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Abstract

Zoysiagrass (Zoysia japonica Steud.) is one of the most popular turfgrass
species In many countries. According to the use of this turfgrass increases,
there is an increase in the demand for genetic improvement of the species.
An efficient transformation protocol, using mature seed-derived callus cultures
and Agrobacterium—mediated transformation, has been developed for the
production of transgenic zoysiagrass. In order to optimize transformation
conditions, several factors such as cultivars for selecting of embryogenic
callus as explant, infection time, concentration of Agrobacterium suspension,
co—cultivation period, concentration of phosphinothricin when selection,
influencing on transformation efficiency of zoysiagrass were evaluated.
Embryogenic callus from ‘Ducchang’ is more suitable than that of from
‘Misung’ for efficient transformation. An appropriate concentration (O.D600=
0.1-0.2) of Agrobacterium and 24 hour of infection time showed a higher
level of infection. Continuous selection by combination of high and low
concentrations of selection agent produced transgenic plants with low escapes.
Using this transformation system, abiotic stress-related genes, Annexinl,
ATHGI, ATPG7, and ATPGS were introduced into zoysiagrass. Transgenic
plants were confirmed by genomic PCR and Southern blot analysis. The
transformation efficiencies for Annexinl, ATHGI, ATPG7, or ATPGS8 ranged
from 0.24 to 3%. The transgenic plants overexpressing Annexinl gene showed
enhanced oxidative, salt, and drought tolerance compared to wild type
zoyslagrass.

The established transformation system will promote the development of

genetic improvement of the zoysiagrass.
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e Ay ez ik wel 27~35T 9 oA & Ags dxE 7
e} 15~24C2] Ao A&o] =& 3AY AUz EHu Ao dAF 2

L~

t] = ko3 t](Zoysiagrass, Korean lawngrass, Japenese lawngrass), W th1
Bu R ARJE AAxD I A JHHEIG AT o] on, 55 Aol A
Zuo] oFd & 6~8€d 7HF & AT fEvetel] AAdsE dxH =
oF 100 ¥ o]’do] Haso] 9l (Lee et al. 2004). ©]& 3= o) Fi= A,
WA Rt oby et Aol Hojus WAl s udert At 2
E7F 10T olst= W7k 108258 Fas AlAste] o Mz o s
shAA ol 58l 4€7hA = FHAAH N Eo7F HAFA 7R o]l FAE gkl H]
a @i asolMe Aol =® die] du d=Y RSl S3H(Zoysia
japonica steud.)= Byl Ao A S L3 Folao} 2o =AY s}
W 4 Aol te Aol Adetar Aol B, v, E2F
=3l 5 oy 7HA HEH o7 o531 Attt (Kim and Lee 2010; Kim 1995).
Az e A9 @l o] §Wet HolAA tad gue A FE AW

= Aol 2 4#A Qo (Toyama et al. 2003; Liu et al. 2009; Song et al.
2010; Sun et al. 2010), wetA dAS Fefo AFs &0 =2 AH2E A
dake Aol Fastth s3] FAASdE AR dAARJ SR} Hesta
i Fo] H& AxEa Fele] Ayt F2 olfHa Jew (Toyama et al
2003; Zhang et al. 2007; Sun et al. 2010), A Hs WHozE= JAAY =

AFARe] =71 AS Agrobacteriume ©]-&3 F A A3 (Hiei et al. 1997)
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Ao WHHo] fFr¥vty Ryt (Watkinson et al. 2003; Jami et al.
2008). &% Annexinst AXoA A3l 2EH A Ao FR3 JS 3o
(Rhee et al. 2000; Sacre et al. 2002; Tanaka et al. 2004), Medicago sativa,
Arabidopsis thaliana 5 2% Annexins® At3 Z~Ed 2~ HbSo] fFE¥via H
2E AT (Kovacs et al. 1998; Lee et al. 2004; Konopka-Postupolska et al.
2009; Jami et al. 2008).

7154 FAA AFE F3le] AT-hook domaing ¥8stal e N7 Fd
el ATHGI, ATPG7, ATPGS A =714, A o, =344 59
2dY4 5AS /R RaEdn (AxeelE A 2012). webA ol A

A= Annexinl AR} g Eo] 874 ~Ed 2 ] 23 Ve S 3 A

AT-hook DNA binding family protein fAAES =4S A A EXYE A
zZ3tAth o] T Annexinl BAAZ EXUE £I/TAE] g Ax 9 o

sEd 2o B 4L BASY,



1. &A=

1) AE A=

HAAS =4S FHstr] Y3 AEANBEEE S (Loysia japonica Steud.)
of A&FA 9F, mA 2ETS AL

2) Y2 = 4 34

S3Y A3 F9E Al AL, 99% ethanolol A 123 wwket 3 2040
9] tween20°] H7FH 5% sodium hypochlorite &0 A 1587 3 A3
o 329 AdE FAE S AHCA Eidsr 33 o AT F 3%
sucrose?} 2 mg/L 24-D, 100 mg/L a-ketoglutaric acid, O.
thiamime-HCLo] 37bgl MSujA|oll 2[dstar, 25C, oF 2zl 453t wlgs)
Atk AsFARSEH fRE AY2m2REH AfiEsteo]l e Ay avks At
AL, A A A 25 FA SR Al & SA% Aeas FAAS AAA
E2 ARESEA T o]t & ATl AFESE AE 24 wgul A= Table 1o A|A]

st
2. §Z A& Al-&3 Vector

1) E9-Annexinl vector
off 71 &t (Arabidopsis thaliana) & Annexinl(Atlg35720) FAA+= 128 df

stal 2 HE  FEokHbol  freeze-thaw method (Holsters et al. 1978)& &3

v}

Agrobacterium tumefaciens strain EHA105°] Z=3sto] &2 (Zoysia japonica
Steud.)o] HAHZ e A&t A AZ Al&® E9-Annexinl vectori=
binary vector?l E9S Sac/¥} BamHIC 2 4 3}A|Z1 % Ubiquitin promoterd}ol]
Annexinl F+AAE st 53 tH(Fig. 1A). E9-Annexinl T-DNA 4
ol At w2 v e g AxA WAE FHARD bar AR 2A4 wpA S



Table 1. Media used for zoysiagrass transformation

Media

Composition

Callus induction

MS medium containing 2 mg/L. 2,4-D, 0.2 mg/L BA, 4
mg/L thiamine-HCl, 100 mg/L. a-ketoglutaric acid, 30 g/L
sucrose, 3 g/L gelrite, pH 5.8

Callus growth/

MS medium containing 2 mg/L 2,4-D, 0.4 mg/L kinetin, 30

maintenance g/L sucrose, 3 g/L gelrite pH 5.8
Agrobacterium Yep medium, 100 mg/L kanamycin, 25 mg/L rifampicin, pH
culture 7.0

) MS medium containing 2 mg/L 2,4-D, 0.4 mg/L kinetin, 30
Infection

g/L sucrose, 50 mg/L acetosyringone, pH 5.8

Co-—cultivation

MS medium containing 2 mg/L 2,4-D, 0.4 mg/L kinetin, 30
g/L. sucrose, 50 mg/L acetosyringone, 3 g/L. gelrite pH

5.8

Callus selection I

MS medium containing 2 mg/L 2,4-D, 0.4 mg/L kinetin, 30
g/L sucrose, 1 mg/L PPT, 250 mg/L cefotaxime, 3 g/L
gelrite, pH 5.8

Callus selection II

MS medium containing 2 mg/L 2,4-D, 0.4 mg/L kinetin, 30
g/L sucrose, 5 mg/L PPT, 250 mg/L cefotaxime, 3 g/L
gelrite, pH 5.8

Shoot induction I

MS medium containing 1 mg/L BA, 30 g/L maltose, 3

mg/L PPT, 250 mg/L cefotaxime, 3 g/L gelrite, pH 5.8
) ) MS medium containing 1 mg/L BA, 30 g/L maltose, 1
Shoot induction II ) )
mg/L PPT, 250 mg/L cefotaxime, 3 g/L gelrite, pH 5.8
) MS medium containing 1 mg/L BA, 30 g/L maltose, 1
Shoot elongation ) )
mg/L PPT, 250 mg/L cefotaxime, 3 g/L gelrite, pH 5.8

Root induction

MS medium containing 30 g/L sucrose, 1 mg/L PPT, 250
mg/L cefotaxime, 3 g/L gelrite, pH 5.8




GFP-B-glucuronidase (GFP-gus) FAx= *x3&3aa gt}

2) IG2-ATHGI, ATPG7, ATPG8 vector

ATHGI(At4g17800) +H A= 1IG2 vectorE Smal 2.2, ATPG7(At4g22810)3}
ATPGS8(At3g60870) A A= IG2 vectorE Xbal Z Sacl®.z Z}Z} A3tA 71 &
Ubiquitin promoterdlel] FHA2E AYdste] 53t (Fig. 1B). T-DNA W&
of A mARAN wded AxA A FAA)] bar AL A4 wA B
~glucuronidase (introm-gus) FAAE xgstar Al IG2 vector? ths =
g F9lel FH27E A E WEE freeze-thaw method (Holsters et al. 1978)&
%38l Agrobacterium tumefaciens strain EHA105°] =<3t &3 (Zoysia

Jjaponica Steud.)®] @Az Zkol] AFE-3FATH

3. AZH 29 F =, A U Agrobacteriums °] €3 FA A3
XY FdAAES 9k Ay Ak 2 FAHIL Fig 29 22 WHyYg

ENZ FARAL

1) A wjF

2) Agrobacterium W%

24§42

ke

E3F3E binary vector’t =9 ¥ Agrobacterium tumefaciens
strain EHA1055 25 mg/L rifampicin® 100 mg/L kanamycin®] 3 7}¥ YEP <
Apg A el A 28°C, 200rpm O 2441 3F vl ¢Fsto] ARESFATE o] 5=+ OD 600
e SAske] ALte AT

3) Agrobacterium 79 L FFWF

YEP A u) x| o] A vl &3+ Agrobacterium= H4%2 (5000rpm, 5%)E E3}

_10_



(A)

LB | 35S Bar Arbes Annexin 1 « » GFP:GUS NOS | RB
ATHGI ]
Arbes ATPG7 Ubi intronGUs | Nos | RB
ATPGE

Fig. 1. Map of the T-DNA region of the binary vector, E9-Annexinl

LB [ 355 Bar

(A) and the map of the T-DNA region of the binary vectors,
IG2-ATHGI1, ATPG7 and ATPGS8 (B).

LB, left border of T-DNA,; P35S and 35S poly-A, CaMV 35S Promoter and
Terminator; Bar, Phosphinotricin acetyltransferase gene; Ubi and Arbcs,
Ubiquitin promoter and Arbcs gene terminator; P35S and Nos poly-A, CaMV
35S Promoter and nopaline synthase terminator; GFP::GUS, Green fluorescent
protein and [-glucuronidase gene; intron/GUS, GUS coding region with a

catalase intron insertion; RB, right border of T-DNA.
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(A)

Mol ¥
0|4t Y& 2BF 2~3F SAE W A(25°C LIS
<+
Agrobacterium H| Y
28 °C, 200rpm, 24h

Agrobacterium < 5! 2
0OD600 = 0.1, 25 °C, 120rpm, 24A|7

@
S ZEXg Shooto] S Sl Ak
1Xt A< PPT 3 mg/L, 2Xt A2 1 mg/L

Fig. 2. Procedure of Agrobacterium-mediated transformation for
zoysiagrass. (A) Flow chart illustrating the steps of transformation. (B) a,
Callus induction; b, Callus selection; c¢, Pre—culture; d, Agrobacterium
infection; e, Co-—cultivation; f, Selection of transgenic callus; g, Shoot

selection; h, Root selection; 1, Transgenic plant.
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of FR3AT =33 S 50 mg/L acetosyringone (3,5-dimethoxy-4-

hydroxy-acetophenone, Aldrich)e] #7}¥ (Toyama et al. 2003; Seo et al
2002) #ZAAA el ODgoonm=0.1°] ¥ =% A& Este], LA A ANA F7]8 B
€ ¥ v, 25T, 120rpm ol A 244 3FE)t XA A9 A AE Bt
g oolgAel 9 A FEe AA T T

o
Aate] 25T+2C e Ao A 3d7+ oFufekat ol o},

4) GUS &4 £4

GUS &2 mA FFoA F/4d3s Ay =& Agrobacterium] 74 st
of BX& GUS &4 9 248 Jefferson 5 (1987)9] Wwol whe} A A3+
. Agrobaterium 94 %, 3U Feulge AYAE Aeja Adufx]o] x4
sho] 153 HiFsE v, GUS @A el A & 37CAA 244 3F w-3-A A
GUS®] wgolfs Flatqith

w
it
-

5 3ZAE AYPx2 M

A A 12 9@ 23 AdE o] =3t 250 mg/L cefotaxime
1 mg/L PPT 3AA7F H7ke e~ Adbuf Ao A 25T, o 7ol A 151 ul
d(1a A3k o2, 250 mg/L cefotaxime® 5 mg/L PPT &A#|7F H7te 2
2l Al A QA = Al gl kskel 25T+£2T, §F =AM 253 wigstd

=

) @2 % Shootd] = ZL A

ARG AEAe] AT F AR vUrol #5124 A2 3 mg/L
25 A sl 25C+27TC, 16 h light/8

h 23dA =335t 1, o7l A F=% shootE AW3te] 1 mg/Lel PPT7F ¥

T A Aol 23 Hme Fshgich

%=/ shoote ME F2418 98] PPT 1 mg/L7}F ¥:&4% shoot 2] A

2 A WSSt ar, o714 aAFSEA] ¢kal 2~3 emo] A A A3 shootE root A
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2] 2 % Wl FslATh Root7l Aoz S FAAS AEZANSS U
o 2 PAT test stripe o] &3t FAASANE Atst & GM22ANA +31/F

4 stgom, o5 HBAS ol g3tel FHAY B9 L WAL Felsgnh
4. ARG HE AL FHA =9 £ TEFQ
1) PAT @929 23 &<l

15 mL FHol oF 02 g9 okAE Fue} FAHI SHA A& Zet Wi,
02 mLY Z=F+E #7138 & PELLET PESTLE (Sigma, USA)E o] &3lo] <

=

—

ZAL Bt z2F MEZ BHo PAT test stripg P 287F kg7 &
PAT @ de] 2dS glstsrt

2) 944 DNA =% ¥ PCR

CTAB¥ (Murray and Thomson 1980)< ©]-&3}o] oA} P A3 2 &9
ol zAo A AAA DNAZ =389t o %2 ¢k 01 g& AANELrz 54
sk o] i o) Z=Ao] CTAB buffer [1.4 M NaCl, 100 mM Tris

HCI (pH 8.0), 20 mM EDTA (pH 8.0), 3% CTABl]E Y1 # &35l 20%
FeF 65T AAstAE. o] &=l %<2 Chloroform:isoamylalcohol(24:1) &

Yo E23s & AR tS, DNAE isopropanol® A A AT Z A A

720 DNAE 70% og&2 AA tg dod SFTol &3t o] d44
DNAE o]&3to] H47Fx4e =dgels 918 genomic-PCRS 43 831t
Annexinl 7329 =45 <elstr] 98 Fig. 339 22 w8 A3 PCR
Z79) 4 genomic-PCRS a3ttt 954bp Z719] Annexinl A4S S %3}

7] 913t primer=+% forward primer(5'-GGA TGG GGT ACG AAC GAG GAC
TT-3")¢} reverse primer(5'-CTG TTC CTG CGC TGG TAC TCC TC-3)&
A}-§-3h ik,

_14_



PCR ¥&< PCR =4

genomic DNA 25ng 95T 5

10x buffer(TakaRa) 2uL pre—denaturation %
26mM dNTP(TakaRa) 1x 95C 60x
forward primer 0.2 62C 30x%
reverse primer 0.2.4 72°C 60x%

Ex Taq polymerase(TakaRa) 0.2x0 o] Ao 7 35cycles FHF
+ SDW to 20ut 72°C 104

Fig. 3. PCR reaction solution and condition for Annexinl gene.

ATHGI w32 =915 &<lstr] 98 Fig. 49 22 wkgo =43 PCR%
Aol A genomic-PCRS 33ttt 879bp =719 ATHGI FAAS FE317]
#138t primer=Z+ forward primer(5’-ATG GCT GGT CTT GAT CTA GGC
A-3")9} reverse primer(5’'-TCA GAA AGG ACC TCT TCC ACC G-3)E A+
&3

PCR ¥&< PCR =4

genomic DNA 25ng 95T 5

10x buffer(TakaRa) 2u8 pre—denaturation %
26mM dNTP(TakaRa) 1x 95C 60x
forward primer 0.2 62C 30x%
reverse primer 0.2.40 72°C 60x%

Ex Taq polymerase(TakaRa) 0.2x0 o] Ao 7 37cycles FHF
+ SDW to 20u 72°C 104

Fig. 4. PCR reaction solution and condition for ATHGI gene.

ATPG7 +A#9 e 387l 9l Fig. 59 22 whed =43 PCR=
Aol A genomic-PCRS F33&dtt. 975bp 7|19 ATPG7 FAAES FE &7
#3 primer2% forward primer(5-AAA TGG ATC CAG TAC AAT CTC
ATG G-3)¢ reverse primer(5-TCA ATA CGG TGG TCG TCC CGT-3)=
ALgare e,

_15_




PCR ¥&< PCR =4

genomic DNA 25ng 95T 5

10x buffer(TakaRa) 2uL pre—denaturation %
26mM dNTP(TakaRa) 1x 95C 60x
forward primer 0.2 65C 30x%
reverse primer 0.2.4 72°C 60x%

Ex Taq polymerase(TakaRa) 0.2x0 o] Ao 7 37cycles FHF
+ SDW to 20ut 72°C 104

Fig. 5. PCR reaction solution and condition for ATPG7 gene.

ATPGS +A#9 e 287l 9l Fig. 63 22 whe-d =43 PCR=
Aol A genomic-PCRE 33ttt 798bp =719 ATPGS wAAE FE &7
93t primer®% forward primer(5-ATG GAT GAG GTA TCT CGT TCT
CA-3)¢} reverse primer(5-TTA GAA AGA CGG TCG TTG CGT TC-3)=
AF-&-3F3A T

PCR ¥&< PCR =4

genomic DNA 25ng 95T 5

10x buffer(TakaRa) 2u8 pre—denaturation %
26mM dNTP(TakaRa) 1x 95C 60x
forward primer 0.2 65C 30x%
reverse primer 0.2.40 72°C 60x%

Ex Taq polymerase(TakaRa) 0.2x0 o] Ao 7 37cycles FHF
+ SDW to 20u 72°C 104

Fig. 6. PCR reaction solution and condition for ATPG8 gene.

PCR At&& EtBrg #H713ek 1% Agarose gelel loadingdte] A7|9 %3 &

bandE <13} t}.
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Southern blot &A1

Genomic(ZMH|) DNA 10ug ==
HEtEA FcoRIC 2 XNE|Z 0.8% Agarose gelof| A 7| ¥ S8t0] 22|

@

0.25 M HCl 0j Gelg T3 shaking
158 Mz2|

@

W2 M

(J

GelS #H/d 8% (0.5M NaOH, 1.5M NacCl)of &2 £ Shaking
152 23| 2|

.
HE+2 NHE
o
Gel2 Z318% (0.5M Tris-HCl, PH 7.5; 1.5M NaCl)0of| &2 £ Shaking

1524 23| X2

(

20xSSC ZHOof|M x| 2027 B3}
20xSSC 9 (3M NaCl, 0.3M sodium citrate, PH 7.0) 2+

& =

Blot transfer AlE!

e

L}2l 2 membraneS 20xSSC 20| A transfer
OF 16A| 2t

E
UV crosslinking = baking(80 °C, 2A|ZH2 2 DNALH
= =

DNA7Z} 1174 El membrane2 High-SDS buffer0j A& Prehybridization (45 °C, 1A|Z})
High-SDS buffer(50% formamide, 5xSSC, 50mM sodium phosphate pH 7.0;
2% blocking solution, 0.1% N-lauroylsarcosine)

= =
Hybridization (45 °C, 2f 16A|ZH
DIG-labeled Annexinl probe =& bar probe 200E &7t

-

2x wash buffer(2xSSC, 0.1% SDS)0j|A{ 65°C, 524 23|
0.1x wash buffer(0.1xSSC, 0.1% SDS)0j|A 65°C, 158 23| M|

=
2% blocking solution@ 2 2A|ZFS 9 blocking
& =
SH S A 3027 Hg
2 K-8 M (blocking bufferdf| anti-Digoxigenin-APE 10,000 3|4)
e o

washing buffer2 1524 23| §|H
washing buffer(0.15M NaCl, 0.1M Maleic acid, 0.3% tween20, pH 7.5)

-

Detection buffer(0.1M Tris, 0.1M NaCl, pH 9.5)0)A| 527t H¥s}

<
CDP-star (Amersham, Little Chalfont, UK)E 20{ 527t H2

=

LAS-40002 AL23}0] signals HE

Fig. 7. Flow chart illustrating the steps of Southern blot analysis.
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DNAY CTABY (Murray and Thomson 1980)& Ab-g&3dle] F&3}%t).
Annexinl -+ A+ probe2} bar -+ A probei= PCR DIG labelling mix kit
(Roche)E o]&3te] A%x3 % DNAZF 1248 %¥ membranes hybridization & <4

of RkEA AT

4) RT-PCR £4
oFAF I Annexinl FAHZ 259 A& oF 0.1g¥ AFHste] AAD Lo =
Wzt A z1% vg] W2k A7l gapape] Wi A dAE Fojrbe gk

T

dpx

M

F 2 u71x] B2 vig] W2z A171 2 ml micro tube (Axygen)ell
H AIREE Yol Al ZAPA AlFE AeutHe] wal Trizol reagent

(Invitrogen, USA) 1 ml¥} £&3lo] vortexd T AF2oA 1087+ A x| &)

M
By

—

0% AA% chloroform 0.2 ml& 23 vortexstil 42 (15000rpm, 47T,
15min) &gt AFAS 3439 isopropanols 0.8wj# YW A Ao &
12000rpm, 4°C, 15min YA £ 2] sttt 4Z A4S el 80% EtOHS 7 7138he]
YA E2](12000rpm, 4C, bmin)3dt &, AZAZ pellet2 DEPC dH.O 500 = &
gt FE3 RNAES 1% Agarose geldl lugS #A7]9dE53ste] gelstn
spectrophotometerS ©]-&3to] A @3t cDNATA 2 &2lw 1pge] RNAES
0.5ng9 oligo dT primere} &&3ste] 70Co| A 57 sk & Ao A X 3|
M-MLV 10x reaction buffer, 10mM dNTP (TakaRa), 200unit M-MLV reverse
transcriptase (Promega), DEPC dH.0Z &3%3F % 42TolA 7087t wk&-A] 7
gelst7] 9138 Fig. 8

I e bbgd A3 PCREZEAAA RT-PCRS 33ttt Annexinl 74 A

st st 48 cDNAO A Annexinl 42 w3

o

Eo]% primer?l forward primer 5 -GGA TGG GGT ACG AAC GAG GAC
TT-3'9} reverse primer 5'-CTG TTC CTG CGC TGG TAC TCC TC-3'=
ALg3Fe] 954bpe] PCR AHES AUt
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RT-PCR %39 RT-PCR =2
cDNA lug 95T 5
10x buffer(TakaRa) 2uL pre—denaturation %
26mM dNTP(TakaRa) 1x 95C 60x
forward primer 0.2 60C 30x%
reverse primer 0.2.4 72°C 60x%
Ex Taq polymerase(TakaRa) 0.2u0 o] 7o % 36cycles 3%
+ SDW to 20ut 72°C 104

Fig. 8. RT-PCR reaction solution and condition for Annexinl gene.
7338 cDNAIA 18s rRNAS] 2d& 2Qlsty] ffal Fig. 99F &2 w9
2443 PCRx=A A RT-PCRE F3skadth =4 Sol4 < Fd4 2d w7l

18s rRNA+= forward primer 5-ATG ATA ACT CGA CGG ATC GC-3'¢}

reverse primer 5-CCT CCA ATG GAT CCT CGT TA-3'E AF&3te] 303 bp
A719 PCR AH=& 4%

RT-PCR %39 RT-PCR =4
genomic DNA 25ng 95T 5
10x buffer(TakaRa) 2u8 pre—denaturation %
26mM dNTP(TakaRa) 1x 95C 60x
forward primer 0.2 60C 30x%
reverse primer 0.2.40 72°C 30x%
Ex Taq polymerase(TakaRa) 0.2x0 o] Ao 7 30cycles 3%
+ SDW to 20u 72°C 104

Fig. 9. RT-PCR reaction solution and condition for 18s rRNA.
TEH 222 1% Agarose gelel loadingste] A7) &3 & &3ttt
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5. Annexinl-¥3 A A3 309 S XA}

1) 23} 2EdG 2 ZASAA EZA

AbstaEd s AeglE 3 mM MES % 10 mM HO.8 23ste &9 34
Y 9oy Y dEHEE oF 3 em ol FAASte] 2542T, ¢xlel

g st A7+ Foll WE phenotype WS =Aslo] B A5k

ol
o
e
o2
_0|L
=2
I~
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o
[@))
Q1
3
=
o)
;]
N}
>,
=
o
BN
ot
o
m
BN
o\

3) 9 2EH2 =AY EYRAL
NP BB AAA Bl wohatel SH% T A% Amexinl ¥4
A3t 2 &9 300 mMe] NaCle #g3ste] (25+2TC, HHE%E 60£10%, L =x4A)

A7 3hol w2 phenoptype] W3 2 Fz2d o] WIlE =Hsto] 4

sttt XY 5L dFe T8 =47] SPAD-502 (Minolta, Japan)E
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Fig. 10. Photographic representation of callus induction from mature
seeds of zoysiagrass. a, Callus induction from mature seed; b, Callus after 2
weeks of induction; c, Callus after 4~6 weeks from mature seed; d-g,

Callusing responses of caryopsis after 4~6 weeks from mature seed.
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Fig. 11. Photographic representation of zoysiagrass callus selection. a,
Callus growth and selection after about 3 months after induction. b, Yellow

colored calli selected for this study.
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Fig. 12. Regeneration test of selected zoysiagrass callus.

a~c, from
Misung callus; d~g, from Ducchang callus; h, Misung callus selected for this

study; 1, Ducchang callus selected for this study.
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ODeoo = 0.1

25 °C, 120rpm, 24h 25°C 3¢

Fig. 13. Agrobacterium infection and Co-cultivation for transformation
of zoysiagrass and GUS staining of infected calli.

(A), Agrobacterium infection; (B), Co-cultivation; a, Agrobacterium cells; b,
embryogenic calli infected with Agrbacterium for 30 min; ¢, embryogenic calli
infected with Agrobacterium for 30 min after sonication; d, embryogenic calli
infected with Agrobacterium for 24h with shaking(a~d adopted from Sun et
al. 2010); e, embryogenic calli infected with Agrobacterium for 1 min(9 days
Co-cultivation)(adopted from Toyama et al. 2003); f, Misung calli infected

with Agrobacterium for 24h(3 days Co-cultivation).

_27_



Agrobacterium® %% ODgoonm = 012 243 Al x| o]l A 244 7F & ghnf <k
°of W o R (Fig. 13A) #Ad 2 ol¢f vH=3 A9 I 385 ¢ F

AN THFig. 13f).

7 TEMEF
FEALS 9

OH

Tl g FxoA 393 HAAEATH(Fig. 13B). Canola
(Brassica napus L)% 725 s&mE Algte] wel JAAZ g8 & #ol7}
I B % o (Cardoza and Stewart 2003), LuHA o 2 thx}g 2] & of A 2]
T FS 2~3do] A o2 ®iuEAT (Cheng et al. 1997; Dong et al.
1996; Rashid et al. 1996; Hiei et al. 1994). 1 o]/d¢] F&u]lY7|H2 A3
B8 7N 71 AT (Cervera et al. 1998; Dong and McHughen 1991; Suzuki
et al. 2001; Toyama et al. 2003), & &8 7I7to] AojAH FefH oz ¥ o]
A7ca s (AEFA A8 2007). Agrobacterium® &S 7| 7HE A&

o wet 254 vs F IAT, Sy A AE o] &3 dF SN 3 ol

-

ﬂl

Lo
o

Tl FS Agrobacterium® A3 FA o2 o] AAVE sl a, 2d
d Z&o AstE B2 escape A=A7F UElRH 2 Aol A

A F 3L demdd A A(Fig. 180w 183 2§ 9Lt
fex]
=

o
1-’

;

T Y 7

[e]

I
244

O(;){:,I'
rol

of
oft

Hj okt Ae] ~ (Fig. 13e, Toyama et al. 2003)¢} H] <=3k A w9 7+
Attt ol Ao X FAAZRS gt FEHISS 3o A3}

Therei e

el

8) Agrobacterium A A

S5l E § Agrobacteriums A A7) 913 washingS 9= AAT 5+ 3
= 2% dAZ A (AEFHAAS 2007). FEW S 5 Agrobacterium<
AAs7] fl8te] Eol FHa|ld wf 7bA] wHE washingsh il whA| 2ol = A g
A4S 250 mg/L7F ©1 =2 H7}slo] washingstsl oy i <] SRE

o] 3t HaHEe ZA3E Btk Toyama & (2003)> o] FHe

Al
2

-

N

o|N
rlo
S

ro
)

CIRIES
A7t =9e FAAH 510 AzAGAW FAAH &

[e} [e)
r &
oF 1% AHAER Yodth M EEAS 0] 83 washinge 7S AAsA W (A=

_28_



1 AA = A

S

d

%
o

Y (Bae et al. 2007), <+

°

A
A

=
ok, 1 A3, Agrobacterium® <)

g 2007), A= AEsE A

Agrobacterium®]
(Cervera et al. 1998).

°

col
T

L

Agrobacterium®};
Hhal 2] (Table 1)o] =

W

9) 44

e

)A

o
il

2]

o

Mo
K

3o
2

il

o

7}

=]
i=i

2 ~2 PPT 1 mg/L7}

2

ki3

g 3

5

F ok, Agrobacterium EHA1059F &

°

eyl
~

™
;OU
2]

TEZ

PPT”7} 5 mg/L9]

o
H

A o

Eds

1 Ak Aol A 15

<!

|
of

%

el
X

el

Xl

flges

d

A~ X

=

A

9l oH(Fig. 14). o) ¢ #&

s

Ao dS 7t fllen (Chang et al. 1991; Schreuder et al.
o] F21 A <

=

escape 2 =A|7F theF A A7) W ol o).

w3k A EA

ol
e

ol

p—

0
"
A4

™

fite)

N
NJo

o B Afest g8
BT} escapes o=

o] o
=

w3} v A (Table 1)l

=]

Fod A

°

=13
=

AN

el green spote] Aol THEJOH, uj

10) ¥ & A& Shoot

I

L2 Q1 tH(Fig. 15A-B). Shoot AW %7]d

£

s7F &

=]
RN

green spot¥ 1% 9]

_29_

mg/Le PPT7} X



Callus MEHH|X|1

Fig. 14. The selection of transgenic callus was performed in 1st-callus
selection medium containing PPT 1 mg/L for 1 weeks and then in

2nd-callus selection medium containing PPT 5 mg/L for 2 weeks.
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Fig. 15. Embryogenic calli formation (A and B), shoot induction (C)

and root induction (D and E) from transformed callus of zoysiagrass.
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Annexinl-Trans genic plant lines

75 8

| I , , , Control line
PAT line

PRREEL]

Fig. 16-1. Production of putative transgenic zoysiagrass introducing

WT E9 WT 2 4 5

1\

Annexinl gene (a) and PAT strip test analysis (b). WT, wild-type plant;
E9, control plant introduced E9 vector only; 1-11, putative transgenic plant

lines.
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1G2 ATHG I-Transgenic plant lines

WIr 1 2 WI'l 2 4 5

WL

10 11

1

15

-

‘ 4

™

i N

i}

Fig. 17-1. Production of putative transgenic zoysiagrass introducing

16
Control line
PAT line
i

ATHGI gene (a) and PAT strip test analysis (b). WT, wild-type plant;

1G2, control plant introduced IG2 vector only; 1-16, putative transgenic plant

lines.
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ATPG7-Transgenic plant lines

5 6 7 8 91011 12 13

I I I | I , ,, I It(}mltmlline
PAT line

Fig. 18-1. Production of putative transgenic zoysiagrass introducing

ATHG?7 gene (a) and PAT strip test analysis (b). WT, wild-type plant;

1-13, putative transgenic plant lines.
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15

, I I Control line
PAT line

Fig. 19-1. Production of putative transgenic zoysiagrass introducing

ATHG8 gene(a) and PAT strip test analysis(b). WT, wild-type plant;

1-18, putative transgenic plant lines.

_36_



3|
A

EIEEE L

A

PCR
E5ho]

=

=

PAT strip test

2) 94 DNA
@ Annexinl

Fa5

=
=

ZAHo7HE dMA DNA

o]
) 2L

o

—
fite)

‘?4
FAth(Fig. 16-2). 71 A3} oFA4

S

]

7

fite)

o
o
il

-
Njo

o
B

)

1

EERR

¢}

o] PCR 4<% 3

F3to]

=
=
=

S wbA PAT strip test

ok
=)

]

AEA o= BF 954bpe] Annexinl AR

Tz

s
)
I
al

~X

= At o

=

pzs

o]

=

12k =

%
o

32

Ay 2 5E 1170A 2] Annexinl

o
o
ol
e

a1, PAT strip test

F3to]

[e)

=

bl =

°

=

o

=
=

=+, Southern blot

=

A ATt genomic-PCR
A

449

&1, RT-PCR

¢}

o

|

-

3lo
=

Annexinl

gel gl

=

]

(e}

LY

A2ke] copy TE

]

H

el

o

5
&

ojn

3l

=

ATHGI(Fig. 17-1a), ATPG7(Fig. 18-1a), ATPGS

S PAT strip test

ki3

=

29t

@ ATHGI, ATPG7, ATPGS
Root A1 3huj] %] ol A

(Fig. 19-1a)

o)
o

SEEE

(Fig. 17-1b, 18-1b, 19-1b), ©|

<
T

2}2}

)

2 & A

<k

27

(¢}

3

st A3, ATPG7, ATPGS

9]

1 genomic-PCRS <

7] )

=13
=

A A H(Fig.

=

=

g 5

]

o

3}
o A TH(Fig. 17-2).

o Ao Annexinl 3 7}e]

PAT strip test

o

3

el 73
_37_

st tH(Fig. 16-3). 1 A3},

o

g

o
%

Annexinl-
=

gel g

=

3] RT-PCR

)

11 9l

d

18-2, 19-2). &3 ATHGI

3) RT-PCR #4]



Annexinl-Transgenic plant lines

Annexinl

954bp

Fig. 16-2. Detection of the Annexinl gene by genomic-PCR analysis in
transgenic zoysiagrass. M, 100bp size marker; WT, wild type plant; 1-11,

putative transgenic plant lines.
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ATHG 1-Transgenic plant lines

A1 BT T B e s B Il I e A S L [ 0 G 6 B S o R o, S 2 S Foy S

— i — — — — — — — — — — e —

Fig. 17-2. Detection of the ATHGI gene by genomic-PCR analysis in
transgenic zoysiagrass. M, 100bp size marker; WT, wild type plant; 1-16,

putative transgenic plant lines.
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ATPG7-Transgenic plant lines

MWL S 2t Atanfenaiedla B 0000 - M ~11% 1.2

— — ) e — — — — —_—

Fig. 18-2. Detection of the ATPG7 gene by genomic-PCR analysis in
transgenic zoysiagrass. M, 100bp size marker; WT, wild type plants; 1-13,

putative transgenic plant lines.
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ATPGS8-Transgenic plant lines

] 708 % 10 M 11 12 13 14 15 16 17 18

ATPGS
795bp

Fig. 19-2. Detection of the ATPGS8 gene by genomic-PCR analysis in

transgenic zoysiagrass. M, 100bp size marker; WT, wild type plants; 1-18,

putative transgenic plant lines.
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Transgenic plants

WT 1 2 3 4 5 6 7 8 9 10 11

18s RNA

Fig. 16-3. RT-PCR analysis of Annexinl-transgenic zoysiagrass. WT,

wild type plant; 1-11, transgenic plant lines.
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Fig. 16-4. Map of the T-DNA region of the binary vector, E9-Annexinl

(a) and Southern blot analysis of Annexinl transgenic zoysiagrass (b).
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Table 2. Transformation efficiencies of zoysiagrass obtained from this

study
Transformation efficiencies
Infection No. of No. of Transformation
Gene Cultivar . transformed | transgenic
time efficiencies
callus plant
Annexinl | Ducchang 36 4570 11 0.24%
ATHG]1 | Ducchang 12 1800 54 3.00%
ATHGI Misung 38 5700 0 0.00%
ATPG7 | Ducchang 12 876 13 1.48%
ATPG8 | Ducchang 10 730 18 2.47%
IG2 Ducchang 2 146 2 1.37%
E9 Ducchang 3 219 1 0.46%
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Fig. 20. Oxidative stress-induced phenotype of wild type and Annexinl

transgenic plants. WT, wild-type plant; T5, T10, transgenic plant lines.
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