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Abstract

GSDL1, an AT-hook DNA binding family protein gene from Arabidopsis, is
known to play a role in abiotic stress such as drought. In this study,
transgenic zoysiagrass plants containing GSDLI gene were produced by
Agrobacterium—-mediated transformation to develop stress—tolerant variety of
turfgrass. After transformation, putative transgenic plants were screened
using Trait LL Test Strips which detects PAT protein. Integration of the
GSDL1 gene into the transgenic plants was confirmed by genomic PCR and
Southern blot analysis and the expression of GSDLI gene was confirmed by
RT-PCR. The transgenic zoysiagrass plants overexpressing GSDLI gene
showed significantly enhanced drought tolerance and also showed delaying
post—harvest senescence compared to wild type zoysiagrass.

Kentucky bluegrass is a typical cool-season perennial grass with apomictic
reproduction and is mainly used in playing fields. Due to the apomictic mode
of reproduction, development of new varieties of this species by conventional
breeding is very difficult. Therefore, genetic transformation can be a good
alternative method for introducing desirable traits and new genes into
kentucky bluegrass. The purpose of this study was to establish an efficient
plant regeneration system from seed-derived callus cultures of kentucky
bluegrass for genetic transformation. Plant regeneration from seed-derived
callus cultures of five kentucky bluegrass cultivars was tested on MS basal
medium supplemented with different growth regulators. MS medium containing
Img/L 2,4-D, 1mg/LL BA was optimal for shoot—forming callus (type 1)
induction. The highest frequency of type 1 callus induction (22.7%) and plant
regeneration (98.8%) was obtained from ‘Midnight’. In this study, we
established a highly efficient regeneration system for kentucky bluegrass.
The established protocol could be a powerful tool for molecular breeding of

kentucky bluegrass through genetic transformation.
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1989 A Haw oy, oy A+E Fd AAS FHAtHKhayri et al.,
1989, Asano, 1989, Asano et al., 1996, Toyama et al., 2003). &3 E7t]

rob

o] A XSS microprojectile bombardmentE ©]-&3F 3 A A3 Ahn and Lee,
1998)3 Agrobacteriums ©]-83% A H2to] H ¥ w} Q. Agrobacterium
S o] &3 FAANL 1Y HmFA FA:e callusE AFESE] bar genes
Tt AlxzA A EFFe N (Toyama et al., 2003)¥ &3] stolons ©]
&% hygromycin A8 (hp)s HERNE FEF(Ge et al, 2006), 13 WF

A F1A CrylA(b)s =43 EFF(Zhang et al., 2007) 5°] 3t dA7A &

4 #8998 wUsk] 1 o] Beta wralxl FAE 5AE AxA A
B4 A EQE Al el 9le gER, o Anhs vvst SRvs )

rlo
o)
—
(@)
@)
o)
Oft
o
il
=
A
N

= 10858 99 w37t s o] o3 4€7hA]
= FuaEd Eol7} HAEx7|7ke] B EALS sl g, oY SR
]

o B4 U wsAD B FAAE EQete] %77t AgE AEFL AR

GSDL1(Genomine Senescence Delayed Line 1, Atdg17800) == off7]
) F20 e AT-hook DNA binding family protein®. =, A3AG=E of 7] &)
o] GSDL1 F&@A oA opg el wls| <l =37t Ad¥= 545 HElgl
ow, JRAS A7} AA L FARNFE FItehe AdE BTk 3 ofd

NG Acre]l Aol mel @Bz FFe] @ASA pastedl

GSDL1 BA-d&A = 604 ol Folle Aol 40%4=s FA 83, T4

et al., 2007, Matsushita et al., 2007), 71 & FE3 Ao EAHS F3a H
S Wl ORE7# f-AFSE 329 EA4S YEld Fo=2 o, 2 At
A o9} o] w3A A EAS WSl GSDLI FAAE Exdt)e] =Yste] =

17 AR AEF AL A
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(1) AEAE 2 widA callus A

Agrobacterium ©|-&3% A A= S (Loysia japonica Steud.)2] Hj
A callusE AREsESITE WA SX34H Y callusE f+=38t7] A3l BS54 <
95 AAT F 70% LR 123 AEstaL, 108 Tween-20 o] 37}
H 5% sodium hypochlorite 8-S 1583F st T2 xHE A HFHS]
. Hid SRR o] glold kA FAE Aol § Hatd oA ¢
o 2# =715 AAsIAT FHAET FAE callus FEEWAMS, 3%
sucrose, 100 mg/L myo-inositol, 4 mg/L Thiamin-HCI, 100 mg/L a
—-ketoglutaric acid, 2mg/L 2,4-D, 0.2mg/L BA, pH 5.8, 0.2 g/L Gelrite)®l

A gstel of 4~6F B callus® FEG A%, wPn wekshe 4 FaeAs

I

@E ] type 1 callus, =% &717F B2 FE9 type 2 callus, dpFaL -
2l FEl el type 3 callus7b =¥tk 37HA] FElS] callus®] A3 B~
AT AT} type 1 callusolA ¥ AEIES YEFHA ST, o] callusE
Aukel = callus 22 HIA(Ca® free-MS, 3% sucrose, 2 mg/L 2,4-D, 0.4
mg/L kinetin, pH 5.8, 0.2% Gelrite)ol| A 4wltt Algief sty S2AAH L, 1
3] 5 plates?] callusE FA A3 AFES}SIT

il
[m

S

(2) @RS AFL3 Agrobacterium @F 2 binary vector

w3 A3 #AE GSDLI 73X =42 Figure 13 #o] pCAMBIA
33015 Wg3 1G-2 vectors AF&3F . T-DNA W49 Ubiquitin promoter

¢} Arbcs terminator AFololl GSDLI FAAE AYsty s, A9 marker=



bar(bialaphos resistance) fd%}¢} intron GUS7} 235 3]

Freeze-thaw® (Chen et al., 1994)%& ©o]&3lo] Figure 29} &2 WHOoRE
Agrobacterium strain EHA1059] GSDLI 345 4913k binary vector
(IG2-GSDLDE =9)38t3lemn, 50% glycerol®t &£3e & -70Co] Byt 2 3
A Skl AE-3Fl T

L P3|55 gag |/ Pss Arbes ubi P P355 \ IntronGUS P;“f;a
I aly-A 11 ' {a2bp) [ 56 1.8kb) (538bp) i | '
B || posbp) (570bp) \ [792bp) ; (756bp) ! (1.8kh) | (338bp) ’ (2093bp) @31bp)

- | HindIl

Sacl BamHI
xhol Xhol Bstxl Ncol, Bgll

Figure 1. Map of the T-DNA region of the binary vector pCAMBIA
3301(IG-2) harboring GSDLI.

LB, left border; RB, right border; Ubi P, ubiquitin promoter; p35S, CaMV
35S promoter; Arbcs, Arbcs terminator; 35S  poly-A, CaMV 35S

terminator; nos Poly—A, NOS terminator; bar, bialaphos resistance gene
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A8 Agrobacterium competent cell(100u0)<&

A A3 521 & DNA 5uls We

l

37T, 53¢ heat shock
l

A A Aol 2%

!

37T, 53¢ heat shock
!

Aol 30
!
YEPHIA] 5000 A7} 3 28T, 1A%, 200rpm shaking
l
3000rpm, 7=, 53 94l
!
100pt A= 7] A e vg

l

Pipeting 3}¢] Rifampicin 25mg/L, Kanamycin 50mg/L
7}l YEP agar wj#]9] spreading
l
28°C 1~2¢ vk

Figure 2. Procedure of Agrobacterium transformation
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(3) Agrobacterium& o3 5309 JAAS

=3 A=A e A callusE o83 FEHAEE Figure 33 &2
oz Fagadn. ds T FAY vEA callusE = R AERE H
(Figure 4A-B), callus 28R4 2~3F7F AufSsS cHFigure  40).
Rifampicin 25 mg/L, kanamycin 50 mg/L& 33Xk 25 mLe] YEP #Hj#]9]
[G2-GSDL1 vectorE %3+ AgrobacteriumsS 7HE3Fe] 28T, 200rpmel A
24 A1ZF W FEtATt. Agrobacteriums QAE-EEe] AAHS A AstaL(Figure
4D), 50mg/L acetosyringone (3,5-dimethoxy-4-hydroxy—acetophenon)®] 3
stu]o] = 25 mL9 infection BIA|(1/2MS, 3% sucrose, 1% glucose, 1%
Betaine, pH 5.2)9] + pellets A&AES = 25T, 110rpmel] 2A]3Hs<t
pre—activationdti, vIEA callusE 2ol 25T, 110rpmol] 2A17F5<F 743319
O (Figure 4E). #93% callusE Ed Ao &8 o &Y &5 AAS &
T=ufek X (1/2MS, 3% sucrose, 1% glucose, 1% Betaine, 0.4mg/L
Kinetin, pH 5.8, 0.2% Gelrite, 50mg/L acetosyringone)°l X|43le] 25T, &
Z7A9 A4 397t wjked v (Figure 4F). TEujFet  callus=Z5H
Agrobacteriume A AsH7] Y3 Bor=E callusE 4~53) AL 3 250 mg/L
cefotaxime©] ¥3H Bz AHstal (x5 ARRse] o] TS
AASAT. FES A A callusyE 250 mg/L cefotaxime©] H7FE callus &
2 Ao x]gste] 25T, G 2~353F vl s T

Callus Adkuj Aol A} A3l callusol Al shootE FXE3H7] 93t 1 mg/L
phophinothricin(PPT)¢] #7}¥ shoot =MW A(MS, 3% maltose, 1 mg/L BA,
pH 5.8, 0.3% Gelrite)ell callusE A7dsta 25T, F=7M 453 vl g3t
G (Figure 4G). Callus2%H %% shootE 3 mg/L PPT7} #H7F¥ shoot A
dhuf Aol AljefFstal, 5cmeold F2d NAE 5 mg/L PPT7F X3e 1/2
MSHj Aol X]7dete] HElE sttt PPT7F £35 wiA|ol A shoote}

_12_



Callus pre-culture

l
o ] YEP liquid media,
Agrobacterium inoculation . .
28 C shaking incubator 24hr
l
. 50mg/L. Acetosyringone,
Infection . ) )
25T shaking incubator
l
Co-cultivation 50mg/L. Acetosyringone, 3days
l

] o Callus growth medium
Agrobacterium elimination )
+ 250mg/L cefotaxime

l

] ] Shoot induction medium
Shoot induction

+ bmg/L PPT
l
Root induction 1/2 MS medium + 5mg/L PPT
I
Acclimation

Figure 3. Procedure of Agrobacterium—mediated transformation.
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Figure 4. Procedure of Agrobacterium-mediated transformation for
zoysiagrass (Zoysia japonica Steud.).

(A) Callus induction; (B) Selection of callus; (C) Pre-culture of callus, (D)
Agrobacterium pellet; (E) Infection; (F) Co-cultivation on solid medium in

dark for 3days; (G) Shoot induction
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(2) Genomic DNA %%

O]:/‘(E?'Sg o &
= o;f:x_]ﬂ =
- = ]’T,q‘/] o
and 1o
Thomson, 1980)& ©]4 Z5E Figure 59 7o
8-3}o] genomic DNAE F 7+o] CTABY (Murray
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ul
>

600u02] 3x CTAB bufferE
!
6000 chloroform/isoamylalcohol(24:1) §MS 7l 3 &3t
%

l
34

47C, 15,000rpm, 15% HAEE 5 A

l

o,

s

A

l

50040 isopropanol= F7}ste] &3 & 30
&l

futaD

l
2] % DNA

[e)
414

4C, 15,000rpm, 15
l

70% EtOH=Z DNA pellet washing
I

l

100xg/ml RNaseA 500uE A7} 3 37T, 1A7F A
PCI(Phenol/chloroform/isoamylalcohol 25:24:1) & 500u=

At ¥ Bg

ut

T 43% 9%
A7

<«

ERES

<«

47T, 15,000rpm, 15%
o sodium acetate?} 100% EtOHE #7}ste] DNA
Az

l
=1
=

358 4
70% EtOH= DNA pellet washing
l
T lug/ml = 5% 24

af &t

S 100ueel &

Figure 5. Genomic DNA extraction from wild type and transgenic plants.
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(3) PCR £4

GSDLI A7e] =& #4987l $18 Figure 63 2 WHo=
genomic-PCR #2418 38t} 879bp A7 GSDLI FAAE 5317 ¢
gt primerZ+% forward primer(5'- CCC GGG ATG GCT GGT CTT GAT
CTA GGC A -3¢} reverse primer(5'- CCC GGG TCA GAA AGG ACC
TCT TCC ACC G -3")%& HAkRlste] ARg-skgltt. PCR Ab=& EtBr= 7HeE

1% Agarose geldl loadingsle] #7199%3% & bandE Q&+t

HES- o] =4 Genomic-PCR Z#

Genomic DNA 25ng 21l Pre—denaturation 95C, Smin
10x Taq polymerase buffer 21l

(TAKARA, JAPAN)

25mM dNTP 210 Denaturation 95T, 30sec
Taq DNA polymerase 0.240  Annealing 60T, 30sec
(TAKARA, JAPAN) Extension 72T, 30sec
10pM Forward primer 0.4

10pM Reverse primer 0.4

Sterile distilled water 13u¢  Post—elongation 72°C, 10min
Total 201

Figure 6. Genomic-PCR reaction conditions for GSDLI gene in transgenic

plants.
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(4) Southern blot £4]

Ean

ofAYy ul FAHAZ AEoA FEF 10pg genomic DNAE  ARE-Sho
Southern blot #41& 433} tF. Genomic DNAS BamHI(TAKARA, Japan)
o7 37TCoA oF 24475 A3k T 1% Agarose gelolA 50V, 4417 A
7199 E3ke] Eekslth. A7l E5e gels EtBr & oF 303 Mg &
UV lightdte]l DNAE &<13}elal, 0.25M HCl &HelA 154, #A-89(0.5M
NaOH, 1.5M NaCDelA 154 23], 538 4(0.5M Tris-HCL. pH7.5, 1.5M
NaCDellA 1584 23] AHggd + 20xSSC (3M NaCl, 0.3M sodium citrate,
pH 7.0) WA 103 HEssialt. 1 tha 20xSSC ¥ & AR&sto]
U E membraneol transferst$lth. ¢F 1643t transfer $ membranes 80Tl
A 2A17F  bakingstel DNAE 1A DNAZF 3AE  membranes
High-SDS buffer(50% formamide, 5xSSC, 50mM sodium phosphate pH 7.0,
2% blocking reagent, 0.1% N-laurylsarcosine)ol 4] pre-hybridization (45T,
1A 73 & DIG-labeled GSDLI probe 200E #7}3t hybridization -89-S
gol 45Col|A oF 16A17Hs<F WA Zth. Hybridization ¥ membranes 2x
wash  buffer(2xSSC, 0.1% SDS)A 65T, 582 23], 0.1x wash
buffer(0.1xSSC, 0.1% SDS)elA 65T, 156w% 23] AAsISAE 1 & 2%
blocking  solution®®  2A]ZF&<QF  blockingdlal,  blocking  bufferol
anti-Digoxigenin-APE 10,000W] 3|43t A8 Ho| A 303t WESAIHTEH &
A9} wr$-A17] membranes washing buffer(0.15M NaCl, 0.1M Maleic acid,
0.3%, tween20, pH 7.5)% 15%8% 23] A %3s}a, detection buffer(0.1M Tris,
0.1M NaCl, pH 9.5 5&3F H& 3}t Membrane 9]¢ CDP-starg il

A
27 W E F 583 whEAIA LAS-4000S AHEste] signale &S
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ol 24 of 0.1g& AMFH A AAALE o] &ato] 3
l
Trizol 1mlS #7}3le] vortex, A= 10%7F =X

l

4T, 13,000rpmol A 10%&-3F A&7
l

A S 348} ar chloroform 200x0 7} $ A2 383F A A

l

4T, 13,000rpmol A 10%E-3F A&7
l

7S WEal 70% ETOH 1 ml 37}
l

4T, 13,000rpmol A 10E-37F A&7
l

Pellet& 7%
l
DEPC-water 50uf &3l
l
cDNA 34 2 RT-PCRel A}

Figure 7. Total RNA extraction from wild type and transgenic plants.
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(6) RT-PCR

ol

23k total RNAS o] &35} Figure 83 #& W ow DNAE A s,

I

6]:]1-

o

3 cDNAZ template®® GSDLI E9°]4 primer AEZE A3}

=)

T-PCRE 4~3J3}%t}. Standard control®+= 18s ribosomal RNA primer Al

EEZ A3t PCR AHES 1% Agarose geldl loading 3F 3 7] %3}

cDNA 3$HA Genomic-PCR 7
Total RNA lpug  Pre-denaturation 95T, bSmin
Oligo(dT) primer 5l

M-MLV 5x reaction buffer 5

10mM dNTP 5u¢  Denaturation 957, 30sec
25unit Recombinant Rnasin Annealing 60T, 30sec 20cycles
ribonuclease inhibitor 0.54¢0 Extension 72°C, 30sec

200unit M-MLV Reverse

transcripase (Promega) 1ul
DEPC-water fill up Post-elongation 72°C, 10min
Total 2510

Figure 8. cDNA synthesis and RT-PCR reaction conditions for GSDLI gene.
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3) GSDLI-83AA

wjr

ofAE =9t GSDLI-

oH

)

wjr

2cm 4dolZ Ze} 3mM

ok
2

orAlE =Zt)el GSDLI
MES, 15mM #4442 (H,0,)

, A9l chlorophyll $t&S =

s m

s

e

il

T

0

o}

oH

)

,_Ir,”
ﬂO
N

sheie.

-

SREEIE

2} 200mM

39 _©
H=

]

o A

=9

]

A
>

i

7Fe 1/2MS wj#] 9ol X4

=]
-

mannitol ©]
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FAAZ = AEstso] Ja FHARY E=o] {7 gt callus Aol 71 F
Q3% Aow AZHAY. 7|Ee] =3y FAAI ASoA Hargk npep 7ol
(Toyama et al., 2003), callus FE8 XA callusE® %3 H wg11 2

7

A= GH 9] callusE AEstglor, CaCle A= MS HjAolA FA A2

=
callus #H1E & 95 ghelvt PAHA3to] = AAE HYT) o= Ca” o] A
gl MSHA| O] callusE A7 HAoA AP aso] =2 callus7t FAH

7

2 FEudui el Ca® e vAl Hibsl Fe A Ed
callus® #HAEES Folv T8I HAHo= Azdv. olek  FAlSH
Agrobacteriums ©]-&3to] HlyUE JA A3 A (Sreeramanan et al.,
2010)°l X Agrobacterium ¢ =l Ca® & A3 FEuj g« 27o] A&
AEE o] 2 WMol JeFs & Ao® HuE vk Q)

Agrobacterium 79, &MY $ callusE cefotaxime©| X
AoAWar FAA iAol X4g A3, AT calluse AWEE 23E HI=T
ol HAIA HA T callus’7t damageE Y= HOE oAFHT HAA wjH| |
73t callusE X A3 & Agrobacterium 9 over—growingS WAsl7] ¢ &l
cefotaxime®] X & dAA wAE oF 25 s WA 3~43] A wjA 2 A O]
& sk, dAA F9 callusE 250mg/L cefotaxime ¥ 1~5mg/L. PPT7} X
S o] A= AR wj Aol 24ds v

A7 B Ao o dEE A EA= Figure 994 #Zo] PPT7F x3HH
iAo A A sHA Ak 23S Blow, shoot7t Sem o] At AAE
PPT7} 284 1/2 MSHiA|el At dsted Fe2lE =i MAs & 4+
+ shoot7} IAFSHAY HElE FestA] Eobes AHE WIA=H, o= bar

AA 7} escape ¥ Ao FAHFT
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PPT/} 289 W00 A shootst el 43l FHRY ANE F oo

o] Gug 5AAS Awstel o] Fo] wAo] ALggict

Figure 0. Production of GSDL I-transgenic zoysiagrass by
Agrobacterium—mediated transformation.

A, H1 line; B, H2 line; C, H3 line; D, H4 line; E, H5 line
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2) ¥2AE 349 /AR =Y

it

Llac]

M
1%

(1) PAT @32 9] 32l 9 genomic-PCR

Adbst 57 2RQle]l FA WA & Zel PAT detection kitE ARE-sle
PAT @ o] w818l th(Figure 10A). 2 A3 1G-2 ¥ vector’} &<
¥ control FFAF A& GSDLI FdAE =9iste] Ast 571A12] 2 &0
Al PAT proteing] Z&o] AUy Bar fAA7F AdtvlA FAAZ AL-g9

FAAZ A EA9 PAT test stripe ©]-83%F screeninge FFHSIIL 32 A 2HA|

T

ol

o] mE ¥ F8AHYES & F AJY (Zapiola et al., 2008, Sun et al.,

FAHSE e GSDLI FAA7 =JEHA=AE &1st7] flal 571 2kl 9
genomic-PCRS 483l tH(Figure 10B). GSDLI E9°]% primerE o]-&3%+
PCRS 83t A¥, ofAy 3 1G-2 Fvector’} =¥ control A3 A&
ol A= band7} QA=A ko, At FAAGA 570 glel A= 879bp

=
2719 GSDLI #AA} =49&S $A02 5 aldeh

.

<. Control
— PAT

Figure 10. PAT protein detection and PCR analysis of GSDLI gene in
transgenic Zoysia japonica Steud.

(A) PAT protein detection of 5 selected PPT resistant plants; (B)
Genomic—PCR analysis of putative transgenic zoysiagrass. M, marker
DNA; P, positive control; WT, wild type plant; IG-2, 1G-2 vector control
plant; H1-H5, GSDLI-transgenic plants (879bp)
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(2) Southern blot ¥4

=4 FAAY copyTE 187l 918kl Southern blot w48 A
H(Figure 11). T-DNA WH< oA single cut AgtasiQ BamHIS * &3k
10ug genomic DNAS} DIG-labelling¥t GSDLI probeE °]-&3lo] A3 A},
H1, 2, 3, 5 2?1 77t A2 g fAolA 1719 band7} A&%° lcopy?]
FAAZE =YdE Aol FelHAen, H4 #fle A2 gE fxA 2719
band7} AZEH o] 2copyd GHAAI =9 Aoz FeHrt. wak GSDLI
PFAHS =Y 5 e BF 5949 MAdS o 7 Ak

Agrobacterium< "Wl 2 sl FAASANME= HA {FHA7F single copyE
EE s RETE =2 AoR dEA d=d(Hiel et al 1997), GSDLI #+x4

S

7F 2 FAAE AEo M B35 5 2l T 4 Zelol A single copyr#

WT 1IG2 H1 HZ2 H3 H4 H5

2313
9.42

436

232 3
203 3

0.56 =2

Figure 11. Southern blot analysis of GGSDLI-transgenic zoysiagrass.
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(3) RT-PCR

7t FAAg AENA GSDLI #+3#e] was &<etr] f@l RT-PCRE <
gttt 1 Ay, oY S3Ye} IG-2 Fvector’t =Y ¥ control A 73
g band7F ERIE A Fokort, et FEAHASA 5 A=
g 4 ATk 53] HI, 2, 5 2e] H3, 4 <l

B B 2 Ao Vet o (Figure 12), Bl AZFA Hug 93

= Northern blot #4]o] B3t Zlog HIT}

X
rl
g
¢
=
|
=
=
)
g
O
=
H

GsDL 1

Figure 12. RT-PCR analysis of GSDLI-transgenic Zoysia japonica Steud.

M, marker DNA; P, positive control; WT, wild type plant; 1G-2, 1G-2
vector control plant; H1-H5, GSDLI-transgenic plants; 18s rRNA, 18s
ribosomal RNA
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3) GSDL1 ¥AA% A& EA &4

GSDLI §AAe] ¢ 2 @de] sy FPAH Save 542 PA)
e oz, A3 2EfGA 274 9 Ax 2EHA 271

2]3}al phenotype®] ¥3} % chlorophyll &

o&i
o,
e
oty
il
Mo
1%
_OL
32
iv

(1) & =ddA g &4 &4

of AL AR w38 ZAAIE FA2EYA = YR DEA Q7] W
o AgA 54 AZol| ®o] o]&x i i(Kleber and Krupinska,
MM = =t 548 A 98] 3mM MES &l of
A 2 FAAS AE] JHHES o] hxel A &, AA A e
olo] e wW3stE #EE FAlol chlorophyll %S =439 tH(Figure 13,
14). 1 A3}, oY E3dE A § T4ATH 99 w3t dEE 4]
RaL, 21L4A 9= chlorophyll gHgFe] A58=Fe] 30% miwte = Zhashs A3
£ UetdY. GSDLI #3d47F =949 9448 44 Hl, 2, 5 2
o= of¥PAEY 5dAE AAE A2 F oF 12945 9 w37t #EES]
o, A2 3 2144 % chlorophyll $FaFo] A&-3&o] 40~50% 2 F4at
T AREFE FAHAE Avs ofAPd vlE] of 2mjdE w3iAA 54
7HS & 7 QATh HI, 2, 5 #RlolA] wstA o] 5A4Jo] H3, 4 #SlEt ¢
A Yt A ol ghele] ME o] H3, 4 SIEY £7] Wil Aew
BRItk GSDLI +377F =91d FdHd3 S3d0s ddd+9 GSDLI #3=
Y= ORE7 Ax7F #ddw of 7|4t (Lim et al., 2007)¢F M523 =34
o] 545 YeEhAT

o)

o?i
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AL

Figure 13. Dark-induced senescence phenotype analysis of detached
leaves of wild type(WT), IG-2 vector control plant(IG-2) and
GSDL 1-transgenic plants(H1-H5).

EwT NG-2 WHy WH2 HH3 WHg EHg

Chlorophyll content (%)

0 1 7 4 a1

days

Figure 14. The changes of chlorophyll content in detached leaves during
dark incubation. WT, wild type; IG-2, IG-2 vector control plant;
H1-H5,GSDL 1 -transgenic plants
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(2) }\]—:Q'I_J\Eg-]]}\ 7\7-101]}\1‘,] E 3 H/\-l

WeksEd s AR 2AE) 8l 3mM MESSH 15mM Hisag &
T3 ool b4y 2 FAAT B AWAL A F, AHH WE

o] FJests BT FAlAl chlorophyll $H#s& F73te] vl FA38k30Th
(Figure 15, 16). 1 A3 3t opg Y3 FAdghA] 5 chlorophyll 93]
dAs] ashs AR Fe H3low, oplY SXTET H3, 4, 5 #RI>
chlorophyll $t&o] =+ A °=

2kol7F A9l i, AP S-/Y 5 2l BT IG-2 Fvector7t E=HE
control A E A Xt} chlorophyll o] A3 743 ZAyE HJTY. BHiE
ORE7 f+AA7F g s o 7] 4l (Lim et al., 200714 % o]¢} fAFsE 23]
S Fystgdon, Hakslaes 2E 59 F chlorophyll 30| ok E

slolxl Aol ws] PFHAA = F 80% chlorophyll %S YERATEH
GSDL1 #3AE5 =93 S E Adde ved oz didsioy,

Gl Ao SIH,

[‘0

AR E 2] e A
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Chlorophyll content (%)

7d  10d 12d 14d

Figure 15. Oxidative stress—induced senescence phenotype analysis of
detached leaves of wild type(WT), IG-2 vector control plant(IG-2) and
GSDL1-transgenic plants (H1-H5).

e BWT EIG) EHL EH2 SH3 EH4 BHS

0 i 3 7 10 12 14

days

Figure 16. The changes of chlorophyll content in detached leaves during
hydrogen peroxide-induced senescence. WT, wild type; IG-2, IG-2 vector

control plant; H1-H5,GSDLI-transgenic plants
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(3) ARAEHA ZANAY EA BA

32d Aol += o] &A3] w3}¥ A HFigure 17). GSDLI-E 2 A
2, 5 &2 Ay & 32dA %= o =3 7F A Y= kom, H3, 4

HuE A5 T o7 del AEY AF2EHs - F83 Asq9as
3t+= SRK2C +73dAH(Umezawa et al., 2004)9} pscs 2 rabl8 -+ AHKnight
et al.,, 1998) =948 of7]ddl padA ] FAAe] 7S FA1E Ao A

yelilen, Bu¥l ORE7 +AAHLim et al., 2007)7} =4% ol 7]t A
A et olUgl ARAEY 2 Ud AT =713 AE YER Y

Arrlzke] mgiel os o AEHA ARG @ AxLEdL APl &
dd FEAE M(Hu et al., 2006)2te H=3 235 BT Hid =8
AEZ A3, SF2Eds A ddd A =id dAdg e
Az, 9, st 2B 5 5949 2EHA %

A depdls 2398 &
8

ot
>
rO
SE
rlj

o
—_
i
©
A



o N0 O O O
o IR JUEE R P
T T TR

T U i
o A0 L LS RN
AL C e pe e e
=AY Y R R L

Figure 17. Drought-induced senescence phenotype analysis of detached

leaves of wild type(WT), IG-2 vector control plant(IG-2) and
GSDL 1-transgenic plants(H1-H5).
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III. Kentucky bluegrass A<ZEAE o] L3}

84 A3} =309 &Y



1) Callus fr=°ll "IX& 2,4-D¢} BAS 9%

Kentucky bluegrass® #juj3E% Bedazzle, Blueberry, Common, Diva,
Midnight 5 5%F 9] 4xTAE ARS8l AEdbsol i callus =80
=2 WX & Adelr] 98l 2,4-D(0, 1, 2, 4mg/L)eF BA(O, 0.1, Img/L)&
FEHE 233 MS 7] 2w X (3% sucrose, Gelrite 0.3%, pH 5.8)0] FA=
A4ste] 5FF Y callus &S AT 70% EtOH &9l F3& A
At A5 do] 187 AHeslal, 5% sodium hypochlorite 8o 20ul
tween-20< FH7lste] 164 &<k THATS & HiFE 4~53] AFo] §l
o wji7hA] MAHeAth U FAE Drd AHRA fel =2 BEVE
AAsL, 2,4-D9F BA7F FEHE 239 callus FFE8A 12714 A 3H
As Fol TAE AT 4~5

Lol callus &S WEER

Eol 25C otz FA callus® &

AT (FE=H callus / XAE 32

L-lN

4= x 100).

2) Kentucky bluegrass =243 A&3 &&

Callus %=ui#]ol] Bedazzle, Blueberry, Common, Diva, Midnight 5% %
o FAE DI 2 WHOoRE AHste] AAg § =g dddk JE o
callusg & ¥ AW3stil(Figure la-b), Tdx4 9 callus Sl Aty
Wl F sl S48 S (Figure 1c), MS 7|28 #]o] 3% maltose, 1mg/L BA,
pH 5.8, 0.3% Gelrite7} X3d AEsh ] o] callusE €AIASZ X3}
o 25T, &Y =H3tellA shoote] =& #ZsIAHFigure 1d). AE3h=
2 MEEZ YA (F =S shoot / XFE callus 4= x 100).
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Figure 1. Procedure of regeneration from mature seed-derived callus

of kentucky bluegrass

(a) Callus induction; (b) Callus selection; (c) Callus growth; (d) Shoot

induction
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it

3) ¥y f= € 3

B = wA(1/2 MS, 3% sucrose, pH 5.8, 0.3% Gelrite)ol] Z+ =&
H AR NS st 25°C, AAdxHo Fof e f= 2 S5
mayl §5d QA= 2543C, AYESE 60£10%, 16A7HS 372 24

Hi e JES RS L1E Mgd Fol ©91 s Ae] wakstant

.

4) Callus 8el9 &7/

Kentucky bluegrass v+ 5 Midnight TAZ5EH FE2% callusE &

B 47h 2 R

5) Myo-inositol FE°] W& callus =89 FA}

Midnight %8 o]-&3}9 Myo-inositol®] callus %= "X &= J3FS %=
A7) 9] MS HRA|(3% sucrose, 2,4-D 1mg/L, BA 1mg/L, Gelrite
0.3%, pH 5.8)°] myo-inositol 0, 25, 50, 100, 200mg/LS Z}Z} #H7}sha,
TAE A4t calluse fFE&S AT T4 3ES 9 DI Y
sk o R AHEste] BEEon 25T, dxl oA 4~55F<t callus
FESI callus &2 NEEE YEMATHFEE callus / 2734

A4~ x 100).

ul

il

6) Callus %5 2 MH2A] Kinetin® & A&7} A&} o] vXE= I

Minight ¥#&& ©]&3k] Kinetino] AZ3}el VA= & HAEsH] 96

oS ge AFS Fasrt. 2,4-D 1mg/Lol kinetin (0.5, 1mg/L)S &
=g 233 MS 7] E8i%](3% sucrose, pH 5.8, 0.3% Gelrite)o] A=

2| 438Fe]  callusE %% ¥ 3% maltose, 1mg/L BA, pH 5.8, 0.3%

Gelrite7} 33 MSH|A] A shoots FE3dte] AEI}ES HESAH. 1
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¢ al 2,4-D¢} BAZF 212} 1mg/L A 718 MSHiX| oA F =49 callusE 2,4-D
Img/L, kinetin(0.5, 1mg/L)<s E=H=Z X3 MSH|X|o| X|dste] 13] <

2lel o Qe Uk FAJo] A E3F wjA A shootS FESFUTE 1E]a
Z+7F 1mg/Le] 2,4-D¢F BA7F E8A48H A dA %= 2 FAE callusE
A AFEsa) Ao xdele] AEsHES v uEAS T AEstES Wit

&2 JERNA T FEE shoot / X AE callusg x 100).
7) BA¢} TDZ9 wx4d Zg&A g7l A& &4 vAE= I3

BA®} Thidiazuron(TDZ)S w%HZ AHE]d maltose’} E&H MSH|A|
type 1 callusE A7eto] HAxA9 AEspxE AHs7] flste] 4=
3ttt BA (0, 0.1, 1mg/L), TDZ (0, 0.1, Img/L)E s=¥= £33t
97}A] Bl A]e Midnight callusE X|Aste] 25T, &Y ZA3}o] A shootd -+
L5 #FEST AdsES WEEE YElAT(FEE shoot / X4H

callus 4= x 100)

8) Agarose 2 Gelrite =23 X7} AL3 89 vXE 9T
Hjx|oll H7}E = Agarose Z Gelrite & FEHEE g3t QEI}ES %
AbeA Tl 0.7% Agarose X 0.2%, 0.3%, 0.5% GelriteZ z+zt 2] 3k Hj

7)
Aol callusE A A3le] shootd FEES T3 AE3}EL HESZE L
EFJITHHF %9 shoot / A|AE callus 9= x 100)
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2. A3 @ w1 %

1) Callus fr=°ll "IX& 2,4-D¢} BAS 9%

MS Z]iajA]ell 2,4-Det BAE s=82 T8I 127F4 A9 callus
FEf RN A 5EF9] callus FEEY = ddd He9 type 1 callus
FE&S A4 2AREGITh. 1 A3, Midnight®t Diva®l 4% 40~50%9]
callus FE&S HSoM, Bedazzle, Blueberry, Commoni ¢ 20~30%<]
Feg&s YeEhAHTable 1). A#3tso] w2 =%l ddgk Fejo type
1 callus® =& 1 mg/L 2,4-D, 1 mg/L BAE X3 109 Az FolA
Divag Ale|g AFFoA =& 235 eIt (Table 2).

Callus =& Bedazzle, Blueberry, Common, Diva 3&°lA
5.58%-7.69% mgko] 9l oth, Midnighte 101 A 2ol A
&5 dEhideh o] AdelA 1mg/L 24-D, 1
mg/L BAE g8 10H A= 5% F T Midnightol] 7} A3k =
s & g AR 7] Bad Aol A= 2,4-DoF BAS E9HlES 7]
24 AHgg wjH oA callusE FE3IR 2 (Ke and Lee, 1996, Hu et
al., 2006), callus =& 20~70%= 1 @& & zfol& RHu. A
o] & type 1 callus®] FE&2 HAZ 10% 7w W+ a5
aL(Griffin and Dibble, 1995), i °F 40%9] =& B3 =
(Valk et al., 1989, Valk et al., 1995). ¥ A& callus =& %

q
type 1 callus Fr=&< olv] 1% =FE53 H=3 235 et}

n{ﬁl

o i
Jo
k1
o
o)
(00)
]

N

38
N

i
A
&)

FI
32

. Ho
&

32
o

(<))
AR
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Table 1. Effects of different concentrations of 2,4-D and BA on callus

induction

No. (Zr’:éz) (r:'; /) Midnight Common Bedazzle Blueberry Diva
1 0 0 0 0 0 0 0
2 1 0 49.13+4.58 29.11+15  27.47+043 32.02+2.42 27.21+0.53
3 2 0 4957+2.13  2687+0.25 27381046  26.92+0.12 42.11+3.17
4 4 0 4332 497  1529+0.10 23.28+0.20 21.64+0.05 35.50+0.31
5 0 01 1.58+1.23 0 0 0 0
6 1 0.1 48.17+3.55  29.85+0.07 31.45+04 30.66+0.14 41.58+1.52
7 2 0.1 4799+6.13  2733+0.83  24.73+.27 26.47+1.26 57.44+16
8 4 01 41.58+161 22.66+044 23.95+0.88 24.00+1.12 27.33+244
9 0 1 0.32+0.55 0 0 0 0

10 1 1 4468+4.19  2937+222 29.33+328  30.74%1.60 49421144
11 2 1 4437+274  2671+136 30.98+140  29.91+1.35 39.95+4.54
12 4 1 4262+212  1801+0.14 2592+2.62  23.15+247 33.78+0.88
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Table 2. Effects of different concentrations of 2,4-D and BA on typel

callus induction

24-D BA

No. (mg/l)  (mg/L) Midnight Common Bedazzle Blueberry Diva
1 0 0 0 0 0 0 0
2 1 0 0.76+0.23 0 2.07+0.73 0 0
3 2 0 0471049 0 0.56+0.01 0 0
4 4 0 0 0 0 0 0
5 0 01 0 0 0 0 0
6 1 01 18.22+4.68 432+£210 7.55+4.09 2361101 7.34%+3.09
7 2 0.1 7.80+2.19 0 3.23+1.03 046 5.56+0.15
8 4 01 0.12+0.20 0 1.80+0.07 0 0
9 0 1 0 0 0 0 0
10 1 1 22.73+3.40 558+1.04 7.69+3.07 6.70+2.13  2.92+0.58
11 2 1 12.58+1.08 132+0.02 464+106  2.33+0.03 4.55+248
12 4 1 43+1.38 0 2.72+0.07 0 0

_40_



2) Kentucky bluegrass =24 &3 5&

Kentucky bluegrass 5% %9 callusE % % S243 & 3% maltose,
1mg/L BA, pH 5.8, 0.3% Gelrite7} ¥3%t%l 2]&E3} iAo A shootS HFE3+
A3 5 100%° 7Pk Qs dede Aem FQlHAtH(Table 3,
Figure 2). 7] BHig Aol = A= AZstEo] wka #3548 A3t 28
o = & ol& M2 Ke and Lee, 1996, Griffin and Dibble, 1995, Valk
et al, 1989, Hu et al., 2006), & A A& A FFS 54T WA
AN 5 95% ool w2 AEstEs d& 5 AT AEstel= A
ZAE FREAT ARSI A calluse Awto] g FTod RAow AZtE
o webA o] 3o AR =ga Tddd JH AEstsol =2 type 1
callus F=&°] 7F4 =49 Midnight 55 AFE3}e] callus FE] &7 2 A

:

T3 A& callus® A wiA o] 2AES HESIIH

lI

(o3

jus)

Table 3. Regeneration ratio of five kentucky bluegrass cultivars

Cultivars Regeneration ratio(%)
Midnight 98.80+1.84
Bedazzle 95.48+3.70
Blueberry 97.51+3.87
Common 95.50%+5.65

Diva 100
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Figure 2. Regeneration of five kentucky bluegrass cultivars

regeneration medium.

(A) Midnight; (B) Bedazzle; (C) Blueberry; (D) Common; (E) Diva
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3}

it
i

3) B HE

Kentucky bluegrass £A=ZHH callusE % %
Ak Ay oF 3F 2 callus2F-H shoot7} =% AL, Divag A& 4%

1/2MS wjA oA Be] 7t =5 AtH(Figure 3A-D). 217} =% /A= st

of Mol =3g}s} tHFigure 3E).

Figure 3. Root induction of five kentucky bluegrass cultivars on 1/2MS

medium.
(A) Midnight; (B) Bedazzle; (C) Blueberry; (D) Common; (E) Acclimation
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4) Callus 8el9 7/

o
X2

2,4-D, BA =3 2AolA =33 ddst Je callus =& 7H

© Midnight %5 AFgsle] AQE3ts I callusE AEsl7] Y3l callusS 4

)

A ez EReTkFigure 4). Qmgde] 2717} gl wdsin 2449

A
Pejo] callusE type 1, 717} $lar ddst] A5 ZAdd FHY callusE
type 2, =@M E7|7F B FEgg FEHY callusE type 3, i =77}
W callusE type 42 7ot o] & detst FEl9 type 1 callus$} type
2 callus9] 82 FiolA AEs7t 2y = 2345 YESl e, type 3 callus
¢} type 4 callus®} 22 =7]7F B3 F=8$ callusollA = AEs7F 574 &
v A¥E HYh

ShAl gk 3t Al Egks e ddsta Z B E calluset FARS
FEE Blov, Midnightd] calluse %Y callus ®th & o 99t &5

S Bt} o]= oju] Bi¥ kentucky bluegrass o8] ZFo|Ae] A}

)

(Valk et al., 1989, Ke and Lee, 1996)¢} A9 fASHS & 5= ddt).

Figure 4. C(lassification of mature seeds—derived callus type from
kentucky bluegrass cv. Midnight.

(A) Bright yellow, hard and compact type; (B) Bright yellow and partially
brownish, hard and compact type; (C) Bright yellow, watery and soft

type; (D) Ivory, watery and soft type
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5) Myo-inositol FE°| W& callus =89 FA}

Myo-inositol®] callus =& FFS F=AE &2ls7] 8] Midnight #
o]

TS AMgste Img/L 24-D9F 1mg/L BAE FH7kgE MS  7]Ew|A|

=

myo-inositol S =E¥HZ X3t callus &S ZASFY TH(Table 4). 1 2
7} Myo-inositolE 0, 25, 50, 100, 200mg/L == A8 3}e] callus F+%=
&S A Aol ZF Ay 5 callus FE5& oF 2092 2 Aol 9le

PN
o 4 AT

filo

Myo-inositol gl A B3} Hlszgh ghador Hrlehr|e of Al
S 23 ke AelA dAlol FdEE AR Bl
oJ(Abid et al., 2009, Jie et al., 2011) myo-inositol®] &
kentucky bluegrass®] callus =& 93 vz Fog Asg o, 7t

FEE Aol callus FEES 2 Zol7t QU

ol =
= X

o
b
1o
=

ol
i)
)
i)
N

Table 4. Effects of different concentrations of myo-inositol on callus

induction (cv. Midnight)

no. myo-inositol number of  induced callus number of typel callus
(mg/L) seed callus  frequency(%) typel callus frequency (%)

1 0 731 364 49.8 162 222

2 25 811 419 517 218 26.9

3 50 778 397 51 167 215

4 100 665 319 48 134 20.2

5 200 666 371 55.7 157 236

_45_



6) Callus = 2 AA] Kinetin® E&x 27} A& 3o vx= J3F

Midnight &%FS AFg3F] 2,4-D¢} kinetinS &3+ @]k X0 A< callus
FEg& B AT wAE dFS AT Callus fF=iAC] 1mg/L
2,4-D9} kinetin 0.5, 1mg/L Z}Z} #7138k wjx|o] 222 xA4bete] callusE

3 & typel callusE Awate] MSHA]o] 3% maltose, BA 1mg/L, pH 5.8,

H

0.3% Gelrite7} 23" AEsPufA oA shoot FE=&S ZASIATE T3
Img/L 2,4-D, 1mg/L BAS &8&A 3 iAo calluss f+5=3Fo] typel
callusE A3k & 1mg/L 2,4-D, kinetin 0, 0.5, 1mg/Lo] Z+Z} H7bH wiA
of callusE A/ste] shootd] FE&S AT L A3, BAE et
A | A {5238 callust shoot7} AA4Hoz At W3] kineting X3
St "X A FE%E callusdl A+ shootd] e %7 =¥ AyE HT
(Figure 5, 6). 3+ green spot?] AL H% o1} shootd FE&L kinetin
0.5mg/Lell A 31.25%, 1mg/LelA 43.75%% YeERNATHTable 5). o]& BAE
SR wx[oll A FA & callus7h 100%0° 77k st Hole Ao Hls|

S R FEgeln, 4 £uw 4Ys A998 & 4 99k 24-Dstk BA
A

(3

|l A 2%k callusE 2,4-D9} kinetino] 323¥ njA|o] 13
A sl S48 & shootE FEd= AFol%, green spot ¢F 75%=
A ABREAAR shoote] FE&S 0.5mg/LelA 6%, 1mg/LlA 15.6%= 7
s G 4 AAHTable 6). ©]& Z3}+= kentucky bluegrass<]

callus % % S oA callus FE=uiXo] H7lE = AFZ2EA 9 5%

9 F5H7} callus®] FABE ol AEAS ARFEANE 2 JFS VAL
AAET BAS W7} sl AEel ARses FHAATE A}

bentgrass(Zhong et al., 1991)¢} H#(Cho et al.,, 1998), bermudagrass
(Chaudhury et al., 2000)%°lA Hi¥ n} 9
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Table 5. Effects of callus induction medium with supplemented different

concentration of 2,4-D and kinetin on plant regeneration (cv. Midnight)

24-D kinetin green spot Shoot
(mg/L) (mg/L) (%) (%)
1 0.5 83.33+3.61 32.99+1.59
1 1 70.49+6.94 40.28+3.18

Figure 5. Effects of callus induction medium supplemented with different
concentrations of growth regulators on plant regeneration (cv. Midnight).
(A), Callus induced on medium containing 1 mg/L 2,4-D and 1 mg/LL. BA

(B), Callus induced on medium containing 1 mg/L 2,4-D and 0.5 mg/L kinetin

(0), Callus induced on medium containing 1 mg/L. 2,4-D and 1 mg/L kinetin
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Table 6. Effects of callus growth medium supplemented with different

concentration of 2,4-D and kinetin on plant regeneration (cv. Midnight)

24-D kinetin green spot Shoot
(mg/L) (mg/L) (%) (%)
1 0.5 75.86+£1.98 5.25+1.84
1 1 79.51+5.35 24.31+7.54

Figure 6. Effects of callus growth medium supplemented with different
concentrations of growth regulators on plant regeneration (cv. Midnight).
(A), Callus grown on medium containing 1 mg/L 2,4-D and 1 mg/L BA

(B), Callus grown on medium containing 1 mg/L 2,4-D and 0.5 mg/L kinetin

(C), Callus grown on medium containing 1 mg/L 2,4-D and 1 mg/L kinetin
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7) BA%t TDZ9 =3 =¥A7 ALs &&dl vA= I9F

3% maltose, pH 5.8, 0.3% Gelrite7} X35 MSH| Ao BA¢ TDZE L&H
2 =3x8 gk 97 Aol Midnight %59 callusE *4sle] BASF TDZ7}
A shell WA= GFS ZASITHTable 7, Figure 7). 7 23, 1mg/L BAE
g ge 3 AP, 0.lmg/L TDZ w542 % 0.lmg/L BA® TDZE
=gA PR 4, 5% ATl M green spot R shoot®] &l 7MY w2 A
UER A tH(Table 7). 1mg/L BAE w5 g wjA|e| A= shoot7} %4733}
A Apekal 9le] B Hgtot, TDZE 95 B EFA s 4~9W A 2o A
i+ callusell o] @o] WAL, Qlo] Mo] i 7hsA gk Aol #F
HAHFigure 7). wEbA kentucky bluegrass cv. Midnighte] A &E3}o) =
Img/L BAZ} H7be MSHIA| 7} 71 A ek o= Atsrh

Kentucky bluegrass®| Alitstel #3k AFtolAM= 22 & FFo] AHEESL
I, AE3 WA 25 auxin® cytokining A 3 FAlo] FE o] EFHAS
o, AigEE gz @S AxEs Bolti(Valk et al, 1989, Valk et al.,
1995, Ke and Lee 1996, Griffin and Dibble, 1995, Hu et al., 2006). =1
Hhs)] 2 Ao A A3 Midnight %52 1mg/L BASl ©@5x8] & BAS
TDZE =@A g AEstuj Aol A 100% 7V7he Adsh&S 1o, 7|Eo B
IE A sEEY £ 235 HEAT

il

o rlr
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Table 7. Effects of different combinations of BA and TDZ on plant

regeneration (cv. Midngith)

No. BA(mg/L) TDZ(mg/L) gri';s‘;;:&)
1 0 0 52.08 + 9.55
2 0.1 0 56.25 + 12.50
3 1 0 9241 + 9.81
4 0 0.1 89.06 + 3.13
5 0.1 0.1 87.50 + 8.84
6 1 0.1 56.25 + 17.68
7 0 1 66.67+ 9.55
8 0.1 1 66.67+ 10.46
9 1 1 79.17+ 14.88

_50_



Figure 7. Effects of different concentrations of BA and TDZ on plant
regeneration (cv. Midnight).

(A) Omg/L BA, Omg/L TDZ; (B) 0.1mg/L. BA, Omg/L TDZ; (C) 1mg/L BA,
Omg/L TDZ; (D) Omg/L BA, 0.lmg/L. TDZ; (E) 0.1mg/L. BA, 0.1lmg/L
TDZ; (F) 1mg/L BA, 0.1mg/L. TDZ; (G) Omg/L BA, 1mg/L. TDZ; (H)
0.1mg/L BA, 1mg/L TDZ; (I) 1mg/L. BA, 1mg/L TDZ
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8) Agarose 2 Gelrite =23 X7} AL &9 vXE 9T

Kentucky bluegrass®] AEstuj=x]o] 2loj A Agarose 2 Gelrited] AH 5%
= ZAFsH] 9d 3% maltose, 1mg/L. BA, pH 5.8& X3%3sl= MSH|X] 9
0.7% Agarose®} 0.2%, 0.3%, 0.5% GelriteE Z}z} 2283 Aol callusE
Aate] AEsES AT 1 A3 0.3% Gelrite7t 3 v =|oll A A&
sl&o] oF 97%=E 7MY =2 AF}E YRR S H(Table 8), shootd AF&HE

+ 0.2% Gelrite7} 239 iAol A & =9 mA T wE F3s Bl
(Figure 8). 2%= g3 = W 0.2%~0.3%9 Gelrite %7} A &3}a) %] o

Oft

Table 8. Effects of different concentrations of Agarose or Gelrite on plant

regeneration (cv. Midnight)

No. Agarose(%) Gelrite(%) Induced shoot

frequency(%)
1 0.7 2 87.50£6.25
2 & 0.2 82.50+2.80
3 0.3 96.88+3.61
4 - 0.5 89.06+3.13
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Figure 8. Effects of different concentrations of Agarose or Gelrite on
plant regeneration (cv. Midnight).

(A) 0.7% Agarose, (B) 0.2% Gelrite, (C) 0.3% Gelrite, (D) 0.5% Gelrite
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o= T4 dHAEAY} IR FHAY R EFEo] AdrHGanesan et al.,
2012). Al WA =)l =7t (Zoysia japonica Steud.)x= WAA, WH
A, WA o] Zhsl] Sters vk B T 5 oFAlololA o] 8-Fo] 7M=&

35 °WH(Toyama et al., 2003), A=z H7]1E& FAste 7|3te] &S ddo=

i

2003, Ge et al., 2006).

AA7FA Bal®l Agrobacteriums ©]-8% E3He] FAANELS par FHAAE

ER3% AxA AN EFT(Toyama et al, 2003)5 AlZox hpt F+HAAE
=93 hygromycin A34 S (Ge et al., 2006)¢F WE=A 42 crylAb)
= =93 ¥=F(Zhang et al., 2007), phyA FAA =40 o3k ySxAH =3

t](Ganesan et al., 2012) So] Ru=Eg o) 1 59 £ A9 EF+= vl
T Aol T3t FEFHAAE =4S AEFTY AE5A Q] sfdte] HQ
JetE T}

Agrobacterium= ©]-&3% PJAAZNS F3 7Y =Y GSDLIZ o7

<

PARSR=S
) 212l AT-hook DNA binding family proteing coding &= 7 Akolt},
AT-hook motif= &, a9 AF¥ Yo T TS gh= o= B
HAOHLim et al., 2007), A=A e 7es ¥ Ag AT Atdle 3
olx 7] oJEt}. AT-hook motifE& X &3t o7t FHAAES Alske wet
A F 2802 UM (Fujimoto et al.,, 2004), o] ¥ 1&9 FHAA(EL A
oA 217 vE 7] Aoz FHH1 JrHLim et al., 2007). GSDLI
RS o7l A Qo] w3l Fag 4TS s ZoE Hid
ORE7 #AALim et al., 2007)¢ #2 A5l &l A2 A Ut
(Fusimoto et al., 2004, Matsushita et al., 2007).
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