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Abstract

The ORE7 gene has been known to delay the characteristics of leaf
senescence in age—dependent manner in Arabidopsis thaliana. To develop the
bentgrass with the extended longevity in its leaf organ, we introduced the
ORE7 gene with ubiquitin promoter along with the herbicide resistance (bar)
gene into the creeping bentgrass (Agrositis stolonifera L. cv. “Penncross”)
using pCAMBIA3301 vector. The transgenic plants were selected on the
media with 5 mg/L Phosphinothricin (PPT) and identified the insertion of
gene by the PCR analysis. In the immunoassay of bar gene product from the
selected lines, phosphinothricin acetyltransferase (PAT) protein was easily
identified in all plants tested. Southern blotting was performed; clearly one
mutant line (ORE7-1) with a single copy and the other mutant lines (ORE7-2
and ORE7-3) with two copies, respectively. We then compared the
characteristics of leaf senescence using chlorophyll degradation pattern,
chlorophyll content, photochemical efficiency (IFFv/Fm) from the transgenic lines
under dark treatment. During wild-type was under severe stress at 4-day
and completely at 10-day in continuous dark treatment, the ORE7-1
(ORE7-0x) was comparably delayed in chlorophyll content. Photochemical
efficiency further supported that the ORE7-1 (ORE7-ox) showed still a 909
activity in the same conditions. We also compared the phenotype of leaf
senescence between the wild-type and the ORE7-1 (ORE7-ox) transgenic
plants under the salt stress; wild-type plant completely was stressed more
than 100 mM NaCl at 6-day treatment, whereas the ORE7-1 (ORE7-ox) was
slightly affected. The results suggest that the transgenic bentgrass plants
were extended the leaf longevity by the introduction of ORE7 gene and well

tolerated both in dark and salt stresses.
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A sEste) tha 2RO 4% AL wel dAG R Py

wol A £, #adY, AdY & £¢F 5 A 4 - ord

AFdel F2 ol WFrhagts otk dAF A= Y 4F 2x)
15-24C2 #3% 7hgol FAsA B 8w 1 thEd A= Aol
w43 Aadvh dEAd 252 BF g7 (Bluegrass), FIFEF R (Fine

Fescue), E &} (Bentgrass) 5 °|t}.
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Agrostis %o %3z WEIHAE Afdol AuAely Fdo G FL
T @AY AR deA vk dge] $eka GEe]l Fom Fe o xol
A gol Fokr] we] Frgolt H73 Bo| AR F2 AgHT Yk

WEZIefaE of 2000 Fol <A Sla L & = WEIE A (Agrostis

»

stolonifera L.)7} 49 Ao= 71 wo] olgxa . =Y HEIZHA
(Creeping bentgrass)™ =84 2= 9 WlF If2FYH FEHo| Hom 7
o

Aol Aol Fut o] #d A4 wLel ZAelA M Fas wEad

o] 5 the) AEFol MEHY] AlFEe] WirAdx WS 71 ‘Pennlinks’,
o] Foll 23 ‘Crenshaw’, WA/do]l 23 ‘SR1020°, WHHde] Zgk ‘SRI1019, A=

o] Fal ULV} =2 Penn-A-4, PennG-2, W FA o] 43 ‘Seaside II' 59 3+



a2y WE 2849 JA-AELS particle bombardmentH -2 o] &3k HH o] X
502 HaHEYa (Zhong et al. 1993; Hartman et al. 1994), ©] $ protoplastS

gt AH Fdste WHE HIAHEHAY (Asano et al. 1998). Particle

bombardment™ 3} protoplast = FAAe] LA Wy} HAAZ FLo]

&
A &o] gAoR ogd F UAY, multi copy FHAL] =, FA el gene
silencing 4, ¥k 9] somaclonal variation®] A2 7lsAo] & o FA|
Aol Ak wEkd A =ZEE WEISA JAAIANES FE
Agrobacterium®-2 o|€3 /MAHa vt Agrobacteriums W/NE 3 AAA
e 200099 He HIEoe™ (Yu et al. 2000), Penncross (Aswath et al.
2005, Kim et al. 2007), Crenshaw (Fu et al. 2007; Kim et al. 2007), Regent
(Chai et al. 2003), Penn-A-4 (Luo et al. 2004) 5 =g wWlE1Z22] oF
FENA FAAT TES Fol7] A% dyEc] AHFALRE o] FojHY. =Yd
T8 YAZE AxA A (Yu et al. 2000; Chai et al. 2003; Luo et al
2004; Kim et al. 2007) o] 714 ®<ka, a4d 2 WA (Aswath et al. 2005),
W4 (Fu et al. 2005) So] UATE HE, ojof Z& g4 o]9olx A& 7HA
5 ¥Fo]7] 9% Mdo] (Han et al. 2009) 4% & AF7I7A] A& =9)sh
ATEol IFH Avt A Argl ZEF HEdH A= AFH B e
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AaBAEe AU AT A7Eel FUs) AP Uk Cytokinin 4T

o

of #ojsl= IPT (isopentenyl transferase) +7AA Z19} H|5=8t 7]5-S 3}
= knottedl 7 AE senescence—associated gene 2= FEH<Ql SAGI2 3fof wt
HAAA 37F A FEAAS 2 ES F53 wirEo] 3 (Jordi et al. 2000;
McCabe et al. 2001; Lin et al. 2002; Robson et al. 2004; Luo et al. 2006; Xu
et al. 2009; Ma et al. 2009), A&, A&, ¥, 12, T 5 4F 2EHH2S
e FAAE e dAddgste] it Add AEs MEEaA sk
ATEE HiH3 At (Aswath et al. 2005, Husaini and Abdin. 2008;
Hameed et al. 2008; Li et al. 2010). B3k 2] &9 o w3l #HHAH FAAE0]

oA A =AE 37| 918k f7]1F e mutant lines ©]&3H ATE
o] APHR W 1 = orel, ore3, ored, ore9d T Ao =37} AAH mutants
o] MEE A, Lim (2007)%5 2 of 7| #the] Activation tagging lineEol A A

gk oresara7-1D line°] °FA & o 7] thel wls] <19 ws}7) 2vf o] A x|l

g 5o AR Aedria ¥ astgith
B oo w37l RAy= EMS WOl gresara/-1D linedl A 2|3k

ORE7 34 (Lim et al. 2007)E =8 WEI1ZZz =¢ste] Sl =37}
3] =2
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1. AEN=

1) s AR

2 A E JqY FFer A3 a8k (Agrostis stolonifera L. cv.

R

Penncross)& AHE-3F3 T}

2) Callus 5= 9 =24

Ay ME 184 S5Ee 292 A AL, 99% ethanolol| A 18-7F w vk

sk 9 10 uLel tween20°] H7}¥ 5% sodium hypochlorite &< A 15%-7F 3

W AT A Y (Toyama et al. 2003). ¥ A d FAE F4F gejolA] di4
Z 53] AA% & 3% sucrose®t 2 mg/L 24-D7} H7FE MSH|A|of] A] 733}
25T, & =AAA 4573 Wt TAZEH 28 callusve I3 Fe5E
& AAMOZ AAS AL callus F-E5-8 AFH skl A7]eF L3 vl Alhul <k

2. Binary vector @ Agrobacterium

2 Asko] AR FE vector® pCAMBIA3301-ORE7 (Figure 1)2. 2, binary
vectorql pCAMBIA3301(www.cambia.org)S BamHI? EcoRIS.Z 43A1Z]l &
Ubiquitin promoterdle]l ORESARA7(ORE7) AAE Abelsle] =313k
pCAMBIA3301-ORE7& T-DNA wjF-o] it wiARZA wjded AzA g
A ¢l phosphinothricin acetyltransferase (bar) +dAF¢F E A w7 ¢l intron—
B-glucuronidase (intron-gus) F+AAE ¥3313L v}t ORE7 FAAE 443
pCAMBIA3301-ORE7E Agrobacterium tumefaciens strain EHA1059] &3}
2] WEIwxe] A AHESHT



A gel] A wi A} FAAE AL Table 1, 29 Figure 29} %

1) A djeF (Pre-culture)
Callus =2 x| oA 257 =219 callusE filter paper’} =2 & v kvl ]

of H4skaL 25°C, & FAAA 15FU7 # S

2) Agrobacterium Y| %

pCAMBIA3301-ORE7°] %1% ¢ A= A. tumefaciens EHAIOSE kanamycin
50 mg/L7F 718 LB AAuiA| o] ¥ il ODge=0.4-0.6 AE=7} == 28T oA
16-24 A|ZF w3kt (Figure 2-A).

=,

TE}

3) Agrobacterium 7Y % 3

LB oA e xe A F2% Agrobacteriume Y4458 (8000rpm, 158)E %3}
of FHIYT  (Figure 2-B). F8H¥ & 20 mg/L  acetosyringone
(3,5-dimethoxy-4-hydroxy-acetophenone, Aldrich) 3 0.02% pluronic F68°] #
718 ZdwiA] 30 mLol A@AES 3 25T, 110rpmoll A 4417 SeF 41354319
t} (Figure 2-C). &A43t9 Agrobacterium HAE R 10 g2 callusE FHAHAHA
25C, 110rpmol Al 24A]3F &<t A AAIA Y (Figure 2-D). # 9 3 callusE =it
H filter paperol]l <@ Ao FES A7 s 5 filter paper’} Z ¥ I FH|%k

Hi Aol 2] 4ake] 25°C, o x£olA 3U3 wE ¢ gl (Figure 2-E).

w

4) Agrobacterium #| 7]

T M EE callusE5YH Agrobacterium & A A3 13t L& el callus
£ SoFa durrE FHdd A MRSl (Figure 2-F). Al whA] =
GAlo| A= 500 mg/L cefotaximeo] 7l Hoa= 138 AAS 3 filter paper
of Fal oAEe FEE AANA. FEo] AAH calluse TAA Aol A4

3ta 25C, o =4
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7
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FAAGE AEAE 1&, 2z ZA ddsidvh 12 AEE 3 mg/L
phosphinothricin (PPT) ©] #H7}¥ shoot f+= v o] callusE A 4F3Fe] A A5
g fFR% F 25C, F oA 8-10F &<k 2-3F AR Aviujgste] A
3kl 2 & My 2 AEE 5 mg/L phosphinothricin (PPT) o] A 7pgl A+

719 FAT WA 6] Astel FAF 2P0 27 AWSHATE AwE AgTe

P
etk AFE HBAL FAARY FEE BAR F 2% o5

o] PAT &9 &4 -+

(ld

3

T
AEo] A o stripe PAT wuldo] Udd ABxA FFZo| dou,
FA-B2 B A JR PAT @uAds A7) sandwich® FAsA 3
<3|

JH = EAsHA @k Strip

=

£ d¥= PAT whidst AgishA o
membrane®] AF-ol= &5 pad7} )il IL o}F-
o] =], & 719 capture zoneS PAT &z 3y A3l v}E capture zone
< Aast At Av A bar AR EYEHA e ofAd ol A
= control line®l Al $71¢) band®t AZ=5 3L bar A7 =€ A3 A&
Ao A+ control lined} PAT test lineoll A F71¢] band”’} A&t} 15 mL
Bl ok 0.1 g9 ok4¥ et FAdS FHA e e #He ¥, 05 mLY =
FoE %713 & PELLET PESTLE (Sigma, USA)& o] &3t o =48 33

At Z7te] AE FH| Test Strips 2l 537F vh&A)71 & PAT @iz



2) Genomic DNA 5%

ofAE Y H AR AEAS o ZFEH genomic DNAE CTABW
(Murray and Thomson, 1980)o] w&} FZ&&tdvh. o %24 9F 0.15 g& A4 2
A2 4 4417 = 700 uLe] FF buffer (2x CTAB buffer) & i 2 &
g3t IAZE &t 65C ol R T R S P ] 700 uLe]
Chloroform/isoamylalcohol (24:1) &8 H7lste] oF 1083F 2 uwksk & <

A2 (15000rpm, 20%-)8to] FEHe 83kt 39 5ol 500 nLe
isopropanols #7}stal -20TCel 302 o AAF F & (15000rpm, 20
#)3te] DNAE HAAAY 59 DNAE 70% ethanol® Al s 5 A4+
(15000rpm, 20iH)E &3l HAdES 339tk DNA pellet> 100 pLe] dvrd
Sl &&ld ths uld lugel
blot 43l A&-3hs)ch

55 FEE xAS 3 PCR ¥ Southern

3) PCR analysis

Trait LL Test Stripse ©]-&3o] PAT Wwido] &Folg A As
oz HAfAxe] =RHFE #elstr] 98] genomic-PCRE 4833
th. Genomic-PCR  #4°l+=  ORE7  509]4 szefolm Al E
o' -GGATCCATGGAAGGCGGTTACGAG-3’ (ore7 forward),
5'-GAGCTCTTAAAAAGGTGGTCTTGAAGGTG-3" (ore7 reverse)ot VirC &

rﬂ

/\] L ;(.ﬂ

6]

o]d =Zgol AHE 5H-ATCATTTGTAGCGACT-3  (virC  forward),
5'-AGCTCAAACCTGCTTC-3" (virC reverse) & AH&3}% Tk 2.5 mL dANTP 2n
L, 10x buffer 2uL, 10 pmol primer forward 1uL, 10 pmol primer reverse 1ulL,
5 unit/uLe] Ex prime Tag 0.2 uL (Genethio, Korea), genomic DNA 1uL (1u
g/ul), v SR 128 tLeg &3t PCRE 33ttt ORE7 A&
ZZA7]7] 93 PCR AL 95Tl A 587 pre-denaturation ¥, denaturation
94C 30%, annealing 58T 30%, extension 72T 1#¢] ZHolA 35 cycled
g3ttt L 3 post elongatione 72TColA 7E-7F wr-SA|A}. VirC FAAE

ZFZA7)7] 938 PCR A& 94Tl A 487t pre-denaturation -, denaturation

94C 1%, annealing 59C 1%, extension 72C 90&°lA 30 cycles wH&-A]7]) 3L



post elongation= 72Tl A 5&3F 33t} PCR 4= EtBro] X3 1%

agarose geld| A A 7|4 E3}e] &eldtrt.

4) Southern blot 4]

ofY Y B FAHE AEANA FEFI genomic DNA T 20 ugd
genomic DNAE AF&3Fo] Southern blot ¥4-8 483t} Genomic DNAZ
Hindlll (Takara, Japan)& 37Cel A 24213F &9k APk & -1 Z84HES 0.8%
agarose gelol A @753t B0V, 44171 E¥8Aut. L gelS EtBr &<
AA3lal UV lightol 4] DNAE 218k th& 0.25 M HCl £ 4o A 157, HAd&
o (05 M NaOH, 1.5 M NaCDellA 15&4 23], F35-8 (0.5 M tris-HCL, pH
75, 1.5 M NaCDelA 1584 23] AHg 3 % 20xSSC (3 M NaCl, 0.3 M
sodium citrate, pH 7.0) B oA 10#-7+ HIF3}IsAc}. 2 & 20xSSC HH =
AL&-3Fe] A E membrane (Biodyne A membrane, USA)o| E & A~ 3}¢t}. o
15417F ¢t EdlAHE 33 3 membranes baking (80T, 24]7H 3ol DNA
£ 3A3Y. DNAZF 3248 %¥ membrane-s High-SDS buffer (50% formamide,
5xSSC, 50 mM  sodium phosphate pH 7.0, 29 blocking reagent, 0.196
N-lauroylsarcosine)oll Al pre—hybridization (45C, 1A1ZF)3F % hybridization &
o} (High-SDS bufferol] DIG-labeled ORE7 probe 20 uLE A 7})-S ¥ i 45T
Al eF 16A17F FoF WkgAlZ Tl Hybridization & ¥ membranes 2xwash
buffer (2xSSC, 0.1% SDS)olA 534 23], O.xwash buffer (0.1xSSC, 0.1%
SDSYel A 1584 23] AFsttt (65T). L 3 2% blocking solutionol] 4] 24] 7F
blocking 3} 3., blocking buffere] anti-Digoxigenin-APZ 10,0008] 3] 3+ 3] -&
oAl 303 wESAIAY. A9 BHS-AlZl membrane-s washing buffer (0.15

M NaCl, 0.1 M Maleic acid, 0.3% Tween 20, pl 75)% A& (2x15&)3}aL

detection buffer (0.1 M Tris, 0.1 M NaCl, pH 9.5)°l A 583+ H 3313}
Membrane$] ol CDP-star (GE Healthcare RPN3682)7} a5 A A X &|3}aL, 5
7F WhgAlA LAS-4000 & AFg3le] Al2d-g AE3ESth

5) Total RNA F+2

_10_



E49 94 01 g Fdto o
xA o] dfEHA s A AR FA T2 dxote #F48 F Invitrogen
AF (USA)2] protocol HHel wel FastAnh. 2418 A8l Trizol 1 mL& #
7Fsko] vortexdhal Aol Al 1
3ttt A2 34=3l9 chloroform 200 uLE #7}3}t
3 5 QAEE (12000 g, 4 T, 108) 3k Aeds g 3¢
Isopropanol 500 uLE H7}stal oA 10 &3 HA3k = A48 (12000 g,
4 T, 108) 3. =S vg i, 75 % ethanol 1 mLS A7l & AAE
Z](7500 g, 4 C, 538)E Atk AxA7 HHd &=L DEPC-water 50 uLel pellet

2 galsto) 2 WY oF 20 pg o RNAS A5819iv,

<O
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A
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6) RT-PCR

FZ&% RNAYE 1% agarose geloll 1 pgs A7) d53le] el el 2
ug? total RNA, 0.5 png primer, M-MLV 5xreaction buffer, 10 mM dNTP, 25
unit Recombinant RNasin Ribonuclease inhibitor, 200 unit M-MLV RT, DEPC
solution®.® ¢cDNA (Promega M-MLV Reverse Transcriptase)E 374 38Fit}.
333 cDNAE template= ORE7 £°]4 Zglo|d MEE AF83te] RT-PCR
S F 33t} Standard controlZF W FH 9 actin ZEto] AEE ALE3F T
PCR %712 95TCel|A 583k pre-denaturation %, denaturation 94C 30%,
annealing 55C 30%, extension 72C 1294 30 cycles 3313tk PCR 4t

22 1.2% agarose gelol|l A A7) 58] &<lsl ).

sE2E Aot o wste B,
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1. 3=jg WEIet2o HAMHA

TE TFAA AAE AZ callusE 3 mg/L PPT7F E3td A &3}
Hi Aol A Adkgh At of 55 Fol PPTOl Ad/d-& Wol= callus7t #EH AL
(Figure 3-C) ©]#] 3 callusZ 58 AAF7F A FSE 3 ecm o] A=Ak x4
5 (Figure 3-D)Z 5 mg/L PPT7} ¥3tdl A&} wix| = 7] vfF3 3 o] uf
Al A Gk AAE Hol= XA4F-E 1 mg/L PPT7F H7FE root X H]X]

=
%7 FAAG THuAE ALY} (Figure 3-E). Add FAAS SH A= ¢

ﬂJ

5} 5 X Ed 4ol SAAHY (Figure 3-F).

A

2. JANY ASH REA £ U wH 2N

Aksl A48 SR A A total soluble @A ® genomic DNAS F %3}

r
ML

o fFAAe =B E Flddvl. WA, Trait LL Test Strips (Strategic

Diagnostics Inc.) & ©| &3t AdvpA=Z A8 bar genee YHAHER] PAT

Gl o] B FE Hrtsle] FA W A=A E screeningdt ¥ genomic-PCR

& &8 ORE7 FHdxe] Ao F-& Felstalrt. Ao qjo] g<la 4
5

Ae HEAE EAF1%L copy £ ZaAFEAES f3] Southern blot3

1) PAT @9z =<2l ¥ genomic-PCR

ofAd )9} HAAI THAZ Trait LL Test Strips o] &3te] £43 4
I, FAAS FEASAA A4 F e band7F AEEAIL oFBH Zr]e A=
3 712] band¥t AZE=H AT (Figure 4-A). o] Aol FE& ol o] g3k &2 A%
AEAES FAATA AdvtAR AEH bar FHAATE G A FEAA AF
Aom WHstal AwS AT = U Bar w4 = dAAS e

Aol A Trait LL Test Strip2 ©]-&3 PAT wwido] A&HL ojn] HlE 1820



A HaE A o]l (Watrud et al. 2004; Zapiola et al. 2008) &2 4 3kA o] wh
Hol| g34eds & & vk
selg AEA EARGHAAT EYHAEAE FA3)

7

_—

A& genomic-PCRE 43319t ORE7 Eo]4 Zgo|HE o]&3}o] PCR
FAE A A, ok d o)Al band7t FQ1HXA] ko), FAHE 2
EAEdME 09kb =72 ORE7 bandZ 3¢l & 4 At} (Figure 4-B).
Agrobacterium™ el &) AZH PAAS A=A AF BAFHAAT AEA
A =dHA FdE = PCRAIA 5474k band7b A=%H7|% &=
(Ogawa and Mii. 2007) o]+ HAHZIA] A& Agrobacterium®] “FEo] <8k

Aoz &yA v wEka B Aol genomic-PCR 237} Agrobacterium
o] kol 93k Aolgk= 7hedS WAl Y] flsl Vil Hol4 ol E o] &
3lo] PCR #2418 AA&dvl. 22 A3 positive control?l Agrobacteriumoll A=

0.73kb =171 2] band7} A=A o, b Aot A e Ao A= ofF

ol A¥=RE FAAS WEIG dE SAFAAT dFH oz =9
AohE A FAFT & ARen, Trait LL Test Stripe o] 43 A48 A&
Al screening barfrAAE AdviAz & dAASAA vi¢ FE3A AHE

2) Southern blot 2]

Hindlll & 4£3}%k 20 ngel genomic DNAE ORE7 probe#® hybridizationd} ]
Southern blot #41& Faq3 A3} ok o= band7F HEHA ko
v gAA3 AEA lineEo A= 1] o] band?} AE&EH AT (Figure 5). 8
A3 A EA line 12 ¢F 9kb Z 7| A g 719 band’} A& 1 copyd
PAAS 254 line 29 line 32 9kb ©]
o Mz & A A F M9 band’t AEH HOZE Hol o]E line2 2 copy
o FHAVE EE Ao dddv ol AdddAM, AV =dd X%}
=Y AR copyFt vHE IHASY SHE AP AEA AT FHEHS

Lol FAHA 1 copyd HAAV =9E FAA AEAE ORE7-1, 2

o o
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copy?d FAA7F =99 dAAS AEAHESS 27 ORE7-2, ORE7-3 o]# %4

shat ol Fe] BAel ALk

;

2

3) RT-PCR

Southern blot &2AoAl FAXe] E9lo] Fld F 7o wyde] FAdg

o A3, okAY  FYoA= ORE7 A7 #dAw A ekgkew ORE7-],
ORE7-2°14+= ORE7 #&A7F TdH i s &dd 5 AT (Figure 6).
RT-PCR Z3# 9] band intensitye]l 4] ORE7-1 ©] ORE7-2 ».t} %3 W38 3}
i Qe Ao Azuw dEsre] Al BluE 9EA = Real-time PCRE
%

G BA Bo] Wad Aom wuhEv)

o =S ¥ AEe 23E ST fdAT SuE (Weaver

(¢}
—t+
==
Do
S
=
-
o
&
<
el
=
(@}
(¢}
B\.
e
2
>
N
N
b
iRy
i, e
=
-
™
(¢}
—t+

G449 229 NELRA e 494 NS uoh gEAon B

7] flske], 222 dE 3P Bee SASAY EEEE dEe o
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FE0] 20% A== FE3d o 8AAd = 20% o]dle] &&-S YERHY. 1y
U FAAg Ao A 4L A 90%e E&S Moo YA T 90% 7}
At (Figure 9). o€ ZA¥o|A], ORE7 F+AAF

ar
g3 MEIZtAE ofd Y AEol Wl a4 2w o] =
Z’:

¥2

M

2) A& ~Edfx 270 ARG AEe] 54 B4

thgh wme] AR 2Eds 7oA okE AEF FAAE AE] W
S A8 da, ofgy 282 AE § 34l 100, 200, 300 mM2] NaCl # €]
TFola w3t AFEQeH, 6dAdE ZE A Flr fdE mskE v
(Figure 10). ¥t JAd A3 A &A= A2 5 34A7= ®H37F 9, 6Y
Al 100, 200, 300 mM NaCl 2ol A 37} A1zE ek =3 A2 5 84

o =7]7F dol A= o AHo| AEHAY (Figure 10). o] ZIEZH-H,

ORE7 442 8 9448 N2 opgy A=e] vjs] 48 ~egx =
ANAE w87t Aedde] FAsgrt. Pol o waje] Fwe Fi 9FA a9l

olgf= AL ®7] (Husaini and Abdin 2008), 2 (IHameed et al. 2008), #
(Lutts et al. 1996), WIEZ12}~ (Aswath et al. 2005; Li et al. 2010) & vhesh
A FoA FlEA, mid DA vHjEe Edfo] i w=E i e A
ol dd Awe] Mde A AAF R FR3% olxrt il vk (Munns.
2002). webA deol AL S Ave AHE AEsivd

A= Ao FEte] mgol E Aow Yddrt
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EcoRl

= pos  Intron GUS P355 Ubi M ORE7 Arbcs P35S PPT o il
oly- )
o {2093bp) (538bp) {1.8kh) {936 bp) {756 bp) {792 bp) {570bp) e B
Hind I
Neol, Bylll BamHI Sacl Bty %hol Khol

Figure 1. Map of the T-DNA region of the binary vector pCAMBIA
3301-ORE7. RB, right border of T-DNA; LB, left border of T-DNA; P35S,
CaMV 35S promoter; UbiM, Ubiquitin promoter; GUS, B-glucuronidase gene;
PPT, phosphinotricin acetyltransferase gene; 35S poly—A, CaMV 355
terminator; nos poly—A, nopaline synthase gene terminator; Arbcs, Arbcs gene

terminator.
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Table 1. Media wused in the genetic transformation of creeping

bentgrass
he] 2~ A MS salts and vitamins (MS), 3% sucrose,
(Callus induction) 2 mg/L 24-D, 0.3% gellan gum, pH 5.8
A& FA )R] MS, 3% sucrose, 2 mg/L 2,4-D,
(Callus growth) 0.3% gellan gum, pH 5.8
7 vl kvl ] MS, 3% sucrose, 2 mg/L 2,4-D,
(Pre—culture) 0.5 mg/L kinetin, 0.3% gellan gum, pH 5.8
It vl Yl A NaCl 10 g/L, Tryptone 10 g/L,
(LB) Yeast extract 5 g/L, pH 7
7 F A
] 1/2MS, 296 sucrose, 196 glucose, 1 g/L MES,
(Agrobacterium _ .
] 20 mg/L acetosyringone, 0.0296 pluronic F68, pH 5.2
resuspension)
-5 Al k) =] 1/2MS, 2% sucrose, 1% glucose, 1 g/L MES,
(Co~—culture) 50 mg/L acetosyringone, 0.3% gellan gum, pH 5.8
Tt Al A Ef A
(Agrobacterium Callus induction media, 250 mg/L cefotaxime
elimination)
Shoot =) #] MS, 3% maltose, 1 mg/L BA, 0.3% gellan gum,
(Shoot induction) pH 5.8, 3-5 mg/L PPT, 250 mg/L cefotaxime
Root =8 A 1/2MS, 1.5% sucrose, 0.3% gellan gum, pH 5.8
(Root induction) 1 mg/L PPT, 250 mg/L cefotaxime
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Table 2. Optimum conditions for efficient

transformation of creeping bentgrass.

Agrobacterium—mediated

(Pre-cultivation) 25C, e,

FII A 28 v F) o] Embryogenic Callus Hj 9

154

Agrobacterium Final
= AS 20 mg/L, F68 0.02%

4 2 FENY

(Infection&

Co—cultivation)

%5 5tA 3} (4h) +callus 1d, 110rpm shaking 25T

“>FEE, Go)F, 39

OD60020.4—O.6
A7t iAol A=

o AlA Hirga AA, a1 9 A AL 500 mg/L Cefotaxime,
(Elimination) 25°C, ¢, 7-10¢

Shoot % 3-5 mg/L PPT7} ¥3&¥ Shoot -5 HX] oA
(Shoot induction) 8-10%F 27 tA o= Awl <, HHl

Root % 1 mg/L PPT7} ¥3%t4d Root 51l Aol 4]
(Root induction) 8] A%, Fal ok
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Figure 2. Procedure of Agrobacterium—infection

to creeping bentgrass.
A, Cultured Agrobacterium; B, Sedimented Agrobacter
—-ium cells by centrifugation, €, Mixing of
Agrobacterium resuspension media after pre—incubation
for 4 hours; D, Co-cultivated with calli 1 day in dark
condition; E, Transfer to solid co—culture media 3 days

in dark condition; F, Agrobacterium elimination
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Figure 3. Production of transgenic creeping bentgrass.

A-B, Embryogenic callus induced from mature seeds on callus induction
media; C, PPT-resistant calli during selection with 3 mg/L PPT; D, Shoot
formation of PPT-resistant calli during selection with 5 mg/L PPT; E, Rooted
transgenic plantlets selected with 1 mg/L. PPT; F, Potted transgenic creeping

bentgrass grown in the soil.

_22_

Collection @ jeju



A WT 1 2 3 B M P WT 1 2 3

OREY
0.8kb 2
Control
PAT
virC
0.73kb—=

Figure 4. Screening of putative transgenic plants by PAT
protein detection and genomic—PCR.

A, PAT protein detection of 3 selected PPT resistant plants; B,

PCR analysis of putative transgenic bentgrass.

P, pCAMBIA3301-ORE7, WT, untransformed plant; 1-3, selected

regenerated creeping bentgrass. Arrows indicate the expected

ORE7 and VirC bands.
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23kl—>

k=

Bkh—*

4.3kh ——

2.3kb——
2kb—>

Figure 5. Southern blot analysis of transgenic bentgrass with ORE7
probe.

DNA samples (20 pg) from transformants 1-3 and an wild type plant (WT)

were digested with HindIll, fractionated by electrophoresis in 0.8% agarose

gel, transferred to a nylon membrane, and hybridized with DIG-labeled ORE7

probe. The size markers are indicated at left.
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WT ORE7-1 ORE7-2

ORE7

Actin

Total
RNA

Figure 6. Expression of the
ORE7 gene

Expression of the gene was assayed

by RT-PCR using total RNA

isolated from leaf. WT, Wild type

plant; ORE7-1, ORE7-2, transgenic

plants.
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o l ll . . . .
0d 2d 4d 7d 10d 15d 20d

Figure 7. Dark-induced senescence phenotype of wild type

and ORE7 transgenic plants. The leaves were

detached and incubated in darkness.
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Chlorophyll content (%)

100

20

- o= WT £ :
—a— CRET-cix

4] 2 4 I 10

Days after dark treatment

Figure 8. The chlorophyll contents were measured during
the dark induced leaf senescence of wild type

and ORE7 transgenic plant.
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Owild type

100.0% } HORE7o0x

80.0% }

6o.0% P

Fv/Fm (%)

40.0% }

20.0% }

0.0%
o 4 )

Days after dark treatment

Figure 9. The photochemical efficiency were measured
during the dark—induced leaf senescence of
wild type and ORE7 transgenic plant.
Photochemical efficiency (Fv/Fwn) of PSII was

examined every four days.
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ORE7-0ox

0 100 200 300mM 0 100 200 300mM

Figure 10. Salt-induced senescence phenotype of wild type and

ORE7 transgenic plant.
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IV. £z

M7= 2 WEIgkAC ORE7 84S
=93l =387t A AdEE d2AS JYE /At Independent”’) 21 |

re
4
2
or,
r
=
kS
S
o
S
2
N
]
S
3
o

FHAE AEsld o™ Southern blot 48
independent?] 371¢] FAAE AEAE D5t ol A =W WEIH
229] callusol A4 shootE %31 multiple shoot”} f&=7F W, gk g2 3%
HA F FAHA]7] 48 embryogenic callusel] ¢33k A8k Aolzla FA ],

AFolA Med zZyd AEIGAE AzA AFA (bar) FAAS w3}#
A FAA (ORE7)7F E94E 0] 7] widol, vjxdealyd AzA A34e 747
Al ¢k 20 dE 2EHE 2A0A 37 AdEHE SAS B FATH
ORE7 3AAWE A5 w35 73 o 7oAl ok E 21 & ]3] T
FE 2EHE UM kB A=ol vla] Al A
Y= Aoz FHA. ol AA2EYH ORE7 747 =9d 9@
E 2B 2 S A] ofAY A&
d 5 Slgol AARESIY dEIEAS] w3kAdd #HEd dATddE Ax
(Aswath et al. 2005; Fu et al. 2007)t} 9% (Aswath et al. 2005; Li et al
2010) ~E#HA 24N wm3kE AAAT7] 917 dTEe] Batse] jlew,
ol9lo| = =3} A9} FAFS Jd 9 stay greeningS Fd =3E A AAA F
d BAES 7717 A% e v F3Ea vk (Fang et al. 1998;
Spano et al. 2003; Cha et al. 2002). & 5o A 7jdtd JAH3 wME A=

w8 27 2ARINE /8 FARE $9 A9 4L D Yrke A



2N A w37t A A= Y g2 A8l HolME T
& guE zh=vh zZYwW WEIHAS EF F Penncross 7F =d AY AH

ANA 7FA = "AaS (% 2009 & o wmE A7 el Penncross'E A #

& 27 oy, ForF BE #9 AY FAel Wi AhY It SotekE &
Aol HAsHA @t kA, oAFH AHA ] o3 x=IE AAL F U=
e Ad Zy WEIT2 JfEo] aFHo gttty # dAgolA {35t
7| ol &ste] Zper xmstA el AZus WEIITAE FujEvh oy =9
Y AR SR AAH] s AR AA4HAN ¥ e dHE F-o
37] f1gk m9o] ded Rom HAZL & o], & A4 ORE7 #4d
Ape] wae] Abgd A Z R RE  (ubiquitin promoter) Al =3kA| A U

Mol AFE3 w3} Fold iZEHH SAGI2 (Xu et al. 20094 Z}& ZE#H A
of ool fEHE xERY B AR ud d@stsl faxe wdo] A
e

A9 wmBHAA w7t AE e Ao AR,

A YA 2 FAAR WO Aesolge. FoRE 2Hv} i B

A g GM Y7 8557 e s s dErrE S AEA
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