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Abstract Creeping bentgrass (Agrostis stolonifera L.) is
economically important as the principal turfgrass species for
golf course greens and fairways in temperate climates
around the world. As the utilization area of the turfgrass
species increases recently, the demand for new and
improved cultivars increases. Thus, substantial progress has
been made in applying modern biotechnology to develop
genetically engineered (i.e., biotech) creeping bentgrass
with new traits that eluded the breeders. This review article
addresses the advances made in developing biotech creeping
bentgrass, which are categorized in the following topics: (i)
genetic transformation of creeping bentgrass, (ii) development
of various biotech creeping bentgrasses by genetic engi-
neering, and (iii) progresses in the deregulation of herbicide-
resistant creeping bentgrass.
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2o Aba) Akl 4 Ao a7k 345 7k 2l
o, o]& <Qlste] zttjd AR AA Sl E L
Sof DB WY ALS BT el Y}, vwe] 7
9, 20 FAAHE St Lo A ot 5 o)
=2 AAEE AYAL o, I e fA e HE
of gol B B A auih of 4591 o] 4L §A B
g v o2 Awslal Qlt} (Lee 1996; Zilinskas and Wang
2004). oo HEET 71WL o] L3k WRAAA HEE
o Y FF MY 2o 7drt SdiE A Sl

HE 12k (Bentgrass)= URFA O 2 71 F8o] £
A A Y E dEA o, dFol mie B
L 53] (stoloniferous) A+t 2 A 7Fo] w2 F3l 3mm A=

A dxoe & AY 2 279 7o HY
A FE Fo] AL HHO R Kol HAHORE Fagt
Agolth (Wamke 2003). METZAE A§73} obxlo}
7F YAFA o] W, Agrostis <50 <538FaL oF 200 ofFo] Y
ok kAT AL R e AL of 5% Hwol
o] B0, GEA Fo AeW WEIRA
(Creeping bentgrass; 2n=4x=28)21 Agrostis stolonifera7} 31Tt
(Bonos et al. 2002). 28] WIEJgtAL 2 EHo| Wt
she elet EBAI 7 uhool A R} Bo] KEA
A= Ao A freEo] Eol%l o]Folth 1Eal &
dvet 229 MEdEkAY Y AHg] Aol7t £4js)
=4, o9& W Agrostis palustris Huds., Agrostis stolonifera

2
%0

L., Agrostis stolonifera L. var palustris 5©] Slt}. o]A-&
zu7 94 A9 Aolo] 71ak, AAlE Agrosts
stolonifera L.0] 7} B H A o 2 AFL-FH T} (Warnke 2003).
99 HEIHA FYH FFoRE 1950 ) 2ut
H-E| “Penncross”7} 71 @] o] & & o] FI7HA| = ol
AR glom, 1990d MR tha=o] AFFo] Y
7] AJZsFoe] “Pennlinks” “Crenshaw” “L-93” “Penn-A-4”
Y FFol NdE o] ARREIL Tk of| 24, “Crenshaw”
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% 28 “Penncross”H T} T 43 o] &2 U

= Holn o5 4e

A =4
v 1T

5t Zo] 2 7fkE Zo|th (Engelke et

HIE DAl 94ak AT A, 193 e oz
& Avn 2ag 18 BRA S48 1Y F4L
o shol, AT AL APORK £ A
B3 WIS Y Wew o Wk el 1L Az
A oFsfe] & AT Telo 9
(Warnke 2003). ofof o] &=
9 wpdol ofa) wol AsrElglont,
) SNRE SR EEER
e o0sl B asich eby Azl 15 450 @
225)7) fiste] AWE UL ol §5o] St
8= 31 Q) (Chai and
Sticklen 1998; Wang et al. 2001; Zilinskas and Wang 2004;
Wang and Ge 2006a). 3t 9|24, HIEdHAE Fx2}9
AN ofstrlof ArgEst 7IWe o] &3t Fx e
of &olgt A=A AFA HEIZtAS] /W=
(Hartman et al. 2004; Asano et al. 1997; Chai et al. 2003; Luo
et al. 2004; Kim et al. 2007). & =FojA= AP Fst HE
TGeka A AT WET EFS olaels] Ystel, A
714 S e WE ek FAAS A2 L A
Foh Wleaehs 37, 201 As 24 4% 5ol o
sto Aele) BaA B,

N
R
Ho =
o]-N £

1 Wl EJatA (Agrostis stolonifera L)) A A <l
& A A 32 1993 o microprojectile bombardment ¥ S

S R E AT} (Zhong et al. 1993). o] & ECT}E &
Er FUst oz FAASS Hst¢ o (Hartman
et al. 1994; Xiao and Ha 1997), 3§} protoplastE 2|5} ¢]
polyethylene glycol T+ electroporationS ©]-&3}o] 74 A}
2 44 FUA71E W) 908 PHE Baggn

(Lee et al. 1996; Asano et al. 1997; 1998). o] & TR ES
AzA A FAAR] barg =YAI717] 918l o] Fof

Ak shANE o] 5 WHEL Tl §HA 7 e A,
FA oA =dE FAA7E BAH A ¢h= gene silencing

AL W& 2 o= gol AHEE A
okw1 glom, o]t EAHES] FL Agrobacterium Wl 7|
FAAHZ WHo] =2 o851 9t} (Dai et al. 2001).
gy HEDZA Agrobacterium w7l A A3
200060 H22 HuE ek (Yu et al. 2000). o]ufjo]=
21 A3l 74 of) A reporter gene & 2 GFP (Green fluorescent

31 5L = Ly
qE BE 5o
1

protein) -8 A7} o]-GE AL, & = 74O E E}"JO] 2
olE] o] HE T} o] Agrobacterium w7l &2
&= SHAIZIZ] flsto] ofg] A dFolA Hily
o=, A A FAHAL Y v 5h AHE-S)
W E 78k A 20| selection marker = Z Ao %
SolA SR 2] Apol7t Q1ATh (Chai et al. 2003; 2004;
Luo et al. 2004; Han et al. 2005; Aswath et al. 2005; Fu et
al. 2005a; 2005b; 2007; Kim et al. 2007; Han et al. 2009). ¢
£ &4, 298 WEIGAVL oyt FEYY WED
gAs EH*POE g H317F 1S ™ (Chai et al. 2003;
2004) selection marker 3-A A2 bar7} oFY 2} hygromycin A &
A GFAAE AFESE Ba% ¢l %th (Chai 2004; Han et al.
2005). =3+ A=A A7} g o]t hygromycin A 3}HdS A&
SFA| 931, GFPL} manAd (phosphomannose isomerase) -7
A= /\}9_’6‘}% BU% 9t (Fu et al. 2005a). LR B

ALl X2 o et

TEL gRE por SHARAE o] L3l FAHIL 423
SH3aL, ‘?:_]—r embryogenic callus &% &7 o]U} Agrobacterium
FAAG BAA LS ZRA7]7] 3 v o] z}o]
So] Atk EF 2o HEFR AN FAE em-

bryogenic callus7} oFY 2} stolong ©]-838F Agrobacterium
o7} A W= 2ot (Wang and Ge 2006b;
Xu et al. 2009).

7R R Ay WETA S Agrobacterium
7 AR s 6k HAStE RS AuE
W Fig 17} 2}, Zheke] Amn, 258 4% 242
BE 3225 78 callus 5= v | o 4] embryogenic
callusE §%=3}1L (callus induction), At vjY¥S E3}9]
ZL embryogenic callusE A3t} (embryogenic callus
subculture). 123l Agrobacterium /% 159 Ho 0.5
mg/L kinetino] 3Z3HE HjZ| o A wjoFdt & (pre-culture),
Agrobacterium 890 108 A= HFsto] oF 347 &
= HjSFAIZITE (co-cultivation). ©]Z bialaphos T+ PPT
(phosphinotricin) 7} 5% vl x| o) A oF 4-105=U 7t vl oF3}
HA] AbolQl = callusE W Z2dH 3 (selection), & 2 H o]
§l+&= shooting G- &= WA 2 A AESE 53t} (shoot
induction & root induction). ©] % EOFO 7 A Ao} oF 2
FU A7), A 2A AFAE AP Fote] FE

AgA S AdstA ok Hiud =gvkch gAE ot
o] 717F Zol7} Q71 BFAWE, ti=F callus induction% 8

Z~9Z, transformation & co- culture~ oF 3¢

2] selection-2
4~103, shoot inductionS 4-65, root inductionS °F 45 A
T2 AASAE g e d6-TY A A= A
o 72 upolE|Qich ghek 2E3F embryogenic callus7} X
= AreEbd callus induction 7] 7ko] AJFElE 2 & 2 A 35}
AE oF 4571 Holl 25

.
7R Rug 323 WE 12t~ 9] tfE 2] Q] Agro-
bacterium 7Y FAAS ZAEL 8| W5HH Table 137} 2+
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Fig. 1 Agrobacterium-mediated transformation procedures for creeping bentgrass. Embryogenic callus were induced from mature seeds
on callus induction medium, and selected visually and pre-cultured on callus induction medium supplemented with 0.5 mg/L kinetin
for 1 week prior to Agrobacterium-mediated transformation. The embryogenic calli were then immersed in Agrobacterium suspensions
and incubated for 10 min with gentle shaking, followed by co-cultivation in the dark at 25°C for 3 d. After the co-cultivation, the
infected calli were transferred onto a medium supplemented with 5 mg/L PPT and 250 mg/L cefotaxime, and cultured under darkness
for 4-10 weeks to select PPT-resistant calli. For plant regeneration, PPT-resistant green shoots were transferred to plastic vessels
containing a hormone-free MS medium with 10 mg/L PPT and 250 mg/L cefotaxime under appropriate lighting, and plantlets with
well-developed roots were placed on soil and grown under greenhouse conditions

oh AN Q) FAAT BASE oiEe] AT g
A B34 A3Pstar 9l om, thit callus induction medium
(CIM)o] L} pre-culture =7, 181 Agrobacterium 3% 4
SEUME 24 Aol E Holil Qlrh. FA7HA] KL
H UEES EdE A R oA Fasitar o
AAe PSS AT EH, WE Tt 4 embryogenic
callusE ¥7] Y3t 22 2AL 24-D dEA 2] (Kim et
al. 2007; Han et al. 2009), 2,4-D&} kinetin®] Z-8*] 2] (Yu
et al. 2000; Fu et al. 2005a; 2005b; 2007), dicamba®} BAP 2]
=8 g (Luo et al. 2004) 52 o]&3} Qlow, z+z¢
g2 322 A 93 F= % embryogenic callus®] H]
0 AEsHeE & AolE YEWA ghe AoR KA
t} (Kim et al. 2007). ©f2}A HIEI8A A2 EE em-
bryogenic callus &= 2L IA Q3 A0E oAZ
2] oo, Ttk embryogenic callus H]&of 2}o]& F+= A

o2 AR} sFAW Agrobacterium & 2] pre-culture
A= FAAL Fag FFE A= ALE AR
t} Luo 5 (2004)2 Agrobacterium % 31 Aof 100 uM
acetosyringone2 A FA| 7] = AL A3, E3F Kim
= 2007)S HE 1522 Ao] 0.5 mg/L kinetinS A 2] 5HH
FAML ago] oF 37t FoiEe] RaEith 2
Agrobacterium % W FF WY ZAE $Q3 Ao
oA A =4, Luo 5 (2004)2 Z+ e Ao Agrobacterium
HiQFol S 10 uL HEZ Hojme| A HEslaL, & o
T AEek g2 Hed vt AY MS Hi A half-
strength2 3} AU pHE B3+ 5 Agrobacteriumo] 23t
oA} 9] AL 2 A3} 51T (Fu et al. 2005a; 2005b;
Kim et al. 2007, Han et al. 2009). o}x|ato 2 F=ufjofF &
$H4Z7F =YH callusE selectiond}= o] Q3 A
© =2 potE| Qi o] 32 P AHEH callusof| A shooting
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Table 1 Comparison of Agrobacterium-mediated transformation conditions for creeping bentgrass

References Luo et. al (2004) Fu et al. (2007) Kim et al. (2007)
Cultivar Penn-A-4 Crenshaw Penncross/Crenshaw
Callus induction MS, pH 5.7 MS, pH 5.8 MS, pH 5.8
medium (CIM) + 6.6 mg/L Dic' + 2.5 mg/L 2,4-D + 2 mg/L 2,4-D

+ 0.5 mg/L BAP + 0.5 mg/L Kinetin + 3% Suc

+ 500 mg/L CH + 100 mg/L Myo + 0.3% Gelrite
+ 3% Suc + 3% Suc
+ 0.2% Phytagel + 0.22% Phytagel
Pre-culture medium Same as CIM Same as CIM CIM
+ 0.5 mg/L Kinetin
Agrobacterium CIM (- Phytagel) CIM (- Phytagel, 12MS, pH 5.2
infection + 100 uM AS 1% Suc/2% Glc) + 2 mg/L 2,4-D
+ 50 uM AS + 2% Suc/1% Gle
+ 100 uM AS
Co-cultivation CIM CIM (1% Suc/2% Glc) CIM, pH 5.8
+ 100 uM AS + 50 uM AS (1% Suc/2% Glc)
+ 100 uM AS
Selection medium CIM CIM CIM
+ 250 mg/L Cef + 250 mg/L Cef + 250 mg/L Cef
+ 10 mg/L PPT + 3 mg/L Glufosinate + 5 mg/L PPT
Shoot induction ~ MS MS MS
medium + 1 mg/L BAP + 0.01 mg/L 2,4-D + 3% Suc
+ 100 mg/L Myo + 3% Suc + 1 mg/L Kinetin + 250 mg/L Cef
+ 250 mg/L Cef + 10 mg/L PPT + 100 mg/L Myo + Smg/L PPT
+ 0.2% Phytagel + 2% Suc + 0.3% Gelrite
+ 250 mg/L Cef
+ 3 mg/L Glufosinate + 0.22% Phytagel
Plant regeneration MS MS MS
medium + 100 mg/L Myo + 100 mg/L Myo + 3% Suc
+ 3% Suc + 2% Suc + 250 mg/L Cef
+ 250 mg/L Cef + 250 mg/L Cef + 10 mg/L PPT
+ 10 mg/L PPT + 3 mg/L Glufosinate + 0.3% Gelrite

+ 0.2% Phytagel

+ 0.22% Phytagel

' Dic, Dicamba (3,6-dichloro-o-anisic acid); BAP, 6-benzylaminopurine; 2,4-D, 2,4-dichlorophenoxyacetic acid; CH, Casein hydrolysate;
Myo, Myo-Inocitol; Suc, Sucrose; Gle, Glucose; AS, Acetosyringone; Cef, Cefotaxime; PPT, Phosphinothricin; bialaphos, L-
phosphinothricinyl-L-alanyl-L-alanine

o] AAsctn
Zo] vFo] By Ze)3 WETIeA0 FHAS
A2 iﬂxﬂ.i}ﬂ FEAS e ARE o

71Z0 2 s oF 5.33-9.50%
2 BuE9ch (Kim et al. 2007). AA] HIE Tebsof A
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HB Ol AEH = Southern
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PPT-resistant eventS 7|&OC 2 3+ A A ago 7
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T, AA7EA A 2o M AYE] o
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A ZREFo] & Ae2 debd: (Figure 1 3
Table 1 Z=).
CIEH WESS HET2A i

HIEIS AT F2 o] 85 T2 Id 22 4%
= W2 o] Agaty] o vt AAE a4
Sol A%e 2Tk £ Lyt AEAY A
o5 715 2oy dr AEE A fAsH] A
Bl 20 Frh ARz Qle] WETetAe el Bt
A7 ol v k. ofof ZtE & welstr] flsfAl
d Bt e s AE st e AAolH, ol
A3 W2 A v o] AYshy S6] L A
o] FoFoll 3t e e Fol AR A e A E o] Fore

[e]

79 AENSE ATEHT Aotk (Wang et al
2003a; Fu et al. 2005b; Wang and Ge 2006a). w24 o] &3t
L ZE3}] sle] AE IS 2r] Ajuko] W EtH,
2000 =of Australia®] Melbourneof| A 7] 2 ¥ “Millennium
Turfgrass Conference”o| A B H Y& Fo AE % &
ol o8] wEoiA7] oS WE oo FaT AT
2 A|ZA| A3FA (herbicide resistance), W 3F A A
(disease and insect resistance), G4 U WAA (salt and
drought tolerance), &&% & A& (nutrient use) 5 ©]
aeyﬁgloqq olgat LS Bz Awrs 2o &
152 27 Uire] B9, Al A= AR = Al
Aot &, Al 2Al = 2 o) Ak 1%%
9l BelF A W QLT YAy 2
AGA 2, A AR nE 2 S
23 4 ook mebd o)2la FEE £IA7 A
P

It

ofl
mN

AN
o3

~

il

£ ok

[~
od |o l‘lO

o

ofl HU > X PN

E}/\ ] E-& Table 2
é?ﬂ@rolb} ag 4 5ol

Sttt (Zhong et al. 2003; Xiao
and Ha 1997; Yu et al. 2000, Chai et al. 2004, Han et al.
2005; Fu et al. 2005a). FAAZ o] o]&EH EFXo0Z2:=
1950 e of] ik o] HR7AA| = d 2] o]§-E]|= Penncross
EFo] 7% W, 190U o|F urE EFom
Crenshaw &Z0|U} Penn-A-4 EF S0] A& 5 ¢t} ESH
st ot BAE AS, A2A 4Gl 717
woton, o2 W A s Add 2 WA,
a93 HZoe =3 A oL} anthocyanin®] &4 % H
b zhe Fol ik AlzA A A zhd 7t wo] sy
H o]8 = %70 FAAZ 1A o) A selectable marker=
AzA A AR (bar)7b T2 o]§EH 7] dzol
FAAS 21 S} FA 2o 4 U7 Wzol ek

331
Qe ME LAY A 2 oFd F9 sk W29
of BAol M ofsttk= Alolm, o2 <8l Annual bluegrass
o] ZxAoA HEIZART SH 0] 71535t o]y
ot 22 WA Y8 2 A7 kA Wt A
Hj & W ol ek e A7 Yo nE Z
% 220 )3t FTHA 0l U4 HHH L o} 9l Al o]
o whebd ol 5o EalAel WAeH Sof A8 58 Fol
7] S18f wladE g A=A R undupO EL BASTA" Sof
ATFAL A= A2A ATA AR AogE $AZ

62 7)dtE] Qi) (Hartmann et al. 2004; Lee et al. 2006;
Asano et al. 1997; 1998; Chai et al. 2003; Luo et al. 2004,
Kim et al. 2007; Guo et al. 2009). ¢] AHj&E2 E4 A=A
WoR oh2 B2E Al ATk o2 WAt A1a)
o2 —“’-OH}B—% =Y ¥ ofyef 2y Y& st
A % 4

FEROINE WETAL Ee
NE B 22 oA Hed,
O)5t 2+ ulEX (brown patch), Sclerotinia homeocarpa®])
oJst FA ulESw (dollar spot), Pythium spp.o] <3t
Pythium blight® 5 FH §3F FFo] HHtol sl =
A& F7FA 71tk (Belanger et al. 2004; Bonos et al. 2006).
upeba] T A o] WalE wr] 9o WS o dat

Wez At 4
0] = Rhizoctonia solanio||

HU%

As A=

3 L oge gAY ug 2R
v ohvjet &

e, ot 22 ¢
9 2% A . ol 22
2} 9] B A 3HA] (disease res1stance)%
Aol LS Fof 2o gAY
£59| Aol AW AL}. B3 2
%= Rhizoctonia solaniol 2]3r ZA ulS® 3l Selerotinia
homoeocarpa®l| 9J3t A u}EH
L 3 E st A7k wol AWEe AAA
BHE Zof 93}, PR (pathogenesis-related) Tl 2 7}
g {FAAE, S S0f rice® PR-S FAF FAA
(tlpD34)L} PR-59} A¥}5}= kinase?] PRSK F-HAAES 9]
gajo] £ ohE o] A 2 1t el
(Guo et al. 2003; Fu et al. 2005b). E3F un|=x}le]F
(pokeweed) Al&Eof| A E2| 3l ribosome-inactivating protein
2l pokeweed antiviral protein (PAP)E =UA|A 4 &
ol AgAe Hole Ad7 AdE 7| = sHUT (Dai et
al. 2003). 517 o] 5 AW E Wi So|HE 24 vhE
Hol T332k A HHT = qlolh (Fu et al
2005b). TF9F chitinase?} glucanaseE Ao =Y AIZ]
tol A5, 4 vha 24 upg R Zﬁo*é
wolo] PAE Yt (Wang et al. 2003b). 2 A7)
O, 3130 A B35l esterase 54 A}2] PepESTI (Kim et al.
2000)E =AAR A58 METDeiof A o5 9423t
2 g Agde g 4 A (unpublished).
3} Creeping bentgrass®] @3-S H &

A
%
R

b =
o
2
>

o, rulo r

[e]

gl o A

12 oZ:o
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Table 2 Developed biotech creeping bentgrass

Transformation Cultivar Marker  Target gene Target trait References
method gene
SouthshoreEmerald bar/gusl bar Herbicide resistance Hartman et al. (1994)
) o Crenshaw hph Arabidopsis PR5SK Disease resistance Guo et al. (2003)
Microprojectile PAD " 4 imal
bombardment Crenshaw hph '(po eweed antivira Discase resistance Dai et al. (2003)
protein)
Province Penn-A-4 bar chintase+glucanse Disease resistance Wang et al. (2003b)
Cobra bar bar Herbicide resistance Lee et al. (1996)
Electroporation Penncross bar bar Herbicide resistance Asano et al. (1997)
Penncross bar/gus  bar Herbicide resistance Asano et al. (1998)
Regent Tiger bar/gfp  bar Herbicide resistance ~ Chai et al. (2003)
Penn-A-4 hyh/gus bar Herbicide resistance Luo et al. (2004)
or bar
Crenshaw bar Rice tlpD34 Discase resistance Fu et al. (2005b)
. Penncross bar Cowpea VuNCEDI Drought/salt tolerance Aswath et al. (2005)
Agrobacterium-mediate
d method Crenshaw bar Barley hval Drought tolerance Fu et al. (2007)
Crenshaw bar/gus  bar Herbicide resistance Kim et al. (2007)
Penncross
Crenshaw bar/gus  Maize Lc+Pl ili)rlpol: Han et al. (2009)
Penncross hyh SAG12-ipt Delayed senescence Xu et al. (2009)

"bar, bialaphos resistance gene; gus, {3-glucuronidase; hph, hygromycin phosphotransferase; gfp, green fluorescent protein

3t7] 918 7He AR A= HEEHG o5 flstke]
AEO AEFA TEROE 47 ABAL AgA o T
o5l Aoz & A 9-cis-epoxycarotenoid dioxygenase -

£ senescence-specific promoterQl SAGI20] ¢ o]-&
T} (Gan and Amasino 1995). ©] SAGI2-IPT constructES Hl E
defaR EQAA BAT AT, wsian

[¢)

ohvjet

A} (VuNCEDIE cow peao]| A E2j3lo] HIEdStAR
TYUAA AT A3t ABA Aol SHiE o] 7HE AT
A3 Wdol SHE Sl B E Tk (Aswath et al.
2005). E3F FAF 717l 2 AL oheF3t stress 271
oA ZoHA FEEHA AEo] 7HE AdAEdE & 5 9
= 2108 I3 % LEA (late-embryogenesis-abundant) T+
Ax o8&t =d, B8 (Hordeum vulgare)?] LEA3?l
hval §-AHAE ABA inducible promoterE ©|-83}o] HIE T
gAR TYAIZ] A 7HE Aol 2A SHidel &
ZrE] Tt (Fu et al. 2007). 2 AL A ABA AlS Ao
ZQ73%F ABF3 $-A A} (Kang et al. 2002)2 WIEIZtAR
EUAA 48 Aol Fold AEEe wETeks 1
g e 4 sk (npublished)

Aol WETes $UME A2do] ehyshed
A AZA AR, W ARG AU A Ay ole)
of AEATH] FAE EUNTE AFE AWHD 9
o ol E Sol, MEehs hre] A7 ARA7)
7| Sfeto] ek AN RS e ATt 2 A7

wgsto] ARH AL o] 4E B2l cytokinin

o
=
AsFA o Todsti= S A2l IPT (isopentenyl transferase)

SAGIZIPTS ©IA17) @A 2eiel WE Tef Ao A=
LA & Ahs E4& HoF Ut (Xu et al. 2009).
293 dEAohd AREe 2sks AR $1%
S0l Lesh PIS maize e Bejdho] SAlo] WE T8t
£2 EQAA, SEAlOPIC] ZAEo] wehug He
Z 7F e 71 = 31Tt (Han et al. 2009). & ZLof=
Eoeiae) 4st B 2A BRI H 427 of
& (gene flow) ZAIE Alofst7] 3t SA4EH 7t A
eI Qe 2 A% 7§ pollen-specific promoter
2l TA29 promoter®] RIP (ribosome-inactivating protein) -f-71
AE 2o MEISAR =X A 24 Fof 3= dl, °l
R strile polleng THEA Ho] §HA o] 54 242
HEY = e A= A& JER 7|dEr

> N
o2
i
=
s
o
=2
rel
=
N
)
=
ik

‘”1 At 2



J Plant Biotechnol (2009) 36:327-335

333

Ao ofAxL}
MBS WETRtA| Hlst 3T B

HETetA FAAS o] H 22 HH 19939 o] % tfef
o A Fst HE DA S0 7HH*H01;<IL otk (Table 2
Hx). 58] AzA A AEsst HEdIgtAE o
7HA Al o g Qlef Adstst 4% 157} e OE |
N ek A AzA A HE A o] A4
o}5 FX18k= 3 A= Pl 9l “The Scotts Company”

Ztt] = Mansanto Company®} 3502 7fds
2, Microprojectile Bombardment B S 2 Roundup”®
BHE A zA9 &4 AHE2 glyphosated] AFAS A
UXEE bacterial EPSPS (5-enolpyruvyl-3- phosphoshikimate
synthase) -FAAE =9 A)Z] Roundup Ready HIE 122
A=A H2o] vF E62 525U Guo et al
2009; US patent No. 7,569,747). o] &3+ Zr]j= 1990
Wt SRl ZFAIE S ZFe B2 A7 A ES
31,2003 3 29& 6‘} 120099 8 of| Al oF &
2o] Hgit. A 4HFet 2] Ex) gt Sol=
2o Ao} E=o] @omo @A 349 WED
o B3] 1) Soj2 E28 Aoz setE g o
HA| 7t o] EA (deregulation)E 321 391 Roundup
Ready Creeping Bentgrass #T]+ Event “ASR-368"%
E¢lom, ATCC (American Type Culture Collection)o]
accession No. PTA-4816C0. 2 7]|ErE]o] Qith
Event ASR-368 =] W& Tatro] st 347 9 a4
H7} 52 20008 £ ¥ u]= Oregon, New Jersey, Ohio state
S o2l oA FH A S E Ao, 2003 490
USDA A&} APHIS (Animal and Plant Health Inspection
Service)ol| deregulation AAFS 243}t (Nelson and
Stone 2003). USDA/APHIS 9] o] 273 Qs)|A H7} A,
Ayt 227 METAE EARIAE Ut 7o)
st 719) S5e Busgon, BB 2 el
EPSPS G227} 3 7§ 7F =)l w o] Q1o Wid 2%
2ohi= A, 22 Q5 weet v BelF
EL y4E AU Ao H7bEoT (USDAAPHIS
2004). sHAIRE o] ZHEERE O FHA o5/ (gene
flow)o] |z Huwct A o Hel 24 5 3o By
o], transgene escape 7H5A FA| A|7] wfj&of deregulation
o] o]FoA A& ST AZ Hilo|A& ul=rofA
H{]E_‘_—[_g}/\é 7]_11— U}o] /\ﬂ/\}ﬁl.h ;qoﬂo] Oregon _7‘:94
Willamette Valleyo| 4] <=3 = intra-specific & inter-specific
gene flow A¥ Ay}, W& 9F 02%=2 YEYL 44

5

A o]Fo] oF 1.6 km o|fell A #EE QT (Wipff and
Fricker 2001). S}A| 9k u]=+ EPA 1A oA AFS 3
gt A, 2o FAA} o] Fo] HiEo] Fe HOR of
2 km WollA dojitort, 2o {4 o]Fo] 21 km #|
QoA & P25 Ao] SHelE|oirh (Watrud et al. 2004).
ol thE It F3 a3 S o (Bae et al. 2008), HE
ks Y7 vhe- A2 SHE (pollen)d} FAF (seed) S A
U Aof 7]eskes Aoz AR HEIDSA o
S 2 E0] 254 um, HF FA 7} 52 ngo|nw ExE= 1
o oF 1350071 ) FA7F 23kd A== A7)of FHA
olFAol & Ao gotE ) (Mallory-Smith and Zapiola
2008). #ut o2} nonagronomic habitato]] 5] == Roundup
Ready Creeping Bentgrass7} ¥FAE = 2 15 ¢l t} (Reichman
et al. 2006; Zapiola et al. 2008). w-a}A] o]& 3t 374 EA|
7} Al71€ el u}2} Roundup Ready Creeping Bentgrasso] T
gk 517k AR SF IFFIE s o= AV
et

The Scotts Company+ APHIS ]| Roundup Ready Creeping
Bentgrass®] deregulation AAFS R AoF o], A &
| o] X] (www.scottsproseed.com) W 2] future product® &
FaL o] Y S FHEAOY, A4 7|&F7HIH (ICTA,
International Center for Technology Assessment)”} USDAE
garoz o Bz} ohE A8 $o A2 AU 4 2
719l deregulation 4172 7]Z}sljof gttt Rl
QAIL, 20079 24 W= W elo] o] 5 WS Yo RN 7
+ Roundup Ready Creeping Bentgrass&

—_>i,
i ru{)l'

>.
__oé
ol
=
o,
rlr
o4
|o
H-U >~
O HdopC M opo fo o x4 o

Zd o] A of
Xﬂo]‘ _,-5\— G]:,LE X]oﬂ %o] 7/&_9_; %aﬁq‘ E
gene flow A S ZEAHO0Z Ao7z] P FAEY
HEIGAS AEshes A= 433

A e A R el ERlA B 2 4HE A
e £ AETe AR
S} deregulation T} 4¢EHX] 42 Ao
£ ABgT M= e dYs
= S, W3 53 2 ASe
R A A -
3t 7}E %] (wind-pollination)7} & ojLfal o]F v (out-
crossing)7} |- & Aoy Al Eo|g+= HolA 7]E A
BES BB d2A o2l n Uk & ol
Aeshe AUEE 485 Hehs Aolay oiF
A4 S5 R4S WA obd7] o B
F0 AAFHE T4 AD

ES
7?%?‘& He ZA= A= gl

fu
oZ; N
ol
ol
i)

oRAO| M Ao]
upeba] B o2t
zl

YR A7

—_



w
)
~

J Plant Biotechnol (2009) 36:327-335

my
rhu
H
r3
o

o
rl

2 e
off ofN
fo =2 ox
Ol"N £
ot
4>
o
_\\L
)

K
i3
o)
I8
>
)
£
=
oo
o
o g2
o

=

w ® o
o 0
o o?J:' 032
ol i of
(= R oH

pacs

i

>,

Y

il

il

[

o

=

O = ofh o rlr & 2 §2 rlu %0 2
i)
2
M
o
e (m
o
o
o
o,
2
é
P
é
2
o o
ox,
%
o
_\|l_
o
H

ol Ay o =

(i
=
O
O
A
2
N
i
(i
ox
o
ok
-~ _133
=)
m
[
i)
N
1o
o
e
we foh 2N

o Ao pekE
A 28 Milleniumo] A|ZHE 2000 = o HF8EFJ =7}
AAT 201099 FRAFED AL Do g w7}
ESFE o] Q1T (www.nytimes.com/library/magazine/home/
20000611 mag-lawn.html). ©] %2 u]=+ Salk Institute @] Joanne
Chory HPAL7} g BAS-To]2he A4S |2 w9
AZE o) 15 moldk Aehel ghuls oF 25 em FlE A
& HRAL, o] H44E WETA HUE £
A 717k Hot 72 Ba Qe AUE AR & A
Aoizres 448 Aoz 2. olag oA
o] wje) Atslo] Bashn S ste] 283t
b e oz Fa3 477 2 A

o

otz fr >

2 =27 #9E AFe E3ATA o] aR21A}
Q] (IHAIHZ: 20080401034014)2] 2 Lol o3l o]Fo] %
om olo] FALEH YT

o1g

Asano Y, Ito Y, Fukami M, Morifuji M, Fujiie A (1997) Pro-
duction of herbicide resistant transgenic creeping bent plants.
Intl Turfgrass Soc Res J 8:261-267

Asano Y, Ito Y, Fukami M, Sugiura K, Fujiie A (1998) Production
of herbicide-resistant transgenic creeping bentgrass plants
obtained by electroporation using an altered buffer. Plant Cell

Rep 17:963-967

Aswath CR, Kim SH, Mo SY, Kim DW (2005) Transgenic plants
of creeping bent grass harboring the stress inducible gene,
9-cis-epoxycarotenoid dioxygenase, are highly tolerant to
drought and NaCl stress. Plant Growth Regul 47:129-139

Bae TW, Vanjildorj E, Nishiguchi S, Song SY, Yang SS, Song 1J,
Chandrasekhar T, Kang TW, Kim JI, Koh YJ, Park SY, Lee J,
Lee YE, Ryu KH, Riu KZ, Song PS, Lee HY (2008)
Environmental risk assessment of genetically engineered
herbicide-tolerant Zoysia japonica. J Environ Qual 37:207-218

Belanger FC, Bonos S, Meyer WA (2004). Dollar spot resistant
hybrids between creeping bentgrass and colonial bentgrass.
Crop Sci 44:581-586

Bonos SA, Plumley KA, Meyer WA (2002) Ploidy determination
in Agrostis using flow cytometry and morphological traits.
Crop Sci 42:192-196

Bonos SA, Clarke BB, Meyer WA (2006) Breeding for disease
resistance in the major cool-season turfgrasses. Annu Rev
Phytopathol 44:213-234

Chai B, Sticklen MB (1998) Applications of biotechnology in
turfgrass genetic improvement. Crop Sci 38:1320-1338

Chai ML, Wang BL, Kim JY, Lee JM, Kim DH (2003)
Agrobacterium-mediated  transformation of herbicide
resistance in creeping bentgrass and colonial bentgrass. J
Zhejiang Univ Sci 4:346-351

Chai ML, Senthil KK, Kim DH (2004) Transgenic plants of colonial
bentgrass from embryogenic callus via Agrobacterium-mediated
transformation. Plant Cell Tiss Org Cult 77:165-171

Dai S, Zheng P, Marmey P, Zhang S, Tian W, Chen S, Beachy RN,
Fauquet C (2001) Comparative analysis of transgenic rice
plants obtained by Agrobacterium-mediated transformation
and particle bombardment. Mol Breed 7:25-33

Dai WD, Bonos S, Guo Z, Meyer WA, Dai ZY, Belanger FC
(2003). Expression of pokeweed antiviral proteins in creeping
bentgrass. Plant Cell Rep 21:497-502

Engelke MC, Lehman VG, Kneebone WR, Colbaugh PF, Reinert
JA, Knoop WE (1995) Registration of ‘Crenshaw’ Creeping
Bentgrass. Crop Sci 35:590

Fu D, Xiao Y, Muthukrishnan S, Liang GH (2005a) In vivo
performance of a dual genetic marker, manA-gfp, in transgenic
bentgrass. Genome 48:722-730

FuD, Tisserat NA, Xiao Y, Settle D, Muthukrishnan S, Liang GH
(2005b) Overexpression of rice TLPD34 enhances dollar-spot
resistance in transgenic bentgrass. Plant Sci 168:671-680

Fu D, Huang B, Xiao Y, Muthukrishnan S, Liang GH (2007)
Overexpression of barley hval gene in creeping bentgrass for
improving drought resistance. Plant Cell Rep 26:467-477

Gan S, Amasino RM (1995) Inhibition of leaf senescence by
autoregulated production of cytokinin. Science 270:1986-1988

Guo Z, Bonos S, Meyer WA, Day PR, Belanger FC (2003)
Transgenic creeping bentgrass with delayed dollar spot
symptoms. Mol Breed 11:95-101

Guo SX, Harriman RW, Lee L, Nelson EK (2009) Bentgrass event
ASR-368 and compositions and methods for detection
thereof. US Patent No. 7,569,747 B2.



J Plant Biotechnol (2009) 36:327-335

335

Han N, Chen D, Bian HW, Deng MJ, Zhu MY (2005) Production
of transgenic creeping bentgrass Agrostis stolonifera var.
palustris plants by Agrobacterium tumefaciens-mediated
transformation using hygromycin selection. Plant Cell Tiss
Org Cult 81:131-138

Han YJ, Kim YM, Lee JY, Kim SJ, Cho KC, Chandrasekhar T, Song
PS, Woo YM, Kim JI (2009) Production of purple-colored
creeping bentgrass using maize transcription factor genes P1
and Lc through Agrobacterium-mediated transformation.
Plant Cell Rep 28:397-406

Hartman CL, Lee L, Day RR, Tumer NE (1994) Herbicide resistant
turfgrass (Agrostis palustris Huds.) by biolistic transformation
. Bio/Technology 12:919-923

Kang JY, Choi HI, Im MY, Kim SY (2002) Arabidopsis basic
leucine zipper proteins that mediate stress-responsive abscisic
acid signaling. Plant Cell 14:343-357

Kim SJ, Lee JY, Kim YM, Yang SS, Hwang OJ, Hong NJ, Kim KM,
Lee HY, Song PS, Kim JI (2007) Agrobacteriun—mediated
high efficiency transformation of creeping bentgrass with
herbicide resistance. J Plant Biol 50:577-585

Kim YS, Lee HH, Ko MK, Song CE, Bae CY, Lee YH, Oh BJ
(2001) Inhibition of fungal appressorium formation by pepper
(Capsicum annuum) esterase. Mol Plant Microbe Interact
14:80-85

Lee L (1996) Turfgrass biotechnology. Plant Sci 115:1-8

Lee L, Laramore CL, Day PR, Tumor NE (1996) Transformation
and regeneration of creeping bentgrass (Agrostis palustris
Huds.) protoplasts. Crop Sci 36:401-406

Luo H, Hu Q, Nelson K, Longo C, Kausch AP, Chandlee JM, Wipff
JK, Fricker CR (2004) Agrobacterium tumefaciens-mediated
creeping bentgrass (Agrostis stolonifera L.) transformation
using phosphinothricin selection results in a high frequency of
single-copy transgene integration. Plant Cell Rep 22:645-652

Mallory-Smith C, Zapiola M (2008) Gene flow from glyphosate-
resistant crops. Pest Manag Sci 64:428-440

Nelson E, Stone T (2003) Petition for determination of non-regulated

status: Roundup Ready Creeping Bent grass Event ASR368.
Petition #01-TR-054U [www.aphis.usda.gov/brs/not_reg.html]

Reichman JR, Watrud LS, Lee EH, Burdick CA, Bollman MA,
Storm MJ, King GA, Mallory-Smith C (2006) Establishment
of transgenic herbicide-resistant creeping bentgrass (Agrostis
stolonifera L.) in nonagronomic habitats. Mol Ecol 15:4243-
4255

USDA/APHIS (2004) APHIS Preliminary Risk Assessment on the
Petition for a Determination of Nonregulated Status for Creeping
Bentgrass (Agrostis stolonifera) Genetically Engineered
(Event ASR368) for Tolerance to the Herbicide Glyphosate
submitted by Monsanto Company and the Scotts Company.
[http://www.aphis.usda.gov/ brs/not_reg.html]

Wang Y, Browning M, Ruemmele BA, Chandlee JM, Kausch AP

(2003a) Glufosinate reduces fungal diseases in transgenic
glufosinate-resistant bentgrasses (4grostis spp.). Weed Sci
51:130-137

Wang Y, Kausch AP, Chandlee JM, Luo H, Ruemmele BA,
Browning M, Jackson N, Goldsmith MR (2003b) Co-transfer
and expression of chitinase, glucanase, and bar genes in
creeping bentgrass for conferring fungal disease resistance.
Plant Sci 165:497-506

Wang Z, Hopkins A, Mian R (2001) Forage and turf grass
biotechnology. Crit Rev Plant Sci 20:573-619

Wang ZY, Ge Y (2006a) Recent advances in genetic trans-
formation of forage and turf grasses. In Vitro Cell Dev Biol
Plant 42:1-18

Wang ZY, Ge Y (2006b) Rapid and efficient production of
transgenic bermudagrass and creeping bentgrass bypassing
the callus formation phase. Funct Plant Biol 32:769-776

Warnke S (2003) Creeping bentgrass (Agrostis stolonifera L.), In:
Casler MD, Duncan RR, (eds), Turfgrass Biology, Genetics,
and Breeding. John Wiley & Sons, Inc., NJ, USA, pp 175-185

Watrud LS, Lee EH, Fairbrother A, Burdick C, Reichman JR,
Bollman M, Storm M, King G, Van de Water PK (2004)
Evidence for landscape-level, pollen-mediated gene flow from
genetically modified creeping bentgrass with CP4 EPSPS as a
marker. Proc Natl Acad Sci USA 101:14533-14538

Wipff JK, Fricker C (2001) Gene flow from transgenic creeping
bentgrass (Agrostis stolonifera L.) in the williamette valley,
Oregon. Intl Truf Soc Res J 9:224-242

Xiao L, Ha SB (1997) Efficient selection and regeneration of
creeping bentgrass transformants following particle bom-
bardment. Plant Cell Rep 16:874-878

Xu'Y, Tian J, Gianfagna T, Huang B (2009) Effects of SAG12-ipt
expression on cytokinin production, growth and senescence
of creeping bentgrass (Agrostis stolonifera L.) under heat
stress. Plant Growth Regul 57:281-291

Yu TT, Skinner DZ, Liang GH, Trick HN, Huang B, Muthukrishnan
S (2000) Agrobacterium-mediated transformation of creeping
bentgrass using GFP as a reporter gene. Hereditas 133:229-233

Zapiola ML, Campbell CK, Butler MD, Mallory-Smith CA (2008)
Escape and estabilishment of gransgenic glyphosate-resistant
creeping bentgrass Agrostis stolonifera in Oregon, USA: a
4-year study. J Appl Ecol 45:486-494

Zhong H, Boyland MG, Srinivasan C, Sticklen MB (1993)
Transgenic plants of turfgrass (4grostis palustris Huds.) from
microprojectile bombardment of embryogenic callus. Plant
Cell Rep 13:1-6

Zilinskas BA, Wang X (2004) Genetic transformation of turfgrass,
In: Liang GH, Skinner DZ, (eds), Genetically Modified
Crops: Their Development, Uses, and Risks. Food Product
Press, an imprint of the HaworthPress, Inc., New York, pp
309-350




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


