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Abbreviations, Definitions and Acronyms

TN Approximately

2,4-D..cccccrcrnnnnennes 2,4-dichlorophenoxyacetic acid

K A The distal, or growing end, of an mRNA transcript; the end nearest to or
containing the polyA sites

S rereeeececenenneas The proximal, or start end, of an mRNA transcript; the end nearest to
the promoter

. AN Adenine

5 7. VA 6-benzyladenine

1] 1 RN Nucleotide base pairs

O RN Cytosine

ca Approximately

CaMV......ceeueenned Cauliflower mosaic virus

cDNA.....cccerueeneeee Complementary DNA

017 VRN Coenzyme A

CTAB.........cceuuee. Cetyltrimethylammonium bromide

DNA....ccerueereeneens Deoxyribonucleic acid

dATP..............c..... Deoxyadenosine triphosphate

dCTP .......ceuueeeee Deoxycytidine triphosphate

E. coli ................ Escherichia coli

EDTA.......ccceeuueuee. Ethylenediaminetetraacetic acid

| C Guanine

[ C\7 Genetically modified

GMO........covueueeunene Genetically modified organism

GUS....covvvvrerrncnnes B-glucuronidase

HCl......ccovvuvenvennne Hydrochloric acid

hmgr......aeeeeennnn.. 3-hydroxy-3-methylglutaryl-CoA reductase

1)1 A Hygromycin phosphotransferase

IPCR.....cuuuvvuernnnnes Inverse polymerase chain reaction

) (4. R Nucleotide kilobase pairs

1) Kilodalton

| Liter

| D) L Left Border

L7 PR Molar

117N Milligram

1] R Milliliter

MM.....cccovrrnnreeeecen Millimolar



Abbreviations, Definitions and Acronymsl (continued)

MRNA.....ccccceerunee. Messenger RNA

L7 N J Murashige and Skoog

MW....covvreeruecsuenne Molecular weight

NAA...cercrnnnnens a-naphthalene acetic acid

Na(l ......ccevueeneee Sodium chloride

NaOH..........ccceuuue.. Sodium hydroxide

Na,HPOy ............. Sodium phosphate dibasic

NOS...ovvverernnnnans Nopaline synthase

nptll ..........uen.ee. Neomycin phosphotransferase II

OECD.........cccueeuees Organization for Economic Co-operation and Development

(17 A Origin of replication

OFI=V couuvnrecnnennnene Bacterial origin of replication from RK2 plasmid

PAGE.........c.cuuueu.. Polyacrylamide gel electrophoresis

PCR......uevveuernnnes Polymerase chain reaction

4 1) Phosphoenolpyruvate

| 21 Right Border

RNA....ccuvveerennens Ribonucleic acid

171) 1 1 R Revolutions per minute

RT-PCR................ Reverse transcriptase polymerase chain reaction

SDS oveiininnenne Sodium dodecyl sulfate

L] 1 N Species

] 1) | N Sub-species

SSC..cvvrivrnnncccnnns Saline-sodium citrate buffer. 20X SSC is 3 M sodium chloride, 0.3 M
sodium citrate

| D Thymine

T-DNA...ccoveeeruneenne Transferred DNA

TE buffer.............. Tris-EDTA buffer (10 mM Trs, pH 8.0, 1 mM EDTA)

THS eeervrrcveecsnnneens Tris(hydroxymethyl)aminomethane

| U8 S United States

A7 Volume/volume

A/ L Wild-type

W/ Vereessesssesssssonsonnes Weight/volume
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Development of Genetically Modified (GM) Plant and
Ecological Risk Assessment of GM herbicide-tolerant
Zoysia grass (Zoysia japonica Steud.)

Tae-Woong Bae

(Supervised by Professor Hyo-Yeon Lee)

Department of Agricultural Chemistry
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

ABSTRACT

The present study was carried out for the development of genetically modified
plant and ecological risk assessment of genetically modified (GM) herbicide-tolerant
Zoysia grass (Zoysia japonica Steud.) for a formal approval to release the
commercial planters. For establishment of ecological risk assessment was understand
the full procedure of transformation method, analysis and integrated gene.

The first section showed the development of transgenic dandelion (7araxacum
platycarpum H. Dablstaed) by Agrobacterium-mediated transformation. The pre-culture
period of days were very important factor for the highly efficient transformation to
insert the enzyme 3-hydroxy-3-methylglutaryl-CoA reductase (hmgr) gene by
Agrobacterium-mediated protocol. Expression of the integrated gene was well
stabilized in regenerated transgenic plants. Evidence of efficient transformation
obtained by molecular analysis. The GM plant became the raw material for

ecological risk assessment.



And the second section was indicated the ecological risk assessment of GM
herbicide-tolerant Zoysia grass, as have stable characteristic of integrated gene at the
next generation.

The aim of herbicide-tolerant Zoysia grass was to decrease the cost, problem of
environmental risks and management of weeds, and have to various functional
cultivar. The transformation of Zoysia grass with bar gene derived from streptomyces
hygroscopicus using Agrobacteroium-mediated method and characterization of the
transgenic plants inculding response to herbicide-tolerance. The ecological risk
assessments of GM herbicide-tolerant Zoysia grass were performed to get
governmental approval of GM herbicide-tolerant Zoysia grass. Experiments were done
according to the guidelines (Notification # 2002-2) of the Ministry of Agriculture
and Forestry (MAF). In these assessments, substantial equivalence, cross fertilization,
gene flow, occurrence of allergy, remove and studies of non-target biota in confined
and unconfined test fields for environmental safety were included between wild-type
(WT) and GM herbicide-tolerant Zoysia grass.

The result of southern blot and segregation of T, progeny showed that the bar
transgene was stably integrated into the genome of transgenic plants. Ts and Ts
progeny of GM herbicide-tolerant Zoysia grass showed herbicide-tolerance at the
unconfined field. The integrated gene was stably inserted in chromosome at the plant
genome.

For substantial equivalence, there was no difference between WT and GM Zoysia
species. To assess cross-fertilization and gene flow, the bialaphos, a non-selective
herbicide, was used. The results showed that cross-fertilization and gene flow from
GM herbicide-tolerant Zoysia grass was not identified in weed plants but was
occurred in WT Zoysia grass (on average, 6% near 0 cm, 1.2% at the distance of
50 cm and 0.12% at a radius of 3 m, and 0 % at the distances over 3m).

The Zoysia grass is not a dominant plant and does not spread into the weeded area
easily. In fact, the Zoysia grass field is completely dominated by the weeds within
2-3 years of cohabitation. The effects of dominant weeds on the GM
herbicide-tolerant Zoysia grass, showing the dominance of the weeds over the turf
grass. This result indicates that the GM herbicide-tolerant Zoysia grass does not have

negative impact on microbial flora in the gut of locust, We then investigated whether



the horizontal gene transfer (HGT) occurred from GM herbicide-tolerant Zoysia grass
to microbes in soil, rhizosphere and faecal pellets from locusts by utilizing molecular
tools such as Southern hybridization and polymerase chain reaction (PCR).

The skin test for allergic reaction using grass pollen extracts are under going six
subjects (4.7% of the 127 test subjects) developed a positive allergenic reaction to
both WT and GM Zoysia pollens. However, no difference between the two types of
pollens were observed. The bar and hpt genes showed no apparent risks to human
and animal health risks in terms of cytogenetic toxicity and allergenic reaction.

The non-selective herbicides without glufosiante were efficiently eliminated the
herbicide-tolerant Zoysia grass for the risk management. The herbicide-tolerant Zoysia
grass in environment, had difficulty with growth by the dominant weeds and grass
pathogens. when glufosiante dose not applied there were no advantage for the
herbicide-tolerant Zoysia grass to grew. There for the herbicide-tolerant Zoysia grass
did not cause any environment risk.

On the basis of these initial studies, we conclude that the GM herbicide-tolerant
Zoysia grass generated in our laboratory and tested in the Nam Jeju County field

does not appear to pose a significant risk in its cultivation outside of the test field.

December 17, 2006  Bae Jae Voong
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1. Abstract

Dandelion plants, the genus Taraxacum, are used in herbal medicine owing to their
choleretic, diuretic and anti-carcinogenic activities and several medicinal compounds
have been isolated from the roots of these plants. Metabolic manipulation of
secondary metabolite biosynthesis is a potential strategy to improve the production of
high-value secondary metabolites. The enzyme 3-hydroxy-3-methylglutaryl-CoA
reductase (hmgr) is known to control a key regulatory step in the isoprenoid
pathway. We report an efficient transformation protocol for stable introduction of
hmgr into dandelion plants (7araxacum platycarpum H. Dablstaed), which is essential
for the biotechnological approach. The Agrobacterium tumefaciens strain EHA105
containing the binary vector, pCAMBIA1301, with GUS and hmgr genes, showed
high transformation efficiency after 3 -5 weeks hygromycin selection. Southern
blotting, GUS staining and RT-PCR analyses demonstrated stable integration of one
copy of the hmgr gene into the dandelion genome. Expression of the integrated
genes was particularly eminent in root tissues of primary transgenic plants. The
establishment of an efficient transformation method may facilitate the improvement of

medicinal plant in terms of the accumulation levels of secondary metabolites.



2. M E

W= (Traxacum platycarpum H. Dablstaed)= = 3}322] Taraxacum 4 (genus)
AErA A AAAeR oF 4000]Fo] ZEHUT. Idlds AYFS
Traxacum platycarpum-= W53+ FUNEdY  (Taraxacum hallaisanensis), *FE
(Taraxacum ohwianum), 3= (Taraxacum coreanum), 1 FNE8 (Taraxacum
officianale) 5°|] YT ALZ RIFHATY (Lee et al, 2002). Taraxacum <9
AEA s HFFEY, ok, dd, 5 R FAEAIE JdolA FEAER o]
2ATh (Ahmad et al., 2000; choi et al., 2002; Yun et al, 2002; Hu and Kitts, 2003).
Taraxacum < 2=°] oA AZH oA RTSEE guaianolide,
desacetylmatricarin?}  germacranolides, taraxinic acid, [-glucopyranosyl ester<}
sonchuside A7} $H-5o] Q5] HHATt (Ho et al., 1998; Zielinska and Kisiel,
2000). F71e] guaianolide®} glucoside =], desacetylmatricarin = 8-O-[3-
glucopyranoside©} 11 3-hydroxyleukodin, 11-O-B-glucopyranoside,= & <& Z7]4 9]
AE Ao=Z FRIHSla (Michalska and Kisiel, 2003), &t 77} 9l triterpenoid
FeAEe] WA (Takasaki et al, 1999). ®WEHZREEH F=49
FEEEES FrtEA, e 2 X5l &8 Jed AR JdiHn v
(Lee, 1997; Cho et al., 2000; Ling, 2000).

HZ 1097 AHFTI=ES o] &3 24WAAFTAE HAHoA A=
fAREES] HX2 78 MA=SHAES u"F AddsrieE wAg FEA
FH ¥ 3 9t} 3-hydroxy-3-methylglutaryl-CoA reductase (hmgr) A= 19
1ol ep ol AEA el 2xthARAg oA isoprenoid e A sk
T4 4L (Chye et al, 1991), ©] hmgr FHAE Hujel AR =g
A 22 ALS =73} 9] sterol?} solasodine®] S F7MAIZIt L H ALk

(Schaller et al., 1995; Argolo et al., 2000). 2= Aol <} F7 A}

i
ol
hinss
ol
ol
N
do
rol

FAAS AR T2 AEd 2xURtES Fd #8F =d2e
FAste A GAZE HAdh wEHe] AEsAd I A= Bowes

(1970), Booth ¢} Satchuthananthavale (1974), Lee & (2002)°] <J3l|A
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(Yeo and Roh, 2001).
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a N Isopentenyl—PP
Deoxy—D-xylulose-5-P rubber
T Chappell(1995) and Cornish (2000; 2001)

Figure 1. Relationship of biosynthesis to the isoprenoid pathway
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WEd FA (Traxacum platycarpum H. Dablstaed)= =& H A ¢ 314
Abg3At FAE 70%  ethanolol]  30%  FoF FWHANFSI, 1% sodium
hyperchlorite solution®] 15% &<+ A & FHFE 3¥ ol AHs3A
FTAIF2 3% (w/v) sucrose?} 0.2% (w/v) phytagel®] 3 7}¥ MS (Murashige and
Skoog, 1962) 7] ujx]e] 248ttt FEis 40W FF Lol HAsg WIS
112 #jAake] 20 pmol m” s'o]a, WFEAL 23TlA 1643 FF7E
1297 BSAZT. 2 A3 AHEd 9 AR (¥HE 0.5 cm)> 7l A7) 9

Aoz wdd v 45 ARSI

l=l9
b

2) 9 HAAEE o] &% AEA A

ANz AE3 532 248798 AAZ2AAE awinF 2] NAA (0. 0.1, 0.5,
1.0 2 2.0 mg/M)e} cytokininF<2] BA (0, 0.25, 0.5, 1.0 # 2.0 mg/L), kinetin (0,
0.5, 1.0, 2.0 & 3.0 mg/)= MS 7]2ufA]o] Z3ste] AHgstAd. Az FA
2= MS 7] Euj Aol AFEEdA (1 £ 2 mgLe BA, 0.1 mgL NAA), 3%
sucrose, 1% maltose 2 0.2% phytagelS F7}ste] pH 5.8= X433}l
121 Coll A 1583 Este] ¥4 9 em] petri dishel ZFZF 30 mLA &3}

_&

Abgstdth o dHe ZF opetri dish @ 1070 A AFsle]  3wrEEIQl AL,

FEdS 1641 FF712 23 £ 1TCAN wjgsidtt. Fea=s A af=

AN

(MSRI):= 1/2 MS HjA9] 1.5% sucrose, 0.05 mg/l NAA®} 0.2% phytagelS
HA7bete] pHE 58% XAsI¥ A, o AHoRKFEH I AFRE X3
A71e) mFEAgA R E etk ARsE  AExe  ZAL
AGzZAA7 Z7rEA &2 12 MS HlX]o] 1.5% sucrose, 0.2% phytagel S
H7veto] pH 58%= Z=AF wj Aol BFAIHT. Agrobacteriums A 713817 1

rob



ALg-3t  cefotaxime TFTEE X
hygromycin®] =5 At 2 Algo] A&k wjx]o} A2 Table 1]

LHER AT

Table 1. Summary of media used in the dandelion culture and transformation system.

Medium Composition
Basal medium MS salts and vitamins with 30 g/L sucrose, 2 g/L
MS) phytagel and adjust pH 5.8
Seed germination MS medium
Shoot induction MS medium containing 0.1 mg/L NAA + 2.0 mg/L
(LCSM) BA, 3% (v/w) sucrose + 1% (v/w) maltose, pH 5.8

Root inducgin 1/2 MS medium containing 0.05 mg/L NAA

(MSRI)
Pre-culture LCSM
. YEP (10 g/L tryptone peptone, 5 g/L bacto-yeast

Agrobacterium J
altu extract, 5 g/L NaCl, 1 g/L D-glucose) with 100 mg/L
culture

kanamycin, 100 mg/L rifampicin, pH 5.2
Agrobacterium MS (without CaCl,) containing 100 mg/L
suspension acetosyringone, 20 mg/L pluronic F68 and pH 5.2
Co-culture LCSM (without CaCl,) containing 1% (v/w) glucose,
(LCSaM) 0.ImM acetosyringone, 50mg/L betaine and pH 5.2

1/2 MS medium containing, 0.25g/L ascrobic acid, 250

Bacteria eliminati .
acferia ciimination mg/L cefotaxime and pH 5.8

Eliminati i
imination medium LCSaM containing 250 mg/L cefotaxime

(LCScM)
Shoot induction LCSaM medium containing 250 mg/L cefotaxime and
and selection 25mg/L hygromycin
Root induction MSRI containing 250 mg/L cefotaxime and 25mg/L
and selection hygromycin
Elongation and 1/2 MS medium containing 250 mg/L. cefotaxime and
selection 10mg/L hygromycin

MS:Murashige and Skoog, NAA: a-naphthaleneacetic acid, BA: 6-benzyladenine.



3) Hmgr +A A7} 38 pCAMBIA1301-KH6 ¥ A 2t

Hmgr 7322 GUS (B-glucuronidase) +7 A= pCAMBIA1301 binary ®H

(http://www.cambia.org/, CAMBIA, Australia)oll 4t % 13, freez-thaw *H (Weigel

and Glazebrook, 2002)°| weFX  Agrobacterium tumefaciens EHA1059] 32 7%t
StA Y. Hmgr -+ A (BT000703)%  Arabidopsis thaliana cDNA library 2 5-E
5‘BamH 1 (5-CGG GAT CCT TCC CTC CAA TGG ATC TCC G-3")¢} 3'Sac I
(5*-CGA GCT CCA AAC GCA TAC GCA CAT GGC-3') primerZ A}-83}o] PCR
ALE S AQith. Aol PCR AHES pUMB Vector®] BamHI1- Sacl 9]0
Adshlal, CaMV 358 ZEREO] ol TALE=E Ut pUMB I E o A
hmgr A A2} CaMV 35S Z 2R E 7} ¥3H Hindll-EcoR 1 F-91& A3t
GUS +A#7F *3r¥l pCAMBIAL3012] polyclonal ¢joll A& Avt. Hmgr
329t GUS FHA7F =¥l pCAMBIA13012  Agrobacterium — tumefaciens
EHA105¢°]] &2 A 3k 39 al,  pCAMBIA1301-KH6°] 2} L ® 7] o
pCAMBIA1301-KH6 ¥ E 7} 3+l Agrobacterium EHA105 w5+ 50mg/L
rifampicin?} 50mg/L kanamycin®] F7F& YEP LA v Ao EdstTh AEE
kanamycin 434 EHA105 5% hmgr 5°|4 primerg ©]&3to] PCR &4&

o EQHAAE HAHQS S Faskach



BamH | - Sac |

l pUMB vector

-

Hindll| EcoR |

l pCAMBIA1301 vector

w0 |- I AL

BamH | EcoR |
Hind |l Sac |

Figure 2. Schematic diagram of T-DNA region of vector pCAMBIA1301-KH6.
35S8-P: CaMV 35S promoter of cauliflower mosaic virus, Gfp-gus: gene for green
fluorescent  protein  and  [3-glucuronidase,  hmgr:  gene  for  3-Hydroxy-
3methylglutaryl-CoA reductase, hpt: gene for hygromycin phosphotransferase, NOS
Poly A, Arbc S and 35S-Poly A: terminators.
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4) Agrobacterium tumefacienss ©]-&3 W= FH W WY

() e A4S 71U widete] I4E e dS E 5 mme] dHA=
THE 31, pre-culture®] A (LCSM)oll *]d38te] 64 &<F vl Y3ttt (Figure 3A).

(2) pCAMBIA-KH6 ™E 7} Ad¥  Agrobacterium EHA105 T+ 50mg/L
rifaimpicin®}  50mg/L  kanamycin®] H7}E  YEP  gAwiA]o] @i, 28T
M=ol A ODeonm  0.6-0.801 2w 7k wl<ka}
1

2

% F99 @

rr

ol

ANLAE B3 AL AA% FEE #A
-1

bacs
=

, FE 50 mLe
Al (AIM)el A 1A1%F 5¢F pre-culture 51Tt

(3) Pre-culture® WE#H & AHL dF77F LH Agrobacterium HAE vl X ol A

f
ol

15 2k FEuld stk e ¥, o 29 didd FoldM FEg
AAsIL, FEol AAY HHEL FFHlA|  (LCSaM)ol| HAsle] 25T
GzAANA 29 Bt wlFE A

=R

4 seMF F, #F

i

o} bacteria A|A NS ARESk] AU,
FAAZE A7 e AE3E viA (LCSeM)ol X AFste]l 1 FA 1687 FFIE
Hj &8t A

(5) Agrobacterium 57 AA® HAHEAE  25mg/L  hygromycin®] H7E
A uke) 2] (25HgLCScM)oll 248tar, AxS FAA7]7] flalA 2-3F HFo=
Mz A= &7 FATh

!

ol
K

6) ANx7F Y dAe By FE wx (25HgMSRDIA 1-2 FLz+ uf ok
Bt FAE FAEAE 22k QRS HHES TR (Figure 3B).

(7) BAASE A=A FAA 7L A7rE wiA (25Hgl/2MS)ol| A vl o] Z 2]
Al 7t} (Figure 3C).

Q) A" A=A

==

o

= GUS 2d % PCR AAL Fal HFAxYg 2

StAI A T (Figure 3D-F).

[.a (

o]

-

Jk?i

aFlaL, =4 oA

b

o
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Figure 3. Transformation stages of dandelion (Zaraxacum platycarpum H. Dablstaed)
mediated by Agrobacterium tumefaciens. A and B: Pre-cultured leaf and root explants
were immersed in LCaSM medium after infected bacterium C: Hygromycin-resistant
shoots regenerated from the explants of gene transformation after the Co-culture and
bacteria elimination step. D: Acclimation from hygromycin-resistant plants. E:

Transgenic plant at flowering stage. F: Seed ripen of transgenic plant.
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5) GUS ¢ ¥4

GUS &4 Jefferson (1987)2] Wwol whel Aldslsdar, Ald WHS o&
I}
mM K;[Fe (CNg)]-3H,0)°] % 7}%¥ phosphate & ¢

r
iz
i
1

5245 GUS dMA9F (40 mM X-gluc, 10 mM EDTA, 0.5
o} (pH 7.0)0l HA|ste] 37C &
ZA0 A4 1277 Bt WS A AT GUSZE GAlE A EAl= chlorophyll Al A &}

719138 70-100% (v/v) ethanol®l] %X A]7] 3L, chlorophylls F%3Fo] #| A3}t

6) Southern bolt 4]

A EA 9 genomic DNA+ ©FA &3 hygromycin A 2AEAE ALE3+4
Dellaporta & (1983)%] DNA FZ"Hol| webx F=, GAStAT. A€ 10ug
DNAE EcoR 1 A|3+& 4 (NEB, USA)S A& ste] g A, A7|g5el
olalA  0.8% ob7fE=Zz Ao EHIST. DNAVE 3" optExa A
Sambrook?} Russell (2000)¢] o] wekA Y YUE membrane (Amersham
Pharmarcia Biotech, UK)®l| 31 A|Z t}. Hybridization DNA7} 317 %¥ membrane
ZEE ExpressHyb hybridization &< (Clontech, USA)¥} 0.5% SDS7} Z3+¥
A Yol 65Co|A 247 &<t pre-hybridization 3} TF. Probe DNA+
pCAMBIA13012]  hygromycin A  FAA  FES  Xhol (NEB,
USAAI S EAS Aelste] wha] 3¢l i, [a-7P]dCTPE WA E A 3ke] 65T ol A]
10A] ZF &<t hybridization 3} TF. Membrane ZE &= A -ZofAl 2 x SSC &Ho=
30 HE o=z 2 AMojuar, 2 x SSC /0.05% SDS & o2 42ToA 102, 1 x
SSC /0.05% SDS & o=z 56TAA 303+ M3t Membrane X-ray Z &
(Fuji Co., Japan)S AF-&3}0] -70ColA 297 w=EAA AT

_13_



7) RT-PCR 4]

ob 3t FAHSE AEAZHEE RNA 55 RNA Isolator (Gibco, USA)Z=
AF&-3l% 3L, DNase RQI (Promega, USA)E A &dte] E3dE= DNAS A7

StA T 12 RTHES S 918k wWEES42 1 pug RNA template, dNTPs®} random

ol

primerg& &¢3to] 80TolA 323 A F Aol H#sidt. 24 RT

[eJife)

HES-2 12 vES-Ho AMV RTase < ZALE 4 (Invitrogen, California, USA)E

0

ALE3Eo] 42Tl Al 607F, 95Tl A 53 WAl A cDNAE §Adstal, -20TC o
Betdrh GUS §712 3 22 Eo]2 primerd] 5-GGC ACA GCA CAT
CAA AGA GA-3'9} 5-CAA CGA ACT GAA CTG GCA GA-3'S AL-&3}o] 986
bpe AHES AUk Hmgr F+AAE 5-TGT TAC CGA ATC GCT TCC TGA
G-3'$} 5°-TAC TGG CAT GAG CGT TGA ATC C-3'¢] 594 primers A}-&3}o]
870 bp2] PCR AH=2- AQlth 18S rRNA+ 5-ATG ATA ACT CGA CGG ATC
GC-3'¢} 5°-CCT CCA ATG GAT CCT CGT TA-3' primerZ ©]-&3}o] 303 bp
A7]1¢] PCR AHES #2138tk PCR 272 94T 30%, 55T 30%, 72T 30% =%

(¢}

25HEE AL, TEE AELS 1% otRE A A E AT

- 14 -



) o daocziy Wad ALs)

Hed o dderiE fid Az

oSZL
e

K

M
=
i
BN
b

ey AEste At
A3} 2.0 mg/L BA?F 0.1 mg/L NAAS] Z&AglolA 714 &332 o]t} (Figure
4). T3 1.0 mg/l kinetin¥} 0.05 mg/L NAAS] ZFAHZANANE= gxHo=z
AiEstE A xE FE3IATE (Figure 5). o813 Ay= Lee 5 (2002)0] H sk

0 mg/L BAS} 0.1 mg/L NAAol =3 A3 A ANz FAo
gdAelg= Aot fFAbeAl dERET BeEle] P4

0.05 mg/L NAA”Z}
S FEo NAAJdAE

Z3te MS HiAolAN BER=rF aF e},
A3t Ho|l By FErt HA gtk
Agrobacteriums A A3}17] 9] 8 cefotaxime®] FEE FAFSE A}, 250 mg/LY
cefotaxime@} 250 mg/L ascorbic acid®l Al i A|A =3 shoot AE3 TH-
o2 FZoA Hu =7 YEelRSY Agrobacterium® A AE 913+ cefotaxime2)
TEAARLE #FY AATHIA A=A AL €S A mHsof o 1
mg/Le] cefotaximeo A=  AEA9  AEst TE€HLS 70% ooy, T
AATHo] "HojHh T3 500 mg/Le cefotaxime] 4 $-ol= w2 AATHLS
Edou, HARAS shootd] FA o] =A Ut AdEiARE A ESHA]
2 AT (Figure 6).

Hygromycin 213 5 =0 £ shoot FE&S FAlsE A3, HAAH3 2

Hiy

R

i
o

Ast7] fsiAd= 20mg/l ©]/Fe] hygromycines % 7Fske Aol @y olm E

Ao A &= 25mg/le] hygromycins A¥FE2 o] 8319t Hygromycin®] & %7

-

Smg/LY W] AE3 shoote] % 6% 3L, hygromycins =7} 57845 shoot?]

AE T Ao, 20 mg/LolA EF 3AFSEA T (Figure 7).
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Figure 4. Shoot regeneration from leaf explants of dandelion on LCSM medium
containing various combinations of BA with NAA. Columns indicate the mean
number of regenerated shoots per explant of three replicates. Bars refer to standard

CITO0T.
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Figure 5. Shoot regeneration from leaf explants of dandelion on LCSM medium

containing various combinations of kinetin with NAA. Columns indicate the mean
number of regenerated shoots per explant of three replicates. Bars refer to standard

CITO0T.
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Figure 6. Effect of cefotaxim concentrations on shoot regeneration from cotyledon
explants of WT dandelion. Data was collected after 3 weeks of leaf explants culture

on medium comprising LCSM medium and various concentrations of cefotaxime.
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Figure 7. Effect of hygromycin concentrations on shoot regeneration from cotyledon
explants of WT dandelion. Data was collected after 2 weeks of cotyledon culture on

medium comprising LCSM and various concentrations of hygromycin.

_19_



NEde FAH3} 2&S A8 pre-culture 717HS HAFSE A3}, 49
Aol dAAE a8 7P =4 vewd o 2R o2 FE hygromycin
A Azl Ak 3ukE AAg A3 2-5%] A &o] YERST (Table
2). o] ZI= binary WE pBII21°] =U% Agrobacterium strain GV3101<
o] && FAAGNAM YEhd 1% olete] AIeM Hup w2 FAE YEit

<

ARS A3t viAl (LCSeM)ol A A 74eh A3 dAd b 15709 Al =7
A, 79 Fol Alxrh FAdE AR Al (25HgLCSeM)ddl & A
FAY. 3579 9, AV =99 12709 Al ZxE hygromycinell A A S
el Ax7F st H9lar, 2 we Axs dRskdt (Figure 30).

AEsE AlxE BEFEEA (25HgRCIM)O %7 AHojFda, EE

AdzzHE BYs gRsfdu. #e2e e o 90%elIa, AdEuiA
1

Table 2. Transformation efficiency (T.E.) of Dandelion (7araxacum platycarpum H.
Dablstaed) mediated by Agrobacterium tumefaciens

Pre-cultivati  Number of Produced Produced Hyg"
= Produced T.E.
on period co-cultivated Hyg & plants with GUS .
Hyg"™ plants (%)
(day) explants (A) shoots activity (B)

0 200 0 0 - 0

3 200 84 7 7 3.5

7 200 35 2 2 1

*Transformation efficiency was calculated by (B) / (A) * 100
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Al Z 3 ¢] DNAYE EcoRV A3tEa A2 we] 3] Southern blot #A13F Ax}

-

pCAMBIA1301 W E]S] hpr A2} F-9lol] SolAo w2 whgele dHES g3l &
T AATH 17 gl A o Zo] oY AEA = WA EAVF YERA sk,

FAA3 AEA 1-5 lineol A= 1-2 M7 BFEHATH Eold w=e =77}

Figure 8. Southern analysis of genomic DNA of transgenic dandelion plants with Apt
probe. Genomic DNA was digested with FEcoRV. WT, DNA digest from WT
dandelion plant; Lanes 1-5, DNA digests from five independent transgenic lines of

dandelion.
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GUS faAe]l wae g mE Red d487 91, yrdem
debdeh B3 43 QeldE QupRdA s @Asd,

BYFEs 2o olss=ed dnpdelM AeA AMHAT (Figure 9).

T Hygromycin®l A3}APES YERH A=A diEfA  GUS FHAE
glat79fsiA - SolA  primerE  ©]&38te] RT-PCR= Aldstlrh. =1 A

12 A% A EA
571 linez 4717} 986 bp =719l W=7} #ZAE ATt (Figure 10). Line 2%
hygromycinol] A &dAJo] yEelor} GUS #FdAe] Eol3 Wiz By A
ekt Line 32 o2 3709 wi=old mrl WA wdso] Eeds)
FAHSo] HAAY Ao wdo] Bt Aoz Azt

o

Figure 9. Histochemical GUS staining of primary and secondary transgenic plants.
Blue staining indicates GUS expression. A: Uninfected regeneration plant; B: GUS
gene expression in putative primary transgenic dandelion); C: regenerated transgenic
dandelion shoot and D: plant (2 months old); E and F: GUS staining of longitudinal
and horizontal cross-sections of transgenic dandelion root tissues, respectively (3

months old). The black scale are 1 cm and root diameters are about 2.5 mm.
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- HMGR

- 185

Figure 10. RT-PCR analyses of primary and regenerated dandelion transgenic plants.
A: Two wild type (WT) and five independent primary transgenic, B: two WT and
five independent regenerated transgenic plants. C: RT-PCR analysis of hmgr gene
expression in four independent transgenic dandelion plants (WT, wild type; Lanes

1-4, four independent transgenic lines).
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A 25, HAHY AZAALTAH GM =ZY (Zoysia japonica
Steud.)o] 7L 2 373 934 F 7}

I. HYEY NA=AANTEY STl Y

1L ME

S (Zoysia jponica Steud.)w= 99 Q1A Eol B &, B Zeo] o gfdj o] E o,
HAE Jdoz ASAZE 2delA ddiel A ExHol A AAAM st
ATt Zoysia & 22F°] Jom, U= Zoysia 52| japonica, metrella, sinica,
tenuifolia, macrostacya & s°] T2 AAstL A& A= HIAHIT (Yu et al,
1974; Yang et al, 1995). E3tt]e] AHL Hit 7]20] 10T o]FollA Aol
Al ZFE 3L, S A 22 25-35°C oW, 10T o]t A= Aol =¥ A WA
F7F aAbE o] FH 7)ol Eo]3tth (Kitamura, 1967; 1997; Kim, 2001).

77 EXHE Aol ol&3d AL Bl IHE  AASGHAMTH
A ZE AL, Persia GO A FE  A[ASFo]  ofgpH]o}, T1gs, 2wlg  o]ofA
stk ER h= F2 stz HojA AoHA AL, 1341717 ¢l= Lawn

=

A vl EHS A Eo|t) (Beard, 1973). S5

A
49, obshE, sta, Wel 5o 4w £HEOR A Bol olgh wE S
g A%T Aol Hrh BT Avks 1890 the] ohAolR R E w]ao

2kl A USDA-ARS®} USGA Green Section ¥ 7]#o] Heslo =zt S2&
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A Z8hlal (Murray et al, 1985), 1951 w]spolA & A &EE Meyers
Autste] AA7pA] o] EFFE b Wol Awistal 3tk (Sleper, w@):Li
19821 USDA<®] Murray®} Engelke= =, 4&, El=r, DA F 797 A5 <
FAAYLS £8P (Murray et al, 1983), 2 Foll G, AS54, Mek5A,
HAEE So gAE wAste] SFitha AUEE FF Belairs
Ak BgshA HAY (Joo et al, 1997) sAlel USDAS] E%t] germplasm
oA FelA ARE EFY AT Kol Wi
WdAdel A3t Zoysia koreanas X3 SFITE (Yu, 1974). =rule] Hg dx9
5ol galAd 19653FE 197137kA] oA B S A

A
B4 AL, FRANE Biel 949 Fdo Sx0E Awsdd

A oA,

ol
m O
E&
ob
£

(Hong et al, 1985). ©]¢ zttjo] 7wt 2 &
BA APHAD, HZA = I o] & F 7|sAo] 27H AHTII e

o] &gt nHEAd A ZAAYY (Toyama et al, 2003), A3IF A 5
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ALgS oA TAHEOR AAHEI 9t} (Choi et al, 1990; Schleicher et al.,

53] ol Fe AxAE FdEdte T HT AxA AR Zo] T4 79
UTH (KCPA, 1995). ©]9} zo] Zrjwte] <Az <

dxste A2 oA BAE= Fxe TRV EFE ¥ olyzt T As=
A7 AZ t27] b dAAEZAE o | 2423 Fute] gle Aok
a3y o]y xHom E sl A8 AxAR BRE FHEE AAN=
271538ttt (Kim and Kim, 1981; Fry and Upham, 1994; Johnson, 1994). H]A1 €A
AzAe EHAoR FxE AAGAN AMEHes 3= 34 AAE=
@do] oA A=E BFot7] A Axets A YA ZT AR EH AT
ol FTAHE FHEsHZAEH FAA WY Tles ol&3 HAdHA
AzAASd e MEDZAZ de| &%l Agrostis palustris (Hartman et al.,
1994; Asano et al., 1998)o A<} = =)< Zoysia japonica (Toyama et al.,
2003)7} H.arE o] gl

2 v a8 AzxAASY Y (Zoysia japonica Steud.)T= EFY WA
Sterptomyces  hygroscopicus = e d  bar TR EjEo] HAHEA
A zAQ  vl2EF  (Glufosiante “di)ol AdAdS yeEbdY. Bar FAAE
glufosinate-ammoniume =273} Al7]7] fla] ofn]=7]|E  okAEst Al7|=
phosphinothricin-acetyl-transferase ~ (PAT) $4E  encoding 3}  Glutamine
synthetase®] S FAFo =z vl A A zAd AIdAHS YERRA skoh

(Thompson et al, 1987). H}p2EFe] FAE<Ql  glufosinate-ammonium = A& 9]

o
kol
B=)
2
o
fr
=l
>
>,
~N
=l

glutamine ¥3S A3 ammonias FHAHAA HE2E
(Bayer et al., 1972; Figure 11), EolA HAA F3lEo] A= HFH A o}
37 HstA ol & 4 Atk (Figure 12).
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Damage of membranes

B ——

Photosynthesis l / Ammonia accumulation
l inhibition

Glutamine Synthetase= L-gln + ADP +Pi

L-glu + NH,* +

T

| N-acetyl-L—glufosinate | — Ammonia detoxification
S

GM arass In leave
g Bar gene '

[ GlufosinateJ

Figure 11. The diagram of bialaphos reaction as herbicide in plants.

100
Glufosinate-ammonium an
— MPPA 4
— 0, £ 8o
Bound carbon E 70 IGqu-:usinahe-ammnniurn
E
3 %
=40
L]
5 A0 Bound carbon
-
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20 40 &l an o0 120
Time (days)

(Bayer Cropscience, 2004)

Figure 12. Breakdown curve for glufosinate-ammonium in a sandy loam soil under

aerobic conditions, at field rates, temperature 20°C.
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ok, vhEl A& f- 7 A= w9 Bayer CropScience Aol Al 549 T25 (1995),
7}l HNCIO (1995), =3 LLCotton25 (2003), 3 W62 (1996) Sof =915 0]
B H7hE e FAARA FUllME Ttego® A 3

rr

2h ol
Aot AzAALHY GM  AEE  Age  A@gd

r
£3& A PFaA7E &%E BAYh (James, 2001). W=o] A$ 7

& %A}
A G| 3\d7F B AHA AxAATA FS A e Ay 7= AxA
Abg-EFoll HE] 25% TAA7IE &3E ®BYuh =3 AAF o558 19961 ol A

199739 13%, 199704 1998l 37%, 1998 oA 1999\ 47%= wjd
27T (James 2001). o2)F A WAy AzAAFY GM HEe
Aepsk AmAE e 7z B oohat AlzAel AEFe Egomm mrh

)
AR ZAQ AEo] H F UAss HAFAN (Figure 13).

1.3 | _in USA 1996 vs ’99
* economy cost:

216,000,000 $

| + 1,900 times decrease

|
I
|

Average lbs ai/A

—_—

1996 1997 1998 1999 James, C. 2001. ISAAA

Figure 13. Decrease of GM soybean herbicide use in USA.
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3. @33l dgotel =4

GM #E9 A9 = kdAd Ade =92 1886k  OECDON A
AR A 23 DNAS QFAAe] tigh aeAd o2t Blue booko] WHIFE WA
A2 9tk (OECD, 1986). 19941  ‘Flavr saverZhe & F2x &&= GM
EvlEZ Agoz A3 Fa, 49E GM FAE Aujrt AlZE 7] o] A EE
FAAAIE AFEHAS Ao2 B S 9t} (KRIBB, 2006a). GM 2HE9] 7k}
A A o] F7hsholl meEkA GM ZHEo] QIA B A wA S de FAA
Aafdel iz FH7F Eobxth wEbA 20008 AETEAE FoF AT
FTINAME BEEE FdoF Al 19x9 A HMIB=A LMO)Y 5, HH,
AHES 9l AP BRI (ALA) oldS s FE& A Hle]lochHAg
o] A  (Cartagena Protocol on Biosafety)”} &% 13, 20033 9¥
Hlo] @ o)A A 7F ¥ E itk (KRIBB, 2004). dAA7bA] LdE 5,
1327]= 0] FAtm oo AAE g5sgon, vt A AAAd i

i
d

ARG AR BAAAGDIE A BA 7

_[Q'_
FYREA 200228 FAHC] FA4 wPARe dAye) AAE Fusiw

Aol oEtdd  AFA  web BAE AgolelM  AHI® WAdgA
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Seg, A, FA 5 RE 360 EZol HEANY ANE vhHT @
FAANY FAEe] BRANAEAA AR wHE WA 20059 129744
27710] A5EAT, 16719 S Exkeh (KRIBB, 2006b). ©] 4ol 4 4
STl A A GMAE] tF Ak ol ol Un gHe] el ol
A 4EORE o NI Yk Setete] AT ol Bl A @A
GMAES AT AW 7F3 Aol ot GMAEA It AEHE AP
AN AIN} ool 2L obd A gl Aot}

wepd sl A AME GM AEel BASHAI 2 2esst U

LA, B AF"HAA AddE SAXEAA wAdEd AxAATA

s3d7 BANALEAE Fa A8F e ol o AT Aoy
AAZA PAT waldo] wawo] wauA AxAATHL JERE o 309

FEo] AN H AAZHIIE S Eo ATt (Agbios GM  database; Table
3. 2 AFZoA dE wdEAd AzAASGY ERdE ow Had
AadHF el A=t FHEF A 2002-25.9 AL GF ] ES VEe=R
o] alAdE e BEE BE d5o A4E TSI B AFE B I

AFAE] BED 5

= gf="

-
FEE GMA O] H3FHE AW =L 55 A ok,

_36_



Table 3. The summary of regulatory approvals as crops of integrated PAT

Food and/or
Crops Event Country  Environment
feed
Beta vulgaris .
T120-7 United States 1998 1998
(Sugar Beet)
HCNI10 United States 1995 1995
PGS1 Canada 1995 1995
GPS2 Canada 1995 1995
Brassica napus
MS8 x RF3 Canada 1996 1997
(Argentine Canola)
PHY14, PHY35 Japan 1997 1997
PHY36 Japan 1997 1997
T45 (HCN28) Canada 1996 1997
Brassica rapa (Poligy HCR-1 Canada 1998 1998
Canola)
Chichorium intybus RM3-3, RM3-4, European
1 1996
(Chicory) RM3-6 Union 5%
A2704-12 United States 1996 1998
Glycine max L. A5547-127 United States 1998 1998
(Soybean) GU262 United States 1998 1998
W62, W98 United States 1996 1998
Gossypium IGrsuiEl- W\ Lot ool BRI Stald 2008 2003
(Cotton)
LLRICE62 United States 1999 2000
Oryza sativa (Rice) >
LLRICE601 United States 2006 -
676, 678, 680  United States 1998 1998
B16 (DLL25) United States 1995 1996
BTI11 Canada 1996 1996
CBH-351 United States 1998 1998
DAS-06275-8 United States 2004 2004
Zea mays L. (Maize) DBT418 United States 1997 1997
MS3 Canada 1996 1996
MS6 United States 1999 2000
T14, T25 United States 1995 1995
TC1507 United States 2001 2001
TC1507 x
DAS-59122-7 Japan 2006 2006
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0. ulMey AZANSY SaClo AN Ny A

1. Abstract

GM herbicide-tolerant Zoysia grass (Zoysia japonica Steud.) has been generated
successfully through Agrobacterium-mediated transformation. We report the GM
Zoysia grass with bar derived for characteristic of inserted gene and segregation ratio
in the T, progeny. The GM Zoysia grass survived bialaphos spraying and grew to
maturity, while the wild-type (WT) grass and weeds stopped growing and died at the
fields. Among the tested GM zoysia grasses, one line gave 15 : 1 segregation ratio
in the T, progeny of self-pollinated T, plants, suggesting two copy integration of the
transgene. The result of Southern blot of T; progenies showed that the bar gene was
stably integrated into genome of GM Zoysia grass. We examined the inverse PCR
for searching inserted site in genome as the result of DNA sequence. Unfortunately
the genome map of the Zoysia grass was unknown, therefore we searched the same
family with known genome map as the rice. The results of sequence were having
similarity within the chromosome number 6 in rice. As bar gene was inserted into
the Chromosome of genomic DNA, the next generation of the herbicide-tolerant

Zoysia grass expressed stably.
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1) /JUZHE

A zAAGA] £kt o]t} (Toyama et al, 2003). & Ao Alg&wH W] A4

AZAAGAY EXHE TIAIHE AFEste] wld 9

v e A ZzAAEA SE-YE Dellaporta 5 (1983)3 Huff 5 (1993)2]

UHS A5t 33 #Zo] genomic DNAE F=39th. A5 w94
AzAAYY 3 A 2gs AA Ao A R, A HEA=

65C2] genomic DNA FE-8< [50mM Tris-HCl (pH 7.5), 1.4M NaCl, 20mM
EDTA (pH 8.0), 0.5% SDS]Z #713t3lth. Genomic DNA F=& o] 10mM
beta-mercaptoethanol?} 2%¢] 7}-84 PVP (polyvinylphyrrolidone) & << % 7}38}¢]
zZ 2geta, 65C @XM 1 A Br 7h2ev. 579 phenol
chloroform : isoamylalcohol (25: 24 : 1) &d& H7tsto] &8s 5, 4TofA
6,500rpm o= 15% FoF YA E sk YA EE s I

tubedl &7 &=F<2] chloroform : isoamylalcohol (24 : 1) &S #7}ste] =3tsh
T AAEE edd. AR E Sl 1/10 volume2] 3M sodium acetateS
7 eta, & H9] isopropanols Y olAl 4TolA 6,500rpmoll A 5E3F AR E
sttt AR F ASds

AZ£AZ1 DNAE | x TE (pH 7.4) 4oz Fo] ALgstoi

[0

x
filo
X,

A3k 70% ethanolZ DNA pellet
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3) PCR 4% Edfrdate] &<l

Bar AAe] &5 235793k PCR HHE-& Takaraol Al Al-&x HH o
uebA 4285kt PCR primer= Bioneer AFAlA Oligo §4 ¥ 5-GGT CTG
CAC CAT CGT CAA CC-3'¢} 5-ATC TCG GTG ACG GGC AGG A-3'& A&
3T PCR HEgH2 100ng DNACl 1 pmol® primere} Takara Ex Taq
polymerase (Takara, Japan)”’} 3 3$}% Perfect premix® (Takara, Japan)E 3]4] 5} o]
ARS8 AL, PCRE HFSZ7AL 94To| A 30%%F denaturation, 61CeolA 30%
annealing, 72°CollA 45% eclongation®] ¥ %= Z71S& AA3Fe] 35 cycle2 F3
399t PCR AH&2 0.8% oF7FZ 2 (Sigma, USA) 2o A79%E st x, vt7s
Takaraoll A A3 % DNA ladder "} A E AF&31S

4) Southern blot =45 &3 = FARY HA 5 A}

Bar §7312 =<jo] Feld njAdely AxAALY XY= FH1AY copy
+E ZAFSH7] 98 Southern blot ¥ (Southern, 1975)2 th<9 A4S F3A
T3 StTh Ao wWHel o FE%¥ genomic DNA 25ug°] DNAE HindIl
¢ BamHI AFE4E AR, 08% otz A HA7|dss F3
w83ttt @E]l¥l DNAE Sambrook¥t Russell (2000)9] "ol wepx UdE
membrane (Amersham Pharmarcia Biotech, UK)ol 1A A7, [a- P]dCTPE
WAL A E bar T+ A hpt A AHE probeZ ©]-§3}¢] hybridization 3} U

1 % Membrane X-ray Z & (Fuji Co., Japan)= A}F&3}e] -70CoA 243t
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o

A% WA38le] 4TolA 1200 rpmo = 20 B3+ 94 B, A

o[)lv

A3k DNA pelletS 70% ethanolZ oAl AZXAIZ] b3, 1 x TE (pH 7.4)=
DNAE 59th BamHICZ A2 E 0.2 g DNAC] 2 unit®] T4 DNA ligaseE
A7bskaL, 16 CollA 8~12A413F ®bg AJA 7)ol W} o] DNAE 5= 3o
self-ligation 3} T} (Figure 14).

Enzyme Site (Hind I1I)
L B

LB Pnos HygR PrbcsS Ubi-P Bar | Arbes || RB

4- 4_ . . .
RI @ R2 @ Hindlll D|gest|on
Self ligation
A AN
Fi1-1 LB f Inverse PCR
Hind 11T
| |FlankmgSeq LB | | Flankmg Seq RB| | Cloning

<« « &

R1-2 R2-2 Sequencing

Figure 14. The diagram for location of the inserts in plant cells and sequence of

flanking region.

IPCR ¥h&-2 Michaels (1990)°] WS §&8&3to] o5 7ol Alstsith
IPCR WF-§ 42 DNA sample 250ngs 95TColAl 107 Aglste] &H|skaL
pmol®] primer®} LA-Taq (Takara Co. Japan) S4E5 X 7lste] HFE FIE 50
uL7b H X5 ZA ST PCRo| AF&3$F primeri= Table 40| AAJ¥E Fl, RIS
AbEEF9al, PCRE WES-Z72 94TolA 30%7t denaturation, 62TColA 30%



annealing, 72°Coll A 4% 30% elongation®] =% XS A3t 35 cycles
3 3tk IPCROIA f& A2 1/102 3 438le] 22 PCR #4& 93
DNAZ AF&39th PCR WSS 10 pmol® F2-2, R2-2 primer (Table 4)%}
EX-Taq (Takara) &4& F7lstol & kg4 Hul& 50 pL7b H =5 sttt

PCR HF& ZA& A7) AAE =43 2t}

Table 4. Sets of oligonucleotide primers for IPCR.

Name Oligonucleotide primers (bp) annealiflg
temp. (C)
F1-1 CCGTCTGGACCGATGGCTGTGTAG 380 74
F1-2 GATGGAGAAGAGTTAATGAATGATATGGTCC 190 78
R1-1 GGTTTCTGACGTATGTGCTTAGCTC 200 74
R1-2 CTTCTCGACAGACGTCGCGGTGAG 400 78
F2-1 GATGACATAGCCATTGGAGATTTGG 350 72
F2-2 CATAAAGCAAGGATCGACAAAGACTG 210 74
R2-1 CTGTGAAGCTGTTGCATCCACATCG 210 76
R2-2 CACGCTGCACTGCAGTCTACC 350 70

8) =4 B AVIMA A

=

22} PCR kg4 & PCR AHE52 0.8% agarose geloll A 7] 535}

b

J|m
)

o] & WH=ZE gel extraction kit (Bioneer, Korea)E ©|&3slo] & 3Ath =&

o

DNA @2 7)o 7]&e DNA AAWHI o] Algste] DNAE AUTh
QA DNA ©H-E pGEM-T Easy W E o] 1/10 volume DNAS F 7}3lo] AF7] o
71<=¥ ligation I o] Adste] FEY k. #WH 2249 ¥E DNA
©GH 2 T7, SP6 primerE AF-83}4] sequencing 3183, df|A1H 7)A€ NCBI2

bl ot

L

ftlo
ol

blastne &3l g A4
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M =7F A ettt (Figure 15).

2

DNA marker, WT:

Figure 15. PCR products amplified with bar gene primer. M:

wild-type Zoysia grass, Lanes (1-6): putative transgenic Zoysia grasses, but lane 3

was not detected.

CRENEE!
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copy

=lE Azt

ekl

Southern blottinge 3§+ Z 3}, Figure 159} o] 2719 W=7} #

Rises

A Z A A

2]

o

e

H]

L5 2t (Toyama

£

29 7§ 0.5 kb&} 2 kboll A
2 kbe} 20 kb, 0.5 kbe} 4 kb2 Z+7}F 2709 copy I

d

%

[e)
T

et al., 2003). Apt

I
2K

=
=

-
1

Fof A
Ao g2 gl¥ 3t} (Figure 16).
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(1.1kb) (0.68kb)
> +—>

N e [ [ e [ EEH

B »B l-_l > B S R E
E (0.85kb) (1.5kb) E (1.5kb) "

<& »
< >

(kb)

w e

22-

Herbicide—tolerance GM Zoysia grass (Toyama et al., 2003)

Figure 16. Southem blot analysis and T-DNA region in herbicide-tolerant GM Zoysia
grass. DNA gel-blot analysis of transgenic (lane 2-5) and non-transgenic (lane 1)
plants of Zoysia japonica. Twenty pg of DNA was digested with Hindlll (lane 2 and
4) or BamH | (lane 3 and 5) and allowed to hybridize with bar (lane 2-3) or hpt
(lane 4-5) probe.

A e AxzAAGY sdde cAUNE A Do FARE AxA
2

o, AxA AR A= Al

blot 4o Aytel AA 8L (Figure 16), T Altholl M= Z=dF7d A7)
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Table 5. Segregation of herbicide-tolerant in T; progeny of transgenic plants

Number of Number of .
Ratio Expected
Replication bar bar . X 2-value  P-value
. . R:YS) ratio
sensitive  Resistance

1 5 49 98 :1 15: 1 0.83 0.36
2 0 10 10 : O 15 :1 0.67 0.41
3 1 13 13 :1 15 :1 0.05 0.89
4 2 29 145 : 1 15 :1 0.01 0.96
5 1 29 2O 157" 41 0.44 0.51
Total 9 130 14.4 :1 15: 1 0.01 0.96

X -values indicate significant fit to the expected ratio.

3) MR AzAAGE A AltizE kA Tl A

MAEy AzAAGH SQ0 4
¥ AAE Ty Ahel AlxA AxAE A oAy EFYe FHEx+=
AAERQL, vy AxAALSE E3Yut AESA T (Figure 17B). A8 7] 3+

T FAAEA T2 A xA Al glufosinate ammoniumol] W3S YERY AT}

FHAE A FAEHJT (Figure 17D). BAEA A zAAIFAE 7=

A2 Bgnzh 15 01 2 Jebgta, E95A A7 Tiol A Ty Al t7kA

:‘o
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Figure 17. Characteristic of herbicide-tolerant GM Zoysia grasses on field. Weeds and
GM Zoysia grasses were grown on confined (A) and unconfined fields (C), After

sprayed of 0.1% of glufosinate, only GM Zoysia grass is survived in the each field
(B, D).

4) TIPCR

A AzAARAY S33Ye] Asded EAe= T-DNA FH A7 HES

zA}et71918] IPCRSH A3, left border (Figure 18A)9} right border (Figure

18B)ell Al 2tz 4 JHe] wi=E #F T 5 AT 44 PCR AEES
T-DNA®] %99S AT Aew AdH, 22 PCRE T3 wAGAS
Zet= DNA ©i=S SFAZ A left 9F right borderoll X Z12h 274 9]
A2 ME7E BZ2F QT (Figure 19 and Figure 20). Toyama 5 (2003)°] X313
Southern blot 41 A3} HAEA AxAAFA =30l Hell 2709 copy TF
Zb= T-DNAZF §l&o] #el#la, 22 PCR EAdA #Zg w=o 9
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1Xt PCR C2-Bar Vector

LB-A RB-A F1-1 F2-1
»> >
Pnos | Hyg" |PrbcS Ubi-P bar | ArbcS [mm|
<+ 1; <+
R1-1 R2-1
HindIII
Primer: 150bp upstream region
A LB-A: F1-1/R1-1
RB-A :F2-1/R2-1
LB-B
F1-2
_>
Hyg" [PrbcS Ubi-P bar | ArbcS
fd 20kb 4}
4 1.5kb

<€ 0.5kb

Primer: 300bp upstream
B region
LB-B: F1-2/R1-2

Figure 18. The diagram of IPCR and result from GM Zoysia grass genomic DNA.

PCR #41& T3] Ao AEES pGEM-T easy vectorZ FZEY3te] F71xF
A3, 4 F9e  d7IALDel  dEud. =349
FHAARAZTL oA A WA A Ggobd =3yl e Wi HE T /HA
A7 a7 Weol FsAdS ARG, 2 A3 W] AAA 6 (Oriza sativa
(japonica  cultivar-group) genomic DNA, chromosome 6)3 =& F&eAd%
YUEF AT} (Figure 19 and 20).
olygt AM}EFH, HHHAG AzAAIAE =9 =dFdAe HdE
FHolME AR FHEE & F AUAT TiAlte

TAMAS wE2a glan, ARV Al dAAC] A H
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LB-1

001 GGTGACGAGT TCAGCTTTTG TTTTTTTGGC AGTGCGACGA GATCAGCTAG TCAAAGGTAA
_ 061 GCCAGCTCTG TGTAGTCGCT TCTACGCAAC GGCGGCTAGA CCCGGCAGTA TTCAGGGGAG
2X PCR 121 CCACGCTATA CAATCAAGGA GTAATCTGCT TATCCTGTTC TTTATTACCC CCACTCTCCG
181 CAGGACCATA CAAAGTGCTC CCATCACGCT CCACACCCCG ACGCGCTCCT TTTTTCAACG
241 CGAACTGAGA CGCCACTGTC TCATCCCACT ACGTGTGGCG CCGACGGAGC CTTGGGTGGG
301 TGCTCCGGGT CCGGGAGTTG CCTGCTCACG CCCGGTCGCA GGGGATCCGG CGCCCCAAAT
361 TTCTCCAGAC CGAGGCGGGA CGGGCCAAGT GCCGCCCTCC CCGATGACGG AGGGCCGCCG
421 GGGTCCCAAG TCCCAACTCC CAAACGGAGG TCGAGACGCC AAGGGCCCCG CACTCGGCGT
481 CGTCGTGGCC CCCTTTCCCC TTGCGGCGCG GGAGCGCAGT GCAGGAACCG GTGCCCCGCC

5 %‘1‘ kﬂ 541 CACGCGGACC TCGCACACCA CCTGCCCCGG CGCCCCCGCC AGAATCGTCG GGCGGGCACA
2 601 GGCGCACCCC AGCCAACTTG CCAATCGCCA CACCTCTCCA AAAACCAAAA AAATCTTGGC
5]

8 661 AAGCGC

= 1AP008212.1| Oryza sativa (japonica cultivar-g... 2.1 22
()

-

Oryza sativa (japonica cultivar—group) genomic DNA, chromosome 6, BAC
clone:B1153E06

LB-2

001 TCGATGCGAC CGGGCGTGAG CAGGCAAGCT CCCGGACCCG GAGCACCCAC CCAAGGCTCC
061 GTCGGCGCCA CACGTAGTGG GATGAGACAG TGGCGTCTCA GTTCGCGTTG AAAAAAGGAG
121 CGCGTCGGGG TGTGGAGCGT GATGGGAGCA CTTTGTATGG TCCTGCGGAG AGTGGGGGTA
181 ATAAAGAACA GGATAAGCAG ATTACTCCTT GATTGTATAG CGTGGCTCCC CTGAATACTG
241 CCGGGTCTAG CCGCCGTTGC GTAGAAGCGA CTACACAGAG CTGGCTTACC TTTGACTAGC
301 TGATCTCGTC GCACTGCCAA AAAAACAAAA GCTGAACTCG TCACCG

Sequences producing significant alignments: (Bits) Value
|AC130541.4| Mus musculus BAC clone RP24-124P9 ... 40.1 4.5

|AC140839.9] Mus musculus chromosome 3, clone RP24 40.1 4.5

Figure 19. The results of DNA sequence matching with rice at left border.

RB-1

001 CATAGAGTAT CTAAAATGTT TCACATAGAA AGGTTATCTG AGTTTAGTTT TCTCTGTGTT
061 GAGCTGCGCT AGTGTCAGTT AATGATGTTT TCGCTTATGT TATGATGCTA TGCTTCAATG
121 AGAATTTTAT CATTTTCCAA TTGGACCTGC TATAAAGTTA TTGCACACAT AAACAAGAAT
181 AAAGCAAAGC AATTCAGCCA CCAGACATCT TTCTGTAACG CTTCAGATTC GTTAACAACA
241 GAGTTACATT AGGAGATTTC TTCCCGGACT ACAAAAGACA CGGTATCCTG CTACTTCATC
301 GGAGGGATGT GGTGCAAAAA AAACACAGTA CAAAATCTTC TCCCCCCTGA ACATGGCATA
361 AGTATGCGTT TTGCAACTTG CAATGTATTG CAATTACGAT ATTTTGTATC GTTTTGGTCG
401 TCAGCAACAC ATTAAACTAT TATAAACATG TATCATCGTT TAAGAATTTT ATTAATACCA
461 GAAAACATTC CGATTCCATG ATATGAAACA CATCTATTAA CAAGACCCGG TATCATGTAT
521 TGATATCTAT GATATAATGC TATGTACCCA AGATT

1.5 kb Sequences producing significant alignments: (Bits) Value
AC145942 4| Gallus gallus BAC clone CH261-2112... 44.1  0.53

BA000019.2| Nostoc sp. PCC 7120 DNA, complete ge 2.1 2.1
AC140277.3| Mus musculus BAC clone RP23-336018 fr 2.1 2.1

2% PCR

< 1.0kb

Right Boarder

RB-2

001 AGACTGCTCC GTTGTTCAAG GAGTACTTAT TGAACATCAC CCGTGACCAG CTCGTGATCT
061 CCTTCAAGCC GTCAAATGGA ATTGCATTCA TCAATGCAAT TGAGGTTGTA TCTGTTCCAG
121 ATGATCTCAT CGGTGATTAT GCCCAGATGG TCAACCCTGT GCAGCAGTAC AATGGTTTGT
181 CTACACAGCC ATTTGAGACA GTGTATAGGG TGAACATGGG TGGACCAAAA GTCACTCCAG
241 ACAACGATAC CCTGTCGAGG ACCTGGGTGA CTGATCAGAG CTACCTATTG AACCCAGATG
301 TGACCAAAAA GGTTGCTTAT GGCAAAAAGA TCACCTATAA GAAGGGTGGA GCAACCAACC
361 TGAATGCCCC TGATATTGTC TATGGCACGG CTACAGAATT GGCTGCCTCG AATACATCCA
421 ATGCTCTTTT CAACATGACA TGGCAGTTCG ATGTGGAT

AP008212.1] Oryza sativa (japonica cultivar-g... 218 1e-53

Figure 20. The results of DNA sequence matching with rice at the right border.
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1. Abstract

The present study was initiated to compare the growth characteristics between WT
and GM herbicide-tolerant Zoysia grasses (Zoysia japonica Steud.) as to the
substantial equivalence. The WT and GM Zoysia grasses were considered statistically
insignificant, with respect to plant height (each 20 cm), leaf length (17-19 cm), leaf
width (0.5 cm), the lowest leaf blade (4 cm) and the chlorophyll content (1 mg/g).

The morphological characteristics of spike and seeds were investigated. The number
of seeds per spike 49, length of flowering culm and rachis (4.8-12 cm), seed length
and width (3.1-1.5 cm), weight of 100 grains (58 mg) and then the frequency of
germination 3.7-4% in GM as well as wild type Zoysia grasses. The result of total
mineral content of N, K, Ca and Mg in leaves showed insignificant at 0.08-1.36%
range, but with the case of P content 0.15-0.25% showed significantly different at
0.05 level. Content of Fe, B, Zn, Mn and Cu were insignificant at 5.19-143 mg/kg
range. After planting of 3 months, the number of stolons (about 5), stolon length
(30.4-33 cm) and internode length (3.2-3.7 cm) indicated there are no significant
difference between GM and WT Zoysia grasses. The coverage of grass showed
19.5-20.4% after 3 months, 36.5-39% after 9 months, and 90-94% after 15 months
of planting. The results of soil analysis in the fields have no different particularly
with electric conductivity, organic matter, exchangeable cation and other chemical
properties. The soil of Jeju island was infertility than Korean mainland soil, since
that was a volcanic erupted soil. So, as to the substantial equivalence, there was no

difference between WT and GM Zoysia grasses.
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Figure 21. The ecological risk assessment field for GM Zoysia grass. Field trial was
established in unconfined field (A), WT (B), and GM Zoysia grass (C) were

showed growing in the fields.
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4) ofBE 9 ey AxAATE YUY 5L FEF
309 A=A g AL FUE =47] SPAD-502 (Minolta, Japan)E
o]&3ato] AFxEZHE 3WA S AEste] 33 (5-7om FH)oE S35t

hints
Jhu
[

‘(‘)[_1‘
o

2 SPAD kel 20, 25, 3081 U 9 005 g& 77 3

£
e
ol
ol
£

Arnon (1949)¢] "R wekA FASE AL, Figure 22049F Zo] 3|92 E&
T3] SPAD #ts& FHAlstaTt.

y =0.0644x —0.7221 g

15F R = 0.9842

Chlorophyll (a+b), mg/g F\

SPAD

Figure 22. The relationship between the total chlorophyll contents and SPAD
values. The SPAD 502 chlorophyll meter instantly measures the amount of

chlorophyll content as the SPAD values.
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7) oFA @ WG AxAARY Y vEs 2 X

I
o

LEER

=349 985E ZALE 98 ok I nldEAd AxAAZE S3H ool
1 x 2 m™9] AFIZTAS HA5 3 (Chio and Yang 2004), EXT] o]2 F 90,
150, 420€ A Exte AW HEALE 27 JEBE 2%E 7|FoR2 5o
SAstd ok AW EE 58S 9% o|H A= Nikon coolpix 4500 (NiKon Co.,
Japan)& A&3te]l FAMAIE 70° FFOZ 1.5 m EoldA G HE&
WH2 1280 x 960 pixel =L7]¢] JPEG (Joint photographic experts group)

ojlu|A & AAIAA HFAO [YFEO pixelse A4St (Ewing and

A
o
o

Horton, 1999; Purcell, 2000; Richardson et al., 2001). ©x|g ojujx]e} A& 9]
AaAAE E3Y H4 10 cm plugd] JEHES 7|02 A, 3-15 plugs

HAE F43t] Figure 239 ZFF U2 e

15
y = 0.8483x +1.1869
R? =0.9882
12
(g‘
T
55
N 9 t
)
s (]
3 E
3% 6 |
oS
=)
[m]
S -
O 1 1 1 1 1
0 3 6 9 12 15
Actual Cover (%

Figure 23. Regression analysis of actual percent cover values against valued generated
by digital image analysis. Variable cover rates were producted from a range of

Zoysia grass plugs of a defined size area.
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Table 6. Nutrient contents in 0.5kg of soil mixture used to grow the WT and GM Zoysia grass (September, 2005)

Exchangeable cation 0.1 N HCl Extractable
. Available
pH EC oM e (cmoH/kg) —---- e (mg/Kg) --mnnmmmmmmemen
Sample P,0s
(1:5) (dS/m) (%)
(mg/kg)
K Ca Mg Fe B Zn Mn Cu

wild- type 4.97+0.06° 0.036+£0.00 4.08+0.06  14.842.34  1.00+£0.40 0.55+0.07 0.43+0.05 21.5%1.20 0.65+0.21 1.69+0.23 29.0+0.98 1.29+0.66

GM 4.86+0.17 0.032+0.00 4.69+0.68  13.5£2.57 0.78+0.13 0.45+0.14 0.36+0.13 19.1£2.08 0.85+0.13 1.58+0.32 27.8+1.39 0.83+ 0.07

LSD*

0.05 NS NS NS NS NS NS NS NS NS NS NS NS

* EC means electric conductivity, ® OM was organic matter. © Standard deviation. ¢ Last significant difference, NS means Not significantly

different at 0.05 level. The chemical properties of the soil were determined by RDA standard analytical method.
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ofA P v AEg AzAALAH X A5 FFS 49 SPAD e
Z7d38te] Figure 2201 YEbd 3AAE ol &ste] e EAT A, 44
1.04-1.06 mg/g FW °& F it zbo] fox7h §lSATHTable 7). dRbA o=
A JEL FEFS nlmAH el webA 0728 mg/lg H9 el el

B

B9 (Kim, 1990; kim, 1991; Lee, 2001), = dATFoA XA H=
F fFARSHAl e

Table 7. Morphological characteristics of leaves of WT and GM Zoysia grasses

Plant Leaf  Leaf First leaf Leaf Chlorophynl ~ Leaf
Plants height length  width height angle SPAD® contents  Weight
(em) (em)"  (mm)'  (em)’ (A9 (mg/g FW)' ;g

WT  19.943.9° 17.8£3.3 5.5+0.8  3.8£0.7 24.545.1 26.742.9 1.04+0.19 0.20%0.09

GM  204+25 19.7£3.5 54+0.6 4.0£0.7 24.9+6.4 26.9+2.7 1.06+£0.17 0.20£0.05

t-test NS NS NS NS NS NS NS NS

* Values measured from the third leaf, ® Length from ground to first leaf blade, © The
value of chlorophyll contents measured by SPAD-502 Chlorophyll meter (MINOLTA Co.,
Japan), ¢ Total chlorophyll contents measured by UV spectrophotometer, ° Standard error.

NS: considered statistically insignificant at 0.05 level by t-test.
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Table 8. Mineral contents in leaves of WT and GM zoysia grasses

Sample

Wild - 092+ 0.15+ 1.39+ 0.13+ 0.09= 134+ 114+ 239+ 108+ 6.59+
type 0.09° 0.02 021 001 001 850 060 223 173 095

1.07+ 0.25+ 136 0.11& 0.08+ 143+ 15.1+ 28.7+ 787+ 5.19+
0.01 0.02 0.10 001 0.01 446 699 397 996 0.83

t-test NS * NS NS NS NS NS NS NS NS

Concentrations of P, K, Ca, Mg, Fe, B, Zn, Mn, and Cu were determined by ICP

atomic emission spectrometer (JY Panorama, Jobin Yvon, France), total N was analyzed by
the method of Kjeldahl digestion and titrimetric determination (Bremner and Mulvaney,

1982). * Standard deviation, *Last significant difference at 0.05 level.
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8 em® FFHATE EF FAo] Lol wol: oF 31 em U 14
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emol A3, 10085 ok 58 mge A opgFat maEy AxAAPY Ey]

7bol ol 2k LpERbA] gk (Table 9).

Table 9. The seed characteristics of WT and GM Zoysia grass using 7 morphological

traits
Number of Length of Length of  Seed  Seed sy Yeight of
Plants seeds per rachis flowering length width : 100 grains
spike (cm) culm (cm) (mm)  (mm) (mg)

WT 49.1£7.3*  4.9+0.6 11.7£2.7 3.1£0.3 1.4+£0.2 2.2+0.3 58.4+2.8

GM 49.447.6  4.8+0.6 12.1£24 32403 1.5+0.2 2.2+0.2 57.842.5

t-test NS® NS NS NS NS NS NS

* Standard deviation of the fifteen replicates, ® considered statistically insignificant at 0.05

level by t-test. SL/SW ratio means the seed length/seed width ratio.

o]t AF+ZA 3= Honda (1963), Kitamura (1967) % Choi & (1997)¢] X i1%h
B EAe) FeH 549 FAA ek

A xgo| A FAe] Aol ofAd ST FAAA 4%, uHEA

O
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ANZzAATA  EFYAA 3.7%01 03, Zenith FTANAE 40%2  Wopgol
BZAE AT (Figure 24). o]&d Axs B Fakd A9H AE g 3%
Zenith F&& AQstais oA wdEayd AxAAFAH =38Y FA9
AAtolbgol= FolA Aolrt #EHA FUT Ao

=
Ao A zpddtol A A 1% "IRbe] Wolg s WA HuHAI (Yeam

rol

0T 48

et al, 1985), 35CellA o} Al A5 04%°] o™, w=A oA 2 ol
A9 oF 4%9] WolgS relttn ®BuEUTt (Kitamura, 1967). wEbAd B
ATl A Z=ARSE ok B n A" AzAAFE B FTA wdol&

71E] g3t el ol o] AAtel g AR Aom A A

=)

5 r4_7 r_%j

0

Wild—type GM zoysia Zenith*
Seed type

Figure 24. Germination of the WT and GM Zoysia grass seed in natural condition.

" Zenith was one of Zoysia japonica cultivar
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SAE veERth 28549 A% Zoli= 304-33 cmo|a, HIbdelE 3237
cmZ HaAE o] opY I v AEA AZAATAH EdY e T WE FEA 9]
Aol FolA7F fIdth (Table 10). & Aol ZAlE TE4 9 AFEALS
A AUF 91A ] e ASEALZA (Kim et al, 1996)9} FH==7bT] <]
HAe)d EAZAF (Kim et al, 1996; Choi and Yang, 2004)o]A ZE 7 ASEA
A7F fFAFSHA LhERR

Table 10. Growth characteristics of WT and GM Zoysia grass using four
morphological traits

Plants Stolon number Stolon length Intermode length Densitya2
(90 days) (cm) (cm) (No./em”)
WT 5.4+1.1 30.4+6.8 3.2+0.7 0.57+0.07
GM 5.2+0.8 33.0+£7.4 3.7+0.9 0.55+0.04
t-test NS NS NS NS

* Density was number of tiller / cm’, NS: considered statistically insignificant at 0.05 level

by t-test. Each value indicates the mean + S.E. of five replicates.

oFAF I HAEAd AxAATE XU AV BE IHE WIE
Figure 2594 Bl Az} o], Aul 90 & oA P uj el x4 A A
SR F 20%01a, 1509 Folls oF 38%= FAF HAUE o] F
Faziel o7 Sl A9 glda, oA F 420de] ok w|Al
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o|ls7tsd dd

1. Abstract

We also examined the cross pollination of GM Zoysia grass with WT Zoysia
grass. To assess the cross-pollination and gene flow, a non-selective herbicide,
bialaphos, was used. Results showed that cross-pollination and gene flow from GM
Zoysia grass were observed in WT Zoysia grass. The cross-pollination was minimum
3% and maximum 9 %, with an average of 6%, at the nearest distance (0 cm). At
50 cm distances in both randomized and completely randomized block designs,
cross-pollination was ca. 1.2%, which reduced to 0.12% within 3-m radius, and to
0% at >3-m. Potential gene flow from 936-m° GM grass field to WT Zoysia
grasses in the surrounding wilderness (88 Zoysia japonica and 2 Zoysia cinica
sampling sites) within 3-km radius was tested based on basta screening and PCR
analysis, however, no evidence of gene flow to WT Zoysia grass at out side of GM
field was found. Therefore we concluded that the GM herbicide-resistant Zoysia grass
generated in our laboratory and tested in the Nam Jeju County field does not appear

to pose a significant risk in its cultivation outside of the test field.
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E3Y (Zoysia japonica Steud)v TAE WU R Zoysia % (genus)e] 22F
(species) 4] FollA dtutolrt. ST e T wHlRISHA B FH g ol o &)
ZAVeE A3} Zoysia 4:3Fe] ww 7t 7bsebtial B E Yl (Hong et al., 1985; Joo
et al,, 1997; Choi and Yang 2004). &3t uufjo] oJst =xtrje] Jejd 5EA <

Belthn sk 44X 53 sjokel [re wuld] olHH =% pe
Fge) AUvh FAHE Ao umopd] oeld FEIS od AY Fotd
3

24 50ln 4 sHeld Aolel @ 4 olTh (Hong et al, 1985). A% u

ojFZrel WujT7be A2 FAAEY FEol S AAH A MY Fast

shEHl Aoy 2o od A dojuta, AMEA, JHSA7], shEe &
He Az 4, 2585 94 59 8l uEA AwEF vre FF
NEy wHjrh dojd $ Qdtd (Kim, 2006). 3 tols GM =] Add 9
FAAZE A gl m A= FAARD o] gk S 7F ok gt
Sagel Aol LAl HAjs Qotskyt AWelA  AuFd AHF
S FAANE S5 FAA # HATAL B EJAT (Quist et al,
2001). B3k F2PE7E A7kEREQD T A5l MEATIE FAFEAl A st
oFE TS 50 em FHAow WA Ay, Ht 589%°  AAnu|rh
#AZAEJYT HsY T (Nakayama and  Yamaguchi, 2002).  H] A €A
AzA XA ¥ (Pons et al, 2000)2] H%ol 1 m ¢ AglelA 0.19%, 2 m
Aol 0.05%, 5 me 10 m ZAZlelA 001%= Erbgio] e Nl
(Messeguer et al., 2004)E YEMNA T AujE 3 = ¥ (Oryza sativa)Z5-E °F
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40m A2 7kA 2] oA W (Oriza rufipogon)$t A a7} 74sstthal Hoals o
(Song et al., 2003). GM W E 12 (Hartman et al, 1994; Lee et al, 1996)°]
el ¥ 3 m Aol ofF 2% wuj&ol yEREal, vHE 6 m Aol A oF
1.3%, ®F8 9 m Aol F 07%= YEFSTE (Belanger et al, 2003). <
Bae] ostd GM WETE~el sEnsE AgrE 21 kme W A 7HA
FatE= Aol HuHJTE (Watrud et al, 2004). GM ZEo] Z=gdd g
FrAzre] moEA BMES AR FF B IAFY 2L9s Yt
gtk wEkd @AM AA NN E GM ZEY opAge mujrleA
s g S SAsk, GM AE A E AAste FHAY oFs
oA sl oF gkt

E dAFe uAdgd AxzAASH XU
ol 7ts ol WA ARSI WA vl A Eg A xAATAHE 3 oY
ExYe] anprtedS AASRI, Tk aw

AYE 24 83l

==
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o
o,
ftlo
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off
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2 Algo AMgE ok EXY (Zoysia japonica Steud.)T A FZET] (F7)oll A
dujgt opAE XY E AMEstAT HAEA AxAAYAE EZJCYE bar
(bialaphos resistant) dA7F A YE FAAE A EA (Toyama et al, 2003)E
Adstslar, 2 Ao TAlde] Hded AxAARAY  SddE
ALY Zoysia 59 = 3YY (Zoysia matrella)= AT (F)ol A T 3HA
AASH L, AT (Zoysia cinica)v= ATE EAE 9} st setlA A=
AL AFste] AFgs. XY HalY Lol et (Lolium perenne
L)¢t =8 HHERIE 9% EdAaF NFESTS Kentucky 312 Y554
F)AA FAE At FFEAT AFELLS AFHSta e FAEEI
MAZEA flvlEle] GMO AP FE7FS ol &sislal, HAEF2 &, T4, &
9 =do] HdF AdEd F A=FE A4 5 mmo WEFHS AFHI
& (¢ 219)oll AU (Figure 26). GMO AP EFL FAFT vl
AXg oF 30008 RS AYEAF  (FEFILA 2002-2350 A+

29 o EA 6o SHE AAT9S 28 (Figure 260).

Figure 26. The test fields of gene flow for ecological risk assessment. A and B: Net

house for intra-species hybridization, C: unconfined field for gene flow test.
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MFAEA fvg el GMO A EZNAM SdH 9 sk 4d Tl AlFsRlaL,
A AxAALE Sd3Ye Azs 574 Fol dREAY. FHA S

SfEFAAI 7]l sE1dol A 5€309 kA 9] 74 FEHS Figure 273 o],

2% 173C, 2% 119 mm, ¥ TF 5 m/sol, TFS 55 39%,
AT 20%, S5 16%, FE 13%, S dEEol 4 6% ol Atk 2005 59
FSAFe] HEEel 28 mis9l Aol HstH GMO AR EFY HiETHS of

2= A VAR E AFARIEE AR T AU #AAEe=w

* * Average temp.: 17.3°C, Max.: 21.2 °C, Min. 13.4 °C
* Prec. : 119mm/m

[y
]

WSW

S

wind velocity (m/s/m)

S N A N ®

Direction

Figure 27. Weather condition around gene flow test fields (May 1-May 31, 2005)
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SRk
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el 2749

v Fele] 57 e

FAt (Figure 28).

S

v X
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Figure 28. Assessment of hybridization between WT and GM Zoysia grass at no

distance.
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4) ZAZ (50 cm) oA nwE A}

U8 AzAARAY 37 sEus T84 50 em 71218 ofdE

AzAAGE WL AAH Fel ok Ext] B (17 25 a2 50

em (FAC R TR 18718 wAst}h (Figure 30).

e

-
. 0 Wild-type Zoysia

grass

GM  WT

Figure 29. Test for the cross hybridization between WT and GM grass, according
to an Alternating Population Combination Design.
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Figure 30. Schematic illustration for testing the cross hybridization between WT and
GM grass according to the completely randomized plot.
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5) 97 3 m olule) ofP Exir] FelAe wujbEy £}

em

0/4 | 0/20 | 0/17 | 0/68 | 0/76 | 0/21 | 0/56 | 0/57 | 0/53 | 0/43 | 0/59 | 0/30 | 0/18 [ 0/25 | 1/28 | 0/256

0/1 | 043 | 0171 p/e2 | o/4 | 0/65| 0/39 | 0/40 | 0/39 | 0/30 | 0/29 | 0/66 | 0/31 | 0/35 | 0/5 | 0/20

o5 [Jora1 | o726 | o/8 | 1/80][ oses | 078 | ona | or2a | ofss | ofes | o/16 [FGie2 | or0]| oss | o/

(1] 2 ] L 4 ]
0/25 | |0/24 | 0/27 T 0/19 | 0/27|| 0/30 | 0/32 T 0/24 | 0/78 | 0/18 [ 0/39 | 0/36 || 1/247[ 0/16|| 0/6 | 0/7

0/38 || 0/7 | 0/36 | 0/46 | 0/9 || 0/22 | 0/40 | 0/46 | 0/41 [ O/17 | O/18 | O/15 | 0/9 | 0/12 | 0/3 | O/14

0/24 | 0/8 | 0/46 | 0/31 | 0/10 | 0/28 | 0/35 | 0/64 | 0/30 [ 0/22 | 0/23 | 0/13 [ 0/1 | 0/20 | 0/9 [ 0/4

[#] Pot number of GM zoysiagrass
Number of germinated wild-type zoysiagrass from seeds

Number of interspecies hybridizaton

Figure 31. Test for the gene flow from GM to WT Zoysia grass within 3-m radius.
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Figure 32. Test for the cross hybridization between GM Zoysia grass and WT

Zoysia grass relatives.
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7) Al Ed AzAARY SIHZFY 42 m o o] ALl wuljrbsd AL

il

o

oy AzAAGY SAUZYE 42 m oo o4l Sxg
Wl bR e A8 A g el wAHg AxAAR S8 7o
G x 12 m)e 2AAL, NAEY AzAAFY SAORLE 3 m BAow

obAE 2t (HF 25 em)E A AEe] 42 m AY 74HA wAEAT 24 3 m
AAEAaL, 42 m Al 7HA

14719 E55 wix3st3lth (Figure 33).

A
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3 6 9 12 15 18 21 24 27 30 33 36 39 42 (m)

w
w
B
1
50
=
&
w2
>
S
N
-
p=
&

Wild-type Zoysia grass

Figure 33. Assessment of hybridization between WT and GM Zoysia grass within a
distance of 42 m.
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8) W 3 km o] AAG AN KA olF Thsd A
Ay AxAALE 3] FAATE SERAe FA AR xd e
AAM A A A 2 g A ofAY XY =] FHA A
AaiA AzA dx A3 8 PCR EAS Al AE
AzAAGE 20 (F 900 m*)7t AAH Ayrgozrg ¥
oY XY 907 AHE Addsdn. T 907HT 8578 A AlzA dx
AlEE skan, 157 A S 53y <ol DNAE FE3te] PCR 4+ vt

(Figure 34).

SoutirKorea
e -
PR, ot [
e 7
el - I:-;m Tasa - L
/ S [ TE 2 ‘ & =
i Jejir & v G S Uiguriori
- s - % ) ] "
L - - - ¥
- Z k S
B :‘. .-.-: o 4 o
f YA R —~ F
[ L] Fisld ™ L} ¢
w &' oAy ul
am A 4 2 Mamvowron-ri
*
Wimnd-ri
) =@ "
£, By . ..- -
@ ‘ " (13
Zoysia grass 20 dots b <
» g “ 7
Bar: 1 Cue 0.45 Km ouwlth Sea

+— [SEILOMETFRE | s
Char]

Figure 34. Test for the potential gene flow from GM grass to WT grasses within
3-km radius during two-year period from 2003 to 2005. The GM grass field is
centrally located at the Wimi-Ri test field in South Jeju. The sampling sites shown
were randomly chosen where Zoysia grasses grew. The sampling site distribution is
biased in the north eastern direction from the GM grass site, whereas the other
directions are less favorable for grass growth geo-topographically (volcanic rocks,

bushy jungles, forest, etc).
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9) HIA & Az=AAFAE A4 2 PCR AW

A AR FEA o)lsrbsAdel did ARHe ndEAy
AMzAAGA A EA 2 PCRES o83 bar FAAY] EAARE
ghldtdtlh. FAY AAHYE AsH FTAES AT dFUN A AFolA
AZANZ F, 30% KOH &9 25 B3 9 d3xaE sad. dAxzd
T SHTA S AolAM F st RopAZlaL, Wl 22 33 22T R
10A17F o] st vlded Az=AAGd Al A8 vb2~El (Bayer
CropScience Co., Korea)E 77d% AFETF WA HITEEE 0.1% (glufosinate)
FTERE FAMate] ol A=A ® APl Axaich wm=g HdEgA
A zAAZAE KA B Aol A AHFH G A=A °] DNA AccuPrep Genomic
DNA extraction kit (Bioneer Co., Korea)& A}-&3to] FZ3I9 Tt Bar 73 A9
EAE #2579 PCR  primers  5°-GGTCTGCACCATCGTCAACC -3'¢}
5’-ATCTCGGTGACGGGCAGGA-3's AF& 3t%lal, Xt A WdxH= Z-A2
Actin  primert= 5-GTCAACCCT GTGCAGCAGTA-3'¢} 5-ATTCAGGTTGGTT
GCTCCAC-3'& A& 3tk PCR 5% 93 WHgH2 100ng DNACl 10

pmol®] primer®} TaKaRa Ex Taq'™ polymerase (Takara Co., Korea)”} X3t

ol
A )

Perfect premix® (Takara Co., Korea)e ¥ A3te] A}&3+% 3, PCR XA
denaturation =% 94Tl 4 30%, annealing =% 61TCe°l|4 30%, elongation <%=
T2Coll A 45%8 dASt] 35 cycle stAT PCR AHES 08% ol7t2 2~
(Sigma, USA) Zo] H7]9& 33, w7 = Takaraol A #|&%¥ DNA ladder

vIAE A .
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1=l

4. &4

[

=

2t

D v AxAALY ST okdE Sdd e wvirbsd 34

I

el g AzAAGH E3Y 2o A A (>0 m) HAE ok
S w7t S AN A, ofddy SxiY 3] AT HAA A7

4.5%, 9% wHj&eo]l uEytew, HAEY AxAAZE =8 £
ol A Hyt wHj&S 6%°]UTH (Table 11). U9l wuj&S 7379
AzA| el wreka] zpol7b WASAL, FAFEA7] FES DA

Aoz Azhe

Table 11. Test for the potential cross-hybidization between WT and GM Zoysia grass

at close proximity (>0 cm).

Block 1 Block 2 Block 3 Total
Number of
40 22 164 48 58 110 25 82 72 82 43 746
plants
Number of
3 0 P, =4 6 2 6 9 8 4 45
resistant plants
% of resistant
8 0 1 2 7 5 8 7 12 10 9 6
plants
Average 3% 4.7% 9% 6

The data presented are from the WT parents only.

Sve) A GERE AR, GEd A 79 Fo FEel 4%
NAshe] 141790 AU sEo] sdWHY. 0L dEH ol BID

EGN A7E Aol Fu Aok Aol 27%e] FolAwL, Féol Hhgel
el the A e dolHel BrbRRe]l 34% Qolviria w9t

(Kitamura, 1967). A7}5EA Y ZANAE B7lgAo]l dojuys AL ogwd)
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=
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1.24%, 1.22%°]

3 NEA7L Aol ATh (Table 12-13).
- 94 -

5}

Z A A

i

Ef
2}

‘]

A
p 84

Y



Table 12. Result of the cross hybridization between WT and GM grass, according to

an alternating population combination design at 0.5 m distance .

Block 1 Block 2 Block 3 Block 4 Total
Number of
346 199 258 164 967
plants
Number of
5 2 2 3 12
resistant plants
% of resistant
1.45 1.01 0.78 1.83 1.24

plants

dypHo 2 wjxgk F9qA = H 1.83%, FH A 0.78%, Hit 1.24%%] vl & o]
VeI (Table 12), QoulxHolAs= Hol 42%, HA 0%, BT 1.22%9
AHjgo] ERytK(Table 13). block Wel wwj&e A7 A AL, plot 7HE]

e &) A B Vot T ol gAY A W& FAHEA

-

el ol Aate WY AxAALYd =Y 799 0o 2

Aol Ao wrj& 3} vlwstH 1/6 2 A% 2ol

£

Table 13. Assessment of hybridization between WT and GM Zoysia grass according
to the completely randomized plot at 0.5m distance .

Plots 2 3 4 5 6 7 11 12 14 16 17 Total
Number of

44 34 85 45 72 28 24 40 33 64 491
plants
Number of

resistant plants

% of resistant

29 0 22 0 0 42 0 30 31 122
plants
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2 3m ol Aele] okF S2t] FelA frixpol

oft

e 14

W
~
rE

H A AzAAEA EFHE FAHCRE w4 3m oW Aol At
o] 57t S A A3 Table 149F o] YERSTE WG 1 m o] AgellA
WHRES OF 14%°10 L, 2 m oJWe] AFelA wmE&S 03% °lA2H, 3 m
ot o] Aol A WujE&-S 0.12%= YERET webA 3T weirbsd 3
wHl &2 A webA] AEe Apolrt s AoR FHEr
A zA A& v (Pons et al, 2000)°] Aol 1 m ¢ AgolA 0.19%, 2 m
Aol 0.05%, 5 me 10 m 7ZlelA 001%= Er7bgio] w%He Nl

-0 Aful
FF<¢ Minghui-630E25FH 05 m A9 FHRAA 219%, ¥4 12 m
Aol A 2.75%7F FHARF olwel osiA wEHATGL ST (Song et al,
2003). oFA H B FxA Ho dF F Addols FFol webA 30-85%9
Wol-&-& Y e O] (Hong et al., 1998) 3 A7F FdE ok W AT &4k
g oz AZdn g, 30 A= 0.5 m Al 1.2%, ¥ 3 m

(Messeguer et al., 2004)= = . °FA B (Oryza rufipogon)l

AN 0.12%ZA wuj&o] FASHA W Sl Wol& 2 1-4% (Yeam et al,
1985; Kitamura, 1967)= Srolx ZAZH oA gikd 7}

ol
2,
o
=)
o
¥
H
o,

AdgAGol A g ER A3 AFo] AAFH L, B HA FE Alds LEE

AdgA o] FFgFS MAA FE Aoz Y4E.

Table 14. Assessment of hybridization between WT and GM Zoysia grass within 3m

radius.
Radius (m) Im 2m 3m
Number of plants 72 660 2536
Number of resistant plants 1 2 3
% of resistant plants 1.39 0.3 0.12
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4) Al awjE opAY /Y FohlA bar wAAS] HE

1% 359 3ol oF 05 kb A7|O] bar FolA WIETE SAHATE whebA
AzAed AFHS detd= AAeES 288 3440 AdE bar FA47F

srulzbel elalq Wolw Aoz weAr

L.3kh

0.3kb

Figure 35. The result of PCR analysis for gene flow test in field. M: molecular
marker, Lane 1: WT Zoysia grass, Lane 2-5: Herbicide-tolerant plants after gene flow

test, P: positive control.

5) ¥4 9m R 42 m oJHolA FHAlTA A

o

B4 3 m
A, golzEts~ 358 JfACl disiA wEirtsdE x=
ANzAAGD AAE BFEHA gktd (Table 15). £t = F37F w3344 o
Uelys ZAoe® KB (Hong et al, 1985)E o, B Aol wkAg 3
mo] 3ol Al A= #EEH A okt

GMO AEFHE 42 m AY7HA FdAolEs 7Feds HABT A3 1470
B2 3 m 7H2)Y okAld =3t 178 MAllA vjAdeg A xAAA A=

DA kAT (Table 16). T3 A EA ol A S S 2F (ky-31) 1492

149 AR EoA ExkY 654 WA, F2kY 137 WA, AR 338

AR A3 WA
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ARl waEA wu sAe AT Ad Admuel g w4
AZAAGH AAE BH2HA ek whebA Figure 360] UE e AdE
o] Bohd 3 m ool AweA sHule] mE fA4 o Bbs e v

9g Ao Azan

12 r 1.2792
© y=5.57e " "
> 100 T
=
: 87
=
8 6
>
=
g 47
S
5 2 L
A
0 1 1 3 Il & 1 & ]
near 0 0.5 1 2 3 6 9
Distance from pollen doner (m)

Figure 36. Distance dependence for gene flow from the GM to WT Zoysia grass
within 3m radius. The observed data can be best fit by an exponential equation as

indicated in red line. (Near 0: The nearest are never distance Zero)
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Table 15. Test for the outcrossing of GM Zoysia grass with inter- and intra-species within 9m radius

Zoysia japonica Zoysia matrella Zoysia cinica Lolium perenne
Distance Number of Number of Number of Number of
Number of Number of Number of Number of
resistant resistant resistant resistant
Plants Plants Plants Plants
plants plants plants plants
3 m 231 0 0 - 83 0 89 0
6 m 209 0 79 0 151 0 176 0
9 m 214 0 58 0 104 0 93 0
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Table 16. Test for the potential gene flow from GM to WT Zoysia grass

within 42 m.

Distance Zoysia grass Tall fescue ky-31

(m) Number of Number of Number of Number of
plants resistant plants plants resistant plants

3 11 0 76 0
6 2 0 47 0
9 13 0 89 0
12 2 0 112 0
15 12 0 70 0
18 0 - 121 0
21 2 0 68 0
24 11 0 121 0
27 36 0 166 0
30 13 0 103 0
33 21 0 166 0
36 29 0 179 0
39 0 - 68 0
42 28 0 106 0
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6) Bt 3 km o] o] Al F7dA o] A

AAAAA ] EA SRl 9 Aol

o
<
o
i
i)
kel
o
N
E

b AT, 8570 Aol A A xAA Y A B A
erket (Figure 37). W9k 1570 A AolA xAFH G 2=A4¢ DNAE FZE3to] bar
primers ©]&3% PCR £4& Aldgt A3} par 5old M=vw #FHA FAdrt
(Figure 38). ol&st Azl Extr]e] shEn|itk Ag7b ol wwjrbsde] v,
A A xzAARE E3YY FAA7E F HdTar e =4

dholg-o] 1-4% "W (Kitamura, 1967) &2 YrolA par FHAFL] o] FA o]

e &2 Aew BE

i

Lexds axopaqg

Area No-39

Figure 37. The results of herbicide trial in 90 sites of WT Zoysia grass
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0.5 kb

Bar primer

Figure 38. PCR analysist of the potential gene flow from GM grass to WT grasses

within 3 km radius. Lane 1: DNA maker, lane 2-16: tested site of WT Zoysia grass,

Lane 17: GM Zoysia grass.
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V. HYYY A=AANegY A2 EBHE H=AZ

0S7ksy U Fxs HF

1. Abstract

We examined the gene flow from GM herbicide-tolerant Zoysia to weeds. The
herbicide-tolerant Zoysia grass and the native weeds grew within the same
designated test field. The inter-species hybridization was then examined on the
plants having identical flowering times by means of PCR method and
treatment of herbicide. No PCR evidence was obtained to indicate the bar-gene
flow from the GM plant’s pollen to those neighboring weed plants during the
2003-2005 study. Potential gene flow from the 936-m> GM grass field to Cogon
grass in the surrounding wilderness (25 Cogon grass sites) within 2-km radius was
tested based on basta screening. But no evidence of gene flow to Cogon grass
outside of GM field. The Zoysia grass propagates both sexually and vegetatively. The
weight of the seeds is 0.58~0.59 mg per 100 seeds. Even if wind carries the seeds
over some distances, the germination rate is less than 4% under natural conditions.
Thus, compared to germination, Zoysia can spread itself more effectively through
vegetative propagation. However, the Zoysia grass is not a dominant plant and does
not spread over the weeded area easily. In fact, the Zoysia grass field is completely
dominated by the weeds within 2-3 years of cohabitation. The effects of dominant
weeds on the GM Zoysia grass, showing the dominance of the weeds over the turf

grass.
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~ Zoysia japonica °

Spergula arvensis

~ Cerastium holosteoides ®
~ Stellaria media

~ Trigonotis peduncalaris ® o

~ Taraxacum officinate e ®

Veronica arvensis

Vicia angustifolia

Erigeron annuus

Mazus pumilus

Youngia japonica

Cardanime impatiens

~ Gnaphalium affine

- Alpecurus aequalis 4

~ Poa annua

March April May June July

Figure 39. Flowering times of the Zoysia grass and weeds grown on the GM

Zoysia grass field.
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PCR 4o oa] mAey AzAARY Sish wu) 54 2AS

«Cogon grass
(Imperata
cylindrica var.
Koenigii)

Flowering time:
June-July.

Figure 40. Test of outcrossing with Cogon grass at the GM Zoysia grass confined

and unconfined fields. A: The flowering time of Cogon grass, B-C: gene flow test at
the fields.

- 111 -



South 'Korea

®
° b o Uigwi-ri
[ ]
° at °
o o
tjom ong poy
- o * .Gé) d : East
Field ®@
5 G. & L4 Namavon-ri
Wind-ri
@
e
Cogon grass alone 09 dots
Bar: 1 Cm=0.45 Km South Sea
«— [5KILOMETERS | c==m
“Bar”

Figure 41. Test of the potential gene flow from GM grass to Cogon grasses within
2-km radius during two-year period from 2003 to 2005.
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primer= 5-GGT CTG CAC CAT CGT CAA CC-3'¢} 5-ATC TCG GTG ACG
GGC AGG A-3'S AHg 3la, 2E #xolad 235 S8 Actin primers
5'-ATG ATA ACT CGA CGG ATC GC-3'¢} 5°-CCT CCA ATG GAT CCT CGT
TA-3'S AR 3ttt PCR S%& 93 ®E&9& 100ng DNAl 1 pmol®]
primer®} Ex Taq'™ polymerase (Takara Co., Korea)”} 3% Perfect premix®
(Takara Co., Korea)E 3]23}o] AFE3} 3, PCR %712  denaturation 2%
94Col|l 4] 30%, annealing =% 61TCe°l|A 30%, elongation =% 72TColAl 45%=
A sko] 35 cycle 3T PCR AHE2 0.8% oF/F22 (Sigma, U.S.A) 2o
A719s 33, "AE  TakaraodlA] #l&¥ DNA 1 kb ladder vwFAE
A8 AT

Fra dF Yo AFe vA= dFe AtsZIfE okdE Iyt

MAgy AzAARY AT B @ 25 amE ARER A4,
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AZAAGE S 24l A FAGE stAI7IE 2te Fxe o8ty 450
NS % (Erigeron annuus), WS (Taraxacum officinate), P.E]¥W o] (Youngia
japonica), H% (Gnaphalium affine)°] HFHZFHJ3, B3I 2Fo=F =AF
(Alopecurus aequalis), X°} (Poa annua)®©] #ZFAJTt. THAEZE 1§0=
A2 (Vicia Angustifolia)?} Q9 ew, A=y 3502 S/|vjAE] (Spergula

arvensis), A UYL= (Cerastium holosteoides), 2% (Stellaria media)©] 2= T}

Hr

-

Sk X X3} 1Fo 2 FEulE] (Trigonotis peduncalaris)?t A3, A4} 2F o=

AMNEBELE (Veronica arvensis), 754 (Maxus pumilus)©] 1™, wjF3} 1FS=2

::9

.

=wol (Cardanime impatiens)?t 2= ATt (Figure 42). £ A A ZA}sH

.

FRARZxE, dEY AUEdE, EAVAEZE 9% Fo] EWEV UMY EA
TFE o] Ko & (1999)°] FAMeE Aot fFAFSHA YEETE AlFE9 744 9
CAFx g3 Buod Fd #BE7F 81%, 3EI 16%, ALEI 2%E7}
A} Jve ZHeE UEHYI, 5F 3 Fxe FEFE dERREe=
UElS o (Ko et al., 1999).
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Figure 42. The 14 cohabitant weed plants in the GM grass test plot facility.
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Figure 43. PCR analysis for gene flow test of weed plants by bar primer and

S8-Actin primer. M: marker, lane (1~14): weed plants, P: positive control.
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Block 1*
192

Cogon grass

Table 17. The result of gene flow test from GM zoysia grass to Cogon grass.
No. of Seeding

No. of resistant plants

Block 1 was examined at confined filed, block 2-4 were examined at unconfined field.
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Figure 44. Comparison of growth characteristic between WT and GM Zoysia grasses
under natural condition. A: The grasses were grown with weeds, B: After removing
the weeds, C and D: The grasses were decreased by dominated weeds and diseases

after 3 years.
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HolW AL} (Lee, 1988).
B2 SolA A B 5 ko] e A
Aol HEE AT
o] e dA FxoA dF thdd JRE Z2Fo] WSk, o] Apold

g3 mEl7b A = AA 27IdA A o] Al (A, 1960;

~

Oh et al, 2000). rjdelx WG FxE T4 A3 JF2WA A7Ie=
4-59 3 9-10¥€0] Z+Zt 39% olH, &3ttt fFAs Jlsir 7o) FxE 569
g2 30% oA Th (Kim et al., 1989).

Figure 45. Zoysia japonica plants are overcome by dominant weed plants under
natural ecological conditions. A: Clover and other weeds in the Zoysia grown lawn.
B: the Zoysia lawn after weeds are removed. The Zoysia lawn after removing weeds.
C: Weeds begining to overtake the Zoysia grass, D: The grass lawn without weed

control after 1 year (C) and 2 years respectively (E).
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VI. HIME Y HzAASSY Szicier v 2 XY =H 2t

T8 A RZXO0|S (Horizontal Gene Transfer) 7} 54 Z &

1. Abstract

The release of GMOs into the environment has the potential risks regarding the
possibility of gene transfer from GMOs to natural organisms and this needs to be
evaluated. This study was conducted to monitor the possible horizontal gene transfer
from herbicide-resistant Zoysia grass (Zoysia japonica Steud.) to indigenous
microorganisms. We have first examined the effect of field-released GM Zoysia grass
on the microbial flora in the gut of locust (Locusta migratoria). The microbial flora
was analyzed through determining the 16S rDNA sequences of microorganisms. The
comparison of the microbial flora in the gut of locusts that were captured at the
field of GM Zoysia grass and of WT revealed that there is no noticeable difference
between these two groups. This result indicates that the GM Zoysia grass does not
have negative impact on microbial flora in the gut of locust, We then investigated
whether the horizontal gene transfer occurred from GM Zoysia grass to microbes in
soil, rhizosphere and faecal pellets from locusts by utilizing molecular tools such as
Southern hybridization and polymerase chain reaction (PCR). When the total DNAs
isolated from microbes in GM and in WT Zoysia grass fields were hybridized with
bar or hpt transgene, no hybridization signal was detected from both field isolates,
while the genes were hybridized in the positive control. Absence of these genes in
the DNAs of soil microorganisms as well as microbes in the gut of locust was
further confirmed by PCR. Taken together, our data showed that horizontal gene
transfer did not occur in this system. These results further indicate that frequencies

of transfer of engineered plant DNA to bacteria are likely to be negligible.
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18) ©o]&3] PCREZ TZste FEY3ATE. PCR g2 94TColA 5&E3F
DNAE WHAAZl 5 04TolA 25%, 54ColA 25%, 72ColA 45%2 GAZ
353] wrEte] AAsla 72T 7R HFE TEZ3I PCRE SEHA 165

rRNA 732 dHEL 1.0% agarose geldlA 7| -s3ste] 48t 359

d

PCR%HZ 52 GENEALL PCR Purification Kit (generalbiosystem, Korea)E A}-&3}<]
AAT ¥ pGEM-T Easy vector (Promega)oll #*UAIA E coli DHS5al
FAHzeH Y. F29d%E 16S tDNAS H7[A4 ¥ dye terminator sequencing
WH O 2 automatic sequencing FHIE AFE3te] AAS AT AAE 16S rRNA
FAAY] A7 LS BLAST Z 218 (Altschul et al., 1990)<S ©]83}o] National
Center for Biotechnology Information (NCBI)®] databased] = <&

A7 D E vlaste] F (species) T2 wFHE Al Th
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Table 18. Nucleotide sequences of the primers used in this study.

Name Sequences (5—3") Characteristics

16S-F  AACTGGAGGAAGGTGGGGAT forward primer for 165 DNA fragment
16S-R  AGGAGGTGATCCAACCGC reverse primer for 16S rDNA fragment
Bar-F CATCGAGACAAGCACGGTCAACTTC forward primer for bar gene fragment
BarR TCCGAGCGCCTCGTGCATGCG reverse primer for bar gene fragment
Hpt-F GATGTAGGAGGGCGTGGATATGTC  forward primer for /ipt gene fragment

HptR CTTCTACACAGCCATCGGTCCAGA ~ 'everse prmer for fipt gene fragment

4) PCR #4]

EYrdE, 2 E 2 25A wjdEd EAste MAEERRH FEd
ol

A3sli= primer (Table 17)E& ©|&3fe] AldStATE bar A

-

DNA°| W3t barel hpt F+AA2] PCR HAL bar F+AA 2 hpt FAA
=

ZZS5 93 PCR HFE& 95T oA 33#7F DNAS WAAZ &, 95TAA 40%7,

65Coll A 35%%F, 72TCelA 50x3re] @AIE 303] wHEsto]l Al 72T ol A

W
e
)
Y
o\
o|\
1

ekt hpt AR SE5E SlelAl= 95T elA 323t DNAS
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5) Southern hybridization

-

Southern blot ' (Southern, 1975)% o]l&d] FHAAALE oARZS HAs7]
A v A x=AARA DA opA Y I ¢

E5A vzl ZEE MAES] A DNAE AFEAQ] Hindllz Hdsto]
0.8% agarose geldlA Z7]9-&3 F capillary transfer} ™ (Sambrook et al.,

1989)©.2 nylon membrane (Hybond-N, Amersham, England)>.2 &Z#Hth ©3

o

(probe) .2+ pGPTV-HB DNAZHE PCRZ FTZEH¥E baret hpt +HA x7;
Zyzy ARgSeith el 3A W A2 HE59Y4<Q  digoxigenin (DIG)E
o] &3t DIG DNA Labeling and Detection Kit (Roche, Mannheim, Germany)E

AF-&3te] protocolell et a8kt
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Table 19. Bacterial species found in the gut of locust captured in the field of GM

and WT Zoysia grasses™

GM Zoysia grass

WT Zoysia grass

Acetanaerobacterium elongatum
Actinomyces sp.

Bacillus sp.

Burkholderia sp.

Erwinia sp.

Escherichia albertii
Escherichia coli
Enterobacter sp.
Enterobacter sakazakii
Enterococcus sp.
Lactobacillus sp.
Lactococcus garvieae
Lactococcus lactis
Photorhabdus luminescens
Pseudomonas fluorescens
Rhizobium sp.

Salmonella enterica
Serratia marcescens
Shigella boydii
Stenotrophomonas maltophilia
Thiomicrospira crunogena
Wolbachia pipientis
Xanthomoas sp.

Xenorhabdus sp.

Acinetobacter sp.
Bacillus sp.
Burkholderia sp.
Erwinia sp.

Escherichia albertii
Enterobacter sp.
Enterobacter sakazakii
Enterococcus sp.
Lactococcus garvieae
Lactococcus lactis
Methylomonas methanica
Novosphingobium sp.
Photorhabdus luminescens
Pseudomonas fluorescens
Rhizobium sp.
Salmonella bovis
Salmonella enterica
Serratia marcescens
Shigella boydii
Thiomicrospira crunogena
Wolbachia pipientis
Xenorhabdus sp.

* Species in bold represent the species found only in each group. The Bold words are

different bacteria.
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Figure 46. Southem hybridization analyses of microbial genomic DNAs digested with
Hindlll and probed with DIG-labeled bar and hpt gene fragments. A: Ethidium
bromide-stained agarose gel. B: Southern blot hybridized with bar probe. C: Southern
blot hybridized with hpt probe. WT: samples from wild-type field, GM: samples
from GM field, lane M: size marker (A DNA digested with HindIlI+EcoR 1), lane
C: positive control (pGPTV-HB DNA), lane 1: DNA from soil microbes, lane 2:
DNA from rhizosphere microbes, lane 3: DNA from microbes in faecal pellets from

locusts.
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3) PCReNl % fF2dAd=e] 44

PCR 574 DNA H95 Solxcz wka qAste] AldaedA sk
DNA A5 SHA7I= WReEA, ofF A2 ¢ DNAZRE 54 #1049
s&ol JhestnE fAAdgs AveheH A sttt (Gachet et al, 1999).
EAv =R HGTE w2k AHEsA dAst7] flste] nladdd AlzA4 34
YT Ry YT EY, SHEY ¥ WA =R EH

w2E vAEES genomic DNAE T3 o2 &t paret hpt 7 A 2+zb

-

Eo]& 2l primer (Table 17)& A}83to] PCR T34 & AASHATE bar 7 Aol
i3k PCR 23} positive controlZ A}F-8&¥ pGPTV-HB DNAC| A5 340 bp =Z7]9]
DNAZF S3H A, v A8y AzAAFAAIL o8y dragFedA AP
AEe DNAEZHHE T3 band7} YEYA  ATE  (Figure 47A). hpt
Aol tigk PCR A# % bar 7 AFe} v 37FA] & positive control (pGPTV-HB
DNA)o| A %F 850 bp =719 DNA band’} FEH ATt (Figure 47B). wEhA
EGuAE, ZAVAE 9 59X Fu WAEEEHH FE¥E DNAdE

barst hpt AT EASA e Aoz e

A

WT GM
bp ME 1, E89%8,1 “ohmg

1000 —

500—

Figure 47. PCR analyses for detecting bar gene (A) and hpt gene (B) in microbes
isolated from WT and GM field. Lane M: size marker (100 bp ladder), Lane C:
positive control (pGPTV-HB DNA), lane 1: DNA from soil microbes, lane 2: DNA
from rhizosphere microbes, lane 3: DNA from microbes in faecal pellets from

locusts.
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el A=

1. Abstract

About 5% of the allergic respiratory patients show positive skin reaction to the
extracts of Zoysia grass pollen (Kim et al, 1987). In this experiment, the allergic
reactions were checked to verify whether pollen of the herbicide-resistant Zyosia
grass has more serious reaction than that of the wild type (WT). Skin prick test was
performed to 127 chronic allergic patients and healthy volunteers from Cheju
National University Hospital from Oct. 2005 to Apr. 2006. Fifty five were male and
seventy two were female with average age 38.1 +17.6. For skin test, twenty allergens
(4 mg/mL), pollen extracts of WT and GM grass, and histamine (I mg/mL) as a
positive control were used. Of the 127 subjects 87 individuals showed positive skin
reactions to various kinds of allergic reagents. Of those, each six person positively
reacted to the WT and GM pollen extracts (4.7%). Three subjects were revealed as
atopy patients. Three persons showed co-sensitization to pollen of GM and WT
simultaneously. There was, however, no difference between the two types of pollen.
Moreover, those positive to pollens of GM and WT showed co-sensitization to at
least 1 to 11 other allergens. For homology test, more than 80 amino acid-composed
sequences of the enzyme showed less than 35% homology when the amino acid
sequence homology of PAT was matched against known allergenic amino acid
sequences using FASTA program. There was no match between the protein sequences
and the 8-amino acid sequence allergen epitopes. The bar and hpt genes showed no
apparent risks to human and animal health risks in terms of cytogenetic toxicity and
allergenic reaction.

It can be concluded that no more allergic or harmful reactions was found in the

pollen of the GM Zyosia grass compared with that of the WT Zoysia grass.
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(reagin)’} 58 ¥ 2131 (Robert, 1982), Ishizaka(1967)9} Johansson (1968)°] <] 3
reagin®] Immunoglobulin E (IgE)= WWE o]|F IgEel #3 A= <27
Agke]l ko] AA 73tk stEEe Shtel e dulde] ATt
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vl 1o} (Booth HB, 1985) 3h=rollA= oF 2%= HlwZ YA Hazo] )

(Joo et al.,, 1965). L&} FH<Lol| 2t o] &= F7ket 3 o Tl e
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TR FzhEoe AWA o] ok del=7] REE3 1 s o dEeAl
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TEEdY] AR, HU 5ol IgEYe] A Fo] Eol dAHeR Fad
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AFgstuydd s571dd =27 Wae] e 324 9 AFgsa ) AAAES
oz Aldstdnt. AP A= 1279 ol e, FA; 557, of &} 727 ol AL
HGarrpoli= 38.1 o|H, F-HAE £17.6 ©| ATt

2) oo shidwAS o] 83k Sodium dodecyl sulfate-polyacrylamide  gel
electrophoresis (SDS-PAGE)

XY sEgmd FE2 e 22 BAES T FASAT. kAP
H A9 A x=A AT E3Y 3k 500 mgs A AAaoA 43 H sodium
phosphate buffer (0.2M NaH,PO,, 0.2M Na,HPO,, pH 7.0) 1 mL¥} &3 3}
10,000 rpmolA 533 A4 FESIATE AFAE 4ToAAN SHRFE SAT

FAA1Z1 (Spectra/Por 6-8,000) & 52 X3 TS Ao o]&3Autt. &2
Azxd dide] s

=42 Bradford methodE ©]-&3}o] Al s)std ot
o R mAEA  ARAAIAY Exd Fe dwd oW
ZAFSLZI 918l Laemmli  (1970)9] WHE A 83to] SDS  (Sodium  dodecyl
sulfate)-PAGE 415 5ttt A& tracking dyeoll =33t #v EoA
587 dAgska, 10%, 12% acrylamide gelol Al 40 mA= 719 % 3k

W71 %0 &k gel Coomassie brilliant blue R-2502 AF-&3Fo] 443t}
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oA HAYAd AxAALE XY s dUFAe FJRAAAFH
AbESE7I 9] v 2ol A Esith 4y s G ES 0.9%
(W/v) NaCloll 50]3L, 0.04% (v/v) phenoliﬂr 50% glycerol-s F7fsto] HE whilz
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mgel, AU, B, &, @ WA, Ga, B, 2, A, UF 2R (28U,
AT, EF, =FUT, HEUGE, AR, dmEuR, 3uw,

ZZteiy A, dEAYUE v AU, /A (Holeus  lanatus,  Dactylis
glomerata, Lolium perenne, Phleum pratense, Poa pratensis, Festula pratensis,
Hordeum vulgare, Avena sativa, Secale cereale, triticum sativum), =, 3tz (=3,
I3, dgof, dolx), A g A FFolF7t 50U

R AFWES 2" 483 o]l AFed. AdddAre s
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a712 A mm G2 FAISAT. BRI =717 3 mmol Y] BFE

FHoer AAson, FdUETOl 3 mm ofdeoli FAHWETAM A&
wd d o gl W wEY VTR skt 3 FATDeAlA

17FA] o] oz HQl A$E olEY (atopy)® A8t
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Figure 48. The procedure of skin prick test with Common and Zoysia grass pollen
allergens. A and B: Inhalent of standard and grass allergen sample, C and D: after

20min. Check the Scale of expansion skin.
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Figure 49. Seperation of WT and GM Zoysia grass pollen extracts by 10% and 12%
SDS-PAGE. A: 10% acrylamide gel, B: 12% acrylamide gel, M: marker protein, lane

1: wild-type, lane 2: GM Zoysia grass.
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Table 20. Results from the skin prick tests for common and WT and GM Zoysia

grass allergens

Positive rate

Allergen No. of patients %)
Positive control (1mg/m{ 3] Z~E}R) 127 100
Negative control 0 0
D. farinae (V)= ZZ=71) 72 56.7
D. Pteronyssinu (5 FE7]) 60 47.2
American cockroach (V]= H}]) 36 28.3
German Cockroach (5% Ww}7]) 39 30.7
Cat and Dog hair (5 & €1%) 18 14.2
Horse and cattle hair (292" 4 3.2
Flag or Down (% &) 3 2.4
Broadleaf tree (3=7]7113}) 2 1.6
Acicular tre (%717113}) 6 4.7
Japanese cedar (¥ +4FLt) 5 3.9
American cedar (V] =AML 6 4.7
House dust-fungi (2] +39]) 8 6.3
Outdoor fungi (2 <] #+%°]) 6 4.7
Flowers (&} %) 12 9.4
Weeds (F%) 14 11.0
Crops (31%&) 10 7.9
GM Zoysia grass (A=A A3 E310)) 6 4.7
WT Zoysia grass (¢FA8 E73Ht]) 6 4.7

* Animal hair 1 were hair of hamster, dog, cat and rabbit, ® animal 2 were hair of horse,

cattle, pig and goat.
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Table 21. The Co-sensitization results from the skin prick tests of WT and GM

Zoysia grass.

Sensitization
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}11, Western blot 2 3}
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3 B8t (Wehrmann et
al., 1996; Herouet et al., 2005). bar +HA+e] PAT wuldy}l g2 ofu| =2t
M dEd 24 A PAT @A 471 <] 8070 welell thal 35% ol st

dEsdol yEbskal, del 2 opreil AN dt Fsdol glem (Figure 50),

3 Allergen Online - 80mer Sliding Window Search - Microsoft Internet Explorer 8 B = M
mFery EEE 2200 BAZM XD SERH) &
00 1 & ) o @Il L
2 :00) [ ] Min:/#reww, allergenoniine, com/member/fastaflsearch. asp : BT . B GIEEE
| i 80mer Sliding Window Search Results
rarrp
Aligigan Dalubasy Database AllergenOnline v6.0 (January, 2006
| Logout Input Query BRI e . ) =
| HSFERRPADIREATEADNFAVC TIVNREY IETS TVNFRTEFLEFLEUTEDLVRLRERTFUL
| Edit Personal Info VAEVDGEVAGTATAGPUKARN AYDUTAES TVYVSPREQRTCLGETLYTHLLESLEAGGFE
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| Wiew Alargen List TEL
| Search with FASTA
| &flmer Search Length 183
: Number of 80 m 104
Aboul Farp Dalabaza of § G
Newslatlar ———— e — - & —
T Hﬂgeﬂ;neiﬁes@f'its} Full Alignment | Links
I # P€°}941D) > 35% E-val 61D ength NCBI Detals

AllergenOnline Database v6.0 {January, 2008}

Figure 50. The FASTA program of amino acid sequence for search the allergen with
PAT protein.
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e AxAARE =3dl

AE bar FAAE ESF Al

H

Streptomyces  hygroscopicus| A A X Q31 Streptomyces  viridochromogenes©l| *|
WAE pat A (183 amino acid)2F= 84%9] A5 S Ho|H (Wehrmann et
al.,, 1996), & Fdx 25 PAT @S A},

PAT w¥jde] oizgh ¢hdde wAdeyd AzAAdd #+d4 AE (OECD,
1999)9} H] M ElAd A A A A S5 T4, T25 (Bayer CropScience, 1995), H
LLRICE62 (Bayer CropScience, 1999); LLRICE601 (AgrEvo, 2006), %3}
LLCotton25 (AgrEvo, 2003), & W62, W98 (Bayer CropScience, 1996) &<
a9 dE7E AEA el Zlesol AW Barst par FRAAlA  AYAtE
PAT @lzde] B34 Ald A¥, pH 40]3tolA 302 o4 AHsA 75T
ol ol A 30% A B&AFE s Aoz Ak (CFSAN, 1995; Wehrmann
et al., 1996; ANZFA, 2001, Herouet et al., 2005). 52| &S o]&3 2
(AgrEVO, 1994; Thomas et al., 2004)°|A %= PAT wulzdo] HA E& = o]
sl g o, A5 ol 83 3454 23& (Jones and Maryanski, 1991; Sjoblad et al.,
1992; Schmidt, 1994; WHO, 1998; Mossinger and Dietrich, 1998; OECD, 2001;
USDA-ERS, 2002) A¥dA FEolv QA falstths 4= 24T &

EF WAl Streptomyces  hygroscopicus oA L7 E hpt AR St
HPH4 T L& 42 kDao] BAHS 71Aal glom, PAT @ d s} o] deei
F7IXEIH dEdol fldth 53], AAE ALY By A zAAFE WHst
COT102e0 =sfdl hpt frAAe]l =Ejsiels <A S ddeh da Adgsdn
el A A el e L, Ikl Al dElxl sA4o] gle AR HiuHft
(Sjoblad et al., 1992; EPA, 2003).
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1. Abstract

The present study was also investigated the elimination and inactivation for
un-intented escape GM herbicide-tolerant Zoysia grass. The non-selective herbicides
(glufosate and paraquat) without glufosiante were efficiently eliminated the
herbicide-tolerant Zoysia. Because the GM herbicide-tolerant Zoysia grass was only
show resistance to glufosnate. The herbicide-tolerant Zoysia grass in environment had
difficulty with growth by the dominant weeds and grass pathogens (Rhizoctonia spp.,
Curvularia sp., Pythium spp., Colletotrichum sp.). When glufosiante was not tried,
there were no advantage for the herbicide-tolerant Zoysia grass to grew in
environment. Therefor the herbicide-tolerant Zoysia grass did not cause any

environment risk.
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HL N FE&EFAA E=fdel wE FAHS AEA el dig A
gats] sy Qo olul A xA AIdA F (Zhang et al, 1999), ST
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al., 2003)% 2004 109 FTAE IF A1, ASE TAY HAEAE sk
(20 cm)ell &7 AlolA 20051 7€l AxAE A7) A A AFAA AT

2) v EA A xAAGY X AxA &4 AL

AZAGo) AFER AFAE ABEorA, AxAe Aty A (FE/
AL & grEh e oey T} Glufosinate (HFAERBRO]lAE2 28%)2 HE
SIMEFEEE 0.1% (W/v)°lal, glyphosate™ (ZAMR/EFAE,  41%) 0.2%
(wiv)olR o™, paraquatt (TLEHEE/AIAEL,  24.5%) 0.1% (Wwiv)E 3481

ALttt HAdEA A XA BlxEE ok WY AZ2AAZA
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) v AxAALTE 3o AxA &4 7t

H A8 AzAARAE SxibdEs Adstriss) vtaes Agss 23 2
o] ofdY EXY = aAFSEA AL
(Figure 51A). Ade wAdald AzxAASd E3t= A (glyphosate)E
A A3 15de] AstiaA HS S wH AzxZT I 50%°lNL, 2F
o= o 75%9 AxEHXE HEHAAN F A3 54 geAas A@3d F
AATE 3FFo= °F 95% ol AxEIAE UEAH. eSS (paraquat) ]

AgelE 1959 ol el AR} oF 99% ol FOE o}F Wwpom, wdHAy

by

AzAALA EFHE DA I E A xAZHN &34 o]t} (Figure S1B). ¥
ATelA  gE HAgAd AxAATE  E-]de v 49l AxAY

HhA g A3 S YEtl AT eEE, AR S 22 Bl EA AlxAld s

23=A] GM  WIEIE~e AR EPSPS  FAAE EQEHA
S EACJETL old ©E AxAE
st AlA g 4 vt FH3FA T (Frelich et al, 2003). 3k Roudup,
Liberty, Pursuit 3%9 A|ZxAle] A veulo] oIz FFsE
Fraflel Aol 24-Dell osliA HA AA 2 F AAT (Kim, 2005). D=9
Centre for ecology and hydrology (CEH) A7-A &2 #A|ZAE A 3Hx] Z2
oM S WER ARAAZA HEEc] A4 o585 ¢A X &
TAE HA &S Aoz dAdsa vt (Kim, 2006).
weba] Bl el A A A A 3 = glufosiante”} obd TFE Az Ao 2] 3
A A AAE 7 Aok AASAANA A zA ] ik dEF o]Fo] gls A5
e Az s Aol A, BHafol] oJsir AEE AoRE dFdd

o,

- 164 -



Figure 51. Eliminated the GM Zoysia grass from trial of herbicide. A: Trial of Basta
for selection of GM Zoysia grass, B: The GM zoysia grasses were died after sprayed

the glufosate and paraquat.
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