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New breeding techniques (NBT) recognize specific DNA sequences and remove, modify, or insert
DNA at a desired location, and can be used to treat genetic diseases in humans or to improve the
traits of livestock or crops. In this study, we conducted a comparative analysis of various agricultural
traits and assessed the safety of gene transferability in third-generation genome-editing rice (OsCKql-
G3) with T and G nucleotide insertions developed using the CRISPR/Cas9 SDN-1 method, in compar-
ison to its parental line (Oryza sativa L., cv Ilmi). The analyzed traits included heading date, culm
length, panicle length, tiller number, yield, germination rate, viviparous germination rate, shattering,
after wintering seed viability, the presence of toxins and allergens. The target trait, heading date,
exhibited a high significant difference of approximately 5 days. Culm length, panicle length, tiller
number, yield showed no significant differences compared to the parental line. No T-DNA bands
indicating gene transfer were detected. In the third generation of genome-edited rice, the T-DNA
was confirmed to be eliminated as successive generations advanced through self-pollination. Through
the analysis of germination rate, viviparous germination rate, shattering, and after wintering viability,
we confirmed that the genome-editing rice has no potential for weediness. The ORF and amino acid
sequences of the genome-editing rice did not reveal any toxins and allergens. The results of this
study can be utilized as important data for the environmental risk assessment of genome-editing rice.
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Fig. 1. Field design for assessing gene transferability. The experimental field was divided into four quadrants, oriented north-
east-southwest, southeast-northwest, east-west, and north-south. b, ¢ and d are Ilmi in the northeast, ¢ and f are Ilmi
in the southwest, a and g are genome-editing rice (OsCKql-G3) in the northeast-southwest region, h and i are Ilmi in
the southeast, j and k are Ilmi in the northwest, 1 is genome-editing rice in the southeast-northwest, m and n are Ilmi
in the east, o and p are Ilmi in the west, q is genome-editing rice in the east-west region, s and r are Ilmi in the
north, t and u are Ilmi in the south, v is genome-editing rice in the north-south region.
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Table 1. Design of hygromycin gene to amplify by PCR

Fig. 2. Image for the collection of related species to verify
gene transferability between genome-editing rice and
related species. The red area represents the GMO field.
c, f, L 1,0, 1 uand x are located 7 m away from the
GMO field, d, g, j, m, p, s, v and y are 17 m away
from the GMO field, c, h, k, n, q, t, w and z are 27
m away from the GMO field.
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Fig. 3. Heading data of Ilmi and genome-editing rice were in-
vestigated and compared. The heading data of the ge-
nome-editing rice was 5 days earlier than that of Ilmi.
The heading date analysis was conducted with 6 rows
of OsCKql and 12 rows of Ilmi. **Significantly differ-
ent at the level of #test (p<0.01).
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Table 2. Gene transferability between genome-editing rice and

Ilmi
Item Sample Direction Tissue of PCR,

sample  analysis

a OsCKql1-Gs - Leaf Negative
b Tlmi Northeast Leaf Negative
c Tlmi Northeast Seed Negative
d Ilmi Northeast Seed Negative
e Tlmi Southwest Seed Negative
f IImi Southwest Seed Negative
g OsCKql-Gy - Seed Negative
h Ilmi Southeast Seed Negative
i Ilmi Southeast Seed Negative
j IImi Northwest Seed Negative
k [Imi Northwest Seed Negative
1 OsCKql-Gy - Seed Negative
m Ilmi East Seed Negative
n Ilmi East Seed Negative
0 IImi West Seed Negative
p Ilmi West Seed Negative
q OsCKql-Gy - Seed Negative
r Ilmi North Seed Negative
s IImi North Seed Negative
t [Imi South Seed Negative
u Tlmi South Seed Negative
v OsCKql-Gy - Seed Negative

- denotes the genome-editing rice located in the middle of
each section of the gene transferability test field.



80 r

(=

60 r

40

20 |

Culm length (kg/10a)

Tiller number (kg/10a)
o

IImi OsCKql-G;

D

Journal of Life Science 2024, Vol. 34. No. 8 571
=25
S ns
2207 f
=5,
o= -
£ 15
=
L 10 +
2
Q
E 5 -
[
[T
0
1000 ns
= 800
= T
L I
go 600
=
© 400 r
>~
200
0
IImi OsCKql-G;

Fig. 4. The agricultural traits of Ilmi and genome-editing rice were investigated and compared. The culm length, panicle length,
tiller number and yield were same between the genome-editing rice and Ilmi. (A) culm length, (B) panicle length, and
(C) tiller number, (D) yield. The number of plants used for agricultural trait analysis included 40 for the OsCKql-Gs;

and 80 for the Ilmi.
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Fig. 5. To verify gene transferability, PCR was performed using Aph primer on genome-editing rice, Ilmi and related species,
followed by electrophoresis to confirm for the presence of bands. (A) confirmation of transferability between genome-edit-
ing rice and Ilmi, (B) confirmed the transferability between genome-edited rice and related species during the transplanting
stage, (C) confirmed the transferability between genome-edited rice and related species during the harvest stage. No
bands were detected in any of the lines. The amplified products were loaded on 0.8% agarose gel. M: A/Hind III, +

positive marker.
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Table 3. Gene transferability between genome-editing rice and related species

[tem Sample Direction Distance (m) Tissue of sample PCR analysis
a OsCKql-Gs; - - Leaf Negative
b [mi - - Leaf Negative
c Related species East 07 Leaf Negative
d Related species East 17 Leaf Negative
e Related species East 27 Leaf Negative
f Related species East 07 Leaf Negative
g Related species East 17 Leaf Negative
h Related species East 27 Leaf Negative
i Related species East 07 Leaf Negative
] Related species East 17 Leaf Negative
k Related species East 27 Leaf Negative
1 Related species East 07 Leaf Negative
m Related species East 17 Leaf Negative
n Related species East 27 Leaf Negative
0 Related species East 07 Leaf Negative
p Related species East 17 Leaf Negative
q Related species East 27 Leaf Negative
r Related species North 07 Leaf Negative
] Related species North 17 Leaf Negative
t Related species North 27 Leaf Negative
u Related species North 07 Leaf Negative
v Related species North 17 Leaf Negative
w Related species North 27 Leaf Negative
X Related species North 07 Leaf Negative
y Related species North 17 Leaf Negative
z Related species North 27 Leaf Negative

- denotes the genome-editing rice located in the middle of each section of the gene transferability test field.

Table 4. Weediness potential analysis

Assessment of weediness potential No. of total seeds Pedigree P-value
(Ilmi/Os CKq1-Gs) IImi OsCKql-G3

Average germination speed (seeds/days) 150/150 3.2+0.1" 003.2+0.10 1.000
Average days to germination (days) 150/150 3.8+0.5" 004.3+0.30 0.427
Germination rate (%) 150/150 97.3+3.100” 097.3£3.10 1.000
Final germination floret numbers (ca) 438/319 90.7+12.00° 014.7+9.5" <0.01
Viviparous rate (%) 438/319 62.4+9.15" 013.749.0” <0.01
Tension (g) 120/120 128.34+6.300” 120.2+8.80 0.245
Lateral forces (g) 120/120 19.9+5.40° 016.7+£2.30 0.417

“mean + SD.

“Significantly different at the level of r-test (p<0.01)
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Table 5. After-wintering seed viability

Wintering depth No. of total Pedigree
(cm) seeds Ilmi OsCKql1-Gs;

0 100 0 0

10 100 0 0

20 100 0 0

30 100 0 0

S A e 54 9 ¢H 248 ¢S th(results not shown).
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