
Hj skt 1 —?—, 7} Zefae] 7|l FdS A A sk
W% 4.0 mL, Zt =] LTT €9 0.5 mL 2 S9 mix
0.5 mLE #F3tch tiAed A9 v 87(-S9 mix)S
uH %koﬂ 4.5 mL9} LTT € 0.5 mL¥S F7Hskinh 62
T PBSE AE WL 2-33] A3 AELE HlA|

5 mL HA7tsted 18417 71 v ettt 2407 A2t
vkl 4.5 mL, LTT € 0.5 mLS J7ste] 247 7Hs
QF wiFEtA T ARl 50 ule] Bla]P ¥ 4NQO
£ 717 Aglste] T gAY &S sUsHAl 248
ok LTT €9 A gk Aoz RY of 22 A|7F $o BE
Z2T 50 uLe] =3]%1 M (Sigma-AldrichyS % 2] (H 55

Chinese hamster

10% fetal bovine serum= X3F

O
= 1 pMyF T, 2407 AT F Ages F/MES
SRS, ZAAES £EE Ndae QURF 5,

A7gH (75 mM KClg)o = iﬁﬂz‘s}z FPEEdE 2
=301 SHAE A 3=



&F3L, 5% Giemsa®) &2 MU FIIHNE +7 &+
g JolleE AEE 0.1% EHAlgos Ha 2
=3} relative increase in cell counts (RICC, %) 7=
Zoltt. R oG YA 7 23-2781 S0/l
sto] FLA & 2 A 0]} FF-E #EESAL,
A ool AZER ool T/ B FE 7St &
Ao e FA G At D w3 chromosome break
(csb)9} chromosome exchange (cse)]Zt FAEA S At
2 W3 chromatid break (ctb)$} chromatid exchange (cte)]
o= Pl ATt on, gaps EFHE Ao A
g A5 o] ZIESHATO. A o) o] 107] o
(gap 223}, multiple aberration)?! 73-9-2} ©H3}(fragmentation)
o A= 7IHE &8t e oo m Agsiaint
FAoPFE 150 Mo F717dS AFetHA] A el
w2} diploid (23-36 &<A), polyploid (37<59A) &
Wrl3k(endoreduplication)Z #7313, 7L & 7|39t

=

ulcAR R P R  J

UI9A ZANES o}t AUy

OECD guidelineol] w2} LTTS] A=W G o) &
e ARG 7]l e o] i o
ke8] A AR 2 FEYES ARE St
B7rsIRTE). A el et 20108 AAALAC
International®] ¢15S A& FHolAHA & (F) H|YAATL
A AFTELIANYIY 5U(5UHME: CHEM-2023-
1A0067-00)S & AHS AP Th sE22 2%
22+3°C, AHEE 55+15 %, ZHAIZF 12417408:00-20:00),
Z% 150-300 LuxZ A3l th AFS = Teklad certified
irradiated global 18% protein rodent diet (2918C, Envigo,
Indianapolis, IN, USA)E A5 AFH =S stk LTT
goho] FoJge 1250, 2500, 5000 mg/kg/day® 247+ 73T
Rolg FE AR FAIE o] 9 U] A%
o5t FAHETS]  cyclophosphamide monohydrate
(CPA, Sigma-Aldrich)= 70 mg/kg bw/day F=2 ©3] &
ZAEAASIATEY. ZAA s BaE Wyl uet A&
o) HFFAREH 2447 5 thEEE AE5o] Fetal
Bovine Serum (FBS, Gibco)2 & &5 Moo} Alxd
EtlS 220 xg2 5w7F AR st s
AAE FFAEE slide glassol] =23Fe] wEREo 5E7F
7GR 5 ARSIl F3aA e B WS §-83)
o AZ3FR WO 0.05% acridine orange base T8
(Sigma-Aldrich)2- Sorensen buffer (pH 6.8)% &]43}e] GAl
o] AR&att. G337 tellx] thd 2 € (polychromatic
erythrocyte, PCE)E A& 02 Ho|3 A4 E T (normo-
chromatic erythrocyte, NCE)= &33o] A< glor ofF
& M or wolth Aol Qlg 7% A uigre] =4
oz Jepdth). FET 4000719 PCES Al3twA]
71 % micronucleated polychromatic erythrocyte (MNPCE,
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=& MA 400070 PCEClA #2E= MNPCE 4
FTEUE JERNATE &850 Agle] 500
78] RBC (red blood cell, PCE+NCE)Z Al<=&}] PCE/
RBC(%, Bd+XTH2HE &8 Alx5Ade] A u=z 3
ATt SAEA = SPSS 28 ZEIWS AMREI o,
P<0.059 AR femaittal WA TE A
Wl == ¥ 2922 Kruskal-Wallis H-testS A A ake] A9)
o AR FANERTE AR E Mann-Whitney U-
test= 23S AU TS TholAlFHA 9
A AT o2 FAA s PCE/RBCO= One-way
ANOVAZS #8313, 24+ AL Levene test2 A4
siom, Ul R He] XFol= Student’s

Results and Discussion

LT 52 7157882 =4

LTT %9 715484%e &%8 #4¢ 43 F 71=H
ol= ghaFo] 728.7+23.6 ng/g DWOII ™, 21 Z lycopene
o] 424.5£13.5 ng/lg DW= 7P %e S g3t A
SHFig. 1). 2 $Jol= Bcartoene (30.3+1.6 pg/g DW), lutein
(6.4£0.3 pg/g DW)S T3kl AATHTable 1). F-2lot
AR BAS A3, F obr) At (51.1+£0.4 mg/g DW)
Zol GABAY o] 18.7+0.1 mg/g DWE &2 H|EFS
A48 e AS R o5 FEe ARk
A Ao wild typeQl F 2505 Fo] ho|=ZH g
340.6+21.5 pg/g DWSF GABA % 7.8+0.1 mg/g DWoI
Hlal 2ho]z2all dheFo] 1.3uH, GABA o] 2.4vf F71st
Atk o2 3 A o) Ad Bud 2lo]ZH I GABA g

Table 1. Antioxidant constituents in the wild type tomato and
LTT

Items D(()ilv%l}cliutisg)h © LTT

Lutein (ng/g) 9.2+0.1 6.4+0.3%**

[-Carotene (ug/g) 36.4+£2.7 30.3+1.6*
Lycopene (ng/g) 340.6£21.5 424.5+13.5%*

Other carotenoids (ug/g)  266.5+20.4 267.5+8.2
Total carotenoids (ug/g)  652.7+44.7 728.7+£23.6*
GABA (mg/g) 7.8+0.1 18.7+0.1%**
Total amino acids (mg/g) 44.4+1.1 51.120.4%**

Data are expressed as the mean (the average value of content for
dry weight) and SD (the standard deviation value) of three inde-
pendent experiments.

* Significantly different from the wild type at P<0.05

** Significantly different from the wild type at P<0.01

*** Significantly different from the wild type at P<0.001
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Fig. 1. HPLC chromatograms of standard solution (a, 20 pg/mL) and the LTT (b) (450 nm).

Fo] ol A nA EvlEe] s B3 fAKSE 4

2 LT,

I¥EEASAHOINE

EAEAHONE L 4718 A EdHolE HYH o
F(Salmonella typhimurium TA100, TA1535, Escherichia
coli WP2 uvrA)9} £ EAWo|(frameshif)Z HE E
T3S, typhimurium TA98, TA1537)S o]&3lo] &]2E|H
D EYER 274 FFE HEoble 2Avelde &

o @ o {N T B o

o AN o 5L
my oo
3
R
%
)
= E
= o
£
X e
_1

50




A Genotoxicity Study of Transgenic Tomatoes 317

Table 2. Reverse mutagenicity assay with transgenic tomatoes (LTT)

Colonies/plate
Strain Chemical treated Dose (ug/plate) - -
Without S9 mix With S9 mix
Negative control 0 96+3 96+4
50 89+9 85+9
150 9244 103+7
S. typhimurium LTT 500 89+7 104+5
TA 100 1500 106+6 9849
5000 12042 11145
2-AAY 1.0 1885+101 -
SA? 0.5 - 391+23
Negative control 0 14+1 1242
50 1642 1241
150 1242 1342
S. typhimurium LTT 500 1242 1043
TA 1535 1500 13+1 10£1
5000 1541 1542
2-AA 1.0 281+17 -
SA 0.5 - 443430
Negative control 0 3244 2542
50 2545 2142
150 2845 2043
S. typhimurium LTT 500 3045 2044
TA 98 1500 28+4 20+4
5000 2745 2342
Bla]P? 1.0 202+15 -
2-NF¥ 0.5 - 443424
Negative control 0 1543 1542
50 1342 13+1
150 1442 12+1
S. typhimurium LTT 500 1242 1242
TA 1537 1500 14+6 12+1
5000 1244 1342
2-AA 1.0 276+19 -
ICR-191? 0.5 - 143+13
Negative control 0 19+2 19+2
50 2242 2141
150 2042 1742
E coli LTT 500 2043 1842
WP2 uvrA 1500 1943 2143
5000 1742 1542
2-AA 1.0 171£18 -
4NQO® 0.5 - 132+13

D2-AA: 2-aminoanthracene, ?SA: sodium azide, *B[a]P: benzo[a]pyrene, ¥2-NF: 2-nitrofluorene, *ICR-191: acridine mutagen ICR 191,
94NQO: 4-nitroquinoline-1-oxide.



318 Dong-Min Kang et al.

LTTS] HIF%(5000 pg/mL)$t S9 mix &4 o] FF
gRlstr] f)gk du] A ollA agar plate doll VA&
2 g Heo] AAHR dgtornz Y TEE
2 3] BAEAH] @l ARE-EIT Al|
AP RE AE aFolM thArEAA 3
& Al Szl va] FAHoRE {9
o] F7HE YehAl &%, TR oJEHoR
Z718HA] 2 UATHTable 2). 3HH, thALZA Al 2
2ZOZ AFESE 2-AA, Bla]P Al &4
o Hlal °F 6-20u¢] e BEFEAHC] o]
Atk TS, ARMIAl BIA A FHERFCE A}
F SA, 2-NF, ICR-191, 4NQOA &= SN =T
of ul3)] oF 4-358)9] EHS FEAEAM] Feho] AT
Atk Aol AR S/ #FE F8E 600 nm IOl A
AFFE 243 A3 1.35-1.68x10° (TATSF) 2 1.38x10°
(E. coliy CFUmLeIoH, RE ZHo|EQ Aad A
T 0.5%10° CFU o]Fe]tt. weba], ojxd o] A&
A9} vlwste] B Aol ARS-E A nA EntEL]
LTTE= Salmonella typhimurium}; Escherichia coliol gk &
AEdH|E FEsHA] ¥e 22 A3t
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N e )
N,

oo oy &
MoS > U oY oo @y B fo ox

oo mt PN o2 4y 1B 42 W k| of dlo
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EQF HIYNES o8 SUHOPINY

LTTS] AAACIHAE B A A 2 v

48 sold FAAGH FAARYe] w8 Aol
51

3}
AFE ARl ASE B GAA Tt 2 W

35 Hole T4 WEE Hrks gAA o) dAl
o] 9kx, LTTS CHL AlXo] AEXE=AS Felatqitt.
2 A3 AR A A4 of el BAIgle] LTT A2l &=
E FE79A RICC 86-106% ol Z2 Al EEAe #zty

A esken, g5 g9 o] #FEE 500 pg/mle 3
IEERE A S TH(Table 3).

TZA O F7178e GAY A B wBk(csh, cse)
AMEAE At D wSk(cth, cte), 7IEHF A A Ato] 10
A o3 ZAe-9F dHshE Rl gholH, o) S714
2 PP+ERE AlFslAth. @AIZEA el Al (6+S9 6-S)ol]
A, tIARA] A8A1(6+S)9 LTT 125, 250 2 500 pg/mL
o] FxHolt F7Ae] WixE z+7F 0.33, 0.00, 0.00 2
0.00%%10H, Aol F7174¢] HlE= 0.00, 0.00, 0.33
2 0.00% THTable 4). thAFEA Al v]4-8A](6-S)°] LTT
125, 250 2 500 pg/mLe] FZH o} F7]144¢] HiEE 7t
7} 033, 0.00, 0.00 2 0.00%R o, FH | F7]49
== 0.00, 0.00, 0.00 2 0.33%Ath A&y AE
(24-S)ellA] LTT 125, 250 2 500 pg/mLe] F+Z& o4 5
714ke] Wi Z+2F 0.00, 0.00, 0.00 2 0.00%R oM, 5=
oAt F714+e] Wix=E 0.00, 0.33, 0.00 2 0.00%3At}.
AEe] LTT AgFollA G o] 22 9 3
7 710 EENErE SR vlE F
frefv gt S JERA] skt g, g
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Table 3. Cytotoxicity activity of transgenic tomatoes (LTT) on CHL cell line

Chemical treated Dose (ng/mL) S9 mix Trt-Rec Time RICC" (%)
Negative control 0 100
125 101
LTT 250 + 6-18 105
500 106
Bla]P? 20 75
Negative control 0 100
125 97
LTT 250 - 6-18 96
500 98
4NQO? 0.4 70
Negative control 0 100
125 92
LTT 250 - 24-0 88
500 86
4NQO 0.4 72

cell count of treated flask—initial cell count

DRICC (%): relative increase in cell count (%) =

— X
cell count of control flask—initial cell count

YB[a]P: benzo[a]pyrene (positive control), *4NQO: 4-nitroquinoline-1-oxide (positive control).
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Table 4. Chromosome aberration assay with transgenic tomatoes (LTT)

Number of aberrant

. 2 3
Chemical treated (u];;);i ) SO mix ]“Trlt;z?)c Nurr_lber of structural aberrations PPP+ER? metaphases
csb?  cse?  ctb®  cte” Others® Gaps”  No. +Gaps -Gaps
Negative control 0 0 0 0 1 0 0 0 0.5 0.5
125 0 0 0 0 0 0 0 0 0
LTT 250 + 6-18 0 0 0 0 0 0 0 0 0
500 0 0 0 0 0 0 0 0
Blo]P'? 20 0 1.5 1.5 18 0 0 0.5 16 16
Negative control 0 0 0 0 0 0 0 0
125 0 0 0 0 0 0.5
LTT 250 - 6-18 0 0 0 0 0 0 0.5 0 0
500 0 0.5 0 0 0 0 0 0.5 0.5
4NQO'"™ 0.4 0 2 0 13 1 0 1 9.5 9.5
Negative control 0 0 0 0 0 0 0 0 0 0
125 0 0 0 0 0 0 0.5 0 0
LTT 250 - 24-0 0 0 0 0 0 0 0 0
500 0 0 0 0 0 0 0 0 0
4NQO 0.4 0 2.5 5.0 9.5 1.0 0 0.5 9.5 9.5

DTreat recovery time, PP: polyploid, ER: endoreduplication, *
chromatid type break,

) ¢sb: chromosome type break, °
cte: chromatid type exchange, ®Others: metaphases with more than 10 aberrations (inclusive of gaps) or with

¢cse: chromosome type exchange, “ctb:

chromosome fragmentation, *Gaps: chromosome type + chromatid type gaps, '“B[a]P: benzo[a]pyrene (positive control), '"4NQO: 4-

nitroquinoline-1-oxide (positive control)

6.33%)S FFaTh wEbd, o]de] AF=E At
Bl sle] B AFo] AleEH SHAARHERIES LTTE
CHL Alael] GAAlol e el o 2oz ddsilt)

SN EE o8t LA
YA LE vp§-2 T LHoﬂ 1
& (PCE)7} 1, o] F g7
o]53HA Ht}. ©] JWOM, %05%01
o] = AYRAMEL] FAA Hol|7}
Tl §7AF 27t »‘Jrﬁdzi
of g7 Ht} o]FEA AHE 22 3§
s, &3S oF 52 FIE F o FHEA

2 AMEET &dlo] Fo| HAHATE AIF
frdeitiar ¥rhsie,

A2 NAT 400071 9] ThAA A oA HEE
298 M 94 HEFH(MNPCE)2] HARIEE gl
5} tH(Table 5). S &0l MNPCEZ} #2=#] ¢
tom| LTT 1250, 2500 2 5000 mg/kg/day =] oA
°] MNPCE & zH2} 1.17, 0.83 & 0.67°]%1th. & LTT
Aol A SR Hlaste] Ade] AR} &
AXoZ Femg F7He UehlA ZFdth. Fti=TE
¢l CPA AEldA = &8 HANE7} 86.330.2, /43

E]——
=

Ztol Hls] e S7F BEEJTHP<0.01).

A EZ 529 1%0 b4 A E /4 € (PCE/RBC)S] ]
&2 500709 HAE+E AT 0}04 Ak % 21t} PCE/RBC
H|&-2 LTT 1250, 2500 % 5000 mg/kg/day *&]-olA =
Ztz} 52,0, 49.5 2 503%%, e LTT Aol 24
2t} Hlaste] FAACR fongh Mske iith
Gz A= PCE/RBC H]&9°] 47.5%%2, S4HZ
of Hlgte] FAZOZ FoJngt TFA7E UEFSTHP<0.05).
webA, LTTe vk A ZFA X 23S {331
B AR IRIFIT) o HiE dAo] mEW,
EntEe} glo]FHE HepG2 Al EollA 488 g A]7]%]
AT,

o]4t© 2 CRISPR/Cas9 |
GABA &g T7MZ §AAwY ErE(LTE =7
MR, A I G, 2FAHANAN FHFES
fFslA] @ o= HWrhEA). o]2fst A¥= CRISPR/
Cas9 A|2HL 0] 83 N2 FAARAZE] 7€ &
23 vl A AAle] 98-S 42714 == Nicolia
592] ApAztel st} Y E A= CRISPR/Cas9 Al
28-S o] 83t GABA FFo] F7Hd 7MIERIEES I
wste] 20210l AAl HERE FHStE L, v= G,
hutth SolXE CRISPR/Cas9 A|&=HlS o]&-3F 2H&E0]

282 ol

I CIESERE]
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Table 5. Micronucleus assay with transgenic tomatoes (LTT)

Sex Chemical Treated  Dose (mg/kg/day) Number of animals xf&iﬁ:ﬁgg; (%},)iEe;ﬁC;D)
Negative control 0 0.83 +0.98 52.2+3.60
1250 1.17+£1.17 52.0+2.37
Male LTT 2500 6 0.83 £0.98 49.5+3.73
5000 0.67 £0.52 50.3 £3.88
CPAY 70 86.33 +20.75%* 47.5+2.88*

* Significantly different from the control group at P<0.05.
** Significantly different from the control group at P<0.01.
YMNPCE: micronucleated polychromatic erythrocyte.
PPCE: polychromatic erythrocyte.

HRBC: red blood cells [polychromatic erythrocyte (PCE)+normochromatic erythrocyte (NCE)).

“CPA: cyclophosphamide monohydrate (positive control).

= dnk shAIRE $-2]uEbE CRISPR/Cas9 Al =H]
ol gate] e ZZo| thEk SHAEAE o}F A
017}7} U A e AAolth. CRISPR/Cas9 A2~ %
off-targets¥ 7H2 = E-3]jof %L ‘:'11]7} 715 :5}7(] R
A% BotEohs obd
= Zlo] Fasitt o
CRISPR/Cas9 A| 2= r
AE Frkste 712 ARE AMEE F UL Ao
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