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Abstract

This study was performed to estimate the possibility of pollen—mediated
gene flow of a genetically modified (GM) herbicide—tolerant zoysiagrass, which
is required for commercial cultivation of GM crops. Chapter 1, environmental
factors affecting on anthesis and pollen viability have been checked. The
pollens were released predominantly at 8:00~10:00 in day cycle, their
viabilities were greatest as well. The pollen viability or longevity was best at
the temperature and humidity of 15~20°C and 80~99%, respectively, which
were varied depending on the atmospheric change. Under sunny condition, the
pollen was germinable only up to about 120 min after anthesis, but under
cloudy condition, up to 450 min after anthesis, extending at least above
2—times compared to that under sunny condition. In addition, no significant
difference was found between GM and non—GM zoysiagrass in their pollen
viability or longevity. Chapter 2, the pollen—mediated gene flow from the GM
zoysiagrass to non—GM zoysiagrass species by measuring crossing—over rate
of herbicide—resistant bar gene using three experimental models which include
unidirectional population combination (UPC), field—to—field, and radial model
have been checked from 2007 to 2011. In comparative close distance of
below 5m, the gene flow rate was measured around 3~5.7% in the UPC
and field—to—field models. The distance from the GM source was longer,
the gene flow rate lower. The gene flow was found at very low frequency
of 0.25% in 38m, but not found outward longer distance than it. In the
radial model, the gene flow rate was 3.7% in the radius of 3m, and that
was found to be high toward the directions of northeast, southwest, and
west. The local meteorological data supported that the gene flow rate
varying according to the position of pollen recipient (non—GM zoysiagrass)

might be influenced by wind direction and speed during flowering season.
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Figure 2. An investigation on the density of zoysiagrass pollen flying.
A, An investigation on the height of ©pollen flying; B,
Vaseline—spreaded slide glass installed on at the sampler; C, An

experimental model to measure the distance of pollen flying.
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10~20°C ®HlellA, 7HeF 5 oF 60 7HA= 60% o9 st AE&S H
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AT (5~20%) Wolrt 7hsdh shito] #EE AT (Figure 3). # AF A=
15°C7} 3t A4S 93 71 H4 Lx2 A

—— 10 min

Pollen germination (%)

10 15 20 25 30 35 40 45

Temperature (°C)

Figure 3. Effects of temperature on in vitro pollen
germination rate in zoysiagrass. Pollen was immediately
dispensed on to germination medium(Omin) or stored
for 10, 30, 60, and 180 min at different temperatures
before being dispensed to medium. Vertical bars show

standard error.
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Figure 4. Effects of relative humidity (RH) on in vitro pollen
germination rate in zoysiagrass. Pollen was incubated for 10, 30,
60, and 180 min at different RH before being dispensed to

germination medium. Vertical bars show standard error.

olg)3t Ay 2glH A& B i(Koubouris et al, 2009)%F v}e} FA}Sk

W, e 4EAY S0 i YEFEE L8, FE 59 #7300 o8 )

Collection @ jeju



U e d 9 53 g 2HAA g AETYH XA}

Y ogel "H =2 AEES Hoth B ¢
Bk ol = WA 5 oF 60%olA 20%, 12084 0%=E FAsA 39
AEEO] AU AN 5 I oAM= o] Bl FA oW Ak

3008 7HAE 30% o %ol AEFES fAsh Aow #aE ATk (Figure 5).

—*— Cloudy/GM

90
- - Cloudy/non-GM
80 L
ST B TR R —*— Sunny/GM
£ 70|
c =-8--Sunny/non-GM
[¢]
2 e
L]
£
gE 07T
]
o 4 }
=
2
T 30
o
zo L
10
0 ]
0 60 120 180 240 300 360 450 540
Time (min)

Figure 5. Longevity of zoysiagrass pollen under ambient
atmospheric conditions. /n vitro germination rate of pollen from
GM and non—GM zoysiagrasses was evaluated comparatively

under sunny and cloudy conditions.
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Figure 6. Microscopic morphology of various pollens in flowering
season from other plants of which overlaps with zoysiagrass
among plants living around the campus. A, Alopecurus aequalis
Sobol.; B, Zoysia japonica Steud.; C, Spergula arvensis L., D,
Rhododendron  schlippenbachii  Maximovicz.;, E, Iris nertschinskia
Lodd.; F, Arisaema peninsulae Nakai.; G, Carex transversa Boott.; H,
Camellia japonica L., 1, Trifollum pratense L., J, Pinus densiflora
Sieb.; K, Castanopsis  cuspidata var. sieboldii  Nakali.; L,
Dendranthema  grandiflorum Kitamura.;, M, Ixeris chinensis var.

Strigosa.; N, Taraxacum platycarpum Dahlst.
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Figure 7. The density of pollen measured according to the height in
turf zoysiagrass field. Pollens of zoysiagrass were collected very

rarely in the spots out of 100cm from ground.
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Figure 12. Experimental design for the evaluation of gene flow in very
close distance. Source, herbicide—resistant GM zoysiagrass; Recipient,

Zoysla japonica Steud. and Zoysia matrella Merr..
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Japonica

Zoysia
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Steud.

Figure 13. UPC (Unidirectional population combination) field model
for the evaluation of gene flow by the distance. Field size, GM
zoysiagrass, 5 x 9m; non—GM, 40 x 9m. A, West direction field model;
B, East direction field model; M, Zoysia matrella Merr.; J, Zoysia

japonica Steud..
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Direction
— |
GM Zoysia japonica Steud. non-GM Zoysia japonica Steud. | |2n
non-GM Zoysia japonica Steud. GM Zoysia japonica Steud. 12m
25m ‘ lm‘ 25m
<
Direction

Figure 14. A Field—to—Field model for the evaluation of gene flow
under the field condition of the same size of source (GM) and
recipient (non—GM). Field size: GM zoysiagrass, 12 x 25 m;

non—GM zoysiagrass, 12 x 25 m. A, West direction field model; B,

East direction field model.
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. GM Zoysia japonica Steud.

O WT Zoysia japonica Steud.
Figure 15. Radial model for the consideration of meteorological
factors such as wind direction and speed. Central plot of

transgenic  plants was surrounded by exclosures containing

recipient non—transgenic plants.
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Table 1. Gene flow of herbicide—tolerant GM to non—GM
zoysiagrasses in very close distance. Non—GM zoysiagrasses include
two species within the same Genus, Z. Jjaponica and Z. metrella.
Values are the number of basta painting seedlings/numbers of
germinated seeds examined. Numbers in parentheses are the gene

flow frequencies (%).

Zoysia matrella Zoysia japonica
NO. NO. . NO. NO. .
.. .. Hybrid .. .. Hybrid
L. Herbicide Herbicide Herbicide Herbicide
Replication . Frequency . Frequency
tolerant sensitive tolerant sensitive
(%) (%)
plants plants plants plants
1 2 48 4 83 233 35.6
2 1 37 2.62 56 226 24.8
3 0 33 0 57 229 24.9
Total 3 118 2.21 196 688 28.4
A 7 matreld9)

l A 2 | \ 5/ 5 | ] Stm eme |
/I | 5 /] | 1
4/20 naither aetior 4/30 \ 5/10 /%‘D 5/30

7 japoincdGM ¢)
B Z. japonicd?) y
ma emergence
| /1(29 \5/12 | Sogmacmergence
W p \1 510 %
. 4 1 0
Anther exertion / \ / /%I 0 £
Z japoincdGM 3)

Figure 16. Diagrams of the stigma emergence and anther exertion
of 2 zoysiagrass combination in natural open—pollination. A,
Z.matrella Merr.(Q) x Zjaponica Steud.(d), B, Z.japonica Steud.
(Q) x Zjaponica Steud.(d").
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Table 2. Gene flow from GM to non—GM zoysiagrass at a range of

distances in UPC model in the 2011. Values are the number of

basta painting seedlings/numbers of germinated seeds examined.

Numbers in parentheses are the gene flow frequencies (%).

Distance from

East West Pooled date
GM plot (m)

2 6/586(1.02) 24/405(5.93) 30/991(3.03)
4 2/536(0.37) 6/468(1.28) 8/1004(0.80)
6 2/511(0.39) 7/491(1.43) 9/1002(0.90)
8 0/476 1/372(0.27) 1/848(0.12)
10 0/377 1/351(0.28) 1/728(0.14)
12 0/450 2/389(0.51) 2/839(0.24)
14 0/264 1/278 1/542(0.18)
16 0/198 1/357(0.28) 1/555(0.18)
18 0/165 2/372(0.54) 2/537(0.37)
20 1/640(0.16) 1/571(0.18) 2/1211(0.17)
22 0/729 0/341 0/1070
24 1/540(0.19) 2/467(0.43) 3/1007(0.30)
26 0/299 1/315(0.32) 1/614(0.16)
28 0/250 0/311 0/561
30 0/388 0/259 0/647
32 0/484 2/481(0.42) 2/965(0.21)
34 0/278 0/417 0/695
36 0/484 1/421(0.24) 1/905(0.11)
38 - 1/395(0.25) 1/395(0.25)
40 - 0/291 0/291
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Figure 17. Mean frequencies of gene flow from herbicide—tolerant

GM to non—GM zoysiagrass in UPC model.

Calms: 2 Z 7|9

Figure 18. Local meteorological data on wind percentage and
direction during days overlapping with flowering season at the test
location(Namwon, Seoguipo). Data were downloaded on the web
site  (http://jeju.kma.go.kr/) of Korean meteorological administration.

A, 2007; B, 2008; C, 2010; D, Year 2011
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Table 3. Gene flow from GM to non—GM zoysiagrass at a range of
distances in field—to—field model in the 2007, 2008 and 2010.
Values are the number of basta painting seedlings/numbers of
germinated seeds examined. Numbers in parentheses are the gene

flow frequencies (%).

Distance from

GM olot (m) East(2007) East(2008) West(2010) Pooled date
2 3/115(2.6)  21/249(8.4) 53/426(12.4) 77/790(9.7)
4 4/196(2.0)  26/358(7.2)  32/412(7.7) 62/966(6.4)
6 9/586(1.5)  25/515(4.8) 23/542(4.2) 57/1643(3.4)
8 3/543(0.9) 11/632(1.7) 29/677(4.2) 43/1852(2.3)
10 6/305(1.9)  9/583(1.5) 18/535(3.3) 33/1423(2.3)
12 2/797(0.2)  4/483(0.8) 23/597(3.8) 29/1877(1.5)
16 4/592(0.6)  5/489(1.0) 21/647(3.3) 30/1728(1.7)
18 0/492 2/514(0.3) 15/692(2.2) 17/1698(1.0)
20 0/405 2/508(0.3) 11/590(2.3) 13/1596(0.8)
24 0/553 0/273 0/586 0/1412
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Figure 19. Mean frequencies of gene flow from herbicide—tolerant

GM to non—GM zoysiagrass in Field to Field model.
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Table 4. Gene flow study in the 2010 from GM to non—GM =zoysiagrass at a range of distances in radial model.

Values are the number of basta painting seedlings/number of germinated seeds examined. Numbers in parentheses

are the gene flow frequencies(%).

Distance Pooled

from GM N NE E ES S SW Y WN

plot (m) data
3 16/540(3.0) 50/693(7.2) 17/447(3.8) 10/563(1.8) 11/751(1.5) 41/754(5.4) 33/596(5.5) 2/142(1.4) 180/4486(3.7)
6 4/322(1.2) 19/501(3.8) 7/591(1.2) 3/231(1.3) 3/334(0.9) 17/712(2.4) 15/536(2.8) 0/3 68/3230(1.7)
9 1/172(0.6) 3/308(1.5) 3/579(0.2) 4/677(0.1) 1/605(0.2) 5/746(0.7) 5/648(0.8) 2/158(1.3) 24/3893(0.7)
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