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Abstract

This study aims to establish a risk assessment system and guidelines
for living modified organisms (LMOs) used in environmental remediation
through the efficient operation of the LMO risk assessment institute under

the jurisdiction of the Ministry of Environment (MOE) of Korea.

We proposed a method for surveying flora and vegetation to monitor
seasonal and annual biodiversity changes in plants around the confined
field. Additionally, we outlined a plan to build an integrated database of
environmental and spatial information to track changes in climate, soil,
microorganisms, insects, and vegetation over time. Furthermore, we
developed the MOE’s safety management guidelines for LMO field tests.
We also strengthened the safety of the field facility and improved the

cultivation environment of the risk assessment plants.

To develop a method for assessing the overwintering potential of LMO
seeds in line with Korea’s domestic climate conditions, we tested the seed
germination and dormancy rates at low temperatures (-5, -1, 5 °C) and
relative humidity levels (15, 30, 50%) that reflect the country’s typical
temperature and precipitation patterns. This was done using unmodified
seeds of the four most commonly imported LM crops in Korea (canola,
cotton, soybean, and corn). Additionally, to evaluate the overwintering
ability of seeds under both intentional and unintentional environmental
release scenarios, we tested seeds encapsulated and unencapsulated in seed

envelopes, buried in the fields.

In order to establish a risk assessment system for LM woody plants, we
selected dominant LM poplar traits intended for environmental
remediation. We also proposed a model test site for assessing the natural
ecosystem risk of LM woody plants in confined fields. Furthermore, we
analyzed the trait characteristics and metabolic changes in poplar cuttings
grafted onto cadmium-contaminated and uncontaminated soils to provide
scientific data for the development of risk assessment guidelines for LM

woody plants.

Keyword: Environmental remediation, Living modified, Risk assessment
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Z7F9F EC20 3 iE FAAE ol &3 73 Hgol 294 JtEEe
AAsE LM tigwto] /ddE Atg7F Bad v ok (Kong et al., 2023;
Zong et al.,, 2023; 2024'd 37 F &3 LMO b & A FA YA E).
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oF
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‘iF
¥
#4000
-3
"5 000
W 1
G .

2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022
S T3 AHIF T HaA

O 10, &= 2L X FAHY

A& AR AR 7S TN L7 FoAA = olitsetio AAsgES
AAs L AENE kg S A4kste LMOE A7/ Folth(19 11;
Z4: https:/ /www.nedo.go.jp/index.html; 2024'd 37 F A3 LMO <HA
el Al A A F).

B s
SUNAE 350 DETE

HE B P|E 7 AY

Z=4: https:/ /www.nedo.go.jp/index.html

OF 11 L dolUX MR =S LYF R&D At
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3 BAaxF g 37 39:]"8“ LM &8 A+ 7H‘% Folgtal B3y E}
(¥ 12; =*: https://euinasean.eu/eu-green-deal; 7 F A3 LMO
20243 Al F-A 2 A =)

7|l# "8t
)% B
/ S\ $AS 93
E 5 . A\ { \ \ - k|
880Uzl /o A\ Q e \ XEvs RE
s () T ) Hxazs
A HS / \ AN g Lol
0 -2 ) { Heaal ) et
ﬂ\‘\‘@f{m. ; A\ == / BE 9 xa3t
¥, : N
- -'\\ ﬂ ) - - PR
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Farm to Fork ¢ > — = o
\Q%’ / '{\ i /X e
;._,f W
THE EUROPEAN _
f—‘ GREEN DEAL -
Green change2| / @} ‘\/\ :;g%é-\ D E Al2Sof Al
s g zs \§F9 ) T Y-t T T RNE
A ; \ A

M dofux| o8 ./ Green project2
e THE x| =l

ZA: https:/ /euinasean.eu/ eu-green-deal

a2zl 12, EU ‘Green deal’ M %4

A, BAaFH, A 7Hs oAU A B g 5 84 AT sk ol wet
SAAS A R A AAste FAoltH R 13; &4 Vision research
report, 2022; 2024'd 7 F- A3 LMO b ] Al A GAE). E3], vlo]2
AWZle B4 A Ao MEE ARV Jle 5 ol &3 &4
AstE LMOS d7-7ie] S71e Ao=m Aidde ot SAAIE
LMO =W Fd- U= A AAAEHA L AAAY SHE AT thF vhdo]
ANae Aot
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Z*]: Vision research report, 2022

OF 138 MA S EEANE 72

4, 37X LMO 9MAAF7 71

ZTHAH YL AA YA HIE Bt FAASS LMO 2 2 ¢
AEHE LMO9| Bl EH FERYE Al e SFrs]
93] 20189 129 B3R ZRE LMO 9333717182 A dol £95ka
A}t FAE LMO YAAH/N7|BL AR 23 LMOS A7}
T AR 7)€ AL SR AQBAF A ARD PRI Thel=
gl MEste el A AE2FE Aests 982 stal Sk oA |
AN 8B 718 B4 A LMO 2 LMO2| A e A 2184 7}
AAE F=s8ked @47 LMO Slsidd At B7F 71+ AdE S ¢4
ASOE @4F9 IMO e AAe Adsta (Y 14 4 F
FRAARFGAEA A B 7H71E ke A, 2023).

20199 FE 2 F LMO 93l 717 dell A= 274438 LMO 3 Ak
AEA s AdAAE B 7F Thol=E]l RS 9l vd sl B TL
ATE Fsn JoH(=rBAE Y, 2019, 2020, 2021, 2022, 2023). I F

=3 LMO7L 3 Ad873e) #2508 A T #4820 1E e
I TP e Yrhste AT S0 AABAe) NEy 234 2 B
el MHE A b AT, B4 AR BE FA 54 W
AT Fol Bk

n& |

¢
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Hoild HelaAt SHIQE ZA

=2 BRF FAAAIY=A A 8GR B AH, 2023
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20234 &4 & LMO

S NTI B 29

I

[ |
248 LMO 2EE A2 MO sidgot gotolE &5 &
Mg IrI 2d HMA += SA™EE LMO g
=i 45 MO =i #4d8sE LMo ¥ ZHE: 2HEdsE LMO
flai&EI |2 Khod el A HEMEH =2 S¢t
SR e XA DSt *lsidgrt X|& oA o= IL 7|8 =
L - L 8- L 2:
- 3RE LMO fIsid=EI P2 | | - eddske LM S27F 6l || -etddske M 228
okM ztz| Zst gt etd =4 YA MY
- e |xd B3-S EE SEt | | - EBEdEE M SEF floiy || - MYEE sEd¥EE M
DB 7% oL g i ZE2o YEd A
-2 4™EE LIMO sHEeE | | - 248 &2 MO A E3A =4
et atz| 7|& obH < MEfA M HIt
\
st 5 A LMO<Q| aiAdd It 7| HE &l
=1 =] =T
[

gA™sE 3 KANAYEA LMO2
2lol &AM AL-HIL 7ol =212l oA

B8 A3 MO AALHI} BEEs)
ANER EE

g 15, AT FEA A

HAl= 874438 LMOY &7
=]
n

WE AR AJAAE vidsta, & LMO #lsiAd# 71713 W A
a7 A B2 sk S E LMO a8 de] ke AAE
a=gtetaz g F HAE U 71384 S I LMO A4 €354
A4 B st SAE A% LMOY AEA Jd8 H7 71Es A
stazk it npAleto 2 s H LS 917t A sE LM 2E58 9 %4
Fd A8 LM FE27 g AAEA AsiEdB8 7T &4 =4, LM
a7 AR rt B Nde Fe A }E LMO AAF Bl LM
8279 A48 7 AAE vidstaA o
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« #EF5E IMO HEYE AT HT| X|HAA o
« §EF MO LIS dE 77| 2 HE| 2 F THufEE 7HA

« SIS BEYR LM ZEE SYYY M
‘M BEE XAMeA Q4TI 2 x4
‘LM BEFO| gisiaWIL WY

% 16, 20244 AF=EH
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0. A7HE 2 3

1. 3734358 LMO &73%< tdde ALAA us
7h A ER HEY R AA HEE =4 E (Y AA
A A= 2 A HEt 24 ER (D)= AAsE7] $18] 202019 58

Aldg R A5 9 A4 HstE ZASFATHEE A EN 9, 2020, 2021,
2022, 2023). A &GS AFHA G A BAHA S-S RS A ExA o7
100 m A Well Adste BE T& ZASAL, F7IEFAESS (T
5, 2017)3 7SS EE(THAEAEH, 2022)0 wet F
21X AeteE A2 9 F 25 m, 50 m, 100 m Aol A 1879 1A
ZARTSF A2 el AA9E oY DA ZATE A EARS A T
(Braun-Blanquet, 1964)°l w2} ZARSIATHLH 17). & FA= 549
Fs9a, A5G 71eE 2AE 8¥ 3 1090 3R

N

Non-Forest
25
50
100
Forest
25
50
100

[ Confiend Field

50 100m
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U 3 Ed e T 34 A I A

U #3438 LMO &89 = 59 7hs A9 S 2AS REASE
8l A= edA T THAAHAC] AAZ M 717t
& THOE ZASATHLE 18). L EA
FAN D@ AT wheh Ak Aol o k el &
AXY e & FEAFGET2 BFFEAE o] 83t HFEA(PF
Cd, 0.01 mg/kg, Pb 0.05 mg/kg, As 0.05 mg/kg) 3}t

o
=
=]

T.l.l"
(o]
)=

]

< o fo o

=

A

7 18, ZAA] AE

LA mAE GFELS 2ol 7HE AR AGeM BEGF ARE
ANFHst Z=ABIAT AFHE AE+&= FastDNA SPIN Kit for Soil(MP
Biomedicals 6560-200)5 ©]-&3l AxALS] wjwde wet F5S P
NGS #to]lH & gl Illuminait®] 16S Metagenomic Sequencing Library
Preparation | 3] A|(Part # 15044223 Rev. B, 2013)& #ralstod A 2bst Ao
12 PCR Zetolm= 24 FAA $3FS el A2 oM, overhang
ANA27F 239 FxE AA A, 23 PCR =Z2to|# = adapter ¥
index”} 2% FE|E Nextera XT Index V2 Kit] i7 2 i5 Zgto|H &
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ARESEA T PCR Aol A Bl Eold FF WA E 93] TaKaRa’te] Ex
Taq® Hot StartE AF&3l32™, PCR inhibitor A& 93] Bovine
Serum Albumin(BSA)< F7}3tAth. PCR & AHA 342 AMPure XP
beadsE &-&3l 33193, A2 Varioskan LUXE 33t} 3 EF
o2 7} AEE 40~50 ng/ul EEZ poolingdt] MiSeq Al A& %13
3FA T QC A o A= LightCycler gPCR< ©] 83l F=9 dol& &<l
H At AT AlEA A

Add dHlolHE 7Nt g 3 42 DADA2E F3 Amplicon
Sequence Variant (ASV) ol A X138 = 1o, vhe|g|o} &5Foll= SILVA
ol o] Bl ¥ o] 2 (silva_nr99_v138.1_train_set.fa.gz)E ©|-&3tRth. HHH| 2o}
T3 B4 AFof| A= chloroplast ¥ mitochondria & A|HX~E A 23}
#HF dlolgE AAsIA

=4 s AY]d #HANY EY od4xdd wE HEY A SA4S
BAo A3t Au 9 D 2T FHAANA AYEE 759 AEAS
A 243 Freo (A T 2A4H dFFE SBFATH(Nam,
2021). 22 AMAARE Ao AIE7Ae] dolg FAsAH
AFTHS AEAE AAHe A= Yol 656 T dx7]olA 543t
Az & SAHsAH
2. &4 5 LMO HsiAdH77 |8 A x4 Aujes AA
A EGANA LAY A3HE 3 LMO /& BAE g F v
AFAE Auel Ad T 280 Az Bes 9F FRsAT =T A
374 MAE Y8l =33d WEEE 2A-BF3ta, APE Yol #
ANES FAsAT. A BI A7 Al dE3 FA FES A=

MAVIC 2 pro; DJI, Guangdong, China)& A}-&3
(Han and Nam, 2024). Azl 20243 39%EH 74704 wid 13
13:00~16:00 Akololl & <F3tA T UAV Bl&2 A4 150 m oA 3
HAL e AT AR FAHAH A AY 13 3G AES
F 1N AR L2 FHAT. HFH A2 PhotoScan Professional (Agisoft
LLC, St. Petersburg, Russia)= AH&3to] g 9 HYsAT HAE 11
% (Digital elevation model, DEM)< A3 & HAALFA o|v| A& A4
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3

sto] T A AA NG Fxok FHE EdsidH AFET= A
xS m& A4k QGIS (QGIS Development Team, 3.22.9-Bialowieza,
Poland)E AH&-3} At

P3¢ 1Y 24 954 24
= 2 FuEa

=
Mz F2ke] iy 7|78 dols 8 F

A& 44 LM &A=(S5TT, T,

2 FAe] WY 712k e

Ha“]' 3’/]' FHETA HES }—/\}3}(’1‘:}(%‘3}%‘5}1 <, 2023; Nam et al.,
2024a). LMO FA7} =3 o] & Hlo|=Hol& A HEEH S A5
4 7hsde Brhstr] flell, $AE Seedbagel WOl wWHT A5
O%A ¥ AR Uro]l dde AYSAH(E 19, 20 A =

A Ef -, 2023).

it © o

S R
No seedbag

Seedbag
=4 =ZAE Y, 2023
T 19, Ae|lxd W 234 AP SX AR
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7ol 2AGNA EAbE

;(}_—_

53 AL

a2l 20, ASHE 2=

744 25 T vj7|olA] 7
sklstRar, o] FANAE

wolshA 2

797} WolE &

M AlS A|B

50 cm x 50 cm =7]2] WE o 208 & Hj %]
Zo] 10 cmZ Wi HstH . P H FA= 25, 455, 85, 167, 247,

al, %

4857} At & 3|48ty WolsS =A
A ==
<

stk BohshA @ FA F

feshel A woleg

B TAE HESSFE(TZ2) AAE
w249 B BHE ¥

2024a)°ll YEFH AT

1(£#]: Nam et al.,

1. 234 AdY AE BAe =22d 54
p-value 7t=2t i = FTT
Length (cm) < 0.001 020 £ 003d | 083 £ 0.08b | 068 + 0.05¢c | 1.03 £ 0.16a
Width (cm) < 0.001 0.18 £ 0.03c | 043 £ 0.05b | 063 £ 0.08a | 0.61 + 0.10a
Thickness (cm) < 0.001 0.19 £ 002d | 049 + 0.05¢c | 0.69 + 0.05b | 0.81 + 0.10a
Weight (g) < 0.001 024 £ 002c | 510 £ 1.32b | 17.87 £ 205a | 1869 * 1.33a

Z2]: Nam et al, 2024a

4P A EFLES E¢

2~ B\
’F‘T':T:

Ag|E A Ax1" HOBO 7]7]

(U30-NRC-10-5100; Onset Computer Co., Pocasset, MA, USA)E A}-8-3}
E¥ 2] 10, 20, 30, 40, 50 cmo A4 ZA3FATHNam et al,, 2024a). 713

Pt wed
B\

SRS
126°45 " 409 " E;

-2 -

F= 7] (KMA 2024)¢] T4+ 714TH(36°00 ° 1917 N,
I%: 232 m asl)odA E53HH




ZASH7] 93l AEZ YA o FA

Z1o Wi X3k, 1, 2, 4, 8, 125 &<F Tol&3 FHE

21; =sJ A el 9, 2023; Nam et al.,, 2024a). A2t HEZ T 4(125 % 125 mm,
SPL Life Sciences Co., Ltd., Pocheon, Korea)ol| ¢ 3}-X](Whatman filter
paper)E& 21l T4 208 & HiX| g & S/ 20 mLE FaotiaL, e
Adol7F 2 mm o] Fd of otH Ao =w ItFEe 7] Wolss At
A o] F& TA= 25 TollA 7€ F71= WolAA HF Wolse
2X% A= TZ AALE &8l

.

S4B 7Y LolskA wke FA

&% B,

o
2 o

FEEESERERTIRARRNRRN\G N

j_r—é! 21. J'(-|E| 2|:|:H qu. 7-II-I )\l.x|

o

7AeH 3
30%, 50% <2

1o M
Y oy
"
>l'E
m
AU
1:
o
L
FU'lO
m}g
ft
o2
4
A
o nQL'
o
> o
k1
AW
ol
£
—
Q1
S

Z7 stoll A 4t FE Ex9] YEAHS AASIL.

x 20mm, SPL Life Sciences Co., Ltd., Pochen, Korea)®ll

&
m
AC)
o
A
=
o
S i3

83 hdste] 4Eol 7HeT & °lh PR BT AAG EF 200 g2
Ae F F58 B TFN FAL4TFY FAS 247 20894 A4
stk 9% B4 BAF Xi%x%ﬂ ext 1 T WAsHow,
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A 717b2 15, 45 27HA 2102 JAyPSATH (Y 22). 1, 45
A A & 27] wol&& ALEAL, olF HFFAE 25 C
RGO 2 7 793 WOl A HF dobE &
Fojgt $AE Al2)stal dotsA] o

Saste] FREL Askstsnh

rlo 1
e
ot
of\ o
Y

i
=
ox

lo

ul

;ﬁ

N

o
>,

g 22, Al

o
i)
Hn

T
o
Ral
N
Jal
Rl
Rl

. A 2= LM HE9 Fx23 T A 4T 4

Tl U $UE LMO9 % = FHAw A T A=A &A Ad
HHer FEHe TAY #2335 VheAdes AElY] At AR
LMO $H A=<l sjutzbr]| & AREste] T2 "o wE A A&7
Ha) gl R o] W3S ZASEITH(Nam et al., 2024b). 22 3z
N E 2004 FYEJATHTH 23). o] Aol AHEH siutelr] FF2 EF
FER AT SR FFA AT (HE(F), EFF, =)
ojATH F 4870 FEo] 7R A FAS EFom A oH, 44
T8 7= 1 mx1m% 2m x 2 mJPoh A= 2020 5290 0, 50,
100, 15070 8] A oto = Eoko] A IAFHAJH(THAYE Y, 2020). 2
T8 yie= AdeEH LIRS slsolv Fx UAE oA Asht
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slutetr] o] wol 0 ERY B4 L BT F 3F ARH AF @ 2ol
FE W ST B BA A Sohtel AL AT BB Wold
Aoz FYh A SAS ER Aot UE 4% wA(RE, 47,
Mek 9 FAR%) A AA 55 Aol AFA £ ©A ole] HEe
B8 FAE TEE] A8 AEHoE FAYOw, Fohdor Fxr}
FHE utet] AAL AL o FAE AA £5 FAF=A FIY
3% F 45 Ao Aohde sutelr] AR 4 SHE 23, 7] A3
% % AOIE SYel A, 2L B 2d A2l A e A
A ARG £ ARE BG WA g SAE E7] RS
=45k 2 Bolx A5 w°ﬂ S A WA 2o PolE ZHIAAL
4% %o}%o AB) B3, 25 s, 7 Dolol oA G SAS

8; SAS Institute Inc., Cary, NC, USA)o|A it A3 =2
(GLM)<= A}%ﬁ}oq A B4 B4 (ANOVA)S 53l 4
< of AlAtsted g Gl gF W 2 FE oA A

ok e TY T FF, A8 A, NE, dUd T84S A 794
71E239 . AE T2 AlA4A #ZI National Institute of Biological
Resources (NIBR, 2020)E 7|Hto 2 AHIT T8 5 ZHIV)S Tl A
afutetr|of Fxo HAhd $AIEE et e ARE AFEEHAH. dthE
FAEE 2 FHAAA aintebr] e ofd AESY AR EHE A
At $AIE &9+ Braun-Blanquet (Braun-Blanquet, 1964)2] F3Hg3k<
dste] A4S ANl == A &0 EAsts FHoA oA BE

N
=
c
a.
2
c I
[-'N
()J

-4 -



ze g ol Mz MR AMSA ke Ve
20 IVe] M8 F7hE 2Abskel sputelr)sh REe] BA710E

stdnh 24 713 B sntebrle) Ivel mE R Vel WEkE
st ar, siutetr)z WA J2EG S AY vl FEE B
N3 AR 7o Sk

4. A HH7HE B AHEE LM 258 -A4FE AE
348718 44 3HE LM ~ﬁ33 NEsr] A& g, 7tesd 22
TE45 2% AIAPE FAstes FAA(NYCF)E =Y 258 E
sFATE o8 ¥ BH ZZ (hybrid poplar;Populus alba x Populus glandulosa)©ll
YCF1o] 3 ¥ o1 2vte g2 ARSI A2 F 5, Al i3

F

dIHEE A EAYE LM 25 BES 4S5 AU LM
ZEY 48" A e A8 BE oA genomic DNAS FE38taL PCRE
53 =2 fAAE S5HE ASshin

7}. Genomic DNA FZ&

Genomic DNA %2 &7 ¢S homogenizer® 3|3 & 2 &34k
FZ %% (Nucleic acid Extractor NP968-S)2} 34+5+=Z 7] E (plant tissue
genomic DNA extraction kit; Xi’an Tianlong Science & Technology,
TI)E &5t A=A ZREZ we X]f”g@]"’jq 2= 100 mg
ME 3 e-tubedll ¥l homogenizer® 343+ & REAG2 ¥ 3 400 L2}
REAG3 ¥ 3 60 pulE Yl 65 T incubatorol 4 30E3t 3] AA| 7|HA 49 0]
T2t 12,000 rpm, 107 YA EE & 4SS 96 deep well plate?]
1H3 798 column©] 231 Ribonuclease A 20 plE 3¥ 3 9 column®ll

Ho]FAT AlZE0] S+ 96 deep well platex= = %6“’\}—7?%%}74 ol
g mlxmg sleeveS holder®l| ZZolF1 A EFW4FZ= vl wt

25 A7 3 6¥ 3 129 column® genomic DNAE nano-dropl &2 A &
At

. PCR & €7]M 9 £4
X f32 SFo T8 PCRE BioFACTTM 2xLamp Taq PCR

Pre-Mix(LT402, H}o]IHE, J=)F AREst] X3Pt 2xLamp Taq
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PCR Pre-Mix 15 ul, genomic DNA (100 ng/ul) 1 nl, YCF1 Forward
aZg}o]lw (10 pmol/ul) 1 ul, YCF1 Reverse ~z}o]® (10 pmol/ul) 1 ul,
SHT 12 E Aol FHlsH T PCR ¥H-g 2332 95 CTollA 523t initial
denaturation, 95 Cell4 30% denaturation, 58 C |4 30% annealing, 72 C
AN A 1% extension #4 S 35 cycle §HE3t] SE3 3 72 TollA 10&1t
final extension= X13Y3tA . PCR 4= 2% agarose geloll %7955t
Chemi-DocTM XRS(H}o] 2t=, w]l=)& o] &3to] 33ttt PCRo
AHERE YCF1 5013 Zgtolr= 3 20 YeEhAG. o7& Abo]=2] PCR
MES FRIT &, Gulo] LA E st d7IAE 4 & sdsHATH

I* 2. YCOFT A &3 =elg fle Z2tojo] E&

— 1

=Zzjo|d| 0|5 =Zao|of MH(E—3)
YCF1F_RT CATGAGTGCGTTCTATCCCTCTAT
YCF1R_RT CCACCTTCGGTTAGTTGGGCATCT
t}. RNA % % ¢DNA 34, qRT-PCR
LM £Z8 9] YCF1 BdFL A=37] 9a) Alxe 348 @ 52
A& AMEHY3t] RNAS FE3513 cDNA A S 1335t A . RNA EE=
TRIzol (Ambion, 7]=)¥# QIAGEN RNeasy kit (Qiagen, 7|=)& Al-&-3}

Z1 83k A

RNA #2]5 98 A=< 100 mg MZL 3 2ml tubeol] 3L metal
beadE 122 o2 st Ath. 12} A2 113 o] %, Trizol reagent Iml<
231 YIE ¥ 12,000 rpm, 1027 dAEE & A5AS A e-tubeol
SATH FI7MH 0 ZE 5 & =o]7] H3 QIAGEN RNeasy kitE Al-83}<
AAZE Z8st¥ T RLT W3 450 plE Y3l vortex % QIAshredder spin
column®] &%+ 2 ml tubeo] &713 12,000 rpm, 2 & YA 2
SHATH dedS MEL e-tubed] &7 Fa 0.5 volumn 100% ethanol-<
23 H3E ¥ RNeasy Mini spin column®] £+ 2 ml tubedl] &7 &
10,000 rpm, 1523t Y4 &2]3tAth. flow-throuhge A A 3t3L RW1 H 3
700 plE ¥ 10,000 rpm, 1523+ YA L3R flow-throuhgs A A
33 RPE W3 500 plE Y3 10,000 rpm, 15%3F YAIE ST
flow-throuhg+ A7 3la RPE W3 500 pl& ¥ 10,000 rpm, 243t
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A2 3R Th RNeasy spin columne Al 2% tubeol] ¥ 3. membrane<
Ax=A17171 & 12,000 rpm, 183F L4223 T RNeasy spin
columnS M Z-E tubeol ¥ 1. RNase-free water 30 ulS membrane®l] €11
10,000 rpm, 13+ Y4l E23td RNAS F=3t3th

cDNA+= 8 38 total RNA®} GoStriptreverse transcription system
(Promega, 7l=)< ©| &3t FAEHAUTH cDNA FAH S 93l PCR tube©l
25 mM MgCl2 4 pl, Reverse Transciption 10X Buffer 2 ul, 10 mM dNTP
Mixture 2 pl, Ribonuclease Inhibitor 0.5 ul, AMV Reverse Transcriptase
1 upl, Oligo(dT)15 primer 1 ul, total RNA 200 ng mixture®l
Nuclease-Free waterE ¥ oA & 20 uyl® W& & PCR 7| AZE 42 ColA
60 &, 95 CollA] 5 &, 4 CollA] 583t ¥hEAIZ] F 3% (DNAE & 533t

2 flgt Z2lol HE

g
0l

3. duAel YOF! wOAL 2zt 4

zztolo] o|& zZz2tolo| ML (E—3)
YCF1F_aRT GAACCATGAACGGTGGCGAA
YCF1R_aRT ATGGCAACGGAAACCGGAAT
Actin F-aRT GCCATCTCTCATCGGAATGGAA
Actin R-gRT AGGGCAGTGATTTCCTTGCTCA

ALEStE WAIFRAAR Actine A3, Zeto|w A2
= YAHAA 3R TE qRT-PCROY| AHE-3F YCF1 So]d Zelo]m &}
=2 AR Actin ol Zgto]lW s & 3o YER AT

LM 228 W YCF19] Al w3 =e &213slr] 93] CEX Connect
Real-Time System (BioRad, W"|=)< ©]&3 qRT-PCRe <333t
cDNA F4& 93l 2xSYBR Green mix 10 pl, cDNA (100 ng/ul) 1 ul,
YCF1 / Actin Forward 2Zz}o]® (10 pmol/ul) 1 ul, YCF1 / Actin
Reverse Zztol® (10 pmol/ul) 1 pl, 75 7 ulg 4o xR
PCR WH& 272 95 T4 1583t initial denaturation, 95 Tl A 20 =
denaturation, 60 T4 30 % annealing, 72 CllA] 20 = extension 3 -&
44 cycle WHE3ld S35 & 72 Tol|A 183t final extensions 7133} 3T

B2 AN R
.

g

i

Y
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AAYe &= MAEE 7h=+F 20 pme] e BEY JtEF9|
A=A ek E9F 300 mL7F ©1 807N(FFEH A BT 4070, ti=T 4070)<]

FetrE 7)o A& F & 50 mLE YA olF FeprIA
= 2ol & A (5 25 T, €4 12h Light/12h Dark)oll A 673t
WA EREE 2ASATHLE 26).

et A e e, 4o AR s glo] A e

= & H + 7N A (Non-growth) <}

AH 2 T QS FA 3 7)A(Callus or leaf bud), UieollA o] A=

7N A (Leaf) 5 3712 ©AIZ F&E3tAH. o] FA4HE /A= MARE
st dolx= A =AMs T

Sl 2E2 o A HAF 2ol vA = dF B4 A8l 7t=F
20 ppmo] AgH EGFH 7t=go] A FHA F2 EGNA A 2589
A ES SR (=HAE Y, 2023). 2258 ANEc sEAUXI £
QAR E S 5, BAT + Eﬂ“ﬂ%’éa(trlmethysﬂyl TMS)E Ah-&-3}o
FEA3} oS GC-MSE #4139 th 71 & NIST, Chenomx 5& ©] &3}
A EA 3 & pattern recognition, data normalization, 5 H°|EH &
=Est

J

7F=4H 20 ppmo] A 2lE B FtEHo] AT HA EE Bl At

2ZEY W diAbE W3 2 744 E(principal component analysis,
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PCA)&A# FiEFHA LA WEEAH(partial least squares discriminant
analysis, PLS-DA)S MetaboAnalyst (www.metaboanalyst.ca)oll 4] 4l A|
st B Wl 7h=w 557 &8 9] dAtEe] Wl m A= FF
Heatmap< #A4st] A3E AZ43}stal VIP score w4 3Rttt

(= HAAE Y, 2023).
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28 AT 5 AT old@ 2A 5L IMOZl A ERAA
Hojuy & Aoz gikE Ve S Abdol o &3ta, ol & WA st
At A videkE W Aok 53], WEE LMOZF AETEAA gk
ZAY AEA $AH WaE 2T S HUhT et A
Fasith Hepd $28 M Age] 24 A8 Aol IFL v
A AT A W3 24 & ST WEe FIHRE, TS
OQddAT 5 Ae0ddY M3 32 58 24 + Atk
Aoz A4k 8 A4 ek 2A (RS AN 918 20209
A W F A& D A AStE AR A3 A &4 A4 WE
AYd, AdE, d=EE FYsn, 53] IHZATE A AL
o2 W3l ¢S st AS dAIdHE 27, 17 28).
Sp!’il’i(] Boyaia japenica 3% Santlid Pevwcara thunbergil 1% S Mo muitifiaen 15% FR——
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- Mmfr::mm J Mm:::“m,m
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o Petsicanta thunbergi 295 et {% . paaaaancan N | St aponicus
= A e o Uigust
m#:l:-:‘- 18% J o 21%
Setavia wirils 0% Parsicasia Aicrasiegiam wmingum 13% e Rors mutrifora 35% _ Besamultiflers
Setari viridhs 19% g "“;:""’ [P —y ‘f\- Jmponlcirs 1% Lipsistroms obbaifokim 235 / %
100 m Garathsra biannir L5% i_ Poeravia lobate 17% i SpmHacas sowafutogi 20% W s japorus
o il - Panium T [ %
T bl 1% - o .
zbm P "‘_m --\ lmwamm ! - '"mmzm
Non-forest Forest-herbaceous layer Forest-shrub layer
O3 27 A= AEY 3 A2 AlSa el AP 2 of A
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Year
2020

15 1]

Oplismenus undulatifolius
Akebia quinata

Persicaria thunbergii
Parthenocissus tricuspidata
Clematis apiifolia

Ligustrum obtusifolium
Phytolacca americana
Commelina communis
Rumex obtusifolius
Dryopteris chinensis
Toxicodendron trichocarpum
Miscanthus sinensis

Vicia sativa

Rubus crataegifolius
Euonymus alatus f. ciliatodentatus
Trifolium repens

Dioscorea polystachya
Persicaria perfoliata

Rubus corchorifolius
Gynostemma pentaphylium
Symplocos sawafutagi
Robinia pseudoacacia
Veronica arvensis
Viburnum dilatatum
Rumex crispus

Agrostis clavata var. nukabo
Asplenium incisum
Alopecurus aequalis
Glycine soja

Rosa multiflora

Setaria viridis

Celtis sinensis

Ampelopsis brevipedunculata

Phryma leptastachya var. oblongifolia

Spirgea prunifolia var. simpliciflora

Eclipta prostrata

Carex neurocarpa
Duchesnea indica

Conyza canadensis
Calamagrostis arundinacea
Perilla frutescens

Stellaria media

Draba nemorosa

Pyrus pyrifolia

Sorbus alnifolia

Quercus serrata

Microstegium vimineum var. polystachyum

Androsace umbellata

- 33 -

Year
2021

—_—
I
N
_—
-
-
-
-
-
-
-
m25m m50m
] 15 30

st AL Z3 oA

100 m

a5



. 4823 84 -FAHE T3 DB 7= 7|F vid

& DB 7= 7lE< vhdsty] fste] vt

712 ARE AR A2 Yoo A HolHE A
= 18=

)
Ac)
kd
o)
o
ok
r;_}l_‘
ox
D
oHﬂ

S5 AT 89FF dlo
& dlo]Elet 34 dlolH=E
AATE ol HolHEY FUNHAHEREZE uld FYE FFARKES
A2tE A A 2AEA o GPS #3E7F AT S E EHolHES I
A2 oA A SHIAY 92T = e 258 AAgsdy. 48
Hol &S Aeste st HolHE F53tA 1 ¢4 DBE QGISol A
AALS ST AA EEE ZEoA A2 HolHE sEstdth 1 A%
ART-HE, EY EE3 Ad, 2AYEY 7R 55 EHE 7 UG

(1™ 29).

(2R R R H
ornm

S BE =Thel 30F 00 @YU BUTHn MMag 30T OWNHE-r Hese MY meee U . FEE R

T B Ay QA s RN s B0 B-e8-i-% &DH%I - =-§
#eELAeBE # mr Wyt g o o o i - oD - E
= @

1
TR TS

i I

OE 29 Az 24 SUEE s DB 5 €F

- 34 -



B3 FFEEA W AT

F

o wg

i

o &%

X
i

3r

JJo
_

A3g LMO7F =944 Vs

)

—_
file)

48 BHe B

©)
.

72, AANAAY

374458 LMO

=1 of
o}, meA

T
T

T
) Y

2Ho2 AgH

]

57

3

FE&s A

o
A

Hgd &

uhe, o) 7] Fol

=
E-‘T./

A
s

7]

-

e 7] oj

- 35 -



4o JeERRA T 228 7] Wl HA

-
at

0 F3& g

3k 555.0 mg/kg.

<)

HrEs 23

N

432.2 mg/kgel At =

578.6 mg/kgo & = ¢,

?_]__

25}

1o

V| —
. o
52858
IR
o | © (9
(@]
vl N~
| DB NN
Tl L8 8
o | o ~
ol = QN
Rl | 9| LRz
Tl d|~|d
N < oo
(<o)
~ )
_ oY L
b N o|R|w
||| N
Z|© %
D | — [ee]
oo | | N Q
— |~
:_M__/._
NRAR AR RS
o | O —
2| & 3
Al oo ol|
|O .
1 RIS NIK
QU )
ol |3l | 85| B
Kk | KF | KF | K-
<1 | K0 | KO | RO
Ir | mn | N Ho
=

Ho
=

EF U

T—
)

A7} Bk f257h AU o)

2Rl

il

Oo]:

LRV

%

o

St

A A

il
o= AA

il

&

A

A 70}
E}

£

A AT

09578 2] ASV7}

7

2

=
=
7 O

]

EQl 341F-805R F=

24 2

%
2ol v

T

£ B

H| 2] o}(Bacteria)

vl
=

Al

3L

7g o) A]

g

1=]
URE

BEHFE &= ASVe
| A

A

=

Archaea) 2

& A%l gtk 2y £ o

(

-y
| N

l

3

7ol

o 3

S
ax

T
| N

ol

5]

A A

- 36 -



ASV O] H|Fo] AA|2] 14%°l 3, o]= 7]E2] vlte|g|o} F4lo] Zjo]m
Hg W9E oyl AR FEE waih ol d AT BE MES
Hol 999 B3 342 Q9l, E3] §714 217 3183 ~Ed 2o
ks 7HsAd S AlARSTEE o]ol whel IAHF ASVE A ASHA

@i, dHYE(Prokaryote) FA BHANAH L 7+2E T2 &4
3t T & (Phylum) <&l A1 Firmicutes (21%), Halobacterota (Archaea,
13%), Desulfobacterota(11%)7} =8 3 EFT OS2 YEFRTHE 31).
o]&= YHkA © & Proteobacteria, Bacteriodetes, Actinobacteria, Acidobacteria®}
& BRzel SHSE ANA B guAot WA O RES

0 10 20 30 40 50 60 70 20 90 100
B Firmicutes Protecbacteria Halobacterota Desulfobacterota ® Bacteroidota
B Chloroflexi W Patescibacteria ® Actinobacteriota m Others

O 31, Ha3d FH 2EX| ghH 2|ot E(Phylum)

% (Genus) Tl A= Methanosarcina (6.9 - 12.0%), Methanosaeta (0.7 -
54%)9 2o WE A4 TAFO] Fa UAE Lo FHelmom,
Desulfobulbus (2.9 - 5.8%), Desulfomicrobium (1.5 -1.8%), Desulfococcus
(03 -1.3%)% &2 44 g A= v AEHAH(TE 32, & 5).
olF T MAES F= I AN AYstH, Fr1E 8 A A
W eh(CH, )3 #3}<FiH, S)E AASE A= OLEW At 53] &3}
Tas LEACAM Ald At oFFHe F8 dd T styE AdET
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¥ 5 ™ ASYV HHF MUEREE ¥ EFSEHE AS
Relative
A Taxonom
ks abundance (%) ey
ASVO001 109 Archaea; Ha(obacter.()ra; /\/lefhanosgrah/a; Methanosarciniales;
Methanosarcinaceae; Methanosarcina
Bacteria; Firmicutes; Clostridia; Peptostreptococcales—Tisslerellales;
ASV0002 50 ) L
Peprostreptococcaceae; Peptoclostridium
ASV0003 43 Archaea; Ha(obacteréta, MefhanosarC/n/a, Methanosarciniales;
Methanosarcinaceae; Methanosarcina
ASV0004 37 Bacteria; Desu/foi_)acz‘erota, Desuilfobulbia; Desulfobulbales;
Desulfobulbaceae; Desulfobulbus
ASVO005 35 Archaea; Ha/obacz‘_erofa, Methanosarcinia; Methanosarciniales;
Methanosaetaceae; Methanosaeta
ASVO006 29 Bacteria; Proz‘eol_aacfer/a, Gammaproteobacteria; Burkholderiales;
Rhodocyclaceae; Thauera
ASVO007 o8 Bacteria; Proz‘eoba_cfer/g, Gammaproteobacteria; Burkholderiales;
Comamonadaceae; Acidovorax
ASVO008 00 Bacteria; Desu/foi_)acferoz‘a, Desulfobulbia; Desulfobulbales;
Desulfobulbaceae; Desulfobulbus
ASV0009 20 Bacteria; Chloroflexi; Anaerolineae; Anaerolineales; Anaerolineaceae;
NA
Bacteria; Proteobacteria; Gammaproteobacteria; Pseudomonadales;
ASV0010 1.8 A
Moraxellaceae; Acinetobacter
Bacteria; Firmicutes; Clostridia; Peptostreptococcales—Tissierellales;
ASV0011 1.8 . .
Peptostreptococcaceae; Acetoanaerobium
Bacteria; Proteobacteria; Alphaproteobacteria; Rhodobacterales;
ASV0012 1.8 .
Rhodobacteraceae; Gemmobacter
ASV0013 i5 Bacteria; Chlorofiexi; Anaerolineae; Anaerolineales; Anaerolineaceae;
NA
Bacteria; Proteobacteria; Gammaproteobacteria, Burkholderiales,
ASV0014 1.2 ]
Rhodocyclaceae; Thauera
ASVO015 10 ﬁic_z‘e,\rl/i, Patescibacteria; Parcubacteria; Candidatus Moranbacteria;
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=l 4428 LMO =9 o] AE FF 9 BXE Foluy)
95l 20198 FI&0 7 QdH HFako| A ZAFS A4 AR FE9
S4< g5 AAstA 48kt (2d 33; 3 Nam, 2024). & A9
A d=Abd A F s Ao AR H ATH(Nam, 2024). #HZh 2| &
F% BEE AT (Site A) EF9] Hlas} ofd FhFo] 247k 4353 mg ka1,
191.1 mg kg-1, 7B 7| (Site B) E¥FS] H| A9} ofd FF2 247t 12,686.1 mg

kg-1, 2,042.2 mg kg-1 ¢l ¥k thZ2FSite C) EF] vlA9} o} FeF
Z+7}y 36.0 mg kg-1, 103.8 mg kg-1 ©] A TH(Chun et al., 2021; Nam, 2024).

Z*]: Nam, 2024

% 33 mEol M AE ZAF XY, Site A, AT Site B, d0of, Site C, thx=+

gl A A 54 A0 =2 70NN E, ¥x, & dvH,
A7 o], HAE, GtolFE) 259 A EA
=& AT R AE =
34; =4: Nam, 2024). 5% &7l & 479
A7ole] =42 QARHA e EYA
38.1% ZSkth. ZBT-ef ABn| EFolA Agk & &
Eofol A AT WxHTE 247t 17.8%, 22.6% ZUth Mxe A
Yol A 2 EA oA 83.9% THAaZ HFA HHZF2 73] 2t
2 EZA| oA 48.2% ZFASEATE VA 22 LAHA B2 EGA

A A ZA| o= 53.7% st v, o] 49 7Y
A A EA L] 240 LEHA FE EGAA AT AEARTG FoH,
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A A A=Ak LEEA e EGOlA 1

#]: Nam, 2024). 717
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7Vt WHE, A E0] AGF AT L9HA 2 ESA
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Il Bridge collapse
B Slope collapse
I Waterway erosion
[ Rainwater intrusion
[ Soil erosion
B sediment Inflow

Slope collapse

%]: Han and Nam, 2024
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E 7. 714E% 13 7Y 22
Category Count Min (m?) | Max (m? | Sum (m?)
Buildings and research 10 5 3,623 9,708
Forest 9 27 3,182 7,380
District Tree nursery 2 184 724 908
Road 1 157 157 157
Exhibition 7 6 5,166 11,231
Sediment Inflow 12 63 3,623 15,231
Waterway erosion 8 5 509 845
Damage type Sloge collépse 3 184 1,054 2,140
Soil erosion 1 1,321 1,321 1,321
Bridge collapse 1 6 6 6
Rainwater intrusion 4 612 5,166 9,841

Z4]: Han and Nam, 2024
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Ecology and Environmentol] A} = {tH(Nam et al., 2024a).
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Temperature [°C)

-20

—
(9]
et

Soil temperature (°C)
=

Z4]: Nam et al.,

a7 45 Ale ZEel 7[=2(A), EE

MHE 2o 27] 9 HE ol Seedbag®]

717¢ol whek 4ds S THE 9; £ Nam et al, 2024a).

4 M2 B
(GLM) 24

0 r

10

A0 b

== hazimum air temperature
= Average surfsce teemperatune

=== Ayerage air temperature
=== Minimum air temperature

(B)

Precipitation (mm)

o 4 &

# 50 om
® 40 om

Weeks after burlal

12 16 20 24 2 32 36 40 44 48

S

Soil moisture (%)

a

] 4 &

Weaks after burial

2024a

12 16 20 24 28 3@ 36 40 44 48

Weeks after burlal

1z 16 20 24 28 32 36 40 44 4B

Waeeks after burial

Eofe

T(0), E

1 16 20 24 328 32 36 40 44 4B

T=(D)

2 %9y

General Linear Model

Z7|LdotE x| SotE FHE

AE B < 0.001 < 0.001 < 0.001

Seedbag 7+ 0.008 < 0.001 0.690

oiEl 7|zt < 0.001 < 0.001 < 0.001

Seedbag x oHE 7|2t 0.002 < 0.001 0.958
Seedbag x A= & < 0.001 < 0.001 0.984

AE S x ofE 7|2t < 0.001 < 0.001 < 0.001

AE & x Seedbag x oHZl 7|zt < 0.001 < 0.001 1.000

Z*]: Nam
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713k, Seedbag - x
E xhg_o]

o og

et al, 2024a
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0.001), "I 71ZHp < 0.001) H A= T x #Wd 7|3 FS Z&@p <
0.001) kol ¥k WA= AT

Seedbagoll B3 B0l wiHT FAet Seedbagel WA il w3
TR 485 Bt Wolg W FHAES I8 46(F#]: Nam et al, 2024a)°l
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m Germinated = Germmunated i lab @ Dormant m Dead
Z*]: Nam et al., 2024a
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Ao Holg-& 8F Aol 11.7% At Seedbagell ¥ Wiy T2 <

- 73 -



l

Wolshr] ek FheEl FARE 7Y B9t 25 °C HlUstS o 85.0%7F 25 2l
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s

47 Fof F9H FA7E BEHAH

AY 717 Ast FAs BEGA TofstA] &t EqfolA wotstA
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ST FAL Seedbagell Wol Bl miyds T4 WA 4 g
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=7]: Nam et al, 2024a)2} 19 47(F*]: Nam et al, 2024a)°l
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#E 10. M2 =AM AlE Y wot23 FM=E General Linear Model
(GLM) &4 &1t
X7|eot=E z|Sdot= FHE
AlE B < 0.001 < 0.001 < 0.001
ok 2= < 0.001 < 0.001 0.021
2k 7[Zt < 0.001 < 0.001 0.048
AlE S x U 2 < 0.001 < 0.001 < 0.001
AlE T x bk 7|2t < 0.001 < 0.001 < 0.001
HfQF 2% x bk 7[ZH < 0.001 < 0.001 0.005
AlE T x bk 25 x bk 7|2k < 0.001 < 0.001 0.009

Seeds of four plant species (Glycine max (L.) Merr., Zea mays L., Brassica napus L., and Gossypium
hirsutum L.) were cultivated at three different temperatures (-5, -1, and 5 C) for 12 weeks. Data are
presented as the mean + standard deviation (n = 3); P-values were calculated using a general linear
model-based method.

Z2]: Nam et al, 2024a

5, -1 T A=oAe= 7h=set SA7F dotstA| g, 5 ColA e
25 "l ef § Hobgo] 36.7% AL, 47 WIS ¥ 833% = FUFSFATHLH
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Z2]: Nam et al., 2024a

OF 47, 20| M gotet SAte| 2ot At
B) 2

1273 AL MFT S5 FAe 27] Fohge 29} BAGO|
0% Tk -5 ColA H gk %x}al A% wolg e W 157 o] 95.0%,
2~12F Aol 71.7~81.7% = WA =9t} -1 Col A wjFst 2zl HZE

- 76 -



wol&-o ol 15 zboll 86.7% QAW 2F x}9F 8F Aol 27+ 50.0% <}
0% = &gt 5 ColA gt F2ke] HF dolg2 vlg 25 Aoll=
85.0~95.0% AT 4F AR 46.7% 2 7HAJTH 8F A} 12F Aoll+=
zbzk 13.3% < 1.7% 9Tk -1 °C8t 5 °ColA widd &

5.0%1 A% FHo] #AEH AT

3) Fl AFHe WY Ao FEE T2 Dolg B FUE A
) 5 W
s}, ThEes oz 1 |
AYE Aol A 15, 453 FAE NFd T 27) Bole-g 23
om 25 T2 §7 153 I @ g A% Polg-g SA Y 27
FAE AT otk g AT FAF UFOR TZ AANE 1Y
&< Z4sAnh
% 5 R A /PR A Bolg ) FAEAA 2oz}

Atk Fo| A AL 13, 43 F /1A 20 BF 3 S5

4 o
FE

e
A\
=
A

oy BN
r r}L s

2l 30%°l A Tolgo] 98%, 96.7% = 71 E=ow 4 A3, 50%
ZE AL ZE HolH gtoll A 65~100% Alele] EEXE H AT
(1% 49). ol TFE FAje) lolElzke MR L Wl & FAol L)

Nz fFHee 3 GC oA 7P Wk, 450 =30l s =7

15%, 50% 7Y ] 247+ 35%9} 58.3% 2] x5 YERN UL o] A=
A2 BE F FAE S55, 93}, shzeel vastge i F4 gopol
Frol e @ WAt §33 2 5 Yok

(A) B1week B4 weeks (A) B 1 week B4 weeks

. 150 80 T

39 o~

< 100 S . £ e [

£ | E = g @

= 50 = — M g

§ 0 HE HE B 2 2

E U = = | — E ﬂ R - e

B 15% 30% 50% £ 15% 30% 50%

g Soil moisture content ﬁo Soil moisture content

O 48, At £k£4Y 2 ZXe| got2A)2 FH2(B)

77 -



AT 5571 ZolRol wel 3] YolR = Wolss Ko
FAh 15370 AEsaS w 15% S5 A e Ao = H 85% 9
o8-S YERAA T 50% SE)Ae dols %oﬂ B3t AT 45

A3
© 1
| BN

A g BAFAAE 15% 5 A8 APTolAe 45%9 dol&S HAA T
50% N A= 0%2] Hol&S RITHIH 49). W E FHEL 15 ZA
G} B A et BAHE AL D0k 5% 2NN FREE
3% %2 Fe ANgkS BRI oY 30%, 50% A= 22 58%, 57% 2]
A5 8 2R 260G 4% 2ANAE SEob HobArE FREL
26.7%, 21.7%, 11.7% = X} FolX = 73S E%E}( =2 49).

(B} E1week =4 weeks (B} H1week =4 weeks

- 120 S

% 2 e S L

= £ a2

i . HE L = @ BB B

s 2= L == S — —

E 30 15% 30% 50% g 15% 30% 50%

g Soil moisture content Q Soil moisture content

OF 49, Ao s2Y S SAe| LotE(A)n

™ 2(B)

=i

o
o
AgFE BRIAT I 2 SFFHT ZggT
23 15% 55 AFFoNAE 75%9 Wol&S BHYP, 50% w5
2 B3%E SAHEHAJG. 457 AT 15% 5% Ntﬂ#
41.7% RA T 50% 2 557 S7HE Z2HdAAME 16.7%
ol & ZFASAT St r AR 157 AHeS o 23271 45
A FZET & dols s HAFIIHH 50). FHES 15
E3heFo] 50% N9 25% R 3L, 15% 2 30% Y Wi+ 2+ 2% 9]
S JEMT 437 2ANHE 583 15%F 30%2 A
15 AR 52 47 6.7%, 20% S BHP oy 83 50% 0= 15 2
Bod 22 15%9 FHES YERNATHZE 50).

- 78 -



G

Germination rate (%)

H1week B4 weeks (C) B week H4weeks

150 80
100 T £ e
. 2 4

— == | — = B‘. T == =

U — | — | = = a T T |

15% 0% 50% § 15% 30% 50%
Soil moisture content (=] Soil meisture content
O 50, At kY w3 ZXte wotE(A)2 £H2(B)

%%F%k 15% Z71 oA Hol&2 68.34,951 a, —’F%Q%ﬁ 50%
&2 56.7% A EI T vRVHAE SRS
%0}301 733%E 71 & TAE RAFA AT 45 %
30% 7oA el olgo] 51.7% = 15% FEEH(75.0%), 5
(55.0%)¢F PlustRS o 7 @He 4es BoFAn. 15 x} o}
DI IA 2 45 2 Whols A T8 FHU X0 g Xpol7f 34 &E
Ao Z AT FHE =3 FEFF 2 zpo] Zo] 7}7& AFkth
(2% 51). 15 2k 2AANA FETF 15%} 30%= 22 8% FHES
BRI, 50%A4E TET W 2% At 45 Aol A& F A 71A]
ZZo A FHEo] 5~87% Alole] BEXE Holn H|=3 AAZS e
At

2~ B 5
TR

(-~

(D} =1 week =4 weeks (D) 21 week =4 weeks
-~ 120 80
3 —
] T T g ®
) T -
E o T T - o % 40
[ | — | — = FE— = ey

- = - 20 x
-g 20 = = = = = e 3‘ T T - . T =]
- g

- - 5

S " 30% 0 g 15% 0% 50%
& Soil moisture content a Soil moisture content

aE 51 di 55

ﬂJE
]
Iy
AL}

SAte| Hot=(A)z2t FH=(B)
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o &3 F LMO A 454 Af48B87F () AA

LM 2j&o] AAE A T2 F&Fe v 7HedS LM A=
27HF7E FHE ol ZAFH 1Al FEY F Ave THs Aol A HIEHEH
ol ofY ATl A M FAAVE dFHoE HEH 2EHE
Agpgdo] gL FA Aate] SUHE vk AR o7 ofA AT
TS S7kske W AST Fo| FHEL 44 & Ad(Raybould
2010). WehA] Saroll A A2 LMOSH B {8 HES of o]
ﬂxﬂeﬂﬂ 7127t H= LM SAe] wols3 &5 Aol Tasitt.
=4 SEugte] 714 Bol FYEE 47HA LM A E Fo By g
ﬂ}E 49—6}04 5,-1,5 CTY As 504 AW 2FS FHsAh
Y A& SR EF -13 -5 TollA EolshA] KA, Thsekel S
SA= 5 TollA Lottt A 2ollA TolelA] e FAE HA ol 254
25 °CE #3le W B & T A7 Eoldlitt k=t $A-0] dole
125 & =JAT, T S TA| TopE2 Abo] Aol whe A
Aot 1HA = Esta W FAo| Tobs2 HA ol 291 25 °C
A= AT T FHES -1 95 °ColA vt 7=t} S5 T2
ARt AZAHY. o2 Aies FI SFFo Lol FHo] ARt
Aol wel FastAnt sheet, F, Seae IldA A olF ve
o] 257} st ol 9l HE Eo

OELL
N
-~
ol
i
rlr
N

TAE A4 &4 2l A,
Ao mE EYS TESF HE, EY FAAAES Holo ¥ U=
theFet mAdE o zkolr7t Ut o] H 3 2l FA wotel FH
sy &S vE 4 ti(Nam and Han 2020; Han and Nam 2022;

T
o
=}
ok ol o ok (ol

al
upet sttt whebA ?-:1/\]75.2%‘{} B A 2=
st Fx7F 2 7heA ol ‘%L% Ao ®2 JTEHATHKo et al. 2016;
A Z4NA 1670 T AEH =
A 5k /‘é%"ﬂ o2 F ]'3 "34‘}3 I EE3 Ao RuHdn Iy
7hedh Ae2 A AR AEEo] vr] ol "E ok 4=
Hls] A FElekAl FUTH (Ko et al. 2022).
B AT AdeE S ‘/}E]'IH“ Y HA FS TN AL olF
FA ol= Jhsetol ARt iy & Hd 85 ot HEHAT. Bl A

yooft O X
o o2 e

- 80 -



ol A ke g FAE AP 25 “ColA MRS ], A3}, S5,
Fo A% wWE F 257 FANA Wolrh BB 3
A 4F B hETel SEgolAR #B

Seedbagell B3 NPT FARTE WA ek vhY
Ao A 713 EFemsh WA ol el
FA Wol gt YEEo| Wol 44 HHAE YT
Tk ek,

Moravcovi et al. (2022)2 2152 I UAAE A= 38F 9 73t =& A=
oNA FAF ol EEo| Jsts FAIAT. TIe2 FA 23 H o
AU AT At F AbolollA Exkom, o= A= A2 4tk
A3 FEF= FHTE=E Ae Lﬁg}oiq. o] A= HAFTol A 2 A4
U =& FA ALY S FEok= W, AsEL AS AT S FA
st7] flsll AlRbo] Aol wheh }‘Z} AEEH dold o G s
T 3 B A4 2389 AEALS R HE FY s A

ATk FAA R, 1@ 2dA AES tpdA A=

!
FolA AHAFol ¥ w2 FFol ATk ATt A2 FAE 7H
28 AEL2 Z FAE VIR AERY ¢ A &EAo] JTH(Thompson et al.
1993, 1998). & AF-FHAlA ALEH EE A= 1384837 23480310
FEL M2 Jhsdrt 7 A2 A 2718 7HA AL Q1o dellA A
A 2@& FATD F Ae 7  AAE S BT o2 ATl =

7hEet A= BYHA B EGA 11 o) AES o Ao, A=A
Wd M Zhsst A A= 8 3 H 1561 3 2ZA Y dF0lA T
5 1 tH(Lutman et al. 2003; Belter 2016).

LM Ao A&A 2ol = AE3 LM AAAAZE FAAE o 2395
Agsta o FAFTE Alolddl MAITS FAAZE F Ae sEHS A
A A g feld-e B7FE of 83 1y Abolti(Chevre et al.
1997). 131} LMO°IA oRAlFo =z XA o] g2 =7lE B
e FX Aol= 8] A& ERTHT OE 5 At 4714 A= F9
oAl ATl Ut A TH A= EASEAT, S5
Astel wat RS F A= oM AT AA A A A Ao THEHR
ettt vz, 944 A" Jhsdhet T ok AT FAe =32
= A A d8] EXZITHNIBR 2024). F2 AFA FolA EF
oz FxA Mol Ul 2 AldolA THEA g 2H Y 4

Fl

)

_l

d

= ode .
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gk FolA NFAASZ Foro FHA Mol A7l Bold+E A
SHAITE H o 131 m B XoA = B HKim et al., 2019; Kim et
al., 2020a). A7t FAAS 7h=etolA A Ad T FA=Ee FAA
Zol7F =Y AAl AAEAANA TS o+ ATk B = JATH(NIE,
2023).

AAH o2 LMOS| 4 A< Bk HAEE
=49 LMOS| &< Bt w FEAS =it
TR U AEAY AETddd o & A¥=
Wtk Ty B AT 23S FAAE Aol sl A Al
T Atk ol= AA LMOZF MFdE FE= Qs gt
2 2E# 2o AT 5 UL, AHRH o2 oA Fof Hls HA
7Hd g 7] W&ot wEtd LM FAE AR B Aol #
A7 7W7kE wlEfoll A EojoF & Ao 2 ATHY, 7 AE Fof g
AAAR] a5 7F B <t A FHstd Ul AAAEA Y] A=
S-S Basor & Ao,

A2 om, 7haet A= A" A=A W3, S5
O 2 olgd &89S Btk AdA AL &3S Uetd= 4
X AZAA Tt A 7P =2 dokss BTh &

TA BT fFHEol ¥ =3tk ey FEAS et =Y T
oA TAFo] g=o AAEHA ¥ de FEH A7) Wl A
Ao 7HE 2 FHAA e U< A<l
At ob2 AFEA EAAT FAAS 7t AYA = Ad 10d 52

AAGE A A A HH o= %%ﬂ?i (NIE, 2023). & 49| A7+= LM

of

rok
0%
i
10
Ry
~
R

>

TAE &3t vy ATE AT AFF JHke AFsiH, ol A=
=UE LMOZE A A ol = EHQ T de AAH Al U 2
AZHR AAS AFE F J& Aotk B Y82 EF Journal of
Ecology and Environmentol] AlA| % At (Nam et al., 2024a).

g ) et 28958
LMO F2 4221 M1 A83te] T4 B0l BE S 4E WA
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and Environment®l A A= A TH(Nam et al., 2024b). ajute}7] ] ol 4
A TAE, 78 =27, 5 w2t @t (¥ 52, £4: Nam et al,,
2024b).

Jaeraejongja Jaeraejongja Jaeraejong3
{Im x1m) (2m x2m) (2m x2m)
40 40 40
m Seed-filling
Flowering
30t 30 30 -
H Growth
M Seedling
20 } 20 | 20 50 seeds
0 t 10 10 F
3 "N LN Ll
$ o 0 0
2 2 5 9 13 17 21 2 5 9 13 17 21 2 5 9 13 17 21
S a0 40 40
L]
&
s 30 30 30
e
2 20 20 20 100 seeds
©
@
2 0 10 10
g
Z 0 0 ]
2 5 9 13 17 21 2 5 9 13 17 21 2 5 9 13 17 21
40 40 40
30 30 30
20 20 20 150 seeds
10 10 10
0 0 0
2 5 9 13 17 21 2 5 9 13 17 21 2 5 9 13 17 21

Weeks after sowing

Z*]: Nam et al., 2024b

aE 52, A 2o wE siEtely] E5E ME A Hat

1m x1m 7o "AefFA" Kt 50704, 100704, 15071 & 3HEHS o
Zyzy Ao 7570 A, 22.570A], 31L.070A 7F ST 2 m x 2 m 7ol “A) &
A Aot 5070A, 100704, 150 S-S = 22 Hoi 10370 A,
22.070A|, 35370 A17F ST “AAE3"S 2 m x 2 m HAY| FAE
5071, 1007, 15070 sEg = = 22 Hh 8570, 21.070, 34.070 A 7F B E
a3t
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GLM £4 A3}, 9% U5 (p < 0.000)9 78 Z7](p < 0.001) w2} H 5
Wopgo] AR FolstA @A, FF o= Aol7t flMTH(p =
0.2538)(F 11; =*: Nam et al.,, 2024b).

E 11, sliietely| 2= gholE General Linear Model (GLM) 241 Z 1}

SS' DF? MS? F 0°
oE s 2904.056 2 1452.028 36.55 < 0.001
ZZ 52 1 54 1.36 0.2538
Plot Alo|= 696.8889 1 696.8889 17.54 < 0.001

185, sum of squares; 2 DF, degrees of freedomy; 3 MS, mean square; * F, F-statistic; ° p, p-value.

Z2]: Nam et al, 2024b

ofN

wol, 4%, A8, T4 A5 ZFS Auerle Y wAE 9
, % % 73 =)0 weh gtk RE AW TN 3E F 0F

=

25

S0 A =o] Wolstial, B
A

(o

o
o
ol”d MAS AHEFUTT. 1 m x 1 m T+ =3 “xHh =279

3 9F Zof /3t AFREHJ I FF T 11F Fof| A A 50
AZE AT FHH 2 m x 2 m 7o) 3F3F A FF = 44 11579 155
o Ms7E AR E AL T2 o] ARE AT A3 712 1T m x 1 m
T8 = 35, 2 m x 2 m TFHAAE 3~45F%

AE NALY I dxd 2 2dY EA W= 24, 7] A4,
3 ZdolE A3l vlu (L™ 53; 4: Nam et al., 2024b). =3
autetr] MAel =%, 7] A7, £ dol= BEE Ad F8dA 155 #4<}
175 2k Aol 71 Zth 1 m x 1 m 78 "AeFA" EFS 5070,
1007, 150718 #Ede = 7P =2 =242 22 570 cm, 59.3 cm,
555 cm¥UTH 2 m x 2 m 7F8oA H A

S Z+7} 65.3 cm, 78.0 cm,
788 cmA Tt “AA;MF3” FF BT, 2 m x 2 m FHAAN T =&
Ao Z+7F 50, 100, 150709 A5 9312 v 2+ZF 30.8 ecm, 37.0 cm,

333 cmA. “AHETAY A £7] AAB LS 1T mx1m 78H 2 m x
2m 7 ZFNAM 0.98~0.99 cmZ HIS=F AR, “AF37e] A E7]
AAL 0.78 cmE 2AHQG. “A =272 71 71 2 Zdol= 1 m x
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1m TF8oA 68 cmPAT, 2 m x 2 m FoA= 93

cmE - 5}A

“” —Zn = v L > o S
g3tk ‘A E37] A £ Zol= 69 cmE SAHFILH ALo] At &
=] 1 = = le)
AE =ohd dnletr]= o 243 AR JEEA LF3ho
Jaeraejongja (1 m x 1 m) Jaeraejongja (2 m x 2 m) Jaeraejong3 (2m x 2 m)
50 seeds 100 seeds 150 seeds 50 seeds 100 seeds 150 seeds 50 seeds 100 seeds 150 seeds
100 : ;
E 75 - 75 4 75
T s 50 50
£
m - i
[T 25 25 | "/\ '/\ /\
] 0 ] :
0 10 200 10 200 10 20 10 200 10 200 10 20 0 10 200 10 200 10 20
12 1.2 - 12 4
,E, 0.9 4 - 09
O
7]
E 05 06 -
1]
g
£ I 1l
@ 034 Fl 03 111
5 ?
0 0 ]
0 10 200 10 200 10 20 10 200 10 200 10 20 0 10 200 10 2200 10 20
12 12 - 12
=3
-
g ] 9 - 9
E ' I
8§ / / j 6 6
= _
2 F A
E 1
T 3 3 3 /\
0 0 [1}
0 10 00 10 200 10 20 M 200 10 200 10 20 O 10 200 10 200 10 20
Weeks after sowing
Z4]: Nam et al., 2024b
O% 53 SA 2o whE sfetety| Z3Y Eed et
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E 12 AlE 7|2 EE Az 5 ==
Common name Life cycle Family Species
Sunflower Annual Asteraceae Helianthus annuus
White clover Perennial Fabaceae Trifoliumn repens
Rice Flat Sedge Annual Cyperaceae Cyperus ina
Indian jointvetch Annual Fabaceae Aeschynomene indica
Indian Goosegrass Annual Poaceae Eleusine indica
Marshpepper knotweed Annual Polygonaceae Persicaria hyadropiper
Japanese thistle Perennial Asteraceae Cirsium japonicum
Black locust Perennial Fabaceae Robinia pseudoacacia
Purslane Annual Portulacaceae Portulaca oleracea
Common Horsetall Perennial Equisetaceae Equisetumn arvense
Carpetweed Annual Molluginaceae Mollugo stricta
Common dandelion Perennial Asteraceae Taraxacum officinale
Fireweed Annual Asteraceae Erechtites hieracifolia
Baconweed Annual Chenopodiaceae Chenopodium album
Canadian fleabane Annual Asteraceae Conyza canadensis
Common knotgrass Annual Polygonaceae Polygonum aviculare
Barnyard millet Annual Poaceae Echinochloa crus-galli
Wild soybean Annual Fabaceae Glycine soja
Evening primrose Biennial Onagraceae Oenothera biennis
Sonchus-leaf crepidiastrum Biennial Asteraceae Crepidiastrum sonchifolium
Groundsel Annual Asteraceae Senecio vulgaris
Annual fleabane Biennial Asteraceae Erigeron annuus
Green Foxtall Annual Poaceae Setaria viridlis
Chinese bushclover Annual Fabaceae Lespedeza cuneata
Indian wormwood Perennial Asteraceae Artemisia indica
Barnyard grass sp. Annual Poaceae Echinochloa sp.
Chinese plantain Perennial Plantaginaceae Plantago asiatica

Z2]: Nam et al, 2024b
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A 71 BRe A T8 Uehd AE &/ T2 & 12(4: Nam et
ol #3) A= 63.0%71

19 54(FA: Nam et al, 2024b)= AP TolA IF L=x, 73 =7,
sjutetr] FFo wE dEtus As Y T8E WHIE YEG
sutEtr| & EetA L FHAME Eleusine indica’t 270 S8 E7}
7V =S%3L, Cyperus iria, Echinochloa crus-gall, Setaria viridis, Chenopodium
album= S LE7F =UTH TA 50715 AFS T A 7] sfiutetr] 9
TAEE2m x 2 m 782 463~478%, 1 m x 1 m 732 64.0% AT}
siuiglr]e] ¥ 2=+ 2m x 2 m 782 3F F 8FHEH, I m x 1 m
T8 3F F 14FTFH 10% vvte = dasidnt. -8 =277 Zaghel
W} S. viridis, E.crus-gall, E. indica, C. album® S8 =7} S7}slTh.
TAE 1007) 3E3F FHoAM= FFH 78 R BA gl =7] sinl
gt7]19] $8 %7} 51.6~57.2% 2 UElSGT I8y AR EAE BET
TEoM = siutetr]e] FLE7F 165 Fol 10% vTeZ AN
“AAE e FFZ FHAA= dntErIe FRETE 145 Fo 10%
ko 2 ZhAstth SAE 1507 #E3 1 x 1 me 2 x 2 m T oA =
siutelre] 27 F8E #ol 4 66.3%<2F 50.9~52.9% ATt A FAY”
FES 1m x1m Z& RF3 3% sfjutelr]| o S8 =7F 95 & 22F
A 10% otz "o, “ATA FF= 2 m x 2 m I
HE3F A5 147 2ol 10%= Dotk “AHF3” FF5<= 50712k 10071
E3 AFE A3 e AP FolA gF 5 225 ZH5E sfuketr) vt
H#zE A &gt “A AW EF3 FE= 5070¢ 1007 2FdF A5 242 9
1652 185 A7bA| siutelr|7F JAZH A &sknt

o
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Number of plant / plot

Z*]: Nam et al,,

50

100

150

sjutets) o oAy 2

SENS

A

% 55(&4*: Nam et al.,

Jaeraejongja Jaeraejongja Jaeraejong3
(I1m x1m) (2m x2m) (Zm x2m)
—a— Hellanthus annuus
100 - 100 100
Trifolium repens
& 4 £ 80 - £ 80 Cyperus iria
] 3 ] =
E E 50 4 ‘_.E 50 A ~&— Plantago asiatica
] o 2 —— Agschynomene indica
5 5 40 4 T 40 4 ’
£ £ 8 . —e— Eleusine indica
<] 3 &
E‘ g 04| g‘ 20 { g —&— Robinig pseudoacacia
iy e ____I..'_-I!:L_ii_ [ o _{E_- : SRS —&— Portulaca olerocen
o] 20 40 [s] a 20 40 [} o 20 40 B0 —&— Equisetum arvense
Weeks after sowing Weeks after sowing Weeks after sowing —{ I Mollugo stricta
Chenopodium album
100" - T Aoy ~{ 1 Echinochioa crus-galli
— ={ = Glycine sojg
o ] = £
= ol £ 8o A £ 80 1 —{ = Oenothera biennis
3 3 3
2 &b 4 El T 60 == Crepidiastrum sonchifolium
o L1 & * .
b} it Q Senecio wigaris
5 40 - ) 5 40 1 5 40 # ¥
E Yy y—— 5 i = «~ Erigeron annuus
=% =1
E 20 0 paa— E' 20 { Mt ; 1l g 204 f Setaria viridis
' e Ty e
o LACHL o Jiag L . n‘t
Q 0 40 60 a 20 a0 (] 0 zn 40 0]
Weeks after sowing Weeks after sowing Weeks after sowing
100 100 4 100 -
& 10 - £ 804 E 80 -
g S E:
T 60 o g 1 ]
o 2 q.l
£ 40 A & 40 4 r £
+ T £
a8 g Rovy g
g 20 - E 20 K ¢ 1 £
= . -— " . =
1N
0 4 L——. 0+ I — I-
0 20 40 80 0 20 40 60 0 20 40 &0
Weeks after sowing Weeks after sowing Weeks after sowing
100 - 100 - 100 -
£ 80 - 3 80 -
. =
= g Eﬂ -
: g
§ 5 “
t
B g 20 A
E E
o0 L .f I
1] 60
Weeks after sowing Weeks after sowing Weeks after sowing
2024b
7= ol = = =  — S
T2 54 X Do wE siHiEtr| 2t ol AlE2 ST et

2024b) o]

UER T B AFNAE= 2 x 2 m ?iaoﬂ 1007) o2 EAES =E3

CRE R

% 4571 s|utelo) o} ofAl 4]

1 m WA 150718 FTAE 353 7
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Importance value (%)

A BT AANA 95 AT 28U 2 HHNAME 65 THE
siutelr) o] A= Ak wekAd siukelr] Rote] $=71 10078 ©)4d
HE HgolE ofy AERT SABA 65 Fols Ztadtel suetrlzt

AAEAE SASA 7] ol Ak,

50 seeds 100 seeds 150 seeds
100 - ® 2002000000 100 4 ® sonscesees 100 4 ® 00PN RORS
7l I 75 -
& Sunflower
50 1 50 s 50 1 ® Wild plant
5 M 5 2 1B 25 - .
e®e. . .
(.H"ﬂﬂl._. Qgém. . aen
0 2—0 . & 0 I-t.-.i-;a\.-n - 0 & -5
4 14 24 34 a4 4 14 24 14 44 4 14 24 34 44

ZX]: Nam et al., 2024b

% 55 ZA 2o wE MM ZREE S TxEele 4H Jhs Al
=M ZAn}

A2 =08 FEHS A Eo] AdsE A AR A o] 2] Sl =
AE 9 A TEo] FH o It et A= E=9E RS A E0]
AE, AR R A s 22 12U A SHAA 7|29 vPddds
=3 FETHA Felstes Ao Bastt} oz A+ W= AESHE
L v =St 2Ed 20 titt WA F53 AR A=Y AR
oAl =2 HMolHW wfFe AAA AgxE B HAdAdol S5
AEA Aol o5 S7HE & vk B35 Itk (Pilson and Prendeville

2004; Nam et al. 2020).

&< "X th(Fernandez
Quinantilla et al. 1990; Lamb and Johnson 2004, Nam and Han 2022;
Han et al. 2023). Javaid et al. (2022)= Lolium perenne L.&] A7} E%F
FHOIU 6~7 cm ool A= HofstA] &l 1 em ZHoloA ot
B3t} Domic et al. (2020)2 HEo] S A2 ujo] Fx Ay 9717}
Polylepis tomentella®] &4, /AT TA ¥ BEE Fasitta Bt
o] AT = alintEtr] Y M FAHo] U= AIHY 8 7
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wet @A, 53] 34 dFS uf olso] =i ¥ ;M FE oFAY
A&7 AAS ¢ Jdhy B35 tH(Han and Nam 2022).

B AoA siutelre] welge EFo] wal =A th2A ekgkA gl
W Axel 78 A7)0 weh Aol g HY HFF FA UL F
whe} wolgo] Frhgh dolH A& 3 R A A5 FA LR
mel 22 GUAT 1m x 1 m FHNA 2 m x 2 m FEHET w5
‘A FA Y A HF dEo BAGle] AE AEY A F Hol=
2m x 2m T AujE AENA 1 m x 1 m TZelA Aujd 2=
BTy Z47F 14.6 - 42.0% < 36.8% Tl ESkth oleld A= WE AR
7F A& doto] E S PIAIA FANE WopH A &0 A

=
a =
o] FFL AT 2 AT

717 8 AAY vlo] e w2~ E O Ho| Aitehs LM AHE2 B S fl6
P S ARGSHAY FEzs 22 F5E W & o =Ry fyT
At AEo] Fxo AT F e vE B YA 4 Ve A
ALdE BHAoT B/ F IS st A AYA 2 FeF &
w2t ekt (ha et al. 2017). Wk v ER, 9T, I @

Z2e w34 #eEo 2L Az dig AE AAYEe
(Chauhan and Opefia 2013, Swanton et al. 2015). o}
FE7 oAl 3d o AL sintgtrl= e A7l
ol ofdl AEHT ot} AN Add EY
(Han ¥ Nam 2022).

B A7 1mx1m A 7oA sfutelr]e] 27] 25 2 m
x 2 m WHEG 382% Y =AT ET siHtEtr]e] FaE= 150719
TAE B TN M LR E d FAHAGT sinketr) e FaET)
10% Pre 2 "Holx S ¥uFyS w, 1m x 1 m 78l “AHFA”
150705 #3<= ® 2 m x 2 m T3 “AHF3 50705 FRS HET
145 B 28 FAHAH. o2t A= T2 71 o5 sinetr] 9
85 o] Fobd W ofygt %A 7= Ao S YERIT
olg| gt Ayt WE AR Aot Ut FAAS A= Tol, A H

3,2 N
tlo o E
A
2 =
@, P

o>
32

R=)
% fo M O30 Mooy o
£ 2 R 4L d

ol
e
2
o
EN

N

2ok, 28 T4 S Ava e ket gl o
4 o ) gFzote] A4l o

sintebrl= 5 e d)ANL v sldls
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M=z =obd sintetr|7E BEHA Sk wekA siutebre] A e F
AAA S B HA Fe AdBAAA A = A= AAEHAT.
o= &8k, LM =2 ol A, Fxoe BAAYES 7R
FAHG Aot <ol whet detd = 7] Wi e & I A= LM
A=o] fHxs e = 347}2_% o ol =23 84F AHsk= A0l
F83G= AE HAFET B U882 E5F Journal of Ecology and

Environment®l] 7| XHEJ%E}(Nam et al.,, 2024b).

4. %%H/‘éffaﬂ% 373438 1M E28 $A4JE A
7 83348 LM XZ8 $AAY- ME
HAASE LM 2Z2= 2023\ Al7]E LMO9| 988 H7E 7le 9
Zhol=gk]l T A HAe] dsto g e FERsg
A= o] LM ZZ29 $A4FAE A A5 A
ATl = o2 gl W e 83t SAASE FAAE
Az Holl =dstd o, ol 7|vtoe g ZAujek, 4
H4& Bl 128 FAASA A8 AAH S
o] Aol o] F=H FAASE LM =
P AS AEsta, = Ay A8 IE SAe
56). =3l ATl = 20233 E
A4 1419] Eofol A s AT 4%
Azpe] EA ofFo} od
rloﬂ 4] genomic DNAE —%—%5‘}2&1, o]
_Q.

oz 2}o lfﬂe /\}9—0}04 PCR
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14 IM 2E3 M=zt 25 RNA 38 2 =&
No. AlZ] ME ol S5 (ng/ub) =2 (A260/230)
1 vy =E 252.8 2.30
2 AE LM ZZ2{_1 337.2 2.31
3 LM ZE2{ 2 370.6 2.30
4 LM ZZ2{_3 5744 2.28
5 HHY ZEY 230.1 212
6 os LM ZE2_1 584.4 2.32
7 LM ZE2{ 2 885.4 2.29
8 LM ZZ2{3 818.2 2.34

DNA ¥4 ¥ LM £ZH| 29404 28 52 g 98] 22
WA A A AR T —’F%% Ml sk AL A o
M AFEoR A, g gre] AFel #e A EEUA ¥
URIHA W £70) fARE AL 4T A7) ek, WA G
AUA A, BB B AL FE A S e FFY A
DA JPS Bk o] 5 2H ot AXo %@ﬂz] o EZe

=
Cyclophilin7}A] ThF3tA AAH oM, Actine ThFg A oA A H
o7 THF 2 ERolgA EFOE @o] AMEHTH(E 15). GAPDHE
A B FARRA BR FFo] T bH A Actind 7R 2
a4 dolE7} ®o] Utk EFl- o= O A FA 3 #dE D¢ Ao,

- 905 -



of <k

o)
=

FA A FAAOIT, Tubuline MAEE=4
RNA 7]d 2

T—

) .

=

)
A #A §A70H, 185 rRNA

)

Ubiquitin-<

o
T

W

ATt PP2A®} Cyclophilin

T

) .

A -0l A

X

Foll e} T2 o=

AR oo,

o
T

AA7E 22
I Phytozome(https:/ /phytozome-

<

o

WA

T—

) .

by

1l

2 23E0{ gRT-PCR2

fl =X 2l housekeeping genel =2 ALEE.

C

™ T

IH ol

Kl

=

ud

tod, RNA 7|8

°

R
o

—r
110

@r_a
oll
aor

7ol

25

A A=

)

] Actin AEE 42 &, qRT-PCRY HRFHAZ AL
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Ve

]_

next.jgi.doe.gov/)%] P.tremula x Populus_alba_HAP v5.1 7|5l BLAST=

EEs

o

K

oF

Actin
GAPDH
EFi1-a

UBQ (Ubiquitin)

TUB (Tubulin)
18S rBNA

PP2A (Protein
Phosphatase 2A)

CYP (Cyclophilin)
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T8 62, =20l MEE flet 2E2 WA FOA DNA M A4

AAR Actin WAFAA} =96 HxLe] Eolza Zglo|HE o] &35}
LY FFS qRT-PCRE I3kt LM 258 Az AAoA BF =<
AR Aol yEston, JjAel wet B FEo Aol7f Bt BE
A *Jz‘aﬂ T T FARE AEFO] YEFRTHLHE 63, 64). °lE S5l
FAHgo g L3 LM 257 AU E 7S AT F AgH
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K05 1
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0.0

YCF1_3

Fl
ale
M

O3 63 LM Z2E2 MEolM ZAFAALS AtiAel &

2.0

KH

Bl 15 -

1.0 4

il 0.5 -

0.0 ; ;
WT YCF1_1 YCF1_2 YCF1_3

17 64 LM ZE2 220 TRMAL] AUEH W $F

B s $4A-E LM 2E52]9 HsidH T Thol =gkl e JEE]
sl Al dAAl Bad &5e Hrlske W & Fi du =4
FRAZRe] WA FEolu JHA 3 T Aol T AL AEo|AN FH
xR AAS Ve s /X LM =&Y Y-S HUksteE Aot
uetA A R Aol EAEAT, olE T Aole LM 2EE 7L
843 B2 &89 F e VheAde A AsleA ¥ A=
DAY E A BTk ARG ASe AR VIx ARE E8E A
oltt. F%F ATelAM T &0 A5H FEAH}E LM 2EHE )&
st Aol A AAZQ AAYEHA A dHIIE JAFstar T8
ARE == Aol
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g, #74%458 LM 32 A2 54 24
#79se LM B2l JESH &

saALAAe A e AARoE FYsgom, ol F T AAE
WA B4z EERe) td B4 ARskATh LM £Ee)E ofzute|2 g
W) FAAE 7 &S ol Bt AAHHE FAAE EYst o, o F
Aejs: FEG Ax AR, B2 G20 BHLS AHKIY 65). A2

GA A= Y7 ZFoAT A% &
E

A Y S YA o] HAAAA A F A FE9 zol= Ao,
HFAoE HEORE AAT MAE FEE F At T 7= F <3
A7 459 LM &Y BEES ASAZZEY WA AAstdA

= s = 8 AYd AEZ2= A (plant

=3l ATh AE A = ol A
Qolo} elo] 57} fofm st
FA A

\ - | & - 1L : e
[a8%7 23 [Roct@E 95 3]  [Root R 3% 2] [Shoot S 1275 § [Shoot #E9F 7]

T2 65 LM ZE2 Y opy
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A7 €5E LM 2EHE A Z LA AuisteA

T2HYA EAS EASATH LM 2229 4o 378 MoA HIWHF
xEeet FARRE AYE ES BEATHIAE 66). =Y FAAY] LA
w2 A W3yl A gFkoH, A B0 R Q1w EQdAd
TS SRIEA FAUT Ao A FHe HE FE AR FE DA A
HH #7402 HrtEglon, 53] s WEalel od &4 o|F
Al Qo] AAEE BAdEAAE E Aol7F YEIUA edth o]& LM
XEe7F A R oR G8EI| A WFAEE BReta AS5S
AT A B2 E A 200 A e LM 22 AEE WslEE
2o d A A ded EALS FASAT BE GAdA =
273 ol A7y ALKHoR FUleon, A™ & wWE JA
My ZEFe e FAS AFOE YET
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o AAAEHA SALELEE LM £E2 FH

AA+E FAstL, +
Y Eoll AANBE =
78438 IM =

i
W oo
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i)
ox,
o
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\
N

o

[
AL
ro
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iz
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>~
>
oo g

5. LM 25 AAJAHA ANE8H7 &4 =4
b LMO BEF As14%7} Atel 24

445 LM BERC AAMHA N4 H 84 =42 98 LM
BRFo sl dWs} AE vl BASA

1) LM S&5F AuEz 9 AaE F71

A AAHSE LM AES iﬂﬂié}d At AY AR S e AEFEoR
£t o] getE FUlE & 7TINZO|THIE 67, & 16; =A: ISAAA,
2019). 1% 297 =247 711;%, 570 Az LM ZHES Aufsta, 4270

< FYst Atk LM =2 A A2 2470 A==l A 56%, 570
AR A 4% 5 A S Uk LM ZHEo] 4d3hE 19963 LM 2HE]
Al AL 1705 haolR oy 20199l 1128] FS7Fste] 19 9,404%1
haoll E3]2™, 24'3(1996-2019) 53 F& € AujE A2 279 haoll o] £t}
4d) LM A&l S, tiF, 98, 7hEsrh A AuiE g e 99% =
A sk Qo 7H wol AujE = ZHES thFel™ A AlA Al A <
48%fl =sh= 91908k haoll A Al Folm, S= 31%<1 6,090%F ha,
M3t 79%<1 2,570%F ha, 7H=EhE 27%<] 1,0105F hag A8kl ot
(ISAAA, 2019).
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7I%F 1808Hha (1%
1,0102tha [ A 2
5.3% _‘ R s

oimof, 7tx|
R

2,570%Ha
13.5%

LMO X S X &

Py o=

6,090%kha 9,190%ha
32% 48.2%

g 67. 201949 o MAl LMO AeiHA S B E(ISAAA, 2019 M T4)

4t LM ZtE 2ol = AR, AL, AR, ), dhatol, 71A] 5 7 E
Zhzo] A MA Ao 1%E ZFAska At A E A 2 &2 31307
ha), AFR7-(473,000 ha), AFE<<7(20,000 ha), +3}+0F(12,000 ha), %3}
(3,500 ha), 722,265 ha), 7}A(1,931 ha) ¥ 1 ha ©]3}2] ZHk(squash),
AR, Bl E Fo] EFFE U

6. 2 =I7H10H=)2| LM == AfeiH A

3

=9 2} B4 %84 Bhha) SERHE xt2
| i 7S | i, oo, e, 2%, A

2 Hajs 528 HE, S5, Ba) AlESS

3 o=l ElLt 24 F, S5%, sl 2

4 HLict 125 | 7H=El 4% OF, AME, omaE Al
5 ols 119 o 5

6 ajztzto| 44 e, S5, Bt

7 53 32 o4}, mhajof

8 ot 27 243, T, vt

9 op7 | AEL 2.5 o5t

10 Zalu|of 14 o=

Z=4]: ISAAA, 2019
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ISAAAC] Hilo M2 dAl A AAHC= Au <<l LMO 3571
5 T Udars 227013, F2F< dyof, A, AF, &8 5 40
5o B3stth(E 17, &4 https://www.isaaa.org/ GM Approval
Database). 181tk LM HEF7O| AujdA A AL Eo] v|xd Fo&
A2 J2F Skt ok LM 5279 A= 1996 vl= 24 Bl
shefolthstaol A ZRERE mloj2{ 2 Bl AAl A FHAVE =49
gupolzl m=, Jfutol A slE Ao w AREH, AAVLA v,
=, Mud, LEAA Asta An ol BE FHS AL, AT,
2 T 40 F5 1070 o|HMEZ} ot

=

i

E 17. LM 525 Mo &2l s
E A
T (Oll:ﬂ;:' ) ERMAXL THEEAL SeldE SRl
SEAH Sk Zid{dE
St X X &k 2 UEX[(GD743) PGAS PPO e Soeci 2015 o|=, FHutct
Alat SN AN E ZHUX|(GS784) | suppression nag . y 2015 o|=, FHtct
Fruits Incorporated
SHUR| X 2t BEX|(NFS72) gene 2018 2019 | 0|2, FHLict
HROl{ AN AW NS, SAX| |21, ik
MEs, AIZHS o (55-1) VLR cagema | g 2
stefo| izt
sfolaladl A HerA, S 006 ol
oimpop | MBI, AIZEE 01(63-1) prsv-ao
sjol2f AN He w2k shamotcistn | 2006 .
(Huanong No.1) prev-rep SrESEH AL <
Hiol2{AM AE Xahd | ahdlx| - -
XA (X17-2) prsvep | BEBITHE 2008 o
= | HolE{ad Zu MEM M| o= s5758 -
M Nme azmopics | P | s e Mua | 09 I
LS 25 XMehM s
SIS crylAc ot HAFEA (B2 1998 ==
_ (Bt poplar, poplar 12)
ZE
L[S 25 Xehd, shx|
Netd, ofs 25 ANEy cry1Ac A A (B) 2001 Ey
(Hybrid poplar clone 741

ZA: https:/ /www.isaaa.org/GM Approval Database
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LM 527 5 7P 2ol A= e Z=<l Fdioks FE nlol g
AT FAAE =Yst AAHAE S A8 MEEd e A v=3
FHE FAHOE AuE Ut dENAE 20233 7Y 7|E THFAA
SEHE LM FHItoprl A1FAE LR SAFENor ikl Aujrt
7Vt s Az Algo] 1PH A USDA NASSet ERS Hl o] H
Hlgro 2 gk 2022 wl=re] £ LM 2HEo] tlgh AuE A2 84465 ha®

20193 ISAAA R34 9] 4X]Q1 7,150%F ha®R T} ThAa F7138F L THKBCH,
2023). Ml A AAl LM ZHE AW H A o] 38%E 2A S 7l LM
ZREZE giojofe} AFRE 27 1,000 hast 265 haS Aujdt Ao =
LHFTH(ISAAA, 2019). "= FAUF H2= 1997 Hfo] & 24 &4
LM 33tof ‘Sunup’, ‘Rainbow’®ll thst 42 AujE U3AT
o= Ed2 2017 Sketololl A AHIE AL Q1= 526 haol dputok F 77%¢
&l sk oF 405 ha7t vlol & 243 LM Jafof(Rainbow) kil =43+t
(Fhel b g WA, 2019). T A% 19974 ol F LM H3}, EntE,
A, AdFyol, 258, duols FEE AT A= Htel guloprt
FAAOZ AAE I THEE 18; S4]: ISAAA, 2019). dh3kok= 20063 H-E
Zool A A= 7] AZgEdE, 20199 85%2 AHMEZ 12,125 haol A
Ajsta ATHISAAA, 2019).

#* 18. &= wOAIHY muojol AMufHA HEH20194 T|F)

X< A M (ha) FUAEE FF Mol HH(ha) & = (%)

Zs 5,300 5035 %
stolLt 4,500 4,050 %0

Al 2,000 1,600 80

ol it 1,600 640 40
Fx| ot 800 800 100

gl 14,200 12,125 85

E4: ISAAA, 2019

20151 Hl=2 Fthol] EALE & Okanagan Specialty Fruit (OSF) AF7F
Mg 2w A LM ARl 25 M2, JdY 2vs, SXE
selata 2017 112 AvlE Al LM ARk JHEE AR OSF
SIAb A B A FA AR ol oS A R A E AL 9l o w| =] AbdpufR-
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A2 137 ha 5 04%0l Bt Ho 567 ha7tA F7HA12E A 8-S
Al$3 Qltka B akglchke] 2 bW A, 2019).
2) LM ZEF A7/ A3

FHATES] 71 BHOE LM FEF AF/NEE ojHRT i
Al R JTHE 19; 3 vlo] LA A MA, 2023). FHA7FS
Neg ol 6% LM FEFY =22 714 gol WES T3 4$ T8
AT O T2 ESEoIG AN VEe ol I A<
B 2o GAT A B fRAES g sha kel o
FAG A, 2023)

Hmo e LEZFH ATFREAA 73 A FAAE o] &5t &Y
ZEHE /st A tH(Azeez and Busov, 2021). 97XE2 BY &7}
AAA NN BT A4S B MIFOE FAHA HolF GO ZH
AEA e 85 ¢ F dee A= Ao =3 27
71zl LM H&879 1A &3, 52 89 X =wo] € A=
Hobela A,

E 19, RUXHEHEY 722 ol8% LM =27/ MY sg
=g &Y =7+ FHXL EHY
P.tomentosa = DISGT1, ptSGT4 MEZRA 2k 35|
e e | el SHA 3| Um SMES B
Ptremula x Palba e MYB186, MYB138 219 E_% I‘!H,
clone INRA 717-1B4 MYB38 2AAT Hat
Palba olzt PalCESA4 MEZA o2k B35t
AR
(Populus) Ptremula x Palba | #7|of CSEl, CSE2 =l x1,7i,7;gl§§9_¢
Ptremula % P.alba o= PopSAP 7H=h oA
P.trichocarpa = Ces/(\/fésgjng/B, MEZQA HaF Bi5}
P trichocarpa o|= PHBMT1 gélf HI'_I:I 5t
ﬂ_i(_PHilC;;?_% Pglauca == DXS1 A M ZzHl EH s}
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% =0 =7} STRAPN Ed
TS C japonica A= ciclt aH 5}
(Cryptomerial) 80 =" / B
HH 22 ) -
C. sativa O|Erz[of PDS aH 5}
(Castanea)
OCIFIEIE A /
TEE TS E. grandis x E. o= T M5t oiF
(Eucalyptus) urophylia

Z 2] vlo] Q kA Al A, 2023

FRAATEY 7ol A8&H FAdUFE ofLmutE gotE o] 8% ¥4
Ag PP 2 A, 25 83l A9 E F ¥UlA TolA Hix
Rom H, } , 7HEe, AR F 719 T4 AV Jled A-EE
A Eo] HIESG E}(H}Ol kAWM A, 2019). 2HY hEE A
T %Xdz} A 79 o]&o] Jtede HAFse Fod HEL
Rom 7ed FAS R st A= ¥ ALE BuFHAG
(vlo] 2.k A3 w A, 2019)

3) LM &7 &%= 43 At

ol A A uieh o] LM HEFE £E, 719, A, L¥A 5 A=
AFZ WBEA-UHEd Y 2 dF9R TS FHo=E /dEa 9lo
A BALE A A7EA JYE H = BA gtk Aoyt 4% E
NS A3z 453t stogtar A4d3 &= g S U=
7| 7HA = o8 d7F 209 AR ogddn

(Living Carbon)Alell A= Z th
785t LM 258 E A4
AEfA ] ¢k 6001F HEE AASAIL HHF3srt A= ok EU
ATF71#Y V5 FEE FYATH(USDA ARS)o] st HAA DS
53 mlel#] 2 WA HoneySweet GM AFUHEDE 7 dstar 20173 Alg
Al AR gsstd oy dA7EA A &5 dd HF
TS wA] X3 AH o] TH(KBCH, 2023a).

BEEE Aol IY T A= WHA - WA T A

r&‘l rie

o

(

7

i

1) 2 Eo] &AAl 22 oA HAFAE WYLSIEE sl A EFHEIA(PIP)7F JEHo 2 FHAEE
B3| AFAE A4S A9 EPAVF AAStE #3144 7ol disliAE 2008 d 10€ 29¢ &9, 20104
4 79 SE3HT

& mlo
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S, A, W) 7} QL A Aslss mw fheA vl
2 S, WA - WEAd &, M7 24 & 5Ho= dd 84

43E LM &5 W =E A 7P BATHE 20). ©] 9=

19883 F=olA Aul SUHE Bt AV EUEH H=Y 35 AIA

LM EZ2(Populus nigra)®] ¢ 22F EFF o] THEoA FALEH o] 33

)91 Th(Hho] 2.0 A M A, 2019).

# 20. LM m2F7F2 SHEeE Aty

HE | =27} AMEHT |2 == Ll 2 =X
_ - AME = U SEHSE M3AF LMO °oFH

| AlEo] sty Zz T B =5 /

2006 | al= Aeddsm ) =& mE2| AlE A 22l AE 2018
~ S lcjofut = W ed™3g H3AF LMO °oFM
=13 =

2008 | 8I= st 28 = Zaf Al ale| HE, 2018
- = LM LiSAM(eugenol MihE | HIO| oMM MElA

u} SIAIE{LH St =2 ’

2012 |:'_:f T-lon_ H—|J-|— = -I ‘r‘lol' ;‘T’; E‘|°| /\|°4KHI:IH 2019
] -E—%OIOH o|st £7|0tEY 10| S OFEI Ad oY

2017 | o= TEHED s XNetMdo| EolEl ghjRol ’

AlE Rl 2t
2017 | 9 \ University | =] =8 Al=de=i C JRC
17 | 2% Umea University zE AAILFE(Aspen) @17 EC JR
) Crop Research = . o
2017 | #=Z . INES Plum pox virus Xt £0d EC JRC
Institut
Swedish University Ftde|ut S0l s
2017 | 2=l of Agricultural gLt | EXZSX|EAHC14, C16) A & EC JRC
Sciences triacylglycerol 2 vaxestere| &gt
. 1570 JHst2t o|HIETL ZQIEl | HIO| 2 orM Al A
o QL ZZ=2lr =p ; ’
018 | al= =520 EE S o000i=el mEa| Al 2019
] s TUCIN M P 0] 2 oHEt Al A]
2018| ©&F ZI=AME TJ|=cisr | "giefet | M (Pro-Vitkamin A g2k SIhE 2019 ’
HE-fLbel Al =AY Y
2018 | agen | SVeroesLanbuksUn | g oy | oy ym stare ol AlEiayH EC JRC
iversit
= . . L _ A LR RS A 23
2018 | ZZt= | University of Helsinki | ZZ2 (ggﬂgrgz ;_g—ﬁ_zg AllngHH EC JRC
2019 | 2ojujop | FTUlt Research and e | Siveet mHhZ AlEiR o) EC JRC
Development Station
FHHlz|L RN A MEol =X
2019 | «= Rorhamsted Staua|L e} [PSES, | & £C JRC
Research 2 gy
2) v 283t BRA RS oY 2B FO| &3k REFRT A7 A4 Agks x4 &
3t AHHE A7) ol LMAES gREE A= 7led S5, T, 539 22 2279 T
S 3] g B A7 HHo mg 2R/ A s



Az | =7} AEHT |2 = L & =X
2000 | AglE Swerree ZE2| | 2R Hjo|wfA Mk S EC JRC
Technologies AB
= =X FMo| HstE ZEE .
2021 | 7|of VIB ZE hreol BaE 225 e avo Registers
| & RH Y
SweTree = FEEHO|E Soll 2ladol .
A Ze _ - -
022 | 24 Technologies AB Skt HaloF M7l ZZe| ARl EC GMO Registers
=sof 2 M7 ET USSR
2023 | Aol CEBAS-CSIC PNES ALBZ2 flsto] HEMEN RHF EC GMO Registers
N
- 2layl aheF Z4ast TEY .
2024 | 7o VIB zE o EC GMO Registers
Swedish .University o RMESIA ZIAaA|Z] AL .
2024 | A= of Agricultural T Eg N EC GMO Registers
Science -
SweTree — 7l MEd 2 HEAER ZEY .
A9 . Ze i
2024 | 24 Technologies AB ZEY e EC GMO Registers
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4~14 my H Aol FAs WME HA45ot. EEYE AdFH =R
SAskE WS ARl dubzoln, o] Zo= 3 el 2~3 m 7HA]
Atk kA AR £S5 AT wole APETE 1 m x 1 m(10,000&
/ha) == 1 m x 1.5 m(6,666% /ha)Z 435 3 & G A3 F=F&
sty =5 3. o4 §F wME YFEEE VR 22 E4S

7

Sgo] meh A S57h th2y] g W Aot £FL A4 1AL
QA S, A A FEe A -

FU RFHR JE EZAF U 99 AAT A A Bei
olzj e} ZTH(E 26, 27; EA: ZHAPHL, 2010)

2
oL
N =
o
|
X
%

N

-

P
o

jus}

=
i)
N
ok
O

- 114 -



* 26 222 54 6dMe =1
T B <2Hm) 2&(m) 71 & X|(m) =2Hm)
SARA| 12.61 754 6.28 5.03
THUEZEY 12.75 9.14 6.94 4.74
UYHHHLIE 13.51 9.79 7.39 499
S THAE A, 2010
E 27 mE2 £33 AX 2 2 A £
T 3 AR 2 (m) AX2/hal2)
ARAILHE 3x3 1,100
A 35 x 35 816
LYHLIE 4 x4 625
THEZEY 4 x4 625
OlEf2| Z =2 5x5 400
=4 F944E A, 2010

EEYE 4D A R 2WolE B FHOE MAFHAD
Siol HE f AN $U o] o] o] Fofxm, $Ho] Hu
Fg ol FAVE HLEA FAE Sl ol EEolHH wl
el HthEA: FPAPHY, 2010). o] FAE FAFL ol
7] Wl e Al Bobsls AeE SEAR fel AFsha
Aol gl AFF B0] Bol AW 3% ol Wokslo] R A2

AEA: FRAPAS, 2010). by B o7 FAMAOR
LMO?] #&< WA Yale £E89 i o) Uxgy ¥z
). FYad e, 2010).
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71w v5E 2599 3dF 54 A 2 7w Ao wet
xZ2 o] A A (Non-growth, Callus or leaf bud, Leaf @A) X33 9]
zpol7b AAHJATHIE 70, 71). BF 29 1F &8 27 A=
2ol A callus or leaf bud @AY 7NA < vl&S 27 32.5%,
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PCA score plot PCA loading plot

Scores Plot
o Ghel_2200_3 o Trshaborsss |15 64 _
) Control o - @ Kyl AT_100, 33
& Acnniicl_35.05_1 s
& Po_ i)
= A\ Cd treatment ;
g ] |
= @ Mpnenol_46.23 1
‘ U
= £ Comé_5 |
L E 4 €d_30ppen 3| 04 4
- L | o
f oA e 0 -3
w 1 £
= § - 5 S _4 Cal_2epm_1 | i
= 3
4 A Ca_20ppm,_ a8
w 8 Hpp
=
9
& o 2 05
2
g 4
L
& NeHy stha
10
T T
T T T T | 3 a 2
002 M 0.00 001 002 Londings 1
PC 1938 %)
PLS-DA score plot PLS-DA VIP score
Scores Plot
() Control &
-] 3 > &f
= [\ Cd treatment o’? &
= o
o Conird_3 Arabvicd_36 65 | » | 0N
g_ Glyreol_2258 | - BO
e e Migh
E Mpnvicl_4627 | [ (]
! & Ca_20ppm_ 3
ek g i \ Cal_Bpem. | Adarens_18.07 _ [ EE
Ea o St |
£ O Coriit 1 Cui_lpgm oo AT_160) L] EE
» e e, 2
H] C a
L L o Conal § SeHylcepadth | @ [ i I
g o
=1
! Tihaicse 56 | @ ]
Fo_loche_dcd | # ([ |
2
= -
L= T T T T
0.0 a5 o 15 20
T - T T T VIP scofes
0.02 -0.0d 0.00 0ol o2

Companent 1 ( 83,5 %)

oz 77. FtEE XMl Fek th=Fol M Xet 2 Z8 | tjAtdtE PCA A
PLS-DA £4 Z 1}

7IEFS Aed EYH HEstA] &2 EFdA A AEA W At
AHEO] WEt e A4S AS 1" 783 19 790 YEHRITE FtEES
At Bl AT 222 = JtEHS AdshA g EGAA A
ZEZY BT glucose, alanine, mannitol, N-hydroxyurethane, xlyose &% ©]
=3tk WFH arabitol, glycerol, lactic acid, trehalose ¥ 32 7I=F <
ARt BEgolA Ad EEZ2ET TtEFS A shA &g EFllA A

- 124 -



ZEHAA © =34th Myo-inositol, 4-hydroxybenzoic acid, gluconic
acid, glyceric acid®] &F F A2 ol 2 Akol7} AT

&u@a class

M-Hydroyurethans 2 Conrol
Cd treatment
Po_Lactic_Acid 2T
1
Glycerol_22.08_ 299
Arabitol_36.65_103 0

Trehalose_B5.64_36

Xytose_4T_103_338 [ -1
Alanine_18.07_116_ i

|

Mannitol_45.22_103

pa
pa

2 jonuog
T joguos
5 jonung

¥ lonuoD
£ 10auog

£ unddoz"p
v wddoz"po
2 unddoz "o

5
T

OF 78, 7t=& XMElFeb i =Tl M Apet

Hl
K
il

o| O AFAFE Heatmap

0.07
B Cd treatment ® Control
0.06
0.05
0.04
0.03
0.02
0.01
0 M [ I - — [ R —
& ) S & o P S ) > ) & e &
\0"0 2 ol \ﬂa& 2 ¥ N & -\-:..é' & = '}d, .{ﬁo
[ o Qd‘ v B ,:p*‘ & &F \?.5» & & J\@'S‘
‘s:\ o (}‘} G‘,‘ g
o =
5° =
b‘gﬁ b
O8 79, FtEE M| Fef tH=FOA Atz 2 E o tHARME MM

=]
24 An

- 125 -



=<

12

A
2, AQAE A FEHH T

BFHF A H 7T FHE(QD AA

T

=72 AFE(20 ppm)9] 7I=F

T

LB ATFoA LM ZZ e FAAZ | ALLE ofAY

AT A

Ho LM

i

Ay

B

=0l A e vl
Sls

o AQdEd = gt

AR A B A o

oF

]
=

d=F 32| 2ol

= X
L

}_

S

MR PN EA ) B mAR o)

p
10

Meke} A4 o] A olmg 787, A4,
7Fl A=

[¢]

x|

by

)

—
file)

A

o] AAEHANA Ar1H oz 1]

8

=

22

o
o
Nlo

1

H
Ll

]

(o)
=

PN
T

=Y FEo] AAYEA A

oF FA47t o

=9

ol

G o} FA-)
I EE

A Hla g

S

7}

-

o

]

27

o= oz AAA o BEH 74 o5 Y&l 7] WEel
A

5o A

)
il

ol

o

=
QL

f7do] Agk=o]7] u

I<

- 126 -



| A EfA

= A

I AN A =

°©

171

[

- — — ].._.ojllq_ﬂ__oﬂﬂ\)ﬂuoo_a,_tLtu_.ax_.LtL]tVX
5 |K K Mxﬂuhmmﬂ%ﬂ%ﬂ%&oﬁﬂﬂﬂgiﬂaﬂ
e e lw | EFER . PEE P T WD
Do | | @nmﬂ%ﬂhdr,@\%% _ N ™OTON R
I S momﬂ%dr;wc%now%ﬂkmﬂowoﬂ%%w@_f
ol K . . UG U~ G — O _L.,_.o»AMJI_].ﬁ.Ll_LI

wln BERE e TR eIy wT IR SR
%MMO_' o_L%__W%__ mnﬁmATl&mcﬂoﬂﬂq%%ﬁ&'ﬁﬂoﬂo»%ﬁ%
ol Ry Xy Ky x%@_M7mom_xio_ammﬁﬂzfﬂ%E%Jﬁ%%
I %.ﬂo@_%%o_& laﬁ%loﬂiaﬁ;
L g o0 | B0 gy | W0 py N T Ltﬂlﬁl LI I B ST g (e

m ~ Hdls ol l= ol P _%ﬂo,zTEMouE .J.ﬁiﬁmh_

T morw(ma | pa| T oo W Y oy Ao W R o X o

o @mo%%_%ﬂm% LWuﬁw_mOENaﬂliud:@ﬂu%nﬂlgﬁdl._ﬂmm

" T . . M K = w o o~ F ° = X7 ofm X Ll

" DI LS T M TS AR e S

N A E o T WK ﬂuuf%ﬂqu.Wiwhmaawmmu

50 o N n = : Mo O dr o ' . g

n| By 7 5] TaaPipl o LloBelowmalh

< Y S [e) ﬂno‘UInno X Jl‘m./v-ﬁ =0 A2 U_.E

By 2| g FU s IR ET gl AT Byl

A %imﬂ_s%ﬂ@%a%ﬂﬂ@@ﬂﬁp%m

o |z B (% HT@ZT%m?%@,_/%@%imog_%Lf © T

g2t 72 R | T % o i do Py PO o oo T B

o 7 - B0 0 = __ohmﬂ}% o T I’ - K0 = B

L B e @%Hsim@ﬁ%%ﬁﬂﬂ@%ﬁV&,

_ B M M s 1]ﬂﬂﬁovgm]} I I FI

oll | | B w0 | KO 27T S o TRHIP ey TV 5o

T A S ) S I AT N
1 W] o fry TN WA X

=r %OH_M.EWEH% zﬂ,womwoii.@%ovugﬁmo%ﬂmﬂwnoﬁrivrnﬁ

ﬂ._ _UA.oo.( . maLtmumw%%_vAoztﬁo:._oﬂo\w.LmﬂﬂlWoﬂamﬂwroﬁga

o - MMMﬂ_AlWINFMMﬂATﬂﬂuzTEH._Lﬁomﬂﬂ,_u%ﬂﬂ%

o
o R _w | @ |F D g BT o W oo o
on | B M| m (B aaﬂeﬂ/rlmoymw%iwo TED R PR N B D
Vi — = o ) —_
o3 nﬂon ﬁ.wmn_u. _|o__m e by T O® B MR ok moopr B omw 3o R 3o <V OBo
2%7Ao K o}

- 127 -



71

AN

pyrosequencing:

Tz At 71E

5]

=
S

FZ3) total DNAES A2 2 PCR

|

AR o)zt Aol v

o
T

af

5

AT o=

o

| =2 Had Zavt

5]

5

Aae

=
L

Vo EM, FRAEEY YEA )

2 A B s}l

FHE

S
pul

2}

_—
[ile)

= O
<=

ﬁ
N
T

<
o

2il e X3S g ot

14957} 7ol =

3]

=

E

H

=
=

700

i

g47

|

5

=2 AtAdEef A <

mr

=

Hl
o su |[on| on ol ol
o0 | WO | Ho| o Ho lHo
T
e
eI B -
o T O ok
=0 KA KA o ki
__WH |3 = ki
R 12 2| o |xp0
=0 @ 0
LB Al B B IR
WY x| = 2 0=
| X | < |om3
o o 30 ur
W _ 5| & < |or o0
ﬂm ST ®™ | 5 |k
m_a ___M._ _i _i T __% 3l H
20 |B] s - R
Ko 1ol | au | on 0 n
OO0 | o | U wl_ OF ZF O
G gl a | 0 | gxT
A O
— M| g of o |5 -
o Uiz & | = K
= = K K < of
M
20 0 7
| Fr| X py
TR E RS L
DM | RZo ) T U
| W jan <Mool g
S| Mo | g2 K =
Pl g |h|yo|xv&| g
Ol w3 U -
o0 | 3
BT T R IS
s T
nd

- 128 -



;01_

A AAE) 9

8l

o
= -

Far, o] A A AA YN Aol

bl 43

S

oy

Z2HEe ALEH
=

o]
l

F ot
%_

S

B Hwol wrk

s

<)

| A P B

.

Ze)7} AAAEA A

—

2 IO

o

- 129 -



AT AT AA 1=,

s

3
f

RE

5

2 37 E LMO ¢

1
&

SR

=
73

==
R

Ud 7T 7

d
7 AA vt

LMO A efAl

A3

o =]
57

—_—

=

oy
vAO

\

T

A58 LMO2]

%l

T
o)

fi’s)

. _
E

=)
7F A& v}

3

H/Ké.\—l

i

Bl LM =25 4

o H]

A A E

2]

ﬂﬁ

—_

(o]

=
¢}

i

3

/\]_.Tl

]

;AU

el

A

o

bof s 9)

S

EQ=

=
=

A W =4 At

1. 20203 FE] A3

mK

ﬁo
)

o

o
Hlo

Nd

B
ld

M_mulo

AA QA EA-

Bls

g 9

14937}

9]

AAAM A LMO9 ¢

=i
=

73438

—_
file)

(&)

w45t A o

7F AHEIE Wl

3

H/Ké.\—l

5]

2 eloln A7E FA U5 9

bol =) 723

S

A5 AHE
i FEH(15, 30, 50%) T4 Tol&d FHES A4

=
=

(6]

il

]

H

bt E=gt

S

1l Seedbag®l

S

g 9

A dE3d =4

e o &

FAtt.

S

kAL A}

7} 7ol =gkel At &g

3

RE

A 4 95

=
¢}

LMO

- 130 -



e

AREE LM ZEF 4B AA nhd L Sl 987} Swe)
AASE LM 2 $AYAL AEshaTh IM £EeE gAY
YA WA WA FEo] AA wet o)k 9L Hesd L,
MAYEEY AFEEY o] FAT YELH 542 Byt =3
LM ZZelo] QA e FA% 24 Blstgon, $F Aelwa
W ohers B zdoldel 4% APe B9 LM FER sjolseael
Mol Bgstas sk
AYES W LM BEFY AAYEA AN NE A% B 24 L
s TS LM BEF sl Bs A S BAsETh LM 2B R
Mastel BEFE 277 AN A PO #elst ofHI A%
77ke] Aol A4HA B =4l ol gol YUtk EI BIFE o)F
A7t Aol ZHAD AAC) ARAelw] FAYNA B IF AF
oA A kol mr} AAA Ful7l Wasith wes WA 2B
FHos AW AelEge) WP U LM BEF AAHA 314
i

e
B7k NYE o] WLH o

- =

LM B85 981497} 44 e 98l AAoFoz odn =g
odHA 2o EY TFAE BT F FY 542 BHRL o9
#70] TEY A 2 BAARA WAL FFS BARAL TY
AYAFAOZRE BPRE FHRAE M LEGY BES PO

3e AW A% NEF QRN AT THYS) 0PHA e

s
of| A 2t ZEF o FAH} o A4HE(glucose, myo-inositol, alanine,

arabitol, 4-hydroxybenxoic acid, gluconic acid, glyceric acid, lactic

o
0%

acid, mannitol, N-hydroxyurethane, trehalose, xylose® #Z-2 T}
FEE, 7714k )l AelE FlsiiT. 2y LM HE272 fsiA
HH TS A s FF $48483E LM EEHE AHESH

- 131 -



8k, (2010). = H4t
South Korea), A<. www.kfri.go.kr.

THAEAE T (2022). 2022 /M EEEE. I EAA=AEH, X https:/ /www.
kbr.go.kr/home/bio/bio04001s.do?menuKey=448 (2023.11.30.)

=T HAE . (2019). 2019 S A3sLE LMO HsidH7F AA 5 L B7t
718 9. =9 E Y, A, NIE-H 78 97--2019-04.

= HAE Y. (2020). 2020 AR A3 LMO HsiAdH 7 AA +5F L HU}
71# 9. =" HAEY, A3, NIE-H 74 A 7--2020-04.

=P Y. (2021). 20213 AR LMO YA 71H 9. THYE Y,
A7, NIE-*H 4 19--2021-04.

TP E . (2022). 20229 A F LMO {48771 9. SH9AH Y,
A%, NIE-H A 4 -2022-04.

YA Y. (2023). 20239 A FE LMO Al BH77H 9. T2,
A3, NIE-'H A 9 75-2022-04.

T HAE . (2023). BFF FAAHIYEA A 3H 7]
THAAE A, A .

T HAEH Y. (2024). & F LMO ZFZAIE A& 7tol=gil. 1 HAVE ¢,

rJ
I-'O
=
rJ
U
A
o

AbE e g}

WP, 79, 28, olBY, LFF, B, olVIF, 24Y, A4HE, FEE
(2010). W32 ZFol 3 FHANY ZHE SHE o] T ZALE 9% 22
B M =g e stE A, 22(3), 293-297.

2] el

Ao At stal. (2006). 28438 FAAA P A=A (LMO) S <k
AT HTEHIA. AP ASHE, ASEEA.

g8, (2010). FHAAAHYEA(LMO) AAAN A AT HE
HuA., =TT, A=

A3 LMO b4 3] A 8 (2018~2022). 2018.

- 132 -



Z= A E| 878 B (Ministry of Ecology and Environment) “2022%F = E4 78
SRIER” HaA

31817 7] 9 7HA(KISTEP). (2010). F-AAHE 77140/ A &4 (GMO/LMO)
¥4 Ve 7% 4.

&=tuto] @ 9bA A A WA E|(KBCH). (2008). BIOSAFETY Vol9, No.l, thA.
www.biosafety.or.kr (2024.11.30.)

gh=vlo] @ b A A BAIE](KBCH). (2018). KBCH &3 X 3141 No.2018-01
T7PE Hlo]l @A T FHIH 2018, tHH. www.biosafety.or.kr
(2024.11.30.)

gt nlo] 2 kA A g HAIE(KBCH). (2019). KBCH SR 14 No.2019-01
o 7HE vlo] RbHA 3 fHAR 2019, thH. www.biosafety.or.kr
(2024.11.30.)

gh=rlo] 2 b A g BAIE (KBCH). (2022a). KBCH -53FE 314 No.2022-01
o 7HE  dlo] b T wl= 2022, . www.biosafety.or.kr
(2024.11.30.)

gt ulo] 2 Qb A A B AN E|(KBCH). (2022b). KBCH &3 E Al No.2022-02
o 7HE vlo] RbHA 3 fHA 2022, thH. www.biosafety.or.kr
(2024.11.30.)

gh=nlo] 2 Qb A BAIE (KBCH). (2023a). KBCH & X 34| No.2023-04
T7PE Hlo]l b T FHIH 2023, tHH. www.biosafety.or.kr
(2024.11.30.)

gh=uto] 2 Qb A g BAIE|(KBCH). (2023b). KBCH &% EIilA No.2023-10
= 7HE vlo]ltdAd T Y8 2023, Wi, www.biosafety.or.kr
(2024.11.30.)

gh=Hlo] 2 Qb A4 g BAIE| (KBCH). 2024a. A v @3 https:/ /www.biosafety.
or.kr/portal/page/f 01 (2024.11.30.)

St rlo] 2 Qb A A RANE|(KBCH) 2024b. =1 2 &3 3. https://www.
biosafety.or.kr/portal/page/f 03 (2024.11.30.)

ghzko] © 9bA 479 BAIE|(KBCH) 2024c. 210 o] MIE 52183 hitps:/ /www.
biosafety.or.kr/portal/page/f 02 (2024.11.30.)

gh=uto] @ Qb A g BAIE| (KBCH). (2024d). KBCH &% X114 No.2024-04
T 7PE Hlo] @QbAA & FHIH 2024, thH. www.biosafety.or.kr

- 133 -



(2024.11.30.)

Sharnjo] @ Qb A 4 HANE) (KBCH). (2024e). KBCH &3R4 No.2024-01
F7bE el ebdAd T FH 2024, oA
(2024.11.30.)

Hho] @ P A M Al 2019. (2019). A FESTATY Hiol b A
o .

Hho] @ QP M4l 2023, (2023). A H I AT HEo] A A H RAY,

www.biosafety.or.kr

(27
=,
v

FEERH AR AT Y. (2000). FAAAYYEA] A G FH 77 ol
B3 AT AFRIA. AP FFATE, AF

&
75 (2024). 2024 B F £ LMO b #E] A FA YA &
Azeez, A., & Busov, V. (2021). CRISPR/Cas9-mediated single and biallelic

knockout of poplar STERILE APETALA (PopSAP) leads to complete
reproductive sterility. Plant biotechnology journal, 19(1), 23

Braun-Blanquet, J. (1964). Pflanzensoziologie. 3 Aufl. Springer-Verlag,
United States.

Chang, S. W. (2006). Phytoremediation Study of Disel Contaminated Soil
by Indigenous Poplar Tree. kossge, 11(5), 51-58.

Choi, Y. I, Noh, E. W., Lee, H. S,, Han, M. S,, Lee, J. S. and K. S. Choi.
2007. Mercury-tolerant transgenic poplars expressing two bacterial
mercury-metabolizing genes. ]J. Plant Biol. 50(6):658-662.

Chauhan, B. S., Opefia, J. (2013). Implications of plant geometry and weed
control options in designing a low-seeding seed-drill for dry-seeded
rice systems. Field Crops Research, 2013;144:225-231.

Chevre, A. M., Eber, F., Baranger, A., Renard, M. (1997). Gene flow from
transgenic crops. Nature, 389, 924.

Domic, A. 1., Capriles, J. M., Camilo, G. R. (2020). Evaluating the fitness
effects of seed size and maternal tree size on Polylepis tomentella
(Rosaceae) seed germination and seeding performance. Journal of

Tropical Ecology, 36(3), 115-122.
Fernandez-Quinantilla, C., Andujar, J. L. G., Appleby, A. P. (1990).

Characterization of the germination and emergence response to

- 134 -



temperature and soil moisture of Avena fatua and A. sterilis. Weed
Research, 30(4), 289-295.

Gabriel Popkin and Audra Melton; For the First Time, Genetically
Modified Trees Have Been Planted in a U.S. Forest; The New York
Times; 2023. 2. 16. https://www.nytimes.com/2023/02/16/science/

genetically-modified-trees-living-carbon.html

Ghori, N.H., T. Ghori, M.Q. Hayat, S.R. Imadi, A. Gul, V. Altay and M.
Ozturk. 2019. Heavy metal stress and responses in plants. Int. J.
Environ. Sci. Technol.16:1807-1828.

Han, S. M., Chun, S. J.,, Nam, K. H. (2023). Comparison of overexpressing
potential of seeds in laboratory and field conditions for the risk
assessment of transgenic plants: a sunflower case study. Journal of

Ecology and Environment, 47, 02.

Han, S. M., Nam, K. H. (2022). Assessing the potential invasiveness of
transgenic plants in South Korea: a three-year case study on

sunflowers. Journal of Ecology and Environment, 49, 19.

Han, S. M., Nam, K. H. (2024). Pest control and safety management
monitoring in outdoor plantation using unmanned aerial vehicle
captured images. GEO DATA, 6(3), 144-149.

Hossain, M.A., P. Piyatida, J.A.T. Silva and M. Fujita. 2012. Molecular
mechanism of heavy metal toxicity and tolerance in plants: central
role of glutathione in detoxifcation of reactive oxygen species and
methylglyoxal and in heavy metal chelation. | Bot. 012:1-37.

Hou, D.; Bi, J; Ma, L; Zhang, K,; Li, D.; Rehmani, M.LLA.; Tan, J.; Bi, Q.;
Wei, Y., Liu, G.; et al. Effects of Soil Moisture Content on
Germination and Physiological Characteristics of Rice Seeds with
Different Specific Gravity. Agronomy 2022, 12, 500. https://doi.org/
10.3390/agronomy12020500

Hu, Y., Nan, Z, Su, J.,, Wang, N. (2013). Heavy metal accumulation by
poplar in calcareous soil with various degrees of multi-metal

contamination: implications for phytoextraction and phytostabilization,
Environ Sci Pollut Res, 20:7194-7203.

- 135 -



ISAAA. (2019). ISAAA BRIEF 55 EXECUTIVE SUMMARY, SEAsiaCenter,
Philippines. http://www.isaaa.org (2024.11.30.)

ISTA (2010). International Rules for Seed Testing. International Seed

Testing Association, Bassersdorf, Switzerland.

January, M.C., T.J. Cutright, HW. Keulen and R. Wei. 2008. Hydroponic
phytoremediation of Cd, Cr, Ni, As, and Fe: Can Helianthus annuus
hyperaccumulate multiple heavy metals? Chemosphere 70:531-537.

Javaid, M. M., Mahmood, A., Alshaya, D. S, AlKahtani, M. D. F. ,
Waheed, H., Wasaya, A., et al. (2022). Influence of environmental
factors on seed germination and seeding characteristics of perennial
ryegrass (Lolium perenne L.). Scientific Reports, 12, 9522.

Jeoung, Y. H,, Kim, Y. N, Kim, K. R, Kim, K. H. (2013). Physiological
Response and Cadmium Accumulation of MuS1 Transgenic Tobacco
Exposed to High Concentration of Cd in Soil: Implication to
Phytoremediation of Metal Contaminated Soil, Soil Sci. Fert. 46(1),
58-64. http:/ /dx.doi.org/10.7745/K]JSSF.2013.46.1.058

Jha, P., Kumar, V. Godara, R. K. Chauhan, B. S. (2017). Weed
management using crop competition in the United States: A review.
Crop Protection, 95, 31-37.

Kim, D. Y., Eom, M. S,, Kim, H. J., Ko, E. M., Pack, 1. S., Park, J. H., et al.
(2020a). Gene flow from transgenic soybean, developed to obtain
recombinant proteins for use in the skin care industry, to
non-transgenic soybean. Applied Biological Chemistry, 63, 65.

Kim, D. Y., Eom, M. S,, Kim, H. ], Pack, I. S,, Park, ]J. H., Park, K. W., et
al. (2020b). Assessing invasiveness of genetically modified soybean
expressing human epidermal growth factor gene. Weed & Turfgrass
Science, 9(2), 119-128.

Kim, H. J., Kim, D. Y., Moon, Y. S,, Pack, L. S.,, Park, K. W.,, Chung, Y. S,
et al. (2019). Gene flow from herbicide resistant transgenic soybean to

conventional soybean and wild soybean. Applied Biological
Chemistry, 62, 54.

Kim, J. W.,, Park, S. B., Tran, Q. G. et al. (2020) Functional expression of

- 136 -



polyethylene terephthalate-degrading enzyme (PETase) in green
microalgae. Microb Cell Fact 19, 97 (2020). https://doi.org/10.1186/
$12934-020-01355-8.

Korea Meteorological Administration (KMA). (2024). Synoptic weather
observation, statistics by condition. 2024. https://data.kma.go.kr Accessed
27 June 2024.

Ko, E. M,, Kim, D. Y, Kim, H. J, Chung, Y. S, Kim, C. G. (2016).
Assessing weediness of herbicide tolerant genetically modified

soybean. Korean Journal of Agricultural Science, 43(4):560-566.
Ko E. M., Kim, D. Y,, Moon Y. S.,, Kim H. |, Pack, I. S,, Kim, Y. J., et al.

(2022). Assessing persistence of cruciferous crops in the field. Korean
Journal of Agricultural Science, 49(3), 655-666.

Kong, X., Lv, N, Liu, S., Xu, H., Huang, J., Xie, X., Tao, Q., Wang, B., Ji,
R, Zhang Q. Jiang, J. (2023). Phytoremediation of isoproturon-
contaminated sites by transgenic soybean. Plant Biotechnology Journal,
21(2), 342-353.

Kwon, N., Lee, KEE, Singh, M., Kang, S.G. (2021). Suitable primers for
GAPDH reference gene amplification in quantitative RT-PCR analysis

of human gene expression. Gene Reports, 24, 101272.

Kwon, H. J,, Cho, J. S., Lee, C. H. (2014). Screening for Heavy Metals
Accumulation Ability of Twelve Pteridophyta Species at Soil
Contaminated with Heavy Metals, People Plants Environ. 17(3),

203-210.
Kwon, HJ., CH. Lee and S.Y. Kim. 2019. Heavy metals uptake capability

and growth of fifteen compositae plants for phytoremediation. Korean
J. Plant Res. 32:1-8.

Lamb, K. E.,, Johnson, B. L. (2004). Seed size and seeding depth influence
on canola emergence and performance in the Northern Great Plains.
Agronomy Journal, 96(2), 454-461.

LESC. (2024). LMO AAt&& 9 57, LMO Environmental Safety Center
(LESC).  http:/ /lesc.nie.re.kr/lesc/bbsList.do?idx=13&BRD_ID=LMO _
STATS (2024.11.30.).

- 137 -



Linardic, M., Braybrook, S.A. (2021). Identification and selection of optimal

reference genes for qPCR-based gene expression analysis in Fucus

distichus under various abiotic stresses. PLoS One, 16(4).

Lutman, P. J. W, Freeman, S. E. Pekrun, C. (2003). The long-term
persistence of seeds of oilseed rape (Brassica napus) in arable fields.
Journal of Agricultural Science, 141, 231-240.

Moravocova, L., Carta, A. PySek, P. Skalova, H. Gioria, M. (2022).
Long-term seed burial revels differences in the seed-banking strategies

of naturalized and invasive alien herbs. Scientific Reports, 12, 8859.

Nam, K. H. (2024). Characteristic analysis of useful plant resources for

phytoremediation in polluted environment. Korean Journal of Plant
Resources, 37(5), 537-546.

Nam, K. H., Han, S. M. (2020). Seed germination of sunflower as a case
study for the risk assessment and management of transgenic plants
used for environmental remediation in South Korea. Sustainability, 12,
10110.

Nam, K. H,, Han, S. M., Chun S. J.,, Lee J. W, Kim J. (2024a). Evaluating
the risk of LMOs on the natural ecosystem by analyzing the
overwintering potential of four major species imported into Korea.

Journal of Ecology and Environment, 48, 38

Nam, K. H., Han, S. M., Chun S. J., Lee J. W., Kim J. (2024b). Effect of
seeding density on the weediness potential of transgenic plants: A
case study on sunflowers. Journal of Ecology and Environment, 48, 28

National Institute of Biological Resources (NIBR). (2023). Biogeographic
information  service.  https://species.nibr.go.kr/geo/html/index.do.

Accessed 27 June 2024.
National Institute of Biological Resources (NIBR). (2024). Biogeographic

information  service.  https://species.nibr.go.kr/geo/html/index.do.
Accessed 27 June 2024.

NIE. Environmental monitoring and post-management of LMO. National

Institute of Ecology, Seocheon.

Raybould, A. (2010). The bucket and the searchlight: formulating and

- 138 -



testing risk hypotheses about the weediness and invasiveness potential

of transgenic crops. Environmental Biosafety Research, 9, 123-133.

Palmroth, M. R., Pichtel, J., Puhakka, J. A. (2002). Phytoremediation of
subarctic soil contaminated with diesel fuel, Bioresource Technology,
84, 221-228

Sebastiani, L., Scebba, F., Tognetti, R. (2004). Heavy metal accumulation
and growth responses in poplar clones Eridano (Populus deltoides x
maximowiczii) and 1-214 (P. x euramericana) exposed to industrial

waste, Environmental and Experimental Botany, 52, 79-88.

Swanton, C. J., Nkoa, R., Blackshaw, R. E. (2015). Experimental methods

for crop-weed completion studies. Weed Science, 63, 2-11.

Thompson, K., Bakker, ]J. P., Bekker, R. M., Hodgson, ]J. G. (1998).
Ecological correlates of seed persistence in soil in the north-west

European flora. Journal of Ecology, 86, 163-169.
Thompson K., Band S., Hodgson J. (1993). Seed size and shape predict

persistence in soil. Functional Ecology, 7, 236-241.

Wang, X, Jia, Y. (2010). Study on adsorption and remediation of heavy
metals by poplar and larch in contaminated soil, Environ Sci Pollut
Res, 17, 1331-1338.

Wang, Y., Lin, J., Chen, Q., Zhu, N., Jiang, D., Li, M., Wang, Y. (2015).
Overexpression of mitochondrial Hsp75 protects neural stem cells
against microglia-derived soluble factor-induced neurotoxicity by
regulating mitochondrial permeability transition pore opening in vitro.

International journal of molecular medicine, 36, 1487-1496.

Wei, H., Movahedi, A., Xu, C.,, Sun, W., Almasi Zadeh Yaghuti, A., Wang,
P, Li, D., Zhuge, Q. (2019). Overexpression of PtDXS enhances stress
resistance in poplars. International journal of molecular sciences, 20(7),
1669.

Yeo, J. K., Koo, Y. B., Son, D. S. (2001). Growth Response and Absorption
Capacity of Poplars on Livestock Waste Water. Korean For. Soc. 90(6).
734-741.

Yoon S-K, Bae E-K, Lee H, Choi Y-I, Han M, Choi H, Kang K-S, Park E-]

- 139 -



(2018) Downregulation of stress-associated protein 1 (PagSAP1)
increases salt stress tolerance in poplar (Populus alba x P.glandulosa).
Trees 32:823-833.

Zhang, Y., Han, X., Chen, S., Zheng, L., He, X., Liu, M., Qiao, G., Wang,
Y., Zhuo, R. (2017). Selection of suitable reference genes for
quantitative real-time PCR gene expression analysis in Salix

matsudana under different
abiotic stresses. Scientific Reports, 7, 40290.
Zong, S., Yun, H, Yu, X, He, Y, Khan, A, Tang, H., et al. (2023).

Bioaugmentation of Cd (II) removal in high-salinity wastewater by
engineered Escherichia coli harbouring EC20 and irrE genes. Journal
of Cleaner Production, 137656.

European Commission, Genetically Modified Organizms, https://food.ec.

europa.eu/ plants/genetically-modified-organisms_en

European Commission, Farm to Fork strategy, https://food.ec.europa.eu/

horizontal-topics/farm-fork-strategy_en
https:/ /www.isaaa.org/ GM Approval Database
https:/ /www livingcarbon.com/
https:/ /neoplants.com
https:/ /euinasean.eu/eu-green-deal

https:/ /www.nedo.go.jp/index.html

- 140 -



=

=)
]

1. 97 23 &&

1) =9 %
Journal of Ecology and Environment 2024, 48:28
Journal of Ecology and Environment 2024, 48:38
Korean J. Plant Res. 2024, 37:537-546
GEODATA 2024, 6:144-149

JEE ==mmummrn,

Evaluating the risk of living modified organisms on the natural
ecosystem by analyzing the overwintering potential of four
major species imported into Korea

et il

Effect of !-I?EI:“I'IB denslly on the weediness thenl.ial of
transgenic plants: a case study on sunflowers

Hyong HaaMamr |, Sung Mn Han' ), Seong.Aun Chur ™, ki 3o Loe " and Bhoon Bmt
UM T, St o s ey of

{024} 4838

Kynng-Hae Mam™ 7, SUng Min Han ), Seong-ken O, nes Lee? and Bhoon K- e e ke A
Tz Sy LA Ty gt i o e, I, Bepusi: of R
bianbedp p sty o et ey
s Bechground. Ny ieratuced Yariuets e G Ao ke Tk

s o Wachground. Lving modified ogaams D00 mported o Komes sy pus o Swimped dsy 18 IEZE
B a8, 28 T 35 e Sormertc ranitl SoIE, Aeparding or el e L SEREY —— P i st AT [ e
Bt tepmemer &, 3534 L fogein i o . = g U5 a0 e v o |t 0 ks, eeriation,
Aoyt e &, Bt srs g o sl s ey b, a7l CorrgaeFon bbween S dureicng arel wd paria e bttt
AT gt 3 it Encred ol 1570 i bt i 28 s e 1 i =] L pi]

mdbumlml_ o = o g Basults. Trars i 10 sgrficins oisercs 14 oot te o sorfowen 3o,
o e G i e e Inoreased £ fimweting and teed matucwion

echibied wpeson
compeend bo. Clycingmas L) by, mmLmﬁwthme
-fl'--l-

-dﬁ‘-ﬁdumﬂﬂ
Tty 12 PELEED X 15T, - 17T, ancd 570, St gesiraton mmn of
e vt

Co0emed waries; i plare hasght ang ewe gl of e Lameag
i, o,

.-nn-:-—un
e b Frproveed.
:mmmwmnmmamm

o upio 8 wesks sber burel Seedy of both 8 ngoun sed 5 mags e domman n e
ﬂLE e G e G e ok ey
cioamrani, (rmirubion rales weve highes shan fus wed weis plcsd in wed tage wnd
nstined, setamai Suarvarecy rals res bighar when e e s e mitte sed

AR OTERS WIT w $H nnmpu-: rlem.

ity ha Fighi i ke

gl spmhope b il ek, Sty om
s thrma i the scoudem This sy i the Imeraadisin
i s il Fou LMk (e
icaty sl rapul
omord s, el sy e, ek
T, b gt

Infroducrion funtival s, s animal feed Suctorien (Kim ot

Agpemimstaly 710 onilion was of iving modifed or-
el (L) are imgoried sopaally imeo Ko, nee
of which ase LML ¥pcine mux L) Merr), com
Zoa nars L ool (B d iagans L sl ColTin K
v Airuram L3 Thess bnprns ans sty ased fen
fondt ol foond pruepoes (Ko Bioeskey Clearing Homs
|EBCH] 3034 Bwery puac, it Binisiry of Emviroo ment
ot o (i o uRatn e 1o ansrs e (b lal
Iragpacin of fhms mewly imiroduced 380 oo seours sce-
pata (LI Rariraramestsl Sakey Center [LR5C] 3004
Mo, tha theest 2 famastic bisdwraity i incmming
Iomsrnsy af rhee pegatlar deteciion of L sorde ami voius:
s in maral scoorens nesdy IFaneporetion soies,

T Te———ty |np|mumr|mu
LRI ety oy

LM vewdds uce rebvmad ik e netanl
u——#bu—huh-u-ﬂ_qmdu.
aw

A comprearsive vevie of di Smpacts of L KOs on -

nural svoepstems considars tha risks poasd by the host or-
ol i ks apmaciatnd with dnared ced geses, sl
T g oo L W80 it T st sl ing emniransseens (Fig.
§; Mutianal lneksce of Ervironmentsl Ressarch [KIER]
D01 W hen reviewing the cisk of dmiroduced LM,
T o g, [=sbesntia i s o e TRl Bt iy
wwabuating v pisk o matwal scosrsters. It is wend v de-
imrmine whether LM sesds can usrvive snd repeodace in

TV, g oo SApMnHTY, Faiersl ROV, rek JoeiTens,

s
g plant. s

It rowdio Chio

e o the sagmthr ot af ving sodified crgeaiem
mm"nmm“hmmm“wm
e
mmlnum.mm
Tharvfors. whem cenducting o risk reviw for the impoet.
o proaaction of LARS. H i vitsl. ko mms e poseibilify
Thial marety ot i |0 iy Baciutis & w16 The G
mantic mteral snvissnment; this is one af he mportak
valimion fimes [Bam and Hias 3000, M and Fam 1002
s ot ol 00

Wiarksss facaors can S the posbiiny of Becaming §
-.q..num_l—a-g-mﬂu“—-u-
sbsmrce of relsied species, weed bank

1 it plasi (s of s I6 the sconyuem. Les o ol
e

s 0o g ifend dilferenos belwern asopenic el
ﬂ&-‘m ioorre, dn @ sty of b suckogl

ARFY,
:_._——n.a.p_—_p-a-n—-n-b-
at lrveln mimilar b thoss of urEnorred pota (Kin
el Jim

ot e, chie probabéliny that apbled L0 wede will
D e e
o aivilay oo e mmeds, whrs Lo fctoey .

tiue wirsliny sed dormamy of (e taried sreds. qu.
0 et U LA ot xprio g B 4
el jgrowth Bactor gene o, 1L, ITE) BT tEpSTaTY
il sl baries during winter. but seed visbility doo not
hasi: mevre San & mosib. mabing i anlibely o devdop

il ey s o ot ol i b g emarnwtion (Tialbocges
il Prasms J00: Tin et 2009 In s oxperimet with L)
ok wumal g ecies, seedling e rgence was ot ey

. P R TR TSI
e g T S VP00

[ Raearch S ]

x| HHEH Lo WE HE RE MRS 8Y Wt
o

i ey

L, e

Charscteristic Amlysis of Useful Plant Resources for Fhvtoremediation
in Falluted Environmenis

Kynng-Hee Nam'*

Um0 T, Mtk i o

Tonkogy, Aamimn 131, Ko

At i s maty s Son i, ey sl mse i, el g sy ] ¢ b o
Fla siwm e s o st | a n ahrnbtresd wmem rslarms s b b srmiah Lo e ko ol ive poled sy
e i e i 8 (s B [l b i o all s o s for Avdm s o s chsrmened

i iy i

gt ey wraghe o Fiperen s v i

GEO DATA

SESN I713-5004 = hitpfgendats ke

DATA ARTICLE

St 150 =l 6 A g V0180
g g LA PUME XAL

FUUTT| JE WS OF2 M2x] HaE oglh H AT
SLE

E' 0. WE O

A, S DAY, BT T3 B g 1710, 7,
PR, STl Lo M o S ERE 100, e GBS

Past Control and Safety Managemaent Monitaring in Outdoor Plantation Using

Unmanned Asrial Vehicle Captured Imagos

S Mo Hian el By Howt W

"8t Ot o s & e P, it e o gy 1210 G Wi g, s o, 17

BT 2 v o o s g T T :-u-lu-n-\.-||llrl-nv—uw-'-mu".nr“-ullw-vmw-r-mlap Durghenngree o
s g (T e 1T g g ) B oy s, e s, e Srmmis e, s, B
Sk o Vit i, T s 10 B abnm o greend w foms Ser |  all pled dbig Thah o ed oncs ol

T

© rmpas embonps, e et o b B b o Tl wovs whurve |, Shosing 8 bagh Sugros of mames 1 Boeeired gt 1P
g P 16 meet A, (d cavesiralen o NN, phaaplare, Raesian, el wlden o blghe B ikt ;. Syl e Hationa! istetate of bualogy in Seouwen, (g ane
g asad s e Disaramsalp, sdiam s arasnts i bighe usalargreasal — Siplmher £, . s Kiraa's dharie soseyibe |0 ol
. vermarvation 1o the gere sl pusie. The e G the chatterge of presivng B
oo o e sl s repuare

Kooy e~ |y st Lorig sk Bl cpaiom. Phynsimmliaton Hid smsam

LI -]

S EA 5 SRR VR e e 2y
o B S BE 1M B Y N AT YR
5L S P el o ki, 19T, 8
£ WA 5 A CPUT W T T
W PR WAL 30 Ry PR S e
P T e T
0 ol TS, SRS GGD AL S W RS S
B T T A ik

Y A e YT e B <
o AR MR N o] i, W T HED
T U R 1B W ke bt

P R T ——r
Tk +E2ARAH-SRTT

D
T m v s e A n

o o

Pernliod ), WU} LR AL AR SRS T
B W B A el ok
Femison) T8 UrH e md Oidarabs 006 .
o, NEIL R R R N R B
B WL B ] g ., S
A A B T o e P
kM o sl 200 0o N dv A el
WEBE T b WU PR RN
Inmoiechniogr, $4 5 G5 S0 0N j248
e M Mmool SN RYCRE B
ke B Ay S R PR A
EE G & B I B L ST T I T R
4 WL Rl ohon o o, DA Mol o o
A

Ao o P

Lo L

b T T B S W ) W T

TLHE

L e e PR e
SRR RS MRS UV TR e Ram g

Do 5 200 L C Sy

i by i,
raa 70,184 ', manly s 1 6l SouSn. funhanmars, @
ey MMMM -Ihdn
e ety st ungurent A 14 il o ol ol Cteeneaflan et w0 it T dilie

Narpmmeesie Bty e tmit e, Citven] T Lt ) e imaemsrs. Batety
frenmperren, e aetia e

£ RS D G A ] B H
B U MO FEE SN g modifed
crganiam, LMOITH THE AR THE 4 S HAYE
WP ALY DR N PEE DENL HeHan

141




2) A4EE

- A4z A F LMO b #eE] AlE('23~27)

T MEAPAY 703
AT AFEABA G vk A

5 GAANGYEA YNNG dRBE Thol el
- Guidelines on Safety Management for the Ministry of Environment’s

Risk Assessment Institute

it ifan i re.
Guidelines on Safety Management
AL QT THHSIMS 1| for the Ministry of Environment's
IEAIE OEERE| JHIE2HR! Risk Assessment Institute -

et %'5‘31‘“3- Lo

- 142 -




5 I 2= ANt-By
- LMO 5371& 25974 ‘Hiol 2 &oF s B 7t 7= Fd3 7Hs A
https:/ /www.nie.re.kr/nie/bbs/BMSR00056/ view.do?boardId=6959653
66 &menulNo=200033

!?_ﬂ.ﬂf"‘ﬂ?

2024 S IYE AT SMENY S5111& AVUA

TS5 CHERRERIE | >

H{O|2 FOF TITR

g7t 7128 &Yt 7tse

2EIMEHR LMOE! LH2e] MYl

6) 2024 =P =53] A7 @r%\'fﬂil T 22X
- BAE LMO i85 7H71d &9 3 B3 A dH 7t

‘0? 4 105 163 - "EB‘HE‘] | ﬁﬂﬂi—r
YL ) pu pEEismm— g eieemie QAT Tw

- 143 -



Ell

-

-t &Y LMO S

=

;

2. oS
1) A=

- LMO®) 3k &rlE AKX AF, S4E LMO siAdH 7718 AFAA
7As 9 LMO {sidHEF7 Adns 5

- 144 -





